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U.S. DEPARTHENT OF HEALTH, EDUCATION, AMD WELPARE
NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AHD HEALTH -
CINCINNATI, GHIO 45202 o * 5

HEALTH HAZARD EVALUATION DETERMINATION S )
REPORT NO. 72-118-104 ggi% i ol
MARSH PLATING CORPOPATION . B BEwmips 2t

YPSILANTI, MICHIGAN
DECEMBER, 1973

TOXICITY DETERMIMATICN

It has been determined that exposure to chromic acid, as found within the St
Nickel-Chrome Plating Department of this facility 1s toxic. This exposure
has resulted in employee complaints of chronic rhinorrnea("runny® nose),
sneezing, nasal "sores," blood-in the nasal mucous after blowing the nose,
frequent nosebleeds and skin eruptions. Furthermore, 35 of 37(95%) exposed
workers who received medical examinations were shown to have significant
nasal pathology while a lesser number of employees had developed character-
istic chrome-induced skin lesions even though airborne concentrations of
chromic acid as measured curing this evaluation were well below existing
standards. Thosa workers employed in areas of the plant where chromic

a2cid crposure was negligible were determined to be free of cutaneous and
nasal pathology suggestive of such exposure.

The mechanisms by which the observed nasal pathology may have develcped
are (1) long term exposure to low levels of hexavalent chromium in the
work room atmosphere, (2) direct contact of affected nasal tissues
with hexavalent chromium (such etioilogy was demonstrated here to be
relcted Lo poor work practices and inadequa*e personal hygiene), or

(3} a ccubination of both above mentioned wrchanisms. It is believed
that the nasal damage obsarved at this establishment has resulted

from tne combination mechzanism.

in ordar to ameliorate the existing hazard, recommendations have been offered
to the plant manazerent ragarding both the environrental and medical aspects
of safe usage for chremic acid. It has been pointed out that major emphasis
should L2 given to the devalopment of an adequate health and safety program

to add ess the need for gooc work practices(eg. proper use of protective gear,
the acdvisebility of refraining from eating, drinking and smoking in work
areas, keeping personal items such as outer garments and handbags outside of
work arzas, etc.), heightened employee awareness of existing and potential
hazards, and educating emplioyees regarding the need for good personal hygiene
care. ’ ; :

DISTRIBUTION AND AVAILABILITY OF DETERMIMATION REPORT

Copies of this Determfnatioﬁ Report are available upon request from-the.Hazafﬂ
Evaluztion Services Branch, I'IOSH, U.S. Post Office Building, Room 508, 5th
and Walnut Streets, Cincinnati, Ohio 45202. Copies have been sent to:

a) Marsh Plating| Corporation, Ypsilanti, Michigan
b) Authorized Rejresentative of Employzes

c) U.S. Departme)t of Labor - Region ¥

d) HNIOSH - Reginy V
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‘The automated 1ines are designed in a U-shaped configuration. Employees are
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For the purposss of informing the 30-80 "a7fsetsd mﬁym" ta mlw will ';
promptly “post* the Detarmination Raport in a prominent placa(s) near whers s
affected employess work for a pariod of 20 calsndar days, -

INTRODUCTION

Section za(ak 6) of the Occupational Safsty and Health Act of 1570, 29
U.S.C. 669(a)(6), authorizss the Sscretary of Health, Education, and
Welfare, following a written request by any employer or authorized repra-
sentative of employees, t. detarmina wnather any substance normally found
in the place of employment has potentially toxic affacts in such

trations as used or found. - woey

The Mational Institute for Occupational Safety and Health (NIOSH) received
such a request from the employer and an authorized representative of employees
regarding exposure to chromic acid and to other potentially toxic substances
used in the elactropiating plating processes of tha Marsh Plating Corporation,
Ypsilanti, Michigan. The request was initiatad after & number of emplcyees
filed ‘lorkmen's Compensation claims for medical ailments that were alleged

to result from an occupational exposure to chremic acid. :

HEALTH HAZARD EVALUATION

A. Doscription of Process - Conditions of Use

This establishment is engaged in the electroplating of small parts for the
automotive industry (eg. seat belt buckles, fasteners, etc.). The plant

is divided into two work areas, situated on two different levels, separated
by a vermanent wall., The upper level, a low bay, contains two autcmatad
nickel rack plating lines. The lower level, a hich bay, contains one auto-
rated zinc rack plating line, two automated zinc barrel plating lines, one
manually operated phosphate barrel line and one sporadically used copper-
cadmium barrel line. General area ventilation on the Tower level is pro-
vided by a large air make-up unit, however, at the time of the survey there
was no provision for make-up ventilation on the upper level (i.e. the Nickel
Plating Dapartment). A1l plating lines are supplied with local slot exhaust
ventilation for tanks which contain potentially hazardous agents (eg. caus-
tics, chromates, phosphates, etc.).

