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Persistent organic pollutant concentrations in first birth
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SANDRA RODRIGUEZ-DOZAL?, HORACIO RIOJAS RODRIGUEZ®, MAURICIO HERNANDEZ-AVILA®,
JAY VAN OOSTDAM¢, JEAN PHILIPPE WEBERY, LARRY L. NEEDHAM® AND LUKE TRIP*

4 Environmental Health Department, Center for Population Heath Research, National Institute of Public Health, Cuernavaca, Morelos, México
®Undersecretary for Health Promotion and Disease Prevention, Ministry of Health, Distrito Federal, México

“Chemicals Surveillance Bureau, Healthy Environments and Consumer Safety Branch, Health Canada, Ottawa, Ontorio, Canada

dCommission for Environmental Cooperation, Montreal, Quebec, Canada

®National Center of Environmental Health, Centers for Disease Control and Prevention, Atlanta, Georgia, USA

This project was initiated by the North America Commission for Environmental Cooperation (CEC). Its main purpose was to obtain an initial profile on
pregnant woman’s exposure to persistent organic pollutants (POPs) in North America (Canada, the United States and Mexico). Persistent organic
pollutants are transferred to the fetus via the placenta during the pregnancy or to the infant via maternal milk; therefore, the pregnant woman’s body
burden is important because of the higher exposures and potential health effects in the fetus and infant. This paper presents the results from 240 pregnant
women in 10 Mexican cities, and includes the concentrations of various POPs such as polychlorinated biphenyls (PCBs), organochlorine pesticides and
polychlorinated dibenzo dioxins and furans (PCDDs and PCDFs) in maternal plasma. We found concentrations of p,p’-DDE in maternal samples from
Coatzacoalcos to be ~60% higher than those found in Ciudad Obregon, which had the second highest concentration. Pregnant women from Merida had
higher mean concentrations of PCBs than all women in other regions. Results for PCDDs and PCDFs plus dioxin-like PCBs data were only available on
the basis of composite samples, and their concentrations are similar in most cities except for Coatzacoalcos, which had more than double the
concentration found in other cities. Although this study provides useful information on the variability of POPs in specific populations and possible
regional/local differences, these results cannot be generalized to the entire Mexican population because of differences in age, gender, sources of exposure
and nonrandom nature of the sample.
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Introduction PCDFs accumulating in the maternal body are transferred to
the fetus via placenta during the pregnancy or to the infants

Persistent organic pollutants (POPs) are degradation-resis- via maternal milk; therefore, the pregnant woman’s body

tant anthropogenic compounds that accumulate in the food
chain and in adipose tissue. Many POPs are widely
disseminated in the environment because of their mobility,
and because of their toxicity may pose a risk to the health
of humans and wildlife (Albert, 2004). POPs, such as
organochlorine pesticides, polychlorinated biphenyls (PCBs)
and polychlorinated dibenzo-p-dioxins and furans (PCDDs
and PCDFs), can be found in human blood, adipose tissue
and breast milk (Solomon and Weiss, 2002; Eskenazi et al.,
2003; Guvenius et al., 2003; Doucet et al., 2009; Hedgeman
et al., 2009). Organochlorine pesticides, PCBs, PCDDs and
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burden is important because of the higher exposures and the
potential health effects in the fetuses and infants. (Todaka
et al., 2010; Wang et al., 2009).

The United Nations Environment Programme Stockholm
Convention (SC) in 2001 established procedures to eliminate
and/or control 12 POPs, 9 of which are pesticides (aldrin,
chlordane, dichlorodiphenyltrichloroethane (DDT), dieldrin,
endrin, heptachlor, hexachlorobenzene (HCB), mirex and
toxaphene); others include PCBs, which were used in a variety
of industrial/commercial applications, and the PCDDs and
PCDFs that are released during combustion/production
of several chemical compounds containing chlorine. Mexico
signed the SC in 2001, and ratified it in 2003 (Secretaria de
Medio Ambiente y Recursos Naturales, 2007).

In 1994, Canada, United States and Mexico created the
North American Commission for Environmental Coopera-
tion (CEC), based on the provisions of the North American
Free-Trade Agreement. The purpose of the CEC was to
address environmental issues of common concern, contribute
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to preventing potential environmental conflicts arising from
trade relations of the three countries and promote effective
application of environmental legislation. Mexico has made a
concerted effort to enhance the development of monitoring
and analytical capabilities. Regional Action Plans are
currently in place for PCBs, chlordane, PCDDs, PCDFs
and HCB, and are implemented with three main objectives in
mind as follows: the elimination of the use of these
compounds, environmentally correct handling of PCB
inventories throughout their life cycle and the gradual
withdrawal and destruction of these pollutants (Commission
for Environmental Cooperation, 2003).

This monitoring project was initiated by the human
biomonitoring subgroup of the CEC’s Sound Management
of Chemicals program and its main purpose is to obtain an
initial profile on pregnant womens’ exposure to different
persistent organic compounds in North America (Canada,
the United States and Mexico).

