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EXECUTIVE SUMMARY

A study has been conducted to investigate levels of 68
polychlorinated biphenyl (PCB) congeners, total PCB, p,p'-
dichlorodiphenyl dichloroethene (p,p'-DDE), mirex, and
hexachlorobenzene (HCB) in the milk of Mohawk women from
Akwesasne. Akwesasne is a Native American community located
along the St. Lawrence River in New York, Ontario, and Quebec.
The study was initiated at the request of Katsi Cook, a Mohawk
midwife. She was concerned that breast-fed infants at Akwesasne
may be at high risk of exposure to these chemicals, since such
compounds are present in relatively high concentrations in
environmental, fish, and wildlife samples collected in the
vicinity of the nearby General Motors, Reynolds Metals, and ALCOA
facilities, and because these chemicals concentrate in milk fat
and other lipids. The project is one component of a three-part
Health Risk Assessment being performed for the General Motors -
Ccentral Foundry Division inactive hazardous waste site. Data
from this report, together with the results of parallel studies
of fish (Sloan and Jock, 1990) and wildlife (Skinner, 1992), will
be used to evaluate the major potential pathways of human
exposure to PCBs and related compounds in the food chain at
Akwesasne (Forti, 1992).

Fifty-three Mohawk women who gave birth from 1988-90 were
interviewed, usually within one month post-partum, regarding
their sociodemographic characteristics, lifestyle variables, and
their occupational, residential, reproductive, and dietary
histories. Each provided a breast milk sample of at least 50 ml
for chemical analysis. Four Mohawk women who took part in our
pilot project from 1986-87 were also included. The comparison
population consisted of 109 women from the Women and Infant Care
(WIC) clinics of Warren and Schoharie Counties who gave birth
during the same period.

The results indicated that local fish consumption has
declined significantly over time among the Mohawks. That is, the
mothers reported on average of 2 local fish meals per month for
the period more than one year before the index pregnancy,
compared to less than 0.5 local fish meals per month during
pregnancy (p < 0.001). This decrease is probably related to the
advisories that have been issued by Mohawk, state, and federal
agencies against the eating of any fish from that area of the St.
Lawrence River by women of child-bearing age, and it attests to
the concerns of the mothers about the potential health effects of
environmental contamination at Akwesasne. However, 45.6% still
ate local fish (usually yellow perch) at least once during
pregnancy, and 12.3% did so at the rate of one meal or more per
month. Further health education efforts are necessary, together
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with suggestions for alternative protein sources. Except for
deer, relatively few Mohawk (less than 10%) women reported
consuming local wildlife at any peint during their life.

In general, the Mohawk mothers reported healthier lifestyles
than the controls. They were less likely to smoke cigarettes,
drink alcohol, or use prescription drugs other than vitamins and
iron, and drank fewer cups of regular coffee per week. These
differences may reflect a greater awareness of or willingness to
engage in health-related behaviors among the Mohawks who
participated relative to the controls.

The geometric mean concentration of total PCB in milk fat
was 0.405 parts per million (ppm) among the Mohawks, compared
with 0.398 ppm for the controls (p = 0.893). Both values are
gimilar to or lower than those reported for other populations,
including groups with no unusual exposure to PCBs. The lack of a
significant difference between the Mohawks and either the
controls or populations from other published studies is
consistent with their currently limited rate of local fish
consumption. Although the actual concentrations were low, the
Mohawks did have significantly higher levels of 2,5,3'-
trichlorobiphenyl (IUPAC # 26) relative to the controls
(geometric means of 0.33 and 0.10 parts per billion (ppb)
respectively, p < 0.001). This congener is not typically found
in human milk because it is easily metabolized and excreted;
however, it is present in Aroclor 1248, the suspect PCB mixture
at the General Motors, Reynolds, and ALCOA facilities, and was
detected in fish taken at the mouth of the unnamed tributary near
General Motors.

The geometric mean concentration of mirex in milk fat was
2.36 ppb for the Mohawks, versus 1.08 ppb among the controls
(p < 0.001). Mirex is a known contaminant of Lake Ontario and
the St. lLawrence River. The Mohawks and controls did not differ
significantly regarding geometric mean concentrations of p,p'-DDE
or HCB.

From 1986-89, there was a positive association between
estimated lifetime exposure to PCBs from the consumption of local
fish among the Mohawks and their milk PCB ceoncentrations. The
Mohawk women with the greatest estimated lifetime exposure to
PCBs from local fish consumption had a geometric mean milk total
PCB concentration of 0.640 ppm, compared with 0.606 ppm for those
with less lifetime exposure, 0.368 ppm for Mohawk women who
reported never eating any local fish, and 0.385 ppm for the
controls (p = 0.040 for test of linear trend). This relationship
was strongest for those PCB congeners found in fish taken from
the unnamed tributary near the General Motors facility. The same
result was observed for mirex (p = 0.013 for test of linear
trend) .
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These differences according to lifetime fish consumption,
however, were no longer apparent among women who participated in
1990. This lack of an effect in 1990 is probably due to the
lower rate of fish consumption during pregnancy among Mohawk
mothers who gave birth that year relative to those who
participated earlier. It supports the contention that such a
change in behavior results in a corresponding diminution of body
burden over time. Approximately two-thirds of the Mohawk mothers
in the study gave birth in 1990, so when the data were examined
without regard to time period, there wase no significant
relationship between exposure to chemical contaminants from local
fish consumption and their concentrations in breast milk.

Milk total PCB levels were positively associated with
duration of residence on Cornwall Island, with Mohawk mothers who
lived there for at least six of the past 10 years having a
geometric mean concentration of 0.606 ppm, versus 0.521 ppm for
those with 1 to 5 years of residence, 0.352 ppm for Mohawk women
who never lived on Cornwall Island, and 0.394 ppm for the
controls (test for linear trend p = 0.042). A similar
relationship was observed for breast milk mirex (p = 0.006 for
test of linear trend). This difference was unrelated to fish
consumption and was persistent through the study period,
including 1990. The reason is unknown, but the PCB congener
pattern suggests exposure to multiple sources.

Given the low milk concentrations observed, it is unlikely
that either the Mohawk or control women are at increased risk for
adverse health effects as a result of their exposure to PCBs,
P.p'-DDE, mirex, or HCB. Both the Mohawk and control infants
probably were exposed to greater doses of these chemicals as a
result of their nursing than are bottle-fed infants. However,
exposure to these chemicals through nursing is estimated by the
World Health Organization (WHO) to account for less than 5% of
the total lifetime dose, and, to date, no study has linked
nursing at these milk contaminant levels to overt illness among
infants. Breast-feeding also conveys well known benefits to the
infant, and the WHO has concluded that such benefits outweigh the
risks from chemical contaminants at the low milk concentrations
found in this and most other investigations.

Additional follow-up nevertheless may be warranted to
continue monitoring Mchawk exposure to PCBs at Akwesasne and to
assess exposure to other known chemicals in the region such as
polychlorinated dibenzo-p-dioxins and dibenzofurans,
methylmercury, and polycyclic aromatic hydrocarbons. Future
efforts should focus upon the role of locally produced foodstuffs
in addition to fish and wildlife, as well as congener-specific
exposure through inhalation and dermal contact. Evaluation of
these pathways will require detailed environmental sampling of
air, soil, and drinking water near the residences of study
participants. 8Such efforts should include Cornwall Island and
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other areas of the Reserve that to date have not been well
characterized environmentally. It may also be useful to assess
the possibility of subtle biologic effects such as the induction
of cytochrome P-450 or other liver enzymes by using safe, non-
invasive techniques such as the caffeine breath test.



INTRODUCTION
Background

The Mohawk Nation at Akwesasne is a Native American
community of nearly 10,000 persons. It comprises approximately
28,000 acres in area and is located along the St. Lawrence River
in New York, Ontario and Quebec (Figure 1). Less than 100 feet
to the west of Akwesasne and within 1,000 yards of several Mohawk
homes is the General Motors Corporation Central Foundry Division
inactive hazardous waste site. This site is included on the U.S.
Environmental Protection Agency's (EPA) National Priority List
and on the New York State Department of Environmental
Conservation's (NYSDEC) Registry of inactive hazardous waste
disposal sites as a Class 2 site, defined as one which poses a
significant threat to the public health or environment. Sludge
from the waste water treatment system of this facility was
contaminated with polychlorinated biphenyls (PCBs), and disposed
of at several lagoons and landfills on the property for 25 years.
On-site levels of PCBs range up to 4% in soils and sludges, and
significant off-site migration has contaminated nearby sections
of the St. Lawrence River and its tributaries (RMT, 1986).
Reynolds Metals, Inc, and ALCOA operate aluminum processing
facilities upstream of Akwesasne, and they also have been
declared inactive hazardous waste sites by the NYSDEC and
identified as local point sources of PCB contamination
(Engineering-Science, 1987; Woodward Clyde Consultants, 1991;
Ecology and Envionmental, Inc, 1992; Stone, unpublished data).

In fact, the magnitude of the PCB pollution has led the NYSDEC to
declare the sediments and surface waters of affected portions of
the-St. Lawrence, Grasse, and Racquette Rivers an inactive
hazardous waste site as well. As a result, the area has been the
focus of ongoing investigation and remedial efforts by the Mohawk
Nation, New York State, the United States and Canadian
governments, and the International Joint Commission.

Superimposed on these regional concerns is the generalized
pollution of the Great Lakes - St. Lawrence River Basin with
organochlorine pesticides, methylmercury, and other contaminants
(Flint and Vena, 1991).

To determine the extent of contamination in aquatic and
terrestrial food chains, the NYSDEC has collected and analyzed
specimens of fish, amphibians, reptiles, waterfowl, and small
mammals for PCBs. In one such survey conducted from 1985 through
1987 (Stone, unpublished data), elevated levels were detected in
many samples, especially those taken in the vicinity of the
General Motors facility. For example, the fat tissue of a
snapping turtle had 3,067 parts per million (ppm) PCB, the skin
tissue of a mallard duck was measured at 62 ppm, and the edible
flesh of a carp had 36 ppm. In comparison, the tolerance limit
for PCBs in edible fish flesh established by the U.S. Federal
Drug Administration (FDA) is 2 ppm (FDA, 1979).




The contamination of local fish and wildlife is a major
concern of the Mohawk people, since their tradition and culture
emphasize the interdependence of man and his environment and
because many residents depend on local fish, waterfowl, and
pmammals for food. In response to this problem, Katsi Cook
requested that the New York State Department of Health (NYSDOH)
test for chemical contaminants in the milk of nursing Mohawk
women. Ms. Cook is a Mohawk midwife who was born and raised at
akwesasne. She was worried that breast-fed Mohawk infants may be
at high risk of exposure to PCBs and other chemicals that
concentrate in milk fat, a concern heightened by the fact that
fetuses and infants are considered to be particularly vulnerable
to the effects of toxicants (WHO, 1986).

The current study was designed to help address this
question. Pursuant to Ms. Cook's request, the purpose is to
investigate the concentrations of various polychlorinated
hydrocarbons in the milk of Mchawk women. Breast milk was chosen
as the sampling fluid since monitoring the levels of chemical
contaminants in human milk is a useful indicator of maternal
exposure, and because it is a major source of exposure to many
environmental pollutants among breast-fed infants (Slorach and
Jensen, 1991). The project is a collaborative effort involving
staff from the NYSDOH, the St. Regis Mohawk Tribe, the Mohawk
Council of Akwesasne, and the Akwesasne Environmental Task Force.

This project is one component of a three-part Health Risk
Assessnent being conducted in conjunction with the overall
Remedial Investigation/Feasibility Study for the General Motors
site. Data from this report, together with the results of
parallel studies of fish (Sloan and Jock, 1990) and wildlife
(Skinner, 1992), will be used to evaluate the major potential
pathways of human exposure to PCBs and related compounds in the
food chain at Akwesasne (Forti, 1992).

Objectives
The specific objectives are:

1. To determine the concentrations of 68 PCB congeners and
total PCB in milk samples from Mohawk mothers at Akwesasne;

2. To contrast the PCB concentrations detected in the milk of
Mohawk women with the concentrations detected in the milk of
comparison women who live in other rural areas of upstate
New York; and

3. To determine whether dietary, sociodemographic, residential,
occupational and reproductive factors correlate with PCB
breast milk concentrations in these populations.

Historically, most studies have examined only total PCB, but
with the advent of sophisticated capillary columns it has become
more feasible to separate individual congeners (Bush et al,1982;
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1983a). A congener-specific approach is more desirable than
simply estimating total PCB because each of the 209 possible
congeners differe in terms of half-life and toxicity (safe,
1984). Similarities between the congener patterns in human and
environmental samples may also permit the identification of point
sources of exposure (Rogan and Gladen, 1983). The 68 congeners
examined in this study are among those most frequently
encountered in commercial PCB mixtures (Aroclors) used in the

U.S. (Hansen, 1987).

In addition to PCB congeners, each sample was also analyzed
for p,p'-dichlorodiphenyl dichloroethene (p,p'-DDE), mirex, and
hexachlorobenzene (HCB). P,p'-DDE is the most stable metabolite
of the insecticide dichlorodiphenyl trichlorocethane (DDT), mirex
is a chlorinated insecticide and flame retardant, and HCB is a
fungicide and a common by-product of the manufacture of other
chlorinated compounds. All three are persistent and lipophilic.
They are ubiquitous pollutants, commonly found in the Great
Lakes, St. Lawrence River, and other bodies of water in North
America. They biocacculumate in fish, wildlife, and other
foodstuffs, consequently resulting in human exposure through
ingestion (Slorach and Jensen, 1991).




METHODS
erta nt Rec tment

All Mohawk women who lived at Akwesasne and who gave birth
between March 1, 1988 and December 31, 1990 were eligible to
participate. It is difficult to determine the exact number of
live births each year in this population, since as citizens of an
independent and sovereign nation, Akwesasne residents are not
required to register vital events with U.S. or Canadian
authorities. Based upon the estimates of local health care
providers and local clergy, the total number of live births at
Akwesasne is estimated to be about 100 per year. About 50% of
all mothers at Akwesasne breast-feed for at least three months,
which implies a source population of approximately 50 nursing
infants per year. This estimate suggests that about 136 mothers
were eligible to participate during the 34 month study period.

Potential participants were identified by project staff
before they delivered or within one month after their child was
born through the Outreach Department of the St. Regis Mohawk
Health Services, the local Women and Infant Care Program (WIC),
private physicians and other contacts. A network was established
through the efforts of Ms. Cook, who maintains strong ties to the
community. She has served as a liaison between the mothers,
tribal leaders and project personnel.

The mothers were personally contacted by project staff
regarding participation in the study. The staff stressed a
positive theme when approaching potential participants by
reassuring them that the testing is being done to help them feel
confident in their decision to bear and perhaps breast-~feed a
child. Each potential participant was given literature
summarizing the study. They were informed about the procedures
to be employed, the inherent risks, and why these risks are
reasonable in relation to the anticipated benefits. Those who
agreed to participate were asked to sign a consent form (Appendix
A). No cash compensation was offered, but participants were
given vouchers for the purchase of $20 in baby productes at a
local pharmacy and were permitted to keep their breast pump.

In iew

All women willing to participate in the study were
interviewed at home by project personnel, usually within two to
four weeks post-partum. The interview included sociodemographic
characteristics, height and weight, health conditions, use of
medications, occupational, reproductive, and residential
histories, cigarette smoking, alcohol and coffee consumption,
drinking water source, and diet (Appendix B).

The dietary assessment consisted of the participant's report
of her consumption of various foodstuffs, emphasizing local
species of fish and game. The specific method combined a food
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frequency with a limited dietary history to estimate usual jintake
(Roberge et al, 1984; Block, 1982). The food frequency consisted
of a checklist of foods for which the respondent indicated her
amount of consumption per week, month, or year. The dietary
history elicited information such as duration of consumption,
whether diet has changed over time, and what cooking or food
Preparation practices were used. The food frequency provided a
succinct picture of an individual's eating pattern on a food-
specific basis, while the dietary history yielded a more
representative record of long-term intake. Both technigues have
been useful in epidemiologic research (Willet, 1990).

The data collected focused upon food intake at three points
in time: 1) during the index pregnancy: 2) in the year before
the pregnancy: and 3) more than 1 year before the pregnancy. It
was necessary to center recall around the pregnancy because a
woman may have significantly altered her diet in compliance with
health advisories to avoid local fish and game when pregnant or
while attempting to conceive. Recall for the period greater than
one year before pregnancy may be inaccurate, but it was the best
available measure of the more distant past. The mothers were
also asked about the number of years that they ate each species.

Maternal height and weight, use of medications, cigarette
smoking, and alcohol and coffee consumption were assessed for the
periods before, during, and after the index pregnancy. To
measure body mass at each period, Quetelet index was computed by
dividing each mother's weight in kilograms (kg) by the square of
her height in meters (m). Maternal occupation was coded
according to the 1980 U.S. Census Industrial and Occupation
Classification System (Bureau of the Census, 1982).

Two primary methods were used to assess occupational
exposure to PCBs. The firset was whether a Mohawk woman was ever
enployed at the General Motors, ALCOA, or Reynolds facilities.
The second was to ask the mothers to report any known exposures
to hazardous agents in the workplace, including PCBs. To
supplement these approaches, an industrial hygienist reviewed
each reported job to determine the likelihood that it involved
exposure to PCBs. Women were alsc combined into general
occupational and industrial groupings and were compared regarding
their milk contaminant concentrations to assess any contribution
of general job category to body burden.

Location of residence at Akwesasne was defined according to
the following locally recognized regions: 1) Cornwall Island
(opposite the St. Lawrence River from the Reynolds and General
Motors facilities in Ontario); 2) Racquette Point (near General
Motors in New York):; 3) Snye or 4) St. Regis Village (both of
which are downstream in Quebec); and either 5) west or 6) east of
the St. Regis River in the New York portion of the Reserve
(Figure 1). Although a lifetime residential history was
requested, some mothers reported so many individual addresses
that the coding and computerization of each residence was
necessarily limited to those within the last 10 years.

5




Comparison Population

Comparative data were obtained from nursing mothers who lived
in Warren or Schoharie Counties and were not known to be exposed
to hazardous waste. Like Akwesasne, these counties are primarily
rural in character (Figure 2). The mothers were recruited
through the local WIC clinics and, although Caucasian, were
similar to the Mohawks in socioeconomic status. Instead of
matching them individually to the Mohawks on factors such as
maternal age and parity, these and other potential confounding
factors were taken in account in the analysis (see Statistical

Analysis section).

Project staff interviewed the control mothers at home,
usually two to four weeks post-partum, using a version of the
same instrument that was employed for the Mohawks. A signed
consent form was also obtained, and the controls were offered the
same compensation for participating as were the Mohawk mothers.

Breast Milk Sampling

After the interview was completed, project personnel
instructed the mothers in the use of the Marshall 900 CP Kaneson
breast pump/infant nurser. They were asked to provide at least
50 ml of breast milk, over a period of several days if necessary.
The samples were obtained after the second morning nursing
(generally 9:00 a.m. to 11:00 a.m.). That period is usually when
the fat content of human breast milk is the highest, and since
PCBs are lipophilic, sampling at that time was expected to yield
maximal concentrations (Jensen, 1991a).

The mothers stored their breast milk in a single glass
container with a teflon top to prevent chemical interference and
refrigerated it until collection by study personnel. Project
staff placed the samples in an insulated cocler with ice for a
maximum of six hours until transfer to the freezer at the Tribal
Community Center in Hogansburg, NY. There the samples were
frozen at -10° to -20°F. Shipment occurred to the Wadsworth
Center for Laboratories and Research, NYSDOH, Albany, NY via
Federal Express on the last Monday or Tuesday of each month.
Holiday shipping was avoided. The samples were packed with dry
ice to prevent thawing. A "Priority 1" designation was used to
ensure that the samples arrived in good condition. Control
samples were brought to the Wadsworth Laboratory directly after
collection.

Each bottle was labeled with the unique identification
number of the participant. Project staff signed the chain-of-
custody form at each stage (Appendix C). The completed interview
forms were sent under separate cover to the Bureau of
Environmental and Occupational Epidemiology, NYSDOH at the end of
each month.




ica a

Dr. Brian Bush of the Wadsworth Center for Laboratories and
Research, NYSDOH performed the chemical analyses. His methods
are published elsewhere (Bush et al, 1982, 1983a), and are
briefly outlined below.

1) Milk Preparation. Each sample was extracted with 75 ml
of ethanol and 25 ml of hexane. After phase separation, the
upper phase was decanted and dried over sodium sulfate. Two
further extractions were performed and all three extracts
combined. The dried extracts were taken up to 100 ml in a
graduated flask. A 20 ml aliquot was pipetted into a 50 ml
beaker and evaporated to dryness to determine fat content. A 40
ml aliquot was evaporated to 2 ml in a Kuderna-Danish apparatus,
transferred to a 10 g 40% deactivated Florisil column, and eluted
with hexane. The first 40 ml were collected for gas
chromatography.

2) Gas Chromatography for PCB Analysis. After evaporation
of the 40 ml eluate to 1 ml, the extract was analyzed with a
Hewlett-Packard 5890 gas chromatograph using Hewlett-Packard
Ultra II 5% phenylmethyloctadecyl silyl bonded fused silica
capillary column and an electron capture detector. When the
study began, custom-made Apiezon L-coated glass capillary columns
were used. Beginning in 1989, however, they were replaced with
the fused silica column because the Apiezon L column was too
difficult to construct, not very reproducible, and not commonly
used in other laboratories. All samples originally analyzed on
the Apiezon L column were reanalyzed on the fused silica column
for purposes of this report.

The electron capture detector was calibrated using a 1:1:1:1
mixture of an EPA pesticide repository Aroclor composite (1221,
1016, 1254, and 1260), fortified with HCB, p,p'- DDE and mirex at
5, 10 and 10 ppb respectively and 3,4,3'4'-tetrachlorobiphenyl at
20 ppb. A computerized data management system reported each of
68 PCB containing zones or peaks, printed the congener identity
which it retrieved from a peak identity file, and summed the
congener concentrations to report total PCB. In some cases, the
capililary column was unable to separate two congeners comprising
a peak on the chromatogram, so the result was reported as a mixed
peak. (An example of a report is shown in Appendix D).

