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T. Lawrence, GLFC

“The potential for human disease caused by contami-
nated fish has increased, since the consumption of 
contaminated fish now spans several decades, with 
older individuals having consumed more.”  

INTRODUCTION

The Great Lakes comprise the largest body of fresh 
water on earth, holding about 21% of the world’s fresh 
surface water.  The lakes are positioned along the 
Canadian and United States border and serve a large 
part of North America.  The fish in the Great Lakes are a 
high-protein, low-saturated-fat food source for Canadi-
ans and Americans.  Birds and other wildlife also 
consume the fish.consume the fish.

Contamination of Great Lakes waters by toxic chemi-
cals derives from anthropomorphic activities, including 
industry and travel.  The contamination threatens the 
functioning and health of the entire marine ecosystem 
and the surrounding ecosystem dependent upon these 
waters.  For more than a century, the International Joint 
Commission has coordinated Canadian and American 
eefforts to study and monitor the Great Lakes and to take 
action to improve the cleanliness of the water and the 
health and survival of the Great Lakes ecosystem.

During 2009–2011 the Work Group on the Risks and 
Benefits of Great Lakes Fish Consumption continued 
the project, started in 2007, to compare the risks and 
benefits of consuming Great Lakes fish.  The current 
phase of the project investigated the consumption 
needs and habits of Great Lakes residents and contin-
ued the scrutiny of chemical toxins in the lakes and the 
fish.fish.  Additional research focused on potential adverse 
health outcomes for consumers of contaminated fish.  
Despite bans prohibiting the manufacture and use of 
many chemicals in the 1970s and 1980s, contaminants 
are still present in the fish due to their persistence and 
resistance to biodegradation and to their ability to bioac-
cumulate in fish.  The potential for human disease has 
increased,  since  the consumption of contaminated fish 

now spans several decades, with older individuals 
having consumed more.  The elderly are now one of 
the more vulnerable subpopulations. Continued 
monitoring is essential.  Communication of risk to 
young women, pregnant and lactating women, and 
children continues to be one of the highest public 
health priorities. 
TheThe most urgent priority action needed is develop-
ment of ways to mitigate the contaminant issue.  
Better communication to engage the general public 
as partners in the fight against chemical pollution is 
also essential.

“Despite bans prohibiting the manufacture and 
use of many chemicals in the 1970s and 1980s, 
contaminants are still present in fish due to their 
persistence and resistance to biodegradation 
and their ability to bioaccumulate in fish.” 
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Fish, an important part of the human diet, provide 
essential fatty acids (EFAs) required for many critical 
health functions.  EFAs include two long-chain 
omega-3 polyunsaturated fatty acids (n-3 PUFAs):  
docosahexaenoic acid (DHA) and eicosapentaenoic 
acid (EPA).  DHA and EPA are formed from the enzy-
matic conversion of  a-linolenic acid (ALA), a shorter 
chainchain n-3 PUFA found in nuts, grains, grain oils and 
green leafy vegetables (Simopoulos, 2008; Connor, 
1999).  However, humans cannot adequately biosyn-
thesize DHA and EPA even if their diet is rich in ALA.  
The only known plant source of DHA and EPA is algae 
which is consumed by crustaceans and fish. In the 
aquatic food chain, larger fish eat smaller fish.  Through 
their diet fish acquire fatty acids and store them in their 
adipose tissue (Surette, 2008).  Fattier fish contain 
more DHA and EPA than lean fish and are, therefore, 
the optimal source of these EFAs for humans.

However, fish are contaminated with a growing list of 
toxic chemicals.  These chemicals are disseminated 
into air, soil and water from industry, transportation, 
urban areas and agriculture.  Chemical pollutants, 
including pesticides and heavy metals, indirectly 
enter waterways from the soil and via the atmo-
sphere and are directly deposited as industrial 
waste.waste.  These chemicals become suspended in the 
water and eventually adsorb onto sediment particles 
in rivers and lakes.  Particles with chemical toxins 
can, in turn, be ingested by small organisms that live 
in the sediment and also by benthic fish.  Through 
bioaccumulation through the aquatic food chain, the 
chemical toxins are ingested by larger and larger 
fish.fish.  Fish can also ingest suspended toxins directly 
through their gills.  Most of the toxins are lipophilic 
and become stored in the adipose tissue of fish.  
Mercury  and  perfluoro  chemicals,  the only excep- 

“Through bioaccumulation through the aquatic food 
chain, the chemical toxins are ingested by larger and 
larger fish.” 

