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PREFACE 


The Hazard £valuations 
of 

and Technical Assistance Branch of NIOSH conducts field 
investigations possible health hazards in the workplace. These . 
investigations are conducted under the authority of Section 20(a)(6) of the 
Occupational Safety. an~ Health Act of 1970, 29 U.S.C. 669(a)(6) which 
authorizes ~he Secretary of Health and Human Services, following a written 

. request from any employer or ·authorized representative. of employees, to 
determine whether any substance -normally found in the place of .employment has 
potentially toxic effects in such concentrations as used or found. 

The Hazard Evaluations and Technical Assistan·ce Branch also provides., upon 
re<;1uest., ·medical ., nursing, and industria'l hygiene technical and consultative 

·. 	 assistance (TA) to Federal, sta:te, and local agencies; labor; industry . and 
other groups or individuals to control occupational health hazards and t~ 
prevent related trauma and · disease.. · 

. ' 

Mention of company names or products does not constitute endorsement by the 
.National Institute for Occupational .Safety and Hea-1th. · 

-... ···-·---------··~.. - -.. -- - ·- -­
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I . SUMMARY 

On February 1, 1982, the National .Institute for Occupational Safety and 
Health .(NIOSH) received a request to evaluate employee exposures to 
chromic acid at a con·denser dipping operation ·at Modine Manufacturing, 

. McHenry, Illinois. The requestor was concerned with potential heal.th 
: •, 	

hazards associated with the di_ppi ng operation. · . 
... 
,.< 	
j ~ In March 1982, NIOSH · investigators conducted an initial survey during

wh_ich a bulk sample of the dip solution _was collected. - In May 1982, 
·envi~onmental samples were collected to assess employee exposures to 
chromium(VI} [Cr(VI)] and zinc ~hromates, local exhaust ventilation 
measurements were taken, and confidential questionnaires were· 
administered to seven employees who were currently working or -had 
recently -worked at the dipping operation. · 

Personal breathing-zone air samples showed a· time-weighted average 
(TWA} concentration for Cr(VI} of 0.7 micrograms per cubic meter 
(ug/m3) of air (NIOSH recommended standard - 1 :ug/m3) for the dip 
tank operator, and no· detectable levels for the buffer or an area 
sample taken about' 15 feet from the dip tank. Zinc chr.omates were not 
detected in two personal bre~thing-zone air. samples. · 

.. 	 Wipe samples indicated Cr(VI) contamination spread throughout the 
dipping and buffing operations and was determined to occur via direct 

3 	
.! handlin~ of plastic: caps used to ca~ the ·treads of the condensers 

during the dipping operation, the handling of objects by the dip tank 
operator, · and the handling of . the condenser units by the buffer. 

Results of the medical · questfonnaries revealed one reported case of 
dermatitis in the l)uffer, various other reported ·signs of mucous · . 

: : • membrane irritation among other employees ~ and complaints of nausea and 
1i_ghtheadedness. · · · 

The low levels of Cr(VI) detected at the dip tank operati on indi cat~ · 
that the ventilation system was operating effectively~ Ventilation 

· measurements showed an .average -velocity of 140 feet per minute (fpm} a.t 
the face of the exhaust hood of ·the dip tank operation. · 

On the basis of the· data collected .in this study, NIOSH -~as 
concluded that~ health hazard did not exist at this plant due_to 
exposure -to airborne Cr(Vl} or zinc chromates at the time of the 

. survey. However, a .potential hazard did exist due to poor work 
practices in the handling of-. the dip .solution. Recommendations for 
controlling -the spread of Cr(VI) are included in the body of thi_s 
report~- · 	 · 

KEYWORDS: SI~ 3479 (.Coating; Engraving, and Allied Services, Not 
_Elsewhere Classified}~ coatiilg~ rust p,reventive, ·chromium (·VI}, chromic 
acid, dermatitis. 
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II . INTRODUCTIOK 

On February 1, 1982, an authorized representative of employees 
submitted a Health Hazard Evaluation request regarding the health 
conseq·uences faced by employees exposed to a condenser dipping
operation at the Modine Manufacturing Comp~ny, McHen.ry, Illinois. ·The 
request centered around potential employee exposures to chromic acid . 