The limit of quantification, defined as the minimum quantity
that can be measured with an acceptable degree of certainty, was
calculated according to the EPA method as no more than 0.02 parts
per billion (ppb) on a whole milk basis or 0.8 ppb on a fat basis
(assuming a milk fat of 2.5%) for most congeners, p,p'-DDE, HCB,
and mirex. Seven extractions from each of three solutions spiked
at different concentrations were used. For total PCB, the limit
of quantification was 0.7 ppb (whole milk) and 28 ppb (fat
basis). This is the concentration at which the probability that
a compound is not present is less than 0.01 and the probability
that it is present is greater than 0.998. However, the limit of
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detection, defined as the smallest quantity that can be
distinguished from zero, was as low as 0.001 ppb (whole milk) or
0.04 ppb (fat basis) for each PCB congener, p,p'-DDE, HCB, and
mirex, and 0.07 ppb (whole milk) and 3 ppb (fat basis) for total
PCB. Values as low as the detection limit were reported by the
laboratory and included as such in the statistical analysis. As
noted in the Quality Assurance/Cuality Control section, the
analytical accuracy and precision was 10%.

Dietary Exposure Aggsessment

Each Mohawk woman's dietary exposure to PCBs was estimated
by combining her interview data with the results of the fish
sampling that was conducted as part of the Fish Contaminanpt

for the Health Risk Assessment (Sloan and Jock,
1990). This effort focused upon the five of the 22 species
collected in 1988 by Sloan and Jock (1990) that were reported to
be most frequently consumed by the Mohawks: 1) yellow perch; 2)
brown bullhead; 3) smallmouth bass; 4) walleye; and 5) northern
pike. Of the 12 sampling locations, those utilized most heavily
by the Mchawks for fishing were selected: 1) St. Lawrence River
near Racquette Point: 2) St. Lawrence River near the Snye marsh:;
3) mouth of the St. Regis River:; and 4) mouth of the Racquette
River. The St. Lawrence River off-shore from the General Motors
site near the mouth of the unnamed tributary and the mouth of the
Grasse River downstream of the ALCOA facility were also included,
given the high PCB concentrations at these sites (Figure 3).

A total of 149 fish extracts, representing all samples of
each species from each location, were obtained from the contract
laboratory. They were cleaned-up and then pooled to form
composite samples according to species and location. Each
composite was analyzed by Dr. Bush for the same 68 PCB congeners,
total PCB, p,p'-DDE, HCB, and mirex as the breast milk samples,
using methods similar to those described above.

These data were used to estimate the average daily intake of
PCBs that each Mchawk woman received through the consumption of
local fish. For each of the three time periods (during, one year
before, and more than one year before the index pregnancy), the
number of fish meals that a mother reported eating for a
particular species was multiplied by the contaminant
concentration of that species. If a mother recalled the specific
location from which the fish was obtained, the data for that
location were used. Otherwise, contaminant concentrations for
that species were averaged across all locations. The result was
summed over all species, multiplied by an average of 200 grams
(g) of fish per meal (the weight of a typical portion), and
expressed as nanograms (ng) per kg pre-pregnancy body weight per
day to estimate average daily dose (WHO, 1985).

It was necessary to estimate dietary intake for each time
period separately since local fish consumption has declined
recently at Akwesasne (see Results section). However, the values
for each time period also were combined to compute each woman's
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total cumulative lifetime contaminant exposure by summing the
cumulative exposures received during each time period. The
cumulative exposure during the index pregnancy was estimated by
nmultiplying the average daily dose for that period by 280 days
{assuming a 40 week pregnancy), while cumulative exposure for one
year before pregnancy was calculated by multiplying that average
daily dose times 365 days. For more than one year before
pregnancy, the average daily dose was multiplied by the product
of 365 days and the number of years of reported consumption to
estimate cumulative exposure. It was important to estimate each
woman's cumulative lifetime dietary exposure, in addition to
average daily intake, because breast milk contaminant levels
reflect to a large extent the levels in adipose tissue, a
reservoir which is dependent on long-term exposure (Jensen,
1991a). Other studies of chemical exposures from fish
consumption have used similar methods (Jacobson et al, 1983;
Selikoff et al, 1986).

Doses and cumulative lifetime exposures were estimated
separately for p,p'-DDE, nirex, HCB, and total PCB. Individual
doses and cumulative lifetime exposures also were estimated for
2,4,4'-trichlorobiphenyl, 2,5,2',5'-tetrachlorobiphenyl, and
2,4,3',4'-tetrachlorobiphenyl. These three congeners were chosen
because they were detected in the greatest concentrations in
samples of fish taken at the mouth of the unnamed tributary near
the General Motors facility (see Results section).

Since maternal recall of diet is likely to be imprecise and
because the mean contaminant level of a composite sample may not
be typical of the individual fish that a woman consumedqd,
cumulative lifetime exposure was categorized into three levels
for most statistical analyses instead of relying on the actual
estimate in milligrams (mg). These levels were: "none'" for
those Mohawks who reported never eating local fish, and "low" or
"high®™ for all others by dividing along the median cumulative
lifetime exposure level.

Dose was not estimated for wildlife consumption because deer
was the most preferred species, and it showed no detectable
contamination in the Wildlife Contaminant Monitoring Study for
the Health Risk Assessment (Skinner, 1992). The highest PCB
concentrations were observed among fish-eating species of turtles
and waterfowl. No Mohawk mother reported ever eating turtles,
and very few had ever consumed local waterfowl (see Results
section). As noted in the Statistical Analysis section, however,
the Mohawk women who did report eating local duck were compared
to those who did not regarding their breast milk contaminant
concentrations.

Contaminant data were not available for the fish that the
control mothers reported eating, so dose estimates from fish
consumption could not be calculated for these women. However,
their exposure was estimated by relating their reported frequency
and duration of local fish consumption to their breast milk
contaminant concentrations. As was done with the Mohawks, the
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number of local fish meals by species was determined for the
periods during, one year before, and more than one year before
the index pregnancy. The latter value was multiplied by the
number of years that a control mother reported eating each
species and added to the number of fish meale for the first two
time periods to estimate cumulative lifetime exposure. This
variable was then categorized as "none”, "low"”, or "high", with
the latter two defined by a median split.

Statistical Analvysis

The statistical analysis was conducted in four stages. The
first focused upon any reported differences between the Mohawk
and control mothers in sociodemographic characteristics such as
maternal age, reproductive factors like parity, 11festy1e hakits
including alcohol consumption, and dietary patterns, i.e.,
frequency of consumption of local fish and game. T-tests for
independent samples were used to compare continuous variables,
while the chi-square test was employed for categorical data.

The next step was to determine if the Mohawk and control
mothers differed in their mean milk concentrations of any PCB
congeners, total PCB, p,p'-DDE, HCB, or mirex. The
concentrations were first fat-adjusted by dividing the whole milk
level by the percent fat for a given sample. The result was
micrograms (ug) of chemical per g of milk fat (ppm). This
adjustment was necessary since the concentration of these
lipophilic compounds in whole milk is very dependent on the fat
content of the milk (Jensen, 19%la). These fat-adjusted values
were then transformed using natural logarithms because their
distributions were log-normal in shape (see Results section). T-
tests for independent samples were performed comparing the log-
transformed, fat-adjusted concentrations of the Mohawks and
controls. The results are presented as geometric means by
taking the anti-log of the means of the leog-transformed values.
Women with a non-detectable milk concentration of a given
congener, mirex, or HCB were assigned the minimum reportable
concentration of 0.001 ppb (whole milk) before fat adjustment and
log transformation.

The objective of the third stage was to identify through
bivariate analyses the variables that were significantly related
to milk contaminant levels within and between the Mohawk and
control populations. The primary environmental risk factors
consisted of estimated cumulative lifetime exposure to pollutants
from local fish consumption, location and duration of residence
at Akwesasne, local drinking water source, and whether a Mohawk
mother ever reported eating local duck. Recent exposure to
pollutants from the consumption of local fish, defined as that
which occurred during and one year before the index pregnancy,
was also lnvestigated. Background characteristics such as
occupation and other sociodemographic variables, reproductive
history, and lifestyle habits were examined in relation to both
environmental risk factors and breast milk contaminant levels to
assess potential confounding.
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Analysis of variance (ANOVA) was the primary statistical
technique for categorical variables. This procedure first
entailed using an F-test to determine if there was a significant
overall difference among the fat-adjusted geometric means of the
various study groups. T-tests for independent samples were then '
conducted to compare each pair of geometric means. Tests of
linear trend were performed to assess dose-response (Zar, 1984).
Correlation coefficients were calculated for continuous
variables, using fat-adjusted and log-transformed breast milk
contaminant concentrations.

The last stage of the analysis was multivariate in nature.
It was designed to determine if any observed differences in
breast milk contaminant levels according to environmental risk
factor status remained significant after simultaneously
controlling for all relevant background variables. Multiple
regression models were constructed for each breast milk
contaminant, incorporating all significant background variables
from the bivariate analyses and other potential confounders
(Kleinbaum, Kupper, and Muller, 1988). Backward elimination was
used to create a final model by deleting non-significant
background variables one at a time. Risk factors such as
cumulative lifetime exposure from local fish consumption and
location of residence at Akwesasne were then added to the final
models to estimate their effects after adjustment for all
significant background variables. R? (%) was used to estimate
the propoertion of variance in breast milk contaminant
concentration accounted for by all the variables in a given
model.

To determine if there were changes in breast milk
contaminant concentrations during the course of the study period,
the year of the index child's birth also was entered as a
variable in the regression models. Interactions between time
period and risk factors such as cumulative lifetime exposure fromn
local fish consumption were assessed by testing their cross-
products. If such an interaction was significant, it would
indicate that the effect of the risk factor on breast milk
contaminant concentration varied according to time period.

Statistical Analysis System (SAS) computer programs such as
GIM were used (SAS, 1990). A finding was considered
statistically significant if its two-tailed probability level was
less than 0.05. Probability levels of between 0.05 and 0.10,
however, were also reported, because of the small sample size.

anllt! Assura;;ggggggli;z QQ]]I:OI

The interview information was separated from the breast milk
samples before analysis to permit a determination of PCB
concentration without knowledge of Mohawk or comparison group
status, level of fish consumption, or other risk factors.
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1) Interview Data. The interview data were reviewed both
before transmittal to the NYSDOH and again after their receipt to
ensure their completeness and accuracy. Ambiguous or missing
information was clarified through personal or telephone call-
backs. The data then were coded and entered onto a dPase III
file by trained personnel. All entries were subsequently
verified to eliminate errors. Edit programs were developed to
detect both out-of-range values and logical inconsistencies.
outliers and questionable results were investigated and corrected
if necessary. The statistical testing was accompanied by graphs,
residual analysis, normality checks, and other procedures to
assess the validity of all assumptions.

2) PCB, p,p'-DDE, Mirex and HCB Data. To control the gas
chromatograph, the electron capture detector was recalibrated on
two samples of the standard mixture described earlier at the
beginning of each analytical run. A third standard sanmple and a
hexane blank were then analyzed to determine the performance of
the system before the breast milk samples were analyzed.
Fluctuations in electron capture detector sensitivity were
controlled by an automatic recalibration on another sample of the
standard mixture after each fourth specimen analysis, followed by
a hexane blank. If total PCB deviated by more than 10% from the
expected value, the four specimens were reanalyzed; if an
individual congener deviated more than two times from its
expected standard deviation, it was recalculated using peak
height measurement. Quality control charts were plotted daily
for total PCB and for selected, commonly found PCB congeners.

The relative standard deviation for each congener was
determined when the capillary column was installed (approximately
once every three months). It involved the analysis of six
replicate samples of the standard mixture. If the precision, as
indicated by the coefficient of variation, exceeded 10%,
conditions and the integrator functions were readjusted until 10%
was achieved.



RESULTS

Response Rates

From March 1, 1988 through December 31, 1990, 65 Mohawk
women who had given birth during the 34 month period and were
nursing were identified and invited to participate. This number
represents 47.8% of the estimated 136 Mohawk mothers who were
eligible to participate during the study period. Of the 65 women
identified, 61 (93.8%) accepted the invitation to participate and
55 (84.6%) were interviewed and provided a breast milk sample.
(The six mothers who agreed to participate but failed to do so
stopped breast-feeding before an interview could be scheduled or
a sample collected). Unfortunately, two of the 55 samples had an
insufficient volume for chemical analysis. The effective number
of participants was therefore reduced to 53. The breast milk
samples of the first nine of these women were originally analyzed
on the Apiezon L-coated glass capillary column. All had a
sufficient volume of sample remaining for reanalysis on the same
fused silica column that was used with the later samples. As
noted in the Chemical Apalysjs section, only the results from the
fused silica column were included in this report, since data from
the two columns are not strictly comparable.

Ten other Mohawk mothers were interviewed and sampled from
1985 to 1987 as part of our pilot project. Four of this group
(three from 1986 and one from 1987) had a sufficient volume of
breast milk remaining for reanalysis on the fused silica column.
For the purposes of this report, they were included with the 53
to increase the sample size, especially for the time trend
analysis. The final number of Mohawk participants with breast
milk PCB data consequently was 57.

During the same time period, 133 women from Warren County
and 77 women from Schoharie County who had given birth and were
nursing visited their respective WIC clinic. Each was invited to
participate by WIC personnel. Of these women, ninety-six (72.2%)
and 47 (61.0%) respectively agreed, and 74 (55.6%) and 42 (54.5%)
respectively were interviewed and provided a breast milk sample.
(The leading reason for non-participation among the controls who
had originally agreed was the inability of study staff to contact
the mother and schedule an interview or collect a breast milk
sample within the specified time period (N = 12)). One of the
control samples had an insufficient volume for chemical analysis.
Two other control mothers participated in the study twice, since
they had two births during the study period. Only their first
interview and breast milk sample were included in this report.
The first thirty~-four of the control samples were originally
analyzed on the Apiezon column. All but four had a sufficient
sample volume available for reanalyels on the fused silica
column. The other four, however, were excluded. The final
result was a control series of 109 women.
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Background Characteristics

Table 1 compares the Mohawk and control mothers regarding
physical characterietics, sociodemographic factors, repreoductive
histories, and lifestyle habits before, during, and after the
index pregnancy. The Mohawk mothers were two years younger on
average than the controls when the index child was born (p <
0.05). They were significantly less likely to be married at the
time of the interview. The Mohawks had fewer pregnancies than
the controls (p < 0.05), but there was no significant difference
in the number of live births. The mean duration of breast-
feeding the index child before interview was 6.91 weeks among the
Mohawks versus 4.14 weeks for the controls (p < 0.05).

In general, the Mohawk participants were significantly less
likely to smoke cigarettes and drank significantly less regular
coffee than did the controls. The Mohawks also were less likely
to report drinking alcohol, but the differences were not
statistically significant. The results were the same when the
meanh number of cigarettes per day or the mean number of drinks of
alcohol per week were analyzed. In addition, the use of
prescription drugs other than vitamins or iron was more common
among the controls, especially during (p < 0.10) and after (p <
0.05) the index pregnancy.

Among the Mohawk participants, 42.1% reported that they had
never worked outside the home, compared to 8.3% for the controls
(p < 0.001). The occupations and industries of those who did
work are summarized in Table 2. The control women were more
likely to have ever been employed in service occupations (p <
0.05). Similarly, the entertainment or recreational industries
and public administration were significantly more frequent among
the Mohawks, while the manufacturing industries, retail trades,
and personal services were significantly more common among the
controls.

No Mohawk mother reported having ever worked at ALCOA or
Reynoldes, and only one (3.0% of those who ever worked) had been
employed at the General Motors facility. Two Mohawk mothers
(6.1%) stated that they were occupationally exposed to PCBs
(Table 3). In each case, it was indirectly through contact with
the General Motors site. Occupational exposure was reported by
one control (1.0%). The industrial hygienist identified one
Mohawk (3.0% of those who were ever employed) and seven controls
(7.0%) as having had worked at some point in their life at a job
which may have entailed potential PCB exposure. They included
industries such as the manufacture of electrical machinery,
equipment, or supplies and occupations such as machine operator
or assembler.

Fish Consumption

Table 4 displays the frequency of consumption of fish from
the St. lawrence River or its tributaries by species and time
period for the Mohawk women. Yellow perch was the species most
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commonly consumed. Approximately 44% ate it at least once during
the index pregnancy, with 12.3% reporting a frequency of one meal
a month or more. These proportions increased to 52.6% and 15.8%
raespectively for one year or less before pregnancy and 78.9% and
29.8% respectively for more than one year pre-pregnancy. Brown
bullhead was the second most commonly consumed species, followed
by smallmouth bass. Relatively few Mohawks reported eating
trout, walleye, or pike.

Summing across species, 45.6% of the Mohawk participants
reported that they ate local fish at least once during the index
pregnancy, compared to 57.9% for the period one year or less
before pregnancy and 78.9% for more than one year pre-pregnancy.
Four mothers stated that at least one fish meal was caught off-
shore from the General Motors facility. The median duration of
consumption for the Mohawk mothers who ate local fish was 18
years (data not shown).

Similar data are given for the control mothers in Table 5.
In general, the controls were less likely than the Mohawks to
report that they ate local fish (35.7% during the index
pregnancy, 35.7% one year or less before pregnancy, and 41.3%
more than one year before pregnancy). Trout was the only
consistent exception to this trend. The controls reported more
frgq:ent consumption of trout than did the Mohawks at each time
point.

Table 6 summarizes the mean number of local fish meals
consumed by species and time period for the Mohawks and controls.
The species-specific results parallel the frequency data of
Tables 4 and 5, with yellow perch predominant among the Mohawks
and trout most common among the controls. Regarding total local
fish consumption, the Mohawks reported a mean annual number of
meals for the period more than one year before the index
pregnancy that was almost twice as great as that of the controls
(p < 0.001 after log transformation). There was no significant
difference between Mohawks and controls in their mean total local
fish meals at the two other time points. Concerning time trends,
the mean decrease in the annual number of total annual local fish
meals from more than one year before the index pregnancy to one
year or less before pregnancy was statistically significant for
the Mohawks (p < 0.001 after log transformation). After
annualizing the pregnancy consumption rate, their mean decline
from one year or less prior to pregnancy to the period during
pregnancy was also significant (p = 0.037 after log
transformation). In contrast, mean change in total local fish
meals among the controls was not significant for any time point
after log transformation.

Wildlife Consumption

The frequency with which the Mohawk mothers reported eating
local wildlife is summarized by species and time period in Table
7. Except for deer, there was very little consumption of any
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species at any time point. Consistent with the fish consumption
data, there was a decrease over time in the reported overall
frequency, with 37.0% of the Mohawk mothers eating at least one
wildlife meal more than one year pre-pregnancy, compared to 31.6%
one year or less before pregnancy and 22.8% during the index

pregnancy.

A greater frequency of local wildlife consumption was
reported by the control women at each time period: 54.6% ate
wildlife at least once more than one year pre-pregnancy, 45.0%
one year or less before pregnancy, and 33.1% during pregnancy.
Their more frequent consumption relative to the Mohawks was
primarily due to the fact that they were more likely to eat deer;
the frequencies of consumption for the other species were more
comparable (Table 8).

The mean number of wildlife meals reported by the Mohawks
and controls are given in Table 9 by species and time pericd.
Primarily as a result of their greater deer consumption, the
controls had a significantly greater mean number of total local
wildlife meals at each time point. Regarding time trends, the
Mohawk mothers showed a marginally non-significant mean decline
in annual number of total wildlife meals from more than one year
before the index pregnancy to one year or less pre-pregnancy (p =
0.066 after log transformation). For the controls, the mean
decrease in the number of total wildlife meals from one year or
less pre-pregnancy to the period during pregnancy was
significant, after annualizing the pregnancy data (p = 0.031
after log transformation). No other significant change over time
in the mean number of total wildlife meals was noted for either
group.

Dietary Exposure to PCBs, p,p'-DDE. Mirex. and HCB from Local
Fish

As discussed earlier in Dietarv Exposure Assessment, the
first step in calculating the average daily intake of chemical

contaminants from local fish consumption among the Mohawk mothers
was to conduct a congener-specific PCB analysis of composite fish
extracts from the Fish Contaminant Monitoring Study of the Health
Risk Assessment (Sloan and Jock, 1990). In general, the results
were consistent with those of Sloan and Jock (1990). That is,
the highest concentrations among the species analyzed from the
locations selected were found at the mouth of the unnamed
tributary near the General Motors facility, followed by the mouth
of the Grasse River (downstream from ALCOA), and then at
Racquette Point (downstream from General Motors). Regarding
congener pattern, the fish taken at the mouth of the unnamed
tributary near General Motors had relatively high concentrations
of the lower chlorinated congeners characteristic of Aroclor
1248, Such congeners were also present in fish taken at the
mouth of the Grasse River and at Racquette Point, although these
locations also had relatively elevated concentrations of some of
the higher chlorinated congeners typical of Aroclors 1254 and
1260. Sloan and Jock (1990) drew similar conclusions, but their
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data were based on comparisons with Aroclor 1016 and 1254
standarde instead of individual congeners.

The only substantive difference between findings of the two
studies is that the congener-specific analysis tended to yield
lower concentrations than those reported by Sloan and Jock
(1990). For example, brown bullhead from the unnamed tributary
near General Motors had 19.5 ppm total PCB (wet weight) according
to the congener-specific analysis, versus 20.5 ppm from Sloan and
Jock (1990). At the mouth of the Grasse River, the results for
brown bullhead were 1.6 and 2.4 ppm total PCB respectively, while
at Racquette Point, brown bullhead had 0.4 and 0.9 ppm total PCB
respectively. (The results for the congener-specific analysis of
the yellow perch composite, the most frequently consumed species,
at the unnamed tributary near General Motors are displayed in
Appendix E).

The contaminant concentrations in each fish species
according to the congener-specific analysis were multiplied by
the number of meals a woman reported having eaten for that
species at each time point. The product was multiplied by an
average of 200 g of fish per meal and expressed as nanograms per
kg body weight per day. The results are shown as means and
medians by contaminant and time period in Table 10. The primary
finding is that PCBs constitute the greatest estimated dose at
each time period. That is, the mean for total PCB is
approximately 100 times or more greater than that for p,p'-DDE,
mirex, or HCB. Table 10 also indicates that the mean and median
estimat:d doses for each compound have declined substantially
over time.

As noted previously, these data next were used to estimate
cumulative lifetime exposure to each pollutant from local fish
consumption among the Mohawks. The daily doses for each time
period were multiplied by the approximate number of days during
that period and summed over time to provide a lifetime estimate
(cf. Dietary Exposure Assessment section). Since the parameter
of interest is the total amount of a given contaminant that each
Mohawk woman received through the consumption of local fish over
her lifetime, the result was expressed as total mg rather than ng
per kg body weight per day.

