

http:Staff.of




WioShe oo 2754,

U.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE
NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH
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HEALTH HAZARD EVALUATION REPORT 72-84
DUNHAM-BUSH, INCORPNRATED
WEST HARTFORD, CONNECTICUT

MARCH, 1973

I. SUMMARY DETERMINATION K

Section 20(a)(6) of the Occupational Safety and Health Act of 1970,
29 U.S.C. 669(a)(6), authorizes the Secretary of Health, Education, and
Welfare, following written request by an employer or authorized represen-
tative of employees, to determine whether any substance norma11y found
in the place of employment has potentially toxic effects in such concen-
~ trations used or found. _ _

The National Institute for Occupational Safety and Health (NIOSH)
received such a request from an authorized representative of employees
regarding exposure to trichloroethylene in the Pump Room of the South
Street Plant and to a variety of contaminants associated with metal
fabrication in the Day -Street Plant both of Dunham-Bush, Inc., West -
Hartford, Connecticut.

NIOSH investigators conducted environmental-medical evaluations of
these operations on November 21, 1972 and December 18 and 19, 1972. A
backup environmental evaluation of the Day Street P]ant was made on
January 9, 1973.

It has been determined that exposures to trichloroethylene (emanating
from vapor degreasers) in the Pump Room of the South Street Plant present
a potential toxic hazard to health during periods of normal and high
production activity. The hazard is significantly reduced during periods
of Tow production activity. This determination is based on a total of
forty-three (43) air samples collected in the Pump Room on November 21,
1972 and December 18, 1972. Twenty-eight (28) of these samples were
personal breathing zone samples, and-the remainder were area samples.
Measured trichloroethylene concentrations found on these two days ranged
from 195 to 1,186 mg/m3. In general, breathing zone concentrations were
higher than work area air concentrations. The current occupational
health standard promulgated by the U.S. Department of Labor applicable
to eight-hour exposures to trichloroethylene is 535 mg/m3 (Federal
Register, October 18, 1972, Title 29, Chapter XVII, Subpart G, Paragraph
1910.93, Table G-2). Medical information collected (December 18, 1972)
by adm1n1strat1on of a medical survey questionaire to nineteen (19)
exposed and eleven (11) non-exposed individuals, and also by the collec-
tjon and analysis of morning and afternoon urine specimens from this
study group confirmed the condition of adverse exposure to trichloroethyle
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It has been conc]uded by the NIOSH investigators that trichloro-
ethylene exposures in the Pump Room of the South Street Plant can be
51gn1fﬁcant1y reduced by upgrading engineering controls and by changing
1nappropr1ate work practices. Specific recommendations to improve the
work environment in the Pump Room have been ‘made to plant management
in the body of the full report.

It has been determined that several potentially toxic conditions

exist within the Day Street Plant. Of most immediate concern is exposure

_to cadmium fume which presents a serious potential hazard to the health
of brazers working in this facility. Airborne cadmium concentrations
were measured on December 20, 1972 and on January 9, 1973. A total of
seventeen (17) breathing zone and four (4) area air samples were gathered
showing cadmium concentrations ranging from 14 to 612 pq/m3 Eproyee

- eight-hour time- we1ghted average exposures ranged from 33 to 326 pg/m3.
The current occupational heaith standard promulgated by the U.S. Dcpurt-
ment of Labor applicable to eight-hour exposures to cadmium fume is
100 pg/m3 W1th an acceptable short term ceiling concentration standard
of 300 g/m (Federal Register, Qctober 18, 1972, Title 29, Chapter XVII,
Subpart G, Table G-2). It has been concTuded by‘NIOSH investigators
that exposures to cadmium fume could be significantly reduced by provid-
ing engineering control. Specific recommendations regarding control
practices have been made to management in the body of the full report.
Until engineering controls are installed, it is recommended that brazing
employees and others in the immediate brazing area be required to wear
respirators approved by the U.S. Bureau of Mines for protection aga1nst
exposure to cadmium fume.

Several other production processes (e.g. welding, spray painting,

grit blasting, flame cutting, polyurethane foam filling, degreasing, etc.)

have been determined to present potential health hazards (e.g. metal fumes,

oxidants, vapors, noise, ultraviolet 1ight, infrared 1ight, etc.).

Repeatedly in the literature, these kinds of processes have been shown to

be directly related to long term occupational i]iness when conducted

without adequate controls. Through the use of onsite inspection, ventila-

tion measurements, and comparison with federal standards (Federal Register,

October 18, 1972, Title 29, Chapter XVII, Subparts E, G, H, I, J, M, N,

and Q), it has been documented that approtpiate engineering control is

absent in this facility. On this basis, it has been concluded that a

potentially toxic work environment does exist in the Day Street Plant and

as a result comprehensive recommendations have been made to plant manage-

ment in the body of the full report to improve the 0vera]1 working environ-

ment in the Day Street Plant.

P
It must be reported that 1imited noise measurements were made through-

. out the Day Street facility. Many noise levels were measured to be in

excess of established standards (Federal Register, October 18, 1972, Title
. 29, Chapter XVII, Subpart G, Paragraph 1910.95). Specific recommendations
" to obviate the noise hazard in this plant have been made to management.
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. Copies of this summary determination, as well as, the full report
of the evaluation are available upon request from the Hazard Evaluation
Services Branch, NIOSH, U.S. Post Office Building, Room 508, 5th and
Walnut Streets, Cincinnati, Ohio 45202. Copies of both have been

sent to: '

a) Dunham-Bush, Incorporated, West Hartford, Connecticut
b) Authorized Representative of Employees
c) U.S. Department of Labor - Reg1on I

For purposes of informing ‘the approx1mate1y 100 "affected employees"
who work in the Pump Room of the South Street Plant and in the Day Street
Plant, the employer will promptly "post" the Summary Determination in
a prominent place(s) near where affected employees work for a period of
30 calendar days. : ' ;
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8-hour time Accéptdb]e Aécebtable maximum peak above

\ Substance - weighted ceiling the acceptable ceiling concen-
average " Concentration tration for an 8-hour shift.

< Concentration - Maximum

: _ ) Duration
Trichloroethylene 535 mg/m3* 1,070'mg/m3 1,605 mg/m3 ‘5 minutes in
: any 2 hours.
Cadmium fume 100 pg/m3** 300 pg/m3  =mmmemmmmm e
Silver, metal and L1 Te——

soluble compds. :

Copper fume 100 pg/m3 e R e R ——— :
Zinc oxide fume 5 mg/m3 mmmmmmmm mmmmmmmmee eeeee—e—————

Methylene chloride 1,740 mg/m3 3,480 mg/m3 6,960 mg/m3 5 minutes 1in
: any 2 hours.

Toluene-2,4-diiso- 140 pg/m3C***--4 ---------------------------
* cyanate - :

*mg/m3 - approximate m1111grams of substance per cubic meter of air.
*fpg/m - approximate ‘micrograms of substance per cub1c meter of air.
(1,000 pug = 1 mg)
L v - ceiling value. Employee exposures:are not to exceed this level.

In addition to the above substances, employees were found to be
exposed to noise. The occupational permissible noise exposures promugated
by the U.S. Department of Labor (Federal Register, October .18, 1972, Title
29, Chapter XVII, Subpart G, Paragraph 1910.95) are as follows:

Duration per day, hours - Sound level dBA slow response*
8 90
6 92
-4 95
< 97
o - 100
1-1/2 102
1 ‘ 105
1/2 . 110
1/4 or less - 115 ceiling value

*When the daily noise exposure is composed of two or more periods
of noise exposure of different levels, their combined effect should
be considered, rather than the individual effect of each. If the
sum of the f011ow1ng fractions: C1/Ty + Cg/Tp + ...+ C /Ty

exceeds unity, then, the mixed exposure should be considered to
exceed the 1imit value. C, indicates the total time of exposure
at a specified noise level, and T, indicates the total time of

" exposure permitted at that Tevel.
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B. Toxic Effects

The following-list of substances contains certain physical prbperties
and known toxic effects reported in the scientific literature.

1. Trichloroethylene - Molecular formula C1CHp=CClp; mo]ecu]ar
weight 131.4; boiling point 87.10C at 760 mmHg; melting point -73°C;
solubility 0.1 parts per 100 parts of water at 250C (mixes freely with
alcohols, ethers, and many other organic solvents); flash point - none
by standard methods; ignition temperature 4639C.

Many researchers have made attempts to conduct parallel determinations
of trichloroethylene exposures and measureable and/or observable effects
on either human volunteers or occupationally exposed workers. A brief
‘review of the literature will serve to delineate the effects of trichloro-
ethylene. Note: 10U ppm tr1chloroethylene = 535 mg/m3 tr1chloroethy1ene.

. a. Effects on the Central Nervous System

Steuber (1932)! conducted the first extensivé medical study when he
reviewed a total of 284 cases of trichloroethylene poisoning including
26 fatalities which had occurred in European industrial operations.
Steuber reported that the toxic action of trichloroethylene involved
primarily the central nervous system although appareiht effects were also
observed in the gastro-intestinal and circulatory systems. The outstand-
_ ing characteristic of trichloroethylene overexposure included headache,
dizziness, tremors, nausea, and vomiting, sleepiness, fatigue, a feeling
and appearance of 1ight headedness or drunkedness increasing to uncon-
sciousness and, in some cases, to death.

