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________~~orker exposure to free silica (7631869) was determined at the
American Foundry and Machine Company (SIC-3362) in Salt Lake City, Utah, on
January 9, 1969. The survey was part of a NIOSH health study of the foundry
industry in Utah, and W;:iS requested by the Utah State Industrial Commission.
Personal respirable mass samples of silica dust ranged from 1.3 to 10.7
milligrams per cubic meter (mg/cu m), with free silica percentages ranging
from 3 to 45 percent. The corresponding threshold limit values ranged from
1.1 to 2.0mg/cu m. The author recommends that an extensive survey be
conducted at this facility at a later date, that local exhaust ventilation be
provided for scarfing stations and at welding locations, and that an air
supplied hood be furnished to the sand blast operator.
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ThiS survey of the J...merican Foundry and Hachine Company plant in
Salt Lake Cit.y, Utah was conducted by the Occupational Health Field
Station at the request of Hr. t'iuench, Regional Director, Bureau of Labor
Standards, San Francisco, California, ~~o had received ca2plaints con­
cerning e~osure3 to toxic dusts, smokes, and gases. Tne industrial
hygiene investigation) conducted during the period January 24 - Febr-I.lary 3,

. 1964, and this report do not include safety hazardcvaluetions. ~~. casper
Nelson, Safety Ckmmissioner of the Industrial Commission of Ut~~, and
Dr. Grant S. Winn, Chief, Industrial Hygiene Section, Sanitation Division.
of the Uta.~ State Department of Health, were informed of the plans for
the survey and invited to accompany our personnel on any of the plant
visits. Tne results of the survey and reco;.uclendations for improvements
are given in the follO":-iing sections. Appreciation ia expressed to
Mr. Jack Carter, i1anager, and :trIr. Cecil McCarty, Plant Engineer, for their
essistance.

'roe results of the workroom air samples and obs€rvationsmade
during the survey shcraedthere were several areas ,m.ere the atmospheric
concentrations of dust, sm.okes, and gases s..'>ould be reduced. Bothengi­
neering controls and improved operating procedures Yill he needed to
ae:.;ieve a satisfactory. improvement in conditions. Reference should be
made to such publications as "Michigan's Occupational Healthltl and
"lianual of Industrial Ventilationu2 for general comments on controlling
exposures to tcr..s:ic materials in foundries and specific suggestions for
typical operations. The specific recommendations are:

1. Institute a program of good plant housekeeping to minimize the
t'edisp~r3ion.of dust into the workroom air.

2. Pra-V'ide an improved local exhaust system at the core baking
operations.

3•. Improve the general ventilation i.n the core building by opera­
ting all eight roof fans.

4. Install me.chanieal fans in the roof of t..~e foundry building
and maintain in good operating condition.

. 5. Install improve.d local e:maust ventilation for the ehaket)ut
operation.

6. Reduce tt.'le atmospheric concentrations of cust at the slinger
sand preparation o~eration.



7. Frovide local ex..~aust ventilation at the metal scarfing
stations.

8. Improve ex,;,aust ventilation controls on the t1;-10 furnaces.

Discussions of these rec~illendations and suggestions, together
w"'itn the atmospheric samples on '1;1hich they are based" are giveniu the
appropriate sections of tile report.

Tna term rto!hreshold L7:rrd en refers to the maxi.'llUm ave:rage c.oncentra­
tion. of contaminant to which ~]orkers may be exposed repeatedly for an
8-hour work day "n.thout injury to health. These values, based on tJ.;'e
best data obtainable are not fixed" but are r~viewed anw~lly for changes
or revisions as new information becomes available.. They are not. and
should not be regarded as absolute lines of del'.arkation oet-W'een safe and
dangerous levels. The fi5ures refer toaverege concentration in ~~ a-hour
'Working shift, rather then an ,absolute m.a:d.mum "mien is not to be exceeded.
even m<::l':!lentarily. The amount b-j' '\mich these fig'.lzoes t!;;.;y be exceeded for
short periods dm:ing the ..107Ck day depends upon a number of factors such
as the nature of the conta.'TIinant, wh.ether ve"J:'t.] highconcent.rations even.
foZ' short periods produce acute poisonir,g, Whether resultDare cumulative,
the frequency mth which hi~~ values occur and for ..,hat period of tine.
All 1l!'..!St be ta-!<:e..'l into cQ!l.5ideration in arriviTl.g at a. decision as to
Vh~ether a hazardous situation is deemed toe:dst.

