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Abstract
This study was conducted to monitor lead poisoning, if any, in pregnant women of Meerut City, a town of Northern India. The parameters 
selected included urinary concentration of lead and 𝛿-aminolevulinic acid. Further, whole body oxidative stress caused by environmental lead 
exposure has also been determined through urinary concentration of thiobarbituric acid Reactive Substances (TBARS). Present results show 
that lead concentration in pregnant women (26-30 years) was higher (52±0.01 µg/dL) than younger (20-25 years) (40±0.01 µg/dL) and older 
(31-40 years) (43±0.01 µg/dL) women. Further, highest concentration of 𝛿-aminolevulinic acid in urine (2.60±0.55 mg/l) was also recorded 
in the pregnant women aged between 26-30 years. Women in the age group of 20-25 years and consuming non-vegetarian diet showed 
comparatively higher values for TBARS (5.56±0.6 µM). Higher concentration of lead in the urine samples of pregnant women than non-
pregnant women is attributed to calcium stress and its increased release from bones during pregnancy. It is concluded that pregnant women 
of north India and their growing fetuses are more vulnerable to environmental lead poisoning.

1.  Introduction
Lead is ubiquitous in the environment. Human exposure to 
lead may occur through air, water and food. National Referral 
Centre for Lead Poisoning in India (NRCLPI) suggests that 
air, water and food in different cities of India are contaminated 
with lead (NRCLPI, 2002)24. According to National Ambient 
Air Quality Standards, annual time weighted average 
concentration of lead varies from 0.50 to 1.0 µg/m2 (CPCB, 
2009). Despite drinking water specifications (IS-10500-1991) 
prescribing lead content in water not to exceed 50 ppb, it 
ranges from 50-400 ppb in India. Whereas, WHO standard 
for lead in drinking water is less than 10 ppb (Vikas Ecotech, 
2016)44, ground water of Meerut and adjoining cities of north 
India have also been found contaminated with lead (Gaur et 
al., 201113, Kulshreshtha et al, 201517). Occupational exposure 
further adds to body burden of lead.

Several excellent reviews on toxicity of lead can be found 
in literature (Goyer 199614, Tsuchiya 198642, ASTDR 20073). 
The body burden of lead in modern man has been found 
1000 times higher than pre-historic man (Patterson et al., 
199128). Upon human exposure, it can be distributed to blood, 
soft tissues and calcified organs. In females, it can even be 
distributed to ovaries (Barry, 19787). It can affect female sexual 

maturation (Wu et al., 200346) and delay pregnancy (Sallmen 
et al., 199535). In pregnant women, it can cause hemodilution/
anaemia. It can be mobilized from bones causing an increase 
in blood lead (PbB) concentrations (Rothenberg et al., 199433). 
Lead poisoning in pregnant women, lactating mothers and 
children has been reported in several countries (Zielhuis 
197447, Tong et al., 200040). Whereas, Amitai estimated prenatal 
lead exposure in Israel (Amitai et al., 19992), Paoliello and De 
Capitani determined environmental human exposure to lead 
in Brazil (Paoliello et al., 200527). Furthermore, lead exposure 
amongst pregnant women has been studied in French Guiana 
(Rimbaud et al., 201732), Malaysia (Hisham et al., 199816), 
Pakistan (Rahman et al., 200329), New Mexico (Bakhireva et 
al., 20136) and Mexico (Tellez-Rojo et al., 200437).

Lead poisoning in India, especially in human population of 
northern part of the country has also been monitored in the past. 
Blood lead concentration in pregnant women of urban slums 
of Lucknow (India) was estimated by Awasthi and coworkers 
(Awasthi et al., 19964). Maternal blood lead concentration was 
also found to affect pregnancy outcomes (Awasthi et al., 20025). 
Earlier studies from our laboratory have reported occupational 
toxicity of lead amongst painters, petrol pump operators and 
battery makers (Rana et al., 199130). Occupational exposure to 
lead in women bangle makers of India were also monitored 
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(Verma et al., 2007). Ecotoxicological studies on inorganic 
lead with special reference to northern India reported by Rana 
(1999)31 included printing press workers, block makers and 
those working in brass-ware industry (Rana et al., 199931). 
All these studies have addressed the issue of lead exposure 
through observations on blood or urine lead concentration 
and d-aminolevulinic acid in urine samples of exposed subjects 
and found them to be reliable bio-markers of lead poisoning.

