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willing to accept the authors' upper normal limit for
lead in urine, i.e., 20 ,ug/100 ml. However, most
workers in this field consider a lead excretion of
about 20 ig/100 ml urine to be excessive (Lane et al.,
1968).

Department mean values
Reports of department mean values are not common.
Haeger-Aronsen (1960) found the highest ALA
values in plate finishing, assembly, pasting + oxide
mixing, and plate forming, while the mean values
were within normal limits in lead storage, casting,
and charging. Tsuchiya and Harashima (1965)
reported great variations of the lead concentration in
air between different departments, while despite this
the lead excretion in urine was roughly of the same
magnitude, 15-2-16-5 ,ug/100 ml.
The same variations of the exposure between

different departments were also reported by Williams
et al. (1969). The highest mean values were found in
machine pasting arnd hand pasting + forming but
were considerably lower in casting. They also found,
however, that the mean values for lead in blood and
for lead and ALA in uiine showed the same pattern
as those for lead in air, even if the ALA value in hand
pasting was lower than expected in relation to the
other indices. There were large individual variations
of exposure and response between workers in the
same departments.
A comparison between factories is difficult

because of the variations in the hygienic standards,
but the investigations referred to give a similar
indication of those departments which offer the
greatest lead hazards in a storage battery factory.
The results are also in fairly good agreement with
ours.
Above all, these department mean values give

information about the conditions in a given factory
and indicate where preventive measures should first
be initiated. It is evident from Figs. 4 and 5 that two
departments, scrap metal works and machine pasting,
had unacceptable mean values for the excretion of
both lead and ALA. The mean values for lead in
blood were between 60 and 70 ,ug/100 ml. These
values indicate strongly that both departments
should be subject to preventive measures. In the
departments with a mean value for lead in blood of
up to 47 ,ug/100 ml, the mean excretion of lead and

ALA was quite acceptable and there were only
isolated cases showing a slightly raised ALA
excretion, indicating a metabolic influence of lead.
These departments were: no exposure, grid sawing,
grid casting, submarine assembly, and assembly line
I. Between these two groups were a number of
departments with mean values for lead in blood of
about 50 ,ug/100 ml and up to 60 ,tg/100 ml. This
zone showed a greater instability with regard to the
excretion of lead and ALA. Even if the metabolic
influence on a certain group as a whole was fairly
slight, there were always several individuals who
showed unacceptable ALA values, and in the
departments of this zone the control of the individual
worker must be sharpened. The rotating system, used
in three of the departments, had a good effect,
producing a tendency to lowered excretion values for
lead and ALA for the degree of exposure, expressed
as the lead concentration in blood. In all probability
this was due to an excretion of the easily accessible
lead of the body during the three-week periods the
workers spent in departments without lead exposure,
and an accumulating lead body burden during
exposure. Longitudinal studies of these workers and
of workers with a constant lead exposure would be of
value and would give information on how to prevent
the metabolic influence of lead in a consistent way.
The rotating system, or modifications of it, must,
however, not be allowed to replace other hygienic
measures, although it appears to have advantages,
especially where good prophylaxis is difficult to
install, or for notoriously careless workers.

Limit values It is of particular interest to relate the
results presented here to recommended or agreed
limit values.
From January 1 1967, in Sweden these are as

shown in Table 1.
In November 1968, a statement on the diagnosis of

inorganic lead poisoning was published in the British
Medical Journal signed by several workers in this
field. The different limit values are given Table 2.
Some days later, in November 1968, a conference

on inorganic lead was arranged in Amsterdam with
participants from several countries in Europe and
from the United States of America. The aim of the
conference was, among other things, to discuss the
interrelationships between different biochemical
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TABLE 2

Normal | Acceptable Excessive Dangerous,

Blood lead (sg/l1OOml) .. < 40 40-80 80- 120 > 120
Urinary lead (ug/l00 ml) . . .. .. < 8 8 -15 15 - 25 > 25
Urinary CP (tg/100 ml) .. < 15 15 - 50 50 - 150 > 150
Urinary ALA (mg/100 ml) .. .. .. .. .. < 0-6 0*6 - 2 2 - 4 > 4

indices of lead absorption and to settle permissible
limit values for these indices. It was concluded that
the upper limits for acceptable lead absorption or
acceptable effects of such absorption were:

Blood lead 70 ug/I100 ml
Urinary lead 13 ,ug/100 ml
Urinary CP 30 ,ug/100 ml
Urinary ALA 1 0 mg/100 ml
Lead in air 150 ,tg/m5

It was emphasized that these figures should be used
as guides and that they do not indicate the limit
between safe and unsafe. Because of the wide
confidence limits of the calculations no undue
emphasis should be placed on a single index.

