
 1

Longitudinal assessment of PCBs and chlorinated 

pesticides in pregnant women from Western Canada 

John Jarrell 1#, Siu Chan1, Russ Hauser2, Howard Hu2 

 

1Department of Obstetrics and Gynecology, University of Calgary, 1430 29th ST 

NW, Calgary, AB T2N 2T9  

2 Department of Environmental Health, Harvard School of Public Health, Landmark 

Center, 3rd Floor East, 401 Park Drive, Boston, MA 02215 

 

Email addresses: 

JJ - john.jarrell@calgaryhealthregion.ca 

SC - schan@ucalgary.ca 

RH - rhauser@hsph.harvard.edu 

HH - rehhu@channing.harvard.edu 

 

# Corresponding author 

 

mailto:john.jarrell@calgaryhealthregion.ca
mailto:schan@ucalgary.ca
mailto:rhauser@hsph.harvard.edu
mailto:rehhu@channing.harvard.edu


 2

Abstract  

Background 

Maternal exposures to organochlorines prior to pregnancy are considered a risk to 

neonatal welfare, specifically in relation to neurocognitive functions.  There is 

growing interest in the evaluation of maternal blood testing as a marker for fetal 

exposure as well as the variable geographic distribution of these priority chemicals. 

Methods 

Three hundred and twenty-three women in the second trimester of pregnancy entered 

the study at a prenatal clinic providing genetic counselling information.  Subjects who 

had an indication for genetic amniocentesis based on late maternal age were eligible 

to participate.  Two hundred and thirty-eight completed an environmental 

questionnaire.  A sample of amniotic fluid was taken for karyotype analysis in 323 

women and blood samples during pregnancy (209), at birth (105) and from the 

umbilical cord (97) and breast milk (47) were also collected.    These samples were 

tested for 29 PCB congeners and organochlorine pesticides. 

Results 

The concentrations of PCB 153 in these media were relatively low in relation to other 

studies.  Σ PCBs measurements in samples taken during the second trimester of 

pregnancy, at birth and in the umbilical cord were strongly correlated.  Specific 

measurements of PCB 153 and PCB 180 among those subjects with completed 

sampling of blood samples from mothers and cord samples were significantly 

correlated.  The concentrations of PCBs and pesticides did not differ in relation to 
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prior spontaneous abortion history.  There were no organochlorines present in the 

amniotic fluid at the current level of quantification. 

Conclusions 

Pregnant women from the Western Canada region of Calgary, Alberta are exposed to 

relatively low concentrations of organochlorines. Measurement of maternal blood 

during the second trimester of pregnancy can reliably estimate the fetal exposure to 

PCBs.  This estimate is reliable for Group 2 and 3 PCBs as well as PCB 153 and PCB 

180.  The amniotic fluid does not contain measurable concentrations of pesticides and 

PCBs under the conditions of the levels of quantification.  

 



 4

Background  

Polychlorinated biphenyls (PCBs) are ubiquitously present in the ecosystem 

and have been reported in the tissues of many animals and human population groups 

[1].  They are persistent and biomagnify in biota such that humans and predators at 

the top of the food chain experience the highest concentrations.  Banned  production 

of organochlorines in Canada and the United States in the 1970’s has had an important 

effect in reducing exposure to these chemicals but because of the large residual 

quantities, release from storage and the limited rates of environmental degradation, 

they are still considered present in the environment.  There is increasing interest in the 

geographic distributions of these chemicals and their potential impact on human 

health[2,3]  

Maternal exposure to PCBs and organochlorine pesticides is an area of intense 

research.  This is due to the potential long term effects of organochlorine exposure in 

the fetus and newborn[4]. Potentially severe adverse health effects during pregnancy 

have included preterm labor and intrauterine growth restriction in association with 

DDE, but the effects occurred at levels identified during the period 1959-1966[5].  

These concentrations are substantially above exposure levels generally observed 

among current populations [6].    

Postnatal adverse events have focused on the known neurotoxic effects of 

polychlorinated biphenyls [7].   Several studies have implicated exposure to these 

chemicals with impaired intellectual function in children [8-10]. Importantly the 

findings have demonstrated modest but significant effect sizes [10]. The potential 

mechanisms underlying these findings is unknown but recently dose-response 

relationships have been found between the concentrations of PCBs among members 

of the Oswego study and increases in response inhibition errors as well as reduced 
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size of the splenium of the corpus callosum [11].  Another proposed mechanism of 

toxicity in the developing brain is the potential for altered thyroid function, a known 

contributor to impaired intelligence among newborns [12-14]. There is now evidence 

the actions of PCBs may reflect a direct effect of the chemical on the action of thyroid 

hormone in the absence of altered hormone concentrations [15] 

The severity of the potential adverse central nervous system effects in children 

and the possibility that early intrauterine exposure to organochlorines is a determinant 

of impaired intelligence indicates a need for further exposure information.  There is 

little information related to the longitudinal patterns of PCB levels in women during 

the pregnancy.  In some cases there was no correlation between maternal and cord 

samples [16], although others have reported that there is a strong correlation [17].  

