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Abstract 
NIOSH is.interested in studying the potential health hazarc1s of workers 
engaged in out-of-doors abrasive blasting. This paper reports a Stuc1v at 
a facility where coal slag containing less than o.,)a/, free sU.ica was llsec1 
to remove rust from new steel prior to painting. The blasters wore c1011hle 
respiratory protection which consisted of a disposable 3M tvne mask as well 
as an air supplied helmet. Since blasters wore thf.s dou1:lle resni.ratorv oro­
tection, minimal exposure to slag dust was assumed. To check this assump­
tion, a calculation was made using the heaviest respirable dust sample, 
and the analysis of blasting slag to calculate the ooerator's ootential 
exposure to toxic elements assuming no respiratory eCJuipment TAras worn. This 
calculation shows that there would essentially be no exposures above the 
TLV for any of the toxic elements present wi.th the exception of free silica. 
Of course without respiratory protection the nui sance clust stannard TAToul c1 
be greatly exceeded. 

Since ancilliary workers are at least 100' from the blasting operation, 
and since dust generating by hlasting; tends to fall rapidly to the q;rollnc1, 
area samples indicate that these workers are expose~ to 1 ess than 1 !lna~ 
of the nuisance respirable dust standards of ') Mg/m • 

During the survey it was noti.ced that some blasters consistent 1 v q;eneraten 
more dust than others. 'R.ecommendations by NIOSH that these hlasters pro­
bably needed more training was accepted by the company who engaged the ser­
vices of a blasting expert to instruct workers i.n proper hlasting technirrues. 



Introduction 
NIOSH is interested in studying the potential health hazards of wor1cers 
engaged in out-of-doors abrasive blasting, using currently available a~ra­
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 airborne 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 o~­
served and reported upon. Chemical analysis of the ~ul1c 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, hridges, 
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 acceptin,g a new protective coating. The usual 
method of preparing thse surfaces has been by abrasive blasting with silica 
sand. 

1 
In studying the incidence of silicosis in the 1930's Mereweather discov-
ered that most wqrkers in the dusty trades were prone to silicosis and 
that the average employee worked in these industries for 40.1 years and 
the average age at death was 54.1 years. Bowever, he found one group, the 
sand blasters, who on the average wOfked for only 10.1 years and "Those 
average age at death was 40.7 years. 1:Hth the recognition of this hazard, 
Great BriZain in 1950 banned the use of sHica sand as an abrasive 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 European countries have banned the use 
of sand as an abrasive blasting material, the use of silica sand is still 
permitted in the United States. 

Research was performed in Germany and other European countries to find sa~­
isfactory low percent free silica substitute abrasive blasting materials. 
In considering candidate materials as substitutes for sand three properties 
were sought: (1) the material should contain Jess than l~ in free silica, 
(2) the material should possess good abrasive properties, and (1) the mater­
ial should be economically competitive with sand. 

3 
In 1966 Gesell reported results of the test wor~ on several types of waste 
mineral slags. These included copper slag;, chrome slag, glass, etc. These 
tests were conducted to determine the physical properties of these substi­
tute abrasive blasting agents. Toxicological testing was not 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 blasting 
materials are coal slag (wet bottom boiler slag) and primary copper slag. 
A few lesser known low silica slags such as a secondary copper slag and 
a nickel slag are also used as abrasive blasting agents. Their chemical 
composition is described in an AIHA 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 classif5ed to accept­
able grades with size ranges suitable for aQrasive blasting. 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 Pb, As, Cr, etc., are also present. See 
Appendix A for analysis of the coal slag used in this study jn addition 
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 yard at Land and Marine ~nterprises in Harvey, Louisi­
ana covered about five or six acres backed Up to a Mississippi Rjver Levee. 
In addition to the blasting area, there was a small office building, and 
a large tall building which housed cranes and other 1 i. fting equipment. 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 ahrasive 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 fjlter. 

Adjacent to the blasting yard is six or seven acres which houses Land ann 
Marine's main offices and storage buildin~s. The companv's main husiness 
is abrasive blasting on oil rigs in the Gulf of Mexico, and they supply 
crews for such work on a contract basis. 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 supply air supplied 
blasting helmets, protective clothing and other safety items. They also 
supply spray painting equipment, and other miscellaneous hardware. 

