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EXECUTIVE SUMMARY  
 
Introduction. Signed in April 1997, the Great Lakes Binational Toxics Strategy (GLBTS) is an 
agreement between Canada and the United States that charts a path towards the elimination of 
persistent, bioaccumulative, and toxic substances from the Great Lakes Basin. The objective of 
the GLBTS is to promote source reductions and reduce environmental levels of Strategy (Level 
1) substances through a four-step analytical process. The GLBTS also identifies specific 
challenge goals for each Level 1 substance for the US and Canada, with a timeframe that expires 
in 2006. The United States Environmental Protection Agency (EPA) and Environment Canada 
(EC) have completed three of the four steps of the analytical process for polychlorinated 
biphenyls (PCBs), one of 12 Level 1 toxic substances covered in the GLBTS agreement, as 
follows: 

• October 1999, finished Step 1 and 2 reports identifying PCB sources and regulations; 
• July 2000, finished Step 3 report on options for reducing PCBs within the Basin; 

 
As part of Step 4 of the process, A General Framework to Assess Management of GLBTS Level 1 
Substances (see Appendix A) was developed to provide a tool to assist EC, EPA, and 
stakeholders in conducting a transparent process to analyze progress and determine the 
appropriate management outcomes for the Level 1 substances. This report presents an analysis of 
PCBs using the general framework. 
 
Challenge Goals. Information continues to be gathered and assessed by EPA and EC to 
determine whether the GLBTS challenge goals for PCBs have been met in entirety. In Canada, 
the challenge goal of a 90 percent reduction of high-level PCBs (>1 percent PCBs or 10,000 
ppm, 1993 baseline) in storage has been achieved based on the information available as of 
December 2004. Canada is still working to meet its in-service challenge goal of a 90 percent 
reduction of high-level PCBs (>1 percent PCB or 10,000 ppm) by 2006. While the US currently 
lacks sufficient data to determine the status of its progress toward a challenge goal of a 90 
percent national reduction of high-level PCBs (>500 ppm) by 2006, substantial progress has 
been made on this front, as illustrated by the efforts of key stakeholder groups, including electric 
utilities, in voluntarily removing from service high-level PCB-containing equipment.  EPA is 
currently assessing the PCB equipment inventory.   
 
Environmental and Human Health Data on the Presence of PCBs. PCBs are monitored in 
the Great Lakes Basin in fish, herring gull eggs, bivalves, water and sediments, air, food, and as 
human body burdens. A number of scientific studies have shown PCB-related impairments to 
human health and to other animal species. However, there are several data issues that still need 
evaluation before making overall conclusions regarding impacts, trends and criteria (e.g., there 
are scientific studies that show conflicting data regarding PCB-related impairment in the same 
species and/or geographic areas).  
 
Criteria. Risk based criteria have been developed for PCB levels in fish, sediments, water, and 
food. Preliminary analysis of the available data suggests that environmental levels of PCBs 
exceed these water, sediment, and fish tissue criteria in some areas of the Great Lakes. For 
example, the Great Lakes Water Quality Agreement (GLWQA) criterion for PCBs in fish is still 
regularly exceeded, particularly in lake trout. In addition, the issuance of fish consumption 
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advisories for PCBs in the Great Lakes Basin (613 in 2004, including all of the Great Lakes) 
indicates that PCBs continue to be present at levels of concern. PCBs are one of the most 
common causes of fish consumption advisories in the Great Lakes (i.e., in the Lakes proper, not 
including inland water bodies). 
 
Trends. Trends in PCB levels in water, sediment, air, fish, and wildlife have generally declined 
since the 1970s. More recent data (including some data showing PCB spikes) are less clear and 
need further analysis to delineate trends. Some decreasing trends are lake-specific or 
species/community-specific, making it difficult to draw basin-wide conclusions. For example: 

• Current trend data may be following a first order logarithmic rate of decline. The rate of 
decline of PCB levels in all media in the Great Lakes appears to have slowed or even 
reached a plateau in the past ten years, but the data presented in the literature need to be 
examined more critically before a definitive conclusion can be drawn.  

• PCBs in fish tissue, herring gull eggs, and bivalves have generally been decreasing, 
although some changes are lake-specific or species/community-specific. 

• Water and sediment monitoring programs support a general trend of decreasing PCBs 
over time, although the decline rate has appeared to decrease substantially in the last ten 
years. 

• PCBs in the air collected from rural areas near each of the Great Lakes have generally 
declined, but some localized hotspots (e.g., the Chicago plume) and unexplained 
increases have also been observed.  

 
Reasons for Concern Based on Use/Release/Exposure Data. PCBs exceed certain criteria 
(e.g., fish consumption advisories) and have caused impairments in some wildlife populations.  
  
Potential Sources. Information is needed on the relative contributions of all PCB sources and 
their respective pathways in the Great Lakes Basin, including:  

• Equipment and other remaining in-service items containing manufactured PCBs;  
• PCB storage and disposal facilities (accidental release); 
• Emissions from combustion or incineration of materials containing PCBs; 
• Inadvertent generation during poorly controlled combustion or certain chemical 

production processes;  
• Reservoirs of past PCB contamination and environmental cycling (including 

contaminated sediments, soil, and sites such as NPL Superfund sites);  
• Long-range transport (regional and international); 
• Others (e.g., dispersive sources).  

 
Programs. Programs are in place and have been effective to address certain sources of PCBs 
(e.g., electrical equipment), but additional information on the relative contribution of all PCB 
sources to the Great Lakes environment is needed to determine the overall effectiveness of the 
existing programs in the Basin, including:  

• Activities to reduce PCB-containing equipment and control releases from storage and 
disposal facilities;   

o Regulations (e.g., Toxic Substances Control Act, Canadian Environmental 
Protection Act);  
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o Voluntary programs (e.g., outreach to owners of PCB equipment; education; 
phase-down commitments and awards programs, incentive development, etc.) 

• Efforts targeting reservoir sources – Government remediation activities, e.g., in Great 
Lakes Areas of Concern.  

• International/other programs – e.g., Commission for Environmental Cooperation; 
Convention on Long-Range Transboundary Air Pollution; United Nations Environment 
Program Global Treaty on Persistent Organic Pollutants; Lakewide Management Plans.  

 
Opportunity Assessment. Key remaining opportunities for the GLBTS to effect further 
reductions in PCBs include:  

• Continuing to solicit industry to decommission and dispose of PCBs in electrical 
equipment, 

• Developing more incentives and recognition for PCB phase-out and outreach programs,  
• Tracking inventoried PCBs in priority industry sectors (high/low-level PCBs in storage 

and also in service) and updating PCB inventory databases on a regular basis (which will 
help in identifying additional intervention steps). 

In addition, 
• Collection and assessment of additional information on environmental PCB levels/trends 

and regarding the relative contributions of all PCB sources to the Great Lakes 
environment would support GLBTS prioritization of future PCB reduction efforts.  

• Beyond these voluntary and information gathering efforts, there are complimentary 
regulatory programs and other agreements also in place in the US, Canada, and 
internationally to address certain sources of PCBs (e.g., contaminated site remediation, 
coplanar PCBs via dioxin control, international agreements). For example, in 2006, 
Canada will propose revisions to its existing PCB regulatory framework to set timelines 
for ending the use of PCBs in equipment and to accelerate PCB destruction. The GLBTS 
may support the latter type activities, but they do not represent a major opportunity for the 
GLBTS to effect further PCB reductions beyond what is already being done. 

 
FINAL MANAGEMENT OUTCOME. The final recommended management outcome for PCBs is 
to retain an active Level 1 status with a priority on collecting better information on PCB sources 
and levels in the environment. [FOR WORKGROUP DISCUSSION: Note that this final outcome 
from the PCB WG is slightly different from what is in the BEC summary – the latter states, “The 
final management outcome for PCBs is to continue Active Level 1 status with periodic 
reassessment by the GLBTS “]  
 
The GLBTS PCB Workgroup will continue its work, including:  
 

1. Data gathering and assessment, with the goal of determining where to focus future 
resources  
• Collection and assessment of a more complete set of existing data on PCB sources, in 

order to prioritize the remaining opportunities for PCB source reductions. For example: 
o It is recommended that an analysis of the available programmatic data on PCB 

sources and releases (e.g., TRI, NPRI) be carried out as part of the GLBTS 
information gathering activities over the next two years.  
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o It is recommended that data from new research (e.g., current equipment 
emissions research) be assessed as part of the GLBTS activities over the next two 
years.  

o It is recommended that tracking databases with inventoried PCBs in priority 
industry sectors (high/low-level PCBs in storage and also in service) be updated 
on a regular basis (which will help in identifying additional intervention steps).  

• Collection and assessment of a more complete set of existing data on PCB levels in the 
environment over time, in order to elucidate PCB trends and impacts on the 
environment. For example:  

o It is recommended that analysis of recent and historic fish tissue data from 
consumption advisory and other programs be carried out as part of the GLBTS 
information gathering activities over the next two years to determine PCB 
concentration trends in fish. 

o Information is needed regarding apparent plateaus in PCB declines, factors 
involved in non-linear responses, expectations regarding rates of decline over 
time, and barriers to inferring trends.  

 
2. Continuing existing programs to decommission PCB-containing equipment and 
control releases from storage and disposal facilities  
• Referral or participation in nationally-coordinated governmental efforts to reduce PCBs.  
• Support and help enhance voluntary programs targeting in-service PCB-containing 

electrical equipment and PCBs in storage. For example: 
o It is recommended that the GLBTS focus outreach, education, and phase-down 

programs at the priority industry sectors that have the largest quantities of PCBs 
in service and or in storage. 

o It is recommended that the GLBTS explore non-traditional opportunities to foster 
PCB reductions through mentoring and outreach programs, financial and other 
incentives (e.g., insurance premiums), and ISO registration (in the US); 

o It is recommended that the GLBTS continue the PCB Recognition Award 
Program. 

 
3. Periodic reassessment of efficacy of existing programs and development of 
recommendations for improvement. 

 
In addition, the PCB Workgroup will keep abreast of GLBTS Dioxin Workgroup activities to 
address coplanar PCBs; the PCB Workgroup lacks sufficient evidence to justify placing a high 
priority on pathway intervention or activities specifically targeting coplanar PCBs sources at this 
time, but will consider such activities if new information supports this direction in the future.  
 
The PCB Workgroup will also consider, as necessary, the potential need for developing new 
challenge goals targeting sources of PCBs other than in-service PCBs, depending on the outcome 
of information gathering efforts.  
 
No lake-specific actions are required because although PCB contamination remains, it appears to 
be a region-wide concern. 
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ACRONYMNS 
 
 
AOC Area of Concern 
CCME Canadian Council of Ministers of the Environment 
CEPA Canadian Environmental Protection Act 
CGLI  Council of Great Lakes Industries 
COA Canada-Ontario Agreement 
CWS Canada-Wide Standards 
DFO Department of Fisheries and Oceans 
EC Environment Canada 
EPA Environmental Protection Agency 
FDA US Food and Drug Administration 
GLBTS Great Lakes Binational Toxics Strategy 
GLNPO Great Lakes National Program Office 
GLWQA Great Lakes Water Quality Agreement 
IADN Integrated Atmospheric Deposition Network 
ISQG Interim Sediment Quality Guidelines 
LaMPs Lakewide Management Plans 
NHANES US National Health and Nutrition Examination Survey 
NOAA National Oceanic and Atmospheric Administration 
NOTL Niagara-on-the-Lake 
NPL National Priorities List (US Superfund sites) 
NWQC National Water Quality Criteria 
OMOE Ontario Ministry of the Environment 
PCBs Polychlorinated Biphenyls 
PEC Probable Effect Concentration 
PEL Probable Effect Level 
PWQO Provincial Water Quality Objectives 
TDS Total Diet Study 
TEC Threshold Effect Concentration 
TEF Toxicity Equivalency Factor 
TEL Threshold Effect Level 
TSCA Toxic Substances Control Act 
USGS US Geological Survey 
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DRAFT MANAGEMENT ASSESSMENT FOR POLYCHLORINATED BIPHENYLS 
(PCBS) 

 
 
1.0 INTRODUCTION 
 
The Great Lakes Binational Toxics Strategy (GLBTS) identifies specific reduction challenges or 
goals for each Level 1 substance for the US and Canada. The time frame for achieving the 
Strategy’s challenge goals expires in 2006. As 2006 approaches, an analysis of progress and 
determination of next steps is needed to respond to the challenge set forth in the Strategy. The 
General Framework to Assess Management of GLBTS Level 1 Substances was developed to 
provide a tool to assist the Parties (Environment Canada and the US Environmental Protection 
Agency) and stakeholders in conducting a transparent process to determine the appropriate 
management outcomes for the Level 1 substances: mercury, polychlorinated biphenyls (PCBs), 
dioxins and furans, hexachlorobenzene (HCB), benzo(a)pyrene (B(a)P), octachlorostyrene 
(OCS), alkyl-lead, and five cancelled pesticides: chlordane, aldrin/dieldrin, DDT (plus 
metabolites DDD and DDE), mirex, and toxaphene. The framework presents a logical flow 
diagram for evaluating progress and the need for further action by the GLBTS on the Level 1 
substances. Further details on the background and objectives of the framework are provided in 
Appendix A. 
 
This report discusses the analysis of polychlorinated biphenyls (PCBs) using the General 
Framework to Assess Management of GLBTS Level 1 Substances. While the framework’s flow 
diagram guides the discussion, the primary intent of the analysis is to present an overall 
evaluation of the status of the substance with respect to: 
 

 Progress toward the GLBTS challenge goals; 
 Levels in the Great Lakes environment; and  
 Future management of the substance within the GLBTS. 

 
PCBs are man-made compounds that were previously manufactured and used around the world 
due to their superior insulating properties, low flammability, high heat capacity, low chemical 
reactivity, and long-term resistance to degradation. PCBs were primarily used as coolants and 
lubricants in a wide variety of electrical and other equipment, in applications such as electrical 
transformers and capacitors, hydraulic systems, and heat transfer systems, and in electrical 
components in fluorescent lighting fixtures and appliances. They were also used in other 
products such as plastics and plasticizers, paints, adhesives, flame retardants, and pesticide 
carriers.  
 
The group of chemicals collectively known as "PCBs" actually consists of 209 different 
chlorinated biphenyl compounds, called congeners. PCBs were produced in the US from 1929 to 
1977 as mixtures of various congeners under the former commercial trade names Aroclor and 
Askarel, among others. The Monsanto Company, the sole manufacturer of PCBs in the US, 
produced 700,000 tons (1.4 billion pounds) of pure PCBs during this period. In the late 1970s, 
Monsanto voluntarily ceased the production of PCBs and EPA banned their manufacture, import, 
export, distribution in commerce, and use except under limited circumstances. EPA also 
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restricted disposal options and required the phase out of certain types of equipment that contain 
PCBs. The US Department of Transportation also restricted transportation options. 
 
Although never manufactured in Canada, approximately 40,000 tons (80 million pounds) of 
PCBs were imported into Canada from the US prior to the ban of their manufacture in 1977. 
Environment Canada (EC) and Transport Canada regulate the export, import, storage, disposal, 
and transportation of PCBs within Canada. 
 
When PCBs are found at concentrations > 50 parts-per-million (ppm) or when there is the 
potential for their discharge from a point source, they are one of the most tightly regulated and 
controlled group of pollutants in the US and Canada. Despite existing controls, sufficient 
quantities of PCBs have been released into the environment over time to warrant the issuance of 
fish consumption advisories in all of the Great Lakes.  
 
Section 2.0 of the report documents progress toward achieving the Strategy’s challenge goals. 
For further details of year by year progress already reported at GLBTS Stakeholders’ meetings, 
please refer to Appendix C. Section 3.0 evaluates the current impact of the substance on the 
Great Lakes Basin using environmental and human health data. Section 4.0 evaluates the ability 
for the GLBTS to effect further reductions, and Section 5.0 arrives at a final management 
outcome for the GLBTS. Additional information on PCB environmental/health data, PCB 
regulations, programs, activities, and other programs that monitor PCBs are included in 
Appendices B, C, and D. For the purposes of this assessment report, an attempt was made to 
compile the best available information; however, collection of some data was beyond the scope 
of this report. Outstanding information needs and areas for future research are listed in Appendix 
E. 
 
2.0 CHALLENGE GOAL STATUS 
 
 
 
 
 
 
The GLBTS challenge goals for the US and Canada, as stated in the 1997 Great Lakes Binational 
Toxics Strategy agreement, are:  
 
Canadian Challenge: Seek by 2000, a 90 
percent reduction of high-level PCBs (>1 
percent PCB or 10,000 ppm) that were once, 
or are currently, in service and accelerate 
destruction of stored high-level PCB wastes 
which have the potential to enter the Great 
Lakes Basin, consistent with the 1994 
Canada-Ontario Agreement (COA). 

US Challenge: Seek by 2006, a 90 percent 
reduction nationally of high-level PCBs 
(>500 ppm) used in electrical equipment. 
Ensure that all PCBs retired from use are 
properly managed and disposed of to 
prevent accidental releases within or to the 
Great Lakes Basin.

 
 

Have the challenge  
goals for the substance been met? 



              DRAFT Page 3 

 
WORKING Draft PCBs Management Assessment May 2006 
 

This report is a WORKING DRAFT for GLBTS PCB Workgroup discussion ONLY 

According to the most recent data available, the US and Canada have both made progress 
toward reaching the PCB challenge goals outlined in the Strategy. However, as described 
below, some data gaps exist regarding the amount of PCBs in remaining equipment and 
storage. Information continues to be gathered and assessed by EPA and EC to determine 
whether the US and Canadian PCB challenge goals have been met in entirety. While the 
US has made progress in reducing the amount of equipment in service containing >500 ppm 
PCBs, the US is lacking sufficient data to determine with accuracy the status of progress 
toward its goal. As described below (see Section 2.1), it appears that Canada is likely to 
achieve a 90 percent reduction of high-level PCBs in storage (thus meeting the non-quantitative 
challenge goal of accelerated destruction), but unlikely to meet the 90 percent reduction goal 
for PCBs that are still in service.  
 
The GLBTS PCB Workgroup is active and continues to pursue reduction opportunities and 
outreach activities (see Section 4.2 and Appendix C). Amendments to the Canadian PCB 
regulations that include mandatory PCB phase out dates are anticipated and scheduled for 
publication next year. The US is evaluating opportunities to comply with the Stockholm 
Convention, which includes goals to phase out PCBs, while Canada is participating to achieve 
Stockholm convention targets. 
 
2.1 ONTARIO: PROGRESS TOWARDS THE GLBTS CHALLENGE  
 
Although the Canadian challenge goal of a 90 percent reduction of high-level PCBs in storage 
(>1 percent PCBs or 10,000 ppm, 1993 baseline) is likely to be achieved based on the 
information available as of December 2004, Canada is still working to meet its in-service 
challenge goal of a 90 percent reduction of high-level PCBs (>1 percent PCB or 10,000 ppm) by 
2006. This is due to economic issues facing PCB equipment owners. However, as described 
below, some data gaps exist regarding PCBs in remaining in-service equipment. EC continues to 
update its inventory information annually and will be able to accurately state the percentage 
reductions achieved by 2006.  
 
PCBs are both moving into storage sites from service and moving out of storage to destruction. 
Newer facilities (mostly private) and technologies are now available in Ontario for PCB 
decontamination and destruction, in addition to the Alberta Swan Hills incinerator. Beyond 
incineration, available technologies include, for example, decontamination and retrofilling of 
PCB transformers, solvent cleaning of contaminated metals and transformers, chemical 
destruction of high- and low-level PCB liquids, decontamination and desorption of PCB soils, 
ballast recycling, and other PCB equipment recycling and decontamination of PCB mineral oil 
(<500ppm).  
 
According to EC’s latest PCB Inventory reports, in the past decade about 89 percent of 
previously stored high-level PCB wastes have been destroyed (as of December 2004).  Most of 
these PCB wastes were destroyed prior to December 2004. However progress is still being made 
– just in between April 2003 and April 2004, approximately 815 tonnes (gross weight) (1.8 
million pounds) of high-level PCBs in storage were destroyed in Ontario (see Figure 1). In 
addition, the number of PCB storage sites in Ontario has been reduced from 1,529 in 1993 to 420 
in December 2004 (both federal and private sites included). December 2004 numbers represent 



              DRAFT Page 4 

 
WORKING Draft PCBs Management Assessment May 2006 
 

This report is a WORKING DRAFT for GLBTS PCB Workgroup discussion ONLY 

an additional 135 storage sites (both federal and private) that had become PCB-free (see Table 1) 
over the previous fiscal year in April 2003. 
 
Regarding PCBs in in-service equipment, as of December 2004, there were approximately 3,086 
tonnes (in net tonnes) (6.8 million pounds) of high-level PCBs in use/service in Canada that need 
to be targeted for phase out. This is a reduction of approximately 36% compared to the 1993 
inventory and a reduction of approximately 63% since 1989 (see Figure 2).  
 
The priority sectors in Ontario that still have a considerable amount of high-level PCBs in use 
include utilities, iron/steel, pulp and paper, school/care facility/food processing (sensitive areas), 
governments, and mining/smelting.  
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Figure 1. Trends in High-Level PCBs in Storage in Ontario. 

Source: Environment Canada 
 
 
Table 1.  PCB Storage Sites Remaining in Ontario 

Source: Environment Canada 
 

 December 1994 April 2003 April 2004 December 2004

 Federal Sites 109 25 26 21 
 Non-federal Sites 1429 530 407 399 
 Total Sites Remaining 1538 555 433 420 
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The figures already reported for EC are based on the historical data recorded in EC database and 
should be accurate with a possible time lag, based on the timing and updating of the received 
data on the database. EC has recently (August - October 2005) received PCB inventory updates 
from 342 companies in a number of priority industry sectors including: iron and steel, pulp and 
paper, metals and mining, universities, colleges and high schools, food processing, and health 
care facilities and hospitals. Out of these 342 companies, 162 companies claimed to be totally 
PCB-free. EC/Ontario Region is also expecting similar updates from the hydroelectric and 
utilities sectors and non-federal governments. EC/Ontario is currently working on updating the 
inventory database, and will be able to more accurately state the percentage reductions achieved 
by 2006 at a later date, once they are entered into the National Inventory system. 
 
As noted previously, the lack of progress in reducing in-service PCB equipment is due to 
economic issues facing PCB equipment owners. The average cost to replace and destroy an 
Askarel transformer is estimated to be $62,000.00 (CAD) (Headwater Environmental Services 
Corp., 2005. “Economic Analysis of Proposed Revisions to the Chlorobiphenyl and PCB Storage 
Regulations”) and a large transformer can cost $250,000 (CAD) or more. For most small to 
medium-sized industries this is a staggering cost, especially when the owner considers that the 
existing transformer is functioning well. For large industry with many transformers or several 
very large transformers the cost must be spread over many years.  
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Figure 2. Trends in High-Level (Askarel) PCBs (Net Tonnes) in Service in Ontario.  

Source: Environment Canada 
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Awareness of the need to reduce PCB amounts continues to increase due to PCB outreach, the 
PCB Phase-Out Awards Program (Canada), sector mail-out of information, and voluntary 
commitment letters. Recently, following coverage of a PCB Award ceremony in May 2005 (see 
the June/July issue of Canadian HazMat Magazine www.hazmatmag.com), four additional 
companies submitted applications for PCB awards and plaques and several others showed 
interest to be considered for such awards.  
 
2.2 UNITED STATES: PROGRESS TOWARDS THE GLBTS CHALLENGE 
 
An estimated 113,000 PCB transformers and 1,330,000 large PCB capacitors remained in use in 
the U.S. at the end of 2003. According to annual reports submitted to EPA by PCB disposers, 
about 110,000 PCB transformers and 166,000 large PCB capacitors were disposed of between 
the 1994 baseline and the end of 2003. The estimates for the amount of equipment remaining in 
use in 2003 were obtained by abstracting the annual disposal data from the 1994 estimated 
baseline. However, EPA expects the amount of PCB equipment remaining in use to be much less 
since the disposal of every PCB transformer or capacitor may not be accounted for in the annual 
reports. Supporting this expectation, is that in 2000, 20,000 PCB transformers were registered 
with EPA. EPA currently is compiling PCB disposal information for 2004 and updating the PCB 
transformer registrations. Upon completion of the registration update, EPA will re-evaluate the 
data gaps with the inventory. 
 
