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Abstract Arsenic (As) has been proven to be highly toxic to
humans, but limited attention has focused on exposure levels
and potential risks to mother-neonate pairs of coastal popula-
tions. This study was conducted by examining the As concen-
tration in colostrum and umbilical cord serum collected from
106 mother-neonate pairs living on Shengsi Island, facing the
Yangtze River estuary and Hangzhou Bay in China. Average
concentrations of total As in colostrum and cord serum were
18.51 ± 7.00 and 19.83 ± 10.50 μg L−1. One-way ANOVA
analysis showed delivered ages and source of drinking water
played significant roles in influencing the maternal exposure
patterns. Correlation analysis indicated a significantly positive
association between As concentrations in colostrum and cord
serum. Multivariable linear regression models adjusted for
other confounders clarified the dose-response relationship
with a coefficient value of 0.23 and a 95% confidence interval
of (0.006, 0.492); p < 0.05. The calculated daily intake of total
As for neonates through breastfeeding was in the range from
0.413 to 3.65 μg kg−1 body weight, and colostrum As, espe-
cially the most toxic species, inorganic arsenic (iAs), would
pose a risk to neonates.
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Introduction

Arsenic (As), well known for its high toxicity, was recognized
as as a group 1 carcinogen by International Agency for
Research on Cancer (IARC 2004) and ranked at the top of
the Priority List of Hazardous Substances announced by the
Agency for Toxic Substances and Disease Registry in 2011
and 2013 (ATSDR 2013). As a ubiquitous natural element,
arsenic can seriously pollute the land, air, water, and other
compartments of the environment, which eventually threaten
the human beings. Due to As-related health problems, it has
become one of World Health Organization’s top 10 chemicals
of major public health concern (WHO 2012). Since the late
1960s, evidence has indicated that high levels of As can in-
duce skin lesions and increase the risk of skin cancer (Kazi
et al. 2009; Kolachi et al. 2011). Many previous in vitro and
human epidemiological studies have indicated that chronic
exposure to arsenic is associated with an increased risk of
serious cardiovascular abnormality, neural injury (Bryant
et al. 2011), developmental malformation, and reproductive
toxicity (Mandal and Suzuki 2002). In mother-neonate popu-
lations, high levels of prenatal As exposure may affect the
intellectual function at incipient stages of children’s life
(Hsieh et al. 2014; Liu et al. 2010; Rahbar et al. 2012).

However, until recently, most studies investigating As have
put emphasis on environment medium like soils, ground wa-
ter, and food chains (Bundschuh et al. 2012; Kalbitz and
Wennrich 1998; Matschullat 2000; Rahbar et al. 2012). For
understanding the potential risks, information about individ-
uals’ exposure level was still limited. As the largest river in
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China and the most important region for agricultural and in-
dustrial development, arsenic pollution in the Yangtze River
has been investigated, especially the prosperous Yangtze
River Delta. Shengsi Island faces the Yangtze River estuary
and Hangzhou Bay, the unique situation that makes it
susceptible to industrial pollution discharged into the
Yangtze River. A regional survey, which determined As
concentration in the middle and lower reaches of Yangtze
River from below the Three Gorges Dam to the mouth at
Shanghai, showed that the average concentration of
dissolved and suspended particles of As was close to the
maximum concentrations recommended for ricers by the
European Community (EC) (Muller et al. 2008). Arsenic ex-
posure in drinking water was recognized as an important en-
vironmental hazard to human beings (Asante et al. 2007). The
source of tap water, the islanders’ main route for drinking
water, comes from the reverse osmosis demineralization of
seawater, which does not remove most As pollutants, thus
leading to an elevated body burden of As in humans.
Moreover, as this area is at the center of the East China Sea
Fisheries, arsenic is abundantly present in fish and other sea-
food. Due to its bioaccumulation and biomagnification
through the food chain, As can be finally stored in human
organs and tissues (Mandal and Suzuki 2002). For these is-
landers are major consumers, there exist potentially elevated
exposure and risks among the coastal and island populations.
When the daily intake concentration surpasses the recom-
mended safety level, As is known to produce toxic effects
from a human health perspective. A previous study quantified
the total As content in 200 samples of 22 species from
Shandong, China and confirmed that the margin of exposure
estimated that there existed a health risk for the consumers
(Wu et al. 2014).

