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PREFACE 


The Hazard Evalu~tions and Technical Assistance Branch of NIOSH conducts fie ld 
investigations of possible health hazards in the workplace. These 
investigations are conducted under the authority of Section 20(a)(6) of the 
Occupational Safety and He~lth Act of 1970, 29 U.S.C. 669(a)(6) which 
authorizes the Secretary of Health and Human Services, followi ng a writt e?n 
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 concentrati ons as used or found. 

The Hazard Evaluat ions and Technical Assistance Branch also provides, upon 
reauest , medical, nursing, and industri al hyg iene t echnical and consultative 
assist ance (TA) to Federal, state, and local agenci es ; labor ; industry arid 
other groups or individuals to control occupat ional health hazar ds and ta 
prevent related trauma and disease . 

/ 
I 

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

On June 13, 1980, the National In s titute for Occupational Safety an d Healtl1 (i!!OSH) 
was requested by the A.llied In'dus 'i:r ia1 \'/orke1· s of Ame r i ca (Aii-i ), to conduct a hei1lth 
hazard evaluaticn ~t TLB :Plastics Corporation, Mario~. In dia na . The worker s at the 
plan.t were concerr.ed their he<",lth may have been arl ..1 C!"'&e ly affected from past e ~po ·­
sure to ethylene dichlor·ide and that current expo51;re to ethyl acetate '"as causing 
acute adverse health effects, mucous membrane irri tation, re spiratory tract syn:;i­
toms, headaches and derrmtoses (rashes }. The main production llct·iv i ty i nvo1ves 
extruding cellulose acetate propiona te into va rious plastic' tubular foi·m:; us0d 
pri ma rily for packagi ng. In 1979 , ethylene dichloride, a bon ding agent used fo r 25 
years was replaced with ethyl acetate. 

In response to the request, an initi al survey was conducted in August 1980. 
Previous environm~nta l exposure d3ta was re viewed , and cu r r ent exposures to ethyl 
acetate li'ere monitored using an organic vapor analyzer. Fi fty-nine v:orker s were 
i ntcrvfowed by questionn aire. Company ernri"I oyee me di en 1 (l.nd absefltE:ei sr,; records, 
OSHA occupational accident and illness forms , AIW union medical examination records 
and company death certificates were revi e\ved. , 

No previous ethylene dich1ori d~ exposure data \'las available e>:cept for three - 1 
hour samples obtained in 1917 that ranged from 22-44 pp~ . The OSHA s t andcrd i s 50 
ppm. ~HOSH recom~nds a standard of 5 ppm wi t h a 15 ppm ceili'ng l eve l. Pi-evious 
and current ethyl acetate data ranged from 2 to 14 ppm. The OSHA standard is 400 
ppm. 

Greate r thc.n 60'.t of the workers intervi ewed during the initial survey reported acute 
adverse health effects specifically nllcous membran e irrita tion and resp'irutory 
discomfort. Thi~ finding was not con~is tent with the environ~ental results which 
documente d ethyl aceta. te exposures at less than 1% of the current OSH/\ s tendard 
which is based on irritant effects. Due to these f ·indi ngs, a follow-up s tudy was 
conduct ed ~o evaluate the plastic material as a possible source of irritating 
emission products. 

Laboratory analysis of the cellulose aGE:tate propionat e , heated t o the extrusion 
temperature revealed that emission 'products included propion·ic acid, acetic acid and 
plasticizers [suspected but not confirmed to be di (2-ethylbutyl )azelate]. A 
follow-u p field visit consisting of environmental monitoring for these substanc\?s 
and questionaire intervie'f:s of 30 wo rkers , documented propionic and aceti c: ac i d mean 
exposure levels of 0.2 and 0.1 milligram/cubic meter (mg/m3 ) respectively, and an 
association between prevalence of mucous membrane irritati on and increasin g 
exposure. Concentration of the plastici zers was estimated to be less than 1 mg/m3 
above the extruder, but \1as not measured e lsm,Jhere in the pl ilnt. 

ere was no c ronic disease pattern that coUld be as soCTared Hith past ethylene 
dichloride exposu re . Pl as tic emission products, rather than solvent e xposure s , may 
have been respon $ible for ·the mJcous rrembrane irritat ion even though they are wel1 
below current exposure criteria. Reco1runendations are provided in Section XII I to 
further minimize ~olvent exposure, eliminate exposur e to extrus ion emissions and 
increase worker comfort. 

KEY~IORDS : SIC 3070 (p1a stic molding), Ethylenf:' Di cl1lor idc, f t llyl Aceta t e, Propioriic 
Acid, Acetic Acid, Di(2-ethylbuty1)azclate, Cellul ose /\cetate Prori ona tc·. 

http:aceta.te
http:concerr.ed
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II. INTRODUCTt ON 

On June 13. 1980 , the Safety and Health Project Dfrector, InternJtio1;i'J 
Union, Allied In dustr i a l \forkcrs of Amer i ca, requested a heal th h<.! zard 
ev.::i.luation ·at TLB Plastics Corporation, Marion , Indiana. \Jorkers \·H: rc 
concerned tha't 't.hei r h0a 1th may have been adversely affected from p.-1. :, t 
exposure to ethylene dichloride , a chemical n~ longer 1n use, ~nd tlH, t 
ac~te heal th effects \!fere resu1 ting frcin current e;~posure to ethyl 
acetate, a c hemical that r eplaced the ethyl ene dichloride in the 
sealer opera tion in 1979 . An industrial hyri enist and t~o medica l 
i nvestigators from NIOSH visited the .plant in August 1980 . Re sults of 
the air sampling conducte d during this visit were forwarded to TLB and 
the requester in Novemb!r, 1980. 

Since ethyl acetate exposures were found to be very 1ov: and i nconsi S­
tent with the c:mµloye e reported acute adverse health effects data, a 
follow-up evaluation was conducted at TLB Pl as~ics Corporation on 
September 9-11, 1981 to eva 1 uat~ the possi bi Ii ty of cth :.: r asents 
causing the acute cdverse heelth effects. Two industria l hygierri$ t:; 
and a medical 1 nvestigator eva luuted the poss·lble acut(! adverse heul U1 
effects of exposure to plastic emission products (propioiiic acid, 
acetic acid, plasticizer) in an effort to determine if these 
substances v1ere responsible for the employees reported cur rent advc i·se 
heal th effects. Environmental results and r ecomincndati on s were 
forwarded to TLB and the requester in February, 1982. 

