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Abstract

Objectives: The purpose of this study was to estimate the amount of absorbed mercury (Hg) by mothers and their infants
as a result of fish consumption during pregnancy. Materials and Methods: The cohort consisted of 313 mother-infant pairs
recruited initially from ambulatory prenatal clinics in the first and second trimesters of pregnancy. The customary pattern
of fish consumption during pregnancy reported by mothers was correlated with Hg levels in cord and maternal blood at
delivery. Blood Hg level was measured using atomic absorption spectrometry. Results: The mean Hg concentration in cord
blood was markedly higher than in maternal blood at delivery (1.09 ug/L; 95%CI: 1.00-1.13 ug/L vs. 0.83 ug/L; 95%CIL:
0.76-0.91 ug/L). There was significant correlation (r, = 0.62, 95%Cl: 0.55-0.69) between Hg levels in cord and maternal
blood. The overall ratio of Hg in cord blood vs. maternal blood was 1.7 (95%C: 1.50-1.89). Fish consumed during the last
pregnancy trimester correlated stronger with umbilical cord Hg concentrations (r; = 0.32; 95%CI: 0.22-0.40) than with
Hg in maternal blood (r, = 0.23; 95%CI: 0.14-0.33). Conclusions: The study shows that in Poland, babies are exposed to
moderate levels of mercury prior to birth and that fish eating in pregnancy significantly contributes to prenatal Hg exposure.
The findings also suggest that the level of cord blood Hg should not be used for describing inter-individual differences in
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maternal exposure to Hg compounds unless a proper correction factor is introduced.
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INTRODUCTION

It is generally believed that fish intake during pregnancy
has the favorable effect on fetal development because it
is a rich source of iron and long chain unsaturated fatty
acids, which are essential for healthy development and

function of the nervous system. Some studies have pro-

vided evidence that fish oil supplementation of the infant
formula may improve infant growth and cognitive devel-
opment [1,2]. However, the issue is debatable because
fish consumption during pregnancy may be implicated in
adverse effects on children’s cognitive development. This

danger results from the fact that fish is a common source of
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methylmercury (MeHg), which absorbed by mother easily
crosses the placenta and accumulates in the fetus at higher
concentrations than in mothers [3-6]. The importance of
prenatal mercury (Hg) exposure for children’s neurode-
velopment has been studied extensively after poisoning di-
sasters in Japan and Iraq [7-9] and analyzed in the course
of epidemiological studies in populations consuming large
quantities of fish [10-13].

Until now environmental studies on fish-related prena-
tal exposure to mercury have not been performed in the
countries of central and eastern Europe, and the study was
undertaken to describe the usual fish consumption pattern
during pregnancy and to estimate a possible amount of ab-
sorbed mercury by mothers and their infants in Poland.

MATERIALS AND METHODS

Study subjects

The cohort consisted of 313 mother-infant pairs recruited
from ambulatory prenatal clinics in the first and second
trimesters of pregnancy. The enrolment included only
non-smoking women with singleton pregnancies, aged 18-
35 years, free from chronic diseases, such as diabetes and
hypertension. Upon enrolment, a detailed questionnaire
was administered to each woman to elicit information on
demographic data, medical and reproductive history, oc-
cupational exposures, alcohol consumption, and smoking
practices of others present in the home. Maternal fish in-
take during various trimesters of pregnancy and in the last
two weeks before the delivery was assessed by the food
frequency questionnaire completed by trained interview-
ers twice in the gestation period. The detailed information
on eating frequency of smoked, fried, roasted and grilled
fish servings have been collected. To estimate the amount
of fish eaten per week we assumed that each fish meal av-
eraged 150 g.

