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Abstract

Background

Lead toxicity is a cause of intellectual disability in children and majority of affected children
live in developing countries. Its adverse effect on pregnancy outcome has also been
documented.

Objectives

To assess the relationship between maternal blood lead levels and umbilical cord blood lead
levels in their corresponding newborn infants; to determine factors associated with high
blood lead levels and the pregnancy outcome in participants.

Materials and methods

This was a cross-sectional descriptive study carried out at a tertiary Teaching Hospital,
Lagos, Nigeria. Four hundred and forty pregnant women and their respective newborns
delivered at the study centre. Blood samples were obtained from the mothers and umbilical
cord of the newborns at delivery and analysed by atomic absorption spectrophotometry.
Socio-demographic and obstetric data was obtained by questionnaires administered to the
mothers. The anthropometric measurements of the babies were taken at birth and clinical
data recorded. Main outcome measures were blood lead levels in mother and baby pair,
socio-demographic factors, birth weight, gestational age, length, occipito-frontal
circumference.

Results

The median maternal and umbilical blood lead level was 64.3ug/dl and 39.2ug/dl respec-
tively. The levels were above 5ug/dl in 75.6% and 66.8% of mothers and umbilical cord
respectively. There was a strong positive correlation between the maternal and umbilical
cord blood lead levels (rs = 0.80). Use of calcium supplements during pregnancy was signifi-
cantly associated with a lower maternal blood lead level (p = 0.010) while recent painting
and renovation of residential accommodation were associated with a higher umbilical cord
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blood lead level (p = 0.025). There were no statistically significant associations between the
maternal and umbilical cord blood lead levels and the gestational age and anthropometry of
the newborns at birth.

Conclusions

The blood lead levels in newborns of women residing in Lagos, Nigeria are high and admin-
istration of antenatal calcium is associated with lower blood lead levels.

Introduction

Lead is a recognized toxic agent in humans and the effects of its exposure and toxicity are well
documented.[1-3] Lead has no known health benefit; rather it has been shown to have adverse
effects on several body systems. [4,5] Children, including newborns, are particularly more vul-
nerable to the adverse effects of lead because of their developing brain. [2,3] Despite several
attempts by many countries globally to reduce lead contamination of the environment, lead
exposure and toxicity still remains a global public health problem. [2] According to the World
Health Organization, lead toxicity contributes to 600,000 new cases of intellectual disabilities
every year in children® and 99% of children affected by lead toxicity live in the developing
world[6].

Nigeria made some effort in reducing lead contamination by initiating the “phase out” of
leaded gasoline in 2002 but this however, is yet to be fully achieved.[7] There is evidence of
lead contamination of the soil,[8,9] air[10,11] and water[12] from previous and current leaded
gasoline use, [7,13] industrialization, electronic waste,[14] refuse dumps[15] and the use of
lead containing products e.g. paints,[16,17] lead acid batteries[18] and eye cosmetics (“tiro/
kohl”).[19,20] Studies done on some Nigerian foods such as vegetables,[21] roasted meat,
smoked fish,[22,23] dried meat, and canned beverages[24] have also reported high lead levels.
In Lagos State, over the last few years, the widespread use of generators powered by leaded
gasoline has become an epidemic due to erratic power supply. Furthermore, there has also
been a massive influx of a variety of transportation options to match the increasing population
growth, which include motorcycles and tricycles both of which are also powered by gasoline
[25].

Pregnant women and their unborn fetuses are vulnerable groups exposed to a higher lead
concentration because of the physiologic mobilization of bone lead stores during pregnancy
and lactation.[26] Prenatal lead exposure can occur as lead moves readily from mother to fetus
via passive diffusion. [2,3,26,27] Lead has been detected in the fetal brain as early as the 13t
week of gestation[28] and the effects on pregnancy outcome are seen across a wide range of
maternal blood lead levels.[27] These effects include gestational hypertension,[29,30] sponta-
neous abortion,[31] preterm delivery,[32] congenital anomalies,[27] low birth weight,[33,34]
decreased length and head circumference.[35] The most critical consequence of prenatal and
childhood lead exposure is poor neuro-developmental outcome especially in cognitive func-
tioning even at low doses irrespective of lead exposure during other life stage. [2,36-41] Other
effects are shortening of attention span and disruption of behavior.[41-43] There appears to
be no threshold level below which lead causes no injury to the developing human brain
[26,27].

There are currently no internationally recognized guidelines on the prevention and man-
agement of lead poisoning worldwide. Thus, countries set their own guidelines for levels of
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lead exposure that they consider as safe.[44] In developed countries, routine testing of blood
lead levels (BLL) is reccommended in pregnant women and/or at-risk communities.[26] Risk
factors for lead exposure identified in pregnant women include pica, recent immigration,
occupation, nutritional status, use of alternative remedies and cosmetics and use of lead glazed
pottery for cooking and storing food.[26] In the United States, the Centers for Disease Control
and Prevention (CDC) recommends follow up testing for both pregnant women and their
newborn infants if BLL is >5pug/dl, and chelation therapy is instituted on a case to case basis if
BLL > 45pg/dl[26].

Although there have been numerous studies on prenatal lead exposure and pregnancy out-
comes worldwide,[2,3,26,45] there is paucity of data on prenatal lead exposure and its effects
on children in Nigeria. Nigeria recorded the world’s worst case of lead poisoning in 2010 in
Zamfara State where an estimated 400 children died from lead toxicity following exposures
from mining sites.[46] In May, 2015 there was an outbreak of lead poisoning in Niger State
which killed 28 children of the 65 confirmed cases.[47] The prevalence of prenatal lead expo-
sure using maternal blood in Nigeria has been reported as ranging from 78.9% to 100% [48-
50] and that in children aged six months to nine years ranged from 25% to 97%.[46,51-54] It
is evident that environmental lead contamination remains a major challenge in Nigeria and
there is an urgent need to initiate policy on environmental lead contamination and establish
screening and management guidelines.

Hence, this study aimed to determine the lead levels in maternal and umbilical cord blood
at birth.

Materials and methods
Study location

The study was conducted at the Labour ward complex and Neonatal unit of the Lagos Univer-
sity Teaching Hospital (LUTH), Idi-Araba, Lagos, Nigeria. Lagos is highly urbanized and
densely populated, and it is one of the fastest growing cities in the world. Being a former
national capital, it remains the nation’s leading economic and commercial hub as it houses
60% of the country’s manufacturing companies hence represent fertile grounds for environ-
mental lead exposure in the population. The Lagos University Teaching Hospital is a 760 bed
Federal tertiary hospital providing healthcare to inhabitants of Lagos state and most neigh-
bouring states. The hospital has two obstetric wards, a labour ward complex comprising of 12
delivery suites and two operating suites.

Sample size determination

Concerning the subject recruitment; the sample size was derived using the formula described
by Kirkwood for studies involving single mean.

n = SD?/SE

Where; n = minimum sample size, SD = standard deviation and SE = standard error.

This study involved the measurement of lead in both maternal and umbilical cord blood.
Attention was focused on each parameter separately. Since there were no local published stud-
ies on lead in umbilical cord blood, the outcome from a local maternal lead blood level was
used. A standard deviation of 1.0 as determined by Njoku and Orisakwe[48] who studied lead
levels in pregnant women in an urban setting in Nigeria in 2012 was used to determine the
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sample size.Where; SD = standard deviation = 1, SE = standard error = 0.05:
(1.0)%/(0.05)* = 400

The highest sample size calculated was 400. This was increased by 10% in order to account
for loss of samples during processing and/or possible withdrawal of consent. Hence, an addi-
tional 40 subjects were added making a total of 440 mother- umbilical cord pairs recruited for
the study.

Institutional ethical approval

The study protocol was approved by the Health Research Ethics Committee of the Lagos Uni-
versity Teaching Hospital before commencement of the study. Written informed consent was
also obtained from all participants.

Subject recruitment

Detailed information about the study was given to all women who presented to the labour
ward and labour ward theatres for delivery and those that gave informed written consent were
consecutively recruited until sample size was reached. Thereafter, the pre-tested study ques-
tionnaire was administered to them to obtain their bio-data, socio-demographic and obstetric
history. Those that were brought in with emergent conditions such as ecclampsia, uterine rup-
ture, ante-partum haemorrhage, pregnant women with sickle cell anaemia, those on HRT or
mega doses of vitamin C and those who did not consent were excluded.

