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records, we obtained details of full name and address, and the date and place of birth.
Wherever possible, we also obtained the date and place of death from membership
records for those known to have died.

For the purpose of comparison, we used mortality data from England and Wales
for males aged 15 and over, tuken from the Registrar General's Decennial Supple-
ment on Occupational Mortatity, 19701972 JOPCS, 1978}, (The period 19701972
was chosen because detailed data were available for comparison purposes.) We se-
fected Social Classes 1 and 11 (professional, technical, and managerial classes) as the
closest match to that of the deceased chemists.

We gave information on the RSC chemists to the National Health Service
Central Register (NHSCR) of the Office of Population Censuses and Surveys
(OPCS). We asked the NHSCR 1o trace euch individua), The NHSCR provided death
certificates for decedents and coded the underlying causes of death according to the
{aternational Classification of Diseases (1CD) (8th Revision) [WHO, 1967]. We were
able to trace all but 20 of the individuals in the study.

We were unable to determine the cause of death of 34 of the 4,012 decedents,
who were found to have died while resident in England and Wales in the period from
Januacy 1, 1965 to December 31, 1989. These were inctuded in our analyses under
“other unknown and unspecified causes of morbidity and mortality.”’

Population at Risk: Chemists and Thelr Comparison Group

‘The population at risk for the RSC chemists was the male membership in 1971,
taken from the RSC membership records. For comparison purposes, the population
was the male population aged 15 and over in Social Classes [ and 11 (professional,
technical, and managerial classes) in England and Wales, taken from the OPCS
Census 1971 [OPCS, 1975).

We calculated SMRs for each cause with three or more deaths. Confidence
Intervals were calculated using the British Medical Journal's Confidence Interval
Analysis Programme.

RESULTS

Of the 14,8584 male chemists who comprised the entry group for the study,
4.012 were identified as having died during the 25-year period 1965-1989. ‘This
study has revealed an overall reduction in montality from all causes and from all
cancers but an excess mortality from certain cancers and other diseases.

The SMRs for the main causes of death for male chemists in England and Wales
are given in Table 1.

Cancers

There were fewer deaths than expected from cancer. There were reductions in
deaths from cancers of the buccal cavity and pharynx, cancers of the gastrointestinal
system (in particular, the stomach, sigmoid colon, rectum, and head of the pancreas),
cancers of the respiratory system (in particular, cancer of the bronchus and lung), and
Hodgkin's disease.

There were more deaths than expected from cancers of the duodenum and
unspecified parts of the Jarge intestine, and from unspecified pants of the pancreas;
cancer of the pleura and benign neoplasms of the bronchus and lung; unspecified
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TABLE 1. Main Causes of Death: Standardized Mortality Ratios for Male Chemists in England
and Wales: 19651989

Standurdized mortalty gatios

1CD cause of death (8ih revision) OBS  EXP  SM 95% (1
Al canses 1000 - 999 4012 5473 26 T3 T 754
1 Infective and parasitic diseases (00 136) MU 240 86 Yo SKR6 1ax
1. Neoplasnus (140 .23y) Y3l 121 83 MW N2 w22
Malignant neoplasins (140 20y, S8 119577 T 719 K1y
Begn ncoplass (210 228) S 6.5 24060770
Uaspecified neoplasiss (230 - 239y fl 750 146 726 2000
N1 Endocrine, natritionat, and metabolic discases (240 274 M 5638 LU I B X I
V. Discases vl blood and blood-forming organy (2802893 6 1329 45+ (6.6 483
V. Mental disorders (290 -315) 16 705 227% 130.0-369.0
VL. Diseases of the nervous system and sense organs 72 45,58 158% 124.0-199.0
(320 -389)
VIL Diseases of the circulatory system (390 - 45K) 2199 3026 01 T3 w7 758
VIt Discases of the rENDITUlOry system (460 - 519y 357 61541 S8 82 644
1X. Discases of the digestive syslem (520-577) o 119.84 8} 67.9-901.0
X. Duscases of the genitosrinary Nystem (580--607) 57 77.24 T4 559 Y56
X1l Discases of the skin and subcutaneous tissue (680 -70y)* 2
XHI Discases ot the musculoskeletal system and conneclive 9 12,45 7 3 n7e

ussue (7 13- 738y
XIV. Congenital anomubies (740- 759 9 3720 2% f11u 359
XVE Symiptoms and ill-defined conditions (780..796) 48 1320 NiA
XVIH. Accidents, poisonings, and violence (external cause ) 149 190.87 8 66.0-91.7
(E8OG-999)

