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ABSTRACT 

thid'~r tb:eOccupational .. s.Hety.andUealth 

~ute for OccupationalSafetyand Health 

conduct research and health sti..tdies. foi:' 

fOra broa9 range ofoccujiational environments •. 

wandate the Industrywide Studies Branch of the 

Hazard Evaluations arid FitHd Studies has conducted a 

CrossSectional.Medicaland Industrial Hygiene Survey Exposed...•.. 

to Carbon bisulfide". The study was divided into three categories,. behav~ 


orial/psycho logicaI, medical arid indus trial hygiene. 


Industrial hygiene surveys were conducted at the American Enka Company 

in Lowland, 'tennessee on March 6-14, 1979 and March 26"':'April 13; 1919. 

The purpose of the survey was to deteraaine workers exposure to carbon di­

sulfide (CS2) as part of NIOSH's cross-sectional medidH and industrial 

hygiene stuay to determine the health effects of an occupational exposure 

of at least one working year to a documented CS level approXf,inating the
2current OSHA exposur~ limit of 2~ ppm. 

The American Enka Coaapany located in Lowland, Tennessee was selected be­
cause it had detailed historical environmental sampling data on Cs2 which 
documented a WOJ;k environment less than. the 2~ ppaa standard for CS The2 ­
purpose of this industrial hygiene report is to document the work performed 
by MIOSH in developing an exposure p:r:-oti1e which was used to support the 
medica I scudy _ . 

The results of the surveys confiraaed the hypothesls that the environmental 
exposure to CS was less than 2Q ppm. A total of 262 personal samples were 
taken for CS2 lor a determination of time-weighted average (n1A). exposut'~~ • 

. The TWA mean concentration for the 262 samples taken by. NIOSH was 4.8 ppm. 
The job categories with the highest mean exposure were the staple spinner 
with a mean of 12.6 ppm and'the washer operator with 11.Q ppm. 

Since caorolactam, metbanol, dimethylterephthalate, ethylene glycol and 
Dowtherm were used in the manufacture of nylon and ,polyester, some exposure 

. to these materials by the control group was conceivable. Air analyses of 

t.he workers··enviro....ent had one detectable sample of 3.9 ppm captolactaila 

and a mean concentration of 2.6 ppm eth)lene glycol. Ai1 analyses for all 

other co~ounds were belcw the level of detection. 




o~ment 
envitoniilentS. 
lkanchof die 
Studies has 
and 

study entit led"A "Tn..,.. ;~~;e(:Monal;,tlledlic~"l 

Workers Exposed to 

The $ tudY was designed in May .1971 after H~OslireleasedacrHerla ~ocu­
"ent with a recommend~d standard for occupationale~l>o~uretocarl)(m~isul'" 
Hde(CS 2).NIOSK re~()IIImended "that ca~l>ondi!>ulfide ~~ncelltr~t~~nsln.< 
workplaceahnot exc~ed3mg/cu III Uppm)ar>,a 1.0h()~r'11t.A(tim,:.,·~ei~hted 
averagej concentration during a 40-hour'ileektl [29J. !~is represented a 
considerable change from the present standard of 20PPiII' 

The RIOSH recommended standard was based on numerous human studies (see 
Table I) suggestive that carbon disulUde affectsthec~fdiovascula~~i~­
tem, the~ nervous system, the retinal vessels, and t~eJ:epr~~~ti."~systeil" 
Some of these studi'es were adequate but dealt with CSexposures mochhigh­
ei- than is usually seen in American workplaces. There-lore, a(':clIDprehe~sive 
.edical and industrial hygiene study involving anAmericanwor~~r..p~~ula:-, 
tion exposed to the current standard of 20 ppm or lcsswas pla~nedand .' 
conducted at the American Enka Company in Lowland J ,Tennessee ~n.Marc~6 
- 14 and Much 26 - Ap-ril 13, 1979. The cOlllpanymanub~turteSrtlyonst,~ples 
synthetic filament and polyester staple. The viscoser~yonindust<rywas 
selected bec•.luse at.J the human exposure. inforlllBtionfo~.lng ~hebasis.for 
the recommended ~t:andard for occupational exposilre toCS2 has been taken 
frOlll data deT.ived fTOll! this industry. The AmericanE~kaPlantin Lowlalld, 
Tennessee was selected as the population to be st\ldied bec~useH bad de.... 
tailed work historhs and a docUlllented work envirc:nment less than the 20 
ppm standard for CS2 • The industrial hygienedatacollect~dbyNIOSH~t~ring 
these surveys will tie presented in this report.Thi.shidustrialhy~~elle 
report is a cOlllpilation of the hiStorical data obtained h'01It~h~COtfipa,,!-y 
and the RIOSK personal saRlpling data. Tile KIOSHpersonali1id~tt'ialhgyi~ne 
data was analyzed along with. the historical CS2 . are' sa.ples t~~e~by t~~ 
COIIIpany between 1949 and 1978 to develop an. exposureproHle forea~b. Job 
category. The results of the industrial hygiene surveys tolill be used to 
support the medical study. 

Data collected in the field stUdy on March 6-14!1979wasalsoused to 
support the graduate 'Work of Dr•. Marcel-A~dre.Bonla~. Th~}!oalofDr.• 
BoUlat's study vas to present, discussaDilh0JSefully answer two qUestions = 

1. What can be expeded from the iOdirtilF..aii~e t.e~~lftit""b~~1",,1ca.1 
monitoring of Wotkers exposed to levels ofc.tbOft.~'tflfid••t . 
or below 20 ppm? 

2. 



llEAI..THEFFECTS oFc~iDisutt:rDE'

S i nee it was .5JD .••. 
found widespread .' useJn''''Ily~reasandinllUlnjcasesh~s/ pr~~uced:\ln,,,,~:n~ed . •...•.. 

.	effects in bumans .. that.Coaie ill.co:ntact•.",itbi~ •• If.suse a&.an~il~.~.fheti~ 
gas caused hallucination!';Lbeadacbe.aBd n~\ls~~[3]. Its usei~tJjelnd~~ • 
rubber industry, coaamon i:n t~~mid185()~ s.ea\lsed l~s~of.·· •••w~ll ....• 
power•••.. [and caused]~elfcontempt:~f[.tl. Wit..ht~eton~~t:~~.larg(!:,,"s5alf!! 
rubber production. itt· tbe.. ~arly.20t.hcen~u~J'tsymPt~~.o~ .. ~tiia"!r~.r(!~~!~ 
ted. Steel barswerepl~c:ed oVf!rtbewiildo~~ill.t.ti(!J)l~lltst~~~eveJlt'~~;~j" 
cides. [5] As tbe viscose' rayon industryae~el.~lM!a. ~ie ... vari~tie~()f;c~~~ 
bon disu IUde into.xicationwerereported. Tb(!~e ille1u~~~ tiJlglingEt'~ll~~~ftllF 
ness of tbeextremities; weakness oflimbs,.~os~ Ofap~titet~eightlOS't 
severe and localized headache, sexual dysfutlction'.imp~ired"i~.i.~ll.t~nd 
gastrointeritestinal dbturbance~ [6,7}.Table 1. ou.tline~.theb~~tth~.f~.~~ts 
of carbOn disulfide exposure witb reference;<; to some of the important pa;';;; 
pers detailing tbe investigational procedures arid findings. 

'table 1 
Health Effects of CarbOn Disulfide 

A. Cardiovascular Effects 
1. Hypertension [8, 9] 
2. COronary Heart Disease (8-11] 
3. Impaired Cardiac Contractility [12] 
4. Retinal Hicroaneurysms [13-18] 

B. Psychiatric Effects [6] 	

C. Neuropsychological Effects 
1. Peripheral Neuropatbies [19-21] 
2. Psychomotor Losses [22]
3. Visual Function-Alterations [23-24) 

D. Endocrine and HetabOHc. Effects 
1. Dbt-'((,ogei'lic [l:~~ 17, 18] 
2. Hyp"'! !:.::.~olesterole~lh' [9] 
3. '1bj,:.::id disorders [3; ~5] 
4. Trace .eta! depletion [4. 73 

E. Reproductive Effects [26] 

http:caused]~elfcontempt:~f[.tl


T~.e Ame.~ican Erika. com~Clhy·.Statt.ed ••.·.·prOd\JSt;1..~n ·()f< •• ..
arid. rayon stap~ein 1956i't!te.;r:aYOllnl.al1lijli~p17~~~G~;i;On/tt!t'minaG~!1i~ 
1.974. Other produc t s •.. I1Ylon~.r.'l· .. p()l~es t.er'.'aFe .•~l!i0~d~·a.t~nIs· .~,~i~itY' 
The nylon filament .. plant. beg'1l,oPjr~t.ijJlsi1l19~3;.tlle polyc·sterfill,lment· 
in 1966, and the nylon polyester staple plant in 1967. .. 

Tbesite had a total workforce of 3391 (Aprt123, 1977). 
production workers inthe viscose rayon staple area. Most einployeesare 
..Ie. Some women are employed oli the s He, but not in· the area of CS2 sures. 

DESCRIPTION OF SAFETY, INDUSTRIAL HYGIENE AND MEDICAL PROGRAMS 

The safety and health program at. the site is under the direction of a 
qualified industrial hygienist. Each plant (rayon staple,nylt}n ll1ld poly­
ester staple. nylon and polyest:!r filament) has asahtyalid healtbco... 
ordinator who is responsible for the program at that plant. Carbon disul­
fide and hydrogen st.llfide area samples are collected routinely at the 
rayon staple plant using a gas absorption bottle train aridspectrophotOOlet::
ric analysis. Area samples have been collected since the rayon staple' plant 
started production. Personal samples for CS ' using charcoal tubes, beg.an

2in early 1914 and cont.inues on a regular basis. A continuous monitor for 
CS has recently been purchased and "is undergoing testing. A continuous

2IIIlOnitor alarm system for hydrogen sulfide is in operation. Routine samples 
fc;r lead and asbestos are collected when maintenance work involves handling 
these substances. " 

There is a full time physician at the site. A licensed nurse is on duty 
each shift with two nurses on the day shift. In addition, at least two 
other employees per shift have had informal first aid training. A required 
pre-employment medical examina&ion includes a physical exam, chest x-ray, 
audiometric tests, blood profiles, visual tests and urinalysis. Periodic 
aedical exams are given to e..,loyees with certain jobs dependingontheir 
work place exposures (lead). Since 1974, periodic iodine azide urine tests 
h8ve been given to workers exposed to CS2~ . 

There is a formal safety progr818 at the plant with five people devot.ed 
full time to it. Protective equipment required in various areas of the 
site include safety shoes, rubber gloves and aprons, goggles, and:e!.pira:... 
tors. There are shower and clothes changing facUlties in some. areaso! 
the site. The company supplies safety arid healthmanu..ls deuUinSsafety 
and health hazards and precautions to workers. PedodicufetYftleetings 
are held to emphasize eXisting precautions andintroduee nE!. safety 
topics. " 

DESCRJPTIOtf OF TIlE PROcESSES 

Iayon Staple Process: 

The tayonstapb plant ;¢onststs ofean lfDCt'll:l.lJd;iliii~T;Il.i.ll"_"'I 
accepts raw material for the process ;~it.~;~~~a1l~ 

http:devot.ed
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~r~~table .bar~C!f I' 

t:.,;y~gst"il.t".~~~~e 
plant which we:te u 
be diScussed using 

A flow diagram for a t}'picalviscoserayon~t • .,le.pl:o(:#ss f~ 
3. Cellulose, sodium hydrox1de,carbOn,di~~~fidt!,'mOdftle'ru>. 
natural fatty acids) and water are the raw materials used in 
of rayon staple. The first step is ''mercerizing'' in which5he50ald~gp~e~s 
operator places sheets of pulp on edge in a. tank approximately 20feet'long 
by IS feet wide and 3 feet deep, divided into approximately4inchc~p~rtments 
by perforated plates mounted on a track. The mercerizing liquor is comprised 
of 18-20'%. sodium hydroxide and 0.5'1 t-.o a~ut 1.8'1 hemicellulose, at /i'temp.fbi-­

o
ture of about 2S C. The sheets are submerged in this solution and soaked 
for approximately 2 hours. The tanks are then dra.inedand pressure is appHed 
to the sheets until the weight of the alkali cellulose is approximately 
2.8 times that of original cellulose. . 

The alkali cellulose is dumped from the soaking p'ress into a shredder, where 
it is broken up and fluffed. This process provides uniform access of the 
elkali cellulose to air during aging and, subsequently, uniform access to 
CS2 • The cellulose is now referred to as "crumb". The s!lreddedcell~lose 
is removed and transported by the shredder operator in steel containers . 
to a temperature controlled storage room wher(\ it will remain for 20....40 
hours. 

The Itxanthation" process is carried out when the alkal i cellulose crumbs 
are introduced into a churn, vacuum is applied and the CS is drawn in to

2the churn. The churn is agitated for approximately 2 hQurs. reSUlting in 
orange colored crumbs. The reaction between the alkali cellulose and the 
CS produces a soluble sodium x2nthate derivative. The xanthatedcrumbs,

2 
are then dissolved in a sodium hydroxide solution to make an orange colored 
viscose slurry. This reaction takes approxim~tely 3 hours and is controlled 
by the dissolver operat~r. This pI'ocess introduces CS to the reaction arid 
crea~es the potential for CS2 e~~Qsure. The potential

2
for CS exposure eXists

2throughout tbe process until the drying operation is completed. 

7he viscose from the dissolver is transferred to a large blending tank to 
minimize possible variations in viscosity, composition. and degree of xan­
~hation. From the blender, the spinning tank operator pumps the viscose 
through a series of filters. The filtration operation is handled by the 
Teceiving and filtration operator. The prime objective of this operatiori 
is to remove contaminants and undissolved cellulose particles. The filtered
viscose is then pumped to a ripening and deaeration tank. The degree of 
Tipening determines the. physical properties of the final product. 

The viscose is now ready to be spun. In spinning, several reac.tions take 
place Simultaneously. First, exposure of the visc.ose to sulfuriC acid pet:­
mits c,oagulation which forms a skin around the fil"ment whichthenregener­
ates to restore cellulose. Zinc sulfate" whenatlded toth~ .pinri~ng batli, 
yields intermediate formation of a zinc xanthate. At thispoln~modit,ieu 
such as poly (oxyethy1etae) glycol and derivatives of amines, are added to 
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fu'rtm:t' .detay . ~.t'es~rllt~t~Jtc ree<!Hon~~ek,r.r~':J.~~ 'ii.wt~jt~etctH:ag· 
of th~ fiQ~rs. Thevi5coseh~1iIf~~n Pl1l1l~(t tnrougb/$,p~liln:etets~bicll.are '.' '. 
thimble shaped devices w.ith 1040,OOQ holes; .t.btsistlledi~tce that: forms 
the fibers in the acid bath. Tne·t'E!sultingfillers H()Wr~imme<fiat.filY ..·ft~r 
stretching, passes through tneJ:.volvingbla~~s ofac~ter. Thi.s,pl:"0cess 
is controlled by the cutter qperaior. The rayon fihersof,uniform length 
are laid down on a:conveyor belt and takcimtothe washtrack.Th~ :Wash track 
operator is responsible for the format.ion of a rayon blanket: formed frpm 
the washing of the fibers and the subsequent squeeZing of cheftbers f!.tlrough 
rubber rollers. The fibers are desulfurizcd, neut.ralized, bt.ached or resin 
treated and a processing ,lubricant is applied prior toa final squeeze to 
remove excess liquid. 