Silica Dust

Toxicity of air-borne dust de.pends on the particle size, percentage
of free silica in the dust, concentration whiD.~ is ~"'q)ressed in tJ.'1e number
of millions of particles per cubic foot of air, and duration of exposure.
Inhalation of respirable sizes of free s'fI:[ca parti.cles- ~d retfu-1tion ()~

these particles will develop fibrotic 'tissue in the lung. T'ne extent of
the fibrotic lesion and t;'1e consequent effect upon the function of the
lung is dependent both ontne dust concentration and the duration of the
~-posure. Development of the usual c..lL.~nic ty-pe of silicosis takes many
months or years. 'l"ne' effects of repeated inhalation of silica dust are
cumulative and progressive.

~ne re~mmended threshold l~itvalues fQ:t' air-borr~s!licadust is
calculated from t.~efonmla 250 based on the percentage of crystal..

% SiO, + 5
line free silica determined from air-borne samples (as. recolliLlended ~J the
~Jneric~~ Conference of Governmental JL~dustrial Hygienists~ ~nreshold Limit

I Values for 1963).



luitant ~ases

Irritant gases COLi..~!O!\ to the foundry environ:n.ent are those pro­
duced l'lhen materials such as oile, glycerol and fats are decomposed by
heating to high temperatures. E:l!jl1a:n e=",tJosure to these irritant gases
results primarily in lacr)lmationand also in£l~iliation of contacted
tissues. Tnisconsists of ed~a, cellular infiltration and m-~ progress

. to necrosis ~ This reaction is CO!ienon "to all irritent gases, but the
degree of infip"";;TF"tion varies widely. High concentrations of L'lsse gases
are so irritating to the upper respiratory SyStem aVA to ~ies tl~ae indi­
viduals avoid toxic concentrations. Acute intoxication is consequently
rare. However, c:mtinuous a~posure to 10TH, barely tolerable levels of
irritants may be responsible for decreased efficienCYJI!lorale and comfort
of the ¥1Orlcmen. ._

Smoke

Smoke consists of small, ait""'borne particulates mainly resulting
from incomplete combustion and high tecperature decomposition of organic
materials. Scme of these si!ostances are tars and polynuclear hydrocarbons
having carcenogenic properti~s.

,Carbon Monoxide

Carbon monoxide is a cQlorless, tasteless, odorless, insidious gas,
originating from the incomplete combustion of carbonaceous material. The
moZ'e commonsO'.Jrees in foundries are electric furnaces :rmetal treating
and mold curing ~vens, weldir~ and metal scarfing operations and from the
mold pouring operation.

Inhaled ca~bon monoxide is quickly absorbed b~ro...!gh the lung tissue..
As carbon monoxide enterG the blood atrc-aa it rapidly c.':'mbines wib~the

hemoglobin to forn carbox-jhem.uglobin. This compOund is 300 times more
stable than oAyhPmoglobin and consequently the hemoglobin becom~s rela­
tively much less available for ~ygen transport. At to~ic concentrations
of the gas asphyxiation results. If 500 ppm of carbon monoxide are in-
haled until equilibrium is practically attained~ 50% of t..fte hemoglobin
wi.ll be combined with the carbon. monoxide. Tilis mear.s the OT.1gen-carrjiT"'g
capacity of the blood is reduced by one-half causing slight confusion and
possible fainti..."lg or collapse upon e:~ertion. C::mtinued exposures to con­
centrations of the order of 100 ppm may cause severe headaches but ordinarily
no permanent injury. (Sea Elkins: The Cnenistry of Industrial Toxicology,
page. 92.)
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Silica D-ust

Air-borne dust concentrations, reported as millions of particles
per cubic foot of air, were determined by use of the midget impinger
dust sampling apparatus Bnd the standard light-field microscopic dust
counting technique. 3

A high-volume (20 cn1) sample of the air-borne dust was collected
on microsorban filter for laboratory analysis of·the percentage of free
silica.4

Irritant Gases

Air samples were collected for aadehyde determination using 10 mI.
of One percent sodium bisulfite in midget fritted-glass bubblers. The
absorbed alda~ydes were then released from the bisulfite and the liber­
ated bisulfite was titrated with standard iodine solution.5

Smoke

Smoke samples were collected on a gla.ss fiber filter by a high vol­
ume sampler.. The filter weight before and after sampling was determined
and the sample on the filter ~~as extracted with benzene in a soy,.hlet
extraction apparatus for 24 hours. This separated the organic material
from the sample and permitted the determination of the 'percent of organic
material.