The total number of people employed hy the company is ahout two hundred, 
but for the purposes of this survey, Februarv, lqRl, we were interested 
only in the 20-25 employees who worked at the blasting yard at Harvey, Lo­
uisiana. During the survey, new steel (which included pipes, beams, boat 
bumpers, etc.) was blasted with the coal slag described ahove (Stan-R1ast), 
to remove rust and to prepare the surface to accept paint. Though the vard 
employes about 20-25 men, no more than five were engagen in hlasting activi­
ties at anyone time in the yard, and at times during the survey, only one 
or two were doing this work. Others waiting for equipment to 1:le moved hy 
cranes or lift trucks were doing maintenance work, or had office fohs. 

"k Limit of detection of analytical method is 0.5001, free si.lica. 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 wor~ers 
are given a complete pre-employment physical, which included a chest x-rav. 

The blasting helmet worn is supplied with filtered air from the majn 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 be too 
high. 

Under this air supplied helmet the blaster also wears a 3M disposable mas~ 
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 nec~ to ~eeD 
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 abrasive 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 potentiallv exposed. The sampl­
ing was co~ducted by drawing dust laden air at a rate of 1.7 liters/minute 
through a nylon cyclone (lOrnrn, dia.) then through a preweighed M-'i 17rnrn 
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 iron content by disolving in nitric acid followed hy atomic 
absorption spectrophotometry. The iron analysis was run to determine whe­
ther most of the dust was from slag or from iron oxide (rust) removed rJ1Jring 
the blasting period. 

Short term nucleopore filters for electron microscopic examination were 
also collected on each blaster. However, not until the fil.ters were attacheo 
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 par­
ticle size characteristics and particle identification. 

Area samples both respirable and nucleopore were also ta~en. 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. 
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In addition, bulk samples of the coal slag used in tl,e hlasting were col­
lected in bottles, and a comnlete chemical analysis was run excent for free 
silica, an estimate of which was obtained bv electron microsconv. (See 
Appendix A). 

Discussion of results 
The results of the personal respirahle samples collected show that without 
respirable protection devices, the wor~ers would be ~xpose0 to levels of 
respirable dust ranging from I.OP. mg/m to 72.7 mg/m as shown in ~ahle 
1. This dust included iron oxide (rust) hlasted from the steel as "leli as 
dust from the coal slag. The iron analysis in the respirable samples was 
run to determine whether the majority of the oust was from slag or iron 
oxide. Iron oxide proved to be a minor part of the respiral,le dust collect­
ed. 

The yard covers 5 or 6 acres. Results of general area samnles collected 
at the fence line (80 feet from the blasting area) amI lsn feet from the 
blasting area in Table II show relatively lo~ levels of resnirahle dust. 
The ~ence line samples ranged from n.37 mg/m of respirahle dust: to n.4" 
mg/m respirable dust. Samples ta~en on the pro~ertv 1 sn feet nown "Tinci 
of blasting ranged from 0.10 mg/m- to 0.3Q mg'm- . This indicates that much 
of the dust falls out in the blasting yard. 

The coal slag used in this study is thought to be representative of coal 
slag in general though the Quantity of the chemical constituents varv some­
what depending on the source of coal hurned. An analvsis of the slag tlseci 
is compared with the analysis of a competitive coal slag in Annenciix A anci 
the slags(~)e very similar. Both contain about the same amount of hervllium 
7-10 ppm. The silica content present as s11icates anpears to he some"That 
higher in the slags used in the surveY but the leaci content was lower 
(4 ppm vs. 15 ppm) than in the competitive slag. 

Since analysis of the abrasive blasting slag used showed the nresence of 
small amounts of toxic metals in the slag, the respi.rahle samnle of the 
slag dust colle}ted while blasting which possessed t:hegreatest amount of 

dust (72.7 mg/m ) was used to calculate from the analvsis of the bul~ slag 
the quantity of these elements likelv to be present in the air anci to com­
pare the results with their respective ~Lvrs (lq~q), anci nC;HA Stanrlarrls. 
(Table 1) 

TABLt<; 1 

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

ELEMENT TLV OSHA STD. 
RSTTMATt<;n F,VPn<:TTnF, 

Tn r:n"I\TTAMTl\fA"l\TT 

1 3 2 1 3 ., 11 Pb 150 ug m3 no ug m
1 

n., Ug m
1 

Be ~.O ug/m 3 2.0 ug/~ 3 n.S Ug/~ 
Ni 1000 ug/~ loon ug/w 1n ug/m] 
Co 100 ug/m3 Inn ug/m- 1 Lin uQ:/m1 
Cr 500 u g /m

