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PREFACE
The Hazard Evaluations and Technical Assistance Branch of NIOSH conducts field
investigations of possible health hazards in the workplace. These
investigations are conducted under the authority of Section 20(a)(6) of the
Occupational Safety and Health Act of 1970, 29 U.S.C. 669(a)(6) which
authorizes the Secretary of Health and Human Services, following a written
request from any empl~yer or authorized representative of employees, to
determine whether .any substance normally found in the place of employment has
potentially toxic effects ·1n such concentrations as used or found.
The Mazard Evaluations and Technical Assistance Branch also provides, upon
request, medical, nursing, and industrial nygiene technical and consultative
assjstance (TA} to Federal, state, and local agencies; labor; industry and
other groups or individuals to control occupational health hazards and to
prevent related trauma and disease.
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I . SUMMARY
In October 1S81, the National Institute for Occupational Safety and Health (NIOSH)
received a request for a health hazard evaluation at American Transportation
Corporation, Conway, Arkansas. The request resulted from an outbreak of dermatitis,
which occurred during the summer of 1981, and health concerns expressed by employees
regarding exposure to solvents and other chemicals 1n and around the paint area on
the main assel!Dly line of the main plant.
In February 1982, NIOSH conducted an environmental and medical field evaluation at
the Conway facility.Environmental samples were collected to evaluate employee
exposure to airborne lead, hexavalent chromium, total particulate, and various
organic solvents. A medical questionnaire was adminstered to workers in the paint
area (Dept. 46) and Finish I department (Dept. 47), and a comparison group of 26
employees. Blood and urine specimens were collected from all participants for
determination of systemtic absorption and effects of lead and erga~~c solver.ts.
five airborne hexavalent chromium samples had concentrations ranging from 0.03 to
0.45 mg/m3. All were above the NIOSH recommended standard of 0.001 mg/m3 for
carcinogenic hexavalent chromium compounds. Four of the samples were also above the
OSHA ceiling value of 0.1 mg/m3 . Airborne lead concentrations ranged from below
the laboratory limit of detection to 2.01 mg/m3. Four of the eight samples
collected were above the lowest current criterion (OSHA, NIOSH) of 0.05 mg/m3.
Total particulate concentrations ranged from 4.3 to 19.2 mg/m3. Four of the eight
personal samples collected exceeded the ACGIH TLY of 10 mg/m3 for total nuisance
particulate and two exceeded the OSHA PEL of 15 mg/m3. Airborne concentrations for
solvent mixtures (additive effects were calculated using the ACGIH TLY formula for
mixtures) ranged from 0.03 to 0.87. The values were all below current criteria for
individual components and for cumulative exposures. Overexposure for additive
effects would be indicated by exceeding 1.0 using the ACGIH TLV formula.
All excessive values for lead and hexavalent chromium were obtained on spray painters
who wore airline respirators while painting. The exact concentration inside the hood
was not determined. However~ a number of problems were noted concerning the
maintenance of the supplied air respirators and the ventilation system for the
exhaust booth.
The medical evaluation confirmed an outbreak of short-duration dermatitis durino the
summer in 1981 affecting mainly workers in the Finish I department. This department
is located next to the high-temperature {250-300.F) drying oven . Unusual working
conditions at the time included (1) adverse weather conditions of high environmental
temperature with h1gh relative humidity (2) Increasing use of glues and solvents due
to increased production, and (3) a new solvent introduced just before the outbreak
occurred. but which was shortly withdrawn following worker complaints regarding its
odor. Several or all of these factors acting together could have been responsible
for the outbreak of dermatitis .
Based on these results, NIOSH has ~etermined that a potential health hazard did exist
from exposure to hexavalent chrowium and lead for employees working in and around the
paint booth. In addition, a number of potential health and/or safety hazards were
observed in and near the paint booth. These include a dermatitis risk next to the
drying oven, ignition sources being used near flammable materials, improper storaoe
of potentially toxic chemicals, an d using solvents for cleaning the hands at the end
of the shift. Recommendations are made in this report (Section VIII) for improving
work practices and personal protective equipment, and reducing the risk of dermatitis.
otor ehicle and assenger ar odies , hexava ent chrom um,
lead, toluene. xylene, chemi cal storage, dermatitis.
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II.

INTRODUCTION
on October 26. 1981. NIOSH received a request from an authorized
representative of the United Auto Workers. Local 1762. for a health
hazard evaluation at American Transportation Corporation. Conway.
Arkansas. The request concerned an outbreak of dermatitis in the
suawner of 1981. and irritation of the eyes. nose. throat and
respiratory tract among eq>loyees working in and around the paint area
on the main assellbly line of the main plant. Health concerns were also
expressed by eq>loyees exposed to solvents and other chemicals.
NIOSH conducted an evaluation during February 8-12. 1982. The survey
consisted of an opening conference and a subsequent walk-through survey
~n February 8. an environmental/medical evaluation on February 9-11,
and a cl osing conference on February 12.
An interim report presenting pre11a1nary environmental findings was
di strfbuted in Novellber 1982: Results of medical t.e~ts were forwarded
to all individuals who participated in the medical evaluation.

III. BACKGROUND
American Transportation Corporation manufactures school and general
purpose buses. The ConwtY facfltty began production in 1933. The area
with which the request was concerned began production in 1954. The
faci 11 ty was for•rly knwn as the Nard Bus Co11>any. A11er1 can
Transportation purchased the facility in 1980.
This facflfty receives bus chassis (wfth 110tor) and builds and finishes
the bus bodY. The paint area is located near the end of a production
line which builds the bus boc(y. Inftfally. the boc:tY floor, RBde of
conmercfal quality galvanized steel. is assembled. Subsequently, the
remaining boc:tY sections (front and rear sections , side panels, roof.
and an inside lining) are added. E~loyees located approximately 20 to
40 feet from the entrance of the paint booth wash down the inside of
the boc:tY us1ng petroleum-based naphtha and/or lacquer solvents.
Adjacent to the paint booth entrance 1s a ptt where one eq>loyee
undercoats each bus. Ins1de the paint booth, four eq>loyees wash down
the outs1de of the bo<lY usi ng naphtha and/or lacquer solvents. Next,
two e~loyees touch up the priiner to ensure that all bare metal has
been coated. Subsequently. three eq>loyees (one for the inside) paint
the front, back, and inside of the bodY. While spray painting. the
e~loyees wear supplied'1fr hoods consisting of a hard cap with a
polylar.rinated Tyvek• shroud, a flexible breathing tube, a regulating
valve asse~ly, and a high pressure hose. In conjunction with the
manual spray painting, autoaatfc spray guns paint the sides and top of
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the bocty. Following spray painting .. bus bodies go through an oven
where they are heated to approximately 250-300.F. They exit from the
oven to enter an area called Finish I. In Finish I, windows, doors.
floor mats. lights. seats, and all other finishing materials are added
to the bocty. In the installation of the floor mats, one eq>loyee
sprays a hexane~ased adhesive onto the bottom of the floor mats, which
are subsequently allowed to air dry for approximately 30 minutes.
Then, a second eq>loyee sprays adhesive onto the bottom of the bus
floor.. after which the floor mats are installed. Near the end of
Finish I .. lettering is applied to each bus usfng either stencils and
paint.. or decals. As each bus bocty reaches the end of the 1ain
asseri>ly line, it is attached to a chassis/motor unit forming a
co111>lete bus.

IV. METHODS ANO MATERIALS
A.

Envi ronmen ta 1
Environmental monitoring was conducted to evaluate eq>loyee
exposures to airborne concentrations of lead, hexavalent chromiu:n..
total particulate, and organic solvent vapors.
Lead samples were collected on polyvinyl chloride (PVC) filters
attached via ftexfble tubfng to a battery-operated pump calibrated
at 1.5 liters per minute (LPM). Hexa~lent chrollfu•. A1Ples were
collected on PVC filters attached via flexible tubing to a
battery-operated puiap calibrated at 1.5 LPM. Personal sa..,les for
solvent vapors were collected to evaluate specfff c organics (methyl
ethyl ketone. hexal'le, toluene. x,ylene. and benzene) and petroleum
naphtha. 5aap11ng trains consisting of two charcoal tubes attached
vf a flexible tubing to a battery-operated pump were used. Each
charcoal tube (of tbe two-tube setup) had a separate 1111ft1ng
orf f1ce that enabled concurrent sa11>les to be collected at flow
rates of approximately 20 cubic centimeters per minute (cc/m).
Area airborne bulk saq>les for solvent vapors were collected on
charcoal tubes attached vfa flexible tubing to a batter.r-operated
puq> calibrated at 50 cc/m. These saq>les were collecte·d to assist
the laboratory fn the analysis of personal saq>les.
Grab saq>les were collected for n-hexane and toluene using
certified direct-reading indicator tubes.
Lead sa111>les were wet ashed with nitric and perchloric acids to
ensure their co111>lete oxidation and then analyzed by atoar1c
absorption spectrophotometry using NIOSH Method No. P&CAM 173.1
Hexavalent chromium salJ'C)les were analyze~ using colorimetry
according to NIOSH Method No. P&CAM 319.
