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Lead 1s a toxin, of that there is no doubt. It has lang
been recognised that exposure to this metal can produce
profound neurotoxic manifestations. Current awareness
centres on the more subtle neurological deficits associated
with chronic exposure to 'low-level' lead. The biochemical
lesions associated with the slight cognitive derangements
are uncertain. The data in this thesis is concerned with
the investigation of these biochemical aberrations
associated with lead exposure, using the rat as a model.
The results indicate alterations in several neurochemical
systems. Both the cholinergic and adrenergic nervous
systems are investigated, and significantly altered levels
of neurotransmitters are noted, as well as alterations in
the activity of metabolic enzymes associated with these
neurotransmitter systems. A chapter is also devoted to the
investigation of the influence of lead on tetrahydro-
biopterin, the essential cofactor for tyrosine hydroxylase
as well as other enzymes. The influence of lead on the
haematopoietic system 1is well known and associated with
this effect, the influence of lead on haem biosynthesis

within the rat brain is also investigated.

xxii



Aime AF TR A ~
Aimg 1 aNe) Tt
> Lhe Jrojaect

The project, the results of which are presented in thi

in

thesis, was designed to investigate the biochemical
lesion(s) responsible for the neurological sequelae
associated with lead exposure, in particular, ‘'low-level'
lead exposure.

It is well recognised that overt clinical symptoms
occur as a result of both acute and chronic exposure to
high doses of lead. However, current awareness has
concentrated on the more subtle neurological sequelae of
chronic exposure to reduced levels of the toxin, and it is
the underlying pathological aberrations which will <concern
the bulk of the research for this thesis.

A model of 'low-level lead exposure' will be constructed
in the rat which is a convenient laboratory rodent for such
experiments. - Various biochemical parameters will be
assessed in the brains of these animals following exposure
to lead by way of their drinking water.
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Lead, a soft, bluish-grey substance is one of the seven
metals known to man since antiquity, the others being
copper, gold, mercury, silver, tin and zinc. It s discovery
dates back around 6,000 years. All lead 1is wultimately
derived from the earth's crust where it exists principally
as the sulphide ore, galena (Pb S) but also as cerussite,
lead carbonate (Pb CO ); anglesite, lead sulphate (Pb So )
and many other ores groduced as a result of weathering gf
galena. The discovery of lead may well have resulted from
the burning of galena in a camp fire (Waldron, 1973). On
burning, the galena would have been reduced to the oxide,
litharge (Pb 0) which in turn could react with unchanged

galena resulting in metallic lead being recovered from the

ashes (equation 1.1).

2Pb 0 + Pb S +----- > 3Pb + SO Equation 1.1
2

The metal's history dates back to the Egyptian
hieroglyphics of around 1500 B.C. and both lead plate and
statues were discovered in the tomb of Rameses III. There
are references to lead in the 0ld Testament; the Israelites
included lead amongst the spoil taken from the Midianites

in Mosaic times (Numbers, 31.22) -

'Only the gold, and the silver, the brass, the iron, the
tin, and the lead,'

Subsequently, Ezekiel described lead as a major item of
trade with the Phonecians (Ezekiel, 27.12) -

'Tarshish was thy merchant by reason of the multitude of
all kind of riches; with silver, iron, tin, and lead, they
traded in thy fairs.'
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Historically, the desire for silver was the oprincipal
stimulus for lead production in Reoman and pre-Roman times.

4

Galena, which was readily refined, provided a opientiful

P, £ R P Tha i lunvw haamima~a anAd Pay
source Ot Ssiiver. ineé Siiver pearing i1€ad Gre once neate

to its oxide, was absorbed onto a bulk material such as
bone ash, leaving behind the precious noble silver. This
process termed cup ellation was alluded to by the Prophet
in the Book of Jeremiah (Jeremiah, 6.29-30) -

‘The bellows are burned, the lead is consumed of the
fire; the founder melteth in vain: for the wicked are not
plucked away. Reprobate silver shall men call them, because
the-lord hath rejected them.'

The importance of silver is born by the knowledge that
lead mines were often termed silver mines. Mines in Asia
Minor were rich in silver-lead ore, although galena mined
in Britain contained considerably less silver (Tylecote,
1964).

