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PR EFACE 


The Hazard Ev aluiltions and Technical Ass istance P.ranch of IH OSH condl1cts f i el d 
investigat ions of poss ible hea l th hazards in t he work pl ace . These 
inves ti gati ons ar e conducted under t he author·ty of Secti on 20(a)(6) of the 
Occupational Safety and Heal t h Ac t of 1970 , 29 U. S.C. 669(a)(6) whi ch 
au t horizes the Secre tary of Healt h and Human Serv ices , following a wr itten 
reo uest from any empl oyer or auth o, · iz(~d repre~en t~ti ve of empl oyees , to 
determine \'lhether uny substance norma lly found in the pl ace of empl oyment has 
potentially t ox ic effects in such concentrati ons as used or found . 

The Hazard Eval ua tions and Techni ca l Ass istance Br anch also provi de~ , upon 
reques t, med ical. nursing, and indus t r i al nygi ene techni cal and consu l tat i ve 
assistance (TA) t o Federa l, state, and loca l agencies; l abor; industry ~nd 
other groups or individua ls to con tro l occupationa l hea l th hazar ds and t o 
prevent re lated trauma and disease. 

I 
Mention of company names or products does not constitute endorsemen t by the 
National Institute for Occupational Safety and Health. 
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I. SUiliMARY 

on· October 12t h, 1981 , the Nationa l Institute for Occupationa l Safety and 
Health (NIOSH) received a request for a l1e;; lth hazard evaluation from the 
local union at Goocyear AerosrJace Corporation, Akron, Ohio . The reques t 
identified activi ties in the 1~e l c1ing shops of 5430 and in the ma intenanc e 
shQps as sources of possible health hazards resul ting from exposures to 
ozone and welding fumes . 

On November 23-24, 1981, NlOSH conducted a medica l and environm::!nta l 
survey. Per sonal samples fo r \'ie lding fumes ¥1ere t aken on five workers in 
5430 and on b'o maintcmancc 11e lders . Ten ~1e l d€' rs 1 five in plant D and five 
in maintenance , and 10 non-\·1el ders serving tis a non-exposed COlfl>ari son group 
filled out a 111edical questi onnaire and gave a spot rn·ine specirnen for 
analysis of fluoride, cadmium and 82 -mi croglobuli ns. 

In the welding area of 5430, the exposures were : aluminum, range 13 to 115 
ug,IM3 (mean 21 ug/M3); cadmium , r ange 1 to 739 ug(M3 (mean 181 
ug/i~3); iron, r ange 1 to 38 ugft13 (rneiln 14 ug/M3 ); and ni ckel, 
none-detected. In the maintenance welding department, two ~1e l ders were 
sarr;> 1 ed, and had exposures to t he four rneta 1 f w:;1:s of : u 1 umi num, range 19 to 
115 ug ,,1•13 (mean 67 ugJM3 ); cadmium, range 2 to 6 ug/1'13 (mean 4 
ugjM3); ' iron, range 328 to 740 ug,IM3 (mea n 534 ugjM3); and nickel, 
range 4 to 54 u gft~3 , (mean 29 t1 9/M3 ). The American Conference of 
Governmental Industr i al Hygienists (ACGIH) recommends an 8 hour 
time-wei ghted-average (TWAl of 10,000 ug/t~3 for a1um1 11um. NIOSH 
recom~nds 40 u~/M3 as a 10 hour H!A for cadmium; the Occupationril Safety 
and Health l1dmi nistration (OSHA ) standard for caC:mium is 100 ug,IM3 . OSHA 
has set a standard of 10,000 ug fi~l for iron and its oxide . HIOSH 
recommends a TW/1 of 15 ug,IM3 for ni ckel , while the OS!lA standard is 1000 
ug,IM3. 

Ozone exposures were m~asured in 5430 because of the extensive use of 
gas-shielded we1 ding techniques . The range of exposures was from O.024 to 
0.157 ppm (maan 0.054 ppm). The highest exposure was measured during the 
use of a portable MIG wel de r called the ' squ irt gun •. Most TIG and MIG 
welding generated exposures bet\~een 25 and 33% of that produced by the 
'squirt gun ' . The OSHA standard for ozone exposure i s 0.1 ppm for an 8 hour 

TWA. ACGIH' recommends that ozone exposure for a 15 minute short-term 
exposure level (STE L) be limited to 0.1 ppm. 

