
where does it go? 
More than 7000 tonnes of fine lead particles are con
signed to the air over Australia each year. Most of it, 
5600 tonnes, comes from the exhausts of petrol-engined 
vehicles. 

Lead smelters and coal-burning power 
s t a t i o n s a c c o u n t for abou t ano the r 
1200-1500 tonnes and the remain ing 
250-600 tonnes come from the burning 
of sump oil and the mel t ing of steel 
scrap . And where does the l ead go? 
Eventually, most of it settles out or is 
washed out by rain, coming to rest in 
either soil or watercourses. In c i t ies , 
house dus t can con ta in app rec i ab l e 
quantities of lead. 

A study by the CSIRO Division of Soils 
of an area adjacent to Adelaide is provid
ing valuable insight into lead dispersal. 

For instance, it has revealed that 50 km 
from the city the topsoil is contaminated 
by petrol-derived lead. Indeed, petrol has 
been shown to be the main source of the 
lead contamination found in most of the 
surface soil in the 3000-sq-km study area. 

Lead is a poison, and half a gram of the 
metal can cause weakness , headaches, 

and anaemia , the classic symptoms of 
lead poisoning in adults. A much smaller 
amount wi l l do the same in children. 
Larger quantities wil l severely damage 
health, or even cause death. In contrast 
to the effect on adults, lead poisoning in 
children is not always reversible. 

Lead can be excreted at low rates and 
so, if intake rates are low, levels in the 
blood w i l l not bu i ld up apprec iab ly . 
However, unlike metals such as selen
ium and zinc, lead is a substance for 
which the body appears to have no need 
whatever. 

T h e Romans , we surmise , ingested 
unhealthy quantities of lead with their 
drinking water — they used pipes made 
from lead (plumbus in La t in ) for their 
plumbing. Our country's water supply is 
effectively free of lead; on the other hand 
we do still have a facility for burdening 
our bodies with lead through the food we 
eat (plants take up lead from the soil) and 
the air we breathe (city air contains up to 
several micrograms per cubic metre — 
most of it from vehicle exhausts). 

Nobody disputes lead's toxicity in large 
doses. T h e most common cause of lead 
poisoning today is a child 's eating of old 
f l ak ing pa in t — before the u se w a s 
banned, house paint conta ined l a rge 
quan t i t i e s of lead compounds (some 
metal primers still do). But what is now 
unresolved is whether lead can cause 
subtle deleterious changes to the devel-

Lead concentrations in the 
atmosphere remain above the 
recommended levels. 

oping human brain and nervous system 
in the lower doses that are experienced in 
our major cit ies. 

The National Health and Medical Re
search Council has set a 'level of con
cern' of 30 micrograms of lead per 100 
mil l i l i t res of blood for individuals. For 
populations, the N H M R C considers that 
lead levels in blood should not average 
more than 15 micrograms per 100 mL. 
Clear symptoms of lead toxicity appear at 
about the 80-microgram level. 

Recent evidence presented to a sym
posium of the American Association for 
the Advancement of Science devoted to 
the l e a d q u e s t i o n a p p e a r s to h a v e 
strengthened the case against lead. Dr 
Herbert Needleman of the Harvard Med
ical School reported that he had found 
the higher was the concentration of lead 
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Lead in petrol: 



Fine lead particles from Adelaide spread far and wide. 

in shed milk teeth, the lower 
were their IQ, their verbal skill , and their 
ability to concentrate at school. 

Several other studies have linked high 
body lead burdens with hyperactivity and 
learning impairments, but all such stud
ies incriminate lead only by association 
— no effect due u n q u e s t i o n a b l y to 
petrol-derived lead has yet been demon
strated. 

Never the less , there is enough evi
dence for concern, and the consensus of 
scientific opinion appears to be tilt ing 
towards the view that lead at levels be
low those causing obvious signs of lead 
poisoning can exert deleterious effects on 
children's brain functions. 

In one s tudy , by Professor L l o y d 
Smythe of the University of New South 
Wales , the blood of 1200 Sydney chil
dren was analysed for lead. Of the inner-
suburban children, 22% had lead levels 
above the 30-microgram 'level of con

cern ' .

 Chi ldre

n from Penr i th , on the 
outskir ts of Sydney, were far less af
fected — only 2% of them had a blood-
lead level of similar magnitude. 

Lead levels in Sydney's air are often 
above the NHMRC's recommended 
maximum. The plotted points show 
90-day running-average concentrations. 

