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2018 Long-Term Monitoring Summary Report 

Executive Summary 

 
Background 

Results of the 2018 Lower Fox River (LFR) long-term monitoring (LTM) are detailed in this 
2018 Long-Term Monitoring Summary Report (2018 LTM Summary Report).  This 2018 LTM 
Summary Report documents 2018 sampling and analysis for LTM of the post-remediation 
recovery of surface water and fish tissue in Operable Unit (OU) 1, OU2A, OU2B, OU2C, and 
OU3 of the LFR.  In addition, the results of 2018 assessments of monitored natural recovery 
(MNR) in OU2 and chemical isolation layer (CIL) of Type B caps in OU3 are presented. 
 
LFR LTM is being performed to assess progress toward achieving the remedial action objectives 
(RAOs) specified in the OU1/OU2 Record of Decision (OU1/OU2 ROD) (USEPA, 2002); the 
OU1 Record of Decision Amendment (OU1 ROD Amendment) (USEPA, 2008) issued under the 
authority of the Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA), as amended; the Record of Decision, Operable Units 3, 4, and 5, Lower Fox River 
and Green Bay Wisconsin (USEPA, 2003); and the Record of Decision Amendment: Operable 
Unit 2 (Deposit DD), Operable Unit 3, Operable Unit 4, and Operable Unit 5 (River Mouth) 
(USEPA, 2007) also issued under the authority of the CERCLA, as amended; the LFR OU2-3 
Long-Term Monitoring Plan (FR-LTMP) (Anchor QEA et al., 2009a); and the Lower Fox River 
Operable Unit 1 – Long-term Monitoring Plan (OU1-LTMP) (Foth and CH2M HILL, 2011).    
 
The 2018 LTM program measured progress towards RAOs that are based on surface water and 
fish tissue polychlorinated biphenyl (PCB) concentrations.  The three RAOs considered in this 
2018 LTM Summary Report include the following:   
 

 Monitor reductions in surface water and fish tissue PCB concentrations; 
 Monitor progress toward achieving human health risk reduction goals; and 
 Monitor progress toward achieving ecological risk reduction goals. 

 
In 2006-2007, baseline data were collected in Lake Winnebago and OUs 1-5, consisting of 
surface water chemistry collected over a full year, at monthly intervals, as well as fish tissue 
PCB concentrations during late summer/early fall (Anchor QEA et al., 2009a).  The purpose of 
the baseline data collection effort was to generate a data base upon which the performance of the 
LFR OU1-5 remedial action could be gauged.  The 2006-2007 baseline data were collected 
during active remediation of OU1, which raised concern that baseline data may have been 
affected by the remediation work.  However, a draft statistical analysis of historical surface water 
and fish tissue PCB data was conducted by the Wisconsin Department of Natural Resources 
(WDNR, 2011) which showed that any potential increase in 2006 was minimal in regard to the 
effect it would have on future comparisons to baseline data.  Therefore, the timing of baseline 
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data collection, during the early stages of active remediation in OU1, does not cause 
unacceptable uncertainty in the analysis. 
 

Summary of Key Results 

Surface Water 
 
Comparison to 2006-2007 OU-Baseline Conditions  
(Exit Criterion 3: SWAC Baseline Reduction Target of 90%)  
Surface water quality results indicate that year 2018 concentrations decreased modestly from the 
previous LTM event and remain significantly below those concentrations observed during the 
2006-2007 baseline monitoring for each OU.  Statistical modeling determined that PCB 
concentrations in surface water (method blank corrected) in 2018 have decreased from Baseline 
conditions, as follows:   
 

 OU1 OU2A OU2B OU2C OU3 
2018 Decrease in Concentration from 
2006-2007 OU-Baseline 
(Exit Criterion 3 with Method Blank 
Correction) 

90% 90% 89% 89% 91% 

95 percent (%) Confidence Intervals 
for Above Estimates 

80% to 
95% 

85% to 
93% 

84% to 
93% 

84% to 
93% 

88% to 
94% 

 
When considering the non-method blank corrected data, concentrations have decreased from 
85% to 88% over 2006-2007 OU-Baseline conditions.  The decrease in water column PCB 
concentration continues to be consistent with the broader statistical analysis of historical data 
from surface water samples as provided by the draft WDNR study (WDNR, 2011). 
 

 OU1 OU2A OU2B OU2C OU3 
2018 Decrease in Concentration from 
2006-2007 OU-Baseline 
(Exit Criterion 3 with non-Method 
Blank Correction) 

85% 87% 86% 85% 88% 

95 percent (%) Confidence Intervals 
for Above Estimates 

76% to 
91% 

82% to 
91% 

80% to 
90% 

79% to 
90% 

85% to 
91% 

 
Comparison to 2018 LW Background Conditions 
(Exit Criterion 1: Lake Winnebago Background Target - 90% Upper Prediction Limit)  
 
The 2018 average PCB concentrations in surface water illustrate a substantial decrease from the 
average 2006-2007 Baseline for each of the OUs, decreasing over 5 parts per trillion (ppt) in 
absolute concentration.  However, the average 2018 non-method blank correction PCB 
concentrations in the OUs still remain elevated over the 2018 background conditions of Lake 
Winnebago.  The absolute concentration difference for the non-method blank corrected data 
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between each OU and Lake Winnebago ranges from 0.3 ppt to 0.7 ppt.  On a percentage basis, 
this reflects a difference of approximately 160% to 480% above the average 2018 LW-
Background as indicated below.   
 

 OU1 OU2A OU2B OU2C OU3 
% Difference over Lake Winnebago 
for Year 2018 PCB Concentrations 160% 300% 450% 390% 480% 

 
These differences are, however, improved over those that were observed during the last LTM 
event. 
 
Recovery Rate Evaluation 
(Exit Criterion 4: Evaluation of Recovery Rate Trend compared to Exit Criterion 1 (Background) and Exit 
Criterion 3 (SWAC Reduction) for Surface Water)  
 
An evaluation of the post-remedial recovery rate was estimated with an exponential decay 
function.  This analysis comprehensively assesses the post-remedy concentrations observed 
during the 2010, 2012, 2014, and 2018 monitoring events as they relate to both 2006-2007 OU-
Baseline and historical (pre-baseline) measurements.  Comparing the surface water recovery rate 
trend to surface-weighted average concentration (SWAC) reduction goals and the OU1 LTMP 
and FR LTMP LW-Background criteria, the recovery rate trend line for PCBs in surface water 
currently is very near these criteria, with the criteria projected to be met prior to the next LTM 
event in 2022.  Future monitoring will determine whether these trend rates continue and inform 
decisions on the duration of continued LTM program surface water monitoring. 
 
Fish Tissue 
Fish tissue PCB concentrations observed during year 2018 also decreased in general over the last 
OU-specific LTM event and have significantly decreased from 2006-2007 OU-Baseline values 
with reductions in PCB concentrations being dependent on the fish species.   
 
Comparison to 2006-2007 OU-Baseline Conditions 
(Exit Criterion 3: SWAC Baseline Reduction Target of 90%, is not an exit criterion for human health and 
ecological fish.  Exit Criterion 3, is an exit criterion for Gizzard Shad [young-of-year (YOY)].)  
 
Carp PCB concentrations demonstrated decreases since the last LTM event in all OUs except 
OU3.  Carp concentrations measured in year 2018 as compared to 2006-2007 OU-Baseline now 
illustrate reductions ranging between 57% and 91%.  Walleye PCB concentrations also remain 
significantly decreased in 2018 from 2006-2007 OU-Baseline.  In OU1 and OU2A, walleye 
concentrations are reduced 68% and 79%, respectively, and on average just slightly above the 
unlimited consumption advisory level of < 50 microgram per kilogram (μg/kg).  Walleye reached 
a 65% reduction from 2006-2007 OU-Baseline in OU2C, and a 77% reduction from 2006-2007 
OU-Baseline in OU3.  Walleye in OU2B continues to show less of a reduction from 2006-2007 
OU-Baseline remaining at 28%. 
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The secondary species of smallmouth bass (human health) and drum (ecological) were also 
measured during the 2018 event.  Reductions from 2006-2007 OU-Baseline for smallmouth bass 
ranged between 51% and 68%.  Reductions from 2006-2007 OU-Baseline for drum were more 
varied by OU, ranging between 17% and 68%.  No drum were able to be captured in OU2A in 
2018. 
 
For YOY, Exit Criterion 3 has a SWAC Baseline Reduction Target of 90%.  The greatest 
concentration reductions occur for gizzard shad, being the YOY species.  For gizzard shad, 
estimated percent reductions from 2006-2007 OU-Baseline are 98% in OU1, 88% in OU2A, 
70% in OU2B, 72% in OU2C, and 70% in OU3.  
 
The YOY PCB fish tissue results in OU1 have been consistently reduced over 90% from the 
2006-2007 OU-Baseline concentrations (98% in 2012 and 2018), meeting Exit Criterion 3. 
However, in order to obtain a complete YOY dataset for all OUs during the same event, gizzard 
shad will still be collected in OU1 during the 2022 monitoring year.   
 
During the 2018 LTM event, only a very small number of YOY specimens were obtained from 
OU2A, and less than optimal sample numbers for OU2B, plus much higher than normal lipids 
were observed in OU2A, OU2C and OU3.  In these cases, the range of lipid values for the 2018 
event exceeded any other previous LTM value, and exceeded the 2018 Lake Winnebago dataset.  
Even with accounting for lipid variation in the data through regression procedures, the small 
datasets and high lipid values led to uncertainties in data comparisons, particularly for OU2C and 
OU3.   
 
The estimated percent reductions (independent of covariates) for each fish species between 2006-
2007 OU-Baseline and year 2018, along with the associated statistical significance levels, are as 
follows: 
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 OU1 OU2A OU2B OU2C OU3 

 Carp 
Estimated Reduction Between 
2006-2007 OU-Baseline and 
Year 2018  

88% 91% 85% 72% 57% 

Associated Statistical 
Significance Level  p<0.001 1 p<0.001 p<0.001 p<0.001 p=0.003 

 Drum 
Estimated Reduction Between 
2006-2007 OU-Baseline and 
Year 2018  

17% NA 68% 37% 49% 

Associated Statistical 
Significance Level  p=0.61 NA P=0.005 p=0.01 p=0.03 

 Gizzard Shad 
Estimated Reduction Between  
2006-2007 OU-Baseline and 
Year 2018 (Exit Criterion 3) 

98% 88% 70% 72% 70% 

Associated Statistical 
Significance Level  p<0.001 p=0.04 p=0.006 p=0.16 p=0.02 

 Smallmouth Bass 
Estimated Reduction Between  
2006-2007 OU-Baseline and 
Year 2018  

65% 58% 59% 51% 68% 

Associated Statistical 
Significance Level  p<0.001 p<0.001 p<0.001  p<0.001 p<0.001 

 Walleye 
Estimated Reduction Between  
2006-2007 OU-Baseline and 
Year 2018  

68% 79% 28% 65% 77% 

Associated Statistical 
Significance Level  p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 

 
1. The associated p-level indicates the probability of observing the given concentration decrease under the 

assumption that no concentration shift has occurred in the fish population between the 2006-2007 OU-Baseline 
and 2018 sampling data.  Low p-levels indicate a statistically significant change in concentrations has occurred. 

 
Comparison to Ecological and Human Health Target Concentrations 
(Exit Criterion 2: Human Health and Ecological Fish Species compared against risk-based targets for 
human health fish (50 μg/kg)) and ecological fish (7,600 μg/kg).  
 
Upper 95% confidence limits for each OU on the 2018 data for carp were below the 7,600 μg/kg 
Lowest Observed Adverse Effects Concentration (LOAEC) level established for protection of 
ecological health by the Lower Fox River Ecological Risk Assessment (RETEC, 2002).  This 
occurrence in 2018 was also present in the two prior LTM events in OUs 1-3.  Therefore, fish 
tissue PCB concentrations in OU1, OU2A, OU2B, OU2C, and OU3 have achieved the 
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ecological risk reduction goals.  Therefore, this 2018 LTM Summary Report recommends a 
confirmation monitoring event and data analysis be performed in 2022 for carp fish tissue to 
demonstrate that Exit Criterion 2’s acceptance target has been met.   
 
The human health goal is the removal or relaxation of fish consumption advisories, with the Exit 
Criterion 2’s unlimited consumption advisory level being < 50 μg/kg total PCB.  This criterion, 
which is evaluated through upper 95% confidence intervals on the 2018 average, has not yet 
been achieved for walleye (or smallmouth bass), but is nearing these levels in OU1 and OU2A.  
 
Comparison to 2018 LW Background Conditions 
(Exit Criterion 1: Lake Winnebago Background 90% Upper Prediction Limit) 
 
While the 2018 PCB tissue concentrations in fish generally illustrate a significant decrease over 
the OU-specific 2006-2007 baseline data, concentrations remain elevated over the year 2018 
background conditions of Lake Winnebago.  In OU1, carp, drum, smallmouth bass and walleye 
range between 260% and 390% above Lake Winnebago.  In OU2A and OU2B, these four 
species range between 260% and 480% above Lake Winnebago.  In OU2C these range between 
430% and 750% above Lake Winnebago.  Finally, in OU3, carp is at 800% over Lake 
Winnebago, drum and smallmouth bass are at approximately 400%, and walleye is at 190%. 
 
As mentioned above, the 2018 monitoring of gizzard shad posed certain challenges.  As a result 
of the smaller sample sizes and higher than previously observed lipid values, accurate estimates 
in the PCB percent increase over Lake Winnebago was difficult, even though the regression 
analysis attempts to account for lipids as a covariate.  The estimated percent increase over Lake 
Winnebago is modest for OU1 (74%), OU2A (120%) and OU2B (56%), but much higher with 
increased uncertainty for OU2C and OU3. 
 
Recovery Rate Evaluation 
(Exit Criterion 4: Evaluation of Recovery Rate Trend compared to Exit Criterion 1 (Background) and Exit 
Criterion 2 (Risk Target).  Note, Exit Criterion 3 (SWAC Reduction) is not an exit criterion for human 
health and ecological fish species but is an exit criterion for Gizzard Shad [YOY].)  
 
An evaluation of the post-remedial recovery rate, comprehensively assessing LTM fish tissue 
PCB concentrations as they relate to Baseline and historical (pre-baseline) measurements, was 
also performed for walleye.  The projected recovery rate trend was compared to risk-based 
concentrations (Exit Criterion 2), SWAC-reduction (Exit Criterion 3), and LW-Background 
conditions (Exit Criterion 1).  The post-remedial recovery rates to date are trending as expected. 
 
For walleye, the 95% Upper Confidence Level (UCL) trend lines illustrate projected 
concentrations dropping below both the human health target risk goal of 50 μg/kg total PCB and 
2018 updated 90% Upper Prediction Level (UPL) on the average for Lake Winnebago 
background in OU1 and OU2A prior to the next LTM monitoring event in 2022.  The trends 
reach these levels within approximately 10 years for OU2B and OU3, and within approximately 
15 years for OU2C.  Future monitoring will determine whether these trend rates continue and 
inform decisions on the duration of continued LTM for the walleye human health fish species. 
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OU2 MNR and OU3 CIL Sampling 
(In OU2, MNR sediment sampling will continue until exit criteria, for human health and ecological fish 
species have both been met with Exit Criterion 1 (Background) or Exit Criterion 2 (Risk Target).)  
 
MNR area sampling in OU2 during 2018 indicates that, in all cases, surficial sediment samples 
collected during 2018 at the same, or proximal locations collected in 1989/1990, are lower in 
PCB concentrations (total Aroclors), supporting a conclusion that natural recovery of surface 
sediments is occurring in OU2.  Results from the 2018 MNR monitoring event have been 
compared to the Remedial Investigation/Feasibility Study (RETEC, 2002) values and 2012 and 
2014 LTM values to further assess trends in surficial sediment PCB concentrations in these 
MNR areas.   
 
CIL sampling in three select OU3 Cap B areas in 2018 indicates that measurable levels of PCBs 
in the 2-inch segment of the sand CIL analyzed at each location were not present.  The results of 
this study support a conclusion that the method of placement of the CIL and the methods used to 
sample the CIL for this study (diver assisted coring) have resulted in measurable conditions 
consistent with the requirements for chemical isolation of PCBs in Type B caps in OU3.  That is, 
a “clean” sand CIL of the required thickness is present above PCBs in the sediment bed.   
 
There is no exit criterion specific to CIL sampling identified in the FR-LTMP; however, 
Section 1.7.2.4 (Weight-of-Evidence [WOE] Evaluation) states that “Based on the WOE 
evaluation, the monitoring intensity may be increased, decreased, or eliminated in certain OUs.  
The WOE evaluation will consider the following: …..Stabilization of concentrations in a 
particular medium, with no significant change from one monitoring event to the next, indicating 
natural recovery processes associated with the RA have run their course and further monitoring 
would be of limited value (i.e., “flat line” condition).” 
 
Since the CIL sampling results in OU3 have been consistent, at below detection levels when first 
placed, as well as in 2012, 2014, and now in 2018, this 2018 LTM Summary Report recommends 
that CIL sampling in OU3 be discontinued from the LTM program.   
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1 Introduction 
Results of the Lower Fox River (LFR) long-term monitoring (LTM) field event conducted in 
2018 are detailed in this 2018 Long-Term Monitoring Summary Report (2018 LTM Summary 
Report).  This 2018 LTM Summary Report documents 2018 sampling and analysis for LTM of 
the post-remediation recovery of surface water and fish tissue in Operable Unit (OU) 1, OU2 and 
OU3, sampling and analysis of targeted OU2 sediments for verification of monitored natural 
recovery (MNR) rates, and sampling and analysis of the chemical isolation layer (CIL) in 
targeted LFR OU3 engineered caps to verify the caps are functioning as designed.  Similar 
sampling and analysis for the OU1 LTM were performed in 2010 and 2012 and performed for 
the OU2-3 LTM in 2012 and 2014, the results of which are presented in the following reports: 
 

 2010 Long-term Monitoring Summary Report – Lower Fox River Operable Unit 1 
(2010 OU1 LTM Summary Report) (Foth, 2012a). 
 

 2012 Long-term Monitoring Summary Report – Lower Fox River Operable Unit 1 
(2012 OU1 LTM Summary Report) (Foth, 2013a). 

 
 2012 OU2-3 Long-Term Monitoring Summary Report – Lower Fox River Operable 

Units 2-3 (2012 LTM Summary Report) (Foth, 2013b). 
 

 2014 OU2-3 Long-Term Monitoring Summary Report – Lower Fox River Operable 
Units 2-3 (2014 OU2-3 LTM Summary Report) (Foth, 2016). 

 
LFR LTM is being performed to assess progress toward achieving the remedial action objectives 
(RAOs) specified in the OU1/OU2 Record of Decision (OU1/OU2 ROD) (USEPA, 2002); the 
OU1 Record of Decision Amendment (OU1 ROD Amendment) (USEPA, 2008) issued under the 
authority of the Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA), as amended; the Record of Decision, Operable Units 3, 4, and 5, Lower Fox River 
and Green Bay Wisconsin (USEPA, 2003); the Record of Decision Amendment: Operable Unit 2 
(Deposit DD), Operable Unit 3, Operable Unit 4, and Operable Unit 5 (River Mouth) (USEPA, 
2007) also issued under the authority of CERCLA, as amended; the LFR OU2-3 Long-Term 
Monitoring Plan (FR-LTMP) (Anchor QEA et al., 2009a); and the Lower Fox River Operable 
Unit 1 – Long-term Monitoring Plan (OU1-LTMP) (Foth and CH2M HILL, 2011).  
 
This 2018 LTM Summary Report provides results of monitoring in OU1-3.  The scope of the 
monitoring work and monitoring objectives are described in the OU1-LTMP and the FR-LTMP 
and references to these documents are made frequently in this report and are included in full as 
Appendices C1 and C2 respectively. 
 
Active remediation (dredging, sand covering, and capping) in OU1 began in 2004 and was 
completed in 2009.  The OU1-LTMP, in conjunction with the 2006-2007 baseline, was designed 
to monitor improvements in surface water and fish tissue in OU1 of the LFR as a result of the 
OU1 sediment remedial action (RA).   
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Active remediation (dredging, sand covering, and capping) in a very small portion of OU2, just 
above the Little Rapids dam, began and was completed in 2009.  Active remediation (dredging, 
sand covering, and capping) in OU3 began in 2009 and was completed in 2011.  The FR-LTMP 
was designed to monitor improvements in surface water and fish tissue in OU1 through OU5 
(OU1-5) of the LFR as a result of the OU2-5 RA. 
 
The OU1-LTMP relates specifically to OU1.  The FR-LTMP was prepared pursuant to an 
Administrative Order on Consent for Remedial Design for OU2-5 originally executed in March 
2004 and amended in October 2007.  The requirement to implement the FR-LTMP in OU1-5 is 
set forth in the Response Agencies’ (collectively, the U.S. Environmental Protection Agency 
[USEPA] and Wisconsin Department of Natural Resources [WDNR]) 2007 Administrative 
Order for Remedial Action and the accompanying Phase 2B Scope of Work.  Foth Infrastructure 
& Environment, LLC (Foth) has prepared this report on behalf of Glatfelter Corporation 
(Glatfelter), which is conducting LTM work in OUs 1 through Upper OU4.  (OU4/5 LTM is 
planned to commence in 2021 since RA in OU4/5 was completed in 2020.) 
 
The OU1-LTMP was prepared in such a way as to assure consistency with the FR-LTMP.   
Specifically, the OU1-LTMP set forth a structure for collecting and analyzing surface water and 
fish samples in OU1 and Lake Winnebago (LW) in a fashion consistent with quality 
assurance/quality control (QA/QC) objectives set forth in the FR-LTMP.  Thereafter, OU1 data 
were analyzed pursuant to applicable provisions in the FR-LTMP in order to assure a complete 
river-wide assessment of RAOs when combined with work by parties in other segments of the 
LFR.   
 
In addition, the FR-LTMP provides exit criteria that specifies when LTM is complete.  For 
example, comparison to LW and Lake Michigan (LM) background concentrations and reduction 
or elimination of fish consumption advisories.  LW is background for OU1, 2A, 2B, 2C, and 3; 
and LM is background for OU4, 5A, and 5B.  The 2018 LTM sampling and analysis of LW 
surface water and fish was conducted as part of the LFR LTM field event and these results are 
presented in this report.   
 
The OU1-LTMP and FR-LTMP specify data to be collected during monitoring events and how 
these data are to be analyzed.  One type of analysis compares data collected during a monitoring 
event to 2006-2007 baseline data.  Baseline data (baseline) refers to monitoring data generally 
collected prior to commencement of the RA in the LFR.  Collection of baseline data is described 
in the Lower Fox River Baseline Monitoring Plan (BMP) (Shaw and Anchor, 2006) developed 
for the project.  These data were reported in the Baseline Monitoring Data Report 2006-2007 
(Baseline Data Report) (Anchor QEA, et al., 2009a).  
 
1.1 Site Description 
The LFR extends 39 miles from the outlet of Lake Winnebago over a series of locks and dams to 
the mouth of the river where it discharges into Green Bay of Lake Michigan (Figure 1-1).  The 
LFR is the most industrialized river in Wisconsin.  Since the mid-1800s, surface water quality 
has been degraded by expanding industries and communities discharging sewage and industrial 
wastes into the river as well as by agricultural activity (USEPA, 2003).  Polychlorinated 
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biphenyls (PCB) were discovered in the LFR in the 1970s.  Due to their persistence in the 
environment, PCBs remain the focus of RA efforts. 
 
As shown on Figure 1-1 of this report and Figure 2-9 of the FR-LTMP, the LFR is divided into 
five primary OUs (OUs 1, 2, 3, 4, and 5) with two of the primary OUs having sub-units (2A, 2B, 
2C, 5A, 5B, 5C), plus an upstream background location (Lake Winnebago ) and a downstream 
background location (sub-unit 5C):  
 

 Lake Winnebago (LW) is the upstream background location, situated above the influence 
of the historical industrial sources of contamination to the LFR. 

 
 OU1 is also known as Little Lake Butte des Morts.  The Neenah and Menasha Dams 

control the elevation of Lake Winnebago and discharge to the upstream end of OU1 at 
river mile (RM) 39.  OU1 extends to the Upper Appleton Dam at RM 31.9. 

 
 OU2 extends from the Upper Appleton Dam at RM 31.9 to the Little Rapids Dam at 

RM 13.1.  OU2 contains the majority of the locks and dams in the LFR system and the 
greatest elevation drop and gradient.  Sediments have a patchy distribution in this reach 
with extensive intervening bedrock exposures.  Because of its length and diversity, OU2 
is divided into three subunits (2A, 2B, and 2C).  These three subunits are referenced 
throughout this report as OU2A, OU2B, and OU2C. 

 
 OU3 extends from the Little Rapids Dam to the De Pere Dam at RM 7.1.  Soft sediment 

covers most of this unit. 
 

 OU4 extends from the De Pere Dam to the river mouth at Green Bay.  This unit contains 
a federally authorized navigation channel.  The federal channel is currently maintained by 
the U.S. Army Corps of Engineers (USACE) downstream of and including the Fort 
James turning basin, but the section above the turning basin is currently unmaintained.  
The land use around OU4 is highly urbanized, including the metropolitan area of the city 
of Green Bay. 

 
 OU5 begins at the river’s mouth and includes the entirety of Green Bay.  Except for a 

relatively small PCB deposit on the river mouth delta, MNR is the selected remedy for 
OU5.  Because of its breadth and depth, OU5 is divided into three sub-units (5A, 5B, and 
5C) with sub-unit 5C being the background for OUs 4, 5A, and 5B. 

 
1.2 Long-Term Monitoring Objectives 
The objective of the LFR LTM program is to evaluate progress toward achieving the RAOs of 
reduced risk to humans and the environment, as presented in the RODs (USEPA, 2002 and 2003) 
and ROD Amendments (USEPA, 2007 and 2008).  The RAOs of relevance to the baseline and 
LTM programs include the following: 
 

 Monitor Reductions in Water and Fish Tissue Concentrations.  LTM is intended to verify 
that sediment RAs in the LFR result in substantive reductions in water column and fish 



 

pw:\Glatfelter\0018G007\10000 Reports\2018 LTM Summary Report\R - 2018 LTM Summary Report.docx 
 Foth Infrastructure & Environment, LLC  4 

tissue PCB concentrations.  The RODs identified water and fish tissue as key media 
through which human and ecosystem exposures to PCBs and other contaminants may 
occur. 

 
 Monitor Progress Toward Achieving Human Health Risk Reduction Goals.  LTM is 

intended to verify progress toward achieving human health risk reduction goals through 
the analysis of recovery trends in water and fish tissue data.  As described in the RODs, 
one of the goals of the RA is removal of fish consumption advisories for recreational and 
high-intake fish consumers.  The results of the LTM program will be submitted to the 
WDNR Fish Consumption Advisory Program for consideration in determining if and 
when modification or removal of advisories is warranted. 

 
 Monitor Progress Toward Achieving Ecological Risk Reduction Goals.  LTM is intended 

to verify progress toward achieving ecological risk reduction goals through the analysis 
of recovery trends in water and fish tissue data.  As described in the RODs, a goal of the 
RA is achievement of safe ecological thresholds for fish-eating birds and mammals.  The 
results of the LTM program will be submitted to WDNR and USEPA risk assessors for 
their consideration in determining if and when ecological thresholds are achieved. 

 
 Monitor Reductions in PCB Loadings to Green Bay.  LTM is intended to verify that 

sediment RAs in the LFR result in substantive reductions of PCB mass loadings to Green 
Bay. Note: FR-LTMP (Section 1.7.5.4 Water Monitoring Rules): “Surrogate for PCB 
Loadings to Green Bay.  Surface water concentrations in OU 4 will be used as a surrogate for 
monitoring PCB loadings to Green Bay. Achievement of the SWAC‐reduction goal (90 percent 
reduction target) in OU 4 will also satisfy the PCB load reduction goal for the Lower Fox River.”  

 
1.3 Overview of the 2006-2007 Baseline Monitoring Data Report 
Between August 2006 and June 2007, a coordinated baseline monitoring program of surface 
water column and fish tissue PCB concentrations was conducted throughout the entire LFR, in 
accordance with the BMP.  These data (as reported in the Baseline Data Report) will be used as a 
2006-2007 OU-Baseline to monitor future progress toward achieving agency-established RAOs 
for the LFR. 
 
The 2006-2007 baseline data for OU1-3 were collected during active remediation of OU1, which 
is located upstream.  To address concerns by stakeholders that the 2006-2007 OU-Baseline data 
may have been affected by the remediation work in OU1, a statistical analysis of historical 
surface water and fish tissue PCB data was conducted by the WDNR (Project Effectiveness 
Evaluation - Fish, Water and Sediment Draft - Lower Fox River Little Lake Buttes des 
Morts/OU1 (WDNR, 2011).  The objective of the analysis was to evaluate the post-remediation 
data in the context of the historical record.  Observations regarding the baseline data with the 
historical record were also made in the analysis. 
 
With fish and surface water results, historical concentration trends were estimated and compared 
to baseline period measurements collected during 2006-2007.  The statistical analysis showed 
that any potential increase due to remediation work during 2006-2007 was minimal in regard to 
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the effect it would have on future comparisons to baseline data.  Therefore, the 2006-2007 OU-
Baseline data were appropriate for comparison with future LTM results and the timing of 2006-
2007 OU-Baseline data collection, during the early stages of active remediation in OU1, does not 
cause unacceptable uncertainty in the analysis. 
 
For fish tissue, a historical trend line was established in the WDNR analysis from data collected 
between 1976 and 2003, with the main conclusion based on walleye due to the smaller number 
of samples collected per year for the other species.  The 2006-2007 baseline period walleye 
results were similar in concentration to data collected in 2003, and continued the historically 
decreasing trend, albeit at a slower decreasing rate than indicated by the 1976 through 2003 trend 
line. 
 
A historical trend line for surface water results was established in the WDNR analysis based on 
three sampling events collected in 1989, 1990 and 1998.  Similar to the 2006-2007 baseline 
period fish results, the 2006-2007 OU-Baseline period surface water results also continued a 
decreasing trend, but again at a slower decreasing rate than estimated from the 1989 through 
1998 trend. 
 
1.3.1 Baseline Monitoring Data Report – Surface Water Data 
The BMP required monthly surface water quality monitoring for all 12 calendar months.  
Subsequent data analysis showed that, in part because of less desorption of PCBs in cold 
temperatures, the most representative surface water quality data were collected during the eight 
“warm” months of the year (April through November, inclusive).  Further, ice conditions made 
sampling in the winter months dangerous.  For these reasons, for the LTM program, surface 
water quality monitoring is conducted from April through November.  Surface water quality and 
field parameters (total PCBs, total organic carbon [TOC], total suspended solids [TSS], 
temperature, turbidity, and flow) for these eight months, taken from the Baseline Data Report, 
are provided in Table 1-1. 
 
The 2006-2007 OU-Baseline range and median (as shown in Table 1-1) in surface water column 
blank-corrected total PCB concentrations for warm weather months (August – November 2006 
and April – July 2007) are shown in the following table. 
 

 LW OU1 OU2A OU2B OU2C OU3 
Range (ng/L) 0.07-0.75 1.35-10.45 1.50-11.20 1.87-11.91 1.86-13.97 2.05-12.32 
Median (ng/L) 0.14 5.13 4.68 5.66 5.15 7.58 

Note: 
ng/L = nanogram per liter 
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1.3.1.1 Baseline Monitoring Data Report Trends in Surface Water PCB 
Concentrations 

The following general observations about 2006-2007 OU-Baseline surface water quality data 
were provided in the Baseline Data Report (Table 4-5, Whole Year-12 months): 
 

 Average annual total PCB concentrations generally increase from upstream, in LW with 
0.2 ng/L (or parts per trillion [ppt]), to downstream in the LFR, with 4 ng/L in OU1 to a 
peak value of 28 ng/L in OU4.  The maximum concentration of 82 ng/L was measured in 
OU4 during August 2006. 

 
 Average annual total PCB concentrations decrease by one to two orders of magnitude 

beyond the mouth of the river into Green Bay, dropping from 28 ng/L in OU4, to 2 ng/L 
in OU5A, and finally 0.4 ng/L in OU 5C. 

 
 The lowest concentrations were observed in LW, with an average annual total PCB 

concentration of 0.2 ng/L representing upstream “background” concentrations unaffected 
by site activities and inputs.  Concentrations in LW were about one to two orders of 
magnitude lower than those in LFR OUs 1 through 4. Concentrations in Green Bay in 
OU5C (0.4 ng/L) were also about one to two orders of magnitude lower than those in 
LFR OUs 1 through 4 by a factor of two greater than LW (0.2 ng/L).  

 
 Surface water column PCB concentrations show a pronounced seasonality, with 

significantly lower concentrations observed in winter months. 
 
The 2006-2007 OU-Baseline range and median in surface water column blank-corrected 
total PCB concentrations across the whole year are shown in the following table.  
 
 OU1 OU4 OU5A OU5B OU5C 
Range (ng/L) 0.16-10.77 1.72-81.74 0.85-3.72 0.41-3.26 0.15-1.02 
Median (ng/L) 2.50 15.07 1.59 0.67 0.31 

 
1.3.1.2 Baseline Monitoring Data Report PCB Correlations and 

Controlling Variables 
Temperature and TSS concentrations were determined to exert the greatest controlling influence 
on total PCB concentrations in the surface water column.  The correlation with flow was much 
weaker, which was attributed to contradictory influences throughout the year.  For example, low 
flows during late summer occur during the period of highest temperatures, leading to high PCB 
concentrations, whereas high flows during spring runoff can cause higher suspended sediment 
concentrations in the river and thereby contribute to higher PCB concentrations.  In addition, 
higher flows can reduce concentrations by dilution.  Whether the PCB inputs to the river are due 
to porewater flux or sediment resuspension will also affect the correlation.  Thus, the relationship 
between flow and PCB concentration is complex. 
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1.3.2 Baseline Monitoring Data Report – Fish Tissue Data 
Fish tissue summary statistics of total PCB Aroclor concentrations, lipid content, fish length, and 
fish weight, sorted by location and species, and based on data taken from the Baseline Data 
Report are presented in Table 1-2.  Measured values for these parameters for each fish reported 
in the Baseline Data Report are shown in Table 1-3.  The baseline ranges in fish tissue total PCB 
concentrations were: 
 

 Walleye:   
 <19-36 microgram per kilogram (μg/kg) (median 20 μg/kg) in Lake Winnebago,  
 21-340 μg/kg (median 140 μg/kg) in OU1,  
 97-800 μg/kg (median 300 μg/kg) in OU2A,  
 21-480 μg/kg (median 130 μg/kg) in OU2B,  
 130-1800 μg/kg (median 380 μg/kg) in OU2C, and  
 250-2000 μg/kg (median 450 μg/kg) in OU3.   

 
 Smallmouth Bass:   

 <19-70 μg/kg (median 20 μg/kg) in Lake Winnebago,  
 20-540 μg/kg (median 160 μg/kg) in OU1,  
 96-530 μg/kg (median 200 μg/kg) in OU2A,  
 110-320 μg/kg (median 210 μg/kg) in OU2B,  
 71-470 μg/kg (median 140 μg/kg) in OU2C, and  
 66-370 μg/kg (median 190 μg/kg) in OU3. 

 
 Carp:   

 28-46 μg/kg (median 36 μg/kg) in Lake Winnebago,  
 300-3,600 μg/kg (median 1,750 μg/kg) in OU1,  
 2100-11000 μg/kg (median 2400 μg/kg) in OU2A,  
 800-1500 μg/kg (median 1200 μg/kg) in OU2B,  
 670-1500 μg/kg (median 930 μg/kg) in OU2C, and  
 590-1600 μg/kg (median 970 μg/kg) in OU3. 

 
 Drum:   

 110-250 μg/kg (median 170 μg/kg) in Lake Winnebago,  
 160-650 μg/kg (median 445 μg/kg) in OU1,  
 770-2300 μg/kg (median 1100 μg/kg) in OU2A,  
 310-1300 μg/kg (median 580 μg/kg) in OU2B,  
 590-1700 μg/kg (median 1100 μg/kg) in OU2C, and  
 460-2000 μg/kg (median 1400 μg/kg) in OU3. 

 
 Gizzard Shad:   

 <19-33 μg/kg (median 26 μg/kg) in Lake Winnebago,  
 790-1,000 μg/kg (median 895 μg/kg) in OU1,  
 180-550 μg/kg (median 300 μg/kg) in OU2A,  
 89-130 μg/kg (median 98 μg/kg) in OU2B,  
 19-190 μg/kg (median 100 μg/kg) in OU2C, and  
 190-870 μg/kg (median 400 μg/kg) in OU3. 
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1.3.2.1 Baseline Monitoring Data Report PCB Correlations and 

Controlling Variables 
The following descriptions are taken verbatim from the Baseline Data Report.  References below 
to “cases” and “stations” refer to Lake Winnebago and the OUs (OU1 through OU5C). 
 

In human health species (walleye and smallmouth bass), good to excellent correlations 
between PCBs and lipid content were observed in many cases.  For walleye, correlations 
with lipid content at the 95% confidence level were observed in four out of nine cases, 
and for smallmouth bass, in seven out of nine cases.  Correlations with fish length were 
weaker and secondary in nearly every case. 
 
Significance levels were weaker for ecological species because they were based on fewer 
data points (five composite analyses at each station, versus 15 analyses for human health 
species).  There were occasionally significant regressions against one or the other 
parameters, but results were inconsistent among monitoring stations. 
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2 Long-Term Monitoring Program 
The OU1-LTMP and FR-LTMP call for progress review meetings to be held on a monthly basis 
one month prior and during the eight months of field sampling “unless it is deemed unnecessary 
by the Response Agencies.”  For the 2018 monitoring event, monthly progress review meetings 
were held with the Response Agencies, represented by the Agencies Oversight Team (A/OT).  
Monthly meeting notes are provided in Appendix A. 
 
Monthly progress reports, which summarized results of the current LFR LTM sampling and 
identified potential deviations from the OU1-LTMP and FR-LTMP or other deviations requiring 
adaptive management, were provided to the A/OT following each monthly surface water 
sampling event.  All monthly progress reports are provided in Appendix B. 
 
2.1 Surface Water Quality Monitoring 
A summary of the surface water quality LTM program is provided below.  The complete OU1 
LTMP and FR-LTMP are provided in Appendix C. 
 
2.1.1 Sampling Locations and Schedule 
Monthly surface water samples were collected from three locations and two depths along single 
transects in Lake Winnebago, OU1, OU2A, OU2B, OU2C, and OU3 during the eight warm-
weather months (April through November) (Figure 2-1).  Surface water sampling was generally 
conducted during the first two weeks of each month.  The surface water sampling locations used 
for the 2018 LFR LTM were the same as those sampled during the baseline monitoring program, 
the year 2010 LTM for OU1, the year 2012 LTM for OU1, and the year 2012 and 2014 LTM for 
OU2-3. 
 
2.1.2 Field Parameters 
Temperature and turbidity were measured at each of the locations on each of the sampling 
transects.  Measurements were taken at each location at multiple depths and were recorded in the 
field notes.  Field notes from the monthly surface water quality monitoring events are provided 
in Appendix D. 
 
2.1.3 Sampling Methods 
The surface water samples were collected, in order, from upstream to downstream (i.e., Lake 
Winnebago to OU1 to OU2 to OU3) over two days.  Collection of surface water samples from 
upstream to downstream was established as a precedent during baseline monitoring.  This 
approach collects surface water samples with lowest PCB concentrations (upstream locations) 
before collecting those with higher PCB concentrations (downstream locations) and was adopted 
during baseline monitoring to minimize any chance of cross-contamination of surface water 
samples with low PCB concentration by surface water samples with higher PCB concentrations. 
 
Surface water quality monitoring stations were located to within a target accuracy of 
approximately 6 feet.  Water depths were determined to the nearest 0.1 foot.  The channel 
transects were divided into three equal areas.  Surface water sampling stations were positioned at 
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the midpoint of each of the three equal areas at which discrete 1-liter surface water samples were 
collected using a peristaltic pump (as described in the Foth Standard Operating Procedure (SOP) 
Trace PCB Sampling of Surface Water (Foth SOP #1607) at 0.2 and 0.8 times the depth of the 
water column (six surface water samples per transect) (Figures 2-2 through 2-4).  A minimum of 
four discrete samples per transect are required to meet completeness goals.  Six discrete samples 
were collected from each transect during each of the eight monthly monitoring events for Lake 
Winnebago, OU1, OU2A, OU2B, OU2C, and OU3. 
 
2.1.4 Compositing Scheme 
Discrete, 1-liter surface water sub-samples were collected at each of the three locations and two 
depths for each transect, and then shipped to the analytical laboratory.  Each set of six sub-
samples was composited under clean laboratory conditions.  In this way, one composite surface 
water sample was produced for each transect each month. 
 
2.1.5 Analysis Plan 
All surface water samples were analyzed for the following parameters: 
 

 PCB Congeners (209 total; USEPA Method 1668A; high-resolution GC/MS); 
 Total Suspended Solids (TSS; USEPA Method 160.2; SM 2540D); and   
 Total Organic Carbon (TOC/DOC; USEPA Method 415.1; SM 5310C)   

 
Laboratory Chain-of-Custody documents for surface water samples are provided in Appendix E, 
and laboratory reports for these samples are provided in Appendix F. 
 
2.2 Fish Tissue Monitoring 
A summary of the fish tissue LTM program is provided below.  The complete OU1-LTMP and 
FR-LTMP are provided in Appendix C. 
 
2.2.1 Sampling Locations and Schedule 
Fish monitoring stations in Lake Winnebago, OU1, OU2A, OU2B, OU2C, and OU3 are shown 
on Figure 2-5.  Fish tissue samples were collected during the window specified in the OU1-
LTMP and FR-LTMP, and specifically over the period of August 23, 2018 through 
September 20, 2018.  Fish collection occurred on two consecutive days on Lake Winnebago and 
on two consecutive days each on OU1, OU2A, OU2B, OU2C, and OU3.  Fish collection 
continued for an additional day on Lake Winnebago, OU1, OU2A, OU2B, OU2C, and OU3 after 
the initial round of collection to satisfy the level of effort specified in the OU1-LTMP and FR-
LTMP.  This entailed utilizing two shocking boats/crews to stay within schedule.   
 
2.2.2 Sampling Methods 
The primary target fish species were walleye (human health), carp (ecological), and gizzard shad 
(young-of-year [YOY] forage fish).  The secondary target fish species (in the event adequate 
numbers of primary species could not be collected) were smallmouth bass (human health) and 
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drum (ecological).  Target size classes and completeness goals for each species are shown in 
Table 2-1. 
 
Various fish collection methods are suggested in the OU1-LTMP and FR-LTMP, including 
electrofishing, seine nets, trawls, and guide-assisted hook and line.  Each fish was individually 
logged using computer spreadsheets, along with fish length, weight, collection method and 
location, and pertinent observations regarding fish morphology (deformities, lesions, etc.) and 
condition.  Gizzard shad were bagged into groups of 25 fish, or less if there weren’t 25 caught, 
and assigned unique sample names.  Fish collection information is shown in Tables 2-2 through 
2-7.  The specific transects, along which fish were collected in Lake Winnebago, OU1, OU2A, 
OU2B, OU2C, and OU3 are shown on Figures 2-6 through 2-24. 
 
2.2.3 Compositing Scheme 
Fish species associated with human health (walleye and smallmouth bass) were analyzed as a 
skin-on filet for individual fish.  In contrast, ecological index species (carp) and YOY forage fish 
species (gizzard shad) were analyzed as whole fish after one or more individual fish were 
combined to form a composite sample.  Ideally, composite samples were created by combining 
fish of similar size.  If optimum numbers of fish were collected, fish were composited as shown 
below: 
 

 Seven carp composite samples each contain five individual carp (35 total carp) 
 Seven gizzard shad composites each contain 25 gizzard shad (175 total gizzard shad) 

 
Because of variability inherent in fish collection, the OU1-LTMP and FR-LTMP states that 
compositing schemes, while guided by the above descriptions, must be developed for each fish 
monitoring event.  The scheme developed for 2018 fish collection is shown in Tables 2-8 
through 2-13 for Lake Winnebago, OU1, OU2A, OU2B, OU2C, and OU3, respectively.  The 
compositing schemes for 2018 fish were developed in accordance with correspondence and 
discussions with the Response Agencies, which included worksheets used to develop the 
compositing plans (Appendix B). 
 
2.2.4 Analysis Plan 
All fish or fish composite samples were extracted by the following methods and analyzed for the 
following parameters: 
 

 Automated Soxhlet extraction (USEPA Method 3541); 
 PCB Aroclors (USEPA Method 8082A); and 
 Lipid content (Randall et al., 1991). 

 
Laboratory Chain-of-Custody documents for fish samples are provided in Appendix G, and 
laboratory reports for these samples are provided in Appendix H. 
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3 Surface Water Quality Data Analysis 

3.1 Deviations from the Long-Term Monitoring Plans 
3.1.1 Field Deviations 
No significant deviations from the field methods described in the OU1-LTMP and FR-LTMP 
were noted. 
 
3.1.2 Laboratory Deviations 
No significant deviations from the laboratory methods described in the OU1-LTMP and  
FR-LTMP were noted. 
 
3.1.3 PCB Congener 11 in Surface Water Samples 
Although 209 PCB congeners are possible, the Response Agencies concluded that the specific 
PCB congeners and the relative amounts of these congeners in Fox River surface water samples 
generally reflect the congener composition found in commercial Aroclor mixtures, and the 
Response Agencies have attributed past releases of these commercial mixtures into river 
sediments as the dominant source of surface water column PCBs.  During the 2010, 2012, 2014, 
and 2018 LTM field events, PCB congener 11, a non-Aroclor PCB congener (that is, this 
congener is either absent in Aroclor mixtures or is present at trace concentrations), was detected 
at anomalously high concentrations in several monthly surface water samples in OU1, OU2, and 
OU3, at times accounting for almost half of the total PCB concentration in a surface water 
sample.  Confirmation of the presence and concentration of congener 11 was obtained through 
analysis of a backup surface water sample.  Further investigation revealed that congener 11 had 
been detected previously, including in baseline samples, but at much (an order of magnitude) 
lower concentrations. 
 
The presence of congener 11 in environmental samples has been noted in the scientific literature. 
Hu et al. (2008) note that PCB congener 11 may be formed during production of diarylide yellow 
pigments.  Li et al. (2012) provide recent measured values of PCB congener 11 in Antarctic air 
samples, noting that congener 11 has a much greater atmospheric concentration than other 
congeners in these samples.  The authors conclude that congener 11 is now globally distributed 
and a ubiquitous PCB congener in air samples. 
 
Other literature references (see Appendix I) document that congener 11 is essentially not found 
in the commercial PCB mixtures (Aroclors) that are recognized as the source of PCBs in the Fox 
River sediments.  As such, the presence of congener 11 in surface water samples cannot be 
attributed to past actions of the Respondents.  Because PCB congener 11 is not directly related to 
the ongoing LFR remediation, inclusion of congener 11 in the congener sum used to determine 
total PCB concentrations in surface water samples introduces a confounding variable into the 
statistical analysis of these total PCB values.  To address this concern, the A/OT required the  
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following reporting and analysis approach for both 2012 LTM Summary Reports and all 
subsequent LTM summary reports: 
 

 Congener 11 will not be included in the calculation of all total PCB values presented for 
surface water samples in the text, tables, and figures of the report. 

 
 All report tables providing values for individual congener results will include values for 

congener 11. 
 

 All statistics calculated on surface water total PCB values will examine only surface 
water total PCB values that do not include congener 11. 
 

 Congener 11 will also be removed from baseline surface water total PCB values 
before statistical comparisons are made. 

 
 Graphs and charts will not show congener 11 values. 

 
Additional information on PCB congener 11 is provided in Appendix I. 
 
3.2 Assessment of Field Activities 
3.2.1 Field Completeness 
The OU1-LTMP and FR-LTMP requires that eight monthly surface water samples be collected 
during April through November from Lake Winnebago, OU1, OU2A, OU2B, OU2C, and OU3.  
In addition, each monthly surface water sample consists of six sub-samples along each water 
body transect.  Completeness goals for surface water sampling require that at least seven of the 
eight monthly samples provide complete data (88%), and that each monthly sample consists of at 
least four sub-samples (66%). 
 
The LFR 2018 LTM field event began on April 11, 2018 and surface water samples were 
collected during eight monthly events from April through November 2018.  All monthly samples 
collected in Lake Winnebago, OU1, OU2A, OU2B, OU2C, and OU3 consisted of six sub-
samples (100% completion). All completeness goals for surface water samples were met for the 
2018 LFR LTM field event. 
 
3.3 Summary of Field and Laboratory Data 
Surface water temperature and turbidity were measured in the field during each monthly surface 
water sampling event.  Multiple measurements of these parameters during each event were 
averaged to create one value for each parameter in each water body per sampling event.  Surface 
water samples were collected during each event and analyzed to determine the concentrations of 
TOC, TSS, and PCB congeners.  Subsequent data analysis included summing PCB congeners to 
determine total PCB concentrations (as the sum of 209 possible congeners).  Per agreement with  
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the Response Agencies, PCB congener concentrations were summed using two different 
approaches:   
 

 The first PCB total “uncorrected total PCBs” represents the sum of congeners remaining 
after congener 11 and co-eluting congeners have been removed (congener 11 and non-
detect congeners are set to zero); and  
 

 The second PCB total “blank-corrected total PCBs”: 
 

 Begins with the congeners remaining after congener 11 and co-eluting congeners 
have been removed (congener 11 and non-detect congeners are set to zero).  
 

 Then, a congener-specific blank value (Section 3.4.1) is subtracted from each 
remaining congener, which may remove additional congeners if they were present at 
less than their blank concentration value (these are also set to zero).   
 

 Finally, the sum of the remaining congeners is calculated to determine the “blank-
corrected total PCBs.”   

 
Table 3-1 includes measured and calculated values for Total PCB – uncorrected, Total PCB – 
blank-corrected, TOC, TSS, temperature, turbidity, and flow (measured at the Fox River at 
Appleton, Wisconsin Gauging Station U.S. Geological Survey (USGS) number 04084445 ) for 
each 2018 surface water sampling event.  Table 3-2 displays these values for duplicate and field 
blank samples. 
 
Figures 3-1 through 3-5 show all parameters in Table 3-1 for Lake Winnebago and OU1, Lake 
Winnebago and OU2A, Lake Winnebago and OU2B, Lake Winnebago and OU2C, and Lake 
Winnebago and OU3, respectively, compared to the same parameters in each water body 
measured during 2006-2007 OU-Baseline monitoring (Table 1-1).   
 
Figures 3-1 through 3-5 show separate graphs for Lake Winnebago 2006-2007 Baseline, 2006-
2007 OU-Baseline, Lake Winnebago 2018, and OU 2018, with OU representing one of the 
following operable units: OU1, OU2A, OU2B, OU2C, and OU3.  Several trends are visible on 
Figures 3-1 through 3-5: 
 

 Seasonal patterns in uncorrected and blank-corrected total PCB values mirror one 
another, indicating that blank correction has not obscured trends in concentrations 
occurring over the months of measurement. 

 
 Blank-corrected total PCB values are less than uncorrected values, reflecting the effect of 

blank-correction on total PCB values. 
 

 Similar trends in other parameters over the monthly measurement periods are observed in 
the baseline, 2010, 2012, and 2014 data sets. 
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 Total PCB concentrations are modestly correlated with TSS, turbidity, and water 
temperature, although with the reduced concentration levels of PCB in the OU 2018 data, 
the correlations are not as prominent as what was observed in the 2006-2007 OU-
Baseline data. 

 
The blank-corrected total PCB values from each of the four graphs on Figures 3-1 through 3-5 
are plotted on a single graph for each OU on Figures 3-6 through 3-10.  Surface water PCB 
concentrations have substantially decreased in OU1, OU2A, OU2B, OU2C, and OU3 during the 
period between baseline measurements and 2018 measurements.  In contrast, a much smaller 
decrease has occurred in Lake Winnebago over this time. 
 
3.3.1 Duplicate Measurements 
Duplicate surface water samples were collected from Lake Winnebago for the April, October and 
November 2018 sampling events, from OU1 for the May 2018 sampling event, from OU2A for 
the June 2018 sampling event, OU2B for the July 2018 sampling event, OU2C for the August 
2018 sampling event, and OU3 for the September 2018 sampling event.  Duplicate surface water 
samples were collected for each 2018 sampling event to estimate the precision of the 
measurements of TOC, TSS, and total PCBs (uncorrected).  The precision is calculated by 
relative percent difference (RPD) (difference divided by average) of the eight paired values for 
each of the three parameters.  The results of this analysis are presented below as the minimum, 
maximum, and median values for each of the three sets of paired values: 
 

 TOC RPD:  minimum – 0%; maximum – 5.8%; median – 1.2% 
 TSS RPD:  minimum – 0%; maximum – 18.7%; median – 4.6% 
 Total PCB RPD:  minimum – 3.8%; maximum – 67.4%; median – 12.4% 

 
3.3.2 PCB Congener Measurements 
All surface water samples from the 2018 event were extracted and analyzed for 209 PCB 
congeners.  On an individual congener basis results can be below the method detection limit, 
between the method detection limit and the estimated quantitation level (EQL), or above the 
EQL. 
 
Each monthly surface water sampling event resulted in the congener-specific analysis of eight 
surface water samples.  Seven of these samples were collected in the field:  the Lake Winnebago 
surface water sample; the OU1 surface water sample; the OU2A surface water sample; the 
OU2B surface water sample; the OU2C surface water sample; the OU3 surface water sample; the 
duplicate surface water sample; and the equipment rinsate blank surface water sample.  The 
eighth surface water sample was the laboratory method blank sample, prepared by the analytical 
laboratory and extracted and analyzed with the other seven monthly samples. 
 
The results of the PCB congener analyses for the eight samples from each of the monthly 
sampling events are presented in Appendix J.  Each of the tables in Appendix J show the results 
for the eight samples associated with one monthly sampling event.  Individual result values may  
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be accompanied by codes assigned by the analytical laboratory.  Codes relevant to the discussion 
of congener results in this report include: 
 

 A “<” symbol preceding a value indicates that the congener was not detected above the 
method detection limit; 

 
 A “J” code indicates that the reported congener value is less than the EQL and is an 

estimate;  
 

 A “U” code indicates that the reported congener value is less than the MDL;  
 

 A “q” code indicates that the reported congener value is the estimated maximum possible 
concentration of this analyte, quantitated using the theoretical ion ratio.  The measured 
ion ratio does not meet qualitative identification criteria and indicates a possible 
interference; 

 
 A “B” code indicates that the congener was found in the blank and sample; 

 
 An “M” code indicates that the matrix spike recovery and/or matrix spike duplicate 

recovery was outside laboratory control limits; 
 

 A “C#” code indicates that the congener co-elutes with another congener, identified by 
the number following the “C.” 

 
3.3.2.1 Uncorrected Congener Values 
Results of the PCB congener analyses presented in Appendix J are further examined by 
collecting related measurements in tabular and graphical displays.  Uncorrected PCB congener 
values, used to determine uncorrected total PCBs for each monthly sampling event are shown for 
Lake Winnebago, OU1, OU2A, OU2B, OU2C, and OU3 in Tables 3-3 through 3-8, respectively.  
These values are displayed graphically on Figures 3-11 through 3-16. 
 
Values in Tables 3-3 through 3-8 have been formatted to provide information about the results of 
each analysis.  All values that were detected, quantified, and not subsequently removed in each 
analysis are shown as non-zero values with two or three significant figures (as determined by 
laboratory reporting).  These values are plotted on the monthly graphs on Figures 3-11 through 
3-16 and are summed to determine uncorrected total PCBs.  Values shown as zero (0) in the 
tables represent congeners that may have been detected and quantified, but were removed 
because they co-elute with other congeners.  This set of 47 values is consistent across all 
samples.  Finally, blank cells show congeners that were not detected above the method detection 
limit. 
 
In addition to measured values, Tables 3-3 through 3-8 show average values for each congener 
across monthly samples and average values for each monthly sample across congeners.  The 
number of detected and quantified congeners is also shown for each monthly sample and 
congener average values.  Tables 3-3 through 3-8 and the associated graphs show that the 
number of quantified congeners (those remaining after co-eluting congeners are removed) in 
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uncorrected results differ among water bodies and among monthly events.  A summary of the 
number of quantified uncorrected congener values is presented below as the minimum, 
maximum, and median number of congeners quantified across monthly samples for Lake 
Winnebago, OU1, OU2A, OU2B, OU2C, and OU3. 
 

 Lake Winnebago congeners:  minimum – 30; maximum – 89; median – 53 
 Operable Unit 1 congeners:  minimum – 48; maximum – 102; median – 72 
 Operable Unit 2A congeners:  minimum – 63; maximum – 106; median – 76 
 Operable Unit 2B congeners:  minimum – 63; maximum – 116; median – 81 
 Operable Unit 2C congeners:  minimum – 59; maximum – 112; median – 84 
 Operable Unit 3 congeners:  minimum – 59; maximum – 118; median – 90 

 
3.3.2.2 Blank-Corrected Congener Values 
As was done for uncorrected congener values, blank-corrected PCB congener values, used to 
determine blank-corrected total PCBs for each monthly sampling event are shown for Lake 
Winnebago, OU1, OU2A, OU2B, OU2C, and OU3 in Tables 3-9 through 3-14, respectively.  
These values are displayed graphically on Figures 3-17 through 3-20. 
 
Values in Tables 3-9 through 3-14 have been formatted to provide information about the results 
of each analysis.  All values that were detected, quantified, and not subsequently removed in 
each analysis are shown as non-zero values with two or three significant figures (as determined 
by laboratory reporting).  These values are plotted on the monthly graphs on Figures 3-17 
through 3-20 and are summed to determine blank-corrected total PCBs.  Values shown as 
zero (0) in the tables represent congeners that may have been detected and quantified, but were 
removed because they co-elute with other congeners (47 values in every monthly sample), or 
were removed because the quantified value was less than the blank-correction value (that is, the 
quantified value minus the blank-correction value was less than zero).  It should also be noted 
that remaining values in Tables 3-9 through 3-20 may be less than corresponding values in 
Tables 3-3 through 3-8 because of blank correction.  Finally, blank cells show congeners that 
were not detected above the method detection limit. 
 
In addition to measured values, Tables 3-9 through 3-14 show average values for each congener 
across monthly samples and average values for each monthly sample across congeners.  The 
number of detected and quantified congeners is also shown for each monthly sample and 
congener average values.  As with uncorrected values, the number of quantified congeners in 
blank-corrected results differs among water bodies and among monthly events.  A summary of 
the number of quantified blank-corrected congener values is presented below as the minimum, 
maximum, and median number of congeners quantified across monthly samples for Lake 
Winnebago, OU1, OU2A, OU2B, OU2C, and OU3. 
 

 Lake Winnebago congeners:  minimum – 9; maximum – 37; median – 15 
 Operable Unit 1 congeners:  minimum – 12; maximum – 70; median – 50 
 Operable Unit 2A congeners:  minimum – 42; maximum – 64; median – 54 
 Operable Unit 2B congeners:  minimum – 41; maximum – 76; median – 61 
 Operable Unit 2C congeners:  minimum – 36; maximum – 75; median – 60 
 Operable Unit 3 congeners:  minimum – 39; maximum – 81; median – 65 
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A comparison of the congener count summaries for uncorrected and blank-corrected congener 
values shows that blank correction has only a modest effect on the values measured in OU1, 
OU2A, OU2B, OU2C, and OU3 where surface water PCB concentrations tend to be greater than 
2018 LW-Background.  However, this is not the case for the background location of Lake 
Winnebago.  Correcting low concentrations of PCB congeners measured in Lake Winnebago 
water to account for presumed interferences from blank contamination can remove many 
quantified congeners.  For example, the median number of quantified congeners in Lake 
Winnebago samples decreased by 72% after blank correction. 
 
3.4 PCB Laboratory Blanks, Rinsate Blanks, Duplicates, and 

Validation 
3.4.1 Blank Correction Procedures 
All surface water PCB data were adjusted for laboratory blank contamination using a 
nonparametric modification of the blank subtraction method of Ferrario et al. 1997.  The Ferrario 
et al. 1997 method is described in Section 17.6.1.4.4 of USEPA Method 1668A: 
 

Blank corrected results may be reported in addition to reporting of separate 
results for samples and blanks. The recommended procedure for blank correction 
is that a result is significantly above the blank level, and the level in the blank 
may be subtracted, if the result is greater than the mean plus 2 standard 
deviations of results of analyses of 10 or more blanks for a sample medium. 

 
The nonparametric modification of Ferrario et al. 1997 is based on the 95th percentile of the 
laboratory method blank data.  The analytical laboratory provided 12 months (April 1, 2017 
through June 5, 2018) of laboratory blank PCB congener data for 2-liter surface water samples 
analyzed using EPA Method 1668A.  There were a total of 30 samples analyzed by the 
laboratory during this time.  Note Section 4.2.2 of the FR-LTMP states that laboratory method 
blank data utilized for the nonparametric modification of the Ferrario subtraction method should 
be compiled corresponding to the 8-month monitoring period (April through November), plus 
3 months before and 3 months after the monitoring period.  The April 1, 2017, through 
June 5, 2018, time period was utilized instead for the method blank dataset in order to develop 
blank correction values in time for the monthly reporting activities.  In future LTM events, the 
April through November, plus 3 months before and 3 months after, time period will be utilized 
for the laboratory method blank dataset, but method blank correction will not be included in the 
monthly reporting prior to completion of all 8 monthly events. 
 
With exception of the FR-LTMP method blank dataset monitoring period of April through 
November, plus 3 months before and 3 months after, the blank correction procedures follow the 
calculations delineated in Section 4.2.2 of the FR-LTMP.  Specifically, the nonparametric 95th 
percentile concentration was calculated for each of the 209 PCB congeners observed in the 30 
sample dataset.  In calculating the 95th percentile, fractional, non‐integer ranks were interpolated 
between the two closest data points according to the FR-LTMP.  The congener specific 95th 
percentiles, referred to below as the standard blank correction values, were then subtracted from 
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the reported PCB concentration (congener by congener) for each sampling round to create the 
blank-corrected PCB congener concentration.  Also per the FR-LTMP, if the sample congener 
concentration is less than the corresponding blank 95th percentile, the congener is corrected to an 
undetected value, where undetected congeners do not contribute to the summation of total PCB 
concentrations. 
 
3.4.2 PCB Congeners in Laboratory Method Blanks 
Analytical laboratories specializing in ultra-trace analysis of PCB congeners routinely generate 
method blanks with very little contamination.  The small concentrations of PCB congeners 
quantified in these method blanks can vary significantly among multiple blank analyses due to 
the near-detection limit levels of the quantified congeners.  Correcting individual sample results 
using different blank analyses may introduce an unwanted source of variance into the final 
results due to the variability of the blank analyses.  The method of blank correction outlined in 
Section 3.4.1 using the 95th percentile concentration of each congener measured in a large set of 
blank analyses (standard blank correction values) provides a more consistent set of correction 
values relative to multiple individual analyses.  However, it is important to confirm that the 
chosen set of correction values continues to be appropriate over the course of a long-term 
sampling event.  This confirmation is provided by comparing monthly method blank analyses 
generated in parallel with monthly sample analyses to the standard blank correction values. 
 
The results of the monthly method blank analyses for PCB congeners are provided for the eight 
monthly sampling events of 2018 in Appendix J.  The measured congener blank concentrations 
in Appendix J are compared to their associated congener standard blank correction value by 
calculating the ratio of the measured monthly method blank concentration and the associated 
standard blank correction value.  These ratios, or fractions, and the standard blank correction 
values are shown in Table 3-15, and the congener fractions are displayed graphically on 
Figure 3-23.  Values in Table 3-15 and on Figure 3-23 that are less than one indicate that a 
congener was measured in a monthly blank at a concentration less than the associated standard 
blank correction value for that congener; values greater than one show monthly measurements 
that exceed the standard blank correction value.  Table 3-15 also shows average values for each 
congener across monthly samples and average values for each monthly sample across congeners, 
as well as the maximum congener fraction observed and the number of congeners in each 
monthly sample that were measured at a concentration greater than the associated standard blank 
correction value. 
 
As shown on Figure 3-23, the concentrations of congeners measured in monthly method blanks 
are less than the standard blank correction value in most cases (y-axis < 1.0).  Moreover, the 
standard blank correction values exceed the measured monthly blank values by a factor of two or 
more in many cases.  This is as expected, since the standard blank correction values are 
calculated as the 95th percentile of the laboratory blank dataset (per the FR-LTMP nonparametric 
Ferrario modification method) and illustrates that the standard blank correction values are 
generally conservative.  However, in some instances, the monthly method blank values exceed 
the standard blank correction values by a factor of two or more, also illustrating the variation 
found in the monthly method blank data. 
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3.4.3 PCB Congeners in Field Rinsate Blanks 
Although the standard blank correction values have no direct relationship to the monthly 
equipment rinsate blanks, comparison to the standard blank correction values provides a useful 
scaling tool to assess the extent of sample contamination that may be due to sampling (that is, 
unrelated to the laboratory).  The comparison of values was done in a similar manner to that 
described for the monthly method blanks (Section 3.4.2).  This comparison is presented in 
Table 3-16 and on Figure 3-24.  
 
A comparison of Figures 3-23 and 3-24 shows that the monthly rinsate blanks are generally 
greater than, but of similar scale to, the monthly method blanks.  In fact, summing the 
contributions to each congener from the monthly method blank and the monthly rinsate blank 
produces a value that, in many cases, is comparable to the value of the associated congener 
standard blank correction value.  Thus, the apparent over-correction observed when comparing 
standard blank correction values to monthly blank values becomes a more appropriate correction 
value if it is seen as representing a correction for both method and equipment artifacts. 
 
3.4.4 Comparison of Average Concentrations in Samples and Blanks 
An analysis of the magnitude of congener concentrations in rinsate and method blanks relative to 
measured concentrations of the same congeners in samples from Lake Winnebago, OU1, OU2A, 
OU2B, OU2C, and OU3.  This was done using the average uncorrected congener concentrations 
across monthly samples for Lake Winnebago, OU1, OU2A, OU2B, OU2C, and OU3 (shown in 
Tables 3-3 through 3-8), and average values calculated from monthly results for method and 
rinsate blanks. 
 
The analysis was done by sorting the average congener concentrations for Lake Winnebago, 
OU1, OU2A, OU2B, OU2C, and OU3 with the greatest concentrations at the top of each list.  
Sorts of this type were also done for average method and rinsate blank congener concentrations.  
Then the top 20 average congener values were selected from the Lake Winnebago, OU1, OU2A, 
OU2B, OU2C, and OU3 sets.  Each congener in all six lists was then paired with the 
concentration of the same congener from the average congener values for method and rinsate 
blanks, as well as the rank of the congener concentration in those lists.  Finally, the method and 
rinsate blank congener concentrations were expressed as a percentage of the corresponding 
average congener concentration for Lake Winnebago, OU1, OU2A, OU2B, OU2C, and OU3 
congeners.  The results of this analysis are shown in Table 3-17. 
 
Several conclusions are possible based on the results shown in Table 3-17: 
 

 PCB congener 44 appears in the rinsate blank at concentrations on average nearly 500% 
of the Lake Winnebago, OU1, OU2A, OU2B, OU2C, and OU3 sample results.  PCB 
congener 68 was also very high in the rinsate blank (906%) when compared to Lake 
Winnebago. 
 

 Average congener concentrations in the average method blanks are generally less than 
10% of the same congeners in OU1, OU2A, OU2B, OU2C, and OU3.  When PCB 
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congener 44 is excluded, average congener concentrations in the rinsate blanks are 
between 15% to 30% of the same congeners in OU1, OU2A, OU2B, OU2C, and OU3. 

 
 Average congener concentrations in the average method blanks are approximately 50% 

of the same congeners in Lake Winnebago.  When PCB congeners 44 and 68 are 
excluded, average congener concentrations in the rinsate blanks are at similar levels to 
those of Lake Winnebago. 
 

The analysis presented in Table 3-17 suggests that rinsate blanks are as important as method 
blanks in setting the lower bound of PCB congener concentrations that can be reliably quantified 
in Lake Winnebago.  However, other than PCB congener 44, it is also noted that current method 
and rinsate blanks are of smaller consequence with respect to quantification of PCB congeners in 
OU1, OU2 (A, B, C) and OU3; and this situation will most likely remain until PCB 
concentrations in OU1, OU2 (A, B, C) and OU3 approach those found in Lake Winnebago.  
 
3.4.5 PCB Congeners in OU Duplicates 
Duplicate samples are discussed in Section 3.3.1 with respect to total PCBs, TOC and TSS 
measurements.  The duplicate samples may also be used to estimate the precision of PCB 
congener measurements.  The estimate is based on the RPD (difference divided by average) of 
the eight paired values for all congener concentrations measured in the duplicate parent samples.  
The RPD values for all congeners in the eight primary and duplicate samples, as well as the 
congener and sample average values, are shown in Table 3-18.  The monthly congener RPD 
values are displayed for each month on Figure 3-25. 
 
Overall, the precision of the PCB congener concentration measurements is very good.  The grand 
average across monthly samples and congeners is 33%.  The minimum, maximum, and median 
values for the set of eight monthly average values are 20%, 42%, and 25%, respectively. 
 
3.4.6 Third-Party Validation of PCB Congener Results 
Third-party data validation was obtained for all 2018 LTM analytical data including surface 
water, fish, and sediment/sand.  Validation was provided by Lori Hendel through Applied 
Testing & Geosciences, LLC.  Surface water laboratory data were qualified as needed.  
Validation reports are provided in Appendix K.   
 
Based on third-party validation, all data have been found acceptable for use, including the 
randomly selected 10% of surface water quality data, 100% of the CIL sample data, 100% of the 
MNR sediment sample and surface water rinsate sample data, 100% of the fish tissue sample 
data, and data for the associated laboratory QC samples for each sample type. 
 
3.5 Statistical Analysis of Surface Water Quality Data 
Statistical methods for surface water quality are detailed in Section 5.1.  Surface water quality 
results indicate that year 2018 concentrations significantly decreased from those observed during 
2006-2007 OU-Baseline monitoring for each of OU1, OU2A, OU2B, OU2C, and OU3.  Average 
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PCB concentrations reported for the 2006-2007 OU-Baseline and 2018 data observed both in 
Lake Winnebago and each OU are presented on Figure 3-26. 
 
As detailed in Section 3.4.2, the procedure of method blank correcting PCB results is generally 
conservative in that it may overcorrect for method blank contamination.  While this has less 
impact on the statistical analysis for the generally higher concentration OU data, a relatively 
larger impact may exist when including the already low-concentration Lake Winnebago data.  
This is particularly true when estimating the percent increase of the 2018 OU data over the 2018 
Lake Winnebago concentrations.  Therefore, in comparing the 2018 OU results to 2018 LW-
Background (i.e., the Lake Winnebago data), non-method blank corrected results are presented.  
When presenting the percent decrease within a 2018 OU from 2006-2007 OU-Baseline 
(i.e., decrease from the 2006-2007 monitoring event), method blank corrected results will be 
primarily used for comparison to metrics since this follows the precedence given in OU1-LTMP 
and FR-LTMP.  However, the non-method blank corrected results are also given with the 2018 
OU comparison to 2006-2007 OU-Baseline for completeness. 
 
In estimating the percent decrease in PCB concentrations from the 2006-2007 baseline 
monitoring event (Exit Criterion 3 - SWAC Reduction Target), a multiple regression method was 
used to account for fluctuations due to covariate measurements of TSS, TOC, and temperature.  
Percent change from 2006-2007 baseline concentrations are illustrated on Figure 3-27.  After 
accounting for fluctuations in the covariates, the method blank corrected PCB data (for both the 
2006-2007 OU-Baseline and 2018 datasets) are estimated to have decreased in 2018 from 2006-
2007 OU-Baseline by approximately 90% for OU1, 90% for OU2A, 89% for OU2B, and 89% 
for OU2C and 91% for OU3.  Year 2018 PCB concentrations (uncorrected for method blanks) 
are estimated to have decreased from 2006-2007 OU-Baseline conditions (also uncorrected for 
method blanks) by approximately 85% for OU1, 87% for OU2A, 86% for OU2B, and 85% for 
OU2C and 88% for OU3. 
 
While 2018 PCB concentrations illustrate a very significant decrease, concentrations remain 
elevated over 2018 LW-Background conditions of Lake Winnebago (Exit Criterion 1 
Background).  A multiple regression was likewise used to estimate the 2018 concentration 
difference between the 2018 OUs and 2018 Lake Winnebago surface water samples, independent 
of covariate fluctuations.  As a percentage difference over average Lake Winnebago, average 
PCB concentrations in 2018 (non-method blank corrected) remain approximately 160% higher 
for OU1, 300% for OU2A, 450% for OU2B, 390% for OU2C, and 480% for OU3.  As with the 
previous monitoring events (2012 for OU1 and 2012 and 2014 for OU2/OU3) it is noted that 
while the OU concentrations in 2018 remain elevated over the 2018 Lake Winnebago 
concentrations, the percent difference again decreased substantially.  The statistical results for 
the surface water quality data along with 95% confidence intervals are summarized in  
Table 3-19.  
 
The multiple regression method utilized to compare the baseline OU data to the 2018 OU data 
determines whether a statistically significant difference exists in average concentration of those 
two datasets.  Likewise, the regression method also determines whether there is statistical 
significance between the averages of the background and OU data when comparing the 2018 LW 
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data to the 2018 OU data.  Since the regression models incorporate a log-transformation, the 
analysis reflects a comparison of the averages in the log-domain. 
 
Table 3-19 also presents comparisons of average concentrations (without log-transformations) of 
the raw data (i.e., where covariate data was not considered in the analysis).  Again, 95% 
confidence intervals are given on the estimates for percent increase over the background data, as 
well as the percent reduction from baseline, for this method as well.  The Table 3-19 confidence 
intervals using this approach are generally wider than the regression method confidence intervals 
since the covariate data is not utilized. 
 
Finally, for Exit Criterion 1 Background, Section 1.6.1.4 of the FR-LTMP provides for the use of 
an upper 90% prediction limit on the mean.  Covariate data is not utilized in calculation of the 
upper prediction limit.  The upper 90% prediction limit of the baseline LW data is given in the 
Section 1.6.1.4 of the FR-LTMP as 0.70 ng/L.  The upper 90% prediction limits on the mean of 8 
samples for the 2018 LW data, along with the 2018 OU average values, are given in the 
following table: 
 

 LW 
Upper 90% 
Prediction 

Limit 

OU1 
Avg. 

OU2A 
Avg. 

OU2B 
Avg. 

OU2C 
Avg. 

OU3 
Avg. 

Uncorrected for 
Method Blanks 0.200 ng/L 0.415 ng/L 0.607 ng/L 0.828 ng/L 0.752 ng/L 0.880 ng/L 

Method Blank 
Corrected 0.045 ng/L 0.253 ng/L 0.425 ng/L 0.629 ng/L 0.554 ng/L 0.665 ng/L 

 
3.5.1 Normal Distribution Testing 
Normality in the surface water quality data was statistically assessed with the Shapiro-Wilk W 
test for the 2006-2007 OU-Baseline and year 2018, Lake Winnebago and OU data sets.  Each 
data set was concluded normally distributed, with the exception of the 2018 Lake Winnebago 
data.  Results of the Shapiro-Wilk W tests are included in Appendix L.  For reference, normality 
test results from the 2012 and 2014 monitoring events are also included in Appendix L. 
 
Regression model residuals analysis was also performed for the multiple regression methods 
used to estimate the percent decrease in PCB concentrations (discussed further in Section 5.1 and 
included in Appendix P).  The residuals analysis included verifying the normality, independence 
and common variance of the residuals. 
 
3.5.2 Descriptive Statistics 
Descriptive statistics including sample count, percent non-detects, average, median, minimum, 
maximum, percentiles, standard deviation, and coefficient of variation are presented for 
uncorrected and blank-corrected total PCB, TOC, TSS, temperature, turbidity, and flow for both 
2006-2007 OU-Baseline and year 2018 sampling events in Lake Winnebago, OU1, OU2A, 
OU2B, OU2C, and OU3 in Table 3-20. 
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3.5.3 PCB Correlations and Covariates 
Significant explainable variation in the PCB data may be controlled in the statistical analyses by 
identifying confounding variables (i.e., covariates) measured in the surface water quality data 
that correlate with PCB concentrations.  For the surface water monitoring results, the measured 
covariates include: 
 

 TOC 
 TSS 
 Temperature 
 Turbidity 
 Flow Rate 

 
Temperature, TSS, turbidity and flow rate were selected for use as covariates in the multivariate 
regression modeling.  Temperature was the most common covariate selected in the analysis.  
Flow rate (measured at the USGS 04084445 Fox River, Appleton gauge) was included in the 
OU1 and OU2A analysis, but was not a significant variable in the analysis of OU2B, OU2C and 
OU3.  Turbidity was utilized in OU2A, along with TSS in OU2A and OU2C.  The significance 
levels of the covariates when regressing on the PCB results are presented in the regression output 
of Appendix P. 
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4 Fish Tissue Data Analysis 
4.1.1 Field Deviations 
No significant deviations from the field methods described in the OU1-LTMP and FR-LTMP 
were noted. 
 
In addition to the primary human health (walleye) and ecological (carp) species, the secondary 
human health (smallmouth bass) and ecological (drum) species were collected during the 2018 
LTM event. 
 
4.1.2 Laboratory Deviations 
No significant deviations from the laboratory methods described in the OU1-LTMP and  
FR-LTMP were noted. 
 
4.2 Assessment of Field Activities 
4.2.1 Field Completeness 
Completeness goals for fish collection are presented in Table 2-1, and fish used to meet these 
goals are shown in Tables 2-8 through 2-13.  Thus, results for the 2018 fish monitoring event 
include analysis of five fish species (primary and secondary) described in the OU1-LTMP and 
FR-LTMP. 
 
Individual fish and composite fish tissue samples are summarized below: 
 

 Lake Winnebago 
 Carp:  7 fish; 7 composite samples 
 Freshwater drum: 22 fish; 5 composite samples 
 Gizzard shad:  104 fish; 5 composite samples 
 Smallmouth bass: 6 fish; 6 individual samples 
 Walleye:  15 fish; 15 individual samples 

 
 OU1 

 Carp:  13 fish; 8 composite samples 
 Freshwater drum: 23 fish; 5 composite samples 
 Gizzard shad:  175 fish; 7 composite samples 
 Smallmouth bass: 15 fish; 15 individual samples 
 Walleye:  12 fish; 12 individual samples 

 
 OU2A 

 Carp:  9 fish; 7 composite samples 
 Freshwater drum: 25 fish; 5 composite samples 
 Gizzard shad:  3 fish; 2 composite samples 
 Smallmouth bass:  15 fish; 15 individual samples 
 Walleye: 7 fish; 7 individual samples  
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 OU2B 
 Carp:  15 fish; 7 composite samples 
 Freshwater drum: 24 fish; 5 composite samples 
 Gizzard shad:  44 fish; 3 composite samples 
 Smallmouth bass: 15 fish; 15 individual samples 
 Walleye:  6 fish; 6 individual samples 

 
 OU2C 

 Carp:  24 fish; 7 composite samples 
 Freshwater drum: 25 fish; 5 composite samples 
 Gizzard shad:  108 fish; 5 composite samples 
 Smallmouth bass: 15 fish; 15 individual samples 
 Walleye:  15 fish; 15 individual samples 

 
 OU3 

 Carp:  19 fish; 7 composite samples 
 Freshwater drum: 23 fish; 5 composite samples 
 Gizzard shad:  175 fish; 7 composite samples 
 Smallmouth bass: 15 fish; 15 individual samples 
 Walleye:  15 fish; 15 individual samples 

 
A comparison of the above list with Table 2-1 shows that numbers of individual fish collected 
fall between minimum and optimum values with the exception of gizzard shad and walleye both 
in OU2A and OU2B, and smallmouth bass in Lake Winnebago.  The remaining individual or 
composite tissue samples meet or exceed optimum numbers required by the OU1-LTMP and  
FR- LTMP. 
 
4.3 Summary of Laboratory Data and Validation 
All fish individual or composite samples were analyzed for total PCBs and lipid content.  The 
results of these analyses are shown in Table 4-1. 
 
The OU1-LTMP and FR- LTMP describe the process for determining total PCB values based on 
the results of an Aroclor analysis of fish tissue.  The Aroclor analysis quantifies total PCBs in 
terms of Aroclor patterns that most resemble the pattern of congeners that results from gas 
chromatographic analysis of a fish tissue extract.  Seven Aroclor patterns, representing Aroclors 
1016, 1221, 1232, 1242, 1248, 1254, and 1260, are considered when determining a match.  If an 
Aroclor is not required to match a specific fish extract congener result, the result for that Aroclor 
is reported as less than the detection limit.  If an Aroclor pattern is used, it is scaled by the 
response observed for particular congeners associated with the Aroclor.  Total PCB is found as 
the sum of Aroclor results.  The sum is calculated by setting non-detect (U flagged) Aroclor 
results to zero and summing all Aroclors.  If all Aroclors are less than the detection limit, the 
total is reported not as zero but as less than the detection limit.  To ensure compatibility with 
baseline fish results (which set less than detection limit results to 19 μg/kg, the detection limit for 
that monitoring event), total PCB concentrations in 2018 fish, reported as less than the detection 
limit, are set equal to the detection limit (12.5 μg/kg) for subsequent analysis. 
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The ranges of total PCB concentrations observed in fish collected during the 2018 monitoring 
event are shown below: 
 

 Walleye:   
 <12.5-166 μg/kg in Lake Winnebago;  
 <12.5-144 μg/kg in OU1;  
 12.9-289 μg/kg in OU2A;  
 47.3-291 μg/kg in OU2B;  
 72.3-1130 μg/kg in OU2C, and  
 41.7-749 μg/kg in OU3. 

 
 Smallmouth Bass:   

 <12.5 μg/kg in Lake Winnebago;  
 42.4-203 μg/kg in OU1;  
 17.8-193 μg/kg in OU2A;  
 44.4-365 μg/kg in OU2B;  
 50.2-254 μg/kg in OU2C, and  
 42.3-375 μg/kg in OU3. 