However, present communication appears to be the first 
report that describes lead exposure in expecting mothers of 
Meerut City in northern India. The main objective of present 
study was to assess the vulnerability of pregnant women 
to lead poisoning by estimating urinary lead (PbU) and 
d-aminolevulinic acid (ALA-U) concentration. Further, an 
association between lead exposure and “whole body oxidative 
stress”, if any, has also been examined by monitoring urinary 
concentration of thiobarbituric acid Reactive Substances 
(TBARS). Lead induced oxidative stress may contribute to 
disease conditions in expecting mothers and the fetus.

2.  Materials and Methods

2.1  Reagents/Chemicals 
Thiobarbituric acid, 1,1,3,3, tetramethoxypropane and 
aminolevulinic acid hydrochloride were procured from Sigma 
Chemical Company, St. Missouri (USA). Other reagents of 
highest purity were purchased from Hi-Media, Mumbai. 
Commercial kit for the determination of creatinine was 
supplied by Span Diagnostics (Surat, India).

2.2  Subjects 
Eighty women reporting for routine check-up of pregnancy 
in different private hospitals/nursing homes in and around 
Meerut City (India) were selected for this study.

A priori inclusion criteria for this study were age (20-40 
years), nutritional status (vegetarian and non-vegetarian) and 
social habits (smoking and alcohol intake). Those suffering 
from active diabetes, hypertension and active psychosis were 
excluded from the study. Non pregnant women meeting the 
same inclusion criteria were registered as controls. Selected 
women were informed of the purpose of study and procedures 
involved. They read or were read, a statement of informed 
consent, signed by them. Due approval of the Institutional 
Ethical Committee was also obtained to make these 
investigations.

2.3  Collection of Urine Samples 
Thirty five pregnant women who passed the inclusion criteria 
were registered for present study performed during March to 
May, 2018. Urine samples (about 100 ml) from the selected 

subjects were collected during their routine check up in 
“sterilized lead free plastic bottles”. They were preserved in the 
ice box and transported to the laboratory. All samples were 
stored at -80˚C till further analyses for following parameters.

2.4  Specific Gravity
Samples for analysis were brought to the room temperature. 
Specific gravity was determined using a urinometer (Atago 
Company Ltd, Japan). Samples showing specific gravity 
below 1.010 and higher than 1.030 were excluded from the  
study.

2.5  Creatinine 
Concentration of creatinine in the selected samples was 
determined employing alkaline picrate spectrophotometric 
method as suggested by Toro and Ackerman (1972)41. 
Commercial kit obtained from Span Diagnostics (Surat), India 
was used for its measurement.

2.6  Urine Lead Concentration
All samples were analysed in duplicate employing atomic 
absorption spectrophotometry (Electronic Corporation, 
Hyderabad), using a hollow cathode lamp for lead. Absorption 
was recorded at 283.30 nm. The analyses were performed in 
flame mode using acetylene compressed air (3.5: 20.5L/min) 
as described elsewhere (Verma et al., 2007)43.

2.7 d-Aminolevulinic Acid
Spectrophotometric method suggested by Tomokuni and 
Ogata (1972)39 was used to determine 𝛿-aminolevulinic acid 
in the urine samples using Ehrlich reagent (Tomokuni et al., 
197239). Aminolevulinic acid hydrochloride (Sigma Chemical 
Company, USA) was used as the standard. Absorbance was 
recorded at 553 nm using a spectrophotometer (Systronics, 
India).

2.8 � Thiobarbituric Acid Reactive Substances 
(TBARS) 

TBARS in urine samples were measured using thiobarbituric 
acid method as suggested by Weitner (Weitner et al., 2016)45. 
Thiobarbituric acid and 1,1,3,3 tetra ethoxypropane (standard) 
were procured from Sigma Chemical Company, U.S.A. 
Absorbance was recorded at 532 nm using a spectrophotometer 
(Systronics, India).

