ABSTRACT

DAVI D SEDGW CK DAVI S. Non- Toxi ¢ Parti cul ate Masks: A
Quantitative Evaluation of Their Effectiveness During Paint
Spr ayi ng Operati ons.

It is commpbnly known that di sposabl e dust nmasks offer a
wor ker no protection from sol vent vapors. However, they are
frequently utilized during paint spraying operations. |n one
i nstance a workman weari ng a di sposabl e nask died from xyl ene
poi soni ng while spray painting a boat outdoors. This study
exam ned the possibility that the constant wetting of a dust
mask during paint spraying may create an el evated sol vent
concentration in the breathing zone of a worker.

Tests were conducted in a controll ed | aboratory system
that determ ned sinultaneous xyl ene concentrations in a nask
and in the surrounding anbient air imrediately follow ng a
pai nt spray of varying duration. Results consistently
i ndi cated a remarkably hi gher concentration inside the mask
for the initial two mnutes following the spray of paint. The
t heoretical dose was as nmuch as 86% greater inside the mask as

conpared to outside the nmask during those two m nutes.
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I . 1 NTRODUCTI ON

In industrial and other occupational environnents,
regul atory agencies and health professionals frequently stress
the inportance of proper respiratory protection to reduce an
enpl oyee' s exposure to various air contam nants.

Unfortunately, this attitude is not preval ent throughout all
of the occupational community. Mny individuals do not seek
the advice of a health professional regarding respiratory
protection and therefore renmain ignorant of proper respirator
sel ecti on and use.

The National Institute for Cccupational Safety and Health
has gone to great lengths to test and approve a nultitude of
respiratory protective devices and reconmmends specific
respirators when exposed to specific substances.(7) For
example, it is recomended that respirators equipped with
activated charcoal filters be used for protection against
or gani ¢ vapors.

Ext ensi ve studi es have al so been conducted that reveal
the effectiveness of various respirators during a specific
industrial process. A report by the National Institute for
Cccupational Safety and Health eval uated the performance of
respirators used in industrial paint spraying operations
t hroughout the United States.(13) It was concluded that there
| s wi despread m suse of respirators during such operations.

In particular, the authors cited a high preval ence of
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unapproved dust masks being used for solvent and particul ate
protecti on.

In the case of a snmall boat repair and servicing conpany
in New York, the consequence of inproper respirator selection
during paint spraying was catastrophic. On March 26, 1981 an
enpl oyee of this conpany was spray painting the bottom of a 24
foot sailboat. This particular man was 39 years old, 6 feet 1
inch tall, 220 pounds, and in good health. He was worKking
outside in 60 degree weather and there was a breeze out of the
south at 7 to 10 knots. (11)

The enpl oyee was using a spray gun to apply a -1 to 1
m xture of marine paint and thinner. The thinner contained
53. 3% xyl ene by weight. In order to prevent the inhalation of
paint particul ates, the enployee wore a 3-M Corporation
Non- Toxi ¢ Parti cul ate Mask. (11)

After spraying for approximtely 30 to 45 m nutes, the
man fell unconscious. Fifteen mnutes |later, the victi mwas
di scovered by fell ow enpl oyees. Muth-to-nmouth resuscitation
was i mredi ately adm nistered by a nurse who was on the
prem ses. Despite the heroic efforts of the nurse and
paranedi cs, the victimwas dead on arrival at the hospital.

Aut opsy i ndicated acute pul nonary edena as the actua
cause of death. Subsequent gas chronotographi c anal ysis
reveal ed traces of xylene in the blood, |ungs and brain.
According to the nedical exam ner, these results indicate that
xyl ene was the cause of pulnonary edenma in the enployee. The
nurse who attenpted to revive the victimreported a strong

chem cal odor during her nouth-to-nouth resuscitation
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efforts. (11)
It is evident that the use of a non-toxic particul ate

mask during the spraying of a solvent based paint was
I nappropriate. Al though approved respirators should be
properly | abeled as to appropriate usage and speci al
precautions, an individual worker nmay fail to heed such
instructions. Al so, as pointed out in the study by Toney and
Barnhart (13), the average respirator user is likely to choose
the respirator that is readily obtainable and | east expensive
rat her than an approved respirator that may be nore difficult
to obtain and nore expensive. |In addition, sone people may be
unawar e of the hazardous nature of the substance to which they
are being exposed. Furthernore, precautionary instructions on
| abel s of paint cans nmay be anbi guous and confusing to the
| ayman. The warning on the the paint can of the variety used
during the accident described above reads:

"When product is used in confined areas

or applied by spraying, wear a respirator

jointly approved by the M ning Enforcenent

and Safety Adm nistration and by the

Nati onal Institute for Occupational Safety

and Heal th under the provisions of 30 CFR 11"
Sonme owners of small businesses or hone owners nay not have
access to the Code of Federal Regul ations and may ignore such
a war ni ng.

Because paint spraying is a conmon occurance during

i ndustrial operations and at home and because there is a
l'i kel i hood that workers may sel ect inproper respiratory
protective devices, there is a possibility that another

situation could occur simlar to the case nenti oned above.
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Therefore, it is Inportant that an attenpt be nade to quantify

the degree by which an inappropriate respirator nay contri bute

to sol vent overexposure during paint sprayi ng operations.
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1. Bl OLOG CAL EFFECTS OF XYLENE EXPOSURE

A wi de variety of solvents are used as diluents in the
manuf acture of paints and in the application of the paints by
spraying techniques to control the viscosity and flow
characteristics of the protective coating.(9) In the case
descri bed above, however, xylene was the only sol vent used.
Therefore, a brief overview of the biological effects due to
xyl ene exposure i s given bel ow.

Xyl ene is an aromati ¢ hydrocarbon conprised of ortho,
meta, and para isomers. It resenbles benzene in many physical
and chem cal properties, but does not produce the chronic
bl ood di seases characteristic of benzene absorption.(9,1,8)

Al'l organic solvents affect the central nervous systemto
sonme extent because they act as depressants and
anesthetics.(2) Xylene in particular wll create a severe
narcotic effect at concentrati ons above 200 ppm (9, 8)

Additionally, xylene can be irritating to the eyes, nose and

throat at a simlar concentration. (1) Based on this |ater
effect, the American Conference of Governnental Industrial
Hygi eni sts have set the Threshold Limt Value for xylene at
100 ppm (12)

CGol di e(5) described the synptons of 8 worknen who were
painting the interior of an unventilated tower with a paint

that consisted of 80% xylene. Al 8 nen experienced headache,

vertigo, gastric disconfort, dryness of the throat, and a


NEATPAGEINFO:id=6271BDCF-9D0E-4D31-8E45-4BDEA6C69644


slight narcotic effect. One of the workers suffered an
epi leptiformseizure after cycling hone from work.

