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Ms. Diane Manning
Education and Information Division
National Institute of Occupational

Safety and Health (NIOSH)
4676 Columbia Parkway - Mail Stop C-34
Cincinnati, Ohio 45226-1998

Dear Ms. Manning:

These are preliminary comments on the draft Criteria Document for metalworking fluids
(dated February, 1996). Additional comments from the UAW will follow. It is obvious
that a great deal of effort and thought has gone into this work at a time of severe
constraints on NIOSH resources and other distractions. My general impression of the
draft is that it is comprehensive but overly cautious. The regulatory proposal needs more
detail and innovation. Enclosed is a marked-up copy of the draft, identifying issues and
details that, in my view, need further consideration.

The major issues that we perceive are as follows.

1. Real-World Focus The document needs an additional real-world focus. For
example, the use of reclaimed or reprocessed oils is not mentioned (p.4,7,130).
Similarly tramp oils (although ubiquitous, a major cause of MWF rejection, and
potentially a significant ingredient of health concern) are not discussed (hydraulic oils,
slide oils etc.). Base oils are discussed in the sanitized language of API (*highly
refined,” p.4,7). In reality, some oils used in soluble oil systems are procured separately
from the coolant concentrate package, and can come from any source, including tramp
oils scavenged from in-plant sources such as parts washers or degreasers. The draft
document implies that “heavily hydrotreated” oils are free of significant risk (p.131,151).
The questions of which PAHs are important, what levels are acceptable, and analytical
methods need to be discussed (p.130). There is no acknowledgment of chemical
deterioration of oils with use. Chlorinated oils and waxes were discussed as though C-
12 and C-23 constitute the universe whereas in reality, crude, poorly characterized and
unstudied mixtures are produced by chlorination from both paraffinic and naphthenic
hydrocarbon stocks (p.134,135). The sulfur chemistry discussed needs to be more
detailed. Many ingredients in some modern coolants have never been evaluated for
health risks in a metalworking context: for example, organophosphates, glycol ethers.
Maintenance issues for ventilation (p.203) and mist control systems (p.166) need to be
included as is a critical examination of mist collectors on principle: do they generate
mists? what about vapors? House-keeping is not examined in terms, for example, of
coolant on the floor dripping - or being mopped - into flumes (p.209).
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2. Historical Decline of MWF Mist Levels  The historical rate of decline of MWF mist
levels is taken uncritically from the Harvard study and the rather limited OSHA database
(p.17,46,167). The plant in the Kriebel study (p.17) is cited even though it has atypically
low oil mist levels, probably because of the type of production and absence of central
coolant systems. The discussion concerning historical trends acknowledges that past
exposure measurements have been complaint-driven (p.46) in contrast to the
systematic campaign sampling for the recent research studies, but needs to qualify or
adjust the conclusion on steepness of downward trends accordingly. Technological
issues not addressed include the much higher operating temperatures of modern cutting
tools (carbide, ceramic) compared with the pre-1950s, with unknown consequences for
oil deterioration and other chemical changes. Higher cutting speeds presumably also
impact aerosol size distributions.

3. Microbial Ecology Problems  The microbial ecology problems are regarded as
almost trivial, due to sloppy biocide management (p.149), rather than identified as a
potentially major problem-technology that is evolving out of control. Coolant system and
machine design is needed that minimizes coolant dispersal and recapture from the
general plant environment. Trial-and-error biocide approaches to system control place
workers at risk for unpredictable exposure effects, both chemical and microbiological.
Hypersensitivity pneumonitis is no longer a rare event (p.173-174).

4. Cancer Risk Assessment For cancer risk assessment, no quantitative estimates
were attempted for the expected deaths (cancers of larynx, esophagus, rectum)
associated with 0.5 mg/m3 exposures, making various assumptions about ingredients
(p.170). Given the mortality study findings (very likely underestimates due to exposure
misclassification), even a 20-fold reduction in etiologic exposures would result in
significant work-related mortality. Liver disease was totally ignored.

5. Feasibility Feasibility was examined in a narrow context, relying largely on what
has already been achieved. No regulatory distinctions were made for new installations
(e.g., REL=0.1 mg/m®) vs. old systems (REL=0.3 mg/m®). The proposed RELs should
be “starting”, not “final,” positions. No-effect levels are clearly far below 0.5 mg/m3 for
both malignant and nonmalignant health effects.

Sincerely,

/ /”
(sl P Vok
Robert M. Park
Project Epidemiologist
Health and Safety Department
International Union, UAW
RMP/mkh
opeiu494afl-cio
cc: Frank Mirer
Jim Howe
Barrie Brooks
Andrea Taylor
Lori Abrams
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Following a review by NIOSH of comments on this draft document, we will prepare a final draft
version of the criteria document. We request that written comments be submitted by May 31,
1996, to Diane Manning (513-533-8450), Education and Information Division, NIOSH, 4676
Columbia Parkway, Mail Stop C-34; Cincinnati, OH 45226-1998 :

Linda Rosenst

v
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I. Introduction

processes and:operatia es of exposures in addition to MWFs include exposures from:

metal -belﬁg machined;‘ Ftesidues from preceding operations; non-MWF process and

' tary chemicals; addifives to the MWTFs; substance contamination of MWFs from

keeping and cleaning processes, biological (bacterial toxins and metabolic products) and
tion (e.g, chips and fines) of the MWFs. Excessive exposure conditions may

exist due to inadequate enclosures and ventilation systems, and suboptimal engineering coatsels.

Q!é’g/?}.
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o
!
v

MWFs have been grouped into four major classes: straight, soluble‘,’ synthetic, and semisynthetic.

General information on MWF formulation, production, and use follows.

2. Background
2.1 Production and Use

MWFs were first used in the early 1900s to prolong ol life of metadiyorking equipment

[Newhouse 1982]. The Independent Lubgi neifacty ation (ILMA) reported that

71.5 million gallons of MWFs were pigiuced in the United:States in 1992 [ILMA 1993]. These

s such as turning, grinding, boring, drawing, tapping, gear /1’/, 1
/ ’h 4

7
%/\L“"fu{' g

dnyf
/;,,7
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2.2 MWEF Application

MQW-?‘) ppré i//’/ ‘

MWEFg magzb&rhanual&apphgd to the cutting zone ’;)_f the tog} and the

delivercﬂés a mist in a high velocity air stream.
o A

A OB ~LNW¢ LR G TN
A complex,f d containy'large amounts of MWFs

«/JWM»)

2.3 Worker Exposure

by handling \gqmpment Qools an overed with

MWTFs are grouped into four major classes (Table 2-1, General Composition of the Four MWF

classes):
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o lr
. Straigh}‘(i luble)MWFs contain no water (neat oil).
yihs

] SolubleWs are emulsions of petroleum based (mineral oil) and water.

®  Synthetic MWFs contain no petroleum based oils
®  Semisynthetic MWFs are also oil and water emulsio

from soluble MWFs by the degree of emulsificatio

2.4.1 Straight or Insoluble MWF

MWEFs are usually mineral oils fig

. IC am saturated hydrocarbons) [Bigda 1980,
a Stfnrceres! M ./{m

“;,A(;:J /éfVﬂ 347 é/“/z ,c#*f;:') $4 2 . W»{.‘( £,

SME 19937
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Table 2-1, General composition of the four MWF ¢lasses*

Component Function e oils Soluble oils

(amount) (armount)

Mineral oil Lubrication 60-100%

Carrier
Emulsifier Emulsifies

Chelating Ties up ions
agents in solution

Coupling Stabilizes
agents
Viscosity Maintains
index viscosity
improvers
Detergent Prevents
deposit
formation
Plasticizer Reduce
tackiness
4
0-20%
7 -
0-10% 5-20%

“Adapted from Key et al. [1$E3], Niemeier {1990], and ILMA [1994].
NGt present in this MWES
y present in thig: MWF.

February 23, 1996

Synthetics
(amourd§”

10-20%

Semu-
synthetics
(amount)

5-30%

5-10%

0-1%

1-3%

10-20%
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Table 2-1, General composition of the four MWF classes* (continued)

Component Function Insoluble Soluble oils Synthetics Semi-
oils (amount) (amourdy” synthetics
(amount) i (amount)
Dispersants Prevent fine 4
agglomeration
and deposit

formation

Passivator Prevents 4
ining

Anti- Prevents 0-500 ppm 0-500 ppm

2-5% 2-5%
0-500 ppm 0-500 ppm
4 v
10-20% 10-20%
0-2% 0-2% 0-2%
0-95%(7) 0-20% 0-10% 0-10%

*

Adapted from Key et al. {1963 iemeier [1990], and ILMA [1994).
INof preseat in this MWF. i
Lishially present in this MWF.

Mineral oils may serve as a blending medium or as a additive carrier in straights or water-soluble

emulsions [SME 1992]. Animal, marine, or vegetable oils may be used singly or in combination

’

6
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with mineral oils and in straights to increase the wetting action and lubricity [Cookson 1971,

ol
SME 1992]. Strzught MWFs containing both fatty oil and sulfur additives prov1d gteater £ ,(/Mf/f“‘(’{ 4

operations [CRC 1985].