Carbon Monoxide

Air samples are dr~m by means of a calibrated hano pump throug.;
sampling tubes containip~'a specially prepared gel. T:~e carbon monoxide
in the air reacts with the indicating gel to produce a color change. The
carbon monoxide concentrations were determined by comparison of the color
change of the gel in the tube with kno';;,'n color stand;'1.1:ds •

. .EVALUATIO}1 OF P..ESULTS

Silica Dust

Air-borne dust is more apparent in ths main foundr-.:r; the primary
sources are the shakeout, slinger sand mixing,. and furnace Hblowing"
operations •

The dust counts from samples collected near the Shakeout operation
iIldicate that the '.atmospheric concentrations of dust were belo:"!1 the TLV.
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Ekr~~yer, considerable ~~nts of visible dust. are released into the
general fOllnd~f air when the hot molds are vibrated. This contributes
to the general l~Jel of dustiness. }~nagementis proposal to install a
new dust collection system at the shakeout should L.~rove the c-v2rall
dust l~~els in ~~e plant.

On ~~e slinger sand fi'.ixin.g platform dust le:-v-els (refer to sample
SUl""!;TI<1r"j) .:::.re greatly in excess of the t.~reshold limit values. ~'"le over­
all dust level is the result of the sand mixing operation; the nethod of
adding che:nical ccmponents to the sand; the close proxir-,; ty to tJ."'1e shake­
~~t operation and general poor housekeeping. Control methods should be
incorporated in tJ.~e operational procedures to reduce this high dust expo­
sure. Until this is done respirator protection should be provided and
worn~ particularly during periods ,of maximum dustiness.

D...1st samples were collected in the general air of the main foundry
and' indicate dust levels which could be reduced by more efficient removal
of dust end smoJ:-..e created in blo-t:Jing t.~a c.arbon from the furnace.

Air-borne dust samples were collected in the core room in the sand
mixing end core molding areas. A plot of time versus dust concentration
as deter13rfned from. sequential samples in the core molding area is shO':ru
in Graph 1.. T'ne exposure to silica dust is in e:{ceSS of the permissible
level for t~ro 1l0'..lrs in the morning. Ho-aever, the time weighted average
..--orkm.l'!.ll exposure is tvithin acceptable lii"'i ts.

Air-borne dust samples collected in the cleaning department yere
found to be highest near the metal scarfing operations. Local exhaust
ventilation g\:)uld greatly reduce th$ dust as well aathe iron oxide dust
associated with the burning procesS.

Good housekeeping is one of the most important phases of a dust
<:ontrol programo Floors and aisles should be cleaned regularly. Vacuum­
ing should be done throughout the day whenever needed.. Raw material and
accessory equipment should he propsrly stored.. TI>.rougn an active and
effective housekeeping program overall dust concentrations are reduced,
local exhaust ventilation is more effective, aJ."1.d l'70rker attitudes and
production improve. Several studies conducted am01"l-..g groups of foundries
have indicated that good dust control appears to go haud in hand with
go-od hO".:l.Sekeeping. Dust concentrations li1ere d",termined by the quality
of housekeepiI'l..g regardless of t..'le amc>•.mt ofectivity in the plant. The
results of the studies indicated the dirtier the plant, the higher the
dust le:-vels. 'rne best possible housekeeping prograr:1 should be ~""lforced

at all times. Good housekeeping is an indication of good supervision.

Irritants.
The principle sourceS of irritants are the oi18 and other organi.e

material added to the molding sand and decomposed by heat and released
in the core baking ovens and tt.'1e main foundry especially during the period



near the end of t.'le shi:ft'\·men the floor is full of smoking molds.
Although the most persistent exposure to these irritants occurs in the
core sand preparation section, at times there is scarcely a location in
the foundry \Vnere the '\.70d:nen are not subjected to irritating concent.ra­
tions of these materials. .Analyzed samples indicate the presence of
aldehydes. The concentrations, calculated as formaldehyde, ranged from
1.4 - 8.3 parts per million. To control the irritant problem the follo-J­
ing iteza are indicated:

1. Improve ~~ee~~au$t ventilation controls on the core bakirLg oven.

2. ~ovide additional hood area for collection of smoke and fume
froo the cooling molds as they are remo-ved from the ovano

3. Repair, properly maintain, and operate the eight roof fans
already installed in the core room.

4 0 Control smoke sourceS in the rnain foundrj. This can be accom"
plished b-j the installation of mechanical roof fans in the roof of the
foundry building 'Onth provision to admit outside air at floor le-vel and
block air intake at hi~~er levelso

.5. If these measures fail to eliminate irritant gases from the
foundry atmosphere, it may then be necessary to separate, bypartitioo;
the core room from the main foundr-j'.

