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THRESHOLD LiMIT YALUES FOR 1966

The Threshold Limit Values refer to air-borme
concentrations of subgtances and represent cope
ditions under which it is believed that nearly all
workers may be repeatedly exposed, day after
day, withoul adverse effect. Because of wide
variation in individual susceptibility, exposure
of an occasional individual et.-or even below the
threshpld limit may not prevent discomiort, age
gravation of a pre-sxisting condition, or occupa-
tional iflness.

Threshold limits should be used as guides in
the control of health hazards aund should not be
regarded as [ine lines between safe and dan-
gerous concentrations, Exceptions ure the sub-
stances given in Appendix A and certain of the
substances giveng a “C'’ listing. The values not
given a *'C" listing refer to time-weighied aver-
age conceatrations for a normal workday.

The amount by which these concentrattons may
be exceeded for short periods without injury to
health depends upon a number of factors such as
the nature of the contaminant, whether very high
concentrations even for short periods produce
acute poisoning, whether the effects are cumula-
tive, the frequency with which high uvoncentra-
tions occur, and the duration of such periods.
All must be taken into consideration in artiving
at » decision as to whether a hazardous situa-
tian exists, Enlightened industriagl hygiene prace
tice inclines toward controlling exposures below
the limit rather than maiatepance at the limit.

Threshold limits are based on the best avail-
able information from industrial experience, from
experimental human and animal studies, and
when possible, from a combination of the three.
The baasis on which the values are establisghed
may differ from substance to substance; praotec-
tion against impairment of health may be the
guiding factor for some, whereas reasonable free-
dom from irtitation, narcesis, nuisance or other
forms of stress may dominate the basis for
others. The Committee holds to the apinion that




“limitg based on physical irritation should be
considered no less binding than those based on
physical impairment; growing bodies of evidence
indicate that physical irritation may promole and
accelerate physical impaimment,

Documentation of Threshold Limit Values.
A separate companion piece to the TLVs is is-
sued by ACGIH under this title. This publication
gives the pertinent scientific information gnd da-
ta with reference to literature sources, that were
used to base each limit, Each documentation al-
s0 contains a statement defining the type of
response against which the limit is safeguarding
the worker. Far a better understanding of the
TLVs it is essential that the Documentation be
consulted when the TL.Vs are being used,

Ceiling vs Time-Welghted Average Limits.
Although the time-weighted average concentra-
tion provides the most satisfactory, practical
way of monitoring air-bome agents for compli-
ance with the limlts, there are cerfain substan-
ces for which it is inappropriate, In the latter
group are substances which are predominantfy
fast acting and whose threshold limit is more
appropriately based on this particular response.
Substances with this type of response are best
controlled by a ceiling *C*' limit that should
not be exceeded It is implicit in these defini-
tions thal the manner of sampling to detemine
compliance with the limits for each group must
differ; a single brief sample, that is applicable
to @ #'C* Llimit, is not apprapriate to the time
weighted limit: here, a sulficient number of sam-
ples are needed topermit a time-weighted average
conceniratign throughout a complete cycle of
operations or throughout the work shift,

Whereas the ceiling limit places a definite
boundary which concentrations should not be
permmitted to exceed, the time-weighted average
limit requires an explicit limit to the excursions
that are permissible above the listed values.
The magnitude of these excursions may be peg-
ged to the magnitude of the threshold limit by an
appropriate . factor shown in Appendix C, It
should be noted that the same factors are used



by the Committee in making 2 judgment whether
to include or exclude a substance for a *C'?
listing,

**Skin’’ Notation. Listed substances followed
by the designation **Skin?’ refer to the potential
contribution te the over-all exposure by the cu-
taneous route including mucous membranes and
eye, either by air-bome, or mare pacticularly, by
direct contact with the substance. Vehicles can
alter skin absorption. This attention-calling de-
signation is intended to suggest appropriate
measures for the prevention of cutaneous absorp-
tion so that the threshold limit is not invalidat-
ed.

Mixtures. Special consideration should be
given also to the application of these values in
assessing the health hazards which may be as-
socigted with expogure to mixtures of two or
more substances. A brief discussion of basic
considerations involved in developing threshold
limit values for mixtures, and methods for their
development, amplified by specific examples are
given in Appendix B.

Jnert*' or Nuisance Particulates. A number
of dusts or particulates that cceur in the working
environment ordinarily produce na specific ef-
fects upon prolonged inhalation. Some insotuble
substances are classed as inert (e.g. iron and
steel dusts, cement, silicon carbide, titanium
dioxide, cellulose);, others may be solu-
ble (starch, soluble oils, calcium carbonate) but
are of such 8 low order of activity that in con-
centrations ordinarily encountered do not cause
physiologic impairment; still others may be rap-
idly eliminated or destroyed by the body (veg-
-etable oils, glycerine, sucrose). In the case of
the insoluble substances, there may be some ac-
cumulation in the respiratory passages. In the
case of the soluble substances, this accumula-
tion will ordinarily be temporary but may inter-
fere to some extent with respiratory processes.
Hence, it is desirable to control the concentrg-
tions of such particulates in the air breathed by
any individual, in keeping with good industrial
hygiene practice,

A threshold limit of 15mg/m3. ar 50 mppct,
whichever is less, is recommended for substan~




;‘.es in these categories and for which no speci-
fic threshold limits have been assigned. This
limit, for a normal work day, does not gpply to
hrief exposures at higher concentrations, Neither
Joes it apply to those substances which may
cause physiologic impairment ot lower concen-
trations but for which a threshold limit has not
yet been adopted. Some *‘inert'’ particulates are
given in Appendix D.

Simple Asphyxiants-“Inert’’ Gases or Vapors.

