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Abstract
Exposure to persistent organic pollutants (POPs), such as polychlorinated biphenyls (PCBs),
dichlorodiphenyldichloroethane (p,p’-DDE), and hexachlorobenzene (HCB) continues to be of
concern due to their ubiquitous distribution and high persistence. Current toxicant body burden is
still a primary concern within the Akwesasne Mohawk Nation since other studies conducted
within the community have shown relationships between these POPs and endocrine disruption.

In this article we describe the levels of these toxicants in young adults of the Akwesasne Mohawk
Nation between the ages of 17 and 21 years of age (mean age 18.1 years), and investigate potential
influences of their current body-burden. Seventeen congeners in fourteen chromatographic peaks
were detected in 50% or more of the individuals sampled (geometric mean [GM] of the sum of
these congeners = 0.43 ppb). Congeners 118, 138[+163+164] and 153 had the highest rate of
detection (≥ 98%) within the Akwesasne youth. Of the other organochlorines, HCB (GM= 0.04
ppb) and p,p’-DDE (GM=0.38 ppb) were found in 100% and 99% of the sample respectively.

Significantly higher levels of PCBs were found among individuals who were breastfed as infants,
were first born, or had consumed local fish within the past year. When compared to levels of p,p’-
DDE, HCB, and 13 specific congeners reported by the CDC for youth between the ages of 12 and
19 years, the geometric means of several congeners (CBs 99, 105, 110, and 118) among the
Akwesasne were higher than the reported CDC 90th percentile. In contrast, levels of CB 28 in
Akwesasne youth were ∼50% or less than those of the CDC cohort. p,p’-DDE and HCB levels
were generally higher in the CDC cohort (GM of 0.516 and 0.065 ppb, respectively for Mohawks
vs. 2.51 and 0.123, respectively, for CDC). Concentrations of non-persistent PCBs among this
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sample of Akwesasne young adults were higher than those reported by the CDC suggesting
continued exposure, but lower than those associated with severe contamination.

Additional research into the concentration trends of individual PCB congeners within Akwesasne
youth and young adults is warranted to further improve our insight into the determinants and
influences of organochlorine concentrations within members of the Akwesasne community.

Keywords
PCBs; persistent organic pollutants; HCB; p,p’-DDE; Mohawk; Native American

1. Introduction
Exposure to persistent organic pollutants (POPs), such as polychlorinated biphenyls (PCBs),
dichlorodiphenyldichloroethane (p,p’-DDE), and hexachlorobenzene (HCB) continues to be
of concern due to their ubiquitous distribution, persistence in the environment, and long
physiological half-lives. All POPs are lipophilic and can bioaccumulate, amplifying readily
up the food chain. Many have been shown to disrupt development and functioning of certain
endocrine pathways, to alter growth, development, cognitive function, and to exhibit
immunotoxicity in experimental animals, biota, and humans (American Council on Science
and Health 1997;Brouwer et al. 1999;Denham et al. 2005;Leijs et al. 2009;Newman et al.
2006;Newman et al. 2009;Schell et al. 2009;Schell et al. 2006).

PCBs were originally synthesized for use as lubricants, heat-exchange fluids, and a number
of other commercial and industrial uses where high chemical and physical stability was
required. Banned in the late 1970’s in the US and many other countries, PCBs persist in the
environment with half-lives varying from months to decades (Hansen 1999). PCBs consist
of 209 individual congeners which can be divided into groups according to their structure,
persistence, and toxicological properties. While routinely found in tissue and body fluid
specimens from humans and biota, health risk assessment for PCBs is complex, given the
differing proportions of individual PCB congeners in commercial mixtures and their
different mechanisms of toxicity. In particular, non-ortho-substituted PCBs are structurally
similar to polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans
(PCDFs) (Hansen 1999). Hence the most common categorization is of “dioxin-like” and
“non-dioxin-like” congeners (Hansen 1999).

