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SUMMARY

The ability of a spray painting hooth and orbital and in-1line sanders with
high velocity low volume exhaunst ventilation was evaluated Air samples
collected in the worker’s breathing zone for total dust, organic solvents,
chromium, cadmium, titanium dioxide, and hexamethylere diisocyanate moncmer
were below OSHA permissible exposure limits (PELs} and NIOSH recormended
exposure limits (RELs} When spray painting was performed outside of the
booth, the breathing zone concentration of this polyilsocyanate was estimated
to be 10 mg/m® and a teotal dust concentration of 30 mg/m® was measured
Federal OSHA does not have a PEL for polyisocyanates, however, a ceiling limit
of 1 mg/m® is enforced by Oregon OSHA Spray palnting involving Isocyanates
should not be conducted cutside ¢of a properly operated spray painting beoth

In a downdrafr spray painting boeth, air flows into the booth through filters
in the ceiling and out of the booth through exhaust grates located in the
floor of the booth  The car, which 18 to be painted, 1s placed in the booth
The air 1s supposed te flow around the car and out through the exhaust grates
which are located in the floor of the booth  This booth was operating at a
flow rate of 7000 to B80U0 cfm versus a design airflow vate of 10,000 cim
During data collection, the booth's exhaust filters were absent and the
airflow arcund the car was not uniform

Because the spray painting booth does not complerely control the worker's
exposure to paint overspray, respiratory protection is needed  Quantitative
fit tests, conducted on the half-facepiece and full-facepiece air-purifying
resplrators used in this autobody shop, revealed that four of six of these
respirators provided a fit faetor of less than 100 A fit factor of 5 was
obtained with one full-faceplece respirator To some extent, these low fit
factors were caused by lack of a resplrator maintenance program In additionm,
there appeared to be no respirator program as required by QSHA's respiratory
protection standard (29 CFR 1910 134) If the shop owner had understood and
complied with the reguirements of this OSHA standard, the probhlems with
respirator usage in this shop probably would not have occurred

The data cellected while the workers used sanders with builc-in HVLY
ventilation was too limited to develop any definite conclusions about the
performance of these sanders TDuring one sanding operation which lasted about
an hour, the total dust exposure measured on the worker's lapel was

0 18 mg/m* When the ventilation hose was temporarily discomnected,
measurements made with an sesrosol photometer indicated a noticeable increase
in the aerosol concentration



INTRODUCTION

The Narional Institute for Occupational Safety and Health (NIOSH} is the
primary federal organizaticon engaged in occupational safety and health
research Located in the Department of Health and Human Services (DHHS), 1t
wag established by the Occupatiomnal Safety and Keslth Act of 1970 This
legislation mandated NIGSH to conduct a number of research and education
programs separate from the standard setting and enforcement functlons
conducted by the Oceupaticnal Safety and Health Administration (0SHA) in the
Department of Labor  An important area of NIDSH research deals with methods
for controlling coccupational exposure to potential chemical and physical
hazards The Engineering Control Technolegy Branch (ECTB) of the Daivision of
Physical Sciences and Engineering has been given the lead within NIOSH ta
study the engineering aspects of hazard control

Since 1976, ECTR has conducted several assessments of health hazard control
technology based on industry, common industrial process, or specific contrel
technigques  The abjective of each of these studies has been to document and
evaluate effective technlques for the control of potential health hazards in
the industry cor process of interest, and to create a more general awareness of
the need for or availability of effective hazard contrel measures

This study of autobody repair was undertaken by ECTB to provide information om
contrel technology for preventing cccupational disease in thils industry  Thie
project is part of a NIOSH special initiative on small business and involves
developing and evaluating control strategles and disseminating control
technolopy information to a small business Several types of candidate small
buginesses waith potential hazards were originally identified from letters from
CSHA state consultation programs These letters, along with state
consultation program contacts, discussions with the Divisjion of Surveillance
Hazard Evaluations and Fleld Studieg (DSHEFS} and the Division of Respiratory
Disease Studies (DEDS}, and literature reviews, identified a list of small
husinesses suitable for control technology studies  From this list of small
businesses, autobody repair and painting shops were one of several potential
workplaces that were selected for study

The objeective of this study of autobody repair and painting shops 1s to
provide these shops with information about practical, commercially-available
methods that control worker exposires to air contaminants (e g , lsocyanates,
refined petroleum solvents, spray paint mists, and airborne particles) Tao
develop this information, commercially available control methods must be
evaluated in actual shops  Contrel measures to be studied include ventilated
sanders and welders, vehicle preparation stations, and spray painting booths
The results of individual field evaluations will be compiled with the
avallable literature This control technology information will then be
dissemlnated to zutebody workers, owners, and operators of autobedy repair and
painting shaps, and safety and health professionals

As part of this overall study, techniques for controlling air contaminants
genetated during painting and sanding operations are being studied At this
particular body shop, a spray paint booth, a disk sander with builc-in
ventilation, and respirator usage were evaluated This palnt booth has a
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doewndraft ventilation arrangement to remove the paint vapors The disk sander
has a built-in hood which uses a small volume of air to capture sanding dust
at the source  Techniques for controlling paint vapers and dust from ganding
have applicaticne in many other industries

SHOP DESCELIPTICN

This autobody shop employs eleven workers, four doing body work, two painting
cars, two performing housekeeping, and three in the office The shop, which
opened in 1983, repairs 20 to 25 cars per week The layout of the shop is
illustrated in Figure 1 Cutside of the painting booth, the cars’ structural
damage is repaired This involves the repair and teplacement of damaged

parts  During these activities, workers may be exposed to aerosecls from
sanding, grinding, and welding Some sanding ie dome with sanders which have
burlt-in high velocity low volume hoods After the cars are repaired, they
are prepared for painting in the vehicle preparation area  This involves some
sanding to remove old paint and to provide a smooth surface for the paint
After the surface has been prepared, the areas of the car which are not to be
painted are covered with plastic  Spray painting is done in a downdraft spray
painting booth which exhausts a nominal 10,000 cfm while the worker is
painting the car After the car or body part has been painted, the worker
leaves the booth and the paint is cured at a temperature of 120° to 140°F
During this time pericd, the booth airflow is reduced and sbout 90 percent of
the exhanst alr is recycled

Two 6-inch orbital sanders {Hutchins Model 8650, Hutchins Manufacturing
Company, Pasadena, California, and Dynaorbital® DR™, Dynabrade Automotive
Productg, Clarence, New York) were used The ganders are connected to a
central vacuum system  Alr 1s exhausted through holes in the sander pads A
metal plate 1s used as a template to punch holes In the sandpaper which is
then attached to these sanders  The sandpaper for the Hutchins sander had

gix 0 4-inch diameter holes on a circle 1 5 inches from the edge of the
sandpaper The Dynabrade sander had saix 0 25-Inch diameter holes 1 inch from
the edge of the sandpaper The holes in the sandpaper alipn with the holes in
the sander pads

4 third sander, a Hutchins Model 4290 1in-line sander, was alsa used with the
central vacuum system  The abrasive pad of this sander was 2 75 inches wide
and 17 5 inches long  Along the length of the sandpaper, two rows of nine
equally spaced holes were located 0 5 inches from the edge of the sandpaper
These holes were { 45 inches 1in diameter

The exhaust from these sanders was attached to a vacuum hose The static
pressure 1in the vacuum line connection to the sanders was 7 5 inches Hg  The
vacuum was supplied by a central vacuum system (Sand’N Vac Model 1035,
Inventive Machine Corporation, Bolivar, Ohio) Each workstation had an outlet
for the central vacuum system

The spray painting booth (8aico, 5PA, Ramsey, Wew Jersey) was installed when
the autobody shop was opened in 1985 This booth is 12 5 feet wide, 24 feet
long, and 9 feet high (see Figure 2) Two fans are used in this booth  One
fan supplies makeup air through two sets of filters The first set of filters
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Figure 2  Schematic of spray painting booth

is located in the ductwork between the fan and the air digtributien plenum in
the ceiling of the booth The second set is located after the distribution
pletmm in the ceiling of the booth  The air flows through these two sets of
filters, around the car, and through a third set of filters located in the
floar of the booth  This third set of filters was not present during this
study due to difficulties in c¢htaining replacement filters Theee filters
would have covered the trench in the floor ¢f the spray painting booth  After
leaving the booth, the air flowed up a discharge plenum to the roof of the
shop On the roof, the discharge plenum made a 90° turn and discharged the
air parallel to the ground There were no devices for measuring the static
pressure in the hooth or the pressure drop across the booth's filters
According to the shop owner, the filters in the booth are changed every month
The booth 1s operated at a statlc pressure of +0 14 inches of water relative
to the shop

In the spray painting booth, two types of spray painting guns were used to
apply paint to cars or car parts an Optima siphon cup gun (Technical
Products Corporation, Lake Zurich, Illinois} and a gravity feed gun (SATA,
Ludwigsburg, Germany) One worker used & siphon cup spray painting gun
matrketed by Optima  In the siphon c¢up gun, the acceleration of the air
through an orifice causes a reduction in stariec pressure The reduced static
pressure causes the paint te flow from a cup into the orifice where the paint
is atomized In the siphon cup guns, the air pressure at the atomization
orifice is typically 65 pounds per squate inch (psi) In the gravity feed
gun, the paint is contained in 2 cup on top of the spray painting gun and
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gravity assists the f[low of paint to the orifice where atomlzation takes
place The air pressure at the orifice of a gravity feed gun is typically
40 to 50 psi  After the air sampling had been conducted at this shop, the
conventional spray painting guns at this shop were replaced with High Volume
Low Pressure (HVLP) spray gun painting guns to reduce paint consumption
These guns use less than 10 psli to atomlze the paint Reportedly, the HVLF
spray guns are much more efficlent at transferring the paint from the gun to
the car than the other two types of spray painting guns '? HVLP spray
palnting guns are believed to have a transfer efficiency of at least

