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FRON ROBERT P. CARTER

HEALTH AND SAFETY DEPARTMENT

. PITTSBURGH OFFICE

1979 January 11

RE: INDUSTRIAL HYGIENE NEWSLETTER
ACGIH TLV List for 1978

The ACGIH Threshold Limit Values for Chemical Substances and for
Physical Agents for 1978 are enclosed for your information. The
comments made in our Industrial Hygiene Newsletter dated November 18,
1976 regarding the STEL values are still appropriate. These were

as follows:

"Our initial reaction is to disagree with the use of

STEL's as applied in some cases. On page two of the

Preface to the Threshold Limit Values for 1976, the
definitions for (TLV-TWA), (TLV-STEL), and (TLV-C) are

given. The definitions for (TLV-TWA) and (TLV-C) are the

same as in the past. The new (TLV-STEL) is defined however

as 'The maximal concentration to which workers can be exposed
for a period up to 15 minutes continuously--provided that no
more than four excursions per day are permitted with at

least 60 minutes between exposure periods, and provided that
the daily TLV-TWA also is not exceeded.' 1In instances where
the TWA and STEL values coincide, we feel that there is a
definite conflict because applying the STEL concept dictates
that the maximum TWA cannot be achieved without violating the
conditions prescribed by the STEL--in other words, in all
instances where the time-weighted average exposure is at the
maximum permitted level, there will have been more than 4-fifteen
minute periods occurring within 60 minutes of each other where
the maximum exposure concentration is reached.

"It is our recommendation that the STEL value be ignored
until these conflicts are resolved. When it is desired to
establish reasonable exposure criteria for short-term
excursions above the TLV, and the limit is not a ceiling
value, the old method of determining permissible excursions
discussed on page 51 of the Threshold Limit Values for 1976
should be consulted."
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Letter sent to Industrial Hygienists and Environmental Health
Steering Committee Chairmen & Environmental Managers, Physicians
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Information relative to health standards proposed .or
promulgated under authority of the U. §. Occupational Safety
and Health Act is sent to overseas locations for informational

purposes only.
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PREFACE
CHEMICAL CONTAMINANTS

Tnreshold bmit vaives refer 10 arborne concentra-
nons of subslances anc represent condiions under
which it 1s Delieved that nearly )l workers may be repea-
tedly exposed day after day without adverse eflect Be-
cause of wide varnanon in indieidual susceptibility, how-
ever 3 smali percentage Of workers may experience
aiscomtort from some subslances at concentrations at
or betow the threshotd fimit. 2 smalier percentage may
e aftected more seriously Dy aggravaton of a pre-exist-
g condibon or Dy develcpment o an occupational dl-
ness

Tests ate avaiable (J Occup Med 15 564, 1973,
Ann N Y Acad Sc: 151, A 2. 968, 1968) that may
be used to detect 1hose individuals hypersusceplible 10 3
variety of ndustrai chemicals (respratory #rtants, he-
molylic chemicals, orgamic 1socyanates, carbon disul-
fide)

Three categories of Threshold Limit Values {(TLVs)
are specdied heren, as follows

ai Threshold Limil Valye-Time Weighted Average
{TLV-TWA) — the time-weig average
for a normal 8-hour workday or 40-hour workweek, to
which nearly ali workers may be repeatedty exposed, day
atter day withoul adverse eftect

©) Tnreshold Limit Value-Short Term Exposure Limit
(TLV-STEL) — the maxnmal concentration lo which
workers can be exposed for a period up to 15 minules
continuously without suftering from 1) irmaton, 2)
chromic of irceversible tissue change, or 3} narcosts of
sufficient degree to icrease accident praneness, impai
selt-rescue, or matenally reduce wark efticiency, provd-
ed (hat no more than four excursions per day are pesma-
ted with at least 60 minutes between exposure periods,
and provided that the darty TLV-TWA aiso 5 not exceed-
ed The STEL should de considered a mauimal allowable
concentration, or cesling, not 1o be exceeded at any time
during the t5-minute excursion perod STELS are based
on one or more of the foliowing critera (1) Adopted
TLVs inciuging those with 3 ~C™" or ~ celing™ timit  (2)
TWA-TLV Excursion Factors listed in Appendix O (3)
Pennsyivania Short-Term Limns for Exposure 10 Aw-

wntabon Narcosts  nuisance of other forms ot stress
may form the bas:s tor others

The amount and nature of the snformation available
{or estabisting a TLV vanes irom substance to sub-
stance. consequently 1he precision of the estimated TLV
15 250 Subject 10 variation and the iatest Documentation
should be consuiled m order to assess ihe extent of the
data availadie for a given substance

The commitiee holds to the opinton that imils based
on physical irrnitation should be considered no iess bing-
ing than 1hose based on physical mparment There s
ncreasing evidence that physical ¥ntation may miate,
promote or acceierate physical smparment through in-
tetaction with other chemical or biologic agents

In spute of the fact that serious injury s not beheved
Wkely as a result of expasure 10 the threshold mit con-
centralions. the dest prachice 15 to mantain concentia-
vons of &l atmosphenc contamimants as low as 1s prac-
ueal.

These bmits are miended for use in the practice of
ndustral hygiene and should be mierpreted and apphied
onty by a person traned in thus discipiine They are not
intended tor use. of for modihcation tor use, (1) as a
tetatve index of hazard or tomuty (2) w1 the evaluation
or control of Hw

the toxi o| :
od exposures or other extended work pernods, (4) as
proot or disproof of an existing disease of physical con-
dinon, or (5) for adoption by countries whose woriung
condwons difter from those in the Unred States of
Amernica and where substances and processes difer.

Cesng vs Time-Wesghted Average Limits . Although
the 1 9 average the
most uuslmory practical way of monitoring asrborne
agents lor compliance with the-lmas, there are certain
substances for which 1t & wmappropriate in the latter
group are which are pi fast act-
ng and whose threshold Wmit s more appropriately
based on this paricular response  Substances with this
type of response are best controlled by a cewng “C”
it that should not be exceeded 11 1S imphicit 1 these
defimtions that the manner of samphing to determine
noncompliance with the limns for each group must
ditfer. a singie briet sample. that 1s applicable to a “C’
hmA_ 15 nOL appropriate ta the tme-weghted kmit: here.
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borne Contammants (Penna Dept of Hith., Chapter 4,
Art. 432 Rev Jan 25, 1968} (4) DSHA Occupational
Safety and Heaith Standards. 40 FR 23073, May 28.
1975 (S) NIOSH criteria for recommended standards tor
occupational exposure 1o speciic subsiances The TWA-
STEL should not de used as engineering design creerion
of ¢ asan (] i level (EEL)

¢} Threshold Limit ValurCennq {TLV-C) — the con-
centeatron thal should not be exceeded even mstantan-
eousty

For some substances. & g . wntant gases, only one
category. the TLV-Celing, may be reievant For other
substances, either two or three categories may be rele-
vant, depending upon their physiolagic action It 15 im-
portant to observe that if any one of these three TLVs 1s
exceeced. a potential hazard from that substance 15 pre-
sumed (o exsst.

The TLY-TWA shoutd be used as guides i the con-
trol of health hazards and should not be used as hne
lines between safe and dangerous concentrations

T Q! ges permit above the
hmit p they are by ex-
cursions below the imit during the workday. In some
instances it May be permissible 10 caiculate the average
concentration 1or 3 workweek rather than for a workday
The degree of permissible excursion 1S ielated 10 the
magnituce of the threshaid wmil vaive of a paricular

e as Qiven s App D The be-
iween threshoid [vmit and permissidie excursion 1s a ryle
ol thumd and 10 certain cases may not apply The
amount by which threshoid limits may be exceeded tor
short periods withoul injury 1o health depends upot 3
numder of factors such as the nature of the contamun-
anl whether very high concentralions — even for short
penods — produce acute poisoming. whether the effects
are cumulative the frequency with which twgh concen-
travons occur, and the duration of such penods All-fac-
tors must De taen wio Consideration i ariming al 2
decision s 1o whether 2 hazardous condition exists

Thresnoid Iwmts are based on the best avaiadie infor-
manon fiom ndustrial experience, from expenmenta
human and animat studwes and when possible, from a
combination of the thiee The basis on which the vatues
are esladhished may difter from substance to substance,
protecton aganst imparment of health may be a guid-
ng factor for some. whereas reasonadie freedom trom
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a sufticrent number of sampies are needed 1o permit a
average a com-
plete cyc!e of operanons or throughoul the work shift
Whereas the ceting imit ptaces a detinite boundary
which conceniralions should not de permitted 1o exceed,
the Ume-weighted average hmil requires an expliot hmit
10 the excursions that are permissible above the hsted
values The of these may be
pegged to the mngrmuce of the threshold mat by an
appropraie factor shown i Appendix Dt shoule be
noted that the same factors are used by the Committes
in determining the magniude of the vatue of the STELS,
or whether 10 Include of exciude a substance for a “C*
listing
“Skin" Notabon Listed substances foliowed by the
designation ““Skin’ reter to the potental contridution to
the overail axposure by the cutaneous foute ncluding
mucous membranes and eye, aither by awborne, of
more particularly. by direct contact with the mbmnce
Vehicles can atter siun Tiws
designation s ntended to Suggest appropriate measures
for the p of $0 that the
threshold imil 15 not invalidated
Mixtyres  Special consideration should be grven 3iso
to the application of the TLVS mn assessing the heatth
hazards which may be associated with exposure to mux-
fures of two Or more substances A bref discussion ol
basic consideraons nvolved »n developing threshald
it values far mixtures, and methods for thew develop-
ment, amptified by spectic examples are given n Ap-
pendix C
Nursance Particulates In contrast 1o hbrogenic dusts
which cause scar tissue to de formed i lungs when in-
haled n excessive amounts, so-called “nuisance’ gusts
have a long Mistocy of hittie adverse effect on lungs and
do not produce signricant organic disease or toxic eftect
when expasures are kept undes reasonable control The
nuisance dusts have aiso been called (brologrcally)
1nert  gusls. but the lanier term 1 mappropriate to the
extent that there 1s no dust which does not evoke some
cellular response 1 the lung when hated In sufticient
amgunt However, the xng-tissue reaction caused by m-
hataton of nuisance dusts has the fotlowing charactens-
tics (1) The architecture of the arr spaces remains -
tact (2) Collagen (scar lssue) 15 not formed to 2

H

signdicant extent (3) The Bissue reacton s potentiatty
reversible

Excessve concentrations of nuisance dusts n the
WOrKroOm ait May seriousty reduce visibiity, May cause
unpieasan! deposits n the eyes ears and nasal pas-
sages {Portiand Cemeni dust). o cause mjury to the
shin or mucous membranes by chemicat or mechanical
action per se of by the rigorous skin cleansing proce-
dures necessary for thesr removal

A threshoid kmit of 10 mg/m3. or 30 mppct, of totat
dust < 1% quartz. or. 5 mg/m? respirable dust s rec-

tor i 1hese gones and tor
which ng specrhic thresnoid kmits have been assigned
This vmi. tor a normal workday, does not apply to drief
exposures at higher concentrations Nenher does nt
apply to those subsiances which may cause physiologic
at lower conc but tor which a

threshold it has not yet been adopted Some nutsance
particulates are given in Appendix €

Simple Asphyxants — “inet’ Gases or Vapors A
number 0f gases and vapors. when present m Nigh con-
centrabons n air, act prmanty as simphke asphyxiants
without other s:gniticant physiologic effects A TLV may
not be recommended for each simple asphymant de-
cause the hmiing faclor 15 the avaladle oxygen The
minimal oxygen content shouid be 18 percent by volume
under normal pressure o apar-
uat pressure. ple of 135 mm Hg) Atmospheres deficient
in Qe @0 NOt provide adequate warming and most smple
asphywants are odorless Severai simple asphyxiants
present an explosion hazard Account should be taken of
thus faclor i Wimiting the.concentration of the asphyx-
ant Specific examples are listed in Appendix F

Physical Factors 1t s recognuzed that such physical
factars as heat, uftraviolet and sonzing radiation, humd-
fty. abnormal pressure (alitude) and the ike may place
added stress on the body so that the eHects from expo-
sure at a threshold imit may be aitered Most of these
stresses act adversely 10 ncrease the 1oxic Tesponse of a
substance Although most threshold kmits have bust-in
satety tactors to guard against adverse effects to moder-
ate from normal . the salety fac-
tors of most sudstances are not of such a magnnude as
10 take care of gross deviations. For exampie, continu-
Ous work at temperatures above 90°F, or overtime ox-
tending the workweek more than 25% . might be consid-
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ered Qross i in such must
be the proper of the Threshold

Limit Vatues

8iologrc Limn Vaiues (BLVs) Other means exsst and
may be necessary tor momitoring worker exposure other
1han rehiance on the Theashold Limit Values for indusingl
ar, namely. the Biologic Limit Values These values rep-
resent hmiung amounts of substances (or ther eflects)
10 which the worker may be exposed without hatard to
heaith or weli-deing as determmned i his Ussues ang
fluds of in lus exhaied breath. The dinlogc Measure-
ments on whuch the BLVs are based can furnish two
kinds of mformaton useful in the conurol of worker ex-
posure (1) measure of the indviduat worker's over-all
exposure, {2) measure oi the worker's indmidual and

IStiC (esp of response tur-

mish a superior estimate of the physiologic status of the
worker, and may be made of () changes in amount of
some criical biochemical consuitusni, (b) changes n ac-
fivity of a ertical enzyme. {c} changes mn some physiolo-
Qic function Measurement of exposuse may be made by
(1) determining 1 blood. urie, hair, nars. n body tis-
sues and flwds, the amount of substance 1o which the
worker was exposed. (2) determination of the amount of
the metabolite(s) of the substance in hssues and fluds,
(3) determinaton of the amount of the substance in the
exhaled breath The bioiogic imis may be used as an
adunct to the TLVs for arr. oc in place of them The
BLVs, and thesr or for
compliance with hem, shouid thus be regarded as an
effective means of prowiding health survesliance of the
worker

Unhsted Substances Many substances prasent of
handied m ndusinal processes do not appear on the
TLY st In 2 number of instances the material is farety
peesent as a particulate. vapor or other airborne con-
taminant, and a TLV 1s not necessary in other cases
sufticient wnformation to warrant ofa TLV,
even on 2 Ientative basis. 1S not avadabie to the Commt-
lee Other substances. of low Toxcity, could be nduded
n Appendix € pertaming 10 nuisance partculates This
Ust (as wall as Appendix F) 15 not meant to de 3l indlu-
sre, the serve only as

