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ABSTRACT 
 

Increased environmental lead levels result in deleterious effects upon exposed population. 

Children due to their mental immaturity, higher rate of intestinal lead absorption and 

tendencies to explore are most vulnerable group. There are no safe lead levels as toxic 

effects are also reported even at levels of <1µg/dl. Exposure may begin in intrauterine life 

and an early exposure may result in birth of low birth weight and premature neonates, 

delayed development , impaired mental /neurological functions as well as deleterious 

effects on haemopoietic, renal, neurological functions and puberty. 

 

Key Word: BLL (Blood lead levels), Lead toxicity, Erythrocytic Porphyrine Levels (EPL). 

 

 

INTRODUCTION 

Lead has made it’s use attractive in numerous industries, due to its cheaper cost of 

production, low boiling point, ability to form stable compounds’, anti-corrosive and anti-

knocking properties for fossil fuel, This has resulted in wide spread environmental lead 

dissemination. Children are more at risk of lead exposure than adults due to a higher rate of 

intestinal absorption and retention. Children also get more exposed to environmental 

hazards, due to their mental immaturity and general curiosity and tendencies for 

exploration. 

 

Lead is a toxic metal with no known activity in human physiology. However it’s ability to 

mimic other biologically active metals like iron, zinc and calcium etc results in toxic effects 

detrimental to human beings especially to children. The characteristic features of lead 

toxicity, including anemia, colic, neuropathy, nephropathy, sterility, and coma, were noted 

both by Hippocrates and Nikander in ancient times [1].   
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Definition of Lead Poisoning 

There are no safe levels as lead toxicity has been known to occur even below the threshold 

of   < 1mcg/dl. {US Centres for Control of Diseases (CDC), American Academy of Pediatrics 

(AAP)  

and numerous other international bodies like Global network-Alliance to Children Lead 

Poisoning. Till recently, recommendation by CDC were BLL of  < 5µg/dl and even that is not 

considered to be safe.[2] Presently internationally acceptable blood lead levels is < 1 µg 

/dl.[2] .The National Referral centre for Lead poisoning in India consider a BLL of 10 µg /dl or 

greater as a level of concern for public health purposes. Recent researchers have found 

effects of lead toxicity at blood levels < 3 µg /dl. [6]. 

 

Blood lead levels are classified into classes I through V. Class V is the most severe toxicity 

and constitutes a medical emergency. The classes are as following: 

 

Class I        :         < 10 µg /dl  

Class II A  :         10 µg /dl to 14 µg /dl. 

Class II B  :         15-19 µg/dl 

Class III    :          20-44 µg /dl. 

Class IV    :          45-69 µg /dl  

Class V      :         70 or greater µg /dl 

 

• BLL of 0-5 µg /dl are difficult to interpret. Even advanced labs like that of CDC, can 

measure with accuracy to level of 2 µg / dl other 5 µg /dl. 

• Children with blood lead levels of 10 -25 µg /dl do not show any obvious symptoms 

of too much lead in the body and damage is noticed at school levels with features of 

learning disabilities. An average of loss of 2 to 3 IQ points estimated for each 10 

µg/dl of  

      blood lead levels. [7] 

• Children with BLL >20 µg /dl have double incidence of GI complaints and 

hyperactivity. 

• Levels above > 45 µg /dl require chelation therapy. 

• BLL >100 µg /dl are associated with (a) Lead encephalopathy with CNS symptoms like 

headache, change in mentation, lethargy,   papilledema, seizures and, coma. (b) 

Renal tubular dysfunction.  

• Death have been seen in a child with BLL of >180 µg /dl but also reported rarely in 

children with BLL of 70 & < 100 µg/dl. 

 

Acute and Long-Term Exposure 

 

The Center for Disease Control and Prevention (CDC) determined recently that there is no 

safe level of blood lead below which children are not affected. Medical evidence shows that 

even very low levels of lead exposure i.e. < 5µg/dl can have a significant detrimental impact 

on a child’s IQ, likelihood of having a learning disability, and decreased success in school. 

Oct 2012. [2] 
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Signs of chronic lead toxicity include tiredness, sleeplessness, irritability, headaches, joint 

pain, and gastrointestinal symptoms. After 1–2 years of exposure, muscle weakness, 

gastrointestinal symptoms, lower scores on psychometric tests, mood disturbances, and 

symptoms of peripheral neuropathy were observed in occupationally exposed populations 

at blood lead levels of 40–60. 

μg /dl. There is no safe level of blood lead below which children are not affected. 

