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AFIT/GEE/EN V/O 1M-12 
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 |im mass median aerodynamic 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 

(|ig) was divided by the mass of dry paint (jag) 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 |im 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 

I. 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 (SrCr04) 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- 
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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 \xm contain disproportionately less 

chromate (percentage by mass) compared to those particles greater than 2.5 urn (Fox, 

2000). The implications of Fox's study indicate previous assumptions may overestimate 

potential worker exposure to SrCr04 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 MII^P-23377G primers manufactured by Deft and 

DeSoto because these two manufacturers supply the greatest quantities of Air Force 

primer paints. 



II. Literature review 

Background 

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 (SrCr04) 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 SrCrC>4 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 ah, 



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, et 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(VI) 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/m3 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 SrCr04. 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 permissible exposure level (PEL) is a ceiling of 0.1 mg Cr03/m3. 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)/m3. 

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 (im and 10 urn will generally deposit 

in the trachea and the bronchioles. Particles in the range of 0.01 to 2.5 |im 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 
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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 (u.g 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 jam contained 
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lg tM-2. _ compared with particles larger than 2.5um which contained 
mgof dry paint 

70.     PgofCr 
mgof dry paint 

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(VI) 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 (im). 
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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 
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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): 
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ECD = (.495 Oi)(Dj3)(n)(7t)/(Q)(pq))A 
(1) 

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

Dj 
n 
K 

Q 
Pq 

= Jet Diameter in cm 
= number of jets on the stage 
= 3.1416 
= Volumetric flow in cm3/sec =10 1pm = 166.67 cm3/sec 
= partial density for aerodynamic equivalent = 1 g/cm3 

\i = Viscosity of air at 22° C = 1.83 x 10"4 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) 

Stage # 12      3      4      5     6      7 

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 |0.m < ECD<11.4 |lm) while the upper range impactors were held at 8 liters per 

minute (2.7 um <ECD<34 |im). 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 1pm 

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 1pm 

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) 34.1 22.2 14.5 9.5 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, the 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 (1pm) with the second 

16 



pump drawing air through the upper particle range impactors at a rate of 8 1pm and the 

cartridge filter at 10 1pm (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 

Flowmeter 

Five-Gallon 
Receiver Tank 

Vacuum Pump 

Figure 3. Impactor-Flowmeter-Pump Design 
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Airflow 
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Figure 4. Paint Booth Layout (Not to Scale) 

Sample Analysis 

After the mass of collected paint 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). 

SampleVolume(mL) Jm^~mo)~mß'^~(Vo 'Piov„) + ^ (2) 

Pi% 

Where:   mo     = Pre-weight of HDPE sample bottle (g) 
mi      = Post-weight of HDPE sample bottle (g) 
muter = Mass of CEF and paint sample (g) 
P70% = Density 70% nitric acid (g/mL) 
P7%    = Density of 7% nitric acid (g/mL) 
VD     = 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 R2 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 
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 R2 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(VT) 

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 = ———— (3) 

Where:CAAS = AAS reported concentration (M-g/L) 
VD = Sample volume (L) from equation 2 
mc,o = CEF pre-weight (u\g) 
mo,! = CEF post-weight (|ig) 
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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 (jig) / mass dry paint (|lg)) 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 DeSot 0 

Particle Size 
(ECD) (urn) 

n Mean % 
(Cr/paint) 

Std. Dev. n Mean % 
(Cr/paint) 

Std. Dev. 

0.7 17 0.8 % 0.35 17 0.1% 0.09 

1.0 16 1.2% 0.38 18 0.2 % 0.07 

1.6 15 1.8% 0.5 18 0.6 % 0.19 

2.6 18 2.5 % 0.76 18 2.7 % 0.87 
2.7 18 2.9 % 0.18 17 2.4 % 1.06 
4.1 18 4.5 % 0.83 17 5.5 % 1.45 

4.3 17 3.9 % 0.07 18 5.2 % 1.14 
6.2 18 5.8 % 0.83 17 6.7 % 1.06 
7.0 17 4.6 % 0.32 16 6.8 % 0.91 

9.5 17 5.3 % 0.55 17 7.7 % 0.09 
11.4 17 6.2 % 0.19 18 9.1% 0.57 
14.5 17 5.8 % 0.45 18 7.3 % 1.18 

22.2 18 5.7 % 0.38 17 6.5 % 1.28 
34.1 18 5.3 % 0.69 16 7.9 % 1.19 

Cartridge Filter 8 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 

o 

o%- 

9%- A 

8%- A 
A 

A 

7%- AA Expected DeSoto Cr 
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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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Figure 7. Deft Cr(VI) by Mass of Dry Paint 
(Bars represent one standard deviation above and below mean) 
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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 |im (MMAD) and smaller had a statistically significant 

reduction in Cr(VI) content by mass when compared to particles sized 4.08 u.m 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 |im are not significantly different, excluding 4.08 |im). 

Deft MMAD Particle Size (urn) 
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 (urn) 
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 )J,m. 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(VT) Content as a Percentage of the Maximum Observed Concentration 

% of Maximum Observed Sample 
Cr(VI) Concentration 

Particle Size (urn) 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%o 
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 |am 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 phys ical 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). 

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

Parent Particle 

Shearing 

O 

Chaotic Burst 

Chromate Particles 

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 SrCr04, they would have a smaller mass per unit volume than 

particles rich in SrCrCM because the density of chromate is higher than the other paint 
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constituents (see Table 6). The particles lacking SrCr04 would behave similarly to 

particles with smaller MMADs since the MMAD is a function of density. As a result, 

more paint binders and solvents would be collected than SrCrC>4 in the range of the 

smaller particles and possible account for the limited SrCrC>4 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 refmishing 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 - |im) 

Mass of Dry Paint Collected (|ig) 

Explanation: 
"Rl", "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 Cr Concentration (ppb)    AAS furnace method indicated chromium 
concentration; Cr concentration in the diluted 
analyte 

AAS Flame Cr Concentration (ppm)      AAS flame method indicated chromium 
concentration; Cr concentration in the diluted 
analyte 

Mass Cr(VI) Collected (|ig) 

Mass Cr/Paint (%) 

Mass of Cr collected in the paint sample, 
determined by multiplying the AAS Cr 
Concentration by the dilution volume. 

Mass of Cr (|ig) per mass of dry paint (jig) 
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Sample 
Run 

Impactor 
Particle Size 
(MMAD - um) 

Mass of Dry Paint 
Collected (up) 

AAS Furnace Cr 
Concentration (ug/L) 

AAS Flame Cr 
Concentration (ug/L) 

Mass Cr(VI) 
Collected (ug) 

Mass 
Cr/Paint (%) 

R1 34.1 10687 0 34580 1144 10.7% 
R1 a> r- 22.2 2183 0 4726 165 7.5% 
R1 

CO  o 
14.5 2503 0 5756 201 8.0% 

R1 9.5 Sample Lost 
R1 oft 6.2 2353 0 4997 173 7.4% 
R1 I  Jl 4.1 Sample Lost 
R1 2.7 Sample Lost 
R1 34.1 8393 0 18860 642 7.7% 
R1 0)  CM 22.2 2153 0 4668 163 7.6% 
R1 ro o 14.5 1490 0 3421 116 7.8% 
R1 9.5 3500 0 8838 301 8.6% 
R1 ft 6.2 2230 0 4923 167 7.5% 
R1 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 C   i_ 4.3 1990 0 3864 134 6.7% 
R1 S. % 2.6 683 734 609 25 3.6% 
R1 5   Q. 1.6 383 99 0 3 0.9% 
R1 ° I 1.0 253 17 0 1 0.2% 
R1 0.7 103 9 0 0 0.3% 
R1 11.4 44880 0 125286 4254 9.5% 
R1 ^ sn 7.0 4233 0 11222 371 8.8% 
R1 C   i- 4.3 2087 0 4585 149 7.2% 
R1 a: u 2.6 577 780 0 27 4.6% 
R1 S   D. 1.6 380 94 0 3 0.8% 
R1 j| 1.0 240 19 0 1 0.3% 
R1 0.7 113 10 0 0 0.3% 
R1 Cartridge Filter Sample Lost 

Sample 
Run 

Impactor 
Particle Size 
(MMAD - urn) 

Mass of Dry Paint 
Collected (ug) 

AAS Furnace Cr 
Concentration (ug/L) 

AAS Flame Cr 
Concentration (ug/L) 

Mass Cr(VI) 
Collected (ug) 

Mass 
Cr/Paint (%) 

R2 34.1 6077 0 16961 605 10.0% 
R2 Q>    T- 22.2 910 0 2141 72 7.9% 
R2 

(0  o 
14.5 1393 0 3764 126 9.0% 

R2 9.5 2723 0 7227 249 9.1% 
R2 If 6.2 Sample Lost 
R2 4.1 607 1449 0 48 8.0% 
R2 2.7 263 285 0 10 3.7% 
R2 34.1 6727 0 13804 477 7.1% 
R2 <D  CM 22.2 943 0 2350 81 8.6% 
R2 C   i_ 14.5 1190 0 3266 111 9.3% 
R2 £ % 9.5 2400 0 6532 222 9.3% 
R2 ■£§- 6.2 1477 0 3874 129 ■ 8.8% 
R2 il 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 <" s: 7.0 2980 0 5771 185 6.2% 
R2 ra o 4.3 1617 0 2496 83 5.1% 
R2 2.6 667 596 452 20 3.0% 
R2 fi °- 1.6 483 102 0 3 0.7% 
R2 j| 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 C   i- 4.3 1677 0 2470 81 4.8% 
R2 s. % 2.6 767 621 528 21 2.8% 
R2 S   Q. 1.6 530 88 0 3 0.5% 
R2 ° E 1.0 477 17 0 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 
Run 

Impactor 
Particle Size 
(MMAD - um) 

Mass of Dry Paint 
Collected (ug) 

AAS Furnace Cr 
Concentration (ug/L) 

AAS Flame Cr 
Concentration (ug/L) 

Mass Cr(VI) 
Collected (ug) 

Mass 
Cr/Paint (%) 

