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Abstract

NIOSH is interested in studying the potential health hazards of workers
engaged in out-—of-doors abrasive bhlasting. This paper revorts a studv atr

a facility where coal slag containing less than 0.5% free silica was used
to remove rust from new steel prior to painting. The blasters wore douhie
respiratory protection which consisted of a disposahle 3M tvpe mask as well
as an air supplied helmet. Since blasters wore this double resmniraztorv oro-
tection, minimal exposure to slag dust was assumed. To check this assump-
tion, a calculation was made using the heaviest respirahle dust samole,

and the analysis of blasting slag to calculate the overator's potential
exposure to toxic elements assuming no respiratorvy ecuipment was worn. This
calculation shows that there would essentiallv be no exposures ahbove the
TLV for any of the toxic elements present with the exception of free silica.

Of course without respiratory protection the nuisance dust standard would
be greatly exceeded.

Since ancilliary workers are at least 100" from the bhlasting operation,
and since dust generating bv blasting tends to fall rapidly to the ground,
area samples indicate that these workers are exposeq ro less than 1/10%
of the nuisance respirable dust standards of 5 Mg/m .

During the survey it was noticed that some blasters consistentlv eenerated
more dust than others. Recommendations by NINSH that these hlasters pro-
bably needed more training was accepted by the companvy who engaged the ser—
vices of a blasting expert to instruct workers in proper hlasting techninues.



Introduction

NIOSH is interested in studying the potential health hazards of workers
engaged in out-of-doors abrasive blasting, using currently available abra-
sive blasting agents. This paper reports the results of an industrial hy-
giene survey conducted at Harvey, Louisiana where coal slag was used as
the abrasive blasting agent to clean rust off new steel prior to its heing
painted. Respirable airbormne dust generated was collected outside the man’s
respiratory protective equipment and analyzed for respirable net weight
and iron. The use of respiratory equipment and protective clothing was oh-
served and reported upon. Chemical analysis of the bulk slag was performed.
Airborne dust samples, also collected on nucleopore filters, were examined
by electron microscopy, and results are reported herein.

Background

In the latter part of the 19th century, steel came into general use as a
material for fabrication of large structural items such as ships, bridges,
railroad cars, etc. These steel structures upon being exposed to the weath-
er were prone to corrode and required a protective coating to prevent rust—
ing. Both the initial and the periodic maintenance of these structures
require that the surface be cleaned of rust and loose paint in order to
obtain a surface capable of accepting a new protective coating. The usual

method of preparing thse surfaces has been by abrasive blasting with silica
sand.

In studying the incidence of silicosis in the 1930's Mereweather] discov—
ered that most wgrkers in the dusty trades were prone to silicosis and
that the average employee worked in these industries for &40.1 vears and
the average age at death was 54.1 years. However, he found one group, the
sand blasters, who on the average worked for only 10.3 vears and whose
average age at death was 40.7 years. With the recognition of this hazard,
Great Britain in 1950 banned the use of silica sand as an ahrasive hlasting
‘material.” This was followed by efforts to restrict the use of sand for
abrasive blasting purposes in other European countries. It should he noted
that though Great Britain and other Ruropean countries have banned the use
of sand as an abrasive blasting material, the use of silica sand is stil]
permitted in the United States.

Research was performed in Germany and other Ruropean countries to find saf-
isfactory low percent free silica substitute abrasive hlasting materials.
In considering candidate materials as substitutes for sand three prooerties
were sought: (1) the material should contain lTess than 1% in free sifica,
(2) the material should possess good abrasive properties, and (3) the mater-—
ial should be economically competitive with sand.

In 1966 Gesell3 reported results of the test work on several tvpes of waste
mineral slags. These included copper slag, chrome slag, glass, etc. These
tests were conducted to determine the phvsical properties of these substi-
tute abrasive blasting agents. Toxicological testing was mnot included.
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In the Unites States it is estimated that sand is used as an abrasive hlast-
ing material in about 90% of the out—of-doors abrasive blasting operations.
About 10% of the blasting materials used are slags which contain one to

two percent free silica. The most widely used low silica abrasive hlasting
materials are coal slag (wet bottom boiler slag) and primary copper slac.

A few lesser known low silica slags such as a secondarv copper slag and

a nickel slag are also used as abrasive blasting agents. Their chemical
composition is described in an ATIHA journal article now in press.