I.I I. Bf\CKGROUIW 

, 


TLB Plastics Corporation manufactures pla~tic tubi:'lg and stie; pes usE>d 
primarily for packaging. They emrloy 112 l alJo r and 12 r::anagement 
personnel . The process of interest during this evaluati 6n consisted 
of extruding cellulose acetate propionate pellets into a tubul ar form 
which is cut to specified lengths and seal ed on on~ end. The basic 
chemical, ethyl acetate, is use d as a bondi ng agent in tl1e automated 
sealing process. Ethylene di chl oride was the bonding a9~nt for 
approxirnately 25 years until 1979, when it wa s replaced with e'L.IJ.~1 1 
acetate. The sealing operation i s the last step of th~ proc~ss er.cept 
for inspection and packing. 

At the time of the August, 19130 survey, there \'1ere fou:-· bC\se 
production lines hous~d in a 4600 square foot area. Seven gas-fire d 
and two electric heating units, suspended fro1r. the ceiling, heate d t he 
area . Except for one central duct, which supplied 5000 cubic feet µer 
minute (cfm) of conditioned air, tliere was no mechanical ventil ati orWr 
Open windm·1s (in wanner months) an d soveral pedesta l fans allO".fe<i for 
ventilation and circulation of air. There were two add itional 
production lines in an area called the "clean room" and a .separate 
"P&G" production area that were t ernper .:iture and ht.'lllidity controll ed. 
The ethyl acetate was used on the four bcse production lines and 0 1'::? 

of the two clean room lines . The P&G area \l\'fi S changed to a base 
· production area in 1981. There \"ere 3 li nes using ethyl acetate in 

this area during the NIOSH survey in Se ptcr:·:h~ r. 1981. 
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IV. INITIAL SURVCY [VALUATION MATERIALS AND METHODS 

An initial survey was conducted on /,ugust 20 , 1980 with spec·i a1 
attention given to the lines using ~thyl acetate (formerly ethylene 
dichloride ) in the produc Uon proce5s . 

. . 
A. Environmental 

Results of previou s environmental surveys we:re revi e\'te d. 

A bulk sample of the . ethyl acetate was analyze d for purity . 

An organic vapor analyzer, cali~rated with the ethyl ace ta te usec.J 
at the µlant , was u s~d to evaluJ te airborne ccncentrBtions of 
ethyl acetete duririg the day shift on August 21, 1980. 

B. Medical 

The medical evaluation included administration of a directed 
questionnaire; review of all company death certificates, of AIW 
Union physical exoraination medicul records of ~o rkers having 
health problems ide~ti fied in the health h! zard evaluation request 

· who were present at the time of t he NIOSH medical inv~si:igation, 
revi ew of October 1978 through June 1980 cor.ipany emj) l oyr e n:::!di cc1 
and ab~enteeism records and of OSH;\ 200 Occupati oni'.i1 /\cc i dE.:i t and 
lllne:: ss Forms. 

Al 1 previous ethylene dich1orict: and/or current ethyl i\Cet at.t: 
exposed ~orkers (59) workin g at the plent on Augus t 21-2?. 1980 
(the dntes of the inve stigation) 11/ere foterviewcd . Qu~~tionna"ires 
were administered to cl 1 59 1>1orkers to ascertai n work e :-:posure c;nd 
health habit hi stor ie s and the prevalence of: 1) specific chronic 
diseases known to be associated with ethylene dichlor ide exposure , 
and 2) specif"ic acute adverse health effects ·associn·\,eci with ethyl 
acetate exposure. 

The 59 workers i ntervi e1-1ed 11/ere p 1 aced into one of tltree ex;:.oosure 
groups: 1) previ o\Js ethylene dichloride exposure only; 2) 
previous ethylene d'ichlorice plus pre~ent ethyl acetctc exposure ; 
and 3) present ethyl acetate exposure only. Exposures were 
gradu ated by job tit1 e from most exposed to least exposed to the 
ethyl acetate (former ly ethylene dichloride) . 

The 49 ethylene dichloride e xposed vrnrkers (Group l and 2) were 
evaluated for excess prE-va l ence pti tterns· of chronic dise~~es kr. o·..m 
to be a~sociated wi th ettcylene dichlotide exposure . In aGdition, 
the 10 11orkers exposed to ethyl acetate only v1ere used as a 
comparison group to the 12 '"orked e xpo~.ed to ethy lene dichlori C:~ 
only, because ethyl acetate is not knc11,·rn t o have chronic effect s . 
The 47 workers exposrd to ethyl acetate (Group 2 and 3) were 

, assessed for exces :. prevalence of acute ad verse health effect5 
associated with over e xposure t o ethyl acetate . 

http:expo~.ed
http:Occupationi'.i1
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Death certificates and AH/ Union M~di ca l Physical Exar.iination Records 
were r evie·l">'E"cl and COi'.:par cd for adverse hea l th effec ts kno·,rn to b-::: 
associatc·d \':ith ethy1 r.ne dichlor·ide and ethyl acetate exposure . The 
1978-79 and 1979-80 TLB P1asti cs Corpora t i on Medica l and Absentee i ~m 
Reports and OSHA 200 Occupati onal Accident and Illness Forms were 
reviewad and eval uated fo r acute adverse health effects and chronic 
disease prevalence patterns . 

V. INITIAL SURVEY EVALUATION CRITERIA 

Re mark s on ethylene dichloride are inc lu ded s 'lnce long-term health 
effects frompast exposu re \>1e_re of concern. 

Ethyl ene Dichloride: (4-7 ,9) 

The current OSHA standard for this subst~.nce is 50 parts per mi 11 ion 
(p pm). Be.sect on ·th o results of ani ma l stud i e s~ NIOSH recoit:;r,\l nd s tha t 
ethylene dichl oride be handled as a human carcinogen and that exposure 
to this substance be e 1 imi nated or min imi ze.d to the extent possi bl~. 
Animal s tJdies have a l so reported e thylene di ch1 orid~ to hcve 
mutageni c as wel 1 as tertatogeni c effects (abnormal development of the 
f etu s . 6 

Acute hLci1an heal th effects rel t'ted to over-er.posure to e thyl ene 
dichloride airborne exposure incl ude mucous membran e irritat;on (dry 
and/o r sore throat , burn ing, i tchi ng, r edn8ss and t earing eyes. nasal 
irr·itilti on , dischar ge or nose b 1 eeds}, corne~ i ; njury, gastroi nt~ stina 1 
t ract upset (loss of appetite, nausea, vomiting, epi gastr ic pain) , 
demato ses (severe skin irritation, edemri , destruction} , ?.nd central 
nervou s system effects (d izziness, insomn i a, headach:= ) . Ingestion of 
a fe \'i milliliters has caused head~c he , lethargy, somnol ence. 
difficulty breathing, pul mona ry edel'i'.a, hypoglycemia, hype rca1cemia, 
decrease in urine, liver and kidney damage an d death witlrin a wec;k. 

