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TABLE 6

DISTRIBUTION OF URINE VOLUME

Chemical workers Maintenance Packers Controls
Volume (ml.)

No. % No. % No. % No. o

0-
200-
400- .. .. .. 1 1 7 2 3-7
600-.. .. .. 1 1-7 3 9.4 1 4-5
800- .. .. .. 3-4 1 3-1 5 9.3

1,000- .. .. .. 10 17-2 5 15*6 3 13-6 10 18 5
1,200- .. .. .. 6 10-3 4 12-5 4 18-2 11 20 4
1,400- .. .. .. 6 10-3 4 12-5 3 13-6 10 18-5
1,600- .. .. .. 5 8-6 7 21-9 5 22-7 4 7.4
1,800- .. .. .. 7 12-1 3 9.4 3 13-6 2 3-7
2,000- .. .. .. 5 8-6 1 3-1 1 4 5 7 13-0
2,200- .. .. .. 4 6-9 4 12-5 2 91 1 1.9
2,400- .. .. .. 6 10-3 2 3-7
2,600- .. .. .. 4 6-9
2,800- .. .. .. 1 1-7

Total .. .. 58 100 32 100 22 100 54 100

Mean .. .. 1 ,709 1,494 1,568 1,410
S.D. .. .. .. 475 454 371 454

co-operate by collecting the 24-hour sample of urine.
A control group of unexposed workers consisted of 20
men and 9 women from the offices, 10 men from a
printing and book-binding department, six lorry drivers,
two box-makers, four men from the sundries department,
and five chemical workers not recently exposed to
arsenic. Arsenic was estimated, as previously stated,
by the methods of Milton and Duffield (1942), which
consists of a wet oxidation of the sample followed by
reduction to arsine with zinc and hydrochloric acid and
subsequent colorimetric estimation with an. acid
molybdate reagent. The indiyidual results of the
investigation are given in the Appendix.

Results
Arsenic in Urine.-Statistical analysis of the

urine estimations showed that the results of the
first and second collections of urine, which were

made at an interval of six months, did not vary

appreciably or significantly between the two
occasions. The control group was not included in
this analysis since very few co-operated on-4he
second occasion. The relevant figures are given in
Table 4. The chemical workers on these two
occasions had a mean volume of urine of 1,733 and
1,613 ml.; the mean arsenic in mg. per 24 hours
was 430 and 368, and the mean arsenic content per
100 ml. of urine was 28-8 and 20-9 mg. These
differences are no more than might be due to chance.
The small group of packers showed immaterial
changes, and the only substantial difference is with
the maintenance workers, where there was a rise

in mean arsenic in mg. per 24 hours from 82 to
215. It is probable that the exposure of these
workers may vary appreciably from day to day,
according to the job that they are doing, and this
may explain the variation; but the numbers are

small and the variations, though large, might
indeed be due to chance.

In total there is no material difference between the
two sets of 50 repeated observations, which are,
indeed, remarkably similar in their mean values.
Accordingly, for comparing the occupational groups,
the total number of observations made on them has
been used, which has the advantage of giving a
larger basis for such comparisons. There were in
all, then, 58 measurements on chemical workers,
32. on maintenance workers, 22 on packers, and
54 on the unexposed control workers. The results
are set out in Table 5.

Analysis of these figures shows the chemical
workers have a significantly higher mean value than
any of the other groups when the arsenic is estimated
either in mg. per 24 hours or as percentage of
volume; they also show a significantly greater
volume excretion compared with the controls, and
greater, though not significantly so, than the other
two groups. It is possible that being manual
workers they drink more fluid than the control
group, but it may be wondered whether, as the most
interested parties, they may have kept the 24-hour
specimen mnore conscientiously. If such were the
case they would also have the more accurate returns,

.10

 group.bmj.com on February 14, 2012 - Published by oem.bmj.comDownloaded from 



CANCER FROM INORGANIC ARSENIC COMPOUNDS

but this would not affect the percentage arsenic in
relation to volume. The maintenance workers and
packers both show slightly more arsenic than the
controls, as might be expected from their inter-
mediate degree of exposure, but the differences are
well within the limits of chance. They do not differ
from one another.