A number of gases and vapors, when present in
high concentrations In air, act primarily gs sim-
ple asphyxiants without other significant phys-
iologic effects. A TLV may aot be recommend-

ed for each simple asphyxiant because the iimit-
ing factos is the available oxygen. The minimal

oxygen content should be 18 percent by volume

under normal atmospheric pressure (equivalent to

a partial pressure, p0z of 135 mm Hg). Atmos-
pheres deficieat in 0z do not provide gdeguate

warning and most simple asphyxiants are odor-
less., Several simple asphyxienls are listed in
Appendix E. Some asphyxiants present gn ex-
plosion hazard, Account should be taken of this

factor in limiting the concentration of the asphyx-
iant.

These limits are Intended for use in the field
of industrial hygiene and should be interpreted
and applied only by persons trained in this field.

_They are not intended for use, or for modifica-

tion for use, (1) as a relative index of toxicity,
by making a ratio of twa limits, (2) in the evalu-
ation or contral of community air poilution or air
pollution nuisances, (3) in estimating the toxic
potential of contioucus uninterrupted exposures,
(4) as proof or disproof of an existing disease or
physical condition, or (5) for adoption by coun-
tries whose working conditions differ from those
in the U.S,

Physical Factors. It is recognized that such
physical fauctors as heat, uwltraviolet and ioniz-
ing radiation, humidity, abnormal pressure and
the like may place added stress on the body s0
that the effects from exposure at a threshold
limit may be altered. Most of these stresses act




adversely to increase the toxic response of a
substance. Although most threshold limits have
buil{-in safety factors 10 guard against adverse
effects of moderate deviations from normal en
vironments, the safety factors of most substan-
ces are not of such a magnitude as to take care
of gross deviations. For example, continucus
work at temperatures ahove S0*F orf over-time,
extending the work-week more than 50%, might
be considered gross deviations. In such instan-
ces judpgment must be exercised in the proper
adjustments of the threshold limit values.

These values 2re reviewed annually by the

Committee on Threshold Limits for revision or
additions, as farther information becomes avail-
able.

“Notice of Intent’* At the beginning of each
year, proposed sctions of the Committee for the
forthcoming year aye issued in the form of @
“Notice of Intent.” This Notice provides not
only an opportunity for comment, but solicits
suggestions of substances to be added to the
list. The suggestions should be accompanied by
substantiating evidence for a tentative limit.

As Legislative Code, The Conference does
not consider the Threshold Limit Values appro-
priate matter for adoption in legislative codes
and regulations and recommends against such
use, If, however, the list is so used,the intent of
the concepts contained in the Preface should be

maintained and provisions should be made to
keep the list current,

Reprint Permission, This publication may be
reprinted provided that written permission is ob-~
tained from the Secretary-Treasurer of the Con-
ference and that it be published in its entirety.

-




RECOMMENDED VALUES

(In Alphabetical Order)

Substance

Acetaldehyde .
Acetic acid........

ACEIONILIIQ ..ocveeraeccrece e st st ceveemmpe e
Acetylene dichlioride, see 1,2 Dicloro-
ethylene .. .
Acetytene tetrabiomide .....covrvoer e
Actalein ......
Acrylonitrile-SKin .........ccomcceinniecmecineenreiene
Aldrin-Skin ...........
Allyl ateohol-SKiM .......cocoocenercsnecccrnecccenrees
Allyl ehlokide
C Allyl glycidyl ether (AGE! ..........................
Allyl propyl disulfide.......cooone..
2 Aminoethanol, see Ethanolamine ............
Ammonia .......... -
Ammonium sulfamate (Ammata) ....................
n-Amyi acelaie
ANTTINE-SKIN oo e
+ Anisidine (o, p -|some|s)-Skm
Antimony & cumpounds {as Sb]
ANTU {atpha’ naphthyt thiourea) .
Arsenic & Compounds (as As) .....
Arsine .
Barium (snlubie compounds)
C Benzene {benzoi)-Skin.....
Benzidine-SKin ..........
p-Benzoquinone, see Quinone
+ Benzoyl peroxide..........coieiane.
Benzyl chlotide
Betyllium
1 Biphenyl, see Diphenyl
Boron oxjde
¢ Boion Hifluolide
Bromine
Butadiens {1, 3-butadiene)
Butanethiol, see Butyl mercaptan
2-Butanone .
2-Butoxy ethanal tButyl Cellosalve)-Skin ..
1 Butyl acetate (i—butyl acetate) .
Butyl alcoho! ....oveenieenres
tert. Butylalcuh
C Butylaming-SKif........coviinmmienne.
C tert. Butyl chromate {as Cr0d)-Skin..
n-Butyl glycldyl ethet (BGE)......
Butyl metcaptan :

ppm‘ “s/“l--

200 360
10 25
5 20
1,000 2,400
a0 70
1 4
0.1 0.25
20 45
- 0.25
2 5
i 3
a0 45
2 12
S0 35
- 15
100 528
5 19
- 0.5
- 0.5
- 0.3
- a.5
0.05 0.2
- 0.5
il 80
- Al
- 5
1 5
0.002
- 15
i 3
0.1 0.7
1,000 2, 200
200 580
S0 240
100 300
100 300
5 15
- 0.1
50 270
10 35

* Parta of vapor o¢ gas per miltlion parts af wir ples
vapor by volums at 25°C and 740 mm. Hg prassore.