Ch ron i c health effects associated wi th ethylene dichlori de 
over-exposure include live r and kidney (rena l t ubu l e ) dtlmage , bi1 e 
du ct/gal lbl adde r tjysfunction, central nervous system effects 
(di zzine ss, weak ness , coma ), cardiopulmonary sys tem effects 
(dif f icul ty breathing , rapid hear t rate, cy anosi s) and r ecently, 
suspect reproductive effects. 

Ethvl Ac etate:(7,9)
~ 

1he current OSHA standard for ethyl acetate is 400 ppm . NIOSH does 
not have a recommen ded exposure standard for this substance. 

Acute health effects associated with over-exposure to ethyl ac~t~te 
include irri ta ti on of the nose and throat, anemia , cardi opulmona ry 
system effocts (re!>piratory t ract irri tatfon , pulmonary edema~ l n.bot\.'d 
breathin g ), central r.ervous system depre ssion and ra shes . Ethyl 
acetate: is not known t o cause chron i c e ffects . 
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VI. IIHTIAL SURVEY RESULTS AND DISCUSSJO N 

A. Environmental 

Ethyl ene D1chl'oride 

The only data avail able that indicated the extent of past 
exposures to ethylene dichloride \'las a survey done 'by the 
company's insurance carrier in January 1977. Three 1-hour s<1mples 
collected on cha rcoa l tubes at a sampling rate of 500 cc/min. 
ranged from 22-4-4. ppm near the packer/inspector l ocation . 

Ethyl Acetate 

1. NIOSHResults: 

A bulk sa~le cf the ethyl ~cetat.e wa~ a·rra lyzed and found to be 
greater than 99'.t pure. No othe r significan t pec:ks w1:: re present 
upon analysis usi ng a flame ionization detector • 

. Table I presents the results of the air samp ling condtictc d by 
NIOSH on August 21, 1900 . Three seal er lines (2 in base 
production, 1 in clean room) were monitored using a direct 
reading, organ ic vapor analyzer that was caliurated with the ethyl 
acetate used at the plant. OpGrations \·'ere ·descr i bcd as norma l 
except t hat line 9 in base production was do~n and line 8 was only 
operating intermittently durin g the shift due to ma intenance 
activities. 

Twelve sampling locations (A through L, see sketch on Table I) 
were selected for each sealer line monitored. A reading 't:as taken 
at each location from 2-5 time s during the shift. The results 
appearing in Table I represent the average concentration of ethyl 
acetat e at that location. Concentration rah ge s for eac h locati on 
are not given because readings were stable (within 5%) durina the 
shift. Ethyl acetate concen trations ranged from 2-14 ppm except 
in two locations on each li ne where 40-7 5 ppm \'las detected within 
6 inches of a liquid surface of ethyl acetc:.tc (dip tray a nd 
solvent reservoir). The 2-14 ppm concentrations represented the 
range of worker exposure for the day of th'i s survey . 

The inspector/packer location on eac h line was the only positi on 
manned continuously during t he s hift . Thi s worker vi sually 
in specte d the pl asti c tubes for defects , gathered the tubes by 
hand or on a conveyor, and packed them in a carton at anns • r eu.ch 
directly in front of him. The source s of the ethyl acetate vnpo:·s 
were the dip tray, solvent re servoir (previously uncovered, but 
covers were made the previous week anrt in place for this survey ), 
and residual ethyl acetate on the pl asti c tube~ . There were t~o 
activities t hat in spector/packers felt g~ncratc d t l1c highes t. 
exposures . One i :wol ved transfe rr"ing et!1y1 ar.etat:: f ro;n a 
55- gal l on dr um in the ch0mical storag~ are~ to the l ine 
r eservoir. . A 5-quart can i s used f or t hi~: purpo~c~ . Sol vent 
vapors were genera ted as the ethyl ~cct~te was poured into the 

http:acetc:.tc
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solvent reservoir . The other occurs during the pacl.ing stage as 
the initi al rows of pl astic tubes \-1e rc .s t acked in the carton, t he 
breathing-zone of the inspector/packe r being very close to, and 
sometimes in t he carton. 

2. 	 Past Survey Results: 

The company's insurance carrier monitor~d fer ethyl acetate using 
detector t ubes in September 1979 and February 1980. All readings 
were repor ted as less than 5 p ~ri . 

OSHA mor:iitored this operation in February 1980 using charroa l 
tubes. Exposures for 4 of 5 worke rs ranged from 20-30 ppm (8-hour 
time-v1e ighte d average (TH/\ ). The OSHA standard for ethyl acetate 
is 400 ppm. The fact that the OSHA results were highe1· than the 
concentrations found during the NIOSH survey was probably due to 
the following factors: 

1. 	 T.he OSHA study was done in the winter w·h{? n overal 1 
ventil ation of the base production area \'i.:! S less (windo\'/s 
not open). 

2. 	 One seal er 1i ne was totally down du r1 ng the NIOSH study 
an.d another was down most of the day. 

3. 	 The sol vent r ese rvoirs on the sealer lines were covered 
during the NIOSH study and not during the OSHA survey. 

The 	differences between the r~sul ts of the OSHA survey and the 
insurance carrier survey, both done during the same month 
(February 19.80) , are unexp lained except that the in surance carrier 
used detector tubes (non-certified), which are less accurate. 

B. 	 Medical 

Fifty-nine employees who were potentially exposed to ethy1ene 
dichloride and/or ethyl acetate were interviewed us ing a directerl 
questionaire. The 59 workers intervie~ed were placed into one of 
the following three exposure groups: 

Group 
Number 
Of Workers Exposure 

1 

2 

3 

12 

37 
/ 

10 

Previous ethylene dichloride exposure only( ED) . 
,. 

Previous ethyl ene dichlor ide exposure plus 
present ethyl acetate exposure (E D/EA). 

Present e thyl ace ta te exposure only (El\). 
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Exposure .was a lso gr~duate:d by job titl ~ ; tha t is, t hose jobs wh ·;c h 
required the wor~er to be in areas closest to where t he solvent ~as 
bein g USE!d for the l onges t periods of time had t he highest potent ia l 
for exposure. Job titl es , in descending orde r of exposure to the 
ethyl ene dichloride <~"hich wa s later repl aced by ethyl acetate), a11d 
nl.111ber of workers in each job classificati on were: 

Packer/Inspector - 28 
·Machine Operator - 18 
Boxmaker -3 
Maintenance Mcchan·ic -8 
Utility Atttnd<':.nt -2. 

