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SUMMARY

The abality of three eross draft spray palnting booths to contrel exposure to
air contaminants was evaluated Ventailatlon measurements were made to
document the performance of the ventilatlion system Air samples were
collected on the worker to evaluate the exposure te total dust, organic
solvents, and chromium  The selvent concentrations measured on the worker
were all lesxz than NIOSH recommended exposure limits Cne of fifteen short-
term total dust concentrations exceeded 15 mg/m’, which is the OSHA PEL for
total dust  The chromium concentration measured on the worker's lapel ranged
between 0 9 and 59 wg/wm’, 11 of 12 samples exceeded the NIOSH REL of ! ug/a’
for hexavalent chromium EHowever, all of these samples were less than the
05HA PEL for chromium aof 100 pgfm3 & review of the avallable material safety
data sheets revealed that hexavalent chromium was the only form of chromium
listed  However, material safety data sheets were not available for the all
the surface coatings used during this study and one can not definitely
conclude that all the chromium present was hexavalent chromium Efforts to
meagure the concentration of hexamethylene diisocyanate prepolymers, which are
used as paint hardeners, wete unsuccessful

In these cross-draft spray painting booths, air enters the booth through
filters in the door or through a supply air plenuwe The alr flows parallel to
the ground, arcund the car and toward exit filters located in the back of the
car Afrer pailnting, the cars remain in the booth until they are dry The
ages of these booths were unknown  Two of these booths were operating at a
flow rate of 9,500 e¢fm {cubic feet per minute) However, one booth, estimated
to be at least 2Z years cld., was operating at a flow rate of about 3,000 cfm
The flow rate increased to 7,000 cfm when the exhaust louvers were propped
open with a block of wood  For the spray painting booths present in this
shop, an air flow rate of 12,000 cfm is specified by the O5HA standard for
spray painting Because hexamethylene diisocyanate prepolymers are used in
this booth, there 1s a poss:bility of excessive polyisccyanate concentrations
to the worker Based upcn total dust concentrations and the compesiticn of
the clear cecat, the concentration of hexamethylene diisocyanate prepolymer may
have exceeded the manufacturer’s exposure limit recommendations  However, we
were unable to document this during the survey because of problems with our
sampling and analytical method

Because of health effects associated with polyisocyanate exposure and
hexavalent chromium expeosure, there is a need for a comprehensive respitatory
protection program at this autoboedy shop  Presently, there 1s an absence of a
formal, written respirator propgram as required by the OSHA respiratory
practices standard Compliance with this standard 1s needed to make sure that
resplratars aActuslly protect the workers from air contaminents in the spray
painting booth



INTRODUCTION

The National Institute for Occupational Safety and Healch (NIOSH) is the
primary federal corganizatioan engaped in occupational safety and health
research Located 1in the Department of Health and Human Services (DHHS}, it
was established by the Occupational Safety and Health Act of 1970 This
legislation mandated NIOSH to cenduct several research and education programs
separate from the standard setting and enforcement functions conducted by the
Occupational Safety and Health Administration (QOSHA) in the Department of
Labar An important area of NIOSH research deals with methods for controlling
cccupational exposure to potential chemical and physical hazards  The
Englneering Control Technology Branch {ECTB) of the Division of Physical
Sclences and Engineering has been given the lead within NIOSH to study the
engineering aspects of hazard centrol

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

This study of autobody repalr was undertsken by ECTE to provide information on
control technolegy for preventing occupational disease in this industry  This
project 1s part of a NIOSH apecial initiatave on small husiness and inwvolwes
developang and evaluating control strategies and disseminating control
technelogy information to a small business Several types of small businesses
with patential hazards were originally ildentified from letters from OSHA state
consultation programs These letters, along with state consultation program
contacts, discussions with NIQSH’s Division of Surveillance Hazard Evaluations
and Field Studies (DSHEFS) and the Division of Respiratory Disease Studies
(DEDS), and literature reviews, identified a list of swall businesses suitable
for control technology studies  From thizs list of small businesses, autobody
repair and painting shops were one of several potential workplaces that were
selected for study

The study’s objective is to provide autobody repair and painting shops with
information about practical, commercially-avallable methods that contrel
worker exposures to air contaminants (e g , Iisocyanates, refined petroleum
solvents, spray paint mists, and airborne particles) To develop this
information, commercially available control methods mmst be evaluated in
actual shops These control measures are being evaluated ventilated sanders
and welders, vehacle preparation statieons, and spray pailnting boothe  The
results of individual field evalunations will be conmpiled with the available
literature This control technology informatlion will then be disseminated to
autobady workers, owners, end operators of autobody repaxr and painting shops,
and safety and health professionals




As part of this overall study, techniques for controlling air contaminants
generated during painting and sanding operations are being studied At this
body shop, three cross draft spray paint booths were studied In additiom,
observations about respirator usage at this autobody shop were documented

SHOP DESCRIPTION

This autobody shop employs 13 workers silx repair cars, four paint cars, and
three work in the pffice  Typically, 30-40 cars per week are rTepaired and
painted at this shop This autobody shop 1s located in a two-story building
that 1s built inta the side of a hill This allows cars te be driven in and
out of both levels of this shop Before the cars are painted, structural
damage te the cars 1s repaired on the upper level of this shop which is
schematically illustrated din Fipure 1  This involves the repair and
replacement of damaged parts  During these actiwvities, the workers may be
exposed to aerosols from sanding, grinding, and welding In addition, this
shop does some restoration of autemobiles

After structural damage to the cars has been repaired, they are prepared feor
painting This involves some sanding, washing the car to remove dirt, and
covering parts of the vehlele that are not being painted wirh either paper or
plastic  After the cars have been palnted, defects in the paint job are
removed by buffing In the upper lavel of the repair shop, wehicle
preparation 1s dome next to the spray pailnting booth  The lower level is
schematically 1llustrated in Figure 2

The spray painting booths in the upper level were Trimatic cross draft spray
painting booths The manufacturer and date cf installatlion were unknown

These booths use one fan to supply air to the booth and another fan to exhaust
the booth The air 15 supplied and exhausted thtrough filters that atre mounted
in plenums (see Figures 3 and 4} These filters are changed every four to
five weeks Before some painting jobs, the filters are wetted down with
water This probably reduces the air flow through these filters until the
fileers dry off

The spray painting booth {Devilbiss type DLFA, Toledo, Ohio) on the lower
lavel was reported to be over 22 years old (see Figures 5 and 6 A single
fan draws air through the filters in the door of the spray painting booth and
through a second set of exhaugt filters located in the back of the booth  The
fan, which 1g located behind the booth, exhausts the air through leouvers,
which are located on the wall of the bullding The louvers appeatved to bhe
stuck in a partially closed position During the last two sampling periods, a
block of wood was used to prop these louvers open to increase the air flow din
this spray painting booth The blades of the fan appeared to have a coating
of paint overspray which may be reducing the efiiciency at which this fan is
operating In this shop, most painting jobs involve the application of a
primer, base coat, and a clear coat  Typically, the bas¢ ceat contains
colored pigments and carvier solvents  The material safety data sheets listed
these hazardeous substances as components of pigments chromium, nizkel,
ancimony, and lead A clear ceoat 1s applied over the base coat  The clear
coat 18 composed of two components a c¢lear coat and a hardener The clear
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coat contalns pelyurethane or polyals and acrylic resins  The hardener
containg polyisccyanates that are trimers of hexamethylene diisocyanate The
hatdener cross-lainks with the other cooponents of the clear coat to form a
hard urethane surface

