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Lead

Lead is a gray-white, soft metal with a low melt-
ing point, a high resistance to corrosion, and poor
electrical conducting capabilities. It is highly
toxic. In addition to its highly concentrated ores,
lead is naturally available in all environmental
media in small concentrations. From the atmo-
sphere, lead is transferred to soil, water, and veg-
etation by dry and wet deposition. A significant
part of lead particles from emissions sources is
of submicron size and can be transported over
large distances. Larger lead particles settle more
rapidly and closer to the source. Lead in soil binds
hard, with a half-life of several hundred years.
New depositions, primarily atmospheric, there-
fore contribute to increased concentrations. At-
mospheric deposition is the largest source of lead
in surface water, as well. Only limited amounts
are transported to water from soil. Terrestrial and
aquatic plants show a strong capability to
bioaccumulate lead from water and soil in indus-
trially contaminated environments (WHO 1989).
Lead can also be taken up by grazing animals,
thus entering the terrestrial food chain.

Natural atmospheric lead concentrations are
estimated to be in the range of 0.00005 micro-
grams per cubic meter (µg/m3). Urban concentra-
tions are around 0.5 µg/m3, and annual average
concentrations may reach 3 µg/m3 or more in cit-
ies with heavy traffic (WHO 1987).

Sources and Uses

Mining, smelting, and processing of lead and lead-
containing metal ores generate the greatest part of
lead emissions from stationary sources. In addition,
the combustion of lead-containing wastes and fos-
sil fuels in incinerators, power plants, industries,
and households releases lead into the atmo-
sphere. Airborne ambient lead concentrations

reaching over 100 µg/m3 have occasionally been
reported in the vicinity of uncontrolled stationary
sources, decreasing considerably with distance
from the source due to the deposition of larger lead
particles.

As a result of the extensive use of alkyl-lead
compounds as fuel additives, vehicular traffic
is the largest source of atmospheric lead in
many urban areas, accounting for as much as
90% of all lead emissions into the atmosphere
(Brunekreef 1986). High concentrations of lead
in urban air have been attributed to vehicular
emissions in various countries (Lovei and Levy
1997). Traffic-generated lead aerosols are
mostly of the submicron size; they can pen-
etrate deeply into the lungs after inhalation,
and they are transported and dispersed over
large distances (Brunekreef 1986). With the phase-
out of leaded gasoline, the relative contribution
of traffic to environmental lead concentrations is
changing.

Due to its special physical characteristics, lead
has been used in a variety of products. Water dis-
tribution systems frequently contain lead pipes
or lead solder, contaminating drinking water.
Lead carbonate (“white lead”) was highly popu-
lar as a base for oil paints before its use was
banned in most countries in the first half of the
twentieth century. Lead-based paint and dust
contaminated by such paint still represent sig-
nificant sources of human exposure in several
countries. Lead-acid batteries contribute to the
contamination of all environmental media dur-
ing their production, disposal, and incinera-
tion. Lead compounds may be also used as
stabilizers in plastics. Other lead-based products
include food-can solder, ceramic glazes, crys-
tal glassware, lead-jacketed cables, ammunition,
and cosmetics.

Pollution Prevention and Abatement Handbook
WORLD BANK GROUP

Effective July 1998



216 PROJECT GUIDELINES: POLLUTANTS

Health Impacts of Exposure

The main pathways of lead to humans are inges-
tion and inhalation. Children up to about six
years of age constitute the population group at
the highest risk from lead exposure through in-
gestion: their developing nervous systems are
susceptible to lead-induced disruptions; their
intake of food is relatively high for their body
weight; they are exposed to high intake from
dust, dirt, soil, and lead-containing paint due to
their hand-to-mouth behavior; and their absorp-
tion through the gut is very efficient. (According
to WHO 1987, the proportion of lead absorbed
from the gastrointestinal tract is four to five times
higher in children than in adults.) The main
sources of lead exposure of children are dust and
dirt; the role of dissolved lead in water supply
systems, lead-based paint, and other sources var-
ies across locations. The contribution of drink-
ing water to exposure is highest in infants under
one year of age and children under five years of
age. Lack of essential trace elements such as iron,
calcium, and zinc and poor nourishment may
increase the absorption of lead by the human
body.