63 percent  Some alr pollution control districts require the use of spray
painting equipment with a transfer efficiency of at least 65 percent %7

In this shop, most painting jobs invelve the application of 8 primer, a base
coat, and a ¢lear coat  Typically, the base coat contains colored pigments
and carrier solvents Depending upon the paint formulatien, these pigmente
can include chromium, nickel, antimony, titanium, and lead A ¢lear coat ls
applied over the base coat  The clear coat has two components a clear coat
and a hardener The clear ceat contains polyurethane and acrylic resins  The
hardener contains polyisocvanates which are trimers of hexamethylene
diisocyanate and isophorone diisocyanate The hardener cross-links with the
other components of the clear ¢gat to form a hard urethane surface

FOTENTIAL HAZARDS

Workers involved in autabody repailr can potentizlly be exposed to a multitude
of alr contawinants During structural repair, activities such as sandiag,
grinding, and welding generate szsercsols which are released into the worker's
breathing zone If the surface of the car being repaired contains toxic
metals such as lead, cadmium, or chromium,. exposure to these metals is
possible  Workers who paint cars can be exposed to organle solvents,
hardeners which may contain isocyanate resins, and pigments which may contain
toxic components

The International Agency for Research on Cancer (IARC) has reviewed the health
effects associated with painting operations * In the IARC publication, the
term "painters” Included workers who apply paint to surfaces during
coanstruction, furniture manufacturing, automobile manufacturing, metal
products manufacturing, and autebody refinishing After reviewing a wide
range of publications, they concluded "There is sufficient evidence for the
carcinogenicity of cccupational exposure as a pailnter " In addition, they
noted that painters suffer from allergic and nonallergiec comtact dermatitis,
chronic bronchitis, asthma, and adverse central nervous system effects Some
of the health effects for specific air contaminants are briefly summarized an
the following parapraphs

DITSOCYANATES AND THEIR OLIGOMERS

The uwnique feature of all diisccyvanate-based compounds is that they contain
two -N=C=0 functional groups, which readily react with compounds containing
active hydrogen atoms to form urethanes The chemical reactivity of
diisocyanates, and their umique ability to¢ cross-link, makes them ideal for
use in surface ceatings, polyurethane foams, adhesives, resins, and sealants
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Diizocyanates are uwsually teferred to by their specific acronym, e g , IPDIL
for isophorone diisacyanate, or HDI for hexamethylene diisocyanate * To
reduce the inhalation exposure to monomers due to evaporation, the isocyanate
monomers Are prepolymerized inte oligomers that are generally trimers of the
MONOme In commercial spray painting operations, the monomer 1s usually less
than 2 percent paint by weight However, the oligomers still pose a hazard to
the workers as an serogol during spray painting

Reports Indicate that diisocyanates cause irritation to the skin, mucous
membranes, eyes, and resplratory tract | Worker exposure to high
concentrations may result {n chemical bronchitis, chest tightness, nocturnal
dyspnea (shortness of breath), pulwonary edema (fluid in the lungs), and
reduced lung function ’* Lung function is reported to decrease with the
number of exposures preater than 0 2 mg/m’ to hexamethylene diisocyanate
biuret | The most important and most debilitating health effect from
exposure to diisocyanates 1s respiratory and dermal sensitization  After
gensitization, any exposure, even to levels recpgnized as safe for the
nonsensitized individuwal, can produce an allergic respomse that may be life
threatening ™! The only effective treatment for the sensitized worker 1s
cesgation of all diisocyanate exposure °

ORGANIC SOLVENTS

Occupational exposure to the organiec solvents can cause neurotoxic effects
that can fnclude dizzineas, headache, an alcohol-1like intoxicarion, narcosis,
and death from respiratory failure * Auntcmotive spray painters exposed to
arganic solvents are reported to have decreases in motor and nerve conduction
velocities ** In addition, organic solvents such as acetone, toluene, and
xylene can cause eye, nose, and throat irritation !* Dermal exposure to
arganic sclvents can defat the skin and, thereby, increase the uptake of these
soclvents by the body In addition, dermal expesure can cause dermatitis

Some health effects attributed to specific organic solvents encountered in
this facility are briefly summarized

Acetone

Few adverse health effects have been attribured to acetone despite widespread
use for many vears Awareness of mild eye i1rritation occurs at airhorne
concentrations of about 1000 ppm Very high concentrations (12,000 ppm)
depress the central nervous system, causing headache, drowsiness, weakness,
and nausea  Repeated direct skin contact with the liquid acetone may cause
redness and dryness of the skin !'* Exposures over 1000 ppm cause respilratory
irritation, coughing, and headache

n-Butyl Acetate

At concentrations exceeding 150 ppm, significant irritation of the eyes and
tesplratory tract are reported in the literature '*



n=-Butyl Alcohol

n-Butyl alcohol is an irritant to the eyes and the mucous membranes of nose
and throat Exposures over 200 ppm can cause keratitis ' Eye irritation and
headaches occur at concentrations in excess of 50 ppm * Exposure to n-butyl
alcohol 15 reported to increase hearing losses for workers who are also
exposed to noise

Ethyl Acetate

Ethyl acetate vapor is irritating to the eyes and respiratory passages of
humans at concentrations ahove 400 ppm '* In animals, it has a narcotic
effect at concentrations of over 5000 ppm

Lsopropyl Alcohol

At exposure above 400 ppm, irritation to the eyes, nose, and throat are
reported  Above 800 ppm, the symptoms intensified '*

Trimethyl Benzene

Trimethyl benzene has been reported to cause nervousness, anxiery, and
asthmatic bronchitis ¢

Toluene

Toluene can cause irritation of the eyes and respiratory tract, dermatitais,
and central nervous system depression * At concentrations of 200 ppm or
less, complaints of headaches, lassitude, and mausea have been reported At
concentrations of 200 to 500 ppm, loss of memory, anorexila, and motor
impairment are reported !* In addition, muscle impairment and increased
reaction time can cccur at exposures of 101 ppm or more

Zylene

Zylene vapor may cauge lrritation of the eyes, nose, and throat Repeated or
prolonged skin contact with xylene may cause drying and defatting of the skain
which may lead teo dermatitis  Liquid xylene is irritating to the eyes and
mucous membranes, and aspiration of a few milliliters may cause chemical
pheumcnitis, pulmonary edema, and hemorrhaging Repeated exposure of the eyes
to high concentrations of xylene vapor may cause reversible eye damage '* Ar
concentrations between 90 and 200 ppm, impairment of body balance, manual
coordination, and reaction times can occur  Acute exposure to xylene vapor
may cause central nervous system depression and minor reversible effects upon
liver and kidneys ' Workers exposed to concentrations above 200 ppm complain
of less of appetite, nausea, vomiting, and abdominal pain  Brief exposure of
humans to 200 ppm has caused irritation of the eyes, nose, and throst ¥

METALS

Toxic metals such as lead, chromium, and cadmium may be wsed as pigments in
gome paints  Thus, sanding, welding, and spray pailnting may involwve
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pccupational exposure to toxic metals In addition, autobody welding will
involve exposure to welding fumes Some health effects attributed to lead,
cadmium, chromium, and titanivm dioxide are discussed below

Cadmium

Cadmium is a toxic, heavy metal which may enter the body either by ingestion
(swallowing) or by inhalation (breathing)} of cadmium metal or oxide Jnce
absorbed into the body, cadmium accumulates in organs throughout the body, but
major depositions occur in the liver and kidneys * Acute inhalatign
exposure to high levels of cadmium can cause respiratory irritation and
pulmonary edema In addition, cadmium exposure causes kidney damage *°
Chronic exposure may lead to emphysema of the lungs and kidney disease which
may be associated with hypertension ' After finding that exposure to
cadmivm hes been assoclated with excess respiratory cancer deaths among
cadmium production workers, NIDOSH has concluded that cadmlum is z potential
occupational carcinogen *

Chromiom

Some paints may contain chromates, hexavalent chromium, as a plgment These
compounds can produce health effects such as contact dermatitis, irritation
and ulcerastion of the nasal mucesa, snd perforation of the nasal septum
Hexavalent chromium compounds are suspect carcinogens ™'

Lead

Lead adversely affects several organs and systems The four major target
organs and Systems are the central nervous system, the peripheral nervous
system, kidney, and hematopoietic (blood-forming) system '* Inhalation or
ingesticn of inorganic lead can cause loss of appetite, metallic taste in the
mouth, constipation, nausea, pallor, blue line on the gum, malaise, weakness,
insomnia, headache, muscle and joint pains, nervous irritability, fine
tremors, encephalopathy, and colic !* Lead exposure can result in a weakness
in the wrist muscles known as "wrist drop," anemla (due to lower red blood
cell life and interference with heme synthesis}, proximal kidney tubule
damage, and chronic kidney disease *# Lead exposure is assoctiated with
fetal damage in pregnant women * Lastly, elevated blood pressure has been
positively related to blood lead levels ™

