THE ADVERSE EFFECTS OF LEAD
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This article considers the problem of widespreadirenmental lead contamination.
Aspects of its epidemiology and toxicology are prdasd, with emphasis on the effects
of low-level lead exposure on people planning pHreoad, on the fetus and on young
children. Methods of screening for sub-clinicahdepoisoning and dietary treatment
and prevention are discussed. Remedial measunmesdiotaining and curtailing
environmental lead pollution are recommended. Keysp lead, lead poisoning,
environmental pollution, fertility, prenatal inflaees, nutrition, nutritional status.

INTRODUCTION

Lead is naturally present in the earth's crustirals concentrations, but for centuries it
has been mined and disseminated throughout therogmméent, from where it has
gradually become incorporated into the structusasiue of plants, animals and humans.
Evidence of the use of lead goes back almost 6@@0sy and symptoms of plumbism
were recognized by Egyptian, Greek and Roman playsc For example, in 370 BC
Hippocrates described a severe attack of colic mam extracting metals, and Pliny
reported cases of lead poisoning between AD 237&nd]. Even the fall of the Roman
Empire has been attributed to chronic lead poigpr@]. In more recent history,
Thackrah in 1831 directly associated lead poisoniitly the 'miners' sickness', first
described by Paracelsus in the sixteenth centulysapported later by a contemporary
study of the ill-health of miners in Derbyshire ¥857 [1]. While cases of direct
industrial poisoning have now been largely cone)lthe extent of worldwide lead
contamination has increased tremendously over #st 0 years or so. Worldwide,
approximately 4.5 million tons of refined lead am@nsumed annually, about 300,000
in Britain alone [3]. Urban air has now been foundcontain 20,000 times more lead
since the beginning of modern technology [4]. Lemdlution is not confined to the
urban environment; studies have shown that the @madamination of polar ice and
remote oceanic waters has also increased more 4Baffold. The degree of lead
contamination is now so high that the average Westehas been found to have a total
body lead burden some 500-1000 times greater tharinatural' background levels
encountered by pretechnological man [4]. It shcagdnoted, however, that one study
has concluded that environmental (and human) leaeld have declined since the late
1960s [5].

EPIDEMIOLOGY

Sources of Lead. This unnaturally high exposure of humans todaglisost entirely
the direct result of the extensive technologicasusf lead, primarily in petrol, but also
in the paint, battery and pottery industries, asdcontamination of food and water. In
fact, it has been estimated that during recentsyésad content in food has increased
100-fold and in tap water 750-fold [6].

Petrol. In recent years, the most contentious area oftie@nmental lead issue has been
the vexed question of lead in petrol used as arkaotk additive in the form of tetraethyl
lead (TEL) and tetramethyl lead (TML) [7-14]. ImetUS, where catalytic converters were
made obligatory in 1975, some studies have shownces lead contamination levels in
children. The situation is different in the UK, vmever. Catalytic converters became
obligatory on new registrations only in January 3.99A recent Royal Automobile Club
(RAC) study, conducted on 60,000 car exhausts,ddbat 12% of cars caused 55% of the
overall pollution. The conclusion of the researsheras that a single old and badly
maintained car emits as much toxic gas as 40 dlezars [15]. There has been a phased
reduction over some years in the lead content tbpeHowever, according to one report
only 52.6% of all petrol sold in 1993 was lead-frid®]. Furthermore, the number of
vehicles on the road and the distances travelezhhyhave increased considerably between
1975 and 1976 and 1988 and 1990 [17]. Thus, wiglger vehicles may be cleaner, itis a
moot point as to whether there is in fact any oleealuction in levels of pollution from



petrol emissions. This presents an extremely geriproblem because the air-borne
particles derived from petrol emissions, becaus¢heir chemical composition and tiny
particle size, ensure efficient pulmonary peneatratand absorption [7]. Children are
particularly affected by air-borne pollution becaust rest, pulmonary ventilation and
oxygen consumption per kg body weight in childrene about twice that in adults.
Furthermore, the general activity level of childisrusually higher than that of adults. In
fact, it has been calculated that the absorptite o& children at play may be about 30%
higher than that of adults [18]. In addition, arcessive lead absorption and accumulation
in both children and adults has been directly lthke urban traffic densities [19-22]. The
minute particles of air-borne lead are also disgbiigto city and urban houses. Air lead
levels in these houses can be up to four timesehititan in houses away from heavy traffic
[23].

Food. Besides inhalation, lead can also enter the hbdyugh ingestion. It should be
noted, however, that the effective toxicity of leamtering via the gut is not considered
to be quite as high as that of lead entering v&altimgs [24]. The highly unnatural lead
levels in the modem diet result from the use oflléafood technology e.g. from the
rims of food cans as well as to some extent fromdiglazed pottery, particularly if the
glaze is chipped, cracked or improperly applied][25lowever, most lead pollution
found in foods is caused directly by the fall-oditair-borne lead particles originating
from petrol emissions. Nature has provided natheatiers in the roots of food crops,
grass etc. which largely prevent the uptake of laohd in soil. However, air-borne
lead fall-out is especially dangerous because ipakges these natural barriers.
Consequently, agricultural crops grown near heangigd roads with heavy traffic, or
near stationary sources of lead, have significaftigher concentrations of lead
deposited on them, as leadpears to have a particular affinity for plantface tissue and
is only partially removed by rain or washing. Comsing such contaminated fruit or
vegetables, as well as meat from farm animals grawe polluted grass, can result in a
considerable body burden of lead [1, 7]. Yet agaiaung children are particularly
vulnerable because children absorb up to half theumt of ingested lead, whereas adults
only absorb 5-10% [26-29]. In addition, as moatyg children are notorious for exploring
their environment with their mouths, peeling leasdd paint, which may still be found in
old houses, could considerably add to the childsall lead contamination [30-34].