The measurement of serum concentrations over the course of the pregnancy and 

delivery appears not to have been explored in detail previously although the ability to 

evaluate fetal exposure during pregnancy is an important objective, particularly 

because of the susceptibility of the developing nervous system. 

This study was undertaken to define the concentrations of PCBs and 

organochlorine pesticides in amniotic fluid, maternal blood collected during the 

second trimester, and at the time of birth, cord blood and breast milk among a cohort 

of pregnant women from Calgary, Alberta, Canada.  The inter-relationships of the 

concentrations in these compartments were of interest to determine if maternal blood 

levels measured during pregnancy could serve as a proxy for fetal exposure.  Further, 

we were particularly interested in the concentrations of PCBs in the Calgary region 

compared to other studies that had evaluated neurocognitive development in local 

children.  Finally, there was an interest in evaluating the concentrations of PCB 153 in 
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light of its proposed use for comparing  across environmental epidemiologic studies 

of PCB toxicity [18].   

 

Methods 

Pregnant women attending a prenatal counselling session at Foothills Hospital 

in the Calgary Health Region, Calgary, Alberta were approached to participate in this 

project.  Approval of the project was obtained from the University of Calgary Ethics 

Committee.  Three hundred and twenty-three subjects were enrolled after their 

eligibility to participate was determined.  They were required to be seeking genetic 

counselling for the purpose of age-related indications and not to have another reason 

for such counselling.  Subjects were also required to be 35 years of age at the time of 

entry 

 Of those agreeing to participate, two hundred and thirty-eight completed an 

environmental questionnaire.  A sample of amniotic fluid was available from three 

hundred and twenty-three women. A blood sample at the same time as the 

amniocentesis during the second trimester of pregnancy was available from 209 

women. A blood sample at the time of delivery was made available in 105 women.   

Cord blood samples were collected from 97 women and a sample of breast milk was 

collected from 47 women after birth and during the puerperium from home. Clinical 

information related to the pregnancy and delivery was collected at the three Calgary 

hospitals and three hospitals outside the Calgary health region. All subjects were 

given the special tubes and phlebotomy supplies to submit various blood and breast 

milk samples and contacted on a regular basis for the completion of the sampling.  

The nursing staff on each delivery suite was oriented to the project to gain maximal 

compliance with the study.   
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The blood samples were collected by the regional laboratory in specially 

prepared glass tubes, centrifuged and the serum transferred to the Centre for 

Toxicology, University of Calgary for analysis. A similar approach was used for 

amniotic fluid.  It should be noted that subjects were not required to fast for the blood 

samples, either during pregnancy or at birth. 

 The samples were assayed at the Centre for Toxicology, University of 

Calgary. They underwent sample clean-up and extraction by solid phase extraction 

techniques. Details of the methods have been previously reported [19,20]The PCBs 

and most pesticides were measured with GC/negative chemical ionization 

spectrometry (GC/NCIMS).  Some pesticides were measured with GC/electron 

ionization mass spectrometry (GC/EIMS).  The Centre participated in the 

Intercomparison Program for Toxicological Analysis in Biological Materials, 

University of Erlangen-Nuremberg, and the performance had been good 

 In amniotic fluid the PCBs measured were as follows: PCB- 70, 74, 77, 87, 99, 

101, 105, 118, 128, 138, 151, 153, 156, 169, 170, 180, 183, 187, 191, 194, 205, 206, 

208, 209. The pesticides measured were: Aldrin, p,p’-DDE, p,p’-DDT, dieldrin, 

endosulfan I and II, endrin, heptachlor, hexachlorobenzene, hexachlorocyclohexanes, 

α-,β-,γ-, hexachloroethane, methoxychlor, mirex, pentachlorobenzene,  

1,2,3-trichlorobenzene, 1,2,4-trichlorobenzene, 1,2,3,4-tetrahlorobenzene. These 

analytes were also measured in serum and breast milk with some minor changes 

 The limit of quantification (LOQ) varied among analytes as well as matrices. 

For example, the LOQ for most PCBs was 0.01 ng/ml in all matrices. The LOQ for 

most other industrial chemicals was 0.05 ng/ml, however there were exceptional 

situations.   For example, the LOQ for p,p’-DDT was 0.5 ng/ml.  In order to evaluate 

the measurements of Σ PCBs and Group 2 and 3 PCBs, ½ of the level of detection 
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was used in analysis.  This may result is some bias in the analysis as only PCB 153, 

138, 180 and 170 had detection rates >90% in maternal blood during pregnancy. 

