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Endnotes and Abbreviations
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282 — CAS

CAS NUMBER INDEX

10101414,

-...Laloum sullate, the dihydrale
[see Calcium sulfate]
...Nirric oxids

ilrogen dioxide

10102439
10102-44-0....
10210-68-1. .
10284-334.
10294-34-5

N ~_Boron lichloride
HO044-3. ...

...Methytetrahydrophihaiic anhydiide
|see Melhyltetrahya-ophthatic
anhydride isomers]

1071836 ... . Glyphosate

11097-69-1.. Chiaradiphenyl (54% chiorine)

11103-66-9. inc polassium chromate

[see Appendix G]

12001-26-2.... .. .. Mi

12001-284.

12001-29-5.

12035-72-2.

-Mica
rocidolile [see Asbestos, all forms]
...Chrysalile [see Asbeslos, all forms]
...Nickel subsulfids [see Nicke! and
inorganic compounds|
.....Tungsten carbide [see Hard melals,
containing Coball and Tungslen
carbide]

12070121

12079-65-1...... s yclop y

108133 2 Methylcych eyt
ticarbonyl

12125029, mmonlum ehlorde lume

12172-73-5 - mosila [see Asbeslos, all forms]

12179-04-3. ... Sodium telrab pentanyd
[see Borate compounds, inorganic]

12185-10-3. ....Phosphorus (yellow)

12604-58: Femovanadium

13071-79-9. «.....Terbulos

13121-70-5.. ,Cyhexatin {Tricyclohexyllin hydroxide)

13143-00-3.. -Hexahydrophlhalic anhydride,

cls- isomer
...Calcium sulfate, gypsum {see Calcium
sulfate}

13428-07-7 . .o Dipropylene glycol methyl ether
(DPGME})

13463-39-3 ..Nicksl carbonyl

1346340-6.. ron pentacarbonyl

13453-67. Hlanium dioxide

13465-78-9. -3-Carene [see Tuipentine and
selected monoterpenes]

13494-80-9... .. Tellurium

13530-65-9 ..Zinc chromate [see Appendix G}

13397-24-5..

284 —CAS

CAS NUMBER INDEX
26140803 s Terphenyls o = |
26590-20-5 thyttatrahydrop ¥ .
omt [see Methyltetrabydrophthalic
anhydride isomers]
26628-22-8... .Sodium azide

flurane
Isoaciyl alcohol

59669-26-0

61788-32- Iydioge P

54742-81-0, Hyd ted ke ¢
Kerosenallot fusls as total
hydrocarbon vapor]

5955932 ..Coal tar pitch volaliies

Portiand cement

Cyromazine

—Diesel oil

Fuel o No. 2 [see Diesel fue as lotal
hydrocarbons]

Diesel Mo. 4 [see Diesel fus! as lotal
hydrocarbons]

Diesel No, 2 [see Diesel fusl as totzl
hydrocarbons]

LP.G. {Liquefied petroleum gas)

Triflumizole

31242:93-0 .Chiorinated diphenyl oxide
_Dm{woglymlmslhylemsr
(DPGME)
TuponiseoNopeded)
isamer [se0 Methytetrahydrophthali
anhydride isomers]
53469-21-9 Chiorodiphenyl (42% chiorine)
55566-30-8 Tatrakis (hyd Iy phosg
sulfate
55956-21-3 Dipopytens ghyool meyf efher (DPGME)
59355-75-8 et acetytene-propadins mixture

" CAS NUMBER INDEX

1358824 2

13765-14
13638-16-2
14166-21-2

1446415
14484-84-1
14807862
14808-60-7
14857-44-2
14977613
15972-60-3
18219753
16752-77-5
16842-03-4
17702419 ..
17804-35-2
19287457
19430-934
19438-53-2

1943884-3

19524-22.7
20324-32.7

20816-12:0
21087-64-5
21351-78-1
21651-194
21725482
22224-82.8
22248-79-3
22350-76-1
22781-23-3
25013-154

25154545 . ..

25167673
25321-14-6
25551-13.7

25639-42-2

Cioratvlere ¢ yeo =sthyl ether
(DPCME:

Sdea crystaline — sristobalite
“zmam
nasbe .03 form)

3ilies, zrystall quartz

Dimetnylethoxy silane

Znror chlonde (see Appendix G]

Alachior

Fibyhdane nomcraene

Stetramypl

Lozalt hydrocarbenyl

Cecanorane

eroyl

C borare

Perfusrabuiy sihylane

Melwyltelrahydrophthalic anhydnde
183mer [see Methylletrahydrophthaiic
anrydnde somers]

Methyltetrahydraphthalic anhydride
132mer [ses Msthyltstrahydrophthalic
anhyrrida ssamers)

Pentaborane

Dipiopylere glyzol methyl ether
(DFGML)

Osmivm letroxde

Metriouzin

Cesium hydroxnde

Tin oxide

Cyanazing

Fanamiphos

Talrazhlonvinphos [(Z) - isomer]

Tetrachlorvinphos [(E) - isomer]

3endiocarh

Virylioluene (Methyl styrene,
all somersj

Dinitrobenzene all isomers

Butene, mixture af isomers

- Dimitratcluene

Tnmethyl benzena, mixed isomers
[see Trimettyl banzane, isomers|

. Methyleyclohaxanal

CAS5—285

M

CAS NUMBER INDEX

131341860 ...
135410-207... .
210880-92-
308062-82-0

946578-00-3. ... ..c.c

.. Coal dust, Bituminous or Lignile

Fludioxonil
Acslamiprid
Clothianidin

Sulloxaflor




CAS NUMBER INDEX

. Vanaawm ozricxidz
Phasphorus centasullide
Silica, ing — lripoli

...Cresal. all isomars

-.Panlachorenaphthalens

. Tuchloranaph:nalanz

.-Divinylbznzers

1330-20-7. . +....Xylene mixed :somers

1330-Aebricr,, el . i raborate, anhycrows [see
Barale cempounds, inos

1334222 v o Methyleyclohaxanona, mixzd isomers
[see Methyleyclohexancre,
allisomers]

1332-21-4... .. Asbestus

1332-58-7

. Hexac 5
- Telrachleronaphthalens
.Methyl 2lhyl k2tone peroxide

..Calcium slicate [see Appendix G for
Calcium silicate, synthetic nonfibrous)

..Subliisios {prateolylic enzymes)

m-Xylene ct,a'diamine

...Carboluran

1335-21-7..
1477-55-C..,
1563-66-2..
1559 02-4 ‘ ..Propylene glycol ethyl elher

Methyl len-butyl ether
Paraqual dichloride [see Paraqual)
Alrazing

pyrn (2-Chloro-6 yl)-
pynding)
o-Chloroslyrens
Paraquat dimethyl sullale [see Paraguat]
EPN
Allyl propy! disullide
o |

2234131, p :
2238.07-5.. .. Diglycidyl ether

2125031, . Caplalol

2426-08-5.. . n-Butyl glycidyl elher
2451-62-8 -.1.3.5-Tnglycidyl-s-lriazinatrione
2528-38- Dibutyl phanyl phosphale
2551-82-4 Sulfur hexalluoride

2687-614 N-Elhyl-2-pyrrolidone

280 —CAS

CAS NUMBER INDEX

1385.14.7.
3

512
3A3ab

529240-5
5713.227
3153563

3385 32-2..

$423434
5323-224

7035.350.....

7439-86-5
2439.87-5

744016 6.,

0-22.4
28-0

7440-33
7440:35.
7440-37-1

7440 38-2

0-Ch orabenzylicans maloronitrile

3liuryi fiucride

Dqust
. Clompynies
el
2-Dimsthylaminzel
amathyl suceind
2phos
wltztrahydropnial ¢ annydride
isomar lsze [ 3hydrophthaic

« . szprapyl glycidyl
phorone diisocyanals

-..Peraquat
kMetaylene bis(d cyclstexylscoyanate)
Helmlistrahydrophtnalie anhydrids
mer [sez Methidlztrahydrophlhahc
annydrids isomzrs,
. Crzal
... Suthur pencalluoride
~.. Cxale acid, dihydrae
L qusl dibromidz moronydrate [sez
Ciqual]
.Prooylenz glycol dinirale
Monocrolophos
.Ethy! syanoacrylate [s2e Appendix G]
cmatryn
Aluminum
L:

..Tungst=n
Anlimony
Argan

.. Arsenic

CAS NUMBER INDEX

Titanium felrachloride
_lodine
Di

..Lilhium hydride
..Perchhryl_ fluoride

7727-37-9..
7727437
7721-34-0

Ammonium sulfamate
...Sodium persulfate [see Persulfales,
as persulfats]
...Calcium sulfate, the anhydrite
Fluorine
Graphile {natural}
Selenium

CAS NUMBER INDEX

10026-13-8

10028-15-6 .
10034-76-1....

10035-10-6.
10043-353....

10049-044......

-......Gemmanium letrahydride
..Hydrogen sulfide

Strontum chromate [se¢ Appendix G]
Bromine pentafluonice

Chlorine irifluoride

Phosphine

Chiorinated camphane {Toxaphene)
Paraffin wax fume

Pyrsthrum

Nalural gas [see Aliphatic hydrocarbon

Methyl demeton (Demeton-methyl)

.Coal dus!, Anthracite

[Resin acids

.Stoddard solvent

.Asphalt (Bitumen) fume

.Demeton

Polyvinyl chloride

.Callulose

.Starch

Nalural rubber lalex

.Baciflus sublilis [see Subfilising, as
crystaliine active enzyme]

Nitrous oxide

Sulfur monochioride

Phasoh hlnrde

....0zone

Calcium sulfate, the hemihy
{see Calcium sulfals]

.Hydrogan bromide

.Boric acid [see Borate compounds,
inorganic]

.Chlorine dioxide




CAS — 275

CAS NUMBER INDEX

CAS NUMBER INDEX

127 404
127184

131 1.3
133432
133273
115 885
135-78 7

157-05-3
137.268
138-22.7
140-114
140-88-5
141-32-2
14143 5
141-66-2
141738
141 797
18254 3

142825
143333

142-82-7 .
143-01-6 ..

148-57-5
150-75-5

151508 ..

151564

151-67-7 ..
135-59-2 ..

155-30-3

156-82-7 ..

205-36-2
218013

...Carbon Joxide
Ditreliytanine

Tetrsks {rydroxymethyl} phosphonium

chionde

.. Tribuwzyl phosphate
Methylacrylanilrile
[>-Chiorop {2-Chloro-1,3 iene)
1-Chloro-2-propanal
Tairachicroethylene (Perchloroethyiene)
N N-Dimethylacetamide
.{p-Pinene |ses Turpentine]

.....Bulylated hydroxytoluens (2.5-Di-lert-

butyl-o-cresol)

Dimethylphthalate

Caplan

Folgal

....N-Pheny-f-naphthylamine

Sesone {Sodium-2,4-
dichlorophenoxyelhyl sulfate)

Melhyl Z-zyanoacrylate [see Appendix G]

Thiram

= n-Bulyl laclate

Banryl scetate
Ettyl acrylate (Acrylic acid ethyl estar)
n-Butyl acrylets {Acrylic acid, n-Butyl asler)
Elhanatamine {2-Aminoethanal)

.. .Dicrolophos
.Ethyl acetate
Mesityl oxide
Pipsrazne dihydrochloride [see

ix G]
Hoptane, isomiars {n-Heplane)
Sodium cyanide [ses Hydrogen cyanide
and cyanide salls, as CN|
Oxalic acid, anhydrous
5-Dinitro-o-toluamide (Dinitolmids)
.. 2-Elhylhexancic acid
4-Methoxyphenol
. Polassium cyanide [see Hydrogen
cyande and cyanida salls, as CN]
... Elhylensimine
..Halothane
...1,2-Dicnloroslhene, cis- isomer
2-Dichloroethene, trans- isomer
.Calcwm cyanamide
.Benzofb]fluoranthene
..Chrysene

526-738

526-750 .o

528-290

532214 . ...
532-321....

534-52-1.

540-58-0

Cyclopenlane
Methyl parathion
Phorate
Disulfolon
Ronnel
.. Crufornate
Naled {Dibrom)
. .Hydrazine
Aldrin
Bromacil
.Diuron
Diazinon
Diazomelhane

- ... Boron Ifluorids dimethyl ather |sse

Boron Influande ethers!
.Carbonyl fluorde
. Perfluoroiscbutylene
Silicon carbids

.Carbonyl suifide

.Neopentans

Tetryl (2,4,6-Tnnitrophenylmelhyl-
nitramine)

Z-Aminapyridine

2-Methyl-2-bulene
.1,2,3-Trimethyl benzene [see Trimsthyl
benzene, 1somers]

...2.3-Dimethylphenol [ses Dimethylphenol

all isomers]

. ..0-Dini [see Dini

af isomers)
.2-Cht h (Phenacyl

chioride)

...Sodium benzoale [see Benzoic

acid and Alkali banzoates]

.. .4,6-Dinilro-o-cresal

1,2-Dichloretnylens, sym- isomer
{Acetylene dichoride)

e ... J500CENG (2,2,4-Trimethyipenlane) [see

COctane, 2l somers)]

CAS —217

CAS NUMBER INDEX

CAS NUMBER INDEX

583-80-4

963-39-3

576 26-1

532.25-2 ...