Drinking water. Normally only about 10% of dietary lead intaken®s from drinking
water. However, the concentration of lead in watéten it comes out of the tap, may be
very different from when it leaves the pumpingistat The reason for the high lead content
found in some water supplies is that many housiédave old lead pipes, which release lead
into the drinking water, particularly in areas wheahe water is soft, slightly acidic, or
contains high concentrations of peaty organic af¥4. For example, in a retrospective
study in Glasgow, Scotland, where the water hadn befficially reported to contain
abnormally high levels of lead, Beatty et al. [3&]ind that mentally retarded children were
significantly more likely than other children, notly to have had high lead levels in their
drinking water in their first year of life, but aldo have had mothers who had been exposed
to such high concentrations in pregnancy.

TOXICOLOGY

One action of lead, whether inhaled or ingestedp imhibit enzymes concerned with haem
synthesis [27, 29, 35]. Inhibition of delta-amirlalinic acid dehydrase begins at a blood
lead level of 5-10g [37]. Inhibition of ferroch&dae, resulting in elevation of
erythrocyteprotoporphyrin, becomes detectable iitddn at blood lead concentrations of
15g. Renal toxicity in subclinical lead poisoniimgolves enzyme inhibition in the proximal
tubular lining cells [38]. In these cells, evenbébod lead levels below 25g, lead inhibits
activation of vitamin D [39]. Lead metabolism cafso closely mimic that of calcium,
particularly at the receptor site of membranes, retfiecan in fact replace calcium and thus
adversely affect both neuromuscular and synaptosmissions. This parallelism with
calcium metabolism also explains why lead can msgjvely accumulate in bone during the
major part of our lives [35]. Maybe the most sasi@ffect of a low-level lead exposure is as
a potent neurotoxin. This explains why it's mogifpund neurological effects seem to occur
at times in the life-cycle when the human centealous system is at its most vulnerable and
still in the process of development, i.e. duringgdaruterine life and during childhood [7, 40-



42]. While cases of classical lead poisoning, whHdosd lead concentration is above 80g,
are now hardly ever seen, the current debate centrevhether the current Department of
Health (DoH) safety level of lead of 35g can cauparticularly in children, serious
neurological and behavioural changes [6]. The asntmatill continues, even though research
has indicated that in some children levels of 40ewassociated with a risk of clinical
poisoning. In addition, other children appear ¢odspecially sensitive to the effects of lead
and can display serious symptoms even below 26ceSaverage levels of 30 and more, are
now frequently reported for groups of some inngy children, the problem is clearly very
serious indeed [35] Fig. 1. Distribution of negativatings by teachers on 11 classroom
behaviours in relation to dentine lead concentrati@he group boundaries were chosen to
obtain symmetrical cell sizes for the median (Gsodpand 6= 6.8%, Groups 2 and 5
17.6% and Groups 3 and 4 25.6%). "Effect of Low Levels of Lead on Cognitive
Functioning in Children". Numerous studies havyeoréed a clear correlation between low-
level lead exposure and childhood learning distdnliand disorders [7, 35, 42-64]. The
effect of lead on learning ability appears to restdm one or both of two phenomena:
Firstly, lead-induced delays or deficits in matioatand inter-neuronal connectivity of the
central nervous system, and secondly, lead-inddéstdrbances in brain biochemistry [7].
Young children are particularly vulnerable becatlse blood-brain barrier which largely,
though not completely, protects the mature braimfiead, is not fully developed until some
time after birth. Probably one of the best studiesfar to prove how a low-level lead
exposure in children can affect their school penfance has been conducted by Needleman
and associates [47]. Dentine lead levels were asexh indicator of long-term lead exposure
rather than blood-lead, which only reflects a veggent exposure. Teachers' ratings were
obtained for 2146 children. These covered such\ieteal aspects as distractibility, lack of
persistence, disorganization, hyperactivity, immaésbehaviour, a high level of frustration,
day-dreaming, an inability to follow a sequencedogctions and low overall functioning.
Children were also compared for physical, medisakio-economic and family variables.
The results of teachers' evaluations, which werglaoted in a blind trial, showed that every
parameter of non-adaptive classroom behaviour anctibning of each of the 2146 children
increased progressively in a dose-related manntireadentine lead levels increased (Fig. 1).
IQ scores were also found to be on average fountpddwer in children with sub clinical
lead intoxication. Similar results of lead-indud€deficits in children have been confirmed
by other researchers [65-67]. One study of childnelnondon found lead-induced 1Q deficits
to be as high as seven points [68].Lead is a bspadtrum toxin that can disturb almost
every metabolic function in the body chemistry. fgfere, the different patterns of lead
intoxication found in different individuals tend e the result of a complex network of its
several antagonistic interactions between genedigs, dietary factors and other parameters
of individual biological function. Thus, low-levdead exposure can manifest in some
children as a general dulling of intelligenaed as hyperactivity in others [7, 69-71]. The
term hyperactivity describes a syndrome of behaabrather than intellectual disorder,
and is in a physiological sense characterized bwlamormally high level of excitable
activity of the motor nervous system and an abndymaw threshold of stimuli. Thus,
the hyperactive child tends to be emotionally labihbnormally excitable, restless,
distractible and to have poor impulse control. Reske has shown that up to 40% of
children in some city areas exhibit hyperactivitisatder [35].FIG. 2. Male fertility
status and hair lead content. Furthermore, reseemticates that children originally
diagnosed as hyperactive, in comparison with cdsitrosually suffer from a higher
drop-out and expulsion rate from schools, a highe of involvement in motor vehicle
accidents and a greater tendency towards juveeii@qlency and criminality [35, 44,
69, 72, 73]. Some experts in behavioural toxicoldmgve already suggested that
subclinical lead intoxication is a significant cohuting factor in promoting juvenile
delinquency and criminal behaviour [35, 44, 74]deweceptional and Antenatal
Influences of Lead, historical evidence about thproductive effects of lead exposure
is generally based on much higher lead levels #r@commonly found today, when
lead was found to affect adversely both male amdafe reproduction. Studies around
the turn of the century revealed an increased nurobsterile marriages among those
working in lead-exposed surroundings [75-79]. Imé&des, a high lead concentration
was associated with menstrual disorders, sterilfgontaneous abortions and still-
births [75]. A textbook on lead poisoning publishduring the World War Il included



