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Abstract

Spray painting operations using chromate-containing primer paints produce
particles which may expose workers to strontium chromate. Chromate contains
hexavalent chromium (Cr(VI)) which is a confirmed human carcinogen. It is suspected
that the smaller particles contain disproportionately less Cr(VI) than larger particles. In
order to determine if a bias in chromate content exists, paint particles were collected and
separated based on particle size and the Cr(VI) concentration was determined.

Aviation primer paint from the DeSoto and Deft companies was sprayed in a
booth and seven-stage cascade impactors were used to separate particles. The particles
were grouped into fourteen distinct bins based on size within an overall range of 0.7 to
34.1 um mass median aérodynamic diameter. The total mass of dry paint collected in
each bin was quantified and the paint was analyzed for Cr(VI) mass. The Cr(VI) mass
(ug) was divided by the mass of dry paint (ug) collected to determine the percentage of
Cr(VI) per mass of dry paint.

Smaller particles contained significantly less Cr(VI) per mass of dry paint than
larger particles. Paint sample particles smaller than 3 pm contained 1.2 % and 1.8 %
Cr(VI) per mass of dry paint for DeSoto and Deft paints, respectively, which represents

less than 30% of the Cr(VI) mass expected.




CHROMATE CONTENT BIAS AS A FUNCTION OF PARTICLE SIZE IN

AIRCRAFT PRIMER PAINT OVERSPRAY

1. Introduction

Background

The United States Air Force’s aluminum- skinned aircraft are protected against
corrosion by a coat of chromate-based primer paint. The primer hinders the formation of
aluminum oxide and provides a more suitable surface for application of the polyurethane
top coat.

Primer paint used on USAF aircraft is regulated by four specifications: MIL-P-
23377G, MIL-P-85582B, and MIL-P-87112 (military specifications), and TT-P-2760A (a
federal specification). MIL-P-23377G is the most heavily used chromate-based primer
used in the Air Force today because of its superior adhesion and protection capabilities as
well as chemical and solvent resistance. The protection capability of MIL-P-23377G
primer is primarily due to the additive strontium chromate (SrCrO4) which is a suspect
human carcinogen (Klaassen, 1996:1042). To date, there is no suitable alternative to
chromate-containing primer paints capable of providing a similar level of aircraft
corrosion protection.

Aircraft are typically painted with High Velocity, Low Pressure (HVLP) spray
equipment which applies the primer with an application efficiency rate of approximately
50-80% under laboratory conditions (Carlton and Flynn, 1997). Some fraction of the

remainder of the paint will remain suspended as overspray composed of chromate-




containing primer paint particles which present an inhalation risk to workers. Because
inhaled particles distribute throughout the lungs based on size, with the smallest particles
reaching the lung’s deepest regions, the specific chromate content of various particle
sizes is of interest to more accurately predict the distribution of chromate in the lungs.

Aside from a better understanding of the deposition of chromate in the lungs,
particle size is also an important factor in air filter efficiency. Exhaust air from a paint
facility is filtered before the air is released into the atmosphere. However, some fraction
of the particles will pass through the filters posing a hazardous air emission from the
painting facility. Smaller particles tend to pass through these filters more readily than
larger particles. The particles that pass through the filters contribute to air, soil, and
water contamination. The degree of chromate contamination is dependent upon not only
filter efficiency, but also the mass of chromate in these smaller particles that tend to pass
through these filters.

A study by Fox indicated a bias in chromium content based on paint particle size.
The study found that particles smaller than 2.5 pm contain disproportionately less
chromate (percentage by mass) compared to those particles greater than 2.5 um (Fox,
2000). The implications of Fox’s study indicate previous assumptions may overestimate
potential worker exposure to SrCrO4 and overestimate the total quantity of chromate
which may bypass a filtration system.
Thesis Objective

The objective of this study is to 1) quantify the chromium concentration within
each particle size range collected, and 2) identify differences in chromium concentration

bias among particle sizes between two manufacturers of chromate-containing primer




paint. This study will focus on MIL-P-23377G primers manufactured by Deft and
DeSoto because these two manufacturers supply the greatest quantities of Air Force

primer paints.




I1. Literature review

Backgrounvd

Chromate-containing aerosols are generated in the aerospace industry by the paint
application process. Paints are typically applied using spraying equipment to evenly
distribute a primer coating on the metal surface of the component or aircraft. HVLP
spray equipment delivering paint at 1-10 pounds per square inch (psi) at the nozzle is the
current standard of application for USAF painting operations. Under laboratory
conditions, the HVLP application method transfers paint with a transfer efficiency of
approximately 50-80%. The paint particles which do not adhere to the application
surface, referred to as overspray, are carried off by a ventilating airstream typically
flowing at a rate of 100 feet per minute (ACGIH, 1995). Depending on the size of the
facility and the scope or type of painting required, multiple operators can be involved
with a single painting task. The overspray generated by the painting process results in a
cloud of chromate-containing particles and is the primary concern for worker exposure to
chromate during painting operations.
Health Effects of Strontium Chromate

Strontium chromate (SrCrQ,) is the form of chromate most often used in
aerospace painting applications due to the corrosion resistance it provides, however, there
is sufficient evidence in experimental animals that conclude SrCrOy is a potent
carcinogen (IARC, 1990). Empirical evidence suggests the carcinogenicity of specific
chromate salts is linked to the valence state of the chromium ion, with hexavalent

chromium (Cr(VI)) presenting the greatest health concern (Jones, 1990; Levy et al.,




1986). In a study conducted by Levy et al. (1986), an intrabronchial pellet implantation
system was used to observe tumor formation associated with twenty-one chromate salts.
In Levy’s study, only strontium chromate and zinc chromate, both Cr(VI)-containing
salts, yielded statistically significant incidences of bronchial carcinomas. Although this
study did not replicate the inhalation method of exposure to chromium-containing
aerosols, the evidence for carcinogenicity is substantial (Levy, 1986). Hundreds of
additional studies exist indicating the carcinogenicity of Cr(VI) compounds including
epidemiological studies of workers in the chrome production, manufacturing, pigment
production, ferrochromium production, stainless steel, electroplating, chrome plating, and
leather tanning industries (IARC, 1990:85-97).

A threshold concept for carcinogenic potential exists based on the body’s
physiological capacity to reduce the valence state of Cr(VI) compounds to the relatively
non-toxic Cr(III) state before DNA damage occurs (Jones, 1990). Studies have shown
the valence state reduction occurs in the bodily fluids (including the epithelial fluid lining
the respiratory tract) and at the cellular level (in the cytosol, mitochondria, and
microsomes) (Korallus, ét al., 1984; DeFlora, 1988; Petrilli and DeFlora, 1988). Levels
of ascorbic acid and glutathione in the bronchioles and alveoli further limit the amount of
Cr(V1]) available for cellular absorption as they both have the potential to reduce Cr(VI)
to Cr(III) before absorption can take place (Lewalter and Korallus, 1988).

Johansson et al. (1986) showed that for rabbits exposed to an air concentration of
0.6 and 0.9 mg/n?® of tri- and hexavalent, respectively, for four to six weeks, six hours per
day, five days per week, the only morphological changes observed were limited to the

pulmonary alveolar macrophages (PAMs), not lung tissue. The PAMs, which are mobile




in the alveolar region, provide a secondary defense against exposure to Cr(VI) atoms by
engulfing and reducing Cr(VI) to its relatively non-toxic trivalent state via enzymatic
action (Lewalter and Korallus, 1988).
Chromate Exposure Limits

Both the Occupational Safety and Health Administration (OSHA) and the
American Conference of Governmental Industrial Hygienists (ACGIH) have established
occupational exposure limits for exposure to SrCrO4. OSHA is a government agency and
the only agency that regulates occupational exposures for industry with legal
enforcement. The ACGIH is a private organization which focuses on worker safety. The
OSHA permissibk exposure level (PEL) is a ceiling of 0.1 mg CrO s/, A ceiling limit
is the air concentration that cannot be exceeded during any part of the workday. ACGIH
limits exposure to a time-weighted average (TWA) over an 8-hour workday to 0.0005 mg
Cr(VI)/nt.
Effect of Particle Size on Particle Deposition

The aerodynamic diameter of an inhaled particle plays a major role in where the
particle may deposit within the lungs. Inhaled air follows a tortuous path through the
nasopharyngeal region and branching airways in the lung. Each time the air changes
direction the momentum of each particle tends to keep the particle on its pre-established
trajectory. The tendency of larger particles to maintain trajectories increases the
likelihood of impaction on airway surfaces. Particles larger than 10 pm generally deposit
in the upper respiratory tract while those between 2 pm and 10 pm will generally deposit
in the trachea and the bronchioles. Particles in the range of 0.01 to 2.5 pm have a high

probability of depositing in the pulmonary region (Godish, 1991: 156) (See figure 2.1).




Therefore, inhaled particle size affects both the location of deposition in the lungs and the

quantity of chromate delivered.
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Figure 1. Fractional Deposition of Particles (Task Group on Lung Dynamics, 1966)

Clearance Mechanisms in the Respiratory System

Particle clearance in the respiratory system is performed by two distinct
mechanisms: the mucociliary system and the alveolar macrophages (West, 1998: 117-
121). Clearance time is dependant upon the region of particle deposition and the means
of clearance within that region, but the mucociliary system is considered to be the more
efficient clearance mechanism of the two (Klaassen, 1996: 449).

The mucus layer covering the nasopharyngeal and tracheobronchial regions is
moved upward by the beating of the underlying cilia. This mucociliary escalator moves
deposited particles out of the respiratory system to the esophagus where they are

swallowed and passed through the gastrointestinal system (Klaassen, 1996: 448-449).
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Mucociliary clearance is quite efficient in healthy individuals and is typically
accomplished within 24- to 48-hours for particles deposited in the lower airways of
healthy individuals (Lippmann and Schlesinger, 1984:262).

Particles deposited in the lower, or pulmonary region, of the lungs may be cleared
in one of several ways (Klaassen, 1996: 449):

1. Particles may be directly trapped on the fluid layer of the airways and cleared
upward by the mucociliary escalator.

2. Particles may be phagocytized by macrophages and cleared via the
mucociliary escalator, or removed via lymphatic drainage.

3. Material may dissolve from the surface of particles and be removed via the
bloodstream or lymph system.

4. Small particles may directly penetrate epithelial membranes.

Minutes after particles are inhaled, they can be found in alveolar macrophages.
Many alveolar macrophages are ultimately transported to the mucociliary escalator,
however, particles may be sequestered in the lung for long periods of time within alveolar
macrophages which migrate into the interstitial tissue instead of being cleared via
mucociliary escalation (Klaassen, 1996:449; and West, 1998: 120).
Mechanical Filtration

In the filtration of aerosols, three basic mechanisms are thought to be responsible for

the capture of particles in air streams by fibers of filter media. First, direct interception of
the particle by the filter media assumes a particle follows a streamline perfectly and
because of the particle’s size or the proximity of the streamline to the filter fiber, the
particle collides with the filter media. Second, convective-diffusion allows for the
influence of Brownian motion on very small particles; as the particle approaches the filter

fiber, the random motion of the particle can cause it to travel close enough to the filter




media to be captured. The third mechanism responsible for capture is inertial impaction,
the same phenomena responsible for the majority of particle deposition in the lungs as it
is primarily of importance in filtration of particles from air streams. (Clark, 1996: 410-
411)

Paint Application

The spray application process most common in the aerospace industry is
compressed air atomization, such as the HVLP spray gun. The spray gun discharges the
primer paint through a fluid nozzle and a column of air emitted from the air nozzle
surrounds this liquid stream. Shear forces developed along the surface of contact
between the two fluids cause the paint liquid to disintegrate into droplets (Bayvel and
Orzechowski, 1993). The most important factors affecting the distribution of particle
sizes leaving the nozzle are air pressure at the nozzle, liquid paint viscosity, and the ratio
of air to liquid mass flow rates (Carlton and Flynn, 1997).