584-84.-3
538344
539-324 .

590-13-1...
599352,

531-24-2,....

591-764. .

521.78.5
552-01.8

592416
50360-2
584423
534 12-
338-78-
603259,
B2J-11-1

§24-11-9,.

824-24-6....

Aert-Bulyl acatale {see Appandix G]
.Ethyl amy! ketone (5-Melhyl-3-
heplanone)

e |SODULY! nitrite
1205

bis{Chioromethyl) ether

Cyclopentadiena [ses Anpandix GJ
rimgite anhydride

et

Zine stearales [see Stparates)
Carbon letrabromide

: 5 Trmetazresyl phosphate

-Ethion
Helhyt isopropyl kelone
.. 2.3-Dimathylpantane [sez Heplane,
sotners

+ w2 §-Dimszlhylphenal (see Dimelhylphenal

all iszmers]

<eee -oPolassium benzoale [see Benzoic

acid and Alkali benzoales]

o e 2-Methyloyclehexanons [see

Mathykeyclohexanone, all Bomers)
Toluene-2 4-disocyanate (TDI)
ivuelmhm [s2e Hexana, isomers]

[se8

Methylcyclohexanone, all isomers)
. Cis-2-Butene
.2 2-Dimelhylpentane [see Heplane,
isomers]

+rrvamnn: 3-Melhyloyclohexanone [see

. 1-Dichlzro-1-nitroathane
. 2-Chicezpropionic acid
.1-Chigeo-1-nitropropane

nd-Peniyl acetats [see Pety! acelals,

allisomars]
2-Melhylbuly! acetale [see Penlyl
acslate, all isomers)

wnnlrans-2-Bulene

624-83-9

944-22-9
961-11-5
994-05-8
999-61-1
1024-57

120-714,

1189-85

1300-71-5,
1300-73-8.

1303-00-0.....
1303-86-2.
1303-964.

1304-82-1....c. oo

... Mzthyl isocyanale

Dimelhyl disulfide

... 1.1-Dimethylpropyl zczlaie (lert-Amyl

acelate) [se2 Pentyl zcetale, all
isomers}

.~m-Phthalodinirle
. 2-Pentyl acelate {sez-Amyl acelate)

n-Propyl nitralz

1-Penlyl acatate (n Amyl acetale)

Ethylenz glycol dinirale

Carbon monoxide

Elhy! terl-buly! elrar

Phznylphosphing

o-Phthalaldehyde
-1.3-Dioxalane

Hexamethy! phospharamide

... Melhy silicate

Hexafluoroacelons
1.4-Dichloro-2-butene
N-Isopropylaniling
Hexamethylene disccyanate
--8odium slearalgs [s32 Slearales|

...Demelon-5-methyl
....Fonoios

Tztrachlorvinphos [mixad iscmers)
erl-Amyl malhyl athar

-Hydroxypropyl zerylaie
Heptachlor epoxide

Dmelhylphenol (mixsd 1somers)
Xylidine, mixed isomers
(Dimethylaminobenzene)

..-Gallum arsenide

Boron oxice
Sodim lelrabora'z, decahydrals [see
Borate compounds, norganic]

. ..Bismuth telluride

Calcium hyd| |2
Y

1310-73-2

Calcium oxide

Antimony trioxida
Patassium hydraxide

1314-13-2......

Sodium hydiocid

. ZNT i




210 —CAS CAS —271
CAS NUMBER [NDEX CAS NUMBER INDEX

100-21-0 .. e s s T@TBphthalic acid 106-390... e 1,3Butadiens
100234 ... ..o pDinitiobenzene [see Dintrobenzene, 107-01-7. 2-Butene {mixture of trans- and
all isomers) cis- tsomers) [see Butenes,
100-376 ... ... i 2-Dielhylamincethancl all isomers)
100403 ., . Vinyl cyclohexene 10702-8.... oo Acrolein
100414 . . 5 Elhyl banzere 167-05-1 Allyl chioride
10042-5.. . ... ... .Styrene, monomer (Phenylethylene; " R % Ethylene dichloride (1,2-Dichiorosthans)
Vinyl benzene) s v o vomnansnn Elylana ehforohydrin (2-Chioroethanol}
100447 .. : + . ....Benzyt chloride .......Aerylonitrite (Vinyl cyanids)
100-61-8. . ... ... .N-Melhylaniline {Monomethyl aniine] e .. .Elhylenediaming {1,2-Diami
100-63-0.. . G .Phenylnydrazine ..Ally} alcohol
100-74-3 e N-Elhyimorpholine -19- .Propargyl alcohal
100-97-0.. Hexamelhyienetetramine ....Chloracelaldehyde
101144 .44 -Methylene bis(2-chioraniline) =1’ . Ethylene glycol
101-63-8 . . . Methylene bisphenyl isocyanale - Glyoxal
101-77-8 ... e B,4 Malhylenedianiline (4,4 1 - o = Chloromethyl methyl elher (Methyl
Diaminodiphenyl-methane) 2 chloromethyl ether
.Phenyl elher Monochlorodimelhyl elher)
.Dicyclopentadienyl iron (Femocens) + ....Methy! formale {Formic acid methyl
.. Triethanolamine esler)
. 2-N-Dibutylaminoethanal " 107415, .. et Hoxylere glycol
103-11-9.. + v e .Phenyl isocyanale 10749-3. o Tetraslhyl pyrophosphalz
. . 107-664 .. ety ..Dibutyl phosphale
1047670 o ...2-Ethyl-1-hexanol
104-94-9 p-Anisidine 107835, il ....2~hiILZur:I);Irz?nlane [see Hexane,
13?&3 : ; EEC-BUM acelale[see Appendis G| 107-87.9. . —wer.o. Methyl propyi ketone (2-Pertanone}
s oo Gaprotacam 107-98-2 1#elhoxy-2-propanl (P fycol
105.67-9.. 2,4-Dimetnyl ! [see Dimethylphencl, . .. 1-Methoxy-2-propancl {Propylene glycol
- = monomethyl ether)

alf isomers|
106-354 .. e ..Eihyt butyl kelone (3-Heptanone) 08052 %’3 acam:ne

106423, .. LN .p»)g(yie;ne 51,4-Dimsmy1bsnzene) [see .24 Dimethylpenlane 'see Heptane,
ylene 1 ) '
106_4)6-4463 Sl .p-C.rﬁoI [see Cresol, all isomers] .,.Melli(;ﬂ:fgutyl ketane {Hexone)
1 S e -P-?:?Z[Oéﬂic‘::;ffnzens) -Malhyl isobutyl carbiral (Methyl amyl
10648-0....... ..p-Toluidine ) Dﬁ;l;g:l;]:xl:;hyl-?-penland)
p-Phenylenediamins p sopropyl elher
Banzoquinone "
Vinyl cyclohexens dioxide 108-24-7. ':fg.ﬁp YILE O?tile el
Epichiorohydin {1-Chloro-2, i 108-316.... Maleic anhydrida &
3-eporypropane) 108-383. m-Xytenia (1,3-Di ) [see
Al gycidyother Xylone] ’
‘Ethylena dibromide (1,2-Dibromosthane) 108-3%4. . ......m-Cresol [see Crasel, all isomers)
108-44-1. .m-Toluidine
106452, ... ..m-Phenylenediamine

106-98-0 ki i ik v ..-...n-Bulene [see Butenes, all isomers]

CAS —273

CAS NUMBER INDEX CAS NUMBER INDEX
esorcinol
3,5-Trimslhyl benzene [sas Trimethyl
banzene, isomers]
..3,5-Dimelhylphencl [see Dimethylphencl
all isomers]
....Diisobutyl ketone (2,6-Dimethyl-
haptanone)

A
.sec-Haxyl acelale

Methylcyclshexane
.Toluene (Toluol)
.Cl

..Cyclohexylamine
.Cyclohexanol
.Cyclohexanone
.Phenol
.Phenyl mercaptan
2-Isopropoxyethanol (Elhylene glycol
isoprapyl elher)
.n-Propyl acetale {see Appendix G}
..Boron trfluoride digthyl ether [see Boron
irifiuoride ethers]
.. .Pentans
..n-Butylamina
.Buty! mercaptan (Butanelhiol)
-Methoxyethanol
elhylal (Dimethoxymethana)
.Disthylamine
thyl isocyanate
.Ethyl formals (Formic acid ethyl ester) 1
‘etrahydrofuran
alhyl isoamy! ketone
sobutyl acetate [see Appendix G|
athyl n-amyl ketone (2-Heplanone)
-Msthoxyethyl acalata

.Triphanyl phosphate
.....Fensutfothion
Aldicarb

245
Tofiding (3,3-Dimethylbenzidine)
e seresnner- CtECHD! (Pyrocalechol)
1,24 Trichl
SOV =11\ 11111
Trimethyl p

P il
it
el
tgmeald)
i)
D
G=ED
=50
s
D
=0
=
[
=0
[

I SR
ydrogy (Diny
PR — )

Diacatone alcohol (4-Hydroxy-d-methyl-
2-pentanone)
- -erorervmieer. 802 lcohol
24 1

rereemsemsimemsmemme ¥ BUSY! acotate [see Appendic G]
Il 1.4-Dioxana (Dicthylene dioxide)
.Glularaldehyde 1 tsopentyl acetate (lscamyl acetale) [see
Diethylenetiiamine ; : . Pentyl acatate]
Di fami Adipic acid
...Dichloroelhyl ether 124094 ... 1,6-Hexanediamine




Methyl mercaptan (Methanethiol)
Ethd bromide (Bromoathans)
..Chiceotremomethana

(Bromochloromethane)
..Propana

-Bromoform (Trbromomethane)
Isabutane [see Butane, somers]
o "

1 1-Divgrathdens)
- DieHzraturomathzne
Plasgens ‘Catbony! chicrde)
Chizrodfuoromelhane

tromzihase
Propylencmine (2-Mothylazndine)
~-Propylenc oxide (1,2-Eporypeopanz)
ethane

B, ... Difliocodioromom

CAS NUMBER INDEX

~Trflucrobromometnzne
(Bmmokiﬂuommm\anej

-+ tertBulanad (tlen-Butd atcohl)
. T thana

(Flucrotrichioromethane}
- dichlorodifluoromethans
Tevamethyl l2ad
2.2.Dimelhyl bulane [see Hazane
somars|
Aciong cyanohysin
iyl hydroasrodde
2-Dizhoropragsonc asd
Trehlzioacate 2o
~Chlcropierin {Nitrotnchoromelhane,
Trichloronitromelhzr.e)
. 1.1,1,2-Tetrachlore-2,2-difluarosthanz
2-Telrachlors-1 2-diflucrozlhane
.2-Trichloro-1,2,2-infiusroethane
chiorotetrafluorosthane
Chizrapentafiucroathane

Dirwwetliyl sulfisler

Teliazthyl lead

Ethyl siicale (Siicc adid tetraethy) ester|
phosphare

sopentanz (s2e Pentanz, all isomers)
tsobutanol {(sobutd alzchol)
Propidenc dichloride
{1,2-Dichloropropane)
2-Chiaro-

CAS — 269

CAS NUMBER INDEX

CAS NUMBER INDEX

Methyl acetate
Peracelic acid
Nilroethane
\1,2,2-Telrabromoethane
(Acelylene lelrabromide)
.2,3-Dimethyl butane [see Hexane,
isomers|
-.1,1,2,2-Telrachloroethane {Acetylane
tetrachiznide)
... Methacrylic acid
..Dichloroacelic acid
...Dimethyl carbarmoyl chioride
2-Nilropropane
p-Onybis(benzenesullonyl hydrazide)
-Pineng [see Turpenting and selected
monotemenes]
~....Melhy! melhacrylale (Methacrylic acid;
methyl ester)
Warfarin
‘entachloronitrobenzene
-...Pindone (2-Pivalyl-1,3-indandione)
.Roalenone, commercial
Dielhyl phthalate
ibuty! phthalzte
iqual dibromide [see Diquat]

Phlhalic ankydrida
Azinphos-methyl
ANTU (a-Naphifyylihiourea)

