
---

·--------

.: ·•.. 
;:. . .:I.~.,~· . .._... .. ~:: ·: -~.' ~.:·~~~~ . 
u. s. DEPART..itltT OF H!AlTH, £DUCAT!OH, AHU wnv.w: -·... '" ) 

tlJ\TIOHAl INSTITIITE FOR OCCUPATtOHAl SA'Frrt AilD HEAl.nt ...'· · ~~ .
-i:
/,-~i-,:
Z.~ 

·= .. :.. \ 
CINCINNATI. ClffIO 45202 .·.-· ~ 

'."

~
" · '"-'"I

. -:-~~ ·- · ~7- _:··-:~~ 

i~-1·:.~
~ 

l--
, -,

:
·..

·E!·\·\
. , ~.s~

~
...~ 

HEALTH HAZARD EVALUATION OETER~I~TIOH 
REPORT NO. 7Z·118-l04 

"...
~ · . :"·i 

~ARSH PLATING CORPOP.ATION . 
:·

.. 
r 

:·:.'i·t . ..... ·~~: . 
YPSILANTI, MICHIGAH 
DECEr~ER, 1973 ·: .. -\~.. .-;;.::· :~if~~;~ 

. ··"' . • .;, . W-<,[~ 
5"ICTTY 1. OETER,ul'IATlOu . .<. .. ... - · '!;f.. ·" :·'. To /\ ,-, I fl 
~~~ ~·; .. -.. -:..;,~ •~: :.~~-~~.--~..:-_'..?.: 
-~ 

..
T 

It has been determined that exposure to chromic acid. as found w1thin the · 

Nickel-Chrome Plating Department of this facility 1s t oxic. This · e::c~ure 

has resulted in employee complaints of chronic rhfoorrhea("runny.. nose). 

sneezir.g, nasal "sores," t1lood·in the nasal mucou<> after blowing the nosa, 

frequent nosebleeds and skin eruptions. Furtherrrore, 35 of 37(95%) exposed

workers \tho r eceived m~dic:ll examinations we~ shewn to have si gnif1cant 

nasal µathol ogy \-ihile a lesser nuuiber of employees had de•1e·1oped character­

i stic chroMe-induced skin lesions even though airborne concentrations of 

chromi c ac id as measu~d ~uring this evaluation were well below existing

standurds. Those worker-s emoloyed in areas of the plant whel"e chromic 

acid exposure was n~gligible were determined tu be free of cutaneous and 

nasal pa thology suggestive of such exposure. 


The mecha nisms by \·1hich the observed nasal pathology may have de veloped

ari: (1) long term exposure to low_levels of hexavalent chromium in the 

wcrk rno~ atmosphere, (2) direct contact of affected nasal tissues 

\·1i th li(:xava l ent chrorniu111 (such etio'1ogy was demonstrated here to be 

rcl ~ tc~ to poor work prectices ~nd inadequate personal hygiene} , or 

{3) a cc:.1bi natio11 of both above mentioned n;::chanisms. It is be1ieved 

that t h!! nasal da~age otserved at ·this establishment has res ulted 

fr0f'• HF.: combination mechanism. 


In ord~r to ameliorate the existing hazard, recomr.endations have been . offere~ 

to the plant m~na~a~nt reg~rding both the environ~enta) and medical aspects 

of Silfc usage for chrcmic acid. It has been pointed out that major emphasis 

5ho:.ild t,-? qiven to the deve1ooir.ent of an adequate hea1th and safety program 

to a~i: ·ess the need for gcJ~ work practices{eg. proper use of protective gear~ 

the ·ad·1:sc.bi1ity of \·efraining from eating, drinking and smoki ng in work 

areas, l'.~e:p i ng persona1 i tcn·s such as outer garments and handbags outside of 
Hlid~ ar,:as , etc.}, heightened employee a·~areness of existing and potential .. 
hazard~. and educating emp1oyees regarding th~ need for good personal hygiene 
tare . 

II. 01STRIRUTIOU AHO AV1,ILABI LIT'f OF DETERMHIATIOM REPORT . ._.: -:..· · 
. 

Copies of this Detcnninatio~ Report are available upon reques t from .the Haza.rd 
Evalu~t i on Services Branch, J:IOSH, U.S. Post Office Building, Room 508, 5th 
and Walnut Streets. Cincinnatf, Ohio 45202. Copies have been sent to: 

a} Harsh Platin!J\corporation, Ypstlanti, Mtc:h.igan 
b) Authorized Re rcsentative of Employees 
c) U.S. Departme t of labor - Regf on V 

d) NlOSlf - Regi •l V 
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For the purpoits o' tnfom11'9 tht ~.00 •.ifftetM. npf0ytitt• ~" Ml)loYfl' wilf - : 
promptly "post" tht O.tar:win1tfon R•$>0t"'t 1n a ~~nt plt«(J) MM ,m.,.. ·: 
affected emplO,Y9ts WOrX fo.,. a pt,.fod Of 30 Cllltftd.a1' ~. 
.· 


l ! I. INTP.OOUCTTOH


Section 20(a)(6) of the Occupit1onll S~f~ty a~ at.11th-Act of 1910, 2' 
u.s .c. 669(a )(6). authoriz:s the Secretary of »tAlth, Educ.3t1on. and . 
Welfare, fol lowing a written ~quest by any employer or autho~ized ~­
sentative of employees, tv detetmine wnt"the,. any substance non1ally found 
in the place of employment has potentially toxic affacts in such concen­
tratior.s as used or found. 

The National Institute for Occ~pational Safety and ~alth (MIOSH) ~ived 
such a request fro~ the emoloyer and an authorized rspn?sentative of esr,ployees
regarding exoosure to chromic acid and to other potantially toxic substanc~$ 
used in the electroplating plating processes of the Marsh Plating Corporation.
Ypsil ant i . Michigan. The request was initiated after a null".ber of erP.ployees 
filed ~-!orkr.:en's Compensation claims for. medical ailments that \-tere all'e~ 
to result from an occupational exposure to chr-em1c acid. 

IV. HEALTH HAZAP.D E'l.-'.LUATION 

A. D~scription 	of Process - Conditions of Use 

Thi s establish~ent is engaged in the electroplating of small parts for the 
auto~otive i ndustry (eg . seat belt buckles, fasteners, etc.). The plant 
i s divided into biO work areas, situated on two different levels. separated 
