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AFIT/GEE/ENV/01M-07
Abstract

The use of chromate as a corrosion inhibitor in primer paint is an essential -
component for the protection of aluminum-skinned aircraft and the primary source of
hexavalent chromium (Cr (VI)) exposure to USAF aircraft painters. The objective of this
research was to quantify the dissolution of chromate from freshly sprayed paint particles
into a simulated lung fluid (SLF). Two primer paints were sprayed with a paint spray
gun to generate overspray particles for collection into impingers filled with SLF.
Particles were allowed to soak in SLF for 24 and 48 hours and then the particles were
removed by centrifugation. The remaining Cr (VI) dissolved in the SLF was then
compared to the initial Cr (VI) concentration with particles. The results indicate that the
dissolution of Cr (VI) into SLF is hindered by the paint. Also, the results indicate that the
amount of Cr (VI) dissolved into SLF from the paint particles is not significantly
different between the two paints tested or between the 24- and 48-hour resident times.
This study suggests that Cr (VI) in paint particles is less bioavailable than Cr (VI) in

other particles such as dust or mist.

ix




DISSOLUTION OF CHROMIUM FROM INHALABLE PRIMER PAINT

PARTICLES INTO A SIMULATED LUNG FLUID

I. Introduction

Air Force Primer Paint Overview

Coating systems—comprising a metal-surface treatment, a primer and a topcoat—
are used extensively throughout the United States Air Force (USAF) to protect metal
surfaces of aircraft from the hostile environment to which they are exposed on a daily
basis. Primers are paints and/or coatings that provide corrosion resistance to a metal
surface and promote adhesion between the surface and the topcoat. Typical USAF
primers contain passivating corrosion-inhibitive ingredients such as zinc chromate,
barium chromate, and strontium chromate (SrCrO,).

There are three military specifications (MIL-P-23377G, MIL-P-85582B, and
MIL-P-87112) and one federal specification (TT-P-2760A) that regulate primer paint
applied to USAF aircraft. The specifications identify SrCrO4 and barium chromate as
corrosion inhibitors. The use of SrCrOy as a corrosion inhibitor in primer paint is
presently considered the primary source of hexavalent chromium (Cr (V1)) exposure to
USAF aircraft painters.

Chromium Health Hazards

In the past several years, a number of agencies have reviewed the epidemiological

and toxicological evidence and have classified hexavalent chromate (Cr (VI)) as a human

carcinogen. For example, the Agency for Toxic Substances and Disease Registry




(ATSDR, 1990), the National Institute for Occupational Safety and Health (NIOSH,
1997), the International Agency for Research on Cancer (IARC, 1990), American
Conference of Governmental Industrial Hygienists (ACGIH, 1998), and the Occupational
Health and Safety Administration (OSHA, 1996) have classified Cr (VI) as a human
carcinogen. Mancuso (1975) provides limited but adequate information demonstrating
that Cr (V) is a potential human carcinogen. Mancuso’s data were used as a primary
database for estimating the carcinogenic potency of Cr (VI). Three foreign studies on
ferrochromium plants were also considered for use in the potency calculations
(IRIS,1998).

Cr (V) is the oxidative state of greater concern with occupational exposures.
Occupational exposures to Cr (VI) can include welding, leather tanning, electroplating,
textile manufacturing, photoengraving, copier servicing and exposures to paints/pigments
(ATSDR 1990:2,3; IARC, 1990:24). Numerous detailed studies for Cr (VI) exposure
have been conducted in the following manufacturing and industrial application areas:
production of ferrochromium steel and high chromium alloy, production of chromates
and chromate pigments, leather tanning, chromium plating and welding. Unfortunately,
no health studies have been conducted for spray paint operations (IARC, 1990: 85-98).
It is therefore not certain that workers exposed to Cr (VI) in painting operations
experience the same health effects.

Occupational Exposure Concerns

The current OSHA limit of 100 pg/m? is a ceiling limit, which means that the air

concentration can never exceed this concentration. OSHA’s permissible exposure limit

(PEL) for Cr (VI) is unchanged since 1971 (Martonik, 1995). In July 1993, OSHA was




petitioned for an emergency temporary standard (ETS) to reduce the (PEL) for
occupational exposures to Cr (VI).

OSHA'’s goal is to protect the occupational worker from hazardous materials but
must include feasibility when determining exposure control in industry. The Oil,
Chemical, and Atomic Workers International Union (OCAW) and Public Citizen’s
Health Research Group (HRG) petitioned OSHA to promulgate an ETS to reduce the
PEL for Cr (VI) compounds to 0.5 1g/m’ as an eight-hour, time-weighted average
(TWA) (OSHA, 1996). OSHA has denied the ETS request but a rulemaking procedure
has been initiated and a proposed rule is under investigation (OSHA, 1996).

Virtually all the studies that OSHA used to determine Cr (VI) carcinogenicity are
based on Cr (VI) exposures in dust or chromic acid mist particles. There are virtually no
studies involving Cr (VI) in primer paints. This thesis effort was undertaken to test the
hypothesis that the bioavailability of Cr (VI) from exposure to paint particles is lower
than that of such mists and dusts, because the resin—coated Cr (VI) present in the paint
particle may suppress dissolution of Cr (VI) into body fluids. To accurately assess the
need for a revised Cr (VI) exposure limit for paint particles, it is necessary to determine if
the Cr (VI) will remain sequestered in the paint particle until it is removed from the body.
Thesis Objective

This research will quantify the dissolution of Cr (VI) from paint particles into a
simulated lung fluid (SLF). Primer paint, aerosolized with a high-volume low-pressure
(HVLP) paint spray gun, will be collected in the SLF by bubbling air through the SLF to
transfer paint particles into the fluid. The SLF sample will be divided into three aliquots.

If the statistical results indicate that dissociation of Cr (VI) is hindered when bound in




paint, chromate-containing primer paints may not present as great a hazard as the types of
exposure studied by OSHA to lower the exposure standard. In other words, if Cr (VD) in
the primer paint does not dissociate as readily as free Cr (VI) compounds such as in acid
droplets or dust particles, then significantly smaller quantities of Cr (VI) will be released
into the lung fluid. Any Cr (VI) that does not dissociate from the particles will be cleared
from the lungs before causing any damage to lung cell DNA.
Research Goals

This research study focuses on three primary research goals. The first goal is to
develop a method for measuring the amount of metal dissociation from primer paint
particles into SLF. A second goal is to determine to what extent the residence time of
primer paint particles in SLF will affect the amount of Cr (VI) dissolving into the SLF.
Contact time between the paint particles and the SLF may affect the curing process of the
paint particle, causing a time-dependent increase in the extent of Cr (VI) dissolution. To
determine whether time had an influence on dissolution, paint particles collected under a
standardized set of conditions were allowed to soak in the SLF for 24 or for 48 hours.
The fraction of Cr (VI) dissolved into the SLF at the 24 and 48-hour residence times are
compared for differences. The final objective of this thesis is to quantify the fraction that
dissociétes into the SLF from the collected primer paint particles. The total concentration
will be compared to the quantity and size of paint particles collected during spray

painting.