the following. "It is generally agreed that if preapcy does occur, it is frequently
characterised by miscarriage, intra-uterine dedtfetus, premature birth, and if living
children are born, they are usually smaller, weakkrwer in development and have a
higher infant mortality" [80]. Recent studies, avaing the effects of much lower lead
exposure than those existing at the time of easliedies, provide additional evidence of
the damage lead can cause to the reproductive ggsese Recent available data from
both human and animal studies indicate that harreftdécts in sperm can occur at
“blood lead levels of around 30g". This includeslfmianed sperm, low sperm count,
decreased sperm motility and altered spermatogenfi@s]. A recent survey on semen
quality, collected systematically from reports psbéd world-wide between 1939 and
1990, gives a clear indication that sperm dengiy quality have declined appreciably
over the past 50 years, reflecting an overall réidacin male fertility [82]. The report
also suggests that such a remarkable decline iresequality over such a relatively
short time is more likely the result of environma&ntather than genetic factors. Ward
and associates at Guildford University in Surrepglnd, conducted a study among
367 couples suffering from fertility problems anmufhd significantly higher hair lead
concentrations in men with low sperm count, malfedhsperm and poor sperm moaotility
compared with fertile men (Fig. 2). Pregnant woneenstitute a special at-risk group,
as lead can easily cross the placental barriereatet the fetus, causing the blood lead
levels in the fetus to be at least comparable litht of the mother [83-88]. By
studying stillborn and malformed infants, as weliafants dying during the first 28
days of life, researchers have found lead levetentrations in the bones of the infants
5-10 times higher than those of apparently normédnts in accident and cot-death
cases [89]. Similar findings were subsequently cordd by other researchers [90],
indicating that lead exposure in utero could be ohéhe major factors in promoting
birth defects and stillbirth [89-92].FIG. 3. Leadntent of human placenta: birth
defects (study awaiting publication). Bryce-SmithdaWard conducted a survey on
placental samples of social terminations, stillsrt spina bifida and hydrocephalus
pregnancies from South Wales. The results showedaa rise of lead concentration in
placental samples in cases of spina bifida anddogphalus and an amazingly high
lead concentration in cases of stillbirths (Fig. Bhese findings are hardly surprising
when one remembers that lead has been used inalieap an effective abortifacient
[35, 75]. Ward and his team also studied 37 pladeziement levels from obstetrically
normal births and consistently found a highly siigaint negative dose-related
relationship between placental lead and cadmiunel¢evand birth weight, head
circumference and placental weight [93]. Other msidhave shown how neonatal head
circumference can relate to the future growth @& tientral nervous system and total
brain DNA, indicating that a small head circumfarerat birth may subsequently relate
to slow mental development [93-96]. Low birth weigi humans has been established
as an important clinical indicator of possible poatal mortality and handicap [97-99].
It has also been linked to high blood pressurer latdife [100], increased mortality
rates from cardiovascular disease [101-102], anghined glucose tolerance [103]. A
number of other studies have also found a direotetation between low-level foetal
lead exposure in infants and subsequent physicsdrdiers and negative mental
development [7, 35, 42, 104, 111]. Low level leaghasure in utero has also been
directly connected with mental retardation [36, 1115]. Subclinical Lead Poisoning
in adults and children, and adults at the timeegroduction, are not, of course, the
only at-risk groups affected by cumulative lead @syre. There is already a great deal
of epidemiological and laboratory evidence to liokv-level lead exposure in adults
with the aetiology of ischaemic heart disease [120}, cancer [121-123] and with an
impairment of renal function [124]. Although adubsly absorb 5-10% of ingested
lead, slightly more is retained than excreted, ilegdver the years to a progressive
accumulation of body lead, mostly in the skelet8B][ Bone wasting is universal in
later life. It is now believed that bone lead, @&t of being immobile and therefore
toxicologically unimportant, is in fact graduallgleased from the bone into the soft
tissue. This being the case, it is suggested &zt tould also be a contributing factor
in the development of motor neuron disease, boaetdresand wasting bone disease
[35, 125]. Chronic low-level lead exposure has dsen linked to an early development of
pre-senile dementia of Alzheimer's type [126-12%7]has also been shown, using several



animal studies, that chronic low-level lead expesoan greatly depress immune system
function and thereby greatly increase suscepfjttititall manner of infections [128-136]. The

adult brain can also be vulnerable to the neurotexiect of lead exposure. The symptoms
include restlessness, talkativeness, illusions, iapaover anxiety, aggression, suicidal

tendencies and even some forms of schizophrenid.[S8ibclinical lead poisoning in adults

has also been linked directly with excessive viodeand criminal behaviour [44, 74].

DIAGNOSISAND TREATMENT

Need for Detection of Subclinical Lead Poisoning. It has been shown that subclinical
lead poisoning, in both children and adults, candzhiced by using dietary methods [7].
Screening for possible subclinical lead poisonihgutd therefore be available for all

children suffering from various educational defiages and for children exhibiting anti-

social behaviour and criminal tendencies, partityli&these children live in cities or areas

with heavy traffic. These children are further caompised in soft water areas where lead
pipes are still in situ. Furthermore, screeningduabclinical lead intoxication should also
be available preconceptionally for men and women|oav-level lead exposure of both

prospective parents has been found to affect aglyeboth reproductivity and pregnancy
outcome. This is particularly important, becausa living infant is born, the neurological

consequences of low-level lead exposure in uteeo prmanent and irreversible, and
linked with slow mental development, or at worsthna mental handicap.