“Since humans lack the ability to efficiently metabolize 
or excrete these chemicals, they accumulate over time 
and may eventually cause disease.” 

OF FISH CONSUMPTION
BENEFITS AND RISKS 

tions, are stored in the muscle tissue of fish.  Eventu-
ally, human consumers of fish are exposed to these 
chemicals.

Since humans lack the ability to efficiently metabo-
lize or excrete these chemicals, they accumulate 
over time and may eventually, cause disease.  The 
only way that humans can reduce their burden of 
contaminants is through pregnancy and lactation, 
when part of the maternal contaminant load is 
shared with the growing fetus or the nursing baby.  
DevelopingDeveloping fetuses and babies are much more vul-
nerable to the deleterious effects of chemical toxins 
than adults (Landrigan et al. 2003; Rice, 2008).

Thus, the benefits versus the risks of consuming 
fish, including Great Lakes fish, are critically impor-
tant for Canadians and Americans, and for the scien-
tific and medical communities who seek to advise 
people about healthy lifestyles.  The issue is a 
matter of great public health significance for resi-
dents and visitors of the Great Lakes region.

The International Joint Commission has, for more 
than a century, maintained an overview of the Great 
Lakes, in order to ensure high-quality water quality 
and protect citizens from water-borne diseases.  
Because of their dedication, the Commission 
convened the Work Group on the Risks and Benefits 
of Fish Consumption in 2007.  The Work Group’s 
findingsfindings and recommendations for the 2007–2009 
Priority Cycle were described in the Work Group’s 
August 2009 report.  This present report describes 
the Work Group’s focus, projects and outcomes 
during the 2009–2011 Priority Cycle.
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The best way to protect public health is to minimize 
risks associated with fish consumption.  In order to 
more accurately inform the public the Work Group 
undertook an in-depth investigation of all pertinent 
issues.  The Work Group conducted a scientific 
session at the International Association for Great 
Lakes Research (IAGLR) Annual Conference in May 
2009,2009, and held conference calls to share and discuss 
information that the members had obtained through 
their own research and from exhaustive literature 
searches in PubMed and Medline.  The Work Group 
also requested white papers on five specific topics:

populations at risk in the Great Lakes region;
health benefits of omega-3 fatty acids found pri-
marily in fish;
fatty acids contained in Great Lakes fish;
chemical toxins found in Great Lakes fish; and,
health risks associated with chemical contami-
nants found in Great Lakes fish.

• 

Jim Nies

• 

• 
• 
• 

BACKGROUND
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In order to understand the potential magnitude of the 
public health threat from consuming contaminated 
fish, Dr. Mary Turyk studied and reported on the demo-
graphic characteristics of Great Lakes fish consumers 
and their consumption customs and patterns.  This 
included the consumption of commercial fish, Great 
Lakes sport-caught fish (GLSCF) and sport-caught 
fishfish (SCF) from elsewhere.  She reported that 80–90% 
of the Great Lakes adult population consumed fish in 
general, 10–30% consumed SCF, and 7–8% 
consumed GLSCF.  The most commonly consumed 
GLSCF species included perch, smelt, walleye, 
rainbow trout, Chinook salmon, Coho salmon, lake 
trout, brown trout and carp/catfish.  She also reported 
onon commonly consumed commercial fish and seafood 
including tuna, shrimp, cod, salmon, clams and catfish.  
She further found no gender differences for overall 
commercial fish consumption but, for GLSCF, men 
were more frequent consumers than women.  
However, wives and children of anglers were more 
likely to consume the sport-caught fish that their family 
anglerangler brought home. Interestingly, studies conducted 
among pregnant women found that, in Ontario, 68% 
ate fish, but 32% ate fish less than once a week.  In 
Wisconsin, 85% of women consumed fish during preg-
nancy and 29% consumed SCF.  The consumption 
patterns of children followed those of their parents, 
with 84% having consumed fish within the year prior to 
the study.  Children were especially likely to have 
consumed SCF if their parents were anglers. People 
of Asian ethnicity were more likely to consume signifi-
cantly greater quantities of fish than non-Asians, 
including both SCF and commercial fish.

