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A review of the industrial hygiene work which has been
completed and a tentative projection of the work to be
completed with target dates and man-hour requirements
is shown below.

In general the guidelines which we are following require
that we sample every job which is connected with each toxic
chemical using eight hour personnel samples for a period

of five consecutive days. The subsequent date at which

a particular job must be resampled for the toxic chemical
is based upon the average analyses reported during the
initial weeks sampling. That is, it must be sampled
monthly if the published TLV is exceeded or in three months
if the level is greater than one-half the TLV and less

than the TLV or it must be sampled yearly if the average
level is below one-half the TLV., We are sampling for

only one day on resamples. However, another five conse-
cutive days of sampling is warranted if a process change

is made which could change the concentration of any toxic
chemical.

If the industrial hygiene work proceeds as projected,
we will have completed the testing for 30 of the 45 chemicals

on vur list or 67% by January, 1979. However, if the
projected hours for methods development is close to correct,

we will only have completed ~ 53% of the total hours of
methods development work.
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ACETYLENICS

1. Acetone’

POLYVINYL ALCOHOL

1. MeOH
a. 3rd. floor
b. 400 l1line
c. Maint.
d. Misc. plant

Z. MeAc

a. 3rd. floor
b. Misc. plant

POLYVINYL CHLORIDE

1. VCM
2. TCE
3. DMF

INDUSTRIAL HYGIENE PROGRAM

Personnel sampling has been conducted. for the following:

Re-sampling

Sampling §
Hours Initial Ave. Analyses Next & Analyses
Ppm Method Date Result Hours Sampling Hours
TLV Development Sampled ppm Required Date Required
1000 120 Feb., 1978 <} 40 Feb., 1979 12
200 80 Jan., 1978 80
200 -~ Jan., 1978 1085 -- Monthly 8
200 -~ Jan., 1978 148 -- Apr., 1978 4
200 -- Jan., 1978 124 -- Apr., 1978 8
200 -- Jan., 1978 24 ~= Jan., 1979 20
200 80 Jan., 1978 80
200 -- Jan., 1978 362 -- Monthly 8
200 - - Jan., 1978 16 -- Jan., 1979 20
1 160 Apr., 1975 1.5 96 Monthly 96
100 25 Mar., 1978 <1 16 Mar., 1979 16
10 80 Mar., 1978 <.3 50 Mar., 1979 12
(1)
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EMULSION

1. Formaldehyde

2. Ammonia .

3. VAc. .
ACETYLENICS
1, IPE"
2, MEK'
3. MIBK'

4, 2-Et. Hex.,°
5. mn-Butyr.
6. Isophorone tw.
7. Propargyl Alc.
8. Ethylene Gly.
9. Methyl Amyl Ket.
16. MB

11. MP

12. Surf 61

13. Hexymol

14. EO

15. DH

16. DO

17. Surf 104

18. KXOH ---

19. DMF :

20. Aprol 148

¥Estimated hours.

Sampling §

Re-Sampling

Hours Initial Ave. Analyses Next § Analyses
ppm Mcthod Bate Result Hours Sampling [lours
TLV Development Sampled ppm Required Bate Required

2 24 Mar., 1978 <1 40 Mar., 1979 12
25 24 Mar,, 1978 1 40 Mar., 1979 12
10 80 Apr., 1978 0.96 40 Apr., 1979 12

Personnel sampling will be conducted for the following:
250 40 May, 1978 40 12
200 40 May, 1978 40 12
100 40 June, 1978 40 12
- 40 June, 1978 40 12
- 80* Aug., 1978 40 12
5 60* Oct., 1978 40 12
1 100% 40 12
100 100* 40 12
100 8O* 40 12
- 100* 40 12
- 100% 40 12
- 100% 40 12
- 100* 40 12
100* 40 12
- 100% 40 12
- 100* 40 12
- 100* 40 12
2 mg/m3 60* May, 1978 25 12
10 80 May, 1978 40 16
- 100%* 40 12

(2)
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Sampliing §

Re-Sampling

Hours Initial Ave. Analyses Next & Analyses

ppm Methad Date Result Hours Sampling Hours

TLV Development Sampled ppm Required Date Required
POLYVINYL ALCOHOL
1. VAc 10 80 June, 1978 40 12
2. Acetic Acid 10 100* Oct., 1978 40 12
3. Acetaldehyde 100 40% Dec., 1978 40 12
POLYVINYL CHLORIDE
1. VAc ' 10 80 July, 1978 40 12
2. 2-Et. Hex. - 40 July, 1978 40 12
3. Methyl Chloride - 60% Nov., 1978 ‘40 12
EMULSION
1. VCM~ 1 Available-May, June, 1978 20 12
2. DMF - 10 Available Sept., 1978 40 12
3. MeOH’ , 200 _ Available Sept., 1978 40 12
4. Maleic Anhydride *~ .25 mg/m3 100* Dec., 1978%#* 40 12
5. Acrylamide .3 mg/m3 100% Dec., 1978%*# 40 12
6. Acrylic Acid - 100* 40 12
7. Butyl Acrylate - 100* 40 12
8. Methacrylic Acid - 100% 40 12
UTILITIES
1. Particulates 10 mg/m3** 16 July, 1978 40 12
2. 802 5 Drager Tube July, 1978 8 8

*Estimated hours.
*fMay vary with silica content.

***provided a new polarograph is available by November, 1978.

(3)
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Copyright 1978 by American Conference of Govarn-
mental Industrial Hygienists.

The American Conference of Governmental Industrial
Hygienists will welcome requests for permission to re-
publish or reprint these Threshald Limit Values. Re-
quests for such permission should be diracted to the
Executive Secretary, P.0. Box 1937, Cincinnatl, Ohia
45201,

PRICE EACH

T000=4009 ..ot er it s ey
BA00 Or MOFE ..evveiicvieincreeinernvenes ereriies .85

Documentation of the Threshold Limit Values for Sub-
stances in Workioom Air.® A separate companion plece
to the Chamical TLVs is issued by ACGIH undar this title.
This publication pives the pertinent scientific information
and data with referenca to literature sources that ware
used to base each limit. Each documentation also con-
tains a statement dafining the typs of response apainst
which the limit is safeguarding the worker. For a better
understanding of the TLVs it is assantial that the Docu-
mentation be consulted when the TLVS are being usad.

information concerning the avaffabliity of copies of
the Documeantation of the Threshold Limit Vaives for
Substances In Workroom Air should be directed to the
Executive Secretary, ACGIH (thiré edittan, fourth print-
ing, 1978, $20.00),

Threshold Limit Values

Substances in
Workroom Air
Adopted by
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TLVs®

for
Chemical

ACGIH
for 1978
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PREFACE
CHEMICAL CONTAMINANTS

Thrashold limit values refer to airbarne concentra-
tions of substances and rapresent conditlons under
which ¥ is beliaved that nearly alt workers may be repea-
tedly exposed day after day without adverse effact. Be-
cause of wide variation in individual susceptibitity, how-
aver, a small percentage of workers may experisnce
discomfort from some substances at concentrations at
or below the threshold limit; 2 smaller percentape may
be affsctad mors seriously by aggravation af & pre-exist-
inp condition or by development of an occupational Hl-
ness.

Tests are availsbie (J. Occup. Med. 15: 564, 1973;
Ann. N.Y. Acad. Sci., 157, Art. 2: 968, 1968) that may
be used to detect thase Individuals hypersuscaptible to a
variety of industrial chemicals (respiratory irritants, he-
molytlc chemicats, organic isocyanates, carbon disul-
fide).

Three categories of Threshold Limit Values (TLVs)
are specified hersin, as follows:

8) Threshold Limit Value-Time Waeighted Average
(TLV-TWA) — the time-walghted average concantration
for a normal 8-hour workday or 40-hour workweek, to
which nearly all workers may be repeatedly exposed, day
after day, without adverse effect.

b) Threshold Limit Value-Short Term Exposure Limit
(TLV-STEL) — the maximal congentration to which
workers can be exposed for 2 period up to 15 minutes
continuously without suffering from 1) irritation, 2)
chronic or irreversible tissue change, or 3) narcesis of
sulficient degres to increase accident proneness, impalr
salf-rascue, or materlally reduce wark efficiency, pravid-
ed that no more than four excursions per day are permit-
ted, with ai icast 60 minutes between exposure perlods,
and provided that the dally TLV-TWA also is not exceed-
ed. The STEL should be considered a maximal allowable
.gongentration, or ceifing, not to be sxceeded at any time
during the 16-minute excursion period. STELs are based
on one or more of the following criterla; (1) Adopted
TLVs Including those with a “‘C'" or *“ceiting" limit. (2)
TWA-TLV Excursion Factors listed in Appendix D. (3)
Pennsylvania Shont-Tarm Limits for Exposurs to Air-

2

borne Contaminants {Penna, Dept. of Hih., Chapter 4,
Art. 432, Rev. Jan. 25, 1968). (4) OSHA Occupational
Safety and Heaith Standards, 40 FR 23073, May 28,
1975. (5) NIOSH criteria for recammended standards for
occupational exposure to spacific substances. The TWaA-
STEL should not be used as engineering design criterion
or consldered as an emergency exposure level (EEL).

¢) Threshold Limit Value-Geiling (TLV-C) — the con-
cemr;hon that should not be excesded sven instantan-
eously.

For some substances, e.0., iritant gases, only ong
category, the TLV-Celling, may be relevant. For other
substances, either two or three categories may be reie-
vant, depending upon their physiologic action. It is im-
portant to observe that it any one of these three TLVs is
exceedsd, a potential hazard trom that substance is pre-
sumed {o exist.

The TLV-TWA should be used as guides in the con-
trol of heaith hazards and should not be used as fine
lines betwesn safe and dangerous concentrations.

Time-weighted averages permit excursions abova the
{imit provided they are compsnsated by equivalent ex-
cursions below the limit during the workday. In some
instances #t may be permissible to calculate the everage
concentration tor 8 workweek rather than for a workday.
The degree of permissidle skcursion is related to the
magnitude of the threshoid fimit vaiue of a particular
substance as piven in Appendix D. The relationship be-
tween threshold fimit and permissible excursion I a rule
of thumb and in certain cases may not apply. The
amount by which threshold limits may be exceeded for
short periods without injury to health depends upon &
numbsr of factors such as tha nature of the contamin-
ant, whether very high congentrations — even for shon
periods — produce acute poisaning, whether the effacts
are cumulative, the frequency with which high concen-
trations occur, and the duration ot such periods. Ali-fac.
tors must be laken into consideration in arriving at a
dacision as 1o whather a hazardous condition exists.

Threshold limits are based on the best available Infor-
mation from industrial experience, from experimental
human and animai stedles, and, when possible, from a

vombination of the three. The basis on which the values -

are established may differ from substance to substance;
protection against impairment of health may be 2 guid-
ing factor for eome, whereas reasonable freedom from

3
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irritation, narcosis, nuisance or other forms of strass
may form the basls for others. . .

The amount and nature of the information available
for establishing a TLY varies from substance to sub-
stance; consequently, the precision of the estimated TLV
is alsp subject to variation and the latest Documentation
ghould be consulted in order to assess the extent of the
data available for 2 given substance.

The committes holds to the opinion that limits based
on physical irritation should be considered no less bind-
ing than those based on physical impairment. There Is
increasing evidence that physical irritation may initiate,
promote or accelerate physical impairment through in-
taraction with other chemical or biologic agents.

in spite of the fact that serious injury is not belisved
likely as a result of exposure to the threshold limlt son-
centrations, the best practice is to maintain concentra-
tions of ali atmospheric contaminants as low as is prac-
tical.

These IImits are intended for use In the practice of
industrial nygiene and should be interpreted and applied
only by a person trained in this disclpling. They are not
intended for use, or for maodification for use, (1) as a
raiative index of hazard or toxicity, (2) in the evaluation
or control of Sommunity air poliution nuisances, (3) in
estimating the toxic potential of continuous, uninterrupt-
ed exposures or other extended work periods, (4) as
proot or disproof of an existing disease or physical con-
dition, or (5) for adoption by countries whose working
conditions differ from those in the Upited States of
Amarica and where substances and processes differ,

Ceiling vs Time-Weightad Average Limits, Although

- the time-welghted averaga concentration provides the
most satisfactory, practical way of monitoring airborne
agents for compliance with the fimits, there are certain
substances lor which it is inappropriate. in the latter
group are substances which are predominantly fast act-
ing and whose thrashoid Emit 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 excesdad. It is implicit in these
definitions that the manner of sampling to determine
noncompliance with the limits for each group must
differ; a single brief sample, thal is appliceble to a “'C”
limit, I not appropriate to the time-welghtad limit; rere,

4

a sufficient number of samples are needed to permit a
time-weighted average concentration throughout 2 com-
plete cycle of operations or throughout the work shift.

Whereas the ceiting iimit places a definite boundary
which concentrations should not be permitted to exceed,
the time-welghted averags (imit requires an explicii iimit
to the excursions that are parmissible above the listed
values. The magnitude of these excursions may be
pegged 10 the magnitude of the thresheld limit by an
appropriate factor shown in Appendix D. it should be
noted that the same factors are used by the Committee
in determining the magnitude of the value of the STELs,
ﬂrtyhethar to includs or exciude a substance for a "G

Sting. .

“Skin'" Notation. Usted substances followed by the
designafion “’Skin’’ refer fo the potential confribution to
the overall exposure by the cutaneous route including
mucous membranes and aye, sither by airborne, or
more particularly, by direct contact with the substance.
Vshicles.can aiter skin absorption. This attention-catling
dasignation Is intended to suggest appropriate measuras
for the prevention of cutaneous absorption so that the
thrashold limit is not invalidated.

Mixtures. Special consideration should be given aiso
fo the application of the TLVs in assessing the health
hazards which may be associated with exposure to mix-
tures of two or more substances. A brief discussion of
basic considerations Involved in developing threshold
limit vaives for mixtures, and methods for their develop-
ment, amplified by specific examples are given in Ap-
pendix C.

Nuisance Particulates . in contrast to fibrogenic dusts
which cause scar tissue to be formed in lungs when in-
haled in excessive amounts, so-called “'nuisance’* dusts
have a tong history of iittle adverse effect on lungs and
do not produce signlificant organic disease or toxic effect
when exposures are kept under reasonable control. The
nuisance dusts have also bsen called (blologically)
“inert” dusts, but the latter term is inappropriate to the

‘extant that thera is no dust which does not evoke some

celtular response in the tung when inhaled in sufficient
amount. However, the lung-tissue reaction caussd by in-
hajation of nuisance dusts has the following characteris-
tics: (1) The architecture of the air spaces remains in-
tact. {2) Coliagen (scar tissue) Is not formed to a

5
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significant extent. (3) The tissue reaction Is potentially
revergible,

Excessive concentrations of nuisance dusts in the
workroom air may seriously reduce visibility, may cause
unpleasant deposits in the eyes, ears and nasal pas-
sages (Portiand Cement dust), or cause injury to the
skin or mucous membranes by chemical or mechanical
action per se or by the rigorous skin cleansing proce-
dures necessary tar their removal.

A threshold Iimit of 10 mg/m3, or 30 mppcf, of total
dust < 1% quartz, or, 5 mg/m? respirable dust Is rec-
ommended far substances in these categorles and for
which no specific threshold limits have been assigned.
This limit, for a normal workday, does nat apply to brief
exposures 3l higher concentrations. Neither does it
8pply to those substances which may cause physiologic
Impairment at lower concentrations but for which a
threshold limit has not yet been adopted. Some nuisance
particulates gre given In Appendix E.

Simple Asphyxiants — “inert’ Bases or Vapors, A
number of gases and vapors, when prasent in high con-
centrations in air, act primarily as simple asphyxiants

- without other significant physiologic effects. A TLV may

not be recommended for each simple asphyxiant be-
cause the limiting factor is the avaliable axypen. The
minimal oxygen content should be 18 psrcent by volume
under normal atmaspheric pressure (eguivalent to a par-
tial prassure, pQz of 135 mm Hg). Atmospheras deficient
in 0z do not provide adequate warning and most simple
asphyxiants are odoriess, Several simple asphyxiants
present an explosion hazard. Account should be taken of
this factor In fimiting the concentration of the asphyx-
iant, Specific axamples are listed in Appandix .

Physical Factors. it is recognized that such physical
factors a$ heat, ultraviolet and jonizing radiation, humid-
ity, abnormal pressure (altitude)} and the ilke may place
added stress on the body 50 that the effects from expo-
sure at a threshold limit may be altered. Most of these
stresses act adversely to Increase the toxic respanse of &
substance. Although maost threshald limits have bulit-in
safety factors to guarg against adverse effects to moder-
ate deviations from normal environments, the safety fac-
tors of most substances are not of such a2 magnitude as
to take care of gross deaviations. For example, continu-
ous work at temparatures above 90°F, or overtime ex-
tending the workweek more than 25% , might be consid-

8

ered grass deviations. in such instances judgment must
be exercised in the proper adjustments of the Thrashold
Limit Values.

Biologle Limit Values (BLVs). Other means exlst and
may be necassary far monitoring worker exposure other
than reliance on the Thrashald Limit Values for industrial
air, namely, the Biologic Limit Values. These values rep-
resent fimiting emounts of substances (or their eifects)
to which the worker may be exposed without hazard to
health or well-being as detarminsd in his tissues and
fluids or in his exhaled breath. The blologic measure-
ments on which the BLVs are based can furnish two
kinds of information useful in the conirol of warker ex-
posure: (1) measure of the individual worker's- over-all
exposurs; (2) measurs of the worker's individual and
characteristic response. Measurements of response fur-
nish a superior estimate of the phystologic status of the
worker, and may be made of {a} changas In amount of
some critical blochemical constituent, (b} changes in ac-
tivity of 8 critical enzyme, (c) changes in some physiolo-
gic function, Measurement of exposure may be made by
(1) determining in blood, urine, hair, naiis, in budy tis-
sues and luids, the amount of substance to which the
worker was exposed; (2) determination of the amount of
the metabolite(s) of the substance in tissuss and tluids;
(3) determination of the amount of the substance In the
exhaled breath. The bioiogic limits may be used as an
adjunct to the TLVs for air, or in place of therm. The
BLVs, and thelr associated procedures for determining
compliance with them, should thus be regarded as an
effective means of providing health surveillance of the

worker.