Pentach henol

N-Viryd-2. 4o
-o-Mitrololuena
ieric acid (2.4,6-Trinitrophenol)

..o-Anisiding

1-Methyt naphthalene

.. Toluene-2,6-diisocyanate
.0o-Phthatodinitrila
-.Naphthalana

.2-Methyl naphthalene

Dichiorobenziding
phonyt (Dipheny)

. 4-Amincdiphenyl
-.......Phenolhiazine
-....Benzidine

4-Niltrodiphenyl (4-Nitrobi

............... 24,57 (2.4,5 Trichiorophonosyacelic
aci

Benzoyl peroxide (Dibenzoyl peroxide)
24-D (2.4-Dichl ic acid)

Indens

.o-Xylens (1,2-Dimethylbenzane) [see
Xylene]

.0-Cresol {see Cresol, all somers]

.oChlortoluene

oDich

(1,2-Dichlorabenzene)
..o-Toluidine
o-Phenylenediamine
-.1,2.4-Trimethy benzene [see Trimathyl
benzene, isomers}
3,4Dimathylphenal [sse Dimethylphenal,
all isomers]

............. 2,5Dimethyiphencl {see Dimethylphanol,

all isomers]
Allyl methacrylate
..Styrene oxide
.3-Methyl pentane [see Hoxane,
isomers]
2,3-Trichloropropane
islhyl ketone

-...Methyl acryfale {Acrylic acid methyl

esfet
4"-Thiobis(6-tert-butyl-m-cresol)
isulfiram

.Furfuryl alcohal

irfural

P e

96-884 . .Benzoyl chioride
Nirobanzene
S-Hitro-o-toluimice
m-Dinitrot [see Dinitrob

all isomers)

83-990 . pNiliotoluane

100-005 p-Nilrochiorot

100-016 .....p-Nilroaniing




262 — Inlrarduciion

EXpUsy' - 353688
POSUT-: - 8SpCNSE
emiclo; dala on

affects 015 513 largely of -ase reporls

ments. Tha date available are rsufficient

relationshios Reasons for = absence of
such relationships include the following:

1. Mos! data on sons of i s ara dermed fom

indicator measuremants rather then from measuremants of actual

affector agents. For sxample, some invesbgators use the artame

[ ion of culturabla fungi o reprasent o arbotrey

fungal anfigans. In addton, most measursments e from fher area o

soure sampks. Thase monitoring approaches s, @t bast, cnde 230

males of human exposue. Personal sampling for aclual effectur agerts

would be needed 1o astabish data necessary 1o derve 3 TLV.

i i comp and vary widely wathin and
among different occupational, residential and ermaror sethogs
Unfodunatety, replicate sampling is uncommon in bioasrnstl assess:
ments. Furher, the most commonly used air-sampling davces for
indoor monitoring aro designed to coflect ‘grab” samples over sla-
frvely shodd me intervals. Measuremants from single, shor-tam grab
samples may bo one or more orders of magndude highar (o kewer)
than kng-term averags conceniralions and are uniikely 1o mpresant
oocupant exp iy it and sowices ndvase
‘semsols as “conoentration bursts,” which may ondy rarely be detecied

by limited grab sampling. Nevertheless, such epsodic and ansen!
i At produce sig haglth
3. In studios (8.g., singhs workplaces of homes), the number of persans
alfected by exposura Io biological agents may bo small @ contan-
inalion is localized, thareby affecting ooly a fraction of the buking
occupants. However, data from different sludies can saldom be
combined hmmmumhmdx:ﬂtmﬁ becau::m
dic of bivlogical agonts re soasivschalaied
Wﬁml:?dmm and oﬂdﬂﬁms{ﬁnﬁsidy 1o study. These fac-
fors contribute Lo Ihs low statistical power common in evaluabons of
cause-offect relationships batween exposures o specific bickogical
and building-related adverse heaith compiaints.

. Infectious agents. Suilable human exposure—responss relatioaships
for infoctious bioasrosols have not been developed for the majenty
of microomanisms and viruses. Al present, air-gampling prowoccls for
infectious agenls am exiremely limited. A sampling is nol practical fo
determine TWA or transien exposures in most environments They can
ba wseful lor academic research endeavors of as a part of an cveral
informed of polanbial exp o inf is. in
most fouting exposure selfings, public health measures, such 25 mmu-
nization, aclive case finding, source control, and medical trealment,
romain the primary defenses agains! infeclious bioaarosals. Faoihles
wilh an i d risk of i au'burnel ech m(‘iﬂnsa;s:;{ng.,
miciobiotogy laboratorias, animal-handling faclites, ith-care
seffings) should employ engineering controls (such as vontdation and
ftration) lo minimize sibome d"_ agents and

subsequent exposures. Further, such facities should implement admin-

istralive controls and provide personal protective equipment (PPE],
such as appropriate respiratory protection, 1o feduce worker exposures.

2

o
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BIOLOGICAL AGENTS UNDER STUDY

The Bicasrosols Commitise nolas Lhal there are no biological agenls
under siudy by ACGIH®, Howaver, ACGIH® solicils information, especially
data, which may assist it in the establishment of TLVs® far bicogical agenls
Comments and suggeslions, accompanied by substantiating evidence in the
form of peer-feviewed literature, should be forwarded in electonic formal to the
ACGIH® Sciance Group al science@acgih.org.

Agents
None
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. Other biologically-derived i
0 antigens, allegens, and mWOCs are delected using chemical, mmuno-
logeeal, ot bicogical assays. Evidenca doas ot yel suppod TLVS® or
BEI® for any of these substancas. However, assay methods for cer-
-2 sommon arhoms 2nfigens and endslosin

v assayalie biologicaly-
B 0 o irnantal studies and
vidlogis surveys. Tazr
-gicaty-derived Gitters contamieants may oo possdiz n th
-~ addiion, i 12 molecular achniques nave incre
v lzbio for so2 asols o boegealy dems
{hat proviously wene deleclable only by cullure or courding.
ACGIH® actively scficits information, comments, and d#a in the form
of puer-seviewed liferature on heallh effects associated with bioaerosol
axposures in occupational and related envi “tisatmayhdpnOGH:i@
evaluate tho polential for proposing exposure guidalines for selecled bio-
Jogica! agants. Such information shoud ba sent in electronic format to the
ACGIH® Scierce Group 2t sclence@acgh om.

e
anunants

i

Refarance
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CAS NUMBER INDEX
50-00-0. ..Fommaldehyde
50-29-3. .DDT {Dichlorodiphenyftrichioroethane)

..Benzo[a]pyrene

-Acstylsalicylic acid (Aspirin)

Trichlorfon

Nicoline

Fenthion

Nitroglycarin

Carbon tetrachloride (Tetrachloromelhane)
.Paralhion

.Glycerin mist [see Appendix G)
.Stearic acid [see Stearates]
1,1-Dimathylhydrezi
...Strychnine
.Sucrose
-Propiolactone
Chiordane
Lindane {y-H ¥
... Ethyl ether (Diethyt ether)
.Methylhydrazine
Acetamide
.Dieldrin
. Anitrole (3-Amino-1,2 4-riazole)
.Aniline

.Sodium fuoroacelate

N-Nitrosodimethylamine (N,N-Dimethyl-

nitrosoamine)

.Carbay

.Ethanol (Ethyl alcohol)

.Formic acid

.Acelic acld

.Benzoic acid [see Banzoic acid

and Alkali benzoales)

Methan! (Methyl alcohol)

\2-Propanol (Isopropanal; lsopropyl
alcohal)

.....Acelone

Chloroform (Tri h
.Hexachloroathane
.Thioglycolic acid
,Dimethylformamide
n-Propanel {n-Propy! alcohol)
.n-Butanal (n-Butyl aleohal)
.Benzene
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BIOLOGICAL AGENTS

Biological agenls include bacleria, fungi, viruses, arachnids, algaa and
parasiles. The temm “biological agenl” refers lo a subslance of biclogical origin
thal is capable of producing an adverse heallh effect {e.g., an infection or a
hypersensilwity, imitanl, inlammatory, or olher adverss response) Biozerosols
are agfosals compossd of of derived from living organisms and can include
bolh v'ablz ard nonviable organisms and vinuses, ragments, loxins, and par-
ticulale wasle. Biological agents are ubiquilous in nalure bul may bz amplified
in man-made enviranmenls and malerials, Many of lhese bizlogical agents
also conlain o release, duz to melabolic activity o decomposition of nuiriznls
and subslrles, endoloxins, mycoloxins, anligens, allergens, and/or microbial
volatle organic mpemds {mVOCs). Humans are requenlly exposed, day
afier day, lo a vade varizty of these contaminants at varying concaniralions
{usualty very low levels that o nol eficil a respansa or posa a health risk) thal
do nol necessarily resull in ham,

TLVs® exisl for certain substances of bivlgiea origin, including cellulose;
sublil=ns [proteolyle enzymes); and some gases and mYOCs pecducad by
living organisms (e.g., carbon cioxide, methanol, ard acelaldehyds) Hawever,
amajonty of the remainder of the biological agenls of concem ar= microbiolog-
ical in raturs, For the reasans identified below, there are no TLYs® againsl
which lo compare enviranmenlal air concentrzlions of microbial ageais.

Indoor biological conlamination can be defined as lhe prasancz of: a)
bioasrasals likely to cause or predispose humans to haallh effects; b} inappro-
priate indoor prbome concenlraions of bioasrosals, as delanmined through
Ihs corsideralion of space type o oocupanzy purpases: of ¢ indodr microbis!
grovdh, smelification, of remnanls of biological growth, of sources of mfeciious
agenls or palhogens, either deposiled, aceunulated, or amplfizd. that may
bscome asrosolized and to which humans may be exposed.

ACGIH® has developed and separalely publlshed guidarce on lhe
confrol, on, and p ol b (1) The

ACGIH Bioaerosols Commities concurs (ha( al this time, Lhe measuremenl
and analysis of akbome conzentralions of bioasrosols cannol bz refied upon
to doleming vikhether condiions and expasures pose an adversz health nsic
The ACGIR@-recommended spproach 1o assessng & bioasrossl exposues
refies on .’sualy inspecting buildings; assessing cotupant advaise heallh
9 buildng ped e, incheding venliatio; idertifying

p:ll=nl-il envitonmrentl sources of ampificabon or accumulation; and dis-
senraien, and agphing professional judgment ko tha informaton fo farm an
infoermed opinion conceming the polential for exposura lo biseerossls, The
publiished quddance _urcmdes backgrourd information on Ihe majr greups of
biozercsale, including their sources and health effecls, and describes melhods
fo collzel, analyze, and Interpret budemscl s=mp{es from patenual environ-
menlal sources, O itering {i.e., miceobial air
sampling) detects a single, or predomlnanl biolgical conlaminan. liave com-
monly. microbial air =ampI|n9 reveals a midure of mary bidogzaby-darived
malsrizls, ling the diverse and i nalure of indoor mi iron-
menis. Therelore, envirsiunenial sampling for bicasrosals should be conducl-
ed oly idllowang carefu! fomulzlion of testabie hypotheses aboul potentiat

h occupants may be expassd o

an invasigatars von fom leslatls

sans, res,d 5 !ruﬂ =nwonr-1»mal
and

ioaarosol g may be i
fmpﬂemuﬁsnr-gh&wb)acmmaﬂmNOTbasedmnmm
. Due 1o the challenges relaled 10 repeat-
mammmmmwmmw
3338, onshps, mdadual 33 (ele:nl. and iz
1 bons. tnere 3¢ e TLYS® for abon
of: a) tolal cukurable o wmmmw;(eg lnlalbar‘ma.fung or
mses} pecific cullurable or (6.g..
-ﬁm\:n,agarns{eg Legione'a preumophla, SARS-COV.2,
n fubarcados's] of dun:,:u‘O Biclogieal conlsminants (2.0,
100008, aNB3NS, oF mary 3

A Tolal or ble bi Is. Culturablz bi are
thos= baclena, virusas ar can oe samplea by recognized and
o 0 culiure madiz in the Jab-
e numbar of ooon; oming uots
> mater of sir). Coumiable bioasro-

¢ cauntzd by mcrascope. A gensral for culturablz
ar counlable asmd conecenlral ons is nol scient’ 3y supportable

bazauie of

1 Culturable mnoonganmls and counlable biological particles do not
compiiss a singlo entity (Le., bioaerosols in environmental and non-zg-
ricullurel selfings are ganerally complex mixbures of many different
microbéal, mrnal andptammrldesj

