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ABSTRACT

Abrasive blasters using silica sand are at high risk of developing silicosis.
Although NIOSH recommended in 1974 that silica sand be banned in abrasive blasting, it
is still the highest used blasting abrasive in the United States. However, little objective
data exists regarding the effectiveness, operating costs, and concentrations of health­
related agents for abrasive blasting substitutes.

This study's objective was to compare silica sand's performance characteristics,
operating costs, and airborne and bulk concentrations of thirty health-related agents to
seven substitute abrasives (silica sand treated with a dust suppressant, coal slag, copper
slag, gamet, nickel slag, staurolite, and steel grit) for data collected in an
environmentally-controlled laboratory to a partially-controlled field site. Performance
characteristics included: cleaning rate, consumption rate, surface profile, breakdown rate,
and abrasive embedment.

The substitute abrasives produced the desired degree of cleanliness and a surface
profile suitable for paint performance. The alternative abrasives were all economically
competitive to silica sand. All of the substitute abrasives had substantially reduced
concentrations of respirable quartz. However, all of the alternative abrasives had higher
levels of other health-related agents, as compared to silica sand.

This study suggests consideration of establishing a broad, health standard
encompassing all health hazards associated with abrasive blasting operations.



DISCLAIMER

The contents of this report are reproduced herein as received from the contractor.
The opinions, findings, and conclusions expressed herein are not necessarily those of the
National Institute for Occupational Safety and Health, nor does mention of company
names or products constitute endorsement by the National Institute for Occupational
Safety and Health.
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INTRODUCTION

This report represents Phase 3 of a study commissioned by the Centers for
Disease Control and Prevention (CDC) and the National Institute for Occupational Safety
and Health (NIOSH). The study was outlined in an Invitation for Proposal entitled,
"Evaluation of Substitute Materials for Silica Sand in Abrasive Blasting," dated June 9,
1995. KTA-Tator, Inc. (KTA) responded to the invitation with a proposal entitled,
"Technical Proposal for Evaluation of Substitute Materials for Silica Sand in Abrasive
Blasting," dated July 14, 1995. On September 29, 1995, Contract No. 200-95-2946,
issued by the Centers for Disease Control and Prevention (Atlanta, Georgia), was
awarded to KTA. The Contract directed KTA to conduct a three-phase study for the
purpose of investigating relative levels of 30 different health-related agents and other
attributes of surface preparation of alternative abrasives to silica sand.

Phase 1 involved a laboratory study. The Phase 1 results are contained in a KTA
report to CDCINIOSH dated September 1998. Phase 2 involved a field study. The Phase
2 results are contained in a KTA report to CDCINIOSH dated December 1998. This
Phase 3 report presents a comparison of the data collected during Phases 1 and 2.

PHASE 1LABORATORY STUDY

The Phase 1 study involved 13 generic categories of abrasives (40 abrasives total)
from suppliers and distributors located throughout the United States. The number of
abrasives within each category ranged from 1 to 7. The abrasive types and the letter code
assigned to each were as follows:

Expendable Abrasives

Coal Slag (CS)
Coal Slag with Dust Suppressant (CSDS)
Crushed Glass (CG)*
Nickel Slag (N)
Olivine (0)
Silica Sand (SS)
Silica Sand with Dust Suppressant (SSDS)
Specular Hematite (SH)
Staurolite (S)

7 products
2 products
1 product
2 products
1 product
7 products
3 products
1 product
2 products

*Crushed glass abrasive was mixed window and plate, post industrial.

Recvclable Abrasives

Copper Slag (CP) 4 products
Copper Slag with Dust Suppressant (CPDS) 1 product
Garnet (G) 7 products
Steel Grit (SG) 2 products

Evaluation ofSubstitute Materials for
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Phase 1 was conducted at the KTA-Tator, Inc. corporate headquarters and
laboratories located at 115 Technology Drive, Pittsburgh, PA 15275. Forty abrasives
were used in an environmentally-controlled laboratory blast room to blast clean bare
carbon steel plates. The objective of the study was to collect industrial hygiene airborne
levels and bulk ingredient data for 30 health-related agents as well as economic and
technical data regarding the performance of the abrasives. KTA developed a detailed
Study DesignlProtocol which held constant many factors which affect an abrasive blast
cleaning process so that a comparative evaluation of the abrasives could be made
independent of the substrate, surface cleanliness, equipment set-up, or operator. The
individual abrasives that were selected in Phases 1 and 2 were based on a higher volume
of consumption within the blasting industry, and being able to produce the required
profile criteria established by the Phase 1 and 2 protocols.

For Phase 1, controls were provided over the purchasing of the steel substrate test
surfaces to insure homogeneity. The blast cleaning hose size and length (15 foot of 7/8
inch inside diameter) and nozzle type and size (Boride, 1/4 inch orifice venturi) were
standardized for all runs. Blast pressure at the nozzle was maintained at 100 psi for each
trial. The abrasive metering valve was adjusted from 1/4 inch to 1/2 inch in 1/16 inch
increments based on recommendations of the abrasive supplier. If a recommendation
was not made, the 1/2 inch size was used. The ventilation within the blast room was
maintained at 50 to 75 feet per minute, and the blast room and blast cleaning equipment
were thoroughly cleaned prior to each run.

Blasting was conducted until a total of 72 square feet of steel was used for each
abrasive trial, or until the blast pot ran out of abrasive. The operator maintained a
constant 18-inch nozzle to work-piece distance and held the nozzle perpendicular to the
test surface.

Prior to initiating the study, it was also recognized that variability could exist
between human operators. In an effort to reduce the variability between individual
operators and within a single operator, a study was initially conducted to select a single
operator for the project. Five abrasive blasting operators were evaluated while
performing five abrasive blasting trials in accordance with the protocol. The operators
were randomly scheduled for the trials and were evaluated based on four attributes: total
abrasive blasting time, amount of surface area cleaned, rate of abrasive consumption, and
abrasive cleaning rate. The objective was to select the operator who displayed the least
variation across all four attributes combined. The results were statistically analyzed and a
single operator was chosen for the blast cleaning study.

In order to improve the validity of the test results and the repeatability of the
abrasive blast cleaning process, statistical process control measures were also
implemented throughout the entire project. Five randomly scheduled process checks
were used. The same abrasive material (coal slag) used for the operator variability study
was used for the process control checks. The abrasive was incorporated into the test
stream blindly. The same four attributes evaluated for the operator variability study were
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statistically analyzed for the process control checks. All checks showed the process to be
in control.

During each abrasive trial, airborne samples were collected in the blast room as
well as on the operator. A total of 29 samples were collected for each run (8 at the make­
up air area, 8 in the operator area near the test surfaces; 8 in the exhaust area; 3 within the
operator's breathing zone; and 2 passive samples for the collection of ricochet in the blast
room operator area). All samples with the exception of those mounted on the operator
were attached to fixed sample holders, assuring that the sample locations were identical
for each abrasive trial.

Phase 1 evaluated each of the individual abrasives for seven performance-related
characteristics: cleaning rate, consumption rate, surface profile, breakdown rate, abrasive
embedment, microhardness, and conductivity. These performance attributes were clearly
defined in the Phase 1 report. Bulk samples of the 40 abrasive products were analyzed
for 30 potential contaminants prior to and after use. In addition, during use, the abrasives
were evaluated for airborne concentrations of the same 30 contaminants. While data was
collected for 30 contaminants, 11 of them were selected by NIOSH for a detailed
analysis: arsenic, beryllium, cadmium, chromium, lead, manganese, nickel, silver,
titanium, vanadium, and respirable quartz.

PHASE 2 FIELD SITE STUDY

Phase 2 was conducted in order to evaluate 8 of the Phase 1 abrasives under field
conditions. Phase 2involved a single abrasive from 8 of the generic categories: coal slag,
nickel slag, staurolite, silica sand, silica sand with dust suppressant, copper slag, garnet
and steel grit. The specific abrasives were selected by NIOSH. Phase 2 was conducted at
the Consolidation Coal Company's shipyard located in Elizabeth, PA. The object of
Phase 2 was to collect data on airborne concentrations and bulk ingredient data for 30
health-related agents as well as economic and technical data under partially-controlled
field conditions. The work involved open nozzle dry abrasive blast cleaning of the
exterior hull of a coal barge. The hull was free of any coating and consisted of heavily
rusted and pitted steel. The side of the barge was subdivided into eight (8) 14 foot x 5
foot sections resulting in a maximum surface area of approximately 72 square feet per
abrasive. A portable containment was constructed that measured 16 feet long by 8 feet
wide by 8 feet high in order to enclose one section at a time. Tarpaulins were used to
cover the floor inside the containment. The containment was equipped with a dust
collector with a capacity of 5,000 cubic feet per minute (cfm). An average cross-draft air
flow of 40 feet per minute was maintained for each trial run. This was based on actual
measurements rather than relying on theoretical calculations based on the stated capacity
of the dust collector. The same blast cleaning equipment used in Phase 1 was utilized for
Phase 2 except that a Boride 7/16 inch orifice venturi blast nozzle was used. In addition,
the metering valve was uniquely adjusted for the abrasive based on the feel of the
operator and the fullness of the abrasive blast pattern. The same operator from Phase 1
conducted the Phase 2 trials.
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After each abrasive trial run, the containment was cleaned and moved to a new
location on the barge to prevent cross-contamination between abrasives. A total of 14
airborne samples were collected inside the containment during each trial run (4 make-up
air area; 4 operator area; 4 exhaust area; and 2 within the operator's breathing zone). The
12 area samples were mounted on fixed holders to assure that the position remained
constant for each abrasive trial. The abrasives were evaluated for cleaning rate,
consumption rate, surface profile, breakdown rate, and abrasive embedment. The same
30 contaminants evaluated in Phase 1 were evaluated in Phase 2, with the same 11
selected by NIOSH for a detailed analysis.

During both the Phase 1 and Phase 2 work, stringent controls over the calibration
and operation of all of the test equipment including the sampling pumps was maintained.
All of the calibration information and test data were recorded on project report forms.

Evaluation ofSubstitute Materials for
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EXECUTIVE SUM~1ARY

The Centers for Disease Control and Prevention (CDC), through the National
Institute for Occupational Safety and Health (NIOSH), commissioned KTA-Tator, Inc. to
conduct a study entitled "Evaluation of Substitute Materials for Silica Sand in Abrasive
Blasting." In conjunction with NIOSH, a project design protocol was developed to
evaluate the characteristics that influence abrasive performance from a surface
preparation viewpoint and the potential for worker exposures to airborne contaminants.
The project involved a Phase I laboratory study and a Phase 2 field study. This report
compares data from the Phase 1 laboratory study to the Phase 2 field study. Thirteen
generic types of abrasives were evaluated in Phase 1, and the 8 generic types of abrasives
marked with an asterisk (*) were evaluated in Phase 2:

• coal slag* • olivine

• coal slag with dust suppressant • silica sand*

• copper slag* • silica sand with dust suppressant*

• copper slag with dust suppressant • specular hematite

• crushed glass • staurolite*

• garnet* • steel grit*

• nickel slag*

For Phase 1, one to 7 individual products from within each of these generic
categories (40 products total) were obtained from manufacturers and suppliers throughout
the United States, and each of the abrasives was evaluated for the 7 performance-related
characteristics listed below. Only one product from each generic category in Phase 2 was
tested and each of the abrasives was evaluated for the 5 performance-related
characteristics marked with an asterisk (*)below:

• cleaning rate* • abrasive embedment*

• consumption rate* • microhardness

• surface profile* • conductivity

• breakdown rate*

Bulk samples of the abrasive products were analyzed for 30 potential
contaminants prior to and following use. During use, they were evaluated for airborne
concentrations of the same 30 contaminants:

aluminum calcium lead* nickel* sodium yttrium
arsenic* chromium* lithium phosphorous tellurium ZInC

barium cobalt magnesium platinum thallium zirconium
beryllium* copper manganese* selenium titanium* quartz*
cadmium* Iron molybdenum silver* vanadium* cristobalite

* While data was collected for 30 contaminants, eleven of them were selected by NIOSH
for detailed analysis.
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In order to ensure that the only major variable being evaluated for each of the
performance characteristics and airborne contaminants was the individual abrasive,
stringent controls over operator work practices and equipment operation were
implemented and maintained.

It is important to recognize that the Phase 1 results demonstrated that individual
abrasives within each generic category exhibited characteristics that were often quite
different than their counterparts. As a result, Phase 2 conclusions apply only to the
specific abrasives evaluated and do not represent the entire generic category of abrasive.
Each abrasive must be evaluated individually for its own characteristics.

For the Phasel laboratory study, most of the alternative abrasives evaluated have
performance characteristics that are equivalent to or better than silica sand. Average
cleaning costs, based on blast cleaning steel in a blast room involving the stringent
controls employed in the study, showed all of the alternative abrasives to be less
expensive to use as a class with the exception of crushed glass and specular hematite. In
both cases, only one abrasive was evaluated and in both cases there was at least one silica
sand abrasive that proved to be more costly. It should also be recognized that all of the
costs are artificially high due to the controls imposed on the study (blast nozzle size,
operating pressure, metering valve settings, nozzle-to-work piece distance, and angle of
abrasive impact). Adjustments to any of the study variables can be expected to result in
substantial cost reductions for each of the abrasives. For example, increasing the nozzle
size alone with a coal slag abrasive in Phase 1 resulted in a cost reduction of nearly 60%.

For the Phase 2 field study, the alternative abrasives evaluated were all capable of
producing the desired degree of cleaning and a surface profile suitable for paint
performance. Productivity of the abrasives evaluated was both better and worse than
silica sand. Based on the specific abrasives tested, the operational controls imposed on
the project, and the hypothetical project conditions established for cost-estimating, the
cost to prepare the steel using the various abrasives ranged from $0.69 per square foot to
$1.02 per square foot. The cost of coal slag abrasive was comparable to silica sand
($0.69 per square foot versus $0.72 for silica sand). Other abrasives were more
expensive to use based on the test results (e.g., from 12 to 42%- more expensive than
silica sand), although without the constraints imposed on the equipment operator during
the study, they will be more competitive to use in actual field applications. In addition, if
hazardous waste is assumed to be present, the cost of use changes dramatically due to
disposal costs, from $0.91/square foot to $1.67/square foot, with silica sand at $1.37 per
square foot. Steel grit becomes the most cost-effective abrasive at $0.91/square foot.

While this study collected data on 30 potential contaminants, the analysis focused
on eleven health-related agents selected by NIOSH including: arsenic, beryllium,
cadmium, chromium, lead, manganese, nickel, respirable quartz, silver, titanium, and
vanadium. While no single abrasive category had reduced levels of all eleven health­
related agents, all the substitutes offer advantages over silica sand with regard to
respirable quartz. All but two (crushed glass and specular hematite) of the alternative
abrasives have higher levels of some other health-related agents, as compared to silica

Evaluation ofSubstitute Materials for
Silica Sand in Abrasive Blasting

6



sand. There is considerable individual product variability within the generic types of
abrasives evaluated, which limits the possibility of developing recommendations
regarding airborne concentrations of hazardous health-related agents based upon broad
generic categories of abrasives.

The overall findings of this study are eye opening and potentially far
reaching. In recent years, much of the industry focus has been directed at protecting
workers from the hazards of lead and other metals in the coatings removed during
abrasive blasting. NIOSH and OSHA have also directed increased attention to the
hazards of silica sand. The findings of this study suggest that a much broader and holistic
approach to protecting workers performing any form of abrasive blast cleaning needs to
be taken. In addition to a continued focus on alternatives to silica sand abrasives or the
hazard of lead in paint, consideration should be given to the establishment of a broad,
vertical health standard encompassing all health hazards associated with abrasive blasting
operations.

Evaluation ofSubstitute Materialsfor
Silica Sand in Abrasive Blasting
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COMPARISON

SUMMARY OF PHASE 1 LABORATORY STUDY RESULTS

Phase 1 Laboratorv Study - Physical Property Evaluations

The Phase I testing conclusively demonstrated that a wide range of physical
properties exists in the individual abrasives tested within each generic type. Although
only one abrasive was evaluated for crushed glass, olivine, and specular hematite, it is
expected that similar variability within each of these generic types of abrasive will exist
as well. Table I summarizes the range of results for each individual abrasive within a
generic category, and the average result for the category as a whole for cleaning rate,
consumption rate, surface profile, breakdown rate, embedment, maximum microhardness,
and conductivity. The letter codes for the abrasive types are defined in the "Introduction"
to this report.

Phase 1 Laboratorv Study - Operating Cost Comparisons

Based on the cleaning rates obtained during the Phase I study, the costs per use
are shown on Table 2. In order to obtain reliable industrial hygiene data, the test protocol
placed restrictions on equipment and operating procedures used during the blast cleaning
study. As a result, the cleaning and consumption rates for the abrasives rates are not
representative of actual production. Restrictions included fixed metering valve settings, a
small nozzle orifice size (114-inch) in order to obtain ample blast cleaning time to collect
the industrial hygiene data, a fixed nozzle to work-piece distance (18 inches), a
requirement to maintain the nozzle perpendicular to the surface at all times, and a fixed
blasted cleaning pressure (100 psi). Because of these restrictions, the cost data that was
developed (using the cleaning and consumption rates obtained during the study) is only
representative of the hypothetical project under which the cost was derived: one blast
operator working in a blast room under those unique operating conditions. Even when
using the abrasive in a blast room, if the equipment and operating procedures are
optimized, an increase in productivity and a reduction in costs with each of the abrasives
will occur. The cost formula used for the analysis was:

[A(P+D) +E+L]

Cleaning Costs = =----_R ~
X

Where: Cleaning Costs ($/square foot)
A =Abrasive Flow Rate (ton/hour)
P =Material Cost of Abrasive ($/ton)
D =Disposal Cost ($/ton)
E =Equipment Cost ($/hour)
L =Labor Cost ($/hour)
R =Number of Time the Abrasive is Used
X =Abrasive Cleaning Rate (square feet/hour)

Evaluation ofSubstitute Materials for
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TABLE 1
Generic Abrasive Summary

Phase 1
Average Results for Abrasive Type1

MaXimum
Generic Number of Cleaning Rate Consumption Surface Profile Number Breakdown Embedment Microhardness Conductivity

Abrasive Type Products (ft2/hour) Rate (Lbs.lft2
) (mils) of Uses Rate (%) (%) (Knoop) (microsiemens)

CG 1 33.00 10.99 2.72 1 51.36 2.1 185 112.0
CS 7 34.00 10.44 3.07 1 47.95 12.2 720 176.9

(CS range) (28-42) (9.05-12.35) (2.67-3.72) (38.41-54.71 ) (3.6-25.3) (611.0-720.0) (23.8-833.3)
CSOS 2 37.00 11.42 3.28 1 52.73 7.5 760 221.2

(CSOS range) (35-38) (10.64-12.2) (3.13-3.42) (52.00-53.46) (4.7-10.3) (594.0-760.0) (42.0-400.3)
N 2 41.00 14.17 3.56 1 52.55 14.3 984 91.5

(N range) (35-47) (12.50-15.83) (3.25-3.87) (51.2-53.90) (1.2-27.3) (545.0-984.0) (36.3-146.7)
0 1 44.00 8.02 3.03 1 33.58 15.1 960 96.7
S 2 46.00 8.71 2.05 1 18.84 0.2 936 150.3

(S range) (44-49) (7.51-9.90) (2.02-2.08) (18.06-19.63) (0.1-0.2) (219.0-936.0) (87.3-213.3)
SH 1 32.00 6.60 2.77 1 40.72 0.7 1182 63.3
SS 7 31.00 13.43 3.40 1 54.13 4.9 2469 147.0

- (SSrange)
----

~5-37) (9.05-26.32)· (2.73-4.40)
-----

(25.58-72.88) (0.1-12.3) (1267.O~469.0) (18.2-::708.3)
SSOS 3 33.00 11.10 2.92 1 48.23 1.6 2008 61.7

(SSOS range) (26-39) (8.74-13.89) (2.83-3.02) (31.28-66.54) (0.8-2.7) (643.0-2008.0) (25.0-99.3)
CP<: 4 52.00 17.82 3.49 2 54.49 21.5 769 108.6

(CP range) (28.00-92.00) (12.95-25.80) (2.98-3.92) (51.80-69.53) (8.1-41.5) (540.0-769.0) (31.8-223.3)
CPOS' 1 35 15.09 3.44 2 64.91 19.2 656 39.8

GO! 7 44 9.46 3.03 2-3 53.61 5.6 1809 116.1
(G range) (24.00-75.00) (7.12-14.42) (2.07-4.15) (20.74-75.81) (0.1-36.7) (535.0-1809.0) (9.0-586.7)

SG<: 2 35 24.94 3.13 25 5.22 2.8 823 61.9
(SG range) (27.00-44.00) (21.53-28.75) (2.88-3.40) (0.67-8.72) (1.6-4.1 ) (240.0-823.0) (33.7-100.0)

Note 1 - There was a wide variation in performance between the products within a given generic class of abrasives.
Specific products should be evaluated individually.

