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ABSTRACT

In prior studies, spray pamnting autobody parts in a downdraft boeth had caused total paint mist
concentrations to exceed 10 mg/m’ when the parts were suspended from the ceiling of the boath
Thas study was conducted to evaluate whether paint overspray exposures could be mimmzed by
onenting the parts to be pamnted  In thus study, the effect of part onentation upon paint mist
concentrations was studied 1n a downdraft spray painting booth The booth had an exhaust
trench along the center axis of the booth  Twe parts were repeatedly painted a fender and a
bumper The paris were set on saw horses on top of this exhaust trench The parts were oniented
so that the part was exther parallel or perpendicular to ths exhaust trench  When the bumper was
perpendicular to the exhaust trench, the geometric mean total paimnt st concentration increased
from 5 5 to 15 mg/m’ (p=0 007) This increased exposure may be due to an eddy located under
cornices on the side of the booth  When paint overspray 15 directed into these eddies, the eddy
transports the paint overspray to the lop of booth, resulting 1n the contamination of the imncoming
frash ar Computer modeling suggests that these eddics can be ¢ehnunated by altening the
configuratton of the boelh

v



INTRODUCTIOCN

The National Institute for Occupational Safety and Health (NIOSH), a federal agency located m
the Centers for Disease Control and Prevention under the Department of Health and Human
Services, was established by the Occupaticnal Safety and Health Act of 1970 Thus legislation
mandated NIOSH to conduct research and education programs separate from the standard setting
and enforcement funcrions conducted by the Occupational Safety and Health Admimstration
(OSHA) mn the Department of Labor An important area of NIOSH research deals wath methods
for contreiling occupational exposure to potential biological, chemucal, and physical hazards

The Engineering Control Technology Branch (ECTB) of the Division of Phystcal Sciences and
Engineenng has been given the lead wathin NICSH to study the engineening aspects relevant to
the control of hazards 1n the workplace Since 1976, the ECTB has assessed control technology
found within selected industries or used for comunon wdustnal processes The ECTB has also
designed new control systems where current industry control technology was wsufficient The
objective of these studies has been to document and evaluate effective control techmques

(e g , 150lation or the use of local ventilation) that minimize nsk of potential health hazards and
to create an awareness of the usefulness and availabslity of effective hazard control measures

One area 1dentified for ECTB control studies 1s the control of pamt overspray at antobody repasr
shops Workers who spray paint cars apply a clear coat which contains polyols and hardeners
that are prepolymenzed forms of dusocyanates Generally, these polyisocyanates are trimers of
hexamethylene dusocyanate (HDI} Exposure to these polyisocyanates can cause skin and eye
umitaton, respiratory sensitization, asthma, and reduced lung function ' Exposure limits for these
polyisocyanates have not been addressed by Occupational Safety and Health Adnumistration
Permussible Exposure Limits (PELs), American Conference of Governmental Industnal
Hymemst’s Threshold Limit Values (TLVs), or recommended exposure hmits (RELs) developed
by the National Institute for Occupational Safety and Health Because of the reported health
effects and the number of painters seeking medical atiention, the State of Oregon promulgated
permmssible exposure hmuts for HDI-based polyisocyanates This Oregon PEL includes an 8-
hour time-weighted average of 0 5 mg/tn’ and a short-term exposure lumit of 1 mg/m* * This
exposure limit 15 consistent with the exposure recommendations developed by a manufacturer of
the HDI polyisocyanates > Between 1980 and 1990, two-thirds of the personal air samples for
HDI polyisocyanates exceeded the Oregon STEL with a geometnic mean of 1 6 mg/m®.?

During spray painung in autobody repair shops, workers are exposed to all of the paint
components which are atomized In additron to polyisocyanates, these constituents include
organic solvents, metals such as lead and chromium, and trace quantities of HDI monomer Inma
senes of field evaluations of spray painting booths 1n the autobody repair industry, these
exposures were generally found to be below exposure imits recommended by NIOSH, ACGIH,
and OSHA **7#%!° However, 1n some shops, worker exposure to chromium did exceed the
NIOSH REL for hexavalent chrormum, and the available matenal safety data sheets did indicate



that the chrontium compound had a valance of +6 The NIOSH REL for hexavalent chromium 15
1 pg/m?