The frequency distribution of this variable for total PCB is
displayed in Figure 4. A log-normal distribution is evident,
with 17.5% of the Mohawks reporting that they had never eaten
local fish. The majority (52.7%) had an estimated exposure of 1
to 19 mg. An exposure of 20 to 39 mg was estimated for 10.5%,
while 5.3% had an exposure of 40 to 59 mg. The remainder (14.0%)
had an estimated cumulative lifetime exposure for total PCB equal
to or greater than 60 mg. The maximum was 513 mg.

The mean estimated cumulative lifetime exposure for total
PCB was 36 mg, and the median was 6 mg. Approximately 95% of
this exposure was from the period more than one year before the
index pregnancy. 2,4,4'-trichlorobiphenyl, 2,5,2'5'- and
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2,4,3',4'-tetrachlorobiphenyl, which were the three leading
congeners in fish caught at the unnamed tributary near the
General Motors facility (Appendix E), jointly accounted for
approximately 15% of the total PCB exposure. For p,p'-DDE,
mirex, and HCB, the mean cumulative lifetime exposure estimates
were 0.6, 0.2 and less than 0.1 mg, respectively. Their medians
were less than or equal to 0.1 mg.

To verify that the method used to calculate cumulative
lifetime exposure accurately reflected a woman's fish consumption
history, the total number of local fish meals was determined by
time period and according to whether a Mohawk woman's estimated
lifetime exposure to PCBs from local fish consumption was above
or below the median of 6 mg. For the group less than or equal to
6 mg, the mean total fish meals were 3.4 during the index
pregnancy, 2.8 per year one year before pregnancy, and 7.4 per
year more than one year before pregnancy. For those Mohawks with
an estimated exposure greater than 6 mg, the mean total fish
meals were considerably higher: 7.5 during pregnancy, 20.9 per
year one year or less pre-pregnancy, and 51.9 per year more than
one year pre-pregnancy. These data indicate that, for the period
more than one year pre-pregnancy, women in the high exposure
category typically ate local fish once a week. The maximum was a
mother who reported a consumption rate of four local fish meals
per week for 19 years before the index pregnancy.

Resi i is ies and D ource

Most of the Mohawks (61.4%) reported living at Akwesasne all
of their life. Eight women {14.0%) had left the Reserve for one
year or less, and another 7 mothers (12.2%) had lived elsewhere
for. two to five years. The most common reason for these
relatively short-term absences was to attend college. The
remaining seven Mchawks had lived away from Akwesasne for six
years or more, with a maximum departure of 23 years.

Table 11 gives the location of each residence at Akwesasne
reported by the Mohawk mothers for one year or more of past 10
years. The most common locations were Cornwall Island and the
area of the Reserve west of the St. Regis River in New York
(35.1% each), followed by St. Regis Village and New York east of
the St. Regis River. Relatively few mothers had lived at
Racquette Point or Snye (15.8% each). About 70% reported that a
private well was the primary drinking water source at these
residences for one year or more of the past 10 years (Table 12).
Approximately 60% had lived at a location serviced by the
recently completed the public water supply system. Five women
(8.8%), however, stated that they had relied upon untreated water
from the St. Lawrence River as their primary drinking water
source at some point within the past 10 years.

Mil] {nant kot

Figure 5 displays the frequency distributions of milk total
PCB concentration on a fat basis among the Mohawks and contreols.
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For the Mohawks, the arithmetic mean was 0.554 ppm, with a
standard deviation of 0.481 ppm. The median was 0.366 ppm, and
the range was 0.054 to 2.338 ppm. Approximately 25% had a value
of less than 0.25 ppm, while 15.8% had a concentration of greater
than 1.0 ppm. The mean for the controls was 0.516 ppm, with a
standard deviation of 0.435 ppm. Their median was 0.390 ppm,
with a range from 0.044 to 2.485 ppm. A milk level of less than
0.25 ppm was observed among 27.5% of the controls, while 7.3% had
a concentration of greater than 1.0 ppm. Every Mohawk and
control woman had a milk total PCB concentration that exceeded
both the limits of detection and quantification.

In general, the congeners found in the greatest
concentrations were the tetra-, penta-, and hexachlorobiphenyls
with a 4,4' substitution pattern. 1In rank order, they included:
1) 2,4,5,2',4",5'-hexachlorobiphenyl, 2) 2,3,4,2',4',5"'-
hexachlorobiphenyl, and 3) 2,4,5,4'-tetrachlorobiphenyl. These
three congeners jointly accounted for 25% to 30% of the total PCB
residue in both the Mohawk and control milk samples.

After log-transformation, the distribution of breast milk
total PCB was approximately normal (p > 0.10 for test of
departure from normality). This finding supported the use of
log-transformed concentrations and geometric means in
significance testing. Such data are displayed for the Mohawk
and control women in Table 13.

No significant difference was observed for breast milk total
PCB (p = 0.893). Regarding individual congeners, only 2,5,3'-
trichlorobiphenyl was statistically significant (p < 0.001). The
geometric mean for that congener among the Mohawks was three
times greater than that for the controls. In addition, the
Mohawks tended to have greater concentrations of two
heptachlorobiphenyls (2,3,4,5,6,2',5"' and 2,3,5,6,2'3'4’', p «<
0.10), while the controls tended to have greater concentrations
of two trichlorobiphenyls (2,6,2' and 3,4,2', p < 0.10). Given
the multiple comparisons, these latter four differences may
simply reflect chance.

The geometric mean milk concentration for mirex among the
Mohawk mothers was 2.36 ppb (fat basis), versus 1.08 ppb for the
controls (p = 0.001). The Mochawks also had higher geometric
means for p,p'~-DDE and HCB, but the differences were not
significant (0.230 versus 0.157 ppm respectively for p,p'-DDE and
5.13 ppb versus 3.88 ppb respectively for HCB). The proportion
of samples with concentrations greater than the detection limit
were 88.0% for HCB, 88.5% for mirex, and 98.8% for p,p'-DDE.

They were not significantly different between the Mohawks and
controls. Finally, the Mohawk milk samples tended to have a
lower average fat content than the control samples (means of 2.4%
and 2.7% respectively, p = 0.095 after log-transformation).

19




Correlat i a CB - variat ses

Tables 14 and 15 summarize the relationships between breast
milk total PCB concentration and selected background
characteristics. The only statistically significant association
was with duration of previous breast-feeding. As the total
number of weeks that a woman reported breast-feeding her previous
children increased, the concentration of total PCB in her milk
decreased (r = -0.21, p < 0,01 after log transformation). Milk
PCB concentration tended to increase with the number of drinks of
alcohol a woman reported consuming before her pregnancy (r =
0.13, p < 0.10 after log transformation), while women who took
prescription vitamins or iron tended to have lower geometric mean
total PCB levels, especially if taken before the index pregnancy
(p < 0.10). The two Mohawks and one control who reported
occupational exposure to PCBs and the one Mchawk who had worked
at the General Motors facility had higher milk PCB levels, but
the difference in the geometric means was not statistically
significant, because of the small sample size. There was no
elevation in breast milk PCB concentration according to whether
the industrial hygienist rated a job as possibly involving
potential PCB exposure or according to the
occupational/industrial groupings as categorized in Table 2.

Table 16 shows geometric mean milk total PCB concentration
among the Mohawk mothers by estimated cumulative lifetime
exposure to PCBs from local fish consumption. Women who reported
never having eaten St. Lawrence River fish had the greatest
geometric mean, but no difference was statistically significant.
(The results for recent dietary exposure, defined accordingly to
local fish consumption during and one year or less before
pregnancy, parallelled those for lifetime exposure here and
elsewhere in the analysis, and therefore are not presented in the
report.) There also was no significant difference in the
geometric mean milk total PCB concentration of the eight Mohawk
mothers who reported ever having eaten local duck (0.355 ppm)
relative to the other Mohawks (0.413 ppm).

A subanalysis of the controls revealed no significant
difference in geometric mean milk total PCB concentration between
women from Schoharie (0.378 ppm) and Warren Counties (0.415 ppm).
As discussed in the Dietary Exposure Assessment section,
cumulative lifetime exposure to PCBes from local fish consumption
was estimated for the controls by: calculating their total
numbers of local fish meals during, one year or less before
pregnancy, and more than one year before the index pregnancy:
sumning the results; and categorizing the total as "none", "“low",
or "high". There was no significant relationship between this
measure of dietary exposure among the control mothers and their
geometric mean milk total PCB concentration.

Geometric mean milk total PCB concentrations among the
Mohawkse according to the location of their residences at
Akwesasne over the past 10 years are summarized in Table 17.
Mothers who had lived on Cornwall Island for a year or more

20



tended to have higher breast milk total PCB levels than Mohawks
who lived elsewhere on the Reserve (p = 0.062). No other
location showed any evidence of an association. Geometric mean
milk total PCB concentration also increased with duration of
residence on Cornwall Island (Table 18). When total length of
residence at Akwesasne was examined regardless of region, there
wae no significant difference in the geometric mean milk total
PCB level of those women who lived there all of their 1life versus
those who resided at the Reserve for shorter periods.

Drinking water source and its relationship to breast milk
total PCB level is displayed in Table 19 for each residential
location on the Reserve reported by the Mohawks for one year or
more of the past 10 years. The highest geometric mean was
observed among two mothers who lived in that region of the
Reserve west of the St. Regis River in New York and who reported
drinking untreated water from the St. Lawrence River. Their mean
value was 1.003 ppm, versus 0.418 for women who lived in the same
locale but did not drink St. Lawrence River water. Despite the
small cell frequenciles, the difference was statistically
significant (p = 0.001). Relatively high milk total PCB
concentrations also were detected for one woman who drank St.
Lawrence River water from the New York portion of the Reserve
east of the St. Regis River and for three mothers who lived at
St. Regis Village and drank well water, but, given the small
sample size, the differences in geometric means between them and
the other mothers from the same regions were not statistically
significant.

A multiple regression analysis was conducted incorporating
the three background characteristics significant in the bivariate
analyses at the 10% level: 1) total weeks breast-feeding previous
children; 2) maternal use of prescription vitamins or iron before
the index pregnancy (yes vs no), and 3) maternal alcohol
consumption before the index pregnancy (drinks per week). Six
other background variables were also included in the multiple
regression even though they were not related to breast milk total
PCB at the 10% level of significance. They have been associated
with breast milk PCB levels in other studies (Jensen and Slorach,
1991a) and included: 1) maternal age at the birth of the index
child (years); 2) maternal education (years); 3) total live
birthes; 4) maternal cigarette smoking before the index pregnancy
(yes vs no); 5) total weeks breast-feeding the index child before
interview; and 6) maternal occupational exposure to PCBs. The
latter was defined as either self-reported exposure (Mohawks and
controls) or employment at the General Motors facility (Mohawks
only), since this variable showed a greater milk PCB difference
in the bivariate analysis than did the measure based on the
industrial hygienist rating.

The results are displayed in Table 20. Negative
associations were apparent for duration of previous breast-
feeding, total live births, education, and vitamin or iron use.
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Positive associations were evident for maternal age, alcohol
consumption, cigarette smoking, occupational exposure, and
duration of index breast-feeding. Only maternal age and duration
of previous breast-feeding, however, were significant at the 0.10
level.

Variables that were not significant at p < 0.10 were then
removed from the model one at a time, with regression
coefficiente, F-statistice, and p-values recomputed at every
stage. Table 21 summarizes the final model obtained with this
method. Only previous breast-feeding and maternal age remained.
These two variables jointly accounted for approximately 7% of the
variance in breast milk total PCB. A review of the residual
plots revealed no unusual patterns, indicating that the model was
unbiased and adequately explained the data.

There was no association between previous breast-feeding and
the environmental risk factors of interest. For example, the
mean duration that non-fisheating Mohawks reported nursing their
previous children was 32.4 weeks, compared with 29.9 weeks for
the low and 24.7 weeks for the high dietary exposure groups (p =
0.950). Similarly, the mean duration of breast-feeding was 33.5
weeks for women who had lived on Cornwall Island versus 25.4
weeks for all other Mohawk mothers (p = 0.644). There also was
no association between maternal age and any environmental risk
factor. The mean age of the Mohawks who did not report eating
any local fish, for instance, was 23.3 years, compared with 29.9
years for the low and 24.7 years for the high dietary exposure
groups (p = 0.530). The mean age of mothers from Cornwall Island
was 24.9 years, while all other Mohawks were on average 25.0
years old (p = 0.911). The lack of a relationship between either
previous breast-feeding or maternal age on the one hand and the
environmental risk factors on the other hand implies no
confounding due to background characteristics, since a confounder
must be related to both the exposure and the outcome (Rothman,
1986). Previous breast-feeding and maternal age, however, were
nevertheless controlled for statistically to increase precision.

In other words, the relationship between local fish
consumption and breast milk total PCB concentration was
reexamined, adjusting for the effects of previous breast-feeding
and maternal age by adding cumulative lifetime dietary exposure
to PCBs to the final regression model of Table 21. Table 22
shows the results, with the controls included for comparison
purposes. No difference was statistically significant. The
similarity between the crude (Table 16) and adjusted (Table 22)
means reflects the lack of confounding due to previous breast-
feeding and maternal age as described above.

Table 23 gives adjusted geometric means for breast milk
total PCB concentration by estimated cumulative lifetime exposure
from local fish consumption, according to the time period of the
index child's birth. The data were dichotomized as of 1986-89 or
1990 to maximize cell frequencies. The ANOVA indicated that the
interaction between fish consumption and time period was
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significant, i.e., the effect of fish consumption varied
according to time period and vice versa. The direction of the
interaction is revealed by examining the cell means for each time
period. For 1986 to 1989, Mohawk milk total PCB levels increased
monotonically with exposure from local fish consumption (p =
0.040 for test of linear trend including the controls). A sub-
analysis was conducted of the four Mohawk mothers from 1986 to
1989 who had the greatest estimated cumulative lifetime exposure
to PCBs from local fish consumption (50 mg or more). Their
adjusted geometric mean milk total PCB concentration was 0.703
ppm (fat basis).

In contrast, among mothers who gave birth in 1990, Mohawks
who did not report eating local fish had a higher adjusted
geometric mean than the low dietary exposure category (p= 0.009).
Thie difference was the result of smaller geometric means for the
low (p = 0.004) and high (p = 0.096) exposure Mohawk mothers in
1990 relative to 1986-89, as well as a non-significant elevation
(p = 0.329) for those who did not eat local fish. The positive
trends apparent in 1986-89 were not evident when the data were
collapsed over time (Table 22) because two-thirds of the Mohawk
women in the study gave birth in 1990,

A similar analysis was conducted of the 14 breast milk
samples collected in 1986-88, and the magnitude of the
association was even greater than that observed for 1986-89.
That is, the adjusted geometric means were 1.110 ppm (fat basis)
among the two Mohawk mothers in the high dietary exposure
category, versus 0.840 ppm for the two Mohawks in the low
exposure group, 0.468 ppm for the two Mohawks who never ate fish,
and 0.348 ppm for the eight controls (p = 0.029 for linear trend
with controls). The small numbers limit confidence in the
results. They nevertheless are consistent with the notion that
the strength of the association between local fish consumption
and breast milk total PCB concentration has diminished with time.

The multivariate analysis of residence focused upon Cornwall
Island, since it was the only location to show a positive
relationship with breast milk PCB concentration. The results,
after adjustment for previous breast-feeding and maternal age,
are shown in Table 24, together with the controls. The overall
difference in the adjusted geometric means of the three groups
was marginally non-significant (p = 0.071) according to the F-
test. However, the mothers who had lived on Cornmwall Island had
a higher value than did either Mohawks from elsewhere at
Akwesasne (p = 0.024) or the controls (p = 0.054). Adjusted
geonetric breast milk total PCB concentrations also rose with
increasing duration of residence on Cornwall Island (Table 25).
As in the bivariate analysis, the overall difference among the
four means according to the F-test was non-significant, but the
test for linear trend with controls was significant at the 5%
level. The similarity between the crude and adjusted means again
reflects the lack of confounding due to previous breast-feeding
and maternal age (cf. Tables 17 and 18).
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To assess whether the elevation in the breast milk total PCB
levels of Cornwall Island residents was due to their consumption
of local fish, especially from 1986 to 1989, a regression model
was constructed with Cornwall Island residence, lifetime
cunulative exposure to PCBs from local fish consumption, and time
period of birth for the index child, together with their
interactions, and previous breast-feeding and maternal age. As
seen in Table 26, the effect of Cornwall Island residence
remained statistically significant after adjustment for fish
consumption, and the interaction of fish consumption and time
period remained statistically significant after adjustment for
Cornwall Island residence. These results indicate that local
fish consumption among Mohawks who gave birth from 1986-89 and
residence on Cornwall Island were independently associated with
milk total PCB concentration.

In other words, fish-eaters had higher levels in 1986-89
regardless of whether they lived on Cornwall Island, and Mohawk
mothers who lived on Cornwall Island had higher concentrations
regardless of whether they ate fish. (In fact, from 1986-1989,
Cornwall Island residents were less likely than other Mohawks to
report ever having eaten local fish (67% versus 92%), so
controlling statistically for one risk factor only served to
increase the effect of the other (cf. Tables 23 and 24)). The
two-way interactions of Cornwall Island residence and either time
period or fish consumption were non-significant (p = 0.651 and p
= 0.755, respectively), as was their three-way interaction (p =
0.623). The regression model containing local fish consumption,
time period, Cornwall Island residence, previous breast-feeding,
maternal age, and the interaction of fish consumption and time
period explained 18.0% of the variance in breast milk total PCB
concentration.

Congener-Specjific Results

In addition to total PCB, cumulative lifetime dietary
exposures to the three leading congeners found in fish taken from
the mouth of the unnamed tributary near the General Motors
facility were estimated for each Mohawk mother (see the Dietary
Exposure Assessment section). However, the exposure estimates
for each of these three individual congeners were highly
correlated with that for total PCB (r = 0.99, data not shown).
The estimate for total PCB therefore was used as a proxy for a
woman's dietary exposure toc each of the 68 congeners in the
statistical analysis of milk congener concentratjons.

This analysis began by screening for differences among the
congeners according to local fish consumption, using correlation
coefficients calculated between milk fat congener concentration
in ppb and cumulative lifetime exposure in mg (both log-
transformed) among the 19 Mohawk mothers who gave birth from 1986
through 1989. Ten congeners showed a positive association with
total PCB exposure at p < 0.05 using this method. These
congeners were then considered in a multivariate analysis,
together with the controls.
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After adjustment for previous breast-feeding and maternal
age, five of the 10 congeners showed evidence of a monotonic
trend in 1986-89 with cumulative lifetime exposure to total PCB
from local fish consumption (Table 27). For each of the first
four, the controls had the lowest adjusted geometric mean. For
2,3,5,2',4"',5'-hexachlorobiphenyl, however, the lowest adjusted
geometric mean was observed among the Mohawk mothers who reported
never having eaten local fish. This finding may reflect chance,
since only three Mohawks were included in the group. The test
for linear trend with this congener was nevertheless significant,
even when the controls were included.

Of the five significant congeners, the cones present in the
greatest concentrations among the high exposure Mohawks were
2,4,5,2',4'- and 2,4,5,3"',4"'-pentachlorobiphenyl. The greatest
relative difference, however, was for 2,5,3'~trichlorobiphenyl.
The adjusted geometric mean among the most heavily exposed
Mohawks was approximately five times that of the controls for
this congener from 1986-89.

A similar process was used to screen for differences among
the congeners according to Cornwall Island residence. T-tests
were conducted comparing the 20 Mohawk mothers who reported
living there for one year or more during the past 10 years with
the 37 Mohawk women who did not. Of the 68 individual congeners
analyzed, 17 showed a difference in their geometric mean that was
significant at the 5% level.

Eleven of these 17 congeners remained significant in a
multivariate analysis. The results are displayed in Table 28,
with adjustment for previous breast-feeding and maternal age and
with the inclusion of the controls. Except for 2,5,3'-
trichlorobiphenyl, which was also the only congener that was
significantly elevated for all Mohawks versus the controls (Table
13), there were no significant differences between the controls
and Mohawks who did not live on Cornwall Island. The Mohawk
mothers who did live on the Island, however, had an adjusted
geometric mean for each congener that was significantly higher
than that for either of the other two categories. Of the 11
congeners, 2,4,5,2',4',5'~hexachlorobiphenyl was present in the
greatest average concentration in the milk of the Cornwall Island
residents. The greatest relative differences, however, were
observed for 2,5,3'-trichlorobiphenyl and 2,3,4,3',4"'-
pentachlorobiphenyl. The adjusted geometric means for these two
congeners among Mohawk women who lived on Cornwall Island were
respectively six and three times greater than those for the
controls.

Models were also constructed for each congener with local
fish consumption, time period, and Cornwall Island residence
considered jointly. The results paralleled those for total PCB.
That is, fish consumption remained significant in 1986-89 after
controlling ‘for living on Cornwall Island, and living on Cornwall
Island remained significant after controlling for fish
consumption. In other words, the relationships of the two
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variables to the various breast milk PCB congeners were mutually
independent.

s of Breas '- Mirex, and - Bivariate
AnalvEas

As with total PCB, relationships between breast milk
concentrations of p,p'-DDE, mirex, and HCB (log-transformed) and
the background variables were examined. For p,p'-DDE, positive
associations were noted for maternal age (r = 0.19, p = 0.013),
maternal weight before pregnancy (r = 0.13, p = 0.093), Quetelet
index before pregnancy (r = 0.15, p = 0.060), and total weeks of
breast-feeding the index child before interview (r = 0.17, p =
0.028). Total weeks of breast-feeding previous children was
inversely associated with p,p'-DDE levels (r = -0.14, p = 0.073).
For mirex, there was evidence of a positive association with the
total number of drinks of alcohol per week a mother reported
consuming before pregnancy (r = 0.13, p = 0.089), and negative
relationships with maternal height (r = -0.15, p = 0.042) and
total pregnancies (r = -0.13, p = 0.091). No variable was
related to breast milk HCB at p < 0.10.

Milk concentrations then were examined in relation to the
cumulative lifetime exposure to each contaminant the Mohawk
mothers were estimated to have received through the consumption
of local fish (Table 29). There was no significant overall
difference among the geometric means for any pesticide, nor was
there any suggestion of a monotonic trend. Local duck
consunmption also was unrelated to the milk concentrations of
these pollutants among the Mohawks.

