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In the N
ovem

ber 1993 edition of the
N

S
W

P
ublic H

ealth
B

ulletin, C
orbett and C

ow
ie referred to lead in petrol (P

b-F
)

and to children's blood lead (P
b-B

) levels and recom
m

ended
the increased use of unleaded petrol (U

L
P

)'. W
hen P

b-P
 is

phased dow
n the arom

atic hydrocarbons in petrol are
increased (F

igure 4), resulting in higher air levels of
carcinogenic benzene and other air toxics. In som

e countries
this has increased the risks of leukaem

ias in the general
com

ini.m
ity and occupationally.

T
herefore, it is not

m
edically appropriate to consider lead only w

hen changes
are m

ade to the com
position of petrol.

L
ead

T
he

B
ulletin

article stated that from
 1976 to 1990 in the

U
S

, P
b-P

 phasedow
n w

as "associated w
ith a significant

reduction" in m
ean P

b-B
 levels'. A

s show
n in F

igure 5,
P

b-B
s in the U

S
 have been declining and continue to decline

independently of the increased use of P
b-P

'. A
fter the U

K
phasedow

n from
 0.4 gram

s/litre to 0.15 gram
s/litre, tests

show
ed that, although a 63 per cent decline in air lead

levels (P
b-A

) reduced P
b-B

 levels in those living near m
ajor

roads, the data suggest that dietary lead intake, rather than
P

b-A
 or leaded dust, w

as the "m
ajor contributor" to P

b-B
levels3.

B
y 1988 S

ydney's P
b-A

s (F
igure 6) w

ere below
 the N

ational
H

ealth and M
edical R

esearch C
ouncil (N

i-[M
R

C
)

recom
m

endation' of 1.5 pg/in'.

C
orbett and C

ow
ie expressed concern about raised P

b-B
levels'. T

hey did not state that the average level in a 1993
survey of 252 M

elbourne children w
as only 5.4 pg/dJ).

O
ther recent studies", not involving contam

inated soil,
have reported P

b-B
 levels sim

ilar to V
ictoria3.

R
eference w

as m
ade' to a review

 by the S
outh A

ustralian
H

ealth C
om

m
ission, tabulating P

b-B
 levels from

 1975-
1990', and an estim

ate that "45 per cent of preschool
children have P

b-B
 levels about 10 pg/dL

". T
he com

m
ission

referred to the lim
itations of its estim

ates and stressed the
need for caution.

T
he findings of the com

m
ission's review

 -
in w

hich m
ore than tw

o-thirds of the surveys w
ere taken

from
 industrial or contam

inated sites' - are not applicable
to current situations. W

hen discussing the 'IQ
 deficit"

caused from
 P

b-B
 levels, the

B
ulletin

article should have
stated that P

b-B
 levels relate to group averages and

therefore cannot be applied to individual P
b-B

 level'.

C
orbett and C

ow
ie stated that a N

S
W

 cost-benefit analysis
w

as being prepared incorporating 'loss of IQ
". T

he U
S

E
nvironm

ental P
rotection A

gency (E
P

A
) 1989 statistical

lead uptake m
odel" used in m

any A
ustralian calculations

and cost-benefit analyses has been superseded'2. T
he

validity of A
ustralian estim

ates' m
ust be re-exam

ined in
light of this revision and should include estim

ates of petrol-
related cancers. In C

alifornia the cost per "case avoided
ranges from

 $22 to $40 m
illion"3.

A
rom

atic h
yd

rocarb
on

s
A

s lead is phased dow
n, arom

atic hydrocarbons
are usually

increased2. D
uring the com

bustion process benzene and
other carcinogens are produced in the exhaust gases.
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B
enzene does not have to be present in petrol for benzene

to be produced'4. B
enzene, toluene and xylenes are

carcinogenic"'. In 1993 the N
IIIV

IR
C

 recom
m

ended that
substantial octane enhancem

ent of fuels should not be
achieved by using carcinogenic additives".
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T
here are w

orrying reports about the possibilities of
leukaeniias in children partly related to travelling in cars'7,
of breast cancers from

 arom
atics'"9 and, as estim

ated by an
Italian G

overnm
ent com

m
ittee, possibly large num

bers of
additional leukaem

ias and lung cancer&
°.

T
here are

A
m

erican estim
ates of additional cancers from

 benzene and
1,3-butadiene from

 vehicle em
issions21. P

revious A
ustralian

occupational exposures to total hydrocarbons and benzene
m

ay have caused haem
atologicall m

alignancies22.

A
ssociated O

ctel com
m

issioned a university to determ
ine air

levels of benzene and toluene in S
ydney's C

entral B
usiness

D
istrict (C

B
D

).T
he benzene results are show

n in T
able 4.