————— e
“Not analyzed
*Signilicance level between P < 0.0 and p < 0.0005

malignant melanoma and skin cancer of the trunk; cancer of the kidney; cancer of
other unspecitied parts of the nervous system and secondary cancer of the brain;
¢ancers without specification of site; and neoplasms of the lymphatic and hematopoi-
clic tissue (in particular, from other primary malignant neoplasms of lymphoid tissue
and from both lymphatic and myeloid leukemia).

The SMRs for selected deaths from cancers among male chemists in England
and Wales are given in Tabie II.

Diseases Other Than Cancer

There were fewer deaths than expected from endocrine, nutritional, and mety-
bolic diseases (in particular, diabeles mellitus); diseases of the blood and blood-
forming organs; cardiovascular disease (in particular, hypertensive discase, ischemic
heart discase, other forms of heart disease, cerebrovascular discase, and diseases of
anteries, arterioles, and capillaries); diseases of the respiratory system (in particular,
acute respiratory infections, influenza, preumonia; *‘bronchitis, emphysema, and
asthma’’; and bronchicctasis); diseases of the digestive system (in particular, hernia
of the abdominal cavily); diseases of the genitourinary system; and accidents, poi-
sonings, and violence.

There were more deaths than expected from mental disorders (in particular,
from senile and presenile dementia): ases of the nervous system (in particular,
paralysis agitans and “other diseases of the brain’’); discases of the mitral and aortic
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TABLE N. Deaths From Neo, Husms: Standardized Mortality Ratios for Male Chenmists in
Englund und Wales: 19651989

Standardized mortality ratios

0BS BN o
0BS EXP SMR 95% Ct

ICD cause of death (¥th revision)

tl. Neopiasmy (140-239) 934 120183 77+ 722822
Maligmant neoplasms (140 2AMy YK 119877 7 759819
Buccal cavity and pharynx (140 149) 9 .17 2 14.6- 606
Digestive organs and peritoneam (150 159) 303 431,33 0 62.3-78.3
Stomach (151) 53 121.66 4 326570
Small intestme, including duodenum (152) 5 229 21y 70.9-510.0
Duodenum (152.0) 3 058 517*  107.0-15100
Large intestine, excepl rectum (153) 101 113.65 89 72.4-108.0
Sigmoid colon (153.3) 5 41.43 3o 20.3-597
Large intestine including colon, part unspecified
(153.4) 44 2035 216*  157.0-290.0
Rectum and sectosigmend Junction <454y 3% 68,78 55 39.1-75.8
Rectum (154.1) 36 64.65 56*  34.0-77.8
Pancreas (157) 50 61.84 8t 60.0-107.4
Head of Pancreas (157.0) 1% 39.82 45*  26.8-71.4
Pancreas. unspecified (157.9y 2% 15.15 185*  123.0-267.0
Respiratory system (160-163) n 394.27 54*  46.5-61.3
Trachea, bronchus and lung (162) 193 381.73 St 43.7-58.2
Bronchus and luag (162 1) 193 38115 S1* 437583
Other and unspecified Tespiratory organs (163) n 1.55 T4 354.0-1270.0
Pleura (162.0) 1 104 1059*  528.0-1890.0
Bone, connective lissue, skin, and breast (170-174) 22 22.3a 98 61.7-149.0
Malignant melanoms of skin 172y 8 529 ist 65.3-298.0
Mulignant mefanoma of skin, site unspecified
172.9) 4 LOO 398 109.0-1020.0
Other malignant neoplasms of skin (173 7 6.48 108 43.4-223.0
Skin, trunk except scrotum (173.6) 3 0.98 305+ 63.1-895.0
Genitourinary organs (185189 185 185.14 100 86.0-115.0
Other and unspecified urinary organs (189) 30 17.91 167*  113.0-239.0
Kidney (189.0) 28 1715 163*  108.0--236.0
Other and unspecified sites (190199 9t 7107 128*  103.0-157.0
Other parts of nervous system (192) 1 149 736*  369.0-1320.0
Other parts of nervous system, site unspecified
(192.9) 11 O.88  1255%  624.0-2240.0
Other secondary malignant neoplasm (198) 5 35159 51.5-370.0
Brain, specified as secondary (198 3) 3 0.99  303*  62.5-886.0
Malignant neoplasm withoug specification of site
(199) 39 2219 176*  125.0-240.0
Lymphatic and hematopoietic tissue (200-209) 97 72.74 133+ 108.0-163.0
Hodgkin’s disease (201) 8 15.82 S5I* 21.8-996
Other neoplasms of lymphoid tissue {202) 12 278 431*  223.0-754.0
Other primary neoplasms of lymphoid tissue
202.2y 12 225 533*  276.0-932.0
Lymphatic leukemia 1204) 17 10.28  165*  96.3-265.0
Chronic lymphatic leukemia (204.1) 15 838 179*  100.0-295.0
Myeloid teukemia (205) 25 1360  184* 119.0-2M.0
Acute myeloid leakemia (205.0) 17 8.85 192%  112.0-308.0
Benign neoplasms (210-228) 5 6.59 76 24.6-177.0
Benign neoplasm of respigatory system (212) 3 0.25  1203* 247.0-3510.0