The associations between location of residence and breast
milk concentrations of the three pesticides are summarized in
Table 30. There was a tendency for mirex and p,p'-DDE to be
higher among Mchawk mothers who resided on Cornwall Island for
one year or more of the past 10 years (p < 0.10). As seen in
Table 31, there also was a tendency for breast milk mirex and
pP.p'-DDE concentrations to increase with increasing duration of
residence on Cornwall Island, but the test for linear trend
approached statistical significance only for mirex (p = 0.056 vs
0.254 for p,p'-DDE with controls). There were no significant
differences in geometric mean breast milk pesticide level
according to local drinking water source (Table 32).

Correl s of st Milk ' = irex, and HCB - Multjivariate
An es

Multiple regression analyses were conducted between the
background variables and the log-transformed concentrations of
the three pesticides. As with total PCB, the variables selected
for inclusion were those significant at the 10% level in the
bivariate analyses or those related to levels of these pesticides
in other studies (Jensen and Slorach, 1%%la). Non-significant
variables were eliminated one at a time to determine the final
models at p < 0.10. For p,p'-DDE, the final model was similar to
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that obtained for total PCB in that it included a negative
coefficient for duration of breast-feeding previous children (b =
-0.0080, p < 0.001) and a positive coefficient for maternal age
(b = 0.0872, p < 0.001). It also included a positive coefficient
for duration of breast-feeding the index child before interview
(b =0.0524, p = 0.086). These three variablee jointly explained
13% of the variance in p,p'-DDE. Maternal height was the only
variable in the final model for mirex. It was inversely
associated with the breast milk concentration of this contaminant
(b = -4.0394, p = 0.044), and accounted for 4% of the variance.
Consistent with the results of the bivariate analyses, no
variable was related to HCB in the multiple regression analysis.

Unlike duration of breast-feeding previous children, the
duration of breast-feeding the index child was associated with
local fish consumption. Mohawk mothers who had never eaten local
fish nursed the index child for a longer period of time before
they were interviewed than did Mohawk mothers with relatively
high exposure to PCBs from local fish consumption (means of 12.1
and 5.4 weeks respectively, p = 0.040). Duration of index
breast-feeding was not related to other risk factors such as
residence on Cornwall Island. Cornwall Island residents,
however, tended to be slightly shorter than other Mohawk women
(means of 1.62 and 1.65 m respectively, p = 0.057). On the other
hand, height was not associated with local fish consumption.

To avoid confounding, it was necessary to control for
duration of index breast~feeding in the analysis of local fish
consumption and breast milk p,p'-DDE and to control for height in
the analysis of Cornwall Island residence and breast milk mirex.
Previous breast-feeding and maternal age were also controlled for
statistically in all p,p'~DDE analyses to increase precision, but
these background characteristics were not included in mirex
analyses because, as discussed above, they were unrelated to
mirex milk levels in the multiple regression analysis.

Table 33 gives the milk pesticide data by estimated
cumulative lifetime exposure from local fish consumption among
the Mohavwks, after multivariate adjustment and with the inclusion
of the controls. Only mirex showed a significant overall
difference, but Mohawks who did not eat fish had the highest
adjusted geometric mean concentration. The overall difference
among the four groups in p,p'-DDE was non-significant; however,
the pairwise contrasts showed that the high exposure Mohawks had
a greater adjusted geometric mean than the controls (p = 0.020).
No significant differences were observed for HCB between any

groups.

Breast milk mirex concentrations by time period and
cunulative lifetime exposure from local fish consumption are
displayed in Table 34. As with total PCB, the interaction of the
two factors was significant. 1In 1986-89, there was a positive
association between fish consumption and mirex levels (p for test
of linear trend with controls = 0.013). The adjusted geometric
means for both groups of fish-eating Mohawks were greater than
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that for the controls (p = 0.013 for low exposure and p = 0.083
for high exposure). In 1990, however, those who never ate fish
had a significantly greater adjusted geometric mean than any
other category. This phenomenon arose from an elevation over
time in the adjusted geometric mean of Mohawks who did not eat
fish (p = 0.013) and correspondingly lower mean values among
those who did eat fish, especially the low exposure group (p =
0.094). These differences in breast milk mirex concentration
from 1986-1989 to 1990 explain the pattern evident when the data
were collapsed over time (Table 33). Neither p,p'-DDE nor HCB
showed a significant interaction between time period and lifetime
fish consumption.

Table 35 gives the geometric means for breast milk mirex by
residence on Cornwall Island, after adjustment for maternal
height and in comparison with the controls. The overall
difference among the categories was significant, with each group
of Mohawk mothers having an adjusted geometric mean which was
higher than that for the controls (p = 0.002 for Cornwall Island
residents and 0.007 for all other Mohawk mothers). Breast milk
mirex concentrations also rose significantly with increasing
duration of residence on Cornwall Island (Table 36).

The relationship between breast milk mirex and local fish
consumption, time period, and Cornwall Island residence were
jointly investigated (Table 37). As with total PCB, the
interaction between fish consumption and time period remained
statistically significant. The p-value for Cornwall Island
residence increased to 0.113, but an inspection of the cell means
indicates that residents of the Island had higher milk mirex
concentrations than non-resident Mohawks regardless of their
level of exposure to mirex from fish consumption. These findings
suggest that local fish consumption early in the study and
residence on Cornwall Island were independently associated with
breast milk mirex concentrations. The regression model
containing local fish consumption, time period, Cornwall Island
residence, maternal height, and the interaction of fish
consumption and time period explained 15.3% of the variance in
breast milk mirex concentration.
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DISCUSBION

Of the estimated 132 nursing Mohawk mothers eligible to take
part in the study, 65 (47.8%) were successfully identified and
invited to participate. The major problems were logistical;
locating and recruiting eligible women during the specified time
period was difficult, given the multiple sources of medical care
utilized by the Mohawks in both the United States and Canada.
These problems were most acute early in the study period, before
recruitment procedures were fully in place and when only a part-
time field investigator was available. After a full-time staff
person was hired in April, 1990, an estimated 80% of all eligible
mothers were successfully identified and invited to take part in
the project. Once located, however, most of the Mchawk mothers
(84.6%) were eager to participate. Those who failed to do so
were for the most part women who had nursed for two weeks or
less.

In contrast, WIC staff contacted each nursing control mother
who visited their clinic and asked her to take part, but only
one-half accepted the invitation. Unfortunately, the WIC staff
did not record reasons for refusal. It is likely, however, that
the controls were in general less motivated to participate than
the Mohawk mothers, perhaps due to the latter's concern over
environmental contamination, which resulted in lower response
rates among the controls.

The Mohawk mothers and WIC clinic controls were similar
regarding height, weight, and education. Social and cultural
differences may explain why the Mohawks were younger and less
likely to be married than the controles. The fact that the
Mohawks had fewer pregnancies is probably the result of their
younger average age. The Mohawk mothers had nursed the index
child for a mean of 2.5 weeks more than the controls before they
were interviewed and their breast milk sample obtained for PCB
analysis. This difference was due to the fact that some of the
Mohawk women recruited early in the study period and from the
pilot study participated in the project at more than one month
post-partum. The majority of Mohawks, however, were interviewed
within the same one month time frame as the controls, as
evidenced by the fact that the median duration of breast-feeding
the index child was four weeks for both groups.

In general, the Mohawk mothers reported healthier lifestyles
than the controls. They were less likely to smoke cigarettes,
drink alcohol, or use prescription drugs other than vitamins and
iron, and drank fewer cups of regular coffee per week. Although
differences in reporting tendencies cannot be ruled out, it is
likely that these data reflect a greater concern for and
awareness of health-related behaviors among the Mohawks who
participated relative to the controls.
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Given the depressed economic climate at Akwesasne, it is not
surprising that the Mohawk women were five times less likely than
the control mothers to have ever worked outside the home. The
greater availability of jobs in the entertainment, recreational,
and public administration industries probably accounts for the
greater frequency of these positione among the Mohawks relative
to the controls. The fact that the Mohawks were less likely to
have been employed in the manufacturing industries led to their
having had little workplace exposure to hazardous agents. In
general, few Mohawk or control women were occupationally exposed
to PCBs, according to either self-report or a review of the job
titles by an industrial hygienist.

je osu

As expected, the Mohawk participants were more likely than
the controles to report having eaten locally caught freshwater
fish, especially more than one year before the index pregnancy.
The only exception was trout, which is wmore readily available in
the cold water streams, rivers,; and lakes of Warren and Schoharie
Counties than it is in the warmer waters of the St. Lawrence
River. Yellow perch was the species most preferred by the
Mohawks, with a frequency of consumption at least twice that of
any other species. This preference may be due to availability as
well as taste. Brown bullhead was the second most preferred
species. Even though the frequency of consumption was
considerably lower than that for yellow perch, the eating of
brown bullhead is of potential significance because it was the
most contaminated of the five species examined (Sloan and Jock,
1990) .

Unlike the controls, the Mohawk mothers reported a
substantial decline in the amount of local fish that they
reported consuming over time. That is, the mean total number of
local fish meals declined from approximately two per month more
than 1 year before the index pregnancy to less than 0.5 per month
during pregnancy. This decrease is probably related to the
advisories that have been issued by Mohawk, state, and federal
agencies over the past decade against the eating of any fish from
that area of St. Lawrence River by women of child-bearing age
(St. Regis Mohawk Environmental Health Services, 1985; NYSDEC,
1989; NYSDOH, 1991). It attests to the concerns of the mothers
about the potential effects of such exposure on their children
and their willingness to change their behavior accordingly.
However, the fact that nearly one-half of the Mohawk mothers
still ate yellow perch or other local fish at least once during
pregnancy and that one-eighth did so at the rate of one meal per
month or more implies that further health education efforts are
necessary. These efforts should be coupled with suggestions for
alternative protein sources.

The decline over time in the amount of fish consumed by the
Mohawk mothers is consistent with data collected by Selikoff et
al (1986) in their 1979-80 survey of Mohawk adults at Akwesasne.
A review of their records by NYSDOH and the Mohawk Nation
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revealed a mean of approximately 40 local fish meals per year
during that time (Forti, 1992), a pericd which predates the
current study by six to 11 years. When the estimates for this
project are restricted to only the Mohawk mothers who reported
eating fish, the mean total number of local fish meals increased
to 10 during the index pregnancy, 24 for the year before the
pregnancy, and 38 per year for more than one year pre-pregnancy.
These estimates are comparable to those of other fish-eating
populations in the United States. For instance, Wisconsin
anglers reported eating a mean of 18 sports fish meals per year
in a recent study (Fiore et al, 1989). Earlier studies of Lake
Michigan fish-eaters found means of 33 meals per year (Fein et
al, 1984) and 39 meals per year (Humphrey, 1983}.

The Mohawk women also tended to report eating less local
wildlife over time. On average, however, their frequency of
consumption for wildlife was only one-half and their amount of
consumption was only one-guarter that for local fish. Deer was
the only species eaten with any appreciable frequency, but data
from the Wildlife taminant Mo ing S showed that deer
at Akwesasne have non-detectable levels of PCBs and other
pollutants (Skinner, 1992). 1In contrast, ducks and other
waterfowl had relatively high PCB concentrations, but only eight
Mohawk mothers (14.0%) reported ever eating such species, and
only one woman (1.8%) ever did so at the rate of once a month or
more.

The controls, on the other hand, ate local fish and wildlife
at approximately the same frequency. As a result, they consumed
a significantly greater amount of wildlife (especially deer) than
did the Mohawks at each time period. (Although no contaminant
data are available for wildlife in Warren and Schoharie Counties,
it is reasonable to assume that deer in these areas also have
very low PCB concentrations.) Like the Mohawks, the controls
showed a decline over time in the amount of wildlife that they
consumed.

The estimated dose of PCBs from the consumption of local
fish among the Mohawk mothers exceeded that for p,p'~DDE, mirex,
and HCB by two to three orders of magnitude. This difference is
probably the result of the similarly elevated concentration of
PCBs relative to the other pollutants in the five species of fish
that were examined (cf. Appendix E and Sloan and Jock, 1990).
There was also a substantial decline in the estimated mean doses
of each contaminant over time. This trend is attributable to the
temporal decrease in reported fish consumption among the Mohawks.
Since approximately one-half of the Mohawk mothers did not report
eating fish during pregnancy, the median dose was zero for each *
contaminant. The mean dose of PCB during pregnancy, however, was
17.6 ng/kg/day, implying that some women are continuing to incur
an exposure.

The United Nations' Food and Agriculture Organization and
World Health Organization (FAO/WHO) has established Acceptable
Daily Intakes (ADI) for pesticides and other chemicals typically
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found in foodstuffs (FAQ/WHO, 1976; 1985). The ADI is the
maximum daily intake of a chemical which, during a lifetime,
appears to be without appreciable risk. The FAO/WHO has
recommended an ADI of 20 ug/kg body weight per day for total DDT
complex and 0.6 ug/kg body weight per day for HCB. These values
are at least three to four orders of magnitude higher than any
mean or median dietary dose estimated for the Mohawk mothers.

No ADI has been established for either PCBs or mirex.
Animal studies, however, suggest that low birth weight is among
the most sensitive of responses to PCBs. In one study, for
example, infant rhesus monkeys born to females receiving dietary
doses as low as 30 ug/kg body weight per day had a significantly
lower mean birth weight than infants of controls (not exposed to
PCBs) (Barsotti and van Miller, 1984). This dose is 400 times
higher than the highest estimated mean dose from local fish
consumption for the Mohawk mothers before pregnancy, and more
than 2,000 times their greatest estimated median dose from local
fish consumption before pregnancy.

Barsotti and Van Miller (1984) also reported that the mean
birthweight of infant rhesus monkeys born to females receiving
dietary PCB doses of approximately 10 ug/kg body weight per day
was not significantly different from the mean birthweight of
infant monkeys of females not exposed to PCBs. Dividing this no
observed effect level (NOEL) by an uncertainty factor of 100 to
account for intra- and interspecies variability yields a possible
PCB reference dose of 0.1 ug/kg body weight per day. A reference
dose is an estimate of a dailly exposure for humans, including
sensitive sub-populations, that is likely to be without an
appreciable risk of deleterious effecte during a lifetime (EPA,
1989). Only the estimated Mohawk dose of 0.075 ug/kg/day from
local fish consumption at more than one year pre-pregnancy
approached this value (Table 10). The other mean dietary doses
were only 0.02 and 0.04 ug/kg/day, and every estimated median
dietary dose among the Mohawks was at least eight times lower
than the reference dose.

The estimated PCB doses from fish consumption among the
Mohawks, however, are greater than average dietary intakes in the
United States. For example, market basket surveys conducted by
the FDA indicate a daily intake of PCBs for 25 year old American
women of 0.5 ng/kg body weight (Gunderson, 1988). This value is
equalled or exceeded by every Mohawk fish-eater at every time
period. In contrast, the average doses of p,p'-DDE and HCB from
local fish consumption among the Mohawk mothers do not exceed the
daily dietary intakes of American women for those contaminants
(22.5 and 1.3 ng/kg body weight respectively). (No estimate of
daily dietary intake is available for mirex.)

The mean and median cumulative lifetime exposures to PCB
from local fish consumption among the Mohawks were estimated at
36 and 6 mg respectively. To provide a frame of reference, the
FDA market basket survey estimates that the mean lifetime dietary
intake of PCB for the average 25 year American woman is less than
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1 mg {(Gunderson, 1988). Differences in methodology between the
two studies limit comparisons. For instance, chemical analyses
in the FDA survey were performed on commercially obtained foods
prepared for consumption rather than on raw, unwashed commodities
(Gunderson, 1988), while the fish analyses used in this report
were conducted on uncooked fillets (Sloan and Jock, 1990). Since
methode of preparation and cooking may reduce contaminant
residues by 25% or more (Zabik et al, 1979), the Mohawk estimates
may be inflated. In addition, market basket surveys examine
likely types of food and their frequency in the average American
diet, whereas this study relied on long-term recall regarding
type of food and frequency of consumption. The magnitude of the
differences, however, support the contention that fish
consumption among the Mchawks has increased their lifetime
exposure to PCBs relative to the general population.

Breast Milk a

Although twice as many Mohawk women as controls had milk
total PCB concentrations greater than 1.0 ppm (fat basis), their
overall distributions were similar. The Mohawk and control women
also had similar arithmetic (0.554 and 0.516 ppm, respectively)
and geometric means (0.404 and 0.398 ppm, respectively). These
values are at the low end of the 0.5 to 1.5 ppm range for average
background levels in breast milk from studies in the United
States (Table 38). For example, the two studies of Lake Michigan
fisheaters cited earlier reported medians of 0.82 and 0.74 ppm
(Humphrey, 1983 and Schwartz et al, 1983). A North Carolina
study of nursing mothers had a geometric mean at six weeks of of
age of 1.5 ppm (Rogan et al, 1986a).

Reported PCB levels, however, depend very much on the
standard and peaks selected for quantification (Jensen, 1991b).
If only one to three peaks are selected, the results will be at
least twice as high as if more peaks are chosen. The use of 68
peaks separated by capillary columns as employed in the current
study will yield lower concentrations than those provided by the
older packed column methodelogy, which can separate as few as two
(Rogan et al, 1986a) but generally no more than 12 peaks
(Schwartz et al, 1983). Differences in analytical methods may
therefore contribute to the lower breast milk total PCB levels
observed in this study relative to other investigations, and may
also explain why the total PCB concentrations in the fish
extracts were lower than those reported by Slcoan and Jock (1990).

Interestingly, the PCB levels detected in this study are
approximately 50% less on a whole milk basis than those
previously reported by Bush in his 1977 investigation of 40 women
recruited as walk-in cases from maternity facilities in Albany,
Rochester and Oswego, NY (Bush et al, 1985). These differences
cannot be attributed to differences in analytical methods, since
the same technigues were employed by the same laboratory in both
projects, and the average fat content of the milk samples in each
study were comparable. They suggest a decline in human milk PCB
concentrations for this region over the last decade. Similar
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findings have recently been reported in a small Norwegian study
of mothers who nursed for four months or more compared with data
gathered by the same investigators more than a decade earlier
(Skaare and Polder, 1990).

Much higher concentrations have been observed among Innuit
women of Hudson Bay, Quebec (Dewailly et al, 1989). 1In that
study, the arithmetic mean was 3.60 ppm, versus only 0.77 ppm for
Caucasian women from elsewhere in Quebec. Atmospheric transport
of PCBs into the Arctic regions has contaminated the food chain,
resulting in biocaccumulation (Muir et al, 1988). Unfortunately,
the Innuit people are much more dependent on local fish as a food
source than are the Mohawks or the general North American
population. For example, the mean amount of fresh water fish
consumed by the Innuit women during pregnancy was 18 meals per
month, compared to less than 0.5 per month for the Mochawks. In
addition, they ate seals and marine mammals at the rate of 10
meals per month, and these species are even more contaminated
with PCBs (Addison and Smith, 1974). Such heavy consumption of
contaminated fish and sea mammals is probably the main pathway of
exposure among the Innuit, and it explains why they have among
the highest milk PCB concentrations ever reported for non-
occupationally exposed women. In contrast, the currently limited
rate of local fish consumption by the Mohawks probably is the
major reason why their milk PCB levels are not elevated relative
to the controls or other populations.

The Mohawk and control women also displayed milk PCB
congener patterns that were similar to each other and to those
observed in other studies. For instance, the three congeners
present in the greatest concentrations were: 1) 2,4,5,2',4',5'-
hexachlorobiphenyl (IUPAC # 153), 2) 2,3,4,2',41,5'~
hexachlorobiphenyl (IUPAC # 138), and 3) 2,4,5,4'-
tetrachlorobiphenyl (IUPAC # 74). These are also the three
congeners found in the greatest concentrations in most other
investigations, and, as observed in this project, jointly account
for about 30% of the total PCB residue in human milk (Safe et al,
1985). The greater concentrations of the more highly chlorinated
congeners, those with chlorine atoms substituted in the 4,4'
positions, and those without two adjacent unsubstituted carbons
probably results from the greater resistance of these congeners
to biotransformation by the cytochrome P-450 dependent mixed-
function oxidase (MFO) system and other drug metabolizing enzymes
(Parkinson and Safe, 1987).

The only congener to show a statistically significant
difference between the Mohawk and control women was 2,5,3'-
trichlorobiphenyl (IUPAC # 26). Like many of the lower
chlorinated congeners, it is not typically found in human milk
because it is relatively easily metabolized and excreted. As a
result, the gecometric means were low (less than 1 ppb (fat basis)
for both the Mohawks and controls) and approached the limit of
quantification. However, twice as many Mohawks had detectable
concentrations than did the controls (56.1% versus 2B.4%, p <
0.001). 2,5,3'=trichlorobiphenyl is present in Aroclor 1248, the
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suspect commercial mixture at the General Motors, ALCOA, and
Reynolds facilities, and it accounted for about 2% of the total
PCB residue in yellow perch caught at the mouth of the unnamed
tributary near the General Motors facility. It is generally not
considered to be biologically active (McFarland and Clark, 1989).
However, recent animal experiments suggest that some of the
lightly chlorinated, ortho-chloro-substituted congeners may be
neurctoxic, so 2,5,3'-trichlorobiphenyl and similar compounds may
be more significant than previously thought (Seegal et al, 1990;
1991).

Regarding potential toxicity, both the Mohawk and control
samples exhibited geometric mean milk concentrations of
2,4,5,3',4"'-pentachlorobiphenyl (IUPAC # 118) and 2,3,4,2',4',5'-
hexachlorobiphenyl (IUPAC # 138) of nearly 20 ppb (fat basis)
each, and of 2,3,4,3',4'-pentachlorobiphenyl (IUPAC # 105) of 2
ppb. The first two congeners are commonly found in human milk,
while the third is not (Safe et al, 1985). These congeners are
mono- or di-ortho-chloro-substituted derivatives of the highly
toxic coplanar PCB congeners (McFarland and Clark, 1989).
Although less potent than 2,3,7,8-TCDD and their parent coplanar
congeners, they also can bind to Ah receptor sites, and induce
cytochrome P-450 activity of a mixed-type (Parkinson and Safe,
1987). This means that they posseses the inducing properties of
both phenobarbital and 3-methylcholanthrene, the two model
chemicals used to characterize the action of MFOs. The ability
of xenobiotics to induce MFOs correlates well with their toxicity
(Parkinson and Safe, 1987). These congeners have been rated by
McFarland and Clark (198%) as Group 1 or high priority, given
their toxicity and presence in environmental media. (Other Group
1 congeners also may be present in the Mohawk and control
samples, but they can not be separated analytically with the
fused silica column from neighboring congeners. However, a new
technique has recently been developed by Dr. Bush and his
colleaques to isolate and determine these congeners using porous
graphitic carbon (Hong et al, in press)).