situated at the open end of each U-shaped 1ine where the raw (i.e. unplated)
parts are placed on racks or into barrels. There are six to ten workers .
assigned to each of the three rack plating oparations and one worker for
each of the two barrel plating processes. The automaled lines coswence and
terminate at employee work stations. e

The manually operated lines consist of a series of rectangular tanks arranged

in two parallel rows. One employee, assigned to each of these two lines,

moves the raw parts contained in large barrels through the process. The

worker is situated between the rows of tanks where the barrels are manipulated
with the aid of an overhead hoist. o

.
-
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The basic plating process involvas a standard seriss of cleaning, pickling,
and rinsing treatments to prepars the surface of parts for the alectrolytic
deposition of a particular metal. Tha platad parts are treatad with another
series of wet rinsing and air drying operations prior to inspaction and final
packing, Procedures regarding the utfilization of chrowatas in the hasic
process vary considerably {n accordance with the type of metal plating. The
zinc and copper-cacmium plating operations on the lower level of the plant
employ a dilute clear chrome, black chromata and/or dichromats dip in con-
centrations of one to two ounces per gallon of solution at or near ambient
temperatures, By contrast, the nickel plating l1ines on the upper level
utilize technical grade chromium trioxide as chromic acid in concentrations
of 40 to 42 ounces per gallon of solution at temperatures of 118 to 120
degrees fahrenheit,

A11 employees are required to wear eye pratect1oﬁ but safety glasses as

* sunplied by management are generally not used. Gloves are also furnished

to employees, however, many of the workasrs elect not to utilize any tvpe of
hand protecticn. Employees wearing glovas do not remove or store gluvses
properly. Personal clothing is worn on the job and this clothina “5 appar-
ently not changed prior to departure from the plant, Other perscaal items,
such as outer garments (i.e. coats, sweaters) and purses are indiscriminately
hunc or placed n2ar work stations. Eating, drinking and smoking are common
practices in all work areas. _

5., Evaluation Design

Following a preliminary cbservational survey which facilitated recognition

of the most probable health hazard (May 1, 1973), it was necessary to raturn

to the plant to conduct mora in-depth analyses of employee exposure to laromic
2cid. Procedures used to assess the validity of the alleged hazard, included
on-site interviews with the management, a walk-through inspection of the work
place, administraticn of medical questionnaires to all workers potentially
exposed to chromic acid in th=: Nickel Plating Department, as well as a selected
group of werkers from other departments, medical examination of the skin and
nasal structures of 211 workers completing the questionnaire, and extensive
environmental air sampling to detect potentially toxic contaminants in the

“workroom atmosphere. Furthermore, a chomical "spot test" was used to test for

the presence of hexavalent chromium on a variety of workroom surfaces.

C. Evaluation Methods : _ : SR

A1l of tha 37 employees in the Mickel Plating Department agread to participata
in this study. In addition, 15 workers in other areas of the plant werz
selected to serve as a control population (i.e. a group of workers not exposed
to significant quantities of hexavalent chromium). Both groups of workers
vere treated in a similar manner. '

©
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On the days of the study, each workar was individually aéministersd a
questionnafre by a HIOSH Hedical Officar, Sex, age, race, Tength-of employ-
ment at tha plant and a complets occupational history wers recorded. A

brief past medical history was confinad to the ears, noss, throat and cut-
aneous structuras, as well as any advarsa reaction t0 chemical substancas

in general that may hava occurcad prior Lo the study. Regarding sywptomato-
logy, each worker was requested to indicata tha prasanca or absence of several
specific symptoms, including burning or redness of tha ey#3, burning of the
nose, throat, or chest, rhinorrhea, sneezing, nosebleeds, blood {- the nasal
mucous, nasal sores, and skin eruptions. A positive rusponse for any sympteom
was followed by a question regarding the numbar of times the symptom had
occurred since the worker was employed, Additionally, tha worker was asked
to estimate the length of time employed, ,rior to first observing a particular
symptom, These latter responses were caltegorized as follows: 1 = 1 day;

2 =1 week; 3 = 1 month; 4 = 6 months; 5 = 1 year or longer befors first
noting the symptom. 1In the case of skin eruptions, the worker was asked to
identify the location of the lesion(s). ' )

Each viorker received a physical examination of the skin and nasal structures
by medical specialists in dermatology and otolaryngology, respectively. All
madical observaticrs made in the field were recorded in terms of standard
descriptive morphology. At a later date, these records were reviewed by one
of us (S.R.C.) who had not performed physical examinations in the field. In
this way, it became apparent that a precise spactrum of nasal pathology had
been recorded by the otolaryngologist. A numerical grading system was designed
on the basis of descriptive morphology and, a statistical analysis of employ-
ment data io establish a2 temporally related sequence of events., The Fisher's
Exact Test' was used to test for the equality of proportions of subjects
(workers) with absaent or minor nasal mucosal pathology compared to those sub-
jects with more severe nasal pathology in groups with shorter (< 1 year) and
longer (> 1 year) periods of exposure to chremic acid.