R3 34.1 6050 0 12016 410 6.8% 

R3 22.2 740 0 1636 57 7.7% 

R3 Oltt 14.5 943 0 2356 79 8.4% 

R3 Co   o 9.5 1490 0 3884 131 8.8% 

R3 6.2 830 2227 8490 73 8.8% 

R3 X £ 4.1 313 785 0 27 8.7% 

R3 2.7 110 131 0 4 4.1% 

R3 34.1 4577 0 12852 440 9.6% 

R3 22.2 870 0 1324 46 5.3% 

R3 CD <N 14.5 943 2045 1584 70 7.4% 

R3 C     !_ 9.5 1630 0 3521 115 7.1% 

R3 CC-§ 6.2 1070 0 1882 64 6.0% 

R3 o> ca- 4.1 503 779 0 27 5.3% 

R3 ll 2.7 177 141 0 5 2.7% 

R3 11.4 18987 0 50712 1700 9.0% 

R3 7.0 1727 0 3792 122 7.1% 

R3 0> jr 4.3 880 0 1639 55 6.2% 

R3 C   t- 2.6 373 436 0 14 3.9% 

R3 V.  o 1.6 227 56 0 2 0.9% 

R3 
3E 

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 7.0 1180 0 2088 70 6.0% 

R3 CD* 4.3 917 0 1274 42 4.5% 

R3 CO   O 2.6 593 287 0 10 1.6% 

R3 
a: ts 

3 E 
1.6 530 55 0 2 0.4% 

R3 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 
Run 

Impactor 
Particle Size 
(MMAD - urn) 

Mass of Dry Paint 
Collected (ug) 

AAS Furnace Cr 
Concentration (ug/L) 

AAS Flame Cr 
Concentration (ug/L) 

Mass Cr(VI) 
Collected (ug) 

Mass 
Cr/Paint (%) 

R4 34.1 5147 0 11275 387 7.5% 

R4 <D *- 22.2 923 0 0 0 0.0% 

R4 CZ     !_ 14.5 1953 0 4850 162 8.3% 

R4 cc t3 9.5 2287 0 5631 190 8.3% 

R4 Dig- 6.2 1740 0 4002 133 7.7% 

R4 X I 4.1 753 0 1178 40 5.3% 

R4 2.7 383 224 0 8 2.1% 

R4 34.1 4920 0 8877 315 6.4% 

R4 CD CM 22.2 1470 0 3300 113 7.7% 

R4 C   i_ 14.5 1033 0 2436 82 7.9% 

R4 iS -§ 9.5 2520 0 5406 178 7.1% 

R4 o>g- 6.2 2043 0 4451 146 7.1% 

R4 x £ 4.1 210 137 0 5 2.2% 

R4 2.7 307 138 0 5 1.6% 

R4 11.4 27317 0 62568 2194 8.0% 

R4 CD IT 7.0 2130 0 0 0 0.0% 

R4 4.3 1397 2765 0 95 6.8% 

R4 a: t3 2.6 580 413 0 14 2.4% 

R4 
3M 

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 11.4 21647 0 56944 1958 9.0% 

R4 CD <N 7.0 3353 0 0 0 0.0% 

R4 
0)=** 

4.3 1453 3027 0 99 6.8% 

R4 CC 'S 2.6 613 496 0 17 2.7% 

R4 
2g 

1.6 457 116 0 4 0.8% 

R4 1.0 327 26 0 1 0.3% 

R4 0.7 297 14 0 0 0.2% 

R4 Cartridge Filter Sample Lost 

34 



Sample 
Run 

Impactor 
Particle Size 
(MMAD - um) 

Mass of Dry Paint 
Collected (ug) 

AAS Furnace Cr 
Concentration (ug/L) 

AAS Flame Cr 
Concentration (ug/L) 

Mass Cr(VI) 
Collected (ug) 

Mass 
Cr/Paint (%) 

R5 34.1 2777 0 5392 175 6.3% 
R5 ID  r- 22.2 667 915 0 31 4.6% 
R5 c:  i_ 

ro o a. -a 
14.5 883 1345 0 46 5.3% 

R5 9.5 1427 0 2109 70 4.9% 
R5 ■§)§ 6.2 1107 0 1500 50 4.5% 
R5 irl 4.1 630 612 0 21 3.3% 
R5 2.7 457 263 0 8 1.8% 
R5 34.1 3413 0 4270 144 4.2% 
R5 0)  CM 22.2 963 0 1352 44 4.6% 
R5 (0  o 14.5 683 1132 0 37 5.4% 
R5 9.5 1353 0 2080 69 5.1% 
R5 6.2 1033 0 1395 48 4.6% 
R5 X J 4.1 683 705 0 23 3.4% 
R5 2.7 443 239 0 8 1.8% 
R5 11.4 18467 0 37832 1280 6.9% 
R5 ^ s: 7.0 1400 0 1857 64 4.5% 
R5 (0   o 

4.3 1010 0 1053 36 3.5% 
R5 2.6 637 469 0 16 2.5% 
R5 5   Q. 1.6 523 247 0 8 1.6% 
RS .3 £ 1.0 433 142 0 5 1.1% 
R5 0.7 370 68 0 2 0.6% 
R5 11.4 15183 0 29140 1030 6.8% 
R5 *» £! 7.0 1287 2216 0 74 5.7% 
R5 4.3 850 1159 0 39 4.6% 
R5 o: t3 2.6 587 481 0 16 2.6% 
R5 o °- 1.6 480 275 0 9 1.9% 
R5 ■3 E 1.0 410 184 0 6 1.5% 
R5 0.7 340 64 0 2 0.6% 
R5 Cartridge Filter 18233 0 33280 1198 6.6% 

Sample 
Run 

Impactor 
Particle Size 
(MMAD - urn) 

Mass of Dry Paint 
Collected (ug) 

AAS Furnace Cr 
Concentration (ug/L) 

AAS Flame Cr 
Concentration (ug/L) 

Mass Cr(VI) 
Collected (ug) 

Mass 
Cr/Paint (%) 

R6 34.1 3283 0 4588 151 4.6% 

R6 <S> f- 22.2 660 0 1000 34 5.1% 

R6 ra o 14.5 857 0 1250 43 5.0% 

R6 9.5 2050 3464 0 115 5.6% 

R6 °>g- 6.2 1240 2310 0 74 6.0% 

R6 xl 4.1 660 1063 0 35 5.3% 

R6 2.7 427 332 0 12 2.7% 

R6 34.1 3643 0 4825 160 4.4% 

R6 22.2 603 1268 0 44 7.3% 

R6 
CO   o 
a: t3 

14.5 977 0 1604 53 5.5% 

R6 9.5 1873 0 3326 106 5.6% 

R6 o><3- 6.2 1370 0 1901 65 4.7% 

R6 il 4.1 653 782 0 25 3.8% 

R6 2.7 380 339 0 12 3.1% 

R6 11.4 18940 0 38048 1285 6.8% 

R6 "> £ 7.0 2120 0 2699 96 4.5% 

R6 C   i_ 4.3 1277 0 1287 43 3.3% 

R6 l§ % 2.6 817 567 0 19 2.3% 

R6 S a. 1.6 577 299 0 10 1.7% 

R6 ° ! 1.0 Sample Lost 
R6 0.7 393 65 0 2 0.5% 

R6 11.4 17663 0 31084 1098 6.2% 

R6 "> S! 7.0 2377 0 3176 103 4.3% 

R6 C   i- 4.3 1313 0 1365 45 3.5% 

R6 s % 2.6 760 558 0 19 2.5% 

R6 I a. 1.6 563 324 0 11 2.0% 

R6 -31 1.0 447 159 0 6 1.2% 

R6 0.7 367 86 0 3 0.8% 

R6 Cartridge Filter 23880 0 47068 1598 6.7% 
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Sample 
Run 

Impactor 
Particle Size 
(MMAD - um) 

Mass of Dry Paint 
Collected (ug) 

AAS Furnace Cr 
Concentration (ug/L) 

AAS Flame Cr 
Concentration (uq/L) 

Mass Cr(VI) 
Collected (uq) 

Mass 
Cr/Paint (%) 

R7 34.1 3910 0 5880 201 5.1% 

R7 <D *- 22.2 687 1333 0 44 6.5% 

R7 
CO   O 

CC T3 

14.5 640 1346 0 28 4.3% 

R7 9.5 1097 0 1464 47 4.3% 

R7 rag- 6.2 737 1435 0 47 6.4% 

R7 il 4.1 403 526 0 17 4.2% 

R7 2.7 247 195 0 7 2.7% 

R7 34.1 4083 0 7065 228 5.6% 

R7 (D CM 22.2 530 946 0 21 3.9% 

R7 C     !_ 14.5 707 1417 0 47 6.6% 

R7 K t5 9.5 1093 0 1498 51 4.7% 

R7 rag- 6.2 733 1331 0 44 6.0% 

R7 il 4.1 457 547 0 18 4.0% 

R7 2.7 263 195 0 6 2.5% 

R7 11.4 13013 0 24132 836 6.4% 

R7 <" IT 7.0 910 1473 0 47 5.2% 

R7 
CD* 

4.3 680 720 0 24 3.5% 

R7 CC tS 2.6 453 295 0 10 2.1% 

R7 3 o. 1.6 300 162 0 5 1.8% 

R7 jl 1.0 300 95 0 3 1.1% 

R7 0.7 280 44 0 1 0.5% 

R7 11.4 12053 0 19542 668 5.5% 

R7 <D SÜ 7.0 803 1597 0 51 6.3% 

R7 4.3 637 923 0 30 4.8% 

R7 rr: t3 2.6 413 292 0 10 2.4% 

R7 £ 8- 31 1.6 320 180 0 6 1.9% 

R7 1.0 283 105 0 2 0.7% 

R7 0.7 247 64 0 2 0.9% 

R7 Cartridge Filter 18633 0 37372 1247 6.7% 

Sample 
Run 

Impactor 
Particle Size 
(MMAD - um) 

Mass of Dry Paint 
Collected (ug) 

AAS Furnace Cr 
Concentration (ug/L) 

AAS Flame Cr 
Concentration (ug/L) 

Mass Cr(VI) 
Collected (ug) 

Mass 
Cr/Paint (%) 

R8 34.1 4670 0 12140 247 5.3% 

R8 0>  r- 22.2 677 0 1028 32 4.7% 

R8 C   t_ 14.5 913 0 1547 49 5.4% 

R8 £.  % 9.5 1563 0 2794 90 5.7% 

R8 rap- 6.2 1090 0 3647 114 10.5% 

R8 il 4.1 487 1785 0 53 10.9% 

R8 2.7 307 329 0 11 3.5% 

R8 34.1 4040 0 7177 244 6.0% 

R8 a CM 22.2 490 1317 0 41 8.4% 

R8 C   i_ 14.5 807 0 1393 46 5.7% 

R8 rr ■§ 9.5 1263 0 2380 72 5.7% 

R8 o)§- 6.2 973 0 1600 51 5.3% 

R8 il 4.1 447 663 0 22 4.9% 

R8 2.7 190 290 0 9 4.9% 

R8 11.4 21010 0 43956 1444 6.9% 

R8 m £ 7.0 1387 0 2176 70 5.1% 

R8 
o)*t 
C    u- 4.3 720 1299 0 40 5.6% 

R8 or S 2.6 397 386 0 13 3.4% 

R8 £ 8- 31 1.6 287 213 0 7 2.4% 

R8 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 a CM 7.0 1343 0 2013 65 4.8% 