B ilk PC Back cte

Women who reported nursing their previous children had
lower milk total PCB levels (Table 39). Previous lactations are
likely to deplete the adipose stores, resulting in lower levels
in the milk fat (Jensen and Slorach, 19%1a). Breast milk total
PCB concentrations also increased with maternal age, especially
in the multiple regression analysis. This association was not
evident in the bivariate analysis, since previous breast-feeding
and maternal age were positively related but had opposite effects
on PCB levels. The increase with age probably reflects the
greater cumulative lifetime exposure of older women to PCBs.
These findings are similar to the results of other studies (Rogan
et al, 1986a; Drijver et al, 1988). No significant association
wags observed for parity, probably because any effect was
predominantly mediated through previocus breast-feeding. The
bivariate analyses revealed a tendency for breast milk total PCB
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to increase with alcohol consumption and decrease with
prescription vitamin use, but neither variable was significant in
the multiple regression analysis. Some studies have shown an
alcohol effect (Rogan et al, 1986a), but none have reported a
relationship with vitamin use. No significant association with
occupation was detected, probably because so few mothers had
workplace exposures.

Breast Milk PCB and Local Fish Consumption

The relationship between local fish consumption among the
Mohawk mothers and their milk total PCB concentrations varied
according to when the index child was born. Statistically, this
finding was represented as a significant interaction between time
period and cumulative lifetime exposure to PCBs from fish
consumption. A positive association was evident for fish-eating
among mothers early in the study, but by 1990 there was no
apparent effect (Table 40). That is, among the 19 Mohawk mothers
who gave birth from 1986 to 1989, those with a estimated
cumulative lifetime exposure to PCBs of more than 6 mg from the
consumption of local fish had a geometric mean milk total PCB
concentration that exceeded the value of those who did not eat
local fish by nearly 75%. It was also about 67% higher than the
adjusted geometric mean for the 52 controls who gave birth at the
same time. Four of the Mohawk mothers who participated during
this peried had an estimated cumulative lifetime dietary exposure
of 50 mg or more, and their adjusted geometric mean milk PCB
value exceeded that of Mohawk women who did not eat local fish by
100%. The relationship with fish consumption strengthened when
the data were restricted to the eight controls and six Mohawks
who gave birth during the first three years of the project (1986
to 1988). These findings are consistent with those of Selikoff
et al (1986), who found a positive association between mean serum
PCB level and local fish consumption in their 1979-80 survey of
adults at Akwesasne.

No such association was detected in 19%90. Both groups of
fish-eating Mohawks had lower adjusted geometric mean milk total
PCB concentrations relative to their counterparts in 1986 through
1989, especially the low exposure category (less than or equal to
6 mg). The Mohawks who did not report ever eating fish, however,
showed a non-significant elevation compared to the value for that
group in 1986-89, while the controls had little change. The
result was that the Mohawks who never ate fish had a
significantly higher adjusted geometric mean than the low
exposure group in 1990. Some of this difference was due to one
woman who had a milk total PCB concentration of 2.07 ppm, the
second highest value of any Mohawk in the study. She was a
Cornwall Island resident for most of her life. Deleting her from
the analysis reduced the adjusted geometric mean for this group
by 20% to 0.482 ppm. This value is still somewhat greater than
that for the other categories, so it may also reflect the
occurrence of some as yet undetermined exposure among those
Mohawk mothers who gave birth in 1990 and did not eat fish.
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Of the five congeners found to be significantly elevated
among Mohawk fish-eaters from 1986-1989, all except
2,3,5,2',4',5'-hexachlorobiphenyl (IUPAC §# 146) were found in
fish taken near the General Motors facility. (2,3,5,2',4',5'-
hexachlorobiphenyl is more typical of Aroclors 1254 and 1260 than
1248, and may be indicative of background contamination.) On
average, the four other congeners each accounted for 2 to 3% of
the total PCB residue in yellow perch from that area. They
included 2,4,5,3',4'-pentachlorobiphenyl (IUPAC # 118). As noted
earlier, it is a mixed-type inducer considered to be a Group 1,
high priority congener by McFarland and Clark (1989). Another
congener present in the fish and elevated among the Mohawk fish-
eaters was 2,4,5,2',4'-pentachlorobiphenyl (IUPAC # 99). It is a
phenobarbital-type inducer rated as Group 2. These congeners are
considered to be less toxic than Group 1 but are still of
environmental and biological significance (McFarland and Clark,
1989) .

The other two congeners were 2,5,3'-trichlorobiphenyl (IUPAC
#26) and a mixed peak consisting of 2,2'- and 2,6-
dichlorobiphenyl (IUPAC # 4 and 10, respectively). The geometric
mean concentrations of 2,5,3'-trichlorobiphenyl and the mixed
dichlorobiphenyl peak were approaching the limit of
quantification. The high exposure Mohawks, however, had greater
proportions of samples with detectable concentrations of both
compounds than did the controls (71.4% vs 19.3%, p = 0.003 for
2,5,3' and 28.6% vs 13.5%, p = 0.297 for 2,2' and 2,6). As noted
earlier, 2,5,3'-trichlorobiphenyl is not considered to be
biologically active, nor are 2,2'- and 2,6-dichlorobiphenyl
(McFarland and Clark, 1989), but recent animal data suggest that
lightly chlorinated, ortho-substituted congeners may be
neurotoxic (Seegal et al., 19%0; in press).

A supplemental analysis was also undertaken of 2,4,4'-
trichlorobiphenyl (IUPAC #28), 2,4,3',4'-, and 2,5,2',5'-
tetrachlorobiphenyl (IUPAC # 66 and 52), the three congeners
which are the most highly concentrated in fish collected near the
General Motors facility. Although the differences were not
statistically significant, the high exposure Mohawks did have
elevated geometric means in 1986-89 for each of these three
congeners relative to the controls and Mohawks who did not eat
fiesh. Differences among congeners in uptake and retention may be
responsible for the lack of a statistically significant effect.
In general, however, the pattern of the milk PCB congener data
from 1986-89 supports the contention that the consumption of
waste-site contaminated fish did increase body burdens among the
Mohawk participants who gave birth during that period.

The positive association with breast milk PCB levels early
in the study period and the lack of an association beginning in
1990 is probably the result of the fact that Mohawk women who
participated in 1990 were less likely to eat local fish during
their pregnancy than were the earlier mothers. That is, Mohawk
participants in 1990 reported a mean of 2.7 local fish meals
during pregnancy, versus 8.0 meals for those who gave birth in
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1986-89. The time-dependent nature of the relationship is
consistent with the notion that the reported decrease in fish
consunption among the Mohawks hae reduced current exposures to
levels that are insufficient to cause a detectable increase in
body burden. In contrast, many Mohawk women did experience
relatively high exposures from fish consumption in the past.
However, it is likely that the detectable impact of these
previous exposures on body burden also has diminished over time.
On average, 18 years have passed since the Mohawk mothers
reported first eating fish. This is probably a sufficiently long
period of time for several half-lives to have transpired, since,
at least in human serum, half-lives have been estimated to be no
more than 3 years for lower chlorinated (Aroclor 1242) and 7
years for higher chlorinated (Aroclor 1254) congeners (Phillips
et al, 1989).

A time-dependent effect for fish consumption also is
consistent with the results of other recent studies. For
example, although the number of sport-caught fish meals in 1985
and concurrent serum PCB levels were positively correlated in the
study of Wisconsin anglers noted earlier (Fiore, 1989),
approximately 80% had serum concentrations similar to general
population levels (Kimbrough, 1991a). Women in the study also
had mean serum concentrations that did not differ from those for
other groups of women elsewhere in the state (Anderson, 1990).
Similarly, a random sample of New Bedford, Massachusetts
residents had serum PCB concentrations typical of the general
population (Miller, 1991), despite the fact that the harbor is
extensively contaminated, sport fishing is prevalent, and a
previous study had detected elevated serum levels among fish-
eaters seven years earlier (Telles, 1982).

Breas nd Resj sland

Cornwall Island was the only residential location positively
associated with breast milk PCB. Women who had lived there for
at least one of the past 10 years had an adjusted geometric mean
total PCB concentration that exceeded by 60% the mean for Mohawk
vomnen from elsewhere on the Reserve and by 40% the mean of the
control women. Duration of residence on Cornwall Island also was
related to breast milk PCB levels, since women who lived there
for 6 years or more had a higher adjusted geometric mean than
women who lived there for one to five years. It was not due to
increased fish consumption by Cornwall Island mothers, since even
Mohawks who did not report eating fish had higher geometric means
if they lived on Cormwall Island. In fact, from 1986-89, the
Cornwall Island residents were less likely to have reported ever
eating local fish than were other Mohawk women, so controlling
statistically for fish consumption only served to strengthen the
effect of living on the Island. Unlike local fish consumption,
the association with Cornwall Island residence was not time-
dependent -- the levels among residents who gave birth in 1990
were as high as those who gave birth earlier.
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Cornwall Island residence was significantly associated with
a wide variety of congeners. About one-third were lower
chlorinated compounds characteristic of Aroclor 1248, the suspect
commercial mixture at the General Motors, ALCOA, and Reynolds
facilities. They included 2,5,3'-trichlorobiphenyl. This
congener was again present at concentrations that approached the
limit of quantification, but it was much more likely to be
detected in the milk of Mohawk mothers from Cornwall Island than
the controls (70.0% vs 28.4% respectively, p < 0.001). The other
congeners found to be relatively high among the Cornwall Island
residents were the heavier chlorinated congeners more typical of
Aroclors 1254 and 1260, e.g., 2,4,5,3'4'-pentachlorobiphenyl and
2,4,5,2',4' ,5'~-hexachlorobiphenyl (IUPAC # 153) respectively.
Lake Ontario is contaminated with Aroclors 1254 and 1260, which
has resulted in high baseline levels in the St. lawrence River
(Sloan and Jock, 1990). Local point sources as yet undiscovered,
however, may also be contributing. Of potential toxicologic
significance is the fact that Cornwall Island residents had
relatively high concentrations of some mixed-type inducers rated
by McFarland and Clark (1989) as Group 1, e.9., 2,3,4,3',4'- and
2,4,5,3',4'- pentachlorobiphenyl.

The congener pattern in the milk of women from Cornwall
Island suggests that they have been exposed to PCBs from multiple
sources. Unfortunately, with the information currently available
it is not possible to identify these sources. Because only one
of the twenty Cornwall Island residents did not report drinking
well water (she drank bottled water), one can not conclude that
well water is the pathway responsible. Detailed environmental
data are necessary to relate the breast milk concentrations to
PCB levels in the air, soil, locally grown agricultural products,
ground water, and surface water of the Island. The U.S. EPA and
the NYSDEC have not conducted such sampling because Cornwall
Island is in Ontario, and consequently outside their
jurisdiction. The Mohawk Nation has done some limited sampling
of so0il and drinking water, but it has not found elevated levels
(Lickers, 1992).

Geographically, Cornwall Island is located in the center of
the St. Lawrence River, opposite the General Motors and Reynolds
facilities on the American side and the city of Cornwall,
including its paper mill and other industries, on the Canadian
side (Figure 1). It is also downstream of ALCOA. In other
words, Cornwall Island is located at the confluence of several
known or potential point sources of PCBs, in addition to the high
baseline PCB contamination of the St. Lawrence River. Any or
all of these sources could be contributing to the elevated milk
PCB concentrations observed among women who lived on the Island.
For example, wind-rose data indicate that dusts which could
contain PCBs may be transported atmospherically from the General
Motors and Reynolds sites in the direction of Cornwall Island
(Jock, 1992). Fish data from Sloan and Jock (1990) and an
earlier Canadian study (Selikoff, 1986) revealed elevated PCB
levels in species taken from the North Channel of Cornwall Island
(opposite the city of Cornwall and its environs), suggesting the
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possibility of a Canadian point source. Historically, Cornwall
Island was also the site of chronic fluoride poisoning in cattle
arising from emissions at the Reynolds facility (Krook and
Maylin, 1979). Much more environmental sampling would be needed
for PCBs, however, focusing on the parts of the Island inhabited
by the mothers with the highest levels, to better determine the
significance of potential sources and the pathways that may be
resulting in human exposure to contaminants.

Breas i and Othe ironm isk Factors

Despite the high levels of PCBs and other contaminants
detected in various waterfowl by Skinner, 1992, the Mohawk
mothers who reported eating local ducks did not have elevated
milk PCB levels. Although the species actually consumed by the
women may not have been those found to be contaminated, the most
likely explanation is that ducks and other waterfowl were not
eaten with sufficient frequency by study participants. As noted
earlier, only eight Mohawks reported ever eating local duck, and
only one ever did so at the rate of one meal a month or more.

There was variability in the milk total PCB concentration of
the Mohawk mothers according to their drinking water source, with
women who lived in some areas of the Reserve and who reported
drinking well water or untreated water from the St. Lawrence
River having higher levels. The small numbers of such women,
however, precluded multivariate analysis and render an
interpretation of such findings difficult. These data
nevertheless support the use of the recently installed public
water supply as an alternative to well water or untreated water
from the St. Lawrence River.

The final regression model for breast milk total PCB
included cumulative lifetime exposure from fish consumption, time
period, the interaction of fish consumption and time period,
Cornwall Island residence, maternal age, and previous breast-
feeding. It explained 18% of the variance in breast milk total
PCB concentration. An R? of this magnitude is typical of
observational studies; it implies that other factors, together
with random variation, may also be contributing to the milk PCB
levels of the Mohawk and control mecthers.

Breast Milk p,p'—-DDE, HCB, and Mirex

The Mohawk mothers had higher geometric mean breast milk
concentrations of p,p'-DDE, HCB, and mirex than the controls, but
only mirex was statistically significant. The latter finding is
not unexpected, given the contamination of Lake Ontario and the
St. Lawrence River with mirex by Hooker Chemical (Skinner, 1992).
Both the Mohawks and controls had lower average concentrations of
p,p'-DDE and HCB than the arithmetic means of 1 ppm and 0.03 ppm
typical respectively for those contaminants in most studies of
the United States and other industrialized countries (Jensen,
1991b). Differences in analytic methods and in the frequency of
the use of these chemicals in different regions may be partially
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responsible. There are few studies of mirex available for
comparison. Bush et al (1983b), however, did find levels
similar to the Mohawks on a whole milk basis in their previously
cited maternity clinic study, especially among women from the
cities of Rochester and Oswego, NY, which border Lake ontario.

Previous breast-feeding and maternal age showed the same
relationship to p,p'-DDE that they did with total PCB -- women
who had nursed their previous children had lower milk
concentrations and older mothers had higher concentrations.

There also was a tendency for mothers who had nursed the index
child for a longer period of time to have had higher p,p'-DDE
levels. The direction of this finding is opposite that for
previous breast-feeding and contradicts data from other studies
(Rogan et al, 1986a). The magnitude of the association was weak,
so it could be a chance finding. However, since most of the
mothers had nursed the child for only a few weeks before
interview, it may reflect a transient increase due to a change in
the equilibrium between the fat stores and other body
compartments. Maternal weight and body mass before pregnancy
showed a positive relationship with p,p'-DDE levels in the
bivariate analysis, but were not significant in the multiple
regression analysis.

Only maternal height was significantly associated with
breast milk mirex concentrations in the multiple regression
analysis. Taller mothers had lower concentrations. Some studies
have shown an inverse relationship between organochlorines in
human milk and weight (Miller et al, 1979), but none have
reported such an association with height. It may be a chance
finding. Women who drank more alcohol before their pregnancy
tended to have higher milk mirex levels in the bivariate
analysis, but the effect was not significant in the multiple
regression analysis. No background variable was related to
breast milk HCB in either the bivariate or multivariate analyses.

Mirex showed the same time-dependent association with local
fish consumption as did total PCB, i.e., adjusted geometric mean
milk concentrations rose with estimated dietary exposure among
women who gave birth in 1986-89, but Mohawks who did not eat fish
had the highest mean in 1990. (Deleting the same outlier who
also contributed to the relatively high PCB level of the latter
group reduced their mean mirex level by 27%). Mirex was also
related to Cornwall Island residence, with women who had lived
there at least one of the last 10 years having an adjusted
geometric mean that was 50% greater than other Mohawk mothers.
The difference increased to three-fold when women who had lived
on the Island for six or more years were compared to non-resident
Mohawks. FEven Mohawks who had never lived on Cornwall Island,
however, had significantly higher adjusted geometric mean
concentrations of mirex in their milk than the controls. As with
total PCB, the effects of fish consumption among those who gave
birth in 1986-89 and residence on Cornwall Island were
independent.
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The comparability of results for total PCB and mirex is not
unexpected, since the milk concentrations of the two contaminants
were positively correlated with each other (r = 0.62 for the
Mohawks and r = 0.47 for the controls). It suggests that similar
mechanisms of exposure are operating for the two chemicals.
However, the finding that milk mirex concentrations were higher
even among Mohawks who did not live on Cornwall Island implies
that additional pathways may be occurring. Further environmental
sampling is necessary to help identify them.

Mohawk women with relatively high exposures to p,p'-DDE from
the consumption of local fish also had significantly higher
adjusted breast milk concentrations of that pesticide relative to
the controls. This result suggests that the consumption of local
fish by the Mohawks elevated their body burdens of p,p'-DDE. It
is consistent with the results of the dietary exposure
assessment, which indicated that the average daily intake and
cumulative lifetime exposure of p,p'-DDE from the consumption of
St. Lawrence River fish was second only to PCB among the
chemicals examined. Other studies have observed a similar
relationship (Noren, 1983; Rogan et a}l, 1986a). Unlike total PCB
and mirex, however, there was no significant interaction with
time period. 1In other words, the high exposure Mohawks had
elevated adjusted geometric means in 1990 as well as in 1986~
1989. Structurally, p,p'-DDE more closely resembles the higher
chlorinated than lower chlorinated congeners, so it may be more
persistent in the body than total PCB, which includes enhanced
proportions of the lower congeners when the source is St.
Lawrence River fish.

There also was the tendency for Cornwall Island residents to
have higher adjusted geometric mean milk concentrations of p,p'-
DDE relative to other Mchawk women and the controls. Unlike
total PCB and mirex, however, the differences were not
statistically significant. This discrepancy may be the result of
the greater variability of the breast milk p,p'-DDE measurements
== the coefficient of variation for p,p'-DDE was 164 among the
Mohawks and 109 for the controls, versus less than 100 for the
other compounds in both groups.

Breast milk levels of HCB were not related to any exposure
variable. The lack of an association with local fish consumption
is consistent with the low levels of HCB detected in fish samples
and the correspondingly low dose estimates for HCB from fish
consumption among the Mohawks. HCB was detected in the fat of
snapping turtles and common mergansers in the Wildlife
Contaminant Monitoring Study (Skinner, 1992), but the lack of
consumption of these species by the Mohawk mothers in the study
precluded such an exposure. HCB has been found in sediments and
water samples taken around the ALCOA and Reynolds sites,
presumably because it is used as a fluxing agent in aluminum
smelting and as a porosity control agent in the manufacture of
carbon anodes (Skinner, 1992). Further consideration of possible
routes of exposure to HCB among the Mohawks may therefore be
warranted, despite the lack of any significant findings to date
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regarding breast milk concentrations of this compound.
atio u

PCBs exert a wide range of toxic effects upon laboratory
animals, including chleracne, liver damage, cancer,
immunosuppression, reproductive effects, and neurcbehavioral
dysfunction (Larsen, 1991). Using these data to evaluate the
risk for PCBs in human milk, however, is particularly difficult,
not only because of the usual problems of high to low dose
extrapolation and cross~species comparisons, but also because
most of the animal experiments have been performed with
commercial PCB mixtures, which contain different congeners than
those present in human milk (Hansen, 1987).

Relatively high human exposures occurred in the Yusho, Japan
1968 episode of mass poisoning due to the ingestion of a rice oil
which was contaminated with PCBs and their thermal degradation
products, including polychlorinated dibenzofurans (PCDFs). A
fetal syndrome, consisting of dark brown pigmentation of the skin
and mucous membranes, gingival hyperplasia, fetal growth
suppression, precocious dentition, and abnormal calcification of
the skull has been described in the Yusho incident (Rogan, 1982;
vamashita and Hayashi, 1985). Children exposed gestationally or
lactationally alsoc showed developmental, behavioral, and
neurolegical disturbances which persisted for several years after
birth (Harada, 1976). Similar findings were reported for the Yu-
cheng accident in Taiwan in 1979, which also entailed significant
PCB and PCDF exposure from contaminated rice oil (Rogan et al,
1988; Hsu et al, 1988; Yu et al, 1991).

There have been two major studies of the effects of lower
level PCB exposure on infants. One is the prospective,
longitudinal examination cited earlier of the children of women
who ate Lake Michigan fish (Jacobson et al, 1983; Schwartz et
al, 1983; Jaccbson 1984a). Higher levels of maternal fish
consumption and higher cord serum PCB concentrations were
associated with decreased birth weight and shorter gestation in
this study (Fein et al, 1984). Higher levels of maternal fish
consumption also were related to neonatal hyporeflexia and poorer
visual recognition memory at age seven months (Facobson et al,
1984b;: Jacobson et al, 1985). Increased cord serum PCB levels
were associated with decreased performance on short-term memory
tests at four years, as well as lower body weight at age four
(Jacobson et al, 1989; Jacobson et al, 1990a; Jacobson et al,
1990b) .

The second major study is the previously referenced
investigation of breast-fed children in North carolina (Rogan and
Gladen, 1983; Rogan and Gladen, 1985; Rogan et al, 1986a; Rogan
et al, 1587). In this study, infants with higher in utero
exposure to PCBs were more likely to exhibit neonatal
hyporeflexia and hypotonia (Rogan, et al, 1986b) . Infants with
higher in utero exposure to DDE were also more likely to exhibit
neonatal hyporeflexia (Rogan et al, 1986b). Higher prenatal
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exposures to PCBs were associated with poorer performance on
tests of psychomotor coordination at six, twelve, eighteen and
twenty-four months (Gladen et al, 1988; Rogan and Gladen, 1991).
Neither lactational exposure to PCBs nor in utero nor lactational
exposure to p,p'-DDE had a detectable behavioral effect at ages
six to twenty-four months (Gladen et al, 1988; Rogan and Gladen,
1991).