** Approximata milligrams of partlculots per cublc

meter of alr.
A Numbers, Sze Appandix A

+ 1966 Addition
1 See Tentative Limits



Substence

ptert. Butyltoluewe . ..........
Cadmium oxide fume ...
Calclum a1senate.......
Calcivm oxide ..
Camphof ..ococovninnecs
+ Cabaryl (Sevin} (R) .ooooonveee
Carbon dioxide
Cacbon disulfide-Skin ... [ O
1 Catbon monoxide .........
Caibon tetrachloride-SKin.......cco....ovvienrees
Chlordane-SKin ......oesenenenones
Chlotinated camphene, -Skin .
Chicrinated diphenyl oxide ............ccooomnnece.
t Choiline
Chloline dioxide
€ Chlarine trifluoride ..............coovvensconsierinnns
C Chloroacetaldehyde.. .............
Chlgrobenzens {monochlorobenzene)
ChloiobromomelRanie ..o e cvvemvinseimecerenenne
2:-Chlore-1, 3 butadiene, see Chlatoprene ..
Chicrodiphenyl (42% chiorine)-Skin ............
Chloradiphenyi (S4% chlorine)-Skin ............
1, Chioto, 2,3 spoxyptopane, see
Eplehiothydlin oo srcsseess st savs
2, Chloroethanol, see Ethylene
chiorohydrin ... e
Chloroethylene, see Vinyl chiotide .
€ Chloroform (trichloromethane) .......
1-Chloro-1-niticpropane
Chloropiciin
Chlaropiene (2-chloig-1, 3-butadiene)-Skin
Chromic acid and chiomates {as Ci03) ......
1 Cobalt
Copper fume .....
Dusts and Mists ...
Cotton dust (raw}.-...ccceceen..n.
Crag (R} hestbicide
Cresal (all isomess)-Skin
Cyanlde (as CH)-Skin ...
T Cyclohexane
Cyclohexanol ...
" Cyclohexanone .. ...
Cyclahexene. .
Cyclopentadieng .........ccoecceeennnn,
2,4.D
DOT-Skin ..............
DDVP-Skin
Decaborane-Skin ...
Demeton {R)-Skin .
Diacetone alcohol {4-hydioxy-4-methyl-2-
pentianone) ...
1,2 Diaminoethane, see Ethylenediamlng
DIBOTANG ...t tras s sttt ceser s s senmeean
1 1,2-Dibiomoethana (ethylene ditbtomide)-
Skin

-+

-+ =+

t See Tentative Limits

ppm g Mt
10 60
- 0.1
- 1
- 5
- 2
- 5
5,000 3,000
20 80
10 65
- 0.5
- 0.5
- 6.5
(] 0.3
0.1 0.4
1 3
15 50
200 1,050
- 1
- 0.5
50 240
20 100
0.1 0.7
25 50
- 0.1
- 0.1
- 1.0
- 1
- 15
5 22
- 5
50 200
5Q 200
15 200
- 10
- 1
- 13
0.05 0.3
- 0.1
50 240
0.1 0.1




Substance ppmt Mo/M Substance PEmt Mg MY
€ 'o-Dichlotobenzene 50 300 iC Ethylbenzens ..., - -
p-Dichloobenzene.... 75 450 Ethy) biomide ., 200 890
Dichioradifluoromethane ..., 1,000 4,950 Ethy! chicride 1,000 2,600
+ 1,3-Dicnlore-5, S-dimethyl hydantoin - 0.2 Ethyl ethey ...... 400 1 200
1,1, -Dichlorosthane .... 100 400 Ethyl formats ., 100 300
1,2-Dichlaroethane ....., 50 200 1C Ethyl mercaptan .. - -
1, 2-Dichloethylene .. W0 190 Ethyt siflcats, ..., 100 850
C Dlchloroethyl ether-Skin 15 %0 Ethylene chlorohydrin-Sk 5 16
Dichloromethana, see Methytenechloride .. Ethylenediamine ...........0. ... 10 25
Dichloromonofluciomethane 1,000 4, 200 Ethylene ditkomide, see 1, 2-Dibrome-
C 1,1-Dichlate-1-nitsoethane...... 10 60 . EHIANE .o e e,
1,2-Dichiolopropan Ethylene dichloride, see 1, 2-Dichtoso-
chloside...., . ethaNe ..ovveveeeencere e
Dichiciotatra 1,000 7,000 C Ethylene glycol dinitrate-Skin.. ... 0.2 1.2
Dieldrin-Skin ......... - 0.25 ‘ Ethylene glycal monomethy| ether ac te,
Diethytaming ......... 25 7% see Mathy| cellosclve acelate................ .
Diethylether, see Ethy! ather , T Ethylene imine-Skin ........ - -
Diftuoredibxomome thane .., 100 850 Ethylene oxide 50 a0
C Diglycidyl ether (DGE)......... 0.5 2.8
Dihydroxybenzene, sez Hydiaquinone
Diisobutyl ketone ..... 50 290 - 1%
Dimethoxymethane, se . Farrovanadium dust... - 1
Dimethyl acetamide-Skin ..., “ 10 35 Fluoride (a3 F) ... - 2.5
+ Dimethylamine ............o.e.a. " 10 18 Fluetine ............. 0.1 0.2
Dimethylaminabenzene, see Xylidene ........ Fluoroatrichloromethane . 1,000 5 500
Dimethylaniling {N-dimethylaniline)-Skin .. 5 25 C Formaidehyda........... srreeeers .. 5 [
Dimethylbenzene, see Xylene................... Freon 11, see Flyarotrichioromathane ...
+ Dimethyi 1, 2-dibiomo-2, 2-dichlaroe thyt Freon 12, ses Dichlorodifiuoramethane ...
phosphate, (Dibrom) (R) - 3 Freon 1381, see Tiifluoiomonobrome-
+ Dimethylformamide-Skin . 10 30 methane.................
2, 6 Dimethylheptancns, sae Diisobuty| . Freon 21, See Dichlojomonafiuoso-
ketone ...... e oA e raran bt seas mathane ... "
1, }-Dimethylhydsazine-Skin ............. . 0.5 1 Freon 112, see 1,1,2, 2:Tetrachiora:t, 2
Dimethylsutfate - SKin ..ccoverevvcrnncenonnnn, 1 H BNUBIOBNIG ..o
Dinitrcbenzene (ail isomers)-Skin,............. - 1 -Freon 113, see 1,1, 2-Trichtaro, 1,2, 2-
Dinitro-0-cre501-5Kif ... e - 0.2 WHUGOEhaND ...........cooeeeeeresron
Dinltioteluene-Skin ..........coeeremnrecsrionnenninens - 1.8 Freon 114, see Dichlaratetrafiuarg.
Dioxane {Diethylena dioxide)-Skin .. 100 360 ethane ................ .
Dipropylene glycol methyl ether-Skin......... 100 600 Furfusal-Skin 5 20
+ Di-sec, octyl phthalate [D)-2-gthylhexyl- ' Furturyt aleohol ... oo 50 200
PRRBLAtE et - 5 Gasoline .......crrnensn, - AS
Endein-Skin.............. - 0.1 Glycidol {2, 3-Epoxy-1-propanot) ... 50 150
Epichlothydein-Skin 5 19 Glycol moncethyl ether, see 2-Ethoxy-
EPN-SKIN ...l - 0.5 , SN0V v s
1,2-Epoxyptopane, sas Propyleneoxi t Guthion, ses Azinphasmethyt
2,3-Epoxy-1-propanoi ses Glycidol ... Hafoium,............... - 0.5
Ethanethiol, see Ethylmercaptan 7. Heptachloi-Skin ... - 0.5
Ethanolamine ............ 3 6 Heptane (n-heptans) ... 500 2,000
2 Ethoxyethanol-Skin ..... 200 740 -+ Hexachloioethane-Skin 1 10
2 Ethexyethylacetats (Cellosolve acetats) Hexane {n-hexanej ... 500 1 800
“SKIR v 100 540 2-Hexanone....., 100 410
Ethy| acetate ...... 460 1, 400 Hexcne ......... 100 410
Ethyl acrylate-Skin . 25 100 sec-Hexyl acelate . 0 295
Ethyl alcohol {ethanol) ... 1,000 1,900 Hydtazine-Skin....... 1 1,3
t Ethylamine - - Hydrogen bIgmide ..........ooceenn,o 3 10
+ 1966 Addition . 1 See Tentative Lim(ts