During this same period of time, environmental air samples were collected
from the breathing zcnes of several workers in exposed and control areas.
A1l samples were collected using a vacuum pump which was operated at a flow
rate of 1.7 to 2 liters of air per minute. Samples for zinc, nickel, total
chrome and phosphate were collected on 0.45 micron membrane filter paper.
Cyanida and nitrcte were collected with a midget impinger containing ten
milliliters of 0.1 normal sodium hydroxide. Chloride was collected with a
midget impinger containing ten milliliters of 0.5 molar sodium acetate and
samples for hexavalent chromium were collected on. 5.0 microns polyvinyl-
chloride (PVC) filters. A minimum volume of 100 litars of air was collected
for each sampla. g ;

In the laboratory, the membrane filters were wet ashed with distilled nitric
acid and hydrolyzed with one normal hydrochloric acid prior to analysis. Zinc
nickel, and totgl chromium concentrations were determined by atomic absorption’
rethodologies.” The phosphate cogtent of filter samples was determined by
the use of colorimetric analysis.”™ Samples,for chloride, cyanide and nitrate
were analyzed by specific ion electrodes.” The method of Abell and Carlson5
was used to determine the concentration of hexavalent chromium.



http:imping.er

?aga 5 - Health Hazard Evaluation Rapert 72-118 . o

A chemical "spot tast" was ussd to detsct the prasencs of hexavalant chromfum
on various surfaces within tha plant, This tast was adapiad 7rom tha method
of Faigl.” Prior to the field siudy, our 1aboratory rad a one per cant
alcoholic solution of diphanylcarbazida{OPC) using athy) alcono) and 3-07C
(Eastman Kodak). The solution was storad 1n a semi-ooague, darx brown Sottle
to prevent photodscomposition, The tast was performed Dy immersing an ordinsry
cotton tipped applicator in a stock solution of one nermal sulfuric acid and
rubbing the cotton tip vigorously on tha surface to be tastad., One or 0
drops of the one par cent alcoholic solution of DPC was then placed on the
cotton tip and in the presence of hexavalent chroms a mors >f 1ess intensa dlue
violet to red color was formed. The applicators wera discarded after each
test. Work tables, racks, parts, gloves, and worker's fingers were tzsted for
the presence of hexavalent chrome in both known areas of exposurs and areas
cons*dered to ba without chromic acid (eg. eating arsas, rest roces, etc.).

D. Evaluation Criteria

The (ccupational Health Standards promulgated by the U.S. Department of Labbr
(Federal Registar, October 18, 1972, Title 29, Chapter XVII, Subpart G,

Table G-1, G-2) applicable to the individual substance of this evaluation is
as fcllows:

8-Hour Time Acceptable
Weightad Ceiling
Substance Average Concentration

Chrenic Acid 3
& ChromatesS..ceeeeaseasaasa0.1 mg/m™*

Nickel,metal -

& soluble com- 3

pounds as Ni 1.0 mg/M - -

Phosphoric 3

Acid , 1.0 mg/m -

Cyanide 5.0 ro/m> " )

Hitric Acid 5.0 mg/m3 -

Hydrogan 3 : . A
Chloride - 7.0 mg/m - - e

*Approximate milligrams Of substance per cubic meter of air. et

Occupational Health Standards for individual substances are established at
levels dasigned to protect workars occupationally exposad on an 8B-hour per
day, 40-hour per week basis over a normal working lifatime. Where the
standard is recorded as a ceiling concentration, tha lavel of that substance
in the work room atmosphere shall at no time exceed that value. '
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Additionally, the Nationa) Insztituts for Occupational Safaty and Health (NIOSH)
has published the “Critaria For A Reccmmended Standard....Occupationa) Exposurz
to Chromic Acid.™ The limit recormend2d in this document is lower 7or chromic

acfd than the Federal Ceiling Concentration. It 15 11stad for .the reason that
the more restrictive 1imit may eventually be adopted as tha Faderal. Standard.