In another instance dass(4) reported a roan exposed to a
sol vent containing 75% xyl ene over a period of 2 nonths.
After work one day the man experienced an acute epi sode of
vom ting and giddiness. For the follow ng week his appetite
was poor. Air sanples reveal ed that xylene concentrations in
the air at the patients workplace were as high as 270 to 350
ppm

Extreme concentrations of xylene can lead to
unconsci ousness, pul nonary edema, and possibly death.(3) Such
was the case in an incident reported by Mrley.(6) Three
wor kmen were painting the interior of a tank in a ship's
engine roomwith a paint that consisted of 34% xyl ene by
weight. Wth the exception of a small fan, the tank was
unventilated. Al three nen were found unconscious 18.5 hours
after entering the tank. One worker was pronounced dead on
arrival at the hospital. Autopsy reveal ed congestion of the
l'iver, alveolar henorrhage, and pul nonary edenma. The other two
wor kers regai ned consci ousness and eventual |y recovered but
bot h experienced tenporary ammesi a regarding the accident. It
was estimated that the concentration within the tank was
approximatily 10,000 ppm

Pul mronary edema is an acute response to xyl ene exposure
that is typical of organic solvents in general.(3) Because
xylene is sufficiently volatile and water soluble, it can be
readily inhaled into the alveolar regions of the lung. It is

bel i eved that subsequent covalent binding is a result of the
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production of oxygenated internediaries. The coval ent binding
may be the nechanismthat produces pul monary edema through
cellular necrosis.(3) Concrete dose-response rel ationships
bet ween xyl ene exposure and onset of pul nonary edema have not
been established .(3) Depth of respiration and mnute vol une
have an influence upon the dose received by the lung and vary
fromindividual to individual. Varying working conditions nay
produce different breathing patterns and, therefore, different
sol vent exposures. For instance, an individual doing heavy
work is nore likely to breathe through the mouth which reduces
the protection afforded by the upper respiratory tract and
Increases toxicity. He also wll require up to 3 liters of
oxygen per mnute conpared to 0.7 liters per mnute for a
sedentary individual. This oxygen requirement translates into
an approximate mnute volune of 40 liters of air per mnute
for heavy work conmpared to 7 liters of air per mnute required
for an individual at rest.(10,2,8) Also, other factors such
as age and cigarette snmoking contribute to the difficulty of
pinpointing a specific dose-response rel ationship. (3)

Xyl ene, therefore, can produce severe narcotic effects at
concentrations above 200 ppm which may |lead to synptons such
as headache, vertigo, gastric disconfort, vomting and
gi ddi ness while at higher concentrations may result in [oss of

consci ousness, pul monary edema, and deat h.
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I1r1. OBJECTI VES

In the case of the spray painter cited above, the role

pl ayed by the use of an inappropriate respirator nust be
questioned. Since the operation was conducted outside and

with an appreciable breeze (7-10 knots) it is difficult to
I magi ne that anbient concentrations of xylene could have
reached significant levels. It is conceivable , however, that
t he disposable respirator used could have provided a | oca
poi nt source of xylene vapor that exceeded perm ssable |evels.
The NI OSH study by Toney and Barnhart (13) did not include
testing of disposable particle masks because of test equi pnment
limtations and al so because "the respirator provides
protection only against particulate contam nation protection
and not against vapor exposure". They did not consider the
possibility that the masks may cause a higher exposure than if
no mask was worn at all

The purpose of this study, therefore, was to determne if
such a condition could occur and if so under what conditions

and to what extent. It was therefore necessary to:

1. Simulate the conditions of spray painting in a

controll ed situation.

2. Simultaneously measure the concentration of xylene

inside the nask and in the anbient air.
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3. Estimate the dose of xylene vapor that night be

delivered to a worker wearing such a mask.

In order to test this hypothesis, a | aboratory test

system was desi gned that would sinulate conditions during a

typi cal paint spraying operation
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I V. EQUI PMENT AND MATERI ALS

A Test Chanber

To maintain a controlled atnosphere, all tests were
performed in a 119.5 cmx 153.5 cmx 58.5 cm pl exi gl ass
chanber (approximately 1 cubic neter or 37 cubic feet). The
chanmber was connected to a ventilation systemthat exhausted
air out one end of the enclosure through a 4 inch duct while
make-up air entered through a 4 inch opening in the center of
the top (see Figure 2). Both of these openings could be
cl osed as necessary. A traverse of the exhaust duct with an
Al nor Therrao- Anenoroeter indicated an exhaust air flow of 31
cfm This provided approxi mately one air exchange per mnute
in the chanber.

A 45 c¢cm X 60 cm piece of particle board was suspended
directly in the center of the chanber parallel to the side
wal | s and approximately 29 cmfromeach (see Figure 2). This
board served as the target upon which the spray paint aeroso
was directed. Two sanpling ports spaced approximately 20 cm
apart were located directly opposite the board. One port was
designated as the sanpling port for the chamber concentration
while the other was used to determ ne the concentration inside
t he dust nask.

The mask was positioned on the Inside wall of the chanber

directly over one of the ports and its outside edge sealed to

the chanber wall by a plexiglass bracket (see Figure 3). By
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| oosening the eight bolts, the masks could easily be renoved

or inserted for each test.
Approxi mately 20 cm bel ow the sanpling ports was a 6 cm
circular opening in the side of the chanber. Through this

hol e, the paint was sprayed into the chamber. This port could

al so be sealed with a rubber stopper.

B. Parti cul ate Masks

Four different brands of non-toxic particulate masks were
tested. Each mask was a di sposable fiber mask equiped with a
singl e rubber head strap and an al um numnose clip to custom
fit the mask to an individual's face. Al of the masks were
unapproved and were designated for use only with non-toxic
dusts. None of the masks contained any sort of nedia capable
of adsorbing organic vapor. Al four nmasks were virtually
i dentical in appearance and construction. The masks tested

1. 3-M Corporation Non-Toxic Particlate Mask #8500

2. Gerson Dust Mask »2501N

3. Norton Dust Mask #65076-2

4. WIlIlson Dust Mask #CP-1000C

B. Pai nt and Pai nt Thi nner

The paints used in this study were marine paints conmmonly
used for the "bottom painting" of boats. Table | lists the

i ngredients which were identical with the exception of the

pi gnents. (11)
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TABLE 1|

| NGREDI ENTS STATEMENT OF PETTIT 1290 SUPERSLI CK BLUE "'

Per cent
cupr ous oxi de 40 .0
cuprous oxi de inerts 21 1
nmol ybdenum di sul fi de 15 .0
phal ocyanl ne bl ue 1.3
titani um di oxi de 8 .2
epoxy acrylic ester 5.4
rosin 6 .6
xylerie 21 .4

TABLE 11

| NGREDI ENTS STATEMENT OF PETTIT 1690 SUPERSLI CK RED *

l vy=72?: et "Nt Per cent
cCupr ous oxi de 40. O
cuprous oxide inerts 21. 1

nol ybdenum di sul fi de 15. 0

red i r on oxi de o. 5
epoxy acrylic ester 5.4
r > = i | < _ [ ==

S>Xy I eme =21 . =

" Pettit Paint Conpany, Inc., Borough of Rockaway, New
Jersey, 07866.
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The thinner used contai ned 53. 3% xyl ene and 46. 7% V M&P
Napt ha .

Both the paints and thinner used during the tests were
identical to those used by the worker during the episode
descri bed. The paint and thinner were mxed as 4 parts paint

and 1 part thinner just as when the accident occured.