3.0 ENVIRONMENTAL ANALYSIS 
 
The analysis presented in this section considers Canadian and US environmental monitoring data 
and established human health or ecological criteria as the primary basis for an objective 
evaluation of the effect of PCBs on the Great Lakes Basin. Efforts were made to identify, where 
possible, basin-specific measures in air, water, sediment, fish, wildlife, food, and human 
biological samples. In some cases, national data are presented.  
 
3.1 ENVIRONMENTAL AND HUMAN HEALTH DATA 
 
 
 
 
 
 
 
 
 
While production has ceased and new uses have been banned, PCBs continue to have an 
environmental presence in the Great Lakes Basin. This is due to contamination from past uses, as 
well as accidental releases from sites with PCBs, PCB contamination from improper storage, or 
equipment with PCBs (see Section 4 on sources). 
 
As shown in Table 2, PCBs have been monitored by various government programs in the Great 
Lakes Basin in fish, herring gull eggs, bivalves, water and sediments, air, food, and as human 

Do we have 
environmental or 

health data to assess 
the impact of the 
substance in the 

Basin? 



              DRAFT Page 7 

 
WORKING Draft PCBs Management Assessment May 2006 
 

This report is a WORKING DRAFT for GLBTS PCB Workgroup discussion ONLY 

body burdens to determine “background” PCB levels and trends over time. The data sources 
listed in Table 2 were used in the current effort to assess the impact of PCBs on the Great Lakes 
Basin. In addition, a number of scientific studies have shown PCB-related impairments to human 
health and to other animal species. 
 
Table 2 and the ensuing discussion show that, in general, there are sufficient data on the 
environmental presence of PCBs in multiple media to make a preliminary assessment of the 
impact of PCBs in the Basin. However, there are several data issues that still need evaluation 
before making overall conclusions regarding PCB impacts (e.g., there are scientific studies that 
show conflicting data regarding PCB-related impairment in the same species and/or geographic 
areas).  
 
Table 2.  Environmental and Human Health Data on PCBs Collected by Government 

Programs 
 

DATA SOURCES 
Fish 

USEPA Great Lakes Fish Monitoring Program 
DFO Fish Contaminants Surveillance Program 
US National Fish Tissue Study 
National Listing of Fish Advisories 
Ontario Fish Consumption Advisories 

Other Biota 
Canadian Wildlife Service Herring Gull Egg Monitoring Program 
Ontario Ministry of the Environment Niagara River Mussel Biomonitoring Survey 

Sediment 
Great Lakes Water Quality Surveillance Program 
Data Review Study on Spatial and Temporal Trends in Surface Water and Sediment Contamination 
in the Laurentian Great Lakes (Marvin et al., 2004) 
Canadian Screening Level Survey of Sediment Quality in Tributaries to the Lower Great Lakes 
Great Lakes Areas of Concern (AOC) sediment data 

Surface Water 
Great Lakes Water Quality Surveillance Program 
Data Review Study on Spatial and Temporal Trends in Surface Water and Sediment Contamination 
in the Laurentian Great Lakes  

Ambient Air 
Integrated Atmospheric Deposition Network (IADN) 

Food Supply  
US FDA Total Diet Study 
Health Canada Total Diet Study  

Human Biomonitoring 
US National Health and Nutrition Examination Survey (NHANES) 
Health Canada data on St. Lawrence populations 
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It should be noted that PCBs exist as a mixture of chlorinated biphenyl chemicals in commercial 
fluid as well as the environment (there are 209 possible PCB congeners comprised of various 
chlorine substitution patterns). Where possible, environmental data are presented for total PCBs, 
or if otherwise, the specific congener is identified. The subset of the 12 PCB congeners that are 
referred to as the “dioxin-like” (or coplanar) PCBs due to their structural similarities to dioxins 
and furans are addressed in the GLBTS framework assessment targeting dioxins and furans. 
Although evidence suggests that dioxin-like PCBs are always present at varying levels within 
mixtures of PCB congeners, the major sources and reservoirs of dioxin-like PCBs match those of 
dioxins/furans. For this reason, the coplanar PCBs analysis is included in the GLBTS dioxin 
framework assessment, and will defer to the findings of the US Dioxin Reassessment that is 
currently under scientific peer review.  
 
3.1.1 Biota 
 
Monitoring programs summarized in the current assessment that measure concentrations of 
PCBs in wildlife include the Canadian Department of Fisheries and Oceans (DFO) fish 
monitoring program, the US Environmental Protection Agency’s Great Lakes National Program 
Office (GLNPO) fish monitoring program, the US National Fish Tissue Survey, the Canadian 
Wildlife Service (CWS) Great Lakes Herring Gull Eggs monitoring program, and the Ontario 
Ministry of the Environment Niagara River Mussel Biomonitoring Survey. In addition, the 
National Listing of Fish Consumption Advisories includes all fish advisories issued in the US 
and Canadian Great Lakes Basin for unacceptable concentrations of PCBs. Although not 
included in the current assessment, further data on PCB levels in fish tissue are often collected 
by states and available at the state and local level. 
 
GLNPO/DFO Great Lakes Fish Monitoring Program (US and Canada) 
 
The DFO and GLNPO have been conducting long-term (>25 years), basin wide monitoring 
programs measuring whole body concentrations of contaminants in top predator (lake trout 
and/or walleye) and forage fish (smelt). DFO reports contaminant burdens annually in similarly 
aged fish (4+ to 6+ range), while GLNPO reports contaminant burdens annually in similarly 
sized fish (lake trout 600-700 mm and walleye 400-500 mm total length).  
 
Tables 3 and 4 below list measured PCB concentrations for the GLNPO and DFO fish 
collections, respectively, including the most recently measured and historical concentrations. 
Since the late 1970s, concentrations of historically regulated contaminants such as PCBs have 
generally declined in most monitored fish species. The changes, however, are often lake specific 
and relate to both the specific characteristics of the substances involved and the ecological 
conditions of the fish community surveyed. In addition, as discussed later in Section 3.3 on 
Trends, it should also be noted that factors other than PCB loads can affect PCB concentrations 
in aquatic biota (e.g., changes in the food web due to invasive species introductions or other 
factors, and consequently, changes in bioaccumulation/biomagnification). 
 
As discussed in Section 3.2 of this report, the DFO/GLNPO whole fish data show that the Great 
Lakes Water Quality Agreement (GLWQA) criterion for PCBs in whole fish (0.1 µg/g) for the 



              DRAFT Page 9 

 
WORKING Draft PCBs Management Assessment May 2006 
 

This report is a WORKING DRAFT for GLBTS PCB Workgroup discussion ONLY 

protection of birds and animals which consume fish is still regularly exceeded, particularly in 
lake trout (GLWQA Annex 1).  
 
Additional data from DFO and GLNPO showing detailed information (including graphical 
presentations) on temporal trends in PCBs concentrations are included in Appendix B (see 
section B-1).  
 
Table 3. Total PCB Concentrations for GLNPO Fish Collections, Based on Whole 

Fish Samples (Size - Lake Trout: 600-700mm, Walleye: 450-550mm) 
   

Lake Species Highest Recorded 
Concentration 

Most Recently Measured 
Concentration 

Percent 
Decline 

  Year Value (ug/g) Year Value (ug/g)  
Superior Lake Trout 1980 1.89 2000 0.784 58.5% 
Michigan Lake Trout 1974 22.91 2000 1.614 93.0% 

Huron Lake Trout 1979 3.66 2000 0.779 78.7% 
Erie Walleye 1977 2.64 2000 1.241 53.0% 

Ontario Lake Trout 1977 8.33 2000 1.174 85.9% 
*All concentrations based on whole fish samples 

  [Data Source: US EPA - GLNPO Great Lakes Fish Monitoring Program] 
 
Table 4. Total PCB Concentrations for DFO Fish Collections, Based on Whole Fish 

Samples (Age 4+ - 6+ range) 
 

Highest Recorded 
Concentration 

Most Recently Measured 
Concentration 

Percent 
Decline Lake Species 

Year Value (µg/g) Year Value (µg/g)  
Lake Trout 1988 1.91 2002 0.33 82.7% Superior 
Smelt 1985 0.30 2002 0.03 90.0% 
Lake Trout 1982 2.52 2003 0.43 82.9% Huron 
Smelt 1982 0.29 2003 0.03 89.7% 
Walleye 1979 3.11 2003 1.08 65.3% 
Lake Trout 1990 1.75 2003 0.70 60.0% Erie 
Smelt 1990 0.76 2003 0.08 89.5% 
Lake Trout 1977 9.05 2003 1.17 87.1% Ontario 
Smelt 1988 2.15 2003 0.18 91.6% 

      *All concentrations based on whole fish samples 
[Data Source: Department of Fisheries and Oceans/Great Lakes Laboratory for Fisheries 
and Aquatic Sciences (DFO/GLLFAS)] 

 
General by Lake Observations1 
 
Lake Michigan –Total PCB lake trout concentration data show consistent declines through 2000, 
although there was very little additional decline in the late 1990s (also see Appendix B, Figure 
B-11). Recorded concentrations of total PCBs in Lake Michigan lake trout remain above the 
GLWQA criteria (0.1 µg/g) (see Section 3.2).  
 

                                                           
1 Data, analysis, and interpretation provided by Mike Whittle, DFO, and Beth Murphy, GLNPO. 
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Lake Superior – GLNPO lake trout data for total PCBs show some fluctuation with movement 
toward a leveling off beginning in the 1980s. DFO lake trout data show very little recent change 
in the mean PCB concentrations of this age class cohort of Lake Superior lake trout through 
2002. DFO smelt show a steady decline in PCB concentrations through 2002. Recorded 
concentrations of total PCBs in both GLNPO and DFO Lake Superior lake trout collections 
remain above the GLWQA criteria. DFO collected Lake Superior smelt have consistently 
remained below GLWQA criteria since 1993. (also see Appendix B, Figures, B-8, B-9, and B-
10). 
 
Lake Huron – Both GLNPO and DFO lake trout data for PCBs show a general decline in 
concentrations with some occasional fluctuations upward. DFO smelt data show significant 
fluctuation between 1979 and 2003. Total PCB concentrations recorded in GLNPO and DFO 
recorded concentrations of total PCBs in Lake Huron lake trout remain above the GLWQA 
criteria. DFO-collected smelt have consistently remained below GLWQA criteria since 1997. 
(also see Appendix B, Figures, B-6, B-7, and B-12). 
 
Lake Erie - GLNPO walleye demonstrate a period of increase in PCB concentration from the 
late 1980s through the early 1990s, in correlation with the introduction of zebra mussels, 
followed by sharp declines in total PCB concentration. DFO walleye increases in PCB 
concentrations from 1985 through 1993 were also associated principally with the proliferation of 
the zebra mussels. This was followed by a decline in PCB concentrations and then a period of 
relatively steady PCB concentrations over the past 4 years through 2003. DFO lake trout data 
show a decrease in concentration between 1990 and 2001, followed by a slight increase through 
2003. DFO smelt data show a decline in concentration between 1990 and 2001, followed by a 
sharp increase in 2002 and an 80 percent decrease in 2003. GLNPO and DFO-recorded 
concentrations of Lake Erie walleye and lake trout are above GLWQA criteria. The most 
recently DFO-measured Lake Erie smelt PCB concentrations are below GLWQA criteria (also 
see Appendix B, Figures, B-3, B-4, and B-14). 
 
Lake Ontario - Both GLNPO and DFO lake trout data show a consistent decline in PCB 
concentrations through the present with very little change in concentration since the late 1990s. 
DFO smelt data show that there have been minor declines in PCB concentrations between 1999 
and 2003. GLNPO and DFO-recorded concentrations of Lake Ontario lake trout and smelt are 
above the GLWQA criteria (also see Appendix B, Figures, B-1, B-2, and B-13).  
 
The US National Study of Chemical Residues in Lake Fish Tissue 
 
The US National Study of Chemical Residues in Lake Fish Tissue (or the National Fish Tissue 
Study) is a four-year national screening-level freshwater fish contamination study. The National 
Fish Tissue Study measured PCBs and other contaminants in predator and bottom-dwelling fish 
tissue from lakes and reservoirs of the continental US (excluding the Great Lakes), and included 
surveys of a relatively small number of lakes and reservoirs in the Great Lakes region. EPA is 
releasing interim raw data each year of the study, but analysis of the data did not begin until 
January 2005 when EPA finished collecting the results for all four years. A final report is 
expected to be completed in 2006. Data are currently available for the first two years of the 
study. The first and second year results consist of quality-assured raw data from analysis of fish 
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samples collected from lakes and reservoirs during fall 1999 through 2001. Sampling locations 
included 77 sites (out of 250 sites nationally) in the Great Lakes states of Illinois, Indiana, Ohio, 
Michigan, Minnesota, New York, Pennsylvania, and Wisconsin. PCBs were detected in fish at 
all 77 sites, with the minimum and maximum concentrations measured being 0.3015 ng/g (ppb) 
and 705 ng/g (ppb), respectively. 
 
 
Canadian Wildlife Service Great Lakes Herring Gull Eggs 
 
The Canadian Wildlife Service (CWS) has analyzed contaminant levels, including PCBs, in 
herring gull eggs from fifteen colony sites on the Great Lakes since the early 1970s. Eggs have 
been collected from sites in eight water bodies within the Great Lakes Basin: 
 

 St. Lawrence River – Strachan Island (near Cornwall) 
 Lake Ontario – Snake Island (near Kingston), Tommy Thompson Park (Toronto Harbour) 

and Neare Island (Hamilton Harbour) 
 Niagara River - an unnamed island 300 m above Niagara Falls  
 Lake Erie – Port Colborne Lighthouse and Middle Island 
 Detroit River – Fighting Island 
 Lake Huron – Chantry Island, Double Island (North Channel) and Channel-Shelter Island 

(Saginaw Bay) 
 Lake Michigan – Big Sister Island (Green Bay) and Gull Island  
 Lake Superior – Granite Island (Black Bay) and Agawa Rocks 

 
See Appendix B-2 for additional information on herring gulls colony sampling locations and 
study methodology. 
 
The most recently measured PCB concentrations and percent changes during the study period in 
herring gull eggs are shown in Table 5 below.  
 
Current contaminant concentrations and percent change during the study period were calculated 
as the average value of the sites within each water body. One site in Lake Ontario (Hamilton 
Harbour, site #4) and one in Lake Huron (Saginaw Bay, site #11) were not included for this 
calculation because their time series were not continuous with the two other sites from each of 
those lakes. Individual annual data for all compounds and sites included in this monitoring 
program can also be found in Bishop et al. (1992), Pettit et al. (1994), Pekarik et al. (1998), and 
Jermyn et al. (2002). 
 
Temporal trends and changes within the time series were determined by change point 
(piecewise) regression (Draper and Smith, 1981; Pekarik and Weseloh, 1998). Change point 
analyses conducted by Pekarik and Weseloh (1998) for PCB 1254:1260 indicated that the 
logarithmic rates of decline in herring gull eggs from western Lake Ontario were slower from 
1987-1995 than they were from 1974-1986. At both Lake Superior colonies and the Niagara 
River colony PCB 1254:1260 concentrations ceased to decline in the mid-1980s. At the colony 
in Green Bay, Lake Michigan, PCB 1254:1260 levels have shown no significant temporal trend 
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since 1976. At the remaining 8 colonies, PCB 1254:1260 levels continue a logarithmic decline in 
recent years at the same rate as or faster than previously. 
 
 
Table 5. Percent Decline in Concentrations of PCBs in Herring Gull Eggs from 1974 

(or year of first analysis) to 2003^ 
 

Water Body Year PCB Concentration 
(µg/g) 

Lake Superior   
n=2 1974* 62.8 
 2003 5.22 
  % decline 91.7% 
Lake Michigan   
n=2 1976/77* 108 
 2003 10.0 
  % decline 90.8% 
Lake Huron   
n=2 1974* 71.0 
 2003 4.31 
  % decline 93.9% 
Detroit River   
n=1 1978* 115 
 2003 17.6 
  % decline 84.7% 
Lake Erie   
n=2 1974* 72.5 
 2003 15.0 
  % decline 79.3% 
Niagara River   
n=1 1979* 50.5 
 2003 5.68 
  % decline 88.7% 
Lake Ontario   
n=2 1974* 153 
 2003 13.7 
  % decline 91.0% 
St. Lawrence R.   
n=1 1986* 28.9 
 2003 7.80 
  % decline 73.0% 

 
^All concentrations reported in µg/g wet weight. The average contaminant levels were calculated from the sites for 
each water body as listed under Study Areas and Methods (See Appendix B-2), except for Lake Ontario, where only 
samples from Snake Island and Tommy Thompson Park (Toronto Harbour) were used, and Lake Huron, where only 
samples from Chantry and Double Islands were used. 
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Although there were no herring gull egg criteria identified to compare these levels to, as can be 
seen in Table 5, concentrations of PCBs have consistently declined at all study sites since the 
1970s.  
 
Ontario Ministry of the Environment Niagara River Mussel Biomonitoring Survey 
 
The data generated by the Niagara River Mussel Biomonitoring Survey augment other federal 
and provincial Niagara River Toxics Management Plan programs by providing information on 
contaminants in the river between Fort Erie and Niagara-on-the-Lake (NOTL). The mussel 
biomonitoring program has provided information on suspected contaminant sources and source 
areas and the effectiveness of site remediation in reducing contaminants in the river. The Niagara 
River mussel biomonitoring survey, conducted by the Ontario Ministry of Environment, has been 
ongoing since 1980 (Kauss 1987; Kauss and Angelow 1988; Anderson et al. 1991; Richman 
1992 – 2003) and involves experimental placement of native mussels at stations along the river 
for fixed periods of time. Information provided by this study is part of an overall program to 
assess long-term trends in contaminant loadings from selected US and Canadian sources along 
the Niagara River. A summary of the survey methodologies is included in Appendix B (see 
Section B-3). 
 
Similar to data reported from the 1997 and 2000 surveys, concentrations of total PCBs less than 
0.2 µg/g wet wt were present in mussels deployed at almost all stations on the American side of 
the river in 20032. (Note that the GLWQA criterion for fish is 0.1 µg/g, for total PCBs in fish 
tissue, wet weight, whole fish). Generally, concentrations among all stations were similar with 
high within site variability at times, making it impossible to identify point or non-point sources 
along the Tonawanda Channel and in the lower Niagara River. The data, in general (including 
data for the Canadian side of the river at the Chippewa Channel and NOTL), may be reflecting 
the bioavailability of ambient concentrations of PCBs in the river. This suggests that PCB 
exposure is pervasive and PCBs will likely be bioavailable in the future. 
 
The ongoing remediation of historical hazardous waste sites, contaminated sediment, and sewer 
outfalls have reduced the release of PCBs from non-point sources such that decreases in the 
bioavailability of PCBs have been reflected in the mussel data at specific sites (e.g. Gill Creek). 
Total PCB concentrations in mussels deployed at the mouth of Gill Creek have been consistently 
low in recent surveys when compared with concentrations detected in mussels prior to the 
remediation of the site, as shown in Figure 3. A major clean up of PCB-contaminated sediment 
upstream of the mouth of Gill Creek was completed in 1992. Gill Creek was historically a known 
PCB “hot spot.” Data in the figure show the change in concentrations detected in mussels since 
the site was remediated.  
 

                                                           
2 Data for the Niagara River Mussel Biomonitoring Survey were provided by L. Richman, Ontario Ministry of the 
Environment. 
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Figure 3.  PCB Concentrations in Mussels Deployed in the Niagara River for 3 Weeks 
Source: Ontario Ministry of Environment 
Note: 1989 levels were at non-detect (with a detection limit at that time of approximately 650 
ng/g)  

 
 
Other Recent Wildlife Research 
 
Several studies have also been conducted on snapping turtle eggs. de Solla and Fernie (2004) 
measured PCB levels in snapping turtle eggs from the Detroit River and Wheatley Harbour in 
Lake Erie, and observed PCB levels that were elevated significantly above two inland reference 
sites (928.6 and 491.0 ng/g (ppb), respectively; reference sites 15.7 and 41.1 ng/g). The eggs 
from these two sites and from the St. Clair River exceeded the Canadian Environmental Quality 
Guidelines value of 0.79 ng/kg for safe human consumption of wildlife, while the eggs from the 
two reference sites did not exceed the guideline value. de Solla et al. (2001) reported the 
concentrations of several organochlorines in common snapping turtle eggs collected in 1998 
from points downstream of industrial areas and landfill sites in the Akwesasne territory 
(Mohawk Nation) located on both shores of the St. Lawrence River at the boundary of Ontario 
and Quebec. The concentrations of PCBs in the eggs ranged from 2.4 to 738 µg/g (ppm) and the 
mean concentration was 95.2 µg/g. The maximum concentrations are among the highest 
concentrations of PCBs ever recorded in free ranging animal tissue. The mean concentration is 
higher than the Canadian limit for defining PCB materials as a hazardous waste and the Toxicity 
Equivalency Factor (TEF) of 95.39 ng/kg was two orders of magnitude above the Canadian 
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tissue residue guideline of 0.79 ng/kg. Through Aroclor analysis, the authors concluded that the 
majority of the PCBs in the eggs was from local sources. 
 
Gewurtz et al. (2000) studied benthic invertebrates in Lake Erie to identify the contribution of 
various benthic species to the PCB burdens of higher trophic level species. They found that 
mayflies, which were wiped out of Lake Erie in the 1950s due to anoxia but are making a 
comeback, have much higher levels of PCBs than other benthic invertebrates. They believe this 
is due to their habitat and feeding habits. Gewurtz et al. (2000) postulate that the recovery of the 
mayfly population in Lake Erie will change the PCB concentrations in the higher trophic levels 
depending on whether an organism’s food web includes mayflies or not. 
 
Additional environmental toxicology research on PCBs in the Great Lakes area is also included 
in Appendix B (Section B-4).  
 
Fish Advisories (US States and Ontario) 
 
The US EPA National Listing of Fish Advisories (NLFA) database includes all available 
information describing state-, tribal-, and federally-issued fish consumption advisories in the US 
for the 50 States, the District of Columbia, and four US territories, and in Canada for the 12 
provinces and territories. The database contains information provided to EPA by the states, 
tribes, territories, and Canada. A query of the 2004 NLFA database results in 613 fish advisories 
in the US and Canadian Great Lakes Basin for PCBs (see Table 6). This includes statewide 
freshwater (lake and/or river) fish consumption advisories for PCBs in Indiana, Minnesota, and 
New York, as well as advisories for each of the Great Lakes (USEPA, 2005b). 
 
The Ontario Ministry of the Environment’s (OMOE) “Guide to Eating Ontario’s Sport Fish” is 
published bi-annually to provide guidance on interpretation of fish advisories monitored by 
OMOE (OMOE, 2005). The 2005-2006 edition of Ontario’s Guide to Eating Ontario Sport Fish 
summarizes the following percentages of fish consumption restrictions for the general population 
in Ontario attributed to PCB contamination (i.e., relative to advisories due to other contaminants) 
in the Great Lakes and their connecting channels and inland locations.  

• Lake Superior - 25% 
• Lake Huron - 41% 
• Lake St. Clair, S. Clair & Detroit Rivers - 51% 
• Lake Erie 79% 
• Lake Ontario - 61%. 

 
A fish advisory was also issued by OMOE more recently in May 2006 for the Bay of Quinte on 
Lake Ontario due to high levels of dioxin-like PCBs in fish. 
 
For additional information see http://www.ene.gov.on.ca/envision/guide/index.htm and 
http://www.ene.gov.on.ca/cons/590b12_intro.pdf .  
 
Although fish advisory numbers should be interpreted with caution because states may vary with 
respect to criteria and extent of testing for issuing advisories, the data do indicate that PCB 
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contamination of waterways occurs in all Great Lakes states, and that at least some populations 
and geographical areas may be at potential risk due to PCB exposure.  
 