-
 f

N 11
_

BENZENE IN AIR (PARTS PER BILLION
-

PPB)

Period
D

aily
Peak

average
%

of
"tim

e" ^5

15/1/94 to
14/2/94

4.1
10.2

25/6/94to
14/7/94

7.6
25.9

2787

T
oluene air levels w

ere m
uch highern.

A
 B

ritish expert panel recom
m

ended an air quality
standard (running annual average) of 5 ppb of benzerie
w

hich later should be reduced to 1 ppb'4. T
hus S

ydney's
C

B
D

 m
easurem

ents should be cause for concern.

In 1994 the F
ederazione N

azionale P
ro N

atura requested
the C

om
m

ission of the E
uropean C

om
m

unities (C
E

C
) to

initiate proceedings against the Italian G
overnm

ent w
hich

"encourages the use of high arom
atic and unleaded fuels

even in cars not equipped w
ith catalysts", show

ing "a
com

plete disregard for health". It also requested the C
E

C
urgently "to authorise a tem

porary return to 0.3 g P
b/L

m
axim

um
 level for lead (in low

-leaded petrol) in the event
that this should be the only practical w

ay to reduce the
arom

atic content of petrol below
 30-32 per cent by w

eight,
and to ban the use of unleaded petrol w

ith a high arom
atic

content in carsa w
ith no catalysts.

A
s lead has been phased out, fuels have becom

e m
ore

polluting21. T
he N

R
IV

IA
 has stated that "if the oil industry

cannot reduce lead w
ithout increasing benzene, the tim

ing
of this stage of the [phasedow

n] program
 should be

review
ed'°.

B
ecause

only
40 per cent of A

ustralian vehicles have
catalysts and because the annual level of benzene in air
am

id som
e other carcinogens are not know

n, a m
oratorium

on prom
oting unleaded petrol for pre-1986 cars should

be im
plem

ented. A
t the current sw

itch-over rates, the use
of P

b-P
 w

ill be elim
inated by 2007.

C
learly, protecting health is not as sim

ple as only taking
the lead out of petrol.
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W
e w

ould like to offer the follow
ing com

m
ents in reply to

D
r B

ell's letter about our article' on lead in petrol.

D
r B

ell correctly raises concerns about the possible health
hazards of using benzene or other polycyclic arom

atic

V
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hydrocarbons (P
A

H
s) as alternatives to lead in petrol.

T
here

is concern in Italy and in som
e other E

uropean countries
that the use of these alternative octane boosters w

ill
increase am

bient benzene levels and m
ay lead to an

increased incidence of som
e cancers, particularly leukaem

ia.

W
e believe that the reduction of lead in petrol in E

urope is
not directly com

parable to the A
ustralian situation. D

r B
ell

has ignored the issue of octane rating, w
hich is critical to his

debate. O
ctane rating is a m

easure of the com
pression of the

petrol-air m
ixture in a car engine: a higher octane rating

ensures higher com
pression and greater engine efficiency.

L
ead or arom

atic com
pounds can be added to petrol to

increase octane rating. In A
ustralia, unleaded petrol has a

specified R
esearch O

ctane N
um

ber (R
O

N
) of 91 and leaded

petrol has a R
O

N
 of 97. In E

urope the R
O

N
 of unleaded

petrol is 95 and 98.

In E
urope the rem

oval of lead from
 petrol w

as accom
panied

by the addition of benzene and other arom
atic hydrocarbons

to achieve the higher octane rating for unleaded petrol.
F

igure 4 in D
r B

ell's letter illustrates the increase in the
volum

e of arom
atic com

pounds used w
hen lead in petrol is

reduced. T
his graph is not relevant in the A

ustralian
context. In A

ustralia, w
e are seeking to low

er lead in petrol
w

hile at the sam
e tim

e low
ering octane dem

and, thereby
avoiding the use of alternative additives to petrol. F

igure 7,
provided by the A

ustralian Institute of P
etroleum

 (A
J1P

),
indicates that arom

atic and olefin (a hydrocarbon) content
of unleaded petrol has, if anything, fallen slightly over the
period 1992-1994.

W
hen the lead level in leaded petrol in N

S
W

 w
as reduced

from
 0.4 to 0.3 giL

 in F
ebruary 1994, octane rating w

as also
decreased from

 97 to 96 R
O

N
. F

urther reductions to lead
in petrol to 0.02 g/L

 occurred in late 1994. B
enzene content

in petrol varies depending on the fuel batch, because
of variations in the crude fuel stock and blending
com

positions. H
ow

ever, the A
lP

2 advises that there w
ill be

little or no noticeable increase in benzene content of petrol
w

ith lead at 0.2 g/L
. R

educing the lead in petrol w
hile

m
aintaining octane rating requires changes to refinery

operations w
hich can be achieved at cost to the refinery.