Prior to the issuance of fish advisories in the late 1980s, the Akwesasne Mohawk Nation
relied heavily on subsistence fishing, farming and trapping in and around the St. Lawrence
River and its many tributaries. Current toxicant body burden in Akwesasne Mohawks is still
a primary concern within the community, since other studies conducted in the Nation have
shown associations between these POPs and endocrine disruption(Codru et al.
2007;Goncharov et al. 2008;Goncharov et al. 2009;Schell et al. 2008;Schell et al. 2009).

The aim of the current study is to describe the levels of certain POPs among young adults of
the Akwesasne Mohawk Nation (AMN), and to investigate potential influences and/or
predictors of their current body-burden. A comparison to levels of specific congeners
reported by the Center for Disease Control (Centers for Disease Control 2009) is also
presented.
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2. Materials and Methods
2.1. Sample

The study was conducted in partnership with the Akwesasne Mohawk Nation (AMN). The
Nation is situated on the St. Lawrence River with territory abutting New York State, Ontario
and Quebec, Canada.The Akwesasne community is one of several communities comprising
the Kahniakehaka/Mohawk nation. Traditionally, the Mohawk are the keepers of the Eastern
Door of the Iroquois Confederacy, also known as the Six Nations or the Haudenosaunee
Confederacy. Members of the nation live within the boundaries of the AMN and in
neighboring communities that are part of traditional Mohawk territory, including Bombay,
Fort Covington, Hogansburg, Massena, and Rooseveltownin New York State, and in
Cornwall, Ontario, Canada. Though not a federally censused population; reports in the last
two decades indicate a population of approximately 12,000 −13,000 (Akwesasne Task Force
On The Environment 1997;Fitzgerald et al. 1998;George-Kanentiio 1995).

The area surrounding the St. Lawrence River is a major industrialized region of North
America. Industrial facilities located around Cornwall and Massena discharged significant
quantities of contaminants to the St. Lawrence River(Sloan and Jock 1990). Industrial
development along the St. Lawrence River began in the 1950s, and major industrial
dischargers located just upstream of AMN include a National Priority Superfund Site
(General Motors Central Foundry Division), and two New York State Superfund Sites
(Reynolds Metal Company and Aluminum Company of America). These three sites, one
aluminum foundry and two aluminum smelters, have contaminated the St. Lawrence River
and its three tributaries with PCBs which have entered the local food chain. The GM Central
Foundry is located less than 0.3 km from homes at Akwesasne. Between 1959 and 1974, the
facility used PCB-based hydraulic fluids in its die-casting machines, and the predominant
PCB type used was Aroclor 1248 (Bush and Kadlec 1995;Fitzgerald et al. 1996).Historical
contamination fromp,p’-DDE and HCB is also present. Some local species of fish, birds,
amphibians and mammals were found to have PCB levels exceeding the US Food and Drug
administration’s tolerance limits for human consumption (Forti et al. 1995;Sloan and Jock
1990), leading to the issuance of fish and game advisories in the late 1980s and early 1990s
(Fitzgerald et al. 1995;Fitzgerald et al. 1998). Subsequently, studies of PCB levels in breast
milk have reported a decrease consistent with adherence to the advisories and reduced fish
consumption (Fitzgerald et al. 2001).

Young adults were eligible for the current study if they had participated in our earlier
project, the Mohawk Adolescent Well-Being Study (MAWBs)(Schell et al. 2003), and were
now between 17 and 20 years of age. They were ineligible for the current study if they were
outside the target age range, were pregnant or had delivered a child, had lactated, or had
miscarried within the past six months. However, they could be included six months after any
of these events. Of the MAWBs participants who were eligible (n=271), 33.6% were lost to
follow-up,9.6% either refused to participate or never completed data collection, resulting in
56.8% who participated in the current study for a sample of 154 individuals. Reasons for
refusal included having moved out of the area, and not having enough time to participate.
One person was excluded from this analysis because serum organochlorine levels were not
available, and another because sociodemographic data was not reported, leaving a final
sample of 152.

