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SUMMARY

At this autobody shop, Hational Institute for Occupational Safety and Health
{¥I08H) researchers evaluated the abilaity of the following equipment Lo
control or reduce worker exposure to alr contaminants wentilated sanders, two
vehicle preparation stations, s spray painting booth, and high-volume, low-
pressure (HVLFP), spray-palnting guns  Orbital and an-line sanders were
evaluated while operating with their ventilation system connected and
disconnected Three types of spray palnt guns were used HVLP, gravity feed,
and siphon cup  Alr sampling was conducted during sanding and spray painting
operations Ventilarion measurements were made to document ventilation system
performatice  Video exposure monitoring (concurrently videotaping a worker's
activities and instrumentally monitoring a worker’s ailr contaminant exposutre)
was conducted during two sanding operations and four paint jobs in the spray
painting booth

Sanders equipped for high-velocity, low-volume (HVLV) vent:ilation were
evaluated In these sanders, air 1s exhausted through holes in the sandpaper
and sanding pad In addicdion, samples were ccllected while nonventilated
sanders were used Ventilated sanders are connected to one of eighteen
outlets from a central vacuum system  When ventilated sanders were used,
total dust exposures were below 2 mg/w’ An aerosol photometer was used to
monitor a worker's dust exposure while he used an in-line and an orbital
zander with and without ventilation These measurements showed that che
sander’s ventilation redunced relative dust concentrations by a factor eof 20

Twoe semi-downdraft vehicle preparation stations were studied At the vehicle
preparation station, the car to be repaired is placed under an air shower

The air shower consists of an mair distributicn plenum and filters through
which the air flows The air flows cut of the air shower, over and around the
cat or object being painted, and toward a seceond set of filters located near
the floor at the far end of the sration Then, the air can be recycled back
into the air distribution plenum for the air shower  However, the workers
usually did not use thas "recycle mode" and the contaminated air 1s discharged
through a duct to the outside of the bullding In this mode of operation, the
air shower 1s not used Each station operated at about 12,000 cfm and air
velocities were 100 fpm within 4 feet of the exhaust face  When these
atations were used for painting, overspray escaped into the surroundang areas,
potentially exposing the painter and other workers in the area (One air
sample exceeded Oregon’s permissible ceiling exposure limit for HDI
polyisocyanates of 1 mg/m® The Cccupatiomal Safety and Health Administration
{OSEA), NIGSH and American Conference of Govermmental Industrial Hygienists
{ACGIH} have not yet developed exposure limitg for prepolymerized
diisocyanates Heither the sum of individual personal solvent concentrations
not the rotal dust concentrations exceeded OSHA permissible exposure limits
(FELz} or NIOSH recommended exposure limits (RELs)

In the downdraft spray painting boeoth, air enters the booth through a plenum
extending the full length and width of the ceiling The air passes down over
and around the vehicle and is exhausted from the booth through an ¢pening in
the flaer that is the full length and width of an average vehicle The
contaminated air 1s discharged through a duct to the outdeoors  The booth
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operated at 12,000 cfm, pear its designed flow rate of 14,000 ¢fm  The air
velocity around cars in the booth ranged between 45 to 130 fpm  When the
workers painted the side of the car, the ventilation tended to keep the
overapray away from the worker  When the workers pailnted the sides of cars 1n
this booth, isocyanate and polyisocyanate concentrations did not exceed the
Oregon’s or the United Kingdom'e standard exposure limits for polyisocyanates
Neither the sum of the individual personal solvent concentrations nor the
total dust concentrations exceeded 0SHA PELs cor NIOSH RELs

In the gpray painting booth, the concentration data was evaluated to determine
whether the type of spray painting gun affected total dust concentrations

This analysis was €éone becaunse the HVLY spray palinting guns are reported to be
more efficient than other types of spray painting guns  The results of the
study show that the HVLP spray painting puns were not associated with
significantly lower total dust concentrations However, the fraction of the
time that the different puns were ugsed during the sampling periode was found
to be an important covariate To some extent, the obsetved difference between
the different types of spray painting guns ig being affected by differences in
the faction of time spent paint for the two different guns  After adjusting
for the effect of this covariate, there is about a factor of Z difference in
the total dust concentrations attributed to the type of spray painting gun
However, this difference is not statistically significant (prob >t} = 19)
Thus, one can not make a conclusion as to whether spray painting gun affects
exposure to paint overspray

Even though this booth controls wmuch of the worker's exposure to paint
overspray, respiratory protection is still needed because the booth does not
completely control the worker’s exposutre to overspray Furthermore, air
velocities caused by the spray guns appear to be much higher than the booth's
air velocitieg, resulting in some risk of inadvertent overspray expogure The
respirator program, as required by OSHA's respiratory protection standard
{29CFR1910 134}, 1is lacking at this body shop



INTRODUCTION

The National Institute for Qcgupational Safery and Health (NIGSH) 1= the
prinary federal organization engaged in occupational safety and health
reseatrch Located in the Department of Health and Human Services (DHHS), it
was established by the Occupaticnal Safety and Health Act of 1970  This
legislation mandated NIOSH to conduct a number of research and education
proprams separate Ifrom the standard setting and enforcement functions
conducted by the Occupational Safety and Health Administration {0SHA) in the
Department of Labor An important area of NIOSH research deals with methods
for controlling occupational exposure to potential chemical and physical
hagards  The Engineering Control Technology Branch [ECTB) of the Division of
Physical Sciences and Engineering has been given the lead within NIOSH to
study the engineering aspects of hazard control

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

This study of autobody repair was undertaken by ECTIE to provide informatiom on
control technology for preventing occupationsl disease in thils industry This
preject 1s part of a NIGSH special dnitiative on small business and involves
developing and evaluating control strategles and disseminating control
technology information to a small business  Several types of candidate small
businesses with potential hazards were originally identified from letters from
0SHA state consultation programs These letters, along with state
consuwltation program contacts, discussions with the Division of Sutveillance
Hazard Evaluations and Field Studies (DSHEFS} and the Division of Respiratory
Pisease Studies (DRDS), and literature reviews i1dentified a list of small
businesses suiltable for control technology studies  From thie list of small
businesses, autobody repair and pailnting shops were one of several potential
workplaces that were selected for study

The objective of this study of autobody repair and palnting shops 1s to
provide these shops with informaticon zbout practical, commereilally-available
methods that control worker exposures to air contaminants (e g , isocyanates,
refined petroleum solvents, spray paint mists, and airborne particles) To
develop this information, commercially available control methods must be
evaluated in actual shops Control 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
available literature  This control technology information will rhen be
drsseminated to autobody workers, owners, and operators of autcbody repair and
painting shops, and safety and health professionals

As part of this overall study, techniques for controlling alr contaminants
generated during painting operations are being studied At this particular
body shop, ventilated sanders, two vehicle preparation stations, a downdraft
spray palnt booth, and two types of spray painting guns were studied
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SHOP DESCRIPTION

There are five bady repair technicians, three painters, and two general shop
personnel (parts man, shop jamitor, etc }, and three office wotkers in this
autobody shop As part of general maintenance, one man 1s assigned to
conttimmousty clean the autobody shop  Also, every two months, the walls of
the shop are cleaned using a pressure washer

The shop opened in 1990 and repairs and paints 25 to 30 vehlicles per week
Approximately 10 percent of the paint jobs involve the roof, 40 to 50 percent
the hood and trunk sides, and practically all af the jobs involve the sides of
a vehicle  The layout of the shop 15 1llustrated in Fipure 1 In the surface
body repair area, the vehlele’'s structural damage 1s repaired This involves
sanding, grinding, and welding Sanding involves the removal of old paint or
excess body filler compound to provide a smooth surface for the paint  Both
ventilated and nonventilated sanders are ugsed Afrer the vehicles are
repaired, they are moved to the paint preparation area and readied for
painting  Some sanding with ventilated and nonventilated sanders can also
take place in this area of the shop After the vehicle’s surface has been
prepared and masked as needed, it 18 painted in the downdraft spray paint
booth
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Both ventilated and nonventilated sanders were used in this shop  The
ventilared orbital sander (Industrial Pneumatic Speed Sander, Hutchins
Manufacturing Company, Pasadena, CA) has a 6" diameter disk and six holes
punched in the sandpaper The nonventilated ovbital sander (DAQ, Natianal
Dettoit Inc , Rogkford, IL) also has a 6" diameter disk  The wventilated
in-line sander (Hustler, Pasadena, CA) {5 a single piston drive sander with a
3" by 16" sanding surface and 18 holes punched in the sandpaper  The
ventilated sanders are connected to a central vacuum gystem {EG&G Rotron,
Model DRTOT70849XY As part of the system, a cyclone separator is wsed <o
collect patrticulates before discharging the air outdoors  The central vacnum
system has nine hockups with a double outlet on each hockup  These hookups
extend the length of the Surface Body Area and into the FPreparation Area  The
measured pressure at each hookup is about 6 inches of mercury

In 1990, two "Welbilt" F B {no model number) semi-downdraft wvehicle
preparation stations were installed Its dimensions are given in Figures 2
and 3 The vehicle and/or parts are positioned under the overhead arm and
near the exhaust filters When painting is done at this station, the
ventilation system is operated inm the "exhaust wmode", the air is exhausted
through filters and a duct leading to the outside of the building After
painting, the worker leaves the ventilation system running in the exhaust

mode  The station can alsc be operated in the "recycle mode " When the
damper 15 closed, the exhausted airflow 1s redirected into the ovetrhead amm
plenum, through a second set of filters, down, over, and horizontally pass the
object{s) being sanded or painted, and back through the exhaust filters at the
floor level The painters normally do not use the recycle mode because
solvent vapors would be regirculated

In 1990, an above ground, downdraft spray painting booth with ramp access was
Installed {See Figure 4 ) This spray painting booth is a "Welbilt" F B
(Model 90} The 1inside dimensions of the spray painting booth areas fellows
131 feet wide, 23 feet long, and 8 25 feer high  There are two fans, each
rated at 14,000 c¢fm The first fan draws air through filters at the intake
and pushes alr through duct work, an air distribution plenum on the roof of
the booth, and filters in the ceiling of the beoth In the booth, the air
flows down, arpund the vehicle, and through a third set of filters located in
the floor of the booth (see Fipgures 4 and 5) The second fan is downstream of
the booth and pushes air through a duct which leads to the roof cf the
building The empty booth 15 designed to operste at a static presgsure of

+0 25 inches relative to the room

According to the shop manager, the sir supply filters in the ceilang of the
paint boeth and preparation station are changed annually in autumn  The
exhaust filters and the filters for the heat exchanger are changed weekly At
the start of the study, the exhaust and heat exchanger filters wers 10 days
0ld and were not changed duraing the study The painters observed more dust on
painted surfaces when the filters are two or more weeks old

After the vehicle andfor parts to be painted are positioned in the spray
painting booth, the doors are closed and the ventilation system is turned on
Then, the painter fills his spray gun, enters the booth and connects the gun
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to an air line After the vehicle or part{s} have been painted, the worker
leaves the painting chamber and switches the booth te the curing cycle to cure
the paint at temperatures of 120° to 140°F During the curing cycle, airflow
15 teduced with ahout %0 percent of the exhaust air being recycled

To apply the primer, paint, and clear coat, the painters used & variety of
spray painting guns The HVLP, spray-painting gun is a Mattson Atom-Migser™
{(Model LP-DC), the gravity-feed, spray-painting gun 1s a DeVilbizs (Model GFG
5303), and the siphon-cup, spray-painting guns are a DeVilbiss (Model JGA 502)
and a Binks (Model 7 and Model §2)

In the HVLP, spray-painting gun, controlled air pressure is supplied to meter
the flow of paint into the orifice where atomization occurs  The air pressure
at thas point is less than 10 psa Reportedly, HYLP spray guns are much more
efficient at transferring the paint from the gun to the car than for the
siphon cup or gravity feed spray painting guns HVLF guns are believed to
have a transfer efficiency of at least 65 percent Some air pollution control
districts require the use of spray painting equipment wicth a transfer
efficiency of at least 65 percent *