~

a3 #liects o sen-
tinvolved and
snale expesure

o

ard other suspended cioasrosol canceatralions in outdser and indoer
SMVITENES Makes colecling 3 fex to several “grab sanples” fo est-
mate a ime-weighted average (TWA) expostee an unreliable
!hemnhrdmplesmmimdhmmhfﬂaﬁm s often
nieasitio fesearch satlrgs

racle or countable broaeroscl
genarally insufficien: to describe

o

concentralions 10 health effecls
expcsu'o—:asm= r=|alwonsh|p>
. Specific cult bi Is othar than infs
agents, Specifc TLY 9“ for individu3t culiurable or countade bigaerosols
s not been establsned o prevent hypersensitivity, = tanl, infoctiou
A, o olher adverss haalth responses. Al present, iz
suirabile or countaliia binastosol concantrabons ' adverse health
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x 3nd o%en incoma efe 1Belaniy at 2l 2003)

s'eep loss is sk
i oisruplec. zrofor disordered <1sep

use suiside, obesiy, and o
alsd with ms.lrfc ent andfor disardered sleep (Caldwall e al, 2013; IOM 76e8)
Furihenmors, s'sep disturbances insraace the risk of «cus and inflammazory
diseases including colds, inlluenza, ara nepes zoster {sungles), and some eqi-
demiolugical reseaich suggests shifl wor< (which oller resulls in sleep resirclcr
as well as circadizr disruplion) may inzr2ase the risk ¢f cenain types of cancers
{Caldwell etal., 213),

Fatigue Countermeasures

Adequate slzaz is essenlial for proosr faligue management even lhough
oblaining it ard 3avoiding circadian disruplions are aillicull in modern soci-
aly, However, fztigue czn be mifigaied in parl wilh preven sountermeasuss
(Caldwell and Caxderell 2017) Any sountarmeasures ‘mplemented should bz
cuslomized 13 the specific warkplace znd iype of work i Guestion. Varicus fac-
tors nol discussee n tnis document such as environmenls! stassors (2 3, heat,
cold), physical demands, and olher iaclors should be takzn nlo account

Eduycation. Parsonnel must b2 educated aboul th2 dangars af faliguz, the
importance ol adequate sleep, ana Jacts about the slow rscovery Irom slzzg
loss. Workers canno: manage problems i they are nol fully aware of them

Good sleep hablts. Various strategizs can optimize (h r2sloralive potznlal
of availabla ofl-culy sl2=p opporuniles Employees should recaive Iraining on
good sleep habils and other behavioral interventions.

Naps. Naps are valuable when full consolidated sleep periods are nol leasi-
ble. Proper bming, sufiicient fength, and splimal placzmenl wilhin he circadian
pattern are banzficiat for workplace performance and using the correct practices
£an avoid post-nap sleapiness {sleep inarlia),

Rest breaks. Shorl on-lhe-job rest brazks also positvaly impact alerin2ss for
shorl periods of ims. They are mast benshicial when employzes can sfand and
engage in physical activiy andfyr social mberackons, However, depending on the
circumstances, napaing, a5 discuss2d b2'ow, can also be an effeclive strategy.

Progﬂl lighting. Light managzmenl can posmvely rfluence aleriness and

I but intensity, , exposure lime, and correct
placemenl with rzgard to circadian phass are essenlla\ Properly timed bright
lighl, parlicularly whan blue-enriched, can increase arausal and facililate beller
adaplalion 1o a n2w schedule or to lme zone changas, Blocking unwanted ight
2xposure with special glass2s can improve adaplation to night work and avo:d
increased aleriness immediately prior lo sleep (ACGIH, 2018), Lighling cuslom-
1zed lor individuel tasks and for workers wilh impaired wision can also be helpful
{Nalonal Telecommunicalions Safely Panel, 2009).

Calfeine. Catfeing is a non-prescnption simulant that 1s safe in mederate
doses (Wikoff el al., 2017). It enhances alertness in rasted and sleep-depnvad
individuals. Caffzine in moderale dosas can be obtaned in single servngs of
coflee, tea, solt drinks, anergy drinks, or calfeinaled gum. Eighty percenl of th
US populalion regularly consumes caifeine oflen for ils alertness-enhancing
properties (McLellan et al., 2016).

Sipop/alertng diugs. When scheduling, environmenlal, or work faclors pre-
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p i
aly prowiaed 10 workars axceft for the
serder such & pnmary nseiri, slezp

885 V‘= sleepmes R
chslruclve sk

slezp zprm zation strateq es such as stimulus sonlral, relaxatisn, 2ng
hould be consicered These appraachies, as well as
aning, Miay te effaciive howevar, poatve rzsulls may take ime

¢ l23s legs syndiome, and
pencdic [t movemeant disorder wwll 2olim ze or-lae-job alertness are worker
szlety.
¥ Real-lime ~anonng of operatar faligue is
usuzly nel feasible but meniloring off-duty & 222 231 be baneficizl, Condinuous
¢ measurement va vrist acligragny c ule Lo fahigue managamant
since Il 235es5€5 whelher workers are obaining 7 10 8 hours
Hovszver r privayy iesu2s need to ba zare‘ully considere:
merting 1 yp3 of monitzning program,
Combining acug-apn-based slsep manilenng
wilh med hemadcal Ial igue-| pAedrchan medels can u;rk and reduzs employee

patlams Use of 'b= a\=ep Actwity, Fa ique, snd
madel or other val cated medels (e g, the Unified
Model) car rdenlify overlyfatiguing work SuhEd.LES (Caldwell et al, 2019)

g ¥ Designing workires| schedules
basad ¢t proven scienhiic prmcsples is esszatal for avoiding fatigus-refaled
adverse ”ecls on performarnics, health, and morale in the workplace Agwice on
faclors sush as Lhe oplimal number of eonseculiv night shilts, shift rotation peri-
cds. ime bat:v2en shifls, and snill lenglhs is available from a varisty of sources
{Caldweli 2L al, 2018).
2 j An FRMS can reduce
faligue-associatad risks by formally implementig procedures to ensure employ-
ess arc getling sufficient slksep and are monitorad [or faligue-related problenis
and organizalions have sonirals Lo minimize (algue-rslated errars (Caldwell 21
al, 2013, Larman et al, 2012) 1L is essential ihat any plan be customizad for
the specific warkplace and occupalional lasks in queslion. Il also 1s necessary
lo consider cultural faclors when formulaling guidsnce for specific workplaces.
The schedulas of some socizlies and occupations may dilfer from those of mosl
indusinal societies. For example, praclices thal zre common in U 8. manufac-
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tuting facililies may nol be teashia for agrarian setings or amang populations in
which long afternoon rest periods thal offer sleep opportunities are comimon

Conclusions end R

Given lhe present stale of knowledge ACGIH® considers that faligue from

in the workplace is a serious health, performance, and

safely hazand. Howaver, evidenos-based strategies can promole betier seep,

@mmmmmmmawmmnwm in
reul—mrii . Organizations are advisad

Al pumaa( shoutd b educated about the nature of workplace fafque

and that a) fatigue Is a serous problem; b) it is due to physiological

chenges in the brein and mors than a state of mind; and 6 il can be mi-

galed with proven strategies.
Mitigation strategies should include: a) workplace—based modifications

i hrheﬂws'laep propar use of
alemwd-epuds wmm«wmm!}-mq
for disorders such shoap.

Iruemnuoms!mdbunplmumo'wng ahtml.caelutryphwd
FRMS thet is evidence-basad, data mmmm
: fudly

izl lshmidbq

inis tho impeoved,
justfed, and accepted by the and including
mhﬁu‘sauawmdmm
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1 fer miany o the continueds minderning syslems with high lrequency dala
and wansmissicn, sequning equant baliery raplacemant or recharge
N 2t al, 20:0. Pamelepoulos and Bourbakss, 2010). Safety fzclors
shouid B2 evaluated if decisions mada using information from the device may
mpac] warker safely or health | medical decisions will be made from ihis infor-
aasan e evices will raquire FUA cestifieation,
3 wacome mpartant based on how the data are infarpreled and
en based on those :nierprelalions. Information may be directly
used by the workar lo provide recommendalions for aclions they should take,
Or nformaticn may be usea by e employer lor changes in work assignmenls,
otk esticlons, of changing week ceaciices, In addiion, lliere @2 mueasing
concems avzul cybersecunly fes seemingly tivial parsonal physiciogcal data
a3 well oo 1 lerms of privacy and risk of inierfarenca wilh prediclive oulpuls
(Chfford and Chilun, 2012), o

Questicns on wha owns the data, where the dala are sired, wha has access
19 the data and how long the dala are slored are imporlant lo employees and
amployers, Slher concerns relale fo dislinguishing cccupalional healih efierts
lim persona! nizdical data that can be derived from these measuremenis but
ar2 net r2iaed e the job; dalsrnnalion of whal may be reporiad o insurers of

Wearahl nolagies ar2 evaluing rapidly into v-ear-and-forget smarl cioth-
scen b proposed 25 ubsguitous implaniabie systems such
astheR rsonal identifiar caps thel are coming into use. Feasdbiily ¢f body
Peied sy thal do nol regure batteries hes b2en demonsyaled ond ihess
syslems are cumenlly in development, drawing power from body heat 2nd move-
ment. Individuai systams will :ncrease in uselulness as they “lean” Mzt indwig-
ual usars wiln zdaplive algorilhms and as they are nztxaiked into the inleret of
s (IeTh, 9xring conlext kam cther syslems in he swrounding envigamant
Personal physiclogical mazcurements should rebatly signal a relevant 2epo-
ath outcoma balore ey v adopled in the workpface. In addiion, pal-
5200 28 pivacy, ovmarship, security, lraining and aelions isken
be worked dulin advance befors workplace adoplicn. Personal phys
measuremat technolzgies make i possible lo move from generalized work:
0 ized healih status of the individual vorker.
Hovvever, Ihe measuremenls musl benefil the health and safety of tha individuzl,
ard personal hasllh data must ba frewalled from oscupalicnally relaled data.
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APPCNDIX B: PERSONAL PHYSIOLOGIC MONITORING It
THE WORIKPLACE

AUz

Ve e 28 fuch a3
, extremily foazing cold
injury risk, hypouia risks, impending musel tatigue, injury, o'c. (Pancardo ot
&, 2013). They may also be proposed as desimelers for hoallh sk exposures
based on physiological responses and workdoad, and perhags measured in con-
junction with environmental sensors. A hied major calagory of proposed usa is
1 detect an nury el erd Ygoar an 13
2 the srdvdual ok, ard pros
wnd sanploms
Workplace nealln 314 =
these ¢

f2ty -

bezause they provid
olbier systems. of the

Physivlogizal montorng systems
data coflection and bransmession sleal
znd models that bum te sensor
Gon, T peekaton of tha
5. Raw dah

N

o anelnolasuufd 1 supervisor a;a siopfight system
of aers (0.9 green-ambertad wamings) that can be quer ec of culputs tha
razammend databased voroast cycles, 2 A 1] fora shoud b

avaluated bafors th:
Cevice desigr issu
¢ Usanily

2 Accuracy

o Relizbil iy

¢ Saley

Policy iesues

o Dala analysis and iverpreralion
o Ownership and
o Deaision on v:
o Ciscrimination
o Sceurity

o Traming

25 arz adoplad lor reun, ict taang,

mammmhmmwmqwumsww
acroes 8 renge of the workplace setfngs wher il would be expected 1o be
used, Refiabiity should bo svaluated across differences in axpecled users,
emvionments, and selings. Usabifly should be evaluated by novice users o
addmss design issues and rmining requirements. Curment systems and systems
in development suffar o size, wesghl, and power issus. Power is a parfodar
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- when slsap was resticled b 3 hiday, the degradation in avaraged
26% (Belerky el al, 2003). In addibion, many workers suffer from sieep discr-
ders that impair funchioning (Caldwel of al, 2019).