Benign neoplasm of bronchus and lung (212.3) 3 0.15  1980*  412.0-5840.0
T ee—e— e 2 R 412:0-5840.0

*Significance fevel between P < 000 and p < 0.0005.
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valves: empyema and *“*other diseases of the respiratory system’; acute appendicitis:
and congenital anomalies (in particular, congenital anomalies of the heart).

Fhe SMRs for selected deaths from diseases other than neoplasims among male
chemists in England und Wales are given in Table 11

DISCUSSION

Studies on the mortality of chemists that have employed different techniques of
analysis have shown a certain con istency in findings. There has been excess mor-
tality due to lymphatic and hematopoietic cancers, and lesser mortality due to cancer
ol the lung, respiratory discases, discases of the cardiovascular system, and accidents
(Table 1V).

In the case of RSC chemists. the reduction in mortality from cancer of the lung
and from diseases of the respiratory system is more likely 10 be a reflection of their
smoking habits than of any other factor, as is evidenced from the results of a survey
by questionnaire carried out by the RSC in 1980 (RSC unpublished data, 1982). The
smoking habits of 13,342 RSC chemists compared with Social Classes 1 and 1 in
1980 [OPCS, 1981] are analyzed in Table V.

The proportion of nonsmokers (ex-smokers and those who had never smoked)
among RSC chemists was substantially greater (79%) than among their counterparts
in Social Classes I and 11 (69%). Of the RSC chemists, 21% were current smokers,
compared with 31% in Social Classes | and I1. These differences would account for
the reduction in mortality due to respiratory diseases, including cancer of the tracheu,
bronchus, and lung.

The reduction in overall mortality of RSC chemists from diseases of the circu-
latory system may also be a reflection of the lower percentage of RSC chemists who
have smoked. OF 216 RSC chemists who had participated in the questionnaire-based
surveys and had subsequently died of myocardial infarction, 66 (31%) had been
smokers at the time of the survey (compared with the overall 21% among ali RSC
cliemists in the survey.)

With the exception of a reduction in mortality from Hodgkin's discase, not
{ound in other studies of chemists, the consistent tinding of an increased mortality in
chemists from lymphatic and hematopoietic cancers suggests that there iy be one or
more chemical substances involved as etiological factors. However, other factors are
known to play a part in the etiology of these cancers, including immune impairments,
viral infections, and irradiation [Alderson, 1986].

There ure several chemical substances which have been associated with cancers
ol the lymphatic and hematopoietic system. The most well known of these is benzene,
considered by the International Agency for Research on Cancer (1ARC) 1o cause
leukemias [IARC, 1987]. Furthermore, the agent responsible for the increased risk of
ancers of the lymphatic and hematopoietic system in the rubber and leather industries
is considered by the IARC o be benzene {TARC 1981, 1982a]. Since all RSC
decedents had worked for all or part of their careers as chemists, and ail had studied
chemistry 1o degree level, it is possible that the excess mortality tound in RSC
chemists caused by cancers of the lymphatic and hematopoietic tissue is due in part
to exposure to certain chemicals, in particular 10 benzene, which was commonly used

