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ABSTRACT

Undcr the Occupational Safety and ‘Health Act ' ofA1970
tute for Occupational afety and Heal:h (NI

for a broad range of occupational environments. In compliance wit
wandate the Industrywide Studies Branch of the D1vision ‘of Survei
Hazard Evaluations and Field Studieés has conducted a study entitled op
Cross Sectional Medical and 1ndustrial Hyg:ene Survey of Workers Exposad
‘to Carbon Disulfide'. The study was divided into three categories, behav~‘
orial/psychological, medical and industrial hyglene.

Industrial hygiene surveys were conducted at the American Enka Company -
in Lowland, Tennessee on March 6-14, 1979 and Harch 26nApril 13, 1979.

The purpose of the survey was to determine workers exposure to carbon di-
sulfide (CS,) as part of NIOSH's cross—sectional medical and industrial
hygiene stuay to determine the health eifects of an occupational exposure
of at least one working year to a documented CS2 level appreximating the
current OSHA exposure limit of 20 ppm. :

The American Enka Company located in Lowland, Tennessee was selected be-
cause it had detailed historical envirommental sampling data cn CS, which’
documented 8 work enviromnment less than the 20 ppm standard fer CS,. The
purpose of this industrial hygiene report is to document the work perfcrmed
by NIOSH in developing an exposure profile which was used to support the
medical scudy. '

The results of the surveys confirmed the hypothesis that the envircnmental
exposure to CS, was less than 2C ppm. A total of 262 personal samples were
taken for CS gor a determination of time-weighted average (THA) exposutv

" The TWA mean concentratlon for the 262 samples taken by N1OSH 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 11.0 ppm.

Since caorolactam, methanol, dimethylterephthalate, ethylene glycél and
Dowtherm were used in the manufacture of nylon and -polyester, some exposure
"to these materials by the control group was concejvable. Air analyses of
the workers' envirorment had one derectable sample of 3.9 ppm caprolactam
and 2 mean concentration of 2.6 ppm ethylene glycol. Air analyses for all
other compounds were belcw the level of detection.
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ment with a recommended standard for occupational exposure to'earbcn‘disul—
fide (CS,). NIOSH recommended “that carbon disulfide concentrations in ,
workplace air not exceed 3 mg/cu m (1 ppm) as a 10 hour Tﬂf,(time weighted 3
average) concentration during a 40-hour week' [29] ‘ teptesen d'a :
considerable change from the present standard of 20 ppm.«}' -

The NIOSH recommended standard was based on’ PUMErous. human;studies (see
Table I) suggestive that carbon disultide effects the car 1ovascula' 5ys=
tem, the nervous system, the retinal vessels, and the- ‘Teprudt stem.
Some of these studies were adequate but dealt with CS. exposures much high- -
er than is usually seen in American uorkplaces. Therefore; a comprehensive
medical and industrial hygiene study involving an. American worker popu'a—
tion exposed to the current standard of 20 ppm or less was planned and
conducted at the American Enka Company in Lowland, Tennessee on March 6

— 14 and March 26 — April 13, 1979. The company manufactures rayon staple,
synthetic filament and polyester staple. The viscose rayon 1ndustry was.
selected because all the human exposure information forming. the basis for .
the recommended standard for occupational exposare to CS, has been taken
from data derived from this industry. The American Enka 31ant in Loaland
Teunesses was selected as the population to be studied because it had de-
tailed work histories and a documented work envircnment le55 than the 20

ppm standard for CS,. The industrial hygiene data collected by NIOSH~during
these surveys will ge presented in this report. This industria»~\'

report is a compilation of the historical data obtained from
and the RIOSH personal sampling data. The NIOSH personal industrial hgyiene
data was analyzed along with the historical CS ‘drea samples taken by t
Company between 1949 and 1978 to develop an exposure profile for each job
category. The results of the industrial hygiene surveys will ‘be used to
support the medical study.

Data collected in the field study on Harch 6 - 1& 1979 ‘was also used te
support the graduate work of Dr. Marcel-Andre Boillat. The;gohl of Dr. .
Boillat's study was to present, discuss:and h;pefully ans T tWO quest on!.;

1. What can be expected from the iodlne—azide test iJ
monitoring of workers exposed to levels of cat
or below 20 ppn’ -

e biologicsl

2. At the levels of exposure at ot b
sive building up of CS met



' The results of these survey

T V fjéétiﬁéi}j

HEALTH EFFECTS OF CARBON DISULFIDE

rubber industry. common in. ‘the mxd 1850'5, ~
power... [and caused] self. contempt" [6] Vith{ he on et'of
rubber productlon in the early ZOth u ‘
ted. Steel bars were ‘placed over the
cides. [5] As the V1scose rayon 1ndustry

of carbon disulfide exposure with references to some of the inpoftant \uf?::*
pers detailing the investigational procadures and findings. o

‘ Thble 1 ,
Health Effects of Carbon Disulfide

A. Cardiovascular Effects
1. Hypertension [8, 9]
2. Coronary Heart Disease [8-11]
3. Impaired Cardiac Comntractility [12]
4. Retinal Microaneurysms [13-18]

B. Psychiatric Effects [6]

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

D. Endocrine and Metabolic¢ Effeéts
1. Dishciogenic [3%, 17, 18]
2. Hyporcholesterolemis [9]
3. 1t;v2id disorders [3, 25]
&. Trace metal depletion [4; 7).

E. Reproductive Effects [26]
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The American Enka Com ny
and rayon staple in 1956,
1974, Other products. nylon
The nylon filament plant begai operat _poly
in 1966, and the nylon polyester staple plant in 1967. RS

The site had a total workforce of- 3397 (April 23, 1977) There are 296

* production workers in the viscose rayon’ staple area.: Most’ employees are ‘
male. Some women are employed on the site; but ‘mnot in the ares oE 032 expo-

Sures. : . : ,

ms'sckn'nou OF SAFETY, TNDUSTRIAL HYGIENE AND fnrnicm; 'PRoéRAMs

The safety and health program at the site is under the direction of a
qualified industrial hygienist. Each plant (rayon staple, nylnn and poly- -
ester staple, nylon and polyester filament) has a safety and health co-
ordinator who is responsible for the program at that plant. Carhon disul-
fide and hydrogen sulfide area samples are collected’ routinely at the .
rayon staple plant using a gas absorption bottle train and spectrophotomet~
ric analysis. Area samples have bcen collected since the rayon staple plant
started production. Personal samples for CS,, using chazcoal tubes, began
in early 1974 and continues on a regular ba5Sis. A continusus monitor for
CS, has recently been purchased and "is undergoing testing. A continuous
wonitor alarm system for hydrogen sulfide is in operation. Routine samples
for lead and asbestos are co‘lected when maintenance ‘work involves handling
these substances. . S

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 additfon, at least two
other emplecyees per shift have had informal first aid training. A required
pre-employment medical examination includes a physical exam, chest x-ray,
audiometric tests, blood profiles, visual tests and: urinalysis._Periodic ‘
medical exams are given to employees with certain jobs depending on their
work place exposures (lead). Since 1974, periodic iodine azide urine tests
have been given to workers exposed to CS2

There is a formal safety program at the plant with five people devoted
full time to it. Protective equipment required in various areas of the
site include safety shoes, rubber gloves and aprons, goggles, and respira--
tors. There are shower and clothes changing facilities in some areas of
the site. The ccmpany supplies safety and health manuals detailins safety
and health hazards and precautions to workers. Periodic Safety f etings
are held to emphasize existing precautions and introduce new safety
topics.

DESCRIPTION OF THE pﬁpcxssEs'

Rayon Staple Process:

The rayon stapl: plant consists of‘.n g
accepts raw material for the process and con
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3. Cellulose, sodium hydroxide, carbon: di J » 14
natural fatty acids) and water are the raw materials used in-
of rayon staple. The first step is "mercerizing” in which’ thexﬁoakin*
operator places sheets of pulp on edge in a tank approximately 20 feet‘long
by b feet wide:and 3 feet deep, divided into approximately 4 inch. compartments
by perforated plates mounted on a track. The mercerizing liquor is comprised

of 18-20% sodium _hydroxide and 0.5% to about 1.8%Z hemicellulose; at a tempera-
ture of about 25°C. The sheets are submerged in this sclution and soaked
for approxlmately 2 hours. The tanks are then drained and pressure is appl(ed?
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 press into a shredder, where
it is broken up and fiuffed. This process provides uniform access of the
#glkali cellulose to air during aging and, subsequently, uniform access to
CS,. The cellulose is now referred to as "crumb". The shredded cellulose:
is"remcved and transported by the shredder operator in steel containers -

to a temperature controlled storage room where it wiil remain for 2040
hours.

The “xanthation" process is carried out when the alkali cellulose crumbs.

are introduced into a churn, vacéuum is applied and the CS, is drawn in to

the churn. The churn is agitated for approximately 2 hourS, resulting in
orange colored crumbs. The reaction between the alkali cellulose and the

CS, produces a soluble sodium xanthate derivative. The xanthated crumbs,

are then dissolved in a sodium hydroxide solution to make an orange colored
viscose slurry. This reaction takes approximately 3 hours and is controlled
by the dissolver operatar. This process introduces CS_ to the reaction and '
treates the potential for CS, exposure. The potential“for CS., exposure exists’
throughout the process until“the ‘drying operation is completéd.

The viscose from the dissolver is transferred to a large blending tank to
minimize possible variations in viscosity, compositisrn, and degree of xan-
thation. From the blcender, the spinning tank operator pumps the viscose
through a series of filters. The filtration operation is handled by the
rTeceiving and filtration operator. The prime objective of this operation-
is to remove contaminants and undissolved cellulose particles. The filtered
viscose is then pumped to a ripening and deaeration tank. The degree of
ripening determines the physical properties of thé final product.

The viscose is now ready to be spun. In spinning, séveral reactions take
place simultaneously. First, exposure of the viscose to sulfuriec acid per-
mits coagulation which forms a skin around the filament which then- tegener-
ates to restore cellulose. Zinc sulfate, when added to the spinning bath,
yields intermediate formation of & zinc xanthate. At this point modifiers o
such as poly (oxyethylene) glycol and derivatives of amines, are addéd to



are laid down on a conveyor belt and taken teo the wash\ttac{
operatcr is responsible for the formation of a rayon blanke

- rubber rollers. The f1bers are desulfurlzed, neutralxzed b ached or re51n "
treated and a“ processing lubricant is applied prior to a final" squeeze te.
remove excess lxquid.