A study of control measures for paint overspray in autobody reparr shops found that the type of
spray painting booth and the choice of spray painting gun can be used to mintmize worker
exposure to paint overspray ' Three types of spray pamting booths are used 1n the autobody
repair industry These are downdraft booths, serm-downdraft booths, and crossdraft booths The
concept and operation of these booths are discussed m Figure 1  Previously reported
measurements found that exposures to paint overspray in downdraft booths are lower than in the
other two types of booths ' In a downdraft booth, the paint overspray was dispersed without
flowing back nto the worker’s breathing zone In a crossdraft booth and 1 sems-downdraft
booths, the pant overspray 1s dispersed into the incerming fresh air, causing the worker's
exposure to be elevated As a result, geometric mean particulate overspray concentrations were
1 9and 2 7 mg/m’ at two different downdraft booths versus 23 mg/m?® at a crossdraft booth

HVLP spray painting guns are more efticient than conventional spray painting guns  This caused
total paint myst concentranons 1o be reduced by a facior of 2, and spray pantmg gun efficiency
appeared to increase by 30 percent '? Ag spray painting gun efficiency mcreases, the pamter uses
less paint and there 15 a more than proportionate decrease 1n worker exposure to particulate paint
overspray Paint overspray 1s the paint which does not get deposited on the part, causing worker
exposure to paint mist

During spray painting, painters are frequently exposed to excessive polyisocyanate
concentrations * [n addition, respirators are used meotrectly i this industry according to several
surveys ' Die to concern mamly for worker health nsks, the Environmental Protection
Agency’s Mew Chemicals Program has been regulating pelyisocyanate components of
automotive refimshing pants and coatings for a number of years The end results have always
been that regulation under the Toxic Substances Control Act essentially banned new
polyisocyanates through strict regulation. Since automotive refimshing shops are generally small
businesses with madequate worker protection, an effort was made to address thewr exposure
1ssues through a Product Stewardship Partnership The partnership 15 a voluntary program which
includes members from the following federal government agencies and industres

Environmental Protection Agency, Occupational Safety and Health Admimstration, National
Institute for Occupational Safety and Health, National Pant and Coatings Association, National
Automobile Dealers Association, Automotive Service Association, Automotive Service Industry
Association, Colhsion Industry Conference, National Institute for Automotive Service
Excellence, Inter-Indusiry Conference on Automotive Collision Reparr, and individual paint
manufacturers

An mmportant element of this program 15 the development of a contro! strategy matrix descnbing
the type of respiratory protection to be used with specific spray painting booths At one autobody
repair shop, small parts were painted by suspending parts from the ceiing of a downdraft booth
The painter pointed the spray painting gun toward the ceiling to paint the parts  Thes resulied 1n
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paint overspray concentrations which exceeded 10 mg/m® ® Essentially, this worker's exposure
10 paint overspray was clevated because paint overspray was directed into the incoming fresh ar
In order 1o complete a matnx of control measures 1nvolving the type of spray painting hooth,
spray pamting guns, and respirator, recommendations on the spray pamnting of parts was needed
in downdraft booths Comnsequently, researchers from NIOSH and the BASF Fedenck G Weed
Automofive Development Center collaborated to evaluate techmques for painting auicbody parts
1n a downdraft spray painting bocth

EXPERIMENTAL

The effect of parts onentahion upon air contaminant exposure 1n a downdraft spray pamting
booth was studied Twoe types of parts were panted  a fender and a bumper, as shown
Figures 2 and 3 The bumper was set horizontally on a saw horse The fender was mounted
vertically on the saw horse The parts were onented with respect to the exhaust trench which ran
down the center of the booth These onentations are descnibed schematically 1n Frgure 4 and
pictured m Figures 2 and 3 When the bumper 15 1n the perpendrcular onentation, 1t overhangs
the exhaust trench 1n the floor of the booth The effect of part onentation upon the painter’s ar
contarmnant exposure and film thickness per mass of paint apphed was experimentally studied
These measurements were rephicated three times for each onentation  These ornentations were
run sequentially in an effort to find an orientation which mimmized exposures The first
onentation in Figure 4 was tnied and the total must concentrations appeared to be excessive As
result, the two other onentations were thed In order to obtain an understanding of the role of
airflow patterns and worker exposure, awrflow patierns i the booth were evaluated
expenmentally by tracing airflow patterns and theorehically by estimatnng airflow patterns nsing
computational fhnd dynamics