8-Hour Time Accaptable

Heightad Cailing
Substance Avarage Conccntration
Chromic Acid 0.05 ma/m>* 0.1 mg/a°

¥Kpproximate milligrams measured as chromium trioxide
per cubic meter of air,

Biological criteria for toxicity to chromic acid was based on nasal and derma-
tologic examinations (See results). :

E. Evaluation Results and Discussion
1. Medical Questionnaires

The demographic data concerning the electroplate workers in this study is shown
in Table I. Although exposed and control groups are not well matched for sex
distribution, there is no known difference between the male and female biglo-
gical response to chromic acid. Other variables such as age, race and length
of employment are not significantly different for the two study groups.

With the exception of skin eruptions, the incidence of each of the other index
symptoms (i.e. consistent with chromic acid exposure) is higher for the workers
in the nickel-chrome plating area than for these workers in other areas of the
plant (see Table 11). It is of interest that no worker in the control popula-
tion complained of nasal sores. These sores were defined as discrate areas of
nasal irritation which burned intensely when the affected nostril was manually
collapsed. Moreover, the temporal app2arance of symptems was described quite
differently by exposed and control groups. In fact, the mean length of time:
before noting the appearance of any given symptom. was reportedly less in the
control group than in the exposed group. It should be mentioned that the con-
trol population, for the most part, was exposed to harsh acidic fumes emanat-
ing from a "pickling” operation in proximity to their work stations and workers
in the nickel-chrome area were not so exposed. This would explain.the general
similarity of symptoms reported by each group, as well as the reason for the
earlier onset of symptoms in the control group.
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2. Medical Examinations

The criteria used to grade tha appearanca of the nasal mucosa ars described
in Table II1. 35 of ths 37(952) workers in the exposad group had patiologic
changes {n the mucosa. lions of thesa workers raportad any previous job
experience that involved exposurs to chremfum compounds, Table IY shows

the distribution of the various types of nasal lesfons among the workers in
the exposed group. A1l but one worker in the control group had normally
appearing nasal mucosae. The employee in the control group with a nasal -
lesion had a well circumscribed, one centimeter perforation of the cartila-
ginous septum. However, in contradistinction to the hyperemic, actively
weeping, crusted appearance of the lesions seen in the exposed workers (f.e.
with perforated septums), this control subject had a perforation surrounded
by completely normal mucosa. The control subject had only been employed
three menths, whereas the exposed subjects with perforations had been ermloyed
between four and eleven years. On further questioning, the worker in the
control aroup denied any previous history of nasal trauma or nasal surgery
but described working more than three years in a garment manufacturing opera-
tion where she was engaged in the dying of fabricg. Since chremium compounds
have wide indust-3i2} applications as dye mordants. the occupational history
offered by this one control subject with a nasal perforation suggested a
previous exposure to chromates which may account for the lesion. In the
absence of nasal defornity, there was no reason to suspect a lepromatous or
syphilitic origin for the perforation. -

Table V shows that 9(437) of the workers employed one year or less in the
nickel-chrome plating zrea had either no nasal lesions or very minor patho-
logic changes. Only 1{6%) of the workers employed for more than one year had
no or minor nasal pathology. On the other hand, 15(94%) w~rkers employed
longer than a year had more severe nasal lesions compared o 12(57%) workers
with similar pathology who worked one year or less. The association between
lergth of employment and the development of increasingly severe nasal patholog
is significantly pecitiva at the p = .01 level. Or, stated another way,
workers employed one year or less at this facility have significantly less
nasal pathology than workers employed for longer periods of time. In general,
this temporal pattern or trend would seem to support the contention that each
grade of pathology represents part of a continuum that starts with a shallow
erosion of the mucosa and ultimately go2s on to a perforation. The data is
not complete enough to indicate whether grade 2 precedes grade 3 or visa

versa but other observers have suggested that the ulcaration caused by chromic
acid will begoge an atrophic scar 1f the worker 1s removed from the industrial
environment. ™’ ;s ar

Five workers in the nickel-chrome plating area had characteristic "chrome:
bites" or "chrome holes" on the hands. These eruptions appeared as single
or nultiple, centrally ulcerated papules that had penetrated into the under-
lying soft tissues. The bese of the ulceration was often covered with an
exudate or an adherent cru§t. Hone of the workers in the control group had

-

skin eruptions suggestive ¢f the type of chrome-induced Jesions seen in the
exposed group. Many of th? workers in the control group demcnstrated
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eczematous eruptions that appearad to be {rritant in naturs Dyt could alse
be accountad for by an allargic contact darmetitis., The paris usad in the
control areas of the plant ratainad a haavy coating of cuiting oil in which
they had been shigp«d from the manufacturar, Hors than 11kaly, the cutting
oil was re-ponsibla for the skin eruptions obiarvad in ths control group,
particularly in tha casas of abdeminal lesions wnich rasultad from the ssep-
age of cutting oil into tha workars’' outar garments, Conversaly, simpla
irritant-type lesions vere rarsly observad among the workars exposed to
chromic acid. This may explain why employses in tha exposed group reportad
that dermatologic symptcms appeared between six months and a year afisr
starting work, whereas employess in tha control group developed prodlems . -

_within the first month on tha job.