The damp fiber blanket is then fluffed by a mechanical beating action and
the fibers are 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 workers have potential expaosure to hydra-
gen sulfide, tin oxide, zinc oxide and sulfatz, sodium hydroxide, sulfuric’
acid and noise. Hydrogen sulfide (H,S) has been suggested as a possible.
confounding factor in previous studies cn CS., especlally in viscose rayon
plants. Hydrogen sulfide's acute effects are well-known: cardio-respiratory
failure (probably central) and possible convulsions. Subacute effects arie
related to the central nervous system (i.e., headaches, dizziness; stag-
gered gait, tremors, weakness, and numbness of extremities). Chronic ef-
fects have not been fully substantiated but perhaps constitute progression
of subacute effects. The Company monitors continuously for H.5 and the
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 eguiprent are used extensive1y'
in this plant. The historical envirommental area air samples for CS, col-
lected by the Cempany have been, on the average, below the OSHA ‘Standard

of 20 ppm (with the exception of the chip conveyor and Znd stretch roller -
areas). Typical current levels of CS, in the spinning area are about 12
ppm and 5 ppm in the churn room. The spinning machines are completely en=
closed in plexiglass and when maintenance is requrled sections of the plex-
iglass can be opened and the worker will use a respirator while repalrxng
the tow. The entire row of the spinning machines nre ventilated. The cutter
operators wear respirators when working around the cutters and staple,
however, the majority of their time is spent in a sound proofed, air condx-f
tioned booth.

DESCRIPTION OF THE SURVEY METHODS

STUDY DESIGN

The medical study was designed to examine the effects of‘CS“‘on”(a) cen—
tral and peripheral neérvous system; (b) the cardio
ing the retinal vessels; (c) on carbohydrate, trace
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of - the total medical study. ’e,fndﬁier{é
wvas designéd to ‘compliment the medical sti
index for each job ‘category.

exposures. The exposed group ‘was chosen from those members of‘thehv sc‘se
rayon staple plant who had been employed in that plant for at least one
year. Their employmenti prior to that time could have included the old ray
filament plfant or one of the other synthetic fiber plants. : :

The control group was selected from either the polyester”f11ament,'nyIOn £
filament, or nylon polyester staple plant. Those included had to have been
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 rayon
filament plant were excluded from the contrel group.

A number of job types, including general maintenance, yard work, etc.,
were excluded from both exposed and control groups because their work :
would take them into both 052 exposure and non-eéxposure areas. -

Of 273 workers who were potentially available and fit the study criteria

for exposed workers, 189 (69.2 percent) s1gned informed consent {orms.;,{
For the control popuiation, 422 workers were originally asked to part1c1—
pate in the study; 245 (58 1 percent) 51gned coasent forms. o

" The Company's CS, exposure levels, which were area samples, varied from
less than 1 ppm to 20-25 ppm, depending on the area being con51dered 'h
area air samples were taken from 1957-1978 in the rayon staple plant.,~
areas sampled were the churn rcom, dissolving room, - spinn1ng _room,  at:
cutter and chip conveyor, waste cutter area, basemznt receiv1ng tank
ond bath tanks and the ccrrertion ope:ator s desk. The samples we

annual CS. concentrations for the rayon filament plant are. s
graphs in”Appendix 5 (data supplied by American Enka). The
sampling data and the number of samples taken at oach dat

- trations of CS, detected in area sampllng is directly r
exposure. Most rayon staple workers are assigned to- ‘spi
they perform each working day. They can be identified aé
job location (e.g., press operator, churn room, spinners) S
ple workers, however, rotate to different jobs dependlng on.
the process (general relief aperator). In order to determi:
of carbon disulfide exposure, eight-hour personal sampling pu )
placed on the workers in the major job categories who signed consent: fo



There are historical C
desctiption ‘areass
by the Company
room operator, socaking
by NIOSH- because‘it gi
sure. To develop a cor
employee 1n the study '

ing that the personal air deta obtain
and April of 1979 was the average exp

vere divided into the average ate<
1957-1977. The resulting correction.
the averzge 1979 cs, personal data to
each year.

was usad:

Let CS._. be the exposure level in years i, depa t t.
x beJthe number of months a worker worked in\i“ar
ana job code k then the exposure index of EdCh job is ‘e

Exposure Index = xijk x csijk
The cumulative exposure index is the SGﬁmatien‘ i
departwant and job code multlplied by the CSzfexposurekleve
forrula is for eumulative exposure index: :

ik gl

Ry
k¥

g....br{

Cumulative Exposure Index = ki
If no job code was available then:

. - —zx s
Exposure Index =iy iJ x CSij

An example of the cumulative exposure index is:

Employee: John Doe - ployed 18 months

Employment ‘ “‘ Job L

Ristory Dept. Code
Jan.-June 1972 - 12 13
July-Dec. 1972 12 29
Jan.-June 1973 11 6




trols, proximity to expfju
with professional opinion,‘

For statistical purposes, each’ job was’ pla C
low exposure (DL, 1ess than 3 ppm), moderate ex"

of CS, area air coacentrations for the rayon staple ‘and fllament plants
Ly year which shows the potential for exposure for this population.

An exposure profile of the control populatxon was also conducted. The: syn-
thetic filament (nylon polyester) and the nylon polyester staple plant :
were surveyed April 9-10, 1979. The compounds of interast were dimethyl-
terephthalate (Appendix 7), caprolactam (Appendix-8), ethylene glycol (Ap-
pendix 9), methanol (Appendix 10) and Dowtherm (Appendix 11).

SAMPLING AND ANALYTICAL METHODS

Carbon Disulfide (cs )'

Two hundred sixty two personal samples were taken for cs,. The air samples

were collected at a flow rate of 20 cc per minute using MDA Accuhaler Model -

808 personal sampling pumps equipped with a 20 ce¢ per minute limiting ori-
fice. The pumps were calibrated before and after the survey (Appendix 14).
The CS, samples were collected using 150 mg SKC charcoal tubes as the col-
lecting media. The pumps were attached to the worker's belt, and the sam—
‘pling tubes were clipped in a vertical posit1on to his lapel or shirt col-
lar. Full shift area samples were obtained in a similar mamner using the
same apparatus and sampling tubes, except that the sample tubes and pumps
were placed at strategic locations in spec1fic areas. Collected samples
were kept in a freezer located in the plant’'s hosp1ta1 to minimize sample
loss or migration prior to analysis. The analysis of the charcoal tubes
were completed using NIOSH P&CAM 248 (see Appendix 1&) : ‘

The analytical method used by the Company for the analysis of the atea , 
and personal samples is in Appendix 4. 7 o . ‘

Hydrogen Sulfide (H S):

Sampling for hydrogen sulfide was performed bs1ng”MDv
personal sampling pumps calibrated at 10 cciminute wi
hour), direct reading Draeger H,S detecto: ‘tubes as
A total of 17 “25 samples were taken.y~‘



SUMMARY OF AREA AIR SAMPLING FOR
CS, BY AMERICAN ENKA IN THE RAYON FILAMENT PLANT 1949-1974

NUMBER . ’ ’ ‘
, » JoB OF ‘ MEAN STANDARD MINIMUM MAXIMUM
JOB DESCRIPTION DEPT. CODE YEARS DEVIATION VALUE VALUE"

0.7 0.00 0.7 0.7
1.3 0.00 1.3 1.3
1.3 0.00 1.3 1.3
1.3 0.00 1.3 1.3
6.03 2.68 3.0 12.1
8.30  2.35 4.3 . - 15.7
8.52 " 2.60 4.1 17.1

Dye~Rbom Operator 21 1
Paper Assembler 21 '
Soaking Press Loader 21
Seaking Press Operator 21
- Shredder Operatbr ) 21
Churn Operator 21

o 0o o o o

-~ O U > W N
o
[«

»N
h

biséolﬁerjoperaﬁor\ 21,
‘Receiving & Filtration
: : ‘ 21 10

2.48 0.94 0.9 4.8
17.75  4.08 10.5 27.5
1.00 0.0 1.0 1.0
1.00 0.0 1.0 1.0
9.00 0.0 8.0 8.0

o O O O O

100 0.0 L0 Lo
" s.86  2.08 2.1 110
3.50 0.0 3.5 . 3.5
4.08 . 0.70 3.3 55
250 . 0.0 2.5 2.5
5.00 0.0 5.5 5.5
0.0 0.0 0.0 0.0
0.20 0.0  0.20 . 0.20
0.3 0.0 o 03 7 0.3
BV S O FE (7 SRR
EENEE T 7% SRR Y RN © 3 A | (4 &
o0 - 00 200
02 00 02
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o 'SUMMARY OF AREA ‘AIR SAMPLING FOR Raay =
CS2 BY AMERICAN ENKA IN THE RAYON FILAMENT PLANT 1949-1974

(Cont.) : '
HUMBER , .
: , JOB OF MEAN  STANDARD MINIMUM ~ MAXIMUM

JOB. DESCRIPTION DEPT, CODE_ YFRARS DEVIATION VALUE VALUE.
5p1nnerétte Changer & '

Inspector . 22 c8 - 17.12 1.52 4.4 17.8
Waste Washer 22 A D5 1 237 0.0 23.7 23.7
Cake Wrepper 22 L I 7.7 3.63 3.3 . 18.5
Continuous Relief Operator 22 19 0 5.83 2,08 ' 2.3 11.0°
Continuous Spinning . . '

Operator . 2 - 20 0 ‘ 17.8 0.0 17.8 -:17.8
Continuous Winder 22, 31 0 4.0 0.0 4.0 4.0
Flagnan | © 22 33 0 4.0 0.0 40 4.0
Relief Operator 22 23 27 . 6.13 2.46 2.1, 13.0
Relief Operator & Cake ) : :

. Operator, 22 , 2 2 57 0.0 . . 5.7 5.7
g Socker I 22 25 26 17.75 4.08 10.5 218
Spinne | 26 2 195 4.00 10.5 21,5
27 - 0 1.00 0.00 1.0 1.0
28 0 4,00 0.00 4.0 4:0
29 0 2,37 0.87 0.80 ' 4.60
30 0 6.06 2.60 2,40 13.20
3 ‘0 0.20 0.0 0.20° 0.20
32 0 1.95 078
23 0 17746 409
3% 0 830 0.0
35 17.75 4.08°
36




SUMMARY OF AREA ‘AIR SAMPLING FOR
csz BY MRICMI ENKA IN THE RAYON FILAMENT PLANT. 1949-1974

Ny

(CONT,) |
NUMBER , T
JOB oF MEAN STANDARD MINIMUM MAXIMUM
JOB DESCRIPTION DEPT. CODE YEARS DEVIATION VALUE VALUE e
Restricted Relief Operator 24 , 17 0 0.30 0.00 0.30 0.30
Cake & Cone Sorting
Operator 24 52 0 0.30 0.00 G.30 0.3C
Creel & Duffing Operator .
Warper 24 53 0 0.30 0.00 0.30 . 0.30
Creel & VWarping Operater 24 54 0 0.30 0.00 0.30 0.30
Emulsion Mix & ... | . !
Hisscellaneous 2h 53 0 0.30 0.00 0.30 0.30
Lift Truck Operator 24 36 0 0.30. 0.00 0.30 0.30
011 Coning Operator ‘24 57 o 0.30  06.00 0.30 0.30
Salvage Operator . 2% 58 0 . 0.30 0.00 0.30 0.30
Shife Ca&i Sorter 24 59 0 0.30 0.00 0.30 0.30
) slaahin; R Crul Opcraeor 24 60 0 0.30 0.00 0.30 0.30
: Soz:mg ’!mkcr 24 61 0 0.30 0.00 0.30 0.30
‘ Textile Movorail Trucker 26 . 62 0 0.30 0.00 0.30 0.30
ub; 24 63 ] 0.30 0.00 0.30 0.40
24 64 0 0.30 0.00 0.30 " 0.30
24 65 0 0.30 0.00 0.30 0.30
24 66 0 0.30 0.00 0.30 0.30
2F ‘ 7.1, 0.00 7.1 7.1
26 7.1 0.00 7.1 7.1
P} ‘0.3 0,00 0.3 0.3
2 1.0 0.00 1.0 1.0
i3 0.3 0.00 0.3 0.2
28 0.3° 000 ___ 03 . 0.3



SUMMARY OF ARBA AIR SAMPLING FOR
csz BY AMERICAN ENKA IN THE RAYON FILAMENT PLANT 1949-'1974

(CONT.)
NUMBER .
JoB oF MEAN  STANDARD - MINIMUM  MAXIMUM
Rotometar Tester 22 39 26 17.75 4,08 10.50 27.50
Spinncrnto Chacrges & ‘ .