~
~ Note 2 - Values for the recyclable abrasives represent the average of the initial and final runs.

~
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TABLE 2
Abrasive Cleaning Cost Summary

Phase 1

Abrasive Generic Size Nozzle .. Flow rate Mat'ICost Disoosal Eauioment Labor No. of Cleanlno Rate Cleanlno Cost
No. Abrasive Designation Size (ton/hr.l ($Iton) . ($/ton) .. ($Ihr.) ($Ihr.) Uses .(SQft!hr.l ($Iso It)

CG-Ol Crushed Glass 2040 1/4 0.180578 100.00 30 7.59 36.60 1 32.9 2.06
CS-Ol Coal Slaa 1240 1/4 0.160171 51.00 30 7.59 36.60 1 27.5 2.07
CS-02 Coal Slaa 2043 1/4 0.150830 44.00 30 7.59 36.60 1 30.9 1.79
CS-03 Coal Slaa 2040 1/4 0.209351 35.00 30 7.59 36.60 1 33.9 1.70
CS-04 Coal Slag 2049 1/4 0.160301 37.00 30 7.59 36.60 1 30.7 1.79
CS-05 Coal Slag 2040 1/4 0.183824 29.00 30 7.59 36.60 1 34.4 1.60
CS-06 Coal Slag 2040 1/4 0.188784 38.00 30 7.59 36.60 1 41.4 1.38
CS-07 Coal Slag 2040 1/4 0.190107 63.90 30 7.59 36.60 1 42.0 1.48
CS-AVG' Coal Slag 2040 1/4 0.203502 38.00 30 7.59 36.60 1 39.0 1.49
CS-132 Coal Slag 2040 3/6 0.376356 38.00 30 7.59 36.60 1 94.8 0.74
CS-142 Coal Slag 2040 7/16 0.447513 38.00 30 7.59 36.60 1 114.6 0.65
CSDS-Ol Coal Slag with Dust Suppressant 2040 1/4 0.188561 51.00 30 7.59 36.60 1 35.4 1.68
CSDS-02 Coal Slag with DuSI Suppressant 1240 1/4 0.229241 61.00 30 7.59 36.60 1 37.6 1.73
N-01 Nickel Slag 2050 1/4 0.218050 41.00 30 7.59 36.60 1 34.9· 1.71
N-02 Nickel Slag 2040 1/4 0.376712 57.56 30 7.59 36.60 1 47.6 1.62
0-01 Olivine 40 1/4 0.175638 70.00 30 7.59 36.60 1 43.8 1.41
S-Ol Staurolite XL 1/4 0.164216 121.50 30 7.59 36.60 1 43.7 1.58
S-02 Staurolite ReQular 1/4 0.241222 105.40 30 7.59 36.60 1 48.7 1.58
SH-01 Specular Hematite #50 1/4 0.106529 130.00 30 7.59 36.60 1 32.3 1.90
SS-Ol Silica Sand 20·30 1/4 0.175610 22.00 30 7.59 36.60 1 33.7 1.58
SS-02 Silica Sand #1 1/4 0.324910 25.50 30 7.59 36.60 1 24.7 2.52
SS-03 Silica Sand 3 1/4 0.194342 35.05 30 7.59 36.60 1 34.2 1.66
SS-04 Silica Sand 2340 1/4 0.167593 13.00 30 7.59 36.60 1 37.0 1.39
8S-05 Silica Sand JC 20 1/4 0.156658 22.25 30 7.59 36.60 1 30.4 1.72
SS-06 Silica Sand 16 x 40 1/4 0_198156 27.07 30 7.59 36.60 1 29.4 1.89
SS-07 Silica Sand #16 1/4 0.173717 23.68 30 7.59 36.60 1 26.6 2.01
SSDS-Ol Silica Sand with Dust Suppressant 20-30 1/4 0.185338 32.00 30 7.59 36.60 1 26.7 2.09
SSDS-02 Silica Sand with Dust Suppressant 2340 1/4 0.169396 23.00 30 7.59 36.60 1 38.6 1.37
SSDS-03 Silica Sand with Dust Suppressant 3.0 1/4 0.180971 45.05 30 7.59 36.60 1 33.9 1.70
CP-01 Copper Slaa 16 x 50 1/4 0.593478 51.25 30 13.36 36.60 2 91.6 0.81
CP-02 Copper Slaa 16/30 1/4 0.414990 84.50 30 13.36 36.60 2 54.0 1.37
CP-03 Copper Slaa 16/30 1/4 0.665640 36.75 30 13.36 36.60 2 51.6 1.40
CP-04 Copper Slag 16/30 1/4 0.253054 30.00 30 13.36 36.60 2 32.7 1.76
CPDS-01 Copper Slag with Dust Suppressant 16/30 1/4 0.292986 76.00 30 13.36 36.60 2 40.3 1.62
G-01 Garnet 2050 1/4 0.145859 300.00 30 13.36 36.60 2 34.6 2.14
G-02 Garnet #36 1/4 0.111088 243.00 30 13.36 36.60 2 31.2 2.09
G-03 Gamel #40 1/4 0.125174 230.00 30 13.36 36.60 2 33.7 1.97
G-04 Garnet #36 1/4 0.222490 200.00 30 13.36 36.60 3 57.8 1.16
G-05 Garnet 30 x 60 1/4 0.320245 200.00 30 13.36 36.60 3 66.7 1.12
G-06 Garnet 30/40 1/4 0.317610 210.00 30 13.36 36.60 2 75.0 1.17
G-07 Garnet #36 1/4 0.231420 180.00 30 13.36 36.60 2 57.0 1.30
SG-Ol Steel Grit 40, 50, 80 Blend 1/4 0.448500 460.00 30 13.36 36.60 25 31.2 1.88
SG-02 Sleel Grit 40/50 Blend 1/4 0482927 494.00 30 13.36 36.60 25 44.4 1.35

_. Average of the process control checks with a single coal slag abrasive. The same abrasive was used for the additional runs using the larger nozzle orifice
sizes.

2 __ Two additional runs made with coal slag using the same equipment and operating restrictions, except that the nozzle was increased. Costs per square foot
were reduced by more than one-half.
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Phase 1 Laboratory Study - Industrial Hygiene Data

KTA collected a total of 424 airborne dust samples and 106 bulk samples of
abrasives (pre and post run) for the Phase 1 laboratory study. Two hundred and twelve of
the airborne samples were analyzed for up to 28 metals/elements. In addition, 212 air
samples of respirable dust were analyzed gravimetrically and for quartz and cristobalite.
NIOSH selected eleven of these health-related agents for comparative analysis, including:
arsenic, beryllium, cadmium, chromium, lead, manganese, nickel, respirable quartz,
silver, titanium and vanadium. A brief description of health hazards and recommended
exposure limits for these selected eleven health-related agents are provided in Appendix
1.

The Comparison of Airborne Dust Concentrations to Bulk Concentrations Tables
(Tables 3 to 14 which follow) provide a comparison of the airborne concentrations
recorded for the specific contaminant at all of the fixed sampling stations (i.e., Make-up
Air Area, Operator Area, and Exhaust Area) and the Operator's Breathing Zone to the
concentration of the contaminant in the virgin abrasive. These tables provide an
indication of the range of concentrations of the contaminant in virgin bulk materials that
might be associated with airborne exposure levels. The letter codes used to designate the
abrasive types are defined in the "Introduction" of this report. For the recyclable
abrasives, an "A" suffix represents the results from the first run and "B" represents the
results from the last run.

Table 15 summarizes the airborne monitoring results for each of these health­
related agents by generic category of abrasive. Note that the data illustrated on the table
may not be representative of each individual abrasive within the generic category.

Evaluation ofSubstitute Materials for
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Table 3
Comparison of Airborne Concentrations to Bulk Concentrations - Arsenic

NIOSH REL 2.0 micrograms/cubic meter Ceiling Limit
OSHA PEL 10.0 micrograms/cubic meter

@ Make-up Air Operator's Virgin Bulk
Area @ Operator Area @ Exhaust Area Breathing Zone Proportion

Abrasive Fixed Station #1 Fixed Station #2 Fixed Station #3 (OBZ)

Type lIg1m3 lIg1m3 lIg1m3 lIg1m3
lIg1g

CG-01 NO NO NO NO NO
C5-01 NO 10.00 24.76 9.18 1.40
C5-02 NO NO 10.41 NO 1.60
C5-03 NO NO NO NO 0.68
C5-04 NO NO NO NO NO
C5-05 NO NO NO NO NO
C5-06 NO 2.09 3.31 2.08 NO
CS-07 NO NO 29.13 4.38 2.10

C505-01 NO NO NO NO NO
C505-02 NO NO 4.76 NO 0.80

N-01 NO NO NO NO NO
N-02 19.81 37.41 170.80 35.28 15.00
0-1 NO NO NO NO 0.33
5-01 NO NO NO NO NO
5-02 NO NO NO NO NO

5H-01 NO NO NO NO NO
55-01 NO NO NO NO NO
55-02 NO NO NO ND--- NO
55-03 NO NO NO NO NO
55-04 NO NO NO NO NO
55-05 NO NO NO NO 0.71
55-06 NO 2.07 6.92 NO 1.50
55-07 NO NO NO NO NO

5505-01 NO NO NO NO NO
5505-02 NO NO NO NO NO
SSOS-03 NO NO NO NO NO

CP-1A 5.98 18.64 29.05 17.18 13.00
CP-2A 6.60 16.73 99.54 45.70 18.00
CP-3A 51.63 196.12 1116.86 889.90 160.00
CP-4A 90.65 440.16 24484.80 3693.07 410.00

CP05-1A 9.53 11.55 107.37 NO 5.70
G-1A NO NO NO NO NO
G-2A NO NO NO NO 0.55
G-3A NO NO NO NO 0.50
G-4A NO . NO NO NO NO
G-5A NO NO NO NO NO
G-6A NO NO NO NO NO
G-7A NO NO 2.09 NO NO

5G-1A NO NO 9.96 35.07 27.00
5G-2A 17.49 12.11 17.83 41.41 31.00

ND represents results less than the limit of detection.
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Table 4
Comparison of Airborne Concentrations to Bulk Concentrations - Beryllium

NIOSH REL 0.50 micrograms/cubic meter
OSHA PEL 2.0 micrograms/cubic meter

@ Make-up Air Operator's Virgin Bulk
Area @ Operator Area @ Exhaust Area Breathing Zone Proportion

Abrasive Fixed Station #1 Fixed Station #2 Fixed Station #3 (OBZ)

Type lIg/m3 lIg/m3 pglm3 lIg/m3 IJg/g

CG-01 NO 0.10 0.13 0.08 NO
CS-01 0.62 2.29 10.11 1.92 5.70
C8-02 0.75 2.93 14.37 3.54 3.70
C8-03 0.35 2.07 4.77 1.82 3.20
C8-04 0.19 0.96 2.69 1.05 0.33
C8-05 0.31 1.42 3.35 1.87 0.28
C8-06 1.13 2.93 3.73 1.12 0.58
C8-07 1.94 6.26 24.97 3.96 6.30

CSOS-01 0.35 2.29 7.48 4.37 0.78
C808-02 0.66 2.48 3.93 3.56 3.90

N-01 NO NO 0.11 NO 0.05
N-02 0.17 0.35 1.73 0.50 0.28
0-1 NO NO 0.08 0.12 NO
8-01 NO NO 0.29 NO- 0.01
8-02 NO 0.12 0.14 NO NO

8H-01 NO NO 0.44 NO 0.16
8S-01 NO 0.07 NO 0.10 NO
88-02 NO NO NO NO NO
88-03 NO NO NO NO NO
88-04 0.08 0.29 0.36 0.21 0.03
88-05 NO 0.13 0.27 0.18 0.06
88-06 0.14 0.15 0.29 0.14 0.05
88-07 0.12 0.14 0.29 0.09 0.07

8808-01 0.12 NO NO NO NO
8808-02 NO 0.14 0.31 0.14 0.08
8808-03 NO NO NO NO NO

CP-1A 0.39 0.18 0.23 0.13 0.04
CP-2A 0.17 0.82 3.94 1.64 0.77
CP-3A 0.50 1.19 6.41 5.59 1.40
CP-4A 0.70 1.05 6.12 0.90 1.00

CPOS-1A 0.30 0.56 2.89 0.31 0.47
G-1A NO NO 0.07 NO NO
G-2A NO 0.14 0.25 0.12 0.06
G-3A NO 0.07 0.09 NO 0.04
G·4A 0.20 0.52 1.27 0.52 0.05
G-5A 0.07 0.13 NO 0.10 0.07
G-6A 0.10 0.23 2.29 1.80 0.07
G-7A NO NO NO 0.23 NO

SG-1A NO NO NO NO NO
SG-2A 0.52 0.20 NO 0.35 NO

NO represents results less than the limit of detection.
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Table 5
Comparison of Airborne Concentrations to Bulk Concentrations - Cadmium

NIOSH REL - Limit of Quantification (Lowest Feasible Concentration)
OSHA PEL 5.0 micrograms/cubic meter

@ Make-up Air @ Exhaust Operator's Virgin Bulk
Area @ Operator Area Area Breathing Zone Proportion

Abrasive Fixed Station #1 Fixed Station It2 Fixed Station #3 (OBZ)

Type lIg/m3 lIg1m3 lIg1m3 IJg/m3
lIg/g

CG-01 NO NO NO NO NO
CS-01 NO NO NO 0.25 NO
CS-02 NO NO NO 0.20 NO
CS-03 NO NO 0.25 0.37 0.06
C8-04 NO NO NO NO NO
C8-05 NO 0.16 NO 1.35 NO
C8-06 0.56 NO NO NO NO
C8-07 NO 0.25 1.21 2.71 NO

C808-01 NO NO NO 0.21 NO
CSOS-02 NO NO NO NO NO

N-01 NO NO NO NO NO
N-02 10.21 0.52 1.56 0.64 NO
0-1 NO NO NO NO NO
8-01 NO NO NO 0.23 NO
8-02 NO NO NO NO NO

8H-01 NO - NO NO 0.25 NO
88-01 NO NO NO 1.99 NO
88-02 NO NO NO NO NO
88-03 NO NO NO NO NO
S8-04 0.10 NO 0.14 NO NO
SS-05 NO NO NO 0.12 NO
SS-06 NO NO 0.13 0.13 NO
SS-07 NO NO 0.17 NO NO

SSOS-01 NO 0.23 NO 1.49 NO
SSOS-02 NO NO NO NO NO
SSOS-03 NO NO NO NO NO

CP-1A 0.27 0.79 2.49 0.78 0.48
CP-2A NO NO 0.10 0.15 NO
CP-3A 0.35 0.98 3.93 2.69 NO
CP-4A 2.06 16.14 71.41 13.13 8.30

CPOS-1A NO NO NO NO NO
G-1A NO NO NO 0.70 NO
G-2A NO NO 0.29 0.73 NO
G-3A NO 0.14 0.48 1.65 NO

G-4A NO NO 0.45 0.19 NO

G-5A NO NO NO 0.98 NO

G-6A NO 0.25 0.44 2.69 NO

G-7A NO 0.11 NO 0.59 NO

SG-1A NO NO NO 0.56 NO
SG-2A NO NO NO NO NO

ND represents resutts less than the limit of detection.
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Table 6
Comparison of Airborne Concentrations to Bulk Concentrations - Chromium

NIOSH REL 500.0 micrograms/cubic meter
OSHA PEL 500.0 micrograms/cubic meter

@ Make-up Air @ Operator Operator's Virgin Bulk
Area Area @ Exhaust Area Breathing Zone Proportion

Abrasive Fixed Station #1 Fixed Station #2 Fixed Station #3 (OBZ)

Type 1J9Im3 Ilglm3 Ilglm3 IJg/m3
IJg/g

CG-01 NO 16.67 22.69 12.63 NO
CS-01 11.74 35.42 129.98 31.30 55.00
CS-02 19.34 54.35 229.12 85.43 38.00
C8-03 10.72 43.49 136.87 37.27 37.00
C8-04 NO 17.16 39.35 20.58 NO
C8-05 NO 20.86 46.04 27.29 NO
C8-06 22.94 52.36 111.78 41.63 2.40
C8-07 32.95 81.32 332.92 72.98 7.70

C808-01 NO 43.74 118.36 60.33 4.60
C808-02 11.95 41.36 136.62 54.42 47.00

N-01 345.46 1772.31 7036.42 3688.52 400.00
N-02 138.89 270.21 1270.57 249.01 120.00
0-1 65.90 96.05 246.56 119.30 49.00
S-01 NO NO 33.40 NO 3.20
8-02 NO 14.45 16.46 NO 2.10

8H-01 NO NO NO NO NO
88-01 NO NO NO NO NO
S8-02 NO NO .- NO NO NO
88-03 NO NO NO NO NO
88-04 NO -- . 12.56 14.64 10.91 2.70
S8-05 NO 12.79 24.94 18.04 3.70
88-06 NO 13.05 NO NO 2.80
88-07 NO NO 27.16 NO NO

8808-01 NO NO 10.72 NO NO
8S08-02 NO NO 15.27 NO 2.80
8808-03 NO NO NO NO NO

CP-1A 12.99 70.42 130.73 48.18 7.60
CP-2A 20.01 52.28 290.34 105.94 46.00
CP-3A 10.95 22.95 101.34 93.13 17.00
CP-4A 105.07 419.20 2244.44 471.89 96.00

CP08-1A 24.32 37.12 227.13 96.37 28.00
G-1A NO 20.47 62.28 47.03 4.00
G-2A NO NO 11.61 NO NO
G-3A NO 27.02 25.18 NO 3.70
G-4A 18.07 16.95 98.62 1.40 NO
G-5A NO 14.94 41.62 60.63 3.50
G-6A 24.95 108.70 205.99 43.49 3.00
G-7A NO 13.27 31.29 12.77 NO

8G-1A 12.25 18.26 72.64 226.94 48.00
8G-2A 1008.44 939.46 1264.51 5175.98 1700.00

ND represents results less than the limit of detection.
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Table 7
Comparison of Airborne Concentrations to Bulk Concentrations - Lead

NIOSH REL 100.0 micrograms/cubic meter
OSHA PEL 50.0 micrograms/cubic meter

@ Make-up Air @ Exhaust Operator 's Virgin Bulk
Area @ Operator Area Area Breathing Zone Proportion

Abrasive Fixed Station #1 Fixed Station #2 Fixed Station #3 (OBZ)

Type J.Ig1m3 J.Ig1m3 J.lg/m3 J.Ig1m3 J.lg/g

CG-01 3.91 15.00 26.82 13.87 6.30
CS-01 2.27 5.42 10.52 3.96 2.20
CS-02 NO 7.53 33.33 11.46 6.20
CS-03 NO NO 11.41 4.97 3.00
CS-04 NO NO NO NO 0.95
CS-05 NO 1.94 5.02 NO 0.53
C5-06 NO 2.51 4.35 2.29 0.63
CS-07 3.71 7.92 35.37 10.22 6.80

C505-01 NO 3.12 12.67 3.12 0.79
C505-02 NO 88.92 4.14 2.30 0.96

N-01 NO NO 2.28 1.82 0.62
N-02 5.11 13.72 49.99 14.11 7.50
0-1 NO 2.00 NO NO 0.49
5-01 NO 4.80 25.05 9.39 8.40
5-02 2.92 15.08 33.33 8.56 6.00

5H-01 NO NO NO NO 0.30
55-01 NO 3.76 4.76 4.14 0.89
S5-02 8.31 NO 10.35 NO 0.39
55-03 NO NO NO NO 0.33
55-04 NO 3.35 5.23 3.09 0.47
55-05 NO 2.31 4.36 5.94 0.62
5S-06 NO 1.89 3.98 1.71 0.64
55-07 NO 4.16 7.73 3.09 0.20

5S05-01 NO NO 2.06 1.95 0.41
5505-02 NO NO 4.95 NO 1.30
5S0S-03 NO 0.18 NO NO 0.42

CP-1A 7.84 20.71 56.03 23.04 12.00
Cp·2A NO NO 9.75 3.74 1.90
CP-3A 140.44 459.00 2275.08 1593.54 330.00
CP-4A 391.43 2515.20 120383.60 2462.04 810.00

CPOS-1A 9.32 NO 15.07 NO 1.30
G-1A NO NO NO NO 0.83
G-2A NO NO 8.71 NO NO
G-3A NO NO 2.10 NO 0.36
G-4A NO 3.31 7.19 3.11 1.00
G-5A NO NO 4.37 1.82 0.84
G-6A 2.04 7.73 13.32 7.04 2.40
G-7A NO NO 2.50 2.30 0.13

SG·1A NO NO NO NO" NO
SG-2A 5.15 4.38 8.91 28.99 9.20

NO represents results less than the limit of detection.