The damp ftber blanket is then fluffed by a mechanical beating action and 
the fibers a.1:e carried by conveyor belt to a drying oven. The rayon staple 
fibers are once again fluffed and then baled for shipment. 

POTENTIAL EXPOSURES AND CONTROLS USED 

In addition to CS ' rayon staple vorkers have potential exposure to hydro­2 
gen sulfide, tin oxid.a, zinc oxide and sulfau:., sodium hydroxide,. sulfuric 
acid and noise. Hydrogen sulfide (H2S) has been suggest4!d as a possible 
confounding factor in previous studl.es cn cs ' especially in viscose rayon2plants. Hydrogen sulfide's acute effects are well-known: cardio"'-respiratory 
failure (probably central) and possible convulsion!>. Subacute effects ai"e 
related to the central nervous system (i.e., headaches, dizziness, stag­
gered gait, tremor~, weakness, and numbness of extremities). Chronic ef­
fects have not been fully substantiated but perhaps constitute progressi.on 
of subacute effects. The Company monitors continuously for H2Sand t.he 
exposure records were reviewed and found to be below the OSHA standard 
of 10 ppm. Also, NIOSH took some area samples which indicated low environ­
mental levels. 

Engineering controls and personal protective equipw'ent are used extensively' 
in this plant. The historical environmental aTea air samples for CS col­

2lected by the Company have been, on the average, below the OSHA 'Standard 
of 20 ppm (with the exception of the chip conveyor and 2nd stretch roller 
areas). Typical current levels of CS in the spinning area are about 122 
ppm and 5 ppm in the churn room. The spinning machines are completely en~ 
closed in plexiglass and when maintenance is requried sections of the plex.;... 
iglass can be opened and the worker will use a respirator while repairing 
the tow. The entire row of the ~pinning machines ·7Ire ventilated. The Gutter 
operators wear respirators when working around die cutters and staple. 
however, the majority o( their time is spent in a s~und proofed, air condi~ 
tioned booth. 

DESCRIPTION OF TilE SURVEY METHODS 

STUDY DESIGN 

The medical s~udy was ,deSigned to. exa.mirle.the etf~~fsor~~,2?~.(a)~~n.. 
tral and periph¢ral ne:rvoussyste1ll;(b) thecardi~v'4s(:Qti'f'SY'!H;'ct1'l\. in~l'ud­
ing the retinal vessel s; (c) oncarhOhydrate, trace mtrtiTaI. and, lipid 

http:progressi.on
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ofihe total mediealstudy•. ~e in~ 

was·.designed to compliment the medical s 

index for each jobe~tegorY. 

Individual workhist6ries were obtained from the company .befofet~s 

and were used in .teciding eligihiUtyfor inclusion in.theexl>~5ecl~rid 

control groups (if the medical study; the same informationwa.su.sectwith 

the departmental exposure level data to calcuiate individual~umulatf'Ve 


exposures. The exposed group was chosen from those m~mbers. of thevisc.fJse 

rayon staple plant who had been employed in that plant for at least one 

year. Their employment prior to that time could have included theoldraydn
filament pLant Or one of the other synthetic fiber plants. .

The control group was selected from either the polyester filamerlt, nylon 

filament, or nylon polyester staple plant. Those included had to ha"ebeen 

employed at least one year in any or all of these plants. Workers·from 

these areas with previous experience in either the rayon staple or 

filament plant were excluded from the control group. 


A number of job types, including general maintenance, yard work, 

were excluded from both exposed and control groups because their 

would take them into both CS exposure and non-exposure areas.


2 

Of 273 workers who were potentially available ~nd fit the study .. 

for exposed workers, 189 (69.2 percent) signed informed consent forms~ 


}~or thp. control popULation, 4'22 workers were originally asked to 

pate in the study; 245 (58.1 percent) signed consent forms. 


The Company's CS exposure levels, which were area samples, varied frolll 

less than 1 ppm lo 20-25 ppm, depending on the area being considered. 

area air samples 'Were taken from 1957-1978 in the rayon staple plant. 

areas sampled were the churn room, dissolving room, spinning room, at; 

cutter and chip conveyor, waste cutter area. basem,nl re~eivingi:ank• 

.ond bath tanks and the correction 0pEutor' 5 desk. The samplesw~l:'e i:llICI.'.t:V.­

'Zed by the Corporate analytical laboratory by the metbod inApp.eri~~xl~" 

Hydrogen sulfide samples were also taken dut'ing this periodoft:~~"!l~~:'. 


torical area air sampling data for. C~2 were available.~or thex-a)f0l'lfil~"': 

'IIlent plant from 1949 until it was closed in 1974 (Table 2) .1:h~av£:r 

annual CS concentrations for the rayon filanumt plantar~ snowrf<i1'l . .


2
graphs in Appendix 5 (data supplied by American Enka)•. Tne 

sampling data and th~ number of samples taken at each data 

:rayon staple plant are in Appendix 5. It cannot he a~sulTI~d 


. trations of CS detected in area. sampling is OiTectly,r~~a,~ed2 
exposure. Most rayon staple vorkerr" are assignedtospecifi.':c 

they perform each working day. They can be identifieda4eor 

jClb location (e.g., press operator, churn room, spinners). 

pIe workers, however, rotate to di·fferent jl)bs depe'rlding 

the process (general relief "perator). In order to de"~""-;Z.'""­


of carbon disulfide exposure, eight-hour personal ~amp 4~12;:niHriio~~~~t'~ 


placed on the workers in the major job categorieswhosfgne t;.form:~~.·  




To calculate the individual cumulative 
was lIs2d: 

Let CS ijk
Xiik be 
and job code k then the exposure index of 

Exposure Index = Xijk x CSijk

The cumulative 
departtr.~mt and 
.forr: ·ula is for 

Cumulative Exposure Index = ~ t 
1j 

If no job code was available then:

. . I I 
Exposure Index = i j Xij x ~ij 

An example of 

Emp19yee: John Doe 

Employment 

Jan. -June 1972 -12 
July-Dec. 1912 12 

Jan.-June 1973 H 



«!.~~ job bydeJlart~~l:a~d.jo~cod~·Mr. 

cCKiedidnothave any~lst0t:lcal!nyif~~~lltal 

trols, .. pr~ximity to~p()~ur~are~.!pers~9al<~p.· 

with· professional opinion, were . u~edf:0.;ide"eloi» ....~•.•~""'.""'''ltl'''''''''' 

each job description over the time Peri(\dofi951::" 


For statistical purposes, each job wasp~ac"eaihtoeat~~()'tJes~f 'fteiy 
low exposure (DL, less than 3 ppm), Dl()d~rClte exposllre(H,~ PPIll 8~ 
7.1 ppm), and definitely high .. exposure .(DH,great~rthan7.1 ... p.,m ()Urth 
category was necessary for a number of worker!;forWh.omnoexposu ilta 
were available (e.g., waste handlers, labOratoryworkers}'.'rhisgt  ~~s 
designated, other (O). Exposure data were developedbyNIOSHfor ayon 
staple and filament plants. Tables 2 and 3 are su~ryexposure~ by 
job code of the rayon staple and filament plants. "table ..~'.'. is a su ry 
of CS area air coacentrations for the rayonstaple>snd filament ts2
by year which shows the potential for exposure for this populati

An exposure profile of the control population was also conducted. ·syll-" 
thetic filament (nylon polyester) and the nylon polyester staple t 
were surveyed April 9-10, 1979. The compounds of interest were di yl __ 
terephthalate (Appendix 7), caprolactam (Appendix 8), ethylene gl  (Ap­
pendix 9), methanol (Appendix 10) and Dowtherm (Appendix 11). 

SAMPLING AND ANALYTICAL METHOD

Carbon Disulfide (CS ):2

Two hundred sixty two personal samples were taken mples 
'were collected at a flow rate of 20 cc per minute  l-lodeI 
808 personal sampling pumps equipped with a 20 cc per minute limiting ori ­
fice. The pumps were calibrated before and after Lhe survey (Appendix 14). 
The CS samples were collected using 150 mg SKC charcoal tubes. as .the col' ­2
lecting media. The pumps were attached to the worker'S belt, and thesa~:­

'pUng tubes were clipped in a vertical position to his lapel or .shirt c~l­
lara Full shift area samples were obtained in a similar manner using the 
same apparatus and sampling tubes, except that the sample tubes i"nps 
were placed at strategic locations in specific areas. Collecte les 
were kept in a freezer located in the plant's hospital to mini mple 
loss or migration prior to analysis. The analysis of the charc es 
were completed using ~IOSH P&CAM 248 (see Appendix 14) • 

. 
the analytical met:hod used by the Company for theanaly$ls of t a 

and personal samples is in Appendix 4. 


"xdrogen Sulfide (H2S): 

Sampling for hydrogen sulfide was performed uSihgMD~~~u~~le~ 1868 

p~rsonal sampling pumps calibratedatlO.c(:tlr.inut~.wi~~.~~ng. . 

hour), direct reading Draeger H2Sde'tector tubes as th.ca'J:'li dia. 

A total of 17 1I S samples were taken.
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SUMMARY OF AnA All SAMPLING POll 

CS2 BY AMERICAN' ENKA IN THE BAYON FILAMENT PLANT 1949-1974 


NUMBBll 
JOB OF MEAN STANDARD KINIMllH 

'EVIATION VALUE VAl 

Dye· lloom Operator 21 1 0 0.7 0.00 0.7 Ci.7 

Pap~r Assembler 21 2 0 ,1.3 0.00 1.3 1.3 

Soaking Press Loader 21 3 0 1.3 0.00 1.3 '1.3 

Soak1DSPl"ess Operator 
Shredder Operator 

21 
21 

' 4 
.5 

,',"" 0 
II ,0 

1.3 
6.03 

0.00 
2'.68 

1.3 

3.0 

1.3 
12.1 

21 6 26 8.30 2.35 4.3 ~5.7 
I 

D1s801ver Operator. 21, 7 
" 

26 8.52 2.60 4.1 17.1 

Rec:e:ldns&F11eratiou " 
Operd.tor 21 10 0 2.48 0.94 0.9 4.8 

$p11'11'11I1g... Tck> Operator 21 11 0 17.7.5 4.08 10 •.5 27 •.5 
" '-' 

 \ Dial':zer •...•.Operat6r 21 12 0 1.00 0.0 1.0 1.0 

. Dialyzer"1fetclo ther 21 13 0 1.00 0.0 1.0 1.0 

21 14 0 9.00 0.0 8.0 8.0 . 

21 1S 0 1.00 0.0 1.0 1.0 

21 16 0 5.86 2.08 2.1 -11.0 

21 17 <> 3.50 0.0 3.5 3.5 

21 69 4 4.08 0.70 3.3 ..5.5 

21 B6 1. t.50 0.0 2.5 2.5 

B9 7 5.00 0.0 5.5 5~'5 

C7 2 0.0 0.0 0.0 O~O 

21 98 1 0.20 0.0" 0.20 0~20 

22 A2 1 0.3 0.0 0.3 

22 A3 1 i4.4 0.0 14.4 

...­ 1 17~7' 0.0 17.7 

2 2~O 

1 



CS2 BY AMERICAN ENKA IN THE RAYON FltAMENr PLANT 1949-1974 

UUMllER 
JOB OF MEAN 

DEPT. CODE YF.ARS 

Sp:l.onerette Chan'SeX' & 
Inspector 22 C8 5 17.12 1.52 14.4 17.8 

Waste Washer 22 DS 1 23.7 0.0 23.; 23~7 

Cake Wrapper 22 .18 26 7.l7 3.63 3.3 18.5 
/

COntinuous Relief Operator 	 22 19 0 .5.83 2.08 2. ,1 11.0 
Continuous SpinniDS

Operator 22 20 0 17.8 0.0 17.8 -17.8.. 
Continuous WinGer 22 _ 31 0 4.0 0.0 4.0 4.0 
rlapan . 22 33 0 4.0 0.0 4.0 4.0 
leUef· Operato~ 22 23 2~ 6.13 2.46 2.1 4 13.0 
Relief Operator & Clke 

O,eratot 22 24 2 .5.70 0.0 5.7 5.7 
Sockef' "'7 22 2.5 26 17.7S 4.08 10.S 27.' 
Spinuer·. 22 26 27, 17.75 4.00 10.S 27.5 

Aclcl laelf·alief>,OpaJ:"~l' 	 22 27 . 0 1.00 0.00 1.0 1.0 
22 28 0 4.00 0.00 4.0 4~0 

22 29 0 2.37 0.87 0.80 4.60 

30 0 6.06 2.60 2.40 13.20 

31 '0 0.20 0.0 0.20 

32 0 1.9.5 0.78 
23 0 17.74 4.09 
34 0 8.30 

35 26 



SUHMAaY OF AREA'AlR SAHPLIHGFOR 
eS2 BY AMERICAN BNKA IN THE RAYON FILAMENT PLANT· 1949~1974 

, (CONT,) 

JOB OF HEAR STANDAltD MIHIHUK HAXDIUK 
DEVIATIOI! VAtUI VAtU 

Restricted Re1lef Operetor 24 17 0 0.30 0.00 0.30 0.30 

Cake &Cone Sortlns 
Operator 24 .52 0 0.30 0.00 Ch30 ,0.3

Creel &Dufflns Operator 
Warper 24 / .53 0 0.30 0.00 0.30 0.3

Cr••l , Warplns OperateI' 24 .54 O. 0.30 0.00 0.30 0.3
bulst011 Mlx , .... 'e............ I 


Mis.cellaneous 2.4 55 0 0.30 0.00 0.30 1 0•3
Lift Truck Operator 24 S6 0 0.30. 0.00 0.30 0.3
011 Coninl Operator . 24 S7 0 0.30 0.00 n.30 0.3
SalvaseOperator 2 58 0 ' 0.30 0.00 0.30 0.3
ShUt". Cake. Sorter 2 59 0 0.30 0.00 0.30 0.3

~ 
Sl..kl~S' Clra.l Ope1'8,01' 2 60 0 0.30 0.00 0.30 0.3

......' " t

r' .SO,tiJiIJ' '~_el' 2 61 0 0.30 0.00 0.30 0.3
'texU.ie~O'aU !l'uGkal' 2 62 0 0.30 0.00 0.30 0.3

1ub;J; In,pectol' .... . 24 63 0 0.30 0.00 0.30 0.4

~j,v'1'h1W10.t_•.. .,al'ator 24 64 0 0.30 0.00 0.30 o.a
24 6S 0 0.30 0.00 0.30 0 • .1~.iet ·"'r~••. 