R8 
ra=tfc 
C    t_ 4.3 783 1173 0 39 5.0% 

R8 C£ a 2.6 347 335 0 11 3.2% 

R8 31 1.6 237 187 0 6 2.7% 

R8 1.0 157 91 0 3 1.8% 

R8 0.7 107 64 0 2 1.8% 

R8 Cartridge Filter 24633 0 61668 2016 8.2% 
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Sample 
Run 

Impactor 
Particle Size 
(MMAD - um) 

Mass of Dry Paint 
Collected (ug) 

AAS Furnace Cr 
Concentration (ug/L) 

AAS Flame Cr 
Concentration (ug/L) 

Mass Cr(VI) 
Collected (ug) 

Mass 
Cr/Paint (%) 

R9 34.1 7200 0 17134 546 7.6% 
R9 <D T- 22.2 803 0 1813 46 5.7% 
R9 

03   O 
K t3 

14.5 1070 0 2181 68 6.3% 
R9 9.5 1850 0 4420 140 7.5% 
R9 1! 6.2 1190 0 2472 76 6.4% 
R9 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 <D CM 22.2 660 0 1183 36 5.5% 
R9 

0)*fc 

(0  o 
et B 

14.5 1053 0 2353 70 6.6% 
R9 9.5 1847 0 4681 144 7.8% 
R9 II 6.2 1000 0 2069 64 6.4% 
R9 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 C   i- 4.3 1053 0 1191 38 3.6% 
R9 S. tj 2.6 520 387 0 12 2.4% 
R9 3 a. 1.6 467 56 0 2 0.4% 
R9 ° M 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 <° Si 7.0 1837 0 4227 133 7.3% 
R9 C   i_ 4.3 977 0 1527 47 4.8% 
R9 S. s 2.6 433 395 0 12 2.7% 
R9 S a. 1.6 337 55 0 2 0.5% 
R9 ° M 1.0 270 19 0 1 0.2% 
R9 0.7 210 9 0 0 0.1% 
R9 Cartridge Filter 28903 0 80028 2528 8.7% 

Sample 
Run 

Impactor 
Particle Size 
(MMAD - urn) 

Mass of Dry Paint 
Collected (ug) 

AAS Furnace Cr 
Concentration (ug/L) 

AAS Flame Cr 
Concentration (ug/L) 

Mass Cr(VI) 
Collected (ug) 

Mass 
Cr/Paint (%) 

R10 34.1 4130 0 6891 222 5.4% 
R10 0) *- 22.2 610 1218 0 39 6.3% 
R10 ro o 14.5 743 1443 0 47 6.3% 
R10 9.5 1350 0 2027 67 4.9% 
R10 l! 6.2 890 0 1058 34 3.9% 
R10 4.1 400 465 0 15 3.7% 
R10 2.7 280 257 0 8 2.9% 
R10 34.1 3693 0 5959 187 5.1% 
R10 0) CM 22.2 507 779 0 25 4.8% 
R10 TO o 

* o 
14.5 773 0 1201 38 5.0% 

R10 9.5 1163 0 1783 59 5.0% 
R10 oi ta- 

in £ 
6.2 870 0 1237 38 4.4% 

R10 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 <" JZ 7.0 927 0 1173 38 4.1% 
R10 

<0   o 
a: S 

4.3 620 864 0 26 4.2% 
R10 2.6 440 410 0 13 3.0% 
R10 S a. 1.6 353 232 0 7 2.0% 
R10 -J I 1.0 277 114 0 4 1.3% 
R10 0.7 250 61 0 2 0.7% 
R10 11.4 15720 0 30364 1022 6.5% 
R10 <D CN 7.0 Sample Lost 
R10 ro o 4.3 527 653 0 22 4.1% 
R10 2.6 363 404 0 13 3.5% 
R10 51 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 
Run 

Impactor 
Particle Size 
(MMAD - um) 

Mass of Dry Paint 

Collected (ug) 
MS Furnace Cr 

Concentration (ug/L) 

AAS Flame Cr 
Concentration (ug/L) 

Mass Cr(VI) 
Collected (ug) 

Mass 
Cr/Paint (%) 

R11 34.1 8363 0 11683 385 4.6% 

R11 <D *- 22.2 1280 0 2014 64 5.0% 

R11 
TO   O 

14.5 1517 0 2507 77 5.1% 

R11 9.5 2140 0 3610 108 5.1% 

R11 Ol£- 6.2 1547 0 2011 66 4.2% 

R11 ll 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 22.2 930 0 1104 36 3.8% 

R11 C   v- 
TO   O 
fc 'S 

14.5 1373 0 2115 66 4.8% 

R11 9.5 2227 0 3611 116 5.2% 

R11 D)£ 6.2 1507 0 2084 70 4.6% 

R11 ±J= 4.1 757 748 566 25 3.3% 

R11 2.7 513 325 0 11 2.1% 

R11 11.4 28500 0 0 0 0.0% 

R11 03 £ 7.0 2100 0 3141 102 4.9% 

R11 C   i- 4.3 1113 0 1121 35 3.1% 

R11 ül t5 2.6 773 644 52 20 2.5% 

R11 £   Q. 1.6 520 229 0 8 1.5% 

R11 j| 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 ^ SÜ 7.0 2083 0 43 1 0.1% 

R11 C    i- 4.3 1010 229 182 7 0.7% 

R11 a: T5 2.6 617 2 0 0 0.0% 

R11 S   Q. 1.6 497 0 0 0 0.0% 

R11 -3 E 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 
Run 

Impactor 
Particle Size 
(MMAD - urn) 

Mass of Dry Paint 
Collected (ug) 

AAS Furnace Cr 
Concentration (ug/L) 

AAS Flame Cr 
Concentration (ug/L) 

Mass Cr(VI) 
Collected (ug) 

Mass 
Cr/Paint (%) 

R12 34.1 6467 0 10148 320 4.9% 

R12 <D T- 22.2 830 0 1192 37 4.4% 

R12 C   i_ ro o 
It 'S 

14.5 1343 0 2137 65 4.8% 

R12 9.5 1317 0 1830 63 4.8% 

R12 rag- 6.2 1047 0 1404 43 4.1% 

R12 il 4.1 573 560 0 17 2.9% 

R12 2.7 400 220 0 7 1.8% 

R12 34.1 6190 0 9962 328 5.3% 

R12 (D <N 22.2 517 0 1213 36 7.1% 

R12 ro o 14.5 637 0 2034 65 10.3% 

R12 9.5 1147 0 0 0 0.0% 

R12 o>§- 6.2 800 0 1444 48 5.9% 

R12 il 4.1 317 531 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 C   i- 4.3 747 823 709 26 3.5% 

R12 a: o 2.6 493 339 0 11 2.2% 

R12 3 a. 1.6 313 121 0 4 1.1% 

R12 °| 1.0 343 49 0 2 0.5% 

R12 0.7 260 27 0 1 0.3% 

R12 11.4 22800 0 63452 1977 8.7% 

R12 a gi 7.0 1550 0 2391 74 4.8% 

R12 C   t- 4.3 867 917 766 32 3.7% 

R12 r2 % 2.6 537 368 0 12 2.2% 

R12 5 a. 1.6 397 123 0 4 1.0% 

R12 ° M 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 
Run 

Impactor 
Particle Size 
(MMAD - um) 

Mass of Dry Paint 

Collected (ug) 
AAS Furnace Cr 

Concentration (ug/L) 
AAS Flame Cr 

Concentration (ug/L) 
Mass Cr(VI) 

Collected (ug) 

Mass 
Cr/Paint (%) 

R13 34.1 2633 0 4589 157 5.9% 

R13 0) *- 22.2 333 641 0 21 6.2% 

R13 
CO   o 

E-5 
14.5 Sample Lost 

R13 9.5 867 0 1691 54 6.2% 

R13 o)Q- 6.2 657 1260 964 41 6.3% 

R13 ii 4.1 360 506 0 16 4.5% 

R13 2.7 193 146 0 5 2.4% 

R13 34.1 2437 0 4466 150 6.2% 

R13 <D (N 22.2 360 574 0 20 5.4% 

R13 (0   o 
0Z T3 

14.5 477 889 0 29 6.1% 

R13 9.5 837 0 1481 49 5.8% 

R13 
X £ 

6.2 520 1147 0 35 6.8% 

R13 4.1 273 382 0 13 4.7% 

R13 2.7 203 156 0 5 2.6% 

R13 11.4 11130 0 21145 649 5.8% 

R13 ® ST 7.0 500 875 0 28 5.6% 

R13 
CD« 

4.3 420 614 0 19 4.4% 

R13 a: o 2.6 297 286 0 9 3.0% 

R13 s  D. 1.6 267 99 0 3 1.1% 

R13 ■31 1.0 177 66 0 2 1.2% 

R13 0.7 160 53 0 2 1.1% 

R13 11.4 11477 0 20171 657 5.7% 

R13 Q) £1 7.0 750 1202 962 41 5.4% 

R13 C   k- 4.3 573 0 0 0 0.0% 

R13 o: t5 2.6 337 239 0 8 2.4% 

R13 £ 2- 31 
1.6 Sample Lost 

R13 1.0 283 86 0 3 1.0% 

R13 0.7 207 48 0 2 0.7% 

R13 Cartridge Filter 12323 0 20087 693 5.6% 

Sample 
Run 

Impactor 
Particle Size 
(MMAD - urn) 

Mass of Dry Paint 
Collected (ug) 

AAS Furnace Cr 
Concentration (ug/L) 

AAS Flame Cr 
Concentration (ug/L) 

Mass Cr(VI) 
Collected (ug) 

Mass 
Cr/Paint (%) 

R14 34.1 4877 0 9061 280 5.7% 

R14 CD  r- 22.2 600 1599 0 49 8.2% 

R14 ns o 
K t5 

14.5 637 0 1261 52 8.2% 

R14 9.5 1017 0 2027 65 6.4% 

R14 o>°- 6.2 703 0 1126 38 5.4% 

R14 X J 4.1 247 496 0 15 6.3% 

R14 2.7 133 177 0 5 4.0% 

R14 34.1 5087 0 11066 336 6.6% 

R14 Q)  CM 22.2 643 1082 839 36 5.6% 

R14 (0   o 
OS'S 

14.5 790 0 1292 43 5.4% 

R14 9.5 1187 0 2088 65 5.5% 

R14 o>£ 6.2 737 2271 952 73 9.9% 

R14 il 4.1 380 450 0 15 3.9% 

R14 2.7 293 209 0 7 2.2% 

R14 11.4 16760 0 46320 1469 8.8% 

R14 <D 57 7.0 780 0 1134 36 4.6% 

R14 C    i_ 4.3 477 685 0 22 4.5% 

R14 a: o 2.6 400 425 0 13 3.2% 

R14 >   D. 1.6 307 178 0 6 1.9% 

R14 j| 1.0 217 75 0 2 1.1% 

R14 0.7 180 53 0 2 0.9% 

R14 11.4 16900 0 11710 366 2.2% 

R14 ® SÜ 7.0 1077 0 1330 43 4.0% 

R14 C   i_ 4.3 570 691 0 22 3.9% 

R14 a: S 2.6 430 327 0 10 2.4% 

R14 S a. 1.6 0 0 0 0 0.0% 

R14 ° i 1.0 273 125 0 4 1.4% 

R14 0.7 237 50 0 2 0.7% 

R14 Cartridge Filter 22493 0 45584 1458 6.5% 
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Sample 
Run 