Evaluation ofSubstitute Materials for
Silicu Sand in Abrasive Blasting
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Table 8
Comparison of Airborne Concentrations to Bulk Concentrations - Manganese

NIOSH REL 1000.0 micrograms/cubic meter
OSHA PEL 5000.0 micrograms/cubic meter Ceiling Limit

@ Make-up Air @ Operator Operator's Virgin Bulk
Area Area @ Exhaust Area Breathing Zone Proportion

Abrasive Fixed Station #1 Fixed Station #2 Fixed Station #3 (OBZ)

Type IJQIm3 \lQIm3 1Jg/m3 IJQIm3 IJg/g

CG-01 13.39 93.75 101.09 82.80 0.66
CS-01 28.84 122.92 309.47 108.51 94.00
CS-02 27.04 106.61 270.78 131.28 36.00
C8-03 61.87 269.21 829.53 289.92 240.00
C8-04 37.03 169.53 352.04 181.15 14.00
C8-05 26.84 112.66 230.22 134.82 6.00
C8-06 64.64 186.39 538.19 143.63 6.30
C8-07 78.25 250.21 873.91 229.36 31.00

C8D8-01 31.15 172.88 456.81 201.79 12.00
C8D8-02 26.79 167.49 289.80 148.60 68.00

N-01 117.86 625.52 2483.44 1209.02 150.00
N-02 122.55 270.21 1083.11 249.01 97.00
0-1 247.12 584.67 1376.62 313.94 510.00
8-01 19.52 79.35 521.92 160.65 13.00
8-02 52.11 230.32 270.83 108.58 8.90

8H-01 .- 15.87 73.13 248.76 47.84 42.00
88-01 10.94 48.02 59.98 55.90 0.13
88-02 11.43 52.14 47.60 59.65 0.61
S8-03 8.12 46.22 53.13 50.39 0.31
8S-04 37.65 272.08 355.65 267.55 88.00
88-05 11.05 35.65 135.11 59.44 2.10
S8-06 20.33 78.74 4.61 62.72 16.00
8S-07 14.97 60.25 181.74 43.31 14.00

SSDS-01 10.09 54.35 92.80 80.71 2.00
8SDS-02 33.34 147.92 350.81 153.94 80.00
8SDS-03 7.48 31.78 61.70 41.44 0.38

CP-1A 35.06 126.35 290.52 131.97 17.00
CP-2A 701.47 2091.18 12650.35 4777.73 2200.00
CP-3A 202.40 792.82 2895.55 2690.40 590.00
CP-4A 142.15 628.80 3264.64 738.61 190.00

CPDS-1A 932.31 1629.20 11356.60 4305.93 1600.00
G-1A 68.56 271.57 871.91 674.71 31.00
G-2A 115.91 870.12 1285.24 457.95 55.00
G-3A 517.17 1309.50 5036.73 541.78 130.00
G-4A 2437.04 2274.14 17670.02 4775.75 100.00
G-5A 92.63 394.36 1394.38 2048.92 89.00
G-6A 561.33 2717.39 6034.12 1097.54 61.00
G-7A 226.95 539.20 1418.44 418.85 100.00

SG-1A 285.83 601.66 1992.53 3919.95 1200.00
SG-2A 4733.48 4801.67 7669.98 26915.11 8900.00

NO represents results less than the limit of detection.

E\'aluarion ofSubstiture Marerials for
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Table 9
Comparison of Airborne Concentrations to Bulk Concentrations - Nickel

NIOSH REL 15.0 micrograms/cubic meter
OSHA PEL 1000.0 micrograms/cubic meter

@ Make-up Air @ Operator Operator's Virgin Bulk
Area Area @ Exhaust Area Breathing Zone ProportIon

Abrasive Fixed Station #1 Fixed Station #2 Fixed Station #3 (OBZ)

Type IJ9/m
3 lIg1m3 jJg/m3 1IQIm3 jJg/g

CG-01 NO NO NO NO NO
CS-01 NO 33.33 82.53 22.95 28.00
CS-02 10.82 33.44 160.38 56.26 25.00
CS-03 NO 33.13 134.80 33.13 44.00
CS-04 NO 19.67 22.78 12.56 5.00
CS-05 NO 22.95 33.49 25.98 2.80
CS-06 NO 161.26 53.82 20.19 NO
CS-07 17.50 60.47 353.72 54.21 20.00

CSOS-01 NO 45.82 83.06 31.20 2.90
C808-02 NO 24.81 66.24 31.39 22.00

N-01 89.41 396.16 2897.35 1311.48 660.00
N-02 612.75 1455.00 6040.41 1245.07 640.00
0-1 864.91 1754.02 4520.24 1025.53 1700.00
8-01 NO NO NO NO NO
8-02 NO NO NO NO NO

8H-01 NO NO NO NO NO ._-

88-01 NO 12.11 NO NO NO
88-02 NO 14.81 NO NO NO
88-03 NO NO NO NO NO
88-04 NO NO 16.32 NO NO
88-05 NO NO NO NO NO
88-06 NO NO NO NO 3.00
88-07 NO NO 15.25 NO NO

8808-01 NO NO NO NO NO
8808-02 NO NO NO NO 2.50
8808-03 NO NO NO NO NO

CP-1A 15.26 NO 13.07 NO NO
CP-2A NO 29.28 126.50 49.85 24.00
CP-3A NO NO 28.96 35.18 6.40
CP-4A 16.28 60.78 306.06 67.71 17.00

CP08-1A NO 37.12 115.63 96.37 20.00
G-1A NO NO NO NO NO
G-2A NO NO NO NO NO
G-3A NO NO NO NO NO
G-4A NO 12.82 34.93 11.84 5.70
G-5A NO. NO NO NO NO
G-6A NO 20.90 22.89 18.64 4.60
G-7A NO 55.99 NO NO NO

8G-1A 28.58 19.29 70.57 474.52 140.00
8G-2A 493.93 521.92 704.81 2691.51 980.00

ND represents results less than the limit of detection.

Evaluation ofSubstitute Materials for
Silica Sand in Abrasive Blasting
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@ Make-up Air @ Operator Operator 's Virgin Bulk
Area Area @ Exhaust Area Breathing Zone Percentage

Abrasive Fixed Station #1 Fixed Station #2 Fixed Station #3 (OBZ)

Type mglm3 mglm3 mglm3 mglm3

CG-01 NO NO NO NO NO
CS-01 NO NO NO NO NO
CS-02 NO NO NO NO NO
CS-03 NO NO NO NO NO
CS-04 NO NO NO NO NO
CS-05 NO NO NO NO NO
CS-06 NO NO NO NO NO
CS-07 NO NO NO NO NO

CSOS-01 NO NO NO NO 2.90
CSOS-02 NO NO NO NO NO

N-01 NO NO NO NO NO
N-02 NO NO NO NO NO
0-1 NO NO NO NO NO
8-01 NO NO NO NO 1.00
8-02 NO 0.49 NO NO 0.90

SH-01 NO NO NO NO NO
8S-01 6.34 19.96 33.75 13.49 81.00
8S-02 9.80 26.01 43.17 20.34 73.00
8S-03 2.43 11.07 3.89 2.93 75.00
88-04 NO 12.98 3.19 7.54 55.00
88-05 4.13 16.03 30.58 22.03 70.00
88-06 5.16 10.10 17.02 12.03 39.00
88-07 3.46 7.09 16.03 10.74 52.00

8S08-01 5.61 21.09 30.58 17.05 79.00
SS08-02 NO 4.18 4.38 3.42 42.00
S808-03 NO 2.10 NO 0.96 88.00

CP-1A NO NO NO NO NO
CP-2A NO NO NO ND NO
CP-3A NO NO NO NO NO
CP-4A NO 0.50 NO 0.74 NO

CP08-1A NO NO NO NO NO
G-1A NO NO NO NO NO
G-2A NO 0.49 0.49 0.50 4.40
G-3A NO 0.98 0.98 6.83 NO
G-4A NO 0.74 0.49 1.25 NO
G-5A NO NO NO NO NO
G-6A NO NO 0.24 0.24 NO
G-7A NO NO NO NO NO

8G-1A NO NO NO NO NO
8G-2A NO NO NO NO NO

Table 10
Comparison of Airborne Concentrations to Bulk Concentrations - Respirable Quartz

NIOSH REL 0.05 milligrams/cubic meter ( J
OSHA PEL As Calculated P£L = 10 mg 1m

3

% silica +2

ND represents results less than the limit of detection.

Evaluation of Substitute Materials for
Silica Sand in Abrasive Blasting

19

Table_tO.xls



Table 11
Comparison of Airborne Concentrations to Bulk Concentrations - Silver

NIOSH REL 10.0 micrograms/cubic meter
OSHA PEL 10.0 micrograms/cubic meter

@ Make-up Air @ Operator Operator's Virgin Bulk
Area Area @ Exhaust Area Breathing Zone Proportion

Abrasive Fixed Station #1 Fixed Station #2 Fixed Station #3 (OBZ)

Type lIg1m3 lIg1m3 lIg1m3 lIg1m3
IJg/g

CG-01 NO NO NO NO NO
CS-01 NO NO NO NO 0.39
CS-02 NO NO NO NO NO
CS-03 NO NO NO NO 0.62
CS-04 NO NO NO NO NO
CS-05 NO NO NO NO NO
CS-06 1.94 NO NO NO NO
CS-07 NO NO NO NO NO

CSOS-01 NO 20.62 NO NO NO
CSOS-02 NO NO 1.95 NO 0.41

N-01 NO NO NO NO NO
N-02 NO NO NO NO NO
0-1 NO NO NO NO NO
S-01 NO NO ---NO NO NO
S-02 NO NO NO NO NO

SH-01 NO NO NO NO 0.44
88-01 NO NO NO NO NO
88-02 NO NO NO NO NO
88-03 NO NO NO NO NO
88-04 NO NO NO NO NO
88-05 NO NO NO NO NO
88-06 NO NO NO NO NO
88-07 NO NO NO NO NO

8808-01 NO NO NO 1.78 0.47
8808-02 NO NO NO NO NO
8808-03 NO NO NO NO NO

CP-1A NO NO NO NO NO
CP-2A NO 2.93 13.69 4.78 0.98
CP-3A 3.51 7.72 17.79 14.49 2.30
CP-4A NO 6.71 77.54 8.62 4.60

CP08-1A NO 2.68 4.75 NO 0.69
G-1A NO NO NO NO NO
G-2A NO NO NO NO NO
G-3A NO NO NO NO NO
G-4A NO NO NO NO NO
G-5A NO NO NO NO NO
G-6A NO NO NO NO NO
G-7A NO 3.11 NO NO NO

8G-1A NO NO NO NO NO
8G-2A NO NO NO NO NO

NO represents results less than the limit of detection.

Evaluation of Substitute Materials fur
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Table 12
Comparison of Airborne Concentrations to Bulk Concentrations - Titanium

NIOSH REL - Limit of Quantification (Lowest Feasible Concentration)
OSHA PEL 15000.0 micrograms/cubic meter

@ Make-up Air @ Operator Operator's Virgin Bulk
Area Area @ Exhaust Area Breathing Zone Proportion

Abrasive Fixed Station #1 Fixed Station #2 Fixed Station #3 (OBZ)

Type !J9/m
3 Ilglm3 Ilglm3 Ilglm3 Ilglg

CG-01 NO 8.96 9.49 9.73 NO
CS-01 391.35 1208.33 5364.14 1168.61 1800.00
CS-02 540.77 1421.40 6456.99 2292.14 940.00
CS-03 721.80 2899.15 10576.52 2899.15 2000.00
CS-04 370.29 1318.54 3313.32 1729.11 130.00
CS-05 173.41 688.50 1423.19 756.33 71.00
CS-06 813.18 2010.47 1718.07 1311.41 58.00
CS-07 1112.03 2293.58 11652.10 2293.58 150.00

CSOS-01 332.23 1687.15 4568.11 2288.33 140.00
CSOS-02 412.12 1468.16 5588.90 1967.35 1600.00

N-01 18.49 81.32 289.74 176.23 13.00
N-02 347.22 644.36 2707.77 560.28 150.00
0-1 NO 8.14 17.88 10.05 2.50
S-01 228.41 1023.18 3131.52 3338.20 190.00
S-02 958.73 3768.84 3541.67 1148.47 140.00

SH-01 7.73 13.37 41.46 12.06 7.40
SS-01 10.73 87.68 37.23 76;60 4.70
SS-02 22.85 95.93 76.57 84.33 4.50
SS-03 4.58 11.34 26.56 15.72 2.70
SS-04 54.38 397.66 564.85 349.87 82.00
SS-05 8.24 31.46 64.44 49.19 11.00
SS-06 56.92 142.98 5.03 77.36 38.00
SS-07 28.71 72.72 271.57 37.12 19.00

SSOS-01 8.85 39.72 61.87 53.81 7.40
SSOS-02 39.59 179.17 598.43 196.48 73.00
SSOS-03 NO 5.96 6.57 8.70 4.50

CP-1A 146.42 745.65 1535.59 607.46 120.00
CP-2A 577.68 1589.29 9746.99 3946.82 1200.00
CP-3A 392.40 1022.32 5170.63 4759.93 840.00
CP-4A 309.02 1383.36 7345.44 1497.74 280.00

CPOS-1A 790.43 1299.24 8878.79 3280.71 390.00
G-1A 66.49 192.19 311.40 306.69 15.00
G-2A 19.39 110.36 93.28 77.02 11.00
G-3A 16.96 64.44 100.73 27.09 8.80
G-4A 406.17 392.81 965.69 1100.50 28.00
G-5A 53.52 228.31 332.99 564.50 33.00
G-6A 228.69 1045.15 790.68 434.87 40.00
G-7A 226.94 497.72 1251.56 335.08 46.00

SG-1A 9.80 10.17 47.74 167.11 28.00
SG-2A 7.20 7.52 8.71 28.99 8.00

NO represents results less than the limit of detection.
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Table 13
Comparison of Airborne Concentrations to Bulk Concentrations - Vanadium

NIOSH REL 50.0 micrograms/cubic meter Ceiling Limit
OSHA PEL 500.0 micrograms/cubic meter Ceiling Limit

@ Make-up Air @ Operator Operator's Virgin Bulk
Area Area @ Exhaust Area Breathing Zone Proportion

Abrasive Fixed Station #1 Fixed Station #2 Fixed Station #3 (OBZ)

Type IJglm3 IJglm3 IJg/m3 1IQIm3 lJg/g

CG-01 NO NO NO NO NO
CS-01 14.42 41.67 189.81 45.91 67.00
CS-02 29.12 83.61 354.09 131.28 57.00
CS-03 22.69 99.40 352.55 95.26 100.00
CS-04 9.46 39.77 109.75 53.52 5.70
CS-05 13.01 50.07 119.30 65.77 4.40
CS-06 29.19 69.11 91.08 54.12 3.60
CS-07 61.78 154.30 665.83 141.78 14.00

CSOS-01 11.21 60.40 176.50 85.29 7.40
CSOS-02 12.16 49.63 190.44 62.79 57.00

N-01 3.66 20.43 76.57 38.93 4.20
N-02 16.75 31.18 152.05 29.05 13.00
0-1 NO 2.30 3.90 NO 0.55
SoOt 2.28 6.26 22.96 10.64 3.60
S-02 2.50 11.52 14.58 5.43 1.90

SH-01 NO NO 6.84 NO 2.00
SS-01 NO NO 2.07 2.48 NO
SS-02 NO 3.75 4.14 4.52 0.32

., 88-03 NO NO NO NO NO
88-04 3.56 15.49 23.01 13.38 4.20
88-05 5.02 15.94 35.34 22.55 6.00
8S-06 2.03 6.22 NO 2.93 2.10
8S-07 NO 1.95 7.52 NO 0.93

880S-01 NO 2.09 3.71 2.48 0.34
8808-02 NO 6.67 2042.92 7.49 4.50
880S-03 NO NO 2.19 NO NO

CP-1A 3.09 13.46 31.13 11.73 1.90
CP-2A 30.95 83.65 518.46 201.50 88.00
CP-3A 17.76 45.90 248.19 206.95 53.00
CP-4A 11.33 58.69 244.85 55.40 15.00

CP08-1A 40.54 65.99 454.26 168.14 51.00
G-1A 1.83 11.07 39.44 26.58 2.70
G-2A NO 4.24 6.43 4.58 1.60
G-3A 3.10 3.33 9.44 3.13 1.10
G-4A 8.12 9.30 53.42 15.57 0.81
G-5A 1.77 9.76 31.22 43.91 2.70
G-6A 15.59 73.16 120.68 35.20 4.10
G-7A 9.28 20.12 52.15 12.57 3.00

8G-1A 4.70 5.60 29.06 142.36 34.00
8G-2A 57.63 50.10 78.77 331.26 110.00

ND represents results less than the limit of detection.
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Table 14
Comparison of Airborne Concentrations to Bulk Concentrations - Respirable Dust

NIOSH REL - none

OSHA PEL 5 milligrams/cubic meter

@ Make-up Air Operator's
Area @ Operator Area @ Exhaust Area Breathing Zone

Abrasive Fixed Station #1 Fixed Station #2 Fixed Station #3 (OBZ)

Type mglm· mglm· mglm· mglm·

1.;l:i-01 7.76 56.06 70.01 51.38
CS-Ol 6.85 27.43 31.46 14.14
CS-02 4.64 17.92 13.45 17.67
CS-03 5.62 23.17 23.31 16.59
CS-04 2.93 13.47 27.29 13.02
CS-05 2.70 32.39 14.14 8.23
CS-06 10.25 37.81 40.94 17.00
CS-07 1.22 14.29 6.80 5.40

CSOS-Ol 2.94 8.58 12.48 5.61
CSOS-02 1.46 10.23 7.12 5.54

N-Ol 3.43 8.25 23.18 29.07
N-02 1.48 NO NO 16.51
0-1 6.64 43.33 42.90 39.99
S-Ol 3.95 24.15 68.31 15.26
S-02 1.72 26.98 34.63 11.79

SH-Ol 3.41 10.29 15.21 12.79
SS-Ol 6.34 21.18 45.98 13.49
SS-02 13.97 27.73 50.29 28.82
SS-03 2.68 15.25 3.89 3.91
SS-04 NO 54.61 10.55 30.63
SS-05 4.62 25.27 52.10 31.09
SS-06 16.21 33.49 63.17 45.55
SS-07 8.15 23.97 43.66 31.24

SSOS-Ol 5.61 24.03 30.58 22.57
SSOS-02 NO 10.08 13.63 9.53
SSOS-03 1.17 2.80 2.82 14.96

CP-1A 3.93 27.82 31.55 16.08
CP-1B 7.32 41.86 49.49 31.76
CP-2A 4.41 12.74 6.39 10.54
CP-2B 4.14 8.09 17.96 6.93
CP-3A 3.17 9.77 23.84 8.63
CP-3B 7.17 23.91 13.32 14.56
CP-4A 6.07 38.12 13.22 40.39
CP-4B 6.36 33.35 33.26 44.18

CPOS-1A 0.73 7.99 9.60 4.66
CPOS-1B 2.21 15.82 19.72 12.33

G-1A 0.98 6.62 9.02 4.62
G-1B 1.22 14.95 6.92 8.95
G-2A 2.90 7.57 13.93 8.82
G-2B 2.68 13.51 7.02 7.14
G-3A 2.71 17.38 14.17 39.25
G-4A 1.95 18.66 21.34 18.69
G-4B 3.42 32.59 6.06 48.02
G-5A 2.68 10.97 13.22 8.48
G-5B 1.96 24.50 45.20 22.88
G-6A 3.18 26.90 8.77 19.37
G-6B 6.76 12.53 32.22 15.86
G-7A 8.85 29.44 23.95 18.44
G-7B 9.46 47.70 NO 34.61

SG-1A 6.37 33.82 22.11 19.40
SG-1B 0.90 4.05 2.26 1.61
SG-2A 4.88 8.31 31.50 15.12
~I.:i-~lj NU 1.72 0.73 2.64

NO represents results less than the limit of detection.
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Table 15: Summary of Airborne Sample Results of Health-Related Elements by Generic Category of Abrasive
Note: Unless Otherwise Noted, All Minimum, Maximum, and Geometric Mean Values are in micrograms per cubic meter
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2.06 - 2.085 0.031 - 0.126 0.05 - 0.05 5.15 - 22.69 3.91 - 26.82 13.39 - 101.1 5.15 - 5.21 0.12 - 0.122 0.83 - 0.835 2.06 - 9.73 0.825 - 0.835
CG 4 2070 0.075 0.050 12.524 12.153 56.930 5.174 0.122 0.829 6.425 0.829