* APPENDIX C: STATEMENT ON FATIGUE AND ITS
MANAGEMENT IN THE WORKPLACE

mmwmmhm@wmmoﬂmwhmh:he
workplaco end provides some generally appicable stratagins et can reduce
eocidents and inurias atvibutable lo excessiva faSgue. Excessiiz mental fatigus
can havo devastafing effects on wovkplace safety end worker beslth and has
mﬂmmmmmmmmmﬂ
Loenbardi, 2008). Mental fségue and workplacs sleepinoss
are primarly a funcbon of Bme swake, time of day, and workirest patiems.
Ooccupaiona, social, and emir fectors often prevenl indhviduals from
mmmmm?-ammmmmmu_mm
which leads to sheap loss (hal s often compeunded by non-standard of rotating
shifts that disnupt the bady clock or misalign it with cocupalionsl and social
demands (Caldwel ol a, 2015). Many occupations such as nursing, medicine,
transportation, and public safety ofian require work shifls thal extend well
beyond B hours (Caldweli ot al . 2019 Ragars et 3l 2004) Alen in
fons o individuals lake 3 s2o0nd job semelimes i whal 1s o,
sconomy.”
\'mndaepﬁmﬁmdmpsbem?huay,misagrwmaﬂm
in cognéfive funcion. Afler 5 days of sleep restricled to 5 hiday, measums of
@Mmeiﬁ{mbmeHay};w

Watplmmﬂhﬁgmmmmlmhqwmnshiﬂs with
intense mental demands without suficient interspersed rest periods, as wel as
kang boring tasks such as monitoring automalc processes of operating vati-
clas. Work periods >8 hincresss risk of accidants and at 12 h the risk doublss
(Caldwed et al,, 201, Wagstaft and Sigatad Lis, 2011}, Physical (musculosiele-
Ial) Fatigue and the mjures hat can msull 5o cocur in 1ha warkplace bul wil not
L addressed hero (Waters and Dick, 2015),

In the US, unike the Europaan Union, natzna standards for work howrs do
nol exist although industnes such as awiation ané tucking arz faderely reguiate
ed (Caldviell ot 21, 2019y

Fatigue Impact
Regardless of Ihe sourcas of falique, failurs tc implemant miligaton slrale-
Jres ¢an degrade parlormanca and haalih,
sleep exarts cumulative adverse effects
mmmmmawm,mmnmu
afiention, degradation in shorl lerm mamory, logical reasoning and impulse
conlrol, end episodes of involuntary sioep (Caldwed ol &, 2019). Remaining
avedig for 20-24 hours produces decremants equivalent ko blood
Seohol bevels of 0,08-0 10% (Caldwel 4, 2019). Shift weork which disnupts
@quﬂudmmdsmhpednfmdmldwp. In certain
mhmﬁwmmmdﬁnwkmhm
accident rates by 50-100% (Wagstaf and Sigstad Lie, 2011} Ilis nat possible
burﬁuhmmwmmm_mmwmm
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unexpected fabgue, dizziness, lig nausea, and and (2)
coworkers and supervisers to ba aler 1o other workers for signs of heat-relsled
disorders such as confusion, agitation, imlabiity, deliium, se.zures, lass of con-

! and physiologi itor that mark ive heal
strain. The HSMP should remind workers with personal risk f2z:ors that may
lower lolerance ‘¢ heal strass that they may be al greater risk for heat-elaled
disorders. Lowe tolerancs is assodiated with: (1) a prior hislery of heat slroke
or episodes of h2at exhaustion; {2) health conditions or medications that affect
the cardiovascular system, water and slectrolyle balance, metabolism, or ther-
moreguiation; {3) 2zclimalizalion state; and (4) lower aerobic capacity, obesity,
pregnancy, of age
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2022 PHYSICAL AGENTS AND OTHER
ISSUES UNDER STUDY

Tha TLV® Physical Agents Committee solicits ink . aspacrally
dala, which may 8ssist # in its defiberations regarding Ihe followng aganis
and issues. Comments and suggestions, accompanied by substanliating
gvidence in tha form of peer-reviewed leratlure, should be ‘orvardad in
electronic format 1o the ACGIH® Science Group at science@acgh.org
In addition, ACGIH® sobicits recommondabions for addibional agents and
issues of concemn to the indusirial hygiene and occupational hazlh commu-
niliea. Please refer to the ACGIH® TLVS/BER Developmant Precess found
on the ACGIH® websile for a delaled discussion covering thes procedure
&nd methods for inpul to ACGIH® (acgih.og bei-guideinesipol
dos d bei-dovek

&

The Under Study list is published each year by February 1 on the
ACGIH® website (acgih orgitiv-bei-guldel talion-publica
tiens-and-datafunder-siudy-Esf), in the Annual Reporfs of the Commitices
on TLVe® and BEIs®, and laler In the annual TLVs® and BEISS book. In
addition, the Under Study list is updated by July 31 into a two-tier 151

+ Tier 1 entries indicale which chemical substarces and physical agents
may mave forward as an NIC o NiE in the upcoming yes- tased an
their status in the development process.

« Tier 2 consists of those chemical substances and physical agents shat
will not move forward, but wi eilher remain an or be removed from, he
Under Sludy list for the next year,

This updaled list will remain in two-tiers for the balance of the year.
ACGIH® vl continue this practice of updaling the Under Study list by
February 1 and establishing the two-tier lis! by July 31 each year

The substances and issues Esid bedow are as of January 1, 2022 Afer this
dafe, plaase refer lo the ACGIH® websle (sogh org/sciencatlv-bagudelnes!

P d-dalatunder-sludy) for the up-o-date i

Physical Agents
1. Acouslic

* Audible sound
2. Oplical Radiation

« Light and Near-infrared radiation
3. Ergonomics

* Over shaulder work

+ Push/Pult
4. Thermal Stress

« Cold siress
Other Issues Under Study
1. Appendix B: Personal Phiysiologic Moniloring in the Workplace
2 Head supported mass and neck koading
3. Hypabaric pressure
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APPENDIX A: STATEMENT OM THE OCCUPATIONAL
HEALTH ASPECTS OF NEW LIGHTING TECHNOLOGIES -
CIRGADIAN, KEUROEMDOCRINE AND NEUROBEHAVIORAL
EFFECTS OF LIGHT

Over tha past decade a revolution in indoor ighting has been undervay,
fualed pawwmtxhndwiﬁdmmmmmtﬁm]w
sofid-stata, ght-emiling-diodo (LED) lamps, and partly by efiorts to reduce
fhe consumpbion of slecirical energy. Do thesa changes in he work envion-
menl pose any real heaith concems? The ACGIH® TLVS® fr Light aod Near
Infeared Radiztion for evaluating opical radiation have existod lor dacades and
lsmp-salety slandards refer lo thesa TLVs®, These are designed chifly o avold
retinal irfuries fiom exposure ko very intense ight sourcss {e.g, wekding arcs). ln
ot workplace setfings, there is it Lo o chance i workers wil be exposed
waW{&s]mwmﬂpwmmmmm
TLVs®,

Hoviaver, the new ighting lechnologias, in particular LED and CFL ighting
st aro now widely used in workplaces for energy conservalion, have signif-
canfly diflerent output than Irariional incandescent light bulbs. There
is considerable evidence thal the body s highty sensitive lo the blue ghl that
foetns @ conzoeratts fraction of he oulpul of tiese sources. Some of the new
famps have suficient differont specra (pokor spactra) that cancems have beer
raised about polental hoalt effects (AMA, 2016; CIE. 2005 ESNA, 2008). Thiz
Slahemment addiessas possible healfh and safety ssues al 212 essocinted Wil
zriificial lighting & levels that would be used for visual purposes '

Light is & potent stimuhus for reguiasing circadian, hormana., and behavioral
systems in humans. Resaarch over tha past 12 years has shown that (he biolcg-
ical and behaviord effects of ghl are parficularly influenced by a dstncl phots
receplor in the eye, the melanops ining intrin ph refinal
ganglion cels (pRGCs), in eddiion o the convantional rods and cones (Lucas
ot al, 2014; CIE, 2009, [ESNA, 2008). Published action spectra show that
FRGCs are most sansiive lo blue-sppearing ghl with a strong sensifly in the
m—szonmspemmumnmmmnmm
Whm[ﬂ%mhMmm:WMnm
Howwaver, the reletvely recent discovery of a naw photopigment (melanopsin) in
the retina locatsd in & praviousty Unknovn photoreceptor (Berson et al., 2002
Hater et &l., 2002), relesred lo 2 the “inbinsicaly pholoreceptive retinal gan-
S e DR v Mwm mﬁﬂ?ﬁiﬁﬁ

, The pRGC responds (]
ﬁmhmmﬁmuu\ummmmuumu

syslam,
thythms, variatos in body , heart rala, oic. (Tumer el al, 2010).
vmnmummmmmﬁwm&
wlating hormona (TSH. Thas, tha physiological p @ ma
mmmmmmmmmpd@d
edects of shif otk are driven by cresdian deruption,

Parlcuizr atlenlicn has been paid lo the po'zntial for “blue hutl
nim) o increase alariness, sinca tha bhe-sensilivo iPRGCs sigral the pineal
body (tvough the suplachissmalic nucleus) lo :uppess secretion of metalonin
(the "siscp hormana’). Indeed, there have bee suggsstions ko ncreass aled.
ness in B wodkplace by incraasing the blue sghl spectrum in office ghting,
This s most often described in the lighting lilerature as increasing ihiz =
color temeeralure (CCT) of lhe lamp spectrum, althcugh lhis 1=
accurate way o describe the ‘melanopic’ content of kg, &
specira can have he same CCT (Lucas et al, 2014, In reality, al
lenglhs prosid an alerling simubus during the day.

Sorme M2 scienlisls hava nelad that blus 7l is frequently ciled as predus-
ing & photolowe ellect al very high retinal exposure lavels, but
produced by standard commarcally avalable gererdl-servcs lamos, Hiaugn
concerns hawe arisen as to the potential for adverss zfiects I 2o
sure lo new lighting installalions wilh alue-rich om ssions in worl
(Behar-Cohen ot al, 2011), rcutine, normel ure 12 the
lamps will reenain well below te TLYs® fo 53 and inlra
General ighing senvica lanrps for dluminalion dso meet photol
slandasds (basad on the TLVs®), The IARC dasaticaton of shif
able carcinoger has accentualed concerns thal lighling in vortspla
a role in carcnogenesis; howevar, this hypclhes s remains quids
{IARC, 2011},

G ions and R

Given ‘ha present stale of knowisdge, ACGIH? corsidsrs thai 1 pr:
TLVs® are sufiiciently prolecive against photochemically induced b
hazard.” ACGIH® does ret considar il practical or advisable lo devsiop TLVs®
Lo prolect egains| light-induced changes in circadian thythms or ¢ l2 r='ai
ad healln effects from shift vaork.

Hovever. employers and occupalional salely experts are advisz3.

1, Shift work involves a range of issues apart from disnuption of oicatian
rhylhms, and these are basl addressed by measures such 23 optimal
planning of wotk schedules, rather than exposure limuls such as TLVs?,
Employars shoufd bs aware of recommerdations by NIOSH 21d olhel
occupzlional health crganizalions about shifl work, For exampls: hap:/
worrw.cdc, joshitogicshvorkschedules

2., Aduelirg the color paletle of compuler displays lo reduce their shorl-vwave-
tength canfent of dimming computer screens for evenaig v
shovin 1 afiect circadian physiology and cegniive pariorman:
¢l &, 2011; Chang el al., 2015}. Tools lo ajjust Ihe color pat
magniude, if any, of any haalth benefit from tagir use remains u

3. In cceupationd sellings, employee 2lettness safely and heaith are key.
The lighting condilions shouid provide ths safest and most alering environ-
manl possitle, while meintaining typical visual furction. Work ars ranmen's
should lhere‘ore incorporate high intensity, buz ennchad (high melancpic)
lighl during bolh the day, and espacially al night given Lhe hugh nsk
sleepiness-relaled accidents and injuries. In s:cupationa salings whera
there are potenlially conflicing reads, such as a hospital durizg Ile night
wasen palients slsep bul slzff are awake. th= palient bedrom cr ward
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T T S o ot e

TWAS for WBST . and I Tha TWA wandow should capture aileast 1 cygiz =l
work and recovzry perod wilhin a 1-hour pariod. The values of TWA-WBGT.
and TWA-i ars compared to lhe TLY and AL fives in F-gure 1,

If the exposure is below the AL, the heal sbess exposure is acceptablz.
While no further aclion 1s necessary, consider eslablisiing 20 HSMP that
includes General Conlrals {s3s Tzble 5)

If the TWA analysis indicales an exposure between th2 AL and TLY then ar
HSIWP thal includes General Conlials {se2 Table 5) 1s recommiended
If the exposurz is above the TLY, hen an HSMP wlh Ganeral and Job Speciic
Conlrols (se= ablz 512 razommenced to bring Lhe exposure below the TLY er
acceplable fimis,

Mefhod 3 Advanced Heal Siress Evalualion, Advznced melhods far -
aling heat strass consider a ims Limil or grealer delzl in understanding e inziar
conlributers t the heat siress exposure. Two methods valh extensive use and
verification arz the Predicted Heat Stran (PHS) (Inlemational Organizalicn ior

Standardization {1SO) 2027b) and the US Army Heat Stress Dacision Aid {43DA)
{Polier et al, 2017)

Regardless of (12 outcome of e analysis, an HSHP is recominended.
These aliernalizz methods may zlso provide insight inlo Job Specific Conirals
(see 1able 3) lhat would reduce the risk of heai-relaled disorders

Melhod 4 Heat Strain and Physiologic Monilonng Tha hkelihced 3nd sevsr-
ity of excesswe k=2l strain will vary widely among paopla, sven under idexlical
heal stress condifons Th normal physiological responsas to heat siress prowds
an apportunily o monitor heal strain 2mong workers and o use this infermztion
1o assess (he :zval of heal slrain present in the worklo-ce, Lo control exposures,
and lo assess lhe affzclivenass of srplzmented controls, Thare are various
approaches to monifofing heat slran. These include core lenperalure (¢ 3.,
using ingastiole kemperalure pills or bme s2ries heart rale-derived core temp:
{ure), lymparic lemozralure, skin ‘emperature, and heat stram indicas (e g,
rate and ccre tempsrature).