The focus of this study is not to generate a model of particle size distribution
within a worker’s breathing zone because many factors such as worker orientation,
airframe shape, and environmental characteristics will substantially vary worker
breathing zone exposures (Carlton and Flynn, 1997; Lefebvre, 1989). Rather, this
research quantifies the fraction of Cr(VI) in relation to particle size, independent of
worker-specific parameters. The mass of Cr(VI) in particles of various sizes can then be
translated into a worker’s exposure model based on other particle size distribution

sampling.




Paint Overspray Collection

Physical separation of paint particles is necessary to characterize the Cr(VI)
concentration based on particle size. Various methods are available to collect particles
based on size, including inertial classification, gravitational sedimentation, centrifugation,
and thermal precipitation. Inertial classifiers are the most prevalent means of particle
collection and include cascade impactors, virtual impactors, and cyclones. Cascade
impactors are the primary instruments of choice for collecting and differentiating
particles by their aerodynamic characteristics. (Marple et al., 1993: 203-206)
Paint Sample Preparation

Paint particle samples must be transformed into the appropriate physical state for
spectroscopic analysis; this is performed by acid digestion. The National Institute for
Occupational Safety and Health (NIOSH) method 7082 recommends microwave
digestion of paint chips for analysis of lead content and similar methods were indicated
for analysis of additional metals, including chromium. Microwave digestion of samples
is preferred over hot plate digestion because of factors including chemical hazards,
sample loss, and digestion time (Lachas et al., 1998:180).
Cr(VI) Content Bias

In his 2000 report, Fox found a bias in Cr(VI) content (ug Cr/mg paint) based on
aerodynamic diameter. His study was limited to seven samples using paint from a single
manufacturer, but his data showed that some bias exists between particle size and Cr(VI)
content: a statistically significant reduction in Cr(VI) content as a percentage of the total

mass of paint solids collected for particles smaller than 2.5 pm contained
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18 peofCr — compared with particles larger than 2.5um which contained
mgof drypaint
ugofCr

70 .
mgof drypaint

Fox’s results provide evidence that the concentration and mass of Cr(VI)
deposited in the pulmonary region of the lungs may be significantly less than what is
deposited in the upper regions. This also indicates an air filter’s removal efficiency for
chromate may be higher because larger particles containing a disproportionately larger
fraction of Cr(VI) are removed more easily than smaller particles, indicating filter
particle efficiency therefore underestimates Cr(VI) filtration efficiency.

Research Focus

This research will determine if different paint mixtures will result in different
Cr(VT1) biases in particles. The research was designed to allow an exploration of possible
manufacturer-specific biases. The paint used will be MIL-P-23377G primer paint, a high
solids, solvent-based epoxy paint, manufactured by both the Deft and DeSoto
Corporations. This study focuses on identifying the possibility of a bias in Cr(VI)

concentration in particles over a wide range of particle sizes (0.7 to 34 pm).
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III. Methodology

Overview

The purpose of this study is to collect paint particles of various sizes and quantify
the Cr(VI) content per total dry weight of paint collected. Paint samples were sprayed in
the Air Force Research Laboratory (AFRL) paint booth at Wright-Patterson Air Force
Base, Ohio using a DeVilbiss High Volume-Low Pressure (HVLP) spray gun. The paint
particles generated by the spraying were collected and separated based on particle size
using four seven-stage cascade impactors manufactured by In-Tox products. After
collecting the various sized paint particles, the samples were prepared then analyzed
using an Avanta atomic absorption spectrometer with both graphite furnace and flame
analysis methods.

Painting Operation

The AFRL paint booth used for this sampling effort is 6.75°x6°x5’ and has an
average air flow of 151 feet per minute. Temperature and humidity were maintained at
22 degrees Celsius (+/- 2 degrees) and 63% (+/- 3%) for the duration of sampling.

A DeVilbiss HVLP spray gun, product number JGHV-531, was fitted with a
DeVilbiss number 46MP air cap. A two-quart, pressure fed paint supply cup was
attached to the spray gun and supplied with moisture- and oil- free air per manufacturer’s
specifications. Paint base and activator were mixed per manufacturers’ specification and
allowed a 30 minute induction time before the paint was sprayed for sampling. Paint was
sprayed from the HVLP gun onto a fixed target with eight inches separating the HVLP

nozzle and target. Overspray from the application of primer paint onto the target was

12




drawn across the booth towards the sampling equipment. In order to collect more
particles, a cardboard enclosure was placed around the impactors to reduce the velocity of
the particles and increase the collection efficiency. The HVLP spray gun and target were
held in fixed positions while the HVLP trigger was held open for the duration of each
sampling run. Sample run times ranged from 30 to 52 minutes and 1200 mL of paint was
sprayed per run. Viscosity of the paint is expected to account for the range of sampling
times. Each can of paint provided enough paint for three sampling sessions and it was
noted that the last samples sprayed from a can required more time to spray than the first.
It is possibly some of the solvents in the paint had evaporated over the period of time
from when the can was initially opened to when the last sample was sprayed and
therefore increased the paint viscosity. No affect on the analytical results was noted that
could be attributed to the increased sampling time. Pressure settings were held constant
within manufacturer recommendations for delivery line air pressure (50 psi), paint cup
pressure (15 psi), and nozzle pressure (1.5 psi).
Cascade Impactors

Four seven-stage cascade impactors, were used to collect primer paint overspray
samples and aerodynamically separate paint particles into discrete size ranges (See Figure
2). The median particle size collected by each stage is termed the stage Effective Cut-off
Diameter (ECD). The median particle size collected on each stage was calculated as

follows (equation 1):

13




ECD = (495 (D5 )m@/(Q(pe) ()

Where:  0.495 = Stokes number for round jets (Hinds, 1982:118)

Dj3 = Jet Diameter in cm

n = number of jets on the stage

T =3.1416

Q = Volumetric flow in cnt’/sec = 10 Ipm = 166.67 cnt’/sec
Pq = partial density for aerodynamic equivalent = 1 glen?

v) = Viscosity of air at 22° C = 1.83 x 10 g/cm-sec

Collection and separation of the paint particles is achieved by drawing the
particles through a series of stages containing jets and impacting the particles onto a
surface placed immediately downstream of the jets. Each stage of the impactor contains
jets of progressively smaller diameters and a smaller space between the jets and the
collecting plate. Stages are placed in series within the impactor so that the particles
entering the largest jets pass through progressively smaller jets before leaving the
impactor. This configuration facilitates the collection of successively smaller particles on

each subsequent impactor stage. (In-Tox Products, 2000)

Figure 2. Detail of a Cascade Impactor Showing Air Flow (PCSC, 2000)
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Of the four cascade impactors, two were designed to collect particles in a lower range
than the other two. The flow rates of each impactor were adjusted to maximize the total
particle size range collected. The lower range impactors were held at 18 liters per minute
(0.7 um < ECD<11.4 pm) while the upper range impactors were held at 8 liters per
minute (2.7 um <ECD<34 um). The ECD calculations using equation 1 for the low and

high range impactors are shown in Tables 1 and 2.

Table 1. Lower Particle Size Range Impactor at 18 Ipm

Stage # 1 2 3 4 5 6 7

Number of Jets per Stage 1 2 3 4 6 9 12

Average Jet Diameter (cm)| 1.1125} 0.0635] 0.4003(0.2636] 0.1679| 0.1082| 0.07315

ECD 50% (um) (18 LPM) | 11.4 7.0 4.3 2.6 1.6 1.0 0.7

Table 2. Upper Particle Size Range Impactor at 8 Ipm

Stage # 1 2 3 4 5 6 7

Number of Jets per Stage 1 1 2 2 3 4 6

Average Jet Diameter (cm)| 1.7582|1.3208| 0.7884( 0.5636| 0.3914| 0.2692} 0.1788

ECD 50% (um) (8 LPM) 341 | 222 | 145 | 95 6.2 4.1 2.7

Cartridge Filter

A cartridge filter was placed in the sampling array with the impactors. The
cartridge filter collects all airborne particle sizes and was used to collect a broad range of
particle sizes as a single sample. The paint overspray sample collected from the cartridge
filter is used to estimate the average Cr(VI) content of overspray. This data along with
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the Material Safety Data Sheets helped to establish the overall Cr(VI) content of the
paint.
Sample Substrates

Millipore digestible cellulose ester filters (CEFs) were used on the cascade
impactor stages to collect overspray particles. CEFs were ideal for this effort because
after paint is collected on the CEF, thé CEF can be digested along with the collected paint
particles to reduce losses from transferring the paint to a digestion vessel. All samples
were weighed three times each, both before and after sampling, and those weights were
averaged to determine the pre- and post-weights. Weighing of the substrates was
performed in a sealed glovebag which contained Drierite and an Ohaus model AP240
microbalance (Accuracy 0.01 mg). The dry weight of paint collected on each CEF was
determined by subtracting the pre-weight from the post-weight. Throughout the process,
whenever CEFs were not loaded in the impactors they were stored with Drierite, either in
glass desiccation bottles or in a sealed glovebag, for a minimum of 12 hours before
weighing to eliminate moisture or unevaporated paint solvents.
Sampling Train

Two Gast pumps were used to draw air through the cascade impactors and
cartridge filter. The precise airflow was regulated through an individual flowmeter for
each impactor and vacuum pressure was monitored with a magnehelic. Airflow at each
impactor was calibrated before and after each sampling run using a Sensidyne Flow
Calibrator. A five-gallon receiver tank was placed in-line to minimize fluctuation in flow
rate caused by the vacuum pump. One vacuum pump was used to pull air through the

lower particle range impactors at a flow rate of 18 liters per minute (Ipm) with the second
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pump drawing air through the upper particle range impactors at a rate of 8 Ipm and the
cartridge filter at 10 Ipm (See Figure 3). The pumps and flowmeters were placed outside

of the paint booth during the painting operation to eliminate any explosion hazard (See

Figure 4 ).

Impactor 1/4” ID Tubing

Magnehelic

Flowmeter

Five-Gallon
Receiver Tank

IVacuum Pump I

Figure 3. Impactor-Flowmeter-Pump Design
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Pumps & Collection
Flowmeters Stand
% Target
Spray Gun 7

Booth Airflow

4 4

4

Figure 4. Paint Booth Layout (Not to Scale)

Sample Analysis

After the mass of collected péint particles on each CEF was determined, the paint
Figure X samples and CEFs were digested in an OI Analytical Microwave. Each CEF
with collected paint was loaded into a separate Teflon microwave digestion vessel and
6.0 mL of reagent-grade, 70% nitric acid was added to the vessel. Microwave vessels
were capped, loaded into the microwave carousel, and processed following a modified
NIOSH method Number 7082 for digestion of paint chips. The temperature was held at a
minimum of 175°C for a minimum of 20 minutes. Pressure within the digestion vessel
ranged from 100 to 180 psi, exceeding the NIOSH minimum of 75 psi. This aggressive

digestion method is necessary to breakdown the paint matrix.
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After microwave digestion, samples were allowed to cool to room temperature
and ambient pressure before opening the vessels, typically taking three to four hours.
The cooled digestion vessels were opened in a fume hood and triple rinsed with
approximately 20 to 25 mL of 7% nitric acid into 30 mL High Density Polyethylene
(HDPE) storage bottles. Each storage bottle was pre-weighed on the Ohaus AP240
microbalance and post-weighed after the sample was added to the bottle. The final
dilution volume of each sample was determined by subtracting the weight of the paint
sample and storage bottle from the total post weight and dividing the remaining mass by
the density of the solution. This allowed a more precise determination of the dilution
volume, recognizing that 6 mL of the dilution volume was 70% nitric acid and the
remainder was 7% nitric acid. All HDPE bottles were pre- and post-weighed three times
each and the average of those weights were used to calculate sample volume (See

equation 2).

—_m) — (V.-p..
SampleVolume(mL)=(ml )~ My = (Vo pmﬁ')-i-VD @)

Py,

Where: my = Pre-weight of HDPE sample bottle (g)
m; = Post-weight of HDPE sample bottle (g)
myijer = Mass of CEF and paint sample (g)
p70% = Density 70% nitric acid (g/mL)
p79% = Density of 7% nitric acid (g/mL)
Vp = Volume of 70% nitric acid used for digestion (mL)
The actual analysis of samples for chromium concentration was performed on a
GBC Avanta Atomic Absorption Spectrometer (AAS). Samples expected to contain

chromium concentrations in the range of 0 to 999 parts per billion (ppb) were analyzed

using the graphite furnace method while those expected to contain chromium
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concentrations from 1 to 45 parts per million (ppm) were analyzed using the flame
method. No samples analyzed contained more than 45 ppm chromium.