0 3 0 3 4 4 0 0 0 3 0
0.52 - 29.13 0.193 - 24.97 0.05 - 2.71 5.145 - 332.9 0.825 - 35.37 26.84 - 873.9 5.15 - 353.7 0.11 - 0.124 0.83 - 2.615 173.4 - 11652 9.46 - 665.8

CS 28 2.902 2.040 0.134 38.727 3.885 148.723 28.303 0.122 0.907 1545.090 69.966
9 28 10 26 18 28 23 0 I 28 28

2.06 - 4.76 0.353 - 7.475 0.07 - 0.21 5.19 - 136.6 0.825 - 88.92 26.79 - 456.8 5.15 - 83.06 0.12 - 0.126 0.83 - 20.62 332.2 • 5589 11.21 - 190.4
CSOS 8 2.304 2.227 0.083 39.525 4.044 132.656 25.221 0.123 1.379 1580.726 54.116

I 8 1 7 6 8 6 0 2 8 8 Legend
2.03 - 170.8 0.031 - 1.729 0.04 - 10.21 138.9 - 7036 0.815 - 49.99 117.9 - 2483 89.4 - 6040 0.12 -0.124 0.82 -0.835 18.49 - 2708 3.66 - 152.1

N 8 9.728 0.142 0.246 811.832 4.397 459.200 987.252 0.159 0.826 267.299 29.100 I Rango
4 5 4 8 6 8 8 0 0 8 8 Min.- Ma••

0.515 - 2.095 0.003 - 0.121 0.04 - 0.05 65.9 - 246.6 0.82·2.095 247.1 - 1377 865 - 4520 0.12-0.123 0.82 - 0.835 2.06 - 17.88 0.825 ·3.9 <._. Values
D 4 1.037 0.028 0.045 116.812 1.631 499.883 1628.467 0.123 0.829 7.409 1.577 <... GwmdrlcMC:IlD

0 2 0 4 1 4 4 0 0 3 2 <-- Samples> Limit 0

2.075 - 2.095 0.031 - 0.292 0.075 - 0.23 5.19 - 33.4 0.83 - 33.33 19.52 - 521.9 5.19 - 5.235 0.12 - 0.486 0.83 -0.84 228.4 - 3769 2.28 - 22.96 I Dctrclion
S 8 2.087 0.059 0.086 8.621 7.654 120.960 5.215 0.145 0.835 1564.573 7.287

0 3 I 3 7 8 0 1 0 8 8

2.075 - 2.09 0.031 - 0.435 0.Q75 - 0.25 5.18 - 5.225 2.075 - 2.09 15.87 - 248.8 5.18 - 5.225 0.12 -0.128 0.83 -0.835 7.73 - 41.46 0.83 - 6.84
SH 4 2.084 0.060 0.101 5.206 2.084 60.964 5.206 0.124 0.832 15.077 1.411

0 1 1 0 0 4 0 0 0 4 I
0.82 - 6.92 0.03 - 0.356 0.04 - 1.99 5.02 - 27.16 0.805 - 10.35 4.614 - 355.6 5.02 - 16.32 0.12-43.17 0.81 -0.84 4.58 - 564.9 0.805 - 35.34

SS 28 2.039 0.087 0.084 7.123 2.744 45.717 5.990 8.828 0.828 48.837 3.161
2 17 7 8 17 28 4 27 0 28 18

1.985 - 2.09 0.03 - 0.31 0.06 - 1.49 4.965 - 15.27 0.18 - 4.95 7.478 - 350.8 4.97 - 5.225 0.12 - 30.58 0.8 - 1.78 2.02 - 598.4 0.795 - 2043
SSOS 12 2.050 0.056 0.099 5.964 1.263 54.351 5.126 2.633 0.875 30.591 3.286

0 4 2 2 4 12 0 9 1 11 7
5.98 - 24485 0.036 - 6.412 0.04 - 71.41 10.95 - 2244 0.825 - 1E+05 35.06 - 12650 5.16 - 306.1 0.12 - 0.735 0.83 -77.54 146.4 - 9747 3.09 - 518.5

CP 32 89.068 0.783 1.041 82.231 91.953 652.694 19.227 0.145 3.463 1240.066 45.347
32 31 27 32 29 32 21 3 20 32 32

2.05 - 107.4 0.243 - 2.891 0.04 - 0.36 24.32 - 227.1 0.82 - 15.07 932.3 - 11357 5.06 - 115.6 0.12 - 0.125 0.81 ·9.42 790.4 - 8879 40.54 - 454.3
CPOS 8 14.942 0.639 0.079 66.750 5.112 2717.631 30.219 0.122 2.101 2077.501 108.112

7 8 2 8 5 8 6 0 5 8 8
0.515 - 2.12 0.021 - 2.289 0.04 - 2.69 1.4 - 206 0.35 - 13.32 58 - 17670 5.08 ·55.99 0.12·6.826 0.81 - 3.11 10.25 - 1252 0.82 - 120.7

G 52 1.970 0.098 0.129 18.249 1.844 829.383 7.399 0.228 0.852 186.754 10.782
1 30 25 37 24 52 14 17 I 52 50

0.96 - 187.7 0.031 - 0.515 0.04 - 1.77 9.61 - 8551 0.39 - 45.88 14.6 - 41710 9.61 ·4380 0.12 - 0.269 0.82 - 15.24 2.075 - 167.1 1.535 - 479.7
SG 16 10.714 0.051 0.085 231.112 2.632 1815.402 196.008 0.144 1.645 13.873 3J.177

12 3 2 14 8 16 14 0 1 13 15



SUMMARY OF PHASE 2 - FIELD STUDY EVALUATIONS

Phase 2 Field Study - Phvsical Propertv Evaluations

Cleaning rate, consumption rate, surface profile, breakdown rate, and abrasive
embedment were analyzed for 8 different abrasive products: coal slag, nickel slag,
staurolite, silica sand, silica sand with dust suppressant, copper slag, garnet and steel grit.
The individual abrasives represent 8 of the generic categories evaluated in Phase 1. The
specific abrasive within each category selected by NIOSH for the Phase 2 evaluation was
done without consideration of the performance of that abrasive in Phase 1 (i.e., the most
productive coal slag abrasive in Phase 1 was not consciously selected for evaluation in
Phase 2). Recyclable abrasives were used only one time for the Phase 2 study. The
results of each of the above evaluations are presented in Table 16.

Phase 2 Field Study - Operating Cost Comparisons

The operating costs for Phase 2 were derived using the same formula as Phase 1,
but the hypothetical project conditions changed. The project involved 40,000 to 50,000
square feet of rusted pitted steel with a crew of three workers: two abrasive blast nozzle
operators, and one laborer. The results of the economic analysis are summarized in the
attached Tables 17 and 18. Table 17 has been prepared assuming that the waste is non­
hazardous. Table 18 provides costs assuming that the waste is hazardous (e.g., if a lead­
containing paint is removed). The abrasive codes are identified in the "Introduction" to
this report. The numerical suffix represents the identification of the specific product
analyzed within the generic class. ---

Evaluation ofSubstitute Materials for
Silica Sand in Abrasive Blasting

25



7.2 4.2 58.82 16.6

9.2 4.1 57.69 2.7

8.1 3.;9 29.41 1.6

8.5 4.3 54.17 4.5

8.8 4.0 41.03 1.8

8.5 4.4 65.82 11.0

8.0 4.4 50.00 5.0
15.6 4.3 3.92 11.1

TABLE 16
Generic Abrasive Summary

Phase 2
Results for Abrasive Type
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5-02
SS-04
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TABLE 17
Abrasive Cleaning Cost Summary

Non Hazardous Waste
Phase 2
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SG~2A>

ressant

1~~~I~~~II:i ::r'j~~ii:lllllll~~II~~~~
2040 I 7/16' I 1.03248
2050 I 7/16' I 0.94703