3 
lonn Ug/W· 41 ug/m ":\ 

Si0
2 

100 ug/m- Ion ug/m..r_ l4c; ugfm 
( re sp. ) " ( re so. ) ,," 

-!c Equivalent ~LV (Reso.) - 10 81 ~LV "Rooklet P 'j~ 

** Calculated from formula In mg resn. dust (use %Sin? lnn%) 

/0 Si02 + 2 
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The above results are constructs of concentrations likely to he 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

3
s1ag, an eight hour exposure to respirahle 

slag dust greater than 50 mg/m wou1d result in an exposure to 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 11m, some as personal and others as area sam­
ples, the loadings on only four of these 15 samples were suitahl e for anal.v­
sis by electron microscopy. These loadings have to be iudged by insnection, 
and it was not until the samples were placed on the man's bac~ instead of 
on his collar that acceptable samples were obtained, which consisted of 
three personal and one area sample. The personal samples usually ran one 
half hour to one hour. The area samples ran somewhat longer, ann were col­
lected whenever it was judged that they had the proper dust loading. 

Electron microscopy in Table I, Appendix 13 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 may be considered to range mostlv 
between 0.5 and 1.50 microns. 

Table II gives a "percent of particles containing specified F:lement". It 
should be noted that no beryllium is shown since the electron microscope 
probe can identify only those elements above atomic ~o. 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 AI, Si (as sjli­
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"/0 in the samples whi.ch were 
considered to be free silica. It is possible that the free silica part i c1es 
which averaged 1.3% could have resulted from stirring up sand from the 
ground which was a residue from blasting with sand in nrevious operations. 

Conclusions 
Much dust resulted from abrasive blasting with coal slag at Land and Marine 
Enterprises. However, the blasters were equipned with a douhle nrotective 
respiratory system. This consisted of a disposable 3M type resnirator 1:-TOrn 
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 falls 
to the ground. Non blasters working in the yard usually work at least 1nn' 
from the blasting operation and receive minimal dust exposure. For example 
dust measured at the property line, 80' from the btasting operation i.s shown 

8< 
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3 
on Table II to be 0.45 ~g/m or approximately one 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 i~dicated 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 opera~ors 
were supplied with double respiratory protection devices which essentially 
eliminates operator dust exposure. If, however, hetter 1;.TOrlz pract ices were 
employed, and if relatively comTJarable slags are used, dust generation could 
be lowered considerably. 

Recommendations 
After it was pointed out to 'the company that a few employees 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 abrasive 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. 

:13< 



stan-Blast: ug/g 
-Compad.d.va (5) ug/ g 

Eleunt: Coal. Sla~ 

k 3430 3520 
Hg 6243 (0. 62%) 10500 (1.05%) 
Al. 10000 (l.O%) 10800 (1..08%) 
Si. 200000 (20.0%) 169000 (16.9%) 
Ca l.3300 (le3%) 63000 (6.3%) 
He 130 730 
Fe 39400 (3.9%) 138000 (ti.9%) 
au 6 52 
V 70 160 
Zl3. 39 126 
He 2.0 28 
Cc 70 29 
Pb 4 lS 
As 1:.1 33 
B4a 7.2 9.7 
Ri 14 65 
Cii 9 <0. as 
Cr 60 l2l. 
Sn U· 16 
Ag 7 0.013 
Ba 100 l.S90 (0.16%) 
Eg 3 <0.02-
Se 1.1 2 
E 3.20 
S.102 <5000* <2000 

* Limit of detection by analytical method 0.5% Si02 



APPENDIX B 

Microscopic examination of dust generated hy the blasting of unpainted 
steel with coal slag. 
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Memorandum 

Fiftesn·filter somples coll~ted at.Harvey,I.Quis:iana, during the wau 
of Febra.u:y.17-20, 1981 ware subm:1.tted for particl.e sue and ind:!'v1.dual. 
~d.cl.e. ehec1cal. analyses. The. loading on foU%' of the fifteen f:!.lters 
was suita],~e for these am:lyses·. '!he loading ou the rast of the. fi.lters 
was teo he:avy fcr_ a:c.alyses. 

