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ship between formaldehyde exposure and cancer. Scand J Work Env iron H ealth 1990;16:381- 93. Over
30 epidemiologic studies have evaluated cancer risks associated with formaldehyde exposure. Excesses
were reported for several sites, leukemia and cancers of the nasal cavities, nasopharynx, lung, and brain
generating the greatest interest. The excesses of leukemia and brain and colon cancer found among profes­
sionals may not be related to formaldehyde exposure, since similar excesses were not observed among
industrial workers. Inconsistencies among and within studies impede assigning formaldehyde a con­
vincing causal role for the excesses of lung cancer found among industrial workers. A causal role for
formaldehyde is the most probable for cancers of the nasopharynx and, to a less extent, the nasal cavities.
Evidence of exposure-response relationships, the fact that direct contact with formaldehyde may occur
at these upper respiratory sites, and the consistency of these findings with experimental studies make this
assumption highly probable.
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An imal bio assays (I , 2) indicate that formaldehyde
ca uses nasal tumors in rats. The widespread use of
for maldehyde in ind ustry a nd in commercial products
ha s heightened public health concern s regarding this
chemical. In the United States, the National Occupa­
tional Ha zards Survey (3) of the National Institute for
Occupational Safet y and Health indicates that 1.6 mil­
lion wor kers may be expo sed to formaldehyde during
the manufacture o f formaldehyde resins, textiles, gar­
ments, particle board and plywood, insulating mate­
rials, dinnerware, and paper and in health-related
profession s. In addition , off-gassing of formaldehyde
fro m certain consumer products may lead to expo sure
of large numbers of the general public.

The results of animal expe riments led to epidem io­
logic studies on a variety of formaldehyde-exposed
populations. Previous reviews of these studies have
pr imarily focused on asses sing th e weight of evid ence
concern ing forma ldehyde as a human carcinogen with­
out a det ailed presentation of the study result s. In one
such review the International Agency for Research on
Cancer (lARC) concluded that th ere is sufficien t evi­
den ce for th e carcinoge nic ity of formald ehyde in
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animals, but limited evidence for humans (4). Another
group concluded that the evidence fo r the carcino­
genicity of formaldehyde in humans was less per sua­
sive th an did IARC (5).

In our review of th e epidemiologic literature we hav e
summarized results on a site-by-site basis and have
focu sed on potential expo sures to form aldehyde and
other expo sures that the study populations ma y ha ve
experienced to eva luate the strength o f the evidence
regarding formaldehyde and human cancer.

Study designs

Over 30 reports fro m epidemiologic studies on form­
ald ehyde have been published (table I) . These reports
hav e focused on professional groups such as funeral
directors and embalmers, anatomists, pathologists, and
workers in formaldehyde facilities producing formal­
deh yde , resins, plastic molding, decorative laminates ,
plywood , particle bo ard , and apparel. These studies,
as well as relevant broad surveys of cancer risk by oc­
cupation in the United States, Canada, and Swed en,
are included in thi s review. The studies ha ve been con­
ducted in eight countries (United States, Canada, Great
Britain , Denmark, The Netherlands, Finland, Sweden ,
and Italy) and ha ve employed standardized mortal ity
ratio (SMR), proportionate mortality ratio (PMR),
standardized incidence ratio (SIR), and case-referent
des igns. The total number of cancer cases with poten­
tial exp osur e to formaldehyde in thes e studies is now
large enough to provide considerable statistical po wer
for evalu ating the ca rcinogenicity o f formaldehyde in
humans for all but rare sites.
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Table 1. Des c rip t ion o f th e epidemio logic s tu dies on formaldeh yde. (PMR =pro portionate mort ali ty ra t io, SIR =standardized
inci d ence rati o, SMR =stand ardized mortali ty rat io)

Study Populat ion Time Exposu re Diseases Number Contr ol .
Author of of Compar.'son

design studied period evaluation reported subjec ts smoking populat ion

Professional and nonoccupational exposures
Petersen & Milham (6) PMR Funerai direc to rs 1959- 1961 None All No Cali fornia

Jensen & Andersen (7) Case- Physicians t 943-1 976 Specialty Lung cancer 84 cases , No Other cancers
referent 252 referents

Friedman & Ury (8) SIR Pharmacy users 1969-1978 None Lung 557 No All pharmacy
All cancer users

Milham (9) PMR Funeral directors 1959-1979 None All 333 No Washington

Walrath & Fraumeni (48) PMR Funeral directors, 1925- 1980 Type of All 1132 No United States
embalmers lice nse

Harrington &Shannon (65) SMR Pathologists 1955- 1973 None 13 selected 2079 No United Kingdom
causes

Harrington & Oakes (64) SMR Pathologists 1974- 1980 None 13 selected 2307 No United Kingdom
causes

Levine et al (47) SMR Undertakers 1928-1977 Latency All 1477 No Ontario

Walrat h & Fraumeni (10) PMR Embalmers 1925- 1980 Duration All 1007 No United States

Gallagher et al (11) PMR Funeral directors 1950-1978 None All No British Columb ia

Logue et al (12) SMR Pathologi sts 1962- 1977 None Selected 5585 No

Stroup et a! (49) SMR Anato mis ts 1888-1 979 Specialty, All 2317 No United States
duration

Walrath et al (67) SMR Funeral directors, 1954- 1970 None All 408 No Other vete rans
emba lmers

Hayes et al (63) PMR Funera l direct ors 1975-1985 None All 4046 No United States

Industrial workers
Fayerweather et al (40) Case- Chemic al workers 1957- 1979 Level, All cancer 481 cases Yes Other

referent durat ion 481 referents workers

Marsh (35) PMR Chemical worker s 1950-1976 Duration 32 causes 603 No United Stat es

Wong (36) SMR Chemical workers 1940-1977 Durat ion 23 causes 2026 No United States

Liebli ng et al (37) PMR Chemical workers 1976-1980 None 9 causes 24 No Unit ed States

Stayner et al (33) PMR Garment workers 1959- 1980 Duration, All 256 No Unite d States
latency

Acheson et al (23, 68) SMR Chemical workers 1937-1981 Level, 13 causes 7680 No United Kingdom,
dura tio n local

Coggon et al (41) Case- Brit ish deaths 1975-1979 Level Lung, 889 cases No Other death s
referen t bladder 1758 referents

Olsen et al (44) Case- Danish Cancer 1970-1982 Duration Nasal, 839 cases No Other cancers
referent Registry naso- 2465 referents

pharynx

Malke r & Weiner (13) SIR Swedish Cancer- 1961-1979 None 6 cancers 67378 No Sweden
Environment
Registry

Partanen et al (31) Nested Finnish wood- 1957-1 980 Level, Respiratory 60 cases Yes Other workers
case- workers duration cancer 171 referents
referent

Bertazzi et al (30, 50) SMR Resin workers 1959-1986 Duration 14 causes 1332 No Italy

Blair et al (24- 28) SMR 10 plant s 1934-1 980 Level, All 26561 No Unite d States,
duration unexposed

Bond et al (43) Nested Chemical worker s 1940-1980 Latency Lung 308 cases Yes Other workers
case- 588 referents
referent

Hayes et al (42) Case- The Netherland's 1978- 1981 Level Nasal 91 cases Yes Populat ion
referent hosp ita ls cancer 195 referents referents

Vaughan et al (45, 62) Case- Washington 1979- 1983 Levell Nasa l, 285 cases, Yes Populat ion
referent Tumor Registry duration pharynx 552 referents referents

Roush et al (59) Case- Connec ticut 1935- 1975 Probability Nasal, 371 cases, No Othe r deaths
referent Tumor Registry of expo- nasopharynx 605 referents

sure

Stayner et al (34) SMR Garment worker s 1959--1982 Duration All 11030 No United States

Gerin et al (39) Case- Montreal 1979-1985 Level, 19 cancers 4259 Yes Populat ion and
refere nt duration other cancer

Exposure information

Formaldehyde is ubiquitous in the environment. For
th e assessment of cancer risk s asso ciated with form ­
aldehyde exposure, it is of paramount importance that
the level of exposure o f study subjects be determined.
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In epidemiologic studies of forma ldehyde exposure and
cancer risk variou s approaches to exposure assessment
have been taken, largely dict ated by the cons traints of
the study design. Mortality surveys, such as of profes­
sional groups, have relied upon quali tat ive assessment



of exposure based upon job title or similar designa­
tions. Mortality studies of individual industrial facili­
ties have generally provided more-detailed exposure es­
timates based on industrial exposure measurements and
ancillary information. Case-referent studies composed
of persons from a variety of occupations have gener­
ally relied on indirect exposure assessment based on
knowledge of work practices and exposures in form­
aldehyde-related jobs .