Reqular I 7/16' I 1.13724
2340 I 7/16' I 1.07738

~ 7/16' I 1.28392
16/30 7/16' 0.87040
#40 I 7/16' I 1.38320

40/50 I 7/16' I 1.28700

~~~~I~~I~~:I:I~I~I:~~I~~~III:II.II~I~:IIIII::l:illllll::llflllll~i~~~~II~I~~I~~
42.56 I 30.00 I 23.78 I 100.74 I 1 I 287 I 0.69
49.28 I 30.00 I 23.78 I 100.74 I 1 I 207 I 0.96
113.45 I 30.00 I 23.78 I 100.74 I 1 I 281 I 1.02
24.08 I 30.00 I 23.78 I 100.74 I 1 I 254 I 0.72

33.35 I 30.00 I 23.78 I 100.74 I 1 I 292 I 0.71
50.63 30.00 32.43 100.74 2 205 0.82

223.29 I 30.00 I 32.43 I 100.74 I 2 I 346 I 0.89
477.00 I 30.00 I 40.13 I 100.74 I 100 I 165 I 0.89

'v
"

~
."
:-I
tJ
g

, Field study results doubled to account for two (2) abrasive blast nozzles

•• Abrasive blast cleaning crew consisting of two (2) nozzle operators and one (1) laborer

Table_17.xls
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TABLE 18
Abrasive Cleaning Cost Summary

Hazardous Waste
Phase 2

b~~~g~I~~:::::i~~~~1::ili·i:~~fl'~~~:::ilii~I~~;1:01~~Bil~f:::8~i~11~::I::illll~~:::I::ii:lll~::::::I::~~r~1_;t~~~:iilill~'I~~
CoalSla 1.03248 42.56 100.74 287 1.25

Nickel Sia 0.94703 49.28 100.74 207 1.67
Staurolite 1.13724 113.45 100.74 281 1.65

S$i04)}}1 Silica Sand I 2340 I 7/16' I 1.07738 1184.00 I 24.08 I 23.78 I 100.74 I 1 I 254 I 1.37
$$D$~oo )\ Silica Sand with Dust Suppressant I 3 I 7/16' I 1.28392 I 184.00 I 33.35 I 23.78 I 100.74 I 1 I 292 I 1.38
G'p;~ATrl Copper Slag I 16/30 I 7116' I 0.87040 I 184.00 I 50.63 I 32.43 I 100.74 I 2 I 205 I 1.15

Garnet I #40 I 7/16" I 1.38320 I 184.00 I 223.29 I 32.43 I 100.74 I 2 I 346 I 1.20
SG,j2A »)1 Steel Grit I 40/50 I 7/16' I 1.28700 I 184.00 I 477.00 I 40.13 I 100.74 I 100 I 165 I 0.91

• Field study results doubled to account lor two (2) abrasive blast nozzles

•• Abrasive blast cleaning crew consisting of two (2) nozzle operators and one (1) laborer

Tabla_IB.x/s



Phase 2 Field Study - Industrial Hvgiene Data

KTA collected a total of 64 airborne dust samples and 16 bulk samples of
abrasives (pre and post run) for the Phase 2 field study. Thirty-two of the airborne
samples were analyzed for up to 28 metals/elements. In addition, 30 air samples of
respirable dust were analyzed gravimetrically and for quartz and cristobalite. NIOSH
selected eleven of these health-related agents for comparative analysis, including: arsenic,
beryllium, cadmium, chromium, lead, manganese, nickel, respirable quartz, silver,
titanium and vanadium.

The Comparison of Airborne Dust Concentrations to Bulk Concentrations Tables
(Tables 19 to 30 which follow) provide a comparison of the airborne concentrations
recorded for the specific contaminant at all of the fixed sampling stations (i.e., Make-up
Air Area, Operator Area, and Exhaust Area) and the Operator's Breathing Zone to the
concentration of the contaminant in the virgin abrasive. These tables provide an
indication of the range of concentrations of the contaminant in virgin bulk materials that
might be associated with airborne exposure levels. ND represents results below the limit
of detection. Any data reported in the "Notes" column as "<LOQ" means that the
associated result reported in column 6 (Ilg/g) is less than the limit of quantification
(LOQ), but greater than the limit of detection (LaD). These results are "semi­
quantitative", meaning the respective agent could be detected, but the result can only be
accurately quantified as being in a range between the LaD and LOQ.

Table 31 summarizes the airborne monitoring results for each of these health­
related agents by category of abrasive. Note that the data illustrated on the table may not
be representative of each individual abrasive within a generic category.
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Table 19
Comparison of Airborne Concentrations to Bulk Concentrations - Arsenic

NIOSH REL 2.0 micrograms/cubic meter Ceiling Limit
OSHA PEL 10.0 micrograms/cubic meter

(@ Operator (@ Exhaust uperator s
@ Make-up Air Area Area Area Breathing Zone Virgin (Pre Blast) Bulk

Fixed Station
Abrasive Fixed Station #1 #2 Fixed Station #3 (08Z) Arsenic

Type J.Lg/m3 J.Lg/m3
J.Lg/m3 J.Lg/m3

IJgfg Notes
CS 10.54 7.18 9.25 7.77 NO <LOO 0.9
N 2.10 6.11 5.62 4.77 NO <LaD 0.9
S NO 1.45 1.43 NO NO <LOO 0.9

SS NO 9.93 11.28 4.41 NO <LaD 0.9
SSDS 4.20 5.99 7.94 7.36 NO <LOO 0.9

CP 10.92 25.01 25.04 33.13 24.00 >LOO 9.0
G 5.61 10.10 11.89 11.08 NO <LOO 0.9

SG 8.35 6.83 24.83 185.82 48.00 >LOO 9.0

NO represents results less than the limit of detection.

Table 20
Comparison of Airbor~eConcentrations to Bulk Concentrations - Beryllium

NIOSH REL 0.50 micrograms/cubic meter
OSHA PEL 2.0 micrograms/cubic meter

(@ uperator 19) l:.xhaust uperator s
@ Make-up Air Area Area Area Breathing Zone Virgin (Pre Blast) Bulk

Fixed Station
Abrasive Fixed Station #1 #2 Fixed Station #3 (OBZ) Bervllium

Type J.Lg/m3 J.Lg/m3 J.Lg/m3 J.Lg/m3 IJg/g Notes
C8 0.86 5.07 5.87 4.83 0.11 >LOO 0.05
N 0.08 0.23 0.16 0.17 0.04 <LOa 0.05
8 0.33 0.79 0.80 0.53 NO <LOO 0.01

88 NO 0.84 0.90 4.83 0.05 <LOa 0.05
SSOS NO 0.11 0.12 0.14 NO <LaD 0.01

CP 0.38 0.88 0.83 1.24 0.90 >LOO 0.1

G 0.39 0.42 0.64 0.62 0.02 <LOa 0.05
8G NO NO NO NO NO <LOO 0.01

NO represents results less than the limit of detection.
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Table 21
Comparison of Airborne Concentrations to Bulk Concentrations - Cadmium

NIOSH REL - Limit of Quantification (Lowest Feasible Concentration)
OSHA PEL 5.0 micrograms/cubic meter

~ uperator ~ Exhaust uperator s
@ Make-up Air Area Area Area Breathing Zone Virgin (Pre Blast) Bulk

Fixed Station
Abrasive Fixed Station #1 #2 Fixed Station #3 (oaz) Cadmium

Type llg/m3 Ilglm3 Ilglm3 Ilglm3
~glg Notes

CS 1.03 0.28 0.41 0.53 0.03 <LOa 0.7
N 0.23 0.34 0.31 0.57 NO <LaD 0.02
S 0.21 0;29 0.31 0.21 NO <LaD 0.02

SS 0.07 0.30 0.32 0.19 0.03 <Loa 0.7
SSOS 0.11 0.18 0.22 0.51 NO <LaD 0.02

CP 0.12 0.27 0.33 3.73 0.03 <Loa 0.7
G 0.69 1.12 1.51 1.29 0.05 <Loa 0.7

SG 0.08 0.19 0.17 12.25 NO <LaD 0.02

NO represents results less than the limit of detection.

Table 22
Comparison of Airborne Concentrations to Bulk Concentrations - Chromium

NIOSH REL 500.0 micrograms/cubic meter
OSHA PEL 500.0 micrograms/cubic meter

<gJ uperator <gJ t:.xnaust uperator s
@ Make-up Air Area Area Area Breathing Zone Virgin (Pre Blast) Bulk

Fixed Station
Abrasive Fixed Station #1 #2 Fixed Station #3 (OBZ) Chromium

Type llg/m3 llg/m3 llg/m3 llg/m3 ~glg Notes
CS 62.37 124.63 162.43 121.84 NO <LaD 2.0
N 1931.15 5434.78 3593.89 4038.18 350.00 >LOO 7.0
S 54.26 88.85 98.18 63.64 NO <LOO 2.0

SS NO 52.81 63.17 94.53 3.00 <LOO 7.0
SSOS 14.69 42.81 46.81 42.90 NO <LOO 2.0

CP 39.70 85.46 85.57 101.45 33.00 >LOO 7.0
G 56.05 98.93 131.60 108.70 3.00 <LaO 7.0

SG 334.09 310.64 1241.62 8576.33 1300.00 >LOO 7.0

NO represents results less than the limit of detection.
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Table 23
Comparison of Airborne Concentrations to Bulk Concentrations - Lead

NIOSH REL 100.0 micrograms/cubic meter
OSHA PEL 50.0 micrograms/cubic meter

@ operator {f!I t:xnaust operator s
@ Make-up Air Area Area Area Breathing Zone Virgin (Pre Blast) Bulk

Fixed Station
Abrasive Fixed Station #1 #2 Fixed Station #3 (OBZ) Lead

Type ~g/m3 ~g/m3 ~g/m3 ~g/m3 J.l9/g Notes

CS 12.04 9.93 11.73 11.76 NO <LOO 0.7
N 5.04 8.38 7.41 7.16 NO <LaD 0.7

S 31.30 57.86 53.18 34.90 2.50 >LOQ 2.0

SS NO 11.62 14.21 7.56 NO <LaD 0.7

SSOS 4.62 9.42 10.99 11.24 NO <LaD 0.7

CP 3.18 8.75 7.51 10.14 3.20 >LOQ2.0
G 5.19 8.63 11.67 10.26 NO <LaD 0.7

SG 1.92 4.76 11.59 24.50 4.70 >LOa 2.0

NO represents results less than the limit of detection.

Table 24
Comparison of Airborne Concentrations to Bulk Concentrations - Manganese

NIOSH REL 1000.0 micrograms/cubic meter
OSHA PEL 5000.0 micrograms/cubic meter Ceiling Limit

@ uperator @ t:xnaust uperator s
@ Make-up Air Area Area Area Breathing Zone Virgin (Pre Blast) Bulk

Fixed Station
Abrasive Fixed Station #1 #2 Fixed Station #3 (OBZ) Man~anese

Type ~g/m3 ~g/m3 ~g/m3 ~g/m3 J.lg/g Notes

CS 903.23 633.71 834.69 651.21 2.80 > LOa 0.1

N 881.61 2264.49 1752.02 1762.11 130.00 > Loa 0.1

S 480.01 764.53 818.20 554.32 5.30 > Loa 0.1

SS 64.52 802.70 947.48 441.14 110.00 > Loa 0.1

SSOS 102.80 256.87 325.60 306.45 0.17 >LOaO.1

CP 1091.79 2501.25 2504.38 3312.63 1600.00 > Loa 0.1

G 5812.99 9261.60 13584.65 11075.56 170.00 > Loa 0.1

SG 1607.78 1594.60 6001.16 38797.68 7000.00 > Loa 0.5
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Table 25
Comparison of Airborne Concentrations to Bulk Concentrations - Nickel

NIOSH REL 15.0 micrograms/cubic meter
OSHA PEL 1000.0 micrograms/cubic meter

@ operator @ Exnaust uperator 5

@ Make-up Air Area Area Area Breathing Zone Virgin (Pre Blast) Bulk
Fixed Station

Abrasive Fixed Station #1 #2 Fixed Station #3 (OBZ) Nickel
Type I1QIm3 J.lg/m3 J.lg/m3 J.lg/m3

~g/g Notes
CS 36.56 73.93 101.52 90.33 NO < LOO 2.0
N 482.79 1539.86 988.32 1101.32 400.00 > Loa 4.0

S 16.70 37.19 42.96 12.32 NO < LOO 2.0
SS 10.75 35.91 36.09 46.21 NO < LOO2.0

SSOS NO 23.55 22.39 16.34 NO < LOO 2.0
CP 15.88 37.52 43.83 47.62 19.00 > LOa 4.0
G NO 25.26 29.72 18.46 NO < LOO 2.0

SG 179.57 130.47 682.89 4696.56 680.00 > Loa 4.0

NO represents results less than the limit of detection.

Table 26
Comparison of Airborne Concentrations to Bulk Concentrations - Respirable Quartz

NIOSH' REL 0.05 milligrams/cubic meter
OSHA PEL As Calculated

@ operator ~ t:xnaust Operator. 5

@ Make-up Air Area Area Area Breathing Zone Virgin (Pre Blast) Bulk
Fixed Station

Abrasive Fixed Station #1 #2 Fixed Station #3 (OBZ) Respirable Quartz
Type mglm3 mglm3 mg/m3 mglm3 % Notes

CS NO NO 0.01 NO NO < LOO 0.80

N NO NO NO NO NO < LOO 0.80

S 0.04 0.11 0.00 0.09 1.60 < LOa 2.00

SS 0.40 1.30 0.00 1.54 51.00 > Loa 2.0

SSOS 0.37 0.87 1.15 1.00 71.00 > Loa 2.0

CP NO NO NO NO NO < LOO 0.80

G 0.04 0.00 0.16 0.08 1.90 < Loa 2.00

SG NO NO NO NO NO < LOO 0.80

NO represents results less than the limit of detection.
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Table 27
Comparison of Airborne Concentrations to Bulk Concentrations - Silver

NIOSH REL 10.0 micrograms/cubic meter
OSHA PEL 10.0 micrograms/cubic meter

(@ operator (@ Exhaust uperator s
@ Make-up Air Area Area Area Breathing Zone Virgin (Pre Blast) Bulk

Fixed Station
Abrasive Fixed Station #1 #2 Fixed Station #3 (08Z) Silver

Type J.lg/m
3

J.lg/m
3

J.lg/m
3

J.lg/m
3

J.lglg Notes
C8 NO NO NO NO NO < LOO 0.3
N NO NO NO NO NO < LOO 0.3

8 NO NO NO NO DAD < LOa 1.0

88 NO NO NO NO NO < LOO 0.3

8808 NO NO 2.04 NO NO < LOO 0.3
CP NO NO NO NO 1.00 < Loa 1.0
G NO NO NO NO NO < LOO 0.3

SG NO NO NO NO NO < LOO 3.0

NO represents results less than the limit of detection.

Table 28
Comparison of Airborne Concentrations to Bulk Concentrations - Titanium

NIOSH REL Limit of Quantification (Lowest Feasible Concentration)
OSHA PEL 15000.0 micrograms/cubic meter

(@ uperator (@ t:Xhaust uperator. s
@ Make-up Air Area Area Area Breathing Zone Virgin (Pre Blast) Bulk

Fixed Station
Abrasive Fixed Station #1 #2 Fixed Station #3 (OBZ) Titanium

Type J.lg/m
3 J.lg/m3 J.lg/m3

J.lg/m3 J.lglg Notes
C8 1010.75 1901.14 2932.68 1806.57 33.00 > LOa 2.0
N 90.26 217.39 159.48 165.20 12.00 > LOO 2.0

8 4591.37 5165.72 5113.73 4722.02 97.00 > LOO 2.0

S8 103.23 992.82 1127.96 2730.86 67.00 > LOO 2.0

SS08 15.74 29.97 32.56 38.82 3040 > LOO 2.0

CP 635.22 1438.22 1460.89 2070.39 790.00 > Loa 2.0

G 228.37 273.64 339.62 307.65 7.90 > LOO 2.0

SG 6.26 22.78 19.04 81.68 7.50 > Loa 2.0

Evaluation of Substitute Materials for
Silica Sand in Abrasive Blasting

34



Table 29
Comparison of Airborne Concentrations to Bulk Concentrations - Vanadium

NIOSH REL 50.0 micrograms/cubic meter Ceiling Limit
OSHA PEL 500.0 micrograms/cubic meter Ceiling Limit

(@ Make-up Air (ff) operator uperator s
Area Area @ Exhaust Area Breathing Zone Virgin (Pre Blast) Bulk

Abrasive Fixed Station #1 Fixed Station #2 Fixed Station #3 (OBZ) Vanadium
Type l1g1m3 !J.g/m3 l1g1m3 l1g1m3 J,lglg Notes

CS 45.16 133.08 171.45 123.94 1.80 > LaO 1.0
N 23.09 58.88 42.68 42.22 2.90 > LaO 1.0
S 18.78 28.93 28.64 24.64 0.90 < LaO 1.0

SS 4.30 46.47 51.89 109.23 6.90 > LaO 1.0
SSDS 2.10 4.71 4.07 2.04 NO < LaD 0.3

CP 39.70 83.38 87.65 122.15 58.00 > LaO 1.0
G 14.53 20.63 25.47 22.56 0.70 < LaO 1.0

SG 19.21 19.05 68.29 490.08 67.00 >LOO1.0

NO represents results less than the limit of detection.

Table 30

Comparison of Airborne Concentrations to Bulk Concentrations - Respirable Dust

NIOSH REL - none
OSHA PEL 5 milligrams/cubic meter

(@ Make-up Air (@ uperator uperator s
Area Area @ Exhaust Area Breathing Zone Virgin (Pre Blast) Bulk

Abrasive Fixed Station #1 Fixed Station #2 Fixed Station #3 (OBZ) Respirable Dust
Type mglm3 mglm3 mglm3 mglm3

CS 32.95 6.92 167.17 110.89 NA
N 53.31 166.50 204.37 130.71 NA
S 63.32 184.60 201.08 125.67 NA

SS 55.24 192.96 252.60 165.04 NA
SSDS 23.09 60.61 71.85 50.81 NA

CP 29.25 133.18 90.15 58.35 NA
G 34.86 260.16 200.88 123.40 NA

SG 10.11 35.55 38.77 23.33 NA

NA = not applicable
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Table 31: Summary of Airborne Sample Results of Health-Related Elements by Generic Catagory of Abrasive
Note: Unless otherwise noted, all Minimum, Maximum, and Geometric Mean Values are in micrograms per cubic meter
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7.182 - 10.54 0.86 - 5.87 0.275 - 1.032 62.37 - 162.4 9.93 - 12.04 633.7 - 903.2 36.6 - 101.5 0.12 - 0.25 0.84 - 0.9 1011 • 2933 45.16 - 171.5
CS 4 8.588 3.334 0.496 111.369 11.332 746.851 70.559 0.148 0.861 1786.259 106.305

4 4 4 4 4 4 4 1 0 4 4
2.099 - 6.114 0.08 - 0.23 0.231 - 0.569 1931 - 5435 5.04 ·8.38 881.6 - 2264 483 - 1540 0.12 - 0.125 0.74 - 0.905 90.26 - 217.4 23.09 - 58.88

N 4 4.306 0.150 0.344 3513.072 6.880 1575.632 948.446 0.123 0.842 150.787 39.562 I Range
4 4 4 4 4 4 4 0 0 4 4 Min.-Max.

0.615 - 1.446 0.33 - 0.8 0.205 - 0.307 54.26 - 98.18 31.3 - 57.86 480 - 818.2 12.3 - 42.96 1.01 - 5.03 0.82 - 0.835 4591 ·5166 18.78 - 28.93 <--. Valuea
S 4 1.229 0.577 0.248 74.084 42.818 638.728 23.944 2.306 0.825 4891.980 24.884 <--- GwmelrJc Mean

2 4 4 4 4 4 4 4 0 4 4 <--- Samples> Limit 0

0.645 - 11.28 0.108 - 4.83 0.065 - 0.316 5.375 - 94.53 1.075 - 14.21 64.52 - 947.5 10.8 - 46.21 9.91 - 50.52 0.84 - 0.9 103.2 - 2731 4.3 - 109.2 I Detection
SS 4 4.225 0.792 0.185 36.082 6.052 383.573 28.326 27.959 0.861 749.579 32.622

3 3 4 3 3 4 4 4 0 4 4
4.196 - 7.937 0.042 - 0.14 0.105 - 0.511 14.69 • 46.81 4.62 • 11.24 102.8 - 325.6 5.25 • 23.55 9.18 - 28.2 0.82 - 2.04 15.74 - 38.82 2.04 - 4.71

SSDS 4 6.190 0.094 0.216 33.523 8.563 226.562 14.580 19.104 1.045 27.788 3.010
4 3 4 4 4 4 3 4 1 4 4

10.92 - 33.13 0.38 - 1.24 0.119 • 3.73 39.7 - 101.5 3.18 - 10.14 1092 - 3313 15.9 - 47.62 0.12 -0.124 0.8 - 0.835 635.2 - 2070 39.7 - 122.2
CP 4 21.817 0.766 0.448 73.668 6.785 2181.686 33.394 0.123 0.824 1289.302 77.157

4 4 4 4 4 4 4 0 0 4 4
5.605 - 11.89 0.39 - 0.64 0.685 - 1.507 56.05 - 131.6 5.19·11.67 5813 - 13585 5.19 - 29.72 0.87 - 7.28 0.82 - 0.85 228.4 - 339.6 14.53 - 25.47

(; 4 9.292 0..'i05 !.I05 94.373 8.558 9486.913 16.376 2.liOO 0.835 284.261 20.372
4 4 4 4 4 4 3 4 0 4 4

6.834 - 185.8 0.041 - 0.042 0.084 - 12.25 310.6 - 8576 1.92 - 24.5 1595 - 38798 130 - 4697 0.12 - 0.123 0.82 - 0.835 6.26 - 81.68 19.05 - 490.1
SO 4 22.654 0.041 0.426 1025.304 7.137 4942.877 523.563 0.123 0.827 21.701 59.158

4 0 4 4 4 4 4 0 0 4 4

TflblcJ/.x/s



COMPARISON OF PHASE 1 AND PHASE 2

The goal of the laboratory study was to control blasting and environmental
conditions so the difference between airborne sample results would primarily be
attributed to the abrasive used. Therefore, the laboratory results may not have been
representative of real world conditions, although the results for different abrasives could
confidently be compared to each other, and specifically with the silica sand abrasive.
Equally important, the results indicated that there was considerable variability between
individual abrasives within a generic category.

The goal of the Phase 2 field study was to collect airborne samples under partially
controlled field site conditions. As a result, there was less control over certain
environmental factors (e.g., wind velocity and direction, relative humidity, air
temperature, temperature of the substrate blasted, etc.) and some blast conditions (e.g.,
the steel substrate being blasted) than in the Phase 1 laboratory study. However, the
Study DesignlProtocol followed by KTA during the field study was designed to produce
comparable abrasive blast cleaning results, with the abrasive type being the primary
variable. Within Phase 2, the different abrasives could confidently be compared to each
other, and specifically with the silica sand abrasive. However, in order to compare the
results of the Phase 1 laboratory study directly with the Phase 2 field study, the
comparison must take into account the inherent variability of individual abrasives, even
those within a single generic category of abrasive.

Phvsical Property Evaluations

Eight of the 40 abrasives used in the Phase 1 laboratory study were selected by
NIOSH for use in the Phase 2 field study. Table 32 compares the laboratory and field
results obtained with the 8 abrasives. The table presents data for the cleaning rate,
consumption rate, average surface profile, breakdown rate, and percent embedment. In
addition, the Phase 1 values for maximum microhardness and conductivity are presented.
These tests were not repeated on bulk samples of the same abrasive prior to use in the
field. Although the products for the field study were purchased from the same source as
the abrasives used in the laboratory phase, they were not purchased at the same time. As
a result, product composition may not be identical. The data shows the following:

1) Cleaning rate - The laboratory cleaning rates ranged from 34 square feet/hour to 49
square feet/hour. The field cleaning rates showed a 113% to 409% increase over the
laboratory rates, ranging from 83 square feet/hour to 146 square feet/hour. The
dramatic increase in field cleaning rates is attributed to the use of a larger blast nozzle
(7/16 inch versus 1/4 inch ill) and unique adjustments of the abrasive metering valve
in the field based on the feel of the operator and the fullness of the blast pattern.

2) Consumption rate - The consumption rate in pounds per square foot of each abrasive
was higher in the laboratory than in the field for all of the abrasives with the
exception of garnet. The consumption rates in the laboratory ranged from 7.43
pounds per square foot to 16.3 pounds per square foot (except for steel grit at 21.53
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pounds per square foot). For the field work, the consumption rates ranged from 7.2 to
9.2 pounds per square foot (with steel grit at 15.6 pounds per square foot). The
overall consumption rates of abrasives in the field were 52% to 94% of the
consumption rates in the laboratory (with the exception of garnet, which showed an
8% increase in consumption rate in the field). The reduction in consumption rate is
attributed to the adjustments to the abrasive metering valve and the increase in
abrasive efficiency through the use of a larger nozzle size (which creates a larger
abrasive blast pattern).

3) Surface Profile - The surface profile created by the 8 abrasives in the laboratory
ranged from 2.02 to 3.68 mils. The surface profile in the field increased for every
abrasive with a range from 3.9 to 4.4 mils. The increase in surface profile between
the laboratory and field studies ranged from 20% to 93%. This increase is attributed
to the rough pitted steel prepared in the field as compared with the smooth mill scale
bearing steel prepared in the laboratory. The roughness of the steel itself in the field
is likely contributing to the deeper profile measurements.

4) Breakdown rate - The breakdown rate of the abrasive in the field was greater than the
breakdown rate in the laboratory for all of the abrasives with the exception of steel
grit which showed a reduced breakdown rate. The laboratory breakdown rates ranged
from 19.63% to 52.16%, except for steel grit at 7.86%. In the field, the breakdown
rates ranged from 29.41 % to 65.82%, with steel grit at 3.92%. The breakdown rate in
the field increased from 13% to 60% (with the exception of steel grit which was
reduced by 50%). The increase in breakdown rate is likely due to differences in
hardness of the substrates being blast cleaned between the laboratory and field.

5) Percent Embedment - The embedment of the abrasive in the field was greater than
the percentage of embedment in the laboratory for all of the abrasives except copper
slag, which showed a reduction. The embedment in the laboratory ranged from 0.1 %
to 8.4%, with copper slag at 17%. The embedment in the field ranged from 1.6% to
16.6%. The increase in embedment in the field versus the laboratory ranged from
50% to 171 %, except for staurolite at 1500%. The increase for staurolite is
misleading because the amount of embedment in the field was only 1.6% which was
the lowest level of embedment of all of the abrasives (the dramatic increase in
percentage is because the embedment in the laboratory was essentially non-existent at
0.1 %). The copper slag abrasive showed a reduction in embedment of 65% between
the laboratory and field. Again, this is misleading because the laboratory embedment
of the copper slag was substantially higher than all other abrasives at 17%, and the
