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ABSTRACT

Salt dust & currently clugsified as a ruwisance particulote.
Therefore, worker expusure is limited to an qirborne concentra-
tion of 10 mg/mS as an eight-hour fime-weighted average. Since
the dust standard was developed ta cover ¢ broad range of nui-
sance particulatas, this limit may be roo resevictive for selt dust.

The paper discusses the health effects and the safety concerns

of saft dust in light of the above standard, as well ay the feasibility
of increasing the permissible exposure lmit withaut compromis-
ing worker heaith, The paper also decls with the possible impu-
ritfes of salt such as free crystalline sifica and arsenic. Such con-
raminants would nor puse any special prohlems oven if the
allorwable concenivations of sult expasure were increased.

INTRODUCTION

In 1982, the U.5. Mine Safety and Heaith Administra-
tion (MSHA) issued a memo stating that the agency would
enforce only those subsiances that are specifically listed in
Appendix E of the (ACGIH} TLV bookiet. Because salt
dust is not listed, it is no longer subject to the 1) mg/m?
Limit. However, MSHA has suggested that the compasi-
tion of airborne salt dust may be somewhat different from
the parent material and that certain hazardous sub-
stances warrani additional investigation. Because of these
statements, the International Salt Company (ISCO) de-
cided to conduct a study to characierize airborne salt dust
and determine whether the components of the dust pre-
sent § health hazard, This paper discusses not only the re-
suits of the study but also the sampling and analytical
methods used to monitor totaf and respirable dust, toxic
contaminants sach as free—crystal!ine silica and trace
metals, plus total solubles and insolubles.

BACKGROUND

Before getting into the detatls of the salt dust study, it is
important to provide some background information con-
cerning my {(Leonard’s) involvement with International
Salt Company and the salt dust issue. Four years ago, dusz-
ing an MSHA inspection of ene of ISCO’s mines, the

MSHA inspector stated that he was going to meniter
worker exposure to salt dust and that he would be using
the ACGIH recommended exposurs limit for nuisance
dust, which is 10 mg/m?, as the criferia for allowable ex~
posure. When the dust samples were analyzed, it was
found that the total dust levels ranged from 13 mg/m’ to
80 mg/m’. MSHA issued a citation and gave us a time
limit {o abate the problem. Equipment modifications
were made to reduce the amount of dust generated; how-
ever, in spite of these improvements, subsequent air moni-
toring showed that the dust levels were still not below
10 mg/m’.

Because salt dust was not specifically listed as a
nuisance dust, Robert Baldeck asked for my assistance in
evaluating the total dust concentrations, as well as the
methed used to measure the dust. He questioned whether
the method was glving erroneously high results and
whethker the noisance dust standard was appropriate for
salt dust. [t seemed that if sait dust concentrations greater
than 10 mg/m’ were potentially harmful to the miners,
why was it that our workers appeared to be so healthy. The
other perplexing point was that the mine, upon visuzl in-
spection, did not appeat to be as “dusty” as the data sug-
gested. Fven areas where the dust levels were measured at
50-80 mg/m, the miners were not having difficulty
breathing, irritation, or significant vistbility problems.
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Fast year, MSHA issued a memo stating that the agency
would enforce only those substances that are specifically
tisted in Appendix E of the {ACGIH) TLV booklet. Since
salt dust is not listed, # is no longer subject to the
10 mg/m? Bmit, However, MSHA stated that it weuld con-
centrate on the visibifity aspect. In a 1982 informal study
by MSHA, some additional questions concerning salt dust
expuosure were raised. The agency suggested that the com-
position of airborne salt dust may be somewhat different
from the parent material and that certain hazardous sub-
stances warrant additional investigation. Because of these
statements, ISCO decided 0 conduct a study to charac-
terize airborne salt dust and determine whether the com-
ponents of the dust present a health hazard. This paper
discusses not only the results of the study but also the sam-
pling and analytical methods used fo monitor worker ex-
posure to salt dust, In our conclusions, we would like to
explain the ressons why we find total dust monitoring
alone to be an inappropriate method for evaluating
worker exposure o salt dust. Also, we would like to pro-
pose an alternative method that may be more valuable in
determining potential risk of exposure to salt dust and
may even explain the lack of respiratory problems asso-
ciated with inhalation of salt dust,

