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Abstract
Concerns about reproductive and developmental health risks of exposure to organophosphate (OP)
pesticides, phthalates, and bisphenol A (BPA) among the general population are increasing. Six
dialkyl phosphate (DAP) metabolites, 3,5,6-trichloro-2-pyridinol (TCPy), BPA, and fourteen
phthalate metabolites were measured in 10 pooled urine samples representing 110 pregnant
women who participated in the Norwegian Mother and Child Birth Cohort (MoBa) study in 2004.
Daily intakes were estimated from urinary data and compared with reference doses (RfDs) and
daily tolerable intakes (TDIs). The MoBa women had a higher mean BPA concentration (4.50 μg/
L) than the pregnant women in the Generation R Study (Generation R) in the Netherlands and the
National Health and Nutrition Examination Survey (NHANES) in the United States. The mean
concentration of total DAP metabolites (24.20 μg/L) in MoBa women was higher than that in
NHANES women but lower than that in Generation R women. The diethyl phthalate metabolite
mono-ethyl phthalate (MEP) was the dominant phthalate metabolite in all three studies, with the
mean concentrations of greater than 300 μg/L. The MoBa and Generation R women had higher
mean concentrations of mono-n-butyl phthalate (MnBP) and mono-isobutyl phthalate (MiBP) than
the NHANES women. The estimated average daily intakes of BPA, chlorpyrifos/chlorpyrfios-
methyl and phthalates in MoBa (and the other two studies) were below the RfDs and TDIs. The
higher levels of metabolites in the MoBa participants may have been from intake via pesticide
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residues in food (organophosphates), consumption of canned food, especially fish/seafood (BPA),
and use of personal care products (selected phthalates).
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Organophosphate (OP) pesticides; Bisphenol A (BPA); Phthalates; Biological monitoring;
Environmental Exposure

1. Introduction
Concerns about health risks of exposure to organophosphate (OP) pesticides, phthalates, and
bisphenol A (BPA) have led to increased monitoring of exposure levels among general
populations (Landrigan et al., 1999; Hauser and Calafat, 2005; Engel et al., 2007; Eskenazi
et al., 2007; Chapin et al., 2008; Lang et al., 2008). Biological monitoring, mainly in urine,
has been reported for these chemicals most frequently among adults and children (Koch et
al., 2003; Matsumoto et al., 2003; Silva et al., 2004; Barr et al., 2005; Calafat et al., 2005).
Fetuses are often more sensitive to harm from environmental toxicants, and prenatal
exposures have been associated with adverse health outcomes in reproductive,
neurodevelopmental, and cardiovascular systems (Selevan et al., 2000). Associations of
prenatal OP pesticide exposure at low levels with adverse neurodevelopment have been
reported (Engel et al., 2007; Eskenazi et al., 2007). The National Toxicology Program
Review Panel (National Toxicology Program, 2008) had “some concern” that early life
exposure to low levels of BPA may cause behavioral abnormalities, based on the results of
animal experiments. Experimental animal studies have also found reproductive and
developmental toxicity of some phthalates (Kavlock et al., 2002) and in humans an
association of prenatal phthalate exposure at background levels with reduced anogenital
distance has been reported (Swan et al., 2005).

In this report, we present the average levels of metabolites of OP pesticides, phthalates, and
BPA in pooled urine specimens from pregnant women participating in the Norwegian
Mother and Child Cohort Study (MoBa). The primary objective was to provide data on
exposure levels of these chemicals to inform the planning of studies on potential health
effects in this large cohort. To place the results in perspective, we compared them to
findings in other studies. We also estimated daily intakes for selected compounds based on
the urinary data and compared them with the reference doses (RfDs) of the US
Environmental Protection Agency (USEPA, 2008) and the tolerable daily intakes (TDIs) of
the European Food Safety Authority (EFSA, 2008).

2. Materials and Methods
2.1 Study populations

This study is based on the Norwegian Mother and Child Cohort Study (MoBa) conducted by
the Norwegian Institute of Public Health (Magnus et al., 2006), the Generation R study in
the Netherlands (Jaddoe et al., 2006), and the National Health and Nutrition Examination
Survey (NHANES) 2001–2004 in the United States (US) (CDC, 2008b).