 
 Carp:   

 24.7-289 μg/kg in Lake Winnebago;  
 155-306 μg/kg in OU1;  
 201-2390 μg/kg in OU2A;  
 117-628 μg/kg in OU2B;  
 137-925 μg/kg in OU2C, and  
 334-1030 μg/kg in OU3. 

 
 Drum:   

 75.6-130 μg/kg in Lake Winnebago;  
 179-1000 μg/kg in OU1;  
 239-641 μg/kg in OU2B;  
 324-712 μg/kg in OU2C, and  
 137-981 μg/kg in OU3. 

 
 Gizzard Shad:   

 <12.5 μg/kg in Lake Winnebago;  
 15.8-33.9 μg/kg in OU1;  
 101-1150 μg/kg in OU2A;  
 18.9-85.3 μg/kg in OU2B;  
 92.9-139 μg/kg in OU2C, and  
 179-237 μg/kg in OU3. 

 
All results for total PCBs and lipid content in fish and composite tissue samples collected in 
Lake Winnebago, OU1, OU2A, OU2B, OU2C, and OU3 during the 2006-2007 OU-Baseline and 
2018 events (shown in Tables 1-3 and 4-1, respectively) are summarized using box plots on 
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Figures 4-1 through 4-5, respectively.  Based on median values, total PCBs decreased in all fish 
species taken from OU1, OU2A, OU2B, OU2C, and OU3 during the 2018 event, relative to 
those collected during the 2006-2007 baseline event.  Lake Winnebago carp and walleye total 
PCBs increased slightly based on median values during the 2018 event, relative to the 2006-2007 
OU-Baseline event.  However, an increase in the median percent lipids for Lake Winnebago carp 
and walleye can also be observed with the 2018 data.  
 
4.3.1 Third-Party Validation of Fish Laboratory Data 
Third-party data validation was obtained for all fish laboratory results, including total PCBs and 
lipid measurements, as described in Section 3.4.6.  All fish PCB and lipid data were valid 
without further qualification.  Validation reports are included in this report as Appendix N. 
 
4.4 Statistical Analysis of Fish Tissue Data 
Statistical methods for fish tissue analysis are detailed in Section 5.2.  Average PCB 
concentrations reported for the 2006-2007 OU-Baseline and LTM data observed in Lake 
Winnebago and each OU are displayed on Figure 4-6 for carp, Figure 4-7 for drum, Figure 4-8 
for gizzard shad, Figure 4-9 for smallmouth bass, and Figure 4-10 for walleye. 
 
Statistical results of the fish data are summarized in Table 4-2 for OU1, Table 4-3 for OU2A, 
Table 4-4 for OU2B, Table 4-5 for OU2C, and Table 4-6 for OU3.  For the analysis summarized 
in these tables, the percent decrease in PCB concentrations was estimated using both the raw 
data, as well as a multiple regression method to account for fluctuations due to covariate 
measurements.  With the fish tissue data, the covariates considered in the multiple regression 
analysis were fish length, weight, and percent lipids.  The multivariate regression utilizing the 
covariates of length, weight and lipids successfully controls for the specimen to specimen 
variation (or noise) and better allows for statistically significant trends to be found.  This is 
illustrated by the generally tightened “regression estimate” confidence intervals.  
 
After accounting for fluctuations from these covariates with the regression approach, the year 
2018 PCB concentrations were statistically lower than 2006-2007 OU-Baseline concentrations 
for carp and smallmouth bass in all OUs.  The 2018 concentrations were statistically lower than 
2006-2007 OU-Baseline for drum in OU2B, OU2C and OU3; for gizzard shad in OU1, OU2A, 
OU2B and OU3 (Exit Criterion 3 – SWAC Reduction Target of 90%); and for walleye in OU1, 
OU2A, OU2C and OU3.  Note that no drum were available for capture during 2018 in OU2A.  
Of note is that the year 2018 gizzard shad in OU2C are estimated to have decreased in PCB 
concentration from 2006-2007 OU-Baseline, despite having elevated percent lipids relative to 
past events which affected the statistical assessment (lipids were included as a covariate).  
 
Percent change from 2006-2007 OU-Baseline concentrations are illustrated on Figure 4-11 for 
carp, Figure 4-12 for drum, Figure 4-13 for gizzard shad, Figure 4-14 for smallmouth bass, and 
Figure 4-15 for walleye.  Estimated percent reductions between 2006-2007 OU-Baseline and 
2018 are shown in the following table.  
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 OU1 OU2A OU2B OU2C OU3 
Carp 88% 91% 85% 72% 57% 
Drum 17% N/A 68% 37% 49% 
Gizzard Shad 
(Exit Criterion 3 – SWAC 
Reduction Target of 90%) 

98% 88% 70% 72% 70% 

Smallmouth Bass 65% 58% 59% 51% 68% 
Walleye 68% 79% 28% 65% 77% 

 
No strong statistical difference was found between the 2018 and 2006-2007 OU-Baseline PCB 
concentrations for drum in OU1 or walleye in OU2B. 
 
Similar to surface water quality results, while the 2018 PCB tissue concentrations in fish 
generally illustrate a significant decrease over the OU-specific 2006-2007 baseline data, 
concentrations remain elevated over year 2018 background conditions of Lake Winnebago (Exit 
Criterion 1 Background).  The percentages above Lake Winnebago (2018) in carp, drum, 
smallmouth bass, and walleye are shown in the table below.   

 
 OU1 OU2A OU2B OU2C OU3 
Carp 360% 480% 430% 750% 800% 
Drum 280% N/A 260% 490% 400% 
Gizzard Shad 74% 120% 56% 530% 1500% 
Smallmouth Bass 390% 370% 390% 510% 420% 
Walleye 260% 270% 360% 430% 190% 

 
With the 2018 monitoring event, sampling of gizzard shad posed certain challenges.  Only a very 
small number of specimens were obtained from OU2A, and OU2B had less than optimal sample 
sizes, plus much higher than normal lipids were observed in OU2A, OU2C and OU3.  In this 
case for these three OUs, the range of lipid values for the 2018 event exceeded any other historic 
value within the OU, and also within the 2018 Lake Winnebago dataset.  As a result, even 
though the regression analysis attempts to account for lipids as a covariate, this extreme lipid 
range led to inflated estimates in the PCB percent increase over Lake Winnebago (2018), 
particularly for OU2C and OU3 (530% and 1500%, respectively).  The percent increase over 
Lake Winnebago (2018) is modest for OU1 (74%), OU2A (120%), and OU2B (56%).  The 
percent lipids data observed during each LTM event for Lake Winnebago (2018) and each OU is 
illustrated on Figure 4-16. 
 
4.4.1 Normal Distribution Testing 
As with the surface water quality data, normality was also statistically assessed by the Shapiro-
Wilk W test for the fish tissue baseline and year 2018, Lake Winnebago, and OU data sets.  
Where the number of non-detected results exceeded 50%, left-censored probability plots were 
constructed following the Kaplan-Meier estimation method of USEPA (2009), and normality of 
the left-censored data was then tested by calculating the probability plot correlation coefficient 
and applying the probability plot correlation coefficient test of normality developed by 
Filliben (1975). 
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Results of the Shapiro-Wilk W tests are included in Appendix O.  For reference, normality test 
results from the 2010, 2012, and 2014 monitoring events are also included in Appendix O.  
 
Probability plot correlation coefficient tests of normality are included in Appendix O.  The data 
sets concluded to be non-normally distributed from the 2006-2007 OU-Baseline data included 
carp in OU2A, smallmouth bass in OU2A and OU2C, and walleye in OU2B, OU2C, and OU3; 
and from the year 2018 data included carp in Lake Winnebago and OU2A; gizzard shad in OU1; 
smallmouth bass in OU2B and OU3; and walleye in 2018 Lake Winnebago, OU2A, OU2C, and 
OU3. 
 
Consideration was taken for the non-normally distributed data as well as the left-censored data in 
the subsequent statistical analyses.  In calculating 95% confidence intervals around average 
concentrations of the univariate data (as presented on Figure 4-6 through Figure 4-10), bootstrap 
confidence intervals were used for the non-normally distributed datasets.  In the case of non-
detected data, the mean and standard deviation were adjusted using Kaplan-Meier estimation. 
 
Regression model residuals analysis was also performed for the multiple regression methods 
used to estimate the percent decrease in PCB concentrations (discussed further in Section 5.2 and 
included in Appendix P).  Similar to the analysis for surface water results, the residuals analysis 
included verifying the normality, independence and common variance of the residuals. 
 
4.4.2 Descriptive Statistics 
Descriptive statistics including sample count, non-detects, percent non-detects, average, median, 
minimum, maximum, percentiles, standard deviation, and coefficient of variation are presented 
for total PCB, lipid content, length, and weight for 2018 Lake Winnebago, OU1, OU2A, OU2B, 
OU2C, and OU3 in Table 4-7.  Similar summary statistics for the 2006-2007 OU-Baseline 
monitoring event are shown in Table 1-2. 
 
4.4.3 PCB Correlations and Covariates 
With fish tissue data, covariates considered for explanatory variables are: 
  

 Fish Length 
 Fish Weight 
 Percent Lipids 

 
Similar to the discussion given for the surface water quality analysis, significant explainable 
variation in the fish PCB data may be controlled by identifying the covariates that correlate with 
PCB concentrations.  Fish length, fish weight and percent lipids were selected for use as 
covariates in the multivariate regression modeling for each of the fish species of carp, drum, 
gizzard shad, smallmouth bass, and walleye.  Significance levels of these covariates when 
regressing on the PCB results are presented in the regression output of Appendix P. 
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5 Statistical Testing 
Statistical methods are driven by the data quality objective exit criteria as defined in the  
FR-LTMP.  Five exit criteria are listed as:     
 

Exit Criterion 1: Comparison to Current Event Background Concentrations (All Media); 
 
Exit Criterion 2: Comparison to Risk-based Target Concentrations (Human Health <50 ppb 
and Ecological <7,600 ppb (LOEAC) Fish Species); 

 
Exit Criterion 3: Comparison to surface-weighted average concentration (SWAC) Reduction 
Targets of 90% from 2006-2007 OU-Baseline years (Water and YOY); 

 
Exit Criterion 4: Evaluation of Recovery Rate, i.e., Slope (All Fish Species and Surface 
Water - based on the media’s applicable Exit Criterion 1, 2, or 3); and 

 
Exit Criterion 5: Evaluation of Laboratory Blank Contamination Levels (Surface Water). 

 
Note: For Exit Criterion 4, the rate of recovery trend for Human Health and Ecological Fish 
Species is evaluated only for Exit Criteria 1 and 2, and the rate of recovery trend for Surface 
Water and YOY is evaluated only for Exit Criteria 1 and 3.  
 
Years 2010, 2012, 2014, and 2018 data and Baseline data collected during 2006 and 2007 are 
used in the statistical evaluation of the above criteria. For both surface water and fish data, Exit 
Criterion 1 above defines a comparison of year 2018 concentrations measured in each OU to 
year 2018 concentrations measured in the background of Lake Winnebago.  Conversely (for 
surface water and YOY data), Exit Criterion 3 defines a comparison of 2006-2007 OU-Baseline 
concentrations measured in each OU to the corresponding year 2018 concentrations measured in 
each OU. 
 
Exit Criterion 2 defines a comparison of year 2018 concentrations to human health and 
ecological risk-reduction criteria.  The human health RAO is the removal or relaxation of fish 
consumption advisories for recreational and high-intake fish consumers.  The ecological risk is 
evaluated using the Lowest Observed Adverse Effects Concentrations (LOAEC) as developed in 
the Ecological Risk Assessment for the LFR. 
 
Exit Criterion 4 defines an assessment of the recovery rate.  For this purpose, an exponential 
decay function is used to model the PCB reduction rate and evaluate whether risk-based 
concentrations (Exit Criterion 2), SWAC-reduction goals (Exit Criterion 3), or background 
conditions (Exit Criterion 1) will be achieved within 30 years after remediation.  
 
Exit Criterion 5 defines a comparison of year 2018 concentrations to laboratory blank levels for 
surface water.  If mean sample concentrations are less than three times the laboratory method 
blank concentrations, analytical method performance will be evaluated. 
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5.1 Surface Water Statistical Testing 
5.1.1 Year 2018 OU to 2018 Lake Winnebago Background Concentrations 
Exit Criterion 1 defines a comparison of year 2018 data for each OU to Lake Winnebago year 
2018 data.  Site contaminant concentrations equivalent to ambient background contamination 
(i.e., Lake Winnebago) is stated as fulfillment of this criterion (Section 1.7.2.3, page 31, of the 
FR-LTMP). 
 
A multiple regression approach is used as the statistical method of evaluation.  The multiple 
regression analysis provides a flexible method of reducing significant variation in the data due to 
correlated (confounding) variables, providing increased power to detect concentration changes 
due to the main factor of interest.  For the surface water monitoring results, the measured 
covariates (confounding variables) include those listed in Section 3.5.3, namely TOC, TSS, 
Temperature, Turbidity, and Flow Rate. 
 
The main factor of interest in the regression analysis is: 
 

 Site (0 = Lake Winnebago;  1 = OU) 
 
The Site variable is a binary variable which measures the general concentration difference 
between Lake Winnebago and each OU as indicated from the year 2018 results. 
 
An exponential regression model is used for regressing the resulting PCB data on the factor of 
interest and the selected covariates as follows: 
  
OU1:     Ln(PCB) = -0.80 + 0.97∙Site -9.4E-05∙Flow Rate - 0.029∙Temperature 
OU2A:  Ln(PCB) = -1.67 + 1.39∙Site -4.0E-05∙Flow Rate 
OU2B:  Ln(PCB) = -2.00 + 1.70∙Site 
OU2C:  Ln(PCB) = -2.00 + 1.60∙Site 
OU3:     Ln(PCB) = -2.00 + 1.76∙Site 
 
Note the model can be expressed as an exponential function.  For example, the model for OU2A 
can be re-written as: 
 

PCB = e(-1.67 + 1.39∙Site -4.0E-05∙Flow Rate) 
 
Units of measure are ng/L for PCB, degrees Celsius (oC) for temperature, and cubic feet per 
second (cfs) for flow rate.  The models were chosen through a variable selection process, 
evaluating the goodness of fit to the data with various combinations of the covariates.  Stepwise 
regression methods were first utilized to determine variable combinations likely to provide the 
best model fit.  The final selection of model covariates was made based on the resulting level of 
explained variation (R2), the significance level of each included variable, and the interpretability 
of the variable combination.  Output of the regression analysis used for the model evaluation, 
including stepwise results and residuals analysis, are included as Appendix P-1.  The covariate 
significance levels are also reported in the regression analysis output. 
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Further, note that by limiting the data for the model by site allows a direct estimate of the percent 
difference between the Lake Winnebago and OU concentrations to be determined (as presented 
in Table 3-19).  Again as an example, limiting the model for OU2A by Site gives: 
 
PCB|Site=0 = 1.0  e(-1.67 - 4.0E-05∙Flow Rate) ;     (Equation 1) 
 
PCB|Site=1 = 4.0  e(-1.67 - 4.0E-05∙Flow Rate).     (Equation 2) 
 
The ratio of Equations 1 and 2 implies that surface water concentrations remain an estimated 
300% higher in OU2A over Lake Winnebago as measured in 2018.  This estimate is independent 
of variation observed in the data due to stream flow rate.  A 95% confidence interval of the 
estimate is given as 150% to 540%. 
 
The above regression result is based on analysis using the surface water data that is not method 
blank corrected.  The process of method blank correcting removes a constant value (upper 
95th percentile of the method blank results) for each congener in the congener sum from the 
already low PCB data, particularly low with Lake Winnebago.  For many of the congeners with 
the Lake Winnebago data, the upper 95th percentile of the method blank result exceeds the Lake 
Winnebago sample result.  Estimating a ratio difference of the OU data over Lake Winnebago 
using the near zero Lake Winnebago method blank corrected data introduces an additional 
artifact of uncertainty. 
 
5.1.2 Year 2018 to 2006-2007 Baseline OU and SWAC Reduction Target 
For Exit Criterion 3, the data collected in 2018 are compared to the data collected during the 
baseline monitoring for an evaluation of the percent concentration reduction for each OU.  A 
90% reduction relative to 2006-2007 OU-Baseline conditions (Section 1.7.2.3, page 33, of the 
FR-LTMP) is stated as fulfillment of this criterion with an appropriate level of statistical 
confidence. 
 
A multiple regression approach again is used as the statistical method of evaluation, similar to 
that discussed in Section 5.1.1.  The same covariates of TOC, TSS, Temperature, Turbidity, and 
Flow Rate were considered in the analysis. 
 
With evaluating the percent concentration reduction over baseline in each OU, the main factor of 
interest in the regression analysis is: 
 

 Event (0 = Baseline;  1 = Year 2018)  
 
As discussed in Section 3.5, when presenting the percent decrease within an OU from baseline, 
method blank corrected results will be primarily used for comparison, with the non-method blank 
corrected results also given for completeness. 
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Exponential regression models with the main factor and selected covariates were chosen as 
follows for the method blank corrected results: 
 
OU1:     Ln(PCB) = 2.26 – 2.27 Event - 0.00022 Flow Rate 
OU2A:  Ln(PCB) = 0.28 - 2.30 Event + 0.064 Temperature + 0.014 TSS - 0.00004 Flow Rate 
OU2B:  Ln(PCB) = 0.46 – 2.23 Event + 0.071 Temperature 
OU2C:  Ln(PCB) = -0.042 – 2.21 Event + 0.021 TSS + 0.067 Temperature 
OU3:    Ln(PCB) = 0.58 - 2.43 Event + 0.077 Temperature  
 
For the non-method blank corrected results, the exponential regression models with the main 
factor and selected covariates were chosen as: 
  
OU1:     Ln(PCB) = 1.75 - 1.91 Event - 0.00013 Flow Rate + 0.0088 Turbidity 
OU2A:  Ln(PCB) = 0.42 - 2.04 Event + 0.055 Temperature + 0.0090 Turbidity 
OU2B:  Ln(PCB) = 0.74 - 1.97 Event + 0.059 Temperature 
OU2C:  Ln(PCB) = 0.32 - 1.93 Event + 0.020 TSS + 0.053 Temperature 
OU3:    Ln(PCB) = 0.86 - 2.16 Event + 0.065 Temperature  
 
Similarly, units of measure are ng/L for PCB, cfs for flow rate, nephelometric turbidity units 
(NTU) for turbidity, degrees Celsius (oC) for temperature, and milligrams per liter (mg/L) for 
TSS.  Again, note the model can be re-written as an exponential function.  For OU2A, we have: 
 

PCB = e(0.28 – 2.30∙Event + 0.064∙Temperature + 0.014∙TSS – 0.00004∙FlowRate). 
 
Then, limiting the data by Event gives (for OU2A): 
 
PCB|Event=0 = 1.00  e(0.28 + 0.064∙Temperature + 0.014∙TSS – 0.00004∙FlowRate );   (Equation 3) 

 
PCB|Event=1 = 0.10  e(0.28 + 0.064∙Temperature + 0.014∙TSS – 0.00004∙FlowRate ).   (Equation 4) 

 
The ratio of Equations 3 and 4 implies that surface water concentrations reduced an estimated 
90% in OU2A in 2018 as compared to the baseline data.  This estimate again is independent of 
variation observed in the data due to fluctuating turbidity.  A 95% confidence interval of the 
estimate is given as 85% to 93% (as noted in Table 3-19). 
 
Similar to the model selection process discussed in Section 5.1.1, the chosen model was 
evaluated by stepwise regression, level of explained variation (R2), and interpretability of 
variable combinations.  Output of the stepwise results and regression analysis (including 
covariate significance levels) used for the model evaluation are included in Appendix P-2. 
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As discussed above, a 90% reduction relative to 2006-2007 OU-Baseline conditions is stated in 
the FR-LTMP as fulfillment of Exit Criterion 3.  Based on the analysis in this section and 
summarized in Section 3.5 and illustrated on Figure 3-27, the following decreases are estimated 
between 2006-2007 OU-Baseline monitoring and year 2018 for the method blank corrected 
results: 
 
OU1:  90% 
OU2A:  90% 
OU2B:  89% 
OU2C:  89% 
OU3:  91% 
 
Therefore, the method blank corrected results are at or within 1% of the 90% SWAC reduction 
criteria.  Furthermore, based on the confidence intervals provided in Table 3-19, none of the 
estimated reductions are statistically different from the FR-LTMP 90% SWAC reduction criteria. 
 
The 2018 to 2006-2007 OU-Baseline analysis was also completed for the non-method blank 
corrected data.  Also as discussed in Section 3.5 and illustrated on Figure 3-27, the following 
decreases are estimated between 2006-2007 OU-Baseline monitoring and year 2018 for the non-
method blank corrected results: 
 
OU1:  85% 
OU2A:  87% 
OU2B:  86% 
OU2C:  85% 
OU3:  88% 
 
5.1.3 Evaluation of Recovery Rate 
As stated earlier, Exit Criterion 4 defines an assessment of the surface water recovery rate.  More 
specifically, the assessment utilizes an exponential decay function to model the post-remedy 
PCB reduction rate and evaluate whether risk-based concentrations, SWAC-reduction goals or 
background conditions will be achieved within 30 years after remediation. Section 1.7.2.3 of the 
FR-LTMP states that this criterion will be accepted “when it can be shown, through extrapolation 
of temporal regression models, that target concentrations (whether based on acceptable risk 
levels, 2018 Background, or SWAC reduction criteria) will be achieved in post-remediation 
Year 30 with an acceptable level of statistical confidence.  Then, a follow-up confirmation 
sampling event will need to be scheduled to confirm the model predictions.” 
 
An evaluation providing an assessment of the ongoing concentration reduction rate is included in 
the remainder of this section.  Particularly, going forward with the collection of future LTM data, 
this trend analysis, as designed, provides for an overall assessment of the larger ongoing trend 
plus the influencing factors of covariate data, without misleading focus on event to event 
variation. 
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As prescribed by the FR-LTMP, the type of regression model utilized to estimate the trend in the 
post-baseline concentration reduction is an exponential decay function.  The exponential decay 
function is an estimate of the rate of concentration decrease absent of active remediation.  This 
function may be modeled through the observed data in various ways, including fitting the model 
to one of the following options: 
 

1. Post-RA Data Only: 2010, 2012 and 2018 (OU1); and 2012, 2014 and 2018 (OU2-3); 

2. OU-Baseline, 2010, 2012 and 2018 (OU1); and 2012, 2014 and 2018 (OU2-3) data, or; 

3. Pre-remedy for OU1 and OU3 and pre-baseline for OU2 plus 2006-2007 OU-Baseline 
and LTM data as above. 

 
The third option was determined to be the most appropriate to help estimate the recovery 
reduction rate.  In the third option, the continuous trend in concentration reduction (absent of 
active remediation) is modeled with both the observed historical and post-baseline data.  With 
OU1 and OU3, the concentration reduction due to the remedy is included in the model as a 
discrete “step down” at the time of remedy implementation. 
 
Therefore, to most accurately project the concentration trend, the regression analysis utilizes 
historical (pre-remedy or pre-baseline), 2006-2007 OU-Baseline, and post-baseline data to model 
the ongoing post-remedy reduction rate.  As stated, an additional factor is added to the OU1 and 
OU3 models to account for the discrete drop in concentrations due to the remedy. 
 
Using this approach, the regression model takes on the following form: 
 

PCB = exp( 0 - 1×Date - 2×Remedy + 3×Covariate1…) 
 
where Remedy is a binary variable indicating post remedy data.  With this form, the estimated 
regression trend line follows an exponential decay function, but also illustrates a discrete 
concentration drop following the time of the remedy. 
 
As a note, this model further provides an additional estimate of the overall remedy effect while 
incorporating pre-remedy, 2006-2007 OU-Baseline, and post-remedy concentrations.  For 
example, the effect of the remedy can be estimated from 2, since: 
 

PCB|Pre-Remedy = exp( 0 - 1×Date + 3×Covariate1…); and  
PCB|Post-Remedy= (e- 2)exp( 0 - 1×Date + 3×Covariate1…). 

 
Therefore (PCB|Post-Remedy) ÷ (PCB|Pre-Remedy) = (e- 2), and the estimated percent overall 
concentration reduction due to the remedy based on this regression model is then (1- e- 2)×100%. 
 
Historical concentration data used in the model was received from WDNR.  A difficulty with the 
historical data for OU2 was that it could not be determined in all cases whether it corresponded 
to either OU2A, OU2B, or OU2C.  To accommodate this data in the analysis, the post-historical 
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data was evaluated to determine whether it could reasonably be combined into a single data set.  
A multivariate comparison was made of the OU2A, OU2B, and OU2C data for the 2006-2007 
OU-Baseline, 2012 and 2014 events, utilizing a regression model with all possible covariates.  
The results of this analysis, which are included in the 2014 OU2-3 Summary Report, support the 
conclusion that no significant difference exists between the three OUs.  Therefore the data was 
combined into a single OU2 data set. 
 
The results of the recovery rate regression modeling for the surface water data are illustrated on 
Figure 5-1 for OU1, Figure 5-2 for OU2 and Figure 5-3 for OU3.  The covariates of temperature 
and flow rate were considered for inclusion in the model since these were available with all data 
sets.  Temperature was found to be a significant cofactor. 
 
Using the historical surface water data collected in 1989 and 1998, along with baseline, 2010, 
2012, and 2014 data, the fitted regression equations are: 
 

OU1:  PCB (ng/L) = exp(11 – 2.8E-04 Date  - 1.3 Remedy + 0.053 Temperature)   
OU2:  PCB (ng/L) = exp(15 – 3.8E-04 Date + 0.074 Temperature) 
OU3:  PCB (ng/L) = exp(10 – 2.3E-04 Date  - 1.4 Remedy + 0.070 Temperature)   

 
The variable Date is measured in days and Temperature in degrees Celsius.  As stated above, 
Remedy is a binary variable indicating post-remedy results. 
 
The regression trend results displayed on Figures 5-1, 5-2 and 5-3 are illustrated in log-scale for 
improved visual comparison to the FR-LTMP exit criteria.  The log-scale plot transforms the 
exponential decay curves to a straight line, however, the same information is relayed. 
 
The FR-LTMP exit criteria for surface water encompass comparisons to 2018 OU-Background 
concentrations and SWAC-reduction targets (compared to 2006-2007 OU-Baseline).  The target 
2018 LW-Background concentration as given in FR-LTMP Section 1.6.1.4 is 0.70 ng/L (for 
method blank corrected results).  Per FR-LTMP Section 1.6.1.2, the SWAC reduction criterion is 
a 90% reduction relative to 2006-2007 OU-Baseline conditions.  Using 2006-2007 OU-Baseline 
results, this is calculated as 0.62 ng/L for OU1 and OU2, and 0.76 ng/L for OU3.  As discussed 
in Section 5.1.2 above, surface water PCB concentrations are currently at or very near both the 
2018 LW-Background as 2006-2007 OU-Baseline criterion, with the criterion projected to be 
met prior to the next LTM event in 2022.  
 
The updated background average for Lake Winnebago results collected during OU-Baseline, 
2010, 2012, 2014 and 2018, along with a 95% confidence interval, is also displayed on the 
figures (Lake Winnebago average concentration).  As a note, the confidence interval displayed 
for the Lake Winnebago average was also developed through a regression analysis so that 
extraneous variation due to covariates could be removed.  The confidence interval for the Lake 
Winnebago average was derived from the regression model as PCB (ng/L) = –0.059 + 
0.038 TOC + 0.0035 Turbidity – 0.0084 Temperature with TOC measured in mg/L, turbidity 
measured in NTU, and temperature in degrees C. 
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5.2 Fish Tissue Statistical Testing 
5.2.1 Year 2018 OU to 2018 Lake Winnebago Background 
As discussed for surface water quality, Exit Criterion 1 for fish tissue similarly defines a 
comparison of year 2018 data to Lake Winnebago year 2018 data for each OU.  Site contaminant 
concentrations equivalent to ambient 2018 LW-Background contamination (i.e., Lake 
Winnebago) is stated as fulfillment of this criterion (Section 1.7.2.3, page 31, of the FR-LTMP). 
 
A multiple regression approach with covariates is again utilized for the carp, drum, gizzard shad, 
smallmouth bass, and walleye data. 
 
Note that no drum were collected during 2018 in OU2A, so no comparisons are made for that 
data subset. 
 
With fish tissue regression modeling, the measured covariates (confounding variables) include: 
 

 Fish Length 
 Fish Weight 
 Percent Lipids 

 
The main factor of interest in the regression model for Exit Criterion 1 is: 
 

 Site (0 = Lake Winnebago; 1 = OU) 
 
Similar to the regression model development for surface water quality, an exponential model was 
utilized for the fish tissue data.  Stepwise regression methods were again incorporated to 
determine combinations of the covariates likely to provide the best model fit, with regression 
output included in Appendix P-3.  The models obtained are given below, with PCB being 
regressed on Site with combination of the Length, Weight and Lipids variables: 
 
OU1: 
Carp:         Ln(PCB) = 5.76 + 1.53∙Site + 0.90∙Weight - 0.29∙Length 
Drum:         Ln(PCB) = 4.50 + 1.33∙Site 
Gizzard Shad:        Ln(PCB) = 2.53 + 0.55∙Site 
Smallmouth Bass:  Ln(PCB) = 0.80 + 1.59∙Site + 0.35∙Lipids + 0.11∙Length 
Walleye:        Ln(PCB) = -3.01 + 1.28∙Site + 0.60∙Lipids + 0.47∙Length – 1.33∙Weight 
 
OU2A: 
Carp:         Ln(PCB) = -7.91 + 1.75∙Site + 0.13∙Lipids + 0.51∙Length 
Gizzard Shad:        Ln(PCB) = 0.92 + 0.77∙Site + 0.80∙Lipids 
Smallmouth Bass:  Ln(PCB) = -0.49 + 1.54∙Site + 0.61∙Lipids + 0.19∙Length 
Walleye:        Ln(PCB) = -4.94 + 1.30∙Site + 1.17∙Lipids + 0.61∙Length – 2.14∙Weight 
 



 

pw:\Glatfelter\0018G007\10000 Reports\2018 LTM Summary Report\R - 2018 LTM Summary Report.docx 
 Foth Infrastructure & Environment, LLC  39 

OU2B: 
Carp:         Ln(PCB) = 2.40 + 1.67∙Site + 0.34∙Weight 
Drum:         Ln(PCB) = 4.13 + 1.27∙Site + 0.23∙Weight 
Gizzard Shad:        Ln(PCB) = 0.14 + 0.44∙Site + 1.19∙Lipids 
Smallmouth Bass:  Ln(PCB) = 1.84 + 1.60∙Site + 0.25∙Lipids + 0.41∙Weight 
Walleye:        Ln(PCB) = -5.00 + 1.54∙Site + 0.90∙Lipids + 0.64∙Length – 2.16∙Weight 
 
OU2C: 
Carp:         Ln(PCB) = -2.09 + 2.14∙Site + 0.18∙Lipids + 0.23∙Length 
Drum:         Ln(PCB) = 3.91 + 1.78∙Site + 0.10∙Lipid 
Gizzard Shad:        Ln(PCB) = 2.20 + 1.84∙Site + 0.16∙Lipids 
Smallmouth Bass:  Ln(PCB) = 1.02 + 1.82∙Site + 0.45∙Lipids + 0.082∙Length 
Walleye:        Ln(PCB) = -2.84 + 1.66∙Site + 0.55∙Lipids + 0.47∙Length – 1.45∙Weight 
 
OU3: 
Carp:         Ln(PCB) = -4.47 + 2.23∙Site + 0.16∙Lipids + 0.34∙Length 
Drum:         Ln(PCB) = 3.38 + 1.61∙Site + 0.18∙Lipid 
Gizzard Shad:        Ln(PCB) = 2.53 + 2.79∙Site 
Smallmouth Bass:  Ln(PCB) = 1.92 + 1.64∙Site + 0.27∙Lipids + 0.30∙Weight 
Walleye:        Ln(PCB) = -0.38 + 1.08∙Site + 0.37∙Lipids + 0.22∙Length 
 
Note that length data for gizzard shad was limited to average lengths of the sample groups, and 
subsequently did not improve the regression model.  Therefore, no length variable is included for 
the gizzard shad model. 
 
Units of measure are microgram per kilogram (μg/kg) for PCB, inches for length, pounds for 
weight, and percent by weight for lipids.  Based on the regression model coefficients of the Site 
variable, the percent differences observed in the year 2018 OU data over the year 2018 Lake 
Winnebago data are calculated similarly to the method discussed above in Section 5.1.1.  The 
estimated percent differences between the OU and Lake Winnebago data are presented in 
Table 4-2 for OU1, Table 4-3 for OU2A, Table 4-4 for OU2B, Table 4-5 for OU2C, and  
Table 4-6 for OU3. 
 
5.2.2 Year 2018 to 2006 Baseline OU 
(Note: This is not an Exit Criterion 3 for human health and ecological fish species but is an Exit 
Criterion 3 for Gizzard Shad [YOY]).  
 
Similar to the surface water quality data analysis of Section 5.1.2, fish tissue comparisons were 
made of OU data collected in year 2018 to that collected during the 2006-2007 OU-Baseline 
monitoring for an evaluation of the percent concentration reduction. 
  
A multiple regression approach is used as above, with an exponential model regressing the PCB 
results on Event with combinations of the covariates Length, Weight and Lipids.  Similar to the 
case described in Section 5.1.2, the Event variable in the regression model is a binary indicator 
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variable taking values of 0 for the baseline data and 1 for the data collected in 2018.  The 
following models were obtained: 
 
OU1: 
Carp:          Ln(PCB) = 6.53 - 2.13∙Event + 0.12∙Lipid 
Drum:          Ln(PCB) = 6.02 - 0.19∙Event 
Gizzard Shad:         Ln(PCB) = 6.79 - 3.71∙Event 
Smallmouth Bass:   Ln(PCB) = 2.67 - 1.05∙Event + 0.15∙Length + 0.46∙Lipid 
Walleye:         Ln(PCB) = 1.27 - 1.14∙Event + 0.35∙Length - 0.90∙Weight 
 
OU2A: 
Carp:          Ln(PCB) = 7.17 - 2.42∙Event + 0.14∙Lipid 
Gizzard Shad:         Ln(PCB) = 4.28 - 2.12∙Event + 0.71∙Lipid 
Smallmouth Bass:   Ln(PCB) = 2.90 - 0.88∙Event + 0.18∙Length 
Walleye:         Ln(PCB) = 5.61 - 1.55∙Event 
 
OU2B: 
Carp:          Ln(PCB) = 6.40 - 1.89∙Event + 0.23∙Weight 
Drum:          Ln(PCB) = 2.54 - 1.13∙Event + 0.27∙Length - 0.64∙Weight + 0.19∙Lipid 
Gizzard Shad:         Ln(PCB) = 4.20 - 1.20∙Event + 0.20∙Lipid 
Smallmouth Bass:   Ln(PCB) = 4.36 - 0.90∙Event + 0.32∙Weight + 0.33∙Lipid 
Walleye:         Ln(PCB) = 4.34 - 0.32∙Event + 0.80∙Lipid 
 
OU2C: 
Carp:          Ln(PCB) = 5.48 - 1.26∙Event + 0.26∙Lipid 
Drum:          Ln(PCB) = 6.01 - 0.46∙Event + 0.12∙Lipid 
Gizzard Shad:         Ln(PCB) = 3.67 - 1.28∙Event + 0.54∙Lipid 
Smallmouth Bass:   Ln(PCB) = 3.99 - 0.72∙Event + 0.24∙Weight + 0.59∙Lipid 
Walleye:         Ln(PCB) = 2.85 - 1.06∙Event + 0.21∙Length - 0.53∙Weight + 0.50∙Lipid 
 
OU3: 
Carp:          Ln(PCB) = -1.31 - 0.83∙Event + 0.62∙Length - 1.43∙Weight + 0.22∙Lipid 
Drum:          Ln(PCB) = 5.68 - 0.68∙Event + 0.18∙Lipid 
Gizzard Shad:         Ln(PCB) = 5.44 - 1.21∙Event + 0.21∙Lipid 
Smallmouth Bass:   Ln(PCB) = 3.34 - 1.14∙Event + 0.12∙Length + 0.36∙Lipid 
Walleye:         Ln(PCB) = 0.21 - 1.48∙Event + 0.41∙Length  - 0.73∙Weight + 0.34∙Lipid 
 
Again, units of measure are μg/kg for PCB, inches for length, pounds for weight, and percent by 
weight for lipids.  Calculating the percent decrease observed in the year 2018 data over the 2006-
2007 OU-Baseline data based on the coefficient of the Event variable is done similarly to that 
which is presented in Section 5.1.2 above for surface water quality.  The estimates of the percent 
decrease are presented in Table 4-2 for OU1, Table 4-3 for OU2A, Table 4-4 for OU2B, Table 4-
5 for OU2C, and Table 4-6 for OU3.  The stepwise regression output is included in  
Appendix P-4. 
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5.2.3 Year 2018 OU YOY Fish Tissue to SWAC Reduction Targets 
Exit Criterion 3 for fish tissue compares the YOY (gizzard shad) data collected in year 2018 for 
each OU to that collected during the 2006-2007 OU-Baseline monitoring for an evaluation of the 
percent concentration reduction.  Again, a 90% reduction relative to 2006-2007 OU-Baseline 
conditions is stated in the FR-LTMP as fulfillment of this criterion.  Based on the analysis in 
Section 5.2.2 and summarized in Section 4.4, the following decreases are estimated between 
baseline monitoring and year 2018 for gizzard shad: 
 
OU1:  98% 
OU2A:  88% 
OU2B:  70% 
OU2C:  72% 
OU3:  70%. 
 
Statistical 95% confidence intervals based on the regression analysis method for the reduction 
estimates of OU1 (Table 4-2) and OU2A (Table 4-3) encompass the FR-LTMP 90% SWAC 
reduction target.  In OU1, the lower bound of the 95% confidence interval also exceeds the 90% 
reduction target.  Therefore, strong progress to achieving the SWAC reduction exit criterion has 
been made in all OUs.  Considerations for LTM program modifications are made in Section 8 
with respect to these positive results. 
 
5.2.4 Year 2018 OU to Risk-Based Targets 
Exit Criterion 2 as discussed in the beginning of Section 5 defines a comparison of year 2018 
concentrations to human health and ecological fish species risk-reduction criteria.  The human 
health RAO is the removal or relaxation of fish consumption advisories as given in Section 
1.6.1.5 of the FR-LTMP.  In the FR-LTMP, benchmarks for fish consumption advisory PCB 
levels are given as: 
 

 Do Not Eat:  > 2,000 μg/kg; 
 6 meals per year:  1,000 – 2000 μg/kg; 
 12 meals per year:  220 – 1,000 μg/kg; 
 52 meals per year:  50 – 220 μg/kg; 
 Unlimited consumption:  < 50 μg/kg. 

 
As noted in the FR-LTMP, these benchmarks do not take into account the independent process 
that WDNR must go through to actually change the advisory.  Exit Criterion 2 of Section 1.7.2.3 
of the FR-LTMP indicates the fish consumption advisory levels are evaluated for the human 
health index species (walleye or smallmouth bass). 
 
The ecological RAO is evaluated using the LOAECs as developed in the Ecological Risk 
Assessment for the LFR.  Section 1.6.1.6 of the FR-LTMP lists the LOAEC for carp as 
7,600 μg/kg.  (Note that although walleye is the human health species, Section 1.6.1.6 of the  
FR-LTMP also lists the LOAEC for walleye as 7,600 μg/kg.)  Exit Criterion 2 of Section 1.7.2.3 
of the FR-LTMP indicates the LOAECs are evaluated for the ecological index species (carp or 
drum). 
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This exit criterion is evaluated through upper (one-tailed) 95% confidence intervals on the 
average.  Upper 95% confidence limits (and confidence limit type) for the year 2018 data are as 
follows: 
 
OU1: 

 Carp:  258 μg/kg (Normal, Small Sample t-Distribution) 
 Drum:  741 μg/kg (Normal, Small Sample t-Distribution) 
 Smallmouth Bass:  127 μg/kg (Normal, Small Sample t-Distribution) 
 Walleye:  85.1 μg/kg (Normal, Small Sample t-Distribution) 

 
OU2A: 

 Carp:  1150 μg/kg (Nonparametric Bootstrap) 
 Smallmouth Bass:  126 μg/kg (Normal, Small Sample t-Distribution) 
 Walleye:  140 μg/kg (Nonparametric Bootstrap) 

 
OU2B: 

 Carp:  412 μg/kg (Normal, Small Sample t-Distribution) 
 Drum:  625 μg/kg (Normal, Small Sample t-Distribution) 
 Smallmouth Bass:  156 μg/kg (Nonparametric Bootstrap) 
 Walleye:  248 μg/kg (Normal, Small Sample t-Distribution) 

 
OU2C: 

 Carp:  646 μg/kg (Normal, Small Sample t-Distribution) 
 Drum:  721 μg/kg (Normal, Small Sample t-Distribution) 
 Smallmouth Bass:  165 μg/kg (Normal, Small Sample t-Distribution) 
 Walleye:  380 μg/kg (Nonparametric Bootstrap) 

 
OU3: 

 Carp:  788 μg/kg (Normal, Small Sample t-Distribution) 
 Drum:  725 μg/kg (Normal, Small Sample t-Distribution) 
 Smallmouth Bass:  179 μg/kg (Nonparametric Bootstrap) 
 Walleye:  336 μg/kg (Nonparametric Bootstrap) 

 
Based on the calculated upper 95% confidence limits above, the 7,600 μg/kg LOAEC level given 
in the FR-LTMP for carp and drum are met in all of the OUs.  Considerations for LTM program 
modifications are made in Section 8 with respect to these positive results. 
 
Note that 95% confidence intervals (two-tailed) around the average are also depicted on 
Figure 4-6 through Figure 4-10.  The confidence interval estimates take into account the 
distributional characteristics as discussed in Section 4.4.1. 
 
5.2.5 Evaluation of Recovery Rate 
Similar to the analysis presented in Section 5.1.3 for surface water, an evaluation of recovery rate 
for fish tissue was performed to assess the post-remedy data collected to date in reference to Exit 
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Criterion 4.  The evaluation was performed for the primary human health species of walleye, 
comparing the recovery rate trend to risk-based concentrations, SWAC-reduction goals (although 
this is not criteria for exiting walleye), and 2018 LW-Background conditions as prescribed by 
Sections 1.6.1.3 through 1.6.1.6 and Section 1.7.2.3 of the FR-LTMP. 
 
As detailed in the Section 5.1.3 discussion for surface water, an exponential decay function was 
used to assess the concentration trend.  Historical data (received from WDNR), 2006-2007 OU-
Baseline data, and post-baseline data were used in the regression model, along with 
combinations of the covariates fish length, fish weight and percent lipids.   
 
The available pre-remedy data for fish tissue extended further back in time than that available for 
the water results.  For OU1, available historical data extend back to 1976.  Since the chosen start 
date potentially affects the resulting trend estimate, an analysis was completed to determine this 
effect utilizing 1976, 1980 and 1990 as start dates for inclusion of historical results.  It was found 
that data prior to 1990 decreased in concentration at a rate stronger than first order exponential 
decay.  The pre-1990 data therefore gave little benefit in improving the estimate of the recovery 
trend (absent of remediation), since the decay rate would be over-estimated.  As a result, the start 
date for pre-remedy data was taken as 1990. 
 
For OU2B, historical fish tissue PCB concentration data extend back to 1978.  Since the chosen 
start date for the historical data used in the analysis potentially affects the resulting trend 
estimate, the early historical data was assessed for consistency with observed trends through the 
remainder of the data.  Based on this assessment, it was determined to exclude data collected 
prior to 1981. 
 
The OU3 walleye data is unique in that prior to completion of the remedy no significant trend 
exists in the historical data collected through the 2006-2007 OU-Baseline monitoring event.  
Therefore, in this case the historical data is modeled simply as the average concentration, with an 
exponential decay trend beginning subsequent to remedy completion in 2012. 
 
The results of the recovery rate regression modeling for the fish data are illustrated on  
Figure 5-4 (OU1), Figure 5-5 (OU2A), Figure 5-6 (OU2B), Figure 5-7 (OU2C), and Figure 5-8 
(OU3).  The covariates of percent lipid were used for OU1; percent lipid and fish length for 
OU2B; lipid, length, and weight for OU2C; and lipid and length for OU3.  Similar to the 
regression model formulation discussed in Section 5.1.3 for surface water, a binary variable 
(Remedy) in the OU1 model accounts for the discrete drop in concentrations due to the remedy 
itself.  In OU3, the historical data is modeled as a straight average with the decreasing trend 
beginning subsequent to the remedy. 
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The fish tissue recovery rate regression models are given as: 
 
Walleye: 
OU1:  PCB (ppb) = exp(6.01 – 4.0E-05 Sample Date -0.95 Remedy + 0.43 Lipid) 
OU2A:  PCB (ppb) = exp(19.3 – 3.5E-04 Sample Date) 
OU2B:  PCB (ppb) = exp(10.6 – 1.9E-04 Sample Date + 0.14 Length + 0.21 Lipid) 
OU2C:  PCB (ppb) = exp(11.6 – 2.6E-04 Sample Date + 0.33 Length + 0.53 Lipid –  

0.88 Weight) 
OU3:  PCB (ppb) = exp(3.93 – 4.7E-04 Sample Date + 0.096 Length + 0.45 Lipid) 
 
Sample Date is measured in days, Length in inches, Weight in pounds, and Lipid in % by weight.  
Remedy is a binary variable indicating post-remedy data.  Note that for OU3, Sample Date is 
measured in days beginning with January 2012. 
 
The FR-LTMP exit criteria for fish tissue encompass comparisons to 2018 LW-Background 
concentrations, plus ecological risk-based concentrations for carp, human health risk-based 
concentrations for walleye, and SWAC-reduction targets for gizzard shad.  The target 2006-2007 
LW-Background concentration for walleye given in FR-LTMP Section 1.6.1.4 is 27 μg/kg, 
however, the Lake Winnebago average value updated to include not only the 2006-2007 OU-
Baseline data but also all LTM data through the current 2018 event is 41 μg/kg.  The unlimited 
consumption human health target for walleye (FR-LTMP Section 1.6.1.5) is 50 μg/kg. 
 
For walleye (Figure 5-4 through Figure 5-8) the 95% UCL trend lines illustrate projected 
concentrations dropping below both the human health target risk goal of 50 μg/kg and updated 
Lake Winnebago background average of 41 μg/kg for OU1 and OU2A prior to the next LTM 
event in 2022.  The trends reach these levels within approximately 10 years for OU2B and OU3, 
and within approximately 15 years for OU2C.  Additional fish tissue monitoring will determine 
whether these trend rates continue. 
 
Note that the Lake Winnebago average concentration is calculated from the 2006-2007 OU-
Baseline, 2010, 2012, 2014, and 2018 data.  The current average is higher than the FR-LTMP 
background criteria due to Lake Winnebago concentrations increasing in 2012, 2014 and 2018.  
Similar to the method discussed above for the surface water results, the 95% confidence interval 
around the updated Lake Winnebago average concentration is based on a regression analysis 
accounting for covariates to minimize variation. 
 
The present post-remedial recovery rates are generally trending as expected, where walleye 
reflect a species more on top of the food chain and subsequently are reflecting a more 
intermediate trend and progress towards Lake Winnebago average concentrations compared to 
gizzard shad which are YOY species 
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6 OU2 MNR and OU3 CIL Sampling 

6.1 MNR Sediment Sampling 
MNR sediment sampling was completed in OU2A, OU2B, and OU2C during October 2018 in 
accordance with procedures described in the OU1-3 Long-Term Monitoring Sampling and 
Analysis Plan - Revision 2 (SAP) (Foth, 2018).  A summary of the LFR MNR sediment sampling 
program is presented in Table 6-1.  The purpose of these samples is to assess if surface PCB 
concentrations are decreasing over time in OU2, where MNR is the primary remedy, as approved 
in the OU1/OU2 ROD. 
 
6.1.1 Sediment Sampling Locations and Methods 
On October 24, 26, and 29, 2018, ten MNR surface (top 6 inches) sediment samples and one 
duplicate sample were collected from OUs 2A, 2B, and 2C.  Sampling locations focused on those 
areas that were reported in the Remedial Investigation/Feasibility Study (RETEC, 2002) as 
containing surface sediment PCB concentrations (total Aroclors) above 1 milligram per kilogram 
(mg/kg).  The rationale for these sample locations was discussed in the September 24, 2012 draft 
memorandum, Fox River OU2 MNR Sediment Sampling Objectives (Foth, 2012b).  To the 
extent possible, sediment MNR sampling locations are co-located with surface water and fish 
monitoring stations.  The 2018 MNR sampling locations for OU2A, OU2B, and OU2C are 
displayed on Figures 6-1, 6-2, and 6-3, respectively.  Samples analyzed from each of the 
locations were five-point composites. 
 
6.1.2 MNR Sediment Sampling Results 
The 2018 MNR sampling results for OU2A, OU2B, and OU2C are presented in Table 6-2 and 
displayed on Figures 6-1, 6-2, and 6-3, respectively.  Lab reports of analysis are included in 
Appendix Q.  In all cases, 2018 MNR surface sampling results are lower in PCB concentration 
(total Aroclors) than co-located samples collected  during previous monitoring events, supporting 
a conclusion that natural recovery of surface sediments is occurring in OU2.  To further assess 
trends in surficial sediment PCB concentrations in these MNR areas, results from the 2018 MNR 
monitoring event were compared to the 2014 LTM values.  The majority of the PCB 
concentrations have decreased from 2014 to 2018, with the exception of locations T1.1 in OU2A 
and 2V2.1, 2W6.1, and 2X1.1 in OU2B, which increased slightly.  Minor fluctuations in the 
LTM data are anticipated due to slight changes in sample location, natural depositional/erosional 
processes, and the low level of PCB concentrations being detected.  Results from the next MNR 
monitoring event will be compared to the Remedial Investigation/Feasibility Study, the 2012 
LTM, the 2014 LTM, and the 2018 LTM values to further assess trends in surficial sediment 
PCB concentrations in these MNR areas. 
 
6.1.3 Third-Party Validation of PCB Aroclor Results 
Third-party data validation was obtained for all MNR sediment laboratory results including 
PCB Aroclors and percent solids measurements.  Validation was provided as described in 
Section 3.4.6.  Laboratory data were qualified as needed.  Validation reports are included in 
this report as Appendix R.   
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6.2 OU3 CIL Sampling 
CIL monitoring of representative "Type B" caps in OU3 was performed during October 2018 to 
confirm basic cap design assumptions (i.e., proper installation of the cap and resistance to 
chemical diffusion from underlying contaminated sediments).  Type B" caps contain a basal 
layer of mixed cap material and sediment overlain by a clean sand CIL and a final armor layer; 
these types of caps are typically installed in OU2-5 over mid-range sediment PCB concentrations 
(between 10 and 49.99 mg/kg).  Figure 6-4 provides a detail of the “Type B” cap design. 
 
An OU3 CIL sampling summary is presented in Table 6-3.  Sampling and analysis was 
performed in accordance with procedures described in the SAP.  
 
6.2.1 CIL Sampling Locations and Methods 
Three CIL “Type B” cap locations were sampled in OU3 on October 23, 2018.  The sample 
locations are shown on Figure 6-5.  The sample locations were chosen based on their proximity 
to CIL samples collected in 2011 following placement of the sand layer of the cap and prior to 
armor stone placement. 
 
Within a given cap area, the location of the 2018 CIL sample was chosen at the same location as 
the 2011 CIL construction confirmation sample nearest the center of the cap area.  To reduce the 
potential for sampling in previously disturbed areas of the CIL (the exact previously sampled 
location), a minimum offset of 3 feet, but no greater than 5 feet, from the previously sampled 
coordinates was maintained.  The same sample location scheme was followed during the 2012 
and 2014 LTM programs. 
 
The Type B caps in OU3 were generally placed in areas with PCB concentration slightly below 
or very near 10 mg/kg, without significant information available regarding the spatial 
distribution of higher concentrations.  Therefore, in locating the 2018 CIL samples, more 
emphasis was placed on positions proximal to 2011 construction confirmation samples so direct 
comparisons may be performed.   
 
Divers were deployed to clear an area of armor stone, exposing the sand CIL at each of the 
locations.  The divers inspected the armor stone surface to ensure the surface has not been 
disturbed, and was, therefore, representative of typical cap Type B design.  The divers then 
guided the barrel of a check valve sampler to the cleared area and set the barrel on top of the 
sand layer.  The target push depth of the CIL core samples was 24 inches from the top of the CIL 
sand surface with the intent of acquiring the full sand CIL layer, plus a minimum of 6 inches of 
underlying sediment.  Once the core sample had been collected, the diver capped the bottom of 
the core and replaced the armor stone over the core location, to the extent practicable. 
 
6.2.2 CIL Sampling Results 
The 2018 CIL sampling results for select cap Type B areas in OU3 are presented in Table 6-4 
and displayed on Figure 6-5.  Lab reports of analysis are included in Appendix Q.  All three 
locations sampled indicate no measurable level of PCBs in the 2-inch segment of the sand CIL 
analyzed at each location.  The results of this study support a conclusion that the method of 
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placement of the CIL and the methods used to sample the CIL for this study (diver assisted 
coring) have resulted in measurable conditions consistent with the requirements for chemical 
isolation of PCBs in Type B caps in OU3.  That is, a “clean” sand CIL of the required thickness 
is present above PCBs in the sediment bed. 
 
There is no exit criterion specific to CIL sampling identified in the FR-LTMP; however, 
Section 1.7.2.4 (Weight-of-Evidence [WOE] Evaluation) states that “Based on the WOE 
evaluation, the monitoring intensity may be increased, decreased, or eliminated in certain OUs.  
The WOE evaluation will consider the following: …..Stabilization of concentrations in a 
particular medium, with no significant change from one monitoring event to the next, indicating 
natural recovery processes associated with the RA have run their course and further monitoring 
would be of limited value (i.e., “flat line” condition).” 
 
Results from the 2018 CIL sampling event are consistent with the placement testing and the 2012 
and 2014 LTM values and demonstrate continued CIL performance over time in OU3 Type B 
caps.  As a result of these consistent measured values documenting WOE that the CIL of the cap 
is performing as designed,  and the potential to disturb the cap with multiple co-located sampling 
events, it is recommended that CIL monitoring/sampling in OU3 be discontinued from future 
LTM events.   
 
6.2.3 Third-Party Validation of PCB Aroclor Results 
Third-party data validation was obtained for all CIL laboratory results including PCB Aroclors 
and percent solids measurements.  Validation was provided as described in Section 3.4.6.  
Laboratory data were qualified as needed.  Validation reports are included in this report as 
Appendix R.   
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7 Summary and Conclusions 

7.1 Overview 
This 2018 LTM Summary Report documents 2018 LFR sampling and analysis for LTM of the 
post-remediation recovery of surface water and fish tissue in OU1, OU2A, OU2B, OU2C, and 
OU3, as well as MNR sediment monitoring in OU2 and CIL performance monitoring in select B 
Caps in OU3.  
 
LTM is being performed to assess progress toward achieving the RAOs specified in the 
OU1/OU2 ROD; the OU3, OU4, and OU5 ROD; and both ROD Amendments issued under the 
authority of the CERCLA, as amended. 
 
The RAOs, of relevance to the 2018 LTM program, are based on surface water and fish tissue 
PCB concentrations.  The three RAOs compared in this 2018 LTM Summary Report include the 
following: 
 

 Monitor reductions in surface water and fish tissue PCB concentrations; 
 Monitor progress toward achieving human health risk reduction goals; and 
 Monitor progress toward achieving ecological risk reduction goals. 

 
The 2006-2007 baseline data were collected during active remediation of OU1.  A statistical 
analysis of historical surface water and fish tissue PCB data conducted by the WDNR showed 
that any potential increase in PCB concentrations in 2006-2007 was minimal in regard to the 
effect it would have on future comparisons to baseline data.  The 2010 OU1-LTM results (Foth, 
2012a) were also compared to the WDNR study results, with agreement found between the two 
reports. 
 
7.2 Data Quality 
No significant deviations from the field or laboratory methods described in the OU1-LTMP and 
FR-LTMP were noted.  In addition, third-party data validation was obtained for surface water 
laboratory results including PCB congeners, TOC, and TSS measurements, as well as fish tissue, 
CIL and MNR samples.  Laboratory data were qualified as needed.  
 
7.3 Surface Water 
Significant explainable variation in the PCB data is controlled for in the statistical analyses by 
identifying confounding variables (i.e., covariates) measured in the surface water quality data 
that correlate with PCB concentrations.  TSS, turbidity, temperature and flow rate correlated with 
the PCB results and were used in regression modeling for controlling variation not due to the 
main factors of interest.  An exponential regression model was chosen for regressing the 
resulting PCB data on the covariates and main factors of interest, which are sampling location 
and sampling event date. 
  
Surface water quality results indicate that year 2018 concentrations significantly decreased from 
those observed during the 2006-2007 baseline.  When considering method blank correction (for 
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both the 2006-2007 OU-Baseline and 2018 datasets), statistical modeling determined that year 
2018 PCB concentrations are estimated to have decreased from 2006-2007 OU-Baseline 
conditions (after accounting for fluctuations in the covariates) by approximately 90% for OU1, 
90% for OU2A, 89% for OU2B, and 89% for OU2C, and 91% for OU3.  Without blank 
correction, the respective surface water PCB concentration reductions are 85% for OU1, 87% for 
OU2A, 86% for OU2B, 85% for OU2C, and 88% for OU3.    
 
While 2018 PCB concentrations in surface water illustrate a very significant decrease for the 
OUs, concentrations remain elevated over 2018 background conditions of Lake Winnebago.  As 
a percentage difference over Lake Winnebago, PCB concentrations in 2018 remain 
approximately 160% higher for OU1, 300% for OU2A, 450% for OU2B, 390% for OU2C, and 
480% for OU3 (all values based on data not blank-corrected). 
 
An evaluation of the post-remedial recovery rate of surface water was estimated with an 
exponential decay function, comparing the recovery rate trend to SWAC-reduction goals and 
2018 LW-Background conditions from FR-LTMP Exit Criteria 3 and 1 respectively.  Given the 
observed recovery rates and trends, PCB concentrations are at or near these criteria in each OU. 
 
7.4 Fish Tissue 
All primary and secondary species were sampled during the 2018 monitoring event, except for 
drum which could not be found in OU2A.  For the species that were sampled, individual or 
composite tissue samples met or exceeded minimum numbers required by the FR- LTMP and 
OU1 LTMP, except for gizzard shad in OU2A and OU2B, smallmouth bass in Lake Winnebago, 
and walleye in OU2A and OU2B.  Other than these exceptions, optimum numbers were 
achieved. 
 
Analogous to the surface water data, significant explainable variation in the fish tissue PCB data 
is controlled for in the statistical analyses by identifying covariates that correlate with PCB 
concentrations.  Fish length, weight, and lipid content were assessed as covariates and used in 
several models.  As with the regression model development for surface water quality, an 
exponential model was chosen for the fish tissue data with the main factors of interest being 
sampling location and sampling event date. 
 
Fish tissue concentrations also decreased between 2006-2007 OU-Baseline and 2018, with 
reductions in PCB concentrations being dependent on the fish species.  Estimated concentration 
decreases between 2006-2007 OU-Baseline and 2018 are: 
 
OU1: 
Carp:  88% 
Drum:  17% 
Gizzard Shad:  98% 
Smallmouth Bass:  65% 
Walleye:  68% 
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OU2A: 
Carp:  91% 
Drum:  No Sample Data for OU2A in 2018 
Gizzard Shad:  88% 
Smallmouth Bass:  58% 
Walleye:  79% 
 
OU2B: 
Carp:  85% 
Drum:  68% 
Gizzard Shad:  70% 
Smallmouth Bass:  59% 
Walleye:  28% 
 
OU2C: 
Carp:  72% 
Drum:  37% 
Gizzard Shad:  72% 
Smallmouth Bass:  51% 
Walleye:  65% 
 
OU3: 
Carp:  57% 
Drum:  49% 
Gizzard Shad:  70% 
Smallmouth Bass:  68% 
Walleye:  77% 
 
The 2018 upper 95% confidence limits for carp (258 μg/kg for OU1, 1150 μg/kg for OU2A, 
411 μg/kg for OU2B, 646 μg/kg for OU2C, and 788 μg/kg for OU3) are well below the 
7,600 μg/kg LOAEC level established for protection of ecological health by the Lower Fox River 
Ecological Risk Assessment.  Therefore, a confirmation monitoring event and data analysis for 
carp will be performed in 2022 to determine if fish tissue PCB concentrations in OU1, OU2, and 
OU3 have achieved the ecological risk reduction goals.   
 
Similar to surface water quality results, while the 2018 PCB concentrations in fish illustrate a 
significant decrease over the 2006-2007 OU-Baseline data, concentrations remain elevated over 
the 2018 background conditions of Lake Winnebago. 
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Estimated concentration differences over Lake Winnebago for year 2018 are shown below. 
 
OU1: 
Carp:  360% 
Drum:  280% 
Gizzard Shad:  74% 
Smallmouth Bass:  390% 
Walleye:  260% 
 
OU2A: 
Carp:  480% 
Drum:  No Sample Data for OU2A in 2018 
Gizzard Shad:  120% 
Smallmouth Bass:  370% 
Walleye:  270% 
 
OU2B: 
Carp:  430% 
Drum:  260% 
Gizzard Shad:  56% 
Smallmouth Bass:  390% 
Walleye:  360% 
 
OU2C: 
Carp:  750% 
Drum:  490% 
Gizzard Shad:  530% 
Smallmouth Bass:  510% 
Walleye:  430% 
 
OU3: 
Carp:  800% 
Drum:  400% 
Gizzard Shad:  1500% 
Smallmouth Bass:  420% 
Walleye:  190% 
 
As discussed in the above sections, the 2018 monitoring of gizzard shad resulted in higher 
uncertainty due to smaller sample sizes in OU2A and OU2B, and higher than previously 
observed lipid values in OU2A, OU2C and OU3.  Accurate estimates in the PCB percent 
increase over Lake Winnebago was difficult for gizzard shad, even though the regression 
analysis attempts to account for lipids as a covariate. 
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An evaluation of the post-remedial recovery rate was performed for walleye, comparing the 
recovery rate trend to risk‐based concentrations, SWAC‐reduction goals, or 2018 LW-
Background conditions.  The recovery rate was estimated with an exponential decay function. 
 
For walleye, the trend lines illustrate projected concentrations dropping below both the human 
health target risk goal of 50 μg/kg and 2018 Lake Winnebago background average (updated to 
include LTM data through the current 2018 event) of 41 μg/kg for OU1 and OU2A prior to the 
next LTM event.  The trends reach these levels within approximately 10 years for OU2B and 
OU3, and within approximately 15 years for OU2C.  Additional monitoring will determine 
whether these trend rates continue and whether the LTM program may warrant revision.   
 
7.5 MNR Areas and Cap CIL 
MNR area sampling in OU2 during 2018 indicate that, in all cases, surficial sediment samples 
collected during 2018 at the same, or proximal locations collected in 1989/1990, are lower in 
PCB concentrations (total Aroclors) than the 1989/1990 data, supporting a conclusion that 
natural recovery of surface sediments is occurring in OU2.  To further support this conclusion, 
the majority of locations sampled indicate PCB concentrations have decreased from 2014 to 
2018, with anticipated minor fluctuations occurring in the LTM data in all OUs due to slight 
changes in sample location, natural depositional/ erosional processes, and the low level of PCB 
concentrations being detected.   
 
CIL sampling in three select Cap B areas in OU3 in 2018 indicates that measurable levels of 
PCBs in the 2-inch segment of the sand CIL analyzed at each location were not present.  The 
results of this study support a conclusion that the method of placement of the CIL and the 
methods used to sample the CIL for this study (diver assisted coring) have resulted in measurable 
conditions consistent with the requirements for chemical isolation of PCBs in Type B caps in 
OU3.  That is, a “clean” sand CIL of the required thickness is present above PCBs in the 
underlying sediment bed after being in place for up to 8 years. 
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8 Long-Term Monitoring Program Assessment and 
Recommendation 

8.1 Adaptive Management Strategies 
8.1.1 Surface Water Sampling Program 
The surface water sampling program proceeded generally as planned. 
 
8.1.2 Fish Sampling Program 
The fish sampling program proceeded as planned and included a meeting of the Respondents and 
Response Agencies to confirm recommendations for modification of field collection procedures 
made in 2014; one modification for carp collection and one for drum collection.  The Response 
Agencies suggested an increase in the number of drum collected to ten from the Foth-proposed 
five drum from each OU and Lake Winnebago.  Similarly, the Response Agencies suggested an 
increase in the number of carp collected to 14 from the Foth-proposed seven carp per OU and 
Lake Winnebago.  During follow-up correspondence, the Response Agencies provided a 
clarification that 14 individual carp will meet minimum collection requirements and may be used 
to create seven composite samples with two carp per composite.  Documentation of the meeting 
and follow-up correspondence are provided in Appendix M of the 2014 OU2-3 LTM Summary 
Report.  
 
8.2 Adequacy of Sample Numbers 
8.2.1 Adequacy of Surface Water Samples 
The number of surface water sampling events was adequate to capture monthly variability. 
 
8.2.2 Adequacy of Fish Tissue Samples 
The number and type of fish indicated in the FR- LTMP and collected/analyzed in 2018 was 
sufficient to meet the design goals of the OU1 LTMP and FR- LTMP. 
 
8.3 Recommendations for Long-Term Monitoring Program 
8.3.1 Surface Water Monitoring Program Recommendations 
The 2018 OU PCB surface water quality results continue to illustrate strong reductions from the 
2006-2007 OU-Baseline data, ranging from 89% to 91% reduction for the method blank 
corrected data, and from 85% to 88% reduction for the data uncorrected for method blanks.  In 
addition, trend-lines project PCBs to meet the SWAC Reduction of 90% target criterion well 
within 30 years.  Therefore these results compare favorably to meeting Exit Criterion 3 – 
Comparison to SWAC‐Reduction Targets and Exit Criterion 4 – Evaluation of Recovery Rate in 
the near future.  LTM monitoring will continue during 2022 to assess if these trends continue. 
 
The surface water method blank correction procedures utilized in the 2018 LTM Summary 
Report (and previous LTM Reports) currently follow the calculations delineated in Section 4.2.2 
of the FR-LTMP (i.e., the nonparametric modification of the Ferrario subtraction method).  An 
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agreed-upon method for method blank correction will be used in future reports.  The time period 
of the laboratory method blank dataset used to obtain the standard blank correction values in the 
2018 LTM Summary Report (and previous LTM Reports) ended prior to the FR-LTMP defined 
time period of “April through November, plus 3 months before and 3 months after the 
monitoring period.”  The earlier time period was utilized so that the minimum number of 
laboratory blanks could be obtained, and the standard blank correction values developed in time 
for blank corrections to be calculated for monthly data reports.  For future LTM reports, the 
April through November, plus 3 months before and 3 months after, time period will be utilized 
for the laboratory method blank dataset, but method blank correction will not be included in the 
monthly reporting prior to completion of all 8 monthly events. 
 
8.3.2 Fish Monitoring Program Recommendations 

Human Heath Species 
It is recommended that no changes are made to the current human health fish monitoring 
program as detailed in the OU1 LTMP and FR-LTMP. 
 
Ecological Fish Species 
The 2018 PCB concentrations in OU1-3 carp met decision number 2 (Exit Criterion 2 - 
Comparison to Risk‐based Target Concentrations) of the FR LTMP decision framework for fish 
tissue quality (Figure 1-5 of the FR LTMP).  Following completion of three post-RA LTM events 
(2010, 2012, and 2018 for OU1; 2012, 2014, and 2018 for OU2-3), PCB concentrations in fish 
tissue are well below the ecological risk LOAECs.  A review of the complete LTM data set 
indicates carp PCB levels have been below the LOAECs in OU1, OU2A, OU2B, OU2C, and 
OU3 during all three post-RA LTM events.  Therefore, it is recommended that confirmation 
monitoring of carp and data analysis, as detailed in the OU1 LTMP and FR-LTMP, in Lake 
Winnebago and OU1-3, be performed in 2022 to demonstrate that Exit Criterion 2’s acceptance 
target has been met.   
 
The 2018 PCB concentrations of OU1-3 drum fish tissue were below the ecological risk 
LOAECs.  While there are not three sampling events for drum to meet decision number 2 
requirements (Exit Criterion 2 - Comparison to Risk‐based Target Concentrations), the values 
reported in the OUs are all over six times below the LOAEC with an apparent declining trend, 
and it would be expected that the carp and drum have similar fish tissue characteristics over time 
given their similar feeding habits and PCB tissue concentrations observed during the 2006-2007 
OU-Baseline sampling. Since drum is a secondary ecological indicator species, we recommend 
one additional confirmation round of sampling in OUs 1-3 in 2022 to confirm values remain 
below the LOAEC. 
 
Young of Year  
The 2018 PCB concentrations in OU1 YOY fish met decision number 2 (Exit Criterion 3 - 
Comparison to SWAC‐Reduction Targets) of the FR LTMP decision framework for Young-of-
Year Fish Species, Figure 1-6 of the FR LTMP.  Following completion of three post-RA LTM 
events (2010, 2012, and 2018), results of PCBs in fish tissue are below the SWAC reduction 



 

pw:\Glatfelter\0018G007\10000 Reports\2018 LTM Summary Report\R - 2018 LTM Summary Report.docx 
 Foth Infrastructure & Environment, LLC  55 

target criterion.  However, in order to obtain a complete YOY dataset for all OUs during the 
same event, gizzard shad will be collected in OU1 during 2022.  No changes are made for YOY 
monitoring in Lake Winnebago or OU2-3 at this time.   
 
8.3.3 OU2 MNR and OU3 CIL Monitoring Recommendations 

MNR 
It is recommended that no changes are made to the current OU2 MNR program as detailed in the 
FR-LTMP. 
 
CIL 
There is no exit criterion specific to CIL sampling identified in the FR-LTMP; however, 
Section 1.7.2.4 (Weight-of-Evidence [WOE] Evaluation) states that “Based on the WOE 
evaluation, the monitoring intensity may be increased, decreased, or eliminated in certain OUs.  
The WOE evaluation will consider the following: …..Stabilization of concentrations in a 
particular medium, with no significant change from one monitoring event to the next, indicating 
natural recovery processes associated with the RA have run their course and further monitoring 
would be of limited value (i.e., “flat line” condition).” 
 
Based on WOE, it is recommended that the CIL monitoring in OU3 be discontinued.  There have 
been no PCB detections in any of the three OU3 CIL monitoring events (2012, 2014, and 2018) 
and other indicator parameters such as fish and surface water PCB concentrations are decreasing 
in OU3.  Discontinuing the CIL monitoring will also eliminate the potential to degrade the cap 
integrity by continuing to remove the armor stone and puncture the underlying sand layer.    
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Table 1-1
Year 2006-2007 Baseline Surface Water Quality Parameters1



Table 1-1
Year 2006-2007 Baseline Surface Water Quality Parameters1



















Table 1-3

Year 2006-2007 Baseline Fish Data 1, 2
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Year 2006-2007 Baseline Fish Data 1, 2



Table 1-3

Year 2006-2007 Baseline Fish Data 1, 2



Table 1-3

Year 2006-2007 Baseline Fish Data 1, 2
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Year 2006-2007 Baseline Fish Data 1, 2
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Year 2006-2007 Baseline Fish Data 1, 2



Table 2-1
Target Fish Size Classes and Completeness Goals
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Table 2-8
Year 2018 Individual and Composite Fish Samples

Lake Winnebago



Table 2-9
Year 2018 Individual and Composite Fish Samples

OU1





Table 2-10
Year 2018 Individual and Composite Fish Samples

OU2A
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Year 2018 Individual and Composite Fish Samples
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Table 2-12
Year 2018 Individual and Composite Fish Samples

OU2C





Table 2-13
Year 2018 Individual and Composite Fish Samples

OU3













Table 3-3
Surface Water Monthly Uncorrected PCB Congener Concentrations

Lake Winnebago
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Surface Water Monthly Uncorrected PCB Congener Concentrations

Lake Winnebago



Table 3-3
Surface Water Monthly Uncorrected PCB Congener Concentrations
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Surface Water Monthly Uncorrected PCB Congener Concentrations

Lake Winnebago



Table 3-4
Surface Water Monthly Uncorrected PCB Congener Concentrations

OU1
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Surface Water Monthly Uncorrected PCB Congener Concentrations

OU1



Table 3-4
Surface Water Monthly Uncorrected PCB Congener Concentrations

OU1



Table 3-4
Surface Water Monthly Uncorrected PCB Congener Concentrations

OU1



Table 3-4
Surface Water Monthly Uncorrected PCB Congener Concentrations

OU1



Table 3-5
Surface Water Monthly Uncorrected PCB Congener Concentrations

OU2A



Table 3-5
Surface Water Monthly Uncorrected PCB Congener Concentrations

OU2A
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Surface Water Monthly Uncorrected PCB Congener Concentrations

OU2A



Table 3-5
Surface Water Monthly Uncorrected PCB Congener Concentrations
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Table 3-5
Surface Water Monthly Uncorrected PCB Congener Concentrations

OU2A
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Surface Water Monthly Uncorrected PCB Congener Concentrations
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Table 3-6
Surface Water Monthly Uncorrected PCB Congener Concentrations

OU2B
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Surface Water Monthly Uncorrected PCB Congener Concentrations

OU2B



Table 3-6
Surface Water Monthly Uncorrected PCB Congener Concentrations

OU2B



Table 3-6
Surface Water Monthly Uncorrected PCB Congener Concentrations

OU2B



Table 3-7
Surface Water Monthly Uncorrected PCB Congener Concentrations
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Table 3-7
Surface Water Monthly Uncorrected PCB Congener Concentrations

OU2C



Table 3-7
Surface Water Monthly Uncorrected PCB Congener Concentrations

OU2C



Table 3-7
Surface Water Monthly Uncorrected PCB Congener Concentrations

OU2C
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Surface Water Monthly Uncorrected PCB Congener Concentrations

OU2C



Table 3-8
Surface Water Monthly Uncorrected PCB Congener Concentrations

OU3



Table 3-8
Surface Water Monthly Uncorrected PCB Congener Concentrations

OU3



Table 3-8
Surface Water Monthly Uncorrected PCB Congener Concentrations
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Table 3-8
Surface Water Monthly Uncorrected PCB Congener Concentrations

OU3



Table 3-8
Surface Water Monthly Uncorrected PCB Congener Concentrations

OU3



Table 3-9
Surface Water Monthly Blank-Corrected PCB Congener Concentrations

Lake Winnebago
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Surface Water Monthly Blank-Corrected PCB Congener Concentrations

Lake Winnebago



Table 3-9
Surface Water Monthly Blank-Corrected PCB Congener Concentrations

Lake Winnebago



Table 3-9
Surface Water Monthly Blank-Corrected PCB Congener Concentrations

Lake Winnebago



Table 3-9
Surface Water Monthly Blank-Corrected PCB Congener Concentrations

Lake Winnebago



Table 3-10
Surface Water Monthly Blank-Corrected PCB Congener Concentrations

OU1
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Surface Water Monthly Blank-Corrected PCB Congener Concentrations

OU1
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Surface Water Monthly Blank-Corrected PCB Congener Concentrations

OU1



Table 3-10
Surface Water Monthly Blank-Corrected PCB Congener Concentrations
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Surface Water Monthly Blank-Corrected PCB Congener Concentrations
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Table 3-11
Surface Water Monthly Blank-Corrected PCB Congener Concentrations
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Surface Water Monthly Blank-Corrected PCB Congener Concentrations
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Surface Water Monthly Blank-Corrected PCB Congener Concentrations
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Table 3-12
Surface Water Monthly Blank-Corrected PCB Congener Concentrations
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Surface Water Average Congener Concentrations in Samples and Blanks
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Surface Water Average Congener Concentrations in Samples and Blanks
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Surface Water Monthly Primary and Duplicate Samples
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Table 6-1
OU2 Monitored Natural Recovery Sediment Sampling Summary
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This drawing is neither a legally recorded map nor a survey and is
not intended to be used as one.  This drawing is a compilation of
records, information and data used for reference purposes only.

NOTES:
1. Base data from Wisconsin DNR and ESRI Basemaps.
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NOTES:
1. NAD 1927 Wisconsin TM
2. 1989/1990 data illustrates surface
    sediment results from WDNR Fox
    River Environmental Database and
    Document Archive
3. Basemap supplied by Microsoft
    Corporation and its data suppliers
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Table 1
OU1-3 Long-Term Monitoring
Surface Water Field Results

P.H. Glatfelter Company
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Table 3
OU1-3 Long-Term Monitoring

Rinsate and Duplicate Laboratory Data - April 2018
P.H. Glatfelter Company



Table 3
OU1-3 Long-Term Monitoring

Rinsate and Duplicate Laboratory Data - April 2018
P.H. Glatfelter Company
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OU1-3 Long-Term Monitoring
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Chemical Name Result Unit Analytical Method

Table 3
OU1-3 Long-Term Monitoring

Rinsate and Duplicate Laboratory Data - May 2018
P.H. Glatfelter Company

OU1Sample Location Code: Field Rinsate Blank Lab Method Blank OU1
OU1D-18-0507

FD
5/7/2018

Sample ID: RBP-18-0507  MB 140-19968I9-A OU1-18-0507
Sample Type: RB B N
Sample Date: 5/7/2018 5/31/2018 5/7/2018
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Table 1
OU1-3 Long-Term Monitoring
Surface Water Field Results

P.H. Glatfelter Company
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Table 3
OU1-3 Long-Term Monitoring

Rinsate and Duplicate Laboratory Data - June 2018
P.H. Glatfelter Company
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Table 1
OU1-3 Long-Term Monitoring
Surface Water Field Results

P.H. Glatfelter Company
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Table 3
OU1-3 Long-Term Monitoring

Rinsate and Duplicate Laboratory Data - July 2018
P.H. Glatfelter Company
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OU1-3 Long-Term Monitoring

Rinsate and Duplicate Laboratory Data - July 2018
P.H. Glatfelter Company
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Table 1
OU1-3 Long-Term Monitoring
Surface Water Field Results

P.H. Glatfelter Company
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Table 3
OU1-3 Long-Term Monitoring

Rinsate and Duplicate Laboratory Data - August 2018
P.H. Glatfelter Company
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Table 1
OU1-3 Long-Term Monitoring
Surface Water Field Results

P.H. Glatfelter Company
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Table 3
OU1-3 Long-Term Monitoring

Rinsate and Duplicate Laboratory Data - September 2018
P.H. Glatfelter Company
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Attachment 1 

Fish Sampling Tally Field Forms and Collection Data Tables 





Fish Collection Data - Lake Winnebago
Targeted Fish Species and Sizes





Fish Collection Data - Lake Winnebago
Alternate Fish Species and Sizes





Fish Collection Data - OU1
Targeted Fish Species and Sizes







Fish Collection Data - OU1
Alternate Fish Species and Sizes





Fish Collection Data - OU2A
Targeted Fish Species and Sizes





Fish Collection Data - OU2A
Alternate Fish Species and Sizes





Fish Collection Data - OU2B
Targeted Fish Species and Sizes





Fish Collection Data - OU2B
Alternate Fish Species and Sizes





Fish Collection Data - OU2C
Targeted Fish Species and Sizes







Fish Collection Data - OU2C
Alternate Fish Species and Sizes





Fish Collection Data - OU3
Targeted Fish Species and Sizes







Fish Collection Data - OU3
Alternate Fish Species and Sizes
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Tables 



Table 1
OU1-3 Long-Term Monitoring
Surface Water Field Results

P.H. Glatfelter Company
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Table 3
OU1-3 Long-Term Monitoring

Rinsate and Duplicate Laboratory Data - October 2018
P.H. Glatfelter Company



Table 3
OU1-3 Long-Term Monitoring

Rinsate and Duplicate Laboratory Data - October 2018
P.H. Glatfelter Company
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Table 1
OU1-3 Long-Term Monitoring
Surface Water Field Results

P.H. Glatfelter Company
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Table 3
OU1-3 Long-Term Monitoring

Rinsate and Duplicate Laboratory Data - November 2018
P.H. Glatfelter Company
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Attachment 1 

Fish Selection Tables 
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Appendix C 

Lower Fox River – Long-Term Monitoring Plans  

 

C-1 LFR OU1 – Long-term Monitoring Plan 

C-2 LFR OU2-5 – Long-Term Monitoring Plan 
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C-1 

LFR OU1 – Long-term Monitoring Plan 

  



                                                                                                     

F i n a l  

Lower Fox River Operable Unit 1— 
Long-term Monitoring Plan 

 

 

Prepared for 
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SECTION 1 

1.0 Project Management and Objectives 

1.1. Introduction
This Lower Fox River Operable Unit 1 – Long-term Monitoring Plan (OU1-LTMP) presents a 
program for monitoring the post-remediation recovery of surface water and fish tissue in 
Operable Unit 1 (OU1) of the Lower Fox River (LFR).  Long-term monitoring will be 
performed to assess progress toward achieving the remedial action objectives (RAOs) 
specified for OU1 in the Record of Decision (USEPA, 2002) (ROD) and Record of Decision 
Amendment (USEPA, 2008) (ROD Amendment) under the authority of the Comprehensive 
Environmental Response, Compensation, and Liability Act (CERCLA), as amended. 

Active remediation (dredging and capping) of LFR sediments began in OU1 in 2004 and 
was completed in May 2009.  This OU1-LTMP, in conjunction with baseline monitoring 
conducted in 2006-2007, is designed to monitor improvements in water and fish tissue in 
OU1 of the LFR as a result of the OU1 sediment remedial action (RA).  Monitoring of the 
physical integrity of capped areas is described separately in the Lower Fox River Operable 
Unit 1 – Cap Monitoring and Maintenance Plan (Foth and CH2M HILL, 2011) (CMMP). 