2.4.2 Soluble MWFs

/ heavy-duty operations are pivoduced with the addition of sulfur'chlonne -or

phosphorou Z[CRC 1985; SME 1992].

i A)-‘v' ton A Mz&w ‘ (.,
/J/O»V’C(Mm J‘fil/() @ MW%&M e 4 p/ ﬁ ww,u H e
7 ..
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2.4.3 Synthetic MWFs

frei ive cooling capacity at high

health studies '_.esénted in this draft document do not always diﬁ'ereﬁtiate between soluble

MWFs. As a result, in some parts of this draft document, semisynthetics have

not been separated as a major class of MWFs.
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2.4.5 MWF Ingredients and Additives

Refined petroleum oils may be used as base oils in all MWFs except the ¢s. The types and

amounts of chemical constituents in these refined oils dep:

refining processes. Refined petroleum oils are complex

ancillary lubricants may'gz_;)maminate the MWFs. In-process cleaners, as well as metal and general
“-na-nts such as floor detergents may also contaminate‘MWFs. Table 2-2,
t'io.n and application of MWFs and Table 2-3, MWF operations including
process chemicals and ancillary lubricants provides a listing of general applications of MWFs

and general types of process and ancillary chemicals.
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Table 2-2, General formulation and application of MWFs*

Formulation Technology General Application General Categories
Straight or Neat Oil, Machining and Rétrioval Fluids
Soluble or Emulsifiable Oil, Grinding
Synthetic,
Semisymthetic
Straight or Neat Oil, Stamping, Drawing,! foni
Soluble or Emulsifiable Oil, Coining, Cold Heading,
Synthetic, d
Semisymthetic

Straight or Neat Oil

Protecting Fluidst
Soluble or Emulsifiable Oil

Straight Oil,
Soluble or Emulsifiable,
Synthetic
. Reprinted from “Lubes and Greases,”
information provided by the ILMA
1 Protecting fluids often are brought
operations and offer shorter term protection
by coatings or phosphatized sufaces.

Treating Fluids

10
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Table 2-3, MWF operations including process chemicals and ancillary Lubricants*

Operation Ancillary Lubricants Process Process Chemicals
Casting, forging, Hydraulic fluids, Forming 2" Die cast lubes,
rolling, stamping, greases, and Forgi mpounds,
piercing, coining, bearing lubes ./ Rolling oils,
drawing, press awing lubricagts
forming ’
Deburring, boring, Spindle oils, gear
milling, honing, lubes, way lubes,
drilling, grooving, hydraulic fluids,
turning, tapping, greases, chain lubes,
chamfering, and bearing lubes
broaching,
and grinding
Quenching, Hydraulic fluids, All types of
martempering, and quenching
carburization fluids, martempering
oil, and carburizer
Reaming, honing, Honing oil, tapping
lapping, grinding, compounds, and
and straightening MWFs
Cleaning and Cleaning
Surface Preparation compounds,
degreasers, paint,
and
phosphatizing agents
Assembly Degreasers and
cleaning compounds

information pmvidqd

11

:angd Greases,” July 1995, Vol 1, [ssue 4, based on
by the LMA.
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3. Occupational Exposures to MWFs

3.1 The National Occupational Exposure Survey (NOES..1981-1983

xpriately 58.7% of all workers potentially exposed to

iree industry types (Table 3-1, Industries showing the

y
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period was 0.92 mg/m’ (total particulate). The percentage of total airborne exposure

concentrations of less than 0.5 mg/m® increased from 36.7% of samples prior to 1 80, to

Table 3-3, OSHA-Integrated Manag ys
samples and % by year ranges (February I979-ch1nl?e":;~'

Mg/M’® 1556 177 1980-1984

TOTAL
#SAMPLES / % HSAMPLES / % MELES & FHSAMPLES / % #SAMPLES / %
0.00 22 (20.18) (34.60) 487 @4.21)
>0-5.1 1 (0.90) { 37 (7.03) 111 (5.51)
>1-5.3 5 (4.58) 19.08) 114 (21.67) 357 (17.75)
>3-5.5 12 (11.00) .. (1241) 51 (969) 237 (11.78)
>5-51 20 3 23 (2.64) 26 (4.94) 101 (5.02)
>1 7 49 294 (33.79) 116  (22.05) 718 (35.70)
TOTAL 109 & 870 (100%) 526 (100%) 2011 (100%)
* Non-detggtable .
Note: Fable includes personat s samples

¢alth Hazard Evaluations

Since 1967, NIOSH has conducted more than 70 onsite Health Hazard Evaluations (HHEs) of

15
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industries with occupational exposures to MWFs or mineral oil aerosols (Table A.1, Health

hazard evaluation of MWF and mineral oil mist exposures). Dennatigis (skiq_ 'ri_‘i'%étion,

ii:the OSHA IMIS dataset. Together, the two

particulate exposure concentrations were between

ported Expgsures in the Automotive Industry

Kriebel et al, 1994; Greaves et al, 1995 a,b; Robins et al, 1994 examined the respiratory effects

and associated MWF airborne concentrations for exposed automobile manufacturing workers.

16
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The arithmetic mean MWF airborne exposure concentration was reported by all three
investigators to be <1.0 mg/m’. Kriebel et al.[1994] reported mean exposure conce‘ﬁf‘rations of

0.24 mg/m’ (thoracic fraction) for aerosols of straight fluids and 0.22 mp/; : ot soluble fluids;

fié exposure concentrations in the 1990s average lower (< 1.0

mglar’) than the 1.8 mgfim’ average airborne exposure concentrations suggested for the 1980s

}:]::f</ ?M |

Kpinsed - poercws /27 Low 7o’
17




DO NOT CITE, QUOTE, OR DISTRIBUTE February 23, 1996

4. Occupational Health Risks for Workers Exposed to MWFs

4.1 Cancer Risks for Workers Exposed to MWFs

There has been concemn since the 1940s that occupatio

associated with skin and scrotal cancer, and since the 1970 cern has included cancer at

other organ sites. This chapter provides a review of thé-epidemio Estudies that examined

the association between MWF exposure and

4.1.1 Criteria for Inclusion

to be published in a peer-reviewed journal.

database searches, recommendations of reviewers

data opthe association MWTF exposure and cancer were grouped into three categories

} on their study design 3 ) retrospective cohort mortality and cancer incidence studies of

MWE-exposed cohoris; 2) proportionate mortality ratio (PMR) studies of occupational
t0 MWF; and 3) population based studies (primarily case-control interview
studies of specific cancer sites which examined cancer risks associated with MWF exposure, or

with occupations likely to have MWF exposure (metal machinists, grinders, toolmakers). The

18
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category “population based studies” include hospital based case-control studies because their

usual intent is to estimate risks in the general population. Some cohort and PMR s({}aies

include nested case-control analyses to examine risks associated with itar-departments,

S dies have been cm:_lducted which evaluated the risks for many specific cancers among many

ations, some of which had the potential for MWF exposure (Hrubec et al.,

1992; Guralnick, 1963; Howe et al., 1983; Tola et al., 1988; Milham, 1983; Petersen and

Milham, 1980, Gallagher and Threifall, 1983; Williams et al., 1977; Decoufle et al., 1977,

19
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Dubrow and Wegman, 1984; Bulbulyan et al., 1992). For the most part, the intent of these

studies was hypothesis generation. These studies have included populations from mny

T)u"élfa.ll, 1983), bladder:gancer (Milham, 1983; Petersen and Milham, 1980; Hrubec et al

leukemia (Petgrsen and Milham, 1980; Howe et al., 1983; Decoufle et al., 1977), and all

tied (Hrubec et al., 1992; Gallagher and Threlfall, 1983).

20
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Studies of MWF-exposed Populations)

4.1.3.2a Cohort studies

for stgrﬁ;lch cancer (R

Two of 7 cohort studies found a significantly elevated ri:

1993; Park et al, 1994). In one, stomach cancer mortali ed among white hourly

workers employed at two Ohio engine manufacturing plants (st #d.-mortality ratio

[SMR]=2.54, 95%CI=1.42, 4.20) (Rotimi et sing local martality rates to account

for a high proportion of foreign-born wol kets, the m jation decreased but the

SMR for stomach cancer remained : cantly-éigvated displayed a dose-response

stamping plantg within t obile industry.

b PMR Studies

Two of 4 PMR studies found a significantly elevated risk for stomach cancer (Silverstein et al.,

1988; Park et al., 1988). Silverstein et al. (1988) found that white men employed 5 or more

25
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years in a ball bearing manufacturing plant had an elevated risk for stomach cancer mortality

dgatio for stomach cancer of 6.2 (p=0.05)

findings Park et al. did not think that there was

: ased studies

One of 3 population-based studies found a significant association between working in an

occupation with potential MWF exposure and risk of stomach cancer (Kneller et al , 1990). A

26
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standardized incidence ratio (SIR) study of incident stomach cancer cases reported to the

Shanghai, China Cancer Registry found that men with a current occupation of metal:':;::g'ﬁnder,

polisher, tool sharpener or machine-tool operator had an elevated risk

(SIR=1.41, p<0.01)(Kneller et al., 1990).

p 2) and Eise etal (1992) studies tend more towards suggesting a relationship between

e and stomach cancer, than arguing against it.