M ethods of Screening. A systematic study of the effect of lead on depetent in humans
has been hindered, until recently, by the lack ofaacurate retrospective measure of
absorption. The use of blood for diagnosis of lbergn lead exposure is ineffective, as
blood lead levels are transient and therefore aceftaly a very recent exposure of some
days, thus giving no indication of a possible leatention [14, 146, 147]. Since lead
accumulates in the skeleton, estimates of leaddthtcan provide a good index of the body
burden [138-145]. However, as teeth are not readifjilable, hair tissue has been found to
provide an excellent alternative, as hair fixesilgaslements such as lead, and thus
provides an accurate and permanent record of erposti some months duration.
Furthermore, the results seem to indicate a goadelation between trace element
concentrations found in hair and the intestinakog[147]. Hair analysis techniques have
been developed which use standard measures andesareparations, so that hair mineral
analysis by neutron activation or electrothermalmdat absorption is recognized to be a
reliable diagnostic tool [146, 147]. Hair analysisuld be conducted with proximal rather
than distal hair in order to minimise contaminatfoom air-borne lead fall-out. With hair
sample collecting one must take into account tloames hair-darkening cosmetics, e.g.
Grecian 2000, "Morgan's Pomade, contain lead asdtiee ingredient, which could give
misleading results.

Dietary Recommendation for Prevention and Treatment of Subclinical Lead
Poisoning. The proportion of lead retained in the body \aniédely between individuals,
as both absorption and retention are clearly adffbdty diet [7]. For example, diets
deficient in calcium enhance the gastrointestibabaption of lead; or an optimum calcium
intake can help to minimise lead absorption [7,]1&&nilar effects have been found with
iron and phosphorus [7, 149]. Zinc is also antagfimio the toxic effects of lead [7, 150,
151], and magnesium has been found to be a coimpdttad inhibitor [152]. In addition,
ascorbic acid has been used successfully in regubi body lead burden [151, 153], and
vitamin B has been found to protect against leamhatge [154]. On the other hand, the
main dietary factors found to promote lead toxi@tg diets high in fat and low in protein
[7]. Dietary recommendations for preventing or reidg chronic lead accumulation are as
follows: the diet should be low in fat and highgrotein, calcium, magnesium, zinc and
ascorbic acid, and adequate in iron, phosphorugtaBains and other essential nutrients.
As most modem diets are notoriously low in bothcziand ascorbic acid, it is
recommended that anyone affected by low-level Eattamination should take additional
zinc and vitamin C supplements. Additional calciimggnesium and B-vitamin complex
supplementation can also be beneficial.

CONCLUDING REMARKS
Current medical practice, if it is to be effectivaeust consider and evaluate certain factors



that are presently rather neglected, such as thadtrof our rapidly changing environment
as a cause for today's disease production. In tgeams chronic lead exposure has indeed
become one of the most pernicious factors in enwiental pollution. Furthermore, there
is now a wealth of evidence to indicate that tlus/-level lead pollution is seriously
affecting the health and behaviour of both childeen adults. In children this low-level
lead exposure has been directly linked with edooati underachievement, impairment of
intellectual function, lowered IQ scores, hypendtyi anti-social behaviour, juvenile
delinquency and criminal behaviour. It is now atéearly established that a low-level lead
exposure in utero can lead to spontaneous abortdinorn and malformed infants, low
birth weight and subsequent impairment of both pasand mental development
including mental retardation. In adults low-levelatl exposure has been linked with
infertility, ischaemic heart disease, cancers, impant of renal function, ineffective
immunity, motor neurone disease, bone wasting amctifres as well as early senility. In
addition, in both children and adults, haem biokgsis is affected and brain enzyme
activity becomes inhibited at a far lower levelnitthe level which is currently considered
'safe’. It is remarkable that humanity is stilepared to deposit such a dangerous and
indestructible toxin as lead into the environmentldrwide. The plain fact is that lead is
pure poison, which to date has already accumuliatestich vast amounts that there is no
longer a corner left free from lead pollution. Thellowing remedial actions are
recommended. Although, contrary to the impres§istered by the oil industry, it is now
established that all cars can run perfectly welpooperly formulated lead-free petrol, the
Society of Motor Manufacturers and Traders predic# it will not be until the year 2002
that 90% of cars will be 'clean’ [18]. The fittind catalytic converters to all petrol-engine
vehicles, and the use of lead-free petrol, mustiagle compulsory sooner than this.(2)
Lead should be banned as a component of any igdstelio come into direct contact with
food or drink.
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457(3) All old lead water pipes should be removewl aeplaced using lead-free
materials.(4) All paints should be produced congljetead-free, including those imported
from abroad. Social costs of not controlling leadlygtion now include special educational
facilities and residential centres for backward aethrded children, the enormous costs
now resulting from juvenile crime, violence and slalism, medical treatment for
infertility, and after-care for women experiencimigscarriage or giving birth to malformed
children. Finally, the diminished capacity of indiuals now suffering from heart disease,
cancers, dementias etc. which may well be linkedeéa poisoning, as well as medical
treatment needed for these individuals, furthersatld society's financial burden. The
financial cost of controlling lead pollution may Ibégh, but the cost in human terms, if
remedial measures are not taken, is incalculable.

ACKNOWLEDGEMENTS
This study was supported by a grant from Foresifhg Association for the Promotion of
Pre-conceptual Care. A special recognition is myitee Professor Derek Bryce-Smith and
Dr. Neil Ward and to other workers who have fougtelessly to draw attention to the
dangers of environmental lead pollution.

REFERENCES
[1] Healy MA, Aslam M. The lead sandwich syndroriewrs Times 1981; 77: 1598-9.