Uniisted Substances. Many substances present or
hangled In industrial processes do not appaar on the
TLV fist. In & number of instances the material is rarely

present as a particulate, vapor or other airborne con-
taminant, and a TLV is not necessary, in other cases

sufficient information to warrant devaiopment of a TLV,
even on a tentalive basis, is not available to the Commit-
tee. Other substances, of low toxicity, could be included
in Appendix E pertaining to nuisance particulates. This
list (as well as AppendIx F) is not meant to be alf inclu-
sive; the substancas sarve only as examples.

in addition there are some substances of not Incon-
siderable toxicity, which have been omitted primarily be-
cause only a limited number of workers (e.g., employ-

7
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ses of a sinpgle pilant) are known to have potential
exposure 10 possibly harmful concentrations.

“Notice of intent.”’ At the beginning of each year,
proposed actions of the Committae for the farthcoming
year are issued in the form of a “Notice of Intended
Changes.” This Notica provides not only an opportunity
for comment, but solicils suggestions of substancas to
be added to the list. The suggestions should be accom-
panied by substantiating evidence. The list of Intended
Changes follows the Adoptad Values in the TLV booklet.
Valuas tisted In parenthesis in the ‘'Adopted™ list are to
ba used during the paried in which a proposed change
for that Valus is listed In the Notice of Intended
Changes.

Legal Status. By publication in the Federal Register
(Vol. 38, No. 105, May 29, 1871) the Threshold Limit
Values for 1968 were made official federa! standards for
Industrial alr. Since 1971, new standards for certain of
these substances have been promulgated by OSHA.

Reprint Permissfon . This publication may be reprint-
od provided that written permission is obtained from the
Secretary-Treasurer of the Conference and that it be
published in its entirety.

ADOPTED TENTATIVE
VALUES VALUES
TWA STEL
Subslance ppm® mg/m?  ppm* mg/m*”
Abate .. —_ 10 — 20
Aceurdehyue 100 180 150 270
Aceticacid ........oeueen 10 25 15 a7
C Acetic anhydride .......... 5 20 — —
ACOIONE o.iieevcrreverenns 1,000 2,400 1,250 3.000
Acatonltrile.. . 40 70 60 105
Acatylens... F - —_ _
Acstylens dchlorlse see
1, Z-chhloromhylsne 200 790 250 1,000
Acatylenu tetrabromide. .. 1 14 1.5 18
Agrolein .. 0.1 0.25 0.3 08
Acrylam:de -— Sirin ....... -— 0.3 — 0.8
** Acrylonktria — Skin...... (26} {45) (30) (BS)
Aldin — Skin.. -— 0.25 - 0.75
Allyi alcohol — Skln 2 5 L] 10
Allyl ehlotide....cc...... 1 3 2 [
Allyl glycidyl ather
(AGE)—-Skin.......... 5 22 10 44
Atlyl propy! disulfide .. 2 12 3 18
Alundum (Alz 0s) .. — E — 20
4-Aminodiphany| — . Skin — Alb —_ Afb
2-Aminosthanot, see
Ethanolamine 3 8 6 15
2-Aminopyridine .. 0.5 2 2 4
Ammonia................... 25 18 35 27
Ammonium
chioride-fume .......... - 10 —_ 20
Ammonium sulfamate
(Ammate) ............... —_ 10 — 20
n-Amyi acstate .... 100 530 150 800
sec-Amyl acetels.......... 125 670 150 800
** Aniling — Skin............ {5) (19) - —
Anisidine (0-,
p-isomars) — Skin., 0.1 05 -— -—
“* Antimony & Cumpounds
(as Sbj .. . —_ (0.5} — —
d Anhmony trioxide,
handiing and use (as
Sb}... . —_ 0.5 -_— —
v Antirnnny rioxide i
production {as Sb)..... — (0.5, A2) —_ —_
Caphal letters rafer to Appendicas.
Fomuam {1 thru g) see Page 31,
**See Notices of Intended Changes.
1978 Addition
) .
- r
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ADOPTED TERTATIVE | ADGFTED

TENTATIVE
VALUES VALUES VALUES VALUES
TWA STEL TWA STEL:
Substance pome  mg/m?”  ppme  mgm?” Subsiance ppm® mg/m?  ppm~  mg/ms®
ANTU (e-Naphthy! Bromochioromsthans/ - :
LTS3 R — 0.3 —_ 049 chiorobromomothane . 200 1,050 250 1,300
Argon... - F —_ F F 8romoform — Skin ...... 05 5 — —_
** Arsenic & cnmp ounds Butadiena (1,
[as As} .. JOTST _ {0.5) —_ -_— 3-butadieney............ 1,000 2,200 1,280 2,750
** Arsenic irloxide Butane 600 1,430 750 1,780
production {as As) — lA1a) -_— - Butanethiol, see Butyl
Arsine . 0.05 — - MErcaptan ........couuae 0.5 1.5 — -
- Asbastos (nII 1ormsJ —_ (M i) -— (A12) 2-Butanons .. . 200 596 300 B85 :
Agphalt (petroleum) 2-Buloxyethanol (sutyl
tu — 5 _ 10 Cellosolva) — Skir.... 50 240 150 720
— 10 —_ — n-Bulyl acetate 150 710 200 850
Azinphos-methyi — Skin —_ 0.2 - 08 ssc-Butyl acetale . 200 850 250 11%0
Barium (soluble tart-Butyl acetate, 200 850 250 1,180
compaunds), as Ba.... -— 0.5 — -_— * Butylmerylate. ............. 10 35 — —_
Baypon {propoxur) ....... _— 0.5 —_ 2 C n-Butyl alcohol — Skin.. 50 150 - _—
Benzent..ccoceirvinrnsnss 10,42 30, A2 —_ — sec-Butyl alcohol.......... 150 450 —_ —
Benzidine tert-Butyl alcohol.......... 100 300 150 450
production — Skin ... - Atb - Atb C Butylamins — Skin....... 5 15 — -
p-Banzonuinone, see C tert-Bulyl chromate (as
QuInoNe «..vvennnnnnnns 0.1 04 03 H ) — 8kin .. —_ 0.1 —_ -
Benzoy! paroxide.. — 5 —_ — n-BuM glycldyl uhar
Benz{a)pyrene ..... _ A2 —_ A2 50 270 — -
Benxyl chloride .... 1 5 —_ —_ -autyl Iactm 5 25 -— —_—
Beryltum..... —_ 0.002 -_— 0.025 Butyl melewtln o 0.5 1.5 — -
Biphenyl... 0.2 1.5 0.6 4 p-tent-Butyltoivens . 10 80 20 120
G Bisp heno! e Cadmium, dust & sa
Danty:ldal ether (DGE). 0.5 3.0 - {as Cd) .. — 0.05 -— 0.2
Bismuth talluride.......... —_ 10 _ 20 C Cadmium o
Bismuth tefluride, [ JUUUURON —_ 0.05 -_ -
Sa-doped... e - § —_ 10 ** Cadmium oxids
Borates, tetra, sodium produciion {as C4d)..... — (A2) — —
salts, Calclum carbonate/
Anhyarous .............. — 1 — - marble. ........cceereee — E — 20
Decahydrate . - 5 — - Calelum arsgnate (as As) —_ 1 C— -
Pentatydrate —_— 1 — - culcium cyanamide....... —_— 0.5 — 1
Boron oxide........ . -— 10 —_ 20 ® Celcium hydroxide ...... .. — 5 - —
Boron tribromids.......... 1 10 3 30 * Calcium oxide .. —_ 2 — -
C Boron trifluoride .......... 1 3 —_ -_— Camphor, synthatic....... 2 12 3 18 3
Bromine .......ovvivnnnnan 0.1 0.7 0.3 2 Caprofactam
Bromine pantafiuoride. ... 0.1 0.7 0.3 2 (111 GO —_ t — 3 b
S, Vapor.....cooeeeinneann 5 20 10 40
Capital letters refer to Appendlces. 4 3
Footnates (2 thru ) see Page 31, i Capital lettars refer to Appendices., [
" Ses Notice of Intended Changes © **See Notica of Intended Changes.
* 1978 Addition. | 1978 Addition.
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TENTATIVE
VALUES

Substance

STEL
pom®  myim?”

Gaptafol

(Dllutltln'
Captan...
Carbaryl (sm ™
Carbofuran (Furldm‘ ]
Carbon black .......
Carbon diaxlda ............

”» MOn

disulfide — Skin .......
Carbon monoxide .........
Carbon tetrabromide .....

} — Skln

Carbon
tetrachloride -— Skin .. 10
* Carbonyt chlonde
(Phosgens) .,

Ceslum hydroxide
Chiordans — Skin.
Chlarinated
tamphens — Skin.., —_
chlamnted dlphanyl
oxide., crerees
Chiorine ..
Chlorine diexids .
C Chilorina triflunride. .
C Chiaroacataldehyde... ...
a-Chloroasstophenons
{Phenacyl chioride)....
Chlorobsnzens
(Monochiorcbenzene}. 75
o-Chiprobenzylidene
malonoitrile — Skin...
Chiprobromomathans/
Bromochloromethane
2-Chloro-1, 3-butadiene,
1ee 8 Chloroprene —
Skin

Chiorodifiuoromethana,
Chiorod|phenyl (42% X
Chiorine} —~ Skin .. —_

Capliai istters refer to Appsndices.
**Ses Notice of Intended Changes.
1978 Addition,

12

©
8vwe o
ON—=2n O

—
[=23
o

—

2 a3

o9

co & © o .
(2] [A W SARXAY, 3 o MRMOoth M

<

o
wo

|

250

K
1,250

i3

bt
Do -

1,300
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ADOFTED TENTATIVE
VALUES VALUES
TWA STEL
Substance ppm> mpim®  ppm=  emg/m?”
Chtorodiphenyl (54%
Chigrine} — Skin ... —_ G5 — 1
1-Chilore, 2,
3-spoxy-propane
{Epfchlomydrln)
Skin.. 5 20 10 40
c Z-Chlomalhnnoi
{Ethylens
chlorotwdrin) — Skin , f 3 - —_
b Chloroelhylane thyi
{Alc) —  (Atc) —
¢ chlomlorm
{(Trichloromethane) .... 10,A2 50, A2 - —_
bis-Chioromathyi ether...  0.001 Ata —_ Ala
1-Chloro-Y-nitro-propane 20 100 — —_
Chiaroplerin ............... 0.1 0.7 0.3 2
** g-Chloroprens — Skin .. (25} 90} (35 {135)
Chilorpyritos
(Dursbln‘)—smn . —_ 0.2 — 0.6
o-Chlarostyrene .. - 50 285 75 430
. o-Chlarototuene — Skin. 50 250 75 3
2-Chlaro-
8-+{trichioromathyl
pyridine (N-Serve® } ... — 16 — 20
Chromatss, carain
Insolutle forms ........ — 0.05, Ala - Ala
Chromic acld and
Chromates, {as Cr) ..., —_ 0.05 —_ —_
® Chromite ore processing
{chromate), as Cr...... — 0.05, A1 —_ —
Chrgmium, Sol.
chromic, chmmous
saits (as Cr} ., — 0.5 — —
Clapidol (OOydm') - 10 -_— 20
Coal tar pitch volatiles
(See Particulate
po lic aromatic
hymmuns) — 0.2, A12 - Ala
** Cobalt metal, dust and
fums (as Co) ........... - ©.1) — —_—

Caphat ietters reter 10 Appendices.

Footnotes (& thru g} san Page 3t,
“"$89 Notice ot intended Changes.
*1978 Addition.
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ADOPTED TENTATIVE
VALUES vALuEs - ADOPTED TENTATIVE
WA $TEL . _VALUES YALUES
-Substancs pem  myim®  ppm®  mp/m” | m.THA i m:re': -
Copper fuma. — _ oz — ~ i Substance ppme  mg op 9
Dusts & Mists (as Cu) — - 2 1 Dibutyl phthalate........... = 5 - 10
Gorundum (Al ) . - E -~ 1 C Dichipracetylane ......... Q.4 04 — -~
Cotton dust, raw .. - 0.2° - 0.6 C o-Dichlorabenzene........ 50 300 — -—
Crag® herblcide —_— 10 —_ 20 p-Dichiorobsnzene.... ..., 75 450 110 875
Cresot, all Dichigrobenzidine —
jsomers — Skin ....... 5 2 -— — Skin. —_ AZ —_ A2
Croonaitetyds ........... 2 6 8 18 D:chlomdl!luornmsthane 1,000 4950 1,250 6,200
Crufomate® .......... — ] -~ 20 1, 3-Dichloro-5,
Cumene — Skin , 50 245 75 385 S-dimethy) hydmtoln.. — 0.2 — 0.4
Cyanamids ,. — 2 — — 1, 1-Dichloroethens ...... 200 810 250 1,010
Cyanlde, as O = Sin.. - § i - “* 1, 2-Dichioroathane . ... (50) {200)  {75) (360)
Cyanopen ..... 1 20 — —_ 1, 2-Dichloroathylens ..., 200 790 250 1,000
Cyclohm 300 1,050 375 1,300 Dichlorosthyi ether —
Cyclohexanol . 50 200 - - 1., T 5 30 10 80
Cyclohexanons ............ 50 200 - —% 1 = Dichioromsthtane, see
Cyclohexens ............... 300 1,015 —_— — | Msthyisne chiorlde ....  (200) (700)  (250) (870}
Cyciohexylaming — Skin 10 40 - —s | " Dichioromonofiuoro-
Oicfowﬂldiene . 75 200 150 400 | methane................. (1,000) (4,200) — -
4D (2, &-Diphsnury- K € 1, 1-Dichioro-1-
mb i) .. . - 10 -_ 20. i aitroethane.............. 10 60 nd -
4)4 (Dk:morodcphunyl ;o 1, 2-Dichioropropane,
trichloroathana) .. — 1 - 3 see Propylene
DDVP, see chhlorvos —-— dichioride ......c.coe.. 75 350 {110 510
Skin... revrne 0.1 1 .3 3. Dichleratetrativoro-
Docabmnu —_ Sltm 0.08 03 0.15 0.8 et 1,000 7.000 1,250 8,750
Demston® — Skin ....... 0.01 0.1 0.03 83
Dtacsma tla?foi othyl H 0.1 1 0.3 3
ydr ~methyl- .
g—pumag:ynn 50 240 75 360 ° — 0.25 — -—
1, 24 Dlarnlnoethanu see ’ 5 30 — —_
Ethylenadiamint. ....... 10 25 - —_ Dlwclopemadlenyl rrun . —_ 10 —_ 20
Dlazinan — Skin.......... — 0.1 - 0.3 Disldrin = SKif... c.oe. _ 0.25 — 0.7%
Diazometnans ............. 0.2 0.4 — - Diethylamine.. ... . 25 75 - -
Diborang .....c..covuneane .1 0.1 - — Diethylzminoet
- 1.&-&!’?[:?37;?;::“'] Diets:;m 10 50 - -
lene triaming ~
=Sl (20) (155 QO)  (230) iy L ¢ - —
Olbrom® .. . - 3 — & | Diethyl ethar, see Eﬂ'lyl
2'N-Dib"'¥'=mh°'“‘a"°' [ ether .. ewe 400 1200 500 1,500
— 5kin ., - 2 14 4 28 . Digthyl phthalate —......... — 5 - 10
Dibuty! phosphats .. 1 5 2 10 Difluacodibromamethane, 100 860 150 1290
1) Seep. 33.
Faotnotes (a thru g} see Page 31, 1 e———
""See Notice of Intendad Changes. 1 Caphai letters refer to Appendices,
14 . ““Senhotice of intended Changss.
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ADOPTED TENTATIVE . ADOPTED TENTATIVE
VALUES VALUES . VALUES VALUES
WA steL | ™A e
Substancs gome mg/m?  ppm® mg/ma¥ ! Substance ppme mg/me”  game  mg/m?
C Digtyerdyl ather (DGE). ... 0.5 3 —_ - E Dipheny), see Bipheny! ... 0.2 1.5 0.6 4
Dihydroxybenzene, see ! Diphenytamine ............ -_— 10 —_ 20
droquinone ......... — 2 - 4 C Diphenyimethana
Dilsobutyl ketone ......... 25 150 _ -— dlisocyanate, ses
Diisapropyiamine — Methyiens bisphenyl

L1, T 5 20 — —_ isocyanate (MDI).......  0.02 0.2 - -
Dimethoxymethane, see Dipropytene glycol

Methylgl..ooveeeiinneene, 1,000 3,100 1,250 3.875 methyl sther — Skin .. 100 800 150 800
Dimethyi awumide -— Diquat .. — 05 — t

Skin. .. 10 35 15 50 Di-sec, octyl phthalate

¢ Dimemyl wbamyl (Dl-z-etrul hexyl-

B Y [V — - phthatale) ......ocrrreee = 5 - 10
Dlmethylamlne - 10 18 —_ - Disulfitam.......... — 2 —_ 5
Dimethyiaminobenzene, o Disyston ~— Skin.......... - 0.1 — 0.3

8a¢ Xylidene — SKir .. § 25 10 50 - i 2, 6-Ditert.