Evidence éxists suggesting the widespread use of lead by
many ancient «civilisations (Waldron & Stofen, 1974).
Mediterranéan cultures frequently employed 1lead 1in a
variety of manners; for building, fishing, warfare, and
many other purposes. Its use has also been implicated in
India, China and Pre-Columbian Mexico.

The production of lead has steadily risen since the
discovery of cup ellation (Settle & Patterson, 1980) with
peaks in production coinciding with the Roman era and the
Industrial Revolution. Although wutilized extensively
throughout the ancient cultures, 1lead remained 1in the
background and came to the fore only when the Romans

devised elaborate projects for providing their towns and



nhouses wiin water. (Boulak:ia, 197Z,. The majority of tpair
lead production was used to construct aquaducts and water
mains. Lead pipes were constructed by soldering sheets of
lead around a wooden mould whilst water reservoirs
consisted of lead lined wooden tanks, a practice learned
from the Greeks who collected rain water using lead lined
roofs and stored olive oil in lead lined vessels (Waldron &
Stofen, 1974). Lead pipes constructed 2,000 years ago have
been excavated in Pompeii, Rome and Bath, and remain in
working order today. The vast mining activities of ancient
Rome were carried ocut by citizens drawn from the ranks of
prisoners of war and criminals who were sent down the mines
as an alternative form of <capital punishment to the
amphitheatre (Eisenger, 1977).

The use of lead drinking rwater systems certainly
represented a hazard to health for Roman <citizens, as
“indeed Vitruvius recognised in the first century B.C.
(Waldron, 1973), but a far greater risk existed to the
Romans. The practice of 'leading' wines can be traced with
certainty to ancient Rome, where the empirical discovery
was made that lead ions (Pb2+) have a sweet taste and were
thus added to wines in order to improve the flavour and
colour and also to make sour wines more palatable and
saleable. The syrup, containing lead ions, was prepared by
boiling down must (unfermented grape juice). According to
the degree of reduction of the must, the syrup was termed
sapa, defrutum, hepsema, car(o)enum or siraeum (sireion).
Many ancients have detailed the preparation of this 'sapa’,

such as Pliny and Columella (Eisenger, 1982). Essentially,



the 1mportant point was that the must was reduced in volume
to approximately one third by heating cver a slow fire in a
copper vessel coated with stagnum which was a lead/siiver
alloy. The Romans lacked sterile conditicns for fermenting
and storing wines and therefore these leaded wines also had
the additional property of containing a potent fungicide,
namely a high concentration of lead ions, well known
inhibitors of enzymatic activity. Sapa, prepared according
to the detailed recipies in existence, has been prepared
and observed to contain img lead/ml (Eisenger, 1977; 1982).
It is evident that merely one 5ml teaspoon of such a syrup
would be adequate to cause chronic lead poisoning. The
yarious recipies for adulteration of wine vary considerably
but most <call for a 1:48 dilution of the wine with sapa
(Eisenger, 1982). The Romans and Greeks were also known to
~remploy lead lining of their bronze pdts to mask the bitter
taste obtained in food cooked in such vessels. Many leaden
pots have been recovered from the ruins of Pompeii,
Olynthus and other cities (Nraigu, 1983). The Romans did
not have access to sugar and as a substitute they employed
sapa for cooking purposes. The Apician Cookbook of Roman
recipies makes use of defrutum or caroenum as an ingredient
in some 20% of the vrecipies (Nraigu, 1983). It was
especially popular as an ingredient for meats and sauces
(Eisenger, 1982). Lead salts have been commonly employed as
colouring agents in spices, sweets, cakes and cheese
(Hilburn, 1970) and the sweetness of sapa also led to its

use as a vehicle for medicines.



ihe enthusiasm of Romans, =specialiy the aristocracy for
drinking wines is legendary, the consumption being
especially <collosal during the days of the Empire in which
even women began consuming alcohol. Considering this
prodigious consumption (Nraigu, 1983) and the fact that the
practice of leading wines was widespread, a practice which
Pliny complained of repeatedly (Eisenger, 1982}, it is not
surprising that lead poisoning was endemic in ancient Rome
(Waldron, 1973). Indeed, it has been proposed that in view
of the widespread sterility amongst the aristocracy of Rome
(Waldron, 1973) and their reduced lifespan, lead poisoning
was a contributing factor in the decline of the Roman race
and the eventual fall of the Roman Empire. Certainly many
emperors exhibited signs and symptoms consistent with those
of lead poisoning. Claudius 1is an example of such an
emperor (Nraigu, 1983) although the pathogenesis of his
ailments is a matter of debate (Moss, 1963).