Half-faceplece, alr-purifying respiraters that were equipped with organie
vapor cartridges and spray painting prefilters were issued to all of the
workers All but one worker wore a 3M Easi-Care Dual Cartridge Respirator
that had the following NIOSH Approvals  TC-23C-859 and TC-23-860 The
workers who wore this respirator had a certificate from IM respilrator stating
that they had been trained on this respirator and had passed a qualitative fit
test In talking with the employees, they distinctly did not remember going
through the test exercises specified by NIOSH ' They told the survey team
that they simply conducted the test by wearing the respirators without moving
their heads This respirator was used for organic vapeors and dusts These
regpiratotrs ave designed to be dispasable and these respirators were replaced
every one or two weeks

POTENTIAL HAZARDS

Workers involved in autobody repair are potentially exposed to a multitude of
air contaminants During structural repair, activities such as sanding,
grinding, and welding generate aerosols that are released into the worker’'s
breathing zone If the surface of the car being repaired contains toxic
metals such as lead, cadmium, or chromium, exposure to these metals is
possible Workers who paint cars can be exposed to organic soclvents,
hardeners that may contain isocyanate resins, and pigments that may contain
toxic components

The International Agency for Research on Cancer (IARC) has reviewed the health
effects associated with painting operations ¢ In the TARC publication, the
term "painters™ included workers who apply palnt to surfaces during
conatruction, furniture manufacturing, automobile manufacturing, metal
praducts manufacturing, and sutobody refinishing After reviewing a wide
tange of publications, they concluded "There 1s sufficient evidence for the
carcinogenicity of occupational exposure as a painter ™ In addition, they
noted that painters suffer from allergic and non-zllergic contact dermatitis,
chronic bronchitis, asthma, and adverse central nervous system effects Some
health effects for specific air contaminants are briefly summarized in the
following paragraphs

DIISOCYANATES AND THEIR QLIGOMERS

The unique feature of all diisocyanate-based compounds is that they contain
twe -N=C=0 functional groups, which readily react with compounds containing
active hydrogen atoms to form urethanes  Because of thelr chemical reactivity
and abilicy te crosg-link, dilsoccyanates are used in surface coatings,
polyurethane foams, adhesives, resins, and sealants Diisocyanates are
usually referred to hy their speeiflc acronym, € g , IPDI for isophorone
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diilsecyanate or HDI for hexamethylene dilsccyanate * To reduce the
inhalation expeosure to monomers during spray paintlng from evaporation, the
isocyanate monomers are prepolymerized inte oligomers that are generally
dimers, trimers, and tetrameres of the meonomer In commercial spray palnting
cperations, the monomer content 1s usually less than 2 percent by welght
However, the pligomers still pose a hazard to the workers as an mercosol

Reports indicate that dilsoecyanates cause Irritation te the skin, mucous
menmbranes, eyes, and respiratory tract * Worker exposure tao high
goncentrationg may result in chemical breonchitis, chest tightness, nocturnal
dysprnea {shortness of breath), pulmonary edema (fiuild in the Iungs), and
reduced lung function 5.6 Lung functien 1s reported ta decrease with number
of exposures greater than 0 2 mg/m’ to hexamethylene diisocyanate biuret ’
The most impertant and meost debilitating bhealth effect from exposure to
diisocyanates ls respiratory and dermal sensirizatlon  After sensitizatvion,
any exposure, evenh to levels below any occupational exposure limit or
standard, can produce an allergic response that may be life threatening ®°
The only effecrive treatment for the sensitized warker 1s cessation of all
diisocyanate exposure °

GRCGANIC SOLVENTS

Qccupational exposure to the organilc solvents can cause neurotoxic effects
that can ilneclude dizziness, headache, an alcohol-like intoxicarion, narcesis,
and death from respiratery failure ' Automotive spray paintets exposed to
otganic solvents are reported to have decreases in motor and nerve conduction
velocities " In additiom, organie solvents such as acetone, toluene, and
xylena c¢at cause eye, nese, and throac irritation 12 Dermal exposure to
organic solvents 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 organilc solvents, which are found
in some paints, are briefly summarized

Acetomne

Few adverse health effects have been attributed to acetone despite
widespread use for many years  Awareness of wild eye irritation occurs
at airborne concentratiocns of about 1000 ppm  Very high concentrations
{12000 ppm) depress the central nervous system, causing headache,
drowsiness, weakness, and nausea Repeated direct skin contact with
the liquid may cause redness and dryness of the skin “ Exposures over
1000 ppm cause respiratory irritation, coughing, and headache **

n-Butyl Acetate and 1gec-Butyl Acetate

At concentrations exceeding 130 ppm, n-butyl acetate produces
significant irritation of the eves and the resplratory tract
Iso-butyl acetate is reported to be slightly less irritating than
n-butyl acetate '

L4
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n-Butyl Alcohol

n-Butyl alcohol is an i1rritant to the eyes and the wmucous membranes of

the nose and throat Exposures over 200 ppm can cause keratitis '* Eye
irritation and headaches occur at concentratlons in excess of S0 ppm ™

Exposure to n-butyl alceohol is reported to increase hearing losses for

workers who are also exposed to nolse

Ethyl Acetate

Ethyl acetate vapor 1s irritating to the eyes and respiratory passages
of humans at concentrations above 400 ppm ‘* In animals, it has a
narcotic effect at concentratioms of over 5000 ppm

Isoprapyl Alcohol

At exposures above 500 ppm, arritation to the eyes, nose, and throat is
reported Above 800 ppm, the symptoms are intensified '

Hethyl Isobutyl Fetone

Methyl isobutyl ketone is an i1rritant of the eyes, mucous membranes,
and skin  Human exposures between B0 and 500 ppm are reported to cause
loss of appetite, headache, eye irritatien, sore throat, and nausea '’

Trimethyl Benzene

Trimethyl benzene has been reported to rause nervousness, anxzety, and
asthmatic bronchitis '

Toluene

Toluene can cause lrritation of the eyes and respilratory tract,
dermatitis, and central nervous system depression 2 At concentrations
of 200 ppm or less, complaints of headaches, lassitude, and nausea have
been reported At concentratiens of ZD0-500 ppm, loss of menmory,
anorexia, and motor impairment are reported ' In addition, muscle
impairment and inereased rteaction time can occur at exposures of

100 ppm or wore

Xylene

Xylene vapor may cause irritation of the eyes, tnose, and throat
Repeated or prolonged skin contact with xylene may cause drying and
defatting of the skin that may lead to dermatitis Liquid xylene is
irritating to the eves and mucous membranes, and aspiration of a few
milliliters may cause chemacal pneumonitis, pulmonary edema, and
hemorrhaging Repeated exposure of the eyes te high concentrarions of
xylene vapor may cause reversible eye damage * At concentrations
betweenr 90 and 200 ppm, impairment of body balance, manual
cocrdination, and reaction times can occur Workers exposed to
concentrations above 200 ppm complain ¢of loss of appetite, nauses,

12



vomiting, and abdominal pain  Brief exposure of humans to 200 ppm has
caused irritation of the eyes, nose, and throat '®

METALS

Toxic metals such as lead, chromium and cadmium may be used as pigments in
some paints Thus, welding and sanding on these surfaces may involve
occupaticenal exposure to tfoxic metals In addition, autobody welding will
involve exposure to welding fumes  Some health effects attributed to lead,
cadmium, chromium, and titanium dioxide are digcussed below