Dimethylaniline (N, ol butyl-p—msol Y- - 10 - 20

N Dimatlylamlme)-—-— - Diuron .. . - 10 - -

. 5 25 10 50 .1 Dyfonato -_ 0.1 — —
Dln'lemylbenzﬁno. 3 Eme -— £ - 20

Xylone — Skin .. 100 435 150 850 5 ' Endoeulfan (Tmodan‘J
Dimethy!-1, — Skin.. . - 0.1 - 0.3

2-dibrorno-2-drchlnroethyl - Endrin — Skin .. — 0.1 — 0.3

phosphate, see . ++ Epighlorhydrin — Skin.. 5 0 (10 (40)

Dibrom ..oovieeeeneens — 3 - 5 . EPN = SKift c.0oveeneanss -_ 0.5 -_— 2
Dimethytarmamide — 3 1, 2-Epoxypropsne, see

£231] | O 10 30 20 60 - . Propyisne oxide ......... 100 240 150 360
2, 8-Dimsthyl-4-heptanone, * 2, 3.Epoxy-1 -propanol

see Diisobutyf ketons,. 25 150 - — i 50 150 75 225
1, 14 Dknan-rylfyduzm S F —_ F -_—

— 8kin . 0.5 1 1 2 l
Dimmhyrphthnlale - 5 — 10 0.5 1 2 3
C Dimathyl sulfate — Skm. 01,42 0.5 A2 - — 3 8 8 15
Dinkrobenzens (all - 0.4 —_— -

isomers) — Skin........ 0.15 3 0.5 3. 2-Ethoxyethanol — Skin.. 100 370 150 560
Dinitro-o-creso! — Skin , _ 0.2 -_— 0.8 2-Ethaxyethyl acetate.

3, 5-Dinttrg-g-toluamide tmmmm ma'me) —

{Zoalene®)............. — 5 - 10 Skin.. 100 540 150 810
Dinitrotoluens — Skin ... ~ — 15— 5 | Ethyl acetate .. 40 1400 — —
Dloxane, tach, grade — : Ethyl acrylats — Skin . 25 100 -_ -

SKiNeei e 50 180 - - Ethyl alcohol (Ethanol) ... 1,000 1,900 - -
Dioxathion (D ‘ Ethylamine ................. 10 18 - -—
SKi —— 0.2 —_— —_ ]
Capital tstisrs rafer to Appendices. D —
Footnotes (a thry g) see Paga 31, Capita! Istiers refer to Appendices. )
1978 Addition. . . TTSesNotiee of Intendad Changes. .
16 _ 17 '
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ADOPTED TENTATIVE | ADOPTED TENTATIVE
VALUES VALUES ; YALUES VALUES
™A STEL : TWA STEL
Substance ppm* mllm:’ ppm® mlm," I Subsiance pom® l'll'“l'l'.) "l‘ll"’ mwm’”
E"&',,’fe‘i'h';}!{’, ketone | Fluorotrichioromethans .. 1,000 5,600 1,250 7,000
heptanone) 2 130 _ _ c ::"n::mlwe zg 33 5 —
Ethyl benzsne. .. 100 435 125 545 Formie acid ¢ ’ 4
Ethyi bromide 200 80 250 1,110 Fortural — Skin - " =
Ethylbutyl ketone ' ura n.. § 20 15 80
(3-Heptanone) ......... 50 230 15 48 Furturyl alcohof — Skin . 5 20 10 40
Ethyl chloride.... 2800 1250  8.250 gm“m; e — B2~ 82
Ethyl ether ...... 1200 500 1500 erman umtet’n yd!lde 0 0.6 0.6 1.8
Ethyl formate "300 150 450 . Glass, fibrous” or dust .. -— 10 — —
Ethyl m.mpnn 1 2 3 G Giutaralgehyds, activated
- Ethyi sillicate .. (850) 2 3 . or unactivated .......... —  (025) — -
Ethylene X _ F -, Gﬁﬁm :2 Ist3 Epoxy ...... — 3 — E
CE —_— 1 \ 3 -
Hylons chi chioohydia — ] A i 1-prORANOl) ............ 50 150 75 225
Ethylenediamine.......... 10 5 — g Blycol monoethy! ether,
. Bhylene Iﬂblolﬂlde. see , ueé;ﬁthoxytﬂ'laﬂal 400 a70 15 560
1, 2-Dibromosthane .., 20) 155 30 [ = SKIN s eiiini e
** Ethylene dichiorlde, see (s eu @0 i gﬁg::::.(s;lﬁhﬂ' - - -
Eooiotane . (0) @00} (75)  @00) l Azinphos-methyl —
dicuate .............. - 10 — 20 I @ Skin.... - 0‘5 - 0.6
Vagor................. 100 260 125 32§ | Hamiom . T i = 2
C Ethylene giycol dinftrate _ Hekom T S
oy Nurogoer e , £ Heptachior — Skin ....... — 05— 2
Ethylene giycol e O - - Heptane {n-Heptane) ... 400 1,600 600 2,000
monomethyl ather i Hexachlorowclopema-
acetate (Methy! 1 diene... e 0.01 01 00 0.3
callosoive acstate) — ' Hexachiorosthane —
Skin......... 25 120 35 N " kin N o 1 10 3 <
Ethyfene oxide.. 50 20 75 i35 | exaCSKt?mnannma ene
Etrulcnlmlne_s .5 1 - e —SKif e - Q0.2 — 08
Ethylidene chioride, see Hexafluoroaceton .. 0.1 0.7 03 2
V. 1-Dichioroethans ... 200 - 810 250 1,010 - Hoxane (o hexane) 0 30 125 450
C Ethylidens norbormene ... 5 25 — i "‘;"""?' e
N- Ethyimurnnolma—- . Pk“l’ oramide -~
Skin. . e 20 94 _ — L DR A2 A2 — —
Fansulfothion ( - 0.1 — — 2-Hexanone, see Methy!
Ferbam — w el butyl ketone —Skin.. 25 100 40 165
an-w.nw,um du - " _ 03 - Hexone (Methy| sabutyl
Fluorids (as F). — 2.5 - - katone} — Skin ........ 100 410 125 510
__ Fluorine ....... L 2 2 4 Capitat letiars reter to Appendices.
Capha letiers refar 10 Agpendixes. F?gt;nsom {a thu g) see Page 31.
SeeNotica of ntended Chimges. **See Nutlu nf Intented Changes.
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ADOPTED TENTATIVE ~ ADOPTED TENTATIVE X
VALUES VALUES : VALUES VALUES ‘
WA $TEL ’ TWA STEL 1‘
Substance ppm®  mg/m?”’  pamo  mg/me” Substance ppm® mg/m?  pome  mg/m?” .:"
sac-Hexyl acetate 50 300 —_ — Limestone.......... — E — 20 i
C Hexylene pfycol . R 25 125 — - Lindane — Skin — 0.5 — 1.5 " .
Hvdrazine — Skin . . 0.1, A2 0.1, A2 — — Lithium hydrlde — 0.025 — _ i
Hydrogen ..o F — F - L.P.G. (Liguified '
Hydrogenated terphenyls 0.5 5 — -_ patroleum gas) . 1,000 1,800 1,250 2,250
Hydrogen bromide........ 3 10 —_— - Magnesite, . . — E - 20
C Hydrogen chloride ......... 5 7 -_— —_ M:qnmum oxide fume
- Hydrogen ctyanide — (as Mg)... — 1 —
...................... (10) () (8 (18) Malathion — ki ........ — 10 - —
Hydrouen flvoride......... 3 2 - —_ Maleic anhydride. ......... 0.25 1 - —_
Hydrogen paroxide ....... 1 15 2 3 C Manganess &
Hydrogen sailenide ........ 0.05 0.2 — — Compounds (as Mn} .. — 5 - -
Hydrogen sulfide........... 10 15 15 27 ; - Manganess
Hydroguinone ... — 2 — 4 cyclopentadieny!
Indene .. “ 10 45 15 70 - tricarbanyl (as Mn)-—
ndium & compounds : Skin. . — 0.1 - 0.3 ‘
{as in).. — 0.1 - 0.3 . Mangamse Tetroxlde - i -
c Iodlne......... - 0.1 ) -_— - Marble/cakcium
lodoform ........ n.e 10 1 20 carbonate ...l — E - 20
iron oxide fume ... . B3 5 - 10 . Mercury (Alkyl
Iron M‘C.monﬂ.u..... 0.01 D.08 _— — compounds) — Skin,
Iron salts, soluble (as - @8 HE) .vereervvisiarns, 0,001 0.01 0,003 0.03
) SRR — 1 - 2 Mercury (All forms
Isoamyl acetats ........... 100 526 125 855 « axcept llkyl), as Hu — 0.05 - 8.15
Isoamyl acohol ... 100 360 125 450 * Mesltyl oxide .. 25 100 - —
Isobuty! acstats .... 150 700 187 875 . Methane.. F —_ F —_
isobytyl alcohal .......... 50 150 75 25% Methanethioi, see Methyl
" Cisophorone ..........c..... 5 25 - -— mercaptan .............. 0.8 1 —_ -
Isophorone Methomyl (Lannate®) —
diigocyanate — Skin .. 0.01 0.08 — - SKIN . cocenveercancniene - 2.5 —_ -
isopropy! acetate .. 250 %0 30 11853 MethoxyChlar..........v.rs - 10 — -
Isopropyl glcohol — SKIH 400 880 500 1,225 2-Mathoxyethanol —
Isopropylaming... - 5 12 10 24 Skin (Methy!
Isopropy! sthet .. 25 1050 310 1,320 celiosolve) .. 25 80 35 120
Isonmwl olycldyl tther Msthy( acstate. 200 810 250 760
(IGE).. 50 240 75 360 Methy! acetyien
I — E —_ 20 (PTOPYN®) «ov'vreeveenns 1,000 1,850 250 2,040
Ketone.....oooreiruinirins 0.5 08 1.5 3 Maethy!
Lead, inozc fumes & acetylans-propadiens
dusts (a5 Pb).. - 0.15 - 0.45 mixturs (MAPP)........ 1000 1800 250 2250
Lead arsenate (as Pb)... - 0.1 - 0.45 Methy| acrylate — Skin .. 10 35 —_ -
Lead chromate (as Cr) ... — 0,05, A2 — -
Capital lattars refer to Appendi 0es. Capital letters rafer 1o Appendices
**See Notice of Intended Changes. * 1878 Addition.
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ADOPTED TENTATIVE ADOPTED TENTATIVE
VALUES VALUES VALUES VALUES
TWA STEL TWA . STEL R

Substance ppm” mg/m®  ppn®  mg/m?® Substance pn® mgim®  ppm® my/m*”

Methylacrylon llrlle —_ Mathyl ethy! katora
1 ) DO 1 3 2 ] {MEK), s0s

Methylal 2-Butanone .............. 200 590 300 885
(dimathoxymethane) .. 1,000 3,100 1,250 3,875 C Mathy! ethyl ketone

Mathyl alcohol peroxide........ccceen. 0.2 1.5 — —_
{methanel} — Skin .. 200 260 250 310 Methyl formate .. 100 250 150 375

Mathylamine ... e 10 12 — - Methy| iodide — Skln 5 28 10 S6

Methyl amy! aiconol sea Methyl isoamyl kslune . 100 475 150 710
Mathy! isobutyl Methy! Isobuty! cerbinol
carbinel — Skin ....... 25 100 40 160 — KN ..., 25 100 40 1685

Methyl| 2-cyanoacryiate .. 2 8 4 1§ Methyl sobutyl ketene,

Mathy| n-amyi ketone Hexone — Skin .. 100 410 125 510
{2-Heptanons).......... 100 465 150 710 Mmhyi isocvanate——

Methyl bromide ~— Skin . 15 60 —_ - Skin.. e 002 0.05 - -

Methyl butyl ketone, see Methyl mmaptan ......... 0.5 1 — —
2-Hexanone — Skin .. 25 100 40 185 Methyl methacrylate ... 100 410 125 510

Methyl cellosolve — Skin R Methy! perathion — 5k|n —_ 0.2 — 0.6
sae 2-Methoxysthanol. 25 [ 35 120 Methyl propyl ketone,

Methyl callosolve acetate see 2-Pentanone ....... 200 700 250 875
- SKin, s8s Ethylene C Methyl silicate............. 5 30 - —_
giycol monomathy! G a-Methyl styrene.......... 100 480 — —

racetate............ 25 120 35 170 Molybdenum {as Mo)

Methyl chlonds. ...cc.ouvu. 100 210 125 260 Soluble compaunds ... 5 — 10

Methyl chloroform (1, 1, nsoluble compounds . —_— 10 -— 20
t-Trlchloroethane)..... 350 1,900 450 2,380 Monocrotophos

Methylcyclohexane ....... 400 1,600 500 2,000 {Azodrin®) .. - —_— 0.25 —_ —

Methylcyclohexanal..... 50 235 75 350 Mon omethyl aniling —

o-Mathycyclohexanone Skin,. N 2 9 4 18
— Skin.. . 50 230 75 M5 c Monometrr/l hydrazmc

Mulhylwclunenwdwnyl — Skin . 0.2 0.35 — _—
manpansse tricarbonyt Morphollno —_ Skln 20 70 30 105
{as Mn) — Skin........ 0.1 D.2 0.3 0.6 Naphthaisne .. 10 50 15 75

Methyl camaton — Skin . —_ 0.5 - 1.5 ﬂ Napmhylamlne ......... —_ Alb _— Ald

C Methylene bisphany! F —_ F —_
isocyanate (MDI)....... 0.02 0.2 -_ — Nlckel umonyi 0.05 0.35 —_ —_

** Methylene chloride Nicke) metal . — 1 — —
(dichloromethane) .....  {200) (700)  (250) (870} Nicke!, soluble

4, 4'-Methylene bis compounds (as Nij .... — 0.1 —_— 0.3
(2-chigraniline) — Nickel sulfide roasting,