In Table 5 attention has been limited to the
average values but, in fact, the observed distributions
for volume and arsenic in mg. both show very wide
variation. Many of the chemical workers showed
quite low arsenic values, while a few of the controls
showed very high values for which there is no
obvious explanation. The results are recorded in
Tables 6 and 7.

Arsenic in Hair.-The distribution of values of
arsenic in hair in7 parts per million is recorded in
Table 8, while the tests of significance between the
mean values are given in Table 9.

All three -exposed groups show significantly
higher mean values than the controls. They do not
differ significantly from one another, though the
sequence of the values is in keeping with the varying
degrees of exposure.

Clinical Observations.-The clinical observations
of the pigmentation keratosis and wart formation
are given in the Appendix. These were quite
typical of that usually associated with exposure to
arsenic. The changes were so evident that the per-
sons carrying out the physical examination could
readily tell whether the man he was examining was a

chemical worker without asking any questions. An
attempt has been made to put this observation on
paper -by a system of pluses and by recording the
number of warts on each worker. If these are studied
it is evident that the chemical workers were, in the
majority of cases, grossly pigmented and approxi-
mately one-third of them had warts, usually more

TABLE 7
DISTRIBUTION OF AS. MG. VALUES

Chemical Maintenance Packers Controls
workers workers

As. mg.
No. % No. % No. % No. %

0-- .. .. .. .. 13 22-4 16 50 0 6 27-3 32 59-3
100- .. .. .. .. 12 20-7 9 28-1 9 40 9 11 20 4
200- .. .. .. .. 8 13X8 3 9-4 4 18-2 6 11-1
300- .. .. .. .. 3 5-2 1 3-1 1 4 5 1 1.9
400- .. .. .. .. 10 17-2 2 6-3 2 9-1 3 5-6
500-,l00o.. .. .... 7 12-1 1 3-1 1 1.9

1,000-1,900.. .. .. .. 5 8-6

Total .. .. .. 58 100 32 100 22 100 54 100

Mean .. .. .. .. 395 147 173 120
S.D. .. .. .. .. 433 149 128 131

TABLE 8

DISTRIBUTION OF ARSENIC IN HAIR

Chemical Maintenance Packers Control
workers workers PcesCnrl

Arsenic in hair as p.p.m.
No. % No. % No. % No.

0- .. .. .. 6 22-2 4 23-5 4 36-4 35 79-5
25- .. .. .. 4 14-8 5 29-4 1 9-1 6 13-6
50- .. .. .. 3 11<1 2 11-8 3 27-3 3 6-8
75- .. .. .. 2 7 4 2 11-8
100- .. .. .. 9 33-3 2 11-8 2 18-2
200- .. .. .. 1 3-7 1 5 9 1 9-1
300- .. .. .. 1 3-7

4OL-500 .. .. .. 1 3-7 1 5-9

Total .. .. .. 27 100 17 100 - 11 100 44 100

Mean *- .. * .- 108 85 64 13
S.D. .. .. .. .. 107 118 77 18
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TABLE 9
DIFFERENCE BETWEEN MEAN VALUES OF ARSENIC

IN HAIR

Difference t

Chemical workers:
Maintenance workers .. +23 *657 *6>P>-5
Packers .. .. .. +44 1-206 *3>P>-2
Controls .. .. .. +95 5-67 P<01

Maintenance workers:
Packers ;. .. - .. ±21 1-62 2>P>-l
Controls .. .. +72 3-88 P<i01

Packers:
Controls .. .. .. +51 3*91 P<01

than one. The maintenance workers and packers
occupied an intermediate position, whilst the
controls showed in only a few cases a slight pig-
mentation, and a single wart in two instances only.
One chemical worker had a perforated septum.
As might be expected, no worker was found at

work who had carcinoma of the lung. There were,
therefore, no significant abnormal physical signs
in the chests of these workers. One showed a
prominent hilar shadow in the radiograph but, as
already recorded, Mr. Vernon Thompson on
bronchoscopy found no evidence of carcinoma.
The vital capacities and exercise tolerance tests were
not significantly impaired.