II. Literature Review

Background

Protecting aircraft surfaces is vital to maintaining USAF aircraft integrity.
Inadequate control and prevention of aircraft corrosion can shorten the service lifetime of
the aircraft, hinder the USAF mission, and potentially compromise safety. The primary
protection for the aircraft skin is the coating system. The performance of the paint
coating is critical to preserve the passivated aluminum surface, which extends the life and
performance of military aircraft. The primer paint serves two purposes. The first
purpose is to provide a better surface to which the polyurethane topcoat adheres. The
second purpose is to protect the metal skin from excessive corrosion by maintaining the
mixed aluminum—chromium surface layer that prevents oxidation (TO 1-1-8, 1989:1-1).
The component added to most primer paint that is responsible for corrosion control is
SrCrQOg,.
Chromium

Chromium is found naturally in the earth’s crust. Chromium is both an essential
micronutrient and a chemical carcinogen. Chromium exists in a series of oxidation states
from —2 to +6; the most important stable states are elemental metal (Cr), trivalent (Cr
(I1I1)), and Cr (VI). Bioavailability and systemic distribution of chromium are influenced
by the oxidation state and solubility (Ballantyne: 1995:25). The health effects of
chromium are at least partially related to the valence state of the metal at the time of
exposure. Cr (III) and Cr (VI) compounds are thought to be the most biologically
significant (ATSDR, 1990:2). Chromium is both an essential micronutrient [as Cr (IIL)]

and a chemical carcinogen [as Cr (VI)]. The biochemical importance of Cr (III) in




glucose metabolism was reported more than a quarter century ago (Schwartz, 1959:2).
On the other hand, the carcinogenicity of Cr (VI) compounds is well-documented
(Schechtman, 1986:1; Persson, 1986; Adachi, 1986; Korallus, 1986; Levy, 1986; IARC,
1990:214).

There are many health hazards associated with Cr (VI). Cr (VI) compounds are
oxidizing agents that can induce tissue damage directly. Cr (VI) increases cancer risk by
the formation of DNA adducts, radical adducts, DNA cross-links and DNA strand
breakage which interferes with normal DNA template replication and transcription
(Dartsch, 1998: S40-41).

The principal industrial uses of Cr (VI) are as a structural element and as an
anticorrosive. Large quantities are used to make stainless steel and to “chrome plate”
regular steel. In both cases, Cr (VI) protects the iron in steel from corrosion. The
principal industrial consumers of chromium are the metallurgical, refractory, and
chemical industries. Cr (VI) is used in electroplating, welding, painting, and printing
(Federal Register, 1996: 61: 62748-62788).

SrCrO; is a critical component in aircraft primer paint. If the metal surface of the
aircraft skin cracks, chromate from the paint migrates into the crack. The release of the
chromate ion restores the passivation of the aircraft surface and prevents corrosion.

SrCrQ; is a yellow crystalline powder with a solubility of 1,200 ppm at 15 °C in
water (Weast, 1985: B-147) but SrCrO, becomes more soluble in hydrochloric acid, nitric
acid, acetic acid and ammonium salts (IARC, 1990:58,77). Common “synonyms” are

chromic acid and strontium salt. SrCrO4 was originally used as color in artists’ paints but




later found more-extensive use to impart corrosion resistance to aluminum, steel and
magnesium alloys (IARC, 1990:58,77).
USAF Primer Paint

Of the three military specifications and one federal specification that provide
performance requirements for primer paint applied to USAF aircraft, the most
predominantly used primer paint for USAF aircraft is the military specification MIL-P-
23377G (Weissling, 1996:61).

The MIL-P-23377G paint used in this thesis effort is a two-component,
chemically cured, epoxy—polyamide primer paint. The two components are a base and a
catalyst. The base and catalyst are mixed in a ratio of three parts base to one part catalyst
prior to being applied. Primer paints from two manufacturers, Deft and DeSoto, were
selected for this research. According to the manufacturers’ Material Safety Data Sheets
(MSDSs), which are found in Appendix A;l and A-2 respectively, the Deft primer base
component contains 25% (by weight) SrCrO,4 and the DeSoto primer base component
contains 20% (by weight) SrCrOy.

Regulatory Exposure Limits

The administrative procedures utilized by OSHA to promulgate a revised standard
include a review of all available information. A literature review, done by OSHA, is
performed to collect and consider all available research, data and reports germane to
determination of the Cr (VI) standard. Also, research sponsored by OSHA and
unsolicited research and reports are submitted to OSHA. The collected reports are
numbered and filed into a legal file called a docket. The docket established for the revised

chromium standard contains in excess of 300 individual studies (OSHA, 1999). No




references citing Cr (VI) hazards associated with occupational use of paints or primers

containing SrCrOyj are in the Cr (VI) standard docket.

Alternatives to Chromated Primer Paints

The health concerns associated with Cr (VI) have led the USAF to search for
alternatives. Boeing Company Aircraft and Missiles (B-A&M) have researched possible
substitutes for chromate-containing primer paints for corrosion control. One Boeing
report identified likely candidates to replace chromate containing primer paints. A
subsequent report evaluated those candidates and narrowed the choices to be applied to
operational aircraft for further evaluation. Successful results might provide the USAF
with competent alternatives to chromated primer paint. One of the paints tested passed
all tests, but it was inferior to primer paint containing chromate (NDCEE 1 & 2,
1998:1,1).

Interest in Cr (VI) compounds and products that contain them stems from the fact
that workers have an increased risk of lung cancer due to the handling, processing, and
application of chromate-containing compounds (Grogan, 1954:152). In the early 1930s,
commercial development of chromates led to the widespread use of chromate pigments as
metal-protective primers, especially on aircraft (Calupski, 1956:357-384). As of 1999,
Cr (VI) is listed as the 16™ most hazardous substance in the Top 20 Hazardous
Substances on the ATSDR/EPA Priority List of Hazardous Substances (ATSDR, 1999).
Inhalation Toxicology/Lung Model Physiology

There are four primary routes of exposure to toxic substances: inhalation,

ingestion, dermal absorption and skin contact. From the standpoint of deposition of




aerosolized paint particles, inhalation route of exposure is the most significant route of
exposure and it will be addressed in this research.

The respiratory system can be divided into two main regions. These two regions
are the conducting zone—consisting of the nasal passages or mouth, pharynx and larynx,
trachea, bronchi, and bronchioles—and the respiratory zone, which consists of respiratory

bronchioles, alveolar sacs and alveoli as illustrated below (Fox, 1996:460-1).

Conductive zone Respiratory zong

g Trachea
o

Syonchial ~
fren

Bronohioles

Teaninat
zaronchinles <

Figure 1. Conducting and Respiratory Zones

The Conducting Zone.

Within the conducting zone, air first travels through the nasal passages (or
mouth), pharynx and larynx. In this upper region, large airborne particles are filtered
from the air and the air is warmed and partially humidified. Next the air passes through
the trachea and bronchi. The bronchi bifurcate (split) into successively smaller bronchi
all the way down to the terminal bronchioles. Each bifurcation results in a sharp change

in direction and the larger paint particles are unable to negotiate the sharp turn and impact




on the mucous layer. Rarely do particles greater than 6 um succeed in traveling to the

deeper respiratory zone (Fox, 1996:463).

Mucociliary Escalator Clearance

Two layers of fluid line the conducting zone of the respiratory system. The fluid
at the base (nearest the lung tissue) is serous and has viscosity similar to water. The fluid
on top is mucous and is more viscous than the lower layer. This thicker mucus captures
many particles that impact this region (Bates, 1989:70). The mucociliary clearance
mechanism occurs in the airways from the trachea down to the bronchioles and is well
suited to trap and sweep away bacteria, inhaled particles and cellular debris (Bates,
1989:69). The paint particles trapped in the mucus are eventually removed from the body
by expectoration or reintroduced into the gastrointestinal track of the body through

. ingestion.

DNA

cells

mucous layer

~10111717)])

serous (watery) layer
with cilia
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The linear velocity of the mucous layer is influenced by ciliary beat frequency
(Bates, 1989:4). Cilia move captured particles approximately 1.0 cm/min to the pharynx
to be swallowed (Phalen, 1995:133-5).