The spray painting booth was a downdraft booth manufactured by DeVilbiss  The booth
dimensions are shown in Figure 5 Fresh air flows through filters located in the ceiling of the
booth The air flows out of the booth through an exhaust trench located i the concrete floor of
the booth The exhaust trench was covered with glass fiber paint arresting filters The painter
used a lugh-volume, low-pressure spray painting gun (Sata Mode] NR9S-HVLP Gravity Feed
with a 1 3 tip, Spring Valley, Minnesota)

Air Contaminant Concentration Measurements

The following ar contaminant concentrations were measured on the worker paint mist
overspray concentration, organic solvent concentration, and hexamethylene dusocyanate trimer
The latier were measured at the last two onentations desctibed schematically in Figure 4 During
each sampling session, four bumpers and fenders received two coats of paint  However, only two
bumpers and two fenders were painted at each ime  The time required for painting was recorded
and used to compute the sample volume After the parts were painted, they were moved mnto an
adjacent booth for curing at an elevated temperature  These parts were repeatedly pamted



Figure 2 The fender 1s positioned so that it 1s paralle] to the exhaust trench and the bumpers are
across the exhaust trench



Figure 3 Fenders posmioned 30 they are across the exhaust trench and the bumpers are
positioned so they are perpendicular 1o the exhaust trench  Note the presence of the test panel for
film thickness measurement on the fender 1n the foreground of the picture



Orientation

Fender Bumper iy
: E len er
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parallel parallel

Figure 4 The orientation of bumper and fender with respect to the exhaust grate on the floor of
the booth




A. Floorplan B. Cross sectional view
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Figure 5 Schematic drawing of the spray painting booth




Total mist concentrations were measured by drawing a known volume of air through a
preweighed, 37-mm filter mounted 1n a cagsette  Two different particulate overspray
concentrations were measured on the pawmnter open-face and closed-face samples The closed-
face samples collected asrosol through a 4-mm diameter hole in the cassette’s face cap The
open-face samples were collected by removing the filter holder’s face cap Sampling flow rates
of 5 ipm were used The samples wers analyzed as descnbed in NIOSH Method 0500 ¥

Organuc solvent concentrations (n-butyl acetate, total xylenes, toluene, and propylene glycol
methy] acetate) were measured using NIOSH Methods 1450 and 1501 '*1* The air samples were
collected by drawing a known volume of air through a charcoal tube contaiming 100 mg and

50 mg of charcoal 1n the front and backup sections of the sorbent tube A sampiing raie of

200 mL/minute was used The analytical method was used with these modifications

1 Desorption 30 munutes in 1 mL of carbon disulfide containing 1 pl/mL of
benzene as an internal standard,

2 Gas Chromatograph Hewlett Packard Model 589A equipped with a flame
1onzatien detector,

3 Column 30-m X 0 32-mm fused silica capiltary coated intemally with § 3-um of
DBWAX,

4 Oven Conditions  Temperature programming fram 50 °C (held for 5 minutes) to
200 °C at a rate of 10 *C/minute, and

5 Media standards were used 1n the analysis
The hardener was a Hexamethylene Dusocyanate Tomer (HDT) The CAS number for this
substance 1s 3779-63-3 According the matenal safety data sheet, the bulk sample of ths resin
was better than 99 percent HDT A method obtaned from the Bayer Corporation was used to
evaluate exposure to HDT '® A known volume of air at 2 rate of 1 7 liters per minute was drawn
through an unpinger contairung 15 mL of 2 100 um nutroreagent absorber solution  The Bayer
Method was used with these modifications

1 Sample preparation Samples were dned under a gentle mtrogen stream at 45 °C
and somuicated 20 minutes i 2 mL of acetomtrile then filtered,

2 Instrument  HP10%0 Autosampler, pump, and DAD detector,
3. Column Waters 4 6 X 150 mm Symmetry CI18, 5 pm,

4 Column Temperature 40 °C,



5 Mobnle phase 50/50 A/B to 25/75 1n 6 minutes, inear program, held 25/75 A/B
for 5 minutes,

6 Flowrate 135 mL/Mm,
7 Injection volume 40 uL; and,
8 Wavelength 275 and 254 nm

A cascade impactor (Anderson 2000 Incorporated) was used to measure the size distnbution of
the paint mist The umpactor stages were loaded with preweighed glass fiber filters  Air was
drawn through the 1impactor at a flow rate of 15 1 Ipm instead of the specified flow rate of