 

Sources of Lead Exposure 

 

Worldwide, six categories of products account for most cases of lead exposure i.e . (1) 

Gasolene additives (2) Food can soldering (3) Ceramic Glazing, (4) Lead based paints (5) 

drinking waterpipe systems and (6) Folk remedies and cosmetics. 

 

Route of Exposure Are:  

 

(A) Swallowing of lead-containing particles, food or drinks is an important route for both 

occupational and environmental exposure to lead [3].Oral ingestion is main route of lead 

exposure in infants and children. In children, major source of lead poisoning is pica, 

mouthing of painted toys, cosmetics, kohl/ surma application, batteries and traditional 

medicines Ayurvedic & traditional medicines e.g. Ghasard in east India, Bala goli, and Kandu 

given for stomache, drugs like  Swarna Mahayograj Guggulu, Makardhwaj, Navratna rasa , 

Balguti Kesaria were shown to have high lead contents . 

 Lead toxicity from Chinese imported toys, ceramics glazed with lead and contamination 

from old lead water carrying pipes painted with lead. 

 

(B) Inhalation of lead fumes or lead-containing dust is mainly a problem in occupational 

settings, such as smelting, recycling facilities, production of storage batteries, and lead-

glazed ceramics. Human beings are also exposed to lead from cigarette smoking [4]. 

 

(C) Airborne lead eventually settles on land, in water supplies, and on buildings, and thus 

can enter the food chain. 

 

 (D)  Besides the settling of atmospheric lead, surface contamination also occurs from 

contact with industrial waste containing lead & leaded petrol.  

 

(E)  Furthermore, lead may leach into drinking water from water pipes and solder [5].  

 

 
Absorption of Lead 

 

Lead absorption increases with coexistence of nutritional deficiencies especially of Zinc, Iron and 

Calcium. It decreases if diet is rich in Riboflavin, Vitamin C, Vitamin E and Phosphorus. While adults 

absorb an average of 10 to 15% of the ingested quantity, this amount can increase to 50% in infants, 

young children and pregnant women [8,9]. There is little trans-cutaneous absorption of lead when 

inorganic lead compounds, such as those found in paint, are applied to the skin. In contrast, organic 

(tetraethyl) lead. 
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Distribution of Lead after Absorption 

 

Lead is absorbed into and transported by the bloodstream to other tissues. In blood,  

approximately 99% of the lead is found in the erythrocytes, leaving about 1% in the plasma 

and serum. The concentration of lead in plasma is more significant than that in whole blood 

as the means of distribution to target organs, i.e. brain, lungs, spleen, renal cortex, aorta, 

teeth, and bones [7].  

Blood lead concentrations reflect the intake of only the previous 3 to 5 weeks and thus 

cannot be used as indices of chronic exposure. The initial distribution of lead throughout the 

body is dependent on blood flow to the tissues. More than 73% of lead is deposited in 

skeletal bone in children [8]. Bone lead may be regarded as two physiologically distinct 

pools: an inert pool, with a half-life of decades, and a labile pool that readily exchanges with 

lead present in blood or soft tissues [7,8]. 

 

Excretion of Lead 

 

Inorganic lead is not metabolized. The kinetics of lead transfer from blood to soft tissues is 

low and takes approximately 4 to 6 weeks [8]. Lead in blood has an estimated half-life of 35 

days [10], in soft tissue 40 days [11], and in bones 20 to 30 years [12]. The biological half-life 

of lead may be considerably longer in children than in adults. 

In general, lead is excreted very slowly from the body. Due to It’s  long biological half life i.e.  

10 years , facilitates it’s  accumulation in the body. Alkyl lead compounds are oxidized by the 

hepatic P 450 system. Lead excretion is low and mainly through urinary tract. This forms 

basis of using chelating agents which enhance lead excretion in urine.  

Lead may also be excreted via: 

(A) with bile through the gastrointestinal tract  

(B) the sweat and  

(C) the nails.  

Effects of Lead 

 

A child's lead burden begins before birth with lead transferred from maternal circulation 

and increases rapidly in the first few years of life, as exposure to environmental lead 

increases. The most deleterious effects of lead are on erythropoiesis, kidney function, and 

the central nervous system [13,14]. 

 

Trans Placental Transfer of Lead 

 

A woman can pass lead to her baby in utero, long after exposure to lead because 90 % of 

lead may be stored in bones and then released into blood years later during pregnancy. 

