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ABSTRACT

Background: Mercury (Hg) is a highly toxic environmental pollutant, with studies of its prenatal
exposure indicating adverse birth outcomes such as low birth weight, preterm delivery, and micro-
cephaly. Therefore, we analyzed prenatal Hg exposure levels and their relationship with birth
outcomes in pregnant women living in an urban area in the city of Rio de Janeiro.

Subjects and Method: A cross-sectional study nested in the prospective birth cohort (PIPA
Project) was conducted at the Federal University of Rio de Janeiro Maternity School from October
to November 2017. A total of 117 mother-infant pairs were evaluated. The sampling technique used
convenience sampling. The independent variables encompassed maternal and cord blood Hg
levels, while the dependent variables were birth weight, birth length, head circumference (neonatal
anthropometrics), and Apgar score at 1 and 5 minutes. The Hg levels were analyzed using induc-
tively coupled plasma-mass spectrometry, and dependent variable data were obtained through
medical records. Multiple regression models were applied using the SPSS.

Results: The detection rate of maternal and cord blood was 100%, with medians of 0.76 and 0.91
ug/L, respectively. A strong correlation between maternal and cord blood Hg levels was observed
(r= 0.70; p<0.010), as well as an inverse association between cord blood Hg and Apgar score at 1
and 5 minutes (b=-0.47; p<0.010; b=-0.34; p<0.010) after adjusting for covariates.

Conclusion: Our study provided preliminary evidence that Hg exposure was associated with a
worse Apgar score at 1 and 5 minutes. However, the relevance of this finding requires further
evaluations due to its potential clinical implications concerning newborn health.
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BACKGROUND
Mercury (Hg) is a widely distributed in the
environment, release from both natural
(e.g., volcano outgassing) and anthropogenic
(e.g., industrial settings) sources. Consider-
ed one of the ten most toxic substances glo-
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bally, it has no known physiological function
in humans (Vigeh et al., 2018). Its adverse
effects on health are of significant concern in
all its three forms (elemental, inorganic, and
organic), especially the most predominant
organic form, methylmercury (MeHg), a
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known neurotoxicant that readily crosses
the placenta and the fetal blood-brain
barrier, posing a particular threat to fetus
development (Garcia-Esquinas et al., 2013).
The main source of MeHg exposure is throu-
gh the dietary route, primarily through fish
and shellfish intake, and its consumption by
pregnant women may lead to adverse birth
outcomes (Taylor et al., 2016).

Fetuses and children present critical
windows, where their developing organs
and systems, immature detoxification mec-
hanisms and augmented absorption rates
compared to adults make them both susce-
ptible and vulnerable to environmental th-
reats (Pelroth et al., 2017). Adverse birth
outcomes related to prenatal Hg exposure
include low birth weight, microcephaly, and
preterm birth (Karagas et al., 2012; Ramon
et al., 2009; Xu et al., 2016). Most studies,
however, have focused on populations dis-
playing relatively high exposure levels bas-
ed on high fish and shellfish consumption
(Ding et al., 2013). Nevertheless, in the last
two decades a growing body of research has
explored the effects of lower Hg levels on a
variety of health outcomes in both adults
and children. In this regard, the potential
impact of this level of exposure on fetal
development is still uncertain, although
there is suggestive evidence of negative ef-
fects (Karagas et al., 2012).

The city of Rio de Janeiro is the second
most populous in Brazil (6.72 million), and
the sixth in the American continent (IBGE,
2012; UN, 2018). The entire local popular-
tion lives in the urban area, with a 22%
estimate of slum habitation (IBGE, 2012).

The Rio Birth Cohort Study (PIPA
Project) is prospective research study in
development in the city of Rio de Janeiro
and aims to investigate the effects of
environmental pollutants on maternal-
child health. A pilot study was carried out
between September 2017 and August 2018
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(PIPA Pilot study) evaluating prenatal
exposure to chemicals, including Hg, and
their association with adverse effects on
birth outcomes and during the infant’s first
six months of development.

In this context, this assessment investi-
gated potential associations between pre-
natal Hg exposure and birth outcomes in
pregnant women taking part of the PIPA
pilot study.

SUBJECTS AND METHOD

1. Study Design

This study was a cross-sectional study nest-
ed in the Rio Birth Cohort Study of Enviro-
nmental Exposure and Childhood Deve-
lopment (Projeto Infancia e Poluentes Am-
bientais PIPA Project). It was conducted at
the Rio de Janeiro Federal University (UF-
RJ) Maternity School, a reference hospital
for all types of pregnancies (including high-
risk pregnancy monitoring) and belongs to
the Rio de Janeiro public health system,
from October to November 2017.