Cadmium

Cadmium 1s a toxic heavy metal that may enter the body exther by
ingestion (swallewing) or by inhalation (breathing) of cadmium metal or
oxide Once ahsprbed into the body, cadmium sccumulates in organs
throughout the bedy, but major depositlons cccur in the liver and
kidneys '’ Acute inhalation exposure to high levels of cadmium can
cause respiratory irritation and pulmonary edema  In addition, cadmium
exposure causes kidney damage '®* Chronic exposure may lead to
enphysena of the lungs and kidney disease that may be assoclated with
hypertension * After finding that exposure to cadmium has been
assoclated with excess resplratory cancer deaths among cadmium
production workers, NIOSH has concluded that cadmium is a portential
occupational carcinogen **

Chromium

Some paintza may contaln chromates (hexavalent chromium ar chromium V1),
as a plgment These compounds can produce health effects such as
contaect dermatitis, dirritation and ulceration of the nasal mucosa, and
perforation of the nasal septum Hexavalent chromium compounds are
suspect carclnogens ¥

Lead

Lead adversely affects several organs and aystems The four major
target argans and systems are the central nervous system, the
peripheral nervous system, kidney, and hematopoletic {(blood-forming)
system 7 Inhalation or ingestion of incrganic lead can cause loss of
appetlte, metallic taste in the mouth, constipation, nausez, pallor,
blue line on the gum, malaise, weakness, insomnia, headache, miscle and
jeint pains, netrveus irritability, fine tremors, encephalopathy, and
colic '® Lead exposure can result in a weakness 1n the wrist muscles
known as "wrist drop," anemia (due to lower red blood cell life and
interference with hewe synthesis), proximal kidney tubule damage, and
chronic kidney disease ***** Lead exposure is associated with fetal
damage in pregnant women ' Lastly, elevated blood pressure has been
positively related to blood lead levels * %
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Titanlum Dioxide

In reviewing the health effects literature, ACGIH found no evidence
that exposure to titanium diexide peoses a health hazard as long as the
exposure remains below 10 mgfm® '* However, NIOSH reviewed animal
testing data that indicates that exposure to titanjum dioxide invclves

gome risk of cancer **

EXPOSURE EVALUATION CRITERIA

As a guide to the evaluation of the hazards posed hy workplace exposures,
NIOSH field staff use exposure limits as evaluation criteria for assessment of
a number of chemical and physical agents These eriteria are intended to
suggest levels of exposure to which mest workers may be exposed up to 10 hours
per day, 40 hours per week, for a working lifetime without experiencing
adverse health effects Table | summarizes exposure limits for air
contaminants that may be present in autobody shops It 18 important to note
that not all workers will be protected from adverse health effects if cheir
exposures are maintained below these levels A small percentage may
experience adverse health effects because of i1ndividual susceptibility, a
preexisting medical condition, and/or a hypersensitivity {(allergy) The
primary sources of envirenmental evaluation criteria in the United States that
are used for the workplace are 1} NICSH Recommended Exposure Limits{RELs},
2} the American Conference of Govermmental Industrial Hygienists' (ACGIH)
Threshold Limit Values (TLVa}, and 3) the U § Department of Labor (OSHA)
Permissible Exposure Limits (PELs) The 0SHA PELs are required to consider
the feasibility of controlling exposures in various industries where the
agents are used, the NIOSH RELs, by contrast, are based primarily on concerns
relating to the prevention of occupaticnal disease  ACGIH Threshold Limit
Values (TLVs) refer to airborne concentrations of substances and represent
conditions under which it 1s believed that nearly all workers may be
repeatedly exposed day after day wicthout adverse health effects ACGIH states
that the TLVs are guidelines *" Tt should be noted that the ACGIE is =
private, professional society and that industry 1s legally required to meet
only those levels specified by OSHA PEL=

At the time of this study, OSHA was enforcing the exposure limits listed in
Table | Most of these exposure limits were revised in a 1989 revision to the
Air Contaminants Standard (29 CFR 1910 1000) In July 1992, the 1lth Circuit
Court of Appeals vacated thls standard OSHA 1s currently enforcing the
version of the Alr Contaminants Standard which was in effect before 1989,
however, some states operating their own OSHA-approved job safety and heaith
programs will continue to enforce the 1989 limits  OSHA continues to
encourage employers to follow the 1989 revisions

In addition, some hazardous substances may act in combination with other
workplace exposures, the general environment, or with medicatlons or personal
habzts of the worker to produce health effects even 1f the oceupational
exposures are controlled at the level set by the evaluation criteria  These
combined effects are often not considered in the evaluation criterda  Also,
some substances are abaorbed by direct contact with the skin and mucous
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membranes and, thus, potentially increase the overall exposure Finally,
evaluation eriteria may change over the years as new information on the toxie
effects of an agent become available

A Time-Weighted Average (IWA) exposure refers to the average alrborne
concentration of a substance during a normal eight teo ten hour workday Some
substances have recommended short-term exposure limits or ceiling values that
are intended to supplement the TWA where there are recagnized toxic effects
from high, short-term exposures

Generally, spray palnters are exposed to multiple solvents To evaluate
whether the total solvent exposure 1s excessive, a comhined exposure, G, is
computed

o= = B2 . Co (1)
L, L, L,
Where € = Exposure teo an individual contaminant, and
L = The lowest exposure limit for the specific component listed in

Table 1

If the value of €, iz less than t, the cowmbined exposure 1s believed to be
acceptable

EXPOSURE LIMITS FOR PREPOLYMERIZED DIISOCYANTES

Although health effects are attributed to prepolymerized diisocyanates, OSHA,
NIOSH, and ACGIH have not developed exposure limits for these substances
The Orepon Occupational Safety and Health Administration has adopted an
exposure limit of 1 mg/m® as a ceiling and an 8-hour time weighted average of
0 5 mg/m* for exposure to HDI polyisccyanates ¥ These polyisocyanates are

the biuret trimer of HDI (HDI-BT) and the isocyanurate of HDI  These exposure
limits were set to protect worketrs from pulmonary irritation and are the same
exposure limits published in the manufacturer’s material safety data sheet ?*
In contrast, Sweden has a five minute short-term exposure limit of 0 2 mgfn?
for cceupational exposure to hexamethylene diilsocyanate biuret *

The United Kingdom’'s Health and Safetry Executive (HSE} has specified a control
limit for occcupational expesure to dilsocyanates and oligomers of these
diisocyanates * In reviewing the health effects associated with isocyanate
exposure, the HSE assumed that the health consequences of inhaling aerosels
containing -N=C=0 (NCO) functional groups are not different from inhaling
diisocyanate monomers As a result, the HSE has specified the following
control limltg for NCO functional groups din the air

1 An 8-hour Time Weighted Average of 20 pg/m’, and
2 A 10-minute ceiling limit of 70 pg/nm’
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During spray painting operations, occupatlonal exposure €0 isocyanates
frequently exceed these control limits *

EVALUATION PROCEDURES

The cbjective of this site visit was to evaluate the ability of the cross
drafr spray painting booths to control worker exposure to alr contaminants
To do this, air contaminant concentration monitoring was conducted
Ventilation measurements were made to document the airflow volumes in the
spray painting booths