The graphite furnace method was calibrated using the GBC auto-mix feature to
establish a 5-point calibration curve (7.5, 20.0, 40, 60, 75 ppb) from a certified 75 ppb
standard. The R? value for all calibration curves are greater than 0.98. A certified check
standard of 25 ppb was used to recalibrate the AAS at approximately every 15 samples.
Three replicate measurements were made for each sample following the procedure
established in Table 3. The AAS’s auto-dilution feature automatically diluted samples
that were above the highest point of the calibration curve. Samples that were above the
highest point of the calibration curve were auto-diluted 80% by the AAS with deionized
water and re-analyzed. Auto-dilution was performed a maximum of two times. Samples
with concentrations that were too high for the graphite furnace method with auto-dilution

were analyzed with the flame method.

Table 3. AAS Graphite Furnace Parameters

Step [ Final Temp. (C) | Ramp Time (s) | Hold Time (s) | Gas Type
Step 1  Inject Sample o AR Fir e |iin Y
Step 2 80° 5 10 Inert
Step 3 130° 30 10 Inert
Step 4 1400° 15 15 Inert
Step 5 Read Concentration 2500° 1.4 1.6 None
Step 6 2700° 0.5 1.5 Inert

The flame method was established using an air-acetylene flame. The acetylene
flow was held at 2.00 liters per minute and compressed air flow was held at 10.0 liters per
minute. For the flame method, a calibration curve was established with four standards (1,

5, 10, and 15 ppm) from a certified 1000 ppm source of Cr(VI). The R? value for all
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calibration curves are above 0.98. A check sample of 10 ppm was run at the end of the
each series of 10 to 15 samples to check for a shift in the calibration curve during the run.
Samples that were measured at absorbance values outside the calibration curve were
manually diluted as needed.
Mass of Cr(VI) per Dry Paint

Chromium concentrations from the AAS were used to determine the Cr(VI)
content of the samples per dry weight of paint. The chromium concentrations determined
by the AAS for each CEF sample was multiplied by the dilution volume and then divided
by the mass of dry paint collected on each CEF to determine the Cr(VI) content per mass
of paint (equation 3).

C,.'V,
Cr(VI) permassof dry paint = —245 L 3)

¢,1 _mc,O

Where:Caas = AAS reported concentration (Lg/L)

Vp = Sample volume (L) from equation 2
meo = CEF pre-weight (Lg)
m,; = CEF post-weight (ng)
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IV. Results

Cr(VI) Content per Mass of Paint

Table 4 displays the results of the Cr(VI) analysis. The particle sizes collected are
shown in the first column, the average percent mass of Cr(VI) per mass of dry paint,
(mass Cr (Lg) / mass dry paint (1g)) x 100%, the number of samples for each particle size
(n), and the standard deviation (Std. Dev.) of the percent of Cr(VI) for both

manufacturers’ paints are listed..

Table 4. Average Cr(VI) Content Per Mass of Dry Paint

Deft DeSoto
Particle Size Mean % | Std. Dev. | n | Mean % | Std. Dev.
(ECD) (um) (Cr/paint) (Cr/paint)
0.7 0.8 % 0.35 17 0.1 % 0.09
1.0 1.2 % 0.38 18 0.2 % 0.07
1.6 1.8 % 0.5 18 0.6 % 0.19
2.6 2.5% 0.76 18 2.7 % 0.87
2.7 29% 0.18 17 2.4 % 1.06
4.1 4.5 % 0.83 17 55% 1.45
43 3.9% 0.07 18 52 % 1.14
6.2 5.8% 0.83 17 6.7 % 1.06
7.0 4.6 % 0.32 16 6.8 % 0.91
9.5 53% 0.55 17 7.7 % 0.09
114 6.2 % 0.19 18 9.1 % 0.57
14.5 5.8% 0.45 18 7.3 % 1.18
22.2 5.7% 0.38 17 6.5% 1.28
34.1 53 % 0.69 16 7.9 % 1.19
Cartridge Filter 6.7 % 0.70 6 9.4 % 0.86

In Figure 5 below, the mean percent Cr(VI) content versus particle size are plotted
for both manufacturers. Both manufacturers’ paints exhibit the same phenomena: smaller

particles tend to have less Cr(VI) per mass of dry paint than larger particles. A decrease
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in Cr(VI) content per mass of dry paint for particles less than 10 um MMAD is noticed

with samples obtained from both manufacturers, however, the decrease is more

pronounced in the DeSoto paint samples, which had a higher original Cr(VI) content.

Comparison of Mass of Cr per Mass of Paint by Manufacturer

10%
9% - A
8% - A A
N A
E 7% - AA Expected DeSoto Cr
E — & =
Z 6% o e} o Expected Deft Cr
Sl & © ?
I O O
-
S 4%+ o
&)
g 3%
5 &
2% - o
" Z)o O Deft
A A DeSoto
0% A L) 1 T T ] T T
0 5 10 15 20 25 30 35 40

Particle Size (um)

Figure 5. Comparison of Mass Cr per Mass Dry Paint by Manufacturer

Figures 6 and 7 below show a more descriptive breakout of sample data from each

manufacturer including individual data points:
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Mass Chromium per Mass Dry Paint
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Figure 6. DeSoto Cr(VI) by Mass of Dry Paint
(Bars represent one standard deviation above and below mean)
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Figure 7. Deft Cr(VI) by Mass of Dry Paint

(Bars represent one standard deviation above and below mean)

24




Particle Size-dependent Cr(VI) Content Bias
To determine if the chrome contents by particle size are statistically different, a
Tukey-Kramer all pairs analysis was applied to the data (Figures 8 and 9). The analysis

reveals that Deft particles 2.71 pm (MMAD) and smaller had a statistically significant

reduction in Cr(VI) content by mass when compared to particles sized 4.08 um and

larger. The DeSoto paint samples indicated particles collected which were smaller than
4.08 micrometers (MMAD) had a statistically significant reduction in Cr(VI) content by
mass when compared to collected particles sized 4.08 micrometers (MMAD) and higher.
In the following figures, underlined series indicate particle Cr(VI) contents per mass of
dry paint are not significantly different; dotted lines indicate a continuation of the series
that excludes a specific particle size (i.e., Cr(VI) content of particle sizes with MMADs

of 1.04, 1.64, 2.64, 2.71, and 4.28 m are not significantly different, excluding 4.08 pm).

Deft MMAD Particle Size (um)

0.067] 1.04] 1.64] 2.64] 2.71] 4.08] 4.28] 6.19] 6.98] 9.45] 11.42] 14.46] 22.17] 34.05

Figure 8. Deft Tukey-Kramer All pairs Analysis (alpha = 0.05)

DeSoto MMAD Particle Size (um)

0.067] 1.04] 1.64] 2.64] 2.71] 4.08] 4.28] 6.19] 6.98] 9.45]11.42] 14.46] 22.17] 34.05

.......................................

Figure 9. DeSoto Tukey-Kramer All pairs Analysis (alpha = 0.05)
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Manufacturer-specfic Bias

These data indicate smaller particle sizes contain far less Cr(VI) per mass of dry
paint than the expected concentration. Both paints exhibit a similar phenomena with a
statistically significant difference in the mean Cr(VI) content per mass of dry paint for
particles equal to and smaller than 4.28 um. However, as these figures indicate, the

Cr(VI) concentration decreases progressively with decreasing particle size.

Common Particle Size-dependent Bias

Both the Deft and DeSoto paints displayed a bias in Cr(VI) content attributable to

the size of the particle collected. Cr(VI) concentrations in particles tended to increase

with particle size as exhibited below in Table 5.

Table 5. Cr(VI) Content as a Percentage of the Maximum Observed Concentration

% of Maximum Observed Sample

Cr(VI) Concentration

Particle Size (um) Deft DeSoto
0.7 12 % 1%
1.0 19 % 2%
1.6 29 % 7 %
2.6 41 % 29 %
2.7 46 % 27 %
4.1 73 % 60 %
4.3 63 % 57 %
6.2 93 % 73 %
7.0 74 % 75 %
9.5 86 % 84 %

11.4 100 % 100 %
14.5 94 % 80 %
22.2 91 % 71 %
34.1 86 % 86 %

In Table 5, the Cr(VI) concentrations attributable to particle size were compared with the

highest observed average concentration of Cr(VI).
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V. Discussion

Implications of Cr(VI) Content Bias

The location of particle deposition in the lungs is of particular interest because of
the different particle clearance mechanisms within the different regions of the lungs. In
general, aerosol particles less than a MMAD of 2.5 um are capable of reaching the
alveolar sacs and larger particles tend to deposit in the upper respiratory airways. The
upper regions of the lung clear particulate matter via the mucociliary escalator faster than
the alveolar region of the lungs. Because smaller particles that are more likely to reach
the deepest regions of the lung contain less chromate than larger particles, the majority of
chromate from primer overspray may be cleared from the lungs rapidly, thus reducing the
residence time of Cr(VI) in the lungs. It is possible that particles caught in the upper
regions of the respiratory system represent less of a toxicological threat than those that
reach the alveoli because of their rapid removal via the mucociliary escalator. The data
presented here indicate those particles with the greatest potential for reaching the alveolar
region of the lungs contain less than 30 percent of the chromate than would be predicted
based on the average chromate content of the paint.

In addition to the human health implications, the bias in chromate content may
also have implications for quantities of chromate released from industrial paint booths
into the atmosphere. Filter efficiency ratings vary with different particle sizes.
Efficiency generally increases with larger particle sizes while smaller particles are more

likely to escape filtration. Therefore, Cr(VI) concentrations released from filtering
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mechanisms would likely be less than expected because as shown here smaller particles
contain less chromium per mass of cry paint.
Possible Source of Bias

The physical processes of atomization are likely responsible for the Cr(VI) bias
observed in this research. In general, the breakup of a drop in a flowing fluid is
controlled by the air pressure acting on the droplets, surface tension of the atomized fluid,
and the viscous forces within the droplet (Lefebvre, 1989). The forces acting on the
particles deform it in one of three ways. First, the drop may be flattened to form an
oblate ellipsoid (flattened ball shape). Subsequent deformation of the particle depends on
the magnitude of internal forces which ultimately result in the particle stretching and
disintegrating into smaller particles. The second possible deformation results in an
elongated, cylindrical thread or ligament which breaks up into smaller particles. The
third possible deformation is due to local deformations on the particle’s surface creating
bulges and protuberances which eventually detach from the parent particle to form
smaller particles (Hinze, 1955). Depending on the pressure acting upon the particle
surface, these three types of deformations may occur as a shear mechanism where the
surface layer of liquid is torn off, rapidly transforming the parent particle into a series of
small drops from the surface of the particle. The other mechanism is a chaotic, bursting
process where disintegration proceeds so rapidly that shearing is almost unnoticeable
(Bayvel and Orzechowski, 1993:71-73).

These modes of primer paint particle disintegration may explain the lower
quantities of chromate in smaller particles. Assuming the paint particles form around a

core nucleus of homogeneously distributed chromate, if the parent particle of paint were
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to remain intact, the chromate content by mass of the parent particle would likely

approximate the average chromate content of the paint. If resultant smaller particles were

formed by a chaotic burst in which the drop disintegration proceeds so rapidly that little

shearing of the surface layer of the parent particle occurs, it could be assumed the

resultant smaller particles would approximate the average chromate content of the parent

drop. However, if a shearing mechanism is responsible for the disintegration of the

parent particle, the smaller particles formed from the surface layer would be composed

primarily of binders and solvents resulting in a lower chromate content by mass (Figure

10).

. O
Parent Particle O
/ / OO
Shearing

Chromate Particles

Ch&ticliurst

Resultant daughter
particle with increased
mass of chromate per
mass of paint, and
smaller sheared surface
particles relatively
lacking in chromate.