In a siphon cup gun, the acceleration of the airfleow through an orifice causzes
a reduction in static pressure The reduced static pressure causes the paint
to flow from the cup Ilnto the orifice where the paint is atomized  Air
pressure at the atomization orifice 1s typlcally 65 pei

Gravity feed puns were infrequently used in this shop In & gravity feed gun,
the paint reservoirr is im a cup on top of the spray gun and gravity assists
the flow of paint to the orifice where atomization takes place The air
pressure at the orifice of these puns 1s typically 40 to 50 psi Some
manufacturers believe that gravity feed guns produce less overspray than
conventional siphon cup guns

In this shop, most pzinting jobs involve the application of a primer (1 coat},
base coat {3 coats), and clear coat (3 coats) Typically, the base coat
contains colored pigments and carrier sclvents  Fer the paint jobs observed
during this study, the material safety data sheets for the base coats used
listed the following metals chromium, tilckel, antimony, and titanium A
clear coat 1is applied over the base coat Clear coat is compesed of the
following two components a clear and a2 hardener The clear is based upon
polyurethane or polyol and acrylic resins The hardener containsg
polyisocyanates which are trimers of hexamethylene diisocyanate

RESPIRATOR USAGE

In this shop, respirators are supplied and inspected by local representatives
of Zee Medical (Irvine, CA) Zee Medical supplies half-face plece respirators
which are manufactured by Glendale (NIQSH approval number 21TC23-8B)
Regpirators not being used are stored in a metal cabinet which has a space for
each worker’s respirators Zee Medical used gqualitative fir tests to select
respirators for each individual in this autobody shop However, two painters
had partial beards which would interfere with the seal between the tespirator
and his face  These workers would receive inadequate protection from their
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resplrators * Zea Medical does not fit test workers with beards which
interfere with respirator fit This autobody shop did not have a written
respirator proegram  According to advertisements, Zee Medical can provide a

fill-in-the-blanks, generic, written respilrator program for thelr customers

Each worker 1s responsible for keeping his respirator clean and the filters
changed  Cleaning tanges from wiping with a dry or wet rag, to using water,
soapy water, or a glass cleaner The freguency of filter changes varied from
twice a week to cnce every two weeks Most of the workers were clean shaven
The workers were given some instructions on how to properly wear and clean
their respirators However, tha company’'s respirator preogram, ag compared to
that described by OSHA standards,’ appears to be incemplete

POTENTIAL HAZARDS

The International Agency for Research on Cancer (IARC) has reviewed the hezlth
effects associated with painting operatioms * In the ILARC publication, the
term "painters" included workers who apply paint to surfaces during
construction, furniture manufacturing, automebile manufacturing, metal
products manufacturing, snd autobedy refinishing After reviewing a wide
range of publications, they concluded that "There is sufficient evidence for
the carcinogenicity of occupational exposure as a painter " In addition, they
noted that painters suffer from allergic and nonallergic contact dermatitis,
chronic bhronchitis, asthma, and adverse central nervous system effects

Workers involved 1n autobody repair at this shop are potentially exposed to a
multitude of air contaminantg  During structural repailr of a wvehicle,
activities such as sandaing, grinding, and welding generate aercsols which are
released into the worker's breathing zone  If the surface of the vehicle
contains toxic metals such as lead, cadmium, or chromium, expesure to these
metals 1s possible Workers who paint cars are potentially exposed to organic
golvents, hardeners which may contain isocyanate resins, and pigments  Health
effects attributed to the exposures to specific chemicals are discussed in
Appendix A

EXPOSURE EVALUATION CRITERIA

As a guide to the evaluation of the hazards posed by workplace exposures,
NIOSH freld steff use exposure limits as evaluation criteria for assessment of
a number of chemical and physical agents These criteris are intended to
suggest levels of exposure to which most workers may be exposed up to 10 hours
per day, 40 hours per week, for a working lifetime withoutr experiesncing
adverse health effects Table 1 summarizes exposure lipits for air
contaminants which may be present in this autcbody shop It 15 important to
note that tot all workers will be protected from adverse health effects if
their exposures are maintained helow these levels A small percentage may
experience adverse health effects because of i1ndividual susceptibility, a
preexisting medical condition, andfor a hypersensitivity (allergy)
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The primary sources of envirommental evaluation criteria in the United States
that are used for the workplace are 1) NIOSH Recommended Exposure Limits
{RELs}, 2) the Americen Conference of Govermmental Industrial Hygienists’
{ACGIH) Threshold Limlt Values (TLVs), and 3) the U § Department of Lahor
(0SHA) Permissible Exposure Limits {(PELs} The OSHA PELs are required to
consider the feasability of controlling exposures in various Industries where
the amgents are used, the WIOSH RELs, by contrast, are based primarily on
concerns relating to the prevention of cccupational disease  ACGIH Threshold
Limit Values (TLVs) refer to airborne concentrations of substances and
represent conditions under which it is belisved that nezrly all workers may be
repeatedly exposed day afrter day without adverse health effects  ACGIH states
that the TLVs are guidelines It should be noted that 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, OSHA was enforcing the exposure limits listed in
Table 1 Most of these exposure limits were revised in a 1989 revision to the
Air Gontaminants Standard (29 CFR 1910 1000) In July 1992, the 11lth Circuit
Court of Appeals vacated this standard OSHA iz currently enforcing the
version of the Air Contaminants Standard which was in effect before 1989,
however, some states operating their own 0SHA-approved job safety and health
programs will continue to enforce the 1989 limits 0SHA continues ro
encourage employers to follow the 1989 revisions

In additien, some hazardous substances may act in combination with other
workplace exposures, the general environment, or with medications or persomal
habits ¢f the worker to produce health effects even if the occupational
expasures are controlled at the level set by the evaluarion ¢riteria  These
combined effects are often not considered in the evaluation c¢riteria  Also,
gome substances are ebsorbed by direct contact with the skin and mucous
membrangs and thus, potentially increase the averall exposure  Finally,
evaluation criteria may change over the years as ney informaticn on the toxic
geffects of an agent become available

A Time-Weighted Averape (TWA) exposure refers to the average alrborne
concentration of a substance during a normal 8- to 10-hour workday  Some
gubstances have recommended short-term exposure limits or ceiling values that
are intended te supplemsnt the TWA where there are recognized toxic effects
from high short-term exposures

Generally, spray painters are exposed to multiple sclvents To evaluate
whether the total solvent exposure is excessive, a combined exposure, C,, 1is
computed

S, ., % (L)

R
L L

Cp = —2
E L:_

Where C, = Exposure to an individual contaminant, and
L, = The lowest expcsure limit for a specific component listed
in Table 1



If the value of C; is less than 1, the combined exposure 1s believed to be
acceptable

OTHER ENVIRONMENTAL EVALUATION CRITERIA

Although health effects arxe attrabuted to prepolymerized diisocyanates, OSHA,
NIOSH and ACGIH have not yet developed exposure limit values for these
substances ' The Oregon Qccupational Safety and Health Adminisctration has
adopred an exposure limit of 1 mg/m® as a ceiling and am 8-hour time weighted
average of 0 5 mg/w’* for exposure to HDI polyisocyanates * These
polyisocyanates are the biluret trimer of HDI (HDI-BT) and the iscocyanurate of
HDI  These exposure limits were set to protect workers from pulmonary
irritation and are the same exposutre 1limits published in the manufacturer’s
material safety data sheet ' In contrast, Sweden hes & 5 minute short-term
exposure limit of 0 2 mg/m® for occupational exposure to hexamethylene
diisacyanate biurer !!

The United Kingdom'g Health and Safety Executiye (HSE) has specified a contral
Jimir fer occupaticnal exposure to diisocyanates and oligomers of these
diisocyanates ' In reviewing the health effects associated with isocyanate
exposure, the HSE assumed that the health consequences of inhaling aerosols
containing -N=C=0 (NCO)} functional groups are not different from imhaling
diisocyanate monomers  As a result, the HSE has specified the following
control limlts for NCO functional groups in the air

1 An 8-hour Time Weigphted Average of 20 ug/m’, and
2 A l0-minute ceiling limit of 70 ug/w’

During spray painting operations, occupational exposure to isocyanates
frequently exceed these control limits M

EVALUATION PRDCEDURES

The objectives of this site visit was to evaluate the ability of the following
equipment ta control or minimize worker air contaminant exposure  ventilated
sanders, semi downdraft vehicle preparation stations, a downdraft spray
painting booth, and HYLP spray painting guns This was acccmplished by
conducting air eontaminant exposure monitoring and video exposure mothitoring
Alsa, ventilation measurements were made to decument airflew volumes through
the sanders, within the preparation station work area, and in the spray
palnting booth

AIR CONTAMINANT EXFOSURE MONITORING

NIOSH Method 0500 was used to measure the worker's total dust exposure " A
known volume of air is drawn through a preweighed PVC filter  For paintaing
operations, a flow rate of 5 0 liters per minute was obtained by using a
personal sampling pump {Aircheck Sampler, Model 224 -- PCXR7, SKC Inc, Eighty
Four, PA) For ganding operatlong, a flew rate of 13 liters per minute was
obtained by wusing a critical flow orifice and a vacuum pump which maintained a
vacuum of 20 teo 25 inches of mercury downstream of the eritical flow orifice
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The weight gain of the filter is used to compute the milligrams of dust per
cubic meter of air After weighing, the fillters were analyzed for lead,
antimony, chromium, nickel, and titanium The metals on each filter were
analyzed using a modification of NIOSH Method 7300 ' Modifications to NIDSH
Metheds 0500 and 7300 are presented in Appendices Bl and B2

Material safety data sheets were reviewed to identify organic solvents which
may be present during spray painting Exposure measurements were made for the
following solvents  butyl acetate, ethyl acetate, toluene, and xylene  The
gsamples were collected by placing charcoal tubes (SEC lot 120) in a charceal
tube holder and mounting the charceal tube holder on the worker  Tubing
connected the charcorl tube holder to a personal sampler pump {(Model 200,
Dupont Inc )} operating at 200 cm’/min  NIOSH Methods 1450 and 1501 were used
to determine the mass of organic solvents abscrbed onto the charcoal **
Modifications to this method are presented in Appendix B3

During spray painting operaticns involving the use of isocyanate hardeners,
the concentration of hexamethylene diisocyanate and its trimer were monitored
by using NIOSH method 5521 '* Although this method specifies a flow rate of

1 liters per minute, alr samples were collected at a sampling rate of 2 litets
pet minute in order to increase the sample wolume  The impinger contains a
goluticon of l-(Z-methoxyphenyl)piperazine, which reacts with the 1isocyanate to
form ureas, 1n toluene The concentration 1s 43 mgfL The ureas are
quantitated by high pressure liquid chromatography by NIQSH method 5521

Because analytical standards ate not available for trimetrs of diisocyanate
monomers, the NIDSH method extrapolates the calibration curve for the
hexamethylene Ailsocyanate monomer to the prepolymers  According to the paint
manufacturer, the hardener is manufactured by diluting Desmodur N 3300 (Mobay,
Pittsburgh PA) or Tolonate HDT 90 (Rhone Poulenc, Princeton, NJ) with organic
solvents  According to the material safety dara sheets, Desmodur N 3300 is
nearly 100 percent by mass, respectively, the is¢ocyanurate trimer of HDI {CAS
NO 28182-81-2) and Teolcnate HDT 9C 1s 90 percent by mass the trimer of HDI
(CAS ND 3779-63-3) ¥ !" The HDI monomer 1s less than 0 2 percent of the

total welight of these products The results of NIOSH method 5521 are reported
in terms of mass of isocyanate per sample Since monomer standards are used
to quantitate the peak areas for the prepolymers, a limit of detection (LOD),
for HDL prepolymers could not be calculated directly Modifaication= to NMIOSH
Method 5521 are presented in Appendix B4