O
ne A

ustralian refinery has been able to produce petrol
w

ith a lead content of 0.15 g/L
 by im

proving its refining
technologies5.

In A
ustralia the average level of benzene in both leaded

petrol (L
P

) and unleaded petrol (U
L

P
) is betw

een 2.6 per
cent and 2.8 per cent2. A

lthough prem
ium

 unleaded petrol
(P

U
L

P
) has a m

uch higher benzene content (4 per cent)
than T

JL
P

 or L
P

, the large price differential (P
U

L
P

 costs
up to 8-15 cents/litre m

ore) ensures there is little incentive
to use P

U
L

P
 in pre-catalyst vehicles. T

his is reflected in the
very sm

all proportion (1 per cent) that P
U

L
P

 contributes
to total sales of petrol

iiiA
ustralia. F

urtherm
ore, spot

m
easurem

ents of petrol taken by O
ctel indicate that the

total arom
atic contents of L

P
 (20-33 per cent) and U

L
P

(24-34 per cent) are sim
ilar4.

O
verseas experts have claim

ed2 that T
JL

P
 should not be

used in cars w
ithout catalytic converters. D

r B
ell has

upheld this claim
 in his letter. In E

urope U
L

P
 w

ith a
m

uch higher arom
atic content w

as introduced w
ithout

the requirem
ent for catalytic converters. In A

ustralia,
the introduction of U

L
P

 in 1986 w
as accom

panied by the
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requirem
ent for all new

 vehicles to be fitted w
ith em

ission
reduction equipm

ent. V
ehicle m

anufacturers achieved this
by the use of catalytic converters.

F
or the above reasons and because arom

atic contents of L
P

and U
L

P
 are sim

ilar, a sw
itch-over to U

L
P

 for the pre-1986
vehicles w

hich can operate on U
L

P
 is not expected to

increase em
issions of benzene or other arom

atics in
A

ustralia, irrespective of the presence or absence of
a catalytic converter.

T
here has been lim

ited air m
onitoring of am

bient benzene
levels in S

ydney. T
he levels quoted by D

r B
ell are based

on a lim
ited num

ber of sam
ples collected from

 G
eorge

S
treet, one of S

ydney C
B

D
's busiest streets.

T
he N

S
W

E
nvironm

ent P
rotection A

uthority w
ill shortly begin a pilot

air toxics m
onitoring program

 including benzene and other
volatile organic com

pounds. P
relim

inary m
onitoring by the

E
P

A
 has show

n that am
bient benzene levels are unlikely to

be above 1 part per billion in m
ost of m

etropolitan S
ydney.

B
enzene is an acknow

ledged cause of leukaem
ia. A

lthough
exposure to am

bient benxene levels is hypothesised to be
associated w

ith increased levels of childhood leulcaem
ia,

further sophisticated studies are required to determ
ine

w
hether this association is causal.

D
r B

ell challenges the inform
ation provided in our article

w
hich discusses com

parative rates of decline of lead in
petrol in the U

S
 and A

ustralia and the m
ean blood lead

in the U
S

 population. F
igure 5 in D

r B
ell's article is very

m
isleading. T

he repeated surveys on w
hich it is based are a

m
ixture of occupational and population groups and are not

com
parable.

T
he N

ational H
ealth &

 N
utrition E

xam
ination

S
urveys (N

H
A

N
E

S
) data w

hich w
e quoted w

ere based on
repeated random

 surveys.

T
here have been drastic decreases in blood lead in the U

S
°.

D
ata from

 the U
S

 indicate there w
as a decrease of 77 per

cent in blood lead levels of non-H
ispanic w

hite children aged
1-5 years from

 13.7 pg/dL
 in 1976 to about 3.2 pg/dL

 in
1991; and a 72 per cent decrease in blood lead levels of non-
H

ispanic black children from
 20.2 to 5.6 gg/dL

. T
he change

Vol.
G

lN
o
.3
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w
as attributed to the rem

oval of 99.8 per cent of lead from
fuel and the rem

oval of lead from
 soldered cans.

T
here is little doubt that blood lead levels have been

decreasing over the past few
 decades. T

his is due to the
significant decline of lead in food through the virtual
elim

ination of lead soldered cans, decreasing air lead levels,
and the banning of lead-based paint.

T
he association of blood lead w

ith decreasing cognitive
developm

ent has been m
easured on a population basis.

A
lthough the effect of an average loss of 2-3 IQ

 points m
ay
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