'nle f~ f:!.lters (N318S, N3195, N3200, and N3202 -- yoU%' labels) too"'Ue 
=unted on c:.arbcu pla1"cb.ets carbon coacad, and e:ad."d in a!1 ISI-
Super II:t A scanrril'g ~ec't'rQn Ddcroscope equipped with a KE:ViX 7000 
x-ray Sllal.ysis system and a Le..~t Scientific Medel DA-10 image 
ana.lys:is syst.a=. Ovar 1000 putic.les for each of these f:!.lters 1iaS 

sued a:ad analyzed for 31 differaut ~ements by this system. The 
runlts of thsse analysas are ~ad in Tables I-nI. 'The ~ten 
u.sted in. Table I are' the tmd~ circular area equivalent di.aJ:naters" 

The. allS.lyzei particles ware c.lassified according to their qualitat:iva 
cha:1.s'C'y by ella uage allal;ys:i.s systen. '!h:!.s system uses a spec:i.ally 
c:a.aIl'tract~ c:he:::ical definition f:ile for this chssifl.cation. A copy 
of this file is atzached to one of the attached compu~er printouts. 
The principal part;icJ.e. type encem:l1:erad in these samples wa1"e these 
~ida1"ed slag (blasting agent) and iron o:d.des (surface being blas:t~). 
ThC'e were several d:ifferent t:'VtIes of pa1"'t1du w.h1ch Sie~.2cQ.us~~.ad 
~gs. The prlnt::ipal sl.ag pmicJ.e C&cro.-Class--Z,-~ COll!pos~d oi· . 
Ca.~ Fe~ Ai, 51 and in Smc.2 cases K. A second cl..ass of slag pu't:icle 
(Macro Class 3) was similar but also contained varying amounts of S • 

. The rmai."iJag slag par'ticles (Macro Classes 4-1) weTe PTimariJ.y c~osad 
of Fe~ Al, and S:i with varying amounts of S. These par'ticles too"e1"e 
di.vi.d~ into g:oups bas~ upou the ralat:!.va. ab1llldance of Fe and S. '!wc 
types of pU1:icles. warE. found whose major c~onen.t was Fe (Classes 9 
and ll). These partj,cles were considered to have cams from the sarlace 
being blasted which was rusty iron. In general these iron conta:ining 
particles ware sma-J 1 er. than the slag particles. 
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A small tn:Im!:Ier of pu'ticles which contained o.uy 5i as a major ccmponeIlt 
were found in each sample. These particles are considered Free Silica. 
'!h:ae particle types; slags, those ari.s:ing from the surface being clqned; 
and Free 5ili.ca account. for over 90% of the particles analyzed for each 
filter (se£ Table nI). I suspect that: many of the remaining put~es also 
ara derlvad from the slag but have sligh't variations in chemistry winch 
~d not allOw. then to be placed in the slag c:atego%y by the image analysis 
system. Each of the attached ccmputer printouts contain a further classification 
for these mscellane::lus .pa:rt:1cles. 

If you have any qU2st1ous c:onceming this work, ple.:ase call. 

Attachm2nts: 
Tables I-III 
Computu P%intouts 

~~~ 
Lloyd E. Stettler~ Ph.D. 
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-
'!ABU II 

FERCENT OF FARTICLES CON'l'AIND1G SPECIFIED EI.EMEN'l' 

SAl!PU 

Ele:en't N 3186 N' 3195 N 3200 N 3202 

N'a 0 0.38 0.39 0 
H8 0.10 0.48 0.29 0.10 
Al 79.8 Sl.S 75.2 73.1 
S1 94.2 96.9 94.7 88.6 
p 0.78 0.38 0.10 0.39 
S 31.2 10.4 13.6 S.54 
Cl 0.69 2.S7 6.70 1.94 
~ 0 0.10 0.1 0.19 
K 45.3 58.1 54.8 41.8 
C- 65.6 77.1 70.0 63.1 
'r1 S.39 1.15 2.04 0.68 
Cr 0.49 0.38 0.49 1.36 
M::c. 0.59 0.76 0.10 0 
Fe 94.9 96.4 97.6 94.5 
Ni 0 0.19 0.10 0 
Cu 0 0 0.68 0.68 
Zn 0.10 0.29 0.10 a 
PC "- 0 0.10 0 0.1 
As 0 0.10 0 0 



Slag (1:3-8) 

SQ%'faca being 
cls:="~ 
(lO .;. 12) 

Fn5 Silica 

Othars 

N 3186 N' 3195 
N'u=er % NUl:Ilber % 

739 72.4 786 7S.1 

l64 l6.1 168 16.1. 

14 1.4 10 0.96 

103 9.S2 82 7.S 

N 3200 N 3202 
Number % Number % 

710 68.9 707 68.6 

24.4 226 

II 1.1 19 1.8 

58 5.6 79 7.7 