Bardody and Vyskocil (1956)2 studied 75 exposed persons, classified

. by years of exposure, in-one of four groups; less than 1 year, 1-2 years,
2-9 years, and 10+ years. Their findings showed statistically significant
(p less than 0.05) increases with duration of exposure, of increased
lacrimation (tearing), decreased sensitivity of the hands, increased
reddening of skin, and disturbances of sleep. With duration of exposure,
significant increases (p less than 0.01) were also found in intolerance
to alcohol, tremors, "giddiness" and what they termed "severe neurasthenia
syndrome with anxiety states" and .bradycardia (abnormally slow heartbeat).

Stopps and McLaughlin (1967)3 studied volunteer subjects exposed for
two and one-half hour per1ods to 100, 200, 300, and 500 ppm of trichloro-
ethylene. No decriment in performance of comp1ex psychophysiological
tests was observed at 100 or 200 ppm but slight changes were detected at
300 ppm and to a greater extent at 500 ppm.

b. Effects on the Heart -
Andersson (1957)%, Ogata (1971)3, Gutch (1945)6, Bardody and VyskociT

(1956)2 and others have noted that exposure to trichloroethylene may ejther
speed or slow the heart rate, depend1ng on the degree of exposure, and
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Aﬁdersson noted that 77 of the 104 workers she studied showed abhorma?

EKG tracings with disturbdnce of cardiac rhythm.

The occurrence of cardiac arrhythmia following exposure to trichloro-
ethylene has been reported for- exper1menta1 studies with animals as well --
Hunter (1949)7 with mice and Taylor (1936)8 with dogs.

¢. Effects on the Liver

There are conflicting reports on- the exact toxicity of tr1chToroethy1er
to the liver. Guyetjeannin, et al (1958)9 studied 18 workers regularly
exposed to trichloroethylene, not alcoholics, and with no h1story of pre-
existing liver disease, -by electrophoretic separation of various blood
constituents and found some abnormalities of cephalin flocculation,
total 1ipids and unsaturated fatty acids and increased B-globulins.

Other researchers also looked for liver function changes in exposed in-

~dividuals but found none.

d. Other Effects

Effects of the skin include reddening and dermographism, skin burns
on contact (Maloof, 1949)10, and genera11zed dermatitis resulting from
only inhalation (WcB1rney, 1954)1

]

The current occupat1ona1 health standard for trichloroethylene (See

Section III, Part A) is 535 mg/m3 or 100 ppm.

2. Cadmium Fume - The TLV Committee of the American Conference of
Governmental Industrial Hygienists has prepared a concise summary of the
toxic effects of exposure to cadmium fume. '

"Inhalation overexposure to the intensely irritating, freshly
generated fume of heated cadmium has often produced acute poiscning
whose symptomatology, usually delayed for several hours, includes
severe tracheobronchitis, pneumonitis and pulmonary edema, with a
mortality rate of about 20 per cent and no similarity with chronic
cadmium poisoning. Average concentrat1ons responsible for fata] .
cases have been estimated at 50 mg/m 512 »13) and 40 m?/m (1%), both-
for exposures of one hour; and 9 mg/m° for five hours!>, Nonfatal
pneumon1t1s has been reported from concentrations between 2.5 and
0.5 mg/m3(16). ---- Those surviving an episode of acute poisoning
recover without developing any chronic effects such as proteinuria."

Chronic exposure to levels of cadmium fume too low to produce acute
poisoning has been reported to produce a variety of slowly developing,
chronic toxic effects. The ACGIH TLV Committee references the following
effects resu]t1n? from exposures in the ran?e 0.01 to 0.45 mg/m3: pul-
monary emphysemal72:18+19; proteinurial?-18:19,20, atrophic rhinitis with
epitaxis, rhinorrhea and glycosurial®; anemia20°2!; and gastrointestinal
complaints?l,
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‘ 5. Zinc Oxide Fume - The TLV Committee of the American Conference of
Governmenta1 Industrial Hygaen1sts in their Documentation of the Thres-
hold Limit Values for Substances in Workroom Air, 3rd edition, 1971, relate
the following effects due to exposure to zinc oxide fume:

"According to Fairhall28, the toxicity of zinc compounds by
mouth is low. Metal fume fever (zinc chills, brass founder's ague,
etc.) may result from the inhalation of zinc oxide fume. The symp-
toms include fever, chills, muscylar pain, nausea and vomiting, but
complete recovery occurs in 24 to 48 hours. The same effects are
produced by the fumes of some other metals, and, according to Turner
and Thompson2?, can a]so result from breathing finely divided zinc

" oxide dust.

Most authorities agree that meta] fume fever itself is a relative’
innocuous. condition. It has been described as temporary and never
serious3?, of brief duration and without after-effects3!, never
fatal32, and without medical evidence of chronic effects33, and an
annoyance3%, Hamilton3S stated that the weight of evidence was agains’
the existence of chronic industrial poisoning, although a number of
reports to the contrary are in the older literature."

."Drinker and co-wo-kers3® concluded that metal fume fever wil
not resu]t from concentrations of zinc oxide below 15 mg/m3."

The current occupat1ona1 heglth standard for zinc oxide fume (See
Section III, Part A) is 5.0 mg/m

6. Methylene Chloride - Molecular formula CH»Cl,; boiling point
40°C at 760 mmHg; vapor density 2.93; vapor pressure 540 mmHg at STP.®
Dizziness, nausea, paresthesias, headache (sense of fullness in the head)
sense of heat, dulliness, lethargy and stupor have all been reported in
connection with exposure to methylene chloride vapors37. Very high con-
centrations may lead to loss of consciousness. Industrial exposures
ranging from 500 to 5000 ppm have lead to poisonings from narcotic
effects38:39>40,  Neurasthenic disorders, digestive disturbances, and
liver disease fiave also been attributed to this chemical. Until quite
recently, methylene chloride was considered the least toxic of all the
chlorinated hydrocarbons. However, during the last year, Stewart“! has
demonstrated that methylene chloride will induce the formation of car-
boxyhemaglobin by an unknown mechanism. This will occur with Tevels
as low as 200 ppm. The American Conference of Governmental Industrial
Hygienists, TLV Standards Committee has proposed that the acceptable
level be lowered from 500 ppm to 250 ppm (870 mg/m3) until the signifi-
cance of the work by Stewart is fully understood.

The current occupatuona1 health standard for methylene chloride
is 500 ppm or 1,740 mg/m3. (See Section III, Part A)

7. Isocyanates - These compounds are few in number due to the major
industrial enterprise necessary for their production. The four most
important ones are: toluene diisocyanate (TDI), diphenyl-methane diiso-
cyanate (MDI), naphthylene diisocyanate (NDI), and hexamethy]ene diiso-
cyanate (HDI). :
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OSHA Log. Within the 1ast year there have been some 40 entries
listed in OSHA Log #102. These 1istings include traumatic problems,
j.e., crushed fingers, lacerations, bruises, backaches. There was
only one listing of a dermatological condition, and there were no
other occupationally related conditions.

Health Capabilities. Within the factory there is a health d1spensary
which is staffed by a Registered Nurse, Mrs. cesekesmemteheain. Mrs,=stersen’
has ‘worked for the company for five years and is on duty ewght hours a '
day five days per week. In the even1ng, employees trawned in first aid
handle any emergencies which might arise. .

-

The plant retains the services of Dr:fFv#eéberg who is a local
general practioner. Dr. Fedeshesg=msomes to the plant one day each week
to handie medical complaints.

Health Policies. The plant requires pre-employment physical examina-
tions of all new employees. The plant does not perform annual examina-
tions on any of its employees and employees are not examined upon termi-
nation of employment. Routine checks such as chest x-rays, urine tests, °
blood tests, audiometric tests, immunizations, etc. are not offered by
the plant. Immunizations have been offered only when severe flu epidemics
have oecurred and when other establishments have offered immunizations.

During the afternoon of November 21, 1972, an.observational survey
of the Dunham-Bush, Inc. Day Street Plant was made by the NIOSH repre-
sentatives. Again, Messrs. Vandervort and Flesch examined processes
while Dr. Polakoff interviewed employees.

The Day Street Plant is engaged in the manufacture of shell and tube
heat exchange equipment operating on a one work shift bases. The building
is being rented by Dunham-Bush, Inc. and was not specifically designed .
for the processes which were found withinit. The building has no
-windows and only three roll-up doers (roughly 12' by 12') are providéd
at each end of the building. The roof of the building does have some
provision for natural draft ventilation.

Most of the processes observed within the Day Street Plant were
elucidated in Mr. Surdyxes request and were previously mentioned in-
this section. 1In general, only minimal. engineering control has been pro-
vided for the many processes which generate airborne contaminants. This
situation ‘is compounded by the structual characteristics of the building
which afford 1ittle provision for natural ventilation. Messrs. Vandervort
and Flesch concluded that evaluation of potential hazards in the Day
Street Plant would require extensive sampling and environmental measure-
ments, and therefore, concentrated on preparing a plan for environmental
work. See Figure 2, Section VII for plant Tayout.
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Employees 1nterv1ewed in the Day Street Plant gave' similar complaints
in regard to their working environment. None stated that they had missed
any work or felt that the work conditions were acutely detrimental to

. their health, however, they were unanimous in stating that their work
environment was very uncomfortable at times, and that contaminants often
built up to Tevels which made it difficult to breathe and caused head-
aches, drowsiness, dizziness, fatigue, and nausea in some employees.