Conclusion
Workers exposed to arsenic dust were found to

have a higher content of arsenic in their hair and to
excrete on the average more arsenic in their urine
than control workers not so exposed. The scatter
of these observations, however, is very wide, and a

single observation. in a given individual is not
informative. Clinically the workers manifest gross

pigmentation, with hyperkeratinization of exposed
parts with a tendency to wart formation. No
worker was found who had carcinoma of the
bronchus, but since the trachea and bronchi must
be exposed to the same dust as the skin, and since
they are lined by a modified squamous epithelium,
it is only natural to expect that they would undergo
the same changes. After many years' exposure a

squamous-cell carcinoma may develop in the
bronchus. Two cases were seen in which warts
had become malignant and had been treated with
radium.

Thus, while no concrete evidence was found to
confirm the statistical findings of the mortality
investigation, there was circumstantial evidence to
support these findings in the form of clinical
observations of skin changes in all the arsenic
workers.

We are indebted to Dr. W. J. Martin for assistance in the statistical
analysis of the results.
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INCIDENCE OF PIGMENTATION AND WARTS IN THE WORKERS EXAMINED

No. of No. with pigmentation No. with
workers . warts

1. Exposed workers +++ + + +
Chemical workers .. .. .. .. 31 9 9 10 9

Total .. .. .. .. ... 31 9 9 10 9

2. Intermediate Group
Carton girls .. .. .. .. .. .. 8 2 2 1
Maintenance workers .. .. .. .. 20 2 1
Packers .. .. .. .. .. .. 12 1 4

Total .. .. .. .. .. 40 5 11 2

3. Controls
Printing and bookbinding department .. .. 10 2 1
Office.. .. .. .. .. .. .. 29 3
Lorry drivers .. .. .. .. .. 6 -1-
Boxmakers .. .. .. .. .. . 2

Chemical workers not recently exposed to arsenic 5 2 1
Sundries .. .. .. .. .. 4 1

Total .. .. ... .. 56 2 7 -2
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APPENDIX

Urine
Dura-
tion Pigmenta- Vital 1st collection 2ndcollection

Age of tion and Exercise capa- - __ Hair Remarks
in work number of Radiograph tolerance city Vol-

years in warts Volume |hrg ume hLg.
years ml. 24 hrs. 24 brs.

Chemical
wvorkers

VOkerJ |63 50 ++ 3 Chronic bronchitis 74-86-72 3300 1450 334 1630 .80 100 Perforate
and emphysema septum

2 61 48 + ++ Calc. pulmonary 70-82-72 3100 2600 446 1300 113 28
tuberculosis calc.

cartilages
3 53 37 + + + 4 ? Collapse right 88-98-94 3850 700 1340 2020 406 279

lower lobe
4 37 17 ++ + 6 Normal 106-116-98 4200 1870 775 1820 1268 -
5 50 20 ++ 2 Normal 76-92-78 3200 1850 607 1585 234 186-3
6 37 5k + Mediastinum to left 70-80-68 3300 2530 108 1630 298 439
7 53 3 ? Tubercle R. apex 78-100-78 3850 1920 179 1120 68 -
8 49 5 + Normal 72-90-72 4150 2600 206 - - -
9 58 38 + + 1 Normal 68-88-68 - 3200 2500 320 2320 106 39
10 35 21 + Scoliosis 86-100-82 3100 1750 870 - - 124
11 50 16 + Normal 80-90-76 2650 2520 423 2320 825 95
12 52 40 + + + Scoliosis 80-106-84 2600 1920 805 2135 493 6-6
)3 58 17| Normal 78-90-78 3350 1600 74-5 1120 233 trace
14 52 34 + Calc. cartilages 76-94-76 1500 2030 58-7 1500 470 190
15 55 41 ++++ 5 Normal 56-82-58 2850 1120 120 1130 138 48
16 45 32 ++ Normal 92-110-92 3350 f 1950 2l0- 2010 229 110V2410 nil f
17 52 5 ++ + Normal 96-108-96 2400 1000 29 1590 484 166
18 61 6 + Gross calc. 72-88-70 - 1550 288 2310 462 60
1949 34 ~~~~cartilages p2600 2401 50 i19 49 34 + Normal 78-90-72 2500 j2400 nil 2

20 37 3 Normal 66-82-64 3300 1200 73 900 74 53-5
21 52 26 ++ + Prominent pulmonary 94-100-88 3700 1115 207 560 21 1-8

artery
22 44 21 + Normal 76-96-80 3250 2600 182 - - 26
23 37 23 + + Normal 80-96-76 2900 2235 1532 2600 1891 76
24 43 29 ++++ 1 Normal 100-112-98 3050 {1018 nil 1275 261 24
25 52 20 ++ Normal 108-120-104 2600 1405 197 1050 249 130
26 45 29 + + 3 Normal 88-96-98 3700 1760 401 840 102 nil
27 55 2 + Normal 62-74-56 2150 100 156} 1220 185 124