by a ~ermanen t wall. The upper level. a low bay, contains two automated 
nickel rack plating lines. Th~ lower level, a high liay. contains one auto­
mated zinc rack olating line. b10 automated zinc barrel plating 1ines. one
manually operated phosphate barrel line and one sporadically used copper­
cadmium barrel line. General area ventilation on the lower level is pro­
vided by a large air make-up unit, however; at the time of the sur1ey there 
was no provis i on for make-up ventilation on the upper level (i.e. the Nickel 
Plating Dapartr.:ent). -All plati ng lines are supplied with local slot exhaust 
ventilat io!'l for tanks which contain potentially hazardous agents (eg. caus­
tics, chromates , phosphates, etc.) . ... 

The automat ed lines are designed in a U-shaped configuration. Employ~ a~ · 
situat ed at the open end of each U-shaped line where the raw (i.e. unplated) 
parts are placed on racks or into barrels . There are six to ten workers . 
assi gned t o each of the three r ack plating oparations and one worker for. 
each of the t wo barrel p1ating ·processes. The automaud lin~s c~~ne~a and 
terminate at employee ·wort: stcltions. .. ..... _,.. 

"::: '.:'::.·-~ ~>:. ~...!:: . 
The manually operated lines consist of a series of rectangular tanks arranged 
in two parallel rows. One employee, assigned to each of these two l1nes 
moves the raw oarts contained in large barrels through the process. The, · 
worker is situated bet\teen the rows of tank·s ~here the barrels are manipulated
wi th the aid of an overhead hoist . 
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·The basic plating process inYolV9s a stsnd~rd strf" of elt1nintJ, ~ickling,
3nd \'tnsing treat.nent.s to preJ)irt the surfac• of p1rt1 for t~ Qlectrolytfc 
deposition of a particular rnatal. Tht phtad parh ;,.. treat.ad with anotMr 
series of wet r fnsfng and a1r drying operations prfor to. f~p.ction and fin.tl 
p~cking. Procedures regarding the utilizlt1on of chroir~tas 1n the h~s1c 
process vary consideraoly 1n accordance with th•· type of ~t.31 plati~. The 
·zinc and copper-cad.intum plating operations on the lower 1~1 of the plant 
employ a ailuto cleor chrome, black chrcma~ and/or dichNlCnat. dip 1n con­
centrations of one to two ounces per gallon of solution at or near ambient · 
t efllperatures. By contrast , the nickel plating 11nH on th• upper level 
utilize technical grade chromium trioxide as chromic acid 1n concentrations · 
of 40 to 42 ounces per gallon of solution at teinp~ratures of 118 to 120 
degrees fahrenhe1t. 

' ! 

All employees are required to ~ar eye prot~ction but safety glasses as 
su~plied by management are· generally not us~. Gloves are also furnished 
t o employees. however. many of the workars elect .not to uti11ze any t~1pe of 
hand protecti on. Employees wearing glov?.s do not remove or store g~Hes 
properly. Personal clothing is worn on the job and this clothino· ·::; dppar­
ently not chan;ed prior to departure from the plant. Other persvr1dl ite;ns, 
such as outer gar:;;ents (i.e. coats, sw~aters) and purses are indiscrimina~ly 
hung or placed near work stations. Eating, drinking and smoking are comnon 
practices in all work areas. 

S. Evaluation Design 

Following a preli~inary observational survey which facilitated recognition
of the most probable health hazard (May l, 1973), it was necessary to r?turn 
t o the plant to conduct more in-depth analyses of employee exposure to ~nromic 
:~id. Pro~edures used to assess the validity of the alleged hazard, included 
on-site interviews with the ·rr.anagement. a walk-through inspection of the work 
place, administration of medical questionnaires to all workers potentially 
exposed to ch~omi c acid in t~~ Nickel Plating Department, as well as a selected 
group of workers from other departments. medical examination of the skin and 
nasal structures of all ~1orkers completing the questionnaire, a~d extensive 
environmental air sampling to detect potentially toxic contaminants in the 

· workroom atmosphere. Furthermore, a ch:-mical "spot test" was used to test for 
the ?resence of hexavatent chromium on a variaty of workroom. surfaces. 

C. Evaluation Methods 
·

Al 1 of th'? 37 employ.~s in the tlickel Plating D~pal"~nt agreed to participate 
i n this study. In addition, 15 workel"S in other areas ot the plant were · 
selected to serve as a control population (1,e. a group of workers not exposed 
to significant quantities of hexavalent chromium). Both groups of \'iOrkers 
were treated in a similar manner. 
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On th• days of the study, each worktr wn indhfd\Htll.)' odllrinhunid a · 
quest1onna1re by a UIOSH H9d1ct1 Officer. Se~, ag., race, ltn9th· of ~10)'­
ment ~t th• plant and a ccaipleta o~cup•tionAl h15tor;Y WtT's t9corded. A 
brtef pdst medtcal history w•' confin.d to tht ea,.,, ~•. thro~t ~nd cut­