2. Population and Sample

The population in this study were all preg-
nant women over the age of 16 in the third
trimester referred to the UFRJ Maternity
School and those presenting high-risk preg-
nancies in the metropolitan Rio de Janeiro
area. The convenience sampling was used.
Out of 209 eligible pregnant women, 142
accepted the invitation, 131 deliveries occu-
rred at UFRJ Maternity School, and 117
mother-neonate pairs had complete data to
be included in the final statistical analysis.
3. Study Variables

The dependent variables were Apgar score
at 1 and 5 minutes and neonatal anthropo-
metrics, including birth weight, birth leng-
th, and head circumference. The indepen-
dent variables encompassed maternal and
cord blood Hg levels.
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4. Operational Definition of Variables
The Apgar scores at 1 and 5 minutes are
a rapid methods of assessing the clinical
status of the newborn and they were cate-
gorized into two (< 6 and > 7).

The birth weight (g), birth lenght (cm),
and head cirumference (cm) were the neo-
natal anthropometrics measured imme-
diately after birth. The birth lenght was
categorized according to baby sex (for male:
less than 46.30 or above it, and for female:
less than 45.30 or above it), and the head
circumference (cm) was categorized accor-
ding to baby sex (for male: less than 31.90
or above it, and for female: less than 31.50
or above it).

The maternal and cord blood Hg
levels reflected the exposure of the partici-
pants to Hg and were presented as nume-
rical variable (continuous).

5. Study Instruments

The collection of social-demographic and
lifestyle data was performed through an
enrollment questionnaire administered to
the mothers. Infant sex, birth date, delivery
method, gestational age, Apgar score at 1
and 5 minutes and neonatal anthropome-
trics were obtained from medical records.
Data on prior medical history, current
health behavior, and clinical estimates of
gestational age (ultrasound and last mens-
trual period) were also obtained.

Maternal 3rd trimester whole blood
and umbilical cord blood were collected in
20 mL K2 EDTA tubes. The umbilical cord
blood, comprising a mixture of venous and
arterial umbilical blood was collected
during newborn delivery. Samples were sto-
red at 2°C-7°C, for a maximum of 48 h
until transportation in isothermal boxes
containing recyclable ice to the National
Institute of Quality Control in Health Labo-
ratory (INCQS), belonging to the Oswaldo
Cruz Foundation (FIOCRUZ), where they
were frozen at -4°C until metal content
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determinations. Chemical analyses werper-
formed using the inductively coupled
plasma-mass spectrometry (ICP-MS) tech-
nique. Samples (0.5 mL) were first diluted
with demineralized water to 10 mL, follow-
ed by the addition of 1.0 mL of 65% nitric
acid (HNO3). Specimens were then heated
to 80°C in a water bath for 2—3 h in order
to ensure complete organic matter diges-
tion. The limit of quantification (LOQ) for
mercury was 0.02 pg/L, while the limit of
detection (LOD) was 0.007 ug/L.

6. Data analysis

Univariate analysis use kolmogorov smirnof,
Bivariate analysis use Mann-Whitney U-test
and Kruskal-Wallis tests were used to assess
differences in Hg concentrations and other
continuous variables. Spearman’s correla-
tion was used to examine potential corre-
lations between birth factors, maternal and
cord blood Hg levels, fish consumption, and
maternal blood Hg levels. The Chi square
test was employed to test the relationship
between maternal blood Hg levels, trans-
formed into tertiles, with potential Hg sour-
ces, thimerosal-containing vaccine and fish
and shellfish intake. Multivariate analyis use
linear regression

~. Research Ethics

The present study was conducted after
approval from the UFRJ Maternity School
(reference number: 2.092.440) and FIO-
CRUZ (reference number: 2.121.397) ethics
committees. Written informed consents
were obtained from all participants after
explaining the purpose and procedure of
the study, privacy protection, the right to
refuse to participate, and withdrawal from
the study at will. Survey participation was
strictly voluntary.

RESULTS

1.Univariate Analysis

One-hundred and seventeen mother-infant
pairs were evaluated. The median age of the
mothers was 27 (IQR= +12.00), and 76
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(66.10%) of them had >13 years of school-
ing, 58 (54.40%) earned a salary of up to
three Brazilian minimum wages (R$
2,811.00 or USD 848.22), and 87 (75.70%)
were married. Concerning life and eating
habits, 86 (74.80%) were not smokers, 71
(61.70%) used to drink alcohol beverage, 46
(40%) ate up to two servings of lean fish
and 43 (46.10%) of oily fish. In contrast, 73
(63.50%), and 53 (46.10%) did not ate any
canned tun and shellfish, respectively.
Regarding the vacines containing thiome-
rosal, 61 (53%) had at least one during
pregnancy. None was occupationally
exposed to Hg. Finally, 55 (47.80%) had
Table 1. Sample Characteristics

been at least one time pregnant, 39
(33.90%) had normal body mass index
(BMI), and 43 (37.40%) gained less than 10
kg during pregnancy.

Concerning newborn infant charac-
teristics, 65 (56.50%) were male, 64
(57.70%) were delivered through caesarean,
and 104 (90.40%) had gestational age > 37
weeks. The medians for birth weight, body
length and head circumference were res-
pectively, 3240.00 g (IQR= 646.50), 48.50
cm (IQR= 2.50), and 34.0 cm (IQR= 2.00).
Concerning Apgar scores (AS) at 1 and 5
minutes, 103 (89.60%) and 109 (94.80%)
had AS > 7, respectively (Table 1).