[2] Gilfillan SC. Lead poisoning and the fall of Re.J Occup Med 1965; 7: 53-60.

[3] Hilburn ME. Chemical Society Reviews, 1979.

[4] Patterson CC. An alternative perspective lealtliion in the human environment.
Origin, extent and significance. In: Lead in thenklin Environment. Environmental
Studies Board, Commission of Natural Resourcese&eb Council, Washington DC.
National Academy of Sciences, 1980; 265-349.

[5] Boutron CF, Jorlach Y, Candelone PJ et al. Base in anthropogenic lead, cadmium and
zinc in Greenland snows since the late 1960s. W&itff1; 353: 153-6



[6] Russell-Jones R. Lead in Petrol. BMJ 1982; Z83R.[7] Bryce-Smith D. Lead. induced
disorders and mentation in children. Nutr HealtB3,91: 179-94.

[8] Goyer RA, Phyne BC. Pathological effects ofdeint Rev Exp Pathology 1973; 12: 1-
77.

[9] Hicks RM. Air-borne lead as an environmentalito Chem Biol Interact 1972; 5:361-90.

[10] Lead in the Environment, Institute of PetrateuHepple P, Ed. Barking: Applied
Science Publishers 1972.

[11] Goyer RA. Lead toxicity: a problem in the emnment. Am J Pathol 1971; 64: 167-79.

[12] Schroeder HA, Tipton IH. The human body burdéhead. Arch Environ Health 1968,
18: 965-78.

[13 Danielson L. Gasoline containing lead. Stockihhobwedish Natural Science. Research
Council, Ecological Research Committee, 1967; Biull6.

[14] Barltop D. Environmental lead and its paeddasignificance. Postgrad Med J 1969; 45:
129-34.

[15] Motor vehicles leave toxic legacy. The Tim&8th January 1994.
[16] Drivers turn greener. The Times, 3rd May 1994.
[17] The Times, 26th January 1994.

[18] Knelson JH, Bridbord K. Remarks on a lead d&ad for the Federal German. Republic
proposed by the VDI Kommission Reinhaltung der LMDI-Benchte, 1974; 34.

[19] Day JP, Hart M, Robinson MS. Lead in urbaestdust. Nature 1975, 253: 343

[20] Caprio RJ, Marculis HL, Joselow MM. Lead ahstayn in children and its
relationship to urban traffic densities. Arch EwvirHealth 1974; 28: 195-7.

[21] Thomas HV, Milmare BK, Heidbreder GA, Kogan BBlood lead of persons living
near freeways.Arch Environ Health 1967; 15: 695:702

[22] Nielsen T, Jensen KA. Organic lead in normainan brains.
Nature 1978; 274: 602-3.

[23] Gallagher A. Relations between pica and bladl in areas of different lead
exposure. Arch Dis Child 1981; 59: 40-4.

[24] Stephens R, Waldron HA. Body burdens of lea8irmingham.
J R Soc Health 1976; 96: 186

[25] Houk VN. Preventing lead poisoning in youndldten. A statement by the centers of
disease control.
Atlanta: US Department of Health and Human Seryié885, January.

[26] Gloag D. Is Low-level pollution dangerous? BMJ80; 281: 1622-5

[27] Chisholm JJ, Barltop D. Recognition and mammaget of children with increased lead
absorption. Arch Dis Child 1979: 54: 249 62.458.

[28] Moore MR. Diet and lead toxicity. Proc Nutr&d 979; 38: 243-50:

[29] Clayton BE. Lead: the relation of environmdratad experimental work.
Br Med Bull 1975; 31: 23640.
[30] Johnson NE, Tenuta K. Diets and lead bloo@lewf children who practice pica.
Environ Res 1979; 18: 369-76.



[31] Sayre JW, Charney E, Vostal J, Pless IB. Hamkhand dust as a potential source of
childhood lead exposure. Am J Dis Child 1974; 1147.

[32] Ter Haar G, Aronow R. New information on lgadliet and dust related to childhood
lead problem. Environ Health Perspect 1974; 7: 83-9

[33] Simpson JM, Callop R, McCabe E, Clark J. Etedablood lead levels in children: a
27-city neighbourhood survey. Health Serv Rep 1883:419-26.

[34] Jacobziner H. Lead poisoning in childhood:depniology, manifestations and
prevention. Clin Pediatr 1966; 5: 277-86.

[35] Bryce-Smith D, Waldron HA. Lead pollution, d&se and behaviour.
Community Health 1974, 6: 168-175.

[36] Beattie AD, Moore MR, Goldberg A et al. Roleahronic low-lead exposure in the
aetiology of mental retardation. Lancet 1975; 9D8R.

[37] Hemberg S, Nikkaneh Enzyme inhibition by lead under normal urban cdndi.
Lancet 1970; 1: 634.

[38] Piomelli S, Seaman C, Zullor D et al. Threshfur lead damage to hemesynthesis in
urban children. Proc Natl Acad Sci, USA 1982; 7333-9.

[39] Rosen JF, Chesney RW, Hamstra A et al. Redmiéti 1,2,5,-
dihyrdoxyvitamin D in children with increased lealsorption. New Engl
Med 1980; 302: 1128-31.

[40] Barnes B, Bradley SG. Planning for a HealtlabR.
London: Ebury Press, 1990; 84-5.

[41] Wynn M, Wynn A. The Prevention of HandicapEdrly Pregnancy Origin.
London: Foundation for Educational Research indiahring 1983; 42-3.

[42] Davies S. Lead and disease. Nutr. Health3128135-45

[43] Bryce-Smith D. Ward NI Lead and Children. Na&d987; 330: 703

[44] Bryce-Smith D.Environmental and chemical irfhices on behaviour and mentation.
Int.J Biosocial Res, 1986; 8: 115-50

[45] Bryce-Smith D. Lead and brain function. Inr& GG, Parker Kl eds. Food and
Health Science Technology, London: Applied ScielRablishers, 1980.