amount of embedment in the field at 11 % was still higher than most of the abrasives.
The trend for the increased embedment in the field is likely due to the pitted nature of
the substrate being prepared which could be more conducive to the entrapment of
abrasive particulate.

In summary, the field study showed a substantial increase in cleaning rate with the
abrasives which is primarily due to the equipment adjustments that were made (larger
blast nozzle size and uniquely adjusted abrasive metering valve). The consumption rates
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were also reduced. Although a larger nozzle size will utilize more abrasive per unit of
time, the abrasive is used more efficiently by virtue of the larger blast pattern created by
the increased nozzle orifice size. As a result, the amount of abrasive used per square foot
decreases. Note that if the field study involved the blast cleaning of the same type of
steel used in the laboratory (smooth mill scale bearing steel compared with heavily rusted
and pitted steel), it is expected that the field cleaning rates would have shown an even
greater increase, and the consumption rates a greater reduction. The surface profile
created in the field was deeper than in the laboratory. This is more likely the result of the
topography of the steel itself (heavily pitted steel) rather than the influence of the
abrasive. If the field study utilized smooth steel, it is expected that the surface profile
would have been comparable to that achieved in the laboratory. The breakdown rate of
the abrasive as well as the amount of embedment were generally higher in the field. In
both cases, it is believed that the rough, pitted steel substrate in the field, and possible
differences in the hardness of the steel between the laboratory and the field have
contributed to theses results.
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TABLE 32
Abrasive Summary

Phase 1/Phase 2 Comparison
Results for Abrasive Type

Lab-41

. Cleaning Rate ·1 (:()I1I~a~lmpltiOrr 1Average:Sur ~~~~~~~r~~~~~~~~~III~~i~~
(FT2/Hour) ;;
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Abrasive
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N-01 35 104 12.5 9.2 3.25 4.1 51.20 57.69 1.2 2.7 984 146.7

S-02 49 140 9.9 8.1 2.02 3.9 19.63 29.41 0.1 1.6 219 87.3

SS-04 37 127 9.05 8.5 2.80 4.3 46.38 54.17 2.9 4.5 1267 66.0

SSDS-03 34 146 10.67 8.8 2.92 4.0 31.28 41.03 1.2 1.8 643 25.0

CP-2A1 40 102 16.3 8.5 3.68 4.4 52.16 65.82 17.0 11.0 662 31.8

.....
a

G-3A1

SG-2A
34
39

173

83
7.43

21.53
8.0

15.6
3.1

3.08
4.4
4.3

42.24
7.86

50.00
3.92

2.1
4.1

5.0
11.1

1285
240

9.0
33.7

1 Values for recyclable abrasives represent the initial run only
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Cost Comparison

The costs per square foot for the eight abrasives used in both the laboratory and
field are presented in Table 33. The Phase 1 laboratory cost analysis was based on a
hypothetical project using equipment similar to that employed in the study to blast clean
steel plates in a walk-in blast room. The stringent controls utilized in the laboratory
phase were included in the cost analysis (1/4 inch venturi blast nozzle, constant nozzle to
work piece distance, 100 psi nozzle pressure, and fixed metering valve setting). It should
be recognized that in actual blast room projects larger nozzle sizes would be selected and
optimum adjustments of equipment would be made to maximize productivity. As a
result, the cost per square foot in a walk-in blast room would be less than the costs
derived from the study.

The field costs were based on the cleaning and consumption rates obtained during
Phase 2. They are based on a hypothetical project involving 40,000 to 50,000 square feet
of heavily pitted steel. The costs are substantially lower than the costs developed from
the laboratory phase. Table 33 also presents the costs based on the Phase 2 field study
when hazardous waste is generated (e.g., when lead-containing paint is being removed).
The data revealed the following:

1) The laboratory costs ranged from $1.35/square foot to $1.97/square foot. The field
costs were reduced in every case to a range from $0.69/square foot to $1.02/square
foot (42% to 66% of the laboratory costs).

2) Steel grit (recycled 25 times) was the least expensive abrasive to use in the laboratory
study at $1.35/square foot. Copper slag (recycled two times), coal slag and silica
sand (both used one time), showed comparable costs ranging from $1.37/square foot
to $1.39/square foot. Staurolite was $1.58/square foot. Silica sand with dust
suppressant and nickel slag were comparable at $1.70 and $1.711square foot. The
most expensive abrasive in the laboratory study was garnet at $1.97/square foot.

3) In the field study, coal slag was the least expensive abrasive at$0.69/square foot with
silica sand (with or without dust suppressant) comparable at $0.71 and $0.72/square
foot. Copper slag (recycled 2 times) was $0.82/square foot, with garnet (recycled 2
times) and steel grit (recycled 100 times) comparable at $0.89/square foot. The most
expensive abrasives were nickel slag at $0.96/square foot and staurolite at
$1.02/square foot.

4) When the field cost scenario assumes that hazardous waste is generated, the Phase 2
field costs increase by 35% to 94% (with the exception of steel grit which only
increased 2%), resulting in a cost ranging from $0.911square foot to $1.67/square
foot. In this case, steel grit (recycled 100 times) is the least expensive abrasive to use
at $0.91/square foot followed by copper slag (recycled 2 times) at $1.15/square foot
and garnet (recycled 2 times) at $1.20/square foot. Coal slag is the least expensive of
the expendable abrasives at $1.25/square foot followed by silica sand with or without
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dust suppressant at $1.37 and $1.38/square foot. The most expensive abrasives are
staurolite at $1.65/square foot and nickel slag at $1.67/square foot.

The data show that even though the substrate in the field was much more difficult
to clean by virtue of the extensive pitting, by increasing the nozzle size and making
further adjustments to the metering valve, the efficiency of the abrasive increases and the
costs are reduced by approximately 50%. The least expensive abrasive used in the shop
was steel grit by virtue of its recyclability. In the field, the coal slag abrasive was the
least costly to use followed by silica sand, and then the recyclable abrasives (copper slag,
garnet, and steel grit). For field work when the generation of hazardous waste becomes
an issue, the recyclable abrasives (steel grit, copper slag and garnet) become the least
expensive, with steel grit demonstrating a considerable advantage in this area.
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TABLE 33
Abrasive Cleaning Cost Summary

Phase1 and Phase 2
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1 I $1.38 I $0.69

1 I 1.71 I 0.96

1 I 1.58 I 1.02

1 I 1.39 I 0.72
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Industrial Hygiene Data

Table 34 and Figures A to H present a comparison of the minimum, maximum,
and geometric mean concentrations for 11 health-related agents for paired sets of
abrasives. The results of the 8 abrasives run during the field study are compared to the
same individual abrasive from the laboratory study. That is, products for the field study
were purchased from the same source, according to the same product specifications.
However, because the materials were purchased at different times, the product
composition may not be identical.

Based upon 8 abrasives and 11 health-related agents, there are a total of 88 sets of
paired data of geometric mean airborne concentrations. For these paired sets:

• 71 of 88 paired sets of data showed higher geometric mean concentrations of
the health-related agents during the field study.

• Of the 17 paired sets of data showing lower geometric mean concentrations
during the field study, 7 were from the copper slag abrasive and 7 were from
steel grit. Coal slag had a lower concentration for one health-related agent
and staurolite had a lower concentration for 2 health-related agents.

• The results for all 11 health-related agents were higher during the field study
for nickel slag, silica sand with dust suppressant, gamet, and silica sand.

Several factors may have contributed to the trend for higher geometric mean
concentrations during the field study than during the laboratory study. One possible
source is the possible variation in the composition of the virgin abrasives, even though
they were purchased from the same source. A comparison of the concentration of the 11
health-related agents in the virgin bulk abrasive for the laboratory and field materials
follows on Table 35. While there are differences in concentrations between the
laboratory and field materials, these differences do not correlate with the airborne
concentrations. That is, the general trend for higher airborne concentrations during the
Phase 2 field study do not necessarily correspond with an increase in the concentration of
the health-related agent in the virgin bulk abrasive. In fact, in many instances, the
concentration in the bulk material for the field study was the same (e.g., non-detectable)
or less than the bulk material for the laboratory study.

Other factors that may have contributed to the trend for higher geometric mean
concentrations during the field study include but are not limited to:

• The cross-sectional airflow through the containment was lower in the field
study (average 40 feet per minute) than the laboratory study (50 to 75 feet per
minute).
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• A larger 7/16" nozzle was used in the field study versus the 1/4" nozzle for the
laboratory study. Correspondingly, the metering valve setting would be
changed.

• Because of the larger nozzle, more abrasive was used during each monitoring
period.

The combination of increased volume of abrasive used per unit of time (because
of the larger nozzle), in conjunction with the reduced cross-sectional airflow may have
contributed to the generally higher geometric mean concentrations measured during the
field study. Not withstanding this observation, the data clearly reflects the conservative
nature of the laboratory results. That is, artificial constraints were placed upon the
operating parameters during the laboratory study to improve the reproducibility of the
data. Many of these constraints (e.g., nozzle size) were removed during the field study to
more closely approximate actual work site conditions. In general, field conditions
resulted in higher concentrations of the measured health-related agents.
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Table 34
Comparison of Airborne Concentration of Health-Related Agents For Paired Abrasives

From the Laboratory (Phase 1) and Field (Phase 2) Studies

Unless noted, all results are in micrograms per cubic meter (JJglm3).

Phase 1 Arsenic Beryllium Cadmium
Minimum Maximum Geometric Minimum Maximum Geometric Minimum Maximum Geometric

Abrasive Result Result Mean Result Result Mean Result Result Mean

CS-06 0.52 3.31 1.65 1.12 3.73 1.93 0.05 0.56 0.09
N-01 2.03 2.09 2.06 0.03 0.11 0.04 0.04 0.04 0.04
S-02 2.09 2.1 2.09 0.03 0.14 0.06 0.08 0.08 0.08

SSDS-03 1.99 2.07 2.02 0.03 0.03 0.03 0.06 0.06 0.06
CP-2A 6.6 99.54 26.62 0.17 3.94 0.97 0.04 0.15 0.07
G-3A 2.07 2.1 2.08 0.03 0.09 0.05 0.04 1.65 0.26

SG-2A 12.11 41.41 19.89 0.03 0.52 0.18 0.05 0.05 0.05
SS-04 2.06 2.1 2.08 0.08 0.36 0.2 0.04 0.14 0.08

Phase 2 Arsenic Beryllium Cadmium
MInimum Maximum l:ieometrlc MInimUm Maximum (ieometrlc MinimUm Maximum (ieometrlc

Abrasive Result Result Mean Result Result Mean Result Result Mean

CS 7.18 10.54 8.59 0.86 5.87 3.33 0.28 1.03 0.5
N 2.1 6.11 4.31 0.08 0.23 0.15 0.23 0.57 0.34
S 0.62 1.45 1.23 0.33 0.8 0.58 0.21 0.31 0.25

SSDS 4.2 7.94 6.19 0.04 0.14 0.09 0.11 0.51 0.22
CP 10.92 33.13 21.82 0.38 1.24 0.77 0.12 3.73 0.45
G 5.61 11.89 9.29 0.39 0.64 0.5 0.69 1.51 1.1

SG 6.83 185.82 22.65 0.04 0.04 0.04 0.08 12.25 0.43
SS 0.65 11.28 4.22 0.11 4.83 0.79 0.07 0.32 0.18

Phase 1 Chromium Lead Manaanese
Minimum Maximum Geometric Minimum Maximum Geometric Minimum Maximum Geometric

Abrasive Result Result Mean Result Result Mean Result Result Mean

CS-06 22.94 111.78 48.62 0.84 4.35 2.14 64.64 538.19 174.69

N-01 345.46 7036.42 1996.57 0.82 2.28 1.3 117.86 2483.44 685.92

S-02 5.21 16.46 8.97 2.92 33.33 10.59 52.11 270.83 137.06

SSDS-03 4.97 5.18 5.04 0.18 0.93 0.61 7.48 61.7 27.92

CP-2A 20.01 290.34 75.32 0.83 9.75 2.82 701.47 12650.35 3068.53
G-3A 5.17 27.02 11.64 0.83 2.1 1.08 517.17 5036.73 1165.94

SG·2A 939.46 5175.98 1578.01 4.38 28.99 8.74 4733.48 26915.11 8276.39
SS-04 5.23 14.64 10.12 0.84 5.23 2.59 37.65 355.65 176.69

Phase 2 Chromium Lead Manqanese
Minimum Maximum Geometric Minimum Maximum Geometric Minimum Maximum Geometric

Abrasive Result Result Mean Result Result Mean Result Result Mean

CS 62.37 162.43 111.37 9.93 12.04 11.33 633.71 903.23 746.85
N 1931.15 5434.78 3513.07 5.04 8.38 6.88 881.61 2264.49 1575.63

S 54.26 98.18 74.08 31.3 57.86 42.82 480.01 818.2 638.73

SSDS 14.69 46.81 33.52 4.62 11.24 8.56 102.8 325.6 226.56
CP 39.7 101.45 73.67 3.18 10.14 6.78 1091.79 3312.63 2181.69

G 56.05 131.6 94.37 5.19 11.67 8.56 5812.99 13584.65 9486.91

SG 310.64 8576.33 1025.3 1.92 24.5 7.14 1594.6 38797.68 4942.88
SS 5.38 94.53 36.08 1.08 14.21 6.05 64.52 947.48 383.57
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Table 34
Comparison of Airborne Concentration of Health-Related Agents For Paired Abrasives

From the Laboratory (Phase 1) and Field (Phase 2) Studies

Unless noted, all results are in micrograms per cubic meter (~glm3).

Phase 1 Nickel Resoirable Quartz malm3
) Silver

Minimum Maximum Geometric Minimum Maximum Geometric Minimum Maximum Geometric
Abrasive Result Result Mean Result Result Mean Result Result Mean

CS-06 5.22 161.26 30.92 0.12 0.12 0.12 0.83 1.94 1.03
N-01 89.41 2897.35 605.7 0.12 0.12 0.12 0.82 0.84 0.82
S-02 5.21 5.24 5.22 0.12 0.49 0.17 0.84 0.84 0.84

SSDS-03 4.97 5.18 5.04 0.12 2.1 0.62 0.8 0.83 0.81
CP-2A 5.16 126.5 31.24 0.12 0.12 0.12 0.83 13.69 3.55
G-3A 5.17 5.25 5.2 0.12 6.83 0.95 0.83 0.84 0.83

SG-2A 493.93 2691.51 836.25 0.12 0.12 0.12 0.84 4.14 1.75
SS-04 5.15 16.32 6.92 0.12 12.98 2.49 0.83 0.84 0.83

Phase 2 Nickel Respirable Quartz mg/m3
) Silver

MInimum Maximum l:ieometnc MInimUm Maximum l:ieometnc MInimUm Maximum \:ieometnc
Abrasive Result Result Mean Result Result Mean Result Result Mean

CS 36.56 101.52 70.56 0.12 0.25 0.15 0.84 0.9 0.86
N 482.79 1539.86 948.45 0.12 0.12 0.12 0.74 0.91 0.84
S 12.32 42.96 23.94 1.01 5.03 2.31 0.82 0.84 0.82

SSDS 5.25 23.55 14.58 9.18 28.2 19.1 0.82 2.04 1.05
CP 15.88 47.62 33.39 0.12 0.12 0.12 0.8 0.84 0.82
G 5.19 29.72 16.38 0.87 7.28 2.6 0.82 0.85 0.83

SG 130.47 4696.56 523.56 0.12 0.12 0.12 0.82 0.84 0.83
SS 10.75 46.21 28.33 9.91 50.52 27.96 0.84 0.9 0.86

Phase 1 Titanium Vanadium
Minimum Maximum Geometric Minimum Maximum Geometric

Abrasive Result Result Mean Result Result Mean

CS-06 813.18 2010.47 1385.37 29.19 91.08 56.16

N-Ol 18.49 289.74 93.61 3.66 76.57 21.73

S-02 958.73 3768.84 1957.98 2.5 14.58 6.91

SSDS-03 2.02 8.7 5.12 0.8 2.19 1.04
CP-2A 577.68 9746.99 2437.82 30.95 518.46 128.24
G-3A 16.96 100.73 41.56 3.1 9.44 4.18

SG-2A 7.2 28.99 10.81 50.1 331.26 93.17
SS-04 54.38 564.85 255.68 3.56 23.01 11.41

Phase 2 Titanium Vanadium
Minimum Maximum Geometric Minimum Maximum Geometric

Abrasive Result Result Mean Result Result Mean

CS 1010.75 2932.68 1786.26 45.16 171.45 106.31
N 90.26 217.39 150.79 23.09 58.88 39.56

S 4591.37 5165.72 4891.98 18.78 28.93 24.88

SSDS 15.74 38.82 27.79 2.04 4.71 3.01
CP 635.22 2070.39 1289.3 39.7 122.15 77.16
G 228.37 339.62 284.26 14.53 25.47 20.37

SG 6.26 81.68 21.7 19.05 490.08 59.16
SS 103.23 2730.86 749.58 4.3 109.23 32.62
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Table 35
Concentration of Health-Related Agents in the Paired (Lab/Field) Virgin Bulk Abrasives

Unless noted, all units are in micrograms per gram (pglg) or parts per million (ppm).
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AbraSive Result Result Result Result Result Hesult Result Result Hesult Hesult Hesult

CS-06 NO 0.58 NO 2.40 0.63 6.30 NO NO NO 58.00 3.60
N-01 NO 0.05 NO 400.00 0.62 150.00 660.00 NO NO 13.00 4.20
S-02 NO NO NO 2.10 6.00 8.90 NO 0.90 NO 140.00 1.90

SSOS-03 NO NO NO NO 0.42 0.38 NO 88.00 NO 4.50 NO
CP-2A 18.00 0.77 NO 46.00 1.90 2200.00 24.00 NO 0.98 1200.00 88.00
G-3A 0.71 0.05 NO 3.70 0.82 130.00 NO NO NO 8.80 1.10

SG-2A 31.00 NO NO 1700.00 9.20 8900.00 980.00 NO NO 8.00 110.00
SS-04 0.66 0.08 NO 2.70 1.00 88.00 NO 55.00 NO 82.00 4.20

Phase 2
CS NO 0.11 0.03 NO NO 2.80 NO NO NO 33.00 1.80
N NO 0.04 NO 350.00 NO 130.00 400.00 NO NO 12.00 2.90
S NO NO NO NO 2.50 5.30 NO 1.60 0.40 97.00 0.90

SSOS NO NO NO NO NO 0.17 NO 71.00 NO 3.40 NO
CP 24 0.90 0.03 33.00 3.20 1600.00 19.00 NO 1.00 790.00 58.00
G NO 0.02 0.05 3.00 NO 170.00 NO 1.90 NO 7.90 0.70

SG 48 NO NO 1300.00 4.70 7000.00 680.00 NO NO 7.50 67.00
SS NO 0.05 0.03 3.09 NO 110.00 NO 51.00 NO 67.00 6.90

NO represents results less than the limit of detection.
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CONCLUSIONS

There was considerable variability in the results obtained with a given abrasive
within each generic type. As a result, the attributes of each individual abrasive should be
evaluated separately, rather than drawing conclusions based on a generic category as a
whole. The conclusions below are based on a comparison of the attributes of the abrasive
relative to silica sand.

Physical Property Data

Cleaning Rate

As a generic category, the cleaning rate for silica sand in the laboratory study
averaged 31 square feet/hour. The average cleaning rates for all other generic abrasive
types was higher than silica sand, ranging from 32 square feet/hour to 52 square
feet/hour.

For the 8 individual abrasives tested both in the laboratory and field, silica sand
had a higher laboratory cleaning rate (37 square feet/hour) than nickel slag (35 square
feet/hour), silica sand with dust suppressant (34 square feet/hour) and garnet (34 square
feet/hour). The remaining abrasives (coal slag, staurolite, copper slag, and steel grit)
demonstrated higher cleaning rates. When the 8 abrasives were used in the field, silica
sand (cleaning rate of 127 square feet/hour) was higher than nickel slag (104 square
feet/hour), copper slag (102 square feet/hour) and steel grit (83 square feet/hour). The
cleaning rates for the other abrasives were higher than silica sand.

Consumption Rate

The consumption rate of silica sand as a generic class in laboratory studies was
13.4 pounds/square foot which is higher than the other abrasives with the exception of
nickel slag (14.17 pounds/square foot), copper slag with dust suppressant (15.09
pounds/square foot), copper slag (17.82 pounds/square foot) and steel grit (24.94
pounds/square foot).

For the 8 abrasives used in both the laboratory and field, in the laboratory study
the silica sand abrasive (consumption rate 9.05 pounds/square foot) was only higher than
garnet (7.43 pounds/square foot). All other abrasives showed higher consumption rates.
When used in the field, the consumption rate of silica sand (8.5 pounds/square foot) was
equivalent to copper slag, and higher than coal slag (7.2 pounds/square foot), garnet (8.0
pounds/square foot) and staurolite (8.1 pounds/square foot). The remaining abrasives
demonstrated higher consumption rates.

Surface Profile

The surface profile generated by the silica sand abrasives as a class in the
laboratory study averaged 3.4 mils. The profile was higher than the other abrasives with
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the exception of copper slag with dust suppressant (3.44 mils), copper slag (3.49 mils),
and nickel slag (3.56 mils).

For the 8 abrasives used in both the laboratory and field, the laboratory surface
profile for silica sand was 2.80 mils. Staurolite (2.02 mils) was the only abrasive with a
lesser profile. Coal slag (2.80 mils) was comparable to silica sand, with the remaining
abrasives creating a deeper profile. In the field, silica sand created a 4.3-mill surface
profile. All other abrasives were comparable to or less than silica sand with the exception
of copper slag (4.4 mils) and garnet (4.4 mils).

Breakdown Rate

The breakdown rate of silica sand as a generic category was 54.13% in the
laboratory study. This was higher than the other abrasives with the exception of copper
slag (54.49%) and copper slag with dust suppressant (64.91 %).

For the 8 abrasives used in both the laboratory and the field, the breakdown rate
for silica sand in the laboratory was 46.38%. This was higher than the other abrasives
with the exception of copper slag (52.16%) and nickel slag (51.20%). In the field, the
breakdown rate of the silica sand was 54.17%. Three other abrasives demonstrated
higher breakdown rates: nickel slag (57.69%), coal slag (58.82%), and copper slag
(65.82%).

Embedment

The percent embedment of silica sand as a category was 4.9%. Five other
abrasive categories showed lesser embedment than silica sand: staurolite (0.2%),
specular hematite (0.7%), silica sand with dust suppressant (1.6%), crushed glass (2.1 %),
and steel grit (2.8%).