Smoke

The air in the main foundry -VJaS sampled for $moke with a high
volume sampler to determine the amount of organic material present.
Tna benzene soluble (organic) portion in the sample was 1.96 milligrams
per cubic meter, or 30% of the total sample. The effects on health of
suc.'l 2mO";.mts of these compounds are, at present, uncertain. Air pollu­
tion.investigators are studying tilis factor because of the association
of the organic fraction of air pollutantS and upper respiratori ailments.
The level found in the foundry environnent is considerably higher than

. that found in ~~e air of large cities.

!nvie-.J' of the concern given thiS problem by air pollution investi­
gators, smoke concentrations in the ';,70rkingenvirQImentshould be kept
as log as possible. The measures recoJ.iJclended for the control of irritant
gases will also reduce theatnospherie concentration of smoke. Addition­
ally, improvement of b'1.e local· e..~;"aust systems on t..~efurnaces·will reduce
the release of ~oke.

Carbon l!onoxide

Carbon mono~ide levels ranged from only a trace to 150 ppm. Tne
mmdmum levels ~ere found in the main foundry during mOld pouring oper"



atior.s. The maximumallmlsble concentration ·for anB-hour exposure
is 100 ppD. Based on tile results of samples collected during the srr~ey

there is little lrkelihoodof acute or chronic carbon monoxide toxicity
if ~~e ventilation recommendations are adopted.

***

1. Mic."1igsn' s Occupational Healths Vol. 9 ~ lb. 1$ Fal1~ 1963. lHchigan
Depa~tm.ent of Public Health.

2. Industrial Ventilation; 7th Edition" American Conference of Govern­
mental Industrial Hygienists:- Po O. Eox 453, Lsnsing,Hichigan.

3. Industrial Dast; Drinker:- Po and Hatch~ 'XCI F.) McGra'J-Hill lk>ok Companys
Inc., 2nd Edition~ 1:1e-~ York (1954) Cl

4. Determination of Quartz in Presence of Silicates Using Fhosphoric Acid,
N. A. Talvitie, Analo COGS.. 23:623 (1951).

5. The Cheaistry of Industrial T<rAicology, Harvey
and Sons (1959).

ElId.ns, John Wiley
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Sample Number

2

3

s

14

Date end TL-ne

1/24/64
9:40 a.m.

1/24/64
9:50 a.m.

1/24/64
11:07 a.m.

1/27/64
1:25 p.m.

Sample Loeation Operation
and Cv=..Jl.l.ents

Core Room
Sand mixing· department. liZ
Muller

BZ Huller, Sand mixing dept.

Front of oven, washing and
painting operation.GA
several men working in area.

Result

Dust Count l11'PCF

2.5

15.8

18

19

26

27

- 31

32

1/27/64
8:20 p.m.
1/27/64
8:35 p. tm.

1/28/64
8:55 a~m.

1/28/64
~. 9:55 a.m.

1/28/64
10:55 a. m..

1/28/64
11:55 a.m•.

1/28/64
12:55 p.m.

1/28/64
1:55 p.m.

1/28/64
2:55 p.m.

Sand molding. Very littleaetivity. 1.1

Cente'r core molding area under
maze Sequential samples. normal
operation. 5.4

Sequ~ntial samples, Shop em
break. 14.2

Center core molding area under
·-mez. Sequential samples.
Normal operation.

Sequential samples, lunch period.. 0.4

Sequential s.amples, noma!'
o~ration. 2.1

Center core molding area under
mu. Sequential s.s.mple.s, one-half
sample time, shop on break. 2.7

Core room - center core ll".tOlding
e.rea under me::. Sequential sa::!plea,
ene-half sample time, shop on break.. 3.9
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Sample Location Operation
and Comments 'Result

Core Room

33

36

1/28/64
1:35 p.m.