Resultant daughter
particles with relatively
homogenous chromate

content by mass.

Figure 10. Methods of Particle Disintegration

If the smaller particles formed from the surface layer of a parent particle are

relatively lacking in SrCrOy4, they would have a smaller mass per unit volume than

particles rich in SrCrO4 because the density of chromate is higher than the other paint
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constituents (see Table 6). The particles lacking SrCrO4 would behave similarly to
particles with smaller MMADs since the MMAD & a function of density. As a result,
more paint binders and solvents would be collected than SrCrOg in the range of the
smaller particles and possible account for the limited SrCrO4 found in smaller particles.

Table 6. Density of Primer Paint Constituents

Consitituent Density (g/mL)
Methyl Ethyl Ketone 0.8
Methyl Isobutyl Ketone 0.8
Methyl Amyl Ketone 0.8
Isopropanol 0.8
Toluene 0.9
Cyclohexanone 0.9
Xylene 0.9
Epoxy Resin ' 1.2
Crystalline Silica Quartz 2.7
Talc 2.8
Titanium Dioxide 3.9
Strontium Chromate 3.9

Future Study

Epoxy polyamide primer paints, like those tested here, are not the only chromated
primer paints in use by the Air Force. Chromated water-based, polyurethane, and
polysulfide paints are permitted by specification and should be tested for a similar
chromate content bias as well. The different paint matrix constituents of water-based and
polysulfide paints may not exhibit the same properties as the epoxy polyamide paints.

The focus of this and other studies has been the application of the primer paint.
However, another population at risk for exposure to chromate is that of the sanders

involved with refinishing aircraft. According to an epidemiological study by Alexander,
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et al, aerospace industry sanders are twice as likely to develop lung cancer as painters
(Alexander, et al, 1996). Given that the material of concern is the same for both
populations, one could assume the particle size of the toxicant workers are exposed to
would account for different levels of exposure between the populations. Paint allowed to
cure on the aircraft skin would likely produce paint particles in a range of sizes when
sanded, but smaller particles would be less likely to exhibit a bias in chromate content. A
characterization of the chromate content of sanded paint particles using cascade
impactors could provide valuable insight into worker exposure within the sander

population.
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Appendix A: Raw Data Tables

The attached tables provide the raw data obtained in this research effort.

Column Heading:
Sample Run

Impactor

Particle Size (MMAD - um)

Mass of Dry Paint Collected (1Lg)

AAS Furnace Cr Concentration (ppb)

AAS Flame Cr Concentration (ppm)

Mass Cr(VI) Collected (1g)

Mass Cr/Paint (%)

Explanation:
“R1”, “R2”, etc. indicate the sample run number

Indicates the type of impactor collecting the
samples (i.e. high or low range)

MMAD Particle size in micrometers
(Post-weight of CEF) - ( Pre-weight of CEF)
AAS furnace method indicated chromium
concentration; Cr concentration in the diluted
analyte

AAS flame method indicated chromium
concentration; Cr concentration in the diluted
analyte

Mass of Cr collected in the paint sample,
determined by multiplying the AAS Cr

Concentration by the dilution volume.

Mass of Cr (ug) per mass of dry paint (Ug)
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Sample Impactor Particle Size | Mass of Dry Paint AAS Furnace Cr AAS Flame Cr Mass Cr(VI) Mass
Run (MMAD - um) Collected (ug) Concentration (ug/L) Concentration (ug/L) Collected (ug) | Cr/Paint (%)
R1 34.1 10687 0 34580 1144 10.7%
R1 % 22.2 2183 0 4726 165 7.5%
R1 S5 14.5 2503 0 5756 201 8.0%
R1 o 9.5 Sample Lost
R 58 6.2 2353 0 4997 173 7.4%
R1 = 4.1 Sample Lost
R1 2.7 Sample Lost
R1 34.1 8393 ] 18860 642 7.7%
R1 oy 222 2153 0 4668 163 7.6%
R1 S5 145 1490 0 3421 116 7.8%
R1 o 9.5 3500 1} 8838 301 8.6%
R1 58 6.2 2230 0 4923 167 7.5%
Rt | TE 4.1 933 0 1544 53 5.6%
R1 2.7 437 324 0 11 2.5%
R1 11.4 44973 0 125610 4214 9.4%
R1 [ 7.0 4613 0 11886 404 8.7%
R1 gg 4.3 1990 0 3864 134 6.7%
R1 a3t 26 683 734 609 25 3.6%
R1 z 2 16 383 99 0 3 0.9%
ri | S E 1.0 253 17 0 1 0.2%
R1 0.7 103 9 0 0 0.3%
R1 114 44880 0 125286 4254 9.5%
R1 oo 7.0 4233 0 11222 371 8.8%
R1 g 5 4.3 2087 0 4585 149 7.2%
R1 o 2.6 577 780 0 27 4.6%
R1 zd 16 380 94 0 3 0.8%
Rt | & 1.0 240 19 0 1 0.3%
R1 0.7 113 10 0 0 0.3%
R1 Cartridge Filter Sample Lost

Sample Impactor Particle Size | Mass of Dry Paint AAS Furnace Cr AAS Flame Cr Mass Cr(VI) Mass |
Run (MMAD - um) Collected (ug) Concentration (ug/L) | Concentration (ug/L) | Collected (ug) | Cr/Paint (%)
R2 34.1 6077 0 16961 605 10.0%
R2 % 22.2 910 0 2141 72 7.9%
R2 S5 14.5 1393 0 3764 126 9.0%
R2 143} 9.5 2723 0 7227 249 9.1%
R2 58 6.2 Sample Lost
Rz | TE 4.1 607 1449 0 48 8.0%
R2 2.7 263 285 0 10 3.7%
R2 34.1 6727 0 13804 477 71%
R2 o 222 943 0 2350 81 8.6%
R2 §5 14.5 1190 0 3266 111 9.3%
R2 [ 9.5 2400 0 6532 222 9.3%
R2 52 6.2 1477 0 3874 129 - 8.8%
Rz | TE 4.1 573 830 0 29 5.1%
R2 2.7 197 320 0 11 5.3%
R2 11.4 31230 0 93558 3104 9.9%
R2 [ 7.0 2980 0 5771 185 6.2%
R2 2% 43 1617 0 2496 83 5.1%
R2 o 2.6 667 596 452 20 3.0%
R2 z é 1.6 483 102 0 3 0.7%
R2 4= 1.0 417 19 0 1 0.2%
R2 0.7 370 8 0 0 0.1%
R2 11.4 25163 0 75540 2570 10.2%
R2 o N 7.0 3087 0 5754 195 6.3%
R2 2% 43 1677 0 2470 81 4.8%
R2 x Qo 26 767 621 528 21 2.8%
R2 g8 16 530 88 0 3 0.5%
R2 - = 1.0 477 17 o] 1 0.1%
R2 0.7 373 7 0 0 0.1%
R2 Cartridge Filter 31283 0 85896 2865 9.2%
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Sample | Impactor | Particle Size | Mass of Dry Paint AAS Fumace Cr AAS Flame Cr Mass Cr(VI) Mass

Run {MMAD - um) Collected (ug) Concentration (ug/L) | Concentration (ug/L) | Collected (ug) | Cr/Paint (%)
R3 34.1 6050 0 12016 410 6.8%
R3 o 222 740 0 1636 57 7.7%
R3 S% 14.5 943 0 2356 79 8.4%
R3 &8 9.5 1490 0 3884 131 8.8%
R3 £ 8 6.2 830 2227 8490 73 8.8%
R3 2E 4.1 313 785 0 27 8.7%
R3 2.7 110 131 0 4 41%
R3 34.1 4577 0 12852 440 9.6%
R3 22.2 870 0 1324 46 5.3%
R3 g o 145 943 2045 1584 70 7.4%
R3 S 9.5 1630 0 3521 115 7.1%
R3 X g 6.2 1070 0 1882 64 6.0%
R3 58 41 503 779 0 27 5.3%
Rz | TE 27 177 141 0 5 2.7%
R3 11.4 18987 0 50712 1700 9.0%
R3 7.0 1727 0 3792 122 71%
R3 o5 43 880 0 1639 55 6.2%
R3 gy 2.6 373 436 0 14 3.9%
R3 € G 16 227 56 0 2 0.9%
R | 38 1.0 153 16 0 1 0.3%
R3 - = 0.7 90 8 0 0 0.3%
R3 11.4 18410 0 47584 1586 8.6%
R3 70 1180 0 2088 70 6.0%
R3 (CAN 43 917 0 1274 42 4.5%
R3 5 g 26 593 287 0 10 1.6%
R3 s 8 1.6 530 55 0 2 0.4%
R3 SE 1.0 423 17 0 1 0.1%
R3 0.7 370 9 0 0 0.1%
R3 Cartridge Filter 16287 0 44008 1481 9.1%
Sample Impactor Particle Size | Mass of Dry Paint AAS Furnace Cr AAS Flame Cr Mass Cr(Vi) Mass
Run (MMAD - um) Collected (ug) Concentration (ug/L) Concentration (ug/L) Collected (ug) | Cr/Paint (%)
R4 34.1 5147 0 11275 387 7.5%
R4 o5 222 923 0 0 0 0.0%
R4 £L 145 1953 0 4850 162 8.3%
R4 g 9.5 2287 0 5631 190 8.3%
R4 58 6.2 1740 0 4002 133 7.7%
R4 TE 41 753 0 1178 40 5.3%
R4 2.7 383 224 0 8 2.1%
R4 341 4920 0 8877 315 6.4%
R4 o 222 1470 0 3300 113 7.7%
R4 S 14.5 1033 0 2436 82 7.9%
R4 g 9.5 2520 0 5406 178 71%
R4 54 6.2 2043 0 4451 146 7.1%
Re | TE 4.1 210 137 0 5 2.2%
R4 2.7 307 138 0 5 1.6%
R4 14 27317 0 62568 2194 8.0%
R4 oz 7.0 2130 0 0 0 0.0%
R4 gL 43 1397 2765 0 95 6.8%
R4 e 3 26 580 413 0 14 2.4%
R4 5 1.6 497 74 0 3 0.5%
R4 - = 1.0 357 34 0 1 0.3%
R4 0.7 280 15 0 1 0.2%
R4 14 21647 0 56944 1958 9.0%
R4 o 7.0 3353 0 0 0 0.0%
R4 gy 43 1453 3027 0 99 6.8%
R4 X5 26 613 496 0 17 2.7%
R4 3 16 457 116 0 4 0.8%
R4 JE 1.0 327 26 0 1 0.3%
R4 0.7 297 14 0 0 0.2%
R4 Cartridge Filter Sample Lost
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Sample Impactor Particle Size | Mass of Dry Paint AAS Furnace Cr AAS Flame Cr Mass Cr(VI) Mass
Run (MMAD - um) Collected (ug) Concentration (ug/L) | Concentration (ug/L) | Collected (ug) | Cr/Paint (%)
R5 34.1 2777 0 5392 175 6.3%
R5 95 22.2 667 915 0 31 4.6%
R5 gL 14.5 883 1345 0 46 5.3%
R5 g 9.5 1427 0 2109 70 4.9%
RS | 28 6.2 1107 0 1500 50 45%
Rs | TE 41 630 612 0 21 3.3%
R5 2.7 457 263 0 8 1.8%
R5 34.1 3413 0 4270 144 2.2%
RS g 22.2 963 0 1352 44 4.6%
R5 et 14.5 683 1132 0 37 5.4%
R5 s 95 1353 0 2080 69 5.1%
R5 58 6.2 1033 0 1395 48 46%
rRs | TE 41 683 705 0 23 3.4%
R5 2.7 443 239 0 8 1.8%
RS 14 18467 0 37832 1280 6.9%
R5 o 7.0 1400 0 1857 64 4.5%
RS 2% 43 1010 0 1053 36 3.5%
R5 g 26 637 469 0 16 2.5%
RS 23 1.6 523 247 0 8 1.6%
Rs | S E 1.0 433 142 0 5 1.1%
R5 0.7 370 68 0 2 0.6%
R5 1.4 15183 0 29140 1030 6.8%
R5 oo 7.0 1287 2216 0 74 5.7%
RS 2% 43 850 1159 0 39 4.6%
RS 38 26 587 481 0 16 26%
R5 23 16 480 275 0 9 1.9%
rRs | = E 1.0 410 184 0 6 1.5%
RS 0.7 340 64 0 2 0.6%
RS Cartridge Filter 18233 0 33280 1198 6.6%