+C

Substunce

Hydiogen chtatide
Hydrogen cyanide-Skin .
Hydrogen flueride ..... "
Hydtogen peroxide, 0% ....cvoccveisiiienee
Hydiagen selenide .
Hydiogen suifide s
Hydsoquinpne .
todine ..
110N 08 TUMB .ot sssemstrisnens
1soamy] alcohol
Isophorone
Isepropy! AICON0L ..o rrnains
Isopiopylamine..
{soptopylether .
Iscpiopy! glycidyl ether ()GE)
Hetene ..
Lead ...
Lead arsenate ......
Lindane-Skin
Lithium hydtide ... veaecnrnns
L.P.G. {Liguified pettoleum gas} ...e.cen.
Magnesium oxide fume ...
Malathion-Suin .........
Manganese ......
MEECUIY-SKIA .....oovrc e sece rimsnesssrisannts
Mercuy (organic compounds)-Skin _..
Mesity! oxide
Methanethinl, see Methyl mercaplan
MEthGXYCRIBE ot e riecennes
2-Methoxyethanol, see Methy! cellosolve ..

MEthy! 3CELATE ..o vecmnrsramsme ceemrnrsbennns 200 610
Methyl acelyiene (PIOPYNe) ........oreoranie 1,000 1I,650
Methyl acetylene-propadiene mixture

(MAPP) ...... 1,000 1,800
Methyi aciylate-SKin ... 10 5
Methylal (dimetionymeihane). 1,600 3,100
Methyl alcohel (methanal) ... 200 260

Methyl amyl alcohol, see Methyl iso-
butyt carbinel..

methyl bromide-SKin ....c.cooriiemocrrisicees 20 80

Methyl butyl kefone, see 2-Hexanone...

Methyl cellnsoive-sum 25 80
Methyl cellospive acetate-Skin 2% 120
Methyl chioride . - 100 210
Methy! chlolotmm S 356 1,900
Memylcyclohexanc . 500 2,000
Methyicyclohexanol ......... 100 470
o-Methylcyclohexanone-Skin 100 460
Methyl ethy) ketone [MEK), see -Butan-
ONE o ceeerirens
Methyt formate 100 250
Methyi isabutyi carbinol-Skin ...... 25 100
Methyt [sobutyt ketone, sse Hexo
Mathyl MEICARTIAN .coreeriterimicensec srarst e mseaneene 10 20

1966 Additian

10



Substonce [TL RN Y *

+ Methyl methaciylate L.t 100 410
Methyt propy! kelone, see 2-Pentanone...... :

C aMethyl styrene 100 460 i

€ Mathylene bisphenyl isocyanate (MDI} ........ 0.02 0.2
Methylene chloride (dichlotomemane) . 500 1,740
Molybdenum [soluble compounds) ................ - 5

{insoluble r.ompounds) - 15
Monomethyl aniiine-Skin... 2 9 |

+ Worpholine-Skin ... 20 10
Naphtha [coal ul} 200 B0Q
Haphtha {PeUoleUm) ...oceeernsireeestesiansirens 500 2,000 !

4+ Naphthalene ..o . 10 50
P-Naphthylamine - At
Nickel carbonyl 0.001 0.007

+ HNickel, metal and soluble compounds ........ 1
Nicotine-Skin . - 0.5

+ Nitric acld 2 ]
p-Nitroaniline-5kin 1 6
Nitrobenzene-Skin ............ 1 5

+ p-Nitrochioro-benzene-Skin ..o . - 1
Nivoethane.... 100 310

C Nivogen dioxide ............ 5 9

+ Nittogen tifluoride ......... . 10 2%

C Nitrogiycerin- + EGDN-Skin............ 0.2 2
RIUOMENAAL .....oovreerencomrrsmranionernsransssmsomessines 1006 250
1-Nitropropang 25 9%
2-HIHOPIOPANE ....corerr vt seaersrsmasssssmseassersrssbeces - 25 90
N-Nittasodimethyl-amine (Dl-me!hyl-
nittoscamine)-Skin ...... - A3
Nitotsluene-Skin 5 30
Nitroteichlonomethane, see Chiosopierin ...