It is far from clear when the first observations were
made of the potential toxic effects of lead to cause a
condition which was also known under alternate names to
lead poisoning such as plumbism or saturnism. However,
certainly by the time of Hippocrates the clinical symptoms
of the disease were accurately described (Waldron, 1973).
It is generally accepted although not universally, that
Hippocrates was the first of the ancients to attribute
severe colic in a man who extracted metals to lead in 370
B.C.- (Hunter, 1962). The first wunquestioned clinical
account of lead poisoning arising from the ingestion of

cerusse and litharge must be accredited to the Greek



1973, Gloag, 1980). Dioscorides in the first century B.C.
gave a full but accurate description of the ill effects of
consuming litharge (Hunter, 1962; Waldron, 1973). Both
Dioscorides and Pliny recognised the dangers of consuming
leaded wines and warned the citizens but alas to no avail.
Pliny wechoed the words of Dioscorides who wrote that
corrected wine was 'most hurtful to the nerves' when he
stated that 'from the excessive use of such wines arise
dangling ... paralytic hands.' (Waldron, 1973).

Following the fall of the Roman Empire in the fourth
century, the use of lead declined and remained at a low
level for around 600 years (Settle & Patterson, 1980).
However, the practice of sweetening wines using lead or
lead salts continued until well.into the eighteenth century
despite a decree banning the practice by Imperial Law in
f498. As a result endemics of colic ensued fréquently. The
most famous incident of a colic epidemic resulting from the
adulteration of wine to improve the qﬁality was described
by Francis Citois 1in the sixteenth century when he
described what was termed the colic of Poitou or Colica
Pictonum (Waldron, 1970; Eisenger, 1982). Colic termed the
'West Indian dry-gripes' was described in the early days of
the American colonies (Eighteenth century), the cause of
which was traced to the use of lead condensers in rum
stills and to the use of pewter and glazed earthenware with
a high lead content (McCord, 1953). Port, drunk liberally
by the English gentry of the eighteenth and nineteenth

centuries was also known to contain a considerable quantity
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As @ result of the more scientific outlookx of the
fifteentn century onwards, which contrasted with the anti-
scientific attitude of tne ancient world, occupational
physicians emerged. OQuring the Renaissance of the
seventeenth century, Samuel Stockhausen became concerned
with the health of lead miners. However, the éetiology of
the frequent colic attacks was not recognised wuntil 1696
when Eberhard Glockel, a German physician, influenced by
Stockhausen's work, associated the leadening of wines with
the symptoms of colic (Eisenger, 1977).

The 'Devonshire Colic' was a disease of the cider
counties  of England during the eighteenth century,
occurring relatively infrequently in Hereford, Gloucester,
Norceéter, Somerset and Cornwall, it acquired endemic
proportions only in Devon itself, being first recognised by
William MusgraQe in 1703. There is little doubt from
Musgrave's description of the illness, he is describing
lead poisoning. The disease, as considered by John Huxham
in 1739, was due to the consumption of cider which was
incompletely fermented. However, some thirty years later in
1767, Sir George Baker diagnosed the Devonshire colic as
being caused by lead poisoning (Baker, 1768). The source of
this lead however became a matter of great debate. Whilst
Baker considered that the vats used for preparing the cider
in Devon provided the source of lead, James Hardy blamed
the use of glazed earthen jugs employed for storage of such
cider. \Uptake of lead from such vessels had been predicted

by Lind in 1754. Baker designed elaborate experiments and



demonstrated the presence of lead in the cider fermented
in Devon while he could find none in the cider made in
neighbouring counties (Singer & Underwood, 1962). Althcugh
Baker had many critics in his time, with opposition coming
from both other physicians and the cider manufacturers who
had great difficulty accepting the notion that such trivial
quantities of lead could cause such harmful effects, it is
now accepted that he had diagnosed the source of lead
correctly (Waldron, 1970).