The demographic data ~nd exposure histori es of the three exposure 
groups are included in the foll ow ing table. 

Demographic and Exposure Data of Workers 

Exposed to Ethylene Dichlori de (ED) and/or Ethyl Acetate (E A) 


Demographic Data Nu mber of Workers by Exposure Category 
1:.U On ly EUancf EA EA·-on1y­
( 12} ( 3 7) ( 10) 

Sex-Total Number 

Male 2 16 4 
Female 10 . 21 6 

Total 12 37 10 

Mean Age in Years ~ 

Male 34 32 23 
Female 38 39 24 

Total 35.5 35 23.5 

Mean Yea rs of 
Employment at TLB 7.2 7·.s 1.04 

. 

M~an Years I 

of Exposure . 1.9 7.2 .34 

http:Atttnd<':.nt


Repor ted Chronic Disease s of Wor kers Expose d to 

Ethylene Dichlor i de (ED) and/or Ethyl Ace ta t e .(EA)* 


Chronic Di seases Numbe r of Wo rkers by Exposur e Category 

ED Only ED an d EA Al 1 ED EA 011 ly 
(12) (37) ( 49) ( 10) 

Respiratory Di seases: 

Bronchitis 
 l (8't ) 4 (11 '.t ) 5 (1OX) 1 ( l 0'.'.; } 
Other 0 l (3%) 1 ( 2'.t ) 0 

Asthma/Allergy 2 ( 17'.t) 1 (3't) 3 ( 611 ) 1 ( 10%) 

Ga strointestina l Disease: 

"Stomach" Ulcers 
 2 (17'.t ) 3 (8j;) 5 (10%) 0 
Other 1 (8% ) 3 (8'.t ) 4 (8%) 0 

Tumor or Cancer: 1 (Si ) 4 ( 11%) 5 ( l 0%) 0 

Eje or VisuC1.l Problems: l (S'.t ) l (3'.t ) 2 (4%) 0 

Sk. in Di scases : 0 l (3%) l (2'.t ) 0 

Neuro1og1c Diseases: 2 (17't) 3 (S%) 5 (1oi ) 0 

Genitourinary Tract Dis.: 0 4 (11 't ) 4 (8'.t ) 1 ( lO't )

Hypertension 0 3 (8'1. ) 3 ( 6%) 0 

Anemia 0 1 (3'L) 4 (8'.t ) 0 

Other Diseases: 1 (St) 3 (8'.t) 4 (8%) 0 

Numoer or wor 'e rs Keporting 
1 or More Chronic Diseases: 6 ( 50'.t ) 17 (461' ) 23 ( 46'.t ) 2 (20%) 

* Exclusive of chronic diseases acquired prior to employm~ nt at TLB Pla5ti cs 
Corporation or with a. clear non-occupational etiology . 

/
/ 
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Ethyl ene Dichlor ide 

The reported chronic di seeses of the three worker expo~urc groups a11d 
a combined f ourth group consi sting of all ethyl ene dichlor ide expos~d 
workers a re included in the fonowing t abl e . 
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flnalysi s of the questionaire ddta from th \: 12 11 etl1yl ene dichlor i dc­
only11 e xposed v1orY..ers reveal ed that 8 of 11 workers reported c ko:~i c 
di seases in 6 diffe rent organ sys te ms, \·lhile 32 chronic diseases \.,:~r e 
r eported occurring in 11 different organ sys t ems by tl1e 3/ 11 ethyl ene 
di chloride ~nd ethyl acetate" e xposed workers . Co1~:pa ri son of the 
"ethyl ene dichlori de only 11 exposed group to the 11ethyl acetate cnly" 
exposed group revealed not sur prisingly, that the "ethyl acetate or: l y 11 

group was younger than the ethyl ene dichloride groups and had far l ess 
seniority and exposure time. Considering the differen~e in age 
bet1o1een the "ethyl ene dichlori d2 only" and the "ethyl acetate only" 
groups, the hi ghe r frequencies of chronic di$ea scs in t he forme r gr oup 
is not unexpected. Analys·i s of questionaire oata , t hereforei r eveal ed 
no appar~nt pattern of chronic disease s charac teristic of the ef fects 
of ethylene dichloride . There were no reported emphy sema , liver , 
cardiovascular or blood diseases nor adverse reproducti ve effec t s. 

Revi ew of the t\>10 company deuth certificates reveti.led one dc<Atll frcm 
acute coronary thrombosis and th~ othe r from metas ta tic brain cancc r . 
The fin dings from the four AIW Un i on \·1orkers examined by a union 
pcysici an consultant, whose Medical Physical Examination records 1-1ere 
revie't'1ed, included t~IO workers \·dth normal physical examination 
finding s, a third worker with an el evated cholesterol and 
triglycerides and the fourth with colon disease. Th~ee of four 
workers r eported headilche at the time of 'their physical e;(ami na tions, 
but there was no consistent pattern of time of ini tia l onset, 
location, frequency, duration or severity which could be establi shed. 

Compnrison of th2 October 1979 through June 1980 Absentee i sn1 Report , 
(period of use of ethyl acetate) with the same period (October 1978 
through·June 1979 ) the previ ous year, revealed a l-\1eek 5'!1 absent eei sm 
rise in October 1979, otheTilt'ise a consistently si milar absenteei ~:-:1 
pattern for the two years. OSHA 200 Occupati onal Accident and I 1lness 
RC?cords showed no one specific pattern of cl1roni c disease or acuta 
adverse health effects. Based on analysis of the questionnaire data , 
and revi ew of company and union records , there were no prevalence of 
any one speci fie chronic or acute disease patt arn prest:n t, incl u<.iing 
reproducti ve effects that could be associated with exposure to 
ethylene dichloride. None of the reported chronic diseases have been 
associ ated with ethylene dichloride exposure. 