In additon there are some substances of not wcon-
siderable toxicrty. which have baen omified primanty e
cause only a kmied number of workers (¢ . smploy-
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ees of a single Qant) are known to have polental TENTATIVE ADOPTED TENTATIVE
exposure 10 POSSIDly harmtul concentrations VALUES VALUES VALUES VALUES
“Notice of {ntent " At the beginmng of each year, TWA STEL TWA STEL
proposed actions ot the Commtiee for the torthcoming Sedstance poar mym?  pem- wgm? Subsiance o mam” g mym’
year are 1ssued i 1he form of 3 “Notice al Inlended :
’cnanqes *Thus Notice provides nat only an apportunity "‘lm:‘::)”"‘”‘ _ 01 - 0s c‘f;‘" o) — Sum _ 01— _
or comment bul solics supgeshions of substances to Argon ¥ - I3 ' Cagtan - 5 - 15
be agded to the st The suggestions shouk! be accom. ** Arsenic § compounds Carbaryl (Sewn® ) - s - 10
panied Dy subslantiahing evidence The kst of Intended (as As) - ©9 — —_ Carboturan (Furagar® | - 01 - _
Changes fotlows the Agopted Vaiues i the TLY boohlet ** Arsenc troxde Caroon black - 38 — 7
Vaives hsted in parenthesis i the “Adopted’ list are 1o production (as As} - tA1a) - Carbon doxde $.000 9.000 15000 18 000
de used duning the perod m whuch 3 proposed change Arsme 005 02 - - ** Cardon
for that Value 15 hsted n the Nouce of intended ** Asbestos (ail torms) - = ) oisuthde — Skn {20) 160)  (30) 190)
Changes Asphalt (petroieum) Carbon monase 50 55 W0 “o
Leg# Siatus By publication mn the Federal Register . m'::": - - '-'0' - 10 gm wiasromge 01 14 03 4
{Vol 36. No 105. May 29, 1971) the Threshoid Limit . ol - - -
Values for 1968 were made oficia federal standards for gt —Sn - 02— 08 Llonchiode —Skn 10 65 A W
mdustrial a1 Since 1971, new standards tor certain of compounds). as Ba - 0 . - (Prosgent) 04 04 - _
these es have been promulgated by OSHA. Baygon (propoaur) - 05  — ? * Cartonyl tuore . 5 15— -
Repnnt Permussion  Tius publication may be repritt- Benzens 10,A2 0.2 - - Catechol (Pyrocatechol) 5 2 _ —
ed provided that writien permiss:on s obtaned from the Benzdine Caliuloss (paper hoer) —_ [3 — 20
Secretary-Treasurer of the Conterence and that #t be production — Sk . - At - LU Cesmm hydroxde .. - 2 - -
n 1ts entir Chiordane — Sain . . - -
pudlished in its entirety 0 04 03 2 0s H
[ - 0s - 1
- a2 - A2
! 5 - - - 05— H
—  0.002 -  0.025 1 3 3 9
02 15 [ X 4 01 03 03 (3]
0.1 04 - -
05 30 - - t 3 - —
- 10 -— 2
‘00S [ J— -
- 5 - 10
s % - -
- 1 -— - 00s 0.4 - -
. 5 - -
et 1 - - 200 1,050 250 1,300
-— 10 -— 2
. 1 10 3 36
€ Boron trfivonda ... . . 1 3 -_ - 25 0 35 128
Bromune . . .. 01 07 03 2 Chigrogiioromethane 000 3,500 1250 43715
Bromens pentativorde. .. 01 07 03 2 Chiorodipheny| (42%
Chiomne) — Skin - 1 - 2
Capnal tetiers reter 10 ADRINOCE
Footnoles i Ty ) see Page 1 Canrial leters reter 10 ADSeNINCES
" See Natce of ivenoat Caanges ““See Kotxe of intended Changes
*1578 Additon * 1978 Adouon
L] 10 t2
ADOFTED TENTATIVE ADOPTED TENTATIVE ADOPTED TBNIATIVE
VALUES VALUES VALUES VALUES VALUES VALUES
TwA STEL TWA STEL Twh L
Sumtonce s mym’  ppar mgym?” Substance ot mgm?”  pgw mgm?”’ Sudstance o mgm”  pear mgm?
Apate - w0 - 20 Bromochioromethane/ Chigrodipheny! (54%
Acetaigenyde 100 180 150 20 chiorodromomathans 200 1.0 250 1300 Chigrne) — Sk - L] - 1
Acetc ad 10 5 3t kH Bromoform — Skin . .. 0s § - - 1-Chioro. 2.
C Aceic anhydrde S 20 — — Butaceena (1, J-epoxy-prapane
Acetone 1,000 2,400 1,250 3.000 J-busdiene). ... . 1,000 2,200 12% 2.7 {Epchiormydrn) —
Acetontrie 40 0 60 105 Butane. . . . 800 1,430 75¢ 1.780 Sk e 5 % 16 L]
Acatylene . f - - - Sutanethiol, see Buty! € 2-Chigroethanot
Acetyiene oichiorde. see marcagan . . ... 0s 15 - - {Ethylene .
1 2-Dxchioroethylene 200 % 250 1000 2-Buanone ... ... .. 200 0 300 (] chiorohydrn) — Sk . 1 3 - -
Acetylene telradromde 1 14 15 18 2-Butoxysthano! (Buty! ** Chioroethylene {Vaw!
Acrown . [ R} 025 0.3 [1] Catiasotes) — Sk .. S0 40 1% 720 chiorge) ... (Atc) —  (A1Q) -
Acoyumde — Skn - 03 - 08 n-Butylacetate . ........ 150 7 200 50 orm
** Acrylontrie — Sk 20) (45) (30} 85} sec-Buty! xetats 200 950 2% 1,190 {Tnehiorometnane) ... 10.A2 50, A2 - -
Algrn — Skin — 025 - 075 200 950 250 1.190 bs-Chiorometty! ethes . 0.001 Ala - Alg
Alyl @conol — Skn 2 5 4 10 10 55 - - 1-Chioro-1-akro-propane 20 100 - -
Ayl chiorde 1 3 2 [} : :: - - Chioropicras . .. . 01 o7 [X] 1ﬁz
Ally! gyl sther 1 - - °° B-Chvoroprens — Sk .. 25 90 5) (135)
(AGE) — Sun 5 2 10 “ W 00 150 480 Covostytios @ o @
Aliyt propy! disuthde 2 2 3 1’ $ 15 - - (Oursban® ) — Skn - 02 - 0§
Aundum {Alz Ga} - 1 - 2 o-Chiorostyrens . % 25 75 Q0
4Amnadoheyl — Stn — AE — AR - LA - o-Chiorotouene — Skin 50 2% 18 s
2-Amnoethanol ses 2-Chioro-
Ethanolammne k] 8 [} 15 50 20 - -— §-{1rchioromethyt
2-Amnapyrine 05 2 2 4 [ 4] - - pyraine (N-Serve® | - 10 —_ 20
Ammon 25 1@ k) 27 0s 15 - - Chvomates. cenam
Ammonwm 10 60 u 120 nsoiudle foms — 005 AYs - Al
chiarge-tume - 10 - 20 Chromx acid and
Ammonum sultamate {as Ca) - - 0.05 - 02 Chromates. (as Cr} — 005 - -
(Ammate) . - 10 - 20 € Cadmmrm axde fume (as * Chromie ore processng
n-Amyl acelate 100 $30 150 800 co . - - 0038 - - {chromate}. as Cr - 0.05, Als - -
sec-AMy! acetate 128 670 150 800 ** Cadmiwm oxxle Chromwm , Soi
" Ansne — Shin (5} (9 - - production (as Cd} - w2y - chiome, ehiomous
Angudine {0- Cakwm carbonate/ sans (as C1) . - 0s - -
p-somen) —Skn . 03 ['H - - made . . - € - 2 Ciopiol (Coyoer® ) - 0 - .
** Antemony & Compounds Caicwm arsenate (as As) - 1 - - Coal tar pRch volitwes
(as Sv} - 05 - - (é::‘aum gmm -— 0 : - 1 (Sea Particutme
* Aatmony troxde N m hydroude. . - - - PONCyChS aral
hangung and use {as “ Cakwmoxds . .. - 2 - - de';ﬂﬁl)w‘ — t2.A0 = At
Sb) - 0s - - Camphor syhete 2 12 K] L] “* Cobah metai. Gust and
°* Aalmony trosde Caprotactam ; - 01 - -
Brodutton (as 50) — wsay - - Oust - T 3 tume (zs Co) o
Vapor | . L H x 10 L) —_—
Captaiietters reter 10 Appendrces — Captal wtiors reier 10 AQDANGCES
Footnotes ta Meu ) soe Page 35 Capaal leners roler 1o Appendices Footnotes (2 they g} 308 Page 31
" Sae hotees of inended Changes ** Sen Matce of insenced Changes “* Ser Notce ol IMended Changes
1574 Asdon *1978 Acauon °1978 Agartan
] " 13
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ADOPTED TEXTATIVE ADOPTED TENTATIVE ADOPTED TBATIVE
VALUES VALUES YALUES VALUES VALUES YALUES
TWA STEL TWA STEL ' TWA STEL
Subsionce o mgm®  per mgmt” [ s mgn? g agind Sebetance s mgm? g mgmt
Copper tume - 02 - - C Digiycioyt sther (OGE) (31 3 - -_— Ethyl sec-amyl ketone

Dusts & Mests (as Cu) - 1 - 2 hydrozybenzens. see (4-Methyl 3-

Corungum (Al 0a) - £ - E Hydroqunone . - 2 - 4 heptanone) ) 130 - -
Conton dust raw — 02 - 06 Dusobuty! ketone . Fi) 150 - —_ Eihyl benzene 00 435 125 548
Crag® herdcge - 10 - 20 Owsopropylamne — Ethyl 510moe 200 80 250 1110
Cresol alt Skt - - 2 - - Ethyiouty! ketone

somers — Sk 5 22 - - Owmethoxymathane, soq (3-+eptanone ) $0 230 5 s
Crotanaidenyde 2 .6 6 18 Methyial 1,000 3100 1.2%0 KN 741 Ettyl chioride 1000 2600 125 2%
Crutomate® - H - 20 oml numm -—_ Eihy) ether 400 1200 500 1.500
Cumene — Sain 50 245 I 65 . 0 H 15 S0 Ethyl formate 100 300 150 450
Cyanamade - 2 - - . Dmmyl nmnm Ethy! mercapan 05 1 2 3
Cyande, 5 CN — Sk — $ - - chiorde ... .. .. A2 A2 - - " Ethy) uncate (400) (850 - .
Cyanogen 10 20 —_ -— Omethyemne . ... 10 1) -_— -— Ethyiene 13 - f —
Cvcionexane 300 1050 375 1,300 Omethylammnobenzene. C Ethyiene chioroydrn —

Cycionexanol 50 200 - - see Xyhdene — Skin 5 % 10 S0 Skn 1 3 - -
Cycionexanone 50 200 -_ - Dumethylansine (N, Ethyrenediamne 10 5 -— -
Cyciohexene 300 1,015 - - N-omn,uninc)— ** Eitylene abromuie see
Cycionexylamne — Sum 10 40 — - Sun 5 % 10 50 1 2-Doromoethane 20) {155) 30 {230)
Cyciopentaciene 7 200 150 400 Dmethyibanzene. see . “* Ethylone tchiorade. see
2 4D (2 4Ophenoxy- Xylne — Shn . . 100 Qa5 10 S0 1 2Dicoroethane (50) {2000 (7S} (300)
acerc KK} - 10 - 2 Ownattyi-1, Ethyione giycol
007 (Dxchiorodiphenyl- 2-tibromo-2-dichiorostiyl Partculate - 10 - 20

trichioroethane) _ 1 - 3 phosphats. see Yagor 100 250 125 25
ODVP soe Dicnlorvos — Debrom . —_ 3 -_— [ 1 C Ethwiene giycor dnarate

Sun 01 1 0.3 3 Dvnathyormamde — andior nuoqmm
Decaborane — Sk 005 03 015 09 Sk o 10 k4 20 6 — Sun 0 2 - -
Demeton® — Skin . . 0.01 01 00 03 2. 6-Demethyi-4-heptanons, Ethytene giycol
Ducerone aicohot 204 Dusobutyl ketone 25 150 - - monomethy! ether

{4-tyOroxy-4-methyl- 1.1 razne acetate (Methyl

2-pentanone) - 50 40 7 380 —OS?:WM 0s 1 1 2 cefiosoive acetate) — |
1 2-Dammnoethane, see Omnatny! - ] - 10 Sk 25 120 3 o

Etylenegamine. . . '] 25 - -— € Dumettwl suitate — Skin. 0.1, A2 0.5, A2 —_ - Ethylene oxude 50 % 5 135
Ciaznon — Sk . . — 01 - 03 Ometrobenzene (all Ettylenimine — Sk . s 1 -— -
Duzomethane . . . 02 04 - - somers) — Skin . 015 1 05 3 Etygene chionde. see
Divorane ¢1 0.1 - - Dinaro-o-cresol — Sk . - 0.2 - 08 1. 1-Daciioroethane 200 810 20 1.010

** 1, 2-Owromoethane 3, S-Omnatro-0-tolame C Emybdene norbomene ] 25 - -

(Em/w aommm) (Zoalene® ). . _— - 5 -— W0 N-£thyimorphosng —

— @0  (158) (300 (230) Dicotolens — Sk . - 15 - s Skn 20 4 - -
o om‘ . -— 3 - [ Diaxane. tech grade — Fensuttothion {Dasant) - [} - —_
Z-NOMIywnmumlm San oLl 50 180 - - Ferdam -_ 10 - 20

— Sam 2 " 4 2 Dionativon (Deinav®) — Fesrovanadium dust - ' - [}]
Duuty) phosphate 1 5 2 10 Sem oL - 02 - - Fiare as F) - 25 - -

— Fluorme 1 2 2 ¢
f5eep 1 Caonal ietters ceter o
Footnotes (2 theu g) see Page 11 Footnotes {a ey g) sae Page It Cap4a teners reter to ADDOndines
**See Note of Miended Changes 1978 Addion " See Moloe of mendes Cranges
14 16 18
TENTATIVE £00PTED TETATIVE ADOPTED TENTATIVE
VALUES YALLES VALUES VALUES VALUES YALUES
WA STEL TwA sTEL Twa sTRL -
por mgim”  ppm mym?” Sebstance o mgm? g mgims” o mg@”  pear mgm™

Didutyl phtraate . .. — H - 10 Dipherry!. see Biphenyl . 02 15 (1] 4 Flyoroirctioromethane . 1000  $600 1,250  7.000

C Dichioracety ene 01 04 - -_ Diphenylamme . - 10 —_ 20 C Formaidetwos .. F 3 - -_—
C o-Ochiorobenzene 50 300 - — C Diphenyimathane Formamue 20 30 30 LH
o-Dichioroderzene 15 40 19 675 dusocyanate. see Formi aced H 9 - -

Dichiorobenscine — Methyiens bspheny! Furural — Sk, . . 5 20 15 [ ]
Sam oL - 2 —_ A2 socyanate (MDf) . 002 02 — - Furturyl aicohol — Sim 5 20 10 40

Dchiorogitivorometnane 1000 4950 1250  6.200 Dprapylene grycot Gasoune . — 82 - 82

1 IDchioro-S mathyl sther — Skin .. 100 600 150 Germanwm mwume 02 06 06 ie
S-aimethy! hydamon - [ 4 - [} Dquat .. ... -_— 0s - Glass, hbrous” or dust . - 10 - —_