2.2. Data Collection
The University at Albany, State University of New York’s Institutional Review Board
approved all study protocols. Informed consent was obtained from all participants 18 years
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of age or older. For those under 18, parents provided informed consent and assent was
obtained from all participants who were minors.

All data collection was performed by project staff, all of whom were members of the
Akwesasne community. All data were collected without prior knowledge of participants’
exposure status. A more detailed description of enrollment and methods was previously
published (Schell et al. 2009). In brief, each participant completed interviews and
sociodemographic questionnaires providing demographic, lifestyle, and diet information.
The interviews included, but were not limited to, information about prescription and over-
the-counter medicine use (used in the past year), diet (including locally caught fish and
wildlife consumed in the past year), recreational and traditional activities, current cigarette
and alcohol use, breastfeeding history (in consultation with their mother; recorded as any or
none), sex (males =0, females =1), age (to the nearest month) when blood was drawn,
educational status (as the highest year of education completed), body mass index
(calculated), weight (kg; self-report), height (cm; self-report), and as a proxy for
socioeconomic status, education, current and past employment, and living environment.
Birth order was coded as first child, second child, third child, etc.

In addition, information on dietary intake over the past year was collected by interview. The
Food Frequency Questionnaire (FFQ), developed by the National Cancer Institute in
collaboration with the US Department of Agriculture, asks participants to report the
frequency of consumption and portion size of approximately more than a hundred line items
retrospectively, representing a person’s long-term average daily intake. Food models were
employed to provide guidance on portion sizes. DIETSYS, a nutrient analysis program, was
used to calculate total nutrients based on the respondents’ reported frequency of each food
combined with the portion size and the nutrient content (the amount of nutrient in 100g of
this food).

2.3. Laboratory analysis of toxicants
Organochlorine (OC) pesticide and PCB analyses for the current study were conducted at
the University at Albany’s Exposure Assessment Laboratory. Fasting blood specimens were
collected at first rising by trained Mohawk staff to provide material for analysis of four
toxicants (PCBs, p,p’-DDE, HCB, and mirex).Complete details of the laboratory protocol
for PCB analysis have been published (DeCaprio et al. 2000;DeCaprio et al. 2005). In brief,
high resolution, ultratrace, congener-specific analysis was performed by parallel dual-
column (splitless injection) gas chromatography with electron capture detection on an
Agilent 6890 instrument. This method quantitates up to 83 individual PCB congeners and 18
PCB congeners as pairs or triplets, as well as p,p’-DDE, HCB, and mirex (a total of 94
analytical peaks). The analytes include all of the major Aroclor-derived congeners typically
present in human samples plus a number of sporadic or rare congeners. The laboratory is
accredited by the NYSDOH Clinical Laboratory Evaluation Program and participated in the
Arctic Monitoring and Assessment Programme (AMAP) Ring Test for Persistent Organic
Pollutants in Human Serum. Individual chlorinated biphenyl (CB) congeners are identified
according to the IUPAC numbering system (Ballschmiter and Zell 1980;Guitart et al. 1993).
Congeners for which all reported values were below the laboratory method detection limit
(mdl) included CBs 3, 6, 63, and 67. These congeners were not included in any calculations.
Data were expressed on a whole-weight basis (i.e., not lipid-adjusted) as participants had
fasted overnight prior to the blood draw.

