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PREFACE

The Hazard Evaiuations and Technical Assistance Branch of MICSH conducts f1e1d
investications of possible health kazards in the workplace. Threse.
investigations are conducted under -the authority.of Section. 20(a)(6) of the
Occupational Safety and Health.Act of 197C, 2S-U.S.C. 66S(a)(€) which
authorizes the Secretary of . He&Tth and Human Serv1ces. following a written
request from any employer or author1zed représentative of empioyees. to.
determine whether any substance normally found in the place of employment has
pOteﬂtiaT]y toxic effects in such concentrations as used or fourid.

The Hazard Eva?uations and Technical Assistance Branch. aTso prov1des, upon
request, medical, nursing, and industrial hygiene technical and consultative
assistance (TA) to Federal, state, and local agencies; labor; industry and
other groups or 1nd1v1dua1= to control occupational heaTth hazards and to
prevent related trauma and disease. ;

Mention of company names or products does not constitute endorsement by the
National Institute for OCCUpat1ona1 Safety anc Health.
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SUMMARY

‘In Jdanuary 1982, the National Institute for Occupational Safety and

Health (NIOSH) received a request to evaluate high reported incidence
of dermatitis among employees in grinding operations at the Torrington
Company, Torrington, Connecticut, a metal rod and pin manufacturing
facility. The epidemic of dermatitis began in 1980, with the addition
of greater amounts of biocide to the metal fluids in order to controT
bacterial contamination.

In January, May, and September 1982, investigators from the Yale
University Occupational Medical Program, under contract to NIOSH,
conducted medical and industrial hygiene evaluations at this facility.
The industrial hygiene investigations included the evaluation of
grinding machine operations and relevant work practices which might
contribute to the occurrence of dermatitis. The medical evaluation
included a questionnaire and dermatologic examination of 42 workers in

. grinding departments and a comparison group of 4% workers from other

departments in the plant. In addition, nine workers with more severe
dermatitis were patch tested to determine poss1b1e sens1t1zat1on to
components of grinding fluids.

The "industrial hygiene survey found that there was much more ‘skin’
contact in the grinding department where the dermatitis outbreak
occurred than in another grinding department where dermatitis had not
occurred as frequently. Inadequate aerosol containment on the grinding
machines, poor compliance with the protective gear program, absence of
standard procedures for dealing with skin contamination and Timited
workers awareness of -potential hazards associated with metal fluid
exposure were noted in the grinding department where the dermat1t15
outbreak occurred.

The medical survey found that 31 (63.3%) of 49 workers in the grinding
department reported itching and burning skin of the hands, compared to
only ¢ (20%) of 45 workers in the comparison group (p<.001 -Chi _
Square). Eighteen (36.7%) of 4S of the grinding department workers had
moderately severe dermatitis at the time of the examination compared to
only 4 (8.2%) of the 45 other workers. Other factors such as past
history of atopy (allergy) or use of hand cleaners did not account for
these differences. Two of the 10 workers with severe dermatitis who
were patch tested were found to be -strongly allergic to formaldehyde,
which can be released by some of the biocides used in the coolant
systems. i _

Based on the results of this evaluation, NIOSH determined that an

occupational health hazard of dermatitis from exposure to coolant

fluids used in grinding operations existed at the Torrington Company.
Recommendations to help alleviate this problem are included in Section

| VIII of this report.

SIC 3443, grinding operations, coolant fluids, dermatitis, contact

dermatitis, formaldehyde, biocides.
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High carbon steel wire is the basic raw material of rod and pin
manufacture. Initially, the steel wire is fed from large shipping

| : " "header," "blanker,"
and "broach" machines. During these processes, the wire is cut into
cylindricaT segments and the coarse edges are shaped according to
various design specifications. Then, some of the parts are washed in
Targe tumblers and undergo degreasing. Other parts are placed in
tumblers with emery (radius tumble) for crude reductions in outside

“diameter. Some parts are sent through another tumbling operation

(small tumble) to remove metal burrs; others are tempered by heat
treatment. The cylindrical rods and pins are subsequently placed in
grinding machines which further shape and reduce them to a desired
tolerance. The grinding operations, "End Grind," "Pin and End Grind,"
"Centerless Grind," and "Precision Grind," are functionally. similar but
workers and machines have been placed in separate geographic and
organizational subdivisions within the plant (Table 1). At various
points in grinding, the parts may return to another department (e.g.,
tumble, heat treatment) combining a number of material flow patterns
before moving on to the final inspection and packaging areas. Within
and among these operations there is a wide range of metal working
fluids, chemical additives, solvents and other process chemicals.