MoBa (Magnus et al., 2006)—In brief, MoBa is a pregnancy cohort started in 1999, with
the aim of including 100,000 pregnant women by 2008. The majority of all pregnant women
in Norway were invited to participate, and the response rate was around 44%. Pregnant
women were recruited to the study through a postal invitation in connection with a routine
ultrasound examination offered to all pregnant women in Norway at 17–18 weeks of
gestation (www.fhi.no/morogbarn). The Regional Committee for Medical Research and the
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Norwegian Data Inspectorate have approved the study. Each pregnant woman was asked to
provide biological specimens (urine and blood) and complete a series of questionnaires. In
September 2004, 110 urine specimens of 7 ml that were received by the biobank were
processed as usual except instead of discarding the urine not needed for long-term storage,
the excess was divided into groups for pooling (Ronningen et al., 2006). To reduce
laboratory costs we pooled specimens before analysis. Such pooling has been shown to be a
valid and cost-efficient approach to biomonitoring levels of contaminants (Weinberg and
Umbach, 1999; Faraggi et al., 2003; Schisterman and Vexler, 2008). Ten pools, each
comprising one 1 ml urine sample from 11 women, were created (Figure 1). The mean age
of women in MoBa was 30 years (range: 15–53 years).

Generation R (Jaddoe et al., 2006)—The Generation R study is a population-based
birth cohort study in the city of Rotterdam, the Netherlands. Nearly 10,000 women who
resided in the study area and had a delivery date between April 2002 and January 2006 were
enrolled either during pregnancy or in the first months after the birth of their child, when
newborns visited child health centers. Women (n=8,880) enrolled during pregnancy were
asked to provide a spot urine sample at their first study visit, usually early in pregnancy (<18
weeks of gestational age). The health of their offspring is being followed to young
adulthood. We randomly selected 100 urine samples from women whose pregnancy resulted
in a live birth, who enrolled after February of 2004, and who had a specimen collected after
20 weeks of gestation. The mean age of the women was 30 years (range: 18–41 years).

NHANES (CDC, 2008b)—NHANES is a national survey on the health and nutrition status
of residents of the US. A complex multistage sampling strategy is used to select subjects
representing the US population of all ages. About 5,000 participants are examined each year.
Urine specimens were collected from each participant 6 years of age and older. Human
chorionic gonadotropin (hCG) in urine or serum was tested to determine the pregnancy
status of female participants aged 12 to 59 years, and menstruating females aged 8 to 11
years. The urine samples of three separate subsets have been analyzed for quantification of
OP pesticide metabolites (119 pregnant women in 2001–02), phthalate metabolites (111
pregnant women in 2001–02), and BPA (87 pregnant women in 2003–04). The mean age of
the pregnant women was 27 years (range:14–43 years).

2.2 Laboratory analysis
We measured parent compounds or metabolites in MoBa urine samples, including six
common non-specific dialkyl phosphate (DAP) metabolites of OP pesticides
(dimethylphosphate [DMP], dimethylthiophosphate [DMTP], dimetyldithiophosphate
[DMDTP], diethylphosphte [DEP], diethylthiophosphate [DETP], and
diethyldithiophosphate [DEDTP]), a specific metabolite of chlorpyrifos and chlorpyrifos-
methyl (3,5,6-trichloro-2-pyridinol, TCPy), BPA, and fourteen phthalate metabolites. The
chemical analysis of these samples employed gas chromatography or reversed-phase high
performance liquid chromatography with tandem mass spectrometry and was identical to
that used to analyze the Generation R specimens (Ye et al., 2008). The laboratory was not
aware of the different sources of the specimens. The limit of detection (LOD) was 0.01 μg/L
for DEDTP, 0.1 μg/L for the other five DAP metabolites, 0.15 μg/L for TCPy, 0.26 μg/L
for BPA, and 0.5 –2.0 μg/L for phthalate metabolites (Ye et al., 2008). Measurements for
NHANES samples were conducted by the laboratories of the Centers for Disease Control
and Prevention (CDC, 2008b). Urinary creatinine (Cr) concentrations were determined and
were used to adjust analyte concentrations.
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2.3 Daily intake calculations
Daily intakes of BPA, chlorpyrifos/chlorpyrifos-methyl, and several phthalates were
estimated from urinary data and were compared with the RfDs (USEPA, 2008) and TDIs
(EFSA, 2008). Both RfD and TDI are estimates of the intake of a chemical to which it is
believed a person can be exposed daily over a lifetime, without experiencing adverse health
effects. RfDs or TDIs are derived from the no observable adverse effect level (NOAEL) in
animal studies by the use of uncertainty factors (USEPA, 1993; Herrman and Younes,
1999). The formulas for daily intake estimations and references are as follows:

Where the analyte was BPA (Lakind and Naiman, 2008), TCPy (Koch et al., 2001), or
phthalate metabolite (Marsee et al., 2006; Koch et al., 2007;

Wittassek et al., 2007), and FUE is the molar fraction of the parent compound excreted as the
urinary metabolite.

Urinary volume increases by about 25% in pregnancy (Maikranz et al., 1989). A validation
study in MoBa women showed that the median urinary volume was 2 L/day at 20 weeks of
gestation, thus this value was used for all calculations above (Brantsaeter et al., 2009). A
mean body weight of 73.5kg was used for each MoBa woman, and reported weights were
used for the Generation R and the NHANES women. The DEHP metabolite concentration
was the sum of three metabolites MEHP, MEHHP, and MEOHP. The FUE are 0.56 for
chlorpyrifos/chlorpyrifos-methyl, 0.69 for di-ethyl phthalate, di-n-nbutyl phthalate, and di-
isobutyl phthalate, 0.73 for BBzP, 0.442 for DEHP.

The FUE for BPA is 1 because it is not metabolized to compounds other than conjugates.
Daily intakes of OP pesticides were not calculated because FUE is not available for non-
specific DAP metabolites.

2.4 Data analysis
Results below the LOD were assigned a value of the LOD divided by the square root of two
(Hornung and Reed, 1990). The geometric mean concentration of the ten pooled MoBa
specimens (pool-based geometric mean) was estimated for each analyte (Caudill et al.,
2007). For Generation R and NHANES, geometric mean concentrations (individual-based
geometric means) were calculated for each analyte directly using all individual samples.
Appropriate sample weights and clustering factors were used in the NHANES calculation to
make our estimates of levels nationally representative, according to the NHANES analytical
guidelines (CDC, 2008a). The sample weights for NHANES are based on population
estimates that incorporate census counts. These weights were determined for each subject
according to the sampling design and were incorporated into the relevant datasets for use.
Mean analyte levels in MoBa were compared with those in Generation R and NHANES
using a modified t-test (Weinberg and Umbach, 1999):
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where X̄ pool is the pool-based mean of the analyte in MoBa; Ȳ individual is the (usual) mean

of the analyte in Generation R or NHANES;  is the variance of the analyte in the MoBa

pooled specimens; and  is the (usual) variance of an analyte in Generation R or
NHANES; 11 and 110 are the sizes of pooled and individual samples respectively in MoBa;
Nindividual is the sample size of the samples in Generation R or NHANES. The degrees of
freedom were calculated as 11+Nindividual-4. This test is valid only for the wet-weight (μg/
L) concentration (Weinberg and Umbach, 1999) and was thus not used for the creatinine-
adjusted results.

3. Results
The MoBa pregnant women had the highest mean BPA concentration (4.50 μg/L and 5.88
μg/g Cr), as shown in Table 1. The mean total DAP metabolite concentration in the pregnant
women in MoBa was lower than that in Generation R but higher than that in NHANES.
Mean TCPy concentrations were low and similar in all three populations. The women in all
three studies had relatively high concentrations of MEP (>300 μg/L or >400 μg/g Cr), a
metabolite of diethyl phthalate. The MoBa women and the Generation R women had similar
levels of all phthalate metabolites, except that the Generation R women had higher levels of
mono-methyl phthalate (MMP, a metabolite of di-methyl phthalate) and mono-n-butyl
phthalate (MnBP, a metabolite of di-n-butyl phthalate). Compared with women in
NHANES, the MoBa women had a higher concentration of the primary di-(2-methyl-7-
hydroxyoctyl) phthalate (DEHP) metabolite MEHP, but lower concentration of the
secondary metabolites mono-(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP) and mono-(2-
ethyl-5-oxohexyl) phthalate (MEOHP). The mean concentration mono-benzyl phthalate
(MBzP) in MoBa was also lower than that in Generation R and in NHANES. The mean
concentrations of MnBP in MoBa and in NHANES were similar, but lower than that in
Generation R. The biggest difference was found between the two European studies and
NHANES for mono-isobutyl phthalate (MiBP), a metabolite of di-iso-butyl phthalate
(DiBP). The unadjusted mean MiBP concentration in the two European studies was more
than 10 fold higher than that in NHANES; the differences were bigger after creatinine-
adjustment. Other phthalate metabolite levels were low and close to the LOD. When the
geometric means (estimated, in the case of MoBa) were compared (Table 2), the pattern of
differences among metabolite levels in the three studies was similar to that observed with
arithmetic means. The estimated average daily intakes of all chemicals of interest were
lower than RfDs (USEPA, 2008) and TDIs (EFSA, 2008) (Figure 2).