There were similar patterns of detection rates for the PCBs 153, 138 and 103 in 

maternal blood at birth and PCBs 153 in cord blood and PCB 118, 153, 138, 187, 183, 

156, 180, 170 and 194 in breast milk.  The presence of bias in the use of this 

technique is appreciated.  Other approaches such as the use of designation of  

non-detected samples as zero values was not used because the values are called  

non-ignorable data that may also result bias if the samples are simply excluded. 

Alternative imputation analysis approaches may provide more accurate methods for 

pregnancy related PCBs but will need to be confirmed in comparison to other studies 

[21]. 

The lipid content of serum was calculated by the sum of cholesterol, 

triglycerides and phospholipids.  These analytes were measured by enzymatic 

methods using a chemistry analyzer.  The lipid content of milk was measured by a 

gravimetric method. 

Statistical analysis 

 The data from the clinical charts, analysis of chemical results and the 

environmental questionnaires were assembled in SPSS. Only normally distributed 

data were evaluated using parametric analysis (paired t-test and Pearson Correlation). 

Parametric analysis was undertaken wherever possible.  The individual analytes were 

not normally distributed and were normalized by logarithmic function and adjusted to 

account for non-detection of samples.  All PCB concentrations were highly skewed. 

Samples were corrected for non-detection (0.5*level of quantification), lipid adjusted 

and log transformed for a normal distribution.   Because the relationships of maternal 

blood to cord blood are key in this study and the fetal blood is lower in lipid content, 
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PCBs levels were evaluated as ng/ml and as ng/g lipid.  Specific analysis was done on 

PCB 153 because of the relatively high concentrations observed.  Samples also were 

aggregated by measuring Σ PCBs as well as Σ PCBs in Group 2 and Group 3 of those 

proposed by Wolff et al. [22]. For this study, Group 2 included PCBs 74, 118, 156, 

138 and 170.  Group 3 included PCBs 99, 153, 180 and 183.  Data concerning the 

concentrations of HCB and DDE were treated in a similar fashion for non-detection 

and normalization. 

 To explore changes in the concentrations in pregnancy, paired t-tests were 

undertaken between all possible groupings of samples on the normalized data. 

Although there were sufficient pairings to evaluate differences in the pair groups, it is 

important to note these comparisons do not exactly reflect the same cohort over the 

four periods of study because of missing data.  In order to evaluate the correlation of 

the results, and bearing in mind the desire to study the maternal blood during 

pregnancy and at birth as a potential marker of fetal exposure, the non-lipid adjusted 

samples were normalized for comparison purposes.  The non-detection samples were 

adjusted to reflect 0.5 the level of quantification.  

To evaluate the potential association of exposures to spontaneous abortion, the 

concentrations were assessed in relation to clinical history by one way analysis of 

variance. 

Results  

 

Demographics 

The subjects were all from the Calgary Health Region, located in southern Alberta, 

Canada during the period from an entry in 2001 to 2003 when the last delivery 

occurred.  A total of 323 subjects were approached and 315 subjects completed the 
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consent form and formally entered into the study.  From this group, 308 provided 

samples of amniotic fluid for karyotype studies as well as the measurement of the 

organochlorines.  The balance of subjects decided not to have the amniocentesis 

undertaken based upon information from the Genetics Counselling Clinic. There were 

209 blood samples collected during the second trimester around the time of the 

amniocentesis.  There were 105 blood samples analyzed from the mothers at the time 

of giving birth.  There were 97 samples of cord blood and 47 samples of breast milk 

collected.  The breast milk samples were collected at varying times in the postpartum 

period. 

 There were 203 pairs of amniotic fluid and maternal blood during the time of 

amniocentesis and 85 pairs of samples that were obtained from maternal blood at birth 

and cord samples.   There were 23 subjects in which all samples were collected in all 

tissues compartments.   

The demographic and reproductive histories of the subjects are presented in 

Table 1.  Consistent with the inclusion criteria, the age of the subjects was 39.0+/- 0.1 

(Mean+/- SEM).  During the previous year, 15.1% of the subjects identified 

themselves as smokers and 8% continued to smoke during the pregnancy. Most of 

these smokers reported smoking less than 20 cigarettes per day (Table1). 

 A specific diet was reported by 66 subjects including weight loss (13.4%), 

sodium free (3.4%), fat free (8.4%), diabetic (0.4%), weight gain (0.4%) and 

vegetarian (1.7%).  Eighty five individuals reported a significant weight loss on the 

preceding year and the average amount was reported to be 7.3 pounds. 

 Prior medical history was significant for the regular use of prescription 

medication (27%), Anesthetic exposure (18%), and infertility (12%).  There was an 

infrequent rate of prior cancer (2.1%), skin disease (2.9 %) and liver disease (1.7%). 
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 The most common chemical exposure in the previous year was to paint 

(50.5%) and solvents (32.8%).  There was a reported exposure of this cohort to 

pesticides in 22%, herbicides 22%, fungicides 5.9% and dry cleaning chemicals 6.5%. 

