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Cancer Risks Among Workers Exposed
to Metalworking Fluids: A Systematic Review

Geoffrey M. Calvert, mp, MPH,* Elizabeth Ward, PhD, Teresa M. Schnorr, PhD,
and Lawrence J. Fine, MD, DrPH

Metalworking fluids (MWFs) are commonly used in a variety of industrial machining and
grinding operations. The National Institute for Occupational Safety and Health (NIOSH)
estimates that more than one million workers are exposed to MWFs. NIOSH conducted a
comprehensive and systematic review of the epidemiologic studies that examined the
association between MWF exposure and cancer. Substantial evidence was found for an
increased risk of cancer at several sites (larynx, rectum, pancreas, skin, scrotum, and bladder)
associated with at least some MWFs used prior to the mid-1970s. This paper provides the
evidence pertaining to cancer at these sites. Cancer at those sites found to have more limited
or less consistent evidence for an association with MWF (stomach, esophagus, lung, prostate,
brain, colon, and hematopoietic system) will not be discussed in this paper but are discussed
in the recent NIOSH Criteria for a Recommended Standard-Occupational Exposure to MWFs.
Because the changes in MWF composition that have occurred over the last several decades
may not be sufficient to eliminate the cancer risks associated with MWF exposure, reductions
in airborne MWF exposures are recommendedm. J. Ind. Med. 33:282-292,

1998. © 1998 Wiley-Liss, Iné.
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INTRODUCTION

in water; synthetic MWFs, which are chemical fluids
containing no petroleum base oils; and semisynthetic MWFs,

Metalworking fluids (MWFs) are commonly used in awvhich are emulsions containing small amounts of oil,
variety of industrial machining and grinding operationssometimes distinguished from soluble oil MWFs by the
MWFs (i.e., cutting oils, machining fluids, lubricants, andiegree of emulsification. The National Institute for Occupa-
coolants) are primarily used to cool and lubricate both th@ynal Safety and Health (NIOSH) estimates that more than
tool and the working surface. MWFs are also useful fa§ne million workers are exposed to MWFs (NIOSH, unpub-
providing corrosion protection, and removal of metal chipgshed data).
and swarf. There are four major classes of MWF: straight oil | recent years, MWF exposures have been the subject
MWFs (also called insoluble oils), which are made fromaf study in several epidemiologic investigations. However,
naphthenic or paraffinic oils and contain no water; solublge are not aware of any published comprehensive reviews
oil MWFs, which are naphthenic or paraffinic oils emulsified the cancer findings from these studies. As such, NIOSH
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conducted a comprehensive and systematic review of the
epidemiologic studies that examined the association be-
tween MWF exposure and cancer. The findings of this
review can be found in the recent NIOSH Criteria for a

Recommended Standard-Occupational Exposure to MWFs
[NIOSH, 1998]. The purpose of this paper is to summarize
the evidence for cancer of the skin, scrotum, larynx, rectum,
pancreas, and bladder.
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METHODS RESULTS

In order to be included in this review, an article had tSkin and Scrotal Cancer
be published in a peer-reviewed journal. Articles were
identified from computerized database searches, from reco&@se reports.
mendations made by reviewers of earlier drafts and from
references cited in relevant articles. Studies providing daénce the 1940s, evidence has accumulated to support an
on the association between MWF exposure and cancer wagsociation between skin (including scrotal) cancer and
grouped into three categories based on their study desigacupational exposure to MWFs. Several case reports have
(1) retrospective cohort mortality and cancer incidendé@entified skin cancer among MWF-exposed workers [sum-
studies of MWF-exposed cohorts and associated nestgdrized in NIOSH, 1998; Kipling and Waldron, 1976].
case-control studies; (2) proportionate mortality ratio (PMR .
studies of occupational groups exposed to MWF and assofi@hort studies.

ated case-control studies; and (3) population-based studies
(primarily case-control interview studies of specific cancer A cohort study of turners employed between 1960 and

sites which examined cancer risks associated with MWA980 at a Swedish company producing bearing rings found

exposure, or with occupations likely to have MWF expot-hat the straight oil MWF-exposed turners had an increased

sure, i.e., metal machinists, grinders, turners, or toolmakerd§k of squamous cell carcinoma of the skin (obs [four

Of the cohort and PMR studies designed to assess fg°t@l, and one faciall, exp 0.3,P < 0.001) [Jarvholm et
mortality and/or morbidity of MWF-exposed workers, the Eiseftl-+ 1985] (Table 1). Three additional scrotal cancer cases
et al. [1992] and Tolbert et al. [1992] studies have the modere identified among turn_ers in the 1987 update of this
statistical power because the number of subjects with malign§A1ort [Jarvholm and Lavenius, 1987]. The authors suggest
neoplasms in these studies is an order of magnitude larger thalh /it USe of soluble oil MWFs is not associated with scrotal
any of the other cohort studies. The taito parts manufactur- cancer because no cases were observed among the grinders

ing plants studied by Tolbert et al. were also included in tH’ého primarily use soluble oil MWFs [Jarvholm and Lave-

study conducted by Eisen et al. [1992](Plants | and II). Taius, 1987]. Furthermore, it should be noted that changes in

avoid reporting the results for workers from Plants | and nefinery methods since the 1950s have reduced the straight

twice, the findings from these plants are summarized fro PIAmWF ﬁ.o?]tim Ofb polycyclic argmatu;] hydrocarbons
the report by Tolbert et al. [1992] only, and only the finding M?VILN Ic 'a\t/ed eE_n suggesteJ asr: Fcausdatlé/e f;lgent
from the third plant (Plant 1ll) are summarized from th or -associated skin cancer [Jarvholm and Easton,

report by Eisen et al. [1992]. Tolbert’s findings for Plants ?‘990; McKee et al., 1990]. As would be expected because of