Characteristic

Age (years)

<18

18- 34

235

Education (years of schooling)
< 10 (lower secondary)

10-12 (upper secondary)

> 13 (postsecondary and tertiary)
Monthly household income (US$)
up to 1 Brazilian minimum wage (< 282.74)
> 1 to 3 Brazilian minimum wages
> 4 Brazilian minimum wages
Marital status

Single

Married/Living as married
Smoking during pregnancy
Yes

Living with smoker

No

Alcohool consumption

Yes

No

Seafood consumption (servings/week)
Lean fish

N (%) Median + IQR
27.00 + 12.00
4 (3.50%)
81 (70.40%)

29 (25.20%)
14.00 + 2.70
6 (5.20%)
30 (26.10%)
76 (66.10%)
755.90 + 498.90
6 (5.20%)
52 (45.20%)
39 (34.00%)

23 (20.00%)
87 (75.70%)

6 (5.20%)
19 (16.50%)
86 (74.80%)

71 (61.70%)
37 (32.20%)

None 37 (32.20%)
up to 2sv/week 46 (40.00%)
> 2sv/week 26 (22.60%)
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Oily fish
None

up to 2sv/week
> 2sv/week
Canned tuna
None

up to 2sv/week
> 2sv/week
Shellfish
None

up to 2sv/week
> 2sv/week

Vaccine containing thimerosal

Yes
No

Occupational mercury exposure

Yes
No

Parity
(0]
=1

Pre-pregnancy BMI*
Underweight (< 18.5 kgm-2)
Normal (18.5 to 24.9 kgm-2)
Overweight (25.0 to 29.9 kgm-2)
Obese (= 30.0 kgm-2)
Gestational weight gain
<10kg

10-15 kg

> 15 kg

Birth variables

Sex

Male

Female

Method of delivery
Vaginal

Caesarean

Outcomes variables

32 (27.80%)
53 (46.10%)
25 (21.70%)

73 (63.50%)
33 (28.70%)
0 (0.00%)

53 (46.10%)
44 (38.30%)
13 (11.30%)

61 (53%)
54 (47%)

0 (0%)
115 (100%)

29 (25.20%)
55 (47.80%)

7(6.10%)
39 (33.90%)
35 (30.40%)
19 (16.50%)

43 (37.40%)
35 (30.40%)
27 (23.50%)

65 (56.50%)

47 (40.90%)

50 (43.50%)
64 (55.70%)

Gestational age 38.60 = 1.80

< 37 weeks 10 (8.70%)

> 37 weeks 104 (90.40%)

Birth weight (g) 3240.00 + 646.50
Male 3252.50 = 523.30
Female 3277.60+ 519.80
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Birth length (cm) 48.50+ 2.50
Male (AGA) 48.30 + 2.20
< 46.30 7(10.80%)

> 46.30 55 (84.60%)

Female (AGA) 47.90 + 3.80

< 45.60 5 (10.60%)

> 45.60 38 (80.90%)

Head circumference (cm) 34.00 £ 2.00
Male 34.10 + 1.50
Microcephalic (< 31.9) 2(3.10%)

Normocephalic (> 31,9 — 37) 61 (93.80%)

Female 33.40 + 1.80

Microcephalic (< 31.5) 5 (10.60%)

Normocephalic (> 31,5 — 36.2) 38 (80.90%)

1-min Apgar score

<6 11 (9.50%)

7-10 103 (89.60%)

5-min Apgar score

<6 5 (4.40%)

7-10 109 (94.80%)

2. Bivariate Analysis

The maternal and cord blood medians were median was observed for birth length (p=
0.76 (IQR= 0.88) and 0.91 (IQR= 1.14), 0.09) and head circumference (p= 0.02) in
respectively. Hg levels in cord blood were boys, birth weight (p= 0.03), and 1-minute
higher when compared to maternal blood (p= 0.01) and 5-minute (p= 0.08) Apgar
in the median (1.2 times). A statistically scores (Table 2).

significant difference in the cord blood Hg
Table 2 Descriptive statistics of mercury levels in maternal and cord blood

(n=117)

Blood sample Median IQR p Range P25 P75
Hg maternal blood (ug/ 0.500
L) 0.76 0.88 59 0.33-13.32 0.56 1.44
Hg cord blood (ug/L) 0.91 1.14 0.35-6.38 0.67 1.81

Table 3 Descriptive statistics of mercury levels in maternal and cord blood and
associations with birth outcomes (n=117)

. Hg cord blood (ug/L)

Birth outcomes Median __ IQR p Range P25 P75
Sex
Male 0.92 1.09 0.84 0.35-5.50 0.63 1.63
Female 0.85 1.30 0.42-6.38 0.68 1.80
Gestational age
< 37 weeks 0.67 2.60 0.41 0.37-6.28 0.53 2.83
> 37 weeks 0.92 1.04 0.35-6.38 0.68 1.63
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. Hg cord blood (pg/L)