Pregnant women and their neonates are regarded as the
groups most sensitive to chemical exposure. In the late gesta-
tional period, the placenta acts as a selective maternal-fetal
barrier (Menai et al. 2012), allowing oxygen and nutrients to
pass to the fetus while preventing detrimental compounds
from crossing (Carter 2009); however, some As can still read-
ily cross the placental barrier (Chen et al. 2003). Therefore,
umbilical cord blood, one of the most easily available and
noninvasive diagnostic biological fluids (Al-Saleh et al.
2011), is considered an excellent bioindicator for assessing
the prenatal exposure level to As. During the lactation period,
As in the human body can be released into the breast milk,
which can be used as an indicator of maternal As exposure.
However, unlike the transitional or mature milk, colostrum,
which secreted during the earliest periods (0–5 days) after
neonatal birth, usually has higher level of protein and other
growth factors (Palkovicova et al. 2007). To neonates, colos-
trum is believed to be a unique dietary source, providing nu-
trition as well as chemical elements to infants. Therefore,
chemicals may be more easily transferred through colostrums

to neonates (Turan et al. 2001). Causing the exposure of
breastfed infants to As, it seems to be the most feasible bio-
logical matrix to assess neonatal exposure risk to As poisoning
(Park et al. 2011). Most recent studies have focused on total
As in human milk, but inorganic As (iAs) is actually recog-
nized as the most toxic speciation. The identification of iAs,
both arsenite (iAs3+) and arsenate (iAs5+), seems to be essen-
tial but thus far remains unequivocal in conclusion (Lynch
et al. 2014).

To better understand the concentration and distribution of
As exposure in the most susceptible population, we used co-
lostrum and umbilical cord serum samples to investigate
maternal-neonatal pairs living on this specific island. The pur-
poses of this study are as follows. (1) Measure the As concen-
tration in the two biological samples to determine the initial
exposure level of pregnant women and neonates by compari-
son to certain international standards and other studies. (2)
Investigate the maternal characteristics influencing the expo-
sure patterns. (3) Explore the relationship between the colos-
trum and umbilical cord serum As levels to speculate on the
possible distribution and transfer of As during lactation. (4)
Assess the exposure risk of total As to neonates via
breastfeeding. (5) Give a preliminary description of speciated
iAs (iAs3+ and iAs5+) for further understanding of the poten-
tial risk. This study involves As exposure and its health effects
and provides information for future studies and advice on
establishing the safety of breastfeeding in an As-
contaminated area.

Materials and methods

Study design and population

The subjects of this study were all living on Shengsi Island.
This island is located in southeastern China, facing the
Yangtze River estuary and Hangzhou Bay, which boasts a
significant geographic importance on the national scale
(Fig.1). Pollutants from the waters can easily influence the
local system and the island’s residents. Furthermore, due to
its special location, all types of seafood are part of the main
diet of the islanders.

From July 2011 toMay 2012, 120 pregnant women recruit-
ed in a single hospital agreed to join in the research. Shengsi
Island only has one hospital with an obstetrics and gynecology
unit, and approximately 50 % of all pregnant women deliver
there. Each participant provided a sample of umbilical cord
serum and a sample of colostrum and completed a question-
naire about their general characteristics including age, pre-
pregnancy BMI, pregnancy weight gain, education level,
and other factors. We excluded women with multiple gesta-
tions or history of chronic diseases including diabetes, hyper-
tension, or renal pathologies. And those with hepatic disease
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or nephropathy and/or endocrine disease were also excluded,
whereas any maternal history of illness, history of drug usage
(n = 5), singleton births with congenital diseases (n = 2), and
couples without quantitative samples including umbilical cord
serum or colostrum (n = 4) samples was defaulted (n = 3). A
total of 106 mother-infant pairs were included in the statistical
analysis. All mothers were informed about the content of this
investigation and signed informed consent forms; ethics ap-
proval was obtained from all participants.

