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countries for a central laboratory study (Goldwater
and Hoover, 1967), only those from Finland with a
mean blood lead level of 1-35 ,±mol/l (28 ,ug per 100
ml), gave mean values higher than 111 ,umol/l (23 ,ug
per 100 ml). The samples from England submitted
for this survey gave a mean value of 1.11 ,umol/l
(23 ,ug per 100 ml).
We therefore decided to measure blood lead in a

group of central Manchester taxi drivers to see how
our findings compared with those of Jones et al.,
1972. We also arranged to assay the erythrocyte
8-aminolevulinic acid dehydratase activity of the
samples. It has been stated that inhibition of
erythrocyte ALAD activity is the most sensitive
biochemical manifestation of lead absorption so far
known (Hernberg et al., 1972), and that there is an
inverse correlation between blood lead levels and
erythrocyte ALAD activity, even at blood lead levels
found in non-industrially exposed city dwellers
(Hernberg and Nikkanen, 1970; Hernberg et al.,
1970).

Materials and methods
Blood samples were obtained from male taxi driver
volunteers while they were refuelling at a central
Manchester depot. Not more than six men were inter-
viewed and bled on each occasion, so as to ensure that
less than two hours would elapse between collection of
any of the specimens and the start of the ALAD esti-
mations. The blood was taken into lead-free heparinized
syringes and, after the portion for ALAD estimations had
been removed, the samples were stored in a refrigerator
until they were all available for lead estimation. Blood
lead was measured in 40 samples and ALAD activity in
34 of them.
The men's ages, home addresses, and drinking and

smoking habits were recorded, as was the length of time
they had spent as taxi drivers, their estimated weekly
mileages, and whether they were on day or night shift.
Blood lead estimations were carried out using the single

tube monocolor dithizone technique described by
Hoschek and Schittke (1973). In this technique about 3 g
blood (weighed) is wet-ashed in a boiling tube with a
mixture of nitric, perchloric, and sulphuric acids to the
sulphuric acid refluxing stage. After adding 10 ml water,
the sample is made up to about pH 9 5 with ammonia
ammonium citrate, and a cyanide complexing mixture is
added. It is then extracted with a solution of dithizone in
chloroform, the aqueous phase being discarded. The excess
dithizone is then removed by quadruple extraction with
ammonia/cyanide wash solution and the absorption of the
final pink dithizonate read at 515 nm. The whole operation,
except the final absorption reading, takes place in the
same boiling tube. The laboratory which carried out the
investigations is No. 52 in the National Quality Control
Scheme organized by Professor T. P. Whitehead of the
Wolfson Research Laboratories, Department of Clinical
Chemistry, Queen Elizabeth Medical Centre, Edgbaston,
Birmingham. The scheme covers a number of analyses,
one of them being 'lead in blood'. At about monthly
intervals samples from a single source are sent to the
participant laboratories, which are coded by number. The

analytical result is returned to the Queen Elizabeth
Medical Centre and each trial is reported back to the
laboratories in terms of the results from each laboratory
with a simple statistical analysis of the data.

Erythrocyte ALAD activity was measured by a micro-
modification of the method of Weissberg, Lipschutz, and
Oski (1971), in which reduced glutathione was incor-
porated into the substrate. This modification was intro-
duced to counteract the rapid fall in activity experienced
after sampling. The optimal concentration was in agree-
ment with that quoted by Gibson, Neuberger, and Scott
(1955). By this technique it was found that there was no
difference in measured levels of ALAD activity from the
time of sampling up to the chosen limit of two hours.

Results and discussion

The results are presented in Table 1. The ages of the
40 men ranged from 25 to 64 years with a mean of 40
(SD 10-8). Iheir lengths of service as taxi drivers
ranged from three months to 36 years with a mean of
11 years (SD 8). Estimated mileages of 38 of the
men ranged from 400 to 1000 miles a week with a
mean of 664 miles (SD 153). Altogether 25 of the
men were on day work, twelve did alternating day
and night work, and three were doing night shifts
only.
Blood lead levels among 40 drivers varied between

0 58 ,tmol/l and 1-98 cumol/l (12 and 41 jig per 100
ml) with a mean of 1 10 ,umol/l, SD 0 37 (22-8 ,ug
per 100 ml, SD 7 6). Erythrocyte ALAD activities
among 34 drivers varied between 14-7 and 47 0 units
(1±/mol of porphobilinogen/min per ml of red
cells), with a mean of 30-1 (SD 7 9).
No statistically significant association was observed

between the blood lead levels and the ALAD
activity in these 34 drivers (r = - 0-07 see Figure).
There was no apparent association between either
blood lead or ALAD levels and the nature or length
of service or weekly mileage as a taxi driver, drinking
or smoking habits, or age.
When the blood leads of the taxi drivers are con-

sidered in relation to the positions of their homes on
the map, the average of the blood leads appears to be
somewhat higher in the north east quadrant of the
city (see Table 2). This is the quadrant which might
be expected to receive the bulk of the airborne
pollution from the city as the prevailing wind is
from the south west. The differences in the mean
blood leads between the quadrants is, however, not
sufficiently large to be statistically significant
(P > 010 in a Student's t test of north east and
south west quadrants) and might be due to other
factors.