Although this OU1-LTMP relates to OU1, a separate Long-Term Monitoring Plan for the LFR 
and Green Bay site (Anchor QEA et al., 2009) (FR-LTMP) has already been submitted for 
final approval by the U.S. Environmental Protection Agency (USEPA) and the Wisconsin 
Department of Natural Resources (WDNR) (collectively, the “Response Agencies”).  The  
FR-LTMP was prepared pursuant to an Administrative Order on Consent for Remedial 
Design (RD) for OUs 2 to 5 originally executed in March 2004 and amended in October 2007.  
The requirement to implement the FR-LTMP in OUs 2 to 5 is set forth in the Response 
Agency’s 2007 Administrative Order for RA (“Order”) and the accompanying Phase 2B 
Scope of Work.  The respondents to the Order include Appleton Papers Inc., CBC Coating, 
Inc. (formerly known as Riverside Paper Corporation), Georgia-Pacific Consumer Products, 
LP (formerly known as Fort James Operating Company, Inc.), Menasha Corporation, NCR 
Corporation, P.H. Glatfelter Company, U.S. Paper Mills Corp, and WTM I Company 
(formerly known as Wisconsin Tissue Mills, Inc.) (collectively, the “Respondents”). 

In an effort to develop a coordinated and cost-effective long-term monitoring program that 
is consistent with the intent of applicable RODs, representatives and consultants from 
certain Respondents and the Response Agencies formed a Long-Term Monitoring Work 
Group (LTM Work Group).  From October 2004 to May 2009, the LTM Work Group held 
periodic meetings and conference calls to discuss monitoring objectives, field and analytical 
methods, data evaluation tools and techniques, and the design and implementation of the 
baseline monitoring program.  Draft notes from these meetings are maintained in the  



X:\GB\IE\2010\10G007\10000 REPORTS\POST-2009 LTMP\APPENDIX F-OU1 LTMP\OU1 LTMP.DOC 1-2 

Response Agency project files.  This LTM Work Group may continue to meet on a mutually-
agreeable schedule as needed to implement the FR-LTMP.  It is expected that meetings will 
be held to discuss the following: 

Adaptive management of field sampling, laboratory analysis, and data validation 
procedures; 

Review and evaluation of long-term water and fish tissue analytical results as they 
become available; and 

Ongoing assessment of the effects of sediment remediation, and progress toward 
achieving RAOs in the LFR and Green Bay. 

This OU1-LTMP has been prepared in such a way as to assure consistency with the  
FR-LTMP, which is incorporated herein by reference as necessary.   Specifically, this  
OU1-LTMP sets forth a structure for collecting water and biota samples in OU1 and Lake 
Winnebago – and to analyze those samples – in a fashion consistent with quality 
assurance/quality control (QA/QC) objectives set forth in the FR-LTMP.  Thereafter, OU1 
data will be analyzed pursuant to applicable provisions in the FR-LTMP in order to assure 
a complete river-wide assessment of RAOs when combined with work by other parties in 
other segments of the site.  Cross references to applicable portions of the FR-LTMP can be 
found throughout this OU1-LTMP. 

1.2. Project Organization 
This section describes the project organization, responsibilities, authorities, and lines of 
communication.  The roles and responsibilities of key project personnel are described below. 

1.2.1. Respondent Technical Team 
1.2.1.1. Respondent Team Project Coordinator 
The duties of the Respondent Team Project Coordinator include: 

Administration and management of long-term monitoring activities, including schedule 
and budget control. 

Authorization and coordination of subcontractors. 

Authority to stop work based on QC issues, health and safety issues, or other 
deficiencies that may compromise the safety of the field crew or the integrity of the long-
term monitoring program. 

Ongoing communication with USEPA and WDNR regarding project status, problems 
encountered and recommended solutions, deviations from scope of work, and other 
related issues. 

Coordination and resolution of key technical issues with Respondent and Response 
Agency Teams. 
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Coordinate document production. 

Prepare and submit progress reports. 

1.2.1.2. Respondent Team Project Manager 
The duties of the Respondent Team Project Manager (PM) include: 

Management of preparation of OU1-LTMP and data reports. 

Coordination and trouble-shooting of field activities, including recommendations for 
scope modifications as needed based on field conditions. 

Review and assessment of corrective action procedures in consultation with Project 
Coordinator. 

Oversight of water and fish tissue quality data analysis and interpretation. 

Assignment of fish compositing groups in consultation with WDNR and USEPA PMs. 

1.2.1.3. Field Quality Assurance Manager 
The duties of the Field Quality Assurance Manager (QAM) include: 

Auditing of field activities to ensure compliance with OU1-LTMP requirements. 

Review of all field documentation for consistency, accuracy, and completeness, and to 
ensure any procedural modifications are appropriately documented and communicated. 

Reporting of deficiencies in field procedures or documentation to the PM to initiate 
corrective action procedures. 

1.2.1.4. Data Quality Assurance Manager 
The duties of the Analytical QAM include: 

Direct the review of QA plans and procedures. 

Schedule and coordinate the analytical laboratories and data validators. 

Oversee the tracking of samples and data from the time of field collection through 
laboratory reporting and database entry. 

Review laboratory data for compliance with OU1-LTMP requirements. 

1.2.1.5. Long-Term Monitoring Field Supervisors 
The duties of the Field Supervisors include: 

On-site coordination and direction of field activities and personnel. 

Coordination of field and laboratory schedules. 

Oversight of field activities to ensure they are conducted in accordance with this  
OU1-LTMP and the Lower Fox River Operable Unit 1 and Lake Winnebago Long-term 
Monitoring– Health and Safety Plan (Foth, 2011a) (HASP). 



X:\GB\IE\2010\10G007\10000 REPORTS\POST-2009 LTMP\APPENDIX F-OU1 LTMP\OU1 LTMP.DOC 1-4 

Authority to stop work based on QC issues, health and safety issues, or other 
deficiencies that may compromise the safety of the field crew or the integrity of the long-
term monitoring program. 

Communication of field conditions and progress, problems encountered, and 
recommended scope modifications (if needed) to the project team. 

Oversee sampling subcontractors. 

1.2.1.6. Corporate Health and Safety Manager 
The duties of the Corporate Health and Safety Manager include: 

Remote supervision of field activities to ensure adherence to the HASP. 

Final authority on HASP issues and approval of significant modifications to the HASP, if 
needed, based on changed field conditions. 

1.2.2. Subconsultants/Subcontractors
All subconsultants and subcontractors will be identified to the Response Agencies for 
review and approval prior to the beginning of field work. 

1.2.2.1. Analytical Laboratory Project Managers 
The duties of the Analytical Laboratory PMs include: 

Oversee laboratory QA/QC requirements for the project. 

Convey project requirements and objectives to laboratory staff and analysts. 

Provide technical guidance to the Consultant Team. 

1.2.2.2. Laboratory Quality Assurance Managers 
The duties of the Laboratory QAMs include: 

Evaluate compliance with laboratory standards of practice and ensure that systems are 
in place to provide QA/QC as defined in this OU1-LTMP. 

Initiate and oversee audits of corrective action procedures. 

Perform laboratory data quality reviews. 

Maintain laboratory documentation. 

1.2.2.3. Data Quality Validator 
The duties of the Data Quality Validator include: 

Provide independent third-party data validation at the following frequency: 

One hundred percent of data from each media sampled during the first day of 
sampling will be validated during each monitoring event, and when a substantive 
modification is made to the sampling method or analytical laboratory. 
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If initial validation is acceptable, a minimum of 10% of each media will continue to 
be validated on an ongoing basis. 

Evaluate compliance with laboratory QA/QC criteria and other project requirements as 
defined in this OU1-LTMP. 

Qualification of analytical data as needed to identify noncompliance with QA/QC 
criteria and assessment of acceptability of data to fulfill project objectives. 

1.2.3. Wisconsin Department of Natural Resources 
As one of the lead Response Agencies, WDNR and its consultants will observe, review, and 
provide regulatory and technical comments to ensure the long-term monitoring program 
fulfills the requirements of the ROD and provides data necessary to evaluate attainment of 
RAOs in the LFR.  WDNR and USEPA have sole approval authority over any modifications 
to this OU1-LTMP, including modifications to the frequency or intensity of sampling and 
the need for corrective action. 

1.2.3.1. WDNR Project Coordinator 
The duties of the WDNR Project Coordinator include: 

Review all project plans and data reports, and provide input to development of overall 
project strategies and technical approaches. 

Indicate the appropriate time to evaluate fish consumption advisories. 

Ensure OU1-LTMP meets the requirements of the ROD, and assist Consultant Team and 
WDNR staff in interpreting the intent of the ROD. 

Final review and approval of OU1-LTMP and data reports. 

Ongoing communication with Consultant Team Project Coordinator and PM. 

1.2.3.2. WDNR Project Manager 
The duties of the WDNR PM include: 

Scheduling and coordination of WDNR reviews and approvals of OU1-LTMP and data 
reports. 

Coordination of technical resources for WDNR and its consultants, and application of 
these resources to help support and design the implementation of the OU1-LTMP. 

Assist WDNR Project Coordinator with project administrative duties. 

Review progress reports detailing work accomplished. 
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1.2.3.3. WDNR Quality Assurance Manager 
The duties of the WDNR QAM include: 

Review OU1-LTMP for technical accuracy and completeness. 

Provide technical assistance to the WDNR PM and Project Coordinator regarding 
analytical methods and QC procedures. 

Review of data validation results, data quality, and the need for and scope of corrective 
actions, if any. 

1.2.4. U.S. Environmental Protection Agency 
As one of the lead Response Agencies, USEPA and its consultants will observe, review, and 
provide regulatory and technical comments to ensure the long-term monitoring program 
fulfills the requirements of the ROD and provides data necessary to evaluate attainment of 
RAOs in the LFR.  USEPA and WDNR have sole approval authority over any modifications 
to this OU1-LTMP, including modifications to the frequency or intensity of sampling and 
the need for corrective action. 

1.2.4.1. USEPA Remedial Project Manager 
The duties of the USEPA Remedial PM include: 

Review all project plans and data reports, and provide input to development of overall 
project strategies and technical approaches. 

Ensure OU1-LTMP meets the requirements of the ROD. 

Final review and approval of OU1-LTMP and data reports. 

Ongoing communication with Consultant Team Project Coordinator and PM. 

1.2.4.2. USEPA Quality Assurance Manager 
The duties of the USEPA QAM include: 

Review OU1-LTMP for technical accuracy and completeness. 

Provide technical assistance to the USEPA Remedial PM. 

1.3. Communication Plan 
1.3.1. Monthly Progress Reports 
During periods of long-term monitoring activity (i.e., data collection, evaluation, and 
reporting), the Respondent Team Project Coordinator will provide written monthly progress 
reports to the Response Agencies by the 10th day of every month.  These progress reports 
will describe the status of long-term monitoring activities. 
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1.3.2. Monthly Meetings 
During periods of long-term monitoring activity, the Project Coordinators will hold monthly 
progress report meetings or telephone conferences unless it is deemed unnecessary by the 
Response Agencies.  Such meetings will begin one to two months prior to the beginning of 
field work.  Briefings on the status of long-term monitoring activities and preliminary 
results, as available, will be provided during the meetings. 

1.3.3. Electronic Data Transmittal 
Technical documents, reports, data, comments, schedules, meeting notices, and general 
project communications related to long-term monitoring activities will be distributed 
electronically to designated members and consultants of the Response Agencies.  
Documents that are too large to send via email will be posted on a shared access website.  In 
such cases, an e-mail notification will be sent to the same persons with information on how 
to access those documents.  Electronic copies (CD-ROM) of laboratory analytical data 
packages (in pdf format) will be provided to the Response Agencies upon receipt from the 
laboratory.  Once the data have been checked and verified, they will also be provided to the 
Response Agencies in an electronic format that can be loaded into a database for relational 
queries and numerical analysis. 

1.3.4. Hard Copy Data Transmittal 
For documents requiring hard copy distribution, one copy will be sent to each of the 
following Response Agency personnel: 

USEPA Remedial PM 

WDNR Project Coordinator 

WDNR PM 

WDNR QAM 

WDNR Oversight Consultant PM 

Other personnel, as appropriate 

A hard copy data transmittal summarizing the monitoring year of data collection for water 
quality and fish tissue will be distributed approximately three months following completion 
of all necessary data collection and receipt of adequate data from the laboratories. 

1.3.5. Notification Procedures 
Requirements for periodic progress reports and meetings between the Respondent Team, 
WDNR, and USEPA are described in Sections 1.3.1 and 1.3.2.  At least 15 days of notice shall 
be given to the WDNR Project Coordinator and the USEPA Remedial PM prior to beginning 
sampling. 
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1.3.6. Modifications to the Long-term Monitoring Plan 
Significant suggested modifications to the OU1-LTMP may be provided to USEPA and 
WDNR for review and approval via revisions to the OU1-LTMP or Addenda to the  
OU1-LTMP.  Modifications that will require USEPA and WDNR approval include the 
following: 

Major changes/revisions to the monitoring design. 

Major changes/revisions to the sampling or analytical methods. 

Major changes to project team personnel. 

Major changes/revisions to the statistical procedures for data quality assessment 
presented in Section 4. 

Modifications may be required as a result of unexpected or changed field conditions; 
extreme weather or hydrologic events; or due to the results of ongoing discussions of 
monitoring strategies, techniques, and procedures during the CERCLA 5-year reviews. 

1.4. Long-term Monitoring Objectives 
Long-term monitoring data will be collected to evaluate progress toward achieving the 
RAOs of reduced risk to humans and the environment, as presented in the ROD.  The data 
collection effort is focused on water and fish tissue.  Water is a media of concern as it 
represents the main pathway transporting polychlorinated biphenyls (PCB) from the site 
downstream.  Fish are the medium of exposure for bioaccumulation risk in higher-level 
organisms, including humans, mammals, and birds, as well as the fish themselves. 

Additional information relevant to OU1 can be found in Section 1.4 of the FR-LTMP. 

1.5. Background Information 
Additional background information relevant to OU1, including a discussion of water and 
fish tissue quality, can be found in Section 1.5 of the FR-LTMP. 

1.6. Project Description 
The long-term monitoring program is designed to assess long-term (i.e., decadal) recovery 
trends and conditions in water and fish tissue in OU1 following the completion of RA. 

1.6.1. Benchmarks and Criteria 
1.6.1.1. Remedial Action Levels 
The remedial action levels (RAL) for the LFR is: 

Remediation of sediments with PCB concentrations above 1 parts per million (ppm). 
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If post-dredge residual PCB concentrations remain above 1 ppm following the RA, the 
contingent cleanup level becomes: 

Attainment of surface weighted average concentration (SWAC) in sediments of 
0.25 ppm in OU1. 

Through achievement of the RAL, or SWAC, the RA is expected to improve sediment 
quality conditions in the LFR.  In response, it is expected that first water and then fish tissue 
PCB concentrations will decline.  Measuring the rate and magnitude of this decline in water 
and fish tissue, over a representative set of stations, seasons, and species, is a key objective 
of the OU1-LTMP. 

1.6.1.2. SWAC Reduction Criteria 
As a measure of remedy effectiveness, the Response Agencies expect that SWAC reductions 
achieved in sediments by the RA will reduce PCB concentrations in the water column, 
young of year (YOY) forage fish, and eventually adult fish.  SWAC reduction criteria will, 
therefore, be used in the evaluation of water and YOY fish tissue monitoring data. 

A summary of background criteria relevant to OU1, as well as ecological and human health 
tissue goals, can be found in Section 1.6 of the FR-LTMP. 

1.6.2. Equipment and Personnel Requirements 
1.6.2.1. Equipment Requirements 
Equipment required for water quality monitoring activities include: 

Sampling boat with echo sounder. 

Water quality monitoring probe (temperature and turbidity). 

Water quality field forms. 

Sampling pump (peristaltic), tubing, and accessories. 

Global Positioning System (GPS) unit with differential GPS (DGPS) software. 

Safety and personal protective equipment (per HASP). 

Equipment required for fish sampling activities include: 

Sampling boat with echo sounder. 

Support boat. 

Electrofishing equipment. 

Other fish collection equipment as needed (e.g., rod/reel, nets, trawls). 

Fish collection field forms. 

Scale and ruler to size fish. 
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GPS. 

Safety and personal protective equipment (per HASP). 

The field crew will need to obtain a fish collection permit from WDNR prior to beginning 
fish sampling activities. 

1.6.2.2. Personnel Requirements 
Field Supervisors will be experienced in conducting water and/or fish sampling activities as 
necessary to implement the tasks required in this OU1-LTMP in accordance with the field 
and laboratory QA requirements of this OU1-LTMP.  Field personnel will be trained in the 
safe and proper use of the above-listed equipment.  During sediment sampling activities, all 
field personnel will have completed 40-hour Hazwoper training with up-to-date, annual  
8-hour refresher training.  This training is recommended, although not required, for fish and 
water sampling activities. 

The project team will include a fisheries biologist, a database manager, and a chemist 
experienced in PCB congener analysis and evaluation.  (Chemist may be employed by 
analytical laboratory.)  For any given fish sampling event, the Respondents will consult with 
a WDNR fish biologist to evaluate the appropriate size of YOY species, as the YOY in some 
events may be larger than the target range noted in the FR-LTMP.  The WDNR fish biologist 
will advise on the appropriate target range for any given event.  Subcontract analytical 
laboratories must be qualified to perform the required analyses (see Section 2.6 of the  
FR-LTMP) at the required levels of QA/QC (see Section 2.7 of the FR-LTMP) and will be 
subject to review and approval by the Response Agencies.  The proposed laboratories must 
be approved by USEPA, and laboratory qualifications and methods must be provided to 
USEPA no later than 15 days prior to receiving samples. 

1.6.3. Preliminary Long-Term Monitoring Schedule 
An overview of the OU1 projected schedule for long-term monitoring activities is presented 
on Figure 1-1 (see Appendix A-1).  Figure 1-2 illustrates how the OU1 long-term monitoring 
activities relate to long-term monitoring activities anticipated in the other LFR OUs (see 
Appendix A-1). 

The key concepts of the long-term monitoring schedule include the following: 

Remediation of OU1 began in 2004 and was completed in May 2009. 

Post-construction monitoring of water and fish in Lake Winnebago and OU1 will begin 
in 2010, with water monitoring from April through November and fish sampling from 
August 15 through September 15. 

Initially, the monitoring will be scheduled on 5-year intervals.  The monitoring is 
planned to occur 2 years prior to the scheduled CERCLA 5-year reviews (i.e., the next 
5-year review is scheduled to occur in 2014 with the initial 5-year recurring sampling 
event scheduled for two years earlier in 2012).  This provides for periodic reassessment 
of the scope of the monitoring program in light of progress achieved toward 
environmental recovery.  Based on the results of the 5-year review, the path forward 
could include: 1) continued monitoring at 5-year intervals; 2) continued monitoring at 
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less frequent intervals (e.g., 10-year intervals); 3) continued monitoring of fish and 
phasing out of other media because progress is being made toward risk-reduction goals; 
and 4) termination of monitoring once risk-reduction goals have been achieved. 

During each designated monitoring year, water sampling will be conducted on a 
monthly basis from April through November.  Fish sampling will occur between 
August 15 and September 15.  Sample collection activities may be extended an 
additional month (through October 15) if necessary to fill data gaps.  In addition, if the 
walleye catch is found to be deficient and bass are substituted for the human health 
index species, bass fishing will be conducted in June of the following year to be 
consistent with the bass collection schedule used in the baseline monitoring program.  

For a description of the cap monitoring and maintenance events for OU1, refer to the 
CMMP (Foth and CH2MHILL, 2011). 

1.7. Data Quality Objectives 
A detailed discussion of data quality objectives relevant to OU1 can be found in Section 1.7 
of the FR-LTMP. 

1.8. Documentation and Records 
Complete and accurate records of sample collection, sample analysis, QA, data corrections, 
and data analysis will be maintained.  Integrity of this information must be maintained 
throughout all data transfers and manipulations.  Procedures used to generate, transform, 
and validate data are critical for effective data management.  A summary of the data 
management procedures is provided below. 

1.8.1. Data Tracking 
When samples are processed and the appropriate sample identification is given, the sample 
tracking process will be initiated.  Every sample will be tracked individually from its 
collection through receipt of the analytical results and final validation.  The date collected, 
laboratory receipt, data receipt, status of data validation, and status of database entry for 
each sample will be tracked and recorded in a sample tracking database. 

1.8.2. Electronic Data Management 
Technical data, including field observations, laboratory analytical results, and data 
validation results, will be stored in a relational database.  The Database Administrator will 
be responsible for uploading sample collection data into the database under the supervision 
of the Data QAM.  Data received from analytical labs in electronic data deliverable (EDD) 
format will be checked for completeness by comparing them to the sample collection forms 
before appending them into the database.  At this point, the sample collection forms before 
appending them into the database. At this point, the analytical data will be marked as 
“unvalidated” but will be available for preliminary queries.  Data checks will be completed, 
including a comparison of the electronic data against the hard copy reports received from 
the laboratory.  Finally, the Database Administrator will upload validation qualifiers as they 
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are received from the Data Validator.  Validation qualifiers will be checked, and the data 
will be marked as “validated.” 

In addition to analytical data, the database will be used to organize field observation data, 
and field parameter measurements.  These data will be transcribed by field personnel into 
electronic files (spreadsheets), where they will be uploaded into the database. 

1.8.3. Evidence File 
The final evidence file will be the central repository for all documents that constitute 
evidence relevant to sampling and analysis activities.  The Respondent Team Project 
Coordinator, or his/her designee, will be the custodian of the evidence files and will 
maintain the contents of the evidence files for the long-term monitoring program, including 
all relevant records, reports, field log books, field forms, pictures, contractor reports, and 
data reviews in a secured, limited access area. 

All records will be kept until the monitoring program is completed.  As necessary, records 
may be transferred to an offsite records storage facility which provides secure, access-
controlled storage.  Raw analytical laboratory data, including chain of custody (COC) forms, 
analytical bench sheets, instrument printouts and chromatograms, certificates of analyses, 
and QA/QC report summaries will be stored in electronic format (pdf files).  The 
subcontract laboratory will retain its raw analytical data and QA data for a minimum of 
10 years after completion of a given monitoring event.  The Response Agencies will be 
notified prior to the disposal of any laboratory data.
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SECTION 2 

2.0 Data Generation and Acquisition 

This section presents the anticipated sampling strategies to be employed during each 
monitoring event, including sample numbers, monitoring locations, sampling schedules, 
and field and laboratory procedures.  These sampling strategies may be adjusted or 
modified through adaptive management and the CERCLA 5-year review process.  For 
example, environmental media or fish species may be added, reduced, or discontinued 
based on an ongoing evaluation of progress toward risk reduction goals. 

2.1. Water Quality Monitoring Plan 
2.1.1. Number of Water Samples 
Monthly water samples will be collected at all monitoring stations during the eight warm- 
weather months (April through November) during each monitoring year (eight samples at 
each of ten stations).  Sampling may not always be possible at all stations due to unforeseen 
field conditions; therefore, the “completeness” objective for the water quality sampling 
program will be a minimum of seven out of eight possible sampling events at each station. 

2.1.2. Water Quality Monitoring Stations 
Water monitoring stations are sited near the downstream boundaries of Lake Winnebago 
(upstream background) and OU1 such that the net PCB contribution from background and 
OU1, and the effectiveness of the OU1 RA, can be evaluated. 

Water column samples will be collected and analyzed at one reference location in OU1.  The 
stations recommended for the long-term monitoring program are identical to that which 
were sampled during the baseline monitoring program. 

The water monitoring station in OU1 (downstream of Little Lake Butte des Morts [LLBdM] 
and above the Upper [first] Appleton Dam) is shown on the FR-LTMP’s Figure 2-3 
(see Appendix A-2).  The water monitoring station in Lake Winnebago is shown on the  
FR-LTMP’s Figure 2-2 (see Appendix A-2).  Note that the text on these two figures regarding 
June sampling were added after the figures were taken from the FR-LTMP.  

2.1.3. Water Quality Monitoring Schedule 
Sampling will be performed on a monthly basis from April through November in a given 
monitoring year (eight sampling events total).  Sampling will be “systematic” in design, to 
provide representative and unbiased coverage.  Specific runoff events will not be targeted 
but a random and representative range of flows is expected to be captured during the 
course of the monitoring program.  Water sampling will be scheduled during the first 
2 weeks of each month.  The river water samples will be collected in order from upstream to 
downstream over as short a period of time as practical, typically 1 day. 
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2.1.4. Water Quality Sample Identification 
Water quality samples will be coded as follows (see the FR-LTMP’s Table 2-1 in 
Appendix A-2): 

AAAA-YY-MMDD 

where “AAAA” is a 3 to 4 letter code that identifies OU1; “YY” is the two-digit year  
(e.g., -10 for 2010, etc.,); and “MMDD” is the month and day of the sample collection.  For 
example, “OU 1-10-0415” is a water sample from the OU1 station collected on April 15, 2010.  
This sample identification scheme is designed to sort alphabetically in time and space. 

Field replicates will be coded in the initial letter string (e.g., OU1D) in order to preserve the 
time stamp at the end of the name.  The code for field rinsate blanks will replace the OU 
designation at the beginning of the sample code and will retain the time stamp.  For 
peristaltic pump and Niskin bottle rinsate blanks, respectively, the codes are as follows: 

RBP-YY-MMDD 

RBN-YY-MMDD 

Field replicates and field rinsate blanks are discussed further in Section 2.7.1 of the FR-
LTMP. 

Each of the water quality samples will be composited from six separate aliquots from 
different distances and depths along the channel transect, as described below (Section 2.1.5.1 
of the FR-LTMP).  Each aliquot will be labeled with a consecutive letter (A, B, C, D, E, and F) 
progressing from top to bottom and west to east, in the following format: 

AAAA-YY-MMDD-B 

The six aliquots will be submitted separately to the analytical laboratory for compositing. 

2.1.5. Water Quality Sampling Procedures 
Water quality sampling procedures are described below. 

2.1.5.1. Location Control 
Water quality monitoring stations will be located to within a target accuracy of 2 meters 
using a DGPS calibrated to known shoreline benchmarks before and after each sampling 
transect.  Water depths will be determined using a lead line, calibrated poling rod, or a 
calibrated echo sounder recorded to the nearest 0.1 foot.  Project-specific location control 
requirements, calibration protocols, and quality indicators are described in the Location 
Control  Standard Operating Procedure (SOP), which can be found in Appendix B of the 
Lower Fox River Operable Unit 1 and Lake Winnebago Long-term Monitoring – Quality Assurance 
Project Plan (Foth, 2011b) (QAPP). 

2.1.5.2. “Quarter Point” Sampling Procedures 
Area-weighted composite samples will be collected on specified transects to obtain 
representative water concentrations averaged over the cross-section of flow.  Water quality 
sampling transects are located to the extent possible in relatively straight reaches with 
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 simple, U-shaped cross-sections, avoiding areas with shallow benches or protrusions that 
could cause eddies, wind waves, or other hydraulic complications.  It is assumed that the 
flow in these sections is relatively uniform and well mixed.  In a uniform, well-mixed cross-
section, an area-weighted sampling design provides a reasonable approximation of a flow-
weighted design.  Representative transects of OU1 will be sampled in general accordance 
with U.S. Geological Survey (USGS) “quarter point” sampling procedures.  The channel 
cross-sections are divided into 3 equal areas based on bathymetric data.  Water sampling 
stations are positioned at the midpoint of each of the three flow areas; the coordinates of 
these stations are listed in the FR-LTMP’s Table 2-2 (see Appendix A-2).  Discrete water 
samples will be collected at 0.2 and 0.8 times the depth of the water column. 

2.1.5.3. Sample Compositing 
Discrete water subsamples will be collected at each of the six “quarter point” locations and 
depths (i.e., two depths x three stations = six subsamples for each transect), then shipped to 
the analytical laboratory where the compositing will be performed under clean laboratory 
conditions.  A 1-liter bottle will be collected at each of the six subsampling locations/depths 
(six bottles total) and a second, redundant set of bottles will be collected and held in 
refrigerated storage near the sampling site until it has been determined that the original 
bottle set arrived safely at the analytical laboratory. 

2.1.5.4. Field Equipment 
Samples in the LFR will be collected using a peristaltic pump with expendable tubing 
(i.e., used only once for each transect). 

2.1.5.5. Field Parameters 
The following field parameters will be measured at each of the “quarter-point” locations on 
each sampling transect: 

Temperature 

Turbidity 

These field parameters will be monitored in continuous casts from water surface to river bed 
to assess water column stratification and spatial heterogeneity in each cross section of the 
river or bay at the time of sampling. 

2.2. Fish Tissue Monitoring Plan 
2.2.1. Number of Fish Samples 
Optimum Completeness Goal.  The following number of fish samples will be targeted at 
each sampling station designated for that specific fish species: 

Walleye (human health index species): 15 individual fish. 

Carp: 35 individual fish, to be composited into seven groups of five fish each. 

Gizzard shad (YOY forage fish): 175 individual fish, to be composited into seven groups 
of 25 fish each. 
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Minimum Completeness Goal.  Reasonable efforts will be made to obtain the optimum 
numbers of target species in OU1, according to the field sampling decision framework 
detailed in Section 3.4.2 of the FR-LTMP and shown on the FR-LTMP’s Figure 3-1 (see 
Appendix A-2).  However, if sufficient numbers of fish cannot be collected at certain 
sampling stations, after consideration of alternate fish sizes and other contingency actions to 
improve the harvest, the following minimum numbers of fish will be collected to satisfy 
project completeness goals, while still providing a reasonable level of statistical power: 

Walleye (human health index species):  Minimum of eight individual fish. 

Carp:  Minimum of seven individual fish, to be analyzed separately (no compositing). 

Gizzard shad (YOY forage fish):  Minimum of 25 individual fish, to be composited into 
five groups of five fish each. 

2.2.2. Fish Monitoring Stations 
The fish monitoring stations for Lake Winnebago and LLBdM (OU1) are shown on  
FR-LTMP’s Figure 2-3 (see Appendix A-2). 

Recommended fish collection sites, based on the catches obtained during the baseline 
monitoring program, are provided on this figure.  In OU1, there are three recommended 
stations for walleye, three for small mouth bass, three for drum, five for carp, and one for 
gizzard shad.  In Lake Winnebago, there is one recommended station for walleye, three 
recommended stations for drum, and two for carp and gizzard shad (assuming fall 
collection). 

Fishing locations may be adjusted as needed in the field based on species availability, 
habitat, river or bay conditions, seasonal migration patterns, or other field conditions.  
Because of these variables and habitat preferences, it is assumed that different species will 
be collected from different parts of OU1.  However, fish have free access within the entire 
OU1 or subunit that they represent; therefore, they should be representative of the general 
environmental conditions in OU1.  Fish collection sites are also located in Lake Winnebago.  
Fish are collected from these sites to obtain background information on PCB concentrations. 

2.2.3. Fish Collection Schedule 
Fish will be collected in late summer/early fall, between August 15 and September 15.  
Every fish sampling event will target this same seasonal sampling window to control for 
seasonal variability in the monitoring data.  Sample collection activities may be extended an 
additional month (through October 15) if necessary to fill data gaps. 

2.2.4. Target Fish Species and Size Ranges 

Presence of fish consumption advisories (human health index species). 

Popular recreational fishery (human health index species). 

Key species evaluated in Human Health or Ecological Risk Assessments (RETEC, 2002). 
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Common food source for upper-level animals, e.g., fish-eating mammals and birds 
(ecological index species). 

Availability in the LFR based on recommendations from state fish biologists and 
experience during baseline monitoring program. 

Target fish species are summarized in the FR-LTMP’s Table 2-3 (see Appendix A-2).  A total of 
five fish species were analyzed during the baseline monitoring program to provide greater 
flexibility during long-term monitoring.  The primary species that will be targeted during 
the long-term monitoring program are: 

Walleye (human health index). 

Carp (ecological index). 

Gizzard Shad (YOY forage fish). 

The following secondary species may be considered if the corresponding primary species 
are difficult to obtain or unavailable during a particular monitoring event: 

Smallmouth Bass (human health index). 

Drum (ecological index). 

It is recommended that all secondary species be retained and archived during field 
collection activities until the entire catch is evaluated and it can be determined that the 
completeness objectives for the primary species are fulfilled. 

In addition, substitute human health species may be selected for monitoring after walleye 
have achieved their monitoring goals, to better support the evaluation of fish consumption 
advisories (see Section 1.7.5.2 of the FR-LTMP).  WDNR and USEPA will review the long-
term monitoring record as well as the state fish advisory database to determine whether one 
or more human health index species should be substituted for walleye in the monitoring 
program to further support fish consumption advisory evaluations.  The substitute fish 
species will be selected by the Response Agencies and Respondents prior to modifying the 
target fish species and size ranges. 

2.2.5. Fish Tissue Sample Identification 
With the exception of gizzard shad, each individual fish will be given a unique sample ID, 
as follows (see the FR-LTMP’s Table 2-4 in Appendix A): 

LLLL-YY-SP-NN 

where [LLLL] is the location code describing OU1, [YY] is the two-digit year (i.e., 08 is 2008), 
[SP] is the species identification code (WA = walleye, SB = smallmouth bass, CA = carp, and 
DR = drum), and [NN] is a sequential number assigned to each individual fish in a given 
OU.  For example, OU 1-10-WA-23 is the 23rd walleye collected in OU1 during a monitoring 
event in 2010.  Gizzard shad from a particular sampling location will be bagged in groups of 
25 fish or less, and each bag of fish will be assigned a sample number in accordance with 
this convention (with the species code GS = gizzard shad). 
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Composite sample IDs will follow a similar convention as the IDs assigned to individual 
fish, except the last two characters will be changed to identify a composite sample: 

LLLL-YY-SP-C# 

where C# represents composite samples Cl, C2, C3, etc.  These IDs will be assigned in the 
laboratory where the compositing will be performed at the direction of the Respondent PM, 
or his/her designee, in consultation with the Response Agencies. 

Field replicate samples will be coded in the initial letter string (e.g., OUID or OU2BD). 

2.2.6. Fish Sampling and Preparation Methods 
Fish sampling procedures are described below. 

2.2.6.1. Location Control 
The beginning, end, and turning points of fishing transects will be located to within a target 
accuracy of 10 meters using a DGPS as well as references to shoreline landmarks.  Project-
specific location control requirements for fish sampling activities are described in the 
Location Control SOP (Foth, 2011b).  Because fish migrate freely within OU1, location control 
requirements are less stringent for fish collection. 

2.2.6.2. Fish Sampling Methods 
Primary and secondary target fish species are listed in Section 2.2.4.  It is recommended that 
all secondary species be retained and archived during field collection activities until the 
entire catch is evaluated and it can be determined that the completeness objectives for the 
primary species are fulfilled.  The following fish collection methods are recommended based 
on the experience gained during the baseline monitoring program (see the FR-LTMP’s 
Table 2-5 in Appendix A-2): 

Electrofishing (all species). 

Trawls (all species). 

Seine nets (gizzard shad). 

Rod and reel (bass and potentially other species). 

Rod and reel techniques were found to be productive for bass fishing in June but may also 
be productive for other species during the August/September timeframe.  Fyke nets and set 
lines were not generally productive.  Methods may be modified as needed based on field 
conditions at the time of sampling. 

The coordinates, time, and water depth of the starting point, ending point, and turning 
points of each fishing run will be recording in field logs.  Start and end times will also be 
marked on the hard copy printout from the echosounder.  The coordinates, water depth, 
and time of deployment and recovery will be logged for stationary equipment, if used, such 
as set lines, fixed nets, etc. 
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The following data will be recorded for each individual fish (with the exception of gizzard 
shad): 

Unique individual sample ID. 

Time of collection. 

Length. 

Weight. 

Abnormalities (i.e., tumors, lesions). 

Because of their small size and large numbers, YOY gizzard shad will not be logged 
individually.  All gizzard shad fingerlings from a particular fishing location will be 
combined in a plastic bag and forwarded to the analytical lab for compositing.  Fish 
collection, handling, and preservation techniques are provided in the Fish Collection SOP 
(Foth, 2011b). 

2.2.6.3. Compositing
The Respondent PM or his/her designee, in consultation with the Response Agencies, will 
select the fish to be used for composite samples and will direct the laboratory in their 
preparation.  See the Biological Tissue and Plant Preparation SOP for further details on 
laboratory methods of preparing composite samples.  This lab SOP can be found in 
Appendix C of the QAPP (Foth, 2011b). 

Carp and drum (ecological index species) and gizzard shad (YOY forage fish species) will be 
analyzed as composite samples.  Carp composites will consist of seven composite samples 
with five individuals in each composite sample (i.e., 35 fish total), drum composites will 
consist of five composite samples with five individuals in each composite sample (i.e., 25 
fish total), and gizzard shad composites will consist of seven composite samples with 
25 individuals in each composite sample (i.e., 175 fish total).  To the extent possible, fish will 
be collected that are representative of the size classes listed in the FR-LTMP’s Table 2-3 (see 
Appendix A-2).  Ideally, composites would be prepared for each of the five 2-inch classes in 
the target length window.  However, some compositing classes may be represented by two 
or more samples, whereas other classes may contain no samples, depending on the catch. 

The individual fish will be archived (frozen) until the fishing season is completed and the 
entire catch may be evaluated.  Then the fish will be assigned to compositing groups.  
Similarly sized individuals (within 2-inch size classes, if possible) will be grouped together 
for compositing.  To the extent possible, gizzard shad composites will be prepared using 
fish obtained from a single fishing site.  Carp and drum composites, on the other hand, may 
be combined from multiple fishing sites; the primary consideration for these larger and 
older fish is preparing composites based on a relatively narrow range of fish lengths.  In no 
case will fish be composited across OUs (e.g., Lake Winnebago and OU1). 
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2.2.6.4. Fish Tissue Preparation 
Walleye (and bass, if analyzed) will be prepared as skin-on fillets. These human health 
species will be analyzed on an individual basis to be consistent with methods used in the 
State Fish Consumption Advisory Program. Carp and drum (ecological species) and gizzard 
shad will be analyzed as composite samples of whole fish (see Biological Tissue and Plant 
Preparation SOP [Foth, 2011b]). 

2.2.6.5. Tissue Archiving 
Aliquots of all homogenized fish tissue samples (including both individual and composited 
samples) will be set aside and archived (frozen) for possible future analysis.  Fish tissue 
samples will be archived for a minimum of one CERCLA 5-year review cycle.  The status of 
the samples will be considered during the 5-year review process, at which time the samples 
may be designated for continued archiving over another review cycle, or else discarded. 
 
For human health species (i.e., walleye or bass), one fillet will be analyzed and the other side 
will be archived.  For ecological species (i.e., carp and drum), each fish will be individually 
homogenized, then equal masses of tissue will be drawn from the individual samples to 
prepare the composite sample.  The remainder of the individual samples will be archived 
for possible future analysis in case it is later determined that analysis of individual fish 
would be useful.  For gizzard shad, an aliquot of each composited and homogenized sample 
will be set aside and archived.  Fish tissue samples from incidental fish species (i.e., fish 
species that are not listed as one of the five target species) that are caught during the fish 
sampling will be archived to support future determinations of fish consumption advisories. 

2.3. Sample Handling and Custody Requirements 
The following sections describe the procedures for sample handling, preservation, 
transportation, and storage (see Shipping and Packaging of Non-Hazardous Samples SOP 
[Foth, 2011b]).  Sample COC procedures are also described in the Sample Chain of Custody 
SOP (Foth, 2011b). 

2.3.1. Sample Handling, Preservation, Transportation, and Storage 
The FR-LTMP’s Table 2-6 (see Appendix A-2) lists the required sample containers, 
preservation requirements, and holding times for the specified analytical methods and 
sample matrices.  Sample bottles will be provided by the laboratory and prepared in 
accordance with The Samplers Guide to the CLP Program (USEPA, 2001).  Sample containers 
will be purchased by the laboratory pre-cleaned to requirements of the USEPA Office of 
Solid Waste and Emergency Response Directive 9240.05A.  Sample containers will be kept 
closed and in a cooler until used. 

Vendor certificates of cleanliness for sampling supplies will be accepted and on file at the 
analytical laboratories.  For PCB congener analysis by USEPA 1668A, ultra-low level 
detection limits are required and there is increased risk of cross-contamination; therefore, 
additional precautions are necessary.   
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2.3.1.1. Sample Packaging 
Sample packaging and shipping procedures are designed to ensure that the samples and 
their accompanying COC will arrive at the laboratory intact.  A temperature blank is 
required in all coolers.  Packaging, marking, labeling, and shipping of samples will comply 
with the regulations of the U.S. Department of Transportation in 49 CFR 171-177. 

2.3.1.2. Shipping Airbills 
If samples are shipped, airbills will be retained to provide a record of sample shipment to 
the laboratory.  Completed airbills will accompany shipped samples to the laboratory and 
will be forwarded along with data packages.  Airbills will be kept as part of the data 
packages in the project files. 

2.3.2. Chain of Custody 
Proper sample and data custody procedures will be followed during the long-term 
monitoring program.  Custody is addressed during field sample collection, during data 
analyses in the laboratory, and through proper handling of project files.  Persons will have 
custody of samples when samples are in their physical possession, in their view after being in 
their possession, or in their possession and secured to prevent tampering.  In addition, when 
samples are secured in a restricted area accessible only to authorized personnel, they will be 
deemed to be in the custody of such authorized personnel. 

COC forms will provide the record of responsibility for sample collection, transport, and 
submittal to the laboratory.  Field personnel designated as responsible for sample custody 
will fill out COC forms at each sampling site, at a group of sampling sites, or at the end of 
each day of sampling.  Original COC forms will accompany samples to the laboratory, and 
copies will be forwarded to the project files. 

2.3.2.1. Field Custody Procedures 
COC forms will be required for all samples.  The sample processing team will initiate COC 
forms.  COC forms will contain the sample’s unique identification number, sample date and 
time, sample description, sample type, preservation (if any), and analyses required.  
Original COC forms, signed by the field team, will accompany the samples to the laboratory.  
A copy of relinquished COC forms will be retained with the field documentation.  COC 
forms will remain with the samples at all times.  Samples and signed COC forms will remain 
in the possession of the field team until samples are delivered to the express carrier 
(e.g., Federal Express), hand delivered to the laboratory, or placed in secure storage 
(see Sample Chain of Custody SOP [Foth, 2011b]). 

2.3.2.2. Laboratory Sample Receipt and Storage 
Upon sample receipt, the laboratory sample custodian will verify package seals, open the 
packages, check temperature blanks (and record temperatures), verify sample integrity, and 
inspect contents against COC forms.  Note that samples requiring preservation at 4 degrees 
Celsius (°C) may be recorded as “received on ice” if solid ice is present in the cooler at the 
time the samples are received, in lieu of temperature measurements, per Wisconsin 
Administrative Code Chapter NR 149.11(4).  The laboratory PM will be contacted to resolve 
any discrepancies between sample containers and COCs.  After confirming the shipment 
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and COC are in agreement, the sample custodian will initiate an internal COC as well as 
supply the Laboratory QAM with a sample acknowledgement letter.  If the sample 
temperatures are outside the required range, the laboratory will contact the Laboratory 
QAM to determine the proper course of action. 

Samples will be logged into the Laboratory Information Management System (LIMS), which 
assigns a unique laboratory number to each sample.  LIMS will be used by all laboratory 
personnel handling samples to ensure all sample information is tracked and recorded. 

After the laboratory labels the samples, they will be moved to secured refrigerators where 
they will be maintained at 4 °C, or frozen, as appropriate.  Access to refrigerators and 
freezers will be limited to authorized laboratory personnel. 

2.4. Laboratory Analytical Methods 
The analytical parameters and methods specified for water and fish tissue analysis are set 
forth in detail in Section 2.6 of the FR-LTMP. 

2.5. Quality Control Requirements 
The overall QA objective for this project is to collect data of a known and high level of 
quality through the specification and implementation of QC procedures during field 
sampling, sample handling, laboratory analysis, and data management.  A detailed 
discussion of QC procedures can be found in Section 2.7 of the FR-LTMP. 

2.6. Instrument Testing, Inspection and Maintenance 
Procedures for testing, inspection and maintenance of field and laboratory instruments can 
be found in Section 2.8 of the FR-LTMP. 

2.7. Data Management 
All requirements for data management can be found in Section 2.9 of the FR-LTMP.
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SECTION 3 

3.0 Assessment and Oversight 

Assessment and oversight activities are performed to determine whether the QC measures 
identified in this OU1-LTMP are implemented and documented as required.  The 
Respondent Team Project Coordinator, PM, and Field Supervisors will perform assessment 
and oversight to check conformance to this OU1-LTMP.  For example, during a review, the 
Field Supervisor may check that a sample has been processed and labeled correctly or that 
the field QC samples were collected at the appropriate frequency.  The need for a check can 
be determined independently by the Project Coordinator or PM, or assigned by these 
persons to another team member. 

Response Agency oversight activities may be performed by USEPA and WDNR.  At all 
reasonable times, USEPA and WDNR personnel and their authorized representatives shall 
have the authority to enter and freely move about all on-site and off-site areas where work, 
if any, is being performed, for the purposes of inspecting conditions, activities, the results of 
activities, records, operating logs, field notes, and data related to these monitoring activities, 
provided project health and safety requirements are followed. 

Aspects of the OU1-LTMP may be adaptively managed by the Respondents, Response 
Agencies, and their respective technical consultants.  Using an adaptive management 
approach, information collected during the early stages of the monitoring program may be 
used to guide or improve the performance of later field or analytical tasks. 

Additional information on field audits, laboratory audits, corrective action and contingency 
plans can be found in Section 3 of the FR-LTMP. 
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SECTION 4 

4.0 Data Validation and Data Analysis 

Data validation is the process by which data generated in support of this project are 
evaluated according to the QA/QC requirements of this OU1-LTMP.  The data are 
evaluated for precision and accuracy against analytical protocol requirements.  
Nonconformance or deficiencies that could affect the precision or accuracy of the reported 
result are identified and noted, followed by an assessment of whether the result is sufficient 
to achieve project data quality objectives (DQO). 

Data analysis includes procedures for summing total PCB concentrations, blank-correcting 
PCB congener results, and statistically analyzing the resultant data in space and time.  
Statistical analysis procedures include statistical distribution testing, correlations with 
controlling variables, trend analysis and regression, and PCB loading calculations. 

A detailed discussion of data review, validation and analysis can be found in Section 4 of 
the FR-LTMP. 
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1 PROJECT MANAGEMENT AND OBJECTIVES 
1.1 Introduction 

The Lower Fox River extends 39 miles from the outlet of Lake Winnebago over a series of

locks and dams to the mouth of the river where it discharges into Green Bay (Figure 1 1).

The Lower Fox River is the most industrialized river in Wisconsin; since the early 1900s,

water quality has been degraded by expanding industries and communities discharging

sewage and industrial wastes into the river. Polychlorinated biphenyls (PCBs) were

discovered in the Lower Fox River in the 1970s. Due to their persistence in the environment,

PCBs remain the focus of current remedial design (RD) and remediation efforts in the river.

This Long term Monitoring Plan (LTMP) presents a program for monitoring the post

remediation recovery of surface water and biota in Operable Units (OUs) 1 through 5 and

sediment in OUs 2 and 5 of the Lower Fox River and Green Bay. Long term monitoring will

be performed to assess progress toward achieving the remedial action objectives (RAOs)

specified in two Records of Decision (RODs) and a ROD Amendment issued in December

2002, June 2003, and June 2007, respectively, by the U.S. Environmental Protection Agency

(USEPA) and the Wisconsin Department of Natural Resources (WDNR) (collectively, the

“Response Agencies”) under the authority of the Comprehensive Environmental Response,

Compensation, and Liability Act (CERCLA), as amended.

This LTMP was prepared pursuant to the RD Administrative Order on Consent (AOC) for

OUs 2 to 5, originally executed in March 2004 and amended by the October 2007 revised

Administrative AOC and Order on Consent. The requirement to implement the LTMP in

OUs 2 through 5 is set forth in the Response Agencies’ 2007 Administrative Order for

Remedial Action (RA) (“Order”) and the accompanying Phase 2B Scope of Work. The

respondents to the order include Appleton Papers Inc.; CBC Coating, Inc. (formerly known

as Riverside Paper Corporation); Georgia Pacific Consumer Products, LP (formerly known

as Fort James Operating Company, Inc.); Menasha Corporation; NCR Corporation; P.H.

Glatfelter Company; U.S. Paper Mills Corp; and WTM I Company (formerly known as

Wisconsin Tissue Mills, Inc.) (collectively the “Respondents”). Implementation of RD/RA

and long term monitoring activities in OU 1 is being addressed under a separate agreement

between the Response Agencies and the WTM I Company.
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Active remediation (dredging and capping) of Lower Fox River sediments began in OU 1 in

2004 and was completed in May 2009. A Phase 1 removal action in OU 4 was performed in

2007. The remaining dredging and capping actions in OUs 2 through 4 began in April 2009

and are expected to be completed in 2017. This LTMP, in conjunction with the baseline

monitoring program conducted in 2006 2007, is designed to monitor improvements in

water, fish tissue, and sediment quality in the Lower Fox River and Green Bay as a result of

these sediment RAs. Long term monitoring of sediment quality in capped areas is also

described in this LTMP; however, monitoring of the physical integrity of capped areas is

described separately in the accompanying Cap Operations, Maintenance, and Monitoring

Plan (COMMP).

1.2 Project Organization 

This section describes the project organization, responsibilities, authorities, and lines of

communication. The roles and responsibilities of key project personnel are described below.

1.2.1 Respondent Technical Team 

1.2.1.1 Respondent Team Project Coordinator 
The duties of the Respondent Team Project Coordinator include:

Administration and management of long term monitoring activities,

including schedule and budget control

Authorization and coordination of subcontractors

Authority to stop work based on quality control (QC) issues, health and

safety issues, or other deficiencies that may compromise the safety of the

field crew or the integrity of the long term monitoring program

Ongoing communication with USEPA and WDNR regarding project status,

problems encountered and recommended solutions, deviations from scope of

work, and other related issues

Coordination and resolution of key technical issues with Respondent and

Response Agency Teams

Coordinate document production

Prepare and submit progress reports
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1.2.1.2 Respondent Team Project Manager 
The duties of the Respondent Team Project Manager (PM) include:

Management of preparation of LTMPs and Data Reports

Coordination and trouble shooting of field activities, including

recommendations for scope modifications as needed based on field

conditions

Review and assessment of corrective action procedures in consultation with

Project Coordinator

Oversight of water, fish tissue, and sediment quality data analysis and

interpretation

Assignment of fish compositing groups in consultation with WDNR and

USEPA PMs

1.2.1.3 Field Quality Assurance Manager  
The duties of the Field Quality Assurance Manager (QAM) include:

Auditing of field activities to ensure compliance with LTMP requirements

Review of all field documentation for consistency, accuracy, and

completeness, and to ensure any procedural modifications are appropriately

documented and communicated

Reporting of deficiencies in field procedures or documentation to the PM to

initiate corrective action procedures

1.2.1.4 Data Quality Assurance Manager 
The duties of the Analytical QAM include:

Direct the review of quality assurance (QA) plans and procedures

Schedule and coordinate the analytical laboratories and data validators

Oversee the tracking of samples and data from the time of field collection

through laboratory reporting and database entry

Review laboratory data for compliance with LTMP requirements

1.2.1.5 Long-Term Monitoring Field Supervisors 

The duties of the Field Supervisors include:

On site coordination and direction of field activities and personnel
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Coordination of field and laboratory schedules

Oversight of field activities to ensure they are conducted in accordance with

this LTMP and the Health and Safety Plan (HSP)

Authority to stop work based on QC issues, health and safety issues, or other

deficiencies that may compromise the safety of the field crew or the integrity

of the long term monitoring program

Communication of field conditions and progress, problems encountered, and

recommended scope modifications (if needed) to the project team

Oversee sampling subcontractors

1.2.1.6 Corporate Health and Safety Manager 
The duties of the Corporate Health and Safety Manager include:

Remote supervision of field activities to ensure adherence to the HSP

Final authority on HSP issues and approval of significant modifications to the

HSP, if needed, based on changed field conditions

1.2.2 Subconsultants/Subcontractors 

All subconsultants and subcontractors will be identified to the Response Agencies for

review and approval prior to the beginning of field work.

1.2.2.1 Analytical Laboratory Project Managers 
The duties of the Analytical Laboratory PMs include:

Oversee laboratory QA/QC requirements for the project

Convey project requirements and objectives to laboratory staff and analysts

Provide technical guidance to the Consultant Team

Review laboratory data for compliance with LTMP requirements

1.2.2.2 Laboratory Quality Assurance Managers  
The duties of the Laboratory QAMs include:

Evaluate compliance with laboratory standards of practice and ensure that

systems are in place to provide QA/QC as defined in this LTMP

Initiate and oversee audits of corrective action procedures

Perform laboratory data quality reviews
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Maintain laboratory documentation

1.2.2.3 Data Quality Validator 
The duties of the Data Quality Validator include:

Provide independent third party data validation at the following frequency:

- One hundred percent of each media will be validated in the first week of

sampling during each monitoring event, and when a substantive

modification is made to the sampling method or analytical laboratory

- If initial validation is acceptable, a minimum of 10 percent of each media

will continue to be validated on an ongoing basis

Evaluate compliance with laboratory QA/QC criteria and other project

requirements as defined in this LTMP

Qualification of analytical data as needed to identify noncompliance with

QA/QC criteria, and assessment of acceptability of data to fulfill project

objectives

1.2.3 Wisconsin Department of Natural Resources (WDNR)  

As one of the lead Response Agencies, WDNR and its consultants will observe, review,

and provide regulatory and technical comments to ensure the long term monitoring

program fulfills the requirements of the ROD and provides data necessary to evaluate

attainment of RAOs in the Lower Fox River and Green Bay. WDNR and USEPA have

sole approval authority over any modifications to this Plan, including modifications to

the frequency or intensity of sampling and the need for corrective action.

1.2.3.1 WDNR Project Coordinator 
The duties of the WDNR Project Coordinator include:

Review all project plans and data reports, and provide input to development

of overall project strategies and technical approaches

Indicate the appropriate time to evaluate fish consumption advisories

Ensure LTMP meets the requirements of the ROD, and assist Consultant

Team and WDNR staff in interpreting the intent of the ROD

Final review and approval of LTMPs and Data Reports

Ongoing communication with Consultant Team Project Coordinator and PM
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1.2.3.2 WDNR Project Manager 
The duties of the WDNR PM include:

Scheduling and coordination of WDNR reviews and approvals of LTMPs and

Data Reports

Coordination of technical resources for WDNR and its consultants, and

application of these resources to help support the design and implementation

of the LTMP

Assist WDNR Project Coordinator with project administrative duties

Review progress reports detailing work accomplished

1.2.3.3 WDNR Quality Assurance Manager 
The duties of the WDNR QAM include:

Review LTMP for technical accuracy and completeness

Provide technical assistance to the WDNR PM and Project Coordinator

regarding analytical methods and QC procedures

Review of data validation results, data quality, and the need for and scope of

corrective actions, if any

1.2.4 U.S. Environmental Protection Agency (USEPA) 

As one of the lead Response Agencies, USEPA and its consultants will observe, review,

and provide regulatory and technical comments to ensure the long term monitoring

program fulfills the requirements of the ROD and provides data necessary to evaluate

attainment of RAOs in the Lower Fox River and Green Bay. USEPA and WDNR have

sole approval authority over any modifications to this LTMP, including modifications to

the frequency or intensity of sampling and the need for corrective action.

1.2.4.1 USEPA Remedial Project Manager 
The duties of the USEPA Remedial PM include:

Review all project plans and data reports, and provide input to development

of overall project strategies and technical approaches

Ensure LTMP meets the requirements of the ROD

Final review and approval of LTMPs and Data Reports

Ongoing communication with Consultant Team Project Coordinator and PM



Project Management and Objectives

Long term Monitoring Plan December 2009
Lower Fox River Remedial Design 7 080295 03

1.2.4.2 USEPA Quality Assurance Manager 
The duties of the USEPA QAM include:

Review LTMPs for technical accuracy and completeness

Provide technical assistance to the USEPA Remedial PM

1.3 Communication Plan 
1.3.1 Monthly Progress Reports 

During periods of long term monitoring activity (i.e., data collection, evaluation, and

reporting), the Respondent Team Project Coordinator will provide written monthly

progress reports to the Response Agencies by the 10th day of every month. These

progress reports will describe the status of long term monitoring activities.

1.3.2 Monthly Meetings 

During periods of long term monitoring activity, the Project Coordinators will hold

monthly progress report meetings or telephone conferences unless it is deemed

unnecessary by the Response Agencies. Such meetings will begin 1 to 2 months prior to

the beginning of field work. Briefings on the status of long term monitoring activities

and preliminary results, as available, will be provided during the meetings.

1.3.3 Long-Term Monitoring Work Group 

In an effort to develop a coordinated and cost effective long term monitoring program

that is consistent with the intent of the ROD, representatives and consultants from the

Respondent Team and the Response Agencies formed the Long Term Monitoring Work

Group. From October 2004 to May 2009, the Long Term Monitoring Work Group held

periodic meetings and conference calls to discuss monitoring objectives, field and

analytical methods, data evaluation tools and techniques, and the design and

implementation of the baseline monitoring program. Draft notes from these meetings

are maintained in the Response Agency project files. The Long Term Monitoring Work

Group may continue to meet on a mutually agreeable schedule as needed to implement

the long term monitoring program. It is expected that meetings will be held to discuss

the following:

Adaptive management of field sampling, laboratory analysis, and data validation

procedures
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Review and evaluation of long term water, fish tissue, and sediment analytical

results as they become available

Ongoing assessment of the effects of sediment remediation, and progress toward

achieving RAOs in the Lower Fox River and Green Bay

1.3.4 Electronic Data Transmittal 

Technical documents, reports, data, comments, schedules, meeting notices, and general

project communications related to long term monitoring activities will be distributed

electronically to designated members and consultants of the Response Agencies.

Documents that are too large to send via email will be posted on a shared access website.

In such cases, an e mail notification will be sent to the same persons with information on

how to access those documents. Electronic copies (CD ROM) of laboratory analytical

data packages (in pdf format) will be provided to the Response Agencies upon receipt

from the laboratory. Once the data have been checked and verified, they will also be

provided to the Response Agencies in an electronic file format that can be loaded into a

database for relational queries and numerical analysis.

1.3.5 Hard Copy Data Transmittal 

For documents requiring hard copy distribution, one copy will be sent to each of the

following Response Agency personnel:

USEPA Remedial PM

WDNR Project Coordinator

WDNR PM

WDNR QAM

WDNR Oversight Consultant PM

Other personnel, as appropriate

1.3.6 Notification Procedures 

Requirements for periodic progress reports and meetings between the Respondent

Team, WDNR, and USEPA are described in Sections 1.3.1 and 1.3.2. At least 15 days of

notice shall be given to the WDNR Project Coordinator and the USEPA Remedial PM

prior to beginning sampling.
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1.3.7 Modifications to the Long-Term Monitoring Plan 

Significant modifications to the LTMP will be provided to USEPA and WDNR for

review and approval via revisions to the LTMP or Addenda to the LTMP. Modifications

that will require USEPA and WDNR approval include the following:

Major changes/revisions to the monitoring design

Major changes/revisions to the sampling or analytical methods

Major changes to project team personnel

Major changes/revisions to the statistical procedures for data quality assessment

presented in Section 4.2

Modifications may be required as a result of unexpected or changed field conditions;

extreme weather or hydrologic events; or due to the results of ongoing discussions of

monitoring strategies, techniques, and procedures during the CERCLA 5 year reviews.

1.4 Problem Definition 
1.4.1 Problem Statement 

Data collected during the remedial investigation/feasibility study (RI/FS) and related

investigations were used to define RAOs, Remediation Goals (RGs), and Cleanup Levels

(CULs) for the Site (see USEPA 2005). The RAOs, RGs, and CULs for the Lower Fox

River are set forth in the RODs for OUs 1 and 2 and OUs 2 through 5 signed by the

Response Agencies in December 2002 and June 2003, respectively.

As with other CERCLA sites, the ROD described the overall goals and objectives, and

selected a specific remedy that the Response Agencies believe will achieve the goals and

objectives. Specifically, the RODs require that the remedies for the Site be designed to

achieve CULs (i.e., addressing sediments above 1 part per million [ppm] or, if that is not

achieved, a surface weighted average concentration [SWAC] of 0.26 and 0.25 ppm in OU

3 and OU 4, respectively). The RODs concluded that achieving the CULs will result in

achieving the RGs (target fish tissue concentrations) and RAOs (human and ecological

risk reduction and surface water PCB load reductions to Green Bay). This translates into

two types of remedy success measures: 1) remedy effectiveness success (whether the

CULs are met); and 2) achievement of risk reduction targets (whether the RA leads to

the desired levels of risk reduction).
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1.4.1.1 Remedy Effectiveness Success
A sediment verification sampling program has been developed and approved by the

Response Agencies as part of the Construction Quality Assurance Project Plan

(CQAPP) and COMMP to ensure that the CULs have been achieved at the

completion of the RA. Additional long term monitoring of sediment quality will be

conducted as part of this LTMP to verify that natural recovery processes in OUs 2

and 5 continue during the 30 year post construction period. Long term sediment

monitoring also includes a focused sampling and analysis program to supplement

the COMMP, providing further verification that sediment caps continue to provide

effective chemical isolation of underlying contaminants. Long term monitoring of

water quality will be conducted in all OUs to verify that short term and long term

improvements in sediment quality result in commensurate improvements in the

water column. In a weight of evidence (WOE) evaluation, the combined verification

and monitoring activities outlined in the CQAPP, COMMP, and LTMP will be used

to determine whether RAs at the Site (i.e., dredging, capping, cover, and monitored

natural recovery [MNR]) have successfully implemented best reasonably available

technology in order to achieve successful remedy effectiveness.

1.4.1.2 Achievement of Risk Reduction Targets  
The primary objective of this LTMP is to develop a monitoring program to evaluate

achievement of risk reduction targets. The human and ecological receptors exposed

to bioaccumulation pathways are the most sensitive endpoints for monitoring risk

reduction success. Fish tissue concentrations will be monitored throughout the Site

and compared to levels below which human fish consumption advisories may be

relaxed or eliminated, and target RGs for ecological risk are being addressed. In

conjunction with the remedy effectiveness determinations described in the preceding

section, the results of the long term monitoring program will be used in a WOE

evaluation to determine whether the combination of RAs approved by the Response

Agencies have achieved risk reduction targets.

1.4.2 Long-term Monitoring Objectives 

Long term monitoring data will be collected to evaluate progress toward achieving the

RAOs of reduced risk to humans and the environment, as presented in the RODs



Project Management and Objectives

Long term Monitoring Plan December 2009
Lower Fox River Remedial Design 11 080295 03

(WDNR and USEPA 2002, 2003). The data collection effort is focused on water, fish

tissue, and sediment, these being critical components of all major bioaccumulation risk

pathways. Water and sediment are media of concern through which many aquatic

organisms, including benthic and pelagic fish, may be exposed to PCBs at the Site.

Water and sediment are also the media through which contaminants in the Lower Fox

River are entrained and transported out into Green Bay. Fish are the medium of

exposure for bioaccumulation risk in higher level organisms, including humans,

mammals, and birds, as well as the fish themselves.

1.4.2.1 Remedy Effectiveness Objectives
In addition to construction monitoring activities, such as sediment confirmation

sampling, the long term monitoring objectives associated with remedy effectiveness

success include:

Monitor Reductions in Sediment Contaminant Concentrations in MNR

Areas. Verify that sediment RAs in the Lower Fox River result in continued

improvements in sediment quality in OUs 2 and 5 in the 30 year post

construction period.

Verify Chemical Isolation Properties of Sediment Caps. In conjunction

with the physical integrity monitoring activities specified in the COMMP,

verify that sediment caps in the Lower Fox River provide effective long term

isolation of underlying contaminants.

1.4.2.2 Risk Reduction Objectives 
The long term monitoring objectives associated with risk reduction success include:

Monitor Reductions in Water and Fish Tissue Concentrations. Verify that

sediment RAs in the Lower Fox River result in substantive reductions in

water column and fish tissue PCB concentrations. The RODs identified water

and fish tissue as key exposure media through which bioaccumulation

occurs.

Monitor Progress toward Achieving Human Health Risk Goals. Verify

progress toward achieving human health risk goals through a WOE analysis

of recovery trends in water and fish tissue monitoring data. As described in

the RODs, one of the goals of the RA is removal or relaxation of fish
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consumption advisories for recreational and high intake fish consumers. The

results of the long term monitoring program will be submitted to WDNR’s

Fish Consumption Advisory Program for their consideration in determining

if and when modification or removal of advisories is warranted.

Monitor Progress toward Achieving Ecological Risk Goals. Verify progress

toward achieving ecological risk goals through a WOE analysis of recovery

trends in water and fish tissue monitoring data. A primary goal of the RA is

achievement of safe ecological thresholds for fish eating birds and mammals.

The results of the long term monitoring program will be evaluated using the

risk assessment framework described in the RODs, in consultation with

WDNR and USEPA risk assessors, to determine if and when ecological

thresholds are achieved.

Monitor Reductions in PCB Loadings to Green Bay. Verify that sediment

RAs in the Lower Fox River result in substantive reductions of PCB loadings

to Green Bay. Decreased loadings from the Lower Fox River will help

facilitate natural recovery processes in Green Bay.

1.4.3 Relationship to Other Monitoring Activities 

Other related short term and long term monitoring activities in the Lower Fox River and

Green Bay are described in the documents listed below.

1.4.3.1 Baseline Monitoring Data Report 
Baseline fish tissue and water quality monitoring data in the Lower Fox River and

Green Bay were collected to characterize existing (pre remediation) conditions, and

to provide an initial point of comparison for determining the magnitude and extent

of PCB concentration reductions over the long term (Anchor QEA et al. 2009). The

combined baseline and long term monitoring data sets will allow the Response

Agencies to determine whether or to what degree the implemented remedy meets

risk reduction success criteria. The baseline monitoring program characterized the

statistical variability of fish tissue and water data to help evaluate the statistical

power of long term monitoring decisions and to help estimate appropriate sample

sizes. Unless otherwise noted, field and analytical techniques and procedures used
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in the long term monitoring program will be consistent with those used in the

baseline monitoring program to ensure comparability of data.

1.4.3.2 Construction Quality Assurance Project Plan 
Water column monitoring during construction activities, including dredging,

capping, and dredged material disposal activities are described in the CQAPP (see

Appendix D of the 100 Percent Design Report Volume 1). These monitoring

activities are designed to ensure construction best management practices are being

properly implemented to prevent construction activities from impacting the river or

bay. One of the objectives of the CQAPP is to achieve RAO 5, as specified in the

RODs: “Minimize the downstream movement of PCBs during implementation of the

remedy.” The sediment verification sampling program specified in the CQAPP will

be used to confirm the attainment of remedial action levels (RALs) in sediments. If

RALs are not met at the completion of construction, a range of contingency response

actions will be implemented.

1.4.3.3 Cap Operations, Maintenance, and Monitoring Plan  
Long term maintenance and monitoring of capped areas are described in the

COMMP (see Appendix H of the 100 Percent Design Report Volume 2). The

COMMP specifies maintenance and monitoring activities to ensure the caps remain

physically stable (i.e., do not erode) and chemically protective. Similar to the

CQAPP, the COMMP provides a range of possible contingency response actions that

may be implemented if post construction monitoring data indicate the engineered

caps have not met their RA criteria. In conjunction with the physical integrity

monitoring activities specified in the COMMP, this LTMP describes the monitoring

plan for sampling and analysis of the cap material to confirm the effectiveness of the

chemical isolation properties of the cap.

1.4.3.4 Wisconsin Fish Consumption Advisory Program  
Field surveys and chemical monitoring of contaminant levels in fish tissue in the

Lower Fox River and Green Bay are ongoing activities performed by the State Fish

Consumption Advisory Program. The monitoring activities of the State Fish
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Consumption Advisory Program will continue during and after the long term

monitoring program has fulfilled its objectives.

1.5 Background Information 

The design of the long term monitoring program has benefited from the data collected

during the baseline monitoring program, as well as from ongoing review and discussion of

the baseline monitoring data in the Long Term Monitoring Work Group. The baseline

monitoring program was conducted between August 2006 and July 2007. The results are

compiled in the Baseline Monitoring Data Report (Anchor QEA et al. 2009), and

summarized briefly in this section. Unless otherwise noted, field and analytical methods

used in the baseline monitoring program will be carried forward in the long term

monitoring program to ensure comparability of data and to minimize statistical errors

caused by inconsistent sampling and analytical methods.

1.5.1 Site Description 

The Lower Fox River is divided into five OUs (Figure 1 1):

OU 1 is also known as Little Lake Butte des Morts. The Neenah and Menasha

Dams control the pool elevation of Lake Winnebago and the discharge to the

upstream end of OU 1 at river mile (RM) 39. The remediation of OU 1 is being

addressed under a separate statement of work (SOW) and Consent Order from

that of OUs 2 through 5.

OU 2 extends from the Appleton Locks at RM 31.9 to the Little Rapids Dam at

RM 13.1. This unit contains the majority of locks and dams in the Lower Fox

River system and the greatest elevation drop and gradient. Sediments have a

very patchy distribution in this reach with extensive intervening bedrock

exposures. MNR is the selected remedy for OU 2, except for Deposit DD just

upstream of Little Rapids Dam, which is planned for active remediation.

OU 3 extends from the Little Rapids Dam to the De Pere Dam at RM 7.1. Soft

sediment covers most of this unit.

OU 4 extends from the De Pere Dam to the river mouth at Green Bay. This unit

contains a federal navigation channel. The federal channel is currently

maintained by the U.S. Army Corps of Engineers downstream of the Fort James
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Turning Basin, but the section above here is unmaintained. The area around

OU 4 is highly urbanized, including the City of Green Bay metropolitan area.

OU 5 begins at the river mouth, and includes the entirety of Green Bay. Except

for a relatively small PCB deposit on the river mouth delta, MNR is the selected

remedy for OU 5.

1.5.2 Site Water Quality 

Chapter 4 of the Baseline Monitoring Data Report provides a summary and evaluation

of water quality in the Lower Fox River, Green Bay, and Lake Winnebago (Anchor QEA

et al. 2009). Water samples were collected on a monthly basis from 10 sampling stations

(weather permitting) over a period of 1 year, from August 2006 through July 2007. The

baseline water quality investigation is summarized briefly below.

1.5.2.1 Water Quality Summary Statistics 
Summary statistics of blank corrected total PCB concentrations (congener analysis

by EPA Method 1668A), sorted by OU/subunit, are presented in Table 1 1. This table

includes nonparametric statistics (minimum, maximum, median, and other

percentiles) and parametric statistics (arithmetic mean, standard deviation, and

coefficient of variation [CV]).

1.5.2.2 Spatial Distribution of Water Column PCB Concentrations  
Average annual total PCB concentrations generally increase downstream in the

Lower Fox River, from 4 nanograms per liter (ng/L; or parts per trillion [ppt]) in

OU 1 to 28 ng/L in OU 4. Total PCB concentrations decrease beyond the mouth of

the river in Green Bay, dropping from an average PCB concentration of 2 ng/L in

OU 5A to 0.4 ng/L in OU 5C. In addition, there is a pronounced spatial gradient in

the congener composition, from a mid weight composition in the Lower Fox River,

presumably associated with Aroclor 1242 contamination, to an increasingly heavier

composition moving into the deeper waters of Green Bay, especially OU 5C. The

lowest concentrations were observed in Lake Winnebago, with a mean concentration

of 0.2 ng/L, representing upstream “background” concentrations unaffected by site

activities and inputs.
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1.5.2.3 Seasonal Trends in PCB Concentrations  
Baseline water samples were collected on a monthly basis for a period of 1 year.

These data show a pronounced seasonality in total PCB concentrations in the Lower

Fox River (see Anchor QEA et al. 2009, Figure 4 3). Based on the observed

seasonality, the data are stratified into winter months (December through March)

and warm weather months (April through November). Peak concentrations in the

summer months of July and August are typically an order of magnitude or more

higher than concentrations in the winter months throughout the Lower Fox River.

However, seasonality is less pronounced in Lake Winnebago and Green Bay.

Seasonal changes in ambient water temperature appear to be the primary cause the

observed of seasonality in total PCB concentrations.

1.5.2.4 Seasonal Trends in PCB Loads 
Estimated PCB loads (concentration times flow in mass/day) at the mouth of the

Lower Fox River exhibit a seasonality that mimics the annual distribution of water

concentrations (Anchor QEA et al. 2009; Appendix J). In particular, it is estimated

that the PCB load during the combined 4 winter months, including December

through March, when total PCB concentrations are lowest, amounts to only

approximately 10 percent of the total annual PCB load to Green Bay.

1.5.3 Fish Tissue Quality 

Chapter 3 of the Baseline Monitoring Data Report provides a summary and evaluation

of fish tissue quality in the Lower Fox River, Green Bay, and Lake Winnebago (Anchor

QEA et al. 2009). At least five different fish species were collected from nine sampling

stations in late summer/fall 2006, with limited follow up sampling in June 2007 to fill

some data gaps in the program. The five fish species included a primary and secondary

species for monitoring human health risk (walleye and bass, respectively), a primary

and secondary species for monitoring ecological risk (carp and drum), and a young of

year (YOY) forage fish to provide an early indication of ecosystem recovery (gizzard

shad).
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1.5.3.1 Fish Tissue Summary Statistics 
Summary statistics of total PCB concentrations (Aroclor analysis by EPA method

8082), sorted by OU/subunit and species, are presented in Table 1 2. This table

includes nonparametric statistics (percent detection, minimum, maximum, median,

and other percentiles) and parametric statistics (arithmetic mean, standard deviation,

and CV).

1.5.3.2 Fish Consumption Advisories 
In the Lower Fox River and southern Green Bay, fish consumption advisories are in

effect for 19 species. All species are listed for PCBs. The species restricted by

consumption advisories are summarized in Table 1 3.

1.5.3.3 PCB Concentration by Species 
The highest total PCB concentrations are generally associated with ecological and

YOY index species—carp, drum, and gizzard shad. In OU 4, the average fish tissue

PCB concentrations for these species are 4,600 g/kg, 1,347 g/kg, and 938 g/kg,

respectively. In contrast, somewhat lower PCB concentrations are associated with

human health index species—walleye and bass—with average fish tissue PCB

concentrations of 671 g/kg and 442 g/kg in OU 4, respectively.

1.5.3.4 Spatial Distribution of PCBs in Fish Tissue 
Similar to the spatial patterns observed in water quality data, mean PCB

concentrations in fish tissue generally increase downstream to peak concentrations

in OU 4. For example, mean PCB concentrations in walleye increase from 135 g/kg

in OU 1 to 671 g/kg in OU 4. Fish tissue PCB concentrations decrease beyond the

mouth of the river into Green Bay. For example, walleye tissue concentrations

decrease to 494 g/kg in OU 5A and further decrease to 296 g/kg in OU 5B. Similar

trends were observed in other species, although the absolute magnitude of the tissue

concentrations may differ. The lowest fish tissue concentrations are observed in

Lake Winnebago, which represents upstream “background” concentrations

unaffected by site activities and inputs, and with mean tissue concentrations

typically one to two orders of magnitude lower than those in the river.
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1.5.4 Conceptual Site Model 

It was recognized in the RODs that bioaccumulation of PCBs in fish tissue and

subsequent ingestion by higher level organisms (humans, mammals, birds, and the fish

themselves) is the primary risk pathway of concern in the Lower Fox River and Green

Bay. A conceptual site model has been developed to better understand the relationship

between sediments, water, fish, and fish eating animals, including humans. The

conceptual site model will be used to help interpret long term monitoring data for water

and tissue.

1.5.4.1 Predicted Reduction in SWAC due to Cleanup Action 
The RODs estimated that the sediment RA in the Lower Fox River will result in an

approximate 90 percent reduction of the SWAC for PCBs (WDNR and USEPA 2002,

2003). Remediating the in water sources of PCBs in sediments is expected to result in

substantive reductions in PCB water column concentrations, PCB loadings to Green

Bay, PCB concentrations in YOY fish, and eventually, PCB concentrations in adult

fish. However, there will likely be a lag period of several years before improvements

in the tissue quality of adult organisms (i.e., fish of harvestable size) will be evident.

1.5.4.2 Predicted Reduction in Water Concentrations 
As reported in the RODs and RI/FS, the RA in the Lower Fox River is expected to

result in order of magnitude reductions in both water column PCB concentrations

and PCB loads to Green Bay. Model predictions referenced in the RODs suggest that

over the long term (i.e., roughly 30 years), post RA PCB concentrations in the Lower

Fox River are expected to decline by 90 percent or more compared to pre remedial

baseline values. Over shorter time frames (i.e., from one monitoring event to the

next), concentrations are expected to decline by about 50 percent every 5 years, on

average. These changes are predicted based on the combined effects of the remedy

and subsequent long term natural recovery processes.

1.5.4.3 PCB Concentrations vs. PCB Loads 
The PCB load to Green Bay (mass/time) is the product of PCB water column

concentration (mass/volume) times river flow (volume/time). Because the PCB load

may be confounded by annual variations in flow (i.e., year to year changes in
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weather and river hydraulics), PCB concentration is expected to provide a more

accurate indicator of trends in water quality, and surface water PCB concentrations

in OU 4 will be used as a surrogate for monitoring PCB loadings to Green Bay. PCB

concentrations in surface water represent the part of the PCB load that will be

directly affected by the RA. However, differences in PCB concentration may also be

confounded by the effects of flow conditions and temperature, so these variables will

be controlled using appropriate statistical methods, including multiple regression

techniques, during long term data analysis.

1.5.4.4 Seasonal Effects on Water Quality 
Water temperature exerts a seasonal influence on PCB concentrations in the Lower

Fox River, with the highest PCB concentrations and loads occurring in the warm

weather months from April through November. In contrast, less than 10 percent of

the annual PCB load is discharged during the cold weather months from December

through March, as estimated from baseline monitoring data (Anchor QEA et al.

2009). This is consistent with previous studies that estimated 4 to 12 percent of the

annual PCB load, 8 percent on average, is discharged during this time period

(Velleux and Endicott 1994; USEPA 2002a and 2004b; LTI 2002). Total suspended

solids (TSS) concentrations are also correlated with PCB concentrations. The

correlation between PCB concentration and flow appears to be weak but this

relationship will be explored further during analysis of long term monitoring data

(Anchor QEA et al. 2009; Appendix J).

1.5.4.5 Bioaccumulation Exposure Pathways 
As determined in the Baseline Risk Assessment (Retec 2002), the primary exposure

pathway for humans and wildlife to become exposed to PCBs in the Lower Fox River

is through consumption of PCB contaminated fish. Therefore, the focus of the LTMP

is to monitor risk reduction to humans and wildlife (including fishermen as well as

fish eating mammals and birds) by monitoring PCB concentrations in an appropriate

selection of fish species, sizes, ages, and preparation methods which are relevant to

these receptors.
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1.6 Project Description 

The long term monitoring program is designed to assess long term (i.e., decadal) recovery

trends and conditions in water, fish tissue, and sediment quality in the Lower Fox River and

Green Bay following the sediment RA.

1.6.1 Benchmarks and Criteria 

1.6.1.1 Remedial Action Levels 
The RAL for the Lower Fox River is:

Remediation of sediments with PCB concentrations above 1 ppm

If post dredge residual PCB concentrations remain above 1 ppm following the RA,

the contingent cleanup level becomes:

Attainment of SWACs in sediments of 0.25, 0.28, and 0.25 ppm in OU 1, OU

3, and OU 4, respectively

Further SWAC reductions caused by more limited RAs in OU 2 and OU 5A,

which are otherwise designated for MNR

Through achievement of the RAL or SWAC, the RA is expected to greatly improve

sediment quality conditions in the Lower Fox River. In response, it is expected that

first water and then fish tissue PCB concentrations will decline. Measuring the rate

and magnitude of this decline in water and fish tissue, over a representative set of

stations, seasons, and species, is a key objective of the LTMP.

1.6.1.2 SWAC Reduction Criteria 
As a measure of remedy effectiveness, the Response Agencies expect that SWAC

reductions achieved in sediments as a result of the RA will propagate into

commensurate reductions in PCB concentrations in the water column, YOY forage

fish, and eventually adult fish. SWAC reduction criteria will therefore be used in the

evaluation of water and YOY fish tissue monitoring data.

The SWAC reductions that are expected to result from the sediment RAs in OUs 1, 3,

and 4 range from 86 to 93 percent, averaging 90 percent, as summarized below

(WDNR and USEPA 2002, 2007):
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Unit

Pre-
Remediation 
PCBs (mg/kg) 

Post-
Remediation 
PCBs (mg/kg) 

Percent
Reduction 

OU 1 3.70 0.25 93%
OU 2 0.61 N/A N/A
OU 3 2.00 0.28 86%
OU 4 3.20 0.25 92%
OU 5 0.25 N/A N/A

N/A = Not applicable (i.e., no substantive RAs) 

As a result, approximately 90 percent reductions in PCB concentrations may be

similarly realized in the water column and in YOY fish in response to the sediment

RAs in OUs 1, 3, and 4. However, similar estimates cannot be made in OUs 2 and 5

because these are predominantly MNR areas that have not been substantially

affected by sediment RAs. Predicted reductions in these MNR areas may be lower

than 90 percent because they are indirectly affected by upstream actions and they are

starting at considerably lower sediment concentrations.

1.6.1.3 PCB Mass Loading Reduction in OU 4 
One of the RAOs specified in the ROD for OUs 3, 4, and 5 is to “reduce transport of

PCBs from the Lower Fox River into Green Bay and Lake Michigan” (WDNR and

USEPA 2003). The ROD expectation is that PCB loadings to Green Bay and Lake

Michigan will be reduced “to levels comparable to the loading from other Lake

Michigan tributaries.” To characterize what magnitude of reduction would be

needed to make the PCB load from the Lower Fox River comparable to other Lake

Michigan tributaries, a review of PCB loadings from the 1994 1995 Lake Michigan

Mass Balance Study (LMMBS; USEPA 2009) and a follow up study conducted by the

U.S. Geological Survey (USGS) in 2005 2006 (USGS 2009) is provided below.