28 50 32 + Normal 84-108-92 2300 1800 n9} - - 13
29 52 39 ++ 2 Normal 64-82-64 3500 1100 346 2800 645 368
30 50 17 +++ Normal 82-96-80 3650 1200 768 1020 191 130
31 59 40 ++ Calc. cartilages 74-92-76 3600 1830 1850 1230 418 86

Carton girls
1 43 25 + + Normal 84-100-84 - 94
2 19 2 Normal 100-120-94 3200 40
3 21 4 + Normal 80-100-82 2650 64
4 38 9 + 1 Normal 82-98-84 1900 nil
5 56 3 Normal 76-86-78 - nil
6 53 3 Normal 84-102-80 2200 5 1
7 36 14 Normal 84-100-84 - 21
8 40 6 ++ Normal 70-96-68 2150 56

Maintenance
I 56 43 + Calc. cartilages 98-110-98 2500 1800 77 1980 155
2 35 13 Normal 68-84-66 3750 1650 48 - - 40
3 39 12 Plaque calcification 76-98-76 2250 2300 230 - - nil

left base
4 49- 5 Normal 66-80-60 2950 2000 86
5 58 44 + Normal 62-76-64 3250 700 35 1600 154 500
6 59 25 + Normal 72-92-74 3050 1600 22 1560 265 83
7 53 3 + + Normal 70-76-64 4200 100
8 46 15 ++ Normal. 64-76-62 2850 830 36 1190 185 240
9 39 11 + 4 Normal 90-112-86 3800 2300 162 2200 19 62
10 60 23 Pleural thickening 72 2600 1500 96 1335 129 nil Hb. 110%.

left base WBC 9500
Broncho-
scopy: No
abnorm. seen

I 1 32 18 Normal 86-104-80 4450 1500 440
12 39 5 + Normal 62-88-60 4200 2200 172 1840 372 28
13 16 2 Normal 70-92-66 - 1700 109 1430 nil 75-8
14 36 10 R. diaphragm raised 72-90-72 3300 650 32 - - nil
15 32 18 Normal 108-124-102 4750 1200 60 1090 169 39
16 42 28 Normal 52-70-50 2500 1350 192 1620 452 71
17 48 31 Normal 85-104-84 2950 1100 nil 1100 262 112-1

[cont.
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APPENDIX-cont.

Urine

Duran 1st collection 2ndcollection
Age of Pigmenta- Hair Remarks
in -work tion and Exercise Vital Voll

years in number of Radiograph tolerance capa- Volume gg/ V-ume g/
years warts city ml. 24 hrs. ml. 24 hrs.

8 34 8
9 25 10
10 60 26
11 35 41

Normal
Normal

Normal
Chr. bronchitis and

emphysema
Prominent pulmonary

artery
Normal
Normal
Normal
Normal
Normal
Normal

Aortic aneurism
Normal
Normal

Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal

Gross emphysema
left lower zone

Normal

Normal
Normal
Normal
Normal
Normal

Si. calc. cartilages
Compensatory

emphysema. Right
apex

Normal
Sl. calc. cartilages

Normal
Calc. pulmonary

tuberculosis.
Right apex

CaIc. cartilages
Normal
Normal
Normal
Normal
Normal
Normal
Normal

Normal
NormalNormal
Normal
Normal
Normal
Normal
Normal
Normal

82-98-82
78-106-78
70-116-72

82-102-80
90

84-98-84

80-86-80
90-102-88
88-94-88
80-100-80
66-78-72
90-112-80
60-68-56
78-88-80
84-104-86

106
70-82-64
78-114-94
82-94-82
118-132-114
70-80-64
86-112-86
62-80-62
96-112-100

64-108-74

90-118-88
70-82-68
70-90-76
108-116-112
62-82-60
66-96-72
72-86-68

50-66-50
78-96-74
82-94-78
76-84-72

98
78-100-70
106-122-102
80-92-78
84-102-82
88-90-72
70-88-70
88-98-88
66-80-60
76-88-78
82-100-80
92-114-92
74-98-70
86-124-92
88-118-88
82-102-82
86-108-78
72-118-84