As described above, Turyk’s research revealed that a 
significant proportion of Great Lakes residents are at 
risk of developing illnesses associated with environ-
mental toxins carried by fish.  Her study also identified 
the population of residents who may be at risk for not 
consuming adequate amounts of beneficial n-3 
PUFAs  due  to   concerns   about   the   simultaneous 

exposure to toxins.  In addition, her studies provided 
insight into demographic factors that influence the 
degree of risk for special populations such as Asians 
and anglers.

“The most commonly consumed GLSCF species 
included perch, smelt, walleye, rainbow trout, 
Chinook salmon, Coho salmon, lake trout, brown 
trout and carp/catfish.”

IN THE GREAT LAKES REGION 
POPULATIONS AT RISK
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Dr. Sheila Bushkin, reported on the health benefits of 
omega-3 fatty acids.  N-3 PUFAs are major structural 
and functional components in the membranes of all 
cells in all body tissues.  As a fundamental part of the 
cell membrane’s lipid bilayer, they confer a degree of 
fluidity to the membrane.  This promotes healthy 
membrane functions such as protein and ion transfer 
acrossacross the membrane.  Additionally, when n-3 PUFAs 
are found in the lipid bilayer of certain blood cells 
(thrombocytes, lymphocytes, monocytes, macro-
phages), they can be released from the membrane in 
response to various inflammatory triggers.  They then 
initiate the formation of eicosanoids required to 
activate platelets or to mount an immunologically 
appropriate response to a particular stimulus (Surette, 
2008; Serhan et al. 2004).  Since n-3 PUFAs are a 
functional building block of all tissues throughout the 
body, it is easy to understand the great diversity of 
health functions they support.

The tissues of the retina, brain and other neurological 
systems are more richly saturated with DHA than other 
tissues in the body.  This explains the crucial impor-
tance of DHA during fetal development of the retina 
and neurological system.  DHA continues to be impor-
tant in ongoing neurological, cognitive and psychologi-
cal development throughout early childhood (Dyall et 
al. 2008). Not surprisingly, DHA, if present in appropri-
ate concentrations, continues to maintain healthy neu-
rological, cognitive and psychological function 
throughout the remainder of life, including advanced 
age.

DHA and EPA are richly represented in cardiac and 
vascular tissues and carry important functions such as  
lowering the blood pressure (Levinson et al. 1990), 
minimizing the likelihood or severity of atherosclerosis 
(von Schacky et al. 1999; Yaqoob et al. 2003; Thies et 
al. 2003), stabilizing cardiac tissues following a 
primary myocardial infarction, and preventing arrhyth-
mias (Burr mias (Burr et al. 1989; Marchioli et al. 2002;   He et al. 

2004;  Yokoyama et al. 2007; Leaf et al. 2003; Albert 
et al. 2002; Leaf et al. 2005).  High levels  of DHA and 
EPA (higher than can be achieved by fish consump-
tion) are also effective in reducing high serum triglycer-
ide levels (Goodnight et al. 1982; Levinson et al. 1990;  
Harris, 2001; Lai et al. 2006).

DHA and EPA are linked to important anti-inflamma-
tory effects in response to inflammatory triggers such 
as antigenic threats (Calder et al. 2002; 2007; 2008).  
Of particular interest, EFAs have also been implicated 
in reducing the symptomatic manifestations of several 
auto-immune conditions, including arthritis, asthma, 
exercise-induced bronchconstriction (Mickleborough 
etet al. 2005), and other chronic inflammatory conditions 
(Simopoulous, 2002; Calder, 2006).

