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The 2nd edition of the Documentation of Threshold Limit
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availability of reprints should be directed to the Secretary —
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the Threshoid Limit Values herein,

THRESHOLD LIMIT VALUES FOR 1968

The Threshold Linmit Values reter to air-borne concentra-
tuuns ot substances and represent conditzons under which 1t is
believed hat nearvly all workers mav be repeatedly exposed.
dav after dav. without adverse eftect Because of wide varia-
fen anonidividual suscepubility, exposure ol an vecasional
mdividual 1 o 2ven below the threstridd Llimit mayv not prevent
diseomtorn agaravation of a pre-existing condition, or occupa-
teomal illpness,

Clinical iests are becunung avaulable that permit deteciion
ol thuse dividuals who will hyperreact upon exposure tu
certam indusirial substances. Belng predictive in character,
they may be applied as screening tests wnthe preplacement o
£xamination, Requests for further detaits of these tests shouid
be directed to the Chairman vl the Comnutiee,

Threshold linuts should be used as guides m the control
of health hazards and should not be revarded as fine lines
between safe and dangerous concentrations. Exceptions are the
substances given in Appendix A and certain uf the substances
given a **C’" histing. The values not giver a -*C"” hstng refer
to ume-weighted average concentrations for a conventional 7 or
8 hour workday.

Time-weighted average concentrations pernul excursions
above the lhnut. provided they are compensated by equivalent
excursions below the limit qurig the work dav. The degree of
pernussible =xeursion ts pegued to the threshold limiut vatue of
the particular substance as given in table m Appendix C
under ~*Test TLV Factor.'’ Hence. it 1s not considered appro-
priate to mterpret 2ir concentration values as exceeding ime-
weighted average linuts. if such values lie withm the per-
nussible excursions. (See section on Legislative Cade.)

The amount by which these concentrations may e exceeded
for short periods without mjury to health depends upon a num-
ber of tactors such as the nature of the contaminant. whether
very high concentrations even fuor short periods produce
acute poiscning. whether the effects are cumailative. the ire-
quency with which mgh concentrations occur. and the duration
ol such periods. All mwust be taken wito consideration 1n arriving
at a decision as to whether a hazardous situation exists,
Enlightened industrial hygiene practive wmclines toward con-
trotling exposures below the timit rather than miintenance at
the limt,

Threshold limits are based on the best available mforma-
tion from industrial experience. from experimentai human and
ammal studies. and when possible. from a combination of the
three, The hasis on which the values are established mav
differ from substance to substance: protection against impair-
ment of health may be the guiding factor for some. whereas
reasonable freedom from irritation. narcosis. nuisance or other
forms of stress may dominate the basis for others. The Com-
mittee holds to the opinion that limits based on physical irrita-
ron should be considered no less binding than those based on
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physical impairment: growing bodies of evidence indicate that
phvsical irrutation may promote and acceterate paysical impar-

ment.

These liputs are intended for use in the field of industrial
hygiene and should be wterpreted and applied onrly by persons
traned i this fneld, Thev are not mténded tor use. or for modi-
f1cation for use. {1) as a relauve mndexof toxicity. by making a
ratio of two lunits, (2} 0 the evaluation or control of community
air pollution or air pollution nuisances. (3} 1n estimating the
toxic potential of contimuous uninterrupted exposures. (4) as
prooi or disproof of an existing disease or physical condtion.
or (3) for adoption by countries whose working conditzons difier
trom thuse mthe United States of Amaricaand where substances
and processes difier,

Documentation of Threshold Limit Values, A separate com-
panion plece to the TLVs 1s 1ssued by AGGIH under this title,
This pubtication gives the pertinent scientific information and
data with reference to literature sources that were used 1o
base each linut. Each documentation also contains 2 state-
ment defining the type of response against which the iinutis
safeguarding the worker. For a better understanding of the
TLVs 1t is essential that the Documentation be consulted when
the TLVs are betng used.

Ceiling vs Time-Weighted Average Limits, Although the
ume-weighted average concentration provides the most satis-
{actory. practieal way of monitoring air-borne agents for com-
phiance with the limus. there are certa:n substances for which
1t 1s mmappropriate, In the latter group are substances which are
predominantly fast acting and whose threshold limit is more
appropriately based on this particular response. Substances
with this type of response are best controlied by a ceiling
“C" limit that should not be exceeded, Itis implicit in these de-
finitions that the manner of sampling to determine compliance
with the limits for each group must differ; a single brief
sample, that 1s applicable to a *“C*’ limit. 1s not appropriate
to the time-weighted limit: here. a sufficient number of samples
are needed to permit a time-weighted average concentration
throughout a compiete cycle of operations or throughout the
work shift,

Whereas the ceiling limit places a definite boundary which
concentrations should not be permtted to exceed, the time-
weighted average limit requires an explicit limit to the ex-
cursions that are permissibie above the listed values. The
magnitude of these excursions may be pegged to the magnitude
of the threshold limit by anappropriate factor shown in Appendix
C. It should Le noted that the same factors are used by the
Committee in making a Judgment whether to include or exclude
a substance for a “*C’" listing.

“:Skin"" Notation, Listed substances followed by the designa-
tion “SKin - refer to the potential contribution to the over-all
exposure by the cutaneous route inciuding mucous membranes
and eye. either by air-borne, or more particularly, by direct
contact with the substance, Vehicles can alter skin absorption.

2

C =

This attenuon-calling designation is intended 1o suggest appro-
priate measures for the prevention of cutaneous absorption
80 that the threshold limit is not unvaiidated.

These values are reviewed annually by the Commuttee on
Threshold Limits {or rewvision or additions, as further 1in-
formation becomes available.

Mixtures, Special consideration should be given also to the
application of these values in assessing the health hazards
which may be associated with exposure to mixtures of two or
more substances. A brief discussion of basic considerations
involved in developing threshold {imit values for mixtures. and
methods tor their developmant, ampiified by specific examples
are given in Appendix B.