aneous structures, as well as any adv•rsa rtt•cttOf\ to c~cal svb-sta~~ 
in general that may hav• occ:urt~ prior to th~ :sti.:.:Jy. R.ag.>rding ~)'f!P~to­
logy. each worker was requested to 1nd1cata tha p,.~~~,~oa or ab1enu of ~~veral 
specific symptoms, including burning or redne's of th~ O)'!t'S, burning of the . 
nose, throat, or chest, rhinorrhea, sneezing, noseble~s. blood i~ tt'kt nas.al 
mucous. nasal sores, and skin eruption,. A po,itive r~~ponsa for any symptom 
was followed by·a question regarding tne nua'tbe~ of t1mes the symptca had 
occurred since the worker was employed. ~.dditionally. th'l 'NOrker wa5 askP.-d 
to estimate ~he length of ·time employed, ~; r iol"' to first observing a particular 
symptom. These latter respon~es were ca tegorized as follows: 1 • 1 day; 
2 "' 1 weeK ;. 3 • l month-; 4 .. 6 months; 5 • l year or lon~er before f11""5t 
noti ng the symptom. In the case of skin enJptions, the worker was asked to 
identify the location of the le~ion(s). . · ­

Each ~iorker receiv~d a physical examination of the skin and nasal structures 
by medical specialists in dermatology and otolaryngology, respectively. All 
medi cal observaticr.s made in the field were ~corded in terms of standard 
descriptive morphology. At. a later date, these records were· r-evi~d by one 
of us (S.R.C.) \~ho had not perforrndd physical examinations in the field. In 
Lhi s way. it became apparent that a precise spectrum of nasal pathology had 
been recorded by the otolaryngologist. A numerical grading system was designed 
on the basis of descriptive morphology and, a statist1cal analysis of employ­
~ent data to establish a temporally related sequence of events. ,The Fisher's 
Exact Test was used to test for the equa1ity of proportions of subjects 
( w;)d-:ci-s) with absent or minor nasal mucosal pathology compared to those sub­
jects with more severe nasal pathology in groups with shorter (< l year) and 
longer (> l year) periods of exposure to chrQmic acid. ­

During this same period of time, environmental air samples were collected 
fro:n the breathing zones of se·veral workers in exposed and control areas.. 
All samples were collected using a vacuum purnp which was operated at a flow 
rate of l.7 to 2 liters of air per minute. Samp1es for zinc, nickel, total 
chrome and phos?hate were collected on 0.45 micron membrane filter paper. 
Cyanid:? and nitr<:te \\ere collected with a midget imping.er containing ten 
milliliters of 0.1 normal sodium hydroxide. Chloride was collected with a 
midget impinger containing ten milliliters of 0.5 molar sod1.um acetate and 
sampl es for h~xavalent chromium were collected on. 5.0 mi~rons polyvinyl­
chlori<le (PVC) filters.· A minimum volume of 100 liters of air was collected 
for each sampla. 

j,•, 

In the laboratory, the membrane filters were wet ashed with distilled nitric 
acid and hydrolyzed with one normal hydrochloric acid prior to analysis. Zinc 
nicke~ and tot~l chromium concentrations were determined by atomic absorption' 
~ethodo1 ogies . The phosphate co~tent of filter samples was determined by 
the u'e of colorimetric analysis. Samples fol"' chloride . cyanide and nitrate 4were analyzed by specific ion electrodes. The method of Abell and Carlsons 
was used to determin~ the: concentratfon of hexavalent chromium. 
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A chemtc~l "spot tut.. wu ust4 to dttiJ(\ tM p~ o1 tt..x.1vlltnt chrO!llltw · 
on varioua surfacts wt thin th• plant. Thi' t•'t W•S od~P't#d frortt the ~tl'>od 
of F!fgl . Prior to th• f1,ld study, our labor!tory ~rsd a one r>er tC.4M'tt 
alcoholic solution of dfph!nylcarbnidt(OPC) u~fng ~thyl alcchc>J and s~ 

· (Ea! tman Kodak). Tht soJut1on was stoM<t· 1n a sm-Of'•qt.'11, din brewn ~tt1• 
to p!'event photod~\.omposition. Tht tlst wts perlormtd by 1~i"1 an orli,,.1"1 
cott~n tipped epplfcator in a stock solution of one nermal sulfuric ;:icid ~ 
rubbing the cot ton tfp vigorously on the surfile• to l>t tttt.1d. OM or t:;;o 
drops of the one per cent alcoholic soluUon of OPC was th~ phced on iM 
cotton tip and in the presence of h!xavalent chrcmi; a· man )f l~s int.M~• ·blu. 
violet to red color was formed. Tha applicate~ were d1searded afU?r each 
test. Hori< tables. racks; pa·r.ts , glove:s, and workar's f1ngen ~ mt.....J for 
the presence of h!xavalent chrome 1n both known ar!as of expo5ul"9 and are4S 
cons~ dered to b! without chromic add (eg. eating. areas, rest TOOiQS, etc.) • . 

. ·: · 

D. Evaluation Criteria 

The Occupational Health Standards promulgated by the U.S. Department of labor' 

(Fed;-ral ·Regist~r• .October 18, 1972. Title 29, C.hapter XVII, Subpart G. 

Table G-1, G-2) applicable to the individual substance of this evaluation 1s 

as fcllows: 


8-Kour Tiri.e Acceptable

Weighted Cei ling 


~ub~tance __~Av~e_r_a~ge~~-C_o~~-ce_n_t_r_a_t1~o_n~,
~ 

C:hrcr:ii c Acid · 3 
&Chromates ••••••••••••• •~.o.1 mg/m * 
Hicke1,meta1 

&soluble com­

3 
pounds as Ni LO mg/11
Phosphoric 3Acid 1.0 rrfJ/m 