2.4. Congener groupings
Any individual datum of an analyte that was below the mdl was substituted with the
midpoint value between zero and the mdl (i.e., mdl/2) of each compound or congener. Using
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this approach, we calculated PCB summary variables for each participant (Table 2,
footnote). The rate of detection, the degree of chlorination, and the chlorination pattern of
individual PCB congeners are considered in the composition of the PCB groupings.
Environmental persistence, bioaccumulation in food chains, distribution in human tissue,
and the toxicologic action (i.e., dioxin-like vs. Ah receptor-independent effects) of PCBs
depend on the chemical structure of individual congeners (Laden et al. 1999;McFarland and
Clarke 1989). All PCB congeners in the sample were included in a summation variable
(Total PCBs), as the sum of the 94 congeners (in 85 analytical peaks) that were detected.
The fourteen congeners detected in greater than 50% of the sample were used to create three
variables for statistical analyses: the sum of all 14 congeners (Σ14PCB50%); the sum of nine
persistent congeners (Σ9PersistentPCBs), and the sum of five non-persistent congeners
(Σ5NonPersistentPCBs). CBs assigned as persistent were those known or expected to have
long physiological half-lives in humans due to high lipid solubility and/or low rates of
metabolism (Brown, Jr. 1994;Hansen 1999). Conversely, non-persistent congeners were
those known to be more readily metabolized and excreted; theseare indicators of recent and/
or ongoing PCB exposure. Mirex was not considered in this analysis; only negligible levels
were found in slightly more than 8% of the sample.

In order to compare the toxicant levels among Akwesasne young adults to the CDC data on
human body burdens of environmental chemicals(Centers for Disease Control 2009), we did
not substitute values below the mdl with the method described above (mdl /2). Instead, using
the CDC method for handling values below the mdl, toxicant concentrations less than the
mdl were assigned a value equal to the mdl divided by √2 for calculation of means and
percentiles. Although using this imputation method made a difference of less than 1% in
mean estimates (i.e., 0.437 ppb vs. 0.433ppb for total PCB), we employ it to be consistent
with CDC reference values in order to facilitate our comparisons. Note that CDC did not
report any geometric means if the proportion of the results below the method detection limit
was greater than 40%. Therefore the levels of some congeners found at Akwesasne could
not be compared to CDC reference values.

2.5. Statistical analysis
Statistical analyses were conducted with SPSS v.17 (SPSS 2009). All toxicant variables
were log transformed to normalize their distributions. Descriptive statistics were calculated
to determine the characteristics of the sample; t-tests and bivariate correlations were
examined to determine relationships, if any, to potential predictors of toxicant levels (sex,
breast feeding status, sociodemographic, and dietary variables). A relationship was
considered statistically significant if p ≤ 0.05.

3. Results
3.1. Sociodemographic and behavioral characteristics of the sample

Characteristics of the sample are shown in Table 1. The median age of the sample was 18.1
years; males and females (n= 61, 92 respectively) did not differ significantly in age. More
than half of the participants (51%) were seen within 6 months of their 17th birthday (mean =
18.08, SD = 1.10).Forty-nine percent of the participants currently smoke cigarettes (32%
have never smoked); 95% consumed alcohol in the last year, with 36% admitted starting at
the age of 16 years. Nearly 37% of the participants were first born children (38 females, 17
males). Forty nine percent of the sample had been breast fed; breast feeding history did not
differ by sex.

Thirty percent of the participants reported that in the past year they had eaten some amount
of locally caught deer, moose, duck, partridge, rabbit, pheasant and/or muskrat, while 32%
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reported eating some amount of locally caught fish. Of the fish consumed, approximately
28% were top feeding fish (bass, perch, pike, salmon and trout), and 9.2% bottom feeders
(catfish, bullhead, and sturgeon). Slightly more than 5% of the participants reported eating
both bottom and top feeding fish.

Seventy-seven percent of the sample at the time of the study attended school; 64% of these
were currently in high school. Approximately 4% of the study sample had one or more
children, and 6% were employed in full-time positions, while 11% were in part-time
positions.

The average body mass index (BMI) was 25.7 kg/m2 and was significantly higher in males
(27.6 kg/m2; p≤0.001) than females (24.4 kg/m2). Males had significantly higher intake of
calories (mean = 2,535 kilocal), protein (mean = 94 gm), fats (mean= 105 gm), average
daily dietary intake of cholesterol (mean = 379 mg) (p≤0.001). Males also consumed more
alcohol per month (mean 2.8 times per month; primarily beer) than females. Participation in
local fishing and trapping and consumption of the locally caught fish and wild life did not
differ between males and females.