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Samples used to collect organics were analyzed using gas
chromatography according to NIOSH Method No. P&CAM 1273 with
modifications specific for the analytes of concern.
For the naphtha analysis, bulk liquid material samples were
analyzed directly or mixed with carbon disulfide first to extract
any organic solvents present. These liquid bulk or bulk extracts
were then screened by gas chromatograp~ utilizing a flame
ionization detector. The bulk air samples were desorbed with
carbon disulfide and also screened by gas chromatography .
Subsequently, some of the airborne bulks were further analyzed by
gas chromatography/Mass spectroscopy to identify major peaks.
Based on the qualitative results obtained from the bulk air
samples, personal airborne samples were quantitated for various
compounds identified on the bulk samples but not requested on the
duplicate set of charcoal tubes (duplicate tubes had been analyzed
separately for specific organics).
For this report a personal sa111ple refers to a sample collected on
an employee. The specifi c collection media .., thus attached to an
employee's lapel and as close as poss1b1e to the e111>loyee's nose
and 1110uth.
B. Medical
The 11edic1l aspect of the survey consisted of a medical assessment
of all 37 etiployees in Department 46 (pafnt 11ne) and all 20
workers frOll Departllent 47 (finish I), which were the two Nin
areas where syllptolls reportedly occurred. A tota 1 of 57 workers
from both of these areas participated. In addition, 1 c~arison
group of 26 e1RPloyees selec·t ed fro11 Department 50 (Glass
department, - 19 workers) and Departllent 57 (Upholstery department,
- 7 workers} were similarly assessed. This group was randomly
selected from a list of all current e...,loyees in Departments 50 and
57 . These two departments were chosen because they were distant
from the Finish 1 and paint line areas, and there was minimal
chemical usage in these departllents. The size of this COl!lparison
group was intended to be comparable to the number of workers in
Department 46 (37 workers) and Department 47 (20 workers).

A questionnaire on dennatological problems and occupational
exposure to organic solvents and other chemicals was administered
to all participants . Blood specimens were taken by venipuncture
for assessment of lead absorption (blood lead levels, hemoglobin,
and free erythrocyte protoporp~rin) and effects of organic
solvents (liver and kidney function tests). The liver function
tests included
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determination of serum levels of the liver enzymes alanine
ami notransam1 nase (ALT), aspartate amf notransami nase (AST), and
ga1111a gluta111Yl transpeptidase (GGT). The renal function tests were
blood urea and serum creatinine levels.
Urine specfmens were collected for hippuric acid and inethy1
hippurfc acfd analysis. Hfppuric acid is a metabolite of toluene.
and methyl hf ppurf c acid is a specific metabolite for ~lene. The
urine sa"'11es were collected in 250 ml plastic bottles, preserved
wf th thymol. and mafntatned at reduced te•rature.s while in
transit and fn storage before laboratory analysis. Hfppurfc acfd
analysis was done by high-perfornince liquid chroaatography using
the method described by Matsui et al.4 Methyl hfppuric acid
analysis was by a sim111ar methOd.
IV. £NYIRONMENTAL CRITERIA
As a guide to the evaluation of the hazards posed by·wor~place
exposures. NIOSH field staff eaploy environmental evaluatfon criteria
for asses-nt of a nUllber of chelllcal and p9'Ysical agents. These
ertter1a are fnt.endld to suggest lewls of exposure to which •st
wo.-ters .., be expoed up to 10 hovs per day. 40 hours per week for a
wort1eg ltfett• without exper1encfng tdwerse ••1th effe.cts. It is.
ltowever. hiportant,to note .that not •11 ·.worters wfll be protected from
aclverse•bRltb ef·f ects if thtir exposures •re •1nta1ned-below tllese
1eYels. A. -11 percentage •Y exPer1ence adverse health effects
because of 1ndfv1dua1 susceptfbtlfty, a. pre-extstfng medical condftton,
and/or a t.ypersensittvf~ (allergy).
In additfoe. some .hazardous substances .. .y act tn collbtnation with
tbe .gener•l .eavfroa•nt. or .wtth •dfcatfons
.or:ttersonal habits of the. worker t. ·preduce a.al"1 effects even ff the
occupational exposures are controlled. at the level set by the
evaluation crf terton. These colllbfned effects are often not cor.:1dered
f n the evaluation criteria. Also. some substances are absorbed by
direct contact wfth the sktn and -..cous 18mbranes. and thus potentially
tncrease the overall exposure. F1na11y, evaluatfon criteria llllY change
over the years as new information on the toxic effects .of .an agent
become available.
~tller . workplace ·e~sures.

The prinary sources of environmental evaluation criteria for the
workplace are: 1) NIOSH Criteria Documents and reconaendat1ons, 2) the
American Conference of Governmental Industrial Hygienists' (ACGIH)
Threshold Limit Values (TLV's). and 3) the U.S. Department of Labor
(OSHA) occupational health standards. Often, the NIOSH recorrmendatfons
and ACGIH TLY's are lower than the corresponding OSHA standards. Both
NIOSH reco11111endat1ons and ACGIH TLV's usually are based on more recent
information than are the OSHA standards. The OSHA standards also IBY
be required to take into account the feasibility of controlling
exposures in various industries where the agents are used; the

--
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NIOSH-recor.snended standards, by contrast, are based primarily on
concerns relating to the prevention of occupational disease . In
evaluating the exposure levels and the reconmendations for reducing
these levels found in this report, it should be noted that industry is
legally required to meet only those levels specified by an OSHA
standard.
time~eighted average (TWA) exposure refers to the average airborne
concentration of a substance during a norll'lill 8- to 10-hour workday.
Some substances have reco11111ended short-term exposure liarits or ceiling
values which are intended to supplement the TWA where there are
recognized toxic effects from high short-term exposures. Environmental
criteria are included in Table I.

A

The following 1s a discussion of the 1ain chemicals evaluated at this
facility:

A. Toluene
Toluene (methyl benzene) is a clear aromatic organic solvent. It
can cause irritation of the eyes, respiratory tract, and skin. In
high concentrations, lt causes dizziness, drowsiness, headaches,
nausea, and vomiting. • 6 Blood effects linked to toluene
exposure are thought to be due to benzene present as .a contamnant
in comercial toluene. Toluene •Y be absorbed systeartcally
through the slcin and respiratory tract. It 1s metabolized in the
liver by conversion to benzofc acf d, which is then conjugated with
glycine to form hfppuric acid. Hfppurfc acid is excret.ed in the
urine. Dietary sources contribute to endogenous hfppurfc acf d.
Uri nary level' in fndfviduals not exposed to toluene.range from 0.4
to 1.4 mg/ml.
In workers exposed to 100 parts per million (ppm)
of toluene, the end-of-shift hippurfc acid level 1s about 4 1119/ml .
NIOSH reconnends that an end-of-shift level of more than 5 mg/ml be
considered unacceptable since ft f s 1ndfcatfve of toluene exposure
averaging 200 ppm. The NIOSH reconmended standard for toluene is
100 ppm or 375 milligrams per cubfc meter of air (mg/M 3) as a TWA
exposure for an 8-hour wor5day with a ceiling of 200 ppm for a
10"'1111nute saq>lfng period. The ACGIH TLV is ioo ppm as an
8-hour TWA with a short term 1i mf t of 150 ppm. The OSHA
Perm1ssfble Exposure Limit (PEL} for toluene f s 200 ppm (750
mg/m ) as an 8-hour TWA with an acceptable cef lfng concentration
of 300 ppm.10
B.

Xylene
Xylene is a colorless, flarrmable liquid with an aromatic odor .

It

I

4
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exists in three isomeric forms - ortho-, meta-, and para-~lene.
Commercial ~lene (xylol) is a blend of these isomers, with
meta-~lene as the predominant co111>onent.
Xylene vapor can
irritate the eyes, nose. and throat. Acute exposures can cause
central nervous syst.em depression and reversible effects upon the
liver and kidneys.11. Repeated or prolonged exposure to .xylene
can cause dernetitis. Systemic absorption can occur through the
intact skin and respiratory tract. Reversible hematopoeitic
depression has been shown f n anfnal studies. Rabbits repeatedly
exposed to isomers of ~lene show a reversible de~rease in red and
white cell count and an increase in throni>ocytes.5 Variation may
exist in the degree of individual sensitivity to ~lene; continual
exposure may increase such sensitivity.6 Xylene is metabolized
to methyl hippuric acid which is then excreted in the urine.
Methyl hippurtc acid is not a nornal urinary constituent and its
presence therefore indicates xylene absorption. The current

~~~~r1:Pf~~ ~~~:r~so~~~ ~:~!!:~ ~~mlc~~H (~~~o:;~~3~1i,f~r
1

-Inhalation of lead dust and fumes is the major route of lead

c. Lead

eJCPosure 1n industry. A secondary source of exposure may be from
tngestton of lead dust contaminated on food, cigarettes, or other
objects. Once absorbed, lead 1s excreted from the bodY very
slowly. The absorbed lead can dalllge the kidneys and nervous
system, and affect bone aarrow functf or.. These effects may
1Bn1fest as weakness, tiredness, abdolllfnal colf c, constipation, and
encephalopathy.