Sample Impactor Particle Size | Mass of Dry Paint AAS Furnace Cr AAS Flame Cr Mass Cr(VI) Mass |
Run (MMAD - um) Collected (ug) Concentration (ug/L) | Concentration (ug/L) | Collected (ug) | Cr/Paint (%)
R6 34.1 3283 ) 4588 151 7.6%
R6 P 22.2 660 0 1000 34 5.1%
R6 gL 145 857 0 1250 43 5.0%
R6 g 9.5 2050 3464 0 115 56%
R6 58 6.2 1240 2310 0 74 6.0%
Re | TE 41 660 1063 0 35 5.3%
R6 2.7 427 332 0 12 2.7%
R6 34.1 3643 0 4825 160 4.4%
R6 o 22.2 603 1268 0 44 7.3%
R6 g% 145 977 0 1604 53 5.5%
R6 o g 9.5 1873 0 3326 106 5.6%
R6 53 6.2 1370 0 1901 65 4.7%
Re | TE 41 653 782 0 25 3.8%
R6 2.7 380 339 0 12 3.1%
R6 1.4 18940 0 38048 1285 6.8%
R6 o 7.0 2120 0 2699 96 4.5%
R6 g’g 4.3 1277 0 1287 43 3.3%
R6 e 3 26 817 567 0 19 2.3%
R6 z é 1.6 577 299 0 10 1.7%
R6 = 1.0 Sample Lost
R6 0.7 393 65 0 2 0.5%
R6 1.4 17663 0 31084 1098 6.2%
R6 o 7.0 2377 0 3176 103 4.3%
R6 2t 4.3 1313 0 1365 45 3.5%
R6 ¢ 3 26 760 558 0 19 25%
R6 g 16 563 324 0 11 2.0%
R6 - E 1.0 447 159 0 6 1.2%
R6 0.7 367 86 0 3 0.8%
R6 Cartridge Filter 23880 0 27068 1508 6.7%
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Sample Impactor Particle Size | Mass of Dry Paint AAS Furnace Cr AAS Flame Cr Mass Cr(Vl) Mass
Run P (MMAD - um) Collected (ug) Concentration (ug/L) | Concentration (ug/L) | Collected (ug) | Cr/Paint (%)
R7 34.1 3910 0 5880 201 5.1%
R7 o 222 687 1333 0 44 6.5%
R7 €5 145 640 1346 0 28 4.3%
R7 €5 95 1097 0 1464 47 4.3%
R7 52 6.2 737 1435 0 47 6.4%
R7 | TE 41 403 526 0 17 4.2%
R7 27 247 195 0 7 2.7%
R7 34.1 4083 0 7065 228 5.6%
R7 o 222 530 946 0 21 3.9%
R7 S5 14.5 707 1417 0 47 6.6%
R7 xg 95 1093 0 1498 51 4.7%
RT | H& 6.2 733 1331 0 44 6.0%
R7 | TE 41 457 547 0 18 4.0%
R7 2.7 263 195 0 6 2.5%
R7 114 13013 0 24132 836 6.4%
R7 oz 7.0 910 1473 0 47 5.2%
R7 2% 43 680 720 0 24 3.5%
R7 x5 26 453 295 0 10 2.1%
R7 2 e 16 300 162 0 5 1.8%
R7 == 1.0 300 95 0 3 1.1%
R7 0.7 280 44 0 1 0.5%
R7 1.4 12053 0 19542 668 55%
R7 o 7.0 803 1597 0 51 6.3%
R7 2% 43 637 923 0 30 4.8%
R7 x5 26 413 292 0 10 2.4%
R7 g 16 320 180 0 6 1.9%
R7 - = 1.0 283 105 0 2 0.7%
R7 0.7 247 64 0 2 0.9%
R7 Cariridge Filter 18633 0 37372 1247 6.7%
Sample Impactor Particle Size | Mass of Dry Paint AAS Furnace Cr AAS Flame Cr Mass Cr(VI) Mass |
Run P (MMAD - um) Collected (ug) Concentration (ug/L) | Concentration (ug/L) | Collected (ug) | Cr/Paint (%)
R8 341 4670 0 12140 247 5.3%
R8 o= 222 677 0 1028 32 47%
R8 £c 145 913 0 1547 49 5.4%
R8 ©g 9.5 1563 0 2794 90 5.7%
R8 58 6.2 1090 0 3647 114 10.5%
R8 TE 4.1 487 1785 0 53 10.9%
R8 2.7 307 329 0 11 3.5%
R8 341 4040 0 7177 244 6.0%
R8 9o 222 490 1317 0 41 8.4%
R8 g5 145 807 0 1393 46 5.7%
R8 ] 95 1263 0 2380 72 5.7%
RS 58 6.2 973 0 1600 51 5.3%
R | TE 41 447 663 0 22 4.9%
R8 27 190 290 0 9 4.9%
R8 114 21010 0 43956 1444 6.9%
R8 o= 7.0 1387 0 2176 70 5.1%
R8 gy 43 720 1299 0 40 5.6%
R8 rg 26 397 386 0 13 3.4%
Re | 28 16 287 213 0 7 24%
R8 -S4 1.0 193 109 0 3 1.8%
R8 0.7 133 55 0 2 1.3%
R8 11.4 19053 0 41040 1297 6.8%
R8 og 7.0 1343 0 2013 65 4.8%
R8 2c 43 783 1173 0 39 5.0%
RS R 26 347 335 0 1 3.2%
R8 3 g 16 237 187 0 6 2.7%
R8 - = 1.0 157 91 0 3 1.8%
R8 0.7 107 64 0 2 1.8%
RS Caniridge Filter 74633 0 61668 2016 8.2%
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Sample Impactor Particle Size | Mass of Dry Paint AAS Furnace Cr AAS Flame Cr Mass Cr(VI}) Mass
Run (MMAD - um) Collected (ug) Concentration (ug/L) | Concentration (ug/L) | Collected (ug) | Cr/Paint (%)
R9 341 7200 0 17134 546 7.6%
R9 % 222 803 0 1813 46 5.7%
R9 S5 14.5 1070 0 2181 68 6.3%
R9 o 9.5 1850 0 4420 140 7.5%
RO | B2 6.2 1180 0 2472 76 8.4%
Ro | TE 4.1 540 1110 0 28 5.1%
R9 2.7 293 181 0 5 1.8%
R9 34.1 6180 0 14785 470 7.6%
R9 oy 222 660 0 1183 36 5.5%
R9 S5 14.5 1053 0 2353 70 6.6%
R9 g 9.5 1847 0 4681 144 7.8%
RO 58 6.2 1000 0 2069 64 6.4%
Ro | T£ 4.1 493 893 0 28 5.7%
R9 2.7 227 269 0 5 2.3%
R9 11.4 25667 0 74826 2562 10.0%
R9 % 7.0 2037 0 3660 121 6.0%
R9 g 5 4.3 1053 0 1191 38 3.6%
R9 o 26 520 387 0 12 2.4%
RO | 2& 16 467 56 0 2 0.4%
R9 - = 1.0 363 15 0 0 0.1%
R9 0.7 327 9 0 0 0.1%
R9 11.4 23150 0 62768 2070 8.9%
R9 2R 7.0 1837 0 4227 133 7.3%
R9 2% 43 977 0 1527 47 4.8%
R9 o 26 433 395 0 12 2.7%
R9 g 16 337 55 0 2 0.5%
R9 == 1.0 270 19 0 1 0.2%
R9 0.7 210 9 0 0 0.1%
Rg Cartridge Filter 28903 0 80028 2528 8.7%

Sample Impactor Particle Size | Mass of Dry Paint AAS Furnace Cr AAS Flame Cr Mass Cr{VI) Mass |
Run {(MMAD - um) Collected {ug) Concentration (ug/L) | Concentration (ug/l.) | Collected (ug) { Cr/Paint (%)
R10 34.1 4130 0 6891 222 5.4%
R10 o 222 610 1218 0 39 6.3%
R10 55 14.5 743 1443 0 47 6.3%
R10 [\ a3} 9.5 1350 0 2027 67 4.9%
Rio | 58 6.2 890 0 1058 34 3.9%
Rio | TE 4.1 400 465 0 15 3.7%
R10 2.7 280 257 0 8 2.9%
R10 34.1 3693 0 5959 187 51%
R10 oy 222 507 779 0 25 4.8%
R10 55 14.5 773 0 1201 38 5.0%
R10 [s st 9.5 1163 0 1783 59 5.0%
R0 | 58 6.2 870 0 1237 38 4.4%
R10 TE 4.1 430 469 0 16 3.6%
R10 2.7 287 208 0 7 2.3%
R10 11.4 18783 0 40320 1253 6.7%
R10 Py 7.0 927 0 1173 38 41%
R10 = 4.3 620 864 0 26 4.2%
R10 13} 2.6 440 410 0 13 3.0%
Rio | 28 16 353 232 0 7 2.0%
R10 - = 1.0 277 114 0 4 1.3%
R10 0.7 250 61 0 2 0.7%
R10 11.4 15720 ] 30364 1022 6.5%
R10 o 7.0 Sample Lost
R10 €5 4.3 527 653 0 22 4.1%
R10 x Qo 26 363 404 0 13 3.5%
R10 S ‘é 1.6 303 181 0 7 2.4%
R10 == 1.0 253 109 0 3 1.3%
R10 0.7 220 53 0 2 0.8%
R10 Cartridge Filter 21487 0 45136 1432 6.7%
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Sample Impactor Particle Size | Mass of Dry Paint AAS Furnace Cr AAS Flame Cr Mass Cr(VI) Mass
Run {MMAD - um) Collected {ug) Concentration (ug/L) | Concentration (ug/L) | Collected (ug) | Cr/Paint (%)
R11 341 8363 0 11683 385 4.6%
R11 s 222 1280 0 2014 64 5.0%
R11 S5 14.5 1517 0 2507 77 5.1%
R11 g 9.5 2140 0 3610 108 51%
R11 5 g 6.2 1547 0 2011 66 4.2%
R11 = 4.1 687 728 467 23 3.3%
R11 2.7 483 307 395 10 2.0%
R11 34.1 7880 0 11966 384 4.9%
R11 o 222 930 0 1104 36 3.8%
R11 S5 14.5 1373 0 2115 66 4.8%
R11 E 5 9.5 2227 0 3611 116 5.2%
R11 © g— 6.2 1507 0 2084 70 4.6%
R11 = 41 757 748 566 25 3.3%
R11 2.7 513 325 0 11 21%
R11 11.4 28500 0 0 0 0.0%
R11 o% 7.0 2100 0 3141 102 4.9%
R11 €5 4.3 1113 0 1121 35 3.1%
R11 14 ‘g 26 773 644 52 20 25%
R11 5 16 520 229 0 8 1.5%
R11 == 1.0 417 125 0 4 0.9%
R11 0.7 383 62 0 2 0.5%
R11 11.4 26627 68 0 2 0.0%
R11 gg 7.0 2083 0 43 1 0.1%
R11 5 4.3 1010 229 182 7 0.7%
R11 o ’g 26 617 2 0 0 0.0%
R11 g e 16 497 0 0 0 0.0%
R11 ~ = 1.0 390 0 0 0 0.0%
R11 0.7 330 0 4603 161 48.7%
R11 Cartridge Filter 57690 0 546 17 0.0%