A subset of these North Carolina children were reexamined
with the McCarthy Scales of Children's Abilities at age 3,4, or
5, and were requested to send copies of report cards for school
performance, but neither outcome measure was affected by
gestational or lactational exposure to PCBs or p,p'-DDE at these
ages (Gladen and Rogan, 1991). The authors hypothesized that the
lack of persistent deficits may be due to: 1) the children having
recovered; or 2) as they have grown, their relatively fixed body
burdens have declined by dilution and the concentration of
chemicals at some critical site has fallen below threshold
levels.

The Michigan and North Carolina studies are consistent in
their findings of subtle neurobehavioral deficits among children
born to women with relatively high PCB body burdens, up to two
vyears and four years of age respectively. Both studies, however,
have concluded that most of the effects were related to prenatal
exposure as PCBs crossed the placenta and were not associated
with postnatal exposures from breast milk. The only exception
was in the Michigan study, where a slight reduction in a
composite subjective measure of activity at 4 years of age was
observed among children of women with higher than average milk
PCB levels who breast-fed for at least one year (Jacobson,
Jacobson and Humphrey, 1990b). ©No study has linked nursing to
overt illness among infants at the low milk contaminant levels
observed in this and most other studies (Kimbrough, 1991b).

The average concentrations of PCBs and the other
contaminants analyzed in this study nevertheless are 10 to 20
times greater in the milk of the Mohawk and control women than
they are in cow's milk and infant formula {(Jensen and Slorach,
1991c). It is probable that both the Mchawk and control infants
consequently were more highly exposed toc these pollutants as a
result of their nursing than are bottle-fed infants. In fact,
one can use the data from this report to estimate their average
daily intake of PCBs at 2 ug/kg body weight, a value which
exceeds the reference dose. Such findings are similar to those
of most other studies of chemical contaminants in human milk
(Jensen and Slorach, 1991b).

The usefulness of reference doses and ADIs for assessing the
health risks of nursing, however, may be limited by the fact that
infants and young children differ from adults anatomically,
phy51olog1ca11y, biochemically, metabolically, and behaviorally.
These differences can affect their exposure to and health risks
from environmental chemicals (WHO, 1986). Reference doses and
ADIs, which are typically based on exposures experimentally
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administered to adult animals, attempt to take these differences
into account through the use of uncertainty factors and other
procedures, but the validity of this approach remains unknown
(Hallenback and Cunningham, 1988).

Caution must be exercised regarding health implications, and
the possibility of long-term effects can not be ruled out.
However, since the period of exposure is relatively short,
nursing is estimated by the WHO to account for less than 5% of
the total lifetime intake of these chemicals (Grandjean, et al.,
1988). As the natural foodstuff for newborn and small infants,
breast milk also has well recognized immunoclogic, psychologic,
nutritional, and economic benefits (Hofvander, 1991). The WHO
has concluded that these benefits outweigh the risks from
chemical contaminants at the low levels found in this and most
other studies (Grandjean et al, 1988).

ure siderations

The current study focused on PCBs, given their relatively
high concentrations in environmental media, fish, and wildlife in
the study area. Ubiquitous organochlorine pesticides or their
metabolites such as p,p'-DDE and HCB were also examined, as well
as mirex, which is more specific to Lake Ontario and the St.
Lawrence River. However, other chemicals of potential
environmental and biologic significance need to be addressed.
These include the polychlorinated dibenzo-p-dioxins and
dibenzofurans (PCDD/Fs). Elevated levels of these compounds have

been reported in both the Fish and Wildl Contaminant
Monitoring Studies, especially in the vicinity of the General

Motors, Reynolds, and ALCOA facilities (Sloan and Jock, 1990;
Skinner, 1992). .According to Sloan and Jock (1990), the Toxic
Equivalency Factors (TEFs) for considering the combined PCDD/F
toxicities among persons who eat local fish exceeded the
guideline of 10 parts per trillion (ppt) set by NYSDOH for the
protection of human health.

High baseline conditions of mercury contamination exist in
fish and wildlife in the study area (Sloan and Jock, 1990;
Skinner, 1992). Microorganisms convert mercury into organic
forms such as methylmercury which can concentrate in fish, and
these compounds are well known neurotoxins that can affect
infants exposed prenatally (Clarkson, 1990).

Another class of compounds of potential concern are the
polycyclic aromatic hydrocarbons (PAHs). These chemicals were
not detected in the Figh or Wildlife Contaminant Monitoring
Studjes, but have been found in relatively high concentrations in
sediment samples collected off-shore from the Reynolds site
(O'Keefe, 1992). They are probably derived from the pitch used
at that facility. PAHs such as benzo-a-pyrene have been
associated with increased cancer incidence among employees of
coke ovens and aluminum reduction plants (Lloyd, 1971; Gibbs,
1979, 1985). Future studies should examine exposure among the
Mohawks to these and other chemicals assoclated with local
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industrial facilities in both the United States and Canada.

The current project emphasized fish consumption, given the
importance of this pathway in other studies of organochlorine
exposure (Jensen and Slorach, 1991a). The data, however, suggest
that fish consumption may no longer be significantly contributing
to body burdens of these chemicals among the Mohawks, probably
because their current consumption rates are so low. Future
efforts should focus upon congener-specific exposure from the
ingestion of other locally obtained foodstuffs, as well as
through inhalation and dermal contact. Examination of these
potential pathways will require detailed environmental
assessments of contaminant levels in air, soil, and water near
the residences of study participants. Such efforts should focus
upon Cornwall Island and other areas of the Reserve that to date
have not been well characterized environmentally.

It is also unclear to what extent Mohawk infants are being
exposed to these contaminants. As noted previously, one can use
the milk PCB data to estimate that nursing infants at Akwesasne
receive a dose of PCBs of approximately 2 ug/kg body weight per
day, but direct measurements of contaminant concentrations in the
infants would be helpful. Such measurements, however, should be
obtained non-invasively if possible, using readily obtained
fluids such as urine instead of blood. Dr. Bush and his
associates are developing such a method using cloth diapers as a
collection device. Comparisons of contaminant concentrations in
bottle-fed and breast-fed infants would also be useful. Cord
blood samples should be obtained, analyzed, and then compared
with breast milk contaminant levels to determine the relative
contributions of pre-natal and post-natal exposures. Repeated
measurements of breast milk contaminant concentrations over the
duration of lactation would provide for an estimate of the
continued dose to the infant, and would also permit an assessment
of whether p,p'-DDE levels in particular continue to increase
over time.

The question of whether these exposures are having any
biologic impact remains unanswered. As discussed previously,
most of the Mohawk mothers have milk contaminant concentrations
that are no greater than those found among the controls or in the
general population, and it is unlikely that such levels would be
associated with any overt symptomatology or cause adverse health
outcomes in either the mother or infant. This conclusion is
consistent with that of Selikoff et al (1986), who found no
evidence of health effects in relation to local fish consumption
among the Mohawk adults they studied in 1979-80. However, subtle
effects cannot be ruled out, especially among those with higher
levels of the more biologically active congeners.

The use of sensitive measures of early bioleogic effect such
as cytochrome P-450 induction may assist in this effort. It is
the earliest and most sensitive indicator of exposure to PCBs and
PCDD/Fs in animal experiments, and correlates well with toxicity
(Parkinson and Safe, 1987). Such activity can be safely and non-
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invasively assessed in humans with the caffeine breath test.

This test uses the rate at which a naturally occurring, non-
radioactive isotope of carbon (l3-carbon) is exhaled to monitor
caffeine clearance by cytochrome P-450 (Kotake et al, 1982). 1In
studies of the polybrominated biphenyl (PBB) cohort in Michigan,
the PCB/PCDF cohort from Taiwan, and the mirex cohort of
southeast Ohio, a direct association has been demonstrated
between enzyme induction and body burdens of these chemicals
(Lambert et al, 1989; Lambert et al, 1990). This innovative test
may be helpful in future studies at Akwesasne.
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CONCLUSIONS

1) Fish consumption has declined dramatically among the

£ Mohawk mothers over time, from a mean of nearly 2 meals per month
more than a year before the index pregnancy to a mean of less
than 0.5 meals per month during pregnancy. This change is
probably related to the health advisories issued by Mohawk, state
and federal agencies against the consumption of any fish from
that area of the St. Lawrence River among women of child-bearing
age. It attests to the concerns of the Mohawk mothers about the
potential effects of such exposure on their children and, their
willingness to alter their behavior accordingly. However, nearly
one-half of the Mohawk mothers still ate local fish at least once
during pregnancy, and one-eighth did so at the rate of once a
month or more. Further health education efforts are necessary to
reach this segment of the population, together with suggestions
for alternative protein sources.

2) Exposure to PCBs from the consumption of local fish,
especially in the past, has resulted in a greater lifetime intake
of those chemicals among the Mohawks relative to women of the
same age in the general U.S. population. 1In contrast, their
intakes of p,p'-DDE and HCB did not exceed U.S. averages. Their
intakes of all three chemicals, however, were below recommended
ADIs and possible reference doses for toxicity.

3) The average and range of concentrations of total PCB,
P.p'-DDE, and HCB in the milk of Mohawk and control women were
similar. Although differences in analytical methods render
comparisons with other studies difficult, the levels observed in
this study were equal to or less than levels reported for other
populations, including those with no unusual exposure to chemical
contaminants. These data suggest that, in general, the body
burdens of these chemicals among the Mohawk women sampled were
similar to those of the general population. The most likely
reason is that the Mohawk mothers are currently consuming very
limited amounts of local fish.

4) Both the Mohawk and control mothers had detectable milk
concentrations of several mono- and di-orthochloro-substituted
derivatives of the coplanar PCB congeners. Although less toxic
than their parent coplanar congeners, these compounds are of
potential biologic significance.

5) The Mohawks did have significantly higher average milk
levels of 2,5,3'-trichlorobiphenyl (IUPAC #26) than did the
controls. The concentrations were low, probably because this
congener is relatively easily metabolized and excreted. However,
it is present in Aroclor 1248, the suspect commercial mixture at
the General Motors, ALCOA, and Reynolds facilities, and has been
detected in fish samples collected at the mouth of the unnamed
tributary near the General Motors site. It is not considered to
be very active biologically, although recent data indicate that
lightly chlorinated, ortho-substituted congeners may be
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neurotoxic in experimental animals.

6) The Mohawks also had a gignificantly greater average
milk concentration of mirex, a known contaminant of Lake Ontario
and the St. Lawrence River. The levels were similar to those
reported previously among maternity clinic patients in the Lake
ontario communities of Oswego and Rochester, NY.

7) Among participants from 1986 through 1989, Mohawk women
with the greatest estimated lifetime exposure to PCBs from the
consumption of local fish had higher average milk total PCB
concentrations than did either the controls or Mohawk women who
did not report eating local fish. This was especially true for
those congeners found in fish taken from the unnamed tributary
near the General Motors site. The same result was observed for
mirex. These differences, however, were no longer apparent
among women who participated in the study in 1990. Such findings
are consistent with other recent studies, which suggest that PCB
levels in fish-eating populations elsewhere are decreasing over
time. This effect is probably the result of the decline over
time in fish consumption, especially during pregnancy, and a
gradual diminution of the overall body burden.

8) Mohawk women who had lived on Cornwall Island for six or
more of the past 10 years had higher milk concentrations of total
PCE and mirex than did either the controls or Mchawk mothers who
had lived elsewhere on the Reserve. This difference was
unrelated to fish consumption and was persistent through the
study period. The reason is unknown, but the PCB congener
pattern in the breast milk of Cornwall Island residents suggests
exposure to multiple sources.

9). There also was a tendency for fish-eating Mohawk mothers
and women who lived on Cornwall Island to have higher breast milk
levels of p,p'-DDE, although the associations were not as strong
as those observed for total PCB or mirex. Breast milk
concentrations of HCB were not related to any exposure variable
or background characteristic.

10) Given the breast milk concentrations observed, it is
very unlikely that either the Mohawk or control women are at
increased risk for adverse health effecte as a result of their
exposure to PCBs, p,p'-DDE, mirex, or HCB. It is probable that
both the Mohawk and control infants were exposed to greater doses
of these chemicals as a result of their nursing than are bottle-
fed infants, and these doses may exceed possible reference doses.
Such findings are similar to those of most studies of chemical
contaminants in human milk. However, exposure to these chemicals
through breast-feeding is estimated to account for less than 5%
of the total lifetime dose, and no study has linked nursing at
these milk contaminant levels to overt illness among infants.
Nursing also conveys well recognized benefits to the infant, and
the WHO has concluded that these benefits outweigh the risks from
chemical contaminante in human milk at the levels found in this
and most other studies.
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Table 1. Means for Selected Baokground Characteristics of study

Participants
Mohawks Controls
Characteristic (N=57)" (N=109)°
Physical
Height (m) 1.64 1.64
Weight (kq)
Before Index Pregnancy 69.63 67.06
During Index Pregnancy 85.61 82.49
After Index Pregnancy 73.27 71.47
Quetelet Index?
Before Index Pregnancy 25.70 24.80
During Index During 31.69 30.50
After Index Pregnancy 27.32 26.42
Sociodemographic
Maternal Age At Index
Birth (Yrs)** 24.96 27.12
Education (Yrs) 12.78 12.51
Marital Status at
Interview (% Married)*+ 45.61 64.2
Reproductive
Total Pregnancies** 2.12 2.87
Total Live Births 1.86 2.22
Duration of Breast-Feeding
Previous Children (Weeks) 28.24 35.06
Duration of Breast-Feeding Index
Child Before Interview (Weeks)#*% 6.91 4.14
Lifestyle
Cigarette Smoking (% Yes)
Before Index Pregnancy#*#* 38.6 56.0
During Index Pregnancy* 22.8 35.8
After Index Pregnancy* 21.1 33.9
Alcohol Consumption (% Yes)
Before Index Pregnancy 56.1 67.9
During Index Pregnancy 21.1 32.1
After Index Pregnancy 21.1 29.4
Cups (8 oz) Regular Coffee/Week
Before Index Pregnancy 7.38 11.62
During Index Pregnancy*# 3.16 6.15
After Index Pregnancy*+ 3.30 8.77
Cups (8 oz) Decaf. Coffee/Week
Before Index Pregnancy 1.42 1.06
During Index Pregnancy 1.91 1.47
After Index Pregnancy 1.66 1.53
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Table 1. Means for Selected Background Characteristics of Btudy
Participants (con't)

Mohawks Controls
Characteristic (H=57)" (N=154)"
Prescription Vitamin or
Iron Use (% Yes)
Before Index Pregnancy 5.3 1.9
During Index Pregnancy 66.7 76.6
After Index Pregnancy 43.9 46.8

Prescription Drug Use
Other than Vitamin or Iron (% Yes)

Before Index Pregnancy 19.3 30.3
During Index Pregnancy* 29.3 34.9
After Index Pregnancy** 7.0 21.1

* p < 0.10 *%* p < 0.01
*% p < 0.05

potal Mohawks < 58 or total controls < 109 for some
characteristics due to missing data.
2ouetelet Index = Weight (kg)/Height? (m).
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Table 2. Number (N) and Percent (%) of Mohawk and Control Women
According to Whether They Were Evaer Employed in Bpecific Occupations
or Industries’

Occupational Mohawks Controls
Category (SOC Codes)? N % N %
Managerial, Professional

(003-199) 1l 33.3 22 22.0
Technical, Sales, Administrative

(203=-389) 24 72.7 61 61.0
Service (403-469)#** 5 14.7 46 4468
Farming, Forestry, Fishing

(473=-499) * 0 0.0 13 13.0

Precision Production, Craft,

Repair (503-699) 0 0.0 9 9.0
Operators, Fabricators,

Laborers (703-889) 6 18.2 22 22.0
Occupation Not Reported

(999) 2 6.1 8 8.0
Industrial
Category (SIC g_c_)des)3
Agriculture,, Forestry,

and Fisheries (010-031) 0 0.0 11 11.0
Construction (060) 0 0.0 6 6.0
Manufacturing (100~392)#%+% 3 8.8 28 28.0
Transportation, Communications,

Utilities (400-472) 2 6.1 3 3.0
Wholesale Trade (500-571) 0 0.0 7 7.0
Retail Trade (580-691)%*%* 12 36.4 58 58.0
Finance, Insurance, Real

Estate (700~712)%* 0 0.0 12 12.0
Business, Repair (721-760) 0 0.0 8 8.0
Personal Services (761-791)%#% 0 0.0 23 23.0
Entertainment, Recreation

(B00=-B02) ** 8 23.5 8 8.0
Professional (812-892) 12 36.4 28 28.0
Public Administration (900-922)*%* B 24.2 6 6.0
Industry Not

Reported (990) 3 8.8 12 12.0

* p < 0.10
*% p < 0.05

! Excludes 43 Mohawk and 20 control
women who were never employed.

? Occupations are not mutually 2
exclusive.

3 Industries are not mutually
exclusive,
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Table 3. HNumber (N) and Percent (%) of Mohawk and Control Women
According to Whether They Ever Reported Selected Occupational

Exposures'
Mohawk Control

Exposure? N % N %
PCBs 2 6.1 1 1.0
Heavy Metals (1] 0.0 2 2.0
Solvents 3 9.1 22 22.0
Radiation 0 0.0 3 3.0
Pesticides 0 0.0 3 3.0
Plastics 0 0.0 3 3.0
Mineral Dusts 1 3.0 1 1.0
Organic Dusts 0 0.0 2 2.0
Other Chemicals 4 12.1 14 14.0
None 23 69.7 59 59.0

1 Excludes 24 Mohawk and 9 control
women who were never employed.
2 Exposures are not mutually exclusive.
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Table 4. Fregquency of Consumption ot Local Fish by Species and
Time Period - Mohawk Women (N = 57)°

Time Period
During 1 Yr or lLess More than 1 ¥r
Frequency and [s) e Pre
N 3 N i N L

Brown Bullhead

None 51 921.1 46 82.1 35 62.5

< 1l/month 5 8.9 10 17.9 18 32.1

> 1/month 0 0.0 0 0.0 3 5.4
Northern Pike

None 56 100.0 54 96.4 50 89.3

< 1/month 0 0.0 0 0.0 4 7.1

2 1/month 0 0.0 2 3.6 2 3.6
Smallmouth Bass

None 53 94.8 49 87.5 42 75.0

< 1/month 2 3.6 4 7.1 9 16.1

2 1/month 1 1.8 3 5.4 5 8.9
Trout

None 56 100.0 54 96.4 53 94.6

< 1/month 0 0.0 2 3.6 3 5.4

2 1/month 0 0.0 4] 0.0 0 0.0
Walleye

None 51 91.1 48 85.7 41 73.2

< 1l/month 4 7.1 7 12.5 13 23.2

> l1/month 1 1.8 1l 1.8 2 3.6
Yellow Perch

None 32 56.1 27 47.4 12 21.1

< 1/month 18 31.6 21 36.8 28 49.1

> 1l/month 7 12.3 9 i5.8 17 29.8
Other Species

None 56 100.0 54 96.4 47 83.9

< 1l/month 1] 0.0 2 3.6 9 6.1

> 1/month 0 0.0 0 0.0 0 0.0
Total Local Fish

None 31 54.4 24 42.1 12 21.1

< 1/month 19 33.3 24 42.1 23 40.4

2 1/month 7 12.3 9 15.8 22 38.6

1Missing data account for a total < 57 in some cells.

65




Table S. Frequency of Consumption of Local Fish by Species and
Time Period - Control Women (N = 109)

Time Period

During 1l Yr or less More than 1 ¥Yr

Frequency and egna ) cy Before edqnanc
Specjes N 3 N 3 N 2
Brown Bullhead

None 106 97.2 101 92.2 100 91.7

< 1l/month 3 2.8 5 4.5 6 5.5

> 1/month 0 0.0 3 2.8 3 2.8
Northern Pike

None 108 99.4 108 99.1 lo8 99.1

< 1l/month 0 0.0 0 0.0 0 0.0

> 1l/month 1l 0.9 1 0.9 1 0.9
Smallmouth Bass

None 91 83.5 94 86.2 97 89.0

< 1/month 11 10.1 7 6.4 5 4.6

> 1/month 7 6.4 8 7.3 7 6.4
Trout

None 83 76.1 79 72.5 74 67.9

< 1l/month 16 14.7 16 14.7 20 18.3

2 1l/month 10 9.2 14 12.8 15 13.8
Walleye

None 108 99.1 lo8 99.1 107 98.2

< 1l/month 0 0.0 0 0.0 1 0.9

> 1/month 1l 0.9 1 0.9 1l 0.9
Yellow Perch

None 102 93.6 100 91.7 101 92.7

< 1/month 6 5.5 5 4.6 4 3.7

2 1/month 1l 0.9 4 3.7 4 3.6
Other Species

None 103 94.5 102 93.6 101 92.7

< 1/month 5 5.5 5 4.6 4 3.7

> 1/month 1 0.9 2 1.8 4 3.7
Total Local Fish

None 70 64.2 70 64.2 64 59.8

< 1/month 20 18.3 20 18.3 22 20.2

> 1/month 19 17.4 19 17.4 23 21.1




Table 6. Mean Number of Local Fish Meals by Species and Time Period -
Nohawk (N = 57) and Control (N = 109) Women

Annually Annually
1 ¥r or less More than 1 Yr
ri a Be e n f Pre
ci wk Q () ohaw (o)

Brown
Bullhead 0.14 0.05 0.35 1.75 3.77 1.04
Northern
Pike 0.00 0.08 0.42 0.11 0.53 0.11
Smallmouth
Bass 0.21 2.57 1.44 3.10 3.09 2.92
Trout 0.00 2.31 0.07 5.93 0.18 5.60
Walleye 0.40 0.08 0.67 0.11 1.09 0.12
Yellow
Perch 3.72 0.23 6.65 1.12 14.53 1.27
Other
Species 0.00 0.48 D.04 0.72 0.32 3.07
Total
Local
Fish 4.47 5.79 9.63 12.75 23.49%%x%% 14,12

*4k% p < 0.001 for Mohawk vs. Control
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Table 7. Freguency of Consumption of Local Wildlife by SBpecies
and Time Period - Mohawks (N = 57)!

Time Period
During 1 Yr or Less More than 1 Yr.