Table 6.  Number of Fish Consumption Advisories in the US Great Lake States and 

Ontario due to PCBs in 2004 (USEPA, 2005a) 
 

State/Province Number of Advisories in 
2004 

Illinois 54 
Indiana 153* 
Michigan 124 
Minnesota 45 * 
New York 47 * 
Ohio 56  
Pennsylvania 37 
Wisconsin 48 
Ontario 49 
TOTAL 613 

 *Includes statewide advisories for PCBs 
 
 
3.1.2 Water and Sediments 
 
Numerous water, sediment and suspended sediment contaminant monitoring programs have been 
and are currently underway for PCBs in the open waters and interconnecting channels of the 
Great Lakes Basin. In addition, screening level surveys and track down efforts in the tributaries 
of the lower lakes are underway for PCBs, such as those being conducted as part of source 
reduction efforts under Lakewide Management Plans (LaMPs). Additional information on water 
and sediment contamination with PCBs is also available from monitoring in the Great Lakes 
Areas of Concern (AOCs). 
 
Although there is substantial data on PCBs in water and sediments available, there are several 
issues associated with the use, comparison, and interpretation of environmental data on PCBs 
that should be considered. These include general data integration issues, spatial differences, the 
effects of seasonal variation on environmental data, and any sampling or analytical issues that 
may change with time.  
 
Several data issues specific to PCBs in sediments should also be noted, such as interpretation of 
surficial sediment data (vs. sediment cores), and the effects of events that cause sediment 
resuspension. For example, heavy winds have the potential to create turbulence and subsurface 
currents and thereby stir up deeper, more heavily contaminated sediment in a shallow lake such 
as Lake Erie. Comparisons of the degree of improvement in sediment quality assessed using 
surficial sediments vs. core profiles can also be difficult; because surficial sediment surveys are  
measuring the amount of recently deposited contamination, a decline in concentrations does not 
necessarily mean that the contaminant (PCB) mass in the entire sediment profile has declined. In 
addition, comparisons of data from sediment studies conducted over several decades may be 
influenced by differences in analytical and sampling methods (Marvin et al., 2004).  
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The Great Lakes Water Quality Surveillance program has been conducted by Environment 
Canada on Lake Superior, Lake Huron/Georgian Bay, Lake Erie, and Lake Ontario since the mid 
1970s (see Figures a and b in Section B-5 of Appendix B for maps of monitoring locations). This 
ongoing surveillance program has been standardized and rotates among the different Great Lakes 
monitoring locations on a biennial basis. Inorganic and organic contaminant information is 
collected.  
 
The best sources of temporal data, which provide information suggestive of local sources, are the 
interconnecting channels programs in the St. Clair and Niagara Rivers. Trends over time at the 
downstream station in the Niagara River for PCBs (see Figure 4) suggest that PCB 
concentrations in water (calculated equivalent water concentrations) have been decreasing over 
time. Calculated equivalent water concentrations (whole water, particulate phase) are based on 
the concentration of PCBs in the suspended sediment and the concentration of suspended 
sediment in the water. 

 
Figure 4. Whole Water PCBs (particulate phase only, ng/L) at Niagara-on-the-Lake, 

1986-2001. (Source: Environment Canada)  
     *MLE = Maximum Likelihood Estimate 

 
Bottom sediment contaminant surveys conducted in the Great Lakes from 1997 to 2002 provide 
a good illustration of the spatial distribution of contaminants, and in concert with sediment cores, 
also provide a temporal perspective. Comparisons of surficial sediment contaminant 
concentrations with sub-surface maximum concentrations indicate that PCB contaminant 
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concentrations have generally decreased by about one-third to one-half between 1997 and 2002. 
Table 7 presents percent reductions in PCB concentrations (surface vs. sub-surface) in Lakes 
Ontario, Erie, and St. Clair from available sediment core data (USEPA, 2005c). Data were not 
available to determine PCB reductions in Lake Superior or Lake Michigan.  
 

Table 7. Percent Reductions in PCB Concentrations from 1997 to 2002 in Lakes 
Ontario, Erie, and St. Clair Estimated from Sediment Cores. 

 

Ontario Erie St. Clair Parameter 
%Reduction %Reduction %Reduction 

PCBs 37 40 49 
 
 
Historical sources of PCB and their impacts are evident through comparison to earlier surveys 
conducted in the late 1960s and early 1970s and by analysis of archived samples. PCBs have 
decreased in Lake Erie by 80 percent since 1971. The average lake-wide concentration is 
converging on desirable US and Canadian sediment quality guidelines for the protection of 
aquatic life (USEPA, 2005c) (see Figure 5 and Table 10 for descriptions of these sediment 
quality guidelines). However, it should be noted that although these guidelines are protective of 
aquatic life, they are not necessarily protective of species higher on the food web (e.g., fish-
eating wildlife).  
 
 

 
Figure 5.  Lake Erie Bottom Sediment Lake wide PCB Average Concentration Over Time. 

(Source: Environment Canada) 
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Screening Level Surveys of Sediment Quality in Tributaries to the Lower Great Lakes 
(Canada) 
 
Over the period 2001-2003, Environment Canada conducted screening level surveys of sediment 
quality in 101 Canadian tributaries to Lake Erie, including those into the St. Clair and Detroit 
River corridor and 211 Canadian tributaries to Lake Ontario, including the Niagara River and the 
St. Lawrence River. The purpose was to assess sediment quality in each tributary prior to 
discharge into their respective receiving waters. The study was designed to maximize the 
probability of contaminant detection, rather than to quantify contaminant loads. Results of the 
survey show tributary sediments PCB concentrations that exceeded the Canadian Federal Interim 
Sediment Quality Guideline (ISQG) of 34.1 µg/kg (CCME, 1999; Persaud et al., 1993). The 
purpose of the program is to provide a screening level survey of sediment quality in Canadian 
tributaries, and as such, there is no trend data. 
 
Great Lakes Areas of Concern (US) 
 
EPA operates a sediment assessment program within the US Areas of Concern (AOC). Forty-
three AOCs have been identified: 26 located entirely within the United States; 12 located wholly 
within Canada; and five that are shared by both countries. PCB-contaminated sediments have 
been identified as a source of impairments in approximately one-half of the Great Lakes AOCs 
(GLBTS PCB Step 1&2 Report, 1999), including areas such as the Manistique River, Milwaukee 
Harbor, Waukegan Harbor, and the St. Lawrence River (see www.epa.gov/glnpo/aoc/index.html 
or www.epa.gov/glnpo/aoc/sedimentprojects.html for more information.)  
 
In a comparison between surface and sub-surface sediment PCB concentrations in ten AOCs, 
data showed that surface concentrations are still enriched in many areas, compared to sub-surface 
concentrations, although these results could be influenced by the sampling procedures or, as 
discussed previously, other processes affecting new deposition. 
 
The Lake Erie Lakewide Management Plan (LaMP) and Integration of Lake Erie Basin-
Wide Sediment Quality Data, 1990 – 2001 (US and Canada) 
 
As part of environmental assessment efforts under the Lake Erie Management Plan (LaMP), 
available information on PCBs in sediments from many jurisdictions in both the US and Canada 
are being compiled into the Lake Erie Information Management System (LIMS). Sediment 
quality data was integrated into this database on a binational basis (USEPA/EC, Lake Erie 
LaMP, 2004). Figure 6 shows an evaluation of PCB concentrations measured in bed-sediments 
as compared to the Canadian Interim Sediment Quality Guidelines (ISQG), as based on two 
predetermined aquatic biological effect levels, the threshold effect level (TEL) and probable 
effect level (PEL) (after Smith, et al., 1996, as cited in the Lake Erie LaMP 2004 Update,). The 
TEL is 34.1 µg/kg (and is the basis for the ISQG discussed previously), and the PEL is 277 
µg/kg. 
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Figure 6. PCB Bed Sediment Concentrations from Multiple Monitoring Programs within 
the Lake Erie Basin. (Source: USEPA/EC 2004 Lake Erie LaMP)  

 

 
 
 
 
 
 
 
Other Water and Sediments Research 
 
Additional information on research on PCBs in water and sediments is included in Appendix B 
(See Section B-5) and in Section 3.3.2 of this report on trends.  
 
Review Study on Spatial and Temporal Trends in Surface Water and Sediment Contamination 
in the Laurentian Great Lakes. Data on PCB concentrations in water and sediments in the Great 
Lakes was summarized recently in a review study by Marvin et al. (2004). The authors compiled 
and assessed recent and historical data from several key Environment Canada monitoring 
programs, including the Great Lakes open-lake surface water surveillance program, the Niagara 
River upstream/downstream program, and the Great Lakes sediment assessment program. They 
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compared data to available environmental criteria, including the Canadian PEL for sediments, 
and New York state water quality criteria. 
 
Sediment data. The available lake-wide average concentrations of PCBs in surficial sediments 
are shown in Table 8. There were no PEL (277 ng/g total PCBs) guideline exceedances for PCBs 
in any of the Great Lakes surficial sediments (open lake depositional areas) included in the data 
set assessed by Marvin et al. (2004). However, going beyond the PEL criteria included in the 
analysis by Marvin et al., comparisons of the lake-wide average PCB concentrations to the 
Canadian TEL/ISQG (34.1 ng/g) results in sediment criteria exceedances in every lake studied. 
Reductions in sediment PCB contamination in Lakes Erie and Ontario were estimated by Marvin 
et al. (2004) at roughly 70 percent and 80 percent, respectively, based on comparisons of lake-
wide average concentrations from surveys in the late-1990s with surveys conducted in the late 
1960s through the early 1970s. Surveys conducted in Lake Erie in 1997 (Painter et al. 2001) and 
Lake Ontario in 1998 (Marvin et al. 2002b) showed that surficial sediment PCB concentrations 
have declined roughly three-fold and six-fold, respectively, in the last thirty years. 
 
Table 8.  Average lake-wide PCB concentrations in sediments from Lakes Michigan, 

Ontario, and Erie, in comparison to Canadian Sediment Quality Guidelines 
[Source: adapted from Marvin et al., 2004] 

 
Location Statistic * PCBs(ng/g) 
Michigan Lake-wide Average 47 
 % Exceeding PEL 0 
 Minimum 0 
 Maximum 220 
Ontario Lake-wide Average 100 
 % Exceeding PEL 0 
 Minimum 2.6 
 Maximum 255 
Erie Lake-wide Average 98 
 % Exceeding PEL 0 
 Minimum 1.9 
 Maximum 245 
 Western Basin  161 
 Central Basin  97 
 Eastern Basin 36 

* PEL = Canadian Sediment Quality Guidelines Probable Effect Level (CCME, 1999) (277 ng/g total 
PCBs) (Note, the CCME Interim Sediment Quality Guideline is 34.1 ng/g, based on the threshold effect 
level (TEL))  
 
Water data. Marvin et al. (2004) reviewed data on surface water concentrations of PCBs 
measured at Fort Erie and Niagara-on-the-Lake between 1986 and 1997, which showed marked 
reductions in PCB concentrations (up to 72 percent) since 1986. The most recent basin-wide 
surface water PCB data reviewed by Marvin et al. (2004) were published by Anderson et al. 
(1999), who reported a range of total PCB concentrations from 100 pg/L in Lake Superior to 
1600 pg/L in the western basin of Lake Erie. 
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The reviewers found that although significant improvements in surface water quality had been 
made, PCB concentrations from available data sources exceed available water quality criteria. 
Concentrations of PCBs at Fort Erie and Niagara-on-the-Lake regularly exceeded the New York 
State ambient water quality standards for the protection of human consumers of fish (NYSDEC, 
1998) (At 1x10-6 µg/L, these standards represent the most sensitive criteria among the agencies 
mandated with monitoring water quality in the lower Great Lakes). The range of PCB 
concentrations in the Great Lakes (100 pg/L to 1,600 pg/L) reported by Anderson et al. (1999) 
also exceed the latest EPA water quality criterion for total PCBs (USEPA, 2002), which is 64 
pg/L. 
 
A list of additional local monitoring/research programs that collect data on PCBs in water and 
sediments is included in Appendix D.  
 
3.1.3 Air 
 
Integrated Atmospheric Deposition Network 
 
The Integrated Atmospheric Deposition Network (IADN) is a joint United States/Canada 
atmospheric monitoring network that has been in operation since 1990. The IADN consists of 
five master stations, one near each of the Great Lakes, and several satellite stations. 
Concentrations of PCBs, organochlorine pesticides, polycyclic aromatic hydrocarbons (PAHs), 
and trace metals are measured in ambient air (gas phase), suspended particles, and precipitation 
at each station.  
 
The Lake Erie master station consistently shows relatively elevated PCB concentrations 
compared to the other master stations. Back-trajectory analyses have shown that this is due to 
possible influences from upstate New York (the site is 20 km southwest of Buffalo) and the East 
Coast (Hafner and Hites, 2003 as cited in USEPA, 2005c). Figure 7 shows that PCB 
concentrations at the satellite station in downtown Chicago are about ten times higher than at the 
more remote master stations. In addition, back-trajectory analyses also have revealed that the 
influence of Chicago may reach as far away as Lake Superior. Preliminary data from the new 
Cleveland station indicate that PCB levels in that city are lower than those in Chicago, but higher 
than at the master stations. Urban areas such as the City of Chicago typically show higher PCB 
levels than rural areas because of higher concentrations of PCB equipment and contaminated 
sites.  
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Figure 7. Annual Average Total PCB Concentrations in Air Samples at Rural Master 

Stations Around the Great Lakes vs. Urban Chicago (pg/m3) 3 
 
Buehler et al. (2002) collected air samples from IADN monitoring sites on Lakes Michigan and 
Superior in 2000 and then compared the results of PCB analysis with historic values. They found 
that there has been a 7-10 fold reduction in atmospheric PCB levels since PCBs were banned 
from production in 1977 but that the rate of decline has slowed considerably since 1990. In fact 
they found that PCB levels in air actually increased between 1997 and 2000. Buehler et al. 
(2004), while studying the historical seasonal variations in PCBs in air at a Lake Michigan 
monitoring station, found that an unknown event or series of event in 1998 contributed 
significantly to air-phase concentrations of PCBs (and several pesticides).  
 
Figure 8 shows the general decline in total PCB concentrations in the air collected at the rural 
sites near each of the Great Lakes over the past 25 years. 
 
In Figure 8, some increases in concentrations are seen during the late 1990s for Lakes Michigan 
and Erie and during 2000-2001 for Lake Superior. Levels decrease again by 2002. These 
increases remain unexplained, although there is some evidence of connections with atmospheric 
circulation phenomena such as El Nino (Ma et al. 2004a). Ma et al. (2004) suggest that 
environmental reservoirs of PCBs such as soil may also be major contributors of organochlorines 
to air especially during warm weather.  
 

                                                           
3 IADN Steering Committee, unpublished data, 2004.  
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Figure 8. Long-term4 Atmospheric Gas-Phase Annual Average Total PCB 

Concentrations (pg/m3) at Rural Great Lakes Sites.5 
 

 
The IADN also routinely releases atmospheric loadings reports for the pollutants it monitors. 
According to IADN, an atmospheric loading is the amount of a pollutant entering a lake from the 
air through precipitation, falling particles, and gaseous absorption into the water, minus the 
volatilization of the pollutant out of the water column. Absorption minus volatilization equals net 
gas exchange, which is the most significant part of the loadings for most IADN pollutants. 
Figure 9 shows net gas exchange loadings for Lake Michigan for PCBs (and two other persistent 
compounds from the pesticide lindane, α-HCH, and γ-HCH) (USEPA, 2005c). A bar pointing 
downward indicates that the net loading is negative, and the compound is volatilizing into the 
atmosphere. This occurs after the main sources to the air have been cut off and the air becomes 
“cleaner” relative to the water. The figure shows that the absolute values of the loadings are 
getting smaller, which indicates that the lake water and the air above it are close to being in 
equilibrium. In summary, PCBs continue the trend of volatilizing out of the Lakes but tending 
towards equilibrium.  
 

                                                           
4 Note the inconsistent spacing of the years presented on the x-axis.  
5 IADN Steering Committee, unpublished data, 2004. Sources for pre-1992 PCB data: Achman et al. 1993; Baker 
and Eisenreich 1990; Cotham and Bidleman 1995; Doskey and Andren 1981; Eisenreich et al. 1981; Eisenreich 
1987; Hornbuckle et al. 1993; Hornbuckle et al. 1994; Manchester-Neesvig and Andren 1989; Monosmith and 
Hermanson 1996. 
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Figure 9. Net Gas Exchange Atmospheric Loadings to Lake Michigan (kg/yr).6 
 
 
A report on the atmospheric loadings of these compounds to the Great Lakes recently has been 
published for data through 2000. It and other loadings reports are available online at 
http://www.epa.gov/glnpo/monitoring/air/iadn/iadn.html. 
 
Other Recent Air Research 
 
Zhang et al. (1999) determined that there is a net flux of 140 kg/yr of PCBs from the city of 
Chicago to southern Lake Michigan, and that the majority of this flux is due to volatilization, 
transport in air and deposition to the lake either as dry deposition or “wet” precipitation.  
 
Chiarenzelli et al. (2002) collected sediment cores from a reservoir and a creek in Upper New 
York State east of Lake Ontario. Based on several factors (including similar congener profiles 
across both sites despite geographically and culturally distinct settings), the authors concluded 
that the source of PCBs was not local. They also postulated that the two most probable 
explanations for the PCBs at these sites were volatilization from terrestrial surfaces in the area 
and movement of PCBs from the Great Lakes and major industrial areas, some of which could be 
large distances away. The volatilized PCBs move with air currents to this area and then are 
deposited to the land and ultimately to streams, rivers and lakes (and their sediment) through the 
action of lake-effect (Lake Ontario) precipitation.  
 

                                                           
6 Adapted from Blanchard et al. 2004. 
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Gouin et al. (2005) also showed that there is a seasonal cycling of PCBs that is dependent on 
volatilization, precipitation, and re-volatilization. Their data, collected in Southern Ontario show 
that urban areas have roughly five times the PCB levels in air compared to rural areas, that 
precipitation causes the PCBs to fall to terrestrial and aquatic surfaces and that the PCBs will re-
volatilize in warmer weather. Since the Great Lakes are home to a large number of highly 
urbanized areas, they are heavily influenced by this cycling of PCBs. The cold water of the lakes 
tends to trap the PCBs as only the dissolved PCBs in the surface layers are prone to re-
volatilization by the warming of the air above. An additional phenomenon, the “spring burst” is 
related to this cycling. PCBs trapped in snow and ice in the winter are released in the spring as 
the weather warms and the ice and snow melts.  
 
3.1.4 Landfills, Contaminated Sites and Soils 
 
Sites contaminated with PCBs (e.g., deficient landfill sites, historically contaminated sites, etc.) 
have the potential to leach PCBs to groundwater and surface water, and to release PCBs to the 
atmosphere via volatilization. In particular, organic solvents that are often present at municipal 
landfills or hazardous waste sites may cause leaching of PCBs from surface soils to deeper in the 
soil profile. Volatilization from contaminated sites appears to be an important loss mechanism, 
especially for the lower chlorinated congeners (ATSDR, 2000). PCBs were frequently deposited 
in hazardous and industrial landfills sites in the past. Regulations for landfills in the United 
States (see 40 CFR Part 761) require liners, leachate collection, groundwater monitoring, daily 
cover, and caps at closure. PCB materials over 500 ppm are still deposited in permitted landfills 
in the United States, and PCB materials up to 50 ppm are deposited in industrial and municipal 
landfill sites in the US and Canada. Very few published studies appear to document the mass of 
PCBs that have historically or are currently escaping from landfills and contaminated sites. The 
International Programme on Chemical Safety (IPCS, 1992) reported that it was estimated by a 
team of researchers in 1985 that 10-100 kg/yr of PCBs is released to the atmosphere from US 
landfills based on field measurements and modeling. Both US and Canadian governments have 
data on specific landfills and contaminated sites from which PCBs have been released in 
leachate, however, the data have not been compiled in any particular reports.  
 
The number of PCB ballasts produced by manufacturers that have ended up in landfills is 
unknown  
 
Soils appear to have received net PCB inputs from water and air during the peak emissions of the 
1960s and early 1970s, but at present, soils appear to be reservoirs for releasing PCBs into the 
atmosphere (ATSDR, 2000). Once in soils, PCBs are strongly sorbed to soil particles and are 
unlikely to leach to subsoils or groundwater. The tendency to leach is greatest among the least 
chlorinated congeners and is thought to be greatest in soil with low organic carbon. As with 
contaminated sites, volatilization appears to be an important loss mechanism, especially for the 
lower chlorinated congeners (with the highest rates generally in the summer months as a result of 
warmer temperatures, and in soils with low organic carbon content) (ATSDR, 2000). In contrast 
to sediment, PCB concentrations in soil have not been closely monitored (ATSDR, 2000). 
Concentrations of PCBs in most soils are generally < 0.10 mg/kg (ppm); however, PCB 
concentrations in contaminated soils can be several orders of magnitude higher (ATSDR, 2000). 
In contrast, concentrations of PCBs measured in subsurface soil at a Superfund site have been as 
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high as 750 mg/kg (ATSDR, 2000). Although not specific to the Great Lakes Regions, in a 
recent survey of PCB concentrations in 191 global background surface (0-5 cm) soils, Meijer et 
al. (2003) found differences of up to 4 orders of magnitude between sites. Background soil PCB 
concentrations were strongly influenced by proximity to source region and soil organic matter 
(SOM) content, with organic matter rich soils consistently containing the highest burdens of 
PCBs. A "global source region" of PCBs, in which >80% of the estimated global soil PCB 
burden resides, was identified in the of the Northern Hemisphere temperate latitudes (30-60 
degrees N). Evidence for global fractionation of PCBs was found in the subset of soils from 
latitudes north of the global source region but was not discerned with the global data set.  
 
3.1.5  PCBs in Food and Human Biomonitoring 
 
US and Ontario fish and wildlife consumption advisory programs were discussed previously in 
Section 3.1.1 of this report. 
 
US Total Diet Study 
 
The Total Diet Study (TDS), sometimes called the Market Basket Study, is an ongoing program 
of the US Food and Drug Administration (FDA). Since 1961, the TDS has been used to 
determine levels of various contaminants (including PCBs) and nutrients in foods. Analyses are 
performed on foods that are prepared as they would be consumed (table-ready), so the final 
results can be used to provide a realistic measure of the dietary intake of analytes (FDA, 2004). 
The foods collected in the TDS represent the major components of diet in the US population. A 
description of the TDS study design, foods, and consumption amounts can be found at 
http://www.cfsan.fda.gov/~comm/tds-hist.html. Analytical results for PCBs are available for 
Market Baskets 1991-93 through 2001-04 (36 baskets) (see Section 3.2.4). 
 
Canadian Total Diet Study 
 
Since 1969, Health Canada has conducted Total Diet Studies, also known as Market Basket 
Surveys/Studies, for accurate estimates of dietary intakes of contaminants. To date, Total Diet 
Studies have been conducted during five time periods (ranging from 1969 to the present) to 
estimate the levels of chemicals to which Canadians in different age-sex groups are exposed 
through the food supply.  
 
Each Total Diet Study is conducted in several major Canadian cities over the time period, 
normally one city each year. More information about the methods of sample collection and 
analysis can be found at http://www.hc-sc.gc.ca/food-aliment/cs-ipc/fr-ra/e_tds.html. 
 
Data on PCB food concentrations and dietary intakes are available for Total Diet Studies 
conducted in eight cities between 1992 and 1998, and in three cities surveyed between 2000 and 
2002 (see Section 3.2.4). Health Canada is planning to release updated results for the Toronto 
area in 2006.   
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Other Food Source Contamination Research 
 
Judd et al. (2004) studied fish from several different sources including one on the Great Lakes 
and some estuarine sources. They calculated a Toxicity Equivalency Factor (TEF) for the fish 
based on individual congener analysis. They found that fish from Saginaw Bay (Michigan) had 
PCB levels and PCB TEFs 20 times higher than fish from either the Columbia River 
(Washington) or Willamette River (Oregon). They also concluded that fish advisories should be 
based on TEF rather than total PCB concentration and that advisories should be specific to the 
types, sizes and source locations of fish. 
 