D. Paint Sorav Gun and Conpressor
The spray gun used for the |aboratory evaluation was a
Bi nk' s Mbdel 7 Spray Gun, serial nunber 786568 (see Figure 1).
This Is the same nodel, although not the same gun, as the
sprayer used during the accident. The gun used during testing
was connected to a 1 horsepower air conpressor by a 25 foot
| ong, 3/8 inch dianeter hose and was nmaintained at a pressure

of 55 psi.

Pettlt Od Sal em#12121 Spraying Thinner
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spray Nozzl e

Pai nt Cup

A
al ¢ at 55 psi

FI GUKE 1

Pai nt Spray Gun and Si phon Cup


NEATPAGEINFO:id=DE97D60D-4752-4928-ABE9-191730D8A7B0


203$

_‘
P

Air

| nt ake

Q

KEY

1. Mran #1 and #2

2. Sanpling Punps and

Rot anet er s

5. MIllipore Filter Hol ders

Sprayi ng Port
Sanpling Ports

o o

Mask Ret ai ner

7. Target Board

Acess Door

Exhaust Duct

Exhaust to Fune Hood

ul


NEATPAGEINFO:id=0FD3F073-01E4-4873-982C-70BF575B1047


ep

oc

bO

FI SURE 3

Particul ate Mask and Retai ner

16


NEATPAGEINFO:id=EA12B2BD-8540-4625-B604-EE447EE7661E


V. PROCEDURES

A.  Sanplina Procedure

Two WIk's Mran 1-A Infrared Anal yzers were used to
monitor the concentration of xylene. Both instruments were
calibrated with pure xylene . Al calibrations and
experiments were conducted under approxi mate standard
condi ti ons.

The calibration was done in a closed | oop systemthat

incorporated the Mran analyzer and a small netal bellows punp
(flowrate =5 L/mn) connected to the sealed off test chanber

via teflon tubing (0.5 cmin dianeter and 80 cmin length). A
known vol ume of liquid xylene was Injected into the chanber
and evaporated with the aid of a small mxing fan. The xylene
vapor was then drawn fromthe chanber, through the Mran and
punp and back into the chanber. Both analyzers were connected

to the chanber in an identical manner and cali brated

si nmul t aneousl y.

To calculate the volume of xylene necessary to produce a
desired concentration in the calibration | oop, the follow ng

equati on was used:

VX = CXVc X MUX 298 X P
45 X

P X 24.45 T X 760 x 1000

"Fisher Scientific, Inc., Fair Lawn, New Jersey, 07410
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Wher e: Vx = Vol ume of liquid xylene injected
C = Concentration (ppm

Vc = Vol une of closed |oop systemin liters
(1071.3 L)

MV = Mol ecul ar wei ght of xylene (106 g/ nole)
P = Pressure in m Hg (751.9 mm Hg)
9 = Density of xylene (0.88 g/m)

T = Absolute tenperature in degrees Kelvin
(297.5 K)

Both instruments were calibrated between 0 and 3000 ppm
A pathlength of 20.25 meters, wavelength of 12.6 um and a
slot wwdth of 2.0 mmwas used. Calibration curves were
obtai ned by plotting absorbance versus concentration (see
Appendi x A).

During actual testing the Mrans were situated as
| 'lustrated in Figure 2. Mran #1 was connected to sanpling
port #1 for nonitoring the concentration of xylene in the
chanber. Mran #2 was connected to port #2 and nonitored the
xyl ene concentration within the mask. Air was drawn through
each anal yzer by Cast rotary vane vacuum punps at a rate of 9
L/'mn. After leaving the analyzers the contamnated air was
exhausted to a chem cal fune hood.

The average mnute volume of a human being at rest is
approximately 5to 8 L/mn.(10) To pull air through the mask
at arate simlar to the respiratory rate of a slightly active
man, the Mran punps were maintained at 9 L/ mn.

By drawing air through the mask at a constant rate, the
inspiration and expiration of air during normal breathing is
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not taken into consideration. In areal-life situation, the
velocity of the air entering the mask would be twice as great
since the same anount of air is being inhaled in half the
time. The other half of the time is spent exhaling. This
study, however, will focus on the total volume of air inhaled
per mnute rather than the air velocity because of the ease
with which it can be controlled and monitored in the test
system The flow rate was constantly nonitored with the aid
of two rotaneters which were calibrated wth the punp and
Mran connected in line. Atwo liter soap bubble flow tneter
was used as the prinmary standard.

In order to prevent paint particulates and other
contamnants fromentering the Mrans, a filter hol der
containing a 47mm type AA MIlipore filter was inserted

bet ween the chanber and each anal yzer (Figure 2).

B. Test Pr ot ocol

The test procedure consisted of two phases for each of
the four masks. Both phases were executed in the same manner
The only diffence between the two was the substance being
tested. Phase 1 was designed to test the mxture of marine
paint and paint thinner. Phase 2, on the other hand, tested
the paint thinner. Both phases consisted of 5 tests of varying
spray duration (1-5 sec). For each phase the protocol was as

foll ows:

1. A fresh mask was placed in the holder and the chanber

was sealed with the exception of the ventilation

inlet and outl et.
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2. The Mran instruments were turned on, zeroed and the

rotaneters adjusted to 9 L/ nin.

3. The paint or solvent was sprayed against the
suspended board in the chamber for the required time
(1-5 sec.) and the spray port was seal ed.

4. Absorbance readings fromMran #1 and #2 were

recorded at intervals of 1, 2, 3, 4 and 5 mnutes

followi ng the spray period.
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VI . RESULTS

Xyl ene vapor concentrations inside the mask and chanber
were recorded as a function of time over a period of 5 mnutes
for each mask and for each spray duration. A sunmary of these
results has been tabulated for both the spray m xture
containing paint and paint thinner (Appendix B) and the 100%
pai nt thinner spray (Appendix C).

These val ues represent the xylene concentrations inside
the Mran anal yzer cells and are not the actual concentrations
i nside the mask and test chanber. Because air was drawn out
of the test chamber at a constant rate, the xylene vapor
concentration was continually changing. This, conbined with
the fact that there was a | ag between the nonment the paint or
thi nner was sprayed into the chanber and the tine that the
vapor reached equilibriumin the detector cell, explains why
it was inpossible for the analyzers to register an
I nst ant aneous absorbance readi ng of the xylene concentration
within the test chanber or particul ate mask. However, an
estimate of the actual xylene concentration within the mask

and chanber was nmade by using the follow ng dilution

ventil ation equati on.

(-QMi/ Vvim
1-e
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Where: X = Actual concentration within the mask or
chanber .
Xm = Concentration within the Mran cell
Qn= Mran air flowrate (9 L/mn)
T = Time el apsed after initial spray
Vm = Vol une of the Mran cell (5.6 liters)
Al four brands of mask tested were essentially identical
I n appearance and the test results for each were relatively
consistent with one another. For this reason, the mask

concentration data and the test chanber concentration data for

each mask tested were averaged and conpiled into tabular form

Tables 11l through VII pertain to Phase 1 of testing using the
paint and paint thinner spray m xture. Tables VIII through
Xl refer to Phase 2 of testing using the 100%t hi nner spray.
The range of concentrations for all four nmasks was al so

tabul ated. The values in Tables Il through XII have been
corrected using the dilution ventilation equation.