Tributary 

1994-95 
PCB Load 
(kg/year) 

2005-2006 
PCB Load 
(kg/year) 

Lower Fox 216 167
Grand Calumet 40 17

Kalamazoo 38 20 
Sheboygan 12 NA 
Milwaukee 11 NA 

Grand 10 6 
St. Joseph 10 7
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Based on these loading estimates, the PCB load from the Lower Fox River (OU 4) to

Green Bay should be reduced by approximately 90 percent to be commensurate with

the PCB loads from other Lake Michigan tributaries. This reduction is consistent

with the magnitude of the SWAC reduction described in the previous section.

1.6.1.4 Background Criteria 
PCB concentrations in Site areas are not expected to decline below concentrations

observed in relatively unimpacted background locations, given the effects of ambient

low level contamination from regional and global sources such as atmospheric

deposition and stormwater runoff unrelated to Lower Fox River sediments. Lake

Winnebago provides an upstream background reference station for water and fish

tissue quality for comparison to the Lower Fox River, and Station OU 5C in central

Green Bay provides a water quality reference station for comparison to OUs 4, 5A,

and 5B (note that the PCB signature at this deep water location does not appear to be

substantially influenced by inputs from the Lower Fox River) (Anchor et al. 2009).

Fish contaminant databases in state monitoring programs in Wisconsin

(http://dnr.wi.gov/fish/consumption/) and Michigan

(http://www.deq.state.mi.us/fcmp/) will be consulted to determine appropriate Great

Lakes background levels of PCBs in fish tissue.

Background criteria may be defined using the 90 percent confidence, upper

prediction limit on the mean concentration to avoid unreasonable false positive error

rates (i.e., concluding a Site is significantly more contaminated than background

when in fact it is not) (Bhaumik and Gibbons 2004). Upper prediction limits were

calculated using a bootstrapping method in which random samples of a specified

size are drawn, with replacement, from the empirical data set and the distribution of

sample means is analyzed after a large number of repetitions are completed (Cressie

1993).

Background criteria (90 percent upper prediction limit on the mean) for water and

fish tissue are provided below, based on the results of the baseline monitoring

program (Anchor QEA et al. 2009). In addition, preliminary Great Lakes

background concentrations for walleye (skin on fillet) and carp (whole fish) are
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provided based on a review of Michigan’s fish contaminant database, including

samples from Lake Michigan and the Menominee, Muskegon, Manistique, Grand,

and St. Joseph Rivers (Michigan DEQ 2005). For consistency with the baseline

monitoring data, Aroclor analyses were used to characterize background PCB

concentrations in Great Lakes fish tissue, rather than congeners.

Lake Winnebago Great Lakes 

Medium Units

LTMP
Sample

Size Mean 

90% Upper 
Prediction 

Limit Mean 

90% Upper 
Prediction 

Limit
Water (Jan-Dec) ng/L-bc 8 0.19 0.48 0.37* 0.54* 
Water (Apr-Nov) ng/L-bc 8 0.24 0.70 0.42* 0.61* 

Walleye μg/kg-ww 15 24 27 ~220** ~440** 
Carp μg/kg-ww 7 36 41 ~700** ~1,200** 
Drum μg/kg-ww 5 175 221 TBD TBD 

Gizzard Shad μg/kg-ww 7 25 30 TBD TBD 

* Calculated using Green Bay Station OU 5C 
** Calculated using Michigan DEP fish contaminant database, 1995 to present. 

bc = blank-corrected (water) per modified Ferrario method; see Section 4.2.2 
ww = wet weight (tissue) 

1.6.1.5 Human Health Target Tissue Goals 
As stated in the Lower Fox River RODs, the human health RAO is removal or

relaxation of fish consumption advisories for recreational and high intake fish

consumers. If PCB concentrations in fish tissue reach levels that indicate fish

consumption advisories may be relaxed, then progress toward the human health

risk reduction goal is being achieved. The following table provides benchmarks for

fish consumption advisory levels. Note that these benchmarks, used to evaluate

long term monitoring data, do not take into account the independent process that

WDNR must go through to actually change the advisory.

Fish Consumption 
Advisory 

PCB Concentration 
(μg/kg-ww) 

Do Not Eat > 2,000 
6 meals/yr 1,000 – 2,000 
12 meals/yr 220 – 2,000 
52 meals/yr 50 - 220 
Unlimited < 50
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1.6.1.6 Ecological Target Tissue Goals 
As stated in the Lower Fox River RODs, the ecological RAO is achievement of safe

ecological thresholds for fish eating birds and mammals, which are among the most

sensitive ecological receptors to PCB contamination. Ecological risk will be

evaluated using lowest observed adverse effects concentrations (LOAECs) as

developed in the Ecological Risk Assessment for the Lower Fox River. LOAECs are

listed below.

Species Effect (LOAEC) 

Whole Fish PCB 
Concentration 

(ug/kg-ww) 
Walleye Fry growth & mortality 7,600

Carp Fry growth & mortality 7,600
Common Tern Hatching success & deformity 4,055 
Foster’s Tern Hatching success & deformity 3,879 

Double-crested Cormorant Hatching success & deformity 1,317 
Bald Eagle Hatching success & deformity 1,147 

Mink Reproduction & kit survival 500

1.6.2 Overview of Long-Term Monitoring Activities 

Water and fish tissue will be periodically monitored at a number of stations from

upstream Lake Winnebago, through the Lower Fox River, and out into Green Bay.

1.6.2.1 Water Quality Monitoring Plan 
The water monitoring plan includes systematic monthly sampling of 10 stations

during the 8 month non winter season between April and November (10 x 8 = 80

water samples, plus QC samples, during a given monitoring year). Water

monitoring stations are sited near the downstream boundaries of Lake Winnebago

(upstream background) and each of the OUs such that the net PCB contribution from

each OU, and the effectiveness of the remedy in each OU, can be evaluated.

Multiple water quality monitoring stations are sited in OU 2 (including OU2A,

OU2B, and OU2C) and OU 5 (including OU5A, OU5B, and OU5C) to provide

increased coverage in these large MNR areas with more diverse environments. The

water quality monitoring locations are the same as those used in the baseline

monitoring program.
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1.6.2.2 Fish Tissue Monitoring Plan 
The fish tissue monitoring plan includes sampling of four different types of species –

walleye (human health index species), carp and drum (ecological index species), and

gizzard shad (YOY forage fish species). In addition, substitute human health species

may be added to the program after walleye achieves its risk reduction goal to further

support fish consumption advisory evaluations. The fish will be sampled at 9

different stations in Lake Winnebago, Lower Fox River, and Green Bay; they will be

located in the general vicinity of all water stations except OU5C. Each walleye

station (or substitute human health species) will be comprised of 15 individual fish;

each carp station (in the Lower Fox River) will be comprised of seven composite

samples of five fish in each composite; each drum station (in OU 4 and Green Bay)

will be comprised of five composite samples of five fish in each composite; and each

gizzard shad station will be comprised of seven composite samples of 25 fish in each

composite. It is expected that different fish species will be collected from different

parts of the OUs because of varying habitat preferences, feeding and migration

patterns. Recommended fish sampling locations are presented in Section 2.2.2 based

on lessons learned during the baseline monitoring program; however, exact locations

may be adjusted in response to the local field conditions at the time of sampling.

1.6.2.3 MNR Sediment Sampling Plan 
Sediment monitoring will be conducted in representative MNR areas of OUs 2 and 5.

Sediment monitoring of MNR areas will provide a secondary line of evidence to

document natural recovery success, with the primary line of evidence being based

on fish tissue and water monitoring results. Approximately 10 sampling stations in

OU 2, and 15 to 20 sampling stations in OU 5 will be monitored, focusing on those

areas that were reported in the RI/FS as containing surface sediment PCB

concentrations above 1 milligram per kilogram (mg/kg). To the extent possible,

sediment MNR sampling stations will be co located with surface water and fish

monitoring stations. At each sediment sampling station, a 5 point composite surface

sample will be collected from the top 6 inches (15 centimeters) of the sediment to

track reductions in average PCB concentrations over time. The details of sediment

monitoring locations, along with field and analytical protocols, will be finalized
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toward the conclusion of RAs in OUs 2 through 5, and will be approved by the

Agencies as an addendum to this LTMP.

1.6.2.4 Cap Chemical Isolation Monitoring Plan 
Cap chemical isolation monitoring will be performed in representative areas with

“Type B” caps to verify basic cap design assumptions (i.e., proper installation of the

cap and resistance to chemical diffusion through from underlying contaminated

sediments). “Type B” caps contain a basal layer of mixed cap material and sediment

overlain by a clean chemical isolation layer and a final armor layer; these types of

caps are installed over mid range sediment PCB concentrations (between 10 and 50

ppm). Cap chemical isolation monitoring will provide a secondary line of evidence

to document cap effectiveness, with the primary line of evidence being a

comprehensive survey of the physical integrity of capped areas, as described in the

Agency approved COMMP (including bathymetry, sub bottom profiling, poling,

and potentially other methods to verify that the caps and armor layers remain

intact). Diver cores will be used to collect samples of the chemical isolation layer in

15 to 20 representative locations, taking care not to create sampling induced carry

down or cross contamination of the cap samples. The details of cap chemical

isolation monitoring locations, along with field and analytical protocols, will be

finalized toward the conclusion of RAs in OUs 2 through 5, and will be approved by

the Agencies as an addendum to this LTMP.

1.6.3 Equipment and Personnel Requirements 

1.6.3.1 Equipment Requirements 
Equipment required for water quality monitoring activities includes:

Sampling boat with echo sounder

Water quality monitoring probe (temperature and turbidity)

Water quality field forms

Sampling pump (peristaltic), tubing, and accessories (Lower Fox River and

Lake Winnebago)

Water column sampler (Niskin bottle or equivalent) (Green Bay)

Differential Global Positioning System (DGPS)

Safety and personal protective equipment (per HSP)
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Equipment required for fish sampling activities includes:

Sampling boat with echo sounder

Support boat

Electrofishing equipment

Other fish collection equipment as needed (e.g., rod/reel, nets, trawls)

Fish collection field forms

Scale and ruler to size fish

GPS

Safety and personal protective equipment (per HSP)

The field crew will need to obtain a fish collection permit prior to beginning fish

sampling activities.

Equipment requirements for MNR sediment monitoring and cap chemical isolation

monitoring activities will be subsequently provided in an addendum to this LTMP.

1.6.3.2 Personnel Requirements 
Field Supervisors will be experienced in conducting water and/or fish sampling

activities at hazardous waste cleanup sites as necessary to implement the tasks

required in this Plan in accordance with the field and laboratory quality assurance

requirements of this Plan. Field personnel will be trained in the safe and proper use

of the above listed equipment. During sediment sampling activities, all field

personnel will have completed 40 hour HAZWOPER training with up to date,

annual 8 hour refresher training. This training is recommended, although not

required, for fish and water sampling activities.

The project team will include a fisheries biologist, a database manager, and a chemist

experienced in PCB congener analysis and evaluation. Subcontract analytical

laboratories must be qualified to perform the required analyses (see Section 2.6) at

the required levels of QA/QC (see Section 2.7), and will be subject to review and

approval by the Response Agencies.



Project Management and Objectives

Long term Monitoring Plan December 2009
Lower Fox River Remedial Design 28 080295 03

1.6.4 Preliminary Long-Term Monitoring Schedule 

An overview of the projected schedule of long term monitoring activities is presented on

Figure 1 3. This schedule is of a conceptual nature, given the uncertainties in the

schedule for completion of sediment RAs in the different OUs that trigger the initiation

of long term monitoring activities.

The key concepts of the long term monitoring schedule include the following:

Remediation of OU 1 began in 2004 and was completed in May 2009. An initial

Phase 1 removal action in OU 4 was performed in 2007. The main phase of

sediment remediation in OUs 2 to 4 began in April 2009 and is projected to be

completed in 2017. Remediation will be completed in OUs 2 and 3 first, then the

majority of the construction period will be spent working in OU 4.

Post construction monitoring of water and fish in Lake Winnebago and OU 1

will begin in 2010, with water monitoring from April through November 2010

and fish sampling from August 15 through September 15, 2010.

Post construction monitoring in the remaining OUs will begin at or near the

completion of remediation: in 2012 for Lake Winnebago through OU 3 (including

continued monitoring in OU 1), and in 2017 for Lake Winnebago through OU 5.

Initially, the monitoring will be scheduled on 5 year intervals. The monitoring is

planned to occur 1 year prior to the scheduled CERCLA 5 year reviews. This

provides for periodic reassessment of the scope of the monitoring program in

light of progress achieved toward environmental recovery. Based on the results

of the 5 year review, the path forward could include: 1) continued monitoring at

5 year intervals; 2) continued monitoring at less frequent intervals (e.g. 10 year

intervals); 3) continued monitoring of fish and phasing out of other media

because progress is being made toward risk reduction goals; and 4) termination

of monitoring because risk reduction goals have been achieved.

During each designated monitoring year, water sampling will be conducted on a

monthly basis from April through November. Fish sampling will occur between

August 15 and September 15. Sediment monitoring will be conducted

concurrently with fish sampling.
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1.7 Data Quality Objectives 

Data quality objectives (DQOs) are qualitative and quantitative statements that define the

objectives of the project, identify the most appropriate types of data and data collection

procedures, and specify acceptable error limits for decision making. The DQOs for this

project were developed in accordance with USEPA Guidance for Data Quality Objectives

Process, EPA QA/G 4 (USEPA 2000b) and USEPA Region 5 Instructions on the Preparation of

the Superfund Division Quality Assurance Project Plan, Revision 0 (USEPA 2000a). Once

approved, any proposed additions or changes to methods and procedures of this LTMP will

be documented in addenda to the Plan subject to the review and approval by WDNR and

USEPA.

The DQO Process for Long Term Monitoring is presented below.

1.7.1 Step 1: State the Problem 

The overall objective of the LTMP is to characterize long term, post remediation, water,

fish tissue, and sediment quality in the Lower Fox River and Green Bay. The combined

baseline and long term monitoring data will provide the Response Agencies with

information to determine whether the implemented remedy meets RAOs, including

remedy effectiveness criteria and risk reduction targets.

As stated in the ROD (WDNR and USEPA 2002, 2003; see also Section 1.4.3), the RAOs

for this project which are relevant to the long term monitoring program include:

Reduction of water column PCB concentrations

Removal of human health fish consumption advisories

Achievement of safe ecological thresholds for fish eating birds and mammals,

and other ecological receptors

Reduction of Lower Fox River PCB loadings to Green Bay

These objectives are expected to be met through completion of the sediment RA (which

was recently completed in OU 1 and is currently underway in OUs 2 through 5) and

achievement of sediment RALs as specified in the RODs.
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1.7.2 Step 2: Identify the Decisions 

1.7.2.1 Risk Reduction Decisions 
A key objective of the long term monitoring program is to determine whether the

RA has been successful at reducing risk to humans, fish and wildlife. In addition,

reductions in sediment contaminant concentrations resulting from the RA (i.e.,

dredging, capping, and cover) are expected to bring about similar levels of reduction

in water and YOY fish as well as long term improvements in MNR areas. The LTMP

is designed to answer the following questions:

Are fish tissue concentrations declining to levels that will allow human

consumption at recreational and high intake rates?

Are fish tissue concentrations declining to levels that will not impair fish and

wildlife?

Are fish tissue concentrations declining at rates that will achieve human

health and ecological goals within 30 years?

Are water and YOY fish tissue PCB concentrations declining in response to

sediment RAs, and at levels commensurate with the sediment quality

improvements brought about by the RAs?

Are the PCB loadings from the Lower Fox River to Green Bay declining to

levels comparable to other Lake Michigan tributaries?

Are water and fish tissue concentrations declining to levels comparable to

relatively unimpacted background areas?

Are water concentrations declining to levels comparable to field and

laboratory blank contamination levels, indicative of ubiquitous low level PCB

contamination in the regional or global environment?

1.7.2.2 Remedy Effectiveness Decisions 
A second objective of the long term monitoring program is to monitor the

effectiveness of the RA. The LTMP is designed to answer the following questions:

Are natural recovery processes in OUs 2 and 5 progressing at rates

comparable to or better than expected (i.e., based on recovery rates predicted

in the RI/FS and ROD)?

Are sediment caps providing an effective chemical barrier for the underlying

contaminated sediments?



Project Management and Objectives

Long term Monitoring Plan December 2009
Lower Fox River Remedial Design 31 080295 03

These decisions will be evaluated, reevaluated, and adaptively managed as more

and more long term monitoring data become available. The monitoring data will be

evaluated on an OU by OU basis, allowing management and monitoring decisions

to be made on an OU by OU basis. In OUs 2 and 5, both of which include multiple

monitoring stations due to their substantially greater extent and environmental

complexity, management decisions will be further subdivided into portions of the

OUs.

Ultimately, the achievement of human health and ecological risk reduction goals

will be based on fish tissue concentrations. However, water represents a medium

through which fish are exposed to PCBs, and will therefore be used as an indicator of

bioaccumulation, an indicator that potentially responds more quickly to the effects of

the RA. Water is also a medium through which PCBs are transported from the

Lower Fox River to Green Bay. YOY fish serve a similar role as an early indicator of

ecosystem recovery. Sediment will be monitored primarily for informational

purposes, to help track natural recovery processes, and to provide a secondary line

of evidence for management decisions.

1.7.2.3 Exit Criteria 
The decisions outlined in the previous section are structured into a series of exit

criteria to help determine when long term monitoring goals have been achieved and

monitoring may be reduced or eliminated. These exit criteria are also expressed as

hypothesis statements that will be amenable to statistical testing. The default

condition in the hypothesis statements is that the remedy has had no effect unless

the preponderance of data indicates that it has. In other words, rejection of the null

hypothesis provides evidence of remedial success.

1. Comparison to Background Concentrations (All Media). This criterion will

be satisfied when it can be shown that Site contaminant concentrations are

equivalent to ambient background contamination in relatively unimpacted

reference areas. Lake Winnebago serves as the upstream reference area for

fish tissue and water quality for the Lower Fox River (applicable to OUs 1

through 3); OU 5C serves as the Green Bay reference area for water quality
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(applicable to OUs 4, 5A, and 5B), and Great Lakes reference concentrations

for fish tissue quality will be determined from a review of Wisconsin and

Michigan fish contaminant databases in Lake Michigan and in relatively

unimpacted tributaries of Lake Michigan representing a range of rural and

urban land uses. Background criteria are established using the 90 percent

upper prediction limit on the mean of the background data, as presented in

Section 1.6.1.4.

Null Hypothesis 1. Water and fish tissue contaminant concentrations are

higher than reference areas.

Alternative Hypothesis 1. Water and fish tissue contaminant concentrations

are less than or equivalent to reference areas.

Alternative Hypothesis 1 will be accepted when it can be shown that Site

monitoring data from a particular OU is equivalent to background data with

an appropriate level of statistical confidence.

2. Comparison to Risk based Target Concentrations (Human Health and

Ecological Fish Species). This criterion will be satisfied when it can be

shown that Site concentrations have achieved levels that indicate fish

consumption advisories may be reduced or eliminated and are protective of

wildlife. Human health and ecological evaluation criteria are presented in

Sections 1.6.1.5 and 1.6.1.6, respectively. The average fish tissue

concentration is the metric that will be compared to human health and

ecological risk reduction criteria, given that bioaccumulation exposures are

represented by long term average concentrations in the food source.

Null Hypothesis 2a. Fish tissue concentrations in human health index

species are higher than risk based goals for recreational and high intake

fish consumption.

Alternative Hypothesis 2a. Fish tissue concentrations in human health

index species have achieved risk based goals for recreational and high

intake fish consumption.

Null Hypothesis 2b. Fish tissue concentrations in ecological index species

are higher than LOAECs for protection of fish, birds, and mammals.
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Alternative Hypothesis 2b. Fish tissue concentrations in ecological index

species have achieved LOAECs for protection of fish, birds, and

mammals.

Alternative Hypotheses 2a or 2b will be accepted when it can be shown that

the mean fish tissue concentration in a particular OU is below the risk based

target concentration with an appropriate level of statistical confidence.

3. Comparison to SWAC Reduction Targets (Water and YOY Species). This

criterion will be satisfied when it can be shown that PCB concentrations in

water and YOY fish tissue have achieved the SWAC reduction targets

presented in Sections 1.6.1.2. In addition, water in OU 4 must meet the PCB

load reduction target presented in Section 1.6.1.3. To fulfill these criteria,

water and YOY fish tissue concentrations should achieve a 90 percent

reduction relative to baseline conditions. Note that somewhat lower

reductions may be expected in MNR areas (see Section 1.6.1.2). While there

are no specific reduction targets for sediment, sediment will be monitored

until fish and water monitoring is discontinued.

Null Hypothesis 3. PCB concentrations in water and YOY fish have not

been reduced to 10 percent of their initial baseline concentrations.

Alternative Hypothesis 3. PCB concentrations in water and YOY fish are

less than or equal to 10 percent of their baseline concentrations.

Alternative Hypothesis 3 will be accepted when it can be shown that the

mean water or YOY fish tissue concentrations in a particular OU are at or

below their SWAC reduction targets with an appropriate level of statistical

confidence.

4. Evaluation of Recovery Rate, i.e. Slope (All Fish Species and Water). After

a minimum of three sampling events, the rate of post construction PCB

concentration reductions will be analyzed based on an exponential decay

function. If the PCB reduction rate indicates risk based concentrations,

SWAC reduction goals, or background conditions will be achieved within 30
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years after remediation (while controlling for co variables as necessary), the

monitoring schedule may be adjusted to more cost effectively document this

condition.

Null Hypothesis 4. Water and fish tissue concentrations will not achieve

risk based goals, SWAC reduction criteria, or background conditions

within 30 years.

Alternative Hypothesis 4. Water and fish tissue concentrations will achieve

target concentrations within 30 years, indicating the RA has been

successful.

Alternative Hypothesis 4 will be accepted when it can be shown, through

extrapolation of temporal regression models, that target concentrations

(whether based on acceptable risk levels, background, or SWAC reduction

criteria) will be achieved in post remediation Year 30 with an acceptable level

of statistical confidence. Then, a follow up confirmation sampling event will

need to be scheduled to confirm the model predictions.

5. Evaluation of Laboratory Blank Contamination Levels (Water). If mean

sample concentrations are less than three times the laboratory method blank

concentrations, analytical method performance will be evaluated to

determine whether additional optimization is practicable, or alternatively, it

will be concluded that concentrations have reached the limit of analytical

capabilities for reliable determinations. If concentrations fall within this

range of method blank contamination, the LTMP goals will be determined to

be met to the extent practicable using best available technology. The

background contamination levels in field rinseate blanks should also be

considered in this evaluation.

Null Hypothesis 5. PCB concentrations in water are above the range of

method blank contamination and can be reliably quantified.

Alternative Hypothesis 5. PCB concentrations in water are within the range

of method blank contamination and cannot be reliably quantified.
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Alternative Hypothesis 5 will be accepted when it can be shown that the

mean PCB concentration in a particular OU is less than three times the mean

concentration in laboratory method blanks, provided further control of

laboratory blank contamination is not practicable.

1.7.2.4 Weight-of-Evidence Evaluation 
In addition to the exit criteria listed in the preceding section, a WOE evaluation of

LTMP results will be conducted in consultation with WDNR and USEPA during

each CERCLA 5 year review to determine whether the preponderance of data

indicates risk reduction goals are or are not being achieved. This provides for

adaptive management of LTMP goals and objectives using the knowledge gained

during the course of the monitoring program. Based on the WOE evaluation, the

monitoring intensity may be increased, decreased, or eliminated in certain OUs. The

WOE evaluation will consider the following:

Achievement of significant progress toward risk reduction goals, including

achievement of intermediate goals and relaxation of fish consumption

advisories, even if high intake fish consumption may not be achieved for all

areas and all species.

Evaluation of percent PCB concentration reductions in adult fish tissue

compared to observed reductions in other media (e.g., water and YOY fish,

which may respond more quickly to the RA), and whether further reductions

over time would or would not be expected.

Comparison of measured PCB reductions over time with predictions

summarized in the RI/FS and RODs, and whether observed reductions are

progressing faster or slower than expected.

Stabilization of concentrations in a particular medium, with no significant

change from one monitoring event to the next, indicating natural recovery

processes associated with the RA have run their course and further

monitoring would be of limited value (i.e., “flat line” condition).
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1.7.3 Step 3: Identify Inputs to the Decision 

1.7.3.1 Baseline Monitoring Data 
A comprehensive baseline monitoring data set was collected between August 2005

and June 2007 to characterize current environmental conditions at the Site. These

data were analyzed to help develop a statistically based long term monitoring

program, to estimate sample sizes for long term monitoring, and to define a baseline

level of contamination for evaluating the recovery of water, fish tissue, and sediment

concentrations in the years following the completion of the sediment RA.

Water Quality Summary. Summary statistics of blank corrected total PCB

concentrations in water (congener analysis by EPA Method 1668A), sorted by OUs,

are presented in Table 1 1. Water quality data are tested for conformance with

standard normal and lognormal distributions in Table 1 4.

Water column data have a bi modal distribution, with higher concentrations during

the warm weather months of April through November, and much lower

concentrations during the winter, often ice covered months of December through

March. Stratification of the data therefore improves the statistical characteristics of

the data. Water quality data from the warm weather months are well described by

standard normal distributions (i.e., data are normally distributed at seven out of 10

monitoring stations) whereas the year round data set shows more significant

deviations from normality (normally distributed at only three out of 10 monitoring

stations). The CVs in the Lower Fox River during the warm weather months (0.56 to

0.70) are also lower than the CVs for the year round data set (0.79 to 1.04), indicating

stratification of the warm weather data helps to control statistical variability.

Also included in Table 1 1 is the standard error on the mean water concentration,

expressed as a percentage of the mean, for use in estimating statistical confidence

levels for hypothesis testing of exit criteria (see Section 4.2.3.4). For the warm

weather data set, the standard error on the mean total PCB concentration in water

ranges from 9 to 25 percent, depending on the OU.
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Fish Tissue Summary. Summary statistics of total PCB concentrations in fish tissue

(Aroclor analysis by EPA method 8082), sorted by OUs and species, are presented in

Table 1 2. Fish tissue data are tested for conformance with standard normal and

lognormal distributions in Table 1 5. Distribution test results show that fish tissue

concentrations are well described by standard normal distributions in a majority of

cases. The data are also well described by lognormal distributions; however, in

general lognormal distributions do not improve the goodness of fit over normal

distributions.

Also included in Table 1 2 are the standard errors on the mean fish tissue

concentrations, expressed as a percentage of the mean, for use in estimating

statistical confidence levels for hypothesis testing of exit criteria (see Section 4.2.3.4).

The range of standard errors on the mean total PCB concentrations in fish tissue are

summarized below:

Walleye: 8 to 22 percent

Bass: 8 to 19 percent

Drum: 8 to 18 percent

Carp: 10 to 42 percent

Shad: 5 to 32 percent

1.7.3.2 Existing Monitoring Guidance 
Federal and State guidance documents were consulted in preparing the LTMP,

including the following:

EPA 2000, Guidance for Assessing Chemical Contaminant Data for Use in

Fish Advisories, Volume 1: Fish Sampling and Analysis

Great Lakes Sport Fish Advisory Task Force 1993, Protocol for a Uniform

Great Lakes Sport Fish Consumption Advisory

EPA 2005, Contaminated Sediment Remediation Guidance for Hazardous

Waste Sites
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1.7.3.3 Key Inputs to Monitoring Plan Design 
A number of important considerations and monitoring strategies have been

discussed in the LTMPWork Group and have helped to guide the design of this

LTMP. General programmatic monitoring strategies include the following:

Archiving of Samples. Fish tissue and sediment samples will be archived (in

frozen storage) in case additional or repeat analyses are called for during

data review and evaluation. Samples will be archived for a minimum of one

CERCLA 5 year review cycle. The status of the samples will be considered

during the 5 year review process, at which time the samples may be

designated for continued archiving over another review cycle, or else

discarded.

Expanded Baseline Monitoring Activities. The baseline monitoring program

was designed to be more broad based than the long term monitoring

program; this strategy will provide flexibility to accommodate changing

environmental conditions in the decades ahead, such as changes in fish

species availability. For example, an expanded list of fish species was

sampled during the baseline monitoring program, including primary as well

as secondary contingency species. During long term monitoring, the primary

fish species will be the main focus of the monitoring program. However,

secondary species may also be analyzed in certain circumstances, for

example: 1) if the primary species are sparse or unavailable; 2) to provide

further support for human health fish consumption advisories; or 3) if the

variability of the data for the primary species is higher than expected,

compared to the baseline monitoring data, or if the statistical power is

compromised by confounding variables or trends.

State of the Art Detection Limits. Because PCBs are difficult to detect in

water at concentrations of environmental concern, a highly sensitive

analytical method with ultra low detection limits has been selected to carry

the program forward into the future, in anticipation of declining

concentrations in the future. Specifically, PCBs in water will be analyzed

using high resolution gas chromatography/mass spectrometry (HRGC/MS)

by EPA Method 1668A which provides the lowest commercially achievable

detection limits at the present time. It should be noted, however, that
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analytical sensitivity is not just a function of instrument detection

capabilities, it is also affected by sample volumes and blank contamination

levels. Double (2 liter) sample volumes are being collected (see Section 2.6.1),

and lab and field blank contamination levels are being monitored and

evaluated (see Sections 2.7.1 and 4.2.2) to help control and optimize all

aspects of analytical sensitivity.

Control of Confounding Variables. The assessment of river recovery, as

measured by decreasing water and fish tissue contaminant concentrations,

may be confounded by random or systematic changes in other controlling

variables. For example, PCB concentrations in water are affected by river

temperature and turbidity, and possibly flow, and PCB concentrations in fish

tissue are affected by fish type, age, length, and fat content. As a result, field

sampling and data analysis techniques will be utilized to control for the

effects of confounding variables to the extent possible, thus providing a more

accurate assessment of river recovery rates and magnitudes.

General Strategy for Sampling Locations. Post remediation management

decisions will be made on the basis of OUs. Therefore, fish and water

sampling stations are allocated to each of the OUs on the Lower Fox River.

More detailed monitoring will be conducted in the MNR areas, OUs 2 and 5;

these OUs are characterized by multiple fish and water stations due to their

greater spatial extent and habitat complexity. The rationale for selection of

water and fish monitoring locations is summarized in Table 1 6.

Timing of Fish Sampling. Fish sampling will occur in late summer (August

15 to September 15) for the following reasons: 1) fish lipid content, which

tends to concentrate PCBs, is typically highest in late summer and early fall

after heavy spring and summer feeding, and therefore fish are expected to

carry some of their highest PCB burdens during that time of year; 2)

recreational fishing is popular at that time of year; 3) fish spawning periods

are avoided; and 4) the state conducts many of its fish sampling programs

and fish population surveys during that time, allowing for coordinated data

collection activities.

Timing of Water Sampling. Water samples will be collected monthly during

the eight non winter months from April through November. The four winter
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months are excluded from the monitoring program for the following reasons:

1) winter sampling from December through March presents a safety concern

for the field crew due to severe weather conditions; 2) PCB concentrations in

the Lower Fox River are at their annual lowest concentrations in winter, such

that the four winter months combined contribute less than 10 percent of the

annual PCB mass load; 3) the lower PCB concentrations during the winter

months are more difficult to quantify in the analytical lab, and therefore have

greater uncertainty; and 4) PCB concentrations in winter are so low, relative

to the rest of the year, that they result in a data set with a higher variance and

non normal statistical distributions, such that sampling the four additional

months does not increase the statistical power for decision making. Samples

will be collected systematically each month, at regular sampling intervals, to

provide an unbiased and representative sample of the water year. Although

“storm chasing” will not be practiced, the systematic sampling design is

expected to capture a representative range of flow conditions during a

particular monitoring year.

Human Health Fish Species. Walleye were selected as the primary human

health fish species because: 1) they are a regionally important and popular

recreational fishery; 2) they were reliably present and relatively easily

harvested in most of the OUs and in most of the target size ranges during the

baseline monitoring program; and 3) walleye are widely distributed

throughout the Lower Fox River and Green Bay. Consistent with the State

Fish Advisory Program, individual walleye will be analyzed as skin on fillet

over a range of legal, harvestable sizes.

Ecological Fish Species. Different ecological species are selected for

monitoring in the Lower Fox River (carp) and Green Bay (drum), and to

ensure overlapping coverage, both species will be monitored in OU 4. Carp

was selected as the primary ecological species in the Lower Fox River

because: 1) carp exhibit some of the highest PCB concentrations of the fish

species sampled; 2) carp are a prey species for higher order predators, such

as eagles; 3) carp have an affinity for mud bottoms and may have more

intimate contact with PCB contaminated sediments; and 4) carp are easily

and reliably harvested from most of the OUs in the range of target fish sizes.
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Drum was selected as the primary ecological species in Green Bay because: 1)

PCB concentrations in drum are typically higher than carp in Green Bay,

whereas the reverse is generally true in the Lower Fox River; and 2) drum are

easily and reliably harvested in these OUs and in the range of target fish

sizes.

YOY Fish Species. Gizzard shad was selected as the YOY fish species based

on: 1) monitoring a juvenile life stage that does not carry a legacy PCB

burden, and which may therefore respond more quickly to improving water

quality conditions in the Lower Fox River; 2) its representativeness as a prey

species for higher order predators (i.e., fish eating birds and mammals, as

well as predatory fish); and 3) ease and reliability of harvesting.

Fish Compositing Design. Ecological fish species will be composited for

analysis because bioaccumulation is caused by the cumulative effects of long

term average dietary exposures. Fish composite groupings will be selected in

consultation with the Response Agencies, and in accordance with the

following general guidelines. Compositing will be performed using strict

fish length windows (typically 2 inch windows) to control for the effects of

size and age on PCB concentration. To preserve site fidelity, grouping of fish

into composite samples will be kept within individual OUs, or subunits in

the case of OU 2 and OU 5, and will not cross OU or subunit boundaries.

Comparability of Background Stations. Procedures used for sampling

background water and fish in Lake Winnebago and OU 5C will be the same

as those used throughout the Lower Fox River and Green Bay to ensure

comparability of data and accurate statistical comparisons. Ambient fish

contaminant monitoring data from other Great Lakes sites and programs,

when used to develop estimates of Great Lakes background concentrations,

will be reviewed to ensure species, preparation methods, and analytical

methods are comparable to those used in the LTMP.

Location Control Requirements. Accurate sample location control is essential

for ensuring quality data and reproducibility between field sampling events.

More accurate and precise control is needed for water and sediment

monitoring activities to be able to reoccupy monitoring stations and depths

along the designated cross sections every month and from one monitoring
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event to the next. A reduced level of accuracy is appropriate for the fish

monitoring program because fish are transient and migratory. Therefore,

water and sediment stations will be located to within a target accuracy of two

meters; fish stations will be located to within a target accuracy of ten meters.

Additional details of the water and fish monitoring plans are provided in Sections

2.1 and 2.2, respectively. Additional details of the MNR sediment monitoring plan

and cap chemical isolation monitoring plan will be submitted as addenda to this

LTMP.

1.7.4 Step 4: Define the Boundaries of the Study 

The study area for the long term monitoring program is bounded spatially and

temporally by the terms of the ROD.

1.7.4.1 Geographic Boundaries 
The study area encompasses the following (see Figure 1 1):

Upstream Reference Site – Lake Winnebago

RA Areas – OU 1 through OU 4, and a small portion of OU 5

Downstream Receiving Water Body – OU 5

Downstream Reference Site (water only) – OU 5C

1.7.4.2 Temporal Boundaries  
Long term monitoring will be conducted for 30 years following completion of all

remedial dredging, capping, and cover actions at the Site unless it can be

demonstrated to the satisfaction of the Agencies that risk reduction goals have been

or are being achieved, and monitoring may be modified or terminated earlier. Based

on RI/FS predictions as well as experience at other sediment cleanup sites, the effects

of the RA are expected to be fully realized within 30 years. The time frames

estimated by the Response Agencies for achievement of the RAOs or significant

progress toward RAOs is:

Recreational anglers: 10 years

High intake anglers: 30 years

Fish eating birds and mammals: 30 years
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Given the current understanding of the RA schedule (see Section 1.6.4) long term

monitoring in OUs 1 through 3 is expected to occur from 2012 through 2042 (plus an

additional monitoring event in OU 1 in 2010), and long term monitoring in OUs 4

and 5 is expected to occur from 2017 through 2047. However, WDNR will continue

monitoring the Lower Fox River and Green Bay as part of the State Fish

Consumption Advisory Program even after the LTMP requirements have been

fulfilled.

1.7.5 Step 5: Develop Decision Rules 

Long term monitoring will be conducted in accordance with the decision frameworks

(flow charts) depicted on the following figures:

Figure 1 4. Human health fish species

Figure 1 5. Ecological fish species

Figure 1 6. Young of year fish species

Figure 1 7. Water quality

Figure 1 8. Sediment quality

1.7.5.1 General Rules 
The collection and evaluation of long term monitoring data is based on the following

general rules:

1. OU by OU Decisions. Long term monitoring decisions will be made at the scale

of individual OUs. As a result, some OUs may fulfill exit criteria and be

removed from the monitoring program sooner than others. OUs 2 and 5 contain

multiple fish, water, and sediment stations and will therefore generate data at a

subunit level, allowing for smaller scale decision units in the MNR areas.

2. Maximum 30 Year Program Duration. Monitoring will be conducted for 30

years after the RA unless it can be demonstrated that risk reduction goals are

being achieved to the satisfaction of the Agencies at an earlier period. Based on

RI/FS predictions as well as experience at other sediment cleanup sites, the

effects of the RA are expected to be fully realized within 30 years. WDNR will

continue to monitor the Lower Fox River as part of the State Fish Consumption

Advisory Program even after the LTMP requirements have been fulfilled.
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3. Confirmation Sampling Requirement. Monitoring data will be evaluated using

the exit criteria listed in Section 1.7.2.3. If the average site contaminant

concentration meets the exit criterion in a particular medium, this provides a

minimum line of evidence that LTMP targets have been achieved. Statistical

certainty will be improved and WOE more clearly achieved if the average site

contaminant concentration meets the exit criterion a second consecutive time in a

follow up confirmation sampling round.

4. Trend Analysis will not be used for Final Confirmation. Exit criterion no. 4

(Evaluation of Recovery Rate) can be used as evidence to proceed to

confirmation sampling, but cannot be used to establish final confirmation nor to

justify termination of the monitoring program.

1.7.5.2 Fish Monitoring Rules 
The collection and evaluation of fish monitoring data is based on the following:

1. Minimum of 3 Events. A minimum of 3 fish monitoring events (Years 0, 5, and

10) are required before a confirmation monitoring event can be scheduled for

either human health or ecological risk.

2. Walleye is Index Species for Human Health. Walleye will be used as the

primary sentinel species for evaluating human health risk.

3. Consideration of Substitute Human Health Species. After walleye have fully

recovered to allow recreational and high intake consumption by humans,

consumption advisories may continue to be in effect for other fish species.

WDNR and USEPA will review the long term monitoring record as well as the

State fish advisory database to determine whether one or more human health

index species should be substituted for walleye in the monitoring program to

further support fish consumption advisory evaluations.

4. Lifting of Fish Consumption Advisories for PCBs. If the WDNR removes all

fish consumption advisories for PCBs for an individual OU or OUs at the Site

during implementation of the LTMP, then all fish tissue monitoring for human

health risk may be terminated in that OU or OUs.

5. Carp and Drum are Index Species for Ecological Risk. Carp will be used as the

sentinel species for ecological risk in the Lower Fox River (OU 1 through OU 4),
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and drum will be used as the sentinel ecological species in the lowest river reach

and in Green Bay (OU 4 and OU 5).

1.7.5.3 Young-of-Year Monitoring Rules 
The collection and evaluation of YOY fish monitoring data is based on the following:

1. Minimum of 1 Event. At a minimum, YOY fish will be collected and analyzed in

Year 0 to help support the WOE evaluation.

2. Adaptive Management of YOY Monitoring Requirements. WDNR and USEPA

will review the monitoring data to determine whether significant progress

toward SWAC reduction goals is being achieved, relative to baseline

concentrations, and whether monitoring should be continued, modified, or

terminated.

1.7.5.4 Water Monitoring Rules 
The collection and evaluation of water monitoring data is based on the following:

1. Minimum of 2 Events. A minimum of 2 water monitoring events (Years 0 and

Year 5) are required before a confirmation monitoring event can be scheduled.

2. Linked with Achievement of Fish Goals. Water monitoring will be terminated

when target fish tissue concentrations have been achieved for humans and

wildlife, even if water monitoring goals have not yet been achieved, given that

fish tissue quality provides a more direct and accurate measure of

bioaccumulation risk.

3. Surrogate for PCB Loadings to Green Bay. Surface water concentrations in

OU 4 will be used as a surrogate for monitoring PCB loadings to Green Bay.

Achievement of the SWAC reduction goal (90 percent reduction target) in OU 4

will also satisfy the PCB load reduction goal for the Lower Fox River.

1.7.5.5 Sediment Monitoring Rules 
The collection and evaluation of sediment monitoring data is based on the following:

1. Sediment Monitoring is for Informational Purposes. Sediment monitoring will

be conducted for informational purposes, and as a secondary line of evidence to

support WOE evaluations, as long as fish monitoring is being conducted.
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2. Linked with Achievement of Fish Goals. Sediment monitoring will be

terminated when target fish tissue concentrations have been achieved for

humans and wildlife.

If water or fish tissue concentrations are not declining, or are declining at a rate that

indicates risk reduction goals will not be achieved within the ROD predicted time

frames, then project assumptions will be reassessed, i.e., are the ROD predicted recovery

rates realistic, achievable, or necessary in light of the knowledge gained during the

monitoring program? If project goals and assumptions remain valid, the data will be

evaluated to determine the likely cause(s) of the delayed recovery, and whether

revisions to the monitoring program (i.e., increased sampling intensity, improved

characterization of ambient background conditions, etc.) should be considered. Such

revisions would be discussed during the CERCLA 5 year reviews.

1.7.6 Step 6: Specify Limits on Decision Errors 

The goal of the long term monitoring program is to meet the statistical criteria in

Sections 1.7.6.1 and 1.7.6.2. The monitoring program is expected to provide an

appropriate level of statistical confidence for Site management decisions.

1.7.6.1 Minimum Detectable Relative Difference  
The specified minimum detectable relative difference (MDRD) between two

consecutive monitoring rounds is 50 percent. The monitoring program should be

able to detect with statistical significance a 50 percent reduction in water or fish

tissue concentrations over relatively short time periods (i.e., 5 years, from one

monitoring event to the next).

In response to the anticipated 90 percent reduction in average surface sediment PCB

concentrations following completion of the RA, combined with ongoing natural

recovery processes in the river and bay, order of magnitude reductions in water and

fish tissue concentrations are expected to occur. One order of magnitude reduction

is approximately equal to three 50 percent reductions. Therefore, an MDRD of 50

percent provides an appropriate level of sensitivity for monitoring the cumulative
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concentration reductions that are expected to result from the RA over the entire

monitoring program (i.e., 30 years).

1.7.6.2 Statistical Confidence and Power 
The goal of the long term monitoring program is to collect water and fish tissue data

that will achieve the following levels of statistical significance to support Site

management decisions:

Alpha = 0.1 (90 percent confidence)

Beta = 0.2 (80 percent power)

1.7.7 Step 7: Optimize the Design 

To achieve the DQOs specified for this project, a sufficient number of water and fish

tissue samples will be collected and analyzed using field and laboratory methods which

provide adequate sensitivity for detection and quantitation of PCBs. Although there are

no explicit exit decisions associated with sediment monitoring data, a sufficient number

of sediment samples will be collected in MNR areas to track PCB concentration

reductions over time; the sediment sampling design will be described in more detail in a

future addendum to this LTMP.

1.7.7.1 Number of Samples 
The estimated number of water and fish samples required for Site management

decisions is based on the desired MDRD, the desired level of statistical confidence

and power (see Section 1.7.6.2), and an estimate of the variability of the data (as

described by the CV of historical monitoring data). This analysis is based on a

comparison of two populations (i.e., one monitoring event compared to a subsequent

event), with each population or event having an associated variance. Such an

approach is expected to provide a conservatively high estimate of sample size

requirements for all types of Site management decisions because of the following

considerations:

If data from one monitoring event is compared to a fixed numerical criterion

(e.g., a human health or ecological target concentration), fewer samples will

be required to achieve the same confidence level.
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After three post construction monitoring events are completed, two sample

comparisons will be augmented with regression based analysis. As the size

of the data set grows with each successive monitoring event, greater

statistical power will generally be achieved (provided the variance of the data

does not increase over the length of the monitoring record).

Sample size estimates are based on a MDRD of 50 percent between two

monitoring events. As the length of the monitoring record grows, larger

reductions totaling 90 percent or more are expected over the long term.

Larger reductions are more easily discerned using statistical methods.

The sample size estimates developed for this LTMP do not consider ancillary

variables that may influence PCB concentrations (e.g., fish length and lipid

content, water temperature, and suspended solids content). If correlations

can be established between PCB concentrations and ancillary variables, a

larger proportion of the sample variance may be predicted and controlled

through the use of multivariate statistical techniques, such as multiple

regression (see also Section 4.2.3.6).

The relationship between sample size and statistical power follows USEPA 1998

(section 9.3.3):

N = (Z + Z2 )2 (CV/MDRD)2

where [N] = number of samples, [Z and Z2 ] are Z statistics at the specified alpha

and beta levels, [CV] is the coefficient of variation of water or fish tissue data, and

[MDRD] is the minimum detectable relative difference (see Section 1.7.6.1).

The estimated sample size as a function of CV for either water or fish tissue data is

provided in Table 1 7. For comparison purposes, a range of confidence levels (alpha

= 0.2, 0.1, and 0.05) is provided. The estimated sample sizes are based on an

assumed normal distribution; both fish tissue data and seasonally stratified water

data are reasonably described by normal distributions, as shown in Tables 1 4 and

1 5.
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The statistical characteristics of the data collected in the baseline monitoring

program (see Tables 1 1 and 1 2) can be used to estimate the sample sizes for the

long term monitoring program. The estimated level of statistical confidence

provided by the baseline monitoring data, based on the sample size and the

observed CV of these data, is summarized in Table 1 8. In a majority of cases, the

baseline monitoring data consistently met or exceeded expectations for statistical

power, as described below. For gizzard shad and carp, however, some of the OUs

did not meet their statistical goals, generally due to outlier concentrations or reduced

sample sizes.

Water Sample Sizes. When monthly water samples are evaluated as a year round

data set, statistical power expectations are generally not met. Water column data in

only 3 out of 10 OUs showed statistical confidence levels of 90 percent or higher.

Without considering the effects of controlling variables, statistical power was

improved by removing the winter months (December through March) from the data

set. Statistical confidence levels of 90 percent or higher were observed in seven out

of 10 OUs, in spite of having fewer samples in the data set. Two of the remaining

OUs showed confidence levels greater than 80 percent. Lake Winnebago showed the

lowest confidence levels (greater than 75 percent) compared to all other OUs, likely

due to the extremely low PCB concentrations and higher analytical uncertainty

associated with this upstream background location.

In summary, the 8 month warm weather data set exhibited better statistical power

for detecting long term reductions in PCB concentrations compared to the year

round data set. Expected levels of statistical confidence were met in a majority of

cases in the 8 month data set. It is therefore recommended that long term

monitoring of the water column should be performed on a monthly basis from April

through November. Additional sampling in the winter months is not likely to

improve and may actually degrade statistical performance.

Fish Sample Sizes. The statistical confidence levels associated with human health

fish species—walleye and bass—were uniformly excellent and typically exceeded 95
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percent (Table 1 8). Statistical confidence levels associated with ecological fish

species—carp and drum—were also excellent, with a few localized exceptions. Sub

optimal confidence levels were associated with carp data in OU 1 (greater than 80

percent), OU 2A and OU 5B (greater than 70 percent). OU 2A and OU 5B are each

affected by an outlier, and are probably better described by lognormal distributions

(see Table 1 5). Drum performance was only slightly below expectations in OU 2C

(greater than 80 percent), but exceeded expectations (greater than 95 percent) in a

majority of the other OUs. Overall, these comparisons validate the continued use of

the sample sizes specified in the baseline monitoring program for all of the adult fish

species except carp. In order to increase the statistical power of the carp data, the

sample size will be increased from five to seven composite samples (comprised of 35

total fish) during the long term monitoring program.

Statistical confidence goals were only sometimes met in the gizzard shad data, the

YOY species intended to serve as an early indicator of ecosystem recovery. Five of

the OUs showed excellent power of discrimination, with over 95 percent confidence,

whereas the other four OUs showed only modest power, with 80 to 90 percent

confidence. Therefore, the gizzard shad sample size will be increased from five to

seven composite samples during the long term monitoring program to improve

statistical power, especially in the Lower Fox River (see Table 1 7).

1.7.7.2 Analytical Sensitivity 
To achieve the DQOs for this project, analytical methods must be sensitive enough

to:

Quantify upstream “background” concentrations in Lake Winnebago

Quantify future PCB concentrations based on anticipated order of magnitude

reductions

Water is the more difficult medium and requires greater analytical sensitivity

because PCBs are extremely hydrophobic, i.e., they tend to concentrate in the fatty

tissue of fish but are poorly soluble in water. The method specified for water analysis

in the long term monitoring program is PCB congener analysis by HRGC/MS using

EPA Method 1668A. The laboratory used in the baseline monitoring program
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(TestAmerica Knoxville) achieved estimated detection limits (EDLs) for individual

congeners ranging from 0.0005 to 0.003 ng/L, and reporting limits ranging from 0.02

to 0.03 ng/L. The PCB congener EDLs and reporting limits were enhanced by

extraction of double sample volumes (2 liters per sample) as well as by installation of

upgraded electronics for the mass spectrometer, resulting in state of the art

sensitivity for a commercial laboratory.

Minimum Number of Detected Congeners.Water column PCB data is expressed as

total PCBs, which is the sum of all detected congeners using zero for undetected

congeners below the EDL, and using estimated values between the EDL and the

reporting limit. The congener compositions of the most highly contaminated samples

in the baseline monitoring program (i.e., those samples with the fewest number of

undetected congeners and the least amount of “censoring”) were evaluated to

determine how many of the 209 possible congeners make up the bulk of the PCB

mass. Water samples from August and September in OU 3 and OU 4 were analyzed

for this purpose. It was determined that the top 20 to 25 congeners contributed 80

percent of the total PCB mass (see Section 4.2.1.2).

Based on this evaluation, the goal for the long term monitoring program is to detect

and quantify 25 congeners in each sample. With this level of detection, a majority of

the PCB mass will be positively quantified. When PCB concentrations are very low,

there may be too few congeners detected. Detections of fewer numbers of congeners

may tend to bias results low because a larger fraction of the PCB mass would be

undetected or “censored”. If and when this occurs, it will be addressed

collaboratively through adaptive management (see also Section 4.2.1.4).

Analytical Sensitivity in Water. A review of the water data from the baseline

monitoring program shows EPA Method 1668A is sufficiently sensitive to meet the

objectives of the long term monitoring program, at least during the initial

monitoring rounds. During the warm weather months from April to November,

between 49 and 132 congeners were detected in water samples from the Lower Fox

River; 33 to 99 congeners were detected in water samples from Green Bay; and 31 to

61 congeners were detected in Lake Winnebago (all statistics based on blank
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corrected data). Good detection frequencies were achieved for total PCB

concentrations as low as 0.1 ng/L. This level of sensitivity exceeded the expectations

of the Baseline Monitoring Plan, which assumed accurate quantitations would be

achievable down to about 1 ng/L.

In winter months, fewer numbers of congeners were detected overall. In Lake

Winnebago, the number of detected congeners dropped below the minimum

recommended detection frequency (less than 25 congeners) for 2 months.

Given the order of magnitude reductions in PCB concentrations which are predicted

to occur in the decades following the RA, the sensitivity of the PCB analytical

methods may need to be evaluated at some point in the future of the long term

monitoring program. However, data collected during the baseline monitoring

program indicates high quality data should be obtained during the initial

monitoring rounds using EPA Method 1668A, with the modifications as

recommended in this plan.

Further improvements in sensitivity may be limited by trace levels of PCBs in the

global and regional atmosphere, evidenced by ambient PCB concentrations in

laboratory method blanks (approximately 0.1 to 0.3 ng/L) and field rinseate blanks

(approximately 0.1 to 0.9 ng/L). Ongoing monitoring and evaluation of field and

laboratory blank contamination is therefore a critical component of the long term

monitoring program (see Sections 2.7.1 and 4.2.2). To this end, laboratory blank

contamination will be controlled as practicable to 0.2 ng/L total PCBs or lower

during the long term monitoring program. This should be an achievable control

limit based on the analytical laboratory’s performance during the second half of the

baseline monitoring program, after a source of laboratory contamination was

diagnosed and eliminated. As with other elements of the long term monitoring

program, adaptive management may be used to update this control limit if further

reductions in PCB blank contamination can be reasonably achieved by the

laboratory.
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Analytical Sensitivity in Fish Tissue. PCB concentrations in fish tissue from the

Lower Fox River and Green Bay range from about 0.1 to 10 mg/kg (Aroclor basis),

depending on the particular species and river reach. The detection limit achieved in

the baseline monitoring program for PCBs in fish tissue was 0.019 mg/kg. All fish

species were at or near 100 percent detection in all parts of the Lower Fox River and

Green Bay. In Lake Winnebago, more frequent non detects were observed,

especially in the human health species (50 percent nondetect for walleye, 40 percent

nondetect for bass). Because PCB concentrations in the Lower Fox River and Green

Bay are typically about an order of magnitude higher than those in Lake Winnebago,

additional analytical sensitivity in Lake Winnebago does not appear to be warranted

at this time.

1.8 Documentation and Records 

Complete and accurate records of sample collection, sample analysis, QA, data corrections,

and data analysis will be maintained. Integrity of this information must be maintained

throughout all data transfers and manipulations. Procedures used to generate, transform,

and validate data are critical for effective data management. A summary of the data

management procedures is provided below.

1.8.1 Data Tracking 

When samples are processed and the appropriate sample identification is given, the

sample tracking process will be initiated. Every sample will be tracked individually

from its collection through receipt of the analytical results and final validation. The date

collected, laboratory receipt, data receipt, status of data validation, and status of

database entry for each sample will be tracked and recorded in a sample tracking

database.

1.8.2 Electronic Data Management 

Technical data, including field observations, laboratory analytical results, and data

validation results, will be stored in a relational database. The Database Administrator

will be responsible for uploading sample collection data into the database under the

supervision of the Data QAM. Data received from analytical labs in electronic data

deliverable (EDD) format will be checked for completeness by comparing them to the
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sample collection forms before appending them into the database. At this point, the

analytical data will be marked as “unvalidated” but will be available for preliminary

queries. Data checks will be completed, including a comparison of the electronic data

against the hard copy reports received from the laboratory. Finally, the Database

Administrator will upload validation qualifiers as they are received from the Data

Validator, validation qualifiers will be checked, and the data will be marked as

“validated”.

In addition to analytical data, the database will be used to organize field observation

data, and field parameter measurements. These data will be transcribed by field

personnel into electronic files (spreadsheets), where they will be uploaded into the

database.

1.8.3 Evidence File 

The final evidence file will be the central repository for all documents that constitute

evidence relevant to sampling and analysis activities. The Respondent Team Project

Coordinator or his/her designee will be the custodian of the evidence files and will

maintain the contents of the evidence files for the long term monitoring program,

including all relevant records, reports, field logbooks, field forms, pictures, contractor

reports, and data reviews in a secured, limited access area.

All records will be kept by the Respondent Team until the monitoring program is

completed. As necessary, records may be transferred to an offsite records storage facility

which provides secure, access controlled storage. Raw analytical laboratory data,

including chain of custody (COC) forms, analytical bench sheets, instrument printouts

and chromatograms, certificates of analyses, and QA/QC report summaries will be

stored in electronic format (pdf files). The subcontract laboratory will retain its raw

analytical data and QA data for a minimum of 10 years after completion of a given

monitoring event. The Response Agencies will be notified prior to the disposal of any

laboratory data.
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2 DATA GENERATION AND ACQUISITION 
This section presents the anticipated sampling strategies to be employed during each

monitoring event, including sample numbers, monitoring locations, sampling schedules, and

field and laboratory procedures. These sampling strategies may be adjusted or modified

through adaptive management and the CERCLA 5 year review process. For example,

environmental media or fish species may be added, reduced, or discontinued based on an

ongoing evaluation of progress toward risk reduction goals.

2.1 Water Quality Monitoring Plan 
2.1.1 Number of Water Samples 

Monthly water samples will be collected at all monitoring stations during the 8 warm

weather months (April through November) during each monitoring year (eight samples

at each of 10 stations). Sampling may not always be possible at all stations due to

unforeseen field conditions; therefore, the “completeness” objective for the water quality

sampling program will be a minimum of seven out of eight possible sampling events at

each station.

2.1.2 Water Quality Monitoring Stations 

In general, water monitoring stations are sited near the downstream boundaries of the

OUs such that the net PCB contribution from each OU, and the effectiveness of the

remedy in each OU, can be evaluated. In addition, multiple water quality monitoring

stations are sited in OU 2 and OU 5 to provide more detailed coverage in MNR areas.

Water column samples will be collected and analyzed at one upstream reference location

in Lake Winnebago, six stations along the Lower Fox River (OUs 1 through 4), and 3

stations in Green Bay (OU 5), for a total of 10 stations. The stations recommended for

the long term monitoring program are identical to those occupied during the baseline

monitoring program.

The water monitoring stations are shown on Figures 2 2 through 2 9, and listed below

(see also Figure 2 1 for an index map):

Lake Winnebago (upstream reference station). Just above Neenah and Menasha

Channels (Figure 2 2)
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OU 1. Downstream of LLBDM and above the first Appleton Dam (Figure 2 3)

OU 2. Three sampling stations:

- OU 2A. Reach between Lock 4 and Cedars Lock (Figure 2 4)

- OU 2B. Reach between Lock 5 and Rapide Croche Lock (Figure 2 5)

- OU 2C. Above Little Rapids Dam (Figure 2 6)

OU 3. Above De Pere Dam (Figure 2 7)

OU 4. Near the USGS stream gage (Oil Depot gage); approximately 1,300 meters

upstream from the mouth, and largely beyond the influence of bay water under

seiche conditions (Figure 2 8).

OU 5 (Green Bay). Three sampling stations (Figure 2 9):

- OU 5A. Zone II/Zone III Boundary

- OU 5B. Zone III South

- OU 5C. Zone III North

Three stations have been specified for both OU 2 and OU 5 (Green Bay). MNR is the

selected remedy for these areas. The rationale for selecting water sampling stations in

OU 2 is as follows:

OU 2A. To provide information in a reach of OU 2 having a steeper gradient and

faster water velocities, as well as to provide information on natural recovery

processes due to Deposit N removal

OU 2B. To provide information in a reach of OU 2 with gentler gradients and

slower water velocities (i.e., more likely to be depositional)

OU 2C. To provide information on natural recovery processes due to removal of

Deposit DD, and data regarding the PCB mass loading from OU 2 to OU 3

The water sampling stations in OU 5 were sited to characterize the concentration

gradient in Green Bay between the mouth of the Lower Fox River and Lake Michigan.

2.1.3 Water Quality Monitoring Schedule 

Sampling will be performed on a monthly basis from April through November in a

given monitoring year (eight sampling events total). Sampling will be “systematic” in

design, to provide representative and unbiased coverage. Specific runoff events will not

be targeted but a random and representative range of flows is expected to be captured
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during the course of the monitoring program. Water sampling will be scheduled during

the first 2 weeks of each month. The six river water samples will be collected in order

from upstream to downstream over as short a period of time as practical, typically 3 to 4

days.

2.1.4 Water Quality Sample Identification  

Water quality samples will be coded as follows (see also Table 2 1):

AAAA YY MMDD

where “AAAA” is a 3 to 4 letter code that identifies the OU (OU1) or subunit (OU2B);

“YY” is the two digit year (e.g., 05 for 2005, 10 for 2010, etc.); and “MMDD” is the

month and day of the sample collection. For example, “OU4 05 0912” is a water sample

from the OU 4 station collected on September 12, 2005. This sample identification

scheme is designed to sort alphabetically in time and space.

Field replicates will be coded in the initial letter string (e.g., OU1D or OU2BD) in order

to preserve the time stamp at the end of the name. The code for field rinseate blanks will

replace the OU designation at the beginning of the sample code and will retain the time

stamp. For peristaltic pump and Niskin bottle rinseate blanks, respectively, the codes

are as follows:

RBP YY MMDD

RBN YY MMDD

Field replicates and field rinseate blanks are discussed further in Section 2.7.1.

Each of the water quality samples will be composited from six separate aliquots from

different distances and depths along the channel transect, as described below (Section

2.1.5.1). Each aliquot will be labeled with a consecutive letter (A, B, C, D, E, and F)

progressing from top to bottom and west to east, in the following format:

AAAA YY MMDD B
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The six aliquots will be submitted separately to the analytical laboratory for

compositing.

2.1.5 Water Quality Sampling Procedures 

Water quality sampling procedures are described below.

2.1.5.1 Location Control 
Water quality monitoring stations will be located to within a target accuracy of 2

meters using a DGPS calibrated to known shoreline benchmarks before and after

each sampling transect. Water depths will be determined using either a lead line or

a calibrated echo sounder recorded to the nearest 0.1 foot. Project specific location

control requirements, calibration protocols, and quality indicators are described in

the standard operating procedure (SOP) Location Control.

2.1.5.2  “Quarter Point” Sampling Procedures 
Area weighted composite samples will be collected on specified transects to obtain

representative water concentrations averaged over the cross section of flow. Water

quality sampling transects are located to the extent possible in relatively straight

reaches with simple, U shaped cross sections, avoiding areas with shallow benches

or protrusions that could cause eddies, wind waves, or other hydraulic

complications. It is assumed that the flow in these sections is relatively uniform and

well mixed. In a uniform, well mixed cross section, an area weighted sampling

design provides a reasonable approximation of a flow weighted design.

Representative transects of the Lower Fox River, Lake Winnebago, and Green Bay

will be sampled in general accordance with USGS “quarter point” sampling

procedures. The channel cross sections are divided into 3 equal areas based on

bathymetric data. Water sampling stations are positioned at the midpoint of each of

the three flow areas; the coordinates of these stations are listed in Table 2 2. In the

Lower Fox River and Lake Winnebago, discrete water samples will be collected at 0.2

and 0.8 times the depth of the water column.
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In Green Bay, a surface water sample will be collected from one meter below the

surface, and a deep water sample will be collected from the mid point of the water

column. It should be noted that during the baseline monitoring program, Green Bay

transects were stratified into two layers – shallow and deep layers, above and below

the thermocline; however, it was determined that PCB concentrations in the shallow

and deep layers were not statistically different and as a result, sample stratification

will not be required in the long term monitoring program.

2.1.5.3 Sample Compositing 
Discrete water subsamples will be collected at each of the six “quarter point”

locations and depths (i.e., two depths x three stations = six subsamples for each

transect), then shipped to the analytical laboratory where the compositing will be

performed under clean laboratory conditions. A 1 liter bottle will be collected at

each of the six subsampling locations/depths (six bottles total) and a second,

redundant set of bottles will be collected and held in refrigerated storage near the

sampling site until it has been determined that the original bottle set arrived safely at

the analytical laboratory.

2.1.5.4 Field Equipment 
Samples in the Lower Fox River will be collected using a peristaltic pump with

expendable tubing (i.e., used only once for each transect). Samples in Green Bay will

be collected with a pre cleaned, dedicated Niskin bottle (or equivalent). Each Niskin

bottle will be dedicated to a specific Green Bay monitoring station.

2.1.5.5 Field Parameters 
The following field parameters will be measured at each of the “quarter point”

locations on each sampling transect:

Temperature

Turbidity

These field parameters will be monitored in continuous casts from water surface to

river bed to assess water column stratification and spatial heterogeneity in each cross

section of the river or bay at the time of sampling.
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2.2 Fish Tissue Monitoring Plan 
2.2.1 Number of Fish Samples 

Optimum Completeness Goal. The following number of fish samples will be targeted

at each sampling station (i.e., in each OU, or part of an OU):

Walleye (human health index species): 15 individual fish

Carp (ecological index species for Lake Winnebago through OU 4): 35 individual fish,

to be composited into seven groups of five fish each

Drum (ecological index species for OU 4 and OU 5): 25 individual fish, to be

composited into five groups of five fish each

Gizzard shad (YOY forage fish): 175 individual fish, to be composited into seven

groups of 25 fish each

Minimum Completeness Goal. Reasonable efforts will be made to obtain the optimum

numbers of target species, according to the field sampling decision framework detailed

in Section 3.4.2 and Figure 3 1. However, if sufficient numbers of fish cannot be

collected at certain sampling stations, after consideration of alternate fish sizes and other

contingency actions to improve the harvest, the following minimum numbers of fish will

be collected to satisfy project completeness goals, while still providing a reasonable level

of statistical power:

Walleye (human health index species): Minimum of eight individual fish

Carp (ecological index species for Lake Winnebago through OU 4): Minimum of seven

individual fish, to be analyzed separately (no compositing)

Drum (ecological index species for OU 4 and OU 5): Minimum of five individual

fish, to be analyzed separately (no compositing)

Gizzard shad (YOY forage fish): Minimum of 25 individual fish, to be composited

into five groups of five fish each

2.2.2 Fish Monitoring Stations 

There are nine fish monitoring stations, including an upstream reference site (Lake

Winnebago), six stations in the Lower Fox River (OU 1 through OU 4), and two stations

in Green Bay (OUs 5A and 5B). One sampling station is assigned to each OU, except

OU 2 which has three sampling stations and OU 5 which has two stations. The fish

monitoring stations are shown on Figures 2 2 through 2 9, and listed below:
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Lake Winnebago. Upstream reference station. (Figure 2 2).

OU 1. Little Lake Butte de Morts (Figure 2 3).

OU 2. Three sampling reaches:

- OU 2A. Reach between Lock 4 and Cedars Lock (Figure 2 4).

- OU 2B. Reach between Lock 5 and Rapide Croche Lock (Figure 2 5).

- OU 2C. Reach above Little Rapids Dam (Figure 2 6).

OU 3. Reach above De Pere Dam (Figure 2 7).

OU 4. Reach from De Pere Dam to the mouth of the Lower Fox River

(Figure 2 8).

OU 5. Two sampling reaches (Figure 2 9):

- OU 5A. Shallow, inner portion of Green Bay

- OU 5B. Deeper, central portion of Green Bay, and the eastern shore from

around Dyckesville to Little Sturgeon Bay

Recommended fish collection sites, based on the catches obtained during the baseline

monitoring program, are provided on these figures. However, fishing locations may be

adjusted as needed in the field based on species availability, habitat, river or bay

conditions, seasonal migration patterns, or other field conditions. Because of these

variables and habitat preferences, it is assumed that different species will be collected

from different parts of the OUs. However, fish have free access within the entire OU or

subunit that they represent; therefore, they should be representative of the general

environmental conditions in the OU.

2.2.3 Fish Collection Schedule 

Fish will be collected in late summer/early fall, between August 15 and September 15.

Every fish sampling event will target this same seasonal sampling window to control for

seasonal variability in the monitoring data. Sample collection activities may be extended

an additional month (through October 15) if necessary to fill data gaps.

If the walleye catch is found to be deficient and bass are substituted for the human

health index species, bass fishing in certain OUs (Lake Winnebago, OU 4 and OU 5)

should be conducted in the following month of June to be consistent with the bass

collection schedule used in the baseline monitoring program.
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2.2.4 Target Fish Species and Size Ranges 

Target fish species were selected based on the following criteria:

Presence of fish consumption advisories (human health index species)

Popular recreational fishery (human health index species)

Key species evaluated in Human Health or Ecological Risk Assessments (Retec

2002c)

Common food source for upper level animals, e.g., fish eating mammals and

birds (ecological index species)

Availability in the Lower Fox River and Green Bay based on recommendations

from State fish biologists and experience during baseline monitoring program

Target fish species are summarized in Table 2 3. A total of five fish species were

analyzed during the baseline monitoring program to provide greater flexibility during

long term monitoring. Four fish species will be analyzed during the long term

monitoring program, including a human health index species, two ecological index

species, and a YOY forage fish species. The YOY forage fish species is intended to

provide an early indication of recovery in the river and bay because these fish best

represent current conditions unburdened by legacy contaminants. The four primary

species that will be targeted during the long term monitoring program are:

Walleye (human health index)

Carp (ecological index for Lower Fox River)

Drum (ecological index for Green Bay)

Gizzard Shad (YOY forage fish)

The following secondary species may be considered if the corresponding primary

species are difficult to obtain or unavailable during a particular monitoring event:

Smallmouth Bass (human health index)

Drum (ecological index for Lower Fox River)

Carp (ecological index for Green Bay)

It is recommended that all secondary species be retained and archived during field

collection activities until the entire catch is evaluated and it can be determined that the

completeness objectives for the primary species are fulfilled.
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In addition, substitute human health species may be selected for monitoring after

walleye have achieved their monitoring goals, to better support the evaluation of fish

consumption advisories (see Section 1.7.5.2).

2.2.5 Fish Tissue Sample Identification 

With the exception of gizzard shad, each individual fish will be given a unique sample

ID, as follows (see also Table 2 4):

LLLL YY SP NN

where [LLLL] is the location code describing the OU or subunit (OU1, OU2A, OU2B,

etc.), [YY] is the two digit year (i.e., 08 is 2008), [SP] is the species identification code

(WA = walleye, SB = smallmouth bass, CA = carp, and DR = drum), and [NN] is a

sequential number assigned to each individual fish in a given OU. For example, OU4

08 WA 23 is the twenty third walleye collected in OU 4 during a monitoring event in

2008. Gizzard shad from a particular sampling location will be bagged in groups of 25

fish or less and each bag of fish will be assigned a sample number in accordance with

this convention (with the species code GS = gizzard shad).

Composite sample IDs will follow a similar convention as the IDs assigned to individual

fish, except the last two characters will be changed to identify a composite sample:

LLLL YY SP C#

where C# represents composite samples C1, C2, C3, etc. These IDs will be assigned in

the laboratory where the compositing will be performed at the direction of the

Respondent PM or his/her designee, in consultation with the Response Agencies.

Field replicate samples will be coded in the initial letter string (e.g., OU1D or OU2BD).

2.2.6 Fish Sampling and Preparation Methods 

Fish sampling procedures are described below.
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2.2.6.1 Location Control 
The beginning, end, and turning points of fishing transects will be located to within

a target accuracy of 10 meters using a GPS as well as references to shoreline

landmarks. Project specific location control requirements for fish sampling activities

are described in the Location Control SOP. Because fish migrate freely within an OU

or subunit, location control requirements are less stringent for fish collection.

2.2.6.2 Fish Sampling Methods 
Primary and secondary target fish species are listed in Section 2.2.4. It is

recommended that all secondary species be retained and archived during field

collection activities until the entire catch is evaluated and it can be determined that

the completeness objectives for the primary species are fulfilled. The following fish

collection methods are recommended based on the experience gained during the

baseline monitoring program (see Table 2 5):

Electrofishing (all species)

Trawls (all species)

Seine nets (gizzard shad)

Rod and reel (bass and potentially other species)

Rod and reel techniques were found to be productive for bass fishing in June but

may also be productive for other species during the fall. Fyke nets and set lines were

not generally productive. Methods may be modified as needed based on field

conditions at the time of sampling.

The coordinates, time, and water depth of the starting point, ending point, and

turning points of each fishing run will be recording in field logs. Start and end times

will also be marked on the hard copy print out from the echosounder. The

coordinates, water depth, and time of deployment and recovery will be logged for

stationary equipment, if used, such as set lines, fixed nets, etc.

The following data will be recorded for each individual fish (with the exception of

gizzard shad):

Unique individual sample ID
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Time of collection

Length

Weight

Abnormalities (i.e., tumors, lesions)

Because of their small size and large numbers, YOY gizzard shad will not be logged

individually. All gizzard shad fingerlings from a particular fishing location will be

combined in a plastic bag and forwarded to the analytical lab for compositing. Fish

collection, handling and preservation techniques are provided in the Fish Collection

SOP.

2.2.6.3 Compositing 
The Respondent PM or his/her designee, in consultation with the Response

Agencies, will select the fish to be used for composite samples and will direct the

laboratory in their preparation. See Laboratory Tissue Preparation SOP for further

details on laboratory methods of preparing composite samples.

Carp and drum (ecological index species), and gizzard shad (YOY forage fish

species) will be analyzed as composite samples. Carp composites will consist of

seven composites with five individuals in each composite (i.e., 35 fish total), drum

composites will consist of five composites with five individuals in each composite

(i.e., 25 fish total), and gizzard shad composites will consist of seven composites with

25 individuals in each composite (i.e., 175 fish total). To the extent possible, fish will

be collected that are representative of the size classes listed in Table 2 3. Ideally,

composites would be prepared for each of the five 2 inch classes in the target length

window. However, some compositing classes may be represented by two or more

samples, whereas other classes may contain no samples, depending on the catch.

The individual fish will be archived (frozen) until the fishing season is completed

and the entire catch may be evaluated. Then the fish will be assigned to compositing

groups. Similarly sized individuals (within 2 inch size classes, if possible) will be

grouped together for compositing. To the extent possible, gizzard shad composites

will be prepared using fish obtained from a single fishing site. Carp and drum



Data Generation and Acquisition

Long term Monitoring Plan December 2009
Lower Fox River Remedial Design 66 080295 03

composites, on the other hand, may be combined from multiple fishing sites; the

primary consideration for these larger and older fish is preparing composites based

on a relatively narrow range of fish lengths. In no case will fish be composited

across OUs, or across subunits in OU 2 or OU 5.

2.2.6.4 Fish Tissue Preparation
Walleye (and bass, if analyzed) will be prepared as skin on fillets. These human

health species will be analyzed on an individual basis to be consistent with methods

used in the State Fish Consumption Advisory Program. Carp and drum (ecological

species) and gizzard shad will be analyzed as composite samples of whole fish (see

Biological Tissue Preparation SOP).

2.2.6.5 Tissue Archiving 
Aliquots of all homogenized fish tissue samples (including both individual and

composited samples) will be set aside and archived (frozen) for possible future

analysis. Fish tissue samples will be archived for a minimum of one CERCLA 5 year

review cycle. The status of the samples will be considered during the 5 year review

process, at which time the samples may be designated for continued archiving over

another review cycle, or else discarded.

For human health species (i.e., walleye or bass), one fillet will be analyzed and the

other side will be archived. For ecological species (i.e., carp and drum), each fish

will be individually homogenized, then equal masses of tissue will be drawn from

the individual samples to prepare the composite sample. The remainder of the

individual samples will be archived for possible future analysis in case it is later

determined that analysis of individual fish would be useful. For gizzard shad, an

aliquot of each composited and homogenized sample will be set aside and archived.

2.3 MNR Sediment Sampling Plan 

Sediment monitoring will be conducted in representative MNR areas of OUs 2 and 5.

Sediment monitoring of MNR areas will provide a secondary line of evidence to document

natural recovery success, with the primary line of evidence being based on fish tissue and

water monitoring results. Approximately 10 sampling stations in OU 2 and 15 to 20
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sampling stations in OU 5 will be monitored, focusing on those areas that were reported in

the RI/FS as containing surface sediment PCB concentrations above 1 mg/kg. To the extent

possible, sediment MNR sampling locations will be co located with surface water and fish

monitoring stations. At each sampling station, a five point composite surface sample will be

collected from the top 6 inches (15 centimeters) of the sediment to track reductions in

average PCB concentrations over time. The details of sediment monitoring locations, along

with field and analytical protocols, will be finalized toward the conclusion of RAs in OUs 2

through 5, and will be approved by the Agencies as an addendum to this LTMP.

2.4 Cap Chemical Isolation Monitoring Plan 

Cap chemical isolation monitoring will be performed in representative areas with “Type B”

caps to verify basic cap design assumptions (i.e., proper installation of the cap and

resistance to chemical diffusion through from underlying contaminated sediments). “Type

B” caps contain a basal layer of mixed cap material and sediment overlain by a clean

chemical isolation layer and a final armor layer; these types of caps are installed over mid

range sediment PCB concentrations (between 10 and 50 ppm). Cap chemical isolation

monitoring will provide a secondary line of evidence to document cap effectiveness, with

the primary line of evidence being a comprehensive survey of the physical integrity of

capped areas, as described in the Agency approved COMMP (including bathymetry, sub

bottom profiling, poling, and potentially other methods to verify that the caps and armor

layers remain intact). Diver cores will be used to collect samples of the chemical isolation

layer in 15 to 20 representative locations, taking care not to create sampling induced carry

down or cross contamination of the cap samples. The details of cap chemical isolation

monitoring locations, along with field and analytical protocols, will be finalized toward the

conclusion of RAs in OUs 2 through 5, and will be approved by the Agencies as an

addendum to this LTMP.

2.5 Sample Handling and Custody Requirements 

The following sections describe the procedures for sample handling, preservation,

transportation, and storage (see Shipping and Packaging of Non hazardous Samples SOP).

Sample COC procedures are also described (see COC Documentation SOP).
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2.5.1 Sample Handling, Preservation, Transportation, and Storage 

Table 2 6 lists the required sample containers, preservation requirements, and holding

times for the specified analytical methods and sample matrices. Sample bottles will be

provided by the laboratory and prepared in accordance with The Samplers Guide to the

CLP Program (USEPA 2001b). Sample containers will be purchased by the laboratory

pre cleaned to requirements of the USEPA Office of Solid Waste and Emergency

Response Directive 9240.05A. Sample containers will be kept closed and in a cooler until

used.

Vendor certificates of cleanliness for sampling supplies will be accepted and on file at

the analytical laboratories. For PCB congener analysis by EPA 1668A, ultra low level

detection limits are required, and there is increased risk of cross contamination;

therefore, additional precautions are necessary. Procedures for tracking, lot checking,

and ensuring clean sample containers are delivered to the field crew are specified in the

Lot Checking Sample Containers SOP.

2.5.1.1 Sample Packaging 
Sample packaging and shipping procedures are designed to ensure that the samples

and their accompanying COC will arrive at the laboratory intact. A temperature

blank is required in all coolers. Packaging, marking, labeling, and shipping of

samples will comply with the regulations of the U.S. Department of Transportation

in 49 CFR 171 177.

2.5.1.2 Shipping Airbills
If samples are shipped, airbills will be retained to provide a record of sample

shipment to the laboratory. Completed airbills will accompany shipped samples to

the laboratory and will be forwarded along with data packages. Airbills will be kept

as part of the data packages in the project files.

2.5.2 Chain of Custody 

Proper sample and data custody procedures will be followed during the long term

monitoring program. Custody is addressed during field sample collection, during data

analyses in the laboratory, and through proper handling of project files. Persons will
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have custody of samples when samples are in their physical possession, in their view

after being in their possession, or in their possession and secured to prevent tampering.

In addition, when samples are secured in a restricted area accessible only to authorized

personnel, they will be deemed to be in the custody of such authorized personnel.

COC forms will provide the record of responsibility for sample collection, transport, and

submittal to the laboratory. Field personnel designated as responsible for sample

custody will fill out COC forms at each sampling site, at a group of sampling sites, or at

the end of each day of sampling. Original COC forms will accompany samples to the

laboratory, and copies will be forwarded to the project files.

2.5.2.1 Field Custody Procedures 
COC forms will be required for all samples. The sample processing team will initiate

COC forms. COC forms will contain the sample’s unique identification number,

sample date and time, sample description, sample type, preservation (if any), and

analyses required. Original COC forms, signed by the field team, will accompany

the samples to the laboratory. A copy of relinquished COC forms will be retained

with the field documentation. COC forms will remain with the samples at all times.

Samples and signed COC forms will remain in the possession of the field team until

samples are delivered to the express carrier (e.g., Federal Express), hand delivered to

the laboratory, or placed in secure storage (S=see COC Documentation SOP).

2.5.2.2 Laboratory Sample Receipt and Storage 
Upon sample receipt, the laboratory sample custodian will verify package seals,

open the packages, check temperature blanks (and record temperatures), verify

sample integrity, and inspect contents against COC forms. Note that samples

requiring preservation at 4°C may be recorded as “received on ice” if solid ice is

present in the cooler at the time the samples are received, in lieu of temperature

measurements, per NR 149.11(4). The laboratory PM will be contacted to resolve any

discrepancies between sample containers and COCs. After confirming the shipment

and COC are in agreement, the sample custodian will initiate an internal COC as

well as supply the Laboratory QAM with a sample acknowledgement letter. If the
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sample temperatures are outside the required range, the laboratory will contact the

Laboratory QAM to determine the proper course of action.

Samples will be logged into the Laboratory Information Management System

(LIMS), which assigns a unique laboratory number to each sample. LIMS will be

used by all laboratory personnel handling samples to ensure all sample information

is tracked and recorded.

After the laboratory labels the samples, they will be moved to secured refrigerators

where they will be maintained at 4 degrees Celsius (°C) or frozen, as appropriate.

Access to refrigerators and freezers will be limited to authorized laboratory

personnel.

2.6 Laboratory Analytical Methods 

The analytical parameters and methods specified for water and fish tissue analysis are the

same as those used in the baseline monitoring program, as described in Sections 2.6.1 and

2.6.2, below. In water, PCB congeners will be analyzed using EPA Method 1668A to achieve

ultra low level detection limits. In fish, PCB Aroclors will be extracted and analyzed using

Wisconsin State Lab of Hygiene (WSLH) modifications to EPA Method 8082 to ensure

consistency with historical fish monitoring data and the state fish consumption advisory

program.

2.6.1 Water Analysis 

Eight rounds of water column samples (once a month from April through November)

will be collected at 10 stations, for a total of 80 samples, plus the specified number of QC

samples for each sampling round and monitoring event.