Kalantzi et al. (2001) studied the PCB levels in butter across the globe. Butter is a product that is 
generally marketed on a local or regional basis and not shipped long distances for sale. They 
found that, in general, PCB levels in butter in a region reflect the amount of historic PCB use in 
that region. Eastern Europe had the highest levels of PCBs possibly because of the more recent 
ban on PCBs in these countries, western Europe was next highest and the Great Lakes and 
eastern US region was third highest. The authors theorized that PCB levels in butter are mainly 
influenced by PCB exposures cows receive via inhalation pathways. PCB concentrations in 
butter ranged from 460-3800 pg/g (ppt) in Canada and 410-3500 pg/g in the USA. 
  
US National Health and Nutrition Examination Survey (NHANES) 
 
PCB concentrations in the US population are currently being measured by the Centers for 
Disease Control and Prevention (CDC) in the National Health and Nutrition Examination Survey 
(NHANES). NHANES provides an ongoing assessment of the US population's exposure to 
environmental chemicals by measuring chemicals or their metabolites in human specimens such 
as blood or urine.  
 
The Third National Report on Human Exposure to Environmental Chemicals presents serum 
lipid-based measurements of non-coplanar PCBs measured in a subsample of NHANES 2001-
2002 participants aged 12 years and older (CDC, 2005). The NHANES subsample was randomly 
selected to be representative of the US population. In the Third National Report, results are 
presented by individual congener for 23 non-dioxin like and 11 dioxin-like (coplanar and mono-
ortho substituted) PCBs. NHANES results for coplanar PCBs are not presented in the current 
reassessment; results for coplanar PCBs are included in the GLBTS Dioxin Management 
Assessment. 
 
Although the median concentrations for all non-coplanar PCBs measured in NHANES 1999-
2000 (presented in the Second National Report) were below the level of detection, improved 
limits of detection in NHANES 2001-2002 allowed for the determination of PCB levels for 13 
PCB congeners (CDC, 2005). The 95th percentile values for PCBs in blood serum ranged from 
15.3 ng/g (on a lipid-weight basis) for PCB 146 (n=2299) to 126 ng/g lipid for PCB 153 
(n=2306). The most frequently detected non-coplanar PCBs in general populations are PCB 138, 
153, and 180; these congeners were detected at the highest concentrations compared to the other 
congeners measured in NHANES, with 95th percentile levels of 94.6 ng/g (n=2293), 126 ng/g 
(n=2306), and 87.0 ng/g (n=2302) for PCB 138/158, PCB 153, and PCB 180, respectively (CDC, 
2005). 
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Health Canada Data on Human Tissue Levels in Fish-eating Populations along the St. 
Lawrence River 
 
In Canada, monitoring has also been conducted on specific human populations that may be at 
higher risk of PCB exposure due to diets high in fish. For example, a recent report by Health 
Canada on risks associated with consuming fish from the St. Lawrence looked at data across 
several relevant studies. One study assessed was undertaken among sports fishers over three 
fishing seasons: fall 1995, winter 1996 and fall 1996. Average plasma PCB concentrations were 
higher among high-level consumers than among low-level consumers. Six high-level consumers 
of fish from sport fishing (out of 80) exceeded Health Canada’s guidelines for PCBs compared 
with only one in the low-level consumers (out of 55). (The Health Canada Guideline for Aroclor 
1260 is 5 µg/l for women of child-bearing age and 20 µg/l for post-menopausal women and 
men.) However, based on analysis of data across numerous studies (see Table 9), the Health 
Canada analysis of fish eating populations in the St. Lawrence and Rivserside populations 
(including native fishers, commercial fishers, and the general population) found that overall, 
even among more highly exposed individuals, serum PCB concentrations measured were 
generally found to be within levels accepted by health organizations (Health Canada, 2003).  
 
 
Table 9.  Geometric means of concentrations of PCBs (Aroclor 1260) (µg/L, plasma) in 

the blood of fishers from the St. Lawrence and Riverside populations. 
 

Region and Collection 
Year Population PCBs (µg/L) 

(Aroclor 1260) * 
High-level consumers 3.5 Saguenay / Lac-Saint-Jean 

Winter 2000 Low-level consumers 2.5 
Sept-Îles 
1998 Non-native fishers 3.46 

Uashat-Maliotenam 
1998 Native fishers 4.73 

Sept-Îles 
1997 General population 1.52 

High-level consumers 6.60 Montreal region 
Fall 1996 Low-level consumers 3.65 
Quebec City region 
1994 General population (women 20 to 53) 1.64 

Lower North Shore 
1990 Commercial fishers and their spouses 35.20 

[Adapted from: Health Canada. 2003. Human Health Component – St. Lawrence Vision 2000.] 
* The Health Canada Guideline for Aroclor1260 is 5 µg/l for women of child-bearing age and 20 
µg/l for post-menopausal women and men 
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3.2 CRITERIA   
 
 
 
 
 
 
 
 
 
To evaluate the potential that residual concentrations of PCBs may be associated with adverse 
environmental effects, current levels were compared to available benchmark toxicity values. 
These values include general guidelines developed for screening-level purposes, as well as 
promulgated regulatory criteria. These benchmark values are from many different sources; 
however, all have the ultimate goal of being protective of human and/or ecological health. Where 
possible, benchmark values developed specifically for the Great Lakes were considered. In 
general, these values are more restrictive compared to those pertaining to national levels. In the 
absence of values specific to the Great Lakes, either national or regional values were used. 
 
Current criteria information is sufficient to conclude that PCBs have a continued adverse 
impact on the Basin. Criteria have not been developed to assess environmental levels of PCBs 
in all media. For the criteria that do exist, current data collected in the Great Lakes indicate 
exceedances of sediment and water quality guidelines, as well as PCB contamination triggering 
fish consumption advisories in all Great Lakes (see Table 10). As can be seen in Table 10, there 
are variations in threshold PCB concentrations defined in many of the PCB criteria, particularly 
the sediment and water criteria. As a result, conclusions reported in the literature regarding 
criteria exceedances also varied. For the current report, a criteria exceedance was determined 
based on comparison of available PCB concentration data to the lowest criteria value available. 
The findings in this report do not necessarily represent the conclusions of the authors of an 
individual study (see sediment and water discussion below). A discussion of current criteria 
information for various media is presented following the table. 
 
 

Have  
sufficient risk-
based criteria 

been established 
(e.g., GLI or 

other)? 

Do  
levels  

in biota, air, 
water, etc. 

exceed  
criteria? 
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Table 10.  Environmental and Human Health Data on PCBs, In Comparison to Existing PCBs Criteria 
 

DATA CRITERIA EXCEEDANCES a 

Fish 

USEPA and DFO Great Lakes Fish Monitoring Programs Yes 

US National Fish Tissue Study 

GLWQA: 
0.1 µg/g (total PCBs in fish tissue, wet weight, whole fish)

Yes 

National Listing of Fish Advisories (NLFA) 

USEPA advisory trigger level b 
0.0015 µg/g (wet weight, for edible portion) 

Ontario  
0.5 ug/gm 

Yes c 

Other Biota 
Canadian Wildlife Service Herring Gull Egg Monitoring Program None identified -- 
Ontario Ministry of the Environment Niagara River Mussel Biomonitoring  None identified -- 

Sediment 

Great Lakes Water Quality Surveillance Program 
Yes (in Lake Erie bottom 

sediment)  
More data needed 

Canadian Screening Level Survey of Sediment Quality in Tributaries to the 
Lower Great Lakes  Yes  

Great Lakes Areas of Concern (AOC) sediment data  

PCBs are a source of 
impairments in ½ of the 

AOCs d 

More data needed 

Marvin et al. (2004 data review) 

Canadian CCME SQG for Freshwater 
PEL: 277 ng/g 

ISQG/TEL: 34.1 ng/g 
 

Ontario SQG 
LEL 70 ng/g 

SEL 530 ng/g organic carbon 
 

US PEC  
676 ng/g  

 
US NOAA SQG  
 ERL: 22.7 ng/g  
ERM: 180 ng/g 

Yes (in surface sediments)
More data needed 
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DATA CRITERIA EXCEEDANCES a 

Surface Water 
Great Lakes Water Quality Surveillance Program Data needed (only trend 

discussion was submitted, 
and only for one location) 

Marvin et al. (2004 data review) 
 
 

Great Lakes Water Quality Guidance (GLI) criterion  
For wildlife, PCBs (as a class): 0.00012 µg/L (ppb) (120 

pg/L) 
 

US NWQC 
Human health (consumption of water+organism): 0.000064 

µg/L (64 pg/L) 
CCC: 0.014 µg/L  

 
Ontario PWQO 

Surface/open water: 
0.001 µg/L 

 
NY WQC e 

0.000001 µg/L (1 pg/L) 

Yes (western Lake Erie) 

Ambient Air 
Integrated Atmospheric Deposition Network (IADN) No guidelines identified for ambient air -- 

Human Biomonitoring 
Health Canada data  Health Canada Guideline (Aroclor1260) 

 5 µg/l for women of child-bearing age  
20 µg/l for post-menopausal women / men 

Yes (in some high-level fish 
consumers)  

US National Health and Nutrition Examination Survey (NHANES) No criteria identified on a congener basis (PCBs in 
NHANES measured as PCB congeners, not Aroclors) --  

Food Supply 
Health Canada (1998) 

Canadian Total Diet Study 

Canadian food tolerances 
Health Canada PTDI: 1 µg/kg of body weight/day 

(1,000 ng/kg of body weight/day) 

No exceedances of the 
PTDI  

FDA Total Diet Study  US FDA Tolerances for PCB residues in food 
milk 1.5 µg/g (ppm) 

fish 2 µg/g 
poultry/red meat 3 µg/g 

infant and junior foods 0.2 µg/g 

No exceedances; mean 
PCB levels in Market 

Baskets 1991-1993 through 
2001-2004 are <0.1 µg/g 
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TABLE 10 FOOTNOTES: 
a Exceedances refer to cases where available environmental monitoring data show concentrations of PCBs that are greater than lowest established criteria (listed in 
this table) for the protection of human health or the environment. 
b USEPA fish consumption guideline assumes that >16 fish meals are consumed per month (for PCB concentration ranges for other levels of consumption advisories, 
see Table 12 below 
c Data in the NLFA are primarily submitted by states and tribes, and water bodies are listed based on exceedances found by states or tribes using their own 
methodologies, which may or may not be consistent with EPA’s criterion (hence the discrepancies between some states with regard to the numbers of advisories). For 
this reason also, numbers of fish advisories may not reflect differences in contamination.  
d Great Lakes Binational Toxics Strategy PCB Sources & Regulations Background Report. October 25, 1999 DRAFT, Prepared by Ross&Associates for the Great 
Lakes Binational Toxics Strategy Polychlorinated Biphenyls Workgroup. http://www.epa.gov/glnpo/bns/pcb/steppcb.html 
e Although the seven other Great Lakes states have water criteria for PCBs as well, the NY criterion listed is the most stringent criteria at this time. 
 
 
TABLE 10 KEY: 
 
CCME SQG – Canadian Council of Ministers of the Environment Sediment 
Quality Guidelines  

PEL – Probable Effect Level (Smith et al., 1996) 
ISQG/TEL – Interim Sediment Quality Guideline/Threshold Effect Level 

(CCME, 1999) 
FDA – Food and Drug Administration Tolerances (ATSDR, 2000) 
GLI – Great Lakes Initiative Great Lakes Water Quality Guidance criterion for 
PCBs (for the protection of wildlife) (40CFR Part 132) 
NA – Not applicable 
NIOSH – National Institute for Occupational Safety and Health 
NY WQC – New York State Ambient Water Quality Criteria (NYDEC, 1998) 
Ontario PWQO – Provincial Water Quality Objectives for the protection of 
aquatic life (Ontario MOE, 1999) 

 
 
OSHA – Occupational Safety and Health Administration 
PTDI – Provisional Tolerable Daily Intake (Health Canada, 1998) 
US NOAA SQG – National Oceanic and Atmospheric Administration Sediment 
Quality Guidelines (note: non-regulatory guidelines for use in interpreting 
chemical data from analyses of sediments in the National Status & Trends 
Program) (NOAA, 1999) 

ERL = Effects Range Low 
ERM = Effects Range Median  

US NWQC = US National Water Quality Criteria (USEPA, 2002); 
- Criterion Continuous Concentration (CCC) is an estimate of the highest 
concentration of a material in surface water to which an aquatic community 
can be exposed indefinitely without resulting in an unacceptable effect. 

US PEC – Probable Effect Concentration (USGS/EPA consensus-based PEC) 
(Ingersoll et al., 2000; MacDonald et al. 2000).).

Ontario SQG – Provincial Sediment Quality Guidelines (OMOE, 1993) 
LEL = Lowest Effect Level 

 SEL = Severe Effect Level (sediment considered heavily polluted) 
 
 
TABLE 10 REFERENCES (see Appendix F-2)
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3.2.1  Criteria in Wildlife 
 
Whole Fish/Fish Tissue 
 
The GLWQA, first signed in 1972, renewed in 1978, and amended by protocol in 1987, 
expresses the commitment of Canada and the United States to restore and maintain the chemical, 
physical, and biological integrity of the Great Lakes Basin Ecosystem. The GLWQA criterion 
for PCBs states that, “The concentration of total PCBs in fish tissues (whole fish, calculated on a 
wet weight basis), should not exceed 0.1 micrograms per gram for the protection of birds and 
animals which consume fish.” The Great Lakes protocol threshold is more recent and more 
protective than the GLWQA fish tissue criteria. The Great Lakes protocol threshold (when the 
health protection value – essentially a reference dose – is converted to a concentration) is < 0.05 
ug/g for the Group 1 consumption advice group and 0.06 – 0.2 ug/g for Group 2. Also the 
ATSDR MRL for chronic oral exposure to PCBs is even lower (0.02 ug/kg-d) than the value 
used by the Great Lakes Task Force for the GL protocol (0.05 ug/kg/d), which would thus lead to 
lower thresholds for the same groups following the same protocol.  
 
Table 11 defines species and locations where GLWQA criteria are exceeded based on current 
data collected by the DFO and GLNPO’s Great Lakes Fish Monitoring Program (see previous 
discussion, Section 3.1). DFO collects lake trout and smelt from all lakes and walleye from Lake 
Erie. GLNPO collects lake trout from all lakes except Lake Erie, where walleye are collected.  
 
Table 11.  Current Exceedances of GLWQA Objectives in Whole Great Lakes Fish 
 

Lake Species PCB1,2 

Ontario Smelt Above 
 Lake Trout Above 
   
Erie Smelt Below 
 Lake Trout Above 
 Walleye Above 
   
Huron Smelt Below 
 Lake Trout Above 
   
Superior Smelt Below 
 Lake Trout Above 
Michigan Lake Trout Above 

1 Data Source: DFO Fish Contaminants Surveillance Program (2002-2003) 
2 Data Source: GLNPO Great Lakes Fish Monitoring Program (1999–2000) 

 
 
The US National Study of Chemical Residues in Lake Fish Tissue 
 
PCBs levels in fish collected at 77 sites in the Great Lakes Basin as part of the US National 
Study of Chemical Residues in Lake Fish Tissue during fall 1999 through 2001 ranged from a 
minimum of 0.3015 ng/g (ppb) to a maximum of 705 ng/g (ppb). A full data set for this 
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monitoring program has not yet been released (expected in 2006), but maximum PCB levels 
measured in the Fish Tissue Survey exceed the GLWQA criterion of 0.1 µg/g for total PCBs in 
fish tissue. 
 
Fish Consumption Advisories 
 
EPA has established recommended Monthly fish consumption limits for PCBs, which vary based 
on the concentration of PCBs in the fish tissue (see Table 12 below). These recommendations are 
used to support development of fish advisories in individual states and Ontario, although it 
should be noted that individual states are not required to use EPA’s methodologies and may vary 
with regard to approaches for establishing PCB fish advisories, hence part of the explanation for 
the variation in number of advisories around the country. As discussed in Section 3.1.1, 678 fish 
consumption advisories (of various types) have been triggered in the US Great Lakes States and 
Ontario by PCB levels in fish tissue that have exceeded the limits in Table 12. 
 
Table 12.  Monthly Fish Consumption Limits for PCBs 
 
Risk Based Consumption Limit 1 Noncancer Health Endpoints Cancer Health Endpoints 

Fish Meals/Month Fish Tissue Concentrations 
(µg/g, wet weight) 

Fish Tissue Concentrations (µg/g, 
wet weight) 

Unrestricted (>16) 0 - 0.0059 0 - 0.0015 
16 >0.0059 - 0.012 >0.0015 - 0.0029 
12 >0.012 - 0.016 >0.0029 - 0.0039 
8 >0.016 - 0.023 >0.0039 - 0.0059 
4 >0.023 - 0.047 >0.0059 - 0.012 
3 >0.047 - 0.063 >0.012 - 0.016 
2 >0.063 - 0.094 >0.016 - 0.023 
1 >0.094 - 0.19 >0.023 - 0.047 
0.5 >0.19 - 0.38 >0.047 - 0.094 
None = no consumption 
recommended >0.38 >0.094 

[Adapted from EPA Guidance for Assessing Chemical Contaminant Data for Use in Fish Advisories, 
Access http://www.epa.gov/ost/fishadvice/volume2/index.html] 
1 Consumption limits are based on an adult body weight of 70 kg, and RfD of 2x10-5, and a cancer slope 
factor (CSF) of 2 (mg/kg-d)-1. 
 
3.2.2 Water and Sediment Criteria  
 
Numerous water quality criteria for PCBs exist at the federal and State, and Provincial levels. 
These include water criteria for the protection of human health and aquatic toxicity and drinking 
water standards. In the Great Lakes Basin, the most stringent criterion identified was the New 
York State ambient water quality standard for the protection of human consumers of fish 
(NYSDEC, 1998) at 1 x 10-6 µg/L (1 pg/L). Although the seven other Great Lakes states have 
water criteria for PCBs as well, the NY criterion listed is the most stringent criteria at this time. 
Less stringent criteria include the Great Lakes Initiative (GLI) Great Lakes Water Quality 
Guidance criterion for PCBs (for the protection of wildlife) at 1.2 x 10-4 µg/L (0.00012 ppb) 
(40CFR Part 132), the latest US NWQC for total PCBs (for the protection of human health; 
USEPA, 2002) at 0.000064 µg/L, and the Ontario PWQO (for the protection of aquatic life; 
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OMOE, 1999) at 0.001 µg/L. Despite overall decreases in surface water contamination, PCB 
concentrations in water still exceed even the less stringent water quality criteria in many cases. 
 
Federal and Provincial sediment quality criteria for PCBs have been developed in Canada, with 
the lowest numerical value identified in the Canadian Federal CCME ISQG/TEL at 34.1 ng/g 
(see Table 10). In the US, however, although several non-regulatory guidelines and 
recommendations have been developed for screening purposes by various agencies and state 
level organizations, no regulatory federal guidelines appear to exist. For example, the National 
Oceanic and Atmospheric Administration (NOAA) has developed sediment quality guidelines 
for use in interpreting chemical data from analyses of sediments in their National Status and 
Trends Program (see http://response.restoration.noaa.gov/cpr/sediment/sediment.html). The 
USGS has also conducted research to develop and assess a set of consensus-based freshwater 
sediment quality guidelines (Ingersoll et al., 2000; MacDonald et al., 2000). In MacDonald et al. 
(2000) two consensus-based sediment quality guidelines were developed for each pollutant from 
published sediment quality guidelines (if three or more published values were available for a 
substance), including a threshold effect concentration (TEC) and a probable effect concentration 
(PEC). These values were calculated by determining the geometric means of the published 
sediment quality guidelines that were included in each category (i.e., probable effect and 
threshold effect categories). Using this approach, the PEC developed was 676 ng/g, dry weight, 
which deviates substantially from some of the other sediment guidelines in Table 10. As a result 
of differences in reported numerical sediment quality criteria for PCBs, the conclusions of 
sediment contamination studies reviewed in the literature tended to vary. For example, although 
Marvin et al. (2004) concluded that surficial sediment concentrations of PCBs did not exceed 
criteria (using the Canadian PEL guideline), comparisons of the same data with the Canadian 
ISQG/TEL or NOAA’s sediment quality guidelines would result in findings of criteria 
exceedances.  
 
3.2.3 Ambient Air Criteria 
 
No criteria for PCB concentrations in ambient air were identified in either the US or Canada. 
Worker exposure limits for PCBs have been developed by various government agencies, such as 
the US Occupational Safety and Health Administration (0.5 mg/m3 for 54 percent chlorine PCBs 
(Aroclor 1254) or 1.0 mg/m3 for 42 percent chlorine PCBs (Aroclor 1242), over a period of 8 
hours for 5 days per week) and CDC’s National Institute for Occupational Safety and Health (1.0 
µg/m3 for a 10-hour workday, 40-hour workweek, for 42 or 54 percent chlorine PCB). However, 
ambient PCB levels are generally orders of magnitude below worker safety limits such as these, 
so there is limited applicability. 
 
3.2.4 Human and Food Criteria 
 
Human Biomonitoring 
 
Detectable concentrations of 13 PCB congeners in human serum were reported in NHANES 
2001-2002, with 95th percentile values ranging from 15.3 ng/g (on a lipid-weight basis) for PCB 
146 (n=2299) to 126 ng/g lipid for PCB 153 (n=2306). No criteria for PCB concentrations in 
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humans in terms of PCB congeners were identified (Health Canada guidelines, discussed below, 
are in terms of Aroclor 1260).  
 
In Canada, Health Canada has developed guidelines for Aroclor1260, which are 5 µg/l for 
women of child-bearing age and 20 µg/l for post-menopausal women and men. PCB monitoring 
conducted in Canada of high-risk human populations (e.g., due to diets high in fish) has showed 
some exceedances of these criteria. For example, in a study of St. Lawrence sports fishers six 
high-level consumers of fish from sport fishing (out of 80) exceeded Health Canada’s guidelines 
for PCBs, compared with only one in the low-level consumers (out of 55). However, in other 
studies, even among more highly exposed individuals, serum PCB concentrations measured were 
generally found to be within levels accepted by health organizations (Health Canada, 2003). 
 
Food Supply 
 
In the US, the US Food and Drug Administration (FDA) sets limits for PCB levels in food. The 
following tolerances have been established for PCB residues in food: milk, 1.5 µg/g; fish, 2 µg/g; 
poultry/red meat, 3 µg/g (ATSDR, 2000). 
 
The US Total Diet Study Market Baskets 1991-93 through 2001-04 analyzed a number of foods 
for PCBs (document available at http://www.cfsan.fda.gov/~acrobat/tds1byps.pdf, dated June 
2003). The analytical results show that the mean levels of PCBs in foods analyzed were less than 
0.1 µg/g, which is below all of the federal tolerance limits (although approaching the 0.2 µg/g 
PCBs limit for infant and junior food). The foods analyzed included beef, pork, poultry, eggs, 
and fish.  
 
The Food Directorate of Health Canada has established a provisional Tolerable Daily Intake 
(pTDI) for total PCBs of 1 µg/kg of body weight/day (equivalent to 1,000 ng/kg of body 
weight/day) (Health Canada, 1998). In 1998, Health Canada estimated the average daily intake 
of PCBs from food for Great Lakes Basin residents (Health Canada, 1998). Table 13 presents the 
estimated daily intake of PCBs via consumption of food for the Great Lakes Basin population of 
infants 0-6 months of age, preschoolers aged 7 months to 4 years, children aged 5-11 years, 
teenagers aged 12-19 years, and adults age 20 and over. Estimated daily PCB intakes expressed 
per nanogram of bodyweight were calculated using the average bodyweights listed in Table 13 
for each age class. Estimated PCB exposures among members of the Great Lakes Basin 
population range from 20.56 ng/kg bw/day for adults to 806.79 ng/kg bw/day for exclusively 
breast-fed infants. These exposures are less than Health Canada’s pTDI for PCBs. 
 