Impactor 
Particle Size 
(MMAD - um) 

Mass of Dry Paint 
Collected (ug) 

AAS Furnace Cr 
Concentration (ug/L) 

AAS Flame Cr 
Concentration (ug/L) 

Mass Cr(VI) 
Collected (ug) 

Mass 
Cr/Paint (%) 

R15 34.1 9273 0 19440 656 7.1% 
R15 0) i- 22.2 1447 0 3170 99 6.9% 
R15 (0  o 

£ t3 
14.5 1013 0 1845 57 5.6% 

R15 9.5 2253 0 5295 164 7.3% 
R15 o>£- 6.2 1377 0 2122 74 5.4% 
R15 ±1 4.1 690 1113 829 37 5.4% 
R15 2.7 417 204 0 6 1.5% 
R15 34.1 8023 0 18670 610 7.6% 
R15 <U  CM 22.2 1073 0 2189 69 6.4% 
R15 C   ._ 14.5 1270 0 3011 95 7.5% 
R15 a: ?5 9.5 2073 0 5029 161 7.8% 
R1S 0)0- 6.2 1343 0 2518 83 6.2% 
R15 il 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 °> 51 7.0 2123 0 4823 161 7.6% 
R15 

o>« 
4.3 1097 0 2031 66 6.0% 

R15 tr: t3 2.6 427 532 0 16 3.7% 
R15 ä Q. 1.6 287 64 0 3 0.9% 
R15 ° I 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 a) aj 7.0 2453 0 4894 152 6.2% 
R15 C   i_ 4.3 1360 0 2081 71 5.2% 
R15 IE o 2.6 637 0 369 12 1.8% 
R15 a °- 1.6 467 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 
Run 

Impactor 
Particle Size 
(MMAD - urn) 

Mass of Dry Paint 
Collected (ug) 

AAS Furnace Cr 
Concentration (ug/L) 

AAS Flame Cr 
Concentration (ug/L) 

Mass Cr(VI) 
Collected (ug) 

Mass 
Cr/Paint (%) 

R16 34.1 5843 0 15035 467 8.0% 
R16 (D    T- 22.2 847 0 1962 60 7.0% 
R16 C    i_ 14.5 1013 0 2623 78 7.7% 
R16 o: t3 9.5 1537 0 4087 123 8.0% 
R16 oi <3- 6.2 993 0 2015 67 6.8% 
R16 il 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 <D  CM 22.2 640 0 1218 39 6.1% 
R16 

CO  o 
14.5 957 0 2096 66 6.9% 

R16 9.5 1570 0 4073 124 7.9% 
R16 D)°- 6.2 1043 0 2224 68 6.5% 
R16 ii 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 m 5i 7.0 1677 0 3964 121 7.2% 
R16 4.3 830 0 1430 44 5.4% 
R16 DC t3 2.6 327 328 0 11 3.3% 
R16 5 ex 1.6 250 62 0 2 0.8% 
R16 3 E 1.0 190 18 0 1 0.3% 
R16 0.7 173 0 0 0 0.0% 
R16 11.4 23877 0 61790 2031 8.5% 
R16 0 £ 7.0 2003 0 4495 136 6.8% 
R16 (Z    i_ 4.3 1043 0 1448 45 4.3% 
R16 a: t5 2.6 463 280 0 9 1.9% 
R16 S2- 3g 

1.6 380 58 0 2 0.4% 
R16 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 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                             15979 533 7.7% 

R17 a> T- 22.2 903 0                               1593 34 3.7% 

R17 C   i_ 14.5 983 0                               1958 60 6.1% 

R17 üi t3 9.5 1903 0                              3812 128 6.7% 
R17 o.g. 6.2 1037 0                               1948 60 5.8% 
R17 il 4.1 493 740                                    0 23 4.7% 
R17 2.7 303 130                                    0 4 1.4% 
R17 34.1 Sample Lost 
R17 <D CM 22.2 1090 0                               1631 55 5.0% 
R17 C   i_ 14.5 927 0                               1478 44 4.7% 
R17 £% 9.5 1617 0                              3184 104 6.5% 
R17 rag- 6.2 1107 0                               1826 59 5.3% 
R17 il 4.1 573 706                                       0 22 3.9% 
R17 2.7 313 158                                       0 5 1.7% 
R17 11.4 24583 0                               67780 2204 9.0% 

R17 <° n 7.0 1947 0                                 3498 112 5.8% 

R17 
OlW 
C   i- 4.3 1067 0                                 1237 39 3.7% 

R17 Q: t3 2.6 557 228                                       0 7 1.3% 

R17 % a 
3E 1.6 383 58                                       0 2 0.5% 

R17 1.0 323 20                                       0 1 0.2% 

R17 0.7 273 9                                       0 0 0.1% 

R17 11.4 26703 0                              74840 2430 9.1% 

R17 0) £ü 7.0 2147 0                                 4366 140 6.5% 

R17 
OlW 4.3 1043 0                                 1229 39 3.7% 

R17 a: 7S 2.6 503 352                                       0 12 2.3% 

R17 
51 

1.6 380 57                                       0 2 0.5% 
R17 1.0 297 15                                       0 0 0.2% 

R17 0.7 240 0                                       0 0 0.0% 
R17 Cartridge Filter 40367 0                             105240 3686 9.1% 

Sample 
Run 

Impactor 
Particle Size 
(MMAD - urn) 

Mass of Dry Paint 
Collected (ug) 

AAS Furnace Cr 
Concentration (ug/L) 

AAS Flame Cr 
Concentration (ug/L) 

Mass Cr(VI) 
Collected (ug) 

Mass 
Cr/Paint (%) 

R18 34.1 Sample Lost 
R18 <u T- 22.2 1197 0 2083 65 5.4% 
R18 C   i_ 14.5 2327 0 4973 158 6.8% 

R18 a: t3 9.5 1953 0 3977 121 6.2% 
R18 0)0- 6.2 1490 0 2727 83 5.5% 
R18 xi 4.1 720 1173 678 39 5.4% 
R18 2.7 437 263 0 8 1.9% 
R18 34.1 8380 0 18798 590 7.0% 
R18 a) CM 22.2 1280 0 2483 79 6.2% 
R18 ro o 14.5 1540 0 3441 104 6.7% 
R18 9.5 2223 0 5011 160 7.2% 
R18 o>Q- 6.2 1477 0 2795 88 6.0% 
R18 ii 4.1 717 1094 808 35 4.8% 
R18 2.7 423 232 0 8 1.8% 
R18 11.4 25587 0 74820 2386 9.3% 
R18 <" £ 7.0 2517 0 5856 169 6.7% 
R18 

O)* 4.3 1357 0 2094 65 4.8% 
R18 a: t3 2.6 603 388 0 12 1.9% 
R18 S  a. 1.6 527 104 0 3 0.6% 
R18 ° J§ 1.0 443 27 0 1 0.2% 
R18 0.7 390 13 0 0 0.1% 
R18 11.4 35397 0 114340 3431 9.7% 
R18 CD Sj 7.0 2773 0 5274 175 6.3% 
R18 

o)=tfc 
C   t- 4.3 1360 0 1976 62 4.6% 

R18 S. ts 2.6 673 504 368 15 2.2% 
R18 s a. 1.6 490 70 0 2 0.5% 
R18 ° I 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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ft$3# ■   X 

&jf:u£a<?t ur^r;   JESSTT,   ZXC 

1RVIK8 
$2614 

i   Hasard Bating» i Heftltfc  -•  4 
rrcsslu«. Clan* i  Tire I,   CiÄV'S C l   nci» -s. »xtrwiff Fir« -  3 
hfoae »»«       t KJI.-W-23S.Tc;   iHTL-r-ijynoi   J     9    ---*    4 KiparsSvity  -   t 
>rs>8tt«. Cs>A« j   S2if?*0 i 
".ft.».  Kuji5»rt »OS» s 

£F.CT££P     £1'     ■•   %hZAVJX>l"S  XM^S^TKKT^ 

„,,,„. ..... Expeansitt»    himltst  -....•.—»—» 
WsJofct ftCCl'B S3«* ¥F 

iäipreSieni« c*sr J '   *      '    ■     T1.V i?TK., J5EL SSI, «s as 

S958KKS.1-CSS0»>~4   TmiFUSEÜHSTaTI    9S ■■$£-■£                            <r S.                B,S.                S.r. S.S.                 ».£■■     S.-5  g  €»F 
SSSHKE. 3 -CMVXO" 3  tlvtPMJOKMBTHTl.    M--1S-4                         «   8.1                V.Z.                S.S. ».».                 S.B.     5.3  « »P 
i-BWH. *OEBW»                                          JSi-lS-4                      * 5.        ISP ppfr.        20« p-pa ISP ppra        2PS pps      13 8 C»r 
S^YL Vi-TPSSPJh KBTCÄ                   .             lQl~%?-9                           2%.         S&O  pp®         25ö  pprs .:00  ppgs         250  £>&££ 37,?  f $%¥ 
SFRCSS7K5M CKKSJBATr.                                       T?*?»f>£~-2                       25. .1 J>p»               s-fe- 

Tl-<« ACCIB Si» f,M   gtlr,5M,isrs ehr».««   (CAS ~™SS>0£»2)   8* Cr 
ife 0>€°£05 S£<s3» 

»SIS AROMATIC HTDRCCÄRBCS                       6«42~?S~S                     «*>                S3.                 ».», K.B.,                 K.'S.          3  8gSr 
H»uiif*«arer fBüPBpwwä» s »A of 150 s>p., 

i-HSTHTtPYEKAIECK»,                                           lt~2-S0-4                            *   1,                  .B.C.                  S.S., ».It,                  S.S.         .5   #   TJT 
K-KS'i'KK.PtKK01rISX»ß;,   CAS   *   i"2-»0-*,   S*TiKÄlTi.) TSA1  W« 

»Of WSOVE '..ISTS? psosRJra? ARK OR *nsis TSCA ISVSBTCK? zssr. 