These average concentrations and their corresponding
ranges are shown graphically in Figures 4 through 13. Since
no xyl ene concentrations were recorded prior to the 1 mnute
mark follow ng the introduction of the spray into the chamber,
t he behavior of the decay curve preceding that point is
estimated. This portion of the curve is represented as a
dashed line in Figures 4 through 13. The estimte was made
based upon unrecorded visual observation of the Mran readings
during test runs and al so based upon the shape of the decay

curves between the 1 mnute and 5 m nute nark. The curve for

the test chanber concentration during the spraying of the
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pai nt and thinner mxture (Figures 4 through 8) was much nore
well defined and did not require estination.
In all tests utilizing the paint and thinner spray
m xture (Figures 4 through 8), there was a substanti al
concentration difference between the nask and surroundi ng
chanber fromthe nonent the aerosol was discharged unti
approximately 2 nminutes foll owi ng di scharge. The
concentration differential gradually dinm nished and was
virtually non-existent at the 2 minute nark. At this point
t he chanber concentration was at its nmaxi mnum The mask
concentration, however, peaked prior to the one m nute mark.
The data shows the test chanber concentration as slightly
hi gher than the nask concentration for the entire | ength of
the decay curves in Figures 9 through 13 which are for the
t hi nner spray. Although the concentrations are statistically
different (see Appendix D), they are reasonably close and for
t he purposes of this study will be considered equal. Al so,
t he mask and chanber concentration were essentially the sane
for the 2 to 5 nminute period followi ng the paint sprays.
Because concentrati on and exposure tine are interel ated
in terms of dose, it was decided that the data should be
expressed as the theoretical dose that one woul d receive
i nside the test chanber (with and w thout a nask). To
cal cul ate the dose, the area under each decay curve was
determ ned gravinetrically. Since it was decided that mask
and chanber concentrati ons were approxi mately equal between

the 2 and 5 mnute tine interval in Figures 4 through 8, only

t he dose over the first two m nutes was cal cul at ed. For
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conmparitive puposes the dose over the initial two mnutes in
Figures 9 through 13 was al so calculated. A sumary of

xyl ene dose for each test run can be found in Table XIII for
the paint and paint thinner spray mxture and Table XV for
the 100%t hi nner spray. Al so included on both tables is the
percent difference between the dose inside the nask and the
dose inside the test chamber. Xylene dose is summarized

graphically in Figure 14.
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TABLE 111

COVPARI SON OF MASK AND CHAMBER XYLENE CONCENTRATI ONS FOLLOW NG
A ONE SECOND SPRAY OF A PAINT AND PAI NT THI NNER M XTURE

(Average of data for all four masks)

Mask Concentrati on Chanber Concentrati on

CpPPprmd (PP
Ti me El apsed

After Spray Aver age Range Aver age Range
1 mn 78 30 43 21
2 mn 45 19 47 22
3 mn 25 12 34 17
4 mn 16 6 25 11
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TABLE | VvV

COVPARI SON OF MASK AND CHAMBER XYLENE CONCENTRATI ONS FOLLOW NG
A TWO SECOND SPRAY OF A PAINT AND PAI NT THI NNER M XTURE

(Average of data for all four masks)

Mask Concentrati on Chanber Concentrati on

CPrPpPrm CPpPrm
Ti me El apsed

After Spray Aver age Range Aver age Range
1 mn 168 43 90 12
2 mn 96 27 101 14
3 mn 54 18 76
4 MmN 33 8 a9

5 mMmn 23 g4 33
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TABLE V

COVPARI SON OF MASK AND CHAMBER XYLENE CONCENTRATI ONS FOLLOW NG
A THREE SECOND SPRAY OF A PAI NT AND PAI NT THI NNER M XTURE

(Average of data for all four nasks)

Mask Concentrati on Chanber Concentrati on

CprpPpmm (ppPpr

Ti me El apsed

After Sprav Aver age Range Aver age Range
1 mn 254 47 138 23
2 mn 136 47 158 20
3 mn 75 34 117 39
4 mn 45 24 75 22
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TABLE VI

COVMPARI SON OF MASK AND CHAMBER XYLENE CONCENTRATI ONS FOLLOW NG
A FOUR SECOND SPRAY OF A PAI NT AND PAI NT THI NNER M XTURE
(Average of data for all four nmasks)

Mask Concentrati on Chanber Concentrati on

CpPPmM (PP

Ti me El apsed

After Sorav Aver age Range Aver age Range
1 mn 345 69 186 52
2 mn 189 52 214 26
3 mn 106 32 159 28
4 m n 65 21 108 30
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TABLE VI I

COVPARI SON OF MASK AND CHAMBER XYLENE CONCENTRATI ONS FOLLOW NG
A FI VE SECOND SPRAY OF A PAI NT AND PAI NT THI NNER M XTURE
(Average of data for all four nasks)

Mask Concentrati on Chanber Concentrati on
(ppm (ppm
Ti re El apsed
After Sprav Avgt ag” Rognqg AVAj cag? M 12S.
1 mn 418 12 229 25
2 mn 240 41 272 21
3 min 135 22 210 36
4 mn 85 21 144 25
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Tabl e VI 11

COMPARI SON OF MASK AND CHAMBER XYLENE CONCENTRATI ONS
FOLLOW NG A ONE SECOND SPRAY OF 100% PAI NT THI NNER

(Average of data for all four masks)

Mask Concentrati on Chanber Concentrati on

CpPpPpM» (ppPpr

Ti e El apsed

After Spray Aver age Range Aver age Range
1 mn 376 37 445 62
2 mn 159 36 234 73
3 mn 59 26 97 56
4 mn 22 7 38 32

5 mn 8 12 17 22
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TABLE 1 X

COVPARI SON OF MASK AND CHAMBER XYLENE CONCENTRATI ONS
FOLLOW NG A TWDO SECOND SPRAY OF 100% PAI NT THI NNER

(Average of data for all four masks)

Mask Concentrati on Chanber Concentrati on

C PPr CPrPPrm

Ti me El apsed

After Spray Aver age Range Aver age Range
a i N o822 200 1150 175
2 M nNn 447 136 594 104
3 m N 172 o1 256 105
4 rrrionN (SP=d 32 103 72

5 mMmn 25 21 a1 43
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TABLE X

COVPARI SON OF MASK AND CHAMBER XYLENE CONCENTRATI ONS
FOLLOW NG A THREE SECOND SPRAY OF 100% PAI NT THI NNER

(Average of data for all four masks)

Mask Concentrati on Chanber Concentrati on

CPrPPrMm CPrPPrMm

Ti me El apsed

ANi ;s er Spyty fivQrag® E*H'e Average Range
1 mn 1605 626 1711 163
2 mn 735 258 962 o3
3 mn 278 131 442 111
4 mn 105 68 189 83