ATR CONTAMINANT CONCENTRATICN MONITORING

Total dust comcentratlons were measured using NIOSH Method 0500 *' TIn this
method, a known volume of air is drawn through a preweighed PVQ filter at a
flow rate of 3 0 liters per minute using a personal sampling pump (Aircheck
Sampier, Model 224 -- PCXR?7, SKC Inc, Eighty Four, PA)  The welght gain of
the filter is used to compute the milligrams per cubic meter of air  After
welghing, selected fllters were analyzed for chromium, nmickel, and lead
bacause these substances were 1dentified on materisl gsafety data sheets The
detection limits for these substances were 03, 0 3, and 1 pg/filter,
respectively  The metals on each filter were solubilized using a modification
of NIOSH Method 7300 * Each filter was placed in a 125 mL beaker and

then 1 mL of perchlaric acid and 4 mL of nitric acid were added The beakers
were placed on a hot plate and heated to approximately 150°C and the sample
volume was reduced to nearly 0 5 ml  The samples were guantitatively
transferred to a 10 ml volumetric flask, diluted to 10 mlL, and then were
analyzed by a simultaneous scanning induetively coupled plasma emission
spectrometer

Material safety daca sheets were used ve identify the major organie solvents
that may be present during spray painting The concentrations of these
solvents were measured xylene, 1isobutyl acetate, isopropyl alcohol, acetone,
n-butyl acetate, methyl isobutyl ketome, ethyl acetate, and trximethyl benzene
{all isomers) In addition, the fractiom of the tfotal chromatographic peak
area explained by the analytes was evaluated Concentratlion measurements were
made by placing charcoal tubes (SKC lot 120) in a chercoal tube holder and
mounting the charcoal tube holder on the worker  Tubing connects the outlet
of the charcoal tube holder to a persomal sampler pump {(Model 200, Pupont
Inc ) that draws alr through the charecal tube at 200 cm’ fmin The collected
solvents are desorbed from the charcoal using carbon disulfide and the
solvents are quantitated by using a gas chromatograph equipped with a flame
ionization detector  NIOSH Method 1401 was
used with some modifications The modifications are listed below *
Descrption Process Thirty minutes 1o 1 ¢ milliliter of carbon disulfide
with 1 microlater of hexane per ml of methylene
chloride as an internal standard and 1 percent
isobutancl as a desorbimg aid
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Gas Chromarograph Hewletc-Packard Model 5890 equipped with a flame
icnization detector

Column 30m x 0 32mm fused silica capillary ceated,
internally with 0 5 pm of DB-WAX

Oven Conditiens Temperature programming from 43°C (held for 15
minutes) te 150°C at a rate of 10°C{minute

Duraing spray painting operations involving the use of isocyanate hardeners,
the concentrations of hexamethylene dilsceyanate and its trimer were monltored
by using NIOSH Method 5521 ¥ In this method, air samples are cellected in

an impinger at a known sampling rate of 2 liters per minute The impinger
contains a solution of 1-(2-methoxyphenyl) plperazine in teluene  The
piperazine compound reacts with the isocyanate to form ureas  The ureas are
quantitated by high performance liquid chromatography operated with a UV and
an electrochemlcal detector In addition, a photodlode array detector was
used to conflrm the presence of 1socyanates  Because analytical standards are
net availlable for trimers of diisocyanate monomers, this method extrapalates
the calibratien curve for the hexamethylene diilscocyanate monomer to the
prepolymers that, according to the material safety data sheet, 1s the
isocyanurate trimer of HDI {CAS NO 28182-81-2) The results of NIOSH Method
5521 are reported in terms of mass of isccyamate group per unit volume

(ug NCO/m")

The material safety data sheet reported that the hardener’s used in this
autobody shop contained polyisceyanates with a Chemical Abstracts Service
(CAS) numbers of either 2818Z-8l-2 or 3774-63-3 The first CAS numbher refers
te sn isocyanurate of HDI which is Desmodur N3300 (Miles Laboratories,
Pittsburgh, PA} ** The second CAS number 1z also trimer of hezamethylene
diisocyanate which 1s a manufactured by Rohne-Poulenc as Tolonate HDT 90 *®
The UV detector regpense obtained during the NIOSH Method 3521 analysis was
used to obtain the mass of Desmodur N3300 ar Tolonate HDT 20 in an ailr sample
Standards were prepared by guantitatively diluting a bulk samples of Desmodur
N3300 cor Tolcnate HRT 20 cbtained from the paint manufacturer

The effort to evaluate the concentration of hexamethylene diisocyanate and
hexamethylene diisocyanate prepolymers was unsuccessful due to an error of
undetermined origin  Apparently, the derivatizing agent, l-{2Z-methoxyphenyl)
piperazine, was not found in the impinger solution or im the hlanks

For spray palnting cperatioms, alr sawmples were collected at three sampling
locations

1 On the worker'’s lapel, outside of any respiratory protection
that the worker might be wearing,

2 On the side of the spray painting beoth, and

3 Near the exhaust failters In a crosg draft or semi-down
draft booth, in front of the exhaust filters on the back of
the booth
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Sample volumes were based upon the sampling time for the worker The pumps on
the painter were started shortly before he entered the booth  The pumps for
the area samples were started just before starting the worker’s pump The
worker’s time in the booth was used as the sampling time because there could
be me air contaminant generation before the worker started painting

VENTILATION MEASUREMENTS

In the spray painting bocth, supply and exhaust alrflow volumes were
determined by measuring the face velocities and face areaz  The exhaust
volume is the product of filter area and average air veloclity at the face of
the filter These air velcocities were measured with a hot wire anemometer
(Kurz, Model 144(-4, Carmel Valley, CA} Afr velocities were alsoc measurad
around a ear in the spray painting beoth

RESULTS
Ventilation Measurements
Atlr flow supply and exhaust volume measurements in the spray painting baoth
are summarized in Table 2  When spray painting was conducted in the Dewvilbiss

baoth before the louvers were propped open, the paint overspray appeared to
accumulate in the booth and this may have slowed the painting dowm

Table 2 Ventilation measurements

—

Spray Palnting Alr flowing | Air flowing Alr velocities around

Booth into booth | out of booth a car's door post
(cfm") ( C_fill) __ if=pm" )_= _J
Trimatic booth A 9000 8600 100 - 130 T
Trimatic booth B 9100 6500 100 - 130
Devilbiss beooth 3600 2500 10 - 30

before propping
louvers open

Devilbiss booth 6900 not measured 60 - 70
after propping
louvers open

*

cublec feet per mimute
* feet per minute
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Alr Contaminant Concentrations

Table AZ lists the solwvent concentrations, percent of peak area, and value of
Cg for samples collected on charcoal tubes  The value of C; for the samples
¢ollected on the worker were all less than 1 0 indicating shat the measured
golvent concentractlons are bhelow the NIOSH REL or the OSHA PEL Because the
percent of the chromatographic peak area explained by the analytes ranged from
30 to 90 percent, the solvent exposure is to scme extent being understated

Tables 3 and 4 summarize short-term total dust and chromium concentraticons
measured In the spray painting booths Individual tetal dust and chromium
concentrations are listed in Table Al of Appendix A Lead and nickel were not
detected on these samples One of fifteen toral dust concentratlon measured
on the worker exceeded 15 mg/m®, which is the PEL for total dust for amn 8-hour
time-weighted averape

In addition to measuring total dust concentration, detectable quantities of
chromium were found on every total dust sample As shown Iin Table 1, exposure
limits for chreomium vary with its valence  Information from the material
safety data sheets for the primers indicated =cme of the chromates present
ware either strontlum chromate (CAS No 77897-06-2) or zinc chromate The
valence of the chromium in these compounds 1s +6  The other material safety
data sheets did not list chromium containing compounds  However, material
safety data sheets were not avallable fer all the paints  Thus, at least some
and possibly all of the chromium exposure invelves hexavalent chromium which
has a NIOSH REL and OSHA PEL of 1 and 100 pg/m’, respectively