Birth outcomes Median IQR p Range P25 P75
Birth weight (g)
< 2500 0.54 1.01 0.03 0.37-3.90 0.51 0.99
> 2500 0.93 1.29 0.35-6.38 0.69 1.98
Birth length
Male (AGA)
< 46.30 cm 0.54 0.64 0.09 0.37-2.75 0.42 1.05
> 46.30 cm 0.92 1.20 0.35-6.38 0.70 1.81
Female (AGA)
< 45.60 cm 0.87 1.43 0.66 0.51-3.90 0.55 1.32
> 45.60 cm 0.01 1.45 0.35-6.38 0.68 2.05
Head circumference
Male
Microcephalic (< 31.9 cm) 0.39 NC 0.02 0.37-0.42 0.37 0.42
Normocephalic (> 31.9 — 37 cm) 0.91 1.40 0.35-6.38 0.68 1.98
Female
Microcephalic (< 31.5 cm) 2.16 2.65 0.48 0.51-3.00 0.73 2.64
Normocephalic (> 31.5 — 36.2 cm) 0.89 0.82 0.35-6.38 0.66 1.32
1-min Apgar score
<6 2.62 3.54 0.01 0.62-6.28 1.45 4.453
7-10 0.87 0.65 0.35-6.38 0.66 1.30
5-min Apgar score
<6 2.62 3.26 0.08 0.62-5.61 1.03 4.11
7-10 0.89 0.66 0.35-6.38 0.67 1.48

A significant positive correlation was obser-
ved between Hg maternal and cord blood
(r= 0.70; p< 0.010), while no correlation

Table 4. Spearman correlation

between the fish and shellfish intake sum
and Hg maternal blood was detected (r=-
0.086;p=0.360)(Table3).

Hg maternal blood
P
Hg cord blood 0.010
Fish and shellfish intake sum -0.09 0.360
Table 5. linear regression analysis
Prenatal exposure
Birth outcomes Cord blood Hg levels
(ng/L)
B (95% CI) p-value

Birth weight (g) -0.12 (151,19 to 55.73) 0.360
Birth length (cm) -0.04 (-0.79 to 0.59) 0.780
Head circumference (cm) -0.03 (-0.39 t0 0.31) 0.810
1 minute Apgar score -0.47 (-0.79 t0 -0.30) 0.010
5 minutes Apgar score -0.34 (-0.54 to -0.11) 0.010

n observation= 85
Adj R-Squared= 0.648
p< 0.100

3. Multivariate Analysis
The five multiple linear regression
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models

indicated an inverse association between
Hg cord blood and Apgar scores at 1 (b= -
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0.47; 95%Cl= -0.79 to —0.30; p< 0.010)
and 5 (b= -0.34; 95%CI= -0.54 to —0.11;
p< 0.010) minutes, with statistical signi-
ficance. However, no association was found
with neonatal anthropometrics (Table 5).

DISCUSSION

The findings reported herein revealed Hg
exposure in all participants and both a
strong correlation between maternal and
cord blood, and a negative Hg cord blood
association with Apgar scores at 1 and 5
minutes. Other associations observed and
already reported in the literature were ges-
tational age, birth weight and length (posi-
tive) (Callaghan et al., 2010), pre-gestati-
onal BMI and Apgar score negative (Zhu et
al., 2015).

Hallmark studies on fetus and newborn
susceptibility to prenatal Hg exposure are
available, for example on the poisoning epi-
sodes in Japan and Iraq (Bose-O’Reilly et
al., 2010; Patel et al., 2019). In Brazil, most
reports concerning prenatal Hg exposure
relate to Amazonian communities, which
often exhibit relatively high exposure levels
due to the large amounts of Hg-contami-
nated fish and shellfish consumption (Dut-
ra et al., 2012; Hacon et al., 2000; Santos et
al.,2007). On the other hand, studies asse-
ssing this kind of exposure and its effects
on Brazilian urban area birth outcomes are
still lacking. In this sense, our results are
the first to provide information on blood
Hg concentrations in a mother-infant pair
sample in an urban area such as the city of
Rio de Janeiro.

All evaluated biomatrices from all study
participants contained Hg, indicating ma-
ternal exposure to Hg during pregnancy, at
least in the third trimester when the blood
samples were obtained. In urban areas, the
main exposure sources comprise air pollu-
tion from fossil fuel combustion (especially
coal), industrial settings, waste incinerators

www.thejmch.com

and contaminated water and food intakes
(McLagan et al., 2018). Concerning the lat-
ter, contaminated fish and shellfish are the
main source of methylmercury exposure
(WHO, 2007). In the present study, occu-
pational exposure (zero cases), fish intake,
and vaccines (p>0.05) were ruled out as
potential Hg sources. Air pollution from the
presence of Hg-emitting industrial activi-
ties and the open dumping and landfill dis-
carding of fluorescent lamps are potential
exposure sources. To a lesser extent, Ama-
zon deforestation and biomass burning,
responsible for a higher amount of global
Hg and road traffic emissions, may be ano-
ther possibility. These sources emit Hg into
the atmosphere, which then may travel
hundreds of miles with the wind, creating a
global issue (Crespo-Lopez et al., 2021;
Won et al., 2007).

