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Abstract: Lead is a non-essential, public health toxin. The entry of this silent poison into the ecosystem has become an issue of 

great concern at the global level. However, deliberate efforts are undertaken by several governmental and non-governmental 

organizations to deal with the problem. The ongoing lead poisoning issues can be tackled with ease only through proper 

countrywide lead awareness campaigns and legislation of strategies and policies in association with lead safety and prevention. 

By following safe work practices and consumption of healthy diet, the toxic manifestations of lead could be minimized. This 

review highlights some of the health issues with reference to the current lead exposure status and strategies that can be 

implemented to assess lead poisoning. 
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1. Introduction 

Lead is a naturally-occurring toxic heavy metal, 

ubiquitously found in the environment as a consequence of 

human anthropogenic activities. It is one of the world‘s most 

serious public health toxin and ranked second in the 2015 

ATSDR hazardous substance priority list after arsenic [1]. 

The first decade of the 20
th

 century documented lead 

poisoning as a clinical entity with acute, subacute and 

chronic devastating consequences for the health of children 

and adults worldwide [2]. Currently subclinical lead 

poisoning is a major public health concern at the global 

level. The cumulative effects of lead on multiple body 

systems viz., hematologic, gastrointestinal, cardiovascular, 

renal, central and peripheral nervous system, reproductive 

and immune systems are well known. According to WHO, 

more than 120 million people are overexposed to lead 

globally and about 99 percent of the cases reside in 

developing countries [3]. It has been observed that lead 

exposure accounts for 1,43,000 deaths per year with the 

highest number in developing countries [4]. Based on the 

epidemiological and experimental data, the International 

Agency for Research on Cancer (IARC) has classified 

inorganic lead compounds as probable (Group 2A) 

carcinogens to human beings. The Agency for Toxic 

Substances and Disease Registry Completed Exposure 

Pathway Site Count Report has considered Arsenic, 

Cadmium, Chromium and Lead as the top four metals in site 

frequency count [5]. Most of the developed nations have 

made efforts to reduce lead poisoning by implementing 

guidelines for both environmental and occupational settings. 

This has enabled them to comprehensively monitor and 

document the status of lead poisoning in their population 

which eventually has brought down the lead reference levels 

from 10 µg/dl to 2 µg/dl. However, in few developing 

countries, lead poisoning issues continue to persist and can 

be tackled only through proper countrywide awareness and 

education. To accomplish this, there is a need to evaluate the 

impact of lead on health and environment at the regional 

level. As per the current global standards, the reference lead 

levels in blood is <2 µg/dl, in atmospheric air is <1.5 µgm
-3

 

and in paints is <90 ppm. This may not be applicable to 

developing countries where lead based activities are 

extensive and do not adhere to rules and regulations as 

implemented due to unsustainable economic reasons. Thus it 

would be a rationally challenging task to set the permissible 

levels for different geographical regions as the nature of lead 

contamination and the extent of lead exposure is different 

for different areas. This can be achieved by initially 

identifying the primary sources of exposure followed by 

developing effective remediation plans for medical 

monitoring and treatment and finally spreading the 

awareness of lead prevention and care [6].  

Heavy duty industrial activities mobilize lead through air, 

soil, and water eventually accumulating throughout the food 

chain. Decades of research have implicated a direct/ or 

indirect link of blood lead levels with anemia, osteoporosis, 

hypertension, cardiovascular disease and neurobehavioral 

defects like ADHD (Attention Deficit Hypertensive 

Disorder) [7]-[12]. In the following section we will focus on 

the sources and metabolism of lead. Although the major 

source of lead exposure i.e., from gasoline and paint 

declined over the years, the incidence of lead poisoning 

cases especially children through the ingestion of paint 

chips, spices, cultural or ceremonial powders and 
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occupationally exposed workers due to unsafe work 

practices continue to rise. This calls for the need to create 

public awareness through community involvement, 

conducting free blood lead test campaigns and organizing 

lead conference meetings.  

2. Sources of Lead 

Lead is a soft, heavy metal with low melting point, 

resistance to corrosion, is highly malleable, ductile and a 

poor conductor of electricity. It is easily mined and smelted.  

Its low cost and easy workability has made it a very useful 

metal and is widely used in the industrial sector in 

applications such as in the manufacture of lead acid storage 

batteries, production of ammunition, metal products such as 

lead sheets, pipes, few brass and bronze products, in surgical 

and medical equipments like radiation shields which are 

used for protection against X-rays, electronic parts of 

ultrasound machines, lead solders of circuit boards of 

television sets, radio, computers, mobile phones, calculators 

and other electronic items [13], [14]. Lead is widely 

distributed in the environment and is present virtually in air 

(15%), water (20%), dust, soil and food (65%) [15], [16]. 

The largest source of anthropogenic lead emission has been 

the use of leaded gasoline. Organic additives viz., tetraethyl 

lead, added to gasoline as an antiknock agent is a major 

source of lead getting into air [17]. Once it enters the body, 

tetraethyl lead is converted to tetramethyl lead and inorganic 

lead. Most cases of lead poisoning are caused by inorganic 

lead. By the end of 1995, the Environmental Protection 

Agency (EPA) banned the addition of lead in gasoline; still 

however, other sources of lead emissions such as those from 

industries involved in iron and steel production; lead acid 

storage battery manufacturing, burning or weathering of 

lead painted surfaces, cigarette smoke or naturally from 

volcanoes and erosions remain. Lead is non-biodegradable 

and can persist in the air and soil for a very long time in turn 

serving as a continuing source of lead exposure. Lead 

particles may also adhere to leaves and other parts of the 

plant; hence, animals which live and graze in such 

contaminated areas will have high amounts of lead in their 

body. The meat and milk from these animals may also serve 

as a source of lead for humans.  The amount of lead in food 

crops depends on the concentration of lead in soil. The 

contamination of food by lead is found to be highest near 

mines and smelters. Processed food or drinks can also be 

contaminated with lead if they are stored in lead-soldered 

cans, ceramics with lead glazes, pottery vessels and crystal 

glass wares. Lead leaches from the container especially 

when the food content is acidic. It is estimated that the 

average daily intake of lead in adults is 300 μg from food 

and beverages [18]. During the Greco-Roman period, lead 

lined vessels were used to prepare wines and food to 

enhance the flavor and prevent from further spoilage. A high 

amount of lead is also detected in paints, traditional/folk 

medicines, mineral supplements, some spices, and cosmetics 

[19]-[22]. A mixture of lead and tin used for recoating the 

inner surface of brass utensils - described as ―tinning‖ is 

widely practiced in India and is another source of lead 

exposure. The use of tobacco and alcoholic beverages and 

leaching of lead from microwavable plastic wares made 

with lead-containing pigments are also sources of lead [23], 

[24]. 

3. Lead Susceptibility 

The most vulnerable population exposed to the toxic effects 

of lead include growing fetus, young children, pregnant 

women and occupationally exposed workers. Some of the 

common sources of lead which pregnant women and 

children are exposed to include chipping paint dust, 

contaminated food and water, traditional medications, toys 

and jewelry. An elevated blood lead level in pregnant 

women is a health concern for both mother and child. Lead 

in the bloodstream of a pregnant woman can easily cross the 

placental barrier into the fetal blood-brain barrier and cause 

irreversible neural damage thereby affecting cognitive 

development [25], [26]. Chronic lead exposure in pregnant 

women can lead to miscarriage, reduced birth weight and 

length, gestational hypertension, preeclampsia, congenital 

malformations and impaired neurodevelopment [25], [27]. 

The skeletal bone store is a major contributor to maternal 

blood lead. Lead is prenatally transferred via breast milk 

posing additional risk to the growing fetus [28]. Studies 

have reported an inverse relationship between the maternal 

blood lead levels and neonatal behavioral neurological 

assessment scores [29], [30]. Further blood lead levels as 

low as 5 µg/dl during the first trimester of pregnancy can 

affect the developing fetus and might serve as a window of 

possibility to detect vulnerability of lead to newborn 

behaviors [31]. Although the maternal blood lead level is on 

average 30 % higher than infants, most studies reveal that 

about one quarter of the infants blood lead is higher than 

their mothers [32]. This is in agreement with reports which 

show that umbilical cord blood concentrations are higher 

than maternal blood lead concentrations by a factor of 1.3 

[33].  This variation in cord blood lead levels can be 

explained by maternal factors like age and parity, nutrition, 

alcohol consumption during late pregnancy, hemoglobin, 

blood pressure and caesarean section delivery [32], [34]-

[36]. Hence, a long-term control of maternal lead exposure 

and proper management of pregnancy and diet is necessary 

to minimize fetal lead exposure. Toddlers and children 

below six years are easily accessible to lead by their 

pronounced hand-mouth behavior (pica habit). A meta-

analysis by Needleman HL et al (1990) documented a strong 

link between low lead exposure and intellectual deficit in 

children. Another associated entity is the dose (blood lead or 

tooth lead) and response (teachers ratings of classroom 

behavior and reaction time under varying intervals of delay) 

of a child [37]. Such dose-response studies revealed that 

persistent childhood lead poisoning can significantly affect 
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the academic performance rating from high school to 

graduate level eventually making them less confident and 

socially insecure [38]. Furthermore, it has been 

hypothesized that childhood lead exposure may even have 

an impact on adult crime, unemployment rate, alcohol 

consumption, and effective abortion rate and population age 

distribution [39]. Moderately high level lead exposure is 

associated with aggressivity, impulsivity, ADHD, and lower 

IQ.  

   Occupational lead exposure in developing countries is 

entirely unregulated with no monitoring of exposure putting 

workers at risk of lead poisoning [40]. Some of the heavy 

risk jobs associated with lead include smelting or casting 

lead, removing lead coatings, heating, machining or 

spraying and making of lead products [41]-[44]. The major 

route of exposure for workers is inhalation and ingestion of 

lead dust and fumes. According to the US Occupational 

Safety and Health Administration (OSHA) lead standards 

(1993), a lead exposed worker may attain a blood lead level 

of 40 µg/dl during their work life time [45]. Few case study 

reports has documented non-symptoms among workers 

exposed to hazardous levels of lead such as nausea, 

abdominal pain, constipation, lack of appetite, wrist drop, 

tingling and numbness in fingers and hands, headache, 

depression, memory impairment, wrist drop, sleep 

disturbances and decreased libido [46]. In addition, male 

workers showed abnormal sperm morphology and decreased 

sperm count at blood lead levels <40µg/dl [47]-[49]. 

Neurotoxic effects of lead is induced in workers at blood 

lead levels <18 µg/dl which is higher than the critical level 

of lead neurotoxicity in children [45].  Workers are prone to 

the ill effects of lead when subjected to unsafe work 

practices which include not wearing suitable personal 

protective equipments (PPE), working in a contaminated 

environment or not regularly monitoring and assessing the 

overall health of the individual. Eating, drinking or smoking 

in lead-contaminated surroundings is also an additional 

source of exposure to lead. Lead dust deposited on workers 

body, clothes and shoes can be passed on to their family 

members. Human beings, animals, and plants existing in the 

vicinity of lead-based industries which use and discard lead 

into the surroundings are at higher risk for the exposure of 

lead [50]. Hence, by following safe work practices, exposed 

workers can prevent this occupational and environmental 

health hazard. 