With the onset of the Industrial Revolution the uses to
which lead was put increased and hence the demand for the
metal rose dramatically. This increase in lead mining
resulted in Tanquerel des Planches in 1839 publishing in
Paris extensive studies describing the clinical signs and
symptoms of chronic lead poisoning, a disease described in
the eighteenth century in the leadhills of Scotland as the
‘millreek'. Despite this work, legislatioh‘ to protect
workers in Britain was not introduced until the Factory Act
of 1864 with further Acts in 1878 and 1883.

Factory inspectors
were appointed tc investigate . industrial
hazards especially lead,& Owing to the work carried out by
Dr. Thomas Legge, the first medical inspector of factories,
lead poisoning eventually became a notifiable disease in
1899. This approach has been an effective one, as despite a
steady rise in lead consumption during the first half of

the ‘twentieth century, the incidence of lead poisoning has

fallen.



Currently in the twentieth century, the uses of lead
continue to Dbe wide and wvaried, due to the diverse
properties of the metal (Hilburn, 1970; Waldron & Stofen,
1974). Lead ores are mined principally in the United States
of America and the Soviet Union, although mining in
Australia, Canada, Mexico, Peru and many other parts of the
world account for a considerable output. Metal sheets are
used in roofing and as a protective screening against X-
rays and radioactive emissions. The use of lead pipes,
which was common practice in the first half of the
tweatieth century, 1s now declining in favour of copper or
polyethylene piping to convey drinking water. Alloys of
lead are employed as solder for metal food <containers,
whilst lead oxides and napthanates remain ;omponents of
many paints for wuse on the outside of buildings. The
incorporation of lead pigments in paint for the interior of
buildings is diminishing as a result of government
legislation, although much high lead-containing paint can
still be observed in older housing built before the second
world war. The use of lead arsenates as insecticides is
also declining due to competition from organic
insecticides.

The advent of the motor car brought about a new and
dramatic increase in lead usage. Firstly, as a component of
the lead-acid storage battery, and secondly, as a result of
the discovery of the organolead 'anti-knock' additive for
petrol, tetraethyl lead (TEL) by the American industrial
chemist, Midgley in 1921. The incorporation of tetraethyl

lead into petroleum fuels effectively increased the octane



rating, a wuseful property considering the comparatively
primitive refining technology of the 1920's and 1930's. In
1923 the Ethyl Corporation in the United States of America
commercialised this discovery. In 1940 tetraethyl! lead was
introduced into petrol in Great Britain while the related
alkyl lead, tetramethyl lead (TML) has been employed since
1960. The modern internal combustion engine also employs
lead solders and bearings in its construction. The storage
battery and the lead alkyl manufacturing industries
represent a large proportion of the lead consumers at the
present time (Waldron & Stofen, 1974; Ratcliffe, 1981).
Currently, legislation is emerging in several countries to
either reduce the level of lead permissable in petroleum or
remove it altogether. 7

The diverse properties of lead, namely its comparative
‘ease of extraction from its ores, 'softness, malleability,
density, mrésistance to corrosion, and chemical . and
electrical resistance, will no doubt result in a continued

use of the metal long into the future.
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1.2.1 Fo

[t 1s generally accepted that for the majority of the
population alimentary exposure 1is the primary means by
which man is exposed to lead, and it is by this route that
the majority of lead is absorbed (DHSS, 1980). However,
less certain are the routes by which the diet becomes
exposed to and contaminated with lead, and the relative
proportions of input from air, soil and water.
Contamination of food with lead can occur via several
routes (figure 1.1). Firstly, from the soil in which the
plants are grown as a result of the natural weatnering of
lead minerals and ores. Over and above, lead present in the
air can lead to the contamination of soil. The second route
is by way of the air by direct deposition onto the <crops
and plants. The third vector of lead contamination of food
results from positive uptake from lead ;containing water
during cooking, and lastly, food becomes contaminated from
the vessels it is stored in. The use of old pewter and lead
pottery glazes has long since been a problenm. More
commonly, tin cans can contain a considerable quantity of
lead solder in their construction.

Plants are capable of absorbing soluble lead through
their rodts and studies have demonstrated a relationship
between the lead content of plant roots and that of soil
(MAFF, 1975). Translocation from the roots to the shoots
and leaves 1is however very limited and hence the root
exhibit a much higher lead concentration than the

regions
aerial regions of the plant (Motto et al, 1970). The nature

i1
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Major vectors for lead uptake by man.