Table 3 Summary Statistics on Short-Term Total Dust Concentration

Booth TYPE N | Geometrie | Geometrie Range
Mean Standard mg fm?
mg fo’ Deviation

Trimatic Exhaust f 10 & 26 32 -24
Personal | § 6 8 15 37 -11
S1de of 6 10 1 20 3 5- 22
booth
Pevilbiss Exhaust S 18 § 31 4 6 - 62
Parscnal | 6 6 0 2 0 3117 '
Side of 3] 11 & 3z 1 7= 39
baoth
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Table 4 Summary Statistics on Short-Term Chromium Concentrations

Booth Sampling N | Geometric | Geometrie range
location mean Standard ugfw’
pg{m* Deviation
Trimatic Exhauat & 40 6 41 32 - 159
Pergonal & 849 56 09 - 359
Side of 6 & 7 56 06 - 51
booth
Devilbiss Exhaust 5 1 8 27 04 - 47
Personal 6 25 36 11- 32
Side of & 23 83 01 - 41
booth

The statistical analysis presented in Appendix B was done to evaluate whether
total dust concentrations varied with type of spray painting baooth (Trimatic
or Devilbiss) and sampling location The fraction of the sampling pericd
spent in the spray painting booth painting was used as a covariate in this
analysis The spray painting booth and the sampling location did not have a
gsignificant effeet upon the measured dust concentrarion  The fractien of the
sampling pericd spent in the booth affected the measured total dust
concentration  Total dust concentraticn measured an the worker were lower
than the dust concentration measured near the exhaust filter This indicates
that the worker is using the booth to isclate himself from the overspray
Because there 1s only a factor of twa difference between the dust
concentration measured on the worker and the concentrations measured near the
exhaust filcer, the baooth does not appear to provide much igolation from the
overspray Observation of overspray in the booth revealed that half of the
overspray flows toward the inlet fillters and thils overspray is dispersed in
the incoming fresh alr This probably explains why the dust concentration
measured on the worlker is half cthe dust concentration measured near the
exhaust filters

Between the fourth and the fifth sawpling session in the Devilbaiss cross draft
booth, the louvers for the exhaust fan were propped open  This increased the
ventilation rate for the booth from 3,000 cfm te 7,000 cfm At 2 flow rate of
3,000 ¢fm, the total dust concentratlons measured on the worker ranged between
4 2 and 17 5 mg/m® At 7,000 cfm, two total dust concentrations measured on
the worker were approximately 3 mg/o’ The number of samples is too small to
evaluate whether the increased flow rate caused a statistically ziganificant
reduction in total dust concentrations in the Devlilblss cross draft beoeth
also, before the flow rate was increased, the overspray accumulation in the
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booth was observed to obscure vision in this spray painting booth to a much
greater extent than at other booths in this study

DISCUSSION AND RECOMMENDATIONS
Spray Painting Booth

Based upon observation of overspray in the spray painting booth, the following
qualitative description of how exposure to cverspray occurs in a cross draft
booth can be stated In these cross drafe spray painting booths, air enters
through filters in the front of the boeoth The air flows across the car,
parallel to the floor, and exits the beoth through filters located in the back
of the booth When the sides of the car are spray painted, a jet of air
containing paint droplets impinges on the surface of the car Scme of the
paint coats the car, the remaining paint, called overspray, is dispersed by
jets of alr from the spray painting gun As 1llustrated In Figure 7, the
spray pattern on the painted surface 1s elliptical, and the jet cf air from
the spray painting gun appears to be split into two jets at the surface being
painted When the side af the car is painted, one jet flows toward the
exhaust filters  The other jet flows dnto the incoming fresh air, dispersiog
the overspray in this incoming aixr The dissipation cf the energy of this
second jet probably increases the turbulence of the incoming air and probably
causes the overspray in this second jet to be dispersed in the incoming air
flew This explains why the concentration measured on the worker is half the
concantration measured at the back of the spray palnting booth near the
exhaust filters If the preceding reasoning 1s true, cross drafts booths may
not be capable of separating the palnter from the overspray

The data collected during this study were inadequate to determine whether the
polyisocyanate and chromfum concenttrations in this hooth are excessive  The
measurement of polylsocyanate concentration at rthis autcbody shop was
unsuccessful Review of the avallable material safety data sheets for clear
coats revesled that the hardener used in this awtobody shop contains an
isocyanurate trimer of hexamethylene diisccyanate  Base upon a knowledge of
the so0lid content of the two components of the clear and the ratie of hardener
to clear, the maximum concenttration of this i1socyanurate trimer should be
about one third te one fourth the total dust concentration measured on the
workeT Thus, concentrations of the isocyanurate trimer of hexamethylene
diioscyanate may be as high as 5 mg/m’ In the absence of better information,
one must assume that the concentrations of the isocyanurate trimey of
hexamethylene diioscyanate (Desmodur N3300) is excessive and that respiratory
protection is needed to econtrol worker exposure to air contaminants in this
shep

There 1s a need to evaluate the extent to which the alrborne chromium in this
autobody shop is hexawalent chromium  This should be done by obtaining and
reviewing current material safety data sheets for the chromium content of
substances used 1n spray pawnting  Because hexavalent chromium 15 considerved
to be an occupational carcinocgen, it is NIOSH policy to recommended that
exposure to such substances be minimized to the greatest extent possible
Clearly, teplacing products that contain hexavalent chromium with productes
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Figure 7 Schematie fl1lustration of observed spray painting pattern and
suspected air flow away from the painted surface
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that do not contain hexavalent chromium would provide the greatest exposure
reduction

If substitutiens cannot be made, the exposure to hexavalent chromium from each
preduct needs to be evaluated As prelude to such an effort, gurrent material
safety data sheets for surface coatings used in this autobody shop need to be
obtained and reviewed for the presence of hexavalent chromium  Then, air
samples need to be specifically taken for hexavalent chromlum while each
product is being used

In order to reduce worker exposuTe to overspray which mey contaln excessive
concentrations of peolyisocyanates and hexavalent chromium, the air flow in the
spray painting booths needs to be increased toc the volumes recommended by OSHA
or ACGIH 3* " Both recommendations specify a ventilation rate of 10D feet

per minute per square oot of cross-sectional area of the booth Thus, the
recomrended flow rate for these gpray painting booths 1s 12,000 ¢fm  The
spray painting booths in this shop do not comply with this standard  However,
O5BA generally does not enforce this standard unless there is a violation of
current OSHA standards for air contaminants *! 1In addition to increasing the
flow rate through these booths, the flow rate through these booths needs to be
checked monthly in order to prevent further reductions in the exhaust air
flows

Respirator Usage

Presently, half face piece air purifying respirators are used to reduce worker
exposure to paint overspray in the spray painting booths  Baged upon the
criteria presented in the NIOSH guide to industrial respiratory protectiom,
the use of half-face piece respiraters during the application of a primer
which contains hexavalent chromium 1$ inappropriate * It is NIOSE pelicy to
recommend supplied-alr respirators operated in a positive pressure mode such
as pressure-demand mode when exposures to carcinogens occur If the
hexavalent chromium exposures {stroatium chromate and zine chromate) can be
eliminated through substitution, respirators are still needed because of the
polyisacyanate exposures  According to Mobay (Now Miles Laboratoriles), a
half-face piece resplrater equipped with a pre-filter for painting and an
organic vapor cartridge would be adequate in thils case 1f the concentration of
Desmodur N3300 remains below 10 mg/m’ for a 15 minute period or 5 mg/m' for an
eight hour shift “* However, MSDS's from paint manufacturers recommend
supplied-air respirators for prepolymerized 1lsocyanates