5 mn 40 34 79 42
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TABLE XI

COVPARI SON OF MASK AND CHAMBER XYLENE CONCENTRATI ONS
FOLLON NG A FOUR SECOND SPRAY OF 100% PAI NT THI NNER
(Average of data for all four masks)

Mask Concentrati on Chanber

CPPIMM CPPIMM

Ti re El apsed
Af ter Spray Aver age

1 mn 1995

2 mn 925

3 mn 371

4 mn 148

Range Aver age

625 2157

240 1262

131 583
67 263
42 103

Range

250

182

256

157

80

33

Concentrati on
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TABLE XiI |

COVPARI SON OF MASK AND CHAMBER XYLENE CONCENTRATI ONS
FOLLOW NG A FI VE SECOND SPRAY OF 100% PAI NT THI NNER
(Average of data for all four masks)

Mask Concentrati on Chanber Concentrati on

CPpPrm CPPprm
Ti me El apsed

After Spray Aver age Range Aver age Range
1 mn 2518 501 2783 563
2 mn 1180 313 1561 311
3 mn 489 65 721 o1
4 mn 214 80 354 225

5 mn 98 54 151 105
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FI GURE 4

XYLENE VAPCR DECAY FOLLOW NG PAINT AND TH NNER SPRAY*

1 SECOND SPRAY

~oo- |
0O Dust Mask Concentrati on
A Test Chanber Concentrati on
- Esti mated Concentrati on
1 Range
P~ 60

TIME (i n)

Val ues represent an average of data for all four masks
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FI GURE 5

XYLENE VAPCR DECAY FOLLOWN NG PAI NT AND THI NNER SPRAY*

2 SECOND SPRAY

200n
180-
O pDust Mask Concentrati on
160- A  Test Chanber Concentration
—Esti mat ed Concentrati on
140 | Range
E
ft 120-
(@]
M 100
e
pa

—

25

00 0

TIME (i n)

Val ues represent an average of data for all. four masks
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FI GURE 6

XYLENE VAPCR DECAY FOLLOW NG PAINT AND THI NNER SPRAY

5 SECOND SPRAY

300-1
270-
0 Dust Mask Concentration
240 A Test Chanber Concentration
---Esti mat ed Concentration
210- 1 Range
e
N 180-
o
M 150-
EH
Pi
EH
w 120-
O
o
i 90-
60-
30-

TIME (nin)

Mal ues represent an average of data for all four masks


NEATPAGEINFO:id=888FF00F-D5F1-466E-84FD-43D4ECBF1A24


58
FI GURE 7

XYLENE VAPCR DECAY FOLLOW NG PAI NT AND THI NNER SPRAY*

4 SECOND SPRAY

O Dust Mask Concentration

N Test Chanber Concentration
--- Estimated Concentrati on

J Range

n 120

TIMVE (i n)

Val ues represent an average of data for all four masks


NEATPAGEINFO:id=745894B7-36D0-4A0F-97D1-4088F095BE89


Ko-8""We- 1T " -%SIpr-.

39

FIl GURE 8

XYLENE VAPOR DECAY FOLLOW NG PAI NT AND THI NNER SPRAY*

5 SECOND SPRAY

500-1
450
O Dust Mask Concentrati on
00 d Test Chanber Concentrati on
4 -
---- Estimated Concentrati on
1 Range
350-
S
300 -
175
(@)
M
250 -
en
200 -
o
1Zi
(@]
° 150-
100 -
50-1

TI ME (ni n)

Mal ues represent an average of data for all four nasks
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FI GURE 9

XYLENE VAPCOR DECAY FOLLOW NG THI NNER SPRAY*

1 SECOND SPRAY

500 -1

450 -
O Dust ©Mask Concentrati on

400 - N Test Chanber Concentrati on

—Esti mat ed Concentrati on

350 - 1 Range

p. 300 -

S 250 -

200 -

o 150

100 -

TIME (min)

Val ues represent an average of data for all four nasks
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FI GURE 10

XYLENE VAPOR DECAY FOLLOW NG THI NNER SPRAY*

2 SECOND SPRAY

1500

1350
O Dust Mask Concentrati on

A Test Chanber Concentration
--Esti nrat ed Concentrati on

1 Range

1200 -

1050

P4 900 -

™ 750

EH
Pi
EH

600 -
pq

00

450 -
300

150 -

TIME (nin)

Mal ues represent an average of data for all four masks
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FI GURE 11

XYLENE VAPOR DECAY FOLLOW NG THI NNER SPRAY*

3 SECOND SPRAY

2000 -1

1800 -
O Dust Mask Concentrati on

C Test Chanber Concentration

1600 - _ _
-~ Esti mat ed Concentrati on

1 Range
1400 -

1200 -

1000

400 -

TIME (nin)

Mal ues represent an average of data for all four masks
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FI GURE 12

XYLENE VAPOR DECAY FOLLOW NG THI NNER SPRAY*

4 SECOND SPRAY

2500n
2250- I _
/. 0O Dust Mask Concentration
c Test Chanber Concentration
2000-
—Esti mat ed Concentrati on
. 1 Range

1750i g
A 1500
o
M 1250-
EH
5 1000-
.O
1Z;
(@]
o 750-

500-
250- i
0 T--=-=-=-=---- r r
0 2 3 4 5
TIME (min)

Mal ues represent an average of data for all four masks
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FI GURE 13

XYLEI " VAPOR DECAY FOLLOW NG THI NNER SPRAY*

5 SECOND SPRAY

3000-
/
|
|
2700- (' , I O Dust Mask Concentration
11 A Test Chanber Concentrati on
2400- ' : -
-~ Esti mated Concentrati on
1 1 Range
2100- ||
S
A 1800 y
M
i
g 1500H ¢
|
i
'
o H
" 9001
600 ‘
f
300- 1]
T- T-
0 3 4

TIME (i n)

Mal ues represent an average of data for all four nasks
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DOSE RECI EVED
DURI NG THE TWDO M NUTE

Spr~Y pwiratipn

1

2

DOSE RECI EVED
DURI NG THE TWOD M NUTE

Sor av Dur at

1

TABLE Xl 11

45

I NSI DE TEST CHAMBER AND PARTI CULATE NMASK
| NTERVAL FOLLOW NG A ONE TO FI VE

SECOND SPRAY OF A PAI NT AND PAI NT TH NNER M XTURE

secC.

secC.

secC.

secC.

secC.

secC.

secC.

secC.

secC.

secC.

(Average of all

Mask Dose
(ppm nf'n)

132

302

424

570

693

TABLE XI V

Mask Dose
(ppm mi n)

645

1652

2716

3286

3739

masks)

Chanber Dose

(ppwW - m n) % Di fference
74 + 78%
162 + 86%
239 + 78%
319 + 79%

387 + 79%

I NSI DE TEST CHANMBER AND PARTI CULATE MASK
I NTERVAL FOLLOW NG A ONE TO
FI VE SECOND SPRAY OF 100% PAI NT THI NNER

(Average of all masks)

Chanber Dose

(ppm m n) % Difference
789 -22%
1946 -18%
3158 -16%
3639 -11%

4488 -20%
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FI GURE 14

XYLENE DOSE RECI EVED | NSI DE TEST CHAMBER AND_PARTI CULATE MASK DURI NG
THE TWO M NUTE | NTERVAL FOLLON'NG A ONE TO FI VE SECOND SPRAY

PAI NT SPRAY

THI NNER SPRAY

A 5000n

r:

-H

4500

4000 H

| 3500

P4

008

<<

0] 1 2 3 4 5
SPRAY DURATI ON ( sec)

O Mask A Chanber

3000-

2500-

2000-

1500

1000-

500-
001 2 B 4
SPRAY DURATI ON ( sec)

| Range
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VI . DI SCUSSI ON OF RESULTS

As indicated in Figures 4 through 8 and 9 through 13, a
very consistent pattern of concentration fluctuation energed
regardl ess of the duration of the spray.