. igh survival rate for nonmelanoma skin cancer, a signifi-
and Il were used because her analyses examined the caﬁr&%p 9 9

risks associated with exposure to specific classes of M ‘ntly .elevated risk was  not gbserved n the_ @ahort

For the purpose of tabulating the number of cohort studi&ortal'ty study that reported skin cancer mortality (Table I).

reporting site-specific data for each cancer, Plants | and,}MR studies.

[Tolbert et al., 1992] are counted as a single study and Plant

lll is counted as a second study [Eisen etal., 1992]. _ Asignificantly elevated risk was not observed in any of
Tables |-V summarize the data generated to examife, ihree PMR studies (Table I).

the association between MWF exposure and risk of cancer at

specific organ sites. In an effort to keep the tables to @ppylation-based studies.

reasonable size, all the rate ratio estimates reported by these

among those ever exposed to each of the specific classem@biving 45 cases of squamous cell carcinoma of the
MWFs, and the remaining studies provide the risk for acrotum, those ever employed in an occupation with poten-
workers with potential MWF exposure and, when availablgg| MWE exposure (toolmaker, setter, setup man, hardener,
the risk among those workers with the highest duration gblisher, automatic screw operator, machinist, and machine
employment. All of the rate ratios are for males, except f@perator) had an increased risk of this cancer (odds ratio

the studies by Acquavella et al. [1993], Wortley et al. [1992]OR] = 10.5, 95% confidence interval [95%G#] 4.0-36.9)
and Schifflers et al. [1987] in which the reported rate ratiqRoush et al., 1982].

for males and females were combined.
Not included in this paper are hypothesis-generatirGonclusion for Skin Cancer
studies, which examined broad occupational categories
based on census or death certificate data. The results of such The large number of case reports, the cancer incidence
studies are summarized elsewhere [NIOSH, 1998]. study, and the case-control study suggest that MWF expo-
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TABLE I. Results for Skin/Scrotal Cancer from Epidemiologic Studies of Populations Exposed to Metalworking Fluids

No. with
cancer
Type of or no. of Rate 95%Cl
Investigators Location study/analysis ~ exposed cases  ratio  (or P-value) Study population/cancer site
Cohort studies
Jarvholm et al. [1985] Sweden SIR 5 16.6 <0.001 Turners employed between 1960 and 1980/
squamous cell cancer of the skin
Jarvholm and Lavenius [1987]  Sweden SIR 7 —a — Turners only/scrotal cancer
Eisen et al. [1992] Michigan SMR 10 0.61 0.29,1.13 White autoworker, Plant I/skin cancer
11 1.06 0.53,1.89 White autoworkers, Plant Il/skin cancer
7 1.27 0.1, 2.62 White autoworkers, Plant Ill/skin cancer
Proportionate mortality studies
Silverstein et al. [1988] Connecticut PMR 4 092 0.25,234 Ball-bearing plant workers, white/skin cancer
Park et al. [1988] Connecticut PMR 4 1.88 0.51,4.80 Ball-bearing plant workers, white/skin cancer
Vena et al. [1985] New York PMR 1 0.60 NS Based on U.S. mortality, engine plant workers,

white/skin cancer
Population-based studies
Rousch et al. [1982] Connecticut Case/control 26 10.5 4.0, 36.9 Ever employed as toolmaker, setter, set-up
man, hardener, polisher, automatic screw
operator, machinist, or machine operator/
squamous cell cancer of the scrotum

Cl, confidence interval; PMR, proportionate mortality ratio; SMR, standardized mortality ratio; SIR, standardized incidence ratio; NS = not statistically significant.
aThere were too few expected cases of scrotal cancer to make a reliable estimate of risk.

sure, primarily straight oil MWF exposure, has been assocenfounding by sulfur, but models containing sulfur still
ated with an increased risk of skin and scrotal cancer. Ashad a significantly elevated OR in the highest straight oil
result of the changes in MWF composition and reduction 8iWF exposure category (OR= 1.91, 95%Cl =
impurities over the last several decades, current straight @ip1-3.62). Although unable to adjust for smoking and
MWF exposures may be associated with a substantialiycohol, two important risk factors for laryngeal cancer
reduced risk of these cancers. [Austin and Reynolds, 1996], these investigators did not
think that these risk factors confounded their results
because the risk of lung cancer and cirrhosis did not
increase with increasing exposure to straight oil MWFs.