Octane 500 2,350
Q1 mist (Mineral) .o - 5
Osmium tetrgxide - 0. 002

+ Oxygen diflusoride .. ..cocommnccmescnrriniirens 0.05 01
Ozone 0.1 0.2
Paiathion-Skin ........ - 0.1
Pentabatane 0.005 0.01
Pentachloronaphthalene-Skin........ccconauee. - 0.5
Pentachtotophenal-SKit ......coecivniicnrnns - 0.5
Penlane ............... 1,000 2,950
2-Pentanone : 200 700
Peschloroethylene 100 670
Perchlocomethyl mercaptan ... ocvcivirnnae 0.1 0.8
Perchlotyl fluaride 3 1.8
Pheaol-Skin § 19

+ p-Phenylene diamine-Skin - 0.1
Phenylethylene, see Styrene.

Pheny| glycidyl ether (PGE} . 50 E10)
Phenyihydrazine-Skin ............. 8 22
Phosdiin (Mevinphas) (R)-Skin . - 0.1

+ Phosgene (carhonyl chiaride) 0.1 0.4
Phosphine 0.3 0.4
Phosphotic acld - 1

T See Tentative Limits
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“Substance pEm" Mg W

Phosphotus {yellow) ..., - a1
Phosphotus pentachioride .. - 1
Phosphotus pentasulfide ... - i
Phosphatus tichloride ... 0.5 3
+ Phthalic anhydiide .. 2 12
Picric acid-Skin... - 0.1
Platinum (Soluble Salts) " s - 0.002
Polytetnafivoroethy lene decomposmun
pmducls . - At
+ Propane ... NS 1,000 1,800
Prapyne, see Methylacelylene
PPIopiolactone. ... cvvcirererreore - A?
n-Propy] acetate .. 20 840
n-Piopy! nitrate ... 25 110
Propylene dichloride 75 350
T Propylene imine-Skin ., - -
Propylene axide ........ 100 240
PYEEBUUM e - 5
Pyridine ... 5 15
QuInane ........ccoeeeee.- 0.1 0.4
Rotenone {commercial) ....... - H]
+ Selenium compounds {as Se) ..... - 0.2
+ Silver, metal and soluble cumpounds.‘ - 0,01
Sodivm fluoroacetate (1080) Skin ... - 0.05%
Sodium hydroxide. ... RS - ?
Stibine .. ... g1 0.5
Stoddasd sulvent 500 2,900
Stiychaine ., .13
C Styrene monumer (phenyiethylene} 100 420
Sulfui dioxide... 5 13
Sulfui nexarluolide 1,000 6,000
Sulfuric acid. - H
Sulfur monochlonde 1 [
Sulfur pentafluoride. 0.025 0.25
Sulfuryl flueride ... 5 20
Systox, see Demeton . .
2,857 i . - 10
Tantalum ... - H
TEDP ~ SKiN .o - 0.2
Tetlon (R} decompusiuon products.. - At
TeHUBEUM ©ocvve et esnnss e arareres semrnsscrerens - 0.1
TEPP = SKIN ..o vceeeicrcssssssrra s sssssnes - 0.05
+ 1,1,1,2-Tetrachdaro-2, 2-diftuctoethane .. 500 4,170
l 1, 2 2-Teuachlaro-1, 2-difluctoethane | 500 4,170
l, 1,2 2-Teuachlumcmane Skin .. 5 15
Tetrachlooethylene, see Pexchlnmemy-
fens ...
Tenachloromelhane, sce Carhon tetsa-
chlofide....... ....ccovviiimmne
Tetraethyl lead (as Pb)- Skin ............ . - 0.075
Tetrahydrofuran .......... . 200 590
Telranitramethane 1 8
Telryl {2, 4, 6-trininopheny Imethylinitia-
MIREY = SKIR oot mmerre e crnscccenimrarssesns - 1.5

+ 1966 Addition
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Substence

Thailium (soluble compounds) - Skin ...
ThIIRM ey e eeenebsei brsne i
Tin (inerganic cmpds, except oxide) .
Tin (otganic cmpds)
Titanium diexide ..
Toluene [tolual) .

€ Toluene-2, 4- dusocyanal
o Tolu:dme Skin .
Toxaphene, see Chiorinated camphene ......
1,1, 1-Trichlcroethane, see Methyl chioro-

Teichloroethylene ...
Teichloromethane, see Chloroform ..
Trichloronaphthalene - Skin......
1,2, 3-Trichloropropane ..
1,1, 2-Trichloin 1, 2, 2- mﬂumoelhane
Tm!hylamma
Tiifluoromenobromomethane .
2,4, 6-Trinitrophenol see Picric acid.........
2,4, 6-Trinitropheny Imethylnitiamine, see
Tetryl
Ttinitrotoleene - Skin .
Tiioithocresyl phosphate
Tripheny! phosphate ..............
Tuipeating ..o
Vianium (seluble compounds) ......
(insolubie compounds)
C Vanadium (V20w dust)...........
(V208 fume)....
Vinyl benzene, see Stytens
C Viny! chloride ......ccoooeens
Vinylcyanide, see Acrylonitiile
Vinyl toluene ......oocmeseeeceninnen.
Warfatin ... .
T Xylene (xylol} ..o
Xylidine - SKin
+ Yttuium
Zinc oxide fume
Ziiconium compounds (as 21)

ppm HD’H“'
- 0.1
- 5
- 2
- 0.1
- 15
200 750
0.2 0.14
3 22
100 535
- 5
50 300
1,000 7, 600
23 100
1,000 6,100
- 1.5
- 0.1
- 3
100 560
- 0.05
- 0.25
- 0.5
- 0.1
500 1,300
1060 480
- 0.1
5 25
- 1
- 5
- 3

