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HEALTH HAZARD EVALUATION REPORT 72-74
WESTERN ELECTRIC CONPANY
DUBLIN, CALIFORNIA

JUNE 1973

SUMMARY DETERMINATION

A. Introduction

Secticn 20(a)}{6) of the Occupational Safety and Health Act of
1970, 29 U.5.C. 669(a}(6}, authorizes the Secretary pf Health,
Education, and Welfara, following a written request by any enp10jer
or author1zed representative of erployees to determine whether any
substance normally found in the place of employment has potent1a11y
toxic effects in such concentrations as used or found.

The National Institute for Occupational Safety and Health (NIOSH)
received sucn a reguest from an authorized representat1ve of employees
regarding exposure to solvent vapors in the printed wiring board

processing area of the Western Electrlc Company plant, Dublin,
California.

B. Federa‘» Standards -

Three potentially toxic substances were found in the place of
employnznt, the printed wiring board processing area of the plant,
A1l three agents have established Federal standards which are promul-

gated by the U.S. Department of Labor (Federal Register, Part II,
Vol. 37, No. 202, §1910.93, Table G-1 and G-2).

Substance . Federal Standard
Trichloroethylene....covseeenrnnn.. e .. 100 ppm* T
N-Propyl Acetate................. teaeanan chesas 200 ppm _
TOTUBNZ. e ieeereraeenneenannsnannns ceveervess. 200 ppm

*ppm - parts of vapor per million parts of contaminated air by volume at 25°C

and 760 mm of Hg prassure. 7he standard is based on a time-weighted
average for an eight hour day (40 hour per week) exposure.
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Page 2 - Health Hazard Evaluation Report 72-74

Environmental Evaluation Results

Environmental investigations were conducted Ly WIJSH on
Septomber 13, 1972; Decarber 7, 1972 and February 16, 1973,

Nine (9) personal breathing zone samples were collected on
employees spravinc board units with 2 lacquer containing n-prooyl
acetate and tolucne. Tne n-propyl acetate (NPA)} concentrations
ranged from nondetectable (0) to 32 parts per million (ppm) with
an average concentrations for NPA and (TOL) respectivaly were
15.2 and 6.0 ppn,  Toluzne (TOL) levels were betwzen 0 and 17 oon
with an average of 6.0 ppm. Trichlo oethylene (TCE) levels ranged X
from 13-40 pprmt with an average 25.3 ppm.

— Twelve personal breathing zone samples were collected on
employees washing board units with TCE. The NPA and TOL lcvels .
ranged fron 0-6 and 0-Z prm respectively. The TCE concentrations A
ranged from 6-82 ppm-(averace 39.0 ppm).

Twelve breathina zone samples were collected on workers in the
testing area. The KPA and TOL levels rangad from 0-21 and 0-& ppm
respactiveiv. TCE levels ranged from 8-44 ppm (average 24.4 ppm).

Six samples were collected on mass _solder machine operators,
Only a trace of NPA was found and TOL wzs not deterfed in any
of the samples. TCE concertrations ranged from 23-87 ppm with an
average of 34.0 ppm. Four samples viere taken while mass solder
operators cleaned their machines with TCE. TCE ievels ranyed from
~30~106 ppm (average 70.5 ppm). Only cne—sample out of 43 chowed a
level of TCE which represented an excursion above the 100 ppn
Federal standard which is based on an eight-hour time-weiqhted
av-rage expasure. This level (106 ppin) occurred when NIOSH
investigators were_monitoring a short-term cleaning operation at
“the mass solder machine.

H
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D. Madical Evaluation Results

Twenty-four persons were interviewed by NICSH physicians on
December 7, 1672. A1l but ihree people had some symptons which
they attributed to their exposures to solvents. The most cosmon
symatons of the 24 workers were: (1) rausea {70.85), (2) headache
(54.2v), (3) dizziness (33.3%), and (4) rucous membrane irritation
(25.0%). A1 the workers felt that their symptons were roelicved
completely when they iad left the work environment for several hours.
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Symptoms have occurred on a fairly regular basis, and
were reported frequently at the times of our visits.

Twenty exposed workers and nine control subjects submitted
eight-hour urine sarmples on February 16, 1973 which were analyzed
Tor TCE metabolits (trichloroacetic acid and trichloroethanol)
levels. The trichlorozcetic acid (TCA) and trichloroethanol (TC-0H)
levels are expressed in milligrams per liter {mg/1) or millicrams
per gram of creatinine (mg/g). The control samples showed a TCA
range of 0-29 ma/l or 24 mg/q and a TC-OH rance of 0-27 mg/1 or
0-16 mg/g. These levels are slightly higher than those found in
cortrol subjects from a previous NIOSH investigation indicating
that these people were getting exposure to TCE at the plant. The
exposed persons samples showed a TCA range of 17-196 mg/1 or 11-

145 mg/g and a TC-0H raroe of 38-121 mg/1 or 22-111 mg/g.
These levels were preshift values. Post work TCA levels did not
vary much, but the TC-OH levels were elevated to a range of 82 -
267 mo/1 or 52 -179 ma/g which indicated that these individuals

- were exposed to TCL during the day. The TC-OH levels in urine
correlate well with the amount of TCE in t.e aimosphere. The urine
TC-OH levels indicated that these workers were being exposed to TCE
levels in the atmosphere ranging bzlow 50 ppm on a time-weighted
average exposure. No safe urine TCE metabolite levels have been .
develaped for an occupationally exposed group of people at this -
time.