Tablz 4 provides guidance ior acceptable levals of heat strain when usmg
physiolagic momilenng, Howevsr, lhe values should nol be considered as TLVs,
lf excessive hoai slrain occurs, lhen appropriate Job Speciiic Controls (seg Table
3) should be mplemented 1o a sulficianl exlent to conlre. ‘he heat strain, o bring
the exposu;s leva' below the TLV orlo alevel (hat s acceplable by an advanzed
mathod, Proiessione judgemant is necessary lo select (he appropriate fequency
and y of physi i sidarmg the itude of ths
neal stress exnscled.

Heat Stress Management Pragram. The elemenls of a uritien haal stress
managemenl pogrem include al leas! General Controts and include Job Spciic
Cantrols vhen thzre is a possibilily of 2xposures grealet inen the TLV or AL ot
indicated by an allzmative method ¢f svalualion. Tabla 5 lisls some key elemenls
of a HSMP.

| chizctive of a HSMP is Ihe prevention of excessive heai strin
{nal may resullin haat-elaled disorders. & HSMP sels policy snd
inclutes writln plans for freining heal slress hygiane praclicss, survallanca,
phystological monitoring, recordkz2pirg, and an emargency plan. The freinings
in the HSMP should discuss acciinalizabon and wam (1) vrorkers ko be dert o
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troke or wilh a request lo

dual's exposure lo heal stress should

posure and allow for recovery. One or

alure increases by more than 1 °C from pre-job temperature il

art rale is in excess of 180 bpm (beals per minule) minus the

- age), lor healthy individuals wilh normal cardiac response.

symostoms of heal-refated disoders is sound indu

when clathing may significanlly reduce heat loss. When mon

exceeding these guidelines i
Recovery hearl rate at one minule after a peak work efort is grealer than 120 bpm

the pre-job temperature is less than 37.5 "C.
Exposure should stop with signs cr symptoms of heal exhaustion of heat s
stop regardless ol what physiological manioiing may indicate.

Measured vr eslimated core lemper

Suslained (several minutes) he:
individual's age in years (180

be discontinued when any of the following occur:
»

Romitoring

TABLE 5. Elements of a Heat Stress
Management Program

General controls are essential elaments of an HSMP,
Jeb-specific contrals are added as appropriate,
General Confrols

Training: Provide verbal and written inslruclions
for pre-job and annual training programs with
information about heat stress and strain, heat
disorders, 1 plan, and gency
response plan in a language and formal that is
understood by workers and supervisors,

Heat Stress Hygiene Practices: Fluid
raplacemant, sell-monitering of symploms,
maintain good heallh status, appropriate breaks
valh shade, an¢ modify expectations based on
acclimatization,

Policles® Acclimatization plan, early recognition of
heat-related signs and symploms in other
workers and actions to take, and on self-
determination,

Environmental survelllance.

WMiedical clearance and counseling by a
healfhcare provider.

Emergency Response-Plan: The worker who
appears lo be confused, disariznicd, fyritable, or
has matlzise, chills or seizures, should be
manage_d as a medical emergency and neads
2ggressive cooling, and emergency transporl and
conlinuous observation.

e Job-SpecifiG Contrals

a

5

Engineering controls that reduce the metabslic
rate, provige gzneral air movement, reduce
process heat and water vapor release, provids
shade, shiald radiant heat sources, and adjust
clothing requirements, among others.
Administralive controls that set acceptable
exposure times, allow sufficient recovery, and
imit physiclogical sirain.

Personal ceoling (air, liquid, ice} that is effective
for the specific work practces and condilions.
Physiological manitoring,
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Thermal 3rass

NOTICE OF INTENDED CHARGE—THEAT STRESS ailD
STRAIN

This NOIC canlzins rzvisions
options to select “ar evalualion =* ©
exnamse. Thers s nswemphasisen v = xo STy -
heal_slrass managemen plan. Studies on the responss (o using vapor bamet
df)ihng. recovery cycle, the basts for the screening cnfena a7d 3 comparison
with M@ME&WMSMEMM [H30A) method was added
The physiclogical mondonng section danfies the basis fur tha sustained headt
ralz and core [3ncerature hmils, Rafz P R

Wamlng: The TLV® is hased on

similarly prescribed for hacihy hydrae,
has a small margr. of
shsorders belovs ths TL
Introduction: The gaal of the 7!
thoss that may 02 &
indraduals an 2
dascribes condlic
Ihamal 2quilibean, I thernal squaiz v
incrzasing lkeliteog

wnjury, and zdv:
essumes comple!
_ The TLV s =presented in Fig i . i
B represaniad by te broken Fine. The Vel Bubb Globe Temperaure (WBGT)
inooporains the emaroamental factors of ar temparature, humidiy, air move-
ment, and radiant heal WBGTefl & the measured WBGT plus the ciothing
adjustment value (CAV). The lask Metabolc Rate (M) measured in Walts [W]
is the enngy expendiure.

For computatoral purposas th i v are
lowing:

TLV[C) = 56 7 - 11 Slog M{w]

AL[*C] =€0.0 - 13 [log MW,

Heal Stress is th relheal load t2 vl werker mov?
cembined effects of metanalic heal, environmental facr
ments. As heal stiess mci2ases and approaches the ucoor + it i
ancz. further inc may lead [0 unacs=
ot heal-refaled disorders

Hea! Strain is the i phvysolog
Memmal physiological responss are

strain may result.

Metaholic Rale is Ihe znergy sxperd!
Lis expendilure generales mlernal hy
melsbolic rae duz 'o viork is as mpz;
ing heat st-ess, 1506296 (2021a} prowe
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FIGURE 1. TLY ane Acton Limi ior Hes* Strass

1001 24 d A6y U Haa

“etsbulic Ante !

boic rele. Whis energy expendiure i bes! sty
varous methods of m”‘ﬂ\hl‘ o Iy
the lest accurets methods bul relatvely easy o use. T: i v

s Of metabokis heet iy bouse, Table 1 provides usaful

The TLV uses the WBGT (as defned above) index b estimala e enni
mantal contrbutions b heat : ‘::ﬁe"b for i
(IS0) 1958). WBGT uses air or dry-bud lemperaturs (T,5), natural welbulb
mmﬁw:qmwmw.mosfmmdmr
depends on whether it is measued in direct sun (WBGT ,...) of in shaded o

indoor condiions (WBGTT, . as oows:
WEBGT 0 =07 Tp +02T 404 Ty @)
WBGTingsy =07 Top ¢ 03T, 4)

. . N (
WBG_T‘ s the effective WBGT, whichis the WBGT ajuslzd for clothing
TCbI-ng afiscts the abifity Iom intemal heal lo lhe ambient environmsnl,
oa_mu_nlhr hafeﬂs of M[q,an Acnistrent Viahues (CAVS)
; ‘I'Iabeau..lmar'-‘ 3 configuralicns Ir.e CAVs are erpressed
equiviisnl values o thal are added o the aneient WEGT to i
sfke;m WBGT (WBGTq). ’ A
ma-Wegitod Averaging (TWA} of 1 hour can bs used 15 assass charci
:sa!shsss expesuns. TWha of greate: thar an hout may resullin unz:\‘-:_ﬂ[!b?-.‘

is a physiological sdaptation thal improves an indiidush

abilty o tkorata heal siress. Accimatzafon requires physical acivity undsr heat
mmﬁmlﬁem anficipated for the work. Wit & recent hislory of heat

:W-:‘ssglallgauzmmhsdmw?dm.am
&nm mmummbs;;s'mzdmd“ oo

& disconfinued, A nofcasbls

hesmnaﬂer-idaysandmbemhwhd in Iweeks. A person may
notbe fuly accimatized fo @ sudden or episodic higher kvl of heal strass,

A Hoat Stress Management Progrem (HSMP) sets werkgiace poficy and
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TABLE 1. Metabolic Rate Categories and the
Represenlalive Metabolic Rate wilth Exampls
Activities

Assigned
Category Metabolic Examples

TR
ighl
115 to 235
W
Moderale :
235 1o 360 hara ard arr work
w moderate arry 2nd (g
work, madeiate =M ard
fruck work, or ign:
pushing aud gulli™,
Nermal
Heavy 413 Tt enag I el A
380 10 470 work, carryirg
w shoveling, manz
sawing pushi
pulling heavy 10ads anz
witlkanig al o fast pon
Veary Heavy 320 Vir'y inter
> 470 W fasl 1o ms

Note: The elfect of pody weight an L
metabolic raie can be accounted for Dy ¥
the estimated rate by tha ratio of aclual body
divided by 70 kg (154 Ib).

Source: {International Organizauon for
Stlandaidizaton (ISO) 2017).

inciudes written plans for training, heal stess hygiens pracices, survediance,
physiologieal moritor dusaping, and an emergancy plan. Triggers for
d componeats of an HSMP ave p

Goneral Cantrois in an HSMP are those eckions lo protect workers thet apply
when heal siress s expecied b be a hazand. Thay apply broady (o workplaces

and exposise condiions. Ganerel Conlruls inchude Iraining, haat stress fiygiene
' = y - 5 i Son, policies on

, poficias on 3

gnizing heatelelod symploms and st aid, end planning

Job SpeciSc Contrals in 8 HSMP are thase actions that may ba leken fo
contrel hesat sress during parficuar heat stess exposure condiians. Job Specc
Controls can b used 10 feduce Fie heal strass level o accepiabla lavals and
churtn the trads of engineering controls, adminatiaive conlros,
,ﬂwm_mwmwmmawh
confinue lo essess bvir effect and lo make adusiments a3 neadod.

Evahsation Process: The evaluaton process should be staried if heal stress
is expacied, for auample, i 1) thece arm reports of discorndort of o symptoms

TABLE 2. Clothing Adjustment Values (CAV)
added to WBGT to estimate WBGTe

Clothing T CAV ['C]
Shoet Steevis and Pants of Woven -1.0
Ralerial

Work Clothes {Long Sleeve Shirl and 0

Pants)

Clolh (woven malerial) Coveralls 0

SMS Palypropylene Coveralis 0.5

Polyoleln Caveralls 1

Double Layer Woven Clothing 3

Limilad-Use Vapor-Barrier Coveralls "

wilh Hood

Adding 3 Hoad (Full Head and Neck

Covering: not Faca] +i0

Noles:

1. These values musl not be used for complelely
encapsulaling suls, often calied Leval A as delined
by OSHA.

2. CAVs ¢cannot ba added for multipl= layers.

%, Coveralls assume that only undergarments are

worn underneath, noi a second layer of clothing.
4. there is no evidencs to suggesl hal respiratars or
face coverings add lo the heal strass burden,

associaled with heal slress; (2) prolessional judgmen rdicates heat shess
condions; o (3) the Heal Index or air lemparature i 27 °C (80 °F ), When heal
stress is suspasied, establishing an HSMP thatincludes tha General Conlrols

(see Table 5) is recommended.
Four meltedz 13 avaluate the lave! of heal sliess, vilh increasing levels of
lexity and i ing levels of p ional expert:se. are p d below,

The TLV and AL is represented by bethod 2.

Mathod 1. Screening Criteria Based on WBGT,, This screening oneria are
an approsimaion of the TLY and AL as presenled n Figure 1, Screening citeria
for heai stiess exposure considers the contribulions of snvionmenl, metsbole
wark demands, work-rest patieen, clothing, and accimahzation stata. Tabie 3
providzs the screzning eritenis

If the estmated TWAWBGT,is lzss than the critefia lor unacclimalzed
workers [ound in Table 3, (hen Ihere is litle risk of excessive exposures (o haal
slress.

If lhe estimaled TWA-WBGT,, are above Ihe cilsria for unacchmalized
wiorkets found in Table 3, bul befow the limits for acclimatized workers, then an
HSMP thal inciudes the Genieral Conlrois in Tablz 5is rzcammendad.

1 there are obsarved signs cf reports of symploms of heal-related disordars,
such zs faligus, nauses, dizziness, ard ightheadedness, then establishing an
HSMP valh General Conlrols is recommerded.