!.:K.  « «of  F.st«bl.I»sbs« 

ssilisg Kanj>«:        23?  - 3?© Peso- r Vapor    Sorssifcyt H**vi*r tfca» Air, 
wsp.. Kat:*?.'       1.65    K      8-^tyl p»?®:tmv        iÄqtiiä tw.&it:y<  Mg.**vi«?r !:h«r. &«ts:.*: 
t«l«i3®r. vol f.    44.$        Wgft"  2"*,6 «gt  js« <r».n.«ss:       11,23  rwjeAs. 

Sp«'->  Ä'svitys 1.34814 
fir*«r«fi!M>!   TEIiO» WSäSXB »HS! SOLVES" OOCK 

V.O.C. :   361.  Cfi. 
SpIX^II.l'F/  B?M^f£$;;   ISSc>i:!iblss S1?s  2kH.  «^Zic«bl^ 
äjTOICsrxrtc» WÄSTfÄTS*«.- »e .itvfo««; Jw. foar.d 

as   iv   - rjt-s hwo t.xn.^Pt.cs mz*.*x> 

■laamahi.XHv CIJSP-»-.   X#          ?1ä^ .;4$ F T!?C JJ?:,; 
JKSTXKGS32£fHn^ ie,ÜI^; 

v rcÄH.   hhcegiot* TC$M<. CO2,. I>? 
äPäCIAS; riK&rircaTts«? rRocxEJwass' 

Fyll Ci^fe |i^"hj|r;g «pirair »^1 h  £$!f ^önfcädfe fj?^ t?r 
tSfP&T&tOiZ.  &frö   fall   |fsrs?t-iä?ä^t: v® li>£'h5r*:8   *J>*3iil^ 0*0   ^O' 
f!$ht#re-,  fefat^r ^.«y b* as^r ?col c3w&*dS lüfsra 
p$0t&%ziT® feii.il-d-y^*   sut* ig? -i ?>5r i^pi-cgi^s. 

ysfl?^wu r2K£ * 3KX»ix^J«i»f «Ä?jw®* 
Kä»33 cefit.«iner» tartly clc Isolst-» fron b ?^S\ 
^■l^^rit^I is^a^S"*"t  #n4 ct f *.a?^-.   Cl?^^ öt> ■*£s£& 
«wflofe V-1"J¥?:S e?L:pc-«^^ to &>ii r<* \m&t.  i^pplicK?: ion t 

.   *ur£«<?«??? ir+Kiuire*?: «js^-si&U. f jt.ieFs^.   tXsri^f &,&?% 

iC^Siäiit'icr.^ ^'^-T^^^¥T» t^ d# i£-*^i?:i<>^ ptö^y ?-%&  ss 
lw*3.rh h«*a^a,   JB?yss^te«* aa^ ■I>© ij^.^^äftt#.'ly s^p* 

|JtC"rira? V -  MIÄt>r!* ISÄSARE» ^^^ 
..  ...  ... .„   ,- „  „ .„ . ,.-,-.,..,«-..-,. A^  *.  ». •■   ^  ~.   ..  - ~ K.» v»-»**-«»™«.^»**.* 

mmi$$m&L m?'®$v$& X-BVKI** 
&!$£■ S^CTIOK  IIr   üä^ABIK^^  :- ^3*3*T*, 

tXT££¥& ZT CVTJR»XroSföSö£ff 
XiairUÄTKCSSjt   Srritarion ö£ S s^pirst cry tr«>T ^ S' 

..   sy&t:es? a^fr^^sly^ -^h-ÄTft^i^r W   ^|,^    «'„ 1 j (~,^ 

et#pgT bföfi^A-;^*^   iä:l^?,ij«s©S4. P. .■s ig^risf gsit,   <s 
sjn^^riPsi^y^n^^r. er c#ays. 
^Kl^ AJSD BTT CONTACT;   S;>3: c act; ^i?:h th# & 
irrStation^   jjynptosse ow»y *# .1:1«^',   i:*dn^#-s. mt& . 
ÄXT^t  Ll^ia.   #T«opn*l«,"ftr "#  ff£«i  i!;:s:is.^si >$ «n 
^^*ring<   r#^n^§s,  *K^ ■SW^IÜ s^ee-fsp^n.U^; ^ ^ s s»t. i 
fee^sa^s^fs, 
0KT& t&sc&rtiz&i psr*i«Rja*^ r ^-«at«^  £rcisi;«??t 

»   ife^<ä«t'at# irrlt-ftti^«,  drysng [    fftfl i &#£t>ttitog pi "h^ ^ 
CÄ*>ääS*!f t^  »^Lsn £:.■» fifS'itck. 
JB'C^-ISTXC^I'.r   JK^ut^'i   C*w   r®S^3 *Q irritj5tii>?) «nS 

prwest 
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corj'ö'Hv* set Sr-si in that stscHJt'h,   »teswswh tiis«<j# «rsä  •Sifla'rtäv'e 
tisöt ,   Vc'sltirsi say caus» aspitatiipB «■£ th« #0jy»n?'.,   rasst-ltln 
in  «bssieal  pnesasMsäiM*. 
HEÄJÄB MA'SMSS   CÄCTTB AND CWKS.TCI 
ÄCWBi  v«perir »re  irritot irsjr to '*y**j  lie*«,  ars-) t!i.-".--as. 
I»hs 1?,*: I öS B«y eaaee h»a<Jaöb«s«s,   *ti££icsäli brest'hli::;: a»3 'Jo« : 

®M.n* sty£* tO d^f^ttiSIg «ÄlöS, l^ihi 0#:f's£itj£>ÄHon.. astlms ä 
vstlM:r allergic z&$pm$$®z niäsy te^!*^? * 3^p^ftt«=sä fttvd pr^lr/äbf^ 
K^^irs ms;*,   ^asig« felaye^l «ffest^ im?e>l^i.?^| tlv**  bl.:-oJ* f«gtr: 

msWißt RWOT w} es* BSTJWs 
TOFIC&ä^   iSKI.S  CONTACTS :        t#s 

ISB«tÄTISS   (UDNCSJ-i   ¥eu 
CÄKCISCCISJl'CI'rr i 
?ff?f;   ¥'E&,   X&23C  Ilt^SDGFAFK'ST*;   Yl^°,   Ü^iA  i^SC-lAT^T'? :   TZ£ 
mmcm, cixmftms OBtZEHhVt hoemvA'S-P «? srpw^Kr- 
.A%-tig%w wd a*'ray ^t'h#r  respiratory dis^rd^r*?,  £kiT;. # 1 '.Isr^t^: 

UiaAlÄTlsais*l«-# t«s an »r#« .fe## fcre» i-ijsA <e£ i-jr* !■«*;•: mzpcmt- 

h$ i^^wdi^t^ sr Ä.l*^^d l**f &W£f&l. i^i^ss >   Obtain ?%?;Sie<sl 

vhMO'a$:hIy #it'h %®%ip ft^d v&t^f, Ä?*>> ^c^tsrgisst.^d ;.vlo*hiSif 
t'borsujKhJy fe*£«r» x«os», .. 
MTES: nug.fi «ikh cCMrar,  lutes»«!« «t«-   llw preiss«ri»>   fei* «f 
iesgt   15 »in»!:««,  scciäsioBSilly  lifting »y#li<§«.  sS-tajg 

.JJBSKtTXa»:  p© not is-fc« vötsititigi ■  K* BOS  fiv« «KV t hi ag fc<s> mt> 
'imcc'?;®&'i®u& p-®T®-®-n. Steals? i£i^:ic$1  «tt#*n£or** 

SSCT1M    ¥1     -   SEÄ-TlVITt  »ATS 

«MB.,!-«!       f   1   Wä»t..fsbl» {Kl   fftÄ-3« 
BÄSARssoa; FCS,TKKSI£äTICSS[!      I  I my PGCVT ix] will set «sar 

«TIOSO oxixasx!«"" *CFJä*s ms JRSO»; :I»»-IS OE BIHK:!«J,, äüKSS, 
-CSRCITIOMS  t© »VaitJi 

B? Hies KrAT/ÄHffiimiTfRB:   Ceirtwfiusß»;|iä«,   srstrt^n. <Jioxi*s, 
«Rd c«i«J#s of *äiäit©g<üf!.   ftjiäohytf« asiä ss:if.l« stay i»  £airn«<ä *>ä.r; 

.    ■'■   ABC«OS    V1J -. ^PXLJ, »! JJEAK  nSC<3PWI»S 

**»:?* TO SS   TAKES   IK :K%tm »ÄTSKtW»  IS KHUBÄTC» ©I?  SF11.1Z» 

Wä»J:? <* n?u^*:. te 'ä: B'|K?ta»a a£   in  .sscr^ 
lo^rftl  «>r^äs:$5T;?s^5 t.»l   Cö "trsl r»a» 
£e hÄnd.!^d *&%th e$r®. Äu« tfii pre 
BO BCC  inc'i:ä«rssi # der* -sd ocat*ir> 
AI^O SEE aCTJOä • IV»   V , vs. TOR 
E:rA  HA'AKIXStiS »? is?r? »t,f ,w^|5TüO^F : 

SAfARBCSO«; WRS"JS CSIAftftC assign«! 
XSBIW wBl^IT^ 
COMWJf X¥XW ^ KS 
REACT: %'ITf j «rs 

^CTI'SN viii ■- ström, moTEcnm ü I»IS 

OSHA .pss-siü-äiM.» lisiSts. 
-WXTIiÄTKÄf 

fies« e.f. «solve««', vapors er alsttä b«lo» th#ir y«*fertiv# TO»"» 

Wzat&ctivv gl^"*?'^ .^r^ r^^öss^fgtäfe^   Cc^^ts^n.   s^s^pr^ru^.   ä*^|s^?T^ 
jj»ly#?:hy:i«?s«l  t« prm'sstiz. **in ijsfttaet. 

gyard« «r ei&s- *M«li3*.  aihMMsl««! ^a^gl«« ei- feet! nfsi«l.S«, 

Äs «» *sf- lofig «lae^iB BIK3 l#ng  leg olothinj i«  r&"ccmssSssS. 
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'age; 2 HEFT, ESC. (CAGE COEE 33461} 
Material .Safety Data Sheet fort KXL-PKi"-233'77G (MIL-P-23377GH02Y04O) 

SECTION IX -  EPECIXU FRSCAUTimS   {cont,} 

OTHER PROTECTIVE EQUIPMENT: 

SEECAüTIGNS TO BE TÄKM nrfiATOLIMG A^ 
Store in buildings designed to comply with OSHA 1910,310$: 
Avoid storing near hightesnpsrsturee, fire, open flange, and 
-spark eourcee, store in  tightly clo Bo ä containers, store in 
well ventilatea areae. 