in laboratories in the past. Other chemicals may be involved in the causation of

leukemias [Wongsrichanalai et al., 1989]. These include carbon tetrachloride and
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LE 1L, Deaths From Diseases Other Than Neoplas

n England and Wales: 19651989

2 catse of death (8th revision) “0oBS LXP SMR
I infective and parasitic dineases (0001367 20 2096 9%
Tuberculosis 10 5 1279 39
Other bacte ses (030 03Y) o .67 kAL
Sepe 6 124 e
. Endocrine, nutenional, and metabolic diseases (240 27y 4 56.38 60*
Diseases of other endoesine glands (250 -25¥) 27 44.20 hl*
Diabetes mellituy (250 26 4238 61
IV Discases ot blood and blood forming vrgans (280 2849, 6 1329 45+
V. Mental disorders (200 sy 16 708 227+
Pyychases (290 2995 16 6.53 245+
Senile and presenile dementia (290, 15 5.93 253+
VI Diseases of nervous system and sense organs (320-389) 72 45.58 1sg*
Other diseases of central nervous system (340 - 349) o8 42.04 162+
Paralysis atans (342 38 18.46 206+
Other diseases of braim (147} 5 1.72 291
VIL Diseases of circulatory system (390 - 458) 2199 3026.0¢ 73
Chronic theumatic heant disesase (393 398) 26 3531 74
Diseases of mitral and aortic vaives 1396) 8 3.07 260%
Hypertensive disease (400 - 404, 32 85.4} 37
Inchemic hean discase (410 414) 1417 171970 82*
Acute myocardial infarction (410) 1027 1237.69 83
Chronic ischemic heart discase 112y 3n 45791 LN
Other farms of beart disease (420 -429) 108 23895 45+
Cerebrovascalur disease 1430 43%) 463 672.25 Hu
Discases of arteries, anterioles, and capillaries
(440 - 448 120 195 87 61«
Arterosclerosis (440) 38 96.50 39>
VAL Diseases of the respiratory system (460 -51y) 357 615.41 5g*
Acute respiratory infections lexcept influenza) ($o0-- 466 4 10.53 kb4
Influenra (470- 474) 10 2574 3ys
Pricunioma (480 - 486) 207 280 9% 74
Brogchilis, emphysema, and asthna 490--493) 94 304.67 31+
Orher diseases of respiratory system (SH)-519) 42 2520 167+
N 3 6.47 636+
3 B.84 £l
Uther diseases of respiratory system (519) EY] 6.06 495+
IX. Diseases of the digestive System (520)-577) 100 119.84 83
Appendicitis (540-543) 5 238 210
Acule appeidicitiy (5400 ] 203 246*
Hernsa of abdonsinal cavity (550.-553) 3 887 RELS
X. Diseases of the ECOMOUnnary systeni | S80- 607) 57 77.24 Tae
Diseases of male gensal organs (600 L) 4 26.82 52+
Hyperplasia of prostate (600) 13 26.52 49+
XIV. Congenital anomaties (740-759) 9 in 242
Congenital anomalies of heart 1736) 4 1.3t 366+
XVIL Accidents, porsomings, and violence {external cause)
(EXOD - 9499, 149 190.87 T8
Al acordenis (EBOD Y39y 9 4. 80+
Puisonings and violence (E950)-999) 58 .36 T3¢
Mutor vehicle traffic accidents (E810- BiY) 42 53.07 7%
Manor vehicle traffic sccident of wnspectficd nature
(L819) 3 088 343+
Air and space transport accidents (EB40)-845) 5 v.61 819+
Accident o powered aircratt, other and unspecified
(EB4)) R} 0.9 1013+
Other dents (EY10-929y 13 7.98 163
Onher and unspecitied accident (E9249) 5 0.54 920+
Injury undetermined whether aceidentally or purposely
inflicted (E950-989) fo 12.59 79
Falling from u high place tundetermined whether
accidentally or purposely infiicted) (E987) 3 094 321