 Of the cohort, there were only 36 primigravidas. Sixteen percent reported one 

induced abortion and 6% had had 2 or more.  There were 21% of the subjects with 

one, 6.3% with two and 6% with three or more spontaneous abortions.  Two percent 

reported an ectopic pregnancy. 

 Of the pregnancies under review, there were 291 births, of which there was a 

complication rate of pregnancy of pregnancy induced hypertension in 8.2%, 

premature labor in 3.4%, gestational diabetes in 5.2% a birth weight less than 2500 g 

in 4.8% and a Caesarean section rate of 27%. 

 The sex ratio of the cohort of infants was 1.13 (male/female).  Karyotype 

indicated two cases of Klinefelter syndrome and 2 cases of trisomy that proceeded to 

delivery. Other anomalies resulted in pregnancy termination. 

 

Concentrations of the Organochlorine Chemicals 

Amniotic Fluid 

 None of the PCBs or pesticides was measurable in the amniotic fluid. It 

should be noted the amniotic fluid measurement was done after centrifugation and the 

amniocytes removed for karyotyping.   

 

Total PCBs and Pesticides 

 The concentrations of all available samples of PCB 153, Σ PCBs, Group 2 and 

Group 3 PCBs and the pesticides DDE and HCB (lipid adjusted) are presented in 

Table 2. Statistical analysis was performed for Σ PCB samples using a paired t-test of 
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normalized data.  In relation to ΣPCBs, samples collected from women during 

pregnancy did not differ from those collected at birth (p>0.05) but the levels in 

maternal blood were higher than samples from the cord and breast milk (p<0.001). 

Breast milk was found to be higher than cord blood ΣPCBs (p=0.008) all tests after 

lipid-adjustment.     

 A similar pattern was identified for Group 2 and Group 3 PCBs. There were 

no differences between blood collected during pregnancy and the samples taken at 

birth (n.s.). There were higher concentrations in blood taken during pregnancy and at 

birth over cord blood (p<0.01) and breast milk (p<0.01). Breast milk was higher than 

cord blood for Group 2 (p<0.05) but not Group 3 PCBs. 

PCB 153 concentrations were not different between maternal blood during 

pregnancy and at birth although they were all significantly higher than breast milk. 

This increase in the concentrations of PCBs in the cord blood samples was 

potentially a consequence of the relatively low concentrations of lipid in the fetal 

circulation. The levels of non-lipid adjusted levels of PCBs are shown in Table 2. The 

lipid concentrations of the tissue compartments were as follows (mean +/- S dev.): 

maternal blood during pregnancy - 0.71+/-0.13, at birth - 0.74+/-0.16, cord blood- 

0.21+/-0.06 and breast milk - 2.83+/-1.33 g/100 ml plasma. 

The pattern of PCBs among non-lipid adjusted groups is shown in Table 2 B. 

There was no difference in the maternal samples during pregnancy compared to the 

cord blood samples.  There were significantly higher levels of both Groups in 

maternal blood during pregnancy and at birth compared to cord blood, consistent with 

the Σ PCB level pattern (p<0.001) 

 The concentrations of pesticides are presented in Table 2.  There were no 

differences in lipid adjusted HCB concentrations of maternal blood during pregnancy 
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and at birth when compared to cord blood (n.s.)  There were significantly lower 

concentrations of lipid adjusted HCB in breast milk when compared to all other 

groups (p<0.001).  The same pattern of result was observed for lipid adjusted DDE 

samples.  

Without lipid adjustment there was a significant difference in HCB in maternal 

blood during pregnancy and at birth compared to cord blood (p<0.001) (Table 2). 

HCB during pregnancy and at birth were significantly less than breast milk samples 

without lipid adjustment (p<0.001).  The same pattern was observed for non-lipid 

adjusted DDE samples. 

PCB Correlations   

The relationships of the Σ PCBs are closely correlated in all of the tissues as 

indicated in Table 3.  There are several notable relationships with very high 

correlation coefficients.  Non-lipid adjusted, normalized Σ PCBs during pregnancy 

were found to highly correlate with levels at birth (r=0.770, p<0.01) and in cord blood 

(r=0.498, p<0.01) but not with breast milk (n.s.).  Σ PCBs taken at birth also 

correlated well with cord blood ( p<0.001) but not with breast milk PCBs.   

There were significant correlations between Group 2 and 3 PCBs (Table 4). 