A statistically significant higher proportion of welders than non-welders 
reported eye irritation (60i welders vs. 10'.t non-~1elders) and headache (60'.t 
welders vs. O'.t non-welders). It was not possible to associate these 
symptoms with any particular welding oper ation. Results of spot urine 
analyses for fluoride and cadmium were wel l within general ly accepted normal 
ranges. Excretion of f3 2 -microglobu11n andB2 -microglobul in corrected 
for urinary creatinine indicators of renal tubul ar damaye, were within 
normal 1 f m1 ts . / · · 

n e as1s o es u conducted Novembe r 24, 1981, at Goo year erospace 
Corporation, NIOSH concludes that periodic occasional overexposures to 
cadmium, nickel, and ozone do occur among welders . Environmental 
monitoring of worker expo~ures should be conducted on a periodic basis for 
all operations. Recommendations for i mprovement of ventilation are included 
in the report. 

OS: SIC 1990 (01·dinance and Accessorie s l, 11elaing, ozone, ca m1 um, 
n1cke1 • f ron, al uini nu111 
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II. I NTROOUCTIO~ 

On Oct ober 2, 1981, Loca l 856 of the United Auto Workers (UAW), Ak ron, 
Ohio , requested t he Nati onal I nstitute fo r Occupationa l Sofety and 
Heal t h (NIOSH) to conduc t a Health Hazard Evaluati on oi" the \ie ldi ng 
shops in Pl ant D and of the Mai ntenance Departme nts at Goodyear 
Aerospace Corporat i on (GAC ) , f\kron, Ohi o. Of pa1'tfcu l ar co11cern were 
e ~posures t o ozone and metal fu mes from Hel ding. 

An openi ng conference 
23 , 1981. Present at 
UAIJ , GAC, and tJIOSH. 
performed for ozone, 

and \'ta 1 k- t hrou gh survey were conducted November 
the meet i ng were representati ves of Loca l 85G 
On November 24 , environirental sampl i ng 1vas 

metal fumes , and secondary sol vent exposures in 
Pl ant D, and for metal fu mes i n t he M(dntenctnce Shop. R~sults of t he 
sampli ng for ozone were sent t o both un ion and managem~nt 
represent atives on December 15, 1981 . 

III . BACKGROUND 

Goodyear Aerospace Corporati on at Akron, Ohio, produces defcrnse systems 
hardware , gas centri f uges fo r uranium enrichmJnt , aircraft i.-.·heel s , t ire 
product s, and brakes , as \.;ell as other mat erials used by th~ aerospace 
1 ndustry . 

The plant D wel ding shop i s cur rently engaged i n welding together 
"'aluminum alloy housi ngs for underwater mines. The primJry 1velding 
t echniques i n use are tungsten i nert gas (TIG ) and mi xed i nert gas 
(MIG ). These techni ques use high vol tage arc t o fu se the meta l pieces , 
\·1hil e shi elding ths \•Je l d areas wi t h i nert gases t o prevent i mpur iti es 
f rom forming on the 1·1el ds. On occasion, el e¥tr1 c AC arc-consumable 
el ect rode welding i s done, as is silver sol der i ng and brazing. 

Maintenance wel der s car ry out repai r wel di ng t hroughout the facility . 
On the day of t he NIOSH survey, electric arc-consumable electrode 
welding wa s being done on ferrous metal. 

IV. EVALUATI OtJ DES IGN AND METHODS 

Environmental 

Seven personal breathi ng zone sampl es were t aken for metal fumes usi ng 
Dupont P-2500 pumps at a sampli ng rate of 1. 7 li ters per mi nute (l pm) 
over the duration of the workshift (7-8 hours ). They were coll ect ed 
outside of the welding hel me t on O.Su mi xed cellul ose ester (MCE) 
filters. 

,/ 
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·nccuuse the me tal being Hel dcd c.onsisted of a sp~c i Jl al uminum alloy , 
Lile analy~is for fur::?s •,:\ls con..!.:ctcJ by ir1J~c ~i \\:ly cou led pl ........J 
atomic emi ssion spectroscopy ( ICPAES ). Fi lters \!ere a ..iled \,1ith 
concentrated nitri c acid and the residues then di ssolved in dilute 
acid. Using this technique , the l m·Jer limit of detection for the 
sampl e set \Jas 1.0 mic rogNms (ug) per filte r . 