The estimated average daily intakes of BPA were about 3 orders of magnitude lower than
the RfD and TDI (50 μg/kg/day). One of 100 women in Generation R had daily intake of
chlorpyrifos/chlorpyrifos-methyl above USEPA RfD (3 μg/kg/day). Three of 100 women
(3%) in Generation R and four of 111 women (3.6%) in NHANES had daily intakes of
DEHP above EPA RfD (20 μg/kg/day); a daily intake of DEHP above the EFSA TDI (50
μg/kg/day) was found only in 1 woman from Generation R.

4. Discussion
Pooling of biospecimens has been proposed as a way to reduce the cost of studies involving
expensive assays while still yielding useful results (Weinberg and Umbach, 1999; Faraggi et
al., 2003). Means of pools are equal to means based on individual level data (Weinberg and
Umbach, 1999), as has been shown empirically by Skates et al. (2007). We verified this
empirically using data in the present study from Generation R and NHANES (data not
shown). Pools were simulated by selecting groups of 11 individuals at random and the mean
concentrations of the simulated pools were similar to those of means based on individual
specimens (0.6±0.5% [mean±standard deviation] difference in means for Generation R;
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4.1±3.8% difference in means for NHANES, with a difference of less than 15% for all
analytes). For example, the means of BPA were 2.52 μg/L for individual samples and 2.49
μg/L for simulated pooled in NHANES; and were 3.93 μg/L for both individual samples
and simulated pools in Generation R. Thus the two types of means were comparable, and
pooled specimens can be used to evaluate the average levels of environmental pollutants and
their metabolites. However, when the underlying distribution of the analyte has a log normal
distribution, as was the case here, geometric means have advantages, but cannot be directly
calculated based on pooled data. Caudill et al. (2007) have proposed a method for the
estimation of geometric means using observations on pooled samples. Using this method,
pool-based geometric means were estimated for MoBa and were compared with individual-
based geometric means for Generation R and NHANES. A similar pattern of difference in
metabolite levels between MoBa and the other two studies was found based on the
geometric means.

BPA is primarily used in the production of polycarbonate plastic and epoxy resins.
Polycarbonate plastic is widely used in products that come in contact with food such as
infant feeding bottles, tableware, and storage containers. Epoxy resins are used as an internal
lining in cans containing food. Diet is the primary source of exposure to BPA for most
people (Chapin et al., 2008). Recent studies have shown that canned foods contributed at
least 60% to the total daily intake of BPA among adults in Japan (Miyamoto and Kotake,
2006) and the EU (European Commission, 2008). Fish (including shellfish), meat (including
meat products), and vegetables (including mushrooms and seaweed) are three of the most
important sources of BPA in canned foods (Miyamoto and Kotake, 2006). Compared with
people in the US and the Netherlands, Norwegian people consume similar amounts of
canned meat and canned vegetables, but greater amounts of canned fish and seafood (3–8
fold higher on kilogram per capita basis) (Euromonitor International, 2008). Canned fish and
seafood accounted for about 30% of total canned food consumption in Norway. BPA
concentrations in canned fish vary across continents but comparable data for the three
countries considered here are not available (Chapin et al., 2008). A recent survey in New
Zealand reported that canned tuna had higher levels of BPA than all other types of canned
foods except for corned beef and coconut cream (Thomson and Grounds, 2005). In addition
to metal cans, in Norway many foods like caviar, mayonnaise, and soft cheeses are sold in
metal tubes that are lined with epoxyphenolic resins. The mechanical stress applied to these
tubes to extrude the contents can significantly increase migration of BPA (Haverkamp et al.,
2008). Whether the higher urinary BPA concentration in pregnant women in MoBa were
due to consumption of canned fish or seafood, however, cannot be determined from these
data.