1 1-Duchioroethane 200 810 250 1.010 Dr-sac, octyl phtnatate **C Givtaraidehyde . aciwated

** 1 2-Duchioroethane (50) {2000 {7) {300} Dr!mhuyl- of ynactwated .. . - {0.25) —_ —

1 2-Dchioroethyiane . . 200 790 250 1,000 . - 5 - 10 Giycern mal . - € -_ £

Dichioroethy! ether — - 2 - 5 Gwnd Q. J-buv
Son 1 30 10 &0 - 01 —_ 03 1-proganad) .. 50 150 75 225

** Dxchigromethane, sae MONOatiwt ether,
Methylane chioinde 1200 {700)  (250) {870} - 10 - 20 s0e 2-Ethoxyethanct
** Dchioromonalivora- - 10 - - —Sket . . 100 e 15 360
fmethane {1.000}  (4.200) - - - 0.1 - - Graphas (Synthetc) - 13 - -
€t 1-Dehloro-1- - € - 2 Guthon®, see
akroethane 10 60 - - Arnphos-mettyl —

1 2-DcMoropropane. —Sm, . - 01 - 03 So .o - 02 - 06
see Propylene Endon — Sk — 01 - 03 Gypsum - € -— 20
ochionoe I 0 10 510 ** Epichiomydrn — Skn 5 20y (10 (40) Hatnwm - 0.5 - 18

Dechworotetratiuoro- €PN — Sk .. . - [} - 2 Mebum ... . . . f - f -
ethane 1000 7.000 1250 7% 1. 2-€paxypropane, see Heptachior — Skin - 0.5 - 2

Dtmonos (DOVP) Propyiene oxxds . 100 240 150 360 mpum qn-nzmu) 400 1600 S00  2.000

a1 1 03 3 2 Hoo:y-‘-mm' "

Dmmonos @aety— L Y. S0 150 75 2s um, . (1] or 00 03
Skin - 025 - - F — F - Hexachioroethane —

Ocyclopentaoiene S 30 - = Emmm. see Ettyl n . 1 10 3 ®

Oxcyuopentacieny! ifon - 10 - 20 mercapan . . 05 1 2 3 Hexachio/onaphthaiens

Dwdin — Sk —_ 025 - [ B£] Emmanolamene . . k] 8 [ 15 —Skn . - 02 - 06

Deethyamme 25 £ - - Ethion (Nulate® ) — Ska — 04 _ - Heatlu0roaceons . 1 07 01 2

Dethyaminoethanol — 2-Ethoryethanol — Skn 100 37 150 560 Houne (a-hexane) 100 30 28 @0
San 0 50 - - 2-Ethoxyethyt acetate * Hezamattyt

Deemyiene tramne — (Caliosove acatate) — -

m 1 4 e - Skm oo 100 50 150 810 San A2 2 - -

Deettyt mner see Ethyi Etty! aceta 400 1,400 - - 2-Haxanone. 3ee Methy!
etner 40 120 500 1.500 Ettyl actyiate — Skn 25 100 — - Dutyl ketone — Sk 2% w18

Dettyi phirauate - S — 10 Ettyt aiconol {Emanal) 1000 1,900 - - Haxone {Methy! sobutyl

Diigorodiomomeinane 100 %1 150 129 Etylamea .. . 10 [T - hetone) — Skun 100 40 125 10

Capdal iefiers reter 10 )o:cvog'-
Capadi wiers rever 10 Appandiors. Captal istiers reter 10 ApDanduces m‘;:‘;,‘::"‘m bl
“"See hotce of niences Chnges “* See Notce of inundes Cunges " San Nolca of Inemed Chnge
1H] 17 19
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ADOPTED TENTADYVE . ADOPTED TENTATIVE ADOPTED TETATIVE
YALUES VALUES VALUES VALUES VALUES VALUES
TWA STEL WA $TEL WA STEL
Bobstonce o mgm?’  pem mym” Sobstance s mgim? g mgm’ Substance o mgm?’  ppar mgimt”
sec-Maryl acetaly L] X0 - - MethytacrylonRrie — Nerc oxde . . 25 0 k] 45
C Haxysane givcol 2 125 - - Sam . 1 3 2 ] 9-Neroanine — Skn 1 [ H ?
Hydrazmne — Skin 01 A2 01t A - - Mettwiat Narobenzene — Skin 1 5 2 W0
Hyorogen [ . F - (Gsmethoxymathane) 1.000 3100 1.25¢ 3.87% H‘ymm P
Hydroganaled terphenyls 0s 5 - - Methy! siconot - 1 - 2
Hydrogen bromds 3 10 —_ - {metanol) — Siun 200 60 250 310 l-mmmm,l R —_ Atb — Alb
C Hyorogen chiords s 7 - - Methylamine 0 2 - - Ndroethane 100 0 1% 465
** Mydrogen Cyande — Metty! amyl aiconol see € Nttrogen dioxde § 3 - —-
Skin . (0) (L3 I { ) {18) Metny! sodutyl Nirogen triuorde 10 Fsl 15 I
Mydrogen tiuorde 3 2 - - carbinol — Skin 2 10 “ 18 C Ntrogiycern — Skin [kl ? — -
Hy1ogen peroxide . 1 15 2 ] Methyl 2-cysnoacrylate 2 8 4 1% Ntromethane .00 2% 150 s
Hydrogen seiende 005 02 - — Metny! n-amyi tetone 1-NAropiopane . .. 25 90 kLY 135
Mydrogen suifide. . . 10 15 15 27 {2-reptanone} . 100 465 150 ne ** 2-Ntroprapane . (25) (90} - -
Hydroqunone - 2 —_ 4 Methyt bromae — Skin A& 60 - - N-Narosodimethylamne
ingene . 10 a5 15 70 Methyt buty! kefone. see {Omethy introscamine}
Indium & Ownooum 2-Hexanone — Skin 25 100 40 165 —Sn . . - 2 - I
(as in} . — 0.1 - 03 Methy! celiosone — Skm Nerotoluene — Sk 5 ) 10 ®
C lodine e a1 1 - - see 2-Methaxyethang! 25 ] 35 120 NRrotrchioromethane.
1odolorm N 06 10 ] 20 Methy! celiosoive acetate see Chioroperny 0 07 03 F3
Iron oude fume . 83 s - 10 — Skin. 3o¢ Eifylene Nonane ... .. . 1050 250 130
Iron perkacardonyl .. .. 0.01 0.08 - - gtycot monomethyt
fron sans, soksbie (s ether acetate. .. 25 120 3 170 01 _ 03
) . L - 1 - F] Methy! chiorde 100 210 125 280 1450 s 1,800
Isoamy! acetdts .. . .. 100 825 125 [10] Metty! chiorolorm (1. 1. 4 - 10
tsoamyl aicohal ) 100 30 125 50 1-Trchioroethane} 50 1.900 450 2.380
tsobulyiacetate ....... .. 150 mo 17 s Methyloyclohexane 400 1600 500 2000 0.002 00006 0006
tsobutyl scohol 50 15 15 225 Methyicycioheranol s 35 4] 150 1 - 2
C tsophorone . H 25 - - ° 01 015 [ )
Is00harone — Sk N 50 230 % 348 02 03 0s
dsocyanate —Sun. 0,01 (1] -— - Methyicyclopentadieny| 2 - 6
isopropyl acetate. . . .. 250 950 no 1,185 manganese ticarbonyt
150010yl 2ICONOI — Skan 400 L ] 500 1.2% (38 Mn} — Sk . 01 02 03 08 ot - -
isopropytamine H 12 u Methyl dometon — St - 0s - 15 0.1 - 03
150propyl ethar 250 1,050 N0 1,320 C Methylene bsphenyt
socyanate (MDt) . (1 02 - -
50 240 1 360 *¢ Mathylene chiorde hydtocarbons (PPAH),
- 1 - 2 {achiorometrane) . (200) {700)  (250) 870 s benrend solubles - 02, A1 - Al
0s 0.9 1.5 3 4, 4 -Methyiene bs Pentaborane . . 0 008 001 0015 (]
{2-cMotamine) — Pentachioronaphthaiene - 0s - 2
dusts (as Pb) . - 015 -— 0.45 San . 002 A2 - A2 - Pertachiorophsnol —
Lasd arsenate (as Pb) .. - 015 - 0.45 C Methylene be (4-cyclo- Sk .. . - 05 - 18
Lead chromate (as Cr) .. — 0.05 &2 - - hexyksocyanate) 00t on - -_
Caoaal letters reter 1o Appanchces
Foounates (2 tu g) see Page 31
Capnal teners reier 10 AQpenaicas CagHal tetiers rater 10 ADDENGICes 1978 Agarton
““See Notica ot Inlended Cranges ** Sae Notice of INNnded Changes " See Notos of Intenaed Changes.
20 2 . 24
ADOPTED TENTATIVE ADOFTED TENTATIVE ADOPTED TENTATIVE
VALUES VALUES VALUES VALUES o Yaues vALmEs
TWA STEL Twh TR WA e
Sabstence pone mgim? gy mgrm?” Sedetancs o mgn”  gpr agm” Substonce o myim? g myim?
Limesione . - 3 - 20 Metty! eityl ketone 4 - il
Lndane — San - 0s - 15 (MEK). see 1,800 750 2.2%0
Lithwm nydide - 0028 - - 2-Butanone .. 200 590 300 85 0 2% as
LPG (Lquied © Methyl ethyl ketons
detroleum gas} . 1.000 1800 1250 225 pergude. ... 02 15 - — 670 150 1.00¢
Mapneste —_ € - 20 Methyt formate .. 100 250 150 s
Magneswm oxide tume Methy! 100ide — Sk 5 28 10 56 mercaptan . . 01 o8 - -
{as Mg) - 10 - - Methyl soamy! ketone 100 a5 1% 710 Purchioryl fivoree . 3 " ]
Malathion — Skin . - 10 . —_— Phenol — Skn 5 19 10 3
Malex antydrge 025 1 - 25 100 “0 165 Phenathapne — Skin - 5 - 10
C Manganese & p-Phenylens damine —
Compounds (as Mn) . - s - - 100 @0 125 510 Skin . - 0.1 - -
Manganese Phenyl cnn (vlpor) . 7 H 14
cyclopentadieny! 602 0.06 -— - Phenyl mo»mm
trcarbonyl (as un) - 05 ! = - madure fvapor) . .. 1 T 2 "
Son . - 01 - 03 100 a0 125 510 Prenyiethyiens, 308
. Mmqmae Tarande . - 1 - - 02 - 08 Styrema. monomer ..., 100 Q0 125 525
Marbies caceum Phenyl Qiycioyt sther
carbonate - £ - 2 ’“2 7: ™ s PGE) ... ... 10 0 1S )
Mercury (Akyl - - - * Phenyl mercaptn. . 0s 2 - -
compounds) — Skm Cadetyigtyrone ... 100 40 — - Phanythydruzne — fain 5 2 W “
as W9} 0001 001 00® 003 Maybdenum (25 o) € Phenyiphosphoe ... 00s 028 -
Mercury (Al tarms Soludie compounes - 5 - 10 Phacate (Tremet® } —
exceot atiyl), & W ~ 005  — 015 Insoubie compounds - 0o - 0 Sk — 008 — 02
Mesiyl oxde 25 100 - - Monocrotophas Phosacn (Meanphos® )
Methane f - [ - (Azo0rer®) - - 0 - - —Sw. . ... o0 01 003 03
Methanetniot sae Metty! Monomettyl andine — * Phosgene (cardony!
mercaptan s [ I— - n 2 9 ¢ 1 chiorde) 3] gs - -~
Methomyt (Lanaate®) — C Monomethy! ydrazne Phosphung 03 [X} 1 1
San L - 23 - — —Skn . . 02 03s - -— Phosohore acd — 1 - 3
Metnarychior . - 10 - - Morpnotne — Skan 20 10 0 105 Prosphons (yedow] - 0t - 03
2-Methoryethanol — Mapnthaiene 10 Ly 1N 75 ** Prosphonss
Skin (Methyl B -Naprenyamne - Atd - A perachiornde . . .. — A - 3)
catiasoive) 25 80 35 120 Neon - f = 4 - Prosohonss enasuifioe - V- 3
Meihy! acetate 200 60 2% 160 Nl carbonyt 0os 03 - - Prosphorus inconge . 0.5 3 - byt
Meihy! acetylane Noxel metat - 1 - - Pehaic snhydnde . .. 1 s ‘ 4
(propyne) 1000 1650 1250  2.040 Kol sonie m-Phenalacinarde .. . - 5 = oy
Methy! compounds (as N1 - 01 - 03 Pcjonam (Tordor®) . = L 2
acetylene-propadiene Nicke! suthde foasting, Preric s — S . - ot - 03
manture (MAPP) 1 000 1,800 1.2 2.2% fume & Qust (as M) . - 1 Au - - Pwa® (2-Praiyi-1. 3
MeDy! acrylate — Sk 10 EY - - Nrotne — Skn - 05 - 15 ) - 01 - Lk ]
Narc g 2 ] ¢ 10 Plaster of Purs . - [ - 20
¥ oers reler 10 Appenchors
memn Vo © Appendces Captal ehers csler 10 ADDINRCES 1974 Aocton
1978 Adoiuon fooinaies (3 Swu g1 148 Page 31 ©“Sen Notwces of ianoer Changes
2 2 25
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ADOPTED TETANVE ADOPTED TENTATIVE ADOPTED TENTATIVE
VALUES VALUES YALUES YALUES VALUES VALUES
TWA STEL TwA [118 Twa STEL
Sassiancs o agm’  gar age’ v mym?  ppr mym” Sebetance o ayn’ g sqw”
Platinum (Soludie safs} TEOP — San - 02 - 06 Inorthocresyt phosphate - 01 - 03
s P . - 0 002 -— - Tellon® decomposnon Tronemyl phasohate - 3 -
Poychiorobiphenyss see products - 8 -— 61 Tungsten & compounds.
Chiorogiphenyts — Tolnrwm & compounds nw
Sun — — - - s Te) - 01 - - Soluble - 1 - 3
Poiytetrafivoroettyiens Telurum hexativonde, Insoludie - $ - 10
decomposiion ale . .. . 002 0.2 - - Turpentine . 100 $60 150 840
praducts . - [ )] - [ 1] TEPP — San. . . 0 Do« 00s 000 02 Unnwm (aatural)
C Potassam hydroade - 2 —_ - *°C Terphanyls - (] ®) - - solubie & Nsolubie
Propane F - f - 1.1, 1, 2-Tetrachiono-2, compounds as U - 02 - 08
B-Propolactone .. . - A2 - 2 2-afworosthane 500 4170 625 5210 Vanadium (V2 Q) as v
Propargyl sicohal — 1,1,2, 2-Tetrachioro-1. Dust . - 05 - 15
Sk . 1 2 3 6 2-afworosthans . .. 500 4170 625 520 C  Fume . - 005 - -
nﬁowuuuu . 200 840 250 1.050 1.1.2, * Yaleraidehyde . S0 s - -
Propy! sicohot — Skn 200 500 %0 625 2-Tetrachioroethans Vnyl xcetate . 10 k) 20 60
n-Propyt nrate ki 105 « an —Swn - H 35 10 0 Viny! benzene. see
Progylene f - 4 - Teirachiorosthyiene. see 100 20 1% 630
Propym Gchionde (1, Parchiorosthyiens — (250)  {1.100) - -
2-Dchioropropane) . 75 350 10 510 - O 100 70 150 1,000 {Alc) ~— (M) -
*C Propylene glycol ginsrate Teteachioromethane,
- Sain . 2 2 - - Caron tatrachionds 0 45 30 85
Propyiens glycol — Skin 10 85 20 10
monomethyt 100 360 150 540 mwmmmm . - 2 - 4 10 ] - -
Progylene mne — stn 2 S -— - 10 40 20 80
Progytene oxdde . . 100 0 150 30 — 0.0 — 0.3 100 480 150 20
Propyne. see Metty! 200 50 2% ns - 01 - 03
aeylene .. ... 1000 165 1250 204 _ 5. 83 B
Pyrethrum .. — 5 - 10 - B50" - 0s
Pyrine . . .. . s 1510 ] 1 ). - [ 10
Qunone . . .. .. . 0.1 04 03 2 [ X} 3 2 [ ] Xylene {o0-. M-,
ROX — Sk ... . .. . - 15 - 3 t L] - - ) — Sam 100 435 150 655
Resoremol . .. ... 1 L 20 90 leMuaMm - 01 - -
Rhodwm _ Metal fume Xybdens — Sk § 23 10 S0
and dusts (as RA) - ot 03 ium . L - 1 - 3
Sonole sahs (as Rh). - 0.001 - 00m -_ 15 - 30 Inc chioede tume - 1 - 2
. - 0 - e chromate (as Cr} . - 005 A - -
ﬁosn core sokder 2inc ouide fume — 5 - 10
Pyrosis products (28 - 0.1 - - Toc stmacxte . . X - € - 20
formaidenyds) - 01 03 Ziconem compounds
Rotenons (mdl - - - 10 - 10 e 20 asn.. ... ... - 5 - 10
Rouge . - E 20 1 H) - -
Capa! letvers reter 10 Appancices
T(NOC] Aot ctwrwae Chiesieg
Capeatdefiers rmiw 0 Appendicas ° 1978 Aadoa .
1978 Aadslion **See Motes of Beended Changes “* Set Notce of inenced Changes
26 28 30
ADOPTED TENTATIVE ADOPTED TENTATIVE 3) Parts of vapor o gas per makon parts of contam-
VALUES VALUES YALUES YALUES nated air by volume at 25°C and 760 mm. Hg. pres-
TwA STEL TWA TR, sure
Sabetancs s mym?”  pear ey . o ngm’  ppa mgm” b} N'::ronmm milgrams of substance per cubic maev
of &
Aubder sovent S - 0 d} An atmospheric concentration of not more than 0.02
(Naphtha) 400 1.600 - - PPM, Of personal protection may be necassay 10
Se:'mun ©Compounds (3 02 _ 2 _ A avoid headache for ntermittent expasure.
Seenrom hexafiuonge - - e) < 7 umin dameter
25 Se 05 04 005 04 01 - 02 ) As sampied by method that does not collect vapor.
S,m‘ (see Carbaryt) —- 5 —_ 10 3 _ 20 ) For controt of general room air. biokgic MONIoNNG
Silane (see Sicon 3 - 20 15 essential for personnel control
letranydnde) 0s 7 1 2 s 10 560 o
Sancon . - - £ - 20 For per ot radw-
Sikcon cartde - € - 20 ©.14) - 1sotopes n v, see u §. Dmnmem nl Commevn Na-
Suicon Wiratydrde -] 10 tonai Bureau of Stas k 69,
{Saane) s a7 1 H Pem‘ussable sooy Bumns and Maumum Permissible
“* Siver, metal and sokudie des i Air and n Water for
¢ sempounts 13 A9 o M - ew e - 2 Ocummond Exoowe. June 5. 1953; Addendum 1,
Sotium Suesscetiia - - - o August 1963 {NCRP Report No. 22). Also. see U.S. De-
(1080) — Sum _ 005 — 01 pariment of Commerce Natonal Bursau of Standasds,
€ Sotium oo - 2 — = 1900 440 2380 Handbook 59, “"Permissidie Dose from External Sources
Surch . - € — 20 of lonzing Radaton,” September 24, 1954. an adden-
Stome 01 05 01 19 45 2 90 dum of April 15, 1958. A report. Basic Radution Protec-
$1006ard sovent . 100 S5 125 20 85 150 600 tion Cnteria, pudished by the Natonat Commtus on
g:;vfﬂ':";mﬂ - e1s - 045 0 &2 Radiation Prolection, revises and modernuzes the con-
- - - cept of the NCRP standards of 1954, 1957 and 1958,
{Phenyiethrytene} 100 @ 125 825 s - 10 ootainabl NCRP N 1910 W 1
€ Suonisins (Proteomtic 1,2.3Trchioopropane. 50 300 15 450 e as Rept No 39, 7910 Woodmon
uwmes(a war 1.1, 2-Trenior 1, 2, Ave , Washington, D C 20014
pure Crysiatev ?-ul\wo-mn. . 1,000 7,600 12% 9,500
onzyme) -0 omoa-‘ - - Trethylanng ... ..... 2 100 © 160 MINERAL DUSTS
Sucrose - - 20 Treyciohaxytn
** Suftur dozude ($) {13) — - hydrawde (Pecinan® ) . - H - 10 SIIJ:.‘.“S:.
Sultur hexahuonge 1000 6 125%  7.500 Trftuoromonobromo- pal i tali o §
Sutture ace - 1 - - metrane . 1000 6100 1200 7,300 Crystaiine
Suftur monochorde 1 3 1 Trometiyl benzane .. . FH) 125 08 m Ouarz TLV i mppct**
Sutlyr peraivorde 0025 025 0078 07 2.4, 6-Tnatrophenol, 300"
Sufur etrafiucids L 0¢ 03 ! wPoca—Sen  — 01— 03 “Squaz + 10
Sunoey huorce s n v« 2.4 &Toarooneny- TV for respradie Gust .
Systax see Demeton® methyindrammng, 3e¢ 3
— Swn om 01 00 03 Totyh - Skin - 15 - 30 fmg/m _—
2451 - [T J— 20 2.4 6-Tratropivens 10 mg/
Tantatum - ) - 10 an . - 'Y _ - % Respirable quarz + 2
TLV for ‘lotal dust.” respwable
and nonrespiadie’
oers reher 10 AN
Caoas wnws et 10 Appenaces "‘l:::mwm 30 mg/m?
“* See owce of vnenced Cunges **Sou Notca of tended Changes % quare + 3
r 29 k1]
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Cristobahte . . . .Use one-hall the value calcuated
from the count or mass lormuiae