“‘Inert’” or Nuisance Particulates, A number of dusts or
particulates that accur in the working environment ordinarily
produce no specific effects upon prolonged inhaiation. Some
insoluble substances are classed as inert {e,g. iron and steel
dusts, cement, Silicon carbide, titanium dioxide, cellulose):
others may be soluble (starch. soluble oils, calcium carbonate}
but are of such a low order of activity that in concentrations
ordinarily encountered do not cause physiologic imparrment.
still others may be rapidly eliminated or destroyed by the
body (vegetable oils, giycerine, sucrose}. In the case of the
msoluble substances, there may be some accumulation in the
respiratory passages. In the case of the soluble substances,
this accumulation will ordinarily be temporary but may inter-
fere to some extent with respiratory processes, Hence, 1t 1s
desirable to control the ¢oncentrztions of such particulates in
the air breathed by any individiul, in keeping with good in-
dustrial hygiene practice.

A threshold limit of ISmg/ms, or 50 mppcf. whichever 18
less. ts recommended for substances in these categories and
for which no specific threshoid limits have been assigned. This
limit, for a normal work day, does notapply to brief exposures
at higher concentrations, Neither does 1t apply to those sub-
stances which may cause physiologic impairment at lower con-
centrations but for which a threshoid limit has not yet bheen
adopted. Some ‘‘mert’’ paruculates are given in Appendix D.

Simple Asphyxiants - ‘‘Inert'’ Gases or Vapors, A number
of gases znd vapors, when present in high concentrations in
air. act primarily as simple asphyxiants without other signi-
ficant physiologic effects. A TLV may not be recommended for
each simple asphyxiant because the limiting factor 1s the
available oxygen. The minimal oxygen content should be 18
percent by volume under normal atmospheric pressure {(equi-
valent t0 a partial pressure, p0, of 135 mm Hg}, Atmospheres
deficient in 0, do not provide adejuate warning and mast simple
asphyxiants are ordorless. Several sumple asphyxiants present
an explosion hazard, Account should be taken of this factor in
limiting the concentration of the asphyxiant,

Physical Factors, It is recogmzed that suchphysical factors
as heat, ultraviolet and ionizing radiation, humidity, abnormal
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pressure and the like may place added stress on the body so
that the eftects {rom exposure at a threshold limiat may be
aitered. Most -f these siresses act adversely 1o mcrease the
IeXIC respunse ol A subsiance, Although most thresheld himits
nave built-11 safety tactors to guard agzainst adverse etfects
-1 moderate deviatuons trom normal environments. the safety
Jactors of most substances are not ul such a magnitude as to
take care ol uross deviauons., For example. continuous work
ar temperatures above 90°F or over-time extending the work-
week more than 30.. nught be considered gross deviations.
In such mstances judgment must be exércised in the proper
adjustments of the threshold linut values,

-Notice of Intent™" At the beginning of each year. proposed
acutons ol the Commuttee for the forthcoming vear are 1ssued
w the form of a -*Notice of Intent,’* This Notice provides not
vnly an opportunity for comment. but solicits suggestions of
substances to be added to the list. The suggestions should be
accompanied by substantiating evidence,

As Legislative Code, The Conference does not consider the
Threshold Limut Values appropriate matter for adoption mn
legislatuve codes and regulations and recommends against such
use. If. however, the list 15 S0 used. the intent of the concepts
contauned 11 the Preface shouid be maintained and provisions
should be made to keep the 1ist current.

Reprint Permission. This publication may be reprioted
provided that written permission is obtarned from the Secre-
tary-Treasurer of the Conference and that it be published in
its entirety.

—_—

RECOMMENDED VALUES
{in Alphabetical Order)

) b
Substance ppm Mg 'M*
Acetaldehyde ... 200 360
Acetic acid. ... 10 25
Acetic anhydnide .. S 20
Acetone ... 1,000 2, 400
Acetonitrile .. a0 70
Acetylene dichlonde, see 1.2 Dicloro-
CHAYIENE oo e

Acetylene tetrabromide... 1 14
Aciolein 0.1 0.25
Actytamide - Skin - 0.3
Acrytonitrile-Skin 20 45
Aldrin-Skin ... - 0.25
Allyl alcohol-Skin . 2 S
Allyl chloride.......... ieE lé 4?;

C Allyl glycidyl ether { ).
Allyl propyl disulfide........... 2 12 ﬁ
2Aminoethano!, see Ethanolamine.
2-Aminopytidine 0.5 2
Ammonia 50 35
Ammonium sulfamate (Ammate} - 15
n-Amyl acetate....... 100 525
sec-Amyl acetate 125 650
Anitine-Skin ... S 19
Anisidine (0, p-isomers)- Skin - 0.5
Antimony & compounds (as Sb). - 0.5
ANTU (alpha naphthyl thiourea).. - 0.3
Arsenic & Compounds (as As) .. - 0.5
Arsine 0.05 0.2
Azinphos - methyl - Skin ... - 0.2
Barium (soluble compounds - 0.5

C Benzene (benzol)-Skin 25 , 80
Benzidine - Skin - A
p-Benzoquinone, see Quinone ...
Benzoyl peroxide - 5
Benzyl ChIOMHE. ...oocoovie e 1 5
Beryllium - 0.002
Biphenyl, see Diphenyl
Boron oxide - 15

C Boton trifluoride ... . 1 3
Bromine ............ 0.1 0.7
Bromoform-SKin .. 0.5 S
Butadiene (1, 3-butadi 1.000 2 200
Butanethiol, see Butyl mercaptan

o) Parts of vapor or gas per million parts of contaminated
air by volume at 25° C ond 760 mm. Hg pressure.

b} Approximote milligrams of particulate per cubic
meter of air.

A Numbers, See Appendix A

* 1968 Addition

e+ See Notice of Intended Changes
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Substance