Data on PCB food concentrations and dietary intakes are available for Canadian Total Diet 
Studies conducted in eight cities between 1992 and 1998, and in three cities surveyed between 
2000 and 2002. For example, in 1992, Health Canada measured the concentrations of total PCBs 
in fatty foods and the dietary intakes of total PCBs for different age-sex groups for the Toronto 
Total Diet Study. The average total dietary intake of PCBs for all age groups from the eight cities 
surveyed in 1992-1998 was 5.4 ng/kg body weight/day and 2.3 ng/kg body weight/day for the 
three cities surveyed in 2000-2002. Dietary intake levels of total PCBs for infants less than one 
year of age can be 2-10 times greater than the average intake for all age groups (Health Canada, 
2004). However, the estimated intakes for all age groups are below Health Canada’s PTDI.  
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Table 13.  Estimated Average Daily Intake of PCBs via Consumption of Food for the 

Great Lakes Basin Population 
 
 0-6 mo  7 mo-4 yr 5-11 yr 12-19 yr 20+ yr 

325.98 a 805.27 1163.29 1326.85 1438.97 PCB exposure (ng/day) 
5647.50 b     

Average body weight (kg) 7 13 27 57 70 
46.57a 61.94 43.08 23.28 20.56 Estimated daily intake  

(ng/kg bw/day) 806.79b     
Source: Health Canada, 1998 
a Non breast-fed infants 
b Exclusively breast-fed infants 
 
 
3.3 TRENDS 
 
 
 
 
 
 
 
Overall, the long-term trend is that PCBs have generally declined in wildlife and the 
environment since the 1970s. However, conclusions about more recent trend data are 
difficult at this time due to issues associated with the data, including integration of data that have 
been collected by different programs (or the same programs over time) with different sampling 
and analytical procedures.  
 
In addition, the interpretation of trends is difficult. For example, changes in PCB contaminant 
burdens in biota may not be due to a corresponding trend in the PCB source/input to the 
ecosystem, but instead due to a pathway modification resulting from some other environmental 
factor (e.g., biodiversity of system and shifts in food source abundance, changes in food web due 
to invasive species introduction, precipitation events, etc.).  
 
Interpretation of trends is especially difficult in cases where rates of decline appear to be leveling 
off as overall contamination levels decrease (e.g., in water and sediments). There has also been 
some debate over the use of log vs. linear scales to show trends in environmental media. It is 
important to determine when the empirical or theoretical half-life of PCB in tissue or other 
environmental media is going to reach a desirable concentration. Current levels are at a point 
along this curve that minor differences in application of this concept mean large differences in 
the time that a critical threshold is reached. 
 

Is the 
trend 

decreasing? 



              DRAFT Page 39 

 
WORKING Draft PCBs Management Assessment May 2006 
 

This report is a WORKING DRAFT for GLBTS PCB Workgroup discussion ONLY 

The effects of seasonal variation on many types of environmental data (i.e., air, water, and 
sediment data) are also a factor that needs to be considered when comparing data over time. For 
example, in a study of PCB concentrations in sediments and water from the Niagara River, 
Williams et al. (2003) also caution that PCBs and other contaminants vary with the season and 
all studies that compare historic contaminant levels in water should take the season of sample 
collection into consideration. Careful examination of the data is needed before any conclusions 
can be made regarding current PCB trends in the environment. 
 
The following general conclusions, however, can be made about environmental trends in PCBs:  

• PCBs in fish tissue, herring gull eggs, and bivalves have generally been decreasing, 
although some changes are lake-specific or species/community-specific. 

• Water and sediment monitoring programs support a general trend of decreasing PCBs 
over time.  

• PCBs in the air collected from rural areas near each of the Great Lakes have generally 
declined, but some localized hotspots (e.g., the Chicago plume) and unexplained 
increases have also been observed.  

• In some media (water, sediment, fish) in the Great Lakes the rate of PCB decline 
appears to have “leveled-off” or even reached a plateau in the past ten years, but the 
data presented in the literature needs to be examined more critically before a definitive 
conclusion can be drawn. 

 
3.3.1 Trends in Wildlife 
 
Fish 
 
As discussed previously (see Section 3.1), long-term (>25 years), basin-wide monitoring 
programs measuring whole body concentrations of contaminants in top predator (lake trout 
and/or walleye) and forage fish (smelt) are collected by the Canadian DFO and US EPA GLNPO 
to develop trend data on bioavailable toxic substances in the Great Lakes aquatic ecosystem. 
These data suggest that since the late 1970s, concentrations of historically regulated 
contaminants such as PCBs have generally declined in most monitored fish species. The 
changes, however, are often lake specific and relate to both the specific characteristics of the 
substances involved and the ecological conditions of the fish community surveyed. Furthermore, 
despite apparent declines, the DFO/GLNPO whole fish data show that the GLWQA criterion for 
PCBs in whole fish (0.1 µg/g) for the protection of birds and animals which consume fish is still 
regularly exceeded, particularly in lake trout (see Section 3.2). 
 
Stow et al. (2004) developed two mathematical models to assess the plausibility that Lake 
Michigan lake trout will meet the US EPA’s Great Lakes Strategy 2002 goal of a 25 percent 
reduction in PCBs by 2007. The two separate models predicted PCB declines of 6.8 percent and 
8.9 percent and also determined that the probability of a 25 percent reduction in PCBs by 2007 is 
negligible. The study used a range of assumptions relating to declining PCB inputs to the Great 
Lakes and the actual measured PCB concentrations in lake trout from 1972 to 2000 as data for 
the models. Another conclusion of the study was that other species besides Lake Trout may give 
different results regarding short term PCB trends 
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Data on the number of fish advisories from the US and Canadian fish advisory programs, 
however, do not necessarily indicate trends in PCB concentrations in fish. Changes in the 
numbers of fish advisories alone do not necessarily reflect actual changes in levels of fish 
contamination, due to variation among jurisdictions with respect to criteria that trigger an 
advisory, changes in the extent of fish monitoring over the years (i.e., increases in the number of 
assessments of fish and wildlife tissues), changes in the locations of fish sampling, changes in 
analytical methods and detection limits, and the increasing use of fish advisories as a public 
health outreach tool. For example, in Ontario fish consumption restrictions start at 0.153 µg/g 
(ppm) PCBs and total restrictions on consumption are reached at total PCB levels of 1.22 µg/g 
(ppm) in a skinless dorsal muscle tissue sample; this is in contrast to the state of Michigan, where 
PCB levels of 0.05 µg/g (ppm) will trigger consumption restrictions. Thus, information only on 
trends in the numbers of fish and wildlife advisories over time cannot be meaningfully 
interpreted without further information regarding state-level changes in sampling or analysis 
protocols. However, fish advisories are indicative of the state of concern for human health both 
in the past and currently, which can be said to be a trend. The trend in numbers of fish advisories 
is that they have not declined significantly or have increased in number in some areas. With a 
more detailed examination of the raw data from fish consumption advisory monitoring, actual 
trends in PCB concentrations in fish could be determined for individual locations, individual 
species, individual lakes or all of the Great Lakes. Since the data is not readily available (raw 
data is not published), this would involve a considerable amount of work both in obtaining the 
data and analyzing it. This work is outside the scope of this report. However, it is recommended 
that the analysis of fish consumption advisory data be carried out as part of the GLBTS 
information gathering activities over the next two years to determine PCB concentration trends 
in fish.  
 
Herring Gull Eggs 
 
As discussed in Section 3.1, the Canadian Wildlife Service analysis of temporal trends in 
contaminant levels in herring gull eggs from fifteen colony sites on the Great Lakes indicates 
that concentrations of PCBs have consistently declined at all study sites since the 1970s. Percent 
changes in PCB concentrations have also been significant, with declines ranging from over 70 
percent up to nearly 94 percent. However, a key question remaining to be answered is whether 
these declines are sufficient.  
 
Bivalves 
 
The data generated by the OMOE Niagara River Mussel Biomonitoring Survey are part of an 
overall program to assess long-term trends in contaminant loadings from selected US and 
Canadian sources along the Niagara River. As discussed in Section 3.1, reduced releases of 
PCBs from point and non-point sources over time (e.g., due to remediation of historical 
hazardous waste sites, contaminated sediment, and sewer outfalls) have been reflected in 
decreased PCB concentrations in mussels at specific sites (e.g. Gill Creek, an historic hot spot of 
contamination).  
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3.3.2 Trends in Water and Sediments  
 
Due to the ongoing and comprehensive nature of many of the water, sediment and suspended 
sediment contaminant monitoring programs currently underway for PCBs in the open waters and 
interconnecting channels of the Great Lakes Basin, spatial and temporal trends can be assessed 
over the breadth of the entire Great Lakes Basin. In general, water and sediment monitoring 
programs, such as the Great Lakes Water Quality Surveillance program and the interconnecting 
channels programs in the St. Clair and Niagara Rivers, support a long-term trend of decreasing 
PCB concentrations. However, as discussed in Section 3.1.2, several data issues complicate the 
interpretation of trend data for PCBs in sediments and water. In particular, the use of surficial 
sediment data (vs. sediment cores) to draw conclusions about trends is often difficult because it 
often only reflects the amount of recently deposited contamination, which could have its origin 
in numerous sources. For example, in a shallow lake such as Lake Erie, heavy winds have the 
potential to create turbulence and subsurface currents and thereby stir up deeper, more heavily 
contaminated sediment which would not be indicative of overall trends.  
 
3.3.3 Trends in Ambient Air  
 
IADN data used to examine spatial and temporal trends of toxic contaminants in air and 
precipitation in the Great Lakes indicate that there has generally been a decline in total PCB 
concentrations in the air collected at the rural master stations near each of the Great Lakes over 
the past 25 years. However, localized hotspots (e.g., the Chicago plume) may still exist, and 
some unexplained increases in concentrations were seen during the late 1990s for Lakes 
Michigan and Erie and during 2000-2001 for Lake Superior. IADN scientists anticipate that PCB 
concentrations will continue to decrease slowly, though as concentrations decrease, the absolute 
size of subsequent decreases is expected to diminish, as shown by the diminished rates of decline 
observed from the mid-1990s to 2002 (with resultant increases in half-lives). Further data could 
confirm whether concentrations continue to decline, or whether remaining sources of PCBs, 
including residual sources in the United States and long-range transport from other countries, 
will cause plateauing PCB levels in the Great Lakes region. 
 
3.4 ENVIRONMENTAL ANALYSIS CONCLUSIONS  
 
Although there is substantial data on PCBs in various environmental media, there are several 
issues associated with the use, comparison, and interpretation of this data that will need to be 
considered before final conclusions can be made regarding PCB impacts and trends in the Great 
Lakes Basin. These include data integration issues and the validity of comparing data from 
different programs (and over time) due to differences in sampling and analytical procedures and 
detection limits.  
 
Criteria have been developed for PCBs in some environmental media (fish, sediments, water, and 
food). Although additional environmental data still need to be evaluated, data available at this 
time suggest that environmental levels of PCBs exceed these criteria in some media and areas: 

• Fish tissue 
o GLWQA criterion for PCBs in monitored fish is still regularly exceeded, 

particularly in lake trout.  



              DRAFT Page 42 

 
WORKING Draft PCBs Management Assessment May 2006 
 

This report is a WORKING DRAFT for GLBTS PCB Workgroup discussion ONLY 

o In 2003, there were 678 fish advisories for PCBs in the Great Lakes Basin, 
including all of the Great Lakes. 

• Water and sediments in many areas  
 
Trend data must be interpreted with caution due to uncertainties regarding the association 
between PCB loads and PCB concentrations in the environmental media (especially in biota). 
For example, in situations where invasive species have been introduced, PCB trends in fish could 
be largely affected by changes in the food web and consequent biomagnification, rather than 
being a direct reflection of overall environmental levels.  
 
In addition, although comparisons of recent and historical data typically provide a relatively clear 
picture of long-term declining trends, conclusions about more recent trends (e.g., whether 
declines are reaching a plateau) are extremely difficult to make – further examination of the data 
is needed before any conclusions can be made regarding current PCB trends in the environment.  
 
4.0 GLBTS MANAGEMENT ASSESSMENT 
 
The key question to consider in the GLBTS management assessment of a Level 1 substance is 
whether the GLBTS can effect further reductions. To answer this question, this section briefly 
summarizes potential sources of PCBs, current regulations and programs, and reduction 
opportunities.  
 
4.1 SOURCES  
 
4.1.1 Current Known or Inventory Sources 
 
There are no known natural sources of PCBs; they were intentionally manufactured in the US in 
large quantities from 1929 until regulations banning the production and limiting the use and 
disposal of PCBs were enacted in the late 1970s. Prior to these regulations, significant quantities 
of PCBs were released to the environment in association with the manufacture of PCBs and 
products containing PCBs, as well as the use and disposal of these products.  
 
In addition, PCB-containing materials and equipment in service at the time of the bans were not 
required to be removed from use. Some of this equipment is still in use due to a long product life, 
and has the potential to serve as a new source of PCBs to the environment if accidental releases 
were to occur. The life expectancy of electrical transformers that contain PCBs, for example, is 
30 years or more. The majority of PCBs were used in dielectric fluids for use in transformers, 
capacitors, and other electrical equipment. However, some of the largest direct releases to the 
environment have come from the use of PCB hydraulic fluids (e.g., in metal casting machines), 
since many hydraulic systems were designed to leak slowly to provide lubrication.  
 
The principal known sources of PCBs in the Great Lakes Basin include:  

• Release from remaining in-service items containing manufactured PCBs (fugitive 
emissions/spills from equipment leaks and fires);  

• Accidental release from PCB storage and disposal facilities during the handling of PCB 
wastes; 
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• Emissions from combustion or incineration of materials containing PCBs; 
• Inadvertent generation during poorly controlled combustion or certain chemical 

production processes  
• Reservoirs of past PCB contamination and environmental cycling (including 

contaminated sediments, soil, and sites such as NPL Superfund sites);  
• Long range transport (regional and international); 
• Others (e.g., dispersive sources). 

 
A better overall understanding of the relative contributions of these sources and their respective 
pathways in the Great Lakes Basin is needed (See Appendix E). The compilation and synthesis 
of this data would involve a considerable amount of work, and so is considered outside the scope 
of this report. However, it is recommended (see Section 5.0) that the analysis of available data on 
PCB sources and releases be carried out as part of the GLBTS information gathering activities 
over the next two years.  
 
For additional information on the above sources of PCBs, see the “Report on PCB Sources and 
Regulations (2000 Update)” dated March 1, 2000, prepared in support of the Binational Toxics 
Strategy (http://epa.gov/greatlakes/bns/pcb/). 
 
Products and Equipment. PCBs were used in a very wide variety of applications in both 
industrial and consumer products:  

• Electrical transformers 
• Electrical capacitors (including lamp ballasts) 
• Electrical switches, relays and other 
• Electrical cables 
• Hydraulic systems 
• Heat transfer systems (heaters, heat exchangers) 
• Plasticizer in PVC, neoprene, and other artificial rubbers 
• Ingredient in paint and other coatings 
• Ingredient in ink and carbonless copy paper 
• Ingredient in adhesives 
• Pesticide extender 
• Ingredient in lubricants and sealants 
• Fire retardant in fabrics, carpets, polyurethane foam, etc. 

 
PCB Storage and Disposal Facilities. Under US and Canadian Federal regulations, PCBs and 
items containing regulated levels of PCBs must be disposed of in approved disposal facilities or 
by using specified decontamination procedures. Federal regulations outline operating standards 
and procedural requirements for incinerators, chemical waste landfills and other disposal 
facilities. However, releases of PCBs may occur from containers or items if they are mishandled 
or break during storage or disposal. In addition, improper disposal may result in generator 
liability. 
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Combustion Sources and Inadvertent Generation. In the US, an inventory of pollutants 
conducted for the 1990 Clean Air Act found that major identifiable sources of quantifiable PCB 
emissions included municipal waste combustion, medical waste incineration, hazardous waste 
incineration, sewage sludge incineration, industrial boilers, and scrap tire incineration. Estimates 
for some sources of PCB air emissions could not be quantified, including auto scrap burning; 
environmental sinks of past PCB contamination; PCB spills, leaks, transformer fires, and other 
uncontrolled or accidental fires; treatment, storage, and disposal facilities; and landfills.  
 
EPA has estimated that up to 200 chemical processes may also inadvertently generate PCBs. 
Many of these processes involve the production of chlorinated solvents. In addition, numerous 
other products, such as paints, printing inks, agricultural chemicals, plastic materials, and 
detergent bars, may contain inadvertently generated PCBs. EPA estimated in 1983 that, annually, 
about 11,000 pounds of inadvertently manufactured PCBs were incorporated into products (48 
FR 55076, page 55083: PCBs; Exclusions, Exemptions and Use Authorizations: Proposed Rule, 
December 8, 1983). At the time of this estimation, EPA concluded that the quantity of PCBs 
released to the environment from these ongoing processes was inconsequential compared to the 
quantity of PCBs released to the environment from items that contained intentionally introduced 
PCBs.  
 
Reservoir Sources. Another source of PCBs in the Great Lakes Basin is environmental cycling 
from PCB reservoirs that have accumulated from past releases. In particular, contaminated 
sediments in aquatic ecosystems can serve as long-term sources of PCB re-release into water and 
air. Most of the 43 existing Areas of Concern (AOCs) in the Great Lakes Basin have 
contaminated sediments. In approximately half of these AOCs, PCB-contaminated sediments are 
a source of identified impairments to the ecosystem. Several of these sites contribute PCBs to the 
lake wide ecosystem and contribute to lake wide impairments. 
 
Long range transport regionally and from international sources of PCBs. Sources of PCBs 
outside the Great Lakes Basin also have the potential to enter the Basin via long range transport, 
and the relative importance of potential long-range sources (versus local sources) continues to be 
investigated. For example, researchers at Lawrence Berkeley National Laboratory investigated 
the North American and global scale transfer efficiency of Level 1 substances to the Great Lakes 
using the Berkeley-Trent (BETR) contaminant fate modeling framework. The modeling results 
showed that PCB emissions from regions in the Northern hemisphere could significantly impact 
the Great Lakes, but PCB emissions within the Great Lakes region are responsible for the 
majority of PCBs deposited to the Lakes from the atmosphere. The relative contribution of local 
sources increases with increasing chlorination level of the PCB congeners examined. Thus, 
pursuing emissions reductions in the Great Lakes region would be most cost-effective for 
eliminating the atmospheric loading of PCBs to the Great Lakes. The study also finds that, as 
PCB emissions in North America and Western Europe are being reduced, Eastern Europe and 
Asia are becoming relatively more important sources of PCBs to the Great Lakes. (MacLeod et 
al., 2005)  
 
Data on PCB Sources. Numerous inventories of PCB source information (including releases 
and disposal tracking data) are available, and may help in informing recommendations for next 
steps for PCBs within the GLBTS. These include, for example: 
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o Toxic Chemical Release Inventory (TRI);  
o National Emissions Inventory (NEI); 
o Permit Compliance System (PCS) of reported water discharges;  
o National Response Center for information on PCB spills;  
o Notification and Manifesting Rule for PCB Disposal;  
o PCB Transformer Database; 
o Great Lakes Regional Air Toxic Emissions Inventory; 
o Canada’s National Pollutant Release Inventory (NPRI). 

 
As noted above, it is recommended that the analysis of the available programmatic data on PCB 
sources and releases be carried out as part of the GLBTS information gathering activities over 
the next two years.  
 
4.1.2  Other Potential Sources/Issues of Concern 
 
PCB Contaminated Sites. Before PCBs were known to be an environmental concern and were 
regulated, they were often disposed by direct application to land or water or buried in 
transformer casings or drums. The sites where this uncontrolled disposal occurred are now 
considered contaminated sites. Some of these sites have been wholly or partially cleaned up, but 
other sites remain. In addition, there are likely sites that have not been officially “discovered” 
yet. 
 
Overall PCB Mass Flux. Flux is a term meaning the “mass movement of a substance”. Once the 
trends of PCB concentration and flux in each of the compartments listed above are documented, 
an overall Great Lakes Watershed flux of PCBs can be estimated. If, for example, PCBs are 
dissolved in water and the water is moving, then the mass of PCBs that is moving with the water 
can be calculated as a “flux”. It is possible that there is a net flux of PCBs out of the Great Lakes, 
which would seem to be a positive indicator but in reality means that the Great Lakes are a 
source of PCBs to other ecosystems such as the Canadian Arctic.  
 
4.2 OPPORTUNITIES TO ACHIEVE FURTHER REDUCTIONS  
 
This section considers opportunities for the GLBTS to achieve further feasible reductions of 
PCBs. An important part of the assessment involves consideration of whether the identified 
reduction opportunities are significant enough to merit the effort beyond the context of existing 
activities.  
 
4.2.1 Opportunities with Known or Inventory Sources 
 
Regulatory and voluntary programs addressing PCBs are in place in both Canada and the US, 
and have been effective to address certain sources of PCBs (e.g., electrical equipment). These 
programs include: 

• Activities to reduce PCB-containing equipment and control releases from storage and 
disposal facilities;  

o Regulations (e.g., Toxic Substances Control Act, Canadian Environmental 
Protection Act);  
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o Voluntary programs (e.g., outreach to owners of PCB equipment; education; 
phase-down commitments and awards programs, incentive development, etc.) 

• Efforts targeting reservoir sources – Government remediation activities, e.g., in Great 
Lakes Areas of Concern.  

• International/other programs – e.g., Commission for Environmental Cooperation; 
Convention on Long-Range Transboundary Air Pollution; United Nations Environment 
Program Global Treaty on Persistent Organic Pollutants; Lakewide Management Plans.  

 
Detailed information on PCB regulations and programs currently in place in the US and Canada, 
as well as updates on current PCB activities, are included in Appendix C of this report.  
 
Regulations 
 
Regulatory programs include compliance with and enforcement of existing regulations and the 
development of new regulations.  
 
In Canada, the Canadian Environmental Protection Act (CEPA) controls the processing, export, 
import, destruction, storage, use, sale, and labeling of machinery or equipment containing PCBs. 
CEPA regulations define how PCB owners must keep track of their equipment which contains 
PCBs. Environment Canada has proposed to amend its PCB regulations. The most significant 
revisions to the regulations would be the imposition of strict phase-out dates for certain 
categories of PCBs. 
 
In the US, PCBs are regulated primarily by the Toxic Substances Control Act (TSCA), which 
has one section devoted solely to PCBs. TSCA regulations define: how PCBs may be used, 
processed, distributed, manufactured, exported, and/or imported; storage and disposal options; 
spill clean-up requirements; and how PCB owners must keep track of certain categories of 
regulated equipment which contain PCBs. Under TSCA, all uses or other activities involving 
PCBs are banned unless they are specifically allowed as a totally enclosed activity or are a 
specifically authorized use. The most significant remaining authorized use of PCBs is as a 
dielectric fluid in electrical equipment such as transformers and capacitors. 
 
Environment Canada and EPA also have regulations on the cleanup or remediation and proper 
disposal of PCBs spilled or released to the environment. The applicability of those regulations, 
however, may depend on several factors including, but not limited to, the concentration of the 
PCBs in the environment, the concentration of the PCBs spilled or released, the date of the spill 
or release, and the risks associated with the PCBs in the environment. 
 
In the US, PCB discharges to surface waters are also regulated under the Clean Water Act 
(CWA), which includes PCBs as a regulated class within priority pollutants. Many facility 
discharge permits include PCB limits, and they are often addressed through pretreatment 
standards and pollutant minimization plans (PMPs) for Publicly Owned Treatment Works 
(POTWs) and industrial facilities. 
 
Voluntary Programs 
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Voluntary programs in place to reduce PCBs in the Great Lakes Basin include several types of 
activities, from outreach and recognition to formal commitments from users to voluntarily 
remove their PCBs. For example, the Utility Solid Waste Activities Group (USWAG) works on 
an ongoing basis with member companies across the country to identify and retire PCB-
containing oil-filled equipment from service prior to the end of the equipment’s useful life. In the 
state of Minnesota, the Minnesota Pollution Control Agency (MPCA) provides incentives for 
generators of PCB waste to dispose of or retrofill oil-filled electrical equipment before the end of 
its service life through its PCB Phase-Out Agreement program. Under the program, for any PCB 
hazardous wastes generated as a result of such disposal or retrofilling, hazardous waste 
generators are eligible to apply for a waiver of fees associated with the State’s Hazardous Waste 
License law passed in 2004 (Minn. Stat. §116.07, subd. 26). (See Appendix C for additional 
information on both of these stakeholder-led programs). 
 
