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INTRODUCTION AND ACKNOWLEDGMENTS

As part of the work of serving as Chalrman of Subcommittee 3, Health and
Industrial Requirements, of the American Soclety of Mechanical Engineers' Committee
on Air-Pollution Controls, the author assembled the following information on accepted
maximum permisgible concentrations of air pollutants from the standpoints of health,
demage to vegetation, damage to property, and requirements of industrial processes.

A search in technical literature was made followed by direct inquiry to all State
governments as to their regulations,

The subcommittee membership - G. D. Clayton, senior sanitary engineer, Public
Health Service, United States Department of Health, Education, and Welfare, Detroit,
Mich., Dr. L. Greenburg, commissioner, Department of Alr Pollution Control, New York,
N.Y., Dr. M. Katz, Defence Research Chemical Laboratories, Ottawa, Ontarlo, Canada,
and Dr. H. H, Schrenk, research director, Industrial Hygiene Foundation of America,
Inc., Mellon Institute, Pittsburgh, Pa. - reviewed the information and made very
helpful comments and corrections.

STANDPOINT OF HEALTH

As regards health, the outstanding and principal source of information is the
Threshold Limit Values adopted from year to year by the American Conference of Govern-
mental Industrial Hygienilsts .?_/ Each value expresses the average concentration of a
substance in the air to which an industrial worker can be exposed for 8 hours daily
for an indefinite period without injury or occupaticnal disease. With some differ-
ences, these values are used by all the State governments that have accepted values
along these lines. The accompanying tabulation shows the Threshold Limit Values,
together with the variations, including the additions, adopted by certain States.
Delaware, Illinois, Maine, North Dakota, Oregon, South Dekota, and Utah reported
that they had no adopted values as to air pollutants.

The tabulation of values presents a clear-cut picture, but those who wish to
conglder or use any of these values In a practlical way should have considerable
knowledge regarding their origin. According to Schrenk :3/

This definition (as to the values of the table) 1s made up of the following
items: (1) Average concentration, (2) 8-hour day, (3) iIndefinite exposure
period, and (4) lack of inJjury or occupational disease., There is some con-
troversy regarding item (1), items (2) and (3) are usually though not invar-
lably accepted, and there is definite disagreement regarding the interpreta-
tion of item (L4).

_2_f Reprinted and copyrighted by the American Medlcal Association, 535 Dearborn
Street, Chicago 10, Ill,

3/ Schrenk, H. H., Bureau of Mines Inf. Circ. 7457, Interpretation of Permissible
Limits in the Breathing of Toxic Substances in Air, 1948, 7 pp.

5998 -1-



To reach a more satisfactory interpretation of maximum allowable
concentration, attention is directed to (1) the development of tables
of maximum allowable concentrations, (2) criteria on which limits are
based, and (3) methods used to obtain data on which limits are based.

Although these values, backed by experimental date, ceme from delliberations
regarding "confined" or "inside" spaces, it could be assumed that the values would
also be conservative for "outside" spaces for no longer than an 8-hour period. In
the use of such values for the general populace, however, questions arise as to their
applicability to the very young, the aged, and to those with impaired health who are
markedly more susceptible to various alr pollutents then a person in good health.
Recent experience, also, indicates that mixtures of pollutants of much lower con-
centrations than given in the tabulation can be quite damaging, apparently the result
of a type of synerglstic action on simultaneous exposure to several toxlc substances.

STANDPOINT OF VEGETATION

As regards vegetatlon, there are few generally accepted standards, According to
Katz,&_/ "low concentrations (of SO2 in the atmosphere) in the range up to 0.10 to 0.20
p.p.m. do not appear to have any visible effect on plant 1life., In concentrations
higher than approximately O.4 p.p.m., SO2 may be toxic to sensitive plantg-------- !
Although mention in technlcal literature is made of the effect of other types of
air pollutants on vegetation such as chlorine, hydrofluoric acid gas, hydrogen sulfide,
ammonia mercury, carbon monoxide, and ethylene, no definite limit values have galned
general acceptance.