2-BULANONE ...ooeo oot e
2-Butoxy ethanof {Butyl Cellosotve)-Skin ..
Butyl acetate (n-buty| acetate) ...
n-Butyi acetate ...
sec-Buty! acetate .
tert-Butyl acetate
Butyl aicohol ......... .. .
sec—Butyt alcoho!
tert. Butyl alconol
Butylamine-Skin
tert. Buty! chromate (as Cr03) Skin
n-Butyi glycidyl ether (BGE)
Butyl metcaptan
p—tert. Butyltoluene ... ...
Cadmium Metal qust and soluble salts)......
Cadmium oxide fume .........ccorereremnenne....
Calcium arsenate
Calcium oxide.
Camphot
Carbaryl (Sevin} (R).cwuvreomnermrcronisresrenserecnns
Carbon hlack
Carbon dioxide ..............
Carbon disulfide-Skin ...
Carbon monoxide
Carbon tetrachioride-Skin.
Chlotdane-Skin...................
Chlorinated camphene, -Skin
Chloninated diphenyl oxide .....
Chlotine,
Chiorine dioxide ........
Chlorine trifluoride .
Chloroacetaidehyde..... -
cf‘hlomacetophatone (phenacylchlonde)
Chlorobenzene {monochlotobenzene) .........
o-Chiorobenzyfidene mafononitrile
(ocem)
Chlorobromomethane .. -
2-Chtore-1,3 butadtene see Chtoroprene
Chlowdrphenyl (42% chlmme} Skin .
Chlorodiphenyt (54% chlorine}-Skin
1, Chloco, 2,3 emxypropane, see
Eplchlorhydlm
2, Chleroethanol, see Emylene
chlotohydtin .......
Chloroethylene, see Vinyt chioride ...
Chlorofarm (trichloromethane) ..
1-Chloso-1 -nitropropane ...
Chloropicrin ...
Chioroprene (2 chloro-l 3-butadiene)- Skm
Chromic acid and chromates (as CrO3) ...
Chromium, sol, chromic, chromous salts ..
as Cr
Metal & insol. salts.......ooorverrecnennnn,
Coal tar pitch volatiles (benzene so!uble
ftaction) (anthracene, BaP, phenanthrene ,
actidine, chrysene, pyrene)

** See Notice of Intended Changes

6

—

a) b

pPm Mg/m?
200 590
S0 240
150 710
150 710
200 95¢
200 950
100 300
150 450
100 309
§ (s
~ 0.1
50 270
10 35
10 60
- 6.2
- 0.1
- 1
- 5
- 2
- S
- 3.5
5.000 9,000
20 60
50 58
10 65
- 0.5
- 0.5
- 0.5
1 3
0.1 0.3
0.1 0.4
1 3
0.05 0.3
75 350
0.05 0.4
200 1,050
- 1
- 0.5
50 240
20 100
0.1 0.7
25 90
0.1
- 0.5
- 1
- 0.2

* Cobalt, metal fume & dust..

Substance

Copper fume
Dusts and M:sts..ﬂ.,...,....‘..,‘
Cotton dust (raw)
Crag (R) herbicide
Cresol (all isomers}-Skin ...
Crotonaldehyde
o <Skin
Cyanide {3s CN)-SKin ... ..o s i
Cyclohexane
Cyclohexano!
Cyclohexanone ...
Cyclohexene
Cyclopentadiene
2,4-D........
DDT-Skin .
DDVP-Skin ...
Decabotane-Skin
Demeton (R)-Skin ...,
Diacetone alcoho! {
pentanone) ..
1,2 Dlammoemane see Ethylened:amme
Diazomethane
Diborane

C 1,2-Dibromoethane (ethylene dibromige)-
Skin

* Dibutyl phosphate

*« Dibutylphthalate

C o- Dichlorobenzene

D]r"‘ benzene
D:chlorodlfluoromemane
1,3-Dichioros5, 5-dimethy| hydant in..
1, 1 chhloroemane
1, 2-Dichloroethane ..
1, 2-Dichloroethylene

C Dichioroethy! ether-Skin
Dnchloromemane see Methylene
Dichl fluoromethane .......

C 1, 1-Dichloro-l-nitroethane ...

1, 2-Dichloropropane, see Propylenedl
chloude
Dichlorotetrafluoroethane ..................
Dieldrin-Skin
Diethylamine ...
Diethylamino ethanoi- Skm ......
Diethylether, see Ethyl ether .
Difluorodibromomethane ...

C Diglycidyl ether (DGE) .....
Dihydroxybenzene, see Hydroqui
Diisobuty| ketone

* Diisopiopylamine — Skin.
Dimethoxymethane, see Methylal ..
Oimethy( acetamide-Skin ...............
Dimethylamine
Dimethylaminobenzene, see Xylidene ........

yaroxy Y

* 1968 Addicion

) b)
Pepm Mo/ M
- 0.1
- 0.1
- 1.0

- 1
- 15
s 22
2 6
S0 245
- 5
300 1,050
50 200
50 200
300 1,015
75 200
- 10
- 1
- 1
0.05 0.3
- 0.1
50 240
0.2 0.4
0.1 0.1
25 190
1 S
- S
S0 300
75 450
1,000 4,950
- 0.2
100 400
50 200
200 790
15 90
1,000 4,200
10 60
1,000 7,000
- 0.25
25 75
10 50
{00 860
0.5 2.8
50 290
5 20
10 35
10 18
“
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Substonce

Dimethy!aniline {(N-dimethylaniline)-Skin ..
Dimethylbenzene, see Xylene..............
Dimethyt 1, 2-dibromo-2, 2~dachloroemyl
phosphate, (Dibtom} ® ..
Dimethylformamide-Skin ..
2.6 Dimethyiheptanone, se
ketone
1, 1-Dimethylhydrazine-Skin .
Dimethylphthalate ..........
Dimethylsulfate - Skin ..
Dinttrobenzene (all 1som
Dinitro-o-cresol-Skin ...
Dinitrototuene-Skin ...
Dioxane (Diethylene dioxide)-Skin ...
Diphenyl
Diphenylmethane diisocyanate {See
Methylene bisphenyl isocyanate (MD!}......
Dipropylene glycol methyl ether-Skin..........
Di-sec, octyl phthatate {Di-2-ethylhexy!-
phthalate ...
Endrin-Skin.
Epichlothydrin-Skin..
EPN-Skin
1, 2-Epoxypropane, see Propyleneoxide ...
2, 3-Epoxy-1-propanol see Glycidol .
Ethanethiol, see Ethylmercaptan ...
Ethanolamine ................
2 Ethoxyethanol-Skin .. .
2 Ethoxyethylacetate (Cellosolve acetate)
-Skin
Ethyt acetate
Ethyl acrytate-Skin ........
Ethyl alcohol (ethanol) ...
Ethylamine
Ethyt sec-amyl ketone (5-methyl- 3-heptan-
one)
Ethyl benzene
Ethyl txomide ......
Ethy! butyl ketone {3-Heptanone)
Ethyl chioride . -
Ethyl ether
Ethyl formate ...
Ethyl mercaptan
Ethyl silicate
Ethytene chiorohydrin-Skin .
Ethylenediamine ..
Ethylene dibromide, see 1, 2-Dibromo-

Ethylene dichloride, see 1, 2-Dichloro-

ethane

Ethylene glycot dinitrate and/or ..................
Nitroglycerin — Skin

An atmospheric concentration of not more thon
0.02 ppm, or personal protection may be
n y to aveid headach

See Notice of Intended Changes

a)
ppm Mg o
5 25
- 3
10 30
0.5 1
- 5
1 S
- 1
- .02
- 1.5
100 360
0.2 1
100 600
- 5
- 0.1
5 19
- 0.5
3 6
200 740
100 540
400 1,400
25 100
,000 1,900
10 18
25 130
100 435
200 890
50 230
L000 2,600
400 1,200
100 300
10 25
100 850
5 16
10 25
0.29 1

by

-

=+ Heptane (n-neptan

- Hexachtoronaphmalene - Skan,

C Hydrogen chtoride

C lodine ...