Blood lead levels fro• daily environmental exposure are ordinarily
below 40 ug/100 ml whole blood, usually below 30 ug/100 ml. Fetal
damage f n pregnant womer. may cccur at blood lead levels as low as
30 ug/100 ml. Lead levels between 40-60 ug/100 ml fn lead-exposed
workers indicate excessive absorption of lead and may result in
some adverse health effects. Levels of 60-100 ug/100 ml represent
unacceptable elevations whfch inay cause serious adverse health
effects. Levels over 100 ug/100 ml are considered dangerous and
often require hospitalization and medical treatment.
Free erythrocyte protoporphyrf n (FEP) ry~lects the average lead
effect over a period of about 120 days.
The Centers for
Disease Control consider an FEP level equal to or more than 50
ug/dl of whyle blood as an indication of undue lead
absorption.
Reduction of hemoglobin and henetocrit can
indicate an effect on the red blood cells by lead. Nornel values
for these parameters are shown in Section VI •

..
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Portions of the OSHA lead standard have been stayed by the courts .
However, the current OSHA standard for airborne exposure to lead
has an iq>lementation schedule requiring the various lead
associated indusjries to eventually achieve an airborne exposure
level of 50 ug/m. Some industries (i.e. primary lead
production) are given longer to achieve this exposure level without
the use of respirators. For this particular industrial operation
(spray-painting), the current permissible exposure li~t is 50
ug/m3. The NIOSH recolllt'eQded standard is also 50 ug/m and the
ACGIH TLV is 150 ug/m3. l9J If an eq>loyee is exposed to lead
levels greater than OSHA's present action level of 30 ug/m3, the
standard dictates that the e111>loyer llllSt develop and iq>lement: 1)
a semi-annual blood lead monitoring program; 2) annual physical
examinations; and 3) training of eq>loyees regarding the signs and
symptoms of overexposure to lead. A stayed portion of the lead
standard states that workers wf th blood lead levels greater than 50
llf crograllS of lead per 100 gra111S of blood (50 ug/100 g) must be
immediately removed from further lead exposure and in some
circumstances workers with lead levels less than 50 ug/100 g must
also be re1110ved. Re110ved workers have protection for wage,
benefits, and seniority for up to 18 months untf 1 thefr blood lead
levels decline tQ less than 40 ug/100 g and they can return to lead
exposure areas.15

o. Hexavalent Chrollfu11
ChrOIRf um co.,ounds may exist in the bivalent (+2), trivalent (+3)
or hexavalent (+6) stat.es. Exposure to chromium coq>ounds has been
associated with der111atf tis and the development of pulmonary
sensitization. In general, bivalent and triI!1!2t co111>ounds are
considered to be of a low order of toxicity. •
Hexavalent chromium coq>ounds have been iq>licated in a number of
health problems including skin ulceration, ulcerated nasal mucosal,
perforated nasal septum, rhinitis, nosebleed, perforated eardrums,
kidney damage. pulnmnary congestion and edeaa, epigastric pain,
erosion and discoloration of the teeth, and dermatitis. In
addition. some hexavalent chromium co~~unds have been associated
with an increased rate of lung cancer.
Hexavalent chromium coq>ounds have been divided into
noncarcinogenic chromium (+6) compounds including the monochromates
and bichromates of hydrogen, lithium, sodi um, potassium, rubidium,
cesium, and anmonium. and chromium (+6) oxide (chromium acid
anbydride). Carcinogenic chromium (+6) co111>ounds represent all
chromium (+6) materials not included in the noncarcinogenic group
above.17
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The OSHA PEL for chromium compounds is 0.5 mg/m3 for soluble
chromic and chromous salts as Cr and 1.0 mg/tTI3 for chromium metal
and insoluble salts with a ceiling value of 0.1 mg/m3 for chromic
acid and chromates. The ACGIH TLV is 0.50 mg/m3 with certain
water insoluble compounds being considered as human
carcinogens.9 The NIOSH reconmended standard is 0.025 ug/m3
for non-carcinogenic and 0.001 ug/m3 for carcinogenic chromium
(+6) compounds.17
E.

n-Hexane
Overexposure to hexane may cause lightheadedness, giddiness,
nausea, and headache. It may also cause irritation of the eyes and
nose. Higher exposures may cause unconsciousness and death.
Polyneurcpathy has been reported in workers exposed to the vapors.
Other chronic effects have rarely been reported. The liquid ;s a
defatting agent and prolonged exposure may cause irritation of the
skin. Aspiration may cause a chemical pneumonia.5
The OSHA PEL for hexane is 1800 mg/m3 (500 ppm) based on an
8-hour t;me TWA.10 NIOSH recoirmends that occupational exposure
to airborne hexane be no greater than 350 mg/mJ (100 ppm) for up
to a 10-hour workshift with a ceiling concentration of 1800 mg/m3
(510 ppm) as determined over a 15-minute sampling period.18 The
ACGIH TLV 1s 180 mg/m3 (50 ppm) as an 8-hour TWA.9

VI.

RESULTS
A.

Environmental
Table II presents the results of sampling for airborne chromium
VI. Concentrations ranged from 0.03 to 0.45 mg/m3. Seven
samples were collected, but only five have reported values. The
other two could not be analyzed accurately due to chemical
interferences. All five samples are above the NIOSH recommended
standard of 0.001 mg/m3 for carcinogen;c chromium (VI)
compounds. The sampling and analytical technique for determination
of chrom;um VI does not distinguish between carcinogenic and
noncarcinogenic chromium IV. Information from material safety data
sheets and the combined chromium VI and lead results indicate that
lead chromate is the principal chromium component of the paint
being used. This is one of the chromium VI compounds considered to
be carcinogenic by NIOSH and ACGIH.
Table III presents the results of sampling for airborne inorganic
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lead. Concentration ranged from below the limit of detection to
2.01 mg/m3. Four of eight personal samples are above the OSHA
PEL and NIOSH criteria of 0.05 mg/m3.
Table III also presents the results of sampling for total
particulates. Airborne concentrations ranged from 4.3 to 19.2
mg/m3. Four of the eight personal samples exceeded the ACGIH TLV
of 10 mg/m3 and two of the eight are above the OSHA PEL of 15
mg/m3.
Table IV presents the results of sampling for solvent vapors.
Results are presented for cumulative exposure for materials
quantified on the petroleum naphtha tube (acetone, n-hexane,
heptane, methyl isobutyl ketone, methylcyclohexane, isobutyl
acetate), individual components quantified on the organic solvent
tube (toluene, xylene, benzene), and for the total cumulative
exposure from both tubes. Exposures to the individual components
of the solvent mixtures were below all current criteria. In
addition, the cumulative exposures were all below 1 (range 0.03 to
0.87). !f the cumulative values had exceeded 1, this would signify
overexposure using the ACGIH TLV for mixtures.9 The maximum
exposure concentrations were obtained on e~loyees using solvents
to wash buses.
Table V presents the results of sampling for solvent vapors in the
undercoat p1t and in F1n1sh I. The highest concentrations obtained
for individual components were for n-hexane. Two of six samples
had concentrations of over 170 1119/"3. These are approxtinately
one-half of the ACGIH TLV, and the NIOSH reconnended criteria of
350 mg/m3. The cumulative exposures were all below 1.0 (range
<0 .01 to 0.50). The highest cumulative exposure was one-half of
the ACGIH TLY for mixtures.
Table VI presents the results of sampling for airborne vapors of
toluene and n-hexane using certified direct-reading indicator
tubes. Certified direct-reading indicator tubes are accurate to
approximately +35 percent at one-half the test concentration and
+25 percent at-1 to 5 times the test concentration. The test
concentration usually corresponds to the OSHA PEL.10,19
Concentrations for toluene ranged from nondetected to 25 parts per
million (ppm). The highest concentrations (25 ppm) are
approximately 17 percent of the ACGIH criteria for short-term
exposure TLV-STEL (15-minute period).9 Airborne concentrations
for n-hexane ranged from 15 ppm to 800 ppm. The highest
concentrations (500 and 800 ppm) are equal to and 1.6 times the
NIOSH recorrmended criteria for short-term exposure of 510 ppm

iI
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(15-minute). Due to a difference in time units, grab sample
results cannot be compared directly to the short-term criteria.
However, the n-hexane results indicate that at the time of
collection the airborne concentrations were at and above the
short-term criteria. The highest values were obtained in the
breathing zone of employees using glue inside the bus. The actual
time required for spraying the adhesive was approximately five
minutes inside and five minutes outside, for each bus.
B. General Observations
Production during the survey was estimated to be approximately 35t
of what it had been during the time of the dermatitis outbreak.
During high production periods, the speed of the main assembly line
is increased and additional employees are added to the line.