OTHER FHFXA0TIOIJS: 
Keep containere tight and upright to prevent leakage, ?xwent 
prolonged breathing of vaporB or spray slits. Prolonged over- 
expoeure way cause an allergic reaction, Aviod contact with 
skin and eyee. Do not tote internally. Do not handle until the 
tiiÄhufacturer& safety precautions hove been read and understood, 
Wash hands before eating, smoking, or using washroom, smoke in 
smoking areae ONLY. 

.*>* TRANSPORTATION INFORMATION *** 

APPLICABIK KEGDIÄTICaSS:  49  GFR   (YES};   IMCO   (HO),- . IA.TA   [HO) 
MILITARY AIR   [ÄFK 71-4)   '{NO) 

PKOEEE SHIPPING HAME:  Faint 
KBFORTAB1E QUANTITY;  Slot  applicable 
HAZARD CLASSs rlojuraoble liquid 3 
THIS MATERIAL WHEN PACKAGED W CCWTÄIHEHS OF  1 LITER OR I£S£ 
QUALIFIES AS  FAXHT 137 LIMITED QUANTITY CSF CLASS 3. 
REQUIRED EASELS; Flammable liquid. 
O.k.   POSTAL REGOIATIOWSt Mot allowed to Send via US POSTAL 
SERVICE." ' 

'■■*'**  DISCLAIMER •**.* 
Inforaotion contained herein is framiehed without warranty of 
any kind.  EmployerB should use thie information only us a 
supplement to other information gathered by there and raust make 
independent determination of suitability and completeness of 
information from all sources to assure proper use of the 
materials and for the safety and health of their employees, 

ACTUAL VOC EETERMIKED PEH EFÄ REFERENCE METHOD 24, 
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SECTION       X   .-'KEGTCA30OT XSTDSMATICH 

-SARA  313s 
This product contains the following toxic chemicals subject tc 
reporting reguiresseht B of section 313 of the Emergency ''Plaani* 
aha Community sight To Know Act of 1986 and of 40 CFH 372: 

Percent by 
CAJS# Chemical Harne Weight 

776*-.66-2' SVRPWiM tm&tPOZ, 22.54 
•Thin product contains chromium (hexovalenfc compound), 
25% by weight. 

■PROF 65-CAKCEROGENIC 
WAKNIBG: This product containe is chemical'Known to the state 
of California to -'cause cancer. 

CAS# Chemical Mama 

7759-06-2 PTKCMTIÜM -CHROMAlK ' 
Ihie profluct contains ehreteiuni (hexavalent compound). 

'PROP SS-TEKftTOGSfllc 
WARNENG: This product contains a, chemical taowp to the state 
of California to cause birth dofacts or other reproductive has 

CAS# Chemical Name 

Hono 

WAKRIHG:  This- p^oöüiot iroay contain a chemical 'known ■ to the efcat 
California to caue-e canoes- or birth defects or other raprodüct 

CASjf Chemical WaiBe 

Bone 
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»T»XM, »Arg« mm «SS»? f'rijttsssS i  $2'li(0i 

g#V3«SSa     i     11/39/W 

SWTISfi :FKCiC*»cT aiiÄjTryieÄTj« 

toB--!tB«*Mi-«r!  SO'T,  TSC.   (CASK 'COSSK J14SS) 
17451 vas SäKSSä» ssEsaK. 

IBWISE "A 
M«4 

rrsäast els»! T*J*E -t, «ASS c 

!*«äB«t   te&s   s   02y0«>CW 

"iinHTFJK Fhons»;   (00-434  *300 

s  BBX*:r« »reins»i. »sJih - 3 

«KCTK'S suMsgxOT 3öraaM:sm<; 

;ft§r^,Msmi& 

SMPKATir JKH5 

!L1H»TIC ÄKfXKS 

ij-iE-WTic »?rse 

l*c-Bt!WI.. «XOltSX, 
•1*18 w»Atx wymoi&mm 

iBSS* KESIS MRCENZR     : 

¥8» AscwB vtstres psscwr» AW? 
ALS» A»f  ?ai,r»*JTß  3«5KES>IEHTS. 

JMS4-S 

165-«- 

U0-J1- 
la!»  Bissj*, 

~~ .,..,,.,....,........ w„ K"^»f*yr@    I issis$ -■•■ m„..., 

*^:I^M *C -IB .0®!- vr 
% .   7J.V ffnr^ »li jrea. sm te 

*-. ■K,S', K,K. B,E. U.E. 
f*»B«l » tew i $ '■■ 73   1«£ tl jsn  SSI, 

«?  $, 

A ICAS #  * 
.11,1, 

«,:,  081! 
».».      : 

%:   * ' ft 
S.JE, 

2J,JT-, 

J9.*. S,». 
.^;."';   .0-*^. 

X.B, 

fhST.il ft |CiW |  *' ■' ■■'})    l®&.¥-   U Ä'T    S5$, 
»0 fsps- n,%, I0O  p£*9 S.S.   13 ^   &#F 

<; £, JS.J5, jr. JE. B,E> 3£,&. S '6#y 
r^m^s? s@ri *<s « FBI.. Oi'. 3ÖÖ !>jtfG, 

< .1. iiOC« |>pi! 350 }>p» 290 pf* JMpps 
<c $. "...   S.'B, jr. 8, Ja.«. »,». . * ä ?©F 
* i, Jt.JS.. ».8. SJS. ».IE, ^ f l#r 

!*»»'  B» 

I.E.   = «öt  K<staMi«'h«a 

«criSS'    III -   HiTpJ:«*, EAT* 

401 Bw>J.  r »*f*r   -WiJssJty!   Si**»i»S" tV*«»'Air. 

^t^     2^   7 Kg*   p.^r f^sll^^i 7.fl)  fs^aa.s, 
£p^-T,  Sy^vity;        0,t4^?8 

{sji«*r«R«»!   »»»< l.JQl?:tt Kit!« BOtVBW OPCS 
V.O.C-;   201 

OtSBIüff*  IB #A7TK:   Insoluble ?B>  JSiJS:   appllcabl» 
I'TOTSanTItSii TEf»TR*TlSS;t  Bo  iisfcrnftt i«5  fsus.3 
KXSPOSITIOB TWreiaümi  .Bo  i«£*rnmtioK  ft.Mind 
©RSSSKHI KA"ffii   JSc:   Inf.oj-üi:!; i»a  .{SHB3 
ISC^^IWi   Tlil«   ii^isid to'tevy vi&^vs Jmt«rl«l 

KK"SXHCOISMI3SC JBBlAi 
rs«!.   ÄfXQSSSL FC»»!,   COS.   CST  CitntXM.,,   »>1S1R FTC 

«peel» riEaTBHTais «ocKSüsaa-, 
^üll  l:lr*  figtitift^ #q^lpfs«aS   with ®»H~ffastJsdMd bE'ÄfcMK^ 
«ppaMtss end foil prsttessiwe cl«£hi»si s>»alÄ 1» wi» ty fir* 
£i§bt#r». «*t^x R^sy 1^> n^m-S t..-. ^cs>l vls?ß^6 c^KtainWä'. ts? gnwe*?-.* 

®S5St5«# riKS * SSS-'jOST'CS» «An«03: 
K««p fficat.aij-wiK tightiy cJ»»«a,   I«eJ«?;e free!«!,  »jwrfeK.' 

^ssrj§^*g^ rs^i3r#^ ««s^iisl ^'ösa^si^f,^..  b.js-i^g #fe^Tger,^' 

fc«M2th 1^Ä£a3r^.  ^-Hipfcßms ^sy ysst 1?* ijm^di5t#3y «^,f?sr^^^. 

gsrne« •   KBM.TO W iKS  »TÄ 

msmissti&w! ixFosüBS MVH.I 
SSffi aS-TXOS It.   »JAKfX^W HiSSKSMSiTS, 

,. ijsitÄSATies:  lifStatiM of: ts-i* jm:p4tats>ry trs=t s asu?:» wryw» 

■■:':.*t»p*i-l!i»»da<>h», ■äß*KlB*8«,   »tsfä«yij!f g«£t,   eäss&«so«, 

SKSK »B SyE  CeWTftCTi   KKffl:   Cent set wdtb tV* »kin Ml!  B»M» 

rOT^i;   S,i<j«JiJ.. «recjuol«.  «' VBJHST» «r» iiritatlKj ar,d isaj' c««» 
£eisrir.g,  ^«dnss^, .^od r^#11-in^ avzzwp&ni&d 1^' # ^tin^i&g. 
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iSSCvTiafi;  Äcati«;  Ci?fi r««att  i« j:rrlt«t;ion » 
sx*m>*dv$ ^f?tS^i5 l:£ ti># ?^^tti,  g?.OT&s?h t!is£i^ 

HEALTH »Mt 

&M 

»CPTB ifiISP CSBOI 

;*»» 
«11 <M 

livtw dsssgss. 

SOflCIS,   {ÄIS 03STACTS ::   *« 

IKMAlÄTieS   (MWSS5 i   V** 

irrr?; so»    IAK-C BasocÄras?: so,   eras KEKSIä*? 

jHf^IC&i- Cü£t£>ITK?K^ tlE^PÄLt ASKM^VÄTEäS ST E&T 
fcrtl'ssa ena say otfassr ' r#*j>ir«t.«*y dä(«sräw*.  «>; 

•lltt'T ÄIDs 
jIMAMTltSJ; 'n*v# t«.-j»n WM  is'«« fcria» risk «f 

^st:«?r.   $$®h coratsn 
%ly h&tez® *%'£ 

imh witb el&&rt Ixik^&Tm w*t®r   Slow pi 
ttinat«*, ©rassssiuMlly lift in» ay»iis 

Mi,   <3fct»ä 3sl *tt«asi« 

KBftCTlvm 

■ STASXiOT's     !  1  Pa stable US]  KAu 
KferÄiTO5?,; F0S,.TMBSi»7IQBt       J J  Kay ««JCtsr |xj s*ii 
- ra«»PÄTIE ILXCT 

«CäKDmOJS  TO *VO>IBs 
«JCB TeMfKSWn'KSS. IPO« HKPXSS TOSRR ESSCaSTEOM 

-HÄ»tTOPf »BeöKFOS'fTIÖft  FKOKKTe;    . :  . 

«fid «K|.<JW ?A »iteogcn. 