STANDPOINT OF PROPERTY
As regards property deamage, virtually any concentration of a pollutant, such as
sulfuric acid or hydrogen sulfide, that will attack materials will do some damage.

Since property cannot repalr itself like a living organism, it is a question of what
can be tolerated.

STANDPOINT OF INDUSTRIAL PROCESSES

As regards industrial processes, nothing as to limit standards was found either
In literature or by personal inguiry.

GENERAL
It is apparent that the whole subJect yet requires much research and field

experience before many needed satisfactory, stabilized, operating standards of limit
values of air pollutents can be determined.

L/ Xatz, M., Sulfur Dioxide in the Atmosphere and its Relation to Plant Life, Ind.
and Eng. Chem., vol, 41, No. 11, 1949, pp. 2450-2465,
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TABLE 1. - Maximum allowable concentrations of (industrial) atmospheric contaminants

Gases and vapors

bs | Threshold 1limit values

adopted by Conference of
Governmental Industrial

Hygienists - 1953

California - 1949

Colorado - 1941

S | Florida - 1947

Kentucky

Massachusetts - 1951

Michigan - 1952

Mississippi - 1948

New York - 1952

South Carolina

Vermont

Virginia - 1952

West Virginia - 1951

Substance

p.p.ml.

p.p.m.
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b
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9 |Maryland - 194k

o

o

p.p.m.

[910Ohio - 1946

5
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o
i
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P.p.m.

Acetaldehyde. oo teeeeeenecennnacosanacanans
Acetic @acideeeeeeeeenereeeasecesocancecacacnnns
Acetic anhydride....cceieeeeieeeccnaanaonnnnana
Acelone. .. vieiiiiieteeeeneeasccasccconnaansnnnns
Ve oo = s ¢ PP
Acrylonitrile. e ieieeeeieteeceeecccacseaannas
Allyl alcOnOleceeeeeeeeeanssececasacacccnnnnnns
Allyl chloridEeivecceeeseeerescesacccasnconnane
AMMONia. . i.eeeeeieeeeeeeercesscscecccacsasnnanae
Amyl acet8te..uciteecccasssesscccsrsccsracascanns
Iso-amyl 81cOnOl.c.ieeeceeceeccsncccnoncncnsnnasn
AnilinE.eeeeeeeeeeeeeecsoccsossacasassasscnannns

Arsine....ciiieeeieeeeerscscceactaccscscscnnnnns

Acetonitrile..cieieeeeeeneececeeceascacccnnnnns

Benzene hexachloride.....cceeeeereneerennccnanns
Benzene (Densol)..ceeeeeeeeeescesnscaaenneanans
Bromine..ieeeeeeeeeeeeesoesasessnesscnscsnncans
1,3-Butadiene..ceceececsecercnccrcnccacerancnns
n-Butanol (Butyl 2lcohOl).eeeeeseeseseeeecennes
2-BULANONE .. cvererraosscosssscscaressacscsssnanne
n-Butyl acetate..iciieeieeiieiitctciatanscsnnnns
Butyl cellesolve (2-Butoxyethanol).....eeeeeo..

Carbon dioxide.e.eeeeeeieereeeeeeesnancnnnnnens
Carbon disulfide..ceeeeeeeieeeneeeccesscacacanns
Carbon monoxXide..ceeeeeeseecaneoacnsosceaccaanns
Carbon tetrachloride.c.ieeeeceeeeeeeecacacanans
Cellosolve (2-Ethoxyethanol)...eeeeeeeeesenesss
Cellosolve acetate..ciieeeeeeacnnsotoceccscnans
Chlorine..iieeeeeeieeeraeeeososacasasasarascnnns
Chlorobenzene (Monochlorobenzene).....veeeessss
2-Chlorobutadiene...cieeeeeeeeeesceecccecccacnne
ChlorofOrm. . cieeeeeaeeeeeeeeesnoscocoscscsasaanns
1-Chloro - 1-Nitropropan€.....cceeeeeccscscocses
Cresol......... tesesesscsncsesesessssssascncnen
Cyanogen and compounds as CN....eeeeoeraaeanans
CYCcloneXANe e seseeesoseaessasesssssascnsscnsasee
CycloheXANn0l.eeeeeeeeeeeasscsssscasosnsssannane
CycloheXanone. . ..cceeeeseessessascocacssassssssns
CYyCcloheXEene .o veeeeeeesccossssosssossssanassosane
Cyclopropane (Propane)....cceeececsceccscessses