MONITORING PROCEDURES

Totat dust samples were cotlected on pre-weighed poly-
vinyi chloride (PVC) membrane filters having a pore size
of five microns, The samples were collected at a flow rate
of 2.0 liters per minute for the entire workshift. In high
dust exposure areas, shorter sampling intervals are rec-
cmmended in order to improve labotatory filter weighing
aCeuracy.

Respirable dust samples were collected on pre-weighed
PVC membrane fllters having a pore size of five microns,
The filters were preceded by a ten millimeter cyclone to
separate the nen-respirable dust. The samples were col-
lected at a flow rate of 1.7 livers per minute for the entire
workshift, This long sampling time is necessary so that the
filter lnading is sufficient for the determination of & 1%
freg silica level.

In some instances, both the total dust and respirable
dust samples were placed on the same empioyee for side-
by-side comparison of the dust concentrations, Respi-
rable and total particulates were analyzed using gravimet-
ric procedures. Silica content of filters and bulk samples
were determined using the modified Talvitie method
{(NIOSH P & CAM 106 procedure}. To determine the sol-
uble ard insofuble salt fractions, the samples had o be
pretreated prior to the silica analysis. This was done hy
taking the pre-weighed PVC sample filters and placing
them in ErienMeyer flasks in which 100 milfiiters of dis-
tilled water was added. The flasks were placed in an
thrasonic bath for ten minutes. The samples and wash-
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ings were then filtered through a weighed (.45 micron
cellulose filter typically used in the Ni(QOSH (National 1a-
stitute of Occupational Safety and Health} colotimetric
silica procedure. The (.45 micron filter was then dried, re-
weighed and added to the original flask along with the
PVC filter. The two filters were then digested for silica
determination using the NIGSH colorimetric procedure,

“The filtratc and washings were diluted and analyzed for

sail using atomic absorption spectrophotometry.

MSHA suggested that arsenic may be a potential ex-
posure problem in some sakt mines. Therefore, several air
samples representing worker exposures ami a bulk sample
were analyzed for arsenic by atomic absorption.

RESULTS

Total dust exposure concentrations, which range be-
tween 6.0 to 95.3 mg/m?, vary considerably from day to
day and are operation dependent. Analyzing total dust
sampies presents a problem because the filter cassettes
may countain so much dust that accurate weighing of total
particulate cannot be obtained. This is because some of
the particulate marter was left in the filier cassette after
the filter was removed. Also, during the monitoring pe-
riod, the salt tends to cake and chip off or form little balls
that could fall out of the cassette. A comparison of total
dust concentrations for identical operations vary so mach
that it suggests that some large particles may not be drawn
into the filter cassette by virtze of the air flow from the
pump, but rather, it seems as though these particles are
propelled info the casseite from the momentum they re-
ceive from the mining equipment (Table 1), These partic-
ulates that have inadvertently been “caught™ in the filter
cassette add considerable weight to the filter and result in
errongously high dust concentrations. And, afthough the
total dust concentrations appear to be high, the random
particles that canse the additional weight on the filter may,
in fact, never be inhaled by miners due to the particles’
large size and rapid descent fo the ground.