ISjEOTICX r^o 

» It! ;BB- S5ÄKSS IS CASE: MMKRiM« IS. KASftSEO OK £Pir 

0>^t*it2 ssnil ^'^SöV« with in®t% mt-®prlx*n$ &®ü POHMS 

Msmtta «iet te di«pc#®4 of is »owr<S»BO» witts fa«« 

:pe SOT liKstfteir*!-,* .elöä»* »raalsst»^   : . 
«LSÖ «z: SMcTimi IV, ¥s VI, 7« era». rffl<*?n«fs 
EPä s*aR0sx?» »Ägfüi mmmafctx«! »s§c>.i, rflfli, rfos 

ijjsx'aSHvtw: 'w," 
CÖftROSIVITS':     SO 

Mb!® ^sR| 

sfK-ai, ras IS»  TM 

ft  ; rates t;)»t  s« 

BSiK 
t» p: 

SJäS2 

fcisft£ 0I fö^lv^rit: ^sp^r& c.r' m§t& b#'lov fchslr TS^ 
■isost £» at.i3is.«'<1, S#SK?"/8. «31 igrsitior» e<>«r«» 0 
£l«ss>.  «B«J hot  Burfi»«**!. 

tesMilifiüwä CT. next: pug.®} 

iv# "JT.V'e 
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sf#r :2 HÄ,   I»C..   fCME CO!« 134SI 
:«xial '8*i®%y P&ta Sheet  to: -. MH.-PKf--3>'. -\-   ;>:ii   r "•"-"■■ ""Tt^ff CY^fi^c/iT) 

gECTJCSi ¥1X1 - SFBCIÄ f!0H5cfioa EffOKMATlOBs   lease,)' 

poIyMlylifi»} to prmmtii »Sin sentact. 
Wm PRVTBC'TXmt 

Hi« a« rf psf&ty #yeB«ajr ip r»59iBsstii§id,  IsclucBsg splash 
gumtt&t or «A* plii#Id8:, clisitieal §0gfS«§> or fise« »hisId». 

K««öV# «Bfl «astt ccata»inSfesi cictlslna Ispfexe mum. 

SECT!»   I«    « : f»SIM» :
»KECAW;I;OW 

n^CÄOTI»S » .BE- «RES  x» MM&SÄJ MBS gTÖRHK* 
Start is IbttiMing» d«Biffn«iS t© eostjsly with oi?JR iSli.lJf 
ftveid gteyiag »ear high 'tsiapei'stsr»«;   fir«,   #|?8li fl*»a#,  an«ä 

'■ ;#p»rk *fsur<3«.  ft»« is tiphtly do«*«! eefitisiiMir*.  Star« is 
V*ll v#BtHated ar®a&* 

9EB3SR'  BBKAOTTOIISs 
K##P ecmtf«Sn#fis tight «si aprigfcfc to prmttmi  leskag«,   f*r#vgBt 
f»reiösp«<ä :t>r«8thit!f of ¥sp>3rs or »pray aittg,   Prölangsii ©*#y» 

.   «xpostir© aay eatiee #a «ll«rgic r®actie>n. iftvjcä eöRtnet with 
Ala SIKI ayes, ft? .not täte intsrssliy, ft? apt Impäl« tratil the 
:js«nBf«ctar®ris gefety ;|s»swrutfcicms have town r«««l ana u»a®ret©c>a. 
M&mh h&n^B hei&rm »«tißfl,  «äsekißf,  es »laf -««-«iltref»,  saofcit is 

äFR^GABISS lawtBATtcwss. 4P crte iYm)>i JMCO CM? IATA f»ö! : 

...  ........   ..,. ;.p.   . .  . 
msma% SBIFFISG SAKE: mint. m «WAS? .PK-1263 
W»RfÄ!ffiS «SSftSTXTYi   Hot. applicable 
HA»RD CÖUW?:  rlanwabl«  lifuicf I 
"THIS IRTEEIÄI, WHEW f&CKASEÖ IS CSHTAIHESg W"  1 MTKM OR »SS- 
SCWMFHS A# mxm w %tmw.& pvxsmrt or CIAäS 3. 
EESOTPSD »BEMi   FJarsssakl*   liquid 
.0.«. POSTAL KEöcaÄTidSss? s©t »ile«*3 to g«fii v'i« w romm* 

Informal:ioa eent«iti»ä: Warein f« furHl.iii|i#d wltlioiit  wartaWf of 
#:ay M»fl, iaspli?y#rf »1»oM 01« tl» |»fetraat ios only «w « 
«appleawiftt  tP otJwr inf«WT*»tioft f"«tliitx#'ä %» then ap.d aa»(; »a'fcft 
|H#«P»Bä*Bt. a#texTaisati&B of tttltrtjillty «»# corepl«Eensss ©f 
äBfoxTüatlcip :froa «II. »sarees to asitir« px©p»jr &t*» of lfm 
Kat#Ti»ijs ftnä fer tl» BHf«ty apd hsslfch ©f t'hsit' apsplcy««*» 

Aero» voc BIISS-OTIEP mn EPA SEEES^IIÄ «TBOe 24. 
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ÄCTJÖB      I    - 'ErC'_l^TC?v  iwf     ■ wies 

TM» product «sat«««, tlh» £.-* T^ing tc *c >• < »lr ü-^-p-f t< 
reporting r*guiix*CTi#T!t* of «sctiös 313 o£ i;. 3, ■."sjer,;,y Flnrir.-Lr 
Süd; ceäsraiitf Rigl* 5fe 3&KW Äct ©£ Ifli aai »f. i§ CFl I12i.   : " 

f%rc*rft tf : 

c»f chmiml warn «sSsht 

?f«S2»2 »«cs-BÜTO MMS5L Ü.,<7 

»JPSQP 6S-CÄ1CIÄMI»«! 
«ÄlffillfJGs  This predict  csetaiit« a statical tastm to t!» »tot« 

■Cagf Chemimt »ss» 

UMSMGi   "JPhii fxsAirt;  eoatÄiiiB * cfessiical taewn to It» i:t«t*::: 

of Cßlif^nia tc c-s";»»« birtfl ä§£#et» or «1i#r reproductive fe» 

ÄStK* 

-I»t* #S«€MeS«SBSZC &■ TBmvoGsmc 
■.WWSTSKJ's  *bi» ' prWlHcf »sy C«*«1B a ehKtical  kisrw i» **• «tat 
C»iiförnl» te:c«s«ie e&ncsr er tslrili i#f#st:» ©r ot'fiex rsprsaiist 

«1 '::::, öwsisieal 
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Appendix C: DeSoto Material Safety Data Sheet 
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MATERIAL SAFETY DATA SHEET Printed : 07/0S/97 

Revised : 01/16/95 

SECTION   I  -■PRODUCT IDENTIFICATION 

Information Phone: (810i 240-2SSC 
Eaergsacy Phone: C80Q1« 22B-5535 
CHEMTREC   Plione: {COS} 424-f3Ö0 

Kanufa-cturer; COURTAÜLDS AEROSPACE' 
S430 SAM FERNANDO ROAD, 
P.O.BOX XBCO 
GUBimniiSi CA   si20s 

i Hazard. Ratings: Health -.2 
Product Class:   EPOXX    , t  none  «■> exC.rftsa lire-  3 
Trade Ifeite       ; ;®13X390"BPOXY POiiYAMIDE PRIMEJü     0     ««•>    4 Reae'civity -  '© 
Product Code  ;   $13X330 ! 
KSDS XD No.      :  KS57UA0Ö 
B.O.T. Hassard Class  :  Flairsiable liquid 
Proper Shipping' Käme:-'Paint 

Hazard Class 3 Packing GrouiD 2 
Reportäble Quantity:  See section VII 

Personal Protection 
CN #;   ÜN12G3 

K 

Hazardous Ingredients 

'SECTION     II      -   INGREDIENTS 

;CAS  #    ;: : 
Weight'   -■-.«  Exposure Limits    TO 

■:% ACG-H/tljV       OSHA/PBL     ;   to HG 

«METHYL ETHYL- KETONB OÖ0Ö78-Ö3-3 5- 
STHIJ

1
^ 

200 
300 

ppm 200 
300 

FEW 
™^_ 

*           2MS                                             0QO1O8-89-3 IB. 
'STBL- 

SO ppre 
150 

PP= ,23 

*X¥X»SNE                                             " 001330-20-7 10. 
8TEJ> 

100 
ISO 

■pjsa 1CK5 
150 

ppm -6,'6' 

EPOXY EESXH 025036-23-3 ■-25. Und etermii Wj>& 

»STKOKTIUM CHROMATE 

'CHROMIC ACID,STRONTIUM 

■Q0778S-06-2 

SALT 

.20-. 

STEL» 

0.00 ÖS As ( 
aig/M3 

0.05 
mg/M3f 
As Cr. 

$!/hP 

TITANIUM DIOXIDE  @ .013403-67-7 <  5. 10 mg/M3 10 Tng/M3 «/A» 

:.ISOPRO?VL' ALCOHOL .000067-63-0 
ST£2> 

400 
S00 

"PP^n 
500 

ppir. 44 

TALC® 014807-95-6 15. 2 rcg/'M 2 BW/M3' N/AP 

-KETtlYI» AMYL  KETÖNE 00011Ü-4J-5 .<■ S. ■SO ppm LOO PP-ra 2.1 
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COÜRTAULÜS AEROSPACE 
Material Safety psta Sftest «or: 511X390 

SECTION Ii: -  (coat.) 

*** M.L Ingredients in this product are listed in the T.S.C.A. inventoryr ' 

e -> These items are listed as required by 29CIFK 1910:1200 
because"they appear on airborne contaminants list. However, in 
this product they are in fully encapsulated form and thereCore 
are' not'hazardous to users under normal circumstartces, If the 
qnred product is sanded, or ground so &s to release raspirable 
particles, suitable respiratory protection-should be used... 

* ->    These items are subject to the reporting requirements ot  section 313 of 
Title".lii of the Superfund 'Amendments and-R.eauthorizat.ioB &ct ot  1S8S  - 

; and 40 QFS Part 372; 

- "SECTION. ' ill -■ PHySICÄÜ~pÄTÄ ~ 

Soiling Range:   175 - 300-'.Dag, F      Vapor Density: Keavier ctes Mr. 
Evap. Rate: unavailable     ' Liquid Density: Heavier'than Water. 
Volatile« volume: So,4 ft VKJE per gallon; 10.84   'Pounds. 

Sa«ic. Gravity: 1.301 
Aptssaranee: YELLOW LIQUID, SOLVENT 0O0R 

V.Ö.C. ICR/h) ;   592 W/910X624&010X3il <S«/4/l. 

SECTION XV  • PISE im>  BXPLOSl'ÜK KS.ZAHD DATA. 