, In addition to the toxic agents which are generated in the Day
Street Plant, it was concluded that a great many safety hazards and
significant exposures to physical agents (i.e. ultraviolet and infrared
radiation, noise) exist. _

B. Environmental Evaluation

The, environmental evaluations of the Pump Room in the South Street
Plant and of the Day Street Plant were conducted separately and will be
d1scussed separately in this section of the report

1 Pump-Room, South Street Plant

During the initial observational survey of the Pump Room (conducted
November 21, 1972), Messrs. Vandervort and Flesch concluded that the
major potential hazard in this area was inhalation of trichloroethylene
vapors. Preliminary air sampling conducted on November 21, 1972 (sampling
procedure described in Section IV, part A.) confirmed that high Tevels of
trichloroethylene were present in the work env1ronment (See Table I,
Section VII.).

a. Procedure

On December 18, 1972 a thorough, in-depth environmental survey of
the Pump Room was conducted by Mr. Vandervort. Directly following the
collection of urine specimens from employees prior to starting the work
shift, evaluation of personal exposures to trichloroethylene was begun.

The exposures of eleven of the nineteen employees working in the
Pump Room were monitored using persona] air sampling equipment. Breath-
ing zone air samples were obtained using MSA charcoal sampling tubes
(designed for sampling organic vapors) which were ‘attached near the
lapel or collar of each worker being monitored. (Each batch of charcoal
tubes received by NIOSH is statistically sampled and subsequently checked
for air flow resistance, absorptive, and desorptive characteristics.)
The tubes were attached so that they remained in a rouchly vertical
orientation with the inlet end up. MSA Model G, battery powered, vacuum
pumps were used to draw workroom air through the charcoal tubes. These
pumps were hung from the trouser belts of the workmen. The connection
between sampling tube and vacuum pump was made with flexible tygon tubing.
Air sampling rates were maintained at one (1.0} liter per minute by
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.. In addition -to measuring air concentrations of trichloroethylene,
the air moving capability of each degreaser's exhaust system was -
measured. Figure 4, Section VII shows schematic aerial views of the

two Pump Room degreasers. Indicated on the figure are air velocities
(expressed in feet per minute - fpm) measured at several positions along
slot exhaust pickups for both degreasers. These air velocities were
measured with a calibrated Type 8500, Alnor Thermo-Anemometeyr. Subse-
quent calculations of air volumes exhausted by each degreaser's exhaust
system (based on degreaser dimensions, slot velocity, and slot size) are .
also stated on the figure. - For the Small Vapor Degreaser, the Exhausting
Rate is approximately 400 to 600 cubic feet of air per minute (cfm).

For the Large Vapor Degreaser the Exhausting Rate is 400-900 cfm.

c. Conclusions and Recommendations

The preceding seven paragraphs have surmarized the environmental
measurements made in the Pump Room. The data from these measurements
together with observation of the work practices, equipment, and processes
employed in the Pump Room, supply sufficient information on which to
base the environmental evaluation. The paragraphs to follow contain
conclusions, supporting discussion, as well as, recommendations for
improvement of environmental quality in the Pump Room.

The trichloroethylene concentrations measured in the Pump Room on
November 21, 1972 and on December 18, 1972 are the resuit of two distinct
exposure situations. On November 21, 1972 activity in the Pump Room was
relatively high. Both degreasers were operating continuously. In addi-
tion to the two degreaser operators, other employees (e.g. from the DBX
area) were also degreasing parts. Resulting, measured, tgich1oroethy1ene '
concentrations on this date ranged from 295 to 1,186 mg/m~ (See Table I,
Section VII). These concentrations are average concentrations for the
time period and location sampled. (Detector tube samples require 3 to
5 minutes to collect.) 8hr-TWA exposures were not obtained on this date,
however, short term data indgcates that 8hr-TWA exposures were probably
in the range 400 to 900 mg/m".

On December 18, 1972 activity in.the Pump Room was relatively Tow.
Degreasers were operating intermittently and only degreaser operators
were degreasing parts. Large baskets of small parts were not being
degreased. Resulting short term exposyre to trichloroethylene were
measured to range from 195 to 655 mg/m” (See Table 15 or IITI, Section
VII). 8hr-TWA exposures ranged from 170 to 420 mg/m” (See Table IV,
Section VII).
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It is concluded from sampling data and observations that the-
magn1tude of employee exposure to trichloroethylene in the Pump-Room
is directly related to the level of work activity. In addition, several
problems with the degreasing operations were observed to contribute to
trichloroethylene exposure. (1) Many of the parts requiring degreasing
have cavities (which are not readily emptied) which carry degreasing
solvent out of the degreaser when the parts are removed (See Photo No. 1,
Section VII). There is no exhaust controlled area within which to place
these parts while the solvent evaporates from their cavities. Time does
not perm1t allowing the trapped solvent to evaporate comp1ete1y while
the part is inside the degreaser suspended above the bath. " (2) Degreaser
operators, as well as, other Pump Room emplayees were observed to be
improperly operating the degreasers. Parts were sometimes abruptly
immersed and raised from the degreasing baths causing unnecessary splash-
ing of soivent and vapor turbulence. "Many of the narts with easily
emptied cavities were not properly rotated so as to dump out solvent
before removal of the parts from the degreasers. Parts were observed
to be sprayed with hot solvent while in a position above the condensing
coils of the degreaser (See Photo No. 2, Section VII).'

The above problems are complicated by the lack of dgood exhaust con-
trol for either degreaser. As previously mentioned, the exhausting
rates for the Small and Large Vapor Degreasers are 400 to 600 cfm and
400 to 900 cfm respectively (See Figure 4, Section VII). The American.
Conference of Governmental Industrial Hygienists (ACGIH) in their
Industrial Ventilation: A Manual of Recommended Practice recommend
that higher air exhausting rates would be more appropriate for vapor
degreasers of the size found in the Pump Room. Figure 5, Section VII,
which was taken from the above ACGIH publication, specifically deals
with solvent degreasing tanks. Using the formula for recommended

. exhausting capacity (Q = 50LW) and inserting the approximate dimensions

of the two Pump Room vapor degreasers, it can be calculated that the
Small and Large Vapor Degreasers should have exhausting capacities of
750-1200 cfm and 1250-1800 cfm respectively. This would suggest that
each degreaser's exhaust system could be substantially improved. (Note:
When initially installed, the exhuast capacities may have been greater.
Possibly a thorough cleaning of the ductwork and servicing of the exhaust
fans would he]p If the systems were serviced shortly before our evalua-
tion, then to increase capacity a new fan and motor and/or ductwork may
be necessary.)

It can only be concluded from the foregoing discussion that tri-
chloroethylene exposures in the Pump Room are unnecessarily high. The
following recommendations are made in the interest of improving the
control of trichloroethylene vapors and thereby minimizing employee
exposures.
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1. Only.enough heat should be supplied to the degreasing
baths to obtain satisfactory degreasing efficiency. Excess heat
only’ contributed to solvent loss and employee exposure,

2. Parts should never be plunged into or rapidly removed
from the degreasing baths. Careful handling will minimize
splashing and disturbance of exhaust and condensing currents.

3. . A1l parts to be degreased should be degreaéed at an
elevation well below the condensing coils of the degreasers.
Fa11ure to observe Toss and emp?byee exposure.

) 4, A11 parts with cavities which are readilly emptied
should be rotated while in the degreasers so as to thoroughly
discharge captured solvent.

5. The exhaust systems for each of the degreasers should
be improved. Exhaust capacities-could be doubled without
adversely affecting solvent loss.

6. At the output side of each degreaser, a section of the
roller conveyor should be outfitted with downdraft exhaust ven-
tilation so that parts which cannot be removed dry from the
degreaser will have a place to dry off. Fifty (50) cfm of
exhaust capacity has been recommended for' each square foot of .
drying area (See Figure 5, Section VII). At present, solvent

. carried by parts from the degreasers, escapes into the workroom
environment and significantly contributes to employee exposures
at the degreasers and wherever the parts are subsequently handled.