Subject handling procedure

Following delivery, the baby’s anthropometry i.e. birth weight, length and occipito-frontal cir-
cumference were measured. The birth weight was obtained using a bassinet weighing scale by
Weighmaster D.127 serial number 64555. Reliability of results was guaranteed by ensuring
weekly standardization of the scale using known weights. Length was measured using an
infantometer by Olympic Surgical Company Inc., Washington 98101. Baby was placed in a
supine position on the infantometer; the head was held in place and an assistant ensured that
the knees were extended before the lengths were then read in centimeters to one decimal.
Occipito-frontal circumference was measured using an inelastic tape measure placed around
the head with the supraorbital ridge and occipital prominence as the landmarks. The gesta-
tional age was determined using the last menstrual period (LMP) which was corroborated
with the Ballard score; in cases of discrepancy baby was excluded from the study. Appropriate-
ness of the baby’s weight for gestational age was determined using the standards of intrauterine
growth for an African population at sea level described by Olowe[55].

Blood sample collection

Two millilitres of maternal venous blood was drawn prior to delivery and umbilical cord
blood was taken at delivery prior to cutting of the cord. Both samples were collected using lead
free needle and syringes and immediately transferred into metal free potassium EDTA vacutai-
ner tubes (medi-scan technology 10102, Florida USA) to prevent coagulation. The samples
were preserved in the unit refrigerator at 4°c before transportation to the Central Research
Laboratory, University of Lagos within 24hours where they were processed and stored in the
freezer at -80°C prior to blood lead analyses.
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Blood lead analysis

Total blood lead level was detected using the Perkin Elmer Analyst 400 Atomic Absorption
Spectrometer (Waltham, USA) with air-acetylene gas mixtures via a hollow cathode lamp at
spectrum of 283.3nm.[56] Before analysis, the blood was digested with 10ml concentrated
HNOs. In order to minimize errors and ensure reliability of results, all glassware used in analy-
ses were cleaned and washed with HNOj; prior to use and decontaminated after each use for
the next batch. Also, prior to blood lead analyses, the machine was first auto-zeroed using the
blank sample. Thereafter four standards of known concentrations (5mg/L, 10mg/L, 20mg/L,
and 40mg/L) were run against the blank to generate data to determine the calibration curve.
The blanks were run often to verify calibration in the course of the entire analyses. Once the
calibration was done, lead measurements in each blood sample were run twice and the mean
of the two results was recorded as the final result of that sample.

Statistical analysis

Data was analysed using the Statistical Package for the Social Sciences (SPSS) for Windows
version 17. Descriptive statistics were reported as mean * SD in un-skewed data while skewed
data was reported as median (range). Categorical data was expressed as frequencies and per-
centage distribution. Socio-demographic and obstetric comparisons with varying concentra-
tion of lead levels in the maternal and cord blood was done using Student t-test and chi-square
test (as appropriate for continuous and categorical data respectively). Fisher exact test was
used to analyse data when categories had expected numbers less than five. Spearman’s correla-
tion coefficient (r,) was used to demonstrate correlation between the maternal blood lead levels
and that of the umbilical cord, and maternal and umbilical cord blood levels and the newborns
anthropometry. The level of statistical significance was set at p <0.05.

Results

Four hundred of 440 mother-newborn pairs recruited for the study had complete maternal-
cord blood samples and questionnaires and were included in the analysis. Table 1 shows a
summary of the socio-demographic characteristics of the mothers.

Obstetric characteristics and risk factors for lead exposure

Majority of the mothers were multiparous (74.8%). Significantly higher proportion (82.2%) of
women attended antenatal care during pregnancy and 38.5% took calcium supplements regu-
larly during pregnancy. Almost six percent of the pregnant women recruited practiced pica
during pregnancy and most of those who practiced pica ate “nzu” also known as native chalk.
A significant proportion (29.0%) of the respondents took herbal mixtures during pregnancy
and 7.8% took alcohol. One percent of those recruited were active smokers while 8.2% were
passive smokers. Hypertension in this study was made up of gestational hypertension and pre-
eclampsia. Mothers who had chronic hypertension were not captured. Sixty (15%) of the
women developed hypertension during pregnancy.

The association between some maternal obstetrics and socio-demographic characteristics
on pregnancy outcome is shown in Table 2. Maternal gravidity greater than 1 and non-atten-
dance of ANC were the only factors significantly associated with OFC less than the 3" centile.

General characteristics of the newborns are depicted in Table 3. A total of 192 males and
208 females were studied. Birth weight ranged from 800g to 5250g. Eighty three percent of the
babies were term while 48 (12.0%) had low birth weights. Among the pre-terms, two babies
had extreme low birth weights (below 1000 grams). The mean gestational age, birth weight,

PLOS ONE | https://doi.org/10.1371/journal.pone.0211535 February 7, 2019 5/21


https://doi.org/10.1371/journal.pone.0211535

o ®
@ : PLOS | ONE Determination of maternal and umbilical cord blood lead in Lagos

Table 1. Maternal socio-demographic characteristics.

Variable n (%)

(N =400)
Maternal Age (years)
<25 54 (13.5)
25-29 116 (29.0)
30-34 137 (34.2)
>35 93 (23.3)
Mean * SD(years) 30.3+5.2
Educational level
None 3(0.8)
Primary 28 (7.0)
Secondary 140 (35.0)
Tertiary 229 (57.2)
Maternal occupational exposure
No 391 (97.8)
Yes 9(2.2)
Ethnicity
Yoruba 244 (61.0)
Ibo 112 (28.0)
Hausa 5(1.2)
Others 39 (9.8)
No. of Years in present Residence
<lyear 101 (25.2)
>lyear 299 (74.8)
Painting of house
No 251 (62.8)
Yes 149 (37.2)
Location of residence
Badagry 22 (5.5)
Epe 48 (12.0)
Ikeja 96 (24.0)
Ikorodu 5(1.2)
Lagos 229 (57.3)
Residence on a major road
No 252 (63.0)
Yes 148 (37.0)
Source of drinking water
Borehole 54 (13.5)
Bottle water 194 (48.5)
Public supply 23 (5.7)
Sachet water 128 (32.0)
Well 1(0.3)

Figures in brackets are in percentages

https://doi.org/10.1371/journal.pone.0211535.t001

length and occipito-frontal circumference at birth were 38.2+2.5, 3104+679.4, 48.1+3.7 and
34.2+2.3 respectively.

Fig 1 shows the distribution of lead levels in maternal and umbilical cord blood based on
levels for intervention and the percentage prevalence of blood lead levels. Elevated levels were
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Table 2. Maternal obstetrics and socio-demographic characteristics and pregnancy outcome.

Variables Preterm birth Birth weight <3"centile Birth length <3rd centile Birth OFC <3rd centile
Maternal age

<35yrs (307) 45 (14.7%) 13 (4.2%) 31 (10.1%) 41 (13.4%)
>35yrs (93) 13 (13.9%) 8 (8.6%) 8 (8.6%) 11 (11.8%)
p-value 0.233 0.098 0.67 0.701
Maternal education

No formal /1° (31) 4(12.9%) 18 (4.9%) 35(9.5%) 46 (12.5%)
2°/3° (369) 54 (14.6%) 3(9.7%) 4 (12.9%) 6(12.4%)
p-value 1.000 0.216 0.526" 0.268"
Gravidity

1(101) 11 (10.9%) 5 (5.0%) 11 (10.9%) 20 (19.8%)
>1(299) 47 (15.7%) 16 (5.4%) 28 (9.4%) 32 (10.7%)
p-value 0.233 0.876 0.655 0.019*
Gestational HT

Yes (60) 10 (16.7%) 2 (3.3%) 8 (13.3%) 9 (15.0%)
No (340) 48 (14.1%) 19 (5.6%) 31(9.1%) 43 (12.6%)
p-value 0.605 0.753 * 0.31 0.617
ANC (329) 46 (14.0%) 14 (4.3%) 28(8.5%) 34 (10.3%)
No ANC (71) 12 (16.9%) 7 (9.9%) 11 (15.5%) 18(25.4%)
p-value 0.526 0.074" 0.072 0.002*
Cigarette smoke

Exposure (37) 9 (25.7%) 3 (8.6%) 4(11.4%) 4(11.4%)
No exposure (363) 49 (13.4%) 18 (4.9%) 35(9.6%) 48(13.2%)
p-value 0.074 0.414* 0.764" 1.000*
Alcohol intake

Yes (31) 8 (13.6%) 0 (0%) 4(112.9%) 4(13.0%)
No (369) 50(25.8%) 21 (5.7%) 35(9.5%) 48 (12.9%)
p-value 0.105" 0.392" 0.526" 1.000*

*Significant p-value;

* Fisher’s exact test

https://doi.org/10.1371/journal.pone.0211535.t1002

observed in 75.6% of maternal and 66.8% of umbilical cord blood samples. Thirty three
percent of cord samples had values less than 5ug/dl. Over half (57.0%) of mothers had lead
levels in the range of pharmacological intervention and hence could be termed as high risk
pregnancies.