· mist at a condenser dipping operation which had been installed in early 
January 1982 . Workers reported being able to smell an odor and a 
feeling of illness associated with the chrome dipping operation. 

NIOSH investigators responded to .the request by conducting an initial 
survey .of the plant on March 26, 1982. An opening conference was held 
followed ·by a walk-through survey of the plant, and a bulk' sa!llple of. the dip solution was collected for qualitative analysis. · On May 20, 
1982, NIOSH investigators returned to the plant to conduct 
environmental sampling for chromium (VI} [Cr(VI)] and zinc chromates, 
and to administer confidential employee questionnaires. 

III. BACKGROUND 

A. Plant Production 	and Work Force 

Modine Manufacturing· has been involved in · the production of aluminum 
condensers, evaporators, and auto coolers since 1962• . The. plant has a 
production rate of approximately 40,000 ·units per month. 

The plant was operating two shifts per day at the time of the initial 
survey and· provided employment for us ·production workers, 10 . 
maintenance workers, and 32 administrative personnel. Employees work 
an 8-hour shift, 5 days per w~ek. 

B•. Process Description and Employee Duties 

Radiator condensers which are assembled. in other areas of the pl ant are 
brought to the dip tank . · Alodine NR3 is mixed with water in the 
proportions of· 40% Alodine and 60% water and place·d in. the -dip tank . 
Condensers are manually placed on a pivoting rack by the dip tank 
operator and· lowered into the .dip tank solution for approximately 15 to 
20 seconds. Excess solution is then blown off the condenser using a 
low flow air hose, flexible plasti~ caps are removed from the treads· of 

· the condenser, and the condensers are placed onto conveyor racks which 
lead to an oven for drying. Flexible. plastic caps removed from the · 
condensers were place in a box, taken to the buffing operation, and . 
reused. 

Condensers exiting from the oven are remQved from the racks by the 
buffer, who then buffs the treads with a pneumatic wire brush~ . places
the recycled flexible plastic caps back on the treads, and then places 

· the units·__ on pallets for movement to other areas of the plant. 
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C. Engine~ring, Administrative, and Person~l Protecti_ve Controls 

The· dip tank operator is required to wear eye protection, face shield,' 
rubber gloves, a rubber apron; rubberized sleeve~ extending above the 

. elbows·, and rubber b_oots. · The buffer was required to wear ·safety
glasses and rubber gloves. 

The dip tank operation is run only during the second shift and for only · 
approximately 2 - 3 hours per shift, about ·once every week or two. · The 
b_ack side of the · dip tank was ventilated approximately one month ·after 
operation was begun. · 

IV'. EVALUATION DESIGN AND METHODS 

. During the initial ~urvey of March 1982, bulk samples of the chromic 
acid solution used at the dipping operation were taken for qualitative 
analysis of trace metals and subsequently revealed the presence of zinc. 

The environmental evaluation conducted May 20, 1982, consisted of 
ventilation· measurements, personal breathing-zone sampling for Cr(VI}
and zinc chromates (reported ·as zinc}, and ·area sampling for Cr(VI). 

·Cr(VI} spot tests were conducted on workers' hands and several surfaces 
for the detection of Cr(VI). 