Table 1 presents characteristics of the study population
sub-grouped subsequently by the reported fish consump-
tion in the last pregnancy trimester. Based on the amount
of various fish servings (smoked, fried, roasted, and grilled)
consumed in the third trimester of pregnancy, the women
were divided into two subgroups. We assigned women
who reported lower fish consumption (equal or less than
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Table 1. Characteristics of the total study sample and the subgroups by
fish consumption during the third trimester

Fish consumption during the third

) Total trimester
Variables
(n=313) <150 giweek >150 g/week P
(n=180) (n=133)
Mother’s age
Mean 27.79 2748 2822
SD 3.389 3.462 3.253 0.0560
Education (years)
Mean 15.69 15.71 15.66
SD 2.792 2.683 2.944 0.8772
Parity
1 n(%) 190 (60.7) 109 (60.6) 81 (60.9)  1.0000
22 n(%) 123(39.3)  71(394)  52(39.1)
Gender
Boys n (%) 159(50.8)  87(48.3)  72(54.1) 0.3678
Girls n (%) 154 (49.2)  93(51.7)  61(45.9)
Gestational age
(weeks)
Mean 39.43 39.42 39.44
SD 1.341 1.430 1.215 0.8893
Birth weight (g)
Mean 34442 3449.3 34374
SD 463.7 439.9 495.6 0.8219
Length at birth (cm)
Mean 54.81 54.75 54.89
SD 2.702 2,629 2.805 0.6530
Head circumference
(cm)
Mean 3391 33.89 33.94
SD 1.418 1.502 1.301 0.7539
Maternal blood
mercury (ug/L)
Mean 0.833 0.718 0.988 0.0005
SD 0.681 0.534 0.817
Median 0.600 0.600 0.720
(Q,-Q)2 0.300 0.249 0.350
Cord blood mercury
(ng/l)
Mean 1.093 0.941 1.299 0.0000
SD 0.675 0.605 0.713
Median 0.900 0.800 1.200
(Q-Q)2 0.407 0.309 0.457
Season of birth
Spring n (%) 81(259) 42(233)  39(29.3) 0.5969
Summern (%)  61(195) 38(2L1)  23(173)
Autumnn (%)  93(29.7)  53(29.4)  40(30.1)
Winter n (%) 78 (249)  47(26.1)  31(233)

Cesarean section
No n (%)
Yesn (%)

255(81.5) 151(83.9)
58(185)  29(16.1)

104 (78.2) 02566
29 (218)

P-level of significance; SD - standard deviation.
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150 g/week) to the lower exposed (LE) subgroup and those
who consumed more (>150 g/week) to the higher exposed
(HE) subgroup.

Blood sample collection and analysis

Cord blood and maternal blood samples were drawn at
delivery into evacuated blood collection tubes that had
been treated with ethylene diamine tetra-acetate (EDTA).
Then the tubes were inverted several times to mix EDTA
and blood to prevent coagulation. The blood for Hg analy-
sis was refrigerated without any processing. Mercury level
was measured at the Centers for Disease Control (CDC),
Atlanta, GA, USA, by Zeeman graphite furnace atomic
absorption spectrometry, using a phosphate/Triton X-100/
nitric acid matrix modifier. The CDC, using cold vapor
atomic spectrometry following chemical reduction of Hg
compounds, measures total mercury in whole blood.

Statistical analysis

In the descriptive analysis, the distribution of various char-
acteristics of women under study in terms of the Hg expo-
sure level has been considered. The Chi-square statistics
(nominal variables) and analysis of variance (numerical
variables) tested differences between subgroups with low-
er and higher fish intake. The relationship between the fish
consumption pattern and Hg level in cord and maternal
blood was measured using the Spearman correlation co-
efficient and linear multivariate regression. All statistical
analyses were performed with STATA release 9 [14,15].

RESULTS

The women with higher fish consumption were slightly
older than those consuming less fish (28.2 vs. 27.5). There
was a significantly higher Hg content in the maternal and
cord blood in the more exposed subgroup. In the total
study group, there was 87% of women who confirmed
consumption of various amounts of fish during preg-
nancy. Mean amount of fish intake (g/week) was much
lower in the last two weeks of pregnancy (mean = 75.4
g, 95%CI: 65.4-85.4) in comparison to the average fish
consumption in the first two trimesters (mean = 139.0 g;

95%ClI: 125.3-152.6) and over the whole third trimester
(mean = 175.8 g; 95%CI: 159.3-192.3). The Spearman
correlation coefficient between the amount of fish intake
(g/week) in the first two trimesters and third trimester was
0.41 (95%CI: 0.34-0.48).