Arsenic in colostrum and umbilical cord serum

Colostrum samples were collected manually during the first
5 days after birth. Umbilical cord serum was collected by a
common aseptic procedure on delivery. Both colostrum and
cord serum were stored at −20 °C until analysis in the labora-
tory. The total As was analyzed according to a low-
contamination digestion bomb method using a Teflon double
vessel for biological materials published in 1984 (Okamoto
and Fuwa 1984) with slight modification. Briefly, 0.5 mL of
each sample was placed in Teflon crucibles and then digested
with 2 mL HNO3 and 1 mL H2O2. The cap of the
polytetrafluoroethylene (PTFE) vessel was closed, and the
vessel was placed on a thermostat heating plate. The temper-
ature was raised to 120 °C and held for 3.5 h until the samples
were clear and transparent (approximately 0.5 mL, near
dryness).

The digested mixture was cooled to room temperature, and
deionized water was added to wash it. Finally, the whole mix-
ture was transferred into a 10-mL glass flask. A portion of the
digested sample was analyzed by inductively coupled plasma-
mass spectrometry (ICP-MS, Agilent 7500a, Agilent, Santa
Clara, CA, USA) at the Institute of Environmental Science
of Zhejiang University, Hangzhou, China to quantify the tar-
get metals (Kosanovic et al. 2008).

Inorganic arsenic speciation analysis

iAs was determined by the hydride generation atomic fluores-
cence spectrometry (HG-AFS) (Beijing Kechuang Haiguang
Instrument Company, China), and it was coupled with a hol-
low double cathode As lamp with the carrier gas of Argon
(99.96 %). A mixture solution of 2 % KBH4 and 0.5 %
NaOH was used as a reducing reagent to convert As into
AsH3. The extraction with hydrochloric acid was applied in
this paper according to the State Standard of the People’s
Republic of China GB/T 5009.11-2003 determination of total
As and abio-As in food, with slight modification (Yang 2003).
Samples of 5 mL colostrum were placed into 25-mL volume
centrifuge tubes, extracted with 12.5 mL hydrochloric acid
(1 + 1), and subjected to a water bath for 4 h at 70 °C. The
samples were thoroughly extracted, cooled to room tempera-
ture, and filtered through absorbent cotton. Then iAs5+ was
restored to iAs3+ by the thiourea-ascorbic acid system (a mix-
ture solution of 5% ascorbic acid and 5% thiourea), and iAs3+

was determined byHG-AFSwith potassium borohydride. The
concentration of iAs5+ was obtained by subtracting the con-
centration of iAs3+ from the total iAs. External calibration was
conducted for all quantitative analyses of these samples.

Quality assurance and quality control

All the glassware and Teflon crucibles used in measurement
were soaked in 10 % HNO3 overnight. Procedural blank sam-
ples were analyzed with every 10 samples to check the clean-
ness of reagents and containers for quality control. Validity of
the analytical data was also established by several quality
parameters including precision, detection limits, linearity,
and spike recovery value. Precision was obtained as percent
coefficient of variation (CV%) from the relative standard de-
viation of 10 repeated determinations of one sample. The limit

Fig. 1 Geographic location of the study island
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of detection (LOD) and limits of quantification (LOQ) were
calculated as 3:1 and 10:1 signal versus noise value (S/N) for
As of this method. Matrix controls spiked with known con-
centration standards were analyzed using the same methods.
Linearity that was measured by the external calibration proce-
dures that were applied was calculated from the calibration
curves of As species and the value in the nonweighted least
squares linear regression model. Detailed parameter values
were shown in Table S1 in supporting information.