Mucociliary escalation removes particles faster because the particle is transported
by ciliary action to be swallowed or expectorated. If a paint particle containing Cr (VI)
were to reach the respiratory level of the lung, the macrophages would eventually break
down the components. Clearance of foreign particles in the lung can be accomplished by
three major methods: mucociliary clearance, phagocytosis and coughing (Bouhuys,
1977:293). This thesis effort is focused on the clearance of paint particles by mucociliary

escalation prior to reaching the alveoli.

The Respiratory Zone.

Beyond the conducting zone, the respiratory zone includes the respiratory
bronchioles, alveolar ducts, alveolar sacs and alveoli. This is where gas exchange
between air and blood occurs. The body’s main clearance mechanism for foreign
particles in the alveolar region is lung macrophages. Lung macrophage is a type of cell
that brings a particle of foreign matter into the cell and breaks it down. However,
compared to the mucociliary escalator in the conducting zone, lung macrophage activity
is a slower mechanism for removal of foreign particles.

Particle Size Deposition in the Lung

Typical particle deposition in the lung of an adult male is shown in figure 2

(Health Effects Institute, 1998: 2). Different sections of the lung receive different

particle distributions. Of the particles that enter the respiratory system, the respiratory

11




zone receives 40% of particles between 0.01 and 0.1 im and 20% of the particles
between 1 and 10 im. The conducting zone receives 60% of the total particles ranging in
size from 0.001 to 0.1 im and 80% of the total particles ranging in size from 1 and 100

im.

Pulmonary

Respiratory Zone

Yreavheohronchial

Conducting Zone

Deposition Fraction

Naso-Oro-Pharyngo-Laryageal

Conducting Zone
0.4

0.2~

66 y
0.001 6o 0l 1 n Ve

Particle Diameter, pm

Figure 2. EPA Deposition of Particle Size (Health Effects Institute, 1998: 2).
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I11. Methodology

Overview

This chapter describes the equipment and methods used, followed by a discussion
of the procedures developed to accomplish this research effort. The selections for
residence times and sample digestion are discussed. The equipment used to discriminate
particle size is described, as well as the peripheral collection equipment.
Experimental Design

The experiment is designed to collect primer paint particles into SLF and quantify
the fraction of Cr (VI) that escapes the particle and dissolves into the surrounding SLF.
The dissolution of Cr (VI) into the SLF assumes the paint particle was inhaled and is now
imbedded in the serous layer of fluid in the lung. The turbulent method of collection
exaggerates the efficiency of extraction and ignores the period of time required for
deposited particles to penetrate the mucous layer into the serous layer, so the

experimental design is very conservative.

Simulated Lung Fluid.

There are two types of SLF in the literature: simulated surfactant lung fluid
(SSLF) and simulated interstitial lung fluid (SILF). The difference between SSLF and
SILF is a surface-active component (dipalmitoyl lecithin: DPL) present in SSLF (Dennis,
1982:470). Biological fluids are difficult to recreate and lung fluid is no exception.
Different variations of SLF were found in the literature but most can be traced to
Gamble’s 1952 formula. SLF has been used to test solubility of uranium compounds

(Cooke, 1974: 69; Duport, 1991:121), titanium tritide particles (Cheng, 1997:633),
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dissolution of fibers (Christensen, 1992:83; Mattson, 1994:87; Mattson, 1994:857), and
dissolution of yellowcake—U30Os, a product of uranium milling used for nuclear fuel
enhancement (Dennis, 1982:469; Eidson, 1984:151). In addition to the standard salts,
some formulas include preservatives to extend shelf life, or proteins to more closely
mimic the natural lung fluid. Proteins may result in foaming of solution when the air is
bubbled through, so SLF without proteins was selected. However, it is possible that
proteins may play a role in effecting the breakdown of the paint matrix and, therefore,

promoting release of Cr (VI).

An SLF formulation reported by Fisher and Briant (Fisher, 1994: 264) and shown
in Table 1 was selected for this experiment. Moss (Moss, 1979: 447) reported a potential
problem of precipitation of salts from SLF formulas due to high local concentrations
when the salts are initially added to solution. Therefore, the Fisher SLF relied on a
modified Gamble’s solution, in which a 50% reduction in magnesium and calcium

chloride salts eliminated the precipitation problem (Fisher, 1994:264).

The SLF was mixed in batches of 1 liter (L). SLF ingredients were added to
950mL of deionized (DI) water. Each ingredient was weighed using a Mettler scale to an
accuracy of £ 0.1 mg. The ingredients were added sequentially in the order listed in
Table 1. When the desired mass of each ingredient was attained, several drops of DI
water were added to partially dissolve the ingredient. This enhanced the dissolution of
each ingredient when added into the final volume and maximized ingredient transfer into

the SLF mixture.
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Table 1.

Simulated Lung Fluid Ingredients

Description Molecular Formula Concentration in mg/L
Magnesium chloride MgCl,» 6H,O 101
Sodium chloride NaCl 6019
Potassium chloride KCl 298
Sodium phosphate Na,HPO4 7H,0 268
Sodium sulfate Na,SOy4 71
Calcium chloride CaCl,- 2H,0 184
Sodium acetate NaH;C,0,- 3H,0 952
Sodium bicarbonate NaHCO; 2604
Sodium citrate Na3;H;CsO7 2H,0 97

Midget Impinger.

Paint particles were collected by bubbling particle-laden air through the SLF

using a midget impinger containing SLF. An impinger is a device that draws air through

a conducting tube (#1 in Figure 3), releasing the air at the bottom of a narrow cylinder

that contains a fluid (#2 in Figure 3). In these experiments, the air bubbles through the

fluid and some paint particles become trapped in the fluid while the air continues to be

drawn through a tube that leads to the air pump (#3 in Figure 3).

1) Impinger @@ 3) Tubing to
Conducting Tube \ air pump
. = _f air
2) Typical level
reached with 30mL —————» M| AV pump
SLF o o
[
o
o
<J
o0 4

Figure 3. Midget Impinger
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The impinger was connected to a Gilian® GilAir 5 air pump. Air is drawn
through the pump at a specific rate. After preparing the impingers, the GilAir pumps
were calibrated to 1.2 lpm using a Gilibrator Airflow Calibration System # 800286. An
airflow rate of 1.2 Ipm was selected to maximize particle capture between 1-20 um.

Six impingers were used during spray painting for this thesis effort. An aliquot
(50 mL) of SLF was added to each of three impingers and 50 mL of DI was added to
each of the remaining three impingers. The three impingers containing SLF were placed
side by side to simultaneously collect samples during spray painting operations. An
additional impinger, containing DI was placed in the same area to determine particle size
and particle number collected during overspray sampling. The remaining two impingers,
containing DI, were used to determine background contribution of particles in the spray
paint booth prior to sampling.

The air pumps for the four impingers (three SLF and one DI) were started less
than a minute before spray painting began. The pumps were stopped less than a minute
after painting operations had ended. Total sampling time was recorded. The conducting
tubes of the impingers were replaced prior to each sampling period to be certain that
residues in the tubes would not contaminate the next sample. After sample collection, the
GilAir pumps were recalibrated to check flow rate. The recorded flow rate was the

average of values measured during pre and post calibration.

Paint Booth.