3 
Cyanide 5.0 r.:gim
3
Nitric Acid 5.0 r.:g/m 

Hydrogen 
 3 
Chloride 7.0 mg/m
*Approximate milligrams of substance per cubic.meter of air. 


·.. .::,. .~~:}f:~

Occupational Health Standards for individual substances a~ est3h1'fshe<l at 

levels d~signed to protect worxar!; occupa tfona11y e.xposed on an B-hour per 

d~y. 40-hour per wee~ basis ov~r a normal working lifatime. Where the 

standard is recorded as a cei.1 fng concentratfon. th& leval of that substance · 

fn the work room atmosphere shall a.t no time exceed that value. · 
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Additionally. thv Nationil Jnst1tut.t for Occup1tio,,-ll Saft.ty, and H~~1 th {tll~H) 
h~s publf!h~ the "Crit1ria For A RtcOl"Tl'lindtd Stand~rd••••Occupitional Ex~~r• 
to Chr<>l'l'ic Acid." The limit recC>fTmltnd~d 1n thh documtnt h lower· ~or chronic 
acid than the Federal Ceiling Concentration. tt is 11stad for .the rea5on that 
the more restrictive 11mtt may eventually bt adopt.d as ·~ F~n~r~l - ~~an<!~rd. 

8-Hour Time Acc*ptabla 

Wt1ghbd · Ce11ing 


Substan~e Average Conctntration 


3 3Chromic Acid 0.05 rtfJ/m * 0.1 rtrg/ta

*Approximate milligrams measured as chrcmium trioxide 

per cubic meter of air. 


Biological criteria for toxicity to chromic acid was based on nasal and denna­
tolog1c examinations (See results). · 

E. Evaluation Results and Discussion 

1. Medical Questionnaires 

The demographic data concerning the electroplate workers in thts study is shown 
in Table I. Although exposed and control groups are not well matched for sex 
distribution~ there is no known difference be~Aeen the male and fefl'4le biolo­
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 work~rs 
in the nickel-chrome plating area than for those workers in other areas of the 
plant {see Table II). It is of interest that no worker in the control popula­
tion complained· of nasal sores• Thes9 sores wer~ defined as discrete areas of 
nasal irritation which burned intensely when the affected nostril was manually
coll apsed. Moreover, the temporal app~arance of syrnptcms 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 1n 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 11 picklin911 operation in proximity to their work stations and workers 
in the nickel-chrome area were not so exposed. This would explajn .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 Examtnat1ons 

The criteria used to grade tht apptarance of tht n1s1l rnucos~ ar8 ~scr1~ 
in Table III. 35 or the .37(!>5%) workt" tn th• expond group had p.tti.ol09fc 
ch3nges in the mucosa. floM or thtsa worx·&rs Nporttd ony previous job · 
experience that involv~ exposure to chrcmfum compounds, Table IV shows 
th~ distribution of the varfous types of na5al lesions among the workers in 
the exposed group. All but one worker in the control group had normally
appearing nasal mucosae. Th~ cmi>loyee in the control group with a nasal · 
lesion had a well circumscdbed, one centimeter perforation of the cartila­
ginous septum. However, 1n contradistinct1on to the hyperemic, actively 
weeping. crusted appedrance of the· lesions seen in the exposed h'orkers (Le.
with perforated sept'Jms), this control subj~ct had a perforation surrounded 
by completely normal mucosa. The control subject had only beefl employed 
three .mcnths. -\'lhereas the exposed subjects with perforations had been e::;plo)'~ 
between four and eleven years. On further questioning, t he worker in the 
control group denied any previous history of nasal trauma or nasal surgery
but described working more than three years 1n a garment manufacturing opera­
tion where sh~ was e!'lgaged in the dying of fabric~. Since chromium compounds 
have wide industdal applications as dye mordants. the occupational history 
offered by this on~ 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 Vshows that 9(43~) of the workers employed one year or less in the 
nickel-chrome plating area-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 potho1ogy. On ·the other hand, 15(94%) \'.''.' l'"k~rs employed 
longer than a year had oore severe nasal lesions compared -.:o 12(57~} workers 
with similar pathology ~-tho worked one year or less. The association between 
ler.gth of employment and the development of 1ncr~asingly severe nasal patholog
i s significantly pc~itiva at the p • .01 level. Or. stated another way, 
workers employed or.~ 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 ~fa continuum that starts with a shallow 
eros i on of the mucosa and ultimately goes on to a perforation. The data is 
not complete enough to incicate whether grade 2 precedes grade 3 or visa 
versa but other observers have suggested that the ulceration caused by chromic 
aci~ Hill bea?9e an atrophic scar ff the worker fs removed from t~e industri al 
env1ronment. · :__ .·-:·.-: 

Five workers 1n the nickel-chrome plating area had characteristic •chrome · 