[46] Needleman HL. Lead and neuro psychologicaicitefn: Needleman HL ed.
Low Level Lead Exposure: the clinical implicatiogasd current research. New
York: Raven Press, 1980; 43-51.

[47] Needleman HL, Gunnoe C, Leviton A, Reed ebdaficits in psychologic and
classroom performance of children with elevatedideriead levels. New Engl
Med 1979; 300: 689-95.

[48] Needleman HL, Sewell E, Shaprio |. Subclinilegld exposure in
Philadelphia school children: identification by tiae lead analysis. New
EnglJ Med 1979; 290: 245-50.

[49] Lin-Fu JS. Vulnerability of children to leaatosure and toxicity.
New EngliMed 1973; 289: 1289-93.

[50] Lin-Fu JS. Undue absorption of lead amongdrkih: a new look at an old problem.
New Engli Med 1972; 286: 702-10.

[51] Lin-Fu JS. Childhood lead poisoning. An eratiile disease.
Children 1070; 17: 9-14.



[52] Tatcher RW, Lester ML, McAlaster R, Horst Rfdets of low levels of
cadmium and lead on cognitive functioning in chelalr
Arch Environ Health 1982; 37: 15966.

[53] Hansen JC, Christensen LB, Tarp U. Hair leadcentration in children with minimal
brain dysfunction. Dan Med Bull 1980; 27: 259-62.

[54] Mahaffey KR, Michaelson IA. Interaction betwekead and nutrition.
In: Needleman HL ed. Low Level of Lead Exposure: thinical implications and
current research. New York: Raven Press 1980; D89-2

[55] Rummo JH, Routh DK, Brown JF. Behavioural amadirological effects of
symptomatic and asymptomatic lead exposure in i&ild
Arch Environ Health 1979; 34: 120 4.

[56] Phil RO, Parkes M. Hair element content iréag-disabled children.
Science 1977; 198: 204 6.

[57] Gordan GF. Lead Toxicity.
Sacramento: American Academy of Medical Preventiegg.

[58] Hebel JR, Kinch D, Armstrong E. Mental capgaf children exposed to lead
pollution. BrlPrev Soc Med 1976; 30: 1704.

[59] Baloh R, Sturm R, Green B. Neuro psychologefécts of chronic
asymptomatic increased lead absorption. Arch Neli8Yb; 32: 326-30.

[60] De la Burde B, Choate MS. Early asymptomagiad exposure and
development at school agd?ediatr 1975; 87: 638-64.

[61] Perino J, Erhart CB. The relation of subclalitead level to cognitive and sensory
impairment in black preschooletdd.earn Disord 1974; 7: 26-30.

[62] Kotok D. Development of children with elevatelbod levels: a controlled
study.J Pediatr 1972; 80 57 61.

[63] Chisholm JJ. Chronic lead intoxication. DeedAChild Neurol 1965; 7: 529-
36. ADVERSE EFFECTS OF LEAD 459.

[64] Landsdowne RG, Clayton BE, Graham PJ et aoBllead levels, behaviour and
intelligence: a population study. Lancet 1974;38511.

[65] Smith M, Delves T, Landsdown R et al. The eféeof lead exposure on urban
children: The Institute of Child Health, Southamp®tudy.
Dev Med Child Neuro11983; 25: 1-20.

[66] Winneke C, Brockhaus A, Kramer U. Neuro psyolgacal comparison of children
with different tooth lead levels: a preliminary cgp In: Proceedings of the
International Conference on Heavy Metals in theittmment. Geneva: World Health
Organisation 1981; 553 6.

[67] Landngan PG, Whitworth RH, Baloh RW et al. Kepsychological
dysfunction in children with chronic low-level leatbsorption. Lancet 1975;
i: 708-12.

[68] Yule W, Landsdowne RG, Miller IB, UrbanowiczA The relationship between
blood lead concentrations, intelligence and attaiminin a school population. Dev
Med Child Neuro11981; 23:566 76.

[69] David 0, Hoffman S, Clark J, Grad G, Sverédnicillamine in the treatment of
hyperactive children with moderately elevated Ieaels. In: Rutter M, Russell-
Jones R eds. Lead Versus Health. Chichester: \&ilggns, 1983; 297-318.

[70] David0, Hoffman S, Sverd,Clark J, Voeller K. Lead and hyperactivity.



Behavioural response to chelation: a pilot study JA
Psychiatry 1976; 133: 1155-8.

[71] David 0, Clarkl,Voeller K. Lead and hyperactivity. Lancet 1972900 3. [72]
[72] Tuormaa TE. An Alternative to Psychiatry. TBeok Guild, Lewis: 1991; 103 4
[73] Schauss A. Diet, Crime and Delinquency. Patkeuse: 1980

[74] Bryce-Smith D, Waldron HA Lead, behaviour arininality .
Ecologist 1974; 4: 367 77

[75] Hricko A. Social policy considerations of ogational health standards: the example of
lead and reproductive effects. Prev Med 197894: 806

[76] Infante P, Wagoner J. The effects of leadejproduction. In: Proceedings of the
Conference on Women and the Workplace, WashingtonIociety for
Occupational and Environmental Health 1977; 232 42.

[77] Rom W. Effects of lead on the female reproducta review.
Mt Sinai J Med 1976; 43: 542-52.

[78] Committee on Biological Effects on Atmosphefiollutants. Lead, Airborne Lead in
Perspective.Washington DC: National Academy of i5ms, 1972.

[79] Hamilton A, Hardy H. Industrial Toxicology.
Acton: Publishing Sciences Group 1974; 119-21.

[80] Canterow A, Trumper M. Lead Poisoning. Wiflia and Wilkins, 1944

[81] Lancranjan I, Popescu H, Gavanes€rat al. Reproductive ability of workmen
occupationally exposed to lead. Arch Environ He&Bi5; 30: 396401.