Study groups

Professionals

Embalmers may come in contact with a variety of
chemicals, including formaldehyde, pheno l, dyes and
stains, glutaraldehyde, glycol, glycerol, xylene, alco­
hols, and particulates, and also with biologic materi­
al and gamma radiation (14). Levels of <2 ppm for
solvents (ie, isopropyl alcohol, 1,1,I-trichlo roethane,
isopentane, and trichloroethylene) and of 1.8 mg/rrr'
for total dust , and 1.3 rng/nr ' for respirable dust
measured from hardening compounds have also been
reported (15). Published reports on exposure in this
profession primarily discussexposure to formaldehyde.
Mean time-weighted average (TWA) values ranging
from 0.30 to 1.30 ppm have been reported for form­
aldehyde during the embalming procedure (15-17),
but a recent evaluation by three of the authors (PAS,
RBH, AB) found somewhat higher TWA values (0.8
to 2.9 ppm), with instantaneous peaks of formalde ­
hyde or other aldehydes of up to 20 ppm . On the as­
sumpt ion that an embalming takes about 3 h and that
only one embalming occurs per day , the 8-h TWA

values in all of these cases would be about 60 0/0
lower. Thus TWA values during embalming operations
appear to be similar to those found in industry, but
such high peak concentrations have not been reported
in industrial facilities.

Chemicals used in anatomy laboratories may be
similar to those used in funeral homes, but anatomists
appear to have a greater range of exposure to formal ­
dehyde, the TWA values ranging from 0.02 to 5.87
(18-21). Although peak levelsin anatomy laboratories
have not been reported, they may be similar to those
generated during embalming. In studies of cancer risk
among professional workers (ie, anatomists, pathol­
ogists, and funeral professionals), assessment of ex­
posure to formaldehyde was largely qualitative, being
inferred from job titles identified from state licensing
records and from membership lists of professional so­
cieties with no specific estimates of exposure for study
subjects.

Industrial workers

In contrast to the studies of cancer risk among profes­
sional groups, epidemiologic studies of industrial work­
ers (table 2) have generally included quantitative esti­
mates of the level of exposure to formaldehyde. Esti­
mated levels in these investigations were similar and
resembled measurements reported in other settings
(22). The six manufacturing facilities in the study by
Acheson et al (23) produced formaldeh yde, formal ­
dehyde resins, formaldehyde adhesives, paraform, and
alcoforms . Exposure to formaldehyde was estimated
for each job and assigned to exposure categories of
<0.1,0.1-5,0.6-2.0, and >2.0 ppm. Monitoring

Table 2. Exposure levels and potential chem ica l confounders in stud ies of indust rial workers.

Type of Formaldehyde Percentage of
Author exposures cohort with Other chemicals Comme ntsoperatio n (ppm) high exposure

Stayn er et al (33) 2 garment manufac- Current = 0.1-1 .0 None Exposures believed
turing plants higher in past

Acheson et al (23) 5 formaldehyde, resin, < 0.1- > 2.0 35 % > 2.0 ppm Asbestos Dust in all plants
adhesive , paraform,
and alcoforms plants

Blai r et al 10 formaldehyde, res- < 0.1- >2.0, 3 % > 2.0 ppm Alcohol , ureas, anti - Dust in many plants
(24-27) in, mold ing , photo- peaks > 4.0 oxidants, plast iciz -

graphic film , plywood ers, dyes , asbes tos ,
plants wood dust , pheno l,

stearates, amides ,
and others

Stayner et al (34) 3 garment manufac- Current geometric None Higher in past
tur ing plants mean=0.14-0.17,

no peaks mea-
sured

Partanen et al (31) 19 particleboard, ply- 9 % > 1.5 (aver- Wood dust, glues ,
and Kauppinen & wood, glue , sawm ill age expo sure) pesticides, pheno l,
Niem ela (32) plants terpenes, solvents,

exhaust gases,
molds

Bertazzi et al (30) 1 resin plant 1974- 1979 mean Urea, melamine, sty- Past levels higher
levels = 0.2-3.8 rene, expoxy resins,

solvents , epic hlor-
hydrin
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data available since 1970 and interviews with manage­
ment and long-term employees about process changes
and controls were used to estimate the exposure levels.
Twenty-five percent of the subjects were unexposed.
Among those holding jobs where exposure occurred,
35 070 had their highest exposed job in the low-exposure
category, 14 0J0 had their highest exposed job in the
moderate category, and 51 0J0 had their highest exposed
job in the high category (> 2.0 ppm). The authors spe­
cifically mentioned the presence of only one other sub­
stance, asbestos, but we assume that many of the chem­
icals identified in the formaldehyde and resin plants
studied by Blair et al (24-27), such as wood dust, phe­
nol, melamine, and urea, may have also been present
in the formaldehyde and resin plants in this study.

Blair et al (24-29) studied IO plants producing a
variety of products, including formaldehyde, formal­
dehyde resins and molding compounds, decorative
laminates, photographic film, and plywood. The esti­
mates of formaldehyde levels for each unique combi­
nation of job, department, plant, and calendar-year
combination were based on the results of monitoring
conducted by the investigators (about 2000 full-shift
personal samples) (27), company monitoring results
(over 4500 results dating back to the 1960s for some
plants), plant visits, job descriptions, and interviews
with management and long-term employees regarding
changes in the process, controls, work practices, and
sensory perceptions (26). With the use of these esti­
mates jobs were assigned to categories of trace, ~ 0.1,
0.1-<0.5,0.5-1.9, and ~2.0 ppm. In addition, for
each job, estimates were made for the level and fre­
quency of peak exposures, the potential for exposure
to formaldehyde in liquid or particulate form, the pos­
sibility of other chemical exposures, and the industrial
hygienists' confidence in the estimates. Eight percent
of the cohort never held exposed jobs. Among the ex­
posed workers, 44 070 of the cohort had cumulative ex­
posures which were between 0.01 and 0.5 ppm-years,
34 0J0 had exposures of 0.51-5.5 ppm-years, and 14 °/0
had cumulative exposures which exceeded 5.5 ppm­
years. Alcohols, melamine, urea, antioxidants, ammo­
nia, plasticizers, dyes and pigments, asbestos, phenol,
carbon black, wood dust, stearates, amides, and ace­
tone were other chemicals to which large numbers of
workers were exposed.

Bertazzi et al (30) studied a urea and melamine resin
plant. The jobs identified were classified as exposed
to formaldehyde, exposed to other chemicals, or not
exposed. Between 1974 and 1979, the mean levels of
formaldehyde (based on 187 measurements) were be­
tween 0.2 and 3.8 ppm, with individual results as high
as 9.8 ppm. Other operations in the plant included a
styrene resin and an epoxy resin (with possible epi­
chlorohydrin exposure) operation in which exposures
may have occurred to xylene, toluene, and methyl
isobutyl ketone. No specific identification of other
chemicals in the resin operation was made, but we as-
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sume them to be similar to those in the resin plants
studied in the United States (25) and Great Britain (23).

Partanen et al (31) identified 19 sawmills and
manufacturers of plywood and formaldehyde glue for
a nested case-referent study of respiratory cancer. Ex­
posure assessments by job were based on interviews
of cases and referents (or their next-of-kin), available
monitoring data, plant visits, and interviews with su­
pervisors and long-term workers to obtain data on ven­
tilation controls, work practices, and other relevant
factors. Monitoring was conducted in four companies
with few air sampling measurements. Jobs were as­
signed to one of four exposure categories « 0.1,
0.1-< 1.0, 1.0-<2.0, and ~2.0 ppm). The investi­
gations identified 74 0J0 of the cases and referents as
exposed to formaldehyde of < 0.1 ppm, 17 0J0 as ex­
posed to 0.3 ppm, 7 0J0 as exposed to 1.5 ppm, and
2 0J0 as exposed to 3.0 ppm. Peaks of > 2 ppm were
also noted. Other exposures noted included wood dust,
chlorophenols, pesticides, terpenes, phenol, casein­
albumin glues, melamine glues, solvents, exhaust gases,
molds, bacteria, and possibly bis(chloromethyl)ether
(32).

Stayner et al identified study subjects from the com­
pany insurance fund records of three garment manu­
facturing firms for a PMR study (33) and from com­
pany records for an SMR study (34) (two of these
plants were also in the PMR study). In the PMR study,
recent measurements in two of the plants indicated that
air levels ranged from 0.1 to 1.0 ppm. Levels were pre­
sumably higher in the past. No other chemical ex­
posures were believed to be present. In the SMR study
(34) the current geometric mean level of formaldehyde
was low, ranging from 0.14 to 0.17 ppm (in 557 sam­
ples). Although historical exposure levels to formal­
dehyde were not available, they were assumed to be
substantially higher. The authors stated it was unlike­
ly that substantial peaks or intermittent exposures oc­
curred or that there were other potential chemical con­
founders.