A. · Sampli.ng for chromic aci"d mist [specifically Cr(VI} and zinc 
chromates] was conducted using polyvinyl chloride filters connected via 
tygon tubing to ·personal sampling pumps calibrated at ·a flow of 1.5 
liters per minute· • . Personal exposure·s were obtained by placing the 
filter cassette in the worke.rs' · breat~ing zones and area samples were 
obtained by locating the sampling train .at a water test station located 
approximately 15 feet from the· dip tank. · 

B. The c'r(VI} spot test is a qualitative colorimetric test for the 
presence of the Cr(VI) ion. This test was conducted on work surfaces 
and employees' hands. The test ·is a modification of the analytical 
method for Cr(VI} (P&CAM 169} and involved moistening -a filter paper 
smear tab:with distilled water, thoroughly wiping the surface. Qf 
interest, placing a drop of 1 N H2S04 and one drop of · . . 
di phenyl carbazi.de on the fi 1ter paper, and rioting any col or change. · A· 
reddish-violet color change is indicative of the presence of the· Cr{VI) 
ion • . Possible interferences for ·the diphenylcarbazide me_thod include 
many of .the heavy metals including iron, copper, nickel, and vanadium~ 

c·. : Measurements of the local exhaust ventilation present ·at the dip 

tank were obtained using an air velocity meter. These measu.rements. 


· showed an average velocity of 140 feet per minute (fpm) at the face of 

the exhaust hood .of .the dip tank operation. Other ventilation 

·measurements showed a velocity of 60 .fpm. flowing past the workers' 
· breathing zones toward the · hood, and 100 fpm at _tank hei ghf level • . 

.: . 

http:train.at
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D. Medical questionnaires were administered to employees who were 
currently working in the area or who had worked with the operation 
since its beginning in early January. 

V. EVALUATION CRITERIA 

As a guide to the evaluation of the hazards posed by workplace 
exposures, NIOSH .field staff employ environmental evaluation ~riteria 
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 indivi·dual susceptibility, a pre-existing medical condition, 
a_nd/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 Docum·ents and recommendations, 2} the 
Amer'ican 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 recommendation 
and ACGIH TLV's _are lower than the corresponding OSHA standards. Both 
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 sol ely.·.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 speci fied by an OSHA standard. 

. . . 

. A time-weighted average (TWA} exposure refers to the average airborne 
concentration of a substance during a no~mal 8- to 10-hour workday . 
Some substances have ·.recommmended short-term exposure _1 imits or ceiling 
values which ·are intended to supplement the TWA where there are 
recognized toxic effects from high short-term exposures. 

http:ely.�.on
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A. Chromium Compounds 

There are two recommended standards for Cr(VI). One for carcinogenic 
Cr(VI) which pertains to occupations and workplaces wher~ there is 
exposure to Cr(VI) materials associated wfth a·n .increased incidence of 
lung can~er. NIOSH recommends that the permissible exposure .limit for 

carcinogenic ·Cr(VI) CQmpounds be· reduced to 1 ug/m3 and that these . 

compounds be regulated as occupational carcinogens. Certain other 

forms of Cr(VI) are currently believed to be non-carcinogenic: They.. 

are the monochromates and bichromates ·(dichromates of hydrogen, . 

lithium, sodium, potassium, rubidium, cesium,· and ammonium, and Cr{VI} · 

oxide (chromium acid anhydride)~ NIOSH recommends that the permissible · 

exposure limit for non-carc_inogenic chromium be .reduced to 25 ug/m3 . · 

Cr{VI) averaged over a work shift of up to 10 ~ours per day, 40 hours 

per week, with a ceiling 1evel of 50 ug/m3 Cr(V-I) averaged···over a 

15-minute· peririd.1 

Chromic ·acfd and its 	salts have a corrosive action on the ·ski.n and 
mucous membranes. The lesions are co.nfined to the exposed parts, 

· affecting chiefly· the skin of the hands and forearms and the mucous 
membranes ·of the nasal ·septum. The characteristic lesion is a deep, . 
penetrating ulcer ·which, for the most part, does not tend to suppurate, 
and which is slow in healing.2 . . . 

Small .ulcers, about the size of a match head or end of a lead.pencil, · 
may be found chiefly around the base-of the nails, on the k-nuckles, . 