This paper provides the results for Mexico. This work
establishes an initial baseline for POP concentrations
in pregnant women in Mexico.

Materials and methods

Population

Between November 2005 and March 2006, 240 pregnant
women from 10 Mexican sites were invited to participate in a
study designed to monitor contaminants in maternal blood.
The 10 selected sites were Queretaro, Tultitlan, Merida,
Salamanca, Monterrey, Guadalajara, Hermosillo, Cordoba,
Coatzacoalcos and Ciudad (Cd.) Obregon; some of these

cities are characterized by their industrial activity, and
others for their agricultural practices with a significant use
of pesticides. These sites are located in the northern, central
and southern Mexico (Figure 1). The rationale for each site is
provided in Table 1.

This study was conducted after obtaining the approval of
the Institutional Ethical, Research and Biosecurity boards of
the National Institute of Public Health of Mexico. Selection
criteria for this study included women in their first pregnancy
with no complications, those who had lived at the area for
at least 10 years and given their informed, written consent.
The women were selected after their last scheduled prenatal
visit to their family doctor in public hospitals. Blood samples

Table 1. Characteristics of the study cities.

Site Population and possible sources

Ciudad (Cd.) Urban area close to an agricultural/organochlorine

Obregon, Sonora insecticide use

Salamanca, Urban area /industry, refineries and organochlorine
Guanajuato processing plants

Tultitlan, State of Urban/contaminated sites. ‘Cromatos de México’
Mexico is an example.

Cordoba, Veracruz ~ Urban/possible dioxin/furan contamination
Coatzacoalcos, Urban and rural/ national petrochemical hub, other
Veracruz chemical industry center and pesticides

Merida area Urban area/propose nonhotspot, possible DDT
and POPs presence

Urban area/nonhot spot site for POPs

Urban area/nonhot spot site for POPs

Urban area/nonhot spot site for POPs

Urban area/nonhot spot site for POPs

Monterrey area
Guadalajara area
Hermosillo area
Queretaro area

Figure 1. Site of study.
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were collected during the third trimester of pregnancy.
A total of 25 women from each site were selected (except
Guadalajara, where only 15 were available).

Blood Samples

To obtain the necessary plasma, blood samples were collected
from an antecubital vein into a 10ml purple-top, EDTA-
containing Vacutainer tubes. The tubes were centrifuged at
2400 r.p.m. The plasma was then pipetted into glass vials and
frozen at —20 °C until analysis.

All quality control (QC) concentration levels were chara-
cterized to determine the mean concentrations, and the 95th
(1.966) and 99th (2.585) control limits by consecutive
analysis of 20 samples of each QC level. QC data within
each analytical run were compared with the control limits to
evaluate the validity of analyses using the Westgard rules
(Westgard, 2002).

Determination of PCBs, Organochlorine Pesticides and
PCDDs/PCDFs
The samples were analyzed for various organochlorine
pesticides (aldrin, chlordane derivatives (alpha-chlordane,
cis-Nonachlor, gamma-chlordane, oxychlordane, trans-
Nonachlor), hexachlorocyclohexane (HCH) derivatives
(gamma-HCH and beta-HCH), mirex, HCB, p.,p’-DDT,
dichlorodiphenyldichloroethylene (p,p’-DDE), 19 PCBs conge-
ners (28, 52, 99, 101, 105, 114, 118, 123, 128, 138, 153, 156, 157,
163, 167, 170, 180, 183 and 189), plus PCDDs and PCDFs.
Pesticide and PCB levels were measured by high-resolution
gas chromatography/low-resolution mass spectrometry at the
INSPQ’s Toxicology Laboratory in Quebec City, Canada,
using an in-house, ISO-17025 accredited method, adapted
from Mes (1990). Plasma samples were extracted through a
solid-phase extraction (SPE) column. The resulting extracts
were purified in a Florisil column, and concentrated to a final
volume of 100 pl, before the GC-MS determination Accu-
racy controls were carried out with the serum, certified by the
US National Institute of Science and Technology. Accuracy
was periodically verified by participation in two external
quality evaluation programs. Detection limits (DLs) varied
between 0.005 and 0.09 pg/l, depending on the analyte.
Aroclor 1260 was calculated by summing congeners 138 and
153 and multiplying the total by 5.2 (Schulz et al., 1989).
PCDDS, PCDFs and co-planar PCB levels were measured
on composite plasma pools (two composite plasma samples
were prepared for each of the 10 sites, by each mother
contributing ~2ml of plasma for a total of 20 composite
samples). Plasma pools of equal volume were randomly
allocated for the two samples for each site, aliquoted into
vials and stored at —20°C. These samples were analyzed
using high-resolution gas chromatography/isotope-dilution
high-resolution mass spectrometry. Plasma samples were
spiked with carbon-13 labeled ('*C5) internal standards and
extracted using a C;3 SPE or liquid-liquid extraction
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procedure followed by a multicolumn automated cleanup
and enrichment procedure (Patterson et al., 1987; Turner
et al., 1997).