Inhalation poses the highest risk of exposure
to environmental lead in adults. Inhaled airborne
lead represents a relatively small part of the body
burden in children, but in adults it ranges from
15 to 70%. About 30–50% of lead inhaled with
particles is retained in the respiratory system and
absorbed into the body (WHO 1987). In addition
to environmental exposure, alcohol consumption
and tobacco smoking have been shown to con-
tribute to human exposure to lead. On the basis
of a review of epidemiologic studies, Brunekreef
(1986) concluded that a 0.1 µg/m3 change in the
ambient air concentration of lead was associated
with a change in blood lead level—the best indi-
cator of exposure—of 0.3 to 0.5 micrograms per
decaliter (µg/dl).

Lead affects several organs of the human body,
including the nervous system, the blood-form-
ing system, the kidneys, and the cardiovascular
and reproductive systems. Of most concern are
the adverse effects of lead on the nervous sys-
tem of young children: reducing intelligence and
causing attention deficit, hyperactivity, and be-
havioral abnormalities. These effects occur at

relatively low blood lead levels without a known
lower threshold (Schwartz 1994). Many of these
symptoms can be captured by standardized in-
telligence tests. Various studies have found a
highly significant association between lead ex-
posure and the measured intelligence quotient
(IQ) of school-age children (Needleman et al.
1979; Bellinger et al. 1992). Reviews of studies
concluded that a 10 µg/dl increase in blood lead
can be associated with a 2–2.5 point decrease in
IQ (CDC 1991; WHO 1995). The negative impact
of lead exposure is generally stronger on verbal
IQ than on performance IQ. (WHO 1995)

Prenatal exposure to lead was demonstrated to
produce toxic effects in the human fetus, includ-
ing reduced birth weight, disturbed mental devel-
opment, spontaneous abortion, and premature
birth. Such risks were significantly greater at
blood lead levels of 15 µg/dl and more (WHO
1995).

High lead concentrations, generally due to oc-
cupational exposure or accidents, result in en-
cephalopathy, a life-threatening condition at
blood lead levels of 100 to 120 µg/dl in adults and
80 to 100 µg/dl in children (ATSDR 1990). An acute
form of damage to the gastrointestinal tract known
as “lead colic” is also associated with high lead lev-
els. The hematological effects of lead exposure are
attributed to the interruption of biosynthesis of
heme by lead, severely inhibiting the metabolic
pathway and resulting in reduced output of hemo-
globin. Reduced heme synthesis has been associ-
ated with blood levels over 20 µg/dl in adults and
starting from below 10 µg/dl in children (WHO
1987).

Several studies (Schwartz 1988, 1995; Pocock
et al. 1988, Hu et al. 1996; Kim et al. 1996) have
shown that increased blood pressure and hyper-
tension in adults are also related to elevated blood
lead levels, even at lower levels of exposure, in-
creasing the risk of cardiovascular diseases
(Pirkle et al. 1985).

Ambient Standards and Guidelines

Ambient standards and guidelines are aimed at
protecting human health. Table 1 includes EU,
USEPA, and WHO reference standards and
guidelines for ambient levels of lead in air and
water.
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Conclusions

People are exposed to lead from a variety of sources
and in a variety of ways, and ambient guidelines
and standards for individual media may not pro-
vide sufficient protection. A comprehensive ap-
proach and strategy is therefore necessary to
protect human health. Ambient environmental
quality guidelines and standards should be only
the starting point for such a strategy. Environmen-
tal monitoring of ambient concentrations in soil,
air, and drinking water should help to identify
highly polluted areas and high-risk population
groups. This step should be followed by targeted
biological screening and policy intervention. Such
an approach should be the core of a comprehen-
sive policy intervention that deals with lead expo-
sure from all sources.

Recommendations

Stationary sources that contribute to the increase
of lead in the environment should not exceed the
lead emissions referred to in the relevant indus-
try section of this Handbook. These emissions are
normally achievable through good industrial
practices.

In addition, the impacts of new stationary
sources on ambient concentrations of lead should
be considered. When the use of certain processes
results in emissions that contribute to a signifi-

cant increase in ambient lead concentrations, or in
areas where significant background concentrations
exist, the environmental assessment should ensure
that lead emissions are properly abated, taking into
consideration alternative technologies and control
measures. Intermittent monitoring of ambient air,
water, and soil should ensure that lead concentra-
tions do not impose an increased health threat to
the population in the vicinity of the industrial
plant.
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