Lastly, since fatty fish naturally contain much lower 
quantities of saturated fats relative to PUFAs, diets 
which are rich in fish reduce the acquired load of satu-
rated fatty acids.

OF FISH-DERIVED OMEGA-3 FATTY ACIDS 
HEALTH BENEFITS  

5

“Fish from the Great Lakes are a rich source of 
DHA/EPA” 
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Dr. Bruce Holub, reported his findings on the fatty acid 
profiles of Great Lakes fish.  His study found that fish 
from the Great Lakes are a rich source of DHA/EPA.  
Specifically, he found that, of eight selected species of 
Lake Superior fish, Siscowet lake trout contained the 
greatest amount of n-3 PUFAs with combined DHA + 
EPA at approximately 3033 mg per 100 gram serving, 
followedfollowed by chub, (1492 mg/100 g), lake trout (1241 
mg/100 g), herring (1101 mg/100 g), whitefish (1022 
mg/100 g),  smelt   (532 mg/100 g),   sucker  (418 mg/
100 g) and burbot (180 mg/100 g).  Holub also repor-
ted findings among selected species from Lake Erie, 
with bass having the greatest combined DHA + EPA 
content (493.5 mg/100 g serving), pickerel (389.4 
mg/100 g), smelt (387.3 mg/100 g), yellow perch 
(317.6 mg/100 g), bass filet (313.2 mg/100 g), jumbo 
pickerel filet (253.1 mg/100 g), sheepshead (247.6 
mg/100 g), and yellow perch filet (190.7 mg/100 g). 

An additional study, requested by the Work Group and 
reported in July 2010 was conducted by the Food 
Laboratory of the Ontario Region of Health Canada.  
The report, authored by Peter Pantazopoulos, 
described the fatty acid profiles of two Great Lakes 
fish: lake trout and whitefish.  All five of the lakes 
were sampled.  In general, lake trout were found to 
containcontain significantly higher concentrations of n-3 
PUFAs than whitefish. The mean n-3 PUFA content 
for all lake trout representing all five lakes, was 1,817 
mg/100 g serving or per 3.5 oz. serving.  For white-
fish, obtained only from Lakes Superior, Huron and 
Erie, the mean n-3 PUFA content was 573 mg/100 g 
serving (Pantazapoulos et al. 2010).  These findings 
will be published in a peer-reviewed journal.

Jim Nies

OF THE FATTY ACID PROFILE OF GREAT LAKES FISH 
IDENTIFICATION AND QUANTIFICATION  
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“For chemicals no longer in use due to bans, contami-
nants are still present in fish due to the persistent nature 
of the chemicals and the inability of fish to metabolize or 
excrete these toxins.” 



“Mercury is found in all fish in all lakes, and current con-
centrations in top predator fish remain above the Great 
Lakes Water Quality Agreement objective of 0.05 ppm.” 

Dr. Turyk conducted an extensive literature search 
concerning chemical toxins in Great Lakes fish.  She 
compiled a comprehensive listing by lake source and 
location within the lake, as well as fish species, length, 
whole fish versus filet skin on and versus filet skin off, 
and the associated mean concentration of toxin found.  
She presented data for mercury, PCBs, DDE and 
DDT,DDT, dioxins and furans, chlorodane, toxaphene, 
PBDEs and BDE congeners, dieldrin, hexachloroben-
zene (HCB), mirex, octachlorstyrene, polychlorinated 
naphthalenes, perfluorooctanesulfonate, perfluori-
nated sulfonates, and perfluorinated carboxylates.  
She presented information about the concentrations of 
mercury, PCBs, dioxins, and PBDEs, p,pDDE, HCB, 
dieldrin, and toxaphene in commercial fish.