The paint booth in which the samples were collected is located in a humidity- and

temperature-controlled facility. The paint booth used for this sampling effort measures
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817°x72”x60” and has an average air flow of 151 feet per minute. The temperature during
sample collection was 22 + 2 °C and the humidity during sample collection was 63 +3 %
(99% confidence interval). Sampling location, flow rate, painting procedure, and climate
were held constant to avoid variation from unwanted sources. The paint samples were
collected in a paint booth utilizing the same application equipment and techniques used
during typical spray painting operations. A DeVilbiss high-volume low-pressure (HVLP)
paint spray gun, (product number JGHV-531), fitted with a 46MP air cap, was used to
apply the paint.

Paint base and activator were mixed at a 3:1 ratio, per manufacturers’
specifications, and allowed a 30-minute induction time before the paint was sprayed for
sampling. For each sampling period 300 mL of the activator was mixed with 900 mL of
the base component. Sample periods ranged from 10 to 92 minutes in duration.

A cardboard box was placed around the impingers (Figure 6) to slow the
_ movement of spray paint particles, which provided an adequate number of paint particles
for collection. The HVLP spray gun was positioned approximately 12 inches from the
front of the box and sprayed parallel to the face of the box, approximately 8 inches from
the target. The placement of the target and the HVLP paint gun were selected to avoid
collection of large paint particles. Both flow rate and pressure knobs on the spray gun
were set to achieve uniform and satisfactory atomization with a nozzle pressure of 1.5
psi. Paint was continuously applied to the test panel throughout the entire sampling
period. A 24-by-18-inch test panel was installed adjacent to the opening of the box and

set at an angle of approximately 30 degrees from normal to the flow of paint. Figure 4
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illustrates the sample collection stand (#1), test panel (#2) and HVLP spray paint nozzle

(#3), which are positioned for sampling.

1) Sample
Collection
Stand

Figure 4. Sample Collection Stand & Paint Booth

Particle Counter.

A volumetric liquid particle counter (Liquilox S05), made by PMS Inc., uses a
volumetric particle LiQuilaz® sensor that counts and measures particles suspended in
liquids. The particle counter is capable of detecting particie counts within 15 distinct
particle size ranges—from a minimum particle size of 0.5 um through a maximum
particle size of 20 pm. The range limits can be adjusted throughout the 0.5 —20.0-pm
particle size range with the manufacturer’s software.

Because the salts in the SLF interfered with particle counting, a separate impinger

filled with DI water was used for the purposes of establishing the size and quantity
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distribution during particle collection. Contribution of particles from spray painting was
determined through the particle count measurements performed on the impingers
containing DI water. To determine the net particle count from painting, the particle
counter drew an aliquot directly from the center of the sample volume for analysis. The
particles collected in the impinger without painting (background) was subtl(”acted from the
particles collected during spray painting to yield the total particle contribution from spray
painting. The particles counted in the DI water from each sample run were assumed to be

representative of the sampling run. The particles counted were applied to all three SLF

samples collected during the sample run.

Residence Time.

Residence time of the paint particles in the SLF should mimic the residence time
of foreign particles in the human lung. Mucociliary transport has been estimated from
whole-lung clearance curves. fhe particle size range that is of most interest is 1 — 20 um
because this size range is most likely to be inhaled and deposit in the tracheobronchial
tree. A particle that impacts on the tracheobronchial tree, is usually cleared via
mucociliary mechanisms within 2448 hours (Brain, 1994:120). The potential contact
time of a particle in the conducting zone of the lung is the area of interest, so 24- and 48-
hour residence times were selected. To determine whether residence time affected the
dissociation of SrCrO4 from the sample, two groups of collected samples were incubated

at body temperature (37°C) for 24 and 48 hours, respectively.
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Centrifuge.

The Eppendorf model 5810R centrifuge was used to separate the paint particles

from the SLF (Figure 5). The Cr (VI) concentration of the initial sample, which contains

paint particles, provided the total Cr (VI) concentration of the SLF sample. After the

selected 24-hour or 48-hour residence time, the SLF samples were placed in the

centrifuge to eliminate the paint particles and leave only the Cr (VI) dissolved in the SLF.

The concentration of dissolved Cr (VI) remaining in the SLF (without particles)

represents the dissolution of Cr (VI) from paint particles in SLF at the residence times of

24 and 48 hours.
o ©_° ..
070 o ° Initial chromate
° % > (oo e concentration: particles
0 ° oo .
o
(o

Particles

96 0° 0B o
0
%

_|.
(1t + )
SLF with
Paint 4 ++_+
_{.

+ Chromate ions O Paint particles

24-hour chromate
concentration:
centrifuged to remove
particles after 24 hours

48-hour chromate
concentration:
centrifuged to remove
particles after 48 hours

Figure 5. SLF Sample

20




Sample Preparation and Analysis.

In preparation for quantifying Cr (VI) concentration, the 30mL of SLF available
for analysis was transferred into the respective sample analysis containers. To determine
the total chromium in the initial sample, an aliquot was pipetted from the center of the
sample volume and transferred directly into a microwave digestion vessel. For 24- and
48-hour incubations, an aliquot was pipetted from the center of the sample volume and
transferred into polypropylene centrifuge tubes. After storage for 24 or 48 hours at 37 °C,
the samples were centrifuged for 20 minutes at 4000 rpm. The supernatant liquid was

extracted, digested, and analyzed for Cr (VI) concentration.

Sample Digestion.

To prepare all samples for AAS analysis, particles in samples must be completely
decomposed so that the AAS can measure the entire amount of chromium present in each
sample. By design (and supporting the premise of this research project), primer paints
polymerize rapidly to form a robust, cross linked lattice structure. To liberate chromium
for analysis, complete digestion with nitric acid is required to thoroughly decompose the
paint. Concurrent application of microwave energy shortens the diges‘tion time and
ensures complete destruction of the paint particles.

The OI Analytical Microwave Digestion System (Figure 6) was used to
decompose the paint samples. No procedure is reported for decoinposing the paint
samples collected for this thesis effort. However, microwave digestion methods for paint
chips exist in EPA method 3050A and NIOSH Method 7300. The procedures for these

methods were combined and modified for this thesis sample digestion. Preparation
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comprised diluting the sample with an equal volume of 70% nitric acid and digestion at

50 psig for 5 minutes and 70 psig for 25 minutes.

Microwave
carousel filled
with digestion
vessels

Figure 6. Microwave Digestion System

Atomic Absorption Spectrometry.

Atomic Absorption Spectroscopy (AAS) measures the interaction of light with
atoms. AAS uses either a flame or a graphite furnace to create a plasma from a liquid
sample containing an analyte. Because samples were expected (or could be diluted as
necessary) to contain less than 1 ppm chromium, a GBC Avanta AAS, fitted with an
optional autosampler and configured for the more-sensitive graphite furnace procedure,
was used to quantify chromium concentration in all samples.

The GBC AAS autosampler option was utilized to introduce a volume of 10
microliters (i1) of sample automatically into the graphite furnace tube. The AAS method
is presented in Table 2. First, the tube is heated by passing current through the tube. In
the drying step (Step 1), the sample is heated to remove all water. The drying step must
be done slowly to avoid splattering and possible loss of sample. Argon gas flows to

remove evaporated vapors. The charring and pyrolysis steps are Steps 2 and 3. These
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steps destroy the organic matrix components leaving the analyte in a less complex matrix.
Steps 2 and 3 further remove undesired components of the sample but are completed at a
temperature low enough to avoid volatizing the analyte of interest. Step 4 is atomization
where the chromium ions are excited. The argon flow is stopped and the instruments
absorbance measurements are recorded. The last Step (5) is the cleaning step. This step
raises the temperature again and forces gas through the tube to clean any residual
substance left in the tube, preparing it for the next sample.