The ultra viclet (UiV) response obtained during the NIDSH 5521 analysis method
was used to obtain the mass of the isocyanate trimmers in the air sample
Analytical standards were made by diluting the Deswodur N3300 and Tolenate HDT
90 into the NIOSH Method 5521 impanger solution  After sitting for three days
these standards were prepared the same as the samples  Samples were
gquantitated by UV detection  These results are reported in terms of mass of
Desmodur M33C00 or Tolomate HDT 94 per sample
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For spray painting operations, air samples were collected at three of the
followlng sampling locations

1 On the upper part of the worker’s chest, outside of any regparatory
protection that the werker might be wearing,

2 On the side of the spray painting booth, and

3 Near the exhaust filters In a downdraft booth, this sampling
location wag under the object being painted In a crossdraft or
seni-downdraft booth, this location wag in front of the filters on the
back of the booth

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

VIDED EXPOSURE MONITORING

Video exposure monltoring was used to study in greater detail how specific
tasks affect the worker's exposure to the air contaminants ! Worker
exposures were monitoted with direct reading instruments and their analog
output were recorded with a data logger Workplace activities were
simultaneously recorded on videotape  The analog cutput of the real-time
instruments was connected to a data logpger {Rustrak Ranger, Gulton, Inc , East
Greenwich, RI) When the data collection was completed, the data logger was
downloaded te a portzble computer {Compaq Portable 111, Cowmpaq Computer
Corporation, Houston, TX) for analysis

Durang sanding operatrions, the Hand-held Aerosol Monitor {HAM, PFM Inc ,
Knoxville, KY} was used to measure rtelative dust concentrations The aerosal
scatters the light emitted from a light-emitting diode  The scattered light
15 detected by & phorommliiplier tube  The anslog cutput of the HAM is
proportional te the quantity of the scattered light detected by a
photomultaiplier tube Because the calibration of the HAM varies with aerosal
properties such as refractive index and particle size, the analog output of
the HAM is Teported as a relative dust concentration A personal sampling
punp {Aircheck, SKC Inc , Eighty Four, PA) was used to draw air through the
HAM’e sensing chember at a rate of 3 5 lpm

During spray painting, a Photovac TIP LT (PHGTOVAC Inc, Thornhill, Ontario)
was used t¢ monitor worker solvent exposure The analog output of the
Microtdp is propettional to the concentration of lonizable compounds in the
a1t  Because the instrument's response varies with the composition of the
organlc solvents in the air, the analog outpur of the Photovac is reported as
relative concentrations Because of fire safery considerations, this
ingtrument was located outside of the spray painting beoth  Teflon® tubing
(aAlltech Associates, Deerfield, IL), 0 125" inside diameter and 45 feet long,
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
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sampled air into a glass tee  The Photovac then sampled the air in this glass
tee

VENTILATION MEASUREMENTS

The exhaust flow tates from the ventilated sanders were measured in the
apparatus 1llustrated in Figure 6 The exhaust flow rate was measured when
the sanders were off, when they were on (but not sanding), and when they were
ganding metal located on the floor of the apparatus The air velocity in the
exhaust duct was measured uslng a hot wire anemometer {(Kurz Digital Adlr
Veleoclty Meter Model 1440-4, Furz, Carmel Valley, CA) The exhaust flow rate
was calculated as the praduct of the duct’s cross-sectional area and the
average velocity in the exhaust duct

At the vehicle preparation statioms, the hot wire anemometer was used to
measure alr velocities at the face of the inflaow filters in the overhead arm
and at the face cf the exhaust filters Airflow volumes were calculated from
the measured face velocities and the face area of the inflow and exhaust
filters An eighteen-point traverse was made across Inflow fillters and a
24-poant traverse across the exhaust filters  The velocitles were averaged
and the total inflow and exhaust calculated The velocities at 4, 7, and
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Figure & Apparatus for measuring air volumes through ventilated sanders
FOTE The air flows into this box through the 4" diameter duct
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14 feet from the exhaust filters and under the overhead arm were also measured
while the system was operating in the exhaust mode, recycle aff  Smoke tubes
were used to trace the airflow patterns in the area under the overhead arm

In the spray painting booth, the hot wire anemometer was used to measure air
velacities at the face af the Inflow filters in the cefling, the face of the
exhaust filters under the grates in the floor, and at several points around a
car Alr volumer were calculated from the measured face velocities and the
face area of the Iinflow and exhaust channels in the ceiling and floor of the
booth A Beventy-point traverse was made across ceiling and a 40-point
traverse across the exhaust grate in the floor  The velocities were averaged
and the total inflow and exhaust calculated The velpcities at several
points, 18" from a vehicle's surface, were also measured  Smoke tubes were
used to trace the airflow patterns 1in the spray paincing booth  An 1inclined
manometer was used to measure the statie pressure in the booth during normal
painting oparatians

RESULTS - VENTILATED SANDERS
VENTILATION MEASUREMENTS
Table 2 lists the exhaust flow rates measured for the ventilated sanders
Because the compressed air used to drive these sandets 1s exhausted through

the sander’s exhaust port, net exhaust ventilation rates dectrease somewhat
when the sanders are in use

Table 2 Exhaust flow rates for ventilated sanders

Type of Sander

Operation Hutchina Orbital Hustler In-line
(6" diameter, b hole) (3" x 1a", 18 hole)
{cfm) (cfm)
Sander running without
touching bottom of box 48 16
Light sanding z7 le
Heavy sanding 26 18
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AIR SAMPLING RESULTS

Table 3 summarizes the total dust concentrations measured during sanding
operations None of the personal sample measurements exceeded the OSHA PEL of
15 mg/m®, ranging from 0 22 to 1 9 mg/w®, (Appendix ¢, Table C2)  Sampling
pericds ranged from 6 to 27 minutes During the first measurement reported in
Table 3, a nonventilated sander was uzed at the wvehicle preparation statiom
with the statlon’s exhaust ventilation on and the recycle off  During this
time pericd, the operator kepr the dust source between himself and the
station's exhaust The parts wetre set-up at a distance greater than 7 feet
from the prep-statlons exhaust filters  Based upon the ventilation
measurements present in Figure 7, the air velocities are toc low to cantrol
the workers dust exposure The ventilated in-line and orbital sanders were
primarily used in the surface body repair area During the last measurement
reported in Table 3, a worker used a floor fan to move the airborne dust away
from him and toward the area sample During this time period, the fleor fan
dispersed the vislible plume of dust throughout the shop and a concentration of
% 8 mg/m’ was measured 1in this plume

Teble 3 Summery of dust sampling repults during sanding operations

Range

Sander Surface Control N Personal Atea
(mg/m®) {mg/m'}

Orbital paint Unventilated sanding at the | 1 12 012
vehicle preparation station
In-line | body filler Ventilated 3 022 - 0 093
compound 0 b7 -0 21
In-line | body failler Unventilated 1 119 9 B
compound J
—— —

VIDEQ EXPOSURE MONITORING RESULTS

Figures 7 and & depict the relative dust concentrations (based upon aercsol
photometer measurements) measured on the worker’s chest during twe sanding
operations on the same door using two ventilated sanders In each case, body
filler compound on the same car door was being sanded Alseo, there was a
floor fan blowing air toward the sanding operator Combinations of the floox
fan (on and off) and the sander’s ventilatien {on and off) were compared to a
baseline of the average relative exposure during the nonsanding activities
With both the fleor fan and sander ventilation off, relative dust
concentrations were abonut 20 times higher for both the in-line and rotary
sanders than the relative dust ¢oncentrations measured with sander ventilation
on and the floor fans off Changing the sander paper on the nonventilated
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sanders causes the relative dust exposure to increase by an order of magnitude
over the relative concentrations measured when the ventilated sanders are 1in
use  When either the floor fan, the sander ventilation, or both were
operating, the relative duat concentrations were within a factor of 2 or 3 of
the relatrdve dust concentration measured when there was no activity These
results indicate that sanding with the wventilated sanders control dust
exposures to approximately 95 percent of levels when the unventilated sander
is used When the floor fan is on and the sander ventilation off, dust being

generared iz dispersed to other areas of the shop and thie eleveres the dust
exposure of all who are in the body shop

RESULTS - VEHICLE PREPABATION STATION
VENTILATION MEASUREMENTS

Based upon the air velocities at the exhaust filter face and the filter area,
the exhanst volume for the left and the right filters were, tespectively,
12,200 and 12,400 cfm  Because these stations were used for painting, the
airflow patterns at the vehicle preparation were characterized with the air

being exhausted to the outslde of the building These results are shown in
Figure 9
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Figure 9 Alr velocities and pbservations of swoke motion at the vehicle

preparation station when air shower is not in uge
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AIR SAMPLING RESULTS - VEHICLE PREPARATION STATICH

Table 4 summarlzes the total dust coacentrations measuted at the vehicle
preparation area {recycle mode 9ff) during painting operations using a siphon
cup spray paint gun At this operation, the concentratien measured on the
worker was about 50 percent of the concentration measured at the exhaust
filter This indicates that the vehicle preparation station’s ventilatlen dad
not separate the worker from the paint overspray Furthermore, the survey
team observed cverspray drifting towards other parts of the shop and coating
other objects next to the spray peinting operation  Although not recorded,
most of the painting was done at distances greater than 5 to 6 feet from the
exhaust filters where the air velocity toward the exhaust filter was less than
S0 fpm which 1s too low to overcome random air motion *°

Table 4 Summary of Total Dust Concentrations at the Semi Downdraft
Vehicle Preparation Station
Geometric Mean | Geometric Standard Range Grouping

Location (GM) (mg/m’) Deviation (GSD) {mg/m*)
background 0 19 31 g 10-0 71 A
neatr filters 4 B 21 2 7-11
personal 2 4 35 0o 32-8 2 B

* Geometric means with different letters differ significantly Multiple

comparison test conducted at an overall level of confidence of 93 percent

None of the total dust concentrations measured on the worker excesded the OSHA
PEL of 15 mgfm’, ranging from 1 8 to 8 2 mg/m®, (Appendix €, Table Cl)

Nickel was detected on one personal sample and titanlum was detected on a
second pexrsonal sample at or above the level of their detection limits, 0 5 pg
for nickel and 0 3 pg for titanium None of the exposures to metals exceeded
the NIOSH RELs

Based upon the combined environmental ¢riteria listed in Table I, the combined
personal exposures {(C;) are less than 1 indicating that the solvent exposures
were below acceptable limats One of three samples exceeded the Oregon’s
ceiling exposure limit standard for HDI palyisocyanates of 1 mg/m* MWone of
the samples exceeded the United EKingdom’s ceiling exposure limlt standard for
total EDI prepolymer
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RESULTS - SPRAY PAINTING BOOTH
VENTILATICN MEASUREMENTS

Baged upon air velocities measured at the filter faces in Figure 5 and the
filter cross sectional area, the alrflow from the ceilling was calculated to be
13,000 cfm and the airflow out the booth through the floor was caleunlated to
be 11,300 c¢fm The exhaust volume measurements are summarized in Figures 10
and 11 Figure l2 presents two sets of air velocitles measured around the car
&t a height of 3 feet and a distance of 1 5 feet from the car Figure 13
summarizes the air velocities, exhaust volumes, and smoke tube traces made 1n
the spray painting room The alrflow iz uniformly distributed across the
ceiling The air velocity increases from an average of 48 fpm at the celling
to an average of 84 fpm at a height of 3 feet above the floor and a distance
of 1 5 feet from the side of the car After flowing around the car, the air
flows through filters located below the metal grate fleor  As shown in

Figure 13, there 1s a circular eddy next to the walls of the spray painting
booth Because the worker does not enter this area, his exposure to air
contaminants should not bhe affected by the accumnlation of gir contaminants in
this eddy

Turing sprav palnting, the spray gun's nozzle 1g held perpendicular or nearly.
perpendicular te the surface being paanted  Pressurized air atomizes and
propels the spray gun’s contents ont¢ the vehicle's surface with some of the
spray rebounding and entering the air This i1s ktow as overspray  When the
sides of the car are spray painted, the overspray appears to first move
parallel to the floor along the car body  After the energy of the jet is
disszipated, the overspray appears to flow down toward the filter in the floor
of the booth Thus, the overspray appears to stay out of the worker’s
breathing zome