2,3,7,8 TCDD toxic equivalents (TEQs) were calculated by
multiplying the individual concentrations of dioxin, furan or
dioxin-like PCB congeners with the 2005 World Health
Organization toxic equivalency factor (Van den Berg et al,,
2006) to obtain the TEQ for each of these chemicals; these
TEQs were summed for the TEQs of dioxins, furans, mono-
ortho PCBs and co-planar PCBs, and for the total TEQs.

Wet weight concentrations were converted to lipid weight
for the final analysis. The total lipid (TL) concentration of
each sample was calculated by summing the measured
concentrations of the plasma lipid components. The follow-
ing lipid components were measured by the standard clinical
chemistry enzymatic methods: total cholesterol (TC), free
cholesterol (FC), triglycerides (TGs) and phospholipids
(PLs). Total lipid concentration was calculated as:

TL = 1.677 « (TC — FC) + FC+ TG + PL
(Atkins et al., 1989).

Statistical Analysis

Wet weight data are summarized as maximum and minimum
concentrations, geometric mean, percentiles and percentage
of the detected samples. Values below the DL were set at
one-half the DL.

For pollutants with more than 70%-detected values,
further statistical analysis was carried out on lipid-normalized
data. The DDT/DDE ratio was calculated by dividing
plasma levels of p,p’-DDT by p,p’-DDE. In the human
body, DDE half-life is longer than that of DDT; conse-
quently, a higher DDT/DDE ratio may indicate a more
recent exposure, whereas a lower DDT/DDE ratio may
indicate a more distant/weathered exposure (Trichopoulus
et al., 1995) (Koepke et al., 2004). Tests for normality were
performed on these data and the contaminants did not show
a normal distribution. Consequently, all data were log
transformed and were tested for normality of the residuals
before the final analysis. Analysis of variance was used to
assess differences between the various sites (¢ <0.05) and the
Scheffe’s test was used to adjust for the multiple pairwise
comparisons. The body mass index (BMI) was calculated by
dividing the pre-pregnancy weight in kilograms by the height
in square meters (kg/m?) and was transformed as a
categorical variable. Womens’ pre-pregnancy BMI were
classified as follows: underweight (BMI<18.5), normal
(18.50-24.99), overweight (25.0-29.99) and obese
(=30.00) (World Health Organization, 1997). We categor-
ized age to match the distribution and use of DDT in Mexico
during 1971-1991 (Loépez-Carrillo et al., 1996). The age
groups correspond to different stages in the use of DDT in
Mexico, from maximal use to minimal use: (1971-1981,
1982-1986 and 1987-1990).
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All statistical analyses were performed using the
Stata Version 9.2 (StataCorp., College Station, TX, USA).

Results

Sociodemographic Characteristics
Pregnant women participating in the study were young
(mean age =21 years old with a range = 15-33 years), and
only a small proportion had finished junior high school
(28%). Of these women, 40% smoked at least once in their
life, 33% quit smoking when they got pregnant and only
7% smoked during pregnancy.

The general distribution of the maternal POPs data on a
wet-weight basis in plasma is outlined in Table 2 (minimum,

Table 2. Maternal plasma concentrations of POPs (ug/l plasma)®.

maximum, percentile distribution, geometric mean and
% detected). Results for 13 pesticides and 19 PCB congeners
are presented. Aroclor 1260, a measure of total PCBs, is also
presented to enable comparison with older/historical data.
The only POP found in all the maternal samples was
p, p-DDE. Beta-HCH, oxychlordane and PCB153 were
detected in more than 90% of the samples. PCBs 138 and
180, HCB and trans-Nonachlor were detected in more
than 70% of samples, and all compounds with more than
70% detected were lipid adjusted before further statistical
analysis (Table 3).

Polychlorinated Biphenyl
Merida had higher concentrations of PCB congeners 138,
153 and 180 than all the other cities (Table 4). We found