Inspector 22 40 26 17.75 4.08°  10.50 27.50
Unassigned * 22 98 0 0.2 0.0 0.20 © 0.20
Car Loader 23 A 0 17.7 0.0 177 - 117
Vacuum: bﬁnr (0ld) 23 87 0 0.4 0.0 0.4 0.4
General Roldef Opoutor 23 16 0 5.86 2.08 2,10 11.00
Day Cleaper ) 23 34 0 1.00 0.0 . 1.00 1.00
Car Loader 23 41 0 17.75 4.00 10.50 27.50

_ Track Operator 23 42 0 7.10 1.63 4,20 11.00
Extraetbr ( opcraeor ; 23 43 0 1.00 0.00 1.00 1.00
;MTunncl Dryer. Operator 23 44 0 0.36 0.09 0.20 0.60
\ Vacunm,nry.r Operator | 23 45 0 0.37 0.09 n.20 0.60
" : 46 0 0.30 0.00 0.30 . 0.30
47 0 0.00 0.31  0.30 0.30 -
48 0 0.30 0.00 0.30 . 0.30
49 0 0.60  0.00 0.60 0.60
50 0 17.75 4,08 16,50 28.50
51 26 . 23.71 8.73 9.50 43.10
98 5 0.20 © 0,00 0.20 0.20
B8 1 0.30 0.00 ¢.30 0.30
1 2 1.30 0.00 1.30 1.30
c2 1 6.00 0.00 6.0 6.0
18 o 0.30. 0.00 oam

‘16 - 0 0 000 om0



TABLE 2
SUMMARY OF AR!A AIR SAMPLING FOR
“2 BY AMERICAN ERKA IN THEZ RAYON PILAMENT Pm 1949~1974

(CONT.)
NUMBER ‘ J
Jos or. MEAN STANDARD MINIMUM MAXIMUM
103 DESCRIPTION perr, CODE  YEARS DEVIATION  VALUE VALUE
All Maintenance 2X 1.5 0.00 1.0 1.0
Unkum 2! 000 0.00 0.0 000
Laboratories 22 1.0 0.00 1.0 1.0

«* Not every job description was sompled each year by the compavy. The years without data were ucupohccd
by NIOSH based upon the beat available information. The Plant was shut down in 1974.




TABLE 3
SUMMARY OF AREA AIR SAMPLING FOR
€S, BY AMERICAN ENXA IN TIE RAYON ‘Staple PLANT 1957-1979

NUMBER
JoB oF MEAN  STANDARD MINIMUM  MAXIMUM
JOB DESCRIPTION DEPT. CODE YEARS __ DEVIATION _ VALUE VALUE
Lye Room Operator 11 1 1 0.7 0 0.7 0.7
Press Assembler Operator 11 ' 2 1 - 1.3 0 1.3 1.3
Soaking Press Loader 11 3 1 1.3 0 1.3 ‘1.3
Soaking Preas Operator 1 4 1 1.3 0 1.3 1.3
Shredder Operator 11 s 1 6.65 2.49 3.0 12.1
Churn Operator 1 6 23 9.03 3.39 3.2 14.0
Dissolver Operator 1 7 26 9.02 1.35 3.2 14.0
T10, Preparation 1 8 23 ~9.02 3.57 3.2 14.0
Continuous Viscose u 9 23 N 0.12 3.6 4.0
xacaw’is ‘& Fileration 11 10 23 2.53 1.01 0.8 4.8
i_/Opcutor 11 , 11 23 .9 0.12 3.6 4.0
Cbemical ’l'hnk Cleaner i1 14 23 .92 0.26 7.1 8.0
General clumt ' 1 s 1 1.0 0.0 1.0 1.0
General Relief Operator 11 R 1 24 5,84 .27 2.1 11.0
Restricted 831“1‘ Operator 11 17 1 T 3,50 0.0 3.50 3.5
Continuoun Viscou bp fa:or ' ) ) . i ‘
11 .67 4 4.00 0.0 4,00 4.00
1 68 2 9.00 0.0 9.00 9.00
n 69 27 2.5 . 0.9% 0.80 4.80
11 98 3 0.20 0.0 0.20  0.20
1’ A7 4 1.0 0.0 1.00 1.00
1n c9 6 2.5 0.0 2.50 . 2.50
1P ' 0 ©10.0 © 0.0 10.00 10.00
16 0 0.5 " 0.0 0.50 0.50
1X o 1.0 0.0 .00  1.00
1¥ (] 0.5 0.0 0.50  0.50
oz ° 05 00 050, 0.0
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SUMMARY OF AREA AIR SAMPLING FOR
€S, BY AMERICAN ENKA IN THE RAYON Staple Plant  1957-1979
(CONT.) o

NUMBER . i
Jos OF MEAN STANDARD MINIMUM MAXTMUM

- SCRIPTIO DEPT, CODE . YEARS DEVIATION VALUE VALUE
Day Utility Washer 12 AL 5 13.26 1.21 1.8 145
Spinneratte Changer 12 B2 . 23 1.2 - 0.0 17.20 17.20
Salt Reclaimer 12 ' B3 1 0.20 0.0 0.20 0.20
Washer Operator 12 D2 6 23.87 2.1 8.30 60.00
Cleaner & Miscellaneous 12 . D4 5 © 0.5 0.0 2.00 2.3%
12 : 8 . 5 - 0-0 2.00 2.00 ., 2.00
12 1% 5.84 2.27 2.10 11.00
12 20 2 0.20 6.0 0.20 0.20
12 29 27 2.39 0.87  0.80 4.60
12 - k[ 23 : 6.45 2.59 1.30 13.20
12 34 24 0.50 0.0 0.5 0.50
12 49 24 0.60 0.0 0.60 0.60
12 70 1 0.20 0.0 0.20  0.20
12 .on 1. 0.20  0.0. 0.20 0.20

12 72 23 2.02 0.812 0.70 ‘3.8
12 0n 24 17.21 5.97 8.30 32.50
o1z 7% 23 17.21 6.11 8.30 32,50

12 - 75 23 17.21 . 6.1 8.30  32.50
76 26 8.09 2.88 1.60  18.00

200 2.00
830 830
0.70 '

”n 23 2.00
29 ¥ 0.70
ga . 0.20 .- Ui




YEAR

1948 4.04 '6.30 17:8 156.50
1949 6.34 --9.72 .22, . . 494.50
1950 6.74 - 9.73 - .27.30 - $32.70
1951 5.07 7.18 23.70 425.60
1952 4.88 6.51 23.70 414.90
1953 470  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 7.83 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 22.60 . 524.00
1961 5.81 7.58 3250 . 650.80
1962 4.73 6.83 28.00 539.90
1963 4.89 6.83 22.80 556.90
1964 5.19 6.89 22.80 - 597.20
1965 5.42 6.99 31.50 628.20
1966 5.43 7.10 37.00 651.60
1367 5.42 6.78 38.2¢ 649.90
1968 5.39 7.02 34.60 657.60
1969 5.07 6.33 ' 36.70 608.40
1970 4.50 5.83 | - 36.50 553.50
1971 4.92 6.46 " 36.70 619.60
1972 4.99 6.27 40.80 603.90
1973 5.15 6.24 36.70 653.70
1974 4.99 6.80 53.40  673.80
1975 5.19 - 10.42 73.4 295.60
1976 5.48 11.59 60.00

1977 4.80 7.95 © 37.90

1978 4.18 4.91 0. 40

1979 4.46 5.16

*Year Rayon Filament Plant Closed 5 "

16



The anzlytical mechod used by the Company for the analysis of the zres
samples 1is in Appendix &.

iprolactam and Diwethylte:ephthalate:

The analytical method for these two compounds were developed sp: cif!cally
for this survey by NIOSH.

Full shift samples were collected at a flow rate of 2.0 L/minute usiag R
MSA Model G personal sampling pumps. The samples were collacted on glass o
fiber filters using closed faced two staged polystyrene casscttes. Thir

teen samples of caprolactam and 11 di-ethylterephthalate samples were

taken. -

Prior to analysis, the cassette plugs were remcved and the samples were
kept in a dessicator for 7 days. The filters were removed from the cas—
settes and extracted in 2 dram vials with 5 ml of methylene chloride. To
enhance the extraction process, the vials were held in an ultrasonic bath
for 30 minutes.

The extracts were analyzed on an HP5731 gas chromatograph using a flamé
ionization detector (FID) and helium carrier gas. The limit of detection
for caprolactam was 0.5 mg/sample and Q.1 mg[sample for dimethylterephtha—
late.

Methanol:

- Methanol samples were collected on silica gel tubes. MDA Accuhaler Model ,
808 personal sampling pumps calibrated at 20 cc/minute were used to collect
the samples. The limit of detection was 0.C1C mg/sample and a total of

.6 methanol samples were taken. The tubes were analyzed in accordance with.
Method S-59 (Appendix 15).

Powtherm: (Fhenyl Ether-Biphenyl Mixture)

Dowtherm samples were also collected on silica gel tubes. MDA Accuhaler
Model 808 personal sampling pumps calibrated at 20 cc/minute vere used

to collect the Dowtherm samples. The limit of detection was 0.C1C mg/sample
and a total of 7 Dowtherm samples were taken. The tubes were analyzed in :
accordance with Method 5-73 (Appendlx 16).