Thesc various limit values must be a matter of
debate. For example, it is open to doubt if there is
any real difference between groups 3 and 4 in the
statement given in the British Medical Journal. If a
lead exposure is considered excessive, then it ought
to be dangerous, too. However, on the whole, there
is good agreement between the statement in the
British MedicalJournal and the conclusion reached at
the Amsterdam conference, even if the acceptable
limit values, agreed upon at the latter, are somewhat
more restrictive, especially with regard to the ALA
limit value.
There is also agreement with the Swedish limit

between acceptable and unacceptable values for lead
in blood, while the Swedish ALA limit seems
somewhat high.
As can be seen from the regression lines in Figs. 1

and 2, our results show that the relationships
between lead in blood, lead in urine, and ALA in
urine were in good agreement with the conclusions
reacbed at the Amsterdam conference: a blood lead
concentration of 70 ,ug/100 ml corresponded to an
ALA excretion of 1 1 mg/100 ml. and a urinary lead
excretionof 15 jug/l00ml. This is validfor individuals.
For groups of workers these limit values are too high
to be safe. Figures 4 and 5 show that a group mean
value for lead in blood of about 70 ,ug/100 ml gave

unacceptable mean values for ALA and urinary lead,
and even in the departments where the mean values
for lead in blood were between 50 and 60 ,ug/100 ml
and where the mean values for ALA and urinary lead
were lower than the tolerable limits for individuals,
there were several workers with unacceptable ALA
and urinary lead values.
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from the Swedish Medical Research Council.
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APPENDIX TABLE
VALUES FOR MEN IN DEPARTMENTS WITHOUT ROTATING SYSTEM(a)

Worker no. Lead in blood Lead in urine ALA in urine
(I&g/JOO ml) (sg/I100 ml) (mg/100 ml)

No exposure
(36 workers)

4 20 3 0-13
6 36 7 056

16 28 2 0-17
59 24 2 0-22
86 21 3 0-25
94 25 2 O15
122 33 6 0-24
188 14 3 0 34
225 20 2 0-27
234 33 2 0 37
237 35 2 0-13
268 13 2 013
286 32 3 0-22
297 25 7 0-22
318 24 3 0 25
322 18 3 0-22
327 7 2 0-22
335 29 6 0.37
354 22 2 0-27
365 33 2 0-25
373 28 2 0-22
374 14 2 0-27
446 33 6 0-05
463 30 3 0-25
478 40 5 0-25
492 35 2 0-20
520 11 2 0 03
523 45 8 0 37
561 42 4 0 10
575 26 2 0 10
605 13 4 0 10
784 34 2 0-22
794 32 2 015
901 47 9 0-53
960 47 3 0 30
983 13 2 0-20

Median 28 3 0-22
Mean 27 3 0-23
S.D. 10 2 0.11

Grid sawing
(4 workers)

51 32 8 0-17
383 47 8 0-42
680 25 5 0-22
757 51 18 0O55

Median 47 8 0-42
Mean 39 10 0-34
S.D. 12 6 0-18

Grid casting
(9 workers)

31 25 2 0-17
67 36 7 0-45
163 52 10 0-45
208 57 15 0-48
215 32 2 0-13

Worker no. Lead in blood Lead in urine ALA in urine
(Pg/1OO ml) (,sg/100 ml) (mg/l00 ml)

240 61 12 0-89
406 37 4 0-47
506 48 6 0-27
906 44 2 0-13

Median 44 6 0-45
Mean 44 7 0-38
S.D. 12 5 0-24

Submarine
assembly

(10 workers)
35 35 8 0-20
41 44 5 0-15
98 34 6 0-42
156 32 2 0 10
233 58 16 0-92
277 69 5 1-04
298 36 5 0-25
402 48 6 0-25
490 48 13 0-48
508 35 3 0 10

Median 44 6 0-25
Mean 44 7 0-39
S.D. 12 4 0 34

Assembly
line I

(18 workers)
10 44 2 0-22
23 36 10 0 45
42 52 8 0-22
60 43 5 0-17
61 33 5 0 50
83 31 4 0-27
197 66 10 0 75
206 49 2 0-20
209 61 15 0-67
345 30 2 0-20
397 56 9 0(45
398 49 4 0(53
657 78 8 0 50
877 54 3 0-79
926 46 14 0-84

1 141 35 8 0-34
1 148 41 8 0-17
1 153 41 11 0-58

Median 46 8 0(45
Mean 47 7 0-44
S.D. 13 4 0-23

Assembly
line II

(8 workers)
1 58 5 0-39

43 33 3 0-20
295 43 12 0-63

1 120 52 20 0-89
1 122 70 13 1-80

Continued in next column Continued on next page
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(a)

Worker no.