Particulars were obtained concerning the water
supply to the homes of 34 of the men. These homes
were supplied from six different water sources but
there was no apparent correlation between the
blood lead levels of the men and the source of their
domestic water, nor whether the service pipe from
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TABLE 1
FINDINGS IN TAXI DRIVERS

Blood-lead
Series Age Smoking Drinking Years of Weekly Shift s mol/l ALAD
(no.) (years) (see key) (see key) driving mileage (,ug per units

I ~~~~~~~~~100Ml)

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

25
50
34
63
37
43
35
36
31
26
34
30
64
50
25
43
28
48
43
37
29
39
55
37
25
38
53
42
45
63
34
57
27
32
40
45
40
45
29
34

0

0

1
4
3
0

4
1
4
0

3
0

0

0

3
4
4
4
4
0

0

3
4

1
0

4
3
4
3
3

2
3
0

0

3
2
3
2

3
0

1
1

21

21

2
21

3

2
4

0

2
4
2

2
1

1
0

0

2
0

4
4
2
3
0

3
2
0

3

8
7

20
8
i

9
6
8
1

10
8
12
10
2

20
5

36
15
15
7
9

20
10
1

12
16
21
14
30
8

25
4
12
2
10
17
10

10

600
500
900
450
700

600
1000
800
650
600
600
600
600
450
600
600
800
400
700
700
600
500
750
700
550
900
1000
600
700
500
650
1000
850
600
600
500
700
700

D/N
D
D
D
D/N
D
D
D
N
N
D/N
D
D
D
D/N
D
N
D
D/N
D
D/N
D
D
D
D/N
D/N
D
D/N
D
D/N
D
D
D/N
D/N
D
D
D
D
D
D

0-68 (14)
0-72 (15)
0-97 (20)
0-68 (14)
1-01 (21)
0-68 (14)
1-16 (24)
1-01 (21)
0-77 (16)
1-35 (28)
0-87 (18)
1-06 (22)
1-40 (29)
1-35 (28)
0-58 (12)
0-72 (15)
1-69 (35)
1-26 (26)
1 11 (23)
1-16 (24)
0-87 (18)
1-69 (35)
0-58 (12)
0-77 (16)
0-92 (19)
1-01 (21)
1-45 (30)
1-26 (26)
1-35 (28)
1-59 (33)
0-72 (15)
0-87 (18)
1-11 (23)
0-77 (16)
0-82 (17)
1-30 (27)
1-45 (30)
1-50 (31)
1-88 (39)
1-98 (41)

24-1
27-6
28-2
27-3
30-3
43-7
21-7
24-7
14-7
24-5
16-3
24-2
21-3
29-4
38-6
23-4
34-6
31-5
34-8
37.5
47-0
24-9
29*7
33-6
28-4
39-0
45-4
22-7
24-1
30-8
29-4
34-8
31-7
43.7

No. 40 40 40 40 38 40 40 34
Mean 39-8 11 664 1-10 (22-8) 30-1
SD 10-8 8 153 0-37 (7-6) 7-9

KEY

Smoking habits Drinking habits
Allotted no. (daily consumption: (weekly consumption: litres/pints of

cigarette equivalent) beer or eq,ivalent in spirits)

(litres) (pints)

0 nil nil nil
1 up to 5 up to 1-1 up to 2
2 5 to 14 1-7-5-7 3 to 10
3 15 to 24 6-3-17-1 11 to 30
4 25 or more over 171 over 30
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blood lead in 34 taxi drivers.

the water main to their homes was of
However, a higher mean blood lead 14
in those whose homes had lead plumbi
with copper plumbing (see Table 3).
significance of this finding (t test P <

tempered by the small number in the group with
1A45 193 lead plumbing, but the finding is consistent with that

of other workers (Beattie et al., 1972; Addis and
Moore, 1974). Three of the group with domestic lead
plumbing had addresses in the north east quadrant
of the city, one in the north west and another in the
south west quadrant. If these five individuals are
excluded, the geographical comparison narrows the
difference between the mean blood leads of those

0
living in the north east quadrant and the other
quadrants. The mean blood lead figures then become:
North east 1-16 [.mol/l (24-0 ,tg/100 ml)
North west 097 ,umol/l (20-1 pg/100 ml)
South west I 01 Vmol/l (21[0 [Lg/100 ml)
South east 1 04 Lpmol/l (21 6 ,tg/100 ml)
The results of levels of lead in blood from two

other groups of Manchester residents were available
from the same laboratory. The first groupconsisted of
27 adult first aid students without occupational lead
exposure. Their mean blood lead was 1 05 ,umol/l,
SD 0 50 (21P7 ,ug/100 ml, SD 10-35). There were