Table 2. Atomic Absorption Method Parameters

Parameters
Steps Final Ramp Hold Gas Read
Temp (°C) | Time (s) | Time (s) Signal
1: Drying 80 5.0 10.0 Argon Off
2: Charing 130 30.0 10.0 Argon Off
3: Pyrolysis 1400 15.0 15.0 Argon Off
4. Atomization 2500 1.4 1.6 None On
5: Clean 2700 0.5 1.5 Argon Off

Chromium has several absorption wavelengths. The wavelength selected was
357.9 nm with a 0.2 mm slit width. The hollow cathode lamp current was 6.0 mA.

GBC Avanta Atomic Absorption Spectrometer with auto sampler was used to
quantify chromium concentration in each sample. The auto mix function was used to
create dilutions from a stock concentration for calibration standards. A five-point
calibration curve method was used.

A High Purity Standards 75 ppb Cr (VI) certified standard was used in the GBC

AAS to auto-mix 7.5, 20, 40, 60, and 75 ppb chromium concentrations. A linear least
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squares regression analysis was used to create the calibration curve. A regression factor

(R?) of 0.980 or higher was required for acceptance.
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IV. Results
Manufacturer-Specific Paint Sample Results

Data Measured for the Deft primer are presented in Figure 7 and data for the
DeSoto primer are presented in Figure 8. The initial, 24-hour, and 48-hour chromium
concentrations for the Deft and DeSoto paints are grouped on the graphs. The values on
the graph above the “Initial [Cr] w/ particle” label (for samples that included both the
solution and the paint particles) was determined to establish the total concentration of Cr
(VI) contributed by spray painting. Because these samples were centrifuged to eliminate
particles immediately before analysis, the values on the graph above the “24-hour [Cr] no
particles” label indicate the fraction of Cr (VI) that dissolved out of the particles during
24 hours of incubation at 37 C. Likewise, the values on the graph above the “48-hour
[Cr] no particles” label indicate the fraction of Cr (VI) that dissolved from the particles
during 48 hours of incubation at 37 C prior to centrifugation and analysis. The original
analytical results of the Cr (VI) analyses for Deft and DeSoto are presented in Appendix
B-1 and B-2, respectively.

The [Cr] concentration results for both Deft and DeSoto paint follow a similar
trend. When the initial [Cr] concentration is high, the 24-hour and 48-hour samples
appear to have a significant reduction in [Cr]. This would indicate that a large fraction of
[Cr] remains trapped in the paint particles. However, when the initial [Cr] are low (<200
ppb), there does not appear to be a reduction in [Cr] at 24-hours and 48-hours. This
would imply that most of the Cr (V1) at low initial [Cr] escapes the particles and is
dissolved into the surrounding SLF. This trend appears to be the same for both

manufacturers.
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Figure 7. Chromium Concentration of Deft Samples
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Difference Between Residence Times.

One research goal was to determine if residence time influences the dissociation
of Cr (VI) in SLF. Ifresidence time influences the dissociation of Cr (VI) in SLF, a
difference should exist between the Cr (VI) concentrations in the 24 and 48-hour sample
results. A paired t-test is performed between the 24-hour and 48-hour residence time
concentrations to determine if there is a significant difference between the two residence
times. The results of the analysis of the t-test comparison of means (Appendix C)
indicate that there is not a significant difference in mean Cr (VI) concentrations of the
two residence times between the two manufacturers.

The results of analysis for each of the initial, 24-hour, and 48-hour sampling
period samples, for both manufacturers, are averaged and presented in Figure 9. The
95% confidence interval is displayed on the igraph. The 95% confidence interval for the
initial concentration is 822 + 231 ppb. The 95% confidence interval for the 24-hour
residence time concentration is 95 + 15 ppb. The 95% confidence interval for the 48-hour
residence time concentration is 112 + 25 ppb. The data seems to reflect that the average
initial results of sampling were much higher than the corresponding 24-hour and 48-hour
sample results. Additionally, the initial results have a significantly larger confidence
interval than the corresponding 24-hour and 48-hour sample results. The results of
sampling from both manufacturers seem to follow a similar trend—regardless of the
initial concentration; the 24-hour and 48-hour residence time concentration appears to

achieve a consistent concentration from approximately 50-100 ppb.

28




[Cr] (ppb)

1200

1100

1000

900

800

700

600

500

400

300

200

100

Average Cr Concentration

Note: Bars indicate
the 95% confidence

interval for [Cr].

-
H—

Initial [Cr] 48-hr [Cr] 24-hr [Cr]
w/ particles no particles no particles

Figure 9. Average Chromium Concentration

29




Particle Size Distribution Collected.

A particle counter was used to determine the number and size of paint particles
collected during sampling (Appendix B). The size distribution of paint particles for each
sample is plotted in Figure 10. The paint particles per milliliter are quantified by bin size.
Figure 10 indicates that the majority of particles collected were between 1-3.5 um in
diameter. The two samples, highlighted in Figure 10 with thicker lines, have a higher
number of paint particles in the larger bin sizes compared to most other samples. The
initial three Cr (VI) concentration associated with these two samples are also identified.
The higher fraction of larger-sized particles seems to have a direct impact on the high

initial Cr (VI) concentration results.
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Particle Surface Area Comparison.

To determine the contribution of Cr (VI) from the larger-sized particles, the total
particle surface area was determined. The analysis of particle surface area provides a
clearer insight on the influence of particle size with concentration.

The total surface area per milliliter of the paint particles was determined by
calculating the surface area of the particles within each bin. The surface area of each
particle is 48+%, where 7 is the average diameter for each bin. The number of particles
collected during sampling was multiplied by the average surface area for the bin to result
in the total surface area within each bin. The seemingly larger surface area in the 20um
bin may be much less noticed with higher instrument resolution.

Figure 11 shows that most of the paint particles are distributed between 1 —3.5
um, with virtually no contribution from larger paint particle sizes. However, the two
thicker lines shown not only have a large contribution from larger particles but these
samples also had very high initial concentrations relative to the other samples analyzed.
The particle distribution with the thicker lines also had much less in [Cr] at 24 and 438-
hours, which means that very little Cr (VI) dissociates from the particles. These results
seem to suggest that larger particles lock in more chromium than the smaller (1 — 3.5 pum)
particles. The smaller particles may allow most of the Cr (VI) to dissociate which would
explain the relatively small difference between the initial and the 24 and 48-hour
concentrations when only smaller particles were collected. In other words, when only the
smaller particles are involved, a large fraction of Cr (VI) would dissolve into the SLF.
When smaller and larger particles were collected, about the same amount of Cr (VI)

would dissolve into the SLF as the samples where only small particles were collected.
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SrCrOy Saturation Limit in SLF.

The solubility of StCrO4 in SLF was compared to the solubility of SrCrO4 in
water. This provided insight into the saturation point for SrCrO4 in SLF. It was
important to know the saturation limit of SrCrO, in the SLF. Over- saturating the SLF
could affect the chromium dissolution from the initial to the 24-hour and 48-hour sample
residence times. The solubility of SrCrO4 in water is 1,200 ppm at 15 °C (Weast, 1985:
B-147). The solubility of SrCrOj4 (as chromium) in SLF at 37 °C was determined to be
240 ppm (Morgan, 2000:39). The chromium concentration of the samples may have
been biased if the chromium concentration approached the saturation limit of SrCrOy4 (as
chromium) in SLF. The chromium concentration of the samples (highest [Cr] = 6449
ppb) is far below the saturation limit (240,000 ppb) so chromium concentrations were not

affected by being close to the saturation limit.

Quality Testing Results.