3.2. Toxicant levels
Comparisons among subjects—The mean level of PCBs in differentstructural
groupings and of individual congeners, as well as rates of detection and percentiles, are
shown in Table 2 (individual CBs with detection rates of less than 20% are not shown). CBs
118, 138[+163+164] and 153 accounted for more than 21% of the total PCB body burden
(GM: 0.05 ppb, 0.07 ppb, 0.08 ppb, respectively), and 41% of the Σ14PCB50%. Of the other
organochlorines, HCB (GM= 0.04 ppb) and p,p’-DDE (GM=0.38 ppb) were found in 100%
and 99% of the sample respectively (Table 2). The maximum level of total PCBs was 4.34
ppb (GM0.82 ppb). Only fourteen congeners were detected in 50% or more of the sample,
with the highest level (0.45 ppb) noted for CB153. None of the levels of PCB summary
variables differed by sex, nor did any individual congener levels. Males were found to have
marginally yet significantly higher levels of HCB (t=1.99, p= 0.05).

Breastfed individuals hadsignificantly higher levels of ΣTotal PCBs, Σ14PCB50%, and
Σ9PerPCBs (Table 3). Three participants did not report their breast feeding history, reducing
the sample size to 149. Levels of six different congeners detected in 50% or more of the
sample (CBs138 [+163+164], 153, 52, 74, 187, and 180) were significantly higher in the
breastfed sub-sample. Of the 13 congeners detected in less than 50% but more than 20% of
the sample, 6 of them (CBs 156, 199, 170 , 183, 66, and 196) were significantly higher
(p<0.03-0.01) in breastfed young adults; none were found to be significantly lower. All
congener levels were found to be greater in young adults who had been breastfed. Breast
feeding duration (in months) was highly, positively correlated with ΣTotal PCBs,
Σ14PCB50%, Σ9PerPCBs, and p,p’-DDE, along with many of the persistent individual
congeners. Two non-persistent congenerswere found to be related to breast feeding duration,
CBs 110 and 84. CB110 was negatively associated with breast feeding duration (r = −0.17,
p=0.03), while CB 84 was positively related (r = 0.17, p=0.03).

First-born individuals had significantly higher levels of ΣTotal PCBs, and Σ9PerPCBs than
subsequent-born (Figure 1). Of the individual congeners found in 50% or more of the
sample, only CBs 118 and 28 were significantly higher in the first-born individuals. Levels
of the sum of non-persistent PCBs,p,p’-DDE, and HCB did not differ by birth order.

Overall consumption of local foods is low; in the year prior to the interview, participants
reported an average of 3 servings of fish and 1½ servings of local wildlife per year.
Nevertheless, participants who reported eating locally caught fish during the past year had
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significantly higher levels of Σ9PersistentPCBs compared to those who did not. No other
levels of PCB groupings were found to be significantly different with regard to local fish
consumption. Of the nine highly persistent congeners, six (CBs 138, 153, 180, 156, 199, and
183) were individually found to be significantly higher among those who ate locally caught
fish, and one congener (CB 123[+149]) was significantly lower. Consumption of bottom-
feeding fish was relatively rare (12.8% claimed to have eaten some bottom feeding fish in
the past year) and consumption was not associated with higher levels of PCBs. HCB levels
increased with consumption of bottom-feeding fish more than one time, but no association
was noted with p,p’-DDE. No significant differences in toxicant levels were noted in
subjects that consumed locally hunted or trapped wildlife.

Participants who were born in or before 1984, at the time when the New York State
Department of Health (NYSDOH)advisory was issued to limit consumption of locally
caught fish (Fitzgerald et al. 1998), had significantly higher levels of moderately to highly
persistent PCBs, p,p’-DDE, and HCB, than those born after the NYSDOH issued advisory
(data are not shown). In contrast, individuals born in or after 1985 had significantly higher
levels of most of the non-persistent PCBs. This observation likely reflects ongoing exposure
to non-persistent PCBs and the more rapid metabolism of non-persistent PCBs among
persons before 1985.