28 3 liters per minute  As a result, the impaction velocaty 1s reduced and the 50 percent cut
cdiameter for each stage 1s mmcreased The published cut diameters were inereased by a factor of
(28 3/151)°® As long as the impactor jet’s Reynolds number remains between 500 and 3000,
the impactor’s 50 percent cut diameter will be inversely proportional to the square root of the arr
velocity in the impaction jets '’ The impactor was placed under a fender whach was being
pamted The impactor filters were pre- and post-weighed m a balance room after being allowed
to equilibrate overmight Six filters were used as blanks The filters were weighed using a
Mettler AE-163 balance The difference between the weight change of the filter and the average
welght change of the six blanks was the mass of aerosol collected on the impaction stage

Ventilation Measurements and Analysis

The exhaust flow rate and the airflow patterns in the booth were expernimentally evaluated The
average air flow into the exhaust trench 1n the muddle of the booth was measured using a
velometer (TSI Velocicale, TSI, St Paul, Mmnesota) Aurflow patterns were visualized using
smoke tubes, a heated wire smoke generator, and hehum-filled soap bubbles generated by a
helium bubbie generator (Model 33, Sage Action, Ithaca, New Yerk) The helium-filled bubbles
are neutrally buoyant and have a diameter of 03 t0 0 6 cm

Film Thickness

Dunng data collection, the mass of paint used was measured by tracking the weight change of the
loaded spray painting gun The film thicknesses were measured by placing metal test strips,

30 x 10 cm preces of flat steal, on each part The film thickness was measured using a film
thickness gauge (Elcometer 245, Elco Instruments, Manchester, Umted Kingdom)

Computational Fluid Dynamics
A two-dimensional lanminar steady state analytical model was created using Fluent UNS 4 2

{(Fluent Inc , Lebanon, New Hampshire) to predict the cross-sectional flow field in the downdrafi
spray paint hooth shown in Figure 5 The booth supply atr enters through the ceiling at a umform
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velocity of 0 15 m/sec (30 feet per mmnute (fpm)) The air exits the booth along a grate in the
floor which was modeled as an cutflow boundary measunng 0 78 m (2 feet and 7 inches) 1n
width centered within the booth A umform structured computational gnd was generated using
2,184 quadnlateral elements A second mode! was bult o 1llustrate the effect of changing the
booth geometry on the flow patterns  As before, the booth measures 4 2 m (14 feet) i wadth
along the floor and has a height of 2 74 m (9 feet) The nght sidewall, however, tapers 0 61 m (2
feet) from the ceiling to the floor On the left side of the booth, the comice was removed and the
nlet air fiiters were extended 1o the wall The booth supply air velocity remains at a uniform
0 15 m/sec, and the supply and exhaust are modeled as a velocity ilet and outflow boundary,
respectively A structured grid comprising 1,014 quadnlateral cells was generated for this
simulation For both booths, Fluent UNS was used to numencally solve the Navier-Stokes
equations for the conservation of mass and momentum for lammar flow with no heat transfer
The laminar model was chosen because smoke visuahization studies performed within the actual
booth tn Figure 5 showed the smooth layers of flow consistent with a lammar flow The first
order upwind discretization scheme was used along wath the STIMPLE algorithm for the solution
of the momentum equations '*%

1B 1%

RESULTS

Air Contaminant Concentrations

Anderson 1umpacior resulis, air contaminant concentrations, average paint film thicknesses, and
mass of paint used dunng each run are listed 1n Appendix A The ratio of average paint film
thickness and mass of paint used dunng a run was termed “film build ” Because the film
thickness 1s proporticnal to the amount of paint on the parts, this term film bwld 1s directly
proportional to the efficiency of the spray pamnting gun A statistical analysts was performed on
the logarithms of the total paint mist concentrations measured with the closed-face samplers A
one-way analysis of vanance using the SAS General Linear Models Procedure was used to
evahuate whether the part’s orientation affected the paint mist concentration and the film bwld
The onientation significantly affecied the Jog-transformed total paint mist concentration and the
film thickness per mass of paini (probabitity = 0 002 and 0 02, respectively) A multiple
comparison test, Tukey’s HSD test, was conducted at an overall level of confidence of 25 percent
to ¢valuate the differences among the different treatments Table 1 presents the results of the
multiple companson tests under the columns labeled grouping code  When the means have
completely different codes, they differ sigmficantly The geometric mean pamt must
concentration measured when the bumper was laid across the booth’s exhaust trench was
sigmficantly lngher than when 1t was parallel to the exhaust trench  The film thuckness per mass
of paint applied varied with onentation However, the mean values of this variable are within