Contaminant Minimum Percentiles Maximum GM % Detected
25 50 90
Aldrin ND NA NA NA NA ND NA 0
Alpha-chlordane ND NA NA NA NA ND NA 0
Gamma-chlordane ND NA NA NA NA ND NA 0
Alpha-HCH ND NA NA NA NA 0.02 NA 0.4
Gamma-HCH ND NA NA NA NA NA 0.005 2.9
Beta-HCH ND NA 0.06 0.2 1.8 0.07 98.7
Hexachlorobenzene ND NA 0.06 0.2 1.7 0.06 70.8
Mirex ND NA NA NA NA 0.07 0.05 2.1
Oxychlordane ND 0.08 0.01 0.02 0.03 0.1 0.01 95.4
Cis-Nonachlor ND NA NA NA NA 0.01 0.01 12.5
Trans-Nonachlor ND 0.01 0.02 0.03 0.05 0.2 0.02 85.4
p.p’-DDT ND NA NA 0.10 0.3 26.0 0.06 38.3
p.p’-DDE 0.48 1.3 2.4 11.0 160.0 2.67 100
Polychlorinated biphenyls (PCBs)
PCB 28 ND NA NA NA NA 0.2 0.02 5.4
PCB 52 ND NA NA NA NA ND NA 0
PCB 101 ND NA NA NA NA 0.01 NA 0.4
PCB 105 ND NA NA NA NA 0.1 0.005 3.7
PCB 114 ND NA NA NA NA 0.01 NA 0.4
PCB 118 ND NA 0.01 0.01 0.02 0.4 0.01 54.2
PCB 123 ND NA NA NA NA 0.2 NA 0.4
PCB 128 ND NA NA NA NA 0.02 NA 0.4
PCB 138 ND 0.01 0.02 0.03 0.05 0.4 0.02 84.6
PCB 153 ND 0.02 0.03 0.05 0.08 0.5 0.03 95.4
PCB 156 ND NA NA NA 0.02 0.06 0.006 14.2
PCB 157 ND NA NA NA NA 0.01 NA 0.4
PCB 163 ND NA NA NA 0.01 0.3 0.006 154
PCB 167 ND NA NA NA NA 0.2 NA 0.8
PCB 170 ND NA NA 0.01 0.02 0.07 0.009 48.7
PCB 180 ND NA 0.01 0.02 0.03 0.05 0.02 79.2
PCB 183 ND NA NA NA NA 0.05 0.005 4.2
PCB 187 ND NA NA NA 0.02 0.2 0.006 21.2
PCB 189 ND NA NA NA NA ND NA 0
Arochlor 1260° ND NA 0.2 0.42 0.7 4.0 0.2 90.8

Abbreviation: GM, geometric mean.
4N =240.

bArochlor 1260 was calculated by adding PCB 138 and PCB 153 and multiplying the total by 5.2 (Schulz et al., 1989).
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Table 3. Maternal plasma concentrations of POPs (ng/g lipids)®.

Contaminant lipid adjusted Minimum Percentiles Maximum GM % Detected
25 50 75 90
Beta-HCH ND NA 8.1 16.3 324 209.7 8.3 98.7
Hexachlorobenzene ND NA 7.3 14.7 25.8 152.4 7.9 70.8
Oxychlordane ND 1.0 1.7 2.3 3.6 15.0 1.6 95.4
Trans-nonachlor ND 1.5 2.7 3.8 5.5 21.3 2.4 85.4
p.p-DDE 46.5 159. 297. 544. 1466 19,753 336 100.
Polychlorinated biphenyls ( PCBs)
PCBI138 ND 1.4 2.3 3.9 5.9 50.7 2.4 84.6
PCB 153 ND 22 3.4 5.8 9.9 72.5 3.6 95.4
PCB 180 ND NA 2.0 3.5 5.4 43.6 2.1 79.2
Arochlor 1260° ND NA 30.0 51.2 78.9 547.2 31.1 90.8

Abbreviation: GM, geometric mean.
4N =240.

®Arochlor 1260 was calculated by adding PCB 138 and PCB 153 and multiplying the total by 5.2 (Schulz et al., 1989).

significantly higher concentrations of PCB 138 in Merida
compared with Cordoba, Hermosillo, Guadalajara Mon-
terrey or Cd. Obregon. We found significantly higher
concentrations of PCB 153 in Merida compared with
Queretaro, Salamanca, Cordoba, Guadalajara, Monterrey
Cd. Obregon or Hermosillo and finally Merida had
significantly higher concentrations of PCB 180 than Cordo-
ba, Cd. Obregon, Monterrey Hermosillo or Guadalajara
(Table 4). The lowest concentrations of PCBs were, in
general, seen in Cd. Obregon, Monterrey, Guadalajara and
Hermosillo.

Organochlorine Pesticides

The concentrations of various organochlorine pesticides in
maternal plasma samples from each city are summarized in
Table 5. The highest concentrations of p,p’-DDE were found
in mothers from Coatzacoalcos and these were approxi-
mately 60% higher than those found in mothers from
Cordoba (1072 vs 615ng/g lipid), which had the second
highest concentration and was two- to sevenfold higher than
the other sites. The overall mean DDT/DDE ratio was
0.03£0.04, with the highest ratio being found in Coat-
zacoalcos (Table 5). Ciudad Obregon had higher maternal
plasma concentrations of HCB than other cities, and was
statistically greater than all the other cities except Hermosillo
(34.9 vs 14.8 ng/g lipid). Salamanca had the highest maternal
plasma concentrations of beta-HCH (Table 5). In Table 6,
data are stratified by age group and BMI. We found that for
p.p’-DDE, beta-HCH, PCB 138, 153 and 180, women
between the age of 24 and 33 years had significant higher
concentrations than younger women. For p,p’-DDE and
beta-HCH, higher concentrations were found in the obese
group, and for p,p’-DDE we found statistically significant
differences between the obese group and underweight group
(BMI <18.5) in Table 6.
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PCDDs, PCDFs and Dioxin-like PCBs