Low median Hg levels were observed
in both biomatrices. These findings are
similar to those reported in other studies in
urban areas worldwide, where fish and
shellfish intake was low (Arbuckle et al.,
2016; Gundacker et al., 2010; Jedrychowski
et al., 2007; Mendez et al., 2020; Morello-
Frosch et al.,, 2016; Rollin et al.,, 2009;
Taylor et al., 2016). Despite low median Hg
levels detected in our study, 6.84% and
2.56% of the investigated maternal and
cord blood samples, respectively, were
above the Hg reference dose equivalent of
5.80 ng/L established by the U.S. Environ-
mental Protection Agency (EPA), with high-
er levels potentially increasing the risk of
adverse effects on pregnancy outcomes (US
EPA,2007; Pinheiro et al., 2020). However,
the maternal Hg results reported herein
were two-fold higher compared to the U.S.
National Health and Nutrition Examination
Survey (NHANES) for 1999-2010, consi-
sting of women aged 16 to 49 (NHANES:
3.45%) (US EPA, 2012).

In addition, the positive correlation
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found for Hg between maternal and cord
blood (p=0.70, p<0.010) indicates its trans-
fer across the placental barrier, in line with
previous studies (Song et al., 2016; Santos
et al., 2007; Channa et al.,, 2013; Jedry-
chowski et al.,, 2007; Sakamoto et al.,
2010). This is one of two most important
Hg transfer route from mother to offspring.
The first occurs during pregnancy, via the
placenta, and the second, after birth, thro-
ugh breastfeeding (Song et al., 2016). More-
over, median Hg levels in cord blood were
1.2 fold higher than in the maternal blood,
in agreement with results reported for Ja-
pan, Poland and Spain (Kim et al., 2011),
probably because of the easy transfer of
MeHg through the placenta due to special
amino acid transporter characteristics, high
MeHg affinity to fetal hemoglobin, and
higher hemoglogin concentrations in new-
borns compared to mothers (Pinheiro et al.,
2020; Kim et al., 2014).

The Apgar score (AS) is employed
worldwide to assess neonatal status at bir-
th. Many factors can influence its results,
including maternal sedation or anesthesia,
gestational age (prematurity) and neonatal
weight (ACOG, 2015; Yang et al., 2019). In
a scenario of low Hg exposure levels, our
results suggest that cord blood Hg levels are
negatively associated to AS at 1 and 5 minu-
tes for both premature and to term infants.
This topic has been only sparingly investi-
gated and it is still unclear whether pre-
natal Hg exposure is a risk factor for this
score. Out of the seven studies that have
evaluated this subject, most were carried
out in relatively high Hg exposure level sce-
narios due to fish intake, gold mining, or
suicide attempts (Romero et al., 2016; Bank
Nielsen et al., 2019; Gokoel et al., 2020;
Pugach et al., 2009; Courchia et al., 2018),
two observed positive associations (OR=
1.18; 95%CI 1.04 to 1.35; p= 0.010) (Al-
Saleh et al., 2013); a 9.80% increase, p<
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0.050 (Romero et al.,, 2016), and three
found no associations (adjusted OR= 0.76;
95%CI 0.50 to 1.14; p= 0.177; OR= 0.57;
95%CI 0.22 to 1.46; p= 0.242; adjusted
slope coefficient= -0.01; p= 0.980, respect-
tively) (Bank-Nielsen et al., 2019; Gokoel et
al., 2020; Rahbar et al., 2015). Other two
studies were case report (Pugach et al,
2009; Courchia et al., 2018). These confli-
cting results may be attributed to dif-
ferences in populations, maternal fish
intake habits, evaluated biomatrix and
statistical power level (Al-Saleh et al., 2013;
Bank-Nielsen et al.,, 2019; Rahbar et al.,
2015).

On the other hand, associations dis-
playing no statistical significance between
prenatal low-level Hg exposure and neo-
natal anthropometrics were also observed
herein, which may be attributable to the
small sample size assessed in this study.
Epidemiological investigations concerning
this subject are, however, limited and have
yielded inconclusive results. Furthermore,
most focused on relatively high Hg expo-
sure level scenarios, due to high fish and
shellfish intake (Garcia-Esquinas et al.,
2013; Taylor et al., 2016; Ding et al., 2013).
Differences in scenario exposures, the bio-
matrices used to assess Hg exposure (cord
blood, maternal hair), statistical appro-
aches and lack of negative confounding
factors through fish model adjustment may
prevent adequate comparisons between
studies (Karagas et al., 2012; Choi et al.,
2008).

One of the major strengths of this
study lies in the fact that it is the first of its
kind to be carried out in an urban Brazilian
area, providing information on blood Hg
concentrations in mother-infant pairs.
Therefore, our findings may be employed as
a reference for monitoring Hg levels in the
study environment.