Method 2: TLV Anslysis. biathad 1 (Table 3)is a scresning stap (ha: requires
less effort Iban 2 hill evaluaton. The aclua: TLY nd AL 512 basad on thz TWAS
of WBGTeff znd tasl melabzclc rale (M), A lask anziyss is used 1o compule




234 — Thermal Stezss

il the Hepresentanig

Rante: |
115

RTOTER

wd moderae hane
aderate wew ol le
Mukerane E arm aod I
< and wling. Narn

runie vk
vy [NELNERNLN
e It

ascountad
Lody wen

As matabolic ra incroases (1., work demands increase), tie criteria vatuss In
hwumhmwwmwlmhmnmnmm
mmaﬁ‘c.mneﬁmdmmkdequahm
10 envi in evaluating heal stress, Table 3 provides booad
guidancs for selecting the work rats calegory o ba used in Tabla 2. Ofen tere
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th 9 cilesia for firee afiocafions of work and rest
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] an neur, 3 WBGT crvenon can pe found in Tabla 2 for P 1LY
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for clothing & foss than tha Iable value foc the Action Limit, tha "NO” branch
Figur 1 is sken, and therw is e risk of encessive exposures o hoat stress,
1 a condiSons em above the Acton Lii, but below the TLVS, ren consider
mmtmmwnrms_uummmdMamw
mmmm»m,mmw@mm.
then o analysis should be reconsidered.

It the work contions aic above the TLV® sereening criteria in Table 2 ey
& huriher analys's is requiced folloveng the “YES' branch

Section 7 Delded Anafysia, Table 2 s intended ko be used as a =
sten, Itis poseioke thal @ condilion may be ctove the TLV® of Ackon t il «
orevided in Tabls 2 and s61 nol represen: 21 exposure above the TLY™
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Mralion, 2 eeta
anfelion o rou

2 uszd n simlar ‘25 en follow
clen Limil ave shoz  in Figure 2,
2 a ralicnal mad

posures rallowing
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| zxcessive heal sirain will
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alion to assess the leval

of any of thess enitng

accepiab. gement of the heat stre:
th a coplable levels of haal simin, the "NO" branch in Figure 1 s taken.
Neverteless,  the heat stran among workers is considered acceptable at the
me, ¢ nsidaraton of U gansr+ controls is recommended. In addition, pec-
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s and sympleats o heat-relatzd

al Iy giene practice, epevially when

fiwamly seduce hem loss, For survall
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ced 10 control the exposuncs, O an indive
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mannal cardine performance; or
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Rezovery liearl fae 4t vae minnte after o peak wosk
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with immedise raesport ooy
tospital, An xmergency tospuise plan ifaiecessary.

— NEVER ignure anyonc’s signs or symproms of heat-velated disorilers—

arc © adjusl them as needed,
5

4 4 < job-specii contrels should

- & "ecal conditons ard e judgment of Ihe industrial
hygiensst. The recommendaton to inivale a heat stess managemart program
'ammeImlmmmalmedhAcﬁmLmoram n
clothing ensemblas thal fmi heat bass. |n either cas, genard conliols should
be considered (Table 5).

Heal stress hygiens practices are particutady important bacause they
reduce the sk thal an individual suffer a hoal-elaled disonder. The key
d«nmlsraﬂud ¢ , self-detems of exp healih slatus
monitofing, mantanance of a haalthy bizstys, and adjustment of arpeciztions
base on 2dmatzaion sale The hygione practoes require tha full cogpera-

3 2amitols, apprapriat job-spesific conirols are

prodachion, {he consideration of
-'.s.Tablel’wquw?,thTahhiwlwu-
vida a framewotk ‘o appreciata the i k state,

among

=25, and dlothing. Among administrative contrcls,
2 ohysiological and signefsymptoms lirits, The mix
22 stfeciad and inplamentad only afler 3 raview of
rants of any panicutar stuzbon. (nce inplemaried,
Le corfimed and the conirois maintaineq
cime chigetve of heal sttess managiment is the pravantion of
42, = Me-vealening and the most serious of the heat-elal-
sirha vzhim is offen maniz, disorentad, confused,
-anseicus. The vikm's body oo lemperatune s creater than
5 ¢f heal siokn appear, agoressiva coclrg should be
, @i ememency cane and haspitalizalion are cssential,
nt 2f crher heatrelated dsarders generally resls in fuil
e should be sought lox raalment and refum-io-work

A 13t 1ha pessdity of ascadents and injury increases
slrass,

Prokonged nereases in d2en tody temperatures and chioniz EXPOSINES
tr hizh vels of heat stress are asseciated with other disordars tuch as
‘emporary inedhiy (male arc famalz), dlevaded hean rate sleap deburbance,
fasgue, and by, Durirg Iha fiest Inmester of pregnancy, 3 sustaned cora
temperatne eraaler than 38°C may engangar tha fetus, -
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of heal slrain, i dicted i, 150, = f 4
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the “YES® branch is laken. This means that suitable jcb-specific cantrols S ot strasn el Ao Ocoup Hyg. 45(2):123-35 (2001)
shauld bs imglemented lo a suffcent extenl 1o control heal stiain, The SEES
plespecific coriols include énginaering contrals, adminislraliva controls, and
perzonal protacton,
After nplemzntation of lhe job-apzsific ccntrels, il is
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TABLE 1. Clathing-Adjustment Factass for Sonie Clothing
Enseribiles®

Adilition Lo

Clothing Type WHGTI°C|
Work clothes (lony sleeve shirt and pants) [i]
Clotl: (woven material) cov 0
Dauble-layer woven clothing ]
S¥IS polypropylenc coveralls s
Palyolelin coveralls 1
Limited-use vapor-banrier coverills 1]

Elhesé vatues must not be used fur completely ent:
suits, often catled Level A, Clathing Adjustiment | g
be added for multiple layers. The coveralls assame that only
madesty cloihing is worn undernearh, not a second layer ot
clothing.

Section 2: Screening Threshold Based on Wel-Bulb Globe Tempsralure

(WBGT), The WBGT offers a uselul first order index of the environmenlal

contnbulion to heal slress, It is influenced by air temperalure, radiant heal, ar

movement, and humidity. As an approximalion, it does nol fully account for all

the inleractions betveen a parson and the environmenl and cannal account for

special condilions such as healing from a radiofrequency/microvave source.
WBGT values are calculaled using onz of Ih3 loliowing equations:

With direcl exposure lo sunfight:
WBGTy =07 Ty # 02Ty 401 Ty

Without direct exposurs to the sun:
WBGT=0.7 Ty +0.3 Ty

where:
Thyp = nalural wel-bulb temparalura (sometimes callzd NWB)
Ty = globe temperalure (somelimes called GT)
Toy, = dry-budd (aie) temperature (sometimes called DB)

Because WBGT is only an index of [he environmenl, ine screening crileria
are adjusled for the conlributions of work demands and clothing. Table 2 pro-
vides WBGT crileria suitable for screening purposes, For clothing ensembles
listed in Table 1, Table 2 can be used vien lhe clothing adjustmznt values are
added to lhe environmenial WEGT.

To delermine the degree of heat slress exposure, lhe viork paltern and
demands musl be considered. If the vark (and resl) is distribuled over more
than one localion, lhen a lime-weighted average WBGT shoula be used for
comparisan lo Table 2 limits.
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Imposing a siagle standard clothing ensemble for a0 entre group could
rasult in overheating and swealing during work in some, whie others would
rot ba kept warm; therefore, paople should adjust clolhing according to
thair own needs. A common problem is that peopls begin warking whils
58 wearing chothing layers appropriale for resting conditons, and thus, are
“gwardressed” afier the work is sladed, If the comibination of eavironmental
HamE we « and avarabie ng suggest that bedy haal con.
. dons), 1

slop diggng 1o rest). Remain g dry, espacially for those working in
agions, Is extremaly imparant ard dictales thal camying extra clolh-
- s walsr-prool and dry clothing 1 change into is vilql 1€ work is done
AU nsrmal temperatures of in @ hal envi-zrment bafore entering the cold ares,
e employes should make sure that chothing is not wal 23 a consequenca
of swaating, If clothing is wet, the employes should change into dry clelhes
satoee enfering (he cold area, The workers should change socks and 3
removable fell insoles 3t regular dady intervals or usa vapor bamier bocis
2 dptmal frag change should o2 delermined empincaily and wil
<y ndwidua ding to 1h2 type of shoe worn and now much the
ndwvaual’s fz
i exposed
rselion of
in audliary healed versans. ;

If the availabls ciothing does not give adequate prolection o prevent
hypothermia of fresttile, work should be modified or suspended unfll ade-
quale clothing is made avalablo of untl weather condilions improve. Feal are
suscaptible 1o perigheral cold injuries. All workers shouid be provided with
agpeopriatety rated footwear for the conditiona thoy arp working in. For exam-
gle, f the environment is wet, footwear should provids protection against
wator penelration; Hewise, if the ar tem have the potential ko be
axtremely low less than O°F (-18°C)), spacific boots for this envirenmant
27 lo be proviced.

:f the

body cannct be prolacted sufficenlly to arevert
or frastae. proteciive items shouls be supplicd

wori-Warming Reginzn
I work s perfomed continuously in the cold al or below a WCT of -T°C
{19.4°F), healed warming shelters (lents, cabins, rast rooms, elc.) should
e made available noarby. The workers should be encouraged to use these
shelters af regular intervals, the requency dapending on the saverity of the
il d exposute. Indications for i retum to the sholler aze
the onsat of heavy shivering; frostnip; of the feeling of excossive faligue,
drowsinass, imilabiity, of euphoria. When enlaring the heated shelter, he
outor layer of clothing should be remaoved and the remandar of the clothing
losened fo permil sweal evaporation, of a change of dry work clothing
should be provided as necessary bo prevent workers from retuming lo their
work with wot clothing, Dehydralion, of the koss of body fuids, octurs insid-
iously in the cold enwonment and can impair work anca. However,
denydration Tkaly doss not increase susceplibilly to cold injuries. Workers
can drink & variety of fuids (milk, juice, sports drinks, lea, cofles). Hot baver-
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2 e air temp al a workplace falls below -1°C (30.2°F),
the air lemperature should be measured and recorded at lsasl every 4
hours.

. in indoor workplaces, the wind speed should also be recorded al least
overy 4 hours whenever Ihe rale of air movement exceeds 2 misec
(5 mphy

4. In outdoor work situations, the wind speed should be measured and

racorded together with the air temperature whenever the air temperature
is below -1°C {30.2°F).

5. The WCT should be obtained from Table 4 in all cases where air move-

ment measwements ara required; it should be recorded with the cther
dala whenever he WCT is below -7*C (19.4°F).

Employees should be excluded fram work in cold al -1°C (30.2°F) or
below if they are suffering from diseases or aking medication that inerferes
wilh normal body temperature regulation or reduces folerance lo work in cold
environments, Workers who are raulinely exposed to lemperalures below
-24°C (-11.2°F) wilh wind speeds < 2 mfagc (5 mph), or air femperatures
below -18°C (0°F) wilh wind spaeds above 2 m/sec (5 mph), should be madi-
cally certified as suitable for such exposures. R,

Trauma sustained in freezing or subzero conditions requires special
atlention because an injured worker is predisposed lo cold injury. In addition
to providing for first aid treatment, special provisions should be made to pre-
vent hypothermia and freezing of damaged tissues,

w
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3. New amployeas should not be required 1o work full-ime in the cold

4. Tha weight and bulkiness of cothing shouid ba included in estimating the
5. The work should be aranged in such a way that siting stil of standing

Cond Sisas

{ahar o heated sh aportunity for changing into dry cioting

shookdba provided.

during the first days of employment unbl they bacome accuslomed bo the
‘working condiions and required protective dothing.

raquired wodk parformance and weights Lo be Blad by the worker.

1 for long pariods is minmized. Unprotscled, metal chair seats should
ot be used. The worker should be protected from drafts to the greales!

szhn procasu=s. The
uClOn 1T,
ad eamzul,

q hypalhermia o
g dees nolSIoui.
url, praclicas

Special Workplacz Recommendaticns

Spec o ursign (Rfquirsments ‘o rafagaraler oo ing'ads:

sile and shcud not
{200 fym} 3t t2 pob site This can be achievzd by prop-
s,

uld be proaszd based on 2asling an
sxposed.

tki+3 wilh loxic substances
<l expcsure may raquire

Spaoal caution shoule be exarased whe
workers are exposed lo vibration.

and ¥
reduced exposure imils,

Eye protection for workers employed out-of-doors in a snow- andfor
ice-covered lomain should be suppdad. Spacial safaty goggies lo profect against
uitraviclel bght end glare (which can produce lemporary conjunchilis andior
temporary loss of vision) and blowing ice crystals shoud ba required when frere

i3 an sapanse of snow coverags causing a polental eye expasurs hazard.
Workpiace mzmilanng s requizd as loflows

1% tha
U compli-

haninomatry snould b2 arcanged 3 any workple:
ot leisperaluie s below 18°C (33 8°F
squiramends of the TLY® can e
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+HEAT STRESS AND STRAIN

Warming: ‘Ahile the TLV® is based on the ability of most healthy, acclima-
tized warkers lo sustain a heal stress exposure, cases of heat stroke and other
exerlional heat iinesses may ocour below the TLV®. A program of heat siress
managemen should include acclimalizalion, early mcagnition of symploms
with appropriate first aid, and recognition of personal risk faclors. Further, there
is evidence of a camy-over effect from a previous day's exposure.