Statistical analyses

Univariate distributions were examined for all variables.
All values lower than the LOD were estimated as LOD/
ffiffiffi

2
p

according to the Fourth National Report on Human
Exposure to Environmental Chemicals published by the
US Centers for Disease Control and Prevention (CDC).
Extreme outliers were excluded, defined as values more
than three standard deviations (SD) from the mean
(Ettinger et al. 2014): subjects with cord serum As
levels >51.33 μg L−1 (n = 2) and colostrum As levels
>39.51 μg L−1 (n = 0). The result data was transformed
to normalize the distribution of As concentrations for
further statistical analysis. One-way analysis of variance
(ANOVA) was used in finding out the effects of related
confounders such as maternal age, pre-pregnancy BMI,
pregnancy weight gain, education level, and drinking
water. In the ANOVA analysis, REGWQ test and
Tukey’s test were conducted in the groups with homo-
geneity of variance; Dunnett T3 test was applied to
analyze the groups with heteroscedasticity. Pearson cor-
relation analysis was performed to observe the relation-
ship between the colostrum and the cord serum in terms
of As exposure. Associations were considered statistical-
ly significant at the level of p < 0.05 with the two-sided
test in the models. Multivariable linear regression
models with standardized regression coefficients (β)
and 95 % confidence intervals (CIs) were fitted using
ordinary least squares methods to explore the influence
of other covariates on As level, as well as the relation-
ship between As levels in colostrum and neonate cord
serum. In all the multivariable linear regression models,
we chose to investigate covariates including maternal
age (Tian et al. 2009), pre-pregnancy BMI (Janssen
et al. 2008), education level (Tofail et al. 2009), preg-
nancy weight gain, and newborn gender (Parajuli et al.
2013) based on a priori knowledge of biological signif-
icance and scientific researches (Ettinger et al. 2014).
All these variables were forced into the model for ad-
justment. The education level (illiteracy, primary, junior
high, senior high, college, and above) and newborn gen-
der (boy and girl) were treated as categorical, while the

rest were taken as continuous variables. All the statisti-
cal analyses were performed using the SPSS 16.0 soft-
ware (SPSS, Chicago, IL), and figures in this paper
were drawn by Origin software (OriginLab Corp,
Northampton, MA, USA).

Birth exposure risk assessment

To assess the possible exposure risk to neonatal infants in
Shengsi Island from the consumption of As-contaminated co-
lostrum, we use the index of average daily intake dose
(ADID). The ADID of As through colostrum was calculated
using the following equations:

ADID ¼ C� IR
.

BW
� �

where ADID is the daily intake of the chemical (μg kg−1

bw day−1), BW (or bw) is body weight (kg), C is the concen-
tration of the target chemical in colostrum (μg L−1), and IR is
the intake rate of the environmental medium (e.g., kg day−1

for food or soil, L day−1 for water, m3 day−1 for air). We used
mean milk consumption (300.2 mL day−1) during the 5 days
after birth reported in the Exposure Factors Handbook of EPA
(US EPA 2011).

Results

Sociodemographic characteristics of study population

The sociodemographic characteristics of the Shengsi study
population are listed in Table 1. In this study, the mean deliv-
ered age of the mothers was 27.16 years (SD = 2.84). The
average pre-pregnancy BMI of the participating women was
20.60 kg m−2 (SD = 4.98). During the pregnancy, the weight
gain of the mothers was 17.35 kg (SD = 10.15). Most of the
study subjects had received good education: for instance, only
2.90 % had not passed junior high school and 38.1 % had
received a college degree or higher. Of all infants with known
gender (five missing), 58.4 % are boys and 41.6 % are girls.
The mean birth weight was 3.42 kg (SD = 0.43).

Arsenic concentration level in colostrum and cord serum

All colostrum samples for As had detectable levels, and the
average concentration was 18.51 μg L−1 (SD = 7.00;
range = 4.34–45.02). All cord serum samples for As also
had detectable levels, and two outliers were excluded. The
mean concentration was 19.83 μg L−1 (SD = 10.50;
range = 5.16–58.83).