Laryngeal Cancer
Cohort studies.

Only the studies of the three automobile manufacturinBMR studies.

plants conducted by Tolbert et al. [1992] and Eisen et al.

[1992] reported site-specific data for laryngeal cancer Among the three PMR studies, the overall PMRs ranged
(Table 11). Tolbert et al. [1992] reported a statisticallfrom 1.7-1.8, and were not statistically significant [Park and
significant standardized mortality ratio (SMR) of 1.98 foirer, 1996; Vena et al., 1985; Mallin et al., 1986]. In the
laryngeal cancer among whites ever exposed to straight @ilidy conducted by Vena et al. [1985], a significantly
MWF and a nearly significant SMR of 1.41 for soluble Oikjeyated PMR was found for workers employed less than 20

MWF exposure. In a case-control analysis including 33Uears and those who were employed after 1950 (PMR
three plants, and incident as well as deceased cases; g5 p < (.05 for both subgroups).

categorized exposure analysis found an OR of 2.23

(95%CI = 1.25, 3.98) among individuals with> 0.5

mg/ne-years straight oil MWF particulate exposure [EiselPopulation-based studies.

et al., 1994]. The authors also examined the association

between laryngeal cancer and specific components or Among six studies that defined occupational categories
contaminants of MWFs (biocides, steel, iron, aluminunin sufficient detail to examine risk associated with exposure
sulfur, and chlorine). There was some evidence foo MWF, and that controlled for smoking and alcohol, one
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TABLE II. Results for Laryngeal Cancer from Epidemiologic Studies of Populations Exposed to Metalworking Fluids

No. with
cancer
Type of or no. of Rate 95%Cl
Investigators Location study/analysis ~ exposed cases ratio (or P-value) Study population
Cohort studies
Tolbert et al. [1992] Michigan SMR 23 1.98 1.26,2.98 Ever straight oil MWF exposure, white
30 141 0.95,2.01 Ever soluble oil MWF exposure, white
8 157 0.68,3.09 Ever synthetic MWF exposure, white
1 0.50 0.01,2.78 Ever straight oil MWF exposure, black
6 091 0.70,1.17 Ever soluble oil MWF exposure, black
Eisen et al. [1992] Michigan SMR 2 0.77 0.09,2.79 White autoworkers, Plant Ill
Eisen et al. [1994] Michigan Nested case/control 28 2.23 1.25,3.98 Autoworkers with highest exposure to straight
oil MWFs
Proportionate mortality studies
Park and Mirer [1996] Detroit-area PMR 1 0.69 0.02,3.83 Engine plant 1, white
4 1.67 0.46,4.28 Engine plant 2, white
Vena et al. [1985] New York PMR 3 1.81 NS Based on US mortality, engine plant workers,
white
Mallin et al. [1986] lllinois PMR 2 1.76 NS Equipment manufacturing workers, white
Population-based studies
Zagraniski et al. [1986] Connecticut Case/control 22 25 12,52 Ever worked as a machinist
17 21 10,47 Ever worked as a metal grinder
Wortley et al. [1992] Washington State  Case/control NA 1.8 05,62 Ever employed as grinding, abrading, or buffing
operator
19 1.0 0519 Ever employed in precision metal working
Zheng et al. [1992] China Case/control 12 12 05,31 Usual occupation of blacksmith, machine-tool
operator, electrician, or other related workers
25 08 04,16 Self-reported exposure to lubricant fumes
Haguenoer et al. [1990] France Case/control 7 1.8 NS Employed in metal work or as mechanic for at
least 15 years
Browne et al. [1988] Texas Case/control 5 0.53 0.18,1.58 Ever machinists
Ahrens et al. [1991] Germany Case/control NA 22 09,53 Ever mineral oil exposure

Abbreviations: (see Table I.)

found a significant risk of laryngeal cancer. Zagraniski et ahat laryngeal cancer is associated with exposure to straight
[1986] found an elevated laryngeal cancer risk among thosié MWFs.

with “ever employment as a machinist” (SMR= 2.5,

95%Cl: 1.2-5.2) and among those with “ever employmeiRectal Cancer

as a metal grinder” (SMR= 2.1, 95%CI| = 1.0-4.7).

Another case-control study of 100 laryngeal cancer cas€ohort studies.

and 100 controls found a nonsignificantly elevated risk

among those who self-reported ever having mineral didnly the studies conducted by Tolbert et al. [1992], Eisen
exposure (OR= 2.2, 95%Cl= 0.9-5.3) [Ahrens et al., et al. [1992], and Decolifl¢1978] reported site-specific

1991]. results for rectal cancer (Table Ill). Tolbert et al. [1992]
reported a significant association between straight oil MWF
Conclusion for Laryngeal Cancer exposure and rectal cancer among white, but not black,

workers. Poisson regression analyses revealed a trend of
Several studies suggest that MWF exposure may breasing rectal cancer risk in relation to years of exposure
associated with laryngeal cancer. In particular, the studies toystraight oil MWFs P < 0.0001). The rate ratio for the
Eisen et al. [1992, 1994] and Tolbert et al. [1992] suggestost highly exposed group was 3.2 (95%€I[1.6-6.2).
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TABLE Il1. Results for Rectal Cancer from Epidemiologic Studies of Populations Exposed to Metalworking Fluids (MWF)