tor quarz
Tngymde Use one-haf! the vaiue caiculated
trom formulae for quarz
Siica fused Use quartz lormutae
Tnpok Use respirable® mass quarz for-
muia
* “Amorphous . . .. {20 mppct®)
SILICATES (< 1% quarn)

" " Asbesios, all forms (5 tibers/cc>
Sumn
length™’, Ala)

Mica 20 mppct
Minerai wool fiber 10 mg/m?
Perite 30 mppet
Portiand Cemant 30 mppct
Soapstone 20 mpoct
Talc (nonasbestiform) 20 mppct

**Talc (fibrous). use Asbestos umit
** Tremolde, see Asbestos.
COAL DUST
2 mg/m? (respirabie dust frachon < 5% quartz).
It > 5% quarz, use respiradle mass tormula.

MUIBANCE PARTICULATES
{see Appendux £)
30 mppet or 10 mg/m™
of total dust < 1% quarz. or. § mg/m? respirable dust.
Convers:on factors.
mppcl x 35.3 = Milhon particles per cubic mater
= particies per cc

h) Milkons of parhicies per cubic foot of aw, based on
impinger samples counted by hght-fieid technics.

The percentage of quaraz in the formula ts the amount
determined from arborne samples, except in those
mnstances in which other methods have been shown
10 be applicadie

1) Both concentrabon and percent quarz for the applr-

*“Sex Notxe of Mimnder Changes
32

cation of ths fimn are to be determined from the
frachon passing a Swze-selector with the foliowng
charactenstics

Aerodynamic
Diameter (um) % passing
{unit density sphere) seiector
z2

25 75

35 S0

50 i

10 0

k) containing <1% quarz; 4 quartz content > 1%, use
tormutae tor quarz

1) Lin-free dust as measured by the vertcal-slutnator,
cotion-dust sampler described 1 the Transacbons of
the National Conferenca on Cotton Dust, J. R. Lynch,
pg 3. May 2, 1970.

m) As determined by the membrans fiter method 8t
400-450X magnmhcauon (4 mm obctive) phase con-
trast umunaton

n) Based on “"high volume™* sampling

o) “Resprradble” dust as defined by the Brtsh Medical
Research Councit Critena (1) and as sampied by &
device producing equivalent results (2)

(1) Mawch, T E and Gross, P, Puimonary Deposi-
tion and Retention of Inhaled Aergsols, p. 149.
Academic Press. Now York, New York, 1964,

{2) Intenm Guide for Respirable Mass Samping,
AIHA Aeroso! Technoiogy Commtee. AHIA J.
31 2,1970.p 133,

NOTICE OF WTENOED CHANGES
{tor 1678)

These substances, with thar corresponding values,
compnise those for which ether a hmat has been pio-
posed for the first me, of for wiich 2 change i the
‘Adapied " ksting has been proposed In both cases, the
praposed imits should be considered trial imits that will
Temain 1n the hsting for a period of al least two years If,
aNer two years no evidence comes Lo ght that ques-
nons the appropriateness of the values herem. the val-
ues wilt be reconsidered for the “Adapted” kst. Docu-
mentavon 1s availadle for each of these sudstances

3

STEL MOTICE OF IMTENOED CHANGES
Seestonce o agm? g mga’ MNERAL OUSTS
¢ Acetytsaicy e acd ny
(Aspun) -— -— -—
+ -— -
m:,:,'.':w. ang Ate 0 S tiber/cc, Ala
oxce - - 2 2 fhodersice. Ala
Aumnum pyca powders - - - 0 2 hdericc, Ata
Alumnum weiding lumes. - - - . 0 5 fiverice, Ata
Alurmnum, soludle taits - - - Other forms .. 2 hbers/ec, Ala
Alummym, ateyls (NOC)® - - - Dutomaceous sarth, 15 mg/m3, Resprrable
3-Ammo 1.2 4-trazole A2 - - natural ... . . dust
T Ansna 0d homaiogues 2 s 2 Silica. amorphous . 5 mo/me. Total dust
Antwmony soludle satis {all sampled sizes)
(as Sb) - - - 2 mg/m?, Respiradle
Artenony troxide dust (< § um)
production - - - 1t Taic (hbrous) ... 0.5 hber/cc
Arsenc: {soluble). &5 As - -
Arsenc inoxude
production . - — -
+ Baylex . -_ - 03 APPENDIX A
Benomyt R - - 15 CARCINOGENS
Bromacd . - - - 20 .
t o-sat Butyiphenol — The Commatee ists below those substances n in-
Skn § - - dustnal use that have proven carcinogenic i man, of
Cacmum oxde have mduced cancer n animais under apPrOPNate Expar-
e ™ - = wmental condrtions. Present usting of those substances
? Crioroacety! chiorde.. 0.05 - - caranogenic for man 1akes three forms: Those for whkch
+ Chioromethyl 2 TLV has been assigned (12), those for wiuch enwiron-
P AR - mental condhons have not besn sufticiently defined 1o
+ B-Chioroprene — Skin 10 - assgn a TLV (1), and (1c), thase whose razssigament
Cobalt metal, dust & of a TLV is awassng more definitive data, and hencs
fume (as Co) - - 0t should be treated as 2 1b carcinogen.
'cqm"“f" : E o 100 Ala. Human Carcinogens. S o
* Datapon . 1 - - as30ciated with industnal processes, recognazed to
1 1, 2-Dibromosthane — have or
Sem .. L Alc - with an assigned TLV:
+ Dechior omonafuoro- n
mathane - - -
* Oxchioropropene ... . 10 50 “* Arsenk thoxide
* Owthanoiamnne . . - - production (Ase0s, 0.05 mg/m3 2
* Dwvnyt Denrene - - As)
* Epehortydrng — Skn $ 2 (S0a, € 5.0 ppm)
Caona! letiers 1elet 10 AQOEWRCES —
1978 Rewsion o Addaon ** S Mowce of intanded Changes
“Nol omerwae cassbed (NOC) 11970 ASton
u 3%
STRL (St 0z, 0.5 mgsm? (as
Submtonce e age’  ppar g Sb| s
. . >
ity ] ] 0 0 250 Asbestos. all torms [¢] :‘b:r:&c:) um
' "':';'f“m: Ate _ _ bis (Chioromethyt) ether  0.001 ppm
+ Elhylene Gichionde, see Chromite ore
1. 2-Dich! 10 15 © processing
CGuaraideyoe . . . 02 - - (chromate) 0.05 mg/m? (as Cr)
Hexachiorobutateens ... A2 - - Nickel sulfide roasting,
tC Hydrogen cramde — fume & dust 1.0 mg/m? (as Ni)
S 10 -_ - Pariculate Polycydic
t IMS’:“W wiyiste 05 Atomatic
— - - - Hydrocarbons
T w s o= (PPAH) 02 moym. a5
Manganess nzene solubles
Mn) I\mc W -— 1 - 3 Vinyt Chionde S ppm
t chionde
m(mum'-n) 100 30 500 1.700 X
4, 4-Methylene Gandne 0. 08 0S5 4 Atb. Human Ca . Sub o
1C 2 Neropropane ... 25, A2 00, A2 - - with ial p ] to
Pheryi-bets- have without an assi
A2 2 - - TLv:
0.1 1 . - Chioromethyi methyl ather
10 0 11 45 4-Amunodighenyl (p-Xenylamine)
- ot - - Benndine production
- s - - Deta-Naphthylamine
- S - - 4-Nitrodiphenyl
2 5 ] 1% q
0s 'S - - Alc Human Cu . S with
geni awarting g of
[ - - TLV pending further data acquisition
Acrylonitrite
00\!: O.GB o.u_s 1. 20 (Ethylene e
20, A2 - - For the substances @ 1b Of 1¢. N0 exposure of
. ““:;; gt contact by any route — fespiratory. skun or ofal.

Capitat igeiers rler 10 ADOSGCES
1978 Adston
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as detected by ths most sensibve methods —
shall be permitied

Mo mxposure Of contact” means hermitzing the
process of aperation by e best practicable engr-
neerng methods The worker shouid be property
squipped 10 sure virually no coalact with the
caronogen

‘Cummwmnmmm-ﬁmw
Trom e 970 OIS of TeM WOSTNCEE Of POCI.AE.
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Po-

a2 /S Suspect of G ')
tennal for MAN Chemical substances of subd-
siances associaied wth andusingt processes.
which are suspect of nducmg cancer. based on
either (1) lirsted
of ctrmcal reports of single uses o {2} demon-
strauion of carcinogenes:s in one of more ammal
species Dy appropriate methods
3-Amino 1, 2 4-inazole

°* Anuimony trioxide praduction® (0.5 mgsm3)
Beazene 1C ppm
Benztaipytene —

Berylium 20ug/m?