2.9  Statistical Analysis
Students “t” test was applied to make comparisons amongst 
different groups. p values < 0.05 were considered significant.
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3.  Results
Lead concentration in the urine samples of pregnant women 
was found to be significantly higher than the non pregnant 
women. Further, women aged between 26-30 years excreted 
higher amount of lead (52±0.01 µg/dL) than those younger 
(40±0.01 µg/dL) or elder (43±0.01 µ/dL) women. Non-
pregnant women between the ages of 20-25 years excreted 
significantly low concentration of lead (Table 1).

Another variable considered in this cohort was the influence 
of food habits on lead accumulation in pregnant women. 
The subjects of present study included both vegetarian and 

non-vegetarian women of selected age groups. Interestingly, 
lead concentration was found to be higher in the urine samples 
of non-vegetarian (46±0.009 µg/dL) than vegetarian women 
(44±0.009 µg/dL). Non-pregnant vegetarian as well as non-
vegetarian women exhibited very low concentration of lead in 
their urine samples (Table 2).

Third parameter considered for present study was the 
concentration of delta aminolevulinic acid (d-ALA) in the  
urine samples of pregnant women. In almost all cases, these 
results reciprocated with concentration of lead in urine 
samples (Table 1). Highest concentration (2.60±0.55  mg/l) 
was recorded in the women ranging from 26-30 years 

Table 1.  Biomarkers of lead poisoning in the pregnant women of Meerut City (India) in relation to their age

Age Group Specific 
Gravity

Creatinine
(mg/l)

 Pb-U
 (µg/dL)

Pb-U cor. to 
creatinine

(µg/g)

d-ALA U
(mg/L)

d-ALAU
cor. to creatinine

(mg/g)

TBARS
(µM)

20-25 years
(n=13)

1.031±0.011* 185±0.31*   40±0.01 21.62±5.64* 1.86±0.48* 10.05±1.02* 5.58±0.77*

26-30 years
(n=12)

1.017±0.001 167±0.22* 52±0.01* 31.13±5.14* 2.60±0.55* 15.56±1.03* 4.61±0.66

31-40 years
(n=5)

1.018±0.003 182±0.23* 43±0.01* 23.62±6.36  1.90±1.06* 10.53±3.64* 3.93±0.35

Control
Non-pregnant 
women
(n=5)

1.016±0.002 121±0.17 33±0.01 27.27±2.20 0.42±0.18 3.47±1.86 4.30±0.05

Results are expressed as mean ± SE. (no. of subjects are shown in parentheses)

*Results are significantly different from non-pregnant controls (p < 0.05)

NS = Denotes non-significant results.

Table 2  Biomarkers of Lead poisoning in pregnant women of Meerut City (India) in relation to their food habits

Food habit Specific
gravity

Creatinine
(mg/l)

Pb-U
(µg/dL)

Pb-U cor. to 
creatinine 

(µg/g) 

d-ALA U
(mg/L)

d-ALAU 
cor. to creatinine

(mg/g) 

TBARS
(µM)

Pregnant+ Vegetarian
(n=12)

1.015±0.001NS 126±0.16*  44±0.009* 34.92±6.6NS
 

1.31±0.64* 10.39±1.3* 4.49±0.7*

Non-pregnant+
Vegetarian
(n=5)

1.016±0.001NS 140±0.46 32±0.006NS 22.85±3.8 0.51±0.016NS 3.57±2.6NS 4.35±0.0007NS

Pregnant+
Non-vegetarian
(n=13)

 1.021±0.001* 214±0.22* 46±0.009* 21.49±5.3* 2.11±0.35* 9.85±0.9* 5.56±0.6*

Non-pregnant+
non-vegetarian
(n=5)

1.017±0.003  108±0.05 34±0.021 31.48±3.1 0.4±0.26 3.70±2.6 4.27±0.007

Results are expressed as mean ± SE. (no. of subjects are shown in parentheses)

*Results are significantly different from non-pregnant controls (p < 0.05).