The relationship between the maternal and umbilical cord blood lead levels is illustrated in
Fig 2. This scatter diagram shows a positive correlation between the two variables, with a sig-
nificant coefficient of correlation (r = 0.80, F = 587.8 p = 0.000).

Table 4 shows the relationship between pregnancy outcome and maternal and umbilical
cord blood lead levels. There was no significant difference in pregnancy outcomes when out-
come for high umbilical blood and maternal blood lead levels were compared with normal
levels.

Table 5 illustrates the association between maternal lead levels and socio-demographic fac-
tors; lower maternal age, Ibo tribe and recent painting and renovation were associated with
higher maternal blood lead levels. However, following analysis these did not reach statistical
significance. Other correlates such as level of education, number of years lived in present
home and living in close proximity to a major road did not have any statistically significant
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Table 3. Gestational age and anthropometry of study participants.

Variables N =400
n (%)
Gestational age (weeks)
<37weeks 58 (14.5)
37-41weeks 335 (83.8)
>41weeks 7.(1.7)
Mean + SD (weeks) 38.2+2.5
Birth weight (grams)
<1000 2(0.5)
1000-1499 9(2.2)
1500-2499 37(9.3)
2500-4000 326 (81.5)
>4000 26 (6.5)
Mean * SD (grams) 3104.7+£679.4
Birth length (centimetres)
<3" centile 40 (10.0)
3 97" centile 336 (84.0)
>97" centile 24 (6.0)
Mean + SD (centimetres) 48.1+3.7
OFC (centimetres)
<3 centile 52 (13%)
3" 97'" centile 344 (86%)
>97% centile 4 (1%)
Mean + SD(centimetres) 34.2+2.3

https://doi.org/10.1371/journal.pone.0211535.t003
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Fig 1. Distribution of lead levels in maternal and umbilical cord blood.

https://doi.org/10.1371/journal.pone.0211535.9001
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Fig 2. Correlation between maternal and umbilical cord blood lead levels.
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https://doi.org/10.1371/journal.pone.0211535.9002

effect on the concentration of lead in the mothers. Table 6 shows bivariate analysis of risk fac-
tors for prenatal exposure and maternal blood lead levels. The only statistical significant vari-
able was the use of calcium supplements during pregnancy. Mothers who took calcium had
lower lead values compared to those that did not. (p = 0.01). Multiparous women were seen to
have higher lead levels compared to those of lower gravid status but this finding was not statis-

tically significant.

Table 4. Association between pregnancy outcome and maternal and umbilical cord blood lead levels.

Pregnancy outcome Umbilical blood lead levels p-value Maternal blood lead levels p-value
Positive Negative Positive Negative
N (267) N (133) N (267) N (133)
Gestation 0.932 0.555
Preterm 39 19 42 16
Term 228 114 260 82
Birthweight 0.151 0.334
<3rd centile 11 10 14 7
>3rd centile 256 123 288 91
Length 0.712 0.338
<3rd centile 25 14 27 12
> 3rd centile 242 119 275 86
OFC 0.137 0.141
< 3rd centile 30 22 35 17
> 3rd centile 237 111 267 81

Positive = lead values > 5ug/dl, Negative = lead values < 5ug/dl

https://doi.org/10.1371/journal.pone.0211535.t1004
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Table 5. Relationship between maternal blood lead levels and the socio-demographic factors.

Variables Maternal Lead Levels Statistics p value
Positive Negative

n =302 (%) n =98 (%)
Mother’s age (N)
<25 (54) 42 (77.8) 12 (22.2) =14 0.711
25-29 (116) 89 (76.7) 27 (23.3)
30-34 (137) 105(76.6) 32(23.4)
>35 (93) 66 (71.0) 27 (29.0)
Mean Age + SD 30.2£5.2 30.9£5.2 t=1.2° 0.225
Educational level
None (3) 2 (66.7) 1(33.3) xz =0.6 0.806"
Primary (28) 20 (71.4) 8(28.6)
Secondary (140) 108(77.1) 32 (22.9)
Tertiary (229) 172(75.1) 57 (24.9)
Positive maternal occupational exposure (9) 7 (77.8) 2(22.2) xz =0.0 1.000"
Ethnicity
Yoruba (244) 180(73.8) 64 (26.2) Xz =4.6 0.151"
Ibo (112) 92 (82.1) 20 (17.9)
Hausa (5) 3(60.0) 2 (40.0)
Others (39) 27 (69.2) 12 (30.8)
>1year in present residence (299) 224(74.9) 75 (25.1) =0 0.373
Recent painting of house (154) 124(80.5) 30 (19.5) =28 0.059
Location of Residence
Badagry 18 (82.0) 4(18.0) =21 0.872*
Epe 34 (70.8) 14 (29.2)
Ikeja 70 (72.7) 26 (27.1)
Ikorodu 4 (80.0) 1(23.1)
Lagos 176 (76.9) 53 (23.1)
Residence on a major road (148) 108 (73.0) 40 (27.0) ¥’ =08 0.217
Source of drinking water
Borehole 40 (74.1) 14 (25.9) =24 0.685"
bottle water 143 (73.7) 51 (26.3)
public supply 20 (87.0) 3(13.0)
sachet water 98 (76.6) 30 (23.4)
Well 1 (100.0) 0.(0.0)

Positive = lead values > 5ug/dl, Negative = lead values < 5ug/dl,

*student t test,

*Fishers’ exact p value

https://doi.org/10.1371/journal.pone.0211535.t005

Depicted in Table 7 below is the association between the various socio-demographic factors
and umbilical cord blood lead levels. The proportion of UCBLL was similar across all maternal
levels of education. Nine mothers were working directly in a lead related occupation. Of these
nine, six (66.7%) had elevated umbilical cord blood levels. However, this was not statistically
significant (p = 0.62) as mothers who were not directly involved in a lead related job equally
had elevated UCBLL. One hundred and fourteen fathers worked in lead related occupations.
Cord blood samples from the wives of these men showed that 84 (73.7%) had lead levels above
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Table 6. Association between risk factors for lead exposure and maternal blood lead levels.

Variables

Gravidity

Use of calcium supplement
Positive pica practice

Use of clay pot

Yes

No

Active Smoking

Passive Smoking

Alcohol intake

Herbal intake
Hypertension in pregnancy
Use of tiro *

Canned food intake

Positive = lead values > 5ug/dl, Negative = lead values < 5ug/dl,

“Fishers’ exact p value.
*p value statistically significant,
* eye cosmetic similar to Kohl

https://doi.org/10.1371/journal.pone.0211535.t006

Maternal blood lead levels
Positive (302)

n(%)

2(81.2)
76 (76.8)
144 (72.0)
106 (68.8)
18 (78.3)

296 (75.3)
6 (85.7)

3 (75.0)
25 (75.8)
22 (71.0)
84 (72.4)
45 (75.0)
59 (72.0)
176(73.0)

Negative (98)

n(%)

19 (18.8)
23(23.2)
56 (28.0)
48(31.2)
5(21.7)

97 (24.7)
1(1)
1.(25.0)
8 (24.2)
9 (29.0)
32(27.6)
15 (25.0)
23 (28.0)
65 (27.0

%12

3.2

0.1
0.4

0.4
0.8

0.7

p-value

0.204

0.010"
0.489
1.000

1.000+
0.581
0.338
0.214
0.518
0.242
0.097

5u/dl and 30 (26.3%) had levels below 5ug/dl. This finding however was not statistically signifi-

cant (p = 0.05).