Some study limitations must be
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acknowledged, such as the relatively small
sample size, so the reported findings may
be difficult to generalize. Furthermore, as
in most studies, blood Hg levels were deter-
mined at a single time point, which may not
accurately reflect exposure throughout the
entire critical fetal growth window. Addi-
tionally, some factors associated with Apgar
scores, such as the delivery duration, espe-
cially longer second labor stage durations,
and maternal sedation or anesthesia, were
not included in the regression model as this
information was not available. Finally,
other possible confounders that we were
unable to adjust for may also have affected
the results, although we did account for
many others in our analyses.

To the best of our knowledge, this is
the first study to provide information on Hg
levels and birth factors associated to its
exposure in an urban Brazilian area with a
susceptible group subset comprised by
mother infant pairs. The relevance of our
findings requires further evaluation due to
their potential clinical implications on
infant health. As several other epidemio-
logic factors also influence birth outcomes,
the results of this pilot project will be
validated by ongoing analyses of the larger
PIPA study cohort.

AUTHOR CONTRIBUTION

All the authors participated in the con-
ception and design, or analysis and inter-
pretation of the data, drafting the article or
revising it critically for important intel-
lectual content. All the authors approved
the final version. This manuscript is ori-
ginal research and has not been submitted
to, nor is under review at, another journal
or other publishing venue.

FINANCIAL AND SPONSORSHIP
Funding was received from the Brazilian
Government: National Council for Scien-

www.thejmch.com

tific and Technological Development, Sci-
ence and Technology Department, Survei-
llance Health Secretary, and Ministry of
Health.

ACKNOWLEDGEMENT
The authors would like to acknowledge the
UFRJ Maternity School team for the broad
support of the PIPA project and the study
participants for their contributions.

CONFLICT OF INTEREST
The authors do declare that there is no
conflict of interest.

REFERENCES

Al-Saleh I, Shinwari N, Mashhour A,
Rabahb A (2013). Birth outcome
measures and maternal exposure to
heavy metals (lead, cadmium and
mercury) in Saudi Arabian popula-
tion. Int. J. Hyg. Environ. Health. 1: 1-
14. D0i:10.1016/j.ijheh.2013.04.009.

American College of Obstetricians and Gyn-
ecologists (ACOG). The Apgar Score.
Committee Opinion Number 644.
2015 Oct. Available at: https://www-
.acog.org/clinical/clinical-guidance/-
committee opinion/articles/2015/10-
/the-apgar-score. (Accessed: 07 April
2022).

Arbuckle TE, Liang CL, Morisset AS, Fisher
M, Weiler H, Cirtiu CM, Legrand M et
al. (2016). Maternal and fetal expo-
sure to cadmium, lead, manganese
and mercury: The MIREC study. Che-
mosphere. 163: 270-282. Doi: 10.10-
16/j.chemosphere.2016.08.023.

Nielsen PIB, Long M, Jorgensen ECB
(2019). Pregnant Inuit women expo-
sure to metals and association with
fetal growth outcomes: ACCEPT 20-
10-2015. Int. J. Environ. Res. Public
Health. 16(1171): 1-27. Doi: 10.3390/-
ijerph16071171.

568


https://www.acog.org/clinical/clinical-guidance/committee
https://www.acog.org/clinical/clinical-guidance/committee
https://www.acog.org/clinical/clinical-guidance/committee

Vianna et al./ Prenatal Exposure to Mercury and Adverse Birth Outcomes

O’Reilly SB, McCarthy KM, Steckling N,
Lettmeire B (2010). Mercury expo-
sure and children’s health. Curr. Pro-
bl. Pediatr. Adolesc. Health Care. 40-
(8): 186-215. Doi: 10.1016/j.cppeds.-
2010.07.002.

Callaghan WM, Dietz PM (2010). Differen-
ces in Birth Weight for Gestational
Age Distributions According to the
Measures Used to Assign Gestational
Age. Am. J. Epidemiol. 171(7): 826-
836. doi.org/10.1093/aje/kwp468.

Channa K, Odland JT, Kootbodien T, Theo-
dorou P, Naik I, Sandanger TM, Rol-
lin HB (2013). Differences in prenatal
exposure to mercury in South African
communities residing along the
Indian Ocean. Sci. Total Environ. 464:
11-19. Doi: 10.1016/j.scitotenv.2013.0-
5.055.

Choi A, Cordier S, Weihe P, Grandjean P
(2008). Negative Confounding in the
Evaluation of Toxicity: The Case of
Methylmercury in Fish and Seafood.
Crit. Rev. Toxicol. 38(10): 877-893.
Doi: 10.1080/10408440802273164.

Courchia B, Maya LR, John M, Maida G,
Jaime H, Daniel R (2018). Congenital
poisoning after maternal parenteral
mercury administration. J Adv Pedi-
atr Child Health. 1: 1-5. Doi: 10.293-
28 /journal.japch.1001001.

Lopez MEC, Oliveira MA, Araujo AL,
Sacramento LS, Takeda PY, Macchi
BM, Nascimento JLM et al. (2021).
Mercury: What we can learn from the
Amazon? Environ. Int. 146: 1-11. Doi:
10.1016/j.envint.2020.106223.