4. Biotransformation (Absorption, Deposition, 

Metabolism and Excretion) of Lead 

   The principle routes of lead exposure are via inhalation, 

ingestion and dermal absorption. About 99 % of lead 

accumulates in the erythrocytes out of which 80 % binds to 

aminolevulinate dehydratase, a cytosolic enzyme of the 

heme pathway and the rest binds to hemoglobin. 1 % of lead 

accumulates in the plasma which eventually gets distributed 

to soft tissues such as the liver, renal cortex, aorta, brain, 

lungs, spleen, teeth and bones of which the liver is the 

largest repository for lead followed by the kidney cortex and 

medulla [51], [52]. A study was conducted on 32 long-term 

exposed lead smelters and the concentrations of lead in 

major soft tissues were assessed and it was found to be in 

the order of liver, kidney, lungs and brain, indicating that 

liver is a chief target organ for lead [53].  Lead exhibits a 

domino effect. As a consequence of the impact of lead on 

the hematopoietic system and reducing heme body pool, 

several other systems such as the gastrointestinal, 

cardiovascular, nervous, the immune system, and 

reproductive system are affected. The half-life of lead in 

blood is 30-35 days; in soft tissues- about 40 days and in 

bone for more than 25 years. It has been observed that a 

large portion of absorbed lead is incorporated in the skeleton 

accounting for more than 90% of total lead body burden; 

this enables us to identify individuals who are exposed to 

chronic levels of lead over a long period of time [54]. Blood 

lead levels reflects recent lead exposure while tibia or 

patella bone lead represents retained cumulative lead dose. 

When the total lead body burden remains heavy, the blood 

lead levels will fall significantly. But at times of heightened 

bone turnover i.e., during pregnancy, lactation, menopause, 

physiological stress, hyperthyroidism, renal disease, 

advanced ageing and all that which are exacerbated by 

calcium deficiency, the circulating lead levels reach peak 

values. One of the predominant channels of lead entry into 

the human body is by inhalation in the form of lead dust 

aerosols. Approximately 30-50 % of inhaled lead of particle 

size less than 1 µm is deposited in the lower alveolar tract 

and about 50-70 % of it is absorbed into the circulation [55]. 

The gastrointestinal absorption of lead is highest in children 

than in adults. About 5 -15 % of dietary lead is absorbed and 

less than 5 % of it is retained in adults while in children and 

infants, the absorption rate is as high as 30-40 % making 

them more sensitive to lead poisoning [56], [57]. In the case 

of adults, the absorption rate varies depending on the 

physiological state of exposure and the chemical property of 

the ingested lead. Lead is excreted by the kidneys or through 

biliary clearance. A study reports that about 60 % of lead is 

retained in the body and 40 % of it is excreted. Data from 

human studies however, report that about 50-60 % of lead is 

excreted on a short term basis than when in a steady state 

condition with respect to intake and output. Other areas of 

the body prone to lead deposition include hair, nails, sweat, 

saliva and breast milk secretions. There is a need to 

explicitly understand the relationship between speciation of 

lead and metabolic toxicity outcomes in order to improve 

lead risk assessment [58].  

5. Signs and Symptoms of Lead Poisoning 

 According to the Centers for Disease Control and 

Prevention, no symptom is the symptom of lead poisoning 

[59]. Several case studies have been reported of patients 
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with higher blood lead levels with no obvious and 

immediate signs and symptoms of lead poisoning. A study 

reporting high blood lead levels of 82.8 µg/dl in a lead acid 

battery worker with normal blood picture indicated that over 

time lead builds up in the body and the rate of lead retention 

may vary from individual to individual [60]. Lead is a 

subtle, slow acting toxin. Some of the early classical 

symptoms of lead poisoning include loss of appetite, 

abdominal pain, general fatigue, constipation, nausea, 

weight loss, arthralgia, memory problems, headache and 

insomnia [61]. These symptoms are commonly seen in other 

illnesses too; hence, accurate diagnosis of lead poisoning is 

a challenging task. The symptoms and onset of lead 

exposure may also vary due to individual toxic response 

variations. The actual symptom of lead poisoning however, 

becomes obvious in chronic exposed conditions. Some of 

the high dose exposure symptoms include intermittent 

abdominal cramps, frank anemia, appearance of blue line on 

the gingivodental gums, metallic taste in the mouth, 

neurological disturbances including headache, cataract, 

irritability, lethargy, convulsions, muscle weakness, ataxia, 

decreased fertility, tremors and paralysis of the motor 

muscles resulting in wrist drop and encephalopathy [62]. 

There are several factors which may influence an 

individual‘s susceptibility to lead toxicity such as age, 

gender, frequency of exposure, dosage bioaccumulation, 

genetic and epigenetic makeup; all of which collectively 

determines the individual‘s phenotypic response to lead 

metabolism (Figure 1).  

 

Figure 1: Factors Influencing Individual Susceptibility to Lead Exposure and Toxicity 

Children are more susceptible to the adverse effects of lead 

exposure than adults. They spend more time crawling and 

playing on the ground and getting exposed to higher 

amounts of lead due to their hand-to- mouth activity and 

eating substances of no nutritive value (pica) such as house 

dust or soil from playgrounds contaminated with leaded 

paint and chewing painted window sills. Lead paint chips 

can be scattered and added to the household dust while 

renovating, remodeling and repainting. Lead exposure in 

children can also occur while using toys, cosmetics and 

unbranded medicine containing high amounts of lead in 

them. There is no placental barrier for lead; hence, the 

growing fetus is also at high risk of lead poisoning in cases 

when the pregnant mother is exposed to vulnerable amounts 

of lead. To support this fact, studies have reported a 

significant association between maternal bone lead and 

umbilical cord blood lead levels [63], [64]. The blood-brain 

barrier of the developing fetus is not fully matured until 

after its birth. Lead in the blood circulation crosses the 

developing blood brain barrier and may cause irreversible 

defects in brain functions later in early life. There is strong 

evidence in the literature suggesting that even at blood lead 

levels below 10 µg/dl, a child‘s mental and physical growth 

is affected leading to impairment of cognitive development 

and behavior deducing that there exists no safe level for lead 

in the body. In a cohort study of 1333 children followed 

from birth until 5-10 years of age, an inverse relationship 

was observed between blood lead concentration and full 

scale IQ score indicative that with increase in blood lead 

levels, the IQ score decreased by one unit. Childhood lead 

poisoning can result in brain damage leading to mental 

retardation, hyperactivity, attention deficit disorder, low IQ, 
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diminished academic performance and behavioral problems 

which make them socially insecure and violent with 

impaired speech and hearing ability [45]. Hence, it is 

necessary to prevent lead poisoning before it can cause 

irreversible damage in children. The risk of lead poisoning 

may not be great for adults as it is for children but 

continuous exposure can result in fatal consequences. The 

appearance of symptoms due to lead poisoning may vary 

from person to person and from region to region which may 

lead to a delay in diagnosis or misdiagnosis receiving only 

symptomatic treatment. Hence, there is an urge for risk 

exposure assessment and screening for lead exposure. 

6. Biomonitoring of Lead 

There are two main populations at risk of lead exposure- 

children between 9 months to 3 years of age and adults 

working in lead contamination sites. While medically 

evaluating a lead poisoned case, a physician needs to be well 

informed of the point source of lead exposure. There are 

several ways to assess lead burden in an individual. The lead 

level in the blood reflects recent acute lead exposure while 

the bone represents long term chronic exposure. For instant 

and appropriate clinical decision, the best screening and 

diagnostic tool appear to be the estimation of blood lead 

levels. A number of analytical methods are available to 

determine the concentration of lead from various kinds of 

samples. Some of the approved methods include Atomic 

Absorption Spectroscopy (AAS), Inductively Coupled 

Plasma Mass Spectrometry (ICP-MS) and Anodic Stripping 

Voltammetry (ASV). The choice of method depends on the 

setting and resources available in the laboratory [65]. In this 

era of technology, conventional laboratory testing has 

advanced so much that analysis of lead has become 

digitalized to on-the-spot testing. Magellan diagnostics, a 

medical device company developed the Lead Care
R 

II 

portable unit (ASV technology) which determines the blood 

lead levels in just three minutes using a finger prick. This 

methodology is approved as a CLIA (Clinical Laboratory 

Improvement Assessment) waived test. It is cost effective 

with low error rate and found to improve health outcomes. 

This portable point-of-care blood lead analyzer can be 

transported to rural or remote areas to widen the assessment 

of lead testing outside the laboratory setting. In addition this 

technology evidently eliminates the use of vacutainers and 

also the need to transport samples to the laboratory for 

testing hence saving time [66]. Table 1 illustrates the 

strengths and limitations of the current approved analytical 

methods for the estimation of lead. 

 Table 1: Analytical Techniques Available for Estimation Lead 

METHOD PRINCIPLE STRENGTHS LIMITATIONS SAMPLE TYPE 

Flame Atomic 

Absorption 

Spectrometry  

(FAAS) 

 

 

 

 

 

 

 Flame method 

 Sample undergoes 

nebulization 

followed by 

atomization. 

 Uses acetylene- air/ 

nitrous oxide-

acetylene-air fuel-

oxidant mixtures in 

the order of 2000-

30000c. 

 High sample throughput 

 Typically takes 3-10 seconds to 

determine a single element. 

 The limit of detection for a sample 

amount of 50-100 µl blood is 10-30 

µg/dl. Generally, the limit of 

detection is between 1ppm for 

transition metals to 10 ppb for alkali 

metals. 

 It can be fitted with an autosampler 

for detection from a large number of 

samples. 

 Requires specific light sources, 

optical parameters and flame 

gases for different elements. 

 Limit of detection depends on 

the sample amount. 

 Skilled technician 

 Instrument cannot be left 

unattended. 

 Technically not sensitive 

enough to atomize the entire 

sample amount. 

 Relatively little interference. 

 Whole blood 

 Plasma/serum 

 Hair 

 Nails 

 Tissues 

 Water samples 

from 

contaminated 

water sources. 

 Soil 

 

Graphite 

Furnace/ 

Electrotherma

l  Atomic 

Absorption 

Spectrometry  

(GFAAS/ETA

AS) 

 

 Non-flame 

method 

 Sample 

undergoes 

nebulization 

followed by 

atomization. 

 Uses electrically 

heated graphite 

tube to vaporize 

and atomize at 

temperatures up 

to 30000c. 

 It is reliable, accurate and safe. 

 Typically requires two to three 

minutes for each sample. 

 10-50µl blood sample is 

required for analysis with a limit 

of detection in the order of 1-2 

µg/dl. Generally, the limit of 

detection is between 100mg/kg 

to 1mg/kg. 

 This method is very sensitive 

enabling measurement of blood 

lead concentrations as low as 

0.1µg/dl. 

 It can be fitted with an 

autosampler for detection from 

a large number of samples. 

 Expensive 

 Low sample throughput 

 Skilled technician 

 Requires long time for 

analysis. 

 Large spectral 

interferences than FAAS 

Lead CareRII  CLIA- waived 

point-of-care 

blood lead 

analysis 

 Cost effective 

 Portable 

 Requires two drops of blood on 

a fingerstick. 