3. Environmental Survey

Regarding environmental air sampling, 101 samples were collacted from the
nickel-chrome plating area and control areas of the plant. The laboratory
performed 147 analyses for potential environmental contaminants. The results
for total chrome, nickel, zinc, cyanide, nitrate, chloride and hexavalent

chrome concentrations are reported in Tabla VI, Uhile the air concentrations

of total chrome and hexavalent chrome were significantiy higher in the
exposed areas of the plant, without exception, all potential contaminants
in the plant were several orders of magnitude below the allowable Federal
Standards, as well as the more restrictive proposed NIOSH Standards for
“safe" exposure to these compounds. :

The diphenylcarbazide (DPC) spot test was carried out in all areas of the
plant. In the nickel-chreme plating area all of the racks on which the parts
were hung prior to plating were positive for hexavalent chreme., 9 of 12
(75%) “protective” rubber gloves worn by workers tested positively and all
but one of those gloves was positive for hexavalent chrome on the inside of
the digits as well. Sinc2 many of the exposed workers did not wear any glove
protection, the skin on the finger tips of these workers was tested. 9 of

13 (69%) workers' finger tips wer2 positive. In certain control areas (1.e.
zinc and copper-cadmium plating) tha racks were weakly positive following
the plating operation. As prev..usly mentioned, a very dilute solution of
clear chrome (a brightener) was used in these areas which would explain the
presence of hexavalent chrome in minute quantities. The gloves worn by
workers on the zinc lines were all negative for hexavalent chrome inside

and four of five tested were negative on the outside of the digits also. No
worker in the control group had a positive response on the finger tips even
in the absence of glove usage.

Other areas of the plant were testad for the presence of hexavalent chrome
and it was found that the surface of tables in the eating areas were all

positive. The handles on the vending machines in the eating areas were also

positive. In the restrooms, the counter surfaces and faucet handles on the
sinks were weakly positive. The cloth towels used in the restroom dispensers
were positive in every instance where they had been recently moistened.




R R - ol St

T

BT POg »  TRRTE

Page 9 - Haalth Hazard Evaluaiion Report 72-113

4. Discussion

There are only five studias in tha sciantific 1itaraturs in which an attempt
has been made to correlate environmental 1avals of chromic acid with, 4he
observed toxic responsain (human) nasal structurss (see Table VII}.'"”
These studies were conducted in electroplating facilities and each investi-
gation demonstratad adversa effacts aftar relativaly short periods of expo-
sure (i.e. length of employment), Nasal {rritation was consistently observed
at engironmental air levels as low as 0.1 nilligrams per cubic metar of air
(mg/m°), however, concentrations associat.d with nasal pathology were more
frequently recorded at ten to fifty times aboye this level. In Bloomfiz2ld's
study, nasal perforation developed in three workers with periods of exposure
ranging from 6.5 to 20 months. Kleinfield found four workers with nasal
perforation whose respactive periods of exposure ranged frem 2 to 12 months.
In all of these investigations, poor environmental control of chromic acid
mist was considered to te the most important contributory factor in the
development of nasal lesions.

In contrast to tue older literature, the study being reported herein showed
a very high incidence of nasal pathology which developed over a protracted
period of time at extremely low environmental levels of exposure to chromic
acid, While mirer nasal lesions were detected aftar relatively short periuds
of exposure, nasal parforations (as observed in our four cases) were not
detected in workers with less than forty-eight months of exposure. There
are a number of possible explanations for these unusual findings: (1)
Another agent in the plant atmosphere might be responsible for the nasal
pathology. (2) The existing Federal Standard for a safe exposure to chro-
mic acid might be set at too high a level to prevent the development of nasal
camage over a prolonged pariod of time. (3) Hexavalent chrome per se, which
has not been previously measured alone as an environmental contaminant, may
cause adverse effects at the environmental concentrations detected in this
study. (4) Other factors, such as poor work habits and inadequate personal
hygiene may be playing a greater role in the development of nasal lesions
than has been suggested in the older literature.