Turyk reported that, compared to the other lakes, sport 
fish from Lake Superior were highest in toxaphene and 
those from Lake Ontario were highest for mirex.  Con-
taminant levels were usually lowest, overall, in Lakes 
Erie and Superior, and highest in Lakes Michigan, 
Ontario and Huron.  The latter three lakes also had 
sport fish with the highest levels of PCBs, DDT and 
dieldrin.dieldrin.  Lakes Michigan and Ontario had larger 
loadings from agricultural, municipal, industrial and 
airborne sources.

Turyk also reported on contamination trends over 
time.  For chemicals no longer in use due to bans, 
contaminants were still present in fish due to the per-
sistent nature of the chemicals and the inability of fish 
to metabolize or excrete these toxins.  Further, 
although a robust decrease in PCB levels had 
occurred after they were banned in the 1970s, rapid 
declinesdeclines are no longer observed.  PCB concentra-
tions continue to remain above the U.S. Environmen-
tal Protection Agency’s wildlife protection value of 
0.16 ppm.  Toxaphene, an insecticide banned in 
1982, has decreased over time, but concentrations 
still remain high in Lake Superior because of its 
longer retention time, cold water temperatures and 
slow sedimentation rate.

IN GREAT LAKES FISH 
CHEMICAL TOXINS 
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Turyk reported long-term trends for chemicals that 
are still in use or still produced as by-products of 
various industrial processes.  In particular, mercury is 
found in all fish in all lakes, and current concentra-
tions in top predator fish remain above the Great 
Lakes Water Quality Agreement objective of 0.05 
ppm.  PBDEs are still present, and the brominated 
flameflame retardant (HBCD) has been found to biomag-
nify in Lake Ontario (Tomy et al. 2004).  Perfluorooc-
tane sulfonate (PFOS) also bioaccumulates in lake 
trout in all Great Lakes (Furdui et al. 2007).  Fish con-
taminant burdens are related to age and size of fish, 
their position in the food chain, fatty acid content, 
cleaning and cooking methods and inter- and intra
lake variations.  It is critical to maintain annual 
sampling and analyses from which trends can be 
determined, enabling public health organizations in 
the Great Lakes region to disseminate updated and 
current advisories to area residents and anglers.

Lastly a study done at the Ontario Ministry of the 
Environment with partial Commission support and 
directed by Dr. Satyendra Bhavsar determined levels 
of total PCBs, the major organochlorine pesticides, 
mercury, and more than 45 fatty acids in 90 samples 
of ten species of fish from Lake Erie.  These results 
are currently being analyzed.



“It is critical to maintain annual sampling and analyses 
from which trends can be determined, enabling public 
health organizations in the Great Lakes region to dis-
seminate updated and current advisories to area resi-
dents and anglers.” 

Many chemical contaminants found in Great Lakes 
fish, including methylmercury (MeHg) and known per-
sistent organic pollutants (POPs), can cause serious 
adverse health effects in humans and animals.  The lit-
erature is replete with information concerning the del-
eterious health effects of individual chemical toxins in 
fish, including fish in the Great Lakes.  POPs and 
MeHg are discussed below.

Persistent Organic Pollutants

POPs are organic because they contain carbon.  They 
are persistent because they resist degradation from 
biological, chemical and photochemical processes 
and therefore remain in the environment for decades.  
Their persistence contributes to their ability to bioaccu-
mulate in the food chain.  Also important is their lipo-
philicity, which results in their ability to be stored in 
adipose tissue.  Persistence and bioaccumulation are 
the fundamental features of their toxic potential.  POPs 
include pesticides (toxaphene, mirex, aldrin, dieldrin, 
endrin, chlordane, DDT/DDE, heptachlor and hexa-
chlorobenzene or HCB), industrial chemicals (PCBs 
and HCBs) and by-products of industrial processes 
(dioxins and furans, PCBs and HCBs) (Ritter et al. 
1995).  “New” POPs include polybrominated diphenyl 
ethers (PBDEs) and perfluorinated compounds.  
Exposure to these chemicals has been associated 
with deleterious health outcomes including carcino-
genic effects, immune suppression, endocrine disrup-
tion, infertility and other reproductive abnormalities, 
diabetes and neurobehavioral developmental abnor
malities.