Eight ozone samples 1;1ere t aken using NlOSH inet l:od S8. Since the 
~orkers were often required to wel d on the i nsi d2 of the aluminum 
tubes , personal samples \'/ere collected by the hygienists holding the 
impi ngers near the \11el de rs face shi cl ds . IHOSH method P&CAM 154 \'Jas 
used to analyze the KI solution by colorimetric means. Problcws with 
sol ution 1nstabil i\.y \sere· ci.·cumvented courtesy of G/1C i,;llich donate d 
laboratory facilities and per sonnel to have t he sampl es analyzed within 
30 minutes of the end of the sampling period. 

Fluori des and hexavalent chromium were not san:pl ed for because fl uxed 
welding \·ms done for only a short period and no stainless steel ~1as 
welded that day. 

Medical 

A questionnaire \'Jas admin1ste;·Ni to ten welders. five in plant D and 
five in maintenance. Ten non- 1eldt rs. pri marily machin ists, fi vo from 
pl an't D and five from ma1ntcnt.ncC!. served as a non-exposed compar1 son 
group. The quest·!onna1 re sought 1 nformati on about smok Ing hi story , 
occupational hi story , job activi t ies, and adverse hea lth effects 1·1hich 
have been reported to result from excesssive exposure to ozone, 
cadmium, or f1uor-id~, i .e . , eye , nose, and throat i rritation; 
nosebleeds; shortness of breath; pain or tightness in the chest; 
coughing; wheezi ng; headache; gastrointestinal disturbances; skin 
irritation or rash; chills; sweating; decreased sense of s~ell; 
drowsiness; and reduced abi li ty to concentrate. 

A spot urine specime n was obtained from each parti~fpant, and analyzed 
for levels of fluoride, cadmium, and a2 - microglobulin . Fluori de 
was analyzed by the NIOSH fluoride in uri ne me \:hod (1). Cadmium 
was analyzed using a graphite furnace atomic absorption method . 
S2 -microglobulin was analyzed using a radioi mnunoassay . 

1 EVALUATION CRITERIA• 

The environmental eva 1 uati on cr1teri a used in this report as related to 
ai rborne exposures . to toxic substances are (1) NIOSH recormnended l evels 
(2) Federal Occupational Safety and Health Standards (as promul gated 
and enforced by the Occupa tional Safety and Health Administration 
(OSHA ), U.S . Department of Labor (29 CFR 1910.1000 ) and (3) Threshold 
Limit Values (TLVs) and their supporting docu~~ntation as set forth by 
the American Conference of Governmental. I ndustr1 al Hygienists (ACGIH). 

I 
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Fol lowi ng in a brief discuss i on. pettcdni ng to t:1c prlrrmry health 
effects a:.soc·iated Yli th expos1•rc to the vari ous substances eva 1 uatcd 
and t he as soci ated ev~ luati on cri teri a. 

Al umi num 

Exposures to alumi num fu rr.e may cause 1·:eakness, fati gue, and respi ratory 
dist ress. The Ameri can Conference of Governroental Industrial 
Hyg1 eni sts (ACG IH) has recommended t hat exposures for 8 hours not 
exceed 10 , 000 micrograms per cubi c met er (ugjM3 ) on t he bas·i s of a 
t i me-we i ghted-average (TWA ). 

Cadmium 

Cadmium is a toxi c heavy metal \·1lrich ma,y enter t he body ei ther by
i ngestion (swalloHi ng ) or by inl!a l u·~ion (l>Nathing ) of cadm'ium n;.. tal or 
oxide . Once absorbed i nto the body, cadini um accumul ates i n organs 
throughout t he body , but major deposi t i ons occur in the l iver and 
kidneys. Acute inhal ation exposure t o hi gh l evels of cadmium can cause 
pneumorti a or pulmonil ry edema , as well as liver nnd ki dney damage (2 ). 
Chroni c exposure may l ead t o emphysema of the l ungs and kidney disease , 
or cancer of the prostate (3). There is al so 11m1t ad evi dence t hat 
occupati onal cadmium exposure rtlt\Y be assod ated with lung cancer . 