I/ Tentative
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TABLE 1.

- Maximum allowable concentrations of (industrial) atmospheric

contaminants (con.)

=

Gases and vapors

adopted by Conference of
Governmental Industrial

Hygienists - 1953

California - 1949

Colorado - 1941

Florida - 1947

Kentucky

Massachusetts - 1951

Maryland - 194k

Michigan - 1952

Ohio - 1946

South Carolina

Vermont

Virginia - 1952

West Virginia - 1951
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by | Threshold limit values
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1-2 Dibromoethane (ethylene dibromide).........
O-Dichlorobenzene....cceeceeeaceoasans Cereeeanee
p-Dichlorobenzene...c.veeieceeeereecrsnonasanans
Dichlorodifluoromethan€....ceeeeeeeeneaenaccans
1,1-Dichloroethane.....ceeeeeeencrenncennnncans
1,2-Dichloroethane (ethylene dichloride).......
1,2-Dichloroethylene..ccceeeceecreccrcnnrecnnss
Dichloroethylether . cueeeeeeeeesesossonnnsensnns
Dichloromethane.....eiiiieieeneeeitncancanannns
Dichloromonofluoromethan€....cceeeeeeeeeeennanae
1,1-Dichloro~- l-nitroethane.......cceceveavanns
1,2-Dichloropropzne (propylene dichloride).....
Dichloromonochloromethane..veeveeeeeeeannaaennn
Dichlorotetrafluoroethene....c.coveeeeiieanncanns
Diethylamine..eeeeeeieeeetetetaeesesesasscnnnans
Dimethylaniline....ieeieeseiaeeeitenaacacccnnans
Dimethylsulfate..ceeeeeiseceesectsscccsancnnnnns
DiOXANE .t eeeeeeeeeeneaasocatacasasasossnannnnnns

BEtyyl acetate...cvveeeeiiieieiititnnceinenanns
Ethyl alcohol.iiiieeeieieeaeececasncaananssnnnse
Ethyl amine......ceeeeieceererocecnassancsccnns
Ethyl benzene.....c.eeeeeereeesscassssasssonanas
Ethyl bromide....cceveeieneiineennecneranennens
Ethyl chloride..c.ceieeeeeeneecnseecsascecannnns
Ethyl ether....... ceteeseceractasssersannacannn
Ethyl formate.....iiieiieiiinnrecacescnneccanns
Ethyl silicate..... Ceesseceecssnscserecnervaanen
Ethylene chlorohydrin...... ceerrerecsarasesasas
Ethylene oXide€....eeeeeeeeennoseeeccsnsessnconns
Ethyl methacrylate...ceeeeeeeeecesoenaanssannes

FLUOTINe (BS)eveeeoeecescnnseoennsannnanssnnns
Fluorotrichloromethane....oeeeeieieeereecennnns
Formaldehyde. .veeeeereeaeeeeosscasscssoosannans

GBSOLlINe. . iviiereeaeanseanaoancsosocecsonnnnnans

Heptane....ooeeeeeenneeieeneeenetencacnnnsncnces
HeXane..oeeeeeeeeeeneeeeeoecnesasssccanssnannnse
Hydrogen chloride..cceeeeeeeeecncreancasonsnons
Hydrogen cyanlde..eeeeeereeeeneeeneensansennnns
Hydrogen fluoride...cceiceceeeecaccocasscncnnes
Hydrogen selenide...ieeeeeceeeeesceceessaananas
Hydrogen sulfide....ceeeeeecevecencscsnsacaaans