In other industry-based studies, exposure evaluations
have been less detailed. Approaches have included ana­
lyses by length of employment (35, 36), ever or never
exposed (35, 37), and physical state of the formalde­
hyde (liquid or powder) (35).

Case-referent studies

In the case-referent study by Gerin et al (38, 39) in­
formation obtained in an interview of the subjects con­
sisted of a detailed occupational history including raw
materials and final products, type of workroom, ac­
tivities of other nearby workers, and presence of
gaseous fumes or dusts. A team of hygienists and
chemists translated this information into potential ex­
posures (38). For formaldehyde, the authors indicated
that the categories of low, medium, and high cor­
responded roughly to <0.1,0.1-1.0, and> 1.0 ppm.
Among the 4249 subjects interviewed, 760 (18 0J0) were



judged to have low exposures , 203 moderate exposures
(5 070) , and 8 (0.2 %) high exposures .

Fayerweather et al (40) supplemented the work his­
tory information from the personnel records of seven
DuPont plant s with information in the medical records
and from interviews with co-workers. Available moni­
toring results were used in the estimation of levels for
"continuous" exposure. When monitoring data were
nonexistent, interviews of long-term employees were
made with regard to sensory perceptions and process
descriptions and control changes. The followin g three
levels of "continuous" exposure were identified:
< 0.1 , 0.1-2.0 , and 2: 2.0 ppm. Intermittently ex­
posed jobs were classified as low (peaks < 2 ppm) or
high (> 2 ppm) exposure . Other chemicals which were
used included asbestos, benzene, carbon tetrachloride,
zinc chromate, and acrylonitrile.

In most of the other case-referent studies industrial
hygienists classified the jobs held by subjects into semi­
quantitative cat egories (41, 42) or nominal categories
(43-45). Estimates of possible level of exposure were
not made . In many cases the subjects were exposed to
other chemicals, including known or potential carcino­
gens (41-45). One study had two industrial hygienists
independently evaluate expo sure, and risks of nasal
cancer were calculated on the basis of each assessment
(42) .

In summ ary, several facets regarding the exposure
assessments used in these stud ies are worth noting . The
studies of professionals and the case-referent investi­
gations suffer from typical limitat ions in that exposure
is based entirely on job title without detailed informa­
tion on the facility. Absence of information on levels
of exposure in these investigations prevented evalua­
tion of dose-response relat ion ships. Moreo ver, in most
of the studies of profession s, other expo sures were
ignored. Among case-referent studies, those by Gerin
et al (39) and Fayerweather et al (40) are stronger be­
cause they assembled more information regarding ex­
posures and developed estimates of expo sure levels.
The exposure assessments in the cohort studie s of in­
dustrial workers are generally better because actual site
visits to the plants under stud y were made by indus­
trial hygienists. In addition monitoring data were often
available. With these data, quant itative estimates were
developed and used in exposure-response analyses. On­
ly two of the industrial studies included information
on exposure other than formaldehyde (24,31) .

Summary of epidemiologic results

Tables 3 and 4 display result s from the epid emiologic
studies. To provide a comprehensive review, cancers
that were excessive in two or more studies or showed
some exposure- response pattern are included in the
tabul ation s (II sites). The observed and expected num­
bers presented are generally for expo sed persons on­
ly. For some studi es, the expected numbers were not

pro vided but could be calculated from the data in the
pape r. The expected numbers from case-referent
studies were obtained by dividing the number of ex­
posed cases by the odds ratio.

The observed and expected numb ers were summed
for studies of professional and industrial groups
separately to create combined relati ve risk (CRR) es­
timates. This summation approach weights the risk es­
timat es by study size. We also present the proportion
of the studies hav ing relati ve risks greater than 1.0,
an approach which weights the contribution from each
study equall y. Th e sta tistical significance of the CRR
estimates was assessed according to Bailar & Ederer
(46).

The studies of indu str ial workers from the United
Stat es were not ent irely independent, but total over­
lapping of the study populations did not occur because
criteria for entry into the cohorts varied from study
to study . In addition, the detail to which exposure to
formaldehyde was estimated also varied among the
overlapping studies. Stud ies by Marsh (35) and Lie­
bling et al (37) were on a plant that was also included
in the study by Blair et al (25). The plants studied by
Won g (36) and Fayerweather et al (40) also included
some workers that were studied by Blair et al (25). Two
plants were included in both studies by Stayner (33,
34) . In the summation of the observed and expected
numbers, howe ver, results from the earlier study by
Stayner (33) and the studies by Marsh (35), Fayer­
weather et al (40), Wong (36), and Liebling et al (37)
were not included because they were generally covered
in the later study by Stayner et al (34) or in the study
by Blair et al (25) . Thu s there is no double counting
of cancer deaths in the summary sta tist ics pro vided in
this report.

Amon g profes sionals (tables 3 and 4), significant ex­
cesses occurred for leukemia (CRR 1.6) (II of the 13
investigations showing excesses ran ging from 1.1 to
3.1) , brain cancer (CRR 1.5) (six of nine studies show­
ing excesses rang ing from 1.2 to 3.3), and colon can­
cer (CRR 1.3) (excesses in seven of nine studies rangin g
from 1.1 to 2.3). Fewer deaths from lung cancer oc­
curred among the professionals than expected (CRR
0.9), nine of 15 studies showing a deficit. Overall, mor­
tality from lung cancer among embalmers and funeral
directors was about as expected (CRR 1.0), in contrast
to the striking deficit among anatomists and patholo­
gists (CRR 0.3). Onl y one death from nasal cancer oc­
curr ed among the professionals, less than one death
being expected. Observed and expected numbers were
presented for nasopharyngeal cancer in only one re­
port , and excesses were observed among black and
white men (CRR 2.2). There was an overall deficit for
Hodgkin's disease (CRR 0.5) (based on six deaths).
Mortality from pro state cancer and for cancer of
the buccal cavity and pharynx was about as expected
(CRR 1.0).

In contrast to professionals, indu str ial workers did
not show elevated mortality from leukemi a (CRR 1.1)

385



Table3. Mortality from cancers o f the buccal cavity and pharynx , nasopharynx , lung, nose, prostate, and bladder among per-
sons exposed to formaldehyde.- (0 = observed number of cases , E = expected number of cases, RR = relative risk)

Buccal cavit y Nasopharynx Lung Nose Prostate Bladder
Author and pharynx

0 E RR 0 E RR 0 E RR 0 E RR 0 E RR 0 E RR

Professional and nonoccupational exposures
Petersen & Milham (6) 0,0 0.0 3 3 0.9 2 0.9 1.0
Jensen & Anderson (7) 8 8.0 1.0"
Friedman & Ury (8) 4 0.7 5.6'
Milh am (9) 3 2 1.5 11 15 0.7 5 7 0.7 6 3 204'
Walrath & Fraumeni (48) 8 7.1 1. 1 72 66.8 1.1 15 16.4 0.9 7 7.3 1.0
Harrington & Shanon (65) 8 24.2 0.3 1.9 0.0
Harrington & Oakes (64) 9 22.0 004' 0.1 0.0 2 1.9 1.1
Levine et at (47) 1 2.1 0.5 19 20.2 0.9 3 3.4 0.9
Walrath & Fraumenl (10) 8 6.1 1.3 41 42.9 1.0 0.6 0.0 23 13.1 1.8' 8 5.8 104
Gallagher et al (I I ) 6 6.9 0.9 < 0.1 0 .0 1 2.8 004 2 1.0 1.9
Logue et al (12) 0.2 "
Stroup et al (49) 6.8 0.2' 12 43.1 0.3' 19 18.9 1.0 5 7.3 0.7
Walrath et al (67) 0.4 0.0 10 6.4 1.6 3.2 0.0 2 1.2 1.7
Hayes et al (63)

White men 26 21.8 1.2 3 1.6 1.9 285 294.0 1.0 1.5 0.0 79 74.8 1.1 23 26.3 0.9
Nonwhite men 4 3.2 1.2 1 0.2 4.0 23 30.5 0.8 0.2 0.0 19 14.0 1,4 1.6 0.0

Total for profession als 51 50.5 1.0 4 1.8 2.2 511 583.8 0.9' 2.4 0.4 166 165.6 1.0 56 58.3 1.0

Anatom ists and pathol-
oplsts (49, 64, 65) 29 89.3 0.3'
Funeral directors and
embalmers (9-11, 47,
48, 63, 67) 490 520.4 1.0