Skin.. .. 0.02, A2 - A2 - fume & dust (as Ni) ... —  1.AMa — —
¢ Mcthylene bls [4-cyclo‘ Nicoting — Skin .......... —_ 9.5 — 1.5
haxyllsocyanate} .....,. 0.01 1R} -— —_ Nitric acid . .c.o.oeveeeeen, 2 5 4 10
Capital Ietiers refar to Appendices. Capiat lafters refer 10 Appendicas
**See Notice of Intended Changes Footnotes {8 thru ) see Paga 31,
22 23
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ADOPTED TENTATIVE ADDPTED TENTATIVE
VALUES VALUES VALUES VALLES
TWA STEL . TWA STEL
Subsiance ppm”  mg/m>>  ppm  mp/m?” Substance ppm®  mg/m?’  ppm>  mg/m?’
Nitric oxide .. 25 . 30 36 48 Pantasrythritol... —_ E — 20
p-Hrtreanlﬂnu-— Skln 1 8 2 12 Pentans ....... 600 1.800 750 2,250
Nitrabanzene — Skin... 1 § 2 10 2-Pentanone .. 200 700 250 875
p-Nitrochiorobenzene — Parchlorosthylsni +
KM vveien - 1 — 2 Skin. . cervmene 100 870 150 1,000 i
d-Nitrodiphenyl.. —_ Alb —_ Alh Psrcnlumms!hyl :
Nitrogthane ......... 100 310 150 485 mercaptan .............. 0.1 0.8 — - '
C Nitrogen dioxide .......... 5 9 - - Perchioryl ﬂuoride ey 3 14 [ 28 o
Nirogen trifluoride ....... 10 29 15 45 Phanol —Skin............. 5 18 10 38 :!§
¢ Nitroplycerin — Skin..... 0.2 2 - - Phanothiazine — Skin... - 5 —_ 10 i
Nitromathane .. ........... 100 250 150 n p-Phenylens diamine — -
1-Nitrapropane .. 25 40 38 135 Skin.. —_ 0.1 - - i
** 2-Nitropropans... (25) (90) - - Phany! ether (vapar) 1 7 2 14 "
Nﬂnrmndlmethyiamhe . Phsnyt sther-| Diphsnyl b
(dimethylnitrosoamine) mixture (vapor) ........ 1 7 2 14 V-
SN e —_— A2 —_ A2 Phenyisthylene, see -
Nitrotoluens — Skin...... 5 Kli} 10 80 Styrene, monomer...,. 100 420 126 525 o
Nnmtrichloromthina. Pnonyl glycidyl exher '
ses Chloropicrin. .. 0.1 0.7 0.3 2 PGE} veesrravesessennoree 10 60 15 90 !'1
Nomane.. . 200 1,050 250 1,300 i Pnenyl merceptan.......... 0.5 2 —_ !
omchiomnaphlhm Phenylhydrazine — Skin. ] 22 10 44 I
— Skin .. - —_ 0.1 —_ 0.3 G Phenyiphosphine... 0.05 0.25 —_ - '
Octane. .. 300 1,450 375 1,80¢ Pharats (Thlmn')— ,
Oil mist, mineral .. — L4 -_ 10 Skin. — 0.05 — 0.2 -
Osmium tetroxids (zs ; Phosdrtn (Mevlnphos' } I
0s}... v 00002 0002 00008 0.006 . . 0.01 0.1 D0.03 0.3 "
Oxallc acid .. — 1 - 2 . Phusqunu [urbonw -
Osxygen ditluoride . 0.05 0.1 0.18 0.3 chloride) .. - 0.1 D.4 — — -
Ozxane.. e retm e .1 0.2 3 0.5 Phasphine ... 0.3 0.4 1 1 ;!
Parafin wax fume ........ - 2 -— 6 Phasphoric acid ... — 1 - 3 v
* Paraquat, resnlmble ’ Phosphorus (yeliow) ...,. - 0.1 - 0.3 il
8izes .. cere et _— 0.1 — —_— ** Phasphorus I
Parathion — SKin......... — 0.1 — 0.3 pentachiorios ... — m —~ 3 i
Parniculate pu!ywcnc Phosphorus pamuulﬂde — 1 — .
aromatic Phosphorus trichlorids .. 0.5 3 —_— — i
hygrocarbons (PPAB), Phthalic antydride ........ 1 [ 4 24 i
as benzene solubles .. — 0.2, Ala -— Als m-Phthalodinftrile.. _— 5 —_— —_— H
Pantaborana .. .05 0.01 0.015 0.0 . Plcioram (Tordor® _ 10 —_ 20
Pantachioronaphthaiens . - 0.5 - 2. Pieric acid — Skin,. —~ 0.1 - 0.3
Pentachlorophsnol — . Pivat® (2-Pivalyl-1
SKIN....coinriiicniine - 0.5 —_ 1.5 -~ indandione). -— 0.1 —_— a3
—_— Plaster of Paris ... . —_ £ —_ 20
Capital letters refer to Appendices. —_—
Foctnoles {a thru p) see Paga 31. Capital letters refer to Appendices.
*1978 Addition. 1578 Addition.
"*Sae Notlos of Intendsd Changes. **See Notlces of Intendad Changes,
24 25
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ADOPYED TENTATIVE ADOPTED TENTAYIVE
VALUES VALUES VALUES VALUES
TWA STEL TWA STEL
.Substance ppm®  mg/m?  pem® mg/m*™® Substance pprr! mg/m?’  ppm®  mg/m2”
Platinum (Soluble saits) + 3 Rubber sotvant
P ~ 0,002 - — (Naphtha} ... 400 1,600 - —
Patychlorshipheayls, see . Seienium enmpoun&s (as
Chioredighenyis — i Se . ~ 0.2 —_
Skin. i — — — -— Sa}emurn nexaﬂuonde
Patymnﬂuofnmmm % 23 5e .. 0.05 0.4 0.05 0.4
decamposition Sevin® lsao Carbaryi) -—_ 5 - 10
Progucts .. - Bi —_ 81 Silane (sae Slllmn
G Potassium hydroxlde ..... - 2 —_ -~ temhydnde) 0.5 7 1 2
Propane ... e F —_ F - Siticon .. - E — 20
B-Provlolwone ........... A2 - A2 Silicon carbide .. . — 3 20
Propargyl llcnhql - - Sliican telmhydnde
Skin.. 1 2 3 8 ESITTIT) SRR 0.5 07 1 2
n-Propy! aceme 200 840 250 1,050 ** Silver, metal and saluble
Propy} alcohol — SKin .. 200 500 250 625 compounds, a5 Ag .. —  {0.01) —  {0.03)
n-Propyl nitrate .. " 25 105 40 470 C Sodium azide.............. 0.1 0.3 — —_
Propylene .. - F - F . Sodium flucroacetate
Propylsne dighioride (1, {1080) — 6kin ......... —_ 0.05 - 0.15
2-Dichloropropane)... 75 350 110 510 C Sodium hydroxide . —_ 2 - —
“G Propylene n!ycol ginkrate ¥ f:3- 1171, —_ 3 — - 20
- SKkin.. 0.2 2 -—_ -— Stibine .. . 0.1 0.5 0.3 1.5
Propylene gfycol ' Stoddand solven 180 575 125 720
monomsthyl ether ..., 100 360 150 540 Strychnine ......... — 0.15 —_ 0.45
Propylane imins — Skin ., 2 5 —_— —-— Styrene, monpmer
Propylena oxide .. 100 240 150 as0 (Phenylathylene) ....... 100 420 125 525
Propyne, see Meﬂryi . C Subtilisins (Proteoiytic
acatylang .......... 1,000 185 280 2,040 tazymes as 100%
Pyrathrum .. -_— 5 —_ 10 pure ciystaiiine
Pyridine ..... 5 15 10 30 (137,15 DO — 0.00006" _— -
Quinone . .... 0.1 0.4 0.3 2 Sucrose ...... - E - 20
RDX ~- Skin - 1.5 — 3 ** Sulfur dioxide ..., (5) 18) — -
Resorcinol .. 10 45 20 g0 Sulfur hexafluoride . 1,000 6,000 1,250 7.500
Rhodium, Mstal fume Sulfuric acld .. -— 1 -— —_—
and dusts {as AR}... — 0.1 -— 0.3 Sultur monochlaride...... 1 6 3 18
Soluhle salts {as Hh) - 0.001 — 0.003 Sulfur pantafivoride ...... 0.025 0.25 0.075 0.75
Ronnal s — 10 —_ — Sulfur tetrafivoride........ 0.1 0.4 0.3 1
Rosin core soider Suifory) fiupricy . . 5 20 10 A0
pyrolysis products (as Systox. sa¢ Damulon"
formaldehyde)... — 0.1 —_ 0.3 -~ Skin .. s 001 a.1 0.03 0.3
Rotenone (commercla:) — 5 —_ 10 2,4,57., . —_ 10 — 20
Rouge .. rreecren - E —_ 20 Tantaium ... — 5 — 10
Capital tetters refar to Appendices. Capitai teters refer 1o Appendices.
* 1978 Addition. ** See Nolice of Imended Changes.
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ADDPTED TENTATIVE ADOPTED TENTATIVE
VALUES VALUES VALUES VALUES
TWA STEL TWA STEL
Subsiance ppm” mg/m*”  ppme  mgrm” Substance pom® mo/m?  ppme  mg/ma®
TEDP — SKift,.ovarereernns - 0.2 -— 0.8 Thieam® .. ..o — 5 — 10
Taflon® uecomposﬂmn : Tin, Inorganic
products ., -_— Bt —_— B compounds, except
Teilurium & oo nounds SnHs and SnOz (as Sn) -_— 2 - 4
(as Te)... - 0.1 — - Tin, organic compounds
Tefiurkum hexafidorid (2s Sn) — Bkin ........ - 0.1 - 0.2
as T, 0.02 0.2 - - Tin oxide (as Sn}... — E -~ 20
TEPP — S 0.004 0.05 0.01 0.2 Titanium dioxide !as ). e E - 20
**C Terphenyls...... . ) {9) - - Toluene {tolual) — Skin .~ 100 375 150 560
1, 1,1, 2—Tatrlchlnm 2, **C Toluene-2,
2-dﬂmonmmne 500 4,170 625 5,210 A-dilsecyanate ﬂDI) 0.02} (0.14) -_ -_—
1,1,2, 2-Tmchion>1, o-Toluidine. .. prneene 5 10 44
2-gifiuproethans ....... 500 4,170 626 5,210 Toxaphene, set
1,12 . Chiorinatad umpmne
2-Tetrachloroethane > — Skin .. - —_ 0.5 —_ 2.0
—S$kin... 5 35 10 70 Tributyl phosphlte ........ - 5 — 5
Tamchlomthylene povy i “C 1, 2, 4-Trichlorobenzene 5 Ap - —
Parchloroelhylens — 1, 1, 1<Trichtorosthane,
skin.. e 100 870 150 1,000 888 Msthyi chioroform 350 1,900 440 2,380
Tmnchturomnnme ses 1,1, 2-Trlchloraathlnn
Carbon tetrachioride —5kin.. - 10 45 20 $0
S i 10 65 20 130 Tnchlurnathytma 100 535 150 8OO
Tetrachioronaphtiwaiene .. —_ 2 - 4 ® Trichloromethane, soe
Tetraethyi iead (as Pb) Chlaroform . 10, A2 50, A2 —_ —
—5kin... = 01007 —_ 0.3 Trichlaronaphthalene ... -— 5 -— 10
Tatuhydmfumn 200 590 250 738 1,2, 3-Tncnloronmpane 50 300 75 450
Tetramathyl lead (as Pb) . 1,1, 2-Triehloro 1, 2,
= 8KIn .. - 0.150" - 05 2-trifluorosthane ,...... 1,000 7.600 1,250 9,800
Tolumelhyl ¥ Triethylamilne .............. 25 100 40 160
succinonitrile — Skin . 0.5 3 2 9 Tricyclohexyltin
Tetranitromethane ........ 1 8 - -— twdroxide (Plictran® ) . —_ 5 - 10
Tety! (2, 4, Trifluaramanabromo-
B-trinitrophenyl- methane................. 1,000 6.100 1,200 7,300
molhylrmmlna) Teimethyl benzene ........ 25 125 35 170
SKin, e 15 - 3.8 2, 4, B-Trinttrophenal,
Thalllum, solubig se8 Picric acid — Skin -— 0.1 - 0.3
oompounds (us ‘N) - 2, 4, 6-TrinAropheny|-
Si'un erreres -~ 0.1 - - methyintramine, see
4.4 -Thlobls (6 tsft Tetryl — Skin ........... — 1.8 —_ 3.0
butyl-m-cresol}......... -~ 10 - 2] *C 2, 4, 6-Trinkrotoluene
* Thioglycolic acid . ......... 1 5 -_ - TNT) oo — 05 _— —
Caphtal letters rafer 1o Appendices. Capital letters refer 10 Appendices.
"1878 Addition. 1978 Addition
*"See Notice of Intanded Changes. “*See anm of Intended Changas.
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ADGPTED TENTATIVE
VALUES VALUES
TWA STEL
Substancs gpm® mg/ma”  ppm® my/m”
Triorthocresyl phosphate - 0.1 -— 0.3
Triphery! phosphate...... - 3 - §
Tungslen & compounds, :
aW
Soluble — 1 -_— 3
insoluble — 5 - 10
Turpantine 100 580 150 B4D
Uranlum (natural)
soluble & Insotuble .
compounds, as U...... - 0.2 - 0.6
Vanadlum [V; 0s), a5 v
Dust ... —_— 0.5 —_ 15
G Fume ... — 0.0% -_— -
* Valeraidshyde .. . 50 175 — —_
Vinyl acetate .... ... ...... 10 30 20 60
Vinyl benzene, ses : i
VIR .ccoveriveraneaen 100 420 150 830
** Vinyl bromide .. s (250)  {1,100) —_ —
** Vinyl chioride (A1g) — (Alc) —
Vinyl cyanide, see ’
Acrylonitrite — Skin ... 20 45 30 85
Vinyt cyclehexane .
dioxide ..os iy 10 60 —_ —
Vinylidene chioride ....... 10 40 20 80
Vinyl toluane. .. e 100 430 150 720
Warfarin, . " - 0.1 - 0.3
Welding fumas (NOC)* . — 5, B3 - B3
Wood dust
{nonallergenic) ......... - § — 10
Xylene (0, m-, :
p-isomars} — Skin . ... 100 435 150 655
C m-Xylene &, «’-diamine . —_ 0.1 - -—
Xylidane — Skin .. 5 25 10 L))
Ytirium .......... —_ i —_ 3
Zing ghtoride fum . _— i — 2
Zinc chromate (as Cr) — 0.05, A2 — —_
Zinc oxide fume .. - 5 —_ 10
Zinc stezrats .. - E — 20
Zlreonlum compounds
(as 2r)... —_ 5 —_ 10
Capital ietiars refar 10 Appendices.
+(NOC) not otherwise ciassitisd
" 1978 Addition.
**8ae Notice of Intended Changes.
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a) Parts of vapor or pas per million parts of gontami-
nated air by volume at 25°C and 760 mm. Hg. pres-
sure.

b) Approximate milligrams of substance per cubic meter

of air.

¢) An atmospheric concentration of not more than 0.02
ppm, or personal protection may be necessary to
avoid headache for intermitient exposure.

g) < 7 um in diameter.

1) As sampled by method that does not collect vapor.

@) For control of genaral room air, biologic monitoring
is essential for personnel contro!,

Radioactivity: For permissible concentrations of radio-
isotopes in air, ses J.S. Department of Commerce, Na-
tional Bureau of Standards Handbook 69, “'Maximum
Permissible Body Burdens and Maximum Permissibie
Concentrations of Radionuclides in Air ang in Water for
Occupational Exposure,” June 5, 1959; Addendum 1,
August 1963 (NCRP Report No. 22). Also, ses U.S. De-
partment of Commerce Natlonal Bureau of Standards,
Handbook 59, ‘'Permissible Onse from External Sources
of lonlzing Radiation,” September 24, 1954, an adden-
dum of April 15, 1958, A rapart, Basic Radiation Protec-
tlon Criteria, published by the National Committee on
Radiation Protection, revises and modemizes the con-
cept of the NCRP standards of 1954, 1957 and 1958;
obtainable as NCRP Rept. No. 39, 7910 Woodmant
Ave,, Washington, D.C. 20014.

MINERAL DUSTS

Substance
SILICA, $i02
Crystalling

Quartz TLV in mppef®:

300°
% quarz + 10
TLV for respirable dust in
my/m3:
10 mg/m¥”

% Resplrable quartz + 2
TLV for '‘total dust,” respirabls
and nonrespirable:

30 mg/m?
% quartz + 3

31
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Cristobalite .......... Use one-half the value calculated
from the count or mass formutae
for quartz.

Tridymite Use one-haif the value calcutated
trom formulae for quartz.

Sllica, fugsed Use guartz tormulae.

Tripofi Us@ respirablg” mass quariz for-
mula

**Amorphous ....... Cetretetriir e esaeseenaars (20 mppct®)
SILICATES {< 1% quarty)

** Asbestos, all forms (5 fibars/ce>
Spmin
tength™; Ata)

Mica 20 mppcf
Minerai wool tiber 10 mg/m3
Perlite 30 mppef
Portiand Cement 30 mppet
Soapsione 20 mppet
Talc (nonasbestiform) 20 mppef

**Tale (tibrous), use Asbestos limit.
**Jremolite, see Asbestos.
COAL DUST
2 mg/m?3 (respirable dust fraction < 5% guarkz).
i > 5% quartz, use respirable mass formula.

NUISANCE PARTICULATES
{ses Appendix E)
30 mppef or 10 mg/m*™*
of total dust < 1% quartz, or, 5 mg/m? respirable dust.
Conversion factors: .
mppef % 35,3 = Million particles per cubic meter
= particies per cc

h) Mitions of particles per cubic foot of air, based on
Impinger samples counteg by tight-field technics.

i) The percentage of quariz in the formuta is the amount
determined from alrborne samples, sxcept In those
instances in which other methods have been shown
1o ba applicable.

[} Both concentration and percent quartz for the appii-

“*See Notice of intended Changes.
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cation of this limit are to be determined from the
fraction passing & siza-selector with the foltowing

R

characteristics: i

. Aerodynamic I
: Dlameter {m) % pasting o

(unit dsnsity sphere) selector it
l =2 80 .
i 2.5 75 i
! 3.5 50 X g
, 5.0 25 e
) 10 0 .

k) containing <1% quartz; if quartz content > 1%, use i

b formutae for quartz. .

B Lint-tres dust as measured by the vertical-elutriator, :

! cotton-dust sampler described in the Transactions of -
the Nationa) Conference on Gotton Dust, . R. Lynch, I

pg. 33, May 2, 1970. !
m)As determined by the membrane filter method at

400- 450X magnification (4 mm objective) phase can-

trast illumination.

n) Basad on “high volume' sampling.

0) “‘Resplrable’ dust as defined by the British Medical :
Research Councll Critaria {1) and as sampled by & '
device producing equivalent results (2}.

(1) Hateh, T. E. and @ross, P., Pulmonary Deposi-
tion and Retention of Inhaied Aerosols, p. 149.
_Academic Press, New York, New York, 1964,

(2) Interim Guids for Respirable Mass Sampling,
AlHA Rerosof Technology Commities, AHIA J. .
31:2,1970, p. 133. ’

NOTICE OF INTENDED CHANGES : ,
{for 1878) ' ;

These substances, with thelr corraspanding values,
comprise those for which elther & timit has been pro- ‘

posed for the first time, or for which a change in the i {

“Adopted’' listing has been proposad. In both cases, the
proposed limits should ba considered trial limits that will
remain In the fisting for a perlod of at least two years, H,
after two years no evidence comes to light that ques-
| tions the appropriateness of the values herein, the val-
i wes wifl be reconsigered for the “*Adopfed” fist. (Jogu:
mantation is available for sach of these substances.