** Cagmwm oxide production (0.05 mg/m?}
Chioroform 10 ppm
Chromates of lead and zinc (as

Co) 0.05 mg/m?
3. 3'-Dichiorobenzidine _
Dimethyicarbamy! chiorde —_
1 1-Dimethyl hyaranne 0500m
Dimethyl suitate — Skin 01 ppm
Epichigrhydnn 5 ppm
Hexachiorodutadiene —
Hexamethyl phosphoramide —
Skin —_—
Hygdranne 01ppm
Lead chromate 0 05 mg/m?
4, 4'-Methylene bis
(2-chioroaniine) — Siun 0.02 pom
Monomemyl hydranne 0.2 ppm
C 2-Nttropropane 25 ppm
Nitrosamines -_
Phenyi-beta-naphthytamme —
Propane suttone _—
beta-Propolactone —
Vinyl cyciohexene dioxide 10 ppm
2inc chromate (as Cr) 0.05 mg/m3
For the above. worker exposure by alf roules
sShould be carefully controlied 1o tevels consistent
with the animal and human sxpenience data {see
Doc . g those with
2 hsted TLY
“CoueRe smoAng Can evhance The WCKONcE of 1EII IRy
CaNCErs WOM Mt OF OMYS O WSE SUDSIINONS OF YOCHIRES
a8
Al G for the Ci of £
ANIMAL Ca The foib ae
oﬂmn n the presant state of mwme as an ud

n the emw-
vunmem found 1o be caranogenic n expenmentat
animals A need was teit by the Threshoid Limits
G for sucha 6 Oraer 1o take
the hirst step n developing an appropriate TLV tor
occupational exposure.

Deter of Appr Ti of Re-
sponse Requirement. In order 10 Gelermmng w
which category lo dassify an expenmental caran-
ogen for the purpose of assigRIng an industral air
tima (TLV}. an approximate threshoid of neoplastic
response must be determined Bocause of pract-
ca ] ol
ihreshald cannot be antaned For te wrmot
standard-setung. this 1s of Itle momaent, as an 2p-
propnate nsk, or safety, factor can be applied 0
the approxmate threshokd, the magnrude of which
15 dependent on the degree of potency of the -
CINogenic response.

To obtan the dest "practcal’ threshoid of naoplas-
tic response, dosage decrements Snouid be less
than loganthmc  Thus becomes particularty impor-
1ant at levels greater than 10 ppm (or correspond-
ng mo:m3} Accorangly. atter 3 range-hnding de-
termenation has been made by loganthmic
decreases. two addwuonal dosage levels are fe-
quired within the levels of * eftect’ and "'no eftect’”
1o app! the true ot e
sponse

The second step shoutd attempt to estadish 3 me-
12D0KC felauonship Detween arvimal and man fof
the particutar substance found Carcinogenc i an-
Wnals If the metaboix pathways are lound compa-
rabie tne substance shouid be classed fwghly Sus-
pect as a carcinogen [of man it no such relation (s
founc the substance should remain listed as an
expenimental animal carcinogen wnbil evence to
the contrary 1s found

Propased Classtcaton of Expenmental Animal
Caronogens Substances occuTing m the 0ccupa-
110nal envwonment found carcnogenic for anvmals
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may be grouped into three classes, those of Mgh,
intermediate and low patency |In evaiuating the m-
cidence of animai cancers, signihicant incrdence of
cancer 15 defined 2 3 neoplastic response which

.0 the wdg of the C 2
wnmcam excess of cancers above that occufrng
0 negative controls

EXCEPTIONS - No substance is to be considered an

gen of any signdi-
cance which reacts by the respiralory route at or
above 1000 mg/m? for the mouse, 2000 mg:m?
for the rat, by the dermal route, at or above 1500
mg/kg for the mouse. 3000 mg/kg for the rat. by
the gastrontestinat route at or above S00 mgrkg/a
for a ufetime, equvaient to about 100 g 1.0 tor
therat, 109 T D for the mouse

These dosage imitations exclude such sudstances
as dioxane and tr y from
as caranogens.

Exampies. Dioxane — rats, hepatocalivlar  and
nasal tumors trom 1015 mgrkgsd,
oral

Trichloroethylene — female mice,
tumars (30/98 @ 900 mg/kg/d),
ora

INDUSTRIAL SUBSTANCES OF HMIGH CARCINO-
GENIC POTENCY IN EXPERIMENTAL ANIMALS

1. A sudstance to qualdy as a carcinogen of high
potency must fulfilt one of the thwee following
coadations i two amal spectes:

1a. Respiratory . Ectt cancer trom (1) dosages
below T mg/m? (of equivaient ppm) via the
fespuratory tract in 8- 7-hout daily repeated
etime;
or {2) from a single lmnlucnully a0min-
stered dose not exceedmg 1 mg of part-
culate, or hquid, per 100 mi or less of an-
1mai minute respuratory voiume,
Examples: dis-Chioromethy! ether, maign-
ant tumors, rats, @ 0.47
mg/m? (0.1 ppm} 0 2 years;
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Hexamethy! phosphoramide,
nasat squamous cell carcino-
ma. rats, @ 005 pom. n 13
months
OR
10 Dermal Elicnt cancer within 20 weeks by
Skin-paInting. twice weekly at 2 mgrkg
body weight or less per appiication for a
fotal dase equal to of fess than 1.5 mg. n
2 biologically iert vetucle,
Exampies 7, 12-Dimethyibenz (2)anthra-
cene — skn tumors @ 0.12-
0.8 mg T.0. in four weeks
Benz(a)pyrene. mice 12 ug,
3X/wk tor 18 mos. T.D. 2.6
mg, 90.9% skn Wwmars
OR
1c. Gastrammstina/ Elicit cancar by daidy w-
take wia the gastomtesuna tract, within
stx months, with 3 six-month hoiding
peniod. at 3 dosage below 1 mo/kQ body
weght per 0ay. total dose, fat, = S0 mg;
mouse, S 3.5 mg;

E les. 7, 12-01 y (a)anthra-
cene — mammary tumors from
10 mg 1X

3-Methylcholanthrane —
Tumors @ 3 sftes from 8 mg
0 89 woeks

Benz(ajpyrene, mice, 3 9%
leukemsas, tfrom 30 mg T.0.
198 days

2. Elcrt cancer by ail three routes o at isast two
aimal spectes at dose levels prescribed for
ugh of mtermediate potency.

A3b. INDUSTRIAL SUBSTANCES OF INTERMEDIATE

CARCINOGENIC POTENCY IN EXPERMENTAL AN-
IMALS

To qualify a5 a caranogen ot intermedaate potency,
3 substance should st cancer in two avmat spe-
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s 31 dosages inMermediaie Detwesn those de-
scnoed 0 Ada and Adc by two routes of admumis-
trabon

Example Carbamic acid ethyl ester
Dermat, mammary tumors. mice,
100%. 63 weeks. 500-1400 mg T D.
Gastrointestinal, various type lumors,
mice 42 weeks, 320mg T 0

Gastromtesunal, varous type lumors,
rats, 60 weeks, 110-930 mg T D

A3c INOUSTRIAL SUBSTANCES OF LOW CARCWO-
GENIC POTENCY IN EXPERIMENTAL ANIMALS

To quaitty as 3 carcnogen of low potency. a sub-
slance Should eIicit Cancer wn ONe JNIMat Specres
by any one of three routes of admimistiation at the
followsng prescribed dosages and conditions.

12. Respiratory  Eicit cancer from (1) dosages
greater than 10 mg/m? (or equivalent ppm)
3 the cespwatory tract in 6- 7-hour. daly re-
peated nhalanon exposures. for 12 months’
sxposure and 12 months observation perod.
o (2} from miratracheally admuustered dos-
ages 1otaling more than 10 mg of parcuiate
or lquxd per 100 mi or more of aimal minute
respiratory volume;

Examples Bery! (berythum aluminum siccate)
malig lung tumors, rats. @ 15
mg/m? @ 17 months
Benzidine, var. tumors, rats,
10-20 mp/im? @ > 13 mos.

OR
10. Dermal Elictt cancer dy skin-panting of mie
in twice woekly dosages of > 10 mg/kg body
weght 1n 2 biologically mnert vehicie for at

least 75 weeks, ie . 2 159 T.0

Examples- Shale tar. mouse, 0 t mi x 50 -
¢ 7.0 59/60 skon tumors
Arsenc trioxde. man, dose un-
&nown. but estimated to be hgh

1c. Gastrommsunal. Eucit cances from daity oral

L

dosages of SO mg/kgrday or greater dunng
the ifetrme of the animal

APPENDIX §
SUBSTANCES OF VARIABLE COMPOSTION
81 P . products

Thermat decomposition of the fluoracarbon chain i
au leads to the lormation of oxidzed products con-
fanng cardon fiuorine and oxygen Because these

0 part by hydrolyss m aikalne
solvuon, they can be quantitatively determmed in ar
as Huoride 1o provide an index ol exposure No TLV

pending of the toxi-
crry of the products, dut ar concentrations should
be mmal
B2 G The Line varies greatly

and thus a smgle TLV for lll typa of these materials
s a0 longer applicadle. in general, the aromatc hy-
drocarbon content will determine what TLV appires.
Consequentty the content of benzene. other aromat-
CS 2nd addrives should be determined to arfive at
the approptiate TLY (Eluns. et al A LHAJ 2498,
1963): Runion. sud. 36, 338, 1975)
B3 Weiding Fumes — Total Partculam
(NOC)**
Ly Smgim?

Weiding fumes cannot be classified simply The com-
pOs1tON 3nd quantity of both are dependent on the alloy
being weided and the process and electzodes used Reir
avle analysis of fumes cannot de Made without consider-
Mg ihe nature of the welding process and sysiem being
examined, reactive metals and alloys Such as aluminum
and tdanwm are arc-welded in 3 prolective neft aimo-
spnere such as argon These arcs creale relatively hime
fume Dut an ntense radation whch can groduce 020M
Simiar processes are used o arc-weld Steels. aisd
creatmg a refatively low level of fumes Ferrous alloys
as0 are arc-weided 0 oxidaing enwvironments which
Qenerate consideradle fume, and can produce carbon
monoxwde nsiead of orone Such lumes generally are
composed af discreel partcles of amorphous Slags con-

*1i20e hames Agotion Fron Mewon Tenon Tewan
“* It ofMerwe casded (NOCH
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taning 1ron, manganese. $icon and othsr metallic con-
sutuents depending oN the oy system mnvoived Chro-
mwm and nicket compounds are found in tumes when
stainless steels are arc-weided Some coated and flux-
cored electrodes are formulated with fivordes and the
fumes associaled with them can conlain significantly
mote liuondes than oxides Because of the above fac-
tors arc-welding fumes frequently must be tested for
ndivdual constituents which are hixely 10 be present 10
determine whether specihic TLV 5 are exceeded Conclu-
sions based on fofal fume concentration are jenerally
acequaie if no 10XiC eiements are present n weiding rod.
melai, of metal coating and conditions are not conducive
(o the lormation of toxic Qases

Most weiding, even with primsrve veniiiation, does
not produce exposufes nside the weiding heimet above
5 mg/m? That which does. should be controlied.

APPENDIX C
MIXTURES

C 1 THRESHOLD LIMIT VALUES
FOR MIXTURES

When two or more hazardous substances e pres-
ent. theit combined effect, rather than that of exher ndr-
vidually, should de Qrven primary consideration. In the
absence of information to the comrary, the eftects of the
different hazaras should be consideres as additive. That
1. 1 the sum of the following Wractons,

o, G 3
RS S 4

exceeds unity, then the threshold limit of the muxture
shouid be considered 3s being exceeded. Co indicates
the her and T the cor-
responding thresnold hmat (See Example 1A.2. and
Ac)

Excepuons to the abave rule may be made when
there 13 a Q0OG reas0n 10 believe that the chiet eftects of
the ditferent harmful substances are not in fact additve,
-sutwepandent as when purely kocal effects on ditierent
organs of the body are produced by the vanous compo-
nents of the muxture In such cases the threshold hemit
ordinanly 1s exceeded onty when at least one member of

“

Example No 1A a A contans 400 ppm of acetone
(TLY = 1000 pom) 150 pom of
sechutyl acetate (TLV = 200 ppm)
and 100 ppm of 2-butanone (TLV
= 200 ppm)

_ Atmospheric concentration of Mix-
fure = 400 + 150 + 100 = 650

ppm of mixture
400 150 100
008 " 356 " 300 04+075+05=165

Threshold Larut s exceeded.

1A.B Special case when the source of contaminan! 8 a
hquid mixture and the SIMOSPAENC COMPOSIION 1S
assumed 10 e sumdar to that of the onginal mate-

nal.eg onat ] average exp
basis. att of the kqui (soivent) miure eventually
evaporates.

Additrve effects (approximate soiution)

1 The percent composition (Dy wesght) of the
hquid muxture 15 known, the TLVs of the
constiuents must de listed sn mg/m?.

{Note In order lo svaluate comphance with
s TLV, teld samping mstruments should be

- n the y. for response to
s specriic quanhtative and quahatve sir-
Yapor mixture, and aiso (o fractional concen-
travons of s muxture, e.g.. 1/2 the TLV;
1110 the TLV; 2 x e TLV; 10 x e TLV:
ex.)

TLV of mixture =

1

the series (% +0f L .tc.) ftsett has 8 value

Te
exceeding unity (See Example 1A ¢ )
action of p may occur with
some of < Such

cases ai present must be determined ndividually Poten-
tating or antagonistic agents are not necessarily harmiul
by themseives P 9 offacts of exp to such
agenis dy routes other than that of inhalation 1s aiso
possible. 6.0 mbibed alcohol and inhaled narcotc
(trichior y P s oxhi-
bited at high concentrations, less probabty at low

When 3 grven operation or process characteristically
smis a number of harmtul ousts, fumes, vapors of
Qases. it wiil frequently be only feasidle to ttempt to
evaluate the hazard by measurement of 2 singie sud-
stance In such cases, the threshold hmit used for tus
substance should be reduced by a suttable factor, the
magniude of which will depend on the number, toxicity
and refative quanuty of the other contamunants ordnardy
present.

Examples of processes which are typically sssociated
with two 0f more harmful atMosphenc contaminanty are
weldng. automobsde repair, blasting, panting, lacquer-
ing certaun foundry operations. diesel exhausts, 9ic.