Ethyl Acetate 

Current symptoms reported by worker participants are i nclu ded in t he 
followin g t able. 

l 
/ 
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Reporte d Symptoms of \iorke rs 
Exposed to Ethyl Acet at e (EA) and Ethyl ene Dichlori de ED 

. . Reported Symptoms t-4umber of \·Jorker s by Exposure Ca te ~10ry 

EA Only EA and ED All EA IW. EA( ED o r~L y 
( 10) (37) ( 47) ( 12) 

Mucous Membrane Irritation: 
Ory Throat 4 (40%) 7 (1 9'f, ) 11 ( 23%) 4 (33% ) 
Sore Throat 1 (1oi ) 5 (14i ) 6 ( l 3t ) .1 (8% ) 
Burning Eyes 4 ( 4 0~ ) 6 (16%) 10 (21 '.0 3 (25%) 
Itchi ng Eyes 5 (503 ) 7 (19%) , 2 ( 26%) 2 (1 7'1 ) 
Tearing Ey es 2 (20'.t ) 
 5 (1 4l ) 7 (1 5~ ) 2 (17'l. ) 
Nasal Irritation 3 (30'.i. ) 
 11 (30% ) 14 (30% ) 4 (33%) 
Nasal Discharge 0 
 3 (8%) 3 ( 6%) 2 (1 7 ~ ) 
Nose Bl eeds 0 
 2 (5%) 2 (4't ) 1 ( 0% ) 

Respiratory:
Chest Discomfort 0 2 (5%) 2 (4'L ) 0 
Cough up Phlegm-daily 0 
 9 (24i) 9 ( 19X) 2 (17% )
Cough up B1ood in Phlegm 0 
 0 0 0 
Wheezing in Chest 0 1 (3%) 1 ( 2t ) 1 (8%) 
Shortness of Breath 1 (10'.t ) 4 ( 11 ~, ) 5 (11 %) 2 (17%) 
Difficulty Breathing 1 ( 10%) 4 (11%) 5 (11'.t ) 2 (17'.t ) 

Gastrointestinal: 
Nausea &Vomiting 1 (10%) 3 (8'.t ) 4 (9'.t ) 0 

Neurologic System: 
Headache 4 (40$) 10 (27% ) 14 ( 30'.t ) 2 (17 %)
Stuporous State 1 ( 10~) 7 (1 9~ ) 8 ( 17'.t) 2 (17%) 

Skin: 
Dry or Irritated l ( l O'.t) 7 (19%) 8 (17 '.t ) 2 (in,)
Skin Rash 1 10$ ) 2 (5%) 3 (6'L ) 1 (8%). ,, -Number ot wo rKe1·s Reporting

One or Mo re Symptoms 7 ( 70%) 23 ( 62%) 30 ( 64%) 8 (67% ) I 
Based on analysis of the current symptoms questionaire data all 47 
ethyl acetate exposed workers and the 12 ethyl ene dichloride only
exposed workers (workers with no ethyl acetate exposure) reported 
comparable rates of current symptoms. Both groups of workers reported 
a high preval ence of mucous membrane ir.ritation; as r1el l as comparabl e 
preval ences of skin irritation, respiratory, gas trointesti na l and 
neurologic symptoms. Thus no specific symptomor group of symptoms
could be as5ociated with exposure to ethyl acetate . 
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The 	 following correl ation be b•een job title and nu•r'.!\e r of ·.1o:·r:cn 
reporti ng current symp t oms , h0'-1ever. s11 ggc:s ted t he need for a 
foll ow-up stuctY to i dentify a commo n current exposure. 

Correlation of Job Title with Number of Workers 
Reporting Current 

Number 

Synl

or 

Jtoms By Exposure Category 

Numbe r of Workers by Exposure C;:: tegory 
Job Title Workers 

Packer/Inspector 28 

EA On..:!t_ EA/ED ED ('IJL Y Tota l -- ­

7 10 5 2?. (79'~ ) 
Boxmaker 3 - 2 - 2 (673 ) 
Machine Operator 18 0 8 3 11 ( 6 l 'l. ) 
Maintenance Mechanic 8 0 3 - 3 ( 38% ) 
Utility Attendant 2 

Total 59 

0 - 0 -
7 23 8 38 

( O'b ) 

(64i ) 

tA - E~n ) ' l Ace tate 
ED - Ethylene Dichloride 

VII. PRELIMINARY CONCLUSION S 

Based on the information obtained in the initial survey: 

1. 	 There is no e·vidence that chronic (long-term) disease had occurred 
due to past ethylene dichloride exposure. 

2. 	 Ethyl acetate exposure had no apparent effect on. symptom rates . 

3. 	 Ethyl acetate. furthermore, at the concentrations measured by 
NIOSH, OSHA and the company's insuru.nce agency 1 Hould not be 
expected to cause the mucous membrane, respiratory tract and skin 
i rri tati on, headaches and/or nausea experienced by more t han 60% 
of the exposed enrployees 1t1ho were interviev1ed for the follo\v ing 
reasons-

a. 	 The 400 ppm OSHA standard for ethyl acetate is a \'{ell 
docunented l evel supported by human exposure st udies, 
intended to prevent such symptoms in mo:;t \torkers. 

b. 	 The odor of ethyl acetate at low concentrations is not 
knm-111 to be irritating, as described by employees . it is 
usually described as a sweet , ,pleasant odor. 

The above factors suggested that another agent (previously 
unidentified) may be respon sible for the current adverse health 
effects. Therefore , a follow-up survey was conducted. 
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VIII. FOLLOW UP ACTIVITIES 

A follow up study was undertd~en in an a ttemp t to exp lain why tho 
majority of all workers (G4%) were reporting acute adverse health 
effec ts associ ated with th~ir work . Since cellulose acetate 
propionate,' the plastic mater ial "1hich \-Ja s used as a feed stock in tile 
extrusion operation , was t he only other major substance used, it was 
evaluated as the possibl e source. 

Bulk sampl es of the plastic pell et s were heated in the NIOSH 
l aboratory to the extru sion temperature (400cF). Ana lys i s of the ai r 
samp l es dra\-m from the head space above the hot pla~tic r evealed that 
propionic acid, acetic acid , and a hi gh- bo ilin g compound suspect~d of 
be:ing the pl osti cizer di(2-e t hy lbutyl) C1zc late·. were pres~nt. Each of 
these substances could be responsib l e for the current adverse heal th 
effects, therefore, the next step.was to visit t he· plant an d evaluate 
these potentia l exposures. 

IX. FOLLOW-UP SURV EY METHODS 

Given the reported curren t adverse health effects and the resul ts of 
the laboratory head space analysi s of the plastic a fo ll ow-up fie l d 
survey was conducted on September 9-11 , 1981 t o eval uate exposure t o 
propionic acid, acetic acid and pl astic izers . This survey i nc l uded 
environmental samp l ing designed to measure airborne concentrat ions of 
these substances and a medical questionna i re to determine if there \'l'tlS 

any associated correlation with the current adverse health effects. 