Titanium dioxide

In teviewaing the health affects literature on titanlum dioxide, ACGIH found na
evidence that exposure to titanium dioxide peses a health hazard, as long as

the exposure remains below 10 mg/m* '* However, NIOSH reviewed animal testing
data which indicates that exposure to titanium dioxide involves some risk of

cancer *
EXPOSURE EVALUATION CRITERIA

As a gulde to the evaluation of the hazards posed by workplace expasures,
NIOSH field staff use exposure limits as evaluation criteria for assessment of
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a number of chemical and physical agents These criteria are intended to
suggest levels of exposure to which most workers may be exposed up to 10 hours
per day, 40 hourg per week, for a working lifetime without experiencing
adverse health effects  Table I gummarizes exposure limits for air
contaminants which may be present in autobody shops It is important to note
that not all workers will be protected from adverse health effects Af their
exposures ate maintalted below these levels A small percentage may
experience adverse health effects because of individual susceptibility, a
preexisting medical condition, andfor a hypersensitivity {allergy)

The primary sources of environmental avaluation criteria in the United States
that are used for the workplace are (1) HNIOSH Recommended Exposure Limits
(RELs}, (2) the American Conference aof Govermnmental Industriazl Hygienists'®
{ACGIH) Threshold Limit Values (TLVs), and (3) the U § Department of Labor
(DSHA) Permissible Exposure Limits {PELs) The D3HA PELs are required to
consider the feasibility of controlling exposures in varicus ifndustries where
the agents are used, the NIQSH RELs, by conttast, ate based primarily on
concerng relating to the preventien of occupational disease  ACGIH Threshold
Limit Yaluwes (TLVs) refer to airborne conecentrations of substances and
represent conditrions under which ir is believed thar nearly all workers may be
repeatedly exposed day after day without adverse health effects ACGTH states
that the TLVs are guidelines '* Tt should be noted that the ACGIH is a
private, professional society, and that industry is legally required to meet
only those levels specified by OSHA PELs

At the time of this study, O5HA was enforeing the exposure limits listed in
Table 1 Most of these exposure limits were revised in a 1989 revision to the
Alr Contaminants Standard (29 CFR 1210 1000) In July 1992, the llth Circuit
Court of Appeals vacated this standard ©SHA is currently enforcing the
vergion of the Air Contaminants Standard which was in effect hefore 1989,
however, some states operating their own OSHA-approved job safety and health
programs will continue to enforce the 1989 limite QSHA continues to
encourage employers te follow the 1989 revisions

In addition, some hazardous substances may act in combination with other
workplace exposures, the general environment, or with medications or personal
habits of the worker to produce health effects even if the occupational
exposures atre controlled at the level set by the evaluation criterion  These
combined effects are often not considered in the evaluation criteria  Also,
some substances are absorbed by direct contact with the skin and mucous
membranes and thus, potentlally increase the overall exposure Finally,
evaluation criteria may change over the years as new information on the toxic
effects of an agent become avallable

A Time-Weighted Average (TWA) exposure refers to the average afirborne
concentration of a substance during a normal 8- to l0-hour workday  Some
substances have recommended short-term exposure limits or ceiling values that
are intended to supplement the TWA where there are recognized toxic effects
from high, short-term exposures
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Generally, spray painters are exposed to multiple solvents To evaluate
vhether the total solvent exposure is excessive, a combined exposure, G, 1s
computed

C [y c
. = Bt + oot} + + == ( 1 )
B Ll Lz Ln

Where £ = Exposure to an individual contaminant, and
L = The lowest exposure limit for the corresponding contaminsnt listed
in Table 1

I1f the value of C, 15 less than 1, the combined exposure i3 believed to be
acceptable

EXPOSURE LIMITS FOR PREPOLYMERIZED DITSOCYANATES

Although health effects are attributed to prepolymerized diisocyanates, 0OSHA,
NIOSH, and ACGIH have not developed exposure limit wvalues for these
substances ¥ The Oregon Occupational Safety and Health Administration has
adopted an exposure limit of | mg/m® as a ceiling and an 8-hour time-weighted
average of 0 5 mg/m® for exposure tc HDI polyilsocyanates 2 These
polyisocyanates are the biuret trimer of HDI (HDI-BT) and the isocvanurate of
HDI These exposure limits were set to protect workers from pulmonary
irrvitation and are the same exposure limits published in the manufacturer’s
material safety data sheet ** In contrast, Sweden has a S-minute, short-term
expasure limit of ¢ 2 mg/m’ for oeccupational exposure to hexamethylene
diis¢o¢yanate biuret

The United Kingdom’s Health and Safery Executive (HSE) has specified a control
limit for occupational exposure to diisocyanates and oligomers of these
diisceyanates ' In treviewing the health effects associated with isocyanate
expasure, the HSE agsumed that the health consequences of inhaling aerosols
containing -H=C=(0 (NCO) functional groups ate not different from inhaling
diisocyanate monowmers  As a result, the HSE has specified the following
contrel limits for NCO functional groups in the air

1 An 8-hour time-weighted average of 20 ugfm’, and
2 A 10-mimute ceiling iimit of 70 pe/m’

During spray painting operationg, occupational exposure to isocyanates
frequently exceed these control limits ™

EVALUATION PROCEDURES

The objecrive of this site visit was to evaluate the effectiveness of the
ventllated senders and spray painting booth for controlling worker exposure to
air contaminants This was accomplished by measuring air contaminant
concentrations and conducting video exposure monltoring In addivionm,
ventilation measurements were made to document the airflow volumes in the
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spray painting booth and sanders Quantitative fit tests were conducted to
evaluate tespirator usage

ATR CONTAMINANT EXPOSURE MONITORING

The total dust concentrations were measured using NIOSH Method 0500 ** 1In
this method, a known volume of alr is drawn through a prewelghed PVC filter

In the spray painting booth, an air sampling flow rate of 5 0 liters per
minute using a personal sampling pump (Aircheck Sampler, Model 224 -- PCXR7,
SKC In¢, Eighty Four, Pennsylvania) During sanding operations, an alr
sampling flow vrate of 13 lpm was obtsined by using a2 vacuum pump to maintain
en sbgolute pressure less than 15 inches of mercury downstream of a critical
flow orifice The weight gain of the filter is used te compute the
milligrams of particulate per cubic meter of air After weighing, the filters
were analyzed for lead, cadmium, chromium, and titanium  The metals on each
filter were solubilized using a modification of NIDSH Method 7300 Each
fi1lter was placed in a 125-mL beaker and then 1 mL of perchloric acid and 4 nl
of nitric acld were added The bezkers were placed on a hot plate and heated
to approximately 150°C and the sample volume was reduced to nearly 0 5 ol

The samples were quantitatively transferred to a l0-mlL volumetric flask,
diluted to 10 mL, and then were analyzed by a simultaneous-scanning,
inductively coupled plasma emission spectrometer

Material safety data sheets were used to identify the major organic solvents
which may be present during spray painting Concentration measurements were
made for methyl ethyl ketone, toluene, xylene, and n-butyl acetate  The
measurements were made by placing charcoal tubes (SKC Lot 120} in a charcoal
tube holder and mounting the charcoazl tube holder on the worker  Tubing
counected the cutlet of the charcorl tuhe holder to a2 personal =ampler pump
(Medel 200, DuPont Inc ) that draws air through the charcoal tube at

200 em’fmin  The collected solvents were desorbed from the charcoal using
carbon disulfide and the solvents were quantitated using a gas chromatcgraph
equipped with a flame ionization detector  NIOSH Method 1401 was used for the
analysis with the following modifications *

Desorption Process Thirty minutes in 1 ¢ ol. of carbon
disulfide with Q¢ 5 uL ethyl benzene/mL CS,
as &n internal standard and 1 percent
n-propyl alcohel as a desorbing aid

Gas Chromatograph Hewlett-Packard Model 5890 equipped with a
flame ionizaticon detecteor

Column 30 mx 0 32 om fused silica capillary
coated, Internally with 0 5 ym of DB-WAX

ven Conditions Temperature programming from 40° te 120°C
at a rate of 4°C/minute

During spray painting operatiens Iinvelving the use of isocyanate hardeners,
the concentrations of hexamethylene diisocyanate and its isccyanurate trimer
were measured by using NIOSH Method 5521 ¥ 1In this method, air samples are
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bubbled through an impinger at a sampling rate of 1 liter per minute The
impinger contains a solution of l-(2-mathoxyphenyl)piperazine, which reacts
with the isocyanate to form ureas, in toluene The concentration of this
solution 1is 43 mg/l, The ureas are quantitated by high pressure liquad
chromatography operated with a UV or electrochemical detector  Because
analytical standards are not available for trimers of diilsocyanate monomers,
this method extrapolates the calibration curve for the hexamethylene
diisocyanate monomer to the prepolymers which, according to the material
safety data sheet, is the isocyanurate trimer of HDI (CAS NQ 2Z8182-81-2) The
results of NIOSH Method 552t are reported in terms of mass of isocyanate group
per unit volume (pg NCO/m*)