 Expensive 

 Low sample throughput 

 Requires very less time for 

analysis 

Only whole 

blood 
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7. Health Issues of Lead Poisoning 

Today we are experiencing lead contamination in our daily 

lives- in our food, water, medicines, cosmetics, paint and 

printing ink. Lead poisoning is an unavoidable 

environmental and global health problem yet it is entirely 

preventable. The US FDA (Food and Drug Administration) 

has recommended a maximum level of 0.1 ppm lead in 

candies and other food items [67], [68]. Elimination of lead 

from gasoline was one of the greatest achievements of all 

time. Nichani V et al (2006) observed that the percentage of 

children blood lead levels >10 µg/dl dropped from 61.8 % to 

33.2 % during the post lead gasoline era [69]. After lead in 

petrol, the major source of lead poisoning is from house 

paints. Paints and paint dust are a major source of lead 

poisoning in children. In 1914, US documented the first case 

of pediatric death linked to lead based paints [70], [71]. 

WHO reported that 99 % of children affected by high lead 

exposure live in low- or middle-income countries with an 

estimated 1,43,000 deaths occurring each year due to lead 

poisoning of which lead paint exposure is a major 

contributor [72]. By 1978, US banned the use of paints 

containing more than 600 ppm lead for homes, children‘s 

toys and household furniture. But this continues to be a 

problem in developing countries around the world due to 

lack of regulations implemented for lead content in paints. 

Clarke CS et al (2000) investigated paint samples from 

India, China, Malaysia and Singapore and observed that the 

first three countries exceeded the regulatory standards of 

600 ppm with median lead levels of 16,720 ppm, 3,280 

ppm, 21,300 ppm respectively while the fourth showed 

lower concentrations with median lead level of 9 ppm [73]. 

Adebamowo EO et al (2007) on the other hand observed 

that 96% of the collected Nigerian paint samples with 

median lead level of 15,800 ppm spiked the recommended 

level compared to the Asian study [74]. Similarly in a study 

by Lin GZ et al (2009), the lead levels in paint samples from 

24 kindergarten and primary schools in Guangzhou, China 

exceeded the regulatory limit [75]. Toxic Link, a non-

governmental Indian organization claims that while small 

scale paint manufacturers continued adding lead to paints 

the brands representing 60-70 % of the market share 

followed stringent regulations [76], [77].To promulgate 

public awareness about hazardous lead paint at the global 

level, the Global Alliance to Eliminate Lead Paint (GAELP) 

was convened by WHO and UNEP (United Nations 

Environment Programme) with an aim to phase out the 

manufacture and sale of paints containing lead and reducing 

the risk of lead poisoning [72]. The US congress suggested 

lowering the lead content in paints to 90 ppm. In addition to 

housing, lead-based paints are applied to idols associated to 

various forms of rituals and traditions. It is estimated that a 

2 kg idol may have 6-8 gm of lead [78]. These idols are 

immersed in water bodies making it unfit for aquatic life and 

domestic purposes. Currently, substitutes for lead pigments 

are encouraged and made readily available which may 

consequently eliminate the global use of lead-based paints. 

In households where old plumbing is used and in areas 

where water is of low alkalinity, lead tends to leach into the 

water lines contaminating drinking water. Lead pipes are 

now replaced with copper pipes fitted with lead free solders 

containing not more than 0.2 % lead [55]. Several South 

Asian and Indian communities are at risk of lead poisoning 

through the use of culture-specific non-paint lead sources 

such as imported utensils, cosmetics such as kohl, surma and 

henna (a dye prepared from henna plant sp. Lawsonia), 

spices, ceremonial powders like kumkum, sindoor (a powder 

applied on a woman‘s scalp as a sign of marriage) 

sandalwood and ayurvedic medicines [22]. A number of 

studies have shown that children exposed to cosmetics 

containing lead like surma or kohl were subjected to high 

blood lead levels consequently putting them at increased 

risk of cosmetic plumbism. A comparative study of blood 

lead levels between children using surma and controls 

revealed a significant association between surma users and 

high blood lead concentrations [79]. Cristiane GL et al 

(2015) observed that children of Boston area exposed to 

imported ceremonial powders and spices containing high 

lead content showed higher lead levels in the blood 

including high zinc protoporphyrin and low hemoglobin 

levels [22]. The ancient ayurvedic system of medicine has 

been practiced for a very long time and still remains a 

skeptical issue. There has been case studies‘ reporting 

association of lead with the consumption of ayurvedic 

medicines. Saper et al (2004) observed that 20 % of 

ayurvedic medications sold in Boston area stores contained 

high concentration of lead, arsenic and mercury above daily 

metal ingestion permissible limits [80]. Further he observed 

that about 20 % of US and Indian manufactured ayurvedic 

medicines sold over the internet contained detectable levels 

of lead, mercury and arsenic hence putting the users at risk 

 Two mandatory tests can be 

performed simultaneously- for 

blood lead and hemoglobin. 

 Results are immediately 

available 

 Any employee of a laboratory 

under a CLIA certificate of 

waiver can perform this test. 

 Parents can no longer feel 

traumatic in checking their 

child‘s blood lead level 
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of heavy metal toxicity. The current US law governing the 

dietary supplements produced and sold domestically 

(DSHEA) has made it mandatory to test all imported dietary 

supplements including ayurvedic medicines for toxic heavy 

metals [81].  

Currently, the ongoing world‘s deadliest acute lead 

poisoning crisis is observed in Zamfara state of Northern 

Nigeria due to illegal and unsafe mining and ore processing 

activities. It has been considered one of the worst lead 

poisoning epidemics in modern history. This has caused 

serious environmental contamination costing the lives of 

many including new borns and young children. 

Comprehensive and sustained efforts have been executed in 

these lead contaminated sites by non-governmental 

authorities to provide point of medical care and health 

education mainly in environmental remediation and in 

following safe mining practices [82]. In another public crisis 

few years ago, the Ernst and Gallo glass production 

company was sued for introducing hazardous lead, arsenic, 

selenium and cadmium dust during the wine bottle 

manufacturing process. Eventually when these wine bottles 

were kept in long term storage, lead leached from the glass 

into the wine preparation contaminating the wines [83]. 

Likewise there are various forms of lead poisoning issues 

occurring around the globe for which governmental and 

non-governmental organizations need to consider, anticipate 

and execute immediate action to protect the environment 

from further lead contamination. Although it is not 

completely liable to eliminate an important metal like lead 

from the environment it is only through increased vigilance 

and control that we can reduce the exposure and risks 

associated to lead poisoning. 

8. Lead Safety Guidelines for Individuals 

Working in Industries 

Individuals who work as lead acid battery manufacturers, 

electronic soldering workers, paint and ceramic glazing 

personnel, workers in  lead mines and hobbyists using lead 

for various purposes are found to be at the highest lead 

poisoning risk due to lack of awareness and inadequate 

training [43]. Parents who work in such occupational setting 

need to take necessary precautions to avoid taking home 

lead which may be deposited on their body, clothes and 

shoes. Given below are some of the guidelines to avoid lead 

exposure. 

 

 Changing over to work uniform prior to entering 

work premises in a lead-free chamber. The changed 

clothes to be packed in polyethene cover and stored 

in a lead-free area.  

 Wearing quality tested PPE such as gloves, head 

gear, masks equipped with PARP‘s (full powered 

air purifying respirators), aprons, safety glasses and 

boots. 

 Washing hands and face thoroughly before eating 

or drinking. 

 Eating and drinking only in areas free of lead dust 

and fumes.  

 Wet cleaning and vacuuming are generally safer 

rather than stirring up lead-containing dust with dry 

sweeping or blowing.  

 Taking a shower and changing over to clean 

clothes and shoes/boots before going home.  

 

 Laundering clothes at work. If they have to be 

taken home, it should be washed and dried 

separately. 

 Using disposable cotton ear plugs to prevent any 

lead dust getting into the inner ear. 

 Cutting and cleaning nails more frequently to 

ensure that no lead dust get deposited under the nail 

bed. 

According to OSHA standards, it is mandatory that 

industries with permissible airborne lead levels above 30 

µg/m
3
 and over a time weighted average of 8 hours monitor 

the blood lead levels of workers regularly every three 

months with free medical surveillance [84]. Workers must 

be well informed about the ill-effects of lead poisoning and 

safe work practices to be followed. It is estimated that 

between 0.5-1.5 million workers are exposed to workplace 

lead each year [85]. Similarly, in large scale industries prior 

to assigning employers to high exposure trigger tasks, he/she 

must be educated about the sources of lead exposure, health 

hazards associated to lead, methods to reduce exposure and 

most importantly knowledge about the awareness of 

existence of employers rights under the lead standard 

guidelines. If the blood lead level exceeds 50 µg/dl, workers 

will be recommended for chelation therapy unless he/she is 

removed from the point source of exposure and does not 

return to the same job environment. Thus, by following 

simple safety measures, the risk of lead poisoning in 

workers can be reduced. 

9. Management of Lead Poisoning 

9.1 Chelation Therapy 

For several decades, the most practiced strategy to fight lead 

poisoning is chelation therapy which involves the use of 

chemical chelators. The choice of chelators depends on the 

blood lead concentration, clinical symptoms and 

environmental lead burden [86]. Studies have shown that 

sulfhydryl or sulfur containing chelating agents are effective 

scavengers of heavy metals [87]. They typically bind the 

metal at two or more sites and preferably get excreted as a 

complex. This lead:chelator complex tend to remain in the 

tissue where they bind or get redistributed along with 

endogenous essential metals to other tissues as depicted in 

figure 2. 
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  Figure 2: Ionic interaction of Lead and Chelating Molecules 

 

Consequently, the endogenous metal pool gets exhausted 

spiking the blood lead levels. To avoid such downsides, 

chelation therapy is planned and performed in phases of an 

initial five day treatment followed by a short period of no 

treatment or lesser dose (ideally 10-20 mg/kg/day) before 

the next course of pretreatment, so that during the non-

treatment period the body‘s endogenous metal levels can be 

restored through proper dietary supplementation [88]. 