[82] Carlsen E, Giwercman A, Keiding N, Skakkeb&ik Evidence for
decreasing quality of semen during past 50 yedvkl B992; 609-13.

[83] OngCN, Lee WR. High affinity of lead for fetal haemoglobin
Br J Int Med 1980; 37: 292-8.

[84] Carpenter SJ. Placental permeability of lead.
Environ Health Perspect 1974, 7: 129.

[85] Gershanik J, Brooks G, Little J. Blood leadues in pregnant women and their off-
spring. Am JObstet Gynecol1974; 119: 505

[86] Rajegowda BK, Glass L, Evans HE. Lead coneiun in newborn infants.
J Pediatr 1972; 80: 116.

[87] Baltrop D. Transfer of lead to human foetus.Baltrop D, Burland, Wd eds.

Mineral Metabolism in Pediatrics.
Oxford: Blackwell Scientific Publications 1969; 134.

[88] Wibberley DG, Khera AK, Edwards JH, Rushton.ead levels in human placentae
from normal to malformed births. J Med Genet 1914%;339-45.

[89] Bryce-Smith D, Deshpande RR, Hughes J, WaldiénLead and cadmium levels in
stillbirths.Lancet 1977; i: 1159.

[90] Khera AK, Wibberley DG, Dathan JG. Placentad stillbirth tissue lead
concentrations in occupationally exposed womenl Bid Med 1980; 37: 394 6.

[91] Wynn M, Wynn A. Lead in Human Reproduction.ndmn: Clear Trust 1982

[92] Stilbergeld EK Effects of lead in reproductimview of experimental studies In:
Rutter M, Russell-Jones R eds. Lead Versus He@hltthester: John Wiley 1983; 217-

10



28.

[93] Ward NI, Watson R, Bryce-Smith D. Placentamént levels in relation to fetal
development for obstetrically "normal” births: ady of 37 elements. Evidence for
effects of cadmium, lead and zinc on fetal growaid smoking as a source of
cadmium. Int J Biosocial Res 1987; 9: 63-81.

[94] Illingsworth RS. The Normal Child,"8dn. London: Churchill Livingston 1983.
[95] Winick M. Nutrition and Development. New YorBohn Wiley 1972

[96] Stoch MB, Smythe PM. Does undernutrition dgrinfancy inhibit brain growth and
subsequent intellectual development? Arch Dis Cha63; 38: 546-52.

[97] Ward NI, Durrant S, Sankey RJ, Bound P, Brigeith D. Elemental factors in human
fetal development. J Nutr Med 1990; 1: 19-26.

[98] Whincup PH, Cook DG, Sharper AG. Early inflees on blood pressure.
A study of children aged 5-7years. BMJ 1989; 2%¥.-51.

[99] Davie R, Butler NR, Goldstein H. From Birth &even. London: Longham, 1972.
i460.

[100] Barker DJP, Bull AR, Osmond C, Simonds SXktkband placental size and risk of
hypertension in adult life. BMJ 1990; 301: 259 62.

[l01] Barker DJP, Winter PD, Osmond C et al. Weighinfancy and death from coronary
heart disease. Lancet 1989577-80.

[102] Barker DJP et al. Growth in uterus, bloodsstee in childhood and adult life, and
mortality from cardiovascular disease. BMJ 198%:2564-7.

[103] Hales CN, Barker DJP et al. Foetal and infaotwvth and impaired glucose tolerance
at age 64. BMJ 1991; 303: 1019-22.

[104] Moore Mr. Advances in research on effectieafl on children’s behaviour and
intelligence. Ambio 1979; 8: 223-9

[105] Davis MJ, Svendsgaad D. Lead and child deyalent.
Nature 1987; 329: 297-300.

[106] Landrigan PJ, Graff JW. Pediatric lead poisgrin 1987: the silent
epidemic continues. Pediatrics1987; 79: 582-3.

[107] Bellinger D, Leviton A, Needleman HL et alow-level lead exposure and infant
development in the first year. Neurobehav Toxicetafol 1986, 8: 151-61.

[108] Dietrich KN, Kraff KM. Bier M et al. The earleffects of fetal lead exposure and
neurobehavioural findings at 6 months.JBiosocial Res 1986; 8: 151-68.

[109] Erhart CB, Wolf AW, Kennard MJ et al. Intraudine exposure to low levels of lead:
the status of the neonate. Arch Environ Health 19486287-91.

[110] Schwartz J, Anglo C, Pitcher MS. Relationshéiween childhood blood lead
levels and stature. Pediatrics 1986; 77: 281-8.

[111] Needleman HL, Bellinger D. The developmertaisequences of childhood
exposure to lead. In;:Laney BB, Kasdin AE eds. Aadeanin Clinical Child
Psychology, vol. 7. New York: Plemium, 1984.

[112] Heasman MA, Primrose DA, Goldberg A, Stewalt, Levitson A, Needleman
HL. Chronic low-level lead exposure and mentalnddéion. Lancet 1975; i: 982-
3. (Separate letters).

[113] zarkowsky H. Chronic low-level lead exposared mental retardation.
Lancet 1975, 2: 1087-8.

11



[114] David OJ, Hoffman S, McCann B, Sverd J, Clarkow lead levels and mental
retardation. Lancet 1976; ii: 1376 9.

[115] Moore MR, Meredith PA, Goldberg A. A retrospiee analysis of blood lead in
mentally retarded children. Lancet 1977; i: 717-9.

[116] Moore MR. Prenatal exposure to lead and nieatardation. In:
Needleman HL, ed. Low Level of Lead Exposure: Thiai€l Implications of
Current Research. New York: Raven Press 1980; 5365.

[117] Borgman RF, Lightsey SF, Roberts WR. Haimaat concentrations and
hypertension in South Carolina. Roy Soc HealtB82; 102: 1-2.