. and/or dorsum ·of the hands and forea,rms. These ulcers tend to be · 
.· clean, and. progress . slowly. They are frequently painless, even though 

quite deep. They heal slowly, .and leave scars. On the mucous membrane · 
of the ri'asal septum, the tilcers ·are usuaJly accompanied by purulent · 

· discharge and crusting. If. exposure co·ntim.ies, perforation of ·the 
. nasal septum may: result, bl,!t produces. no .deformi-ty of the. nos~~-- · 
: Chromate sa1ts have ~een a~soci ated w, th cancer of the 1un~s-• . 

·chromium(VI) -materials have been implicated as responsible for such 
effects as skin ulceration, .ulcer:-ated nasal mucosae, perforated nasal 

septa, rhinitis, hoseblee~, p·erforated e.ardrums, kidney ' dam~·ge, . ·. 

pulmonary .:congestion and edema, _epigastric pain, ·erosion ~n.d . . · . 

discoloration of the 	teeth, arid der.matitfs. 'In addition~.''they have 
,been _associated with 	an _increased inci'der;ice of J~.mg cancer.'2 ._.. '· · 

In one study, NIOSH reported high ·inctdences of nasal muc'osal -. _. 
irritation and septal perfor:-ation where the greatest conce·ntratiq~ of· 
airborne. chromium. was 9.1 micrograms per cubic meter .(ug/m3J. , ·. :. 
However, in .this workplace, there .was strong evidettce tha:t _djr:-ect · · 
transfer of. CdVI) fr~m work to nasal surfaces occurred fr,e·guentJY:· 3,_4 

' 
.· In anothe·r study li st.ed in tbe NIOSH ·criteria Docliment on °C.hr9mu·i111(V.I) 
. where .a_i r.borrie concentrations .of 3 ug/ni .>-or_1ess ,:were :repor_ted, '~he ·.. ·. 

1ack of proper work ptacti ces, ventfl.atf9n, . and .protee.tive· '.equ.f pment : · 
···was protiably primarily re~pons·il)le for· ·the signs and syniptoms 'of ·.cr(VI) 
· pofsoni-ng. · The fact ·that 24 of the patients ha·d ·cutan~·o.us.·:ulcers 'or ·. 

. .., . 	 . .. . . . :. . •. . - ~ . . . . . 
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scars of ulcers indicates that slop.py conditions ·.existed in most 

workplaces· studied. It was not st~ted in the artjcie what the total 

population at risk· .was in the plat-ing shops , maki_ng an evaluation of 

the overall p~evalence of signs and symptoms of Cr{VI) poisoning · 

di fficul t.2 · . · . . . 


The Criteria Document .on exposure to chromic acid concluded. that, 1n 

the presence of good work practices, the environmental 1 imi t ·of 50 ug . · 

Cr(VI) oxide .. [26 ug Cr(VI) /m31 as a time-weighted ·average and _100 ug 

Cr(Vl) oxide [52 ug Cr(VI)/ m3] as a 15-ininute ceiling would be · -. .­
sufficient to protect against irritation .and ulceration of n~~a! · 

mucosae, . perforation . . o_f nasal . . septa, and other harmful effects. 


Newhouse~ found dermatitis in automobi le assemblers from handling 
bolts, nuts, screws, .and washers treated-with a chromate ·dip used as an 

.· antirust agent. This would b~ _sim.iliar t~ the employee (Buffer) 
·handling condenser.s followin·g the ·.drying process. 

·s. Zinc Oxide Dust 

The current OSHA standard for zinc o~ide fume is 5 milligrams per cubic 
meter (rQg/rn3) of air averaged over an 8-hour work shift.I · rn·. its · 
c'riteria ~o:umen·t for zinc -oxide? NIOSH ·recommended ~etention of ·the · · 

· 5 mg/m3 _l1m1 t as a wo·rkpl ace .env, ronmenfal .s~andard_, .. and that the ·. · · . . 
sa.me va·l ue be. used for zinc oxide dust. . . . . · . . ·. · · · . 