2.6.1.1 Analytical Parameters 
All water column samples will be analyzed for the following:

PCB Congeners (209 total) by EPA Method 1668A (HRGC/MS)

TSS by EPA Method 160.2

Total Organic Carbon by EPA Method 415.1
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2.6.1.2 Methods and Reporting Limits 
Analytical methods and reporting limits for water analysis are summarized in

Table 2 7. EDLs and reporting limits for PCB congeners by Method 1668A are listed

in Table 2 8. Two liter samples will be analyzed to improve reporting limits.

2.6.1.3 Order of Analysis 
To minimize cross contamination within a sample batch, the analytical laboratory

will be directed to analyze the water samples in order from the least to the most

contaminated:

Lake Winnebago (analyze first)

OU 5C

OU 5B

OU 5A

OU 1

OU 2A

OU 2B

OU 2C

OU 3

OU 4 (analyze last)

The data validation process will verify that the designated analysis order was

followed, and if it is not, the potential effect on the data of the out of order analysis

will be assessed.

2.6.2 Fish Tissue Analysis 

For the human health indicator species (walleye, bass, or other substitute species), 15

individual fish will be analyzed from nine stations (135 analyses total) if all

completeness goals are met. For carp, five composite samples from seven stations will

be analyzed (35 analyses total). For drum, five composite samples from four stations

will be analyzed (20 analyses total). For gizzard shad, seven composite samples from

nine stations will be analyzed (63 analyses total). In all, as many as 253 fish tissue

samples will be analyzed, considering the various species and the numbers of individual

or composite analyses for each species, plus QC samples.
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2.6.2.1 Analytical Parameters 
Fish tissue samples will be analyzed using the following methods:

Tissue Extraction (WSLHMethod)

PCB Aroclors (EPA Method 8082)

Lipid Content (Randall et al. 1991)

2.6.2.2 Methods and Reporting Limits  
Analytical methods and reporting limits for fish tissue analysis are summarized in

Table 2 7.

Detected values above the method detection limit (MDL) but below the reporting

limit (also known as the limit of quantitation) will be reported by the laboratory as

estimated values with a “J” qualifier to indicate that the reported value is less

accurate in this region of measurement. Matrix effects should be considered in

assessing the laboratory’s compliance with MDLs and reporting limits. The

laboratory will provide a discussion of all failures to meet sensitivity specifications

in the data package narrative. If a sample dilution results in non detected values for

analytes that had been detected in the original analysis, the results of the original run

and the dilution will be reported with the appropriate notations in the case narrative.

2.6.3 Sediment Analysis 

The details of the sediment analytical protocols, to be used in the monitoring of MNR

areas as well as sediment caps, will be finalized toward the conclusion of RAs in OUs 2

through 5, and will be approved by the Agencies as an addendum to this LTMP.

2.7 Quality Control Requirements 

The overall QA objective for this project is to collect data of a known and high level of

quality through the specification and implementation of QC procedures during field

sampling, sample handling, laboratory analysis, and data management.

Location Control. Field sampling locations must be determined to within known accuracy

specifications. Water quality monitoring stations will be located to a target accuracy of

within 2 meters using a DGPS calibrated to known shoreline benchmarks before and after
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each sampling transect. The beginning, end, and turning points of fishing transects will be

located to a target accuracy of within 10 meters using a GPS as well as references to

shoreline landmarks (see Location Control SOP).

Analytical Control. Analytical specifications, reporting limits, QC procedures, assessment

criteria, and corrective actions are summarized in the following tables:

Table 2 7. Laboratory Analytical Methods and Reporting Limits

Table 2 8. PCB Congener Reporting Limits

Table 2 9. Quality Control Procedures, Criteria, and Corrective Actions—PCB

Aroclors and Conventionals

Table 2 10. Quality Control Procedures, Criteria, and Corrective Actions—PCB

Congeners

The identification of analytical laboratories to perform the required work in the LTMP must

be provided to the Response Agencies for approval at least 3 months before sampling is

initiated. It is acknowledged that laboratories may need to be changed, with Response

Agency approval, over the duration of the multi decadal monitoring program.

The QA program is designed to generate data of known and acceptable precision, accuracy,

representativeness, comparability, and completeness, as described below.

2.7.1 Precision 

Precision is a measure of reproducibility of sample results. All work will adhere to the

established protocols presented in this Plan. Checks for field and analytical precision

will include the analysis of field replicates for water and fish, as well as matrix

spike/matrix spike duplicates.

Field Replicates for Water. To provide an overall assessment of the field and analytical

precision associated with PCB congener analysis, field duplicate samples will be

collected from two different OUs during each of the 8 monitoring months (16 duplicates

total). Four duplicates will be collected from Lake Winnebago and four will be collected

from OU 4, systematically distributed throughout the 8 month monitoring period. One

duplicate sample will be collected from each of the other eight monitoring stations
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during the 8 month monitoring period. No more than one duplicate will be collected

from Green Bay (OU 5A, 5B, and 5C) in any given month. This distribution will ensure

that assessment of field replicate errors will be evaluated over the entire range of

observed PCB concentrations, with particular emphasis in areas of lowest (i.e., Lake

Winnebago, the background reference area) and highest concentration (i.e., OU 4).

Field Rinseate Blanks for Water. To provide an assessment of ambient field

contamination caused by low but ubiquitous levels of PCBs in the regional background

of the Site, field rinseate blanks will be collected. Two rinseate blanks will be collected

each month, one from a clean unused section of Teflon tubing and the second from a

decontaminated Niskin bottle, to assess both of the water sampling techniques. The

laboratory will provide ultra pure water to the field crew for use in preparing rinseate

blanks for high resolution congener analysis.

In the lake and the river, all six sampling points on the transect (A through F) will be

sampled, then a second circuit of the sampling points will be made to collect the six

aliquots for the field replicate sample. In Green Bay, the field replicate sample will be

collected from a second, separate deployment of the Niskin bottle.

Field Replicates for Fish. Field replicate samples will be collected and prepared for

both individual and composite samples of fish, as indicated in Table 2 4. For those

species analyzed on an individual basis (i.e., walleye or bass), a pair of fish specimens

from the same haul, and nearly identical in size (i.e., within 1 inch in length, if possible),

will be designated as a primary specimen and a replicate specimen. For those species

analyzed on a composited basis (i.e., carp, drum, and gizzard shad), a replicate

composite grouping will be prepared from a second group of fish in the same size class.

For carp and drum, replicate composite groups may be prepared from multiple hauls,

but they must be from the same monitoring event (i.e. within a 30 to 60 day collection

period). For gizzard shad, replicate composite groups should be prepared from the

same haul as the original sample, to the extent possible.
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One replicate sample of each species in each OU should be targeted for the long term

monitoring program. The minimum completeness goal is to obtain a replicate sample in

at least half of the OUs for each species.

Evaluation and Response. Field replicate data will be evaluated during the CERCLA 5

year reviews. If significant discrepancies are evident in field replicate results, the field

documentation will be reviewed to determine whether the discrepancies are potentially

caused by field sampling error or alternatively, natural heterogeneities in environmental

media which are beyond the control of the sampling crew. Note that it may not always

be possible to differentiate these two potential sources of sampling variability.

Appropriate modifications to the long term monitoring program, if warranted, will be

discussed in the 5 year reviews.

2.7.2 Accuracy 

Accuracy is a measure of how close a measured result is to the true value. Both field

accuracy (i.e., temperature and turbidity measurements) and analytical accuracy will be

monitored through initial and continuing calibration of instruments. In addition,

internal standards, matrix spikes, blank samples, laboratory control samples (LCSs), and

surrogate standards will be used to assess the accuracy of the analytical data.

Accuracy will be calculated in terms of percent recovery, as follows:

%Recovery = (A X) x 100

B
where:

A = Value measured in spiked sample or standard

X = Value measured in original sample

B = True value of amount added to sample or true value of standard

This formula uses an assumption of constant accuracy between the original and spiked

measurements.
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2.7.3 Representativeness 

Representativeness is the degree to which sampling data accurately and precisely

represent site conditions. Representativeness is dependent on sampling and analytical

variability and the variability of environmental media at the site.

2.7.3.1 Representativeness in Space 
Accurate and precise location control is a fundamental requirement for obtaining

representative water and sediment samples (see Location Control SOP). Because fish

swim freely within OUs/subunits, and may congregate in different locations from

season to season and year to year, lower levels of accuracy and precision for

location control can be tolerated for fish collection.

Water Representativeness. Representativeness of water samples will be achieved

through the use of modified USGS “quarter point” sampling procedures which

provide systematic characterization of water quality over the depth and across the

width of the river, lake, and bay. Representativeness will be further assessed by

analyzing the spatial variability of field parameter measurements (i.e., temperature

and turbidity) at the time of sample collection. Whereas Green Bay samples were

stratified into shallow and deep water layers during the baseline monitoring

program, it was determined that the PCB concentrations in these two layers, which

are seasonally separated by a thermocline, were not statistically different. Therefore,

Green Bay transects will be composited into a single sample at each monitoring

station.

Fish Representativeness. Representativeness of fish samples will be achieved by

collecting specimens from a range of sizes and a cross section of habitats that are

frequented by the target fish species in the various OUs of the Lower Fox River.

Because fish are migratory, they provide spatial integration of contaminant

exposures over the extent of their home range. A goal of the monitoring program is

to characterize each fish station with fish specimens collected from at least three

separate fishing sites within the OU or subunit. Collecting specimens from multiple

fishing sites will help to provide representative geographic coverage of particular

river reaches or bay areas. If possible, depending on species availability, some
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specimens should be collected using a second, complementary fishing method (e.g.,

electrofishing and rod and reel) to evaluate the potential for field sampling bias (i.e.,

potential for one type of fishing gear to preferentially sample a particular habitat or

size class).

Subdivision of OU 2 and OU 5. To provide better representation of the range of

environmental conditions in a long and fragmented reach of the Lower Fox River,

three sampling stations were assigned to OU 2 (OU 2A, 2B, and 2C). Similarly, to

provide better representation of the physical and environmental transition from the

mouth of the Fox River into Green Bay, two sampling stations were assigned to OU 5

(OU 5A and 5B).

2.7.3.2 Representativeness in Time 
Representativeness of water samples will be achieved through the use of systematic

monthly sampling over the eight month monitoring period (April through

November) when greater than 90 percent of the annual PCB load is discharged.

Representativeness of fish samples will be achieved by targeting a late summer

(August 15 to September 15) sampling window, as recommended by USEPA (2000),

and maintaining this same sampling window throughout all baseline and long term

monitoring events to minimize seasonal variability in fish lipid content and

contaminant levels.

If walleye are relinquished in favor of bass, bass samples should be collected during

the same late summer window, to the extent they are available. Bass samples should

also be collected in Lake Winnebago, OU 4, OU 5A, and OU 5B during the following

June, to be consistent with the baseline monitoring program. If possible,

complementary data sets should be collected from these four stations in both the late

summer window and the June window to better characterize seasonal differences in

PCB and lipid concentrations. If seasonal differences are not significant or are

controllable using appropriate statistics, and if bass can be successfully obtained in

the fall, the spring sampling event may be phased out.
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2.7.4 Comparability 

Comparability is the degree of confidence with which one data set can be compared to

another, as discussed below.

Comparability between Baseline and Long Term Monitoring Programs. Internal

consistency will be achieved by occupying the same sampling stations and performing

the same field and analytical methods in the baseline monitoring program and the long

term monitoring program. Specifically, comparability between baseline and long term

monitoring events will be ensured by:

Occupying the same water monitoring stations and the same general fishing

areas during all baseline and long term monitoring events

Utilizing the same or similar field sampling and analytical techniques during all

monitoring events

Collecting water data according to the same systematic monthly sampling

schedule during all monitoring events (i.e., monthly sampling from April

through November)

Adhering to a fish sampling window between August 15 and September 15

during all monitoring events to minimize seasonal variations in tissue

concentrations and fish lipid content

Tissue Performance Evaluation Sample. Comparability of PCB Aroclor analysis

between baseline and long term monitoring programs will be further evaluated by

preparing tissue performance evaluation (PE) samples from representative composite

groupings of fish collected during the baseline monitoring program with a typical site

specific Aroclor composition. Although a PE sample was not available for the baseline

monitoring program, two PE samples will be prepared for long term monitoring. One

PE sample will be prepared for the Lower Fox River and another PE sample will be

prepared for Green Bay. The PE samples will be analyzed five times by the contract

laboratory used in the baseline monitoring program, then archived in the freezer for

future use in the long term monitoring program. When long term monitoring activities

are initiated, the selected contract laboratory (whether the same or a different

laboratory) will also be required to analyze each of the tissue PE samples five times, and
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a statistical comparison of Aroclor results will be performed to assess comparability of

labs and analytical methods.

Comparability with Historical Data. Historical data will be used in a more qualitative

than quantitative manner because monitoring stations, field and analytical methods

specified in this Plan are not always comparable to those used in historical studies of the

Lower Fox River and Green Bay. Comparability with historical data will need to be

determined on a case by case basis. Comparability issues may arise due to station

positioning methods, sampling and processing methods, analytical methods, and the

level of data quality review.

Comparability with past and ongoing studies will be improved by:

Utilizing sample preparation and analytical methods which are comparable to

past and ongoing studies, to the extent possible (e.g., use of WSLH fish tissue

extraction and tissue analysis methods)

Occupying sampling stations which are coincident with stations occupied during

past and ongoing studies to the extent possible (e.g., collocation with the USGS

Oil Depot station at the mouth of the Lower Fox River)

Collecting fish species (e.g., walleye, carp, gizzard shad) that have been routinely

collected in past monitoring studies, to the extent possible

2.7.5 Completeness 

2.7.5.1 Field Completeness 
Field completeness is the percentage of stations or monitoring events successfully

completed during the field program. For example, some samples may be lost,

certain fish species may be sparse or unavailable in particular river reaches, and

water sampling may be precluded at one or more stations because of severe weather

or safety issues (e.g., wind, unstable ice, etc.).

The completeness of the field data is calculated using the following equation:

% Completeness = [(# Samples Collected) / (# Samples Planned)] × 100
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Minimum Field Completeness Goals. The overall completeness goal for the water

column sampling program is collection of valid water samples in at least 7 out of 8

warm weather months (i.e., 88 percent). The overall completeness goal for the

human health fish species (walleye) is collection of eight out of 15 specimens at a

given sampling station (i.e., 53 percent). The overall completeness goal for ecological

fish species (carp and drum) is collection of five individual fish as opposed to five

composites of five fish each (i.e., 20 percent of the fish and 100 percent of the

laboratory analyses). The overall completeness goal for gizzard shad is collection of

five composites of five fish each as opposed to seven composites of 25 fish each (i.e.,

14 percent of the specimens and 71 percent of the laboratory analyses).

These reduced numbers of samples should still provide sufficient statistical power to

assess progress toward meeting RAOs, as discussed in Section 1.7.7. If completeness

goals are not met for water, additional sampling may be required; if completeness

goals are not met for fish, alternate species may need to be collected and analyzed.

In the event completeness goals are not met for water or fish, appropriate

contingency actions are described in Section 3.4.1 and Section 3.4.2/Figure 3 1,

respectively.

Completeness Goal for Water Transects. The minimum completeness goal for any

individual water sampling transect is collection of four out of six aliquots along the

transect. For example, it is possible that the sampling crew could be driven off the

water partway through a sampling transect due to foul weather. If at least four

aliquots were obtained from the transect, these existing aliquots should be submitted

to the analytical lab for compositing. If fewer than four aliquots were obtained on a

particular sampling day, the aliquots should be discarded and the transect should be

completely resampled on a later day when the field crew can remobilize.

2.7.5.2 Laboratory Completeness 
Laboratory completeness is a measure of the percentage of data that were

successfully collected and analyzed as planned and not rejected during the

validation process. Data qualified as estimated values using qualifiers such as “J”

are still deemed acceptable and can still be used to make project decisions.
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The completeness of the analytical data is calculated using the following equation:

% Completeness = [(# Valid Sample Results) / (# Samples Collected)] × 100

The overall completeness goal for the laboratory is 90 percent. All valid and usable

data must have accompanying location control and field documentation.

2.8 Instrument Testing, Inspection and Maintenance 
2.8.1 Field Instruments Calibration 

Field instruments will be calibrated daily in accordance with manufacturers’

specifications before the beginning of daily sampling activities (seeWater Quality Meter

SOP). Standards used to calibrate the field instruments will be traceable to the

standards of the National Institute of Standards and Technology whenever possible.

The DGPS system will be checked against known benchmarks before and after each

water sampling transect. Location control requirements, calibration protocols, and

quality indicators are described in the Location Control SOP.

2.8.2 Cleanliness Testing of Water Sampling Equipment 

Field rinseate blanks will be collected from Niskin bottles and peristaltic pump

equipment prior to water sampling to evaluate the potential for field blank

contamination. Field rinseate blanks are described further in Section 2.7.1.

2.8.3 Laboratory Instruments Calibration 

Records of calibration, repairs, or replacement will be filed and maintained by the

designated laboratory personnel performing QC activities. These records will be filed at

the location where the work is performed and will be subject to QA audit. The

frequency and QC limits for the analytical instrument calibrations are provided in the

relevant Laboratory SOPs.
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2.9 Data Management 
2.9.1 Field Documentation 

2.9.1.1 Field Logbooks 
Field logbook entries will be described in as much detail as possible so that persons

going to the site could reconstruct a particular situation without reliance on memory.

Modifications to field sampling protocols must be documented in the field logbook.

The Field Supervisor is responsible for ensuring that modifications to sampling

protocols are documented in the field logbook (see Field Logbook SOP).

2.9.1.2 Field Forms 
Additional detailed sampling information may be recorded on separate field forms

and referenced in the field logbook. The field team members will manage the raw

data during field activities as overseen by the Field Supervisor. Periodically, the

QAM will collect and compile the field data to maintain a current summary of field

activities and measurements. All field sampling forms must include the project

name, OU, date and time, sample location and sample number(s), and name and

signature of the person completing the form.

2.9.1.3 Photographs 
Photographs will be taken as needed to document field activities. Digital

photograph files will be downloaded from the field camera to the project directory.

The information listed below will be linked to each photograph.

Name of person who took the picture

Date and time photograph was taken

Location and direction toward which the photograph was taken

Description of the photograph

2.9.2 Laboratory Documentation 

2.9.2.1 Laboratory Logbooks 
Workbooks, bench sheets, instrument logbooks, and instrument printouts will be

used to trace the history of samples through the analytical process and document

important aspects of the analytical work, including QC metrics. As such, all
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logbooks, bench sheets, instrument logs, and instrument printouts will be part of the

permanent record of the laboratory.

Each page or entry will be dated and initialed by the analyst at the time of entry.

Errors in entry will be crossed out in indelible ink with a single stroke, corrected

without obliterating or overprinting the erroneous entry, and initialed and dated by

the individual making the correction. Lining out unused portions and initialing by

the person lining out the page will complete pages of logbooks that are not used.

The analyst will record information about the sample, analytical procedures, and

results on laboratory forms or notebook pages and enter this information in LIMS.

These notes will be dated and will also identify the analyst; instruments used, and

instrument conditions.

Sufficient raw data records must be retained to permit reconstruction of initial

instrument calibrations (e.g., calibration date, test method, instrument, analysis date,

each analyte name, concentrations and responses, calibration curves, response

factors, or unique equations or coefficients used to reduce instrument responses into

concentrations).

Laboratory notebooks will be reviewed periodically by the laboratory group leaders

for accuracy, completeness, and compliance with the requirements of this Plan. The

laboratory group leader will verify all entries and calculations. If all entries on the

pages are correct, the laboratory group leader will initial and date the pages.

Corrective action will be taken for incorrect entries before the laboratory group

leader signs the notebook.

2.9.2.2 Laboratory Project File 
In accordance with analytical laboratory’s records information management,

documentation will be placed in secured project files which will be maintained by

the laboratory records manager. These files will include the following:

Agreements

Correspondence
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Memos

Notes and data

Special instructions

Filed materials may only be removed by authorized personnel on a temporary basis,

at which time the name of the person removing the file will be recorded.

Laboratories will retain project files and data packages for a minimum of 10 years

unless otherwise specified.

2.9.2.3 Electronic Data Storage 
The analytical laboratories will provide the full data package, including

chromatograms and raw data, in pdf format on a CD ROM. These electronic data

will be archived in project files for the duration of the long term monitoring

program. Laboratory instrument files and instrument software, including

quantification program(s), will be archived at the analytical laboratories for a

minimum of 10 years, which surpasses the NELAC standard for data storage. The

laboratory will provide notice to the QAM or Project Coordinator before purging

any instrument files or instrument software at the end of the archiving period.

2.9.3 Data Reporting 

2.9.3.1 Field Data Reporting 
Information collected in the field through visual observation, manual measurement,

or field instrumentation will be recorded in field logbooks, data sheets, and/or field

forms, then entered into an electronic database or spreadsheet. Data will be

reviewed by the Field Supervisor for adherence to the requirements of this Plan.

Any concerns identified as a result of this review will be discussed with the QAM,

corrected if possible, and incorporated into the data evaluation process.

The Field QAM will review the accuracy and completeness of the field

documentation, logbook entries, and field forms. The field documents will be

checked for the following:

Completeness and readability
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Use of Plan specified procedures, with any modifications appropriately

documented and communicated

Instrument calibration and maintenance records

Correctness of sample locations

Correctness of reporting units, calculations, and interpretations

Where appropriate, field data forms and calculations will be processed and included

in appendices to the appropriate data report. Original field logbooks and

supporting documents will be kept in the project file.

2.9.3.2 Laboratory Data Reporting 
Full “contract laboratory program (CLP) equivalent” reporting is required for all

water and fish tissue analyses. Whenever possible, analytical data will be

transferred directly from the instrument to a computerized data system. Electronic

data storage will be utilized. All electronic data will be maintained in a manner that

prevents inadvertent loss, corruption, and inappropriate alteration. Per the

requirements of the AOC, electronic data will be accessible and retrievable for a

period of 10 years after project completion and the Response Agencies will be

notified prior to destruction of any data files (USEPA 2004).

Raw data will be examined to assess compliance with QC guidelines. Surrogate and

matrix spike sample recoveries will be checked. Samples and laboratory blanks will

be checked for possible contamination or interferences. Chromatograms and

concentrations will be checked to ensure that sample results are within the

calibration range; if necessary, dilutions will be performed when the sample

concentration of a constituent exceeds the initial calibration range of instrument.

Deviations from guidelines will call for corrective action. Deviations determined to

be caused by factors outside the laboratory’s control, such as matrix interference, will

be noted with an explanation in the report narrative. Calculations will be checked,

as specified in the referenced analytical methods, and the report reviewed for

discrepancies, errors or omissions.
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The laboratory data report will be submitted to the Laboratory PM for review and

approval. The Laboratory PM will review the package, conduct a forms review on

100 percent of definitive data, and ensure that any necessary corrections are made

and that the package is complete. A copy of the data package will be maintained in

the project file. Data packages will be made available, upon request, to the Response

Agencies.

Laboratory data reports will include, at a minimum:

Case Narrative. Summary of activities that took place during the course of sample

analysis, including the following information:

Laboratory name and address

Date of sample receipt

Laboratory ID number cross referenced to contractor ID number.

Analytical methods

Deviations from specified protocol, if any

Corrective actions taken

Sample handling documents including; field and internal COC forms, air

bills, or bills of lading from couriers

Chemical Analytical Results. The following information, as applicable, will be

reported with the analytical results:

Sample results with laboratory sample and client sample identification

Detection and reporting limits

Extraction and analysis times

Sample volume

Percent moisture

Dilution factor

Surrogate recovery

LCS/LCD accuracy and precision summary

matrix spike/matrix spike duplicate accuracy and precision summary

Method blank summary
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Initial calibration summary–including concentration levels, retention times,

response factors, and linearity demonstration

Calibration blank summary

Continuing calibration summary–including unique instrument/column

identification, retention times, retention time windows, calibration factors,

percent difference, or drift as appropriate to method

Internal standard recoveries

Degradation summary

Analytical sequence

Compound identification summary

2.9.3.3 Electronic Data Deliverable Format 
An EDD file will be generated by the laboratory for every sample delivery group

(SDG). These files will be incorporated into the Long Term Monitoring Database.

Each file will be named “*.txt,” where “*” represents the batch SDG number. The

USEPA Region 5 valid value list will be used for field and parameter names (see

http://www.epa.gov/region5superfund/edman/download/EDD%20V1_05.pdf).
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3 ASSESSMENT AND OVERSIGHT 
Assessment and oversight activities are performed to determine whether the QC measures

identified in this LTMP are implemented and documented as required. The Respondent Team

Project Coordinator, PM, and Field Supervisors will perform assessment and oversight to check

conformance to this LTMP. For example, during a review, the Field Supervisor may check that

a sample has been processed and labeled correctly or that the field QC samples were collected at

the appropriate frequency. The need for a check can be determined independently by the

Project Coordinator or PM, or assigned by these persons to another team member.

Response Agency oversight activities may be performed by USEPA and WDNR. At all

reasonable times, USEPA and WDNR personnel and their authorized representatives shall have

the authority to enter and freely move about all on site and off site areas where work, if any, is

being performed, for the purposes of inspecting conditions, activities, the results of activities,

records, operating logs, field notes, and data related to these monitoring activities, provided

project health and safety requirements are followed.

Aspects of the LTMP may be adaptively managed by the Respondents, Response Agencies, and

their respective technical consultants. Using an adaptive management approach, information

collected during the early stages of the monitoring program may be used to guide or improve

the performance of later field or analytical tasks.

3.1 Field Audits 

Planning, scheduling, and conducting QA audits and surveillance are required to verify that

site activities are being performed in conformance with approved plans, standards, federal

and state regulatory requirements, sound scientific practices, and contractual requirements.

Planned and scheduled audits may be performed to verify compliance with aspects of the

QA program and to evaluate the effectiveness of the QA program. Audits include an

objective examination of work areas, activities, processes, review of documents and records,

interviews with project personnel, and review of plans and standards.

Internal review of the sampling program will be conducted on a regular basis during the

field activities. Reviewers will pay particular attention to the sampling program with
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respect to representativeness, comparability, and completeness of the specified

measurements.

Field documentation (e.g., COC forms, field sampling forms, and logbooks) will be

reviewed as it is generated, by the Field Supervisor or designee, for accuracy, completeness,

and compliance with the requirements of this LTMP. The Field QAM, PM, or Project

Coordinator will audit field sampling procedures periodically for compliance with LTMP

procedures. The auditor will check that the following procedures are being properly

implemented:

Sampling protocols are being followed.

Samples are placed in appropriate containers.

Samples are stored and transported properly.

Field documentation is complete, accurate, and legible.

Internal field audits will be conducted by one of the individuals listed above at the

beginning of each new field activity (i.e., fish sampling; water sampling) and during a

significant crew change (i.e., replacement of Field Supervisor). Additional field audits may

be conducted on an as needed basis if potential data quality issues are identified by field

staff or during senior review of field reports and field documentation.

In addition to internal field audits, the USEPA and WDNR oversight team may also conduct

field audits. At least 15 days of notice shall be given to the WDNR and USEPA Project

Coordinators prior to beginning sampling. If necessary, corrective action shall be

performed as provided in Section 3.4 of this Plan.

3.2 Laboratory Audits 

The Laboratory QAMmay conduct internal system audits. An internal audit is a qualitative

evaluation of all components of the laboratory QC measurement system. The audit serves

to determine whether measurement systems are being used appropriately. The system

audits are conducted to evaluate the following:

1. Sample handling procedures

2. Calibration procedures

3. Analytical procedures
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4. QC results

5. Safety procedures

6. Recordkeeping procedures

7. Timeliness of analysis and reporting

The Laboratory QAM will evaluate laboratory precision and accuracy by comparing results

of duplicate samples, QC samples, spikes, and blanks. When a beyond control limit

situation is encountered, analytical results will be checked by the Laboratory PM prior to

distribution.

In addition, laboratories are subject to external audits. The focus of these audits is to assess

general laboratory practices and conformance to the requirements of this LTMP. Laboratory

audits may be performed by the Data QAM prior to the start of analyses for this project and

at any time during the course of the project as deemed necessary.

External reviews of laboratory performance may also be conducted based on an evaluation

of QC check samples analyzed as part of the USEPA and/or Wisconsin state certification

requirements. In addition, performance audits may be conducted by sending double blind

PE samples (samples that are not discernable from routine field samples) to the analytical

laboratory.

The USEPA and WDNR may also perform laboratory audits in addition to routine

certification audits or PE sample results. Any discrepancies will be remedied as described

in this Plan.

3.3 Corrective Actions 
3.3.1 Field Corrective Action 

Any project team member may initiate a field corrective action process. The corrective

action process consists of identifying a problem, acting to eliminate the problem,

monitoring the effectiveness of the corrective action, verifying that the problem has been

eliminated, and documenting the corrective action.
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Corrective actions include correcting COC forms; correcting problems associated with

sample collection, packaging, shipping, or field record keeping; or additional training in

sampling and analysis. Additional approaches may include re sampling or evaluating

and amending sampling procedures. The Field Supervisor will summarize the problem,

establish possible causes, and designate the person responsible for a corrective action.

The Field Supervisor will verify that the initial action has been taken, that it appears to

be effective, and then follow up at a later date to verify that the problem has been

resolved.

Technical staff and field personnel will be responsible for reporting suspected technical

or QA nonconformances or suspected deficiencies to the Field Supervisor. The Field

Supervisor will assess suspected problems in consultation with the Project Coordinator,

PM, and/or Field QAM, as appropriate, and reach a coordinated decision based on the

potential for the situation to impact data quality. If it is determined that the situation

warrants a reportable nonconformance requiring corrective action, a nonconformance

report will be initiated by the Field Supervisor.

3.3.2 Stop Work Order 

The Project Coordinator has the authority to stop work based on QC, health and safety,

or other serious deficiencies that may compromise the integrity of the long term

monitoring program or the safety of the field crew. The decision to stop work will be

determined on a case by case basis in consultation with the PM, Field QAM, Field

Supervisor, and as appropriate, the WDNR Project Coordinator and USEPA Remedial

PM. Stop work decisions may also be made on the basis of hazardous field conditions

by the Field Supervisor, Corporate H&S Manager, or the boat captain.

3.3.3 Laboratory Corrective Action 

Corrective actions are required whenever an out of control event or potential out of

control event is identified at the analytical laboratory during sample handling and

preparation, instrument analysis, or data generation, or during the Respondent Team’s

oversight of these activities (see Tables 2 9 and 2 10). The investigative and corrective

actions taken are somewhat dependent on the severity of the problem and its potential
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to adversely impact data quality. Corrective actions may be necessary if the following

situations occur:

QC data are outside control limits for precision and accuracy

Blanks contain target analytes above acceptable levels

Undesirable trends are detected in spike recoveries or relative percent difference

(RPD) between duplicates

Unusual changes in detection limits occur

Deficiencies are detected by the Laboratory QAM during internal or external

audits or from results of PE samples

Corrective action procedures are often handled at the bench level by the analyst who

reviews preparation or extraction procedures for possible errors, and checks instrument

calibrations, spike and calibration mixes, and instrument sensitivity. If problems persist

or cannot be identified, matters are referred to the Laboratory QAM or Laboratory PM

for further investigation. Full documentation of the corrective action procedures is filed

with the Laboratory QAM after discussion with and approval by the Data QAM. If

corrective actions are insufficient, the Project Coordinator or the Data QAMmay issue a

stop work order. Corrective action may include the following:

Re analyzing the samples, if sample or extract volume is adequate and holding

times have not lapsed

Performance of additional cleanup steps

Re sampling and analyzing

Evaluating and amending sampling or analytical procedures

Accepting data and acknowledging a higher level of uncertainty

If re sampling is deemed necessary due to laboratory problems, the Respondent Team’s

Project Coordinator and PM will coordinate collection of additional sample material,

and if appropriate, pursue cost recovery from the laboratory for the additional sampling

effort. If a proposed corrective action results in a significant change or modification to

the procedures defined in this LTMP, review and approval by the WDNR and USEPA

may be required prior to implementing the recommended procedural modifications.
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3.4 Field Contingency Plans 
3.4.1 Water Sampling Contingency Plan 

It is possible severe weather conditions (e.g., ice, high winds, etc.) or other safety

concerns will preclude water sampling at one or more locations during the monitoring

year (April through November). Water sampling will be targeted for the first 2 weeks of

each month. If severe weather or other difficult field conditions delay sampling,

sampling will be performed as soon as possible during the month. If sampling cannot

be completed at all during the month, the monthly sampling event will be lost.

The overall completeness goal for the water column sampling program is collection of

valid water samples in at least 7 out of 8 monitoring months (see also Section 2.1.3). If

this completeness goal is not met, the Respondents and Response Agencies will review

the data and determine an appropriate corrective action. Corrective action may include:

Acceptance of fewer than the required number of sampling events at certain

stations for the monitoring year

Assignment of two sampling events in one month to make up for the deficiency

Extension of the monitoring program into the winter or the following spring

3.4.2 Fish Sampling Contingency Plan 

It is possible that a sufficient number of appropriately sized fish may not be obtainable

for all species and all OUs during the August 15 though September 15 sampling

window. Figure 3 1 summarizes the steps that will be taken to optimize fish collection

efforts, and a decision framework that will be followed to ensure that the most complete

and representative fish data are obtained during each monitoring event.

At the outset of the sampling effort, two days will be allocated for fish collection at each

station. Electrofishing will be the primary fishing method, as it was consistently

productive for nearly all of the target species during the baseline monitoring program.

Trawling, seine netting, and rod and reel may also be used at the discretion of the Field

Supervisor or Field Biologist. Recommended fishing areas, based on experience gained

during the baseline monitoring program, are shown on Figures 2 2 through 2 9. Fishing

methods and locations may be modified as necessary to target the species and sizes

needed at each station, and to adapt to field conditions and fish occurrence. All primary
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(walleye, carp, drum, gizzard shad) and secondary (bass) species within the Plan

specified size ranges (Table 2 3), as well as 2 inches shorter and 2 inches longer than the

specified size ranges, will be collected and archived in the event that all target species

and sizes are not obtainable.

The sampling crew will move to the next station as soon as the requisite species and

sizes have been collected or after two days are spent at any station. During the baseline

monitoring program, a third fishing day was not generally productive. The sampling

crew will complete the circuit of nine stations in this manner, with a maximum of 2 days

at each station. If some stations still lack the full complement of target species and sizes,

then a field contingency strategy will be implemented, as described below, to optimize

follow up sampling efforts.

1. Resample Incomplete Stations. Once the circuit of nine fishing stations has been

completed, the sampling crew will circle back and resample any stations where

additional species or sizes are needed, on the premise that it may be helpful to let

the water “rest” for a few weeks, especially during the transition from summer to

fall. An additional 1 to 2 days will be allocated to any incomplete stations.

Different fishing techniques may need to be tried. If necessary, the fishing

season may be extended as late as October 15.

2. Expand Target Size Ranges. If all sizes and species have not been collected after the

second attempt, the target size ranges will be expanded plus or minus 2 inches to

achieve the requisite numbers of fish to prepare the individual and composite

samples.

3. Reduce Sample Sizes. If the requisite numbers of fish cannot be achieved even after

expanding the target size ranges, then fewer fish will be analyzed for human

health species, and fewer fish will be used to prepare the composite samples for

ecological species. Sampling will be considered complete if each fishing station

contains at least eight walleye (or bass), at least five carp or drum, and at least

five composites of five gizzard shad each (i.e., at least 25 gizzard shad).

4. Use Alternate Species. If there are still insufficient numbers of target fish species,

consideration will be given to the use of alternate species, especially if alternate

species were collected and archived during sampling. Bass is the alternate

species for walleye; drum is the alternate species for carp in the Lower Fox River,
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and carp is the alternate species for drum in Green Bay. If an alternate species is

needed to replace gizzard shad, it would be an opportunistic decision at the time

of sampling based on the availability of another small, YOY species (e.g., emerald

shiner, walleye fingerlings, etc.).
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4 DATA VALIDATION AND DATA ANALYSIS 
Data validation is the process by which data generated in support of this project are evaluated

according to the QA/QC requirements of this LTMP. The data are evaluated for precision and

accuracy against analytical protocol requirements. Nonconformance or deficiencies that could

affect the precision or accuracy of the reported result are identified and noted, followed by an

assessment of whether the result is sufficient to achieve project DQOs.

Data analysis includes procedures for summing total PCB concentrations, blank correcting PCB

congener results, and statistically analyzing the resultant data in space and time. Statistical

analysis procedures include statistical distribution testing, correlations with controlling

variables, trend analysis and regression, and PCB loading calculations.

4.1 Data Review and Validation 

The data validation process is conducted to assess the effect of the overall sampling and

analysis process on the usability of the data. There are two areas of review: laboratory PE,

and the effect of matrix and sampling interference. Evaluation of laboratory performance is

a check for compliance with the method requirements and is a straightforward examination:

the laboratory either did or did not analyze the samples within the QC limits of the

analytical method and according to protocol requirements. For this project, holding time

exceedances for PCBs will be qualified, rather than invalidated. The assessment of potential

matrix and sampling effects consists of a QC evaluation of the sample analytical results as

well as the results of blank, duplicate, and matrix spike samples; and assessing whether, or

how much, the usability of the data could be affected.

All analytical data will be provided in a data package with supporting QC information (see

Section 2.7.3 for laboratory deliverable requirements). Before the laboratory releases each

data package, the Laboratory QAM will carefully review the sample and laboratory

performance QC data to verify sample identity, the completeness and accuracy of the

sample and QC data, and compliance with method specifications.

4.1.1 Field Screening Data  

Field screening data include measurements of water temperature and turbidity, fish

length and weight. These data will be validated by checking the completeness and
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accuracy of field measurements, field documentation, and location control. The

calibration records for the water probe will be reviewed for accuracy, completeness, and

adherence to the calibration schedule.

4.1.2 Data Validation and Verification  

One hundred percent of the PCB laboratory data will undergo a forms review by the

laboratory consistent with the procedures specified in this LTMP. Independent third

party data validation will be provided for 100 percent of each media in the first week of

sampling, for each monitoring event, and when a substantive modification is made to

the sampling method or analytical laboratory. This initial validation effort will allow for

the early implementation of any corrective actions, if needed. If the initial validation is

acceptable, a minimum of 10 percent of each media will continue to be validated on an

ongoing basis unless problems are encountered that warrant increasing the data

validation requirements.

Third party data validation will follow USEPA’s Contract Laboratory Program National

Functional Guidelines for Organic Data Review (USEPA 1999) and USEPA’s Contract

Laboratory Program National Functional Guidelines for Inorganic Review (USEPA

2002b) (the “National Functional Guidelines”). This is consistent with USEPA Region 5

QAPP guidance (USEPA 2000a) which cites the National Functional Guidelines as

appropriate for use in data validation at Superfund sites in this region.

Forms Review. One hundred percent of the laboratory data collected during the long

term monitoring program will undergo a forms review by the laboratory prior to

submitting the results to the Data QAM and subsequently to the Data Validator. The

data package supplied by the laboratory will be validated through the forms review

process for compliance with the following:

Holding times and sample temperature

Surrogate recovery

matrix spike/matrix spike duplicate precision and accuracy

LCS precision and accuracy

Initial calibration and continuing calibration precision and accuracy

Instrument tuning criteria (where applicable)
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Blank contamination

Field duplicate precision and accuracy

The QC criteria to be implemented during the forms review process are presented in

Table 2 9 and Table 2 10.

Data Validation. The laboratory data packages will be sent directly to the Data QAM by

the subcontract laboratories. The Data QAM will select 10 percent of the data (or 100

percent of the data during the first week of sampling) to be validated by an

independent, third party Validation Subcontractor. The Data QAM will provide the

Validation Subcontractor with copies of the selected data packages. Once validated, the

Validation Subcontractor will make copies of the data validation report as well as the

summary forms and submit them to the Data QAM, then they will be forwarded to the

USEPA PM, and the WDNR Project Coordinator. The acceptance criteria for data

validation are those listed in Table 2 9 and Table 2 10 of this Plan. The QC requirements

specified in this Plan shall take precedence over the requirements of the National

Functional Guidelines.

Data validation is at times based upon professional judgment. In order to achieve

consistent data validation, data worksheets will be completed for each data validation

effort. A data review worksheet is a summary form on which the data validator records

data validation notes and conclusions specific to each analytical method. The

worksheets will help the validator track and summarize the overall quality of the data.

Sample results will then be assigned a degree of usability based upon the overall data

quality. The Consultant Team will review the data validation results and assess how the

data, as qualified by the data validation process, can be used to fulfill project objectives,

i.e. to evaluate progress toward achieving RAOs in the Lower Fox River and Green Bay.

Data Verification. After validation, the data will be compiled in an electronic database

and the data will be verified to confirm:

The correct samples were analyzed and the correct parameters were reported

EDDs and hard copy data deliverables are consistent
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Results are consistent with expectations based on Baseline Monitoring results or

the results of previous Long Term Monitoring events.

In the first two instances, the laboratory will be directed to correct any omissions or

inconsistencies in reporting. If the data obtained from the laboratories are not consistent

with expectations, based on prior sampling data, a more in depth evaluation of the

results will be performed to determine if the deviation is a real environmental

phenomenon or an artifact of the sampling and analysis process.

Project Specific Qualifiers. While maintaining consistency with the National

Functional Guidelines, the Region 5 QAPP guidance also allows for the definition of

additional project specific data qualifiers. For this program, a project specific data

qualifier will be used for total PCB concentrations in water (using EPA Method 1668A)

for which the summation of total PCBs is based on too few congener detections. A

“Q##” flag will be assigned to blank corrected total PCB concentrations that have been

quantified using fewer than 25 detected congeners, where ## is a number less than 25

that represents the number of detected congeners in each flagged sample. For example,

“Q15” indicates the total PCB concentration for that sample is based on the sum of only

15 detected congeners. These summations are qualified because the PCB profile may be

censored by the limits of analytical sensitivity, and therefore the total PCB concentration

may be biased low. The specific procedures for data qualification in these circumstances

are discussed further in Section 4.2.1.2.

4.1.3 Reconciliation with Data Quality Objectives 

The goal of the data collection effort is to acquire enough information and data to verify

that sediment RAs in the Lower Fox River result in substantive reductions in water

column and fish tissue PCB concentrations and loadings to Green Bay. Field and

laboratory data will be evaluated in accordance with the DQOs established in Section

1.7. Progress toward achieving RAOs will be evaluated using the data analysis methods

and statistical procedures described in Section 4.2 below. Determining whether the data

are sufficient to achieve project objectives will be the collective responsibility of the

Respondents and the Consultant Team, the Response Agencies and the Oversight Team.
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4.2 Data Analysis 
4.2.1 PCB Summation 

In water samples, total PCB concentrations will be summed using zero for congeners

undetected at the EDL. In tissue samples, total PCB concentrations will be summed

using zero for Aroclors undetected at the MDL. Estimated (J flagged) values between

the EDL/MDL and the reporting limit will be included in the summation at full value.

4.2.1.1 Aroclors versus Congeners 
It should be noted that total PCB concentrations that are summed using congener

data are not generally comparable to total PCB concentrations that are summed

using Aroclors. These different analytical techniques and quantitation methods

respond differently to matrix interference, PCB weathering, and instrument

sensitivity. Therefore, comparing water quality data that is reported as PCB

congeners, as specified in this Plan, with historical data reported as PCB Aroclors is

problematic, unless the bias between the two different analytical methods is

adequately understood. As a result, historical data prior to the baseline monitoring

event will generally not be used to assess time trends in water quality.

4.2.1.2 Analytical Sensitivity (Minimum Detected Congeners) 
Based on an evaluation of the PCB congener compositions in the river reaches (OUs

3 and 4) and monitoring months (August and September) with the highest PCB

concentrations during the baseline monitoring program, it was determined that the

top 25 congeners contributed at least 80 percent of the total PCB mass (see Section

1.7.7.2). Based on this evaluation, the goal for the long term monitoring program is

to detect and quantify 25 congeners in each sample. With this level of detection, a

majority of the PCB mass will be positively quantified. Detections of fewer numbers

of congeners may tend to bias results low because a larger fraction of the PCB mass

would be undetected or “censored”. In addition, highly contaminated samples

should be diluted such that 25 individual congeners continue to be detected in the

diluted sample. In addition to these minimum congener requirements, Site water

samples also need to be discernible from field and laboratory blank contamination,

in which low levels of PCB congeners from the global and regional atmosphere are

ubiquitously present (see Section 1.7.2.3[5]).
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Given the order of magnitude reductions in PCB concentrations which are predicted

to occur in the decades following the RA, the sensitivity of the PCB analytical

methods may need to be evaluated at some point in the future of the program. If

fewer than 25 congeners are detected in some samples (after blank correction), the

Respondents and Response Agencies will convene to determine whether some type

of corrective action is warranted to improve the estimate of total PCBs. Possible

corrective actions may include:

Qualify the PCB summation as “estimated” and report the number of

detected congeners that contribute to the total value

Develop a correction factor to account for undetected PCB mass in the

“censored” part of the data

Modify the field and/or analytical procedures in an attempt to achieve lower

detection limits; the need for lower detection limits, and the ability to achieve

lower detection limits, must be determined in consideration of ambient PCB

levels in laboratory method blanks and field rinseate blanks.

4.2.2 Blank Correction for PCB Congeners  

The lowest PCB congener concentrations in water samples from the baseline monitoring

program were found at the upstream reference area (Lake Winnebago) and at the

outermost station in Green Bay. At times, the concentrations in these areas approach the

sensitivity of the HRGC/MS 1668A method, as well as ambient background levels of

PCB contamination in the global and regional atmospheres. Following the sediment RA,

PCB concentrations are expected to decline further. As a result, blank correction of the

PCB congener data must be carefully performed, especially in OUs with background or

near background concentrations.

During the baseline monitoring program, blank correction was evaluated using three

different correction procedures: 1) standard method following National Functional

Guidelines (in which congener concentrations less than five times the method blank

concentrations are corrected to nondetect); 2) blank subtraction method of Ferrario et al.

1997, also referenced in Section 17.6.1.4.4 of EPA Method 1668A (in which blank

correction is based on the mean plus two standard deviations of the method blank data

set during the period of analysis); and 3) a nonparametric modification of Ferrario et al.
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1997 method (in which blank correction is based on the 95th percentile of the method

blank data). In discussions of the Long Term Monitoring Work Group, the Ferrario

method was determined to be superior to the standard method because the standard

method resulted in too few congener detections and fragmented and unrealistic

congener fingerprints after blank correction.

The Ferrario method is described in Section 17.6.1.4.4 of EPA Method 1668A:

Blank corrected results may be reported in addition to reporting of separate results for
samples and blanks. The recommended procedure for blank correction is that a result is
significantly above the blank level, and the level in the blank may be subtracted, if the
result is greater than the mean plus 2 standard deviations of results of analyses of 10
or more blanks for a sample medium.

The Long Term Monitoring Work Group decided that a nonparametric modification of

the Ferrario method was appropriate due to concerns regarding treatment of censored

values (i.e., non detects) in the method blank data set, and the determination of means

and standard deviations from censored data. As a result, the Long Term Monitoring

Work Group decided to blank correct using the 95th percentile of the method blank

data, rather than the mean plus two standard deviations. The percentile approach

provides an equivalent level of statistical certainty but is unaffected by high percentages

of undetected values in the method blank data set. In practice, the Ferrario method and

the nonparametric modification of the Ferrario method showed very little difference in

terms of blank corrected total PCB concentrations in the baseline data set (typically less

than a few percent RPD between the two calculations).

The blank correction procedures to be used in the long term monitoring program will be

the nonparametric modification of the Ferrario subtraction method. The procedure for

nonparametric blank subtraction is described below:

1. Compile laboratory method blank data for EPA Method 1668A during the period

of laboratory analysis corresponding to the 8 month monitoring period (April

through November), plus 3 months before and 3 months after the monitoring

period

2. Prepare a time series graph of the method blank data to determine whether there

are any significant trends in blank concentrations, especially abrupt changes in
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blank concentrations that may be traceable to a change in laboratory procedures

or equipment

3. Determine whether there were any changes in chromatographic columns during

the period of analysis, and ascertain the exact date of column replacement

4. The method blank data set, and the associated statistical calculations and blank

subtraction terms, must be calculated separately for any analysis periods in

which different chromatographic columns were used, and for periods in which

procedural modifications had a significant effect on method blank results, as per

items 2 and 3 above

5. It is preferable to have at least 10 to 20 method blank results in every analysis

period for which blank subtraction terms are being calculated. If there are fewer

than ten results, two options are available: a) use the maximum blank

concentration in the data set as the blank subtraction term; or b) consider pooling

together some of the analysis periods, if appropriate, to provide more blank

results in each period.

6. For each analysis period, calculate the 95th percentile concentration of the

method blank data: [k=0.95(n+1)] where k is the rank of the sample

corresponding to the 95th percentile concentration, and n is the number of

method blank samples in the analysis period. Fractional, non integer ranks will

be interpolated between the two closest data points. The 95th percentile method

blank concentrations become the blank subtraction terms.

7. Subtract the 95th percentile method blank concentrations from the raw PCB

concentrations for all samples analyzed during the corresponding period. The

resultant values are the blank corrected PCB concentrations. If the sample

congener concentration is less than the corresponding 95th percentile blank

values, the congener will be corrected to an undetected value. Undetected

congeners do not contribute to the summation of total PCB concentrations.

Blank corrected total PCB concentrations will be used in the statistical analyses

described in the following section.
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4.2.3 Statistical Analysis of Monitoring Data 

Water, fish tissue, and sediment data will be statistically analyzed to assess the

performance of the monitoring program and the more fundamental objective of

monitoring progress toward achieving the RAOs. Descriptive statistics (Section 4.2.3.1),

distribution tests (Section 4.2.3.2), and correlation tests (Section 4.2.3.3) will be

performed. Long term monitoring data will be compared to numerical target

concentrations, including ecological and human health risk goals and background

criteria, and confidence levels will be assessed (Section 4.2.3.4). Time trend analysis will

be performed by comparing mean concentrations and percent reductions between

baseline and long term monitoring events (i.e., two sample comparisons) and by using

simple or multiple regression techniques (Section 4.2.3.5). Finally, PCB mass loadings to

Green Bay, and at various upstream locations in the Lower Fox River, will be calculated

(Section 4.2.3.6).

4.2.3.1 Descriptive Statistics 
For each round of long term monitoring, descriptive statistics will be calculated for

each OU and each fish species. Descriptive statistics will include mean, median,

minimum and maximum, 10th, 25th, 50th, 75th, and 90th percentiles, percent

nondetects, standard deviation and CV. These statistics will be used to verify the

assumptions underlying the sampling design and to confirm that the expected level

of statistical power is being achieved. These statistics will also be used to evaluate

the achievement of human health and ecological target tissue goals, background

criteria, and SWAC reduction targets (see Section 1.6.1).

4.2.3.2 Statistical Distribution Tests 
Water and fish data will be subjected to statistical distribution tests to assess

conformance with standard normal or lognormal distributions. Conformance with

these distributions will allow the data to be analyzed using parametric testing

procedures which are generally more powerful than nonparametric procedures.

Distribution testing will utilize either numerical procedures (e.g., Shapiro Wilk or

D’Agostino Tests) or graphical procedures (e.g., normal probability plots).
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4.2.3.3 Correlations with Controlling Variables 
The data will be tested for statistical correlations between PCB concentrations and

potential controlling variables. In particular, aqueous PCB concentrations will be

tested for correlations with flow, temperature, and TSS concentrations. Fish tissue

PCB concentrations will be tested for correlations with lipid content and fish length

(a surrogate for fish age, as well as the primary basis for fish consumption

advisories).

4.2.3.4 Estimating Statistical Confidence of Exit Decisions 
This section provides guidance on estimating statistical confidence levels associated

with achieving specified target concentrations, including risk based concentrations,

background criteria, and SWAC reduction targets. The compound probability

associated with the LTMP requirement to achieve exit criteria in two successive

monitoring rounds is also discussed.

Comparison to Target Concentrations. The statistical confidence associated with

achieving a specified target concentration in a particular OU (whether it is a risk

based, background based, or percent reduction target) is a function of the standard

error of the mean concentration and the percent difference between the mean and

the target concentration. If the mean concentration is equal to the target

concentration, there is a 50 percent chance that the mean is at or below the target

concentration. Statistical confidence improves as the mean concentration drops

below the target concentration, and the greater the difference, the higher the

confidence. Statistical confidence also improves as the standard error on the mean is

reduced—a smaller standard error provides greater power of discrimination

between the mean and the target concentration.

Table 4 1 provides the estimated statistical confidence as a function of the standard

error on the mean of the monitoring data (expressed as a percent of the mean) and

the percent difference between the target concentration and the mean. Three tables

are provided for three different sample sizes, including data sets with five samples

(approximately representing composite samples for ecological fish species), 15

samples (representing individual samples for human health fish species), and an



Data Validation and Data Analysis

Long term Monitoring Plan December 2009
Lower Fox River Remedial Design 106 080295 03

ideal, infinitely large data set. Standard errors for total PCB concentrations in most

OUs and media typically range from approximately 5 to 25 percent of the mean, as

summarized in Tables 1 1 and 1 2.

Compound Probability of Confirmation Monitoring. The statistical confidence of

exit decisions is improved by requiring exit criteria to be achieved in two

consecutive monitoring events (i.e., an initial event and a follow up confirmation

event; see Section 1.7.5 and Figures 1 4, 1 5, and 1 7). The compound probability of

achieving exit criteria in two successive monitoring events will be considered in the

evaluation of statistical confidence for exit decisions. For example, if exit criteria are

met with 70 percent confidence (alpha = 0.3) in each of two successive monitoring

events, the compound confidence level is 91 percent (alpha = 0.3 x 0.3 = 0.09).

4.2.3.5 Time Trend Analysis 
A primary objective of the baseline and long term monitoring programs is to

evaluate risk reduction success as measured by declining PCB concentrations in

water and fish tissue. The essence of this analysis is determining the significance

and magnitude of decreasing trends in the monitoring data.

Comparison of Means. A simple test of significance is a comparison of mean PCB

concentrations between two monitoring events to determine if the mean value of the

later event is significantly lower than the earlier event. If a decreasing trend is

present, the power of this type of test will tend to increase as the time between

monitoring events increases (i.e., the length of the monitoring record increases).

Using this type of analysis, the estimated percent reduction and statistical

significance of PCB concentration reductions between the baseline event and each

successive monitoring event can be calculated. The results will be used to infer the

magnitude and statistical significance of the combined effects of active remediation

and natural recovery on reducing PCB concentrations.

Simple Linear Regression. The data will be analyzed to determine an appropriate

trend model. The default assumption is that PCB concentration reductions will

follow an exponential decay model. This model can be tested by fitting a linear
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regression through a plot of log PCB concentrations (in water, tissue, or sediment)

versus time. A minimum of three rounds of post construction monitoring data (i.e.,

Years 0, 5, and 10) will be needed to estimate the time rate of recovery in this way.

Once the data are sufficient to estimate a model of PCB concentrations over time, the

model can be used to predict future concentrations and compare predictions to risk

reduction goals and other exit criteria. Time regressions will be performed

separately for each OU and each fish species. For fish data, it may be appropriate to

either stratify the data by size classes or normalize the data using lipid content or

fish length, to reduce the effects of confounding variables. Nonparametric trend

analysis may be considered if the data are poorly described by standard statistical

distributions (see Section 4.2.3.2).

Multiple Regression. If warranted, more complex, multivariate statistical analysis

procedures may be considered. In particular, multiple regression techniques may be

useful if significant correlations are established with multiple controlling variables

(LTI 2002, 2005).

Multiple linear regression provides a way to estimate the effects of an independent

variable on water column PCB concentrations, such as the effect of sediment

remediation, while controlling for the effects of other variables known to affect PCBs

(such as flow, suspended solids, and seasonal temperature changes in water; or lipid

content and fish length in tissue). As required for simple linear regression, a

minimum of three rounds of post construction monitoring data are also required for

multiple regression. These data would be pooled to estimate the coefficients of an

equation predicting PCB concentrations as a function of the independent variables

mentioned above. Another independent variable would be a digital indicator to

denote post remediation conditions, equal to 0 for the baseline data and 1 for post

remediation data. The regression coefficient for this indicator would provide an

estimate of the effect of remediation, after controlling for the effects of the other

variables. A test of the hypothesis of “no effect of remediation” could be structured

as a t test of the null hypothesis that this coefficient is equal to zero.
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A finding of a “significant effect” requires rejection of the null hypothesis at a given

level of statistical confidence (i.e., probability of Type I error, which is the rejection of

the hypothesis if it is true). The smaller the prediction error of the regression

equation and the larger the number of data points in the monitoring program, the

more accurately the effect of remediation can be estimated, thereby expanding the

range of scenarios that can be judged “significantly different from zero.” Similarly,

smaller prediction errors and larger sample sizes also reduce the likelihood of

accepting a null hypothesis of “no effect” if it is false, increasing the statistical power

of the test.

Variations in the specification of the regression equation can be made, depending on

what variables are known to affect PCB concentration and whether their effects are

linear, nonlinear, or interactive. One important variation which is a commonly

observed relationship in environmental data assumes the natural logarithm of PCB

concentration is a linear function of its determinants. The inclusion of variables and

their functional forms should be dictated by scientific understanding of cause and

effect relationships, supplemented by comparisons of goodness of fit of alternative

forms of the equation. Variables should be retained in the regression equation if the

hypothesis of “no effect” for each independent variable can be rejected at a high level

of significance.

4.2.3.6 PCB Loading Calculations 
One of the RAOs for the RA is to achieve a reduction of PCB loadings to Green Bay

to accelerate natural recovery of bay sediment, water, and fish. To address this

objective, PCB loads will be calculated at the mouth of the Lower Fox River at the

USGS Oil Depot gage (OU 4). PCB loads will also be calculated at several upstream

reference locations to monitor the natural recovery of the river system as a whole in

response to sediment RAs in various parts of the river. Specifically, PCB loads will

be calculated at the downstream ends of the following reaches:

Lake Winnebago (background loading to Lower Fox River)

OU 1

OU 2C

OU 4 (discharge to Green Bay)
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Loadings will be estimated using Beale’s ratio estimator method. The Beale’s

method uses daily flow measurements and less frequent concentration

measurements to estimate the average daily load. This estimate is computed as the

average of loads for all days that both flow and concentration are measured, with a

bias correction that accounts for higher or lower than average flows on the days

when concentration was sampled. Richards (1999) provides formulas for the

estimate of the average daily load and its root mean squared error (RMSE). Daily

gaged flows are available at Rapide Croche, and can be scaled according to

watershed area ratios to estimate daily flows at the four stations for which loads are

to be estimated.

Analysis of baseline monitoring data (LimnoTech 2008) indicates the aggregate PCB

load discharged in the winter months from December through March contributes

less than 10 percent of total annual load in the river, although these months

represent one third of the year. This study also showed that stratifying the data into

the non winter months from April through November provided more accurate

loading estimates and lower RMSEs compared to loading estimates calculated over

the entire year. Because only a small fraction of the PCB load is missed in the winter

months, because the error on the loading estimate increases when winter months are

included, and because field crews often face severe weather safety hazards during

these months, winter sampling from December through March will not be

performed during the long term monitoring program. Therefore, the assessment of

PCB loads will be based on the eight month monitoring period from April through

November. Baseline monitoring data will be truncated accordingly to conform to

this monitoring period. If necessary, total annual PCB loads can also be estimated

based on the proportion of the annual load that is discharged from December

through March, as observed during the baseline monitoring program.
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Table 1-2
Descriptive Summary Statistics for Fish Tissue Data

LWB OU1 OU2A OU2B OU2C OU3 OU4 OU5A OU5B ALL

Count (No. Samples) 17 16 18 16 16 15 16 15 16 145
No. Nondetects 8 0 0 1 0 0 0 0 0 9
Percent Nondetects 47% 0% 0% 6% 0% 0% 0% 0% 0% 6%
Mean 24 135 317 144 579 677 671 494 296 365
Median 20 140 300 130 380 450 575 400 290 280
Minimum <19 21 97 21 130 250 240 180 160 <19
Maximum 36 340 800 480 1,800 2,000 1,400 1,300 450 2,000
10th Percentile 19 45 128 84 195 284 330 274 180 27
25th Percentile 19 68 175 106 238 325 453 355 225 130
50th Percentile 20 140 300 130 380 450 575 400 290 280
75th Percentile 24 165 388 150 703 860 800 525 363 460
90th Percentile 34 225 482 170 1,350 1,360 1,135 772 415 784
Standard Deviation 6 84 175 97 503 524 336 277 93 363
Coefficient of Variation 0.26 0.62 0.55 0.68 0.87 0.77 0.50 0.56 0.31 1.00
Std. Error (as % of Mean) 0.06 0.16 0.13 0.17 0.22 0.20 0.13 0.14 0.08 0.08

Count (No. Samples) 17 - - - 16 - - - - n/c
No. Nondetects 9 - - - 0 - - - - n/c
Percent Nondetects 53% - - - 0% - - - - n/c
Mean 0.043 - - - 0.233 - - - - n/c
Median 0.045 - - - 0.225 - - - - n/c
Minimum 0.021 - - - 0.110 - - - - n/c
Maximum 0.080 - - - 0.380 - - - - n/c
10th Percentile 0.027 - - - 0.130 - - - - n/c
25th Percentile 0.027 - - - 0.178 - - - - n/c
50th Percentile 0.045 - - - 0.225 - - - - n/c
75th Percentile 0.052 - - - 0.293 - - - - n/c
90th Percentile 0.062 - - - 0.315 - - - - n/c
Standard Deviation 0.017 - - - 0.078 - - - - n/c
Coefficient of Variation 0.39 - - - 0.33 - - - - n/c

Count (No. Samples) 17 16 18 16 16 15 16 15 16 145
Mean 1.0 0.5 0.8 0.6 1.1 1.4 1.6 1.4 1.6 1.1
Median 0.8 0.4 0.8 0.5 1.0 1.2 1.5 1.2 1.5 1.0
Minimum 0.4 0.2 0.2 0.2 0.3 0.8 0.7 0.7 0.7 0.2
Maximum 2.0 1.0 2.1 2.2 2.7 3.5 3.0 3.3 2.6 3.5
Standard Deviation 0.49 0.18 0.49 0.48 0.67 0.68 0.75 0.62 0.50 0.67
Coefficient of Variation 0.50 0.39 0.61 0.82 0.60 0.50 0.48 0.45 0.32 0.62

Count (No. Samples) 17 16 18 16 16 15 16 15 16 145
Mean 14.2 11.4 15.8 12.7 16.3 17.2 16.6 16.7 18.0 15.4
Median 14.5 10.5 16.0 11.9 15.9 17.5 16.3 16.3 18.3 15.5
Minimum 10.8 8.5 10.5 10.0 11.0 13.3 12.8 14.0 16.0 8.5
Maximum 16.3 16.8 20.0 17.5 21.8 20.5 21.0 20.0 19.8 21.8
Standard Deviation 1.68 2.43 2.75 2.36 3.60 2.31 2.10 1.81 8.21 3.08
Coefficient of Variation 0.12 0.21 0.17 0.19 0.22 0.13 0.13 0.11 0.46 0.20

Fish Length (inches)

Total PCBs (μg/kg)

Mercury (mg/kg)

Lipids (percent)

Walleye
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Table 1-2
Descriptive Summary Statistics for Fish Tissue Data

LWB OU1 OU2A OU2B OU2C OU3 OU4 OU5A OU5B ALL

Count (No. Samples) 15 15 16 15 16 15 19 8 19 138
No. Nondetects 6 0 0 0 0 0 0 0 2 8
Percent Nondetects 40% 0% 0% 0% 0% 0% 0% 0% 11% 6%
Mean 29.6 212 255 208 187 197 442 319 360 250
Median 20 160 200 210 140 190 400 320 320 210
Minimum <19 20 96 110 71 66 140 150 <19 <19
Maximum 70 540 530 320 470 370 950 460 1,200 1,200
10th Percentile <19 53 120 124 76 107 194 199 53 27
25th Percentile <19 89 140 160 79 150 325 235 180 110
50th Percentile 20 160 200 210 140 190 400 320 320 210
75th Percentile 27 335 310 260 285 225 460 405 515 360
90th Percentile 59 394 480 272 345 304 754 453 592 470
Standard Deviation 17 156 143 63 128 81 221 117 281 196
Coefficient of Variation 0.58 0.74 0.56 0.30 0.68 0.41 0.50 0.37 0.78 0.78
Std. Error (as % of Mean) 0.15 0.19 0.14 0.08 0.17 0.11 0.11 0.13 0.18 0.07

Count (No. Samples) 15 15 16 15 16 15 19 8 19 138
Mean 0.9 0.9 0.9 1.1 1.2 0.8 0.8 0.7 0.9 0.9
Median 1.0 0.7 0.8 1.2 1.1 0.8 0.8 0.6 0.8 0.8
Minimum 0.2 0.3 0.2 0.7 0.6 0.3 0.3 0.4 0.3 0.2
Maximum 1.7 2.0 2.9 1.8 2.2 1.4 2.3 1.2 2.4 2.9
Standard Deviation 0.40 0.53 0.63 0.24 0.58 0.32 0.46 0.31 0.53 0.48
Coefficient of Variation 0.43 0.60 0.72 0.21 0.50 0.41 0.56 0.44 0.58 0.52

Count (No. Samples) 15 15 16 15 16 15 19 8 19 138
Mean 13.9 13.0 13.6 14.0 13.7 12.8 13.5 12.4 15.6 13.7
Median 14.3 13.0 13.4 14.0 13.9 12.8 13.1 12.2 16.7 13.5
Minimum 10.0 9.2 10.8 10.0 10.3 10.3 10.5 9.8 10.5 9.2
Maximum 16.5 18.0 18.0 18.5 16.8 15.5 18.7 16.1 19.5 19.5
Standard Deviation 1.97 2.45 2.07 2.37 1.93 1.58 2.20 1.81 2.35 2.24
Coefficient of Variation 0.14 0.19 0.15 0.17 0.14 0.12 0.16 0.15 0.15 0.16

Lipids (percent)

Total PCBs (μg/kg)
Smallmouth Bass

Fish Length (inches)

Long term Monitoring Plan
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Table 1-2
Descriptive Summary Statistics for Fish Tissue Data

LWB OU1 OU2A OU2B OU2C OU3 OU4 OU5A OU5B ALL

Count (No. Samples) 6 6 5 5 6 6 6 6 5 51
No. Nondetects 0 0 0 0 0 0 0 0 0 0
Percent Nondetects 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Mean 36 1,917 4,120 1,200 988 972 4,600 780 337 1,648
Median 36 1,750 2,400 1,200 930 970 4,600 805 240 1,000
Minimum 28 300 2,100 800 670 590 2,800 480 72 28
Maximum 46 3,600 11,000 1,500 1,500 1,600 6,400 980 950 11,000
10th Percentile 29 900 2,140 920 685 595 3,100 600 73 46
25th Percentile 31 1,525 2,200 1,100 740 685 3,575 723 74 595
50th Percentile 36 1,750 2,400 1,200 930 970 4,600 805 240 1,000
75th Percentile 38 2,425 2,900 1,400 1,150 1,075 5,625 888 350 2,000
90th Percentile 42 3,100 7,760 1,460 1,350 1,350 6,100 935 710 3,600
Standard Deviation 7 1,113 3,858 274 319 373 1,404 178 362 1,981
Coefficient of Variation 0.18 0.58 0.94 0.23 0.32 0.38 0.31 0.23 1.07 1.20
Std. Error (as % of Mean) 0.08 0.24 0.42 0.10 0.13 0.16 0.12 0.09 0.48 0.17

Count (No. Samples) 6 6 5 5 6 6 6 6 5 51
Mean 4.2 6.7 6.6 3.9 5.3 3.3 4.6 4.1 4.5 4.8
Median 4.3 6.6 6.2 3.7 5.0 3.5 4.2 4.1 4.4 4.4
Minimum 3.5 1.4 5.9 3.5 4.4 1.5 3.5 2.9 2.5 1.4
Maximum 5.0 10.2 7.8 4.9 6.6 4.8 6.2 5.1 6.9 10.2
Standard Deviation 0.59 3.10 0.80 0.56 0.93 1.35 1.03 0.74 1.97 1.75
Coefficient of Variation 0.14 0.46 0.12 0.14 0.17 0.41 0.23 0.18 0.44 0.37

Count (No. Samples) 19 26 23 25 30 30 26 16 9 204
Mean 15.1 19.7 19.8 18.9 19.6 18.1 19.7 13.6 13.7 18.2
Median 15.3 20.5 19.5 19.3 19.5 18.1 20.0 13.6 13.5 19.0
Minimum 13.0 13.0 18.0 16.5 18.0 15.5 15.5 11.8 11.5 11.5
Maximum 17.0 21.8 21.5 20.0 22.0 20.0 21.5 15.3 17.5 22.0
Standard Deviation 1.15 2.40 1.01 1.05 1.02 1.29 1.54 0.74 1.98 2.58
Coefficient of Variation 0.08 0.12 0.05 0.06 0.05 0.07 0.08 0.05 0.14 0.14

Carp

Lipids (percent)

Fish Length (inches)

Total PCBs (μg/kg)

Long term Monitoring Plan
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Table 1-2
Descriptive Summary Statistics for Fish Tissue Data

LWB OU1 OU2A OU2B OU2C OU3 OU4 OU5A OU5B ALL

Count (No. Samples) 6 6 5 5 5 5 6 6 5 49
No. Nondetects 0 0 0 0 0 0 0 0 0 0
Percent Nondetects 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Mean 175 450 1,268 728 1,082 1,292 1,347 1,392 1,490 1,010
Median 170 445 1,100 580 1,100 1,400 1,250 1,450 1,300 940
Minimum 110 160 770 310 590 460 740 950 750 110
Maximum 250 650 2,300 1,300 1,700 2,000 2,300 1,700 2,100 2,300
10th Percentile 130 265 810 406 602 516 840 1,075 930 196
25th Percentile 153 383 870 550 620 600 955 1,250 1,200 550
50th Percentile 170 445 1,100 580 1,100 1,400 1,250 1,450 1,300 940
75th Percentile 195 590 1,300 900 1,400 2,000 1,575 1,575 2,100 1,400
90th Percentile 225 640 1,900 1,140 1,580 2,000 1,950 1,650 2,100 2,000
Standard Deviation 47.6 181.2 612.5 382.5 484.5 739.1 574.5 276.4 594.1 625.1
Coefficient of Variation 0.27 0.40 0.48 0.53 0.45 0.57 0.43 0.20 0.40 0.62
Std. Error (as % of Mean) 0.11 0.16 0.22 0.23 0.20 0.26 0.17 0.08 0.18 0.09

Count (No. Samples) 6 6 5 5 5 5 6 6 5 49
Mean 9.9 4.0 4.6 4.3 7.2 7.2 4.6 5.2 7.3 6.0
Median 10.2 3.5 4.5 3.8 7.9 5.4 4.8 5.1 7.4 5.2
Minimum 3.8 0.9 2.2 1.9 2.4 2.5 0.1 3.7 3.8 0.1
Maximum 17.2 8.9 7.4 7.2 11.7 11.9 8.5 6.7 10.3 17.2
Standard Deviation 5.50 2.92 1.84 1.93 3.41 4.12 2.98 1.01 2.90 3.53
Coefficient of Variation 0.56 0.74 0.40 0.45 0.47 0.57 0.64 0.20 0.39 0.59

Count (No. Samples) 29 20 25 25 23 21 28 28 15 214
Mean 16.6 15.2 15.3 16.4 17.4 15.9 15.7 13.8 16.1 15.8
Median 17.0 15.0 15.0 16.3 17.0 15.6 16.0 13.8 15.8 15.5
Minimum 12.5 12.3 12.0 12.3 12.0 12.3 12.3 10.8 12.3 10.8
Maximum 22.0 20.3 20.0 20.3 22.0 21.0 18.5 16.8 20.5 22.0
Standard Deviation 3.48 2.49 2.49 2.40 2.80 2.50 1.85 1.57 2.69 2.65
Coefficient of Variation 0.21 0.16 0.16 0.15 0.16 0.16 0.12 0.11 0.17 0.17

Fish Length (inches)

Lipids (percent)

Total PCBs (μg/kg)
Drum
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Table 1-2
Descriptive Summary Statistics for Fish Tissue Data

LWB OU1 OU2A OU2B OU2C OU3 OU4 OU5A OU5B ALL

Count (No. Samples) 6 2 3 7 5 6 6 6 6 47
No. Nondetects 1 0 0 0 1 0 0 0 0 2
Percent Nondetects 17% 0% 0% 0% 20% 0% 0% 0% 0% 4%
Mean 25 895 343 102 114 427 938 325 283 342
Median 26 895 300 98 100 400 845 335 285 250
Minimum 19 790 180 89 19 190 250 260 230 19
Maximum 33 1,000 550 130 190 870 1,800 360 350 1,800
10th Percentile 20 811 204 90 47 195 420 285 235 28
25th Percentile 21 843 240 92 90 243 630 313 250 99
50th Percentile 26 895 300 98 100 400 845 335 285 250
75th Percentile 28 948 425 105 170 483 1,210 350 305 365
90th Percentile 31 979 500 118 182 685 1,550 355 330 822
Standard Deviation 5.4 148.5 188.8 14.4 68.4 250.0 548.4 37.3 44.6 361.9
Coefficient of Variation 0.21 0.17 0.55 0.14 0.60 0.59 0.58 0.11 0.16 1.06
Std. Error (as % of Mean) 0.09 0.12 0.32 0.05 0.27 0.24 0.24 0.05 0.06 0.15

Count (No. Samples) 6 2 3 7 5 6 6 6 6 47
Mean 4.9 5.1 2.0 2.1 1.5 2.3 1.7 1.4 4.7 2.7
Median 5.7 5.1 2.1 2.0 1.2 2.3 1.6 1.5 4.7 2.0
Minimum 0.6 3.9 0.9 0.9 0.8 1.5 0.7 1.1 4.4 0.6
Maximum 7.0 6.3 3.1 3.8 2.2 3.4 3.1 1.7 5.3 7.0
Standard Deviation 2.38 1.63 1.12 0.90 0.59 0.81 0.79 0.24 0.35 1.74
Coefficient of Variation 0.49 0.32 0.55 0.43 0.40 0.35 0.47 0.17 0.07 0.64

Count (No. Samples) 149 9 37 174 70 111 138 148 117 953
Mean 4.5 4.5 2.8 3.1 3.3 3.7 2.7 2.5 4.5 3.4
Median 4.5 4.5 2.5 2.5 2.5 4.5 2.5 2.5 4.5 2.5
Minimum 2 3 2 2 2 2 2 2 3 2
Maximum 6 6 6 6 6 6 6 3 6 6
Standard Deviation n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c
Coefficient of Variation n/c n/c n/c n/c n/c n/c n/c n/c n/c n/c

Notes:

n/c = not calculated

Total PCBs (μg/kg)

Fish Length (inches)

Lipids (percent)

Gizzard Shad
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Table 1-7
Estimated Sample Sizes for Water and Fish Tissue Monitoring

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

0.2 0.2 1 2 2 3 5 6 8 10

0.1 0.2 2 3 5 7 9 12 15 19

0.05 0.2 3 5 7 10 14 18 23 29

Note:

Minimum Detectable Difference: 50%

Confidence
(alpha)

Power
(beta)

Coefficient of Variation

Long term Monitoring Plan
Lower Fox River Final Design Report Page 1 of 1

December 2009
080295 03
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Table 2-4
Fish Tissue Sampling and Analysis Matrix

LWB-YY-WA-000 n/a n/a 15 15 1 12 22 SOF X X X X
OU1-YY-WA-000 n/a n/a 15 15 1 12 22 SOF X X X

OU2A-YY-WA-000 n/a n/a 15 15 1 12 22 SOF X X X
OU2B-YY-WA-000 n/a n/a 15 15 1 12 22 SOF X X X
OU2C-YY-WA-000 n/a n/a 15 15 1 12 22 SOF X X X X
OU3-YY-WA-000 n/a n/a 15 15 1 12 22 SOF X X X
OU4-YY-WA-000 n/a n/a 15 15 1 12 22 SOF X X X

OU5A-YY-WA-000 n/a n/a 15 15 1 12 22 SOF X X X
OU5B-YY-WA-000 n/a n/a 15 15 1 12 22 SOF X X X

135 135 9

LWB-YY-CA-000 7 5 35 7 1 12 22 WF X X X
OU1-YY-CA-000 7 5 35 7 1 12 22 WF X X X

OU2A-YY-CA-000 7 5 35 7 1 12 22 WF X X X
OU2B-YY-CA-000 7 5 35 7 1 12 22 WF X X X
OU2C-YY-CA-000 7 5 35 7 1 12 22 WF X X X
OU3-YY-CA-000 7 5 35 7 1 12 22 WF X X X
OU4-YY-CA-000 7 5 35 7 1 12 22 WF X X X

245 49 7

LWB-YY-DR-000 5 5 25 5 1 12 22 WF X X X
OU4-YY-DR-000 5 5 25 5 1 12 22 WF X X X

OU5A-YY-DR-000 5 5 25 5 1 12 22 WF X X X
OU5B-YY-DR-000 5 5 25 5 1 12 22 WF X X X

100 20 4

LWB-YY-GS-000 7 25 175 7 1 2 4 WF X X X
OU1-YY-GS-000 7 25 175 7 1 2 4 WF X X X

OU2A-YY-GS-000 7 25 175 7 1 2 4 WF X X X
OU2B-YY-GS-000 7 25 175 7 1 2 4 WF X X X
OU2C-YY-GS-000 7 25 175 7 1 2 4 WF X X X
OU3-YY-GS-000 7 25 175 7 1 2 4 WF X X X
OU4-YY-GS-000 7 25 175 7 1 2 4 WF X X X

OU5A-YY-GS-000 7 25 175 7 1 2 4 WF X X X
OU5B-YY-GS-000 7 25 175 7 1 2 4 WF X X X

1,575 63 9

267 29
296

Notes:   
SOF = Skin-On Fillet
WF  = Whole Fish
WA  = Walleye  
CA  = Carp
DR = Drum
GS  = Gizzard Shad
See Section 2.2.5 for key to sample identification system

GRAND TOTAL FISH ANALYSES:
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Table 2-8
PCB Congener Reporting Limits

CAS
Registry

Congener
Number

Average EDL 
(ng/L)

Reporting
Limit (ng/L)

Precision
(%RPD) [1] Accuracy (%R)

2051-60-7 1 0.00128 0.02 NA 50-150
2051-61-8 2 0.00114 0.02 NA
2051-62-9 3 0.00105 0.02 NA 50-150

13029-08-8 4 0.01263 0.0314 NA 50-150
16605-91-7 5 0.0079 0.02 NA
25569-80-6 6 0.00726 0.02 NA
33284-50-3 7 0.00759 0.02 NA
34883-43-7 8 0.0073 0.0269 NA
34883-39-1 9 0.00763 0.02 NA
33146-45-1 10 0.00783 0.02 NA
2050-67-1 11 0.00755 0.0239 NA
2974-92-7 12 0.0073 0.0259 NA
2974-90-5 13 0.00729 0.0259 NA
34883-41-5 14 0.00719 0.02 NA
2050-68-2 15 0.00637 0.02 NA 50-150
38444-78-9 16 0.00731 0.02 NA
37680-66-3 17 0.00589 0.02 NA
37680-65-2 18 0.00487 0.0224 NA
38444-73-4 19 0.00636 0.02 NA 50-150
38444-84-7 20 0.00216 0.02 NA
55702-46-0 21 0.00223 0.02 NA
38444-85-8 22 0.00234 0.02 NA
55720-44-0 23 0.0024 0.02 NA
55702-45-9 24 0.00427 0.02 NA
55712-37-3 25 0.00203 0.02 NA
38444-81-4 26 0.00224 0.02 NA
38444-76-7 27 0.00416 0.02 NA
7012-37-5 28 0.00216 0.02 NA
15862-07-4 29 0.00224 0.02 NA
35693-92-6 30 0.00487 0.0224 NA
16606-02-3 31 0.0022 0.02 NA
38444-77-8 32 0.00382 0.02 NA
38444-86-9 33 0.00223 0.02 NA
37680-68-5 34 0.00233 0.02 NA
37680-69-6 35 0.00231 0.02 NA
38444-87-0 36 0.00216 0.02 NA
38444-90-5 37 0.00193 0.02 NA 50-150
53555-66-1 38 0.00221 0.02 NA
38444-88-1 39 0.00205 0.02 NA
38444-93-8 40 0.00226 0.02 NA
52663-59-9 41 0.00226 0.02 NA
36559-22-5 42 0.0025 0.02 NA
70362-46-8 43 0.00207 0.02 NA
41464-39-5 44 0.00203 0.02 NA
70362-45-7 45 0.00236 0.02 NA
41464-47-5 46 0.00275 0.02 NA
2437-79-8 47 0.00203 0.02 NA
70362-47-9 48 0.00226 0.02 NA
41464-40-8 49 0.00193 0.02 NA
62796-65-0 50 0.00227 0.02 NA
68194-04-7 51 0.00236 0.02 NA
35693-99-3 52 0.00217 0.02 NA
41464-41-9 53 0.00227 0.02 NA
15968-05-5 54 0.00342 0.02 NA 50-150
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Table 2-8
PCB Congener Reporting Limits

CAS
Registry

Congener
Number

Average EDL 
(ng/L)

Reporting
Limit (ng/L)

Precision
(%RPD) [1] Accuracy (%R)

74338-24-2 55 0.0017 0.02 NA
41464-43-1 56 0.00168 0.02 NA
70424-67-8 57 0.00167 0.02 NA
41464-49-7 58 0.00163 0.02 NA
74472-33-6 59 0.00164 0.02 NA
33025-41-1 60 0.00165 0.02 NA
33284-53-6 61 0.00158 0.02 NA
54230-22-7 62 0.00164 0.02 NA
74472-34-7 63 0.00156 0.02 NA
52663-58-8 64 0.00164 0.02 NA
33284-54-7 65 0.00203 0.02 NA
32598-10-0 66 0.00155 0.02 NA
73575-53-8 67 0.00146 0.02 NA
73575-52-7 68 0.00151 0.02 NA
60233-24-1 69 0.00193 0.02 NA
32598-11-1 70 0.00158 0.02 NA
41464-46-4 71 0.00226 0.02 NA
41464-42-0 72 0.00161 0.02 NA
74338-23-1 73 0.00207 0.02 NA
32690-93-0 74 0.00158 0.02 NA
32598-12-2 75 0.00164 0.02 NA
70362-48-0 76 0.00158 0.02 NA
32598-13-3 77 0.00145 0.02 NA 50-150
70362-49-1 78 0.00161 0.02 NA
41464-48-6 79 0.00136 0.02 NA
33284-52-5 80 0.00145 0.02 NA
70362-50-4 81 0.0016 0.02 NA 50-150
52663-62-4 82 0.00358 0.02 NA
60145-20-2 83 0.00371 0.02 NA
52663-60-2 84 0.00362 0.02 NA
65510-45-4 85 0.00256 0.02 NA
55312-69-1 86 0.00257 0.02 NA
38380-02-8 87 0.00257 0.02 NA
55215-17-3 88 0.00319 0.02 NA
73575-57-2 89 0.00346 0.02 NA
68194-07-0 90 0.00268 0.02 NA
68194-05-8 91 0.00319 0.02 NA
52663-61-3 92 0.00324 0.02 NA
73575-56-1 93 0.00313 0.02 NA
73575-55-0 94 0.00342 0.02 NA
38379-99-6 95 0.00313 0.02 NA
73575-54-9 96 0.00238 0.02 NA
41464-51-1 97 0.00257 0.02 NA
60233-25-2 98 0.00318 0.02 NA
38380-01-7 99 0.00255 0.02 NA
39485-83-1 100 0.00313 0.02 NA
37680-73-2 101 0.00268 0.02 NA
68194-06-9 102 0.00318 0.02 NA
60145-21-3 103 0.00293 0.02 NA
56558-16-8 104 0.00231 0.02 NA 50-150
32598-14-4 105 0.00141 0.02 NA 50-150
70424-69-0 106 0.00157 0.02 NA
70424-68-9 107 0.00139 0.02 NA
70362-41-3 108 0.00154 0.02 NA
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Table 2-8
PCB Congener Reporting Limits

CAS
Registry

Congener
Number

Average EDL 
(ng/L)

Reporting
Limit (ng/L)

Precision
(%RPD) [1] Accuracy (%R)

74472-35-8 109 0.00257 0.02 NA
38380-03-9 110 0.00227 0.02 NA
39635-32-0 111 0.00218 0.02 NA
74472-36-9 112 0.00255 0.02 NA
68194-10-5 113 0.00268 0.02 NA
74472-37-0 114 0.00125 0.02 NA 50-150
74472-38-1 115 0.00227 0.02 NA
18259-05-7 116 0.00256 0.02 NA
68194-11-6 117 0.00256 0.02 NA
31508-00-6 118 0.00131 0.02 NA 50-150
56558-17-9 119 0.00257 0.02 NA
68194-12-7 120 0.0021 0.02 NA
56558-18-0 121 0.00229 0.02 NA
76842-07-4 122 0.00162 0.02 NA
65510-44-3 123 0.0013 0.02 NA 50-150
70424-70-3 124 0.00154 0.02 NA
74472-39-2 125 0.00257 0.02 NA
57465-28-8 126 0.00159 0.02 NA 50-150
39635-33-1 127 0.00143 0.02 NA
38380-07-3 128 0.0022 0.02 NA
55215-18-4 129 0.00225 0.02 NA
52663-66-8 130 0.00286 0.02 NA
61798-70-7 131 0.00288 0.02 NA
38380-05-1 132 0.00281 0.02 NA
35694-04-3 133 0.00264 0.02 NA
52704-70-8 134 0.00288 0.02 NA
52744-13-5 135 0.00405 0.02 NA
38411-22-2 136 0.003 0.02 NA
35694-06-5 137 0.00215 0.02 NA
35065-28-2 138 0.00225 0.02 NA
56030-56-9 139 0.00242 0.02 NA
59291-64-4 140 0.00242 0.02 NA
52712-04-6 141 0.00256 0.02 NA
41411-61-4 142 0.00283 0.02 NA
68194-15-0 143 0.00288 0.02 NA
68194-14-9 144 0.00396 0.02 NA
74472-40-5 145 0.00307 0.02 NA
51908-16-8 146 0.00232 0.02 NA
68194-13-8 147 0.00233 0.02 NA
74472-41-6 148 0.00404 0.02 NA
38380-04-0 149 0.00233 0.02 NA
68194-08-1 150 0.00294 0.02 NA
52663-63-5 151 0.00405 0.02 NA
68194-09-2 152 0.0029 0.02 NA
35065-27-1 153 0.00198 0.02 NA
60145-22-4 154 0.00347 0.02 NA
33979-03-2 155 0.00281 0.02 NA 50-150
38380-08-4 156 0.00175 0.02 NA 50-150
69782-90-7 157 0.00175 0.02 NA 50-150
74472-42-7 158 0.00172 0.02 NA
39635-35-3 159 0.00181 0.02 NA
41411-62-5 160 0.00201 0.02 NA
74472-43-8 161 0.00188 0.02 NA
39635-34-2 162 0.00181 0.02 NA
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Table 2-8
PCB Congener Reporting Limits

CAS
Registry

Congener
Number

Average EDL 
(ng/L)

Reporting
Limit (ng/L)

Precision
(%RPD) [1] Accuracy (%R)

74472-44-9 163 0.00225 0.02 NA
74472-45-0 164 0.00215 0.02 NA
74472-46-1 165 0.00205 0.02 NA
41411-63-6 166 0.0022 0.02 NA
52663-72-6 167 0.00154 0.02 NA 50-150
59291-65-5 168 0.00198 0.02 NA
32774-16-6 169 0.00174 0.02 NA 50-150
35065-30-6 170 0.00198 0.02 NA
52663-71-5 171 0.00255 0.02 NA
52663-74-8 172 0.00258 0.02 NA
68194-16-1 173 0.00255 0.02 NA
38411-25-5 174 0.00239 0.02 NA
40186-70-7 175 0.00229 0.02 NA
52663-65-7 176 0.00182 0.02 NA
52663-70-4 177 0.00256 0.02 NA
52663-67-9 178 0.00246 0.02 NA
52663-64-6 179 0.0018 0.02 NA
35065-29-3 180 0.00167 0.02 NA
74472-47-2 181 0.00239 0.02 NA
60145-23-5 182 0.00232 0.02 NA
52663-69-1 183 0.00229 0.02 NA
74472-48-3 184 0.00169 0.02 NA
52712-05-7 185 0.00229 0.02 NA
74472-49-4 186 0.00184 0.02 NA
52663-68-0 187 0.00217 0.02 NA
74487-85-7 188 0.00176 0.02 NA 50-150
39635-31-9 189 0.0016 0.02 NA 50-150
41411-64-7 190 0.00185 0.02 NA
74472-50-7 191 0.0018 0.02 NA
74472-51-8 192 0.00195 0.02 NA
69782-91-8 193 0.00195 0.02 NA
35694-08-7 194 0.00209 0.02 NA
52663-78-2 195 0.00229 0.02 NA
42740-50-1 196 0.00313 0.02 NA
33091-17-7 197 0.00229 0.02 NA
68194-17-2 198 0.00311 0.02 NA
52663-75-9 199 0.00311 0.02 NA
52663-73-7 200 0.00229 0.02 NA
40186-71-8 201 0.00228 0.02 NA
2136-99-4 202 0.00241 0.02 NA 50-150
52663-76-0 203 0.00287 0.02 NA
74472-52-9 204 0.00235 0.02 NA
74472-53-0 205 0.00146 0.02 NA 50-150
40186-72-9 206 0.00146 0.02 NA 50-150
52663-79-3 207 0.00132 0.02 NA
52663-77-1 208 0.00127 0.02 NA 50-150
2051-24-3 209 0.00096 0.02 NA 50-150

Notes:

NA  =
RPD =

 Not applicable.
 Relative percent difference.