W_.*.eJ: 24 66 0 0.30 0.00 0.30 0.3" _~.W~~I"'t~ 2r . 7.1· 0.00 7.1 7.1

~'~.~iijj."t'f.~; 'ot 2G 7.1 0.00 7.1 7.1
·.····.,.i••tt.i'.eku ....,..../ ........................ 8 29· .0.3 0.00 0.3 0.3
.·ij~~j(y~l'Ifi;.·\_.,dl1•• 21' 1.0 0.00 1.0 l..0

a 0.3 O~OO 0.3 ...,o ' 
2S 0.3 • ....0.00 



Kotomet'rtester 22 

Sp:L.,.,edttaCbariU .. 
lDspector 22 

UDas.:L"uRI 22 

Car Loaa.­ 23 

Vacuum "er (01<1) 23 
~ 

GaD.ra1 te1:1ef Ope~A;tor 23 
, , 

Day C1uter 23 

Car Loaaer 23 

track., opefator 23 
, , 

,IxtractbrOa'erator 23 

TUDDe1n.r.r~rator 23 
Vacu_Dryer op.racor 23 
i:;'."';;:;(.,:,",:"" "',,',:< ,",'•. 

23tuEJell:l:n,U.DI 
~D.;llfbdiD& ' 23 

23 
HIx,', Operator 23 

23 

23 
23 
24 

24 
24 

SUMtWtY OF ARBAAIR SAMfLlNC roa 
CS2 IY .umBICAI IN1CA IN 11IB RAYOI J'II..AKEtfT rLAIIT 19~'-1"4 

(COHl'.) 

39 26 17.75 4.08 10.50 

40 26 17.15 4.08 . 10.50 

98 0 0.2 0.0 0.20 
•

J.4 0 17.7 0.0 17.1 

17 0 0.4 0.0 0.4 

16 0 5.86 2.08 2.10 

34 0 1.00 0.0 . 1.00 

41 Q 11.75 4.00 10.50 

42 a 1.10 1.63 4.20 

43 0 1.00 0.00 1.00 

44 0 0.36 0.09 0.20 

45 0 0.37 0.09 0.20 

46 0 0.30 0.00 0.30 

47 0 0.00 0.31 0.30 

48 0 0.30 0.00 0.30 

49 0 0.60 0.00 0.60 

SO 0 17.75 4.08 10.50 

51 26 . 23.71 8.73 9.50 

98 5 0.20 O~OO 0.20 

D8 1 0.30 0.00 0.30 

C1 ,2 1.30 0.00 1.30 

C2 1 6.00 0.00 6.0 

.0'.30 0.00 0.30; 

'0.30 0.00 1).30 

27.50 

~1.S0 

0.20 

17.7 
0.4 

:11.00 

1.00 

27.50 
11.00 
1.00 
0.60 

0.60 
0.30 
0.30 

. 0.30 

1).60 
28'.50 

43.10 
0.20 
0.30 

1.38 

6.0 

0.,30 



CS2 BY AMERICAN IMKA IN TUE lAYOI rlLAHIHT ,LAIr 1949-1974 

(CONT.) 

kUHBEB. 
JOB or . MId STANDARD !tIIID MAXlHUK 

_ JQB DQCllnIOlf DIP'L_ _ ___ CODS tlAU DIVlA..'IIOI YALUS VAtul 

All Maintenance 2X 1.0. 0.00 1.0 1.0 

UDkPown 2Y o.\) 0.00 0.0 0.0 

Labol'atod.. 2Z 1.0 0.00 1.0 1.0 

• 

•t\ .  • ..,led .ach ,...~ It,. the c...a ata ve~ d 

I,. 	It:IOSHi ha•• upon the .... t avaUabl. il'llont4t1oD. Th. 'laat ".••hut dow 11'1 1974 • 

..



TABU 3 

8~ARl or AREA AIR SAMPLING roR 


2 

NUMaER 
JOB or HEAR STANDARD HIlilMUtI MAXIIMI 

JOB DESCltlPTIOIl DEPT. COD! YEABS DEVIATION VALtJl Vl!LUj§ 
Lye Boo. Operator 11 1 1 0.7 0 0.7 0.7 

Pr... A••embler Operator 11 2 1 1.3 0 1.3 1.3 

Soakins Pre.. Loader 11 3 1 1.3 0 1.3 '1.3 

Soakin, 're.. Operator 11 '4 1 1.3 0 1.3 1.3 

Shr.~der Operator 11 5 1 6.65 2.49 3.0 12.1 
. 

Churn Operator 11 6 23 9.0) 3.39 3.2 14.0 
I 

Di.s~;lver Operator 11 7 26 9.02 3.35 3.2 14.0 

Ti02 ~reparat1on 11 8 23 9.02 3.57 3.2 14.0 

Continuous Vlaco•• 11 9 23 3.97 0.12 3.6 4.0 

Becel~lnl'illtrattoD 11 10 23 2.53 1.01 0.8 4.8 

Spl"'~,t!n&.Ta. Operatol' 11 11 23 3,97 0.12 3.6 4.0 
'j .. ,.f•••••

Cb..!cal·· '1'1,** CleaDeI:' 11 111 23 7.92 0.26 7.1 8.0 

Ceneral Cleaner 11 15 1 1.0 0.0 1.0 1.0 

Ceneral' .eH..'Oper.tor 11 16 24 5.84 2.21 2.1 11.0 

.e.trictedil.net Opt=rat9r 11 17 1 3.50 0.0 3.50 3.50.. 
Continuous Vi.co.e ·Op~;.~or

(old) 11 67 4.00 0.0 4.00 4.00

11 68 ! 9.00 0.0 9.00 9.00

11 69 2 2 • .54 0.930 0.80 4.80 
11 98 0.20 0.0 0.20 0.20

11 
. 

A7 4 1.0 0.0 1.0t) 1.00

11 C9 6 2.5 0.0 2 • .50 2 • .50 

lr 0 10.0 0.0 10.00 10.00

10 0 0.5 0.0 0.50 0 • .50 

1X 0 1.0 0.0 1.00 

0 0~5 0.0' 0.50 

http:Spl"'~,t!n&.Ta


S~~Y or ARIA 411 S~Ll~G lOa 
2 

(CONT.) 

JOB or HBAJt 

Day Utility Vather 12 Ai .5 13.26 

Spbne1'att.. Chal1,er 12 B2 23 17.2 0.0 17.20 17.20 

Sa1tloc:1ai_r 12 .3 1 0.20 0.0 0.20 0.20 

W••k'!t Op8l'at.r 12 D2 6 23.81 21.17 8.30 60.00 
2. ~jfjct.".r .. tl1.~.ll!aD"'" 12 D4 .5 0.50 0.0 2.00 

Saltt....f 12 D8 .". 5 0-0 ~.oo 2.00 • 2.00 •" 
ce"al·l.~i;ef op.¥&tor 12 16 24 5.84 2.27 2.10 11.00 

Cll.er &. fall ''''Iareou)' 12 20 2 0.20 C.O 0.20 0.20 

~~••tt"">_.iator 12 29 27 2.39 0.87 0.80 4.60 
12 30 23 6.45 2.59 1.30 ·13.20 

12 34 24 0.50 0.0 0.50 e~l)· 

12 49 0.60 0.0 0.60 

12 0.20 0.0 0.20 

12 0.20 0.20 

n 	 2.02 0.70 

12 	 17.21 8.30 

17.21 8.30 
17.21 8.30 
8~09 1.60 1

2.00 2.00 

8.3 t.30 
0.70 0.70 

37;31 6~50 



~ 

1948 4~04 

1949 6.34' --9.72 . 494.50 
1950 6.74 . 9.73 ,27.30 532.70 

1951 5.07 7.18 23.70 425.60 

1952 4':88 6.51 23.70 414. to 
1953 4.70 5.99 23.70 399.90 
1954 5.45 7.24 23.70 441.60 
1955 4.75 6.33 - 23.70 413.-60 

1956 5.10 7.13 43.10 474.40 

1957 5.50 9.62 83.20 665.10 
1958 4.69 8.90 83.40 553.10 

1959 5.. 20 9.53 83.20 598.20 
1960 4.56 5.74 2~.60 524.00',.
1961 5.81 7.58 32.50 6SO.SO 

,1962 4.,73 6.83 21.00 
1963 4.89 6.83 22.80 
1964 6.09 22.80 ' 

1965 6.99 31.50 
1966 7.10 31.00 

1967 6.71 31.2e 
1968 7.02 34.. 60 
1969 6.33 36.70 
1970 5.83 . 36.50 

1971 6.46 36.. 70 

1972 6.27 40.80 
1973 6.24 36.70' 

1974. 6.SO 53.40 

1975 ' 10.42 73.4 

1976 U.59 6O~OO 

1977 7.95 37.90 
1978 4.91 

1979 5.16 

·Year Rayon Filament Pla~tCloscd 



'the analytical method used by theco."lly 

Geel:'ol.ct..m and DimethylteJ'ep

The analyt leal method fol:' the
fol:' this survey by IIOSH. 

Full shift samples were collected at a flow rate of 2.0 Ll..inute u
~ltode1 G personal s_pling pu.ps. The samples were collc!~tedon  
fiber filters using closed faced two staged poiystyrene cassettes.
teen samples of caprolactam and 11 di.ethylterephthalate SaMples w
taken. . 

Prior to analysis, the cassette plugs were removed and the samples 
kept in a dessicator for 7 days. The filters were removed from the 
settes and extracted in 2 dram vials with 5 ml of metbylene chlorid 

enhance the extraction process, the vials were held in an ultrasoni h 

for 30 minutes. 


The extracts were analyzed on an BP5731 gas chra.atograph using a f
ionization detector (FlO) and helium carrier gas. The limit of dete  
for caprolactam was 0.5 -slsample and 0.1 mgls8llllple for dimethylter a­
late. 

Methanol: 

Methanol samples were collected on silica gel tubes. MOA Accuhaler  
808 personal sampUng pumps cal ibrated at 20 cclminute wl!re used to ect 
the samples. The limit of detection was 0.010 mglsample and a total

.6 methanol samples were taken. The tubes were analyzed in accordanc h 
Method 5-59 (Appendix 15). 

powlherm: (Fbenyl Ether-Biphenyl Mixture) 

Dowtherm saml,les were also collected on silica gel tubes. MDA Accu
Model 808 personal sampling pumps calibrated at 20 cclminute were u
to collect the D.lwtherm samples. The limit of deteclion was 0.010 ple 
and a total of 7 Dowtherm samples were taken. The tubes were analyze  
accordance with Method s-73 (Appendix 16). 

Ethylene Glycol: 

t:he ethylene glycol samples were collected using midget impingers c n­
ing tOT. isopropanol in a water solution. A total of 7 area samples 
collected using MSA Model G pu.ps at a flow rate ofllit~rpe1:"lIlln
The samples were analyzed in accordance with the method ,in Appel'Klix

RESULTSA!tD OlSCU$$ION 

A total of 262 personal samples were taken for CS2~tlr~n&the.,t.oiDd ";' 
al hygiene surveys (see Appendix 13 for raw data and T.able 'fftas J 

http:Geel:'ol.ct


TABLE S • 
SlMIIY STATISTICS OF mE InOSH PERSONAl 

!!! . !!!.!t Y. 
STANDARD 

... , DEVIATION 
STAHOMD 

ERROR 
GECK:TRIC 

HEM 
GEOMURrC 
O£YIATl!l! 

UPPtR 
LlMlT 

LMR 
LIMJT 

1.94 0.01 0.81 0.68 0.27 0.43 5.70 2.M 0.07 

SIl",dder Optrttor 
ClI.\lrtI Optra tor 

11 
11 

•
I 

17 
30 

8.00 
13.90 
21.24 

0.2' 
1.00 
1.111 

2.38 
5.10 
'.70 

1.83 
3.'7 
4.08 

0.51 
0.98 
0.74 

1.71 
3.811 
ii.73 

2.32 
2.1' 
1.7' 

2.f2 
5.75 
7.12 

1.05 
2.57 
4.11 

Oissoher Operltor 11 7 18 7.90 1.89 4.115 1.53 0.36 3.89 1.47 4.71 3.lt 
Ri:,:eivlnt • ,n trottfOlt 
Optritor 11 10 t 3.38 3.32 3.35 O.{I~ 0.03 3.311 1.01 3.71 I.tt 
Splnn'ng Tlnk Operltor n 11 3 3.87 1." 3.015 0.93 0.54 1.95 1.41 I,.as • 1.2' 
CheMlell Tlnk Clelner 11 '4. 4 15.07 0.'8 7.13 1.33 3.11S 4.58 3.38 31.81 O.H 
Correetton Operltor 12 zt 4 . 2.12 1.58 ~.015 0.55 0.28 2.01 1.31 3.01 1.31 
Cr,ysU11fztr • 
B".poutor Operator 12 30 4 n.02 1.39 . 4.24 ••54 2.27 2.98 ~.41 12.5Z 0.71 
Chemie.l Mix Operatot' 12 4' 3 o.,a 0.34 0.58 0.35 0.20 0.52 1.74 , 2.08 
'~flS '.ekir 12 " 13 '.90 3.33 4.19 1.14 0.32 4.57 ' 1.115 5.n 
Silt Unl·t Operator 12 71 4 0.37 . 0.02 0.115 O.lf 0.08 0.01 ..... 3.89 0.80 ._, 
Send Filter I R,11,' 
OPtrttor 11 72 5 2.84 0.12 1.7. 0.70 0.31 1.13 1.110 2.71 
Staple SpInner 12 73 " 217.6 1.28 12.64 ~ 29.09 • 'ttl 6.n Z.6S 1.77 
Tow I'ltrelltr 12 75 3 17.015 1.11 11.86 5.50 3.17 . 10.89 1." 28.110 
CUtter Operltor 12 7f 21 30.70 0.02 '.42 1.40 1.40 1.21 4.32 12.11 
Wdlltr Operltor 12 10 31 1".0 1.01 11.04 27.1' 4.96 4.97 1.83 6.26 

D~.CIpt,.,tOl' 
lIit~r'r"*to,.
tt'~t 1'1'1Ic~Opmto.. 

12 
12 
12 

78 

7' 
I 

17 
4 

.7.65 
1.21 
0.45 

0.02 
0.02 
0.03 

8.30 
0.87 
0.23 

".28 
0.15 
0.23 

7.87 
O.lIS 
0.12 

0.41 
0.41 
0.11 

111.93 
. 4.&5 

4.111 

8.47 
1.01 
1.33 

0.22 
0.01 



'. 

o~al 
2 or 

the area air samples taken by Anlerican Enka in 19708 at the rayon staple 
plant was 4.2 ppm. 