AIR SAMPLIRG RESULTS

Based upon the environmental criteria presented earlier in thas report, the
concentration of alr contaminants measured on the worker’s lapel were
generally acceptable As summarized in Table 5 and listed in Appendix C, the
total dust concentrations measured on the worker's lapel were less than the
ACGIH TLY for total dust of 10 mg/m® as well as the O0SHA PEL for total dust of
15 mg/m* The metals titanium, lead, chromium, antimony, end nickel were not
detected on the personal samples Ares sampling results for metals are listed
in Appendix C¢ The combined solvent exposures, Cp, for the samples collected
on the wotker's lapel were all less than 1 which indiecares that the overall
solvent concentrations are aceceptable
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Table 5 Summary of total particulate concentrations measured at a spray
painting boath

Geometrric Geomerrie
Spray Mean Standard Hange

Painting Gun Location N (mg fm?) Deviation (mg/m*}

HVLP personal 17 D 53 330 <0 1-3 &8

HVLP s1de of booth | 13 0 89 2 94 <0 1-5 34

HVLFP under car 13 2 84 4 98 <0 1-28 38

non-HYLP” personal 6 0 68 2 24 0 17-1 45

non-HYLP si1de of booth [ 4 0 44 11 27 0 03-7 34
Inon-HVLP under car 4 8 25 2 35 2 29-14 08

* - number of samplas
* - non-HVLP spray painting puns The guns were a gravity feed or
siphon cup spray painting guns

Note  An analysis of least squares means indicated that the total
particulate concentration measured under the car was significantly higher
than concentrations measured on the werker and next to the wall of the
booth  Read Appendix D for further discussion

For two impinger samples collected on the worker, an lsocyanate group
concentration of 28 and 27 ug/m' was measured with NIOSH method 5521 This
number exceeds the UE control limit for ispcysanates For these samples,
Desmodur N3300 was not detected  The KIOSH 5521 method does not report a
detection limit for isccyanate oligomers Because the Desmodur W3300¢, which
1s essentially 100 percent an isocyanurate tramexy of HDI, is the only
1sccyatate in the paint, the NIOSH 5521 metheod results discussed here probably
represent fluctuations in amalytical instrument response rather than the
detection of analytes in a field sample  Another possibility 1s sample
contanination For these two samples the reported mass of HDI prepolymer (NCO
group) wag 1 1 and Q¢ & g One of eight field blanks was reported to have

2 0 ug of HDI prepoclymer (NCO group) Desmodur N3300 was not detected in any
of the field blanks

Statistical Analysis of Total Dust Concentration Data

The total dust concentration data was analyzed using the statistical analysis
techniques presented in Appendix C This analysis was done to determine
whether sampling location and type of spray palnting gun affected the total
dust concentration During this anelysis, two covariates were found to
szgnitfacantly affect the total dust c¢oncentrations The first covariate was
the fraction of the sampling period that the worker actually spent spray
palnting & car Because this [raction changed with every job, the abzerved
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concentration differences batween spray painting guns in Table 5 is to some
extent alse a function of fraction of time that the workers spent spray
painting the cars during the different sampling perieds The second covariate
was the coat of paint being applied to the car during the sampling period

The coat of paint was either a clear coat, s base coat, or both Because some
cars only Teceived a clear coat, the observed differences in geometric mean
dust concentrations between the two spray painting guns is to scme extent
affected by differences in the coats of paint applied to the cars

Afrer including the two covariates in the model of total dust data, sampling
locatien was found to have significantly affected the total dust

concentration The samples collected under the car were significantly higher
than the samplesz collected on the worker and near the side of the booth  This
indicates that the booth is igolating the worker from the overspray

The statistical analysis alsao found that the spray painting gun used did not
signlficantly affect the total dust concentration measured at all three
sampling locations  Overall, the concentratlons weasured when the HVLP spray
painting guns were used were a factor of 2 lower than the concentrations
measured when the gravirty feed and siphon cup guns were used The statistical
analysis simply indicates that thils observed difference 1z not larger than the
data’s wvariability

VIDEO EXPOSURE MONITORING

Table 6 summarizes the relative solvent concentrations in the spray painting
booth during four paint jobs (2 using a HVLP spray paint gun, and one each
using a siphon cup and a gravity feed spray palnt gun) During each rum,
various parts of four different cars were painted In order to evaluate the
effect of location upon the relative solvent concentration measured on the
worker, the booth was divided into 13 areas 1llustrated 1n Figure l4 The
average relative exposure for each of these aress was determined and compared
to the average during nonpainting activities In Table 6, the relative
solvent econcentration was computed from the Photvac Tip II's analog output fort
each area as follows

dvarage enalog output while painting an area

100 =
average analoy cutput when painting 181't being done

In Table &, the average relative concentrations during apray painting are
similar to the average relative concentration when there 15 no activity  Thas
indicates that the booth contrels much of the overspray  However, the booth
does not control all of the overspray Figure 15 shows that some very
noticeable peak exposures can occut when the worker is painting the side of a
car This result simply indicates that overspray can get into the worker's
breathing zone
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Table 6 PRelative exposures of organic compounds within the spray painting booth

Ziphon Cup Gravity Feed
HVLE? Spray Paint Gun Spray Paint Spray Palnt
Gun Gun
Painting activity,
area (1, 2, etc) Run 1 Run 2 Run 3 Run 4
of the car belng
palnted Color | Clear | Color | Clear | Color | Clear | Color | Clear
No painting, 100 100 100 100 100 100 161 Loo
assume ambient
(1}'  Bight side a8 95 - - 30 29 a7 132
(1) Left sids 99 87 94 98 - - - -
(4} Bear - - - - - - - -
(14} Trunk - - g5 92 - - - -
(201) Small pieces 102 99 - - - - - -
an stand ]
! Area of the vehicle heing painted as 1llustrated in Figure l4
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Figure 14 The areas of the car being painted (for example, Area 3 iz the
left side of the car)
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DLSCUSSICON AND RECOMMENDATIONS
SANDING OPERATIONS

At thils shop, the maximum total dust (sanding) concentration for all
operations was 1 9 mg/m’, which was well below the DSHA PEL  Individual
values of total dust concentration for sanding are listed in Appendix C,
Table C2 Ventilated sanders and man-cooling fans are used to reduce worker
dust exposure during sanding operations  As shown 1n Figures 7 and 3,
chappging from a nonventilated to a ventilated sander causes a factor of 20
reductron in relative dust exposure As shown in Figure 8, a similar
reduction in exposure can be obtained by using a floor fan  However, the use
of a floor fan results in dust being dispersed throughout the shop and an
increased dust expogure for all the workers in the shop

Sometimes, compressed air was used to blow dust and dirt off the wehicles
surface after sanding This is a poor work practice because 1t increases the
workers exposure to alrbhorne dugt and any hazardous substance such ag lead or
chroemium that might be in this dust  Surfaces should be cleaned by eirher
wiping the surface with a damp cloth or vacuuming the surface
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VEHLCLE PREPARATION STATION

The vehicle preparation stations were primarily operated in the exhaust mede
tather than in the recycle mode  The measured flow rate of nearly 12,000 cim
resulted in an air velocity of 100 fpm about &4 feet from the face  Bewond

7 feet, the velocity is too low to capture the overspray resulting in the
overspray being dispersed throughout the rest of the preparation area As a
result, the painter and any cther workers in this area would be exposed te
this paint overspray  An HDI pelyisccyanate (Desmodur N3300) concentration of
3 3 mg/m' was measured during one spray painting operation at this preparation
station Thils exceeds the Dregon ceiling exposure limir of ! 0 mg/m' for HDI
polyisocyantes Because the vehicle preparation station provides very minimal
contral of overspray, others in the area can be exposed to potentially
excesslve concentrations of HD1 polyisocyanates To prevent this from
occurring, all painting involving polyisocyanates should be conducted in the
spray painting beooth

To improve the effectiveness of the preparation starion installatioms, a
curtain or a metal partition could be placed between the two stations and a
second parallel curtain to en¢lose the station on the right  This would
reduce the effects of crossdrafts and direct the airflow along the length of
the station

SPRAY PAINTING BOOTHS

The downdraft spray painting booth appeared to be operating at a flow rate of
12,000 ¢fm  Thas results in air velocity around a wehicle ranging from 30 to
130 fpm While painting the sides of a vehicle, (no roofs were painted during
this atudy) these veloecitiles appear to bes suffrczent teo control and keep the
overspray from the painter’s breathing zone Howewer, the comtrol of
overspray is not perfect and some overspray can enter the worker’s breathing
zone  Because of the good contral aof the overspray while painting the side of
vehicles, alr contaminant concentrations measured on the worker did not exceed
the available expesure criteris

The air velocity measurements reported in Figure 6 indicated that this booth
nearly complies with a French ventilation standard for downdraft autobody
spray painting bocths  This standard has some very specific specifications on
the flow of air arcund a car

The air velocity around the perimeter of a car 15 to be measured 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 at

0 5 meters (m} from the side of the car and O 9 meters above the
booth's floor  The mean valune of these 10 polnts is to be greater
than 0 4 m/sec {meters/second) and no peint 1s to heve a velocity of
lese than 0 3 m/sec  These measurements are based upon integrated

60 second samples

Compliance with this standard reportedly minimizes worker exposure to
hardeners that contsin diisocyanates *' ** The average air velacity around

the car was 79 fpm and 88 fpm on two different days Thus, the low
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polyisocyanate concentrations found i1n this spray painting booth are
consistent with the data which supports the French standard described above

OSHA or ACGIH airflow vecommendations for spray painting booths address only
crossdraft spray painting booths #*? The 0SHA recommendatiom 1s contained

in an OSHA standard which assumes that the spray painting booth has =2
crossdraft ventilation at a rate of L00 feet per minute per square foot of
crosg-sectional area of the hooth  The spray painting booth in this shop does
not comply with this standard However, OSHA generally does not enforce this
standard unless there 15 & viclaticn of current O5HA standards for air
contaminants *

Even though the booth operated at or nmear its designed wentilation capacity
and appears to control the overspray, respirators need to be worn during spray
painting jobs Alr contaminant concentratians on the worker can be elevated
by inadvertently spraying paint inte the air or perhaps by painting the roof,
hoods, trunks, and aurobody parts which are detached from the car

Furthermore, the results presentad in Fipure 15 indicate that the booth's
ventilation does not always isclate the worker from the overspray In order
to be certain that worker is adequately protected Irom paint overspray,
respirators should be worn during all spray painting operations

SPRAY PAINTING GUNS

Because the zpray painting booth appeared to effectively isolate the worker
from the overspray, the total dust concentration measured on the worker and at
the side of the spray painting beooth may not be affected by the cheice of a
apray painting gun The total dust concentrations presented in Table 5
indicate that the effect of spray painting gun upon the total dust
concentration measured on the worker was minor However, the overspray
eoncentration in the spray painting booth was found to be affected by the
followlng two covaripates the fraction of the sampling pericd that the worker
spent painting and the coat of paint (clear, base, or both} which was applied
to the car The practical significance of the first variable i1s that
concentration c¢ould have been computed based upon the time spent painting
rather than the actual sampling periad (See Appendix € for further
discussion of this point) When painting in the booth stops, exposure to the
spray painting wist way gquickly cease Thus, the observed concentration
difference 1s being affected by the different time periods between
applications of coats of paint in the booth  After including these two
covariates 1n the statisticsl analysis i1ncluded in Appendix C, the use of HVLP
spray painting guns were associated with concentrations which were 50 percent
lower than when non-HEVLP guns were used These concentration differences are
consistent with Lingk’s results ** Under the car, the use of the HYLP spray
painting guns were assoclated with concentratlons which were 75 percent lower
than the concentrations messured when the non-HVLP guns were used  The
propabilirty of seeing such a large difference due to chance was D 06 In
general, these results indicate that the HVLP spray painting guns may cause
reduced emissions and overspray concentrations in the spray painting beoth
However, these reductions are not larger than the variahility in the data
Thus, these results are 1nconclusive as to whether the choice of a spray
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painting gun actually reduces the concentration of air contaminants 1in the
spray painting booth