Ethylene Glycol:

The ethylene glycol samples were collected using midget 1mpingers contain—
ing 10% isopropanol in a water solution. A total of 7 area samples were
collected using MSA Model G pumps at a flow rate of 1 liter per minute.
The samples were analyzed in accordance with the nethod in. Appendix 17.g

RESULTS AND DISCUSSION

A total of 262 personal samples were taken for CS. duking the two 1ndustri “
al hygienc surveys (see Appendix 13 for raw data and Table 5 fot l

17
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TABLE 5 °

SUMMARY STATISTICS OF THE MIOSH PERSONAL
%S’E EXPOSURE (PPM) BY J0B ASSIGIMENT IN
RAYON STAPLE PLANT, MARCH-APRIL, 1979

‘ %08 : STANDARD  STANDARD  GEQMCTRIC  GEOMETRIC  UPPER  LOWER
. 993 TINE DEPT.  CODE N PAX . MIN  MEAM ... DEVIATION _ERROR MEAN DEVIATION  LIMIT  LINIT
Lye Room Operator n 1 ] 194 0.00 0.9 0.66 0.27 0.43 5.70 2.64  0.07
Scaking Press Operator 11 3 13 6.00 0.29 2.38 1.82 0.51 "L 2.32 2,92  1.08
Shredder Operator n ] 7 1390 1,00 5.0 3.97 0.96 3.08 2.19 5.75 .57
Churn Operator n ] 30 224 1.5 6.70 4.08 0.74 .73 1.7 7.2 4.6
Dissolver Operator n 7 18 7.90 1.89 4,16 1.83 0.36 . 3.8 1.47 IR AN N 1|
Recedving & Filtratfon
Opzrator n 10 2 338 332 A3 0.0/ 0.03 3.38 1.00 .78 2.99
Spinning Tank Operator 11 n '3 3.6 199 3.06 0.93 0.54 2.9% 1.4 633 * 1.26
Chemfcal Tank Cleaner 1 " 4 1500 086 7,13 6.23 3.8 458 - 338 .8l 0.68
Correction Operator ., B 4 262 158 2,08 0.55 0.28 2.00 - 1.0 .09 LM
Crystallizer & ' .
Bvaporetoc Opszator |, 12 3 4 11.02 1.3 4,24 4.54 2.27 2.9 2.48 12,82 on
Chemical Mix Operator 12 4 3 0.98 03¢ 0.58 0.38 0.20 0.52 .74 2,08 013
Press Packer - 12 68 1 650 333 4.6 1.4 0.32 4.57 R 5.2 3.9
Salt Unit Operator 12 N 0.37 0,02 0.8 0.16 0.08 0.09 3,89 0.80 - 0,00
Send Filter & Relief ‘
 Operator ' 12 72 5 2.8 092 L4 0.70 .31 1.8 1.50 271 0.98
~ Staple Spinner LE S & 35 2% 1,28 12.64 Y29.09 , 392 6 2.68 877 S
Tow: Patrolier 12 75 3 17.06 631 1.8 5,50 397 10.89 1.69 28.60 4.5
Cutter Operator 1271 3070 0.02 9.42 8.40 1.40 621 a3 nm a8
Washer Operator 2 80 31 139.0 1.0 1104 27.16 4,96 4.97 1.83 6.26 397
' 12 78 6 4765 0.02 8,30 19.28 1.9 0.48 15.93 8.47 0.0
1. N 17 2.2 0.02 0.8 - 0.5 0.16 0.48 4,88 1,08  0.22

12 B | 0.45 0.03 0.23  0.23 0.12 on 4.68 1.33 0.0!




of the results by job category). The a\ﬂtage onccntration fer ‘the persenal
CSz samples taken by NIOSH was 4.8 ‘ppm.. The yearly average (Table &) for-
the area air samples taken by American Enka in 1978 at the rayon ataple
plant was & 2 ppm. . : : i

On an intermittent basis the airborne concentrations of CS, in some areas.
was determined during the NIOSH study to be above the OSHA®standard - i.e.,
churn operator - 21.2 ppm, staple spinner - 217.6 ppm, cutter operator -
30.7 ppm, washer operator - 159.0 ppm, and drying - 47.7 ppm. The more accu-
rate personal sampling data have only been collected since 1974, making -

it impossible to ascertain before that time the extent of actual exposure
levels incurred by individual employees. However, respirators have been
available fer personal protection since early in the plant's history and

in the past several years management has increased emphasis until 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 C32 on March 7-12, 1979
for the purpose of determining the potential of the control population be-
ing exposed. The average personal exposure for the control population was

0.2 ppm.

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

One area of concern is the handling of waste rayon staple. This product

is processed through a small departwent in the old rayen filament plant.:
The concern comes from the petential for CS, exposure. NIOSH did not t-‘:e
any samples of this process because the presence of this small operation
was only discovered in the latter stages cf 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 contrels 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 CS, level for the control population was ;
approximately C.2 ppm. Because there is no historical company data to document
previous exposures to CS, for the control population it is assumed, for

this study, that 0.2 ppm is also the average exposure level of the controls
for the previous years.

RECOMMENDATIONS

The rayon staple plant's average exposure, 4.8 ppm, is below the present
OSHA standard of 20 ppm. The enginecering controls and work priictices are
adequate to maintain this level of'exPOSure.

The areza of concern is the handling of the waste. tayon staple in the: old
rayon filament plant. The waste handling department employs only a few employ-
ees and is located at the end of tlie plant away from the cafctexia. From )
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APPENDIX 1

SYNTHETIC FILAMENT PLANT
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APPENDIX 2

TYPICAL MANUFACTURE OF POLYESTER STAPLE
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1A, PUMPED TO OVERNEAD TANK .

2. DOWTHEAM SOILER + (HEATING AGENT):

3. TRANSESTERIFICATION REACTORS (E.1; VESSELS) CATALYSTS ADDED
T0 3 5 WE'INNNG ON PRODUCT), MANGANESE *

s TITANIUM OXIDE;
" f-‘maex 180 MIN,
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¥

11, CLiiP BLOWER {CHIP BLOWN FROM BUFFER TANK TO STORAGE TANKS-SNFLOOR).  © 4,
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B.

M - D-'Lssol’re 5.00 gm. B:Om:)’ . 5 Kae T
glacial acetic acid. Dilute with 1.4 liters ai' adstil

of gelatin dissolved in 100 ml. of wars distilled wats
f1)ter into a glass stoppered bottle.

Modified Diethylamire Solution - Dissolve 0.05 gms. eu(w -
diethylarine, 20 ml. of triethanclamine, and 25 ml. of conc "wg,ﬂil i.n
of 90% ethyl alcobol. (Keep i a browm bottle and stoppered when not

L.

2.

3.

de
5.

6.

7.

8..

9.

10.

vl Iiter of air to be tested is drown through the gas absorption btottles by

Three gas absorption bottles and a 1-liter aspirating bottle are mounted on
a special carrying rack equipped with holders and a neck strap.

Pipette 10 ml. of Bi(MO;), resgeat into the first absorption bottile to
absord the Kzso N

Pipette 10 ml. of the diethylamine resgent into each of the second and third g
absorption bottles to absorb the CS,.

Measure 1 liter cf water into the aspiratirg bottle.

opening the stopcock on the l-liter aspirator bottle containing the water,

After retwrning to the laboratory, aspirate the air in the intake tube (if
used) and the first absorption bottle on through the second and ..h:!.r‘
absorption botiles.

Transfer to 1/2" test tubes, and using Bi(¥0;); as a blank, reed at 435 ma
wavelength the § transmittance of the solution ir the H,5 absorption botile.

Using diethylamine solution as a blank, read at 435 mu wavelength the %
transmittance of the sclution in the second and then the third sbsorption
bottles.

Using the 2 transmittance on the Spectroxfi.c 20, read the concentration of
HaS and CS; from the attached chartis.

Concentrations of CS, from the 2ad aud 3rd ootiles are added together.,
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I.‘l' ﬂ” nas Qoute:xt 13 exp
mltiplied by 2.

4. Por highly sbnormel samples, (n.s )wppu,cs, >a.eop;a), it
that the older iodometric method be ”

5. The intake tube in th« ;S absc

Volume II, page 759, Snell and

rege 330, Jacobs.
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A.

B.
C.

D.

SAMPLES OF AIR BEING BREATHED BY AN OPERATOR

A.

B.

C.

D.

- Samples shmldkelabeledhidentiymsmled, datomd

” I Itog.'ma i in‘
ter swlc. ‘

Uﬂkslwlyth:mxghthemaorinterestsoﬁntﬂmsupla
representative of the entire area. Seethea.ttuched

and activities performed in arez.

Attach a clean, dry, transparent plastic tube to the intaka ,
absorption bottle. The tube should be approxizately 6 feet long
clothes pin is attached to the end oyposi.te ‘the absotption bot’
a rubber band. -

whentakingthesugﬂe, theplastio:mbingistobe" i

sotbattheairswple\dnbeccmparahlemtheair, -
actual positioning of the tube may be varied so as to .
as possible with the operator but the intake mtbe aint:
face.

Samples should be labeled to identify date and time taﬂm”

vas working.

Care should be taken not to interfer with the operatvr inj
his normal duties.
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DIAGRAM OF PATH TO FOLLOW It SAMPLING AIR AT STAPLE PLANT

cutter hot dips and 2nd stretch
area --rollers aréa
~£
X cvtter

A G §

% cvitar

b 4 culter

NOTE: 1. Walk as close to cutter as possible when passing in one
direction. Air will sampled at shoulder height.