Cars — spreading lead from their 
exhausts. 

T h e Vic tor ian Heal th Commiss ion 
tested 446 children whose parents 'vol
unteered' them for testing and found an 
average blood-lead level of 11•4 micro
grams per 100 mL. 

Another survey, by the deputy medical 
officer for health at Collingwood, Mel
bourne, compared the lead content in the 
mi lk teeth of 30 chi ldren in Col l ing
wood with that of 30 children in Sher-

We have a facility for 
burdening our bodies with 
lead. 

brooke Sh i re just outside Melbourne. 
The city children's teeth contained about 
40% more lead. 

In 1979, the N H M R C reviewed the 
results of research on the health effects of 
lead, both in Australia and overseas. It 
noted that ' lead levels lower than those 
previously thought to be significant may 
now be producing adverse health effects'. 
The Council has recommended that the 
max imum permissible level of lead in 
urban air should be 1 • 5 micrograms per 
cubic metre, averaged over 3 months. 

V i c t o r i a ' s Envi ronment Protect ion 
Authori ty has disclosed that a survey 
found 160 'hot spots ' in and around 
Melbourne where lead in the air ex
c e e d e d the N H M R C r e c o m m e n d e d 
maximum level, in some cases being up 
to almost three times that level. 

T h e Collingwood study also included 
lead-in-air measurements. At a day nurs
ery near busy Hoddle Street, the air con
tained up to six times more lead than the 
level set by the N H M R C . At two other 
sites the N H M R C level was exceeded by 
a factor of almost three. 
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Lead introduced into the soil is more prevalent close to the city and its cars. 

recommended levels. In July 1980, the 
State government decided that lead-free 
petrol was needed. As well as removing 
lead from the air, this move would allow 
catalytic converters to be fitted to car ex
hausts. These anti-pollution units break 
down exhaus t fumes before they are 
emitted, but they require lead-free petrol 
to avoid 'poisoning' of the catalyst. 

Smog over Adelaide — a sign that cars 
emit many pollutants, including lead. 

In Sydney in 1979, the 3-month aver
age level in the central business district, 
measured by the State Pollution Control 
Commission, varied between 1•8 and 3•7 
micrograms per cubic metre — always 
well above the maximum recommended 
concentrat ion. T h e m a x i m u m recom
mended level was also exceeded for more 
than 40% of the time at other monitor
ing sites in the Sydney metropolitan area. 

Taking it out 

Since 1975, the New South Wales gov
ernment has progressively decreased the 
permitted lead content of petrol. T h e 
maximum lead content for petrol sold in 
Sydney, Wollongong, and Newcastle has 
dropped from an original oil industry 
maximum of 0•84 grams per litre in 1974 
to a legal limit of 0•4 grams per litre in 
1980. 

Despite this action, lead concentra
tions in the atmosphere remain above 

The key factor is the 
proportion of the body's lead 
burden that comes from lead 
in vehicle exhausts. 

From 1 July 1985, 92-octane lead-free 
petrol is to be available for sale at all re
tail petrol outlets in the State. More sig
nificantly, a l l new petrol-engined cars 
sold in New South Wales after 1 January 
1986 wi l l have to be designed to run on 
this fuel. 

At a meet ing of S ta te and Federa l 
Transpor t Minis te rs in February this 
year, other States decided to follow New 
South Wales ' in i t ia t ive (al though the 
dates for implementation are a year later 
t h a n N e w S o u t h W a l e s o r i g i n a l l y 
planned). 

The decision was not clear-cut; strong 
arguments were put forward that such a 
move is unnecessary and a waste of large 
amounts of money. The box on page 6 
discusses some of the pros and cons. 

Will it work? 

A crucial question i s : what reduction in 
blood-lead levels wi l l this move bring 
about? In 1976 West Germany reduced 
the lead content of its petrol from 0•4 
grams per litre (the current New South 
Wales level) to 0•15 grams. Blood-lead 

l e v e l s h a v e r e m a i n e d v i r t u a l l y 
unchanged. 

The key factor is the proportion of the 
body's lead burden that comes from lead 
in vehicle exhausts. Lead gets into our 
blood from the air we breathe and the 
food we eat. Almost all the lead breathed 
in comes from vehicle exhausts. The lead 
ingested with our food comes from both 
natural lead in the soil it is grown in and 
petrol-derived lead that settles on the 
leaves or in the soil. It is difficult to sort 
out the contribution to our blood-lead 
levels from each of the sources. How
ever, a number of recent s tudies cast 
some light on the question. 