OD an intermittent basis the airborne concentrations of CS in some areas.2was determined d\lring theNIOSH study to be above the OSHA st.andard - i.e., 
churn operator - 21.2 ppm, staple spinner - 217.6 ppm, cutter operator ­
30.7 ppm, washer operator - 159.~ ppm, and drying - 47.7 ppm. The more accu­
rate perstlnal sampling data have only been collectec: since 1974, making 
it impossible to ascertain before that time the extent of actual exposure 
levels incurred by individual employees. However, 1espirators have been 
available fer personal protection since early in the plant I s history and 
in the past several years management has increased emphasis unti.l it is 
now mandatory to use an approved respirator during known or suspected periods 
of high exposure. 

The nylon polyester filament plant was sampled for CS on March 7-12, 1979
2for the purpose of determinipg the pot~ntial of the control population be­

ing exposed. The average personal exposure for t~e control population was 
0.2 ppm. 

The rayon staple plant was also surveyed for hydrogen sulfide; the results 
can be found in Appendix 12. 

ODe area of concern is the handling of waste rayon staple. This product 
is processed through a small department in the old rayon filament plant. 
The concern comes from the potential for CS 2 exposure. NIOSH did not t"~e 
any samples of this process because the presence of this ~all operation 
was only discovered in the latter stages of 'the survey. However, from the 
visual observations at the time of the walk-through, it was not clear to 
the NIOSH industrial hygienists that appropriate engineering controls were 
being applied in the handling of the waste rayon staple. 

Since the control group worked in the nylon or polyester plant, the exposure 
to caprolactam,.dimethylterephthalate. ethylene glycol, methanol and Dowtherm 
were either nondetectable or well below the exposure standards (see Appendix 
18 for exposure standards). The CS2 level for ~he control population was 
approximately 0.2 ppm. Because there is no historical company data to document 
previous exposures to CS2 for the control population it is assumed, for 
this study, that 0.2 ppa is also the average exposure level of the controls 
for tbe previous years. 

RECOMMENDATIONS 

The rayon staple plant.' s average exposure, 4.8 pplll, is beloW the pr(Osent 
OSHA standard of 2(\ ppm. The engineering controls and work pnlct:ices are 
adequate to ..intain this level of exposure. 

The area of concern is the handling of the waste rayon staple in the old 
rayon filament. plant. The waste handling department employs only .a few employ­
ee. and is located at the end of tbe plant away from the cafet.eda. From 
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A. 

1. 	

ot pl.atiD. d:1&sOlvedin l.ClO~. of'.VIiIr.IL cti.s~_~. IUXwll: 

.t.Uter into a glass stoppered bottJ.e. 


2. 	 IfnrUfied DiethxlR..-e Soll'lt1.OJl - D1.s.oba 0.05, .PS.. eu.(.~GOOJ~ .~i.~,lm1.  
diet.b7lan:!ne, 3l al. of: tr'!1etbanolqinej .&Dd.2Sal. "at .C()aC;" .a~a~li.A1l ~ 
or CJO% etbTl alcohol.. (I:eep 1u a bz'Cw.Il bottJ.e aDd s~eGl Who notaus i;) 

B. Pn!S;edure 

1. 	 'l'hree gas absorption bottles .md a 1-1:1tar aspire.Unc bott1.e are lIIOUUtei1c
a special. earr.Jing rack equipped vi't.h bOl.ders a:rzd a u.ecJt at.'t'ap. 

2. 	 P.1pette 10 JIll. or Bi~h rescent int.o the tt....t absorption bottle to 
absorb the HzS. 

3. 	 Pipette 10 JIll. or the dieth.Tlam:t De reagent into each or tbesecond and thi  
absorption bottles to abSorb the CSz• 

40 	 Measure 1 IIter or vater into the aspi........ti.cg botUe. 

S. 	 1 liter .0£ air to be tested i.s drmm through the gas absorption bottles b
opening the stopeocJ:. on the l.-liter aspirator bottle containina the vater.

6. 	 A:tter ret:urn:1.ng to the laborato1'7, aap:irate the air i..u the intake tube (1.f
uaed) and the f'L~t absorption bottJ.e on -throUgh the seco::d and. thL-d 
absorption bottles. 

7. 	 Trans:ter to 1/2" test tubes, aJld using M(!103h as a blank, read at 435 1II
vave1ength the ~ t.ra.rumdt.tance o£ the solution. in the HzS absorption bottl  

8. 	 Usi.ng diethylamine solution 6S a blarJc, read at 435 BIll va.Vel.ength the ~ 
transmittance of' the sol.ut.ion in the second .u:u1 then the third ebsorp tion 
bottles. 

9. 	 Using the %trans:i.ttance on the 3pect.ronic 3), read the concentration o£ 
H2S aDd CS2 f'rom the a tt.ached charts. 

10. Concentrations: of CS2 f'rom the 2nd atld 3rd bottles are added together• 

.. 

http:ret:urn:1.ng
http:bz'Cw.Il
http:of'.VIiIr.IL


·l...oI:
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2. lr·theJl~~ ~~on~~Jl..t~.,,~.~ ..>o~~~~·~.3.'ilPi·\Olr."· 
~·.·K'tirs.mp.l:!. &~~ ..~;p1~t.e 

,. It theJlaS .cmte1ii·1i.·.attOeWtC)~~•• ppior .•-:t:::•. =~rl~~.J .... 

50 PJ!lIItj. 1iheIl.···21 ... or··.·.~· ·1SIlOiW_Ueddtlie 
BDlUPl;1ecl bt.·2­

4. Pwld"7 ahD.oJ:mel. s...ples,(JIjS>60 p}lilt CS,a >lOo·pPa}.~j;~& niCCI_~!C.t·.
........ the· old8r :f.OclOatr.1c .tbGa·be ....usea.. 


5. :dUl';: == :.:: ~SJle~~t~~ ~~=::t~:'I·C=~:t~./
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1•.~ 

.I. 	 .. ~calprocedure l.j.t

B. 	 :an equ1pw.at lIIiUt'be ~d

c. 	 .,. uPirat4.Dg bOtf.te. ·8Dd··~ ...·· 
~r&cJt~. . 

D. 	 .... ""'1.,." ........ the ··aw. 

~ .. to p."fa .. t.iJIIt iJitenil d.·••Fi-.toNt. 

liLterHmple. 


n. GEIIEB& Jl!t SAIIPIiIS 

.I. 	 CarJ::T thep:epared rack at cheat he1cht, 

1Iaa. 


B. 	 Do DOt use 1ataJID tubi...iJc OIl the air .!.Dtaka '0£. tbe·.t:t.:n" aIN~~~i1i'~~~~': ·i;~;·... 
C. 	 Valk sJ.ovly ~ the area o£int&rest aothat 


npresentatiLve o£ the entil:'e area.. see the at1itiCtled. dUp_i.. 


D. 	 . SaaIples shoal4 be labeled to ident.i!'T area s8IrIP1ed, .•• iiiil·1Wiiikt.~. 
aDd actiLYi.Ues per.tor.aed in ana. 

III. SAl.m:.ES OF AIR. BEDIi BR'f!&TH£D BY AI 0l.'ERA1'eR 

A. 	 Attach a cl.eaD, di'j', t.7:imaparent plastic tuba to thefn~ol'tJii·~r-siI~"· 
absorptiOll bottle. The tube ~d be. ~t.e;.t~.t!8tl;~.;,~i; . 
cl.othea pin u attached. to the end oppositbthe: abSorpt1onbc:l'it.l.e;~. 
a rubber band. 	 . . 

B. 	 VheD. taldJlg the simple, the plastic tubing is tobetptlmfoft'tli tti.ctpei~~~r.i 
shirt, extended over b:i.sshoulderancl the iJitake~ti.onea.~·••..~ritt~r1ii;}'... '.;
so that the air saple vlll be comparahletothetir ......"nv . b 

actual positioning or the tuba J!Ja'T be varled~as 
as possible vith the operator but the 'utake must···be _ii.h1ta.i_tl; U 
£~. 	 # 

C. 

D. 
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area 

X cvtta­

~ 
41' 

X (litter. 

,~' 

.tte.\' 

.. ; , 

}t-fo.... 

~ 
:I: 

tch 

NOTE: 
direc1:ion. Air wi II sampled at shoulder heig

2. Va Ik as c lose to 2nd s tre tch ro llers as pract ass ing 
in one di rect ion. Samp les wi 11 be taken at 5 ght. 
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FINISllING DEPARTMENT - WASTE CUTTER 
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Ai'PENDL.'<. 6 

AVERAGE·AREA SAMPLING DATA.. (PPM) 
Sf "AaEAIN'l'HE RAYON S'l'APLB PlANT 

FROM 1957 THROUGB1.978* 

AREA 

Churn RoOIa . 
Dissolving Room 

Spinning Machines 

At 2nd Stretch Rollers 

Along hot clip 

Attbe cutter 

Chip Conveyer 

Waste Cutter 

Correction Operator DeSk 

Basement .Rece~ving '!a~ 

2nd Bath '1'anks 

Cooling 'lower 

Spinning Boola 

lIOMBBR OF 
SUlPLES 

2'7 


30' 


226 


1281 


"I 

1256 


393 


166 


273 


157 


158 


1 


1 


AVERAGE·. ··(pPJQ 

1957-1918 


• 	 8.12 


1.'7 


' ..34 

26 ..09 


17 ..2 

1.9.2 

33.5 

'.16 

4.58 

4." 
6.22 

2.2 

12.4 

* samples taken by tbe CUll()aDy. .. .1: -- :: ..!~; .. z: ;: 
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1I1018.~~al •••. ~CDli~""S~ 
"'iBtlJ~'~)A'T~~mtElt

Sl'A.J"Lt ..~.... OX·Jt.P£lL .~]..O.. 1979 

.tOB SAJIPH 
RSCJtIPHOB ... 

_Operacor 
'Hf)2· Operator 

JIlscellaMOUS elUDe%" 
Guer&! Replacer SpiuuiDI 

SpjaNr 

ar.r )tolief Operaeor 
euur 

.-1-6 
SF-1.... 
SF-2-'J 
&-1-' 
57-1-2 
51'-2-6 
SF-1-1 
.-2-'2 
SF-2"" 
SF-2-4 
SI'-2-2 

co.o~·· 
CO.(J.~ 
<O~OM 
<O.OlS 
<0.01.5 
<0.01.5 
<0.015 
<0.01.5 
<0.015 
CO.OlS 
CO• .,IS 

* LWt of Detect100 0.1 1I&iSSIPla 

.APPDDlX e 
IIlOSH PEISOtW. .SA.'!PLINC ltESULl'S FOIt 

c:.Al'B.OLAC'"u\K AT l1!E snrI'HEl'1C FII..A.."{ENl' 
PI..A1I'r OR MltlL 9-10, 191' 

PPH 

CAPROLACl'AK* 


Caprolaptam 
Ua10ader 
Caprclaptam Operator 
Sp1uMr 
Cla1p Cotur 

P1teuIIat1e 

Ileader Operator 

»owtbern Operatol' 

Sp1enel' 


Cbt, ILamller 

FF-l-6 
FF-2-3 
FF-1-1 
FF-1-2 
IF-l-4 
FF-2-4 
IF-1-S 
J'F-1-J 
"-2-6 
Ff'-2-1 
FF-2-8 
IF-2-1 
FF-2-S 

<0.14 
<0.14 
<0014 
<0.14 

3.93 
co.14 
co.14 
.<0.14 
CO.14 
co.14 
co. 14 
<0.14 

* L1l1dt of De.:ecd.OD 0.5 II&Is,..,1e 

http:De.:ecd.OD


ltlOSH SAMPLIN~RESUL'IS FOR ETRYI.E:m 

GLYCOL AT THE SYN'IP.hICFI~ PL.\NTON APluL 10, 1919 


Poljaexd.%ation -: 5tb Floor-_ 

CoDtrol Room 
t.~ts Cleaning (between vats) 
Ethylene Glycol Recovery 
Polymerization-5th Floor East End 
Polyaeriz.ttioD-Sth F.loor West End 
Parts Cleaning Room 

S-EG-1-l 

S-EG-1-2 

S-E(;-1-3 

F-EG-2-l0 

S-EG-2-l 

S-EG-2-2 

S-EG-2-l 

S-EG-1-4 


'.12 
1.22 
0 ..41 
0~94 . 
O~32 
1.41 

10.10 
1.21 

APPD.'DIX 1.0 
nOSH SAMPLING RESULTS FOR. METHANOL 

AT THE SYlfTBETIC FIL~"T PUNT ON APRIL 9. 1979 
.AHD TlIE l'OLYESIER Sl"APLE PLANI APlUl. 10. 1979 

AllEA 
DESClUFTION 

Polyeerization-4th Floor 
Center Section 

Polymerization-4tbF1oor 
Wes t Sectioo 

Polymerizatioo-5th Floor 
Vest: Sectioo 

Polymerization-4th Floor 
East: Sect:ioD 

Pol)~erl%atioD-4th Floor 

• Limit of Detection 0.10 mg/sample
** Polyester Staple Plaut 

S-1-3 

S-1-2 

S-l-4 

**S-2-3 
**S-2-2 

<0.9 

<0.9 

<0.9 
<0.9 
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n_·~DC usm:rs FOB. 
00W'IJIEmf AT msnmtEnc<rn.umrrrL.AicT 0IIAPUl.'. 

AD;.TBE .POLYES'lDSTAPLEPLUIT APULlO. 1979 

s.AttPLE 
JRHsD.' 

Douchera.S~orace .. '-2-1 
CoadDuOve S~Teec Oper. ""'2-3 
Dovt:berm Operacor F";'2-2 
h~,mer1ZUi.OD Cl.eauer 

.5ch Floor Penoual ..... &-2-7 
DOwt:bera Boller ltooa &-21.&rea • 

Po~"""ri.zatioa 4d1 Floor .&rea &-2-.5 
Po~,..rizaci.oa 4d1 Floor 

Ease Eucl 5-2-4 

<0..01 
<O.G1 
<fh01 

,CO..01 

.. U:m:i.t of Deeectioa 0.01 'IIf4l,/:Atap~e 

.. S:rachetic Filaaenc Plaac 

..... Polyester Staple Plaut:: 

Al'P1l'.lv"J)n .12. 
lII.OSB'S PDSONAI. SAMPLING !lEsm.7S FOB. STDllDGD 

S1JUIl)E (B S) Ai TBE UYOH STAPLE :PI.AHT
2

JOB 

nESClUPTION 


Spilmer 
DUso1vi.OZ Kooa 
Spiaoer 
Vash Traek Oper. 
Crystallizer and Evaporacor 

Operacor 
Sp1Daer 
Vasb Track Oper. 
Spiul'ler 
Cutter Operacor 
Spiaoer 
Caecar Operaeor 
Vasb Track 
Chum aoo. Operacor 
Crystallizer and Evaporaeor 

Operat.or 
Spun,er 
Sand Filter 
Crystallizer and Evaporator 

Operaeor 

SAHPl.E 
ICUl!BE1l 

AE....2 
AE-1 

U-t 

u-u 

AE-12 
U-IO 
'1-4 
'1-7 
'11-2 
'1-8. 