bites" or ..chrome holes" on the hands. These eruptions appeared as single 
or ~ultiple , centrally ulcerated papules that had penetrated into the under­
lying soft tissues . The b~se of the ulceration was often covered with an
exudJte or an adherent cru t. Uone of the workers in the control group had 
skin eruptions suggestive f the type of chrome-induced l~sions seen i n the 
exposed group. Many of th workers 1n the control group demonstrated
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eczernatou3 eruptions thit Apptjl"ft<l to t>. h-J"it.Jnt fn n!tU,., btit cou1d aho 
ba accounted fo.,. by an alla~fc cc11t.act dtrmatf th.. Th• P'rh uud in ~ 
control areas ot th• phnt r!~fn~ a htuy ce1ting ttl cutting oil 1n ~ida · 
the,Y had bHn shipped frem th• manufacturtr'. Mc~ than likely, tM eutt1ng 
oil was re.. ponsfbla for tht skin eruptions obnN!t'J fo ~ centl"Ql ~p, 
particularly fn on the casa of abdor.rLial lesions \•1nich rtt'ultad frellf t;,., ~
age of cutting into the \'#Of"li:g~• ouU.r garments.. Com:er ,.1,., 'i~l! 
1rrf t ant-type lesions t1ere raNly obnrv~ among the worhr:s exp<>sed to 
chromic acid. This may explain why employHs fn ttHl e~ed gnup ~
that dermatologic syrnptcms appeared between six months and a :r-ar afur 
starting work, whereas employees in th~ control group developed problea.s . 

. within the first month on the j.ob ." · · 

3. Environmental Survey 

Regarding enviro~ntal air sampling, 101 samples were colla-cted froit the 
nickel-chrome plating area and control areas of the plant. ·The laboratory 
perfonned 147 analyses for potential environmental contaminants. The ~ults 
for total chromf:, nickel, zinc, cyanide, nitrata, chloride and hexavalent 
chrome concentrations a,re reported in Table VI . While the air concentrations 
of total chrome ;.nd he.xavalent chrome were sign.ificanUy Mghel'" in the 
exposed areas of the plant, without exception, all potential contaminants 
in the plant wel'"e several orders of m~gnitude below the allowable Federal 
Standards , as well as the more rest rictive proposed HIOSH Standards for 
"safe" exposure to these compounds. 

The diphenylcarbazide {DPC) spot test was. carried out in all areas. of the 
plant. In the nickel-chrome plating area all of the racks on wh ich the parts 
were hung prior to plating were positiv~ for hexavalent chrome. 9 of 12 
(75Z) "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 di gits as well. Since many of the exposed workers did not wear any glove 
protection, the sk in on the f i nger tips of these workers was t ested. 9 of 
13 (6 9~ ) workers' fir.ger tips were positive. In certain control areas (1 . e . 
zinc and copper-cadmiumplating) t he racks were weakly positive foll°"'ing 
the pla ting operation. As prev:vusly mentioned, a very dilute solution of 
clear chrome (a ·brightener) was used in t hese areas which woul d explain the 
presence of hexavalent chrome in minute quantities. The gloves worn by 
workers on the zinc lines· were all ne9ative 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 
i n t he absence of glove usage. 

Other areas of t he plant were tested 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 wera also 
positive. In the restrooms~ the. counter surfaces and faucet handles on the 
sinks were weakly positive . The cloth towels used in the restroan dispensers 
were positi ve in every instance where they had been ·recently moistened. 

I 


,' l 

.... 

r

­



·····- --·· ···------------­

.... ..4. Dhcunion 

The~ are only ftv~ studies 1n tht sc1tnt1f1c 11ttrat\n"$ in which an at~t 
has been made to correlate envfronl!IQn~l 1ev9l' of chromic acid wtt~1 ~14 observed toxic responsain (human) nasal structur<!' (see Tablt VII}. • 
These studies were conducted in electroplating· faet11t1es and each 1nvesti­
gation demonstratad adversa effacts aft•r relativtly short pertods of expo· 
sure (i.e. length of employment). Nasal irritation was consistently ob~erved 
at en~iron~ental air levels a~ low as 0.1 ~il11grams ~r cubic metar of air 
(mg/m ) • however. concentrations associat.d with na5al pathology ~re mo~ 
frequently recorded at ten to fifty times above this level. In Bloomfi~ld's 
study, nasal perforation developed in th.ree worke~ with periods of exposure
ranging fro:'ll 6.5 ~o 20 MOnths. K1e1nf1eld found four workers with nasal 
perforation whose respective periods of exposu~ ranged irt:m 2 to 12 mooths. 
In all of these investigations, poor environ~~ntal control of chr0r.1ic acid 
mist was considered to b?. the most important contributory factor in the 
development of nasal lejions. 

In contrast to t ·1e older literature, the. study being reported herein showed 
a very high incidence of nasal pathology which developed over a protracted . 
period of time at extre~ely low environmental levels of exposure to chromic 
acid. While oincr n!sal lesions were detected aftar relatively short periuds 
of exposure, nasal p:rforations (as observed in our four cases} were not 