In Britain, the Department of Health 
and Social Security undertook a study of 
the effect of lead on health. Its report, 
called the Lawther report, concluded that 
lead in petrol contributed, on average, 
between 10 and 20% of body-lead levels 
(the proportion depends on your particu
lar environment) and found no evidence 
that this contribution caused any harm. It 
aff irmed that most lead in the body 
comes from food, and that most of the 
lead in food comes from naturally occur
ring lead and sources other than leaded 
petrol. 

But according to a more recent study 
commissioned by the British Conserva
tion Society, as much as 90% of lead 
found in food is fall-out from vehicle ex
hausts. 

A M o n a s h Unive r s i ty chemis t , Dr 
Frank Burden, last year found lead lev
els in some Melbourne vegetables above 
the N H M R C draft standard of 4 parts per 
mil l ion — a standard the Council has 
since halved. Dr Burden believes most of 
the lead came from exhaust emissions. 

Lead fingerprints 

The difficulty is that lead first appeared 
in petrol in 1923, and it has spread far 
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Lead in petrol — take out or leave in? 

Lead compounds are added to petrol to 
increase i ts 'octane rat ing ' . Cars with 
high-compression eng ines need 'high-
octane fuel so that the eng ine won't 
'knock'. 

Additional refining can also increase 
the octane rating of petrol. Adding lead 
isn ' t necessa ry , i t ' s jus t s impler and 
cheaper than extra refining; it also makes 
more efficient use of crude oil, as the 
extra refining uses up energy. It is esti
mated that refining 92-octane lead-free 
petrol would consume 1% more crude oil 
than producing the leaded equivalent. 
At present, 'standard' petrol (87 or 92 
octane) contains only slightly less lead 
than 'super' (97 octane). 

About half of the cars on the road to
day wi l l run just as well on 'standard' as 
on 'super' — the energy content of the 
fuel is about the same. However, only 8% 
of the petrol currendy sold in New South 
Wales is 'standard' fuel. 

T h e New South Wales State Pollu
tion Control Commission estimates that 
use of lead-free fuel would save consid
erable amounts of energy, far more than 
the extra quantity needed for the refin
ing process. 

It bases this belief on its conclusion 
that catalytic converters allow fuel econ
omy to be improved at the same time as 
reducing emissions of hydrocarbons and 
nitrogen oxides. Catalytic converters are 
placed in a car 's exhaust system and 
break down these products. However, 
they require lead-free petrol, as lead wil l 
'poison' the all-important catalyst (usu
al ly. the expensive metal plat inum). Cat
alytic converters are common in America 
and in Japan for dealing with the prob
lem of car-exhaust pollution. They add 
$100-$200 to a car's cost. 

T h e Commiss ion quotes Amer ican 
figures that show that catalyst-equipped 
cars there used about 16% less petrol 
than cars of equivalent weight not so 
equipped. Compared wi th A u s t r a l i a n 
1980 models, the American 1978 cata
l y s t - e q u i p p e d m o d e l s of e q u i v a l e n t 
weight used about 10% less fuel — de-

and wide s ince then. How do we tell 
whether lead found in the environment is 
natural or introduced? 

Dr Brian Gulson of the CSIRO Divi
sion of Mineralogy is using a technique 
that could help sort out the situation, as 
it can determine the source of a lead 
sample. 

Its hydrocarbon and carbon monoxide 
exhaust emissions were reduced by 60% 
and the car passed the stringent exhaust 
emission standards to be introduced in 
New South Wales in 1985. 

When lead is added to petrol, other 
chemicals must be added as well to pre
vent the lead from depositing in the en
gine. These ' lead scavengers' have been 
b lamed for extra engine wear and for 
producing corrosive acids in the exhaust 
gases . Significant maintenance cost sav
ings , equivalent to 4 -8% of fuel costs, 
have been claimed for lead-free petrol. 

T h e petrol industry strongly disputes 
the need for introducing lead-free fuel. 
T h e Austral ian Institute of Petroleum 
claims that such a course of action would 
c a u s e m a s s i v e m i s a l l o c a t i o n of r e 
sources . It es t imates that the swi tch 
would cost the community $1760 mil
lion, most of it in the next 15 years. 