1 percent of each other
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Table 1 Paint mist concentraticns and film buwld for each onentation

GM? Pamt Mist

Onentat Co ration Average Film
e Number (Cll:) ZZ I?a;) Thickness/Mass of Paint

Fender Bumper (mg/m*) Groupng" (hm/kg) Grouping
parallel Perpendicular 3 14 87 A 089 B
parallel parallel 3 604 B 099 A

Perpendicular parallel 3 52 B 0 875 B

* GM - geometnc mean

b Grouping Code  geometne means with different codes differ signficantly based upon

Tukey’s multiple comparison test

Table 2 presents a summary of the air contamenant concentration data for the two different
cnentattons of the bumper Based upon a pooled test, bumper onentation sigmficantly affected
the geometric mean total pant and n-butyl acetate concentrations {probability >t=0 007 and

0 0002, respectively) Butyl acetate results were not included i Table 1 because butyl acetate
was not detected 1n two of the three sorbent tubes used when the bumper and fender were parallel
to the onentation of the exhaust trench

Table 2 Summary of air contaminant concentrations at different onentations of the bumper

Air Contaminant n (mi/ﬁ’) GSD Range

Bumper Perpendicular

total paint overspray 3 149 12 12-17

n-butyl acetate 3 114 1.1 102-118
Bumper Paraile]

total pamt overspray 6 56 125 4.8 18

n-butyl acetate 4 304 114 27-37

HDT 6 31 I 66 14-61

GM - geometric mean
GSD - geometnc standard deviation
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Ventilation Measurements

The total booth flow was measured to be 3 35 m¥/sec (7100 cfm) The air flow from the ceiling
was 0 15 mfsec A two-dimensional view of the airflow patterns 1n a quescent booth wathout the
disturbance 15 presented in Figure 6  Actual airflow traces with helium bubbles and the smoking
wire geterator indicated that the air flow was mtich more three-dimensional 1n shape than can be
described by a two-dimensional figure Heliurn bubbles and smoke indicated that the eddy
involves a net flow of air from the lower back corner of the booth toward the front of the booth
About 5 or 6 feet from the front of the booth, this air flow made a twisting turn toward the
exhaust trench 1n the floor

The results of the theoretical analysis on the existing booth and a theoretical booth are shown 1n
Figures 7and 8 The sohd path lines are shown wn each figure along with the velocity vectors
(represented as arrows) The path lines show the flow path of massless particles released froma
surface witlun the computational domain The velocity vectors have been constrained to a fixed
length to provide 1nformation on the flow patterns only and are not scaled by velocity magnitude
The theoretically estimated airflow patierns (see Figure 7) 1n the existing booth are m substantial
agreement with the visually observed airflow patterns (see Figure 6) If the booths could be
designed to elimmate these eddies, perhaps exposures could be reduced Figure § explores two
possible design changes which might miniruize eddy formation  On the right side of the booth 1n
Figure 8, the cornice 1s replaced with a slanted wall The eddy 1s restnicted to the lower nght side
of the booth On the left side of this booth, the cormice has been eliminated and the air inlet
filters extend all the way to the wall This eliminates the eddy In both cases, the eddy 1s not
transporting air contaminants into the worker’s breatlung zone

DISCUSSION

The onentation of the bumper had a sigruficant effect upon the worker’s paint gverspray
concentration  ‘When the bumper was laid across the exhaust trench, the paint overspray
exposure increased from 6 to 15 mg/m* The arflow patterns 1n thus booth and the air motion
induced by the spray painting gun jet can explawn thus result When the worker 15 painting the
bumpers, the spray panting gun’s jet 1s directed toward the eddy at the side of the booth  As
discussed elsewhere, the spray pamnting gun’s jet 1s measurable 2 5 meters from the point where
paint was bemg applied to a car ' This suggests that the spray painting gun’s jet has enough
mamentum to push paint overspray into the eddy on the side of the booth  Whle painting the
ends of the bumper, the painter is standing near this eddy The eddy on the side of the booth has
the capacity to transport paint overspray to the top of the booth where this recirculated paint
overspray 15 dispersed into the incoming fresh air  When the worker was painting the fender, he
was always in the center of the boath where the mcoming fresh air 1s less likely to be
contaminated by pamt overspray mn the eddy