U-18 
......19 
U-20 

AE-lS 
.u.-17 
AE-13 

AE-14 

DAD OF 

SAMPLIlIG 


4-4-79 
4-4-79 
4-.5-79 
4-.5-79 

4-.5-79 
"-.5-79 
4-.5-79 
4.....5-19 
4-.5-19 
4-.5-79 
~89 
~19 
~79 

0.;3 
0 ..1 
0~7 
0.7 

1.9 
0.6 
0~3 
0.6 
0.2 
0.;6 
0..'13 
0 ...6' 
0.~4 

http:Operat.or
http:DUso1vi.OZ
http:h~,mer1ZUi.OD


.JOB JOB lUBE CONCEMTMT'ION 
-~ DEPARlMENT ••CODE IESCRIPTION flJM8ER PPM 

4-2 11 1 lye Room Operator 405 0.17 
4-3 1 • • " 457 1.00 
4-3 1 • • • 423 <0.03 
4-4 1 • • • 459 0.85 
4-5 1 • • • 479 0.31 
4-5 1 • • • 483 1.94 
4-2 11 4 Soaking Press Operator 408 0.90 
4-2 • • • 40Z 0.29 
4-3 • • • 428 2.18 

'.
4..3 • • • 427 1.01 
4-3 • • • 440 2.24 
4...5 • 'It • 480 1.51 
4..5 • • • 417 1.08 
4-5 • • • 462 1.15 
4-5 • • • 490 1.38 
3-11 • • • 233 3.2 
3-9 .. • • 111 5.4,,'

" 3-10 • • • 19~" 4.3 
3-12 • • • 181 6.0 
3-7 11 5 Shredder Operator 613 7.3 
3-11 • 

~ 
541 9.7 

3-9 • 120 4.3 
3-10 

.. 122 3.1 .. 

3-9 • • 129· 5.2.. 
3-10 • • 171 13.9 

. 3-12 • • ...275 10.7 

3-12 • • 276 11.2 
3-13 • • ~94 1.24 
4-23 • • 359 4.14 
4-2 

.. • 429 1.00 

4-3 • • 447 2.17V 

PERSOItAI..CS2 AlR~ING.·•. DATA .....~ TIlE 
RAYORSTAPLEPLANT TAKBfBYNI0SH DURING 
11IE MARCH AIOWRIL. 1979 SURVEY 



DEPAIlWHT~ 

4-5 11 . 5 Shredder. Operator 
4-5 • • 
4-5 • • 
4-5 -. • 
4-4 • .. 
4-2 11 6 Churn Operator 

• ..4-3 
4-5 • • 
4-2 • • 

It4-3 • 
.. It4-4 .. ..4-5 
It ..4-5 .. ..4-5 465 
.. ..4-5 486 

3-7 II .. - 34 

.' 
• ..3-8 620 

..- 3-10 • 198 
3-12 II 282 

.. It3-7 -43­
It II3-8 73. 
..3-9 • 117 

3-10 II • 127 
.' ..~.3-12 • 226 

3-7 • • 43· 
3-8 • • 77 

3-9 • .. 109 
..3-10 • 106 

3-11 • .. 250 .. •3-12 ... 272 .. '.3-9 • 
3-12 • 

II3-9 • 
II II3-10 ..3-11 • ,-­

.",,", 
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DATE DEPARTt-ENT 

3·0.] 11 7 

, 3-8 


3-9 

3-10 

3-11 

3-12 

3-7 

3-8 

3-9 

3-10 

3-11 

3-12 

3-12 

4-3 

4-3 

4-5 

4-5 

4-5 


4-4 11 10 

4-4 

3-7 11 69 

;i-B 

3-9 

"­3-10 


3-11 

3-8 


3-7 

3-9 

3-10 

3-11 

3-7 

4-2 

4-2 

4-3 11 14 

4-6 


DiSsolver Operator 
• .. 
• II 


II II 
 180 
.. .. 242 
.. -II 277 5~O 
!I• 40 3~6 .. .. 98 1.9' 

II • 119 3~9 .. II 
 176 3.8 .. II 
 177 4.0 
• ' 218 5.. 9


'. 
II 

.. 280 '4.8 . 

'" ".. .. 416' 2.84 .. II 
 444 2~38: 

• .. 703 2.77 ,,. II 475 1.97 

II
• 468 1.. 89 


Receiving .& Filtration Opere 492 3.38 

II II II 
 455 3.32 

Press Packer 39 4.9 
II .:• 82 6.. 4 


II 
 • 107 4~3 

II II 124 3.8 
..• 246 4.0 .. 11 87 6.0 


'III 6.9
'. 48 

II 11 
 101 


-oW .. 142 

11 11 
 .. ·235 3.6 
'II 11 
 49 5.4 
II .... 407. 3~82 
II II 
 398 3.33 


Chemical Tank Cleaner 421 
.. II
It\- 719 



OAlE DEPARlliENT 

4-4 11 

4-6 

4-5 -11 

4-5 

4-6 

4-2 12 

4-3 

4-5 

4-6 

4-3 12 


4-3 

4-3 

4-5 

4-3 12 

4-=-4 

4-6 

4-3 12 

4-5 ,.
~-

4-4 

4-6 

4-2 12 


·4-3 
......4-4 


4-5 

4-5 
. 

·4-2 12 

4-2 

4-3 

4-4 

4-3 

4-3 

4-3 

4-3 

4-3 

41-3 


JOB .......g... 
DE.Sau~nmt~ 

14 CheIIIical Tank C1ener 399 

• • • n5 


11 Spinning Tank Operator 7Z2 

• • .. 726 

• • .. 748 


29 Correction Operator 417 2.45 
.. .. 425 1.58 .. .. 464 2.62 
• . • 718 1.60 

30 Cr,ystallizer &Evaporator 412 1.39 
Operator 

• • • 433 2.32 
• • • 438 11.02 .. .. • 463 2.23 

49 Chemical Mix Operator 415 0.43 .. .. • 495 o.~ 
... • • 74 0.98 

71 Salt Unit Operator 449 9.37 
• .. • 739 -:<0.04 

• • .. 493 0.22 . .. ..• 712 <0.09 
72 Sand Filter &Relief Oper.401 0.92 .. • • .. 452 1.45 .. ..• • 500 2.84.. .. ..• 707 1.83 ..• • 488 1.67'. 
73 Staple Spinner 393 5.71 

• • 391 1.85 ..• 418 2..73 
..>II 451 22.32 

·11 • 426 
 1.65 .. • 435 13.14 
• • 442 2.09 
• • 443 10.83,. 

\~ • 432 6.70 
11 ". '413 217.6 
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JOB 
DEPARTMErfT .CODEPM.t ..........­

4-S 12 73 Staple Spinner 728 .. ..4-4 458 .. ..4-5 70S 1~28 
.. ..4-4 484 16.14 .. ..4-6 713 3.06 
II4-S • 708 1.87 
.. ..4-S .466 1.88 
II 114-S 483 1.94 .. ..4-~ 485 1.84 


- ..
4-S .11 481 9.27 
.. ..3-7 14 2.6 


3-8 • .. 612 2.9 

3-9 • .. 131 2.0 '­.. ..3-10 108 3.3 .. ..3-11 17 3.1 .. II~12 210 11.S! 

11- II3-7 11 11.5 

3-8 II .. 89, 13.0 
.. ..3-9 135 4.7 

3-10' • .. 114 31.6 
.. II3-11 18 7.0 . ..3-12 It 201 14.1 ..,. it3-7 lS 8.9 
3-8 :II 91 13.4" ,...3-9 136 7..0 ,.3-10 '" 200 22.9 

~ 

3-11 • • 244 9.1 
" 

.- ..3-12 227 S.4 .. .­3-7 '20 9.3 .. ..3-9 "'104 9.0 ..
3-10 ... 199 26.2 
...
3-11 • 238 8.0 

11 11'3-12 223 14.4 
II 13 .. ' 3-7 • 10.4 
II \~ ..3-8 88 ·13.9 



• • 
• • 

• • 
• • 
• • 
• • 
• • 
• • 

• • 
• • 

• • 
• • 
• • 
• • 

• • 

• • 

• • 
• • 

-
DATE DEPAIm£1T COUE 

3-9 12 ' 73 


3-10 

3-9 

3-10 

3-11 

3-12 

3-10 

3-11 

3-12 

3-9 

4-2 12 75 

4-3 

4-5 

4-3 12 76 

4-5 

4-6 

3-7 

3-8 

3-9 

3-10 

3-11 

3-12 

3-7 

3-8 

'", 

3-9 

3-10 

3-11 


3-12 

3-7 

3-8 

3-9 

3-10 

3-1l 

3-12 


dOB 
'DESCRIPTION 

Staple SpiliBer 

- it • 

Tow Patroller 

Cutter Operator 

• III 


.. 

.. 

• 
" 


• 
,. • .. • .. • 

.- • 
..
':II ..
• 

.­• 

• ·-­
• ,. • 

TU8£ 
'~'. 

134 

192 

130 2.9 

·74 9.4 

231 3.2 

228 4.6 

178 11.2 

249 9.7 

220 8.2 

102 2.0 

409 17.06 

446 6.11 

730 12.4 

450 5.57 

737 3.50 

717. <0.04 
45 9.7 


611 12.0 

132 6.8 

174 30.7 

154 7.6 

207· 12.6 

618 12..6 

15 6.3 


113 4.1 

116· 10.7 


<, 

245 1.3 

205' 7.1 

·615 11.1 

.... 

95 12.4 

126 6.5 


. 19 16.1 

72 12.6 


208 8.0 


" 

52 




D£PAR_1f 

12 10 
• 


),;,9 
. ., •
"'-

Ii3-10 • 

),;,11 • • 

3-12 • • 

3-7 • • 16 

3-8 • • 93. 

3-9 • • 115 

3-10 • • 106 

3-11 • • 234 

3-12 • • .217 

),;,7 • • 37­
3-8 .. • 76 

3-9 • .. 138 

3-10 • • 197· .. ..3-11 125 

3-12 • • 224· 

3-9 • • 105 

3-10 • • 145 

3-11 • • 175 

3-12 • • 229 
..4-2 • 404 

4-5 • • 735 


.- ..J.. ..4-3 441.....1 . 424 4-3 ..4-4 • 497 ..4-5 • 702 
. 4-5 • -. 724 

4-5 -. • 
It4-6 -. 

4-2 12 78 Dryer Operator 


4-3· • • 

4-3 • .. 
4-4 • • 

\­



12 78 

3-9 '12 79 
,..,0 • • 
,..11 • • 123 
3-10 • • 193 
3-12 • • 2G3 
4-2 • • 410. 2~21 

4-2 • • 396 <G.. IM 
4-5 • • 734· 1•• 
4-3 • • 419 0~60 

4-3 .. .. 437· 0.82 
4-5 • • 474 0.36 
4-5 • PI 721 '0.28 
4-5 • • 489 <0~05 

~-6 • .. 744. <0.05 
4-6 • • 746 h21 
4-3 .. • 431· -0.. 95 

4-4 .. .. 498 0~57 

4-3 12 Lift Truct Operator 430 0.42 
4-4 .. • • 494 <0.06 
4-5 .. .. .. , \ 706 <0.06 
4-6 .. .. .. " 743 0.45 

:,... 



.. 
-- SIIIPIiDG .. AMafteM. __ 

llet:lood Ro.: 5248, 

......: 14.7-sa~ 8 ptIII 

OSHA Standard: 	 CelliDa - 3D ppa hecision (fNor> : o.OS9 
Peak - ~OO ppII 

....r. TVA - 20 ppa 

Proc:eclare: 	 ....,~Uoa OIl charcoal. YalicIat!oa Date: 1/30/76 
ciesorptiOD rith !Hmzeae. 
c:c 

1. PriDc:ip1e of the Method (llefereace 11.1) 

1.1 	 A kaowa vo~uae of air is drawn throu£1a a charcoal tube to trap 
the ora_ic "apon preaeat. 

1.-2 	 'lhe c:barr.>al. ia the tube is uaasferred to a saall. stoppered 
...,le COIltainer. and the ..aualyce is desorbed with benz_e. 

1.3 	 Au aliq1:Ot of the desorbeci sample is.injected into a Cas . 
chr_to£rapb. 

1.4 	 The area of the resultia~ reak is determined and compared with 
areas obta11lecl for standards. 

2. Raale and Sensitivity 

2.1 	 This aethod vas "allclae:ed over the rauce of 14.7-58.8 ppa ae: aa 
a~pberic teaperature and pressure of Z2·C aad 766 .. UC. usia, 
a 6-liter salllple. Under the conidons of sample size (6 liters) 
c:be probalt1t! useful ranee of this aethocl is 5-90 pp. 'lb• 
..thad is capaltle of measurinE much smaller amounts if the 
desorption efficiency is adequate. Desorption effietenct .usc: 
be detendnecl over the ranee used. 

2.2 	 The upper liut of the ranse of the method is dependent on the 
acIa.orptive capacity of the charcoal tube. Uis capacity ".ries 
vitia the concentrations of carbon disulfide and other substance. 
111 tlwo air. Dae first sec:tioa of the cha1'coa'" tube vas found 
to bold 6.0 .. of carbon disulfide vbU a test aa.osphere 



11.2'~ntatiOl1 of 
CDC--99-74-4.5 • 

- .... * 



OSSA Staadard: 

hocadun: 
.. 

...,.1 .A1.cohol 

.tIz 

2D8 ppa .. (260 -r.Icu a) 

~pt:1._ oa s1llca pl. 
d.l.ptlOD v:ltb.· wacur• 
CC 

PreCU~(ev1:}: 

...!:ulad:oaD&ce: 

1. ... l'rl1ldple of the Hethcct 

1.1 	 A 1mowft ~ of a::l:r 18 clr_ tbrovp a .w.ca .&tinbeto ....tr9 
dae. orp.u:1c 'Vapors pr....c. 

1.2 	 !he .iUca pl. 1u the .t1Ibe 1a transferred toaSllll1.l.~e4- .-....,1.& eoaca:f;aer &Del t.be aualyte is clesorbecl v:lth.1of.Uu• 

. 


1.3 	 .Aa aUquot: of the cleaorbecI "Dlple 18 iajeecad iato.aIU 
~. 

1.4 	 1he area of tba result1ng peak :is cletau::ld:ned a'Dcl~idfttii 
ueu obeaiaN frOll the iDjecUoa of st:.mclucls. 

.2.1 	 UWt _cbod ... Yal:1clatea OYer cbe . raraae. of .1"'''O.,ucW.~. 
&1: aD atz:lO$pbericteapcra~e .~.. pres~re of 2S~.~.7~11111 
11&. us1ua a 'DOIU.lId S-U~r~1.e. Uiid~r tJaeco8d~~~;of 
....h sUe (5 llters)tbepro"alWtraa~e .of th:is ..t;~~ 
25-900 mg/cu II at ada1:octor seas:1t:l:vtt7ChaCI1"'.·i~.ly;ftal1 
4Ief1acUoa oa tbesti':S.p char'C~eCotd!Tfora4~""i.e. 
'lhe ..dlocl 111. capable of~1 'IIUCh... saaJ:ler~t.S;1f •.•..~ 
4uorpt:1.cm eff1dcaq 1IIaclequate.DUcn:pd.OILdfideaq ....C 
_ clecem1Ded ovar tho rnaeUHd. 