Cadmium deposited i n t he ki dneys may l ead to renal t ubul ar damage 
resul ting i n excessi ve urinary loss of l m~ mol ecular weight protei ns , 
such as B2 -mi crogl obu1ins , and ul t i matel y kidney fail ure. Urinary 
cadmi um a~d a2 -microgl obulin l evel s serve as i ndicators of cadmi um 
exposure. Cadmi um l evels in ul'i ne are not consi stent ly rela ted t o 
sever i ty or durati on of exposure, and are useful only as confi rmation 
of cadmi um absorption. Wi de vari ation exi st s in reported acceptable 
ranges of ur inary cadmi um. Ut ah Diomedical Test Labora t or'fe s, the 
1 aboratory which performed the ur ine cadmium ana lyses in t his 
i nvest 1 gati on , does not repor t normal values for urinary cadrni um. 
Envi ronw.ental Science Associ ates reports a normal range of 0. 64-8. 90 
ug/l. A Bri t i sh occupational health publi cut i on reports that l evels of 
10 ug/l are found i n non-exposed popul ati ons, and l evel s higher thiln 25 
ug/1 ar e evi den~e of excessive exposure (4). 

The normal range for urinary e 2 -mi crogl obulin reported by Metpath 
Laborator i es is 4-370 ng/ml. Previ ous experi ence has shown t hat 
results are more cl ose ly grouped when ra\~ spot urine resul ts are 
cor rect ed fo r urinary crNti ni ne. 'rJhen rcsul ts are thus presented 
as a 2 -microglobulin (cor rected), val ues up t o 150 ug 
B2 -microgl obulin/g creatini ne are withi n normal limits . 

NIOSH recommands t hat worker exposures to cadmi um dust or fume be 
limi ted t o not more t han 200 ug/M3 during a 15-minute ceili ng p,eriod 
or not more t han 40 ug/M3 , as a t imc-wei g'hted average (TWA) over a 
10- hour shi f t. The Occupati onal Safety and Health Admi ni st rati on 
(OSHA) st andard for cadmium dust exposure is 200 ug/M3, and for 
cadmium fu me exposure 100 ug/M3. usi ng an 8-hour TWA for each. 

. 

I 
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Iron 

Long-term inhal ation exposure t o iron t particul cn·ly iron o;dde , gives a 
mottled appearance to the lungs on X- ray , a conditi on rcfo r 1·ed to as 
si derosi s. This is considered a benign pneumoconi osi s \rlith no 
si gnifi cant phys i ological i mpai rment. OSHA has set 10 mg/r;3 os its 
st«ndard. J\CGIH recomrr.ends 5 mg/M3 . 

Nickel 

Nickel fu me exposures result from welding on nickel -pl ated parts or 
nickel -containing alloys such as stainl ess steel. Inhalation exposures 
to nickel and ·nickel oxide dusts have pi odt..cc:d r,,Jl ignar.t pulrnon~ry 
neopl asms in guinea pigs an<J ra ts. The syste1111c to;cicity of nickel 
fumes has not been thorou ghly researched, u'lthou9i1 nasal Ciincc1 s have 
been shown to occur \'Ii th greater frequency amung furnace workers in 
nickel refineri es. On the basis of the aforerr.antioned ani ma l studi r:s , 
NIOSH recommends that exposures to ni ckel ~houl d not exceed 15 ug/M3 . 
OSHA has set a 0 hour TWA standard of 1000 ug/M3 (5). 

Fluori de 

Short-term exposure t o fluoride-containin g dust can cause irritation of 
the eyes and respiratory tract. S\·1allo'l'Ji ng fluoride can cause numerous 
symptoms, including a s~lty or soapy tas te. vomiting, abdominal paf n, 
diarrhea , shortnesss of breath, muscular weakness , and convul sion s. 
Repeated exposure t o excessive concentrations of fluoride-containi ng 
dust can cause skin rush and excessive calcificati on of bone and 
1i gaments (3). 