Results in this study showed that characteristics of studied
mother might have effects on the As in maternal colostrum
(Table 2). In the one-way ANOVA analysis, we found that
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puerperas with highest delivered age group (>30 years) had
mean As value of 22.8 ± 3.26 μg L−1, which was significantly
higher than those with two lower groups. In addition, among
all the factors, the source of drinking water played an impor-
tant role, which cannot be neglected. The As level in mothers
who drank rap water was 20.2 ± 6.08 μg L−1, which was
significantly higher than other sources of water including the
well water and bottled water for the p value was at 0.000 level.
However, there was no statistically significant association be-
tween neonatal As exposure and these confounders in this
study.

Correlation between exposure levels in colostrum
and cord serum

In present study, correlation analysis was conducted using
Pearson’s coefficient, and the results are shown in Fig. 2. We
found that the As level in colostrum is significantly associated
with the level in cord serum (r = 0.202, p = 0.045). A multi-
variable linear regression model with the coefficient and the
95 % CI was further used to quantitatively describe the asso-
ciation (Table 3). When adjusted for other variables, including
maternal age, BMI, education level, pregnancy weight gain,
and newborn gender, As in colostrum is significantly and

positively correlated with As in umbilical cord serum,
r = 0.23 (95 % CI: 0.006, 0.492) (p < 0.05).

Intake of As from colostrum

The value of ADID of the total As in neonates from colostrum
consumption was used to assess the essentiality and toxicity of
As for the newborns, which are outlined in Table 4 and Fig.3
shows the results according to the maternal ages. With a range
from 0.413 to 3.65 μg kg−1 bw day−1, the median value of
ADID for each child was 1.78 μg kg−1 bw day−1.

Moreover, we also analyzed the inorganic As species and
their contribution to neonatal daily intake level into consider-
ation. As shown in Table S2, the results indicated that the
average daily intake of iAs is approximately 1.159 μg kg−1

bw day−1. The percentage of iAs3+ in these samples accounts
for approximately 20.8% of total As, while iAs5+ accounts for
33.7%. The average daily intake of iAs3+ and iAs5+ is approx-
imately 0.462 and 0.697 μg kg−1 bw day−1. Some studies
indicated that As excretion via breast milk was low andmostly
of the trivalent form of iAs, although there is still a scarcity of
adequate data (Fangstrom et al. 2008; Gurbay et al. 2012).

Discussion

To our knowledge, there is no or little standard about elements
in breast milk or umbilical cord serum that have been
established by international organizations, therefore, we
choose to compare the present results with studies in other
regions of China and abroad (μg L−1). As summarized in
Table S3, the reported As values in breast milk vary in a large
range depending on environmental exposure. However, on the
whole, our study still found a higher level than in other regions
in China (Zhang 2009). Compared with a multinational study
initiated by WHO on breast feeding from nine countries
(Chile, Ethiopia, Guatemala, Hungary, India, Nigeria,
Philippines, Sweden, and Zaire) in 1973 (Park et al. 1991),
the As concentration value in this study surpasses the values in
other countries except for specimens from the Philippines
(median = 18.89; range = 1.13–95.57 μg L−1). We explain
the higher levels in this study by the characteristics of studied
area, drinking water, and dietary habits. First, Shengsi Island
has a special geographic location of the intersection of the
marine outfall of Yangtze and Qiantang River; discharged
waste from the industrial and economical activities made it a
susceptible area for As pollution. In 1998, Chen et al. reported
As concentrations in the Shanghai coastal zone of the Yangtze
River estuary reaching up to 60 μg L−1, which substantially
exceeds the current WHO guideline of 10 μg L−1 (Uneyama
et al. 2007). In addition, it should be mentioned that the source
of tap water, the main islanders’ drinking water, comes from
the reverse osmosis demineralization of seawater, which does

Table 1 Individual characteristics of the mothers and newborn infants
who participated in the study