In conclusion, the evidence from several studies suggests an association between stomach

27
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cancer and MWF exposure, especially among workers with prolonged MWF exposure. The

findings from Park et al. ( 1988) and Silverstein et al. (1988) suggest that gnndmg operauons

using soluble # may be associated with an elevated nsk for stomach can

MF (M)@&mc o.as‘av?)v /»

4.1.3.3 Pancreatic cancer (Table 4.1-4, Results for P; creatic: .

Epidemiologic Studies of MWF-exposed Populations

4.1.3.3a Cohort studies

1950'and 1959 (SMR=38, 95%CI=12-8.3). Assembly workers, who Acquavella et al. state

nhkely to have. MWF exposure, were the occupational group with the highest risk

(S 5%CI=1.0,7.5). Rotimi et al. (1993) found that black men employed at two Ohio

engine manufacturing plants had an excess pancreatic cancer mortality (SMR=3.03,

95%CI=1.21,6.24). The authors report that there was no consistent pattern with respect to

28



DO NOT CITE, QUOTE, OR DISTRIBUTE February 23, 1996

time since hire or duration of employment. No excess was observed in white workers.

pancreatic cancer.

4.1.3.3b PMR Studies

'05; employed < 1950, PMR=3.19, p<0.05). PMR’s for non-whites employed

in the engine plants were not reported due to small numbers of deaths. All three types of

cutting fluids were used in the engine plants. Mallin et al. (1986) found a significant excess of

29
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pancreatic cancer among black (PMR=3.57, p<0.05) but not white (1.19, n.s.) men employed

in the manufacture of diesel engines and construction equipment. The PM_R for

diig non-white men for

| Mﬂ/ ,«W-ﬁ za///

analysis. ¢

»»wa
4.1.3.3¢ _Fip f/“)im»f/mp 4 ,4,44@ /A/

%/P.;?)%JA) J\.O/M

. gLﬂme Dt o 7L ‘/4 » et %%
Los Angbfes county during the period 1972 to 1977 reported a I}UA o h e =

‘Tatio” for employment as a machinist (Mack and Paganini- |4+

(Silastoet 1. )

;:szvéral studies have found significantly increased risks of pancreatic cancer
among workers exposed to MWF. These risks were not associated with any specific type of

MWEF, with the exception of “limited evidence” for an association with synthetic MWE’s in the

30
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Tolbert et al. (1992) study. Although a number of the studies did not have internally consistent

findings (i.e. excesses in black but not white workers, lack of association with dura;téféh or

intensity of MWF exposura the number of studies with statistically si £
) .
suggests that exposure to some MWE’s (or a less likely éi_}ﬁ)unding expd;

work environments where MWE’s are used) may increasgthe ris

4.1.3.4 Laryngeal cancer (Table 4.1-5, Results for ﬁaryngeai

Epidemiologic Studies of MWF-exposed Popul

4.1.3.4a Cohort studies

ysis including all three plants, and incident as well as deceased cases, a
categorized exposure analysis found an OR of 2.23 (95% CI 1.25,3.98) among individuals with

> 0.5 mg/m’ years straight oil particulate exposure. Eisen et al. (1994) also examined the

31



DO NOT CITE, QUOTE, OR DISTRIBUTE February 23, 1996

association between laryngeal cancer and specific components or contaminants of MWFs

(biocides, steel, iron, aluminum, sulfur, and chlorine). There was some evidence t,br

subgroups).
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4.1.3.4c Population-based studies

Among S studies which defined occupational categories in

itiaty for this site, because of its high (> 60%) 5 year

o /élvl Y QV%,MCA‘ o po etllrpis .

5 Rectal canger (Table 4.1-6, Results for Rectal Cancer from Epidemiologic

F-exposed Populations)
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4.1.3.5a Cohort studies

sisson regression 7 N 0 TN

218 of exposure to | N

SRR

Agiong the 5 PMR studigs reporting data for rectal cancer, one found a significant excess in

dhort overall MR=3.07, 95%CI=1.54,5.50) (Park et al., 1988) which was not
; particular process. A second PMR study found a significant excess in a
subgroup with employment in an engine plant for > 20 years (PMR=2.76, p<0.05) (Vena

et al., 1985).
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system, colon cancer and hematopoietic and lymphopoietic cancer is equivocal (Tables 8-13),

and will only be briefly summarized here.

4.1.3.7 Esophageal cancer (Table 4.1-8, Results for Es

Epidemiologic Studies of MWF-exposed Population

srigd site-specific results for brain/nervous system cancer,

none fonnd a significant’g "olbert et al. (1992) reported a nearly significant association

ong whites (SMR=124, 95%CI=0.91,1.66). None of 5 PMR
d

ies which repor;g{f"results for brain/nervous system cancer found a significant elevation. A

tudy using death certificate data to classify occupation reported a significant
association between all brain cancers and “usual occupation of precision metal worker”

(OR=2.1, 95% CI=1.2,3.6) (Thomas et al., 1986). An case-control interview study of
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astrocytic brain tumors (including cases identified in the Thomas et al., 1986 study) reported

an odds ratio of 1.6 (95%CI=1.0,2.6) for “ever employed at a job with potential cutimg oil

exposure (Thomas et al., 1987).

4.1.3.9 Prostate cancer (Table 4.1-10, Results for P

Studies of MWF-exposed Populations)

deficit of prostate cancer among “grinders

7) and “grinders and turners” with at least 20 years

:"miologic Studiés of MWF-exposed Populations)

Of 5 cohort studies reporting site specific results for lung cancer, only one reported a

statistically significant increased nisk, and this was for a subgroup of workers employed > 10
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years and hired between 1950 and 1959 (Acquavella et al., 1993). Some studies, in fact,

provide evidence for a negative association between MWF exposure and lung can

Although the SMR analyses in the Tolbert et al.(1992) study showed AR %2100 for “ever
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4.1.3.11 Colon cancer (Table 4.1-12, Results for Colon Cancer from Epidemiologic

Studies of MWF-exposed Populations)

Tolbert et al. (1992) found that white males ever exposed to soluble oils had an increased risk

3, 95%CI=1.05, 1.67), but Poisson regression models found no

‘nssocmnon between leukemia and any class of MWF. Another SMR study

Klpulot— 0an ce,

found an elevated qu%ma nsk 1n a small subgroup (workers employed one or more months in
Cn=3>

the tool and die area of an automotive stamping plant) (MOR=5.38, 95%CI=1 6, 18.0)(Park et
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al,, 1994). Among 4 PMR studies, none found significantly elevated PMRs in the overall
pol v
74

analyses or in major subgroups. Silverstein et al. (1988) found that workers em oyed as tool

dose-response relationship between cutting: X risk for non-

o5& defined 55 substantially exposed=1.9, 90%CI=1.0,3.1)

‘identified which examined genotoxicity among workers

German study of 65 male metal workers exposed to synthetic oils in

mall to mediugiy sized plants, those who worked in areas having a

yanolamine (NDELA) concentration greater than 500 ng/m3 had a significantly

elevated mean level of DNA strand breaks in mononuclear blood cells compared to workers

employed in areas with less than 50 ng/m3 NDELA (1.69+ 0.34 among those working in areas
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with greater than 500 ng/m3 NDELA versus 0.76+ 0.05 among those working in areas with

less than 50 ng/m3 NDELA, p<0.01)(Fuchs, 1995). The average level of NDELAﬁl:':ésent in

of the exposure information from these studies is provided below. Additional detail about

MWF exposures can be found elsewhere is this document.
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In the Jarvholm study, the investigators estimated that cutting oil mist concentrations prior to

sure from grinding operations were

g or assembly operations, for all three time periods.

.1-14, Estimated:Mzgin Aerosol Conceatrations for Grinding, Machining, and
bly Operations '

Mean Aerosol Concentration (mg/m®) by, Time Period

1958-1969; 1970-1979 % P 1980-1987 [~

) N
17.96 3.44 2.28
Machining 33S 2.13 1.66
Assembly 0.94 0.52 0.64

’
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o o E
{ﬂﬁ g ,Wg A

pagsible, therefore, that these averages may be higher thag

measurements represent complaint sampling of high

This evidence suggests that grinding operations are associated with higher MWF exposures
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PAHs from MWFs began in the 1950s and EPA regulations in the 1980s were directed at

reducing nitrosamine exposures. Given the small number of epidemiologic studies that have

adequate exposure characterization to associat# the individual consti

EMWF exposure

with site-specific cancers, the specific MWF constituent(s}-¥&sponsible for

the various site-specific cancers remains to be determin

Within the Tolbert et al. study, straight oil exposure was found iated with an

associated with an increased risk for p
wll o mis
with stomach cancenobserved in

thereby requiring a muclimore statistically powerful study to detect any cancer associations.

cohol are associated with some of the cancers observed to be associated with
MWF exposure. When appropriate)based on cancer site, most of the case-control studies

controlled for these exposures or determined that these exposures were unlikely confounders.
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Information on these lifestyle factors are not often collected in occupational cohort mortality
or PMR studies. However, it has been demonstrated that smoking is unlikely to aoéstmt for

relative risks >1.3 for lung cancer and other smoking related iseases (S

The studies that provide the bulk of the evidence suggesiing an association betw

exposure and cancer involved workers employed as early s and as late as the mid-

on average;

en initial exposure

1980s. Because there is a latency period of 10-20 year:

definitive study. The substantial evidence that MWFs in commercial use prior to the mid-

]

1970s i associated with cancer at several sites, and the possible potential for current MWF to
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pose a similar carcinogenic hazard, support the recommendation based on respiratory disease

risks for a reduction in allowable airborne MWF exposures.

