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Diethyllead as a specific indicator of occupational
exposure to tetraethyllead
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Medical Academy of J6dt,2 Institute ofEnvironmental Research and Bioanalysis, Department of Toxi-
cological Chemistry, Jodz, Poland

ABSTRACT In a group of 26 workers exposed to tetraethyllead a correlation was found between
the concentration of tetraethyllead in the air and the concentration of diethyllead (r = 0.70) and
total lead (r = 0.84) in the urine and also between the excretion of diethyllead and total lead (r =
0.68). The results obtained indicate that diethyllead may be used as a specific indicator of
occupational exposure to tetraethyllead.

The evaluation of occupational exposure to neuro-
toxic compounds such as tetraethyllead (Et4Pb),
which is still used in some countries as an antiknock
agent in petrol, demands an urgent solution.
Biochemical tests used in evaluating exposure to
inorganic lead compounds are not specific for these
compounds.' -6

Tetraethyllead is metabolised to triethyllead
(Et3Pb+), diethyllead (Et2Pb+2), and ionic lead (Pb+2).7
-10 Some data have shown that in the case of acute
Et4Pb poisoning in man the predominant metabolite
excreted in the urine is Et2Pb+2.9 '0 The main
problem in establishing the use of this metabolite in
evaluating occupational exposure has seen the lack
of specific analytical methods. It has been suggested
by Chiesura that Et2Pb+2 could be used as a specific
indicator of occupational exposure to Et4Pb7 and
our initial research using the modified method of
Yamamuchi'° also indicates this.
The aim of the present work was to study a group

of people occupationally exposed to Et4Pb to
establish whether the excretion of Et2Pb+2 in the
urine may be used as a specific indicator of occu-
pational exposure.

Materials and methods

A group of 26 men employed by a petrol company
and a control group of men not exposed to Et4Pb
were studied.

Et4Pb in the atmosphere was evaluated by a
modified spectrophotometric dithizone method. The
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principle of this method depends on the absorption
of Et4Pb on to carbon and the deabsorption and
mineralisation of the sample followed by spectro-
photometric determination of the dithizonate
complex. The limits of detection through this
method are 25 ,ugEt4Pb/m3 air (M Dobecki,
unpublished data).

Test samples of air were obtained from an area
where the workers were respiring using personal
samplers. The total lead blood concentration (Pb-B)
in the exposed and control group was evaluated by
flameless AAS.*

After evaluating the concentration of creatinine
and the specific gravity of the urine, the level of total
lead (Pb-U) was determined using a flameless AAS
method, whereas Et2Pb+2 was evaluated using our
modified flameless AAS method.'0 The results of
Pb-U and Et2Pb+2 were adjusted to the average
specific gravity of urine (1.024).

Results

Table 1 and fig 1 present the data on the degree of
occupational exposure to Et4Pb, depending on the
workplace. The results obtained indicate that the
magnitude of exposure to Et4Pb in the population
studied, as defined by the modal value, varied
greatly. The workers exposed to the highest
concentration of Et4Pb were those adding Et4Pb to
petrol (workplace No 3). Workers servicing rail
tankers (petrol) were less exposed (workplace No 2)

*Our laboratory participates in the United Kingdom
External Assessment Scheme.

682

copyright.
 on M

ay 26, 2023 by guest. P
rotected by

http://oem
.bm

j.com
/

B
r J Ind M

ed: first published as 10.1136/oem
.42.10.682 on 1 O

ctober 1985. D
ow

nloaded from
 

http://oem.bmj.com/


Diethyllead as a specific indicator of occupational exposure to tetraethyllead 683

Table 1 Concentrations ofEt4Pb in the air (mg/M3) by workplace (8 h - TWA)

No of workplace and occupation No of workers Mean Median Mode Range

1 Loading petrol into tankers 7 0-015 0-007 0 009 0-004-0-050
2 Loading petrol into rail tankers 14 0-012 0 009 0-016 0-004-0-026
3 Adding Et4Pb to petrol 5 0 205 0-140 0-480 0-050-0-810

loo /0 blood (Pb-B). Similar data for the control group are
0 o in table 3.