Characteristics Number % or mean ± SD

Maternal characteristics

Maternal age (years) 105 27.16 ± 2.84

Pre-pregnancy BMI (kg/m2) 101 20.60 ± 4.98

Pregnancy weight gain (kg) 96 17.35 ± 10.15

Parity

0 49 46.67 %

≥1 56 53.33 %

Abortion

0 41 39.05 %

1 38 36.19 %

2 22 20.95 %

3 4 3.81 %

Education

Illiteracy 1 0.95 %

Primary school 2 1.90 %

Junior high school 27 25.71 %

Senior high school 35 33.33 %

College school 40 38.10 %

Child characteristics

Gender

Girl 42 41.58 %

Boy 59 58.42 %

Birth weight (kg) 101 3.42 ± 0.43
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not remove all the As pollutants, thus leading to an elevated
body burden of As in humans. Residents living on the island
can easily be affected by contaminated waters from the
Yangtze River. Previous studies have also confirmed concen-
tration of As in breast milk of lactating mothers related to the
exposure to As through drinking water (Asante et al. 2007;
Concha et al. 1998a). Furthermore, as indicated in many pre-
vious studies, besides the occupation exposure or drinking
water, food is the primary contributor for human As intake
(Molin et al. 2015; WHO 2012). These islanders are all fish
consumers; fish and seafood are main contributors of As in the
diet. There is a positive correlation between the frequency of
total fish consumption and the As level in breast milk
(Miklavcic et al. 2013). The high level of As in seafood
(Borak and Hosgood 2007; Molin et al. 2015), which was
preferential to intake by the studied population, could lead to
the higher level in this study.

Compared with other regions in China, the umbilical cord
serum As concentration here is higher than in other eastern
cities (Jin 2010; Wang et al. 2008; Zheng et al. 2014) but
similar to the level reported for populations living in certain
polluted areas of developing countries such as Matlab,
Bangladesh (15.7 ± 8.7 μg L−1) (Hall et al. 2007) and San
Antonio de los Cores, Argentina (median = 9.0 μg L−1)
(Concha et al. 1998a). The variations in As levels may also
be attributed to the specific geographic background and die-
tary customs.

When considered the influence of maternal factors on the
exposure pattern, our results found that As level in colostrum
were higher in mothers who were at higher delivered ages.
This can be attributed to the fish and seafood consumptions
as potential sources of As exposure, people at older ages tend
to have consumedmore fishes, and the increased level of As in
women of increased age may reflect its long-term exposure.

Table 2 Levels of arsenic
(μg L−1) in colostrum for selected
maternal characteristics

Characteristic Number Mean ± SD Percentile

25th 50th 75th

Colostrum

Maternal age

≤25 39 16.8 ± 6.34 10.2 18.4 22.0

25–30 52 18.6 ± 7.78 11.9 19.2 23.8

>30 14 22.8 ± 3.26 21.2 22.5 24.7

p value 0.024*

Pre-pregnancy BMI (kg/m2)a

≤18.5 22 18.3 ± 7.36 10.4 19.9 22.8

18.5–24.5 62 18.6 ± 7.01 13.5 19.8 22.5

>24.5 17 17.8 ± 7.22 9.51 18.6 24.0

p value 0.991

Pregnancy weight gain (kg)

≤10 12 22.9 ± 8.76 17.6 22.7 27.2

10–15 30 16.2 ± 6.65 9.40 18.7 20.9

>15 54 19.1 ± 6.39 16.8 20.1 23.9

p value 0.129

Education

≤9 30 18.5 ± 6.28 12.7 19.2 22.5

9–12 35 18.8 ± 7.89 13.2 20.1 23.8

>12 40 18.4 ± 6.86 15.1 20.1 22.5

p value 0.974

Drinking water

Tap water 56 20.2 ± 6.08 18.4 21.0 24.1

Well water 15 12.1 ± 5.89 7.27 10.4 16.1

Bottle water 20 17.9 ± 5.81 12.2 19.1 22.2

p value 0.000**

The categories of BMI were estimated by WHO

*p < 0.05; **p < 0.01
a Body mass index (BMI) was calculated by dividing body weight (kg) by body height (m2 )
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Apart from that, it is worth mentioning, ANOVA analysis
revealed that As concentrations were considerably higher in
women who drank the tap water than the other two ways.
Although tap water, oriented from seawater desalination
through reverse osmosis methods, is believed to be the fine
work to filter mineral substances, combined with bottled wa-
ter, As in mothers who usually drank tap water remains higher
in this study. Numerous studies have proved that concentra-
tions of As in human urine (Asante et al. 2007), hair, nails,
breast milk (Samanta et al. 2007), and blood (Kazi et al. 2009)
increased significantly with those in water, which implied that
the source of As in humans could be from the water origin.