A. Environmental 

Area and personal breathing zone samp ling techniques were used to 
confirm the source of the emiss,ons and estimate empl oyee 
exposures to the emissi on products i dentified. Area s arn~les were 
obtained above the extruder heads and i n several l ocation s in the 
production atea . Persona l breathing zone samp l es \•rere obtai11ed ty 
attaching tlie samp1ing dev ice to selected worl~e rs ir. such a mann·~ r 
so that the collection media was in the breathing zone (attached 
to l apel). The two sampling and analytical t echniques used are 
descri bed below. 

1. Propionic and Aceti c Acid 

The acid vapors were quantitatively collected on a solid 
sorbent consisting of di ~tomaceous earth impregnated with 
sodi um carbonate. Sorb~nt tubes \"ere connect ed, vi a a piece 
of polyethylene tubing, to a battery-operated pump cali brated 
at 1.0 li t er per minute (lpm) . Each sample was de sorbect with 
l Omg of deionized distill ed '"ater in a sonic mi·xer for 30 
minutes . Each desorbed sample was filtered through a 
Millipore 0.4Sum HA filter and injected into an ion 
chromatograph equipped with a l Omm X 200r1rrn an i on sapdrator 
column. a 7mm Xl50 mm suppressor coll.min and a cond~1ctivi ty 
de tector. 
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2. Plasticizer 

Standard charcoBl tube s were used to mon itor for the 
plasticizer at the extruder heads . No personal breathin g zo~c 
samples were obtained for this substance . Each charcoal tube 
wa~ desorbed with carbon disulfide. High resolution ga s 
chromatography/mass spectroscopy was u sed to identify the 
pl as ti c i zer. 

B. Medical 

The NIOSH medical investigator administered a directed madi cal 
questionnaire to employees to asses s t he p 1~e va 1 ence and severity 
of possible worker exposures to propionic acid, acetic ac i d and 
·plasticizer, and their subsequent potent"ia l work-related hcal"U; 
problems. Thirty first-and second-shift employees, wci·~ in g lines 
1, 3, 4, 5, 6 and 13 (the lines using t he cel lulose plattic ), were 
interviewed. Questions were asked concerning each er1;:i l oye:? 1 s 
occupationnl history at TLB Plastics Corportion, chroni c disease 
hi story, smoking hi story, and current S.)'inptoms hi story associated 
with propionic acid, acetic acid and plasticizers in g~neral . The 
current symptoms i nc~uded irritation and other symptoms of the 
eyes, nose and throat; gastrointestinal tract upset; h~ad&ch c ; 
rashes; and burns. The acute Sj'mptom history was divi ded into two 
sections: 1) symptoms pr~sent on the day of the interv i ew , an d 
2) symptoms present the preceeding day or the last 8-h ou r shift 
worked. In each case time of onse t was recorde d. 

X. FOLLOW-UP SURVEY EVALUATION CRITERIA 

Propionic Ac id (Methyl Acetic Acid): 

Neither OSHA nor NIOSH has any exposure standard or criteri a f or 
propionic acid. ACGIH has es t ablished a Threshold Limit Vl"due (TLV) 
of 10 ppm (30 mg/m3), which is l argely based on analogy 1;:ith acetic 
acid and is intended to prevent undue irritation to the eyes and 
respiratory passages. 

All of the members of an odor testing panel recogni zed an odor at 
concentrations as low as 0.03 ppm ~0.09 mg/m3 ). The odor was 
descri bed as sour and unpleasant.(,,) Symptoms of over-eY.posure from 
inhalation inclu~e sore throat, coughing and short ness of breath; from 
eye contact redness, pain and blurred vision; from skin absorption 
redness and pain; and from ingestion sore throat, ab~omina l pain and 
vomiting.0} 

Aceti c Acid:(7,9) 
' ' 

The current OSHA standard is 10 ppm. (25 mg/m3). 

Acetic Acid vapor may produce irritation of the eyes, nose , thro il t and 
lungs; skin or eye burn s from spl ashes and skin sensi t i zation. 
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RepcatPd exposure wi 11 produce blucl<enin9 anc! hyr cd :cratos i s of the 
skin of the expos~d area and erosion of the t eet h. {Y } Inhalation of 
concentrated vapors or repe?•cod exposu re of hi r1h concentrati ons m~y 
cause serious da!1:,1g:? to tl12 linings of the re spirato ry passages. The 
OSHA standard, which was adopted from the .a.CGill TL'J, is designed to 
prevent undue irritation. · 

Oi(2-ethyl butyl)Ar.e l ate: 

There are no exposure criteria for this substance . Severa l azelate 
esters are use d. as plasticizers. The avail able toxicity dat ;, 
indicates tliey are inert as far as any acu te e1-:posures are concerned 
( 8) • 

XL FOLLO\~ UP SURVEY RESULTS fl l\D DISCUSSJO:~ 

A. En vi ronmenta1 

Low concentrations of propionic and acetic acid were found in a ll 
air sampl es (see Table 2). The highest concentrati ons we re found 
above the extru d~r heeds , where the leve l s of prop1onic acid 
ranged from 0.34 to 1.10 mg/m3 and the levels of <· acetic acid 
ranged from 0.00 to 0.13 mg/ni3 . Samples takan in other ar crl S 
and vi a personal breathing zone sar;;pli ng techni ques indic&ted that 
employees \-.•ere exposed to propiordc and ace tic acid at 
approxi ma tely 0.2 and 0.1 mg/ffi3. resp!?ctivcly. The hi gher 
levels above the extrudt?r head and the fact that no d~tecta b l c> 
quantities of emission products were found at 200°F during head 
space analysis of the bulk .plastic indicate that the source of the 
acid vapors is t he extruder head which operates at approximately 
400°F. 

The pl as ticizer could not be posi t ive ly identified but was 
det ermined to he either dihexyl az£late or di( 2-ethylbuty1 ) 
azelate . Both of these substances had the s a~e GC retention ti~e 
and identical mass spectra. Since di(2-ethylbutyl)aze1ate is a 
known plasti cizer in cellulose plastics (2) it is more than 
likely the one used in this case. 

The estimated concentration of the plasticizer above the extruder 
heads was 0 .8 - 0.9 mg/m3 . Personal breathing zone sampl es were 
not obtained for the plastici zer; based on the acid vapor results, 
which indicate air concentrations out in the pl ant area are l ess 
than one-half the values above t he extruder lle;-,ds. emj) loyees 
exposu res would probably be less than 0.5 mg/m3. There are no 
exposure criteria for this compound. 