E. Toxicity Determination

; . Based upon the results of the investigation reported above, it
is our determinztion that the substance trichloroethylene is toxic
to workers in_the printed wiring board unit operations at tie con-
centrations and conditions used and found at the time of this
evaluation.

Trichloroethylene is the only agent present is significant -
arounts throughout the-work area and is thought to be the Tause of
the toxic manifestations of symptomatology occurring frequently -— -
in workers during periods of heavy usage, although environmental
levels detected were below the current Federal standard.

. T a e mar

The reported condition represents a hazard to the health of
workers, although not considered serious since no permanent physical
changes occur, and may also present the potential for a safety hazard
due to the general reduction in motor function, ability to concentrate
and increased likelihood of accidents on such occasions.

. ¥
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Page 4 - Health Hazard Evaluation keport 72-74

It is also judged that the substances, N-propyl acetate ang
Toluene, are not ootentially toxic at the concentration used or
found.

F. Distribution

Copies of the Summary Determination of the evaluation are
available upon request from the Hazard Evaluation Services Branch,
NIOSH, U.S. Post Office Building, Hoom 508, 5th and Walnut Streets,
Cincinnati, Ohio 45202. Copies nave been sent to:

a) Western Electric Company, Dublin, California
b) Authorized Reprresentative of Employees - -
_¢) U.S. Departrient of Labor - Pegion IX
For purposes of informing the approximately twentf:five (25)
"affected employees,” the employer will promptly "post" the Summary

Determination in a promirent place(s) near where affected employees
work for a period of 30 calendar days.

A i LA S 22 T v p———— b P v
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IT. INTROCUCTION

Section 20(e)(6) of the Occupational Safety and Health Act of 1¢70,
29 U.S.C. £56{c){0), avthorizes the Sccretary of Mealth, Education, &nd
Welfare, follo:ing a written recuest by eny ernployer or authorized rec-
presentative c¢f erployees, to dectermine whether any sibstance normally
found in the place of erployr2nt has potentially toxic effects in such
concentraticns as used or fourd. ‘

The National Institute for Occupational Safety and Health (HIOSH)
received such & regucst from an authorized representative of employees
regarding expesure to solvent vapors from trichlorocethylene end n-propyl
acetate at the liestern Electric Coempany plant, Dublin, California.

The Vestern Clcetric Corpany is a manufacturer of telephone trans-
rissicn equiprent of all tyres. Approxirately 500 people (4G9 in pro-
duction and 1C3 in adrinistraticn) vork in the plant during two full
skifts, and about 20 to 30 persors are employed in the section of the
facility described in the hezlth hazard evaluation request.

BACKGROUND HAZERD INFGRIATICN

A. Standards . . _

Three potentizlly toxic substances were found in the place of employ-
ment. A1l three agents have estaeblished Federal standards which are
promulgated by the U.S. Depertrent of Labor (Federal Register, Part I,

Vel. 37, No. 202, Section 1510.93, Tables G-1 and G-2).

Substance - Federal Standard

Trichloroethylene.,covn..n... seredaiTisrensss 100 ppm*
H-Propyl Acetate......vovivivnneecnrneannsa. 200 ppm _
Toluene...vessernsnncsasnncssnnsrensansnanes 200 ppm

B. Toxic Effects

There is ample literature on the toxic effects of trichlorocthylena
(TCE) on man. From studies perforred on levels of TCE in blood, it has
been cbserved that arterial levels are much higher than venous levels
because TCE, being very fat s¢iuble, is rapidly absorbed from the blood
stream.

Trichloroethylene is rapidly abscrbed throuck the lungs, and following
absorption, the compound is retcbolized to tricnloroecetic ecid (TCA) and
trichloroethanol (TC-CH). Teichloroethanol is the rost toxic metabolite

*ppm - parts of vapor per million parts of contaminated air by volume at
25°C and 700 mn of Hg pressure. The standard is based on a tire-
weighted average for an eight hour per day (20 hour per week) exposure.

A
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of TCL. Both cerpounds are cenjucited with glucuronic acid and ex-
creted from the body in the urire. Cther possible metabolites of TCE
include urocholalic acid, monochlcrcacetic acid, and chloroform,

Stewart and his cssociates e:rcseg human volunteers to 200 parts
per rillion (prm) of TCE in one siucy.¢ TCE blood levels reached a
maxirun rcadine after 2 hours, fell to 2/3 of this level after 3 hours,
and 20 minutes after exposure hed terminated, fell to 1/6 of the ori-
ginal maxirum concentraticn. Analysis of expired air serples from the
volunteers after a period of 5 hours of no exposure showed that TCE was
barely perceptible.

Retention of retabolites has been estimated to account for over
565 of the TCE that is inkaled. !2tcbolite retention can be broken
down into the following: 7 - 27% TCA, 22% TC-0H, 22 - 45% urocholalic
:cid, and possible trace arounts ¢f ronochloroacetic acid and chloro-
orm,

Browning reviewe? the histcrathelogical changes of chronic TCE
poisoning in animals.! The fincircs included such changes as liver
inflammation &nd cirrhosis, enlarced spleen, glomerular and tubular
lesions of the kicdney invoiving capillery dilatation and white blood
tell infiltrates, emphysematous anZ inflammatory effects in the lungs.
and hyperemia, edera, and srall herorrhaces in the cerebrum and mar-
gins of the cercbellum.