Chelation therapy is principally administered via oral, 

intravenous, intramuscular or rectal routes and the routing is 

decided depending on the extent of lead poisoning. Children 

and adults with blood lead levels >10 μg dL
-1

 and ≥45 μg 

dL
-1

 respectively must undergo this treatment for further 

evaluation of lead toxicity [86], [89]. An optimal chelating 

agent is characterized by high water solubility, greater 

affinity, low toxicity, ability to reach the sites of metal 

storage, compete with natural chelators and penetrate cell 

membranes, a capacity to form non-toxic complexes and 

rapid elimination from the system; above all it should be 

affordable, safe and easily administered without any side 

effects [86], [90]. Some of the chelators used to date for lead 

poisoning treatment include calcium disodium EDTA (Ca 

Na2 EDTA), meso- 2, 3 dimercaptosuccinic acid (DMSA), 2, 

3-Dimercapto-1-propane sulfonic acid (DMPS) or 

Dimercaprol trade named as British Antilewisite (BAL) and 

D-penicillamine, but not all are effective in serving the 

purpose; only few which are approved by the US FDA are 

prescribed for treatment [89]. In medical practice, there are 

two forms of EDTA used for chelation therapy- calcium 

disodium EDTA and disodium EDTA. Ca Na2 EDTA 

exchanges calcium for lead and was found to be effective in 

lowering lead levels while Na2 EDTA on the other hand 

chelates metals including both essential and non-essential. A 

2006 Morbidity and Mortality Weekly Report affirmed that 

three patients died after receiving Na2 EDTA from the 

effects of severe hypocalcaemia. Controversies like these 

relating to the safety and efficacy of EDTA chelation 

therapy arose due to the possible clinical side effects it 

presents especially for cardiovascular diseases. Hence, FDA 

approved only Ca Na2 EDTA and recommends it for any 

kind of heavy metal poisoning. Although this agent is 

medically preferred most of the time, utmost care in 

planning of doses is necessary as EDTA itself is a non-

specific metal chelating agent which can lead to redundant 

depletion of endogenous metal stores with minor side 

effects. D-penicillamine is another chelating agent that is 

shown to have optimistic chelating properties for lead when 

administered orally. A study reported that administration of 

oral D-penicillamine reduced the blood lead levels of a male 

worker from 106.5 µg/dl to 35 µg/dl with improvement in 

complete blood picture [91]. Several studies have shown 

that the therapeutic efficiency of chelation can be increased 

by the combined administration of chelators rather than 

administration with monochelators. Tandon et al. (1994) 

showed that combined administration of Ca Na2EDTA and 

DMSA was more efficient than Ca Na2EDTA and DMPS. It 

consequently enhanced urinary and fecal excretion of lead; 

restored the ALAD (δ-aminolevulinate dehydratase) 

activity, reduced the lead burden in tissues and increased the 

blood zinc protoporphyrin levels but did not reduce the brain 

lead levels. When lead gains entry into the cell, it interacts 

with multiple signaling pathways via disruption of the 

membrane by lipid peroxidation and other oxidative stress 

mechanisms [92]. Similarly, Flora et al. (1997) reported 

rapid excretion of lead and restoration of biochemical 

parameters except neurotoxicity when administered with 

calcium EDTA and DMSA [93]. Chelation therapy has its 

limitations. It can only halt the further progress of 

neuropsychological effects of lead but fails to reverse the 

damages occurred. So far no remedy is available to reverse 

this damage; hence, prevention is the only way out.  In 

contrast to this, there are several reports on the use of 

chelators in connection with thiol group containing 

antioxidants. Antioxidants have shown a strong role in 

reducing oxidative stress from lead exposure and in 

improving the prooxidant/ antioxidant balance of the cells. 

This administration has shown to produce synergistic and 

beneficial effects than just treatment with chelators alone. A 

study by Flora et al. (2004) showed that taurine, a sulfur 

containing amino acid when coadministered with DMSA in 

lead treated male rats, the biochemical alterations indicative 

of oxidative stress caused by lead was reversed [94]. 

Similarly, they showed that the therapeutic chelating 

potency increased when succimer is coadministered with 
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sulfur containing antioxidants such as N-acetylcysteine, 

lipoic acid, and liposomal glutathione, consequently 

reversing oxidative stress and reducing lead levels [95]. 

Chelation therapy is recommended only to chronic lead 

poisoning cases due to severe compromising side effects it 

can cause such as in the redistribution of lead from blood to 

soft tissues and leaching of lead from skeleton 

(osteoporosis) into circulation during high bone turnover 

rate. Chelation is thus a risky therapy with very limited 

success rate. However, research in metal chelation to confer 

safe methods of chelating lead out of the system without 

disturbing the endogenous metal pool may need to be 

implemented with constant efforts to design ligands/ 

analogues of currently available chelators that specifically 

bind to lead. Table 2 illustrates the dosage regimen of 

chelators for adult lead poisoned cases.  

Table 2: Dosage Regimen of Chelators used for Adult Lead Poisoning 

Chelating 

agent 

FDA 

Approval 

Route of 

administration 
Administration dose Reported side effects Mode of action 

 

Dimercaprol 

(British Anti- 

Lewisite) 

 

Yes 

 

Intramuscular (IM) 
 Initial IM dose- 

4mg/kg. 

 Repeat 

administration of 

same dose after 4 

hrs. 

 Then combine same 

dose with EDTA for 

3-5 days. 

 If BLL rebounds, 

continue treatment 

with just EDTA. 

 Nausea 

 Vomiting                          

 Headache 

 Tachycardia 

 Burning sensation of 

lip, mouth and throat 

 Conjunctivitis 

 Lacrimination 

 Blepharal spasm 

 Rhinorrhea 

 Salivation. 

 

The thiol group of 

dimercaprol forms a 

complex with lead and 

is excreted in the urine. 

 

Calcium 

disodium 

EDTA 

 

Yes 

 

Intravenous (IV) 

 

 

1000mg/m2 body surface 

area/ day 

 Dizziness 

 Headache 

 mild nausea 

 acute renal failure 

 mild elevation of 

hepatic transaminases 

 hypotension 

 cardiac arrhythmias 

 Allergic reaction at the 

site of administration. 

 

An analogue of 

dimercaprol; it binds to 

lead ions with high 

specificity to form 

water-soluble 

complexes which is 

readily excreted via 

kidneys. 

 

DMSA 

(Dimercaptos

uccinic 

acid/Chemet/ 

Succimer) 

 

No 

 

Oral (O) 
 1st course: 10mg/kg 

orally every 8 hours 

for 5 days. 

 2nd course: 10mg/kg 

orally every 12 

hours for 14 days. 

 Diarrhoea 

 Nausea 

 Vomiting 

 loss of appetite 

 Mild elevation of 

hepatic transaminase 

 Allergic reaction 

 

A water soluble 

analogue of 

dimercaprol; it 

increases urinary 

excretion of lead. 

 

DMPS 

(meso2,3-

Dimercaptopr

opane-1- 

sulfonate) 

 

No 

 

Oral (O) 

Intramuscular (IM) 

Intravenous (IV) 

 Oral: 50-100 mg 

every 6-8 hours or 5 

mg/kg in 2- 4 doses. 

 Dizziness 

 Weakness 

 

A water soluble 

analogue of dimercaprol 

 

9.2 Nutritional Intervention 

A safe approach to fighting lead poisoning is the 

consumption of a balanced nutritive diet; nutritional well 

being and diet provides resistance and alters the 

susceptibility to toxic substances including heavy metals, 

drugs, pesticides and carcinogens. Nutrients sustain 

expression of the genetic program of an individual [96], 

[97]. This is further supported by the rising concept of 

nutritional epigenetics where certain bioactive food 

components modify gene expression at the transcriptional 

level. Some of the nutrients that regulate expression include 

vitamin B12, vitamin B6, riboflavin, methionine, choline 

and betaine. As of now literatures on lead toxicity is 

flooding with studies where micronutrients are administered 

in appropriate doses to lead poisoned rats consequently, 

reversing lead induced biochemical effects indicating a 

significant role of gene-diet interactions in toxicology. In 

India, while the primary prevention of lead poisoning 

through policy and public health decision makers is 

implemented, clinicians or industrial hygienists need to 

focus on secondary prevention through nutritional 

supplementation to reduce the effects of lead exposure. 

There is strong evidence that various dietary factors can 

influence the gastrointestinal absorption of lead [98].  As 

stated by the famous Greek philosopher Hippocrates- ―Let 

food be thy medicine and medicine be thy food‖, there are 

several food sources that reduce the absorption and 
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reabsorption of lead and detoxify the body naturally [99]. 

The three ways by which micronutrients can absorb lead 

from the gut include- 

1. Binding of dietary micronutrients to lead to form a 

complex, making it unavailable for absorption. 

2. Interaction of this complex with cellular processes 

that regulate lead absorption. 

3. Modification in metabolic status of tissues with an 

affinity for absorbed lead. 

Figure 3 illustrates the mechanism of lead and 

micronutrients interaction. Studies have shown that chief 

nutrients like calcium, iron, and vitamin-C and to a lesser 

degree- phosphorus and zinc reduce lead levels [100]. 

Individuals consuming diet deficient of micronutrients will 

become predisposed to toxicity of lead [101]. Depending on 

the severity of lead exposure and nutritional balance of an 

individual, the dietary intake must be planned; hence, there 

is a need to implement nutrition interventional strategies for 

lead poisoned individuals. Moreover, the ability of 

micronutrients to modulate the toxicity of lead is a 

challenging area due to variations in the body metabolism.  

 

 

Figure 3: Lead- Micronutrient Interaction 

9.2.1 Vitamin-C 

Vitamin C or ascorbate, known for its antioxidant properties 

essentially neutralizes the free radical damage inflicted on 

various organs and tissues during oxidative stress [102]. It is 

an antiscorbutic, essential for normal growth and 

development. Some of the sources enriched with vitamin C 

include citrus fruits like orange, lemon, grapes, strawberry, 

gooseberry (amla) and kiwi fruit and vegetables like 

broccoli, spinach, tomatoes, and baked potatoes. Vitamin C 

exhibits metal chelation property with a similar potency to 

that of EDTA. Lead forms soluble complexes with ascorbic 

acid to form poorly ionizable lead ascorbate due to which 

the concentration of free lead ions reduces and its 

precipitation into the bone is delayed enhancing excretion of 

lead and reduced lead body burden [103]. Its antiabsorption 

property enables it to increase the availability of iron by 

reducing ferric iron to ferrous iron in the duodenum to 

compete with lead for intestinal absorption. It functionally 

protects ALAD, the most targeted enzyme of the heme 

synthesis hence, preventing anemia. In a follow-up study of 

34 chronically lead exposed workers, vitamin C 

administration improved the blood picture and the overall 

health. In another study it was observed that the ascorbate 

and blood lead levels were inversely related suggesting that 

ascorbate imparts a protective effect against lead poisoning 

and reverses the pathological impact of chronic lead 

poisoning [104], [105].   

9.2.2 Vitamin-E 

Vitamin E or α- tocopherol, protects the cell membranes 

from oxidative stress by interacting with free radicals and 

terminating the chain of lipid peroxidation [106]. Animal 

observational studies have shown that vitamin E can 

improve the stability of red blood cell membranes signifying 

its potential role in eradicating lead induced anemic 

conditions [100]. Some of the food sources that contain 

vitamin E include eggs, cereals, leafy vegetables such as 

spinach, nuts and its oils, vegetable oil, olive oil, wheat 

germ oil and whole grains. Azab et al. (2013) showed that 

sesame seed oil which is a good source of vitamin E and 

mono/ polyunsaturated fatty acids exhibit a protective action 
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against lead acetate induced hemato-biochemical toxicity in 

mice models [107]. 