Polychlorinated Biphenyls

PCBs have been classified as Group 2A by the Inter-
national Agency for Research on Cancer (IARC).  This 
means  that  PCBs  are probable human carcinogens, 

based on sufficient evidence in animals but limited  
evidence in humans (Ritter et al. 1995).  An increased 
risk for human cancers has been seen among occupa-
tionally exposed people-capacitor manufacturing 
workers (Bertazzi et al. 1987; Brown, 1987; Sinks et al. 
1992; Gustavsson et al. 1986), petrochemical refinery 
workers (Bahn et al. 1976), and electric utility workers 
(Loomis(Loomis et al. 1997).  Ingestion of contaminated rice-
bran oil also increases risk.  Since the coplanar, non-
mono-ortho substituted PCB congeners function much 
like dioxins (through the cytoplasmic aryl hydrocarbon 
receptor (AhR) which functions as a transcription 
factor after binding to a nuclear translocator), they act 
to promote tumor development by other carcinogens 
(Carpenter, 2006).  Other adverse health effects from 
PCB exposure include reproductive abnormalities, 
endocrine disruption, thyroid function abnormalities 
(Brucker-Davis, 1998), disturbed sex hormone 
(Richthoff et al. 2003) and impaired immune system 
function (Dallaire et al. 2006).  Impaired immune 
function predisposes an individual for other medical 
conditionsconditions including cancer and infections. PCB 
exposure is also associated with an increased inci-
dence in type 2 diabetes mellitus (Lee et al. 2006; 
Codru et al. 2007).  PCBs also have a deleterious 
effect on the developing human fetus and young child 
and can result in manifestations of neurobehavioral 
toxicity including learning deficits, decreases in intel
lectual function and decreased lower psychomotor 
scores (Jacobsen, et al. 1996; Longnecker et al. 1997; 
Landrigan, 2001).

IN GREAT LAKES FISH 
HEALTH EFFECTS OF CONTAMINANTS  
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“Many chemical contaminants found in Great Lakes 
fish, including methylmercury (MeHg) and known per-
sistent organic pollutants (POPs), can cause serious 
adverse health effects in humans and animals.” 

Dioxins and Furans

DioxinsDioxins and furans are found in greatest concentration 
in Lake Ontario and are present in much smaller con-
centrations in the other Great Lakes.  IARC has classi-
fied 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin (TCDD) as a 
Group 1 agent, which means that it is a known human 
carcinogen based on sufficient evidence in humans 
and animals.  The carcinogenic effect is non
mutagenic and non-genotoxic but is associated with 
the ability to promote the carcinogenic actions of other 
chemicals.  It functions through its affinity to bind and 
activate the aryl hydrocarbon receptor (AhR) ( Bacca-
relli et al. 2004).  The 2, 3, 7, 8-TCDD dioxin congener 
is the most toxic of all POPs and is the toxin (TEQ=1) 
against which the toxicity of all other POPs is 
compared.

Other dioxin and furan congeners result in adverse 
health effects similar to 2, 3, 7, 8-TCDD but are less 
potent.  Health effects include endocrine disruption, 
thyroid abnormalities, and increased risk of type 2 
diabetes mellitus (Mocarelli et al. 2008).  Reproductive 
abnormalities have been associated with these 
agents, including decreased sperm count and function 
(Guo(Guo et al. 2000) and reduced level of testosterone in 
men (Egeland et al. 1994; Gupta et al. 2006).  Fetal 
development can be adversely affected through 
trans-placental exposure and early childhood develop-
ment may also be affected through mother’s milk 
during nursing (World Health Organization, 2010).  
This can result in abnormal neurobehavioral develop
ment and thyroid dysfunction.  In experimental 
animals, suppression of cell-mediated and humoral 
immune functions has occurred.