33
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TWA STEL TWA STEL
Substance ppme_mg/m¥’ _ppm® mg/m¥ Substance ppm®_mg/m*  ppm= _mg/m”
* Aeetylsalit:ylic acid Ethyl silicate .. . 10 85 30 250
{Asplrin)... - 5 et - + Ethylsng dlbromlda' so0
+ Acrylonitsile. .. Alc Alc —_ = 1, 2-Dibromoathans .. Ale Afc —_ —_
Aluminum metal and t Emylane dichiaride, see
oxide... . - 10 — 20 1, 2-Dichloroethane ... 10 40 15 60
Aluminum pyra powdurs - 5 - - C Giutaraldatwde ............ 0.2 0.8 — —
Aluminumn welding fumes - 5 - — Haxachiorobutadiens ..... A2 A2 - —
Aluminum, soluble saits . - 2 - - +C Hydrogen cyanide —
Aluminum, alkyls {NOC)* — 2 - - Skin.. 10 10 — -
3-Aming 1, 2, 4-triazole . A2 A2 —_— — t Z—Hydroxypmpyi acryiule
+ Aniline and homologues — Bkin v 0.5 3 - —
— Skin - 2 i0 5 2 + Nelsopropylaniline —
Antimony, ‘Solubie salts LT TN 2 10 5 20
.. — 2z - - Manuanm fume (as I
MR} e — 1 _— 3 i
. - —A2 - - t Methylene ‘chloride
Arsenic {soluble}, - 0.2 - - (dichloromethane) ..... 100 360 500 1,700
Arsenic trioxide t 4, 4-Methylene dizniline . 0.1 0.8 0.5 4
production .............. - —An - — G 2-Nitropropane............. 25,A2 B0, A2 - -
- 0.1 - 0.3 Phenyl-beta-
- 10 - 1§ naphthytamine.......... A2 A2 — -
- 10 — 20 + Phasphorous
pantachlorids ........... 0.1 1 —_ —
Skin 5 - — - + Propionic acid... 10 30 15 45
C‘gmlu";ton’:“ 2 + Sitver, metal..... - 0.1 - — i
+ Carbon disulfide........... 10 30 —_ - : g:g:gm ?n{;":ﬂ::u,m_ ' _ § —_ —_ i
+ Chloroacetyi chipsids.....  0.05 0.2 -_— —_ + Sultur Gioxide ........... 2 I 5 15 '
* Chioromethyt mathy! 1C Torphenyls........... 0.5 5 - -
sther Atb Ab — - ‘ Tmmd,un;“"""""' |
t+ 8-Chibrepra 10 45 - - foohmh-'ﬂe - 5 —_ - '
Cobalt metal, dust & + Toluens-2, :
tume (8 G0} ,.ocvever ° °5 - 0.1 4-dilsocyanate (TDI)...  0.002. 0015 0.005  0.095 |
#C Cyanogan chloride. 03 - = . 1 Trichioracetk ac....... — 1 = - :
Cyclopeniane .. 300 550 450 1,000 + Viiny! bromide ... . 2,A2 - -
: ?.‘Z.'gltrumom“ - k - - - N ‘\lllayi?lnuvldo.ﬁ.. ) 19;3;6 466 1 556
Skin. Atc Ale _ _ aphtha......... )
+ Dichloromonotioro-
methane.........ccc...... i0 40 _— —
¥ Dichioropropene . 1 5 10 50
+ Diethanolamine. 3 15 — —_
+ Divinyl benzene .. . 10 50 —_ —_
t Epichlorhydrine — Skln.. 2 10 5 20
Caphal |etters rafer to Appendices
+1978 Revigion or Addition. Caphial letters rafer to Appendices.
*Noi otherwise classified {NOC]). 1978 Addition,
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ROTICE OF INTENDED CHANGES
MINERAL DUSTS

Substance T
+ Asbestos

AMOSHS...ccovvererennner. D5 fiber/ce, Al
Chrysothe...eeeceierirans 2 fibersice, Ala
Crocidolite .o 0.2 fiber/ce, Ala
Tremollte .......... w.. 0.5 fiber/ce, Al2
Other forms .......o..... 2 fibersice, Ala

Diatomageous sarih 1.5 mg/m3, Resplrable
natural .....o.oevees dust

Sliica, amorphous.......... 5 mp/m?, Total dust

(all sampied sizes)
2 my/m>3, Respirable
dust (< 5 um)

{ Talc (fibrous}........ crreras 0.5 fiber/cc

APPERDIX A
CARCINOGENS

Tha Committes lists below those substances in in-
dustrial uss that have provan carcinogenic in man, or
have induced cancer in animals under appropriate exper-
imental conditions. Present listing of those substances
carcinagenic for man takas three forms: Those for which
8 TLV has been assigned (ta}, those for which environ-
mental conditions have not been sufficiently defined to
assign & TLV (1b), and (1), those whose reassignment
of a TLV is awaiting mora definltive data, and hence
should be treated as & 1b carcinogen.

Ata. Human Carcinogens. Substances, or substances
assoclated with industrial processss, recognized to
have carcinogenlc or cocarcinogenic potentlal,

with an assigned TLV:
T
** Arsenic trioxide
production {Ase0a, 0.05 mg/m? as
As)
(802, € 5.0 ppm)

**See Notice of Inlended Changes
11978 Adaition.
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** Asbestos, alt forms*

{SbzCa, 0.5 mg/m? (as
sb

)
(5 fibersscc, > 5pem
In langth)

bis (Chloromethyl) ether  0.00%1 ppm
Chromite ore :

procassing

(chromate) 0.05 mg/m? (as Cr)
Nickel sutfide roasting, .

fume & dust 1.0 mg/m? (as NI}
Particulate Polycyclic

Aromatic

Hydrocarbons

{PPAH) 0.2 mg/m?, as

benzane soiubles

Vinyl Chloride § ppm

A1b. Human Carcinogens. Substances, or substances
associated with industrial processes, recognized to
_l;ave carcinogenic potential without an assignsad

.

Chloromethy! msthyi ether
4-Aminodipheny! (p-Xenylamine}
8enzidine production
beta-Naphthylamine
4-Nltradiphenyl

A1c. Human Carcinogens. Substances with recognized
carcinpgenic potential awaiting reassignment o'
TLV panding further data acqulsition:

Acrylonitrile
1, 2-Dibromoethane (Ethylene dibromide)

For tha substances in 1b or 1¢, no exposure or
contact by any route — respiratory, skin or oral,
as detected by ths most sensitive methods —
shall be parmitted,

“No exposure or tontact” means hermitizing the
process or oparatipn by ths best practicable engl-
neering mathods. The worker should be properly
equipped to insure virtually no contact with the
carcinogen.

*Gigarette smoking can entiance the incidence of resplratory cancers
trom this and others of thess substances or pracasses.

a7

AP00043630



A2. Industrial Substances Suspect of Carcinogenic Po-

tential for MAN. Chemical substances or sub-
stances assoclated with industrial processes,
which ara suspect of Inducing cancer, based on
sither (1) limited epidemiolagic evidence, excluslve
of clinical reports of single cases, or (2) demon-
stration of carcinogenesis in one or more animal
species by appropriate methods.

3-Amino 1, 2, 4-triazole
** Antimony trioxide production™ (0.5 mg/m3)

Benz?n)e 10 ppm

Benz(a)pyrene —

Baryllium 2.0 pgim?

*+ Cadmium oxide production (0.05 mg/m?)
Chioroform 10 ppm
Chromates of lead and zinc (as

Cr) 0.05 mg/m3
3, 3'-Dichlorohenzidine ——
Dimethyicarbamyt chioride —

1, 1-Dimsthyt hydrazine 0.5ppm
Dimethyl sulfate — Skin 0.t ppm
Epichiorhydrin 5 ppm
Hexachlorobutadlens _
Hexamethyl phosphoramide —

Skin E—
Hydrazine 0.1 ppm
Lead chromate 0.05 mg/m?
4, 4'-Methylene bis

(2-chloroaniline) — Skin 0.02 ppm
Monomethyl hydrazine 0.2 ppm

G 2-N'tropropane 25 pom
Nitrosamines —
Phenyi-bata-naphthylamine —
Propane suitane —
beta-Prapiolactones —_—

Vinyl cyclonexene dioxide 10 ppm
Zinc shromate (as Cr) 0.05 mg/m3

For the above, worker exposure by all routes
should be carefully controfled to levels consistent
with the animat and human experience data (see
Oocumentation), including those substances with
a listed TLV.

*Cigarette smoking can ephance the neldence of respiratory
cancsrs from this or othars of these substances ar processes.
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A3. Guidslines for the Classification of Experimenta)

ANIMAL Carcinogens . The foliowing guidelines are
offared in the present state of knowledge as an aid
in classitying substances in the occupational envl-
ronment found to be carcinagenic in experimental
animals. A need was felt by the Threshold Limits
Committee lor such 2 classification In order to take
tha first step in developing an appropriate TLV for
occupational exposure.

Dstermination of Approximate Threshold of Re-
sponse Requirement. In order to determine in
which category to classify an experimental carcin-
ogen tor the purpose of assigning an industrial air
itmit (TLV), an approximate threshold ot neoplastic
response must be determined. Because of practi-
cal experimental difficulties, a precisely defined
threshold cannot be attained. For the purposes of
standarg-setting, this s of iittie moment, as an ap-
propriate risk, of eafety, tactor can be applied to
the approximate thrashold, the magnitude of which
is dependent an the degree of patency of the car-
cinogenic response.

To obtain the best ‘practical’ threshold of neopias-
tic response, dosage decrements should be less
than logarithmic. This becomes particularly impar-
tant at lavels greater than 10 ppm (or correspond-
ing mg/m3}. Accardingly, aftar a range-finding de-
termination has been made by logarithmic
decreasas, two additional dosage levels are re-
quired within the levels of “‘effect’” and “'no effect”
to approximate the true threshold of neoplastic re-
sponse,

The second step shoufd attempt to establish a me-
tabolic relationship between animal and man for
the particular substance found carcinogenic in an-

imals, If the metabolic pathways are found compa-
rable, the substance should be classed highly sus-
pect as a carcinogen for man. if no such relation is
found, the substance should remain listed as an
experimental animal car¢inegen until evidence lo
the contrary is found.

Proposed Classification of Expsrimental Animal
Carcinogens . Substances qesurring in the accupa-
tional environmant found carcinogenic for animals
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A3a,

may be grouped Into threa classes, those of high,
jntermediate and low potency. in evaluating the in-
cldence of animat cancers, significant incidence of
cancer Is defined as & neoplastic responss which
reprasents, in the judgment of the Committee, 2
significant excess of cancers above that occurring
In ‘negative controls.

EXCEPTIONS: No substanca is to be considered an
occupational carcinagen of any practical signifi-
cance which reacts by the téspiratory route at or
above 1000 mg/m? for the mouse, 2000 mg/m3
for the rat; by the dermal route, at ar above 1500
mg/Kg for the mouse, 3000 mg/kg for the rat; by
the gastrointestinal routs a1 or above 500 mg/kg/d
for a lifefime, eguivalent to about 100 g 7.D. for
tha rat, 10g T.D. far the mouse.

These dosage Hmitations exclude such substances
as dioxane and trichlorethylene trom consideration
as carcinogens. :

Examples: Dioxans — rats, hepatocefiutar  and
nasal tumors from 1015 mg/kg/d,
oral )

Trichioroethylene — female mice,
tumors (30/88 @ 900 mg/kgra),
oral

INDUSTRIAL SUBSTANCES OF HIGH CARCINO-
GENIC POTENCY IN EXPERIMENTAL ANIMALS

1. A substance to qualify as & carcinogen of high
potency must fuifill one of the three foffawing
. conditions in two animal species:

¥

1a. Respiratory . Elicit cancer from (1) dosages -

below t mg/m? {or squivalent ppm) via the
respiratory tract in 6- 7-hour dajly repeated
inhalation exposures throughout lifetime;
or (2) from a single intratracheaily admin-
istered dose not exceeding 1 mg of parti-
culate, or liquid, per 100 mi or Iess of an-
imal minute respiratary volume;

Examplgs: bis-Chioromethyi ether, marign-
ant tumors, rats, @ 0.47
mg/m? (0.1 ppm} in 2 years;
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Hexamathyl phosphoramide,
nasal squamous cell carcino-
ma, rats, @& 0.05 ppm, in 13
months

OR

1b. Dermal. Eliclt cancer within 20 weeks by
skin-pzinting, twice weekly at 2 mg/kg
body weight or less per application for a
fotal dose squal to or less than 1.5 mg, in
a biotogicaily inert vehicls;

Examples: 7, 12-Dimethylbenz(a)anthra-
cene — skin tumors @ 0.12-
0.8 mg T.D. in four weeks

-Benz(a)pyrene, mice 12 pg,
3X/wk for 18 mos. T.D. 2.6

'mg, 90.8% skin tumors
OR

1c. Gastrointestingl. EMcit cancer by dally in-
“take via the gastrolntsstinal tract, within
six months, with a six-month helding
period, at a dosage below 1 mg/ky body
weight per day; total doss, rat, = 50 ing;
mouse, < 3.5 mg;

Examples: 7, 12-Dimethylbenz(a)anthra-
cene - mammary tumors from
10 mg 1X

3-Methyicholanthrens —
Tumors @ 3 sites from 8 mg

in 89 waeks

Benz(a)pyrene, mice, 3.8%
leukemias, from 30 mp T.D.
198 days

2. Elicit cancer by il three routes in at least two
animal speclss at dose levals prascrived for
high or intermediate potency.

A3b. INDUSTRIAL SUBSTANCES OF INTERMEDIATE

m&WDGENIC POTENCY IN EXPERIMENTAL AN-

To qualify as & carcinopen of intermediate potency,
a substance should elicit cancer In two animal spe-
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cies at dosages intermediate between those de-
scrived in A3a and A3c by two routes of adminis-
tration.

Example: Garbamic acid ethyl ester
Dermal, mammary tumors, mice,
100%, 83 weeks, 500-1400 mg T.D.
Gastrointestinal, verious type tumors,
mice 42 weeks, 320 mg 7.0.

Gastrointestinal, various type tumors,

rats, 60 weeks, 110-930 mg T.D.

. INDUSTRIAL SUBSTANCES OF LOW CARCINO-

GENIC POTENCY IN EXPERIMENTAL ANIMALS

To qualify as a carcinogsn of iow potency, & sub-
stance should elicit cancer in one animal species
by any one of three routes of administration at the
fotlowing prescribed dosages and conditions:

1a. Respirgtory. Elicit cancer from (1) dosages
greater than 10 mg/m® (or aquivalent ppm)
via the respiratory tract in 8- 7-hour, daily re-
peated Inhalation exposures, for 12 months’
exposure and 12 months' observation pariod;
or {2) from intratracheally administered dos-
ages totaling more than 10 mg of particulate
or liquid per 100 ml or more of antmal minute
respiratary volume;

Examples: Baryl (beryllium aluminum silicate}
malig. lung tumors, rats, @ 15
mg/m¥ @ 17 months

Benzidine, var. tumors, rats,
10-20 mg/m? @ > 13 mos.

OR

1b. Dermal . Elicit cancer by skin-painting of mice
in twice weekly gosages of > 10 mo/kg body
weight in a biologically inert vehicle for at

lsast 75 weeks, l.e., = 1.5 T.D.

Examplss: Shale tar, mouss, 0.1 ml X 50 —
¢ 7.D. 59/60 skin tumors

Arsenic trioxide, man, dose un-
known, but estimatsd to be high

1c. Gastrointestinal. Elicit cancer from daily oral
42

dosages of 50 mg/kg/day or greater during
the lifetime of the animal.

APPENDIX B
SUBSTANCES OF VARIABLE COMPUSITION

Bt Polytetrafivorasthylene® decomposition products.
Thermal decomposition of the fivorocarbon chaln in
air teads to the formation of oxidized products con-
tatning carbon, fluoring and oxypen. Because thase
products decompose in part by hydrolysis in alkaline
soiution, they can be quantitatively determined in air
as fivoride to provide an index of exposure. No TLY
is recommended pending determination of ths toxl-
city of the products, but air concentrations should
be minimal.

B2 Gasoline. The composition of gasoting varies greatly
and thus a single TLV for all types of these materials
is no longer applicable. in general, the aromatic hy-
drocarbun content will determine what TLV applies.
Consequently ths cantent of benzene, other aromat-
lcs and additives should be determined to arrive at
the appropriate TLV (Elkins, st al. A, |LH.A.J. 24:99,
1963); Runion, ihid. 36, 338, 1975).

B3 Welding Fumes — Total Particulate

{Noc »e
TLV, Smgim?

Welding fumes cannat be classified simply. The com-
position and quantity of both are dependent on the alloy
being welded and the process and electrodss vsed. Reli-
able analysis of fumes cannot be made without consider-
ing the nature of the welding process and system being
examined; reactive metals and alloys such as aluminum
and titanium are arc-welded in a protective, inert atmo-
sphere such as argon. Thess arcs create relatively little
fume, but an Intense radiation which can produce ozone.
Similar processss are used to arc-weld stsals, also
creating a retatively low level of fumes. Ferrous alloys
also ars arc-welded in oxidizing environments which
generate considerable fume, and can produce carbon
monoxide instead of pzone. Such fumes genarally are
composed of discreet particles of amorphous slags con-

*Tiade Names: Algofion, Fluon, Haloa, Teflon, Tetran,
** Not otherwise classified (NOC},
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taining Iron, manganese, siflcon and other metallic con- )

stituants depending on the alloy system involved. Chro-
mium and nickel compounds are found in fumes when
stainiess staels are arc-weided. Some coated and flux-

cored elestrodes are formulated with fisorides and the -

fumes assdclated with them can contaln significantly
more fluoriées than oxides. Because of the above tac-
tors, arc-welding fumes frequenty must be tested for
individual constituents which ara likely to be present to
detarming whether specitic TLV's are exceeded. Conclu-
sions based on total fume concentration are generally
adequata |f no toxic elements are present in welding rod,
- metal, or metal coating and conditions are not conducive
to the formation of toxic gases. .
Most welding, even with primitiva ventilation, does
not produce expasures iside the welding heimet above
5 mg/m?. That which toes, should be controlied.

APPENDIX C
MIXTURES

C.1 THRESHOLO LIMIT VALUES
FOR MIXTURES

When two or more hazardous substances are pres-
ent, their combined effect, rather than that of elther indi-
vidually, should be givan primary consideration. In the
absance of information to the contrary, the sffects of the
different hazards should be cansidersd as additive. That
is, if the sum of the following fractions,

G . Ce G
s uie I A

exceeds unity, then the threshold Himit of the mixture
should be considered as being excesded. Cs Indfcates
the observad atmospherit concentration, and Ty the cor-
responding threshold limit (See Exampls 1A.a. and
1A.0.).

Exceptions to the above rule may de made when
there is 2 good reason to baileve that the chlef eifects of
the different harmful substances are nol in tact additive,

. -wutimdependent as when purely local effects on ditferent
organs of the body are produced by the varlous compo-
nents of the mixture. In such cases the threshold limit
ordinarily Is exceeded only when at least one member of
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) 2] Ca
the series (—ﬁ + or + - elc.) itself has a value

excsading unity (See Exampla 1A.c.).