RESPIRATORY USAGE

Respirator usage at this autcbedy shop appeared to be somewhat deficlent
Workers should not be permitted to have beards which interfere with the seal
between the respirator and rhe worker's face These workers recelvye little if
any protection from the use of respirators At this auvtobody shop, like every
other autobody shop in this study, there did not sppear to be a formal
respirator program in place The 0SHA rtespirator protection standard 29 CFR
1910 134 (gee Appendix E) regquires that "Written standard operating procedures
governing the selection and use of respirators shall be established ™

A complete respiratory protection program as defined in OSHA standards needs
to be implemented Minimum OSHA requirements include

1 Written standard operating procedures for selection and use of
tespirators,

Selection of respirators according to hazard,
Training 1n the use and limitations of reaplrators,
Respirator cleaning and disinfectiomn,

Proper selection for respirators,

Routine Inspection Methods,

Workplace exposure meonitoring,

Evaluation of pregram effectiveness,

Medical monitoring, and

Use of certified respirators

- BN - - - S R R WL B A

—

PROTECTIVE CLOTHING

Material safety data sheets for the polyisocyanates uséd 1n this shop Indicate
that these isgcvanates can cause skin irritation and a sensitization reamction
Thus, eye and skin ¢ontact should be aveoided Eye and skin pretection should
be worn when handling iaccyanates A manufacturer of HDL based
pelyisocyanates recommends that use of butyl rubber gloves for handling
solutions containing these polyisocyanates ®7

CONCLUSTONS AND RECOMMENDATIONS

The downdraft spray painting booth and ventilated sanders appear to
effectively contrel air contaminant exposures The air velocities around the
vehicle appears to be high enough to contrel most averspray  However, when
the worker aims the spray gun into the booth’s oncoming airflow, some
OVeTspray can be transported back into the worker's breathing zone  When the
vehicle preparation station 15 used in the exhaust mede for small pailnting
jobs, the alr velocities appear to be too low to previde effective air
contaminant contrel Respirateor use at this autobedy shop 1is inadequate
There appears to be a general lack of knowledge of what 15 preoper respirator
usage There is a need to read, understand, and implement the QSHA respirator
standard that is attached in Appendix E If a formal, written respirator
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program based upon the OSHA respirater standard were in place, the problems
with respirator usage noted in this report may not have occurred
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APPENDIX A
HEALTH EFFECTS TQ SPECIFLIC AIR CONTAMINANTS

DIISOCYANATES AND THEIR OLIGOMERS

The unique feature of all diisocyanate-based compounds 1s that they contain
two -N=C=0 functional groups, which readily treact with compounds contalning
active hydrogen atoms to form urethanes  The chemical reactivity of
diisocyanates, and their unique ability teo cross-link, makes them ideal for
use¢ in surface coatings, polyurethane foams, adhesives, resins, and sealants
Diisocyanates are usually referred to by thelr specific acronym, e g , IPDI
for i1sophorone diisecyanate, or HDPI for hexamethylenme diisocyanate ¥ To
reduce the concentration of monomers during spray pailnting from evaporacion,
the isocyanate monomers are prepolymerized inta oligomers that are generally
dimers, trimmers, and tetrameres of the monomer In commercial spray painting
operaticns, the monomwer is usually less than 2 percent paint by weight
However, the pligomers still pose a hazard to the werkers as an aergsol

Experience has shown that dilsocysnates cause irritatign to the skin, wmucous
membranes, eyes, and respiratory tract  Werker exposure ta high
concentrations may result in chemical bronchitis, chest tightness, mecturnal
dyspnea (shertness of breath), pulmonary edema (fluid in the lungs), and
reduced lung function *** Lung function is reported to decrease with
number of exposures greater than 0 2 mg/m’ to hexamethylene diisocyanate
biuret * The most important and most debilitating health effect from
exposure to dilsocyanates ls respiratory and dermal sensitization  After
sensitization, any exposure, even to levels below any ogccupationzal exposure
limir oy standard, Will prodece an allerpic response that may be life
threatening ** The only effective treatment for the sensitized worker is
cessatlon of all diisocyanate exposure **

CRGANIC SOLVENTE

Occupational exposure to the organic solvents can cause neurgtoxie effects
that can include dizziness, headache, an alcohol-like intoXicatieon, narcosis,
and death from respiratory failure * Automotive spray parnters exposed to
organic solvents are reported to have decreases 1n moter and nerve conductien
velocities " In addition, organic solvents such as acetone, toluene, and
xylene can cause eye, nose, and throat irritation ** Dermal exposure to
organic selvents can defat the skin and, thereby, increase the uptake of these
solvents by the body In addition, dermal exposure can cause dermatitis

Some health effects attributed to specific corganic solvents are briefly
sunmarized

Acetone

Few adverse health effects have been attributed to acetcne despite widespread
uee for many years Awareness of mild eve irratation occurs at airborne
concentrations of sbout 1000 ppm  Very high concentrations (12000 ppm}
depress the central nervous system, causing headache, drowsiness, weakness,
and nausea 77 Repeated direct skin contact with the ligquid may cause redness
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and dryness of the skin  Exposures over 1000 ppm cause respiratory
irritation, coughing, and headache **

n-Butyl Acetate

At concentrations exceeding 150 ppm, significant irritation of the eyes and
respiratory tract are reported in the literature 7

Hexyl Acetate

Hexyl acetate wvapor 1z drritating to the eyes and threat of humans at
concentrations above 50 ppm * High concentrations may be mildly irritating
ta the eyes and upper respiratory track The lethal dose for animals by
inhalation is approximarely 4000 ppm

Isopropyl Alcohol

At exposures above 400 ppm, irritation to the eyes, nose, and throat ate
teported Above 800 ppm, the symptoms are intensified **

Toluene

Toluene can cause irritation of the eyes and respilratory tract, dermatitis and
central nervous system depression * At concentrations of 200 ppm or less,
complaints of headaches, lassitude, and nausea have been reported At
concentrations of 200 to 500 ppm, loss of memory, anorexia, and moter
impairment are reported * In addition, muscle impairment and increased
regaction time can occur at exposures of 100 ppm or more

Xylene

Xylene vapor may cause irritation of the syes, nose, and throat Repeated or
prolonged skin contact with xylene may cause drying and defatting of the skin
which may lead to dermatitis ** %% % TLiguid xylene 1is irritating to the eyes
and mucous membranes, and aspiration of & few milliliters may cause chemical
prneumonitis, pulmonary edema, and hemorrhaging ** ** *' Repeated exposure of
the eyes to high ¢oncentrations of xylene vapor may cause reversible eye
damage ** At concentrations between 90 and 200 ppm, ilmpairment of body
balance, manual cocrdination, and reaction times can occur * * ¥ Acutre
SXpOSUTe Lo Xylene vVapor may cause ¢entral nervous system depression and minor
reversible effects upon liver and kidneys * Brief exposure of humans to 200
ppn has caused irritation of the eyes, nose, and throat *

METALS

Toxic metals such as lead, chromium and cadmium may be used as pigments in
gome paints Az a result, welding and sanding on these surfaces may invelve
occupational exposure te toxic metals  In addition, autobody welding will
involve exposure to welding fumes Scme health effects attributed to lead,
antimony, chromium, and nickel are discussed below
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Chromium

Some paints may contain chromates such as lead chromate, hexavalent chromium,
as a4 pigment  These compounds can produce health effects such as contact
detmatitis, irritation and ulceration of the nasal moucosa, and perforatiom of
the nasal septum Hexavalent chromium compounds cause lung cancer ’

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
ingestion of inorganic lead can cause loss of appetite, metallic taste in the
mouth, constipation, nausea, pallor, blue line or 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 knowm as "wrist drop," anemia (due to lower red
blood cell 1life and interference with heme synthesis), proxaimal kidney tubule
damage, and chronic kidney disease ©** Lead exposure 1s assoclated with
fetal damage in pregnant women **- *. ¥ TLagtly, elevated bleod pressure has
been positively telated to blood lead levels *"°

Antimony

Exposure to antimony and its compounds has been associated with numerous
health problems, including dermatitis and mu¢ous membrane irritation,
preuncceniosls, electrocardiogram (ECG) alteretionsz, hepatic (liver)
iovolvement, and hematologic changes It can cause gastrointestinal pain,
cough, leoss of appetite, itching, skin eruptions, and irritation te the skin,
eyes, nose, and throat *® Present evidence in humans is inconclusive
regarding an increased risk of lung cancer and reproductive disorders from
antimony exposure *

Nickel

Lung Cancer and nasal cancer can result from inhalation of nickel ¥
Metallic nickel and certain nickel compopunds cause sensltization dermatitis
"Nickel itch" is a dermatitis resulting from sensitization to mickel In
chronic stages, pipmented or depigmented plagues may be formed  Hickel
sensitivity, once acquired, apparently 1s not lost, recovery from dermatitis
usually cccurs withan 7 days of cessation of exposure but may take up to
several weeks ¥ Nickel itself 1s not very toxic 1f swallowed, but its
soluble salts are gquire toxic and, if swallowed, may cause giddiness and

nausea
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AFPENDIX B
COMMENTS AND MCDIFICATIONS ON THE NIOSH ANALYTICAL METHODNS USED

APPENDIX B~1  NIOSH METHOD 0500 FOR TOTAL DUST*

The weight gain of the filter is used to compute the milligrams of total dust
per cubic meter of alr Methed 0500 was wmodified as follows

1} The filters zre stored in an environmentally controlled room (21
*+ 3" and 40 * 3 percent R H ) and are subjected to the room
conditions for a long duratiom for stabilization Therefore,
the method’s 8 to 16 hour time for stabilization between tare
weilghing was reduced to 5 te 10 minutes

2) The backup pads were not vacuum desiccated

After weighing, the filters were analyzed for lead, antimony, chromfum, and
nickel The filters were digested using NIOSH methad 7300,!! were diluted to
10 mL, and then analyzed by a simultaneous scanning inductively coupled plasma
emission spectrometer Test results revealed that chromium and antimony
quality control samples yielded low recoveries
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APPENDIX B-2  NIOSH METHOD 7300 FOR ELEMENTS SUCH AS CHROMIUM IN THE TOTAL
UgT

After werghing the PVC filters collected for NIOSH Method 0500, the filters
were digested and analyzed for lead, antimony, chromimm, and nickel according
te NIOSH method 730D '' Samples were diluted to 10 nlL after digestion

Samples wee analyzed uzing a Therme Jarrel Ash ICAP 61 simultaneocus scanning
inductively coupled plagsma emission spectrometer controlled by a NEC FPersonal
Conputer-AT Test results revealed that chromium and antimony quality control
samples yielded low recoveries  NIOSH method 7300,!' directs that, during the
digesgtion of filter samples, the process continue to dryness This wmay
explain the reason for the low recoveries of these two analytes

Instrumentatron and operating conditions during snalysis were as follows

RF GeneratoT 2 5 KVA controlled, operating at 27 12 MHz
with automatic power control and automatic
tuning

Nebulizer Cross-flow prneumatic, sample supplied by

peristaltic pump

Torch Quarte

Spectrometer 0 75 meter polychromator with 41 channels

Oprics 0 75 meter Rowland Circle, Paschen-Runge
mount, 1510 or 2400 grooves/mm ruled grating
at 500 om

Argon Plasma Gas Flow Rate 15 L/minute, mass controlled

Plasma Observation Heipght 16 mm above coal

Nebulizer Gas Flow Rate D 75 L/minute, mass controlled
Radic Frequency Power 1100 Watts

Humber of Burns p

Integration Time 5 seconds
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APPENDIY B-3  NIOSH METHOD 1400 FOR ALCOHOLS T {QRGANIC SOLVENTS)®