The most significant correlations were between groups but within tissue 

compartments. Group 2 PCBs of maternal blood during pregnancy correlated most 

strongly with Group 3 PCBs of maternal blood during pregnancy (r=0.755, p<0.01) 

but also strongly correlated with Group 2 PCBs at birth (r= 0.628, p<0.01) and Group 

3 PCBs at birth (r=0.717, p<0.001); Group 3 PCBs of maternal blood during 

pregnancy also correlated with Group 2 and 3 at birth and Group 2 and 3 cord blood 

(all p<0.001). The Group 2 PCBs at birth correlated well with Group 2 and 3 cord 

blood cord (r=0.603, p<0.001 and r=0.783, p<0.001 respectively); Group 3 PCBs at 
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birth also correlated with Group 2 and 3 cord blood (all p<0.001). There was no 

correlation between breast milk and the other values.   

To explore more rigorously the relationships of PCBs between compartments 

PCB 153 and PCB 180 were evaluated among all subjects with completed collection 

of maternal and fetal blood samples. These PCBs were selected because of the 

relatively high rate of detection of analytes. Cord blood PCB 153 was significantly 

correlated with maternal blood during pregnancy (r=0.691, p<0.001) and maternal 

blood at birth (r=0.905, p<0.001).  Cord blood PCB 180 was also significantly 

correlated with maternal blood during pregnancy (r=0.511, p<0.001) and maternal 

blood at birth (r=0.830, p<0.001). 

The correlations between the tissue compartments and HCB and DDE are 

presented in Table 5.  Specifically, there were significant correlations for both HCB 

and DDE between both the samples during pregnancy and at birth when compared to 

cord blood (all p<0.001). 

Clinical Variables and Concentrations of PCBs and Pesticides 

There were no differences in the concentrations of PCBs or pesticides among 

women reporting one or two prior spontaneous abortions compared to those 

individuals who had had no spontaneous abortion.  It should be noted this was not the 

primary objective of the study and the clinical outcomes are part of secondary 

analysis.  There were no significant differences in concentrations of PCBs and 

pesticides among the subjects reporting medical conditions with the exception that 

those individuals reporting infertility had significantly higher concentrations of HCB. 

There were no differences in these concentrations among women reporting exposure 

to herbicides, pesticides, fungicides or insecticides compared to those reporting no 

such exposure in the previous year. Similarly, there was no significant association of a 
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particular diet (weight loss, diabetic, salt free, low fat) with the measurement of PCB 

and pesticides in this cohort of subjects.   Although there was a dose related increase 

in the mean concentrations of Σ PCBs in maternal blood during pregnancy in relation 

to fish consumption, the relationship was not significant. 

 

Discussion  

The results of this study are reassuring and support the observations that indicate 

levels of PCBs are relatively low in western Canada compared to other studies in 

previous years among pregnant women in different countries or regions of Canada. 

Specifically, using PCB 153 as a marker as recommended [23], it would appear the 

women in Calgary are at the lower range of values among studies that evaluated 

neurocognitive outcomes of children.  The meta analysis of ten studies indicated a 

range of the 25
th

 to the 75
th

 percentiles of PCB 153 to range from approximately 20 to 

800 ng/g lipid [18].  In this study, the arithmetic mean concentrations of PCB 153 

were 21.16, 25.71 and 18.22 ng/g lipid in the maternal blood during pregnancy, at 

birth and cord blood respectively, indicating a relatively low exposure level in relation 

to the previous reports.     

 There is evidence that the maternal serum during the second trimester of 

pregnancy can be considered a biomarker for the exposure of the fetus in utero as  

determined by cord blood levels and the significant correlations among these tissue 

compartments.  These observations have been made previously at higher PCB 

concentrations [3]   

 The concentrations of this study are consistent with other reports of the 

concentrations of PCB 153, HCB and DDE in the cord samples.  Specifically, there is 

close agreement with the findings in southern Quebec, Canada and New Bedford, 
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USA for all three chemicals measured on a wet weight basis [24].  Additionally the 

combination of PCB 138, 153 and 180 in the New Bedford study was approximately 

twice the concentrations of the same PCBs in the current study (mean, median and 

standard deviation: 0.84, 0.6, 1.14 ng/ml respectively), and agreed more closely with 

the Σ PCBs which contained PCBs 74, 118, 138, 153, 187, 183, 156, 180, 170.  These 

differences may reflect a greater exposure in New Bedford than in southern Alberta.   

The differences in cord concentrations from other reports of higher levels may be a 

reflection of the declining concentrations in recent years since the chemicals were 

banned [25-28].  Decreases in tissue concentrations have been reported in Northern 

Canada between 1994 and 2001 [29]. The lower concentrations may also reflect the 

findings of a population study of healthy women attending a genetics counselling 

service that was unselected for dietary intake of foods containing PCBs [30].  

 Absence of these chemicals in the amniotic fluid at the level of quantification 

was observed but not unanticipated because of the low lipid concentration, an 

assessment of the amniocytes may have isolated analytes [31,32]. In this study the 

cells were not available owing the need for karyotyping. 