Radicactivity: For permissible concentrutions of radio-
isotopes in mir, see . 5. Department of Commerce,
Rational Bureau of Standards, Handbook 69, *‘Maxigium
Pemiasible Body Burdens and Maximum Pernjissible
Copcentrations of Radionuclides in Air and in Water for
Occupational Exposure, " June 5, 1959, Also, see U, 5.
Department of Cammerce Natlonal Bureau of Standards,
Handbook 59, *“*Pemissible Dose from Externul Sources
of [onizing Badiation, '* September 24, 1954, and adden-

dum of April 15, 1958.

* Parts of vapor of gos per millian porta of alr plus
vapar by velums et 25°C and 760 mm. Hg pressure,

** Approximate milllgrams of porticulute per cubic

mater af oir.
A HNumbers, Ses Appendiz A

1 See Tentative Limits
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RESPIRABLE DUSTS EVALUATED
BY COUNT

Subatanca mp.p- i

SILICA
Crystalline
Quartz, Threshold Limit ¢calculated

fiom the formula 250
Cristobalite " #5021 5
Amorphous, including natusal
diatomaceous earth........coceccerrvnenn 20
SILICATES (fess than 1% crystalline sitica)
Asbestos 5
11 T 20
Soapstone 20
Tale 2
Portiand Cement 30
GRAFHITE (nalual).. 15

“Inest™ of Muisaace Particulat
whichever is the

see Appendix B smaller)

Conversion factors
mppcf X 35.3 = million particles per cubic meter
= particles per c.c.

* Milliens of pucticley per cublc foot of oir, bosed on
impinger somples counted by light-flald techaics.
** The gurcantage of ceystotline silica in tha formule
ts the amount datermined from air-borne samples,
axcept in those lnstances In which other methods

hava been shewn %0 ba applicable.
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TENTATIVE YALUES

These substances, with their corresponding ftentative
limits, comprise lhose fo; which a llmit has been assigned
for the fizst time or for which a change in the ‘Recommended®
listing has been made. In both cases, the assigned limits
shiould be considered frial values that will remain in the ten
tative listing foi a period of al least two years, during which
time difinitive evidence and experience is sought. H accept-
able at the end of twb years, these subsltances and values
will be moved to the RECOMMENOED list. Documentation
foi tentative values are available for each of these substan-
Ces.

Suhatanca pom® Mo/ /M
Acrylamide = SKiN .o - 0.3
2-Aminspyiidine . 0.5 2
sec-Amyl acetate . ... 125 650
Azinphos-methyl-Skin reerreene 0,2
Bromofomm-Skin 0 5 H)
nButyl acetate e et 150, 710.
sec-Butyl acetate 200 850
tert-Butyl acetate 200, 950,
++ sec-Butyl alcoho) 150. 450
Cadmium (Metal dust and soluble salts] ... - 0.2
Catbon black - 1.5
Catbon monoxide .. 50. 55,
++ aacmmoacetophmonc (phenacylcnlnnde) ) 0.05 0.3
o-Chlorabenzyiidene malononitrile (QCBM) 08 0.4
€ Chiotlne srrssse s anses et 1. 3,
++ Chiomium, sot. chiomic, chromous salts,
- E R 4 DU TR - 0.5
Matallic & insol. salls ................................ - L
Coal tar pitch volatites (Denzene soluble
fraction) {antivacene, BaP, phenanthrene,
acridine, chrysene, pyrene) ... - 0.2
++ Cobalt, Metal fume & dusl.........cooeiee - 0.1
Crolonaldehyde ..o ccnaraireninniann. 2 6.
Cumene « SKIN .ot 0. 245.
Cyclohexane ....oceeeceeeecssseens 3ng. 1,050,
Cyclohexene 300- 1,015,
Diazomethane....... 0.2 0.4
C 1, 2-Diiomo-ethane-SKin ......euiincenencaons 25. 180,
+ Dibutyl phosphate ........ccoceiicrmmieecirinrns 1. 5.
+ Dibutylphthalate ... - 5
Diethylamina ethancl-Skin 10, 50.
++ Blisopropylamine-Skin 5 20,

* Potts of vapor or gas par million parts of air plus
vapor by volume at 25°C ond 760 mm. Hg pressure.

** Approximate mittigrams of particulete per cubic
mater of air,

+ 1966 Revision
++ 1966 Additions
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‘Sube tance

++ Dimethylphthalate
++ Diphenyl ...
Ethylamine ..
Ethyl sec-amyl ketone {S-memy!-s-heptan-
one} ..
Ethyl benzene
Ethyt butyl ketone (3-Heptanane) ...
+C Esmflene glycol dinitrate &/or nitrozlycelin-
L3 1 OO
Ethylene iming-SKin ......ovcoverceirirenrcre
C Ethyl mercaplan.......cooovvriereeveversesesesenssvonse
N-Ethyimoipholine-Skin
Fibrous glass.............. .
Formic acld o sseeccsiren s
++ Gasoline
sec-Hexyl acetate
++ Hexachloronaphthalene - Skin .....
fton oxide fume ...
Isoamyl acetats ...
lsabuty! acatate
++ Isobutyl alcohol..,
tsopiopyl acetate,
+ Maleic anhydside .
Methylamine ........ccoomiieninens
Methy! (n-amnyt) kelone (2- Heptanona)
Methyl iodide - Skin ..
Wethyl isocyanate - Slun
C Monomethyl hydiazine - Skln.
+ Naphtha {coal 1a1)
Ft NITIC OXIdR i v e
++ Oc(achlmonaohmmne Skin
Oxalfc acid...
++ Paquat- Sktu .....
Phenyl ether (vapoi) .......
Pheny! ether-Biphenyl mixture (vapolj
+ Pheny! glycidyl ether (PGE) .
Pival (2-Pivalyl-1, 3- indwdinne)
++ Propyl alcohol.............
Propyfene iming - Skin
Rhodium, Metal tume a
Soluble salts
++ Ronnel.........
Selenium haxafiver
Tellytivm hexatluagide .
+4C Tetphenyls ... " .
++ Tet:achlulonaphmalena LT T,
Tetramethyl lead { TML) {as lsad) - Skin ....
Tetramathyl succinaniteile - Skin ................
Tremolite .........oeeren,
++ Tributy! phosphate ....... .
3,1, 2-Tricmoroethane - e e
Xylene............
4 Zine ehiontde .o e,