Mother can  

also pass on lead newly acquired from environmental pollution. Umbilical CBLLs correlate 

significantly with maternal BLL and lower gestational age [15]. Lead readily passes through 

placenta. Gestational lead poisoning therefore, may be harmful to pregnant women as well 

as developing fetus invariably producing congenital lead poisoning and resultant 

intrauterine deaths, pre maturity and low birth weight babies [16]. 
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Effects on the Fetus 

 

It has been determined that lead crosses the placental barrier, with fetal uptake, beginning 

at 12 weeks gestation and continuing throughout development up to birth. Concentrations 

of lead in umbilical cord blood were found to be 80–100% of the maternal blood lead level. 

Pregnancy may be associated with the mobilization of lead in bone stores, leading to chronic 

lead toxicity [8,17,18]. Abortions, miscarriages, and stillbirths have all been reported among 

women working in lead-associated trades.  

Pre- natal exposure to lead has been associated with toxic effects on the fetus. Recent 

studies have suggested that a significant amount of bone lead is mobilized, enters the 

circulation during pregnancy and lactation, and crosses the placenta [14,17,19,20,21,22]. 

These data are compatible with the hypothesis that low levels of lead delivered trans-

placentally are toxic to infants.[23] These include reduced gestational age,[16] birth weight, 

and adversely delayed cognitive development [24]. 

 

Effects on the Neonate 

 

 Lead can accumulate in baby’s brain, liver and bones. Neonates born with higher blood 

levels may suffer from disturbed cognitive functions, impaired learning, hyperactive and 

antisocial behavior [25] besides reduced IQ [26] and developmental delays. In a study, high 

cord blood lead levels at birth were associated with lower covariance-adjusted scores on the 

Mental Development Index at 6 mo. Scores on the Psychomotor Development Index were 

not significantly related to cord blood lead level. In a study carried out on neonates, when 

the analysis was restricted to neonates with CBL <10 μg/dL, CBL levels strongly influenced 

the range of state, motor and autonomic stability clusters. Abnormal walking reflex was 

consistently associated with an increased CBL level irrespective of the cut-off for CBL, 

however, only at the lower cut-offs were the predominantly behavioral effects of CBL 

discernible 

Breast Feeding by Mothers with High Blood Lead Levels 

 

There is a linear relationship between lead in breast milk and in the mother’s blood. If the 

blood lead levels are <10 µg/dL then there should be no cause for concern as the amount of 

lead in breast milk should be only about 5% - or probably less - of that in her blood [19] 

(Gulson et al., submitted). If a mother’s blood lead level is > 20 µg/dL, it is recommended 

that a test of the breast milk should be undertaken. If a mother’s breast milk lead levels are 

in the hundreds of parts per billion ranges, it may be worth considering not breast feeding, 

in consultation with  

expert medical opinion. 

 

Effects on Hemopoietic System 

 

The toxic effects of lead on haemopoetic system involve inhibition of three important 

enzymes involved in haem synthesis. These enzymes are (a) Delta aminolevulinic acid 

dehydratase (b) delta aminolevulinic acid synthatase and (c) ferrochelate. Inhibition of 

enzyme dehydratase starts at BLL of < 5mcg/dl and becomes more pronounced at higher 

BLL levels ie 50% at 16mcg/dl and 90% inactivation at 50 mcg/dl BLL. 

 



INDIAN JOURNAL OF MATERNAL AND CHILD HEALTH, 2013   JUL – SEP;15(3) 

 

 7 

 

Inhibition of these enzymes result in reduced circulating haemoglobin levels and  reduction 

in inhibition of cytochrome P 450 dependant phase I metabolism.[27].Lead clearly inhibits 

normal hemoprotein function in both respects, which results in basophilic stippling of 

erythrocytes related to clustering of ribosomes and microcytosis when blood lead levels are 

20 μg/dl. Thus microcytic hypochromic anemia is often diagnosed in victims of lead 

exposure. Compared to adults, children, especially in their first year, develop certain toxic 

effects at lower blood lead levels, and lead induced anemia has been related to age. 

 

Effects on Nervous System and Neurodevelopment 

 

Lead concentrations even at lower levels of exposure may result in compromised functional 

CNS integrity specially in fetus and children.[28] As blood lead concentrations increase from 

10 µg/dL to 30 µg/dL in children aged between 15 months and 4 years, the Intelligence 

Quotient (IQ) measured at 7 years of age decreases by 4–5 points.[29]  Early post-natal 

neurobehavioral development is compromised by maternal or cord blood lead levels of 

somewhat less than approximately 10 μg/dl . Post natal BLL of as low as 25 μg /dl, and 

probably lower, are also associated with deficits in intellectual attainment, achievement, 

and affect behavior. Impaired hearing has been observed at blood concentrations of 10 to 

20 μg /dl [14, 30]. Needleman and his associates summarized the observations of teachers 

that lead-exposed students exhibited behavior characterized as distractible [31], not 

persistent, dependent, not organized, hyperactive, impulsive, frustrated, daydreaming, and 

unable to follow directions and sequences, with low overall functioning. 