Chromium was analyzed in blanks and in sample containers to test for chromium
additions from unknown sources. Blanks were prepared using only SLF and processed
identically to all other samples and then analyzed. The concentration of the chromium in
the straight SLF samples was below the AAS method detection limit (0.02 ppb). The
lack of detectable chromium in the SLF implies all chromium concentrations from

collected samples originate from spray painting operations.
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V. Discussion

Conclusions

This research study focused on three primary research goals. The first goal was
to develop a method for measuring the amount of metal dissociation from a particle in
SLF. The particle counter verified that paint particles could be trapped into an SLF. In
order to measure the dissolution of chromium from paint particles into SLF, there had to
be paint particles in the SLF for the dissolution to occur. The particle counter provided a
means of verification for the quantity and size of paint particles contributing their
chromium to the SLF.

A second goal was to determine whether the residence time of paint particles in
SLF significantly affected the amount of Cr (VI) dissolving into the SLF. To determine
whether time had an influence on dissolution, paint particles in the samples were allowed
to soak in the SLF for 24 and 48-hours. The fraction of Cr (VI) dissolved into the SLF at
the 24 and 48-hour residence times were compared and the difference was not
significantly different, so the dissolution process is not time-dependent at the 24- and 48-
hour time range.

The final objective of this thesis was to evaluate the fraction of total Cr (VI) that
dissociates from the collected primer paint particles into the SLF. The data strongly
suggest that dissociation is significantly suppressed. However, a size-dependent
relationship with chromate dissociation exists that is beyond the scope of this research.
Follow-on Research

Several aspects to further research would be the efficiency of particle collection.

One could follow standard guidelines to properly characterize the particle size collected
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in the equipment set-up. Analysis of the particle size would greatly enhance
understanding.

The airflow from the pumps should be regulated with a manifold system and flow
meter. Regulating the airflow to all impingers will enhance the opportunity to target
particle size and quantity of particles collected through adjustment of the airflow. The
bubble size generated in the SLF can also be adjusted through controlling the airflow.
Upon visual inspection of the bubbles generated during sampling, the size of the bubbles
generated were many orders of magnitude larger than the particles being collected. Large
bubbles of air will result in lower overall surface area for contact of paint particles with
the SLF. This may bias the particle size distributions collected. Particle surface area for
this thesis effort was skewed toward the smaller sized particles, increasing the number of
particles collected may result in a more equal representation of all particle sizes.
Establishing controls for particle size will lead future research to which parameters are
most important in dissociation of chromium in paint particles to body fluids.

Water-based, polysulfide, and polyurethane paints, authorized by the military and
federal specifications, should be studied to determine if a similar relationship between
particle size and dissociation exists.

Availability of Cr (VI) to the industrial worker is of great concern. Greater depth
of follow-on research will be key to determining the human hazards associated with
chromium in paint overspray.

Interest in chromium compounds stem from the fact that workers have an increase
risk of lung cancer due to the handling, processing, and application of chromate-

containing compounds. The data collected for this thesis effort suggest that the Cr (VI)
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escaping paint particles into SLF is hindered. The hindrance of Cr (VI) escaping the
paint particles into SLF was not apparent in the studies OSHA evaluated, where the Cr
(VI) was in an acid-mist or dust form with no paint matrix to hinder the dissociation of Cr

(VI) into body fluids.
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Appendix A-1: Deft MSDS
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age: 2 DEFT, IHC. (CAGE CODE 33461) ,
Material sSafoty Data Sheet for: MIL~PRF-23377¢ (MIL-P-23377G) {02Y040)

FPRECAUTICHS TO BE TAKEN IN HANDLING AND STORING:
gtore in buildings designed to comply with OSHA 1910.106
Avoid storing nesr high temperatures, fire, open flamas, ond
gpark oources. Store ipm tightly c¢loped containers. Store in
wall vantilated arass.

OTHER PRECAUTDIONS:
Keep containers tight and upright to prévent lenkaga. Prevent
prolongsd breathing of vapors or epray miste. Prolonged over-
axposure may cause an allergic reaction. Aviod contech with
kin and eyves. Do not take internally. Do nobt handle uatil the
manufacturers pafety precantions have been read and undsrebood.
wash hands before eating. smoking, or uping washroem. Smoke in
smoking areas ONLY.

kb PRANSPORTATICON IHNFORMATION #*4

APPLICABLE KREGULATIONS: 49 CPR (YES); IMCO (NQ):; IATA [NHO}
MILITARY AIR [AFR T1-£) (HO)
PROFPER SHIPPING HAME: Paint
KEPORTABLE QUANTITY: Hot applicabls
HAZAED CLASS: Flammable liguid 3
THI® MATERIARL WHFN PACKREED TN CONTAINERS OF 1 LITER OR LESS
QUATITIES AS FAINT IN LIMITED QUANTITY OF CLASFE 3.
REQUIRED 1ABELS: Flanmable liguid
U.5. POSTAL REGULATIUNS: Not allowed to send via U5 FOSTRL
SERVICE. ' '
*he DISCLAIMER #4+
Informaticon contained herein is furmished without warranty of
any kind. Fgpployers chould use thie information only 2B &
eupplament to other informatien gathered by them and must make
independent determination of puitability and completeness. of
information from all epurces bo assurs proper use of the
materiale and for the smnfety and healthi of their employees.

ACTTUAL VOC DETERMINED FER EPA EEFERENCE HMETHOD 24,
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SECTION X - REGULA%RORY INFOFMATICHN

313:

This product containe the following toxie charicals subject te
reporting regnirements of section 313 of the Fmergency Plannir
and Community Right To Know Act of 1%86 and of 40 CFR 372:

_ _ Parcent by
CASH Chemical Ham Weight
7789-06-2 STRONTEIDN CHROMATE 22.54

This product conteaing chromium (haxavalesnt compound),
26% by weight.

65-CARCINOCERIC , o
WRENING: This product contalpe a chemical known to the sbate
of Colifornis to cauce cancer.

CASH Chemical Namo

- v o B G b 22 o o s o e —

7789-08-2 STRCHTIOM CHRCHMATE
Thig product econtaines chromium [hexavalent compound).

£5 ~-TERATOGENIC .
WARNING: This product contains a chemical kpown teo the stnte
of california to cause birth defecte or othar reproductive haz

CASE Chenical Mama

[ N U a2 e B = TR AR B W WY W N Ve A

&5 =CARCINOGENIC & TERATOGENIC
WAENING: This product may contain & chomical known to the stak
Californin to cause cancer or birth defects or cther raproduct

CREH Chemical Name

h et ot o A At i o o e o S o T S o o o o e

-
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VZ 1?
FROTEOTING GLANES
Protective gloves ars reooy
polyethylens] to provent sk
EYE PROTECTION:
The use of safety svewssy
or side shields, o
ITHER PROTEIPIVE BOUI PREwD:
The use of long 5§H?Vﬁ ard 1
Eewmove and wash 4 4

s pcled

?'R"’"?s’i}mz’”‘?}v ; ) IE HAF
Brore in bPulidings desig

P P

Aveid storing nesr hip and
ppaTk sources. Stors i Lf

well wentilated aveas.
DUEER PRECAUTION
Keap eontainevs tight and upright to prevent leaks
rr@?&naa kfﬁﬁth@ﬁz af vappre ox xy*wy mwsrm
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: A DISTATRERY ¥ }
{21%%1;&3’ IE&T }%5 PATRY IN 3»1‘53?’?% DAY OF CLASE
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Appendix A-2: DeSoto MSDS

MATERIAL

TR R R e S A T D B A B0 1R I 0 B8 e e 1
SEQTION I
A ——————— PR em e

; Mapmufacturer: COURTAULDE ARROSQUALE
3430 BAN FERNAMDG ROAD,
P.O.BOX LEDQ

GLERDALR oA

! I Hazard Ratin
. Product Clasg: | ! onone -» exhr
- Trade Name : 513K330 EPOXY POLYAMIDE PRIMBR! -8 ---a 2
Product Code : S13X380 !