The Centérless Grinding Department (CGD) is the largest single
operation in the Broad Street facility. The CGD consists of 38
grinding machines for "routine" production and a separately housed area
with fewer machines for precision grinding. Each grinding machine has
two revolving, abrasive-coated drums which are continuously flooded
with large volumes of metal working fluid (MWF) (Figure 2). The MWF
reduces friction, flushes away metal fillings and generally prolongs
tool life. Typically, parts are conveyed from a hopper which feeds the
rods or pins a]ong a s11de and onto a blade, set between the grinding
drums. Each part "walks" the length of the blade and is ejected with a
stream of MWF through a port on the side of the machine (Figure 3).

A1l mach1nes engaged in the more routine CGD production schedules are
supplied with MWF from a recirculating, Central Coolant System. There
is a separate recirculating system for the precision grind area. The
main Central Coolant System requires 12,000 to 13,000 gallons of MWF to
be fully primed. A network of pits and trenches under the floor is
used to drain the spent coolant and return it to a filtration unit.

The Tatter consists of 3 settling tanks and a series of 40 cyclones
which remove particles of greater than 10 microns. A large holding
tank for clean MWF serves as a reservoir for the entire system.

The MWF for the Central Coolant System arrives at the plant in the form

" of a concentrate. Prior to 1981, the system was primed with Van

Straaton (VS) 537 ™, a sem1-synthet1c MWF. Between August 1980 and

July 1981, the working solution was frequently mixed with an additional
biocide conditioner (VS Conditioner 5). Another biocide material used
during this period was VS biocide conditioner 11. Since July 1981, the
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system has been pr1med with a comp1ete1y synthetic MWF, VS 39-100A. An
anti-sludging additive, VS 51-180 is used infrequently. VS biocide
conditioners 5 and 11 are no longer used. The system is replenished
daily with 10 gallons of VS 39-100A.and 500 :gallons of fresh water.
Underground pits and trenches are cleaned every 7 to 8 weeks and sludge
is removed from the filtration and settling tanks continuously.
Approximately 36 cubic feet of sludge are removed each day from the.
system. :

EVALUATION DESIGN AND METHODS -

A. Industrial Hygiene Survey

Each machine in the routine and precision grind areas was examined .
during normal working.conditions. The focus of the industrial hygiene
survey was upon operating conditions which might contribute to worker
dermatitis, such as.the degree of machine splatter, severity of cut,
type of alloy, size of job, wheel speed and frequency of contact with
parts and MWF,

B. Medical Evaiuation

ATl workefs involved in the Centerless Grinding Department operations
and other phases of product1on were invited to participate in an
occupational health study of "exposure to metal working fluids" (MWF).

‘Each worker was interviewed privately by a Yale University physician or

nurse.  Information was entered on a questionnaire form which included
a demographic profile, original dates of employment at the Torrington
Company (and in the most current job) as well as responses about

_potential health effects relevant to known toxic effects of MWF's.

Workers were examined -and a description of cutaneous findings was also

- recorded on.the form.. Data concerning the frequency of hand washing

and patterns of soap use were documented for every participant.

The information obta1ned from physical exam1nat1ons showed varying

degrees and extent of dermatitis. For the purposes of statistical

analyses, the. skin f1nd1ngs were graded accord1ng to sever1ty and

. location of the eruptlon (Tab]e 2k

In order to eprore _the under1y1ng cause(s) of skin reactions among the
CGD workers, ‘a testing program (“patch testing") for chemical allergy
was undertaken. At the outset, direct irritation (irritant contact
dermatitis) was considered the most 1ikely explanation for the skin
findings. As additional workers with sévere skin conditions were
identified during the initial phases of this study, a more 1n-depth
patch test investigation was planned.