[1] MS/MSD or LCS/LCSD not required by method
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Table 4-1
Estimated Statistical Confidence Levels for Achievement of Risk Targets

5% 10% 15% 20% 25% 30% 35% 40%
-10% 6% 19% 27% 32% 35% 38% 39% 41%
-5% 19% 32% 38% 41% 43% 44% 45% 45%
0% 50% 50% 50% 50% 50% 50% 50% 50%
5% 81% 68% 62% 59% 57% 56% 55% 55%
10% 94% 81% 73% 68% 65% 62% 61% 59%
15% 98% 90% 81% 75% 71% 68% 65% 64%
20% 99% 94% 87% 81% 77% 73% 70% 68%
25% 100% 97% 91% 86% 81% 77% 74% 72%
30% 100% 98% 94% 90% 85% 81% 78% 75%
35% 100% 99% 96% 92% 88% 85% 81% 78%
40% 100% 99% 97% 94% 91% 87% 84% 81%
45% 100% 99% 98% 96% 93% 90% 87% 84%
50% 100% 100% 99% 97% 94% 91% 89% 86%

5% 10% 15% 20% 25% 30% 35% 40%
-10% 3% 17% 26% 31% 35% 37% 39% 40%
-5% 17% 31% 37% 40% 42% 44% 44% 45%
0% 50% 50% 50% 50% 50% 50% 50% 50%
5% 83% 69% 63% 60% 58% 56% 56% 55%
10% 97% 83% 74% 69% 65% 63% 61% 60%
15% 100% 92% 83% 77% 72% 69% 66% 64%
20% 100% 97% 90% 83% 78% 74% 71% 69%
25% 100% 99% 94% 88% 83% 79% 76% 73%
30% 100% 100% 97% 92% 87% 83% 80% 77%
35% 100% 100% 98% 95% 91% 87% 83% 80%
40% 100% 100% 99% 97% 93% 90% 86% 83%
45% 100% 100% 100% 98% 95% 92% 89% 86%
50% 100% 100% 100% 99% 97% 94% 91% 88%

5% 10% 15% 20% 25% 30% 35% 40%
-10% 2% 16% 25% 31% 34% 37% 39% 40%
-5% 16% 31% 37% 40% 42% 43% 44% 45%
0% 50% 50% 50% 50% 50% 50% 50% 50%
5% 84% 69% 63% 60% 58% 57% 56% 55%
10% 98% 84% 75% 69% 66% 63% 61% 60%
15% 100% 93% 84% 77% 73% 69% 67% 65%
20% 100% 98% 91% 84% 79% 75% 72% 69%
25% 100% 99% 95% 89% 84% 80% 76% 73%
30% 100% 100% 98% 93% 88% 84% 80% 77%
35% 100% 100% 99% 96% 92% 88% 84% 81%
40% 100% 100% 100% 98% 95% 91% 87% 84%
45% 100% 100% 100% 99% 96% 93% 90% 87%
50% 100% 100% 100% 99% 98% 95% 92% 89%D
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Figure 1 2

Water Column PCB Time Series - All OUs
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Surface Water Sample Chain of Custody Documents 
(Pace Analytical Services, Inc. & TestAmerica Laboratories, Inc.) 
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Surface Water Sample Laboratory Reports 
(Pace Analytical Services, Inc. & TestAmerica Laboratories, Inc.) 
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CERTIFICATIONS

Green Bay Certification IDs
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SAMPLE SUMMARY

Lab ID Sample ID Matrix Date Collected Date Received

40167402001 OU2A-18-0411

40167402007 OU2B-18-0412

40167402013 OU2C-18-0412

40167402019 OU3-18-0412

40167403001 LW-18-0411

40167403007 LWD-18-0411

40167403013 OU1-18-0411

40167403019 RBP-18-0411
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SAMPLE ANALYTE COUNT

Lab ID Sample ID Method
Analytes
Reported LaboratoryAnalysts

40167402001 OU2A-18-0411

40167402007 OU2B-18-0412

40167402013 OU2C-18-0412

40167402019 OU3-18-0412

40167403001 LW-18-0411

40167403007 LWD-18-0411

40167403013 OU1-18-0411

40167403019 RBP-18-0411
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Pace Analytical Services, LLC
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SUMMARY OF DETECTION

40167402001 OU2A-18-0411

40167402007 OU2B-18-0412

40167402013 OU2C-18-0412

40167402019 OU3-18-0412

40167403001 LW-18-0411

40167403007 LWD-18-0411

40167403013 OU1-18-0411

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC
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PROJECT NARRATIVE

Method:

Client:

SM 2540D

Date:

Description:

General Information:

Hold Time:

Method Blank:

Laboratory Control Spike:

Matrix Spikes:

Duplicate Sample:

Additional Comments:

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC
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PROJECT NARRATIVE

Method:

Client:
Date:

Description:

General Information:

Hold Time:

Method Blank:

Laboratory Control Spike:

Matrix Spikes:

Additional Comments:
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PROJECT NARRATIVE

Method:

Client:

SM 5310C

Date:

Description:

General Information:

Hold Time:

Method Blank:

Laboratory Control Spike:

Matrix Spikes:

Additional Comments:

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC
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ANALYTICAL RESULTS

Sample: OU2A-18-0411 Lab ID: 40167402001

2540D Total Suspended Solids

7.2

Lab Composite Data

04/17/18
09:03:33

5310C TOC

8.8

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC
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ANALYTICAL RESULTS

Sample: OU2B-18-0412 Lab ID: 40167402007

2540D Total Suspended Solids

6.6

Lab Composite Data

04/17/18
09:13:43

5310C TOC

8.9
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Pace Analytical Services, LLC
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ANALYTICAL RESULTS

Sample: OU2C-18-0412 Lab ID: 40167402013

2540D Total Suspended Solids

5.4

Lab Composite Data

04/17/18
09:18:52

5310C TOC

8.9
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ANALYTICAL RESULTS

Sample: OU3-18-0412 Lab ID: 40167402019

2540D Total Suspended Solids

5.0

Lab Composite Data

04/17/18
09:25:12

5310C TOC

8.8
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ANALYTICAL RESULTS

Sample: LW-18-0411 Lab ID: 40167403001

2540D Total Suspended Solids

12.8

Lab Composite Data

04/17/18
09:30:15

5310C TOC

8.9

REPORT OF LABORATORY ANALYSIS
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ANALYTICAL RESULTS

Sample: LWD-18-0411 Lab ID: 40167403007

2540D Total Suspended Solids

13.8

Lab Composite Data

04/17/18
09:40:38

5310C TOC

9.0
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ANALYTICAL RESULTS

Sample: OU1-18-0411 Lab ID: 40167403013

2540D Total Suspended Solids

7.0

Lab Composite Data

04/17/18
09:45:17

5310C TOC

8.6
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Pace Analytical Services, LLC

Page 15 of 35



ANALYTICAL RESULTS

Sample: RBP-18-0411 Lab ID: 40167403019

2540D Total Suspended Solids

<0.95

5310C TOC

<0.25
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALIFIERS

DEFINITIONS

LABORATORIES

ANALYTE QUALIFIERS

REPORT OF LABORATORY ANALYSIS
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Lab ID Sample ID QC Batch Method QC Batch Analytical Method
Analytical
Batch

40167402001 OU2A-18-0411
40167402007 OU2B-18-0412
40167402013 OU2C-18-0412
40167402019 OU3-18-0412
40167403001 LW-18-0411
40167403007 LWD-18-0411
40167403013 OU1-18-0411
40167403019 RBP-18-0411

40167402001 OU2A-18-0411
40167402007 OU2B-18-0412
40167402013 OU2C-18-0412
40167402019 OU3-18-0412
40167403001 LW-18-0411
40167403007 LWD-18-0411
40167403013 OU1-18-0411

40167402001 OU2A-18-0411
40167402007 OU2B-18-0412
40167402013 OU2C-18-0412
40167402019 OU3-18-0412
40167403001 LW-18-0411
40167403007 LWD-18-0411
40167403013 OU1-18-0411
40167403019 RBP-18-0411
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CERTIFICATIONS

Green Bay Certification IDs
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SAMPLE SUMMARY

Lab ID Sample ID Matrix Date Collected Date Received

40168723001 LW-18-0507

40168723007 OU1D-18-0507

40168723013 OU1-18-0507

40168723019 RBP-18-0507

40168830001 OU2A-18-0508

40168830007 OU2B-18-0508

40168830013 OU2C-18-0509

40168830019 OU3-18-0509
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Pace Analytical Services, LLC

Page 3 of 25



SAMPLE ANALYTE COUNT

Lab ID Sample ID Method
Analytes
Reported LaboratoryAnalysts

40168723001 LW-18-0507

40168723007 OU1D-18-0507

40168723013 OU1-18-0507

40168723019 RBP-18-0507

40168830001 OU2A-18-0508

40168830007 OU2B-18-0508

40168830013 OU2C-18-0509

40168830019 OU3-18-0509

REPORT OF LABORATORY ANALYSIS
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SUMMARY OF DETECTION

40168723001 LW-18-0507

40168723007 OU1D-18-0507

40168723013 OU1-18-0507

40168830001 OU2A-18-0508

40168830007 OU2B-18-0508

40168830013 OU2C-18-0509

40168830019 OU3-18-0509

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC
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PROJECT NARRATIVE

Method:

Client:

SM 2540D

Date:

Description:

General Information:

Hold Time:

Method Blank:

Laboratory Control Spike:

Matrix Spikes:

Duplicate Sample:

Additional Comments:

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC
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PROJECT NARRATIVE

Method:

Client:
Date:

Description:

General Information:

Hold Time:

Method Blank:

Laboratory Control Spike:

Matrix Spikes:

Additional Comments:
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PROJECT NARRATIVE

Method:

Client:

SM 5310C

Date:

Description:

General Information:

Hold Time:

Method Blank:

Laboratory Control Spike:

Matrix Spikes:

Additional Comments:
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ANALYTICAL RESULTS

Sample: LW-18-0507 Lab ID: 40168723001

2540D Total Suspended Solids

14.0

Lab Composite Data

05/11/18
09:36:08

5310C TOC

7.7
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ANALYTICAL RESULTS

Sample: OU1D-18-0507 Lab ID: 40168723007

2540D Total Suspended Solids

6.8

Lab Composite Data

05/11/18
09:52:41

5310C TOC

7.6

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC

Page 10 of 25



ANALYTICAL RESULTS

Sample: OU1-18-0507 Lab ID: 40168723013

2540D Total Suspended Solids

8.2

Lab Composite Data

05/11/18
10:01:26

5310C TOC

7.5
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ANALYTICAL RESULTS

Sample: RBP-18-0507 Lab ID: 40168723019

2540D Total Suspended Solids

<0.95

5310C TOC

<0.25
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ANALYTICAL RESULTS

Sample: OU2A-18-0508 Lab ID: 40168830001

2540D Total Suspended Solids

13.8

Lab Composite Data

05/11/18
10:37:43

5310C TOC

7.5
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ANALYTICAL RESULTS

Sample: OU2B-18-0508 Lab ID: 40168830007

2540D Total Suspended Solids

14.8

Lab Composite Data

05/11/18
10:46:08

5310C TOC

7.7
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ANALYTICAL RESULTS

Sample: OU2C-18-0509 Lab ID: 40168830013

2540D Total Suspended Solids

13.4

Lab Composite Data

05/11/18
10:50:33

5310C TOC

7.5
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ANALYTICAL RESULTS

Sample: OU3-18-0509 Lab ID: 40168830019

2540D Total Suspended Solids

22.2

Lab Composite Data

05/11/18
10:56:55

5310C TOC

7.4
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC

Page 17 of 25



QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALIFIERS

DEFINITIONS

LABORATORIES

ANALYTE QUALIFIERS
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Lab ID Sample ID QC Batch Method QC Batch Analytical Method
Analytical
Batch

40168723001 LW-18-0507

40168723007 OU1D-18-0507
40168723013 OU1-18-0507

40168723019 RBP-18-0507

40168830001 OU2A-18-0508
40168830007 OU2B-18-0508
40168830013 OU2C-18-0509
40168830019 OU3-18-0509

40168723001 LW-18-0507
40168723007 OU1D-18-0507
40168723013 OU1-18-0507
40168830001 OU2A-18-0508
40168830007 OU2B-18-0508
40168830013 OU2C-18-0509
40168830019 OU3-18-0509

40168723001 LW-18-0507
40168723007 OU1D-18-0507
40168723013 OU1-18-0507
40168723019 RBP-18-0507
40168830001 OU2A-18-0508
40168830007 OU2B-18-0508
40168830013 OU2C-18-0509
40168830019 OU3-18-0509

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC

Page 21 of 25



Page 22 of 25



Page 23 of 25



Page 24 of 25



Page 25 of 25



ANALYTICAL REPORT
TestAmerica Laboratories, Inc.
TestAmerica Knoxville
5815 Middlebrook Pike
Knoxville, TN 37921
Tel: (865)291-3000

TestAmerica Job ID: 140-11518-1
Client Project/Site: Glatfelter   18G007

For:
Foth Infrastructure & Environment, LLC
2121 Innovation Court
Suite 300
De Pere, Wisconsin 54115

Attn: Mark Ciardelli

Authorized for release by:
6/13/2018 2:45:57 PM
Ryan Henry, Project Manager I
(865)291-3000
william.henry@testamericainc.com

This report may not be reproduced except in full, and with written approval from the laboratory.
For questions please contact the Project Manager at the e-mail address or telephone number
listed on this page.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Table of Contents
Client: Foth Infrastructure & Environment, LLC
Project/Site: Glatfelter   18G007

TestAmerica Job ID: 140-11518-1

Page 2 of 54
TestAmerica Knoxville

6/13/2018

Cover Page . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
Table of Contents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
Definitions/Glossary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
Case Narrative . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
Sample Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
Client Sample Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
Default Detection Limits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
Surrogate Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
Isotope Dilution Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
QC Sample Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
QC Association Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
Lab Chronicle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
Certification Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
Method Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
Chain of Custody . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 3 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 4 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 5 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 6 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 7 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 8 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 9 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 10 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 11 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 12 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 13 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 14 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 15 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 16 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 17 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 18 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 19 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 20 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 21 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 22 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 23 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 24 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 25 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 26 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 27 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 28 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 29 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 30 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 31 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 32 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 33 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 34 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 35 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 36 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 37 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 38 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 39 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 40 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 41 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 42 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 43 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 44 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 45 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 46 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 47 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 48 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 49 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 50 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 51 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 52 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 53 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 54 of 54 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



ANALYTICAL REPORT
TestAmerica Laboratories, Inc.
TestAmerica Knoxville
5815 Middlebrook Pike
Knoxville, TN 37921
Tel: (865)291-3000

TestAmerica Job ID: 140-11529-1
Client Project/Site: Glatfelter  18G007

For:
Foth Infrastructure & Environment, LLC
2121 Innovation Court
Suite 300
De Pere, Wisconsin 54115

Attn: Mark Ciardelli

Authorized for release by:
6/13/2018 3:17:32 PM
Ryan Henry, Project Manager I
(865)291-3000
william.henry@testamericainc.com

This report may not be reproduced except in full, and with written approval from the laboratory.
For questions please contact the Project Manager at the e-mail address or telephone number
listed on this page.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Table of Contents
Client: Foth Infrastructure & Environment, LLC
Project/Site: Glatfelter  18G007

TestAmerica Job ID: 140-11529-1

Page 2 of 53
TestAmerica Knoxville

6/13/2018

Cover Page . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
Table of Contents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
Definitions/Glossary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
Case Narrative . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
Sample Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
Client Sample Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
Default Detection Limits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
Surrogate Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
Isotope Dilution Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
QC Sample Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
QC Association Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
Lab Chronicle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
Certification Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
Method Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
Chain of Custody . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 3 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 4 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 5 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 6 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 7 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 8 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 9 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 10 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 11 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 12 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 13 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 14 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 15 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 16 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 17 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 18 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 19 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 20 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 21 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 22 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 23 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 24 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 25 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 26 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 27 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 28 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 29 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 30 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 31 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 32 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 33 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 34 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 35 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 36 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 37 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 38 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 39 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 40 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 41 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 42 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 43 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 44 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 45 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 46 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 47 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 48 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 49 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 50 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 51 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 52 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



Page 53 of 53 6/13/2018

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15



REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC

Page 1 of 28



CERTIFICATIONS

Green Bay Certification IDs
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SAMPLE SUMMARY

Lab ID Sample ID Matrix Date Collected Date Received

40170445001 LW-18-0605

40170445002 LW-18-0605-B

40170445003 LW-18-0605-C

40170445004 LW-18-0605-D

40170445005 LW-18-0605-E

40170445006 LW-18-0605-F

40170445007 OU1-18-0605

40170445008 OU1-18-0605-B

40170445009 OU1-18-0605-C

40170445010 OU1-18-0605-D

40170445011 OU1-18-0605-E

40170445012 OU1-18-0605-F

40170445013 RBP-18-0605

40170445014 OU2A-18-0605

40170445015 OU2A-18-0605-B

40170445016 OU2A-18-0605-C

40170445017 OU2A-18-0605-D

40170445018 OU2A-18-0605-E

40170445019 OU2A-18-0605-F

40170445020 OU2AD-18-0605

40170445021 OU2AD-18-0605-B

40170445022 OU2AD-18-0605-C

40170445023 OU2AD-18-0605-D

40170445024 OU2AD-18-0605-E

40170445025 OU2AD-18-0605-F

40170445026 OU2B-18-0607

40170445027 OU2B-18-0607-B

40170445028 OU2B-18-0607-C

40170445029 OU2B-18-0607-D

40170445030 OU2B-18-0607-E

40170445031 OU2B-18-0607-F

40170445032 OU2C-18-0607

40170445033 OU2C-18-0607-B

40170445034 OU2C-18-0607-C

40170445035 OU2C-18-0607-D

40170445036 OU2C-18-0607-E

40170445037 OU2C-18-0607-F
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SAMPLE SUMMARY

Lab ID Sample ID Matrix Date Collected Date Received

40170445038 OU3-18-0607

40170445039 OU3-18-0607-B

40170445040 OU3-18-0607-C

40170445041 OU3-18-0607-D

40170445042 OU3-18-0607-E

40170445043 OU3-18-0607-F
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SAMPLE ANALYTE COUNT

Lab ID Sample ID Method
Analytes
Reported LaboratoryAnalysts

40170445001 LW-18-0605

40170445007 OU1-18-0605

40170445013 RBP-18-0605

40170445014 OU2A-18-0605

40170445020 OU2AD-18-0605

40170445026 OU2B-18-0607

40170445032 OU2C-18-0607

40170445038 OU3-18-0607
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SUMMARY OF DETECTION

40170445001 LW-18-0605

40170445007 OU1-18-0605

40170445014 OU2A-18-0605

40170445020 OU2AD-18-0605

40170445026 OU2B-18-0607

40170445032 OU2C-18-0607

40170445038 OU3-18-0607
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PROJECT NARRATIVE

Method:

Client:

SM 2540D

Date:

Description:

General Information:

Hold Time:

Method Blank:

Laboratory Control Spike:

Matrix Spikes:

Duplicate Sample:

Additional Comments:
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PROJECT NARRATIVE

Method:

Client:

SM 5310C

Date:

Description:

General Information:

Hold Time:

Method Blank:

Laboratory Control Spike:

Matrix Spikes:

Additional Comments:
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ANALYTICAL RESULTS

Sample: LW-18-0605 Lab ID: 40170445001

2540D Total Suspended Solids

2.6

5310C TOC

8.3
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ANALYTICAL RESULTS

Sample: OU1-18-0605 Lab ID: 40170445007

2540D Total Suspended Solids

4.0

5310C TOC

9.0
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ANALYTICAL RESULTS

Sample: RBP-18-0605 Lab ID: 40170445013

2540D Total Suspended Solids

<0.95

5310C TOC

<0.25
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ANALYTICAL RESULTS

Sample: OU2A-18-0605 Lab ID: 40170445014

2540D Total Suspended Solids

4.2

5310C TOC

8.9
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ANALYTICAL RESULTS

Sample: OU2AD-18-0605 Lab ID: 40170445020

2540D Total Suspended Solids

4.0

5310C TOC

8.9

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC

Page 13 of 28



ANALYTICAL RESULTS

Sample: OU2B-18-0607 Lab ID: 40170445026

2540D Total Suspended Solids

7.4

5310C TOC

8.8
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ANALYTICAL RESULTS

Sample: OU2C-18-0607 Lab ID: 40170445032

2540D Total Suspended Solids

9.4

5310C TOC

8.9
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ANALYTICAL RESULTS

Sample: OU3-18-0607 Lab ID: 40170445038

2540D Total Suspended Solids

14.4

5310C TOC

8.9
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC

Page 17 of 28



QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALIFIERS

DEFINITIONS

LABORATORIES

ANALYTE QUALIFIERS
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Lab ID Sample ID QC Batch Method QC Batch Analytical Method
Analytical
Batch

40170445001 LW-18-0605
40170445007 OU1-18-0605
40170445013 RBP-18-0605
40170445014 OU2A-18-0605
40170445020 OU2AD-18-0605
40170445026 OU2B-18-0607
40170445032 OU2C-18-0607
40170445038 OU3-18-0607

40170445001 LW-18-0605
40170445007 OU1-18-0605
40170445013 RBP-18-0605
40170445014 OU2A-18-0605
40170445020 OU2AD-18-0605
40170445026 OU2B-18-0607
40170445032 OU2C-18-0607
40170445038 OU3-18-0607
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CERTIFICATIONS

Green Bay Certification IDs
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SAMPLE SUMMARY

Lab ID Sample ID Matrix Date Collected Date Received

40172284001 LW-18-0710

40172284002 LW-18-0710-B

40172284003 LW-18-0710-C

40172284004 LW-18-0710-D

40172284005 LW-18-0710-E

40172284006 LW-18-0710-F

40172284007 OU1-18-0710

40172284008 OU1-18-0710-B

40172284009 OU1-18-0710-C

40172284010 OU1-18-0710-D

40172284011 OU1-18-0710-E

40172284012 OU1-18-0710-F

40172284013 RBP-18-0710

40172284014 OU2A-18-0710

40172284015 OU2A-18-0710-B

40172284016 OU2A-18-0710-C

40172284017 OU2A-18-0710-D

40172284018 OU2A-18-0710-E

40172284019 OU2A-18-0710-F

40172284020 OU2B-18-0711

40172284021 OU2B-18-0711-B

40172284022 OU2B-18-0711-C

40172284023 OU2B-18-0711-D

40172284024 OU2B-18-0711-E

40172284025 OU2B-18-0711-F

40172284026 OU2BD-18-0711

40172284027 OU2BD-18-0711-B

40172284028 OU2BD-18-0711-C

40172284029 OU2BD-18-0711-D

40172284030 OU2BD-18-0711-E

40172284031 OU2BD-18-0711-F

40172284032 OU2C-18-0711

40172284033 OU2C-18-0711-B

40172284034 OU2C-18-0711-C

40172284035 OU2C-18-0711-D

40172284036 OU2C-18-0711-E

40172284037 OU2C-18-0711-F
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SAMPLE SUMMARY

Lab ID Sample ID Matrix Date Collected Date Received

40172284038 OU3-18-0711

40172284039 OU3-18-0711-B

40172284040 OU3-18-0711-C

40172284041 OU3-18-0711-D

40172284042 OU3-18-0711-E

40172284043 OU3-18-0711-F
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SAMPLE ANALYTE COUNT

Lab ID Sample ID Method
Analytes
Reported LaboratoryAnalysts

40172284001 LW-18-0710

40172284007 OU1-18-0710

40172284013 RBP-18-0710

40172284014 OU2A-18-0710

40172284020 OU2B-18-0711

40172284026 OU2BD-18-0711

40172284032 OU2C-18-0711

40172284038 OU3-18-0711
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SUMMARY OF DETECTION

40172284001 LW-18-0710

40172284007 OU1-18-0710

40172284014 OU2A-18-0710

40172284020 OU2B-18-0711

40172284026 OU2BD-18-0711

40172284032 OU2C-18-0711

40172284038 OU3-18-0711
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PROJECT NARRATIVE

Method:

Client:

SM 2540D

Date:

Description:

General Information:

Hold Time:

Method Blank:

Laboratory Control Spike:

Matrix Spikes:

Duplicate Sample:

Additional Comments:
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PROJECT NARRATIVE

Method:

Client:

SM 5310C

Date:

Description:

General Information:

Hold Time:

Method Blank:

Laboratory Control Spike:

Matrix Spikes:

Additional Comments:
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ANALYTICAL RESULTS

Sample: LW-18-0710 Lab ID: 40172284001

2540D Total Suspended Solids

23.8

5310C TOC

10.1
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ANALYTICAL RESULTS

Sample: OU1-18-0710 Lab ID: 40172284007

2540D Total Suspended Solids

28.2

5310C TOC

10.1
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ANALYTICAL RESULTS

Sample: RBP-18-0710 Lab ID: 40172284013

2540D Total Suspended Solids

<0.95

5310C TOC

<0.25
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ANALYTICAL RESULTS

Sample: OU2A-18-0710 Lab ID: 40172284014

2540D Total Suspended Solids

22.8

5310C TOC

10.4
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ANALYTICAL RESULTS

Sample: OU2B-18-0711 Lab ID: 40172284020

2540D Total Suspended Solids

23.8

5310C TOC

10.1
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ANALYTICAL RESULTS

Sample: OU2BD-18-0711 Lab ID: 40172284026

2540D Total Suspended Solids

23.9

5310C TOC

10.1

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC

Page 14 of 28



ANALYTICAL RESULTS

Sample: OU2C-18-0711 Lab ID: 40172284032

2540D Total Suspended Solids

24.8

5310C TOC

10.0
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ANALYTICAL RESULTS

Sample: OU3-18-0711 Lab ID: 40172284038

2540D Total Suspended Solids

26.6

5310C TOC

10.0
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALIFIERS

DEFINITIONS

LABORATORIES

ANALYTE QUALIFIERS

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC

Page 19 of 28



QUALITY CONTROL DATA CROSS REFERENCE TABLE

Lab ID Sample ID QC Batch Method QC Batch Analytical Method
Analytical
Batch

40172284001 LW-18-0710
40172284007 OU1-18-0710
40172284013 RBP-18-0710
40172284014 OU2A-18-0710
40172284020 OU2B-18-0711
40172284026 OU2BD-18-0711
40172284032 OU2C-18-0711
40172284038 OU3-18-0711

40172284001 LW-18-0710
40172284007 OU1-18-0710
40172284013 RBP-18-0710
40172284014 OU2A-18-0710
40172284020 OU2B-18-0711
40172284026 OU2BD-18-0711
40172284032 OU2C-18-0711
40172284038 OU3-18-0711
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CERTIFICATIONS

Green Bay Certification IDs
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SAMPLE SUMMARY

Lab ID Sample ID Matrix Date Collected Date Received

40173739001 LW-18-0807

40173739007 OU1-18-0807

40173739013 RBP-18-0807

40173739014 OU2A-18-0807

40173739020 OU2B-18-0808

40173739026 OU2CD-18-0808

40173739032 OU2C-18-0808

40173739038 OU3-18-0808
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SAMPLE ANALYTE COUNT

Lab ID Sample ID Method
Analytes
Reported LaboratoryAnalysts

40173739001 LW-18-0807

40173739007 OU1-18-0807

40173739013 RBP-18-0807

40173739014 OU2A-18-0807

40173739020 OU2B-18-0808

40173739026 OU2CD-18-0808

40173739032 OU2C-18-0808

40173739038 OU3-18-0808
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SUMMARY OF DETECTION

40173739001 LW-18-0807

40173739007 OU1-18-0807

40173739014 OU2A-18-0807

40173739020 OU2B-18-0808

40173739026 OU2CD-18-0808

40173739032 OU2C-18-0808

40173739038 OU3-18-0808
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PROJECT NARRATIVE

Method:

Client:

SM 2540D

Date:

Description:

General Information:

Hold Time:

Method Blank:

Laboratory Control Spike:

Matrix Spikes:

Duplicate Sample:

Additional Comments:
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PROJECT NARRATIVE

Method:

Client:

SM 5310C

Date:

Description:

General Information:

Hold Time:

Method Blank:

Laboratory Control Spike:

Matrix Spikes:

Additional Comments:
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ANALYTICAL RESULTS

Sample: LW-18-0807 Lab ID: 40173739001

2540D Total Suspended Solids

20.4

5310C TOC

9.7
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ANALYTICAL RESULTS

Sample: OU1-18-0807 Lab ID: 40173739007

2540D Total Suspended Solids

24.2

5310C TOC

10.6
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ANALYTICAL RESULTS

Sample: RBP-18-0807 Lab ID: 40173739013

2540D Total Suspended Solids

<0.95

5310C TOC

<0.25
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ANALYTICAL RESULTS

Sample: OU2A-18-0807 Lab ID: 40173739014

2540D Total Suspended Solids

22.0

5310C TOC

10.4
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ANALYTICAL RESULTS

Sample: OU2B-18-0808 Lab ID: 40173739020

2540D Total Suspended Solids

23.4

5310C TOC

10.3
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ANALYTICAL RESULTS

Sample: OU2CD-18-0808 Lab ID: 40173739026

2540D Total Suspended Solids

23.6

5310C TOC

10.4
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ANALYTICAL RESULTS

Sample: OU2C-18-0808 Lab ID: 40173739032

2540D Total Suspended Solids

22.6

5310C TOC

10.6
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ANALYTICAL RESULTS

Sample: OU3-18-0808 Lab ID: 40173739038

2540D Total Suspended Solids

19.0

5310C TOC

10.3
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALIFIERS

DEFINITIONS

LABORATORIES

ANALYTE QUALIFIERS
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Lab ID Sample ID QC Batch Method QC Batch Analytical Method
Analytical
Batch

40173739001 LW-18-0807
40173739007 OU1-18-0807
40173739013 RBP-18-0807
40173739014 OU2A-18-0807
40173739020 OU2B-18-0808
40173739026 OU2CD-18-0808
40173739032 OU2C-18-0808
40173739038 OU3-18-0808

40173739001 LW-18-0807
40173739007 OU1-18-0807
40173739013 RBP-18-0807
40173739014 OU2A-18-0807
40173739020 OU2B-18-0808
40173739026 OU2CD-18-0808
40173739032 OU2C-18-0808
40173739038 OU3-18-0808
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TestAmerica Laboratories, Inc.
TestAmerica Knoxville
5815 Middlebrook Pike
Knoxville, TN 37921
Tel: (865)291-3000

TestAmerica Job ID: 140-12360-1
Client Project/Site: Glatfelter - 18G007

For:
Foth Infrastructure & Environment, LLC
2121 Innovation Court
Suite 300
De Pere, Wisconsin 54115

Attn: Mark Ciardelli

Authorized for release by:
8/27/2018 11:22:41 AM
Ryan Henry, Project Manager I
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This report may not be reproduced except in full, and with written approval from the laboratory.
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CERTIFICATIONS

Green Bay Certification IDs

REPORT OF LABORATORY ANALYSIS
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SAMPLE SUMMARY

Lab ID Sample ID Matrix Date Collected Date Received

40175783001 LW-18-0911

40175783007 OU1-18-0911

40175783013 RBP-18-0911

40175783014 OU2A-18-0911

40175783020 OU2B-18-0912

40175783026 OU3D-18-0912

40175783032 OU2C-18-0912

40175783038 OU3-18-0912

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC
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SAMPLE ANALYTE COUNT

Lab ID Sample ID Method
Analytes
Reported LaboratoryAnalysts

40175783001 LW-18-0911

40175783007 OU1-18-0911

40175783013 RBP-18-0911

40175783014 OU2A-18-0911

40175783020 OU2B-18-0912

40175783026 OU3D-18-0912

40175783032 OU2C-18-0912

40175783038 OU3-18-0912

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC
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SUMMARY OF DETECTION

40175783001 LW-18-0911

40175783007 OU1-18-0911

40175783014 OU2A-18-0911

40175783020 OU2B-18-0912

40175783026 OU3D-18-0912

40175783032 OU2C-18-0912

40175783038 OU3-18-0912

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC
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PROJECT NARRATIVE

Method:

Client:

SM 2540D

Date:

Description:

General Information:

Hold Time:

Method Blank:

Laboratory Control Spike:

Matrix Spikes:

Duplicate Sample:

Additional Comments:
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PROJECT NARRATIVE

Method:

Client:
Date:

Description:

General Information:

Hold Time:

Method Blank:

Laboratory Control Spike:

Matrix Spikes:

Additional Comments:
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PROJECT NARRATIVE

Method:

Client:

SM 5310C

Date:

Description:

General Information:

Hold Time:

Method Blank:

Laboratory Control Spike:

Matrix Spikes:

Additional Comments:

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC
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ANALYTICAL RESULTS

Sample: LW-18-0911 Lab ID: 40175783001

2540D Total Suspended Solids

9.6

Lab Composite Data

09/18/18
14:01:40

5310C TOC

9.1

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC
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ANALYTICAL RESULTS

Sample: OU1-18-0911 Lab ID: 40175783007

2540D Total Suspended Solids

11.2

Lab Composite Data

09/18/18
14:27:26

5310C TOC

9.4
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ANALYTICAL RESULTS

Sample: RBP-18-0911 Lab ID: 40175783013

2540D Total Suspended Solids

<0.95

5310C TOC

<0.25
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ANALYTICAL RESULTS

Sample: OU2A-18-0911 Lab ID: 40175783014

2540D Total Suspended Solids

14.0

Lab Composite Data

09/18/18
14:06:33

5310C TOC

9.6
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ANALYTICAL RESULTS

Sample: OU2B-18-0912 Lab ID: 40175783020

2540D Total Suspended Solids

15.0

Lab Composite Data

09/18/18
14:08:48

5310C TOC

9.4
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ANALYTICAL RESULTS

Sample: OU3D-18-0912 Lab ID: 40175783026

2540D Total Suspended Solids

20.8

Lab Composite Data

09/18/18
14:34:12

5310C TOC

9.5
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ANALYTICAL RESULTS

Sample: OU2C-18-0912 Lab ID: 40175783032

2540D Total Suspended Solids

16.0

Lab Composite Data

09/18/18
14:36:36

5310C TOC

9.7
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ANALYTICAL RESULTS

Sample: OU3-18-0912 Lab ID: 40175783038

2540D Total Suspended Solids

20.8

Lab Composite Data

09/18/18
14:43:31

5310C TOC

9.7
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALIFIERS

DEFINITIONS

LABORATORIES
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Lab ID Sample ID QC Batch Method QC Batch Analytical Method
Analytical
Batch

40175783001 LW-18-0911
40175783007 OU1-18-0911
40175783013 RBP-18-0911
40175783014 OU2A-18-0911
40175783020 OU2B-18-0912
40175783026 OU3D-18-0912
40175783032 OU2C-18-0912
40175783038 OU3-18-0912

40175783001 LW-18-0911
40175783007 OU1-18-0911
40175783014 OU2A-18-0911
40175783020 OU2B-18-0912
40175783026 OU3D-18-0912
40175783032 OU2C-18-0912
40175783038 OU3-18-0912

40175783001 LW-18-0911
40175783007 OU1-18-0911
40175783013 RBP-18-0911
40175783014 OU2A-18-0911
40175783020 OU2B-18-0912
40175783026 OU3D-18-0912
40175783032 OU2C-18-0912
40175783038 OU3-18-0912
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TestAmerica Laboratories, Inc.
TestAmerica Knoxville
5815 Middlebrook Pike
Knoxville, TN 37921
Tel: (865)291-3000

TestAmerica Job ID: 140-12698-1
Client Project/Site: Glatfelter  (18G007)

For:
Foth Infrastructure & Environment, LLC
2121 Innovation Court
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De Pere, Wisconsin 54115
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Authorized for release by:
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CERTIFICATIONS

Green Bay Certification IDs
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SAMPLE SUMMARY

Lab ID Sample ID Matrix Date Collected Date Received

40177010001 LW-18-1002

40177010007 OU1-18-1002

40177010013 RBP-18-1002

40177010014 OU2A-18-1002

40177010020 OU2B-18-1003

40177010026 LWD-18-1002

40177010032 OU2C-18-1003

40177010038 OU3-18-1003
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SAMPLE ANALYTE COUNT

Lab ID Sample ID Method
Analytes
Reported LaboratoryAnalysts

40177010001 LW-18-1002

40177010007 OU1-18-1002

40177010013 RBP-18-1002

40177010014 OU2A-18-1002

40177010020 OU2B-18-1003

40177010026 LWD-18-1002

40177010032 OU2C-18-1003

40177010038 OU3-18-1003
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SUMMARY OF DETECTION

40177010001 LW-18-1002

40177010007 OU1-18-1002

40177010014 OU2A-18-1002

40177010020 OU2B-18-1003

40177010026 LWD-18-1002

40177010032 OU2C-18-1003

40177010038 OU3-18-1003
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PROJECT NARRATIVE

Method:

Client:

SM 2540D

Date:

Description:

General Information:

Hold Time:

Method Blank:

Laboratory Control Spike:

Matrix Spikes:

Duplicate Sample:

Additional Comments:
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PROJECT NARRATIVE

Method:

Client:

SM 5310C

Date:

Description:

General Information:

Hold Time:

Method Blank:

Laboratory Control Spike:

Matrix Spikes:

Additional Comments:
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ANALYTICAL RESULTS

Sample: LW-18-1002 Lab ID: 40177010001

2540D Total Suspended Solids

11.8

5310C TOC

9.1
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ANALYTICAL RESULTS

Sample: OU1-18-1002 Lab ID: 40177010007

2540D Total Suspended Solids

17.4

5310C TOC

9.2
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ANALYTICAL RESULTS

Sample: RBP-18-1002 Lab ID: 40177010013

2540D Total Suspended Solids

<0.95

5310C TOC

<0.25
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ANALYTICAL RESULTS

Sample: OU2A-18-1002 Lab ID: 40177010014

2540D Total Suspended Solids

18.0

5310C TOC

9.2
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ANALYTICAL RESULTS

Sample: OU2B-18-1003 Lab ID: 40177010020

2540D Total Suspended Solids

16.4

5310C TOC

9.3
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ANALYTICAL RESULTS

Sample: LWD-18-1002 Lab ID: 40177010026

2540D Total Suspended Solids

11.2

5310C TOC

9.2
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ANALYTICAL RESULTS

Sample: OU2C-18-1003 Lab ID: 40177010032

2540D Total Suspended Solids

19.8

5310C TOC

9.2
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ANALYTICAL RESULTS

Sample: OU3-18-1003 Lab ID: 40177010038

2540D Total Suspended Solids

27.0

5310C TOC

9.3
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALIFIERS

DEFINITIONS

LABORATORIES

ANALYTE QUALIFIERS
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Lab ID Sample ID QC Batch Method QC Batch Analytical Method
Analytical
Batch

40177010001 LW-18-1002
40177010007 OU1-18-1002
40177010013 RBP-18-1002
40177010014 OU2A-18-1002
40177010020 OU2B-18-1003
40177010026 LWD-18-1002
40177010032 OU2C-18-1003
40177010038 OU3-18-1003

40177010001 LW-18-1002
40177010007 OU1-18-1002
40177010013 RBP-18-1002
40177010014 OU2A-18-1002
40177010020 OU2B-18-1003
40177010026 LWD-18-1002
40177010032 OU2C-18-1003
40177010038 OU3-18-1003
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CERTIFICATIONS

Green Bay Certification IDs
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SAMPLE SUMMARY

Lab ID Sample ID Matrix Date Collected Date Received

40179224001 LW-18-1106

40179224007 LWD-18-1106

40179224013 OU1-18-1106

40179224019 RBP-18-1106

40179224020 OU2A-18-1106

40179224026 OU2B-18-1107

40179224032 OU2C-18-1107

40179224038 OU3-18-1107
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SAMPLE ANALYTE COUNT

Lab ID Sample ID Method
Analytes
Reported LaboratoryAnalysts

40179224001 LW-18-1106

40179224007 LWD-18-1106

40179224013 OU1-18-1106

40179224019 RBP-18-1106

40179224020 OU2A-18-1106

40179224026 OU2B-18-1107

40179224032 OU2C-18-1107

40179224038 OU3-18-1107
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SUMMARY OF DETECTION

40179224001 LW-18-1106

40179224007 LWD-18-1106

40179224013 OU1-18-1106

40179224020 OU2A-18-1106

40179224026 OU2B-18-1107

40179224032 OU2C-18-1107

40179224038 OU3-18-1107

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC
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PROJECT NARRATIVE

Method:

Client:

SM 2540D

Date:

Description:

General Information:

Hold Time:

Method Blank:

Laboratory Control Spike:

Matrix Spikes:

Duplicate Sample:

Additional Comments:
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PROJECT NARRATIVE

Method:

Client:

SM 5310C

Date:

Description:

General Information:

Hold Time:

Method Blank:

Laboratory Control Spike:

Matrix Spikes:

Additional Comments:
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ANALYTICAL RESULTS

Sample: LW-18-1106 Lab ID: 40179224001

2540D Total Suspended Solids

23.6

5310C TOC

8.3
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ANALYTICAL RESULTS

Sample: LWD-18-1106 Lab ID: 40179224007

2540D Total Suspended Solids

22.8

5310C TOC

8.8
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ANALYTICAL RESULTS

Sample: OU1-18-1106 Lab ID: 40179224013

2540D Total Suspended Solids

35.2

5310C TOC

9.5
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ANALYTICAL RESULTS

Sample: RBP-18-1106 Lab ID: 40179224019

2540D Total Suspended Solids

<0.95

5310C TOC

<0.25
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ANALYTICAL RESULTS

Sample: OU2A-18-1106 Lab ID: 40179224020

2540D Total Suspended Solids

36.8

5310C TOC

9.2
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ANALYTICAL RESULTS

Sample: OU2B-18-1107 Lab ID: 40179224026

2540D Total Suspended Solids

28.5

5310C TOC

9.1
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ANALYTICAL RESULTS

Sample: OU2C-18-1107 Lab ID: 40179224032

2540D Total Suspended Solids

32.5

5310C TOC

9.5
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ANALYTICAL RESULTS

Sample: OU3-18-1107 Lab ID: 40179224038

2540D Total Suspended Solids

40.0

5310C TOC

9.7
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALIFIERS

DEFINITIONS

LABORATORIES
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Lab ID Sample ID QC Batch Method QC Batch Analytical Method
Analytical
Batch

40179224001 LW-18-1106
40179224007 LWD-18-1106
40179224013 OU1-18-1106
40179224019 RBP-18-1106
40179224020 OU2A-18-1106
40179224026 OU2B-18-1107
40179224032 OU2C-18-1107
40179224038 OU3-18-1107

40179224001 LW-18-1106
40179224007 LWD-18-1106
40179224013 OU1-18-1106
40179224019 RBP-18-1106
40179224020 OU2A-18-1106
40179224026 OU2B-18-1107
40179224032 OU2C-18-1107
40179224038 OU3-18-1107
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CERTIFICATIONS

Green Bay Certification IDs
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SAMPLE SUMMARY

Lab ID Sample ID Matrix Date Collected Date Received

40178795001 OU3-18-WA-01

40178795002 OU3-18-WA-02

40178795003 OU3-18-WA-03

40178795004 OU3-18-WA-04

40178795005 OU3-18-WA-05

40178795006 OU3-18-WA-06

40178795007 OU3-18-WA-07

40178795008 OU3-18-WA-08

40178795009 OU3-18-WA-09

40178795010 OU3-18-WA-10

40178795011 OU3-18-WA-11

40178795012 OU3-18-WA-12

40178795013 OU3-18-WA-13

40178795014 OU3-18-WA-14

40178795015 OU3-18-WA-15

40178795016 OU3-18-CA-C1

40178795017 OU3-18-CA-C2

40178795018 OU3-18-CA-C3

40178795019 OU3-18-CA-C4

40178795020 OU3-18-CA-C5

40178795021 OU3-18-CA-C6

40178795022 OU3-18-CA-C7

40178795023 OU3-18-GS-C1

40178795024 OU3-18-GS-C2

40178795025 OU3-18-GS-C3

40178795026 OU3-18-GS-C4

40178795027 OU3-18-GS-C5

40178795028 OU3-18-GS-C6

40178795029 OU3-18-GS-C7

40178795030 OU3-18-DR-C1

40178795031 OU3-18-DR-C2

40178795032 OU3-18-DR-C3

40178795033 OU3-18-DR-C4

40178795034 OU3-18-DR-C5

40178795035 OU3-18-SB-13

40178795036 OU3-18-SB-08

40178795037 OU3-18-SB-16
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SAMPLE SUMMARY

Lab ID Sample ID Matrix Date Collected Date Received

40178795038 OU3-18-SB-15

40178795039 OU3-18-SB-19

40178795040 OU3-18-SB-18

40178795041 OU3-18-SB-09

40178795042 OU3-18-SB-12

40178795043 OU3-18-SB-06

40178795044 OU3-18-SB-17

40178795045 OU3-18-SB-01

40178795046 OU3-18-SB-04

40178795047 OU3-18-SB-21

40178795048 OU3-18-SB-20

40178795049 OU3-18-SB-03
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SAMPLE ANALYTE COUNT

Lab ID Sample ID Method
Analytes
ReportedAnalysts

40178795001 OU3-18-WA-01

40178795002 OU3-18-WA-02

40178795003 OU3-18-WA-03

40178795004 OU3-18-WA-04

40178795005 OU3-18-WA-05

40178795006 OU3-18-WA-06

40178795007 OU3-18-WA-07

40178795008 OU3-18-WA-08

40178795009 OU3-18-WA-09

40178795010 OU3-18-WA-10

40178795011 OU3-18-WA-11

40178795012 OU3-18-WA-12

40178795013 OU3-18-WA-13

40178795014 OU3-18-WA-14

40178795015 OU3-18-WA-15

40178795016 OU3-18-CA-C1

40178795017 OU3-18-CA-C2

40178795018 OU3-18-CA-C3

40178795019 OU3-18-CA-C4
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SAMPLE ANALYTE COUNT

Lab ID Sample ID Method
Analytes
ReportedAnalysts

40178795020 OU3-18-CA-C5

40178795021 OU3-18-CA-C6

40178795022 OU3-18-CA-C7

40178795023 OU3-18-GS-C1

40178795024 OU3-18-GS-C2

40178795025 OU3-18-GS-C3

40178795026 OU3-18-GS-C4

40178795027 OU3-18-GS-C5

40178795028 OU3-18-GS-C6

40178795029 OU3-18-GS-C7

40178795030 OU3-18-DR-C1

40178795031 OU3-18-DR-C2

40178795032 OU3-18-DR-C3

40178795033 OU3-18-DR-C4

40178795034 OU3-18-DR-C5

40178795035 OU3-18-SB-13

40178795036 OU3-18-SB-08

40178795037 OU3-18-SB-16
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SAMPLE ANALYTE COUNT

Lab ID Sample ID Method
Analytes
ReportedAnalysts

40178795038 OU3-18-SB-15

40178795039 OU3-18-SB-19

40178795040 OU3-18-SB-18

40178795041 OU3-18-SB-09

40178795042 OU3-18-SB-12

40178795043 OU3-18-SB-06

40178795044 OU3-18-SB-17

40178795045 OU3-18-SB-01

40178795046 OU3-18-SB-04

40178795047 OU3-18-SB-21

40178795048 OU3-18-SB-20

40178795049 OU3-18-SB-03
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PROJECT NARRATIVE

Method:

Client:

EPA 8082A

Date:

Description:

General Information:

Hold Time:

Sample Preparation:

Initial Calibrations (including MS Tune as applicable):

Continuing Calibration:

Surrogates:

Method Blank:

Laboratory Control Spike:

Matrix Spikes:

Additional Comments:

REPORT OF LABORATORY ANALYSIS
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PROJECT NARRATIVE

Method:

Client:

Pace Lipid

Date:

Description:

General Information:

Hold Time:

Initial Calibrations (including MS Tune as applicable):

Continuing Calibration:

Internal Standards:

Surrogates:

Method Blank:

Laboratory Control Spike:

Matrix Spikes:

Duplicate Sample:

Additional Comments:

REPORT OF LABORATORY ANALYSIS
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ANALYTICAL RESULTS

Sample: OU3-18-WA-01 Lab ID: 40178795001
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

156
111

31.3
298

Surrogates

Lipid

2.0

REPORT OF LABORATORY ANALYSIS
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ANALYTICAL RESULTS

Sample: OU3-18-WA-02 Lab ID: 40178795002
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

216
129

40.6
385

Surrogates

Lipid

2.3

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC
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ANALYTICAL RESULTS

Sample: OU3-18-WA-03 Lab ID: 40178795003
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

390
281

77.9
749

Surrogates

Lipid

5.1

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC
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ANALYTICAL RESULTS

Sample: OU3-18-WA-04 Lab ID: 40178795004
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

177
99.0
28.6
304

Surrogates

Lipid

1.9

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC

Page 13 of 82



ANALYTICAL RESULTS

Sample: OU3-18-WA-05 Lab ID: 40178795005
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

133
91.3
25.7
250

Surrogates

Lipid

1.9

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC
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ANALYTICAL RESULTS

Sample: OU3-18-WA-06 Lab ID: 40178795006
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

68.1
44.6

18.4J
131

Surrogates

Lipid

1.4

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC

Page 15 of 82



ANALYTICAL RESULTS

Sample: OU3-18-WA-07 Lab ID: 40178795007
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

115
102

36.9
255

Surrogates

Lipid

1.8

REPORT OF LABORATORY ANALYSIS
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ANALYTICAL RESULTS

Sample: OU3-18-WA-08 Lab ID: 40178795008
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

26.2
15.5J
<12.5

41.7
Surrogates

Lipid

0.78

REPORT OF LABORATORY ANALYSIS
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ANALYTICAL RESULTS

Sample: OU3-18-WA-09 Lab ID: 40178795009
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

250
140

35.1
425

Surrogates

Lipid

2.3

REPORT OF LABORATORY ANALYSIS
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ANALYTICAL RESULTS

Sample: OU3-18-WA-10 Lab ID: 40178795010
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

133
89.6
26.1
249

Surrogates

Lipid

1.9

REPORT OF LABORATORY ANALYSIS
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ANALYTICAL RESULTS

Sample: OU3-18-WA-11 Lab ID: 40178795011
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

128
84.0
28.8
241

Surrogates

Lipid

2.1

REPORT OF LABORATORY ANALYSIS
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ANALYTICAL RESULTS

Sample: OU3-18-WA-12 Lab ID: 40178795012
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

81.0
67.9

23.4J
172

Surrogates

Lipid

1.1

REPORT OF LABORATORY ANALYSIS
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ANALYTICAL RESULTS

Sample: OU3-18-WA-13 Lab ID: 40178795013
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

141
106

38.5
286

Surrogates

Lipid

2.2

REPORT OF LABORATORY ANALYSIS
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ANALYTICAL RESULTS

Sample: OU3-18-WA-14 Lab ID: 40178795014
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

31.0
<12.5

33.4
<12.5

64.4
Surrogates

Lipid

2.4
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ANALYTICAL RESULTS

Sample: OU3-18-WA-15 Lab ID: 40178795015
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

31.1
21.2J
<12.5

52.3
Surrogates

Lipid

0.90

REPORT OF LABORATORY ANALYSIS
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ANALYTICAL RESULTS

Sample: OU3-18-CA-C1 Lab ID: 40178795016
Results reported on a "wet-weight" basis

8082A GCS PCB

<37.4
<37.4
<37.4

469
<37.4

364
198

1030
Surrogates

Lipid

13.8

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC

Page 25 of 82



ANALYTICAL RESULTS

Sample: OU3-18-CA-C2 Lab ID: 40178795017
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

189
197
125
511

Surrogates

Lipid

4.5
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ANALYTICAL RESULTS

Sample: OU3-18-CA-C3 Lab ID: 40178795018
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

224
191
130
544

Surrogates

Lipid

7.6
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ANALYTICAL RESULTS

Sample: OU3-18-CA-C4 Lab ID: 40178795019
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

250
241
136
627

Surrogates

Lipid

8.1
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ANALYTICAL RESULTS

Sample: OU3-18-CA-C5 Lab ID: 40178795020
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

110
<12.5

130
94.4
334

Surrogates

Lipid

6.9
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ANALYTICAL RESULTS

Sample: OU3-18-CA-C6 Lab ID: 40178795021
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.4
<12.4
<12.4
<12.4

268
312
192
772

Surrogates

Lipid

6.8

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC

Page 30 of 82



ANALYTICAL RESULTS

Sample: OU3-18-CA-C7 Lab ID: 40178795022
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

160
<12.5

227
174
561

Surrogates

Lipid

10.6
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ANALYTICAL RESULTS

Sample: OU3-18-GS-C1 Lab ID: 40178795023
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

101
<12.5

61.5
16.1J

179
Surrogates

Lipid

6.3
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ANALYTICAL RESULTS

Sample: OU3-18-GS-C2 Lab ID: 40178795024
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

108
<12.5

65.6
17.3J

191
Surrogates

Lipid

6.0
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ANALYTICAL RESULTS

Sample: OU3-18-GS-C3 Lab ID: 40178795025
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

118
<12.5

65.7
17.5J

201
Surrogates

Lipid

4.3
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ANALYTICAL RESULTS

Sample: OU3-18-GS-C4 Lab ID: 40178795026
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

121
<12.5

69.7
18.4J

209
Surrogates

Lipid

5.0
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ANALYTICAL RESULTS

Sample: OU3-18-GS-C5 Lab ID: 40178795027
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

108
<12.5

61.1
16.6J

186
Surrogates

Lipid

4.3
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ANALYTICAL RESULTS

Sample: OU3-18-GS-C6 Lab ID: 40178795028
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

126
<12.5

77.2
20.7J

224
Surrogates

Lipid

4.7

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC

Page 37 of 82



ANALYTICAL RESULTS

Sample: OU3-18-GS-C7 Lab ID: 40178795029
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

138
<12.5

78.6
20.5J

237
Surrogates

Lipid

6.1
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ANALYTICAL RESULTS

Sample: OU3-18-DR-C1 Lab ID: 40178795030
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

37.1
<12.5

63.0
37.2
137

Surrogates

Lipid

2.3
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ANALYTICAL RESULTS

Sample: OU3-18-DR-C2 Lab ID: 40178795031
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

104
101

49.3
255

Surrogates

Lipid

2.8
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ANALYTICAL RESULTS

Sample: OU3-18-DR-C3 Lab ID: 40178795032
Results reported on a "wet-weight" basis

8082A GCS PCB

<25.1
<25.1
<25.1
<25.1

436
357
189
981

Surrogates

Lipid

8.7
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ANALYTICAL RESULTS

Sample: OU3-18-DR-C4 Lab ID: 40178795033
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

108
154
138
400

Surrogates

Lipid

3.9
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ANALYTICAL RESULTS

Sample: OU3-18-DR-C5 Lab ID: 40178795034
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

84.6
80.3
86.9
252

Surrogates

Lipid

3.5
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ANALYTICAL RESULTS

Sample: OU3-18-SB-13 Lab ID: 40178795035
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

44.9
33.3

13.9J
92.1

Surrogates

Lipid

1.4
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ANALYTICAL RESULTS

Sample: OU3-18-SB-08 Lab ID: 40178795036
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
17.0J
<12.5

25.3
<12.5

42.3
Surrogates

Lipid

1.4
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ANALYTICAL RESULTS

Sample: OU3-18-SB-16 Lab ID: 40178795037
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
22.2J
<12.5

30.5
13.7J

66.3
Surrogates

Lipid

1.3
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ANALYTICAL RESULTS

Sample: OU3-18-SB-15 Lab ID: 40178795038
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

36.2
<12.5

47.3
21.8J

105
Surrogates

Lipid

2.6
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ANALYTICAL RESULTS

Sample: OU3-18-SB-19 Lab ID: 40178795039
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

37.2
<12.5

42.5
18.4J

98.0
Surrogates

Lipid

2.2
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ANALYTICAL RESULTS

Sample: OU3-18-SB-18 Lab ID: 40178795040
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

31.5
<12.5

45.3
21.8J

98.6
Surrogates

Lipid

2.1
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ANALYTICAL RESULTS

Sample: OU3-18-SB-09 Lab ID: 40178795041
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
23.9J
<12.5

30.1
12.6J

66.6
Surrogates

Lipid

1.3
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ANALYTICAL RESULTS

Sample: OU3-18-SB-12 Lab ID: 40178795042
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

83.9
76.1
32.8
193

Surrogates

Lipid

2.5
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ANALYTICAL RESULTS

Sample: OU3-18-SB-06 Lab ID: 40178795043
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

62.8
56.9

24.0J
144

Surrogates

Lipid

2.0
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ANALYTICAL RESULTS

Sample: OU3-18-SB-17 Lab ID: 40178795044
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

93.7
71.9
32.8
198

Surrogates

Lipid

3.3

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC

Page 53 of 82



ANALYTICAL RESULTS

Sample: OU3-18-SB-01 Lab ID: 40178795045
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

27.9
<12.5

50.7
35.6
114

Surrogates

Lipid

2.0
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ANALYTICAL RESULTS

Sample: OU3-18-SB-04 Lab ID: 40178795046
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

121
94.8
53.3
269

Surrogates

Lipid

4.3
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ANALYTICAL RESULTS

Sample: OU3-18-SB-21 Lab ID: 40178795047
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

43.3
53.0
37.0
133

Surrogates

Lipid

0.91
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ANALYTICAL RESULTS

Sample: OU3-18-SB-20 Lab ID: 40178795048
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

162
146

67.2
375

Surrogates

Lipid

3.0
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ANALYTICAL RESULTS

Sample: OU3-18-SB-03 Lab ID: 40178795049
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

61.9
59.7
36.0
158

Surrogates

Lipid

2.0
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC

Page 61 of 82



QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALIFIERS

DEFINITIONS

ANALYTE QUALIFIERS
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Lab ID Sample ID QC Batch Method QC Batch Analytical Method
Analytical
Batch

40178795001 OU3-18-WA-01
40178795002 OU3-18-WA-02
40178795003 OU3-18-WA-03
40178795004 OU3-18-WA-04
40178795005 OU3-18-WA-05
40178795006 OU3-18-WA-06
40178795007 OU3-18-WA-07
40178795008 OU3-18-WA-08
40178795009 OU3-18-WA-09
40178795010 OU3-18-WA-10
40178795011 OU3-18-WA-11
40178795012 OU3-18-WA-12
40178795013 OU3-18-WA-13
40178795014 OU3-18-WA-14
40178795015 OU3-18-WA-15
40178795016 OU3-18-CA-C1
40178795017 OU3-18-CA-C2
40178795018 OU3-18-CA-C3
40178795019 OU3-18-CA-C4
40178795020 OU3-18-CA-C5

40178795021 OU3-18-CA-C6
40178795022 OU3-18-CA-C7
40178795023 OU3-18-GS-C1
40178795024 OU3-18-GS-C2
40178795025 OU3-18-GS-C3
40178795026 OU3-18-GS-C4
40178795027 OU3-18-GS-C5
40178795028 OU3-18-GS-C6
40178795029 OU3-18-GS-C7
40178795030 OU3-18-DR-C1
40178795031 OU3-18-DR-C2
40178795032 OU3-18-DR-C3
40178795033 OU3-18-DR-C4
40178795034 OU3-18-DR-C5
40178795035 OU3-18-SB-13
40178795036 OU3-18-SB-08
40178795037 OU3-18-SB-16
40178795038 OU3-18-SB-15
40178795039 OU3-18-SB-19
40178795040 OU3-18-SB-18

40178795041 OU3-18-SB-09
40178795042 OU3-18-SB-12
40178795043 OU3-18-SB-06
40178795044 OU3-18-SB-17
40178795045 OU3-18-SB-01
40178795046 OU3-18-SB-04
40178795047 OU3-18-SB-21
40178795048 OU3-18-SB-20
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Lab ID Sample ID QC Batch Method QC Batch Analytical Method
Analytical
Batch

40178795049 OU3-18-SB-03

40178795001 OU3-18-WA-01
40178795002 OU3-18-WA-02
40178795003 OU3-18-WA-03
40178795004 OU3-18-WA-04
40178795005 OU3-18-WA-05
40178795006 OU3-18-WA-06
40178795007 OU3-18-WA-07
40178795008 OU3-18-WA-08
40178795009 OU3-18-WA-09
40178795010 OU3-18-WA-10
40178795011 OU3-18-WA-11
40178795012 OU3-18-WA-12
40178795013 OU3-18-WA-13
40178795014 OU3-18-WA-14
40178795015 OU3-18-WA-15
40178795016 OU3-18-CA-C1
40178795017 OU3-18-CA-C2
40178795018 OU3-18-CA-C3
40178795019 OU3-18-CA-C4
40178795020 OU3-18-CA-C5

40178795021 OU3-18-CA-C6
40178795022 OU3-18-CA-C7
40178795023 OU3-18-GS-C1
40178795024 OU3-18-GS-C2
40178795025 OU3-18-GS-C3
40178795026 OU3-18-GS-C4
40178795027 OU3-18-GS-C5
40178795028 OU3-18-GS-C6
40178795029 OU3-18-GS-C7
40178795030 OU3-18-DR-C1
40178795031 OU3-18-DR-C2
40178795032 OU3-18-DR-C3
40178795033 OU3-18-DR-C4
40178795034 OU3-18-DR-C5
40178795035 OU3-18-SB-13
40178795036 OU3-18-SB-08
40178795037 OU3-18-SB-16
40178795038 OU3-18-SB-15
40178795039 OU3-18-SB-19
40178795040 OU3-18-SB-18

40178795041 OU3-18-SB-09
40178795042 OU3-18-SB-12
40178795043 OU3-18-SB-06
40178795044 OU3-18-SB-17
40178795045 OU3-18-SB-01
40178795046 OU3-18-SB-04
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Lab ID Sample ID QC Batch Method QC Batch Analytical Method
Analytical
Batch

40178795047 OU3-18-SB-21
40178795048 OU3-18-SB-20
40178795049 OU3-18-SB-03
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CERTIFICATIONS

Green Bay Certification IDs
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SAMPLE SUMMARY

Lab ID Sample ID Matrix Date Collected Date Received

40178884001 OU2B-18-WA-01

40178884002 OU2B-18-WA-02

40178884003 OU2B-18-WA-03

40178884004 OU2B-18-WA-04

40178884005 OU2B-18-WA-05

40178884006 OU2B-18-WA-06

40178884007 OU2B-18-GS-C1

40178884008 OU2B-18-GS-C2

40178884009 OU2B-18-GS-C3

40178884010 OU2B-18-CA-C1

40178884011 OU2B-18-CA-C2

40178884012 OU2B-18-CA-C3

40178884013 OU2B-18-CA-C4

40178884014 OU2B-18-CA-C5

40178884015 OU2B-18-CA-C6

40178884016 OU2B-18-CA-C7

40178884017 OU2B-18-DR-C1

40178884018 OU2B-18-DR-C2

40178884019 OU2B-18-DR-C3

40178884020 OU2B-18-DR-C4

40178884021 OU2B-18-DR-C5

40178884022 OU2B-18-SB-27

40178884023 OU2B-18-SB-12

40178884024 OU2B-18-SB-22

40178884025 OU2B-18-SB-21

40178884026 OU2B-18-SB-04

40178884027 OU2B-18-SB-18

40178884028 OU2B-18-SB-23

40178884029 OU2B-18-SB-14

40178884030 OU2B-18-SB-01

40178884031 OU2B-18-SB-09

40178884032 OU2B-18-SB-08

40178884033 OU2B-18-SB-02

40178884034 OU2B-18-SB-06

40178884035 OU2B-18-SB-17

40178884036 OU2B-18-SB-28
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SAMPLE ANALYTE COUNT

Lab ID Sample ID Method
Analytes
ReportedAnalysts

40178884001 OU2B-18-WA-01

40178884002 OU2B-18-WA-02

40178884003 OU2B-18-WA-03

40178884004 OU2B-18-WA-04

40178884005 OU2B-18-WA-05

40178884006 OU2B-18-WA-06

40178884007 OU2B-18-GS-C1

40178884008 OU2B-18-GS-C2

40178884009 OU2B-18-GS-C3

40178884010 OU2B-18-CA-C1

40178884011 OU2B-18-CA-C2

40178884012 OU2B-18-CA-C3

40178884013 OU2B-18-CA-C4

40178884014 OU2B-18-CA-C5

40178884015 OU2B-18-CA-C6

40178884016 OU2B-18-CA-C7

40178884017 OU2B-18-DR-C1

40178884018 OU2B-18-DR-C2

40178884019 OU2B-18-DR-C3
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SAMPLE ANALYTE COUNT

Lab ID Sample ID Method
Analytes
ReportedAnalysts

40178884020 OU2B-18-DR-C4

40178884021 OU2B-18-DR-C5

40178884022 OU2B-18-SB-27

40178884023 OU2B-18-SB-12

40178884024 OU2B-18-SB-22

40178884025 OU2B-18-SB-21

40178884026 OU2B-18-SB-04

40178884027 OU2B-18-SB-18

40178884028 OU2B-18-SB-23

40178884029 OU2B-18-SB-14

40178884030 OU2B-18-SB-01

40178884031 OU2B-18-SB-09

40178884032 OU2B-18-SB-08

40178884033 OU2B-18-SB-02

40178884034 OU2B-18-SB-06

40178884035 OU2B-18-SB-17

40178884036 OU2B-18-SB-28
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PROJECT NARRATIVE

Method:

Client:

EPA 8082A

Date:

Description:

General Information:

Hold Time:

Sample Preparation:

Initial Calibrations (including MS Tune as applicable):

Continuing Calibration:

Surrogates:

Method Blank:

Laboratory Control Spike:

Matrix Spikes:

Additional Comments:
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PROJECT NARRATIVE

Method:

Client:

Pace Lipid

Date:

Description:

General Information:

Hold Time:

Initial Calibrations (including MS Tune as applicable):

Continuing Calibration:

Internal Standards:

Surrogates:

Method Blank:

Laboratory Control Spike:

Matrix Spikes:

Duplicate Sample:

Additional Comments:
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ANALYTICAL RESULTS

Sample: OU2B-18-WA-01 Lab ID: 40178884001
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

77.9
88.7
40.3
207

Surrogates

Lipid

1.6
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ANALYTICAL RESULTS

Sample: OU2B-18-WA-02 Lab ID: 40178884002
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

134
114

43.3
291

Surrogates

Lipid

2.0
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ANALYTICAL RESULTS

Sample: OU2B-18-WA-03 Lab ID: 40178884003
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

74.5
71.0
27.7
173

Surrogates

Lipid

1.1
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ANALYTICAL RESULTS

Sample: OU2B-18-WA-04 Lab ID: 40178884004
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
22.5J
24.8J
<12.5

47.3
Surrogates

Lipid

1.2
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ANALYTICAL RESULTS

Sample: OU2B-18-WA-05 Lab ID: 40178884005
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

50.3
60.0

21.8J
132

Surrogates

Lipid

1.1
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ANALYTICAL RESULTS

Sample: OU2B-18-WA-06 Lab ID: 40178884006
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

77.6
98.8
46.2
223

Surrogates

Lipid

0.75
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ANALYTICAL RESULTS

Sample: OU2B-18-GS-C1 Lab ID: 40178884007
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

46.3
<12.5

38.9
<12.5

85.3
Surrogates

Lipid

2.9
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ANALYTICAL RESULTS

Sample: OU2B-18-GS-C2 Lab ID: 40178884008
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
<12.5
21.5J
<12.5
21.5J

Surrogates

Lipid

2.4
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ANALYTICAL RESULTS

Sample: OU2B-18-GS-C3 Lab ID: 40178884009
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
<12.5
18.9J
<12.5
18.9J

Surrogates

Lipid

2.0
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ANALYTICAL RESULTS

Sample: OU2B-18-CA-C1 Lab ID: 40178884010
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

50.0
50.4

17.0J
117

Surrogates

Lipid

1.7
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ANALYTICAL RESULTS

Sample: OU2B-18-CA-C2 Lab ID: 40178884011
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

88.8
74.9

16.0J
180

Surrogates

Lipid

6.3
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ANALYTICAL RESULTS

Sample: OU2B-18-CA-C3 Lab ID: 40178884012
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

57.9
<12.5

43.6
15.8J

117
Surrogates

Lipid

5.7
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ANALYTICAL RESULTS

Sample: OU2B-18-CA-C4 Lab ID: 40178884013
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

94.4
<12.5

64.2
22.9J

182
Surrogates

Lipid

10.0
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ANALYTICAL RESULTS

Sample: OU2B-18-CA-C5 Lab ID: 40178884014
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

120
<12.5

166
79.9
366

Surrogates

Lipid

8.7
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ANALYTICAL RESULTS

Sample: OU2B-18-CA-C6 Lab ID: 40178884015
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

111
<12.5

156
73.8
341

Surrogates

Lipid

10.2
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ANALYTICAL RESULTS

Sample: OU2B-18-CA-C7 Lab ID: 40178884016
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

255
248
125
628

Surrogates

Lipid

8.8
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ANALYTICAL RESULTS

Sample: OU2B-18-DR-C1 Lab ID: 40178884017
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

103
92.4
44.0
239

Surrogates

Lipid

5.3
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ANALYTICAL RESULTS

Sample: OU2B-18-DR-C2 Lab ID: 40178884018
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

126
121

51.7
299

Surrogates

Lipid

6.0
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ANALYTICAL RESULTS

Sample: OU2B-18-DR-C3 Lab ID: 40178884019
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

194
182

66.5
442

Surrogates

Lipid

9.2
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ANALYTICAL RESULTS

Sample: OU2B-18-DR-C4 Lab ID: 40178884020
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

254
264
109
627

Surrogates

Lipid

10.3
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ANALYTICAL RESULTS

Sample: OU2B-18-DR-C5 Lab ID: 40178884021
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

246
267
127
641

Surrogates

Lipid

14.0
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ANALYTICAL RESULTS

Sample: OU2B-18-SB-27 Lab ID: 40178884022
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

32.1
<12.5

34.7
12.6J

79.4
Surrogates

Lipid

2.7
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ANALYTICAL RESULTS

Sample: OU2B-18-SB-12 Lab ID: 40178884023
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
24.7J
<12.5

39.7
13.7J

78.1
Surrogates

Lipid

2.1
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ANALYTICAL RESULTS

Sample: OU2B-18-SB-22 Lab ID: 40178884024
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

42.0
30.5

12.9J
85.5

Surrogates

Lipid

1.1
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ANALYTICAL RESULTS

Sample: OU2B-18-SB-21 Lab ID: 40178884025
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
16.9J
<12.5

27.6
<12.5

44.4
Surrogates

Lipid

1.5
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ANALYTICAL RESULTS

Sample: OU2B-18-SB-04 Lab ID: 40178884026
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
20.8J
<12.5
24.1J
<12.5

45.0
Surrogates

Lipid

0.92
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ANALYTICAL RESULTS

Sample: OU2B-18-SB-18 Lab ID: 40178884027
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
17.5J
<12.5

36.6
15.1J

69.3
Surrogates

Lipid

1.5
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ANALYTICAL RESULTS

Sample: OU2B-18-SB-23 Lab ID: 40178884028
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
24.4J
<12.5

43.4
20.9J

88.7
Surrogates

Lipid

2.2
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ANALYTICAL RESULTS

Sample: OU2B-18-SB-14 Lab ID: 40178884029
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

27.6
<12.5

42.1
31.4
101

Surrogates

Lipid

2.1
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ANALYTICAL RESULTS

Sample: OU2B-18-SB-01 Lab ID: 40178884030
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

41.7
38.9

17.0J
97.5

Surrogates

Lipid

1.4
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ANALYTICAL RESULTS

Sample: OU2B-18-SB-09 Lab ID: 40178884031
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

43.3
41.0

20.2J
105

Surrogates

Lipid

1.7
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ANALYTICAL RESULTS

Sample: OU2B-18-SB-08 Lab ID: 40178884032
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

40.8
48.3

24.5J
113

Surrogates

Lipid

1.1
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ANALYTICAL RESULTS

Sample: OU2B-18-SB-02 Lab ID: 40178884033
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

69.0
61.2
38.1
168

Surrogates

Lipid

1.2
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ANALYTICAL RESULTS

Sample: OU2B-18-SB-06 Lab ID: 40178884034
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

90.4
107

50.6
248

Surrogates

Lipid

2.1
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ANALYTICAL RESULTS

Sample: OU2B-18-SB-17 Lab ID: 40178884035
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

61.9
61.2
30.7
154

Surrogates

Lipid

1.8
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ANALYTICAL RESULTS

Sample: OU2B-18-SB-28 Lab ID: 40178884036
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

159
147

58.9
365

Surrogates

Lipid

3.5
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALIFIERS

DEFINITIONS
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Lab ID Sample ID QC Batch Method QC Batch Analytical Method
Analytical
Batch

40178884001 OU2B-18-WA-01
40178884002 OU2B-18-WA-02
40178884003 OU2B-18-WA-03
40178884004 OU2B-18-WA-04
40178884005 OU2B-18-WA-05
40178884006 OU2B-18-WA-06
40178884007 OU2B-18-GS-C1
40178884008 OU2B-18-GS-C2
40178884009 OU2B-18-GS-C3
40178884010 OU2B-18-CA-C1
40178884011 OU2B-18-CA-C2

40178884012 OU2B-18-CA-C3
40178884013 OU2B-18-CA-C4
40178884014 OU2B-18-CA-C5
40178884015 OU2B-18-CA-C6
40178884016 OU2B-18-CA-C7
40178884017 OU2B-18-DR-C1
40178884018 OU2B-18-DR-C2
40178884019 OU2B-18-DR-C3
40178884020 OU2B-18-DR-C4
40178884021 OU2B-18-DR-C5
40178884022 OU2B-18-SB-27
40178884023 OU2B-18-SB-12
40178884024 OU2B-18-SB-22
40178884025 OU2B-18-SB-21
40178884026 OU2B-18-SB-04
40178884027 OU2B-18-SB-18
40178884028 OU2B-18-SB-23
40178884029 OU2B-18-SB-14
40178884030 OU2B-18-SB-01
40178884031 OU2B-18-SB-09

40178884032 OU2B-18-SB-08
40178884033 OU2B-18-SB-02
40178884034 OU2B-18-SB-06
40178884035 OU2B-18-SB-17
40178884036 OU2B-18-SB-28