Walk as close to 2nd stretch rollers as practical when fpass}inél
in one direction. Samples will be taken at shoulder height.
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. APPENDIX 5
RAYON FILAMENT PLANT
CHEMICAL DEPARTMENT - DISSOLVING ROOM
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CONTINUOUS SPINHING - SPINRING IN POINTS
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FINISHING DEPARTMENT - WASTE CUTTER
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" APPENDIX 6

AVERAGE AREA SAMPLING DATA (PPM)

BY AREA IN THE RAYON STAPLE PLANT
- FROM 1957 THROUGH 1978*
AREA NUMBER OF - AVERAGE (PPM)
 SAMPLES 1957-1978
Churn Room 297 - 8.02 -
Dissolving Room 309 | A,
Spinning Machines ‘226 S -7 | 2
At 2" stretch Rollers 1281 . 26.09
Along hot aip 960 17.2
At the cutter 1256 19.2 G
Chip Conveyer 393 - 33.5 o ek
Waste Cutter 166 . 7.16 ER
Correction Operator Desk - 273 i 4.58
Basement Receiving Tank 157 ’ 4.99
2nd Bzth Tanks 158 6.22 AT
Cooling Tower 1 : 2.2 R R
Spinning Room 1 ’ 12.4

*

Samples taken by the company. .. : .& oo ocw

-
.~
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, Operacor

ﬁﬂz Operator
Miscellaneous Cleaver
Gerveral Replacer Spinving 5
SF-2-6
Spincver SF-1-1
§F-2=-2
SF=2~5
DMT Relief Operator SF-2-4
Caster SF-2-2
* Lizit of Detecrion 0.1 mg/scmple
APPENDIX 8

K10SE PERSONAL SAMPLING RESULTS FOR
CAPROLACTAM AT THE SYNTHETIC FILAMENT
PLANT O¥ APRIL 9-10, 1979

PPM

JoB SAMPLE
DESCRIFPTION NIMBER CAPROLACTAM*

Caprolaptam FF~1-6 <0.14
Unloader FF-2-2 <0.14
Caprclaptam Operator FF~1~-1 - <014
Spioper FF~1-2 <0.14

Chip Cutter FF-1-4 .
~ FF-2-4 3.93
. FF=1~5 <0.14
Poeumatic FF-1-3 <0.14
Blender Operator FF-2-6 <0.14
Dowthern: Operator FF=2-7 <0.14
Spivner FFr-2-8 <0.14
FF-2-1 <0.14
Chip Handler ¥FF=-2-5 <0 14

* Limit of Decection 0.5 nglshaple
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\PPENDIX 9

RIOS‘H SAHPLING R.ESUL'IS FOR ETHYLENE e
GLYCOL AT THE SYNTEETIC FILAMENT PLANT ON APRIL 10, 1979

AREA : . SAMPLE

E.SCRIPTION NUHBER
Polylezi.a:ion - 5th Floor _. © S~EG-1~1
- S-EG-1-2
COntrol Room S-EG-1-3
Parts Cleaning (between vats) F-EG-2-10
Ethylene Glycol Recovery - S~EG~-2-1 ;
Polyumerization~5th Floor East End S-EG-2-2 ’ 1.47
Polymerization~5th Floor West End S~EG-2-3 10.10
Parts Cleaning Room - S~EG-1-4 i.22
APPERDIX 10

NIOSH SAMPLING RESULTS FOR }IEIHANDL
AT THE SYNTHETIC FILAMENT PLANT ON APRIL 9, 1979
AND THE POLYESTER STAPLE PLANT APRIL 10, 1979

ARFA SAMPLE PPM
DESCRIFTION " NUMBER METBANOL®*
Polyaerizatioo-4th Floor )

Center Section 8§~1-3 : <0.9
Polymerization-4th Floor . ,

West Section §-1-~2 <0.9
Polymerization-5th Floor

West Section S$-1-4 <0.9
Polymerization-4th Floor - ’

East Secrion *A§~2~3 ) <0.9
Polymerizatioe~4th Floor AA§-2-2 : <D.9

*  Limit of Detection 0.10 mg/sample
4% Polyester Staple Plant

45




Doct.hem s:orzge
" Conrinuous Street Oper.

Person

F-2-3

. . Dowtherm Operator Personal F-2-2
Polymerizatioa Cleaser ; ‘
-Sth Fleor Personal whk §-2-7
‘Dowthern Boiler Room Area © §-2-6
Polyaex:izatioa 4ch Floor Area $-2-5
Polynetizauon 4th Floor . N
m: !-:nd “Axea $-2-4&
* Limit of Detection 0.01 ng/sample

=R

Syunthetic Filamept Plant

#a%  Polyester Staple Plaint

APPENDIX 12, _
WIOSH'S PERSONAL SAMPLING RESULTS FOR BYDROGEN
SULFIDE (H,S) AT THE RAYON STAPLE PLANT

JoB SAMPLE DAYE - OF
DESCRIPTION RUMSER SAMPL
Spivner AE~2
Dissolving Roca AE-1
Spinver AE-9
Wash Track Oper. AE-11
Crystallizer and Evaporator
Operator AE~-12
Spinver AE~10
Wash Track Oper. T
Spinner -7
Cutter Operator =2
Spipner T8
Cuctter Operator AE-18
Wash Track AE-19
Churn Room Operator AE~20
Crystallizer and Evaporator
‘Operator AE~15
Spinner * AE~17
Sand Filter AE~13

Crystallizer and Evaporator
Operacor
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' A.WE!MIX 13

PERSONAL csz AIR SWL!HG DATA FROM THE
MYN STAPLE PLANT TAKEH BY HIOSH DURING
| THE MARCH AND APRIL, 1979 SUR’IEY

J08 08 TUBE. CONCENTRATION
. DATE DEPARTMENT . _CODE DESCRIPTION NUMBER PM_

n 1 Lye Room Operator -405 0.77
1 « = » 457 1.00
1 . - . 423 . <0.03

1 . o . 459 0.85

1 > = - 479 0.3

1 L . ‘ 483 1.94

n 4 Soaking Press Operator 408 0.90
. . " 402 0.29

. . . 28 2.18

. . . 427 1.00

. . . 440 2.24

. " . 480 1.8

. - " 477 1.08

. - .. 462 1.15

. . . £90 1.38

. " . 233 3.2

- . - m 7 54

. . . 19, 4.3

. . . 281 6.0

n . 5 Shredder Operator 613 7.3
' . 541 9.7

. E 120 4.3

. ; 122 3.1

. . . 129- 5.2

. . 7 13.9

. . 2715 10.7

. - 276 n.2

. " 394 1.24

- . . 359 4.14
. . 429 1.00

\ h 447 2.7

47




S
4-5

45
45

45
4-4
4-2

4-3
4-5
4-2
4-3

4-5
4-5
4-5
4-5
3-7
3-8
- 3-10
3-12
3-7
3-8
3-9
3-10

3-12 -~

3-7
3-8
3-9
3-10
3-11
3-12
3-9
3-12
3-9

3-10
3-1

| DEPARTMENT
M - 5 Shredder Operator

Jgg'

1N 6 Churn Operator

48



" DATE DEPARTMENT ‘CODE

3-7 n 7 Dissolver Operator
39 X S . SRS | S BE
T30 . oo - 180 . 48
3-11 S . & 242 6.1
3-12 , - - o s0

3-7 ' . = 0 3.6
3-8 . .. 96 7.9
3-9 | - - . e 3.9
' 3-10 ‘ . = 176 3.8
31 . . wm 4.0
3-12 . - " . 218 5.9
312 ' : = .. 280 . a8
4-3 . - - 416 2.84
4-3 : . " 444 , 2.38
45 : . . 703 277
4-5 T : o .« 475- 1.7
4-5 ‘ ' : L 268 1.89 .

44 - 1 . 10 Receiving & Filtration Oper. 492 338

4-4 " oo " 455 3.32

3-7 n 69  Press Packer ‘ 39 49

3-8 : ' .- e - 82 64
3-9 ‘ « . = 107 43

3-10 N o . o128 3.8
3-1 o= . 246 40
3-8 ’ oW 87 6.0
3-7 ‘ - : 48 6.9
3-9 - : « = 01 4.3

3-10 - 142 4.2

3-1 | o -235 . 3.6

3-7 . - , 49 . 54
4-2 - . 407, 382
4-2 - 38 3.3
4-3 n 14 Chemical Tank Cleaner 421 15.07
46 o "\ " 79 o6

]

Y
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DATE DEPARTMENT ~ CODE
4-4 n . 14  Chemical Tark Cleaner
4_6 : n . [ [ ]

_ 45 N -~ 11 Spinning Tank Operator 722 3.5
4-5 S . - - 726 3.67
4-6 . " " 748 1.99
4-2 12 29  Correction Operator N7 2.45
4-3 . . - 425 . 1.58
4-5 : " - 464 2.62
4-6 S - em ns 1.60
4-3 ' 12 30 Crystallizer & Evaporator 412 1.39

Operator o ,
4-3 : - . . 433 2.32
4-3 o . . " 438 n.oz
4-5 - . - 463 2.23
4-3 12 49 Chemical Hix Operator 15 - 0.43
44 : . . ) 495 0.34
4-6 ) “« . - = 74 0.98
4-3 12 " 71 Salt Unit Operator 449 0.37
4-5 . . - o 739 <<0.04
4-4 - - . - = 493 0.22.
4-6 - . e . 72 <0.03
3-2 12 . 72 sand Filter & Relief Oper.401 0.92

4-3 : - . = = g5 1.45
4-4 ~. - . . = = 550 . 2.84
A-5 ‘ : - - =~ = 707 1.83
4-5 - - . . ™ ®  4gg 1.67

-2 12 73 Staple Spinner 393 5.7
4-2 . - " 391 1.85
2-3 ‘ - - " a8 2.73
4-4 - - 51 22.32
4-3 b . 426 1.65
4-3 . ) - - 435 13.14
4-3 . " 442 2.09
4-3 " " . 443 10.83
4-3 ) . m \m " 432 6.70

4-3 " " ‘213 217.6




DATE DEPARTMENT ~  CODE
4-5 12 73 Staple Spinner
4-4 L -

. 45 - " - . ~ v =
4“4 . P . " " 4'84 16-14
4-6 . " Sk 3.6
4-5 | . . - 708 1.87
45 1 " - . 466 1.88
4-5 " - 483 1.94
4-5 . - 485 1.84
45 - .. 481 - 9.27
3-7 . om 17 2.6
3-8 = s 612 2.9
3-9 ‘ . . 131 2.0 -
3-10 " . 108 3.3
3-1 . " 7 3.1
3-12 , . . . 210 1.8
3-7 ' . .. " n n.5
3-8 " " 89 13.0
3-9 o - L 135 4.7
3-10° - " 14 31.6
3-1 . " " 18 7.0°
3-12 : . - ’ 201 14
3-7 o - “ 15 8.9
3-8 ‘ ' - - 9 13.4
39 ; « = 136 7.0
3-10 - - 200 22.9
3N - - 244 9.1 ;
3-12 - . 227 5.4
3-7 - " 20 9.3
3-9 - - 104 9.0
3-10 - * 199 26.2
3-1 " - 238 8.0
'3-12 u " 223 14.4
3-7 - . - - LR 10.4
3-8 =\ . 88 13.9




DATE DEPARTMENT CODE

3-9 12 73 Staple Spinner

3-10 - -

- 3.9 .- ‘u "