More than 20 chemical agents were provided by the Yan Straaton Chemical
Company (supp11ers of the MWF products used in the Broad Street Plant
operations). These chemicals included all components of Van. Straaton
products: VS 537, VS 39-100A. Each chemical was prepared in


http:dermatitisl.wa

Page 5 ~ Hazard Evaluations and Technical Assistance Report HETA 82-107

petrolatum or an aqueous delivery vehicle or used "as is" for patch
tests. In most instances the test agents were prepared according to
published (recommended) concentrations for allergy testing. Several
additional chemicals frequently associated with allergic contact
dermatitis among machinists were included in the test series. A total
of 25 chemicals comprised the full patch test program, otherwise
referred to as the "VS Tray" (Table 3).

‘Fourteen workers with relatively severe dermatitis (grades 3 or higher)

were invited to participate in the patch test study. Chemicals were
applied under occlusive patches (Al-Patch, Hollister-Stier) and left in
place for 48 hours. Participants were provided with instructions
concerning the test program. Interpretation of the test results was
delayed 30 to 45 minutes following removal of the patches. A1l
patients were examined at the 48-hour reading. A final examination of
the test sites was performed at 120-hours by the plant nurse.

EVALUATION CRITERIA

A. Environmental Griteria

As a guide to the evaluation of the hazards posed by workplace

exposures, NIOSH field staff employ environmental evaluation criteria
for assessment of a number of chemical and physical agents. These
criteria are intended to suggest ‘levels of exposure to which most
workers may be exposed up to 10 hours per day, 40 hours per week for a
working lifetime without experiencing adverse health effects. It is,
however, important to note that not all workers will be protected from
adverse health effects if their exposures are maintained below these
levels. A small percentage may experience adverse health effects
because of individual susceptibility, a pre-existing medical condition,
and/or a hypersensitivity (allergy).

In addition, some hazardous substances may act in combination with
other workplace exposures, the general environment, or with medications
or personal habits of the worker to produce health effects even if the -
occupational exposures are controlled at the level set by the
evaluation criterion. These combined effects are often not considered
in the evaluation criteria. Also, some substances are absorbed by
direct contact with the skin and mucous membranes, and thus potentially
increase the overall exposure. Finally, evaluation criteria may change

. over the years as new information on the toxic effects of an agent

become available.

The primary sources of environmental evaluation criteria for the
workplace are: 1) NIOSH Criteria Documents and recommendations, 2) the
American Conference of Governmental Industrial Hygienists' (ACGIH)
Threshold Limit Values (TLV's), and 3) the U.S. Department of Labor .
(OSHA) occupational health standards. Often, the NIOSH recommendations
and ACGIH TLV's are lower than the corresponding OSHA standards. Both
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NIOSH recommendations and ACGIH TLV s usually are based on more recent
information than are the OSHA standards. The OSHA standards also may
be required to take into account the feasibility of controlling
exposures in various industries where the agents are used; the
NIOSH-recommended standards, by contrast, are based primarily on
concerns relating to the prevention of occupational disease. In
evaluating the exposure levels and the recommendations for reducing
these levels found in this report, it should be noted that industry is
legally required to meet only those levels spec1f1ed by ‘an OSHA.
standard.

‘A time-weighted average (TWA) exposure refers to the average airborne
concentration of a substance during a normal 8- to 10-hour workday.
Some substances have recommended short-term exposure Timits or ceiling
values which are intended to supplement the TWA where there are
recognized toxic effects from high short-term exposures.

VI. RESULTS

A. Environmental

; - There were several departures from good work .practices observed in the
; CGD which deserve emphasis:

(1) With one exception, grinding machines did not have permanent

_sp1ash guards. In order to contain aerosol generated during the ‘o
process, cloth rags were draped over the machine housing (Figure 4).
This was rather inefficient and allowed for repeated skin. contamination
with MWF (Figure 5). At best, even the clean rags were somewhat .oily
and these were used by all workers to wipe their hands.

(2) The employee protective gear program was less than optima1._ _

Al1though workers were provided with gloves, sleeves and in some cases,

aprons, compliance with the protective gear program was minimal. Some

workers had no work gear other than their work clothes, wh11e others
-wore contam1nated gear (i.e. gear impregnated with MWF).