Kleinfeld_and Tabershaw reperted 4 cases of fatal human expesure
in one report.® No gross anaterical changes were noted during autopsy
other than a general visceral cornzzstion. Other reports of fatal TCE
poisoning ha.e also been reported, and post mortum findings include
pulronary edema, cardiac_dilatatisn, renal congestion, and vascular
congestion of the brain. ! Browning attributes deaths from TCE exposure
to ventricular fibrillation or standstill and to acute pulmonary edema.

In animals, TCE is a narcotic 2nd anesthetic capable of causing
complete unconsciousness, Browning reports almost immediate anes~ -
thesie in rats breathing 4,200 ppm 2f TCE and thet 3,000 ppm will
produce complete anesthesia over a short period of time.? The effect
of TC-Cll on guinea pigs has been stown to be much greater than the
effect of TCE when measuring drpressicn of the spinal reflex and elec-
trical cxcitability of the cerebral rotor cortex.% 1t has also been
shown that ethanol potentiates and attenuates the effects of TCE as
determined by EEG reasurenents.? {randjean found that by exposing rats
to 400 ppm of TCE for & houvrs per czy, 5 deys a week for 44 wecks, TCE
did rot affect learning or gntelligence in rats but decreased th2ir
"neurcrmuscular efficiency."”

: 7.
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In hurans, TCE has been reported to ceuse E¥G. changes of dis-
turbead syrpathetic nerve control in as many as 1/3 of the subjects
tested. frryhthiies and even cardiac arrest are reported when using
TCE as an erecthetic. EEG efvects and reversible mgrory disturbances
have teen reported in ceses of acute TCE poisoning. 7 Dpticai dis-
turbances such as decreesed ceneral visien, constriction of visual
field, and dirinished ortchinetic fusion were reported in human volun-
teers exposed to 1,000 ppm of TCE for 2 hours.8

Chronic exposure to TCE can lead to contact dermatitis and chemi-
cal burns of the skin, cornea, and conjunctiva. TCE is a potent ir-
ritant of the urper respiretory tract and <an cause slicht to roderate
emphysera. Macrocytic anemia has been associzted with some cases of
intoxicaticn. In hich doses, TCE causes narcosis, with an initial
excitatory phase. Stewert and his associates exposed 10 huran volun-
teers to 100 &nd 200 Spm of TCE for time periods ranging from 1 hour
to a 5 day vork week.« At 200 ppm, untoward swbjective responses
vere rild, inconsistent, ard of deubtful sicnificance. There was, how-
ever, sensations of mild fatigue and sleepiress in 5 subjects during
the 4th and 5in consecutive days at an exposure level of 200 ppm of TCE.
The following biological tests were perfornmad on the subjects and found
to be norral: C.B.C., E.S.R., totel serum lipid, total serum pro-
tein, serum eiectrophorer1s SCO., SGPT, urinzlysis for urcbilinogen,
TC-0H, and TCA. Also norﬂal viere the results of the Romberg test, )
keel-to-tce, finger-to-nose, Crawford manual dexterity, and Flanagan .
coordination and inspection tests. - S—
Chalupa and his associates report that the greatest inplication
for adverse behavioral responses to acute exoosures of TCE is in pre- -
disposing an individual to an accident.’/ Minor post-intoxication symp-
tors are headache, vertige, and insermia. Memory may be affected for
a year or move following acute high level exposure to TCE, espec1a1]y
as measured by mechanical memory tests. e

Salvini and his associates exposed 6 human subjects to 110 ppm
of TCE fog two 4-hour periods separated by an 1 1/2 hour resting -—
interval.”? Subjects were tested wiih a perception test using tachis-
toscope presentation, the Eschsler Memory Scale, a complex reaction
time test, and a manual dexterity test. Statistically significant
decresses in performance by the subjects were noted on all tests,
with decreases being greater on the more complicated tests. Salvini
concludes that since the TCE exposures were closs to the threshold
Vimit value (TLY) of 100 ppm for the coupound, it is possible that
exposures at the TLY level may well be capabte of adversely affecting
psychophysiological efficiency.

7.
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TJoluere is a milder central rervous system depressant than is
trichlorcethylene., Toluene produces mild fatique, weakress, confusicn,
ang paresiiesia of the skin at 200 ppm for eight hours of exposure, nt
higher concenirations, extrerc fatigue, rental confusicn, naussa, head-
ache, 2nd cizziness occur. Exposures to levels of 50 to 100 ppr have
repeatccly feiled to cause any effects. |0

Very little literature on the effec.s of n-propy: acetate on man
is available. The comnround is similar to other sirple esters, causino
milc¢ skin and rmucous merbrane irritation and mi]? central nervous system
depression at levels ccnsiderably above 200 ppm. 1 :