7. The brazing station near the foreman's area (See Figure
1, Section VII) should be provided with Tocal exhuast ventila-
tion. This ventilation would remove the potential for exposure
to phosgene (a highly irritant gas which can be formed when
‘trichloroethylene vapors contact h1gh heat, e.g. brazing torch
or ultraviolet ad1at1on)

2. Day Street Plant

During the initial observational survey of the Day Street Plant
(conducted November 21, 1972), Messrs. Vandervort and Flesch concluded
that there were many potential health hazards associated with a variety
of processes contained within the Day Street Plant. It will be stated
at the outset of this 'section that the general environmental conditions
found within the Day Street Plant reflected little regard for good

industrial hygiene and safety practices. Several processes (e.g. welding,

brazing, flame cutting, etc.).which produce significant quantities of
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vactium pump. These pumps. were hung from the trouser belts of the
workmen. The connection between aerosol monitor and vacuum pump was
made with flexible tygon -tubing. Air sampling rates were maintained

at one (1.0) liter per minute by periodically adjusting each pump's .
calibrated rotameter. Sampling duration ranged from 105 to 207 minutes.
Immediately after sampling, each aerosol monitor was sealed with a canp
and plugs. In this manner, sixteen personal, breathing zone samples
were gathered. In addition, four area samples were gathered using the
same equipment. : '

These membrane filter.air samples were returned to Cincinnati
where they were analyzed-after wet ashing by an atomic absorption
spectrophotometer. The detection 1imit of this method is approximately
0.01 micrograms of metal per filter. .Those samples collected on
December 19, 1972 were analyzed for cadmium alone, while the samples
cellected on January 9, 1973 were analyzed for cadmium, silver, copper,
and zinc. The results of this sampling and subsequent analyses are.dis-
played in Tables V and VI, Section VII. Figures 6 and 7, Section VII
show the sampling 10cat1ons for the samp]es contained in- Tables V and

VI, resnect1VE1y

Table VII, Section VII contains calculated eight-hour, time weighted-
average (8hr-TWA) exposures to cadmium for each employee monitored on
December 19, 1972 and January 9, 1973. These 8hr-TWA exposures were
calculated with the assumption that each worker spent seven hours in the
brazing area and one hour out of this area for-breaks and Tunch. For
each employee, time spent away from the brazing area was treated as a
period of no exposure to cadmium, Table VII also contains two area con-
centrations which were calculated using the 8hr-TWA format.

The exposure data contained in Tables V, VI, and VII, Section VII
reveal that significant exposures to cadmium do occur in the Day Street
Plant. The data also show that all employees in the brazing area are
being exposed to cadmium and not just those directly using cadmium
bearing materials. Exposures to silver, copper, and zinc are of much
less concern individually, however, one cannot rule out the possibility
of additive toxic effects from the combined exposure to such metals.

b. Foam Filling Operation
The foam filling operation along Aisle No. 2 (See Photo No. 4,

Section VII) was recognized, during the initial observational survey,

to be a potentially very hazardous operation. One of the foam components
contains isocyanate compounds. Ordinarily, the safe handling of isocya-
nate containing materials requires extensive engineering control or
personal protective equipment or both. As is apparent from Photo No. 4,
no engineering control has been provided for this operation. In addition,
the employee conducting the foam filling was wearing only cloth gloves and
safety glasses as protective equipment. From an industrial hygiene stand-
point it was, thus, 1mperat1ve that env1ronmenta1 sampTes be col1ected in
this area.
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On December 19, 1972 several air samples were collected in the foam
filling work area. Unfortunately, an error was made in the preparation
of the absorbing solution and.as a result rio reliable data was obtained.
A second set of samples was obtained on January 9, 1973. Air samples .
were gathered using midget impingers and MSA Model G, battery powered,
vacuum pumps. Approximately 15 milliliters of absorbing solution (con-
centrated hydrochloric acid and glacial acetic acid in water) were used
in the first of two midget impingers, The second impinger was dry and
served as a moisture trap to safeguard the air pump. Workroom air was
drawn through the absorbing solution at a rate of (1.0) Titer per minute.
This flow rate was maintained by adjusting each pump's calibrated rota-
meter. Sampling durations ranged from 10 to 27 minutes. After sampling,
each absorbing solution was rinsed from the lead impingers (fresh absorb-
ing solution was used as the rinse liquid) into sample bottles. The
samples were returned to Cincinnati where they were treated with
n-naphthylethylenediamine. The optical density of each sample was read
immediately and again after two hours. The results of this sampling and.
subsequent analyses are displayed in Table VIII, Section VII.

As is apparent from the data in Table VIII, no measurable levels of
isocyanate as toluene diisocyanate (TDI) or diphenylimethane diisocyanate
(MDI) were found in the foam filling area. The approximate Timit of
detection of this method is one microgram of isocyanate per air sample.
In conversation with the General Latex and Chemical Corporation of
Ashland, Ohio, it was confirmed that the foam product in use-(Vultafoam,
Part A 16F-1602) contains only small quantities of MDI." It must be '
emphasized that this material has the potential to produce toxic effects
in workers and should be handled in a manner consistent with the pre-
cautions stated by its manufacturer on the product labels.

c. Spray Painting Operations

Exposure to paint spray and paint solvents was also recognized as
a- potentially serious health hazard during the initial observational
survey. The Day Street Plant has two. booths where spray painting is con-
ducted. (See Figure 2, Section VII.) The employee exnosure to paint
spray and paint solvents at each of these booths was evaluated on December
19, 1972 during normal spraying activity. Personal sampling equipment
(MSA charcoal sampling tubes, MSA pumps) was used in the same manner as
was described for trichloroethylene sampling in .the Pump Room of the
South Street Plant. Sampling durations ranged from 18 to 32 minutes.
Samples were analyzed in Cincinnati by a gas chromatographic technique
very similar to the one previously outlined for trichloroethylene
analysis. The results of this sampling and analysis are d1sn1ayed in
Table IX, Section VII.

/ A - .-
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‘Aisle No, 2 - Heavy Assembly" Welding

. No ventilation has been provided for the welding conducted along
Aisle No. 2. Very heavy stock is welded routinely. Only scanty shield-
ing is provided to protect adaacent workers from exposure to ultraviolet
radiation. Noise exposures in this area far exceed permissible Timits
and employees were observed not to be wearing hearing protection devices.

Aisle No. 2 - Heavy Flame Cutting a

. No ventilation has been provided for any of the flame cutting aleng
Aisle No. 2. Flame cutting employees are exposed-to flame cutting air
contaminants, ultraviolet radiation, and excessive levels of noise.

Flame cutting employees were observed not to be wear1ng hear1ng protec-
t10n devices.

Aisle No. 2 - Large Tube Bundle Assembly Area

Employees working in this area are not adequately protected from
ultraviolet radiation generated in the adjacent welding areas. Excessive
noise exposures occur in this work area during parts of each working shift
Employees were observed not to be wearing hear1ng protection devices durin
incidents of high noise exposure.

Aisle No. 2 - Grit Blasting Chamber

A non-silica, ferrous metal blasting grit is being employed. MNo
easily accessible observation ports have been provided for:this chamber
so that the worker can be checked on periodically while the blasting .
procedure is being conducted. The air supply system for the air supplied
hood ‘worn by the blasting employee must be routinely serviced. A standard
procedure for filter changing and cleaning was not elucidated by the
employees working near this operation. Air inlet and exhaust.ports within
the” chamber have been designed in a manner that results in poor working
visibility within the chamber during the blasting procedure. Only one
exhaust port in the rear .of the chamber has been provided. (See Photo
No. 6, Section VII.) ;

Aisle No. 3 - Welding Booths

No ventilation has been provided for any of the welding conducted
along Aisle No. 3. Furthermore, minimal shielding has been provided.
As a result, employees working across the aisle and in adjacent work
areas are exposed to ultraviolet radiation.

Aisle No. 3 - Brazing and Silver Soldering Areas
A form of exhaust ventilation has been proviﬂed for only one of

the brazing stations. (See Photo No. 4, Section VII.) MNone of the
brazing or silver soldering stations have been provided with local exhaus:
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(1) Welding Operations: Welding operations should be upgraded
to comply with regulations set forth by the U.S. Department of Labor
(Federal Register, October 18, 1972, Title 29, Chapter XVII, Sub-
part Q - Welding, Cutting, and Brag1ng) Th1s will require installa-
tion of local exhaust ventilation for all portable welding operations

and either local or booth type ventilation for stationary welding
operations. Much improved and more extensive shielding will also be
necessary. '

(2) Brazing and Silver Soldering Operations: These operations
are also covered by the U.S. Department of Labor regulations referencec
in the preceding recommendations.. Locat exhaust ventilation of the
portable hood type‘or stationary-table type should be provided for
all brazing and silver soldering operations (See Photos No. 7 and 8,
Section VII). As an interim measure employees directly involved with

“the use o~ cadmium bearing materials and employees working adjacent

to employees using these materials should be provided with respirators
approved by the U.S. Bureau.of Mines for protection against cadmium
fume. ' :

(3) Spray Painting Operations: The exhausting capacities of
each of the two spray booths as measured on December 19, 1972 were
adequate for parts sprayed within the booths as 10ng as the painters
wear approved respirators. Additional booth space is needed for
painting large objects. Enlarging either of the existing booths

- without increasing their exhaust capacity would result is a sub-

standard situation. If the new booths which are reportedly on
order for the Day Street Plant are of the dry filter type, they
will have to perform at least as efficiently as the present booths
and the painters should continue to wear approved respirators while
painting. The U.S. Department of Labor has set standards for spray
finishing operations. These standards are outlined in the October
18, 1972 Federal Register, Title 29, Chapter XVII, Subparts G and

‘H. It is suggested that these standards be rev1ewed before 1nsta]1a-

tion of new booth equipment.

(4) Foam FT1Ting Operation: As previously mentioned, no
engineering control has been provided for this operation. Although’
no TDI or MDI were found in the work atmosphere, the manufacturer
of the foam material does recommend that these materials be used in
well ventilated area. Possibly, one of the existing spray booths
could be converted for control of this operation when the new booths
are installed. It must be stated that if any other isocyanate con-
taining foam product is to be used in the future, every effort
should be made to determine whether the new product contains
toluene diisocyanate (TDI) or diphenylmethane diisocyanate (MDI).
These materials can present a serious hazard to health if not
proper1y handled.