(3) There was no .standard procedure(s) for dealing with skin-
contamination regarding MWF. Workers in some instances washed hands.
every 60 minutes using any of several different cleansers (San1Fresh“
Calgon Eharger“, Barricade™,. and personal soaps).

(4) Hazard warn1ng signs were not posted to identify potential sk1n
irritation or the development of allergy resu1t1ng from MWF exposure.

The f1nd1ngs of the survey did not reveal substantial differences in
the physical parameters of machine set-up and use or process materials
in the routine and prec1s1on grind areas. WNonetheless, there were
striking differences in working conditions encountered in thé two.
areas, including: (a) The assignment of one worker to operate two
machinés in routine grinding, compared to one worker per machine in
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had any symptome;m Using a Chi square analysis, skin discomfort

(symptoms) was found to be significantly more frequent among those in 4‘*q'
centerless grinding (p<.001). None of the workers described symptoms E
or previous episodes suggestive of systemic disease. F -

- Cutaneous Examinations

A total of 66. workers (70%) showed objective signs of dermatitis (Table
5). Many workers in both the CGD (38.8%) and other departments (55.6%)
showed mild redness on the dorsum of the hands which was consistent -
with seasonal dry skin (Figure 6). The more pronounced skin changes
(F1gures 7-9) indicative of chronic irritation or allergic contact
dermatitis were encountered almost exclusively among workers in the
CGD. Eighteen of the 49 grinder operators (36.7%) had findings of
advanced skin disease while there were only 4 workers (8.9%) in all
other. departments with moderately severe dermatitis. The most severe
and extensive skin eruptions (grade 4) were observed only in the CGD
workers; almost one-fourth of the CGD group showed redness, scaling and
: fissuring of the hands, forearms and other sites. Many had dystrophic
i nail changes often associated w1th Tong- standing dermatitis of the

: - - fingertips.

_One worker inuthe:CGD had a dermatitis condition in combination with
psoriasis.. Another worker in plant maintenance (an electrician) with
moderately severe dermatitis described regular exposure to a cleaning o
solution. . This worker also reported wash1ng“bis hands more than 12
times a day (see be10w)

Patch Test Sfudies

Nine of the 14 workers with dermatitis patterns of grade 3 or 4
volunteered. for the patch test studies. The studies were conducted and
interpreted for these 9 workers during a single 5-day period
(in-plant). One participant who had severe dermatitis in the
preliminary office consultations developed a flare of his condition a
number- of months after the in-plant tests; he underwent the same patch
test program at -the Yale Occupational Skin Disease Clinic. This worker
was 1nc1uded with . the 1n-p1ant test group for purposes of the analysis.

There were no substant1a1 pos1t1ve reactions among the group of workers
who.completed the testing program at the plant (Table 6). One of -those
workers had a markedly positive reaction to formaldehyde in an earlier
office consultation. This chemical (formaldehyde) was omitted from the
VS Tray, in this one instance only, to avoid an untoward reaction. The
other worker with a strongly positive reaction to formaldehyde was
tested several months after the initial patch test studies. Each of
the workers. with allergic contact dermatitis to formaldehyde was
immediately informed of the condition. Sensitivity patterns were not
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(3} While the epidemic prbportions-of the dermatitis problem have
declined since August 1981, newer cases persisted through early 1982.
That 2 of 10 workers (20%) were strongly reactive (allergic) to

‘ formaldehyde is most significant. The triazine- and isothiazolone-type

biocides are recognized forma]dehyde-re1eas1ng agents (3,4). Equally
important, however, the quaternary ammonium boicides added to the MWF
that is in use currently, VS 39-100A, also release formaldehyde in
aqueous solution (4,5). Since formaldehyde is a well known sensitizing
agent (4,6), it is.1ikely that new cases will arise from time to time,
particularly if good work practices are not maintained.

(4) Work ﬁractiﬁes in_the CGD are less than optimal. MWF aerosdlf

* containment on CGD machines is inefficient, compliance with the

protective gear program is erratic, there are no standard procedures
for dealing with skin contamination, and worker awareness of potential

hazards associated with MWF exposure is lacking.