€.\ Exampies of
THRESHOLD UMIT VALUES
FOR MIXTURES

The following formulae apply onty when the compo-
nents in a mixture have simily toxicologic effects, they
should not be used for mixtures with widely drffenng
reactivitries, ¢ 9 hydrogen cyamde & sullur dwude In
such case the lormula for Independent Effects (1A.c.)
should be used

1A 2 General case. where air 15 analyzed for each com-
ponent
4. Aodibve effects. (Note' N is essential that the
sphere be bam g ly and
ly for sach present. mn
order 10 svaluate comphance of noncom-
plance with thus cakculaind TLY )

C Ca G
A =1
45

O N
L[LA TLV, TV, VA
Exampie Mo 1. Liquid contams (by wesght)
50% heptane TLV = 400 ppm or 1600 mg/m?
1 mg/m? = 0 25 ppm
30% methyl chioroform TLV = 350 ppm or 1900

TLV of quariz (pure) =
3

300
—rmmme = 2= = 2.7 mppet
00«10 10 ope
Essentially the same result will de obtained it the
hma of the more (mosi) tox component is used
Pprovided the efiects are adoitive. In the above ex-
ample the irmut for 20% Quartz 1s 10 mppct
For another mixture of 25% qQuarz, 25% amor-
phous silica and 50% taic

25% quarz — TLV (pure} = 2 7 mppct
25% amorphous silica — TLV (pure} = mppct
50% 1aic TLV {pure) = 20 mppct
1
W * ———meeemee
R ¥ TN T T
27 20 20
The mit tor 25% quartz approximates 9 mppct.

= 8 mppc!

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

The Excursion TLV Factor i the Table automatically
defines the mag of the
sbove the amt for those substances not gwen a “'C"”
desgnation, 1.¢ . the TWA kmuts. Examples i the Tadie
show that nitrobenzene.” the TLV for which s | ppm,
should never be allowed to exceed 3 ppm  Simiarly.
carbon tetrachioride, TLV = 10 ppm, should never de
allowed to exceed 20 ppm. By coatrast, those sub-
stances with a “C™ designation are not subject to the
excursion 1ac1or and must be kept a1 or below the TLY
ceiting

These hmiting excursions are to be considered to
provide a “‘rue-ol-thumb™ guidance for listed sub-
stances generally. and May not provide the Mast appro-
priate excursion for a particular sudstance ¢.¢ . the per-
missible excursion lor CO 1 400 ppm for 15 Mmnutes

mg/m3 For appropriate excursions for 142 substances con-
t mg/m? = 028 sult P2 Rules & Aegs . Chap 4. An. 432, and “Accept-
pom able Concentratons.” ANSI
4 )
20% perchioroethyiene: TLY = 100 ppm or 670 Max Conc.
mo/m? Permmied
1 mgm? = 0.18 Excursion  for shorl
pom Sustance Jv_Ffagler_ tme
1
TLV of Mixture = ——m—eeee——— Nitrobenzene 1 3 2
tve " T8 L0302 Carbon tetrachionde 10 2 20
1600 1900 670 Trnimethyl denzene 25 1.5 35
' Acetone 1000 1.25 1250
-— 1 - 1
T G031 + 0.00016 + 0 00030 S fuonce ¢ Z :
1
= G007~ 1300 mgie? EXCURSION FACTORS
of this mixture For ol sudstances not deanng C notation
50% or {1300) (0.5} = 650 mg/m? s heplane Excursion
30:6 of (1300) (0 3) = 390 mg/m® 5 methyl chioro- TV>0-1  (ppm or mg/md). Factor -3
orm W i . o -
20% of {1300) (0.2} = 260 mg/m3 15 perchiorosthylene > 10—?00 “ . - z_s
Tnese vaiues can be converted 10 ppm as fokows: "-":":00-'000 " - .11»)25
heptane 650 mg/m? x 0 2§ = 162 ppm number of tumes the excursion sbove tha TLV s
methyl chiorotorm. 390 mg/m? x 0.18 = 70 ppm [y s g y with the Time-
perchioroethylone 260 mg/m® x 0 15 = 38 ppm ®ghted Average TLV.

TLV of muxtiure = 162 + 70 + 39 = 271 ppm, o 1300
mg/m?

1A ¢ Indepencent effects
Ar contains 0 15 mg/m3 of Jead (TLV, 0.15) and
0 7 mg/m? of sutturc acid (TLV, 1)

015 (1R
—2a, ——
0.1§ 1 o7
Thresnold hmd & not excaeded
18 TLV for Mixiures of Muneral Dusts.

For mixtures of Digiogically active mineral dusts the
general formuta for mixtures may be used

for muure ¢ g 80% \ laic
ang 20% quarz, the TLV for 100% of the mixture is
Qiven by

Ty

1
o8 ozt
20 27
TLV of nonasbestiiorm tak (pure} = 20 mopct
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INTERPRETATION OF MEASURED
PEAK CONCENTRATIONS

With mncreasing use of rapid. direct-feading analyvcal

L for airbome n the work area,
the Quesbion of interpretation of essenuially “wrstantz-
neovs’ peaks anses Although no general stalement can
be mage g at y the fol-
fowing guideines thould prove helptul, assuming paak
excursions conform 1o time-weghted average TLV as
stated above

The toxicologic importance of momentary peak con-
cenirabons depends on whether the SubSIANCe « fast of
siow acing if slow acting as for quartz. lead, o car-
bon monoxide, momentary peaks are of no 1OKCOIGIC
concam provided. of course, they 318 not astronomic
On the omer hand. fast-acting substances that rapudly
produce disabing narcosis, e ¢ , H2 5. 0f ntolerabie -
1260A or asphywalion, NHs, 502, COz. of initiate sensituza-
tion — the organic Y . eeen
peaks appreciably above the permissidle excurson.
should not be permtted. uniess aformation qusts o the
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contrary (ther more specrfic excursions wil be dever-

oped n the tuture,

APPENDIX €
Seme Nuisance Perticuister”
TLV. 30 mppct or 10mg/m? ol totat
dust < 1% quarz or. 5 mg/m?
respicable dust

Alundum (A Os) Limestone
Calcum carbonate Magnesite
Calcwum sihcate Marble
Celiuiose (paper liber} Mine:al Wool Fiber
Portiand Cement Pentaeryinnitol
Corundum (Al Oa} Piaster of Pans
Emery Rouge
Glycenn Mrst Silicon
Graphite (synthetic) Silicon Cartnde
Gypsum Starch
Vegetable ot mrsts Sucrose
{except castor cashew Tin Onide

nut, or Ssimilar arnfant
olsy
Kaohin

Trtanum Dioxide
Zinc Stearate
Imc oxide dust

D) When toxic impurdies are noi present, e g. quartz <
1%.

APPENDIX F
Seme Simpie Asphyrisnts
Acetyiene Hydrogen
Argon Methane
Butane Neon
Ethane Propane
Ethylene Propylene
Hehum
q) As definedon pg 6.
APPENDIX G

Calculations for Conversion of Parhcle Count Concen-
tration (by Standard Light Freld — Mwdget impmger
Techniques). in mppct. to Respirabie Mass Concentra-
tion (by Resprable Sampler) m mg/m2 +

N Between Resprratie Dust G

nd
Muagel mpager Number Concertton by Murtay Jacobson ane T #

Tomb AMAJ 28 Mov -Dec 1967
50

wt of 1 mppcf ® 355 x 10® pert./m? x
4 425 x 1079 mg/part.

1. mppct = 0,157 mg/m?

or
6.37 mppct = 1 mg/m?
or approxmately § mocef = 1

mg/m3.
4. Equvalent TLVS in mppct and mg/m? (respiradie
mass) for Minerat Dusts.

Supstance Threshold Limit Vaiue
Count Resp. Mass Total Mass®
mppe! __ mg/emd mg/m?

Sitrea (Si0y

Amorphous 20 (&) ) 6)
Cristodaiite 15 005 0.1§
Fused sdica 3 0.1 03
Quarz 3 0.1 0.3
Tridymee 1.5 0.08 0.15

Coal Dust 12) 2 4)

Oiatomaceous earth,

naturat —_ 1.5 -

Graphtte (natural) 15 2.5) 5)

Mica 20 3) (8

Mineral woot fiber - (5) 10

Nuisance partculates 30 5 10

Periite 30 (5) (10)

Portiand Cement k] (5) (10)

Soapstone 20 3) {6)

Taic

(nonasbestiform) 20 ) (6)

Tripoli 3) 0.1 0.9)

"Uness otherwss spactie? nepIibit Mass § Sresumed 10 aqual -

** A1 et £ paronTieses ( ) OISR Aewly cacuaiad valoes bised
Of sqUMIENCE O § MOOCt @ 1 MQ/M? reRDIID Mass 3N resox-
abie mass = 50% lota mass
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1 in 1967, Jacobsen and Tomb * denved an empri-
cal retationshep of 5 6 mppet to 1 medigram of
respwable dust per cutec meter of ar, based on
23 sets of samptes, mostly coal dust The foliow-
nQ catculaton results in an equwvalence of 6.37
mppct to ¥ mg/m? of respirable dust Thus. an
approximate raho of 6 mppct to 1 mgsm? ot re-
spirable dust s suggested lor conversion of TLVS
from a count 10 a2 mass basis when the density
and mass median diameter have not been deter-
mined

~

Basic assumphons.

) Average density for sdica containing dusts =~
2 5 gmsscm? (2500 mg/cm?) Puimonary sig-
ndicant dust densmes may vary from 1.2
gmscm? for coal dust to 31 gms/cm? for
Portiand Cement Siica densives vary from
2 2 (amorphous} 10 2.3 (cristobaide and trdy-
mite) to 2 5 (alpha-quartz.) gms per cm?.

d) The mass medan diamater (mmd) of particles
caliected it miogel impinger samplers and
counted by the standard ight field techmique,
and collected 2 respirable sampter 15 ap-
proximately 1 Sumor V5 x 107* ¢m Ths
assumphon 15, of course, qurte arbutrary snce
the mmd of alt dust clouds 15 quite vanabte

9 on many
such as souvce of dust, age of dust cloud. me-
teorologrcal condiions. etc

w

Calculaton
2) vol per particte 4/3 w3 r = 075 x 107
om
= 43w {075 x 10742
- 177 x10 '*em?
b) wt per particte = vol x density
=177 x 10" ¢m? x 2 5 x 107 mgrem?
= 4425 x 10°* my/partcie
©) 1partucie/ft ? = 355 part ym?
(since IS5 Scuft=1cym)
10% part /> = mppcf = 35 § x 10% part /m?

51
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PREFACE -
PHYSICAL AGENTS

These threshoid limit vaiues refer to levels of physical
agents and represeni conditions under wiuch A § be-
beved that nearty 3l workers may be repeatedly exposed
day after any --lnout adverse etlect Because o wde

Xp of an oc-
casona! mcmaual at, or even om- the threshold tmit
may not prevent annoyance. aggravabon of a pre-exist-
ng condiion, of physiological damage

These thresnold umits are based on the dest avadabie
nformation from ndustriai expertence. from experimen.
tal human and animal studies. and when possibie. from
2 combinabion of the thres.

These hmits are ntended for use m the practce of
mdustrial hygrene and should be werpreted and applied
only By a person tramed m tws discipbne. They are not
intended for use. or tor modricabon tor use, (1} in the
evaluation or control of the levels of physical agents in
the community, (2) as proot or drsproot of an exsting
physical . or (3) for by
whose working condibons ditter from those i the Unned
States of Amenca.

These vaiues are reviewed annually by the Commdies
on Threshold Limits for Physical Agents for rensiong of
as turther nt

Notice of Intant — At the begnining of sach year,
proposed actons of the Committe for the forthcoming
year are ssued n the form of 2 ““Notice of lntent,”” Tius
notice prowdes not only an opportumty for comment,
but solics suggestions of physical agents 10 de added
10 the ist. The suggestions should be accompaned by
subsiantiaung evidence

As Legisistve Code - The Conference recognuzes
that the Threshold Limit Yaiues may be adopted i legis-
lative codes and regulations H so used, the mient of the
concepts contained i the Pretace should be mantaned
and provisions should be made 10 keep the kst current.

L]

Reprmt Pemussion — This pubicaton may be re-
printed provided thal written permission s obtamned
from the Executive Secretary ot the Conference and that
this Preface be published i its enbdrety along with the
Threshoid Limn Vaiues

THRESHOLD LIMIT VALUES
HEAT STRESS

These Threshold Limit Values refer to heat stress
congrions under which it 1s betreved that nearty ait
workers May be repeatedly exposed without adverse
health eftects. The TLVs shown in Table 1 are based on
the assumption 1hat nearty alt acclimatized. hally clothed
workers with adequate water and sait mtake should be
abie to function effectivaty under the grven working con-
amions without exceeding 3 deep body temperature of
38°C (WHO technical report senes #412, 1969 Neath
Factors Invoived m Working Uncer Condidons of Heat
Stress; FN. Dukes-Dobos and A Henschel. “"Deveiop-
ment of Permussible Heal Exposure Limits for Occupa-
bond Work ** ASHRAE Jouma. Vol 15 No 8. Sep-
tember 1973, pp 57-62)

Since measurement of geep body temperature Is m-
practical for morutoring the workers' heat load. the mea-
surement of enviconmental factors s reguired which
most nearly correlale with deep body lemperature and
other physioiogical responses 10 heat At the present
tme Wet Bulb-Globe Temperature Index (WBGT) is the
simplest and most suitadie technique to measure the en-
vironmenta! factors WBGT values are calcuiated by the
following equanons
t Outdoors wilh solar load

WBGT = 0 7W8 + 0.2GT + 0108
2 Indoors or Outdoors with no solar load

WBGT = 0 7w8 + 0 36T
whete

WBGT = Wet Buid-Giobe Temperature Index

WB = Natural Wet-Buld Temperature
08 = Dry-Bub Temperature
GT = Giobe Thermometer Temperature
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The determwnation of WBGT requires the use of 2 black
globe thermometer, 3 natural (Static) wet-buld thermom-
ster, and a dry-buld thermometer

TABLE 1

Permissible Heat Exposure Threshold Lima Values
{Values are gven in °C. WBGT)

Work Load

Work — Rest Regimen Light Moderate Heavy

Contnuous work 300 267 250
75% Work —

25% Rest, Each hour 306 280 25.9
50% Work —

50% Rest, Each hour 314 284 279
25% Work — .
75% Rest, Each hour R2 N 3.0

Hegher Mat axposures than shown ot Table 1 are per-
missible if the workers have been undergoing meducal
survertance and it has been established that they are
more tolerant 0 work n haat than the sverags worker.
Workers should not be permitied 1o continus their work
when thew desp body tempersture exceeds 38.0°C.

EVALUATION AND CONTROL

I ol the En

The nstruments requued are 3 Gry-Duld, 3 astural
wot-butb, 2 globe thermometer, and a stand. The mes-
of the ) factors shall be per-

formad as foliows:

A. The range of the dry and the natural wet dulb ther-
momaeter shall bs ~5°C to S0°C with an accuracy of
20.5°C. The dry buib thermometar must be siweided
from the sun and the other radiant surtaces of the em-
fonment without ¢ the arfiow around the buld.
The wck of the Ratural wat-Duld thermometer shail be

§7

kept wet wrih drstied water for at isast 1/2 hour before
the temperature readng 15 made N 1S not enough to
immerse the other end of the wick mio a reservour of
distilled water ang wait untd the whole wich becomes
wel by capitarity The wick shail be wetted by direct
apphcaton of water from a syringe 1/2 hour before each
reading The wick shail extend over the bulb ot the ther-
mometer, covermg the siem about one addiional buld
fength  The wick should atways be clean and new wicks
shouid be washed before using.