The samples were collected by plaecing charccal tubes in a charcoal tube holder
and mounting the charcaal tube holder on the worker  Tubing connected the
outlet of the charcoal tube halder to a2 personal sampling pump that draws air
through the charcoal tube at 20t em’/min The collected solvents werte
desorbed from the charcoal using carbon disulfide and the solvents were
quantitated using a gas chromatograph equipped with a flame lonization
detector Method 1400 was modified az follows

Pesorption Process Thirty minutes 1n 1 0 millilater of carbon disulfide
containing 1 microliter/milliliter of hexane as an
internal standard and 1 percent isohutanol as a
degsorbing aid

Gas Chromatograph Hewletr-Packard Model 58904 equipped with a flame
tonization detector

Column 30 m x 0 32 mm fused silica capillary coated
internally with 0 5 um of DB-WAX

Oven Conditicns Temperature programming from 30 °C (held for frve
minutes) to 200 °C at a rate of 10 °*C/minute
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APPENDIX B-4  NIOSH METHOD 5521 FOR ISOCYANATES™

In this method, alr samples are collected in an impinger at a known sampling
rate of 2 liters per minute versus the 1l liter per minute specified by the
method The impinger contains a 43 mg/L solutiomn of
1-{2-methoxyphenyl)piperazine, which reacts with the isocyanate to form ureas,
in toluene  The ureas are quantitated by high performance liquid
¢hrometography by WIOSH method 5521 with these conditions

Desorption Process 25 ul aceric anhydride was added to each sample
Samples were dried under nitrogen in a hot water bath,
followed by 15 minutes of sonication 1in 5 milliliters
methanol

Instrument HF 1090 equipped with a dicde-array detector, ESA
51004 electrochemiecal detector The use of rthe dicde-
array detector is a modification of NIOSH method 5521
and this modification was made to confirm the presence
of isocyanates

Column 250 x 4 6 mm Supelcosil LC-18, 5 u
Mobile Phase 40/60, acetonitrileff50/50 (methanolf1l5 g anhydrous

godium acetate per liter of water) adjusted to pH &
glacial acetic acid]

Flow Rate 1 5 oL{minute
Injection volumne 25 ul
Potential +0 8 valts vs ApfagCl
Wavelength 242 nm
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U 5 Department of Health and Human Services, Public Health Service,
Centers for Disease Control, Naticnal Institute For Qcecupational Safetry
and Health, DHHS (NICSH) Publicatiom He &4-100
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and Human Services, Public Health Service, Centers for Disease Control,
Naticonal Inmstitute For Occupational Safety and Bealth, DHHS (NIOSH)
Publication No 84-100

42



APPENDIX C SAMPLE RESULTS

43



Wy

a1 ¢ PaxTH ap1g
ABBT]
a1 % WU #1 Lt puE t Lt T ASPUf [dng wopdis] lepusy
I0T60 facop T{YET) IWD
a7 o oe g1ag
LI AapTs
91 % 502 IBITH g q3i6Z 1=puy} [dng weydyg] er=ued g
‘(XDg) UEA TUTH £
07 {1 EELY: s
6T 9pPTs
(= & DoB AEITH 9 a=pup
10 o> 1 gawd [4ATH] sIoop
99 q Yasg ap1g ‘pooy ‘T {x99} Iwn ¥
9 g UMs Iy [ 96 40103 11 Iapup
a1 9 43 g1ad
1 &PTS
8 | il ATHTD B aspup
6 & 61 Y3Igy 8134 [a1ad] savop aaddn
TR myausTs Eh 0 aprs | POOW 3001 T(X99) 2D 1
6 £ BYS 0T Fl a=pupn
AN 9 Fiad
’ yleoy aotegd _
e Tea=m {1 3m) {(fy IR0) (uTw) {urm) TBEI 235 [ung 4eads] pajureg saamg
USFIBIIUBIUOD TOTIeII05a007 PEEN I0 edil BT 2uT], ATof vidwsg ‘{peaured %) - ATOTYMA
Te3=m aureq Sopaped guyTdmeg azeq Fo 9d&] aogmmy gop
1eng TRIOL L
SERK

dorituTel FUTing SUGFIRIIUSOUC] @3v[NOTilRg

T3 9TORL




194

PRPAOTRI WONs

]
L IPT5
49 ¢ ¢ BLS I8aT] b ABpT[
R
81 ¢l Haog d [44TH] wmaa “zsdmag
10 0> o ‘eTeued 7 '(x06) ien 8
10 0= L &gy AoT9] 4 aspuy
459 O 0z gded
=1
#Z0 0 SPTS
1 521 ELE [dng
21 mnfuelITI 2T u=q3 usygs g yape 1apuy ueydtrg] Taupd avad
9 &1 IoTay ‘q00p TL4CE) 2w/
6E O b 5asd
t <% APTS
5 #iidd ATF ] g 1apup
* 0 ¢t srd [4ATH] Aedunq ‘aepuoy
1 4308 | aprg ‘pooy ' (IEE) FED 9
0 (= ¥ 11y 42700 4 1spup
T Q> 12 5384
2% SPES _
£k B 8L AEBTD ] ispup
ar o el yasz 174 [dATH] 2edunq ‘iopuoy
g WMTUEITH 9% 0 IpTR ‘peey “(ZEE) A®D S
% 0 b 9lk 1e1ed 9 Iapuf
9L 0 Oz T
— 1
Yyioog JUTEY
(g Bm}
(B Teasa USY 3ea L2 duay {2) arag (urm) (aym) TE6T 23%5 [ung deads] psauTEd 53IEd
UTOTIEIIUBIUDLD paS Jo =di] WL ST Aqnr s1dueg "(pRITFRL X)) - STITYPA
Teasw 35T TTIRL PG TUTIUTEY Fuprdues aje Jo ad4y Jaquny qor
wusa - JuriuTeg FuTIng SUATIRIANSIUSGT SIETNITIIES I3 a1qEl




9%

0 O w21y
[dnay wogdts] sTeaamq
i 6 FArA1 19700 - vagz ISYXY uo FuUFa198 peoy  El
28 B saad
uaj3e3e wopleiedsa ST2FUsA
£l IFLs
£ 09 ABIT]
71 usy ueya aspun [dny uwoudrs] sToued
2 101 daTen t I51E “Apop 7 ' (X€Z) ABD 11
%1 1 s1ag
i 0 P15 .
Lili 4RSI [dATE} aepueg ‘Tourd
Lt @nTuEy T 1 ¥ a1 u=ly 9 L enla 2spun aoop % '(XpT) Iy Q1
0 101 127a]
gL 0 IE g13g
21 2PTS
9z a4 &%t R b £ Aspuyy
T O b qaQg 8184 [dATH] acop
6% 0 ap1g ‘a8pUa3 ‘(AGT} ABD 6
1% B a1 40797 ¥ aspuy
990 0 b1 EELT |
y3o0g 3uTRg
(m/2m)
Ju (8 1=3=0 QOTIBITGIOUCY (2) 1=an {urm) {aym) 7861 21138 (zna Leads) peivried Baiegd
UoTIRIIVIDLOD paspy | Fo addy Ll CL i Lrnp | aydwmg “(paIUTEL %) ~ ITIFU3A
Te3el aem THA0L JUTE FUTIUTRS Burrduesg a1eq go adiy  aagmny qor
Uy - Fupsureg SUTANgd SOoTaEilueduUA] mu_wﬂm.....ﬁunmm io |1qel




iy

e e
B I aeatd aapuy {den woydtsi
S it pu® z 933z BsI8 .7 49 .2 BT
(AR a0T4D g g1ad
Baiy ifeday U7 IsuTid Furiureg dezdg
g £ Lik) awaTd g 5 51Iad
IBTE (dog ueydis]
4! T894 2871 T 621 A0TED T st 8Iag Te11rq ® uo asdunq g7
£ E unTuEaT 10 0> Ba2ay
1iii 18aTd £
1L % eIt 9 £ puE pue pum yagy Isyxg (dng wondys) acop ¥
146 4a1e0 g
£S5 & ONTUEITA L4y Fa arad
2 g B3Iy
awa1d g (dng uogdrg]
BT UmTUEIT 08 4 60% puk Fue q337 Fsyxy s1Bpus] 7 puv pooy {7
A0TeD IT
[ 0 gxad
uoFlels uworieamdsig aToatyas
e —
{cm/3m)
UITIEIIWBILIT Tea=m UOT3ELIUSDUC] (3] EL o) (upw} (urw} 1110 8315 (ung dexdg] paaured saied
TEISE paE Fo =dig a0t suy], A1ar | opdaes f{pmuted ) - SIUIURA
asng [¥30] AUTEY durauped FuiTdueg 2au(Q Jo add] JIoquny ger

3uea - Juraured Butang

SNOTIRIJUEINCT AJETRITIIER]

1D 3T9EL




Tabls C2

Totzal dust sempling concentrations durlng sanding

Data Sanding | Material Sander Used, Total Dusc
# Part Being Sanded, Sample July Time Being Controlled or | Concentrationgz
Area Sanded Site 1992 {min) Sanded Uneentrolled {mg o'}
Sanding Operstiong
17 Hood, 2 fendetrs, Perg Hand, Orbit 12
15 aq ft 28th 23 Paint Unecrer
Arpa D12
18  Door, 3 ag fx Pers Body To-11 o 45
28th 23 filler Contr
Area 02l
Pers Body In-Li D 67
15  Hat recarded 30th 15 filler Contr
Area D 2D
Pars Body [n-11 15
20 5ide of car 29th 3 filler Unectr
Aren g 8
Pers Body Ip-Li 0 22
21  Hat recorded 20th 27 filler Contr
Aren 0 093
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APPENDIX D
STATISTLCAL ANALYSES OF TCTAL DUST CONCENTRATION DATA

The concentration data was log transformed before any data analysis  Negative
concentrations were replaced by concentrations of 0 | mg/m' Negative
concentrations indicate that the sample filter lost more weight than the
average of the blanks Thus & negative concentratlon gimply means that the
measured concentration was low and below the liwit of detection {LOD) These
measurements occurred when the concentrations were measured at the side of the
booth and en the worker when the HVLP spray painting gun was in use The
assipned value of 0 1 mg/m® was chasen because 1t reflects a relatively low
total dust concentration which 1s somewhat higher than ambient air pollution
Furthermore, this assigned value is between 1 and 2 standard deviations below
the geometric mean listed in the summary table This makes the assigned value
consistent with the data  Simply dropping this data would blas these
geometric means to a higher value *!