The distribution of blood Hg levels in newborns and their
mothers was skew to the right (Fig. 1). Among the new-
borns, the mean Hg concentration was markedly higher
than in mothers at delivery (1.09 ug/L; 95%CI: 1.00-1.13
vs. 0.83 ug/L; 95%CI: 0.76-0.91). There was significant
correlation (r; = 0.62, 95%CI: 0.55-0.69) between Hg
levels in maternal blood and cord blood. Figure 2 shows
the plotting of Hg concentrations in maternal blood
against those in the umbilical cord. The overall ratio of
Hg concentration in cord blood vs. maternal blood was 1.7
(95%CI: 1.50-1.89).
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Fig. 1. Histogram of maternal and cord blood mercury levels.
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Fig. 2. Scatter plot of mercury in maternal and cord blood.
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Fig. 3. Maternal and cord mercury levels related to fish consumption.

The mean cord blood Hg level in newborns of mothers
who reported fish consumption in the third trimester was
significantly higher (1.12; 95%CI: 1.05-1.20) in compari-
son to newborns born to mothers who did not eat fish in
the last trimester of pregnancy (0.66; 95%CI: 0.55-0.77).
The corresponding Hg levels in the maternal blood were
0.88 ug/L (95%CI: 0.80-0.96) and 0.47 ug/L (95%CI:
0.45-0.72). Fish consumed during the last pregnancy tri-
mester correlated stronger with umbilical cord Hg con-
centrations (r, = 0.32; 95%CI: 0.22-0.40) than with ma-
ternal blood Hg at delivery (r, = 0.23; 95%CI: 0.14-0.33).
Figure 3 presents the scatter plot with regression line and
95% prediction intervals for fish consumption and cord
blood Hg concentrations. One can estimate that up to 10%
of variability (95%CI: 5.0-16.2) in cord blood Hg may be
explained by the amount of fish consumption in the third
pregnancy trimester. The corresponding estimates of vari-
ability in maternal blood Hg explained by fish consump-
tion would amount to 5.3% (95%ClI: 2.0-10.9).

Table 2 presents the correlation coefficients between the
Hg level in cord and maternal blood at delivery and the
mean weekly fish intake (g/week) of different types of
fish servings in various trimesters of pregnancy. The total
amount of fish intake in the last trimester of pregnancy
correlated better with cord blood Hg (r; = 0.32) than
with maternal blood Hg at delivery (r = 0.25). The cor-
responding correlation coefficients for the first two preg-
nancy trimesters were rg = 0.24 and rg = 0.11.
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Table 2. Correlation between the fish consumption pattern (g/week)
during different trimesters of pregnancy and mercury (Hg) level in
cord and maternal blood at delivery (the Spearman nonparametric
correlation coefficient)

Type of fish servings Cord blood Hg Maternal blood Hg
First and second trimester
Smoked fish 0.224** 0.089
Fried fish 0.147* 0.040
Baked or grilled fish 0.082 0.072
Total fish consumption 0.241%* 0.107
Third trimester
Smoked fish 0.217** 0.154*
Fried fish 0.306** 0.275%*
Baked or grilled fish 0.066 0.065
Total fish consumption 0.321%** 0.252%*

* Significant at p < 0.01; ** Significant at p < 0.001.

DISCUSSION

On the basis of our study we can claim that fish consump-
tion (g/week) in Poland is rather moderate and amounts
to 140 g/week on average in the first two trimesters and to
about 180 g/week in the third trimester. As expected, in-
take of fish drops by about 50% at the end of pregnancy
relative to its average, individual consumption throughout
pregnancy. About 90% of newborns showed Hg concentra-
tion below 2 ug/L, while 90% of mothers showed blood Hg
level below 1.6 ug/L. Similar results on Hg levels in cord and
maternal blood were reported from communities in Swe-
den [16,17]. In 2001, the CDC reported Hg levels in blood
in a representative sample of the US population [18]. The
geometric mean blood Hg levels were 0.3 ug/L for children
1-5 years old and 1.2 ug/L for women 16-49 years old.