No. with
cancer
Type of or no. of Rate 95%Cl
Investigators Location  study/analysis exposed cases ratio  (or P-value) Study population
Cohort studies
Tolbert et al. [1992] Michigan SMR 37 1.47 1.04,2.03 Ever straight oil MWF exposure, white
51 1.09 0.81,1.43 Ever soluble oil MWF exposure, white
9 092 042,174 Ever synthetic MWF exposure, white
1 0.45 0.01,2.53 Ever straight oil MWF exposure, black
3 0.68 0.14,1.99 Ever soluble of MWF exposure, black
Eisen et al. [1992] Michigan SMR 7 1.70 0.68, 3.50 White autoworkers, Plant Ill
Decouflé [1978] Michigan SMR 8 1.25 NS Metal machining plant workers, white
4 1.29 NS 5+ years of heavy MWF mist exposure, white
Proportionate mortality studies
Silverstein et al. [1988] Connecticut  PMR 14 1.36 0.81,229 Ball-bearing plant workers, white
Park et al. [1988] Connecticut  PMR 11 3.07 154,550 Ball-bearing plant workers, white
Vena et al. [1985] New York PMR 4 1.38 NS Based on US mortality, engine plant workers,
white
4 276 P <0.05 Employed in engine plant >20 years, white
Mallin et al. [1986] lllinois PMR 2 0.80 NS Equipment manufacturing workers, white
Population-based studies
Gerhardsson de Verdier et al. [1992]  Sweden Case/control 25 21 1.1,4.02 Ever exposed to cutting oils
Siemiatycki et al. [1987] Montreal Case/control 13 0.7 90%Cl; 0.4-1.0 Ever exposed to cutting oils
Abbreviations: (see Table I.)
PMR studies. tional exposures associated with an increased risk of rectal

cancer including exposure to asbestos, soot, and coal/coke/
Among the four PMR studies reporting data for rectabood combustion gases. In an analysis adjusting for these
cancer, the investigation led by Park et al. [1988] found @her exposures, the risk of rectal cancer among cutting
significant excess in a cohort with potential exposure til-exposed workers was lower (OR 1.4, 95%Cl =
straight and soluble oil MWFs (PMR= 3.07, 95%CIl= 0.6-3.5). In another population-based case-control study that
1.54-5.50). Park et al. [1988] did not report the risk of eadtxamined the association between several cancer sites and
specific type of MWF exposure. Another PMR study found accupational exposure to several petroleum-derived liquids,
significant excess in a subgroup employed in an engine plaver having cutting oil exposure was found not to be
for >20 years (PMR= 2.76,P < 0.05) (although three associated with an increased risk of rectal cancer {0R7,
types of MWF [straight, soluble, and synthetic MWF] wer®0%CIl = 0.4-1.0) [Siemiatycki et al., 1987].
used at this plant, their temporal use was not known to the
study investigators) [Vena et al., 1985]. Silverstein et aConclusions for Rectal Cancer
[1988] found a slight excess of rectal cancer mortality which
was not statistically significant; the risk for various pro- Several studies suggest that MWF exposure is associ-
cesses was not reported. Mallin et al. [1986] found a risk ated with rectal cancer. In particular, the findings from the
less than 1; however this finding is based on only two rectstiudy with the most statistical power suggest that straight oil
cancer deaths. MWF exposure may be associated with an increased risk of
rectal cancer [Tolbert et al., 1992].
Population-based studies.
Pancreatic Cancer
A population-based case-control study of incident cases
of rectal cancer in Sweden found that male workers ev€iohort studies.
exposed to cutting fluids had an elevated risk of rectal cancer
(OR = 2.1, 95%CI= 1.1-4.0)[Gerhardsson de Verdier eAmong five cohort studies reporting site-specific data for
al., 1992]. However, several of the cases had other occupancreatic cancer, two found significant excess mortality
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TABLE IV. Results for Pancreatic Cancer from Epidemiologic Studies of Populations Exposed to Metalworking Fluids (MWF)