Both the respiratory protection and hearing protection programs
were found to be deficient. Copies of both written programs were
requested. No respiratory protection program was received and the
hearing protection program was in essence a draft of what would be
needed to have a program meeting the OSHA requirements of
1910.95.20
Maintenance of the ventilation system for the paint booth and the
supplied air hoods needs to be improved. There were cracks and
some missing panels 1n the ventilation ducts for the paint booth.
Employees stated that supplies of materials including filters for
the airline supplied hood were not always available.
A number of potential safety hazards were noted during the field
survey. Employees were observed smoking 1n areas where flammable
solvents are used and/or stored. In addition, some employees
cleaned painting equipment with solvents without wearing gloves or
any other type of skin protection. Many employees used solvents to
clean their hands and arms at the end of the work shift. Employees
used two different solvents for washing buses. There were no
apparent standard mixtures nor operating procedures for washing the
buses. After solvent soaked cloths had been used, they were stored
in an open bucket.
Open buckets of solvent materials were routinely setting in the bus
wash area. In aadition gas fired heaters are located along the
conveyor at about 8 feet off the floor. Some of the solvents used
in the bus wash and paint booth areas are flammable with flash
points below lOOOF.
The chemical storage area located outside of the main plant was
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primarily uncovered. This was probably responsible for water
getting into the larger (55 gallon) paint containers. On several
occasions the paint mixer had to remove water from a barrel of
paint prior to mixing it with the appropriate solvent. There was
one shed used to store 5-gallon cans of paint, but the remaining
chemicals were stored in the open. Water covered a lot of the
ground and floor of the shed. Many chemical barrels were sitting
in water. Labels on some barrels, which had apparently been stored
the longest, were not legible. In addition, storage areas for
different chemicals were not well defined. These factors
contributed occasionally to the wrong barrel of material being
taken to the bus wash area.
Welding operations ongoing in other areas of the plant were not
always properly screened. At times, it was possible to directly
observe welding operations, thus creating a potential eye hazard
from ultraviolet radiation.
A riveting operation normally performed prior to bus wash would
occass1onaliy be delayed and subsequently both operations performed
simultaneously. When this occurred the employees conducting the
riveting operation wore hearing protection but solll! of the
employees washing the inside of the bus did not wear any
protection. Solll! employees stated that hearing protection was
required in the bus wash area when riveting was conducted nearby.
The availability of personal protective equipment needs to be
improved. Employees reported that in addition to filters for the
air line hoods, protective gloves were periodically unavailable.

c.

Medical
Eighty-three workers participated in the medical evaluation. Five
of the 37 painters from Department 46 were excluded from the
epidemiologic analyses because while they belong to this
departlll!nt, they work in a different building (the new building)
from the rest of the 32 line painters who are in the old building.
Hence, statistical analyses were confined to medical evaluation
data on 78 workers. Seventy-seven of the 78 workers provided blood
samples. Seventy-six of the 78 workers provided urine samples.
The characteristics of the 78 workers included in the data analysis
are as shown in Table VII
1.

Dermatological Problems
To confirm whether there was an outbreak of dermatitis in the

I
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paint area during the surrmer of 1981, information on skin
problems experienced was gathered on the questionnaire. The
case definition used for dermatitis was a skin rash lasting
three or more days and/or a physician-diagnosed dermatitis.
Forty of the 78 workers (Sli) had a case hi story of
dermatitis. Fifteen of these cases occurred before the worker
began work at this company. Of the remaining 25 workers, 11
had dermatitis in the summer of 1981. Specific
non-occupational dermatoses such as scabies, fungal
infections, and poison oak and poison ivy rash were excluded
from the Table VIII which shows cases of dermatitis occurring
during the summer months of 1981.
11

11

The difference in rates between all three departments was
statistically significant (p<0.05; Chi-square test). The
derw~titis was ccmr."~nly described as r~d, itchy, pin-point
spots occurring on the forearms and chest. Most of the cases
lasted less than a week and went away without specific
treatment.
2.

Exposure to Toluene
Seventy-six of the 78 workers provided end-of-shift urine
specimens for h1ppuric acid determination (Table IX).
None of the workers 1n the 3 departments had urinary h1ppur1c
acid levels above 5 mg/ml, which NIOSH considers as
unacceptable and indicative of an exposure to 200 ppm of
toluene.8 A urinary level of 4 mg/ml indicates an exposure
of around the TLV for toluene i.e. 100 ppm. One worker from
the Finish I department had a urinary hippur1c acid reading
above this level. Environmental hygiene measures however do
not indicate air toluene levels near the NIOSH criteria
level. In individuals not exposed to toluene the urinary
hippuric acid level ranged from 0.4 to 1.4 mg/ml. Six (19'.t}
of 32 workers from the paint department, 5 (25i) out of 20
workers from the Finish I department, and 2 (Si) out of 24
from the glass and upholstery department had urinary hippuric
acid levels above 1.4 mg/ml. This suggests a small amount of
toluene absorption. There was no significant difference
(p>0.05; Chi-square test) in hippuric acid levels between the
three groups . The paint and Finish I departments nevertheless
had a higher proportion of workers with urinary hippuric acid
levels above 1.4 mg/ml, consistent with occupational exposure
to toluene.

-

--
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Urinary hippuric acid expressed in mg/ml does not take into
account the concentration of the urine sample. Dilute urine
samples may shew low urinary levels of hippuric acid when such
units are used, even if the actual amount of the metabolite is
considerable. The use of mg/g creatinine as the unit of
expression for urinary hippuric acid is preferable, as the
amount of creatfnine excreted by a person per day is
relatively constant and independent of degree of hydration,
diet, and protein metabolism.21 The use of this unit
requires an extra laboratory determination - the amount of
creatinine in the urine sample. This was done for all the 74
end-of-shift urine samples collected, and the results for
urinary hippuric acid expressed in mg/g creatinine are as
shown fn the previous table. There is also no statistical
difference (p>0.05) between the 3 groups for hippuric acid
levels expressed in these units.
3.

Exposure to Xylene
Nine out of 32 line painters had methyl hfppuric acid fn the
urine (Table X). The mean level was 0.16 mg/ml (0.09 mg/g
creatinine) and the range 0.08 to 0.33 mg/ml (0.04 to 0.1 mg/g
creatfnine). None of the Ffnfsh I workers had any detectable
urinary methyl hippuric acid. Four of the presu111bly
unexposed comparison group had detectable urinary methyl
hippurfc acid; all were. from the glass department. The mean
level was 0.16 mg/ml (O.l mg/g creatinine)and the range was
0. 08 to 0.22 mg/ml (0.06 to 0.13 mg/g creat1n1ne}.
These results indicate xylene exposure fn the paint and glass
departments . NIOSH has no reconmended biological monitoring
standards for xylene exposure .

4. Central Nervous System Symptoms
All 78 workers interviewed (including the 1 worker who did not
provide a blood sample ) were asked about specific symptoms
experienced more frequently since starting their present job
at the company. Symptoms asked were those that can occur with
organic solvent exposure and systemic absorption.
All of the symptoms except two (unusually tired and poor
memory} were more frequent in the paint department than in the
Finish I and glass and upholstery department. (Table XI)
"Unusually tired" was reported more in the Finish I than the
paint department and less in the glass and upholstery
department. "Poor memory" was reported more in the glass and
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upholstery department than the paint or Finish I departments.
The workers in these 3 departments are comparable in age and
length of time in their present jobs. The paint department
workers have significantly more dizziness than either the
Finish I workers or the glass and upholstery department
workers (p<0.01, Chi-square test). Drowsiness and headache
were reported more frequently in the paint department, though
the differences were not statistically significant (p>0.05,
Chi-square test).
Within the group of 32 painters, urinary methyl hippuric acid
levels, and thus xylene exposure, was not epidemiologically
associated with symptoms (Table XII).
However, the mean urinary hippuric acid level is statistically
significantly higher for the painters with symptoms compared
to those without (p<0.05; student ut 11 test) (Table XIII).
This applies to the urinary hippuric acid expressed both in
mg/ml and mg/g creatinfne. Hence, the presence of symptoms
appears to be related to the level of toluene absorption.
5.

Symptoms of Mucosal Irritation
There was a higher proportion of line painters and Finish I
workers with eye, nose, and throat irritation when compared
with the glass and upholstery department. workers (Table XIV).
This difference was statistically significant for nasal
irritation (p<0.05; Chi-square test).

6.

Peripheral Neurological Symptoms
There is no significant difference between departments in the
proportion of workers with any one of the following symptoms 
pain, weakness, numbness, and tingling (or pins and needles
sensation) in the hands or feet, lasting for a total duration
of more than a week over the past 3 months (Table XV).
Weakness and numbness were the two COfllllOnest symptoms.
These cases do not include individuals with an underlying
medical or surgical condition that could account for the
symptoms.

7.

Lead Absorption
Blood samples were obtained from 77 of the 78 workers. All
except one of the 77 workers had blood lead levels less than
40 ug/100 ml. The exception was one worker in the paint
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department with a blood lead level of 44 ug/100 ml. His free
erythrocyte protoporphyrin (FEP) level (102 ug/dl) was also
elevated. This painter reported tiredness and headaches, but
no abdominal colic or constipation.