80 * The cumulative frequency graph shows the
u 0 excretion of Pb-U (fig 2a) and Et2Pb+2 (fig 2b) in
c
t 6 / the urine of the test workers, according to their
cr60-1 / workplace. In the workers exposed to the lowest

o concentrations of Et4Pb (workplace Nos 1 and 2) the
8 40-O ,/ / excretion of Pb-U was not greater than 60 ,ugPb/l.

0,o , In 50% of these workers no urinary excretion of
E 20- Et2Pb2 was found. In the remainder the amount

excreted in the urine did not exceed 8 ,g Et2Pb+2/l.
0 0.. In the workers exposed to the highest concentration

0r01 0.1 1.0 of Et4Pb (workplace No 3) the amount of metabolite
Air C Et4Pb (mg/rn3) excreted in the urine was significantly higher than in

Fig 1 Cumulative frequency: percentage of workers the less exposed workers. The concentration of
exposed to Et4Pb. 0 O Workplaces Nos I and 2, Pb-U in the urine ranged from 35 to 230 ,.g Pb/l and
* 0*workplace No 3. the concentration of Et2Pb+2 in the urine ranged

from 2*5 to 27 ,ug/l; in 50% of the workers at
and those with the least exposure were loading workplace No 3 the excretion of this metabolite was
petrol into tankers (workplace No 1). in excess of 7 ,ug Et2Pb+2/l.

Table 2 includes a description of the men Figure 3 shows a regression graph for the
occupationally exposed to Et4Pb, and their correlation between the concentration of Et4Pb in
concentrations of total lead (Pb-U) and Et2Pb+2 in the air and the excretion of its metabolites in the
urine and also the concentration of total lead in the urine (Pb-U fig 3a, Et2Pb+2 fig 3b). The data for

Table 2 Characteristics ofthe 26 workers exposed to Et4Pb

Parameters Mean Median Mode Range

Age (years) 35-6 30-0 30-0 260-58 0
Years of employment 8-1 7 5 10 0 0 5-22-0
Pb-B (jug/l) 256-3 240-0 325-0 190-0-535-0
Pb-U (,ug/l) 73-8 72-8 78-4 16-8-229-6
Pb-U (,ug/mean spec grav) 84-6 83-3 117-6 22-1-165-6
Pb-U (ug/g creatinine) 42-2 36-2 56-0 9-0-128-0
Et Pb+2 (,ug/l) 6-6 5-5 4-0 3-0-25 0
Et Pb+2 (mean spec grav) 8-6 6-3 8-0 2-7-27-2
EtPb+2 (ug/g creatinine) 4-4 3-4 4 0 1-1-24-3
Specific gravity of urine 1-021 1-022 1-025 1 005-1-030
Creatinine (mg/ml) 2-00 1-87 1-50 0-55-4-50

Table 3 Characteristics ofthe control group (n = 26)
Parameters Mean Median Mode Range

Age (years) 34-2 34-0 30-0 24-0-47-0
Pb-B (ug/l) 105-7 90-0 100-0 55-0-160-0
Pb-U (jg/1) 24-9 25-0 27-5 7-5-55-0
Pb-U (pg/mean spec grav) 31-8 28-4 30-0 9-3-72-0
Pb-U (ug/g creatinine) 19-3 15-4 25-0 6-7-44 5
Et Pbf2 (ug/l*) - - - -
Specific gravity of urine 1-020 1-020 1-624 1-005-1-030
Creatinine (mg/ml) 1-63 1 40 1-20 0-9-5-5

*Et2Pb+2 - undetected.
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Fig 2 Cumulative frequency: urinary excretion of (a)
Pb-U and (b) Et2Pb+2. 0 0 Workplaces Nos 1 and
2, *0* workplace No 3. (Results adjusted to average
specific gravity ofurine.)
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Fig 3 Correlation between concentrations ofEt4Pb in air
and (a) concentration ofPb-U and (b) concentration of
Et2Pb+2 in urine. (Results adjusted to average specific
gravity ofurine -1 024.)