Exposure from non-canned food and various environmental media such as water and
sediments may also need to be taken into account. Compared to the US and other European
countries, Norway had the highest maximum concentration of BPA in fresh water, and the
highest median concentration of BPA in freshwater and marine sediment (European
Commission, 2008). BPA has also been detected in freshwater fish in Norway (European
Commission, 2008). Nonetheless, the estimated daily intakes of BPA in all three studies
were far below the EPA RfD and EFSA TDI (50 μg/kg/day).

OP pesticides are widely used in agricultural settings. Humans are exposed to OP pesticides
mainly through food (fruits, vegetables, cereals, etc). Upon intake, most OP pesticides are
metabolized to 1 to 3 dimethyl phosphates or 1 to 3 DAPs. DAP metabolites are regarded as
good indicators of OP exposure although their levels may also reflect exposure to OP
breakdown products in the environment and in the food supply and the contribution of some
industrial chemicals and drugs (Barr and Needham, 2002). The pregnant women in MoBa
and Generation R had higher urinary total DAP levels than pregnant women in the US,
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suggesting higher level OP pesticide exposure in the two European studies. The European
pesticide residue monitoring program showed that the percentage of food samples with
detectable pesticide residues increased from 37% in 1996 to 43% in 2005 (European
Commission, 2007). Similarly, the proportion of samples with pesticide residues above
European Union (EU) maximum risk limits (MRLs) increased from 3% in 1996 to 5.0% in
2004–05. The number of exceedances of EU-MRLs was higher in foods imported from
developing countries (6.5% in 2005) than in foods produced in the EU (2.4% in 2005).
About half of all foods and more than 90% of fruits and berries sold in Norway are imported
(The Federation of International Trade Associations, 2008). The most frequently detected
OP pesticides in fruits, vegetables, and cereals were chlorpyrifos, chlorpyrifos-methyl,
malathion, and dichlorvos (European Commission, 2007). In the US, the proportions of food
items with detectable pesticides were lower (35% for domestic products and 22% for
imported products) in 2003, though the difference could be due to analytical methods (FDA,
2005). Similar to the EU, 2.4% of domestic products and 6.1% of imported products had
pesticide residues above MRLs in the US. About 15% of food items in the US are imported
(Jerardo, 2008). The MRLs in the US for most food items are higher than those in the EU,
suggesting that the proportions of US samples above MRLs would be higher if EU-MRLs
were used. The four most-often-detected OP pesticides (chlorpyrifos, chlorpyrifos-methyl,
malathion, and dichlorvos) in the EU were also the most frequently detected pesticides in the
US (FDA, 2005). We speculate that the reason for the higher OP metabolite levels in
Norway and Rotterdam could be due to: a) greater use of OP pesticides but at levels that
infrequently exceed the MRLs, b) because foods are less frequently washed before
consumption, or c) because the types of foods consumed tend to have higher pesticide
residue levels.

Chlorpyrifos has been widely used to control crop pests and to reduce pests at home.
Chlorpyrifos on food products, however, is the main source of exposure for the general
population (ATSDR, 1997). Residential use of chlorpyrifos was restricted by USEPA in
2001 and is being phased out in the EU (Eaton et al., 2008). Chlorpyrifos, a diethyl
organophosphate, is metabolized to TCPy, DEP, and DETP (Needham, 2005), and may be
the main source of diethyl alkyl metabolites in the populations studied. We note, however,
that TCPy is also found in food (ATSDR, 1997), and that chlorpyrifos-methyl is also
metabolized to TCPy (ATSDR, 1997; Morgan et al., 2005). Thus, the daily intake of
chlorpyrifos may be lower than what we estimated.