= |sobutyt alcohol

Substance

Ethylene glycol monomethyl ether acetate.
see Methyl cellosolve acetate ..
Ethylene imine-Skin ... ..
Ethylene oxide ..

Ethylidine chloude seel 1 Duchlo:o
ethane . e

N- Emylmo:pholme-Skm

Fetbam . e

Ferrovanadlum dust .

Fluornde (as F) ...

Fluorine ... .. .
Fluorotrxchloromethane .

C Formaldenyde ... .. ..coooin oo

Formc acid
Furfural-Skin ..
Furfuryi alconot
Gasoline
Glyctdol (2, 3-Epoxy-i- orepanol)
Glycol monoethy! ether, see 2- Ethoxy
ethanot . .
Guthion, ® see Aznnphosmethyl
Hafmum
Heptachloi-Skin

)
Hexachioroethane-Skin .

Hexane {n-hexane) ..
2-Hexanone
Hexone
sec-Hexy! acetate
Hydrazine-Skin
Hydrogen bremide .

Hydrogen cyanide-Skin .
Hydrogen fluoride ...
Hydrogen peroxide, 90%
Hydrogen selenide ...
Hydrogen suifide
Hydroquinone ..

1ron oxide fume ..
Isoamyl acetate
Isoamyt alcohol .
1sobuty! acetate..

Isopherone .
1sopropyl ace
Isopropyl alcahol
{soptopylamine...
|sopropylether ...

lsopropyl glycidy! ether (IGE]
Ketene ..
tead ...
L_ead arsenate . .
Lindane-SKin . . e

* 1968 Addicdion

o) b
PPm Mg M
0.5 1
50 90
20 93
- 15
- 1
- 2.5
0.1 0.2
1.000 5.600
5 6
5 9
5 20
50 200
- A
50 150
- 0.5
- 8.5
500 2,000
10
- 0.2
500 1,800 ¢ 1
100 410
100 410 \ '
50 300
1 1.3
3 10
1¢ il
3 2
1 1.4
0.05 0.2
10 15
- 2
0.1 i
- 10
100 525
160 360
150 700
100 300
25 140
250 350
400 98¢
5 12
500 2,100
50 240
0.5 0.9
- 0.2
- 0.15
- 0.5
K
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Substance

Lithium hydnde . e
L. P.G. tLiaunfreg peuoleum gas»
Magnesium ¢x:oe fume .
Matathion-Sk:n
Male(c anhydrice
tanganese
Metcury-Skin PO
Metcury . orgaric compoundsl Sken
Mes;tyi cxaide
Methanethioi, see Mamyl melcaotan
Kethoxychlor B
Z-hMethoxyethano!, see Methyl cellosolve
"ntt\yt acetate [
Methyl acetylene rcropyne)
Methy| acetylene-propaciene mlxtu:e
tMAPP) . . e e
Methyt acrylate- -Skin .. JO
Methylal ldlmethoxymelhane!
Methyt alcohol (methanol)
Methylamine
Methyt amyl! alcohol, see Methyl 150-
butyl casbinol ...
Methyl (r-amyl) ki
C Methyt bromide-Skin ... .
Methyl butyl ketone, see 2- Hexanone
Methyl celiosoive-Skin . . ...
Methy! cellosolve acetate-Shin
C Methyl chloride ... . ..
Methyi chioroform .
Methylcyclohexane ..
Methyicyctohexanal .
o-Methyicyclohexanene- S|
Methy| ethyl ketone {MEK), see 2-Butan-

Q

eptanone) ..

Methyl formate .. .
Methyl 10dide - Skin
Methyl isobutyl casbinol- Skm
Methy! isobutyl ketone, see Hexone
Methyl isocyanate - SKkin ... .. ...
«+C Methyl mercaptan
Methy! methacrylate
Methyl propy! ketone, see 2-Pentancne ...
C aMethyl Styrene ..o .
C Methylene bisphenyl isocyanate {MDI} ..
Methylene chloride {dichloromethane) ..
Molybdenum { soluble compounds) .. ...
{insoluble compounds)
Monomethyl aniline-Skin.......
C Monomethyl hydrazine- Skin.....
Motphokine-Skin ...
* Naphtha {coal tar)
tapthatene
[3-Naphthylamine ...
Nickel carbonyt .....cooeiicecene
Nickel, metal and soluble compounds .......

** See Notice of [ntended Changes

9 B
fpem LR
- 0.025
1.006 1,800
- i5
- 15
0.25 1
- S
- 0.1
- 0.01
25 100
- 18
20C 610
1,000 1.650
1.000 1.8C0
10 35
1,000 3.10C
200 260
10 12
100 463
20 80
25 80
25 120
100 210
350 1.900
500 - 2.000
100 470
100 460
100 250
S 28
25 100
0.02 0.05
10 20
100 410
100 480
0.02 0.2
S00 1,740
- 5
- 15
2 9
0.2 0.35
20 70
100 400
10 50
- A2
0.001 0.007
- 1