Figures D1 and D2 presents the results of an analysis of variance used to test
whether the independent variables (sampling location, spray painting gun, the
coat of paint, and faction of time spent painting) affected the concentration
measurement This analysis was conducted using the SAS General Linear Models
procedure * 1In using this procedure. the natural logarithm of the total

dust concentration (lconc) was modelled as a function of the dependent
variables as follows

Iconec = B, + B,G +f,2, + .0y + B,y + Psl, + ByLF TIME+B 5L, + PGL, + €

Where

lcone = the natural logarithm of concentration,

C, = l 1f a base coat 1s being applied, otherwise 0 ,

C, = I if a base coat and 2 clear coat 1s being applied, otherwise D,

L, = l 1f the sample was taken on the worker, otherwise 0,

L, = 1 if the sample taken on the side of the hooth, otherwises O,

G = l 1f the hvlp spray painting gun was used, otherwise 0,

Boy = regresslion coefficients, the numerical values of these
coefficients are listed under item 2 in Figure DI

LFTIME = natural logarithm of the fraction of the time that the worker
spent painting during the sampling periods

£ = the residual, the difference between the measured and modelled

value of concentration This term has a mean value of zero and
it 1s assumed to be normally distributed
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Generat Linear Models Procedure

Deperdent Variable. LCOMC

sum of Mean
ot ie OF Squares Square  F value Pr>F
Moded 8 &7 49381199 8 43672850 & 04 9 a0t
Error 48 &7 06545631 1.339720075
Corrected Total 56 134 55944830
R-Square C.¥. Raot MSE LCONC Mean
4 501591 1251.471 1.182032 0.02448148
item 1
Source DF Type II1 85 Mean Square F Value Pr » F
GUNT 1 2 43B6TITE 2 43847178 17 a 1927
COAT 2 10 41982679 5.209913490 3.73 Q 9312
LoC 2 38 52171343 19 26085482 1376 0 a001
LFTIME 1 A.&84610401 & A86104M & 22 0 0142
GUNT*LOC P4 5 91911415 2.50955707 .80 a 1S9
itomt 2
T for HO: Fr > |Tf Std Ertor af
FParameter Estimate Parameter=(Q Estimate
INTERCEPT ({f 4 39%6B2542 B 4.56 0.000% 0. 765740440
GUN1 hvlp {f,) -1.474422001 B -1.98 0 0534 0 Fa4b0750
nhvlp 4 asadoonsa B - -
COAT b () -0, 955947005 B ~2.45 0.0110 0.34131936
be (3, -0,60783558% B -1.26 0.2214 0. 49050520
c 0 000000000 B . .
LoC p L&) -2.508283824 B -3.26 0 0020 076851338
s (4] -2. 9608346894 B -3 54 0.0a0% 0.83582317
u 0.900000000 B . .
LFTIME  {(fp» 1.2 244165 2 4R o 0162 Q B177955
GURIYLOC hvlp p (A} O 728244168 B 0.32 0 4140 0_8B374749
hvlp s (A 1 79B1B6485 B 1.88 0 CASO 4. 95580037
hvlp u 0 000C00O0D B . .
nhvip p 0 Q0OBACAn0 8
nhvip s 0 000GOCO0D &
nhvtp u 0 000600H00 =

NGTE: The X'X matrix has been found to Be 3ingutar and a generattzed 1nverse
We3 used {o splve the normal equations. Estimates followed by the
lettar ‘B' ere bissed, and ere not unigque estimatars of the parametars.

Report suthers’ annotation: Location p es the perzonal sample, location g refers to the sirde of the
kooth, snd Ltocation u refers ta under the gar Coat b s the bage coat, coat ¢ 15 the clear cest,
and coat Do rndicates that both base caar and clear coat were applied during the sampltng persod.
For the variable GUN, hvlp refers to the high velume low pressure spray painting gun ang nhvlp
refers to other sproy peInting Suns.

Figure Dl: BSelected SAS output, the analysils of variance and regressiom
analysis cutput
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Least Squares Moans

GUN1 LCONC T / Pr > JT] HO
LSMEAH LSKEAN1=LSMEAN2
hvlp  ~B.05378676 -1 32414
0 1927

nhvip O 57845169

COAT LOONG T for HO: LSMEAN(1)SLSMEANC)) / Pr > T
LSHEAH  1/) 4 2 3
b -0.17235368 N -0 44234 -2 BLST
0.52%7 0.010
(% DATSITITG 2 f.642362 -1 23895
0.5237 0.2214
c D.78361353 3 2.645712 1 238951

B o110 t.2214

LoC LDONC T for HO. LSMEAN(Y)<LSMEANC]Y 7 Pr > T
{SHEAN i/ 1 Fa 3
p -0_&798508% 1 - -0 18443 -4 85041
U Biz% 0.0C0%
4 039742273 2 0.18842T -4 31417
0.B52% 0,0041
u 1 6&L32063 3 4.850015  4.314172 .
.00 g 099
GUN1 Loc LEONC  LSMEAM
LSMEAK  Number
hvlp g -0 Bh292473 1
hvlp s ~0. 235540428 2
hvlp  w U.92710%91 3
nhvlp p -0 10875150 4
nhvlp = -0.55530457 5
nhvlp u 2.40133193 &

Least Squsres Means for effect GUNI*LOC
T for KO LSMEAN(+)=LSMEAN{)) / Pro» [T}

Depencent Yariable* LOOHC

i 1 2 3 4 5 6
1 . “1.41347  -4.07527 <1 17476 -D.39688  -4,.398%2
0.1640 0.0002Z 0 265% ¢.8932 2.4e01

2 1.413467 . -2 SO077 -0 20091 9.434B12 -3 54156
0. 1640 0.01%6 D B&ls 0.6656 d.00g%

3 4075269 2.507705 . 1.612802 1 53824 -1 98013
o._0002 0.0156 6.1133 0.051s 0,.0334

G 1174738 0200807  -1.8128 0.5B88868 -3 26381
0 2459 0.84%5 0.1133 0.5587 0.0025

E 0 3FGRE  ~0.43481 -1 99424 -D,5R887 " -3 F4242
¢ 6932 0. 8656 0.0516 ¢ 5587 o.ooge

6 4 398WM6  3.541581 1 SBO134 3 _2A3813 354242 -
¢ D01 0. (0% 0 0534 {0020 0.0u0%

NOTE. To ensurc overall prataction level, only probabilities associated with
pre-ptanned comparisens shauld be used

Figure D2: Selected 5A5 ocutput, the least sguares means and t-tests
to evaluate differences among the means
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The column labelled "Pr > F" (item 1 in Pipure D1 is the probability that
chance could have caused the observed differences A probability below 0 05
indicates that 1t is unlikely that chance caused the observed differences in
concentration and thus one concludes that the variable really affected
concentration Thus, the analysis of variance shows that the variables
gampling location (LDOC), coat of paint (coat), and LETIME affected
concentration The type of spray painting gun {G) and the interaction between
spray painting pgun and sampling location were not sipnificant This simply
indicates that the effect due to the type of spray painting gun 1s small in
comparison to the experimental variability

Inspection of the regression coefficients indicates that beneath the car, the
concentrations were lower when the BVLP spray painting pun was used in
Figure D1, item 2, the regression coefficient J§, 1s the mapnitude of the
difference in lnconc caused by the spray painting gun under the car and it is
different from O at about the 95 percent level of confidence From f3;, the
percentage reduction in the concentration measured beneath the car (100
(l-exp,{f,)) was computed to be 77 percent This suggests that the HVLP spray
painting gun is reducing the amount of overspray

The regression coefficient for the variable LFTIME was 1 20 96 This
indicates that concentration is roughly proportional to the fractiom of time
that the worker is spray painting  Because the fraction of time spent
painting varied from task to task, examining the concentration differences
gmong cobserved geomettric medlans way be misleading

In order to evaluate the concentration differences caused by sampling location
and spray painting gun, the least squares means optien of the 5A5 General
Linear Models procedure was specified to evaluate the concentration difference
attributed to the spray painting gung at the different sampling locations

This option uses the statistical model listed above to estimate the means
which would be expected if the experimental design had been completely
balanced and all the other variables in the statdstical medel (such as the
fraction of time painting) are at thelr mean value This computaticn is
necessary because the fraction of time spent painting and the coat of paint
being applied were found to affect the total particulate concentration
Consider the summary statistics presented in Table Dl for the different
combainations of sampling location and spray palnting gun There was no
attempt to control the type of paint applied to the car or the fraction of the
sampling time the worker actuwally spent painting To some extent, these two
covariates affect the observed differences in concentration due ro the type of
spray painting gun in Table DI The least squate means option 1s used to
compensate for the fact that these two covariates affected the observed
concentrations and thus they may affect the observed difference between the
gpray painting guns These regults are shown in Figure D2 and in Table D1

For the variable sampling location, the samples under the car where higher
than samples collected at the other two sampling legations

The medians computed by taking the inverse logarithm of the least squares
means for the different combinarions of sampling location and type of spray
painting gun are lasted in Table DI The probabilities for the concentration
differences between the two spray painting pguns for the three sampling
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locations are shown as item |l in Figure D2 For the personal gample, there is
abour & factor eof 2 difference in medians listed in Table DI However, this
difference was not significant (Probability of a larger |T| = 0 19) This
simply indicates that the difference was not larger than the variabilaty in
the data  This implies that this study had insufficlent power of test to
evaluate whether the HVLP guns can cause a factor of 2 or 3 reduction in
exposure

Table DI Median concentrations (mg/m’) based upon least
squares means

Mattson non-HVLP
Sampling Location Spray Gun Spray Guns Difference
personal 0 43 0 90 not significant
on side of booth 0?9 o 57 not significant
under the car 2 5l 10 9 gignificant

The SAS Gemeral Linear Models procedure was used to evaluate whether samplaing
location affected the total particulate concentraticn at the vehicle
preparation station  Before the data was analyzed, the natural logarithms of
the concentration data was taken  The data analysis was performed on
logarithms of concentration data  The analysis was conducted to evaluate
whether sampling location (LOC) affected the logarithm of the total
particulate concentration (LCONC) The ¢gutput from SAS 1s presented in Figure
D3  The column labelled "Prob > F" 1s the probability that the observed
differences in LCONC among the different locatlon could be explained by
chance These results indicate that the sampling location affected LCONC
Tukev's Studentized Range Test was used to examine how the concentration
differed among the sampling locationz at the vehicle preparation statieon
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SAS 11+0%9 HMonday, November 23, 1992 3
General Linear Models Procedure

Bependent Wariables LCONG

Zum of Mean

Source IoF Squares Squara  F Yalus Pr>F
Kodel 2 17.88235906 B W197953 V.08 0 0170
Error a 10 1021208% 1.26276511
Corracted Totel ta 27 FB447995

f-Square i koot WSE LEONE Hean

0.63%010 292 SB7E 1.123728 0 38406500
Dependent Variable+ LLONC
squree OF Type III SS Mean Sguare F Value Pr > F
Loc 2 17 BEB235%906 8 FL117PSE 708 o 0170

Tukev's Studentized Range {HSD) Test for varmiable: LCONC
NOTE: This test controts the type 1 experiment Wisa error rate
Alpha= 0.05 Confidence= 0.95 df= 8 HSEx 1 262745
criticel Yolue of Studentized Rangen &4.041
Comperisons s1gnmiticant at the 0.65 level are indicated by rvws,

S1mul tanebus Eimultancaus
Lower Dyfieretee Uppear
L Confrdence fietween  Confidence
Compar 1son Ltmit Means Limt
f -p -1.684 0.681 3.026
£ - b 0.994 1.218 5.840 kv
P - f -3 D26 -0.481 1.664
p - b 0.192 2.537 4. 852 e
b - f -5, B4D ~3.218 -0, 596  wwx
b -p -4 BBZ2 -2 537 0,192 R

Author’s annotation  Lecetion "f" refers Yo samples callected rear the filter. Lacation "p¥ refers
ta the personsl semples and location "b" cefers td the background sompling locatich

Figure D3: Selected SAS output from the analysis of the tetal particulate
concentrations at the vehicle preparation stations
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APPERDIX E

RESPIBATQREY PROTECTION
(Code of Federal Regulaidons, 29 CFR 191¢ 134)

{a) Permissible practice {1y In
the control of those occupational
diseages caused by breathing air
contaminated with harmful dusts,
fogs, fumes, mists, gases, Smokes,
gprays, or vapors, the primary
objective shall be to prevent
atmospheric contamination  This
shall be accomplished as far as
feasible by accepted engineering
conttol measures (for example,
enclosure or confinement of the
cperation, general and local
ventilarion, and substitution of less
toxic materials) When effective
engineering controls are ot feasible,
or while they are being instituted,
appropriate respirators shall be used
pursuant to the following
TEQUlTEmEents

(2} Respirators shall be provided
by the employer when such equipment
1s necessary to protect the health of
the employee  The employer shall
provide the respiratore which are
applicable and sultable for the
purpose intended  The employer shall
be responsible for the establishment
and maintenance of a respiratory
protective program which shall
include the reguilrements putlined in
paragraph (b} of this section

(3) The employee shall use the
provided respiratory protection in
accordance with instructions and
training received (b} Bequirements
for a minimal acceptable prugram
(I} Written standard operating
procedures governing the selection
and use of respiratcrs shall be
established

1910 134(B)Y {2
(2) Respivators shall be selected
on the basis of hazards to which the
worker 1s exposed