Industrial workers
Fayerweather et al (40) 1.0" 15 19.0 0.8' 6 2 3.6' 4 0.6 7.0"
Marsh (35) 6 7.1 0.8 1 o.o 0.0 2 0.6 3.2
Wong (36) 11 11.7 0.9 4 1.3 3.0 1 0.8 1.2
Liebling et al (37) 2 0.2 8.7 ' 3 2.3 1.3'
Stayner et al (33) 3 1.3 2.3 11 11.6 1.0 0.0 0.0
Acheson et al (23, 68) 5 4.6 1.1 0.0 205 215 1.1 1.1 0.0 18 16.9 1.1
Coggon et al (41) 296 197 1.5' 132 132 1.0
Olsen et al (44)

Men 0.7 2.8 UP
Women .. 2.6 2.8

Malker & Weiner (13) 63 68.0 0.9 214 183 1.2 14 7.6 1.8 228 231 1.0
Partanen et al (31)'·h 13 9.8 ' 1.3'
B ~rtazzi et al (50) 24 23.9 1.0 < 0.1 0.0
Blair at al (25) 18 19 1.0 6 2 3.0' 201 182 1.1 2.2 0.9 33 29 1.2 14 15 1.0
Bond at al (43) 9 27.0 0.6 ·
Hayes et al (42)

IH_Ai.k 15 6.0 2.5'
IH-B,i. ' 24 15.0 1.6

Vaughan et al (45, 62)

Occupation " 4 2.4 1.7 3 10.0 0.3"
ResidentialO 6 2.1 2.8' 5 8.3 0.6

Roush et al (59) 21 21.0 1.0D 21 26.2 0.8D
Stayner et al (34) 3.9 1,6 39 34.1 1.1 3 2.7 1.1
Gerin et al (39) 180 225.0 0.8 127 115.4 1.1 126 105.0 1.2

Total for industrial workers 92 95.5 1.0 31 25.4 1.2 1181 1096.8 1.1' 60 56.0 1.1 388 375.4 1.0 293 271.6 1.1

Number of studies with relat ive risks > 1.00 and total number of studies
Professionals 5/9 2/2 3/15 1/5 3/10 5/11
Industrial workers 2/4 3/5 6/9 4/8 2/3 3/5

a Data In italics are included in the summary statistics.
b Exposed were those ever employed in patholoqy, forensic medicine, or anatomy.
C All respiratory cancers
, Unexposed versus exposed for ;,,5 years with a 20-year latency.
• Intermittent exposure with > 15 years of latency.
I Respiratory cancer and related cancers.
• Without exposure to wood dusts .
n Lung cancers were 54 of 60 cases.
i Adjus ted for cigarette smoking .
i Wit~ little or no exposure to wood dusts.
k Exposure s estimated by indust rial hygienis t A (IH-A).
, Exposures est imated by industrial hygienist B (IH-B).
m Occupat ional exposure.
n Medium and high exposure strata combined.
o Residential exposure.
D Probably exposed to some level for most of workli fe.
, P<0.05.

or brain cancer (CRR 0.9) (tables 3 a n d 4). A sm all , st u d ies sh o w i ng exces ses, nasal cavit y cancer (CRR
but significant, excess of lung c a ncer was seen among 1.1), four of eight st u d ies sh o w i n g excesse s, and blad-

the i n d u st r i a l workers (CRR 1.1), six of nine studies der c ance r (CRR 1.1), three of fi ve st u d i es sh o w i ng

showing excesses. A nonsignificant excess was observed excesses. Mortality was about as expected from ca n cers

for nasopharyngeal cancer (CRR 1.2), three of fi ve of the buccal cavit y and pharynx (CRR 1.0) and pros-
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Table 4. Mortality from cancers of the brain, colon and skin , leukemia, and Hodgkin 's disease among persons exposed to
Iorrnaldehyde." (0 =observed number of cases , E =expected number of cases, RR=relative risk)

Brain
Author

o E RR

Colon

o E RR

Skin

o E RR o

Leukemia

E RR

Hodgkin's
disease

o E RR

2 2.3 0.9
1 0.6 1.6

2.5 0.0

0.0 0.0

2 0.8 2.4

0.7 1.4

1.9 0.0

3 4.0 0.8
0.2 0.0

6 11.5 0.5

8 16.0 0.5

14 10 1.4

22 26.0 0.8

1
2 1.7 1.2

2 2.0

4 2.4 1.7

9 7.9 1.1

94 82.5 1.1

19 24 0.8

8 3 3.1'
12 8.5 1.4
1 1.3 0.8
1 1.1 0.9
4 2.5 1.6

12 6.9 1.8'
2 1.0 2.0

1.1
10 6.8 1.5

4 1.5 2.7

45 31.2 1.4'
6 2.2 2.7

107 67.0 1.6'

122 114.4 1.1

0.9 0.0
2 3.4 0.6

8 3.6 2.2'

0.9 1.1

2 1.1 1.8
2 1.1 1.8

2 3.8 0.5
22 22.0 1.OC

19 14.2 1.3
0.4 0.0

29 22.5 1.3

10 12 0.8

36 38.9 0.9

5 5 0.9
29 20.3 1.4'

1
3 3.0 1.0

8 7.3 1.1

3 2 1.6

30 16.0 1.9'
3 3.0 1.0

20 18.5 1.1
5 3.5 1.4

4 2.2 1.8

42 48 0.9

95 80.5 1.2
16 6.9 2.3'

206 155.7 1.3'

228 257.7 0.9

15 21.9 0.7
167 185.6 0.9b

2.1 0.5

1.2 3.3'
2.6 1.2
4.7 1.9'

2 0.6
5.8 1.6

1.6 1.9

3.7 2.7'
0 .8 0.0

1
9

4
3
9

3

5 7.0 0.7

10

24 19.4 1.2
0.8 0.0

60 41.0 1.5'

17 21 0.8

89101.1 0.9

111129.1 0.9

Professional and nonoccupational exposures
Petersen & Milham (6) 0.0 0.0
Jensen & Andersen (7)
Friedman & Ury (8)
Milham (9)
Walrath & Fraumeni (48)
Harrington & Shannon (65)
Harrington & Oakes (64)
Levine et al (47)
Walrath & Fraumeni (10)
Gallagher et al (11)
Logue et al (12)
Stroup et al (49)
Walrath et al (67)
Hayes et al (63)

White men
Nonwhite men

Total for professionals

Industrial workers
Fayerweather et al (40)
Marsh (35)
Wong (36)
Liebling et al (37)
Stayner et al (33)
Acheson et al (23, 68)
Coggon et al (41)
Olsen et al (44)b
Malker & Weiner (13)
Partanen et al (31)
Bertazzi et al (50)

Blair et al (25)
Bond et al (43)
Hayes et al (42)
Vaughan et al (45)
Vaughan et al (62)
Roush et at (59)
Stayner et al (34)
Gerin et al (39)

Total for industrial
workers

Number of studies with relative risks > 1.00 and total number of studies
Professionals 6/9 7/9 2/5
Industrial wor kers 0/3 1/4 1/4

11/13
2/3

1/6
1/2

a Data in italics are included in the summary stat istics.
b Colon and rectal cancer.
C Melanoma.
, P<0.05.

tate (CRR 1.0). Overall, fewer deaths occurred than
expected for Hodgkin's disease (CRR 0.8) and for
cancers of the colon (CRR 0.9) and skin (CRR 0.9).

The risk of nasal cancer was evaluated by exposure
level or duration of exposure to formaldehyde (ta­
ble 5). When the observed and expected numbers from
the various studies were combined, no exposure-re­
sponse gradient was evident from the CRR values. Of
the four studies with sufficient information for an
exposure-response evaluation, only one had a positive
trend (42). On the other hand, for nasopharyngeal can­
cer , the CRR values rose to 2.1 in the high-exposure
category (table 6), a trend which was statistically sig­
nificant (X =2.02). All three of the studies with

exposure-response data showed a rising risk of
nasopharyngeal cancer with increasing exposure.