Study Population

Study/
Analysis

Jarvhoim & SR Grinding & tuming

Lavenius, department workers

1987 employed at a bearing ring
manuf. plant -Sweden

Jarvhoim et SR Tuming d ki

al., 1986 empioyed st bearing ring
manuf. plant -Sweden.

Tolbert et SMR Hourly workers. Plent I

al.. 1992 Gear and Axie, Hamtramak.
Produces axies and gears.
Plant Il. Hydrs-Matic.
Ypsilanti. Produces
transmissions.

Eisen et al..

1992

Rotimi et al..

1993

Dacoufle.

1978

Acquavella

stal, 1993

Union workers st a ball
bearing manufacturing plant.
Connecticut.

Perk ot al.. PMR
1988

Hourty workoers at s ball
boaring manufacturing plant,
Connecticut. < Soluble oils
predominanty used in
arindina coerations.

/CM”

"
Juol - 48

between 1973-1986. Also
retirees alive as of 1970.
No minimum employment

At least 5 years

" employment in oil mist

exposed jobs between
1938-1967.

Hired between 1950-
1967. and employed at
least 8 months.

two yeasr smployment
before 1/1/89

Died between 1960-1982,
and employed 5 or more
yosrs.

Died between 1/1/69 and
7/31/82 and empioyed 10

or Mmovre years.

3
o
51

White

males =8,983
White

males =5,331

Black males=1,180

White
males = 2,485

White males = 2664
White
females = 966

NA

White

males =1,532

White =610

February 23, 1996

24

White = 164
8

Black =-224
(Plant | only}

White = 183

White =178

Black = 60

139

White =103

NA

White = 342

White = 157

Years of
Follow-up

1958-1963

1960-1980

Through
1/1/85

Through
1/1/85

1970-1987

To 1/1/68

1950-1987

1978-1988

1960-6/30/82

1969-1982
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Vena et al., PMR Union workers at an engine Died between 1/1/70 and White men =472 White =128 1870-
1985 plant (machine & sssembly), 12/31/79 and employed Black men =37 12/31/79
Now York. Before 1950, 10 or more years. Plant -

soluble and insoluble oils began operation in 1938.
used. Widespread use of
synthetic oils in mid-1950s.

Maliin et al., PMR Diesel engine & i Died b 1/1/70 and
1986 equip manufscturer, Binois. 3/31/82 and empioyed
10 + yrs employed. 481 or more years. Plant

eligible deaths among union

< workers.

1970-2/31/82

T
Table 4.1-2, Results foL Skin Cancer from Epidemiologic Studies of MVF:

Author Location . Type of F with Risk
Study/ CAors#
Analysie Exposed

Cases

Study Populstion/Cancer Site

Cohort studies

Jarvhoim st ol., 1986 Sweden orhers employed between 1960 and
980/squamous cell cancer of the skin

Jarvhoim & Lavenius. Sweden tumers only/scrotel cancer

1987

Eisen ot al., 1992 Michigsn white autoworkers. Plant |

white sutoworkers. Plant Ii

0.51,2.62

white sutoworkers, Plant Hi

Silverstein et al., 198811117 Civme 0.70.1.43 white

Park ot ol.. 1988 0.51,4.80 white

Vena et ol., 1986 . NS based on US mortsiity, white

Population-Based .Studies

Rousch et al., l~ 82 4.0,36.9 Ever employed as tooimaker. setter, sat-up

5 man, h L . ic screw
. . of h
operator/squamous coll cancer of the

“There were too few expected cases of scrotal cancer to make a reliable estimate of risk.

52



DO NOT CITE, QUOTE, OR DISTRIBUTE

/

February 23, 1996

Table 4.1-3, Results fof Stomach Cancer from Epidemiologic Studies of MWF-exposed Populations

Author _ Location
Cohort studies

Tolbart et al., 1992 Michigan
Eisen ot al., 1992 Michigsn
Rotimi et al., 1993 Ohio

Acquavoiis ot of.,1993 lows

Decoufle, 1978

Park ot al., 1994

Jarvholm & Lavenius,
1987

Prcportionate mortali

Maliin ot ol.,

Type of
Study/
Analysis

SMR

SMR

SMR

# with

CAor#
Exposed
Cases

49

21

53

Risk
Estimate

1.12

1.19

1.28

0.76

1.8

96% C1

{ov p-value)

1.6.9.6
2.3.40

0.5,2.1

1.43.2.72
p<0.001
1.12,3.54

p=0.06

NS
NS

NS

Study Popdﬂionlcifycu Site

ever straight ol expo L;lﬂ, black

ever soluble oil exposure, black

autoworkers, Plant iil

ngine plant, black
total workforce

factory workers employed > 10 years, hired
between 1950-1959

white

white, 6 or more years of heavy sxposure
to ol mist

stamping plant
ever tool and die worker

grinders and tumers

white
employed in grinding 10 or more years
white

nested case-controi study-those workers
ever exposed to soluble oil

based on US mortality, white
employed in engine plant > 20 years

white
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Population-based studies

Kneller ot ai., 1990 China SIR 19 1.41 P<0.01 metal grinder, poliq(.'nr, tool sharpener,
machine-tool opetaivr

183 i NS al pattemmaker, metsl

Chow et al., 1994 Sweden SIR 376 111 g machinists

Sierniatycki et al., 1987 Montresl case/controt 24 1.1
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-~

Table 4.1-4, Results for Pancreatic Cancer from Epidemiologic Studies of MWF-exposed Populations

Author Locaton” Type of # with Risk 96% CI Study Populatio Qipcu Site
< Study/ CAor# Estimate {or p-vaiue)
Analysls Exposed

Cases
Cohort Studies
Tolbert ot ai., 1992 Michigan SMR 34 0.80

61 0.77

19 1.03

8 1.40 sver straight oil ox;;olurc, black

19 ever soluble oil exposure, black
Eisen ot al., 1992 Michigan SMR 8 autoworkers, Plant it
Rotimi ot al.. 1993 Ohio SMA 8 N ol ‘;f.n(,whh-
7 engine plent, black

v

Acquavelia ot al.,.1993 owa " total workforce
factory workers empioyed > 10 years, hired '
between 1950-1969

Decoufle, 1978 Michigan white

white, 5 + years of heavy oil mist axposure

Proportionate Mort

Silverstein ot al., 1 0.86,2.12 white
3.10 p=0.06 employed in grinding 10 + years
371 pb05 = o™ employed in machinery 10 + years
Pll’? ot al., 1988 1.09 0.56.2.18 white
Vena et al., 1985 11 1.89 p<0.05 based on US mortality, white
7 2.32 p<0.08 employed in engine plant > 20 years
5 1.19 NS white
S 3.57 p<0.05 black -
l 21 ‘ 1.30 I NA I machinists, white males
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Table 4.1-5, Resuits for b{yngo/d Cancer from Epidemiologic Studies of MWF-exposed Populations

Author Lm;on Type of
Study/ CAor#
Analysis Exposed
Casss
Cohort Studies
Tolbert et al., 1992 Michigan SMR 23
30
8
1
64
Eisen ot al., 1992 Michigan SMR 2
Eisen ot al., 1994 Michigan nested 28
case/control

Proportionate Mortality Studies

Vena et al., 1966 New York
Maiiin ot al., 1986 Hinois
Population-Based Studies
Zagraniski ot al.. 1986 Connecticut

Wortley et al., 1992

Haguenoer et al., 1980

Brown et al.,1988 . Qntrol 5

Ahrons et al., 1591 NA

56

& with Risk

Estimate

0.50

0.9

0.77

%%
lor p-value)

ever straight ol exposure, black

ver soluble oil exposure, black
# autoworkers, Plant Ill

.';'xpoﬁun to MWFs

based on US mortality, white

white

over worked as a machinist

ever worked as s metel grinder

over emplayed as grinding. abrading, or
buffing operstor

ever amployed in

metal rking

NS employed in metal work or as mechanic for
at loast 15 years

0.18.1.68 ever machinists

0.9.6.3 ever minersl oil exposure
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Table 4.1-6, Resuits for Rectal Cancer from Epidemiologic Studies of MWF-exp d Populati
/

Author Location Type of # with Riek 28% C1
) Study/ CAor® Estimate {ov p-vaiue)

Analysie Exposed
Casee
Cohort Studies
Toibert et al., 1992 Michigan SMR 37 1.47
61 1.09
9 0.92
1 0.45 over straight oil ex;o-ure, biack
3 0.68 ever soluble oil exposure, black
Eisan ot ., 1992 Michigen SMA . "%70.68,3.50™ Rite autoworkers, Plant Il
Decoufle. 1978 Michigan SMR :

e. S+ years of heavy ol mist exposure

Proportionate Mortality Studies
white

Siverstein et ol., 1988 Connecticut PMR
Park ot al., 1988 Connecticut  PMR white
' Vena ot si., 1985 New York PMR based on US mortaiity, white

smployed in engine plant > 20 years

Mellin ot al., 1986 white

Population-Bas X
‘ Gerhardsson de Verdier 20 1.0,4.2 ever exposed to cutting oils
el 1992