Absorbed fluoride is partiall~ ~tared in bone and partly excreted in 
the uri ne. With continued exposure, and deposition of fluori de in 
b6ne, the fraction appeari ng in the urine increases. The exact 
rel ationship bet\~een urine fluoride l evel and deposition of fluoride in 
bone 1s not co111pletely understood . Consequently so~ var iation exists 
in recommended limi ts of ul'ine fluoride l evel s . J\ccording to Heyrath 
(6), an average dai ly uri ne output of 4 mg . of f luoride refl ects 
maximum permissibl e fluoride exposure. Largent states that there i s . 
"little need for concern 11 if urinary fluor ide levels are belov1 4 mg/1; 
further monitoring or controls should be considered only if l evel s 
exceed 6 mg/1 (7). NIOSH guidelin~s indicate that detectabl e 
osteosclerosis does not occu r with urine l evels below 5 mg/1 in 
preshift samples taken after two days off work, and is unl ikely with 
levels of 5-8 mg/1 (8 ). 

The current O~A standard for fluoride is 2.5 mi lli grams of fluoride 
per cubic meter of air (mg/M3) averaged over an eight-hour work 
shift. NIOSH has recommended that the pcrmi ssi bl e exposure 1i mi t be 
changed to 2.5 mg/M3 averaged over a work shift of upto 10 hours per 
day , 40 hour per week. 
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Ozone 

Occupat i<>na1 exposure to ozone occurs duri ng 1..1~ 1 ding sh~ 0·1dcd by ine r t 
gases . Exposure to excessive 1eve.l s of ozone produces acu i:e symptoms, 
including i rr·itation of eyes, nose and throat, and cough. Higher ozone 
concent rations can l ead to headacl1e, upset stomach, vomiting, chest 
ti ghtness or pai n, and shortness of breath (8 ,9 ). Daily intermittent 
exposure to ozone concentrations over 5 ppm m~y resul t in lncapacitating 
pul monary congestion (10) . Hhile chronic pul 1n0nary changes after 
l ong-term expo~ure to ozone have been reported in animal experiments, 
these ef fects have not been demonstrated in hun~ns. No method is 
avail able fo: biologic monitori ng o1 ozone exposure. 

Several s tandards are app l ied to ozone exrosu1·c~ s . ACGHI fins 
recommended a short -term exposure 11 mi t (STEL ) for a fifteen minute 
exposure not to exceed 0.3 ppm, with an eight-hour TWA of O.l ppm. The 
OSHA standard currently is 0. 1 ppm for an 8 hour TWA. · 

VI. RESULTS AND DISCUSS ION 

A. ENVIRONMENTAL 

Meta 1 s 

Results of personal breathi ng zone samp1 es for rr.etal f t1me.s are 
presente d i n Tabl e 1. Seven wel der s were sampled fo r most of t heir 
ei ght hour shift. In the wel ding area of 5430, exposures \1ere : 
al umi num . range 13 to 115 ugft.13 1·iith an average exposure of 21 
ug/M3; cadmium, range 1 to 739 ug/ft!3 v1i th an ave:·&ge exposutn of 

· rn1 ug/M3 ; iron, r ange 1 t o 38 ug/M3 \lith an average exposur e of 14 
ug/M3; and ni ckel , all none-detected. 

Jn the Mai ntenance weldi ng department, two welders were sampled, and 
had ~xposures to the four metal fumes of: al uminum, range 19 to 115 
ug/M~ wi t h an average e>~po s ure of 67 ug/M3; cadmium, r ange 2 to 6 
ug/M3, wi t h an average exposure of 4 ug/M3 ; fron , r ange 328 to 740 
ug/M3, with an ave rgage' exposure of 534 ug/M3; and nickel , range 4 
to 54 ug/ M3, with an av~rage exposure of 29 ug/M3 . 

For al l welders, exposures to aluminum and 1ron fu me were 
inconsequenti al. Signifi cant exposures to cadmium were measured for 
two welding operations in 5430. 