PCDDs, PCDFs and dioxin-like PCB results were only
available for two composite samples per city because of cost
and larger volumes required for these chemical analyses. The
total TEQ levels of PCDD, PCDF and DL-PCBs are
presented in Table 7. 2,3,7,8 TCDD-TEQ concentrations in
the composite maternal plasma samples were very similar in
all cities except Coatzacoalcos, where the PCDD-TEQ
concentrations were more than double of those found in
other cities (Table 8). The dioxin congener with the highest
concentration in Coatzacoalcos was 1,2,3,7,8-PePCDD
(8.3 pg/g lipid; data not shown).

Discussion

This study measured current human concentrations of
pesticides, PCBs and PCDDs/PCDFs in pregnant women
across several regions of Mexico. The hypothesized exposure
scenario to POPs in Mexico, outlined in Table 1, was not
supported by the data we found. Higher concentrations of
various contaminants were found in cities such as Merida
and Monterrey that we had thought would be background
sites (i.e. nonhotspots). This indicates that sources of
exposure may be more varied than we previously realized.
PCBs were used extensively as heat-exchange agents in
electric capacitors and transformers, as hydraulic lubricants,
heat transfer fluids and pesticide extenders (Giesy and
Kannan, 1998), and are likely to be widespread in the
Mexican environment. Toxicological effects of PCBs have
been observed in animal studies that include carcinogenesis,
reproductive problems, neurodevelopment anomalies and
immunological deficiencies (Liu et al., 2010; Seelbach et al.,
2010). However, not all of these effects have been observed in
humans (Park et al., 2007), but this information continues to
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Table 4. Maternal plasma concentrations of polychlorinated biphenyls (PCBs; ng/g lipids) by city.

Contaminant City Geometric mean 95% CI Minimum Maximum Significant difference®
PCBI138 Merida 4.6 (3.7-5.6) 1.2 13.3 a
Tultitlan 3.7 (2.8-5.0) 1.3 19.7 ab
Coatzacoalcos 32 (2.34.5) 0.8 50.7 abc
Queretaro 3.1 (2.34.2) 0.6 14.4 abc
Salamanca 2.6 (2.0-3.5) 0.7 14.5 abed
Cordoba 1.9 (1.2-1.3) 0.6 32.8 bed
Hermosillo 1.7 (1.4-2.0) 0.6 3.6 bed
Guadalajara 1.5 (1.1-2.4) 0.6 15.7 bed
Monterrey 1.5 (1.2-2.0) 0.5 4.8 cd
Cd. Obregon 1.4 (1.4-1.1) 0.6 5.8 d
PCBI153 Merida 9.1 (7.4-11.2) 3.1 25.5 a
Coatzacoalcos 6.0 4.7-1.7) 2.1 43.7 ab
Tultitlan 4.9 (3.8-6.3) 1.8 21.1 abc
Queretaro 3.9 (3.0-5.0) 1.2 12.4 bed
Salamanca 3.8 (2.94.9) 1.6 25.4 bed
Cordoba 3.1 (2.2-4.4) 0.9 72.5 bed
Guadalajara 2.8 (2.0-3.8) 1.4 15.7 bed
Monterrey 2.3 (1.7-3.1) 0.5 7.5 cd
Cd. Obregon 2.2 (1.6-2.9) 0.6 9.5 d
Hermosillo 2.1 (1.8-2.6) 0.6 49 d
PCB180 Merida 49 (3.8-6.2) 1.2 14.7 a
Coatzacoalcos 3.0 (2.4-3.7) 0.8 7.7 ab
Tultitlan 2.9 (2.2-3.8) 0.6 10.8 ab
Salamanca 2.9 (1.94.3) 0.7 43.6 abc
Queretaro 2.0 (1.6-2.6) 0.5 6.2 abc
Cordoba 1.5 (1.0-2.2) 0.5 36.9 be
Cd. Obregon 1.5 (1.0-1.6) 0.6 14.8 be
Monterrey 1.4 (1.0-1.8) 0.5 5.7 be
Hermosillo 1.3 (1.0-1.7) 0.5 3.7 bc
Guadalajara 1.2 (0.8-1.7) 0.5 33 c
Merida 71.3 (58.1-87.6) 23.8 180.0 a
Coatzacoalcos 48.5 (37.1-63.4) 17.9 493.0 ab
Aroclor 1260™° Tultitlan 45.2 (34.7-58.7) 16.9 210.5 ab
Queretaro 37.1 (28.5-48.2) 11.1 133.3 abc
Salamanca 34.2 (17.0-36.1) 14.9 209.0 abc
Cordoba 24.8 (17.0-36.1) 7.6 547.2 be
Guadalajara 22.1 (14.9-32.7) 6.6 171.4 be
Monterrey 20.0 (15.2-26.3) 5.2 64.6 c
Hermosillo 19.5 (16.0-23.9) 6.4 42.5 c
Cd. Obregon 17.5 (13.0-23.7) 5.9 79.0 c

“a,b,c,d comparisons are one-way ANOVA with Scheffe’s test for multiple comparisons, where the groups that do not have a common letter are significantly

different.