TOAInE ...ttt tieeeseeesosasasacascscannnannnas
B =T0) o) o1 of o) ¢TI
Iso-propyl 21COhOl..eueeceeceracssnrssesncnnnns
Iso-propyl ether..ceeeeeeecececeeteseascaoaanns

Mesityl oXide.eeeeaeeeeeeeereateasscscnaanacnns
Methanol...e.eeeeeneeeesceoneessonasssncnnnanns
Methylal.eeeeeeeeaeoeoeaosoocsassosoaonnssnnnonns
Methyl acetate...cciieeniirenrnreiesctsccnnnnas
Methyl bromide..ceeeeeeeeseseeesccasaseasacansas
Methyl DUtanOne...eeeeeeeeeaseecneacssonnnnnns
Methyl butyl ketone...eeeeeeeeieieeenonnnnennns
Methyl cellosolve (2-methoxyethanol)...........
Methyl cellosolve acetate..cceeseerresnarvennes
Methyl chlorid€..ieeeeeeceecscacscsesssassannns
MethylcycloheXan€.vceeeeeeeaaeesscsooaaoncancan
MethylcycloheX8nol.eeeseeeesesoocancescensoaonas
MethylcycloheXanon€.ceeeesseoseesasscassaonnana
Methyl formate....ccceieieeerenetecennsennnncnns
Methyl iso-butyl ketone..
Methyl methacrylate...ceeeeiiieeeieenninnnnnnes
Monochlorophenol..cee.eeeeesscecccsccosnaassnens
Monofluorotrichloromethane......cceeeeeveeeanans

ceecessssseneasasans

Naphtha (€08l tar)..ceeeecesseceeescossosasnnns
Naphtha (pPetroleum)..e.eceeeeecsecenessennasans
Nickel carbonyl..ceeeeeeeeeeeseccssconcssssnnnns
Nitrobenzene....eeeieeeeieseacssncssasasnsssaes
Nitroethane. oo eeieeeeneeeneaceenecennsansannns
Nitrogen dioxide.i.eeeeeeeceaeseeacsceoassanans
Nitrogen oxides (other than NoO).e.eeswesoasass
Nitroglycerin...eeeeeeeeeaceoesaceonans
Nitromethane...oieeeeeeceeeccassacsccssonncsnss
2-NitrOprOPaN€ e ceesecesessassessssosssaassnses
Nitrotoluene (Mononitrotoluene)..seeeseescacess

N
owuils
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-
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15
500
1,000

75
1,000
25
100
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1,000
4oo
100
100

100
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500
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100
100
100

100
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1,000
1,000

500

1,000
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5,000

10

1,000
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200
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1,000

5

250

10
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OCtANE ..t iereereneoceesscsccssssssssccnsosssnnse

OZONE et eeeseassosseaooasasessssssssssssasnsansnsnns

Pentane...cieeeeieeeececccsssoccssssasccsasnans
PENtanONE. e eeeeseeesssesscccsacesscssssssasaans
Phenol...cceeeeeeeeceeecesosocnssassocnssssocnnss
PhOSgeNEe . it eecieocecasccscsacnssscscscnsssanns
PhoSphine.s.ieeeeeecaeessooecsosescssssasccnnns
Phosphorous trichloride...ccceeecececcceaseacss
Propyl acetate...cciiieceeeceeeecasncsoencsannas

QUINONE. .. veteeeeeeeeeeceecsacsososnnsonascscnces

1S 275 1 o s 5 L=
Stoddard solvent...c.ceeeeieceenosassassccasanas
Styrene moNmMer...ceeeeeeeeecesecossscssssonnans
Sulfur chloride...ieeeeeeeneeeescccsnnsnsosnans
Sulfur dioXxide....c.ceeiieeeececcesossccoancssanans
Sulfur trioxide..cceeeieeeieeeneeeceececnnaanans