 

The outcomes of four key studies of the neurobehavioral effects of low-level lead exposure 

in children were reviewed and analyzed by Davis, who concluded from these data that 

impaired performance can be caused by lead levels of 10-15 μg/dl or lower [32]. 

Headaches, poor attention span, irritability, loss of memory, and dullness are the early 

symptoms of the effects of lead exposure on the central nervous system. The ability to think 

and reason is extremely sensitive to toxic metal assault. The developing nervous system of 

the child makes it more sensitive to lead-induced impairment. 

The most serious manifestation of lead poisoning is acute encephalopathy, the symptoms of  

which include persistent vomiting, ataxia, seizures, papilledema, impaired consciousness, 

and coma. Children are at risk of developing lead encephalopathy occurs at BLL of > 70-

90µg/dl, as compared to adults where BLL of >150 µg/dl may be needed. [33, 34, 35]. 

 

Effects on Kidney 

 

Characteristics of chronic lead nephropathy include progressive interstitial fibrosis, a 

reduction in the glomerular filtration rate, and azotemia. These effects are irreversible. The 

acute form of nephropathy is most frequently reported in children, while the chronic form is 

mainly reported in adult [14, 36].  

 

Other Systems 

Lead toxicity typically causes constipation and colic [37]. Kafourou and her associates 

investigated the adverse effects of blood lead concentrations on the somatic growth of 

primary school-aged children. This study’s findings led the authors to conclude that a 

reduction in growth in children may be associated with blood lead concentrations [24]. 
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Effects on Puberty 

Boys with high lead levels had delayed pubertal maturation compared to those with low 

lead  

levels. Breast staging of sexual maturation was significantly delayed in girls with high lead 

levels. FSH and LH were significantly reduced in children of both sexes, and testosterone 

levels were reduced in boys with high lead. 

 

These findings consolidate the cumulative medical evidence of the deleterious effect of high 

lead levels on pubertal development, possibly through the hypothalamic-pituitary-gonadal 

axis.[38,39,40] Sherry Selevan et al of US EPA  showed relationship between blood lead 

levels and pubertal development in 8-18 years old girls enrolled in a nationally 

representative survey conducted by US centre of CDC. Girls with lead levels of 3 mg/dl were 

shorter in height than those with lead levels of 1 mg/dl.  

 

Tools of Assessment of Effects of Lead 

 

• BLL 

• EPL : values increase after several weeks of lead accumulation and BLL of  20mcg/dl 

and begin to fall after interventions to reduce body lead levels. It is light sensitive 

test therefore blood samples should be covered in aluminium foils before analysis. 

• Urinary Lead Excretion Levels: Spontaneous urinary lead excretion levels are low 

even in children with high BLL rise is noted after chelation use.  

• Lead In Hair: prone for contamination and difficulty in interpretation.  

• X ray Fluorescence (XRF): direct and noninvasive assessment of bone lead stores. 

• Radiography of long bones: shows dense bands at metaphysis. 

• KUB Radiography may show radio opacities in GUT. 

 

Therapy and interventions are aimed at 

• Lead Education. 

• Environmental reduction of lead. 

• Lead monitoring with BLL.  

• Dietary Counseling involving intake of iron and calcium. 

• Neuro-developmental monitoring with BLL of > 20 µg/dl.   

• Abdominal radiography at BLL of > 20 µg/dl. 

• Haemoglobin levels and hematocrit at BLL of > 20 µg/dl. 

• Iron status at BLL of > 20 µg/dl. 

• Free EP or Zinc Protoporphyrin levels at BLL of >45 µg/dl. 

• Chelation therapy at BLL of >45 µg/dl.  
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CONCLUSION 

 

There has been reduction in BLL worldwide since 1980s, especially in developed world. Main 

reason sited is removal of lead additives to petrol. However irreversible health 

consequences of BLL < 10 µg/dl are increasingly been recognized in children like intellectual 

deficit, learning problems, antisocial and delinquent behavior etc. Association of lead 

toxicity in childhood with development of diseases like hypertension, peripheral arterial and 

renal diseases in adulthood  

needs further investigation. There is no doubt that lead exposure should be reduced to 

minimum possible levels by banning nonessential use of lead. In practice, primary 

prevention of lead exposure remains only viable option. 

Source of funding: Nil 
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