Aldrin, Dieldrin, and Endrin

DieldrinDieldrin is present in the waters of the Great Lakes, 
most prominently in Lake Michigan.  Aldrin and endrin 
have also historically been found.  These pesticides 
are classified as IARC Group 3 substances, which 
means that they are unclassifiable at this time regard-
ing carcinogenicity in humans.  However, they are 
strong neurotoxins which can cause acute and chronic 
symptoms.symptoms.  Acute symptoms include severe seizures 
and, in the case of endrin, death can occur within 2 to 
12 hours following exposure.  Chronic exposure can 
result in headaches, dizziness, nausea and vomiting, 
myoclonic twitching, and eventually in Parkinson’s 
disease, severe peripheral neuropathy and psycho-
logical disease (Ritter, 1995).
The following pesticides are all classified as IARC 
Group 2B, which means that they may be possible car-
cinogens, but there is currently limited evidence in 
humans and less than sufficient evidence in animals.

Toxaphene

Toxaphene, an insecticide and acaricide, is most 
prominent in Lake Superior but is also found in fish 
from the other lakes.  Toxaphene is neurotoxic and 
can also damage the lungs, liver and kidneys following 
acute ingestion or prolonged inhalation.  Acute 
exposure to high doses can be fatal.  In animals, toxa-
phene is toxic to the immune system, has induced 
hepatocellularhepatocellular carcinomas and thyroid tumors and, as 
a neurotoxin, results in defective behavioral develop-
ment.  It causes decreased reproduction among trout 
and has estrogen-related endocrine effects in alliga-
tors (Ritter et al. 1995; Bonefeld Jorgensen et al. 
1997).

IN GREAT LAKES FISH 
HEALTH EFFECTS OF CONTAMINANTS  
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Mirex

Mirex,Mirex, a bait insecticide and a flame retardant is found 
only in fish of Lake Ontario.  Although not much is 
known about its effects upon human health, it does 
cause rat fetal development abnormalities including 
cleft palate, scoliosis, liver disorder and, in adult rats, 
immune suppression and endocrine disruption (Ritter 
et al. 1995; Comba et al. 1993; Makarewicz et al. 
2003).2003).

Chlordane

Chlordane, an insecticide, includes a mixture of 
several isomers found in varying concentrations in all 
of the Great Lakes.  In humans it exerts neurobehav-
ioral toxicity, resulting in equilibrium problems, dimin-
ished verbal recall and decreased motor speed. When 
inhaled, chlordane is associated with bronchitis, sinus-
itis and migraines.  It can cross the placenta and 
expose the developing fetus.  It also appears in 
mother’s milk and can continue to expose the nursing 
infant.  It can lower the levels of interleukin IL-1B, 
which has a role in tumor suppression and therefore 
may contribute to greater risk for developing cancer. 
(Neta et al. 2011).  Other studies report a possible link 
between chlordane exposure and increased risk of 
leukemialeukemia and Non-Hodgkin’s lymphoma (Spinelli et al. 
2007; Colt et al. 2009)

DDE/DDT

This insecticide is still found in Great Lakes fish, most 
prominently those from Lake Michigan and in Lake 
Ontario but also in fish from the other lakes.  DDT and 
its metabolites are very persistent in the environment.  
They can function as environmental estrogens.  There 
is a greater incidence of stillbirths, perinatal deaths, 
and developmental defects among babies whose 
mothersmothers or fathers have had high exposure to this 
chemical. Neurotoxicity among humans is also a 
feature of DDT, causing headaches, nausea, seizures 
and  other  nervous  system  disturbances after only a 

single dose.  DDT and DDE can be detected in the 
breast milk of lactating women even if they live in 
remote areas.  Persistence in the environment and the 
ability to bioconcentrate in fish, birds and humans 
continue to make this banned pesticide a serious 
health concern (Ritter et al. 1995).

Hexachlorbenzene

HCBHCB is most prominently found in Lake Ontario fish, 
although smaller concentrations have been found in 
fish from the other Great Lakes. Fetuses can be 
exposed transplacentally and infants exposed during 
nursing.  In animals, high-dose exposure to HCB is 
associated with neurologic toxicity (tremors, paralysis 
and incoordination and convulsions).  In rats, low-dose 
exposureexposure may cause liver and spleen damage and 
also lead to developmental defects among fetuses 
including cleft palate and other skeletal abnormalities 
(Ritter et al. 1995).
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“The degree of neurotoxicity among developing 
fetuses, newborns and young children is more 
severe than for adults.”