Coal slag results from burning a powdered coal with a low melting point

ash content in a special type of utility boiler. The molten ash drops to

the bottom of the boiler as a viscous liquid which flows into water where

it frits to form a material which can be crushed and classified to accept-
able grades with size ranges suitable for ahrasive hlasting. This coal slag
usually contains less than 0.5% free silica and 1.0 to 10 ppm of Re. Traces
of other toxic materials such as Ph, As, Cr, etc., are also present. See
Appendix A for analysis of the coal slag used in this study in additiom

to analysis of a competitive coal slag. This comparison indicates that the
composition of both slags are similar.

Description of Facility and Blasting Operation

The abrasive blasting vard at Land and Marine Enterprises in Harvev, Louisi-
ana covered about five or six acres backed up to a Mississippi River Levee.
Tn addition to the blasting area, there was a small office buflding, and

a large tall building which housed cranes and other lifting eguioment. This
building also contained a locker room, a wash room, shower facilities, and

a lunch room. At the rear of this building a separate room houses an air
compressor which supplies air used for abhrasive hlasting at approximately
120 pounds per square inch. Air from this source is also bled off to supply
‘the blasting helmets after having first passed through a charcoal filter.

Adjacent to the blasting yard is six or seven acres which houses Land and
Marine's main offices and storage buildings. The companv's main husiness

is abrasive blasting on oil rigs in the Gulf of Mexico, and thev suooly
crews for such work on a contract hasis. The companv is also engaged in
supplying parts for abrasive blasting equipment such as slag pots, hoses,
nozzles, fittings and air compressors. In addition, they supoly air supnlied
blasting helmets, protective clothing and other safety irems. They also
supply spray painting equipment, and other miscellaneous hardware.

The total number of people emploved by the companvy is ahout two hundred,

but for the purposes of this survey, Februarv, 1981, we were interested

only in the 20-25 employees who worked at the blasting vard at Harvey, Lo-
uisiana. During the survey, new steel (which included pipes, beams, boat
bumpers, etc.) was blasted with the coal slag described above (Stan-Rlast),
to remove rust and to prepare the surface to accept paint. Though the vard
employes about 20-25 men, no more than five were engaged in blasting activi-
ties at any one time in the vard, and at times during the survev, onlv one
or two were doing this work. Others waiting for equipment to be moved hy
cranes or lift trucks were doing maintenance work, or had office iohs.

o
w

Limit of detection of analytical method is 0.5% free silica. Stan-Rlast
used in this study contains less than 0.5% free silica.
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Stan-Blast was applied through a hose and nozzle with an air pressure of
approximately 120 pounds at the compressor. The blasters were outfitted
with adequate safety equipment which consisted of abrasive resistant cloth-
ing, gloves, ear protectors, air supplied helmet and shoes. The workers

are given a complete pre—employment physical, which included a chest x-rav.

The blasting helmet worn is supplied with filtered air from the main com—
pressor. The flow of air, which is filtered through carbon before entering
the helmet, can be regulated by the blaster should the noise level he too
high.

Under this air supplied helmet the blaster also wears a 3M disposahle mask
which gives further protection from dust which might infiltrate the helmet,
during periods when the helmet sight piece must be opened. The helmet is
attached to a device forming a turtle neck seal at the man's neck to keen
out dust. This turtleneck is attached below to a poncho which protects the
upper part of the blaster's body from the force of the abhrasive blasting
material hitting against him.

Sampling methods

Personal respirable samples were collected on each blaster to measure the
quantity of respirable dust to which he was potentially exposed. The sampl-
ing was conducted by drawing dust laden air at a rate of 1.7 liters/minute
through a nylon cyclone (10mm, dia.) then through a preweighed M-5 37 mm
filter, using a Dupont P-4000 pump. The pump was attached to the blaster's
belt and the filter assembly fastened to his collar. The workers normallv
performed blasting over a period of one to six hours each day. This was
because of interruption due to rain or waiting for equipment to move the
material being blasted. At the end of the blasting period, the samples were
removed and length of work time noted. In the lahoratory, the filters were
reweighed to determine the net weight of respirable dust, and were then
analyzed for irom content by disolving in nitric acid followed by atomic
absorption spectrophotometry. The iron analvsis was run to determine whe-—
ther most of the dust was from slag or from iron oxide (rust) removed during
the blasting period.

Short term nucleopore filters for electron microscopic examination were
also collected on each blaster. However, not until the filters were attached
to the workers back instead of to his collar was it possible to collect
samples suitable for electron microscopic analysis. The filter time on

these samples varied and they had to be removed when hy inspection it was
judged that the filter had sufficient dust to permit electron microscopic
examination, and not too much to interfere with the electron microscopic
examination. The samples were obtained for the purpose of determining nar-
ticle size characteristics and particle identification.