MEDS ID No. @ MSSTLIROG !
0,007, Hagzard Class @ Flammable liguid o
Proper Shipping Kaeme: Baint

RPOLY

ure Dimits ~~-- ¥R
CAL g RO GRS BRL nm HE

AMETHY COOUYE-EITS N 200 oo ZG0 pre FET
STOLe 300 300
~a i W Pr R AN

i IHE GU0LGE-88-3 LYY 5S¢ pon T
ST ~ - - = 150

*XYLENE CO1350-20-7 hae oG pom COISE T pom 8.6

STEL= 150 158
EPCOYY RESEIN GASTAR-35-3 i, Ondeterni BRI
*STRONTION CHRUETTE GOTTRG - 08 -8 45T O G005 fs or T 7T - N/RE
sog S5 ey SM3
ETRLe - o« .05 As Cr
CHROMIC ACID, STRONTIUM SALT
TLIARETUR DIOXIDE & (TR 5 BN - T8GRI T RS /M w/ar
TSORETY ELTOHCT OOUUET-E3-0 TETE FEU T pen T AT Tpm 44
g

STEL= LS00 k)

TRLD & I4RQ7-96-6 15, iy S S 4 Tg/M3 RSP

METHYL AHYT RETORE DEOTI-EITg T8

L 300 pen 2.1

47




%% ATL Ingredients io 8 praduct arve listed in the T.8

Invantory.

& ~» Thess idtems are listed as reguivsd by
bacause they appear on airborne contaminsnts
this product they are in fally encapsulared £o
are not hazardous Lo users undsy normal of
cured product is samdsd or grnu“& 80 &8 o
pdrf?"QFQ, suitakles respiratory wratention

A3k

Z90ER

O: 120“

28 dtems aru auugecb to the raporting regu
la IIT of the Superfund dmendments and Re
and 40 CFR Parr 3

R G e XY T AR ST

e T

EROTION  TIT - BHYEICAL

ST S I 0 S AR QN P &S S KE b 0 Iy

Boiling Rangeo: 175 - 300 Deg. F Vapoy

Bvap. Rate: Unava;lablﬁ Liguid &

Volabiles volume sU.% ¥ Wgt pey gallion: &
Spac. Gravity: L30%

Appearance: YELLOW LIQUID, SCLVENT CDOR
v.0 13 592 W/e mx6°1&¢1vx11'

a5 1 FLAMM
BYFTNGUISHING MEDIA:
Carbon dioxide, Sry chesmical or foam.
~SPRCINL FPIRERIGHTING PROCEDURES
‘Water spray m'y he 3 ffoﬁL;ve ool fire expozad o
with watex, ¥ s are forrable. Weayr NIOS)
approved sel co:takneﬂ ok W oapparatus and prou
ciothing to - skin an fyas .
-UVU%JAN FIRE & BER!
Fapors m'y accumulate in ;nwﬂLq dﬁgly v
areas. Vapors may form swplos
may Lyxavel iong Gistances, Piash
: Closad Ccﬁtaifﬂ.

LEL: Unknown

£.
T

PERMISBIBLE BAROSURE LEVEL:

See section JI (not establishad for produobl,

Teant, )
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COURTALLDS AERDSPARCE
Matexial Safeby Data Shest for: 513X390

-PEUMISSYBLE EXDPOSURE LEY
RBFFECTE OF QVRREXDPOSTR

- K % S e

{oong.

MEX

BYEs: MAY CRUSE E»‘{IR.‘J*"IG, TEARING AND REDDENING. POSSIBLE
TRANSTEWT CORNEAL CLOUDING.

SKIN: PROLONGED BYEDCSURE WAY CRUSE REOKESE, BURNING,

AND CRACKING 08 S¥IR,

INHALBTTON: IRE f’“{)'(“"'iwill\u, CHEST
S ‘5

EAINS ! HRO
ZINESS; MAY BE
5 8YE]

S5 {);JC.AG"“ Ié: P;..
NGRSTLON: INES DIZGIMEGS
TOLAENE
EYES ¢ MAY CAUSE BURNING, THEARYNG AND RRDDENING
BRIK: PROLOW ”,?_T“‘s BXEOSURE MAY CAUSE DRYING AND (hfu,:ill\"‘ [oky

BEIN, AND £ I‘lFQP"f-TTTxu,
INHALATION: MAY CAURE DI[?IFFQE‘ DROWSIRESS &k FATIC

LAUESE LIVER AND R.L?‘)NL"' LIBMACK .,
IRCESTTON:  MRY CRUSE DEOWSINESS LZATWNERS ANRD MATL
BRFECTR OF LOWE W;PO“U%E
MAY CH] J"E Ii)i":‘e'l'(:lii% MO THINKING ARILITY, EMC
CODRDERAT

MY

THIS CHEMICAL IR ON THE LISY ENTITLED "CHEMICALS XNOWN »yYy THE
STATE OF CALIFORNIA TG CRUSED &EPPZ}L‘*UC"Z’IVE TOETO T'I‘»’" .

KYL»EIN?I
EYES: HMAY CAUSE BURNING, TEAMUING MID R‘?DT‘T“IJ:I‘.
SKINK: PROZONGED TJ?O U%E MAY CRUBE CRACKING

OF SHIN POLSIBLE DERMA
AP:‘"O BED T HR(‘YTJ’?% THE s
INEALATION: MARY CATISE DIABINESS,
CAUISR LIVER O KIDNEY DaMacds.
IHGESTION: MAY CAUSE IR ATION OF THE BIG DT . BIGHS
QF NERVOUS SysuwsM nwE PRERS §C‘i\"~ {»)R PIBREINESS,
LS8 ¥ CC}(}F‘.JI P !
AEPIRETION HAZARY LIRGS

5. 'I’?l‘«. PRODINTT MRY BE

rm’;?]!\f’%; BWD FARUTGUR . MRY

{eont., }
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CCURTANLDS ARROSPACE
Haterial Safety Data Shs ’

it -
“mrFROTS OF D’J‘TKE_‘(P(}C;T"FT); l{'t‘mf‘ i
DURING SWALLOY!
INFLENRATION A2

WE OR VOMITING AND CAUSRE LURG
> DAMRGE.

BIOREENGL b / ¥F

BEYES MAY CRISE MECHANICAL TRRITATICN.

SKIN: MAY ORISR BXIN .‘:'E\C”T”T?I"(?‘IJ‘T

TKH KAY CRUSE IRRITATION PEIPIRATORY TRACT.
IRGES ;‘IGN : LOW OKDER OF ACUTE (./:L‘-:L TOXICTITY.

STRONTIUM CHROMATE *%x C AR C L KOG E N *++ BY NTD AND IARC

HEXAVALENT C'HR"JM'{L*IV} COMPOUNDS ARE OR THE LIST ENT ‘”’I‘IJI‘D
PCHEMICALE FNOWH BY THE STATE OPF CALIFORNTA TO CRUSE &

EYES: NO DA,
SHEIN: IRRITANT. POASTBLE PAINLESS PENETHAT i5 OF
SKIN. SENSITIZRTION TN S0MR ,[P::}La..uﬂﬁ
INHALATION: MAY C"%USL MUCGUS MEMBRBNE IERITATION TRATING
U.J("JJ 8 CP THE NOSE, PERFORATION OF (‘Am (i e
KASAL SEPTIM. {?MW\ HICE AND KIDNEY DhM JRTED

INGESTION: NO DATA.