Substance

Nicotine-SKin oo
Nitric acid.......
« Nittic oxide. ...
p-Nitroanijine-Skin ...
Nitrobenzene-Skin ...
p-Nitrochioro-benzene-Skin ..
Nitroethang ............
Nitrogen gioxide ..
Nitrogen trifluoride ..
C Nttioglycerin-Skin
Nitromethane ..
1-Nitropropane
2-Nitiopropane ..
N-N1trosedimethyl- amme (D. methyl-
nieos ine}-Skin
Nitrotofuene-SKin. ..o e
Nitrotrichloromethane, see Chlorepicein ...
= (Qctachloronaphthalene = Skin......cc..ccouimne
=« (Octane
*= Qil mist (mineral)
Osmium tetcoxide
Oxalic acid................
Oxygen difluoride
Qzone ..o
* Pataquat - Skin..
Parathion-Skin ...
Pentabotane .......
Pentachloronaphthalene-Skin
Pentachlorophenol-Skin ...
«+« Pentane
2-Pentanone ......
Perchiotoethylene ...
Perchioromethyl mercaptan ..
Peichiay! fluacide .
*« Petroleum Dnstnllates (nmht‘ha}
Phenol-Skin ...
p-Phenylene diamine-SKkin...........
Phenyi ether (vapor) ......coceecvemns
Phenyl ether-Biphenyl mixture (vap
Phenylethylene, see Styrene...
Pheny! glycidy! ethet (PGE)
Phenylhydrazine-Skin .....
Phosdrim (Mevinpho$)® -
Phosgene {carbonyl chloride) .
Phosphine ..............
Phosphortic acid....
Phosphorus iyellow) ...
Phosphotus pentachicfide
Phosphotus pentasulfide ..
Phosphotus trichloride
Phthalic anhydride,
Picric acid-Skisi....
Pival®(2-Pivalyl-1, 3-indandione)...
Ptatinum (Solubte Salts) ...............
Polytetrafiuctoethyiene decomposition
products ...........

a

»

* 1968 Addition

a} b
ppm Mg 'M?
- 0.5
2 5

25 30
1 6
1 5
- H
100 310
S 9
10 28
0.2 2
100 250
25 90
25 90
- A3
S 30
- 0.1
500 2,350
- 5
- 0.002
- 1.
0.05 0.1
0.1 0.2
- 0.5
- 0.1
0.005 0.0l
- 9.5
- 0.5
1,000 2.950
200 700
100 670
0.1 0.8
3 13.5
500 2,000
5 19
- 0.1
i 7
1 7
10 0
5 22
- 0.1
0.1 0.4
0.3 0.4
- 1
- 0.1
- 1
- 1
0.5 3
2 12
- 0.1
- 0.1
- 0.002
- At
]
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Substance ppm Mg M*
products. . - A
Propane... e s 1.000 1,800
¥Progiolactone.. - A®
n-Propyl acetate 200 840
Propy!t atcohol .. 200 500
n-Propyl mitate 25 110
Ptopylene aichtoride . . . L 75 350
Propylene imine = SKIN oo, v 2 3
Propylene oxide. 100 240
Propyne, see Methylacetylene
Pyrethrum . - 5
Pyndine S i3
Quinone . ... Q.1 ¢4
Rhodium, Metat fume and dusls . - 0.1
Sofuble salts . . - 0.001
Ronnel, . - 15
Rotenone tcommercial) ........ - 5
Selenium compounds (as Se} - 0.2
Selenium hexaflyoride .. 0.05 0.3
Silver, metal and soluble compounds. - 0.01
Sodwum fluoroacetate (1080) - Skin ... - 0.05
Sodrum hydronde [P - 2
Stibine . ... 0.1 0.5
Stoddard solvent.. S00 2,900
Strychnine ... ... .. e e
Styrene monome« lphenylemwene). 100 420
Sulfur dioxide . 5 13
Suifut hexafluoride 1,000 6.000
Sulfunic acid. - 1
Sulfur monochlots 1 6
Sulfur pentafluoride 0.025 0.25
Sulfuryi fluoride. .. ... S 20
Systox, see Demeton®
2,457 - 10
Tantalym .. . - S
TEDFP - Skin .. - 0.2
Teflon®decomposition products . - At
Tellurium ... .. - 0.1
Teliutium hexafiuoride 0.02 0.2
TEPP - Skin... - 0.05
Terphenyis i 39
1, 1, 1, 2-Tetrachloro-2, 2-difluoroethane...... 500 4,170
1.1.2.2-Tetrachloro-1, 2-difluotoethane ... S00 4,170
1,1.2,2-Tetrachloroethane-Skin ... . 5 39
Tetrachtoroethylene, see Perchioroethy-
18N8 . .. i
Tetrachloromethane, see Carbon tetra-
chlonde ..
Tetrachloronaphthalene — Skm - 2
Tetraethyl lead (as Pby- Skin.. - 0.075
Tetrahydrofuran ... 200 S80
Tetramethy! Jead (TML) (as Pb) - 0.075
Tetramethyl succinoniteile - Skin .. 0.5 3
Tetranitromethane .. 1 8
Tetryl (2,4, 6- tnmtrophenylmethyinma-
mine) - Skin - 1.5
See Notice of Intended Changes
12
R

Substance

Thalliwum ¢ soluble compaunds: - Skin
Theeam . ...
Tin tinorganic cmpds ex;.ept oxnde‘
Tun iotganic cmpds) . .
Titanum dioxide .
Toluene (toluol: ... .
C Toluene-2, 3 dnsocyanate
o-Toludene - Skin .
Toxaphene, see Chlorinateg camphene
* Tributyl phosphate ...........
1.1.1-Trichiotoethane, see
form .. .. . .
11,2 Tuthio:oethane Skm
Tuchloroetnylene .
Tachioromethane, see Chlorofmm -
Ttichioronaphthalene - Skin.
1.2, 3-Tachloropiopane . ... .
1,1.2-Trichioro 1,2, 2- tnrluoloetnane .
Trethylamine .. T
Tnfluozomonobromornemane T
2, 4, 6-Toinitrophenst see Pictic acig.
2,4, 6- Tnmtrophenylmethylmtramme. see
Tetryt . . S .
Trinitrotoluene - “Skin |
Triorthocresyl phosohate .
Toiphenyl phosphate ...
Turpentine ... ...
*=* Uranium {solubte compounda
{insoluble compounds:
C Vanadium (V20s dust}...
(V205 fumed ...
Viny! benzene, see Styrene.
C Vinyi chloride .......... .
Vinylcyanide, see ACIylonltme
Vinyl toluene ..
Wacfarin ...
Xylene (xytol}
Xylidine » SKin .o s
Yttrium
* Zinc chloride fume.
Zinc oxide fume...

thyl £mloro-

- Zirconium compoun s (as Zn

a) L
ppm Mg MY
- 3.1

- S
- 2
- 2.1
- 5
290 75C
2.02 ¢ 14
5 22
- 3
10 35
i%Q 538
- 3
5C 300
1.000 7.6C0
25 100
1.000 6,100
- 1.5
- 0.1
- 3
100 560
- 0.05
- 0.25
- 9.5
- 0.1
500 1,300
100 480
100 43
5§ 2

WEEN T e N N O
—

Radioactivity: For permissible concentrations of radic-

isotopes in air, see U.S.