Fig 4 Correlation between concentrations ofEt2Pb+2 and
total lead in urine. ((a) Results adjusted to average specific
gravity ofurine - 1 024; (b) Results calculated per gram
creatinine.)

those workers in whom the Pb-U concentration was
less or equal to that of the control group have not
been included. The results obtained show a positive
correlation between the concentration of Et4Pb in
air and the amount of Pb-U and Et2Pb+2 in the urine
(r = 0*84 and r = 0*70 respectively). A positive
correlation (fig 4) was also found between the
excretion of Pb-U and Et2Pb+2 in the urine.
A small positive correlation was found between

the concentration of Et4Pb in the air and Pb-B (r =
0.11) but no correlation was found between Pb-B
and the concentrations of Pb-U and Et2Pb+2 in the
urine.

Discussion

The concentrations of Pb-B in people with clinical
symptoms of Et4Pb poisoning have been found to be
higher than 500 tggl.4-6 Observations made by
Robinson showed that the concentration of Pb-B in
people who had been exposed to Et4Pb for 20 years
ranged from 200 to 500 ,ug/l" but that none suffered
any detectable impairment in health. Millar et al
showed that in people occupationally exposed to
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Et4Pb the mean concentration of Pb-B rose to
425 ,ug/l and the activity of ALA-dehydratase
(ALA-D) was significantly reduced.3 Studies made
by Piotrowski and O'Brien, however, have shown
that the activity of ALA-D is a subcritical indicator
for the evaluation of lead poisoning.'2

These results and those of our studies indicate
that the evaluation of Pb-B is of little use in
estimating the extent of occupational exposure to
Et4Pb.
The concentration of Pb-U in 80% of workers

exposed to Et4Pb for 20 years ranged from 30 to
120 ,ug/l." In our studies on workers exposed for 10
years the level of Pb-U ranged from 16 to 229 ,ug/l.
The mean concentration of Pb-U (7388,g/l) was
lower than those (150,tg Pb/l'3 and 110 ,ug Pb/1'4)
which have been recognised as being without hazard
for workers occupationally exposed to Et4Pb. As
shown by fig 2a, despite high concentrations of
Et4Pb in the air only three workers of the test group
exhibited Pb-U excretion higher than the one
quoted above.
With respect to the above, it seems that the con-

centration of Pb-U is also of little use as an indicator
of occupational exposure to Et4Pb.
On the other hand, Et2Pb+2 was found in the urine

of workers exposed to both high and low concentra-
tions of Et4Pb. A significant correlation was found
between the concentration of Et4Pb in the air and
excretion of Et2Pb+2 in the urine (r = 0.70). These
show that this metabolite could be a specific indi-
cator for occupational exposure to Et4Pb.
The concentrations ratios between Et2Pb+2/total

Pb in the urine of exposed workers differed. For
workers employed at workplaces Nos 1 and 3 (table
1) the mean ratios were 0-093 (from 0-04 to 0.19)
and 0*085 (from 0-049 to 0-14), respectively. On the
other hand, in cases of acute poisoning the mean
ratio was 0-35 (from 0-08 to 0-72).9 '0
These results would make us surmise that the

metabolism of Et4Pb to Et2Pb+2 depends on the
dose or the extent of exposure.

In people occupationally exposed to Et4Pb the
urinary level of Pb-U of 110 gg/g creatinine has
been assumed as safe.'5 Figure 4b shows the correla-
tion between the excretion of Pb-U and Et2Pb+2 in

the urine (per gram creatinine): these data indicate
that the permissible level of Et2Pb+2 in the urine of
workers occupationally exposed is about 8,g.
Hence it would seem that the detection of this
metabolite at a concentration greater than 8 ug
could indicate that the exposure may be hazardous
to health.

This study was supported by the programme of the
Polish Ministry of Health and Social Welfare, grant
MZ-IX.1.16.
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