A multiple regression analysis was used to determine the effects of individual factors on the
level of each toxicant while controlling for other potential influences on toxicant levels.
Multivariate models were made to predict CB 153, the sum of 14 PCBs found in 50% or
more of the sample, the sum of 9 persistent PCBs, the sum of 5 non-persistent PCBs, as well
as HCB, and p,p’- DDE. All models contained age, sex, breast feeding status (yes, no), body
mass index, current smoking status (yes, no), alcohol consumption per day, the highest year
of education reached, total cholesterol, caloric, fat and protein intake, consumption of
locally caught fish in the past year (yes, no), and birth year before or after issuance of the
fish advisory. Significant predictors of CB 153 level were breast feeding status, body mass
index and consumption of locally caught fish in the past year. Being born before or after
issuance of the fish advisory was marginally significant (stdβ=−0.20, t=−1.88; p=−0.06)
(Table 5). Predictors of the level of the sum of 14 PCBs found in 50% or more of the sample
and of the levels of 9 persistent PCBs were the same: breast feeding status and consumption
of locally caught fish; no other predictor was significant. The level of the five non-persistent
PCBs was unrelated to any of the variables in the model. Significant predictors of p,p’-DDE
were body mass index, current smoking status, total cholesterol intake, total protein intake
and being born before or after the fish advisory. Only three variables were significant
predictors of HCB, sex, body mass index, and being born before the fish advisory.

Additionally, we trimmed each toxicant model to consist of only independent variables that
had a p value ≤ 0.20, which resulted in different models for each dependent variable. The
variables that were significant predictors were the same as in the full model for CB153,
Σ14PCB50%, and HCB. The predictors of Σ9 Persistent PCB remained the same also,
except that being born before or after issuance of the fish advisory became an additional
significant predictor (stdβ=−0.201, t= −2.47, p= 0.02); being born after the advisory was
associated with lower levels, This variable was the only significant predictor of the level of
Σ5 Non-persistent PCBs (stdβ=0.177, t= 2.17, p= 0.03) in the trimmed model. Total dietary
cholesterol intake was no longer a significant predictor for p,p’ -DDE while the variables
significant in the full model remained significant.

3.3. Comparisons with CDC reference population data
We compared published levels reported by the CDC for youth between the ages of 12 and
19 years (n=587–598) to the Akwesasne young adult (n=152) levels of p,p’-DDE, HCB, and
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13 of the congeners that comprise Σ14PCB50% (CB95 in this group was not reported by the
CDC). Geometric mean concentrations and 50th, 90th, and 95th percentiles of all congeners
with the exceptionof CB 28were higher amongst Akwesasne youth than in the CDC 12–19
year old general population age group (Table 4). This increase was noted for both persistent
and non-persistent congeners. In contrast, p,p’-DDE and HCB levels were generally higher
in the CDC cohort (GM of 0.516 and 0.065 ppb, respectively for Mohawks vs. 2.51 and
0.123, respectively, for CDC). The geometric means of several congeners (CBs 99, 105,
118, and 110) among the Akwesasne were higher than the reported CDC 90thpercentile
(Table 4). In contrast, levels of CB 28 in Akwesasne youth were generally ∼50% or less
than those of the CDC cohort. CDC did not report total PCB levels for this or any age group,
precluding direct comparisons for this parameter. However, summing the GMs for the 13
reported CBs in each cohort indicates that Akwesasne youth had serum PCB levels
approximately twice those of the CDC 12–19 year olds (i.e., 0.372 vs. 0.179 ppb).