The relative risks for lung cancer by time since first
exposure (latency) is shown in table 7. Only three
studies of professionals had information on latency.
The CRR values for lung cancer in the shorter and
longer latency categories for these studies combined
were 0.6 and 0.9, respectively. Risk did not vary for
the embalmers by length of time since first exposure
(47,48), but it did for the anatomists (49). Among the
industrial workers, the CRR was 1.1 for lung cancer
for the shorter latency group and 1.2 for the longer
latenc y group. Three studies showed higher lung can­
cer risks with longer latency (23, 25, 31), and three
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Table 5. Relative risks fo r nasal canc er by level or dur ation of exposu re to formaldehyde. (0 = observed number of cases,
E= expec ted number of cases, RR = relative risk)

Unexpo sed Lower level/durat ion Higher level/d urat ion Author's
Author X fo r

0 E RR 0 E RR 0 E RR tre nd

Blai r et al (25)" 0.2 0.0 1 2 0.5 1 1 1.0 0.59
Roush et al (59)b 148 148 1.0 21 26.2 0.8 9 9.0 1.0 -0.55
Hayes et al (42)C, d 48 48 1.0 8 3.6 2,2 7 2.3 3.0* 3.7*
Hayes et al (42)C, e 39 39 1.0 7 7 1.0 17 8,1 2.1* 2.41'
Vaughan et at (45)1 41 41 1.0 9 11.2 0.8 3 10.0 0.3 - 2.09 '

Total9 228 228.2 1.0 38 46.4 0.8 30 28.1 1.1

a Lower level => 0-5.5 ppm-years , hi gh level =2:5.5 ppm-years.
b Lower level = all exp osed , higher leve l = probab ly exposed to high levels for at least one year.
C On a scale of 1- 9, lower level = 1-2 and higher level = 2:3 (all among th ose exposed to lower levels of wood dusts) .
d Exposu re estimat es from industrial hyg ienist A.
e Exposure esti mates from industrt at hygienist B.
f Lower level versus mediu m to high levels.
9 Usin g data f rom industr ial hyg ienist B for Hayes et al (42).
, P,;0.05.

Table 6. Relat ive risks fo r nasopharyngeal cancer by level or duration of exposure to formaldehyde . (0 =observ ed num ber o f
cases, E =expected number of cases , RR =relative risk)

Unexposed Lower level/d urat ion Higher level/du rat ion X for
Autho r t rend0 E RR 0 E RR 0 E RR

Blair et al (28)" 1 0.5 2.0 2 0.5 4.0 2 0.3 7.5 0.83
Roush et al (59)b 126 126 1.0 21 21 1.0 7 3.1 2.3* 1.29
Vaug han et al (45)C 16 16 1.0 7 5.8 1.2 4 2.9 1.4 0.65

Tot al 143 142.5 1.0 30 27.3 1,1 13 6.3 2.1 ' 2.02'

a Unexposed = <0.5 ppm-ye ars, lower level = 0.05- < 5.5 ppm-years, higher level = 2:5.5 ppm-ye ars (all amon g th ose also
exp osed to part iculate s).

b Lower level = probab ly exposed, higher levels = probab ly exp osed to some hig her levels 2:20 years befo re death.
C Relati ve expos ure sca le, low = low, high = medium and hi gh.
, P,;0.05.

Table 7. Relative risk (RR) for lung cancer by ti me since first
expo sure/emp loyment. (0 =ob served number o f case s, E=ex·
pected number of cases)

Shorter latency Longer latency
Author

0 E RR 0 E RR

Prof essionals
Walrath & Fraumeni (48)' 39 36.1 1.1 35 34.7 1.0
Levine et al (47)· 19 20.9 0.9 18 18.6 1.0
Stroup et al (49}C 4 40.0 0.1 8 12.2 0.6
Total lor professionals 62 97.0 0.6 61 65.5 0.9
Industria/ workers
Acheson et al (23)" 80 70.0 1.1 26 19.6 1.3
Blair et at {2sr 68 69 1.0 151 114 1.3"
Stayner et al (34)' 31 25.1 1.2 8 9.2 0.9
Bond et al (43)' 9 14.5 0.6 4 16.7 0.3
Bertazzi et al (SO), 14 7.3 1.9' 10 15.3 0.6
Partanen et al (31)' 13 9.8 1.3' 8 5.0 1.6'
Total lor industrial workers 215 195.7 1.1 207 179.8 1.2

• Shorter latency= <35 years; longer latency= ~ 35 years.
• Shorter latency =,,10 years; longer latency=",20 years.
c Joinedassociation:shorter latency= belore1930; longer latency= after

1930.
d Entered work lorce: shorter latency=before 1946; longer latency=after

1946.
• Shorter latency= < 20 years; longer latency = '" 20 years.
, Shorter latency=total group; longer latency='" 10 years.
, Shorter latency=,,15 years; longer latency ='" 15years.
, Adjusted lor cigarette smoking.
, P,,0 .05.
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showed higher risks with shorter latency (34, 43, 50).
Risk of lung cancer by level or duration of expo sure
to formaldehyde is shown in table 8. Am ong the
professionals, fewer death s from lung cancer occurred
than expected in both categories, and the relative risk
was lower in the higher exposu re category (CRR 0.7)
than in the lower expos ure category (CRR 1.0). In the
studies of ind ustri al workers there was a small, but
statistically significant, excess of lung cancer amo ng
workers with shorter durat ion or lower levels of ex­
posure (CRR 1.2), but not among the longer or mor e
heavily exposed (CRR 1.0) workers . Using duration
as the only measure of expo sure resulted in a CRR of
1.3 for the shor ter duration category and 0.8 for the
longer one. Th e CRR values for the low and high cat ­
egor ies based on level of exposure were identical (1. 1
and l.l , respec tively), however. Neither the individu­
al studies nor the summary statistics showed signifi­
cant tr ends between level o f formaldehyde exposure
and risk of lung cancer.



Table 6. Lung cancer by level or duration of exposure to formaldehyde. (0 = observed number of cases, E = expected number
of cases, RR = relative risk, . = not applicable, only two categories with estimates)

Unexposed Lower level/duration Higher level/duration X for
Author trend0 E RR 0 E RR 0 E RR

Professionals
Walrath & Fraumeni (10)a 17 16.0 1.1 24 27.0 0.9
Walrath & Fraumeni (48)b. c 47 42.1 1.1 27 28.6 0.9
Stroup et al (49)d 6 15.0 0.4 6 26.7 0.2

Total for professionals 70 73.1 1.0 57 82.3 0.7'

Industrial workers
Acheson et ai (23(" 37 43 0.9 39 42 0.9 109 97 1.1 1.45
Coggon et al (41) 296 197.3 1.5' 44 48.9 0.9
Blair et al (24)9 14 21 0.7 88 72 1.2 62 56 1.1 1.10
Stayner et al (34)h 29 21.6 1.3 10 12.5 0.8
Bertazzi et al (50)i 19 16.5 1.2 5 7.4 0.7
Partanen et al (31)c. j 47 47.0 1.0 10 6.6 1.5 3 2.2 1.4 1.09
Gerin et al (39)k 33 66.0 0.5 24 16.0 1.5

Total for industrial workers 98 111.0 0.9 514 422.0 1.2' 250 240.0 1.0 0.20

Cohort studies only
(23, 24, 31, 34, 50) 98 111.0 0.9 185 158.7 1.2' 189 185.1 1.0 0.75
With estimates of level
(23, 24, 31) 98 111.0 0.9 137 120.0 1.1 174 155.2 1.1 1.75
With duration only (34, 50) 48 38.1 1.3 15 19.9 0.8

a Lower= <20 years of licensure; higher= ,,20 years of licensure.
b Embalmers and funeral directors; embalmers only.
c Respiratory cancer.
d Lower = <20 years of membership; higher= ,,20 years of membership.
e Lower=0.1-0.5 ppm; higher= >2.0 ppm.
f Lower = all exposed; higher = high exposure.
9 Lower = >0-<0.5 ppm-years; higher= ,,5.5 ppm-years.
h Lower = >3 months-<3 years in duration; higher= ,,10 years in duration.
i Lower= <10 years of exposure; higher= ,,10 years of exposure.
j Lower=0.1-1 ppm; higher= ,,1 ppm.
k Lower level = ,,10 years of exposure at low levels; higher level = ,,10 years of exposure at high levels .
• P:s0.05.

Discussion

As noted in earlier reviews, professional and industrial
workers exposed to formaldehyde have exhibited
different cancer patterns (4, 5, 22, 51). The excesses
for leukemia and cancers of the colon and brain ob­
served among professionals were not seen among in­
dustrial workers. The excesses were rather consistent
for leukemia (I I of 13 studies), brain cancer (six of
nine studies), and colon cancer (seven of nine studies)
among professionals. Studies lacking such excesses had
few reported deaths (generally less than three). Diag­
nostic bias (52) may be a concern for these cancers,
since professionals may receive better medical care than
the general population which served as the reference
in the investigations. Among anatomists (49), however,
the relative risks for leukemia and brain cancer re­
mained elevated when mortality rates from psychi­
atrists were used to generate the expected numbers, a
finding suggesting that the excess risks for anatomists
cannot be entirely explained by diagnostic bias or
general socioeconomic bias. In the study of anatomists
(49) the SMR decreased but remained elevated when
expected deaths from benign tumors of the nervous
system (conditions likely to be misdiagnosed) were in­
cluded in the estimate of expected brain cancers, again

a finding suggesting that the excess is unlikely to be
entirely due to diagnostic bias.