Department cf Commerce.
Nationat Bureau of Standards, Handbook 69, ‘‘Maximum

Permissible Body Burdens and Maximum Pemissible
Concentrations of Radionuclides in Air and 1n Water for

Cccupational Exposure,’’ June 3,

1959. Also, see U. S,

Department of Commerce National Bureau of Standards,

Handbook 59,
of Ionizing Radiation, *’ September 24,
dum of April 15, 1958.

“ 1968 Addition
13

“Permissible Dose from External Sources
1954, and adden-
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MINERAL DUSTS

)
Substonce m. p. p. ¢ f.
SILICA
Crystalline
«» Quartz, Threshold Limit calculated
from the formula .. 250

%SiQ2+5

«» Cristobalite » " M
Amorphous, including natuial

diatomaceous earth... 20
Teemolite.................. 5
SILICATES (less than 1% crystalline silica)
»a ASHESTOS ..o
Mica 20
SOAPSIONE ..ooveiiiiiercven e reneas 2
Tale . 20
Portland Cement..... S0
GRAPHITE (natural) . 135

Sd (or 15 mg m3
whicheves is the
smatler}

“Inert’’ or Nyisance Particuiates
see Appendix D

Conversion factors
mppcf x 35.3 = million particles per cubic meter
= patuicles per ¢. ¢.

e) Millions of particles per cubic foot of air, based on
impi | ted by light- field technics.

ARl pies

f) The percentage of crystalline silica ir the formuta
is the amount detemined from air- bome samples,
except in those instances in which other methods
have been shown to be applicable.

** Sece Notice of Intended Changes

14
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NOTICE OF INTENDED CHANGES

These subsiances. with their corresponding vatues, coni-
prise those for which either a linut has been proposed for the
first ume, or lor which a change i the Recommended’” hst-
g has been propused, In both cases, the proposed Linuts should
be considered trial linuts that witl reman e thrs Lsting 0 2
pertod ot at least two vears. Durme tus time. the previousiv
Recommended Lamir will remann @ citéet, If, atter two wears
o evidence vortes (o it 1hat questuns the approprixteness
< the values herem. the values will be piaced 1 the “Rec me-
mended’ hist, Documentativss 15 available for each of these
SUDSTANCES,

ay b}
Substance pem Mg M’
ADALE.......eeiernree s - 15
Boran tribromide. 1.0 -
Bromine pentafivonde, 0.1 -
Butyl mercaptan.......... 0.5 -
Cadmiym oxide fume (3s Cd) - 0.1
Camphot.... 2 -
Chlorine, i -
Cyanogen.. 10 -~
Dichlotoacetytene ... 0.1 -
Diethylene triamine — 10 -
Dipheny| amine. . - 10
Endosulfan (Thiodan®) — Skin ........... o - ¢l
Ethyl mercaptan.. 0.5 -
Fibrous glass - 3
Heptane 500 2.000
Ind . 10 -
Indium and compounds, as In.. - 0.1
1ron salts, soluble, as Fe - 1
Methyl isoamy| ketone. 100 375
Methyl mercaptan 0.5 -
Methyl silicate S -
Octane.. 400 1.900
Oil Mist (PACUIATE keerrrecerreeeecerecaeasenrermenres - 58
Qil vapors by a8 -
Pentaerythritol (tetramethylomethane, ........ - 15
Pentane 500 1,500
Parts of vapor or gas per million parts of contaminated

air by volume at 25° C and 760 mm. Hg pressure.

Approximote milligroms of particulate per cubic
meter of air.

1968 Revision
1968 Addition
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°) b)
Substance sRm o Mo W NOTICE OF INTENDED CHANGES iCONTINUED
- PetroteyT Zistitlates. . .. . hroaf - Subar
Prapargyl alcohol — Skin 1 - ubstonce
ROX — Skife.vvnt - i3
. Swed . . -
S;S';:na:] Sotvent . ) Zgg _ - Asbpestos 12 Yobeis mi> Sy :ntength)® | or 2 mppc! t’
- Tetraethyt eac 3s P — Suin. - 2,100 - Cunstobalrte ;)IS;:::-&?:;J:; ‘;3Iue ;?:Izcmmd from the count
- Tetrameshy! iead 138 Pb - Skin.. - 5. 1501 0t Quartz.
— Tumetyl benzene. .. .. ... .......... ... 25 - - : A .
Tungsten & compounds, as W i Quartz +1; TLV for respirable dust in mg m>
Sodubie e - 1 )
I6SOIUOIE. oo . - 3 16 m ™
yramum. sol. & 1nsof. Compouncs as U. .. - 0.2 mﬁﬁbiéjﬁ;:é}tz -
v (2) **Totat dust'* respirable and nonrespicabie;
30 mgm3

% Quartz + 2
- Tridymite Use one-haif the vatue calcul ated
{iom formulae for quartz.

j) Asd ined by the b filter method ot 430 X
phase contrast magnification.

k) As c d by the stondard impinger, light- field
count technique.

m) Both concentration and per cent quartz for the
application of this limit are to be determined from the
fraction passing a size- seiector with the following
characteristics:

Aerodynamic Diameter ‘p47 % passing selector
{unit density sphete)
<2 S0
2.5 75
3.8 50
5.0 25
10 0

g} As sampled by method thot does not collect vopors.
h) According to analytically determined composition.

t) For control of general room oir; biologic monitoring
is essential for personnel control.

- ‘is] + 1968 Revision
ks }Zgg ﬁdc;::xl:: ++ 1968 Addirion
16 17
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Appendix A

.-\1 Benzidine. Buevause of high mcidenve of bladder tumors In
man. any exposure, mncluding skin. is extremety hazardous.