Figure 1.1

Schematic representation of the major routes by which

man is exposed to lead in the environment.



of the soil determines to some extent the degree of lead
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uptake. Acidic soils and those coi
content favour lead uptake by plants (MclLean, Halstead &
Finn, 1969; Zimdahl & Skogerboe, 1979) since organic matter
can bind the lead rendering it not biocavailable. Soil lead
content varies with soil depth, with higher concentrations
being found in the upper layers (Healy & Aslam, 1980) and
thus poses more of a problem for those plants with shallow
roots. In addition, the quantity varies with distance from
the roadside, and therefore from motor exhaust fumes; the
closer to the road, the greater the lead level (Warren,
1959; Healy & Aslam, 1980). Surface soils in regions close
to roads and large cities exhibit raised lead levels (NAS,
1972). Areas of mining activity also have been shown to be
associated with raised levels of lead 1in the plants
(Alloway & Davies, 1971). A less common source of lead in
crops today, but one which can still be é problem, 1is the
use of lead arsenate crop sprays.

Airborne lead is an important source of lead found in
the aerial parts of crops (MAFF, 1975) which is only of
importance in relation to those plants whose leaves and
shoots are eaten. In this context, the outer leaves of
certain crops, for example <cabbage, will be more
contaminated with lead than those nearer the heart. In
contrast, with crops whose leaves permit a free circulation
of air, such as lettuce, spinach and brocolli, there will
be 'little benefit in discarding the outermost leaves. A
considerable body of evidence exists to suggest that even

crops grown in farmland or mountain regions distant from
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mainroads and industrial sources are contaminated with lead
to a considerablie degree (Hirao & Patterson, 1974; Tjell et
al, 1979). Although government control is in existence to

limit the lead content of commercially produced crops, many
such items are produced by the consumer on his own land and
thus are under no such controls. In addition, fruit growing
along the roadside, commonly picked for jam making, often
may contain a considerable quantity of lead which will
greatly increase in concentration during jam preparation.
Although the lead content of crops can be reduced to a
varying degree by thorough washing of the 1items before
cooking, the actual process of cooking can significantly
increase the lead content of food items (Moore et al,
1979b). The cooking process will denature the protein
| making available ligands suitable for binding of lead to
sulphydryl, cysteine, methionine; carboxyl or imidazole
‘moieties. Byb a similar process the lead concentration of
beverages such as tea and coffee diminishes during
preparation since in these cases tea leaves and coffee
grounds bind significant quantities of lead from the water
thus lowering the lead concentration of the beverage. It is
of course evident that the importance of water as a vector
for the lead content of food will depend on the level of
the metal in the domestic water supply. It has been
calculated that the proportion of lead in food which would
have come from water will be about 15% when the water
contains in excess of O.QFM (10ng/l), whereas it would

only be around 3% if the concentration were O'1PM (Zng/l)

- (DHSS,1980).
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still employed as solder for tin cans, and in addition, the
tin plate employed also contains a limited quantity of lead
although less than 0.08%. Legislation maintains the
quantity of lead in canned food to a level not exceeding
2mg/kg; the equivalent value for fresh food being 1mg/kg.
Today however, the use of lead soldered cans is declining
in favour of welded cans. Various calculations exist as to
the contribution of lead in canned food to total Ilead
exposure (MAFF, 1983) but enormous individual variation in
this figure obviously exists. The figure 1is generally
around 15% but may well be as high as 60% if the diet
contains a significant quantity of canned items. Presently
lead 1is not employed in cans to be used for infant foods.
Legislation dating $rom1979 Tequires the lead content "of
- sﬁch food to less than 0.2mg/kg. 7

It must be remembered that despite the presence of lead
in the soil, crops and forage, and its incorporation into
mans' food chain, either directly, or by way of grazing
cattle and sheep, only a proportion of the lead taken up at
each step in the <chain is bioavailable. Firstly,
atmospheric lead will settle directly only on the aerial
parts of plants and so is important only in relation to
foods where the leaves and shoots are eaten. Secondly, only
a proportion of lead in the soil is available for wuptake
depénding on factors such as the depth of the roots and
type of soil. Of the lead absorbed by plants, only a small

proportion is available to grazing animals, and indeed,

14



cr

a+t Iol ctiimanrt o
hat consumed £h

only a fraction of

(&)
3

by
absorbed. Finally, of the lead which does pass into <the
body of the animal, the great majority will be stored in
the skeleton.