Siemistycki ot al., 1987 0.7 90%C1=0.4,1.0 ever exposed to cutting oils
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Table 4.1-7, Rasults for Bladde/g/md Urinary Organ Cancer from Epidemiologic Studies of MWF-exposed Popuiations

| Author Location Type of & with Risk 96% C1
Study/ CAors Estimete (or p-value)
Analysie Exposed
Cases
Cohort Studies
| Decoufle, 1978 Michigan SMR 6 1.2
2 0.8
Jarvholm & Lavenius,1987 - Sweden SIR 7 1.04
Proportionate Mortality Studies
Silverstein ot al., 19688 Connecticut PMR 14 1.28
Park ot al., 1988 - Connecticut  PMR 1
Vena ot ., 1985 New York PMA 7 sd on US mortality, white
4 empioyed in engine plant > 20 years
Maliin ot al., 1986 Shnois white

Population-Based Studies

Siverman et al., 1989 us ever machinist 8 months or more

ever drill press operator 26 months

Siemiatycki et al., 1987 90%Cl=1.0.1.6 ever exposad to cutting oils

Claude ot al.,1988: 1.0.6.6 ever tumer
0.84 0.54,1.3 sver metal worker
Gonzasiez et ol., 1989 0.77 05,11 over toolmaker 26 months
1.88 1.2,28 over hinery adjuster, lor or

mechanic 26 months

Steeniand. 198 i A 2.00 NS ever grinding machine operator
45 0.69 p<0.05 over machinist
16 1.6 0.7.3.3 ever employ ‘ n ine tools 26 h
34 2485 1.28.4.69 o metal workers
8 2.67 0.92,7.16 tumers
NA 2.7 1..7.7 ever metal machinist
Coggon et al., 1984 ’ Britain case/control 62 1.3 0.9.1.9 ever had an occupation with potential

cutting od exposure

2 1.5 0.8.28 ever had an occupation with potential high
cutting oit exposure
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Table 4.1-11, Results fo¢ Lung/Respiratory System Cancer from Epidemiologic Studies of MWF-axposed Populations

Author Location Type of
Study/
Anaslysis

Cohort Studies

Tolbert et al., 1892 Michigan SMR
Eisen ot al., 1992 Michigsn SMR
Rotimi et al., 1983 Ohio SMR
Acquavella et al., 1993 lows

. Jarvhoim & Lavenius, Sweden
1987

Park ot al., 1994

Proportionate Mortality’ Swdln

Population-Based Studies

Siemiatycki ot al., 1987 Montreal casa/control

Jockel et al., 1992 Germany case/control

# with
CAor#

478

116

NA

63

Risk
Estimate

1.02

2.2

96% CI $tudy Population/Qa ncer Site or Cell Type
{or p-value)

sver straight oil exposurs, black
ever soluble oil expasure, black
white sutoworkers, Plent i

~.

a !’imt white

“engine plant, black
total workforce

factory workers employed > 10 yesrs, hired
between 1950-1959

grinders and tumers

grinders snd tumers, st least 20 years
since onset of eaxposure

stamping plant

aver tool and die worker

0.76,1.13 white/both primary snd secondery lung
cancer

NS employed in grinding 10 or more yesrs

0.96, 1.57 white men/both primary and secondary
lung cancer

p=0.008 female, ever employed in grinding

NS b-;;d on US mortality, white

NS employed in angine plant > 20 years

NS white

NS bisck

90%Ci=1.0.2.1 ever exposed to cutting oils/oat cell cancer
of the lung

1.05.4.75 smployed 6 months or more as a tumer.
grinder, drilier or cutter.
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Coggon et ai., 1984 Britian casa/control 13 1.4 1.1,1.8 ever had an occupation with potentisl MWE
oxposure
26 1.0 0.6,1.8 ever had an occpq(bon with potentisl high
MWF, exposucs: ;-
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Table 4.1-12, Rasults for, Colon Cancer from Epidemiologic Studies of MWF-axposed Populations

Author Location Type of & with Risk 96% CI Study Population/Qancer Site
8tudy/ CAor# Estimate {or p-value)
Analysie Exposed
Cases
Cohort Studies
Tolbert ot ., 1992 Michigan SMR 59
118
26
3 ever straight oil exposure, bieck
8 ever soluble oil axposure, black
Eisen ot al., 1992 Michigsn SMR 22 autoworkers, Plant it
Acquavelis et al.. 1993 fowa SMR 1 rkforce
Michigan

Decoufle, 1978

Proportionate Mortality Studies

Sitverstein et al., 1988

Park ot al., 1988

Vens ot al., 1985
Maliin et al., 1986

Population-Based. St

25

white, 5 +years of heavy oil mist exposure

white

employed in grinding 10 or more years
white

based on US mortality. white
employed in engine plant > 20 years
white

black

90%C!=0.8,1.4 sver exposed to cutting oiis

0.8.2.8 ever axposed to cutting fluids
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Table 4.1-13, Resuits for H poietic and Lymphopoietic Cancer from Epidemiologic Studies of MWF-exposed
Populations

Author Location Type of & with Risk 96% C1
Study/ CAors Estimate {or p-value)
Analysie Exposed
Cosee
Cohort Studies
Tolbart et ol., 1992 Michigan SMR 38 1.26
7% 1.33
16 1.22
2 0.55 ever ight oil . black/leuk.
4 0.74 r soluble oil exposure, black/leukemia
Eisen ot al., 1992 Michigsn SMR 9 s . Plant i/
Decoutie, 1978 Michigan SMR 3 3 Nleukemia
white, S+ years of heavy oil mist exposure
freukemia
Park ot of. 1988 Ohio MOR over tool and die worker

Proportionate Mortality Studies

} Silverstein ot al., 1988 Connecticut PMR white/all iymphopoietic cancer
White/leukemia
employed in grinding 10 or more yoars/oll
tymphopoietic cancer
Paric ot al., 1988 0.60 0.28, 1.23 white/sll tymphopoietic cencer
0.23 0.01, 1.26 white/loukemia
Venas ot ol., 1986 0.88 NS based on US mortaiity, white/lymphatic &
hematopoietic
0.86 NS employed in W:O plant > 20
n in o b e
1.19 NS vhite/lymphatic & h
1.36 NS hite/Non-Hodgkine
0.38 NS white/leukemia
354 P<0.0t black/Nlymphatic & h
6.87 p<0.05 biack/Non-Hodgkin's lymphoma
1 - nos. too black/leukemia
small to
caiculate
Population-Based Studies
Siemiatycki et al., 1987 Montreat , case/control 22 i.! l 90%C1=0.9.1.8 ever exposed to cutting oils/Non-Hodgkin's
lymphoma
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4.2.1.3 Legionellosis

A large outbreak of Pontiac Fever, a self-limited, nonpneum
influenza-like symptoghs, was shown to be caused by exp Y

an engine y plant [Herwaldt et al. 1984]. The ouihteak octiirred on startup:folfqwang

sensitivity pneumggitis (HP), also known as allergic alveolitis, involves an@mmunologic

n to inhaled agtigen and requires prior sensitization to the antigen. This disease is

irits acute phase by alveolar inflammation and influenza-like symptoms and in its
chronic phase (following repeated exposures) by pulmonary fibrosis associated with respiratory

impairment. Common antigens associated with HP in non-MW occupational settings include
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airborne microbes (especially fungal spores such as Alfernaria and Aspergillus) and various large

molecular weight compounds, including proteins. Two cases of HP associated with MWFs were

reported during a 3-yr period to an occupational respiratory disease suriailbines ‘program

ths later, 6 workers developed HP

symptoms. contaminated with bacteria and all six affected workers

er addmonal corticosteroid treatment in two of the workers). On the
n and analogy with other occupational settings in which HP is known to
3 “that contaminate MWFs would be likely etiologic suspects. However, it is
possible that other agents such as MWF components or additives may also induce symptoms of

HP. In addition to the Pseudomonas reported by Bernstein et al [ 1995], several other genera of
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bacteria, including acid-fast bacteria and actinomycetes, and fungi are found in MWFs and have

been associated with HP in other work environments.

4.2.2 Discussion

These four diseases of the lung parenchyma (lipid pneum d.metal disease, legionellosis,

mponents (if identified as causitive agent(s)) may be necessary.