At this autobody shop, 1ike every cther autobedy shop in this study, a formal
resplrator program was not in place The OSHA respiratory pretecticn standard
29 CFR 1910 134 {see Appendix C) requires that

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

24



4 complete respilratory protection program as defined in O5HA standards needs
to be implemented Minimum OSHA requirements include

J—

Written standard operating procedures for selection and use of
regpirators

Selectaon of respilrators according to hazard
Training in the use and limitations of respirators
Regpirator cleaning and disinfection

Proper selection for respirators

Routine Inspection Methods

Workplace exposure monitoring

Evaluation of program effectivenass

Medical monitoring

Uze of certified respirators

[TV - R . W, I . WL K]

—

PROTECTIVE CLOTHING

Material safety data sheets for the polyisocyvanates used in this shop indicate
that these jsocyanates c¢an cause skin 1rritation and a sensitization reactiaon
Thus, eye and skin contact should be avoided Eye and skin protection should
be worn when handling isocyanates A manufacturer of HDI based
polyisocyanates recommends the use of butyl rubber gloves for handling
solutions containing these polyisocyanates a

Presently, the autobody shop workers wear uniforms, which they change at home
Because paints containing chromium VI or lead are used or sanded, work
clothing should not be brought home  Workers should shower and change clothes
at work  This work clothing needs to be cleaned at work This will prevent
the workers from contsminating their homes with these substances  During
spray painting, Mobay reccommends thai workers wear eye pretection and cover
much of their exposed skin with clothing because cured coating cannot be
easily removed from the skin “

CONCLUSIONS

In this autobady shop, the abllity of cross draft spray painting boaoths to
separate the worker from paint overspray 18 scmewhat lamited In autobody
repair shops, much of the painting is done om the sides of the car body A= a
result, half of the overspray appears to be directed towasrd the exhaust
filters in the back of the booth and the other half sppears to be directed
toward the 1ncoming fresh ailr

Although the ability of cross draft spray painting booths to reduce worker
exposure to overspray may be lamited, overspray expesure can be teduced by
using the ventilation rate specified by the OSHA standard for spray painting
Furthermore, periodic monitoring of exhaust flow volumes is meeded as part of
spray painting booth maintenance  Such monitoring is needed to insure that
the air flow rate through the boath i1s adequate Thus, the air flow exhaust
and supply volumes need to be checked monthly
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This autobody shop needs to establish a formal, respirator program There 1s
a need teo read, understand, and implement the OSHA resplirator standard that is
acttached in Appendix C
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Appendix B
Statistical Analysis

Figureas Bl and B2 presents the results of an analysis of varlance used to test
whether the independent varisbles sampling location, spray painting beooth, and
faction of time spent painting) affected the concentration measurement  This
analysis was conducted using the SAS General Linear Models procedure *° In
using this preocedure, the natural logarithm of the total particulate
concentration was modelled as a function of the dependent varlables as

fallows

LTR2 = By + B {Lfrac) + BB+ ByL, + BL, + PBE, + B.L, + &,

Where

LTPZ = the natural logarithm of concentration,

B = 1 if new booths {(TriMatvlc¢) were used, octherwlse 0,

L, = 1 1f the sample was taken on the near the exhaust filters,
otherwise 0O,

L, = 1 if the sample taken on the worker, otherwise 0,

B, = regression coefficients, the numerical values of these
coefficients are listed under item 2 i1n Figure Bl

LFRAC= natural leogarithm of the fraction of the time that the
worker spent painting during the sampling periocds

£, = the residual This 1s the difference between the cbserved

concentratien and concentration computed using the
statistiecal model  The residual has a mean value of 0 and
it 15 assumed to be normally distributed  The mean square
errgr from the analysis 1s its estimated wariance

The column labelled "Pr > F" (item 1 in Figure Bl 15 the probability that
chance ¢ould have caused the observed differences im LTPZ A probabilaty
below 0 05 indicates that it is unlikely that chance caused the cbserved
differences in concentration and thus one reasoms that the wvariable really
affected concentration Thus, the analysis of varlance shows that only LFRAC
affected concentration  The other warilables, booth and the interaction
between the booth and the sampling location, were not zignificant This
simply indicates that the affect due to these variables is small in comparison
to the experimental variability

18



The regression coefficient for the wariable LFRAC was @ 7#0 & This indicates
that concentration is roughly proportional te the fraction of time that the
worker 1s spray painting  Because the fraction of time spent painting varied
from task to task, examining the concentration differences among observed
geometric medians wmay be misleading  An observed difference in geometric
means may be due to a difference in the fractilon of the time that was spray
rainting rather than the variable

In order to examine differences caused by sampling location, the least squares
means option of the SAS General Linear Models procedure was specified to
evaluate the concentration difference attributed to the sampling locatlons
This option uses the statistical model listed above to estimate the means
which would be expected 1f the experimental design had been completely
balanced and all the othar variables in the statistical model (such as the
fraction of time painting) are at their mean value This computation is
necessary because the fraction of taime spent painting varied with each job
These results are presented as Item 2 in Fipgure El For the variable sampling
location, the concentrations measured on the worker were less than the
concentrations measured near the exhausc filters
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Genaral Linear Models Pracedura

bependent Variable LTP2

Sum of Mean
Souree 133 Squares Square  F Value Pr » F
Model & ¥ 72895262 1 208148544 1.36 0 1240
Error 27 TB.E5 TSRS TR 0.49102021
Corfected Tathl 33 25_38553841
R-Square C.v. Raot MSE 1TP2 Mean
Q 292914 36.56068 0 B3127s 2 27992505
ITE 1
Source DF Type 101 58 Mean arg F Value Pr > F
LFRAC 1 3.58472825 3 58472825 519 0.0309
BODTH 1 1.65217598 1.65217698 239 0.13%7
LOCATION 2 3 7RL0%074 1 89704537 273 a.0822
LOCATION*BDOTH 2 0 SABTE250 0 32438130 ¥ 0 &304
T for HO Pr » iT{ 5td Error of
Ferameter Estimate Parameter=0 Estimate
[MTERGERT 3.626598176 B 5 a9 19.0001 U 51611655
LFRAC 0 720761308 228 0 0309 0.31540264
BOOATH new -0 441561955 B -0.89 q 383 0.49813585
old a.003000000 B
LOCATION EXHAUST @ 505543113 B 1.00 0 3245 0.50419312
FERS -0 42508484 B -1.38 0 {788 0 47993757
S1pE 9.4900000C00 B -
LOCAT ION*BOGTH
new EXRAUST -0.410144378 B -0 59 0.5403 0.59552490
new PERS 0 274915848 B 0 40 0 A957 0 89549582
neW SIDE 0 0000000 B
olg EXHAUST 0.090CO00Q0 B . .
old PERS 0 000000000 B . -
ald SIDE 0 000090000 B .
NOTE The XX matrix has keen found to be singular and a generalized nverse was used to solve the

retmal equat o
tha parameters

Estmmates faoliowed by the letter /8¢ are bidsed, and are nbt unique estimators of

ITEM 2 Lesst Squares Means
LOCATION LTPZ T for HO* LSMEAN{1)}=LSMEANC!) 7 Pr » [T

LSMEAN 1/ 1 2 3
EXHAUST 2 e635990F 1 2 311219 0 851532
0 0287 0.3584%
PERS 1.8574776% 2 -2.31122 -1.50685
0 0ZBY Q1427

SI1DE Z 34252817 3 -D.B&1S3  1.50986

o 3985 0 1427

HOTE* To ensure overall pretection level, only probabilities asscciated with
pre-planred comparisony should be used.

authors enndbtatian, the sampling locationg "EXHAUST®, WPERSY, and NSIDEY refer to, respectively,

samples collected mear the exhaust filters, on the worker and mext to the side of the booth. The
e hooths are the Trimatic booths end the ™old™ booth 15 the Devilbisa booth.