4. Discussion
One of the strengths of the current study is the ability to measure the levels of many
individual congeners. This enables the differentiation of persistent and non-persistent
congeners as well as other relevant congener groupings and lessens the potential for
obscuring important relationships given the differences in biological activity exhibited by
specific congeners (Agency for Toxic Substances and Disease Registry 2000). Overall, PCB
levels in this sample of Akwesasne young adults are higher than the GM and 50th percentile
of the CDC reference values for the US population(Centers for Disease Control 2009), and
many are higher than the 90th and 95th percentiles as well. For persistent congeners, cross-
sectional serum PCB data reflect both past and recent exposure levels as influenced by the
relative persistence of each congener. Our data indicate that Akwesasne youth have
sustained higher overall exposure to PCBs than similarly aged subjects from the general
U.S. population. In contrast, for non-persistent congeners, serum PCB data reflect primarily
recent exposure. There is some evidence of ongoing PCB exposure by the Akwesasne youth
based on the detected levels of congeners such as CBs 52 and 110.Both congeners are
present at relatively high proportions in Aroclor 1248 (Frame et al. 1996), the predominant
PCB mixture emitted to the AMN region(Fitzgerald et al. 1996). This finding is consistent
with other reports on serum CB levels in Akwesasne adults (DeCaprio et al. 2005). Finally,
the lower p,p’-DDE and HCB levels in Akwesasne as compared to U.S. adolescents
probably reflects relatively lower legacy contamination of the AMN by these pesticides and,
as a consequence, lower contributions to background body burden.

Our understanding of variation in organochlorine levels benefits from the comprehensive
information on socio-demographic, dietary and behavioral characteristics including diet that
is available in the current study. A major determinant of organochlorine levels was found to
be breast feeding history. Levels of summary groupings of mono- and di-ortho CBs, as well
as the sum of nine persistent PCBs differed significantly by history of breast feeding. Levels
of moderately to highly chlorinated congenerswere also significantly higher in breastfed
individuals. Not surprisingly, no significant effect of breast feeding history on serum levels
of five non-persistent CBs was noted. Finally, a trend toward decreasing serum levels of
persistent PCBs for first- to fourth-born subjects was identified. No similar trend was
observed for the sum of five non-persistent congeners or for the chlorinated pesticides
detected in the study. The former observation is consistent with the short half-lives of the
non-persistent congeners while the latter suggests that either these pesticides are not
efficiently transferred via lactation, or more likely, that there was low overall historical
exposure to these pollutants among Akwesasne mothers and their children.

Gallo et al. Page 8

Chemosphere. Author manuscript; available in PMC 2012 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Our breast feeding results are consistent with most of the work on organochlorine body
burden reported to date (Den Hond et al. 2009). Lactation has long been considered a major
route of elimination of many persistent lipophilic compounds (Abraham et al. 1998;Schecter
et al. 1996a), although recent work suggests that this phenomenon may be more complex
than previously thought (LaKind et al. 2009). The reduction in maternal PCB body burden
due to breast feeding appears to be dependent on the duration of breast feeding and
physicochemical characteristic of the individual congener (Clewell and Gearhart
2002;Clewell et al. 2004;Landrigan et al. 2002;Niessen et al. 1984;Schecter et al.
1996b;Schecter et al. 1998). In the present study, nearly 54% of the young adults had been
breastfed for at least six months, and 31% of these individuals were breastfed exclusively.
Clearly, the most highly persistent congeners are still of environmental and biological
consequence in this cohort, since their levels remain significantly elevated even though the
participants had been breastfed at least 17 years prior to sampling. To the best of our
knowledge, no other study has found differences between levels among breast fed and non-
breast fed individuals of this magnitude and duration.

Some of our results can be compared to the levels predicted from models developed by
Verner et al. (2008) to describe lifetime exposure to POPs, specifically in terms of levels of
CBs 180 and 153, and of HCB. In these models, breastfeeding is associated with a higher
level of both PCBs and HCB. The difference is nearly two times higher at young ages and
disappears at about age 20. Among Akwesasne young adults averaging 18 years of age, the
levels in those breastfed and not breastfed were not equal. They had not disappeared as
predicted by the Verner et al. (2008) model, but were 1.3 to 1.5 times higher.