13 men, mean blood lead 1-18 ,tmol/l, SD 0-50
, , (24-38 ,ug/100 ml, SD 10-35) and 14 women, mean

30 40 blood lead 0-93 ,mol/l, SD 045 (19-21 ,ug/100 ml,
SD 9 28). The second was a group of 25 male factory

D activity with workers without significant occupational lead
exposure. The mean blood lead of this second group
was 1P16 [tmol/l, SD 0-26 (24-04 ,tg/100 ml, SD 5 3).
It will be seen that the results for the taxi drivers do

lead or copper. not differ significantly from those obtained for the
evel was found men in these other groups.
ingthan in those There was no indication that the ALAD levels of
The statistical our group of taxi drivers differed significantly from
0 01) must be those of control individuals whose places of work

TABLE 2
LOCATION OF HOME ADDRESSES

Blood lead FLmol/l (ig/lJOO ml)
Quadrant No.

Mean SD SE mnean

North west 11 1-04 (21-45) 0-33 (6 79) 0 10 (2 05)
North east 13 1-26 (26-00) 0 34 (7 06) 0-09 (1-96)
Southwest 10 1-04(21-60) 0-36 (7.40) 0-11 (2-34)
South east 5 1 04 (21.60) 0 53 (1092) 024 (4-88)

TABLE 3
DOMESTIC PLUMBING
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were away from city streets. The mean ALAD level
from a group of 15 Manchester hospital workers was
28 units (SD 5-5) which is very close to that of the
taxi drivers.

In our group of taxi drivers the negative corre lation
between blood lead levels and ALAD activity was not
statistically significant. However, if we exclude those
series in which there has been relatively he ivy lead
exposure, or where the ALAD activity has fallen in
association with a recent rise in blood lead, as occurs

in new lead workers, not all investigators have found
correlations at all blood lead levels (Calandra, 1971;
Kennedy, Dressler, and Keplinger, 1972). Kennedy
et al. (1972), in their survey of 300 randomly
selected individuals and 30 lead workers, found an

inverse relationship between ALAD and blood lead
at blood lead levels above 1-21 p.mol/l (25 jig per

100 ml). There were 10 individuals in our series with
blood lead levels above 1 21 ,umol/l (25 ,g per 100 ml),
but there was not an inverse correlation between
their blood lead levels and erythrocyte ALAD
activity. However, low levels of ALAD activity were
found in six occupationally lead-exposed individuals
with blood lead levels between 2-51 and 8-21 ,umol/l
(52 and 170 Vg/100 ml), who attended hospital
during our investigation. Their ALAD levels ranged
between 6-3 and 20-6 units, with a mean of 13-5 units
(Table 4).
The lack of correlation between the reported

drinking habits of the drivers and their erythrocyte
ALAD levels is not necessarily inconsistent with the
finding of Moore et al. (1971) in respect of recent
alcohol consumption. In their investigation the
depression of erythrocyte ALAD levels closely
matched the increase in blood ethanol levels after
ingestion, and rose to normal levels within a few
hours as the blood ethanol fell. The reported
drinking habits of our drivers was a customary
weekly consumption, classified on an arbitrary five-
point scale. Most of those who drank confined their
drinking to weekends or off-duty evenings. Our
blood samples were taken during the day while the
men were at work, and our results confirm the likeli-
hood that professional drivers would not ordinarily

hazard their passengers or their licences by driving
with significant levels of alcohol in their blood. The
nearest indication that relatively recent alcohol
consumption might depress erythrocyte ALAD levels
was that the lowest ALAD level recorded in this
series (14-7 units) was in a non-smoking man who
said he had consumed a lot ofwhisky during a special
celebration two nights before the blood sample was
taken and had drunk 2-8 litres (5 pints) of beer on
the previous night. His blood lead level was only
0 77 ,tmol/l (16 Vg/100 ml).
From our findings it seems unlikely that, by virtue

of their occupation, these urban Manchester taxi
drivers were absorbing significantly more lead than
their fellow-citizens. This conclusion supports that of
Jones et al. (1972) concerning the relative unimport-
ance of the contribution of inhaled lead while driving
in city streets to the blood lead levels of their group
of London taxi drivers. However, in neither the
Manchester taxi drivers nor our control groups did
we find mean blood lead levels of the order quoted
for the London drivers, the mean level of the London
drivers being significantly higher (P < 0-001) than
that of the Manchester drivers. Factors associated
with water supply are unlikely to account for the
difference as water supplied to London is harder than
that supplied to Manchester. Assuming there were
no other environmental differences, the disparity
might be explained if the direct atomic absorption
technique of lead assay used in the London investi-
gation did not incorporate a correction for
non-resonant absorption (King, 1974; Delves, 1974).

We thank Mr and Mrs Marks of the Manchester and
Salford Taxi Owners' Association and the volunteers for
their co-operation; Mr P. Whatmough, Chief Chemist
and Bacteriologist to the Manchester Supply Unit of the
North West Water Authority, and his stafffor information
concerning water supplies, and Mr E. Moss for statistical
advice.
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