*Significance level between p < 0.0 and p < 0.0005,

Standardized Mortality Ratios for

Standrdizcd mortality cudim

RCETE S
S86-138.0
127-912
132.0-742.0
17%.0- 1050.0
41 R84
40 3-88 9
400-899
16.6.-98.3
130.0-369.0
140.0-398 0
142.0-217.0
124.0-199.0
126.0-205.0
146 0-283.0
94.4-678 0
69.7-75.8
48.1-108.0
113.0-513.0
25.6-52.9
78.2-86.3
78.0-88.2
73.2-89.9
¥7.1-54.6
62.7-75.4

50.8-73.3
27.9-54.0
52.1-64.4
10.4-97.3
18.6-71.4
64.0-84.4
24.9-3718
120,0-225 0
132.0-1870.0
7.0-99.2
334.0-707.0
67.9-101.0
68.2-490.0
81.0-575.0
7.0-98.R
55.9-95.6
2K.5-K7.6
26 1-K3 8
H1.0-459.0
83.2-782.0

66.0-91.7
.2-97.9
55.5-94.5
57.0-107.0

70.3-996.0
266.0-1910.0

331.0-2380.0
86.7-279.0

301.0-2160.0
38.1-146.0

65.8-933.0
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exposed to hydrocarbons |Kadam:
MclLaughlin and Schuman, 1983]
among petrochemical workers, pre
balmers exposed to formaidehyde |
gasoline and jet fuel {Siemiatycki

The findings of excess mort:
in particular senile dementia, anc
question of the existence of a chror
to paint solvents has been raised.
remains sutficient evidence, taken
abuse, to conclude that the occurn
RSC, 1990}. Psychoses and demen
carbon disulfide and toluene |CE(
excess in mental disorders in their s
rescarch, development, and enginec

The effects of solvent abuse o
tong-term overexposure to dichlorc
tem [IARC, 1979; CEC/RSC, 19
phenolic compounds are known tc
exposure [ Thomas and Waxweiler,
to carbon disulfide [ILO, 1983b] :
containing glues |Pezzoli et al., 1Y

Although there was no excess
chemists, as had heen observed ar
1986] and among luboratory worke
tality from cancers of other parts of
incidence among male and female
excess of brain and nervous system
s among physical/biological scien
1991].

CONCLUSIONS

Although the overall monality
members of The Royal Society of C|
among chemists from' lymphatic an
num, colon, pancreas, kidney, skin
systemn, and mental disorders. In vier
25-year study. we shali continue to

ACKNOWLEDGMENTS

The authors thank their respect
carrying out this study. Particular th
Diana Hort, and Sarah McCombie fo
the Office of Population Censuses a:
bers, providing death certificates and

Mortality of Professional Chemists, 19651989 625

also acknowledge contributions made by Dr. L.J. Kinlen, L. McGinty, Dr. C.E.
Scarle, and Dr. J.A H. Waterhouse.

RECERENCES

Alderson M (19%6); **Occupational Cancer.” London: Butterworths.

Belli S, Comba P, De Santis M. Grignoli M,
laboratory workers. Lancet 335:1597- | 598,

Bond GG, Shellenberges R), Fishbeck WA, Cartmill JB, Lasich BJ), Wymer KT, Cook RR (1985):

Mortality among a large coborn of chemicat manutacturing employees. J Nat) Cancer Inst 75:859 -
869,

Carpenter £, Beral V, Roman 15
33%:1080- 1081 .
Checkoway H, Wilcosky T, Wolf P, Tyroler H (1984); An evaluation of the ASSOCiatiol
subber industry solvent exposures. Am J Ind Med 5:239 249,
(e L. Wolf P, Ference LD (1986 An historical cohon study of mortality among salaried research
and development workers of the Allied Corporation. J Occup Med 28. 11851 188,
Commission of the European C ities/The Royal Sociely of Chemistry (1986): **Organo-chiorine
Brussels, Luxembourg: ECSC-EEC-EAEC,