detected in \'/Orkers witn 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 exist1ng Federa1 Standard for a safo exposure to chro ~ 
mic acid ~ight be set at too high a level to prevent the development of nasal 
carnage over a prolonge<l p2riod of time. (3) Hexavalent chrome per se, \-1hich 
h!s not been previously measured alone as an environm~ntal co~taminant. may 
cause adverse ·effects at the environmental concentrattons detected in this 
study. (4)°"0ther factors, such as poor wor.k ·habits and inadequate personal 
hygiene may be playing a greater role in the development of nasal lesions 
than has been susgested in the older literature. 

Concerning the first possibility, all other poten.tia1 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 
1n the nicke1-chrow.e plating area which might conceivably be ~sponsible for 
the develop~ent of nasal lesions was n1tric acid. Not only was this agent
found in neg1igib1e concentrations in the atmosphere, bu.t there was no respi­
ratory disability associated with the nasal lesions in these electroplate 
workers which ~ould be ~xpected in the case of a significant exposu~e to this 
ac id. Additi ona11y, the control population in this study was also exposed to 
nitric add and therew~re· no derr.onstra.b1~ nas.al effects in this grou~ . There­
fore, it is unlikely that anoth~r agent was r.~sponsible for the obser-1ed 
nasal patrology in the expostd group of emplo1ees.
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Th.? current sta·ndard fow- what h con'11!"'" to t>. a "saf.e• e~;po~ur~ to chromfc· 
ac1d has b~en review~d quita racantly. It has been .rec~nded that the 
present F§deral Standard. a ceiling l~v•l of 0.1 mg/~3 • should be lowered to · 
0.05 r::g/m (calculated as an 8-hour tfo:e-wtightad av~rags concentrativr.). tlo 
consider~t1on has _be9n given to tha poss1btlity that ·signs and symptoms of 
nasal damage may occur at the low envh·onmen!al leveh detected .1n this studJ 
(rr:ean total chror.ie concantrat1on 0•.0071 .mg/m ). The d~.,nstrJt1on o, a 
statistically posittve association between tha workers' length of exposure 
and the development of increasingly savere n~sal pathology su9gests that very
low concentrations of chromic acid in the -~ ,~'l'IOsphere may, in fact, play a rol~ 
over long periods of time. 

. .. 
16 Furthermore. although Samitz has demonstrated that chromium 1s a se.-ious· . ....

health hazard only when 1t is encountared in the hexavalent state, there has 
been no research .available to date on which to base a $tandard for safe expo- · 
sure to hexavalent chrome. It should be pointed out t '· :t a genera1 air sample
for chromic acid may conta1n both the hexavalent and t r.-.valent species of 
chro:nium and the precise ratio of these species can not be appreciated with­
cut special analytical techniques as employed in our study. It is entir3

0 1y 
possible that levels of hexava1ant chrome between .000019 and .0091 mg/m , 
as r..~asured during this investigation~ may produce nasal daNg~, whereas 
ch:·omic acid analyzed as total chrome raay be innocuous at much greater con­
centrdtions (i .e. given that a high proportion of the chromium is in the 
trivalent state). 

Fina11y. work practices at this faci11ty·were review~d in great detail by the 
au:hors. One of us (S.R.C.): after observing. employees through more than · 
~1xteen hours of normal operat1ons , was able t~ make the following observa­
tions: (a) The majority of wor.ket's. in th.is pl ;; .. ;: did not wear any type of 
per sonal protective gear, even where this gear was readily available (eg . 
safety glasses and gloves). (b) Emp'loyees were noted to wear clothing that 
had oft en been soiled by the moisture from the plating racks. (c) Employees 
\;ere cl>served to frequently wipe their faces and . pick their noses with un­
washed hands and while wearing wet ·gloves. (d} Employees wearing gloves 
y.iere not trained to rer.-:-0~! the gloves in accordance wi t:t good. industrial 
t1y9ier.e practice. (e} Contaminated· gloves were· carri ed into eating areas 
and placed on tables · and chairs. (f} Smoking cigarettes, eating food 
and drinking beverages in the work areas was the rule rather than the 
exception . These activities w~re obser~ed to bring the wet gloves or 
hands of the worker in close proximity wi th the nose. (g) Workers were 
rarely r.oted to wash their hands befol"e eating or leaving the plant. (h} 
Mo.st of the employe:es hung their sweaters, handbags and other arti~les 
of clothing on t he work tables wher~ these items ~re invariable soiled · 
with contJminated fluids fro1n the ph:ting rac~s. · 

There \ias a profound lade of emphasis by both managen:ent and labor on the 
p~inc iples of good industrial hygiene practice and personal hygiene needs • . 
These ·circur:1stances may be of greater importance in determining the etiologic . 
f ac tors contributing to the development of nasal lesions than the ambient . 