1,1,2,2-Tetrachloroethane.....ccoeeeeececennaas
Tetrachloroethylene....ceeeiereeeeceecnnraoanan
TOlUENE . et ieeveeeeeecacocosacasosesessasssanns
Toluldine . .eeeeeeiiereneeeanacasosscssnasonnsns
Trichloroethylene.ce.eeeeeeseeecassccscsassanns
1-1-1 Trichloroethane.....eeeeeeceeeccecscccans
Turpentine...ccoieerereteneeccerecescsassconnas

Vinyl chloride...cc.eeeeeieeeseceesaccesansannans

XYlene .. .iveeeeenneeoesccscsncesosssansanssnnnns

500

1,000
200

.05

200

200

100

10

10

200

150

150

200

Loo

10

200

10

200

Toxic dusts, fumes, and mists

Substance

mg. /m3

mg. /m3

mg. /m3

mg. /m3

mg. /m3

mg. /m3

ng. /m3

ng. /m3

mg. /m3

mg. /m3

mg. /m3

mg. /m3

ng. /m3

mg. /m3

Ammonium plcrate....cceciiieieeiiienciiienaaanns
Antimony.eeeeeeeeeeeeenencrerossssccsnnnncnnas
ArseniC...ccceecieeecsonscosacescsecsaconsannns

D= 72 o D

Cadmium.seseeeeeeeaeososessacoossasesasnssasasans
Chlorodiphenyl..c.cceeeeeeecaceeccosssasasssacans
Chromic acld and chromates as CrO3.....ccecuves
Cyanide 85 CNevuoeeeeeenroecoeoceaosacsssannnnns
Chlorinated naphthalenes.....ceceeeeececccacans
Tri and mixtures of tri and tetra............
Tetra, penta, and mixtures of tetra and penta
Hexa and mixtures of penta and hexa..........
Below pentc.ceeeececesenensossccrssanaaannns
ADOVE PeNtA.ceeeeeeececersecesssaasacessannns
5 o S T I

PentB...ieeeeieeeecesaccscscosarsosasancsscnne

Dichlorodiphenyltrichlorethane (DDT)...........
0,0-Diethyl-o-p-nitrophenyl thiophosphate
(PArALNION) «.eeeeererroneesesecsnnnscessannns
Dinitrotoluene....veeeeeceeeeenoccsoasancscannas
0-Dinitrocresol. e eeeereeeeereccscaossanncons

FlUuOride..civeeeeoeececaseosensscenscsasasansas
HydroQuinone..eeeeeeeeseaceeacssasassasonnnansns

Iron oxide fUME.. et eeeereeeescecocanansnnnns

Lead.eeeeeeneceeronssssssasenscsossssnnsssnnans

Magnesium oxide fume....ceeeeeeeenececsanscnccns
MaNganEeSe .. oeeeeeenecessscssssssssosssssasasans
MerCUr Y. seeeaeeeeneerssosasasasssasscaoanasassns
Metal fumes (LOtal).ceeeerseneeenonenscanncanns

NiCOLINE.eieeeeeeessoeseecsncooonsotesaascsanns

Pentachloronaphthalene.....cceeeecennnansaccees
Pentachlorophenol...ceeieereerecctsccsnoconnnes
Phosphorus (Yellow)..eeeeeeeeeseoonsacnsasnnnns
Phosphorus pentachloride......ceeeeeesececnnnee
Phosphorus pentasulfide.....cceeeevennceceacnns

Selenium, @S S€.eececesivaccosccssscncsesnsonns
Sulfuric acide.eeeeeeeeeceencsereccencscssccans

Tellurium. .cceeeeeenneecescraccsacascssnsnscnns
Tetraethyl pyrophosphate......ecceeevieecaacens
Telryl.ee.eeeieeeeenacesscnsosnssosescnnansnsnns
Trichloronaphthalene....cceeeeeeeserensnnanness
Trinitrotoluene..iieeeeeceececcacscocnscsssanns