Frequency and Pregnancy Before Pregnancy Before Pregnancy
Species N : N : N_ %
Deer

None 45 78.9 42 73.7 3s 70.9

< 1/month 10 17.6 14 26.1 13 23.6

> 1/month 2 3.5 1 1.7 3 5.5
Duck

None 56 98.2 56 98.2 50 87.7

< 1/month 1l l.8 1 1.8 6 10.5

2 1/month 0 0.0 1] 0.0 1 1.8
Goose

None 57 100.0 56 98.2 55 96.5

< 1/month 0 0.0 1 1.8 4 7.0

2> 1/month 0 0.0 0 0.0 0 0.0
Pheasant

None 57 100.0 56 98.1 50 91.2

< 1/month 0 0.0 1 1.8 4 7.0

> 1/month 0 0.0 1] 0.0 1 1.8
Rabbit

None 57 100.0 57 100.0 50 89.6

< 1/month 0 0.0 0 0.0 1l 7.0

2z 1/month 0 0.0 0 0.0 2 1.8
Other Species

None 57 100.0 54 94.7 42 75.0

< 1/month 0 0.0 3 5.3 12 21.4

> 1/month 0 0.0 0 0.0 2 3.6
Total Local Wildlife

None 44 77.2 39 68.4 34 63.0

< 1/month 11 19.3 17 29.8 17 31.5

> 1/month 2 3.5 1 1.8 3 5.5

1 Missing data account for a total < 57 in some cells.
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Table 8. Frequency of Consumption of Local Wildlife by Species
and Time Period ~ Controls (N = 109)'

Time Period
During 1 Yr or lLess More than 1 Yr.

Frequency and Pregnancy Before Pregnancy Before Pregnancy
Species N 3 N 1 _N %
Deer

None 75 67.5 87 56.5 77 50.3

< 1/month 20 16.9 39 25.3 46 30.1

> l/month 14 15.6 28 18.2 30 19.6
Duck

None 104 96.8 144 93.5 138 89.6

< 1/month 4 2.6 9 5.2 15 9.7

2> 1l/month 1 0.6 2 1.3 1 0.6
Goose

None 107 98.7 153 98.4 139 90.3

< 1l/month 2 1.9 2 1.3 5 3.2

> 1/month 0 0.0 0 0.0 0 0.0
Pheasant

None 107 98.7 153 99.4 139 90.3

< 1/month 2 1.3 1 0.6 13 8.4

2 1/month 0 0.0 o 0.0 2 1.3
Rabbit

None 104 94.8 146 94.8 129 83.8

< 1/month 4 2.6 4 2.6 17 11.0

> 1/month 1 1.3 4 2.6 8 5.2
Other Species

None 105 96.1 149 96.8 139 90.0

< 1/month 3 2.6 4 2.6 10 6.5

> 1l/month i i 1.3 1l 0.6 6 2.6
Total Local Wildlife

None 73 67.0 60 55.0 49 45.4

< 1l/month 21 19.3 27 24.8 39 33.3

> l/month 15 13.8 22 20.2 23 21.3

' Missing data account for a total < 109 in some cells.
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Table 9. Mean Number of Local Wildlife Meals by Epecies and
Time Period - Mohawk (N = 57) and Control (N = 109) Women

Annually Annually
1 ¥r or Less Mcore than 1 Yr
rin Bef Preqna ore Pregnanc
cies h ohaw ont Co ol
Deear l1.89 4.89 0.65 7.85 1.91 8.18
Duck 0.02 0.17 0.05 0.51 0.44 0.52
Goose 0.00 0.03 0.02 0.07 0.09 0.10
Pheasant 0.02 0.03 0.04 0.02 0.28 0.44
Rabbit 0.00 0.43 0.00 0.87 1.14 2.02
Other
Sngci =] 0,00 0.23 0.07 0.17 0.64 2.33
Total Local
Wildlife 1.91%% 5.78 0.82%%%% 9,50 4.65%%% 13,60

** p <0.05 for Mohawk vs. Control
*** p <0.01 for Mohawk vs. Control
**x%* p <0.001 for Mohawk vs. Control




Table 10. Estimated Dose (ng per kg body weight per day) of
Belected Contaminants From Consumption of Local Fish
By Time Period and Compound - Mchawk Women (N = 57)

Time Period
During < 1 Year > 1 Year
Pregpnancy Before Preqnancy Before Pregnancy
Contaminant Mean Median Mean Median Mean Median
Total PCB 17.6 0.0 41.1 2.6 75.0 13.5
2,4,4" 1.2 0.0 3.6 0.2 4.2 0.6
2,5,2',5" 1.0 0.0 3.1 0.2 3.9 0.7
2,4,3',4" 1.0 0.0 3.0 0.2 4.0 0.7
p.p'-DDE 0.2 0.0 0.6 <0.1 1.4 0.2
Mirex 0.1 0.0 0.1 <0.1 0.4 0.1
HCB <0.1 0.0 <0.1 0.0 <0.1 <0,1
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Table 11. Number (N) and Percent (%) of Mohawk Women According
to Location of Residence at Akwesasne For One Year or More of the
Past 10 Years

Location! N %

Cornwall Island 20 35.1
Racquette Point 9 15.8
Snye 9 15.8
St. Regis Village 18 31.6
NY West of St. Regis River 20 35.1
NY East of St. Reqis River 14 24.6

1 Locations are not mutually exclusive.

Table 12. Number (N) and Percent (%) of Mohawk Women According
to Drinking Water Bource at Akwesasne For One Year or More of the
Past 10 Years

DPrinking Water Source' N %

St. Lawrence River (Untreated) 5 8.8
Public Supply System 34 59.7
Private Well 40 70.2

1 prinking water sources are not mutually exclusive.
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Table 13. Geometric Mean Breast Milk Concentrations
(ppb - fat basis) by PCB Congener for Mohawk and Control Women

Mohawk Control

Structure IUPAC # (N=57) (N=109)
2 1 0.33 0.57
4 3 0.11 0.13
2,2 + 2,6 4 + 1 0.08 0.11
2,4 + 2,5 7+ 9 0.34 0.25
2,3 6 0.06 0.07
2,4 + 2,3 B+ 5 0.51 0.45
2,6,2" 19 1.10 1.82%
2,5,2¢ 18 0.18 0.21
4,4 + 2,4,2" 15 + 17 0.67 0.47
2,3,6 + 2,6,3 24 + 27 0.08 0.08
2,3,2' + 2,6,4" 16 + 32 0.16 0.18
2,5,3" 26 0.33 0.10%%k%
2,4,3" 25 0.51 0.65
2,5,4" 31 0.16 0.18
2,4,4° 28 2.26 2.60
3,4,2" 33 0.19 0.40%
2,3,4" 22 0.14 0.13
2,3,6,2 45 0.26 0.23
2,5,2',5" 52 0.58 0.45
2,4,2',5" 49 0.48 0.80
2,4,2',4' + 47 +

2,4,5,2! 48 0.58 0.68
2,3,2',5! 44 0.50 0.30
2,3,6,3" + 59 +

2,3,2',4" + 3,4,4" 42 + 37 0.14 0.17
2,3,6,4" 64 0.21 0.22
2,3,2',3 40 0.19 0.13
2,4,5,4" 74 23.10 18.59
2,5,3',4" 70 0.10 0.11
2,4,3',4" 66 2.49 2.67
2,3,4,4" + 60 +

3,4,2',3¢ 55 1.01 0.88
2,4,5,2',5" 101 1.65 1.46
2,4,5,2',4" 99 19.65 14.13
2,4,5,2',3! 97 0.39 0.66
2,3,4,2',5! 87 0.26 0.36
2,3,6,2',3',6" 136 0.06 0.06
3,4,3',4" + 77 +

2,3,6,3',4" 110 0.89 0.87
2,3,5,6,2',5' + 151 +

2,3,4,2',3" 82 0.77 0.82
2,3,5,2',3',6" 135 0.19 0.24
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Table 13. Geometric Mean Breast Milk Concentrations
(ppb ~ fat basis) by PCB Congener for Mohawk and Control Women
(con't)
Mohawk control

Structure IUPAC # {N=57} (N=109)
2,3,5,6,2"'",4" 147 0.36 0.49
2,3,6,2',4',5" 149 0.18 0.20
2,4,5,3',4" 118 18.52 15.25
2,3,5,6,2',3" 134 1.20 1.32
2,3,5,2',4',5" 146 4.01 4.22
2,4,5,2"',4'" ., 5" 153 29.30 32.16
2,3,4,3',4" 105 2.95 2.60
2,3,4,5,2',5! 141 0.12 0.11
2,3,5,6,2,3',6" 179 0.10 0.08
2,3,4,2',3',5! 130 .98 1.50
2,3,4,6,2'",3',6' + 176 +

2,3,5,6,3",4" 163 9.11 8.45
2,3,4,2',4',5" 138 19.60 22.12
2,3,4,6,3',4" 158 0.22 0.17
2,3,4,5,2',3" 129 0.67 1.08
2,3,5,6,2',41,5' + 187 +

2,3,4,5,2',4',6" 181 8.90 7.16
2,3,4,6,2',4',5" 183 2.79 2.54
2,3,4,2',3',4"' + 128 +

2,4,5,3',4',5" le67 1.65 1.81
2,3,4,5,6,2',5!" 185 0.93 0.08
2,3,4,5,2',3',6" 174 0.12 0.07*
2,3,5,6,2',3"', 4" 177 1.75 1.19%
2,3,4,6,2',3',4"' + 171 +

2,3,4,5,3',4" 156 4.13 4,90
2,3,4,6,2',3',5',6" 201 0.57 0.76
2,3,4,5,2',3',5" 172 0.75 0.81
2,3,4,5,2',4"',5" 180 12.22 7.00%
2,3,4,5,6,2',3',6! 200 1.42 1.07
2,3,4,5,2",3',4"' + 170 +

2,3,4,5,6,3',4" 190 6.85 6.00
2,3,4,5,2',3',5',6" 199 3.38 2.82
2,3,4,5,6,2',4",5" + 203 +

2,3,4,5,2',3" 196 2.48 2.56
2,3,4,5,6,2',3',4" 195 0.41 0.45
2,3,4,5,2',3',4',5" 194 2.35 2.25
2,3,4,5,6,2',3',4',5" 206 0.26 0.48
Total PCB 404.79 398.20
*+ p < 0.10

swkkx p < 0.001
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Table 14. Correlation Coefficients (r) between Breast Milk
Total PCB (Log~Transformed) and Seleoted Background
Characteristics - Mohawks & Controls Combined (N = 166)'

Characteristic r
Physical
Height (m) -0.12
Weight (kg)
Before Index Pregnancy 0.01
During Index Pregnancy 0.04
After Index Pregnancy 0.05
Quetelet Index (kg/m?)
Before Index Pregnancy 0.04
During Index During 0.1l0
After Index Pregnancy 0.11
Sociodemographic
Maternal Age At Index
Birth (Yrs) 0.06
Education (Y¥Yrs) -0.18
Reproductive
Total Pregnancies 0.04
Total Live Births 0.03
Duration of Breast-Feeding
Previous Children (Weeks) -0.21%%%
Duration of Breast~-Feeding Index
Child Before Interview (Weeks) 0.01
Health
Cups (8 o0z) Regular Coffee/Week
Before Index Pregnancy -0.01
During Index Pregnancy -0.10
After Index Pregnancy -0.05
Cups (8 oz) Decaf. Coffee/Week
Before Index Pregnancy -0.06
During Index Pregnancy 0.05
After Index Pregnancy 0.10
Alcoholic Drinks/Weeks
Before Index Pregnancy 0.13*
During Index Pregnancy 0.10
After Index Pregnancy 0.12
*+ p < 0.10
**% p < 0,01
1Total < 166 for some characteristics due to missing data.
75




vable 15. Geometric Mean Breast Milk Total PCB Concentration
(ppb - fat basis) by Selected Background Characteristics -
Mohawks and Controls Combined

characteristic N X
Marital Status
single 57 0.410
Married 96 0.385
Divorced 13 0.478

Occupational Exposure to PCBs

a. Self Report or Employment at GM

Yes 4 0.560

No 162 0.397
b. Industrial Hygiene Rating

Yes 8 0.363

No 158 0.402

Cigarette Smoking

Before Index Pregnancy

Yes 83 0.427

No 83 0.378
During Index Pregnancy

Yes 52 0.405

No 114 0.400
After Index Pregnancy

Yes 49 0.400

No 117 0.403

Prescription Vitamins or Iron

Before Index Pregnancy*

Yes 5 0.232

No 161 0.407
During Index Pregnancy

Yes 120 0.3¢88

No 46 0.434
After Index Pregnancy

Yes 76 0.392

No 90 0.407
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Table 15. Geometric Mean Breast Milk Total PCB Concentration
(ppb - fat basis) by Belected Background Characteristics -
Mohawks and Controls Combined (cont'd)

Chara ic N X

Prescription Drugs Other Than
Vitamins or Iron

Before Index Pregnancy

Yes 44 0.405

No 122 0.399
During Index Pregnancy

Yes 49 0.447

No 117 0.382
After Index Pregnancy

Yes 27 0.468

No 139 0.388

* p < 0.10
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Table 16. Geometric Mean Breast Milk Total PCB Concentration
(ppm - fat basis) by Estimated Cumulative Lifetime Exposure
from Local Fish Consumption Among Mohawk Mothers

Fish Consumption N X

None 10 0.483
Low Exposure (< 6 mg) 24 0.344
High Exposure (> 6 mg) 23 0.444

F (2,54) = 0.86, p = 0.427

Table 17. Geometric Msan Breast Milk Total PCB Concentration
(ppm - fat basis) by Location of Residence at Akwesasne
for One Year or More of the Past 10 Years

Location N X
Cornwall Island#*

Yes 20 0.532

No 37 0.349
Racquette Point

Yes S 0.392

No 48 0.407
Snye

Yes 9 0.428

No 48 0.401
St. Regis Village

Yes 18 0.410

No 39 0.402
N.Y. West of St. Regis River

Yes 20 0.457

No 37 0.379
N.Y¥. Bast of St. Regis River

Yes 14 0.439

No 43 0.394

* p < 0.10
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Table 18. Geometric Mean Breast Milk Total PCB Concentration

{ppm - fat basis) by Duration of Residence on Cornwall Island =
Mohawks Only

Duration of Residence
_on Cornwall Island N

X
Cornwall Island#*
0 ¥rs 37 0.349
1-5 ¥rs 12 0.483
6+ Yrs B 0.614

* p < 0,10 for test of linear trend
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Table 19. Geometric Mean Breast Milk Total PCB Concentration
(ppm - fat basis) by Residence and Drinking Water Source
for One Year or More of the Past 10 Years - Mohawks Only

Residence and

Drinking Water Source N %
Cornwall Island
Well - Yes 19 0.542
- No 1 0.366
Racquette Point
Well ~ Yes 4 0.479
- No 5 0.390
St. Lawrence River - Yes 1 0.620
-~ No 8 0.408
Snye
Well - Yes 9 0.334
= No 0 =
St. Regis Village
Well - Yes 3 0.746
- No 15 0.364
St. Lawrence River - Yes 1 0.183
= No 17 0.430
N.¥. West of St. Regis River
Well - Yes 7 0.537
- No 13 0.419
St. Lawrence River - Yeskii 2 1.003
- No 18 0.418
N.Y. Bast of St. Regis River
Well - Yes 10 0.372
- No 4 0.520
St. Lawrence River - Yes 1 0.776
- No 13 0,388

*¥%* p < 0.01
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Table 20. Results of Multiple Regression of Breast Milk
Total PCB (Log-Transformsd) on Background Characteristics with
All Variables Included - Mohawks and Controls Combined (N = 161)'

¥ariable Coefficient E D
Maternal Age (¥Yrs) 0.0267 4,08 0.045
Previous Breast-Feeding (Wks) -0.0023 2.72 0.101
Vitamins or Iron

Pre-Pregnancy (Y/N) -0.4245 1.55 0.215
Education -0.0445 1.21 0.274
Alcohol Pre~Pregnancy (Drinks) 0.0115 0.97 0.327
Total Live Births -0.0525 0.47 0.496
Occupational Exposure (Y/N) 0.2817 0.35 0.555
Index Breast-Feeding (Wks) 0.0061 0.27 0.601
Smoking Pre-Pregnancy (Y/N) 0.0595 0.24 0.624

1 N < 166 due to missing data.

Table 21. Results ¢of Multiple Regression of Breast Milk Total
PCB (Log-Transformed) on Background Characteristics with
Non-S8ignificant Variables Removed - Mohawks and Controls
Combined (M=161)"

Variables Coefficient F o)
Previous Breast-feeding (Wks) -0.0035 11.82 0.001
Maternal Age (¥Yrs) 0.0233 4,39 0.038

1 N < 166 due to missing data.
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Table 22. Adjusted' Geometric Mean Breast Milk Total PCB
Concentration (ppm - fat basis) by Estimated Cumulative Lifetime
Exposure from Local Fish Consumption Among Mohawks, with Controls

Fish Consumption N X
Contrels 109 0.394
Mohawks - None 10 0.522
Mohawks - Low Exposure 24 0.352
Mohawks - High Exposure 23 0.440

F(3,160) = 0.74, p = 0.471

Adjusted for Previous Breast-Feeding and Maternal Age.

Table 23. Adjusted Geometric Mean' Breast Milk Total PCB
concentration (ppm ~ fat basis) by Estimated Lifetime
Exposure from Local Fish Consumption Among Mohawks and Time
Period, with Controls

Time Period
1986-89 1990

Fish Consumption N R N X
Controls 52 0.385 57 0.404
Mohawks - None 3 0.368 7 0.596
Mohawks - Low Exposure 9 0.606 15 0.252
Mohawks - High Exposure 7 0,640 16 0.372
F(3,156)

= 0.63, p = 0.597 for Fish Consumption
F(1,156) = 1.74, p = 0.190 for Time Period

F(3,156) = 3.71, p = 0.013 for Fish Consumption x Time Period
p = 0.040 for test for linear trend in 1986-89

'Adjusted for Previous Breast-feeding and Maternal Age.

82




Table 24. Adjusted' Geometric Mean for Breast Milk Total PCB
Concentration (ppm - fat basis) by Cornwall Island Residence
Amnong Mohawks, with Controls

Cornwall Island Residence N 2

Controls 109 0.394
Mchawks - No 37 0.351
Mohawks - Yes 20 0.554

F(2,165) = 2.68, p = 0,071

adjusted for Previous Breast-Feeding and Maternal Age.

Table 25. Adjusted' Geometric Mean for Breast Milk Total PCB
Concentration (ppm - fat basis) by Duration of Residence on
Ccornwall Island Among Mohawks, with Controls

Duration of Residence

on Cornwall Island N T
Controls 109 0.394
Mohavwks - 0 Yrs a7 0.352
Mohawks — 1 to 5 Yrs 12 0.521
Mohawks - 6+ Yrs 8 0.606

F(3,160) = 1.85, p = 0.140
p = 0.042 for test of linear trend

'Adjusted for Previous Breast-Feeding and Maternal Age.
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Table 26. Adjusted' Geometric Mean Breast Milk Total PCB
Concentration (ppm - fat basis) by Time Period, Cornwall Island
Residence, and Estimated Cumulative Lifetime Exposure

from Local Fish Consumption Among Mohawks, with Controls

Cornwall Fish

Time Period Island Consumption N X
1986-89 Controls Controls 52 0.385
Mohawks - No Mohawks - None 1 0.255
- Low Exp 8 0.559
- High Exp 4 0.696
Mohawks ~ Yes Mohawks - None 2 0.442
- Low Exp 1 1.151
- High Exp 3 0.569
1990 Controls Controls 57 0.404
Mohawks - No Mohawks - None 4 0.458
- Low Exp 14 0.244

- High Exp 6 0.245

Mohawks - Yes Mohawks - None 3 0.847
- Low Exp 1l 0.408

= High Exp 10 0.480

F(2,155) = 0.01, p = 0.985 for Fish Consumption

F(1,155) = 4.80, p = 0.030 for Cornwall Island

F(1,155) = 1.61, p = 0.207 for Time Period

F(2,155) = 4.17, p = 0.001 for Fish Consumption x Time Period

'Adjusted for Previous Breast-Feeding and Maternal Age
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Table 27. Adjusted' Geometric Mean Breast Milk Concentration
(ppb - fat basis) for Selected PCB Congeners by Estimated
Cumulative Lifetime Exposure to Total PCB from Local Fish
Consumption Among Mochawks, with Controls: 1986-89

Mohawks - Fish Consumption
Controls None Low Doge High Dose p-value
congener == (N=52) (N=3) (N=9) (N=7} F-test Trend
2,2'+ 2,6 0.076 0.082 0.071 0.339 0.140 0.051
2,5,3 0.056 0.073 0.111 0.283 0.011 0.003
2,4,5,2',4" 15.440 20.568 27.079 36.920 0.075 0.028
2,4,5,3',4" 18.688 27.079 32.196 38.369 0.173 0.09%0

#
2.3,5,2'.4'.5 4.995  0.89]1  5.895  6.842 0.012  0.029
adjusted for Previous Breast-Feeding and Maternal Age.

Table 28. Adjusted' Geometric Mean Breast Milk Concentration
{ppb - fat basis) for Selected PCB Congeners by Cornwall Island
Residence Among Mohawks, with Controls

Mohawks - Cornwall Island
Coptrols Ho igs F-test

congener (N=109) (N=37) (N=20) p-value
2,5,3! 0.10 0.24 0.62 <0.001
2,4,2',48' +

2,4,5,2" 0.69 0.28 2.00 0.015
2,3,4,4" +

3,4,2',3¢ 0.87 0.65 2.27 0.031
2,4,5,2',4" 14.13 15.52 30.39 0.023
2,4,5,3',4" 15.25 13.27 34.30 0.007
2,4,5,2',41,5" 32.16 21.94 50.04 0.022
2,3,4,3',4? 2.60 1.80 7.32 0.014
2,3,4,2',4',5" 21.46 12.00 57.31 0.013
2,3,4,6,2',4',5 2.54 2.10 4.70 0.049
2,3,5,6,2',3',4 1.19 1.29 3.06 0.014
2,3,4,5,2',3',4'+

2,3.4,5.6,3'.4 5,84 5,31 10.99 0.036

Adjusted for Previous Breast-Feeding and Maternal Age.
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Table 29. Geometric Mean Breast Milk Pesticide Concentration
{(ppb - fat basis) by Estimated Cumulative Lifetime Exposure from
Local Fish Consumption Among Mohawks

p.p'! - DDE Mirex HCB
Fish Consumption N 4 N X N 4
None 10 246 10 3.23 13 5.47
Low Exposure 24 144 24 1.78 22 3.14
High Exposure 23 ‘366 23 2.35 _ 22 7.30

F(2,54) = 1.60, p = 0.211 for p,p'-DDE
F(2,54) = 0.56, p = 0.573 for Mirex

F(2,54) = 1.07, p = 0.349 for HCB
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Table 30. Geometric Mean Breast Milk Pesticide Concentration
(ppb - fat basis) by Location of Residence at Akwesasne for One
Year or More of the Past 10 Years