In addition to the above worker, there were 3 others with an
FEP level above 50 ug/dl. One was a painter with an FEP level
of 76 ug/dl and no other laboratory or clinical evidence of
excessive lead absorption. The second person was a painter
with an FEP of 63 ug/dl, a blood lead of 31 ug/100 ml, and
slight microcytic, hypochromic anemia. This worker was
symptom-free with no past history of chronic blood loss,
porphyrias, nor other serious illnesses. The laboratory
results suggest an effect of previous excessive lead
absorption. The third person was an upholstery department
worker with no previous or current occupational lead exposure,
who had an FEP level of 104 ug/dl and a blood lead level of 9
ug/100 ml, and there was a microcytic, tzypochromic anemia.
This latter worker's elevated FEP, and possibly the second
pai"ter, may have been due to iron deficiency rather than lead
toxicicy.
8. Hematology
Exposure to lead or to benzene - contaminated xylene and
toluene can cause alterations in blood cell counts .
Hemoglobin levels below the normal range of 14 - 18 g/dl for
males and 12 - 16 g/dl for females were noted in 6 workers
(Table XVI). Total white cell counts were reduced below
4,300/111113 in 1 painter, 1 Finish I worker, 3 glass
department workers, and 1 upholstery worker. There were no
cases showing thrombocytosis, though one painter had
thrombocytopenia (less than 140,000 platelets/111113). In most
of these cases, there was only one hematological abnonnality.
In 3 cases there were more than one hematological
abnormalities. These were:
a.

A Finish I Department worker with a reduced total white
cell count and a reduced hemoglobin.

b. A glass department worker with hypochromic, microcytic
anemia and a reduced white cell count.
c. A painter with a reduced hemoglobin, hematocrit, elevated
FEP, and a reduced total white count. This worker, as
discussed earlier, may have had previous excessive lead
absorption.

'

I.

I'
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The hematological abnormalities did not occur in any pattern
suggesting an occupational cause.
9.

Renal Function Tests
There is no significant difference between departments for
blood urea nitrogen (BUN) or serum creatinine levels.

10. Liver Function Tests
~ixteen of the 77 workers who provided blood samples for
analysis had the level of at least one of the 3 liver enzymes
(aspartate aminotransaminase, alanine aminotransarninase, and
ganrna glutamyltranspeptidase) elevated. Eight were from the
paint department (25%), 3 from the Finish I department (15%),
and 5 (19%) from the combined glass and upholstery
department. There was no statistical difference between these
groups (p>0.05; Chi-square test}.

VII.

DISCUSSION
Environmental sampling indicates that employees were not exposed to
excessive levels of solvent vapors during spray painting or bus wash
operations. However, direct-reading indicator tubes detected
short-tenn concentrations of n-hexane at and above the NIOSH
recommended short-term criterion in the Finish 1 area. These values
were obtained while employees were spraying glue.
Some personal samples had airborne concentrations of lead and
hexavalent chromium in excess of current criteria. The excessive
values were all obtained on employees who painted inside the paint
booth. These employees wore airline respirators while painting. Due
to the collection of samples on the employee's lapel, the actual
concentrations inside the respirator was not determined. However, due
to the high levels obtained for chromium VI and lead and the problems
observed with the respiratory protection equipment it has been
determined that a potential health hazard existed for employees exposed
to these chemicals.
Due to the health hazards associated with chromium VI and lead, it is
imperative that all equipment (respiratory protection, paint booth
ventilation equipment} be maintained in proper working order.
The supplied air hoods worn by the painters are accepted by NlOSH for
atmospheres containing lead.14,19 However, these supplied air hoods
are not acceptable for protection against carcinogenic chromium
vr.17,19
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The only NlOSH-accepted respiratory protection are self-contained
breathing apparatus with positive pressure in full facepiece or
combination supplied air respirator, pressure-demand type, with an
auxiliary self-contained air supply.
In general, the rules concerning use of personal protective equipment
need to be emphasized and enforced. There was confusion among
employees concerning where specific types of personal protective
equipment are required.
Periodic industrial tzygiene sampling should be conducted at the Conway
facility. This is needed due to the number of potentially hazardous
chemicals used and the fact that the areas evaluated in this study
represent a relatively small portion of the entire operation. If the
industrial hygiene surveys were conducted by a qualified person at the
Conway facility, this individual could assume a number of
responsibilities including environmental sampling, periodic evaluation
of the paint booth ventilation system, routine maintenance (changing
filters) of the paint booth ventilation system, and training and
education of the employees concerning potential health hazards of the
chemicals they work with.
Because production was down at the time of the NIOSH survey, airborne
concentrations of all contaminants would probably be increased during
high-production periods . Jobs with no local exhaust ventilation (bus
wash, floor mat gluing) would be affected inost.
The questionnaire data showed that there was a definite outbreak of
dermatitis, occurring primarily 1n the Finish I department, in the
su11111er of 1981. Several factors could have contributed to this
outbreak:
A.

The adverse environmental conditions during that time. Infonnation
was obtained from the National Weather Service, North Little Rock,
Arkansas on the following indices:
1. Maximum monthly temperature
2. Monthly average highest temperature
3. Monthly average lowest temperature
4. Relative humidity (i) at 3 p.m.
The information for the geographical area in which the factory is
situated, for 1978 through 1981 inclusive, is summarized in Figure
1.

Figure 1 shows that July and August of 1981 were the only 2 months
in the 4 years preceeding the NIOSH investigation where a maximum
temperature of more than 100°F occurred together with a 3 p.m.
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relative humidity of more than ssi (See Figure 1 in Appendix).
Hot, humid weath~r conditions can contribute to the development of
heat rashes.ll,2z Rashes can also be produced in susceptible
subjects by repeated epidermal injury. There is a striking
variation in individual susceptibility to such factors. The
environmental conditions alone however cannot explain the
occurrence of dermatitis mainly in the Finish I department and not
in the glass or upholstery department.
B.

The location of the Finish I department next to the drying oven.
This oven functions at a temperature of approximately 250-3000F;
and the work in this department involves putting the finish to
assembled buses after they emerge from the drying oven. This work
includes glueing floor mats and. seats, putting up light fittings
and mirrors. and assembling windows. Such manual work in proximity
to the oven during a period of high environmental temperature and
humidity can contribute to the development of heat rashes.

C. The use of solvent-based glues in this department. Environmental
monitoring in the Finish I area showed the presence of hexane and
trace amounts of benzene. While biological monitoring for toluene
and x.ylene show2d no excessive systemic absorption of these organic
solvents in this department, it is possible that local skin contact
with such solvents can occur.
D. The increased use of glues, solvents, and other chemicals as a
result of increased production during the summer of 1981. Such
increased use increases the likelihood of frequent skin contact
with these chemicals. The total production was estimated to be
about three times more in the su!Tlller of 1981 compared with the
summer of 1982 when no outbreak of rashes was reported.
E. The introduction of a new solvent just before the outbreak of
dermatitis occurred. This was said to be the only new chemical
introduced into the Finish I department and the surrounding work
area. It was subsequently withdrawn from use within a few weeks,
because of worker complaints about its disagreeable odor. The
introduction and withdrawal of this solvent fits in with the timing
of the appearance and subsequent clearing up of the rashes.
Attempts by NIOSH to determine the identify of this solvent were
unsuccessful.
Measurement of exposure to toluene and x.ylene showed levels below
the TLV for both these solvents in the paint department. Toluene
and )(Ylene were not evaluated in the Finish I area, where n-hexane
was the major solvent vapor componant. However, symptoms
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consistent with solvent exposure were reported more frequently in
the paint department than in the Finish I or glass and upholstery
departments. Amongst the painters, there did not appear to be a
relation between the reporting of symptoms and the mean level of
urinary methyl hippuric acid (the metabolite of xYlene). But there
was a statistically significant difference in urinary hippuric acid
(the metabolite of toluene) levels amongst the painters with
symptoms compared to those without. These findings suggest that
toluene may contribute more to the reported symptoms than xylene.
These sy~toms have been reported even at environmental levels
below the current TLV. This may be due to the coni>ined effect of
several organic solvents which are used in the paint department, of
which one of the main contributors appears to be toluene.
VIII.

RECOMMENDATIONS
1.

Due to the variety of potential employee exposures, periodic
industrial hygiene surveys should be conducted at the Conway
facirf ty.

2.

Employees spraying glue should be issued chemical cartridge
respirators certified for protection against n-hexane. In
addition, management should further evaluate employee exposure to
n-hexane during glue-spraying periods.

3.

General maintenance of the spray paint booth should be improved
with e111>hasis on repairing openings in the ductwork. In addition.
management should ensure that the air compressor supplying air to
the supplied air hoods meets the OSHA requirements of
1910.134(d)(2)(ii).23 For example, oil-lubricated compressors
must be equipped with a high teq>erature or carbon monoxide alarm
or both.