HEALTH HAZARD EVALUATION

A. Initial Visit - Cbservaticnal Survey —_—

On Septerber 1, 1672 NIOSH investigator Melvin T. Okawa conducted _
an observatiorzl survey of the llestern Electric Cempany plant in Cublin,
California. Representatives of ranagerent present during the observa-

tional survey ware —

Plant Process ~ Conditions of Use: —

The printed wiring board processing area was designated in the
hazard evaluation request as the section of the piant where exposures
to solvent vapors wore occurring. Here, printed wiring board units under-
go a series of hand and mechanical soldering, fluxing, spraying, and
washing cperations before they are ready for final distribution,

First, the board units are sent through an automatic mass solder
machine (see figure 1). The soldering and washing steps are automatic,
and the operator is respensible for introducing and removing the board
units. Flux is applied, and the units continue on a conveyor through
a solder "waterfall" and a trichloroethylene wash. One erployee can
operate the machine and two of them are in the general area. For the
most part, the mass solder machine is enclosed and local exhaust venti~-
laticn is provided at ths TCE wash point. However, it would not be con-

sidored as a closed system, end TCE vapers can escape into the atmosphere. -

At the end of each shift, the operator is responsible for cleaning the
mass solc¢er machine. During an operation that takes about 20 - 30 minutes
to cerplete, the worker soaks a rag with TCE and wipes over most of the
surface arza of the nachine. Once a week, the cleaning cperation is

rore thorough, and the cleaning tine is extended to one hour. Protective
gioves ére worn by the uvorker, but respirators are not. The operator is
gencrally at the machine for an entive shift, but it does not run con-
tinuously. The day's supply of board units regulates the length of time

7.

gL 034161




el A S e, P ey WM T 1 % S L 0TI i e e e e e T S o e em ey - ger ur omae . -

Page 9 ~ Health Hazard Evaluation Report 72-74

the machine is in operation.

The board units are taken out of the processing area and undergo
a serics of rodifications in the back asscmbly area before they are
returned. The unite are brought to the two spray booths in the procecsing
aree. The booths are positicned at the east and west sides of the fe-
cility (sce ficmes 2 arnd 2). On the east side, ¢n additional cpray tocth
was being installed for future wse. The worker lozds four board units
into a hoicer, sprays them with a lacquer (n-propyl ace*tate and toluerc),
and unloads them onto a large drying rack. The drying rack is illustrated
in figure 2. The spray booths are equipped with local exhaust ventiletion
and the worker is required to wear an organic veapor respirator. Because
of the existing contiol reasures, worker exposure to solvents seemed
minimal, However, spray beoth operators remove their respirators frecuently
as there are broek pericds between fresh racks of board units, and they
receive exposure to arbient levels of solverts. It takes these woikers
about 10 - 15 minutes to complete a rack of toard units.

A washing or cleaning booth is located next to each of the sprayirg
booths. With a brush dipped in TCE, the worker scrubs ani cleans the
board units inside the hood, The TCE is contained in a srull pen and
is replenished from a safety ccntainer located in the hocd (see figure
4). Each washing booth is equipped with local exhaust ventilation znd
the worker is required to wear an organic vapor respiretor. TCE vapors
becone airborne because the solvent is readily splashed outside of the
hood when the worker becores careless. Vapors also becore airborne from
the units Teft in the drying racks since they are not dried for a long
enough period insice the hoods. Decause of the control neasures, workers
are exposed to minimal amounts of TCE while they are using the hood,.
However, like spray booth operaters, these employees remove their 1:s-
pirators during the frequent break periods between fresh racks of board
units.

The board units are then sent to the testing area for inspection.
Some of the testers are seated at tables located 15 - 20 feet from the
booths and drying racks (see figure 3). The majority of complaints ccn-
cerning solvent vapors are voiced by employecs in the testing area. Ry
interviewing these emrployees, it was discovered that drying racks can
accumulate between the booths and the testing crea. The erployees feel
that they suffer nore symptoms whenever the drying racks accumulate in
the area. Approximately 10 employees work in the front sections of
the testing area for a full shift.

B. Environmental Evaluation

En environrental survey for airborne concentrations of trichloroethylene,
n-propyl acetate, and toluene was conducted on three senarate days (3ei.enber
13, Lecember 7, 1972, and February 16, 1973) by HIOSH investigator lielvin
T. Okawa, '

70
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Personal breathing zone samples were collected with MSA Model G
battery powered vacuun purps wnich were used to draw air throuch specrial
gless serpling tubes containing activated charcoal., The sarpling Lethed
using charcoal tubes for solvents wes develcped by NICSH. The purps vere
hocked to the vorker's telt and the charcoal tute was attached to his
lapel. The sarpling rete was maintained at 1.0 liters per minute and
the sarzling tires ronged from 10 - 22 minutes in length. Vorkers were
told to periorm their jobs noimally, and representative samples were
collected.

After the sarple was collected, the charcoal tube was sealed and
sent with the ctlers to RNICSY leberatories in Salt Leke City, Utah.
Analysis of the charcoal was perforrmed by the standard analytical method
developed by NIOSH, Tne solvents were desorbed from the charcoal with
carbon disulvice, and an aliquot of the solution was injected into a
gas chromategrzph. Solvent concentrations were assayed from the recorded
curve,

Results: —

The results from the environmental surveys of the Western Electric
plant are contained in Table 1 and summarized in Tables 2 and 3.

Nine brecthing zone samples were collected on employees spraying

board units with a lacquer containing n-propyl acetate and toluene.