2/3/64
12:50 p.m.

2/3/64
12:50 p.m.

Center core molding area under
~z. Sequential samples, one­
half saaple t;me~ shop on
break.

Core sand mixing.. Not working
4~ min~ of samples.

Core sand mixing. EZ complete
cycle of muller operation.

0.8

5.5

Percent Free Silica

SD 4

1/24/64
11:15 a.m.

1/29/64

1/29/64

1/29/64

1/29/64

Core sand mixing near control
booth ..

Core sand mixing. settled dust
from top of control booth ..

Core sand mixing, north of
booth.

Core fiend mi:d.nS iJ north of
booth.

"""Core sand mixing; south of
booth.

45.7

40.0

Aldehydes
ppm

1,5

Cilrbon Hono::dde
ppm

"1'raee

1 1/24/617
9:30 a.m.

Shakeout platform

4

6

1/24/6~
10:10 a.m...

1/24/64
11:10 a.m.

Filling laddle, tapping fur"·
nace, '2. men working•.

Slinger sand mixing, "2 ~n
working.

IS.7



Sample Number

10

12

15

20

21

.22

Jkte and Time

1/27/64
1:25 p. m.

1/27/64
2:20 p.m.

1/27/64
1:55p. m.

1/27/64
8:50 p. m.

1127/64
9:10 p.m.

1/27/64
9:25 p. m.
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Semple Location Operation
and Comments :r'i',i,::.:A!..:.,Result

Main Foundry Dust Count MPPCF

SUnger sand mixing. 99.92

GA in mold filling area.. 1.3

Sli.ngersand mixing. 20.8

Slinger sandmixit1..g. Oper-
ator stirs up dust WiL~ 32.4
activities.

Shakeout. 3.1

S11ngersand molding, BZ 4.3

35

38

1/27/64
9:50 p. m.

2/3164
11:20 a. m.

2/3/64­
11:30 a. m~

2/3/64­
1:50 p. mil

Tapping furriace

Shakeout platform.

Between fut'n2ces, GA,
No visible dust.

Shakeout ... all around. Not
.very dusty•

2.9

7.8

6.9

39

42

2/3/64
11;45 a. m.

2/3/64
1:45 p. m.

lunCh break after ~ minutes
sampling•. Shalceout bet-w:een _ 5.5
slinger sand dumper and hood.

Shakeout ... ail around. Shaker
not operati.ng fer most of sample. 3.0

1Wl

BV2

HV7

1/24/64
'9:30 a e m..

1/tl4/64
10:25 8.m.

1/27/64
9:00 p. m.

1/29/64

~inFoundn:

REar shakeout.

Near shakeout.

Slinger sand mixing.

Near slinger sand molding.

% Free Silica

43.4·

Aldehyde pPm.
8.3



Sample N~ber

11

Date and T!ne

2/3/64
11:00 e. 1:1.

1/27/64
1:25 p. m.

1/29/64
1:30 p. m..

1/29/54
2:00 p. m..
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Sample :toeat!on Ope'Z'ation
and Ca~lents .

Frain Founth~";;

liear No.3 slinger sand
molding.

Slinger sand mih~ng~

Sta..No. 3.

!{ear .tapping furnaces.

R~s...'!.lt

¥.g/mJ C:;:;;.:mic
¥..at~!"i<".l

1.96

Carbon Hona:tide
pvn

125

lOG
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Sample Location CtpWation
end Cc;;m;.ez:;.ts Results

12.3

ten.. AirJ near grinding
operation. 1,5

C1!:enim; lhot. Dust c.::ml'l6, !r2F.CF

Grinder (lp~raticn~ BZ 9.8

l~t.:ll scarfing operation. 5.3

7 1/24/64
11:27a. tn.

e 1/24/64
11:34 a. m.

9 1/24/64
11:40 a.m~

1.5 1/2.7/64
2:40 p. m..

16 1/27/64
2:25 p. m,.

17 1/27/64
2;30 p. m.

24 1/2.7/64
10:10 p. m.

2S 1/27/64
10:25 p. m.

S7 2/3/64-
1:20 p. m.

41 2/3/64
--1-:15 p.- m.--

Carbon~de

PEn
1/29/64
1:05 p. mil

Crinding operation

1/2.9/64
1:20 p. m. Welding operation.

1/29/64
1:35 p.a.