The ultraviolet detectpr response obtained during NIOSH 5521 analysis was used
to obtain the mass of harder collected in an air sample A bulk sample of the
hardener (929-73 Glassodur MS High Solids Hardener - Normal, BASF, Whitehouse,
Ohio) was quantitatively diluted to prepare analytical standards so that
insttrument response could be related to the mass of hardener in the air

sample The material safety data sheet reported that this hardener contained
25 to 35 percent of a polyisocyanate with a Chemical Abstracts Service (CAS)
Ho of 28182-81-2 and 10 to 20 percent of a polyisocyanate with a CAS No of
53880-05-0 The first CAS number refers to an isocyanurate of HPI * The
second CAS numher refers te a polymeric form of isophorone diisocyanate

For spray painting operations, air samples were collected at three sampling
locations

1 On the upper part of the worker’s chest, outgide of any respiratory
protection that the worker might be wearing,

2 On the side of the spray painting beoth, and

3 Near the exhaust filters 1In & downdraft booth, this sampling
location was under the object being painted 1In a crossdraft or
semi-downdraft bocoth, in front of the filters on the back of the
booth

Sample volumes wetre based upon the sampling time for the worker  The pumps on
the painter were started shortly before he entered the booth  The pumps for
the area samples were started before the worker's pump The wotker’s time in
the booth was used as the sampling time because there could be no air
contaminant generation before the worker started painting

VIRED EXPGSURE MONITORING

Video exposure monitoring was used to study in greater detail how specific
tasks affect the workets’ exposure to air contaminants * ¥ Worker

exposures were monitored with a direct-reading instrument, and its analog
output was recorded with a data logger Workplace activities wers
simultaneously recorded on videotape  The analog output of the real-time
ingtruments was connected to a data logger {Rustrak Ranger, Gulton, Inc , East
Greenwich, Rhode Island) When the data collection was completed, the data
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logger was downloaded te a portable computer {(Compaq Portahle IIIL, Compaq
Computer Corporation, Houston, Texas) for analysis

During sanding operations, the Hand-held Aerosol Moniter (HAM, PPM Inc ,
Enoxville, Kentucky) was used to measure relative air contaminant
concentrations The aerpsol scatters the lipht emitted from a light-emitting
diode  The scattered light is detected by a photomultiplier tube  The analop
output of the HAM is proportional te the guantity of the scattered light
detected by a photomultiplier tube  Because the calibration of the HAM varies
with aercsol properties such az refractive index and particle size, the analog
output of the HAM is viewed as a measure of relative concentration A
personal sampling pump (Aircheck, SKC Inc , Eighty Four, Pennsylvania) was
used to draw air through the HAM's sensing chamber at a rate of 3 5 lpm

During spray painting, a Photovac TIP II (PROTQVAC Inc , Thornhill, Ontarie)
was used to monitor worker sclvent concentrations on the worker The znaleog
output of the Miecrotip 1s prepertional to the concentration of ionizable
compounds in the air  Because the instrument’s response varies with the
composition of the organic solvents in the air, this instrument also is used
as a measure of relative concentration Because of fire safety
considerations, this instrument was located ocutside of the spray painting
booth  Teflon® tubing (0 125-inch inside diameter, 45 feet long, Alltech
Associates, Deerfield, Illinecis) was attached to the worker in his breathing
zone A personal sampler pump drew air through this tubing at 3 5 liters per
minute and exhausted the sampled air into a glass tee  The Photowvac then
sanpled the air in this glass tee

VENTILATION MEASUREMENTS

The exhaust flow rates from the ventilated sanders were measured in the
appatratus 1llustrated in Figure 3 The exhaust flow rate was measured when
the sanders were off, when they were on (but not sanding), and when they were
sanding wmetal located on the floor of the apparatus The air velocity in the
exhaust duct was measured using a hot wire anemometer {Model 1040 Digital Air
Velocity Meter, Kurz, Carmel Valley, California) The exhaust flow rate was
calculated as the product of the duct’s cross-sectional area and the average
velacity in the exhaust duet

In the spray painting booth, airflow volumes through exhaust grateg in the
floor of the booth were calculated from the measured face velocities and the
face area of the exhaust eir channel in the floor af the spray painting booth
The hot wire anemometer was used to measure these alr velocities In
addation, a Balometer™ (Alnor, Niles, Illinois) warg used top measure the
voluretric airflow rate through 2- by 4-foot sections of the filters in the
ceiling of the booth  The balometer measurements through each filter were
summed to obtain the total volume of air entering the booth through the
filters in the ceiling of the booth  Smoke tubes were used to trace the
airflow patterns in the spray painting booth
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Figure 3  Apparatus for measuring airflow rates of ventilated sandets

Respirator Evaluation

The respirators currently utilized by the body shop employees were probed
(brass probes provided by the manufacturers) for quantitative fit testing

The probes were placed in the approximate center of the respirator, above the
exhalation valve and between the cartridge holders The ewmployees were then
instructed to don the respirator as they normally did Quantfrative fit
testing was then conducted to determine respirator facepiece-to-face-sealing
characteristics A Portacount™ resplrator fit tester (TSI, Inc , P O

Box 643%4, St Paul, Minnesota 55164} was utilized to test mll respirators

The Portacount™ is based on a miniature, continucus-flow condensation nucleus
counter (CHC) 4 CNC takes particles that are too smell to be easily
detected, gtows them to a larger, easily detectable gize, and then counts

them * Quantitative fit factors for this device have been reported, on a
group basls, as being highly correlated to those obtailned by a recognized
photometer quantitative fit test system ¥ A complete fit test Tequired the
employee to perform the following six exercises normal breathing (NBl), deep
breathing (DB), moving head side to side (8S), moving head up and down (UD),
talking (TE), and normal breathing (NB2} An overall fit factor (FF) was then
calculated using the following equation

Overall FF = 6/ [(1/NB1;) + (1/DB,) + [1755,) + (17UD,) + C1/TKL) + C1/NBZ,)]

Next, the employees were instructed in the proper use and limitations of
respiratory protective devices, and were allowed to select a new respirator
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from several manufacturers (three or more) Quantitative fit tests were then
repeated as indicated above  The employees were then informed af the
difference in fit factors obtasined from the two respirators with which they
had been tested Finally, the condition (cleanliness, maintenance, ete } of
the employea’s original respirator was evaluated by a visual inspection

RESULTS
VENTILATION MEASUREMENTS
Table 2 lists the exhaust flow rates measured for the ventilated sanders
Because the compressed air used to drive these sanders is exhausted through
the sander’s exhaust port, net exhaust ventilation rates decrease somewhat

when the eanders are 1in use

Table 2 Exhaust flow rates for ventilated sanders

Exhaust Flow Rates (cim)
Type of Sander
Operation
Dynaorhita Hutchins Hutchins
1 In-Line Circular
Circular (18-hole} (6-hole)
(6-hole)
Sander running 14 19 19
without touching
bottom cf box
Light sanding 13 18 16
Heavy sanding 15 19 14

Table 3 summarizes the airflow volumetric rates meassured for the spray
painting booth  The intake airflow measured on the roof is abour 14 percent
higher than the measurements made in the booth This could be due to either
leakage out of the ducrts between the fan and the spray painting booth or to
measurement variability

Table 3 Volumetric airflow rates measured in spray painting booths

Exhaust
Location of Exhaust Volume
Volume Measurement Instrument {cfm)
Atr intake on roof gnemometer 8125
Alrflow from filters in balometer 6780
ceiling
Airflow exhausted anemomatet 6700
through filters in floor
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Figure 4 contains the airflow measurements through the filters in the ceiling
of the spray painting booth These measurements indicated that the flow
through the filters in the ceiling was uniform In the balometer, the flow
contracts from a 6-square-faot area to a l4- by l4-inch area  This
restriction in the flow may cause some of the air to flow around the balometer
resulting in a low measurement of the total exhaust volume
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Figure 4 Alr flow through filters 1in ceiling of spray painting hooth

Figure 5 shows that more air was exhausted through the exhaust pgrate on the
left hand side of the booth Also, the airflow appears to vary along the
length of the booth  As summarized in Table 32, the quantity of airflow is
conslstent with the balometer measurements  Replacement of the filters
missing 1n the floor of the booth may provide a more even distribution of
the airflow

Figure 6 schematically shows how the spray painting booth provides airflow in
some areas and stagnatien in other areas The meagsutrements made with the
balometer {summarized in Figure &) show that the airflow acress the inlet
filters is relatively uniform  However, the velometer readings made at the
floor (Figure 5) of the booth indicate that most of the exhaust flow occurs on
the left hand side of the booth  When smoke tube traces were made on the left
hand side of the car, the smoke moved quickly toward the grate under the car
On the right hand side, the smoke tended to linger where it was released,
indicating little air movement toward the exhaust grates in the floor  Smoke
tube traces indicated the presence of an eddy in the repglon next to the wall
This eddy causes the air to move up the side wall of the bgoth
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AIR SAMPLING RESULTS

Tables 4, 5, and § summarize the air contaminant concentrations measured in

the spray painting booth

The raw data are listed in Appendix A

For samples

collected dering spray painting operations, the concentration computation was

based upon the actual time spent spray painting

Because the worker left the

bogoth between spray painting coats, the worker’s exposure te alr contaminants
during this time would have heen minimal