3-10 L LI

31N = -

3-12 : - - 228 4.6
3-10 - b 178 1.2
3-1 - - 249 9.7
3-12 - - 220 8.2
3-9 - . 102 2.0
4-2 12 75 Tow Patroller 409 17.06
4-3 - - 446 6.11
4-5 . - 730 12.4
4-3 12 76  Cutter Operator 450 5.57
4-5 . - - ‘ 737 3.50
'4-6 , - - | nr <0.04
3-7 . - - - 45 9.7
3-8 ‘ " - . 611 12.0
3-9 : - . 132 6.8
3-10 X . - 174 30.7
3-11 . .- . - 154 7.6
3-12 . . ) 207- 12.6
3-7 . - - 618 , 12.6
3-8 . * - - 75 6.3
3-9 ' - - 13 4.1
3-10 - = 116 10.7
-1 - “ 245 1.3
3-12 = - 205 74
3-7 - - - 615 n.7
3-8 - - '3 12.4
3-9 - . 126 6.5
3-10 - - e 19 16.1
3-11 . .. 72 12.6
3-12 . - . 208 8.0
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3-10
3-Nn
3-12
3-7
3-8
3-8
3-10
3-Nn
3-12
3-8
3-10
3-1
3-12

. 42

4-5
4-3
4-3
4-4
4-5
© 4-5
4-5
4-6
8-2
4-3.
4-3
4-4

12

78




3

3-10
3-n
3-10
3-12
4-2
4-2

4-3
4-3
4-5
4-5
4-5
4-6

.4_6

4-3
4-4

4-3 ;
4-4

4-5

4-6

12

12

54

474
721
489

744,

746

431

498
430

- 494

706
743

0045




“Analyte:

Metbod No.: S248

Macrix: Alr Range: 14. 7-58.8 Ppm
OSHA Standard: Ceiling - 30 ppa Precision (Et)z 0.059
’ Peak - 1 PPB .
8<hr. THA - 20 ppm
Procedure: Adscrption on charcoal, Validation Date: 1/30/76
desorption with bdenzene,
GC
1. Principle of the Method (Reference 11.1)

z'

1.1
1.2
1.3

1.4

A known volume of air is drawn through a charcoal tube .to trap
the organic vapors presgemnt. . '
The charcoal in the tube is transferred to a small, stoppered
sample container, and the analyte is desorbed with benzene. .

An aliqrot of the desorbed sample is.injected into a gas
chromatograph.

The area of the resulting peak is dctermined and compared w:l.th
areas obtained for standards.

Range and Scasitivity

2.1

2.2

This nethod was validated over the range of 14.7-58.8 ppm at an
atmospheric temperature and pressure of 22°C aund 766 mm Hg, using

- a 6-liter sample. Under the conditions of sample size (6 liters)

the probable useful range of this method is 5-90 ppm. The
method is capable of measuring =much smaller amounts if the
desorption efficiency is adequate. Desorption efficiency must
be determined over the range used.

The upper limit of the range of the method is dependent on the
adsorptive capacity of the charcoal tube. This capacity varies
with the concentrations of carbon disulfide and other substances
in the air. The first section of the charcoal tube was found
to hold 6.0 mg of carbon disulfide vhen a test atmosphere

55







Methyl Alcobol

- Matrix: Alx
OSBA Standard: 200 ppn (260 wg/cu m)
- Procedure: - Jdsorption oa silica gel,
. ‘ - desorption with vater,
"If = Principle of the Method

1.1 Ahmwlmcofaithdtmthrwghalﬂicamtubetomy
themmicvworsptm:. -

. 1.2 The silica gel in the tube is :tansfetred to a small, stopvered
ew T gamnle container and the analyte is desorbed with vater: .

1.3 M aliquot of the desorbed amalc is injected 4into Ja m
chrowatograph. )

1.4 The ares of the resulting pesk 13 dgtemined and. cospued v:l.th ;
' axeas obta:!ned froa the injection of standards. ; Yt

-2, Range Smitivig o .

2.1 th:h pethod was validated over the range of 160—560:;/“ ;
at an atrospheric temperature. and preasure of 25
Hg, usiag & uea:lnal $~u:¢r smla. Undut the c

desorption etﬂcimcy is adaquate.
®a decermined over the range usad

with the emmratm ot t.he analyu a
the air. The first section of the silica gel
to hold 5.6 mg of the analyte vhen a test atme
op/cu m of the analyte in dry air was ‘sampled at
ninute for 32 ninutes. Btetkthrough occurred at thi
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&,

3.

3.2 M&emtﬁmht&dxhumﬂ&atc@ma-'
ummum:oc:min:hctube.ergmicmomwﬂlmtbc
trapped efficiently.

3.2 When two or more compounds mknwn or s;mpacted tobe;:teaeut
in the air, such inforzationm,. ‘including their suspacted ident:b-
ties, should be transmitted w:l.tb the sa=ple. ‘

3.3 It must be emphasized tlutany eoa:pomdvhiebhes :beunete—
tention tize as the specific compound under study at the operating
condiriong described in this method is an interference. Retention
tine data on 2 single coluzn cannot be considered as proof of
chenical identiry. ‘

3.4 Yf the possibiliry of interference exists, separation condi-~
tions (coluzn pecking, temperature, etc.) must be changed to
circumvent the ptobla

‘!‘;.-aciaim and Accuracy

. R
4.1 Thbe Coefficient of Variaticn (CV .} for the total analyticel and ;
scrpling =ethod in the range of {40 vo sa0 wg/cu m was 0. 063.; This
A valuve correspoads to a standard deviation of 16.5 mg/cu m at the
, OSHA standard level. Statistical informacion and details of the"
validation and experimental test przocedures can be fouml :I.n
leferme 11.2. ,

4.2 The mrase values obtained using the &éerall saupling and
anelytical merhod were 8.9% lower than the "true™ value at the
-OSHA standard level. o~

4.3 The above data are based on validztion experiments using the
Anternal standaxd oethod: (Referemce 11.2) ‘ .

Advantanes and Disadvantages of the “ethod

5.1 3he sampiing device 13 seali, portable, and involves no liqnids.
Interisvences are minime), 2n# =cet of those which do occur can -
ot &l sd by zlgerinw -~ . *"'-‘zﬂhic conditicms‘ The
tubes are analvzed by meave n® @ wmudick,instrumental ne"xod‘
The method can also be used for the simultaneous:analy “
er =arc =c—=cunds suspecicd o be present in th ,
gimair ~%=--‘ne¢ 22s c‘nrm*ogrzp‘uc ccndizions?frmisothe
e te:::r:::::z-prormd mode of o;mration. :
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6.

7.

-

5.2 Oz 2issdvancage ot ‘tae ‘mechod la tha:‘»he‘;f
. caz bde taken is lizited by the ruwber of ai
tub2 9111 tsld »efore over-oading Hhen the

. fOr a2 Gactiiy ssst?sn o€ sha silica gel tube exceed 25

- ————

fouws i3 thz foo-- sartion. the possibilicy of”sanple los

5.3 Fﬁzthermore, the ptecision of the method 1s linited by t
ptoducibili:y of the pressure drop across the tubes. sIh e
will affect the flow rate and causa the volume ‘to'be imprecise, S
becsuse the pump 1is usually calibrated for one 'uhe only.

Avparatus

6.1 A calibrated personal sarpling pump whose flow can be determined
accurately (:52Z) ac the recommended flow tace,k(Reference 11. 3)

6.2 Silica gel tubes: glass tube with both ends flame sealed, 7T
long with a 6-zm 0.D. and a 4-mm I.D., containing 2 sections ==
of 20/40 mesh silica gel separzted by a 2-mm portion of urethane
foam. The absorbirg section contains 100 mg of silica gel, ‘
the backup section SO0 mg., A 3-mm portion of urethane form
1s placed between the outlet end of the tube and the backup
section. A plug of silylated glass wool is placed in front of
tha zbsorbing section. The pressure drop across the tube must
be lesa than one inch of mercury at a flow rate of 1 1iter per
rninute. . .

6.3 Cas chromz=tograph equipped with a flame ionization Hecector.

6.4 Column (10-ft x 1/8-in. stainless steel) packed with 10Z FFAP on'
80/100 Chromosorb W-AW.

6.5 4n electronic iategrator or some other suitable method for deter<
mining peak size areas. «

»

6.6 Two-nilliliter glass sample coatainers with glass stoppers or
Teflon®-1ined caps. If an automatic sample injector is used, the
sample injector vials can be used.

6.7 Microliter syringes: 10-ul, and other convenient sizes for making
standards. ’

6.8 Pipets: 1.0-m1 delivery type.

6.9 Volumetric flasks: 10 ml or convenient sizes for making
standard solutioms.

Reagents
7.1 Eluent: Diatilled water. ‘ t
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‘Methyl Alcohol (reagent grade).

-

7.2

7.3 Purified nitrogea.

7.4 Prepuoxified hydrogea.

7.5 Filtered compressed air.

Procedure

8.1 Clemning of Equipment. All ghsmre used for the 1abotatory
anslysis should be detergent washed and thoroughly rinsed with
tap water and distilled water. . V

8.2 Calibration of Personal Pumps. Each persocnal pump must be cali.-
brated with & represenzative silica gel tube in the line. <This
will mininize errors asesciated with uncettaintiea in the sample
volume collected. S~

/
8.3 <ollection and Shipping of Samples

8.3.1 Immsdiacely before sampling, bresk the ends of the tube .
to provide an opening at least one-half the intermai , .
dismeter of the tube (2 mm).

8.3.2 The smsller section of silica gel is used as 2 back-up
and sbould be posirioned nearest the sampling pump.

8.3.3 The silica gel tube should be placed in a vertical di—ecziaa i
during sampling to minimize charneling through the : o
silica gel. N

8.3.4 Air being sampled shoulci not be passed through any hose
or tubing before entering the silica gel tube.

8.3.5 A maximm sample sire of 5 liters is recommended.

h Sample at a flow of 0.20 liters per minute or less.
The flow rate should be knovn with &% accuzacy of at
lesst 25Z.

8.3.6 The temperature and pressure of the atmosphere being
sampled should be recorded. If the pressure reading is-
not_ available the elevation should be recorded. ~

8.3.7 The silice gel tubes should be capped with the supplied

plastic caps immediately afrer sampling. Under no
eircumstances should rubber caps be used.

60
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8.3.8

8.3.9

8.3.10

-

One tube: shou.n be aaﬁdled 1n e same zanner 3s the
sample tube (break, seal, and trznsgor:). except thac
80 air is sacpled :h:push this tube. his tabe shpuld
be labeled as a blank

Capped tubes should be packed tightly and padded befote

they are shipped to niniaize ‘tube breakage during snipyia;;"

A sample of the suspected coapound should be subnitted
to the laboratory in glass containers with Teflon>~lined
caps. These liquid bulk samples should not be trans-
ported in the same container as the siliza zel =ubes.

8.4 Analysis of Samples

841

8.4.2

8.4.3

i;eparation of Samples. In preparation for analysis,
each silica gel tube is scored with a file in frent of
the first section of silica. 5el and broken open. The
glass wool is removed and discarded. The silica gel in
the first (larger) section is trans:erted to a 2-ml
stoppered sample container or auzcmatic’ sample injector
vial. The separating section of foam is removed and
discarded; the second section 'is transferred to another
saxple container or vial. These two sections are
anzlyzed separately.