No. with
cancer
Type of or no. of Rate 95%Cl
Investigators Location study/analysis  exposed cases ratio (or P-value) Study population
Cohort studies
Tolbert et al. [1992] Michigan SMR 34 0.80 0.55,1.11  Ever straight oil MWF exposure, white
61 0.77 0.59,1.00  Ever soluble oil MWF exposure, white
19 1.03 0.62,1.61  Ever synthetic MWF exposure, white
8 1.40 0.60,2.77  Ever straight oil MWF exposure, black
19 1.62 0.98,2.54  Ever soluble oil MWF exposure, black
Eisen et al. [1992] Michigan SMR 8 0.87 0.37,1.71  White autoworkers, Plant Ill
Bardin et al. [1991] Michigan Nested case/control 9 30 12,75 Highest exposure to synthetic MWF
Rotini et al. [1993] Ohio SMR 8 0.91 0.39,1.79  Engine plant, white
7 3.03 1.21,6.24  Engine plant, black
Acquavella et al. [1993] lowa SMR 11 20 09,38 Metalworking factory workers
5 36 1283 Factory workers employed>10 years, hired between
1950-1959
Decoufle [1978] Michigan SMR 8 1.05 NS Metal machining plant workers, white
1 0.27 NS 5+ years of heavy MWF mist exposure, white
Proportionate mortality studies
Park and Mirer [1996] Detroit-area PMR 10 1.82 0.87,3.34  Engine plant 1, white
11 1.23 0.62,2.21  Engine plant 2, white
MOR 4 3.61 1.04,12.6  Machining with straight oil MWF
Silverstein et al. [1988] Connecticut  PMR 24 143 0.96,2.12  Ball-bearing plant workers, white
MOR 9 310 P=0.05 Employed in grinding 10+ years
MOR 5 371 P=0.05 Employed in machinery 10+ years
Park et al. [1988] Connecticut  PMR 8 1.09 0.55,2.18  Ball-bearing plant workers, white
Vena et al. [1985] New York PMR 11 1.89 <0.05 Based on U.S. mortality, white
7 2.32 <0.05 Employed in engine plant >20 years
Mallin et al. [1986] Illinois PMR 5 1.19 NS Equipment manufacturing workers, white
5 3.57 <0.05 Equipment manufacturing workers, black
Population-based studies
Mack and Paganini-Hill [1981] Los Angeles Incidence 21 1.30 NA Machinists, white males

Abbreviations: MOR = mortality odds ratio (also see Table I).

from this cause of death [Rotimi et al., 1993; Acquavella eesponsible for this elevation. Among those in the overall
al., 1993] Table 1V). Rotimi et al. [1993] found that blackcohort, assembly workers, who Acquavella et al. state are
men employed at two Ohio engine manufacturing plantslikely to have MWF exposure, were the occupational
had an excess pancreatic cancer mortality (SMR3.03, group with the highest risk (SMR= 3.0, 95%CI =
95%Cl = 1.21-6.24, based on seven deaths). However,1if0—7.5). In contrast, in those departments identified by
should be noted that the investigators found no consistékxttquavella et al. as having potential MWF exposure, there
pattern with respect to time since hire or duration ofvere 2 observed pancreatic cancer deaths while 3.3 deaths
employment, and no pancreatic cancer excess was obsemede expected. Tolbert et al. [1992] found excess
in white workers. Acquavella et al. [1993] reported thgpancreatic cancer mortality among black workers exposed
factory workers employed at an lowa metalworking facilityto soluble oil MWFs at Plants | and Il in Michigan (SMR

all of whom were white, had an increased risk of pancreatic62, 95%CIl= 0.98-2.54). In a Poisson regression analysis
cancer mortality (SMR= 2.0, 95%CIl= 0.9-3.8). The risk that controlled for race, age, and gender, an increased risk
appeared to be greatest among factory workers employa&d pancreatic cancer mortality was observed in those
10 or more years who were hired between 1950 and 19%@rkers with the highest exposures to synthetic MWFs
(SMR = 3.6, 95%Cl= 1.2-8.3); however, the authors did(rate ratio= 2.04, 95%CI: 0.88-4.72) [Tolbert et al., 1992].
not report if workers in a specific occupational group werk a case-control analysis that included Plants I, II, and IIl,
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a categorized exposure analysis found an OR of 2.2Bvation in pancreatic cancer mortality; however, an MOR
(95%CI = 1.25-3.98) among individuals with>1.4 analysis was not reported [Park, 1988].

mg/ne-years grinding with synthetic MWF [Bardin et al., . i

1997]. However, neither synthetic MWF, nor any otheEonclusion for Pancreatic Cancer

measured exposure, was found to explain the previously ) o . )
documented excess pancreatic cancer risk among black Several studies have found significantly increased risks

workers [Bardin et al., 1997]. Although unable to adjust foff Pancreatic cancer among MWF-exposed workers. The

smoking, an important risk factor for pancreatic cancéidence is strongest for grinding with synthetic MWF

[Silverman et al., 1994], the authors did not think that thilardin et al., 1997], and for machining with straight oil

risk factor confounded their results because the risk of lu V;]/FS LSiIverstel;n etfa:;, 1983; F’fj‘fg anthirer_, 1996|]|'
cancer did not increase with increasing exposure though a number of the studies did not have internally

synthetic MWFs. One other cohort study found gonistenlt fllr(1d|?gs (|.e_.,t_exce§tshe(sj n tplaCkfk:\;lJ\tN';Ot white
nonsignificant elevation in pancreatic cancer mortalit)\/’}'Or ers, lack of assaclafion with duration o expo-

however, this study had limited statistical power [Decaufl ure), the number of studies with statistically significant
1978] ' indings suggests that exposure to some MWFs may increase

the risk of pancreatic cancer.