,. 

2.2 'lhe upper lJa:I.~ of .. tbe ·.raaae ·ofQe ..t....a1a}cI~OsIC,CtD~~~ 
acIaorpd.ye .capidt'J. of tbedll~&eltlibe·~ .~I:i;c~t:);~"'" 
wiehe dlecoacC1d;ratUDottbtlDUYiCe and;.~r~~~C!~;a . 
tM aU. tbef1rst .•ect;01l;of;tbesU~c.a .je~.tlibe .•~~?!~ 
to hold 5.6 ac·oftbeaaal7t,0Wbe8atc,$t:a~~•.,:f,~. 
.,./eu II of the aDalJte lD•• clry.a1r····vas.····.s_pl.dat:Q.it~>1~~~.;per 
w1Duce for 52 ldDut.u io beaktti'l'ougboccut'l!8d>ac .thls><\t""" 

.57 
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3. 	 ~ertmCe 

3.1 ... die ..-1:. of ~ 1a I:hedr .1Jt'. ".p~~l:thacc0a4~•.'" 
doaaU.ua117 ocean _the 1:1.1.be. orPn1-c 'ftpor. W11.1aol: be 
tapped. ·effic1eDUy. 

3.2 	 \1bea 1:UO.or JIO'I'e·· ~ 1m! ·.kDoIm.or. ·S1I.Sp8cted.to ...··'be·.·prucnt 
:latbe dr. suCb.1U!zait.1aa"tDdudiD&the.1rsusp&c:t.ecl'Uenti ­
u.s t stiOvld be t:rantRD1ttecl vida 'thesUlp1e. 

3.3 n ..t be .......b .. 'that anI' compound which lut__ the ...... re­

cad.OD daB as .tM.... sped.fic ccmpou:d'll'Dde.rsl:Udyacthe opCU!at:i.t\a
coaIIit1.o=s 4.escr1Ded :l:D.th:l.s _~ is au 1nterfe~ce. ltel:eat1ou 
d:ae daU.· _ a d2:sc1eco1= caD1lOt be considered asproot of 
chea:lcal 1ft1:atit;y• 

3.4 	 U the poesA111q- of 1nte::fereoce e.x1su" separat101lcollCU.­
I:ions (co1_ pack:l1.tc. teaperas:ure" etc.) must be changed to 
c::I.rcuuvent: De probl.ea. 

4.1 	 The Coeff1c1at: of Variat:icu (a) for the total analytical and 
• ..,UDI ae1:hod in 'the range of· 140 to 540 fl1&/cu .\.1480.063•. th18 
va1ce con-C1rpOUd& 1:0 a sundarddertation of 16.S mg/CU1!lAt the 
OSIIA st__at:d l.evel. Stat1sUc:d. information and del:ail..t of the 
,,&11dat1cm aDd experlaeutal test:l'J:.Ocedui'es can be found 1n 
bfueace 11.2. 

4.2 	 '!'be..,.rap w.lues obtaiDed using t.be Overall sampl1Da and. 
....tyt:1cal aechod VC!J:e 8.9% lower than eha "true" value .t the. 
OSHA standard leve.!. " 

..4.3 	 '!be ~ oata are based OD validation e.."q)er1ments using the 
.iaCeraal staDdard aet:hocl. (aefereuee 11.2) 

..5.1 	 ".Lac &-til.Llc device is aaall". pOJ:1:able" and 1nvolves Dt) u.qui.d.s~ 
I:n'teri...!'f!'"f';" art! 1II1n1:e.l" z:!:! ::=et of those which do occur can 
.-:. &.:':' ;"<i~ hy iI!.lterin~ =-\ . "-·~~hiceondlt1ons~ .... The 

1:'Ube5 are ana.l~%ed by mea"'" f'4' 11 -:'::!c!c." 1nstru1llentalt!l~.:hod. 
'I1:ae ae~»;:;: can a1.5o be \lS~d fOTthesimu~uneousi~n~ly~~s.~ftwo 
or :0:: ::~=u:=.:is s\lSpec::.,d:O)hepresenti~the~~!.··~atIlP~eby 
s1::rol:.: .-~"'--".n! ~2S ehTou:zt:og:ra,;)!'1ie cond1t1onsfromisothcrmal to 
A ~e::'!~::::,:.:::::re-prog:cu::::wd r.ode of.ojse.t:.llt:ion. 
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5.2 	 C:~i!!,~t:a~ ",t 0. method iioth.&t: 
_ c.m 'be taken is l!mitedbv the number of .m.U.1I;ra.... ~ilUl't, 

cub. tdll !:.::!::! beforeovet!oadin8 •., .Wbeii' 'cv;ll' .... (01:lIt••1ad 
iot' .;;,a ;. ....:.:..;..;; .::.:':!..:~ -::.~ ":~~< silica gel 
fo-": .:.::. :!:.:: ~=-=-.. ~,,!..t:i em. the posSibilitj 

5.3 	 7vrthe~ret the pr~dsionof the methOd 1su!!Jitect bytnf!re­
procluc1bll1t;y of the pressure drop across the tubes. .' ................ ,., 
v.ll.l. affect the flov rat:e and cauaa the volume to be i.DJtI1l'ecise. 
because the pump is usually calibrated for one :ube orily~ 

6. 	 It.Dtlaratus 

6.1 	 A cal1brated personal s8l!!pl1ng P1lDlP whose flov can.bede,~eriWied 
accurat~y (±5~) at: the rec~ended flow rate, (Reference 11.3)-.. 

6.2 	 Slllca gel tubes: glass tube tdth both ends flame sealed,7c:a 
lODe tdth a 6-m:It O.D. and a 4-mm I.D. ,conta1n1I1g 2 seeticms 
of 20/40 mesh s1llca gel separated by a2-mm. portionofurecha1le 
fGall. The absorbing section cont.ains 100 mg of silica gel, 
the backup section SO mg. It. 3-mm portion of l1rethanefonu 
is placed bet.ween the outlat end of the tube and the backup 
aeetion. A plug of silylateci dass wool "is placed in front of 
the a.bsorbing section. The pressure drop across the tube must 
k loss t.'um one inch of mercury at a flow rate of 1 liter per 
Idnute. 

6.3 	 Cas chromatograph equipped with a flaQe ionization detector. 

6.4 	 Col\'lmll (lo-ft x lIS-in. stainless steel) packed vith 10% FFAP on ' 
10/100 Cbromosorb W-AW. . 

6.5 	 An electronic incegrator or some ~ther suitable method for deter~ 
Id:n1ng peak size areas. c 

6.6 	 tvo-nil11liter glass sample containers with glass stoppers or 
'fefl~-l:!.ned caps. If an automat:ic sample injector is used, the 
saaple injector v1als can be used. 

6.7 	 lf1crollter syringe::.: lo-ul, and other convesnent sizes for matdng 
standards • 

6.8 	 P'i:pets: 1.o-mJ. dellvery type. 

6.9 	 'f'olumetric flasks: 10 ml or convenient sizes for mald.nS 
acandard solutions. 

7. 	 Reagents 

7.1 	 Eluent: Distilled water. 

\ 

,,
S9 . 



," 

7.2 	 ISetbyl Alcohol (reaaeat crue).

7.' 	PtaUftecI···.Un-Olea • . 
7.4 	 heparif1ed 'bTdrD~"'. 

7.5 	 FUtere4 ·COIIpra." d.r. 

8. 	 hoc:e.cture 

8.1 	 Cle""i1l8 of Equ1"...e. All sJ,assware use.ct for the laboratOry 
aalysu sbould be duergene vashd and thorou&hlY r1D.aedv1:h 
tap water aDd d.1sdlled vater. 

8.2 	 Cal.1bratioD of Pereoaal Pumps. Each persODal·pump _t· be c&l.1­
kaee.ct .with a reprHe!ltat1ve sillca gel tube in'the line. This 
will B1Di1dze errora ...x.1ated with uncert:a1Dt1.ea in ,the saaple 
'VOlume collec.ted. . -.... 

J 
8.3 	 CollecUOIl a:ad Sh:1ppiDC of Samples 

8.3.1 	 llIaecf1.ately before sampling, break the ends of the tube 
eo provide aJl opeu1ng at least one-half the internal 
diameter of the tube (2 _). 

8.3.2 	 . the saaller section of s1l1ea gel is uaed as a back-up 
ad ehoul.d 'be pos1t1m:u!d 11earest tbe sampling pu2IlP. 

8.3.3 	 the silica gel tube should be placed 111 a vert1ca1~i=cct1oft 
durl:Dg 8a1IlPl1na to m1u.1a1.:e cha:cnellng through the 
silica ,el. 

8.3.4 	 Air beine sampled should 110t be passed throug.~ any hose 
er tubfag before enteriDg the si11ea gel tube. 

8.3.5 	 A waxi1MDI sample size of 5 11ters is recOmmended • 
...., Saaple at a flow of 0 •.20 liters per Jldnute or less. 

The flow rate should be ~~ w~:h &M acc~acy of at 
least :!:S%. ", 

8.3.6 	 The temper~ure ad pressure of the atmosphere beins 
sUipled should be recorded. If the pressure reading 15· 
not.~able tbe elevation should be recorded. 

8.3.7 	 The sillca gel tubes should be capped with the supplied 
plastic caps :immediately after sampling. Under 110 
c1rcUlll8tance. should rubber caps ~eused. 
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8.3.8 	 ORe tube shoui.ci be i1aaciladf:nd\esce<=ar-e:as~ 
...,letulHt. (break.~l..aIiO transport).e..,;cepct!':ac 
_air is sampled tJia,up this tube. 'thiS tubesboulcl 
..··labeled as a blank:'" 

8.3.9 	 Capped tube. sbouldbepackecl tightly ancl padded. Defora 
tDey are shipped .co aLDimi:e ·•. tube .. hreakage durin.··sbJ:pp1u&. 

8.3 ..10 A sample of the suspectedCOlDpOUDC! shouldhesl1~tted 
to the laboratory :f.nll..uscoutai:lers rith Te.flot't-=-'7liued 
cap8. tbue liquid bUlk samples shOuld not be trans­
ported :f.n t1:e same coct&ia1er as the sil!~ gel:'!!bes. 

8.4 AnaJ.ysis of Samples 

......
8.4.l. 	 Preparation of Samples. In preparat.:!oc for mal,s:!.s, 

each silica. gel tube is scored with a file in front. of 
the first section of silica gel aJ1d broken open. The 
claaa wool. is removed and discarded. Tbesil!ca lel in 
the first (largu). se.etiocu tr21lSierredto a2-ml 
.coppered sample coctain"!roraucC1!II4tic' sample :f.njector 
Yial. The separating sect:!ocof foam is removed and 
discarded; the second sectiocis transferred to another 
HlllPle container or vial. These two secdons are 
aael.yxed separately­

8.4.2 	 Desorpr::!oc C)f Samples. Prior to &1l4lysis. 1.0 a1 of 
cI1stilled water is p1pet:t.ed mto each sample container. 
Desorption shOuld be done for 4 hours. Tesu mdicate 
that this is adequate 1f the sample is agitated 
occasiocally during this period. 'the sample vials 
should he capped as soon as the vater is added to 

i cnimze. ev.paratioc.
I 

8.4.3 	 CC Conditions. The typic.d operathg cond.id.cns for the 
." FAs chromatograph are: 

1. 30 ~/lI1n (80 psiS) nitrogen carrier gas flO'l. 

2. 30 ai/min (50 psig) hydrogen gas flow to detec:o~. 

3. 300 al/adn (50 ps1g) air flow to decector. 

4. 200 	C injector temperature. 

5. 300 	C aanifol.d teaaperature (detector). 

, • 80 C colwan te1:q'.leratiJre. 
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. 
8.4.4 	 l~jection. The first step in the analysis is the '1n­

jection of the sample in:;o the gas . chromatograph. To 
eliminate difficulties ar:1sing f-romblowb.ack .. or· d:1s-. 
t1l1ation rithin the syringe needle t one should employ 
the solvent flush inject!ontachn1que. Tbel~pl 
.,-ringe is first: flushed rith .6olventseveral timeS to 
vet the bartel and plunger. Thtee m1eroliters.of>aolvent: 
are dravD into the syringe toin.crease the ac.curaeyand 
~t'eproduc1bU1ty of the injected sample volume. The 
needle is re::oved frolD the solvent, and the plunger is 
pulled back about 0.2 111 to separate the solvent flush 
trOll the szcple rith a pocKet of air to be used as a 
u:rker. The naed1e is then 1lm!Iersed 1n the sample, and a5-\ll aliquot is rit:hdrmm.. taking into consideration 
the volume of the needle, since the sample in the needle 
v.Ul be c01llplete1y injected.. After the needle is re­
aoved frOlD the sample and priar to injection. the 
plunger is pulled b£cX 1.2 ~l to lDin1m1ze evaporation 
the sample from the tip of the needle. Observe tnat 
the sample occupies 4.9-5.0 pl in t.he banel of the 
syringe. Duplicate inj ections of each sample and 
s~ard should be made. No moTe than a 3% difference 
1u area is to be expected. 

An automatic sample injectoT can be used if !t is shown 
Q) give 	Teproducib1lity at least as good as the .solv(';.nt 
flush technique. 

8.4.5 	 , HeCSUTement of area. The area of the sample peak is 
measured by an elec:roui.c integrator or some other 
suitable fona of area measurement. and prel1.m1naryre­
suIts are read from a standard curve p~epared as c1s­

''-, cussed below (see Section 9). 
, \.8.5 Datendnation of Desorption Efficiency 

8.5.1 	 Importanc.e of determinacion. 'The des,orption efficie.ncy 
of a particular compound can vary from one laboratoTY 
1:0 cnot.h.eT and also from one batch of silica gel eo 
aDOther. Thus, i: is necessary to det.ermine at. least 
once the percentage of the specific compound that. is 
removed in the desorpt.ion process. 

=~1 _~_~~~_~nt co 
tna .........iing tube 

sample ccntaineT. 

8.5.2 
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eype as teat: used ir. cotainin>l' ~na ....·''':,,;,;ana ean 
De ohcainea. z::o;:: unus~cis::;.!.::.ea i~.L lt~.,cs. ...........~. amou:a.t: 
of the analvteis iniected dlr'!ctl? intct!:esi:11cagd 
with a 10",:'!.!! syringe, and theccntaiIler is capped. The 
amount: injected is e~u!....r2!.~"1t: ',':~ :~z-: r,:"asat:.~ !: :l. !--~ 
Hter sample at the select:~rl 1 ,.,i.'., 
At least s::.:;. tU::''::5 cit eaell of ~iiree leVels ·(0.5%, ·lX,.and 
2X the standard) are pl:epared .i:c thisuanne~ •.and al;O'I!C!d 
to stand fo~ at least overnight .to a~surecomplete adsorp­
-uon of the analyte Onto the silica gel. These .ixtu~. 
are referred to as the samples. A para~~ blaDktube 
should be treated in the same llI3lU1er except.·tut no saJllple 
is added to it. The sample and blank tubes are desorbed 
and anal.yzed in exactly the sallie l!I8Dne.r as the slilmpling
f.l!!te described in Sec't1on 8. 4. 