4.2.3 Asthma and Other Disorders of the Pulmonary Airways
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4.2.3.1 General background

Recent concerns about the respiratory hazards of occugational exposure to MWE

focused on airways disorders. A variety of components, : contaminants of MWFs are

Symptoms of:;

In addition to,ggis
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reacted to volatiles from stirred (not nebulized) soluble MWFs, to volatiles from the pine oil

reodorant contained in the soluble MWF, and to colophony (an agent known to mduce

An occupatiogal: aty.disease $rveillance program operating in the United Kingdom has

provi e_gf:additional eviden i ding the incidence of work-related asthma associated with

aerosols. In 198 cases of occupational asthma were attributed to MWF exposure, and

dence of repo_;_t&i occupational asthma was approximately 250 per million in the "metal

<ating" occupational group compared with less than 10 per million among the
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“professional, managenial, clerical, and selling occupational® group [Meredith et al. 1991]. By the

end of 1991, a total of 22 cases of MWF-associated occupational asthma were r ited in that

program [Merideth and McDonald 1994].

rations were below the current OSHA permissible c?xposure limit
g P

(PB“'.)' of 5 mg/m® (meagiired exposure range: non-detectable to 3.57 mg/m®) @25% of 308

the one facility where air sampling data indicated that exposures exceeded the current OSHA PEL
of 5.0 mg/m’.
76 '
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Rosenman et al. [1995]also found that new-onset asthma or symptoms suggestive of work-related

asthma were reported by 12% (13/105) of those exposed to straight MWFs in 7 £z iﬁﬁes, 20%

siire to MWFs have been

 Asthma-R; s¢arch findings

Ameille et al. [1995] ?’llaluated self-reported responses to the question "Have you ever had
ata
asthma?" of workers gear-box machining shop with at least one year of MWF exposure. Three

A
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currently exposed and one unexposed groups were identified: 40 workers with exposure only to

straight MWFs; 51 with exposure only to soluble MWFs; 139 with mixed exposur, #6'soluble and

(0.26-3.34) for current exposure to straight ' MWFs a

exposed-assembly Workers. The authors suggested that

éq A;.ﬂus:ﬁnding could most likely be explained by the exposure actually causing asthma
' ) t
with subsequent removal of affected workers, or by self-removal of asthmatic workers intoleranﬁ

of synthetic MWF aerosols. In reevaluating these same data, Eisen {1994] described an inverse
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exposure-response relationship between the synthetic MWF aerosol exposure concentration and

prevalence of self-reported physician-diagnosed asthma. Excluding asthma cases wha had

developed the disease before employment as a machinist, and using an sis designed to

A0
per mg/m’-year; p<0.05), even though the OR for asthma was

decréased among workes¥ with current exposure to soluble MWFs (OR=0.6; p=0.06). These and

findings again;Suggest possible selective transfer of affected workers to jobs with less

~

- = . ~
€X] ‘evaluating the significance of these results, it should be noted that an OR c{f 1.02

per mg/m’-year exposure suggests a greater than 2-fold risk of developing occupational asthma

over a 45-year working lifetime of exposure to 1 mg/m® MWF aerosol (thoracic fraction). This is

¢
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likely to be an underestimate of effect, as only current workers were included in the study, and

workers who left these three plants as a result of their asthma would not have beep:ficluded in the

study.

1 i-facility were exposed to either straight MWF aerosol
Yotal”fraction = 0.24 mg/m’) or soluble MWF aerosol
(arithimetic mean inhalal:) * or “total” fraction = 0,22 mg/m’). Aerosol measurements were made
usuig-samplers with g seven-hole cassette inlet face, selected so as to appr§ximate collection
- € A'CGIH/ISO size selective criteria [Kriebel et al. 1994].

/ ”t""‘”f peter 0

Robins et al. [1994] provided relevant data from a study of machenists exposed to aerosols of
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P“ om el Pt -l |
soluble MWF and unexposed assembly workersi Among workers who fidot repoﬁavmg pre-

existing asthma, development of new self-reported physician-diagnosed asthma aﬁegf:é'mployment

mg/m’®, with a median of just over 0.5 mg/fii® (thoracks p

Ameille et al. [1995] found no s icant diffégences in:bronchial responsiveness between workers

exposed MWFs and cQis ubgroups of workers exposed to the different

MWF classes: ¢ver, the y that self-selection away from exposure may have

biased their find se exposed only to soluble MWFs over the previous five

asthmatic at the beginning of the study, and MWF exposures (total aerosol) in machine shops

ranged from nondetectable to 3.65 mg/m® (mean 0.46 mg/m’). Compared to all others, workers
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who experienced at least 1800 hours of exposure to MWF's were more likely to develop a marked
increase in methacholine responsiveness over the period of observation (p<0.05). J:nan analysis

of all study subjects, increased bronchial responsiveness was siti i ed with exposure

to MWF [Kennedy et al. 1995b] and with development of

tightness, and was negatively associated with wearing re‘spgg@tory:;ﬁ'btection at

time (p<0.05) [Kennedy et al. 1995¢].

4.2.3.4 Asthma-Summary

"8 at average exposures of 0.2 to 1 mg/m’ (thoracic fraction). These studies

provide much less clear-cut evidence for an increased risk of asthma associated with exposure to
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straight MWF . Clinical asthma induced by MWFs appears to involve specific sensitizers in some

cases, but various other agents acting through irritant mechanisms may cause a high‘ﬁiﬁ'oportion of

MWF-associated asthma.
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Oxhoj et al. [1982] studied 385 machine shop workers exposed to straight, soluble, semi-

synthetic, or synthetic MWFs in 27 different facilities. Measured oil aerosol conceu:t}'ations in

exposed groups and one unexpo: ? group wirs defin workers with exposure only to

fbsle- MWFs; 139 with mixed exposure to soluble and

In areas using straight MWFs, the arithmetic mean

, GSD 1.9). No sampling was done in areas using

soluble NfWFs. The foul yWwere similar with respect to smoking habits. Symptoms

assgssed were chronic cough, chronic expectoration, and dyspnea. Those currently exposed to

tht MWFs had a:sgnificantly higher prevalence of chronic cough and/or chronic phiegm

%: p<0.05), as well as a higher prevalence of dyspnea (5.0% vs. 2.3%). A

statistically significant increased risk of chronic cough was observed with increasing duration of

exposure to straight MWFs after controlling for smoking (trend test p=0.03). Adjusted for
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smoking, the OR for chronic cough among those with more than 15 years of exposure to straight

MWFs was 2.2 (95% CI: 1.01-4.85) relative to unexposed assembly workers. Although no

statistically significant respiratory symptom findings were reported for.&rkers currently exposed

to soluble MWF, point estimates for odds ratios calculat

Greaves et al. [1993a; 1995b] reported resafts from g:croqg:

of 1,811 automobile manufacturing werkers expélﬁed to three ¢ asses of MWF (straight, soluble,

769 assemblers, only 239 of whom had no

LAt exposures to aerosol (thoracic fraction) from straight,

i&ssembly workers, machinists more frequently reported all previously

described respiratory symptoms, including usual cough (OR=1.39; p<0.05), usual phlegm

(OR=1.55; p<0.001), symptoms of chronic bronchitis (OR=1.45, p<0.05), and wheezing on most
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respiratory symptom prevalence, and current exposure concentrations appear to be the major

determinants of respiratory symptoms. The Greaves et al. [1995b] study represen the most

(OR=2.9; 95% and sinia§ problems almost twice as often (OR=1.7; 95% CL:0.96-3.0)

as the coffiparison worke “machinists exposed to soluble MWFs were more likely than

xposed to straight:MWFs to report an increase in eye, nose, and throat irmtation over the

of the workday:(p<0.01). In addition, machinists whose MWF sump had not been refilled

eeks prior to the symptom survey were more likely to report cough than those

whose sump had been changed within the last 3 days (OR=5.6; 95% CI: 4.3-6.9).
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Robins et al. [1994] compared acute respiratory effects among 85 machinists exposed to soluble
WJ‘W
MWEF in an automobile pasts manufacturing plant to those among 46 assemblers

S
>
S

area that was physically isolated from the machining operations. Machintsts:¥ho had a mean

sure to MWF aerosols causes symptoms consistent

ronchitis, and asthma. The evidence suggests that each class of

PEL for mineral oil mist of 5 mg/m®. As summarized in Table 4-2, Risk
extimates for association between MWF exposures and respiratory symptoms, a roughly 2-

to 7-fold increased risk for various respiratory symptoms has been observed in studies of

’
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Greaves et al. [1993b; 1995a] studied pulmonary function of 1745 automobile parts

manufacturing workers employed in machining and grinding operations. Machxmsgs,3 52 of

whom were currently exposed to straight, 441 to soluble, and. 226 to syathiatic. were compared

m®; SD

)

d-both current and

¢ not included in

:sontrolled for age, height,

25 were significantly {p<0.05) reduced for the three groups of metal workers who were ever-

ed to straights, $0 ﬁble, and synthetic MWFs , but not for the group of never-exposed

_ﬁm\l}ofw'&

Analyzing the data tﬁc@tomized by current aerosol exposure, Greaves et al. [1995a] found trends

vd
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Oxhoj et al. [1982] communicated the results of a Danish study of 385 machine shop workers
exposed to straight, soluble, semisynthetic, or synthetic MWFs in 27 different facil.itiféS. Measured

oil aerosol concentrations in these facilities ranged from 0.1 t0.2.0 mg/n?i tan 0.35 mg/m’).

wontrol), which did not differ by smoking habits.

ere generally lower for the group of workers exposed to

4tes at 50% and 75% of exhaled forced vital capacity with increasing duration of
exposure to straight MWFs. This finding suggests a synergistic relationship between smoking and

straight MWF exposure. No similar effects were observed for workers exposed to soluble MWF
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of declining function with increasing exposure for both straight and soluble MWFs. At the

highest current exposure categories (>0.54 mg/m’ for straight MWF and >0.65 mg[m’ for soluble

ids of declining mean percent predicted lung function with increasing exposure
to straight and to soluble MWFs. At the highest exposure tertile (>1.71 mg/m’-years for straight