Conversely, there does nat appear to be a significant
deviation in respirable dust exposures (Table 2). These
levels, which range between 0.9 and 3.6 mg/m?, scem to
suggest that there exists a uniform respirable dust con-
centration throughout the mines we monitored. Later, [

TABLE |

Variations in Total Dust Expusures {mg/m’}
for Different Operations (Mine A)

Shuttle Car Jeffrey Under-
Operator Povderman Lozder Driller cuftar
0.0 216 331 45.2 6.5
7.7 23.2 72.0 55.7 350
13.0 257 7.2 378 3.8
19.0 34.9 95.3 750
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TABLE 2 TABLE 4
Uniformity of Respirable Dust Concentrations (mg/m?) Free Silica {% Quartz} In Respirable and Total Dust Samples
. Throughow; Mine A and Mine B Reop. Dt Tota Damt
Mine A Mine B {Paired Samples*! { P Quartz} (% Quasiz)
Drilber oooiv oo 2.9 Vert. Drifler ........... 3.6 Vert. Dyiller 2.6 < M
Updercutter ........... 2.0 Uindercutter ........... 1.0 Labarer Processor 2.1 < 52
Powderman ........... 2.1 Belt Maintenance .. ... i.6 Sait Processor 2.3 < .01
leffrey Loader. . ... ... 2.0 Front End Loader ...... L4 Front End Loader 2.6 <.0
ShordeCar{#6) .... . ... 0.9 Hawderi#t) ............ 1.4 Hauler (#1) < .58 ..
Shuttle Car(F10) ....... 1.0 Hauler(#2) .. ... ... 1.3 Hauler (#2) < 77
Haler#) ............ 2.4 Belr Maintenance < .69 ...
Sakt Processor ... ....... 2.1 Frenchman e < 04
Laborer Processor ...... 1.2 Uindercutrer Helper i < 16
Hauler {#3} <07

will discuss more about the significance of this observa-
tion with respect to potential health effects.

In comparing the side-by-side samples for total and
respirable dusts, we found that when the total dust con-
centrations were high, (he respirable dust concentrations
were not correspondingly elevated {Tabie 3). There was
no statistically significant linear correlation berween
total and respirable dust concentration data. To deter-
mine whether the percent salt (soluble fraction) was sig-
nificantly different between respirable and total dust
samples, paired samples were pretreated to extract the
soluble fraction prior to the sifica analysis.

The free silica analysis did indicate the presence of a
small amount of quartz, The concentration ranged from
2.1% to 2.6% for respirable dust samples, and less than
1% ir the corresponding total dust samples (Table 4). If
free silica were present in the respirable dust samples, it
should aiso be present in the total dust samples. Since
this was not the case, the free silica detected in the
respirable dust samples may be an artifact of the ana-
Iytieal technique or procedures used. Furthermore,
another set of samples (these were not paired), were an-

TABLE 3
Paired Sample Data for Total and Respirable Dusts {mg/m?)
Locailon Resp. dust Total Dust
Mine A
Driller 2.9 75.0
Undercutter 2.0 ¢35
Powderman 2.1 24.0
Jeffrey Loader 2.0 7.0
Shattle Car (#6) 0.91 19.0
Shuttle Car {#10) 1.0 13.0
Mine B
Vert. Drilfer 3.6 4.2
Hauler 2.0 1.0
Laborer Processor 1.2 7.+ +
Sait Processor 2.1 76.+ +
Front Ead Loader 1.4 564+

#Pairedt samples wete pretreated to extract the sohebie fraction prior
b sHica analysis.

alyzed for free sifica and none was detected in either the
respirable or totzl dust samples. Since these samples
were Aot pretreated, it is possible that for the treated
samples some free silica may have been picked up from
the glassware during ail the transfers and filtrations. In
as much as the total dust samples in the paired group
and ail the non-pre-treated samples did not contain free
siica, we felt that the silica conteni reported for the
paired respivable dust samples could be disconnted.