40178884001 OU2B-18-WA-01
40178884002 OU2B-18-WA-02
40178884003 OU2B-18-WA-03
40178884004 OU2B-18-WA-04
40178884005 OU2B-18-WA-05
40178884006 OU2B-18-WA-06
40178884007 OU2B-18-GS-C1
40178884008 OU2B-18-GS-C2
40178884009 OU2B-18-GS-C3
40178884010 OU2B-18-CA-C1
40178884011 OU2B-18-CA-C2
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Lab ID Sample ID QC Batch Method QC Batch Analytical Method
Analytical
Batch

40178884012 OU2B-18-CA-C3
40178884013 OU2B-18-CA-C4
40178884014 OU2B-18-CA-C5
40178884015 OU2B-18-CA-C6
40178884016 OU2B-18-CA-C7
40178884017 OU2B-18-DR-C1
40178884018 OU2B-18-DR-C2
40178884019 OU2B-18-DR-C3
40178884020 OU2B-18-DR-C4
40178884021 OU2B-18-DR-C5
40178884022 OU2B-18-SB-27
40178884023 OU2B-18-SB-12
40178884024 OU2B-18-SB-22
40178884025 OU2B-18-SB-21
40178884026 OU2B-18-SB-04
40178884027 OU2B-18-SB-18
40178884028 OU2B-18-SB-23
40178884029 OU2B-18-SB-14
40178884030 OU2B-18-SB-01
40178884031 OU2B-18-SB-09

40178884032 OU2B-18-SB-08
40178884033 OU2B-18-SB-02
40178884034 OU2B-18-SB-06
40178884035 OU2B-18-SB-17
40178884036 OU2B-18-SB-28
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CERTIFICATIONS

Green Bay Certification IDs
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SAMPLE SUMMARY

Lab ID Sample ID Matrix Date Collected Date Received

40178964001 OU2A-18-WA-01

40178964002 OU2A-18-WA-02

40178964003 OU2A-18-WA-03

40178964004 OU2A-18-WA-04

40178964005 OU2A-18-WA-05

40178964006 OU2A-18-WA-06

40178964007 OU2A-18-WA-01ALT

40178964008 OU2A-18-GS-C1

40178964009 OU2A-18-GS-C2

40178964010 OU2A-18-CA-C1

40178964011 OU2A-18-CA-C2

40178964012 OU2A-18-CA-C3

40178964013 OU2A-18-CA-C6

40178964014 OU2A-18-CA-C7

40178964015 OU2A-18-SB-07

40178964016 OU2A-18-SB-14

40178964017 OU2A-18-SB-01

40178964018 OU2A-18-SB-15

40178964019 OU2A-18-SB-04

40178964020 OU2A-18-SB-08

40178964021 OU2A-18-SB-11

40178964022 OU2A-18-SB-06

40178964023 OU2A-18-SB-02

40178964024 OU2A-18-SB-09

40178964025 OU2A-18-SB-12

40178964026 OU2A-18-SB-13

40178964027 OU2A-18-SB-17

40178964028 OU2A-18-SB-16

40178964029 OU2A-18-SB-03

40178964059 OU2A-18-CA-C4

40178964060 OU2A-18-CA-C5

40178964061 OU2A-18-DR-C1

40178964062 OU2A-18-DR-C2

40178964063 OU2A-18-DR-C3

40178964064 OU2A-18-DR-C4

40178964065 OU2A-18-DR-C5
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SAMPLE ANALYTE COUNT

Lab ID Sample ID Method
Analytes
ReportedAnalysts

40178964001 OU2A-18-WA-01

40178964002 OU2A-18-WA-02

40178964003 OU2A-18-WA-03

40178964004 OU2A-18-WA-04

40178964005 OU2A-18-WA-05

40178964006 OU2A-18-WA-06

40178964007 OU2A-18-WA-01ALT

40178964008 OU2A-18-GS-C1

40178964009 OU2A-18-GS-C2

40178964010 OU2A-18-CA-C1

40178964011 OU2A-18-CA-C2

40178964012 OU2A-18-CA-C3

40178964013 OU2A-18-CA-C6

40178964014 OU2A-18-CA-C7

40178964015 OU2A-18-SB-07

40178964016 OU2A-18-SB-14

40178964017 OU2A-18-SB-01

40178964018 OU2A-18-SB-15

40178964019 OU2A-18-SB-04
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SAMPLE ANALYTE COUNT

Lab ID Sample ID Method
Analytes
ReportedAnalysts

40178964020 OU2A-18-SB-08

40178964021 OU2A-18-SB-11

40178964022 OU2A-18-SB-06

40178964023 OU2A-18-SB-02

40178964024 OU2A-18-SB-09

40178964025 OU2A-18-SB-12

40178964026 OU2A-18-SB-13

40178964027 OU2A-18-SB-17

40178964028 OU2A-18-SB-16

40178964029 OU2A-18-SB-03

40178964059 OU2A-18-CA-C4

40178964060 OU2A-18-CA-C5

40178964061 OU2A-18-DR-C1

40178964062 OU2A-18-DR-C2

40178964063 OU2A-18-DR-C3

40178964064 OU2A-18-DR-C4

40178964065 OU2A-18-DR-C5
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PROJECT NARRATIVE

Method:

Client:

EPA 8082A

Date:

Description:

General Information:

Hold Time:

Sample Preparation:

Initial Calibrations (including MS Tune as applicable):

Continuing Calibration:

Surrogates:

Method Blank:

Laboratory Control Spike:

Matrix Spikes:

Additional Comments:
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PROJECT NARRATIVE

Method:

Client:

Pace Lipid

Date:

Description:

General Information:

Hold Time:

Initial Calibrations (including MS Tune as applicable):

Continuing Calibration:

Internal Standards:

Surrogates:

Method Blank:

Laboratory Control Spike:

Matrix Spikes:

Duplicate Sample:

Additional Comments:
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ANALYTICAL RESULTS

Sample: OU2A-18-WA-01 Lab ID: 40178964001
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

153
<12.5

91.0
45.0
289

Surrogates

Lipid

2.1
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ANALYTICAL RESULTS

Sample: OU2A-18-WA-02 Lab ID: 40178964002
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
20.7J
21.2J
12.7J

54.6
Surrogates

Lipid

0.58
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ANALYTICAL RESULTS

Sample: OU2A-18-WA-03 Lab ID: 40178964003
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

30.5
<12.5

30.5
<12.5

61.0
Surrogates

Lipid

0.93
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ANALYTICAL RESULTS

Sample: OU2A-18-WA-04 Lab ID: 40178964004
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

41.8
32.9

<12.5
74.7

Surrogates

Lipid

1.4
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ANALYTICAL RESULTS

Sample: OU2A-18-WA-05 Lab ID: 40178964005
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

33.9
30.7

12.8J
77.4

Surrogates

Lipid

0.77
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ANALYTICAL RESULTS

Sample: OU2A-18-WA-06 Lab ID: 40178964006
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
16.3J
15.3J
<12.5

31.6
Surrogates

Lipid

0.82
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ANALYTICAL RESULTS

Sample: OU2A-18-WA-01ALT Lab ID: 40178964007
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
<12.5
12.9J
<12.5
12.9J

Surrogates

Lipid

0.33
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ANALYTICAL RESULTS

Sample: OU2A-18-GS-C1 Lab ID: 40178964008
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

62.2
<12.5

39.1
<12.5

101
Surrogates

Lipid

3.7
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ANALYTICAL RESULTS

Sample: OU2A-18-GS-C2 Lab ID: 40178964009
Results reported on a "wet-weight" basis

8082A GCS PCB

<62.5
<62.5
<62.5
1040

<62.5
116J

<62.5
1150

Surrogates

Lipid

6.6
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ANALYTICAL RESULTS

Sample: OU2A-18-CA-C1 Lab ID: 40178964010
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

88.9
<12.5

79.1
32.8
201

Surrogates

Lipid

10.9
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ANALYTICAL RESULTS

Sample: OU2A-18-CA-C2 Lab ID: 40178964011
Results reported on a "wet-weight" basis

8082A GCS PCB

<25.0
<25.0
<25.0
<25.0

203
328
203
734

Surrogates

Lipid

11.0
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ANALYTICAL RESULTS

Sample: OU2A-18-CA-C3 Lab ID: 40178964012
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

98.9
<12.5

108
43.0
250

Surrogates

Lipid

5.3
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ANALYTICAL RESULTS

Sample: OU2A-18-CA-C6 Lab ID: 40178964013
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

141
<12.5

136
66.4
344

Surrogates

Lipid

9.1
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ANALYTICAL RESULTS

Sample: OU2A-18-CA-C7 Lab ID: 40178964014
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

163
234
128
524

Surrogates

Lipid

8.1
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ANALYTICAL RESULTS

Sample: OU2A-18-SB-07 Lab ID: 40178964015
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

30.5
34.2

<12.5
64.6

Surrogates

Lipid

1.1
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ANALYTICAL RESULTS

Sample: OU2A-18-SB-14 Lab ID: 40178964016
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

27.9
31.1

<12.5
59.0

Surrogates

Lipid

1.6
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ANALYTICAL RESULTS

Sample: OU2A-18-SB-01 Lab ID: 40178964017
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
<12.5
17.8J
<12.5
17.8J

Surrogates

Lipid

1.1
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ANALYTICAL RESULTS

Sample: OU2A-18-SB-15 Lab ID: 40178964018
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

37.0
47.1
48.0
132

Surrogates

Lipid

1.8
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ANALYTICAL RESULTS

Sample: OU2A-18-SB-04 Lab ID: 40178964019
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
21.6J
24.3J
<12.5

45.9
Surrogates

Lipid

1.2
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ANALYTICAL RESULTS

Sample: OU2A-18-SB-08 Lab ID: 40178964020
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
23.7J

31.4
<12.5

55.1
Surrogates

Lipid

1.6
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ANALYTICAL RESULTS

Sample: OU2A-18-SB-11 Lab ID: 40178964021
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

31.2
35.9

<12.5
67.0

Surrogates

Lipid

1.7
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ANALYTICAL RESULTS

Sample: OU2A-18-SB-06 Lab ID: 40178964022
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

38.2
48.3

17.1J
104

Surrogates

Lipid

1.7
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ANALYTICAL RESULTS

Sample: OU2A-18-SB-02 Lab ID: 40178964023
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

75.8
80.8
36.5
193

Surrogates

Lipid

1.5
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ANALYTICAL RESULTS

Sample: OU2A-18-SB-09 Lab ID: 40178964024
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

31.3
42.8

23.6J
97.7

Surrogates

Lipid

1.4
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ANALYTICAL RESULTS

Sample: OU2A-18-SB-12 Lab ID: 40178964025
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

38.2
43.5
34.3
116

Surrogates

Lipid

1.7
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ANALYTICAL RESULTS

Sample: OU2A-18-SB-13 Lab ID: 40178964026
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

63.3
75.7
40.9
180

Surrogates

Lipid

1.6
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ANALYTICAL RESULTS

Sample: OU2A-18-SB-17 Lab ID: 40178964027
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

48.2
60.7
27.9
137

Surrogates

Lipid

1.5
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ANALYTICAL RESULTS

Sample: OU2A-18-SB-16 Lab ID: 40178964028
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
23.2J

58.5
28.3
110

Surrogates

Lipid

0.32
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ANALYTICAL RESULTS

Sample: OU2A-18-SB-03 Lab ID: 40178964029
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

75.8
55.7
27.7
159

Surrogates

Lipid

1.5
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ANALYTICAL RESULTS

Sample: OU2A-18-CA-C4 Lab ID: 40178964059
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

149
124

90.5
364

Surrogates

Lipid

5.9
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ANALYTICAL RESULTS

Sample: OU2A-18-CA-C5 Lab ID: 40178964060
Results reported on a "wet-weight" basis

8082A GCS PCB

<62.6
<62.6
<62.6
<62.6
1120
952
319

2390
Surrogates

Lipid

21.1
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ANALYTICAL RESULTS

Sample: OU2A-18-DR-C1 Lab ID: 40178964061
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

93.2
111

52.2
256

Surrogates

Lipid

8.5

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC

Page 39 of 66



ANALYTICAL RESULTS

Sample: OU2A-18-DR-C2 Lab ID: 40178964062
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

108
123

47.2
278

Surrogates

Lipid

9.5
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ANALYTICAL RESULTS

Sample: OU2A-18-DR-C3 Lab ID: 40178964063
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

173
210

72.7
455

Surrogates

Lipid

11.4
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ANALYTICAL RESULTS

Sample: OU2A-18-DR-C4 Lab ID: 40178964064
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

132
132

71.9
336

Surrogates

Lipid

10.5
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ANALYTICAL RESULTS

Sample: OU2A-18-DR-C5 Lab ID: 40178964065
Results reported on a "wet-weight" basis

8082A GCS PCB

<24.9
<24.9
<24.9
<24.9

218
296
184
698

Surrogates

Lipid

12.0
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALIFIERS

DEFINITIONS
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Lab ID Sample ID QC Batch Method QC Batch Analytical Method
Analytical
Batch

40178964001 OU2A-18-WA-01
40178964002 OU2A-18-WA-02
40178964003 OU2A-18-WA-03
40178964004 OU2A-18-WA-04
40178964005 OU2A-18-WA-05
40178964006 OU2A-18-WA-06
40178964007 OU2A-18-WA-01ALT
40178964008 OU2A-18-GS-C1
40178964009 OU2A-18-GS-C2
40178964010 OU2A-18-CA-C1
40178964011 OU2A-18-CA-C2
40178964012 OU2A-18-CA-C3
40178964013 OU2A-18-CA-C6
40178964014 OU2A-18-CA-C7
40178964015 OU2A-18-SB-07
40178964016 OU2A-18-SB-14
40178964017 OU2A-18-SB-01
40178964018 OU2A-18-SB-15
40178964019 OU2A-18-SB-04

40178964020 OU2A-18-SB-08
40178964021 OU2A-18-SB-11
40178964022 OU2A-18-SB-06
40178964023 OU2A-18-SB-02
40178964024 OU2A-18-SB-09
40178964025 OU2A-18-SB-12
40178964026 OU2A-18-SB-13
40178964027 OU2A-18-SB-17
40178964028 OU2A-18-SB-16
40178964029 OU2A-18-SB-03
40178964059 OU2A-18-CA-C4
40178964060 OU2A-18-CA-C5
40178964061 OU2A-18-DR-C1
40178964062 OU2A-18-DR-C2
40178964063 OU2A-18-DR-C3

40178964064 OU2A-18-DR-C4
40178964065 OU2A-18-DR-C5

40178964001 OU2A-18-WA-01
40178964002 OU2A-18-WA-02
40178964003 OU2A-18-WA-03
40178964004 OU2A-18-WA-04
40178964005 OU2A-18-WA-05
40178964006 OU2A-18-WA-06
40178964007 OU2A-18-WA-01ALT
40178964008 OU2A-18-GS-C1
40178964009 OU2A-18-GS-C2
40178964010 OU2A-18-CA-C1
40178964011 OU2A-18-CA-C2

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC

Page 53 of 66



QUALITY CONTROL DATA CROSS REFERENCE TABLE

Lab ID Sample ID QC Batch Method QC Batch Analytical Method
Analytical
Batch

40178964012 OU2A-18-CA-C3
40178964013 OU2A-18-CA-C6
40178964014 OU2A-18-CA-C7
40178964015 OU2A-18-SB-07
40178964016 OU2A-18-SB-14
40178964017 OU2A-18-SB-01
40178964018 OU2A-18-SB-15
40178964019 OU2A-18-SB-04

40178964020 OU2A-18-SB-08
40178964021 OU2A-18-SB-11
40178964022 OU2A-18-SB-06
40178964023 OU2A-18-SB-02
40178964024 OU2A-18-SB-09
40178964025 OU2A-18-SB-12
40178964026 OU2A-18-SB-13
40178964027 OU2A-18-SB-17
40178964028 OU2A-18-SB-16
40178964029 OU2A-18-SB-03
40178964059 OU2A-18-CA-C4
40178964060 OU2A-18-CA-C5
40178964061 OU2A-18-DR-C1
40178964062 OU2A-18-DR-C2
40178964063 OU2A-18-DR-C3

40178964064 OU2A-18-DR-C4
40178964065 OU2A-18-DR-C5
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CERTIFICATIONS

Green Bay Certification IDs
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SAMPLE SUMMARY

Lab ID Sample ID Matrix Date Collected Date Received

40179038001 LW-18-WA-06

40179038002 LW-18-WA-12

40179038003 LW-18-WA-09

40179038004 LW-18-WA-13

40179038005 LW-18-WA-15

40179038006 LW-18-WA-16

40179038007 LW-18-WA-17

40179038008 LW-18-WA-08

40179038009 LW-18-WA-19

40179038010 LW-18-WA-18

40179038011 LW-18-WA-10

40179038012 LW-18-WA-04

40179038013 LW-18-CA-C1

40179038014 LW-18-CA-C2

40179038015 LW-18-CA-C3

40179038016 LW-18-CA-C4

40179038017 LW-18-CA-C5

40179038018 LW-18-CA-C6

40179038019 LW-18-CA-C7

40179038020 LW-18-DR-C1

40179038021 LW-18-DR-C2

40179038022 LW-18-DR-C3

40179038023 LW-18-DR-C4

40179038024 LW-18-DR-C5

40179038025 LW-18-SB-05

40179038026 LW-18-SB-03

40179038027 LW-18-SB-02

40179038028 LW-18-SB-06

40179038029 LW-18-SB-01

40179038030 LW-18-SB-04

40179038031 LW-18-GS-C1

40179038032 LW-18-GS-C2

40179038033 LW-18-GS-C3

40179038034 LW-18-GS-C4

40179038035 LW-18-GS-C5

40179038036 LW-18-WA-14

40179038037 LW-18-WA-01
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SAMPLE SUMMARY

Lab ID Sample ID Matrix Date Collected Date Received

40179038038 LW-18-WA-20
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SAMPLE ANALYTE COUNT

Lab ID Sample ID Method
Analytes
ReportedAnalysts

40179038001 LW-18-WA-06

40179038002 LW-18-WA-12

40179038003 LW-18-WA-09

40179038004 LW-18-WA-13

40179038005 LW-18-WA-15

40179038006 LW-18-WA-16

40179038007 LW-18-WA-17

40179038008 LW-18-WA-08

40179038009 LW-18-WA-19

40179038010 LW-18-WA-18

40179038011 LW-18-WA-10

40179038012 LW-18-WA-04

40179038013 LW-18-CA-C1

40179038014 LW-18-CA-C2

40179038015 LW-18-CA-C3

40179038016 LW-18-CA-C4

40179038017 LW-18-CA-C5

40179038018 LW-18-CA-C6

40179038019 LW-18-CA-C7
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SAMPLE ANALYTE COUNT

Lab ID Sample ID Method
Analytes
ReportedAnalysts

40179038020 LW-18-DR-C1

40179038021 LW-18-DR-C2

40179038022 LW-18-DR-C3

40179038023 LW-18-DR-C4

40179038024 LW-18-DR-C5

40179038025 LW-18-SB-05

40179038026 LW-18-SB-03

40179038027 LW-18-SB-02

40179038028 LW-18-SB-06

40179038029 LW-18-SB-01

40179038030 LW-18-SB-04

40179038031 LW-18-GS-C1

40179038032 LW-18-GS-C2

40179038033 LW-18-GS-C3

40179038034 LW-18-GS-C4

40179038035 LW-18-GS-C5

40179038036 LW-18-WA-14

40179038037 LW-18-WA-01
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SAMPLE ANALYTE COUNT

Lab ID Sample ID Method
Analytes
ReportedAnalysts

40179038038 LW-18-WA-20
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PROJECT NARRATIVE

Method:

Client:

EPA 8082A

Date:

Description:

General Information:

Hold Time:

Sample Preparation:

Initial Calibrations (including MS Tune as applicable):

Continuing Calibration:

Surrogates:

Method Blank:

Laboratory Control Spike:

Matrix Spikes:

Additional Comments:
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PROJECT NARRATIVE

Method:

Client:

Pace Lipid

Date:

Description:

General Information:

Hold Time:

Initial Calibrations (including MS Tune as applicable):

Continuing Calibration:

Internal Standards:

Surrogates:

Method Blank:

Laboratory Control Spike:

Matrix Spikes:

Duplicate Sample:

Additional Comments:
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ANALYTICAL RESULTS

Sample: LW-18-WA-06 Lab ID: 40179038001
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
<12.5
<12.5
<12.5
<12.5

Surrogates

Lipid

0.81
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ANALYTICAL RESULTS

Sample: LW-18-WA-12 Lab ID: 40179038002
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
<12.5
17.6J
<12.5
17.6J

Surrogates

Lipid

1.1
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ANALYTICAL RESULTS

Sample: LW-18-WA-09 Lab ID: 40179038003
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
<12.5
16.5J
<12.5
16.5J

Surrogates

Lipid

1.2
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ANALYTICAL RESULTS

Sample: LW-18-WA-13 Lab ID: 40179038004
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
<12.5
22.5J
<12.5
22.5J

Surrogates

Lipid

1.5
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ANALYTICAL RESULTS

Sample: LW-18-WA-15 Lab ID: 40179038005
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
<12.5
12.9J
<12.5
12.9J

Surrogates

Lipid

0.62
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ANALYTICAL RESULTS

Sample: LW-18-WA-16 Lab ID: 40179038006
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
<12.5
18.3J
<12.5
18.3J

Surrogates

Lipid

1.1
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ANALYTICAL RESULTS

Sample: LW-18-WA-17 Lab ID: 40179038007
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
<12.5
15.5J
<12.5
15.5J

Surrogates

Lipid

0.85
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ANALYTICAL RESULTS

Sample: LW-18-WA-08 Lab ID: 40179038008
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
<12.5

35.1
15.6J

50.7
Surrogates

Lipid

0.89
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ANALYTICAL RESULTS

Sample: LW-18-WA-19 Lab ID: 40179038009
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
<12.5

38.9
17.1J

56.0
Surrogates

Lipid

0.57
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ANALYTICAL RESULTS

Sample: LW-18-WA-18 Lab ID: 40179038010
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
<12.5
17.5J
<12.5
17.5J

Surrogates

Lipid

0.53
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ANALYTICAL RESULTS

Sample: LW-18-WA-10 Lab ID: 40179038011
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
16.9J

55.7
19.6J

92.2
Surrogates

Lipid

2.0
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ANALYTICAL RESULTS

Sample: LW-18-WA-04 Lab ID: 40179038012
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
15.7J

44.2
18.8J

78.7
Surrogates

Lipid

2.0
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ANALYTICAL RESULTS

Sample: LW-18-CA-C1 Lab ID: 40179038013
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
14.2J

27.7
<12.5

41.9
Surrogates

Lipid

6.1
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ANALYTICAL RESULTS

Sample: LW-18-CA-C2 Lab ID: 40179038014
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
14.4J

27.2
<12.5

41.6
Surrogates

Lipid

6.0
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ANALYTICAL RESULTS

Sample: LW-18-CA-C3 Lab ID: 40179038015
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
<12.5

31.1
<12.5

31.1
Surrogates

Lipid

4.1
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ANALYTICAL RESULTS

Sample: LW-18-CA-C4 Lab ID: 40179038016
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
<12.5
24.7J
<12.5
24.7J

Surrogates

Lipid

7.5

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC

Page 25 of 65



ANALYTICAL RESULTS

Sample: LW-18-CA-C5 Lab ID: 40179038017
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

39.3
51.8

14.8J
106

Surrogates

Lipid

6.8

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC

Page 26 of 65



ANALYTICAL RESULTS

Sample: LW-18-CA-C6 Lab ID: 40179038018
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

58.0
133

64.9
256

Surrogates

Lipid

13.6
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ANALYTICAL RESULTS

Sample: LW-18-CA-C7 Lab ID: 40179038019
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

65.9
<12.5

173
49.7
289

Surrogates

Lipid

9.1
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ANALYTICAL RESULTS

Sample: LW-18-DR-C1 Lab ID: 40179038020
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
<12.5

49.8
26.1
75.9

Surrogates

Lipid

3.9
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ANALYTICAL RESULTS

Sample: LW-18-DR-C2 Lab ID: 40179038021
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
<12.5

55.4
33.9
89.3

Surrogates

Lipid

4.3

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC

Page 30 of 65



ANALYTICAL RESULTS

Sample: LW-18-DR-C3 Lab ID: 40179038022
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
<12.5

38.1
37.5
75.6

Surrogates

Lipid

5.5
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ANALYTICAL RESULTS

Sample: LW-18-DR-C4 Lab ID: 40179038023
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
14.9J

43.6
30.2
88.8

Surrogates

Lipid

8.5
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ANALYTICAL RESULTS

Sample: LW-18-DR-C5 Lab ID: 40179038024
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
23.2J

62.4
44.8
130

Surrogates

Lipid

8.2
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ANALYTICAL RESULTS

Sample: LW-18-SB-05 Lab ID: 40179038025
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
<12.5
<12.5
<12.5
<12.5

Surrogates

Lipid

1.2
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ANALYTICAL RESULTS

Sample: LW-18-SB-03 Lab ID: 40179038026
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
<12.5
<12.5
<12.5
<12.5

Surrogates

Lipid

1.1
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ANALYTICAL RESULTS

Sample: LW-18-SB-02 Lab ID: 40179038027
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
<12.5
<12.5
<12.5
<12.5

Surrogates

Lipid

1.1
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ANALYTICAL RESULTS

Sample: LW-18-SB-06 Lab ID: 40179038028
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
<12.5
<12.5
<12.5
<12.5

Surrogates

Lipid

1.1
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ANALYTICAL RESULTS

Sample: LW-18-SB-01 Lab ID: 40179038029
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
<12.5
<12.5
<12.5
<12.5

Surrogates

Lipid

1.3
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ANALYTICAL RESULTS

Sample: LW-18-SB-04 Lab ID: 40179038030
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
<12.5
<12.5
<12.5
<12.5

Surrogates

Lipid

1.2
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ANALYTICAL RESULTS

Sample: LW-18-GS-C1 Lab ID: 40179038031
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
<12.5
<12.5
<12.5
<12.5

Surrogates

Lipid

2.0
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ANALYTICAL RESULTS

Sample: LW-18-GS-C2 Lab ID: 40179038032
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
<12.5
<12.5
<12.5
<12.5

Surrogates

Lipid

1.8
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ANALYTICAL RESULTS

Sample: LW-18-GS-C3 Lab ID: 40179038033
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
<12.5
<12.5
<12.5
<12.5

Surrogates

Lipid

1.8
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ANALYTICAL RESULTS

Sample: LW-18-GS-C4 Lab ID: 40179038034
Results reported on a "wet-weight" basis

8082A GCS PCB

<14.7
<14.7
<14.7
<14.7
<14.7
<14.7
<14.7
<14.7

Surrogates

Lipid

2.3
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ANALYTICAL RESULTS

Sample: LW-18-GS-C5 Lab ID: 40179038035
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
<12.5
<12.5
<12.5
<12.5

Surrogates

Lipid

2.1
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ANALYTICAL RESULTS

Sample: LW-18-WA-14 Lab ID: 40179038036
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
16.4J

49.5
23.0J

88.9
Surrogates

Lipid

0.67
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ANALYTICAL RESULTS

Sample: LW-18-WA-01 Lab ID: 40179038037
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
12.8J

33.4
12.6J

58.8
Surrogates

Lipid

1.4
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ANALYTICAL RESULTS

Sample: LW-18-WA-20 Lab ID: 40179038038
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

35.7
92.3
37.7
166

Surrogates

Lipid

1.6
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALIFIERS

DEFINITIONS
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Lab ID Sample ID QC Batch Method QC Batch Analytical Method
Analytical
Batch

40179038001 LW-18-WA-06
40179038002 LW-18-WA-12
40179038003 LW-18-WA-09
40179038004 LW-18-WA-13
40179038005 LW-18-WA-15
40179038006 LW-18-WA-16
40179038007 LW-18-WA-17
40179038008 LW-18-WA-08

40179038009 LW-18-WA-19

40179038010 LW-18-WA-18
40179038011 LW-18-WA-10

40179038012 LW-18-WA-04
40179038013 LW-18-CA-C1
40179038014 LW-18-CA-C2
40179038015 LW-18-CA-C3
40179038016 LW-18-CA-C4
40179038017 LW-18-CA-C5
40179038018 LW-18-CA-C6
40179038019 LW-18-CA-C7
40179038020 LW-18-DR-C1
40179038021 LW-18-DR-C2
40179038022 LW-18-DR-C3
40179038023 LW-18-DR-C4
40179038024 LW-18-DR-C5
40179038025 LW-18-SB-05
40179038026 LW-18-SB-03
40179038027 LW-18-SB-02
40179038028 LW-18-SB-06
40179038029 LW-18-SB-01
40179038030 LW-18-SB-04

40179038031 LW-18-GS-C1
40179038032 LW-18-GS-C2
40179038033 LW-18-GS-C3
40179038034 LW-18-GS-C4
40179038035 LW-18-GS-C5
40179038036 LW-18-WA-14
40179038037 LW-18-WA-01
40179038038 LW-18-WA-20

40179038001 LW-18-WA-06
40179038002 LW-18-WA-12
40179038003 LW-18-WA-09
40179038004 LW-18-WA-13
40179038005 LW-18-WA-15
40179038006 LW-18-WA-16
40179038007 LW-18-WA-17
40179038008 LW-18-WA-08
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Lab ID Sample ID QC Batch Method QC Batch Analytical Method
Analytical
Batch

40179038009 LW-18-WA-19

40179038010 LW-18-WA-18
40179038011 LW-18-WA-10

40179038012 LW-18-WA-04
40179038013 LW-18-CA-C1
40179038014 LW-18-CA-C2
40179038015 LW-18-CA-C3
40179038016 LW-18-CA-C4
40179038017 LW-18-CA-C5
40179038018 LW-18-CA-C6
40179038019 LW-18-CA-C7
40179038020 LW-18-DR-C1
40179038021 LW-18-DR-C2
40179038022 LW-18-DR-C3
40179038023 LW-18-DR-C4
40179038024 LW-18-DR-C5
40179038025 LW-18-SB-05
40179038026 LW-18-SB-03
40179038027 LW-18-SB-02
40179038028 LW-18-SB-06
40179038029 LW-18-SB-01
40179038030 LW-18-SB-04

40179038031 LW-18-GS-C1
40179038032 LW-18-GS-C2
40179038033 LW-18-GS-C3
40179038034 LW-18-GS-C4
40179038035 LW-18-GS-C5
40179038036 LW-18-WA-14
40179038037 LW-18-WA-01
40179038038 LW-18-WA-20
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CERTIFICATIONS

Green Bay Certification IDs
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SAMPLE SUMMARY

Lab ID Sample ID Matrix Date Collected Date Received

40178893001 OU2C-18-WA-01

40178893002 OU2C-18-WA-02

40178893003 OU2C-18-WA-16

40178893004 OU2C-18-WA-04

40178893005 OU2C-18-WA-05

40178893006 OU2C-18-WA-06

40178893007 OU2C-18-WA-07

40178893008 OU2C-18-WA-08

40178893009 OU2C-18-WA-09

40178893010 OU2C-18-WA-10

40178893011 OU2C-18-WA-11

40178893012 OU2C-18-WA-12

40178893013 OU2C-18-WA-13

40178893014 OU2C-18-WA-14

40178893015 OU2C-18-WA-15

40178893016 OU2C-18-CA-C1

40178893017 OU2C-18-CA-C2

40178893018 OU2C-18-CA-C3

40178893019 OU2C-18-CA-C4

40178893020 OU2C-18-CA-C5

40178893021 OU2C-18-CA-C6

40178893022 OU2C-18-CA-C7

40178893023 OU2C-18-GS-C1

40178893024 OU2C-18-GS-C2

40178893025 OU2C-18-GS-C3

40178893026 OU2C-18-GS-C4

40178893027 OU2C-18-GS-C5

40178893028 OU2C-18-DR-C1

40178893029 OU2C-18-DR-C2

40178893030 OU2C-18-DR-C3

40178893031 OU2C-18-DR-C4

40178893032 OU2C-18-DR-C5

40178893033 OU2C-18-SB-04

40178893034 OU2C-18-SB-09

40178893035 OU2C-18-SB-10

40178893036 OU2C-18-SB-03

40178893037 OU2C-18-SB-11
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SAMPLE SUMMARY

Lab ID Sample ID Matrix Date Collected Date Received

40178893038 OU2C-18-SB-13

40178893039 OU2C-18-SB-14

40178893040 OU2C-18-SB-06

40178893041 OU2C-18-SB-12

40178893042 OU2C-18-SB-15

40178893043 OU2C-18-SB-17

40178893044 OU2C-18-SB-01

40178893045 OU2C-18-SB-18

40178893046 OU2C-18-SB-16

40178893047 OU2C-18-SB-02
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SAMPLE ANALYTE COUNT

Lab ID Sample ID Method
Analytes
ReportedAnalysts

40178893001 OU2C-18-WA-01

40178893002 OU2C-18-WA-02

40178893003 OU2C-18-WA-16

40178893004 OU2C-18-WA-04

40178893005 OU2C-18-WA-05

40178893006 OU2C-18-WA-06

40178893007 OU2C-18-WA-07

40178893008 OU2C-18-WA-08

40178893009 OU2C-18-WA-09

40178893010 OU2C-18-WA-10

40178893011 OU2C-18-WA-11

40178893012 OU2C-18-WA-12

40178893013 OU2C-18-WA-13

40178893014 OU2C-18-WA-14

40178893015 OU2C-18-WA-15

40178893016 OU2C-18-CA-C1

40178893017 OU2C-18-CA-C2

40178893018 OU2C-18-CA-C3

40178893019 OU2C-18-CA-C4
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SAMPLE ANALYTE COUNT

Lab ID Sample ID Method
Analytes
ReportedAnalysts

40178893020 OU2C-18-CA-C5

40178893021 OU2C-18-CA-C6

40178893022 OU2C-18-CA-C7

40178893023 OU2C-18-GS-C1

40178893024 OU2C-18-GS-C2

40178893025 OU2C-18-GS-C3

40178893026 OU2C-18-GS-C4

40178893027 OU2C-18-GS-C5

40178893028 OU2C-18-DR-C1

40178893029 OU2C-18-DR-C2

40178893030 OU2C-18-DR-C3

40178893031 OU2C-18-DR-C4

40178893032 OU2C-18-DR-C5

40178893033 OU2C-18-SB-04

40178893034 OU2C-18-SB-09

40178893035 OU2C-18-SB-10

40178893036 OU2C-18-SB-03

40178893037 OU2C-18-SB-11
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SAMPLE ANALYTE COUNT

Lab ID Sample ID Method
Analytes
ReportedAnalysts

40178893038 OU2C-18-SB-13

40178893039 OU2C-18-SB-14

40178893040 OU2C-18-SB-06

40178893041 OU2C-18-SB-12

40178893042 OU2C-18-SB-15

40178893043 OU2C-18-SB-17

40178893044 OU2C-18-SB-01

40178893045 OU2C-18-SB-18

40178893046 OU2C-18-SB-16

40178893047 OU2C-18-SB-02
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PROJECT NARRATIVE

Method:

Client:

EPA 8082A

Date:

Description:

General Information:

Hold Time:

Sample Preparation:

Initial Calibrations (including MS Tune as applicable):

Continuing Calibration:

Surrogates:

Method Blank:

Laboratory Control Spike:

Matrix Spikes:

Additional Comments:
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PROJECT NARRATIVE

Method:

Client:

Pace Lipid

Date:

Description:

General Information:

Hold Time:

Initial Calibrations (including MS Tune as applicable):

Continuing Calibration:

Internal Standards:

Surrogates:

Method Blank:

Laboratory Control Spike:

Matrix Spikes:

Duplicate Sample:

Additional Comments:
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ANALYTICAL RESULTS

Sample: OU2C-18-WA-01 Lab ID: 40178893001
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

193
168

54.9
416

Surrogates

Lipid

2.9
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ANALYTICAL RESULTS

Sample: OU2C-18-WA-02 Lab ID: 40178893002
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

53.6
56.3
31.3
141

Surrogates

Lipid

1.1
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ANALYTICAL RESULTS

Sample: OU2C-18-WA-16 Lab ID: 40178893003
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

51.7
38.6

18.3J
109

Surrogates

Lipid

1.7

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC

Page 12 of 75



ANALYTICAL RESULTS

Sample: OU2C-18-WA-04 Lab ID: 40178893004
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

76.6
69.7
34.2
180

Surrogates

Lipid

2.4
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ANALYTICAL RESULTS

Sample: OU2C-18-WA-05 Lab ID: 40178893005
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

163
106

33.8
303

Surrogates

Lipid

1.9
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ANALYTICAL RESULTS

Sample: OU2C-18-WA-06 Lab ID: 40178893006
Results reported on a "wet-weight" basis

8082A GCS PCB

<25.0
<25.0
<25.0
<25.0

638
375
119

1130
Surrogates

Lipid

2.7
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ANALYTICAL RESULTS

Sample: OU2C-18-WA-07 Lab ID: 40178893007
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

83.3
83.6
40.0
207

Surrogates

Lipid

2.3
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ANALYTICAL RESULTS

Sample: OU2C-18-WA-08 Lab ID: 40178893008
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

40.4
31.8

<12.5
72.3

Surrogates

Lipid

1.1
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ANALYTICAL RESULTS

Sample: OU2C-18-WA-09 Lab ID: 40178893009
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

90.8
85.1
39.3
215

Surrogates

Lipid

2.1
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ANALYTICAL RESULTS

Sample: OU2C-18-WA-10 Lab ID: 40178893010
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

76.5
78.5
39.9
195

Surrogates

Lipid

1.6

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC

Page 19 of 75



ANALYTICAL RESULTS

Sample: OU2C-18-WA-11 Lab ID: 40178893011
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

93.3
90.0
31.6
215

Surrogates

Lipid

1.8
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ANALYTICAL RESULTS

Sample: OU2C-18-WA-12 Lab ID: 40178893012
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
23.3J

67.8
54.9
146

Surrogates

Lipid

0.21
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ANALYTICAL RESULTS

Sample: OU2C-18-WA-13 Lab ID: 40178893013
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

107
118

58.2
283

Surrogates

Lipid

2.4

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC

Page 22 of 75



ANALYTICAL RESULTS

Sample: OU2C-18-WA-14 Lab ID: 40178893014
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

120
120

56.0
296

Surrogates

Lipid

3.1
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ANALYTICAL RESULTS

Sample: OU2C-18-WA-15 Lab ID: 40178893015
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

82.3
113

52.3
248

Surrogates

Lipid

1.3
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ANALYTICAL RESULTS

Sample: OU2C-18-CA-C1 Lab ID: 40178893016
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

57.4
<12.5

56.1
23.8J

137
Surrogates

Lipid

5.6
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ANALYTICAL RESULTS

Sample: OU2C-18-CA-C2 Lab ID: 40178893017
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

255
192

86.3
533

Surrogates

Lipid

9.5
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ANALYTICAL RESULTS

Sample: OU2C-18-CA-C3 Lab ID: 40178893018
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

212
203
128
542

Surrogates

Lipid

6.5

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC

Page 27 of 75



ANALYTICAL RESULTS

Sample: OU2C-18-CA-C4 Lab ID: 40178893019
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.4
<12.4
<12.4
<12.4

191
171
103
466

Surrogates

Lipid

6.3
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ANALYTICAL RESULTS

Sample: OU2C-18-CA-C5 Lab ID: 40178893020
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

54.9
78.6
62.4
196

Surrogates

Lipid

3.8
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ANALYTICAL RESULTS

Sample: OU2C-18-CA-C6 Lab ID: 40178893021
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

150
155

77.6
383

Surrogates

Lipid

6.6
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ANALYTICAL RESULTS

Sample: OU2C-18-CA-C7 Lab ID: 40178893022
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

381
357
188
925

Surrogates

Lipid

8.8
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ANALYTICAL RESULTS

Sample: OU2C-18-GS-C1 Lab ID: 40178893023
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

62.9
<12.5

40.6
<12.5

104
Surrogates

Lipid

3.3
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ANALYTICAL RESULTS

Sample: OU2C-18-GS-C2 Lab ID: 40178893024
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

41.9
<12.5

38.2
12.9J

92.9
Surrogates

Lipid

3.8
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ANALYTICAL RESULTS

Sample: OU2C-18-GS-C3 Lab ID: 40178893025
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

47.8
<12.5

46.6
13.9J

108
Surrogates

Lipid

4.0
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ANALYTICAL RESULTS

Sample: OU2C-18-GS-C4 Lab ID: 40178893026
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

61.6
<12.5

54.2
15.9J

132
Surrogates

Lipid

5.3
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ANALYTICAL RESULTS

Sample: OU2C-18-GS-C5 Lab ID: 40178893027
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

79.0
46.5

13.7J
139

Surrogates

Lipid

5.2
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ANALYTICAL RESULTS

Sample: OU2C-18-DR-C1 Lab ID: 40178893028
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

127
142

54.3
324

Surrogates

Lipid

2.4
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ANALYTICAL RESULTS

Sample: OU2C-18-DR-C2 Lab ID: 40178893029
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

346
246
120
712

Surrogates

Lipid

5.4
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ANALYTICAL RESULTS

Sample: OU2C-18-DR-C3 Lab ID: 40178893030
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

104
127
112
343

Surrogates

Lipid

3.4
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ANALYTICAL RESULTS

Sample: OU2C-18-DR-C4 Lab ID: 40178893031
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

231
258
129
618

Surrogates

Lipid

7.2
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ANALYTICAL RESULTS

Sample: OU2C-18-DR-C5 Lab ID: 40178893032
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

285
277
136
698

Surrogates

Lipid

9.5
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ANALYTICAL RESULTS

Sample: OU2C-18-SB-04 Lab ID: 40178893033
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

66.0
63.5
37.5
167

Surrogates

Lipid

1.8
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ANALYTICAL RESULTS

Sample: OU2C-18-SB-09 Lab ID: 40178893034
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

86.8
85.0
39.7
211

Surrogates

Lipid

1.8
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ANALYTICAL RESULTS

Sample: OU2C-18-SB-10 Lab ID: 40178893035
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

67.5
51.2
29.6
148

Surrogates

Lipid

2.1
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ANALYTICAL RESULTS

Sample: OU2C-18-SB-03 Lab ID: 40178893036
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

53.7
32.8

<12.5
86.5

Surrogates

Lipid

1.9
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ANALYTICAL RESULTS

Sample: OU2C-18-SB-11 Lab ID: 40178893037
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

56.1
37.4

15.7J
109

Surrogates

Lipid

1.7
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ANALYTICAL RESULTS

Sample: OU2C-18-SB-13 Lab ID: 40178893038
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

28.0
22.2J
<12.5

50.2
Surrogates

Lipid

1.2
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ANALYTICAL RESULTS

Sample: OU2C-18-SB-14 Lab ID: 40178893039
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

45.7
31.2

14.5J
91.4

Surrogates

Lipid

1.6
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ANALYTICAL RESULTS

Sample: OU2C-18-SB-06 Lab ID: 40178893040
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

66.2
52.9
25.1
144

Surrogates

Lipid

1.8
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ANALYTICAL RESULTS

Sample: OU2C-18-SB-12 Lab ID: 40178893041
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

40.8
28.7

12.6J
82.1

Surrogates

Lipid

1.8
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ANALYTICAL RESULTS

Sample: OU2C-18-SB-15 Lab ID: 40178893042
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

65.8
59.4
33.1
158

Surrogates

Lipid

2.0
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ANALYTICAL RESULTS

Sample: OU2C-18-SB-17 Lab ID: 40178893043
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

118
98.3
38.4
254

Surrogates

Lipid

3.6
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ANALYTICAL RESULTS

Sample: OU2C-18-SB-01 Lab ID: 40178893044
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

68.1
56.8
28.8
154

Surrogates

Lipid

2.2
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ANALYTICAL RESULTS

Sample: OU2C-18-SB-18 Lab ID: 40178893045
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

62.4
64.9
36.0
163

Surrogates

Lipid

1.8
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ANALYTICAL RESULTS

Sample: OU2C-18-SB-16 Lab ID: 40178893046
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

58.0
57.3
36.9
152

Surrogates

Lipid

1.7
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ANALYTICAL RESULTS

Sample: OU2C-18-SB-02 Lab ID: 40178893047
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

59.6
58.7
38.2
156

Surrogates

Lipid

2.0
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALIFIERS

DEFINITIONS
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Lab ID Sample ID QC Batch Method QC Batch Analytical Method
Analytical
Batch

40178893001 OU2C-18-WA-01
40178893002 OU2C-18-WA-02
40178893003 OU2C-18-WA-16
40178893004 OU2C-18-WA-04
40178893005 OU2C-18-WA-05
40178893006 OU2C-18-WA-06
40178893007 OU2C-18-WA-07
40178893008 OU2C-18-WA-08
40178893009 OU2C-18-WA-09
40178893010 OU2C-18-WA-10
40178893011 OU2C-18-WA-11
40178893012 OU2C-18-WA-12

40178893013 OU2C-18-WA-13
40178893014 OU2C-18-WA-14
40178893015 OU2C-18-WA-15
40178893016 OU2C-18-CA-C1
40178893017 OU2C-18-CA-C2
40178893018 OU2C-18-CA-C3
40178893019 OU2C-18-CA-C4
40178893020 OU2C-18-CA-C5
40178893021 OU2C-18-CA-C6
40178893022 OU2C-18-CA-C7
40178893023 OU2C-18-GS-C1
40178893024 OU2C-18-GS-C2
40178893025 OU2C-18-GS-C3
40178893026 OU2C-18-GS-C4
40178893027 OU2C-18-GS-C5
40178893028 OU2C-18-DR-C1
40178893029 OU2C-18-DR-C2
40178893030 OU2C-18-DR-C3
40178893031 OU2C-18-DR-C4
40178893032 OU2C-18-DR-C5

40178893033 OU2C-18-SB-04
40178893034 OU2C-18-SB-09
40178893035 OU2C-18-SB-10
40178893036 OU2C-18-SB-03
40178893037 OU2C-18-SB-11
40178893038 OU2C-18-SB-13
40178893039 OU2C-18-SB-14
40178893040 OU2C-18-SB-06
40178893041 OU2C-18-SB-12
40178893042 OU2C-18-SB-15
40178893043 OU2C-18-SB-17
40178893044 OU2C-18-SB-01
40178893045 OU2C-18-SB-18
40178893046 OU2C-18-SB-16
40178893047 OU2C-18-SB-02
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Lab ID Sample ID QC Batch Method QC Batch Analytical Method
Analytical
Batch

40178893001 OU2C-18-WA-01
40178893002 OU2C-18-WA-02
40178893003 OU2C-18-WA-16
40178893004 OU2C-18-WA-04
40178893005 OU2C-18-WA-05
40178893006 OU2C-18-WA-06
40178893007 OU2C-18-WA-07
40178893008 OU2C-18-WA-08
40178893009 OU2C-18-WA-09
40178893010 OU2C-18-WA-10
40178893011 OU2C-18-WA-11
40178893012 OU2C-18-WA-12

40178893013 OU2C-18-WA-13
40178893014 OU2C-18-WA-14
40178893015 OU2C-18-WA-15
40178893016 OU2C-18-CA-C1
40178893017 OU2C-18-CA-C2
40178893018 OU2C-18-CA-C3
40178893019 OU2C-18-CA-C4
40178893020 OU2C-18-CA-C5
40178893021 OU2C-18-CA-C6
40178893022 OU2C-18-CA-C7
40178893023 OU2C-18-GS-C1
40178893024 OU2C-18-GS-C2
40178893025 OU2C-18-GS-C3
40178893026 OU2C-18-GS-C4
40178893027 OU2C-18-GS-C5
40178893028 OU2C-18-DR-C1
40178893029 OU2C-18-DR-C2
40178893030 OU2C-18-DR-C3
40178893031 OU2C-18-DR-C4
40178893032 OU2C-18-DR-C5

40178893033 OU2C-18-SB-04
40178893034 OU2C-18-SB-09
40178893035 OU2C-18-SB-10
40178893036 OU2C-18-SB-03
40178893037 OU2C-18-SB-11
40178893038 OU2C-18-SB-13
40178893039 OU2C-18-SB-14
40178893040 OU2C-18-SB-06
40178893041 OU2C-18-SB-12
40178893042 OU2C-18-SB-15
40178893043 OU2C-18-SB-17
40178893044 OU2C-18-SB-01
40178893045 OU2C-18-SB-18
40178893046 OU2C-18-SB-16
40178893047 OU2C-18-SB-02
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CERTIFICATIONS

Green Bay Certification IDs
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SAMPLE SUMMARY

Lab ID Sample ID Matrix Date Collected Date Received

40179058001 OU1-18-WA-01

40179058002 OU1-18-WA-02

40179058003 OU1-18-WA-03

40179058004 OU1-18-WA-04

40179058005 OU1-18-WA-05

40179058006 OU1-18-WA-06

40179058007 OU1-18-WA-07

40179058008 OU1-18-WA-01ALT

40179058009 OU1-18-WA-02ALT

40179058010 OU1-18-WA-03ALT

40179058011 OU1-18-WA-04ALT

40179058012 OU1-18-WA-05ALT

40179058013 OU1-18-CA-C1

40179058014 OU1-18-CA-C2

40179058015 OU1-18-CA-C3

40179058016 OU1-18-CA-C4

40179058017 OU1-18-CA-C5

40179058018 OU1-18-CA-C6

40179058019 OU1-18-CA-C7

40179058020 OU1-18-CA-C8

40179058021 OU1-18-DR-C1

40179058022 OU1-18-DR-C2

40179058023 OU1-18-DR-C3

40179058024 OU1-18-DR-C4

40179058025 OU1-18-SB-25

40179058026 OU1-18-SB-22

40179058027 OU1-18-SB-05

40179058028 OU1-18-SB-10

40179058029 OU1-18-SB-07

40179058030 OU1-18-SB-02

40179058031 OU1-18-SB-15

40179058032 OU1-18-SB-14

40179058033 OU1-18-SB-04

40179058034 OU1-18-SB-17

40179058035 OU1-18-SB-12

40179058036 OU1-18-SB-09

40179058037 OU1-18-SB-21
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SAMPLE SUMMARY

Lab ID Sample ID Matrix Date Collected Date Received

40179058038 OU1-18-SB-01

40179058039 OU1-18-SB-29

40179058040 OU1-18-GS-C1

40179058041 OU1-18-GS-C2

40179058042 OU1-18-GS-C3

40179058043 OU1-18-GS-C4

40179058044 OU1-18-GS-C5

40179058045 OU1-18-GS-C6

40179058046 OU1-18-GS-C7

40179058047 OU1-18-DR-C5
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SAMPLE ANALYTE COUNT

Lab ID Sample ID Method
Analytes
ReportedAnalysts

40179058001 OU1-18-WA-01

40179058002 OU1-18-WA-02

40179058003 OU1-18-WA-03

40179058004 OU1-18-WA-04

40179058005 OU1-18-WA-05

40179058006 OU1-18-WA-06

40179058007 OU1-18-WA-07

40179058008 OU1-18-WA-01ALT

40179058009 OU1-18-WA-02ALT

40179058010 OU1-18-WA-03ALT

40179058011 OU1-18-WA-04ALT

40179058012 OU1-18-WA-05ALT

40179058013 OU1-18-CA-C1

40179058014 OU1-18-CA-C2

40179058015 OU1-18-CA-C3

40179058016 OU1-18-CA-C4

40179058017 OU1-18-CA-C5

40179058018 OU1-18-CA-C6

40179058019 OU1-18-CA-C7
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SAMPLE ANALYTE COUNT

Lab ID Sample ID Method
Analytes
ReportedAnalysts

40179058020 OU1-18-CA-C8

40179058021 OU1-18-DR-C1

40179058022 OU1-18-DR-C2

40179058023 OU1-18-DR-C3

40179058024 OU1-18-DR-C4

40179058025 OU1-18-SB-25

40179058026 OU1-18-SB-22

40179058027 OU1-18-SB-05

40179058028 OU1-18-SB-10

40179058029 OU1-18-SB-07

40179058030 OU1-18-SB-02

40179058031 OU1-18-SB-15

40179058032 OU1-18-SB-14

40179058033 OU1-18-SB-04

40179058034 OU1-18-SB-17

40179058035 OU1-18-SB-12

40179058036 OU1-18-SB-09

40179058037 OU1-18-SB-21
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SAMPLE ANALYTE COUNT

Lab ID Sample ID Method
Analytes
ReportedAnalysts

40179058038 OU1-18-SB-01

40179058039 OU1-18-SB-29

40179058040 OU1-18-GS-C1

40179058041 OU1-18-GS-C2

40179058042 OU1-18-GS-C3

40179058043 OU1-18-GS-C4

40179058044 OU1-18-GS-C5

40179058045 OU1-18-GS-C6

40179058046 OU1-18-GS-C7

40179058047 OU1-18-DR-C5
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PROJECT NARRATIVE

Method:

Client:

EPA 8082A

Date:

Description:

General Information:

Hold Time:

Sample Preparation:

Initial Calibrations (including MS Tune as applicable):

Continuing Calibration:

Surrogates:

Method Blank:

Laboratory Control Spike:

Matrix Spikes:

Additional Comments:
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PROJECT NARRATIVE

Method:

Client:

Pace Lipid

Date:

Description:

General Information:

Hold Time:

Initial Calibrations (including MS Tune as applicable):

Continuing Calibration:

Internal Standards:

Surrogates:

Method Blank:

Laboratory Control Spike:

Matrix Spikes:

Duplicate Sample:

Additional Comments:
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ANALYTICAL RESULTS

Sample: OU1-18-WA-01 Lab ID: 40179058001
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
20.4J

28.9
<12.5

49.3
Surrogates

Lipid

0.98
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ANALYTICAL RESULTS

Sample: OU1-18-WA-02 Lab ID: 40179058002
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
21.1J

29.6
<12.5

50.7
Surrogates

Lipid

0.69
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ANALYTICAL RESULTS

Sample: OU1-18-WA-03 Lab ID: 40179058003
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

42.3
46.6

19.9J
109

Surrogates

Lipid

1.5
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ANALYTICAL RESULTS

Sample: OU1-18-WA-04 Lab ID: 40179058004
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

60.3
64.5

18.7J
144

Surrogates

Lipid

1.6
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ANALYTICAL RESULTS

Sample: OU1-18-WA-05 Lab ID: 40179058005
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
21.0J

28.1
<12.5

49.1
Surrogates

Lipid

0.44
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ANALYTICAL RESULTS

Sample: OU1-18-WA-06 Lab ID: 40179058006
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
24.2J

41.5
<12.5

65.7
Surrogates

Lipid

1.4
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ANALYTICAL RESULTS

Sample: OU1-18-WA-07 Lab ID: 40179058007
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

42.0
59.2

20.0J
121

Surrogates

Lipid

2.1
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ANALYTICAL RESULTS

Sample: OU1-18-WA-01ALT Lab ID: 40179058008
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
<12.5
<12.5
<12.5
<12.5

Surrogates

Lipid

0.86
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ANALYTICAL RESULTS

Sample: OU1-18-WA-02ALT Lab ID: 40179058009
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.4
<12.4
<12.4
<12.4
16.1J
15.9J
<12.4

32.0
Surrogates

Lipid

0.36
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ANALYTICAL RESULTS

Sample: OU1-18-WA-03ALT Lab ID: 40179058010
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
23.1J

32.2
<12.5

55.3
Surrogates

Lipid

0.94
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ANALYTICAL RESULTS

Sample: OU1-18-WA-04ALT Lab ID: 40179058011
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

30.3
34.9

<12.5
65.2

Surrogates

Lipid

0.88
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ANALYTICAL RESULTS

Sample: OU1-18-WA-05ALT Lab ID: 40179058012
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
<12.5
<12.5
<12.5
<12.5

Surrogates

Lipid

0.22
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ANALYTICAL RESULTS

Sample: OU1-18-CA-C1 Lab ID: 40179058013
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

111
<12.5

112
38.4
262

Surrogates

Lipid

13.0
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ANALYTICAL RESULTS

Sample: OU1-18-CA-C2 Lab ID: 40179058014
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

54.4
<12.5

82.3
38.4
175

Surrogates

Lipid

10.8
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ANALYTICAL RESULTS

Sample: OU1-18-CA-C3 Lab ID: 40179058015
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

146
<12.5

107
34.2
288

Surrogates

Lipid

9.1
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ANALYTICAL RESULTS

Sample: OU1-18-CA-C4 Lab ID: 40179058016
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

57.3
<12.5

73.5
29.0
160

Surrogates

Lipid

6.1
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ANALYTICAL RESULTS

Sample: OU1-18-CA-C5 Lab ID: 40179058017
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

67.2
<12.5

118
35.7
220

Surrogates

Lipid

7.7
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ANALYTICAL RESULTS

Sample: OU1-18-CA-C6 Lab ID: 40179058018
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

66.1
<12.5

68.0
35.2
169

Surrogates

Lipid

6.6
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ANALYTICAL RESULTS

Sample: OU1-18-CA-C7 Lab ID: 40179058019
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

76.5
<12.5

164
65.1
306

Surrogates

Lipid

7.2
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ANALYTICAL RESULTS

Sample: OU1-18-CA-C8 Lab ID: 40179058020
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

67.1
87.8

<12.5
155

Surrogates

Lipid

2.5
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ANALYTICAL RESULTS

Sample: OU1-18-DR-C1 Lab ID: 40179058021
Results reported on a "wet-weight" basis

8082A GCS PCB

<50.0
<50.0
<50.0
1000

<50.0
<50.0
<50.0
1000

Surrogates

Lipid

3.4
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ANALYTICAL RESULTS

Sample: OU1-18-DR-C2 Lab ID: 40179058022
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

43.6
<12.5

88.1
47.1
179

Surrogates

Lipid

5.9
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ANALYTICAL RESULTS

Sample: OU1-18-DR-C3 Lab ID: 40179058023
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

71.6
<12.5

99.9
35.4
207

Surrogates

Lipid

4.6
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ANALYTICAL RESULTS

Sample: OU1-18-DR-C4 Lab ID: 40179058024
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

85.6
<12.5

146
57.0
289

Surrogates

Lipid

8.2
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ANALYTICAL RESULTS

Sample: OU1-18-SB-25 Lab ID: 40179058025
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

41.2
41.7

13.9J
96.8

Surrogates

Lipid

2.3
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ANALYTICAL RESULTS

Sample: OU1-18-SB-22 Lab ID: 40179058026
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

47.1
46.9

15.1J
109

Surrogates

Lipid

2.8
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ANALYTICAL RESULTS

Sample: OU1-18-SB-05 Lab ID: 40179058027
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
<12.5

28.1
14.3J

42.4
Surrogates

Lipid

0.85
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ANALYTICAL RESULTS

Sample: OU1-18-SB-10 Lab ID: 40179058028
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5

36.6
<12.5

75.9
28.7
141

Surrogates

Lipid

4.4
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ANALYTICAL RESULTS

Sample: OU1-18-SB-07 Lab ID: 40179058029
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

38.5
48.9

14.4J
102

Surrogates

Lipid

1.7
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ANALYTICAL RESULTS

Sample: OU1-18-SB-02 Lab ID: 40179058030
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
17.9J

29.2
<12.5

47.1
Surrogates

Lipid

1.7
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ANALYTICAL RESULTS

Sample: OU1-18-SB-15 Lab ID: 40179058031
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

41.5
39.3

13.4J
94.2

Surrogates

Lipid

2.5
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ANALYTICAL RESULTS

Sample: OU1-18-SB-14 Lab ID: 40179058032
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

46.8
46.6

17.5J
111

Surrogates

Lipid

2.5
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ANALYTICAL RESULTS

Sample: OU1-18-SB-04 Lab ID: 40179058033
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

37.8
36.0

<12.5
73.9

Surrogates

Lipid

1.3
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ANALYTICAL RESULTS

Sample: OU1-18-SB-17 Lab ID: 40179058034
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

44.9
47.1

15.8J
108

Surrogates

Lipid

2.4
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ANALYTICAL RESULTS

Sample: OU1-18-SB-12 Lab ID: 40179058035
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

44.2
46.3

17.7J
108

Surrogates

Lipid

2.6
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ANALYTICAL RESULTS

Sample: OU1-18-SB-09 Lab ID: 40179058036
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

33.1
39.3

18.4J
90.8

Surrogates

Lipid

2.0
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ANALYTICAL RESULTS

Sample: OU1-18-SB-21 Lab ID: 40179058037
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

75.4
91.8
35.8
203

Surrogates

Lipid

2.9
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ANALYTICAL RESULTS

Sample: OU1-18-SB-01 Lab ID: 40179058038
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

78.3
79.9

21.5J
180

Surrogates

Lipid

2.2
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ANALYTICAL RESULTS

Sample: OU1-18-SB-29 Lab ID: 40179058039
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

37.6
52.3

18.8J
109

Surrogates

Lipid

1.5
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ANALYTICAL RESULTS

Sample: OU1-18-GS-C1 Lab ID: 40179058040
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
12.6J
17.4J
<12.5

30.0
Surrogates

Lipid

1.7
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ANALYTICAL RESULTS

Sample: OU1-18-GS-C2 Lab ID: 40179058041
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.4
<12.4
<12.4
<12.4
14.2J
19.7J
<12.4

33.9
Surrogates

Lipid

2.0
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ANALYTICAL RESULTS

Sample: OU1-18-GS-C3 Lab ID: 40179058042
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
<12.5
15.8J
<12.5
15.8J

Surrogates

Lipid

1.8
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ANALYTICAL RESULTS

Sample: OU1-18-GS-C4 Lab ID: 40179058043
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
<12.5
16.5J
<12.5
16.5J

Surrogates

Lipid

1.7
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ANALYTICAL RESULTS

Sample: OU1-18-GS-C5 Lab ID: 40179058044
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
12.9J
18.5J
<12.5

31.3
Surrogates

Lipid

2.0
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ANALYTICAL RESULTS

Sample: OU1-18-GS-C6 Lab ID: 40179058045
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
<12.5
16.7J
<12.5
16.7J

Surrogates

Lipid

1.9
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ANALYTICAL RESULTS

Sample: OU1-18-GS-C7 Lab ID: 40179058046
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5
<12.5
16.6J
<12.5
16.6J

Surrogates

Lipid

1.7
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ANALYTICAL RESULTS

Sample: OU1-18-DR-C5 Lab ID: 40179058047
Results reported on a "wet-weight" basis

8082A GCS PCB

<12.5
<12.5
<12.5
<12.5

146
205

67.7
419

Surrogates

Lipid

7.9
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALIFIERS

DEFINITIONS
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Lab ID Sample ID QC Batch Method QC Batch Analytical Method
Analytical
Batch

40179058001 OU1-18-WA-01
40179058002 OU1-18-WA-02
40179058003 OU1-18-WA-03
40179058004 OU1-18-WA-04
40179058005 OU1-18-WA-05
40179058006 OU1-18-WA-06
40179058007 OU1-18-WA-07
40179058008 OU1-18-WA-01ALT
40179058009 OU1-18-WA-02ALT
40179058010 OU1-18-WA-03ALT
40179058011 OU1-18-WA-04ALT
40179058012 OU1-18-WA-05ALT
40179058013 OU1-18-CA-C1
40179058014 OU1-18-CA-C2
40179058015 OU1-18-CA-C3
40179058016 OU1-18-CA-C4
40179058017 OU1-18-CA-C5
40179058018 OU1-18-CA-C6

40179058019 OU1-18-CA-C7
40179058020 OU1-18-CA-C8
40179058021 OU1-18-DR-C1
40179058022 OU1-18-DR-C2
40179058023 OU1-18-DR-C3
40179058024 OU1-18-DR-C4
40179058025 OU1-18-SB-25
40179058026 OU1-18-SB-22
40179058027 OU1-18-SB-05
40179058028 OU1-18-SB-10
40179058029 OU1-18-SB-07
40179058030 OU1-18-SB-02
40179058031 OU1-18-SB-15
40179058032 OU1-18-SB-14
40179058033 OU1-18-SB-04
40179058034 OU1-18-SB-17
40179058035 OU1-18-SB-12
40179058036 OU1-18-SB-09
40179058037 OU1-18-SB-21
40179058038 OU1-18-SB-01

40179058039 OU1-18-SB-29
40179058040 OU1-18-GS-C1
40179058041 OU1-18-GS-C2
40179058042 OU1-18-GS-C3
40179058043 OU1-18-GS-C4
40179058044 OU1-18-GS-C5
40179058045 OU1-18-GS-C6
40179058046 OU1-18-GS-C7
40179058047 OU1-18-DR-C5
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Lab ID Sample ID QC Batch Method QC Batch Analytical Method
Analytical
Batch

40179058001 OU1-18-WA-01
40179058002 OU1-18-WA-02
40179058003 OU1-18-WA-03
40179058004 OU1-18-WA-04
40179058005 OU1-18-WA-05
40179058006 OU1-18-WA-06
40179058007 OU1-18-WA-07
40179058008 OU1-18-WA-01ALT
40179058009 OU1-18-WA-02ALT
40179058010 OU1-18-WA-03ALT
40179058011 OU1-18-WA-04ALT
40179058012 OU1-18-WA-05ALT
40179058013 OU1-18-CA-C1
40179058014 OU1-18-CA-C2
40179058015 OU1-18-CA-C3
40179058016 OU1-18-CA-C4
40179058017 OU1-18-CA-C5
40179058018 OU1-18-CA-C6

40179058019 OU1-18-CA-C7
40179058020 OU1-18-CA-C8
40179058021 OU1-18-DR-C1
40179058022 OU1-18-DR-C2
40179058023 OU1-18-DR-C3
40179058024 OU1-18-DR-C4
40179058025 OU1-18-SB-25
40179058026 OU1-18-SB-22
40179058027 OU1-18-SB-05
40179058028 OU1-18-SB-10
40179058029 OU1-18-SB-07
40179058030 OU1-18-SB-02
40179058031 OU1-18-SB-15
40179058032 OU1-18-SB-14
40179058033 OU1-18-SB-04
40179058034 OU1-18-SB-17
40179058035 OU1-18-SB-12
40179058036 OU1-18-SB-09
40179058037 OU1-18-SB-21
40179058038 OU1-18-SB-01

40179058039 OU1-18-SB-29
40179058040 OU1-18-GS-C1
40179058041 OU1-18-GS-C2
40179058042 OU1-18-GS-C3
40179058043 OU1-18-GS-C4
40179058044 OU1-18-GS-C5
40179058045 OU1-18-GS-C6
40179058046 OU1-18-GS-C7
40179058047 OU1-18-DR-C5
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PCB Congener 11 Memorandum 

  



 Memorandum 

Purpose 

Background 



PCBs in the Lower Fox River





Figure 1



Dechlorination of Aroclor Congeners

Sources of Congener 11 in the Environment



Figure 2:



Relevance and Recommendations for Fox River Long-Term Monitoring
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Attachment A 

Measured Concentrations of PCB Congeners in 
Nine Aroclor PCB Mixtures 



Congener Number 1221 1232 1016 1242 1248 1254 1260 1262 1268
2 - MoCB 1 592000 148000 5780 4380 418 125 176 106 3.59
3 - MoCB 2 37200 17200 358 243 24.9 7.01 13.9 5.31 0.325
4 - MoCB 3 136000 102000 2240 1730 159 48.4 83.1 39.3 1.65

2,2' - DiCB 4 4310 53900 39200 27400 3000 579 374 792 7.11
2,3 - DiCB 5 9.38 6670 1980 1450 129 18.2 17.7 24.1 0.227
2,3' - DiCB 6 79.8 31700 17300 11900 1280 207 149 286 2.89
2,4 - DiCB 7 48 12300 3420 2390 201 33.7 31.7 41.5 0.313
2,4' - DiCB 8 266 112000 80400 54500 7180 1110 696 1570 18.2
2,5 - DiCB 9 68.9 13100 5820 4170 377 66.5 53.2 87.4 0.698
2,6 - DiCB 10 507 4450 2120 1380 131 20 16.7 25.0 0.177
3,3' - DiCB 11 0.702 772 130 100 U 1.46 1.51 2.08 U

3,4 - DiCB +
3,4' - DiCB 12 + 13 13.9 14500 3340 2420 235 32.1 31.9 45.6 0.455
3,4 - DiCB 12
3,4' - DiCB 13
3,5 - DiCB 14 U U U U U U U U U
4,4' - DiCB 15 83.8 47800 27500 19000 2730 359 246 547 6.87

2,2',3 - TriCB 16 171 21300 43600 29200 11300 705 379 1110 24.6
2,2',4 - TriCB 17 163 21300 44700 30300 11500 699 370 1100 19.9
2,2',5 - TriCB 18 522 52400 123000 70800 44300 1720 842 2220 64
2,2',6 - TriCB 19 34.6 6390 12500 7970 2920 184 95.9 269 4.58
2,3,3' - TriCB 20 94.7 4790 12000 6560 3980 30.1 U 67.2 5.4

2,3,4 - TriCB +
2',3,4 - TriCB 21 + 33 293 33000 66200 45200 23100 945 494 1380 38.1
2,3,4 - TriCB 21
2,3,4' - TriCB 22 183 20100 39500 27700 15200 529 281 799 23.6
2,3,5 - TriCB 23 0.543 75.7 152 113 U 1.56 0.857 2.48 U
2,3,6 - TriCB 24 5.09 628 1910 1240 159 17.3 8.66 30.5 R 0.404
2,3',4 - TriCB 25 28.3 4380 7840 5200 1380 135 57.3 158 2.90
2,3',5 - TriCB 26 74.6 8190 16900 11000 4500 218 112 334 R 8.27
2,3',6 - TriCB 27 20.6 2940 6330 4160 1400 89.9 49.4 135 3.27
2,4,4' - TriCB 28 543 47900 84200 55600 39300 1410 353 1500 37.9
2,4,5 - TriCB 29 5.19 610 1140 733 98.5 12.4 6.72 19.0 U
2,4,6 - TriCB 30 U 24.9 63 35.6 R 4.53 R 0.94 U 1.03 U
2,4',5 - TriCB 31 438 44000 99000 64700 50300 2130 757 1800 60.2
2,4',6 - TriCB 32 98.7 12000 23800 16000 8730 365 197 532 14.3
2',3,4 - TriCB 33
2',3,5 - TriCB 34 1.29 146 324 222 59.3 3.62 2.01 5.86 U
3,3',4 - TriCB 35 17.9 653 638 705 78.6 9.89 5.76 17.4 0.415
3,3',5 - TriCB 36 U U U U U U U U U
3,4,4' - TriCB 37 525 13200 10800 16100 7960 388 185 519 24.1
3,4,5 - TriCB 38 U U U U U U U U U
3,4',5 - TriCB 39 U U U U U U U U U

2,2',3,3' - TeCB 40 171 3380 4810 4890 8960 895 52.6 132 R 33.6
2,2',3,4 - TeCB +
2,3',4',6 - TeCB 41 + 71 368 13000 25300 19000 34100 2350 236 566 76.8

2,2',3,4 - TeCB 41
2,2',3,4' - TeCB 42 182 7350 15600 10700 18700 1470 129 322 35.8
2,2',3,5 - TeCB 43 23.5 1250 3570 2290 3260 U 29.4 59.3 3.82
2,2',3,5' - TeCB 44 570 23100 51700 34600 71100 28100 459 1200 133
2,2',3,6 - TeCB 45 99.3 5200 14200 8530 12000 418 92.4 206 R 17.7
2,2',3,6' - TeCB 46 39.8 2170 5250 3560 5060 173 44.6 110 11.6
2,2',4,4' - TeCB 47 135 5100 13300 7590 13800 1380 75.7 149 19.6

see data for coeluting pair 41 + 71

see data for coeluting pair 12 + 13
see data for coeluting pair 12 + 13 at congener 12

see data for coeluting pair 21 + 33

see data for coeluting pair 21 + 33 at congener 21

EPA final PCB congener data for nine Aroclors as referenced in Chemosphere  54 (2004) 79-87
Most accurate estimate full congener data including deconvolution results for co-eluting congeners

PCB Concentration (ppm; ug/g) for Aroclor



2,2',4,5 - TeCB 48 136 6780 16600 10900 17100 883 127 312 24
2,2',4,5' - TeCB 49 370 16700 39200 25500 47500 13900 326 792 56.5
2,2',4,6 - TeCB 50 U 84.3 264 155 165 U R 2.42 R 4.48 U
2,2',4,6' - TeCB 51 26.1 1470 3950 2380 3310 101 23.1 59.1 R 5.62
2,2',5,5' - TeCB 52 488 21300 46700 32600 73500 61800 3890 2340 106
2,2',5,6' - TeCB 53 87.5 4700 12000 7180 12000 1270 79.5 182 R 14.5
2,2',6,6' - TeCB 54 0.893 96.4 259 128 183 3.13 1.21 3.34 U
2,3,3',4 - TeCB 55 15.2 714 102 1010 939 U 8.68 31.1 4.12
2,3,3',4' - TeCB 56 189 10700 791 14900 30600 3950 169 415 68.4
2,3,3',5 - TeCB 57 8.91 130 117 185 173 U U 5.49 U
2,3,3',5' - TeCB 58 2.32 33.1 U U U U U U U
2,3,3',6 - TeCB 59 63.8 1900 5340 3560 3510 160 26.7 56.7 14
2,3,4,4' - TeCB 60 108 7090 462 10400 19400 1620 103 252 34.8

2,3,4,5 - TeCB +
2,4,4',5 - TeCB 61 +  74 756 11900 3980 18400 37800 8180 197 475 47.4

2,3,4,5 - TeCB 61
2,3,4,6 - TeCB +
2,3,5,6 - TeCB 62 +  65 U U 138 56.3 102 U U U U

2,3,4,6 - TeCB 62
2,3,4',5 - TeCB 63 58.4 945 428 1290 2340 343 12.8 32.5 2.78
2,3,4',6 - TeCB 64 396 11000 20700 16700 33800 6460 221 564 59.2
2,3,5,6 - TeCB 65
2,3',4,4' - TeCB 66 688 19000 3820 27200 56000 9420 312 787 81.6
2,3',4,5 - TeCB 67 56.1 879 519 1170 1150 U 12.9 34.4 2.66
2,3',4,5' - TeCB 68 1.67 U U 45.8 U U U U U
2,3',4,6 - TeCB 69 U U U U U U U U U

2,3',4',5 - TeCB +
2',3,4,5 - TeCB 70 +  76 1690 27700 7100 42100 95000 42300 546 1600 130

2,3',4',5 - TeCB 70
2,3',4',6 - TeCB 71
2,3',5,5' - TeCB 72 3.27 80.4 119 117 174 U 0.913 2.57 U
2,3',5',6 - TeCB 73 1.03 U U U U U U U U
2,4,4',5 - TeCB 74
2,4,4',6 - TeCB 75 U 520 435 279 1550 131 15.9 54.9 U
2',3,4,5 - TeCB 76

3,3',4,4' - TeCB 77 12.6  2150  40.9 2590 4290 174 33.8  84.6  36.1
3,3',4,5 - TeCB 78 U U U U U U U U U
3,3',4,5' - TeCB 79 U U U U U U U U U
3,3',5,5' - TeCB 80 U U U U U U U U U

3,4,4',5 - TeCB 81 0.512  111  1.96  156  230  16.4  3.33  4.63  1.35
2,2',3,3',4 - PeCB 82 25 1510 R 38.6 2170 7370 10100 119 240 53.2
2,2',3,3',5 - PeCB 83 9.67 410 28.6 630 1990 3800 70.5 83.4 R 11
2,2',3,3',6 - PeCB 84 145 2270 578 3660 12300 28000 1670 693 66.2

2,2',3,4,4' - PeCB +
2,3,4,5,6 - PeCB 85 + 116 38.3 1300 50.9 2770 8200 13800 71.1 288 R 30

2,2',3,4,4' - PeCB 85
2,2',3,4,5 - PeCB 86 U 169 10.2 373 1040 U U U R 5.68

2,2',3,4,5' - PeCB +
2',3,4,5,6' - PeCB 87 + 125 78.5 2230 90.7 4180 13100 41500 3680 995 74.9

2,2',3,4,5' - PeCB 87
2,2',3,4,6 - PeCB +
2,2',3,4',6 - PeCB 88 + 91 113 1140 762 2210 7380 11700 102 274 22.5

2,2',3,4,6 - PeCB 88
 2,2',3,4,6' - PeCB 89 15.8 272 66.7 469 1410 575 4.61 R 17.5 5.57

2,2',3,4',5 - PeCB +
2,2',4,5,5' - PeCB 90 + 101 268 5700 527 8490 27700 117000 41900 12800 118

2,2',3,4',5 - PeCB 90
2,2',3,4',6 - PeCB 91 see data for coeluting pair 88 + 91 at congener 88

see data for coeluting pair 85 + 116

see data for coeluting pair 87 + 125

see data for coeluting pair 88 + 91

see data for coeluting pair 90 + 101

see data for coeluting pair 70 + 76
see data for coeluting pair 41 + 71 at congener 41

see data for coeluting pair 61 + 74 at congener 61

see data for coeluting pair 70 + 76 at congener 70

see data for coeluting pair 61 + 74

see data for coeluting pair 62 + 65

see data for coeluting pair 62 + 65 at congener 62



2,2',3,5,5' - PeCB 92 38.7 810 131 1230 4140 16300 3770 884 13.6
2,2',3,5,6 - PeCB 93 14.2 165 127 232 556 1070 U U U
2,2',3,5,6' - PeCB 94 5.04 72.1 111 119 357 267 U 6.09 0.974
2,2',3,5',6 - PeCB 95 374 4520 3310 6070 21300 76900 29900 9710 89.6
2,2',3,6,6' - PeCB 96 5.69 138 323 245 718 413 R 3.74 10.5 1.22
2,2',3',4,5 - PeCB 97 69.7 2430 R (92.4) 3750 12500 29200 982 565 54

2,2',3',4,6 - PeCB +
2,2',4,5,6' - PeCB 98 + 102 36.9 490 482 748 2570 2960 U U 9.28

2,2',3',4,6 - PeCB 98
2,2',4,4',5 - PeCB 99 90.6 2880 231 5630 18300 41700 747 1130 35.5
2,2',4,4',6 - PeCB 100 U 23 53.7 48.3 131 116 U U U
2,2',4,5,5' - PeCB 101
2,2',4,5,6' - PeCB 102
2,2',4,5',6 - PeCB 103 2.17 39.7 88.7 72 188 313 U 6.37 U
2,2',4,6,6' - PeCB 104 0.054 1.17 U U 6.84 U U U U

2,3,3',4,4' - PeCB 105 55.9  3030  69.5 4840 16700 33800  434  764  107
2,3,3',4,5 - PeCB 106 U U U U U U U U U

2,3,3',4',5 - PeCB +
2',3,4,5,5' - PeCB 107 + 124 3.87 186 U 568 1670 5830 113 64.3 3.69

2,3,3',4',5 - PeCB 107
2,3,3',4,5' - PeCB 108 U 24.8 U R 32.5 68.4 U U U U
2,3,3',4,6 - PeCB 109 6.58 348 U 596 1900 5040 85.2 96.9 6.23
2,3,3',4',6 - PeCB 110 169 5570 149 8240 30200 105000 14400 3460 179
2,3,3',5,5' - PeCB 111 U U U U U U U U U
2,3,3',5,6 - PeCB 112 U U U U U U U U U
2,3,3',5',6 - PeCB 113 U U U U U U U U U

2,3,4,4',5 - PeCB 114 4.04  248  6.03  443  1320  1930 17  46.0  5.86
2,3,4,4',6 - PeCB 115 3 504 9 347 1240 283 U U U
2,3,4,5,6 - PeCB 116
2,3,4',5,6 - PeCB 117 5.9 524 U 6.3 921 U U U U

2,3',4,4',5 - PeCB 118 88.1  4460  110 6980 23300 78900 5610 1980  101
2,3',4,4',6 - PeCB 119 U 134 8.35 243 682 1090 U 24.4 R 3.12
2,3',4,5,5' - PeCB 120 U 3.21 U U R 15.1 U U U U
2,3',4,5',6 - PeCB 121 U U U U U U U U U
2',3,3',4,5 - PeCB 122 2 127 U 204 626 907 23.6 16.9 R 3.04

2',3,4,4',5 - PeCB 123 3.33 164 4.72 277 789 1150  5.02 27.8 3.24
2',3,4,5,5' - PeCB 124
2',3,4,5,6' - PeCB 125

3,3',4,4',5 - PeCB 126 0.284  21.0  0.559  33.6  103  37.3  2.13  2.28  1.76
3,3',4,5,5' - PeCB 127 U U U U U U U U U

2,2',3,3',4,4' - HxCB 128 15.9 173 U 369 1150 15200 5200 789 U 50
2,2',3,3',4,5 - HxCB 129 U 61 R 5.85 134 435 4720 1330 198 9.94
2,2',3,3',4,5' - HxCB 130 4.42 69.8 1.28 126 447 4950 2520 587 7.75
2,2',3,3',4,6 - HxCB 131 1.36 18.8 R 0.517 43.7 141 1390 566 121 U
2,2',3,3',4,6' - HxCB 132 36.5 464 6.53 634 2110 28500 27700 9860 55.2
2,2',3,3',5,5' - HxCB 133 1.05 10.3 R 0.175 14.2 54.2 690 923 305 U

2,2',3,3',5,6 - HxCB +
2,2',3,4,5,6' - HxCB 134 + 143 4.8 68.7 1.39 107 369 4160 3660 1270 6.94

2,2',3,3',5,6 - HxCB 134
2,2',3,3',5,6' - HxCB 135 U 140 U 95.4 466 6810 10500 5540 12.8
2,2',3,3',6,6' - HxCB 136 26.2 166 3.17 151 550 8330 15800 10600 17.1
2,2',3,4,4',5 - HxCB 137 3.49 67.7 1.52 161 456 5220 163 144 3.99

2,2',3,4,4',5' - HxCB +
2,3,3',4',5,6 - HxCB 138 + 163 141 819 24.8 1230 3780 65500 83000 33000 171