Sample Impactor Particle Size | Mass of Dry Paint AAS Furnace Cr AAS Flame Cr Mass Cr(VI) Mass
Run (MMAD - um) Collected (ug) Concentration (ug/l) | Concentration (ug/L) | Collected (ug) | Cr/Paint (%)
R12 34.1 6467 0 10148 320 4.9%
R12 o5 222 830 0 1192 37 4.4%
R12 S5 145 1343 0 2137 65 4.8%
R12 o g 9.5 1317 0 1830 63 4.8%
R12 5 g 6.2 1047 0 1404 43 4.1%
R12 T = 41 573 560 0 17 2.9%
R12 2.7 400 220 0 7 1.8%
R12 34.1 6190 0 9962 328 5.3%
R12 oy 222 517 0 1213 36 71%
R12 S5 14.5 637 0 2034 65 10.3%
R12 24 ‘g 9.5 1147 0 0 0 0.0%
R12 5 g 6.2 800 0 1444 48 5.9%
R12 = 41 317 531 0 18 5.6%
R12 2.7 120 226 0 7 6.2%
R12 11.4 22900 0 59340 1983 8.7%
R12 % 7.0 1077 0 1583 49 4.6%
R12 £5 4.3 747 823 709 26 3.5%
R12 (14 ‘g 2.6 493 339 0 11 2.2%
R12 2 g 16 313 121 0 4 1.1%
R12 == 1.0 343 49 0 2 0.5%
R12 0.7 260 27 Q 1 0.3%
R12 11.4 22800 0 63452 1977 8.7%
R12 gg 7.0 1550 ] 2391 74 4.8%
R12 = 43 867 917 766 32 3.7%
R12 o g 2.6 537 368 0 12 2.2%
R12 g g— 1.6 397 123 0 4 1.0%
R12 - = 1.0 313 53 0 2 0.5%
R12 0.7 230 29 0 1 0.4%
R12 Cartridge Filter 28963 0 61512 2003 6.9%
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Sample Impactor Particle Size | Mass of Dry Paint AAS Furnace Cr AAS Flame Cr Mass Cr(VI} Mass
Run (MMAD - um) Collected (ug) Concentration (ug/L) | Concentration (ug/L) | Collected (ug) | Cr/Paint (%)
R13 34.1 2633 0 4589 157 5.9%
R13 o5 22.2 333 641 0 21 6.2%
R13 S5 14.5 Sample Lost
R13 | ©3 9.5 867 0 1691 54 6.2%
R13 | 58 6.2 657 1260 964 41 6.3%
ri3 | T£ 4.1 360 506 0 16 45%
R13 2.7 193 146 0 5 2.4%
R13 34.1 2437 0 4466 150 6.2%
R13 oq 222 360 574 0 20 5.4%
R13 g 145 477 889 0 29 6.1%
RI13 | 3 9.5 837 0 1481 49 5.8%
R3 | 58 6.2 520 1147 0 35 6.8%
R13 | TE 4.1 273 382 0 13 47%
R13 2.7 203 156 0 5 26%
R13 14 11130 0 21145 649 5.8%
R13 oo 7.0 500 875 0 28 5.6%
R13 gL 43 420 614 0 19 4.4%
R13 | =3 26 297 286 0 9 3.0%
R13 2 § 16 267 99 0 3 1.1%
rR13 | 2 E 1.0 177 66 0 2 1.2%
R13 0.7 160 53 0 2 1.1%
R13 114 1477 0 20171 657 5.7%
R13 oo 7.0 750 1202 962 4 5.4%
R13 2L 43 573 0 0 0 0.0%
R13 | 2% 26 337 239 0 8 2.4%
RI3 | 28 1.6 Sample Lost
R13 | == 1.0 283 86 0 3 1.0%
R13 0.7 207 48 0 2 0.7%
R13 Cariridge Filter 12323 0 20087 693 5.6%

Sample Impactor Particle Size | Mass of Dry Paint AAS Furnace Cr AAS Flame Cr Mass Cr(VI) Mass |
Run (MMAD - um) Collected (ug) Concentration (ug/L) | Concentration (ug/L) | Collected (ug) | Cr/Paint (%)
R14 341 4877 0 9061 280 5.7%
R14 o5 222 600 1599 0 49 8.2%
R14 =g 145 637 0 1261 52 8.2%
R4 | €35 95 1017 0 2027 65 6.4%
R4 | 58 6.2 703 0 1126 38 5.4%
Ri4 | TE 41 247 496 0 15 6.3%
R14 2.7 133 177 0 5 4.0%
R14 34.1 5087 0 11066 336 6.6%
R14 og 22.2 643 1082 839 36 56%
R14 =g 145 790 0 1292 43 5.4%
R14 | 3 9.5 1187 0 2088 65 5.5%
Ri4 | §8 6.2 737 2271 952 73 9.9%
Ri4 | TE 41 380 450 0 15 3.9%
R14 2.7 293 209 0 7 2.2%
R14 114 16760 0 46320 1469 8.8%
R14 9% 7.0 780 0 1134 36 4.6%
R14 2T 43 477 685 0 22 45%
R4 | 25 26 400 425 0 13 3.2%
Ri4 | 28 1.6 307 178 0 6 1.9%
R14 | =5 1.0 217 75 0 2 1.1%
R14 0.7 180 53 0 2 0.9%
R14 114 16900 0 11710 366 2.2%
R14 ™ 7.0 1077 0 1330 43 4.0%
R14 2L 43 570 691 0 22 3.9%
R4 | 23 2.6 430 327 0 10 2.4%
R14 | B8 16 0 0 0 0 0.0%
R14 | =5 1.0 273 125 0 4 1.4%
R14 0.7 237 50 0 2 0.7%
R14 Cariridge Filter 33493 0 45584 1458 6.5%
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Sample Impactor Particle Size | Mass of Dry Paint AAS Furnace Cr AAS Flame Cr Mass Cr(VI1) Mass
Run P (MMAD - um) Collected (ug) Concentration (ug/L) | Concentration (ug/L) | Collected (ug) | Cr/Paint (%)
R15 341 9273 0 19440 656 7.1%
R15 [y 22.2 1447 0 3170 99 6.9%
R15 S5 14.5 1013 0 1845 57 5.6%
R15 143} 9.5 2253 0 5295 164 7.3%
Ri5 | 58 6.2 1377 0 2122 74 5.4%
rRts | TE 4.1 690 1113 829 37 5.4%
R15 2.7 417 204 0 6 1.5%
R15 341 8023 0 18670 610 7.6%
R15 oq 22.2 1073 0 2189 69 6.4%
R15 £c 14.5 1270 0 3011 95 7.5%
R15 [: %3] 9.5 2073 0 5029 161 7.8%
R15 | 58 6.2 1343 0 2518 83 6.2%
R15 TE 4.1 673 1069 771 36 5.4%
R15 2.7 383 192 0 6 1.7%
R15 11.4 33673 0 96330 2987 8.9%
R15 o 7.0 2123 0 4823 161 7.6%
R15 g 5 4.3 1097 0 2031 66 6.0%
R15 @ o 26 427 532 0 16 3.7%
R15 | 8 16 287 64 0 3 0.9%
R15 ~= 1.0 217 18 0 1 0.2%
R15 0.7 173 8 0 0 0.1%
R15 11.4 33503 0 93036 3006 9.0%
R15 oy 7.0 2453 0 4894 162 6.2%
R15 S5 4.3 1360 0 2081 71 5.2%
R15 o 2.6 637 0 369 12 1.8%
R15 | 28 16 467 55 0 2 0.4%
R15 == 1.0 390 15 0 1 0.1%
R15 0.7 307 8 0 0 0.1%
R15 Cartridge Filter 47170 0 168333 5247 11.1%

Sample | impactor | Particle Size Mass of Dry Paint AAS Furnace Cr AAS Flame Cr Mass Cr(VI) | Mass
Run P (MMAD - um) Collected (ug) Concentration (ug/L) | Concentration (ug/L) | Collected {ug) | Cr/Paint (%
R16 34.1 5843 0 15035 467 8.0%
R16 o5 22.2 847 0 1962 60 7.0%
R16 S5 14.5 1013 0 2623 78 7.7%
R16 s 51 9.5 1537 0 4087 123 8.0%
R16 58 6.2 993 0 2015 67 6.8%
R16 TE 4.1 410 961 0 29 7.0%
R16 2.7 200 168 0 5 2.6%
R16 34.1 5783 0 14996 463 8.0%
R16 oq 22.2 640 0 1218 39 6.1%
R16 S5 14.5 957 0 2096 66 6.9%
R16 < 23] 9.5 1570 0 4073 124 7.9%
Ri6 | 58 6.2 1043 0 2224 68 6.5%
Rte | TE 4.1 443 821 0 26 5.9%
R16 2.7 190 170 0 5 2.8%
R16 11.4 27280 0 71030 2304 8.4%
R16 Sy 7.0 1677 0 3964 121 7.2%
R16 g 5 4.3 830 V] 1430 44 5.4%
R16 s3] 2.6 327 328 0 11 3.3%
R16 | & 1.6 250 62 0 2 0.8%
R16 - = 1.0 190 18 0 1 0.3%
R16 0.7 173 0 0 0 0.0%
R16 1.4 23877 0 61790 2031 8.5%
R16 g,g 7.0 2003 o 4495 136 6.8%
R16 S5 4.3 1043 0 1448 45 4.3%
R16 X o 2.6 463 280 0 9 1.9%
R16 zd 1.6 380 58 0 2 0.4%
Rie | = £ 1.0 323 10 0 0 0.1%
R16 0.7 290 7 0 0 0.1%
R16 Cartridge Filter Sample Lost
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Sample I Impactor Particle Size | Mass of Dry Paint AAS Furnace Cr AAS Flame Cr Mass Cr{VI} Mass
Run (MMAD - um) Collected (ug) Concentration (ug/L) | Concentration (ug/L) | Collected (ug) | Cr/Paint (%)
R17 34.1 6933 0 15679 533 7.7%
R17 ¥ 222 903 0 1593 34 3.7%
R17 £ 145 983 0 1958 60 6.1%
R17 g 95 1903 0 3812 128 6.7%
rRi7 | §8 6.2 1037 0 1948 60 5.8%
ri7 | TE 4.1 493 740 0 23 47%
R17 2.7 303 130 0 4 1.4%
R17 34.1 Sample Lost
R17 og 222 1090 0 1631 55 5.0%
R17 £x 145 927 0 1478 44 4.7%
R17 X35 95 1617 0 3184 104 6.5%
rR17 | §% 6.2 1107 0 1826 59 5.3%
ri7 | TE 4.1 573 706 0 22 3.9%
R17 2.7 313 158 0 5 1.7%
R17 114 24583 0 67780 2204 9.0%
R17 o5 7.0 1947 0 3498 112 5.8%
R17 =a 43 1087 0 1237 39 3.7%
R17 3 26 557 228 0 7 1.3%
Ri7 | 38 16 383 58 0 2 0.5%
rRi7 | 2 E 1.0 323 20 0 1 0.2%
R17 0.7 273 9 0 0 0.1%
R17 14 26703 0 74840 2430 9.1%
R17 g Q 7.0 2147 0 4366 140 6.5%
R17 L 43 1043 0 1229 39 3.7%
R17 oS 2.6 503 352 0 12 2.3%
Ri7 | 28 16 380 57 0 2 0.5%
R17 2 E 1.0 297 15 0 0 0.2%
R17 0.7 240 0 0 0 0.0%
R17 Cariridge Filter 40367 0 105240 3686 9.1%