4.

Supplies of personal protective equipment and paint booth airline
filters should be kept in greater quantities to guard against not
having these items when they are needed. In addition, the
charcoal filters located in the airline of the supplied-air
respirators should be changed on a routine basis. Information on
the recommended frequency of filter changes can be obtained from
the supplier .

5.

The respiratory protection program should be strengthened to meet
OSHA requirements (29 CFR 1910.134) with particular emphasis on
developement of a written respiratory protection program. In
addition if paints containing carcinogenic chromium VI materials
are to continue being used, the respiratory protection for spray
paint employees should be upgraded per the NIOSH
recommendations.17,19
I
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6. The hearing protection program should be improved by adopting the
draft hearing protection program. Additionally there should be
better enforcement of hearing protection requirements, and better
designation as to when and where hearing protection is required.
7. There should be an adequate supply of impervious gloves for
employees to use at all times when handling chemicals, especially
organic solvents and epoxy resins. Management should insure that
gloves are appropriate for the chemicals being used. Information
has been forwaraed to both management and the union concerning
suitability of various gloves for use with specific chemicals.
8.

Washing of hands with organic solvents should be discouraged.
Commercially available cleansing creams should be used instead.
Information on specific cleansing creams should be available from
the paint supplier.

9.

Barrier creams may be used to protect bare areas of skin,
especially on the arms where they are not covered by gloves.

10. The provision and use of a moisturizing or conditioning cream,
after washing the hands at the end of a workday, will aid in
preventing drying and cracking of the skin.
11. Simple personal hygiene is important in the prevention of rashes
due to chemical contact and high environmental temperatures. In
this regard, the use of adequate wash-up and changing facilities
will remove chemical contaminants from the skin and also prevent
them from being brought back to the home environment.
12.

As a general rule, food and drinks should not be consumed in areas
where lead compounds, organic solvents and other chemicals are
being used. A geographically separate area away from chemicals
should be provided for the storage and consumption of food and
drink.

13.

Employees should not smoke in areas where fla1T111able materials are
used or stored. All areas where flamnable materials are used or
stored should be posted as no smoking areas. Concurrently the
no-smoking rule should be enforced.

14.

Flanmable chemicals used at the bus wash and paint booth areas
should be stored in approved containers per the OSHA requirements
of 1910.106. The quantity of these chemical present in the area
should be the minumium amount required for production.24
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15. Standard operating procedures, should be developed for the bus
wash opera ti on.

IX.

16.

Welding operations should be conducted in shielded areas to
protect adjacent workers against sparks and possible eye burns.

17.

The chemical storage area should be covered, and an effective
drainage system should be installed. In addition, specific
storage locations for different chemicals should be established
and posted.

18.

The bucket used to store solvent soaked cloths should be replaced
with a safety container.

19.

In future situations where adverse weather conditions of high
teq>erature and high humidity prevail, the work system lllilY need to
be altered to reduce the length of time workers in the Finish I
and paint depa~tme~ts spend in the vicinity of the oven.
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TABLE I
Sampling and Analytical Methods and Environmental Criteria
American Transportation Company
Conway, Arkansas
. HETA 82-025
February 9-12, 1982
Environmental Criteria (mg/m3
unless otherwise noted)
Contaminant

Analytical
Method

Flow Rate
(LPM)
Collection Media

NIOSH
OSHA PEL Recommendation ACGIH TLV

Chromium VI

l.5

Polyvinyl
Chloride Filter

Colorimetry accord
ing to P&cAM No. 319

O.lOA

o.001B

o.o5C

Lead

1.5

Polyvinyl .
Chloride Filter

Atomic absorption
according to
P&cAM No. 173

o.o5C

o.osB

0.1sC

Total Particulate

1.5

Polyvinyl
Chloride Filters
(Lead and total
particulate
obtained on
same filter)

Gravimetric

15C

None

10C

Charcoa 1 Tube
(Uouble Tube
Set-up)

Gas Chromatography
in association with
analysis of liquid
and airborne bulk
samples.

c~2H

Charcoal Tube
(Double Tube
Set-up)

Gas Chromatography
According to P&CAM
No. 127.

180QC

Solvent Vapor
Mixture

Approx.

n- Hexane

Approx.

0.02

0.02
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TABLE I
(Con~1 nu.tt<O
Environmental Criteria (mg/m3
unless otherwise noted)
Contaminant

Flow Rate
(LPM)
Collection Medi a

Analytical
Method

OSHA PEL

NIOSH
Recomnendation ACGIH TLV

1oluene

Approx.
0.02

Charcoal Tube
(Double Tube
Set-up)

Gas Chromatography
According To P&CAM
No. 127

750C

375B

375C

Xylene

Approx.
0.02

Charcoal Tube
(Double Tube
Set-up)

Gas Chromatography
According To P&CAM
No. 127.

435C

4350

435C

B~nzene

Approx.
0.02

Charcoal Tube
(llouble Tube
Set-up)

Gas Chromatography
According To P&CAM
No. 127

3C

3.20

30C

MEK

Approx.
0.02

Charcoal Tube
(Double Tube
Set-up)

Gas Chromatography
According To P&CAM
No. 127

5908

590C

n-Hexane (Short
Term Sample)

Cert i fi ed Direct Visual
Reading Indicator
Tubes

Toluene (Short
Term Sample)

Certified Direct Visual
Reading Indicator
Tubes

ABCDE-

59QC

510ppmF

500ppmG

200ppmG

150ppmE

Ceiling value not to be exceeded
Up to a 10 .0 hr. Time- Weighted-Average (TWA)
8.0 hr. TWA
Ceiling value, not to be exceeded during any 60.0 minute period.
TLV- STEL (Threshold limit value - short term exposure limit) The maximum concentration to which
workers can be exposed for a period up to 15 minutes. No more than 4 excursions per day, each being
at least 60 minutes apart. This is not a separate independent exposure limit, but is a supplement
to the TWA limit.
F - Ceiling value (15 minute period).
b - Ceiling value (10 minute period).

TABLE II
Airborne Concentrations of Chromium VI
Personal Samples
American Transportation Corporation
Conway, Arkansas
HETA 82-025
February 9-10, 1982

Date

Job/Location

Sample
Time

Volume
(Liters)

Concentration
(mg/m3)

2-9

Spray Painter Outside Bus

0656-1529

770

0. 18

2-9

Spray Painter Outside Bus

0710-1524

741

0.45

2-10

Spray Painter Outside Bus

0656-1501

728

0.15

2-10

Spray Painter Outside Bus

90705-1522

755

0.36

2-9

Spray Painter Inside Bus

0708-1504

714

*

2-10

Spray Painter Inside Bus

0703-1509

729

*

2-10

Spray Painter Primer

0735-1510

683

0.03

Note:

Spray painters wore airline supplied air respirators while painting.

* Laboratory results indicate the values were less than

0.01 mg/m3 but due

to chemical interference the results are not reported.

Environmental Criteria (mg/m3): 0.001 (NIOSH for carcinogenic chromium as a
TWA)
0.1
(OSHA as a ceiling value not to be
exceeded)
0.05 (ACGIH as a TWA)

.t
b

TABLE lll
Airborne Concentrations of Lead and Total Particulate
Personal Samples
American Transportation Corporation
Conway, Arkansas
HETA 82-025
February 9-10, 1982
Concentration
(m9/m3)
Date

Job/Location

Sample
Time

Volume
(Liters)

2-9

Spray Painter Outside Bus

0656-1529

770

7.3

0.97

2-9

Spray Painter Outside Bus

0710-1524

741

15.8

1.89

2-10

Spray Painter Outside Bus

0705-1522

746

13.3

2.01

2-10

Spray Painter Outside Bus

0656-1501

728

7.2

1.22

2-10

Spray Painter Inside Bus

0703-1509

730

6.7

0.03

2-10

Spray Painter Primer Touch Up
And Sander

0735-1510

683

4.3

0 .14

2-10

Undercoater And
Sander

0701-1514

740

10 .9

LLD

2-11

Undercoater And
Sander

0710-1514

727

19.2

<.01

Note;

Total
Particulate

Lead

Spray painters wore airline supplied air respirators while painting

LLU = Below the laboratory limit of detection (3 ug/filter)
Environmental Criteria (mg/m3):

Total Particulates= 10 (ACGIH as a TWA)
15 (OSHA as a TWA)
Lead = 0.05 (OSHA and NIOSH as a TWA)
0.15 (ACGIH as a TWA)

r

TABLE IV
Airborne Concentrations of Solvent Vapors on Personal Samples
Cuftljlative Exposure of Naptha and Organic Components
Collected With Two-Tube Set-up
American Transportation Corporation
Conway, Arkansas
HETA 82-025
February 9-11, 1982

Sample
Time

Tube A
cumulativeU)
Volume Exposure From
(Liters)
Petroleum
Naptha Tube

Tube 8
Toluene
(mg/m3)

Xylene
(lag/m-3)

Benzene
(mg/m3)

Total Cumulative(2)
Exposure From All
Solvent Vapors

70 .4

1.2

LLD

0.21

Date

Job Locatfon

2-9-82

Bus Wash Inside Booth
And Sander

0652-1518

8.0

0.02

2-9-82

Bus Wash 0654-1507
Inside And
Outside Booth

10.0

0.13

256

1.2

LLD

0.81

2-9-82

Bu!> Wash 0650-1509
lnside And
Outsi ae Booth

9.0

0.07

179

2.1

LLD

o. 56

2-9-82

Bus Wash Inside Booth

0658-1528

9.0

0.04

2.2

LLD

0.29

2-10-82 Bus Wash Inside Booth

0653-1514

10.0

0.09

222

6.0

0 .1

0. 69

2-10-82 Bus Wash Inside Booth

0652-1520

9.0

0.04

101

3.4

LLD

0.32

2-10-82 Bus Wash 0645-1520
Inside And
Outside Booth

8.0

0.13

231

4.4

0.1

0.76

91.2

-·

(Contlnued)

--

--- - :-

--

··~-

-·

---- -0·

..