I+

s-Naphthyfamine, Because vl the extremelv iehmcidence
ol blagder tenmors i workars handlng this compound and
the wmabibhity o control exposures, J-naphthvialmme has
Deen prohubied by the State ot Pennsvlvania from manu-
racture. vse and -iher Jcuvities that involve human con-
tact,

A3 N-Nitrosodimethylamine. Because of extremely hishtoxi-
iy and presumed carcmogene putential vy this compound,
contact by any route should not be pernutied.

a* Polytetrafivoroethylene’ decomposition products. Thermal
decomposition i the rluorgcarbun chas in aie leads to the
sormation ot oxidized products contaming carbon. fluorine
and oxvgen, Because these products decompose m part by
hyvdrolysis ta alkalie Solution. they car be quantitauvely
determuned 1 air as fluoride to provide an index of ex-
posure. Nu TLV 15 recommended pending deternunation
of the roxicitv f the products, but a1 concentraiions
should be minimal.

A" 3 Propiolactone. RBecausé of highacute toxicity and demon-

strated sk unmoe production m animals, eontact by any

route should be avoided.

.—\s Gasoline ond/or Petroieurn Distillates. The composition vl
these materials varies greatly and thus a single TLY for
all types of :hese muaterials 1s ho longer applicable. In
zeneral. the aromatic hydrocarbou content will determine
what TLV apphes. Counsequently the conrent of benzene,
other aromatics and additives should be determined to
arrive at the appropriate TLV (Elkins, etal. A LH.AJ.
24, 99, 1983).

*Trade Names: Algoflon, Fluon, Halouw, Teflon, Tetran

Appendix B
B.1 THRESHOLD LIMIT VALUES FOR

MIXTURES

“Uhen two or adre hazardous substances are present. thewr
combined eifect, rather than that of either mdividually, should
he wiven primary consideration, In the absence of informauon
ro the contrary, the effects of the different hazards should be
congidered as additive. That 1s, if the sum -f the {ollowing
{racuons.

C: Ca R Ci_
T: ~ T2 Tn
18

exceeds unnty. then the threshold tim:t of the nuxture st 2l e
casidered as bemg exceeded. Candieares the observed dtmos -
pierie concentration, and T, the currespondng thireshold limat.
«See Example 1a.a.0, !

Exceptions 10 the above rule mav be made when there 15 wood
reason wrbehieve that the chict etieets of the ditterent barmul
bstanees are not m fact additive. but independent as AN
rely loeal ef1ects wnditerent organs ol e body dre pre«dieed
by the various conponents of the nuxture, n such cases ti
tireshold Lt ordinarily s eXcveduod omly when ar leasi one
member of the sertes 'E-'-.or C_eteus tsell has & valuy ex-

T: ‘T2

ceeding unity, 1See Example 1A.b)

Awmagontistic activa ur putentiation may OCcur With Sunte co-
viatons of atniospheric contam.nants. Such ¢aseés at present
must be determmed individuaily. Potentiatng or antagomstic
agents are not necessarily barmtul by themselves, Potenuating
effects of exposure to such agents by routes other than that «f
mhalation 1s also possible, e,g. mbibed alcohul and inhaled
narcotic {trichloroethyiene), Potentiation 1s characteristically
exhinted at high concentrations, less probably at low,

When a given operation or prucess characteristically enuts
3 mumber of harmful dusts, fum?s, vapors or 2ases. it wall
frequently be only feasible to attempt tu evaluate the hazard
by measurement of a single substauce, [n such cases, the
threshold lunit used for this substance should Le reduced by a
suitable factor. the magmitude of which will depend on the
number. toxicity and relative quantity of the other contamnants
vrdmarily present.

Examples of prucesses which are typically associated with
two vr more harmful atmospheric contaminants are welding,
automobile repair, Dblasting, painting. lacquering, certain
foundry operations, diesel exhausts, etc. (Example 2,)

19
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THRESHOLD LIMIT VALUES FOR
MIXTURES
EXAMPLES

1A, General case, where aif is analyzed for each
component,

a. ADDITIVE EFFECTS

Ly . C2 €2 .8 .
T H T3 T~

Air contains S ppm of carbon tetrachionde
(TLV, 10, 20 ppm of ethyiene dichionide
(TLV, 50) and 10 ppm of ethylene dibro-
mige, (TLV, 25L

S-S L R I - H P
10 50 %5 T %

Threshoid limit 18 exceeded.

INDEPENDENT EFFECTS

g

Air contains 0.15 mg m3 of lead {TLV, 0.2)
and 0.7 mgym dof sulfuric acid (TLV, 1L

9.15 . 0.75; 0.7

N = 0.7
0.20 1

Threshoid limit 1S not exceeded.

1B. Special case when soutce of contaminant is 2
mixture and atmosphessc composition is assumed
similar to that of otiginal material, i.e. vapar
pressure of each component is the same at the
observed temperature,

a. ADDITIVE EFFECTS, approximate solution,
1. A mixture of equal parts (1) trichioro-
ethylene (TLV, 100}, and {2) methyl
chlorofotm (TLV, 350).

Solution appticabie
to “*spot’’ solvent
mixtuse usage,
where al! of neatly
all, soivent evap-
Qqrates.

S + L2 = Lm
100 350 Tm

Ct
700

Tm

1B.b.

M Cr  C2

{21

2.1

3

{4

1]

(6)

(6.1

(6.2)

C: - 2C
700 Tm

= 700 x.g_ = 155 ppm

General Exact Solution for Mixtures of
N Components With Additive Effects
and Different Vapor Pressures.

+...+&= 1

Ts T2 Tw '

Ci» C2+... #+ Cn= T,

%"*%‘*"' +_§r_~_= L
By the Law of Partial Pressutes,
Cr=ap:,
And by Raouit’s Law,
pr=Fipse,
Combine (3) and (4) to obtain
Ci=aFpre,
Combining (1), (2, 1} and(5), we obtan

_E¢1;L°+_Fz¥z_°+ .. .+L:ru*=

Fng:°+ Fapee o 4 Fupe®
1 Tz Tw

and solving for T,

T—_Fipe + Fapa® + . .. - Fypuwo
Fipr + Fzpae P Fupa®
T T2 Tw

Fipr®

T='="

= Threshold Limit Value in ppm,

= Vapot concentration in ppm.

= Vapor pressure of component
in solution.

© O

21
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L] C2 Cm:
+ i op =My =
0.1 0.8 S y.- ©2 =
pe = Vapor pressute of pure Cm = 3C:
component.
F = Mol fraction of component in —;:-“—+ :cs‘ =3¢
solution, J . Tm
a = A constant of proportionatity. p—
Subscrpts 1,2, . . . nrelate the —";C—s"-x_'
above quantities 1o components ' . Te
1,2, . .. n, respectively. Ls

Subscript « tefers to an arbitrary Twm = 5= 0.2 mg/m3

component from 1 to n.
Apsence of subsctipt relates the .
quantity to the mixture,
i 1C. T. L. V. for Mixtures of Mineral Dusts.