concerning the first possibility, all other potential atmospheric contaminants
were sampled during the study and no other agent was detected in concentra-
tions of a significant nature. Other than chromic acid, the only agent found
in the nickel-chrome plating area which might conceivably be responsible for
the development of nasal lesions was nitric acid. Not only was this agent
found in negligible concentrations in the atmosphere, but there was no respi-
ratory disability associated with the nasal lesions in these electroplate
workers which would be expected in the case of a significant exposure to this
acid. Additienally, the control population in this study was also exposed to
nitric acid and therevere no demonstrabla nasal effacts in this group. There-
fore, it is unlikely that another agent was responsible for the observed
nasal pathelogy in the exposed group of employess.

: i

\
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The current standard for what {3 consifgr&d 2o be &8 "safs” e;Bosurq to chromic

acid has been reviewad quita racantly, it has baen,racommended that the
present Fgderal Standard, a cefling {avii of 0.1 mg/m”, should be lowered to
0.05 mg/m” (calculated as an 8-hour time-waightad avsrags concentration). Ho
consideration has been given to tha possibility that signs and symotoms of
nasal damage may occur at the low envfronmen§al levels detected in this study
(mean total chrome concantration 0.0071 mg/n~), The demonstration of a
statistically positive association between tha workers' length of exposure

and the development of increasingly savere nasal pathology suggests that very
low concentrations of chromic acid in the ::mosphere may, in fact, play a role
over long periods of time, ; :
furthermore, although Samitz-16 has demonstrated that chromium is a serious
health hazard only when it is encountzred in the hexavalent state, there has
been no research available to date on which to base a standard for safe expo-
sure to hexavalent chrome. It should be pointed out t:t a general air sample
for cnromic acid may contain both the hexavalent and tr.valent species of
chromium and the precise ratio of these spacies can not be appreciated with-
cut special analytical techniques as employed in our study. It is entirﬁly
possible that levels of hexavalant chrome between .000019 and .0091 mg/m,
as rmeasured during this investigation, may produce nasal damagz, whereas
chromic acid analyzed as total chrome may be innocuous at much greater con-
centrations (i.e. given that a high proportion of the chromium is in the
trivalent state).

Fin2lly, work practices at this facility-were reviewed in great detail by the
auznors. One of us (S.R.C.). after observing employees through more than
sixteen hours of normal operations, was able to make the following observa-
tions: (a) The majority of workers in this pl: = did not wear any type of
personal protective gear, even where this gear was readily available (eg.
safety glasses and gloves). (b) Employees were noted to wear clothing that
had often been soiled by the moisture from the plating racks. (c) Employees
were Cbserved to frequently wipe their faces and pick their noses with un-
washed hands and whila wearing wet gloves. (d) Employees wearing gloves
were not trained to remov2 the gloves in accordance wita good industrial
hygiene practice. (e) Contaminated gloves were carried into eating areas
and placed on tables-and chairs. (f) Smoking cigarettes, eating food

and drinking beverages in the work arcas was the rule rather than the
exception. These activities were obseried to bring the wet gloves or

hands of the wiorker in close proximity with the nose. (g) Workers were
rarely roted to wash their hands before eating or leaving the plant. (h) -
Most of the employees hung their sweaters, handbags and other articles

of clothing on the work tables wher2 these items were invariable soiled

with contaminated fiuids from the plating racXks.

There was a profound lack of emphasis by both management and labor on the
principles of good industrial hygiene practice and personal hygiene needs. .
These circumstances may be of greater importance in determining the etiologic
factors contributing to the development of nasal lesions than the ambient
levels of chromic acid. The transfer of chromic acid from the work surfaces
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to nasal tissuas appaarsd to be a significant consideration following
our observation of tha workXars. The cradibility of this "transfar” or
“direct contact” etioloay was born out by the results of subsequent DPC
"spot tasting" for chremic acid on var{ous workrocm surfacas. Hexavalent
chrome was datacted on racks, paris, work tablas, gloves (inside and
outsida) and ths fingar tips of a majortty of workers in the nickal-
chrome EIating area. Tha trua axtant of poor work practices was under-
scored by the finding of hexavalant chreme, not only on work area
surfaces, but also in eating areas and rasirooms as well. '

While occasional mention of the nead for good Industrial hygiene practices
(other than adequata ventilation) and good parsonal hygiene care is found
in the litarature, direct contact of the nasal tissues with chromic acid:
has not been formally considered as an etiologic mechanism in the deyelop-
ment of nasal pathology. A "direct contact™ etinlogy may help to explain
why the length of exposure prior to the dayelopment of nasal lasions has
ranjed so widely in the older litarature and in the current investigation.
Thus, a vorker with a good individual work practicas and personal hygiene
care may be fres of pathology whila working in the same plant atmisphere
as a fellow employee who has a nasal parforation. The latter employzse
would ba expected to have less than acceptable work habits and personal
hyaiene cara. :