~-=.::..:.:.~:

TABLE IV
(Continued)

Date

Job Location

Sample
Time

Volume
(Liters)

Tube A
CumulativellJ
Exposure From
Petroleum
Naptha Tube

Tube B
Toluene
(mg/m3)

Xylene
(mg/m3)

Benzene
(mg/m3)

Total Cumulative(2)
Exposure From All
Solvent Vapors

0650-1504
2-10-82 Bus Wash Outside Booth

9.0

0.17

242

16.4

0.2

0.87

0719-1512

11.0

0.08

222

3.4

0.2

0.69

2-l<J-82 Bus Wash 0737-1505
Outside Booth

7.0

0.03

75.4

3.1

LLD

0.24

2-10-82

Bus Wash Inside Booth
And Sander

2-9-82

Spray Paint
Primer

0734-1503

9.0

0.04

33.0

11.7

LLD

0.15

2-9-82

Spray Paint
Primer And
Sander

0725-1510

8.0

<0.01

32.5

11.6

LLD

0.10

2-10-82 Spray Paint
Primer

0709-1508

10.0

0.01

51.3

16.6

0.4

0.20

2- 9-82

Spray Paint
Inside Bus

0708-1504

8.0

0.04

59.3

46.5

0.4

0.32

2-11-82 Spray Paint
Inside Bus

0711-1525

10.0

0.01

95.9

79.5

0.8

0.25

2-11-82 Paint Mixer

0718-1504

7.0

<0.01

8.7

2.9

LLD

0.03

(Continued)

TABLE IV
(Continued)

1. =These values are calculated from indivi dual solvent concentrations following ACGIH formula for
mixtures. Includes concentrations of quantified components of mixture (acetone, n-hexane,
heptane, MIBK, methylcyclohexane, and isobutyl acetate).
£. = These values represent the cumulative exposure for all components of mixture (Naptha Tube and
organics tube). Calculated per the ACGIH TLV formula for mixtures.

3. = Sample worn by two employees. First employee went home, replaced at same job by second employee.
Note: Cumulative exposure calculated using ACGIH TLV for mixtures.
the TLV as being exceeded.
Environmental Criteria (mg/m3):

If sum of fractions exceeds 1, consider

Toluene = 750 (OSHA as a TWA)
. 375 (NIOSH as a TWA)
375 (ACGIH as a TWA)
Xylene

= 435

(NIOSH, OSHA, and ACGIH as a TWA)

Benzene = 3 (OSHA as a HIA)
3.2 (NIOSH as a ceiling value, 60 min.)
30 (ACGIH as a TWA)
Cumulative Exposure of Mixtures

= ~LVc1
1

+ Conc2 + • •Concn V
• ---- "Tl n
-m2

TABLE V
Airborne Concentrations of Solvent Vapors
Collected in the Undercoat Pit and Finish I Areas
Personal Samples
American Transportation Corporation
Conway, Arkansas
HETA 82-025
February 9-11, 1982
Concentration (mg/m3...:..}_ _ _ _ __
Date

Job/Location

Sample
Time

Volume
(Liters)

n-Hexane

Benzene

MEK

Toluene

Cumulative
Exposure

2-9-82

Finish I - Glue,
Outside Bus

0740-1514

11

171

0.3

-

-

.48

2-9-82

Finish - I Glue,
Inside Bus

0742-1501

6

175

0.4

-

-

.50

2-9-82

Finish I - Glue,
Inside Bus

0718-1527

15

29.l

0.2

-

-

.09

2-9-82

Undercoat Pit Employee Al so
Part-time Sander

0705-1500

10

4.0

-

2.0

14.0

.05

2-10-82

Undercoat Pit Employee Also
Part-time Sander

0705-1514

10

LLD

-

8.0

40.0

.12

2-11-82

Undercoat Pit Employee Al so
Part-time Sander

0710-1514

7

LLD

-

LLD

1.0

<.01

(Continued}

TABLE V
· (Continued)

NOTE: Cumulative exposure calculated using ACGIH TLV for mixtures. If sum of fractions exceed 1,
consider TLV as being exceeded. Two tube set-up used to collect samples, but only one tube used for
analysis.

- = Not
MEK

=

evaluated on this sample.

Methyl ethyl ketone

Environmental Criteria (mg/m3): n-Hexane

= 360 (NIOSH as a TWA)
1800 (OSHA as a TWA)
180 (ACGIH as a TWA)

Toluene

= 750

MEK

= 590
=3

Benzene

cumulative Exposure for Mixture

(OSHA as a TWA)
375 (NIOSH and ACGIH as a TWA)
(OSHA, NIOSH, and ACGIH as a TWA)

(OSHA as a TWA)
3.2 (NIOSH as a TWA)
30
(ACGIH as a TWA)

=

~LV~l

+

CoTL~

2

+ •••Conc 0 = 1
TLVn

·--- - ---,,.··-· -·-
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TABLE VI
Airborne Concentrations of Solvent Vapors
Samples Collected with Certified Direct Reading Indicator Tubes
American Transportation Corporation
Conway, Arkansas
HETA 82-025
February 11, 1982
Type of
Sample

Time

Type

Cone (ppm)

Paint Mixing Area* Employee Mixing Paint

GA

0655

Toluene

25

Bus Wash Area Three Employees Washing
Inside Of bus

BZ

0731

Toluene

25

Paint Booth Employee Washing Out
s1 de Of Bus. Side
Opposite From Windows

BZ

0740

Toluene

Trace

Paint Booth Above Undercoat Pit
Opposite From Windows.
Side Of Paint Line

BZ

0750

Toluene

N.D.

Paint Booth - One Employee
Washing Exterior Of Bus.
Side Of Booth Opposite
From Windows

BZ

0753

Toluene

10

Paint Booth - Interior Of Bus
Being Pafoted. Sample Taken
On Side Of Booth Opposite
From Windows

BZ

0800

Toluene

20

Paint Booth - At Door On Side
Of Booth Near Windows

GA

0844

Toluene

25

Undercoat Pit

GA

1025

Toluene

Trace

Job/Location

(Continued)

TABLE Vl
(Contfoued)

::
Type of
Sample

Time

Finish I - Spraying
Glue On Floor Of Bus

BZ

0910

n-Hexane

800

Finish I - Inside Bus,
Floor Mats In Place

BZ

0925

n-Hexane

25

Finish I - Employee
Spraying Glue On Floor
Mats, Outsi<Je Of Sus

BZ

0950

n-Hexane

125

Finish I - Employee
Spraying Glue On Floor
Mats. Outside Of Bus

BZ

1040

n-Hexane

100

Job/Location

Type

Cone (ppm)

~·
~
r
I

Finish I - Glue Spraying
Inside Bus

BZ

1110

n-Hexane

260

Finish I - Glue
Spraying Inside Bus

BZ

1512

n-Hexane

500

H
:

Finish I - Inside Bus,
Mats Being Positioned
On Floor

BZ

1517

n-Hexane

100

Finish I - Inside bus,
Mats In Place

BZ

1525

n-Hexane

15

t
I

Ii:I

* = Reddish-brown discoloration of tubes indicates presence of petroleum
hY drocarbons.