The NPA coricentrations renced from noncdetectable (0) to 32 parts per
nillion (ppm) end the toluene levels were between 0 - 12 ppm. The

average concentrations for NPA and TOL respectively were 15.2 anrd

6.0 ppm. Although spray beoth operators were not working with trichloro-
ethylens (TCE), the levels ranged frem 13 - 40 ppm (average concentraticon
25.3 ppm).in the 9 samples collected. Since respiratory protective de-
vices are randatory while spreyiny, these sclvent levels do not represent
the true worker exposurc. The levels would represent work excosure without
respiratory protection and with continuvous spraying. Regardless of tha con-
ditions of the exposure, the levels of NPA and TOL do not present
-hea1th problem to the spray booin operators. The TCE levels were slightly
higher, but evidence from past rescarch indicate that the concentrations
vwould not constitute a health hazard. The mean values or levels of TCE

by type of operation is surmarized in Table 3 for the day of February 16,
1973. On this day, MIOSH physicians visited the plant to collect urine
specimens which were enclyzed for TCE metabolite levels. Three sanples
vere collecied, and the averags TCE concentration was 2%.0 ppm. This

value did not differ much From the overall average.

Twelve brecthing zone sarples were collectied on eniployees washing
board units with TCE. The LPA and 10L levels ranged from 0 - 6 and
0 - 2 ppm respectively. These leveis were insignificant. The TCE
concentrations were from 6 - 82 ppm (average - 39.0 ppm). The TCE

74
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values represent exposure of wath booth operators while they are
cleaning board units in the abscnce of respiratory protection.
Since respirators must be vorn by vash booth operators while they
clean board units, the TCE levels do not represent a true exposure,
but are an indication of the arount of TCE vapors that become
airborna. Six samples werz collected on February 16, 1972,

The average TCE value wis 48.3 ppm which did not differ from the
overall average (39.0 ppm).

Twelve breathino zene samples were collected on workers in the
testing area. The RPA and TOL levels ranged respectively from 0-21
and 0-6 ppin. These airborne levels were insignificant. TCE concen-
trations ranged from 8-44 ppm with an average of 24.4 ppm., Six

samples were collected on February 16, 1973, and the mean level of
TCE was 29.3 ppm.

This value did not differ significantly from the
overall average.

Six samplcs were collected on mass solder machine operators.
Only a trace of HPA was found and TOL was not detected. TCE concen-
trations rangad from 23-87 ppm with an average of 44,0 ppm, Repeated
human exposure to these levels of TCE are marked by an absence of any
permanent adverse health effect...However, in view of the fact that the

TCE bath is enclosed and ventilated, there is more TCE leakage than
one would expect.

Four samples were taken while solder mechine operators cleaned
their equipment. HNPA and TOL were not detected. TCE levels ranged
from 30-106 ppm with an-average of 70.5 ppm. In terms of the Federal
standard, which is based on a time-weighted average over an eight
hour day and 2 40 hour week, these TCE Tevels are not excessive since
torkers clean their machines on the average for 20-30 minutes per day
One sample showed a level of 106 ppn of TCE. This value represents
an excursion above the 100 ppm <tandard which is allowable as long as
it is balanced by periods of exposure below the 100 ppm level. In
terms of toxic effects, it is urlikely that workers would suffer any
permanent adverse health effects from such a short-term exposure, but

frem the stundpoint of sound industrial hygiene practice, the present
cleaning procedure is not recommended.

A less toxic solvent plus-
respiratory protection is recommended.
C.

Medical Evaluation

On December 7, 1972 NIOSH physicians Drs. Bodner and Ellison
interviewed 24 people working in the printed wiring board processing area to
determine: (1) whether there was any consistency in the symptoms reported,

- g — R PO Y
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(2) incidence of corplaints, and (3) seriousness of corplaints. Of
special interest was the incicence of weakness, nausea, vomiting, and
other sericus synoteors.

Of the 26 people intervicued, 22 were wemen and 2 rnen. Their aces
rarzed from 21 te 52 years with the rean end redian at 37 years., Al
but threc verkers hzc scre cerplaints about their werking conditions.
Th$ nuroers énd the percentages of people who reported symtors is listed
beleow: .

17 reported nausea (70.8%7)

13 " headache (54.2%)

" dizziness (33.3X)

" throat irritation (25.0%)

" nose irritation (25.07)

u fatigue and drowsiness (25,0%)

" eye irritaticn (20.85)

" derrztitis (£.37)

“ numbness (4.2%)
chest tightness (4.2%)
anorexia (4.2%)

" abdominal pain (4.2%) _

—t ek ed = IR CY O D

No one required hospitalization due to these symptems, but 4 people sew
either their own or a corpany physician or nurse. All the workers felt
that their symptoms were relieved completely when they hed left the
vork envirconent for several hours.