H

Page 27 - Health Hazard Evaluation Report - 72-8{

v 1. Pump Room, South Street Plant

To ascertain the severity of the trichloroethylene vapor problem
in the Pump Room, several approaches were used. On our first plant
visitation (November 21, 1972), a thorough walk through inspection was
performed during which time all concerned employees, working on the
first shift, were interviewed. On our second plant visitation (December
18, 1972), questionnaires (See Appendix A, Section VIII) were administered
to-all employees involved with the process. Urine samples were obtained
and the process was reinspected to see if any changes were 1nst1tuted
during the interval between visits.

During the initial plant visitation, one could readily smell the
pungent vapors of trichloroethylene throughout the Pump Room; these odors
were strongest in those areas in closest proximity to the degreasing tanks.
A sensation of nausea and weakness overcame NIOSH personnel involved in
this investigation. Subjectively, the odors didn't seem to be as strong
on the second visit nor did the Tevel of production seem as high.

In the pump room, it was observed that none of the exposed individuals
wore respirators. The individuals working around the degreasing tanks
wore cloth gloves, which, most of the-time, are wet with solvent. Dry
gloves weren't readily available. Safety glasses are worn by all the
workers. ;

a. Medical Questionnaire

From the questionnaire which was completed by 19 individuals exposed
to trichloroethylene on a routine basis and another 11 individuals who havé
minimal to zero exposure to trichloroethylene the following results were
obtained.

Eight years is the average 1ength of job exposure to trichloroethylene
in this plant. }

For those exposed to trichloroethylene fumes the following symptoms
(as expressed in percentage of exposed individuals complaining of) have
been exper1enced during working hours: burning or itching eyes (73%),
tiredness (70%), heart palpitations (587), cough (58%), weakness (53%),
and dizziness (52%);

Fifty percent of the exposed workers complained of changes in skin
color and a feeling of severe intoxication following the consumption of
small amounts of alcohol during their non-working hours.

' Less frequently indicated symptoms included nervousness, headaches,
nasal stuffiness, and redness of eyes. Only one out of the 19 individuals
exposed to trichloroethylene stated that they experienced no ill-effects
from this solvent.
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Table XI, Section VII shows the results of TCA determinations
by Both methods -expressed on a mg/1 basis. TCA determined by the
Tanaka, procedure compare favorably to those analyzed by the older
Frant procedure. Values by the latter procedure appear to be 10-
20% lower than the Tanaka method. This would be expected because
the Frant method uses an alkaline acetone extraction of urine which
one would not expect to be completely quantitative. It must be
emphasized that only about 40 samples could be analyzed per day
(33 samples plus 7 standards and blanks) so that each group of 66
urines took two days to analyze.

The Tanaka method although not much quicker proved superior in
every way to the Frant procedure, showing excellent reproducibility,
wide range, consistent color variations in both standards and urine
samples and lack of sensitivity to carbon dioxide. The results shown

- jn Table= XII, XIII, and XIV, Section VII were obtained by the Tanaka

procedure and expressed both on-a mg/1 and mg/g creatinine basis.

Table XII, Section VII shows the results of the split samples.
Reproducibility, in general, was very-good. The lower limits of
detection are about 2 mg/1 or mg/g creatinine and values below 10
show considerable -variation. Values in the exposed individuals show
excellent precision. . g v

1
Table XIII, Section VII shows results of TCE, TCA in terms of

- mg/1 and mg/g, and creatinine as g/1 of urine. Samples are grouped

by control, exposed, and NIOSH staff, by AM and PM urine samples.
Controls show no detectable TCA or TCE expressed either as mg/1 or
per gram creatinine. Since the level of detection is around 2 mg/1
or 2 mg/g creatinine, non exposed workers have less than this level,
in agreement with previous literature reports.

Exposed workers, however, show a wide range of exposure as

- judged by.urinary excretion of TCA and TCE. Examination of Table XII!

and summary data of Table XIV, Section VII shows that TCA as mg/1
does not follow any consistent trend such as low AM and high PM
values. TCA expressed as mg/g creatinine is better but again, mean
AM and PM values show no significant trend. The data showing the -
largest change and most consistent trends is the TCE expressed as
mg/g creatinine: This data shows all AM values lower than after
shift PM values and seems to cover a wider range. This observation
is in agreement with Tanaka who found, that TCE in mg/1 was directly
related to trichloroethylene exposure up to 200 ppm whereas TCA
values (mg/1) level off below the current occupational exposure
standard of 100 ppm or 535 mg/m™. #

P
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‘ In an attempt to gather further-information about the wor!1ng
conditions in this particular facility, all of the employees were afforded
‘the opportunity to discuss personal job related health problems with this
medical investigator. Conversations were held with some 30 workers.

The following pertinent information was elicited. None of the workers
stated that they missed work due to what they felt were job related {11-
nesses. The majority of workers felt that the major problems existing
within this factory were the excessive noise levels and the very poor
ventilation. Many complained of difficulty in breathing, that is the
air is "dirty and stagnant." They suffered from nasal congestion and
upper resipratory tract irritation: .The OSHA health log did not supply
any additional relevant facts. -On our second plant v1s1tat1on,.a11 the
workers were sent home early due to.a lack of sufficient heat in the
building.

No physical exam1nat1ons were performed or biological samples
obtained on either visitation.

V. CONCLUSIONS AND.RECOMMENDATIONS

The following conc]us1on§ and recommendations are based on a
collaborative environmental-medical study of the South Street Plant,
Pump Room and of the Day Street Plant. :

A. Pump Room, South Street-Plant

It has been determined that a potentially toxic environment exists
within the Pump Room. It has been documented that concentrations of
-trich]orerhyTene in workroom air in the Pump Room vary widely (195 to
1,186 mg/m~) in response to work practices, level of production activity,
and general environmental conditions. It is concluded that, during
periods of normal to high production act3v1ty (8hr-TWA exposures to
trichloroethylene in excess of=500 mg/m~), that a completely unhealthful
work environment exists. Employees under these conditions can suffer
adverse symptomatology which may result in an injury to themselves or
to their fellow workers. During periods of Tow productgon activity
(8hr-TWA exposures to trichloroethylene up to=500 mg/m”), adverse
symptomatology is possible but not as 1ikely to occur.

It is recommended that:

(1) The Pump Room work environment be changed by 1nst1tu;1ng
the specific recommendations stated in Section IV, Part B[1]). These
recommendations should reduce trichloroethylene exposures to an
acceptab]e and safe level.

(2) Consumption of alcoholic beverages be strictly prohibited
dur1ng working hours. (It is well known that consumption of alcohol
prior to, during or following exposure te trichloroethylene results ir
an exaggerated state of intoxication.)
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LY

_ (3) Large, readily visible, warning signs be provided near the
two degreasers stating thé potential -hazards of trichloroethylene.

(4) Urine samples be taken and analyzed for trichloroethylene -
.metabolic products at six month intervals to serve as a qual1tat1ve
indicator of excessive trichloroethylene exposure.

(5) The use of ‘synthetic’' rubber gloves be made manditory for
all those individuals hand11ng parts that are wet with trichloro-
theylene.

(6) Until recommended environmenta1 controls are in operation,
employees operating the two degreasers should wear respirators
approved by the U.S. Bureau of Mines.for protection against trichloro-
ethylene.

B. Day Strget Plant

It has been determined that several toxic conditions exist within
the Day Street facility. Of most immediate concern is exposure to
cadmium which presents.a serious hazard to health (8hr-TWA exposures to
cadmium 33 to 326 ug/m”). Several production processes (e.g., welding,
spray painting, grit blasting, flame cutting, polyurethane foam filling,
degreasing, etc.) present potential health hazards (e.g., metal fumes,
oxidants, vapors, noise, ultraviolet and infrared radiation). Repeatedly
in the literature, these kinds of processes have béen shown to be directly
related to long term occupational illness when conducted without adequate
controls. It has been demonstrated that appropriate control is absent
in this facility  (See Section IV, Part B[2]).

It is recommended that: ! .

(1) Ventilatijon be provided in the Day Street facility to
upgrade engineering control of contaminant generating processes
to federal specifications (See Section IV, Part B[2]), and to
provide a temperate working environment for all employees,

(2) Individuals working in the Aisle No. 3 brazing area be
required to wear respirators approved by the U.S. Bureau of Mines
_for protection against cadmium fumes until appropr1ate engineering
control is 1nsta11ed :

(3) A complete evaluation of exposures to noise should be
made in the Day Street facility and a noise abatement-hearing con-
servation program be instituted immediately in accordance with
U.S. Department of Labor standards (Federal Register; October 18,
1972, Title 29, Chapter XVII, Subpart G, Paragraph 1910.95). The
plant physician has been provided a packet of pertinent information
to facilitate the institution of such a program.



.

Page 33 - Health Hazard Evaluation Report 72-84

"

(4) Personal protective equipment should be provided for
employees exposed to-hazards which can not be adequately abated
by engineering controls. At no time should personal protective
equipment be substituted for engineering controls when engineering
controls are feasible and in accordance with required practice.

(5) Prominent warning signs, specifying the associated hazards,
should be provided wherever hazardous materials are used.