Table 4  Summary of total dust concentratiens during spray painting
Gecmetric
Numberx Geometric | Standard
af Mean (GM) | Deviation Range
Location | Samples {mg/m*) (GSD (mg/m*) Grouplng*
Painter & 6 2 20 23 -17 B
Under 5 45 26 13 - 200 A
ca']_"ﬁ:*
Wall 5 12 31 2 8 - 47 AB
L —

* Geometric means with different letters differ significantly
Multiple comparison test conducted at an overall level of confidence
of 95 percent

**  Cne measurement was deleted because it appesred to be an outlier
Deletring this one measurement resulted in normally distributed
residuale during statistical analysis

Table 5 Summary of 1socyanate concentrations
Tatal Isocyanate Concentration
Hatdener Concentration Based via
Upon Bulk Sample of BASF 923-73 NIOSH Method 5521
cH Range
Sample GM HE HE

Location | n ng/m* GSD Range n | NCO/m® GSD NCO/{m®
Personal | 3 15 4 0 0 8-7 89 || 3 690 1 5 330-910
poder 4 29 19 9 0-40 |[ 4| 1200 L3 890-1500
Qutside
Booth 1 38 - - 1 4400 - - Ji
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Table 6  Summary of personal solvent exposures

Sample | Sample

Description of Activities Start Stop

During Personal Sampling Date Time Time Cp*
Painting side of car on well-ventilated 0 0l
side of spray painting booth using a 1/28/92 12 55 13 12
gravity feed gun
Painting side of car on well-ventilated 0 07
side of spray painting booth using a 12892 14 13 14 52
gravicy feed gun

il Paanting hood of car at front of booth 0 0% f

with a gravity feed spray painting gun /31192 7R 8 04
Painting two front fenders, hood, and a 0 09
bumper with a =iphon cup spray painting 214792 11 40 12 08
gun
Painting both sides of car, hood, and 0 38
parcs which were not attached to the ecar 1131192 10 20 11 50
with a siphon cup spray painting gun
Painting twe front fenders, hood, and a 0 03
bumper with a siphon cup epray painting 2j4f9z2 12 39 13 13
gun

* See Equation 1, Page 10

Total Dust Concentrations

In Table 4, some of the total dust concentrations measured on the worker
exnceeded the OSHA PEL of 15 mg/w® Becanse this exposure limit is for an
8-hour day and painting takes only a small fraction of the worker's day, the
OSHA PEL for total dust has not been exceeded

The statistical analysis, summarized in Appendix B, showed that sampling
location and type of spray painting gun affected the total dust concentration
in the spray palnting booth  The column labelled "Grouping” in Table 4
presents the results of a2 multiple compariscn test which evaluates all the
possible differences between the sampling locations During spray painting,
the worker actually stands between the car and wall in a space which has
stagnant airflow (see Figure &) Saince the geometric mean for the
concentration measured on the worker and the geometric mean for the area
sample collected next to the wall did not differ significantly, at least some
of the oversprey accumulates in the area where the worker stands ‘The fact
that the concentration under the car was much higher than these other two
measurements indicates that much of the ailr overspray leaves the spray
painting booth without contaminating the worker’s breathing zomne
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The statistical analysis also indicated that the type of spray painting gun
had an effect upon total dust concentrations As illustrated in Figure 7, the
usze of the gravity feed spray painting gun was associated with mean
concentrations which were nearly a factar of four lower than the
concentrations measured when the siphon cup spray painting guns were used
Whether this difference in concentration i1s solely attributable to the change
in spray painting guns 1s unclear The guns were used by two different
workers Furthermore, the worker who used the gravity feed spray painting gun
painted only on the aide of the booth which had a greater alrflow Thus, the
effecrs of spray painting gun, worker, and side of the booth are confounded

Isocyanates

Scme of the isocyanate concentrations measured on the worker, shown in

Table 5, exceeded the U K ’s control limit for isocyanate exposure *

Although the c¢oncentration measurements for the BASF Hardener 923-73 are
included in this table for the sake of completeness and full disclosure, these
results are not believed to be reliable Examination of the chromatograms of
a bulk sample of the hardener and the field samples revealed that the field
sample chromatogram had more peaks thar the bulk sample of the pure hardener
{BASF 923-73; In contrast, the chromatogram of the polyiscocyanate resin used
to make the hardener had only one peak and this resin is reported to be a
nearly pure i1so¢yanurate trimer of HDI  The peak area for this isocyanurare
trimer of HDI may have only contributed 20 percent of the peak area for the

8o

Spray Gun Type

B Gravity Riphon Gun
GO

\\

Particulate Concentration (mg/m®)
s
1

- _

Under Car Pareonal Near Wall

Figure 7 Effsct of spray peinting gun and location upon geometric mean
particulate concentrations
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fiecld samples  The source and identitiez of other peaks are unknown
Inspection of the materlal safety data sheets for the clear coat and the
hardener suggested that other organic compounds could have caused the UV
detector response Organic solvents used as diluents for the hardensr are
also used as diluents in the clear coat  Possibly, the diluents used in the
clear coat lnterfered with the analysis for the hardener

Solvent Concentrations

The combined solvent exposures listed in Tasble & are less than 1, indicating
that the solvent exposures were all acceptable based upon the combined
envivonmental criteria lasted iIn Table 1

Metals

Metal concentrations are listed in Table Al of Appendizx A Lead and cadmium
were not detected on any of the samples  The detection limits for lead and
cadmium were 1 and O 1 micrograms (ug) per filter, respectively  Chromium was
detected on some of the samples at levels at or just above the detection limit
of 0 3 pg  The maximum amount of chromium detected on a fllter was 0 & pg

The limit of detection for titanium was 0 Z pg

As described in Table 1, exposure limits for chromium vary with its valence
Information from the material safety data sheets indicated that only

chromium (III) should be present during painting operatiocns The chromium
compounds listed in the material safety data sheets were chrome oxide green
(CAS No 1308-38-9) and a chrome-antimony-titanium buff-rutile {(CAS No 68186-
90-3) The latter substance is described by the American Chemical Society
{ACS) as an lnorganic pigment that 1s the reaction product of high temperature
calcination in which titanium oxide, chromium (III) oxide, and antimony oxide
are homogeneously and ionically interdiffused to form a crystalline structure
of rutile " This suggests that during painting operations, the chromium
concentrations measured on the worker wers helow NIOSH RELs During sanding
operations, a chromium concentration of 0 4 ugf/m® was measured on the worker
{Appendix A, Tzable Al) The valence of this chromium is unknown  However,
the concentration is below the NIOSH recommended exposure limit of | pginm® for
chromium (VI) compounds The chromium concenttations measured on the worker
appeared to be below NIOSH recommended exposure limits

The material safety data sheets for the base coats used in this autobody shop
list titaniunm dioxide as a component  Thus, the titsnium found on the samples
is essumed to be titanium dioxide Omne tiltanium congentratian measured on the
worker was 300 pg/m®  Based upon the ratio of the molecular weights of
titanium dioxide te the atomic weight of titanium, this concentration
measurement corresponds to a titanium dioxide comcentraticn of 0 5 mg/m® The
other concentration measurements made on the worker resulted in titanium
dioxide concentrations which were less than 37 pg/m® of titanium, which
corresponds to & titanium dioxide concentration of 0 076 mg/m’ of titanium
dioxide  Because these concentrations are based upon short-term sawmples, the
worker's 8-hour time-weighted average exposure to titanium dioxide would be
less than 0 2 mg/m’ which 1is specified by the NIOSH recommended exposure limit
for titanivm dioxide
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Spray Palnting Cutside of the Spray Painting Booth

When spray painting was conducted outside of the spray painting booth, a
short-term dust concentration of cover 20 mg/m’ was measured on the worker
The material safety data sheet indicates that the hardener is 60 to 70 percent
volatile organic compounds and ahput 25 to 35 percent isocyanurate of HDI
The material safety data sheet indicated that the ¢lear had a volatilicy of
60 to 70 percent The ratio of clear to hardener was 2 1 From this
information, the exposure to isocyanurate of HDI was estimated to be about
10 mg/m* Because of Ttandom air currents in the body shop, the overspray,
which contains isocyanates, may be dispersed throughout the shop  Thus, all
workers in this shop have a potential exposure to isocyanates when spray
painting is done outside of a spray painting bogth  Thus, spray palnting
putside of a gspray painting booth with isocyanates should not be toletated

VIDED EXPOSURE MONITGRING IN SPRAY PAINTING BOOTH

Figure § shows the results of the wideo exposure monitoring of organic
compounds in the spray painting hooth during two time periods called Trial 1
and Trial 2 For each activity, the average response is displayed as a
percentage of the overall average durdng the trial Two activities appeared
to elevate the relative solvent concentration measured on the worker's lapel
by the Photovac Tip 1I  painting the car’s hood and painting a small object
suspended from the celling at head helght Painting the sidez of the car
tends teo minimize the worker’s exposure  Cther activities did not
consistently elevate the worker's exposure