Antagonistic action or potentiation may occur with
some combinations of atmospheric contaminants, Such
cases at present must be determined individually. Poten-
tiating or anfagonistic agents are not necessarily harmful
by themselves. Potentiating effects of exposure to such
agents by routes other than that of inhalation is also
possible, e.g. imbibed aicohol and inhaled narcotic
(trichlorosthylens). Potentlation is characteristically exhl-
bited at high concentrations, lsss probably at low.

When a glven operation or pracess characteristicaily
emits & number of harmful dusts, fumes, vapors or
gases, It will frequenily be only feasible to attempt to
evaluate the hazard by measurement of @ single sub-
stance. In such cases, the threshold limit used for this
substance should be reduced by a sultable factor, the
magnituda of which will depend on the number, toxiclty
and retative quantity of the other contaminants ordinarily
present.

Examples of processes which are typically assaciated
with two or more harmtul atmospheric contaminants are
welding, automoblle repair, blasting, painting, lacquer-
ing, cartain foundry operations, diesel exhausts, ate.

C.1A Examples of
THRESHOLD LIMIT VALUES
FOR MIXTURES

The fotlowing formulae apply only when the compa-
nents in a mixture have similar toxicologic effects; they
should rot be used for mixtures with widely differing
reactivities, e.g. hydrogen cyanide & sulfur dioxide. In

such case the formula for independent Etfects (1A.c.)
should be used.

1A.2. General case, where alr Is analyzed for sach com-
ponent:

a. Additive effects. (Note: It is essential that the
atmosphere be analyzed both qualitatively and
quantitatively for sach component present, in
order to evaluate compliance or noncom-

pliance with this calculated TLV.)
Cr Cz Ca )
T + Tz + —'—T; +...=1
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Example No. 1A.a.. Alr containg 400 ppm of acetons
(TLV = 1000 ppm) 150 ppm of
secbutyl acetate (TLV = 200 ppm)
and 100 ppm of 2-bulanone (TLV
= 200 ppm)

Atmospheric concentration of mix-
ture = 400 + 150 + 100 = 650
ppm of mixture

400 150 100
<000 4---—200 § —_— =5 =04+075+05=185

Threshold Limit is axceeded.

1A.b. Special case when the source of contaminant Is a
liquid mixiure and the atmospheric composition is
assumed to be similar to that of tha original mate-
rial; e.p. on a lime-weighted average exposure
basis, all of the liquid (solvent) mixture eventually
evaporates.

Additive effects (approximate solutlon)

1. The percent composition (by welght) of the
liquid mixture is known, the TLVs of the
constituents must be listed in mg/m?.

(Note: In order to avaiuals compliance with
this TLV, field sampling instruments should be
calibrated, in the laboratory, for responss to
this specific quantitative and qualitative air-
vapor mixture, and also to fractional concen-
trations of this mixture; e.g., 1/2 the TLV;
1710 the TLV; 2 x the TLV: 10 x tha TLV;
efc.)

TLV of mixture =
1

. % . T
I, T, T T,

Example No. 1 Liquid contains (by weight}
50% heptane: TLV = 400 ppm or 1600 mgrm?

EN

[EE TR 1Y
—. -

20% perchloroethylene: TLV = 100 ppm or 670
mg/m3
1 mg/m> = 0,15
ppm
1
0.5 03 02
1600 T 1900 * 670
1
0.00031 + 0.00016 + 0.00030

TLV of Mixture =

1
= To0e77 - 300 mg/m?

of this mixture
50% or (1300) (0.5) = 650 mg/m? is heptane
30% or (1300) (0.3) = 390 mg/m3 is methyl chloro

20"/- or (1300) (0.2) = 260 mg/m? is perchloroethylene

These vaiues can be converted to ppm as follows:

heptane: 650 mg/m3 X 0.25 = 162 ppm
methyl chioreform: 390 mg/m? x 0.18 = 70 ppm
perchlorosthylene: 260 mg/m3 x 0.15 = 39 ppm
TLV of mixture = 162 + 70 + 39 = 271 ppm, or 1300
mo/m?3
1A.c. Independent effects,
Alr contains 0.15 mg/m? of igad (TLV, 0.15) and
0.7 mg/m? of suifuric acid (TLY, 1

0.15_ .. 0.7 _
0.15 I 1 0.7
Threshold timit is not exceeded.
1B. TLV for Mixtures of Mineral Dusts.

For mixtures of biologically active mineral dusts the
genaral formuta for mixtures may be used.

For mixture containing 80% nonasbestiform talc
and 20% quariz, the TLV for 100% of the mixture is
piven by:

1 mg/m?* = 0,25 ppm 1 .
30% methyl chioroform: TLV = 350 ppm or 1900 TV = 5= 9 mppc!

me/m> 20 27

1 mg/m¥ = (.28 .

ppm TLV of nonasbestiform tal¢ (purs) = 20 mppef
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TLV of quartz (pure) =
300 _ 300
100+ 10 110

Essentially the same result will be obtained H tha
limit of the mors (most) toxic component Is used
provided tha effects are additive. In the above ex-
ample the fimit for 20% quartz is 10 mppct.

for another mixture of 25% quartz, 25% amor-
phous silica and $0% talc:

25% quariz =~ TLV (pure} = 2.7 mppct
25% amorphous silica — TLV (pure) = mppocft
50% talc TLV (pure} = 20 mppcf

;
TLY =
0% .05, 05

2.7 20 20
The fimit for 25% quartz approximates 3 mppcf.,

= 2.7 mppef

8 mppcf

APPENDIX D
PERMISSIBLE EXCURSIONS FOR TIME-
WEIGHTED AVERAGE (TWA) LINMITS

The Excursion TLY Factor in the Tabie automaticatly
deflnes the magnitude of the permlssible excursion
above the fimit for those substances not piven a "C"
designation; i.e., the TWA limits. Examples in the Table
show that nitrobsnzane, the TLV for which is 1 ppm,
should never be allowed to exceed 3 ppm. Similarly,
carbon tetrachloride, TLV = 10 ppm, should never bs
allowed to exceed 20 ppm. By contrast, thoss sub-
stances with a “‘C"" designation are not subject to the
ex;;:rslan factor and must be kept at er below the TLV
cehing.

These limiting excursions are to be considered to
provide a ‘rule-of-thumb™ guidance for listed sub-
stances generally, and may not provide the mast appro-
priate excursion for a particular substance e.g., the per-
missible excurslon far CO is 400 ppm for 15 minutes.

For appropriate excursions for 142 substances con-
sult Pa. Rules & Regs., Chap. 4, Art. 432, and "*Accept-
able Concentrations,'’ ANSI.
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Max. Congc.

Permitted
Excursion  for short
Substance LV _ Factor time
Nitrobenzene 1 3 2
Carbon tetrachloride 10 2 20
Trimethyl benzene 25 1.5 35
Acetone 1000 1.26 1250
Boron triftuoride C1 —_ 1
Butylamine cs —_ 5
EXCURSION FACTORS
For all substances not bearing G notation
Excursion
TLV>0-1  (ppm or mg/m3), Factor =3
TLV> 110 " " =2
TLV>10-100 ° " = 1.5
TLV>100-1000 " " = 1.25

The number of times the excursion above the TLV is
parmitted is governsd by confarmity with the Time-
Weighted Average TLV.

INTERPRETATION DF MEASURED
PEAX CONCENTRATIONS

With increasing usz-of rapid, direct-reading analytical
instruments for airborna contaminants in the work area,
the question of Interpystation of essentially “instanta-
neoys’’ peaks arises. Although no general statement can
be made covering all accupational substances, the foi-
lowing guidelings sheuld prove helpful, assuming peak
excursions confarm 20 time-weighted average TLV as
stated above.

The toxicologic importance of momentary peak eon-
centrations depends on whether the substance is fast or
slow acting. If siow acting, as for quarz, lead, or car-
bon monoxide, momentary peaks are of no toxicolagic
concarn provided, of course, they are not astronomic.,
On the other hand, fast-acting substances that rapidly
produce disabling nargosis, €.9., Hz2 8, or intolerable irri-
tation or asphyxiation, NHs, $02, 002, or initiate sansitiza-
tion — the organic Fsocyanates, even ‘‘instantaneous’
peaks appreciably above the permissible excursian,
should not be parmittad, unless Informationexists to the
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contrary. Other more specific excursions will be devel-

oped in the future.

APPENDIX E
Some Nuissnoe Particulates”
TLV, 30 mppet or 10mg/m? of total
dust < 1% quartz, or, 5 mg/m*

raspirable dust
Alundum (Alz Ga) Limestone
Calcium carbonate Magnesite
Calcium sitlcate Marbie

Celiuiose (paper fiber) Minsral Woo! Fiber
Portland Csment Pentaerythrito!
Corundum (Alz 0a) Piaster of Paris
Emery Rouge
Giycsrin Mist Silicen
Graphite (synthatic) Silicon Garbide
Gypsum Starch
Vegetable oif mists Sucrose

(except castor, cashew Tin Oxide

nut, or similar irritant
oils)
Kaalin

Titanium Dioxide
Zinc Stearate
Zinc oxide dust

p) When toxic Impurtties are not present, 8.g. quarz <
1%.

APPENDIX F

some Simple Asphyxlants®
Acetylens Hydrogen
Argon Mgthane
Butane Naon
Ethane Propane
Ethylene Propyiene
Helium

q) As defined on pg. 6.

APPENDIX G

Calculations for Conversion of Particle Count Concen-
tration (by Standard Light Field — Midget Impingar
Techniques), In mppef, to Respirable Mass Concentra-
tlon (by Respirable Sampler) in mg/m3.*

+"Ralationship Bewesn Gravimelric Respirable Dust Congentration and

Migget Impinger Number Concentration. ' by Murray Jacobson and T. F.
Tomb, AHHAJ, 28: Nov.-Dec. 1967.
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1. In 1867, Jacobsen and Tomb,* derived an empir
cal refationship of 5.6 mppef 10 1 milligram
respirabfe dust per cubic meter of air, baseu ¢
23 sels of samples, mostly coal dust, The follox
ing calculation results in an equivalence of 6.:
mppef to 1 mg/m3 of respirable dust. Thus, ¢
approximate ratio of § mppct to 1 mg/m? of r
spirable dust is suggested for conversion of TL\
from a count to & mass basis when the densi
ang rgass madian diameter have not been det¢
mined.

2. Basic assumptions:

a) Average density for silica containing dusts *
2.5 gmssom? (2500 mg/cm3). Pulmonary sic
nificant dust densities may vary from 1.
gm/em? for coal dust to 3.1 gms/cm3 f
Portland Cement. Silica densities vary fro
2.2 (amorphous) to 2.3 (cristobatite angd trid:
mite) 10 2.5 {alpha-quartz.) gms per tm2.

b) The mass median dlameter {mmd) of particle
collected in midget impinger sampiers ar
counted by the standard light field techniqu:
and collected in a respirable sampler is a;
proximately 1.5 um or 1.5 x 10~* cm. Th
assumption is, of course, quite arbltrary sinc
the mmd of all dust clouds is quite varizd
depending on many independent parameter:
such as source of dust, age of dust cloud, m:
teorclogical conditions, etc.

3. Calculation:

B) vol. per particle: 4/3 o= r¥; r = 0.75 x 10"
cm

= 43w {0.75 x 10-4)3

= 1.77 x 10~12 cmd

b) wt. par particle = val. % density
=177 x 1072 cm3 x 2.5 x 10% mg/cm?
= 4,425 x 10~% mg/particle
¢) 1 particle/#t.3 = 35.5 part./m®
{since 35.5cuft = ¥ cum.)
102 part./f13 = mppef = 35.5 x 108 part./m
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wt. of 1 mppef = 35.5 x 109 part./m? X
4,425 x 107* mg/part.

1 mppcf = 0.157 mg/m3
or
6.37 mppct = 1 mp/m3

. of approximately 6 mpcol = 1
mg/m3.

4, Equivaient TLVs in mppcf and mg/m3 (resplrable
mass) for Mineral Dusts,

Substance Threshold Limit Value
Gount Resp. Mass Total Mass®
mppef  mg/m? mg/m?

Sliica (5i02)

Amorphous 0 (@ (6)
Cristobalite 1.5 0.05 Q.15
Fused silica 3 0.1 0.3
Quartz 3 0.1 0.3
Tridymits 1.5 0.05 0.15

Coal Dust (12 2 @)

Dlalomaceous earth, .

f— .5 —_—

Grapmte (natu raf) 15 2.5 (5)

‘Mica 20 3) (8

Mingrat wool tiber — (5) 10

Nuisance particulates 30 (5) 10

Perlite 30 {5) (10;

Portiang Cemant 30 (5) {10

Soapstone 20 (3) (6)

Talg

(nonasbestiform} 20 3 (6}

Tripali &)] 0.1 {0.3)

“Uniase otherwise spacifiad, respirshie mass is presumsd to equal ap-
peoximately 50% of tots) mass.

** AN valuss In purentheses { } represant nawly caikulatad values bassd
an squivalance of & mppcf = 1 mg/m3 respicahie mags and respir-
able mass = 50% total mass.
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agsnts and represent conditions under which it is be-

lieved

PREFACE
PHYSICAL AGENTS
ese thrashold limit values refer 1o [evels af physical

that nearly all workers may be repeatedly exposed

day after day without adverse effect. Because of wide

variati

ans in individual susceptibility, exposure of an oc-

caslonal individual at, or even below, 1he threshoid limit
may not prevent annoyance, aggravation of a pre-exist-
ing condition, or physiological damage.

Th

ese threshoid limits are based on the bast available

infarmation from Industrial experience, from experimen-
tal human and animal studies, and when possible, from

acom

bination of the three.

These limits are intended for use In the practice of
industrial hypiene and should be interpreted and applled
only by a person tralned in this discipline. They are not

intend:

ed for use, or for modification for use, (1) in tha

evatuation or control of the ieveis of physical agents In
the community, (2) as proof or disproof of an existing
physical disability, or (3) for adoption by countries
whase working congdltions ditfer from those in the United
States of America.

These valugs are raviewed annually by the Committes
on Threshold Limits for Physical Agents for ravisions or
additions, as further Information becomes avallable.

Notice of Intant — At the beginning of each year,
proposed actions of the Committee for the forthcoming
year are issued in the form of a 'Notice of intent." This
notice provides not only an opportunity for comment,
: but soficits suggastions of physical agents to be added
to the list. Tha suggestions should bs accompanied by
substantiating evidgence.

As Legisfative Code — The Conference rscognizes
i that the Threshold Limit Values may be adopted in legis-
: {ative ¢codes and regulations. If sa used, the intent of the
' concepts contained in the Preface should be maintained
| and provisions should be made Yo keep the list current.
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Any comments or gquestions regarding these limits
should be addressed to:

Exacutive Secrelary
P.0. Box 1937
Cincinnati, Ohio 45201
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Repririt Parmission — This publication may be re-
printed provided that written permission s obtalned
from the Executivs Secretary of ths Conferance and that
this Preface be published in its entirety along with the
Thrashold Limit Vaiues.

THRESHOLD LIMIT VALUES
HEAT STRESS

These Threshold Limit Valugs refer to heat stress
conditions under which it Is believed that nearly all
workers may be repeatedly exposed without adverse
heatth effects. The TLVS shown in Table i ara based on
the assumption that nearly aft acclimatized, fully clothed
workers with adequate watar and salt Intake should be
able to function etfectively under the gliven working con-
ditions without exceeding a deep body tsmparature of
38°C (WHO technical report series #412, 1969 Health
Factors Invoived in Working Under Conditions of Hest
Strass; F. N. Dukes-Dobos and A. Henschal; "Develop-
ment of Pearmissibie Heat Exposure Limnits for Occupa-
tional Work.” ASHRAE Journal, Vol. 15: No. 8, Sep-
tember 1973, pp. 57-62.)

Since measurement of deep body temperature is im-
practical for monitoring the workers' haat load, the mea-
surement of environmental factors Is required which
most nearly correlate with deep body temperature and
other physiological responses to heat. At the present
time Wat Buib-Globe Tamperature Index (WBGT) is the
simplest and most suitable technique to measure the en-
vironmental factors. WBGT valuss are calculated by the
following eguations:

1. Outdoors with solar load:
WBGT =~ 0.7WB + 0.2GT + 0.1 DB
2. Indoors or Outdoors with no solar iaad;
WBGT = 0.7WB + 0.3GT
where:
WBGT = Wet Bulb-Globe Temperature index
WB = Natural Wet-Bulb Temperature
DB = Dry-Bulb Temperaturs
GT = Glgbe Thermometer Temperature
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The determination of WBGT requires the use of a black
olobe tharmometer, a natural (static) wet-bulb thermom-
gter, and a dry-bulb thermometer.

TABLE 1§

Permissible Heat Exposurs Thrashold Limit Values
{Vaiues are glven in °C. WBGT)

Work Load

Work — Rest Regimen, Light Moderate Heavy

Continuous work 30.0 26.7 25.0
75% Work — -
25% Rest, Each hour 30.8 28.0 25.9.
50% Work — -
50% Rest, Each hour 314 29.4 27.8
25% Work —

75% Hest, Each hour 22 31 30.0

Higher heat axposuras than shown in Table 1 are per-
missible If the workers have been undergoing medical
survelilance and it has been established that they are
more tolerant to work In heat than the average worker,
Workers shoutd not be permitted to continue their work
when their deep body temperature exceeds 38,0°C.