(6) Shielding be provided for all welding operations so that
workers in adjacent work areas are protected.

(7) The generaT'sanifatioﬁ (i.e., washrooms, lunchrodms, etc.)

- of the facility be upgraded to ‘conform with U.S. Department of Labor

Regulations (Federal Reg1ster October 18, 1972, Title 29, Chapter
XVII, Subpart J).

(8) First aid facilities and trained first aid personneT be
made available in the Day Street facility.

(9) Means of egress be improved to conform to U.S. Department
of Labor Regulations (Federal Register, October 18, 1972, Title 29,
Chapter XVII, Subpart E). .
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FIGURE 4: Pump Room -- Vapor Degreaser-Ventilation Measurements*

A. Small Vapor Degreaser - Air Velocities in Feet per Minute (fpm)

To Fan=—=a—

500 300 175
800 -Jf- f ' f
75
ik ||
) 300 160

Exhausting Rate:
Q = 400 to 600 cu.ft./min.

B. Large Vapor Degreaser - Air Velocities in Feet per Minutef(fpm)

. To ;an
1A

Exhausting Rate:
Q = 400 to 900 cu.ft./min.

—~—— 400 300 —=
i

—~—175 200 ——b-

r=—300 400 -

P4

*Air ve]ocitiés measured with a Type 8500, Alnor Thermo-Anemometer.
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FIGURE 5

3-54 INDUSTRIAL VENTILATION

No slot near

fake -off —

Inside radius
desirable

aximum plenum
velocity = 500 fpm

Cover when not in use
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Q= S50LW
Slot velocity = /000 fpm moximum -
Entry loss =1.78 slot VP +0.25 duct VP

Duct velocily =2500-3000 fpm

Also provide: [ Separafe flue for cambusﬁbﬂ products if direct - fired unit.
2. For cleaning operdtion, an air - line respirafor is necessary.
3. For pit unifs, the pit should be mechanically ventilated.

NOTE: Provide downdraft grille for parfs that cannot be
remaved dry; @ =50 cfm /5q.1t grille area

. .  AMERICAN CONFERENCE OF
b : " GOVERNMENTAL IMDUSTRIAL HYGIENISTS

SOLVENT DEGREASING TANKS
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FIGURE 8: Aisle No. 2, Spray Booth -- Ventilation Measurements*
(Measurements made 12/19/72)

A. Air face velocities measured at the booth filters in Feet per Minute.-

120 240 190 | 130
L 3
: ' Ci—— Edge of filt
150 | 200 | 160 | 160 i
150 170 140 | 110
90 110 90 | 110 |
B. Air face velocities measured at the booth
entrance in Feet per Minute. Velocity =
at filters - =
: C:T;e10c1ty
I | at entrance
. I |
140 I 100 100
l l
= 9 !-
——————— -.I .—..—————-——.I——--—.——__——-
. | 1 :
150 I 120 ' : 130
!
_____ —J'“‘”"’"F"““——‘
; | |
/ |
/130 : 120 l 130
| ‘1

*Air velocities measured with a Type 3500, Alnor [hermo—Anemometer.
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FIGURE 9: Aisle No. 1, Spraj Booth =-- Ventilation Measurements*
(Measurements made 12/19/72)

A. Air face velocities measured at booth filters in Feet per Minute.

180| 140 110 10| 90 .| 100| 90

100| 100 9n | 80 | 90 | 90 | 90

100| 100} 80 | 90 | 85 | 85 | 100

40 | 60 | 50 | 50 | 40 | 70 | s0

B. Air face velocities measured at the booth entrance in Feet per Minute.

‘ |
70 } 100 | 90
i |
—————— T (R
80 } 100 l- 110
______ . .. | S —
I ¥ 3
80 : 80 1 100
| |

.*Air_ve]ocities measured with a Type'BSDO, Alnor Thermo-Anemometer.












TABLE II: Continued
Sample Type Location Job Time Time Sample Vol. Trich16§oethylene
No. . ON OFF. Titers ma/m :
14 B.Z. Large Compressor Compressor Assembler 10:04 10:27 23 327
Assembly Area (JpP) AM AM
15 B.Z. At Small Vapor Degreaser Operator 10:52 1312 20 462
Degreaser (LG) AM AM
16 B.Z. Lead End of Small Leadman Small Comp. - 10:53 11:14 21 334
g Compressor Line Assembly (cP) . AM AM ;
12 . B.Zs Large Compressor Compressor Assembler  10:56 11315 19 327
Assembly Area " (MWL) Al AM _ o
18 Bl Small Parts Small Parts Assembler 10:58 11:16 18 354
‘ Assembly Area ' + (RS) AM AM
19 B.Z. At Large Vapor Degreaser Operator i B 11:23 1P ‘512
' Degreaser _ (EW) AM AM .
20 " B.Z. At Small Vapor .Degreaser Operator 12:29  12:51- - ... 22 395
Degreaser ' (LG) PH PM
21 Bsls Small Compressor Compressor Assembler 12231 12:57 26 357
Assembly Line (BJ) PM PM
23 B.Z. At Large Vapor Degreaser Operator - 12:37  1:03 26 485
: Degreaser | (EW) PM PM - .
" 24 B.Z. - Heavy Assembly Assembler (RB) 12:42 1:1 ;29 231
. " DBX Area | | PM PM |
25 B.Z.  Large Compressor Compresspr Assembler 12:45 1312 27 413
: Assembly Area “(WL) PM PM
26 B.Z. At Large Vapor Degreaser Operator 2:15 2:44 29 644.
_ Degreaser (EW) PM PM
77 B.Z.  Lead End of Small  Léadman.Small Comp. 2:16 - 2:43 27 515
Compressor Line Assembly (cp) PM - PM

. pg-z/ 3Jodsy uotjen|eAl paezey Y3|R3H - 6y 3b8d



* TABLE II:

Continued
Sample Type Location Job Time Time Sample Vol. TrichToroethylene
No. . ON OFF liters mg /m3
28 B, Large Compressor Compressor Assembler 2:18 2:45 27 350
Assembly Area : (WL) . PM PM _
29 B.Z. At Small Vapor Degreaser Operator 2718 2:42 23 580 -
~~._ Degreaser (LG) PM PM ¥
30 B.Z. Small Assembly Small Parts Assembler 2:20 2:°6 26 428
Area (RS) PM PM

pg-2/ 14003y UOLIEN|BA paBZRH U3 [PBH - 0F 2B
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TABLE III: Trich10rbethy1éﬁe Cbncentﬁations by Employee and Work Area
(Samples collected 12/18/72) . .

Name Location Job Tota1‘5amp1ing TrichToroethglene
Time (min) Conc. (mg/m<)
LG At Small Vapor Degreaser ! 24 412
Degreaser Operator -
n " . ‘ % 20 > 304
1 " ", C F 8 20 ) 462
. n n -« 1 - B v . 22 395 .
:: _ _ -ll _ _ _ _ _ -Il - _ _ -. _ " g3 o _ _ 5§U _ ) _
EW At Large Vapor Degreaser ' 35 310
Degreaser Operator
u n n 27 655
L] 1] , : 1 . 12 512
4 4 " 26 . - 485
2 _ _ "ll _ _ _ _ _ -II. _ - _ -. _- - gg _ _ _ _ 6&4 _ _ _
CP Lead End of Small Leadman Small 15 341
Compressor Line Comp. Assembly - ;
n 1} 1 z'l : 334
S -. & -ll _ - _ _ _ -Il - _ - _ _ . 27 _ _ —_ - 515 _ _ _
WL Large Compressor Compressor 17 295
Assembly Area Assembler ' .
" u n 19 . 327
" ‘ " ' ] . 27 . 413
1 n i B 27 350
JP Large Compressor Compressor . 29 202
Assembly Area Assembler ' )
: _ _ -Il _ } — _ -ll -_ _ _ ; a _ 23 - _ . _ 3g7 _ ) }
FS Small Compressor Compressor 26 337
Assembly Line -  Assembler
BJ 3maii Compressor Compressor . 26 357
_ _Assembly Line _ _ Assembler _ _ _ _ _ _ _ _ _ _ _ _ . -
RS Small Parts Small Parts - 18 - 354
Assembly Area Assembler “ @ :
n n : n . 26 428
. MC Small Parts Small Parts 24 . 346
_ _Assembly Area _ _ Assembler = _ _ _ _ _ _ _“_ _ _ _ _
RF _Entire Shop_ _ _ Foreman_ _ _ _ _ _ 18 _ _ - _229
RB Heavy Assembly Assembler 29 . 231
_ _DBX Area_ _ _ _"_ _ _ .. 4 = . Al E e E EE B o
Heavy Assembly (Area Sample) . 22 195
_ DBX Area_ | | L L Ll n e e e e el
In Aisle Between (Area Sample) 25 . _ 268

Degreasers
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Employee Eight-Hour Time-Weighted-Average Exposures to

TABLE IV:
- Trichloroethylene. (Samples Collected 12/18/72)
Name Location Job Total Time 8hr-TWA Exposure to
Sampled Trichloroethylene*
(min) (ma/m3)
LG At Small Vapor  Degreaser - 109 380
. Degreaser Operator - -
EW At Large Vapor Degreaser’ . 129 - 420
Degreaser Operator : '
CP Lead End of Leadman Small 63 360
Small Comp. Line Comp. Asmbly.
WL Large Compressor Compressor 90 310
Assembly Area Assembler
JP  Large Compressor <{ompressor 52 220
Assembly Area Assembler ] '
FS  Small Compressbr Compressor 26 300
Assembly Line Assembler : _
BJ Sma]l Compressor Compressor 26 310
Assembly Line Assembler
.RS Small Parts Small Parts 44 330
Assembly Area Assembler :
MC Small Parts Small Parts 24 300
Assembly Area Assembler
RF  Entire Shop Foreman 18 200
RB  Heavy Assembly Assembler 29. 200
DBX Area - g
"Heavy Assembly (Area Sample) - - 22 170
DBX Area
In Aisle Between (Area Sample) 26 230
Degreasers

*Exposures calculated on the basis of 7 hours in the Pump Room and 1 hour out

of the Pump Room for breaks and Tunch.