9.2.3 Calcium 

Pathways involving calcium as the sole signaling molecule 

represents a sensitive target for lead. Due to similar divalent 

character lead competes with higher affinity for calcium 

channels/ pumps of the plasma membrane such as 

calmoldulin, protein kinase C (PKC) and calcium dependent  

K
+ 

channels [101], [108], [109]. The cellular effects as a 

consequence of lead-calcium interactions are well described 

in literature. Ca
2+ 

mediated cellular processes including 

vitamin D synthesis and inhibition, Ca
2+

 second messenger 

system, Ca
2+

 homeostasis and Ca
2+

 regulating proteins is 

affected by lead. Dietary Ca
2+

 levels are replenished from 

food sources like milk, yoghurt, cheese, vegetables and fish 

meat. Six and Goyer (1970) observed that rats fed with low 

calcium diet increased the lead body burden resulting in 

anemia, excretion of ALA (δ-aminolevulinate), appearance 

of intranuclear inclusion bodies in renal tubular cells and 

aminoaciduria [110]. Ettinger et al. (2007) observed that 

calcium supplementation during pregnancy and lactation 

suppressed lead levels [111]. Hence dietary Ca
2+

 

supplementation constitutes an important secondary 

prevention to reduce circulating lead levels and protect the 

growing fetus from lead exposure. However, Ca
2+

 must not 

be prescribed for mild or moderate lead poisoned 

individuals who are dietarily Ca
2+

 sufficient as it may result 

in hypercalcaemic condition. Thus a constant level of 

dietary calcium is essential to compete with lead released 

during high bone turnover to reduce brain and organ toxicity 

[96].  

9.2.4 Iron 

Iron is important in determining an individual‘s ability to 

resist the toxic effects of lead. A majority of iron is bound to 

hemoglobin which is necessary for the transportation of 

oxygen to various tissues. Some of the rich sources of iron 

include lean meat, sea food, nuts, sunflower seeds, beans, 

whole grains, dark leafy vegetables, dark chocolate and tofu. 

Lead inhibits ferrochelatase (FECH), the last enzyme 

involved in the heme synthesis. Ferrochelatase catalyzes the 

insertion of iron (Fe
2+

) into the porphyrin ring of 

protoporphyrin IX molecule to form heme. This enzyme is 

sensitive to the effects of lead particularly during iron 

deficient conditions leading to accumulation of porphyrin 

molecules, very low hemoglobin content and anemia [100]. 

Good levels of iron in the body can help decrease lead 

induced brain and kidney damage avoiding the impact of 

lead induced anemia [100], [112]. A handful of studies have 

revealed that iron deficiency and iron overloading disease 

(hemochromatosis) which is a proven cause of anemia may 

have a significant impact on the circulating blood lead levels 

and also on the cumulative lead body burden [113].    

9.2.5 Zinc 

Zinc does not have much impact on reducing lead levels as 

iron or calcium but when combined with other supplemental 

amino acids like lysine it aids in clearing of lead [100], 

[114]. It is an antioxidant and a constituent of free radical 

scavengers essential for proper brain development and 

function. Studies have shown that zinc deficiency during 

development caused permanent malformation of the brain. 

Some of the important food sources of zinc include oysters, 

wheat germ, cocoa, crab, seeds, nuts, beef, dates, eggs and 

blue cheese. Dietary zinc decreases lead absorption and its 

toxicity, indicating that zinc competes with lead for 

gastrointestinal uptake; studies have also indicated that a 

good level of zinc can modify lead toxicity in reproduction 

[115]-[117]. Zinc administration in lead poisoned cases has 

shown to reduce the excretion of ALA (δ- aminolevulinate) 

and iron protoporphyrin levels in urine. In lead exposed iron 

deficient conditions, zinc protoporphyrin levels increase 

suggesting that zinc has a limiting role in chelating lead. 

9.2.6 Phosphorus 

Phosphorus is another nutrient of interest found in large 

quantities in dairy products, meat, fish, soft drinks, beans, 

nuts and whole grains. The number of studies on the 

protective effect of phosphorus on lead toxicity is very 

limited. Studies have shown that animals fed with 

phosphorus deficient diet increased the lead retention. 

However, when fed in combination with calcium in diet, the 

gastrointestinal absorption of lead decreased indicating a 

partial involvement of phosphorus in sequestering lead 

[100], [101]. 

9.2.7 Selenium 

Selenium is another micronutrient of concern that in trace 

amounts is beneficial to reduce lead levels. It serves as a 

cofactor for the antioxidant metalloenzyme glutathione 

peroxidase which chiefly aid in recycling glutathione, 

reducing lipid peroxidation and protecting DNA, RNA and 

proteins from oxidative damage. Some of the food sources 

of selenium include skin of sardines, raw cow or goat‘s 

milk, raw cheese and yoghurts, fermented milk drink (kefir), 

mustards of all kinds, garlic, onion and lentils, arrowroot 

powder and sunflower seeds and nuts. Selenium is known to 

form inactive selenium-lead complexes which consequently 

reduce the free lead ions in the body [118]. A comparative 

study was performed on lead poisoned vitamin-E deficient 

rats and it was observed that excess dietary selenium 

showed partial protection against lead poisoning [119]. 

Tandon et al. (1992) on the other hand showed that 

administration of selenium with effective chelating drugs 

namely Ca Na2 EDTA and calcium trisodium 

diethylenetriamine penta acetic acid (Ca Na3 DTPA) only 

slightly enhanced lead mobilization than when administered 

with drug alone indicating that selenium is not a potent 

chelator of lead [120]. In addition, a high dietary 
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supplementation of selenium can put an individual at high 

risk of selenium poisoning [100], [121].  

9.2.8 Organosulphur compounds 

A diet rich in sulfur containing amino acids such as N-

acetylcysteine and methionine help in the generation of 

antioxidants glutathione in the body and food sources 

include soybeans, beef, lamb, sunflowers seeds, chicken, 

oats, pork, fish, cheese, eggs, legumes, and wheat.  Other 

active substances such as allecin (or diallyl thiosulfinate) 

from garlic, an organosulfur compound known to chelate 

heavy metals including lead [122], [123]; a mice study 

shows that cucurmin (chemically diferuloylmethane), a 

compound from organically grown turmeric have protective 

effects on lead induced neurotoxicity [124]; β-carotene from 

carrots and other natural food sources such as bananas, 

pineapple, oranges, oats, tomato, rice, barley and sweet corn 

enhances melatonin production and protects tissues from 

lead induced free radical damage [125], [126].The healthy 

medicinal herb, cilantro is another remedy for lead 

poisoning. Animal studies with cilantro have shown to 

reduce the amount of lead accumulated in bones of lead 

exposed mice and removes lead settled in kidney tissues, 

decreases the urinary excretion of ALA and inhibition of 

ALAD [99], [127]. As long as MMND is avoided, lead 

poisoning can be fought easily and prevented. 

10.  Conclusion 

Since the potential health hazards of lead poisoning is rising 

in India, continuous efforts are required to deal with the 

problem. Any developing country like India can manage this 

preventable environmental health hazard only through 

proper countrywide awareness and education. Phasing out of 

lead based products such as paints, ceramics, pipes and 

plumbing materials and eliminating the practice of adding 

lead to spices, cosmetics, traditional medicines and banning 

of items containing high amount of lead might reduce lead 

exposure. Employers working in the lead based industries 

should get their blood lead levels tested at least every two 

months by any one of the CDC approved methods. Lead 

poisoning is 100% preventable and treatable. If the problem 

is diagnosed in early stages, it may require simple treatment 

or environmental interventions to identify and eliminate the 

potential sources of lead exposure. If ignored, it becomes 

chronic and may require a longer course of chelation 

therapy. By following safe work practices and consuming 

good nutrition with adequate supply of micronutrients, 

natural antioxidants, use of vitamins, essential minerals and 

sulfur containing food like garlic, onions, cauliflower, 

cabbage, broccoli, egg yolk in the diet, exposure to lead can 

be reduced and the individual will develop better resistance 

to lead toxicity. Through this paper we would like to convey 

that in this global sea of information, let us all stand together 

and work as an organization to eradicate the use of lead 

from our paints, medicines, food products, cosmetics, 

gasoline and be the voice of hope for those who are at high 

risk of lead exposure.  

11. References: 

1. Agency for Toxic Substances and Disease Registry. 

May 7, 2014. The Priority List of Hazardous Substances 

That Will Be the Candidates for Toxicological Profiles. 

[Online]. Available: 

http://www.atsdr.cdc.gov/SPL/index.html [Accessed on 

April 13, 2016]. 

2. Bhullar DS, Thind AS, Singla A. Childhood Lead 

Poisoning – A Review. J Punjab AcadForensic Med 

Toxicol. 2015; 15(1):43-49. 

3. Venkatesh T. 2009. Global perspective of lead 

poisoning and the current status in India. 2:2-3. 

4. World Health Organization. October 18, 2013. Stop 

lead poisoning in children. [Online]. Available: 

http://www.who.int/mediacentre/news/notes/2013/lead-

20131018/en/ [Accessed on April 13, 2016]. 

5. Agency for Toxic Substances and Disease Registry. 

September 1, 2009. 1997 CERCLA Priority list of 

hazardous substances. [Online] Available: 

http://www.atsdr.cdc.gov/spl/previous/97list.html. 

[Accessed on April 13, 2016]. 

6. Venkatesh T. Proposal for national and regional 

standard for evaluation of impact of lead on health and 

environment-An effort to make lead safe society, 

(NRCLPI), In Proceedings of the 1
st
 International 

Conference on Lead, Environment and Health; pp.  , 

2015 Oct 26-27, Department of Biochemistry, All India 

Institute of Medical Sciences, Jodhpur. 

7. Hegazy AA, Zaher MM, Abd el-hafez MA, Morseey 

AA, Saleh RA. Relation between anemia and blood 

levels of lead, copper, zinc and iron among children. 

BMC Res Notes. 2010; 3(133): 1-9.  

8. Kopp SJ, Barron JT, Tow JP. Cardiovascular actions of 

lead and relationship to hypertension: A review.  

Environ Health Perspect. 1988; 78:91-99 

9. Vaziri ND. Mechanisms of lead-induced hypertension 

and cardiovascular disease. Am J Physiol Heart Circ 

Physiol. 2008; 295(2):H454–H465. 

10. Wang H, Chen X, Yang B; Ma F, Wang S, Tang M, 

Hao M. (2008) Case-control study of blood lead levels 

and attention deficit hyperactivity disorder in Chinese 

children. Environ Health Perspect. 2008; 116(10): 

1401-06. 

11. Nigg JT, Nikolas M, Knottnerus GM, Cavanagh K, 

Friderici K. Confirmation and extension of association 

of blood lead with attention-deficit/hyperactivity 

disorder (ADHD) and ADHD symptom domains at 

population-typical exposure levels. J Child Psychol 

Psychiatry. 2010; 51(1):58–65. 

12. Soon-Beom Hong SB , Im MH, Kim JW, Park EJ,  Shin 

MS, Kim BN, Yoo HJ,  Cho IH,  Bhang SY, Hong YC, 

Cho SC. Environmental lead exposure and attention 

deficit/hyperactivity disorder symptom domains in a 

community sample of South Korean school-age 

children. Environ Health Perspect. 2015; 123(3):271-

276. 