The large eddies pictured in Figure 6 are located under the comices wmn the booth The comices
are used 10 hide electrical connections and hight fixtures The cormce may be necessary for fire
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Figure 7 Predicted airflow patterns in existing downdraft booth The arrows indicate direction
of air flow The solid lines indicate particle paths The particles were released at the level of the
bottom of the cormices
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Figure 8 Predicted airflow patterns m a hypothetical booth  Cn the night side of the booth, the
cornice was replaced with a slanted wall On the left side of the booth, the cormice was
chminated and the mr filter 1n the ceihing was extended to the wal! The solid lines indicate the
path of particles released at the ceiling and the arrows indicate the direction of the air flow
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safety and to 1solate electnical connections from the paint overspray mist However, the cormice
causes an eddy which can uliumately lead to the contarmunation of the incomung air flow A two-
dimensional model of air flow 1n this booth was developed to evaluate the role of the cormce 1n
the development of the eddy The resuits of the CFD modeling 15 presented i Figures 7 and 8
Figure 7 shows a two-dimensional model of the current booth  The shape of the eddy agrees wath
observations presented 1n Figure 6 The model in Figure 8 suggests changes in geometry which
mirunuzes the eddy size

On the night side of the booth, the comice was extended from ceiling to the floor of the booth
Essenually, the nght wall of the booth 15 sloped slightly On the left s:de of the booth, the
cornice was elmminated and the ilet air distribution filter was extended to the wall on the left
side of the booth  On the left side, the model predicts that the eddy would be eliminated, and on
the nght side under the slanted wall, the size of the eddy 1s reduced and the eddy only reaches a
height of about 2 feet Thus, these computations suggest that the eddy can be mnimized by
altening the geometry of the booth

CONCLUSIONS

Part orrentation affects worker exposure to paint overspray When parts are painted 1n a
downdraft spray pamting booth, the parts need to be onented so the paint overspray 1s not
directed at eddies which circulate paint overspray into the mmcoming fresh air  Downdraft pamt
booths should be designed or selected to ehminate eddies which circulate air from the bottom of
the booths tec heights corresponding to the worker’s breathing zone or lngher Further analysis of
the effect of the spray gun momentum on downdraft booth airflow patterns may provide more
realistic mnformation on the effect of booth parameters upon worker exposure to paint overspray
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T T |
Anderscn Impactor B-Sampling the Base or Color Coat BASF, Whitehouse, OH 09 25 1997
root mean
Root Mean diameter
f| Filter Stage Size Diameter | adjusted for | Mass fracton Mass
# # Range {pm) (m)_ low flow Fractian (mg)
Bottom | Bottom 004 04 &smaller [0 72 & smaller 0 0Q057 004
F 7 04-07 053 bk 000142 g1
7 3] 07-11 088 120 { (909 0 B4
5 5 11-2 1 152 207 G 0287 202
5 4 21-33 253 358 002487 175
4 3 3347 394 537 0 Q7261 511
| 3 2 4758 522 711 007531 53
T 1 58-80 722 984 010415 733
1 ] B 0 and greater || 9 0 & larger || 123 & Iargelﬂ 0 68329 48 09
|I panting time 123minutes total wergiht 70 38 { mg)
mass 1 “
Pump Flow 1512 lters/mn concentration | 97 8 Mafm
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ndersen Impactar A-Sampling the Cisar Coat

BASF, Whitehouse, OH 09 25 1057 ||

Fiiter Stage Size Root Mean root mean Mass

# # Range (um) Diameter diameter Mass (mgffilter)
{Km) adjusted for Fraction
]

Bottom Bottom 0-04 04 & smaller {0 72 & smaller 0 D05 046

F 7 0407 53 072 00020 022

7 6 0 7-11 0 86 120 0077 095

6 5 11-2 1 152 2 0B 0024 259

& 4 21-33 263 358 0044 39

4 3 3347 204 538 0 080 538

H’ 3 2 47-58 522 713 0 036 319

2 1 5880 722 9 86 0 0B85 7 59

1 0 8 ¢ and greater] SC & Jarger | 1 3 & larger D730 &4 98

palntmgtl_me_ﬂ?' minutes total weight 80 27 {(mg}

flow rate1s 12 hters/min
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concentration 50 46
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Sorbent Tubes, BASF, Whitchouse, OH (9/25/1997 and 01/14-16/1998, Part 1