Ding G, Cui C, Chen L, Gao Y, Zhou Y, Shi
R, Tian Y (2013). Prenatal low-level
mercury exposure and neonatal
anthropometry in rural northern
China. Chemosphere. 92: 1085-1089.
Doi: 10.1016/j.chemosphere.2013.01.-

045.

www.thejmch.com

Dutra MDS, Cavadas M, Jesus IM, Santos
EO, Silva EA, Camara VM (2012).
Limiares auditivos em criangas
expostas a mercario no periodo pré-
natal. J Soc Bras Fonoaudiol. 24(4):
322-326. Doi: 10.1590/S2179-64912-
012000400006.

Esquinas EG, Gomez BP, Navarro PF, Fer-
nandez MA, Paz CD, Meixeira AMP,
Gil E et al. (2013). Lead, mercury and
cadmium in umbilical cord blood and
its association with parental epidemi-
ological variables and birth factors.
NMC Public Health. 13(841): 1-11.
Doi: 10.1186/1471-2458-13-841.

Gokoel AR, Wahid FA, Zijlmans WCWR,
Shankar A, Mohangoo ADH, Convert
hh, Ottevanger MSMD et al. (2020).
Influece of prental exposure to mecu-
ry, perceived stress, and depression
on birth outcomes in Suriname: re-
sults from MeKiTamara study. Int. J.
Environ. Res. Public Health. 17(12):
4444. Doi: 10.3390/ijerph17124444.

Gundacker C, Frohlich S, Rohrmeister GK,
Eibenberger B, Jessenig V, Gicic D,
Prinz S et al. (2010). Perinatal lead
and mercury exposure in Austria. Sci.
Total Environ. 408: 5744—5749. Doi:
10.1016/]j.scitotenv.2010.07.079.

Hacon S, Yokoo E, Valente J, Campos RC,
Silva VA, Menezes ACC, Moraes LP et
al. (2000). Exposure to Mercury in
Pregnant Women from Alta Floresta-
Amazon Basin, Brazil. Environ. Res.
84(3): 204-210. Doi.org/10.1006/en-
1S.2000.4115.

Jedrychowski W, Perera F, Rauh V, Flak E,
Mroz E, Pac A, Skolicki Z et al.
(2007). Fish intake during pregnancy
and mercury level in cord and ma-
ternal blood at delivery: an environ-
mental study in Poland. Int J Occup
Med Environ Health. 20: 31-37. Doi:
10.2478/v10001-007-0002-8.

569



Vianna et al./ Prenatal Exposure to Mercury and Adverse Birth Outcomes

Karagas MR, Choi AL, Oken E, Horvat M,
Schoeny R, Kamai E, Cowell W et al.
(2012). Evidence on the Human
Health Effects of Low-Level Methyl-
mercury Exposure. Environ. Health
Perspect. 120(6): 799-806. Doi: 10.12-
89/ehp.1104494.

Kim BM, Lee BE, Hong YC, Park H, Ha M,
Kim YJ, Kim Y et al. (2011). Mercury
levels in maternal and cord blood and
attained weight through the 24 mon-
ths of life. Sci. Total Environ. 410-411:
26-33. Doi: 10.1016/]j.scitotenv.2011.-
08.060.

Kim BM, Choi AL, Ha EHH, Pedersen L,
Nielsen F, Weihe P (2014). Effect of
hemoglobin adjustment on the pre-
cision of mercury concentration in
maternal and cord blood. Environ
Res. 132: 407-412. Doi: 10.1016/j.env-
res.2014.04.030.

McLagan DS, Hussain BA, Huang H, Lei
YD, Wania F, Mitchell CPJ (2018).
Identifying and evaluating urban
mercury emission sources through
passive sampler-based mapping of
atmospheric concentrations. Environ.
Res. Lett. 13: 1-10. D0i:10.1088/1748-
0326/aac8e6.

Mendez M, Roman DAP, Laborde A, Noria
A, Gil J, Lindner C (2020). Nivel
medio de mercurio en mujeres emba-
razadas y recién nacidos en Uruguay
2016-2018. Rev Salud Ambient. 20(1):
1-7.

Frosch RM, Cushing LJ, Jesdale BM,
Schwartz JM, Guo W, Guo T, Wang M
et al. (2016). Environmental Chemi-
cals in an Urban Population of Preg-
nant Women and Their Newborns
from San Francisco. Environ. Sci. Tec-
hnol. 50(22): 12464-12472. Doi: 10.1-
021/acs.est.6b03492.

Patel NB, Xu Y, McCandless LC, Chen LC,
Chen A, Yolton K, Braun J et al.

www.thejmch.com

(2019). Very low-level prenatal mer-
cury exposure and behaviors in child-
ren: the HOME Study. Environ. Hea-
Ith. 18(4): 1-12. Doi: 10.1186/s12940-
018-0443-5.

Pelroth NH, Branco CWC (2017). Current
knowledge of environmental exposure
in children during the sensitive deve-
lopmental periods. J. Pediatr. 93(1):
17-27. Doi: 10.1016/j.jped.2016.07.0-
02.

Pichichero ME, Cernichiari E, Lopreiato J,
Treanor J (2002). Mercury concen-
trations and metabolismo in infants
receiving vaccines containing thio-
mersal: descriptive study. Lancet.
360(9347): 1737-1741. Doi: 10.1016/-
S0140-6736(02)11682-5.