Figure Bl gelected coutput from the statistical analysis ¢f total duat
concentrations in the spray painting haoths
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APPENDIX C

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

{8) Permigsible practice (1} Imn
the control of those occupational
diseases caused by breathing air
contaminated with harmful dusts,
fogs, fumes, wmists, gases, smokes,
sprays, or vapors, the primary
cbjective shall be teo prevent
atmospheric contamination  Thas
shall be accomplished as far as
feasible by amccepted engineering
control measures {(for example,
enclpsure or confinement of the
aperation, gemneral and local
ventilation, and substitutlion of less
toxic materlials} When effective
engineering controls are mot
feasible, or while they are being
instituted, appropriate respirators
shall be used pursuant to the
following trequirements

(2) Respirators shall be provided
by the employer when such equipment
is necessary to protect the health of
the employee  The employer shall
provide the respiraters which are
applicable and suitable for the
purpose intended The employer shall
be responsible for the establishment
and maintenance of a resplratory
protective program which shall
include the requirements ocutlined in
paragraph (b) of this section

{3) The employee shall use the
provided respiratory protection in
accordance with instructiens and
tralning received {b) Regquirements
for & minimal acceptable program
{1) Written standard operating
procedures gaverning the selection
and use of resplrators shall be
established

1910 134(b){2)

{2} Respirators shall be selected
on the basis of hazards te which the
worker 18 expased

(3) The user shall be instructed

L2

and trained in the proper use of
respirators and their limitations

{4) [Reserved]

{3) Respairators shall be regularly
cleaned and disinfected Thoze used
by meore than one worker shall be
thoroughly cleaned and disinfeeted
after each use

{6) Respirators shall be stored in
a convenient, clean, and sanitary
lagation

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

{8) Appropriate survelllance of
waork area conditions and degree of
empleyee exposure or stress shall be
maintained

{9) There shall be regular
inspection and evaluatlon to
determine the continued effectiveness
of the program

(10) FPersons should not be a=ssigned
to tasks requiring use of respirators
unless 1t has been determined that
they are physically able to perform
the work and use the equipment  The
local physician shall determine what
health and physical conditions are
pertinent The respirator user’s
medical status should be reviewed
periodically (for instance,
anmually)

1910 134(¢b)(11}

(11} Approved or accepted
resplrataors shall be used when they
are available The respirator
furnished shall provide adequate
resplratory pretection against the
particular hazard for which it is
degigned in accordance with standards



established by competent authorities
The U § Department of Interior,
Bureau of Mines, and the U 8§
Department of Agriculture are
recognized as such authorities
Although resplrators listed by the

U S Department of Agriculture
continue to be acceptable for
protection agalnst specified
pesticides, the U 8 Department of
the Interior, Bureau of Mines, 1s the
agency now responsible for testing
and approving pesticide respirators

{c) Selection of respirators
Proper selection of respirators shall
be made according to the guidance of
American National Standard Practices
for Respiratery Protection
Z88 2-19a9%

(d) Air quality (1) Compressed
alr, compressed oxygen, liquid air,
and liquid oxygen used for
respiration shall be of high purity
Oxygen shall meet the requirements of
the United States Pharmacopoeia for
medical or breathing oxygen
Breathing air shall meet at least the
requirements of the specification for
Grade D breathing air as described in
Compressed Gas Assoclation Commodity
Spacification G-7 1-1966  Compressed
oxygen shall not be used in
supplied-air respirators or in cpen
circult self-contained breathing
apparatus that have previously usad
compressed alr  Qxygen must
never be used with alr line
respirators

1910 134{d)(2)

(2) Breathing alr may be supplied
to respiraters from cylinders or air
COmpressors

(1) Cylinders shall be tested and
maintained as prescribed 1n the
Shipping Container Specification
Regulations of the Department of
Transportation {49 CFR Part 178)

(11} The compressor for supplying
alr shall be equipped with necessary
safety and standby devices A
breathing air-type compressor shall

43

be used Compresszors shall be
constructed and situated sc as to
avoid entry of contaminated air into
the system and suitable in-line axr
purlfying serbent heds and filters
installed to further assure breathing
alr quality A recelver of
gufficient capacity to enabhle the
resplrator wearer to escape from a
contaminated atmosphere in event of
compregsor failure, and alarms to
indicate compressor failure and
overheating shall be installed in the
system If an oil-lubricated
compresser 15 used, 1t shall have a
high-temperatute or carbon monoxilde
alarm, or both If only a
high-temperature alarm is used, the
alr from the compresser shall be
frequently tested for carbon monoxide
to insure thatr it meets the
speclficatiens in paragraph (d)}(l) of
this section

{3} Air line couplings shall be
incompatible with outlets feor other
gas systems to prevent inadvertent
servicing of air line respirators
with nonrespirable gases or oxygen

1910 134(d) (4)

(4) Breathing gas containers shall
be marked in accordance with Ameracan
Hational Standard Methed of Marking
Portable Compressed Gas Containers to
Identlfy the Materizl Contalned,

Z48 1-1954, Federal Specification
BBE-A-1034a, June 2}, 1968, Air,
Compressed for Breathing Purposes, or
Interim Federal Specification
GG-B-00675b, April 27, 1965,
Breathing Apparatus, Self-Contained

{e) Use of respirators (1)
Standard procedures shall be
develaoped for respirator mse  These
should include all information and
guidance necessary for thelr proper
selection, use, and care Possible
emergency and routine uses of
respirators should be anticipated and
planned for

{2} The correct respirator shall be
specified for each job  The



respirator type 1s usually specified
in the work procedures by a qualified
individual supervising the
respiratory protective program
individual {szsuing them shall be
adequately instructed to insure that
the correct resplrator is issued

{3) Written procedures shall be
prepared covering safe use of
respirators in dangerous atmospheres
that might be encounteted inh normal
cperationg or 1n emergencles
Personnel shall be familiar with
these procedures and the available
respirators

The

1910 134(e}{3) (1)

{1) In areas where the wearer, with
failure of the respirator, could be
overceme by a toxic or
ouypen-deficient atmosphere, at lsasat
one additional man shall be present
Communications (visual, voice, or
signal line) shall be malintained
between both or all individuals
present  Planning shall be such that
one individual will be unaffected by
any likely incident and have the
proper rescue equipment to be able to
assist the other(s) Iin case of
EMEergency

{11} When self-contained breathing
apparatus or hose masks with blowers
are used in atmospheres Immediately
dangerous to life or health, standhy
men must be present with suitable
rescue egulpment

{1ii)} Persons using air line
respirators in atmospheres
lmmediately hazardous to life or
health shall be equipped with safety
harnesses and safety lines for
liftang or removing persons from
hazardous atmospheres or other and
equivalent provisions for the rescue
of persons from hazardoue atmespheres
shall be used A standby man or men
with suitable self-contalned
breathing apparatus shall be at the
nearest fresh air base for emergency
Tescue