PMR studies. Bladder Cancer

Among five studies reporting site-specific data fofohort studies.
pancreatic cancer, four found significantly elevated PMRs
[Vena et al., 1985; Mallin et al., 1986; Silverstein et al.Only two cohort studies reported site-specific data for
1988; Park and Mirer, 1996]. White men employed at gpladder cancer and neither found a significant excess
engine plant for at least 10 years had an excess of pancrelgcoufle 1978; Jarvholm and Lavenius, 1987] (Table V).
cancer mortality (PMR= 1.89,P < 0.05), which was higher However, both_ of these studies are limited by relatively
for those employed> 20 years (PMR= 2.32,P < 0.05) Small sample sizes.
[Vena et al., 1985]. Use of county referent rates resulted PMR studies
higher PMRs (employed> 10 years, PMR= 2.41,P < )
0.05; employed 20 years, PMR 2.97,P < 0.05). Mallin et

:Ir:nLlr198§|]a];(|)<u(nl3dMaR=SIgn5nc7lcgni %x(():;s SbSI r?;nv(\:/Lei?(: |Ezlclagnc%rr bladder cancer, only one reported a significant excess,
g . e . which was among white workers employed in an engine

not significant), men employed in the manufacture of diese’ant (PMR= 2.28,P < 0.05) [Vena et al., 1985]. The risk
engines and construction equipment. The PMR for panc [ greatest among those first employed during or before

atic cancer was highest among black men who died after?@so (PMR= 3.37,P < 0.05). A study of bearing plant
years of service (PMR:. 4'7.9’ P = 0'01.)' Another PMR .workers found a nonsignificantly elevated risk of bladder

hites at a ball-beari facturi lant (PMR Bancer [Silverstein, 1988]. A study of workers at two
irzgng;\(ly ICeliaO a%az'lga”g_? manutac unrgfgzg (C Detroit-area engine manufacturing plants also found nonsig-
T 6CI= 0.96-2.12) [ liverstein et al., ,]' aS€ificantly elevated PMRs for bladder cancer [Park and
control analyses revealed substantially elevated risks assQ@za, 1996]. However, an MOR analysis of these workers
ated with 10 or more years employment in grinding witl, ,nq 5 significant association between risk of bladder
various MWFs (OR= 3.10,P = 0.05) and machining with .5ncer and cumulative exposures to grinding with straight
straight oil MWF (OR = 5.31, P = 0.05). The risk o MwE (MOR for the mean cumulative exposure of
associated with grinding was present only for those W”&posed cases 2.99 [95% Cl= 1.15-7.77], based on seven
early hire dates (during the early 1930s and before) at whighaihs), and employment in the machining or heat treat area
time straight oil MWFs were “almost exclusively used INMOR for the mean cumulative exposure of exposed cases
grinding.” There were too few deaths among nonwhite mep gg [95% Cl= 1.14-7.18], based on four deaths). Two
for analysis. A PMR study of workers at two engine plantsydies did not find an increased risk of bladder cancer [Park

did not observe significant excesses for pancreatic canggf). 1988; Mallin et al., 1986]; however, these studies are
[Park and Mirer, 1996]. However, a mortality odds ratigmijted by small sample size.

(MOR) analysis of these workers found an increased risk

among those ever employed in machining with straight oRopulation-based studies.

MWFs (OR = 3.61, 95%Cl= 1.04-12.6, based on three

cases), but no trend was observed with increasing cumula- Several case-control studies have also examined the risk
tive exposure. One other PMR study found a nonsignificaot bladder cancer among those whose occupations may

Of the six PMR studies that reported site-specific data
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TABLE V. Results for Bladder and Lower Urinary Tract Cancer from Epidemiologic Studies of Populations Exposed to Metalworking Fluids

No. with
cancer
Type of or no. of Rate 95%Cl
Investigators Location  study/analysis exposed cases ratio  (or P-value) Study population/cancer site
Cohort studies
Decoufle [1978] Michigan SMR 6 1.2 NS Metal machining plant workers, white/bladder &
lower urinary tract
2 0.8 NS 5+ years heavy MWF mist exposure, white/bladder
and lower urinary tract
Jarvholm and Luvenius [1987] Sweden SIR 7 1.04 04,22 Grinders and turners/bladder
Proportionate mortality studies
Park and Mirer [1996] Detroit-area PMR 6 2.16 0.79,4.70 Engine plant 1, white/bladder
5 113 0.37,2.64 Engine plant 2, white/bladder
MOR 7 299 1.15,7.77 Grinding with straight oil MWF/bladder
MOR 4 2.86 1.14,7.18 Machining or heat treat employment/bladder
Silverstein et al. [1988] Connecticut  PMR 14 1.26 0.75,2.13 Ball-bearing plant workers, white/bladder
Park et al. [1988] Connecticut  PMR 1 0.24 0.01,131 Ball-bearing plant workers, white/bladder
Vena et al. [1985] New York PMR 7 2.28 <0.05 Engine plant workers, white/bladder
4 2.76 NS Employed in engine plant >20 years/bladder
Mallin et al. [1986] Illinois PMR 2 0.78 NS Equipment manufacturing workers, white/bladder
Population-based studies
Silverman et al. [1989a] us Case/control 102 13 10,17 Ever machinist 6 months or more/bladder
51 14 0921 Ever drill press operator =6 months/bladder
Siemiatycki et al. [1987] Montreal Case/control 47 1.2 90%Cl: 1.0-1.6 Ever exposed to cutting oils/bladder
Claude et al. [1988] Germany Case/control 18 225 10,56 Ever turner/bladder and lower urinary tract
43 0.84 054,13 Ever metal worker/bladder and lower urinary tract
Gonzalez et al. [1989] Spain Case/control 31 0.77 05,11 Ever toolmaker =6 months/bladder
NA 186 1.2,28 Ever machinery adjuster, assembler, or mechanic
=6 months/bladder
Steenland et al. [1987] Ohio Case/control 11 2.00 NS Ever grinding machine operator/bladder and lower
urinary tract
45 0.69 <0.05 Ever machinist/bladder and lower urinary tract
Vineis and Magnani [1985] Italy Case/control 16 15 07,33 Ever employed in machine tools =6 months/bladder
Schifflers et al. [1987] Belgium Case/control 34 245 1.28,4.69 All metal workers/bladder
8 257 092, 7.16 Turners/bladder
Howe et al. [1980] Canada Case/control NA 27 11,77 Ever metal machinist/bladder
Silverman et al. [1983] Detroit Case/control 137 1.1 08,15 All metal machinists/bladder and lower urinary tract
32 15 0927 Tool and die workers/bladder & lower urinary tract
Silverman et al. [1989D] u.s. Case/control 26 1.1 06,19 Metal machinery worker/bladder