Previous studies have reported a strong association of As
concentration between different biological fluids, such as ma-
ternal and cord blood (Hall et al. 2007), blood and urine
(Concha et al. 1998b), or breast milk and As in urine of
breastfed children (Islam et al. 2014), but few have examined
whether there is also any correlation between breast milk and
umbilical cord blood. Because breast milk is the matrix from

which As is ultimately transferred to the breastfeeding infant,
it represents the exposure level of the mothers, while the um-
bilical cord blood, collected at birth via a noninvasive method
(Islam et al. 2014), has been frequently tested to assess prena-
tal exposure to a variety of metals (Al-Saleh et al. 2014). The
significant correlation results in this study may indicate the
trans-generational transfer of As from mothers to neonates.
Laboratory experiments have proven that As, especially iAs,
is able to undergo trans-placental transfer, crossing the selec-
tive maternal-fetal barrier to enter the fetal circulation (Jin

Table 4 Daily intake of As to neonates through breastfeeding (μg kg−1

bw day−1)

Characteristic Mean ± SD Percentile

25th 50th 75th

Total As 1.65 ± 0.65 1.20 1.78 2.05

Maternal age

≤25 1.53 ± 0.81 0.98 1.75 2.01

25–29 1.61 ± 0.71 1.14 1.78 2.03

>30 1.66 ± 0.69 1.23 1.79 2.06

Pregnancy BMI (kg m−2)a

<18.5 1.66 ± 0.70 1.25 1.80 2.05

18.5–24.5 1.63 ± 0.70 1.15 1.77 2.03

≥24.5 1.66 ± 0.71 1.24 1.78 2.05

Infants gender

Male 1.64 ± 0.71 1.21 1.78 2.05

Female 1.67 ± 0.70 1.15 1.77 2.06

The categories of BMI and birth weight were estimated and formulated by
WHO, respectively
a Bodymass index (BMI) was calculated by dividing bodyweight (kg) by
body height (m2 )

Table 3 Multivariable linear regression analyses of the association
between arsenic concentrations in colostrums and cord serum

Unadjusted Basic adjusteda Further adjustedb

B 0.204
0.004, 0.404
0.202
0.045*

0.189
0.027, 0.404
0.183
0.085

0.249
0.006, 0.492
0.230
0.045*

95 % CI

Beta

P value

*p < 0.05
aAdjusted by maternal age, pregnancy BMI, and education
bAdjusted by maternal age, pregnancy BMI, education, weight gain, and
newborn gender

Fig. 2 Correlation between As
concentrations in colostrum and
cord serum (μg L−1)
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et al. 2006). Research on the crossing of the placental barrier
and lactation transfer to infants through breast milk is of cru-
cial importance.