For the 8 abrasives used in both the laboratory and field, the silica sand in the
laboratory demonstrated 2.9% embedment. This was higher than four other abrasives:
staurolite (0.1 %), nickel slag (1.2%), silica sand with dust suppressant (1.2%), and garnet
(2.1 %). In the field, embedment of silica sand was 4.5%. This was higher than three
other abrasives: staurolite (1.6%), silica sand with dust suppressant (1.8%), and nickel
slag (2.7%).

Microhardness

The maximum microhardness was evaluated on the samples of abrasive purchased
for the laboratory work only. Silica sand as a generic class showed an average
microhardness of 2,469 Knoop units. This was harder than all other abrasives as a
generic category, which ranged from 185 to 1,809 Knoop units (silica sand with dust
suppressant was 2,008).
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For the 8 abrasives used in both the laboratory and field, the silica sand abrasive
in the laboratory measured 1,267 Knoop units. One abrasive (garnet) was harder at 1,285
Knoop units. The remaining abrasives ranged from 219 to 984 Knoop units.

Conductivity

Conductivity of the abrasives used for the laboratory study were evaluated. As a
generic category the conductivity of silica sand was 147.0 microsiemens. Three abrasive
categories demonstrated higher conductivities: staurolite (150.3 microsiemens), coal slag
(176.9 microsiemens), and coal slag with dust suppressant (221.2 microsiemens). The
remaining abrasive categories showed lower average conductivities ranging from 39.8
microsiemens to 116.1 microsiemens.

For the 8 abrasives selected for the laboratory and field study, the conductivity of
the silica sand used in the laboratory was 66 microsiemens. Two other abrasives
demonstrated higher conductivity: staurolite (87.3 microsiemens) and nickel slag (146.7
microsiemens). The remaining abrasives ranged from 9 to 47 microsiemens.

The costs for using the abrasives in the laboratory are reflective of the constraints
placed on the tests. A small diameter nozzle was used (114 inch venturi). The nozzle
pressure was fixed at 100 psi, the nozzle to work-piece distance was maintained at a
constant 18 inches, and a pre-assigned abrasive metering valve setting was used. By
adjusting the equipment and operator techniques to optimize productivity, the cost of use
will decrease. Furthermore, the relative rankings in the costs between the abrasives may
also change. The laboratory study also demonstrated that substantial differences in cost
will occur based on the individual abrasive within a given generic abrasive type. As a
result, cost analysis should be based on the attributes of the specific abrasive, rather than
generalizing costs based on a given category.

For the field, the nozzle size was increased to a 7/16 inch venturi and the abrasive
metering valve was adjusted based on the feel of the operator, and to obtain a full blast
pattern. The other blast cleaning controls remained in place. The laboratory study
involved the cleaning of new steel plates containing intact mill scale. The field study
involved the blast cleaning of heavily pitted and rusted steel on the side of a barge.
Again, by optimizing the equipment adjustments and operator techniques in the field, the
absolute costs and relative cost differences between the various abrasives are likely to
change.

For the laboratory study, the cost for using silica sand ranged from $1.39 to
$2.52/square foot. No other individual abrasive was more costly to use than the most
expensive silica sand.

When the laboratory data is examined by generic category (rather than by
individual abrasive), the average cost for the silica sands evaluated was $1.82/square
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foot. Two other abrasive types were more costly to use: crushed glass at $2.06/square
foot and specular hematite at $1.90/square foot. It should be noted however, that in both
cases only a single abrasive was evaluated. The analysis of multiple abrasives within
these categories may alter these results.

For the field study, the silica sand abrasive was $0.72/square foot. In this case,
silica sand proved to be the least expensive abrasive to use (with the exception of silica
sand treated with dust suppressant at $0.71/square foot). The remaining abrasives (coal
slag, nickel slag, staurolite, copper slag, garnet and steel grit) were more costly at a range
of $0.82 to $1.02/square foot.

When the field cost scenario is modified to assume that a hazardous waste is
generated (e.g., lead containing paint is removed), silica sand is no longer the least costly.
In this case, silica sand ($1.37/square foot) is only more cost-effective than silica sand
with dust suppressant ($1.38/square foot), staurolite ($1.65/square foot) and nickel slag
($1.67/square foot). The remaining abrasives are less expensive to use with steel grit
(recycled 100 times) the most cost effective at $0.91/square foot.

Industrial Hygiene Data

As indicated previously, there was considered variability in measured results for
airborne concentrations of health-related agents among the individual abrasives within a
generic category of abrasive. Therefore, conclusions relative to expected levels of these
contaminants in airborne dust must take into account this inherent variability. To
accomplish this, Table 36 presents the minimum, maximum, and geometric mean
concentrations for each individual abrasive, as well as each generic category as a whole
for Phase 1 laboratory data. Similar data for the Phase 2 field study was previously
presented in Table 34. Table 37 provides a summary of the frequency wherein individual
abrasives within each generic category had geometric mean concentrations above the
geometric mean concentration for the silica sand generic category of abrasive, for each
health-related agent, for both Phases land 2. This data is used as the basis for the
following conclusions.

Arsenic

All crushed glass, specular hematite, olivine and staurolite abrasives had
geometric mean concentrations of arsenic that were less than silica sand. The remaining
generic categories of abrasive had one or more individual abrasives with geometric mean
concentrations greater than silica sand.

Beryllium

All crushed glass, olivine, staurolite, specular hematite, and steel grit abrasives
had geometric mean concentrations of beryllium that were less than silica sand. The
remaining generic categories of abrasive had one or more individual abrasives with
geometric mean concentrations greater than silica sand.
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Cadmium

Crushed glass and olivine abrasives had geometric mean concentrations of
cadmium that were equal to or less than silica sand. The remaining generic categories of
abrasives had one or more individual abrasives with geometric mean concentrations
greater than silica sand.

Chromium

Only specular hematite had a geometric mean concentration of chromium that
was less than silica sand. The remaining generic categories of abrasive had one or more
individual abrasives with geometric mean concentrations greater than silica sand.

Olivine and specular hematite abrasives had geometric mean concentrations of
lead that were less than silica sand. The remaining generic categories of abrasive had one
or more individual abrasives with geometric mean concentrations greater than silica sand.

Manganese

All of the generic categories of abrasives had one or more individual abrasives
with geometric mean concentrations of manganese that were greater than silica sand.

Nickel

All crushed glass, staurolite, and specular hematite abrasives had geometric mean
concentrations of nickel that were less than silica sand. The remaining generic categories
of abrasive had one or more individual abrasives with geometric mean concentrations
greater than silica sand.

Quartz

All of the individual abrasives and generic categories had geometric mean
concentrations of respirable quartz that were less than silica sand.

All crushed glass, nickel slag, olivine, staurolite, and specular hematite abrasives
had geometric mean concentrations of silver that were equal to or less than silica sand.
The remaining generic categories of abrasive had one or more individual abrasives with
geometric mean concentrations greater than silica sand.
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Titanium

All crushed glass, olivine, specular hematite, and steel grit abrasives had
geometric mean concentrations of titanium that were less than silica sand. The remaining
generic categories of abrasive had one or more individual abrasives with geometric mean
concentrations greater than silica sand.

Vanadium

All crushed glass, olivine, and specular hematite had geometric mean
concentrations of vanadium that were less than silica sand. The remaining generic
categories of abrasive had one or more individual abrasives with geometric mean
concentrations greater than silica sand.
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Table 36
Airborne Concentrations of Health-Related Agents for Individual Abrasives and Generic Categories

3
------- ------ ---- -------- ---- --. ------- - -.-- -- ------ ------- - - - -- -

Phase 1 Arsenic Beryllium Cadmium Chromium

Expendable Minimum Maximum Geometric Minimum Maximum Geometric Minimum Maximum Geometric Minimum Maximum Geometric
Abrasive Result Result Mean Result Result Mean Result Result Mean Result Result Mean

CG-01 2.06 2.09 2.07 0.03 0.13 0.07 0.05 0.05 0.05 5.15 22.69 12.52
C8-01 2.06 24.76 8.27 0.62 10.11 2.29 0.07 0.25 0.1 11.74 129.98 36.06
C8-02 2.08 10.41 3.12 0.75 14.37 3.25 0.08 0.2 0.1 19.34 229.12 67.35
C8-03 2.06 2.08 2.07 0.35 4.77 1.59 0.07 0.37 0.15 10.72 136.87 39.27
C8-04 2.06 2.1 2.07 0.19 2.69 0.85 0.07 0.09 0.08 5.15 39.35 16.35
C8-05 2.07 3.29 2.33 0.31 3.35 1.29 0.05 1.35 0.15 5.16 46.04 19.18
C8-06 0.52 3.31 1.65 1.12 3.73 1.93 0.05 0.56 0.09 22.94 111.78 48.62
C8-07 1.03 29.13 4.07 1.94 24.97 5.88 0.05 2.71 0.45 32.95 332.92 89.83

C8-GM 0.52 29.13 2.9 0.19 24.97 2.04 0.05 2.71 0.13 5.15 332.92 38.73
N-01 2.03 2.09 2.06 0.03 0.11 0.04 0.04 0.04 0.04 345.46 7036.42 1996.57
N-02 19.81 170.8 45.97 0.17 1.73 0.48 0.52 10.21 1.52 138.89 1270.57 330.1
N-GM 2.03 170.8 9.73 0.03 1.73 0.14 0.04 10.21 0.25 138.89 7036.42 811.83
0-1 0.52 2.1 1.04 0.01 0.12 0.03 0.04 0.05 0.04 65.9 246.56 116.81
8-01 2.08 2.09 2.08 0.03 0.29 0.05 0.08 0.23 0.1 5.19 33.4 8.29
8-02 2.09 2.1 2.09 0.03 0.14 0.06 0.08 0.08 0.08 5.21 16.46 8.97
8-GM 2.08 2.1 2.09 0.03 0.29 0.Q6 0.08 0.23 0.09 5.19 33.4 8.62
8H-01 2.08 2.09 2.08 0.03 0.44 0.06 0.08 0.25 0.1 5.18 5.23 5.21

CP-1 AlB 5.98 75.35 17.84 0.04 2.26 0.24 0.27 3.77 0.88 12.99 235.46 55.58
CP-2 AlB 6.6 99.54 21.78 0.17 3.94 0.74 0.04 0.5 0.08 20.01 290.34 55.98
CP-3 AlB 51.63 1116.86 299.46 0.5 6.41 2.19 0.35 4.47 1.67 10.95 101.34 40.76
CP-4 AlB 79.56 24484.8 540.81 0.22 6.12 0.98 2.06 71.41 10.2 103.9 2244.44 360.52
CP-GM 5.98 24484.8 89.07 0.04 6.41 0.78 0.04 71.41 1.04 10.95 2244.44 82.23
G-1 AlB 2.05 2.11 2.08 0.03 0.07 0.04 0.06 1.04 0.2 5.18 93.32 26.56
G-2 AlB 2.05 2.12 2.08 0.03 0.25 0.07 0.04 0.73 0.11 5.13 13.7 6.5

G-3A 2.07 2.1 2.08 0.03 0.09 0.05 0.04 1.65 0.26 5.17 27.02 11.64
G-4 AlB 2.03 2.09 2.06 0.2 1.27 0.52 0.04 0.45 0.11 1.4 98.62 18.59
G-5 AlB 2.06 2.09 2.08 0.03 0.19 0.07 0.05 0.98 0.1 5.15 102.13 21.97
G-6 AlB 2.05 2.11 2.07 0.1 2.29 0.34 0.05 2.69 0.17 13.13 205.99 49.4
G-7 AlB 0.52 2.12 1.48 0.02 0.23 0.04 0.05 0.59 0.08 5.14 40.29 13.27
G-GM 0.52 2.12 1.97 0.02 2.29 0.1 0.04 2.69 0.13 1.4 205.99 18.25

8G-1 AlB 0.96 49.52 5.15 0.03 0.04 0.03 0.04 0.56 0.09 9.61 226.94 38.2
8G-2 AlB 8.09 187.7 22.31 0.03 0.52 0.08 0.05 1.77 0.08 311.2 8550.57 1398.3
8G-GM 0.96 187.7 10.71 0.03 0.52 0.05 0.04 1.77 0.09 9.61 8550.57 231.11
88-01 2.07 2.09 2.07 0.03 0.1 0.05 0.07 1.99 0.16 5.16 5.22 5.18
88-02 2.06 2.09 2.07 0.03 0.03 0.03 0.07 0.08 0.07 5.14 5.22 5.18
88-03 2.02 2.1 2.06 0.03 0.05 0.04 0.07 0.09 0.08 5.04 5.25 5.15
88-04 2.06 2.1 2.08 0.08 0.36 0.2 0.04 0.14 0.08 5.23 14.64 10.12
88-05 2.01 2.1 2.06 0.03 0.27 0.12 0.04 0.12 0.06 5.02 24.94 13.04
88-06 1.02 6.92 2.35 0.14 0.29 0.17 0.05 0.13 0.08 5.08 13.05 6.53
88-07 0.82 2.09 1.65 0.09 0.29 0.14 0.06 0.17 0.09 5.13 27.16 7.81
88-GM 0.82 6.92 2.04 0.03 0.36 0.09 0.04 1.99 0.08 5.02 27.16 7.12..._ .. -.
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TabJe 36
Airborne Concentrations of Health-Related Agents for Individual Abrasives and Generic Categories

3
------- ------- ---- -------- ---- --- -------------- - - - -- -- - - - - - - - - - - - - -- - -

Phase 1 Lead ManQanese Nickel Respirable Quartz mg/m3
)

Expendable Minimum Maximum Geometric Minimum Maximum Geometric Minimum Maximum Geometric Minimum Maximum Geometric
Abrasive Result Result Mean Result Result Mean Result Result Mean Result Result Mean

CG-Ol 3.91 26.82 12.15 13.39 101.09 56.93 5.15 5.21 5.17 0.12 0.12 0.12
C8-01 2.27 10.52 4.76 28.84 309.47 104.45 5.15 82.53 23.88 0.11 0.12 0.12
C8-02 2.08 33.33 8.79 27.04 270.78 100.61 10.82 160.38 42.51 0.12 0.12 0.12
C8-03 2.06 11.41 3.94 61.87 829.53 251.57 5.16 134.8 29.55 0.12 0.12 0.12
C8-04 2.06 2.1 2.07 37.03 352.04 141.45 5.15 22.78 13.04 0.12 0.12 0.12
C8-05 0.83 5.02 1.8 26.84 230.22 98.43 5.16 33.49 17.92 0.12 0.12 0.12
C8-06 0.84 4.35 2.14 64.64 538.19 174.69 5.22 161.26 30.92 0.12 0.12 0.12
C8-07 3.71 35.37 10.15 78.25 873.91 250.29 17.5 353.72 67.12 0.12 0.12 0.12

C8-GM 0.83 35.37 3.89 26.84 873.91 148.72 5.15 353.72 28.3 0.11 0.12 0.12
N-Ol 0.82 2.28 1.3 117.86 2483.44 685.92 89.41 2897.35 605.7 0.12 0.12 0.12
N-02 5.11 49.99 14.91 122.55 1083.11 307.42 612.75 6040.41 1609.17 0.12 0.12 0.12
N-GM 0.82 49.99 4.4 117.86 2483.44 459.2 89.41 6040.41 987.25 0.12 0.12 0.12
0-1 0.82 2.1 1.63 247.12 1376.62 499.88 864.91 4520.24 1628.47 0.12 0.12 0.12
8-01 0.83 25.05 5.53 19.52 521.92 106.75 5.19 5.22 5.21 0.12 0.12 0.12
8-02 2.92 33.33 10.59 52.11 270.83 137.06 5.21 5.24 5.22 0.12 0.49 0.17
8-GM 0.83 33.33 7.65 19.52 521.92 120.96 5.19 5.24 5.21 0.12 . 0.49 0.15
8H-Ol 2.08 2.09 2.08 15.87 248.76 60.96 5.18 5.23 5.21 0.12 0.13 0.12

CP-l NB 7.84 87.12 23.11 35.06 447.38 132.17 5.18 21.22 8.37 0.12 0.14 0.13
CP-2 NB 0.83 9.75 2.25 701.47 12650.35 2345.52 5.16 126.5 22.54 0.12 0.12 0.12
CP-3NB 140.44 2275.08 662.27 202.4 2895.55 1098.32 5.17 35.64 13.53 0.12 0.16 0.14
CP-4NB 391.43 120383.6 2078.56 139.86 3264.64 533.01 13.79 306.06 53.54 0.12 0.74 0.2
CP-GM 0.83 120383.6 91.95 35.06 12650.35 652.69 5.16 306.06 19.23 0.12 0.74 0.15
G-l NB 0.85 2.09 1.48 58 953.96 335.81 5.11 33.18 7.26 0.12 0.12 0.12
G-2NB 0.82 8.71 1.6 115.91 1806.1 551.88 5.13 5.31 5.21 0.12 1.21 0.45

G-3A 0.83 2.1 1.08 517.17 5036.73 1165.94 5.17 5.25 5.2 0.12 6.83 0.95
G-4NB 0.81 7.19 2.54 ·578.75 17670.02 4063.91 5.08 34.93 9.47 0.12 3.69 0.57
G-5NB 0.35 4.37 1.16 92.63 3334.72 673.52 5.15 5.23 5.2 0.12 0.12 0.12
G-6NB 0.82 13.32 5.06 145.61 6034.12 1201.31 5.13 22.89 13.33 0.12 0.24 0.15
G-7 NB 0.82 2.97 1.46 168.45 1505.51 450.49 5.14 55.99 7.88 0.12 0.12 0.12
G-GM 0.35 13.32 1.84 58 17670.02 829.38 5.08 55.99 7.4 0.12 6.83 0.23

8G-1 NB 0.82 1.54 1.14 14.6 3919.95 457.56 9.61 723.81 52.39 0.12 0.27 0.17
8G-2 NB 0.39 45.88 6.07 1639 41710.12 7202.79 161.83 4379.56 733.34 0.12 0.12 0.12
8G-GM 0.39 45.88 2.63 14.6 41710.12 1815.4 9.61 4379.56 196.01 0.12 0.27 0.14
88-01 0.83 4.76 2.8 10.94 59.98 36.43 5.16 12.11 6.39 6.34 33.75 15.49
88-02 2.06 10.35 4.38 11.43 59.65 36.06 5.14 14.81 6.73 9.8 43.17 21.76
88-03 2.02 2.1 2.06 8.12 53.13 31.66 5.04 5.25 5.15 2.43 11.07 4.19
88-04 0.84 5.23 2.59 37.65 355.65 176.69 5.15 16.32 6.92 0.12 12.98 2.49
88-05 0.81 5.94 2.63 11.05 135.11 42.17 5.02 5.25 5.15 4.13 30.58 14.54
88-06 0.82 3.98 1.8 4.61 78.74 . 26.09 5.08 5.25 5.18 5.16 17.02 10.16
88-07 2.05 7.73 3.78 14.97 181.74 51.62 5.13 15.25 6.76 3.46 16.03 8.06
88-GM 0.81 10.35 2.74 4.61 355.65 1 45.72 5.02 16.32 5.99 0.12 43.17 A83
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Table 36
Airborne Concentrations of Health-Related Agents for Individual Abrasives and Generic Categories

3
-~----- ------- ---. -------- ---- --- --------------- --- ------- ------

Phase 1 Silver Titanium Vanadium

Expendable Minimum Maximum Geometric Minimum Maximum Geometric Minimum Maximum Geometric
Abrasive Result Result Mean Result Result Mean Result Result Mean

CG-01 0.83 0.84 0.83 2.06 i 9.73 6.43 0.83 0.84 0.83

CS-01 0.83 0.84 0.83 391'.35 5364.14 1312.14 14.42 . 189.81 47.84
CS-02 0.83 0.84 0.83 540.77 6456.99 1836.54 29.12 354.09 103.14
CS-03 0.83 0.83 0.83 721.8 10576.52 2830.25 22.69 352.55 93.29
CS-04 0.83 2.62 1.1 370.29 3313.32 1293.24 9.46 109.75 38.56
CS-05 0.83 1.32 0.93 173.41 1423.19 598.74 13.01 119.3 47.55
CS-06 0.83 1.94 1.03 813.18 2010.47 1385.37 29.19 91.08 56.16
CS-07 0.83 0.84 0.83 1112.03 11652.1 2873.34 61.78 665.83 173.2
CS-GM 0.83 2.62 0.91 173.41 11652.1 1545.09 9.46 665.83 69.97

N-01 0.82 0.84 0.82 18.49 289.74 93.61 3.66 76.57 21.73
N-02 0.82 0.84 0.83 347.22 2707.77 763.29 16.75 152.05 38.97
N-GM 0.82 0.84 0.83 18.49 2707.77 267.3 3.66 152.05 29.1
0-1 0.82 0.84 0.83 2.06 17.88 7.41 0.83 3.9 1.58
S-01 0.83 0.84 0.83 228.41 3338.2 1250.21 2.28 22.96 7.68
S-02 0.84 0.84 0.84 958.73 3768.84 1957.98 2.5 14.58 6.91
S-GM 0.83 0.84 0.83 228.41 3768.84 1564.57 2.28 22.96 7.29
SH-01 0.83 0.84 0.83 7.73 41.46 15.08 0.83 6.84 1.41

CP-1 AlB 0.83 0.96 0.89 146.42 2825.52 644.47 3.09 58.87 12.71
CP-2 AlB 0.83 13.69 2.4 577.68 9746.99 1826.33 30.95 518.46 95.88
CP-3 AlB 3.51 17.82 9.3 392.4 5170.63 1816.62 17.76 248.19 82.11
CP-4 AlB 0.83 77.54 7.26 285.6 7345.44 1105.94 11.33 244.85 42.25
CP-GM 0.83 77.54 3.46 146.42 9746.99 1240.07 3.09 518.46 45.35
G-1 AlB 0.82 0.85 0.83 29 311.4 156.07 1.83 39.44 12.62
G-2 AlB 0.82 0.85 0.83 10.25 114.18 44.98 0.82 6.43 2.82

G-3A 0.83 0.84 0.83 16.96 100.73 41.56 3.1 9.44 4.18
G-4 AlB 0.81 0.84 0.82 115.75 1100.5 589.14 1.96 53.42 12.87
G-5 AlB 0.83 0.84 0.83 53.52 564.5 164.26 1.77 70.86 13.1
G-6 AlB 0.82 0.85 0.83 49.22 1045.15 373.62 4.31 120.68 29.32
G-7 AlB 0.82 3.11 0.98 160.23 1251.56 354.36 5.75 52.15 14.37
G-GM 0.81 3.11 0.85 10.25 1251.56 186.75 0.82 120.68 10.78

SG-1 AlB 0.82 15.24 1.83 3.85 167.11 20.76 1.54 142.36 12.08
SG-2 AlB 0.83 4.17 1.48 2.08 37.54 9.27 15.15 479.67 80.49
SG-GM 0.82 15.24 1.64 2.08 167.11 13.87 1.54 479.67 31.18
SS-01 0.83 0.84 0.83 10.73 87.68 40.47 0.83 2.48 1.37
SS-02 0.83 0.84 0.83 22.85 95.93 61.34 0.83 4.52 2.76
SS-03 0.81 0.84 0.82 4.58 26.56 12.14 0.81 2.6 1.09
SS-04 0.83 0.84 0.83 54.38 564.85 255.68 3.56 23.01 11.41
SS-05 0.81 0.84 0.82 8.24 64.44 30.11 5.02 35.34 15.89
SS-06 0.82 0.84 0.83 5.03 142.98 42.18 0.84 6.22 2.36
SS-07 0.82 0.84 0.83 28.71 271.57 67.73 0.82 7.52 1.77
SS-GM 0.81 0.84 0.83 4.58 564.85 48.84 0.81 35.34 3.16



Table 37
Fraction of Individual Abrasives Within a Generic Category With Geometric Mean Concentrations Greater Than the Geometric Mean for the

Silica Sand Generic Category of Abrasives

,,.).0 Arsenic Bef\lIium Cadmium Chromium Lead " Manqanese Nickel Quartz Silver Titanium Vanadium
0' Lab Field Lab Field Lab Field Lab Field Lab Field Lab Field Lab Field Lab Field Lab Field Lab Field Lab Field~'b'

t?

CG 0/1 - 0/1 - 0/1 - 1/1 + 1/1 + 1/1 + 0/1 - 0/1 - 0/1 - 0/1 - 0/1 -
CS 60 ± 1/1 + 70 + 1/1 + 60 ± 1/1 + 70 + 1/1 + 40 ± 1/1 + 70 + 1/1 + 70 + 1/1 + 00 - 0/1 - 30 ± 0/1 - 70 + 1/1 + 70 + 1/1 +

N 2/2 + 1/1 + 1/2 ± 0/1 - 1/2 ± 1/1 + 2/2 + 1/1 + 1/2 ± 1/1 + 2/2 + 1/1 + 2/2 + 1/1 + 0/2 - 0/1 - 0/2 - 0/1 - 2/2 + 0/1 - 2/2 + 1/1 +

0 0/1 - 0/1 - 0/1 - 1/1 + 0/1 - 1/1 + 1/1 + 0/1 - 0/1 - 0/1 - 0/1 -

S 0/2 - 0/1 - 0/2 - 0/1 - 1/2 ± 1/1 + 2/2 + 1/1 + 2/2 + 1/1 + 2/2 + 1/1 + 0/2 - 0/1 - 0/2 - 0/1 - 0/2 - 0/1 - 2/2 + 1/1 + 2/2 + 0/1 -

SH 0/1 - 0/1 - 1/1 + 0/1 - 0/1 - 1/1 + 0/1 - 0/1 - 0/1 - 0/1 - 0/1 -
0,

CP 4/4 + 1/1 + 4/4 + 0/1 - 3/4 ± 1/1 + 4/4 + 1/1 + 3/4 ± 1/1 + 4/4 + 1/1 + 4/4 + 1/1 + 0/4 - 0/1 - 4/4 + 0/1 - 4/4 + 1/1 + 4/4 + 1/1 +

G 60 ± 1/1 + 20 ± 0/1 - 60 ± 1/1 + 60 ± 1/1 + 1/6 ± 1/1 + 70 + 1/1 + 40 ± 0/1 - 00 - 0/1 - 10 ± 0/1 - 50 ± 1/1 + 60 ± 0/1 -
SG 2/2 + 1/1 + 0/2 - 0/1 - 1/2 ± 1/1 + 2/2 + 1/1 + 1/2 ± 1/1 + 2/2 + 1/1 + 2/2 + 1/1 + 0/2 - 0/1 - 2/2 + 0/1 - 0/2 - 0/1 - 2/2 + 1/1 +

(+) Plus sign means that all individual abrasives within a generic
category had geometric mean concentrations of a health-related agent
that were greater than the corresponding geometric mean for the
generic category of silica sand,

(-) Minus sign means that all individual abrasives within a generic
category had geometric mean concentrations of a health-related agent
that were less than the corresponding geometric mean for the generic
category of silica sand.

(±) Plus and minus signs mean that individual abrasives within a generic
category had geometric mean concentrations of a health-related agent
that were above the corresponding geometric mean for the generic
category of silica sand, while other individual abrasives were below.

f~_:::::f,~:~=~~~~:~a~:;~~~~.~~~~;~~~~~=:~::.~~:~~~~--
geometric mean concentration of lead greater than silica sand.

(*) These abrasives mathematically showed geometric mean concentrations for the
specified contaminant which were greater than silica sand (using the formula LOD/2 in
the equation). However, these values were the result of calculations involving the limit
of detection (LOD) for all non-detectable results. Silica sand had a lower geometric
mean, however, it was based upon detectable concentrations of the contaminant.
Therefore, each of these abrasives are shown on this table as being below silica sand