In all 5 test runs with the paint m xture, the
concentration inside the mask was consi stently hi gher during
the first 2 mnutes follow ng the spray than the concentration
i nside the chan®ber. For instance, 1 minute follow ng the 2
second spray, the average concentration for all four masks was
recorded as 168 ppm whil e the chanmber concentration was only
90 ppm This represents an 87% concentration increase at that
point (see Table IV). Also, according to Table XIIl, the dose
over the first 2 mnutes was at |east 78% hi gher inside the
mask during all 5 runs. The greatest increase was 86%
followi ng the 2 second spray.

| medi ately following the introduction of the paint
aerosol into the chanber, the Mran nonitoring the nmask
concentration registered a sharp xyl ene concentration
increase. This is clearly illustrated in Figures 4 through 8.
On the other hand, the Mran nonitoring the chanber
concentration registered a slower, nore gradual xylene
concentration increase and peaked at approximately 2 m nutes.
Prior to the 1 mnute mark follow ng the spray, the

concentration inside the mask peaked and began a steady

decl i ne. At the sane tine the chanber concentration | evel ed
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off until both the mask concentrati on and chanber
concentration were approximately equal at the 2 m nute mark.
Following the 2 m nute mark, both concentrati ons renai ned
fairly equal.

A possi bl e expl ai nation for this behavior nay be derived
by exam ning the sources of xylene vapor in the chanber.
There were essentially 2 vapor sources. The first source was
sol vent vaporization fromthe wetted target board. Wen the
pai nt was sprayed under pressure at the target board sone of
t he aerosol rebounded back toward the mask and t he renmai nder
was di spersed throughout the chanber. The paint aerosol
circulating in the chanber slowy rel eased sol vent vapor which
was constantly evacuated through the exhaust duct. This, and
the fact that xylene vapor was slowy rel eased fromthe board
as it dried, explains the gradual xylene concentration buil dup
in the chanmber during the 2 mnutes after the spray. Sone of
t he paint, however, rebounded off of the board and wetted the
mask. The xyl ene that vaporized on the mask was qui ckly drawn
into the adjacent sanmpling port. This, conbined with xyl ene
vapor being drawn in fromthe rest of the chanber, created a
sharp concentration increase that peaked prior to the one
mnute mark. | n other words, the paint aerosol that coll ected
on the nask behaved as a sol vent point source and increased
t he xyl ene concentration around sanpling port #2.

At a point sonmewhere between 1 minute and 2 m nutes
following the spray, it is evident that nost of the xylene in
t he paint aerosol and on the target board had becone

vol atilized. This caused the xylene concentration within the
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mask and chanmber to eventually equalize at approxinately the 2
m nute mark. Fromthat point on, both concentrations steadily
di m ni shed as air was exhausted from the chanber.

In all 5 test runs using the 100% pai nt thinner, the
xyl ene concentrations within the mask and test chanmber behaved
in virtually an identical nmanner. This is dramatically
illustrated in Table X. The average chanber concentrati on one
mnute follow ng a 3 second thinner spray was 1711 ppm The
average concentration inside the mask at the sane point in
tinme was 1605 ppm This represents a 7% concentrati on
differential. Al so, as shown in Table XV, the dose in the
chanber for the 2 mnutes followng the 4 second spray was
only 11% hi gher than the mask dose. The maxi rum dose
differential was only 22%following the 1 second spray.

The nonent that the thinner was sprayed into the chanber
both Mrans registered a sharp xyl ene concentration buil dup
(see Figures 9 through 13). Since the aerosol was pure
sol vent, the xylene was vaporized very quickly throughout the
chanber and nmsk in conparison to the slow gradual
vapori zation in the chamber during testing with the paint
m xture. Therefore, a sharp xylene concentration peak was
imedi ately attained following the spray. At that juncture,

t he xyl ene had vaporized fromthe thinner sprayed into the
chanber and wetting the target board. The concentration then
declined as air was evacuated from t he chanber.

A possi bl e expl ai nati on of why the nmask concentrati on was
not hi gher than the chanber concentration during Phase 2 may

be due to the aerosol conposition. Since the aerosol
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contained no paint to retard sol vent vaporization as in Phase
1, the xylene was conpletely |liberated by the tine it reached
the mask. Therefore, the mask was not wetted with xyl ene and
did not act as a point source. The reason that the chanber
concentration was slightly higher rather than equal to the
mask concentration during the entire 5 m nute period was
probably because of the pressure drop across the nask. This
woul d create a | ower pressure inside the detector cell.
Therefore, fewer vapor nol ecul es woul d be present and woul d
result in a | ower absorbance reading. Also, this is nost
likely true for the 2 to 5 mnute tine period during the tests
usi ng the paint nixture.

According to Figures 4 through 13, there is a w de
di screpancy between the peak concentration after the paint
spray and the peak concentration after the thinner spray. For
i nstance. Figure 4 shows a peak xyl ene concentrati on of
approxi mately 85 ppmin the mask. On the other hand. Figure 9
i ndi cates a peak concentration of approximtely 410 ppmin the
mask. This represents a 380% concentration difference even
t hough both the paint and the thinner were sprayed for 1
second. The nost reasonable explaination for this difference
woul d be that the thinner contained 380% nore xyl ene than the
paint m xture. However, the thinner had only tw ce as nuch
xyl ene as the paint mxture. Therefore, the difference in
concentration magni tude was probably due to the viscosity of
the paint m xture as conpared to the thinner. Since the paint
was nore viscous, a smaller volune was delivered through the '

gun.
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Based upon the results obtained for a 1 to 5 second spray
of a paint and thinner mxture, it seens reasonable to
hypot hesi ze that a continuous spray woul d naintain the
concentration differential between nmask and chanmber for the
entire duration of the spray. As |long as one sprayed, the
mask woul d continually be wetted with paint and woul d serve as
a point source. Only when the spraying stopped would the
concentrations inside the mask and chanber equilibrate and
gradual Iy di mnish. Wen one considers a real-life paint
spraying task that typically requires many m nutes of
continuous spraying, the hazardous nature of this act becomes
appar ent.

The ventilation rate used during this study was
relatively low A higher air flow would inmmediately evacuate
the paint spray fromthe chanber, nmaintaining a concentration
that was essentially zero. However, the wetting of the mask

woul d still occur which would create an el evat ed mask

concentration even when the surroundi ng concentration was

zer o.