6l

{3) The user shall be instTucted
and trained in the propet use of
regpirators and their limitations

{(4) [(Reserved)

{5} Respitatorz shall be regularly
cleaned and disinfected  Those used
by more than one worker shall be
thoroughly cleaned and disinfected
after each use

{6} Regpirators shall be stored in
a convenlent, clean, and sanitary
lacation

(7) Respirators used routinely
shall be inspected during cleaning
Worn or deterlorated parts shall be
replaced  Respirators for emergency
uge such as self-contained devices
shall be thoroughly inspected at
least once & month and after each
use

(8) Appropriate surveillance of
work area conditions and degree of
employee exposure or stress shall be
mainteined

(9) There shall be regular
inspection and ewaluation to
determine the continued effectiveness
of the program

(10) Persons should net be assipned
to tasks requiring use of respirators
unless 1t has been determined that
they are physically able to perform
the work and uszse the equipment The
}ocal physician shall determine what
health and physical conditions are
pertinent The respirator user’s
medical status should be reviewad
periodigally {for instance,
annually)

1910 134(b) (11}

(l1) Approved or accepted
respirators shall be used when they
are avallable The respirator
furnished shsll provide adequate
respiratory protection against the
particular hazard for which 1t is



designed in accordance with stendards
established by competent authorities
The U 5 Department of Intsrior,
Bureau of Mines, and the U §
Department of Agriculture are
recognized as such authorities
Although respirators listed by the
U 8 Department of Agriculture
continue to be acceptable for
protection against specified
pesticides, the U § Department of
the Interior, Bureau of Mines, is the
agency now responsible for testing
and approving pesticide respirators

{¢) Belection of respirators
Proper selection of respirators shall
be made according to the guidance of
American National Standard Practices
for Respiratory Protection
Z88 2-1949

(d) Alr quality (L) Compreszsed
alr, compressed oxygen, liguid air,
and liquid oxygen used for
respiration shall be of high purity
Oxygen shall meet the regquirements of
the United States Pharmacopoeia for
medical or breathing oxygen
Breathing air shall meet at least the
reguirements of the specificatiom for
Grade D breathing air as described in
Compressed Gas Association Commodity
Specification G-7 1-1966 Compressed
oxygen shall not be used d4n
supplied-air respirators cor in open
¢ilrecult self-contained breathing
apparatus that have previously used
compressed air  Oxygen must
never be used with air line
resplrators

1910 134{d) (2)

{2) Breathing air may be supplied
to respirgtors from cylinders or air
COMPIessors

(i) Cy¥linders shall be tzsted and
malntained as prescribed in the
Shipping Container Specification
Regulations of the Department of
Transportatlon (49 CFR Part 178)

(11) The compressor for supplydng
air shall be equipped with necessary
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safety and standby devices A
breathing air-type compressor shall
be uzsed Compreazsors shall be
constructed and situated so as to
avoid entry of contaminated air into
the system and suitable in-line saT
purifying sorbent beds and failters
installed to further agsure breathing
air gquality A receiver of
sufficient capacity to enable the
Tespirator wearer to escape from a
contaminated atmosphere in event of
compressor failure, and alarms to
indicate compressor failure and
averheating shall be installed in the
system If an oil-lubricated
compressor is used, it shall have a
high-temperature or carbon monoxide
alarm, or both If only a
high-temperature alarm is used, the
a1r from the compreszsor shall be
frequently tested for carbon wonoxide
to insure that it meets the
specifications in paragraph (d)(l)} of
this section

(3) Alr line couplings shall be
incompatible with outlets for other
gags systems toe prevent inadvertent
servicing of alr line respirators
with nonresplrable gaseas or oxygen

1910 134(d) (4}

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

Z48 1-1954, Federal Specification
BE-A-1034a, June 21, 1968, Air,
Compressed for Breathing Purposes, ot
Interim Federal Specification
GG-B-00675b, April 27, 1965,
Breathing Apparatus, Self-Contained

(e} Use of respirators {1}
Standard procedures shall be
developed for respirator wse  These
should ing¢lude all information and
gunidance necessary for their proper
selection, use, and care  Passible
emergency and routine uses of
Tespirators 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 procedurss by a qualified
individual supervising the
respiratory protective program
individual dsgsuing them shall be
adequately inastructed to Insure that
the correct respirator is issued

{(3) Written procedures shall be
prepared covering safe use of
respirators in dangerous atmespheres
that might be encountered in normal
pperations or in emergencies
Personnel shall be familiar with
these procedures and the available
respiratatrs

The

1910 134(e){3)(1)

{1) In areas where the wearer, with
failure of the respirator, could be
overcome by a toxic or
oxygen-deficient atmosphere, st least
one additional wan shall be present
Communications (vaisual, wveice, or
gignal line) shall be maintained
between both or all individuals
present Planning shall he such that
one individual will be unaffected by
any likely rncident and have the
praper rescue eguipment to be able to
ageist the ather(s) 1in case of
energency

{11) When self-contained breathing
apparatus or hose masks with blowers
are used 1n atmosplheres immediately
dangerous to life or health, standby
men mist be present with suitable
rescue equipment

{111} Persong using alr line
respirators in atmospheres
immediately hazardous to life or
health shall be equipped with safetry
harnesses and safety lines for
lafting or removing persons from
hazardous atmospheres or other and
equlvalent provisions for the rescue
of perscns from hazardous atmospheres
shall be used A standby man or men
with suitable self-contained
breathing apparatus shall be at the
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nearest fresh air base for emergency
rescue

{4) Respiratory protection 1s no
better than rhe respirater in use,
even though it is worn
conscientiously  Frequent random
inspectiong shall be conducted by a
gqualified individual to assure that
resplrators are preoperly selected,
used, cleaned, and meintained

1910 134(e) (5)

{5) For safe use of any respirator,
1t 15 essential that the user be
properly Instructed in its selectiom,
use, and maintenance Both
superviscre and workers gshall be =o
instructed by competent persons
Training shall provide the men an
appotrtunity to handle the respiratar,
have 1t fitted properly, test its
face-piece-to-face geal, wear it in
normal air for a long familiarity
period, and, finally, to wear it in a
test atmosphere

(1) Every reaspirator wearer shall
receive fitting instructions
including demonstrations and practice
in how the respirator should be worn,
how to adjust it, and how to
determine 1f it fits properly
Beapiratoers 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 facepiece, or
temple pieces on glasses Alsa, the
ahsence of one or both dentures can
seriously affect the fit of a
facepiece The worker’s diligence ain
observing these factors shall be
evaluated by periodic check Te
agsure proper protection, the
facepiece fit shall be checked by the
wearer each time he puts on the
respirator  This may be done by
following the manufscturer's
faceplece fitting instructions

(ii)} Providing recpiratory
protection for individuals wearing
corrective glasses is a serious
problem A proper seal cannot be



established 1f the temple bars of eye
glasses extend through the sealing
edge of the full facepiece As a
temporatry measure, glasses with short
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
mounting corrective lenses 1lnside
full facepileces When a workman must
wear corrective lenses as part of the
facepiece, the facepiece and lenses
shall be fitted by qualified
individuals to provide good vision,
confort, and a gas-tight seal

1910 134(e)(5)(iii)

{i1i} If corrective spectacles or
goggles are required, they shall be
worn 80 as not ta affeet the fit of
the facepiece  Proper selection of
equipment will minamize or avoid thas
problem

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

(1)} Inspection for defects
(including a leak check),

{11} Cleaning and disinfecting,

{111) Repair,

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

{2y (i} All respirators shall be
inepected routinely before and after
each use A tegpirator 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 it is in satisfactory
working condition

{1i1) Self-contained breathing
apparatus shall be inspected monthly
Alr and oxygen cylinders shall be
fully charged according to the
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manufacturer’s lnstructions It
shall be determined that the
repulator and warning devices

function properly

1910 134(E}(2) (1i1)

(1ii) Respirator inspection shall
include a check of the tightness of
connections and the condition of the
faceplece, headbande, wvalves,
connecting tube, and canisters
Rubber or elastomer parts shall be
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 duting
storage

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

(3) Routinely used respirators
shall be collected, ecleaned, and
disinfected as frequently as
necesgary to insure that proper
protection 1s provided for the
wearar BRespirators maintained for
emergency use shall be cleaned and
disinfected after each use

(4) Replacement or repalrs shall be
done only by experienced persons
with parts deslgned for the
respirator No attempt shall be made
to replace components or to make
adjustment or repaits beyond the
manufacturer’s recommendations
Reducing or admlssion velves or
regulators shall be returned to the
manufacturer or to a trained
technician for adjuwstment or repair

1910 134¢£}3{5)

{5) {1) After inspection, cleaning,
and necessary repair, respirators
shall be stored to protect against
dust, sunlipht, heat, extreme cold,
excegslve moisture, or damaging
chemicals Respairators placed at
gtations and work areas for emergancy
use should be quickly accessible at



all times and should be stored in
compartments builtc for the purpose
The compartments should be clearly
marked Routinely used respirators,
such as dust respirators, may be
placed in plastic bags  Resplrators
should not be stored in such places
as lockers or tool boxes unless they
are in carrylng cases or cartons

{i1) Respirators should be packed
ot stored so that the facepiece and
exhalation valve will rest in a
normal position and funetion wirll not
be impaired by the elastomer setting
in an abnormal position

{111) Instructions for proper
storage of emergency respirators,
such as gas masks and self-contained
breathing apparastus, are found in
"uge and care” instructions usually
mounted inside the carrying case 1id

{g) Identification of gas mask
canisters {1} The primary means of
1dentifying a gas mask canister shall
be by means of preperly worded
labels The secondary means of
identifying a gas mask canister shall
be by a color cocde

1910 134(g}(2)

{2) All who 1ssue Or use gas masks
falling within the scope of this
section shall see that all gas mask
canisterc purchased or used by them
are properly labeled and colered in
accordance with these requirements
before they are placed in service and
that the labels and colors are
properly maintained at all times
thereafter until the canisters have
completely served their purpose

{3} On each canister shall appear
in bold letters the following

(L} - Canigter
for

(Name for atmospheric contaminant)
ar
Type W Gas Maerk Caniater

{i1) In addition, essentially the
following wording shall appear
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beneath the appropriate phrase on the
canister label "For respitatory
protection in atmesphetres containing
not more than percent by
rolume of

Name of atmospheric contaminant)

1910 134(g)(4)

{4) Canisters having & special
high-efficiency filter for protection
against radionuclides and cther
highly toxic particulates shall be
labeled with a statement of the type
and degree of protection afforded by
the filter The label shall be
affixed to the neck end of, or co 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 0 3-micron-diameter
dioetyl phthalate (DDP) smoke at a
flow rate of 85 liters per minute

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

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



TABLE I-1

Atmospherle centaminants
to be protected against

Colors assigned(l}

White

White with 1/2-inch green stripe
campletely around the canister
near the bottom

White with L/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 bottom

Acid gases
Hydrocyanie acid gas

Chlorine gas

Organic vapors
Ammonla gas
Acid pases and ammonia pases

Carbhon Monoxide Blue
Hydrocyanic acid gas and chloropicrin Yellew with 1/2-1nch blue stripe
vapor completely arcund the canlster

near the bottom
Acid gases, organic vapors, and ammonia
gases
Radicactive materials, excepting
tritium and noble gases
Particulates (dusts, fumes, mists,
fogs, or smokes) in combination with
any of the above gases or vapors

Brown

Purple {Magenta}

Canister color for contaminant, as
designated above, with 1/2-inch
gray stripe completely around the
canister near the tap

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

All of the above atmospheric
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Footnote(l) Gray shall mot be assigned as a main color for a canister
designed ta remove acids or vapors

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

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

(Approved by the 0Office ¢f Management and Budget under control number

1218-0099) [3%9 FR 23502, June 27, 1974, as amended at 43 FR 49748, Oct 24,
1478, 49FR 5322, Feb 10, 1984, 49 FR 18255, Apr 30, 1984]
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