13. Rehani B, Wissman R.. Lead Poisoning from a Gunshot 

Wound. South Med J. 2011; 104(1):57-58. 

http://www.who.int/mediacentre/news/notes/2013/lead-20131018/en/
http://www.who.int/mediacentre/news/notes/2013/lead-20131018/en/
http://www.atsdr.cdc.gov/spl/previous/97list.html
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vaziri%20ND%5Bauth%5D
http://search.proquest.com/indexinglinkhandler/sng/au/Wang,+Hui-Li/$N?accountid=50433
http://search.proquest.com/indexinglinkhandler/sng/au/Chen,+Xiang-Tao/$N?accountid=50433
http://search.proquest.com/indexinglinkhandler/sng/au/Yang,+Bin/$N?accountid=50433
http://search.proquest.com/indexinglinkhandler/sng/au/Ma,+Fang-Li/$N?accountid=50433
http://search.proquest.com/indexinglinkhandler/sng/au/Wang,+Shu/$N?accountid=50433
http://search.proquest.com/pubidlinkhandler/sng/pubtitle/Environmental+Health+Perspectives/$N/48869/PagePdf/222635062/fulltextPDF/5F1881F414644A3EPQ/1?accountid=50433
http://search.proquest.com/indexingvolumeissuelinkhandler/48869/Environmental+Health+Perspectives/02008Y10Y01$23Oct+2008$3b++Vol.+116+$2810$29/116/10?accountid=50433
http://search.proquest.com/indexingvolumeissuelinkhandler/48869/Environmental+Health+Perspectives/02008Y10Y01$23Oct+2008$3b++Vol.+116+$2810$29/116/10?accountid=50433
http://search.proquest.com/indexingvolumeissuelinkhandler/48869/Environmental+Health+Perspectives/02008Y10Y01$23Oct+2008$3b++Vol.+116+$2810$29/116/10?accountid=50433
http://search.proquest.com/indexingvolumeissuelinkhandler/48869/Environmental+Health+Perspectives/02008Y10Y01$23Oct+2008$3b++Vol.+116+$2810$29/116/10?accountid=50433


International Journal of Innovative Research in Medical Science (IJIRMS) 

Volume 01 Issue 07 Sept 2016, ISSN No. – 2455-8737 

Available online at - www.ijirms.in 

 281 Corresponding Author -  Monica Shirley Mani* 

 

14. Rousseau MC, Parent ME, Nadon L, Latreille B, 

Siemiatycki J. Occupational exposure to lead 

compounds and risk of cancer among men: A 

population-based case-control study. Am. J. Epidemiol. 

2007; 166(9):1005-1014. 

15. Gulson BL, Davis JJ, Mizon KJ, Korsch MJ, Bawden-

Smith J. Sources of lead in soil and dust and the use of 

dust fallout as a sampling medium. Sci. Total Environ. 

1995; 166:245-262. 

16. Lin S, Wang X, Yu ITS, Tang W, Miao J, Li J, Wu S, 

Lin X. Environmental lead pollution and elevated blood 

lead levels among children in a rural area of china. Am. 

J. Public Health. 2011; 101(5):834-841. 

17. Landrigan PJ. The worldwide problem of lead in petrol. 

Mount Sinai School of Medicine, NY, USA. Bulletin of 

World Health Organization 2002; 80(10):768. 

18. Barry PSI, Mossman DB. Lead concentrations in 

human tissues. Br. J. Ind. Med. 1970; 27:339-351. 

19. Menezes G, D‘souza HS, Venkatesh T. Chronic lead 

poisoning in an adult battery worker. Occup. Med. 

(Chic. Ill). 2003; 53(7):476-478. 

20. Lavoie PM, Bailey B. Lead poisoning from ―lead-free‖ 

paint. Cmaj. 2004; 170(6):956. 

21. Al-Ashban RM, Aslam M, Shah AH. Kohl (surma): a 

toxic traditional eye cosmetic study in Saudi Arabia. 

Public Health. 2004; 118(4):292–298. 

22. Lin CG, Schaider LA, Brabander DJ, Woolf AD. 

Pediatric Lead Exposure from Imported Indian Spices 

and Cultural Powders. Pediatrics. 2010; 125(4):e828-

e835. 

23. Inthorn D, Lertsupochavanich O, Silapanuntakul S, 

Sujirarat D, Intaraprasong B. Factors affecting lead 

leaching from microwavable plastic ware made with 

lead-containing pigments. J. Food Prot. 2002; 

65(7):1166-1171. 

24. Stockley CS, Smith LH, Tiller KG, Gulson BL, Osborn 

CDA, Lee TH. Lead in wine: a case study on two 

varieties at two wineries in South Australia. Aust. J. 

Grape Wine Res. 2003; 9:47-55. 

25. Minnesota Department of Health. Environmental Health 

Division. Blood Lead Screening Guidelines For 

Pregnant & Breastfeeding Women in Minnesota. 

August 2015. [Online] Available: 

http://www.health.state.mn.us/divs/eh/lead/reports/preg

nancy/pregnancyguidelines.pdf. Accessed on July 12, 

2016. 

26. Tsuchiyah H, Milani K, Kodama K, Nakata T. Placental 

transfer of heavy metals in normal pregnant Japanese 

women. Arch Environ Health. 1984; 39(1):11-17. 

27. U.S. Department of Health and Human Services. 

Guidelines for the identification and management of 

lead exposure in pregnant and lactating women. 

November 2010. [Online] Available: 

http://www.cdc.gov/nceh/lead/publications/leadandpreg

nancy2010.pdf. Accessed on July 12, 2016. 

28. Lidsky TI, Schneider JS. Lead neurotoxicity in 

children: basic mechanisms and clinical correlates. 

Brain. 2003; 126:5-19. 

29. Zetterlund B, Winberg J, Lundgren G, Johansson G. 

Lead in umbilical cord blood correlated with the blood 

lead of the mother in areas with low, medium or high 

atmospheric pollution. Acta Paediatr Scand. 1977; 

66:169-175. 

30. Chuang HY, Schwartz J, Gonzales-Cossio T, Lugo MC, 

Palazuelos E, Aro A, Hu H, Hernandez-Avila M. 

Interrelations of lead levels in bone, venous blood, and 

umbilical cord. Environ Health Perspect. 2001;  109(5): 

527-532. 

31. Liu J, Gao D, Chen Y, Jing J, Hu Q, Chen Y. Lead 

exposure at each stage of pregnancy and 

neurobehavioral development of neonates. 

Neurotoxicology. 2014; 44:1-7. 

32. Harville EW, Hertz-Picciotto I, Schramm M, Watt-

Morse M, Chantala K, Osterloh J, Parsons PJ, Rogan W 

Factors influencing the difference between maternal and 

cord blood lead. Occup Environ Med. 2005; 62:263–

269. 

33. Li KM. Lead values in umbilical cord blood and 

maternal blood. J R Soc Health. 1988; 108:59. 

34. Ernhart CB, Wolf AW, Sokol RJ, Brittenham GM, 

Erhard P. Fetal lead exposure: Antenatal factors. 

Environ Res. 1985; 38:54-66. 

35. Rothenberg SJ , Karchmer S , Schnaas L , Perroni 

E , Zea F , Salinas V , Fernández Alba J. Maternal 

influences on cord blood lead levels. J Expo Anal 

Environ Epidemiol. 1996; 6(2):211-227 

36. Rothenberg SJ, Manalo M, Jiang J, Cuellar R, Reyes S, 

Sanschez M, Diaz M, Khan F, Aguilar A, Reynoso B, 

Juaregui M, Acosta S, Johnson C. Blood lead level and 

blood pressure during pregnancy in South Central Los 

Angeles. Arch Environ Health. 2009; 54(6):382-9. 

37. Needleman HL, Schell A, Bellinger D, Leviton A, 

Allred EN. The long-term effects of exposure to low 

doses of lead in childhood: An 11- year follow-up 

report. N Engl J Med. 1990; 322(2):83-88. 

38. Needleman HL, Gunnoe C, Leviton A, Reed R, Peresie 

H, Maher C, Barrett P. Deficits in psychologic and 

classroom performance of children with elevated 

dentine lead levels. N Eng J Med. 1979; 300(13):689-

695. 

39. Feigenbaum JJ, Muller C. Lead exposure and violent 

crime in the early twentieth century. March 2016. 

[Online] Available: 

https://www.researchgate.net/publication/301761001_L

ead_exposure_and_violent_crime_in_the_early_twentie

th_century. Accessed on July 12, 2016. 

40. Lovei M. Eliminating a silent threat: World Bank 

support for the global phase-out of lead from 

gasoline. In Proceedings of the International 

Conference on Lead Poisoning Prevention and 

Treatment. The George Foundation, Bangalore. 1999; 

169–180. 

41. James MG, Gulson BL. Engine reconditioning 

workshop: lead contamination and the potential risk for 

workers. Occup Environ Med. 1999; 56(6):429-431. 

42. Goswami K, Ali S, Bhattacharya B, Banerjee SK. Lead 

toxicity in jewellery workers of Bangladesh. Bangl J. 

Path. 1999; 14:3-5. 

43. Menezes G et al. Lead absorption in human as 

occupational and environmental hazard. Indian Journal 

of Occupational Health. 2002; 45:93-97. 

44. Menezes G, D‘Souza HS and Venkatesh T. Chronic 

lead poisoning in an adult battery worker. Occup Med. 

2003; 53(7):476-478.  

http://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24704588
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gao%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24704588
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24704588
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jing%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24704588
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hu%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=24704588
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24704588
http://sci-hub.cc/http:/europepmc.org/search?page=1&query=AUTH:%22Rothenberg+SJ%22
http://sci-hub.cc/http:/europepmc.org/search?page=1&query=AUTH:%22Karchmer+S%22
http://sci-hub.cc/http:/europepmc.org/search?page=1&query=AUTH:%22Schnaas+L%22
http://sci-hub.cc/http:/europepmc.org/search?page=1&query=AUTH:%22Perroni+E%22
http://sci-hub.cc/http:/europepmc.org/search?page=1&query=AUTH:%22Perroni+E%22
http://sci-hub.cc/http:/europepmc.org/search?page=1&query=AUTH:%22Zea+F%22
http://sci-hub.cc/http:/europepmc.org/search?page=1&query=AUTH:%22Salinas+V%22
http://sci-hub.cc/http:/europepmc.org/search?page=1&query=AUTH:%22Fern%C3%A1ndez+Alba+J%22
http://sci-hub.cc/http:/europepmc.org/search?page=1&query=AUTH:%22Rothenberg+SJ%22


International Journal of Innovative Research in Medical Science (IJIRMS) 

Volume 01 Issue 07 Sept 2016, ISSN No. – 2455-8737 

Available online at - www.ijirms.in 

 282 Corresponding Author -  Monica Shirley Mani* 

 

45. Sanders T,Liu Y, Buchner V, Tchounwou PB. 

Neurotoxic Effects and Biomarkers of Lead Exposure: 

A Review. Rev Environ Health. 2009; 24(1):15–45. 

46. Gordon JN, Taylor A, Bennett PN. Lead poisoning: 

case studies J Clin Pharmacol. 2001; 53:451–458. 

47. Telisman S, Cvitković P, Jurasović J, Pizent A, Gavella 

M, Rocić B. Semen quality and reproductive endocrine 

function in relation to biomarkers of lead, cadmium, 

zinc, and copper in men. Environ Health Perspect. 

2000; 108:45–53.  

48. Haghighi KS, Aminian O, Chavoshi F, Bahaedini LS 

Soltani S, Najarkolaei FR. Relationship between blood 

lead level and male reproductive hormones in male lead 

exposed workers of a battery factory: A cross-sectional 

study. Iran J Reprod Med. 2013; 11(8):673–676. 

49. Shiau CY, Wang JD, Chen PC. Decreased fecundity 

among male lead workers. Occup Environ Med. 

2004; 61:915-923. 