Desorption of Samples. Prior to znalysis, 1.0 =l of
distilled water is pipected into each sawple container.
Desorption should be done for & hours. Tests indicate
that this is adequate if the sample is agitated
occasionally during this periocd. The sawple vials
should be capped as soon as the water is added to

i minimize evaporation. -

GC Condirions. The typical operating conditicns for the
gas chtosatograph are:

1. 30 ul/min (80 psig) nitrogen carrier gas flow.

2. 30 ml/min (50 psig) hydrogen gas flow to detector.
3. 300 ml/min (50 psig) air flow to detector.

&, 200 C injector temperature. k

S. 300 C nanifold temperature (detector).

6. 80 C column temperature.



http:p1pet:t.ed
http:shoui.ci

8.4.4

8.4.5

‘8.5 Deterninstion of Desorption Efficiency "o

8.5.1

8.5.2

Jnjection. The first step in the analysis is che in-‘
Jection of the sample into the gas’ chromatograph. To
elirirate difficulties arising from blow back or dis~ [
tillation within the syringe needle, one should employ
the solvent flush injectiom tachnique. The 10=ul

syringe 1s firsr flushed with eolvent several times to

wet the barrel and plunger. Three microlitexa of solvent L'fz

are drawn into the syringe to increase the accaracy and
Teproducibility of the injected sample volume. ‘The =
needle is removed from the solvent, and the plunger is
pulled back about 0.2 ul to separate the solvent flush
from the sample with a pocket of air to be used as a -
marker. The needle is then irmersed in the dample, and' .
a 5~ul 2liquot is withdrawn, taking into consideraticn =

the volume of the needle, since the sample in tle needle‘k  s

will be completely injected. After the needle is re-
moved from the sample and pricr to injection, the s
plunger is pulled back 1.2 ul to minimize eveporation of =
the sample from the zip of the needle. Ohserve that
the gample occupies 4.9-5.0 pl in the barrel of the
syringe. Dupliczte injecztions of each sample and

atandard should be made. No more than a 3% difference ‘f;,g

in area is to be expected.

An actomatic sample injector can be used if It is shown;
to give reproducibility at least as gnod as the solvent .
flush technique.

. Measurement of area. The area of the sample peak is
measured by an elecctrouic integrator or sowme otherx: ,
suitable form of arcz measurement, and prelimipary re- .
sults are read from a standard curve prepared as die-

A

~.cussed below (see Section 9).

Importance of determinacion. The &eéorption efficiency ‘ﬂ ‘T’

of = particular compourd can vary from one laboratory
to enother and also from cne batch of silica gel to

znother. Thus, it is necessary to determine at least =

once the percentage of the specific compound that 19
removed in the descorption process. :

Procedu!e for deter=inizz Iasorption effic;an.y. Silica‘gri
g2l oociv:-=nt to the zmount in the first section of )
tha sespiing tube (100 mg) is measured intc'a 2 O-ml
sample coutaiaer. This ailica gel Tust be the ‘same
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9.

10.

type as that usea in cb:aininv tha —a-nhas and. can. n] ’ :
be obtained frox un.xsea sz::.ca 3&& 234 DcS.V A Knmm anount
of the analvte is iniected dirsctlw intc the silica gel

with a 10-:1 syringe, and the container is capped “The
smount iniected is Ann"wa ent imn shae prasans dn. 8800

liter sample at the seleccpd Teval.

At 1&35: 55% tULes &t each of l.uree levels ‘0 Sx, II lnd
2X the standard) are prepared in thi uanner and allowed
to stand for at least overnight to assure complete adsorp-

'tion of the analyte onto the silica gel. These six tubes
are referred to as the samples. A parallel ‘blank tube

. should be treated in the same manner except that no sample
is added to it. The sample and blank tubes are desorbed
and analyzed in exactly the same manner as the sampling
tube described in Section 8.4.

The weight of analyte found in each tube is determined
from the standard curve (Sectiom 9). Desotption efficiency
- 13 determined by the following eqnatiou.

D.E. = Average Weight (me) recovered
.. Weight (mg) added

The desorption efficiency is dependent on the amount of -
gnalyte collected on the silica gel. Plot the desorptiom
- - efficiency versts the weight of analyte found. This ™
- curve is used in Section 10.4 to correct for adsorption
losses.

Calibration and Standards

It is couvenient to express concentration of standards in terms of
mg/ml of eluemt. A series of standards, varying in concentratiou over
the range of interest, is prepared and analyzed under the same GC
conditions and during the same time pericd as the unknown samples.
Curves are established by plotting concentrations in mg/ml versus

-peak area.

‘Note: Standard solutfons should be analyzed at the same time that
the sample analysis is done. This will minimize the effec: varia:iona
0f FID response. .

Calculations

10.1 TRead the weights, in mg, cnrrevponding to each peak area (area
tatio in case of the internal standard method) from :he ;L e
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10.2

10.3

10.4

0.5

~30.6

standard curve. HNo volume corrections. are needod bccauu
the standard curve is based on mg/ml eluent and the volume of
sample 1njected is identical to the volume of the :tandarda

injected S

Corrections for the blank must be made for each sanplé.

ng = mg sample - mg blank

vhere:

Bg saople = mg found in front section of sample tube
ng blank = mg found in front section of blank tube
A similar procedure is followed for the backup sectioms,

Add the weights present in the front and backup sections of the
same sazmple tube to determine the total weight in the sample.

Read the desorpticn efficiency from the curve (Section 8.5.2)
for the smount of analyte found in the front section. Divide
the total veight by this desorption efficlency to obtain the
correctcd wg/sample.

Corrected ng/sauple = ZEEE%.%E&SEE

The concentration of analyte in the air sampled can be expressed
in mwg per cu n, which is nunc*ically equal to ug per liter of
air

ngfou m = CoTTEcted me (Section 10.4) x 1000 (iiter/cu m)
g ) Alxr Voiume Sampled (liter)

snother method of expressing councentration is ppa:

- mefeg o x 28:45 760 T + 273
Ppm = mpscu o] P - 298

-where?
P = pressure (o= Hg) of air sampled
T = temverzture (T} oa 2ir sampled :
24.45 = molar walimz {Ilcersmcle) at 25 C and 760 o= gln
MW = meTeeies - cIiRT U7 w) of .nalyte :
TEN T __lli.e:2 pressure fm" ue)

standard. tamperacurt f?‘
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APPENDIX 16

Thenyl Ether - Biphenyl Mixture
» * (vapor)
Dowtherm

SAMPLING AND ANALYTICAL METHOD

Analyte: Phenyl Ether~Biphenyl Mixture Method No.: S73
Matrix: - Adr Range: 3.86-15.7 nmg/cu m
OSHA Standard:. 1 ppm (7 mg/eu m) Precision (Ew'r'I): 0.089
Procedure: Adsorption on silica gel, - Validarion Dare: 2/14/75
desorption with benzege, -
1. Principle of the Method .

1.1 A knowvn volume of air is drawn through a silica gel tube to trap
the organic veapors present. Flow rate 20cc per minute.

1.2 T7The silica gel in the tube is transferred to a small, stoppered
) sample container, and the analyte is desorbed wirh benzene.

1.3 Aa aliquot of the desorbed szzple is injecred into a gas*
: chromatograph. .

1.4 The areas of the resulting peaks are determised and ca:npa:ed
with areas obtaired from the injection of standards.

2. Raunpe and Sensitivity -

2.1 This zethod was validated over the range of 3.86-15.7 m=g/cu n
at an- atrospheric temperature and pressure of 23°C and 761 mm
Hg, using 2 10 liter sample. Under the conditions of sample
size (10 liters) the probable useful range of this methed is
0.7-21 vg/cu m at a detecror sensitivity that gives nearly full
deflection on the strip chart recorder for a 0.2 =g samplz. The
wethod is capable of measuriag much smaller amounts if rhe
desorption efficiency is adequare. Desorption efficiency wust
be determined over the range used.

2.2 The upper limit of the range of the method is dependent on the
adsocptive capacity of the silica gel tube. This capacity varies
with the concentrations of the ‘analyte aad other substances in
the air. The first secrion of the silica gel tube was :found to .
hold at least 0 7 wg of analyte when a test ar.mos-phere conaainint

‘.\" R




8.4.5

8.5 Determinatiocn of Desorption Efficiency

3.5.1

8.5.2 .

'fi:u flushed wit h

and plunger. Three

the. syringe t> iac
nf the 1njcc"ed

aliquse is vi:kd:osp.'t’
of the needle, since th
completely injeczed. Al
the sample and prior te
back 1.2 microlitess
from the tip cf txze :eedle.

Duplicate iuject.ons of each ssnple and
be made. No more than a 3 diffeteu:c in~ :rea 1s to

be expected.

Mezsurexzent of avea. The area of the sanple ‘peak i: FOE
measured by an electronic integrator or sone other suitablep

form of area measurexent, and preliminary results are "
xead from a standard curve prepared as discussed below.

Importance of determination. The desorption effic ency
of a particulat compound can vary from one laboratory
to anotier and also from one batch of charcoal to
anothker. 'hus, it i{s necessary to determine ‘at least:
once the percentage of the spec.fic cowpound that is‘
removed in the desorption process, provided the ‘same
batch of chareoal is used.

Procedure for determining. desorption efficiency. Ac:xvated*
charcoal equxvalen: zo che amount 1n the firs: sgction

The amount in}ected s equivalen i
in a 10 licet ait sanple at thc’s”



10.

are :efetred to as che sam@i s;
should be treated ia the same naaner 3
1s added to it. The samgle and blan T .
- and analyzed in exactly the same mauner as the 3anpﬂ[ g
tube described in Section B.4. [,

Two or three scandards are prepared by injectin: the
same volume of compound into 0.5 ml of « = 1
with the same syringe used in the preparation ‘of the
samples. These are analyzed with che samples.

The desorption efficiency (D.E.) equals the average
weight in mg recovered from tha tube divided by the
veight in og ad »d to the tube, or

The desorption efficiency is dependent ou the amount of
analyte collected on the charcoal. Plot the desorption
efficiency versus ﬂeight of analyte found. This curve
is used in Section 10.4 to correct for adsorption losses.