Sasco AJ (1990): Cancer mortslity patterns among

Swerdlow AJ, Davies G UY991): Canger in laboratory workers, Lanceg

ns of leukemia and
Chi,

Solvents. Health Rishs 1o Workers. "
Commission of the European Communities/The Royul Society of Chemistry (1988): **Solvents in Com-
mon Use. Health Risks 0 Workers. " Brussels, Luxembourg: ECSC-EEC-EAEC.
Commission of the European Communities/The Royat Saciety of Chemistry (1990); *Long-Term Neu-
rotoxic Effects of Paimt Solvents. ™ Brussels, Luxembourg: ECSC-EEC-EAEC.
Guralnik, L (1963): Mortality by occupational level and cause of death among men 20 10 64
United States, 1950. USDHEW. Vital Statistics —Special Reports 53(33:141.
Hoar SK. Pell S (1981a): A retrospective cohort study of mortality and cancer incidence among chemists.
J Oceup Med 23:485 -994.
Hoar SK. Pell S (1951bs: A retrospective
23495 504
International Agency for Research on Cancer: IARC Mongographs on the Eval
Kisk of Chemicals 10 Humans Lyon: IARC.
-1979): Vol 20: " Some Halogenated Hydrocarbons, p 458,
- t19813: Vol 25: “Woud . Leather and Some Associated Indusiries. pp 273-274, 308,
——119824): Vol 28: **The Rubber Industry.™ p 220
International Agency for Research on Cancer (1982b): 1ARC Monographs on the Evaluation of the
Carcinogenic Risks of Chencals 10 Humans. “Chemicals, Industrial Processes and fndustries
Assaciated With Cancers in Humans, Monographs Vols 129 Supplement 4. Lyon: JARC,
International Agency for Research on Cancer (1987): IARC My graphs on the Eval of Carcino-
genic Risks to Humans. **Overall Eval of Carcinogenicity: An Updating of IARC Mono-
graphs Vols 1-42." Supplement 7. Lyon: IARC.
International Labour Office (198 34): ““Encyclopaedia of Occupational Health and Safety,” Vol |.
Geneva: International Labour Office, pp 372-374
International Labour Otfice (1983b): “Encyclopacdia of Occupational Health and Safety,”" Vol 2.
Geneva: International Labour Office, p 1430.
International Labour Office (1988): *“Occupational Cancer: Prevention and Control,”” 2
International Labour Office, Appendix 11.
Kadamani S, Asal NR, Nelson RY €1989); Occy,
carcinoma. Am J Ind Med 15:131-14],
Li FP, Fraumeni JF, Mantel N, Miller RW {1969
43:1159-1164.
Maher KV, Defonso LR (1986): A historical cohont study of |
Environ Health 41:109-1 16.
Mancuso TF, EI-Attar AA (1967): Cohort study
J Oceup Med 9:277-285.
McLaughlin JK, Schuman LM (1983): Epidemiology of renal cell carcinoma. In: Lilienfeld AM (ed):
“Reviews in Cancer F emiology,”” Vol 2. New York: Isevier, pp 170-210.

years of age;

vohort study of disability among chemists. J Occup Med

of the Carci

nd ed. Geneva:
pational hydrocarbon exposure and risk of renal cell
): Cancer mortality among chemists. J Natl Cancer Inst

ity among chemical hers. Arch

of workers exposed to beta naphthylamine and benzidine.




626 Hunter et al.

Milham 8 (1976): “*Occupational Mortality in Washington State, 1950 1971.7" NIOSH 76-175-A-C.
Cincinnati, OH: US Department of Health, Education and Weltase

Norell S, Aklbom A, Olin R, Erwatd R, Jacobson G, Lindberg Navier |, Wicchet K 1t 19%6); Oceu
pational tactors and pancreatic cancer. Br ) lad Med 43:775 778,

O'Berg MT, Burke CA, Chen JL, Walrath J, Pell S, Gallie CR (1987): Cancer incidence and mortatity
in the Du Pont company: An update. J Occup Med 29:245-252. .

Office of Population Censuses and Surveys (1975): “Census 1971, Economic Activily, Great Bruain,
England and Wales, Part IV, Table 29, 96-97 (10% sample).”" London: Oftice of Population
Censuses and Surveys.

Office of Population Censuses and Surveys (1978): **Occupational Mortality ** The Repistrar General's
Decennial Supplement for England and Wales, 1970 -1972. Series DS No. 12 London: Her Mag-
esty's Stationery Office.

Office of Population Censuses and Surveys (1981); “"Cigarette Smoking 1972-1980. OPCS Monitor:
General Household Survey 8172, July 1981 (Fable 6).°" London: Oftice of Population Censuses
and Surveys.