. Poor hygiene practices when using this- substance· may. lead to the . 
. development of dermatitis. Inhalation of the fumes or dust . particles · . 

of small :size may cause metal :fume fever; a syndrome usually lasting · 
_24-48 hours whkh ca_uses a feeling · of general malai~e, .weakness ; _ fever,
and chills. 8 . .. · . . . . . 

. . 
Vi. RESULTS AND CONCLUSION · 

· · ~ersonai samples collected· near the breathing ione of ·the ·di p tank' . 

. operator s~o~ed TWA -conce!'ltration.s of 0 .7: ug/rn .Cr(-VI) ·(8-hour TWA 
·0.066 ·_ug/m ) and levels of ·zinc belc;>w .tha_t of the blank su~mitted for · 

·analysis. · ff the the zinc present had been in the form of zinc 

· -chromate (ZnCr04)-or zinc dichrom~te· (ZnCr20j°), the _.~olar ratios· . . 
. · .would have been approximately [1 mole Cr: . 1.25 moles· zn] ·a·nd -[l ·mole: . · 
· · Zn: ·- 1.6 mole Cr(VI)], respectively• .. Additionally,· an area-' s·ainple . · 
· .· collected at a water· _test station loG~ted approxjmately 15· .feet . from . . · 

the chrome. dipping operation showed no detecta·ble ·c_oncentrations of . : . . <. ·.. 
·Cr(VI) •. The amount of Cr(VO present in the samples collected a:-t; the ··.: :·. 
dipping -operation were below. ~he _B-ho.ur TWA .for ·.poth :° the c~r.dr:iog~ni~.- . ·. 
and non-carcinogenic forms of· C.r(VI); therefore, · a hazard did .not. ex-isl · 

·at .this ·plant due to -airborne Cr(VI) • . ·. ··· · · .. . · .... · ··. · ... · · · .. · . '• 

. . . . .. . ' . . '. 

Sfmflia·rly, pers~mal samples collected ti~ar the h:~ea:thing··z<in~ of. '.t;be _-. · . 
.buffer showed no detectable CrfVI) and a TWA concentration of 0.65 . · ·. 
mg/m3 zin·~· (8-hour TWA - 0.10 ~g/m3-) ~ . -~~ain, th~- ritol ar ratio$ ·.do ·...· . 

.. . ~ 

­
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not indica~e the pres~nce of zinc in the forin of zinc chromate. Based 
on the data collected, it must-be concluded that the zinc present at 
the buffing operation was in the form of zinc oxide dust, not zinc 
chromate. · 

. . 
Results of Cr(VI) spots tests ·showed that· surfaces· in the immediate 
area surrounding the dip tank were contaminated wjth Cf(VI). · · 
Contamination was determined to have probably occurred via work 

· practices. The handling of obj~cts by the · dip tank ope.rator with 
·. contaminated gloves could resu.lt in contamination of these objects. 

·The recycling of the flexi~le plastic caps·, which had become · 
contaminated as a result of being i.mmersed in the ·cfip tank solution, 
likely resulted in contamination of that area and may have accounted 
for the r·ash which the buffer had complained of. 

Results of the ·medical questionnaires revealed one complaint ·of 
dermatitis in the worker conducting the buffing operation, and various · 
signs of mucous membrane irritatiqn of the upper respiratory tract· 
along with complaints of nausea and lightheadedness ·among other 
employees who had worked at the dipping opera~ion. 

-VII-. · RECOMMENDATIONS 

1. At the time of tt)e environmental ,su·rvey, the dip tank solution was . 
very low .and the _dip tank operator was required .to·. place his glove into 
the solution and· ·splash the solution -over the uncovered portion of'.the · 
condenser in order: to cover the condenser complete1y .:-- 'It is . therefore . .. 
recommended t~at :the dip tank solution_be ·maintaihed at a level high 
enough to avoid this practice and the subsequent spread of the solution 
to other _parts of the dip tan_k area. . ·.. . · · · . 