MWEF and >3.41 mg/m’-years for soluble MWF), mean percent predicted FEV, (unadjusted for
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smoking) was significantly reduced (p<0.001). Prevalence rates of abnormal FEV, among

subgroups with highest cumulative aerosol exposures were greater than among neyﬁiéxposed

assembly workers for exposure to straight MWF (20.4% vs. 14.2%; p~£F063 r4ts ratio=1 .4) and

for exposure to soluble MWF (21.9% vs. 14.2%; p<0.01:

The results of the Greaves et al. [1995a] study show that adverse pulmonary function effects are

associated with cumulative occupational exposures to straight and synthetic MWFs. Cumulative
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exposure appeared to be more important than current aerosol exposure concentrations in

predicting pulmonary function in this population. Greaves et al. [1995a] suggest th&i;the

increased impairment associated with lower current or lower gumulativ; l‘e; to synthetic

MWEF in the categorical exposure analysis may reflect a t : S of aﬂ'ecwd
workers from jobs with higher MWF airborne exposure .
investigators expressed caution with respect to the lack o vidence of adverse. eﬁ'eéts of
exposure to soluble MWFs. Among other reasons for th:'s caution; i.{\ted out that most of
the exposed workers in this study had at sometimé : S fﬁl;le MWFs and that
very few of the workers exposed to solublé?MWFs hzd exposed to straight or

synthetic MWFs.

soluble and

workers. Av

mg/m’* (SD 0.05) agjong assembly workers, and 0.03 mg/m’ (SD 0.03) among

s. After adjustment for age, race, sex, height, and smoking, Kriebel et al.
“statistically significant (p<0.05) deficit in baseline FEV, of 115 mi.

(approximately 3%) among those exposed to soluble MWF.
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4.2.4.2 Cross-sectional studies of lung function-Summary

likely to be substantially chronic and ireversible.

attributable to straight, soluble, and syiithetic MW/Es at ex

aerosol in reduced:jung function. And finally, although the actual degree of self-selection
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5% were consistently higher among exposed workers for all three Mondays on which testing

was done. As mentioned above in the section regarding asthma, 6 of 85 exposed v}fégikers

5 ferent Mondays, data from their

faft decrements greater than

exposures of machinists experiencing

across-shift EEY; decrements & 12! ed from 0.17 to 0.80 mg/m’ (median: 0.5 mg/m?)

[Robins et

The presence of chroni¢:symptoms, as well as development of respiratory symptoms on

ay, were each:associated with larger cross-shift FEV, decrements on Monday. Based on
analyses which excluded all workers who reported that they currently had
asthma (and other influential outliers on a model-by-model basis), Robins et al. [1994] found

that magnitude of cross-shift FEV, decrement was consistently related to higher airborne
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bacteria exposure among current smokers with lower baseline FEV,/FVC ratio. Robins et al.

(1995 b] reported that 25% of smokers with evidence of pulmonary obstruction as_baselme

experienced a cross-shift decrement of FEV1 of at least 10%
study subjects. After controlling for other factors relatedth pulmo

found an increasing trend in risk of a 10% or greater

osure, respectively. Model-derived odds

£95% CL: 1.8-10.7), 6.1 (95% CL: 2.4-15.3), and 7.5

) >
oo Lol o ¢ 4 g @mathr s
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Kenyon et al. [1993] reported exposures to TEA, DEA, and MEA in the same aut@:;i'otive parts

manufacturing plants studied by Eisen et al. [1992] and Woskie et al. [L§§f, The results are

provided from one plant which used insoluble, soluble, s 5

Personal samples were collected from all operations usir

d&. There Were no detectable concentrati&{r-g f

'htrations.mf ethanolamines in soluble fluids.

the National; 6xicology Program (NTP) released a Board Draft on two chronic

1 fes in which Fischer 344/N rats and B6C3F1 mice were dermally exposed to
concentrations of TEA in acetone for 103 weeks [NTP 1994]. A final report has not been

released as of the public review date of this CD.
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The NTP stated that there was "equivocal evidence" of carcinogenic activity in the TEA treated

male rats and concluded that the lack of both a clear dose-response and an increaseitithe total

increased numbers of hepatocellular adenomas induced by the Heliobacter

infection.
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discussed the association of some mineral oils with rectal cancer {Tolbert et al. 1992;

and mildly-treated oils have also been clagiified as Group 2

for untreated and mildly-treated oils and inadequate for

reported in epidemiology studies. Worker exposure to untreated and mildly treated mineral oils

should be reduced to the extent technologically feasible

131 / !
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5.3 Biocides

Formaldehyde release biocides.

Table 5-1, Formaldehyde release bioci/ﬂa
Trade name |

Tris Nitro

Onyxide 200

Vancide TH

Dowicil 75

" Sodium 2-pyridinethiol-1-oxide
1,2-Benzisothiazolin-3-one

5-Chloro-2-methyl-4-isothiazolin-3-one

2-Methyl-4-isothiazolin-3-onc
Dowicide-1 o-phenyl phenol
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Staphylococcus aureus), Escherichia coli, Proteus vulgaris, Aerobacter (now Enterobacter)

aerogenes, and members of the Citrobacter and Achromobacter genera ['I_‘ant and_Béi‘mett, 1956].

owever,\ /Vﬂ -
7 V%

7
5
Sy

that primarily affect individuals with a major abnormality in their natural
defenses. Conditions and situations that may result in compromised host defenses include: pre-

disposing disease, such as diabetes, cancer (especially leukemia), or cystic fibrosis; alcoholism,
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inherited or acquired immune deficiency; burns or other trauma; invasive medical i;i‘:edures; and

ividual is then re-exposed to the same antigen, there may be a hypersensitive or

allergic response to an antigenic dose that would elicit little or no reaction from non-sensitized

persons. Allergic reactions to inhaled antigens may be limited to the upper respiratory tract (e.g.,
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allergic rhinitis), affect the airways (e.g., allergic asthma), or affect the distal portions of the lung

(e.g., allergic alveolitis or HP). It is not entirely clear what role bacterial antigensﬁfﬁ'y in MWF-

" Cavagna et al. 1969; DeMaria and Burrell 1980; Snella MC 1981; Burrell et

al. 1982; Brigham and Meyrick 1986; Castellan et al. 1987; Rylander et al. 1987, Jacobs, 1989;

Burrell et al. 1990; Gordon 1991; Fogelmark et al. 1992; Rylander et al. 1994]. Animal exposure

~
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studies conducted by Gordan [1992] demonstrated that the endotoxin content of MWEFs predicted

respiratory toxicity in a guinea pig model of acute airways obstruction. Therefore, sietosolized

endotoxins are suspect causative agents of occupationally related respis

ites may accumulate in MWFs or be evolved as gasses. Some of

theseinclude ammonia afid hydrogen sulfide.

molds)also contaminate all water-based or water-contaminated MWFs.
Generally the fungi isolated from MWFs are common saprophytic species, which live on decaying

organic matter in the environment and are not usually the major microbial contaminant in MWFs.
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However, given the opportunity, fungi may infect susceptible hosts, such as the

immunocompromised individuals discussed earlier. Cephalosporium, a genus comn:ié‘nly isolated

~

killing of bact Pents can release large amounts of endotoxin and other

\ et
3 o\
microbial pro $tio feasible way to remove these substances. Careful fluid \%"
. P Vot T
\

mainteance and prevent trobial growth is the best approach for elimination or reduction

of grdotoxin or other hazardous biological substance build-up and preserving the MWFs quality

o
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7. Current Occupational Recommendations and Standards

In 1976, NIOSH published Current Intelligence Bulletin 15: Cutting Fluids,

which identified the presence of potentially carcinogenic FAHs and nitros

Potentmﬂy Hazardous Contaminants), and recommeridad ind

minimize dermal and respiratory exposure [NIOSH 1976 classified NDMA as a

cancer-suspect agent [29 FR 1910.1016]; it is regulate&s:&s an carcinogen. Exposure

has designa

1993b].

y solvent-refinement or hydrotreatment {IARC 1987a]. As noted previously
5.2 Mmeral Oil ), the Occupational Safety and Health Administration (OSHA) Hazard

Communication Standard (HCS) [FR 1985] requires that employers report on material safety
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This 9. Basis for a Recommended Exposure Limit (REL) summarizes the studies used to

develop the REL and other recommendations needed in a comprehensive occupatioﬁgl safety and

health program. These studies provide the best available evidence of ! ation between

adverse respiratory health effects and occupational exposireto MWF

9.1.1 Industry Trends

%) of 5 mg/m® for mineral oil mist established in the 1960s,

ihe Occupational Safety and Health Administration (OSHA) asa ™"

fallock et al. [1994] describes the effectiveness these changes had in the
automotive industry on reducing exposures to airborne MWFs. Airborne MWF concentrations

were found to have significantly declined over a 30-year period (1958-1987) with an arithmetic
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Workers in the MW industry who are exposed to MWFs have been reported to have increased

risks of nonmalignant respiratory effects, cancer, and skin diseases. Although the‘_.rgj';brtcd

length of exposure.