Industrial workers appear to have TWA values of
formaldehyde similar to those of professional work­
ers. The lack of excesses of leukemia or cancer of the
brain or colon among industrial workers would seem
to indicate that formaldehyde is not contributing to
the excesses of these tumors. Experimental investiga­
tions also suggest that formaldehyde is unlikely to in­
duce cancer in tissues other than those in which direct
contact can occur. The formaldehyde concentration
was not increased in the blood of rats exposed to 14.4
ppm (53), and e4C)- and eH)-formaldehyde was not
found in the bone marrow in labeling experiments (54).
Professionals may, however, experience higher peak
exposures on a more frequent basis than industrial
workers. This possibility may be important if, during
high peak exposures, body defenses are overwhelmed
(55). In balance, these data suggest that the excesses
for leukemia and brain cancer among professionals
cannot be entirely explained by socioeconomic con­
founding or diagnostic bias, but the factors in the work
environment responsible for these excesses have not
been identified. Pathologists, anatomists, and em­
balmers differ from industrial workers in that they may
be exposed to other substances used in the preserva-

389



tion of tissues, including dyes and stains, glycol, and
xylene, as well as biologic materials (14-21). Addi­
tional investigations are needed to determine if these
exposures alone or in combination with formaldehyde
contribute to the cancer excesses noted among profes­
sionals.

Among industrial workers, cancers of the respira­
tory system have received the most attention. A small,
but statistically significant, excess occurred for can­
cer of the lung (CRR 1.1), and an overall exposure­
response gradient occurred for cancer of the naso­
pharynx. There was a small overall nonsignificant ex­
cess for nasal cancer (CRR 1.1), but the risk of this
cancer did not increase with increasing duration or level
of exposure. Several lines of evidence suggest, how­
ever, that formaldehyde may be involved in the de­
velopment of this cancer in humans. First, two case­
referent studies noted excess risks among persons ex­
posed to formaldehyde (42, 44). The occurrence of an
exposure-response gradient from the two independent
assessments of exposure in the study from The Nether­
lands (42) is of particular interest. Exposure assessment
is especially difficult in case-referent studies . Random
exposure misclassification is to be expected, but it
would tend to dilute exposure-response patterns. Simi­
lar estimates of risk from independent assessments of
exposure increases one's confidence in the findings .
Second, in the investigation from The Netherlands
(42), squamous cell cancer was the histological type
of nasal cancer most strongly associated with formal­
dehyde, and this was the type of cancer seen among
rodents exposed to formaldehyde (I, 2). The Danish
case-referent study, however, did not find that ex­
posure to formaldehyde was particularly associated
with squamous cell cancer of the nose (56). Third,
hyperplasia and squamous cell metaplasia of the nasal
mucosa, reported among woodworkers (57) and chem­
ical workers exposed to formaldehyde (58), correspond
to lesions observed among rodents in bioassays (I , 2)
and lend biologic credibility to the hypothesis that
formaldehyde is a risk factor for nasal cancer in hu­
mans. Potential confounding by other occupational
factors remains a problem, however.

In the case-referent studies for nasal cancer (42, 44,
59) many workers exposed to formaldehyde may have
also had exposure to wood dust , a recognized nasal
carcinogen, and it is unclear whether its potential
effects were entirely removed. In studies in Denmark
(44) and The Netherlands (42), however, elevated risks
occurred among persons who held jobs for which ex­
posure to wood dusts was less likely. Other case­
referent studies in the United States (60) and Nordic
countries (61) found no association between formal­
dehyde exposure and nasal cancer, but they were not
specifically designed to assess risks from this chemi­
cal. Several cohort studies of industrial workers or
professional workers have also failed to detect excesses
of nasal cancer (23, 25, 34) although the power of the
studies was small.
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The excessesfor cancer of the nasopharynx occurred
in a cohort study (relative risk 3.0) and in case-referent
studies (CRR 1.2, based on two studies). In the co­
hort study (28) relative risks for nasopharyngeal can­
cer increased steadily to 7.S-fold among workers who
had cumulative exposure to formaldehyde of 2: 5.5
ppm-years and exposure to formaldehyde-containing
particulates. No exposure-response relationship was
found, however, among persons who were exposed to
formaldehyde but not exposed to particulates. In a
case-referent study (45,62) in which exposure to form­
aldehyde was assessed from workplace and residential
sources, the relative risks for nasopharyngeal cancer
rose from 1.7 for persons with occupational exposure
alone, to 2.8 for persons with residential exposures
alone, to 6.7 for persons with both occupational and
residential exposures (45, 62). These relative risks were
adjusted for ethnic origin and cigarette smoking. In
the other case-referent study (59) the relative risk of
nasopharyngeal cancer rose with probable level of ex­
posure to 2.3 for those exposed at higher levels 20 or
more years before death. Contradictory results re­
garding nasopharyngeal cancer were obtained in other
studies. No excessesoccurred in most studies of profes­
sionals and no deaths from cancer of the nasopharynx
were reported in the study of chemical workers in Great
Britain (23) or in the investigation of garment work­
ers in the United States (34). In these investigations,
however, the expected numbers were small. The ex­
cess of nasopharyngeal cancer among black and white
male embalmers in a recent study from the United
States is the first report among professionals and fur­
ther points to a role for formaldehyde in the origin
of this tumor (63). In Denmark, a case-referent study
noted an association between formaldehyde exposure
and. nasopharyngeal cancer among women, but not
among men (44). Despite these inconsistencies, biologic
plausibility (excesses for a site where direct contact may
occur) and the occurrence of exposure-response pat­
terns in studies of different designs (cohort mortality
and case-referent) suggest that a causal association be­
tween formaldehyde exposure and cancer of the naso­
pharynx seems credible and likely. As with nasal can­
cer, small numbers, inconsistency among studies, and
a possible independent role for particulates preclude
definiti vely labeling formaldehyde as a nasopharyn­
geal carcinogen .

The findings regarding lung cancer are difficult to
interpret. The significant deficits of lung cancer that
occurred among anatomists and pathologists were very
likely due to a lower prevalence of smoking among
these health professionals (49, 64, 65) than among the
general population (66). Smoking habits among em­
balmers and funeral directors appear, however , to
resemble that of the general population. In a study of
United States veterans (67) the proportion of em­
balmers who ever smoked cigarettes (57 !tlo) did not
differ from that of the entire study population (58 070) .
Smoking, therefore , does not appear to confound com-



parisons between embalmers and the general popula­
tion. Embalmers, however, do not appear to experience
an excessof lung cancer (CRR 1.0). In addition, among
funeral directors and embalmers, the risk of lung can­
cer did not increase with time since first exposure.

Industrial workers had a small excess of lung can­
cer (CRR 1.1), but the overall relative risks increased
little with latency. Neither did the risk of lung cancer
increase with duration or level of exposure to formal­
dehyde among industrial workers , findings resembling
those of studies of embalmers and funeral directors.
The CRR values decreased with increasing duration
of exposure and were similar in the low- and high­
exposure categories.

In the studies of multiple plants in the United States
(24,25,28,29, 33, 34) and Great Britain (23, 68) excess
mortality from lung cancer was not observed in all the
plants . Among garment workers (34) in the United
States, deficits were observed at two plants, whereas
one had an excess. In the study of workers at 10 plants
producing and using formaldehyde (24, 25) an excess
of lung cancer occurred among workers with 2: 20
years of latency for six plants, and deficits occurred
for four plants. The plants with the excesses were not
necessarily the plants with the highest levels of ex­
posure. In Great Britain (23) three plants had deficits,
and two had excesses. One of the plants with an ex­
cess had the highest exposure levels in the study and
showed an exposure-response relationship (the SMR
rising to 118 for the most heavily exposed). The other
plant with an overall excess showed no such exposure­
response relationship and had levels similar to those
found in the other plants in the study .

In both the American and British studies of chemi­
cal workers (23-25) the lung cancer excess was large­
ly confined to workers involved in the production of
resins and molding compounds. In the American
study, lung cancer was not elevated among worker s
exposed to formaldehyde unless they also came into
contact with substances associated with the produc­
tion of resins and molding compounds (24). The study
of workers in an Italian resin plant also noted an ex­
cess of lung cancer, but it did not appear to be direct­
ly related to formaldehyde exposure (50). An update
(69) of the Finnish cohort (31) noted an excess of can­
cer of the upper respiratory tract but not an excess of
lung cancer.

Some investigators have speculated that the healthy
worker effect may contribute to the lack of an
exposure-response gradient for lung cancer (70, 71).
Robin s et al (70), using an analysis which controlled
for this problem, concluded that the healthy worker
effect was not an explanation for the failure to observe
an exposure-response pattern in the Blair et al study
(25). Sterling & Weinkam (71), in another reanalysis
of these data, confirmed the excess of lung cancer
reported by the original authors (25) but concluded that
it was caused by formaldehyde. An error in the count­
ing of deaths resulted in an inclusion of approximate-

Iy three times as many deaths in the analyses as exist­
ed in the cohort (29). In a letter addressing this prob­
lem (72)Sterling & Weinkam reported an excessof lung
cancer that rose with level of exposure. In these ana­
lyses, however, more deaths from lung cancer occurred
than were noted in the original analysis by Blair et al
(25). These new analyses (72) may have included con­
tributing causes of death from lung cancer, but con­
tributing causes do not appear to be included in the
analyses of all cancers combined.