Great Lakes Fishery Commission

Heptachlor

Heptachlor,Heptachlor, an insecticide, is strongly neurotoxic and 
hepatotoxic to human adults as well as developing 
fetuses and nursing infants.  Death can result from 
cerebrovascular disease that may occur in individuals 
who have had acute exposures.  A study of workers 
exposed to both heptachlor and endrin showed a sig-
nificant increase in bladder cancer (Ritter et al. 1995)

Methyl Mercury

MeHgMeHg is an organic form of mercury.  It is not lipophilic 
so is not stored in adipose tissue. Rather, it accumu-
lates in muscle tissue.  MeHg is neurotoxic to humans 
of all ages. It crosses the blood-brain barrier and 
becomes more highly concentrated in the brain than in 
the blood, at a rate of 5:1 (Castoldi et al. 2008). Among 
adults, acute exposure to very high levels can cause 
blindness,blindness, deafness and impaired consciousness.  
Chronic exposure to lower levels may cause blurred 
vision, constriction of visual fields, dysarthria, pares-
thesias, malaise and erethism (excessive shyness, 
timidity, tremulousness and social affective disorders) 
(Langford et al. 1999; U.S. EPA, 2000).  In pregnant 
women, elevated levels of MeHg in the blood can lead 
to transplacental exposure of the developing fetus.  
Concentrations of MeHg are higher in fetal cord blood 
than in maternal blood (Vahter et al. 2000).  Since 
MeHg is also present in maternal milk, nursing infants 
have an additional exposure risk (Grandjean, 1994).  
The degree of neurotoxicity among developing 
fetuses, newborns and young children is more severe 
thanthan for adults.  A dose-response curve established an 
association between prenatal exposures and develop-
mental milestones involving walking and earliest 
verbal skills (Marsh et al. 1987; Cox et al. 1989; Myers 
et al. 2000).  Exposure to lower levels of MeHg can 
cause more subtle symptoms of neurotoxicity later in 
childhood,    including   learning   disorders,    reduced 

short-term memory, attention deficit disorder, and 
lower IQ (Grandjean et al. 1997; Grandjean et al. 
1998; Castoldi et al. 2008).
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“Annual fish consumption advisories continue to be 
necessary to communicate risk to the public.” 

Monitoring

MonitoringMonitoring persistent pollutants in each of the Great 
Lakes must continue, in particular, including a repre-
sentative sampling of fish from each lake for identifica-
tion and concentrations of toxins.  The findings are 
essential to update regional fish consumption adviso-
ries.  Research about newly emerging contaminants is 
also critical.

Risk Communication

Annual fish consumption advisories continue to be 
necessary to communicate risk to the public.  Other 
means of communicating risk such as through radio 
announcements, television news programs, and 
Internet websites are also invaluable.

Research

TheThe health of individuals who consume Great Lakes 
fish must be studied, including monitoring contaminant 
levels and essential fatty acids.  For example, a pro-
spective cohort study should be designed and imple-
mented.  The study would observe the general health 
status and reproductive health of participants over 10 
to 20 years.  Participants would keep a fish consump
tion diary indicating date, type of fish consumed, 
source of the fish (Great Lakes sport caught or other), 
and approximate portion size consumed.  Also to be 
recorded at the time of cohort recruitment would be 
demographic characteristics; socioeconomic level; 
educational level; behavioral risks such as sedentary 
lifestyle, obesity/body mass index, tobacco history, 
alcoholalcohol consumption and substance use (including 
steroid, prescribed medications and hormonal 
therapy); and personal medical history and family 
history.   Biomarker tests   (blood  levels,  urine  levels
 

and  hair)  would be done at the time of recruitment 
and at two year intervals thereafter.  Health outcomes 
would be recorded.

Jim Nies
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