Despite the potential for significant contamination of
foodstuffs with lead, the average lead intake in the United
Kingdom is well within the recommended limits set out by
the FAO/WHO joint committee on food additives of 3mg lead
per week which is equivalent to 430yg/day. In a survey
carried out in this country, the average diet contained
O.43ymol/kg (MAFF,1975) which was equivalent to an average
weekly intake of 1mg. Duplicate diet techniques calculated
the lead intake to range between 21-330 Pg/day with a mean
of 75‘Pg/day. This was comparable with total diet studies
which showed the diets to contain 55-366’Pg/day with a mean
of 11%yg/day. Regulation is in force to limit the quantity
- of lead in food. The lead in food regulations of 1979
restricts the amount to a maximum of 1p§m in fresh foods

and 0.2ppm in food intended for infant consumption.

1.2.2 Water

In areas where limestone and galena ores are found,
natural waters may contain lead in solution. Additional
lead may be added to drinking water as it flows from the
bulk supply which rarely contains significant quantities of
lead. It has long been recognised that domestic drinking
water supplies can be appreciably contaminated with lead
and' so represent a significant source of the metal.
Numerous studies have unequivocally shown that soft, acidic

water supplied to older housing which have lead plumbing
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systems, not only in the form of lead pining and lesad-lined
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storage tanks, but alsoc wher
as solder for copper piping, will result in significant
dissolution of lead and therefore to increased Dbodily
uptake by the inhabitants (Bacon et al, 1967; Beattie et
al, 1972a; Covell, 1975). The significance of this was
suggested over a century ago by Professor Christison in
1844 and has recently been emphasised by the 'Lawther
report' (DHSS, 1980). Housing built before the 1960's tends
to contain lead piping to varying degrees and it is this
older housing which has been associated with an increased
domestic water lead content (Beattie et al, 1972b; Addis &
Moore, 1974; Moore, 1977; Moore et al, 1978). Indeed the
lead gontentrof the water is related to the length of lead
plumbing employed (Beattie et al, 1972b). Markedly raised
blood 1lead levels have been found in subjects 'consuming
water with a high lead content. Initial studies assumed a
linear relationship between water lead and blood lead
concentrations (Addis & Moore, 1974). Subsequent studies
have demonstrated that blood lead concentration 1is a
function of the cube root of water lead concentration
(Moore et al, 1977a; 1979a; 1981a/b; Moore, 1978; Thomas et
al, 1979; DHSS, 1980; Lacey et al, 1985). A raised level of
lead in the domestic water supply has also been shown to be
associated with a reduction in the activity of 5-amino
laevulinic acid dehydrase (ALA D), a biological indicator
of lead exposure (Beattie et al, 1972b; Addis & Moore,
1974) and a raised molar tooth lead content (Moore et al,

1978a). Stewart (1974) also observed an increased tooth

16



lead level in inhabitants of older houses with lead
plumbing. Replacement of lead piping can vresuit in a
dramatic reduction in blood lead levels (Thomas et al,
1979).

The degree of plumbosolvency is related to the water pH
and hardness or calcium concentration (Weston, 1920; Moore,
1973). Although a soft, acidic water supply is more
plumbosolvent, hard water will also dissolve lead (DOE,
1977). However hard water does protect against lead
dissolution by forming a protective layer of calcium salts
over the pipe interior surface (Crawford & Morris, 1967).
Plumbosolvency can be markedly decreased either by a
raising of the pH or hardness (Moore, 1973), by for example
addition of calcium hydroxide as lime. Data obtained by
Thomas and his colleagues (Thomas et al, 1981) suggests
that the availability of lead in hard water areas may be
considerably less than in soft water regions. fhus the lead
content of the domestic water supply is determined by the
quantity of lead present in the supply, the chemical
characteristics of the supply, and the residence time of
the water in the conveyancing system. First flush water
contains significantly greater quantities of lead than
running water (Moore et al, 1979a; Thomas et al, 1979). A
reduction in the blood lead concentration in a matched
group of the population between 1976 and 1980 has been
attributed to a fall in water plumbosolvency (Moore et al,
1981a/b). There have been a number of cases of lead
poisoning resulting from the ingestion of lead contaminated