Video Exposure Monitoring During Sanding

Fipure 9 displays the results of video exposure monltoring for dust conducted
while the orbital sander was 1in use  Sanding on the side of the car with the
ventilation on ¢aused a noticeable reduction in the relative dust
concentratien as compared to sanding with no ventilatlon — However, there are
st1ll some Telative dust concentration peaks which occur when the worker
sanded surfaces which were not flat, such sz at edges When the worker sanded
the car’s roof without ventilation, airborne dust generation was cbserved,
however, the dust did not appear te enter the worker's breathing zone  When
sanding 1s done on the roof, the sander is further from the worker's breathing
zone causing a noticezble reduction in the worker’s dust exposure  Two
relatively lartge relative dust concentration peaks occurred while the worker
brushed the surface of the car to inspect the surface smoothness  This
relatively gentle motion caused a noticeable dust exposure because the
worker’s face was close to the surface in order to visually inspect the
surface

RESPIRATOR EVALUATION
The regsults of the respirator fit tests are presented in Table 7 1In this

shop, the workers used half- or full-faceplece air-purifying respirators with
paint mist filters and organic vapor cartridges Four ocut of six corigainal
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Table 7 Comparison of fit factors with old and new
full- and half-faceplece air-purifying respirators

Fit Factur‘bbtained

With Worker’'s Fit Factor With

Worker Tested Original Respirator New Respirator
Worker #1 5* 4125%
Worker #2 37 9916
Worker #3 93 3575
Worker #4 638 9632
Workar #5 l44 32811
Worker #6 74 5431

* Full-facepiece, others are half-facepiece respirators

regpirators had fit factors below 100, which is less than the minimum
acceptable fit factor mentioned in some OSHA standards for specific air
contaminants "***  Thus, four of the six respirators tested appear to be
inadequately protecting the workers  Table 8 summarizes the defects observed
during an inspection of the used respirators Most of the respirators used by
the workers appeared to be poorly maintained and they had defects which would
interfere with the seal between the face and the respirator This poor
maintenance may have contributed to the low fit factors reported in Table 7

Table 8 Summary of observed defects in the six inspected respirsators

Number of
Respirators
Defect With Defects
Facepiece had lost shape This may interfere with 5
seal between the respirator and the face
Inkalation valve does not appear to be seating 3
properly
Exhalation walve does not appear te be seating 5
properly
Headbands have lost elasticity, possibly causing 5
poor fit
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DISCUSSION AND RECOMMENDATLONS

The ventilated orbital sanders appear to provide dust control during sanding
operations The dust concentrations measured on the workers, reported in
Appendix A, indicate that dust exposures during the two sanding operations
were | 25 and 0 18 mg/m’, which is below the OSHA PEL of 15 mg/m’ for total
dust The first dust measurement invalved hand sanding, the use of an in-line
Hutchinson sander, and the use of compressed air to blow dust off of the car
The second measurement was taken when a Dynabrade sander was used to sand a
replacement door prior to painting The measurements taken with the HAM
indicate that the ventilated sander does reduce the total dust concentration
measursd near the worker's lapel during sanding  However, because the
ventilated sanders are used very infrequently, the results from all of the
field evaluations of ventilated sanders will need to be combined to generate
conclusive trecommendations for controlling dust generated during sanding
Qperations

Toral dust concentraticns measuraed on the painrers in this spray painting
baoth are somewhat higher than measurements made in other facilitdies in this
study  Some of the isocyanate concentrations measured near the worker’s lapel
during spray painting operations are estimated to have exceeded 1 0 mg/m® (the
ceiling limit enforced in Oregon) Thus, worker exposure to paint overspray
and izocyanate exposure needs to be minimized through the proper use of the
spray painting booth and respiraters  Spray painting involving isocyanates
should not be permitted outside of a spray painting bopoth  There is simply
too much risk of inadvertently exposing others to a relatively high
concentration of isccyanate prepolymers

SPRAY PAINTING BOCTH VENTILATION

Spray painting mist concentrations can be further minimized by improving the
ventilation in the spray painting booth  The booth was operating at a flow
rate between 7000 and 8000 cfm, which is considerably less than the design
flow rate of 10,000 cubic feet per minute In addition, the maintenance of
the booth was somewhat deficient The filters in the floor of the booth were
abgsent and thie caused an uneven dastribution of airflew in the heooth These
filters should be maintained and replaced as needed to obtain a uniform
girflow distribution

The documentaticn for the engineering of the spray painting booth was
inadequate  The manual for the booth did not include a copy of the fan curve
go that 1f troubleshooting is necessary, an accurate estimate of the
thecretically expected flow rate through the boeoth can be made In addition,
the owner indicated that he had modified the booth and these changes were not
daocumented in the manual  Oraiginally, this booth had only one fan upstream of
the sprav painting booth Because of the positive pressure inside the bgoth,
the doors on the spray painting booth would pop open To overcome this
problem, the owner added a fan on the exhaust side of the spray painting booth
and adjusted the fan speed of the fan on the upstream side of the spray
painting hooth  The owner did not have the fan curves (documentation on the
effect of pressure drop on the flow rate} for either fan  Consequently, there
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igs no way of knowing whether the two fans are aized properly and adjusted to
have the appropriate alrflow rates

Generally, airflow recommendations for controlling cccupational exposure to
air contaminants can be obtained by reviewing the ACGIH publication on
ventilation manual and OSHA standards ** ¥ Unfortunately, OSHA and ACGIH
airflow recommendations for spray pailnting booths address only crossdraft
spray painting booths The OSHA recommendation 1s contained in an QSHA
standard which assumes that the spray painting booth has a erossdraft
ventilation at a rate of 100 feet per minute per square foot of
crass-sectional area Although this booth does not comply with this standard,
DSHA generally does not enforce this standard unless there is a violation of
current QSHA standards for air contaminants “* There is a French standard
for downdraft spray painting booths which 1a reported to greatly minimize
worker exposure to isocyanates during spray painting in autoboedy repair
shops *** This stendard has some very specific specifications on the fleow
of air around a car *

The air velocity around the perimeter of a car is to be meagured at

10 points  Three points are ¢on each side of the car and two are next to
the front and rear of the car These measurements are taken 0 5 meters
{m) frem the side of the car and 0 ¢ meters ahove the booth’s floor  The
mean value of these 10 points is to be greater than 0 4 mfsec
(meters{second) and no polnt 1s to have a velocity of less than

0 3 m/sec These measurements are based upon integreted 60-second
samples

Based on this study and experisnces at other body sheps, a2 flow rate of at
least 12,000 cfm may be needed to comply with this recommendation One reason
for conducting this study in a number of autobody shops is to evaluate the
apprapriateness of recommendations such as this French standard for spray
painting booths

RESPIRATOR USAGE

The quantitative fit test results (in Table 7) indicate that the respirators,
which were used by the workers, did not adequately seal against the worker’s
face or were poorly maintained Table 7 shows that fit factors for four of
the six respirators tested are below the NIOSH-recommended fit factor far half
masks of 100 and 500 for full-face respirators * 1In addition, OSHA

standards for ashestos, benzene, and formaldehyde requires that fit factors be
a factor of 10 higher than the assigned protection factors * “ % The assigned
protection factor for full-facepiece, air-purifying respirators is 100 and for
half-facepiece, air-purifying respirators, this factor 15 1D *? When the

body shop workers were provided with new resplrators of their choice, and were
instrocted in proper donning techniques, fit factors increased substantially
Inspection of the respirators tested indicated that one of the reasons for
these low fit factors was poor respirator maintenance {see Table 8) Lack of
training was also a contributing factor
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This autobady shop, like every other autobody shop in this study, did not have
a formal respirator program in place  The QSHA respilrator standard (29 CFR
1510 134), which is reproduced in Appendix €, requires that

"Written standard operating procedures governing the selection and use of
regplrators shall be established "

O3HA policy is to 1Baue a citation for violations of this srandard even when
there 1s no violation of air contaminant exposure limits *“* A complete
respiratory protection program as defined in OSHA standards needs to be
implemented Minimal OSHA requirements include

1 Written standard operating procedures for selection and use of
resplratcre

2 Selection of respirators according to hazard

3 Training in the use and limitations of respirators

4 Respirator cleaning and disinfection

5 Proper selection for resplrators

6 Routine inspection and maintenance

7 Workplace exposure monitoring

& Evaluation of progran effectiveness

9 Medical monitoring

10 Use of certified respirators
PROTECTIVE CLOTHING
Material safety data sheets for the polyisocyanates used in this shop indicate
that these 1socyanates can cause skin irritvation and a sensitization reaction
Thus, eye and skin contact should be avoided Eye and skin protection should
be worn when handling isocyanates A manufacturer of HDI-based
polyisocyanates recommends the wse of butyl rubber gloves for handling
solutions containing these polylsocyanates *

CONCLUSTONS

The downdraft gpray painting booth appears to minimize air contaminant
exposures This booth is being operated at a flow rate between 7000 and

8000 cfm To further reduce the air contaminant concentrations in this booth,
the flow rate could be increased to as much as 12,000 c¢fm in otder to comply
with a French standard for dowmdraft spray painting booths  The ventilated
sanders eppear to effectively control dust generated during sanding

operations Respirator usage at this autobody shop is inadequate There is &
need to read, understand, and comply with the OSHA respirator standard which
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18 attached as Appendix C 1f a formal, written respirator program based upon
the OSHA respirator standard were in place, the problems with respilrator usage
neted in this report probably would not have occurred