Uranium (soluble COMPOUNAS).e.easssennsannnnnss
Uranium (insoluble cOMPOUNAS)..eseeeereeensnans

Zinc chromate...eeveeeceeceeccacesconnsonnssnns
Zinc oxide fume...ceeeevereeecncnrscnsnrsansanns

1/ Tentative

2/ mg./m3

5998

o

30

0.15

18

30

0.5

0.25

0.2

10

1/10




TABLE 1. - Maximum allowable concentrations of (industrial) atmospheric contaminants (con.)

Threshold limit values
adopted by Conference of
Governmental Industrial
Hygienists - 1953
California - 1949
Colorado - 1941

Florida - 1947
Massachusetts - 1951
Maryland - 1944
Michigan - 1952
Mississippi - 1948

Ohio - 1946

New York - 1952

South Carolina

Virginia - 1952

West Virginia - 1951

Kentucky

Vermont

Mineral dusts 3 3 3 3 3 3 3 3 3 3
Substance m.p/ft.> m.p/ft. 2 |m.p/ft . 2 m.p/ft . 2 m.p/ft. 2 |m.p/ft. 2 Im.p/Ft. > Im.p/Ft. > lm.p/ft. > |m.p/t. m.p/ft.3 m.p/ft.3 m.p/ft.3 m.p/ft.3 m.p/ft.3
AlUnduUmMe .o veeeeeeeeeccaancannns
ASbestOSeeeireetenneacanancenns

N
w1 O

CarbOrundum. « v vueeensensnennans 50
Dust (nuisance, no free silica) 50
Foundry dust.....cecvieenennnns 25
Granite....cciiiiiiieenaananaas 15
Limestone...ceieeeeeeeeecannnns 50

Mica (below 5 percent free
R X.T-1) R 20 50 50 50

Portland cement......c..oiu0nae 50

Silica (free Si0p).eceeeverennn 5
Silica (over 40 percent free
S100)..... cetereseccresannane 5
Silica (20 to 40O percent free
S102) eevinennnnn eeeeeiiiaea 10
Silica (10 to 20 percent free N
S102) e euntrenneeeinncannncens 20
Silica (high, above 50 percent
free Si02)eeeeeeeeceanereanns 5
Silica (medium, 5-50 percent
free S102)eeeeevereanensoaans 20 10
Silica (low, below 5 percent
free SiOgS
Silica (below 10 percent free
S5 107> IS 50
Silicates....... feeeateseceaens 50
Siliceous dusts (less than 10
percent by weight free Si0p). 100
Siliceous dusts (10-70 percent
by weight free $i02)...ccv... 10
Siliceous dusts (70 percent or
above by weight free Si0O2)... 5
Silicon carbide...cieeeeeeenene 50
Slate (below 5 percent free
S100) et eeetieeeneaaaaaraaan 50
Soapstone (below 5 percent free
S10D) e eeeeanecreenaneenanas 20

tecccecncescicnacns 50

TalC.eeieeeennnnannnn PP 20 50
Total dust (below 5 percent
free Si02)...cun.. ereeiaane 50

All mineral dusts other than
siliceous dustS..oeeeeceoaaas 100

Radiations

Material or radiation
Alpha (roentgens per day)...... 0.05
Beta (roentgens per day)....... .05 0.04
Gamma (roentgens per week)..... 0.3 0.7
Polonium (airborne).....eccee... 3/10'12
Radium (roentgens per day)..... 3/8x10" 0.1
Roentgen (roentgens per week).. 0.3 0.7 |
Radon (curies per cu. meter)... 10-8 10-8
Radon gas (curies per liter)... 10711
Thoren (curies per cu. meter).. lO‘8
X-ray (roentgens per day)...... .05 .0k 0.1
3/ Curies per cubic meter

Interior - Bureau of Mines, Pittsburgh, Pa.
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