The weight of anal~e found in eaehtllbe is deter'mined 
from. the s-ca:nciard curve (Sectlon9).. Desorp-cionefficiency 

-18 determ:lned by the following equation: 

Avera2e Veisht (ms) recovered'D..E - Weight (mg) added ­

'tbe desorption efficiency is dependent on the amoUJl.t.of 
aualyte collected on the silica gel. Plot the desorpt:iOn 
efficiency verS::3 the weight of analyte found. This 
curve is used in Section 10.-4 to correct for adsorption 
losses. 

9. Calibration and Standards 

It is convenient to e>;press concentra~ion of standards in terms of 
1Il8/ml. o-f e~uent. A series of siandards. varying in concen~ratiou ovel: 
the range of interes1:, is prepared and analyzed under the same GC 
conditions and during the same time period as the unknown samples. 
Curves are eSC8blished by plotting concentratiOns in mg/ml versus 

--peak 	area. 

'Rote: Standard solution.s should be arial.yzed at the same time thac 
the sample analysis is done. This vUl mini"dze the effect vad.a.dona 
-,of FIJ) response. 

10. 	 Calculations 

10.1 	 Read the ve1ghts, in mg. corresponding to each 

ratio in case of the internal standard method) 
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s~anda'rd CU'.r'V'2. No voluate cO'r!'eetiem. are needed. 'biieaWM! 
~he s~andard curve is based on mtJ/1al eluent: aJld dle volullle of 
sample_injected is iden~ieal ~otb8 volume of the sUud4rda 
injected. 

10.2 	 Corrections for the blank 1mS~ be ...de for each sample. 

1Ilg • 1Ilg - sample - .. blank 

were: 

mg sample - 1118 found in front section of sample tube 

-s blank • wag found in front section of blank ~ube 

A similar procedure is fo~d for thebaekup sections. 

10.3 	 Add the veights present in the front. and backup sections of the 
same sample tube to de~ermiDe ~he to~al veigh~ in -the sample. 

10.4 	 Read the desorption ef:fieieucy from the eu'.r'V'e (Section 8.5.2) 
for the .e:J!!Ount of anal~e found in the front section. Divide 
the ~ot:al weight by t:his desorp~ion efficiency to obtain the 
correc~ed mg/sample. 