50. Popovac D, Grazlano J, Seaman C, Kaul B, Colakovic 

B, Popovac R, Osmani I, Haxhiu M, Begraca M, 

Bozovic Z, et al. Elevated Blood Lead in a Population 

Near a Lead Smelter in Kosovo, Yugoslavia. Arch. 

Environ. Heal. An Int. J. 1982; 37(1):19-23.  

51. Ahamed M, Siddiqui MKJ. Low level lead exposure 

and oxidative stress: Current opinions. Clin. Chim. Acta 

2007; 383:57-64. 

52. Gillis BS, Arbieva Z, Gavin IM. Analysis of lead 

toxicity in human cells. BMC Genomics. 2012; 13:344. 

53. Gerhardsson L, Englyst V, Lundström NG, Nordberg 

G, Sandberg S, Steinvall F. Lead in tissues of deceased 

lead smelter workers. J Trace Elem Med Biol. 

1995; 9(3):136-143. 

54. Muntner P, Menke A, Batuman V, Rabito FA, He J, 

Todd AC. Association of tibia lead and blood lead with 

end-stage renal disease: A pilot study of African-

Americans. Environ. Res. 2007; 104(3):396-401. 

55. Kantamneni PP. Lead levels in the exfoliated teeth of 

children from the twin cities of Hyderabad and 

Secunderabad, India [dissertation]. San Diego: San 

Diego State University. 2010; 64 p. 

56. Goyer RA. Toxic effects of metals. In: Casarett and 

Doull‘s Toxicology: The Basic Science of Poisons, 7
th

 

ed. New York. McGraw-Hill. 1996; 947 p. 

57. Centre for Radiation, Chemical and Environmental 

Hazards, Health Protection Agency. Lead Toxicological 

Overview. 2012; 14 p. 

58. Yokel RA, Lasley SM, Dorman DC. The speciation of 

metals in mammals influences their toxicokinetics and 

toxicodynamics and therefore human health risk 

assessment J Toxicol Environ Health. 2006; 9(1):63-85. 

59. Agency for Toxic Substances and Disease Registry. 

Lead toxicity: How should patients exposed to lead be 

evaluated? August 20, 2007. [Online] Available: 

http://www.atsdr.cdc.gov/csem/csem.asp?csem=7&po=

11. Accessed on July 12, 2016. 

60. Bijoor AR, Venkatesh T. Case Report Genetic 

Susceptibility To Lead Poisoning – a Case Report. 

Indian J Clin Biochem. 2007; 22(2):162-163. 

61. Lessler MA. Lead and lead poisoning from antiquity to 

modern times. Ohio J. Sci. 1988; 88(3):78-84. 

62. Flora G, Gupta D, Tiwari A. Toxicity of lead: a review 

with recent updates. Interdiscip. Toxicol. 2012; 5(2):47-

58. 

63. Lanphear BP, Dietrich K, Auinge P, Cox C. Cognitive 

Deficits Associated with Blood Lead Concentrations 

<10 pg/dL in US Children and Adolescents. Public 

Health Rep. 2000; 115:521-529. 

64. D‘souza HS, Menezes G, Venkatesh T. Fetal Lead 

Exposure: Encephalopathy in a child. Indian J Clin 

Biochem. 2002; 17(1):9-11. 

65. World Health Organization, Inter-Organization 

Programme for the Sound Management of Chemicals. 

Brief guide to analytical methods for measuring lead in 

blood. 2011; 14 p. 

66. Holbrook L. Point-of-Care Results Improve Screening 

Rates & Health Outcomes. February 6, 2012. [Online] 

Available: http://www.leadcare2.com/Point-of-Care-

Results-Improve-Screening-Rates. Accessed on July 12, 

2016. 

67. Food and Drug Administration. Supporting Document 

for Recommended Maximum Level for Lead in Candy 

Likely To Be Consumed Frequently by Small Children.  

November 2006. [Online] Available: 

http://www.fda.gov/Food/FoodborneIllnessContaminant

s/Metals/ucm172050.htm. Accessed on April 13, 2016. 

68. Devi P, Bajala V, Garg VK, Mor S & Ravindra K. 

Heavy metal content in various types of candies and 

their daily dietary intake by children. Environ Monit 

Assess. 2016; 188(86):2-8.  

69. Nichani V, Li WI, Smith MA, Noonan G, Kulkarni M, 

Kodavor M, Naeher LP. Blood lead levels in children 

after phase-out of leaded gasoline in Bombay, India. 

Sci. Total Environ. 2006; 363(1-3):95-106. 

70. Rosner D, Markowitz G, Lanphear B. J Lockhart 

Gibson and the discovery of the impact of lead 

pigments on children's health: A review of a century of 

knowledge. Public Health Reports. 2005; 120(3):296-

300. 

71. Kumar A, Gottesfeld P. Lead content in household 

paints in India. Science of the Total Environment. 2008; 

407:333-337. 

72. World Health Organization. Stop Lead Poisoning in 

children. October 2013. [Online] Available: 

http://www.who.int/mediacentre/news/notes/2013/lead-

20131018/en/. Accessed on July 12, 2016. 

73. Clark CS, Rampal KG, Thuppil V, Chen CK, Clark R, 

Roda S. The lead content of currently available new 

residential paint in several Asian countries. Environ 

Res. 2006; 102:9–12. 

74. Adebamowo EO, Clark CS, Roda S, Agbede OA, 

Sridhar MKC, Adebamowo CA. Lead content of dried 

films of domestic paints currently sold in Nigeria. 

Science of the Total Environment. 2007; 388:116–120. 

75. Lin GZ, Peng RF, Chen Q, Wu ZG, Du L. Lead in 

housing paints: An exposure source still not taken 

seriously for children lead poisoning in China. 

Environmental Research. 2009; 109:1–5. 

76. Rajankar P, Sinha S, Brosché S, Denney V, Clark CK. 

2013. Lead in India‘s enamel household paints: A 

National Report. 50 p. Available from: [Online] 

Available: 

http://toxicslink.org/docs/lead_in_paints/Lead-in 

Paint2013.pdf. Accessed on April 13, 2016. 

77. Toxic Links. 2015. Lead in enamel household paints in 

India in 2015: A National Report. 32 p. [Online] 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Sanders%20T%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20Y%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Buchner%20V%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tchounwou%20PB%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sadeghniat%20haghighi%20K%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Aminian%20O%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chavoshi%20F%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bahaedini%20LS%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Soltani%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rahmati%20Najarkolaei%20F%5Bauth%5D
http://oem.bmj.com/search?author1=C-Y+Shiau&sortspec=date&submit=Submit
http://oem.bmj.com/search?author1=J-D+Wang&sortspec=date&submit=Submit
http://oem.bmj.com/search?author1=P-C+Chen&sortspec=date&submit=Submit
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gerhardsson%20L%5BAuthor%5D&cauthor=true&cauthor_uid=8605601
http://www.ncbi.nlm.nih.gov/pubmed/?term=Englyst%20V%5BAuthor%5D&cauthor=true&cauthor_uid=8605601
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lundstr%C3%B6m%20NG%5BAuthor%5D&cauthor=true&cauthor_uid=8605601
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nordberg%20G%5BAuthor%5D&cauthor=true&cauthor_uid=8605601
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nordberg%20G%5BAuthor%5D&cauthor=true&cauthor_uid=8605601
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sandberg%20S%5BAuthor%5D&cauthor=true&cauthor_uid=8605601
http://www.atsdr.cdc.gov/csem/csem.asp?csem=7&po=11
http://www.atsdr.cdc.gov/csem/csem.asp?csem=7&po=11
http://www.leadcare2.com/Point-of-Care-Results-Improve-Screening-Rates
http://www.leadcare2.com/Point-of-Care-Results-Improve-Screening-Rates


International Journal of Innovative Research in Medical Science (IJIRMS) 

Volume 01 Issue 07 Sept 2016, ISSN No. – 2455-8737 

Available online at - www.ijirms.in 

 283 Corresponding Author -  Monica Shirley Mani* 

 

Available: http://toxicslink.org/docs/Lead-in-Paint-

Report-2015.pdf. Accessed on April 13, 2016. 

78. Bhowmik D, Kumar KPS, Umadevi M. Lead Poisoning 

- The Future of Lead‘s Impact Alarming on Our 

Society. The Pharma Innovation Journal. 2012; 1:40-49.  

79. Goswami K. Eye Cosmetic ‗Surma‘: Hidden threats of 

lead poisoning. Ind J Clin Biochem. 2013; 28(1):71–73. 

80. Saper RB, Kales SN, Paquin J, Burns MJ, Eisenberg 

DM, Davis RB and Phillips RS. Heavy metal content of 

ayurvedic herbal medicine products. JAMA. 2004; 

292(23):2868-73. 

81. Saper RB, Phillips RS, Sehgal A, Khouri N, Davis 

RB, Paquin J, Thuppil V and Kales SN. Lead, mercury, 

and arsenic in US- and Indian-manufactured Ayurvedic 

medicines sold via the Internet. JAMA. 2008; 

300(8):915-23. 

82. Medecins Sans Frontieres. Lead poisoning crisis in 

Zamfara state Northern Nigeria. 2012; 4 p. 

83. Zapo G. 2015. Gallo wine bottle makers sued by state 

for using Lead and Arsenic hazardous waste dust.  

March 4, 2014. [Online] Available: 

http://www.inquisitr.com/1894838/gallo-wine-bottle-

maker-sued-by-state-for-using-lead-and-arsenic-

hazardous-waste-dust/. Accessed on April 13, 2016. 

84. California Department of Public Health. Medical guidelines 

for the lead exposed worker. 2009. 

85. Agency for Toxic Substance and Disease Registry. 

Toxicological Profile for Lead. U.S. Department of 

Health and Humans Services, Public Health Service, 

Centers for Disease Control; Atlanta, GA: 2003c. 

86. Lowry JA. 2010. Oral chelation therapy for patients 

with lead poisoning. WHO 18th Expert Committee on 

the Selection and Use of Essential Medicines Report. 

Division of Clinical Pharmacology and Medical 

Toxicology, The Children‘s Mercy Hospitals and 

Clinics. Kansas City). 20 p. 

87. Jones MM. 1985. Heavy-Metal Detoxification Using 

Sulfur Compounds. Sulfur reports 4(4):119-150. 

88. Tandon SK, Singh S, Jain VK, Prasad S. Chelation in 

Metal Intoxication XXXVIII: Effect of Structurally 

Different Chelating Agents in Treatment of Nickel 

Intoxication in Rat. Fundam Appl Toxicol. 1996; 8:141-

148. 

89. Patrick L. Lead toxicity, a review of the literature. Part 

1: Exposure, evaluation, and treatment. Altern. Med. 

Rev. 2006; 11(1):2-22. 

90. Flora SJS, Pachauri V. Chelation in Metal Intoxication. 

Int J. Environ. Res Public Health. 2010; 7(7):2745-

2788. 

91. Herman DS, Sebastina AD, Geraldine M, Venkatesh T. 

Evaluation and treatment of wrist drop in a patient due 

to lead poisoning: case report. Ind Health. 2009; 

47:677-680. 

92. Tandon SK, Singh S, Jain VK. Efficacy of combined 

chelation in lead intoxication. Chem Res Toxicol. 1994; 

7(5):585-589. 