14
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APPENDIX B
STATISTICAL ANALYSIS QF TOTAL DUST DATA

Figure El lists selected items from the statistical analysis of the total dust
concentrations The data was analyzed using the SAS General Linear Models
{GLM) procedure ** The analysis was conducted to determine whether the spray
painting gun, sampling location, or some combination af these two variables
affecred exposure Before data analysis, the logarithm of the concentration
data was taken 1n order to cobtain normally distributed residuals One value
of concentration measured under the car on January 28 from 12 55 to 13 12 was
excluded from the analysis as an outlier The concentration value for this
meagurement was 0 47 mg/m' and this appears te be a relatively low meagsurement
fot being located under the car Furthermore, when this concentration value
was included in the analysis, the residuals were not normally distributed,
indircating thatr there is something daifferent about this measurement

Item T in Figure El displays the results of the analysis of varlance which
evaluates whether the sampling location, spray painting gun, or some
combination of these two variables explained a significant fraction cof the
variability in the concentration data  For each independent variable (e g ,
sampling location, spray painting pzun, ot the Interaction between spray
painting gun and sampling location}, the GLM procedure estimetes the
probability of a larger F value, i & , the probability that chance could have
caused the observed differences in the total dust concentration in the test
chamber A low probability in the column labelled "Pr > F" indicares that the
variable affected concentration The results in Itew 1 leads to the
conclusion that spray palnting gun and sampling locstion affected
concentration The effect of spray painting pun upon concentration did not
vary with the sampling location Item 2 presente the results of a multiple
comparison test which evaluates the concentration differences among the three
sampling locations This multiple comparisen test was conducted at an overall
level of confidence of 95 percent

REFERENCES

53 SAS Institute, Inc [1988] The GLM procedure In SAS/STAT user's
guide release 6 03 Cary, NC  SAS Institute, Inc , pp 549-640
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L __________________________________________________ ]
SAS 11 29 Honday, Jure 26, 1932 11

Generel Linesr Models Procedure

ITEM 1

Dependent VYariable Ln(CONC)

Source DF Type [II 8% Mean Square F Yalue Pe > F
GUN 1 & 154435042 & 15443042 12 04 a qasa
LOCATION 2 9 B75P34B5 4 PATITLS g bA 0 0044
GUN*LOCAT10N 2 t 44143399 0 22081700 D 43 0 5409
{TEM 2

Comp Tukey’s Studentized Range (HSD) Test for veriable LCOMC

comparisons si1gnificant at the 0 05 level are indicated by Fhtes

S1mul taneous S51mul taneaus
LoWer D1fference Upper
LOCATION Confidence Between Confidence
Comparison Limt Means Limt
c - W 0 058 1 29E 2 537 A%k
C - p 0 B17 £ 004 i dck
W - C -2 537 -1 798 -0 05 W
"] - P -0 481 0 706 1 g93
P - C -3 1™ -2 004 -0 B17  ww¥
P =W -1 B93 -0 706 0 481

Note lecatian C 15 under the car, lotation P 15 the personal sample, end location W 13 next to
the wall of the spray painting booth

Figure Bl Listing of selected items from the statistical analysis of
particulate data
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APPERDIX C

RESPIRATORY PROTECTION
{Code of Federal Regulations, 29 CFR 1910 134)

{a) Permissible practice {1) In
the control of those occupational
diseazes caused by breathing air
cantaminated with harmful dusts,
fogs, fumes, mlsts, pases, smokes,
sprays, or vapors, the primary
objective shall be to prevent
atmospheric contamination  This
shall be accomplished as far as
feasible by accepted engineering
cantrol measures (for example,
enclosure or confinement of the
operation, general znd local
ventilation, and substitution of less
toxic materials) When effective
englineering controls are not
feasible, or while they are being
instituted, appropriate respirators
shall be used pursuant to the
following requirements

{2} Respirators shall be provided
by the employer when such equipment
is necessary to protect the health of
the employee  The employer shall
provide the respirators which are
applicable and suatable fer the
purpese intended  The emplever shall
be responsible for the establishment
and maintenance of a respiratory
protective program which shall
include the requirements outlined in
paragraph (b} of this section

{3} The employee shell use the
provided respiratory protection in
accordance with instructions and
training received

{b) Requirements for & minimal
acceptable program (1} Written
standard operating procedures
governing the selection and use of
resplrators shall be established

1310 134(b)(2)
(2) Respairators shall be selected
on the basis of hazards to which the
worker is exposed
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{3) The user shall be instructed
and trained in the proper use of
respirators and their limitations

{(4) [Beservad]

{5) Respirators shall be regularly
cleaned and disinfected Those used
by more than one worker shall be
thoroughly cleaned and disinfected
after esach use

(6) Respirators shall be stored in
a convenient, clean, and sanitary
location

(7) Respirators used routinely
ghall be inspected during ¢leaning
Wern or deteriorated parts shall be
replaced  Respirators for emergency
use such as self-contained devices
shall be thoroughly inspected at
least once s menth and after each
use

{8) Appropriate surveillance of
work area conditions and degree of
emplovee exposure or stress shall be
maintained

{9) There shall be regular
inspection and evaluation to
determlne the continued effectiveness
af the program

(10) Persons should not be szeigned
to tasks requiring use of respirators
unless it has besn determined that
they are physically able to perform
the work and use the equipment The
leocal physiclan shall determine what
health and physical conditions are
pertinent The respirator user’s
medical status should be reviewed
periodically {for instance,
annually)

1910 134(b){11)

(11) Approved or accepted
respirators shall be used when they
are avatilable The respirator
furnished shall provide adequate
respiratery protection apainst the
particular hazard for which it is
designed in accordance with standards



established by competent authorities
The U S Departmeat of Interior,
Bureau of Mines, and the U 5
Department of Agriculture are
recognized as such authorities
Although respirators listed by the
I § Department of Agriculture
continue to be acceptable for
protection sgainst specified
pesticides, the U § Department of
the Interior, Bureau of Mines, is the
agency now responsible for testing
and approving pesticide respitators

{c) Selection of respirators
Proper selection of respirators shall
be made according to the guidance of
American National Standard Practices
for Regpiratory Protection
288 2-1969

{d) Air quality (1) Compressed
ailr, compressed oxygen, liquld air,
and liquid oxygen used for
respiration shall be of high purity
Oxygen shall meet the requirements of
the United States Pharmacopeeia for
medical or breathing oxygen
Breathing air ghall meet at least the
requirements of the spec¢cification for
Grade D breathing air as described in
Conpressed Gas Asscociation Commodity
Specification G-7 1-1966 Compressed
oxyegen shall not be used in
supplied-air respirators aor in open
circuit self-contained breathing
apparatus that have previously used
coupressed sir  Oxygen must never be
used with air line respirators

1910 134(d4)(2)

{2) Breathing air may be supplied
to respirators from ¢ylinders or air
COMPressors

(i) Cylinders shall be tested and
maintained as prescribed in the
Shipping Container Specificatien
Regulations of the Department of
Trangportation {49 CFR Part 178)

{(1i) The compressor for supplying
air shall be equipped with necessary
gafety and standby devices A
breathing air-type compressor shall
be used Compresscrs shall be
constructed and situated so0 as ta
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avoild entry of contaminated air into
the system and suitable in-line air
purifying sorbent beds and filters
installed to further assure breathing
alr quality A receiver of
sufficient capacity to enable the
respirator wearer to sscape from a
contaminated atmosphere in event of
compresacr fallure, and alarms to
indicate compressor fallure and
overheating shall be installed in the
syatem If an oll-lubricated
compressor 15 used, it shall have &
high-temperature ar carbon monoxide
alarm, or both If only a
high-tempersture alarm is used, the
alr from the compressor shall be
frequently tested for carbon monoxide
to insure that it meets the
specifications in paragraph (d)(1} of
this section

(3) Air line couplings shall be
incompatible with outlets for other
gas SyStems to prevent inadvertent
servicing of air line respirators
with nonrespirable gases or oxygen

1910 134(d)(4)

(4) Breathing gas containers shall
be marked in accordance with American
National Standard Method of Martking
Portable Compressed Gas Containers to
Identify the Material Contained,

Z48 1-1954, Feaderal Specificaticn
BB-A-1034a, June 21, 1968, Air,
Compressed for Breathing Purposes, or
Interim Federal Specification
GG-B-00675b, April 27, 1965,
Breathing Apparatus, Self-Contained
ie) Use of respirators
{1) Standard procedures shall ke
developed for respirator use  These
should include all information and
guidance necessary for their proper
selectlon, use, and care  Possgible
emergency and routine uses of
respirators should be anticipated and
planned for

(2) The correct respirator shall be
specified for each job The
respirator type is usually specified
in the work procedures by a qualified
individual supervising the



resplratory protective program The
Individual fzsuing them shall be
adequately instructed to insure that
the correct respilirator 1is issued

(3) Written procedures shall be
prepared coverlng szfe use of
respirators in dangerous atmospheres
that might be encountered in normal
cperations or in emergencles
Personnel shall he familiar with
these procedures and the availahle

resplrators

1910 134(eX(3)(1)

(i} In areas where the wearer, with
failure of the respirator, could be
overcome by a toxic or oxygen-
deficlent atmosphere, at least one
additional man shall be present
Communications {visual, voice, or
signal linel shall be maintained
between both or all individuals
present Planning shall be such that
one individual will be unaffected by
any likely incident and have the
proper rescue equipment to be able to
assist the other{s) in case of
emergency

{ii) When self-ceontained breathing
apparatus or hose masks with blowers
are used in atmospheres immediately
dangerous te¢ life or health, standby
men must be present with suitable
rescie equlpment