®Sum of PCBs expressed as Aroclor 1260 = 5.2(PCB 138+ 153).

stimulate concern about present human body burdens. PCB
concentrations (expressed as Aroclor 1260) in our study were
lower than those found in breast cancer patients and controls
from public hospitals of Mexico city (Lopez-Carrillo et al.,
2002). This might be expected, as the breast cancer cases and
controls are older than the mothers in this study, and
concentrations of PCBs in human beings are decreasing in
many parts of the world over the time period between these
two studies. Concentrations of PCBs 138, 153 and 180 in
Mexican primiparous mothers were close to one quarter to
those seen in the United States primiparous mothers as
reported by Wang et al. (2009), even although the age range

Journal of Exposure Science and Environmental Epidemiology (2012) 22(1)

were similar in both the studies. This difference could be
because NHANES (1999-2000, 2001-2002) was conducted
at a time when PCB concentrations in the environment were
higher, hence, the women had higher exposures to PCBs. A
more recent study of pregnant mothers in NHANES (2003—
2004) indicates that the Mexican women in our study had
only one half the concentrations of PCB 153 and 180 than
those seen in the United States (Woodruff et al., 2011). In
this case, the difference is less because the participants
selected from the NHANES (2003-2004) were closer to this
sampling time point 2006-2007, although the Mexican
mothers continue to be lower.
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Table 5. Chlorinated organic pesticide concentrations in maternal plasma (ng/g lipid).

Contaminant City Geometric mean 95% CI Minimum Maximum Significant difference®

Beta-HCH Salamanca 19.9 (15.1-26.2) 4.1 67.9 a
Merida 16.7 (11.6-24.1) 49 209.7 ab
Coatzacoalcos 14.1 (8.7-22.9) 2.6 180 ab
Cordoba 13.0 (8.6-19.6) 1.6 68.8 abc
Queretaro 9.9 (6.8-14.4) 2.2 123.7 abc
Guadalajara 7.6 (5.5-10.3) 3.1 18.8 abed
Tultitlan 7.5 (5.9-9.57) 2.2 20.7 be
Monterrey 6.2 (4.8-4.10) 1.5 329 cd
Hermosillo 2.9 (2.3-3.6) 1.3 10.7 d
Cd. Obregon 2.6 (1.8-3.7) 0.633 56.8

Hexachloro benzene Cd. Obregon 349 (24.8-49.1) 3.5 135.8 a
Hermosillo 14.8 (10.1-21.7) 2.6 152.4 ab
Coatzacoalcos 10.3 (7.9-13.4) 2.9 30.0 b
Guadalajara 7.8 (5.7-10.7) 2.4 18.8 be
Tultitlan 7.0 (5.2-9.2) 2.2 19.0 be
Salamanca 6.7 (5.0-9.0) 2.0 20.2 bed
Queretaro 6.6 (5.0-8.8) 1.7 22.4 bed
Monterrey 6.4 (4.8-8.7) 2.1 21.1 bed
Merida 3.7 (3.0-4.5) 1.5 10.4 cd
Cordoba 3.1 (2.6-3.8) 2.0 9.0 d

Oxychlordane Guadalajara 2.6 (1.9-3.6) 1.3 15.1 a
Salamanca 2.3 (1.7-2.9) 0.7 14.8
Hermosillo 2.1 (1.7-2.6) 1.0 7.9 ab
Monterrey 1.9 (1.4-2.4) 0.5 7.9 ab
Cd. Obregon 1.9 (1.4-2.5) 0.4 7.5 ab
Queretaro 1.7 (1.4-2.1) 0.7 6.8 ab
Coatzacoalcos 1.5 (1.1-1.9) 0.5 4.1 ab
Merida 1.2 (1.0-1.6) 0.6 44 ab
Cordoba 1.1 (0.9-1.4) 0.3 4.2 b
Tultitlan 1.0 (0.9-1.3) 0.3 2.4

trans-Nonachlor Hermosillo 4 (3.2-4.9) 1.9 13.8 a
Monterrey 3.5 (2.5-4.9) 0.5 21.3 é
Guadalajara 33 (2.4-4.5) 1.6 18.3 ab
Cd. Obregon 2.7 (2.0-3.6) 0.7 14.8 ab
Salamanca 2.6 (2.0-3.4) 0.5 8.7 ab
Queretaro 2.4 (1.9-3.2) 0.6 12.0 ab
Coatzacoalcos 2.4 (1.8-3.3) 0.7 11.9 ab
Merida 22 (1.6-2.9) 0.6 7.1 ab
Cordoba 1.4 (1.0-2.0) 0.5 13.1 b
Tultitlan 1.3 (1.1-1.7) 0.5 34