i FlowW
Tube Parts Coat |Clear Coat |Base Coat [Clear Coat| Total | Rate,
Date_| Run [Number |Cnentation| Timemin | Time,mun | Trme,min_| Time.min_[Time,min] cc/min
6f25/07| 1 | B-1-1 | FpBa | 1570 14 57 3027 | 200
9/25/97] 1 C-1-1 FpBa 12 92 12 37 25 28 169
92587 | 2 | 821 | Fpba 1473 1453 2976 | 200
g/25/971 2 -2-1 FpBa 13687 13 &0 27 17 159
9/25/97 | 3 B-3-1 FpBa 13 63 1305 26 68 200
3 C-3-1 FpBa 14 03 1325 2728 199
blank | B-4-1
biank | B-5-1
blank | B-5-1
blank | B-7-1
©/25/97 | blank | C-4-1
8/25/97 | blank [ C-5-1
G725/97 | blank | C&-1
8/25/97 | blank | C-7-1
111479 1 DEV- Fagp 12 00 1200 1267 12 57 48 23 197 |
100
|1 M8l 2 |PEV-83] Fabp 11 42 11 &8 12 15 12 BS 48 00 187
115/98y 3 [DEV-0%] FaBp 11 @7 11 B2 12 12 13 37 48 47 187
lmsxas 4_|DEV-G9[ FpBp 1240 | 1223 11 38 1355 | 4957 1 197
1716/981 6 |DEV.OG| FpBp 11 48 12 67 12 90 13 890 5125 197
1/16/98| 8 |[DEV-98| FpBp 12 08 13 60 1373 12 57 5108 197
141588 | blank |DEV-94
1
1/19/98 | blank |DEV-92
2
116/98 | blank JDEV-87
3
1/16/98 | blank [DEV-91
P 4
—r— T — e et
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r Sorbent Tubes, BASF, Whitehouse, OH 09/25/1997 and 01/14-16/1998, Part |

Tube | N-Butyl Acetate | Total Xylenes Toluene
Number| mg mg/m® [mg mg/m® mg mg/im®  |mg
B-1-1 0 56 5250 | 01408 | 17 B4 | O 0OO6S 0 97
C1-1 | 013 | 2583 | 0106 [ 2105 | 0022 § 576
118 33 3B 90 574
B-2-1 0 56 9569 | 0296 | b0 58 | GO057 Q97
C-2-1 [ 015 [ 3774 | 0124 | 2293 | 0033 610
123 44 73 51 708
B-31 | 042 | 7871 | 0091 | 1705 00043 | 084
C-3-1 013 | 2395 0118 | 2174 | 0033 6 08
102 66 4879 G 88
B-4-1 ND 0054 0032
B-5-1 ND ND ND
B-6-1 ND ND ND
B-7-1 ND 0 346 12
C-4-1 ND 0083 a
C-5-1 ND ND ND
C-B-1 ND ND ND
c-71 ND 0 367 015
CD___ |02 0 601 0 001 0004
00 0 007 0 003 0 003 oM
average (114 81 |average| 5040 |average G 90 |average 11 28
EV-100] D a8 37_:@'__ 011 1134 005 516 007 72
| DEV-B3 | 029 3067 | 0053 o84 Q17 180 004 423 |
DEV-855| 026 2723 | CDB3 869 Q019 199 0 052 545 |
average| 31 67 |average| 996 [|average 298 |average 563 |
DEV-88 | DDOZ 020 N ND 0 001 010 ND ND I
DEV-06 | 028 | 2773 | 0096 | 971 | 0056 | 655 | 0057
DEV-88 | 0002 | 020 ND_ | ND ND ND ND
[ average[27 73__ iaverage|S 71 average |5 55 average
DEV-54 ND ND G%Ui
DEV-82 | ND ND 0 001
DEV-87 N ND ND
[DEVE1 | ND ND ND
i}D D 000% 0 Dﬁg 0 Co0Y 0 002
(LOd) D.003 0

LOD, LCQ - imrts of detechon and quantitation, respechvely
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