On February 16, 1973, NI0OSH physicians Bodner and Polakeff returned
to the plant for further medical studies. Eight hour urine sanples were
collected from 20 workers expcsed to tri-aloroethylene and from 3 controls.—

After being preserved with thymol and refrigerated, these samples.
were sent to !NIOSH laboratories in Cincinnati, Chio, and were analyzed
on February 20 - 28, 1973. The specimens were analyzed for metabolites
of trichloroethylene, trichloroacetic acid and trichlorcethanol, by the
method of Tanzka and Ikeda (British J. of Industrial Fadicine;—25+ 214,
1968). Creatinine was determired by the hAutoznalyzer 1 standard methcd,
a modification of the classic Jaffis preocedure. Urine specific cravities
were determined using a refractoreter, Three hundred determinations-viere
performicd including stendards and blanks. Urine specimens were treated
before spectophotomatry by the method o1 Frant and Westendorp (Archives -
of Ind. Hygiene and Occupationel red., 1: 208, 1950).

Results have been expressed in terms of milligrams (mg) of metabolite
(TCA or TC-CH) rer liter of urine corrected to a specific gravity of 1.G24.
Results roported in the literature as mg/1 of a spot urine sample are not
reliable boccuse of tiie variziion in urine concentration curing the day.
Results have also teen expressed in tewwns of rg of metabolite per gram
of urine creatinine. Correlztion studies on the two reporting methods

and their relationship to airborne TCE levels have not yet been completed.]z

+
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The tine of the work week selected for the urine samnle is important.
In a recent stucdy rzported by Ccata and his asseociales, the rates af ex-
cretion of TCA end TC-Cif were followed in humans exposed to 170 ppm of
trichlorcethylcre in erposure charters.!3 The authors cencluce that
TC~0H is repidly cxcreted in urine follcwing exposure and reaches a pek
within 2 hcurs follcwing exposure. On the other hand, TCA excretion ctcs
nct reach a peck until £2 ~ 69 hours after exposure. Thus, TCA in Fricay
urines retvecerts curulative weekly exposure but net on the day sarplecd.
However, TC-0H cocncentraticns represents exposure during the day the sample
was collected, and only residuzl excrction from expcsure on previous aiys
of the work veek. GOgata and unpublished data from NICSH have shown a linear
relationship betizen air leve]% ?f trichloroethylere and urine TC-CH
collected after the work day.'2,13 Urine samples were collected ¢n a Friday.

Results:

- Tables 4, 5, 6, and 7 summerize the data obtained frem the-analysis
B of urine samples collected from 20 exposed workers and 9 controls at the
Western Electric Cerpany plant. Control sarples (Table 5) show values of—
TCA from undetectable to 29 mg/1 or 24 mg/gram creatinine. TC-OH values
shew a range of undatectable to 27 mg/1 or 18 mg/g creatinine., The lower
tevel of detection is about 2 mg/1 with considercble variation beiow 10—- -
-- mg/1. Controls from a previcus NIOSH health hazard evaluation (RHE 7Z-£4)
showad valves for both me=tabolites averaging less than 2 mg/1. This finding
indicates that control subjects at Western Electric had some exposure to
TCE. The fincings contained in Table 5 for post vork samples where mean
values for TCA and TC-CH were hicher than pre-shift levels substantiates
this conclusion. Also, from Teble 5, control subjects with initials PP,

AB, and LE were NJOSH personrel and all their pre~shift TCA and TC-OH
urine levels were undetectable, i

Table 4 contains the TCA and TC-OH-values for exposed individuals.
The data is su.marized in Teble 6. For exposed inaividuals, the range
of TCA levels was 17 ~ 195 mg/) or 11 - 145 mg/g. The_levels were ele~
vated above the values found for the controls and were in the sam® general
- . rance as found in workers in tne previous hazard evaluaticn conducted by -
. .. HIOSH. The average pre-shitt TCA level was €6.5 mg/) or 50.6 mg/g. The
post work averaga was 70.6 mg/) or 53.1 mg/q. The post work average chowed
a sli¢ht jump, undoubtedly indicating the -additional accumulation of TCA
T on Friday for the week. Trichloroetharnol values ranged from 38 - 121 g/l
er 22 - 111 mg/o Tor pre-shift and 82 - 267 or 52 ~ 179 for post work levels,
The respective pre-shift and post work averages were 78.1 mg/1 or 58.4 mo/g
and 137.0 mg/1 or 102.2 rg/a. The TC-04 levels were elevated in the after-
noon sarples, indicating oxposure to TCE during the day. The range of
TC-Cit volv-s was generally less than those found in the previous hazard
¢valeation vhore TCE exposures were between 37 and 78 ppm on an € hour
tira-veiontad averege. This result would seem to indicate that on the
average, workers at lestern Electric were being exposed to slightly less
quantities of trichloreetnylene. Table 7 contains the ranges and means
for TCA and TC-04 levels in hich &nd low exposure groups. The high ex-

L
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posure group was arbitrarily selecteu to include those workers viho were
hzndling trichlorcethylene directly (spray booth, wash booth, and rass

solcer rachine cperators), The low exposure group was composed of wericrs

in the testing and asserbly areas. The ranges and means for TCA and 7C-CH
levels btetizen the ¢reups are different but rmay not be significzntly different
On the average, levels are nore for the hich exposure group, indicating a
greater expcsure to TCE,