T h i s would be made up, it says , of 
$1200 mil l ion additional costs in vehicle 
manufacture, $300 mil l ion in additional 
fuel consumption, $60 mi l l ion from en
ergy pena l t i es at ref ineries , and $200 
mil l ion for changeover of storage, distri
bution, and dispensing facilities for un
leaded petrol. 

In i ts booklet, 'Why Keep L e a d in 
Petrol?', the Institute says that, next to 
the provision of sewerage systems and 
c lean water supplies, the switch to lead-
free petrol would probably be the largest 
s ing le publ ic health program ever un-

He uses a mass spectrometer to ana
lyse the relative abundance of each of the 
four lead isotopes — lead 208, 207, 206, 
and 204. Lead mined from a particular 
local i ty has its own particular isotope 
'fingerprint', and so can be traced. 

The lead compounds added to petrol in 
A u s t r a l i a h a v e b e e n m a n u f a c t u r e d 

dertaken in Australia. Yet it denies the 
existence of any hard evidence that the 
program deserves priority, that the bene
fits would be commensurate with the 
costs, or that the money could not be 
better spent on other measures to im
prove public health and road safety. 

T h e Institute also argues that remov
ing lead from petrol would mean that 
those areas with no pollution problems 
wou ld have to subsidize motorists in 
Melbourne and Sydney, where traffic 
density i s high. 'We Austral ians live in 
an industrialized society and want maxi
mum freedom to own and use cars ' , it 
says. 'We cannot at the same time expect 
to have pristine mountain air in our large 
cities. ' 

Controversy over the cost, and many 
other factors, continues, a l though the 
quest ion of lead 's effect on health re
mains the most important aspect. Men
tion was made in the main story of some 
of the indications that lead from vehicl 
exhausts can be harmful. The Institute of 
Petroleum argues that: 

• there, is no evidence that air-borne 
lead originating in petrol has caused 
adverse health effects 

• no Aus t ra l ian health authority has 
advocated lead-free petrol 

• of the s m a l l amounts of l ead that 
people absorb, most is excreted 

T h e controversy wi l l rage for some time 
yet. 

'Lead-free Petrol: How You Wil l Bene
fit.' (New South Wales State Pollution 
Control Commission: Sydney 1980.) 

'Comparison of Fue l Consumption of 
Catalyst and Non-catalyst Equipped 
Motor Cars. ' (New South Wales State 
Pollution Control Commission: Syd
ney 1980.) 

'Why Keep Lead in Petrol?' (Australian 
Ins t i tu te of Pe t ro leum: Melbourne 
1981.) 

W h y k e e p l e a d in pe t ro l? Petroleum 
Gazette, 1981,22, 110-13. 

mainly from lead mined at Broken Hil l 
and Mt Isa or from Missour i , U.S .A. 
Lead from these sources, broadcast about 
the country through vehicle exhausts , 
can thus be readily identified and differ
entiated from the soil 's native lead con
tent. Lead from Broken Hi l l and Mt Isa 
has a lead 206:lead 207 ratio of 1•04:1, 
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spite the fact that the emission standards 
for the American cars were more than 
twice as stringent as the Australian ones. 

The Commission has fitted a current-
model six-cylinder Holden Commodore 
with a catalytic converter to observe its 
effects on exhaust emissions, fuel con
sumption, performance, and durability. 
After carburettor and other adjustments 
to suit the lead-free petrol, the car had a 
12% better fuel consumption than when 
it was in factory trim without the cata
lyst. 



This mass spectrometer was used to 
examine the 'fingerprint' of lead 
isotopes. Lead from petrol was 
identified in soil samples in the Adelaide 
hills. 

whereas lead from Missouri has a value 
for this ratio of 1•18:1. 

Dr Gulson was asked to perform lead 
isotope analyses on samples of topsoil 
collected by a team of scientists from the 
CSIRO Division of Soils . For some years 
Dr Kevin Ti l le r , Mr Richard Merry, and 
their co l l eagues of that Divis ion had 
been investigating the quantities of heavy 
metals occurring in the soils of South 
Australia. Ecos 7 and Ecos 28 described 
their work in analysing toxic metals in 
soil and plants surrounding the Port 
Pirie lead smelter. 