The PCB Workgroup has also focused on voluntary programs to increase the rate of phasing out 
PCB uses. The programs include general and direct outreach to potential owners of PCB 
equipment, workshops with PCB equipment owners and handlers, an awards program for 
facilities which meet certain standards for phasing out PCBs, and direct mailings seeking written 
commitments from facilities to phase out their PCB equipment. 
 
Specific information on voluntary programs and activities of the PCB Workgroup and 
stakeholders that seek reductions of PCBs in the Great Lakes region is included in Appendix C. 
Additional information can be found in the annual GLBTS progress reports, which are available 
at www.epa.gov/glnpo/bns.  
 
4.2.2 Opportunities to Help Characterize Unknown Sources 
 
Source Profiles and Emissions Quantitation of PCB to Ambient Air from Transformers 
 
Samples of ambient air around operating PCB Askarel transformers were collected in January 
and October 2004. The samples were collected as part of the US EPA GLNPO funded project to 
study emissions of PCBs from in-service PCB transformers. Plans also are being made to collect 
samples of ambient air at a commercial PCB transformer storage facility.  
 
4.3 OTHER SUBSTANCE-RELATED OPPORTUNITIES FOR THE GLBTS  
 
The PCB Workgroup also considered whether there may be additional opportunities for the 
GLBTS to reduce exposure to PCBs through pathway intervention, or whether additional efforts 
should be undertaken to address coplanar PCBs specifically. Regarding pathway intervention, 
because the majority of exposure to PCBs occurs through the consumption of fish, maintaining 
protective fish consumption advisories and ensuring that the advice is getting to all consumers is 
crucial. Both the US and Ontario have active fish consumption advisory programs (see 
http://www.epa.gov/waterscience/fish/ and http://www.ene.gov.on.ca/envision/guide/). 
Regarding coplanar PCB issues, the PCB Workgroup has had joint meetings and coordinated 
with the Dioxin Workgroup regarding potential efforts focused on reducing coplanar PCBs. 
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4.4 GLBTS OPPORTUNITY ASSESSMENT CONCLUSIONS  
 
 
 
 
 
 
 
 
 
Key remaining opportunities for the GLBTS to effect further reductions in PCBs include: 

• Continuing to solicit industry to decommission and dispose of PCBs in electrical 
equipment; 

• Developing more incentives and recognition for PCB phase-out and outreach programs;  
• Tracking inventoried PCBs in priority industry sectors (high/low-level PCBs in storage 

and also in service);  
• Updating PCB inventory databases on a regular basis (which will help in identifying 

additional intervention steps and tracking progress of regulatory and voluntary 
programs); and 

• Collection and assessment of additional information on environmental PCB levels/trends 
and regarding the relative contributions of all PCB sources to the Great Lakes 
environment (to support GLBTS prioritization of future PCB reduction efforts).  

 
Regulatory programs and other agreements are in place in the US, Canada, and internationally to 
address certain sources of PCBs (e.g., contaminated site remediation, coplanar PCBs via dioxin 
control, international agreements). For example, in 2006, Canada will propose revisions to its 
existing PCB regulatory framework to set timelines for ending the use of PCBs in equipment and 
to accelerate PCB destruction. However, although the GLBTS may support these sorts of 
activities, but they do not represent a major opportunity for the GLBTS to effect further PCB 
reductions beyond what is already being done. The primary area for the GLBTS to add value to 
PCB reduction efforts is through continued support of voluntary phase-out programs. 
 
Although regulatory and other government programs are known to have effectively targeted and 
reduced certain PCB sources, it is also important to periodically reassess existing programs and 
to determine if (and how) efficacy could be improved. For example, the GLBTS PCB 
Workgroup could examine the current PCB equipment inventory program, and if determined 
necessary, develop recommendations for improvement of the inventory of existing in-service 
capacitors and transformers, as well as outreach/communication with owners.  
 
Additional information on the relative contribution of all PCB sources to the Great Lakes 
environment is also needed to determine the overall effectiveness of the existing programs in the 
Basin. Therefore, a key opportunity for the GLBTS is to support and help coordinate information 
gathering efforts to prioritize the remaining PCB sources, as well as to determine impacts of and 
trends in PCBs in the Great Lakes environment. In addition, the GLBTS may be able to couple 

Ability  for 
GLBTS to effect 

further 
reductions? 
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the information on PCB sources with mass balance models to help indicate where interventions 
can be most effective in reducing environmental levels.  
 
Regarding pathway intervention, there is little apparent value that the PCB Workgroup could add 
at this time that would improve existing fish consumption advisory programs.  
 
The PCB Workgroup should keep abreast of GLBTS Dioxin Workgroup activities that are being 
investigated to address coplanar PCBs, including but not limited to pathway intervention.  
 
5.0 MANAGEMENT OUTCOME  
 
This section considers the environmental analysis presented in Section 3.0, as determined by 
available information and resources, and the GLBTS opportunity assessment presented in 
Section 4.0 to arrive at a final management outcome.  
 
The final recommended management outcome for PCBs is to retain an active Level 1 status 
with a priority on collecting better information on PCB sources and levels in the 
environment. [FOR WORKGROUP DISCUSSION: Note that this final outcome from the PCB 
WG is slightly different from what is in the BEC summary – the latter states, “The final 
management outcome for PCBs is to continue Active Level 1 status with periodic reassessment 
by the GLBTS “]  
 
The GLBTS PCB Workgroup will continue its work (as summarized previously in the Executive 
Summary), including:  
 

1. Data gathering and assessment, with the goal of determining where to focus future 
resources  
• Collection and assessment of a more complete set of existing data on PCB sources, in 

order to prioritize the remaining opportunities for PCB source reductions. For example: 
o It is recommended that an analysis of the available programmatic data on PCB 

sources and releases (e.g., TRI, NPRI) be carried out as part of the GLBTS 
information gathering activities over the next two years.  

o It is recommended that data from new research (e.g., current equipment 
emissions research) be assessed as part of the GLBTS activities over the next two 
years.  

o It is recommended that tracking databases with inventoried PCBs in priority 
industry sectors (high/low-level PCBs in storage and also in service) be updated 
on a regular basis (which will help in identifying additional intervention steps).  

• Collection and assessment of a more complete set of existing data on PCB levels in the 
environment over time, in order to elucidate PCB trends and impacts on the 
environment. For example:  

o It is recommended that analysis of recent and historic fish tissue data from 
consumption advisory and other programs be carried out as part of the GLBTS 
information gathering activities over the next two years to determine PCB 
concentration trends in fish. 
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o Information is needed regarding apparent plateaus in PCB declines, factors 
involved in non-linear responses, expectations regarding rates of decline over 
time, and barriers to inferring trends.  

 
2. Continuing existing programs to decommission PCB-containing equipment and 
control releases from storage and disposal facilities.  
• Referral or participation in nationally-coordinated governmental efforts to reduce PCBs.  
• Support and help enhance voluntary programs targeting in-service PCB-containing 

electrical equipment and PCBs in storage. For example: 
o It is recommended that the GLBTS focus outreach, education, and phase-down 

programs at the priority industry sectors that have the largest quantities of PCBs 
in service and or in storage. 

o It is recommended that the GLBTS explore non-traditional opportunities to foster 
PCB reductions through mentoring and outreach programs, financial and other 
incentives (e.g., insurance premiums), and ISO registration (in the US); 

o It is recommended that the GLBTS continue the PCB Recognition Award 
Program. 

 
3. Periodic reassessment of efficacy of existing programs and development of 
recommendations for improvement. 

 
In addition, the PCB Workgroup will keep abreast of GLBTS Dioxin Workgroup activities, such 
as pathway intervention, to address coplanar PCBs; the PCB Workgroup lacks sufficient 
evidence to justify placing a high priority on pathway intervention or activities specifically 
targeting coplanar PCBs sources at this time, but will consider such activities if new information 
supports this direction.  
 
The PCB Workgroup will also consider, as necessary, the potential need for developing new 
challenge goals targeting sources of PCBs other than in-service PCBs, depending on the outcome 
of information gathering efforts.  
 
No lake-specific actions are required because although PCB contamination remains, it appears to 
be a region-wide concern. 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX A 
 

GENERAL FRAMEWORK TO ASSESS MANAGEMENT OF GLBTS LEVEL 1 
SUBSTANCES: BACKGROUND, OBJECTIVES, AND DOCUMENTATION 
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BACKGROUND 
 
Over the past thirty years, the governments of Canada and the United States have joined together 
with industries, citizen groups, and other stakeholders in a concerted effort to identify and 
eliminate threats to the health of the Great Lakes ecosystem resulting from the use and release of 
persistent toxic substances. A major step in this process was the enactment of the Revised Great 
Lakes Water Quality Agreement (GLWQA) of 1978 which embraced, for the first time, a 
philosophy of “virtual elimination” of persistent toxic substances from the Great Lakes. In 1987, 
the GLWQA was amended, establishing Lakewide Management Plans (LaMPs) as a mechanism 
for identifying and eliminating any and all “critical pollutants” that pose risks to humans and 
aquatic life. In 1994, the International Joint Commission’s Seventh Biennial Report under the 
GLWQA called for a coordinated binational strategy to “stop the input of persistent toxic 
substances into the Great Lakes environment.” This led to the signing of the Great Lakes 
Binational Toxics Strategy (GLBTS, or Strategy) in 1997. The Strategy specifies Level 1 
substances, each targeted for virtual elimination and each with its own specific challenge goals, 
along with Level 2 substances targeted for pollution prevention. The substances were selected on 
the basis of their previous nomination to lists relevant to the pollution of the Great Lakes Basin, 
and the final list was the result of agreement on the nomination from the two countries. The 
specific reduction challenges for each substance include individual challenge goals for each 
country, within a time frame that expires in 2006. 
 
Significant progress has been made toward achieving the Strategy’s challenge goals. As 2006 
approaches, an analysis of progress and determination of next steps is needed to respond to the 
mandate set forth in the Strategy. The purpose in developing the General Framework to Assess 
Management of GLBTS Level 1 Substances is to provide a tool to assist the Parties (Environment 
Canada and US EPA) and stakeholders in conducting a transparent process to assess the Level 1 
substances. 
 
OBJECTIVE 
 
The framework presents a logical flow diagram for evaluating progress and the need for further 
action by the GLBTS on the Level 1 substances in order to meet the following objective: 
 
Evaluate the management of GLBTS Level 1 substances with the following 
potential outcomes: 

 
1) Active Level 1 Status & Periodic Reassessment by GLBTS 
2) Consider Submission to BEC7 for New Challenge Goals 
3) Engage LaMP Process 
4) Suspend GLBTS Workgroup Activities. Where warranted, refer 

to another program and/or participate in other fora. Periodic 

                                                           
7 The Binational Executive Committee (BEC) is charged with coordinating implementation of the binational aspects of the 1987 
Great Lakes Water Quality Agreement, including the GLBTS. The BEC is co-chaired by EC and US EPA and includes 
representatives from the Great Lakes states and the Province of Ontario, as well as other federal agencies in Canada and the US 
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Reassessment by GLBTS, until Parties determine substance 
has been virtually eliminated. 

 
Additional outcomes that may result from the framework are: 
 

 Recommend benchmark or criteria development as a high 
priority; and 

 Recommend additional environmental monitoring as a high 
priority. 

 
The framework is intended to serve as a guide in determining the appropriate management 
outcome(s) for the Level 1 substances: mercury, polychlorinated biphenyls (PCBs), dioxins and 
furans, hexachlorobenzene (HCB), benzo(a)pyrene (B(a)P), octachlorostyrene (OCS), alkyl-lead, 
and five cancelled pesticides: chlordane, aldrin/dieldrin, DDT, mirex, and toxaphene. The 
framework is not intended to specify details of how a Level 1 substance should be addressed 
once a management outcome is determined. 
 
STRUCTURE OF THE FRAMEWORK 
 
The framework is set up in a hierarchical fashion to allow efficiencies in the decision process. 
The hierarchy of the framework is to first consider progress toward the challenge goals 
committed to in the Strategy, then to conduct an environmental analysis and finally, a GLBTS 
management assessment which leads to various potential management outcomes for a substance.  
 
The environmental analysis (depicted in green) and the GLBTS management assessment 
(depicted in blue) comprise the two main parts of the framework. The environmental analysis 
considers available Canadian and US monitoring data and established human health or ecological 
criteria as the primary basis for an objective evaluation of a substance’s impact on the Basin. For 
substances lacking sufficient risk-based criteria or environmental monitoring data, the 
framework recommends the development of benchmarks or criteria and additional monitoring as 
a high priority. While the environmental analysis places emphasis on good monitoring data, 
evidence of use, release, exposure, or precautionary concerns may also be considered.  
 
If the environmental analysis concludes that there is no basis for concern, GLBTS workgroup 
activities may be suspended, with periodic reassessment of the substance until the Parties 
determine that the substance has been virtually eliminated. If, on the other hand, the 
environmental analysis concludes that there is a reason for concern, the GLBTS management 
assessment evaluates the ability for the GLBTS to effect further improvements in and out of the 
Basin. The GLBTS management assessment also considers whether the impact of a substance is 
basin-wide or restricted to a single lake. In cases where the GLBTS can effect further reductions, 
consideration will be given as to whether new Strategy challenge goals can be established. 
Virtual elimination is an underlying tenet of the Strategy and should be kept in mind throughout 
the assessment process. 
 
The GLBTS management assessment can result in a number of potential management outcomes; 
the outcomes provided in the framework allow a substance to remain in active Level 1 status or 
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GLBTS workgroup activities to be suspended. The outcomes also recognize that it may be 
appropriate to more actively involve a LaMP process, to refer a substance to another program, to 
represent GLBTS interests in other fora (e.g., international programs), or to consider proposing 
new challenge goals. All outcomes include a periodic reassessment by the GLBTS 
(approximately every two years). 
 
While it is recognized that the Parties have an ongoing responsibility to promote GLBTS 
interests in other arenas, a potential outcome of the framework is to recommend referral to 
another program and/or GLBTS representation in other fora. In the GLBTS framework, this 
option is presented when there is no evidence of Basin effects, or when the GLBTS cannot effect 
further significant reductions on its own, but can advocate substance reductions in other 
programs and in international fora. 
 
It should be noted that, in using the framework to conduct assessments for the Level 1 
substances, it may not be possible to definitively answer “YES” or “NO” to all questions. It is 
not necessary to have a definitive answer to proceed in the framework. For example, in assessing 
whether there is environmental or health data to assess the impact of the substance in the Basin, 
it may be determined that, while additional data would be helpful, there is some data on releases 
and environmental presence in certain media with which to assess the status of the substance. In 
this case, judgment is needed to decide whether these data are sufficient to proceed along the 
“YES” arrow or whether the available data are not adequate and the analysis should proceed 
along the “NO” arrow, placing the substance on a high priority list for monitoring. As a general 
guide, the framework allows flexibility and judgment in interpreting environmental data and in 
determining the most appropriate management outcome(s). 
 
Each decision node, or shape, in the framework is illustrated below along with a brief 
explanation that describes, in further detail, the question to be assessed. 
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All 12 Level 1 substances will be assessed. 
 
The first question to consider in assessing the 
GLBTS status and future management of a Level 1 
substance is whether the challenge goals agreed to 
in the Strategy have been met. The answer to this 
question informs the subsequent assessment in 
many ways, not only indicating progress, but also 
revealing issues associated with the ability to pursue 
further reductions. Progress toward the US and 
Canadian goals will be considered jointly. 
Challenge goals will be evaluated with the best data 
presently available. Note that some challenge goals 
target “releases” of a substance while others target 
its “use”. As a result, different types of data may be 
required to evaluate challenge goal status (e.g., 
“use” data vs. environmental “release” data). The 
framework continues with both the environmental 
analysis and GLBTS management assessment, 
notwithstanding the status of the challenge goals. 

 
ENVIRONMENTAL ANALYSIS 

Characteristics of acceptable monitoring data to 
assess the temporal, spatial, and population 
representativeness of a substance in the Great Lakes 
Basin ecosystem include (but are not limited to) 
basin-specific measures in water, air, sediment, soil, 
indoor environments (e.g., dust), fish, biota, or 
human biological samples. If necessary, use or 
release data may be used as surrogates (e.g., in the 
case of alkyl-lead). 
 
“What gets measured gets managed.” Substances 
entering this box will be recommended as a high 
priority for monitoring to the Parties. The intent is 
that these GLBTS substances will be considered by 
a wide range of government or private agencies 
when they make decisions regarding which analytes 
to monitor in the environment. As sufficient 
monitoring data is developed, substances will be re-
evaluated.

GLBTS Level 1 Substances
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Relevant criteria include, but are not limited to: 
• Water quality criteria 
• Fish tissue concentrations 
• Ambient or indoor air standards 
• Sediment or soil standards 
• Limits based on reference doses 
• Health-based standards for human biota 

measurements 
 
 
If there are no criteria against which to evaluate 
current levels, the GLBTS will consider whether 
there is a need for the Parties to recommend the 
development of human health or ecological 
criteria. This box effectively creates a GLBTS list 
of substances that are in need of human health or 
ecological criteria with which to identify 
exceedances in the environment.  

 
 
As the framework is intended to be flexible in its 
implementation, the choice of criteria to use in 
answering this question may vary. For example, the 
most strict criteria in one or more media may be 
used to evaluate environmental levels. 
 
 
If there are no criteria, or if current levels do not 
exceed criteria, this box considers whether there is a 
decreasing trend. A decreasing trend could be 
defined as a statistically significant negative slope. 
If the trend is decreasing, the substance is evaluated 
for evidence of concern based on use, release, 
exposure, or the precautionary approach. If a 
decreasing trend cannot be established, then the 
substance moves directly to the GLBTS 
management assessment to determine the ability of 
the GLBTS to effect further reductions. 
 
* Note that, in the event that there are established 
criteria and the GLBTS substance is below those 
criteria but not decreasing in trend, further analyses 
may be required to estimate when criteria might be 
exceeded.  
 

Do 
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exceed 
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In cases where sufficient monitoring data is not 
available, or where environmental trends are 
decreasing and criteria have either not been 
established or are not being exceeded, the relevant 
question is whether there is evidence of Basin 
effects based on documented use, release, or 
exposure data, or from a precautionary point of 
view. An example of a precautionary point of view 
would be documented evidence of significant 
impact in another geographic location with the same 
sources and use patterns as in the Basin, or because 
the effects of a pollutant would be significant by the 
time it was able to be measured through monitoring. 

 
 

GLBTS MANAGEMENT ASSESSMENT 
 

Answering this question involves an accelerated 
version of the first three steps of the GLBTS 4-step 
process,8 looking at sources and current programs 
and regulations to see where the reduction 
opportunities lie. Part of the assessment will involve 
consideration of whether the reduction opportunities 
will be significant enough to merit the effort.  
 
 
Based on a joint GLBTS-LaMP determination that 
the impact of a substance is restricted to a single 
lake, the appropriate LaMP will be engaged for 
coordination of leadership for reduction actions to 
be undertaken by the responsible organizations. 
 
 
 
The GLBTS will assess the practicality of setting 
forth new challenge goals.  
 

                                                           
8 The GLBTS four-step process to work toward virtual elimination is: 1) Information gathering; 2) Analyze current 
regulations, initiatives, and programs which manage or control substances; 3) Identify cost-effective options to 
achieve further reductions; and 4) Implement actions to work toward the goal of virtual elimination. 

 Ability for 
GLBTS to 

effect further 
 reductions? 

Can new 
challenge goals 
be established?

Can new 
challenge goals 
be established?

Principally  
lake specific?  

Is there a reason 
for concern based 

on use/release/ 
exposure data or 
the precautionary 

approach? 



       Draft Page A-8        

 
WORKING Draft PCBs Management Assessment May 2006 
 

This report is a WORKING DRAFT for GLBTS PCB Workgroup discussion ONLY 

 
GLBTS MANAGEMENT OUTCOMES 

 
The substance will continue as a Level 1 with 
reduction actions addressed by the appropriate 
process and with periodic reassessment, 
approximately every two years, using the General 
Framework to Assess Management of GLBTS Level 
1 Substances.  

 
The GLBTS will consider recommending new 
challenge goals to BEC. The justification for new 
challenge goals will incorporate the findings of the 
framework analysis and will include assessment of 
the desired environmental improvement and 
feasibility. If the GLBTS decides to propose new 
challenge goals, the recommendation to BEC will 
include a reduction percentage, reduction timeline, 
and baseline for the proposed new challenge goals.  
  
For substances whose impact is lake-specific, the 
appropriate LaMP will be engaged to coordinate 
substance reduction activities with continued 
support from the GLBTS, recognizing the limited 
direct implementation capacity of the LaMPs. It is 
understood that much of the actual implementation 
would be carried out by the agencies with 
responsibility to address these substances. A joint 
review of progress would be undertaken 
periodically.  
  
In the event that the GLBTS is not able to effect 
further reductions, or there is no evidence of Basin 
effects, GLBTS workgroup activities will be 
suspended. Where warranted, a recommendation 
will be made to a) refer reduction efforts for the 
substance to another program, and/or b) represent 
GLBTS interests in other fora (e.g., Commission for 
Environmental Cooperation, United Nations 
Environment Programme). There will be no 
ongoing workgroup involvement with these 
substances, though each one will undergo periodic 
reassessment, approximately every two years, using 
the General Framework to Assess Management of 
GLBTS Level 1 Substances, until the Parties 
determine that virtual elimination has been reached.  

Suspend GLBTS Workgroup 
Activities. Where warranted,  

refer to another program, and/or 
participate in other fora. Periodic 
Reassessment by GLBTS, until 

Parties determine substance has 
been virtually eliminated. 
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Consider 
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Process 
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B-1 Whole Fish Tissue: Supplemental Data (DFO and GLNPO) 
 
Details on data and sampling methodologies for whole fish monitoring programs conducted by 
EC and EPA are provided below. The concept that fish, especially older fish such as adult lake 
trout, represent the contaminant conditions only of the site where they were collected is generally 
not supported by biological data on fish migration. Research conducted by EC using tags in 
planted fish from Lake Huron and Lake Ontario has tracked the migration patterns of lake trout. 
Based on these data, for monitoring programs that tend to target very large (= old) fish, the 
chemical characteristics of these fish would likely be more of an integration of conditions 
throughout the entire lake. 
 
Canadian Department of Fisheries and Oceans (DFO) Data 
 
The DFO program monitors a maximum of 10 Great Lakes sites annually. On Lake Ontario, 4 
offshore stations (Niagara, Port Credit, Cobourg, Eastern Basin) are monitored annually, while 
Lake Erie has monitoring sites in both the eastern and western basin. There are traditionally 2 
sites per year monitored each on Lake Superior (Thunder Bay, Jackfish Bay, Marathon, 
Whitefish Bay –SSM) and Lake Huron (North Channel, French River, Meaford, Goderich). The 
2 annual sites are rotated among 4 indicator stations on each of the lakes with the intent of 
collecting 2 consecutive year's data at any single site every 3 to 4 years. Lake trout (or walleye 
for western Lake Erie) are collected at each site with the assistance on the Ontario Ministry of 
Natural Resources and we (DFO) collect elements of the food web (alewife/sculpin/smelt + 
invertebrate diet items) at a subset of the 10 sites annually. Approximately 450 individual (top 
predator) and composite (forage species) fish samples are analyzed annually for routine OC 
pesticides, total PCBs and up to 9 trace metals (Hg, Cu, Ni, Zn, Cd, Cr, Pb, Se, As) .  
 