93. Flora GJS, Seth PK, Flora SJS. Recoveries in lead 

induced alteration in rat brain biogenic amines levels 

following combined chelation therapy with meso 2, 3-

dimercaptosuccinic acid and calcium disodium 

versenate. Biogenic Amines. 1997; 13:79-90. 

94. Flora SJS, Pande M, Bhadauria S, Kannan GM. 

Combined administration of taurine and meso 2, 3-

Sdimercaptosuccinic acid in the treatment of chronic 

lead intoxication in rats. Human & Experimental 

Toxicology. 2004; 23(4):157-166 

95. Flora SJS, Pande M, Kannan GM, Mehta A. Lead 

induced oxidative stress and its recovery following co-

administration of melatonin or N-acetylcysteine during 

chelation with succimer in male rats. Cell Mol Biol. 

2004; 543-551. 

96. Hennig B, Ettinger AS, Jandacek RJ, Koo S, McClain 

C, Seifried H, Silverstone A, Watkins B, Suk WA. 

Using nutrition for intervention and prevention against 

environmental chemical toxicity and associated 

diseases. Environ. Health Perspect. 2007; 115(4):493-

495. 

97. Hathcock JN. Nutrition: toxicology, pharmacology, 

Nutrition Reviews. 1976; 34:65-70. 

98. Barltrop D, Khoo HE. The influence of nutritional 

factors on lead absorption. Postgrad. Med. J. 1975; 

51:795-800. 

99. Sears ME. Chelation: Harnessing and Enhancing Heavy 

Metal Detoxification—A Review. Sci. World J. 2013; 

1-13. 

100. Taylor RJ, Roberts A, Sweeny C. Fact sheet: Nutrients 

that reduce lead poisoning. The Lead Gr. Inc. 2010; 1-

10. 

101. Peraza MA, Ayala-Fierro F, Barber DS, Casarez E, 

Rael LT. Effects of nutrients on metal toxicity. Environ. 

Health Perspect. 1998; 106:203-216. 

102. Hsu PC, Guo YL. Antioxidant nutrients and lead 

toxicity. Toxicology. 2002; 180:33-44. 

103. Bhattacharjee CR, Dey S, Goswami P. Protective role 

of ascorbic acid against lead toxicity in blood of albino 

mice as revealed by metal uptake, lipid profiles, and 

ultrastructural features of erythrocytes. Bull. Environ. 

Contam. Toxicol. . 2003; 70:1189-1196. 

104. El-Neweshy MS, El-Sayed YS. Influence of vitamin C 

supplementation on lead-induced histopathological 

alterations in male rats. Exp Toxicol Pathol. 2010; 

63(3):221-227. 

105. Holmes HN, Campbell K, Amberg EJ. The effect of Vitamin 

C on lead poisoning. The Journal of Laboratory and 

Clinical Medicine. 1939; 24(11):1119-1127. 

106. Jones DP, Kagan VE, Aust SD, Reed DJ, Omaye ST. 

Impact of nutrients on cellular lipid peroxidation and 

antioxidant defense system. Toxicol. Sci. 1995; 26(1):1-

7. 

107. Azab AE, Alrawi QK, Albasha MO. Protective Effects 

of Sesame Oil against Lead Acetate Induced Haemato-

Biochemical Toxicity in Albino Mice. IJSR. 2015; 

4(2):2053-2063. 

108. Marchetti C. Role of calcium channels in heavy metal 

toxicity. ISRN Toxicol. 2013; 2013:1-9. 

109. Simons TJ. Lead-calcium interactions in cellular lead 

toxicity. Neurotoxicology. 1993; 14(2-3):77-85. 

110. Six KM, Goyer RA. Experimental enhancement of lead 

toxicity by low dietary calcium. J Lab Clin Med. 1970; 

76(6):933-942. 

111. Ettinger AS,
 

Hu, Avila
 

MH. Dietary calcium 

supplementation to lower blood lead levels in 

pregnancy and lactation. J Nutr Biochem. 2007; 

18(3):172–178. 

112. Taylor RJ. Iron Nutrition and Lead Toxicity. The Lead 

Gr. Inc. 2009; 1-14. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Saper%20RB%5BAuthor%5D&cauthor=true&cauthor_uid=15598918
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kales%20SN%5BAuthor%5D&cauthor=true&cauthor_uid=15598918
http://www.ncbi.nlm.nih.gov/pubmed/?term=Paquin%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15598918
http://www.ncbi.nlm.nih.gov/pubmed/?term=Burns%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=15598918
http://www.ncbi.nlm.nih.gov/pubmed/?term=Eisenberg%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=15598918
http://www.ncbi.nlm.nih.gov/pubmed/?term=Eisenberg%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=15598918
http://www.ncbi.nlm.nih.gov/pubmed/?term=Davis%20RB%5BAuthor%5D&cauthor=true&cauthor_uid=15598918
http://www.ncbi.nlm.nih.gov/pubmed/?term=Phillips%20RS%5BAuthor%5D&cauthor=true&cauthor_uid=15598918
http://www.ncbi.nlm.nih.gov/pubmed/?term=Saper%20RB%5BAuthor%5D&cauthor=true&cauthor_uid=18728265
http://www.ncbi.nlm.nih.gov/pubmed/?term=Phillips%20RS%5BAuthor%5D&cauthor=true&cauthor_uid=18728265
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sehgal%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18728265
http://www.ncbi.nlm.nih.gov/pubmed/?term=Khouri%20N%5BAuthor%5D&cauthor=true&cauthor_uid=18728265
http://www.ncbi.nlm.nih.gov/pubmed/?term=Davis%20RB%5BAuthor%5D&cauthor=true&cauthor_uid=18728265
http://www.ncbi.nlm.nih.gov/pubmed/?term=Davis%20RB%5BAuthor%5D&cauthor=true&cauthor_uid=18728265
http://www.ncbi.nlm.nih.gov/pubmed/?term=Paquin%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18728265
http://www.ncbi.nlm.nih.gov/pubmed/?term=Thuppil%20V%5BAuthor%5D&cauthor=true&cauthor_uid=18728265
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kales%20SN%5BAuthor%5D&cauthor=true&cauthor_uid=18728265
http://www.ncbi.nlm.nih.gov/pubmed/18728265/
http://www.inquisitr.com/1894838/gallo-wine-bottle-maker-sued-by-state-for-using-lead-and-arsenic-hazardous-waste-dust/
http://www.inquisitr.com/1894838/gallo-wine-bottle-maker-sued-by-state-for-using-lead-and-arsenic-hazardous-waste-dust/
http://www.inquisitr.com/1894838/gallo-wine-bottle-maker-sued-by-state-for-using-lead-and-arsenic-hazardous-waste-dust/
http://www.sciencedirect.com/science/article/pii/S0300483X02003803
http://www.sciencedirect.com/science/article/pii/S0300483X02003803
http://www.ncbi.nlm.nih.gov/pubmed/?term=Simons%20TJ%5BAuthor%5D&cauthor=true&cauthor_uid=8247414
http://www.ncbi.nlm.nih.gov/pubmed/8247414
http://sci-hub.cc/http:/europepmc.org/search;jsessionid=Ib03KWwwkiSv076Oqo9s.0?page=1&query=AUTH:%22Six+KM%22
http://sci-hub.cc/http:/europepmc.org/search;jsessionid=Ib03KWwwkiSv076Oqo9s.0?page=1&query=AUTH:%22Goyer+RA%22
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ettinger%20AS%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hu%20H%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mauricio-Hernandez-Avila%5Bauth%5D
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=17296490
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=17296490


International Journal of Innovative Research in Medical Science (IJIRMS) 

Volume 01 Issue 07 Sept 2016, ISSN No. – 2455-8737 

Available online at - www.ijirms.in 

 284 Corresponding Author -  Monica Shirley Mani* 

 

113. Onalaja AO, Claudio L. Genetic susceptibility to lead 

poisoning. Environ. Health Perspect. 2000; 108 

Suppl:23-28. 

114. Tandon SK, Singh S, Prasad S, Mathur N. Influence of 

L-lysine and zinc administration during exposure to 

lead or lead and ethanol in rats. Biol Trace Elem Res. 

1997; 57(1):51-58. 

115. El-Gazzar RM, Finnelli VN, Boiano J, Petering HG. 

Influence of dietary zinc on lead toxicity in rats. 

Toxicol Lett. 1978; 1:227-234. 

116. Flora SJS, Tandon SK. Beneficial effects of zinc 

supplementation during chelation treatment of lead 

intoxication in rats. Toxicology. 1990;  64(2):129-139. 

117. Cerklewski FL. Influence of dietary zinc on lead 

toxicity during gestation and lactation in the female rat. 

J Nutr. 1979; 109(10):1703-1709. 

118. Kasperczyk A, Prokopowicz A, Dobrakowski M, 

Pawlas N, Kasperczyk S. The Effect of Occupational 

Lead Exposure on Blood Levels of Zinc, Iron, Copper, 

Selenium and Related Proteins. Biol Trace Elem Res. 

2012; 150:49–55 

119. Levander OA, Morris VC, Ferretti AJ. Comparative 

Effects of Selenium and Vitamin E in Lead-poisoned 

Rats. J Nutr. 1976; 379-382. 

120. Tandon SK, Dhawan M, Kumar A, Flora SJS. Influence 

of selenium supplementation during chelation of lead in 

rats. Indian J. Physiol. Pharmacol. 1992; 36(3):201-204. 

121. Rastogi SC, Clausen J, Srivastava KC. Selenium and 

lead: Mutual detoxifying effects. Toxicology. 1976; 

6(3):377-388. 

122. Khan MSH, Mostofa M, Jahan MS, Sayed MA, Hossain 

MA. Effect of garlic and vitamin-B complex in lead 

acetate induced toxicities in mice. Bangl. J. Vet. Med. 

2008; 6(2):203–210. 

123. Bayan L, Koulivand PH,
 
Gorji A. Garlic: a review of 

potential therapeutic effects. Avicenna J Phytomed. 

2014; 4(1):1–14. 

124. Shukla PK, Khanna VK, Khan MY, Srimal RC. 

Protective effect of curcumin against lead neurotoxicity 

in rat. Hum. Exp. Toxicol. 2003; 22(12):653-658. 

125. El-Sokkary GH, Abdel-Rahman GH, Kamel ES. 

Melatonin protects against lead-induced hepatic and 

renal toxicity in male rats. Toxicology. 2005; 213:25-

33. 

126. Sharma V, Kansal L, Sharma A. Prophylactic efficacy 

of coriandrum sativum (coriander) on testis of lead-

exposed mice. Biol. Trace Elem. Res. 2010; 

136(3):337-354. 

127. Durgesh Nandini Sharma & Lata Bhattacharya. Role of 

Vitamin E on Antifolliculogenesis Effects of Lead 

Acetate on Diameter of Follicles Containing Ovarian 

Tissue of Swiss Albino Mice. G.J.B.A.H.S. 2014; 

3(1):322-325.

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Cerklewski%20FL%5BAuthor%5D&cauthor=true&cauthor_uid=490208
http://www.ncbi.nlm.nih.gov/pubmed/490208
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bayan%20L%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Koulivand%20PH%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gorji%20A%5Bauth%5D