Ome other point to nete is that these samples were col-
ected in a salt dome where silica is not expected to be
present. Analysis of bulk samples confirms this, We
chose this location to test the acceptability of the color-
imetric method. Although this methed has been very ac-
curate for non-sali-refated surveys we have conducted,
the random presence of possible false positives suggests
further mmvestigation into this matter. MSHA recom-
mends X-ray diffraction to anaivze for free silica; how-
ever, it had only been used for total dust samples becatse
the sample size of the respirable dust samples is too
small, For the technique to be sensitive enough, a mini-
mum sample size of 1 mp of dust is necessary to detect
low free sifica concentrations. Therefore, using a flow
rate of 1.7 bters per minute and an eight-hour sampling
time, the respirable dust concentration would need tn be
at least S mg/m. Further, since the respirable dust
levels were beiow this level, X-ray diffraction did not ap-
pear to have the sensitivity we needed.

Soluble and insoluble fractions were determined on a
weight basis {Table 5). The variation in weighing and sta-
bilizing filters was teo great to determine accurately in-
soluable percents for the majority of respirable dust sam-
ples. After extracting the soluble fraction from the
respirable dust sample the insoluble fraction was such a
small amount that it was not significantly greater than the
variation in filter weighing and filier stabilization. There-
fore, it is listed as non-detected {N.D.). Insolubles for the
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TABLE 5 TABLE &
Sciuble and Insolable Percents Sait Analysis
Respiruble Dust Total Bust Respirnbie Total Bust
Golble  lesomble  Soible  Insotul Locatisn {% Sait} {% Salt)

Eovation % %o % P Driller 60.0 9.0
Drilter 79.0 21.0 HY)+ M Eindercutter 62.0 89.0
Undercuter 680 30 80 1600 Powderman oy s
Powderman 100+ ND 9.0  4.40 Jeftrey Loader - ‘-
Jeffrey Loader 9.0  ND 70 320 Shuttle Car (#6) 4.0 100+
Shuttle Car {#6} 1004 ND 95,0 5.40 Shuttle Car (#10) 32.0 . 84.0
Shuttie Car (#10) 100+ ND 95.0 2.560

ND = non-detectabie.
TABLE 7
) . Bulk Sample Analysis

first two samples could be quantified. The 21% and 33% -
insoluble fractions for these samples ate considerably Location % Insolubles =~ % Silice % Saht
greater than the insoluble percent found in the total dust Drill in Salt Vein 0.42 0.02 97.0
samples. This does suggest that the respirable dust com- Dridl i Motle 0.68 1.0

ition is different from total dust: however, additional 000 SAmIer 140 o085 ot
position is ditferent from totz ; however, Screening 2.30 010 100.0
samples would help define this observation. Ground Stone 7800 1.30 03

Respirable dust composition is likely to differ from total
dust for the following reason. When driliing or fracturing
sakt, less foree wilt be required because the sofid zait frac-
tures easily. However, when drilling harder material such
as the rock around the salt vein, more force will be ve-
guired to fracture the harder material, The greater force
will produce the smalier respirable particulate. Large
amounts of respirable dust would not be expected when
drilling or fracturing the salt because it would tend to frac-
ture along the crystalline latice and theoretically aot pro-
duoce large volumes of respirable dust. We feel this may be
one explanation of the relatively low respivable dust con-
centrations ohserved and the high total dust concemnira-
tions observed.

When comparing the percent salt found in respirable
dust samples (Tabie 6}, it can be seen that the percent salt
in respirable dust is significantly lower than thet found in
the total dust. Also, the percent soluble fraction for res-
pirable dust is lower than total dust soluble fractions, This
suggests that the respirable dust has more inscluble
material than does total dust.

Bufk samples were collected at operations that were
reptesentative of mining activity (Table 7). They are
representative of what mining workers are exposed to. In
addition to bulk dust samples a piece of rock was taken
from the mine, ground and analyzed. The rock appeared
to be a solid piece of strata which looked representative of
the strata surrounding the salt vein. When drilling in the
mottle (a mixture of rock and sait) surrounding the vein,
this reck will be penerrated by the drill.

The inscluble fractions for the first four bulk samples
ranged between 0,4% and 2.3%. This indicates the sam-
ples are largely salt. This was confirmed by analyzing the
samples for percent solubles and percent sait. The salt

*Sample flask broke during silica analysis.