A welder in 5430 who was performi ng the 'boss insert' weld ins ide of a 
Captor housin g had a ti me wei ghted ayer age exposure to cadmium of 163 
ug/ M3. During the day, at l east ei ght such ins ide welds were 1T1<1 de. 
Because the \te lder had to l ea n in si de the cyli nder to affect t he welds , 
dilution vent ilation was unable to carry away t he contaminant. · This 

.1 
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,. ,111.: d~monstntes excess·ive airbrirne c 1111<,<.rn 1.r1.1. 1..ivi1:-> ..... u.· ~;,~ 
; •. ,.;1tlli .ng zone and the n~ed fot ioc111 exl 1 ~ust '. 11~e ll'~ucil i11!.i t. ~:~ lds 
,Jr1: n;.Jd::? . /\nett.or \·•e l d~r in 54 ~m \ 1P1ci) 1l~ on cad;11i111 .1 coated p.:.i r ts \':US 
, ,:JOsed to a concentrati 011 of 739 ug/f.IJ of Ci:!dmi um fur.r2 . Th~ gene1·a1 
di 

1

1ut1on vent il ation in the deparcn.~nt \:as not satisfect.ory to control 
the exposure . 

line of the t1··0 \'Je lders s~mpled in the 1:aintenance D2partrr.:mt •·•t s 
exposed to 54 ug/M3 of ni cke l furr.e . The ni ckel exposures in this 
d1nartmant \fill depend upon the t_vpe of n•eta l or alloy thd t is bei ng 
~ .:i ldcd, and the level s measuted refl ect t i1e poteiri:ic1 for ·f ntermitt~nt 
ov~~ 1·exposure. In the inter~st of continuing woi·ker safety ~nd i1ea1th 
c.onsiderations, <:ddi tiona1 sampli ng should be µe rforn.ed based on the 
ev1dence fo r carcinogenici ty of ni c:,el . 

Ozone-
Personal sampling results from ozone exrosur~s ~re sur1.11i1riud in Table 
2. Ozone exposures ~'lere mea::;ured in 5430 because of the e:t l:er.si vc use 
of gas··st1iel ded Helding t eclmi ques . For al l operations, the range of 
exposures was from 0.024 to 0, 157 ppm, with an average exposure of 
O. OGii µprn . Tho h1 ghest expo::u re \:as n;ea ~urerl dt1ri 11g t.h€ u~) of a 
portabl e MIG \/el de r call ed the ' squirt gun'. Most nG and IHG 1·Jeldi ng 
generated exposures between 25 and 33i of t he ' squi rt gun 1 (0.024-0.056 
pprn), 

Ozone exposures we 1~e below thQ current OSHA standards. Again , 
exposures could be hi gher or l o~~er hased 011 the pos"it1oning of the 
sampling i mpin g~r inside of t he \'l'el ding hc~11:et. Pru.c t ·icl'l11.J' , thi s type 
of sampling coul d not be done . It is tile opi nion of the tJIOSH 
~gienist that ozone concentrations encountered during the dai ly 
we l ding could be reduced. Ozone is an irritant and llas a pungent 
odor . The ozone concentrations encountered t'!hil e the hy g·Jenists were 
holding t he sampling trai n to approximate a breathing zone sampl e were 
suff1 c1 ent to ca11se somgwhat 1a bored b1·eathi ng and a tf ghtness f n the 
chest. 

B. MED ICAL 

Demographic data 

The maa n age of the t en welders was 34 years (range 21-54 ) , compared to 
a ~an age of 36 years for the non-welders ( range 24-48). The mean 
numbe r of years on the j ob at Goodyear for the we l ders \'las 5.2 (Range 2 
r.ionths-31 years ). >\number of welders had been employed as \<telder s in 
other firms pr ior to empl oyrr:~nt at Goodyear. Thus the mean number of 
years welding, regardless of place of employment , was 9 •. 4 (Runge 3- 33 
years ). ,,, 

/ 
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_Symptomato1ogy_. 

The foll O\/i ng symptoms ~tcre reported on the quest ionnaire : 

SYMPTOM HELDER$ (10) IWN-WELDERS (10) 

Eye i rri tation 
Nose/throat irritation 

6 
5 

1 

1 


Headach~ 6 0 

Svteats 1 0 

Upset stomach 
Skin rash 

1 
1 

0 

0 


Reduced ability to concentrate 
Dad taste in mouth 

1 
3 

0 

0 


Chest pain 1 0 


The difference between the propor tion of wel ders and non-wel ders 

reporting eye irritation and headache 1-;as stutistically signifi cant at 

the 5% l evel (Fi sher ' s exact test, one-ta"il ed). For eye irr"itati on , 

p;Q.028; for headache, P=0.005. For nose/throat irri t ation , P=0.07 , 

indicating 'borderli ne ' statistical significance. All five welders in 

plant D complained of eye irritation, but this could not be associated 

with a particul ar weldi ng process. 