EVALUATION AND CONTROL

|, Measuremant of ths Environment

The instruments requirsd are a dry-bulb, a natural
wet-bulb, a globe thermometer, and a stand. The mea-
surement of the environmental factors shall be per-
formed as follows:

A, The range of the dry and the natural wet buib thar-
mometer shall bs —5°C to 50°C with an accuracy of
+0.5°C. The dry bulb thermometer must be shielded
from the sun and the other radiant surfaces of the envi-
ronment without restricting the airfiow around the bulb.
Ths wick of the natural wet-buib thermomster shall be

57

AP00043640



kept wet with distilled water {or at lsast 1/2 hour befors
the temperature reading is made. It Is not enough to
immerss the other end of the wick Into a reservoir of
distilled water and wait until the whole wick becomes
wet by capillarity. The wick shall be wetted by direct
application of water fram a syringe 1/2 hour befors each
reading. The wick shail extend over the bulb of the ther-
mometer, covering the stem about one additional bulb
length. The wick should always ba clean and new wicks
should be washed before using.

8. A globe thermomster, consisting of a 15 em. (6-
inch) diameter hollow copper sphere painted on the
autside with a matte black finish or equivalent, shall be
used. The bulb or sensor of a thermomater (range —5°C
to 100°C with an accuracy of =0.5°C) must be fixed in
the cenier of the sphere, The giobe thermameter shall be
exposed at least 25 minutes before it is read.

C. A stand shall be used to suspend the three tharmom-
aters so that they do not restrict frae afr fiow around the
tulbs, and the wet-bulb and globe thermometar are not
shaded.

0. it is permissible to use any ather type of temperature
sensor that gives identical readlng as that of & mercury
tharmomaier under the same conditions.

E. The thermometsrs must be so piaced that ihe reag-
ings are represematiye of the condition where the men
work or rest, respectively,

The methodology autlined above is more fully ex-
piained in the following publications:

1. “Pravention of Heat Casualties in Marina Corps Re-
cruits, 1955-1960, with Comparative Incidence Rates
and Climatic Heat Stresses In ather Training Catego-
ries," by Captain Davig Minard, MC, USN, Resaarch Rs-
port No. 4, Contract No. MRD05.01-0001.01, Naval
Medical Research fnstitute, Bathesda, Maryland, 21 Feb-
ruary 1981,

2, “'Heat Casuallies In the Mavy and Marina Comps,
1953-1962, with Appendices on the Fiald Uss of the wet
Bulb-Globe Temperature index,” by Captain David
Minard, MC, USN, and R. L. O'8rien, HMC, USN. Re-
search Report No. 7, Contract No. MR 005.0+-0001.01,
Naval Medical Research Institute, Bethesda, Maryland,
12 March 1964,
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3. Minard, D.: Prevention of Heat Casualties in Marine
?ggps Recruits. Miltary Medicine 726(4): 261=272,
1.

ii. Wark Load Categonies

Heat produced by the body and the environmental
fieat together determina the total heat load. Therefore, if
work 15 10 be performed under hot environmental condi-
tions, the workload category of each job shall be es-
tablished and the heat exposure limit pertinent to the
work toad evaluated against the applicable standard In
order to protect the worker from exposure beyond the
permissible limit.

A. The work load category may be established by rank-
ing each job into light, medium, and heavy categarias on
the basis of type of operation. Wherg the work load is
ranked into one of said three categories, i.e.

(1) fight work (up to 200 Kcalthr or 800 Btushr):
8.0.. sitting or standing to control machinas, performing
light hand or arm work,

(2) moderate wark (200-350 Kcat/ir or 800-1400
Btu,:}r}: e.g., walking about with moderate lifting and
pushing,

(3) heaw work (350-500 Kcal/hr or 1400-2000
Btu/hr): e.g., plck and shove! work,

the permissibla haat exposurs limit for that work load
shall be determined from Table 1.

B. The ranking of the job may be performed eithsr by
maasuring the worker's metabolic rate while parigrming
his job or by estimating his metabalic rate by the use of
ths scheme shown in Table 2. Tables availabie in the
fiterature fisted betow and in othar publications as well
may also be utilized. When this methad is used the per-
r;lissibie heat exposurs limlt can be determined by Figure

1. Per-Qlaf Astrand and Kaare Rodahl: “‘Textbook of
Work Physiology'' McGraw-Hill Book Company, New
York, San Franclsco, 1970,

2. “Ergonomics Guide to Assessment ot Metabotic and
Cardigc Costs of Physical Work." Amer. Ind. Hyg.
Assoc. 4. 32 560, 1971.

3. Energy Requirements for Physical Work. Purdus
50
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Farm Cardiac Projsct. Agricultural Experiment Station.
Research Progress Repart No. 30, 1961.

4, J, V. G. A. Durnin and R. Passmore: “Ensrgy, Work
and Leisurs.” Heinemann Educational Books, Ltd., Lon-
don, 1967.

TABLE 2
Assessment of Work Load

Average values of metabolic rate during different ac-
tivities.

A. Body position and movement Kcat, /min.
Sitting gg
Slanding 8
Walking 2.0-3.0
Walking up hilt add 0.8

per meter (yard) rise

B. Type of Wark Avarage Range

Keal./min.  Kcal./min.
Hand work
anaw light 0.4 0.2-1.2
heavy 0.9
Work with one arm
light 1.0 0.7-2.5
heavy 1.8
Work with both arms
light 1.5 1.0-3.5
heavy 2.5
Work with body
light 3.5 2.5-15.0
moderate 5.0
heavy 7.0
very heavy 8.0

Light hand work: writing, hand knitting

Meavy hand work: typewriting

Heavy work with one arm: hammering in nails {shoe-
makar, upholsterer)

Lipht work with two arms: fillng metal, planing
wood, raking of a garden

60

Moderats work with the body: cleaning a floor, beat-
ing a carpet

Heavy work with the body: railroad track taying, dig-
ging, barking trees
Sample Calculation: Using a heavy hand tocl on an
assembly ling
A. Walking along
B. Intermediate valys betwsen heavy

work with two armg and light work
with the body

2.0 Keal./min.

3.0 Kcal./min.

5.0 Keal./min.
1.0 Keal./min.

Total 6.0 Kcal./min.

Adapted from Lehmann, G. E., A. Multer and H. Spitzer:
Der Kalorienbedarf bei gewerblichar Arbelt, Arbaitsphy-
siol. 74 168, 1950.

C. Add for basal metabolism

i1l. Work-Rast Regimen

The permissible exposure limits specified in Table 1
and Figurs 1 are based on the assumption that the
WBGT valus of the resting place is the same or very
close 1o that of the work place. Where the WBGT of the
work area s different from that of the rest area a time-
weighted average value should be used for both environ-
mental and mstabolic heat. Whaen time-weighted average
values are used the apprapriate curve on Figure 1 1s tha
solid line labeled ''continuous.”

The time-weighted average metabolic rate (M) shall
be determined by the equation:

AV. M =~
(M} x (tr) + (M2) X (te} +. ... + (Ma) X (t)

)+ () + . ...+ (&)
Where M: Mz, M, are estimated or measured metabolic
rates for the various activities of the worker during the
total time perlod. &, t2, 1. are the elapsed times In min-
utes spent at the corresponding metabollc rate as dater-
mined by a time study.

The time-weighted average WBGT shall be deter-
mined by the squation:
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Av. WBGT =
{(WBGT1) X (11} + (WBBT2) X t2 + .. .+ (WBGT,) X (ta)
ty+tar+...+(t)

where WBGT1, WBGTz, WBGT, are calculated values of
WRBGT for ths various work and rest areas occupied dur-
ing total time peridds. t1, t2, 1. are the elapsed times in
minutes spent in the corresponding areas which are de-
termined by a time study. Whare exposure to hot envl-
ronmantal conditions is cantinuous far several hours or
the entire work day, the time-weighted averages shall be
caiculated as hourly time-weighted average i.e., t1 + %2
+ ...t = 60 minutes. Where the exposure is intermit-
tent, the time-welghted averages shall be calculated as
two-hour time-weighted averages, i.e., 1+t + .. . &
= 120 minutes,

The permissible exposura limits for continuous wark
arg applicabls where there is a work-rest regimen of a
5-day work week and an 8-hour work day with a short
morning and aftermoon break (approximately 15 min-
utes) and a longer lunch break (approximately 30 min-
utes). Higher exposurs fimits are permitted if additional
resting time is allowed. All breaks, including unsche-
duled pauses and administrative ar operational waiting
periods during werk may be counted as rest time when
additional rest allawance must be given because of high
snvironmental temperatures.

It is a common experience that when the wark an a
job Is self-paced, the workers will spontaneously limit
their haurly work loag to 30-50% of thelr maximum
physical performance capacity. They do this either by
sefting an appropriate work spesd or by Interspersing
unscheduled breaks. Thus the daily average of the
workers' metabollc rate seldom exceeds 330 keal/hr.
Howaver, within an 8-hour work shift there may be
periods whers the workers’ hourly average metabolic
rate will be higher.

V. Water and Sait Supplementation

Ouring the hot season or when the worker is exposad
to artificiafly generated heat, drinking water shali be
rmade avallable to the workers in such a way that they
are stimutated to frequently drink small amounts, i.s.,
une)cup every 15-20 minutes (about 150 ml or 1/4
pint).

62

[T

ARk e W

P

A

The water shall be kept reasonably cool (10%-15°C or
50.0°-60.0°F) and shall be piaced close to the work-
place so that the workar can reach It withaut abandaning
the work area.

The workers should be encouraged to salt their food
abundantly during the hot season and particularly during
hot spells, if the workers are unacciimatized, salted
drinking water shall be made availabls in 2 concentration
0f 0.1% (1g NaC! to 1.0 liter or 1 level tablespoon of sait
to 15 quarts of water). The added seit shall be complete-
ly dissolved befora the water is distributed, and the
water shall be kept reasonably cool.

V. Other Considerations

A. Clothing: The permissible heat exposure TLVs are
valid for light summer clothing as customarlly warn by
worksrs whéen working under hot environmental condi-
tlons. It special cothing is required for performing a par-
ticuiar fob and this clothing is heavier or it impedes
sweat evaporation or has higher insulation vaius, the
worker's heat tolsrance is reducsd, and the permissible
heat exposure fimits indicated In Table 1 and Figure 1
ars not applicable. For sach job category where speclal
clothing is required, the permissible haat exposure limit
shall bg established by an expert.

B. Acclimatization and Fitness: The recommended heat
stress TLVs are valid for acciimated workers who are
physicatty fit.
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Figire 1 — Permissible Heat Exposure
Threshald Limit Value
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IONIZIRG RADIATION

The recommendations of the Natianal Council on Radia-
tion Protection and Measurements (NCRP) are suggest-
ed as threshold iimit values to which nearly all workers
may be exposed without adversa eHects. The limits
should be used as guides for the control of exposure
and should not be regarded as fine lines between safe
and dangerous levels. The underlying philosophy of radi-
ation protection is to keep all axposures as tow as rea-
sonably achievable.

The two basic reference documents ara as follows:

a. "'Basic Radiation Protection Criteria,” NCRP Re-
port No. 39, issued January 15, 1971.

b. “Maximum Permissible Body Burdens and Mai-
jmum Permissibie Concentrations of Radlonuclides in Air
and in Water for Occupational Exposure,” US Depart-
ment ot Commerce, National Bureau of Standards Hand-
book 69, issued June 5, 1959, with Addandum 1 issued
August 1863, Availabie as NCRP Report No. 22.

The above documents, as well as information on nu.
merous other NCRP Reports addressing specific sub-
{ects in ionizing radiation protection are available from:
NCRP Publications, 7910 Woodmont Ave., Washington,
DC 20014,

LASERS

The threshgld limit values are for exposura to laser
radiation under conditions to which nearly all workers
may be exposed without adversa effects. The values
should be used as guides In the control of exposures
and should not bs regarded as fine lines between safe
ang dangerous lsvels. They ars based on the best avall-
able information from experimental studies.

Umiting Apertures

The TLVs expressed as radiant exposure or irradlance
in this section may be averaged over an aperture of 1
mm except for TLVS for ths eye In the speciral range of
400-1400 nm, which shouid be averaged over a 7 mm
limiting aperture (pupil); and except for all TLVS for wa-
velengths between 0.1—1 mm where the limiting aper-
lure s 10 mm. No modification of the TLVs is permitted
for pupil sizes less than 7 mm,
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The TLYS for ‘‘extended sources'’ apply to sources
which subtend an angle greater than « (Table 5) which
varies with exposura time. This angle is nat the beam
divergence of the source.

Corraction Factors A and B (€, and Cs)

The TLVs for ocular exposure in Tables 3 and 4 are
to be used as glven for all waveiength ranges. Ths TLVs
for wavelengths batwaen 700 nm and 1049 nm are to be
increased by a uniformly extrapolated factor {C.) as
shown in Figure 2. Between 1049 nm and 1400 nm, the
TLY has been increased by a factor (C.) of five. For
certain exposure times at wavelengths batwesn 550 nm
and 700 nm, torrection factor (Cs) must be applied.

The TLVs for skin exposure are givan in Tabie 6. The
TLVs are ta be increased by a factor {C,) as shown in
Flgure 2 for waveienpths between 700 nm and 1400 nm.
To aid in the determimation of TLvs for sxposure
durations requiring calculations of tractional powers
Figures 3, 4, 5 and 5 may ba used.

Repetitively Pulsed Lasers

Since there are few experimantal data for muitiple
pulsas, caution must be used in the evaluation of such
axposures, The protection standards for irradiance or ra-
diant exposure in muitiple pulse trains hiave the following
limitations:

{1} The exposure from any single pulse In the train is
limited to the protection standard for a single compara-
tle pulse.

{2) The average Irradiance for a group of pulses is
limited to the protection standard as given in Tables 3,
4, or 6 of a single pulse of the sams duration s the
entire pulse group.

(3) When the Instantaneous Puise Repetition Fre.
quency (PRF) of any pulses within a train exceeds one,
the protection standard applicable to each puise is re-
duced as shown In Figura 6 for puise durations less than
10~* sgcond. For pulses of greater duration, the follow-
Ing formula shauid be foliowed:

66

single pulse
s‘a"d""’( In train ) -

Standard {pulse nr}
n

where:

= number of pulsas in train

7 = duration of a single puisa In the train

Standard (nr) = protection standard of one puise
ha:;ing a duration equal to nr sec-
onds.
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Figurs 58 — TLV far ikrabean (direct) viewing of GW laser beam {400-1400 nm).
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Figure § — Multiplicative correction factor for repetitively
putsed lasers having puise durations less than '
10=* second. TLV for a singh pulse of the pulse ;
train is muitipfied by the above comection factar. i
Correction factor for PRF greater than 1000 Rz is
0.06.
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Spectral
Region

uvC
uvB

8L

UVA

Light

iR-A

IRB&C

Ca - SecFp. 2

TABLE 3

Threshold Limit Value for Direct Ocular Exposures
{Intrabeam Viewing} from a Laser Bsam

Exposure Time,

Wave Length (t) Seconds
200 nm to 280 nm 10=t0 3 x 10*
280 nm to 302 nm "
303 mn *
304 nm “
305 nm *
306 nm -
307 nm "
308 nm '
309 nm “
30 nm “
311 am "
312 nm "
343 i
314 nm “

TABLE 3 (Cont.)

315 nm to 400 nm 10*t0 10

* “ 10to 10°

- * 10°t0 3 x 10*
400 nem to 700 nm 10*to 1.8 x 10-¢
400nmto700nm 1.8 x 10 to 10
400 vmto 549nm 1010 10*
550 nmio 700 nm  10to T,
550 nmto 700nm T, to 10*
400nmto 700 am  10'103 > 10#
70 nmto 1049nm 10"t01.8 x 10°%
700 nmto 1049 am 1.8 x 10~% to 10
1050 nmto 1400 nm 10~* to 10—
1050 vn to 1400 nm  10~* to 10?
700 nmic 1400nm 10*to 3 x 10*
14pumto 10° zm 107®*to 107

. " 10-7 to 10

” " 10to3 x 10*

o = 1 for A = 400 0 543 nem; G = 10'%5 & - W# fo 3 = 550 10

700 pm

To =105 l0r A = 400 (o 549 ovm; T, = 10 x 10 ®% ¢ ~semu fpr 3 =

550 1 700 n.

LV

T
md s em~?

561% Je cm™
10Jecm™

idmwe cm™

§x 107 e ¢em™
18 ¥Y 1t )mle cm?
10 mJe cm™?

18/ v1)miecm
10Cs mie cm™®

Co cW® ct™®

5C, x107Jecm?
18C, (W ¢ it)imlecm™®
S5xi0*Jecm™*

9t/ VT )mJe cm?®
326 C.We cm?
10% Je c®

056 ¢Yt Jecm®
tiwecm™*
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TABLE 4

Threshold Limit Values for Viewinyg a Ditfuse Reflection
of a Laser Beam or an Extended Source Laser

Spectral Expasure Time,
Region Wave Length {t) Seconds Ty
uv 200 nm to 400 am 107103 x 10¢ Same as Table 3
Light 400 nm to 700 nm 10* to 10 0¥t Jecm?esr
400 nm to 549 nm 10to 10* 21Je cm?e gt
550vmie700nm  10to T, 3B YL)lecm* o
550 nmto7060nm T, lo 10* 211G Joecmte gt
400 nm to 700 nm 10*to 3 x 10° 21 Cet x 10 Wecmtegr!
IR-A 700 nmto 1400 am  10° to 10 0C, ¥t Jecmregr!
700 nm o 1400 nm  10to 10° 38CwYr)Jecmte gt
700 nmto 1400 nm 1P to 3 x 10¢ 064C, We cm2es!

iIR9&C 14pmto! mm 1W0*t03 x 10* Same as Table 3
Cs, G and T, axre the same as in footrate 1o Tabie 3.