I80PR

OPFYL ALDOHOL

EYES:
SRIN: .
INHALATION CE ROSE AED PHROLT IREITATION.
FLUSHING, HERDGAROLE, DIZZINE ESS, MERNTAL
NAUSER, VOMITING, NARCOSIS ANSSTHEZSTA
INGESTION: MY CAUSE HEADACHE, ﬂEZZ¢hLSb, MENTRL T

NAUSRA, VOMITING, WaRlosis, ESTHRSIS A
MAK
EYES: 1 SE EURRLP‘G TBARING ARD REDDENT
SXIN: PROLONGBED "’ab‘?M MRY LANSE ’{“’1

OF BHIN. LB DERMATITIES.
ZN“WH-«?‘T;ON‘ LINESS, DROWSINESR .

INGRESTIOW: DROWSINERE, DIZZINESSH

{cont..)
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COURTAUTNS ARRCSERCE
Safety Uata Sheet for: S13X3%G

........................ . . - R T .

-EﬁpgﬂT“ o hvxnﬁi
-FIRET AID:

Eys Pilugh 2 owater for 15 minubes. Geu medica

Skin: Wash mxth Goap and waber. Do not uss solven

Ramove contaminated cio hing and wa*“ b&

I symplams pers ut medical

ion: Remove
respiraction or cardi @
brea"x‘nj is difficult, gat meulcal aL»nngéwﬂ,
Ingescion: Geb medic: @t.e‘t¢nn‘

A G S e e T T 0 2T D T I D GRS T AT

Inhal

jost

L R N N e 2 S0 S R DI 0 OO L R R O RN N0 R e e e o g A R VM AR SRR

Unstable [x] Stabhle
%LE&ARDO‘I‘; POLYNE M.ZATI"W- {1 way saour (=] Will nod coour

~INCOMEATIBILITY
Hone vecognized unl
-COKDITIONS 10 avoIn: :
None racognized unless n ted balow.
~HAZARDOUS DEF“VPO%IY'UW PRODA
Products of combustion are Y%zu»kus incluging carbon dioxide
and ca bﬁﬁ manoxice .

s noted bz

L EYRE L

g PO BE TA ﬁ
PrO“F"t from i an [21s 08 h
unwentilangd QQJ’l wi t absorbent m rial &n
inte container. Clean residue with a guitabls solvent.
CERCILA. RO ?QR MEX IS 5,080 LBR,
CERCLA R FOR TOLUE IS 1,000 LBS.
CERCLA RQ POR XYLENE IS &,wa L5,
CRRCLA RQ FOR STR TUM CHROMATE IS 10 LBS.
~WASTE DISPOSAL METHOD:
when disposing af
stored, LranspHrt
local, state and £

e

ERetle vl

Lhis matcﬁiﬂ‘

ensurs Lhat
- mandged ia

~§E“ I‘JR‘{ FROTE
Wﬂr“ SPYBYILNE OX &
airborne ieval of :
OYganic vaposy oarb
-VEI:’E‘IL:-TT b

produne
uga an

piying in eny ciroumstances likely
wrdous Ing ;@gha in ok
idge or air- uppl;eﬁ resplrs

=3 lavtion to mainkain vapors boelow TLY and PLL.

~ PROT FFT’vL GLOVES:
Solvent resistant gloves, During spray applicavion, vomplista
{wont ) )
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. COURTAIIDG ATROSPAL
Materisl Safety Dmta Sheet tmr: 513X3%¢

~PR(‘TE CTIVE GLOVES: {conb.)

skin protection iz regquived.
-BYE PROTECTION:

Goggles or full-face ghisld.
=OTHER PROTBOTIVE EQUIDPMENT:

Avoid skin contact by use of othar prote

shower, pyﬁ bath and was faoiiivie

2 25 s e

IZ -~ BPECIAL

- PRECAUTIONS TO BZ TARKEN IN HANDLIRG AND ,TQQI&G:
Kecp coutainer tncntly eloged. Igalate from hweoay, aleckrical
equipmant, sparks and flams. Do not Store sbove 120 dey.F.

~OTHRER INPCRMATION - )

Brpty drums may contadn explogive wapors. Do nob cus, punchuarsg
or weld on or near drum. :

Vapors of thig product are heswier than alr and may collcootr in
low or confiznsd areas.
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Appendix B-1: Deft Data Tables

Cr Concentration (ppb) Deft

Sample ||nitial [Cr]|24-hr [Cr]|48-hr [Cr]
Label W/ no no
particles | particles | particles
Deft1 511 431 442
Deft2 915 40 50
Deft3 118 123
Deft4 1,020 53 50
Deft5 3,080 141 152
Deft6 3,827 86 84
Deft7 102 26
Deft8 109 32
Deft9 45 19 17
Deft10 132 70 62
Deft11 208 57 36
Deft12 218 63 66
Deft13 554 55 248
Deft14 1,705 52 106
Deft15 117 166 301
Deft16 751 141 99
Deft17 77 2 5
Deft18 463 31 31
Deft19 665 43 49
Deft20 77 44 31
Deft21 143 45 42
Deft22 273 47 49
Deft23 152 41 40
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Appendix B-2: DeSoto Data Tables

Cr Concentration (ppb) Deft
Sample | |nitial [Cr] | 24-hr [Cr] [48-hr [Cr]
Label w/ no no
particles | particles | particles
DeSoto1 147 94 1
DeSoto2 149 157 58
DeSoto3 224 99 140
DeSoto4 1,810 171
DeSoto5 6,449 148
DeSotob 4,728 154 303
DeSoto7 145 127 118
DeSoto8 534 178 332
DeSoto9 1,496 863
DeSoto10 274 69 73
DeSoto11 450 208 282
DeSoto12 46 26
DeSoto13 79 43
DeSoto14 1,269 149
DeSoto15 123 35 32
DeSoto16 590 70 71
DeSoto17 159 189
DeSoto18 160 79 89
DeSoto19 768 112 64
DeSot020 883 143 141
DeSoto21 1,084 214 205
DeSoto22 944 80 185
DeSot023 1,391 97 121
DeSoto24 202 39 42
DeSoto25 294 42 48
DeSoto26 566 70 68
DeSoto27 881 73
DeSoto28 1,916 87 103
DeSoto30 1,296 85
DeSoto31 ' 146 137
DeSoto32 122 65
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Appendix C: Residence Time t Test

Ho: Upefiza = UDeftas

Ha: Upefio4

Upefias

t-Test: Two-Sample Assuming Equal Variances

Ho: UpeSoto24 = HDeSoto48

Ha: uDeSOt024

Deft Deft
24-hr [Cr] 48-hr [Cr] no

no particles particles
Mean 83.1 99.3
Variance 8136.2 11597.3
Observations 21.0 21.0
Pooled Variance 9866.8
Hypothesized Mean Difference 0.0
df 40.0
t Stat -0.5
P(T<=t) one-tail 0.3
t Critical one-tail 1.7
P(T<=t) two-tail 0.6
t Critical two-tail 2.0

HDeSoto48
t-Test: Two-Sample Assuming Equal Variances
DeSoto DeSoto
24-hr [Cr] 48-hr [Cr] no

no particles particles
Mean 98.4 112.5
Variance 5330.7 9591.1
Observations 44.0 44.0
Pooled Variance 7460.9
Hypothesized Mean Difference 0.0
df 86.0
t Stat -0.8
P(T<=t) one-tail 0.2
t Critical one-tail 1.7
P(T<=t) two-tail 0.4
t Critical two-tail 2.0
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