The relationship found between organochlorine levels and year of birth reflects the impact of
diminished exposure to a major source of contaminationmost likely due to the adherence of
community members to fish advisories issued in the mid-1980s. As a result of this dietary
change, current exposures to the more persistent congeners have been reduced among the
Akwesasne Mohawk. Furthermore, half-lives of certain PCB congeners in children and
young adults have been found to be significantly shorter than in adults (Kerger et al. 2006),
since as they age the effect of elimination becomes more important than that of the dilution
effect typically reported in adults (Abraham et al. 1996;Abraham et al. 1998;Kerger et al.
2007a;Kerger et al. 2007b).

Consistent with reports that food intake represents the primary current route of human
exposure to PCBs (Chiu et al. 2004;Fitzgerald et al. 1996;Schantz et al. 2010), a positive
association was evident between consumption of locally caught fish during the previous year
and levels of moderately to highly persistent PCB congeners. Studies of Great Lakes fish
eaters have demonstrated that with increased consumption of contaminated fish, the body
burden of organochlorines increases (Falk et al. 1999;Hanrahan et al. 1999;Knobeloch et al.
2009). In the present study approximately 30% of respondents reported eating some local
fish and 30% reported eating some local game in the last year. The lack of a relationship
between organochlorine levels and the consumption of local game and wildlifecoupled with
a relationship between organochlorine levels and local fish consumption suggests that local
fish may be more contaminated than local game.

Although we were able to distinguish many specific congeners, we were not able to
calculate TEQ. Consequently, one weakness of the current study is our inability to obtain
data for the most potent dioxin-like congeners (CBs 126 and 169). These two congeners are
typically present in human blood at levels several orders of magnitude lower than the most
prevalent CBs and require either larger specimen sizes or much higher analytical sensitivity
to determine accurately. Calculation of a TEQ based only on a measurement of levels of
those dioxin-like CBs determined in our study (i.e., CBs 105, 118, and 156) would
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underestimate dioxin-like exposure by an unknown (but possibly substantial) amount. The
results of such an analysis would be uninterpretable. We also considered data analyses based
on lipid-adjusted PCB values. However, lack of standardization of laboratory methods and
the need for considerable technical expertise in conducting total lipid determination can
result in bias and variability in these comparisons (Bernert et al. 2007;Schisterman et al.
2005). Since all of our subjects were fasted prior to blood sampling, we decided not to lipid-
adjust our PCB data for this study. Another limitation of the current study is its
generalizability. The Akwesasne Mohawk community has not been federally censused, and
therefore, it is not possible to know what percentage of the population is reflected in our
sample. Nor can we ascertain how representative this sample is of young adults in the
community. While this may impact the ability of our summary data to characterize the entire
community, it should not affect the validity of our results concerning relationships between
levels and lifestyle characteristics.

In conclusion, our results indicate that birth order, consumption of contaminated local fish,
and history of breast feeding continue to influence current persistent organochlorine
pollutant body burden in this sample of young adults. Also, concentrations of non-persistent
PCBs among this sample were higher than those reported by the CDC in the general
population, suggesting continued PCB exposure in Mohawks. Additional research into the
concentration trends of individual PCB congeners within Akwesasne youth and young adults
is warranted to further improve our insight into the determinants and influences of
organochlorine concentrations within the Akwesasne community and young adults
generally.

Abbreviations

AMN Akwesasne Mohawk Nation

p,p’-DDE p,p’-dichlorophenyldichloroethylene

HCB Hexachlorobenzene

MAWBs Mohawk Adolescent Well Being study

PCBs Polychlorinated Biphenyls

POPs Persistent organic pollutants

ppb Parts per billion

ΣTotPCBs Sum of all PCB congeners tested

ΣPCB50% Sum of IUPAC#s 28,52,74,87,95,99,101[90],
105,110,118,138[+163+164],153,180,187

Σ9PersistentPCB Sum of IUPAC#s 28,74,99,105,118,138[+163+164],153,180,187

Σ5NonPersistent Sum of IUPAC#s 52,87,95,101[90],110
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Figure 1.
Difference in toxicant levels by birth order in Akwesasne young adults.
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