X ^«ability Class: FIAMMMJLB    flash point: 22 "S? Setaflash   LSL-: Unknown 
-fiXTIHGOlSHIKG:MEDIR; 

Carbon dioxide, dry chemical or foam. \ 
«SPECIAL'■ PIREPIGHT2KS PROCEDURES:  ; 

Water spray may be ineffective, cool fire' exposed containers 
with water. Fog aoasl.es are preferrahle. Wear NIöSH/KSHJi ' 
approved self-contained breathing apparatus and protective 

■clothing to prevent contact with ''skits and eyes. 
-IMtlStJ&L FIRE & 'EXPLOSION HAZARDS': • 

Vapors isay accumulate'-in inadequately ventilated or confined 
.areas. Vapors nay  for»:explosive mixtures with sir, Vanors 
way travel long distances. Flashback or Flame to the handling 
site nay oecwr. Closed Containers nisy explode when exposed to 
extraise' heat. 

SECTION  V  - HEALTH HAEARS DATA 

-PERMISSIBLE EXPOSURE LEVEL: 
See section II (not -established for product), 

leant.) 
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CGÜRTAULDS AEROSPACE 
Material-Safety Data Sheet for: 513X390 

SECTION  V  - HEALTH BASSARD DATS, (cor 

-PERMISSIBLE EXPOSURE LEVELt (cont.) 
-EFFECTS OF GVE8B2PÜSÖEE: 

MEK. 

SYSS:      MAY CAUSE"BURNING, TEMlNG M!D REDDENING, POSSIBLE 
TRANSIENT CÖRNBAL CLOUDING, : 

SKIN:     : PROLONGED EXPOSURE MAY CAUSE REJKESS, BURNING, 
DRYING -AND CRACKING OF SKIN. 

INHALATION: MAY GAUSS COUGHING, CHEST PAINS. THROAT IRRITATION. 
-"_„_       M?-T CRUSE HEADACHES AMD DIZZINESS f MM" BE ANESTHETIC 

"AND'MAY CAUSE OTHER CENTRAL -NERVOUS'"SYSTEM EFFECTS, 
REVERSIBLELIVER DAMAGE IS POSSIBLE AT HIGH DOSES. 

INGESTION:  MAY CAUSE DROWSINESS, DIZSSINSSS, AND MAtfSSk. 

TOLUENE 

EYES;      'MAS CAUSE BURNING, TEARING MD REDDENING, 
SKIM:       PROLONGED EXPOSURE MAY CAUSE DRYING AND CRACKING OF 

SKIN, AM) POSSIBLE -DERMATITIS. 
INHALATION: MAY :CAUSE DIZZINESS, DROWSINESS AND :FATIG'JS. MAY :"   CAUSE trVER&N3 KIDNEY DAMAGE. : 

■ JKSSSTION:- MAY CAUSE DROWSINESS," DIZZINESS "ANP NAUSEA. 
EFFECTS OF KMQ-'FSRM -. (CBRONXC) SXPOSöKE 
MAY CAUSE DISTURBANCE :IN MEMORY,''THINKING ABILITY, "EMOTIONS AM) 
COORDINATION.' 

THIS CHEMICAL IS ON. THE MAT ENTITLED «CEGKICALS 'XKOWM BY THE 
STATE OF CALIFORNIA TO CAUSE -SEPRODBCTIVB TOXIC-ITY", 

XYLEME 

EYES:       MAY CAUSE BURNING, TEARING AMD REDDENING. 
SKIN:       PROLONGED  EXPOSURE KAY CAUSE  DRYING" AND CRACKING 

OF SKIM POSSIBLEDERMATITIS.  THIS PRODUCT KAY BE  . 
ABSORBED THROUGH THE SSM, 

INHALATION: «AY CAUSE DIZZINESS,.-"DROWSINESS AND FATIGUE. MAY 
CAUSE LIVER OR-KIDNEY DAMAGE. 

INGESTION:  MAY CAUSE IRRITATION Q? THE DIGESTIVE TRACT. SIGNS 
OS1 UERVOÜS SYSTEM DEPHEgSION {DROWSINESS, DI22IMSSS, 
LOSS  OF  COORDINATION, AND FATIÖGE). 
ASPIRATION HAZAHS'TIItfe MATERIAL CAN "ENTER LONGS 

fcorit,} 
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COÜRTÄÜLOS AEROSPACE 
Material Safety Data Sheet-fort  513X390 

SECTION  V HEALTH HA2ARP DATA (cont.J 

^jwrPBCTS OF OVEXEXPOSUEEt feoixt.) 
DURING SWALLOWTNC OK' VOMITING AN» C/WSS WIEG 
tHPI*>KATION AND DAMAGE, 

BISPHEKÖX. 'A / EPICHIjOSOHYDRiK RSSIN 

.;EYES: MAY CKam'mamxaa, XSRXTäTIöKL 
SKIN: .:■■-..  MAY .CAUSE SKIfl BENSITINATION. 
INHALATION: KAY CAUSE IRRITATION TO RESPIRATORY TEACT, 
INGESTION:  LOW. ORDER OF ACUTE ORAL TOXXCITY. 

STRQHTIÜM CHRCMS.TB  *** C A R C I N 0 6 B N *** BY'NTF AND XARC 

HEXAVALE« CHROMIUM CQMEOyRÖS ARE OK THS LIST ENTITLED 
"CHEMICALS KNOWS BY T.HH STATE OB' CALIFORNIA TO CAUSE CANCER'1. 

EYES;       NO DATA. 
SKIN:       XRKITANT.. POSSIBLE PAINLESS PENSTSATXSG ULCERS OF 

.SKIS.  SKNSITIZATIOK IN SOME IHDIV2DUALS. 
INHALATION; MAY CAUSE MfCOOS ''MSBKME IRRITATION AND KBKOTRÄ.TIKG 

ULCERS OF SHE' NOSE, PERFORATION' OF CARTILAGINOUS 
BASAL SEPTUM.  JAUNDICE AND'KIDNEY DAMAGE KEFÖSTED. 

INGESTION;  NO DATA,        ^ 

TSÖPKGFYL ALCOHOL 

„EYES: 
S'KTN: 
INHALATION: 

INGESTION; 

MÄK 

EYES,- 
•SKTH} 

INHALATION: 
INGESTION: 

ieont.) 

IRRITANT, 
IRRITANT. 
MAY CAUSE KOSE AND THROAT XRRXTATION, MAY CAUSE 
FLUSHING, HEADACHE, ÖTZZINESS, MENTAL DEPRESSION, 
.NAUSEA, VOMITING, NARCOSIS ANESTHESIA AND COMA. ' 
■MAY "CAUSE HEADACHE, DIZZINESS, MENTAL DEPRESSION, 
NAUSEA, VOMITING; NARCOSIS, ANESTHESIA'AND COMA.' 

MAY CAUSE BURNING, TEASING- AM) KEDOENINS. 
PROLONGED EXPOSURE KAY CAUSE PRYIHG &NÖ CEACOK3 
OP ..SKIN-  POSSIBLE ÖE^mTITIES. 
MAY CAUSE B12EINE3S, 'DROWS-IMESS AND FATI60B. ':. 
WAV CAUSE DROWSINESS. ÖI2ZTNESS AMD NAUSEA. 
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CQURTÄ0LOS AEROSPACE 
Material 'Safety Data Sheet for; 513X390 

SECTJON  V ~ HEALTH 'HAZARD DATA fcont,}'"'■': 

•-ifPBCTS OF OVERBXP0SÜRB: } cont»)      " * " ""  
-FIRST AID; 

■: EyfSj Plush with water for IS minutes. Get.medical attention.- 
Skin: Wash with soap and water. Bo not. use .solvent".a. 

Remove cotitainxnated clothing and: wash be fare reuse. 
If symptoms persist, get medical attention. 

Inhalation; KeiRove to fresh air from■'■ exposure, ßiva artificial 
respiration or'cardiopulmonary resuscitation- (era) if 
breathing is difficult, get medical attention.' 

Ingestion: Get medical attention. 

e::-c.u;!-.: VT - R:;:V:T:V:TY :,■.-•-?•. 

STABMTY:-  [ I Unstable      [xl Stable 
HAZARDOUS' POLYMERIZATION:   1 ] May occur  ;   M "Will not occur 
-T^OMPATISILITt : 

Hdnia recognized unless noted below. ■:.. 
-CONDITIONS TO AVOID; 

Hone recognized unless noted below. 
:~!!SZÄRÜÖIJS DECOMPOSITION PRODUCTS; 

Products of combustion are haaardous including '.carbon dioxide' 
aria, carbon monoxide, : 

SECTION' VII -'SPILL-OR LEAK PROCEDURES     ~~~ 

-P »S TO -BE TAKEN IS CASE 'MATERIAL'IS RELEASED OR SPILLED 
Protect from ignitiopi. Wear air-supplied respirator for 
unveEtilate^:spill, Cover with absorbent material ana scoco 
into container, Clean residue'.wich.-a suitable■-solvent. 
CERCI..A RQ FOE MEK IS 5,000 LBS. 
CERCLÄ RC: FOR TOLUENE TS 1,000 LBS. 
CERCLÄ RQ POE XVLEBTS IS 1,000 LBS. 
CBHC1A RQ FOR STRDirFIlB-I CHRÖrmTE IS 18 LBS. 

•WASTE DISPOSAL ÄTHÖD: ; 

«he.» .disposing of this" material, ensure that it is c-ackagsd, 
■stored, • transported and otherwise managed is accordance with 
local, state and federal regulations. 

SECTION VIII - SPECIAL PSOTBCTI08 2SFORHSTION; 

-RESPIRATORY PROTECTION: 
When spraying or applying in any circumstances likely to produce 

■airborne level of haaaroOEs ingredients in excess of' TLV, use an 
organic vapor'cartridge or air-sapnlied respirator. 

;-VEKTIlÄTJGK: 
: qeseral ventilation to maintairi vapors below TI.V and VBL. 

-PROTECTIVE CLQVJsS: 
Solvent resistant gloves. Darleg aprav application, «ossptate 
(coat.) " i 
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.: mvmmms äSROSPäCE 
Material Safety Data Sheet for: 513X390 

.SECTION ¥111 - SPECIAL-PROTECTION IRFGRKftTION: (COM:.} 

-SSÜTECTIVS GfcOWS* (cone.) 
skin protection ie required. 

r.EttS PROTECTION: 
Goggles or full-face shield. 

»OTHER PROTECTIVE EQUIPMENT: 
Avoid skin contact by use o£ other protective clothing, safety 
sbower^ eye bath arid washing facilities should be available. 

SECTION  IX  - SPECIAL PRECAUTIONS 

-PRECAUTIONS TO B2 TAKE» Of HAHDLIKÖ AMD' STORING: 
:Keep coHtaiiier tiahtiy closed. Isolate from heat, electrical. 
;ieijuioausnt, sparks and Clams. Do not store above 120 deq.F. 

»OTHER INFORMATION : 
Empty drums may contain explosive vapors. Bo not cue, pane tue« 

■or-weld on or wear drum,  .. 
-Vapors of this product are heavier chaa air and may-collect'"in 
low or eonüiasd areas. 
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