{111) Persons using air line
respiraters in atmospheres
irmediately hazardous to life or
health shall be equipped with safety
harnesses and safety lines for
lifting or removing persons from
hazardous atmospheres or other and
equivalent provislons for the rescue
of persons from hazardous atmospheres
shall be used A standby man or men
with sultable self-contained
breathing apparatus shall be at the
nearest fresh alr base for emergency
TESCUE

{4) Resplratory protection is no
better than the respirator in use,
gven though 1t is worn
conscientiously Frequent random
inspections shall be conduckted by a
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qualified individual to assure that
respirators are properly selected,
used, cleaned, and maintained

1910 I3&4(e)(5)

{5) For safe use of any respirator,
it is essentlal that the user be
properly instructed in its selection,
use, and maintenance Both
superviscrs and workers ghall be so
instructed by competent persons
Training shall provide the men an
opportunity to handle the respirator,
have it ficted properly, test its
faceplece-to-face seal, wear it in
nermzl alr for & long familiarity
period, and, finally, to wear it in a
test atmosphere

(1) Every respirator wearer shall
recelve fitting lnstructions
including demonstrations and practice
in how the respirator should be worm,
how to adjust it, and how to
determine if it fits properly
Respirators shall not be worn when
conditions prevent a good face seal
Such conditions may be a growth of
beard, sideburns, a skull cap that
projects under the faceplece, or
temple pieces on glasses  Also, the
abgence of one or both dentures can
geriously affect the fit of a
faceplece The worker's diligence in
observing these factors shall be
evaluated by periodic check To
assure Proper protection, the
faceprece fit shall be checked by the
wearer each time he puts on the
respirator This may be done by
following the manufacturer’s
facepiece fitting instructions

(ii) Providing respiratory
protection for individuals wearing
corrective plasses is a serious
problem A proper seal cannot be
establighed if the temple bars of eyve
glasses extend through the sealing
edge of the full facepilece Az a
temporary weasure, glasses with shorrt
temple bars or without temple bars
may be taped to the wearer's head
Wearing of contact lenses in
contaminated atmospheres with a



respirator shall not be allowed
Systems have been developed for
meunting corrective lenses inside
full facepieces When a workman must
wear corrective lenses as part of the
facepiece, the facepiece and lenses
shall be fitted by gqualified
individuals to provide goed vision,
comfort, and a gas-tight seal

1910 134(e) (5) (111}

{ii1) If corrective spectacles or
goggles are required, they shall be
waorn so as not to affect the fit of
the faceplece  Proper selection of
equiprent will minimlze or aveld this
problem

{f} Maintenance and care of
regplratore (1} A program for
maintenance and care of respirators
shall be adjusted to the type aof
plant, working conditions, and
hazards involved, and shall include
the following basic services

{i) Inspection for defects
{including a leak check),

{11) Cleaning and disinfecting,

{iii) Repair,

{iv) Storage
Equipment shall be properly
maintained to retain 1ts original
effectiveness

{2) (i) All respirators shall be
ingpected routainely before and alter
each use 4 resplrator that 1s not
routinely used but is kept ready for
emergency use shall be inspected
after each use and at least monthly
to assure that 1t 1s in satisfactory
working condition

{1i) Self-contained breathing
apparatus shall be inspected monthly
Air and oxygen cylinders shall be
fully charged according to the
manufacturer’s instructions It
ghall be determined that the
regulator and warning devices
function properly

1910 134(£¥(2)(1idid)
{11i) Respiratecr inspection shall
in¢clude a check of the tightness of
connections and the condition of the

facepiece, headbands, valves,
connecting tube, and canisters
Rubber or elastomer parts shall he
inspected for pliability and signs of
deterioration  Stretching and
manipulating rubber or elastomer
parts with a massaging action will
keep them pliable and flexible and
prevent them from taking a set during
storage

(iv) A record shall be kept of
inspection dates and findings for
respirators maintained for emergency
use

(3) Boutinely used resplrators
ghall be collected, cleaned, and
disinfected as frequently as
necegsary to insure thar proper
protection is provided for the
wearer Respirators maintained for
emergency use shall be cleaned and
disinfected after each use

(4) Replacement ot repairs shall be
done only by experienced persons with
parts degigned faor the resplrator
Ho attempt shall be made to replace
components or to make adjustment or
repalrs bevond the manufacturer's
recommendations  Reducing or
admission valves or regulators shall
be returned to the manufacturer or to
a trained technician for adjustment
or repalr

1910 134(¢£)(5)

(5) (1) After imspection, cleaning,
and necessary repair, respirators
shall be stored to protect against
dust, suanlight, heat, extreme cold,
excesglve moisture, or damaging
chemicals  Respirators placed at
gtations and work areas for emergency
use should bz quickly accessible at
all times and should be stored in
compartments built for the purpose
The compartments should be clearly
marked Routinely used respirators,
such as dust respirators, may be
placed in plastic bags Respirators
should not be stored in such places
as lockers ar tool boxes unless they
are 1in carrying cases or cartons



(1ii) Respirators should be packed
ot stored so that the faceplece and
exhalation valve will rest in a
normal position and function will naot
be impaired by the elastomer setting
in an abnormal position

(i1i) Instructions for proper
storage of emergency regpirators,
such as gas masks and self-contalned
breathing apparatus, are found in
"use Bnd care" instructions usually
mounted inside the carrying case lad

{g) Identification of gas mask
canisters {1) The primary means of
identifying a gas mask canister shall
be by means of properly worded
labels  The secondary means of
identifying a gas mask canlster shall
be by a color code

L9100 134{g)(2)

(2} All who 1issue or use gas masks
falling within the scope of this
section shall see that all gas mask
canisters purchased or used by them
are properly labeled and colored in
accordance with these requirements
before they are placed in service and
that the labela and colors are
properly maintained at all times
thersafter untail the canisters have
completely served their purpose

{3) Un each canister shall appear
in bold letters the following

(1} - Canister
for
{Name for atmospheric contaminant)
or
Type N Gas Mask Canister

{11} In addition, essentially the
following wording shall appear
beneath the appropriate phrase on the
canister label "For respiratory
protection in atmospheres containing
not more than Percent by
volume of .

Name of atmospheric contaminant)

1910 134(g){4)
{4) Canisters having a special
high-efficiency filter for protection
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against radionuclides and other
highly toxic particulates shall be
labeled with a statement of the type
and degree of protection affprded by
the filter The label shall be
affixed to the neck end of, or to the
gray stripe which 1s around and near
the top of, the canister The degree
of protection shall be marked as the
percent of penetration of the
canister by a {} 3-micron-diameter
dicetyl phthalate (DOP) smoke at a
flow rate of 85 liters per minute

{5) Each canister shall have a
label warning that gas masks should
be used only in atmospheres
containing sufficient oxygen to
support life {at least 16 percent by
volume)}, since gas mask canisters are
only designed to neutvralize or remove
contaminants from the air

({6) Each gas mask canister shall be
painted a distinctive color or
combination of colors indicated in
Table I-1 All colots used shall be
such that they are clearly
identifiakle by the user and clearly
distinguishable from one anather
The color coating used shall offer a
high degree of resistance ta
chipping, scaling, peeling,
blistering, fading, and the effects
of the ordinary atmospheres to which
they may be exposed under normal
conditions of storage and use
Appropriately colered pressure
sensitive tape may be used for the
stripes



TABLE I-1

Atmospheric contaminants Colors assigned(l)

to be protected against

White

White with L/2-inch green stripe
campletely around the canister
near the bottom

White with 1/2-inch yellow stripe
completely around the canister
near the bottom

Black

Green

Green with 1{2-inch white stripe
completely around the canister
near the bottan

1
1
1
1
i
i
Acid gases )
g

1

]

!

)

1

|

r

I

I

1

|

1

i

]

]

1

1

\

Carbon Monoxide ! Blue

i

1

1

1

1

1

1

1

1

1

]

1

1

1

]

]

]

t

t

I

i

1

1

i

1

1

H

1

1

Hydrocyanic acid gas
Chlorine gas

Organic vapors
Ammonia gas
Acid gases and ammonia gages

Acld gases and organic vapors Yellow

Hydracyanic acid gas and chloropilcrin Yallow with 1/2-inch blue stripe

vapoTt completely around the canister
near the bottom

Acid gases, organic vapors, and ammonia

gages

Radioactive materials, excepting

tratium and noble gases

Particulates {dusts, fumes, mists,

fogs, or amokes) in combination with

any of the above gases or vapors

Brown

Purple (Magenta)

Canister ceclor for contaminant, as
deslgnated above, with 1/2-inch
gray stripe completely around the
canlster near the top

Red with 1/2-inch gray stripe
completely around the canister near
the top

All of the above atmospheric
contaminants

Footnote(l} Gray shall not be assipgned as a maln color for a canister
designed to Temove acids or vepors

NOTE Orange shall be wvsed as a complete body, or stripe color to

represent gases not included in this table The user will need to refer to
the canister label to determine the degree of protection the canister will
afford

{Approved by the 0ffice of Management and Budget under control number

1218-0099} [39 FR 23502, June 27, 1974, as amended at 43 FR 49748, Oct 24,
1975, 49 FR 5322, Feb 10, 1984, 49 FR 18295, Apr 30, 1984)
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