[118] Voors AW, Johnson WD, Schuman MS. Additivatistical evidence of
cadmium/and lead on heart related diseases in th l@rolina autopsy series.
Arch Environ Health 1982; 37: 98-102.

[119] Pirkle J, Schwartz J, Landis J, Harlan W. Télationship between blood lead
levels and blood pressure and its cardiovasculpliéations. AmJ Epidemiol
1985; 121: 246 50.

[120] Harlan WR et al. Blood lead and blood pressuelationship in the
adolescent and adult US population. JAMA 1985; 4.

[121] Mills CA. Motor exhaust gases and lung canneCincinnati.
Am J Med Sci 1960; 239: 316 9.

[122] Blumer W, Reich T. Lead gasoline, a causeaoicer?
Environ Internat 1980; 3: 465-71.

[123] Kang HK, Infante PF, Carra JS. Occupatioratl exposure and cancer.
Science 1980; 207: 935-6.

[124] Staesson JA, Lawerys RR, Buchet J-P et glairment of renal function with
increasing blood-lead concentrations in the gen@ypllation. New Engl J Med
1992; 327: 151-6.

[125] Cambell AMG, Williams ER, Baltrop D. Motor neone disease and exposure
to lead. J Neurol Neurosurg Psychiatry 1970; 33-83.

[126] Nicklowitz W J, Mandybur TI. Neurofibrillarghanges following childhood lead
encephalopathy. JNeuropathol Exp Neurol 1975; 88:3b.

[127] Hess K, Straub PW. Chronische BleivergiftuiRyaxis 1974; 63: 177-83

[128] Bendick A, Belisle EH, Strausser HR. Immuasponse of rats chronically fed
subslinical doses of lead. Clin Exp Immunol 1983; 189-94.

[129] Blakey BR, Archer DL. The effect of lead aatet on the immune response on mice.
Toxicol ApplPharmacol 1981; 61: 18-26.

[130] Neilman BA, Taddeini L, McJilton CE, HandwergBS. Decreased T-cell

function in mice exposed to chronic low levelde#d. Clin Exp Immunol 1980; 39:
746-9.

[131] Faith RE, Luster MI, Kimmel CA. Effect of atmic developmental lead exposure
on cell-mediated immune functions. Clin Exp Immub®79; 35: 413-20.

[132] Exon JH, Koller LD, Kerkvliet NI. Lead-cadmiuinteraction: effects on viral
induced mortality and tissue residues in mice. Afakiron Health 1979; 34:
469-475.

[133] Luster MI, Faith RE, Kimmel CA. Depressiontafmoral immunity in rats following
chronic developmental lead exposurEnviron Pathol Toxicol 1978; 1: 397-402.

[134] Koller LD, Braumer JA. Decreased B-lymphockgsponse after exposure to lead and

12



cadmium. Toxicol Appl Pharmacol 1977; 42: 621 4vése Effects of Lead 46 1.

[135] Gainer HJ. Lead aggravates viral diseaserapesses the antiviral activity of
interferon inducers. Environ Health Persp 1974:13-9.[136] Koller LD.
Immunosuppression produced by lead, cadmium anduner

Am JVet Res 1973; 34:1457-8.

[137] Hunter D. The Disease of Occupatiofi, ddn.
London: English University Press 1969; 283.

[138] De la Burde B, Shapiro IM. Dental lead andapin urban children.
Arch Environ Health 1975; 31:281.

[139] Needleman HL, Tuncay OC, Shapiro IM. Leacelsvin deciduous teeth of urban and
suburban American children. Nature 1972, 235: 111.

[140] Shapiro IM. Needleman HL, Tuncay OC. The leadtent of human
deciduous and permanent teeth.Environ Res 1948 75:

[141] Stehlow CD. The use of deciduous teeth agatdr of lead exposure. PhD
Thesis. New York:University of New York, 1972.

[142] Shapiro IM, Mitchell, G, Davison |, Katz SHihe lead content of teeth.
... Arch Environ Health 1975;30: 483 6.

[143] Stock MV, Burkitt AJ, Nickless G. Lead in dffien's teeth. Nature 1975; 225: 169.

[144] Altschuller LF, Halak DB, Landing BH. Decidus teeth as an index of body burden
of lead. J Pediatr 1960, 60: 224.

[145] Lockeretz W. Lead content of deciduous tedtbhildren in different
environments. Arch Environ Health 1975; 31: 583.

[146] Maugh TH. Hair: a diagnostic tool to complerhblood serum and urine.
Science 1978; 202: 1271-3.

[147] Laker M. On determining trace element levelsan: to uses of blood and hair.
Lancet 1978; July31:260 2.

[148] Kostial K, Dekamic D, Telisman S et al. Digtegalcium and blood levels in women.
Bioi Trace ElemRes 1991; 28: 181-5.

[149] Mahaffey KR, Thelar S, Banks TA. Differendadietary calcium, phosphorus
and iron of children having normal and elevatedtltead concentrations. J
Nutr 1976; 106: 30 (abstract 53).

[150] Sohler A, Kruesi M, Pfeiffer CC. Blood leaeMels in psychiatric outpatients reduced
by zinc and vitamin C. J Orthomol Psychiatry 1967272 6.

[151] Underwod EJ. Trace Elements in Human and AhiRutrition. 4th
edn. London: Academic Press 1977.

[152] Guiet-Bara A, Bara A, DuelacghMagnesium: a competitive inhibitor of lead and
cadmium. MagnesRes 1990 3: 31-6.

[153] Spivey-Fox MR. Protective effects of ascoréaid against toxicity of heavy metals.
Ann NY AcadSci 1975; 258: 140

[154] Barnes B, Bradley SG. Planning for a HeaBapy.
London: Ebury Press, 1990; 91.

13