+ 1966 Revision
++ 1966 Additions
1 For intermitteat exposure only
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pRmt  Mg/Mte
- 5.
0.2 i
19, 18,
5. 130,
100, 435,

s0. 230,
0.021 0.1t
0.5 1.

10, 25,

20. 94,

- 5.
5. 9,

A#

50. 300, ’
- 0.2
- 10,

100. 525,
150. 700,
100, 300,
250,  950.
0.25 1.
10. 12.
100.  465.
5. 28.
0.02 0,05
0.2 0,35
100, AQ0,

25, 30,

- 0.1
- 1.

- 0.5
1 7.

1. 7.

10, 62.

- 0.1

200, 450
2, 5.
- 0.1

- 0.001
- 15,
0.05 0.4
Q.02 0.2
1. 9.4
- 2.

- 0.075
0.5 3.

§ mppef ~

- 5.

10. 45,

100, 435.
- 1.

/764

Appendix A

A' Benzidine Because of high incidence of bladder tumais in
man, any exposuse, including skin, is extremely hazardous.

B—Nuphthylomlno. Because of the extremely high incidence
of badder tumots in wotkels handling this compound and the
inability lo control exposutes, B -naphthylamine has been pro-
hibited from manutacture, use and other activities that ine
velve human contact by the State of Pennsylvasia,

A’N-Nitrosodimethylomine Because of extremely high toxicity
and presumed carcinogenic potential of this compound, ton-
tact by any fouts should not be parmitted.

At Polyretrafluoroethylene® decomposition preducts.

Thetmal decomposition of the flustocarbon chain in air eads
1o the formation of oxidized pioducts containing catbon, fluor-
ine and oxygen. Because these products decompose by hydro-
lysis in alkaling solution, they can be quantilatively deter-
mined in aif as fluoride 10 provide an index of expasure. No
TLV is recommended peading determination of the toxicity of
the products, but air concentralions should be minimal,

A'ﬂ Propiolactone Because of high acute toxicity and demonsira-
ted skin tumof production in animals, contact by any coute
should be avoided,

A® Gosoline. The composition of gasoline varies greatly and
thus a single TLY for ail types of gasoline is no longet ap-
plicabla. in general, the aromatic hydiocathon contenl will
determine what TLV applies. Consequentiy the content of
benzens, olher aromatics and additives should be deteimined
to arive at the appcopriats TLY (Elkins, et al, ALH.ALL 24,
99, 1963),

* Tiade Names: Algofion, Fluan, Halon, Teflon, Tetran

. Appendix B

B.} THRESHOLD LIMIT YALUES FOR
MIXTURES

When two or more hazaidous substances aie present, their
combined etfect, rather than that of either individuaily, shouid
be given ptimaty consideration. In the absence of informa-
tion to the contrary, the effects of the different hazords sheuld

17



IC: +2C1 = 20,4

e 700 Tm
Tm = 700 x_%_: 1535 ppm

1B.b. General Exact Solution for Mixtures of
N Components With Additive Effects
and Ditferent Vapot Pressutes.

(¥ C2+v... + Cu= 1§
T T2 Tw

@ Ci+ C2+... 4 Ch= T,

2.1) C1 + €2 +.., + Cu= 1
T T T

By the Law of Pastial Pressutes,
13) Cr=apy,
And by Raoult's Law,
{4 pr= F1ps.
Comblne (3} and (4) to ubtain
(8) Cr= aFp1°,
Combintng {1}, (2, 1} and {5}, we ohtain
{6) _Fip1® + Fapa* +. ..+ Fuput=
T T T
_Fipy + Fapz® 4. ..+ Fupu
T T2 Tn
and solving f T,
6.1} T= _Fipr + Fap2® +_ .. + Fups®

Fip1= Fapa* Fupn®
Ty + Tz + ... ¢+ Te

. i =n

oM 2 Fips®
8.2y T=1i=1
i=n

3 Fipr*

=1 T

Thieshold Limit Value in ppm.

Vape! concentration in ppm.

Vapor ptessure of component
in sclution,



p* = Vapor pressurs of pure
companent,

F = Mol fraction of component in
solution.

a = A constant of proportionality,

Subscripts 1,2, . . . nrelate the

above quantities to components

1,2, . . . n, respectively.

Subscript i refeis to an arbitrary

component fiom § ta o,

Absence of subscript relates the

quantity to the mixtute.