» 4BF



TABLE V: Cadmium Concentrations by Employee and Work Area fSamp1es collected 12/19/72)

]

Sample Type ., Location Job Time Time Sample Volume Cadmium

No. (See Figure 6) ON . OFF Titers pg/mI*
CD 01 B.Z.* No. 1 Brazer (JS) 9:23  11:08 105 161
_ oA A
b 02  B.Z. No. 2 Unit Assembler (BL) 9:20  11:07 . 107 46
_ . AM AM
CD 03 B.Z. " No. 3 - Asmbly. Brazer (MJ) 9:16. 11:09 113 C 44
AM AM e
CD 04  B.Z. No. 4 Brazer (EW)  9:14  11:06 112 259
T Y :
D 05  B.Z. No. 4 Brazer (EW) 12:53  2:54 121 99
8 P 5 o k A . . . PM . PM - & A . n
CD 06  B.Z. " No. 3 Asmbly. Brazer (MJ) 12:55  2:54° 119 50
. | , o PM PM : :
CD. 07 8.Z, No. 1 Brazer (JS) 12:58 2:57 19 210
- _ - PM PM
08  B.Z. No. 5 Brazer () 1:00  2:53 13 a4
: PM PM : -

*B.Z.--Sample collected in worker's breathing zone
*ﬁpg/m3--Micrograms per. cubic meter of air.

 y8-2/ 340day uorjenjeA3 pJezeq UY1LesH - €5 abeg



TABLE VI: Cadmium, Silver, Copper, and Zinc Concentrations by Employee and Work Area.
(Samples collected 1/9/73)

* Sample Type deation Job Time Time Sample Vol. Cadmium Silver Copper Zinc

¥8-2L 340d3y uoLjen|eA3 pJezéH UaLeaH - g SO

No. _ (See Fig. 7) ON__ OFF {liters) (pa/md)** (ug/m3) _(ug/m3) _(pg/m3)
Ch 01 B.Z.* No. 1  Brazer (EW) 7:42 10:55 193 45 o 8 1
' AM  AM ' :
0 04 B.ZL. No. 2 Asmbly. Brazer (MJ) 7:45 10:55 207 88 5 S . 30
- - A AW - |
b 05 B.Z. ~ No. 3 Brazer (JS) 7:48 11:13 205 612 6 13 - 112
, ¢ N AM Al
D06 B.Z. - No. 4 Brazer (CH) 7:50 10:59 189 54 3 . 13 20
| AN A : | .
CD 02 Area No. 5 Area Sample - 7:54 10:57 183 + 56 3 9 18
o AM AM | ¥ .
CD 08 Area No. 6 Area Sample 7:59 10:58 179 - 60 6 . - 7 22
: : ' i M AM 68" |
cD 10 B.Z. No. 1  Brazer (EW) 12:00 2:59 179 68 .5 45 31
' o & : R Noon PM . e 5
ch 14 B.Z. No. 2 Asmbly. Brazer (MJ) 12203 2357 174 57 » 3 43 22
' _ PM  PM : iow ) i
£D 12 B.Z. . No. 3 Brazer (Js) 12:01 2:23 142 27 N.D. *%* 4 7
k . ' PM PM '
D 13 B.Z. No. 4  Brazer (CH) 12:02 2:56° 174 - . 57 6 30 54
: : PM  "PM .
CD 11 Area No. 5 Area Sample 11:56 2:56 168 i 1 j i I o 22
: : . M, PM _
CD 15 Area No. 6 Area Sample ~11:58 2:54 176 14 N.D. 3 17
' AM PH '
*B_.7.--Sample collected in worker's breathing zone. ***N.D.~--Indicates that less than one microgram

*fug/m3-—ﬂicrograms of contaminant in one cubic meter of air. of the contaminant was present.
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TABLE-VII: Employee Eight-Hour Time-Weighted-Average Exposures to

Cadmium. (Samples Collected 12/19/72 and 1/9/73)
Name Job Total Time Date 8hr Time-Weighted-Averags
: Sampled (min) Exposure to Cadmium (ug/m3’
'S Brazer** 224 12/19/72 164
Js Brazer** 347 "01/09/73 326
EW Brazer** 233 12/19/72 154
EW Brazer 372 ° 01/09,73 49
"MJ Asmbly. Brazer 232 12/19/72 41
MJ Asmbly. Brazer 381 01/09/73 65
BL Unit Assembler 107 12/19/72 40
WM Brazer 113 12/19/72 39
" CH Brazer 363 01/09/73 49
Area No. 5¥¥* 351 01/09/73 38
Area No. G6*** 355

01/09/73

33

*Exposures calculated on the basis of 7 hours of brazing and 1 hour out of -
the brazing area for breaks and Tunch.
**Worker using cadmium bearing material.

*¥*See Figure 7 for sampling location.






TABLE IX: Results of Air Sampling -- Spray Painting Booths (éamples collected 12/19/72)

.

_ - Methylene
Sample Type Location ' Job - Time Time Sample Volume Chloride
No. . ON OFF (1iters) (mg/m3)**
32  B.Z.*  Aisle No. 2 (Front) Spray Painter (DR)  9:38 10:10 32 64
: Spray Booth ° AM AM
34 B.Z. o "o 10:12  10:44 32 54
AM AN 3
35 B.Z. "o " 10:47 11:14 . 27 & .
. . AM AM
36 B.Z. " u 1:20.  1:40 20 * 38
. ‘ PM PM
38 - B.Z. A "o - 143 2:12 - 29 .74
. - _ PM . PM ;
33 B.Z.  Aisle No. 1 (Rear)  Spray Painter (JL) - 1:04 1:22 18 Y
Spray Booth - PM PM
37 B.Z. L " C 1:22 145 23 3
: P PH
39 B.Z. " . I 1:45  2:07 22 g
PM PM

*B.Z.--Sample collected in worker's breathing zone.
-**mg/m3-—Mi111grams contaminant per cubic meter of air.

I

-

.V8;2L 340d9Y UOLlEﬂLEAg pdezey yileay - /G abed



TABLE X: Results of Moise. Exposure Survey -- (Measurements made 12[19/72)

"pg-z/ 34043y uoLjen|BA3 pdezey y3ieaH - 85 d0ed

~Lo;ation Operation No. | Hrs. | Noise Expoéure 1IPD dBA dBA
. Exp. Exp. I S C I Y N Machine Operation
il e Front | (hackorondievery | 35 |8 | s | ¢ ! 7072
Digs?gr?ef E;?Et Sheet Sawing 173 1 1.5 s’ I N 115-120 00-95
T et lp Ok B 7 | 0.6 I I no | 112-120 90-100
D;¥S§§r$e? g}gﬂ% Tube Assembly Area 4 8_ S ¢ N 82.85
Dz%sfgr$ef g;gﬂt Paint Spray Booth | 1 8 5 C N 90-95
fr g (mae 1.5k LB L3 38 [ ] e
Back Aisle (Outside Chamber) 1 14 S 1 N ' 95-100
B AR TR RN 5 (¢ s 1 N | 110120 95-105
Day otreet Plant | yejqing 2o | 1 |8 s c N 80-90
vay Street Plant | yommering 29F 1 |os 1 I N | 115-120
Di?s?érSEt P1ant | e1ding < T 7.5 S I N | 85-91 80-85
D3¥Sf§r§et Plant $5g3v$gga?platters 6 0.8 s . N 115-120 ——
vy jtreet Plant | center of iste2 | 15 |8 S C N 00-95
sl 5 s hrant | Foaming Area 1 |8 S ¢ N 90
qﬁfsiérgef Elgﬂ% Paint Spray Booth 1 |8 S I N | 100-105 90-100

Noise: I = Impulse, S = Steady

Exposure: C = Continuous, I = Intermittent

HPD .(Hlearing Protection Devices): Y = Yes, N = No
dBA: Sound Level in decibels (Measured using A-weighting network and slow meter response.)

L]
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TABLE XI: Comparisbn of Trichloroacetic Acid Methods

(Samples were selected and run in small batches on different days and
read against a standard curve prepared on the day of ana]ysis.)