Based on findings from all the reviewed studies, a
causal association between exposure to formaldehyde
and lung cancer cannot be entirely discounted, but
many of the traditional criteria for causality in epidemi­
ologic investigations are missing. The excess risk was
small among industrial workers (CRR 1.1) and was not
seen consistently in all the plants studied. In some
plants there were deficits . No such excess for lung can­
cer occurred among the embalmers. Overall, there was
a slight increase in the risk of lung cancer with time
since first exposure among the industrial workers, but
this pattern was also inconsistent by study. Risks in­
creased with latency in two of the three studies of
professionals which included information on latency
effects, but in only two of the six studies of industrial
workers. A causal association was not suggested by the
mortality pattern either by level or by duration of ex­
posure. In three studies among professionals, risks
were lower for the workers exposed to formaldehyde
for longer durations than for those with shorter dura­
tions, and in the industry studies the risks were lower
among the heavier or longer exposed workers in four
of six studies. Furthermore, elevated mortality from
lung cancer among workers in certain operations in­
volving resins and molding compounds suggests that
further evaluation of exposures in this process in the
American, British, and Italian cohorts may help clar­
ify the role of formaldehyde and other substances in
the excess of lung cancer seen in some of these studies .

In summary, we conclude that it is likely that the
excesses of nasopharyngeal cancer observed were
caused by exposure to formaldehyde . The association
with nasal cancer is plausible, but somewhat less per­
suasive t-han that for nasopharyngeal cancer. The ab­
sence of excesses for leukemia and cancers of the colon
and brain among industrial workers suggests that the
associations seen among professional workers may not
be due to formaldehyde . Although a role for formal­
dehyde in the excess of lung cancer cannot be dis­
missed, inconsistencies among and within studies of
industrial workers suggest that this association is not
causal; however , other interpretations are possible.
Formaldehyde may be an effective carcinogen only in
the presence of other exposures, which were not con­
sistent from study to study, or it may be a weak car­
cinogen whose effect was easily masked by the pres­
ence of lung carcinogens that varied from study to
study.

391



References

I. Kerns WD, Pavkov KL, Donofrio DJ, Gralla EJ, Swen­
berg JA. Carcinogenicity of formaldehyde in rats and
mice after long-term inhalation exposure. Cancer Res
1983;43:4382--4392.

2. Sellakumar A, Albert R, Snyder C. Carcinogenicity of
formaldehyde and hydrogen chloride in rats. Toxicol
Appl Pharmacol 1985;81:401--6.

3. National Institute for Occupational Safety and Health.
National occupational hazards survey. Cincinnati , OH:
National Inst itute for Occupational Safet y and Health ,
1974. (DHEW publication ; no 74-127, 1974.)

4. Internat ional Agency for Research on Cancer. Overall
evaluation of carcinogenicity: an updating of IARC
monographs volumes I to 42. Lyon : International Agen­
cy for Research on Cancer, 1988. (IARC monograph s
on the evaluation of carcinogenic risks to human s;
suppl 7.)

5. Higginson J, Jensen OM, Kinlen L, et al. Epidemiolo­
gy of chronic occupational exposure to formaldehyde:
report of the AD HOC panel on health aspect of form ­
aldehyde. Toxicol Ind Health 1988;4:77- 90.

6. Peterson GR, Milham S. Occupational mort ality in the
state of California 1959-1961. Cincinnati, OH: Na­
tional Institute for Occupat ional and Health , 1980.
(DHEW (NIOSH ) publ; no 80- 104.)

7. Jensen OM, Andersen SK. Lung cancer risk from form­
aldehyde. Lancet 1982;1:913.

8. Friedman GD, Ury HK. Screening for possible drug car­
cinogenicity: second repor t of find ings. J Natl Cancer
Inst 1983;71:1165- 75.

9. Milham S. Occupat ional mortality in Washington state
1950- 1979. Cincinnati, OH : National Institute for Oc­
cupational Safety and Health, 1983. (DHHS (NIOSH )
publ ; no 83-116.)

10. Walrath J, Fraumeni , JF Jr. Cancer and other causes
of death among embalmers. Cancer Res 1984;44:4638­
41.

II. Gallagher RP, Threlfall WJ, Band PR, Spinelli JJ , Cold­
man AJ . Occupational mortality in British Columbi a
1950-1978. Ottawa: Statistics Canada, Health and Wel­
fare Canada, 1986.

12. Logue JM, Burrick MK, Jessup CL. Mortality among
radiologists and pathologi sts in the radiat ion registry of
physicians. J Occup Med 1986;28:91-9.

13. Malker H, Weiner J . Cancer-miljoregistret: exempeJpa
utnyttjande av register - epidemiologi inom arbet smil­
joomradet [Cancer-environment register: example of reg­
ister use - occupational epidemiology]. Stockholm:
Arbetarskyddsverket , 1984: 80-3. (Arb ete och halsa
1984:9.)

14. Laughlin JS, Vacirca SJ, Duplissey JR . Exposure of em­
balmers and physicians by radioactive cadavers. Health
Physics 1968;15:451-5 .

15. Williams JM, Levine RJ, Bluden PB. Exposure of em­
balmers to formaldehyde and other chemicals. Am lnd
Hyg Assoc J 1984;45:175-6.

16. Moor e LL, Ogrodnik Ee. Occupa tional exposure to
formald ehyde in mortuaries. J Environ Health 1986;
49:32-5.

17. Kerfoot EJ, Mooney TF . Formaldehyde and para form­
aldehyde stud y in funeral homes. Am Ind Hyg Assoc
J 1975;36:533-7.

18. Clausz JC, Macintyre BA, Malone ES, Twelmeyer JM .
Atmospheric formaldehyde levels in an academic labora­
tory . J Chem Educ 1984;61:AI21 -3 .

19. Elliott L. Health hazard evaluation report on Tufts
Medical School. Cincinnat i, OH : National Institute for
Occupational Safety and Health , 1980. (HE 79-86­
675, 1980.)

20. Perkins J, Kimbrough JD. Formaldehyde exposure in
a gross anatomy laboratory. J Occup Med 1985;27:
813- 5.

392

21. Yager J. Exposure to formaldehyde embalming solution
in an anatomy laboratory. Presented at the annual meet­
ing of the American Publ ic Health Association in Dal­
las, TX, December, 1983.

22. Anonymous. Report on the consensus workshop on
formald ehyde. Environ Health Perspect 1984;58:323­
81.

23. Acheson ED , Gardner MJ, Pannell B, Barnes HR , Os­
mond C, Taylor CPo Formaldehyde in the British chem­
ical industry. Lancet 1984;I:611- 16.

24. Blair A, Stewart PA , Hoo ver RN. Mortality from lung
cancer among workers employed in the formaldehyde
industry. Am J lnd Med 1990:17:683-99.

25. Blair A, Stewart P , O'B erg M, et al. Mortality among
industrial workers exposed to formaldehyde. J Natl Can­
cer Inst 1986;76:1071-84.

26. Stewart PA, Blair A, Cubit DA, et al. Estimating histor­
ical exposures to formaldehyde in a retrospective mor­
tality study. Appllnd Hyg 1986;1:34--41.

27. Stewart I'A, Cubit DA, Blair A. Formaldehyde exposure
levels in seven industries. Appl lnd Hyg 1987;2:231-6.

28. Blair A, Stewart PA, Hoover RN, et al. Cancers of the
nasopharynx and oropharynx and formaldehyde ex­
posure. J Natl Cancer Inst 1987;78:191-2.

29. Blair A, Stewart PA. Comment s on the reanalysis of the
National Cancer Institute study of workers exposed to
formaldehyde. J Occup Med 1989;31:881.

30. Berta zzi PA , Pesatori AC , Radice L, Zocchett i C, Vai
T. Exposure to formaldehyde and cancer mortality in
a cohort of workers produ cing resins. Scand J Work En­
viron Health 1986;12:461-8.

31. Part anen T , Kauppinen T, Nurminen M, et al. Formal­
dehyde exposure and respiratory and related cancers: a
case-referent study among Finnish woodworkers. Scand
J Work Environ Health 1985;11 :409-15.

32. Kauppinen TP , Niemela RI. Occupational exposure to
chemical agents in the particleboard industry. Scand J
Work Environ Health 1985;11:357-63.