p.p’-DDE Coatzacoalcos 1072 0.07° (754-1522) 200 4300 a
Cordoba 615.3 0.02° (426.7-887.4) 94.3 2166.7 ab
Cd. Obregon 529.7 0.04° (296.2-947.1) 87.3 19,753.0 abc
Monterrey 363.6 0.01° (254.2-519.9) 99.9 2903.2 bed
Merida 291.0 0.04° (207.1-409.0) 60.5 1122.4 bed
Hermosillo 233.2 0.02° (185.9-292.3) 96.2 666.7 cd
Queretaro 226.9 0.04° (154.4-333.5) 50.0 2166.7 cd
Salamanca 218.7 0.03° (169.8-281.9) 67.0 1077.8 cd
Tultitlan 209.9 0.02° (165.7-266.1) 58.7 867.6 cd
Guadalajara 144.2 0.03° (94.4-220.1) 46.5 520 d

“a,b,c,d comparisons are carried out by one-way ANOVA by Scheffe’s test, where the groups which do not have a common letter are significantly different.

PRatio DDT/DDE.

The concentrations of PCB 153 among Mexican mothers
was markedly lower than the concentrations found among
Inuit mothers from arctic Canada and similar to or lower
than the concentrations of Scandinavian mothers from
Sweden and Norway (Van Oostdam and Donaldson, 2009).
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In the 1950s, approximately 1000 tons of DDT were used
each year in Mexico for agricultural and malaria vector
control purposes. Owing to its toxic effects on wildlife and its
high persistence in the environment and in the food chain, the
use of DDT was banned in the 1970s in the United States
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Table 6. Concentration of contaminant (ng/g lipid; GM) by age and body mass index.

Characteristics p.p’-DDE  Significant  Beta-  Significant PCB138  Significant PCB153  Significant PCB  Significant
difference® HCH  difference® difference® difference® 180 difference®
Age (years)
15-18 250.9 a 5.1 a 1.9 a 3.0 a 1.7 a
19-23 327.2 a 8.8 b 24 a 3.5 a 2.0 a
24-33 559.7 b 16.1 c 33 b 5.1 b 3.0 b
Pre-pregnancy BMI (kgln?’)
Underweight <18.5 273.7 a 6.3 a 2.4 a 3.8 a 2.1 a
Normal 18.50-24.99 320.3 ab 8.0 a 2.4 a 3.8 a 2.2 a
Overweight 25.0-29.99 331.2 ab 9.4 a 2.2 a 3.1 a 1.7 a
Obese >30.00 539.1 b 11.4 a 2.6 a 3.8 a 22 a

“a,b,c, comparisons are carried out by one-way ANOVA by Scheffe’s test, where the groups that do not have a common letter are significantly different.

Table 7. 2,3,7,8 TCDD toxic equivalents (TEQs) of PCDDs, PCDFs
and dioxin-like PCBs in maternal plasma (pg/g lipid).

Mean Range
PCDDs TEQs 5.0 2.9-14.9
PCDFs TEQs 1.3 0.9-1.6
cPCBs TEQs 1.1 0.7-1.6
mPCBs TEQs 0.1 0.04-0.1
Total TEQs 7.5 5.2-18.0
Sum PCBs* 282.4 154.2-370.2

Abbreviations: cPCB, coplanar polychlorinated biphenyl; mPCB, mono-
ortho polychlorinated biphenyl; PCCD, polychlorinated dibenzo-p-dioxin;
PCDF, polychlorinated dibenzofuran.

#Sum of 19 polychlorinated biphenyls congeners.

N =2 Pools.

Table 8. Concentrations of PCDDs, PCDFs and dioxin-like PCBs in
maternal plasma by city (expressed as 2,3,7,8 TCDD-TEQs pg/g
lipid).

City PCDD PCDF cPCB mPCB Total

TEQ TEQ TEQ TEQ TEQ
Queretaro 3.5 1.0 1.1 0.1 5.7
Tultitlan 3.9 1.6 1.6 0.1 7.0
Merida 3.3 1.1 0.9 0.1 5.4
Guadalajara 4.6 1.6 1.3 0.1 7.5
Coatzacoalcos 14.9 1.5 1.4 0.1 18.0
Monterrey 59 1.6 1.2 0.1 8.9
Salamanca 4.4 0.9 1.3 0.1 6.7
Hermosillo 3.0 1.0 1.1 0.05 53
Cordoba 3.4 1.3 0.8 0.1 5.6
Cd. Obregon 2.9 1.6 0.7 0.04 53

Abbreviations: cPCB, coplanar polychlorinated biphenyl; mPCB, mono-
ortho polychlorinated biphenyl; PCCD, polychlorinated dibenzo-p-dioxin;
PCDF, polychlorinated dibenzofuran.