B A globe thermometer, conssstng of 3 15 em  (6-
inch) diameter holiow copper sphere painied on the
outside with a matte biack hrush or equrvaient, shall be
used The bulb or sensor of a thermometer {range ~ 5°C
to 100°C with an accuracy of =D.5°C) must be hxed n
Ihe center of the sphere The giobe thermomaeter shall be
exposed at isast 25 minutes defore 1t is read.

C. A stand snall be usad to suspend the three thermom-
sters so that they do not resinct free aw flow around the
buids. and the wel-buib and globe thermometsr ars not
shaded

D it s permissibie to use any other type of temperature
sensor that gives dentical readng as that of 3 mercury
thermometer under the same condrions

E The thermometers musi be $o placed that the read-
ngs are representatrve of the condibon where the men
work Or rest, respectively

The methodology outlned adove 1S more fully ex-
planed m the foilowing pudlicatons

“Prevention of Heat Casuaities in Manne Corps Re-
cruts. 1955-1960. with Comparative Incidence Rates
and Ciimatic Heat Stresses n other Tranmg Catego-
ries.” by Captain Davsd Minard, MC, USN, Research Re-
port No 4 Contract No MR005.0+-0001 01, Naval
Medical Research Institute, Bethessa, Maryland, 21 Feb-
fuary 1961

2 “Heat Casuales 1n the Navy and Marnne Corps,
1959-1962. with Agpendices on the Fieid Use of the Wt
Buld-Globe Temperature index,” by Captan Dawid
Mmasd. MC. USN. and R L O'Brien, HMC. USN. Re-
search Report No 7. Contract No MR 005 01-0001.0t,
Naval Medical R Insttute, B
12 March 1964

Y

$8

3 Minard. O . Prevention of Heat Casuaities m Marme
Corps Recruds  Midary Medine 726(8) 26V-272.
1961

1t Work Load Categones

Heat produced Dy the body and the envwvonmental
heat together deterune the total heat load  Therefore. o
work ts 10 be performed under hol envionmental condr
wons, the workioad category of each ot shall be es-
tabhished and [he heal exposure hmit perunent to the
work 10ad evalualed against the apphcatle standard
order 1o protect the worker fiom exposure beyond the
permissidle bmnt

A The work 102d category may be estabiished by rank-
ing each job o hght, Medwm, and heavy Categores on
the basis of type of operation. Where the work load ts
ranked mnto one of sad three categones, 1.8.

{1) light work (up to 200 Kcairhe or 800 Bturtr).
€ 0 . utng or standing to control machines, pertorming
hoht hand or arm work,

(2) moderate work (200-350 Kcal/hr or 800- 1400
Btu/hr). e.9.. walking aboul with moderate kftng 2nd
pushing.

(3) beavy work {350-500 Kcal/hr or 1400-2000
Bu/tr): ¢.¢., pick and shovel work,
the perméssible heat exposure ma for that work load
shail be determuned from Tabdie 1.

8. The ranking of the b may de performed sither by
measunng the worker's metabolic rate winle performing
fus job Or by esumating his metabolic rate by the use of
the scheme shown in Table 2. Tabies avadabie n the
terature hsted below and in other publications as wed
may atso be wtized. wne-mm«muuwmw-
missidie heat exp hma can be by Fiqure
1

1 Per-Olaf Astrand and Kaare Rodaht: “Textbook of
Work Physiology” McGeaw-Hdl Book Company, New
York, San Franasco, 1970.

2. € Gude 1o £
Cardiac Costs of Physical Work."” Amu Ind. ”IO
Assoc. J. 32: 560, 1971.

3. Energy Requirements for Physical Work. Purdue
59

Farm Cardac Project. Agricuttural Expm.ﬂ Station,
Ressarch Progress Report No. 30, 196

4 4 V.G A Duminand R. Pnsmou “Energy, Work
and Leisure " Hememann Educational Books, Ltd., Lon-
don, 1967.

, TABLE 2
Assessment of Work Load

Average values of melabolk rate durng driterent ac-
tvies.

A. Body posibon and movement Keal /mun.
Situng 03
Standing 06
Waiung 20-30
Wallong up hitt ad 0.8

per meter (yasd) nse

8. Type of Work Average Range

Keal./oun Keal./min
Hand work
hght 04 0.2-1.2
heavy 09
Work wth one arm
hght 1.0 0325
heavy 1.8
Work with both arms
ght 1.5 1.0-35
heavy 25
Work with body
hgnt 35 25150
moderate $.0
heavy 7.0
very heavy 80

Light hand work: wring. hand kvtung
Heavy hand work: typewnuing

Heavy work with one arm: hammaring in nails (shoe
maker, upholsterer)

Lgh work weh two arms: filng mell. planing
wood, rakuing of 2 garden
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Mooerate work with the dody cisanng 3 foor, dedt-
ing 3 Carpet
Heavy work with the body. rairoad track iaying, 0ig-
ging. darking trees
Sampie Calculation Using a heavy hand tooi on an
assembly Ime
A Wallung along
intermedaie value between heavy
work with two arms ang kght work
with the body

2.0 Keal./mn.

3 0 Keal./mmn.

5.0 Kcal./mun.

C Add for basal metabohsm 1 0 Keat./nun.

Total 6.0 Kcal./min.
Adapted from uhmmn G. E.. A Muller mdN Spezer:
Der K 1 b i Ardeit. Y
swol. 14 156,1950.

Wi. Work-Rest Regimen

The permissible exposure hms specified n Table 1
and Figure t are based on the assumption that the
WEGT value of the resting place is the same or very
close 10 that of the work place Where the WBGT of t
work a1ea 15 driterent trom that of the rest area 3 time-
weighied average value should be usad for both environ-
mental and metabolic heat When ime-wenghted average
values are ysed the appropnate curve on Figure 1 is the
sodid hne labeled ““continuous.””

The trme-weigl average boiic rate (M) shall
be determined by the squation.
Av M=

(M) X (h) + (M2} % () + .. .. + (M) X (L)

M)+ () + .. *(L)

Where My Mz, M, are

rates for the vanous actrrbes o! the worker dunng the

fotal ame perod 1, . § are the elapsed times i min-

utes spent at the correspondng metabolic rate as deter-
menad by 3 time study

The time-weaghted average WBGT shall be deter-
mined by the equation.
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Av WBGT =

(WBGTs) X (1) + (WBGT2) x b + = (WBGT.) x {t)
)+ (2) + + )

where WBGT.. WBGT2. WBGT, are caiculated values of

WBGT for the vanous work and rest areas occupred dur-

g t0tal ime perods 1. L.t are the elapsed Limes in

Mminutes spent m the corresponding areas which are de-

termined by 2 tme study Whese exposure to hol enwi-

ronmental condibans 15 continugus 10r several hours or
the entire work day. the tme-weighted averages shall de

¢ d as hourly t ] averagere o+ 2
+ L = 60 minyles Where the exposure 1s mterms-
tent 1he time 9! ges shall be as

two-hour ime-wewghted averages. 1e h + L2+ ... 4
= 120 minutes

The fumts tor work
are apphcable where there 1s a work-rest regmen of 2
§-0ay work week and an 8-hour wark day with 3 short

g and break y 15 min-
utes} and a longer unch break (»pmnmatdy 30 min-
utes) Higher exp linits are p

resung ime 13 owed All breaks mdudmo unsche-
duled pauses and aoministrative or opsratonal wasting
penods during work may be counted as rest ime when
addional rest atlowance must be given because of high
environmental temperatures.

It 1s 3 common expenence 1hat when the work on 3
100 15 Sett-paced. the workess wil Spodtaneousty hmi
Iher hourly work 030 0 30-50% of ther maxmum
physical performance capacity They 0o this esther by
sefting an appropriate work speed of by mterspersing
unscheduled breaks Thus the daly average of the
workers” Mmetabolc rate seidom exceeds 330 kcal’hr
However, within 3n 8-hour work sh«ft fhere may be
periods where ihe workers' hourly average metabohc
rate wd be higher

IV Water and Salt Suppiementation

Ouring the hot season ot when the worker Is exposed
10 ariicially generated heat onnking water shall be
Mmade avaiadle 10 the warkers n such 1 way thal they
are stimuiated to Irequentty dnnk smail amounts 1 e |
one cup every 15~20 minutes (aboul 150 ml or 1/4
pnt)
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The water shail be kept rexsonadly cool (10°-15°C or
50 0760 0"F) and shall be placed close 10 e work-
place s tha! the worker Can 1each & without abandoning
the work ates

The workers should de encouraged 1o sah thar food
abundantly dunng the hot Season and parucularly dunng
hot spelis It the workers are unaccimatzed, Salted
annlung water shail be made avalable m a coacenirabon
ot 0 1% (19 NaCi10 1 O inter o 1 level tablespoon of sant
to 15 quarts of water) The added salt shail be compiete-
ly dissoiveo before the waler s Oistibuted. and the
water shali be kept reasonably cool.

V. Other Considerabons

A Clothing: The permessibie heat exposure TLVs are
vaia tor hght summer clothing a5 customarily worn by
workers when woiking under hot environmentat conde
tions it special cathing 1S requwred for pertorming a par-
ticular Job 3nd ths clothng 13 heawier o X impedes
sweat evaporaion or has higher insulation value. the
worker's heat tolerance 1S reduced, and the permissible
heat exposure lmits indicated . Tadle 1 and Figure 1
e not applicable. For each 1ob category whers special
clotung 15 required, the permssibie heat exposure hmg
shall be estadlshed by an expert.

B Acclmatization and Fitness' The recommended heat
stress TLVs are valud foc acchmated workers who ae
physically it

The recommendatons of the Natonal Councal on Radaa-
bon Protechon and Measurements (NCRP) are suggest-
00 as threshoid hmat vaes 10 which nearly 3l workers
may be exposed without adverse sflects. The hmits
shouid be used as guides for the conrol of expasure
and should not be regarded as hng lnes betwoen sate
and dangerous levets. The undertying phiiosaphy of radr
aton protection 10 keep sif Exposures as low as faa-
$0nadly achrevabie.

The two basic referance documaents are as tollows:

8. “Basic Aadiation Protection Critena,” NCRP Re-
port No. 39, ssued January 15, 1971,

13 mnmum Pmmwble Bocy Buldtnl and Max-
mum P n Air
nd n Water for Occunanoni Estun US Dapan-
ment of Commercs, National Bureau of Standards Hand-
book 69, 13sued June 5, 1959, with Addendum 1 ssued
August 1963. Avaiabie 3s NCRP Report No 22.

The adove as well as on ny-
marous other NCRP fleports mnssmo specrhe sub-
acts n onizing from:
NCRP Py 90 Wood An Wi

0C 20014,

and should not be regarded as fing Sines detween safe
and dangerous levels. Thay are basad on the Dest avas-
able snformation from sxpenmental studies.
LUmitng Apertures

The TLVs a8 (adant t
hmsmmhmdmmwmdi
mm except for TLVs for the eye in the spectral range of
400-1400 nm, which should be averaged over 3 7 mm
bmibng aperture (pupd), and except for ait TLVS for wa-
velangths Detween 0.1-1 mm whaere the lumiting aper-
ture 15 10 mm. No modification of the TLVs & permetied
for pupd szes less than 7 mm.
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Fgurs § — Pyrmissdia Mest Exposure
Theashold Limt Vaive

The TLVs for “extended souices” apply to sources
which subtend an angie greater than a (Table 5) which
vaties wih exposure hime. This angle s nof the beam
divergence of ihe souice

Correction Factors A and 8 (C, and C,)

The TLVs for ocular expasute in Tabies 3 and 4 are
10 be used as given for all wavelength ranges The TLVs
o1 wavelengths between 700 nm and 1049 nm are to be
wcreased by a vafarmiy extrapolated factor (C,) as
shown i Figure 2 Between 1049 am and 1400 nm, the
TLV has been increased by a factor {C,) of five For
certain exposure hmes at wavelengths between 550 am
and 700 nm, correction factor (Cy) must be apphed

The TLVs for skin sxposure are given s Table 6 The
TLVs are 1o be mcreased by a factor (C,) as shown in
Figure 2 for wavelengths between 700 nm and 1400 am
To ad i the determaaton of TLVS for exposure
of 1 powers

Fiqures 3, 4, 5 and 6 may be used.

Repelitively Puised Lasers

Since there are few expenmental data for muftiple
puises. caulion must be used in the evaluation ol such
exposures The protection standards for wradiance or ra-
diant exposute i multipte pulse trains have the lollowing
limitabons

(1) The exposure from any single putse = 1he train 15
limrted to the protecton standard for 8 single compara-
bie putse

{2) The average wradance for 2 group of pulses is
fmited 10 the protection $tandard as given m Taoles 3,
4, or 6 0f 2 singie puise of the same gJuration as the
enure putse group

{3) When the Instanianeous Puise Repetibon Fre-
quency (PRF) of any puises withn 2 train exceeds one,
the protecbon slandard apphcadle to each pulse s re-
duced as shown i Figure 6 for pulse durations less thaa
10 second For puises of grezter duration. the follow-
g fosmuia shouid de tokowed
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Standard (pulse nr)
n
where
n = number of puises m tram
v = durason of a singie puise in the tramn
Standard (nr) = protection standard of one pulse
having a duration equal 10 Ar sec-

onds.
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MICAOWAVES
These Threshoki Limit Vaiues refer to microwave en-

ther commed effect shoulé be considersd. rather tan
the indmdual efiect of each it the sum of the fokowng

gy n the traquency range of 300 MHz to 300 Gz and fracnons

represent condttions under which it is bebeved that near- G G G
ty all workers may be repeatedly exposed without ad- B 3R R
verse effect

exceeds ynity. then, the mixed exposure should be con-
sadered 10 exceed the threshoid hmet value. C1 ndicates
the totat duraton of exposure at & specic noise level,
and Ti indicates the total duration of exposure permitted
at thal level Al on-the-job notse exposures of 80 dBA or
greater shall be used in the above caiculations

Under conditions of moderate 10 severe heat stress,
the recommended values may need to be reduced *
Therelore. these vaiues should be used as guides m the
control of exposure to mucrowave energy and should not
be regarded as a hne line between safe and dangerous