Neither Hg level in maternal blood (0.83 ug/L) nor cord
blood Hg concentrations (1.09 ug/L) observed in our study
were high, considering that cord blood Hg level above
5.8 ug/L is assumed to be associated with loss of IQ in pre-
natally exposed children [19]. Methylmercury concentra-
tion in scalp hair during pregnancy is considered a reliable
indicator for predicting the probability of psychomotor
retardation in the child. The US Environemntal Protec-
ton Agency (EPA) has established the reference dose of
1.0 mg total Hg/kg/ dry weight in hair as indicative of mer-
cury exposure and at this level, women of child-bearing
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age are advised to stop consumption of fish that may have
elevated Hg levels [20]. The mentioned criteria should be
considered as preliminary until additional information
can be obtained from cohort studies actually in progress.
Our analysis has recently shown the increased prevalence
of delayed cognitive and psychomotor functions in one-
year-old infants who had much lower Hg content in cord
blood [21]. However, the risks of exposure to MeHg from
fish have to be balanced with health benefits of fish eating.
Fish is a source of high-quality protein as well as of unsatu-
rated fatty acids and other beneficial nutrients.

Like in other studies, we found the significant relation-
ship between fish intake and mercury concentration in
cord and maternal blood at delivery. In our study, the
maternal blood Hg level was higher by 0.30 ug/L on aver-
age among fish eaters compared to those who denied fish
consumption in pregnancy (0.88 ug/L vs. 0.58 ug/L). We
also found much higher cord blood Hg level (by 0.46 ug/L)
in newborns born to fish eaters compared to non-eaters
(1.12 pg/L vs. 0.66 ug/L). Using linear regression models,
we estimated that in the total study group, the cord blood
mercury level increased by .14 ug/L on average with each
100 g of fish intake/week during pregnancy, and only by
0.09 ug/L in maternal blood. We also estimated that the
fish consumption in pregnancy accounts for 10% of vari-
ability in cord blood Hg level. Therefore, up to 90% of
variability in cord blood Hg concentrations results from
other sources of exposure, which may among others be
dental amalgam fillings in mothers. Health effects of Hg
amalgam fillings (containing 50% of Hg), producing high-
er mercury level in maternal and cord blood or placenta,
have been a matter of concern for years [22-25]. Another
source of Hg exposure may be the use of skin-lightening
creams and teething powders in pregnancy [26]. A good
portion of variability in blood Hg levels at delivery may
be explained, however, by the influence of maternal blood
MeHg even before pregnancy [27-29].

We confirmed the higher ratio of Hg concentrations in
cord blood compared to that found in maternal blood. The
explanation of these findings is not straightforward. The
described differences could not result from the laboratory
bias since maternal and cord blood samples were collected,

stored and analyzed in the same manner by the same labo-
ratory, and the samples were blinded for the lab personnel.
Other reports from various populations also indicated that
the gradient of mercury between cord and maternal blood
at the time of delivery was greater than 1.0 [30-33]. In our
study, the median ratio of Hg levels in cord blood and ma-
ternal blood was 1.7 (95%CI: 1.50-1.89), and our estimates
were very close to those published by EPA in 2003, which
have been based on a comprehensive review of 21 studies
worldwide [34]. A significantly lower Hg concentration in
maternal blood at delivery should be taken into consider-
ation if the exposure assessment risk analysis for population
at large is to be based on maternal blood data at delivery.
The increased Hg concentrations in cord blood relative to
maternal blood is usually attributed to the binding of MeHg
to fetal hemoglobin. A higher concentration of MeHg in
the cord blood may also result from a larger hematocrit
and a higher hemoglobin concentration in newborns. Fe-
tal-specific serum albumin proteins, such as alpha-fetopro-
tein may also lead to greater inherent affinity of fetal blood
for MeHg compared with maternal blood [35]. To date
however, the different binding of MeHg to fetal and adult
proteins does not appear to have been investigated.

CONCLUSIONS

Our study shows that babies in Poland are exposed to
moderate levels of mercury prior to birth. Although the
fish-eating pattern was found to be significantly related to
both maternal and cord blood levels, only about 10% of
variability in cord blood Hg level was explained by this fac-
tor. The findings also suggest that the level of cord blood
mercury should not be used for describing the inter-indi-
vidual differences in maternal exposure to Hg compounds
unless a proper correction factor is introduced.
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