2. Fl exib·l e_p1asti c· .caps b~i ng used during .the dipping op~r~tion · ·· · 
should be washed wi t _h soap and wat,er and · rj nsed be'fo.re ~ei ng ·~ent to · 
the .buffi.ng operatio_n :to. prevent the spread of Cr(VI) to the-. ~i.lffing · 
operation._ · · 

3. Prote_ctive ~lathing sh~ul.d b~ ~econtaminated with ·_a soap : and wat~r: : 
· ..solution and rfnsed with water· before bein_g use(l aga.in. 

4• .' Good· ·J?_ersonal hygiene .and ~or~ practi~·es shoul·d.·be obser_~~d by all .. · 
employees• .Was~ing of hands before smoking, eating, and cir.inking will ... . · ·._·._·.. 
help to r:educe possible contamination. ·. · .- ·'.: · · · : .., .·. . · 

:5. Smoking, eating, and ·9rinking ·should be·_prohibi.ted at w~rk_'.st~tj_qns :._·. ·.. 
aod .should be allow~d only· durjng .breaks ·and within· the -designated ·· · . · · --­
1unch and break areas. · ·· · · · , · .. ,· 

6.·· .Food; drinks, and cig~rettes · should not be kep_t ·at -Work Tocations ·. •, . ·. 
or near . the production_·area. · ..· .. . .· ~- . . .· > . . ~· ~· 

. .. . ·.• . ,, 

. . ' 
. .··" . . ' 

' ,

. .. ~ . ... ,.
.. · , 

.·· - .'~ . . : : . 
.

... ... . ..~· ·.r..: •: ~ 
:.:: . • ·. ' .• ..~ . .
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· ·{NTIS)_, 5285 Port Royal, Springfield, Virginia 22161. · Infonnation · : 
regarding its avail a.bi l i ty through NTI S can be obta·i ned. fr.Qm ·NIOSH· 
Publications -Office at the _Cincinnati address. Copies of this report
have be·en sent to: ·· 	 · · · · · 

L · lnternational Associ'ation of Machinists, Di strict 140. 

2. Modine Manufacturing Company

3. NIOSH, Region V . 
4. OSHA, Region V 

Fpr the purpose ·of informing affected employees, ·copies of .. th.is report 
shall be po.sted by the employer in a prominent place accessible to the 
employees for a period of 30 calendar days. · 
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TABLE I 


Breathing-Zone and General Area Air Concentrations of Chromium (VI} 


Modine Manufacturing Company

McHenry, Illinois 

May 20, 1982 

.Job Classification/Location Sampling Time Cr(VI) TWA Cone. Cr(VIJ Cone. 
(Minutes) (samele duration) (8-hr. TWA) 

Dip Tank Operator 45 min. 0.7 ug/m3 0.066 ug/m3 

Area (15 ft. from dip tank) 93 min. -ND- -ND-

Buffer 80 min. -ND- -ND-

Blank -0- min. -ND- ' -ND-

Abbreviations: -ug/m3 = micrograms per cubic meter of air 
N.D. 	 = Not De.tected - the limit of detection for Chromium (VI) 

was 0.3 micrograms chromium ·(vI) per filter 

TABLE II 

Breathing-Zone and General Area Air Concentrations of Zinc 

Modine Manufacturing Company

McHenry, Illinois 


May 20, 1982 


Job· Classification Sampling Time Zinc TWA Cone·. Zinc Cone. 
(minutes) (samele duration) (8-hour TWA) 

Buffer 	 80 min. 0.65 mg/m3 0.10mg/m3 

Dip Tank Operator 38 min. * 	 * 

'· 

' ... . .. 

Blank 	 -0- min. ** 	 ** 

Abbreviations: mg/m3 = milligrams ·per cubic meter of air 

N.D. 	 = Not Detected - the limit of detection for Zinc was 

1 micrograms Zinc 
* - Below level of blank submitted for analysis 

· ** - Blank submitted for analysis equaled 4 micrograms Zinc ',< . \ ' ' ., 

\ 
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