Sample | Impactor Particle Size | Mass of Dry Paint AAS Furnace Cr AAS Flame Cr Mass Cr(VI) Mass I
Run (MMAD - um) Collected (ug) Concentration (ug/L) | Concentration (ug/L) | Collected (ug) | Cr/Paint (%)
R18 34.1 Sample Lost
R18 o5 222 1197 0 2083 65 5.4%
R18 % 14.5 2327 0 4973 158 6.8%
R18 g 95 1953 0 3977 121 6.2%
R18 =3 6.2 1490 0 2727 83 5.5%
Rig | TE 4.1 720 1173 678 39 5.4%
R18 27 437 263 0 8 1.9%
R18 34.1 8380 0 18798 590 7.0%
R18 9o 222 1280 0 2483 79 6.2%
R18 =g 145 1540 0 3441 104 6.7%
R18 3 9.5 2223 0 5011 160 7.2%
R18 58 6.2 1477 0 2795 88 6.0%
Ris | TE 41 717 1004 808 35 4.8%
R18 2.7 423 232 0 8 1.8%
R18 114 25587 0 74820 2386 9.3%
R18 g5 7.0 2517 0 5856 169 6.7%
R18 g% 43 1357 0 2094 65 4.8%
R18 €5 26 603 388 0 12 1.9%
R18 | 28 16 527 104 0 3 0.6%
rRig | O E 1.0 443 27 0 1 0.2%
R18 0.7 390 13 0 0 0.1%
R18 14 35397 0 114340 3431 9.7%
R18 o 7.0 2773 0 5274 175 6.3%
R18 2% 43 1360 0 1976 62 46%
R18 €5 26 673 504 368 15 2.2%
R18 ER 1.6 490 70 0 2 0.5%
Rig | = £ 1.0 433 18 0 1 0.1%
R18 0.7 387 10 0 0 0.1%
R18 Cartridge Filter 44900 0 130600 4076 9.1%
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Appendix B: Deft Material Safety Data Sheet
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axplode whon wpessd Yo exirows heel.
purfacer requives spevisl pracsubions
gonditione overerpornre 1o dutonpesis
hoalth 4. Swsptoms may 80y be dnmed

SETOTIOR W - HEALTHE HATARD DETR

s, Bpsrhe,

Rinprs may
o CES Rl

rRAG MpRrpEncy

w3
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syaten Hepressis ractayload By the Sollowdng progrensiy
stapsr headadhe, & ek, pregpering gadl. confusion,
unzenstisusne
BHIR ARD BYY CURTACT:
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F: Liguid, areossis, oy ove
rearing. vodnoesz, and swellin
pansat fon,
SRIV ABSOEPFTION: Prolonged or repsated o
e moderabte frvizeardesn. devisg, and defercd
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s winh bhe ki eas oeuse
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eorrosive aot des in the nouth, stomasd tineus
| . tymet . Vemiting may oevese sspiration of the solve
| in chomienl gx wenmonitis,
%X’ﬁ HAZREDE  [AOUTE A C’ﬁﬁﬁ’i‘i!i*
ACTIE: Vapote sve irvitaring vo ores, nese, and i
fﬁn’!%l it fon may omuse Mﬂﬁacﬁvsﬂ, d@ifFonln brentd
sonstd CUEFRERE .
CHECHIC: Prolonged gestact will cause grying snd o
s¥in, dus o defateing wovd ¢ geneivizsr
sther sllergic responsesr mey | Fapantad 2
axposures mey Cavre duleysd e‘iagma involving the
intest inal, pervoue and reprofdhict Ive sverems,
PEIMARY ROOTPINY OF PHTRY:
TOPIOAL 8RR CONTRUTY Yo
IRGEETIOR &@'% & TRTBLSVERALY ¢
IEFALATION O0RCEY: Yor
TART m“w*z:m‘:”i“ ]
WrPT: YBG, IAFD MOEOORAPRET: YEE, 0858 REDCLATY
THEDTCAL QGRDITIONE CERURARLLY ACURAUATED BY IO
Arvhme and any other reppirstory Slaorders. Bhin
worzames, pad dewnmivicie.
SFIRET K
THREALATIONG %ove t2 an aves Fros fron risk of
Fostors bresthing. astrmetic type pynploms may
e dmmediate nv delsved v seversl Msm, thtain
atrennion.
SRTRs Repwove sontaninated clovthing. #ssh affec
*‘hﬁrmg‘m‘%«; wﬁm oy and wetey, Ward ooyl sataed
shorsugiy M“xa rRuEe, .
BYEE: Flush with olean lukevwmrs watdér {low prapsurer For sy
‘ Jexst 18 minwtes, copssionsally 1ifring avelids.
medical sty
IRGESTION: X
snuensckods poy
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~UEEDTTIONE TO BVED
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comba . Sheoriiug exnddes whon burned.
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6 e iy 0 e 2
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Bescusre all pen-esvential perspansl. Kemowe sil g
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Semww and remove with inert sbsorbeny mnd non- sparking tools
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CREEPTENTORY ) mm:m ) :
piraroy that iz veoomdnded or approved for o

A oye 6 Ak
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CHERTIIAT IO .
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polye o provent skin cmms':z
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age: 2 DEFT, INC. [CAGE COIE 33461)
Materinl sSafaty Data Sheet for: MIL-PRF-23377¢ MIL-F-23377C) {D2Y040)

BT OB B A s o e A M A G kb 0 s i S B . e B . S . o e e e D P RN W P K sk e il mad e e

FECTION IK - EFECIAL FRECAUTICHS {zont..) -

_--—wnw--i-una-----__m_---——wp- A U s 4L s 5 e o o e e e o T o T O O W G K A

D‘]’ifER PROTECTIVE EQIUIPMENT:

?HECBUTIQNQ ike) BE TAKEN I HANDLING AND STOREING:
store in bu:.ldmgs designed to comply with OSHA 1910.105&
Avoid s-tor:mg near h:.g'h temperatures, fire, open flamas, and
-ppark sources. Store in tightly closed containers. Store in
well ventilated areas.

OTHER FRECAUTIONE:
Koep contniners tight and upright to p::srvant lankage. Frevent
prolongsd Ereathing of vepors or spray mists. Prolonged over~
expopure nay cause an allergic reaction. Avicd contack with
gkin and eyes. Do not take internally. Do not handle until the
manifacturers pafety precautions have baen read and understood,
waeh hande before edting, emcking, or using washroem. Smoke in
smoking areas ONLY.

Ahd PRANSPORTATION INFORMATION *%*

APPLICABLY REGULATIONS: 4% CFR (YES}; IMCO (NO); IATA [NO}
' MILITARY MIR [AFE T1-4) (BHO)
PROFER SHIPPTNG NAME: Paint
KEPORTABLE QUANTITY: Not applicabla
HAZARD CLASS: Flammable ligquid 3
THI# HMATERIAL WHEN PACKAGED IT¥ CONTAINERS OF 1 LITER CR IESS
QUALIFIES A5 PAINT TN LIMITED QUANTITY OF CLaSS 3.
REQUIRED LADELS: Flanmable liguid.
U.5. POSTAL. REGUIA’I‘.:BNS. Yot allewed to sanﬁ via U8 FOSTAL
SERVICE. ’
‘ **% DISCLAIMER ¥¥#
.Infomntmn containad herein is Ffurnished without warranty of
#ny kind. Employers should use this information only as a
supplenent to other informatisn gathered by them and musht mako
independent determination of suitubility and wompleteness of
information frem-all eources bo apsure proper use of the
naterials and for the eafety and health:of their employees.

ACTURL VOC 'IIE'I!EM'III&".:!D PER EPA BEEFERENCE METHCD 24.
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A3t i A o B 0

“SARA

= ¥ROF

~PROP

-PROF

313:

This product contﬁ:nu the rollomng toxie chenicals su‘b;ec!; te
raporting requ:.ra zents of section 313 of the Emergency Plannir
and Commuoity Right To Know Ack of 1986 and of 40 ©FR 372:

. Percent by
CA.'_;# Chemical Namo Weight
7785~ 06 2 STRONTION CHRO’-WIB 22.54

This product contains chromium (hexavalent compound).
26% by weight.

£5-CARCINOCGENIC

WARNING: This produet contains g chemical known to the etate
of California to cause cancey.

chs# - chemical Name

7768-06-2 | STRONTIOM CHROMATE
Thig product gontaine chromium (hexavalent ccmpound}l

&5 - TERRTOGENIC
WARNING: Thip product contains s chemical knmown Lo the state
of Californin to cause birth defacte or othsr reproductive har

cAsk Chemical Name

£5-CARCINDGENIC & TERATOGENIC
WARNIHEZ: This preduct may contain a chemical knewn to bl stat
California to cause cancer or bn'th defects or obher reprodust

CARSF Chemical Name
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pages 1 I% FINL M’AWW{ PATS BHBEY prinved ¢ D2/AR0E
. 253 Releted Maverisie

PEC{‘:‘“W'I’ },}%“K{ g

tanufacturar: T ”S.!?‘\ {THST TODE r;f»wzmr:m
1TTASE v Amm AREROL. Evn v gen oy
. e
TERTHS [+
82614
E : { Eszard #sringse Hauirh - §
sodusy Pianx: TIFE L, €lAgR ¢ i pgne > extrsme Hirg - 3
dwade Mame i MILSFRE-ZESTIS MILAP-RRRVIGI YO8 e @ Beactivity » 4
wehiat Lode oy satonRY E . :
LAE. Sushery WY %

FAZRFDOWE INUREL RIS

LEmitg cvmes s s
LA : . P
Aty PR gy HE
WIPHTIE AMIRE : é{‘ P51 5, H.E, B.E. BE.
. contnine Blephencl A T ieaw than 558,
IMYPRETIC AMIRY 13 LT T 7 S % - . HE. B w2,
) Sontaing }Mz@;‘:"z‘mfﬁ} & ¥ 5
EAPRRTIC BEIRE 183833 « 1. f-
Senvatny Biaphonel A \«,Aﬁ ﬁi §4- f5v
SEFHATIC &!I}E 148-31-3 B3 - % ®B.2. xE,
C Cantaine Blephen o A JCRS § BR8] : -
00~ BUTYL RLLOENL PR32 3, 308 ppm RE 12.3 R
HEID AROMATIC BYDR 9;?»30‘4 L4 WA~ PE-8 “ B B.E, B g B8r
. Masufasturer Yecommende o FRIL of o
BINC BILANE BSTES 1768243 w 3. 0380 pre 2 ,»;»m 230pgs :
PORY RESTN HARDEXYR $ETE-2 N <5, P - H . . B HF
FOXY KESIN BARIZNER TIET4-8R-D . % X, 8.2, N B, B @ Wy
R AmCAt LTRSS PEDDUOTS AND O THE TRCA DRVENTORY 1387
ALES AWY URIAPIED INCRIDIEIIY.
LE. = R0t Berablld
FECTION ITI - PHYEIUAL TR
piling Bange: 2311 - SB% e ¥ Yepor Deneity: Heaviey then Alr.
wap. Rate: D83 » syl Acatscs BAgutd Deasioyr Lighter than ¥etar.
wisriies wol % 34. §§ B Wt per gallsec 7.88 voweds.

' spor,. Gravitys .84
prestands: AR LIDOTH WITH

VL. s 281

BLUBIIATY 1N WATTZR: Insolnbi
WPOTERITION WEMPFRATURN . B
ECOMPOSTITION TEMPERRIURE: Ko isfe
SREGEIUN RATE: Yo informstion found
12CORITY: Thin llguid o hesvy visoovs sav !“m}
- . RE A’f*‘e’?‘ !!XF LORTSE "2)’3&5{2} I‘&’E’ﬁ .
lammebilizy Class: TN Flash h?i :”l.k ¥ *"*{‘: &2 8 3'5‘(5‘% i P80
EXTIROCRISHING A :

FORM, ALOUDROL FOAX, €00, DRY CHEMICAL. N?‘s’?fi&\ PO
SFECTAL FIREPIUHTONG rmcamm

Pull £ive £ighting ﬂw%wam; with welfs s:%ntﬁ‘wa browthing

apparstus and Pull protective elothing shoald Me wors by fim«

fighrére. Waber nay bo ueed to oosl oloned opsntainers to prévent

s prassurs buildeup, aubs igr s or meplosien.

BNTFUAL YIRY & W*”ﬂb"”‘?‘i HATARDE ¢ .

- Xewp containers s3pntly oloned, Teplate frodh hest, spearis,
piscirical susipaent #nd open flawme. Closed coptalners pey
explode when exposed to extrens hest. Applicstien o hov
gurfaser regrivee spoeisl pn*w* Lens. During emergensy’
condit fone oveTaNpOrurs to deccmpositicn produsts mmy omise s
Mm}’h ?sa*wﬁ s‘gm;:“ms w:y net ‘:~:> 3%&%!#&3& wwmm»

jon fpund

BECTION OV » HEALYY HADRED DATA

FERMISEIBLY amm 2B :
SEEL FECTICH XL, EARRRNOUY JUCREDIENTE.
MM OF OVERTNPORURE,
INNATATION: Tiviration of vhe rerpitALSYY LFETY k Smite BELVPUE
Ceyaten feprossion ohavadterized bg, the f*cx Iewing progrewsive
Catepsr headeche, dlzniness, steggerisg gait. ewvs §913‘.1:.;,
Anrensciousnets of Soma.