level s of chromic acid. The transfer of chromic acid from the work surfaces 

.-~ .: • .f' 

.. :-. ·:·.., 
.:·

' .... ·..... 

. .............. ..._....... ..
·~ 

.·; . . . 
:.· .._ •.: ~ 

.. 
:.::J:...- ;.·:. : 

:.. .. 

- l 

.·r. 
•..... 

. .,. .. 

. ·; ::~.:ot...: 
~-

­

http:chror.ie


./
Page 11 - Health Hazard Evtluatton R.t~rt 7Z-111 

to n3sal ti3SUiS ap~t~ t~ b• a signiffcant consld.r~iion fo11ow1n~ 
our observation of th•wor~trs. Tht Cl"'!d1bi11ty Of this •tr~nsfer" or 
"direct cont.ict" eti~logy wn born out by th• ~'ult1 of suM~quent OPC 
"spot ta.sting" for chrcmfc; ac:id on varfovs wor-kroc:oe surlac.u. Heuv~lent 
chrOl::e was datected on racb, parts, tt0rlc t~blas,· 9104/H (tn-sid• and 
outside) and thl) "fing!r tips of a maJortty of won.,-, 1r. the nfcul-
chrome plating area. Th& trua ~xt.ant of poor worx practices was under­
scored by the finding of hexaval~nt chrcme, not only on wor~ a~a 
surfaces. but also in eating areas and ~strooms as well. · 

While occasional mention of' the nHd for good industrhl hygiene: practicas
(other than adequata venttlation) and good P~'°'onal hygiene care 1s fOt1nd 
1n the 11terature. direct contact of th~ nasal tissues with chromic acid · 
has not been formally consider"'<i as an etiologic m&eh~nism 1n the develop­
ment of nasal pathology. A "dH·ect contac"'" etiology may help ·to explain
why the length of exposure prior to the de~clopment of nasal 1~sions has 
ra1.;cd so widely ·1n the older liter~turs and 1n thtt cul"rent ;nvestiga.tion. 
Thus, a worker \·1ith a good individual ;</O}"k prac'; ·lcss and per.;onal hygiene 
care may be free of pathology whila \•1orking in the same plant atmsphe~ 
as a fellow employee who has a nasal perforation. The latter etnployee 
wo~ld be expected to have less than acceptabla work habits and personal 
hygiene care. 

The "direct contact" etiology of nasal damage 1n chremk-acid expose<l
workers was not considered in previous studies, possibly becaus_e 
environmental -exposures were relativ!ly high. Howev~r. follow-up evalua­
tfo~s are lacking 1n all of the older studies an~ if anything. evP.n w~re 
environmental controls have significantly reduced ambient levels of chrcmic 11acid. nasal pathology h~s still be~n observed at these lower concentrations. · 
By defining a spectrt.<:> of nasal pathology in our study. the early de~ction 
of chrome-induced lesions should be facilitated prior to the development of 
scptal perforation. io 1:stabl1sh an ongoing continuity of health care for 
workers potentially exposed to chromic ac1d, the importance of an oc~upa­
tional health program cannot be overef119hasized. A ccmpleta description of 
the usefui2ess of an occupational health program has ~n revi~d els~where 
by Cohen. .. The work of Samitz and hh co-work:?~ indicates that improved
industrial hygiene practices and the utfli~ation of chr-cme ~duc1ng solu­
tions and oint~ents Can help to SUCCt3sfully lOWt§ t~e incidenc! Of cutaneeus 
and nasal pathology in chromate expo$ad ~rxers. • 

In surrmary·, chromic acid mist and solution, as found and used in the Nickel 

Plating Department of this establishment is considered toxic. As a ~sult 

of this exposure, 35 of 37(95%) electroplate \rorxars in this area have 

develop~ significant nasal pathology wh11~ a les3~r nu~b~r of ~mp1oye~s 


have sustained skin lesions. Workar.s in other a~as of the plant ~~I""'! eva­

luated and determined to be free of the signs of chromic acid exposure. 
The ir.echanisms by which the opserved.nasal pathology may have deYelcped : · _·. · 

are (1) long term exposure to low levels of h~xavalent chrcmium in t.~e ~ork 

room atmosohere. (2) direct contact of affected nasal tissues with hexavalent 

chromium (such etiology was demonstrated here to be related to ooor work 
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practices and inadeq_u~te ptrSO!lil hyg11ne), .or (3) .a .tomb1natfon .of 
both above ment1ona4 l!l4chan1sms. lt 1s b1l11Yid thit the naial d~9e 
observed at trih s:>tablhl)ll)ii}nt ·has ruultad fT01'11 the combination ~chanfs=. 
Additional studies are naaded to addr!S$ thf3 subject in more d~ts1l~ 

tn order to ameliorata the existtgg hazard, th• rtconmendations offered 
in the NIOSH MCritdr1a Docu~~ntM · rsgard1ng both the env1ronrnenta1 and 

·med1cal standard of safe u~agt· for chrcn:a1c.acid •••• should bl! undertak~ 
by the plant J:'lanagement. Particular emphasis should be giYen to the · 
development of an adequate health ~nd saf~ty program to addr1?$S tU need 
for good work practices (eg. p\"'Oper use of protective gear, the advis­
ability of r!fraining from eating, drinking and smoking 1n work areas, 
keeping personal items such as outer garme~ts and handbags outside of 
work areas, etc.), hei9hten2d employee awareness of existing and poten­
tial hazards, and educating employ~e~ regarding ·the need for good p~t'SOna.l 
hygi·ene car~. Furthermore, a prev2ntive and pr-ot~ctive regimen using a 