For mixtutes of biologically active mineral dusts

Solution to be applied
the general formula for mixtutes may be used,

when thete is a reservair !
of the solvent mixture With the exception of asbestos, pure minerals
whose composition does not e assigned TLV of 2.5, 20 or 50.
change appreciably by i
evaporation. For a mixture containing 80% talc and 20%
Qartz, the' TLV for 100% of the mixture “C**
is given ny:
Exact Atithmetic Sotution of Specific Mixture 1
TV = b =
08 0.2 8.4 mppet
Mol. wt. Density T peat Mol frac- 0 T 2.6
25°C tion 1n
half-and Essentially the same result will be obtai
. At obtained
haif solus ;f the limit of the more (most) toxic component
tion by IS used provided the effects 3re additive. In the
volume above example the limit for 20% quartz is 10
- mppet.
Trichloro-
ethylene (1) 131.4 1.46 g/ml 100 73mm Hg 0. 527 For another mixture of 25% quattz 25%
. amotphous sili :
Memymmo. t4 silica and 50% taic:
roform (2} 133.42 1.33 g/ml 350 125mm Hg 0,473 v 1
= e e
0.25 m%+ms—13mw
Figt® = (0.527) (73) = 3.2 . 250 2%
Fep2® ==(0.473} (125} = 59.2 The limit for 25% quartz approximates 8 mppct.
T=38.2+59.2 __ (97.4) (3500 _ (97.4) 1350) — 137
38.2 , 59.2 133.8 - 58.2 193.0
100 350
T == 177 ppm {(Note dstference in T.L.V. when
account 1$ taken of vapor pressure
and mol fraction in companson with
above example whete such account
1S not takenl.
2. A mixture of one part of (1) parathuon (TLV, 0. 1)
and two parts of (2) EPN {TLV, 0.5},
22 23
. .
——---t.'
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Appendix C

BASES FOR ASSIGNING LIMITING
“C" VALUES

By definition 1n the Preface, a listed value bear-
ing 2 "'C” designation refers to ‘ceiling” value that
should not be exceeded; all values should fifuctuate
below the listed vaiue. In general the bases for
assigning or not assigning a ‘‘C"* value rest on
whethet excursions of concentration above a proposed
fimit for pefiods up to 15 minutes may result in
a) intolerable irtitation, ) chronic. or irreversible
tissue change, of C) narcosis of sufficient degree
to increase accident proneness.impau self rescue of
mateni aliy reduce work efficiency.

In ordet for the Committee to decide whethet a sub-
stance is a candidate for a *‘C’" listing, some
guidelines must be formulated on the permissive
fluctuation above the limit in terms of the seriousness
of the response in the categories a, b, ¢, given above.
For this the factors given in the tabie below have
been used by the Committee. For both technical and
practical teasons, the factors have been pegged to
the concentration in an Inverse manner. It wilf be
noted that as the magnitude of the T. L. V. increases
a cotrespondingly decreased range: of fluctuation is
permitted; not to decrease the factor for T. L. V. s
of incfeasing magnitude would permit exposures to
targe absolute quantities, an undesirable condition, 3
condition that is minimized at low T. L. V. s. More-
over, larger factors at the lower T. L. V. s are con-
sistent with the difficulties in analyzing and con-
trolling trace quantities.

T.LV. Test
RANGE T.LY.
pem*‘ or mg/m}  Factor £xamples

10 + to 100 1.% Methyl styrene-T. L. V. 100
if encounteted at levels of
150 ppm will prove intense-
ly itritating, "‘C'* listing
tecommended on category a.

100 + to 1000 1.25 Methy! chloroform-T. . V.
350ppm, at 438 ppm for per-
iods not exceeding 15 min-
utes is not expected to re-
sult in untoward effects
relating to category ¢. No
**C'" tisting recommended.

* Whichever unit is applicable

PERMISSIBLE EXCURSIONS FOR TIME-
WEIGHTED AYERAGE (TWA) LIMITS

As stated in the preface, the same factors may be used as
guides for reasonable excussions above the {imit for substan-
ces to which the time-weighted average applies. The time-
weighted average implies that each excursion above the [imit
is compensated by a comparable excursion below the limit.
Thus, a value of & -ppm HF is permissible for petiods not ex-
ceeding 15 minutes, provided an equivaient decrease below
the limit of 3 -ppm obtains.

T.LV. Test
RANGE LY.
ppm* or mg/ml Factor Examples

Otol 3 Toluene diisocyanate-T. L. V.,
0.02 ppm. if permitted to rise
above 0.06 ppm may tesult in
sensitization in a single sub-
sequent exposure! “‘C'" listing
recommended on categoty b.

1+1010 2 Manganese - T.L.V., Smg/m’.
contains little or no safety
factor. All values should fluct-
uate below Smg/m?. 'C”
listing recommended on
categoty b,
24
. T .

Appendix D
Some ‘‘Inert”’ or Nuisance Particulates*

Alundum (Al203} Limestone
Calcium carbonate Magnesite
Cellulose Marble
Portiand Cement Pentaerythiitol
Corundum (Al203) Plaster of Patis
Emery Rouge
Glycerine Mist Siticon Carbide
Graphite {synthetic) Starch
Gypsum Suctose
Vegetabte oil mists Tin Oxide

{except castot, cashew Titanium Dioxide

nut, or similar ifritant

oils)
*When toxic impurities are not present.

25
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Appendix E

Some Simple Asphyxiants — ‘‘Inert’ Gases and Vapors.

Acetyiene
Argon
Ethane
Ethylene
Hejium

E.J. Baier

Hervey B. Elkins, Ph.D.
W.W. Fredrick, Ph.D.
Bernard Grabois, P.E.
Paul Gross, M.D.

Wayland J. Hayes, Jr,, M.D.

Hydrogen
Methane

Neon

Nitrogen
Nitrous Oxide
Propane

Harold N, Macfarland, Ph.D.

Consultant
Fredrick T. McDermott
£. Mastromatteo, M.D.
Waltet W. Metvin, M.D.
Ralph G. Smith, Ph.D.
Mitchell R. Zavon, M.D.

Herbert £, Stokinger, Ph.D., Chairman
William D. Wagnet, Recording Sec'y
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