Area samples both respirable and nucleopore were also taken. These were
collected at the fence line which was about 80 feet from the blasting area
and also at 150 feet down wind from the blasting area.



In addition, bulk samples of the coal slag used in the blasting were col-
lected in bottles, and a complete chemical analysis was run exceot for free

silica, an estimate of which was obtained by electron microscoov. (See
Appendix A).

Discussion of results

The results of the personal respirable samples collected show that without
respirable protection devices, the workers would he egxnosed to levels of
respirable dust ranging from 1.N8 mg/m to 72.7 me/m as shown in Tahle

I. This dust included irom oxide (rust) hlasted from the steel as well as
dust from the coal slag. The iron analysis in the respirable samples was
run to determine whether the majority of the dust was from slag or iron

oxide. Iron oxide proved to be a minor part of the respirahle dust collect-
ed.

The yvard covers 5 or 6 acres. Results of general area samples collected

at the fence line (80 feet from the hlasting area) and 150 feet from the
blasting area in Table IT show relatively loy levels of respirahle dust.
The fence line samples ranged from 0.37 mg/m” of respirahle dust to N.45
mg/m~ respirable dust. Samples taken on the progertvy 150 feet down wind

of blasting ranged from 0.1%9 mg/m to 0.39 me’/m . This indicates thar much
of the dust falls out in the blasting vard.

The coal slag used in this study is thought to be representative of coal
slag in general though the quantitv of the chemical constituents varv some-—
what depending on the source of coal hurned. An analvsis of the sTag used
is compared with the analysis of a competitive coal slag in Anpendix A and
the slags(gse very similar. Both contain about the same amount of hervilium
7-10 ppm. The silica content present as silicates apbpears to be somewhat
higher in the slags used in the survey but the lead content was lower

(4 ppm vs. 15 ppm) than in the competitive slag.

Since analysis of the abrasive blasting slag used showed the presence of
small amounts of toxic metals in the slag, the respirahle samnle of the
slag dust collected while hlasting which possessed the greatest amount of
dust (72.7 mg/m ) was used to calculate from the analysis of the bulk slag
the guantity of these elements likelv to be present in the air and to com-

pare the results with their respective TLV's (1981), and OSHA Standards.
(Table 1)

TABLE 1

Estimated Exposures (Exclusive of Respiratorv Protection)
and Comparison to Existing Standards

FSTIMATED EYDNQIRE

ELEMENT TLV NSHA STD. TO CONTAMTNANT
Pb 150 ug/m3 200 ug/mz 0.3 uq/mz
Be 2.0 ug/m 2.0 ug/m 0.5 ue’/yg
Ni 1000 ug/ 1000 ug/g 10 ug/m
Co 100 ug/m 100 ug/m 4 L0y ug/m,
Cr 500 ug/m 1000 ug /g’ v 43 ug’/m ,
8107 100 ug/g' 100 UE/Q* 145 ue'/m
- (resp.) (resp.)

* Equivalent TLV (Resp.) - 1981 TLY Rookler P. 52

Calculated from formula 10 = mg resp. dust (use TSi0, = 1007)

A SiOQ + 2
< ?(
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The above results are constructs of concentrations likely to be found under
the "worst case" conditions. They should not be construed as measurements
of actual exposure. However, these results do indicate that potential ex-
posures to respirable free silica (exclusive of respiratory protection)

in excess of the TLV could occur. With similar assumptions, i.e. a free
silica content of 2000 ug/g of._slag, an eight hour exposure to respirable
slag dust greater than 50 mg/m wou%d result in an exposure fo free silica
of greater than the TLV of 100 ug/m .

Nucleopore Samples

Of the 15 samples collected on one micro pore size, 37 mm dia. Nuclepore
filter paper at a rate of 1.4 1/m, some as personal and others as area sam—
ples, the loadings on only four of these 15 samples were suitable for analv-
sis by electron microscopy. These loadings have to he iudged by insvection,
and it was not until the szmples were placed on the man's back instead of

on his collar that acceptable samples were obtained, which consisted of
three personal and one area sample. The personal samples usuallv ran one
half hour to one hour. The area samples ran somewhat longer, and were col-
lected whenever it was judged that thev had the proper dust Toading.