1gators after non-binding, peer-review by OHAB. NIOSH included 3

nvestigations [Kﬁébel et al, 1994; Greaves et al, 1995 a, b; and Robins et al, 1994], in

for de;temu'ning the need for a MWF recommended exposure limit (REL).
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mean concentration of 5.42 mg/m’ (total particulate) observed prior to 1970, and 1.82 mg/m® /(«B’V

after 1980. The geometric mean for aerosol concentration after 1980 reported at th?fblmts dé" ‘}’

studied by Hallock is 0.56 mg/m’.

Since 1987, these exposures in the automotive industry

concentrations were reported by Greaves et 31995 a& with mean concentrations (‘thoracic’
:3°0.68 mg/m’ (straight fluids), 0.35-0.65 mg/m’
(soluble fluids]

exposure to

The occupational exposure data compiled by NIOSH health hazard evaluation (HHE) program

(1972-1993) also show that exposure to airborne MWFs has been generally decreasing over time.
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These data indicate that the arithmetic mean personal exposure concentrations (total particulate)

[

to 1.0 mg/m’ in the 1990's based fon only two plants, The oy

plant-based HHESs was 0.96 mg/m’.

This decline in airborne exposures has also been reported.:. grated Managem'ent

Information System (IMIS) of OSHA which compiles thie envir ] samples from OSHA

inspectors. From 1979 to 1995 (Table 9-1, { Egrated M: sgement Information

System (IMIS). Number of oil mist (MMRAL) Yy year ranges (1979-

February 1995), OSHA has collectedirineral oitiist expogire data for IMIS, which represent a

37% of all samptCS with airborne concentrations less than 0.5 mg/m’, to 42% of all samples

m’ from 1980 to 1984, and to 73% after 1989,

. /‘
g REFLEA o ]
214 Mwaﬁﬁay sqwnl 1M1 St
S MRS
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The review of the results from the studies of workers exposed to MWFs indicate an association

between MWF exposure and the risk of developing cancer at several organ sites, i SHidi

stomach, pancreas, larynx, and rectum. Most of the mortali

'y

found that MWF-exposed workers had an elevated risk o

; m-umm workers had
———— Glwerslon, 153,
cki, 1987], bladder [Silverman et

MWEF:classes, the specfﬁc formulations responsible for the elevated cancer risks remain to be
Straight oil exposure was found to be associated with an increased risk for laryngeal
and rectal cancer [Tolbert et al, 1993]. Furthermore, those workers whose lifetime exposure to

straight oils exceeded 0.5 mg/m’ -years had a significantly elevated risk for laryngeal cancer
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(OR=2.23, 95% CI=1.25, 3.98) [Eisen 1994]. In addition, synthetic fluid exposure was

associated with an increased risk for pancreatic cancer [Tolbert et al. 1992].

The specific constituent(s), additive(s), and/or contaminant(s).of MWE a are responsible for

cohol consumption, are often not

sdies suggest that association between MWFs and

jarette use. Laryngeal cancer, one of the cancers associated

In summary, the substantial evidence suggests that MWF exposures prior to the mid-1970s are

causally associated with several organ-specific types of cancer. It is unlikely these associations
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are due to non-MWF occupational exposures or to non-occupational factors. Over the last

several decades, substantial changes have been made in the metalworking industry, J;:i;Eluding

-ddus contaminants,

reductions in exposure concentrations, refinement technology.to remo

pational exposuse to MWF aerosols is therefore very substantial.

Lipid pneumonia, hard metal disease, and hypersensitivity pneumongtis appear to be relatively

unusual MW environments involving occupational expiiéﬁre to MWF aerosols, although the large

h/o/( 2, 173
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numbers of workers exposed justify concern about these health effects [Blanc 1995]. Prevention

7 lipid pneumonia, the causative agent is respirable mineral oil. .There ar.
« ve e — R

vt ¥ exposure-response data available, but the relative rarity of the disorder st
oy p p $

Legionella species were eliminated. Contgbiling mictob

%{ prove effective in preventing a

evidence that occupational exposure to MWF aerosols causes symptoms consistent with airways

imitation, chronic bronchitis, and asthma. The evidence suggests that each class of MWF
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described may induce these symptoms at MWF aerosol exposure concentrations that are currently
- fi T
aZ lhe  § /A
typical of large MW shops. Increased risks (ranging roughly from 2- to 7-fold) haye:been

‘bstantial evidence for an elevated risk for asthma among

wotkers exposed to MWF aerosol exposure concentrations well below the current PEL of 5

for mineral qil:ists. Clinical asthma induced by MWFs appears to involve specific

e cases [Savonius et al. 1994; Hendy et al. 1985], but various other agents
acting through irritant mechanisms may cause a high proportion of MWF-associated asthma.

Some evidence indicates a tendency for effected workers to transfer away from jobs with high
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exposure to the causative MWF [Eisen 1994; Eisen and Greaves 1995, Greaves et al. 1995b].

Not accounting for bias associated with such transfer, which is likely to result in ux_ﬁéi"estimated

soluble or synthetic to be associated with asthma (Tablé 4-1, Ris

-cut occugational asthma related to

1994, 1995; Robins et al. 1994]. Each found

ment is associated with occupational exposure to MWE

mg/m® (thoracic fraction)[Kennedy et al. 1989; Kreibel et al. 1994, 1995; Robins et al. 1994].
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9.4 Technological Feasibility of Controlling Exposures to MWFs

concentfiation of 0.21 mi kiﬂ'e older machines with retrofit enclosures had a median

cosigentration of 0.44 mg/m’, ;md without retrofit enclosures had a median concentration of 0.5

Between 1990 and 1995, OSHA compliance data (Table 3-3, OSHA-Integrated Management

Information System (IMIS). Number of oil mist (mineral) samples and % by year ranges
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(February 1979-February 1995)) collected from a wide variety of industries, showed that 73% of

the airborne concentrations for MWFs (oil mist) were less than 0.5 mg/m’ and 78%:5¥ the

concentrations were < 1.0 mg/m®. These data indicate that MWF e presently being

production at the cutting surface due to higher production rates, generally exposures can

effectively be controlled by machine enclosure, ventilation, and air cleaning. i
Uniax
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. In summary, NIOSH proposes a recommended exposure limit (REL) of 0.5 mg/m* MWF

aerosol (mean total particulate) as an 8-hr time-weighted-average. This recommen&tion is based

level of the REL or

to prevent occupational deaths, injuries, and illnesses. To be effective, 2 safety and health

program needs to be developed and implemented as part of the employer’s management system.
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Such a program must have strong management commitment and worker involvement. The major

elements for a comprehensive, and effective safety and health program should inc!uﬂféz‘(l) safety

3t how workers can protect themselves from potentially hazardous exposures

(e.g., the use of appropriate work practices, emergency procedures, and personal protective

equipment). Workers should be encouraged to maintain good housekeeping practices to help
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procedures outlined in Industrial Ventilation—A Mamual of Recommended Practices [ACGIH

exhaust stream. General guidelines for the recirculation of#xhaust air can
Ventilation—A Manual of Recommended Practices [AGEH 1988F If exhaust

outside the work environment, local air pollution authoritieg contacted regarding the

relevant regulations.
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10.4.5 Containment Enclosure

respirators) should
the NIQSH REL of 0.5

C has been in routine use, it should be examined periodically along with the
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Workers should be trained to keep personal items such as foo dnnk,

10.6 Sanitation and Hygiene

policy should be established, since cigarette smoking ma ate the respiratory effects of

MWFs [NIOSH 1994].
Instruction in personal hygiene will redugé“potential:ders 'gxﬁosures. Workers should
be encouraged to and allowed the ti

with MWFs. If onsite shower fa&ﬁﬁhes are.

“rs should be trained to be aware of labeling practices in accordance with the OSHA

inication standards [29 CFR 1910.1200 and 29 CFR 1926.59], they must be

informed of chemical exposure hazards, of their potentially adverse health effects, and of the

appropriate methods for self-protection. Labels and signs posted on or near hazardous MW
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processes provide an initial warning to other workers who may not routinely work near

processes. Depending on the process and exposure concentration, warning signs sheuld state a

11. Medical Monitoring of Exposed Work

Because asthma and other adverse nofsinalignang ¥espiratorjihealth effects are associated with

s. Employers should also provide

workers with signs or symptoms suggesting

Medical monitoring reptesents secondary prevention and should not supplant primary prevention

aimed at contzolling MWF aerosol exposures. One objective of the recommended medical
enable early identification of workers who develop symptoms of MWF-related

conditions such as asthma and dermatitis. Those with asthmatic symptoms can have their
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° Studies should be conducted to determine whether contaminants are concentrated or
removed during the refining and recycling of used MWFs. Potential health sks of using

recycled or reprocessed MWFs should be examined

. Dermal exposures to MWFs and absorption throx

should be accurately assessed.

° Additional study is required to determingi

effects due to aerosol exposures for:the 4 clagses

fer of-warkers within and out of jobs with a specific

. Address issues relating to;

og;cal reséarch is needed for mid-chain and long-chain chlorinated
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