As regards ethnicity, the Ibos recorded the greatest proportion of elevated cord lead levels
75.9%. There was no significant difference in the number of years spent in the subject’s place
of residence (p = 0.15) and the umbilical cord blood lead level. Nonetheless this study recorded
a higher proportion of elevated cord lead samples in women who had lived in their present
place of abode for less than a year. Recent painting / renovation within the last one year was

statistically significant (p = 0.025).

For ease of analysis, the area of residence was divided into five main administrative areas.
Majority of the subjects reside in Lagos and Ikeja divisions. The higher proportions of elevated
lead levels were however found in those residing in Badagry and Ikorodu though this finding
was of no statistical significance (p = 0.57). The study centre is located within the Lagos divi-
sion and explains why most of the subjects recruited attended the centre for their ante-natal/
delivery. The proximity of residence to a major road was not significantly associated with the
umbilical cord blood lead levels (p = 0.17). Also no significant association was observed
between sources of drinking water and the cord lead levels (p = 0.35). This study however
shows that 100% of women who drank well water and 82.6% of those that drank public water
had higher umbilical cord values as opposed to those that took bottled water and sachet water.

There were no significant associations seen between the mother’s obstetric factors and the
presence of high cord blood lead levels as shown in Table 8 below. Higher cord blood lead lev-
els were seen in first time mothers than multiparous mothers; however, this was not statisti-
cally significant. (p = 0.53). The study also found that antenatal care attendance did not
influence the cord blood lead levels neither did the use of calcium during pregnancy. It is
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Table 7. Maternal and paternal socio-demographic variables and the umbilical cord lead levels.

Variable Umbilical cord blood level %2 p-value
Positive (267)) Negative (133)
n (%) n (%)
Mother’s age 2.4 0.487
<25 40 (74.1) 14 (25.9)
25-29 74 (63.8) 42 (36.2)
30-34 94 (68.6) 43 (31.4)
>35 59 (63.4) 34 (36.6)
Education 0.7 0.861+
None 2 (66.7) 1(33.3)
Primary 17 (60.7) 11 (39.3)
Secondary 96 (68.6) 44 (31.4)
Tertiary 152 (66.4) 77 (33.6)
Maternal occupational exposure 6 (66.8) 3(33.3) 0 1.000+
Ethnicity 59 0.089+
Yoruba 155(63.5) 89 (36.5)
Ibo 85 (75.9) 27 (24.1)
Hausa 3(60.0) 2 (40.0)
Others 24 (61.5) 15 (38.5)
Paternal occupational exposure 84 (73.7) 30 (26.3) 2.8 0.057
>lyear in present Residence 195 (65.2) 106 (34.8) 1.3 0.159
Recent painting of house 110 (73.7) 39 (26.3) 4.2 0.025*
Source of water 4.4 0.347+
Borehole 33 (61.1) 21 (38.9)
Bottle water 126 (64.9) 68 (35.1)
Public supply 19 (82.6) 4(17.4)
Sachet water 88 (68.8) 40 (31.3)
Well 1 (100.0) 0(0.0)

Positive = lead values > 5ug/dl, Negative = lead values < 5ug/dl,

*Fishers’ exact p value
*p value statistically significant

https://doi.org/10.1371/journal.pone.0211535.t007

worthy to note that 62.5% of pregnant women who did not use calcium during pregnancy had
higher cord lead levels as opposed to 37.5% who took it. Pica, smoking either passively or
actively and hypertension were associated with higher cord blood lead levels but all these did
not reach the level of significance. Alcohol intake, tiro and herbal use had no effect on the con-
centration of lead in the umbilical cord.

Linear regression analysis using Spearman’s correlation was carried out to explore possible
associations between umbilical cord blood lead levels and the gestational age and anthropome-
try of the newborns. There was no correlation between the lead level and these variables as
depicted in Fig 3A-3D.

Discussion

The median blood lead level obtained for the mothers was 63.7pg/dl (range of 0-332ug/dl) and
this is similar to the value reported in another study in Lagos.[57] This value is 12 times higher
than the current intervention cut off value of 5ug/dl. This finding may likely be due to the
higher levels of lead contamination in Lagos environment as published by several authors
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Table 8. Associations between maternal obstetric and risk factors for lead exposure and umbilical cord blood levels.

Variables

Gravidity

1(101)

2(99)

3 (200)

No Antenatal care (71)

No Antenatal calcium intake (246)
Positive pica practice (23)

Use of clay pot (7)

Smokes actively (4)

Smokes passively (33)

Takes alcohol (31)

Positive pica practice (23)
Positive use of herbs(116)
Hypertension in pregnancy(60)
Use of Tiro (82)

Intake of canned food (241)

Umbilical cord blood lead levels %2 p-value
Positive (267) Negative (133)
n (%) n (%)

0.531
72 (71.3) 29 (28.7) 1.3
65 (65.7) 34 (34.3)
130 (65.0) 70 (35.0)
44 (62.0) 27 (38.0) 1.4 0.507
173(70.5) 73 (29.5) 2.9 0.055
17 (73.9) 6 (26.1) 0.6 0.307
6 (85.7) 1(14.3) 1.2 1.000*
3(75.0) 1(25.0) 0.1 1.000*
24 (72.7) 9(27.3) 0.6 0.29
20 (64.5) 11 (35.5) 0.1 0.426
17 (73.9) 6 (26.1) 0.6 0.307
73 (62.9) 43 (37.1) 1.1 0.179
41 (68.3) 19 (31.7) 0.1) 0.451
49 (59.8) 33 (40.2) 2.3 0.085
149(61.8) 92 (38.2 6.6 0.007"*

Positive = lead values > 5ug/dl, Negative = lead values < 5ug/dl,

“Fishers’ exact p value,

“p value statistically significant

https://doi.org/10.1371/journal.pone.0211535.t008

[7,21,58,59,60,61] which invariably translates to a high exposure level to the inhabitants. Sev-
eral factors such as emissions from vehicles, tricycles, motorcycles, generating sets and indus-
trial emissions, widespread construction and use of lead based paints account for the higher
lead contamination. The possible implication of this is that there is a high risk of severe health
effects of lead on pregnant women and their off-springs in Lagos.

The median lead level in umbilical cord blood obtained in the current study is high and this
is a reflection of maternal lead concentration. This high level is in contrast to reports from
developed countries where umbilical cord blood lead levels have gradually declined over the
years following the phasing out of leaded gasoline and the ban of lead paints and lead contain-
ing products with continuous bio monitoring.[62,63] These countries have implemented sev-
eral strategies aimed at reducing environmental lead.