Electron microscopy in Table I, Appendix B shows partical sizing of several
fields and a breakdown into general chemical types. The particle diameters
reported ranged from 0.21 micron to 1.80 micron. These particles are all
respirable and for practical purposes mav be considered to range mostlv
between 0.5 and 1.50 microns. :

Table IT gives a 'percent of particles containing specified Rlement". It
should be noted that no beryllium is shown since the electron microscope
probe can identify only those elements ahove atomic No. 11 (sodium). (Re
has an atomic number of 4 and cannot be detected by this method). It should
be noted that major constituents of these particles were Al, Si (as sili-=
cate), Ca, and Fe.

Table III — A condensed particle type summary, gives the number and percent
of particles of different types. Most important is that in these samples
particles were found ranging from 0.96 to 1.8% in the samples which were
considered to be free silica. It is possible that the free silica particles
which averaged 1.3% could have resulted from stirring up sand from the
ground which was a residue from blasting with sand in orevious operations.

Conclusions

Much dust resulted from abrasive blasting with coal slag at Land and Marine
Enterprises. However, the blasters were equipped with a douhle nrotective
respiratory system. This consisted of a disposable 3M type respirator worn
over nose and mouth and a carbon filtered air supplied helmet fastened to

a turtleneck type garment.

Though much dust is generated in the blasting operations, it rapidlv falig
to the ground. Non blasters working in the vard usually work at Teast 1Nn0!’
from the blasting operation and receive minimal dust exposure. For example
dust measured at the property line, 80' from the blasting operation is shown

8<



3
on Table II to be 0.45 yg/m” or approximately omne tenth of the nuisance

dust standard of 5 Mg/m~ . Other area samples collected where men are working
showed lower values.

Since respirable dust measurements were high in the vicinitv of some oper-
ations, a theoretical calculation of exposures based on the analvses of
toxic elements in the bulk slags were run which igdicated that with poten-
tial respirable dust exposures as high as 72 mg/m essentially all exposures
to toxic elements would be below the current TLV's. This calculation however
has no relation to operator exposure since as noted above the operators

were supplied with double respiratory protection devices which essentially
eliminates operator dust exposure. If, however, hetter work practices were

employed, and if relatively comparable slags are used, dust generation could
be lowered considerably.

Recommendations

After it was pointed out to the company that a few emplovees were consis-—
tently generating larger quantities of dust than were other hlasters, they
engaged the services of an expert abrasive blaster to train hlasters in

proper blasting techniques. It is recommended that this practice be con-
tinued as needed.

Based on the results of this survey, it is recommended that additional sur-
veys be conducted at operations using other different types of slag used
for azbrasive blasting. Exposures which should he considered include free
silica, and various toxic trace metals.

<
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APPENDIX A

Analysis of coal slag used on survey compared with the analysis of a com—
petitive coal slag.



CEEMICATL, ANALYSIS OF STAN-ELAST VS, COMPETITIVE COAL SLAG

~Comperitiva (5) ug/g _

Elemsns .- Stan=Blast ug/g " Coal Slzaz

Ha 3430 3520

Mo 6248 (G.622) 105006 (1.052)
AL 16000 (1.0%) 10800 (1.082)
g1 200600 (20.0%2) 169000 (16.52)
Ca 13368 (1.372) €3000 (6.32)
¥n 130 736

Fa 395080 (3.92) 138060 (13.5%2)
Ca € 52

v 7G 168

2z 30 12¢

Mo 2.0 28

Co 70 28

Fo 4 15 _
As Ll 33 -
Ba 7.2 S.7

Ei 1s &5

ca ) <008

Cz &0 121

S i ié

Az 7 Q.08

Ba 160 ' 1520 (G.163)
Eg 3 <0.02

Sa 1.1 <

B 3.20

sig

<5000* <2000

* Limit of detection by amalytical method 0.52 $i02



APPENDIX B

Microscopic examination of dust generated by the blasting of umpainted
steel with coal slag.



gi. DEPARTMENT OF HEALTH & HUMAN SERVICES
l"'"nacz

Memorandum
Datz T Jume 22. 19881 |

From Chief, Biophysiczl and Partieulate
Mezsurements Section, TSB

Subfest  Pareicle Size and Chemical Amalyses of Filter Samples
Collected at Hzzvey, Louilsizmz (1-9278387)
To Ressarch Industzizl Hygienist, Industzrizal
Eygisns Secticn, Industry-Wide Studies Bramch, Bsms
(ATTN: Ezrry Domaldsom) b
Dizectoz, DSEEFS
| mﬁ:ﬁ Dizactez, DBBS_%
Chief, Techmical Support Bramch & / !
Fiftesn filter szmples collected at Hazvey, Louisizn=, duzding the wask
of Februazy. 17-20, 1981 waze submitted for particle size amd imdiwvidusl
particle. chemicz1, anzlyses. The loadimg on four of the fifteen filrsrs
wag suitable for thesz anzlyses. The loading ou the rest of the filtews
was too hezvy foz. anziysas.