The "direct contact" etislogy of nasal damage in chrcmﬁc-acid exposed
workers was not considered in previous studias, POSsidly because
environmental exposures were relatively high, However, Tollow-up evalua-
tions are lacking in all of the older studies and if anything, even where
environmental controls have significantly reduced ambiant levels of chromic 1
acid, nasal pathology has still been obsarved at these lower concentrations,
By defining a spectrum of nasal pathology in our study, the early detaction
of chrome-induced l2sions should be facilitated prior to the development of
scptal perforation. To establish an ongoing continuity of health care for
workers potentially expossed to chromic acid, the importance of an occupa-
tional health prosram cannot be overemphasized. A ccmplete description of

. the usefuigess of an cccupational health program has been reviewed elsewhers
by Cohen. * The work of Samitz and his co-workars indicates that improved
industrial hygiene practices and the utilization of chreme reducing solu-
tions and ointments can halp to succassfully Towgg ?Be incidence of cutanecus
and nasal pathology in chromat2 exposed workers, ~°?

In sumary, chromic acid mist and solution, as found and used in the Nickel
Plating Department of this establishmant i5 considered toxic. As a resuit

of this exposure, 35 of 37(95%) electroolate workars in this area have
developed significant nasal pathology whil2 a lessar number of amployeas

have sustained skin lesions. Workars in other areas of the plant were 2va-
luated and determinad to be free of the signs of chromic acid exposure.

The mechanisms by which the obpserved_nasal pathology may have develeped )
are (1) long term exposure to low leyels of hexavalent chromium in the work
room atmosochere, (2) direct contact of affected nasal tissues with hexavalent
chromium (such etiology was demonstratad here to be related to poor work :
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Eracticas and inadequata parsona) hygisne), or (3) a combination of
oth abova mentionad machanisms, It 18 baliayed that the nasal damage
observed at this establichment has rasultad from the combination mechanfsa,

Additional studies ars neasdad to addrass this subject in more detail.

In order to ameliorata the existing hazard, the recommendations offered
in the NIOSH "Critaria Document"'™ regarding both the envirommental and

‘medical standard of safa usaga for chromic acid....should b2 undsrtaken

by the plant management., Particular emphasis should be given to the
development of an adequate health and safety program to address the need
for good work practices (eg. proper use of protective gear, the advis-
ability of refraining from eating, drinking and smoking in work areas,
keeping personal {tems such as outar garments and handbags outsids of
work areas, etc.), heightenad employee awareness of existing and poten-
tial hazards, and educating employ2es regarding the need for good personal
hygiene care. Furthermore, a prevantive and protective regimen using a
10% ascorbic 2cid solution and/or ointment (i.e. for cutaneous and nasal
structgﬁes). as proven effective in the printing and lithography indus-
tries,” 1is sirongly advised.
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TABLE 1

DéHbGRAPHIC DATA CONCERNING 52 "LECTROPLATE VCRKERS

HITthHB WITHOUT EXPOSURE TO CHRCHIC ACID

Non-Exposed (1=15)

Exposed(1=37)
Sex Distribution
male 7 9
female 30 6
Fean fge (years) 29.1 31.1

(range 18-57)

(range 18-63)

Race Distribution

caucasian 36 15
black 1 0
llean Length of 26.9 26.1

Employment (months)

(range 0,3-132)

(range 0.1-96)




TABLE 11

SYHPTOMS REPORTEQWFROH 52 ELECTROPLATE HORKERS
HITH AND WITHOUT EXPOSURE 7O CHRCMIC ACID

: ' Approx. Length of
Symptom Total #llorkers Employment Before
Reporting Symptem(s) - Noticing Sympten *

Exposed(t1=37) {lion-Exposed(li=15)] Exposed |Hon-Exposed

Sneezing 28(77) 3(20) 2.5 1.7
Rhinorrhea (88) 5(33) 3.1 | 2.6
Blood in B &

Hasal Mucous 16{43) 2‘13) 3.2 0
Nossbleed 11{30) 2013) 3.5 3.0
Nasa) Sores 23(62) o{ 0) 3.9 L

Skin Eruption 14(38) 6(40) { 4.5 2.1

* Numbers represent the mean estimation of tim2 reported by all workers.
(i.e. prior to first noticing symptom) according to the following
classifications: 1 = one day; 2 = on2 week; 3 = one month; 4 = six
months; and 5 = one year or longer. See text. v

Sl




~18- FE

TABLE 111

CRITERIA FOR GRADING APPEARANCE OF NASAL HUCOSA

Grade Morpholeqic Appaarance
0 - Normal nasal mucosa 2 h 2

1 _ Shallow erosion of szptal mucosa
; with or without crusting*

2 Ulceration and crusting of septal
mucosa with or without scarring*

3 Avascular, scarified areas or septal 4
mucosa without erosion or ulceration

4 Parforation of septal mucosa

Crusting is defined as the presence of brown' 7 exudate overlying a
lesion on septal mucosa.