water in recent years (Bacon et al, 1967; Beattie et al,
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1972a). In addition, the lead content of wa
related to various disease states (Goldberg, 1874; Moore,
1977) especially mental retardation (Beattie et al, 1975b),
kidney pathologies (Campbell et al, 1977a), increased

incidence of renal insufficiency and gout (Campbell et atl,

1978) and cardiac effects (Moore et al, 1975; Beevers et

al, 1976). Perhaps the most vulnerable members of the
population with respect to lead in water are babies and
young children who are receiving dried milk foods
reconstituted with tap water which may contain a high level
of -~ lead. Breast fed young will be protected from this
source of lead to some extent as maternal milk contains
only 10% of the lead concentration of the maternal blood
(Moore et al, 1982). Indeed, breast fed infants have been
shown to receive less lead in the diet than those fed on
bottle milk (DOE, 1982; Sherlock et al, 1982).

finally it must be remembered that exposure to lead from
water comes not only as a consequence of drinking the
water, but also, as was discussed earlier, from the use of
such water in food preparation.
1.2.3 Air

The third major source of lead exposure for the general

population is air. Lead in the -environment, which has
dramatically increased since ancient times (Patterson,
1983), can be derived from geological sources or individual
emissions such as smelting and refining (NAS, 1980; Nraigu,
1986). However, it is generally agreed that the majority of
air lead today is derived from the combustion of petroleum,

with probably as much as 90% originating from this source

18



(NAS, 1972, Ewing & Pearson, 1974;  MNraigu, 1379: DHSS,
1980). As a result of public interest in lead emitted from
petroleum a wealth of data is available <concerning the
influence of air lead to body lead burden (Chamberlain,
1985).

Downwind pollution from local industrial sources
although not the main source of air lead, can create
important 'hot spots' of <concern extending over a
considerable area. Several regions have been identified
where excessive exposure of the local community exists
(Lansdown et al, 1974; Landrigan et al, 1975a). These
sources of lead <create three types of lead particle.
Firstly, microparticulate lead aerosolé with a lifetime of
around 7.3 days and which can thus travel great distances
from their source. Secondly, relatively large particles
'typicdlly' produced by industrial sources (Roberts et al,
1974) thch tend to sediment out rapidly along with
weathered paint as dust (Stark et al, 1982). The last group
comprises the lead alkyl vapours arising from petroleum.
The chemical and physical form of the lead varies widely
according to the source, that emitted from petroleum
varying considerably in size from 0.01Fm up to several
millimetres (Hirschler & Gilbert, 1964) with the wvast
majority being less than O.1Pm (Facchetti, 1979), and thus
readily absorbed by respiration (Morrow et al, 1980).

It is not surprising considering the foregoing
discﬁssion, that the highest levels of air lead are found
in the urban environment, this being a function of traffic

density and flow (DHSS, 1980; NAS, 1980). The level of lead
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in the blood has also been shown to ba highzr in  tne
residents of an urban community comparsd to those peo
living in regions of lesser traffic flow (Johnston, Tillery
& Prevost, 1975). There exists an abundance of evidence
supporting the 1importance of petroleum combustion to air
lead. Firstly, it has been demonstrated on several
occasions that air lead concentration falls off rapidly
with distance from the roadway (Daines, Motto & Chilko,
1970; Schuck & Locks, 1970; Smith, 1976; DHSS, 1980), the
relationship being observed to be curvilinear (DHSS, 1980).
In - addition, soil lead content has long been shown to be
related to the distance from the roadway (Smith, 1976;
Healy & Aslam, 1980). Daines et al (1970) have observed a
reduction in the particle size of lead as one moves away
from the roadside, 1indicating a settling out of larger
particles close to the road. Indirect evidence exists from
a study carried out in the vicinity of Gravely Hill
Motorway Interchange at Birmingham which is commonly Kknown
as Spagetti Junction (Waldron, 1975). This study
demonstrated a significant increase in blood lead levels
in the community during the first twenty months after the
network was opened compared to the time prior to its
opening.

In general, considering that the dissipation and
precipitation of an emitted lead aerosol is dependent on
particle size and meteorological factors, approximately
half the lead emitted is removed by gravity within a few
hundred feet of a roadway (Daines et al, 1970). With regard

to petroleum lead emission, several other factors over and

20



above the roadway, determine the [ead content of the air
Such factors include the volume of tra<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>