The following figures provide temporal trends collected by the DFO monitoring program. Figure 
B-1 illustrates the trend in total PCB levels in Lake Ontario lake trout from 1977 to 2003. As 
with most biologically based indicators, changes in the condition of the indicator influence to 
some degree the potential to bioaccumulate contaminants. Shifts in food source abundance, 
precipitation events, etc. may influence the ultimate contaminant burden of these fish. The range 
of error measurements (S.E.) calculated over the 27 year extent of the data set (1977-2003) is 
uniform and low, which indicates the consistency of the measurements from year to year. Thus, 
the degree of between year variability in the data set attributable to the measurement of PCB 
residues in fish is normal, expected and primarily related to environmental changes in the aquatic 
ecosystem. 
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Total PCB Levels in Lake Ontario Lake Trout
(ug/g +/- S.E. wet weight, whole fish) Ages 4-6
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Figure B-1. Total PCB Levels in Lake Ontario Lake Trout (1977-2003). Data Source: 

Department of Fisheries and Oceans/Great Lakes Laboratory for Fisheries 
and Aquatic Sciences (DFO/GLLFAS) 

 
Figure B-2 illustrates the trend in total PCB levels in Lake Ontario rainbow smelt from 1977 to 
2003. 
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Figure B-2. Total PCB Levels in Lake Ontario Rainbow Smelt (1977-2003). Data Source: 

DFO/GLLFAS 
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Lake trout collections in Lake Erie were initiated by DFO in 1985. Therefore, the limited number 
of samples available in the selected age cohort makes rigorous assessment difficult. Figure B-3 
illustrates the trend in total PCB levels in Lake Erie lake trout from 1985 to 2003.  
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Figure B-3. Total PCB Levels in Lake Erie Lake Trout (1985-2003). Data Source: 

DFO/GLLFAS 
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Figure B-4 illustrates the trend in total PCB levels in Lake Erie walleye from 1977 to 2003.  
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Figure B-4. Total PCB Levels in Lake Erie Walleye (1977-2003). Data Source: 

DFO/GLLFAS 
 

Figure B-5 illustrates the trend in total PCB levels in Lake Erie rainbow smelt from 1977 to 
2003.  
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Figure B-5. Total PCB Levels in Lake Erie Rainbow Smelt (1977-2003). Data Source: 

DFO/GLLFAS 
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Figure B-6 illustrates the trend in total PCB levels in Lake Huron lake trout from 1980 to 2003. 
The mean PCB concentration in 2003 collections declined to the second lowest level (0.43 µg/g) 
measured in Lake Huron lake trout since monitoring began in 1980.  
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Figure B-6.  Total PCB Levels in Lake Huron Lake Trout (1980-2003). Data Source: 

DFO/GLLFAS 
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Figure B-7 illustrates the trend in total PCB levels in Lake Huron rainbow smelt from 1979 to 
2003. 
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Figure B-7. Total PCB Levels in Lake Huron Rainbow Smelt (1979-2003). Data Source: 

DFO/GLLFAS 
 
Figure B-8 illustrates the trend in total PCB levels in Lake Superior lake trout from 1980 to 
2002. 

Total PCB Levels in Lake Superior Lake Trout
(ug/g +/- S.E. wet weight, whole fish) Ages 4-6

0

0.5

1

1.5

2

2.5

1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002

Year

ug
/g

 (+
/- 

S.
E.

)

PCB

 
 
Figure B-8. Total PCB Levels in Lake Superior Lake Trout (1980-2002). Data Source: 

DFO/GLLFAS 
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Figure B-9 illustrates the trend in total PCB levels in Lake Superior rainbow smelt from 1981 to 
2002.  
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Figure B-9. Total PCB Levels in Lake Superior Rainbow Smelt (1981-2002). Data 

Source: DFO/GLLFAS 
 
GLNPO Data 
 
The GLNPO Great Lakes Fish Monitoring Program (GLFMP) collects 50 samples per year from 
each site in each lake. The individual samples are composited to make 10 five fish composites 
per site per lake. Each lake has two separate sites (Lake Michigan has a third back up site). The 
individual sites are not intended to be representative of the entire lake. Sites were originally 
chosen to represent one urban and one rural site per lake. Sites alternate depending on an even or 
an odd year collection. For example in Lake Michigan, even year collections occur at the 
Saugatuck site and odd year collections occur at the Sturgeon Bay site. The sampling plan can be 
found in the QAPP located at: 
www.epa.gov/glnpo/glindicators/fishtoxics/GLFMP_QAPP_082504.pdf 
 
The following figures provide temporal trends collected by the US EPA - GLNPO Great Lakes 
Fish Monitoring Program. Figures B-10 through B-14 illustrate total PCB levels in whole Lake 
Trout in Lakes Superior, Michigan, Huron, and Ontario, and Walleye in Lake Erie from1972 to 
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2000 and how they relate to the Great Lakes Water Quality Agreement criteria of 0.1 µg/g.9 The 
increase in the concentration of total PCBs from 1998 to 2000 is most likely due to the change in 
collection site or food web and not an increase in contaminant loading. 
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Figure B-10. Total PCB Levels in Lake Superior Lake Trout (1976-2000). Data Source: US 
EPA - GLNPO Great Lakes Fish Monitoring Program 
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Figure B-11. Total PCB Levels in Lake Michigan Lake Trout (1972-2000). Data Source: US 

EPA - GLNPO Great Lakes Fish Monitoring Program 

                                                           
9 Lake Trout is in the 600 - 700 mm size range; Walleye is in the 450 - 550 mm size range. µg/g wet weight +/- 95% 
C.I., composite samples. Note the different scales on Y axis between lakes. 
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Figure B-12. Total PCB Levels in Lake Huron Lake Trout (1978-2000). Data Source: US 
EPA - GLNPO Great Lakes Fish Monitoring Program 
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Figure B-13. Total PCB Levels in Lake Ontario Lake Trout (1976-2000). Data Source: US 

EPA - GLNPO Great Lakes Fish Monitoring Program 
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Lake Erie Total PCBs in Walleye
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Figure B-14. Total PCB Levels in Lake Erie Walleye (1976-2000). Data Source: US EPA - 

GLNPO Great Lakes Fish Monitoring Program 
 
 
B-2 Herring Gull Egg Monitoring: Methods and Sampling Sites (CWS) 
 
The Canadian Wildlife Service (CWS) has analyzed temporal trends in contaminant levels in 
herring gull eggs from fifteen colony sites on the Great Lakes. Eggs have been collected since 
the early 1970s from up to eight water bodies within the Great Lakes Basin: the St. Lawrence, 
Niagara, and Detroit Rivers and Lakes Ontario, Erie, Huron, Michigan, and Superior (See Figure 
B-15). Recent results have been published in Pekarik and Weseloh (1998), Weseloh et al. (2003) 
and Hebert et al. (in review). 
 
The methods and protocol for the Herring Gull Egg Monitoring Program have been described 
previously (Mineau et al., 1984; Ewins et al., 1992; DiMao et al., 1999). Briefly, 10-13 fresh 
herring gull eggs were collected, one per completed clutch, from the sites listed below. 
Collections were made in late April and early May. Eggs were sent to the CWS National 
Wildlife Research Centre, where they were refrigerated, prepared, and analyzed by gas 
chromatography within eight weeks of collection (Won et al., 2001). Prior to 1986, all eggs were 
analyzed individually. Although they are still prepared individually, since 1986 a subsample 
from each egg has been taken to form a single site pool, which is then analyzed.  
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Figure B-15. Location of the 15 Herring Gull Colonies Sampled in This Study 
 
 
Compounds analyzed for in the herring gull study are total PCBs (estimated 1:1 ratio of Aroclors 
1254:1260, based on levels of PCB 138), DDE, HCB, OCS, total mercury, 2,3,7,8-TCDD and 
2,3,7,8-TCDF. For all compounds except 2,3,7,8-TCDD and –TCDF, concentrations are given in 
µg/g (wet weight); for 2,3,7,8-TCDD and –TCDF, concentrations are given in ng/g (wet weight). 
Temporal trends and changes within the time series were determined by change-point 
(piecewise) regression (Draper and Smith, 1981; Pekarik and Weseloh, 1998). Individual annual 
data for all compounds and sites can be found in Bishop et al. (1992), Pettit et al. (1994), Pekarik 
et al. (1998), and Jermyn et al. (2002). 
 
B-3.  Ontario Ministry of the Environment Niagara River Mussel Biomonitoring Survey: 

Methods 
 
The mussels (Elliptio complanata), used for the Niagara River Mussel Biomonitoring Survey 
originated from Balsam Lake (a relatively uncontaminated lake located in Victoria County, 
Ontario). Only mussels between 6.5 and 7.2 cm are collected to reduce variability due to tissue 
weight and mussel age. The mussels are collected by divers and placed in buckets lined with 
clean bioassay (food-grade) polyethylene bags partially filled with lake water for transportation. 
The bags are sealed with air trapped inside and rapid temperature fluctuations are avoided. Three 
of these mussels are randomly selected and submitted for tissue analysis to determine initial 
concentrations of contaminants. These mussels are referred to as the Balsam Lake control 
mussels. Mussels are placed in the Niagara River at about 30 sampling stations (this varies from 
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year to year) during the third week of July and retrieved after three weeks of exposure. Sampling 
stations are located at the mouth of tributaries, in the Tonawanda Channel, Chippewa Channel 
and near known industries and hazardous waste sites. The cages are usually placed within two to 
three metres from shore because the study was designed to investigate the impact of shore based 
sources on water quality rather than ambient river conditions. 
 
At each station at least six mussels are placed in 30 x 45 cm envelope-shaped cages constructed 
of 1.25 cm galvanized mesh poultry netting. A nylon rope is attached to the cages and then 
anchored to the river bottom with a cement block. Cages are also anchored to the bottom using 
pegs or rocks and sometimes attached to a shoreline structure. The mussels are immediately 
shucked after retrieval, excess water is drained and the soft tissues weighed. They are 
individually wrapped in hexane-rinsed aluminum foil, and placed in plastic bags. Three 
individual mussels are analyzed for contaminants at each station (percent lipid, organochlorine 
pesticides, total PCBs and chlorinated benzenes, and PAHs. At selected stations mussels and 
sediment are analyzed for dioxin/furan and dioxin-like PCBs). 
 
B-4.  Additional Research on PCB Environmental Toxicology 
 
de Solla et al (2003) studied organochlorine concentrations in eastern spiny softshell turtles at 
three southern Ontario locations (Thames River, Rondeau Provincial Park and Long Point 
National Wildlife Area) and the relationship of contamination with reproductive success. They 
found that PCB and other organochlorine levels were lower than in other turtle populations on 
the Great Lakes that had documented reproductive impacts due to organochlorine contamination 
and that these three turtle populations had no evidence of reproductive failure due to 
organochlorine contamination.  
 
In a study of captive American kestrels, Fernie et al (2003) found reproductive abnormalities, 
teratogenicity and developmental problems when the birds were exposed to a diet with PCB 
levels that simulated those found in the environment. They found different effects for different 
PCB congeners and different effects depending on the stage and duration of PCB exposure. They 
also found that the behavior of kestrel parents fed PCBs was altered and this affected the 
development of their offspring. 
 
In a study of smallmouth bass from the Kalamazoo River, Michigan, Anderson et al (2003) 
found that fish (collected in 1995) from areas downstream of a reach of the river with PCB 
contaminated sediment are adversely affected by PCB contamination. It is also known that PCBs 
are still released to the river at the city of Kalamazoo, upstream of the impacted area, by paper 
recycling industries. PCBs are contained in the ink and carbonless copy paper of the material fed 
to the recycling processes. Anderson et al (2003) found that the body condition factor and liver 
somatic index were significantly lower in PCB impacted fish compared to fish from areas 
upstream of the contaminated area. They also found numerous biomarkers of liver damage in the 
PCB impacted fish. They concluded that the toxicity is entirely due to PCBs as no other 
significant contaminants have been identified in the area. 
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Mink from the Kalamazoo River area were also studied to determine if PCBs presented a risk. 
Millsap et al (2004) measured PCB concentrations in two mink populations – one in a PCB 
contaminated area and one in an upstream area in the immediate vicinity of the river. Prey 
species from both areas were also collected. The study used two different risk assessment 
methodologies in comparison with each other and in comparison to observed PCB levels in mink 
and observed toxicological effects. The study found that the risk models that were diet-based 
significantly underestimated risk and concluded that diet based models should only be used if a 
population-based assessment of dietary preferences and contaminant levels in food sources is 
carried out. Hazard quotients for the PCB impacted population based on actual calculated TEQs 
ranged from 4.3 to 5.4 when comparing to the No Observed Adverse Effect Level (NOAEL). A 
hazard quotient greater than 1.0 is indicative of a toxicological hazard. Some mink individuals 
with the highest PCB levels were observed to have lesions in the squamous epithelium tissue of 
the jaw bone.  
 
Dykstra et al (2001) studied the effects of organochlorine contamination and food availability in 
bald eagles from Green Bay, Lake Michigan, from 1987 to 1996. This population is known to 
have significantly lower reproductive success compared to nearby inland bald eagle populations. 
Levels of DDE and PCBs were elevated in eggs and nestlings (PCB mean concentration = 31.3 
µg/g (ppm) in eggs and 207 ng/g (ppb) in blood of nestlings). It was determined that food 
availability was adequate and that depression of reproductive rates was principally or totally due 
to the DDE and PCB contamination. In addition to this result, Bowerman et al. (2003) found a 
positive relationship between PCB and DDE levels and reductions in reproductive success across 
nine different sub-populations in the Great Lakes region.  
 
In a study of two populations of Caspian terns from Lake Huron during the period 1997-99, 
Grasman and Fox (2001) showed that organochlorine, and particularly PCB, contamination was 
positively related to biomarkers of altered immune function. The two areas studied were the 
Saginaw River at a confined disposal facility for contaminated dredged sediment and Elm Island 
in the North Channel. The Saginaw River area is known to be contaminated with 
organochlorines. Their results showed a strong association between PCB levels in plasma and 
decreased T lymphocyte function in all samples. Terns from the Saginaw River area had 42% 
lower T lymphocyte function compared to those from the North Channel. 
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B-5. Water and Sediment Monitoring Locations in the Great Lakes Basin 
 

 

 
 
Figure a. Open-lake and Interconnecting Channel Water Quality Sites Monitored for 
Persistent Toxic Substances. Source: Environment Canada 
 
 

 
 
Figure b. Open-lake Bottom Sediment Sites Monitored for Persistent Toxic Substances. 
Source: Environment Canada 
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Other Sediments and Water Research 
 
In a study by Williams et al. (2000), PCB concentrations in the Niagara River declined 
significantly during the period 1987-97. Painter et al (2001) also looked at historical trends in 
PCB sediment contaminations by comparing samples of surficial sediments in Lake Erie taken in 
1997 to those taken in 1971. The results of the comparison showed a decline in the average 
sediment PCB concentration from 136 ng/g (ppb) in 1971 to 43 ng/g in 1997. Some regions of 
the lake however still exceeded Canadian and Ontario criteria for sediment contamination. 
Surficial sediment surveys are measuring the amount of recently deposited contamination so a 
decline in concentrations does not mean that the contaminant (PCB) mass in the entire sediment 
profile has declined. This data is indicative of a reduction in new PCB loadings to the lake. 
Marvin et al (2002) compared the surficial sediment PCB levels in Lake Erie to those in Lake 
Ontario for 1997. Lake Ontario had an average PCB concentration in surficial sediment of 100 
ng/g, or more than double the average of Lake Erie. This would indicate that Lake Ontario has 
more continuing sources of PCBs than Lake Erie. Lake Ontario surficial sediment PCB levels 
had decreased significantly since 1981. In 1981 the average PCB levels in surficial sediments in 
the three major basins of Lake Ontario ranged from 510-630 ng/g (Marvin et al, 2003). 
 
Schneider et al. (2001) determined the annual historic mass deposition rates of some organic 
contaminants in Traverse Bay, Lake Michigan using sediment cores. They determined that in 
1998 the concentration of PCBs in deposited sediment was 30 ng/g at both sites sampled 
compared to 60 ng/g in 1972. This would indicate that since PCBs were banned in the late 1970s, 
the amount of PCBs released to surface water and associated with sediment particles has 
declined by approximately 50 percent.  
 
Morrison et al. (2000) studied the impact of the invasion to western Lake Erie of the round goby 
(a fish) and severe wind events on the cycling of PCBs from sediment to the aquatic ecosystem. 
The influence of the invasion of the round goby on PCB levels in higher trophic level fish was 
found to be minimal (less than predicted by models) but the effects of heavy winds in 1996-97 
were found to be significant in increasing PCB levels in fish in western Lake Erie. Heavy winds 
have the potential to create turbulence and subsurface currents and thereby stir up deeper, more 
heavily contaminated sediment in a shallow lake such as Lake Erie. More recent information 
indicates that a number of Lake Erie fish now appear to be feeding on round gobies, which have 
a diet high in zebra mussels; therefore, changes in predator fish PCB levels related to this change 
in feeding behavior may be observed in the future (see 2004 Lake Erie LaMP, Section 11.3) 
 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX C 
 

SUPPLEMENTAL INFORMATION: CURRENT PCB REGULATIONS, PROGRAMS, 
AND ACTIVITIES  
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A summary of key regulations and voluntary activities currently underway in the US and Canada 
is provided below. Additional updates on these programs, and highlights on achievements from 
previous years, are also included in the GLBTS progress reports that have been prepared 
annually since 1998. These reports are available on the GLBTS website 
(http://www.epa.gov/glnpo/bns/index.html): 
 

• 2005 Draft Progress Report 
• 2004 Progress Report (http://www.epa.gov/glnpo/bns/reports/2004progress/index.html)  
• 2003 Progress Report (http://www.epa.gov/glnpo/bns/reports/2003progress/index.html) 
• 2002 Progress Report (http://binational.net/bns/2002/index.html) 
• 2001 Progress Report (http://www.epa.gov/glnpo/bns/reports/2001Progress/index.html) 
• Five Year Perspective 

(http://www.epa.gov/glnpo/bns/reports/5YearPerspective/5Year.html) 
• 2000 Progress Report (http://www.epa.gov/glnpo/bns/press/glbts00rpt.html) 
• 1999 Progress Report (http://www.epa.gov/glnpo/bns/reports/bnsprogr99.html) 
• 1998 Progress Report 

(http://www.epa.gov/glnpo/bnsdocs/stakeholders1198/minutes/progreport.html) 
 
Current Regulations 
 
Canadian Regulations 
 
In Canada, the Canadian Environmental Protection Act (CEPA) controls the processing, export, 
import, destruction, storage, use, sale, and labeling of machinery or equipment containing PCBs. 
CEPA regulations define how PCB owners must keep track of their equipment which contains 
PCBs. 
 
Environment Canada’s PCB regulations are being amended and targeted for Canada Gazette 
publication in 2006. These regulations are: 
 

1. The Chlorobiphenyl Regulations (1977) 
2. The Storage of PCB Material Regulations (1992) 
3. Export of PCB Regulations (1996) 
4. Federal PCB Destruction Regulations (1989). 

 
The most significant revisions to the regulations will be the imposition of strict phase-out dates 
for certain categories of PCBs. The most important phase-out targets will be: 

• Phase-out of all in-service high-level PCBs (>500 ppm PCB) by 2009 (except for 
pole-top transformers and equipment at electrical generation, transmission and 
distribution facilities). 

• Phase-out of all PCB in storage sites by 2009.  
• Phase-out of all “pad-mounted” (anything that is not pole-mounted) equipment 

with 50-500 ppm PCB by 2014. 
• Phase-out of all pole-mounted transformers and all equipment at electrical 

generation, transmission and distribution facilities by 2025. 
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• Re-use of transformer oils with 2-50 ppm PCB not allowed (this equipment will 
not have to be destroyed by any specific date, but once it comes out of service, the 
oil must be decontaminated to below 2 ppm PCB). 

 
Revisions to the Canadian Federal PCB destruction regulations will see the strengthening of 
emissions release provisions to bring the federal regulations in line with existing provincial 
requirements. More information and updates can be found on the Environment Canada website at 
http://www.ec.gc.ca/pcb/. 
 
US Regulations  
 
In the US, PCBs are regulated primarily by the Toxic Substances Control Act (TSCA), which 
has one section devoted solely to PCBs. TSCA regulations define: how PCBs may be used, 
processed, distributed, manufactured, exported, and/or imported; storage and disposal options; 
spill clean-up requirements; and how PCB owners must keep track of their equipment which 
contain PCBs. Under TSCA, all uses or other activities involving PCBs are banned unless they 
are specifically allowed by EPA in one of three categories: 
 

1. Totally Enclosed Activities; 
2. Authorized Uses, based on a finding that the use will not pose an unreasonable risk of 

injury to health or the environment; 
3. Exemptions.  

 
The most significant remaining authorized use of PCBs is as a dielectric fluid in electrical 
equipment such as transformers and capacitors. Regulatory burdens and management 
requirements increase with each higher level of PCB concentration. 
 

• Electrical equipment and oils containing PCBs in concentrations <50 ppm are generally 
excluded from regulation 

• Electrical equipment containing PCBs in concentrations between 50 - 500 ppm are 
known as "PCB-contaminated" electrical equipment. These items have some 
recordkeeping and disposal requirements, along with specifications for storage, cleanup, 
and possible notification; and 

• PCBs found in transformers and large capacitors at concentrations >500 ppm are known 
as "PCB transformers" and "PCB capacitors". These items have requirements for 
marking, recordkeeping, inspection, cleanup, location, possible notification and 
registration, and limited disposal options. 

 
Current US and Canadian Programs and GLBTS Workgroup Activities 
 
The Canadian government is planning to regulate PCB phase-out dates (see description under 
Regulatory Activities). Awareness among the PCB owners continues to increase due to 
continuing PCB outreach, the Canadian PCB Phase-Out Awards Program, sector mail-out of 
information, and voluntary commitment letters. As described in Section 2.1, newer facilities and 
options are now available in Ontario for PCB decontamination and destruction, in addition to the 
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Alberta Swan Hills incinerator. Owners of large quantities of PCBs have been able to incorporate 
PCB phase-out/destruction activities into multi-year operating plans, but smaller businesses have 
had difficulty absorbing a large capital expense in any one fiscal year. 
 
The priority sectors that still have a considerable amount of high-level PCBs in use include 
utilities, iron/steel, pulp and paper, school/care facility/food processing (sensitive areas), 
governments, and mining/smelting. As discussed below, these sectors have been targeted by 
Environment Canada for encouragement to phase-out their PCBs on a voluntary basis.  
 
US PCB Phasedown Program  
 
In an effort to clarify information on US EPA’s PCB Transformer Registration Database, the US 
EPA contacted up to 2,400 entities that registered PCB transformers with the US EPA. During 
that effort, many entities indicated that they had already removed their PCB transformers since 
registering them in 2000. US EPA is currently compiling the clarification information, which 
should be available in early 2006, and will then update the database.  
 
In addition, US EPA has begun to develop a nationwide effort to seek the voluntary phase out of 
PCB electrical equipment. The finalization and actual implementation of a national US EPA 
program is expected in early 2006, dependant upon programmatic resources. 
 
US PCB Phase-out at Federal Facilities 
  
PCBs were included on the last list of the chemicals to be considered for reduction under a US 
Executive Order on Greening the Government (E.O. 13148). US EPA will outreach to Federal 
facilities regarding the Order, and will share information on how to identify and dispose of PCB 
equipment. 
 
Minnesota Pollution Control Agency PCB Phase-Out Agreements 
 
In 2004, the State of Minnesota passed a law (Minn. Stat. §116.07, subd. 26) that changed the 
way PCB waste is regulated in the state and provided financial incentives for companies to 
voluntarily eliminate in-service electric equipment containing PCBs. Under the law, generators 
of PCB waste must obtain an annual Hazardous Waste License (with associated annual fees) 
from their county and/or the Minnesota Pollution Control Agency (MPCA). Licenses and 
associated annual fees are based on the quantity of hazardous waste generated at a facility. 
However, generators that dispose of or retrofill oil-filled electrical equipment before the end of 
its service life may apply to the MPCA to enter into a PCB Phase-out Agreement, in which PCB 
hazardous wastes generated as a result of such disposal or retrofilling may be exempt from 
counting toward the generator’s annual fees. The Phase-out Agreement must include specific 
goals of the phase-out; activities to be performed to achieve the specific goals; phase-out criteria; 
a schedule for implementation of the phase-out; and annual summaries of progress must be 
submitted to the MPCA. Additional information is available on the MPCA website at 
http://www.pca.state.mn.us/publications/w-hw4-48h.pdf and 
http://www.pca.state.mn.us/publications/w-hw4-48i.pdf . 
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Minnesota Pollution Control Agency (MPCA) Small Quantity PCB Owner Disposal 
Cooperative 
 
Overall Project Outcome and Results: PCBs are one of nine toxic chemicals targeted by the Lake 
Superior Zero Discharge Demonstration. This project’s objective is to assist owners of small 
quantities of PCBs to remove contaminated pole-mounted transformers in the Lake Superior 
watershed.  
 