3000
2900
3000

2600
4550

3850
4350
2700
3650
4550
2750
2700
1800

3300
4150
2650
3100

2000
4250
4250
1900

4550

4250
3450
3900
3580
4800
3000
3500

4100
4300
3500
3450

3600
4450
2950
3850
3750
4500
4300
5100
3500
2850
2800
3800
3250
2500
3900
3050
2850
3450

750
1000
1750

1000
700
1800

1300

1000
1200
1600
2200
1410
2240
1870
1070
1700

520
1400
2250
1000
1750
1400
2000
1000
2500

1900

1150
1850
900
1170

1770
900

2000
1400
2400

1000
1400
1220

1400
1350
1250
1600
1300
1500
1300
1200
2100
850
1250
1250

400

15
64
37

531nil}
282

27

64
51-5
147
299

2-1
143-5
387
183
290

26
60

129
15

162
90

280
50
54

173

57
560
99

452

222
nil

26
21
nil

44
nil
135

21
39
35
nil
93
170
46
120
32
13
36
73

44

1200
1720

2020
1700

1490
1520
740

1390
1660
1250
1730
1910

1110

1180
1475
1500

1450

- 40
637 41-6
nil 24-1

406
104

116
126
45

473
218
120
121
149

48

299
154
444

43

25

100

36
10
14

foo
57.3
50
59.7

283
4-2

nil
34-4
28-4
55
63
1-3

42
20

nil

nil

nil
10
6

6s5

8-7
30
nil
5-8

5.9
25-4
7

nil
186
nil
8

2

nil
nil
nil
nil
2-3

nil

nil

reowt.

- 14

44 11)
14 i
14 i

Maintenance-
(Contd.)

18
19
20

Packers
1
2

3

4
5
-6
7
8
9
10
11
12

Controlsfrom
printing and
bookbinding
department

I
2
3
4
5
6
7
8
9

10

Controlsfrom
office

2
.3
4
S
6
7

54
44

57

37
49
48
48
44
54
61
61
56

49
38
47
53
18
56
60
50
45

50

40
60
51
58
30
56
61

38
4

5

21
30
38
4
2k
4
30
11

26

19
20
33
6
4k
39
45
4
27

16

S
20
16
26
2

25
19

++
+

+I

+

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

51
40
39
41
41
33
28
44
54
39
28
17
39
20
34
31
47
41

38
27
S
4

27-
9
3

14
5
7
8
1

18
4
19
8

30
26
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APP-ENDIX-cont.

Dura ~~~~~~~~~~~~~~~Urine
tiof tion and I t collection '2ndcoiectionAge work number of Radiograph Exercise Vital Hair Remarks

in warts tolerance capa- Vol
years city Volume jig/ Vol Pg/g

ml. 24 hrs. M.24 hrs.

Controls:
lorry ddrers

I 48 5 Normal 70-108-76 3700 1200 128 nil
2 41 4 Normal 114-128-112 3600 965 217 nil
3 38 5 1 Normal 74-92-70 3250 800 112 30
4 25 1 Normal 82-120-88 4100- 1000 nil
5 16 1 Normal 80-104-60 3650 1100 270 71
6 49 4 Normal 78 3900 34-8

Boximalcet
I 45 2 + Active bilateral P.T. 90-108-86 2350 1500 nil nil
2 47 33 Normal 84-106-94 3550. 2000 358 14-2

Sundries
I 42 12 + Normal 84-90-78 4000 1690 35 2020 174 11 12 53 5 Normal 82-102-86 3100 2100 29 2000 244 nil3 43 I Normal 74-100-72 3550 1000 21 24
4 41 18 CaIc. cartilages 74-100-70 3200 1200 105 1230 418 1

Chemical
workers

not recently
exposed to
arsenic

1 54 20 + + Normal 80-100-70 2750 700 95 1710 231 19
2 53 37 + Normal 96-104-92 3500 1700 nil - - 38-2
3 42 6 Normal 60-80-60 1900 800 23 1370 66 100'
4 59 41 Normal 56 3600 2000 nil 1580 28
5 54 36 + + 100-128-104 2650 2400 307 1865 32 71A~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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