1[
I

j

~

= Not detected
GA = General area sample
BZ = Area breathing zone sample
NO

lnvironmental Criteria {ppm):

!

t
I

i

I
Toluene = 200 {NIOSH - ceiling value 10 min.)
150 (ACGIH - short term exposure
limit, 15 min.)
500 (OSHA - maximum peak, 10 min.)
n-Hexane

= 500

,.;

l1l
I

(NIOSH - ceiling value 15 min.)

1.

I

Table V11
Characteristics of Participants
American 1ransportation Company
Conway, Arkansas
HETA 82-025
February 9-12, 1982
Dept.

No. of
workers

PAINT

32

Age

Sex

Race

Range: 21 to 57 yrs
Mean = 33 yrs

17 males
15 females

16 whites

16 blacks

FINISH I

20

Range: 26 to 63 yrs
Mean = 46 yrs

13 males
1 females

19 whites
l black

GLASS AND
UPHOLSTER'Y

26

Range: 21 to 60 yrs
Mean = 39 yrs

16 males
10 females

22 whites
4 blacks

TOTAL

78

Dept.

No. of
workers

46 males
32 females

Smoking status
Non-smkers
Current
and ex-smokers
smokers

57 whites
21 blacks

Alcohol consumption
NO

YES

PAINT

32

18

14 (44'.t)

25

1 (22'.t)

FUHSH 1

20

1

13 (65'.t)

18

2 (10'.t)

GLASS AND
UPHOLSTERY

26

17

9 (35'.t)

19

1 (27'fo)

TOTAL

78

42

36

61

16

i

Table VIII
Cases of Dermatitis during Summer 1981
American Transportation Company
Conway, Arkansas
HETA 82-025
February 9-12, 1982
Dept.

Cases of dermatitis
during sunmer in 1981

Total no. of
workers seen

Attack
rate

PAINT

2

32

6.3 i

FINISH I

9

20

45.0 i

GLASS AND
UPHOLSTERY

0

26

0

'J,

•··':

Table IX
Urinary Hippuric Acid Levels
American Transportation Company
Conway, Arkansas
HETA 82-025
February 9-12, 1982
Dept.

No. of

workers

URINARY HIPPURIC AClO
in mg/ml
in mg/g creatinine

PAINT

32

Range: 0.13 to 2.60
Mean: 0.84

Range: 0.09 to 2 .62
Mean: 0.54

FINISH I

20

Range: 0.04 to 4.40
Mean: 0.90

Range: 0.03 to 1.14
Mean: 0.48

GLASS AND
UPHOLSTERY

24

Range: 0.07 to 2.39
Mean: 0.73

Range: 0.06 to 1.59
Mean: 0.43

Table X
Urinary Methyl Hippuric Acid Levels
American Transportation Company
Conway, Arkansas
HETA 82-025
February 9-12, 1982
Dept.

No. of samples showing
presence of
methyl hippuric acid

No. of samples showing
absence of
methyl hippuric acid

Total no.
of samples

PAINT

9 (28t)

23

32

FINISH I

0 (Ot)

20

20

GLASS AND
UPHOLSTERY

4 (171)

20

24

t

l
i

.

Table XI
Central Nervous System Symptoms
American Transportation Company
Conway, Arkansas
HETA 82-025
February 9-12, 1982
DEPARTMENT
SYMPTOMS
Dizziness
Drowsiness
Nausea
Vomiting
Headache
Unusually ti red
Poor memory

PAINT
11 I 32
9 I 32
5 I 32
2 I 32

FINISH I
(34'1)
(28'1)
(15'1)

(6t,)
9 I 32 (281)
11 I 32 ( u i )
5 I 32 (16'1)

1

I 20 (5'.t)

3 I 20
2 I 20
o I 20
3 I 20
8 I 20
3 I 20

(15i)
(10'.t)

(Ot,)
(15t)
(40i)
(151i)

GLASS ANO UPHOLSTERY
1 I 26 (4t)
2 I 26 (8'.t)
l I 26 (4i)
o I 26 (0'1)
2 I 26 (St)
5

I 26 (19'1)

7 I 26 (271>)

Table XII
Mean Urinary methyl hippuric acid levels in worker with and without symptoms
American Transportation Company
Conway. Arkansas
HETA 82-025
February 9-12. 1982
WORKERS WITH

methyl

No. of

~YMPT0~1S

Mean urinary methyl

workers hippuric acid levels

WORKERS WITHOUT SYMPTOMS

No. of

Mean urinary

workers

hippuric acid

levels
Methyl hippuric
acid detected
in urine
No methyl
h1ppur1c acid
detected

4 I 10
(40i)

14 I 22
(641)

0.15 mg/ml
(0.10 mg/g
creatin1ne)

6 I 10
(60i}

0.24 mg/ml
(0.11 sng/g

creatinine)

8 I 22

(361)

Tab1e Xlll
Mean urinary hippuric acid levels in workers with and without symptoms
American Transportation Company
Conway, Arkansas
HETA 82-025
February 9-12, 1982

No. of
workers
18 I 32
(56i)

WORKERS WITH SYMPTOMS
Mean urinary hippuric
acid levels
1.04 mg/ml
0.69 mg/g creatinine

No. of
workers
14 I 32
( 44t,)

WORKERS WITHOUT SYMPTOMS
Mean urinary hippuric
acid levels
0.59 mg/ml
0.50 mg/g creatinine

Table XIV
Symptoms of Mucosal Irritation
American Transportation Company
Conway. Arkansas
HETA 82-025
February 9-12, 1982

Dept.

Proportion of workers with
Sore throat
Nasal irritation

PAINT

6

FINISH I

3

GLASS ANO
UPHOLSTERY

4

I 32
I 20
I 26

(191')

14

(151)

7

(SS)

8

I
I
I

32

(447')

Eye i rri tati on
12

20

(357')

8

26

(15i)

5

I
I
I

32 (38i)
20 (40i)
26

(19i)

Table XV
Peripheral neurological symptoms
American Transportation Company
Conway, Arkansas
HETA 82-025
February 9-12, 1982
Dept

Proportion of workers with at least one symptom*

PAINT

4 I 32

(12.Si)

FINISH I

2 I 20

(10'4)

GLASS ANO
UPHOLSTERY

2

I 26

<7. 7ti)

Table XVI
Hematology results
American Transportation Company
Conway, Arkansas
HETA 82- 025
February 9-12, 1982
Dept.

PROPORTION OF WORKERS WITH :
Reduced hemoglobin
Reduced total white
cell count

Decreased
platelets

PAINT

2 I 32

(6i)

1 I 32

(3'i)

1 I 32

(3i)

FINISH I

1 I 20

(5S)

1 I 20

(5'i)

GLASS AND
UPHOLSTERY

3 I 25 (121)

4 I 25

(161)

oI
oI

(01)

20 (OS)
25

Table XVII(a)
Renal Function Tests
American Transportation Company
Conway, Arkansas
HETA 82-025
February 9-12, 1982
Group

(Blood Urea Nitrogen}
BUN (in mg/dl)
Mean
Range

Ser. creatinine (in mg/dl)
Mean
Range

PAINT

15

7

to 28

1.0

0.2 to 1.7

FINISH I

16

9 to 26

1.1

0.6 to 1.9

GLASS AND
UPHOLSTERY

15

8

to

1.0

0.7 to 1.5

ALL WORKERS

14.9

28

7 to 31

1.0

0.2 to 1.9

Table XVII (b)
Renal Function Tests
American Transportation Company
Conway, Arkansas
HETA 82-025
February 9-12, 1982
Group

Proportion of workers with
Raised BUN levels
Raised serum creatinine levels
(Blood Urea Nitro9en)

PAINT

2 I 32

FINISH I

l I 20 (51)

2 I 20

GLASS AND
UPM<LSTERY

2 I 25 (81)

1 I 25 (41)

(61)

2 I 32 (61)

(101)

t
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FIGURE l

Temperature & Humidity for Conway, Arkansas 1978to1981
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