Four \/elders reported exposure t o cadmium, one reported no exposure, 

and fi vc 1·1<:re uncertain. Of those reporting exposure, maximum c>:posure 

re potted 1:as one hour per \·teek on the averag~, but this Ha s var1 able . 

Seven ttelders reported exposure t o f l uoride-contai ning fluxes , one 

reported no exposure , and t \·;o 1-:ere uncertain. Of those reporting use 

of flu x, reported exposure ranged froin one to forty hours pe1' week. 


A statistica lly significant higher proportion of welders than 

non-welders reported eye i rr1 tati on and headache . It \1as not possible 

to associ ate these symptoms \'iith any particular welding operat Ion. Ho 

attempt 1-1as made to carrel ate symptoms 1.,i th reported exposure to 

fluori de and cadmi um, since most welders were unsure of the ir exposure , 

and reported length of exposure was probably not a reliable index of 

exposure. ' 


Eye irritation in welders is commonly caused by exposure to ultraviolet 

radiation, an d intense flashes of light could conceivably lead to 

headaches. This possibility was not evaluated in this investigation. 


Urinalysis 

Results of urine fluoride, cadmium, and a2 -microglobulin are 
presented in Table 3. 

Results of urine ~~alyses for fluoride do not indicate excessive 

fluoride excretion. All values of urinary fluoride are well belo1t the 

uppe~ limit of accepted normal ranges. J 

l 
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None of the values of urinnry cudmium exceed 3ng/l . llhil e accepted 
normal val uns of urinary c:idmium vary from laboru~ory to l c~oratory, 
all urine cadmi um values oht ain"'d on the day of t:ii s ~Ludy ara well 
within generally accepted norrr.11 ranges. The NIOSH cr i t eria docum~nt on 
cadmium suggests that fur ther medical investigation be conducted if 
uri na ry cadmium levels exceed 10 ug/1 (11). 

All of the values of ~2 -microglobulin and B2 -microglobulin
corrected for ur·inary creati nine are within norma 1 limits. The re sults 
show· no evidence of renal tubular damage from cadmium exposure. 

Headache and eye irritation have been reported as acute effects of 
excessive fluoride, cadmium and ozone exposure. The no rmal urine 
fluoride results and limited u ~e of f luxes argue against excessive 
fluoride exposurt: as th~ etiol ogy of the symptoms. Normal urine 
~2 -microglobulin and cadmium results do not rule out acute excessive 
cadmium exposure i!S the cause of the symptoms, since both of these 
laboratory determinations better reflect chronic, rather than c:icute 
symptometol ogy. O;:one expos1wc as the source of the sy1nptoms cannot be 
excluded. 

VI I. RECO MMENDATIONS 

1: No eating, drinking, smoking, or application of cosmetics is to be 
permitted in any area where welding is being perfor~~d. 

2. Cadmium-coated parts are to be welded under conditions of local 
exhaust ventilation. 

3. \lelds ma de 1nside the Captor tubes shovld be perforrr.ad using exhaust 
ventfliltion or at a minimum i ncreased air-flow through the tube. It fs 
understood that gas-shielded welding does readily adapt to local 
exhaust. An increase in general dilution ventilation would be 
acceptable as l ong as periodic remonitoring of worker expsoures 
demonstrated the effectiveness of that technique. 

4. Ozone l evels, while in accordance with the extant standards, should 
be decreased to provide workers with more tolerable welding 
conditi ons. If an increase in general dilution venti lation was found 
to be ineffective in reducing exposures, personal protective equipment 
(NIOSH approved chemical cartridge respirators of the proper type and 
fit) should be provided for those workers experi encing discomfort or 
irritation from ozone exposures. Because many of the welding
operations require the welder to wear protective face shielding, it is 
hoped that steps tm'lard improvements in ventilation capacity wi 11 be 
undertaken by GAC . 