APPENDIX TABLE (continued)
VALUES FOR MEN IN DEPARTMENTS WITHOUT ROTATING SYSTEM

Lead in blood Lead in urine
(,sg/lOO mI) (pg/100 ml)

1 136 31 16 0-53
1 166 21 2 0-15
1 168 86 15 0 50

Median 52 13 0 53
Mean 49 11 0-64
S.D. 22 7 0 53

Forming
(6 workers)

189 45 12 2-17
278 71 14 0 79
384 39 3 0-38
385 58 18 1-08
423 37 2 0-17
820 44 2 0-32

Median 45 12 0-79
Mean 49 9 0-82
S.D. 13 7 0 74

Soldering
(9 workers)

74 42 2 0.15
193 41 10 0-32
262 50 19 0 79
266 52 17 1-76
291 49 6 0-42
448 85 14 2-34
538 56 11 0-63
703 59 11 0 56

1 161 42 14 0-47

Median 50 11 0-56
Mean 53 12 0-83
S.D. 14 5 0 73

Casting
(I 7 workers)

34 46 12 0 47
37 56 10 1-28
62 71 20 1-18
118 86 10 2-05
142 45 2 0-38
276 41 10 0-34
359 68 16 0-68
422 69 3 0 53
425 42 11 0-24
427 63 12 0-82
440 50 9 0 55
485 47 7 0-24
524 50 11 0-30
528 50 5 0-39
562 47 9 0-56
658 35 4 0-24
828 58 5 0-25

Median 50 10 0 53
Mean 54 9 0-62
S.D. 13 5 0-48

1*Lead in blood Lead in urine
(Ilg/100 ml) (i'g/l00 ml)

I
Gridsmearing
(9 workers)

15 91 18 1 00
160 43 6 0-32
181 68 5 1-51
252 45 5 0 50
272 61 20 1-43
281 60 12 1-78
349 25 8 0-27
529 47 5 0 55
806 55 9 1-47

Median 55 8 1 00
Mean 55 10 0-98
S.D. 18 6 0-58

Manual
assembly

(7 workers)
14 45 16 0 37

107 78 17 1-06
173 38 14 1-06
226 79 10 0 75
429 46 28 1P17
430 73 9 0-32
564 36 4 0-20

Median 46 14 0 75
Mean 56 14 0 70
S.D. 19 8 0-41

Machine
smearing

(6 workers)
11 69 14 079

134 74 20 0-84
229 59 22 1-35
242 60 33 1-83
247 47 4 0-50
299 61 20 3 50

Median 61 20 1-35
Mean 62 19 1 47
S.D. 9 10 1 10

Scrap lead
works

(11 workers)
17 89 38 3-85
53 72 16 1-55
65 55 17 1-61
104 82 25 3-76
201 70 26 1-18
293 63 18 1-18
330 51 6 0 30
343 85 36 2 40
357 41 2 0 34
361 68 23 2-23
841 69 14 0-60

Median 69 18 1 55
Mean 68 20 1-73
S.D. 15 11 1 123

Continued in next column

ALA in urine Worker no.
(mg/100 ml)

ALA in urine
(mg/100 ml)

I
- -

Continued on next page
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APPENDIX TABLE (continued)
VALUES FOR MEN IN DEPARTMENTS WrrH ROTATING SYSTEM

Worker no. Lead in blood Lead in urine ALA in urine
(glg/OO ml) (jsg/lOO ml) (mg/J00 ml)

Tubefilling
(11 workers)

3 62 5 0-20
13 62 11 0 70
22 30 7 0 39
71 34 3 0-22
115 48 2 0-24
124 60 14 0 55
127 69 12 0 39
133 63 4 0-24
135 67 4 0-27
280 72 23 1X78
920 43 7 0-17

Median 62 7 0-27
Mean 56 8 0-47
S.D. 14 6 0-46

Continued in next column

Worker no. Lead in blood Lead in urine ALA in urine
(i'g/JOO ml) (i.g1JOO ml) (mg/1OO ml)

Ball mills
(7 workers)

113 50 13 0-48
177 49 10 0-45
216 73 25 0-94
289 52 6 0-38
290 78 2 0-13
364 50 11 0 34
420 48 12 0-47

Median 50 11 0 45
Mean 57 11 0-46
S.D. 13 7 0-25

Paste mixing
(9 workers)

2 76 18 2-60
29 64 3 0-32
167 64 5 030
191 77 5 0-32
235 60 17 1-47
370 56 5 0-38
410 43 5 0-24
437 70 13 0-85
768 89 23 3-52

Median 64 13 0-38
Mean 67 10 1P11
S.D. 13 7 1 19

(b)
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