Under the conditions of this experiment, when the chanber
concentration approxi mated the short termexposure [imt of
150 ppm 1 mnute follow ng the 3 second paint spray, a worker
wearing the mask woul d have been exposed to al most twice this
concentration (see Table V). |If the spray painting was done
out of doors as in the case described, the anbient

concentration reported by air sanpling could be even | ower
whi | e the mask concentration could be at or even above 254

ppm |f the painting was continued for a period of 30 mnutes
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this concentrati on would be nmai ntai ned for the entire
duration. This concept is graphically illustratied in Figure
15. Even a spraying period of 30 m nutes at a concentration

of 254 ppm woul d deliver a dose of 300 ng of xylene to the

Il ungs of the painter. If this 30 mnute interval of spraying
were repeated 5 tines in the course of a day, 1500 ng or
almost 2 ml of xylene would be delivered to the |lungs of the
painter. This is a conservative estinmate based on a mask

concentration of only 254 ppm
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VI, CONCLUSI ONS AND RECOMVIVENDATI ONS

The results fromthis study indicate that under the
| aboratory conditions used and for the particul ar paint and
thi nner tested, the solvent dose received inside a particul ate
mask i s remarkably higher than the dose one would receive in
the surroundi ng anbient air during the 2 ninutes followi ng a
pai nt spray.

Real -1ife situations and conditions are ever-changi ng and
unpredi ctable. However, all results obtained during this
study strongly inply that not only will a particul ate mask not
protect a worker from sol vent vapors during paint spraying, it
may increase the worker's exposure. In other words, a worker
woul d recei ve a hi gher solvent exposure while wearing a
non-toxic particulate mask than if he wore no respiratory
protection at all.

Based upon this information, the foll ow ng
recomendat i ons are suggested to prevent future use of
non-toxic particul ate masks duri ng pai nt spraying.

1. Al paint and paint products that require respiratory

protection during their use should be labled with
specific guidelines regarding respirator type. A
vague reference to 30 CFR 11 is not adequate for

soneone who is not famliar with the regul ati on.

2. Warning |l abels on non-toxic particul ate nmask packages
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shoul d contain a statenent that the respirators are
not suitable for paint spraying or under conditions

wher e exposure to sol vent vapors may occur.

3. Anyone who sells respiratory equi pment to snall
busi nesses and the general public should be required
to obtain an OSHA certified license to do so. The®
conditions for receiving such a license woul d be
attendance at a respiratory protection senm nar and
successfully passing an exam nation. Such a
requi renent woul d better enable store owners to neke
recommendations to their custoners regardi ng proper
respirator selection.

Additional tests are recomended that m ght further

substantiate the results obtained in this study. Ventilation

exhaust rates within the test chanber could be increased to
see if a concentration differential is still maintained.

Al so, the spray duration could be | enghtened to severa
mnutes in order to nore accuratly mmc a real-life paint
spraying task. It is reasonable to suspect that the
concentration differential would be nmaintai ned or even

i ncreased as long as the spray conti nued.

Si nce xyl ene based paint and thinner was the only
substance tested, other solvent based paint products should be
tested. If a paint is tested that contains a solvent with a
hi gher or |ower vapor pressure than xylene, the results m ght
be substantially different than those found here.

A nmethod of drawing air through the mask shoul d be
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devi sed that would nore closely sinmulate man's natur al
breat hing pattern rather than the conti nuous flow utilized In
this study. In addition, the effects of hum dity on the
sol vent concentration inside a particul ate nask shoul d be
exam ned.

The use of non-toxic particulate masks i n conjunction
wi th pai nt sprayi ng operati ons shoul d be prohibited. Such a
practice nay create a dangerously el evated sol vent

concentration within the breathing zone of a worKker.
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XYLENE CALI BRATI ON CURVE FOR M RAN | NFRARED ANALYZER
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XYLENE CALI BRATI ON CURVE FOR M RAN | NFRARED ANALYZER
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SUMVARY OF MASK AND CHAMBER XYLENE CONCENTRATI ONS FOLLOW NG
A ONE SECOND SPRAY OF A PAI NT AND PAI NT THI NNER M XTURE
(Original, uncorrected Mran data)

XYLENE CONCENTRATI ON

Ti ne El apsed Fol |l owi ng Spray

Mask Br and 1 mn 2 mMn 3 min 4ipin 5 i

3-M MASK CONC. 70 51 30 18 L2
(ppm
CHANMBER CONC. 40 53 40 30 L9
(ppm
Nor t on MASK CONC. 7 O 48 30 18 10
(ppm
CHAMBER CONC. 4 O 54 41 30 19
(ppm
Ger son MASK CONC. 60 40 23 14
(ppm
CHANMBER CONC. 3 3 40 31 22 11
(ppm
W1l son MASK CONC. 46 33 18 12 8
(ppm
CHANMBER CONC. 22 33 24 19 13

(ppm
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SUMVARY OF MASK AND CHAMBER XYLENE CONCENTRATI ONS FOLLOW NG
A TWO SECOND SPRAY OF A PAI NT AND PAI NT THI NNER M XTURE
(Original, uncorrected Mran data)

XYLENE CONCENTRATI ON

Ti ne El apsed Fol |l owi ng Spray

Mask Br and 1 mn 2 mn 3 mn 4 mn 5 mn

3-M MASK CONG 135 94 54 35 23
(ppm

CHAMBER CONC. 67 95 75 48 130
(ppm

Nor t on MASK CONC. 125 85 48 30 21
(ppm

CHAMBER CONC. 75 100 75 50 35
(ppm

CGer son MASK CONC. 120 80 48 30 B 2|

. . — Fr— x = » o o,

CHAMBER CONC. 67 90 73 48 30
(ppm

W11l son MASK CONC. 155 107 65 38 25
(ppm

CHAMBER CONC. 77 103 77 50 )

(ppm
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SUMVARY OF MASK AND CHAMBER XYLENE CONCENTRATI ONS FCOLLOW NG
A THREE SECOND SPRAY COF A PAI NT AND PAI NT THI NNER M XTURE

(Original, uncorrected Mran data)

XYLENE CONCENTRATI ON

Ti ne El apsed Fol | owi ng Spr ay

Mask Brand 1 mn 2 mn 3 mn 4 rain 5 m

3-M MASK CONC. 220 150 90 57 ?8
(ppm

CHAMBER CONC. 118 157 134 87 59
(ppmM

Nor t on MASK CONC. 190 130 75 46 $0
(ppm

CHANVBER CONC. 105 155 118 77 53
(ppm

Ger son MASK CONC. 182 105 57 33 21
(ppm

CHANMBER CONC. 100 140 95 65 43
(ppm

W1l son MASK CONC. 220 137 72 43 | 30
(ppmM

CHAVMBER CONC. 115 155 115 70 | 43

(ppm
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SUMVARY OF NMASK AND CHAMBER XYLENE CONCENTRATI ONS FOLLOW NG
A FOUR SECOND SPRAY OF A PAI NT AND PAI NT THI NNER M XTURE
{Original, uncorrected M ran data)