There were a number of important findings from this cohort that again indicate 

the relatively low concentrations did not exercise a measurable biological effect of the 

prior health of the women. For example, there were no differences in the 

concentrations of PCBs or pesticides among women reporting prior spontaneous 

abortion.  The sample size may be too small to detect a significant increase. The 

higher concentrations of HCB during pregnancy among those reporting infertility may 

simply reflect the lack of prior pregnancy-related loss of body burden and is not 

interpreted as a causal function of infertility.  There were no significant differences in 

the concentrations of PCBs and pesticides among the subjects reporting current or 
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previous serious medical conditions or exposure to pesticides, fungicides, herbicides 

or other common chemicals such as dry cleaning fluid in the previous year.  Similarly, 

there was no significant association of diet with the measurement of Σ PCB and 

pesticides in this cohort of subjects. Although there was an increase in the mean 

concentrations of Σ PCBs in relation to daily fish consumption, the relationship of diet 

was not significant.  

 

Conclusions  

In summary, it would appear that pregnant subjects from Calgary Alberta are exposed 

to PCBs and pesticides as are most individuals but the extent of exposure appears to 

be low in relation to other published studies from other areas of Canada or other 

countries. There is no evidence of exposure to pesticides or PCBs in the amniotic fluid 

under the current measurement limitations of quantification.  Measurement of 

maternal blood during the second trimester of pregnancy reliably estimates the 

maternal blood levels at birth as well as fetal exposure to PCBs and organochlorines 

as measured by cord blood at these relatively low levels.  The evaluation of subjects 

who had complete blood sampling indicated specifically that the cord blood PCB 153 

and PCB 180 are reliably predicted by a measure of maternal blood during the second 

trimester of pregnancy. 

 

List of Abbreviations 

 DP:  maternal blood taken during the first trimester of pregnancy 

 AB:  Maternal blood taken at the time of birth 

 C  Blood taken from the cord at birth 
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 BM:  Breast milk 

 DDE:  Dichlorodiphenyldichloroethylene 

 HCB:  Hexachlorobenzene 

 DDT:  Dichlorodiphenyltrichloroethane 

 PCBs:  Polychlorinated biphenyls 

 PCB 70 2,3’,4’,5-Tetrachlorobiphenyl  

PCB 74 2,4,4’,5-Tetrachlorobiphenyl 

PCB 77 3,3’,4,4’-Tetrachlorobiphenyl 

 PCB 87 2,2’3,4,5’-Pentachlorobiphenyl 

 PCB 99 2,2’,4,4’5-Pentachlorobiphenyl 

 PCB 101 2,2’4,5,5’-Pentachlorobiphenyl 

 PCB 105 2,3,3’,4,4’-Pentachlorobiphenyl 

PCB 118 2,3’,4,4’,5-Pentachlorobiphenyl  

 PCB 128 2,2’,3,3’,4,4’-Hexachlorobiphenyl 

 PCB 138 2,2’,3,4,4’,5’-Hexachlorobiphenyl 

 PCB 151 2,2’,3,5,5’6-Hexachlorobiphenyl 

 PCB 153 2,2’,4,4’,5,5’-Hexachlorobiphenyl 

 PCB 156 2,3,3’4,4’,5-Hexachlorobiphenyl 

 PCB 169 3,3’4,4’,5,5’-Hexachlorobiphenyl 

 PCB 170 2,2’,3,3’,4,4’,5-Heptachlorobiphenyl 

 PCB 180 2,2’,3,4,4’,5,5’-Heptachlorbiphenyl 

 PCB 183 2,2’3,4,4’5’,6-Heptachlorbiphenyl 

 PCB 187 2,2’,3,4’,5,5’,6-Heptachlorbiphenyl 

 PCB 191 2,3,3’,4,4’,5’,6-Heptachlorbiphenyl 

 PCB 194 2,2’,3,3’,4,4’5,5’-Octachlorbiphenyl 
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 PCB 205 2,3,3’,4,4’,5,5’,6-Octachlorobiphenyl 

 PCB 206 2,2’,3,3’,4,4’,5,5’,6-Nonachlorbiphenyl 

 PCB 208 2,2’,3,3’,4,5,5’,6,6’-Nonachlorobiphenyl 

 PCB 209 Decachlorobiphenyl 

 

Competing interests 

None declared. 

 

Authors Contributions 

JJ was original co-investigator and undertook patient recruitment, clinical data 

acquisition and data analysis in relation to the analysis of human tissue samples, and 

drafted the article. SC was principal investigator of the original proposal, undertook 

sample measurement and analysis and participated in revising the draft for 

consideration; RH participated in data analysis and revisions of the article; HH 

participated in data analysis and revisions of the article. All authors read and approved 

the final manuscript. 