Method 1: Tanaka & Ikeda (1968)
Method 2: Frant & Westendorp (1950)

Sample TCA mg/1  TCA mg/1 - Saﬁple TCA mg/1  TCA mg/1

No. Method 1 Method 2 No. Method 1 Method 2
1 73 65 - 27 . ND ND
2 52 48 - 28 3

3 138 125 ° 29 ND

4 104 74 30 ND ND
5 61 - 52 3 45 47
6 106 91 : 32 “ND 3
7 46 31 33 ND

8 30 C20 34 ND 3
9 20 18 - 35 97 85
10 7 " 5 36, ND 5
11 N . ND 37 39 38
12 77 62 38 ND ND
13 ND ND 39 . ND - ND
14 ND © ND 40 ND ND
15 31 27 41 ND ND
16 44 40 42 54 48 -
17 - 193 173 43 ND 3
18 21 2 44 50 47
19 197 196 . 45 46 45
20 98 89 46 72 68
21 12 no 47 26 - 28
22 ND .3 8 4 7
23 ND D 49 35 43*
24 58 58 50 30 41*
25 ND ND . 51 13 33*

26 4 3 .52 a4 68*
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TABLE XI: Continued

Sample TCA mg/1  TCA mg/1
No. Method 1  Method 2

53 65  79*
54 38 45*
55 93 115%
56 120 145%
57 35 99*
- 58 8 - 39%
59 " ND . ND
60 ND 4

61 -

Note: Samples marked with * were incerrectly analyzed due to a
laboratory mistake in dilution of sample accounting for
generally elevated values. :
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TABLE XIT: Trichloroacetic Acid, trt-vs .
Determinations on Spive ¢, -.. -
Spécimen TCA  Creatinine TEx . : -
Number mg/ 1 g/1 ma/q Creyefnicn . - einn
61 3 0.7 4 s '
10 7 0.7 10 "
62 27 18 = ol {55
47 26 1.8 ' 14 1as ;
63 ND 2.2 ND 137 L2
* 60 ND 2.2 ND 132 £
64 13 1.3 10 21 1
50 - 30 Yol * 23, 21 ¢4
65 ND 1.8 ND no "0
43 - ND 1.8 ND ) ND
66 ND 2.8 ND %0 iy
23 . ND 2.8 ND ) " HD

. ND - Not distinguishable from zero. Limits of detecticn are
approximately 2 mg/1. .



AL
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TABLE XIII: ° Results of Urine Determinations by Employee
. (Controls-NIOSH Staff-Exposed)

Name Sample AM Creatinine TCA TCA mg/g TCE TCE mg/g

No. PM g/1 mg/1 Creatinine mg/1 Creatinine
Controls ’
5 . 13 AM 2.1 ND _ ND ND ND
KK 39  PM 0.9 ND - ND ND ND
WM- 14 MM 0.6 ND " ND - ND ND
WM 40 PM 0.6 _ND - 'ND ND ND
PR 22 AM 2.6 ND ND ND ND
PR 43 PM 1.9 ND ND ND ND
AG 25 AM 1.7 ND - ND ND ND
AG . 4] PM 0.5 ND ND ND ND
AA . 26 AM 3.5 © 4 ND . 3 ND
AA 38 PM 3.0 ND D ND ND
WL 27 AM 1.7 ND ND ND ND
WL 59 PM 1.2 ND * ND ND ND
™ 28 AM 2.0 3 ND " ND ND
™ 33 PM 2.7 ND ~ ND ND. ND
HB 29 AM 1.3 ND ND ND ND
HB 32° PM 1.5 ND . ND ND ND
TK 30 AM 1.2 ND . ND ND ND
TK 3. PM 1.7 ND ND ND ND
NIOSH Staff
RV 11 AM . 1.8 ND ND ND ND
RY 60 PM 2.2 ND CND - 132 60
PP 23 AM 2.8 ND ND ND ND
PP 36 PM 2.5 ND ND 63 25
Exposed ' s
FS 1 AM 1.4 "9 52 28 . 20
FS 42 PM 0.5 54 108 119 238
cp 2 MM 2.0 - 52 26 75 37
cp 21 PM 0.6 45 - 75 168 . 280
AD 3 AM 1.7 138 81 108 64
AD 46 PM el 72 65 146 133
LG 4 -AM 1.3 104 80 23 18
LG 35  PM Yl 97 " 88 269 244
Jp 5 AM 1.7 61 36 39 23
JP 44 PM 1.5

50 33 172 15



n
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TABLE XIII: Continued -
Name Sample AM Creatinine TCA TCA mg/g TLE TCE mg/g

No. PM g/1 mg/1  Creatinine wmg/1 Creatinine
Exposed - Continued ‘

FS 6. AM 1.1 106 - 96 50 45
FS 53 PM 1.5 65 . 43 260 173
DC 7 AM 2.6 46 :© - 18 . 35 13
DC 45 PM 2.5 4 .18 338 135 .
BJ : AM 0.9 30 . 33 " 19 21
BJ 52 PM 2.1 44 21 240 114
EW 9 AM 1.7 20 12 37 22
EW 47 PM 1.8 26 14 135 75
WL 10 AM 0.7 7 10 ND - ND
WL 48 PM 1.2 . & v 8 196 " 163
RB 12 AM 1.4 77 64 27 22
RB - 49 PM 0.8 35 - 44 - 119 149
RC .. 15 AM 2.0 31 15 25 12
RC 54 PM 1.7 38 22 135 79
MC 16 AM 1.5 a0 . 29 56 37
MC 37 PM 2.0 39 19 112 56
RS - 17 - AM 2.0 193 96 103 . 51
RS 55 PM 0.8 93 116 159 199
RB 18 AM 0.5 21 . 42 11 5%
RB 51 . PM 0.8 13 16 119 149
RC 19 AM- 1.8 197 - 109 151 84
RC 57 PM 1.3 '35 27 190 146
EF 20 AM 1.7 08 58 87 51
EF 56  PM sl 120 71 196 115
NL 21 AM _0.6 12 20 4 7
NL 50 PM 1.3 30 23 83 - 64
RR 24 . AM 1.3 58 - 43 73 56
RR " 58 PM 1.9 8 4 234 123
Abbreviations: 4

TCA - Trichloroacetic Acid
TCE - Trichloroethanol ’
TTC - Total Trichloro Compounds. (TCE = TTC - TCA)
ND - Not distinguishable from zero. Limits of detection approximately
2 mg/1. :
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PHOTO NO. 5 - Welding Booth:  Small

axial wall fan and'pedestaT fan only
sources of ventilation.
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. PHOTO NO. 6 - Grit Blasting Chamber:

Single exhaust pickup in rear wall of

- chamber; no easily accessible obser-

vation ports.
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EMPLOYEE STUDY NUMBER:

" Name .
Last First Middle
Address
Street
City : State Zip Code
Social Security Number: / / :
ﬁate of Birth: ‘ c Sex: Male Female

Month. Day Year

USE THE ACTUAL WORDING OF EACH QUESTION. PUT "X" IN APPROPRIATE SQUARE AFTER EACH
QUESTION. WHEN IN DOUBT RECORD ''NO". ' :

(1) Job Title - Fill in Blank
iength of employment on this particular job
Which shift

(2) Are you expoéed on a routine basis to trichloroethylene fumes? Yes E:] No[:]

(3) How long has the use of trichloroethylene been a part of your work procedure?
0 to less than 1 year
1 year to less than 5 years

5 years to less than 10 years

Himin

more than'lO years



- Page 71 - Health Hazard Evaluation Report 22584 .
2

(4) Have you ever eyperlenced any of the following symptoms during working hours:

~ (1-2x/per month) (> 1x/per week)
Never Sometimes . Frequently

Nausea

Vomiting

Dizziness
Weakness
Nervousness
Burning or itching eyes
Chest pain
Tearing
Cough
Frequent headaches
Tiredness
Rashes
Swelling of eyelids
. Weight loss
Sneezing
Insomnia
"Runny nose"
thbness or tingllng sensations.
Hoarseness
Nasal Stuffiness
Shortness of breath -
Skin sores '
Upset stomach
Vomiting
Redness of eyes
Hives
Diarrhea
Excessive thirst or arising
Loss of appetite
Changes in skin coior
Heart palpitations
Dryness and cracking of skin

I.'IIIHI|lllIHIIIIIIIIlIIII"Illl'l-

_ll.llll'l-llll-.ll'lllll’!ll'llllll'l-lfll
SRR RN NN RN AR
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(5) Have you ever left worlk due to any of the above symptoms: Yes E:] No [:]

If yes, state which symptoms and how frequently:

(6) Have you been treated by a physician for any of these problems: Yes [:] No [:j

" (7) Have you ever been treated for:

4
M.
w0

Heart trouble

Liver troﬁﬂle ’ s
Kidney trouble

Chest trcuble

High blood pressure

Nervous problems

0ooooo
ooOoooE

]
[l

- (8) Do you drink alcoholic beverages:
If yes:

l per day 2 to 3 per day 4 to 5 per day more than 6 per day
-beer (bottles) ) '

wine (glasses)

AN

liquor (shots)

i

(9) Do you smoke now: Yes [:] No

If yes: -
Number per day Number years

Cigarettes

Cigars .

Pipes
Snuff



.
Y -
- s

v
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Have you ever smoked: Yes

1f yes:
Kumber per

[ |

day Number years

Cigarettes
Cigars

Pipes
Snuff

(10) Have you ever sufferad any

Please state which

i

job related injuries:

How many years since
last smoked

Yes [:]

[
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