Phthalates are industrial chemicals used as plasticizers in many consumer products such as
building materials, household furnishings, clothing, food packaging, cleaning materials,
personal care products (soap, shampoo, nail polish, etc), and medical devices. Humans are
exposed to phthalates through ingestion, inhalation and dermal contact (Latini, 2005). After
entering the body, phthalates are rapidly metabolized to their respective monoesters (some
of them can be further metabolized to oxidative metabolites) and excreted in the urine and
feces (Hauser and Calafat, 2005). The diethyl phthalate metabolite MEP was the
predominant metabolite in all populations examined in the present study. The relatively high
levels across populations were most likely associated with daily contact with consumer
products containing diethyl phthalate. Diethyl phthalate was reported as an ingredient in
cosmetic formulations at concentrations ranging from ≤0.1% to 25–50% (ATSDR, 1995).
About 70% of cosmetic products in the EU market contained diethyl phthalate in 2002
(DiGangi and Norin, 2002). However, in the three populations considered, the average daily
intake of diethyl phthalate was about only one percent of RfD. The relatively high levels of
MnBP and MiBP (and relatively high daily intakes of parent phthalates as shown in Figure
2) in MoBa and Generation R women were also likely related to use of personal care and
household products. In a 2002 survey, more than half of cosmetic products in the EU market
contained more than one type of phthalate and about 40% of the products contained either
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DEHP or DBP (DiGangi and Norin, 2002). The EU banned the use of DEHP and DBP in
personal care and cosmetic products in November 2002. Di-iso-butyl phthalate (DiBP) has
similar properties to DBP and has now replaced DBP in many applications including
cosmetics. Although higher than those in NHANES, the average daily intakes of DnBP and
DiBP in MoBa and Generation R women were only about one percent of the RfDs. For other
phthalates analyzed in the present study, data on urinary concentrations or daily intakes
showed low levels of exposure among these three populations.

The specimens in MoBa and Generation R were simultaneously analyzed by the same
laboratory. This laboratory and the Centers for Disease Control and Prevention laboratories
regularly take part in an external quality assessment scheme for the determination of
phthalates and organophosphates. Thus, the values for phthalates and DAP metabolites are
comparable across laboratories (e.g. similar LODs and recoveries) and the differences in
DAP and phthalate metabolites can not be explained by interlaboratory variability. However,
the extent to which interlaboratory variability may contribute to the differences in BPA
between NHANES, and MoBa/Generation R is uncertain; but the greater level in MoBa
compared with Generation R is clear.

The pooling approach has the limitation of not revealing the underlying distributions of
biomarker levels, though it seems likely that in the MoBa subjects these would be similar to
those in other populations. On the other hand, assuming that the mean exposure level is of
interest, for a given number of laboratory assays, estimating the mean with the pooled
approach is more efficient than with a random sample when the mean is greater than the
LOD (Schisterman and Vexler, 2008), as was the case for all analytes in the MoBa subjects.

Unlike the NHANES women, the pregnant women in MoBa and Generation R were not
selected to represent the whole study population nor all pregnant women in the two
countries. Thus, the data presented in this paper do not necessarily reflect the national
exposure levels in Norway or the Netherlands.

In summary, the pregnant women in MoBa had a higher mean concentration of BPA than
the Generation R and the NHANES women. The MoBa and Generation R pregnant women
had higher concentrations of total DAP metabolites, and several phthalate metabolites
(MnBP, MiBP, and MEHP) than the pregnant women in the NHANES study. The average
daily intakes of BPA, chlorpyrifos/chlorpyrifos-methyl, and phthalates were, however,
below recommended limits. The higher levels of metabolites in the MoBa participants may
have been from intake via pesticide residues in food (organophosphates), consumption of
canned food, especially seafood (BPA), and use of personal care products (selected
phthalates).
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Figure 1.
Source of the 10 pooled samples
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Figure 2.
Average daily intakes (μg/kg/day on log scale) estimated from urinary concentrations,
compared with the USEPA RfD and EFSA TDI
Abbreviations: USEPA, The United Sates Environmental Protection Agency; RfD, reference
dose; EFSA, European Food Safety Authority; TDI, tolerable daily intake; BPA, bisphenol
A; DEHP, di-(2-ethylhexyl) phthalate; BBzP, Butyl-benzyl phthalate; DnBP, di-n-butyl
phthalate; DiBP, di-isobutyl phthalate.
*The estimates of chlorpyrifos intake may be too high because the metabolite measured also
reflects exposure to chlorpyrifos-methyl.
** No EFSA TDI for these.
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