Since it is universally acknowledged, early life exposure to
As may bring about many adverse health effects in later life,
but limited information was available on the postnatal As ex-
posure via human milk. For breast milk, this represents a
unique source of As exposure to infants through breastfeeding
(Ettinger et al. 2014). The oral intake level indicates the con-
tribution of colostrum As to newborns’ exposure, which has
meaningful implications for maternal decisions regarding
breastfeeding. For young children (0–6 years old), the EPA
has established guidelines of acute and subchronic exposure to
As at 0.015 and 0.005 μg kg−1 bw day−1, respectively. The
results in this study were also lower than the recommended
dietary allowance of 0.005 μg kg−1 bw day−1 provided by the
EPA, which means that the intake of breast milk during the
earliest periods of their life will not pose an acute or subchron-
ic threat to neonatal children, even in their most sensitive
period (Tsuji et al. 2004). Several states and regions have
conducted numerous studies to establish the exposure stan-
dard level, but considering that complex factors could influ-
ence the results, it is very difficult to assess or estimate dietary
exposure to As. From the data submitted to Joint FAO/WHO
Expert Committee on Food Additives (JECFA) at the 72nd
conference, the mean daily exposure to As for infants under
12months ranges from 0.03 to 1.63μg kg−1 bw in Europe and
from 0.24–1.19 μg kg−1 bw in the USA. In 1998, Yost et al.
reported that the estimated daily dietary intake of iAs ranges
from 8.3 to 14 μg day−1 in the USA and from 4.8 to
12.7 μg day−1 in Canada for various age groups, suggesting
that approximately 21 to 40 % of total dietary As occurs in

inorganic forms (Yost et al. 1998). Compared with these re-
sults, our study showed a higher level of total As daily intake
that warrants public concern.

It should be pointed out that different As compounds in
humans are different with respect to toxicity, the inorganic
Asmay be among the most toxic forms that can lead to serious
health problems; therefore, we also TOOK the inorganic As
species and their contribution to neonatal daily intake level
i n t o cons i de r a t i on . The d i e t a ry i n t ake o f iAs
(1.15 ± 0.48 μg kg−1 bw day−1) was found to be considerably
in excess of the reference dose (RfD) for chronic oral exposure
of 3 × 10−4 mg kg−1 day−1 established by EPA. Generally
speaking, the RfD is an estimate of a daily exposure for pop-
ulations likely to be without risk of deleterious effect during
their lifetime (US EPA 1998). However, we only consider the
duration period for neonates of 5 days after birth. Whether
colostrum As will pose a lifelong risk remains unclear. The
JECFA sets a provisional tolerable weekly intake (PTWI) for
iAs of 15 μg kg−1 bw (2.1 μg kg−1 bw day−1) in 1998 (JECFA
1988). All the data calculated in our study were below the
safety level compared with these standard guidelines.
However, the PTWI for As has been withdrawn in 2011 as
no longer health protective, but the benchmark dose for a
0.5 % increased incidence (BMDL0.5) of lung cancer.
Because iAs can easily pass the placenta and is proven to be
associated with a moderately increased risk of impaired fetal
growth and fetal mortality, although the infants are partly
protected by the methylation of As during pregnancy and
lactation, early-life exposure may induce changes that will
become apparent later in life.

Although advantages are associated with breastfeeding,
nursing mothers in this population are still advised to consider

Fig. 3 Daily intake of As to
neonates according to maternal
age
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the possible risk associated with long-term intake of breast
milk As to establish safe breastfeeding. Moreover, because
we did not continue to investigate the changes in breast milk
As throughout the duration of lactation, whether a larger in-
take dose will lead to an elevated exposure risk remains a
significant problem that requires further research. Apart from
water may be polluted at the source during treatment or trans-
port, infants’ exposure to As while growing up may occur
from drinking water should be put on emphasis, infant formu-
la may replace human milk as another source of neonatal
exposure. Previous studies were carried out to estimate the
relative contribution of breast milk and formula to As expo-
sure during early infancy and made the conclusion that
breastfed infants have lower As exposure than formula-fed
infants, and both drinking water and formula powder can be
sources of exposure for infants (Carignan et al. 2015; Ljung
et al. 2011), which also deserved further research.

Conclusions

This study demonstrated the As level in the colostrum and
umbilical cord serum of maternal-neonate pairs in Chinese
fish consumers. A positive and significant correlation between
the As levels in colostrum and cord serum was observed. The
intake levels of total As and As species through breastfeeding
indicate the contribution of colostrum As to newborns’ expo-
sure. This result has meaningful implications for maternal de-
cisions regarding breastfeeding. Other health impacts, if any,
that arise from such exposure remain to be further explored.
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