10% ascorbic acid solution and/or ointment (i.e. for cutane<Jus. an-0 nasal 
st:uct~5es). ~s proven effective 1n the printing and lithography 1ndus­
tnes, is s -.?"Ongly advised. . . 
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TABLE I 


OEHOGRAPHJC Of\TA COr!CERttt'llG 52 7.ECTROPLATE ~IORKERS 

WITH J\HD WITHOUT HPOSURE TO CHRC:·IIC J\C ID 

,· 

Exposed (t/ 2 37) Non-Exposed (tl=l 5) 

Sex Distribution 

male 

female 

7 

30 

9 

6 

Mean f,ge {years) 29. 1 
(range 18-57 ) 

31.1 
(range 18- 63) 

Race Distribution 
• 

caucasian 36 . . 15 

black 1 0 

Hean length of 
Employment {months ) 

26. 9 
(range 0.3-132) 

2s .1· 
(ran9e O. l-96) 
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TAW JI 

SY!iPTOns REPORT££> FRO!~ 52 ELECTMPlAT£ mRKE'RS 


UITH ANO HlntCUT HPOSURE TO .CHRC:~lC AC!O 


Approx. length of 
Symptom Total tUorkers Employment eefore 

Reporting Syr.:ptcm(~) · Noticing S~ptc:J • 

Exposed (t:,.37) t:on-Exposed (r:•i5} . Expos~d llon-txposed 

Sneezing 20(77) 3(20) 2.5 1.7 
.. 

Rhinorrhea 31(84) 5(33) 3.1 2.6 
~ . . 

Blood in 16(43) 2(13) 3.2 . 2.0Uasa1 l·~ucous 

. 
Nos~bleed 11(30) 2(13) .­ 3.5 3.0 

tlasal Sores 23(62) 0( 0) 3.9 -
..Skin Eruption 14(38) 6(40) 4.5 2.1 

• Numbers· rapre-s~nt th~ mean estill'<ltion of tim-! repo.rted by a11 workers . 
(i.e. prioJ" to first noticing S}111ptom) according to .the fol10ttfo9 
classifications: 1 a one day; 2 • one week; 3 • one month; 4 a six 
months; and 5 • one year OJ" longer. See text. 
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TA9U IU . ·

Grade 	 Morpho1ogic /\ppearane~ 

0 	 Hor:nal nasal mucosa. 
1 	 Shallow erosion of s?ptal mucosa 

with or without crusting* · 

2 	 Ulceration and crusting of septal 
mucosa with or without scarr1ng** 

3 	 Avascular, scarified areas ·or septa1 
mucosa without erosion or ulcerat-ion 

4 	 Perforation of septal mucosa 

Crust ing is defined as the presence of brO\-m-i ·.; exudate overlying a 
lesion on septa1 mucosa. 

* 	 Scarring is def ined as the presence of avascu1ar (i . e. punctat~,
glistening \>thite) areas on septal mucosa. 
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Tt\BU JY 

MORPHOl.OCilC APPEl.RA~tCE OF. ~IAS.a.L MUCOSA Hf 52 H£CTTWPLATE HGR~E~~ 

WITH MID WITHOUT EXPOSU~E TO .CHROHtC ACID 

.. . . .. 
Grade I ~./orkers{~) 

Exposed{tl•37' · Uon-Exposed(H,.15) 

0 2( 5) 14(93) 

1 8(2?) -
2 · . 12(32) .. 

3 11(30) -
4 4(11) 1( 7)* . 

* Worker report ed an occupational history suggestive
of previous exposure to chromat~s. See text. 
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TABLE V 

CONTlllGENCY TABLE SHOWt~G NUl·IBERS OF H!PLOYEES WITH 'MIUOR Arm HORE SEVERE NASAL HUCOS.6L PAOOLOGY 

FOR nm GROUPS OF ELECTP.OPLATE WORKERS EXPOSED TO CHROMIC ACID 

____.. ..,., .. -,,.. Uo/Minor Pathology
(Grade 0-1) 

More Severe Pathology
{Grade 2-3-4) 

Tot.al 

Workers ·Employed
1 Year ·or Less . 9(43i)• 12(572:} 21 

\lorkers Employed
Hore Than 1 Year 1( 6%) 15(9U) 16 

Total 10 27 31 ...:·: ! .... t~..~~-· -· 
 : · t. ; . ~ .,

*Percentage of row total . 
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TJ\OLE VII . . . .. ' 

I 
. . - •

A REV IEU OF ALL STUD IES 1'11ERE Ml ATW!PT HAS DWI MME T0 CORRELATE CHROMIC AC IO· EXPOSURE I.NO TOXIC EFFECTS'_;,;;'

t Cases Hith n~an Lcnrh of Range of AtmosphericStudy I Subjects Nasa1 Path_o1ogy{%) Employment months) Concentrations(mg/m3)~ . 
. ·.
.;

Blllomfield A·n.d Bloom10 19 11(58) 6.5 0.. 12 - 5.6 ;·.
>(range 0.25-36} ....' 

•. .. Zvaiffor ·and Gresh11 >100 .. 0.42 1.2** -
l

Vig1iani and Zur1o12 150 0.11 - - - 0.15**
l

Kleinfield and Russo13 9 . 7(78) 6., 0 .18 - 1.4 
(range 0.5-12) 

4 Gomes1. 25!l 161(62) <0.1 - - >1.0**

. '
Cohen, Lavis, Kr~~kcn~ski 37 35(95) 26.9 0.0014 - o.o~.93 

{range 0.3-132) 

Reported as milligrams per cubic mctcr(air) of total chrome.* 
** Mcdica1 and environn:<!ntal llsrtetsof surv~y not performed simultaneously. 
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TAGLE VI 

RESULTS OF ENVIRO?mF.NTAL SA!lPLING FOR ATMOSPHERIC CONTAMINA.'flS 

. 
Hickc'!_--~~~ Plating Arca 

Chemical Substance I S11mpfos . Mean Atmosphcri c 
Conccntration(mg/m3) 

Total Chrome 36 0.0071 : 

Control Plating Areas 
# Samp les Y.eJ.n A.bi'.O$pl-~ri c 

Concentration(:;q/c)) 

12 o.oo~n 
(range !ID~ -6.0493) 

Hexavalent Chroma 25 0.0029 
(r"angc ND . ... 0!0091) 

14 .Nickel 0.0271 
(range.0.0089-0.0712) 

3 


0 


frange WO -0.0001) 

0. 0003 
(range 0.0001-0.000-t} 

-
Zinc 

· Phosphate
' . \ 

Cyanide ·. 

rtitratc . .

:~ =\ ·:J<t:.r·::.. :·'.;'. :'..', ..· 
... 

., ; ,.•. ! .

:;,~:~~ .;~~~~r.~~

0 

·o 

7 

7 

." ..6 

-
- . 

NO 

. 0.0888 : 

{range 0.0313-0.1660) 

0.1607 ! 

(r~nge 0.0339-0.~$80} 

g 

9 

1 
: 

·7 

s 
~ .:.... -: 

0.0016 
(rang~ O.ooaa-tl.00~ 

O.GM5 
(nng' ~ -n.0221) 

0.COS7 . 
(r&nge ~o ~wO.SSS) . 

0-.052~ 
{nnge 0.020S·O.C-Sl7) · · 

0.0521 
(range o.ons-O. l257i 
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