* Scarring is defined a5 the presence of avascular (i.e. punctate,
glistening white) areas on septal mucosa.




TABLE 1V

MORPHOLOGIC APPEARANCE OF NASAL MUCOSA IN 52 ELECTROPLATE LIORKERS

WITH AND WITHOUT EXPOSURE TO CHROMIC ACID

Grade | ¢ Qorkérskﬁ}
| | Exposed (N=37" f!on'-E;msed(fi=15)
0 2( 5) Im(ga') bt
vl s | - |
2 '-1_2(32) I
3 n(.so). -
4 a(m) " 7)*

* Horker reported an occupational history suggestive
of previous exposure to chromat2s. See text.




TABLE V

CONTINGENCY TABLE SHOWING KUMBERS OF EMPLOYEES WITH MINOR AND HORE SEVERE MASAL MUCOSAL PATHOLOGY

FOR THO GROUPS OF ELECTROPLATE WORKERS EXPOSED TG CHROMIC ACID

— No/Minor Pathology More Severe Pathology Total
(Grade 0-1) (Grade 2-3-4)
Fhaarir Lo 94z 12(57%) 1 a
k .
KeraiTan 1 Voar 10 6%) 15(241) 16
- Total \ 10 _ 27 37

L
[

Y % parcentage of row total.
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TABLE V11
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£ Cases With

{range 0.3-132)

Study # Subjects Nasal Pathology(%) Emﬁ?ﬁ?mtﬁ%?ggng:s) ngzgﬁtgztﬁgﬁgiggiggg*
G1nontield and Bloon'? 19 11(s6) ranc S 25.36) 0,02 - 5.6
Zvaifler and Gresh!) »100 - - 0.42 - 1.2%*
Vigliani and Zurlo'? 150 * s 0.1 = 0.15%#
Kleinfield and Russo's 9 - 7(78) (rangg.8.5-12) 0.18 = 1.4
comeslf 258 161(62) 5 @1 - s1.0m
Cohen, bavis, Kramkowski 31 35(95) 26.9

0.0014 = 0.0493

*

Reported as milligrams per cubic meter(air) of total chrome.

** Madical and environmental aspeetsof survay not performed simultancously.

A _REVIEW OF ALL STUDIES WHERE AM ATTEMPT HAS BEE! MADE TO CORRELATﬁ CHROMIC ACID EXPOSURE AND TOXIC EFFECTS' ~

o i

R .

B




F......‘<-r_ par e s -"A-r—--{- T, ‘—‘-w-‘ e ”‘

ARy

1 .
LR W AT ""W*“' v &-"-*“‘""’““” A I T RN

,V i |p_”{: 5 e e TR AT

TABLE VI
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RESULTS OF ENVIRONMENTAL SAMPLING FOR ATHOSPHERIC CONTAMINANTS

Chemical Substance

Nickel-Chrome Plating Areca

Control Plating Arezs

# Samples | ‘ean Atmosphcric § Samples Vean ﬁtmorpher1c
~ Concentration(mg/m3) Concentration(zg/m3)
Total Chrome 36 0.0071 12 0.0001
- (range 1D*  -0.0493) (range UD  -G.0037)
Hexavalent Chrome 25 0.0029 3 0.0033
(range ND _ -0.0091) (rangs 0.0801-0.0004)
Nicke) 14 o 0.02N 0 -
(range 0.0089-0.0712)
Zinc 0 - 9 0.0316
| ; (rangz 0.06003-0.0042)
I :
; " Phosphate 0 - 9 0.004%5
3 : (range X0  -§.0227)
i Cyanide 7 XD 7 0.5057.
; § . "~} (range KO  -0.0838) |
f lNitrate 7 0.0888 . 1 00529 ;
j ; (range 0.0313-0,1660) (range 0.0206-0.0317)
“Cnloride 6 0.1607 e 0.052
A} piradales 4 (range 0.0339-0.3880)f ' ¢ (range 0.0118-0.1257]
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