(4} Respiratory protection is no

44

better than the respirator in use,
even though it is worn
conscientiously Frequent randeom
inspections shall be conducted by a
qualified indiwvidual to assure that
respirators are properly selected,
used, cleaned, and maintained

1910 134(e)(3)

(5) For safe use of any respirator,
it 1% esgsential that the user be
properly instructed in its selectlon,
use, and maintenance Bath
supervigors and workers shall be so
instructed by competent persons
Training shall provide the men an
opportunity to handle the resplrator,
have it fitted properly, test its
face-piece-to-face seal, wear it in
normal air for a long familiarity
pericd, and, finally, to wear it in a
test atmosphere

(1) Every respirator wearer shall
receive fitting instructions
including demonstrations and practice
in how the respirator should be worn,
how to adjust it, and houw to
determine if 2t fits properly
Respirators shall not be worn when
conditions prevent a pood face seal
Suech conditions may be a growth of
heard, sideburns, a skull cap that
prajects under the facepiece, or
temple pleces on glasses  Alsc, the
absence of one pr both dentures can
sericusly affect the fit of a
facepiece The worker’s diligence in
observing these factors shall be
evaluated by periodic check To
assure proper protection, the
faceprece fit shall he checked by the
wearer each time he puts on the
respirator This may be done by
following the manufacturer’s
facepiece fitting instructions

{11) Providing respiratery
protection for individuals wearing
corrective glasses 16 & serious
problem A proper seal cannot be
established 1if the temple bars of eye
glasses extend through the sealing
edge of the full facepiece As a



temporary measure, glasses with shert
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 net bhe allowed
Systems have been developed for
mounting corrective lenses inside
full facepieces When a workman must
wear corrective lenses as part of the
faceplece, the faceplece and lenses
shall be fitted by qualified
individuals to provide good wision,
comfort, and a gas-tight seal

1810 134{e) {3)(iii)

{i11) Tf corrective spectacles
goggles are tequired, they shall
worn so as net to affect the fit
the faceplece Proper selection
equipment will minimize or avoid
problem

{f) Maintenance and care of
respirators {1y A program for
maintenance and care of respirators
shall be adjusted te the type of
plant, working conditions, and
hazards involved, and shall include
the following baslc services

(1) Imspection for defects
{in¢cluding a leak check),

{1i) Cleaning and disinfectang,

{i1i) Repair,

{iv) Starage
Equipment shall be properly
maintained to retain its original
effectiveness

£2) (i) All respirators shall be
inspected routinely before and after
each use A respiraror 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 1s in satisfaccory
working condition

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

oI
be
of
of
this

It
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function preperly

1210 134(£)(2) (111}

{ii1) Resplrator inspection shall
include a check of the tightness of
connections and the conditien of the
facepiece, headbands, valves,
connecting tube, and canisters
Rubber or elastomer parts shall be
inspected for pliability and signs of
deterioratien  Stretching and
manipulating rubber or elastomer
parts with a massaging action will
keep them pliable and flexible and
prevent them from taking a set during
storage

(1v) A record shall be kept of
1nspection dates and findings fer
respirators maintained for emergency
usgea

(3) Routinely used respirators
shall be collected, cleanesd, and
disinfected as frequently as
necassary to insure that proper
protection 1s provided for the
wearer Resplrators maintained for
emergency use shail be cleaned and
disinfected after each use

(4} Replacement or repalrs shall be
done only by experienced persons
wicth parts designed for the
respirator No attempt shall be made
to replace components or to make
adjustment or repairs beyond the
manufacturer’s recommendations
Reducing or admission valves or
regulators shall be returned to the
manufacturer or te a trained
technician for adjustment or repair

1910 134(£)(3)

{5) (1) After inspection, cleaning,
and necessary repair, respirators
shall be stored to protect against
dust, sunlight, heat, extreme cold,
excessive moisture, or damaging
chemicals  Respirators placed at
stations and work areas for emergency
use should be quickly accessible st
all times and should be stored in
compartuments built for the purpose
The compartments should be clearly



marked Routinely used respirators,
such as dust respirators, may he
placed in plastic bags  Respirators
should mot be stored 1in such places
as lockers or tool hoxes unless they
are in carrying cases or cartons

(ii} BRespirators should be packed
or stored so that the facepiece and
exhalation valve will rest in a
normal position and funetion will not
be lmpaired by the elastomer settaing
in an abnormal position

(1ii) Instructions for proper
storage of emergency respirators,
such a3 gas masks and self-contalned
breathing apparatus, are found in
"use and care" instructions usually
meunted inside the carrying case lid

(g) Identification of gas mask
canlsters (1) The primary means of
ident1fying a gas mask canister shall
be by means of properly worded
labels The secondary means of
identifying a gas mask canister shall
be by a coleor code

1910 134¢g3(2)

{2) All who issue or use gas masks
falling within the scope of this
section shall see that all gas mask
canlsters purchased or used by them
are properly labeled and colered in
accaordance with these requirements
before they are placed i1n 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 beld letters the following

{1} - Canister
for

{Name for atmospheric contaminant)
or
Type N Gas Mask Canister

{(i1) In addition, essentizlly the
following wording shall appear
beneath the appropriate phrase on the
canister label "For respiratory
protection in atmospheres contaiming
not more than percent by

volume of "
Name of atmospheric contaminant}

1910 L34(g)(4)

(4) Canisters having a specilal
high-efficiency filter for protection
against radionuclides and other
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 to the
gray stripe which is around and near
the top of, the canister The degree
of protection shall be marked as the
percent of pemetratiomn of the
canistet by a 0 3-micron-diameter
dicetyl phthalate (DOP) smoke at a
flow rate of 85 liters per minute

(5) Each canister shall have a
label warning that gas masks should
be used only in atmogpheres
containing sufficient exygen 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 be
painted a distinctive color or
combination of colors indicated in
Table I-1 All colors used shall be
such that they are cleatly
identifiable by the user and clearly
distinguishable from cne another
The color coating used shall offer a
high degree of resistance to
chipping, scaling, peeling,
blistering, fading, and the effects
of the ordinary atmospheres to which
they may be exposed under nermal
conditione of storage and use
Approprilately coleored pressure
sensitave tape may be used for the
stripes



TABLE I-1

Atmospheric contaminants
to be protected agailnst

Colors assipnedil)

White

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

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

Organic vapoers Black
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Hydrocyanic acid gas

Chlorine gas

Acid pases and ammonia gases Green with 1/2-inch white stripe
completely around the canister
near the bottom

Blue

Yellow

Yellow with 1/2-inch hlue stripe
completely around the canister
near the bottom

Carbon Monoxide

Acdd pases and organic vapors
Hydrocyanic acld gas and chleropicrin
vapor

Acid pases, Organic VApors, and ammonia
gases

Radioactive meterials, 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 coler for contaminant, as
degignated above, with 1/2-inch
gray stripe completely around the
canister near the top

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

A1l of the above atmospheric
contaminants

Footnote(l} Gray shall not be assigned as a main ceolor for a canister
deslgned teo remove acids or vapors

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

represent gases not i1ncluded in this table  The user will need to refer to
the canister label to determine the degree of protection the canister will
afford

(Approved by the Office of Management and Budget under control number
1218-0099) [39 FR 23502, June 27, 1974, as amended at 431 FR 49748, Qct 24,
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