Solution 1o be applied

when there is a reseivoir

of the salvent mixtue
whose composition does not
cthange appreciably by
evaporation,

Exact Arithmetic Sojution of Specific Mixture

. Mal. wi. Density T p*at Mol ttac-

25*C  tion in
half-and
hall solu-
tion by
valume

Trichlogo~

ethylene'(}) 131.4 1,46 g/ml 100 73mm Hp 0.527

Methylchle-

roform  (2) 133.42 1.33 g/ml 350 125mm Hg 0. 473

Fip1® = (0.527) {73)

= 2.2
Fapz* ={0, 43 (125) = %.12

9.2 = (97.4) (350)=_(97.4) (350) == 177
A

3.2+ 59.2 1338 +599.2 153.0
0

T= 177 ppm

{Note difference in T.L.. V. when
account is taken of vapos ptessuie
and mol fraction in compaiison with
above example whese such account
is not takenl.

2. A mixture of one part of (1) parathion (TLV, 0.1}
and two parts of (2) EPN {TLV, 0.5h

21




1C.

Cm = JC1

CiL+ 21 = _3C
Q.1 0.5 Tem

71Ct=3C1
0.5 Tm

Te =_1.5 = 0.2] mp/ms
H

T. L. V. for Mixtutes of Mineral Dusts,

For mixtures of biologicaily active mineral dusts
the general farmula for mixtuces may be used.
With the exception of 2sbestes, pute minesals
we assigned TLV of 2.5, 20 o1 50,

Far a mixtuce contalping 80% talc and 20%
quartz, the TLV for 100% of the mixture *C**
is given by:

TLY = 'a-a—}_-ﬁ = §.4 mppef

IR

Essentially the same result will be oblained
if the limit of the more (most) toxic componant
is used piovided the effects ale additive, In the
above example the 1imit for 20% quastz i3 10
mppel.

For another mixture of 25% quartz 25%
amorphous silica and 50% talc:

= el
W= g emios = -3 Mt

.2
2.5 20 20

The limit fer 25% quartz approximates 8 mppct.
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Appendix €

BASES FOR ASSIGNING LIMITING
“C" VALUES

By definition in the Preface, a listed value bear-
Ing a “C" designation refars to ‘ceiling’ value that
sheuid mot be exceeded; all values should Muctuate
below the listed value. In general the bases for
assigning or not assigning a ‘‘C'* value rest on
whether excurstons of concentration above a proposed
Hmit for periods vp to 15 minutes may fresult in
a) Intolerable irritation, b} chronic, or irreversible
tissue change, or c) narcosis of sufficient degree
to inctease accident proneness,impair self rescue of
materially reduce work efficiency.

in grder for the Committee to decide whether a sub-
stance is a candidate for a *'C' listing, some
guidelines must be formulated on the pesmissive
fluctuation above the limit in terms of the sefiousness
of the response In the categories a, b, ¢, given above.
Fotr this the factors given In the table below have
been used by the Committee. For both technical and
practical reasons, the factors have been pegged to
the concentration in an inverse manner. R will be
noted that as the magnitude of the T. L. V. incraases
a corespondingly decreased range of fluctuation is
permitted; not to decrease the factor for T. L. V. &
of increasing magnitude would permit exposures to
targe absolute guantities, an undesirable condition, a
condition that is minimized. at {ow T. L. V. 5. More-
over, larger factors at the fower T. L. V. 5 &e con-
sistent with the difficulties in analyzing aad con-
trolling trace gquantities.

T.LY. Tast
RANRE T.LYV.
pam* of mg/m) Factor Exampizs
ftol 3 Toluene ditsocyanate-T. L, V.,
0.02 ppm, if peimitied to rise
above 0.06 ppm may fesult in
sensitization in a single sub-
sequent exposurel *'C" listing
recommended on categary b.
L+10 10 2 Manganese -T.L.V., Smg/m”,

contains little of no safety
factor. All values should fiuct-
yata below 5mg/m®. C"
listing recommended on
categofy b.
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« TV Tex
RARGE T.LY.
pym* &r mg/m»  Facter

Examples

10+ to 100 1.5

100 + 10 1000 1,25

Methy| stytene-T, L, V. 100
if encountered at lavels of
150 ppm will prove intense-
ly irritating, *'C'" listing
secommended on category a.

Methy! chlorofoim-T, L. V.
35Gppm, at 438 ppm for per-
fods not exceeding 15 min-
utes is not expected to re-
sult in untoward effects
relating o category c, No
"C* listing recommended.

* Whichever unit is applicable

PERMISSIBLE EXCURSIONS FOR TIME-
WEIGHTED AVERAGE (TWA) LIMITS

As stated in the preface, the same factors may be used as

Jides for reasonable excursions

above the [imit for substan-

38 to which the time-weighted average applies. The time-
eighted average implies that each excursion above the lmit
. compensated by a comparable excursion below the limit.
hus, a value of 6 -ppm HF is permissible for petiods not ex-
zeding 15 minutes, provided an squivalent decrease below

e limit of 3 -ppm cbtains.

Appendix D
Some “'Inent'” o Nuisance Particulates*

Alundum {A1207)

Calclum carbonate

Cellulose

Portltand Cement

Corundum (Al 2042}

Emety

Glycetine Mist

Graphite (synthetic)

Gypsum

Vegetable oll mists
(except castor, cashew
nut, o similar irzitant
oils)

Limestone
Magnes!ita
Matble

Plaster of Paris
Rouge

Silicon Carbide
Starch

Sucrose

Tin Oxlida
Titanium Dioxide

*When toxic Impuritias are not present,
24

Appendix E

Some Simple Asphyxiants — *Ineit’’ Gases and Vapois.

Acetylene
Argon
Ethane
Ethylene
Helium

E. J. Baier

Allan L, Coleman

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

Wayland J. Hayes, Jr. M.D,

Hydrogen
Methane

Necn

Nitrogen
Nitrous Oxide

Harotd N. MacFarland, Ph.D.,
Consultant

E. Mastromatteo, M.D.

Russe) G, Scovill

Ralph G. Smith, Ph.D,

George W, Wright, M.D.
Consultant

Mitcheli R. Zavon, M.D.

Herbert E. Stokinger, Ph.D., Chaltman
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