sincJ all of the actual measured concentrations were non-detectable.
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RECO~NDATIONS

A series of recommendations were submitted in both the Phase 1 laboratory study
report and the Phase 2 field study report. In most instances, there was a similar basis and
content to these recommendations. Therefore, it is not surprising that the
recommendations resulting from this Phase 3 comparison report follow a similar theme.
As a result, the principle recommendations that are germane to both Phase 1 and 2 are
repeated below.

1. While no direct correlation can be established at this time, comparison of the relative
concentration of health-related agents in the virgin abrasive, and assessment of the
source of the raw materials and/or the manufacturing process, should be used as
initial selection criteria for all of the abrasives and in particular for coal slag, nickel
slag, copper slag, garnet, and steel grit abrasives.

2. Given the potential exposures to multiple contaminants from both the abrasive, as
well as a painted steel surface, worker protection programs should be expanded to
address all potential metals (e.g. as opposed to the current focus on worker lead
protection programs). Perhaps a comprehensive vertical health standard for industrial
maintenance painting operations addressing the use of abrasives, or classes of generic
abrasives, should be developed. The standard would automatically invoke the
necessary levels of protection and work practices without the need to uniquely
evaluate each abrasive for all possible metals.

In addition to the fundamental recommendations described above, these studies
identified the need for additional research. The recommended studies should be used to:

3. Investigate the relationship between the concentration of quartz in silica sand
abrasives with airborne concentrations of other hazardous health-related agents,
including an assessment of relative health risks.

4. Evaluate the potential for correlations between the concentration of health-related
agents in all virgin abrasives, and the resulting airborne concentrations, for use as a
selection criteria.

5. Conduct further evaluations of crushed glass, staurolite, specular hematite and olivine
because this study evaluated only 1 supplier of each of these abrasives (note that
staurolite and specular hematite are each provided from only one source).

6. Improve the quality of data regarding cleaning rate, consumption rate, and cost. The
protocol should be modified to allow selection of blast nozzle size, meter valve
setting, and nozzle pressure for each individual abrasive, set experimentally in
conjunction with the suppliers. While such variations limit the strict reproducibility
of the study and introduce subjective design criteria, these detractions will result in
improved cleaning rate, consumption rate, and cost data.

Evaluation ofSubstitute Materialsfor
Silica Sand in Abrasive Blasting
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7. It is recommended that additional field studies be conducted to collect information on
other types of steel structures in order to expand the available database.
Representative structures in the marine, water/wastewater, transportation, and
industrial sectors should be included in these studies.

Evaluation of Substitute Materials for
Silica Sand in Abrasive Blasting
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APPENDIX 1

. .
Description of the Health Hazards and Recommended Exposure Limits

for the Eleven Health-Related Agents





Arsenic

Inhalation, ingestion, or dermal exposure of workers to inorganic arsenic has
reportedly caused peripheral nerve inflammation (neuritis) and degeneration
(neuropathy), reduced peripheral circulation, anemia, increased mortality due to
cardiovascular failure, and cancer of the skin, lungs, and lymphatic system. The OSHA
PEL for arsenic is 10 micrograms/cubic meter of air.

Arsenic is considered an occupational carcinogen by NIOSH. The NIOSH policy
regarding occupational carcinogens has changed from a recommend exposure limit
(REL) of "lower feasible concentration". The new NIOSH policy for carcinogens is
described in the following paragraph (This policy applies to all workplace hazards,
including carcinogens):

For the past 20 plus years, NIOSH has subscribed to a carcinogen policy that was
published in 1976 by Edward 1. Fairchild, II, Associate Director for Cincinnati
Operations, which called for "no detectable exposure levels for proven carcinogenic
substances [New York Academy of Sciences Annals 1976]." This was in response to a
generic OSHA rulemaking on carcinogens.

Because of advances in science and in approaches to risk assessment and risk
management, NIOSH has in more recent years adopted a more inclusive policy. NIOSH
RELs will be based on risk evaluations using human or animal health effects data, and on
an assessment of what levels can be feasibly achieved by engineering controls and
measured by analytical techniques. To me extent feasible, NIOSH will protect not only a
no-effect exposure, but also exposure levels at which there may be residual risks.

The effect of this new policy for potential occupational carcinogens will be the
development, whenever possible, of quantitative RELs that are based on human and/or
animal data, as well as on the consideration of technological feasibility for controlling
workplace exposures to the REL. Under the old policy for potential occupational
carcinogens, RELs for most carcinogens were non-quantitative values labeled "lowest
feasible concentration (LFC)." In 1989, NIOSH adopted several quantitative RELs for
carcinogens from OSHA's PEL update. NIOSH will also recommend the complete range
of respirators (as determined by the NIOSH Respirator Decision Logic) for carcinogens
with quantitative RELs. In this way, respirators will be consistently recommended
regardless of whether a substance is a carcinogen or a non-carcinogen.
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Beryllium

Inhalation of beryllium may result in rhinitis, tracheobronchitis, pneumonitis, and
death due to pulmonary edema or heart failure. Beryllium has been associated with
damage to the kidney, liver, spleen and heart, and an increased incidence of lung cancer.
The NIOSH REL and OSHA PEL for beryllium are 0.50 and 2.0 microgramslcubic meter
of air, respectively.

Beryllium is considered an occupational carcinogen by NIOSH. The NIOSH
policy regarding occupational carcinogens has changed from a recommend exposure limit
(REL) of "lower feasible concentration". The new NIOSH policy for carcinogens is
described in the following paragraph (This policy applies to all workplace hazards,
including carcinogens):

For the past 20 plus years, NIOSH has subscribed to a carcinogen policy that was
published in 1976 by Edward 1. Fairchild, II, Associate Director for Cincinnati
Operations, which called for "no detectable exposure levels for proven carcinogenic
substances [New York Academy of Sciences Annals 1976]." This was in response to a
generic OSHA rulemaking on carcinogens.

Because of advances in science and in approaches to risk assessment and risk
management, NIOSH has in more recent years adopted a more inclusive policy. NIOSH
RELs will be based on risk evaluations using human or animal health effects data, and on
an assessment of what levels can be feasibly achieved by engineering controls and
measured by analytical techniques. To the extent feasible, NIOSH will protect not only a
no-effect exposure, but also exposure levels at which there may be residual risks.

The effect of this new policy for potential occupational carcinogens will be the
development, whenever possible, of quantitative RELs that are based on human and/or
animal data, as well as on the consideration of technological feasibility for controlling
workplace exposures to the REL. Under the old policy for potential occupational
carcinogens, RELs for most carcinogens were non-quantitative. values labeled "lowest
feasible concentration (LFC)." In 1989, NIOSH adopted several quantitative RELs for
carcinogens from OSHA's PEL update. NIOSH will also recommend the complete range
of respirators (as determined by the NIOSH Respirator Decision Logic) for carcinogens
with quantitative RELs. In this way, respirators will be consistently recommended
regardless of whether a substance is a carcinogen or a non-carcinogen.

A-2



Cadmium

Cadmium dust may cause irritation of the nose and throat, cough, chest pain,
sweating, chills, shortness of breath, and weakness. Repeated exposure may cause loss of
the sense of smell, ulceration of the nose, shortness of breath, kidney damage, and mild
anemia. An increased incidence of prostrate cancer in men has been reported. The
OSHA PEL for cadmium is 5.0 micrograms/cubic meter of air. NIOSH does not
currently have a recommended exposure limit (REL) for cadmium.

Cadmium is considered an occupational carcinogen by NIOSH. The NIOSH
policy regarding occupational carcinogens has changed from a recommend exposure limit
(REL) of "lower feasible concentration". The new NIOSH policy for carcinogens is
described in the following paragraph (This policy applies to all workplace hazards,
including carcinogens):

For the past 20 plus years, NIOSH has subscribed to a carcinogen policy that was
published in 1976 by Edward J. Fairchild, II, Associate Director for Cincinnati
Operations, which called for "no detectable exposure levels for proven carcinogenic
substances [New York Academy of Sciences Annals 1976]." This was in response to a
generic OSHA rulemaking on carcinogens.

Because of advances in science and in approaches to risk assessment and risk
management, NIOSH has in more recent years adopted a more inclusive policy. NIOSH
RELs will be based on risk evaluations using human or animal health effects data, and on
an assessment of what levels can be feasibly achieved by engineering controls and
measured by analytical techniques. To the extent feasible, NIOSH will protect not only a
no-effect exposure, but also exposure levels at which there may be residual risks.

The effect of this new policy for potential occupational carcinogens will be the
development, whenever possible, of quantitative RELs that are based on human and/or
animal data, as well as on the consideration of technological feasibility for controlling
workplace exposures to the REL. Under the old policy for potential occupational
carcinogens, RELs for most carcinogens were non-quantitative values labeled "lowest
feasible concentration (LFC)." In 1989, NIOSH adopted several quantitative RELs for
carcinogens from OSHA's PEL update. NIOSH will also recommend the complete range
of respirators (as determined by the NIOSH Respirator Decision Logic) for carcinogens
with quantitative RELs. In this way, respirators will be consistently recommended
regardless of whether a substance is a carcinogen or a non-carcinogen.

A-3



Chromium

Chromium metal and divalent and trivalent compounds have been associated with
dermatitis and allergic skin reaction. The compounds may cause skin ulceration,
ulceration in the mucus membranes, and perforations of the nasal septum. Adverse
effects on pulmonary functions, including hypersensitivity, have been reported. The
NIOSH REL for chromium are both 500 micrograms/cubic meter of air.

Per the "NIOSH Pocket Guide to Chemical Hazards" the OSHA PEL for
chromium depends on the valence. The OSHA PEL for chromium metal and insoluble
salts is 100 ~g/m3. The OSHA PEL for chromium (II) and (III) compounds is 500 ~glm3.

The NIOSH REL for all valences of chromium is 500 ~glm3, with the exception of the
REL of 1 ~g/m3 for the hexavelent chromium, which is based on a 10 hour TWA.
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Lead

Inhalation or ingestion of inorganic lead has reportedly caused peripheral
neuropathy with paralysis of the muscles of the wrists and ankles, encephalopathy,
anemia due to decreased red blood cell life and impaired heme synthesis, kidney damage
and adverse effects on the reproductive systems of males and females. The NIOSH REL
and OSHA PEL for lead are 100 and 50 micrograms/cubic meter of air, respectively.
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Manganese

Prolonged or repeated exposure to manganese may effect the nervous system with
difficulty in walking, weakness, memory lapse, and unstable emotions. Chronic exposure
may effect the respiratory system resulting in pneumonitis and bronchitis. The NIOSH
REL for manganese metal, fumes, and compounds is 1,000 micrograms/cubic meter of
air. The OSHA PEL for manganese is 5,000 micrograms/cubic meter of air as a ceiling
limit.
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Nickel

Systemic affects from ingestion or inhalation of low solubility nickel compounds
have not been reported. Absorption from the lungs depends on the solubility of the
compounds. Occupational exposure to nickel compounds with low solubility,
particularly the oxide, has reportedly caused lung cancer. Evidence suggests that soluble
nickel compounds may cause respiratory or gastric cancer. Metallic nickel or nickel
compounds are sensitizing. Lung reactions in the fonn of asthma have been attributed to
nickel sensitization. Pneumoconiosis has also been reported. The NIOSH REL and
OSHA PEL for nickel are 15 and 1,000 micrograms/cubic meter of air, respectively.

Nickel is considered an occupational carcinogen by NIOSH. The NIOSH policy
regarding occupational carcinogens has changed from a recommend exposure limit
(REL) of "lower feasible concentration". The new NIOSH policy for carcinogens is
described in the following paragraph (This policy applies to all workplace hazards,
including carcinogens):

For the past 20 plus years, NIOSH has subscribed to a carcinogen policy that was
published in 1976 by Edward J. Fairchild, II, Associate Director for Cincinnati
Operations, which called for "no detectable exposure levels for proven carcinogenic
substances [New York Academy of Sciences Annals 1976]." This was in response to a
generic OSHA rulemaking on carcinogens.

Because of advances in science and in approaches to risk assessment and risk
management, NIOSH has in more recent years adopted a more inclusive policy. NIOSH
RELs will be based on risk evaluations using human or animal health effects data, and on
an assessment of what levels can be feasibly achieved by engineering controls and
measured by analytical techniques. To the extent feasible, NIOSH will protect not only a
no-effect exposure, but also exposure levels at which there may be residual risks.

The effect of this new policy for potential occupational carcinogens will be the
development, whenever possible, of quantitative RELs that are based on human and/or
animal data, as well as on the consideration of technological feasibility for controlling
workplace exposures to the REL. Under the old policy for potential occupational
carcinogens, RELs for most carcinogens were non-quantitative values labeled "lowest
feasible concentration (LFC)." In 1989, NIOSH adopted several quantitative RELs for
carcinogens from OSHA's PEL update. NIOSH will also recommend the complete range
of respirators (as determined by the NIOSH Respirator Decision Logic) for carcinogens
with quantitative RELs. In this way, respirators will be consistently recommended
regardless of whether a substance is a carcinogen or a non-carcinogen.
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Silver

Silver and soluble silver compounds may cause discoloration or a blue-gray
coloring of the eyes, nose, throat, and skin. The NIOSH REL and OSHA PEL for silver
are both 10 micrograms/cubic meter of air.
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Titanium Dioxide

The effects of titanium dioxide on the body reveal that the substance is relatively
inert, not absorbed readily by the body, and exerts little toxic effects. Animal studies
show no fibrous effect from inhalation although an increase incidence of lung tumors in
animals has been reported. NIOSH previously recommended that "occupational
exposures to carcinogens be limited to the lowest feasible concentrations". Therefore, for
this study, the analytical limit of quantification is used as the NIOSH REL for titanium.
The OSHA PEL for titanium is 15,000 micrograms/cubic meter of air.

Titanium dioxide is considered an occupational carcinogen by NIOSH. The
NIOSH policy regarding occupational carcinogens has changed from a recommend
exposure limit (REL) of "lower feasible concentration". The new NIOSH policy for
carcinogens is described in the following paragraph (This policy applies to all workplace
hazards, including carcinogens):

For the past 20 plus years, NIOSH has subscribed to a carcinogen policy that was
published in 1976 by Edward J. Fairchild, II, Associate Director for Cincinnati
Operations, which called for "no detectable exposure levels for proven carcinogenic
substances [New York Academy of Sciences Annals 1976]." This was in response to a
generic OSHA rulemaking on carcinogens.

Because of advances in science and in approaches to risk assessment and risk
management, NIOSH has in more recent years adopted a more inclusive policy. NIOSH
RELs will be based on risk evaluations using human or animal health effects data, and on
an assessment of what levels can be feasibly achieved by engineering controls and
measured by analytical techniques. To the extent feasible, NIOSH will protect not only a
no-effect exposure, but also exposure levels at which there may be residual risks.

The effect of this new policy for potential occupational carcinogens will be the
development, whenever possible, of quantitative RELs that are based on human and/or
animal data, as well as on the consideration of technological feasibility for controlling
workplace exposures to the REL. Under the old policy for potential occupational
carcinogens, RELs for most carcinogens were non-quantitative values labeled "lowest
feasible concentration (LFC)." In 1989, NIOSH adopted several quantitative RELs for
carcinogens from OSHA's PEL update. NIOSH will also recommend the complete range
of respirators (as determined by the NIOSH Respirator Decision Logic) for carcinogens
with quantitative RELs. In this way, respirators will be consistently recommended
regardless of whether a substance is a carcinogen or a non-carcinogen.
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Vanadium

Vanadium dust may cause irritation of the eyes, nose, throat, and also the
respiratory tract. It may also cause bronchitis with wheezing and chest pain. Repeated or
prolonged exposure may also cause an allergic skin rash. The NIOSH REL and OSHA
PEL (Respirable) for vanadium (except vanadium metal and vanadium carbide) are 50
and 500 micrograms/cubic meter of air as ceiling limits, respectively. For the purpose of
this study, the OSHA PEL for respirable vanadium was used for total vanadium dust, as
there is no PEL for total vanadium dust listed.
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Respirable Silica-Quartz

Respirable silica-quartz causes silicosis after chronic exposure. The formation of
scattered, rounded or stellate silica-containing nodules of scar tissue in the lungs
characterize classical silicosis. It may be slowly progressive, even in the absence of
continued exposure. Acute silicosis may occur under conditions of extremely high
crystalline quartz dust exposures, particularly when the particle size of the dust is very
small. This disease differs from classical silicosis in that it is rapidly progressive with
diffuse pulmonary involvement. Animal studies have indicated an increased risk of lung
cancer. The NIOSH REL for respirable quartz is 0.05 milligrams/cubic meter of air. The
OSHA PEL for respirable quartz is 10 milligrams/cubic meter of air divided by % silica +
2.

Respirable Quartz Airborne Samples:

The following seven of the respirable quartz airborne samples were quantified by
primary peak height measurement due to problematical integration data for these
samples: (96-4771 garnet G-2B), (96-4795 garnet G-2B), (96-4783 garnet G-2B), (96­
4380 garnet G-4A), (96-4774 garnet G-3A), (96-4781 garnet G-3A), and (96-4819 silica
sand with dust suppressant SSDS-03). Samples (96-4441 silica sand with dust
suppressant SSDS-03) and (96-4537 nickel slag N-Ol) were analyzed by secondary peak
height analysis due to nearby interference of the primary peak.

Total Quartz Bulk Samples:

The following virgin and post bulk samples had interference problems in the
primary peak area and were analyzed by peak height measurement of the secondary peak:
garnet G-2A, garnet G-2B, specular hematite, and nickel slag N-Ol. The virgin and post
bulk samples of garnet G-2B and nickel slag N-01 were also checked microscopically for
quartz which identified th.e samples as non-detectable «5%, <3%, <3%, and <1 %). The
garnet virgin bulk samples G-IB and G-4A had interference problems, but were analyzed
by long range qualititative scan (5 to 90 degrees two theta). They appeared to have
primary and secondary quartz peaks, but showed no other quartz peaks. The virgin and
post bulk samples of garnet G-3A and steel grit SG-IA and the post bulk samples of
garnet G-1B and garnet G-4A had interference problems in the primary peak area and
were checked microscopically for quartz.
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