B. Medi ca 1 

All 30 employees wo rking lines 1, 3, 4, 5 , f., 13 ( the li ne$ using 
the cellulose plastic) on d«y an d eveni ng shifb Septem:,e r 9-11 1 

1981 \<Je re intervi ewed. These thirty cinployef'.:! s representc> d f ou1· 



Demographic Data and Occupati onal His~ory by Job Title 

o-emogrnpfii c Data Occ upc;"\:Tona l R1 ~lory . Mcun Mean No. OT },ea n rro:-o1­ SliTr·c 
JOB No. in SEX Age in Years at Yec;.rs in Wcrked 
TITLE Job Title M F Years TLC Plastics Current l.lob . 1st 2nci 

·­
Packer/ 

Inspector 11 1 10 32 3.7 3.1 6 5 

Mac hi ne 
Operator 11 5 6 36 8.8 3.3 6 5 

Maintenance 
Mechan ic/ 

Set-up 8 8 

TOTAL 30 14 

0 37 7.0 3.9 6 2 

16 34 6.5 3.5 18 12 
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j ob titles : 1) packer/ i nc;pec.tors - 11, 2) rnuci·iine o~erato r!.> ­
11, 3) maintena n~e mcchon ics- 6, and 4) se t-up - 2. M~inten~nce 
me·chanics and set-up have been combined in t o nr.e group as retch 
group had only in tenni t tcnt exposure t o extruder fumes duri ng 
eithe r set-up or repair of the li nes ; Hhile packer/inspectors and 
machine 9perators had a cont inuous exposure . T111enty (67% ) of ti1e 
thirty e~loyees 'I.ere t he same employee s i ntervi ewe d dur ing the 
initia l survey . The demographic data , occuputional and exposure 
history, and cur1·ent symptom history of tl1e th i r ty emp l oyees by 
j ob title are included in the foll owing tab le. 

The mean age of the 16 wome n and 14 men was approxi mately the s am~ 34.4 <;nd 
34. 5 years respectively. The occupe.tions l hi story rev0nl ed tliat 1'.'lli'ie th0 
mean number of years at TLB Plastics r anged from 3.7 year s t o 8.8 years 
for t he three sroups; the mean number of years in the current j oh fo r a11 
three groups were approximately the s ama , 3-4 years . h rnnty of thi r ty 
emp loyee s in terv i ewed (67i ) reported exposure s to fume s and vapors wh il e 7 
(23i) r eported expos ure to skin irritan ts . 

Twenty-three (7 7% ) employees repor ted curren t symptoms : a1 l 11 
packer/ inspectors, 9 (82%) machi r1e. opera tors and 3 ( 3f<~) set-u p/ma i ntrnance 
mechanics - as stratified in descendin g orde r of expo5ure (Foll o11ing 
Table). Ten (91%) inspect or/packers r eported muco~ s membrane irritation 
compared to seven (64i ) machi ne operator s and three (38%) maintenance 
mechanics/ set-up.' Headache v1as repc.rted by a co:i:p arable percentage of 
inspcctor jpackers, machine operator~ and set-u p/maintenance mechanic s . Six 
(55i ) in spector/packers r epor ted r ashes , as di d one (9%) machin e oper~tor 
and one set-up/maintenance mechanic. 
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Reported Current Syrrrp to111s by Job T·i tl e 

· ­1fliiber-------wrrent Syn'5Torns H"fsl..t>rj' 
No. In Reporti ng Mucous "'"""Tfesp·:-·"""'-'---- ·

JOB Job Current l·~mbrane Tract 
Title Title Symptoms Irri t at"ion Sympt~ms Headitches De rrr.o toscs 

Packer/ 
·­

Inspector 11 11 (100% ) 10 (91~ ) 3 (27%) 4 	 ( 36'.t } 6 	(5 53)

Machine 
Operator 11 9 ( 82'.t ) 7 ( 64'I. ) 4 ( 36't) 3 ( 27% ) 1 (9~ )

Maintenance 
Mechanic/ 
Set-up 8 3 (38%) 3 ( 38<.t} 1 (13%) 2 	(25% ) 1 

-
( 9~) 

TOTAL 30 23 (77%) 20 (67% ) 8 ( 27'.t ) 9 	 ( 301. } 10 ( 27% ) 

­

-

As can be seen from t he foll O\oJ ing histogr am 14 of 16 employees 
reported their fll.lcou s membrane irr itation as begi nnin g ~ithin t wo 
hours from s tart of \/Ork . There 1•erc no differences found i n t ir::2 of 
onset of symptoms hov:ever, betv1acn er.iployees \·d th all ergie s and t hose 
without, or between smokers and non- smokers. 
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Si x (553 ) of the inspector/packers rcpcrt!d skin prob l e~: , thre~ 
reported red anri i r1·i l:a ted sk in an<l s i x r~~oi-tcd a macu·1c:. r er panu 1ilr 
rd sh. Th~ one (9:, ) n1achi ne ope rat or who rcr0i·ted 3 rash stated t h:i": 
he had dry irri t ated skin \>1hich did not h~a l , and bcgnn when he mi xed 
pell ets . One (9%) set-up/ rnc. in tenance mr:c l1 r.ni c reported skin 
irri tati on .and a ra$h a t t he end of the shift. 

The 	cur rent symptom hi st ori es for the previous 8 hour shift worked 
were not analyzed because the l ines usi ng the cellulose pl asti c had 
changed from one day to t he next, as well as from fi rst to second 
shift. There was also some discrepency as to which l i nes employee s 
had 	worked during the previ ous 8 hcurs , and ~1hethe r t l1ey had been 
exposed to ~he prop ionic aci d, acet i c aci d and pla $ticizers . 

XI I . CONCLUSIONS 

1. 	 There i s no evidence of any specific chronic disease or di sease 
pattern s t hat can be assoc i ate d wi t h past exposures to et~ylene 
di chl ori de . 

2. 	 There was· evidence of current adve r se hea lth effects associated 
with normal producti on acti viti es . Syr.i;:i t oms such as mucous 
membrane irritation and rashes were pre valen t in the workforce , 
especially t he packer /in spectors , befo re as wel l as after ethyl 
acetate was i ntroduced i nt o the ~'W'ork environmen t. This, a long
with t he l m'i l evel s measured in the pl an t 1 suggest that the ethyl 
acetate exposure was not sol ely respons ibl e for t he current . 
adverse heal t h effects . 

3. 	 The current symptoms survey re sul t s suggests that the 1 ow 
concentrations of plastic emission product s (propion ic acid, 
acet ic acid and di (2 -ethyl butyl) azel nt~ ) are j u d g~ d to probably be 
responsible fo r the rrtJcou s ir.emb rane irri t a.ti on . Hll:: t her one of 
these or a combination of t hem, al on g vlith l m'I l evels of t he ethyl 
ace tate , ar e causing t he problem i s uncertai n. 