The prevalence rates of elevated lead levels in maternal and umbilical cord blood in this
study were high, 75.6% and 66.8% respectively. This is similar to the values obtained by Njoku
and Orisakwe[48] who reported a prevalence rate of 78.9% in pregnant women in Imo state
but lower than that reported in Abakaliki[49] where a higher prevalence rate of 88.5% was doc-
umented. The lower prevalence seen in the current study compared to the Abakaliki study is
unexpected. One would have anticipated a higher rate considering the study location which
has a higher ambient lead contamination and the less selective nature of the study population
compared to other Nigerian studies. Certain practices like ante-natal calcium supplementation
which has been reported to be protective against lead toxicity may have contributed to the
lower prevalence. Forty percent of study participants were on calcium supplements. Although
mothers in the other studies were also attending ante-natal clinics, their status as regards cal-
cium use was not stated.
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Scatter Diagram of Umbilical Cord Blood Lead Level with Gestational Age

Scatter Diagram of Umbilical Cord Blood Lead Level with Weight
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Fig 3. (A-D).Correlation between umbilical cord blood lead level and gestational age and anthropometric values.

https://doi.org/10.1371/journal.pone.0211535.9003

In the current study, there was a strong positive correlation between maternal and umbilical
cord blood lead level (r; = 0.80, p = 0.000) which infers that maternal blood lead level may be
a sufficient marker of prenatal exposure. This result is in tandem with the report of other
researchers which showed that there was a direct relationship between maternal and umbilical
cord blood lead levels.[64,65,66] Higher lead levels were found in maternal samples compared
to umbilical cord samples as seen in most studies. However, 18% of the umbilical cord samples
had higher lead values than their maternal counterparts similar to the prevalence reported by
other authors.[62,67] The current study found that four percent of those with a higher umbili-
cal cord blood lead level with respect to maternal cord blood lead level had an elevated blood
pressure and none of them were active smokers. More studies need to be carried out to explore
factors that may be responsible for this effect.
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In about a quarter of the study population, fathers were occupationally exposed to lead. The
umbilical cord blood lead levels were higher in participants whose fathers were occupationally
exposed to lead compared to those not exposed. High UCBLL may probably be due to high
maternal blood lead levels following second hand exposure through the fathers. A similar
result which showed a positive association between the husband’s occupation in the lead
industry and elevated maternal lead level independent of place of residence has been previ-
ously reported.[68] An expanded study of the current population to include fathers lead level
may show a similar trend.

The mother’s level of education was not shown to have any association with maternal and
umbilical cord blood lead concentration in this study. This is comparable to what some previ-
ous investigators have reported[62] in which umbilical cord blood lead had no association
with the level of education. Some other researchers had a contrasting result showing an inverse
relationship between the level of education and lead level i.e. higher concentration noted in
women with a lower level of education. The level of education has been used as an indirect
measure of socio-economic class with higher lead levels seen in women from poorer back-
grounds according to studies by other authors.[1,69] A suggested reason for this difference is
probably because the current study centre is a tertiary fee paying hospital thus fewer women
with lower educational status present here for their health care needs.

The use of calcium supplements by the mothers during pregnancy was of significant impor-
tance; with lower maternal blood lead concentration being associated with calcium supple-
mentation in pregnancy. This also had an effect on umbilical cord blood lead levels with
figures approaching statistical significance. Calcium requirements are known to increase dur-
ing pregnancy (especially in the third trimester) and lactation due to the high demand by the
fetus and the effect of calcium enriched diet and calcium supplementation on lead availability
has been studied extensively in animals and humans. While some studies including that car-
ried out on Nigerian children have found no association, majority however have measured
decreases in the blood lead concentration of calcium supplemented women.[70,71] Both sets
of authors[71,72] concluded that calcium supplementation may be beneficial in reducing BLL
in pregnant women with elevated blood lead. Ante-natal calcium supplementation recom-
mended by the WHO for prevention of pre-ecclampsia in populations where calcium intake is
low is currently practiced in LUTH. This intervention may play an additional beneficial role in
reducing lead toxicity by preventing the mobilization of lead from maternal bone.

Recent household painting and renovation/remodeling were significantly associated with
elevated UCBLL in this study. Lead in paint has been described as one of the most common
sources of exposure in children however adults including pregnant women can be exposed to
paint dust from house renovation and remodeling of homes.[2] During renovation, lead dust
can be released into the air and persists in that environment. Lead paint hazard includes not
only lead paints but also lead found in settled dust and bare soil. Studies[16,58] on household
paints in Nigeria have reported elevated lead content with prevalence rates ranging from 83%-
96% indicating that almost every home in Nigeria has the potential to cause lead exposure and
even lead toxicity. The result in this study was therefore, not surprising. There is currently no
regulation on lead containing paints in Nigeria, the Standard Organization of Nigeria (SON)
in 2015.set the standard of a maximum of 90ppm for lead in paints, but this is yet to receive
council approval and be gazetted and fully enforced[73].

This current study demonstrated higher maternal and umbilical cord blood lead levels in
participants residing in Badagry and Ikorodu areas of Lagos and although these subjects
accounted for only 6.6% of the study population, the highest maternal and cord blood levels
were recorded in these groups of participants. The possibility of high environmental pollution
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in these areas warrants environmental research and monitoring to investigate possible
source(s) and institute remediation if necessary.

Source of drinking water did not show any association with both maternal and cord blood
levels similar to findings by other researchers.[69] In the current study, the major sources of
water were bottled and sachet water. Studies carried out on ground water and sachet water in
Lagos by previous investigators[12,60,72].all showed lead levels ranging between 0.05-0.24mg/
L which is above the permissible limit of 0.01mg/L for water. This lack of association in this
study may be attributed to exposure misclassification as responders may not be aware of the
origin of their water source. The actual sources of bottled and sachet water are variable and
may be unknown to the consumers.

No association was found between maternal and cord blood lead levels and residence in
close proximity to a major road. Most studies that reported an association were carried out in
the era of leaded gasoline use and hence it was deduced that vehicular emissions from heavy
traffic was responsible for this effect. As most of the participants in this study were employed
in either the public or private sector, they were likely to spend most of their day time out of
their homes. This could have contributed to the lack of association.

High maternal blood lead was noted in multiparous women and in those that smoked ciga-
rettes. The effects of smoking in pregnancy and lead concentrations in both the mothers and
fetuses have been studied by a number of researchers.[74,75] Smoking is a risk factor for lead
toxicity as lead is found in some cigarettes and also cigarette smoking is associated with certain
micronutrient deficiencies. Smoking in women especially during pregnancy is uncommon in
this part of the world; hence it is not unexpected that only a small percentage of the women
studied were active smokers. Majority of documented exposure to cigarettes was through pas-
sive smoking thus this could explain why a significant association was not found in the current
study. Unexpectedly, there was a significant association between umbilical cord lead and the
intake of canned food. Lead solder used in cans is thought to contribute to the lead burden
when ingested.”** Other factors such as antenatal care attendance, alcohol consumption,
herbal intake and use of lead containing eye cosmetic “tiro” were not associated with lead levels
in this study.

The amount of lead in the umbilical cord blood was not shown to affect the gestational age
and the anthropometry of the newborns. This is not in agreement with some previous studies
in which lead levels had a negative correlation with gestation age and newborn anthropome-
try.[16,76,77,78] Rahman and Hakeem([79] on the other hand, reported no effect between the
lead level and gestational age and newborn anthropometry similar to the finding in this study.
In the current study, no associations were observed possibly because it was a cross sectional
study carried out at the third trimester for most of the respondents. The small number of pre-
term babies and babies whose anthropometry were below the 3" centile may also be responsi-
ble as most of maternal obstetrics and socio-demographic factors also had no effect on the
gestational age and anthropometry except lack of ANC that was significantly associated with
OFC and maternal age of 35years or greater that significantly influence preterm birth. A pro-
spective study with frequent sampling of mothers at different trimesters during pregnancy
may be more appropriate to demonstrate the effect of lead on newborn anthropometry. This is
because a single blood test may not be sufficient to establish the full nature of the developmen-
tal risk to the fetus or infant[3].

In conclusion, this study shows elevated lead level in both maternal and umbilical cord
blood and demonstrable associated socio-demographic and obstetric factors. However, there
were no associations between the lead levels and gestational age and newborn anthropometry.
A longitudinal study on blood lead levels with follow up and repeat testing in both mothers

PLOS ONE | https://doi.org/10.1371/journal.pone.0211535 February 7, 2019 16/21


https://doi.org/10.1371/journal.pone.0211535

®PLOS | one

Determination of maternal and umbilical cord blood lead in Lagos

and newborns will further help to advocate for screening and institution of appropriate
interventions.

Limitation
It was not possible to determine the duration of exposure of the neonates to high maternal

lead levels as this was only measured at delivery; longer duration of exposure may have more
significant effects on pregnancy outcome.

Conclusion

Study highlighted the prevalence of elevated maternal and cord blood lead levels and adds to
the existing body of evidence of high blood lead levels in Nigerians. There is therefore an
urgent need to draft and enforce regulations on the manufacture, import, export, sale and dis-
tribution of lead containing products like paint and fuel in addition to educating the public on
the hazardous effects of lead to control this problem.