TABLE 6
Threshold Limit Value for Skin Exposure from a Laser Beam

levels.
» Ol
E E Recommended Vaiues:
s OFrNANOAN g w The Threshold Limst Value for occupabonal exposure Tadle 7
t SenancnnnaRRAIR 1o Microwave energy. where power density or fieid in- Threshold Lund Vaives
8A @ tensity 15 known and exposure time 15 controlled, is a3
£ & X Ouraton per day Sound Level
2% toows: b
° § 1. For exposure to contmuous wave (CW) sources, the —fouss g
s power density level shall not excesd 10 miliswatts per ) ‘: 80
w s square centimeter (MW/cm?) for continuous expo- . 85
w a3 sure, and the (otal exposure time shall be bmrted to %0
2 28 an B8-hour workdzy This power density is approxi- 2 ]
= g% matety squvalent to a free-space eiectnc feid 1 100
£2 strength of 200 voits-per-meter fms (V/m) and 2 " 105
23 2 free-space magnetic held strength of 0.5 ampers-per- e 1o,
£3 § meter ms {A/m). ve "s
SiéLLL? szg e ana 2 Emwnwcwmmwmqmum "o SOOLNY I8 CIRRVOUS & WEANEIR & sucess of 115 684
3 =-—-2-2222_2-_— 10 mW/cm? are permissidle up to & maximum of 25 2) Sound level in decibels 2 rod on 2 sound level
£ 2 mW/cm? based upon an average energy dansily of 1 meter, conforming as a munimum 10 IM requee-
£ 8 millwatt-hour per square centimeter {mwh/cm?) ments of the American Nanonal Standar
3 averaged over any 0.1 hour penod. For exampie, ot flon o Saund Lovel Mettts 514 (1971) Type S2A,
25 mWicm?, the prmatidi exposure duraton & and 561 10 use the A-woighted Retwork with slow
aoproumately 2.4 mmutes in any 0.1 hour period. et response %9
3. For repettively puised MICTOwave SOurces, the
average held strength or power density is calculated
by multiplying the peak-puise value by the duty cydle.
The duty cycle 5 oqual o 1he puise duration i Sec- | IMPULSIVE OR IIPACT NOKSE _
onds times the puise repetivon rate w Hertz. Expo- Rig that expo: to imp or im-
sure dunng an 8-hour workday shall not sxcesd the pact noise shall not exceed the limits ksted n Tadie 8 o
taken trom Figure 7 No exposures in excess of 140 de-
cibels peak sound pressure level are permitted. impul-
“Mumord W W, Hast Soess Oue © R £ Aadoton, ” Proceesrgs of Sive Of IMPact noise 15 considared 1o be those vanatons
KEE, Vol 57, Mo 2. Fab 1968 pp 17178 0 noise levels that involve maxima at ntervals of greater
e ] )] 83
fotowing values which are averaged over any 0.1 than one per sacond. Whers the wiervals are less Than
hour peniod one second, ft should de considersd continuous.
Power Density 10 mWrem? Table 8
Energy Density 1 mWhiem? Threshold Limut Values
Mean Squared Electnc Field Strength 40,000 vi/m? impulsive or impact Noise
Mean Squared Magneac Fieid Strength  0.25 A/m? Sound Level Permitted Number of Impuises or
4. Exposure 15 nol permissidle m CW or repelitively o8 - Impacts per day
Puised fiekds with an average power densrly in excess 140 100
of 25 MW/em? or approximate equivalent free-space 130 1000
. freld strengths of 300 V/m or 0.75 A/m. 120 10.000
'E § ROISE Dectets pash sound pressuce ivel
e e These threshoks limit vaiues refer 10 Sound pressure
TE-y- levels and of exposure that rep condi-
=leal 2 tions under which it 1s believed that nearty alt workers
Pk l” may be repeatedly expossd withoul adverse eflect on
I their abilrly to hear and understand normal speech. The
6::‘ 5 medicai profession has defined heanng wmparment as

an averzge heanng tnreshold levet in excess of 25 de-
cibels (ANSI-53 6-1969) a1 500. 1000, and 2000 Hz,
and the limits which are given have been estabiished to
prevent 2 hearing loss i sxcess of this level. The vaiues
should De used as Quides m the control of noise expo-
sure and, due 10 INdmdual susceptbilnty, shoutd not be
regarded as hne bnes between safe and dangerous
levels.

i1 should be recognized thal the applcauon of the
TLV for noise will not protect ak workers from the ad-
versq etlects of noise exposure A heanng oonservanon
program wath testing s
workers are exposed to nose 31 or above the TLV lwds

Contnuous or Intermifient

The sound level shakl be determmed by a sound level
meler, conformng as 3 Mnimum 10 (he requirements of
the Amerscan Natonal Standard Spectfication tor Sound
Level Meters, S1 4 (1971) Type S2A, and set to use the
A-waighted network with siow meter response. Duration
of exposure shall not exceed that shown i Tadle 7

These values apply to total duration of exposure per
working day regardiess of wheiher this 15 one continy-
ous expasure of 2 humber ot short-term exposures bul
does not apply 10 IMPact or tmputsive type of noise -

When the daly noise exposure 15 compased of two
of more periods of noise axposure of different ievels,

0 a2 84

03 x 10

Exposure Time,
(1) Seconds

10-?
10*
107
10~

Wave Length
200 nm 10 400 nm

400 nm 10 1400 nm

14umto i mm
C. = 10fora « 400- 700 v sew Fgure 2 4or A = 700 to 1400 am

IR-B&C

Spectral
Region
uw

Light &
1R-A
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SUNLIE OF MIMALES OF WAPACTS PUR BAY (K}

Rgare 7 — Tiveshold Limit Values for
impuise/impact Nose

where

Ex = effective i relatve 0 2
ic source 3t 270 nm n Wiem? (J/s/am?)

E. = spectral yradance in W/cm?/nm
S, = reiziive spectral effectveness (unitess)
Ax = band width I nanometers

4. Permissibie exposure time in seconds for exposure
0 actinic uitraviolet ragiation ncdent upon the un-
profected skin or eye may be computed by dmdwng
0003 Jicmd by E.» 10 W/cm? The exposure time
may aiso be determmed using Tadle 10 whuch pro-
vides exposure tmes correspondmg to etfectve ir-
radiances m uW/om?,

TABLE 9
Reiative Spectral Eftectveness
by Wavelength
Retztive
Spectral
Wavelength T Effectveness
_fom) {mJtemd)”® S,
200 100 0.03
210 40 0.07s
220 25 0.12
230 16 0.19
240 10 0.30
250 10 (X <]
254 6.0 0.5
4.6 0.65
270 0 1.0
200 34 0.88
290 47 0.64
300 10 0.30
305 50 0.06
310 200 0.015
35 1000 0.003

St Jiomd = 1070 Jyom?

L) T R T T
-
‘.I 4
3!
g !
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<
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N - m m t ] n "
WAVE LENMGTM (MANOME TERS)

Rgure § — Theeshokd Lamat Values 1o/ Ukraviolet Radustion

Condrtioned {tanned) indmduais can tolerate siun &x-
posure i excess of the TLV without erythemal effects.
However, such condtioning May NOt PIOIEC! persons
WuNSL skon cances

NOTICE OF IMTEMOED CHANGES
(tor 1978)

These physical agents, with thew commesponding val-
ves. comprise those for which erther 3 hmet has been
proposed for the frst tme, or for wiich 2 change i the
“'Adopted” Nstng has been proposed in both cases, the
proposed limits should be considersd trial Emits that wik
feman  the istng for a penod of at least one year. it
afer one year no evidence comes 10 bght that questions
the approprateness of the vaives harewn the values wikt
be reconsidered tor the ““Adopted” kst.

ULTRAVIOLET RADIATION®

These thresnold tenil values refer to ultraviole! radia-
tion in 1he spectral region between 200 and 400 nm and
represent condibons under which it 15 beleved that near-
ty all workers may be repeatedly exposed without ad-
verse eflect. These values for exposure of the eye of the
skin apply 1o ultrawolet tadiation from arcs. Qas, and
vapor discharges, fluorescent, and ncandescent
sources. and solar radiation, but o not apply 10 ultrav-
clet lasers * These values 40 nol apply to ultraviglet 13-
duation ot of of ndr
wviduals ¢ d 10 p 0
agents (Fizpatnck. et al , eds , Suntght and Man, Umiv
Towyo Press. Tokyo, Japan. 1974) These values shouid
be used as gudes m ihe controf of exposure to
conunuous sources where the exposure duration shail
not be less than 0.1 sec

These vaiues should be used as uides o the controt
of exposure 10 ultraviolet sources and should not be re-
garded 2s 3 hng kne detween sate and dangerous levels.

Recommended Valves.

The threshold hmit vaiue tor occupabonal expasure
10 uitraviolel radation incident upon siun of eye where
wraduance vaiues are known and exposure time s con-
tralied are as follows
1 For the near uliraviglet spectral region (320 10 400

nm) total wragiance ncident upon the unprotected
skun Of eye should nol exceed 1 mw/cm? for penods
qreater than 102 seconds (approximatety 16 minutes)
and for exposure times less than 107 seconds should
not exceeg one Jicm?

2 For the acimic ultiawipiet Spectral region (200 — 315
nm), raduant expasure Inciden! upon the unprotected
skin of eye should not exceed the values given in
Taole § within an 8-hour period

3 To determune the effective irradiance of 3 broadband
source weighted 3gainst the peak of the spectral ef-
fectiveness cufve (270 nm), the toliowing weghting
formula should be used.

Er = YES 41

*Ses Laser TLvs

87
TABLE 10
Permissible Utiraviolet Exposures
Duration
of Exposure Effecuve (rradiance.,
- __Per Day Eg uWiema) ™"

8hrs . .- a
s 02
2 s, 04
1h ... 08
0 mun . 17
15min. . 33
10min . 5
Smn . 10

1 min. 50
30 sec 100

10 sec. 300
16 . 3.000
0.5 sec 6,000

. ...30,000

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 10 be Measured only
over an angle of 80°.

St luwiemd = 107% wiom?

C
o°

NOTICE OF INTENT TO ESTASLISH
THRESHOLD LIMIT VALUES

LIGHT AND MEAR-INFRARED RADIATION

These Threshold Limdt Values refer to wisidle and
near-nirared radation m the wavelength range of 400
nm 1o 1400 nm and represent condrtions under which it
15 believed that nearly all workers may be exposed with-
out adverse effect These values should be used as
guides n the canirol of exposure 10 light and should not
be regarded as 3 fine line Detween safe and dangerous
tevels

Recommended Vaiues.

The Threshold Lamet Vaiue for occupanonal expasure
to broad-band WQht and near-nfrared radiation for the
eye 30ply 10 exposure in any eght-hour workday and
require knowledge of the speciral radunce (L.) and total
wradiance (€) of the Source as measured at the posi-
Ban(s) of the eye of e worker. Such detaved spectial
data ot 2 wiute bhght source is generally only required 4
the luminance of the source exceeds 1 cd cm-3. Al -
minances less than this value the TLV would not be ex-
ceeded.

The TLV's are

1 To protect against retnal thermat inury, the spectral
fadance of the lamp weighted aganst the tunction R
{Table 11) shouid not exceed.

I? 'Y .
ILA LS et m

where L s M W omo? g7 and 115 the wewing
duration (or puise duration if the lamp s puised) im-
ded 10 1 usto 10 s, and a is the angular sudtense of
the source n radans H the lamp s oblong. o refers
10 the longest dimension that can De viewed For -
stance. al 2 viewng distance 1 = 100 cm lrom 2
tubular lamp of length § = SO cm, the viewing angte
[

a = U= 50/100 = 0.5 rag @

2 To protect aganst retmal photochemical inury from
chiomc blug-ighi exposure the ntegrated spectral ra-
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dunce of the lamp weghted against the biue-ight
nazard function B, (Tabie 11} shouid not exceed.

Tl s 100k i s 0t) (B

oo

TLBASI0TWem s (1> 10)  (3b)
For a source raciance L wiuch exceeds 2 mW cm-?
$t7' in the blue spectral region, the permissibie ex-
posure duration L., i SECOnNds 5 simply

lae, = 100 J em~2 s Y/L (blue) )

The latter imns are greater than the maxmum per-
missible exposure kmits for 440 nm laser raduation
{see Laser TLV) decause 3 2-3 mm pupi 15 assumed
rather than a 7 mm pupdl for the Laser TLV.

w

Intrared Radaton. To avoid possible delayed sffects
upon the lens of the eye (cataractogenesis}, the infra-
red radiauon (A > 770 nm) should de hmred to 10
mwcem™2. For an infrared heat lamp o any near-in-
frared source where a strong visuad stmulus s ab-
sent, the near wfrared (770-1400 nm) racance as
wewed by the eye should be limrted to:

1.0
foladr= 0.6/a 5

for extended duration viewing conditions. This bmit
ts based upon 2 7 mm pupd diameter.

“Formutae (1) and (2) are amOwical and are Aot, STy sgemmg, G-
corect To mane Wi formulsd Smensonaly Corect, sne
would Aave 10 50N 3 SmenSIORN COMECION LACIr & 1 (he rght Nend
MoK B Bech formula For tormula (1) the woukd be g, = 1 W e
180°@ hriom® o 51). and for 1ormula (5) by = 1 W e radr(cm® o )

)l

TABLE 13

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

SOURCES
‘ Blue-Light Bum Hazard
Waveiength * Hazard Function Function
(om) 8, LN
400 0.10 1.0
405 020 20
410 040 40
415 080 80
420 0% 9.0
425 09 85
430 098 98
435 10 10
440 1.0 10
445 097 97
450 094 94
455 0% 9.0
460 0.60 8.0
465 070 70
470 062 8.2
475 0.55 55
480 045 45
485 040 40
490 022 22
495 016 16
500-600 Ll Shiied 10
600-700 0 001 to
700~ 1049 0 001 ' Sttt
1050~ 1400 0 001 02
92

AWBORNE UPPER SONIC AND ULTRASONIC ACOUSTIC
RADUATION

These threshoid limit vaives refer to sound pressure
levels that represent condions under which it 15 be-
heved that nearly ail workers may be repeatedly exposed
without adverse etlect. The values hsted in Table 15
should be used as guides m the control of noise expo-
sure and, due to mdmdual suscepiilty, should not be
reqarded as fine lines between safe and dangerous
leveis. The levels for the third octave bands centered
beiow 20 kHz are below those which cause subjective
ettects Those ievets for 1/3 octaves above 20 kHz are
for prevention of possible hearng losses from subhar-
monics of these frequencies.

TABLE 12
Permissible Ultrasound Exposure Levels

Mid-Frequency of
Thrd-Octave 8a0d  One-Third Octave — Band Level

kHz In d8 reference 0 0002 dynes/em?

10 80
125 80
16 80
20 105
25 110
s 15
40 115
50 15
L)

PHYSICAL AGENTS UMDER STUDY
These agents comprise those which the Physical

Agents Commitiee of ACGIH proposes to study durng

this year 10 the { of g pro-

posed TLVS in 1979. Comments and suggestions, ac-
by . are soicted.

1. A, squency R . § . that portion

of the spectrum from 10
MHZ to 100 MHz.

2.E ly Low Frequency (ELP) R . icale

ly, that portion of the spectrum from 0 to 300 Hz.

3. Magnetrc Fiaids. Both puised and contnuous.

4. Laswr Radiation. Specihically ultrsviolet radizbon for
puised exposures, and repetitively
puised light and infrared-A laser ax-
posures.

5. Uttrasonc Energy. Specifically, scousbc energy 2t

frequencies above 10 khz.

§. Vibradon. Segmental and whole-body.

7. Coid Stress.

8. Pressury Vanatons.

511904 0332