5. All operations should be periodically and systematically monitored 
to f nsure a safe welding env'ironment. ,.. 

I 

http:perforrr.ad
http:norrr.11
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6. · A1l \·,1f?.ldi ng Of)era t ions sho•1ld COf'.'.;')lY •;11th t hl? r~s'l1.1tinns 5e t forth 
i n Gener al Industry Occvpationr;·I Safety and Hea lth Standards (29 Cf·R 
1910. 252) . . 
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Tabl e 1 


Results of Perscnal Samples for 

Aluminum, Cadmium, Iron and Nickel Fumes 


Goodyear Aerospace Corporation 

Akron, Ohio 

HETA 82-011 


November 23-24, 1981 

Sampling ALUMI NUM CAD~1ILM IRON NICKEL 
Period as oxHle as oxide as oxide a s oxide 

· (minutes) ( ug,M3 ) (ug/M3) {ugfM3) (ug/M3) 
Job Classification 

' 

Welder-5430 TIGl on Al alloy 430 32 163 37 .5 N!:>3 

Welder-5430 TIG on Al alloy 451 12 1.0 LO uo 

Welder-5430 Auto MIG2 on Al 431 20 2.6 5 ., 
·~ NO 

Welder-5430 TIG and Ag~solder 414 14 1.0 7.9 ND 

Welder-5430 Cd-coated parts 387 25 739 16.5 ND 

Maintenance welder A+B 419 19 1.7 740 .0 4.3 
{Cast iron and steel welding) 

Maintenance welder A+B 413 114 5.5 328.0 53.9 

Evaluation Cri teri a: 
HIOSH (B- hour TWA) 40 15 
OSHA (8- hour TWA) 100 10 ,000 1000 
ACGIH (8-hour TWA) 10,000 5>000 

1- Tungsten Inert Gas - Ar shiel d 
2- Mixed Inert Gas - Ar shiel d 
3- NO - not detected 

Limit of Detection is 1.0 ug/filter for all four substances. 

, 



... 


I 

... 


Job Descripti on 

Tabl e 2 

Re sul ts of Pe rsonal S&mpl es fo r Ozone 

Goodyear Aero space Cor porati on 
Akron , Ohio 
HE TA 81-011 

Novembe r 24 , 1981 

Samplin g
Period 

OZONE 
Tppm ) 

MIG welding, outside bead, Captor mine h~usi ng 

Same as ~bove -GAC sampl e 

TIG welding, boss insert, inside housi ng 

TlG welding, boss insert, ou t si de housing 

MIG \telding, outside bead, Capto r mine 

TIGwelding, i ns ide housing 

AC wel din g, 4043 rod, 6061 alumi num 

MIG w~ldi ng , ' squirt gun' 

48 min 

48 min 

44 min 

44 mi n 

53 min 

53 min 

51 min 

13 min 

0.024 

0.037 

0.026 

0.038 

0.035 

0.056 

0.057 

0.157 

Evaluation cri teria : 
OSHA (8-hour TWA1 

ACGI H 15 minute STEL 

0.1 

0. 3 




Urine: Fluor ide, 

Fluoride Cadmium 

TABLE 3 


Cadmi um, and ~ -mi crogl obul in Concentrations 


Gooc1Year Aerospuce Corporation 
Akron, Ohio 
HETA 82-011 


B' -microglobulin 62 -microglobulin
--icorrecte(f') 

(mg/1) ( ug/1) (ng/ml) (ug/g c1·euti nine) 

DEPT. D WELDERS-
1. 1.13 1 
 11.1 2 ,94 
2. 1.22 1 
 17 .4 5.28 
3, 1.75 1 
 4 .6 1.16 
4, Q. 79 1 
 28.5 23 .9 
5. 1.14 1 
 14.5 4 ,33 

1. 0.83 1 

2. c.94 1 

3. 2 .25 1 

4, o. ~8 1 

5. 0.79 1 


1. 0.97 1 

2. QNS* QNS* 

3. 1.95 1 

4. 1.08 1 

5. 0.68 1 


1. 1.18 3 

2. 1.33 1 

3. 1.06 1 

4. 1.33 2 

5. 1.29 1 


* Quantity not sufficient 
I 


I 


DEPT. D NO~-WELDERS 

59.6 14.9 
60.3 73 . 5 
53.5 15 . J. 
29.l 39.3 
20.2 18.7 

MAINTENANCE WELDERS 

52.9 30.8 
20.4 4.82 

156 45.8 
149 86.6 
144 29.4 

MAINTENANCE NON-WELDERS 

75.4 33.6 
35.1 10.0 


104 36.2 

115 47.3 

155 121 


' / 

I 

·1 
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