Pinheiro MCN, Carneiro SR, Corbett CEP
(2020). Umbilical Cord Tissues as
Matrices to Predict Prenatal Exposure
to Mercury Review. Ann Pediatr Child
Health. 8(7): 1-9.

Pugach S, Clarkson T (2009). Prenatal
mercury exposure and postnatal out-
come: clinical case report and analy-
sis. Clin. Toxicol. 47: 366-370. Doi:
10.1080/15563650902866911.

Rahbar MH, Vaughan MS, Dickerson AS,
Hessabi M, Bressler J, Desai CC,
Pellington SS et al. (2015). Concen-
tration of Lead, Mercury, Cadmium,
Aluminum, Arsenic and Manganese in
Umbilical Cord Blood of Jamaican
Newborns. Int. J. Environ. Res. Public
Health. 12: 4481-4501. Doi: 10.3390/-
ijerph120504481.

Ramén R, Ballester F, Aguinagalde X,
Amurrio A, Vioque J, Lacasafia M,
Rebagliato M (2009). Fish consump-
tion during pregnancy, prenatal mer-
cury exposure, and anthropometric
measures at birth in a prospective
mother-infant cohort study in Spain.
Am J Clin Nutr. 90: 1047-1055. Doi:

570



Vianna et al./ Prenatal Exposure to Mercury and Adverse Birth Outcomes

10.3945/ajcn.2009.27944.
Rollin HF, Rudge CVC, Thomassen Y,

Mathee A, Odland J O (2009). Levels
of toxic and essential metals in mater-
nal and umbilical cord blood from
selected areas of South Africaresults
of a pilot study. J. Environ. Monit. 11:
618-627. Doi: 10.1039/b816236Kk.

Romero M, Saavedra S (2016). The effects
of gold mining on newborn’s health.
Available at: https://web.stanford.-
edu/santisap/Paper_mining_newbor
n_health.pdf (accessed 03.18.2022).

Sakamoto M, Murata K, Kubota M, Nakai
K, Satoh H (2010). Mercury and
heavy metal profiles of maternal and
umbilical cord RBCs in Japanese
population. Ecotoxicol. Environ. Saf.
73: 1-6. Doi: 10.1016/j.ecoenv.2009.-
09.010.

Santos EO, Jesus IM, Camara VM, Brabo
ES, Jesus MI, Fayal KF, Asmus CIRF
(2007). Correlation between blood
mercury levels in mothers and new-
borns in Itaituba, Para State, Brazil.
Cad Saude Publica. 23: S622-629.
Doi.org/10.1590/50102311X2007001
600022.

Song Y, Lee CK, Kim KH, Lee JT, Suh C,
Kim SY, Kimm JH et al. (2016).
Factors associated with total mercury
concentrations in maternal blood,
cord blood, and breast milk among
pregnant women in Busan, Korea.
Asia Pac J Clin Nutr. 25(2): 340-349.
Doi: 10.6133/apjcn.2016.25.2.16.

Taylor CM, Golding J, Emond AM (2016).
Blood mercury levels and fish
consumption in pregnancy: Risks and
benefits for birth outcomes in a

www.thejmch.com

prospective observational birth co-
hort. Int J Hyg Environ Health.
2019(6): 513-520. Doi: 10.1016/j.ij-
heh.2016.05.004.

Vigeh M, Nishioka E, Ohtani K, Omori Y,
Matsukawa T, Kodac S, Yokoyama K
(2018). Prenatal mercury exposure
and birth weight. Reprod. Toxicol. 76:
78-83. Doi: 10.1016/j.reprotox.2018.-
01.002.

Won JH, Park JY, Lee TG (2007). Mercury
emissions from automobiles using
gasoline, diesel, and LPG. Atmos. En-
viron. 41: 7547-7552. Doi: 10.1016/-
j.atmosenv.2007.05.043.

World Health Organization - WHO (2007).
Exposure to mercury: A major public
health concern Geneva: World Health
Organization. Available at: https://-
www.who.int/phe/news/Mercury-fly-
er.pdf (Accessed 20 March 2022).

Xu Y, Khoury JC, Sucharew H, Dietrich K,
Yolton K (2016). Low-level gestational
exposure to mercury and maternal
fish consumption: Associations with
neurobehavior in early infancy. Neu-
rotoxicol. Teratol. 54: 61-67. Doi: 10.-
1016/j.ntt.2016.02.002.

Yang C, Chen X, Zu S, He F (2019). Retros-
pective analysis of risk factors for low
1-minute Apgar scores in term neo-
nates. Braz. J. Med. Biol. 52(12): 1-10.
Doi: 10.1590/1414-431X20199093.

Zhu T, Tang J, Zhao F, Qu'Y, Mu D (2015).
Association between maternal obesity
and offspring Apgar score or cord pH:
a systematic review and meta-analy-
sis. Sci. Rep. 5: 18386. Doi: 10.1371/-
journal.pone.0205733.

571