TABLE §
Limiting Angle to Extended Source
Which May Be Used for Applying Extended Source TLVs
Exposure Duration(s) Angle « {mrad)
10 6.0
10 54
1077 3.7
107 2.5
10~ 1.7
10+ 22
103 36
10t 5.7
1ot 92
1.0 15
10 24
1 24
10* 24
10¢ 24




w

Same as Table 3

TABLE &
Threshold Limit Value for Skin Exposure from a Laser Beam
{t} Seconds

10%to 3 x 10*

Exposure Time,

Wave Length
200 nm to 400 om

Region
Uy

Spectral

;

g MICROWAVES

| These Threshoid Limit Values refer to microwave en- '
© ergy in the frequency range of 300 MHz to 300 GHz and

represent conditions under which it is befieved that near-
i ly all workars may be rspeatsdly exposed without ad-

verse sffect.

| Under conditions of moderate to Severa heat stress,
the recommanded values may need to he reduced.’
Therefore, these values shouid be used as guidas in the
control of exposure to microwave energy and should not

B be regarded as a fine line between safe and dangerous
:’ ., levals.
:
.?l__ = Recommended Valves:
[} L
Bty : The Threshold Limit Valua for occupational exposure
XS5o . to microwave anergy, where power density or field in-
S— E . tensity is known and exposurs time is controlied, is as
N - ’ follows:
{ 1. For exposure to continuous wave {CW) sourcas, the
g i pawsr density leve! shall not exceed 10 milliwatts per
& 2 | square centimeter (mW/ecm?2) for continuous expa-
Y X = surq, and the total exposure time shait be limited to
ECw 2 an 8-hour workday. This power density is approxi-
ga2e 8 mately equivalent to a fres-space electric fiald
Ly ! strength of 200 volts-per-meter rms (V/m) and a
g2 3 I frae-space magnetic field strangth of 0.5 ampsare-per-
~ 1 meter rms {A/m}.
g i ! 2. Exposures to CW pawer density levels greater than
2. € 10 mW/cm? are permissible up to 2 maximum of 25
= - § mW/cm2 based upon an average snargy denslty of 1
2 o & milliwatt-hour per square centimeter (mWh/cm?)
E E B8 averaged over any 0.1 hour period. For sxampis, at
2. - g , 25 mW/cm2, the permissible exposure duration is
5= 3 ; approximataly 2.4 minules in any 0.1 hour period.
s . 3. For repatitively puised microwavs sources, the
s 3= average fleld strength or power density is calculated
Ecm | by multiplying the peak-puise value by the duty cydle. ;
S5 The duty cycle is equal to the pulse duration in sec-
onds times the putse repetition rate in Hertz. Expo-

sure during an 8-hour workday shall not mxceed the

“Mumfore, W.W., ““Heat Strass Due to R. F. Radiation,” Procesdings of
IEEE, Voi. 57, No. 2, Feb. 1969, pp. 171174,
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following values which are averaged over any 0.1
hour period:

Powar Density 10 mW/em2
Energy Density 1 mWh/em?
Mean Squared Electric Field Strength 40,000 v2/m2

Mean Squared Magnetic Field Strength 0,25 A2/m?

4, Exposure {s not permissibie in CW or rapetitively
pulsed fields with an average power density In excess
of 25 mW/cm?2 ar approximate equivalent free-space
flsld strangths of 300 V/m or 0.75 A/m.

NOISE

Thesa threshold limit values refer to sound pressure
levels and durations of exposure that represent condi-
tions under which it is helieved that naarly ail workers
may be repeatedly exposed without advarse effact on
their ability to hear and understand normal speech. The
medical protession has defined hearing impairment as
an average hearing threshold level in excess of 25 de-
cibels (ANSI-S$3.6-1869) at 500, 1000, and 2000 Hz,
and the fimits which are given have been estabiished to
prevent a hearing loss in excess of this leval. The values
should be used as guides in the control of nolse expo-
sure and, dus to individual susceptibillty, should not be
;ogarded as fine lines between safe and dangerous
evels.

It should be recognized that the application of the
TLV for noiss will not protect alf workers from the ad-
verse effscts of noise exposure. A hearing conservation
program with audlometric testing Is necessary when
workars are sxposed to naise at or above the TLV lavals.

Continuous or Intermittent

The sound laval shall be determined by a sound lavel
meter, conforming as a minimum to the requirements of
the American National Standard Spscitication for Sound
Level Meters, S1.4 (1971) Type S2A, and set to use the
A-welghted network with slow meter rasponse. Duration
of axposure shail not axceed that shown in Table 7.

These values apply o totat duration of expasurs per
working day regardiess of whether this is one continu-
ous exposure or 2 number of short-term exposures bul
does not apply to impact or impulsive type of noise.

When the daily noise axposure is composed ot two
or more perlods of noise 8xposure of differant levels,

a2

o e w . m———— .

pre ..
o

|

their combined effect should oe consldesed, racier than
the individual effect of sach. if the sum of the following
fractlons:

Ci Cz _G
—TT+—7|.;+,.. Ta

sxceeds unity, then, the mixed axposure should be con-
sidered to exceed the threshald fimit vafue, Cv indicates
the total duration af exposure at a specific noise level,
and T1 indicatss the total duratlon of exposure parmitted
gt that lavel. Al on-the-job noiss sxposures of 80 dBA or
greater shall be used in the above calculations.

Tabie 7
Threshold Limlt Values
Duration per day Sound Level
Hours dBA®
16 80
8 85
4 80
2 95
1 100
172 106
1/4 110
18 118"

——t———

*No exposurs 1a continuous of ntermitiant in excess of 115 dBA

2) Sound level in decibels as measured on a sound level
meter, conforming as a minimgm to the reguire-
ments of the American Natlional Standard Specifica-
tion for Sound Level Meters, S1.4 {1971) Type S24,
and set to use the A.weighted network with slow
meter response.

IMPULSIVE DR IMPACT NOISE
It Is recommended that axposurs to impulsive or im-
pact noise shall not exceed the limits lsted in Table 8 or
taken from Figure 7. No Bxposures in excess of 140 de-
cibets peak spund pressure level are permitted. {mpul.
sive or impact nolse is considared to be those variations
in noise levels that invotve maxima at intervais of greater
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than one per second. Where the intervals are less than
one second, it should be considered continuous.

———— e

Table 8
Threshald Limit Values i
impuisiva or Impact Noise ‘
Sound Lavel Permitted Mumber of tmpufses or
as** Impacts per day !
140 100 |
130 1000 E
120 10,000

**Decibels peak Souny pressure feval,

L1 1000 o
NUMBIR OF IMPULIES OF MMPACTS PER DAY {N)

Flgure 7 — Threshole LimH Values for
Impulss/impact Noise.
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ULTRAVIOLET RADIATION*

Thess thrashold fimit values refer to ultraviolet radia-
tion in the spectral region batween 200 and 400 nm and
represent conditions undar which it is baliaved that near-
ly ali workers may be repeatedly exposed without ad-
verse sffect. These values for exposure of the eye or the
skin apply to ultraviolst radiation from arcs, gas, and
vapor dlscharges, fluorescent, and incandescent
sources, and solar radiation, but do not apply to ultravi-
olet lasers,” These vaiues do not apply to ultraviolet ra-
diation exposure of photosansitive individuais or of indi-
viduals concomitantly exposed to photosensitizing
apents (Fitzpatrick, et al., eds., Sunlight and Man, Univ.
Tokyo Prass, Tokyo, Japan, 1974). Thesa valuaes should
be used as gquides in the control of exposure to
continuous sources where the exposure duration shall
not be less than 0.1 sec.

These values should be used as guides in the contrel
of exposure to ultraviolet sources and should not be re-
parded as & fine iins batween safe and dangerous leveis.

Recommended Values:

The threshold limit value for occupational exposure
to ultraviolet radiation incident upon skin or eye where
Irradiance valuss are known and axposure tims Is con-
trolled are as follows:

1. For the near ultraviolet spectral reglon (320 to 400
nm) total Irradiance incident upon the unprotacted
skin or sye should not exceed 1 mw/cmz for periods
greater than 10° seconds (approximately 16 minutes)
and for exposuras times less than 103 saconds should
not exceed one J/cm2,

2. For the actinic ultraviolat spectrat region (200 — 315
nm), radlant exposure incident upon the unprotectad
skin or eye should not exceed the values given in
Table 9 within an 8-hour period.

d. To determine the effective irradiance of a broadband
source walghted against the peak of the spectral ef-
fectiveness curve {270 nm), the following weighting
fermula should be used:

By = 2 E.S\AA

“Sees Lasar TLVa.
86

E»r = effective irradiance relalive to a monochromat-
ic spurce at 270 nm In W/em? (J/s/cme)

E. = spectral irradiance In W/cm2/nm
S, = relative spectral effectiveness {unitess)
AX = band width in nanometers

4. Parmissible exposurs time In seconds for exposure
to actinic ultraviolst radiation incident upon the un-
protected skin or eye may be computed by dividing
0.003 J/cm? by E.r in W/ecm2. The exposurs tims
may also be determined using Table 10 which pro-
vides exposure times corresponding to effactive ir-
radiances in pW/cm?2,

TABLE 9
Rejative Spectral Effectivanass
by Wavelength
Ralative
Spactral
Wavelength TLV Effectiveness
(nm) (mJd/ema)"* S
200 100 0.03
210 40 0.075
220 25 0.12
230 15 0.18
240 10 0.30
250 7.0 0.43
254 6.0 0.5
260 4.8 0.65
270 3.0 1.0
280 3.4 0.88
280 4.7 0.64
300 10 0.30
305 50 0.08
310 200 0.015
315 1000 0.003

“Tim Jiem? = 1073 jyem2
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TABLE 1D
Permissibie Ultraviolet Exposures
Duratien
of Exposurse Effactive Irradiance,
Per Day Eer (uWicm2)™**

1 OO urasesiens “ 0.1

All the preceding TLV's for ultraviolet energy apply to
sources which subtend an angie less than 80°. Sources
which subtend a greater angle need to be measursd only
over an angle of 80°,

"t aWiem? = 1078 Wyem?
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Flgure § — Threshoid Limit Valuss for Ultraviolet Radiation

Conditioned (tanned) individuals can tolerate skin ex-
posure In excess of the TLV without erythemal offects.
However, such conditioning may not protéct parsons
agalnst skin cancer.

NOTICE OF INTENDED CHANGES
(for 1978)

These physical agents, with their corresponding val-
ues, comprise those for which sither a limit has been
proposed for the first tims, or lor which a change in the
‘““Adopted" listing has been proposed. In both cases, the
proposed {imits Should be considered trial iimits that will
remain In the listing for & period of at least one year. [f
after one year no evidence comes to light that questions

the appropriateness of the values herein the values will
be reconsidsrad tor tha “‘Adopted’” list.
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KOTICE OF INTENT TO ESTABLISH
THRESHOLD LIMIT VALUES

LIGHT AND NEAR-INFRARED RADIATION

These Threshold Limlt Values refer to visible and
near-infrared radiation in the wavelength range of 400
nm to 1400 nm and represent conditions under which it
is believed that nearly all workers may be axposed with-
out adverse effect. These valusa should be used as
guides In the cantrol of expasure to light and should not
Fo rlegarded as a fine line between safe and dangerous
svels,

Racommanded Valves:

The Threshold Limit Value for occupational axposure
to broad-band light and near-infrared radiation for the
aye apply to exposure in any eight-hour workday and
require knowledge of the spectral radiance (L) and total
irradlance (E) of the source as measured at tha posi-
tion(s) of the eye of the worker. Such detalled spaciral
data of a white light source is generally only required if
the uminanca of the source exceeds 1 cd cm~2. At lu-
minances less than this value the TLV would nat be ex-
ceeded,

The TLV's are:

1. To protesct against retinal thermal infury, the spectral
radianca of the lamp weighted against the function R
(Table 11) should not exceed:

LR AL S Vat 7
m'—a.x 3 (1}

where L, is in W cm~2 sr~! and t is the viewing
duration (or pulse duration if the lamp Is puised) im-
ited to 1 us to 10 3, and « Is the angular subtense of
the source in radians. It the lamp is oblang, « refers
to the fangast dimension that can be viewed. For in-
stance, at a viewing distance r = 100 cm from a
tubular lamp of fength { = 50 cm, the viswing angle
is:

o« = |/r = 50/100 = 0.5 rag {2)

2. To protect agalnst retinal photochemical Injury from
chronic biue-light expasure the integrated spectrel ra-

diance af the (amp weaighted against the blug-light
hazard function B, (Tabla 11} should not exceed:

1:€ Lat 8, Ax =100 Jom™2 5" {t= 104s) {3a)
14p0
2, LBy AX = 1072 Wem™2 s (¢ > 104s) (3b)

For 2 source radiance L which excesds 2 mW cm=2
sr-Y in the blue spectral ragion, the parmissible ex-
posure duration tmes IR S8CONTS is SiMply:

tmas = 300 J cm~2 srY/L (blug) (4)

The latter limits are greater than the maximum per-
missible exposure limits for 440 nm |aser radiation
(see Laser TLV) because 3 2-3 mm pupll Is assumed
rather than a 7 mm pupil for the Laser TLV.,

3, infrarsd Radiztion: To avoid possible delayed sffects
upon the iens of the eys (cataractogenesis), the infra-
red radiation {» > 770 nm} should be |imited to 10
mWem=2, For an Infrared heat [amp or any near-in-
trarad source whera a strong visual stimulus is ab-
sent, the near infrared (770-1400 nm) radlance as
vipwed by the ays should be limited to:

'ﬁf L AA = 0.6/0 )

for extended duration viewing conditions. This limit
is based upon & 7 mm pupll dlameter.

*Formylae (1) and (2) are empirical and are not, stricty speaking, di-
mansionally correct. To make the formulas dimensionally corcect, one
would have to Insert & dimensional cosraction factor k In tha right band
numarstor in each formuia. For formuia (1) this would be k, = 1 W e
rad @ 3%/(em?® @ sr), and for tormuia (5) % = 1 W e rads{cm* @ 8r),
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TABLE 11

SPECTRAL WEIGHTING FUNCTIONS FOR ASSESSING
RETINAL HAZARDS FROM BROAD — BAND OPTICAL

SOURCES
Blue-Light Burn Hazard
Wavelength Hazard Function Function
(pm) - B, Ry
400 0.10 1.0
405 0.20 20
410 0.40 4.0
415 0.80 8.0
420 0.90 9.0
425 0.95 9.5
430 0.98 9.4
435 1.0 10
440 1.0 10
445 0.97 9.7
450 0.94 9.4
455 0.90 9.0
480 0.80 8.0
465 0.70 7.0
470 0.62 8.2
475 0.55 5.5
480 0.45 4.5
485 0.40 4.0
490 0.22 2.2
495 0,16 1.8
500-600 1 (¥ es0-2r82) 1.0
600~700 0.001 1.0
700-1049 0.001 1Qrr0-ssos)
1050~ 1400 0.001 0.2
82
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AIRBORNE UPPER SONIC AND ULTRABONIC ACOUSTIC
RADIATION

These threshold limit vatues refer to sound prassure
lavels that represent conditions under which it Is be-
lievad that nearly all workers may be repeatediy exposed
without adverse offect. The values listed in Table 15
should be used as guides in the control of noise expo-
sure and, due to Individual susceptibility, should not be
regarded as fine lings between safe and dangerous
levels, The jevels for the third octave bands centerad
below 20 kHz are below those which cause Subjective
effects. Those levels for 1/3 octaves above 20 kHz are
for prevention of possible hearing losses from subhat-
monics of thase frequenciey.

TABLE 12
Parmissible Ultrasound Exposurs Levels

Mid-Frequency of
Third-Octava Band Ong-Third Octave — Band Levei

kH2 in dB reference 0.0002 dynes/cm?
10 80
12.5 80
18 80
20 105
25 110
318 115
40 11§
50 115
93
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PHYSICAL AGENTS UNDER STUDY

These agents comprise those which the Physical
Agents Committes of ACGIN proposes to study during
this year to determina the feasibility of establishing pro-
posed TLVs in 1979, Comments and suggestions, ac-
companied by substantitive evidenca, are solicited,

1. Radfofrsquancy Radiation. Specifically, that portion
of the spectrum from 10
MHz to 100 MHz,

2. Extremely Low Fraquency (ELF) Radiation. Specifical-
ly, that portion of the spectrum from 0 10 300 Hz.
3. Magnetic Fislds, Both pulsed and continuous.

4. Laser Radfation. Specifically ultraviolet radiation for
puised exposures, and repetifively
pulsed tight and infrared-A (aser ex-
posures. ‘

5. Uitrasonic Ensrgy. Spacifically, a:.t.)usﬂc snargy at
traguenciss above 10 kHz.

8. Vibration. Segmental and whola-body.
7. Cold Stress.
8. Pressurs Variations.

The American Conference of Governmental industriat Hy-
gienists was organized in 1838 by a group of govern-
mental industrial hygienists who desired a medium for
the free exchange of Ideas, experiences and the promo-
tion of standards and techniques in industrial health. The
Conference is not an official Governmant Agency.

It is an organlzation devotad to the development of ad-
ministrative and technical aspects of worker hsalth pro-
tection. The associatlon has contributed substantlally to
the devaiopment and improvement of official industrlat
health servicss te industry and labor. The committees on
industrial Ventiation and Thrashold Limit Values are rec-
ognized throughout the world for their expertise and
contributions to industrial hygiens.

Membership is limited to professional personnel in gov-
ermmental agencles or educational institutions engaged
in occupational safety and health programs. The more
than 1800 members from across tha United States and
around the world give the organization an international
scope.
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