,._ eel / 1 Total Ye::f~ht 
~~~ec~ as samp e - D.E. 

10.5 	 The eoneeutra~ion of aualyte in the air sampled eau be expressed 
in mg per cu m, which is numerically equal to Pg per li~er of 
a1.r 

/ Corrected ~~ (Section 10.4) x 1000 (liter/eu ml 
..~ cu • - _ AJ.r Volume SalTipled (liter) 

-10.6 	 Another ~tbod of expressing concentration i~_ ppm: 

I 24.45 760 T + 273 
'PPDl -	 mg,cu ';\ x ~ x p x 298 

--vbere: 

P • pressure {CIa Hg) of air sampled 
T • ~emoer2ture (~~ v~ &ir sampled 

-24.45 - 1II01a1" ".~l:=~ {:':"1:eTf-:::-!e) at 25 Cand '~:f\ :-:=. l!~ 
tN-a :1("'::':-.'-- - -:.:::'''.: "- - -:) of ~nalyt. 

7E'" ___••_c:':: ;:-::assure C.... "::) 
298 • stauoard teoperature r~' 



11. 	 Rafarenees 

U.1 	 t..1J:dte L. _D., at:: al•• "A Coa.ven1eutOpt1"'1 zedMethadfor the 
~j'&:!.i of :icl.aeted Solvent Vapors in the Industrial AtmaiSphere. If 

!=::::•.~=~.!!j: . .:''''~oe. J •• .ll.: 225 (1970). 

U.2 	 "Documentadcm. of BIOSlI Val1dad.an Tests". Cont.ract:: No. 
CDC-99-74-4S. . 

11.3 	 F1Dal aapart, BIOSH Ccm.tract:: No. BSH-99-71-3l. "Personal Sampler 
Pump for Charcoal Tubes, September 15, 1972. n 

". 
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Jlhenyl Ether - B1.phenyl K1.xture.- ... 
(vapor) 

Dowtberm 

ADalyte: 	 Phenyl Ether-Biphenyl Hbture Method 110.: 573 

Hatrl.z: 	 lta1'lle: 3.86-15.7 ms/cu • 

OSHA Standard:-	 1 ppR (7 ma/cu .) Pree1.sion (cry>: 0.089 

Procedure: 	 Adsorption on silica &el, ­ Validadon ])ate: 2/14/75 
desorption with 'beuzene. 
CC • 

1. PrineiDle of me Hemad 

1.1 	 A ~-u voluaae. of air is drawn through a silica gel 1:Ube to trap
the organic "'-apors present. Flow rat:e 20ce per lDi.llllt:e. 

1.2 	 The silica gel in the ~ube :is transferred t:o a small" stoppered 
saaplb coutauer. and the anal."te :ls desorhed with benzene. 

1 ..3 	 An aliquot of the descn:bed sacple is injec.r;ed int:o a gas. 

chrQ;!lat.ograph.. 


1.4 	 The areas of the resulting peaks are dete~ned and ca=pared 
vith areas obt31ned from the injection of standards. 

2. Range aed Sensit~vity 

2.1 	 This method was , ..alidated over the range of 3.86-15.7 -=glen m 
at: an- aa:ospheric temperature and pressure of 23·C and 761 ::D. 

JIg. using a 10 liter sample. Under t:he couoit:1ons of sample 
sue (10 liters) the probable useful range of this met:hod is 
0.1-21 ag/cu III at: a c!ecector -sensitivity chat: gives nearl" full 
deflection on me strip char: recorder for a 0.2 mg sampl,'!. The 
'IIIo8thod is capable of lIleasurL..., ::zuc:h smaller amDUDt:S if thll!! 
desorption efficiency is ac!equate. Desorption effic.ien~y ~U$t 
'be detendned over the range used. 

2.2 	 The tipper li.a1.c of the range of !:he 1:W1:bod is dependencon the 
adsa.cpcive capacity of the silica gel tube. This capacity varies 
with the concentrations of theana.lyte 4l!ld other subsunells 1n 
.t.he air. The firs!: section of the silica gel tube was found to 
hold at: lease 0.1 ag of analyte when a tesc aaosphere coneairUnC 

' .. 



... ':' 

..... -...'. ~ 

1.4.5 	 l!easuremeat of &1:'ea. The area of the sample peak is 
.easured by u eleetronic lntegrator ot SOllIe other sUitable. 
fom of area 'CIeasuremenc. ud preliainary result.s aTie 
read frOlll a suodard curve prepared as dj,lseUssed below. 

8.5 DeterminatioD of Desorption Efflcj,ency 

8.5.1 	 Iaportanee of detenai::ation. The desorptionefficiellC7 
of a partlcular c01!!pound can val'7 fr01ll one laboratory 
to anot~er a::d also frOlll Doe batch of charcoal to 
another. Thus.:i t 15 necessal'7 to determine at. ·least 
OGee the percentage of the specific compou::d:.ha;tis 
re'lllOVed in the desorption ~rocesS. provided die same 
batch of charcoal is used. 

8.5.2 



S1x tube. at: lIKIl.f'~It~.e 1."'i:.(';S3C.~t .~d2X<·. .. 
of the scaDdard) .arc .•. ~~p.&red·.• latlBS}~l:.~ ·.,U~' 
to stand for ac leUfo~e~llh~.tC)~sut"!c:~~~~a"s~ 
dOll of the a::a.l,.1:e .oat.o.t~·CIla.I:eoil~. tIae.. t~- ... 
are referred to .....~ '. the .. s..,fe.; ... ' A. ~rallle.1.li~~~t~ 
should be I:rea1:ed •.. lo .·.•~~ ..··s<lllllt .......tt~e:.~~c:.t~t<~.s•.,lie 
is added t:o it. . 1!he8a1llple anilbl.a&iktUtieS.aa:'eid!s..rltad 
.... ana.l,.zed ia axaed,.tbe s... aaaaer ".the ...~ 
cube descril»ed 10 SectiOn 8.4. . 

Two or tltree staHftds are preparttd b,.:hlj;ectill* the 
same 901_ of eOllpO\D'&(l i11to 0 .SIid.of·~at;su1flde 
vit:h t.be Sallie syrt:a.&e use intliepri!paratiioao'f t_ 
Ullple.. Dese areaaAl,.zed vith the ....les. 

The desorptioa effic1enq (D.E.) equa.lstheaverage 
.upt ia ag reeovered f"COll the tube divia.d b,.ehe 
wa.1&hC ia .. ad.: 3Id to che tube: or 

Avera,! .Veisbt (glreeove.redD.E. - WeiCht: (ad a~ 

The deaorpt!OIl efficiency is dependent: OQ t:h. atllOuut of 
aal,.te collect:ed on t:be charc:oa.l. Plot the desorption 
effideuc,. versus ve:l.cJtt of analyte found. This e.un. 
:l.s used in Sect:l.OIl 10.4 co correct for adsorption losses • 

• ..9. Calibration aDd Scandards 

It is c:oarveIl:1cnc to express concenerat.ian of st:andards lateriDS of 
ag/O.S IIIl car~OIl disulf:l.de, because samples are c:fesorbri intbis 
a1llOuut of carbon d:l.sulfic:fe. The density of theanalyt.e is.usedto 
convert IllS ineo a1croliters for easy measurem.eat with a1'licroliur 
syrinae. A sedes of standards. varying in conceru:ratiOlloverthe 
ranee of interest. is prepared aud. analyzed ;IIlclertbe. s.-a CC
conditions and during the same time period as .' t:he '.unltnowa..~l!~s. 
Curves are es&:abllshed b,. plot:z:1ng concentrationiaq/9.5 ·QlversUs 
peale. 	 areta. Nou: Siace ao heemal standard is usediathe.1IICt:1lOd' 
standard solut1cras -.usc be anial,.zed at tbe same. time~hattne••.s~lr~ 
analysis is done. this v1l1 1'Iiafmize tbe effeet of?1tnOWd..Y-~~7'a1 
variations and varlat.ions during the same day oftheFD response. 

10. Calculations 

10.1 	Read the \leight. h 1IIC. 
the s::anc!a::d carve. No volUllle cg,rr'eell:li«iIQS 
the standard curve 1s based Ot'l CA1t'b<)D'·41.S.UiJi!t~td.ij~-
the volu:::e of sample Inj !H:tad is 
:he $ta~dacds lejeceed. 

http:CA1t'b<)D'�41.S.UiJi!t~td.ij
http:disulf:l.de


18.2 	Cou-ecd.a for dlit bl:al:dr. ...~ be IIade 

.. -	 .....1& - .. bl.l1ak 

~e: 

-......1& ... fGUlld fa front: Hcetn of .ample·· tube 

._.-- n._ .. l»l.aD& ... fOUPd 1a front: secdoa of lila_ tldHl 

A .itdbr prKedun is followed for dae backup sect:iou. 

18.3 ArIel t.he we1pts fouad 1a thefrm:lt aDd backup secUoDs to set 
the total vd&ht. fa tbe sample. 

10.4 	Read the desc:pt:ion ef!~c:1ency frOlll the curve (see Sect:iou.8.,5. 2) 
for the &1DOtIQt found 1a the front section. Divide the tot:a! weight 
~ chis desorpt1oo eificiency eo obt.3fn the corrected ms/sample. 

,.____..a __ I I • Total veipt 
WV6~.C~ mel"" e D.E. 

10.5 	Tbe eoa.centratiC1.l of the analyte in the air sampled can be 
expressed in mrjeu lR. 

Corrected 1RS (Section 10.4) X 1000 (liter/cu m)'II8Icu.. ­ Air volume sampled (liter) 

.' 10.6 kIlot.hcr met:hod of exprcssinS concentration 1sppa. 

__ I !!..:.!! X 160 X T + 213 
ppa • l1l&I eu a • X - ­!I.V. P 298 

where: 

P - pre.sure (am Hg) of air sampled 

T - t:ew:perat:ure (ee) of air sampled 

24.45 - lROlarvolume (l1eer/1l101e) at 2SoC and 160 
H.V. - molecular weight (g/mo1e) of' analyt.e 
760 • nandard· pressure (I11III Ug) 
298 - st&ndard t.emperat.ure(OK) 
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~, .~ 
a.-y 5IIIdT !or lie Si "12 I I DcIu::ci:=_ ., ~ 
~dria'"~~" _ .......... fabric_ 
..~~ .... k-. _ o(·~.chbo­

"""Pd~1I~.t flJltt cfi8i:raot Ir:ods oi~a«imL 
~l.g..~. or f;abnc: _ ~.in »mi.SI:maI 
.. IOwitidl SJlml ~R_ SW1Idvd seIuuons_ IIddcd. 
'lM:5e~~_~(m W&ICr) insucllataltm« 
.. 5.8mt. of cedi stlmbrd ~~~1ciIe dII~ 
IIydria and ahyicne ;1)1«11", ~_.~ I WillI ~muJ­

~.spobd ""'1I.0.022 ....cC c",knc~oil","" amiCltJr) 
.... 01 edl),1cne tf)lCOl.... ~.SiIIft'IPics _ "'cd _It 
....... icwi\ of .. t:odl eompouads .(Table .1}• .uta ~ .. Ihe 
-ftlI'II:s 10 JIMd·fOf I' I'PIft... 5.0mL or distilled ___ouJt'..:d to 
each· vial. ThcYia~ were!lQkd br c:impu'&c an lIiumRlwa scal_ 
a n:bt>c:t-~ The sampics .....:n! lbat plaa:d ina mccitimical
_kn' lIM.....:n! ~ fer 5 min. Duplicate ~ were :U:.o 
pn:par'Cd in· tIM: same _n.-..:r as ~~.LtI:_~ 
conapondin; 'iliImlanls .....:n: !'I'e:p;m:d 1ft 11M: __ .fasIImn.. a. 
~ ~bi: SlIme standard scKuuoRs usoI to spoke Ihc: ,...mpb 
~ lhat !.'Ie mil; did not ~a'" any iabnl:. 

Oac-miaOiflcr iAjcalOm oi eadl or rhc fcrq.oinc taIuIiuIIs ....:re 
iIojc;:tcd into Column 9 m dupIacc. lite onk:r of injcchoa bo:Inc: 
II1ftIPIL cou~ s:.am6llrd. ami dupllCItl<! sample. The pGlk 

/ 

/ 
/ 

Fie- 1,-1"1« '" tlttWIKt'ftI""'- or '~,,""iI'rlll"'_1t1ri1t.. rina$ 
,-Ic~.AI~"'~·­
I pl. 
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MIHUTES 

rIP" 4-T,*1II gtd ..:!tnJmtIllIfl'rmr tI{ S.7 .,. tI{ nlrylmr 0.:,,", 
(8) Off C"'_ A . .,Itt_,;"" I't1nICff - I X I, /llil:'r:1;"" cd_ 
.. l,.r. (A, is".,"",I"".. impttril." peo/;. 

The ramiwr problem of cbosIinc (41-13) WII$ obsoncd with 
clh)'lcnc clyeol on Column 8. ~uenI. I.,.L i~ or 
wal~ :after prl!Yious injections or the; ~ com;cnU';llioos 
"r cthyll._ "Iycul prOlJuQ,"\I \'·Ihys.:u.: c1ycol ""... k5 thaI .:n: 
olmTorabi<: Qt.ly ;It the mc:w. :idlsUm: :u_lions or the; 
jnslrunlCnt. nl<! pouibL: errOl cor.lr'but.."\1 by litis cJlusUnl phc­
"",-n.:non was round 10 be nqlicible. lA't3ds or Ihis wuck will bedis­
Cl.t$SI:d in a futUfe pap..... 

tu. in Ihc CI:..: o{ di'ylt.:nc c:hlorohl"drin .md dhyl..'1W;JycoI. iI Ps 
chromaIO.:rapi.jc Il1t:lhod _ ~ for Ikkrmminr, uaa: 
kv.:is or ethylene olidc:.. The ~11ent scability Ole Ifle Sl)1"e:lC­
Ilivinylb..'1Izt'nc NSIO.:COIJpI.:d wilb ilsabiJily to r.:som:..-thylcneoxide 
torn. soI".."lt:we1t ns ll\.'1:tone i;and its impwit;':';'l.mal.a Column A 
lIit!hly de:-Jrnble. A 'YI,ial cnrOtllalO!:JlInl is ~ 1ft f'i\:. 4. The 
majOr acelone impurity, as s.iIown in Fie. -I. '*'IS ~ ill ~I 
dilTcrcnl brand$ ofacetone or.ly althe most s.."'nSiI.i~1: :lllcnualions of 
IiIc I1l>ttunlel'll. In I1lolSt ClSl!$. dr.lilhlll!\)ft of: tho: ~ will reduo: 
IIoc eunccnlr:llion oi Ihis UnpIKily; ~, it i:I; _Cy sq'.IlIllllW 
tom the elb)'1c:nc o.Utk: peak. Temp:r.ature prov.amroooc is re­
quired k) dule lite acetone "om tbe culumn 50 t.h;at :l complete 
analysis ,"Un be lIccomplisbcd wimin U mill. As shoum in rIC-'. a 
,lim:ar relationship is prc:$CIU ;u low leYds or tlhylmc 0Jl1de. TIw: 
_lysis foc taidu;al elhylme oxide has ba!ft c:llT1!.:d OUI ~uUy 
in Clbyiene OJlitle stcriliZtil samples. such as eabrics and pl.Ulic:s Willt 
ICdonc .,.. telr.. h)·droiul'an :as ,,'It. soM:nt. .ltcant priYall: C~ 
municalions 1IO,th Ilfliu wOIkers· in tho: Iidd· h:lve . inlOrmcd lhe 
_,,"/Iocs thai tho: method ":as pcrli:lnncd :i3tisC....-wn!y fOi-lbe:mal)'sis 
o/"rcsldu:al ....b)·lent! oxide IRthclr sterilized samples. 

The apprullimate Iowcrlimit of J..'tCCIIOft t'Ur ~"byt...'Iio:alliJc 
OIl Column A was found 10. be 0.7 nr;./,.L (rC(lR>Cft1iric 
.,~ or tbe cb.1lrt pOpct"l. crnplol'inc 1I. 1·,.Linjc(11oo.uC 
:am-. Simolarly, Ihcapprol\lrnale \,)..,er limits UC ....'lCcl1oo foc 
cth,1a:m:: chkKoh)furin and elltylene lllycol il'l ll~ >oIUIi.Jn Oft 
Columr. U ....:rc faund 10 be 0.6 ng.,·" I. and 1.61'11':"l:. =pa;tM:ty 
(tI\)th r""Pf.:.cntinlllS "l; ,;)( tIM: dlart pap,...,. 

Sinct: mute 1/\1111 .1 "I. of solulioncan be injl."CtCd intu tl1ccultmlft 
without :lny d....<!f~1OUS dTects upon Iho: rcoululluA. Iho: limots oJl 
dc(\~cnon life (Uflher lricro:ascd fclf any 1'""'I1~.Of'cOunC,by 
«cn::osong tbe volume o( SolYent and mcn:::ssilij:, lilt' ,gmpk: SUo: and 
iny.'\:1I01I volun'IC, the lumts of dl:ICl.11On cau llCUtC:t.:".ai.WoM:n 
Nrmo:r. - ... ... .. . . ­

R«en( ClIpcnmcnts in·1his bboc:lIocy show..... ··IMtllft·.um:.: 
,o1du~':i \;:.n be dclc:tmi"'-~simlJlQroeous1)'OOlbe potyctbt~ 

, .Iycol ..-olumn in Ihe pr~~oh\~tct and.'.,.. :l .. ~1OI'IC·Thc aUI\lO(~
t.OVC to ··I"(.CSt!~t . in ·tll",ndt-t'utucc .thcOJllinlURI~ondll~and c. 

lim,ts .,,' do:t..'Ct"", I'or s..'puraunc and qu:.nti(allnilaU tbree .. -om- . 
poulllis. ­

.. • • 10 12 Ie Ii 11 .2D U 
E1HYLENE OXIOE. riC. 

....... S-I'tot ,,[ IIrr ~nllilllf tI{ rlllyl_ flXiIIII wrsus PlffIIt: 
/wddII• .rIIII!RllliliDR I'tlIfrf - I X I. ittj«lillltlJilllUlflil - I ,.r. 

AcJdiIionaI work is proposcdoosc:p:lf"atinc low mo~-ular w~t 
cpoxido:s and me corresponding gl)W1s and c:iI.Iotobydrins on the 
same polyethylene Sly~"OI <:a.>lumn. 1'rdiminalY expcrimmu indicate 
Ihis is bsiblc. 

(I) R. L HoIJinCSWOlllt. V. K. Rowe, F. ()ycn. D. D. Me:­
CoDistcr, and H. C. Spencer, A••\lJI. Are". (nd. HHllh. 13.217 
(1956). 

(2) W. J. G. Walker and Co Eo Grc:sson. J. H.•, •• n. 409 
(1932). • 

(3) It. E. JO)-ac:t • .Arc". EnrirOlf. HlffJllh, a. 700(1964). 
(4) K. H. Jacobson. E. O. Hackley. and 1.. Feinsilvcr. A."",A. 

.fri. 1l1li. II_III•• 13. :!37( :956). 
(5) Kocl:ich aad Lederer, Z,.,.",:Jbl. C;"..,.nv..R}·!l. (tuliJlft<'rlt~I•• 

J7,264(19lOt 
(6) T. lukbshcv, GiK. Scmif •• 30,3(1963). 
(7)R. K. O'Leary lind W. LGlIQS, J. I'hurm, Sci•• 51. 12 

(l96S).. 
(I) Il. K. O~le:uy. E. D. Walkins. and w. 1.. Guess. ,MI., sa. 

IOO7( 1969). 
(9) A. Royceand W. K. Moon:. n,il.J.lnd.Mt!fI.,ll. 1(!9( 19H). 

(IOJ W. J. G. WalkerandC. E. Gn:erson.J.ll."K.. l2. oI()Il( 1932). 
(11) H. F. Stllyth. Jr•• J. S.::lton. ami l. Fisher. J. Ii/il. H,· •• 

T".~icui., 23. 2,..CIJ(I9·U). 
(12) R. J.Sc~tun and E. V.HcniOll, ;e,ch. JIff/. H.l',. OcCI1P. 

MftI., l. ~ 1950). 
(ll) ·.'HOIndboolt ""To.'C.icoloc.:r.~. vol. I. W. So $pcclOl.Ed., 

W.o. SaUnden.l'bil;:\lt.,ofphi-oI. Pa•• 19.56. 
(14) M. W, Gok.Iblati.and W, E. CIIicsman. Bril. J. IIId••\It'd•• 1. 

:!07(1944). . 
US) A.M. Ambros.:..:..I«h. 1",1. HY!l.()cr:up. ,\1'ftI•• l.~I(I'}~). 

. (16) H.F. Sm)Ih.Jt•• andC.t".Carpe!ltet.J. /ltd. H...r. Ta:ckDl_ 
%'1,9)(1945,... 	 . ... . . .. 1 

(l7)M.K. Jobn,wtt, .TD:rktli., 5. 449(1967): 
(ISlE. I". Llnc.H.()- H. J. "torris. ;and G. P. Wood­

Mdd.IIII1.lIf!f~ruxkol;·21. 
(19, A.R.la.tvcn :lndH. 

65.8'1f 19S9)~ 
(:!OJK..E. 
(ll)C.L,M; 
(22)P.J. 

(lJf 


http:Sm)Ih.Jt
http:pcclOl.Ed
http:oIUIi.Jn
http:1�,.Linjc(11oo.uC
http:chromaIO.:rapi.jc


. 
Rccei~May·". "'.1970. 

~. 

rfOi'ft the 
c.ter.lI,.., ilrwu,;,,;cJc. NJ_.1 

.Acccptcd f« pubIic;uioaJuly 22.·19iO. 

:. 

Pharmacodynamics and Biotransformation of 
PentaerythritoJ:Tetranitrate in Man 

IVAN \Y. F. DA\>"IDSON·. HE1'''RY S. MILLER. 3r.·, .ad FREDERICI(J.DiCARLOi: 

AIIscnId 0 The 8bsorphoa. ~ and -=rcUon of 
pc:macrythritollClranitr:lle was stucticd .rter oral admiflistralioft of 
two dosa;n. :!O and .:0 me., 10 patients. TItc drue -l!i- as '-c. 
pcIIm.=rythi'ilollt:lI'lIniuate ~led into IIlbIeu of a. IYJlC U$Cd 
cfinio::IUy.T'hc: tOlat"e C2a'ction in.J8 .... wasllPl'fO"'unJl1dr "2~ 
or both doses.. Ho"'~'ct'. a crea1el' proponicm of lhc km.v dt..-c was 
ClICJcted in the urine: 60~ 0( the 2f).me. dose and 50-': of I.... .;n. 
fnI. dose. Dn'~ rMfioIIclivity _s cicttl:1rd in IfIc blt>ad .... Ilun IS 
MiII_ and pc::dt Ioevcls OIX\lncd (rom 4 to II hr. aflCr ......... .mtr:ninn.. 

The (lilly I':Jdioactiv.: c:CII1II1OUI'Ids found in die I""'''' ....n .....',_ 
erythritol.· pc:ttlao:f)'l.brilol . mononitntse. and prioI3..T}"Ihnloi dini. 
lnde. lm:se drug ~ wen: ako fIR"Ia'l' in the IIrinIe and 
l:CCJI...Tho: kincha 0( n:na1 'Cxcn:Uon or IIIrcprinQpal urinary 
......bo.:IIild. pml:lcrythritol and pcllcaCtytbrifal_lI1iIralC.. ....n 
lim onl.:r. Tho: renal ciiminalion-nate COIWaCII...t:..04"p:ru::aerytbrilol 

• _ 	 ~1I1 or lbe dose. bVl k. (If rcncacr~oI m._mdr.lle 
was d<>oC rebt.:.! and sismliclfttly s.roik..,. r,'It die hr,;hcr dn>I:i. The 
ratio .... J!Cnt:tc:rythmoi mono.'1ilr.ltc. po:nI:ICt)"Uiritul .::u:n:1cd .... the 
1Ifinc.was af'l'l'Cltim:lII:ly I: I fOC" the /."...,.. __ ;anti .;: I fur 11'11: 
1Iia:bcr.dose.. Tile lintlinp indiclI.: il r;Jpid d..ulI£nficllitln 0( f'I,:IIt:l­
crylitril,'" It'lr.Initrace hy It\e ilulmn [0 ~1CuI ml1"nmlr:lle 
afillr (lfat inceslion. hill a limilCd car=ty bdle: c~ etC 
peRl:ICI')1hrilof mononilrau:: 10 pc:maCtyllw1lCll 

J:q-plriscS .0 l'iemaery1htitoC Ictr;!.nitrate ami HC-subRlluced­
I!urnBft phlwmac:odyPamic:$. t'IoI.r.msformariaa G IJiorr.IMftJrTn:1­
.rion. plql1l'1Dc:o>Jynarr.ia~hriloi ICr.IIIiIratc8 Urimly. 
fecal C¥rct~~lol IC1r.1lIitralc 0 TLC~· 

. 1ioR' 0 Scinrillomc:try-anal)-li$ 

It ha.sbccn:cnel'alJy 3SS\t:ned that anor~lulM:nit~IUL'S 
f!llert qualit:uivclysimibfactions llnt.l~thc: c:xtet'ldc:d 
.duration of action ascriberi.to dlc:."Ion~ntf"n!tr:1tes 
relates either to diJrCfCncc:sof absorPt~a.nd .nlelllbmi~ 
stability or to specific propeniesor tJlC:dru:;mt)lccu!c 
itself (1)•.Sincc ·liulc: "spcclficinforma(j(m .·.is •. a¥ai.l~bfe 
on ....• the.,harmac()(fjnamicsand biOkansrormatioR()' 
this '. Btoup.o[ dr'Up in .~. man~ a .. sludy"'!Upe:rformc:d 
with.pent:u:rythritol .·tetranitnllc.(PETIl}.; 
ac:tin!f'organic:: inclimcaJ BiiOtr:U1S""'·· 
formation I) W;ls·.·.ollct) ... i.:(jQUlllitil.-\> 

CHtONOt 
i 

O:NOH.c-f-cH:OI'o'o. _ 

CH.ONo. 

PETN 

CH.oH 
! 

HOC1-1:·· (." - C.11;OH 

(.."H.,OH 
pcn~T}lh~ol{PE) 

CHoOH. 
1 

?CH.oNO-J'_T'CH.oNo.J. 

CH,OH 	 CH.oH 

PE triniu-ale 	 PEdiniuaiC 
1 
CH,OH 
i 

HOCH;......C~'ONo. 
I 
CH,GH 

PE II1oIIonitralle 
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· Appendix 18 

Exposure Standards for Chemical Substances 

ppm 

Carbon Disulfide* 
(skin) 

Hydrogen Sulfide 

Caprolactam (vapor) 

Ethylene Glycol (vapor) 

Methanol (skin) 

Dowtherm 

10 


10 


5 


50 


200 


) 

14 


"20 


125 


260 


1 


*OSHA 8-hour tige weighted average is 20 ppm. 