D. Conclusions

The environrental data substantiate the fact that overall levels of
trichlorcethylene, n-propyl acetate, and toluene in the printed wiring
board unit processing area are vell within the limits defined in the Fe-
deral sténdercs ard vell belcw those levels cenerally thought to ceuse se-
rious clinical syrptors and adverse health effects. The levels of n-prepyl
acetate end toluzre in the ati csphere were not significant in terms of Leing
hazarccus te Lealth., The airberne concentrations of trichloroethylene cene-
rally vere less than 507 of the standard. Only orie sarple was collected
where an excursion 2bove the 100 ppm tire~weighted averace standard was
recordad. This sample was collected during a short cleaning cperation at
the mass solcer irachine. Yet, from the redical interviews, a high propor-
tion of similar symptoms which correspend w21l with those found frem intoxi-
cation with TCE, NPA, and TCL or a combination of these agents was voiced by
workers in the arca. The biolcgical data in the form of levels of urine
metabolites of TCE indicated that workers were being exposed to TCE., At
this tire, no range of safe lirits for urine metabolites of TCE have teen
established for an ozcupationally exposed population. The average urine
trichloroethanol lecvel of expused persons at Western Electric correlate well
with levels expected in workers peing expused to airborne concentrations of
TCE below 507 of the Federal standard. From a previous NIOSH study, workers
being expoced to TCE in a range of 237 - 78 ppm {based on an O-hour tire-
veichted average) generally had higher urine trichloroethanol levels than
those found in this investigation,

E. Toxicity Determination

Based upon the results of the investigation reported above, it
is our determiration that the substance trichloroethylene is toxic
to workers in the printed wiring board unit operations at the con-
centrations and conditicns used and found at the time of tnis

-

evaluaiion.

Trichloroethylene is the only agent present is significant
amounts throughcut the work area and is thought to be the cause of
the toxic manifestations of symptomatoloqy occurring frequentiy,
in workers during periods of heavy usage, although environmental
Tevels detected ware below the current Federal standard.

The reported condition represents a hazard to the health of
vorkers, although not considered serious since no permanent physical
changes occur, and may also present the potential for a safety hazard
du2 4o the goneral reducticn in motor function, ability o cuncentraie

and increased likelihood of accidants on such occasions,
L]

It is also judyed that the substances, N-propyl acetate and
Toluene, are not potentially toxic at the concentration used or

V4
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V1.

VII.

RECC!™THDRATINNS

1) A1 seravine and washing cperaticns with printed wiring poard units
shiculc be cenpleted inside preperily functioning ventilation hoods.
Rorters 1ust aveid spilling solvents outsice of ventilaticn hecds,

2) Approved resgivitors should be used at the spraying end washing heods
and a respirator riintenace program developed.

3) To minirize exposure to trichloroethylene by wirirg board unit tecters,
keep freshly vashed boards in the washing booth until fairly dry ty
collectirn; coverel beerds in the booth arnd then trersierring ther ¢
the larce Cryins recks rather than transferring each of them separately
irrediaiely aftier weshing.

4) A1l ventilaticn systems sheould be serviced regularly; freguent venti-
lation n2asurerents should be rade. _ -

5) To minimize the exnosure to trichloroethylere by mass solder rachine
operators, the ventilation system should be checked for adequacy of
design, especially the cepture velocities and.the presence of leaks.

6) For washking mass solcering michines, a less toxic solvent should be
substituted for trichloroethylerz, Also, epproved respiraters should
be worn by the cperators during the clearing cperation no matter what
the type of solvert used.
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Sarple

Concentrations Of Trichloroathylene (TCE), W-Propyl Acetate (KFL),

And Toluene (TOL) In Breathing Zone Samples Collected At The
western Electric Company Plant.

TCE (ppm)* LPA (ppm) TOL (ppm)
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Table 2. Rengas fnd lezn Va]ues Of Trichloroethylere, MN-Propyl Acetate,
And Toluere Cencentrations By Type Cf Operaticn In Sanples
Collected At The llcstern Electric Cempany Plant*

_Cperatien Fo. Of Serples TCE {ppm) NPA (ppm) TOL (ppm)

Spray Booth 9

fange 13-4 - KD - 32 ND - 12

Vean 25.3 15.2 6.0
lHash Booth 12

Renge 6 - 82 ND - € ND - 2

Mean 29.0 0.8 0.2
Testers 12

Fenge 8- 44 ND - 21 ND - 6

Hean _ 24.4 2.8 0.7
Mass Solder 6 - -

Pange 23 - 87 ND - 1 ND

‘ean 44.0 0.3 0.0
Cleaning Mass 4 - .. - -
Solder :

Range : ) 30 - 106 KD 1D

Mean 70.5 0.0 0.0

*abbreviations same as for ieble 1.

Tabie 3. Mean Values Of Trichloroethylene By Type Of Operation In Sarp1es
Collected At The Western Electric Ccmpany Plant On
February 16, 1973

Type Of Operation No. Of Sarples TCE (ppm) -

Spray Booth 3 29.0

Washing Booth - 6 - 8.3 o
Testers 6 29,3

lazss Solder 3 62.0 -
Cleaning Mass Solder 3 6.0

7
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Concentrations Of Trichloroacetic Acid (TCA) And Trichloroethzrol
(TC~Git) In The Urine Of Lerkers Exposed To Trichloroethylere At
The Vestern Llectric Company Plant

Table 4.

Samnle No.  TCA (me/1)* TC-OH (ma/1)  TYCA (ro/g)** YC-OH (r~/0)

Yorker

H.G.