SX”Jx ARD BYP CONTACT: SXIK: Contact with the oays pause
Ixrication, FympLoms gtay b menliing, yedness, and raeho
TEERs . Ligquid, avecsols. Sy vapore ave frvivetdng and may csuse
- renring. redneee. and swelling svoompanizd by s sy S £ ,im{f
samination .
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BROIN ABSOHPTLON: Prplonged oy repested cond st oan on
moderste irrirstion, drving, and Sefavting of vhe skin which
cange $he eXih ko Lrsek.

IRCTSTION: Aoute: Lan vesult Ln dweitstion and possinie
gorrorive sotion 4o the south, crm&:‘f}‘s tissie snd Glgestive
vynet, Yemiting way am:m appirar for of he solvant . vesuitin
in ohenicsl prsamonitis.,

HEAITH RAZARDE {(ACDTE ARD CHROBICH

AU Wapars are Seritdtisy L wyes. none.
Irhelation may ceosy hesdsches, Qiffisuly ‘mamm
CENEOECUBTHER
LHROK
sRin, fue 1o
orbirn alio
Thway Savimge.

sped erntdet will cause &0
defanting action. &kin eens
responpne may develop. Py

fory nidney e

PREMRRY RODTE IS OF BETRY:
TOrIOAL m,u«. CORTRCTT y Yow
IHROESTION {OSSTRO- INIRETINALY . B
TRERLATION :;Ammx. Hew

URPIIROCERICITY s N
WPy RG,  JARC HUBOURATHET HG,  QENE BESULAIROY . 8O

MEDTERL CONDYTIONS GRVERIIAY AGURAVATED BY Biros
Fethree end sny otbey yeepivavery dluesders. $Ri
wgenn, end x!«ews‘?ti%ﬁm

srgien,

~FIRET & .
TERALATION: Move to sn srea Erde from risk of furthe exposi
v brearhing. Aeitimstio Lype simpioms pay eé«wm and e

immediste or delaysd by soversl hours. Urpin madiosl

argenticn.

SHIN: Bewmove comteninsted olothing. Mesh a
the § :hosoap and water. Wash oontwm
P Mo ahly before yeuss.

e¥Es . Flueh with olesy lokewsyn water {low prasurs) for et
Jeewr 35 mdnutes, ootewionally 1ifring eyelide. tteln
medival stoepnhion.

IRCESTION: Po not dndote vositiog. Do not gwé amyrhing Lo omn
gnronsrious m,mm (%M’a falate i”‘i&3 atbent .
ﬁfé"!'m“i' 'Vi » READTIVITY RATS
i3 t}sw'gble [£1 suable ;
BALATDORUS  POLYMERIZATION: {1 Bay veour
- INCCRPRTIB LYY E
CEIDISIRD MATIRIALE AND STROND AUIDS. EPORY RESIES oNiEy
URICITROLIED CORDITICNS. .
ERBROYOTIONE WS AVGED:
- ¢ UEMPERNTURES . EPOLY BESINS UNGER URUGNTROLSD CeRITICNS
CHASRRDULE DRCOMPORTTION PREODINE,
Y WIOH EXRAT/TIRIERRTURE: Osrbon momoside, eerhon
and ewider of nitrogen.

a0 35 0 B N e e D B e e B G

A A 0 S G

SEOTICN VIT « FPILE OR IRAX PROCEI

~BTETE %‘é ff&“- TRKEN IF CASY MAMITRIAL M REIBASED OR FEILLY
Bon 31 ronvessent ial perecimel. Remove all so
igmr&‘n iflame, sperk pouvges, hot surfeces). W
Sontaln and penove with et sbepebent and ponsy
~HASTE DUSTOSAL MITHUD: .
wante nust b disposed of in gsm}rma s with foadernl, state. 4
Jomsl woeivoneentsl peorrel regulsvions. Bmpby ool siners suet
be handlsd with csve, s o ;‘xm’#@at residue sad {lsonable woy
1560 BT inolnbrate olosed contaimere, :
RIS FEE pEOTION TV, ¥, VI. PUE OINER PRECAUTIONS.
PPS RAZARDDUS WASTY BUMETRICNDE: DRDL: FUSE, pUL:
BATARDOUE WARTE CHARROTERISTION:
TURDPARIIYTY . YR
CORROSIVITY . B
FEATTINITY s

iste sten

por iy ool

~K§‘¢»&I%’:‘:“<¥ PRUTEUTIONY
B respivatsy that de *‘M{m@n&@ﬁ oy approved for uee in sy

erganic vaper wavirenment (ady purifying or fresh stc supplidec
e mmoessary . Obeorve OFHA wagulistlesns for }*ﬁfx’?‘é"’*‘x< AR
‘Wzmil« ion should e provided te keep espesurs levels befow 2
s penvireibla Maive. .

,.&““"XM‘&'T&":' ’ L
Bchmuat vent;w? ton ssfficiont to keep the sirberne concenbys-
pheny of sobusnt vupers or nivte bolow thedir respective TIN'w
nust be atilired. ?@m&*e a'fu Sgnitdon sewrces {(heat. sparke,
Flame. snd bt surfece

~ RROTECTIVE. C1OVES
feontinued on next pagw)

48




sges 2 pERT, INC. [CAGE COTE 33361)
mtavmi 3&“&* vy Dets Bhosl &m‘ MIL~FRP-233770 (M- P 233 }i?‘*g‘%«:}&mwy

SEXT‘“{}‘?I VITI « SPPUTAL PROTECTION INFOR “«mm» £¢‘sfmt ?

PROTECTIVE BLINES: . }

' Frotective gloves are rveccopended {sotbon, weoprens. rubber,
polvethylsns) ro prevent skin contect. .

EYE FROTECTION: .
The uee of pafery evewssr ip recowmsended, Iscluding splash
gu@f&& or pida g%i@idﬁ, &%@w;m&} gogeies or face shialds,
The g ai Bon§ wlesve and long ley cizthing i reconmended,
Remdve and wash vonbamineted olothing &%fawe reuBe.

s 50 9 s e o O A e 4
73 b FRECATTI
e
FECTION 3% SPEIAL, sTICnE
e B T S o o o R 5 o e 2 K e o

PRECATTIONS 70 BE TAKPR IN BANDLIORT AND FTONIIRN
CBuore in }}w}ﬁmgr designed o comply with ooy 1918, 10€
aveid storing nesy high temperstures, fire, open flanen, and
Cepark sources. Steore in %*ig}s” 1y closed containers. Store in
woll ventilated areas.

DPIHER PRECAUTIONE: L
Keep containers tight and mw:agﬁ& to prevent lewkanges, Pravent
px:i@rgﬁa bréath;wg @ﬁ ¥EPOTE Or spray nists. Prolongsd overs
sxXposure may okuee 2 allergle rescrien. kngﬁ gontart with
fkin and eyves. Do oot taky dnternslly. 20 not hendle uutil the
manufacturers ﬁaf@*?’pfﬁﬁ witdons bave hoan ywa& and undererood,
Wash hands Defore eating. ﬁmm&iﬁg, or ﬂﬁiﬂ% waghroos, Smoke in
tmgkiﬁg aress €$§ﬁy .

W*W&m’fiﬂﬁ m@mﬁm’;w il

fif

CAPPLICABLE RRGIIATIONS: 49 Orp (YEEY; INUD (80
MILTTARY AR [APE T4
PROPER SHIPPING NAME. Pain: CUN RUMBEER
EEPOETABLE QUARNTITY: Hot sppli u(&%‘izﬁ_
HAZARD CLASE: Fleomeble liguid 3
THIF METERTAL WHEY FROKAGED T8 COWTRINERS OF 1 LOTes o LEse
GUALIPIZE AL PATET IR LIMITED QURNTITY oF fiasg 3.
RESUIRPD LABELE: Fleasable liguid
o DLE. POSTAL RECULATIONS: Nobt allowed to send vie UF FOSTAL
,8£3v2¢3§

4%+ DISCLAIMER #**

Information conteived Berein e Fursiehed wirBout warranty gf
asy kisd. Paployers should wee the infe a?:t" wﬁ%v &5 &
supplement to onhwy informatios pathersd by then andl wust m@&@
independent determinstion of puitebility and completenses of
information from all ssurses to assurs proper use of the
matariale and for the sefety and health of thelr suplovees.

ACUTURL VOO [EUTERMINED PER BFS BIFERENCE METHOD 24
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*ﬁfa&& 3 13 1
fie produst containg the following texic o
reporting requirenents of section 313 of o
ard Commority Bight 90 Rnow Aot of 1936 and

cale sublect be
cgensy Plannir
40 LR 372¢

FPorognt Ty

casd _ Chamical Heame _ wWadght
532 ' soo-BUTYL ALOOHOL e

~PROP B85 -CARCINOOERIC
WAREING: This product contains s chendoal %nows to the state
of Californis to vause onnoer.

Cang ﬁhﬂmaa@ p
Hone

“FROP 65 -TERATOCENIC ' ' R
WARNIRG: This product c@ﬁaﬂﬁmﬁ & cheminal known b th@ %t@*
of Californis o gnuse %i*tﬁ,ﬁ@f®mts o @th@r rﬁ%rﬁﬂ& ?iv& hat

CHEEE ' Chemionl ﬁama

~PROP £5-CARCINOGENIC & TRRATOCENIC
HABNIHG: This product mey conteln & chesical krowen 3o the shel
Caléfﬁ*nig Lo omuRs Sancey mr‘bﬁr*h dgeteots or othey rﬁpt“duﬂt

capd T Chemdoal ﬁﬁm@
Hofe
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Appendix C: DeSoto Material Safety Data Sheet
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: 07/ngfe7
: 01116/“5_

Manufactu*cr* FOJRThUEDS IEROSEANE Informatvicst Phons: (818) 24020680
; , 5430 SAN FERNANDO ROAD, EBrergenoy Phomes: {(800) 228+553%%
P.0.BOX LEMQ ) CHEMTREC Phone: {806} 52{*J30@
“GLENDALE Ch 91208
1 -2
Product Clazs: BPOXY . ) ! noue w3 g ?*rg -3
CTrade Name : §13%3907 EPOKY BOLYAMIDE PREMEK! I Reaovivivy - 9
: Product Code : 513X39Q X
SMEDE I NoLo s NSS?l‘ﬁJ“ ! . Parsonzl Protechion « ¥
D.D.7. Hazard Class ; Flammable liguid UN §#: UM1263

Proper Shipping Name- Baing
Hazard Classz 3 Pa:kwrg Gronp 2

by

Reparcable Quantity: Ses sceanr WIL

BT ey v S I AT AN W R HF AP TR T

¢ Limits ---- NP

: } , o B
Hezardoug Ingredients Ccaz # m*H/“’V CEHASPRL . omin BR
aroxmrmrarTmaiar 0 A T ' . . S . .
FMETHYI, BTHYL KRETONE DROOYIR-53-3 5. 200 ppm 200 ppn F1Y

S - BTRL= 300 380 :
R ‘ CUOI0E-88°F IET TS0 BER T EoR 23

_ STELe = - = = « 150 _
SXvruNE GOI330-30-7 18T IR0 P 00 FEm . 6.6
) - i STEL- 1RO 150 .

~EPOXY RRGIN Q25036-25-3 25, Dndetexmingd ' AR
FSTRONTIUN CHEIHETE 007 RS- 06-% Ak 0.0005 Az o e m . N/ap

_ mg A3 mg /M3
, : GTELw « « - - 0.05 Bs Or
CHROMIC ACID,STRONTIONM SALT
TYTANTIT DIOLTDE & BIS4ET 877 = 5. IO WG/WE 10 mg/M3  N/AP
ISOPROTYL ALLUHOT OOCUET-63-0 ¢ 8 4G0 pom 05 PR 44
STEL= 800 500 ,
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