Supporting information

S1 File.
(DOCX)

S2 File.
(PDF)

S3 File.
(PDF)

$4 File.
(DOCX)

Acknowledgments

The author thanks all resident doctors in the neonatal unit during the period of the study for
their contribution to the success of the study and the laboratory scientists that assisted with the
lead analyses.

Author Contributions

Conceptualization: Jejelola I. Ladele, Iretiola Bamikeolu Fajolu, Veronica Chinyere Ezeaka.
Data curation: Jejelola I. Ladele.

Formal analysis: Jejelola I. Ladele.

Investigation: Jejelola I. Ladele.

Methodology: Jejelola I. Ladele, Iretiola Bamikeolu Fajolu.

Resources: Jejelola I. Ladele.

Visualization: Jejelola I. Ladele, Iretiola Bamikeolu Fajolu, Veronica Chinyere Ezeaka.
Writing - original draft: Jejelola I. Ladele.

Writing - review & editing: Iretiola Bamikeolu Fajolu, Veronica Chinyere Ezeaka.

PLOS ONE | https://doi.org/10.1371/journal.pone.0211535 February 7, 2019 17/21


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0211535.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0211535.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0211535.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0211535.s004
https://doi.org/10.1371/journal.pone.0211535

®PLOS | one

Determination of maternal and umbilical cord blood lead in Lagos

References

1.

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

Tong S, von Schirnding Y, Prapamontol T. Environmental Lead Exposure: a public health problem of
global dimension. Bulletin of the World Health Organisation 2000; 78:1068-77.

World Health Organization. Childhood Lead Poisoning. In: Environment. PHa, ed. Geneva,
Switzerland.2010.

Committee on Measuring Lead in Critical Population NRC. Measuring Lead in Infants, Children and
Other Sensitive Populations. Washington D.C1993.

IPCS. Inorganic Lead. Geneva, World Health Organisation1995.

Landrigan P, Graef J. Paediatrics Lead Poisoning in 1987: The Silent Epidemic. Paediatrics 1987;
79:582-3.

World Health Organization. Global health risks: mortality and burden of disease attributable to selected
major risks. Geneva 2009. http://whglibdoc.who.int/publications/2009/9789241563871_eng.pdf

Galadima A, Okoronkwo MU, Mustapha DG, Leke L. Petrol in Nigeria: a fuel or a killer? "Is shift to hydro-
isomerisation not overdue?". Elixir Pollution 2012; 43:6893-97.

Nduka JK, Orisakwe O. Assessment of Environmental Distribution of Lead in Some Municipalities of
South-Eastern Nigeria. Int J Environ Res Public Health 2010; 7:2501-13. https://doi.org/10.3390/
ijerph7062501 PMID: 20644686

Fakayode S, Olu-Owolabi B. Heavy metal contamination of roadside topsoil in Osogbo, Nigeria: its rela-
tionship to traffic density and proximity to highways. Environ Geol 2003; 44:150-7.

Popoola O, Bamgbose O, Okonkwo O, Arowolo T, Popoola A, Awofolu O. Heavy Metals Content in
Classroom Dust of Some Public Primary Schools in Metropolitan Lagos, Nigeria. Research Journal of
Environmental and Earth Sciences 2012; 4:460-5.

Kakulu S. Trace metal concentration in roadside surface soil and tree bark: a measurement of local
atmospheric pollution in Abuja Nigeria. Environ Monit Assess 2003; 89:233—-42. PMID: 14632092

Momodu M, Anyakora C. Heavy Metal Contamination of Ground Water: The Surulere Case Study.
Research Journal of Environmental and Earth Sciences 2010; 2:39-43.

Orisakwe O. Environmental pollution and blood lead levels in Nigeria: Who is un-exposed. Int J of
Occup and Environ Health 2009; 15:315-17.

Schmidt C. Unfair trade, e-waste in Africa. Environ Health Perspect2006; 144:A232—A235.

Nduka J, Orisakwe O, Ezenweke L, Abiakam C, Nwanguma C, Madubuchi J. Metal contamination and
infiltration into the soil at refuse dump sites in Awka, Nigeria. Arch Environ and Occup Health 2006;
61:197-204.

Adebamowo E, Clark C, Roda S, Agbede O, Sridhar K, Adebamowo C. Lead content of dried films of
domestic paints currently sold in Nigeria. Science of the Total Environment2007; 388:116—20. https:/
doi.org/10.1016/j.scitotenv.2007.07.061 PMID: 17854862

Nduka J, Orisakwe O, Maduagwuna C. Lead Levels in Paint Flakes from buildings in Nigeria; A prelimi-
nary study. Toxicol Ind Health 2008; 24:539-42. https://doi.org/10.1177/0748233708098125 PMID:
19039082

Orisakwe O, Asomugha R, Onyenmechi O, Anisi C, Obi E, Dioka C. Impact of effluents from a car bat-
tery manufacturing plant on water, soil and food qualities. Arch Environ Health 2004; 59:31-6. https:/
doi.org/10.3200/AEOH.59.1.31-36 PMID: 16053207

Omolaoye J, Uzairu A, Gimba C. Heavy metal assessment of some eye shadow products imported into
Nigeria from China. Archives of Applied Science Research 2010; 2:76-84.

Nnorom |, Igwe J, Oji-Nnorom C. Trace metal contents of facial(make-up) cosmetics commonly used in
Nigeria. African Journal of Biotechnology 2005; 4:1133-8.

Afolami |, Anyakora C, Ebeuehi O, Bolawa O. Lead level in some edible vegetables in Lagos, Nigeria.
Scientific Research and Essays 2010; 5:813-8.

Okoye COB. Lead and other metals in dried fish from Nigerian Markets. Bulletin of Environmental Con-
tamination and Toxicology 1994; 52:825-32. PMID: 8019076

Adekunle IM, Akinyemi MF. Lead levels of certain consumer products in Nigeria: A case study of
smoked fish foods from Abeokuta. Food and Chemical Toxicology 2004; 42:1463-68. https://doi.org/
10.1016/j.fct.2004.04.007 PMID: 15234076

Maduabuchi JM, Nzegwu C, Adigba E, Aloke RU, Ezomike CN, Okocha CE,et al. Lead and Cadmium
exposures from canned and non-canned beverages in Nigeria: A public health concern Science of the
Total Environment 2006; 366:621-6. https://doi.org/10.1016/j.scitotenv.2005.12.015 PMID: 16442590

Olubomehin O. The Development and Impact of Motorcycles as means of Commercial Transportation
in Nigeria. Research on Humanities and Social Sciences 2012; 2:231-9.

PLOS ONE | https://doi.org/10.1371/journal.pone.0211535 February 7, 2019 18/21


http://whqlibdoc.who.int/publications/2009/9789241563871_eng.pdf
https://doi.org/10.3390/ijerph7062501
https://doi.org/10.3390/ijerph7062501
http://www.ncbi.nlm.nih.gov/pubmed/20644686
http://www.ncbi.nlm.nih.gov/pubmed/14632092
https://doi.org/10.1016/j.scitotenv.2007.07.061
https://doi.org/10.1016/j.scitotenv.2007.07.061
http://www.ncbi.nlm.nih.gov/pubmed/17854862
https://doi.org/10.1177/0748233708098125
http://www.ncbi.nlm.nih.gov/pubmed/19039082
https://doi.org/10.3200/AEOH.59.1.31-36
https://doi.org/10.3200/AEOH.59.1.31-36
http://www.ncbi.nlm.nih.gov/pubmed/16053207
http://www.ncbi.nlm.nih.gov/pubmed/8019076
https://doi.org/10.1016/j.fct.2004.04.007
https://doi.org/10.1016/j.fct.2004.04.007
http://www.ncbi.nlm.nih.gov/pubmed/15234076
https://doi.org/10.1016/j.scitotenv.2005.12.015
http://www.ncbi.nlm.nih.gov/pubmed/16442590
https://doi.org/10.1371/journal.pone.0211535

®PLOS | one

Determination of maternal and umbilical cord blood lead in Lagos

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.
46.

47.
48.

49.

50.