H

A***
E * ok

108
61

103
163

67
A

64
127

MH,

(73] 12NN TR

62
53

106
AT

R.F.

1¢9
77

267

47
34

60
153

133
46

104
160

27
27

38
89

23
27

31
Y

17
N

¢0
132

46
€9

53
100

77
49

67
140

7}
38

be
110

23T 2 2> I2l00 Xe[0? 2

0_SAVPLE

5y

107

42

R

57
84

i
116

/9
77

ot
107

17
34

48
104

15
35

44
108

19
215

106

166

- 145
196

79
169

€0
(49

51
82

26
54

7
52

V.A,

26
26

83
169

%=

-~ 28

63
179

B.S.

53

97

.95
131

4]
66

T
89

J. G,

5¢
63

40
48

1
63

J ;" *

f % | [ g =t ) med |t [ el |
RO AR CL N Ul | O O W[ 00 0=~y v ol e nlew

Ny
o

27
78

[l

33
75

P.F,

36
72

21
31—

42
55_

TR

74
67

55
39

38"
90

F.E.

A
B
A
B
A
|3
A
B
A
S
A
]
A
B
A
B
A
b
A
]
A

72
94

116

60
59

32
74

H.H,

94
46

121
125

57

21

74
84

R&T'

34
21

48
109

23
14

32
76

*mg/1 - milligrams of rtabolite per liter of urine corrected to a specific
gravity of 1.0z4

**r:g/g - milligrams of metabolite per gram of creatinine

***A/B - A is AY sample and B is PM samplé
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Table 5. Concentraticns Of Trichleroacetic Acid (TCA) And Trichlcroethorol
(TC-Ci) In The Urine Of Cortrol Sutjects Collected At The Vestzrn
Electric Conpany Plant

Subject Sernle Mo, TCA (mo/1)* TC-CH (rg/1)  TCA (mc/q)** TC-CY (/o)

J.Y. 12 Ax*x. g 13
! 12 Bx** 8 27

P.pP. ND#*dk ok ND
" ND 8

L.L. 20
" 27

15
18

9
5

ND
ND

11
ND

ND
3 ND

2 10
18 ND

&
18

ND
5

8
14

9
15

5
4

==
oo ¢

A
B
7 A
7B
18 A
188
24 A
B
A
B
A
B

-— i
W NG s AV ow
~N o Lo L L N

[
E-~]
—t TR

6
ND

™
w“
™

]
o
==
W &M

~n
w0

KD

ND

7
ND

N RS
h

~N N
~~)
0>
M=
nNo

*mg/1 - milligrams of metabolite per liter of urine corrected to a specific
gravity of 1.024

**mg/g - milligrans of metabolite per gram of creatinine
**A/E - A is AM sample and B is PM sample
*IAAND - the limits of detection are 2 mg/1 and 2 ro/e. Valves of 2 or less

are i-dicated as ND (not detected). There is considerable variation
for values of 10 or less
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Table 6. Ranges, Means, And Standérd DCeviations Of Trichloroacetic Acid And
Trichloroethancl Levels In Urine Sarmples Of Control And Exposed

Subjects. Collected At The Vestern Electric Company Plant*

Centrol Group

TCA (rg/1)

TC-0H {mc/1)

TCA (mg/a)

TC-0H (mg/q)

A4 Sarples
Range
Fean

St. Dev.

Pit Sanples
\anga

Mean
St. Dev.

Exposed Group

Ei Semies
ange

Mean

St. Dev.

Pi Sarples
ange

tean

St. Dev. ™

ND - 9
3.1
2.9

ND - 29

10.3
9.2

17 - 196
66.5
41.1

21 - 215
70.6
42.3

o - 20

ND - 27 -
.

38 -~ 121
78.1
25.5

3 - 267
137.0
48.8

ND -5

ND - 24
9.2
9.1

1 - 145
50.6
36.0

14 - 196
53.1

KD - 9

ND - 18

2-m
58.4
26.2

52 - 179
103.2
38.2

38.8

*abbreviations the same as for Table 5

Table 7. Rances And Meens Of Trichloroacetic Acid And Trichloroethanol Levels

In Urine Samples Of High And Low Trichloroethylene Exposure Groyps*

Hich Cyposure (n=6) TCA (mg/1) TC-0H (ma/1)

TCA (ma/q)  TC-OH (ma/g)

Al Sarnles
Ranga
Mean
PM Samples
Range
Mean

58 - 196
103.5

61 ~ 215
93.3

Low Exposure (n=13)
Al Samples

ange
Mean

PH Samples
Range

Mean

27 - 94
50.5

21 - 97
60.1

73 - 106
96.0

84 - 267
169.3

- 38 - 121
67.6

82 - 169
121.0

40 - 145 51 - 109
79.7 72.7 -

34 - 196 63 - 169
77.3 128.7

22 -1t
49.8

52 - 179
91.5

15 - 79
37.8

14 - 77
41.0

*abbreviations the saie as for Tab.. G. High exposure group composed of
erployees working directly with solvents,
of employees in the testing and assenbly areas.

Low exposure group composed of




Automatic Mass Solder
Machine

Figure 2: East Spray Booth and
Drying Rack
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Figure 3: West Spray Booth

Figure 4: Safety Can From Which
Small Pans Are Filled
With Trichloroethylene