NS= Denotes non-significant results.
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of age. Amongst vegetarian and non-vegetarian women, 
concentration of d-ALA-U was higher in the urine samples of 
vegetarian subjects. These results were also in agreement with 
lead concentration in urine samples (Table 2). 

None of the selected pregnant/non pregnant women 
reportedly smoked or consumed alcohol.

TBARS in the urine samples were estimated as a non-
invasive marker of whole body oxidative stress. Present 
observations demonstrated that pregnant women were under 
oxidative stress. Although all pregnant women of all age groups 
and irrespective of food habits exhibited significantly higher 
values for TBARS than non-pregnant women, women in the 
age group of 20-25 years and those consuming non-vegetarian 
diet showed comparatively higher values for these chromogens 
(Tables 1 and 2).

4.  Discussion
Concept of Biological Monitoring (BM) perhaps started with 
the estimation of lead in blood and urine samples of human 
subjects occupationally exposed to lead. It was in 1972, 
Zielhuis48 discussed the issue in an international conference 
organized in Amsterdam, Netherlands (Zielhuis, 1972)48. 
A biological quality guide for inorganic lead, for the first 
time, was published by Zielhuis (Zielhuis, 1974)47. American 
Conference of Governmental and Industrial Hygienists 
(ACGIH)1 also recommended the measurement of blood/
urinary lead concentration as a biomarker to determine the 
occupational exposure to lead (ACGIH, 2012)1. Blood or 
urinary concentration of lead in healthy (unexposed) human 
subjects of different countries has been found to vary, however, 
low concentration of blood lead (<10 µg/dL) represent typical 
environmental exposures in many developing countries 
(Tong et al., 2000)40. Earlier reports from our laboratory have 
demonstrated higher lead concentration in urine (Pb-U) in 
men (7 µg/dL) than women (4 µg/dL) (Verma et al., 2007)43. 
Other reports confirm that men generally retain higher 
concentration of blood/urine lead than women (Nriagu et al., 
200625, Lofstedt et al., 199920, Leroyer et al., 200119).

In addition to gender differences, issues related to 
environmental lead exposure and pregnancy outcome have also 
been addressed in several countries (EPA, 1972)11. Pregnancy 
is an important and unique period of women’s life in which 
there is high sensitivity to toxic agents. Increased blood lead 
concentration, either through endogenous (bone saved) or 
ambient environmental lead exposure, may affect health of 
expecting mothers and could be extremely harmful to the fetus.

Present study found higher concentration of Pb-U  
(≥ 40 µg/dL) in pregnant women. It was comparatively higher 
than the pregnant women of several other countries. In Japan, 
blood lead level has been found to be 3.7 µg/dL (Saito et al., 

2006)34. However, it was found to be higher (7.71 µg/dL) in 
the pregnant women of Malaysia (Hisham et al., 1998)16. In 
another study made in Pakistan, mean blood lead concentration 
in pregnant women was 9.91 µg/dL (Rahman et al., 2003)29. 
Changes in blood lead level in pregnant women of Mexico City 
were monitored by Rothenberg (Rothenberg et al., 1994)33. 
Blood lead level averaged 7.0 µg/dL with a range of 1.0 to 35.5 
µg/dL throughout pregnancy. Blood lead concentration in the 
pregnant women of French Guiana averaged 32 µg/dL (Rimbaud 
et al., 2017)32. These differences could be attributed to prevalence 
of lead in ambient environment, food or work environment. 

In addition, we studied the effect of age on the retention/
accumulation of lead in pregnant women. Younger women 
showed lower Pb-U concentration then the older women. In 
a few reports, maternal blood lead concentration has been 
related with the ageing process. A study made in the pregnant 
women of Durham County (USA) also showed that younger 
women had reduced risk of lead poisoning than older women 
(Miranda et al., 2010)21. It is hypothesized that pregnant 
women serve as reservoirs of lead stores. The accumulated 
lead is remobilized to the blood stream through natural 
ageing process. Further, rates of mobilization are likely to be 
accelerated by the physiological stress and disturbances in 
calcium homeostasis during pregnancy (CDC, 2010)8.