*  Conditioner 5 contains 1 3,5-Tris (2 hydroxyethy1)-$ triazine
(Grotan » Lehn and F1nk) ;

*% “Cond1t1oner 11 conta1ns equé? parts .
5—ch10ro-2—methy1-4 isothiazolin-3-one and
2-methy1-4- 1soth1azoi1n 3-one (Kathon™, Rohm and Haas)

‘Synthetic and Semi-synthetic MWF's have been described as skin fﬂﬁx

irritants since they were introduced several decades ago to replace the

-less effective 'straight cutting oils' (7). While the potential for oS
~ these agents to induce allergy was originally thought to be minimal, it

is becoming increasingly clear that many of the biocide, detergent and

" rust prevent1on_add1tives are strong sensitizers (5).

In this study group, 2 of 10 workers (20%) were found to have
formaldehyde allergy. The importance of this finding is underscored by
comparison with large-scale investigations where the prevalence of
formaldehyde sensitivity .in persons with eczema conditions, ranges from
only. 3.2 to 6.3% (9-12). Other chemicals frequently responsible for
allergic contact dermatitis among workers exposed to MWF include
nickel, chromate, ethylenediamine, and various fragrance compounds.
None of the Torrington workers who participated in the patch testing

‘ evaluatxon had such a11erg1es

The data_obta1ned during this study indicate that centerless grinding
workers who were regularly exposed to MWF and additives in a .large,
recirculating, Central Coolant System developed irritant and allergic
contact dermatitis. A number of departures from good work practices in
the Centerless Grinding Department were likely predisposing factors for

. the dermatitis problem. While the frequency of hand washing was not:

statistically associated with the severity of dermatitis, excessive.
hand washing practices (4 or more times per shift) undoubtedly
contributed to skin irritation in a large proport1on of the entire work
force (study population).
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(4) Disposition of workers with dermatitis. The treatment of
occupational dermatitis must be tailored to the circumstances
‘underlying the disorder. Mild irritation can often be treated while
the employee continues usual work activities; more severe cases of
irritation and &i]ergy require a period of convalescence away from the
job. Where poor work practices have led to the skin condition, it is
often possible to alter the work sett1ng and return the affected
person(s) to the same job. However, in most instances of allergic
hypersensitivity, it is necessary to transfer the worker to a new
Tocation where exposure to the causal agent would be unlikely.

Assistance in implementing any phase of the recommendat1ons can be
provided, especially education of workers, medical, safety and other
Torrington Company personnel about this specific problem. It is most
important to emphasize the potential consequences of severe dermatitis.
and the need for development of an effective preventive program.
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For the purpose of informing affected employees, copies of this report
shall be posted by the employer in a prominent place accessible to the
employees for a period of 30 calendar days.












..‘.,;‘.,;Ei Table 4

Symptoms of Skin Disease Reported by 94 workers

in the Broad Street Plant of the Torrington Company

Symptoms Department 76(;’\1:49)- " Other Departments(N=45)
| Itching | 25 (51%) 5 (11%)
Burning - 8(16%) 1(2%)
' j Paresthesias - 2(4%)
1 Unspecified 3(6%) 4 (9%)
- None i 18G7%) 36 (30%)







- Tableé

| ‘Patch Testing Study Results2

§ ; T .
The Torrington Company

‘ ' Résulftsb
;} . Wprker Study Num_ber QS-Hopr Reading _ Comment
E 001 - #3 (1+)C negative at 120-hours
i 004 | #1 (1+) negative at 120-hours
i 008 - #3 (1+) negative at 120-hours
' #18 (1+) " negative at 120-hours
01l - Nsd
015 - #9 (1+) negative at 120-hours
016 . ' #3 (1+) negative at 120-hours
#15 (1+) negative at 120-hours
023 i3 (1+) negative at lzo-ﬁours
' #14 (14) negative at 120-hours
038 | | NS
--058 - - v #23(34) positive at 120-hours
i 059 - | NS
| 067 T a | - all negative
082 - - | o NS
085 i | -  all negative
087 - ' NS -.
089 _ ' #3 (1+) negative at 120-hours

#23 positive during
earlier study

8/ Patch test studies employed the 'VS Tray' (see table 3). '

b/ Results were obtained during parallel studies in all but one case (Study No. 058).
€/ Reactions interpreted on scale of 1-3+; 1+ readings (negative at 120-hours) were
) - considered to be mild irritant reactions.

g d/ NS: No show (declined participation in study).
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