XYLENE CONCENTRATI ON j

Ti me El apsed Fol |l owi ng Spray |j

Mask Br and 1 mn 2 mMmn 3 mn 4 nif\ ~_MI

3-M MASK CONC. 280 185 103 67 ji6
(ppm

CHANMBER CONC. 140 195 149 105 70
(ppm

Nor t on MASK CONC. 260 170 103 65 43
(ppm

CHANMBER CONC. 157 210 170 118 80
(ppm

Ger son MASK CONC. 255 160 90 54 35
(ppm

CHAMBER CONC. 140 195 142 90 $2
(ppm

Wl son MASK CONC. 310 210 122 75 50
(ppm

CHAMBER CONC. 190 260 205 140 &0

(ppm


NEATPAGEINFO:id=BC70A57F-34BD-49F2-959C-5DE861C156AF

NEATPAGEINFO:id=4C0AC58D-7B1D-4841-8517-F172A1A30B2B


64

SUMMARY OF NMASK AND CHANMBER XYLENE CONCENTRATI ONS FOLLOW NG
A FlI VE SECOND SPRAY OF A PAI NT AND PAI NT THI NNER M XTURE
(Original, uncorrected Mran data)

XYLENE CONCENTRATI ON

Ti me El apsed Fol |l owi ng Spray

Mask Brand 2. MUL ? mn, 4 luln, 5 mn
3-M MASK CONC. 340 228 137 85 54
(ppm |
CHANMBER CONC. 190 265 220 150 102
(ppmM
Nor t on MASK CONC. 330 230 36 87 62
< — K> r—rﬁ» [ |
CHAMBER CONC. 180 270 220 155 103
(ppm
CGer son MASK CONC. 330 210 120 73 %t
(ppmM
CHAMBER CONC. 170 250 185 130 $7
(ppm
W I | son MASK CONC. 335 250 142 94 %,2
(ppm
CHAMBER CONC. 190 260 205 140 $0

(ppm
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(Original,

Mask Brand 1 mp 2

3- M MASK CONC. 280

Nor t on

Ger son

Wl Il son

(pPmM

CHANMBER CONC.
(ppmM

NMARSIK CONC.
(ppm

CHANMBER CONC.

(ppm

MASK CONC.
(ppm

CHAMBER CONC.
(ppm

MASK CONC.
(ppm

CHAMBER CONC.
(pPmM

uncorrected M ran data)

m

380

360

310

330

305

330

SUMVARY OF NMASK AND CHAMBER XYLENE CONCENTRATI ONS
FOLLOW NG A ONE SECOND SPRAY OF 100% PAI NT THI NNER

XYLENE CONCENTRATI ON

Ti ne El apsed Fol | owi ng Spr ay

J _&uji

135

235

170

255

143

185

165

225

53

105

73

115

48

60

63

105

i M
21

48

30

48

16

16

23

40

66

16

O

q

| 5
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SUMVARY OF NMASK AND CHAMBER XYLENE CONCENTRATI ONS
FOLLOW NG A TWDO SECOND SPRAY OF 100% PAI NT THI NNER

(Original, uncorrected Mran data)

XYLENE CONCENTRATI ON

Ti ne El apsed Fol | owi ng Spr ay

Mask Brand 1 m n 2 nNjn 3 mn 4 m n ? m n

3- M MASK CONC. 860 470 220 75 35
(ppm

CHAMBER CONC. 850 540 250 105 54
(ppm

Nor t on MASK CONC. 700 370 135 50 19
(ppm

CHAMBER CONC. 850 540 220 88 35
(ppm

Ger son MASK CONC. 740 375 130 43 14
(ppm

CHAMBER CONC., 990 560 220 73 XS
(ppm

Wl son MASK CONC. 840 500 200 78 "3
(ppm

CHAMBER CONC., 900 640 325 145 59

(ppm
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SUMVARY OF NMASK AND CHAMBER XYLENE CONCENTRATI ONS
FOLLOW NG A THREE SECOND SPRAY OF 100% PAI NT THI NNER
(Original, uncorrected M ran data)

XYLBWE CONCBW RATI QW

Ti me El apsed Fol |l owi ng Spray

MBt gK Bran' 3 1 nmn 2 mn 3 ntn 4 mn 5 m
3-M MASK CONC. 1550 770 340 135 49
(ppm
CHAMBER CONC. 1450 950 440 180 80
(ppm
Nor t on MASK CONC. 1050 580 245 90 3S
(ppm
CHANMBER CONC, 1320 860 380 147 58
(ppm
Ger son MASK CONC. 1280 740 210 67 20
(ppm
CHANMBER CONC, 1350 930 440 200 Tt7
(ppm
Wl son MASK CONC. 1250 730 310 127
(ppm
CHANMBER CONC, 1350 950 490 230 100

(ppm
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SUMVARY OF NMASK AND CHANMBER XYLENE CONCENTRATI ONS
FOLLOW NG A FOUR SECOND SPRAY OF 100% PAI NT THI NNER

(Original, uncorrected Mran data)

XYLENE CONCENTRATI ON

Ti nre El apsed Fol |l owi ng Spray

Mask Brand 1 m n 2 m n 3 mn 4 m n 5 mn
3- M MASK CONC. 1900 1000 430 170 7p
(ppm
CHANMBER CONC. 1850 1200 540 230
(ppm
Nor t on MASK CONC. 1400 770 300 103 4i 3
(ppm
CHAMBER CONC. 1650 1100 460 168 60
(ppm
Ger son MASK CONC. 1600 930 360 165 85
' @ —— FE— & » |
CHAMBER CONC. 1700 1270 600 325 | p5
(ppm
Wl Il son MASK CONC. 1480 850 380 155 65
(ppm
CHAMBER CONC. 1700 1270 710 330 175

(ppm
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SUMVARY OF NMASK AND CHANMBER XYLENE CONCENTRATI ONS
FOLLOW NG A FlI VE SECOND SPRAY OF 100% PAI NT THI NNER

(Original, uncorrected Mran data)

XYLENE CONCENTRATI ON

Ti e El apsed Fol |l owi ng Spray

Mask Br and 1 mn 2 mn 3 mn 4 mn 5 mn
3-M MASK CONC. 2300 1350 505 230 | 5
(ppm J
CHANMBER CONC. 2500 1650 700 330 140
(ppm
Nor t on MASK CONC, 1900 1080 440 170 6%
(ppm
CHANMBER CONC. 2250 1600 670 255 95
(ppm
Ger son MASK CONC. 1950 1050 500 250 122
(ppm
CHANMBER CONC. 2100 1352 730 480 2Q0
(ppm
Wl | son MASK CONC. 1900 1050 495 205 917
(ppm
CHAMBER CONC. 2050 1390 760 348 170

(ppm
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Sunmmary of Statistical Analysis of Variability Between Mask
and Chanber Concentration Foll owi ng Thi nner Spray

The statistical test utilized was a two-way anal ysi s of

vari ance for the log rati os of mask and chanber

concentrati ons.

Ho : No significant effect of spray duration
or tine el apsed after spray.
| og(chanber cone./mask cone.) = 0

Reject Ho : If p-value is <. 0.05

Ef fect of spray duration: p-valuc - 0.049

Ef fect of tine el apsed: p-value = 0.0001

Therefore, Ho is rejected
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