Location N p,p'=DDE _ Mirex HCB
Cornwall Island

Yes 20 379% 3.70% 6.47

No 37 176 1.67 4.27
Racquette Point

Yes 9 286 2.83 5.70

No 48 221 2.11 4.81
Snye

Yes 9 196 l1.60 4.06

No 48 238 2.35 5.12
St. Regis Village

Yes 18 259 3.05 8.99

No 39 218 1.90 3.75
N.Y. West of St. Regis River

Yes 20 203 2.38 3.17

No 37 247 2.12 6.28
N.Y. East of St. Regis River

Yes 14 281 1.74 4.59

No 43 216 2.39 5.06
* p < 0.10

Table 31. Geometric Mean Breast Milk Pesticide Concentration
(ppb - fat basis) by Duration of Residence on Cornwall Island -
Mohawks Only

Duration of Residence

—on Cormwall Island N__p,p'- DDE Mirex HCB
Cornwall Island
0 ¥Yrs 37 176 1.67% 4 27
1-5 ¥rs 12 369 2.94 10.18
6+ ¥rs B8 396 5.21 3.28

* p < 0,10 for test of linear trend




Table 32. Geometric Mean Breast Milk Pesticide Concentration
(ppd - fat baeis) by Residence and Drinking Water Source for One
Year or Mors of the Past 10 Years - Mohawks Only

Residence and

Prinking Water Source N p,p'-DDE Mirex HCB
Cornwall Island
Well - Yeg 1% 371 3.96 6.15
- = No 1 570 1.00 17.00
Racquette Point
Well - Yes 4 293 3.08 6.65
= No 5 280 2.64 5.04
S5t. Lawrence River - Yes 1 688 2.00 0.13
- No 8 256 2.95 9.20
Snye
Well -~ Yes 9 167 1.00 4.89
- No 0 - - -
St. Regis Village
Well - Yes 3 333 4.48 9.85
- No 15 246 2.82 8.83
St. lLawrence River - Yes 1 147 1.00 7.00
- No 17 268 3.25 9.12
N.Y. West of St. Regis River
Well - Yes 7 390 1.67 1.09
- No 13 142 2.89 5.64
St. Lawrence River - Yes 2 247 1.00 2.35
- No 18 198 2.63 3.27
N.Y. East of St. Regis River
Well - Yes 10 272 1.66 6.64
- No 4 251 1.73 1.96
St. lLawrence River - Yes 1 334 3.00 0.06
~ No 13 252 1.61 €.58




Table 33. Adjusted'? Geometric Mean Breast Milk Pesticide
Concentration (ppb - fat basis) by Estimated Lifetime Exposure
from Local Fish Consumption Among Mohawks and Time Perioad,
with Controls

p.p' = DDE Mirex _HCB
Fish Consumption N X N 4 H A
Controls 109 156 109 0.91 109 3.45
Mochawks - None 10 248 10 3.00 13  5.47
Mohawks - Low Exposure 24 158 24 1.91 22 3.14
Mohawks - High Exposure 23 349 23 2,22 22 7.30

F(3,159) = 2.02, p
F(3,161) = 3.52, p
F(3,162) = 0.87, p

0.113 for p,p -DDE
= 0.017 for Mirex

= 0.458 for HCB

! p,p'-DDE adjusted for Previous Breast-feeding, Maternal
Age, and Index Breast-Feeding.

2 Mirex adjusted for Maternal Height.

Table 34. Adjusted Ceometric Mean' Breast Milk Mirex
Concentration (ppb - fat basis) by Estimated Lifetime Exposure
from Local Fish Consumption Among Mohawks and Time Period, with

Controls
Time Period

. ) — 238680 1830
Fish Consumption N X N X
Controls 52 0.97 57 0.86
Mohawks - None 3 0.38 7 7.12
Mohawks - Low Exposure 10 3.85 14 1.20

wke - Hj 11} 6 3.42 17 1.87

F(3,157) = 3.18, p = 0.026 for Fish Consumption
F(1,157) = 6.43, p = 0.512 for Time Period
F(3,157) = 3.14, p = 0.027 for Fish Consumption x Time Period

p = 0.013 for test for linear trend in 1986-89

TAdjusted for Maternal Height.
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Table 35. Adjusted' Geometric Mean for Breast Milk Mirex
Concentration (ppb - fat basis) by Cormwall Island Residence
Among Mohawks, with Controls

Cornwall Island Residence H X

Controls 109 0.95
Mohawks - No 37 2.26
Mohawks - Yes 20 3.33

F(2,162) = 7.28, p < 0.001

IAdjusted for Maternal Height.

Table 36. Adjusted! Geometric Mean for Breast Milk Mirex
Concentration (ppb ~ fat basis) by Duration of Residence on
Cornwall Island Among Mohawks, with Controls

Duration of Residence

on Cornwall Island N X
Controls 109 0.91
Mohawks - 0 Yrs 37 1.74
Mochawks - 1 to 5 ¥Yrs 12 2.71
Mohawks - &6+ Yrs ] 4.82

F(3,161) = 4.27, p = 0.006
p = 0.006 for test of linear trend

Adjusted for Maternal Height.
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Table 37. Adjusted’ Geomstric Mean Breast Milk Mirex
Conocentration (ppb - fat basis) by Time Period, Cormwall Island
Residence, and Estimated cumulative Lifetime Exposure

from Local Fish Consumption Among Mohawks, with Controls

Cornwall Island Fish -
Time Period  Residence Consumption N X
1986-89 Controls Controls 52 0.98
Mohawks - No Mohawks - None 1 0.03
- Low Exp 8 3.37
- High Exp 4 2.82
Mohawks = Yes Mohawks - None 2 1.32
- Low EXp 2 6.22
- High Exp 2 4.95
1990 Controls Controls 57 0.86
Mohawks - No Mohawks - None 4 5.05
- Low Ezp 13 1.14
- High Exp 7 1.35
Mochawks - Yes Mohawks = None 3 11.20
- Low ExXp 1 2.31

F(2,156) = 0.37, p = 0.690 for Fish Consumption

F(1,156) = 2.59, p = 0.113 for Cornwall Island

F(l1,156) = 0.51, p = 0.476 for Time Period

F(2,156) = 3.40, p = 0.019 for Fish Consumption x Time Period

'Adjusted for Maternal Height
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Table 38. PCB Concentrations (ppm - fat basis) in Human Milk Samples in the United

States.
N of % Mean+
Area/Yr Samples  Positive (ppm) Range (ppm)  Reference

Michigan, 1976 95 100 0.82 (med)* 0.1-3.3 Humphrey et al,
1983

Michigan, 1977- 1,057 100 1.5 0.3-5.1 Wickizer et al,

1978 1981

Hawaii, 1979- 50 100 0.78 0.02-1.8 Takahashi et al,

1980 1981

Hawaii, 1979-80 54 100 0.80 0.13-2.2 Takei et al,
1983

U.S., 1979 50 2 <1 (med)* <1-3 Slorach and Vaz,
1983

U.S., 1979-80 102 100 0.97 0.08-44 Takei et al,
1983

Michigan, 1982 138 100 0.74 (med)* - Schwartz et al,
1983

North Carolina, 617 94 1.5 (med)* 0.3-14.8 Rogan et al,

1978-84 1986a

Binghampton, 7 pooled 0.15 - Schecter et al,

NY, 1985-87 1989

Adapted from Jensen, 1991b.
+ Arithmetic mean

* med = median
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Table 39. BSummary of Associations Betwean Background
Characteristics and Breast Milk Contaminant Concentrations

F

EE

o88cotdas B
E

Characteristic

Height
Weight!
Quetelet Index!
Maternal Age
Education
Occupation
Marital Status
Total Pregnancies
Total Live Births
Previous Breast-
Feeding
Index Breast-
Feeding
cigarette Smoking'
Alcohol Consumption'
Coffee Consumption
(Regular)’ 0
Coffee Consumption
(Decaf)! 0 0
+

QOO0 O0O000QO0O
+

CoOooLoO++00

coRAootd

|
|

+00
o SO+
H
+00 © 10000001
00 O

Prescription Vitamin/
Iron Use' .

Other Prescription
Drug Use! 0 0

|
2 5 3 8 oos | oﬁﬁﬁoiooa

5 A & &

(=]
o © O o

! Before Pregnancy +/- < 0.10
0 = No Significant Association ++/ == < 0.05
NE = Not Examined 4t m—— <
<

+Htt ) =———

o. 01
0.001

oo

Note: No variable was significantly related to milk HCB in any
analysis.




Table 40. Summary of Assoclations Between Environmental Risk
Factors and Breast Milk Contaminant Concentrations

— Bivariate Multivarjate

Risk Factor PCB _ p.p'-DDE Mirex PCB_ p.p'-DDE Mirex
Local Fish
Consumption’

(1986-89

Births Only) ++ 0 ++ ++ 0 ++
Local Duck
Consumption’ 0 0 0 NE NE NE
Cornwall Island
Residence? + + + + 0 4+
Drinking Water +++3 0 0 NE NE NE

1 Lifetime

2 within Last 10 Years

3 Based on 2 Mohawk Mothers Who Drank Untreated St. Lawrence
River Water at NY Portion of the Reserve West of St. Regis

River
0 = No Significant Association - + p < 0.10
NE = Not Examined ++ p < 0.05
+++ p < 0.01
++++ p < 0.001

Note: No variable was significantly related to milk HCB in any
analysis.
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INFORMED CONSENT FORM
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”“ STATE OF NEW YORK
DEPARTMENT OF HEALTH

Dawd Axelod. W O

NIRRT TEY

9::"5 OF PUBLIC HEALTH New York State Mothers Milk Program
"',;..“:,' Fandolen M CRRLES- Informed Consent Form

William F, Leavy

Enstmrd Cepaty Dinecior
Participant’s Name:

Participant’s Address:

Participant’s Phone Number:

The New York State Department of Health is conducting a medical
research study of environmental contaminatiom in the breastmilk of
women who reside in different regions of the State. We would 1ike you
to participate by providing breastmilk, your urine, and your infant’'s
urine. To help you collect your milk, we will provide your with a
breast pump. It will not affect your ability to feed your child. We
will also provide a jar and plastic bag for your urine sample, and 5
diapers, cream, and a plastic bag for your infant's sample.

We will also ask you to complete a 20 minute interview which
includes questions about your occupational, pregnancy, residential,
social and dietary histories.

Dr. Keiley Brix of the New York State Department of Health will
review the results of the chemical analysis of your milk and urine,
and your infants urine which will include levels of PCB’s and some
pesticides, such as DDE, hexachlorobenzene, and mirex. The fat
cantent and the total amount of solids in your milk wili aiso be
provided to Doctor Brix. She will forward these results to you
together with an explanation of what they mean. 1f you have any
questions you may call Doctor Brix collect at (518) 458-6263. If you
wish, we will also send copies to your personal physician.

You will benefit from this study because you will be informed
about the safety of your breastmilk in comparison to other women’s
breastmilk. Your participation may heip to improve medical knowledge
of environmentally-related illness in the future.

Any information you provide will remain strictly confidential an
be used for medical research purposes enly. At no time will your name
ha mentioned and any reports that result from this resgarch will
invalve information on the whole group of women only. Your
participation is completely voluntary and there will be no effect on
your medical treatment if you chopse not to participats. You have the
right to receive answers to any gquestions you may have concerning this
study and may discontinue participation at any time.

Signature of Participant:

Date:
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APPENDIX B

INTERVIEW FORM




ID#

MD yes__no__ milk #
cort # urine#______
AKWESASNE MOTHER'’S MILK PROJECT
Date of Interview | _|_ ||
DEMOGRAPHICS
1. Name of mother: |____ |___| |
First Mi Last

2. Social Security # | | |
3. Mailing Address: | |

| I

| [
4. Home phone: | | - |
5. Work phone: | | - |
6. Date of Birth: | | I |

month day  year
7. Helght: (without shoes) | | | L]
teet inches

8. Weight: (with indoor clothing before last pregnancy)

| I
Ibs

{with indoor clothing at 9 months pregnant)

I
Ibs

(with Indoor clothing currently)

| espe—
Ibs
9. Years of school completed:} |

10. Current marital status: Never married|__| (1) Marrled|__|{(2)
Widowed|__|(3) Divorced|__|(4)
Separated|__|(5)

11. i cumrently married - name of spouse:

— I I
first last

12, Name of physician: | |
Address: | ||
|
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HEALTH HABITS

Now ! would like to ask you some questions about your use of tobacco, alcohol
coffee, and medications for the perlods before and during when your last

child was bom.
Before last During last  Since last
pregnancy pregnancy  pregnancy

Did you:

13. Smoke cigarettes? Yes|__|No|__|Yes|__|No|__[Yes|__|No|__|
If yes, ave #/day: FLISTNT R N |

14. Drink beer? Yes|__|No|__[Yes|__|No|__|Yes|__|No|_|
if yes, ave # of 120z cans, | | | [ | |
bottles, or glasses/wk: -

15. Drink wine? Yes|__|No|__|Yes|__|No|__|Yes|__|No|_|
glasses/wk: =

168. Drink liquor or mixed drinks? Yes|__|No|__|Yes|__[No|__|Yes|__|No|_|
if yes, ave # of drinks with | | | | | |
1 1/202 of liquor/wk:

17. Drink regular coffee? Yes|_|No|__[Yes|__|No|__|Yes]|__|No|_|
if yes, ave # of 80z cups/day? | | | | |

18. Drink decaffeinated coffee? Yes|__|No|__|Yes|__INo|__|Yes|__|No|_|
It yes, ave # of 80z cups/day? | | | | | |

19. Use prescription medications? Yes|__|No|__|Yes|__|No|__|Yes|__|No|__|

(Including vitamins)
if yes, what was the medication? |___ | | | |___ |
ave # of times taken/day: | | I |
for how long? =====x | |

If yes, what was the medication? |__ | | || [
ave # of times taken/day: are—— — |
for how long? | | ] | l
If yes, what was the medication? | i | | |
ave # of times taken/day: | | ] P |

for how long? ! | ] I |
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21. RESIDENCE HISTORY (continued)

Did work or school take you off the reservation for long periods of
time? Yes|__| No|__|

If yes:
Date(s) away # of months away How often returned
from to

22a. Did you ever visit or come in contact with the General Motors
Central Foundry site? Yes|__ | No|__| | |

If yes, what did you do there? | |

When? l 1 |
month year
How long? | |
# months

22b. Did you ever visit or come in contact with the Alcoa
site: Yes|__| No|__| |
If yes, what did you do there? | |

When? | | |
month year

How long? : |
# months

22c¢. Did you ever visit or come in contact the Reynolds

site: Yes|__| No|_|
If yes, what did you do there? | [
When? | I |
month year
How long? | |

# months
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if deceased:

Date of

Cause of death

=1

Place of

death

—_—

|_l_I_|
MDY

MDY

MDY

[]

MDY

MDY

MDY

MDY

MDY

Is the

child stil

living?

il

es|__|No|__}

L

INo|__|

[

L

[No|_}

L

INo|_|

L

(0]

If yes:

How many
weeks?

L]

| [es|_|No|__|

L

| [ves]|

]

| [ves|_|No|_|

| [Vesi

I.u—_.

| [ves|

i

|| [res|_[No|_|

|

|— | [Yes| _INo|_|

Was the
child

breastied?

—INo|__|

Yes|

—INo| _|

Yes|

L
~INo|_|

Yes|

i
I

—INo|

Yes|

—INo|_}

Yes)

—INo|_]

Yes|

—INo|_|

Yes|

—INo|_j

Yes|

3
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DIETARY HISTORY (continued)

of years (check one)

<5 510 1115 1620 20+

0.0

U __0

]

More than one | Number

O T T O I I

source

source

source

N e

source

In the year

before your | year before

source

source

ImIWM‘fII_I

lTv'T.nl?”:, I_#Tll?lD I
| 1)) 1]

Average # of times/week, month, year and the usual source

During

last

pregnancy pregnancy  |pregnancy
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Average # ol times/week, month, year and the usual source

DIETARY HISTORY (continued)

Number

of years (check one)
<5 510 11-15 16-20 20+
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source

source
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DIETARY HISTORY (continued)

Average # of times/week, month, year and the usual source

FOOD
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APPENDIX C

CHAIN OF CUSTODY FORM
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Y& YORX STATZ DEZARTMENT QF HEALTH
<ADSWORTH CEINTZR FOR [ABORATORIES AND RESTARCH
AL3ANY, NEJ YORX 12201-Q509

CHAIN OF CUSTQODY RECQRD

Musc be complecad for samples which mighc be used B

sor- =nfoccemens oroceedings or Ticigacfion,
NUMBER. |
oN | .
30TTLE
MILT/URINE/BLOOD"

CUSTADY OF SAMPLES

NaMdE AEFTLTATTION DATE TIME

1. Sample Contailnsr
Prapared by

2. Received by

3., Received by

4, Sample Collected by

5. Sample Received by

6. Sample Raceived by

7. Sample Received by

§. Sample Received by

9. Sample Recaived by

10. Sample Rec’d Lab by

11. Sample Accessioned by

TRANSPORTING SAMPLES

DURING TRANSPORT OF THE SAMPLE FROM SAMPLING SITE TO LABORATORY, THE CHAIN OF CUE'EODY i{US'Eé
UNBROKEN. GENERALLY THIS WILL REQUIRE THAT THE SAMPLE BE DELIVERED 3Y THE SAMPLE COII.EC'J;.'O .
HIS DESIGNATED REPRESENTATIVE WHO WILL SIGN FOR THE RECZIET, INTEGAIIY AND. T.'E&NSOE' ..AH.F.'.'

TR A
QURING SHIPMENT. IF ITNMTEGH A4 ] -
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APPENDIX D

SAMPLE LABORATORY REPORT
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APPENDIX E

CONGENER-SPECIFIC PCB RESULTS FOR
YELLOW PERCH COMPOSITE
COLLECTED AT MOUTH OF UNNAMED
TRIBUTARY NEAR GENERAL MOTORS

120




Congener-Specific PCB Results For Yellow Perch Composite
Collected at Mouth of Unnamed Tributary Near General Motors

CONGENER CONCENTRATION (PPB) % TOTAL
2 6.593 0.44
4 i 0 - 0
272426 34.383 2.29
26+25 1.813 0.12
23 11.675 0.78
2146423 16.722 0.98
26/2 21.794 1.45
2572 27.23 1.81
&f4w26/2 44,812 2.98
236%26/3 33.227 2.21
237242674 48,542 3.23
2573 28.107 1.87
24/3 6896 0.46 .
2574 60.551 4,03
24/4 125.534 8.36
32 32.z227 2.15
2374 15.048 1
23472 9.166 0.8%
25725 ¥3.817 6.25
24125 81.765 544
2426426572 Th.543 4.96
23/25 52.311 3.48
236/3+23726+346 /6 40.219 2.68
236/4 19.373 2.62
rL¥ril 13.93¢ 0.93
235726424574 43 .606 .9
S/34 £9.213 4.61
24 /34 91.254 6.08
284/ 4434 423 53.718 3.58
245725 46,652 in
24524 31.76 e. 11
245723 16.982 1.13
234725 7.309 0.49
B&s236 1.63 0.1
34/34+235/34 57.071 3.8
2356725+ 234723 ?.512 0.43
2351236 2.53 0.17
2356/24 3.a8 0.26
2367245 2.616 0.64
245734 41.293 2.73
2356/23 1.027 0.07
235/245 3.756 0.25
245/245+234/236 12.495 0.483
234/34 14.079 0.94
2345725 2.793 0.19
23564236 0 ]
2347235 2.096 0.14
23467236+ 2556 /34 2.596 0.17
2347245 17.472 1.16
2346/34 2.004 0.13
234523 1.716 0.1
2356/235 3.3 0.23
2356/245+2545 /246 1.693 0.1
23467245 a g

| 234/234 3.16 0.28
| 2657345 0 o
234548725 1} 1]
23457236 3.146 o1
2356/25%% 2.736 0.18
2L f 242345734 2.406 0.16
D6/ 2356 0 0
23451235 0.8 0.05
23457245 6449 0.43
2356/345 ] a
2346/345 0 1]
234567236 0.¢ 0.06
2345/234+23456/34 3.885 0.25
234572356 .09 0.27
2IL5S/ 24542345 12346 2.256 0.15
23457345 0 0
236567 224+ 23456 /2356 0.26 0.02
234578345 1.75 0.1
2345672345 0.485 0.04
TOTAL PCB: 1501.74 100
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GLOSSARY OF TECHNICAL TERMS

Adjusted Concentration - Concentration of a specific contaminant
in breast milk or another bodily fluid after adjusting
statistically with regression techniques for age, previous
breast-feeding, or any other variable which can affect the
concentration. See Regression below.

Ah (aryl hydrocarbon) Receptor - Specific cellular protein that
binds to PCBe, dioxins, dibenzofurans, and related chemicals and
is involved in the initial steps of their toxicity.

Analysis of Variance - Statistical procedure commonly used for
comparing three or more means.

Arithmetic Mean - Sum of a series of values divided by their
number. Commonly referred to as the average.

Bivariate - General term for statistical analyses that focus on
only two variables at a time.

Chi-square - Statistical technique commonly used to compare two
or more proportions.

Column Chromatography - Laboratory procedure by which PCBs are
separated from related compounds to permit identification and
guantification. New capillary columns provide better resolution
of individual PCB peaks than do the older packed columns.

Confounding - Situation whereby an exposure (e.g., fish
consumption) and an outcome (e.g., breast milk PCB level) are
both related to third extraneous variable (e.g., age). The third
variable must be controlled for with regression aor other methods
before the assocjation between the exposure and outcome can be
validly assessed. Also called background characteristics.

Congener - PCB subtype defined according to the number and
position of chlorine atoms on the biphenyl nucleus. They range
from mono-chloro (one chlorine atom) to deca-chloro (ten chlorine
atoms).

Coplanar -~ PCB congeners with chlorine atoms opposite from but
not adjacent to bond between the two phenyl rings (i.e., in the
para and meta positions but not the ortho position). They are
called coplanar because both rings are in same plane. These
congeners are the most toxic and they bind with the greatest
strength to the Ah-receptor. See congenar and Ah receptor above.

Correlatjon - Statistical technique to measure the degree of
closeness of the linear relationship between two variables.
Positive correlations indicate a tendency of the two variables to
increase together, while negative values indicate that as one
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