4. 	 It appears t hat the emi ssions ca~scd by the p1&5ti c extru~ ion 
proces s are causing a si gnif icant amount of discomfort in t he 
work force . 

XIII. RECOMME NDATIONS 

A. 	 To furthe r minimize solvent exposure 

1. 	 Put a longe r spou t on t he container used to transfer the ethyl 
acetate from the bul k stora ge drum t o the l ine reservoirs. 

2. 	 Ti l t t he packi ng box back so t ha t t he racker/ inspector do not 
have t o l ean i nto t he box to stack t he bottom layers 
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B. 	 To eliminate expo~ure t o plastic emi ss ion products 

1. 	 lmp l e~~n t engi neering controls in the form of l ocal exhaust to 
capture the smo!-~ 0 plume at the point of generat ion (short 
distance beb1een the die head and water bc~th ). This would 
also provide an added safety measure YJlien e xperiman t i ng witb 
new . pla~tic . material s. 

C. 	 To increase ~orker comfort: 

1. 	 Those workers \I/ho handle t he plastic products should wear 
protec tive gl oves and/or u s~ a moisturi z i ng water resi stant 
hand l otion or cream on their hands t o prevent skin irri t~tion. 

2. 	 Since extrusion operations can cause a dry environme11t, 
r elative humidi ty (RH) l eve·1s should be monitored in the 
wi nter months an~ i f RH is consistently l ess than 30~ methods 
of hur.iidification should be explored for use in t he 
manu facturing ar ea . Threat l ozengers , ha.rd can dy or ch::!wing 
gum may help to prevar.t throa t irritation, especi ~lly dur ing 
the \:!i nter months ~Jlle n the 'f:indows are cl osed and the ambient 
humidity levels are generally 10<11 . 
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Table 1 

Ethyl Acetate Results J 

-HE 80-185 

Acgus t 21, 198{) 


line 12 (ppm)
2 S~rrp11og Locat1on· S~mpling Location Description line #6 {pP"t?) Une 17 (ppn) . (Clean Rocm) 

' 

(A) Hear front edge of E~trudEr 2 	 2 4 
.. 
{e) Hldway down line 	 . 2 2 4 


~ (C) At elbow leading into Cutter 2 	 3' 4 


(0) W1th1n 6 inches and above EA dfp tray 45 	 75 '68 

~- I (E) M1th1n 6.1nches of EA resevo1r (cover off) ~o 	 40 


(F) H1~way bet~een turret and packer pos1tfon 3 	 2 4 


(G) At elbow on ex1t s1de of turret 2 	 2 4 


(H) To 1r.r...<!d1ate left of p~cker 1nspector 6.. 14 	 4 


(I) Three feet behind packer position 3 	 2 2 


(J) Breathtng zor.~ of 1nspector/p~cker 5 	 4 4 


(K) Face of box {near tcp) 13 10 


(t } Inside packing box 12 11 
 • 

MiTE: (l) 	All reild1ngs were ta ken with an Organic Vapor Analyzer tht.~ w~s post-cal1brated w1th the Ethyl f,cetate befr.g usad at 

t ne plm;t. There ~tere n:> o'ther organic solvents tr. use. . • 
. 

(2} 	 The sar.r1 ~ :1'.! loc~t1on b at the appro:1dr~t~ breathing zone unlttsJ specified othe~tse. l ocatfons are <!epicted fn 
sketc~ to the ri gh~ . 

(I) 

ivr •n• 1(G)--
{B) 	 , · 

\ 	 {f)__ nGJJ (C) 	 {M l . 
(if?t 	 to Sc:tle} 

­



TAOLE 2 

Prppjon1c tnd Acet 1c Ac id 

TLB Plast1 cs 
HETA_fiQ­-186­

Septemb~r 101 1981 

Sample 
Sampl~ Sl'.:i:pl1ng Vo lU;i:e Propionj;:(A~id Acet 1c Ac 1d 

Job Desc r1pt1on/Loc~t1pn Tyµe ( 1) rer1od (liters) rtg/rn 2 rr.9/m3 

Lin!.! Ul, f..bo•1e Extruder Head A 0057- l.623 390 0. 31\ o.on 
Lint fli Ahove Extruder Head A' lOO!i-1601 360 0.39 0.09 
Cine f4, .Al>ove E1truder P,ead p. 1014- lliOil 3r-.o 0.53 o. 13 
l 1r.e 55, Above Extrw1~r ttead A l.0/0- 1558 3fi0 1.10 G.10 
Line f6. Above Extruder ~ead A 1028-1620 350 0.59 o. 1? 
LinP fJ , Abuve P~cker Inspector A 09~~-1612 I 390 0.23 0. 08 
Line !. !i~ Midpo int umin lint: A 00'il-lfil5 390 0.21 0.07 
lin2 i3, At C1:tt1 r.9 Process . A · 1 0~0-1 610 330 0.25 0.08 
Line #4 • At Cutt fn9 Process A 1045- 1610 330 0.24 0. ()<) 

line f l, Packer Inspectcr BZ 0900-1433 330 0.11 · 0.09 
Urie ~i, ~~iKhine Operntor BZ 091)5- 1<132 330 0.1R 0.11 
L1 ne ~ 3, P~cker lnspector uz 090H-1 435 330 0.22 0. 0£1 
Line ~3,,M~ch1ne Operator B! 0917-1430 310 o~ 15 (3) .0.07 (3) 
Line t~, P~cker Inspector BZ 0910-1434 320 0.24 ' ' 0.09 ' 
Linc i<l . Mach1 ne Op~rator UZ oq12-1431 320 O. lY - (} . 10 
line 16, P~ckEr In~p~ctor BZ 09?.6-1432 310 O.lS (4~ o.os {4 ~ 
L1nc Pfi, Hach1n~ OpP-rator oz 0920-l 1i34 310 o.10 ( 4 0.08 ('1 

rurnmt Exposure Cr1ter1 a, 8-hollr T~JA (Source ) 30 (P.CG IH) 25 (OSHA}... 

{1) St1~1;p fo typ~; f\ - ari:-ci ~ample. BZ - personal breath1ng zone Stlrr.p le. 
{ .,' 1 f . , ~ J ~g/mJ : m111 1grim pf substance per cub1c meter o ~lr. 

~ J ) Sempl1nn pwr:p ctldnged nt 11 15 du~ to 10~1 flow (l50 cc/m1n 1nste:ad cf 1000 cc/mfo ). 

<4) L1n~ ~fi went down at 1000. Operators sent to L1ne j9 for portion of t~e re ~t of ~he $h1ft. 


..... 

~
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