Mote: The data ih the above tables was extracted from a
lurger data base, The authors feel that this data is a fair rep-
resentation of the total data base.

content for the First four samples ranged between 97%
and 100%.

The ground rock fragment, as expected, had a consid-
erably different composition. It was only 9.3% salt and
contained only 1.3% free siica. Dust generated when a
drill bit fragments strata, such as ground rock, eouid not
be classified as nuisance dust because it is greater than
1% free sifica. Drilling is the onjy operation that woukd
fragment the rock. The majority of drilf holes are in the
vein that has more pure sak. In addition, the straia
arcund the vein is a combination of sal{ and strata such as
the rack. As a result, the overall silica percent of dust pro-
duced in the drilling operation would be substantially fess
than 1.3%. Therefore, even though some rock in the mine
may have more than 1% free silica, overall employee ex-
posutre is to dust with significantly less than 1% free silica.

Semples representing worker exposare to total and
respirable dusts were analyzed for arsenic. Arsenic could
not be detected in the samples. The detection limit was
0.7% micrograms per cubic meter. The recommended ex-
posure fimit is 200 micrograms per cubic meter. Arsenic
was also not detected in a bulk sample taken from the salt
Processor area,

CONCLUSIONS

Although this study did not reveal any levels of trace con-
taminants (such as silica or arsenic), these contaminants
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may exist in other mines. Therefore, it is recommended
that bulk sampies be taken to determine whether such
substances are present, and if they are, air samples shouid
be taken to cvaluate worker exposure concenirations.

Total dust monitoring does not appear to sccurately as-
sess worker exposure to dust; however, until the analytical
methods for free silica become miore sensitive, total dust
samples may be necessary to suppeort the results of bulk
samples for free silica determination.

In this study, we examined the percent solubles, per-
cent insolubles, and percent salt concentrations. This was
for informational purposes only; therefore, it is not neces-
sary {o perform: these analyses during routine industrial
hygiene sarveys.

We feel the most important aspecr of this study was the
guantification of respirable dust exposures. We found it
very interesting that ali the respirable dust levels were less
than 4 mg/m?. The ACGIH standard for respirable nui-
sance dusi is 3 mg/n. We feel that the levels measured
are not Emited to the mines we sorveyed hut may also be
representative of the concentrations in other salt mines.
The date generated by Dr. James Gamble and William
Jones of the National Institute for Oceupational Safety
and Health {NIOSH) for their paper, entitied Health EY-
Secrs of Salt iNaCll by Inhalation, tends to support this
ohservation. (This paper was presented at the Salt In-
stitute Dust Seminar in November 1979 in Chicago, 1
linois.) The NIOSH group monitored respirable dust and
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plotted the individual worker concentrations against per-
sonal lung function performance. Although not specif-
ically highlighted in the paper, most of the exposures were
fess than 2 mg/m’ and a few were as high as 4 mg/m’.
This correlates well with our results,

Therefore, we feel that respirable dust concentrations,
which are fairly uniform throughout salt mining opera-
tions, are a better measure of worker exposure to salt dust.
The differences that fotal sait dust samples exhibit from
typical nuisance dusts, make # an unreliable measure of
exposere. However, excessive total dust concenirations
shouid be controlled so that they do not impair visthility or
causg irritation to the worker,

In closing, it is appropriate to refterate Gamble’s and
Jones” conclusions about salt dust exposure:

“Salt is an indispensable ingredient in body fluids,
Taken in excess, NaCl can cpuse hypertension and
toxic effects. Most salt intake occurs through the
gastrointestinal tract from salt in the dict. Even in
workers exposed to high aithorne salt concenira-
tions, anly a small proportion of total salt intake oc-
curs by inhalation. kt is unlikely that inhalation of
salt by occupational exposure will result in hyperten-
sion. . .. [And most importantly], there is no assoca-
tion of NaCl exposure with respiratory svmptoms,
reductions in baseline lung function or reduchions in
lung function over the shift.”
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