Recently they turned their attention to 
an area — approx imate ly 100 km by 
30 km — to the east of Adelaide. They 
soon found that topsoils from the west
ern half of the area showed elevated lead 

Samplers have revealed that, over a 6-
month period, lead fall-out reached 
nearly 8 kg per square kilometre close to 
Adelaide. Further inland, fall-out levels 
declined. 

levels. They suspected lead from vehicle 
exhausts to be the culprit because of the 
way that the lead levels seemed to de
crease away from the city area. Elevated 
levels up to 50 km distant did seem un
likely, though, since most earlier inves
tigations reported that most lead from 
vehicle exhausts was deposited less than 
100 m from roadways. 

But, sure enough, when Dr Gulson 
analysed the soil samples, lead isotope 
ratios characteristic of petrol additives 
were plainly evident. Coarse lead part
icles from vehicle exhausts are deposited 
close to the road, but few studies have 
taken account of the less numerous, but 
still appreciable, smaller particles. 

Lead and more lead 

T h e CSIRO team found that the intro
duced lead particles represented a signif
icant proportion of the total lead in the 
topsoil. Obviously, native lead levels vary 
a lot, depending on geology, but petrol-
derived lead often accounted for as much 
as, or more than, the long-resident lead. 

Petrol-derived lead in the 
topsoil often accounted for as 
much as, or more than, the 
long-resident lead. 

More significantly, the lead from cars 
was deposited in the top few centimetres 
of soil and was much less tightly bound 
to soil constituents than most of the in
herent lead. It could be easily extracted 
with dilute hydrochloric acid. To meas
ure the inherent lead bound into the soil 
minerals , the scientists needed to attack 
soil samples with a powerful mixture of 
hydrofluoric and nitric acids. 

T h e scientists found that, generally, 
the hydrochloric acid fraction consti
tutes from one-quarter to one-half of the 
total soil lead. And, significantly, within 
this fraction they found that the contam
inant lead in the top 10 cm of soil was 
three or four times more plentiful than 
the natural lead. 

The fact that foreign lead is less tightly 
bound into the soil raises the possibility 
that plants, vegetables in particular, may 
take it up more readily than natural ly 
occurr ing lead. T h i s possibi l i ty, com
bined with the discovery that lead from 
vehicle exhausts spreads out many kilo
metres from roadways, suggests that a far 
higher proportion of the lead found in 

food may be attributable to leaded petrol 
than previously believed. 

Contamination 

A factor that has sometimes masked the 
depos i t s of f ine lead p a r t i c l e s from 
vehicle exhausts is contamination of the 
soil from other sources — agricultural 
sprays, lead smelters, and coal-burning 
power stations. 

For many years, orchards in the CSIRO 
team's study area were sprayed with lead 
arsenate for kil l ing various insect pests. 
Soil taken from an orchard showed a lead 
content of 2 0 0 - 6 0 0 p.p.m. However , 
analysis of nearby soil showed that lead 
from sprays does not drift more than 50 
metres. Furthermore, this chemical is no 
longer used as a commercial insecticide. 

As mentioned before, the scientists 
have studied fall-out of lead from the lead 
smelter at Port Pirie (200 km from the 
study area) for a number of years. But it 
s eems that a i r -borne l ead from th i s 
source doesn't contribute appreciably to 
soil lead beyond about 40 km. 

The coal that is burnt for generating 
power does c o n t a i n some l e a d , but 
measurements indicate that, for South 
Australian coal anyway, lead contamina
tion from this source can be ignored. 

Fall-out measurements 

Dr Ti l l e r and his col leagues at the Divi
sion of Soi ls are now taking direct meas
urements of what falls out of the sky in 
the way of rain and dust. Only prelimi
nary data are available so far, but they 
confirm that lead fall-out is highest close 
to the city and tails off some 50 km or so 
from the coast (see the graph at left). 

Meanwhi le , Dr Gulson is working on 
S y d n e y ' s l ead fall-out. H i s measure 
ments show that about 90% of the lead in 
the air comes from vehicle exhausts. In 
the near future, Dr Gulson plans to be
gin measurements of the isotopic com
position of lead in food so as to gauge 
whether or not the lead comes mostly 
from petrol. Food samples w i l l come 
from experimental plots in various parts 
of the metropolitan area and away from 
the city. 

Andrew Bell 

More about the topic 

Use of lead isotopes in soils to identify 
the sources of lead contamination near 
Adelaide, South Austral ia . Brian L. 
Gulson, Kevin G. T i l l e r , Karen J . 
Mizon, and Richard H. Merry. Envi
ronmental Science and Technology, 1981,15 
(in press). 
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