 

Acknowledgements  

All authors contributed equally to this work. The authors wish to express appreciation 

for the funding received from Toxic Substances Research Initiative, Health Canada 

and Environment Canada. The assistance of Cheryl Swaby and Margaret Sevcik in the 

completion of this work is appreciated.   

  



 20

References 

 1.  Aguilar A, Borrell A, Reijnders PJ: Geographical and temporal variation in 

levels of organochlorine contaminants in marine mammals. Mar Environ 

Res 2002, 53:425-452. 

 2.  Baibergenova A, Kudyakov R, Zdeb M, Carpenter DO: Low birth weight 

and residential proximity to PCB-contaminated waste sites. Environ 

Health Perspect 2003, 111:1352-1357. 

 3.  Ayotte P, Muckle G, Jacobson JL, Jacobson SW, Dewailly E: Assessment of 

pre- and postnatal exposure to polychlorinated biphenyls: lessons from 

the Inuit Cohort Study. Environ Health Perspect 2003, 111:1253-1258. 

 4.  Taylor PR, Lawrence CE, Hwang HL, Paulson AS: Polychlorinated 

biphenyls: influence on birthweight and gestation. Am J Public Health 

1984, 74:1153-1154. 

 5.  Longnecker MP, Klebanoff MA, Zhou H, Brock JW: Association between 

maternal serum concentration of the DDT metabolite DDE and preterm 

and small-for-gestational-age babies at birth. Lancet 2001, 358:110-114. 

 6.  Longnecker MP, Klebanoff MA, Zhou H, Brock J. Associaton between 

maternal serum concentration of the DDT metabolite DDE and preterm 

and small-for-gestational-age babies at birth. Lancet 2002, 358:110-114.  

 7.  Rogan WJ, Gladen BC, Hung KL, Koong SL, Shih LY, Taylor JS et al.: 

Congenital poisoning by polychlorinated biphenyls and their 

contaminants in Taiwan. Science 1988, 241:334-336. 



 21

 8.  Rogan WJ, Gladen BC: Study of human lactation for effects of 

environmental contaminants: the North Carolina Breast Milk and 

Formula Project and some other ideas. Environ Health Perspect 1985, 

60:215-221. 

 9.  Jacobson JL, Jacobson SW. Intellectual impairment in children exposed to 

polychlorinated biphenyls in utero. N Engl J Med 1996, 335:783-789.  

 10.  Darvill T, Lonky E, Reihman J, Stewart P, Pagano J: Prenatal exposure to 

PCBs and infant performance on the fagan test of infant intelligence. 

Neurotoxicology 2000, 21:1029-1038. 

 11.  Stewart P, Fitzgerald S, Reihman J, Gump B, Lonky E, Darvill T et al.: 

Prenatal PCB exposure, the corpus callosum, and response inhibition. 

Environ Health Perspect 2003, 111:1670-1677. 

 12.  Zoeller RT, Dowling AL, Vas AA: Developmental exposure to 

polychlorinated biphenyls exerts thyroid hormone-like effects on the 

expression of RC3/neurogranin and myelin basic protein messenger 

ribonucleic acids in the developing rat brain. Endocrinology 2000, 

141:181-189. 

 13.  Zoeller TR, Dowling AL, Herzig CT, Iannacone EA, Gauger KJ, Bansal R: 

Thyroid hormone, brain development, and the environment. Environ 

Health Perspect 2002, 110 Suppl 3:355-361. 

 14.  Langer P, Kocan A, Tajtakova M, Petrik J, Chovancova J, Drobna B et al.: 

Possible effects of polychlorinated biphenyls and organochlorinated 



 22

pesticides on the thyroid after long-term exposure to heavy environmental 

pollution. J Occup Environ Med 2003, 45:526-532. 

 15.  Gauger KJ, Kato Y, Haraguchi K, Lehmler HJ, Robertson LW, Bansal R et 

al.: Polychlorinated Biphenyls (PCBs) Exert Thyroid Hormone-like 

Effects in the Fetal Rat Brain but Do Not Bind to Thyroid Hormone 

Receptors. Environ Health Perspect 2004, 112:516-523. 

 16.  Akiyama K, Ohi G, Fujitani K, Yagyu H, Ogino M: Polychlorinated 

biphenyl residues in maternal and cord blood in Tokyo metropolitan 

area. Bull Environ Contam Toxicol 1975, 14:588-592. 

 17.  Covaci A, Jorens P, Jacquemyn Y, Schepens P: Distribution of PCBs and 

organochlorine pesticides in umbilical cord and maternal serum. Sci Total 

Environ 2002, 298:45-53. 

 18.  Longnecker MP, Wolff MS, Gladen BC, Brock JW, Grandjean P, Jacobson JL 

et al.: Comparison of polychlorinated biphenyl levels across studies of 

human neurodevelopment. Environ Health Perspect 2003, 111:65-70. 