Abbreviations: (see Table I.)

involve MWF exposure. Only those studies that controlleof employment P for trend = 0.008). Among drill press

for smoking, a known risk factor for bladder cancer [Matasperators who worked 5 or more years, the elevated risk was
noski and Elliott, 1981], are included in this review. In gresent in both those who began work before 1950 (OR
large population-based case-control study from the Unitdd7; confidence limits not provided) and those who began
States, Silverman et al. [1989a] found an elevated risk wfork in 1950 or later (OR= 2.9; confidence limits not
bladder cancer among white men ever employed as machinevided). However, among those who were employed as
ists (OR= 1.3, 95%CIl= 1.0-1.7) or drill press operatorsdrill press operators for less than 5 years, the risk of bladder
(OR = 1.4, 95%Cl= 0.9-2.1). Furthermore, among drillcancer was increased only among those who began employ-
press operators, the risk increased with increasing duratioent in 1950 or later (OR= 2.8; confidence limits not
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provided). The same study [Silverman et al., 1989b] exarstudies may not be suitable for detecting elevated risks for
ined occupational risk factors for bladder cancer amormgncers with high survival rates [Schulte et al., 1985;
nonwhite men, and reported an RR of 1.1 (95%).6-1.9) Steenland et al., 1988].

for the summary category “Metal machinery worker,” with

an identical summary category” Metal machinery workerRoute of Exposure

for whites of RR of 1.1 (95%C# 1.0-1.3)[Silverman et al.,

1989a]. The risks for the subcategories “Machinists” and  Although the route of exposure to MWFs is generally
“Drill Press Operators” was not broken out for nonwhitesthrough dermal contact or through inhalation, the large size
nor was duration of employment as a metal machinepf many airborne MWF droplets can lead to gastrointestinal
worker examined. In a population-based case-control stuglyposure. A significant proportion of airborne MWF par-
from Canada, Howe et al. (1980) found that those evggles is in the nonrespirable (extrathoracic) range (i.e.,
employed as metal machinists had an increased risk @frticles with a mass mean diamete®.8 pm). Eisen et al.
bladder cancer (ORs 2.7, 95%Cl= 1.1-7.7). A hospital- [1994] report that in their study approximately 20-33% of
based case-control study conducted in Germany found tigé total particulate was in the extrathoracic range. Large
individuals ever employed as turners had an increased ris4tticles generally result in gastrointestinal exposures since
of bladder cancer (OR- 2.25, 95%Cl= 1.0-5.6), and the they are filtered out in the nasopharyngeal region and do not
risk was consistently elevated with increasing duration @éach the airways. In addition, some of the small particles in
employmentP for trend= 0.08) [Claude et al., 1988]. This the thoracic size fraction are captured by the mucocilliary
same study also found no increased risk of bladder canggtalator. The mucocilliary escalator transports the particles

for the broad category of metal workers (GR0.84, 95% to the pharynx, where they are swallowed, thereby permit-
Cl = 0.54-1.3). Apopulation-based case-control study frogihg gastrointestinal exposure.