Ae Ettinger, Ae Wengrovitz. Guidelines for the identification and management of lead exposure in preg-
nant and lactating women. In: Centers for Disease Control and Prevention, ed. Atlanta, GA.November,
2010.

Bellinger D. Teratogen Update: Lead and Pregnancy. Birth Defects Research(Part A): Clinical and
Molecular teratology 2005; 73:409-20.

Barltrop D. Transfer of lead to the human fetus. In Barltrop D, Burland WLeds. Mineral Metabolism in
Pediatrics Oxford, Blackwell Scientific Publications 1969:135-51.

Yazbeck C, Thiebaugeorges O, Moreau T, Goua V, Debotte G, Sahuquillo J, et al. Maternal Blood Lead
Levels and the Risk of Pregnancy Induced Hypertension. Environ Health Perspect 2009; 117:1526-32.
https://doi.org/10.1289/ehp.0800488 PMID: 20019901

Rothenberg S, Kondrashov V, Manalo M. Increases in Hypertension and Blood Pressure during Prge-
nancy with Increased Bone Lead levels. Am J Epidemiol 2002; 156:1079-87. PMID: 12480651

Borja-Aburto V, Hertz-Picciotto |, Lopez M. Blood Lead Levels Measured Prospectively and Risk of
Spontaneous Abortion. Am J Epidemiol 1999; 150:590-7. PMID: 10489998

El Sawi |, El Saied M. Umbilical Cord-blood Lead Levels and Pregnancy Outcome. J of Pharm and Toxi-
col 2013; 8:98—104.

Zhu M, Fitzgerald E, Gelberg K, Lin S, Druschel C. Maternal Low- Level Lead Exposure and Fetal
Growth. Environ Health Perspect2010; 118:1471-5. https://doi.org/10.1289/ehp.0901561 PMID:
20562053

Gonzalez-Cossio T, Peterson K, Sanin L. Decrease in birth weight in relation to maternal bone lead bur-
den. Pediatrics 1997; 100:856—62. PMID: 9346987

Schell L, Denham M, Stark A, Parsons P, Schulte E. Growth of infants’ length, weight, head and arm cir-
cumference in relation to low levels of blood lead measured serially. Am J Hum Biol 2009; 21:180-7.
https://doi.org/10.1002/ajhb.20842 PMID: 18991336

Gomma A, Hu H, Bellinger DC. Maternal Bone Lead as an Independent Risk Factor for Fetal Neurotox-
icity: A Prospective Study. Paediatrics 2002; 110:110-8.

Jedrychowski W, Perera F, Jankowski J. Very Low Prenatal Exposure to Lead and Mental Development
of Children in Infancy and Early Childhood. Neuroepidemiology 2009; 32:270-8. https://doi.org/10.
1159/000203075 PMID: 19223686

Lanphear B, Hornung R, Khoury J. Low-Level Environmental Lead exposure and Children’s Intellectual
Function: An International Pooled Analysis. Environ Health Perspect2005; 113:894-9. https://doi.org/
10.1289/ehp.7688 PMID: 16002379

Schnaas L, Rothenberg S, Flores M. Reduced Intellectual Development in Children with Prenatal Lead
Exposure. Environ Health Perspect 2006; 114:791-7. https://doi.org/10.1289/ehp.8552 PMID:
16675439

Hu H, Tellez-Rojo M, Bellinger D. Fetal Lead Exposure at Each Stage of Pregnancy as a predictor of
Infant Mental Development. Environ Health Perspect2006; 114:1730-5. https://doi.org/10.1289/ehp.
9067 PMID: 17107860

Dietrich K, Krafft K, Bornschein R. Low level fetal lead exposure effect on neurobehavioural develop-
ment in early infancy. Paediatrics 1987; 80:721-30.

de Caceres M, Botet F, Costas C, Rosales S. Umbilical cord blood lead levels and neonatal behaviour.
Behavioural Neurology 1995; 8:39—41. https://doi.org/10.3233/BEN-1995-8105 PMID: 24487401

Wright J, Dietrich K| Ris M. Association of Prenatal and Childhood Blood lead Concentrations with Crim-
inal Arrests in early Adulthood. PLoS Medicine 2008; 5:0732—40.

World Health Organization 2015. Lead poisoning and health. (www.who.int/entity/mediacentre/
factsheets/fs379/en/. reviewed August 2015)

Sharma R, Mogra S. Lead as a developmental toxicant: A review. IJPSR 2014; 5:636—-42.

Dooyema C, Neri A, Lo Y. Outbreak of Fatal Childhood Lead Poisoning Related to Artisanal Gold Mining
in Northwestern Nigeria 2010,. Environ Health Perspect2012; 120:601-7.

Anuforo E. 28 children die of lead poisoning in Niger State TheGuardian 2015 May 14.

Njoku C, Orisakwe O. Higher blood lead levels in rural than urban pregnant women in Eastern Nigeria.
Occup Environ Med 2012; 69:850-1.

Ugwuja E, Ibiam U, Ejikeme B, Obuna J, Agbafor K. Blood Pb Levels in pregnant Nigerian women in
Abakaliki, South-Eastern Nigeria. Environ Monit Assess 2013; 185:3795-801. https://doi.org/10.1007/
s10661-012-2828-1 PMID: 22915221

Obi E, Orisakwe O, Okafor C. Towards Prenatal Biomonitoring in Eastern Nigeria: Assessing Lead lev-
els and Anthropometric Parameters of Newborns. J UOEH 2014; 36:159—70. PMID: 25224708

PLOS ONE | https://doi.org/10.1371/journal.pone.0211535 February 7, 2019 19/21


https://doi.org/10.1289/ehp.0800488
http://www.ncbi.nlm.nih.gov/pubmed/20019901
http://www.ncbi.nlm.nih.gov/pubmed/12480651
http://www.ncbi.nlm.nih.gov/pubmed/10489998
https://doi.org/10.1289/ehp.0901561
http://www.ncbi.nlm.nih.gov/pubmed/20562053
http://www.ncbi.nlm.nih.gov/pubmed/9346987
https://doi.org/10.1002/ajhb.20842
http://www.ncbi.nlm.nih.gov/pubmed/18991336
https://doi.org/10.1159/000203075
https://doi.org/10.1159/000203075
http://www.ncbi.nlm.nih.gov/pubmed/19223686
https://doi.org/10.1289/ehp.7688
https://doi.org/10.1289/ehp.7688
http://www.ncbi.nlm.nih.gov/pubmed/16002379
https://doi.org/10.1289/ehp.8552
http://www.ncbi.nlm.nih.gov/pubmed/16675439
https://doi.org/10.1289/ehp.9067
https://doi.org/10.1289/ehp.9067
http://www.ncbi.nlm.nih.gov/pubmed/17107860
https://doi.org/10.3233/BEN-1995-8105
http://www.ncbi.nlm.nih.gov/pubmed/24487401
http://www.who.int/entity/mediacentre/factsheets/fs379/en/
http://www.who.int/entity/mediacentre/factsheets/fs379/en/
https://doi.org/10.1007/s10661-012-2828-1
https://doi.org/10.1007/s10661-012-2828-1
http://www.ncbi.nlm.nih.gov/pubmed/22915221
http://www.ncbi.nlm.nih.gov/pubmed/25224708
https://doi.org/10.1371/journal.pone.0211535

®PLOS | one

Determination of maternal and umbilical cord blood lead in Lagos

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Nriagu J, Oleru N, Cudjoe C, Chine A. Lead poisoning of children in Africa, Ill. Kaduna, Nigeria. The Sci-
ence of the Total Environment 1997; 197:13-9. PMID: 9151435

Wright N, Thacher T, Pfitzner M, Fischer P, Pettifor J. Causes of lead toxicity in a Nigerian city. Arch dis
Child 2005; 90:262—6. https://doi.org/10.1136/adc.2003.043562 PMID: 15723911

Pfitzner M, Thacher T, Pettifor J, Zoakah A, Lawson J, Fischer P. Prevalence of elevated blood lead lev-
els in Nigerian children. Ambulatory child health 2000; 6:115-23.

Nriagu J, Afeiche M, Linder A. Lead poisoning associated with malaria in children of urban areas of
Nigeria. International Journal of Hygiene and environmental Health 2008; 211:591-605.