N =2 Pools.

and Canada, whereas in Mexico it was restricted to public
health campaigns against vectors of malaria and dengue
fever. DDT use was banned in 2000 and the remaining
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reserves were eliminated in 2009 (Panamerican Health
Organization, 1992; Albert, 1996; Gobierno Federal,
2009). Total concentrations of DDT and DDE found in
our study were lower than those seen by Torres-Sanchez et al.
(2007) and Longnecker et al. (2007), but this is expected
because those studies were conducted in Morelos and
Chiapas where DDT was extensively used for malaria
control. The DDT/DDE ratio found indicates chronic
exposure, although the ratio found in Coatzacoalcos is
almost 30 times higher than that found by Torres-Sanchez
et al (2009) in pregnant women from Morelos
(0.002 £ 0.003). This difference could be related to the highly
widespread of use of DDT in the coastal areas of Mexico,
where malaria is endemic (Centro Nacional de Salud
Ambiental, 2000; Portillo-Galvan et al., 2002). Our study
finds that the concentrations of p,p’-DDE are consistent with
other studies performed in Mexican women of reproductive
age (Yafiez et al., 2002; Flores-Luevano et al., 2003; Koepke
et al., 2004; Torres-Sanchez et al., 2007). A review article by
Torres-Sanchez and Lopez-Carrillo (2007) in Mexico
indicates a possible link between DDE maternal contaminant
concentrations and possible damage to reproductive health,
and alteration in the psychomotor development of children
exposed in utero, even though many gaps in knowledge exist
concerning reproductive effects (Torres-Sanchez and Lopez
Carrillo, 2007). A pilot study carried out on Mexican woman
evaluated the effect of breastfeeding on the serum levels
of DDT, and concluded that breastfeeding leads to a rapid
removal of p,p’-DDT from the body (Lopez-Carrillo et al.,
2001). Although infant exposure may be high, it should also
be noted that breastfeeding has significant nutritional,
developmental and psychological benefits for the infant
(Dewey et al., 1992).

Hexachlorobenzene was used in Mexico mainly as a
fungicide and was manufactured in Mexico from 1970 to
1992 (Instituto de Salud Ambiente y Trabajo, 1998). Few
studies have been conducted on this pollutant in Mexican
women. Lopez-Carrillo et al. (2002) observed higher mean
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lipid adjusted concentrations of beta-HCH and HCB in
women from Mexico city, in both breast cancer cases and
controls (104/93 ng/g beta-HCH and 28/28 ng/g HCB in
cases/controls) than those observed among the women in our
study (8.3ng/g beta-HCH and 7.9ng/g HCB). However,
when we analyzed our data by city, Cd. Obregon had a
higher concentration of HCB than Mexico city. We need to
be cautious in these comparisons, as the breast cancer cases
and controls would be significantly older than the first-time
mothers in our study and we have shown that the
concentrations of these contaminants increase with age
within our group of mothers.

The mean total 2,3,7,8 TCDD-TEQ of maternal blood in
this study was 7.5 pg/g lipid, which is lower than what was
reported in the Australian women (total TEQ 11.5p.p.t.
lipid; Harden et al., 2007). It is also lower than the mean
levels of PCDD/F reported by Ferriby et al. (2007)
in women from the United States (19.3pg/g lipid).
The concentration of 18.0pg/g 2,3,7.8 TCDD-TEQs for
Coatzacoalcos is higher than in Australian women.

Overall, we found that mothers from Coatzacoalcos, a
center of the Mexican petrochemical industry, had the
highest concentration of several POPs (p,p’-DDE, p,p’-
DDT, PCDDs, mPCBs). In contrast to this we found that
mothers from Merida, an urban area without major sources
of contaminant exposure, had higher concentration of several
other PCB congeners. We also found that concentrations
of HCB in Cd. Obregon were twofold higher than the
concentrations in any other city.

This study provides useful information on the variability of
POPs in specific populations and possible regional/local
differences, which can be used in other Mexican population
biomonitoring or contaminant effect studies.

These results cannot be directly generalized to the entire
Mexican population, as this is not a random sample of the
population and there are significant differences in age, gender
and contaminant exposures between mothers and the general
population. This study provides an indication of POP levels
in pregnant women in various areas of Mexico and at the
same time shows the requirement for a surveillance program
among vulnerable populations to pinpoint areas of higher
exposure. Further research is needed because we found higher
concentrations of a number of contaminants in mothers from
regions that we would consider as nonhotspot or background
sites. It is, thus, important to identify the source of the higher
contaminant exposures in mothers from various regions
of Mexico. More human biomonitoring capacity and the
development of a National Biomonitoring Program in Mexico
would be major steps to address this need.
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