Office of Population Censuses and Surveys (1986 **Occupational Mortality. * The Registrar General’s
Decennial Supplement for Great Britain 1979-1980, 19821983, Series DS No. 6: London: Her
Majesty’s Stationery Otfice. Table GD30, Fiche 3, Frames B1X-DI§.

Olin GR (1976): Leukemia and Hodgkin's disease among Swedish chemistry graduates. Lancet 2:916

Olin GR (1978): The hazards of a chemical laboratory environment: A study ot the monabity in two
cohorts of Swedish chemists. Am Ind Hyg Assoc ) 39:557-562

Olin GR. Ahlbom A (1980): The cancer mortality among Swedish chemists graduated during three
decades. Environ Res 22:154 164,

Olin GR, Ahlbom A (1982): Cancer mortality among three Swedish male academie cohonts: Chennsts,
architects and mining engineersimetallurgists. tn Selikott 1 and Hanwmond EC weds): *Brain
Tumours in the Chemical Industry.” Ann NY Acad Sci 381:197-204

Ot MG. Holder BB, Langner RR (1976): Determinants of mortality in an industrial population. J Occup
Med 18:171-177.

Ot MG, Carlo GL., Steinberg S. Bond GG (1985). Montality among employees engaged in chemical
manufacturing and related activities, Am J Epsdemiol 122:311-322

Ou MG. Teta MJ. Greenberg HL (1989)° Lymphatic and hemwtopoietic tissue cancer in a chemical
manufacturing environment. Am J Ind Med 16:631-643.

Petersen GR, Mitham S (1980): **Occupational Mortatity in the State of Calitornia 1959 -1961."" NIOSH
80-104. US DHEW. Washington DC: U.S. Government Penting Oftfice.

Pezzoli G, Barbieri S, Ferrante C, Zecchinelli A, Foa V {1989): Parkinsonism due to n hexane exposure.
Lancet 2:874.

Pietri F, Clavel F, Auguier A, Flamant R (1990): Occupational risk factors for cancer of the pancreas: A
case-control study. BrJ Ind Med 47:425-428.

Royal Society of Chemistry (1982): RSC Eftects of Chemicals Assessment Programme (RECAP): Un-
published data from a questionnaire-based survey covering the years 1980-1981. London: Royal
Society of Chemistry. -

Savitz DA, Moure R (1984): Cancer risk among oil refinery workers. A review of epidemiologic studies
1 Occup Med 26:662-670.

Schottenfeld D, Winawer S§ (1982): Large intestine. In Schottenfeld D. Fraumeni JF (eds): “*Cancer
Epidemiology and Prevention.”" Philadelphia: WB Saunders, pp 703727,

Siemiatycki J, Dewar R, Nadon L, Gérin M, Richardson L, Wacholder S (1987): Associations between
several sites of cancer and twelve petroleum-derived liguids. Scand J Work Environ Health
13:493-504.

Smith AH, Shearn VI, Wowd R (1989): Asbestos and kidney cancer: The evidence supports a causal
association. Am J Ind Med 16:159-166.

Smulevich VB, Fedotova 1V, Filatova VS (1988): lacreasing evidence of the rise of cancer in workers
exposed to vinylchioride. Br J Ind Med 45:93-97

Teta MJ, Schaatier AR, Ott MG, Pell S (1990): Mortality surveilluance in a large chenncad company: The
Union Carbide Corporation experience, 1974- 1983 Am J Ind Med 17:435 447

Thomas TL, Waxwetler RJ (1986): Brain tumors and occupational risk factors. Scand § Work Environ
Health 12:1-15.

Mortality of Professional Chemists, 1965-1989 627

Tomatis L, Aitio A, Wilbourn J, Shuker L (1989): Human carcino
BE795--807

Wongsrichunata C, Delzelt 15, Cole P (1989); Mortality from leukemia and other diseases among workers
at a petrolesm retinery. J Occup Med 31:106 191,

World Health Organization (1967): **Manual of the International Statistical Classificati of Di
Injuries, and Causes of Death, Based on the Recommendations of the Eighth Revisi

cs. & . evision Confe ce.

1965.7" Geneva: World Health Organization. ¥ omerence

Wright WE, Peters JM, Mack TM (1983): Organic chemicals and mali l
PRn - Am J Ind Med

gens so far identified. Jpn J Cancer Res