Calibration and Standards ¢ ; s

It is convenient to express concentration of standards in terms of
»g/0.5 ml carbon disulfide, because samples are desorbed in this
amount of carbom disulfide. The density of the analyte is used to
convert g into microliters for easy measurement with a microliter.
syringe. A series of standards, varying in concentration over: the
range of interest, is prepared and analyzed under ‘the same GC.
conditions and during the same time period as the unknown samp' : SO
Curves are established by plotcting concentration is mg/0.5 al versus~-
peak area. Note: Since no internal standard is used in the method,
standard solutiomns must be analyzed at the same time that t%e‘ ~ e
analysis is done. This will minimize the effect of knowm ‘
variations and varlacions during the same day of thn FID re‘

Calculations

10.1 Read the weight, 1n mg, corresponding: to: eac pea
the standard curve. No volume corrections a
the standard curve is based on mg/0:5 al caxbo
the voluze of sawmple injected is 1den:1ca1 to. the

the standards injected. ' < o
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10.2 Corrections for the blamk must be made for each sample.
- - mg = mg sample - mg blank S
wheze:

-ug sample » ug found in front section of shaplé“t:tib'e'

"= "~ wg blank = mg found i fromt section of blank tube

A simflar procedure is followed for the backup sections.

10. 3 Add the we.!,gh:s found in the freamt and backup sections to get
the rotal weight in the sample.

10.4 Read the descrprion efflciency from the curve (see Séctim*B.S,Z) ,
for the zmount found in the front section. Divide the total weight
by this desorption cificiency to obtain the corrected mg/sample.

c cted ng/ le = ‘!'ot;{.}:eiﬂt

10.5 The concentration of the znalyte in the air sazuvpled,cxn be
expressed in agfcu n.

mg/cu » = Corrccted me (Section 10.4) X 1000 (liter/en m}
- Air volume sampled (lirer)

10.6 Another method of expressing concentration is ppm.

- mg/fenm X 26.45 4, 760 , T + 273

M.W. P . 298
where:

) 4 = pressure (mm Hg) of air sampled s
T = texperature (°C) of ‘air sampled >
26.45 = polar voluwe - (liter/mole) at 25°C and 760 om Hg
M.W. = molecular weight (g/mole) of analyce

-~ . 160 = standard pressure (mm Hg)

. 298 ] stand;rd temperature (°K) N
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L gl wias found to be related to the aging procedure employed. Experic
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ahylene chiorohydrin and cthylene glycol from 2 water-absorbable
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minativn [J Quantitative recovery from Eabric—cthvicne axade,
dllorohy&m. lnd mtol [ GI.C—mlysu

The mcreasmg demand for ethylene oxide as a ster-

fiizing agent has stimulated a grear deal of rescarch on

the possible toxicological etfects of cthylene chioro-

~ pydiin (2chloroethanot) and cthylene glycol, which arc
_associated side products of this sterilant. Although the

litcrature containg a significant numbcr of repornts on the
toxicity of ethylenc oxide (1-12), cthylenc thorohvdnn '
(13—17). and ethvlcne stycol( 13,:18-24), the larse vana-
ton in the etpcnmcm.u systems employed and the con-
clusions reached have pmmpted forthcr investigations.

“ Severil analytical methods have been rcpoﬂcd in‘the

. Eterature for the determination of cthylene oxide (25 -

33); ethylene glyeol (27, 34), and cthylene c.hlomhydnn, i .

(35-39). However, the prescnt analytical’ rv:qum-mems ,
with : respect - o scnsmmy. spexificity, and “ume of-

. analysis for the quantitative determination ol cthylene A
Lot endey :thylenc chlorohydrin, and cthylcnc ,lycol o
o nter-absorbzb!e l'abncs dnd not' teadzly adapt 10 lhe:e




Resovery Study ‘or e Simultoncons Deicymination of Etkylene

mkw%ﬁm&cfdﬂmmummmm
These stancdard soiudions were prepared (in water) i suth a manner
that 5.0 ml. of cochi sandard sohuion contzined wthylone chiseo-
Bydnn and ethyiene glvec 1n varymp amcunts. Sample | was simul-
fancously spekcd vith 6.022 my. of cthyicne chlorohydnn and .99
uns.oluhylnegh-cu( wihile sucoreding sampics were spried with
higher icvels of both compounds (Tabie 1) Afier allowng the
saeiples o siand for 15 mn.. 5.0 mi. of diniifled water was sudded to
each vial, The vials were sovied by cringnng an aluminus scal over
a subber seplum. The samples were then placed m a2 mechanical
”ﬂltﬂ'andmshkmbr&mbupknnnmbmﬂw
peepared in the sarwe manner as previowsly dewcrsaad. Likewise,
coricsponding sandards wore rrepared in the ame Gshon on-
ploving the same stancard solvtions usal to spke the samplcs
excepd that the vick did rot contaim any fabric,

Onc-misobiter injections of each of the foregomg solutions were -
ingcied ivo Column 8 m duplcate. the order of mjection bong:
sample: conrcsponding siandard, and duplicare sample. The peak

PEAR MEIOHT

2 . ¢ 8 ﬂ !2
- ETHYLENE CHULORGHYOREN, ac.
Figure 2-—Plot of the concentration of cibiylone yelrin
mkbevxhtmmhmw-lxlntx. =
el B} :
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MINUTES
Figure 3—Typical gus chromatogrom of 5.7 ng. of cthylene axik
{B) on Colunn A. Attenvution range = 1 X I. Injection colume
= 1 pl. (A) is wn acetone impurisy peok.

The familiar problem of ghosting (41-13) was obsav:d with
ahykne glycol on Columa B. Subsequeni l-pl inj of
waler aller previous injections of the hi conceotrations
of cthybeme glycol produccd cliyhne glyool peaks thal ware
observabke only at the must seasitive athamations of the
instrunwnt. The possible error contribuivd by this ghosting ghe-
roenon was found o be avptigible. Detats of this wock will be dis-
cussed wt 3 futute pagir.,

As 1 the case of cthylene chiorohydrin and cthylene glycol. a gas
chromatograpiic imcthod was deweloped for doterauning trace
kvels of ethylene oxide. The excelient stability of the styrene-
divinylbenzene resin, *coupled with usab-lny 0 nesolvecthylae oxude
froma solvent such zs acctone (and its impuritics), makes Column A
bighly dewrable. A ‘ymcnl h wram o sh m F:g. 4. The
major aceione impurity, as shown in Fig. 4. was ohsarved in several
difierent brands ol acetane orly al the most sensitive attenuations of
the mtrunent. In most cages, distiliatzon of the acewae will cedune
the cuncentration of s impurity ; igwever, it is uwually separted
from the ethylene oxide peak. Temperature programumng is re-
quired o elute the acetone from the column so that a complcte
analvsis can be accomplished within 25 min. As shown i Fig. 5, a
Jncar relationship is presont at low levels ol ethylene oxwde. The

analysis tor residual ethylene oxide has been Carrrsd out successtully

in ethylene oxide sterilized samiples, such as Fabrics amd plastics with
scctone of tetrahydrotiran as the solvent.  Recent private com-

munications with other workers in the field have informed the

authors that the method has performed satisfacionly foc the analysis
of residual ethylene oxide n thew sterilized samp!ct. e

The approximate lower limit of Jetection for cthylene oxuke
on Columan A was loond w0 be 0.7 apfpl (rcprmwug\
7% of the chart paper), cmplmm; a " lepk Cingection s of

scetone. Sinulacly, the apgroxiniate lower linwts of derétion foe”
ahylene chlurohydrin and cthylenae elycol in ugueous solution va
Column: B wire found 10 be 0.6 ng.ul. and 1.6 ng. pl. respectively

{buth repraenting 8%, of the chart pagrr).

Since more than | pl. of satution can be wpcted intw the coﬁmn e
without any dicterious difects ‘wpon: the resoluton., the liomts ' of 0
detechon are turther wncrcased for any gven ‘sample. Of course, by
deceeasmy the volune of soivent and increasing e sample size and ©

PEAK HEIGHT

A R A—— A, _—e A L e -~y
2 < [ .10 1 -1¢ li .® 2 2
E'I'HYLENE OXIOE, ng.

Figure S—Plot of the cancentration of cthylere oxide versus peck
Reight. Atienvation range w [ X 1. Injection colame w-§ uf,

‘Additional work is proposcd on separating low moleculas weight
tpoxides and the cosresponding glycols and chlocohydrins on the
same polyethylene glycol column, Prdxmmary :xpmmrms mdxcue :
this is l‘mble.
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inptron volunie, the hmu.s of &lcum cw be mctuml ewn

fwtneg. -

Recent expenimients  in d'us hbm!ory showul ma: £1] lhtcc .
gesrdus “can i be . determined . simulaneously :on  the polycthylcm

glycol column in the prosence of water: dnd/or scetone.: The aut
Lope 10 present in’ the nedr mre ‘the’ opumum »ondu«.ms‘ nd
bimuts o detection” for separa aml uantit ]
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Pharmacodynamcs and Biotrans;formation of
Pentaerythritol Tetranitrate in Man

IVAN W. F. DAVIDSON®, HENRY S. MILLER, Jr.*, and FREDERICK J. DiCARLO#}

Abstract [T The absorption. biotransformaion. 2ad excretion of
paaerythritol wiranitrate was studicd alter oral adminesiration of
two dasages, 20 and 40 myg., (0 patienats, Tae drug was wiven as *C-
pentaerythritol tewznitrate meorporaied o ablets of a tvrie used
clinically. The to1al 1'C excrenon in 48 he. wes approxamiciy 9277
of both doses. However. a greater proportion of the tower dine was
excreted ia the wine: 607, of the 2X-mg. dose and 507, of the <0-
mg. dose. Drvg radioactivity was detecicd o the blood within 1S
man.. znd peak levcls accurred from 4 (o B hr. aficr Sdministration.
The only radioactive compousats found s thwe blund wore e
erythritol, pentaeryithriuol mononitrate. and pontacrythenol dine-
trate. These drug mctabolites were alio prosest ' the wrine and
feces. The kinctics: of renal cxcretion of e principal  urnary
metabolitcs. pentacrythiniol and pentacrythrieol momonitrate. were
frst order. The renal ciimination-rate constant. 22, of peataerythritol

. was independent of the Jose, but £, for pentaervthraol nononatrate
was dosc relatcd and sigmeficantty smailer for the hreher dose, The
rauno of pentacryvthonol monoansate. pentaeryilingod exercied i the
urine was approximzately 1:1 for the lower dosc and 3:1 for the
higher dose. The Gindings indicatc a rapnl dvesterification of penta-
erythritod icuwanitrate by the human to pentaerythe kol mononirate
alier oral ingestion, but a limited capacity Sor the conversion of
pentacrythrito! mononitrate 10 pcxmm‘:rwd.

Keyp!nses G Pcmaeqnhmo( tewranitrate aod “C-substitated=~
human” phavmacodynamics, totransforfmation 5 Biotransforma-
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- . Appendix 18

Exposure Standards for Chemical Substances

Compound Xame ACGTH TLV

ppm
Carbon Disulfides I

(skin) .

Hydrogen Sulfide 10 14
Caprolactam (vapor) 5 20
Ethylene Glycol (vapor) 50 125
Methano). (skin) - 200 260
Dowthern , | | p ' -7

*0SHA S-hour time weighted average is 20 ppm.