No attempt to screen lead poisoning in pregnant women/
lactating mothers/children through the estimation of 
d-aminolevulinic acid Dehydratase activity (ALAD) in the 
blood or d-aminolevulinic acid in the Urine (ALAU) has 
seemingly been made earlier in India. We assume that these 
observations possess immense clinical significance. Lead 
inhibits enzymes associated with heme synthesis (Chisolm, 
19719, De Bruin, 197110). The inhibition of d-aminolevulinic 
acid Dehydratase (ALA D) and heme synthetase by lead has 
been reported earlier also (Granick et al., 1973)15. Consequently 
d-aminolevulinic acid (ALA) accumulates in serum and 
subsequently excreted in urine. Our results on ALAU show 
higher concentration in middle age women (26-30 years) in 
comparison to younger (20-25 years) or older (31-40 years) 
pregnant women. These results support the hypothesis that 
younger women have reduced risk of lead poisoning as 
suggested by Miranda (Miranda et al., 2010)21.

Further, we noticed that vegetarian women were at higher 
risk of lead poisoning than non-vegetarian pregnant women. 
An earlier report from our laboratory supplements these 
results (Verma et al., 2007)43. A recent study made in Mexico by 
La-Llave-Leon correlated blood lead levels with ALAD activity 
in pregnant women and registered a negative correlation 
between these two parameters (La-Llav-Leon et al., 2017)18.

We made an attempt to demonstrate a correlation between 
PbU levels and whole body oxidative stress in pregnant 
women. High PbU levels reciprocated with high TBARS values 
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in expecting mothers. It is suggested that TBARS in urine 
could be a suitable marker of “whole body oxidative stress”. An 
association between PbB levels and oxidative stress in pregnant 
women of Lucknow, (India) has been suggested (Tiwari et al., 
2012)38. They hypothesized that high levels of blood lead (PbB), 
Zinc Protoporphyrin (ZPP), Oxidized Glutathione (GSSG) 
and Lipid Peroxide (LPO) contribute to inhibition of d-ALAD. 
Our observations on ALAU also find support from this study.

Two agencies viz. Centre for Disease control (CDC)8 
and American Conference of Governmental and Industrial 
Hygienists (ACGIH)1 had set guidelines on lead poisoning. 
ACGIH has set a Biological Exposure Index (BEI) for blood 
lead at 30 µg/dL (ACGIH, 20121). In 2015, National Institute 
of Occupational Safety and Health (NIOSH) designated 5 
µg/dL as a reference blood level for adults. The National 
Toxicology Program (NTP) concludes that there is sufficient 
evidence for adverse health effects in children and adults at 
PbB <5 µg/dL (NTP, 2012)26. Present investigations show that 
non pregnant Indian women in general, carry much higher 
levels of blood lead than those of other countries. To note, 
whatever may be the factors for enhanced blood levels in 
Indian women, physiological factors are expected to influence 
lead accumulation in pregnant women. These variables include 
accelerated absorption of dietary lead, or decreased elimination 
of lead from the body and release of stored lead from the bones 
during pregnancy. Processes that mobilize calcium from the 
bones during pregnancy may also mobilize lead from the 
bones (Fullmer, 1991)12. Lead may also be released from the 
bone during times of high calcium stress generally observed 
in pregnant women taking calcium deficient diets (Silbergeld, 
1991)36. Most of the pregnant women (75%) in India are 
calcium deficient and malnourished. Further, consumption 
of lead contaminated food may enhance PbB levels during 
pregnancy.

In conclusion, there is a critical need to identify the sources 
of environmental lead exposure especially in pregnant women 
of India. Lead diffuses from mother’s blood-stream to the 
fetus through placenta and accumulates in fetal organs. Since 
biological half life of lead in bones is 5-20 years (Nilsson et al., 
1991)23, pregnant women and their growing fetuses remain at 
the risk of lead poisoning for coming decades.
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