2,2',3,4,4',5' - HxCB 138
2,2',3,4,4',6 - HxCB 139 1.19 19.9 U 35.9 116 1160 47 46.5 U
2,2',3,4,4',6' - HxCB 140 U U U 9 30.8 322 U U U
2,2',3,4,5,5' - HxCB 141 38.4 239 2.64 247 870 11500 27700 16600 61.6

see data for coeluting pair 134 + 143

see data for coeluting pair 138 + 163

see data for coeluting pair 107 + 124

see data for coeluting pair 85 + 116 at congener 85

see data for coeluting pair 107 + 124 at congener 107
see data for coeluting pair 87 + 125 at congener 87

see data for coeluting pair 98 + 102

see data for coeluting pair 90 + 101 at congener 90
see data for coeluting pair 98 + 102 at congener 98



2,2',3,4,5,6 - HxCB 142 U U U 2.61 7.59 27.2 U U U
2,2',3,4,5,6' - HxCB 143
2,2',3,4,5',6 - HxCB 144 10.5 61.5 0.883 66.6 213 2610 6640 5040 8.13
2,2',3,4,6,6' - HxCB 145 0.073 0.931 R 0.094 2.28 6.69 27.6 U 4.42 U
2,2',3,4',5,5' - HxCB 146 15 128 1.58 154 511 7870 11900 5700 19.3
2,2',3,4',5,6 - HxCB 147 24 10.9 8.9 59.8 391 210 1890 U 5.6
2,2',3,4',5,6' - HxCB 148 0.065 0.541 R 0.032 1.13 3.31 25.1 R 1.68 0.49 U
2,2',3,4',5',6 - HxCB 149 183 860 23.3 692 2470 44400 96500 68500 157
2,2',3,4',6,6' - HxCB 150 0.103 0.842 R 0.15 1.84 5.5 44.3 2.34 1.18 U
2,2',3,5,5',6 - HxCB 151 74.1 236 R 4.72 121 480 7920 34700 34500 152
2,2',3,5,6,6' - HxCB 152 0.214 1.73 0.219 4.15 12.8 59.3 0.84 1.77 U
2,2',4,4',5,5' - HxCB 153 208 737 20.5 759 2290 44000 1E+05 70400 439
2,2',4,4',5,6' - HxCB 154 U R 6.29 U 17.1 36.1 503 38.8 13.4 U
2,2',4,4',6,6' - HxCB 155 U U 0.015 U U 0.149 U U U

2,3,3',4,4',5 - HxCB 156 7.49  90.7  3.72  255  665 8440 4860  946  17.6
2,3,3',4,4',5' - HxCB 157 1.46  22.0  1.03  70.9  175 1870  252  63.8 R 7.92

2,3,3',4,4',6 - HxCB 158 10.4 116 2.13 221 627 8620 7960 3280 59.4
2,3,3',4,5,5' - HxCB 159 U U U U U U U U U
2,3,3',4,5,6 - HxCB 160 1.68 17.6 13.5 U U 253 U U U
2,3,3',4,5',6 - HxCB 161 U U U U U U U U U
2,3,3',4',5,5' - HxCB 162 R 0.163 2.05 R 0.11 6.95 20.2 238 U U U
2,3,3',4',5,6 - HxCB 163
2,3,3',4',5',6 - HxCB 164 7.57 67.2 R 0.963 89.2 325 4720 6500 2830 14.9
2,3,3',5,5',6 - HxCB 165 U U U U 1.36 9.65 U U U
2,3,4,4',5,6 - HxCB 166 U 9.29 U 12.9 41.1 408 R 367 R 560 U 50

2,3',4,4',5,5' - HxCB 167 2.52  32.4  1.10  80.7  207 3100 1990  278  4.96
2,3',4,4',5',6 - HxCB 168 U U U 3.07 7.62 91.4 U U U

3,3',4,4',5,5' - HxCB 169 U 0.08 U 0.17  0.132 R 0.106  0.196  0.806 U 0.82  0.395 U 0.32
2,2',3,3',4,4',5 - HpCB 170 55.9 161 1.15 69.3 248 5590 41500 28700 180
2,2',3,3',4,4',6 - HpCB 171 21.3 56.4 U 18 60.2 1700 12200 8530 R 30.7
2,2',3,3',4,5,5' - HpCB 172 12.6 27.6 R 0.125 6.36 32.3 822 7390 6770 41.9
2,2',3,3',4,5,6 - HpCB 173 U 6.19 U R 2.36 R 7.45 194 911 503 U
2,2',3,3',4,5,6' - HpCB 174 112 241 0.843 33 186 3540 50400 66000 2060
2,2',3,3',4,5',6 - HpCB 175 R 3.23 7.92 U 1.56 6.48 185 2010 2060 9.91
2,2',3,3',4,6,6' - HpCB 176 14.4 31 0.114 4.05 21 494 6250 7520 58.4
2,2',3,3',4',5,6 - HpCB 177 48.1 125 R 0.486 17.1 103 2650 24400 26300 312
2,2',3,3',5,5',6 - HpCB 178 23 44 R 0.091 4.28 28.9 526 8790 13200 838
2,2',3,3',5,6,6' - HpCB 179 61.8 117 R 0.289 9.72 65.1 1110 20100 33100 3030
2,2',3,4,4',5,5' - HpCB 180 319 424 1.98 90 400 7090 97000 1E+05 13100
2,2',3,4,4,'5,6 - HpCB 181 0.183 1.02 U R 1.67 4.2 195 151 U U
2,2',3,4,4',5,6' - HpCB 182 R 0.096 U R 0.028 0.405 1.43 46.6 74.2 U U
2,2',3,4,4',5',6 - HpCB 183 73.8 110 U 26.5 89.9 2070 27900 32500 1480
2,2',3,4,4',6,6' - HpCB 184 R 0.034 U U R 0.042 R 0.199 3.64 3.43 U U
2,2',3,4,5,5',6 - HpCB 185 19.7 R 23.4 U 3.8 R 13.7 298 6150 10400 738
2,2',3,4,5,6,6' - HpCB 186 U U U R 0.066 R 0.169 3.33 U U U
2,2',3,4',5,5',6 - HpCB 187 154 288 0.749 26.5 187 3030 51500 87900 33200
2,2',3,4',5,6,6' - HpCB 188 U U 0.033 R 0.04 0.175 4.1 4.7 U 1.02

2,3,3',4,4',5,5' - HpCB 189 1.17  4.36  0.116  4.53  10.9  246 1290  451  4.40
2,3,3',4,4',5,6 - HpCB 190 14.4 32 0.0219 10.8 42.1 1040 8340 7390 64.2
2,3,3',4,4',5',6 - HpCB 191 2.25 6.38 0.054 R 2.21 8.06 211 1960 1290 U
2,3,3',4,5,5',6 - HpCB 192 U U U U U U U U U
2,3,3',4',5,5',6 - HpCB 193 R 18.6 22.9 U 3.31 R 23.5 270 4870 5720 83.2

2,2',3,3',4,4',5,5' - OcCB 194 78.7 79.8 0.386 4.17 57.1 245 20200 35100 41100
2,2',3,3',4,4',5,6 - OcCB 195 28.5 31.1 0.14 1.32 18.2 127 8660 14100 2020
2,2',3,3',4,4',5,6' - OcCB 196 41.5 49.5 R 0.205 2.47 29 135 11300 22100 16000
2,2',3,3',4,4',6,6' - OcCB 197 U U U U 2.84 R 12 836 1400 440
2,2',3,3',4,5,5',6 - OcCB 198 U R 9.27 U U U R 21.7 1130 2160 1460
2,2',3,3',4,5,5',6' - OcCB 199 137 126 U R 13.3 104 230 23100 57400 208000

see data for coeluting pair 134 + 143 at congener 134

see data for coeluting pair 138 + 163 at congener 138



2,2',3,3',4,5,6,6' - OcCB 200 17.9 R 17.3 U U 12.4 R 41.4 3130 7090 7160
2,2',3,3',4,5',6,6' - OcCB 201 14.4 13.9 U 1.02 9.57 27.4 2680 7350 12100
2,2',3,3',5,5',6,6' - OcCB 202 21 31.5 R 0.144 3.11 27.5 41.8 4620 12400 60200
2,2',3,4,4',5,5',6 - OcCB 203 60.8 74.4 R 0.302 4.82 56.7 137 13700 31200 131000
2,2',3,4,4',5,6,6' - OcCB 204 U U U U 0.143 U 1.64 0.628 3.26
2,3,3',4,4',5,5',6 - OcCB 205 3.35 3.51 0.089 0.245 2.15 12.7 1190 1650 263

2,2',3,3',4,4',5,5',6 - NoCB 206 31.5 78.1 0.474 6.41 79 31.8 6340 12400 346000
2,2',3,3',4,4',5,6,6' - NoCB 207 4.74 6.75 R 0.044 0.53 7.31 3.4 642 1840 29400
2,2',3,3',4,5,5',6,6' - NoCB 208 7.45 29.9 R 0.158 3 28.8 10.1 1620 3140 142000

2,2',3,3',4,4',5,5',6,6' - DeCB 209 0.797 15.2 0.254 1.51 27 2.3 938 290 72900

(1)  Congeners coeluting on both the SPB-Octyl and DB-1 columns that could not be deconvoluted are shown with a 
plus sign (+)
(2)  U = not detected; R = peak detected, but did not meet quantification criteria. Reported concentration should be 
deemed an estimated maximum possible concentration (EMPC)
(3)  Dioxin-like congener names and numbers are shown in bold

Notes:
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Appendix J 

Surface Water Sample PCB Congener Results 

 



Table J-1
OU1-3 LTMP April 2018 Water PCB Congener Data



Table J-1
OU1-3 LTMP April 2018 Water PCB Congener Data



Table J-2
OU1-3 LTMP May 2018 Water PCB Congener Data



Table J-2
OU1-3 LTMP May 2018 Water PCB Congener Data



Table J-3
OU1-3 LTMP June 2018 Water PCB Congener Data



Table J-3
OU1-3 LTMP June 2018 Water PCB Congener Data



Table J-4
OU1-3 LTMP July 2018 Water PCB Congener Data



Table J-4
OU1-3 LTMP July 2018 Water PCB Congener Data



Table J-5
OU1-3 LTMP August 2018 Water PCB Congener Data



Table J-5
OU1-3 LTMP August 2018 Water PCB Congener Data



Table J-6
OU1-3 LTMP September 2018 Water PCB Congener Data



Table J-6
OU1-3 LTMP September 2018 Water PCB Congener Data



Table J-7
OU1-3 LTMP October 2018 Water PCB Congener Data



Table J-7
OU1-3 LTMP October 2018 Water PCB Congener Data



Table J-8
OU1-3 LTMP November 2018 Water PCB Congener Data



Table J-8
OU1-3 LTMP November 2018 Water PCB Congener Data
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Appendix K 

Surface Water Data Validation Reports 
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ATTACHMENT A 
Analytical Data 
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ANALYTICAL RESULTS
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Lab Sample ID
Sampling Date
Matrix
Dilution Factor
Unit
PCB Congeners-1668A-WATER

OU1-18-0507 OU1D-18-0507

TABLE 3
FIELD DUPLICATE RESULTS

SDG: 140-11518/140-11529
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING



Client ID
Lab Sample ID
Sampling Date
Matrix
Dilution Factor
Unit
PCB Congeners-1668A-WATER

OU1-18-0507 OU1D-18-0507

TABLE 3
FIELD DUPLICATE RESULTS

SDG: 140-11518/140-11529
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING

NOTES:
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ATTACHMENT A 
Analytical Data 



Client ID
Lab Sample ID
Sampling Date
Matrix
Dilution Factor
Unit
PCB Congener-1668A-WATER

OU3-18-0509OU2B-18-0508 OU2C-18-0509OU2A-18-0508

TABLE A-1
ANALYTICAL RESULTS

SDG: 140-11518
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING

MB 140-20783/9-A



Client ID
Lab Sample ID
Sampling Date
Matrix
Dilution Factor
Unit
PCB Congener-1668A-WATER

OU3-18-0509OU2B-18-0508 OU2C-18-0509OU2A-18-0508

TABLE A-1
ANALYTICAL RESULTS

SDG: 140-11518
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING

MB 140-20783/9-A

NOTES:



Client ID
Lab Sample ID
Sampling Date
Matrix
Dilution Factor
Unit
PCB Congener-1668A-WATER

OU1-18-0507 OU1D-18-0507

TABLE A-2
ANALYTICAL RESULTS

SDG: 140-11529
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING

RBP-18-0507 LW-18-0507 MB 140-20783/9-A



Client ID
Lab Sample ID
Sampling Date
Matrix
Dilution Factor
Unit
PCB Congener-1668A-WATER

OU1-18-0507 OU1D-18-0507

TABLE A-2
ANALYTICAL RESULTS

SDG: 140-11529
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING

RBP-18-0507 LW-18-0507 MB 140-20783/9-A

NOTES:
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3.1. Completeness Assessment 

3.2. Compliance Assessment 

3.2.1. Holding Time/Preservation 

3.2.2. Calibration 

3.2.3. Laboratory Blanks 
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3.2.5. Laboratory Duplicate Sample Analysis 
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3.2.7. Field QC Results 



4.0  DATA USABILITY SUMMARY 

Applied Testing & Geosciences, LLC



TABLES 



Sample 
Identification Matrix Sample Type Collection Date/ 

Time (mm/dd/yyyy)
PCB - 

Congeners
Total Suspended 

Solids
Total Organic 

Carbon

Analysis/Parameters/SDG

TABLE 1

SDG: 140-11768/140-11769
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING

SAMPLE SUMMARY



TABLE 2
BLANK RESULTS

LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING
SDG: 140-11768/140-11769



TABLE 2
BLANK RESULTS

LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING
SDG: 140-11768/140-11769



TABLE 2
BLANK RESULTS

LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING
SDG: 140-11768/140-11769



TABLE 2
BLANK RESULTS

LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING
SDG: 140-11768/140-11769



TABLE 2
BLANK RESULTS

LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING
SDG: 140-11768/140-11769

NOTES:



Client ID
Lab Sample ID
Sampling Date
Matrix
Dilution Factor
Unit
PCB Congeners-1668A-WATER

OU2A-18-0605 OU2AD-18-0605

TABLE 3
FIELD DUPLICATE RESULTS

SDG: 140-11768/140-11769
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING



Client ID
Lab Sample ID
Sampling Date
Matrix
Dilution Factor
Unit
PCB Congeners-1668A-WATER

OU2A-18-0605 OU2AD-18-0605

TABLE 3
FIELD DUPLICATE RESULTS

SDG: 140-11768/140-11769
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING



Client ID
Lab Sample ID
Sampling Date
Matrix
Dilution Factor
Unit
PCB Congeners-1668A-WATER

OU2A-18-0605 OU2AD-18-0605

TABLE 3
FIELD DUPLICATE RESULTS

SDG: 140-11768/140-11769
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING

NOTES:
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ATTACHMENT A 
Analytical Data 



Client ID
Lab Sample ID
Sampling Date
Matrix
Dilution Factor
Unit
PCB Congener-1668A

OU3-18-0607LW-18-0605 OU1-18-0605RBP-18-0605

TABLE A-1
ANALYTICAL RESULTS

SDG: 140-11768/140-11769
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING

MB 140-21568/9-A



Client ID
Lab Sample ID
Sampling Date
Matrix
Dilution Factor
Unit
PCB Congener-1668A

OU3-18-0607LW-18-0605 OU1-18-0605RBP-18-0605

TABLE A-1
ANALYTICAL RESULTS

SDG: 140-11768/140-11769
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING

MB 140-21568/9-A

NOTES:



Client ID
Lab Sample ID
Sampling Date
Matrix
Dilution Factor
Unit
PCB Congener-1668A

OU2B-18-0607 OU2C-18-0607

TABLE A-2
ANALYTICAL RESULTS

SDG: 140-11769
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING

OU2A-18-0605 OU2AD-18-0605 MB 140-21568/9-A



Client ID
Lab Sample ID
Sampling Date
Matrix
Dilution Factor
Unit
PCB Congener-1668A

OU2B-18-0607 OU2C-18-0607

TABLE A-2
ANALYTICAL RESULTS

SDG: 140-11769
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING

OU2A-18-0605 OU2AD-18-0605 MB 140-21568/9-A

NOTES:
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1.0  INTRODUCTION  
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3.2.2. Calibration 

3.2.3. Laboratory Blanks 

3.2.4. Lab Control Standards (LCS) 

3.2.5. Laboratory Duplicate Sample Analysis 



3.2.6. Matrix Spike/Matrix Spike Duplicate (MS/MSD) Samples 

3.2.7. Field QC Results 



4.0  DATA USABILITY SUMMARY 

Applied Testing & Geosciences, LLC



TABLES 



Sample 
Identification Matrix Sample Type Collection Date/ 

Time (mm/dd/yyyy)
PCB - 

Congeners
Total Suspended 

Solids
Total Organic 

Carbon

Analysis/Parameters/SDG

TABLE 1

SDG: 140-12088
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING

SAMPLE SUMMARY



TABLE 2
BLANK RESULTS

LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING
SDG: 140-12088



TABLE 2
BLANK RESULTS

LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING
SDG: 140-12088



TABLE 2
BLANK RESULTS

LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING
SDG: 140-12088



TABLE 2
BLANK RESULTS

LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING
SDG: 140-12088



TABLE 2
BLANK RESULTS

LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING
SDG: 140-12088

NOTES:



Client ID
Lab Sample ID
Sampling Date
Matrix
Dilution Factor
Unit
PCB Congeners-1668A-WATER

OU2B-18-0711 OU2BD-18-0711

TABLE 3
FIELD DUPLICATE RESULTS

SDG: 140-12088
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING



Client ID
Lab Sample ID
Sampling Date
Matrix
Dilution Factor
Unit
PCB Congeners-1668A-WATER

OU2B-18-0711 OU2BD-18-0711

TABLE 3
FIELD DUPLICATE RESULTS

SDG: 140-12088
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING



Client ID
Lab Sample ID
Sampling Date
Matrix
Dilution Factor
Unit
PCB Congeners-1668A-WATER

OU2B-18-0711 OU2BD-18-0711

TABLE 3
FIELD DUPLICATE RESULTS

SDG: 140-12088
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING

NOTES:
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ATTACHMENT A 
Analytical Data 



Client ID
Lab Sample ID
Sampling Date
Matrix
Dilution Factor
Unit
PCB Congener-1668A

OU2A-18-0710LW-18-0710 OU1-18-0710RBP-18-0710

TABLE A-1
ANALYTICAL RESULTS

SDG: 140-12088
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING

MB 140-22004/9-A



Client ID
Lab Sample ID
Sampling Date
Matrix
Dilution Factor
Unit
PCB Congener-1668A

OU2A-18-0710LW-18-0710 OU1-18-0710RBP-18-0710

TABLE A-1
ANALYTICAL RESULTS

SDG: 140-12088
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING

MB 140-22004/9-A

NOTES:



Client ID
Lab Sample ID
Sampling Date
Matrix
Dilution Factor
Unit
PCB Congener-1668A

OU2C-18-0711 OU3-18-0711

TABLE A-2
ANALYTICAL RESULTS

SDG: 140-12088
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING

OU2B-18-0711 OU2BD-18-0711 MB 140-22004/9-A



Client ID
Lab Sample ID
Sampling Date
Matrix
Dilution Factor
Unit
PCB Congener-1668A

OU2C-18-0711 OU3-18-0711

TABLE A-2
ANALYTICAL RESULTS

SDG: 140-12088
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING

OU2B-18-0711 OU2BD-18-0711 MB 140-22004/9-A

NOTES:
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1.0  INTRODUCTION  



2.0  POLYCHLORINATED BIPHENYLS (PCB) CONGENERS DATA 
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2.2. Compliance Assessment 

2.2.1. Holding Times/Preservation 
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2.2.3. Initial Calibration (ICAL)



2.2.4. Calibration Verification (CCAL) 
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2.2.7. Clean up Standards (Surrogates) 



2.2.8. Laboratory Control Sample 

2.2.9. Detection Limit Attainment 

2.2.10. Verification of Reported Results 

2.2.11. Field QC Results 





3.0  TOC AND TSS DATA 
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3.2.2. Calibration 
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3.2.4. Lab Control Standards (LCS) 

3.2.5. Laboratory Duplicate Sample Analysis 



3.2.6. Matrix Spike/Matrix Spike Duplicate (MS/MSD) Samples 

3.2.7. Field QC Results 



4.0  DATA USABILITY SUMMARY 

Applied Testing & Geosciences, LLC



TABLES 



Sample 
Identification Matrix Sample Type Collection Date/ 

Time (mm/dd/yyyy)
PCB - 

Congeners
Total Suspended 

Solids
Total Organic 

Carbon

Analysis/Parameters/SDG

TABLE 1

SDG: 140-12360/40173739
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING

SAMPLE SUMMARY



TABLE 2
BLANK RESULTS

LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING
SDG: 140-12360



TABLE 2
BLANK RESULTS

LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING
SDG: 140-12360



TABLE 2
BLANK RESULTS

LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING
SDG: 140-12360



TABLE 2
BLANK RESULTS

LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING
SDG: 140-12360



TABLE 2
BLANK RESULTS

LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING
SDG: 140-12360

NOTES:



Client ID
Lab Sample ID
Sampling Date
Matrix
Dilution Factor
Unit
PCB Congeners-1668A-WATER

TABLE 3
FIELD DUPLICATE RESULTS

SDG: 140-12360
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING

OU2C-18-0808 OU2CD-18-0808



Client ID
Lab Sample ID
Sampling Date
Matrix
Dilution Factor
Unit
PCB Congeners-1668A-WATER

TABLE 3
FIELD DUPLICATE RESULTS

SDG: 140-12360
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING

OU2C-18-0808 OU2CD-18-0808



Client ID
Lab Sample ID
Sampling Date
Matrix
Dilution Factor
Unit
PCB Congeners-1668A-WATER

TABLE 3
FIELD DUPLICATE RESULTS

SDG: 140-12360
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING

OU2C-18-0808 OU2CD-18-0808

NOTES:
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ATTACHMENT A 
Analytical Data 



Client ID
Lab Sample ID
Sampling Date
Matrix
Dilution Factor
Unit
PCB Congener-1668A

MB 140-22719/9-A

TABLE A-1
ANALYTICAL RESULTS

SDG: 140-12360
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING

OU2A-18-0807LW-18-0807 OU1-18-0807RBP-18-0807



Client ID
Lab Sample ID
Sampling Date
Matrix
Dilution Factor
Unit
PCB Congener-1668A

MB 140-22719/9-A

TABLE A-1
ANALYTICAL RESULTS

SDG: 140-12360
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING

OU2A-18-0807LW-18-0807 OU1-18-0807RBP-18-0807

NOTES:



Client ID
Lab Sample ID
Sampling Date
Matrix
Dilution Factor
Unit
PCB Congener-1668A

MB 140-22719/9-A

TABLE A-2
ANALYTICAL RESULTS

SDG: 140-12360
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING

OU2B-18-0808 OU2C-18-0808 OU2CD-18-0808 OU3-18-0808



Client ID
Lab Sample ID
Sampling Date
Matrix
Dilution Factor
Unit
PCB Congener-1668A

MB 140-22719/9-A

TABLE A-2
ANALYTICAL RESULTS

SDG: 140-12360
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING

OU2B-18-0808 OU2C-18-0808 OU2CD-18-0808 OU3-18-0808

NOTES:
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ATTACHMENTS 



1.0  INTRODUCTION  



2.0  POLYCHLORINATED BIPHENYLS (PCB) CONGENERS DATA 

2.1. Completeness Assessment 

2.2. Compliance Assessment 

2.2.1. Holding Times/Preservation 

2.2.2. Gas Chromatography/Mass Spectrometry (GC/MS) Performance Check 

2.2.3. Initial Calibration (ICAL)



2.2.4. Calibration Verification (CCAL) 

2.2.5. Laboratory Blanks 

2.2.6. C-13 Labeled Internal Standard Recoveries 

2.2.7. Clean up Standards (Surrogates) 



2.2.8. Laboratory Control Sample 

2.2.9. Detection Limit Attainment 

2.2.10. Verification of Reported Results 

2.2.11. Field QC Results 





3.0  TOC AND TSS DATA 

3.1. Completeness Assessment 

3.2. Compliance Assessment 

3.2.1. Holding Time/Preservation 

3.2.2. Calibration 

3.2.3. Laboratory Blanks 

3.2.4. Lab Control Standards (LCS) 

3.2.5. Laboratory Duplicate Sample Analysis 



3.2.6. Matrix Spike/Matrix Spike Duplicate (MS/MSD) Samples 

3.2.7. Field QC Results 



4.0  DATA USABILITY SUMMARY 

Applied Testing & Geosciences, LLC



TABLES 



Sample 
Identification Matrix Sample Type Collection Date/ 

Time (mm/dd/yyyy)
PCB - 

Congeners
Total Suspended 

Solids
Total Organic 

Carbon

Analysis/Parameters/SDG

TABLE 1

SDG: 140-12698/40175783
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING

SAMPLE SUMMARY



TABLE 2
BLANK RESULTS

LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING
SDG: 140-12698



TABLE 2
BLANK RESULTS

LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING
SDG: 140-12698



TABLE 2
BLANK RESULTS

LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING
SDG: 140-12698



TABLE 2
BLANK RESULTS

LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING
SDG: 140-12698



TABLE 2
BLANK RESULTS

LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING
SDG: 140-12698

NOTES:



Client ID
Lab Sample ID
Sampling Date
Matrix
Dilution Factor
Unit
PCB Congeners-1668A-WATER

TABLE 3
FIELD DUPLICATE RESULTS

SDG: 140-12698
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING

OU3-18-0912 OU3D-18-0912



Client ID
Lab Sample ID
Sampling Date
Matrix
Dilution Factor
Unit
PCB Congeners-1668A-WATER

TABLE 3
FIELD DUPLICATE RESULTS

SDG: 140-12698
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING

OU3-18-0912 OU3D-18-0912



Client ID
Lab Sample ID
Sampling Date
Matrix
Dilution Factor
Unit
PCB Congeners-1668A-WATER

TABLE 3
FIELD DUPLICATE RESULTS

SDG: 140-12698
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING

OU3-18-0912 OU3D-18-0912

NOTES:
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ATTACHMENT A 
Analytical Data 



Client ID
Lab Sample ID
Sampling Date
Matrix
Dilution Factor
Unit
PCB Congener-1668A

MB 140-23919/9-A

TABLE A-1
ANALYTICAL RESULTS

SDG: 140-12698
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING

OU2A-18-0911LW-18-0911 OU1-18-0911RBP-18-0911



Client ID
Lab Sample ID
Sampling Date
Matrix
Dilution Factor
Unit
PCB Congener-1668A

MB 140-23919/9-A

TABLE A-1
ANALYTICAL RESULTS

SDG: 140-12698
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING

OU2A-18-0911LW-18-0911 OU1-18-0911RBP-18-0911

NOTES:



Client ID
Lab Sample ID
Sampling Date
Matrix
Dilution Factor
Unit
PCB Congener-1668A

MB 140-23919/9-A

TABLE A-2
ANALYTICAL RESULTS

SDG: 140-12698
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING
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1.0  INTRODUCTION  
The Long-Term Monitoring Plan (LTMP) describes a monitoring plan for sampling and 

analysis of the sediments in the Lower Fox River to evaluate the effectiveness of Natural 

Recovery (the Monitored Natural Recovery (MNR) Program). Natural recovery of the river 

system was determined to be necessary, even after the Remedial Action is deemed 

complete, to achieve Remedial Action Objectives. The human and ecological receptors 

exposed to bioaccumulation pathways are the most sensitive endpoints for monitoring risk 

reduction success. Fish tissue concentrations are monitored throughout the Operable Units 

(OUs) and Lake Winnebago and compared to levels below which human fish consumption 

advisories may be relaxed or eliminated, and target Remedial Goals for ecological risk are 

being addressed. Fish tissue samples for the are collected from five fish species, which 

include a primary and secondary species for monitoring human health risk (walleye and 

bass, respectively) a primary and secondary species for monitoring ecological risk (carp and 

drum, respectively), and a young-of-year (YOY) forage fish to provide an early indication of 

ecosystem recovery (gizzard shad).

Analytical results for 253 fish tissue samples from Lake Winnebago, OU1, OU2A, OU2B, OU2C, 

and OU3 were collected From August 24 through September 19, 2018 and placed on ice.  

Samples were subsequently selected for compositing and analysis and submitted to Pace 

Analytical for preparation and analysis.  The frozen samples were received by the laboratory 

from November 1, 2018 through November 6, 2018 and placed into 6 analytical batches.

The analytical data have been evaluated using the methodologies and practices of

Environmental Protection Agency (EPA) guidance documents: 

 "National Functional Guidelines for Organic Data Review", dated October 1999, EPA-
540/R-99/008; 

 "National Functional Guidelines for Organic Superfund Methods Data Review", dated 
January 2017, EPA-540/R-2017/002;

The Quality Assurance Project Plan titled “Final Quality Assurance Project Plan for Remedial

Action of Operable Units 2, 3 ,4 and 5 Lower Fox River and Green Bay Site Brown, Outagamie

and Winnebago Counties, Wisconsin; July 2016 Revision 2" was used as the primary criteria in 

the assessment of the data with the project data quality objectives.

The specific calibration and laboratory QC check requirements contained in the cited analytical

reference methods were used in the assessment of the data for compliance with analytical
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accuracy and precision. The review was based on the data package supplied by the analytical

laboratory, Pace, located in Green Bay, Wisconsin.

As per the QAPP, 10% of the sample data collected in this sampling event required validated.  

Analytical data from each data package were chosen for analysis. Sample identification 

numbers are assigned per sampling event; sample IDs, along with sample dates and Sample 

Delivery Group numbers, are provided in Table 1.
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2.0  POLYCHLORINATED BIPHENYLS (PCB) AROCLOR DATA
Pace utilized the Fox River Modified 8082 Method for analysis of PCBs (Aroclors). No 

significant deviations from this method were apparent from the documentation reviewed. No 

action was needed to qualify sample data.

2.1. Completeness Assessment

The Pace data packages (40178795, 40178884, 40178893, 40178964, 40179038, 40179058)

received was complete. Both individual samples (smallmouth bass and walleye) and composite 

samples (carp, drum, gizzard shad) were collected.  The composite samples were created in

accordance with instructions.  The sample data did not require qualification. 

2.2. Compliance Assessment

2.2.1. Holding Times/Preservation

All samples for PCBs were received frozen and on ice.  No notations of receipt temperature 

outside of the EPA recommended range of 2 to 6 degrees Celsius (°C) were noted for the 

samples. The sample data did not require qualification, as the cooler temperature did not result 

in loss/gain of PCBs and the sample containers were not frozen or leaking.

All fish tissue samples were kept frozen until prepared and extracted. After extraction all

samples were analyzed within 40 days.  Sample data does not require qualification. 

2.2.2. Initial Calibration (ICAL)

Several five-point initial calibration curves applicable to the samples for Aroclors 1016, 1248, 

1254, and 1260 were analyzed on instruments 40GCSB on December 11, 2018 and 40GCSC 

on January 4, 2019.  The relative standard deviation (RSD) values measured for each peak 

were less than the 20% data validation criteria. Sample data does not require qualification. 

2.2.3. Calibration Verification (CCAL)

The required method frequency of calibration verification was met. Percent deviations for all 

targetanalytes was less than 15%. Sample data does not require qualification. 

2.2.4. Laboratory Blanks

One laboratory blank was prepared and extracted with each preparation batch that included the 

project samples. PCB Aroclors were not detected in any of the method blanks.  Sample data

does not require qualification. 



12401 Lower Fox River – Data Validation 2018 Fish Tissue

                                                                           4                                                            

2.2.5. Surrogate Standards

Two surrogates were added to every project sample, lab blank, and quality control sample.  

Recoveries were all within the control limits specified by the laboratory with the following 

exceptions:

For OU3-18-WA-10, the surrogate recovery of tetrachloro-m-xylene was 57%, just below 
the control limits of 61% to 120%. The recovery of Decachlorobiphenyl was within the 
control limits of 63% to 113%.  In accordance with data validation guidelines, 
qualification based upon surrogate recoveries is subject to professional judgment. 

No action was required to qualifysample data. 

2.2.6. Laboratory Control Sample

One Laboratory Control Sample containing Aroclor 1254 at 250 ug/kg was prepared and

analyzed with each preparation batch associated with the project samples. All recoveries 

measured in the Laboratory Control Sample were within the project limits of 68% - 120%. No 

action was required to qualify sample data based on Laboratory Control Sample recoveries.

2.2.7. Matrix Spike/Matrix Duplicate Sample

One Matrix Spike (MS) sample containing Aroclor 1254 at 1000 ug/kg was prepared and

analyzed with each preparation batch associated with the project samples. All recoveries 

measured in the MS samples were within the method limits of 64% - 120. No action was

required to qualify sample data based on MS recoveries.

One Matrix Spike Duplicate (MSD) sample containing Aroclor 1254 at 1000 ug/kg was prepared

and analyzed with each preparation batch associated with the project samples.  All recoveries 

measured in the MSD samples were within the method limits of 64% - 120.  The precision 

criteria of less than 28% was achieved for MS/MSD samples. No action was required to qualify 

sample data based on MSD results.  

2.2.8. Detection Limit Attainment

The Reporting Limits as listed in Worksheet # 15 of the QAPP were attained in all samples.  

Some samples exhibited concentrations that exceeded the upper calibration standard and

therefore required dilution.

2.2.9. Verification of Reported Target Compound Results

No reporting errors were detected. Reported concentrations were checked. Some QC sample 

results such as percent recovery and RSD were recalculated. No discrepancies that were not 

due to differences in lab instrument software and the validator's calculator significant 
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figure/rounding protocols were found in QC sample results.

Based upon review of previous validation reports, it was determined that quantitation is reported 

from the primary column and the secondary column is solely used for confirmation.  

Consequently, although reported, the percent difference values between the primary and 

secondary columns were not evaluated and qualification to sample results was not made for 

percent differences exceeding 25%. 

2.3. Field QC Results

No field duplicates or field blanks/background fish were identified as collected with the project 

samples. No action was taken to qualify sample data.   
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3.0  PERCENT LIPID

Fish sample lipid results were determined in accordance with QAPP Pace method 

“Determination of Lipids in Tissues, Fats and Plants.” No significant deviations from this 

reference method were apparent from the documentation reviewed. No action was needed to 

qualify sample data. 

3.1 Completeness Assessment

The data packages received for percent lipids were complete. All samples submitted to the 

laboratory were extracted and analyzed.

3.2. Compliance Assessment

3.2.1. Holding Time/Preservation

All samples for lipids were received on ice/frozen. No action was needed to qualify sample data. 

The samples were kept frozen until the time of extraction.  Consequently, no holding time 

exceedances occurred. No action was needed to qualify sample data.

3.2.2. Method Blanks

Method blanks (sample glassware and solvent) did not contain detectable lipid. No action was 

needed to qualify sample data.

3.2.3. Sample Duplicates

A laboratory duplicate was prepared for every batch of 20 samples dried. RPD values were all 

less than the data validation and Pace limits of < 20% RPD and ranged from 0-20%. No action 

was needed to qualify sample data.

3.2.4. Verification of Reported Results

Reported sample percent lipids and laboratory duplicate RPD values were recalculated to check 

for accuracy. No discrepancies that were not due to differences in lab instrument software and 

the validator's calculator significant figure/rounding protocols were found.

3.3. Field QC Results

No field duplicates or field blanks/background fish were identified as collected with the project 

samples. No action was taken to qualify sample data. 
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4.0 DATA USABILITY SUMMARY

Data qualifiers that have been applied by the validator beyond those applied by the laboratory 

are shown in Table 2.  For this sampling event, no qualification of sample results was performed

for PCB Aroclors as it was not required. 

Unless identified as invalid with an “R” qualifier, all data are acceptable for use. None of the 

sample results for this sampling event were rejected and 100% of the data are deemed usable. 

PCB data qualified with a “J” qualifier are still valid for use but are associated with exceedances 

of minor quality control and quantitation/identification criteria. The Tables in Attachment A 

indicate present sample results for the fish tissue samples. 

If you have any questions regarding the qualification of data or the data validation

process/criteria used, please contact Lori Anne Hendel at (904) 742-1781. 

Sincerely,

Applied Testing & Geosciences, LLC

Lori Anne Hendel 
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TABLES



Sample 
Identification

Laboratory 
Sample ID

Matrix 
(Fish Type) Sample Type

Collection 
Date/ Time 

(mm/dd/yyyy)
PCB - Aroclors Percent Lipid

LW-18-CA-C1 40179038013 Carp Composite (a) NR 40179038 40179038
LW-18-CA-C2 40179038014 Carp Composite (a) NR 40179038 40179038
LW-18-CA-C3 40179038015 Carp Composite (a) NR 40179038 40179038
LW-18-CA-C4 40179038016 Carp Composite (a) NR 40179038 40179038
LW-18-CA-C5 40179038017 Carp Composite (a) NR 40179038 40179038
LW-18-CA-C6 40179038018 Carp Composite (a) NR 40179038 40179038
LW-18-CA-C7 40179038019 Carp Composite (a) NR 40179038 40179038
LW-18-DR-C1 40179038020 Drum Composite (a) NR 40179038 40179038
LW-18-DR-C2 40179038021 Drum Composite (a) NR 40179038 40179038
LW-18-DR-C3 40179038022 Drum Composite (a) NR 40179038 40179038
LW-18-DR-C4 40179038023 Drum Composite (a) NR 40179038 40179038
LW-18-DR-C5 40179038024 Drum Composite (a) NR 40179038 40179038
LW-18-GS-C1 40179038031 Gizzard Shad Composite (a) NR 40179038 40179038
LW-18-GS-C2 40179038032 Gizzard Shad Composite (a) NR 40179038 40179038
LW-18-GS-C3 40179038033 Gizzard Shad Composite (a) NR 40179038 40179038
LW-18-GS-C4 40179038034 Gizzard Shad Composite (a) NR 40179038 40179038
LW-18-GS-C5 40179038035 Gizzard Shad Composite (a) NR 40179038 40179038
LW-18-SB-01 40179038029 Smallmouth Bass Individual (b) 9/17/2018 40179038 40179038
LW-18-SB-02 40179038027 Smallmouth Bass Individual (b) 9/17/2018 40179038 40179038
LW-18-SB-03 40179038026 Smallmouth Bass Individual (b) 9/17/2018 40179038 40179038
LW-18-SB-04 40179038030 Smallmouth Bass Individual (b) 9/20/2018 40179038 40179038
LW-18-SB-05 40179038025 Smallmouth Bass Individual (b) 9/20/2018 40179038 40179038
LW-18-SB-06 40179038028 Smallmouth Bass Individual (b) 9/20/2018 40179038 40179038
LW-18-WA-01 40179038037 Walleye Individual (b) 8/21/2018 40179038 40179038
LW-18-WA-04 40179038012 Walleye Individual (b) 8/21/2018 40179038 40179038
LW-18-WA-06 40179038001 Walleye Individual (b) 8/21/2018 40179038 40179038
LW-18-WA-08 40179038008 Walleye Individual (b) 8/21/2018 40179038 40179038
LW-18-WA-09 40179038003 Walleye Individual (b) 8/21/2018 40179038 40179038
LW-18-WA-10 40179038011 Walleye Individual (b) 8/21/2018 40179038 40179038
LW-18-WA-12 40179038002 Walleye Individual (b) 8/21/2018 40179038 40179038
LW-18-WA-13 40179038004 Walleye Individual (b) 8/21/2018 40179038 40179038
LW-18-WA-14 40179038036 Walleye Individual (b) 8/21/2018 40179038 40179038
LW-18-WA-15 40179038005 Walleye Individual (b) 8/21/2018 40179038 40179038
LW-18-WA-16 40179038006 Walleye Individual (b) 8/21/2018 40179038 40179038
LW-18-WA-17 40179038007 Walleye Individual (b) 8/21/2018 40179038 40179038
LW-18-WA-18 40179038010 Walleye Individual (b) 9/17/2018 40179038 40179038
LW-18-WA-19 40179038009 Walleye Individual (b) 9/17/2018 40179038 40179038
LW-18-WA-20 40179038038 Walleye Individual (b) 9/17/2018 40179038 40179038

(a) Composite samples consist of one or several  homogenized whole fish samples.
(b) Individual samples are single fish analyzed as skin-on fillet.
NR - date not recorded on Chain-of-Custody

TABLE 1
SAMPLE SUMMARY

SDG: 40179038
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING

Analysis/Parameters/SDG



Sample 
Identification

Laboratory 
Sample ID

Matrix 
(Fish Type) Sample Type

Collection 
Date/ Time 

(mm/dd/yyyy)
PCB - Aroclors Percent Lipid

OU1-18-CA-C1 40179058013 Carp Composite (a) NR 40179058 40179058
OU1-18-CA-C2 40179058014 Carp Composite (a) NR 40179058 40179058
OU1-18-CA-C3 40179058015 Carp Composite (a) NR 40179058 40179058
OU1-18-CA-C4 40179058016 Carp Composite (a) NR 40179058 40179058
OU1-18-CA-C5 40179058017 Carp Composite (a) NR 40179058 40179058
OU1-18-CA-C6 40179058018 Carp Composite (a) NR 40179058 40179058
OU1-18-CA-C7 40179058019 Carp Composite (a) NR 40179058 40179058
OU1-18-CA-C8 40179058020 Carp Composite (a) NR 40179058 40179058
OU1-18-DR-C1 40179058021 Drum Composite (a) NR 40179058 40179058
OU1-18-DR-C2 40179058022 Drum Composite (a) NR 40179058 40179058
OU1-18-DR-C3 40179058023 Drum Composite (a) NR 40179058 40179058
OU1-18-DR-C4 40179058024 Drum Composite (a) NR 40179058 40179058
OU1-18-DR-C5 40179058047 Drum Composite (a) NR 40179058 40179058
OU1-18-GS-C1 40179058040 Gizzard Shad Composite (a) 9/17/2018 40179058 40179058
OU1-18-GS-C2 40179058041 Gizzard Shad Composite (a) 9/17/2018 40179058 40179058
OU1-18-GS-C3 40179058042 Gizzard Shad Composite (a) 9/17/2018 40179058 40179058
OU1-18-GS-C4 40179058043 Gizzard Shad Composite (a) 9/17/2018 40179058 40179058
OU1-18-GS-C5 40179058044 Gizzard Shad Composite (a) 9/17/2018 40179058 40179058
OU1-18-GS-C6 40179058045 Gizzard Shad Composite (a) 9/17/2018 40179058 40179058
OU1-18-GS-C7 40179058046 Gizzard Shad Composite (a) 9/17/2018 40179058 40179058
OU1-18-SB-01 40179058038 Smallmouth Bass Individual (b) NR 40179058 40179058
OU1-18-SB-02 40179058030 Smallmouth Bass Individual (b) 9/22/2018 40179058 40179058
OU1-18-SB-04 40179058033 Smallmouth Bass Individual (b) 9/23/2018 40179058 40179058
OU1-18-SB-05 40179058027 Smallmouth Bass Individual (b) 9/22/2018 40179058 40179058
OU1-18-SB-07 40179058029 Smallmouth Bass Individual (b) 9/22/2018 40179058 40179058
OU1-18-SB-09 40179058036 Smallmouth Bass Individual (b) 9/22/2018 40179058 40179058
OU1-18-SB-10 40179058028 Smallmouth Bass Individual (b) 9/23/2018 40179058 40179058
OU1-18-SB-12 40179058035 Smallmouth Bass Individual (b) 9/23/2018 40179058 40179058
OU1-18-SB-14 40179058032 Smallmouth Bass Individual (b) 9/23/2018 40179058 40179058
OU1-18-SB-15 40179058031 Smallmouth Bass Individual (b) 9/23/2018 40179058 40179058
OU1-18-SB-17 40179058034 Smallmouth Bass Individual (b) 9/23/2018 40179058 40179058
OU1-18-SB-21 40179058037 Smallmouth Bass Individual (b) NR 40179058 40179058
OU1-18-SB-22 40179058026 Smallmouth Bass Individual (b) 9/23/2018 40179058 40179058
OU1-18-SB-25 40179058025 Smallmouth Bass Individual (b) 9/23/2018 40179058 40179058
OU1-18-SB-29 40179058039 Smallmouth Bass Individual (b) NR 40179058 40179058
OU1-18-WA-01 40179058001 Walleye Individual (b) 9/22/2018 40179058 40179058
OU1-18-WA-01ALT 40179058008 Walleye Individual (b) 9/22/2018 40179058 40179058
OU1-18-WA-02 40179058002 Walleye Individual (b) 9/22/2018 40179058 40179058
OU1-18-WA-02ALT 40179058009 Walleye Individual (b) 9/22/2018 40179058 40179058
OU1-18-WA-03 40179058003 Walleye Individual (b) NR 40179058 40179058
OU1-18-WA-03ALT 40179058010 Walleye Individual (b) 9/22/2018 40179058 40179058
OU1-18-WA-04 40179058004 Walleye Individual (b) 9/22/2018 40179058 40179058
OU1-18-WA-04ALT 40179058011 Walleye Individual (b) 9/22/2018 40179058 40179058
OU1-18-WA-05 40179058005 Walleye Individual (b) 9/23/2018 40179058 40179058
OU1-18-WA-05ALT 40179058012 Walleye Individual (b) 9/23/2018 40179058 40179058
OU1-18-WA-06 40179058006 Walleye Individual (b) 9/23/2018 40179058 40179058
OU1-18-WA-07 40179058007 Walleye Individual (b) 9/23/2018 40179058 40179058

(a) Composite samples consist of one or several  homogenized whole fish samples.
(b) Individual samples are single fish analyzed as skin-on fillet.
NR - date not recorded on Chain-of-Custody

TABLE 1
SAMPLE SUMMARY

SDG: 40179058
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING

Analysis/Parameters/SDG



Sample 
Identification

Laboratory 
Sample ID

Matrix 
(Fish Type) Sample Type

Collection Date/ 
Time 

(mm/dd/yyyy)
PCB - Aroclors Percent Lipid

OU2A-18-CA-C1 40178964010 Carp Composite (a) NR 40178964 40178964
OU2A-18-CA-C2 40178964011 Carp Composite (a) NR 40178964 40178964
OU2A-18-CA-C3 40178964012 Carp Composite (a) NR 40178964 40178964
OU2A-18-CA-C4 40178964059 Carp Composite (a) NR 40178964 40178964
OU2A-18-CA-C5 40178964060 Carp Composite (a) NR 40178964 40178964
OU2A-18-CA-C6 40178964013 Carp Composite (a) NR 40178964 40178964
OU2A-18-CA-C7 40178964014 Carp Composite (a) NR 40178964 40178964
OU2A-18-DR-C1 40178964061 Drum Composite (a) NR 40178964 40178964
OU2A-18-DR-C2 40178964062 Drum Composite (a) NR 40178964 40178964
OU2A-18-DR-C3 40178964063 Drum Composite (a) NR 40178964 40178964
OU2A-18-DR-C4 40178964064 Drum Composite (a) NR 40178964 40178964
OU2A-18-DR-C5 40178964065 Drum Composite (a) NR 40178964 40178964
OU2A-18-GS-C1 40178964008 Gizzard Shad Composite (a) NR 40178964 40178964
OU2A-18-GS-C2 40178964009 Gizzard Shad Composite (a) NR 40178964 40178964
OU2A-18-SB-01 40178964017 Smallmouth Bass Individual (b) NR 40178964 40178964
OU2A-18-SB-02 40178964023 Smallmouth Bass Individual (b) NR 40178964 40178964
OU2A-18-SB-03 40178964029 Smallmouth Bass Individual (b) NR 40178964 40178964
OU2A-18-SB-04 40178964019 Smallmouth Bass Individual (b) NR 40178964 40178964
OU2A-18-SB-06 40178964022 Smallmouth Bass Individual (b) NR 40178964 40178964
OU2A-18-SB-07 40178964015 Smallmouth Bass Individual (b) NR 40178964 40178964
OU2A-18-SB-08 40178964020 Smallmouth Bass Individual (b) NR 40178964 40178964
OU2A-18-SB-09 40178964024 Smallmouth Bass Individual (b) NR 40178964 40178964
OU2A-18-SB-11 40178964021 Smallmouth Bass Individual (b) NR 40178964 40178964
OU2A-18-SB-12 40178964025 Smallmouth Bass Individual (b) NR 40178964 40178964
OU2A-18-SB-13 40178964026 Smallmouth Bass Individual (b) NR 40178964 40178964
OU2A-18-SB-14 40178964016 Smallmouth Bass Individual (b) NR 40178964 40178964
OU2A-18-SB-15 40178964018 Smallmouth Bass Individual (b) NR 40178964 40178964
OU2A-18-SB-16 40178964028 Smallmouth Bass Individual (b) NR 40178964 40178964
OU2A-18-SB-17 40178964027 Smallmouth Bass Individual (b) NR 40178964 40178964
OU2A-18-WA-01 40178964001 Walleye Individual (b) NR 40178964 40178964
OU2A-18-WA-01ALT 40178964007 Walleye Individual (b) NR 40178964 40178964
OU2A-18-WA-02 40178964002 Walleye Individual (b) NR 40178964 40178964
OU2A-18-WA-03 40178964003 Walleye Individual (b) NR 40178964 40178964
OU2A-18-WA-04 40178964004 Walleye Individual (b) NR 40178964 40178964
OU2A-18-WA-05 40178964005 Walleye Individual (b) NR 40178964 40178964
OU2A-18-WA-06 40178964006 Walleye Individual (b) NR 40178964 40178964

(a) Composite samples consist of one or several  homogenized whole fish samples.
(b) Individual samples are single fish analyzed as skin-on fillet.
NR - date not recorded on Chain-of-Custody

TABLE 1
SAMPLE SUMMARY

SDG: 40178964
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING

Analysis/Parameters/SDG



Sample 
Identification

Laboratory 
Sample ID

Matrix 
(Fish Type) Sample Type

Collection Date/ 
Time 

(mm/dd/yyyy)

PCB - 
Aroclors

Percent 
Lipid

OU2B-18-CA-C1 40178884010 Carp Composite (a) 9/18/2018 40178884 40178884
OU2B-18-CA-C2 40178884011 Carp Composite (a) 9/18/2018 40178884 40178884
OU2B-18-CA-C3 40178884012 Carp Composite (a) 9/18/2018 40178884 40178884
OU2B-18-CA-C4 40178884013 Carp Composite (a) 9/18/2018 40178884 40178884
OU2B-18-CA-C5 40178884014 Carp Composite (a) 9/18/2018 40178884 40178884
OU2B-18-CA-C6 40178884015 Carp Composite (a) 9/18/2018 40178884 40178884
OU2B-18-CA-C7 40178884016 Carp Composite (a) 9/18/2018 40178884 40178884
OU2B-18-DR-C1 40178884017 Drum Composite (a) 9/18/2018 40178884 40178884
OU2B-18-DR-C2 40178884018 Drum Composite (a) 9/18/2018 40178884 40178884
OU2B-18-DR-C3 40178884019 Drum Composite (a) 9/18/2018 40178884 40178884
OU2B-18-DR-C4 40178884020 Drum Composite (a) 9/18/2018 40178884 40178884
OU2B-18-DR-C5 40178884021 Drum Composite (a) 9/18/2018 40178884 40178884
OU2B-18-GS-C1 40178884007 Gizzard Shad Composite (a) 8/24/2018 40178884 40178884
OU2B-18-GS-C2 40178884008 Gizzard Shad Composite (a) 9/19/2018 40178884 40178884
OU2B-18-GS-C3 40178884009 Gizzard Shad Composite (a) 9/18/2018 40178884 40178884
OU2B-18-SB-01 40178884030 Smallmouth Bass Individual (b) 8/24/2018 40178884 40178884
OU2B-18-SB-02 40178884033 Smallmouth Bass Individual (b) NR 40178884 40178884
OU2B-18-SB-04 40178884026 Smallmouth Bass Individual (b) 8/24/2018 40178884 40178884
OU2B-18-SB-06 40178884034 Smallmouth Bass Individual (b) 8/24/2018 40178884 40178884
OU2B-18-SB-08 40178884032 Smallmouth Bass Individual (b) 8/24/2018 40178884 40178884
OU2B-18-SB-09 40178884031 Smallmouth Bass Individual (b) 8/24/2018 40178884 40178884
OU2B-18-SB-12 40178884023 Smallmouth Bass Individual (b) 8/24/2018 40178884 40178884
OU2B-18-SB-14 40178884029 Smallmouth Bass Individual (b) 8/24/2018 40178884 40178884
OU2B-18-SB-17 40178884035 Smallmouth Bass Individual (b) 8/24/2018 40178884 40178884
OU2B-18-SB-18 40178884027 Smallmouth Bass Individual (b) 8/24/2018 40178884 40178884
OU2B-18-SB-21 40178884025 Smallmouth Bass Individual (b) 8/24/2018 40178884 40178884
OU2B-18-SB-22 40178884024 Smallmouth Bass Individual (b) 8/24/2018 40178884 40178884
OU2B-18-SB-23 40178884028 Smallmouth Bass Individual (b) 8/24/2018 40178884 40178884
OU2B-18-SB-27 40178884022 Smallmouth Bass Individual (b) 8/25/2018 40178884 40178884
OU2B-18-SB-28 40178884036 Smallmouth Bass Individual (b) 9/19/2018 40178884 40178884
OU2B-18-WA-01 40178884001 Walleye Individual (b) 8/24/2018 40178884 40178884
OU2B-18-WA-02 40178884002 Walleye Individual (b) 8/24/2018 40178884 40178884
OU2B-18-WA-03 40178884003 Walleye Individual (b) 8/24/2018 40178884 40178884
OU2B-18-WA-04 40178884004 Walleye Individual (b) 9/19/2018 40178884 40178884
OU2B-18-WA-05 40178884005 Walleye Individual (b) 9/19/2018 40178884 40178884
OU2B-18-WA-06 40178884006 Walleye Individual (b) 9/19/2018 40178884 40178884

(a) Composite samples consist of one or several  homogenized whole fish samples.
(b) Individual samples are single fish analyzed as skin-on fillet.
NR - date not recorded on Chain-of-Custody

TABLE 1

LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING

Analysis/Parameters/SDG

SDG: 40178884
SAMPLE SUMMARY



Sample 
Identification

Laboratory 
Sample ID

Matrix 
(Fish Type) Sample Type

Collection 
Date/ Time 

(mm/dd/yyyy)

PCB - 
Aroclors Percent Lipid

OU2C-18-CA-C1 40178893016 Carp Composite (a) NR 40178893 40178893
OU2C-18-CA-C2 40178893017 Carp Composite (a) NR 40178893 40178893
OU2C-18-CA-C3 40178893018 Carp Composite (a) NR 40178893 40178893
OU2C-18-CA-C4 40178893019 Carp Composite (a) NR 40178893 40178893
OU2C-18-CA-C5 40178893020 Carp Composite (a) NR 40178893 40178893
OU2C-18-CA-C6 40178893021 Carp Composite (a) NR 40178893 40178893
OU2C-18-CA-C7 40178893022 Carp Composite (a) NR 40178893 40178893
OU2C-18-DR-C1 40178893028 Drum Composite (a) NR 40178893 40178893
OU2C-18-DR-C2 40178893029 Drum Composite (a) NR 40178893 40178893
OU2C-18-DR-C3 40178893030 Drum Composite (a) NR 40178893 40178893
OU2C-18-DR-C4 40178893031 Drum Composite (a) NR 40178893 40178893
OU2C-18-DR-C5 40178893032 Drum Composite (a) NR 40178893 40178893
OU2C-18-GS-C1 40178893023 Gizzard Shad Composite (a) NR 40178893 40178893
OU2C-18-GS-C2 40178893024 Gizzard Shad Composite (a) 9/19/2018 40178893 40178893
OU2C-18-GS-C3 40178893025 Gizzard Shad Composite (a) NR 40178893 40178893
OU2C-18-GS-C4 40178893026 Gizzard Shad Composite (a) 9/19/2018 40178893 40178893
OU2C-18-GS-C5 40178893027 Gizzard Shad Composite (a) 9/19/2018 40178893 40178893
OU2C-18-SB-01 40178893044 Smallmouth Bass Individual (b) NR 40178893 40178893
OU2C-18-SB-02 40178893047 Smallmouth Bass Individual (b) NR 40178893 40178893
OU2C-18-SB-03 40178893036 Smallmouth Bass Individual (b) NR 40178893 40178893
OU2C-18-SB-04 40178893033 Smallmouth Bass Individual (b) NR 40178893 40178893
OU2C-18-SB-06 40178893040 Smallmouth Bass Individual (b) NR 40178893 40178893
OU2C-18-SB-09 40178893034 Smallmouth Bass Individual (b) 8/25/2018 40178893 40178893
OU2C-18-SB-10 40178893035 Smallmouth Bass Individual (b) 8/25/2018 40178893 40178893
OU2C-18-SB-11 40178893037 Smallmouth Bass Individual (b) NR 40178893 40178893
OU2C-18-SB-12 40178893041 Smallmouth Bass Individual (b) 8/25/2018 40178893 40178893
OU2C-18-SB-13 40178893038 Smallmouth Bass Individual (b) 8/25/2018 40178893 40178893
OU2C-18-SB-14 40178893039 Smallmouth Bass Individual (b) 8/25/2018 40178893 40178893
OU2C-18-SB-15 40178893042 Smallmouth Bass Individual (b) 8/25/2018 40178893 40178893
OU2C-18-SB-16 40178893046 Smallmouth Bass Individual (b) 8/25/2018 40178893 40178893
OU2C-18-SB-17 40178893043 Smallmouth Bass Individual (b) 8/25/2018 40178893 40178893
OU2C-18-SB-18 40178893045 Smallmouth Bass Individual (b) 8/25/2018 40178893 40178893
OU2C-18-WA-01 40178893001 Walleye Individual (b) 8/25/2018 40178893 40178893
OU2C-18-WA-02 40178893002 Walleye Individual (b) 8/25/2018 40178893 40178893
OU2C-18-WA-04 40178893004 Walleye Individual (b) 8/25/2018 40178893 40178893
OU2C-18-WA-05 40178893005 Walleye Individual (b) 8/25/2018 40178893 40178893
OU2C-18-WA-06 40178893006 Walleye Individual (b) 8/25/2018 40178893 40178893
OU2C-18-WA-07 40178893007 Walleye Individual (b) 8/25/2018 40178893 40178893
OU2C-18-WA-08 40178893008 Walleye Individual (b) 8/25/2018 40178893 40178893
OU2C-18-WA-09 40178893009 Walleye Individual (b) 8/25/2018 40178893 40178893
OU2C-18-WA-10 40178893010 Walleye Individual (b) 8/27/2018 40178893 40178893
OU2C-18-WA-11 40178893011 Walleye Individual (b) 8/27/2018 40178893 40178893
OU2C-18-WA-12 40178893012 Walleye Individual (b) 8/27/2018 40178893 40178893
OU2C-18-WA-13 40178893013 Walleye Individual (b) 8/27/2018 40178893 40178893
OU2C-18-WA-14 40178893014 Walleye Individual (b) 8/27/2018 40178893 40178893
OU2C-18-WA-15 40178893015 Walleye Individual (b) 8/27/2018 40178893 40178893
OU2C-18-WA-16 40178893003 Walleye Individual (b) 9/19/2018 40178893 40178893

(a) Composite samples consist of one or several  homogenized whole fish samples.
(b) Individual samples are single fish analyzed as skin-on fillet.
NR - date not recorded on Chain-of-Custody

TABLE 1
SAMPLE SUMMARY

SDG: 40178893
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING

Analysis/Parameters/SDG



Sample 
Identification

Laboratory 
Sample ID

Matrix 
(Fish Type) Sample Type

Collection 
Date/ Time 

(mm/dd/yyyy)
PCB - Aroclors Percent Lipid

OU3-18-CA-C1 40178795016 Carp Composite (a) 9/19/2018 40178795 40178795
OU3-18-CA-C2 40178795017 Carp Composite (a) 9/19/2018 40178795 40178795
OU3-18-CA-C3 40178795018 Carp Composite (a) 9/19/2018 40178795 40178795
OU3-18-CA-C4 40178795019 Carp Composite (a) 9/19/2018 40178795 40178795
OU3-18-CA-C5 40178795020 Carp Composite (a) 9/19/2018 40178795 40178795
OU3-18-CA-C6 40178795021 Carp Composite (a) 9/19/2018 40178795 40178795
OU3-18-CA-C7 40178795022 Carp Composite (a) 9/19/2018 40178795 40178795
OU3-18-DR-C1 40178795030 Drum Composite (a) 8/27/2018 40178795 40178795
OU3-18-DR-C2 40178795031 Drum Composite (a) 8/27/2018 40178795 40178795
OU3-18-DR-C3 40178795032 Drum Composite (a) 8/27/2018 40178795 40178795
OU3-18-DR-C4 40178795033 Drum Composite (a) 8/27/2018 40178795 40178795
OU3-18-DR-C5 40178795034 Drum Composite (a) 8/27/2018 40178795 40178795
OU3-18-GS-C1 40178795023 Gizzard Shad Composite (a) 8/26/2018 40178795 40178795
OU3-18-GS-C2 40178795024 Gizzard Shad Composite (a) 8/26/2018 40178795 40178795
OU3-18-GS-C3 40178795025 Gizzard Shad Composite (a) 8/27/2018 40178795 40178795
OU3-18-GS-C4 40178795026 Gizzard Shad Composite (a) 8/27/2018 40178795 40178795
OU3-18-GS-C5 40178795027 Gizzard Shad Composite (a) 8/27/2018 40178795 40178795
OU3-18-GS-C6 40178795028 Gizzard Shad Composite (a) 8/27/2018 40178795 40178795
OU3-18-GS-C7 40178795029 Gizzard Shad Composite (a) 8/27/2018 40178795 40178795
OU3-18-SB-01 40178795045 Smallmouth Bass Individual (b) 8/26/2018 40178795 40178795
OU3-18-SB-03 40178795049 Smallmouth Bass Individual (b) 8/26/2018 40178795 40178795
OU3-18-SB-04 40178795046 Smallmouth Bass Individual (b) 8/26/2018 40178795 40178795
OU3-18-SB-06 40178795043 Smallmouth Bass Individual (b) 8/26/2018 40178795 40178795
OU3-18-SB-08 40178795036 Smallmouth Bass Individual (b) 8/26/2018 40178795 40178795
OU3-18-SB-09 40178795041 Smallmouth Bass Individual (b) 8/26/2018 40178795 40178795
OU3-18-SB-12 40178795042 Smallmouth Bass Individual (b) 8/26/2018 40178795 40178795
OU3-18-SB-13 40178795035 Smallmouth Bass Individual (b) 8/26/2018 40178795 40178795
OU3-18-SB-15 40178795038 Smallmouth Bass Individual (b) 8/26/2018 40178795 40178795
OU3-18-SB-16 40178795037 Smallmouth Bass Individual (b) 8/26/2018 40178795 40178795
OU3-18-SB-17 40178795044 Smallmouth Bass Individual (b) 8/26/2018 40178795 40178795
OU3-18-SB-18 40178795040 Smallmouth Bass Individual (b) 8/26/2018 40178795 40178795
OU3-18-SB-19 40178795039 Smallmouth Bass Individual (b) 8/26/2018 40178795 40178795
OU3-18-SB-20 40178795048 Smallmouth Bass Individual (b) 8/27/2018 40178795 40178795
OU3-18-SB-21 40178795047 Smallmouth Bass Individual (b) 8/27/2018 40178795 40178795
OU3-18-WA-01 40178795001 Walleye Individual (b) 8/26/2018 40178795 40178795
OU3-18-WA-02 40178795002 Walleye Individual (b) 8/27/2018 40178795 40178795
OU3-18-WA-03 40178795003 Walleye Individual (b) 8/27/2018 40178795 40178795
OU3-18-WA-04 40178795004 Walleye Individual (b) 8/27/2018 40178795 40178795
OU3-18-WA-05 40178795005 Walleye Individual (b) 8/27/2018 40178795 40178795
OU3-18-WA-06 40178795006 Walleye Individual (b) 8/27/2018 40178795 40178795
OU3-18-WA-07 40178795007 Walleye Individual (b) 8/27/2018 40178795 40178795
OU3-18-WA-08 40178795008 Walleye Individual (b) 8/27/2018 40178795 40178795
OU3-18-WA-09 40178795009 Walleye Individual (b) 9/19/2018 40178795 40178795
OU3-18-WA-10 40178795010 Walleye Individual (b) 9/19/2018 40178795 40178795
OU3-18-WA-11 40178795011 Walleye Individual (b) 9/19/2018 40178795 40178795
OU3-18-WA-12 40178795012 Walleye Individual (b) 9/19/2018 40178795 40178795
OU3-18-WA-13 40178795013 Walleye Individual (b) 9/19/2018 40178795 40178795
OU3-18-WA-14 40178795014 Walleye Individual (b) 9/19/2018 40178795 40178795
OU3-18-WA-15 40178795015 Walleye Individual (b) 9/19/2018 40178795 40178795

(a) Composite samples consist of one or several  homogenized whole fish samples.
(b) Individual samples are single fish analyzed as skin-on fillet.
NR - date not recorded on Chain-of-Custody

TABLE 1
SAMPLE SUMMARY

SDG: 40178795
LOWER FOX RIVER REMEDIATION LONG-TERM MONITORING

Analysis/Parameters/SDG
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12401 Lower Fox River – Data Validation 2018 Fish Tissue

                                                                                                                                                

ATTACHMENT A
Analytical Data
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Appendix O 

Fish Data Normality Test Results 
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Appendix P 

Multiple Regression and Model Verification Output 

 

P-1 Surface Water Quality Data – Year 2018 to Lake Winnebago 
Background 

P-2 Surface Water Quality Data – Year 2018 to 2006-2007 Baseline 

P-3 Fish Tissue Data – Year 2018 to Lake Winnebago Background 

P-4 Fish Tissue Data – Year 2018 to 2006-2007 Baseline 
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P-1 

Surface Water Quality Data – Year 2018 to Lake Winnebago Background 
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P-2 

Surface Water Quality Data – Year 2018 to 2006-2007 Baseline 
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P-3 

Fish Tissue Data – Year 2018 to Lake Winnebago Background 
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P-4 

Fish Tissue Data – Year 2018 to 2006-2007 Baseline 
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Appendix Q 

MNR and CIL Sample Laboratory Reports 

  



REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC

Page 1 of 21



CERTIFICATIONS

Green Bay Certification IDs

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC

Page 2 of 21



SAMPLE SUMMARY

Lab ID Sample ID Matrix Date Collected Date Received

40178283001 F18-3-CB5-1-1-C3(2-4)

40178283002 F18-3-CB5-1-1-C3(2-4)REP

40178283003 F18-3-CB3B-1-1-C3(2-4)

40178283004 F18-3-CB2-1-1-C3(2-4)

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC
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SAMPLE ANALYTE COUNT

Lab ID Sample ID Method
Analytes
Reported LaboratoryAnalysts

40178283001 F18-3-CB5-1-1-C3(2-4)

40178283002 F18-3-CB5-1-1-C3(2-4)REP

40178283003 F18-3-CB3B-1-1-C3(2-4)

40178283004 F18-3-CB2-1-1-C3(2-4)

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC
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SUMMARY OF DETECTION

40178283001 F18-3-CB5-1-1-C3(2-4)

40178283002 F18-3-CB5-1-1-C3(2-4)REP

40178283003 F18-3-CB3B-1-1-C3(2-4)

40178283004 F18-3-CB2-1-1-C3(2-4)

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC
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PROJECT NARRATIVE

Method:

Client:

EPA 8082

Date:

Description:

General Information:

Hold Time:

Sample Preparation:

Initial Calibrations (including MS Tune as applicable):

Continuing Calibration:

Surrogates:

Method Blank:

Laboratory Control Spike:

Matrix Spikes:

Duplicate Sample:

Additional Comments:

REPORT OF LABORATORY ANALYSIS
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PROJECT NARRATIVE

Method:

Client:

ASTM D2974-87

Date:

Description:

General Information:

Hold Time:

Initial Calibrations (including MS Tune as applicable):

Continuing Calibration:

Internal Standards:

Surrogates:

Method Blank:

Laboratory Control Spike:

Matrix Spikes:

Duplicate Sample:

Additional Comments:

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC
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PROJECT NARRATIVE

Method:

Client:

ASTM D2974-87

Date:

Description:

General Information:

Hold Time:

Initial Calibrations (including MS Tune as applicable):

Continuing Calibration:

Internal Standards:

Surrogates:

Method Blank:

Laboratory Control Spike:

Matrix Spikes:

Duplicate Sample:

Additional Comments:

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC

Page 8 of 21



ANALYTICAL RESULTS

Sample: F18-3-CB5-1-1-C3(2-4) Lab ID: 40178283001
Results reported on a "dry weight" basis and are adjusted for percent moisture, sample size and any dilutions.

8082 GCS PCB

<25.0
<25.0
<25.0
<25.0
<25.0
<25.0
<25.0
<25.0
<25.0

Surrogates

Air Dry Percent Moisture

0.16

Percent Moisture Reportable

14.4

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC
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ANALYTICAL RESULTS

Sample: F18-3-CB5-1-1-C3(2-4)REP Lab ID: 40178283002
Results reported on a "dry weight" basis and are adjusted for percent moisture, sample size and any dilutions.

8082 GCS PCB

<25.0
<25.0
<25.0
<25.0
<25.0
<25.0
<25.0
<25.0
<25.0

Surrogates

Air Dry Percent Moisture

0.17

Percent Moisture Reportable

15.5

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC
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ANALYTICAL RESULTS

Sample: F18-3-CB3B-1-1-C3(2-4) Lab ID: 40178283003
Results reported on a "dry weight" basis and are adjusted for percent moisture, sample size and any dilutions.

8082 GCS PCB

<25.0
<25.0
<25.0
<25.0
<25.0
<25.0
<25.0
<25.0
<25.0

Surrogates

Air Dry Percent Moisture

0.14

Percent Moisture Reportable

9.6

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC
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ANALYTICAL RESULTS

Sample: F18-3-CB2-1-1-C3(2-4) Lab ID: 40178283004
Results reported on a "dry weight" basis and are adjusted for percent moisture, sample size and any dilutions.

8082 GCS PCB

<25.0
<25.0
<25.0
<25.0
<25.0
<25.0
<25.0
<25.0
<25.0

Surrogates

Air Dry Percent Moisture

0.17

Percent Moisture Reportable

11.9

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC

Page 12 of 21



QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALIFIERS

DEFINITIONS

LABORATORIES
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Lab ID Sample ID QC Batch Method QC Batch Analytical Method
Analytical
Batch

40178283001 F18-3-CB5-1-1-C3(2-4)
40178283002 F18-3-CB5-1-1-C3(2-4)REP
40178283003 F18-3-CB3B-1-1-C3(2-4)
40178283004 F18-3-CB2-1-1-C3(2-4)

40178283001 F18-3-CB5-1-1-C3(2-4)
40178283002 F18-3-CB5-1-1-C3(2-4)REP
40178283003 F18-3-CB3B-1-1-C3(2-4)
40178283004 F18-3-CB2-1-1-C3(2-4)

40178283001 F18-3-CB5-1-1-C3(2-4)
40178283002 F18-3-CB5-1-1-C3(2-4)REP
40178283003 F18-3-CB3B-1-1-C3(2-4)
40178283004 F18-3-CB2-1-1-C3(2-4)
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CERTIFICATIONS

Green Bay Certification IDs

REPORT OF LABORATORY ANALYSIS
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SAMPLE SUMMARY

Lab ID Sample ID Matrix Date Collected Date Received

40178580001 OU2A-18-1024-2P2.1

40178580002 OU2A-18-1024-2P2.1(2)

40178580003 OU2A-18-1024-2P3.1

40178580004 OU2A-18-1024-3T3.1

40178580005 OU2A-18-1024-T1.1

40178580006 OU2B-18-1026-2CC2.1

40178580007 OU2B-18-1026-2X1.1

40178580008 OU2B-18-1026-2X3.1 NEW

40178580009 OU2B-18-1026-2W6.1

40178580010 OU2B-18-1026-2V2.1

40178580011 OU2C-18-1029-DD2.1 NEW

40178580012 RBP-18-1024
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SAMPLE ANALYTE COUNT

Lab ID Sample ID Method
Analytes
Reported LaboratoryAnalysts

40178580001 OU2A-18-1024-2P2.1

40178580002 OU2A-18-1024-2P2.1(2)

40178580003 OU2A-18-1024-2P3.1

40178580004 OU2A-18-1024-3T3.1

40178580005 OU2A-18-1024-T1.1

40178580006 OU2B-18-1026-2CC2.1

40178580007 OU2B-18-1026-2X1.1

40178580008 OU2B-18-1026-2X3.1 NEW

40178580009 OU2B-18-1026-2W6.1

40178580010 OU2B-18-1026-2V2.1

40178580011 OU2C-18-1029-DD2.1 NEW

40178580012 RBP-18-1024

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC
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SUMMARY OF DETECTION

40178580001 OU2A-18-1024-2P2.1

40178580002 OU2A-18-1024-2P2.1(2)

40178580003 OU2A-18-1024-2P3.1

40178580004 OU2A-18-1024-3T3.1

40178580005 OU2A-18-1024-T1.1

40178580006 OU2B-18-1026-2CC2.1

40178580007 OU2B-18-1026-2X1.1

40178580008 OU2B-18-1026-2X3.1 NEW

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC
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SUMMARY OF DETECTION

40178580009 OU2B-18-1026-2W6.1

40178580010 OU2B-18-1026-2V2.1

40178580011 OU2C-18-1029-DD2.1 NEW

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC
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PROJECT NARRATIVE

Method:

Client:

EPA 8082

Date:

Description:

General Information:

Hold Time:

Sample Preparation:

Initial Calibrations (including MS Tune as applicable):

Continuing Calibration:

Surrogates:

Method Blank:

Laboratory Control Spike:

Matrix Spikes:

Duplicate Sample:

Additional Comments:
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PROJECT NARRATIVE

Method:

Client:

ASTM D2974-87

Date:

Description:

General Information:

Hold Time:

Initial Calibrations (including MS Tune as applicable):

Continuing Calibration:

Internal Standards:

Surrogates:

Method Blank:

Laboratory Control Spike:

Matrix Spikes:

Duplicate Sample:

Additional Comments:
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PROJECT NARRATIVE

Method:

Client:

ASTM D2974-87

Date:

Description:

General Information:

Hold Time:

Initial Calibrations (including MS Tune as applicable):

Continuing Calibration:

Internal Standards:

Surrogates:

Method Blank:

Laboratory Control Spike:

Matrix Spikes:

Duplicate Sample:

Additional Comments:
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ANALYTICAL RESULTS

Sample: OU2A-18-1024-2P2.1 Lab ID: 40178580001
Results reported on a "dry weight" basis and are adjusted for percent moisture, sample size and any dilutions.

8082 GCS PCB

<25.5
<25.5
<25.5

169
<25.5
<25.5
25.7J
<25.5

195
Surrogates

Air Dry Percent Moisture

1.9

Percent Moisture Reportable

79.3

REPORT OF LABORATORY ANALYSIS
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ANALYTICAL RESULTS

Sample: OU2A-18-1024-2P2.1(2) Lab ID: 40178580002
Results reported on a "dry weight" basis and are adjusted for percent moisture, sample size and any dilutions.

8082 GCS PCB

<25.5
<25.5
<25.5

166
<25.5
<25.5
<25.5
<25.5

166
Surrogates

Air Dry Percent Moisture

2.0

Percent Moisture Reportable

79.9

REPORT OF LABORATORY ANALYSIS
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ANALYTICAL RESULTS

Sample: OU2A-18-1024-2P3.1 Lab ID: 40178580003
Results reported on a "dry weight" basis and are adjusted for percent moisture, sample size and any dilutions.

8082 GCS PCB

<51.0
<51.0
<51.0

684
<51.0

202
<51.0
<51.0

885
Surrogates

Air Dry Percent Moisture

2.0

Percent Moisture Reportable

75.1
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ANALYTICAL RESULTS

Sample: OU2A-18-1024-3T3.1 Lab ID: 40178580004
Results reported on a "dry weight" basis and are adjusted for percent moisture, sample size and any dilutions.

8082 GCS PCB

<103
<103
<103
1770
<103
<103
<103
<103
1770

Surrogates

Air Dry Percent Moisture

2.5

Percent Moisture Reportable

82.2
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ANALYTICAL RESULTS

Sample: OU2A-18-1024-T1.1 Lab ID: 40178580005
Results reported on a "dry weight" basis and are adjusted for percent moisture, sample size and any dilutions.

8082 GCS PCB

<105
<105
<105
1940
<105
<105
127J
<105
2070

Surrogates

Air Dry Percent Moisture

4.4

Percent Moisture Reportable

71.3
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Pace Analytical Services, LLC

Page 14 of 31



ANALYTICAL RESULTS

Sample: OU2B-18-1026-2CC2.1 Lab ID: 40178580006
Results reported on a "dry weight" basis and are adjusted for percent moisture, sample size and any dilutions.

8082 GCS PCB

<25.1
<25.1
<25.1

69.2
<25.1
<25.1
<25.1
<25.1

69.2
Surrogates

Air Dry Percent Moisture

0.51

Percent Moisture Reportable

34.0
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ANALYTICAL RESULTS

Sample: OU2B-18-1026-2X1.1 Lab ID: 40178580007
Results reported on a "dry weight" basis and are adjusted for percent moisture, sample size and any dilutions.

8082 GCS PCB

<25.6
<25.6
<25.6

339
<25.6
<25.6
<25.6
<25.6

339
Surrogates

Air Dry Percent Moisture

2.2

Percent Moisture Reportable

13.0
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ANALYTICAL RESULTS

Sample: OU2B-18-1026-2X3.1 NEW Lab ID: 40178580008
Results reported on a "dry weight" basis and are adjusted for percent moisture, sample size and any dilutions.

8082 GCS PCB

<25.5
<25.5
<25.5

364
<25.5
<25.5
<25.5
<25.5

364
Surrogates

Air Dry Percent Moisture

1.9

Percent Moisture Reportable

37.7

REPORT OF LABORATORY ANALYSIS
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ANALYTICAL RESULTS

Sample: OU2B-18-1026-2W6.1 Lab ID: 40178580009
Results reported on a "dry weight" basis and are adjusted for percent moisture, sample size and any dilutions.

8082 GCS PCB

<25.1
<25.1
<25.1

128
<25.1

67.6
<25.1
<25.1

196
Surrogates

Air Dry Percent Moisture

0.59

Percent Moisture Reportable

88.9

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC
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ANALYTICAL RESULTS

Sample: OU2B-18-1026-2V2.1 Lab ID: 40178580010
Results reported on a "dry weight" basis and are adjusted for percent moisture, sample size and any dilutions.

8082 GCS PCB

<50.9
<50.9
<50.9

531
<50.9

599
<50.9
<50.9
1130

Surrogates

Air Dry Percent Moisture

1.7

Percent Moisture Reportable

71.7

REPORT OF LABORATORY ANALYSIS
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ANALYTICAL RESULTS

Sample: OU2C-18-1029-DD2.1 NEW Lab ID: 40178580011
Results reported on a "dry weight" basis and are adjusted for percent moisture, sample size and any dilutions.

8082 GCS PCB

<25.2
<25.2
<25.2

155
<25.2

68.2
<25.2
<25.2

223
Surrogates

Air Dry Percent Moisture

0.78

Percent Moisture Reportable

40.4

REPORT OF LABORATORY ANALYSIS

Pace Analytical Services, LLC
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ANALYTICAL RESULTS

Sample: RBP-18-1024 Lab ID: 40178580012

8082 GCS PCB

<0.25
<0.25
<0.25
<0.25
<0.25
<0.25
<0.25
<0.25
<0.25

Surrogates

REPORT OF LABORATORY ANALYSIS
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALITY CONTROL DATA

Results presented on this page are in the units indicated by the "Units" column except where an alternate unit is presented to the right of the result.
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QUALIFIERS

DEFINITIONS

LABORATORIES

BATCH QUALIFIERS
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Lab ID Sample ID QC Batch Method QC Batch Analytical Method
Analytical
Batch

40178580001 OU2A-18-1024-2P2.1
40178580002 OU2A-18-1024-2P2.1(2)
40178580003 OU2A-18-1024-2P3.1
40178580004 OU2A-18-1024-3T3.1
40178580005 OU2A-18-1024-T1.1
40178580006 OU2B-18-1026-2CC2.1
40178580007 OU2B-18-1026-2X1.1
40178580008 OU2B-18-1026-2X3.1 NEW
40178580009 OU2B-18-1026-2W6.1
40178580010 OU2B-18-1026-2V2.1
40178580011 OU2C-18-1029-DD2.1 NEW

40178580012 RBP-18-1024

40178580001 OU2A-18-1024-2P2.1
40178580002 OU2A-18-1024-2P2.1(2)
40178580003 OU2A-18-1024-2P3.1
40178580004 OU2A-18-1024-3T3.1
40178580005 OU2A-18-1024-T1.1
40178580006 OU2B-18-1026-2CC2.1
40178580007 OU2B-18-1026-2X1.1
40178580008 OU2B-18-1026-2X3.1 NEW
40178580009 OU2B-18-1026-2W6.1
40178580010 OU2B-18-1026-2V2.1
40178580011 OU2C-18-1029-DD2.1 NEW

40178580001 OU2A-18-1024-2P2.1
40178580002 OU2A-18-1024-2P2.1(2)
40178580003 OU2A-18-1024-2P3.1
40178580004 OU2A-18-1024-3T3.1
40178580005 OU2A-18-1024-T1.1
40178580006 OU2B-18-1026-2CC2.1
40178580007 OU2B-18-1026-2X1.1
40178580008 OU2B-18-1026-2X3.1 NEW
40178580009 OU2B-18-1026-2W6.1
40178580010 OU2B-18-1026-2V2.1
40178580011 OU2C-18-1029-DD2.1 NEW
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TABLE A-1
ANALYTICAL RESULTS
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MB: 1780759F18-3-CB5-1-1-C3(2-4)REPF18-3-CB5-1-1-C3(2-4)
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