 19.  Dmitrovic J, Chan SC, Chan SHY: Analysis of pesticides and PCB 

congeners in serum by GC/ms with SPE sample cleanup. Toxicol Lett 

2002, 134:253-258. 

 20.  Dmitrovic J, Chan S: Analysis of PCB congeners in humaan milk by 

GC/NCIMS after sample cleanup by solid phase extraction. J Chromatogr 

2002, 778:147-158. 



 23

 21.  Lubin JH, Colt JS, Camann D, Davis S, Cerhan JR, Severson RK, Bernstein L, 

Hatge P. .: Epidemiologic evaluation of measuremet data in the presence 

of detection limits. Environ Health Perspect 2004, 112:1691-1696. 

 22.  Wolff MS, Camann D, Gammon M, Stellman SD. Proposed congener 

groupings for epidemiological studies. Environ Health Perspect 1997, 

105:13-14.  

 23.  Longnecker MP, Wolff MS, Gladen BC, Brock JW, Grandjean P, Jacobson JL 

et al.: Comparison of polychlorinated biphenyl levels across studies of 

human neurodevelopment. Environ Health Perspect 2003, 111:65-70. 

 24.  Korrick SA, Altshul LM, Tolbert PE, Burse VW, Needham LL, Monson RR: 

Measurement of PCBs, DDE, and hexachlorobenzene in cord blood from 

infants born in towns adjacent to a PCB-contaminated waste site. J Expo 

Anal Environ Epidemiol 2000, 10:743-754. 

 25.  Janousek V, Krift J, Malbohan M, Cibula D, Lukas W, Lammers W, Huisman 

M, Boersma ER, van der PaauwCG. .: Cord blood levels of potentially 

neurotoxic pollutants (polychlorinated biphenyls, lead and cadmium) in 

areas of Prague, (Czech Republic) and Katowice (Poland).  Comparison 

with reference values in the Netherlands. The Czech/Polish/Dutch/Geman 

Research Team. Cent Eur J Public Health 1994, 2: 73-76. 

 26.  Koopman-Esseboom C, Huisman M, Weisglass-Kuperus N, van der Paauw 

CG, Tuinstra JGM, Boersma ER et al.: PCBs and dioxn levels in plasma and 

human milk of 418 Dutch women and their infants.  Predictive value of 

PCB congener level in maternal plasma for feta and infant exposur to 

PCBs and dioxin. Chemosphere 1994, 28: 1721-1732. 



 24

 27.  Bush B, Snow J, Koblintz R: Polychlorobiphenyl (PCB) congeners, p,p'-

DDE and hexachlorobenzene in maternal and fetal cord blood from 

mothers in Upstate New York. Arch Environ Contam Toxicol 1984, 13: 517-

527. 

 28.  Hagmar L, Becher G, Heikkila A, Frankman O, Dyremark E, Schutz A et al.: 

Consumption of fatty fish from the Baltic Sea and PCB in whole venous 

blood, plasma and cord blood from delivering women in the Aland/Turku 

archipelago. J Toxicol Environ Health A 1998, 53: 581-591. 

 29.  Dallaire F, Dewailly E, Laliberte C, Muckle G, Ayotte P: Temporal trends of 

organochlorine concentrations in umbilical cord blood of newborns from 

the lower north shore of the St. Lawrence river (Quebec, Canada). 

Environ Health Perspect 2002, 110: 835-838. 

 30.  Chan HM: A database for environmental contaminants in traditional 

foods in northern and Arctic Canada: development and applications. 

Food Addit Contam 1998, 15: 127-134. 

 31.  Stenback F, Ojala A: Histochemical properties of amniotic fluid cells. Acta 

Cytol 1969, 13: 389-394. 

 32.  Messeri G, Curiel P, Caldini AL: Lipid content of amniotic fluid cells. Clin 

Chim Acta 1980, 100: 201-207. 

  



 25

Tables 

Table 1. Demographics and Reproductive History of Study Population 

Table 2. Concentrations of PCBs and Pesticides During Pregnancy, At Birth, in Cord 

Blood and Breast Milk 

Table 4. Correlation of Group 2 and 3 PCBs in Human Tissues 

Table 5. Correlations of Pesticides HCB and DDE 

 

 



 26

 

Table 3. Correlation of ΣPCBs In Human Tissues  
 

  

  ΣPCB DP ΣPCB AB ΣPCB CB 
ΣPCB 
BM 

r 1.000 0.759 0.357 0.504 

p  . 0.000 0.001 0.001 

ΣPCB DP 

n  97.000 91.000 40.000 

r  1.000 0.600 0.325 

p  . 0.000 0.075 

ΣPCB AB 

n   87.000 31.000 

r   1.000 -0.012 

p   . 0.954 

ΣPCB CB 

n    27.000 
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