Belgium found that metal workers had a significantly

increased risk of bladder cancer (RR 2.45, 95%CI=
1.28-4.69). Subgroup analyses of these workers found t eISCUSSION AND CONCLUSIONS

highest risk among turners (RR 2.57, 95%Cl= 0.92— We believe there is substantial evidence for increased
7.16) [Schifflers et al., 1987]. Another hospital-based CaSfisk of cancer at several sites (larynx, rectum, pancreas, skin,
control study from !taly found th"?‘t those (_amployed for S%crotum, and bladder) associated with at least some MWFs
months or more in the machine-tool industry had af)seq prior to the mid-1970s. The inconsistencies between
increased rls!< of bladder cancer (OR_l'_5’ 95%Cl — studies with respect to the organ sites that were affected, and
0.7-3.3)[Vineis and Magnani, 1985]. Within the machinge yariation in the strength of association between the

tool trade, the _r|sk of bladder cancer was elevated amoggrrogates of exposure and specific sites are, most likely,
turners, especially among turners hired before 1940 apdaie (o the diverse nature of MWF mixtures studied, the

employed more than 10 years (RR 3.1, 95%Cl = pqence of detailed exposure information, and the limita-

_0'9_10',5)' A population—b_ased case-contrql st.udy condgct&%s of the epidemiologic tools with which MWF exposures
in Hamilton County, Ohio, found that grinding machlnehave been studied.

operators had an increased risk of bladder cancer tOR As described earlier, there are four major classes of

2.00; not significant), whereas machinists were found {g\yr The types and amounts of chemical constituents can

have a significantly decreased risk (6R0.69,P < 0.05) |41y across these different classes of MWF. Furthermore,

[Steenland et al., 1987]. Another case-control study did NQkthin each class of MWFs there are many different

observe an increased risk of bladder cancer among tOOIm?&'mulations which vary in composition, and may contain
ers (RR= 0.77, 95%Cl= 0.5-1.1) but did observe an ) i

: . - . many different additives and impurities. Some MWF constitu-
increased risk among machinery adjusters, assemblers, gaek” o6 considered carcinogenic in animals, including
mechanics (RR= 1.86, 95%Cl= 1.2-2.8) [Gonzalez et al"N-nitrosamines [IARC, 1978], and some PAHs [IARC,
1989]. 1983]. Efforts to reduce these potential carcinogenic expo-
sures have been ongoing. Removal of PAHs from MWFs
Conclusions for Bladder Cancer began in the 1950s and U.S. Environmental Protection
Agency (EPA) regulations during the 1980s were directed at
The association between bladder cancer and MWEeducing nitrosamine exposures [Code of Federal Regula-
exposure is well supported by one large and well-designédns, 1984]. Because different epidemiologic study popula-
case-control study [Silverman et al., 1989a,b], as well #sns may have been exposed to different classes and
several other studies conducted in different geograpHarmulations of cutting fluids, some lack of consistency in
locations, all of which controlled for smoking. Althoughsite-specific results between studies should be expected
none of the cohort studies found a significantly increaseghen evaluating the carcinogenicity of these substances.
risk of bladder cancer, it has been observed that mortal@milarly, when comparing studies with limited information
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on the intensity of exposure, we would expect variation iobserved in these cohort studies most likely reflects the
the strength of association between exposure and the riskcafcer risk associated with exposure conditions in the
cancer. In our opinion, the consistency among the studiesniéd-1970s and earlier. Over the last several decades, substan-
sufficient to support our conclusions. tial changes have been made in the metalworking industry,
Given the small number of epidemiologic studies thancluding changes in MWF composition, reduction of impu-
have adequate exposure characterization, the specific MWiies, and reduction of exposure concentrations. These
constituent(s) or contaminant(s) responsible for the varioaBanges have likely reduced the cancer risks. However,
site-specific cancer risks remains to be determined. Thigce the epidemiologic studies are unable to identify the
study with the most statistical power and detailed exposuWF composition and impurities associated with the cancer
information [Tolbert et al., 1992] suggests that specifidsks observed in earlier cohorts, there are insufficient data to
classes of MWFs are associated with cancer at certain sitegnclude that these changes will have eliminated all carcino-
However, within these MWF classes, the specific formulgenic risks. The risk of cancer from MWF exposures in the
tions responsible for the elevated cancer risks remain to féd-1970’s and later remains to be determined because a
identified. Within the Tolbert et al. study, straight oil MWFdefinitive study has not yet been conducted of workers
exposure was modestly associated with an increased riskestering MWF-exposed jobs during this time. The substan-
laryngeal cancer and rectal cancer, and there was limité@l evidence that some MWFs used prior to the mid-1970s
evidence that synthetic MWF exposure was associated wife associated with cancer at several sites, and the possible
an increased risk of pancreatic cancer. Subsequent cayeiential for current MWF to pose a similar carcinogenic
control studies based on the original cohort have confirmé@zard, support the lowered recommended exposure limit
the laryngeal cancer-straight oil MWF association [Eisen 6REL) of 0.5 mg/ni total particulate mass. This new REL is
al., 1994], and the pancreatic cancer-synthetic MWF assodi@sed primarily on evidence for an association between
tion [Bardin et al., 1997]. The Tolbert et al. study found lesonmalignant respiratory effects and MWF exposure
evidence that soluble oil MWF exposure is associated witNIOSH, 1998].
cancer at any specific site. We believe it is premature
conclude that all members of the soluble class of MWF@EFERENCES
were freg from any paS’F carcinogenic r.ISkS' Thls IS becalﬁ%uavella J, Leet T, Johnson G (1993): Occupational experience and
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