/s_

Thz four fiiters (N3186, N3195, N3200, and N3202 - your labels) wezs
zounted on catbon plamchets carbon cozted, and exzmined in an ISI-
Supez TII A scanming elestzon microscope equipped with 2 KEVER 7000
==r2y &nz2lysis system and 3 Ledomt Sciemzific Model DA-10 imags
anglysis systsm. Over 1000 pazticles for esch of thess filters was
sized and amzlyzed for 31 different elements by this system. The
zasults of thass anzlysas are summarized in Tahles I-IIT. The dizmerezs
listed ir Table I aze the medign circulzr zrez equivszlent dizmezers.

Ta=z. analyzed paziicles weze elagsified according to their qualitztives
chemisrry by the image analysis system. This system usss a specizlly
constructad chemical definizion file for this classificzzion. 4 copy

of this file is attached to cnmz of the attzched computer primtouts.

Tze principzl pazticle. types enmcountezred in these samples weze thoss
considerad slag (‘blasz:ing agent) and iron oxides (suzface being blastad).
slags. The primeipal slag péztz.cle (Ha:ro Class 2) was comosed cf

Ca, Fe, Al, Si and in some czses K. A second class of siag particle
(Mzezo Class 3) was similar but alsc contained varying amounts of S.

" The remainizmg slzg particles (Mzere Classes 4-7) werze primerily composad
of Fe, AL, and Si with varying smounts of S. These particles weze
divided into groups based upon the relative zbundance of Te and S. Two
types of particles waze found whose major component wzs Fe (Classas ¢
and 11). These particles weze cousidersd to hzva coms from the surfzce
being bizsted which was rusty irom. In gemszal these izeom containing
particles ware smzllez than the slag particles.

16



Ressazch Induszrizl Hygienmist, Industrizl Hygziene Section, Industry-Wids
Studies Branch, DSEHEFS 2

A emall oumber of particles which comtzined omly Si 2s a2 mzjor compoment

weze found inm e=zch sazmple. Thess pazticles zrz counsidered Fres Silicz.

Thzee particle types; slags, those arising from the suzrfzce being clezmeds

and Frae Silicz zccount .for over 90% of the particles zanzlyzad for esch

fiiter (se= Tzble III). I suspect thzt many of the remzining particles zlgo

are derived from the sizg but have slight vzriztions in chemistry which

would not allow them to be placed im the slag cstegory by the image anaiysis
system. Each of the attached computezr printouts comtzin a further classificztiocn
fozr thess miscellam=ous particlies.

If you have any qussticns concsrning this work, please czll.
Lloyd E. Stettler, Ph.D.

Attachments:
Tableg I-IIT
Computey Printours

o v~
o <
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TABLE II

PERCENT OF PARTICLES CONTAINING SPECIFIED ELEMENT

SAMFLE

Elezsnt N 3186 N 3195 N 3200 ¥ 3202

| Na’ 0 0.38 0.39 0
Mg 0.10 0.48 0.29 10.10
AT 79.8 81.8 75.2 73.1
si 4.2 96.9 94.7 88.6
P 0.78 0.38 0.10 0.39
s 31.2 10.4 13.6 8.54
a 0.69 2.87 6.70 1.94
Ag a 0.10 0.1 0.1s
13 45.3 8.1 54.8 41.8
Ca 65.6 77.1 70.0 63.1
T4 5.39 1.15 2.04 0.68
cz 0.49 0.33 . 0.49 1.36
¥ Q.59 0.76 0.10 0
Fe . 94.9 96.4 97.6 94.5
N1 a 0.19 0.10 0
Ca Q 0 0.68 0.68
Za 0.10 0.29 0.10 Q
Fb . -0 0.10 0 0.1

As -0 0.10 0 q
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TABLE III

CONMUENSED PARTICLE TIPE STRRMARY

N 3188 N 31i¢s
Numbez p4 Nuzher 4

166 16.1 168  16.1
15 1.4 10 0.96

103 9.52 82 7.8

<<

N 3200
Numbezr

710

iy

58

4

68.9

25.4

1.1

5.6

N 3202
Number z
7G7 €68.6
2286 21.9
19 1.8
79 7.7