33. Stayner L, Smith AB, Reeve G, Blade L, Elliott L,
Keenlyside R, Halperin W. Proportionate mortality
study of workers in the garment industry exposed to
formaldehyde. Am J Ind Med 1985;7:229-40.

34. Stayner , LT, Elliott L, Blade L, Keenlyside R, Halpe­
rin W. A retrospective cohort mortality study of work­
ers exposed to formaldehyde in the garment industry .
Am J Ind Med 1988;13:667- 81.

35. Marsh GM . Proportional mor tality among chemical
workers exposed to form aldehyde. In: Gibson JE, ed .
Formaldehyde toxicity. New York, NY: Hemisphere
Pub lishing Corporation, 1983:237-55.

36. Wong O. An epidemiologic mortality study of a cohort
of chemical workers potentially exposed to forma lde­
hyde with a discussion on SMR and PMR . In: Gibson
JE , ed. Form aldehyde toxicity. New York, NY: Hemi­
sphere Publi shing Corporation , 1983:256-72.

37. Liebling T , Roseman KD, Pastides H , Grif fin RG,
Lemeshow S. Cancer mortality among workers exposed
to formaldehyde. Am J Ind Med 1984;5:423- 8.

38. Gerin M, Siemiatycki J, Kemper H, Begin D. Obtain­
ing occupat ional exposure histories in epidemiolog ic
case-control studies. J Occup Med 1985;27:420-6.

39. Gerin M, Siemiatycki J, Nadon L. DeWar R, Krewski
D. Cancer risks due to occupational exposur e to form­
aldehyde: results of a multi -site case-control study in
Montreal. 1nt J Cancer 1989;44:53- 8.

40. Fayerweather WE, Pell S, Bender JR. Case-control study
of cancer death s in DuPont workers with poten tial ex­
posure to formaldehyde. In: Clary JJ , Gibson JE , Waritz
RS, ed. Formaldehyd e: toxicology, epidemiology,
mechanisms. New York, NY: Marcel Dekker, Inc, 1983:
47-121.

41. Coggon D, Pannell B, Acheson ED. Use of job-exposure
matrix in an occupational analysis of lung and bladder



cancers on the basis of death certificates. J Natl Cancer
Inst 1984;72:61-5 .

42. Hayes RB, Raatgever JW, De Bruyn A, Gerin M. Can­
cer of the nasal cavity and paranasal sinuses and form­
aldehyde exposure. Int J Cancer 1986;37:487-92.

43. Bond GG, Flores GH , Shellenberger RJ , Cart mill JB,
Fishbeck WA, Cook RR. Nested case-control study of
lung cancer among chemical workers. Am J Epidemiol
1986;124:53-66.

44. Olsen JH, Jensen SP, Hink M, Faurbo K, Breum NO,
Jensen OM. Occupational formaldehyde exposure and
increased nasal cancer risk in man . Int J Cancer 1984;
34:639-44.

45. Vaughan TL , Strader C, Davis S, Daling JR . Formal­
dehyde and cancers of the pharynx, sinus and nasal cavi­
ty: I. occupational exposures. Int J Cancer 1986;38:
677- 88.

46. Bailar JC, Ederer F. Significance factors for a ratio of
a Poisson variable and its expectation . Biometrics 1964;
20:639-43.

47. Levine RJ, Andjelkovich DA, Shaw LK. The mortality
of Ontario undertakers and a review of formaldehyde­
related mortality studies. J Occup Med 1984;26:740-46.

48. Walra th J, Fraumeni JF Jr. Mortality patterns among
embalmers. Int J Cancer 1983;31:407- 411.

49. Stroup NE, Blair A, Erikson GE. Brain cancer and other
causes of death in anatomists. J Natl Cancer Inst 1986;
77:1217- 24.

50. Berta zzi PA , Pesatori A, Guercilena S, Consonni D,
Zoccheti C. Rischio cancero geno per i produttori di
resine exporti a formaldeide: extensione del follow-up.
Med Lav 1990;80:111-1 22.

51. Blair A, Walrath J , Malker H. Review of epidemiologic
evidence regarding cancer and exposure to formalde­
hyde. In: Tur oski V, ed. Formaldehyde - analytical
chemistry and toxicology. Washington , DC: American
Chemical Society, 1985:261- 73.

52. Greenwald P, Friedlander BR, Lawrence CEoDiagnos­
tic sensitivity bias - an explanation for an apparent
brain tumor excess. J Occup Med 1981;23:690-4.

53. Heck H D'A, Casanova-Schmitz M, Dodd PB, Schach­
ter EN, Witek T, Tosun T. Formaldehyde (FA) concen­
tratio ns in the blood of humans a nd F-344 rats exposed
to FA under controlled conditions. Am lnd Hyg Assoc
J 1985;46:1- 3.

54. Casanova-Schmitz M, Star r TB, Heck H D' A. Differen­
tiation between metabolic incorporation and covalent
bindin g in the labelling of macromolecules in the rat
nasal mucosa and bone marr ow by inhaled (14C)- and
(lH) formaldehyde. Toxicol Appl Pharmacol 1984;76:
26-44.

55. Swenberg JA, Barrow CS, Boreiko CJ, et al. Non-linear
biologic responses to formaldehyde and their implica­
tions for carcinogenic risk assessment. Carcinogenesis
1983;4:945-52.

56. Olsen lH, Asnaes S. Formaldehyde and risk of squa­
mous cell carcinoma of the sinonasal cavities. Br lind
Med 1986;43:769-74.

57. Edling C, Hellquist H, Odkvist L. Occupat ional ex-

posurc to formaldehyde and histopathological changes
in the nasal mucosa . Br 1 Ind Med 1988;45:761-5 .

58. Boysen M, Zadig E, Digernes V, Apeler V, Reith A.
Nasal mucosa in workers exposed to form aldehyde: a
pilot study. Br 1 lnd Med 1990;47:116-21.

59. Roush GC, Walrath J , Sta yner LT, Kaplan SA, Flan­
nery JT, Blair A. Nasopharyn geal cancer, sinonasal can­
cer, and occupations related to form aldehyde: A case­
control study. 1 Nat! Cancer Inst 1987;79:1221-25.

60. Brinton LA, Blot WJ, Becker lA, et al. A case-control
study of cancers of the nasal cavity and paranasal
sinuses. Am J Epidemiol 1984;119:896-906.

61. Hernb erg S, Collan Y, Degerth R et al. Nasal cancer
and occupational exposures. Scand 1 Work Environ
Health 1983;9:208-13.

62. Vaughan TL. Strader C, Davis S, Daling lR. Formal­
dehyde and cancers of the pharynx, sinus and nasal
cavity: II . resident ial exposures. Int 1 Cancer 1986;
38:685-8.

63. Hayes RB, Blair A, Stewart PA , Herri ck R, Mahar H.
The mortality of US embalmers and funer al director s.
Am l ind Med (in press).

64. Harrington 1M, Oakes D. Mortality study of British
pathologists 1974-80. Br lInd Med 1984;41:188-191.

65. Harrington 1M, Shannon HS. Mortality study of pathol­
ogists and medical laboratory technicians. Br Med 1
1975;4:329-32.

66. Sterling T, Weinkam Jl. Smoking characteristics by type
of employment. J Occup Med 1976;18:743-54.

67. Walrath 1. Rogot E, Murray J, Blair A. Mort ality pat­
terns among US veterans by occupat ion and smoking
status. Bethesda MD: Department of Health and Hu­
man Services. 1985. (NIH Publ; no 85-2756.)

68. Acheson ED, Barnes HR, Gardner MJ, Osmond C, Pan­
nett B, Taylor CP . Formaldehyde process workers and
lung cancer. Lancet 1984;l :1066-7.

69. Partanen T. Kauppinen T, Hernbe rg S, et al. Formal­
dehyde exposure and respiratory cancer in woodworkers
- an update . Scand 1 Work Environ Health 1990;16:
394-400.

70. Robins 1M, Pambrum M, Chute C, Blevins D. Esti­
mating the effect of formaldehyde exposure on lung can­
cer and non-malignant respiratory disease mortality using
a method to control for the health y worker effect. In:
Hogstedt C, Reuterwall C, ed. Progress in occupational
epidemiology. Amsterdam : Excerpta Medica, 1988:
75-8. (International congress series; no 829.)

71. Sterling T, Weinkam 11. Reanalysis of lung cancer mor­
ta lity in a National Cancer Inst itute study of mortality
among industrial workers exposed to form aldehyde. J
Occup Med 1988;30:895-901.

72. Sterling T, Weinkam 11. Reanalysis of lung cancer mor­
tality in a National Cancer Institute study of " Mortali­
ty among industrial workers exposed to formaldehyde":
additi onal comments. 1 Occup Med 1989;31:881-4.

Received for publicatio n: 28 May 1990

393