 Four utilities shared their transformers’ serial numbers with the MPCA. The agency 
compared their serial numbers to manufacturing serial numbers. 720 transformers (about 
4 percent) were on the manufacturers’ list of transformers that may contain PCBs.  

 The MPCA visited each of the suspect transformers in the Lake Country Power and 
Cooperative Power and Light districts within the Lake Superior watershed. The 
coordinates were entered into a GPS unit and the closest body of water also was entered. 
This allowed the MPCA to prioritize transformers using the distance to water.  

 Lake Country Power volunteered to remove all of their 292 suspect transformers, 
although the contract could cover only a portion of the cost.  

 Cooperative Power and Light contracted to replace 145 suspect transformers 
manufactured by GE that were closest to Lake Superior. (GE transformers are most likely 
to contain PCBs and are therefore a priority.) 

 The City of Grand Marais contracted to replace 14 suspect transformers and test others.  
 Summary: This project and voluntary actions by participants will result in the 

replacement of 82 percent of the transformers owned by the three facilities that 
participated and 64 percent of the suspect transformers originally identified. 

  
Project Results Use and Dissemination: The project manager has been asked to assist the MPCA 
with PCB phase-out agreements per Minnesota statute 116.07, subd. 2b. Results will be 
distributed to other Great Lakes states when the project is completed at the end of the federal 
fiscal year.  
 
Accelerating Phase-out of PCB Transformers: The Business Case 
 
The US EPA Great Lakes National Program Office funded a project in 2003 to study the costs 
associated with the continued use and disposal of PCB transformers. Under this project, case 
studies on cost estimates of PCB transformer management and disposal were to be developed 
and incorporated into a spreadsheet tool that was intended to assist other PCB transformer 
owners in estimating their costs/savings for the phase-out of their PCBs. However, due to 
unanticipated personnel limitations within the expertise of the grantee’s firm, they were unable to 
complete the project. Efforts are being pursued to determine if others within the firm can 
complete the project. 
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Voluntary Phase-out Efforts by Utility Industry 
 
The Utility Solid Waste Activities Group (“USWAG”) has provided annual updates to EPA 
Region 5 over the last several years summarizing the voluntary efforts of individual utility 
companies throughout the US in voluntarily accelerating the phase-out of PCB-containing 
equipment from their respective inventories. Many USWAG members have procedures in place 
to ensure that most equipment containing PCBs at > 50 ppm identified during repair or servicing 
are disposed and/or retrofilled and not returned to service as PCB-regulated equipment. These 
procedures, combined with voluntary retrofill/reclassification programs, are resulting in the 
continued reduction of PCB-containing equipment in the US. In addition, an important factor in 
enabling users of PCB-containing equipment to participate in accelerated PCB phase-down 
programs is developing the means for identifying the locations of such equipment. Although 
some equipment (e.g., large PCB capacitors in substation and PCB Transformers previously 
registered with EPA) is readily identifiable, identifying the potential locations of remaining 
equipment in service is more of a challenge. To assist utilities and others in identifying PCB-
containing equipment still in service, USWAG is committed to working with its member in 
sharing information regarding the potential locations of this equipment, through activities such as 
workshops.  
 
PCB Reduction Commitment Letters (Canada) 
 
Commencing in 1999, PCB reduction commitment letters were mailed to priority industry 
sectors including school boards and other sensitive sites (food, beverage, hospitals, care 
facilities, and water treatment industries). These were followed-up in 2003 and 2004. Additional 
letters have been sent out for inventory updates during August-November, 2005, with a good 
response so far. In total, over 1000 letters have been sent to date, and over 400 completed 
commitment forms have been sent back to Environment Canada. The return letters are also 
extremely useful in updating the federal PCB inventory information. A number of companies in 
the iron and steel, utilities, pulp and paper, and metals and mining sectors, as well as some 
sensitive areas, have voluntarily undertaken initiatives to eliminate (particularly) high-level 
PCBs in use and/or storage. Additional companies are being identified as “PCB Free,” and these 
will be used to update the inventory of “PCB Free” companies during the 2005-2006 fiscal year. 
 
PCB Phase-out Awards Program (Canada) 
 
The Canadian workgroup has developed a plan of outreach and recognition to try to increase 
awareness and the rate of PCB phase-out. The main elements of the draft plan are to: 
 

 Present award of a plaque to each eligible company that becomes PCB-free or reaches a 
major PCB target (90 percent reduction and above) 

 Take a photograph of the award presentation and develop a case study (success story) 
 Post the photograph and case study or success story on the website and make copies 

available for distribution 
 List the names of award winners in Great Lakes Binational Toxics Strategy (GLBTS), 

International Joint Commission (IJC), government and trade association publications 
 Make presentations at Trade Association meetings and conferences. 
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Table C-1 below summarizes the PCB phase-out history of a few Canadian companies that 
received PCB awards. Most recently in May 2005, two awards were presented at the GLBTS 
Stakeholder Forum meeting in Toronto to General Motors - St. Catharines Powertrain Plant and 
Ontario Power Generation – Nanticoke Generating Station for their achievements in PCB 
elimination.  
 

Table C-1 PCB Phase-Out history of few Canadian Companies that received PCB Awards  

Company Initial High-Level PCB 
Inventory 

Phase-Out 
History 

% Elimination 
High-Level 
PCB 

Date and 
Location of 
Award 

Hydro One 
1983 - 40 large askarel 
transformers and 30,000 
PCB capacitors (lg) 

All removed and 
destroyed by 1999 100% 

Sept. 2003 

Toronto 

Enersource 
Hydro 
Mississauga 

19,500 kg askarel Oil in 
transformers 

14,000 kg askarel 
transformer solids 

67,000 kg PCB capacitors 
and ballasts (high-level) 

Removed from 
service by 1990. 
Sent for destruction 
2000. 

100% 
Sept. 2003 

Toronto 

Stelco, 
Stelpipe 

5 large askarel transformers 

65 lighting and control 
(small) transformers 

All removed and 
destroyed by 1998  100% 

Sept. 2003 

Toronto 

Slater Steel 

Empty transformers, askarel 
liquid (transformer oil), PCB 
contaminated mineral oil, 
capacitors, debris, metal 
debris 

To destruction, 1998  100% 
Sept. 2003 

Toronto 

City of 
Thunder 
Bay 

84 drums containing over 
25 tonnes of PCB wastes  

Removed from 
service between 
1994 and 1998. Sent 
for destruction in 
2001 

 100% 
June,2004 

Toronto 

Canadian 
Niagara 
Power 

2 large askarel 
transformers, 95 capacitors, 
2 shipping containers of 
wastes 

Removed from 
service between 
1993 and 2003. All 
sent for destruction 
by 2003. 

 100% 
June, 2004 

Toronto 

General 
Motors – St. 
Catharines 

8 askarel transformers, 221 
power-factor capacitors 

Removal and 
destruction program 
commenced in 1996 
and completed in 
2000. 

 

100% May, 2005 

Toronto 

Ontario 
Power 

9 large with gross weight 43 
tonnes each, 61 medium 

Removal and 
destruction program 

100% May, 2005 
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Table C-1 PCB Phase-Out history of few Canadian Companies that received PCB Awards  

Company Initial High-Level PCB 
Inventory 

Phase-Out 
History 

% Elimination 
High-Level 
PCB 

Date and 
Location of 
Award 

Generation 
– Nanticoke 

size with average gross 
weight 4.6 tonnes, 56 small 
with average gross weight 
0.25 tonnes 

commenced in 1998 
and completed in 
2004. 

Toronto 

 

Canadian Case Studies 
 
Environment Canada is developing Case Studies (success stories) for each company that receives 
a PCB Phase-Out Award. Case studies for all of the award recipients listed in Table C-1 have 
been completed and printed in hardcopy. Copies may be requested from Ken De, the Workgroup 
Co-Chair by e-mail: ken.de@ec.gc.ca or by phone at (416)739-5870. The Case Studies also will 
be posted on the GLBTS PCB website when the revisions to the website are completed. The goal 
of the case studies is to promote the removal of PCBs by companies that have not yet done so by 
providing examples of beneficial factors considered when companies decided to remove their 
PCBs. 

Canadian GLBTS PCB Newsletter 
 
The second edition of the Environment Canada GLBTS PCB Newsletter has been published and 
is available from Ken De, Environment Canada (see above for contact). The Newsletter will be 
used to promote the PCB elimination and award programs. The purpose of the Newsletter is to 
summarize information about the GLBTS, PCBs as an environmental hazard, the Phase-Out 
Awards Program and other issues in an eye-catching, simplified format. The main target 
audience is PCB-owning industry, in particular industrial environmental managers.  
 
Canadian PCB Strategy Document 
 
A draft strategy document is being prepared with the purpose of examining the activities of 
Environment Canada and overall GLBTS management objectives, proposing new or revised 
initiatives that may be more effective in promoting PCB phase-out and ultimately in reducing 
PCB levels in the Great Lakes. Once this report is finalized, a new PCB Workplan will be 
developed for implementation in 2006.  
 
Outreach/Sharing Information 
 
An outline for the PCB phase-out guidance document was developed and distributed at the June 
17, 2004, PCB workgroup meeting for comments. The outline will be used to prepare a first draft 
of a guidance document, which is intended to provide information on identifying and disposing 
of PCBs that can be used by industry, for industry, to encourage and assist facilities in phasing 
out their PCBs. 
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Source Profiles and Emissions Quantitation of PCB to Ambient Air from Transformers 
 
Samples of ambient air around operating PCB Askarel transformers were collected in January 
and October 2004. The samples were collected as part of the US EPA Great Lakes National 
Program Office (GLNPO)-funded project to study emissions of PCBs from in-service PCB 
transformers. The study, Source Profiles and Emissions Quantitation of PCB to Ambient Air 
from Transformers, is being conducted by Dr. William J. Mills of the University of Illinois. US 
EPA is awaiting the final report.  
 
Next Steps 
 
The workgroup and agencies plan to continue their core activities noted above and including the 
following: 
 
PCB Reduction Commitments 
  
The workgroup will continue seeking commitments to reduce PCBs through PCB reduction 
commitment letters and other PCB phase-out efforts, and to publicize voluntary achievements in 
PCB reduction.  
 
ISO 14000 and PCBs 
 
The workgroup will consider the most effective way to incorporate the voluntary reduction of 
PCB equipment in a facilities’ ISO (International Standards Organization) 14001 program. The 
workgroup and agencies are considering use of a letter intended to be sent to applicants for ISO 
status encouraging them to plan for the elimination of their PCBs as part of their ISO program. 

PCB Facility Audit 
 
Environment Canada would like to conduct a trial facility PCB audit and prepare a Case Study 
with the results. A document titled “Scope of Work for a PCB Audit Programme” for small- and 
medium-sized industries has been prepared. The project will use the services of a contractor with 
electrical skills, experience with PCBs, and experience in evaluation of the electrical systems in 
buildings. The facility will be inspected for the presence of PCBs; then, an assessment will be 
made of the costs to replace the equipment and destroy the PCBs, along with the benefits of 
replacing the equipment (improved efficiency, reduced liability and insurance). A candidate 
facility is being sought at this time.  

Information Resources (Canada and United States) 
 
The website for the PCB Workgroup has not been updated recently. A major effort will be made 
in 2006 to re-design the website and add all relevant information. 
 
 



 
 
 
 
 
 
 
 
 
 
 

 
 
 

APPENDIX D 
 

ADDITIONAL PROGRAMS THAT MONITOR PCBs 
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Obtaining information from these programs may be included in GLBTS information gathering 
activities over the next two years. 
 
D.1 Biota 
 
National Oceanic and Atmospheric Administration's (NOAA) Mussel Watch Project (US) 
 
NOAA’s Mussel Watch has been measuring contaminants in mussel and oyster tissues in marine 
waters around the US coasts since 1986. In 1992, this Mussel Watch Project was expanded to 
include measurement of contaminants in dreissenid bivalves, zebra and qaugga mussels along the 
US shores of the Great Lakes (Robertson and Lauenstein, 1998). A series of sites, including 
locations in all of the Great Lakes but Lake Superior, was established for collection of dreissenid 
mussels. These sites are visited approximately biennially for collection of animals to be analyzed 
for a suite of over 70 contaminants, including PCBs.  
 
State Data on PCBs in Fish Tissue 
 
[Information needed] 
 
D.2 Water and Sediments 
 
National Water Research Institute (NWRI) and Can-CSP  
 
[Information needed] 
 
Other Local Level Research on PCB Levels in Water and Sediments  
 

• Trenton Channel of the Detroit River Ostaszewski, Arthur. 1997. "Results of the Trenton 
Channel Project, Sediment Surveys 1993 - 1996." Michigan Department of 
Environmental Quality - Surface Water Quality Division. Lansing, MI.  

• Sheboygan River Food Chain and Sediment Contaminant Assessment [Burzynski, M. 
2000. "Sheboygan River Food Chain and Sediment Contaminant Assessment." USEPA 
Great Lakes National Program Office. Chicago, IL.  

• Ecological Screening-Level Risk Assessment of the Lower Ottawa River  
• The Niagara River/St. Lawrence River Monitoring Program 
• St. Clair Upstream/Downstream Monitoring Program 
• St. Clair – Detroit River Corridor Water Quality Monitoring  
• 2004 US National Sediment Quality Inventory 

(http://www.epa.gov/waterscience/cs/report/2004/nsqs2ed-complete.pdf)  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX E 
 

OUTSTANDING INFORMATION NEEDS AND AREAS FOR FUTURE RESEARCH 
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The GLBTS PCB Workgroup has placed a high priority on data gathering and assessment, with 
the goal of determining where to focus future PCB reduction efforts and interventions. Types of 
information needed include data on environmental PCB levels/trends, the relative contributions 
of all PCB sources to the environment, and regarding PCBs in priority industry sectors 
(high/low-level PCBs in storage and also in service). Key data needs and other data-related 
issues identified by the workgroup to date, which may serve as a starting point for information 
assessment efforts over the next two years, are summarized below.  
 
General Data Questions/Issues 
 

• What are the high priority data gaps? What other environmental data (beyond that listed 
in Section 5.0 recommendations) can/should be gathered in the longer term information 
gathering effort (may include potential data sources listed in Appendix D)? 

• Analysis of criteria exceedances.  
o Are the most appropriate criteria being used for comparison (e.g., should they be 

GLWQA criterion, should they be the most protective criteria available, etc?)] 
• Analysis of environmental trends 

o Information is needed regarding apparent plateaus in PCB declines, factors 
involved in non-linear responses, expectations regarding rates of decline over 
time, etc. 

o What are the barriers to inferring trends based on available data? 
 The cause of the measured PCBs unknown; for example, changes in PCB 

contaminant burdens in biota may not be due to a corresponding trend in 
the PCB source/input to the ecosystem, but instead due to a pathway 
modification resulting from some other environmental factor (e.g., 
biodiversity of system and shifts in food source abundance, precipitation 
events, etc.). 

 In sediments, trends differences for upper and lower sediment depths, or 
as affected by resuspension/mixing. 

 Noise from seasonal trends. 
• Should more modeling data/studies be included? 

o Can modeling be used to better estimate/decipher trends?  
o Can modeling be used to better pinpoint where/what sources to focus on? 

 
PCBs in Biota  
 

• Clarification needed for most data on how reported PCB concentrations are derived. 
o For example, Section 3.1.1, Need to explain what DFO/GLNPO fish tissue 

concentrations are based on, e.g., are they mean concentrations based on a certain 
sample size, 90th percentile, etc?  

• More detail is needed on the herring gulls eggs data (from the Pekarik and Weseloh, 1998 
study). Commenters requested the incorporation of a figure or table showing all data, or 
some other indication of the trend, to help the reader understand the processes. It is 
currently unclear whether the reductions been relatively consistent through the decades, 
or have they followed the trends of some of the fish species, with more rapid declines 
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early on. Even a brief narrative discussion on this based on other papers would be 
helpful. 

 
PCBs in Water and Sediments 
 

• Commenters request clarification of the reference made to difficulties with “data 
integration” in the context of limitations in water and sediment data. A parenthetical 
example is requested.  

• Great Lakes Water Quality Surveillance Program (Canada) 
o More detailed data is needed from EC on this program and its components (see 

Section 3.1.2), especially to better inform the criteria discussion in Section 3.2..2. 
The submission is mostly a general discussion of program findings, with no actual 
data. The statement is made that lakewide averages are converging on desirable 
criteria, but only one graph on Lake Erie Bottom sediment (Figure 5) is included.  

o A commenter also suggested that Figure 5 would be improved by showing error 
bars and/or by showing the other data – the plot appears to be showing a 
smoothed curve/regression otherwise. 

o Regarding temporal data from the St. Clair and Niagara Rivers interconnecting 
channels programs (Section 3.1.2), a commenter requests the addition of a brief 
description of the rationale for only measuring particulate phase PCBs, as 
opposed to total, e.g., is it partly due to sampling feasibility? 

o Commenters requested clarification on the narrative on sediment concentration 
trends from 1997 – 2002 (Section 3.1.2, following figure 4). At first, it would 
seem to be referring to differences in surface sediment concentrations sampled in 
1997 and 2002. But the later discussion seems to be comparing surface to sub-
surface maxima. The subsurface maxima are presumably not necessarily at 1997, 
and even if they were, it would presumably be difficult to compare concentrations 
over such a short time span (i.e., one typically doesn’t have that type of resolution 
in sediment cores, especially in inland lakes.) It would be helpful to know what 
the spatial variability is at various sites (i.e., +/- 10% or 50% or 100%). This all 
should be clarified. 

• National Water Research Institute (NWRI) and Can-CSP (Canada). Need to investigate 
potential for inclusion of this data.  

• Great Lakes Areas of Concern program (US). Need to investigate potential for inclusion 
of this data.  

• Review Study on Spatial and Temporal Trends in Surface Water and Sediment 
Contamination in the Laurentian Great Lakes. The range of PCB concentrations in the 
Great Lakes is reported as 100 pg/L to 1,600 pg/L (Anderson et al., 1999). Need to 
further investigate the source of this value. A commenter noted that if the 1600 pg/L is 
based on EC surveillance monitoring using Goulden Large Volume Extraction, than a 
significant background contamination problem is known to exist.  

• Need to investigate applicability/usefulness of the following data sources 
o Trenton Channel of the Detroit River Ostaszewski, Arthur. 1997. "Results of the 

Trenton Channel Project, Sediment Surveys 1993 - 1996." Michigan Department 
of Environmental Quality - Surface Water Quality Division. Lansing, MI.  
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o Sheboygan River Food Chain and Sediment Contaminant Assessment (Burzynski, 
M. 2000. "Sheboygan River Food Chain and Sediment Contaminant Assessment." 
USEPA Great Lakes National Program Office. Chicago, IL.)  

o Ecological Screening-Level Risk Assessment of the Lower Ottawa River  
o The Niagara River/St. Lawrence River Monitoring Program  
o St. Clair Upstream/Downstream Monitoring Program  
o St. Clair – Detroit River Corridor Water Quality Monitoring 
o 2004 US National Sediment Quality Inventory  

 
PCBs in Air 
 

• Section 3.1.3 Other recent air research. Commenter suggested the addition of a discussion 
on the Potential Application of Mass Balance and/or Atmospheric Transport Models to 
improve knowledge of PCB fate and transport. For example, presentation by Joe DePinto, 
"Mass Balance Models Help Identify Significant Pathways of Exposure" (DePinto, 
2005). DePinto, J. 2005. Value of Mass Balance Modeling in Formulating a PTS 
Reduction Strategy for the Great Lakes. Presentation. 

 
PCBs in Wildlife 
 

• DFO and GLNPO data on Whole Fish/Fish Tissue. Information needed on statistical 
methodologies. The central tendency or other representative value from the data for each 
lake (e.g. mean tissue levels or 50th, 75th, or some other percentile) should be stated in 
table 11 (see section 3.2.1. on criteria), or in a footnote. The basis for the exceedance 
needs to be explained (e.g., is it based on average (mean) tissue concentrations exceeding 
the criteria?). 

• Fish Consumption Advisories. Information needed on how the states set their standards 
for fish advisories, whether there are any requirements/movements to standardize the 
methodologies, etc.  

• Analysis of fish consumption advisory fish tissue and other data should be carried out as 
part of the GLBTS information gathering activities over the next two years to determine 
PCB concentration trends in fish. 

 
PCBs in Humans and Food Supplies 
 

• Canadian Total Diet Study (TDS). Additional research needed; the data on PCB levels in 
the Canadian TDS fish tissue samples may be low in comparison to some other studies 
(according to peer review comments). For example, across 5 samples years 
(http://www.hc-sc.gc.ca/fn-an/surveill/total-diet/concentration/index_e.html), no fish had 
PCB concentrations exceeding 0.02 ug/g (ppm), and most were below 0.01 ug/g (10 ppb). 
This is in comparison to Hites et al. (2004), who found a large range in salmon PCB 
concentrations, but with average concentrations for samples from a number of North 
Atlantic and Pacific locations above 0.01 ug/g (10 ppb). Although the Canadian exposure 
data are somewhat consistent with some earlier data in the US (ATSDR, 2000), 
Dougherty et al. (2000) estimated average per capita PCB intake at 0.07 ug/kg-d (when 
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non-detects were assumed to be 0) in the US, or an order of magnitude higher than data 
from the Canadian cities. [refs Hites et al. (2004) (Science, 303:226-229) Dougherty et al. 
(2000) (Environ. Res. Section A., 84:170-185)] 

• Health Canada Data on Human Tissue Levels in Fish-eating Populations along the St. 
Lawrence River. Additional information needed on the Health Canada guideline for 
PCBs, whether there are any newer guidelines developed beyond the 5 ug/l guideline for 
Aroclor 1260? One commenter noted that there is an increasing trend away from 
quantifying PCBs in most any matrix based on Aroclor mixtures (for example, the 3rd 
NHANES report in the US gives data on blood PCB levels for individual dioxin-like and 
non-dioxin-like congeners). In contrast, quantification based on similarities to Aroclor 
mixtures is somewhat problematic for PCBs, given environmental weathering of the 
original mixtures that occurs prior to exposure. In addition, there is a question about 
whether Aroclor 1260 is the best pattern to search for, given the greater historical 
production and use of other mixtures (e.g., Aroclors 1016, 1242 and 1254). 

 
Current Known or Inventory Sources 
  

• Source inventories (point sources). Need to compile information on the relative 
magnitude of various sources. Resources may include: 

o Toxic Chemical Release Inventory (TRI);  
o National Emissions Inventory (NEI); 
o Permit Compliance System (PCS) of reported water discharges;  
o National Response Center for information on PCB spills;  
o Notification and Manifesting Rule for PCB Disposal;  
o PCB Transformer Database; 
o Great Lakes Regional Air Toxic Emissions Inventory; 
o Canada’s National Pollutant Release Inventory (NPRI); 
o One commenter requested an estimate of the number of PCB ballasts produced by 

manufacturers and how many of these end up in landfills.  
• Long Range Transport. Investigation needed of Mexico as a long range source of PCB to 

the Great Lakes. Information may be available from the Commission for Environmental 
Cooperation (in Montreal). 

• Reservoir Sources. Additional research is needed on the relative contribution of reservoir 
sources (vs. point sources and long-range sources). Reviewers note that there is a theory 
that as active sources decline, reservoir sources become more important – but what point 
in the equilibrium (or non-equilibrium) we are at is unknown. 

• Other Sources of Concern.  
o Consider possible addition of a modeling discussion, including mention of the 

Lake Michigan Mass Balance study, and the earlier Green Bay Mass Balance 
study. These are helpful in assessing relative importance of various sources to the 
lakes, as well as potential trajectories in concentrations into the future (and 
consequences of various management actions).  

o Fugitive emissions research from Bill Mills. 
o Research from Joe DePinto should be considered.  
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PCB Regulations 
 

• Information needed on Canadian water regulations that should be mentioned in Section 
4.2.1. 

• Information needed on new/proposed Canadian PCB phase out regulations. 
 
 



 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

APPENDIX F 
REFERENCES: 

 
F-1. Text References (including the references for the appendices), p. F-2 

F-2. Table 10 References (PCB Criteria), p. F-9 
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