Olowe S. Standards of intrauterine growth for an African population at sea level. J Pediatr 1981;
99:489-95. PMID: 7264817

World Health Organization. Brief guide to analytical methods for measuring lead in blood 2011.

Adekunle |, Ogundele J, Oguntoke O, Akinloye O. Assessment of blood and urine lead levels of some
pregnant women residing in Lagos, Nigeria. Environ Monit Assess 2010; 170:467—74. https://doi.org/
10.1007/s10661-009-1247-4 PMID: 19915952

Ahamefuna N, Osibanjo O, Sunday A, Ogoko E. Current Levels of Lead in Paints Sold in Nigeria. South
American Journal of Public Health 2014; 2:135-50.

Oke S, Phillips T, Kolawole A, Ofiabulu C, Adeyeye O. Occupational Lead Exposure in Printing Presses:
An Analytical Approach. The pacific journal of science and technology 2008; 9:263—71.

Oguntona T, Adedeji O, Martins O. Contamination of satchet water produced within industrial area of
Ikeja, Lagos, Nigeria. Transnational Journal of Science and Technology 2012; 2:69-74.

Ugwuja E, Ejikeme B, Obuna J. Impacts of Elevated Prenatal Blood Lead on Trace Element Status and
Pregnancy Outcomes in Occupationally Non-exposed Women. International Journal of Occupational
and Environmental Medicine 2011; 2:143-56. PMID: 23022831

Garcia-Esquinas E, Perez-Gomez B, Fernandez-Navarro P. Lead, mercury and cadmium in umbilical
cord blood and its association with parental epidemiological variables and birth factors. BMC Public
Health 2013; 13:841-52. https://doi.org/10.1186/1471-2458-13-841 PMID: 24028648

Wells E, Jarrett J, Lin Y. Body burdens of mercury, lead, selenium and copper among Baltimore
newborns. Environ Res 2011; 111:411-7. https://doi.org/10.1016/j.envres.2010.12.009 PMID:
21277575

Clark A. Placental transfer of lead and its effect on newborns. Postgraduate Medical Journal 1977;
53:674-8.

Kirel B, Aksit M, Bulut H. Blood lead levels of maternal-cord pairs, children and adults who live in a cen-
tral urban area in Turkey. The Turkish Journal of Pediatrics 2005; 47:125-31. PMID: 16052851

Goyer R. Transplacental Transport of Lead. Environ Health Perspect 1990; 89:101-5. https://doi.org/
10.1289/ehp.9089101 PMID: 2088735

Harville E, Hertz-Picciotto I, Schwramm M. Factors influencing the difference between maternal and
cord blood lead. Occup Environ Med 2005; 62:263-9.

Graziano J, Popovac D, Factor-Litvak P. Determinants of Elevated Blood Lead Levels during Preg-
nancy in a Population Surrounding a Lead Smelter in Kosovo, Yugoslavia. Environ Health Perspect
1990; 89:95-100.

Naicker N, Norris S, Mathee A, von Schirnding Y, Richter L. Prenatal and adolescent blood lead levels
in South Africa: Child, maternal and household risk factors in the Birth to Twenty cohort. Environ Res
2010; 110:355-62. https://doi.org/10.1016/j.envres.2010.02.006 PMID: 20226441

Ettinger A, Lamadrid-Figueroa H, Tellez-Rojo M. Effect of Calcium Supplementation on Blood Lead
Levels in Pregnancy: A Randomized Placebo-Controlled Trial. Environ Health Perspect2009; 117:26—
31. https://doi.org/10.1289/ehp.11868 PMID: 19165383

Hernandez-Avila M, Gonzalez-Cossio T, Hernandez-Avila J, Romieu |, Peterson K, Aro A. Dietary cal-
cium supplement to lower blood lead level in lactating women. Placebo-controlled trial. Epidemiology
2003; 14:206-12.

Sridhar K, Olawuyi J, Adogame L, Okekearu |, Osagie C, Aborkar L. Lead in the Nigerian Environment.
Ibadan: University of Ibadan.2010

Leslie Adogame, National Report: Lead in solvent-based paints for home use in Nigeria July 2017
Lagos, Nigeria. [cited 2018 September 21] https://ipen.org/sites/default/files/documents/ipen-nigeria-
lead-report-v1_1-en.pdf. Joint publication of Sustainable Research and Action for Environmental Devel-
opment (Nigeria) and International POPs (Persistent Organic Pollutant) Elimination Network.

Rhainds M, Levallois P. Effects of Maternal Cigarette Smoking and Alcohol Consumption on Blood
Lead levels of Newborns. Am J Epidemiol 1997; 145:250-7. PMID: 9012598

PLOS ONE | https://doi.org/10.1371/journal.pone.0211535 February 7, 2019 20/21


http://www.ncbi.nlm.nih.gov/pubmed/9151435
https://doi.org/10.1136/adc.2003.043562
http://www.ncbi.nlm.nih.gov/pubmed/15723911
http://www.ncbi.nlm.nih.gov/pubmed/7264817
https://doi.org/10.1007/s10661-009-1247-4
https://doi.org/10.1007/s10661-009-1247-4
http://www.ncbi.nlm.nih.gov/pubmed/19915952
http://www.ncbi.nlm.nih.gov/pubmed/23022831
https://doi.org/10.1186/1471-2458-13-841
http://www.ncbi.nlm.nih.gov/pubmed/24028648
https://doi.org/10.1016/j.envres.2010.12.009
http://www.ncbi.nlm.nih.gov/pubmed/21277575
http://www.ncbi.nlm.nih.gov/pubmed/16052851
https://doi.org/10.1289/ehp.9089101
https://doi.org/10.1289/ehp.9089101
http://www.ncbi.nlm.nih.gov/pubmed/2088735
https://doi.org/10.1016/j.envres.2010.02.006
http://www.ncbi.nlm.nih.gov/pubmed/20226441
https://doi.org/10.1289/ehp.11868
http://www.ncbi.nlm.nih.gov/pubmed/19165383
https://ipen.org/sites/default/files/documents/ipen-nigeria-lead-report-v1_1-en.pdf
https://ipen.org/sites/default/files/documents/ipen-nigeria-lead-report-v1_1-en.pdf
http://www.ncbi.nlm.nih.gov/pubmed/9012598
https://doi.org/10.1371/journal.pone.0211535

®PLOS | one

Determination of maternal and umbilical cord blood lead in Lagos

75.

76.

77.

78.

79.

Chelchowska M, Ambroszkiewicz J, Jablonka-Salach K, Gajewska J, Maciejewski T. Tobacco Smoke
Exposure During Pregnancy Increases Maternal Blood Lead Levels Affecting Neonate Birth Weight.
Biol Trace Elem Res 2013; 155:169-75. https://doi.org/10.1007/s12011-013-9775-8 PMID: 23934137

Irgens A, Kruger K, Skorve A, Irgens L. Reproductive outcome in offspring of parents occupationally
exposed to lead in Norway. AM J Ind Med 1998; 34:431-7. PMID: 9787846

Patel A, Prabhu A. Determinants of lead level in umbilical cord blood. Indian Paediatrics 2009;
46:791-3.

Satin K, Neutra R, Guirguis G, Flessel P. Umbilical Cord Blood Lead Levels in California. Arch Environ
Health 1991; 46:167—-73. https://doi.org/10.1080/00039896.1991.9937445 PMID: 2039272

Raheem A, Hakeem A. Blood Lead Levels during Pregnancy and Pregnancy Outcome in Karachi
Women. J Pak Med Assoc 2003; 53:529-33. PMID: 14738258

PLOS ONE | https://doi.org/10.1371/journal.pone.0211535 February 7, 2019 21/21


https://doi.org/10.1007/s12011-013-9775-8
http://www.ncbi.nlm.nih.gov/pubmed/23934137
http://www.ncbi.nlm.nih.gov/pubmed/9787846
https://doi.org/10.1080/00039896.1991.9937445
http://www.ncbi.nlm.nih.gov/pubmed/2039272
http://www.ncbi.nlm.nih.gov/pubmed/14738258
https://doi.org/10.1371/journal.pone.0211535