Personat risk faclars include, among olhers, pror heal stroke, rapealed
heat exhauslion, cardiac o kidney disease, pregnancy, obesity, older age and
cerlain medications. It is recommendsd that workers with personal risk factors
consull a health care providar prior o working in a hol environmant.

This TLV® has a small margin of safety. Thersfore, those working near
the TLV® should be wamed lo drink waler regularly and be alert jor dizziness,

headeds nausga, and headach

Goal: The goal of this TLV® is to maintain bady core temperature within
+1°C of nomal (37°C) for the average person. For mosl individuals, body core
lemperalure wil be below 38.3°C. Body core lemperature can exesed 38.3°C
under cerlain circumslances with selacled populations, environmental and
physiologic monilaring, and olher conlrals.

More than any othar physical agem, the polential health hazards from work
in hot environments depends strengly on physiological faclors that lead to a
range of susceplbiliies ing on the level of acclimatizalion. Therefore,
professional judgment is of parficular importance in assessing the lsvel of heal
stress and physiological heat strain lo adequalely provide guidancs for prolect-
ing nearly all healthy workers with due consideration of individual faclors and
the type of work. Assessmenl of both heal siress and heat slrain can be used
for evaluating the risk to worker safety and health. A decision-making process
is suggested in Figure 1. The exposure guidance provided in Figures 1 and 2
and in the ialed D ion of the TLV® rep ifions under
which il is believed that neary all heal acclimalized, adequately hydrated,
unmedicaled, heallhy workers may be repeatedly exposed without adverse
health eflects. The Action Limil (AL) is similarly protective of unaccimalized
workers and represents condiions for which a heal stress management pro-
gram should be considered. While nol parl of the TLV®, elemenls of a heat
stress management program are offered. The exposure guidance is nol a fine
line between safe and dangerous levels,

Heat Siress is the net heat load to which a worker may be exposed from
the combined conlribulions of ic heal, anvi factors (0.,
air tlempemra_ humidity, air movement, and radianl heal), and clothing
requirements. A mild or moderate heat stress may cause discomfort and may
adversely aflect parformance and saly, but it is not hamnful ko health. As the
heal slress approachss human tolerance limils, the risk of heat-elated disor-
ders increases,

Heal Skrain is the overall physiclogical respanse resulling from heat stress,
The physiologi p dedicated to dissipating excess heat from the
body.
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TABLE 4. Wind Chill Teraperature index, Frostbite Times ave for

LExpused Facial Skin

during exereise. Med Sei Sports Exere 38:2012-2029 (2006).

National Weather Service: Wind Chitl Te

Weather Service, Office of Clima

Casteilani JIF; ¥e

1” rule. This states that the cold shock
tion oocurs in the first minute; by
decling % a point that musde funchion is

core temperature begins b fall lo
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FIGURE 2. "yp2s 5% ¢old muries.
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Frosibite cannot occur if the air lemperature is above 32°F (0°C), Wet skin
exposed lo lhe wind will coal 2wz fasler and if the skin is wel and exposea
to vind, the amoient lemparature used for the WCT tabls should be 10°C
) Towes than the aclual ambient lemperaure. When cold surfaces below
-7°C (19.4°F) are within reach, a waming should be given to each worker
by the supervisor to prevent inadvertent contact by bare skin. I the e lem-
perature ks -17.5C (0'F) or less, fe hands should be protecled by mittens.
Machine conlrols and tools for use in cold condifions should be designed so
Ihal they can bz handled withoul removing Ihe millens
Manual aexierily is an important altribute in occupalional ssllings.
Manual dexlesity is {he abilily to make coordinaled hand and finger move-
ments lo grzsp and manipulate objacts. Manual dextarity includes muscular,
skelelal, and reurological funcions lo produce small, precise movements
In cold wealher, manual dexleriy csn decrease 50-80% in gloved workers
and, dependng on the ambien! conditions, can decrease jusl as much in
gloved p i. When hand dachines, the manual perfor-
mance deteriorates. This performance i reduced by 30% whan the finger
skin lemperatore decreases from 33°C (91°F) te 10°C (50°F). Specizl pro-
lection of Ihe hands is required lo mairilain manual dexlerily for the preven-
lion of accidents:

1. i fine work is lo be performed with biere hands for more than 10-20 min-
ules in an environmenl balow 16°C (60.8°F), special provisions should
bs eslablished for keeping the worker's hands warm. For this purpose,
warm sir jets, radianl healers {luel burner or electns radialor), or contact
warm plalzs may be ulilized. Melal handles of tools and conlrol bars
should be covered by thermal insulating materia! &l temperatures below
-1°C (30.2°F}.

2, Il the air tzmperalure falls below 16°C (80,8°F) for sedenlary viork, 4°C
(39.2°F) for light wsork, and -7°C {12.4°F) for moderate viork and fine man-
ual dexerty is not required, then aloves should b2 used by the vorkers,

Dexterily is primarily impacled by peripheral skin and muscle lsmpera-
{ures, with litlle influence from core lemperalure.

Acute Cold-Watzr Exposure

Sudden immersion into cold waisr causes a cold shock response,
Physiologi lo sudden i ion include gasping, hyperven-
lilating, periphecal triction, and i d heart rale and blood
pressure. Itis during the firs! few minutes of sudden immersion (hal drowning
is likely to occur as gasping and hyperventilaling inzrease the chances of
aspirating waler. Afler the iniliaf responses subsids, tha core and mustle
temperalures bagin Lo fali over lim, After ~10 minutes of immersion in waier
less than 10°C, muscle lemperalures will have decreased so Ihat thers is
reduced skelelal muscle function, Individuals at Lhis point vall no longer be
able to swimiselfescue and drawning will likely ensue if a fiotation aid is nol
available. Finaiiy, as an individuzl remains in the water, core temperature viill
continue 1o f5ll, Generally, the core temperalure falls to 35°C in about 1 hour
in 5°C waler, in 2 hours in 10°C waler, -and in 3-6 howrs in 15°C watar. The
vrogression from cold shock to hypethamia can be summed up in the *1-10-
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The VDV miethod should nol be apphed to exposuwes Lasting mora than &
hours. For exposures Lasting more than & howrs, the TLVs® and ALs asso-
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THERMAL STRESS

COLD STRESS
{Documentation Date - 2018}

Introduction

The cald slress TLVs? aie ntendad 1o pratec: workers irom tha mosi
severe effecls of cold siress (hypothsrmia and frosibilz) and 1o describe
exposures fo cold working tions under shuck s believed st neary
all workers can b r2peaccly saposad wnhen advarse heallh eifects.
The TLV® oliactive is 1o prevent the decp bedy core femperature from
falling below 35°C (96 3°F; and 1o prevent frostariz 1o body =xlremities,
Falal exposures 1o cold amang workers hava alros! always resulled frem
accidental Sxpesures invalung [iure o escape fram low envionmzntal air
lempzralures of from immersien n lovs 12mpe alur waler, Preventing coig
injunies .5 best done through 4 risk managerent stralzgy that assesses cod
hazards ard lhen develops and mplemenls cenlisis to mit gate the stlecls of
Ihe cold environmant. Figur2 | presenls a risk manzgement process 'o use in
cold-wasiter snvirsnmenls “igure 2 showss the types of cold injun

Hypothermia Prevention

Hypotharmia is defined as 3 core boy lempsralure below 35°% (35°C).
The physiclogical changes *hal occur 3s Ihe airparature goes balow (his
value ar2 presenlzd in Tabiz 1. In an occupalional sathng, worksrs should be
protec:ad from cold exposur: sa Ihat the dea core lzmperai a=s nol [all
below 36°C (96.8°F); lower tody lzmperaturss can resull m reduced menlal
alertnzss and ralional 100 making, As the core body temperalure goes
balow 91.4°F (33°C), warkers can become severely detilitatad, Hypalhcrmia
is a life-thr2alening condilion and mus! be treated prompily.

Early symploms of hypolhermia inciuds feeling cold, shivarag, and
exhibilirg signs of apathy and social wilhdrawal. Supzrvisors and workers
should ba aware of thase early symploms so that proper prevaitative mea-
sures can te laken at this tims. More pronounced hypalhermia maniests as
confusion or sleepiness, slurrad speech, and a change in behavior or eppear-
ance. Expasure {0 cold s10uld be immedialely terminated for any workers
when severe shivering bscomas evidenl,

Sinca prolengad exposuiz 1o exiremely old arr, ceid-weat condilions,
and ccld waler immersion can lzad to hypothermia whole-body prafection
must be provided. Cold, wei, and vindy wezlrer poses the greatest nsk for
developing hypotharmia, Figure 3 presents the clothirg insulaticn reguirad as
a lunclion of air lemperalure and work rale, As seen, the amoun ol insulation
incraases &s ihe ambienl 'emperalure and wurk rale decrease., In wel weath-
er, il is ‘mperative lhat iz ouler layer of clothing he waterproal. In windy
uea.hcr 2 wind-proof outer layet is needed. T=ble 2 presents differznl acliv-
ities and Iheir ialed work rate in Mala En {METS). This
lable can bz used in conjunction with Figure 3 lo determine the approxmale
clothing insulation requuad al different air lemparaturss.

Cold valer immersion ca= c3ause lite-threatering nyaothatiwa i » matter
of hours if proper prolection 1s nol worn, Tablz 3 presents the amount
thal an average person can be immersed bassd on the water t2moeralJre
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Far vibralien e«zeure vath shocks or impacls thal excesd € 81 mis (ig
peak). the guseires in 1SO 2631-5 should bz feliows1 to caloulate 2
shess vJ.lrat‘-’ R The TLVE & dafined h} an 7 vave of 15 ard shoul
not be dod. This R vy dy Jow risk of injury.
mmmi&mmammwa@omm
taining shocks of impacts al or below 8.81 mis {1 g peak).

] anﬂndayamedusmsmhmorwnmmﬁ
farend days, and the assumplion can be mada [hat the estimate of the seal
pan veclor sum, 8 s expecled ‘o reprasant [he exposue associated v
l::mqnnlyol'dﬂlr exposires, 2 tme duration, T, to razch thz TLV can

_ GO
TR 7

oy

Likewise, Ihz tme curation, 7, lo reach the AL can be eslimaled as:

(13)
==
F) B
tly "
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and depth. This guidance is based on wearing normal persanal proleciion
thal is not walerproof. !t should also bs noled (hat another lype of cold
mwry—nonheezmg cold injury—can occur when skin is subjacted to pro-
longed i ar cold-wel in between 32-60°F
(0-15 C).

Risk faclors for hypathermia include inactivily, energy depteton, endo-
crme disorders, age {old and young), burns and skin d'sorders, lrauma,
neuropathies, and drug/alcoho! use.

Field expedient re-warming meihiods include removing wel clolhes,
increasing insulalion {vith dry clothes, blankeis, sleeping bags), and movng
lo & sheltered area, If able lo, Pall“lﬂ: can alsn exercise 1o increase heat

ion. Olher lechniques, using exlamal ing, should be iniliated
by trained medical personnel.

Frosthite Prevenlion

Frostbile accurs when fissue temperalure decreases below 32°F {0°C).

Frostbile is most common in sxposed skin (nose, ears, chaeks, exposed
viists). bul also accurs in the hards and feet becauss peripheral vasa-
consliction significantly lowers lissie temperalures. Wel skin cools fasler.
Inslantaneous frostvite can occur when the skin comes in conlact with
supar-cooled liquids, such as petroleum products, oil. fugl, anlfresze, and
alcohal, ail of whick remain liquid at temparalures of -40°F {-40°C), Conlact
froslbite can accur by touching cald objacls wilh bare skin (pzricularly highly
conduclive malal ar siane), which causes rapid heat loss. To prevent contac!
frostbite, the viorkers should wear anli-contac! gloves,

Usually, the first sign of [lrostbile 's numbness. In fhe pariphery, the
intial sense of cooling tegins al skin temperzlures of 82°F {28°C) and pain
appears at ~68°F (20°C), but as skin lemperalure falls below 50°F (10°C}
\hese sensafions are replaced by numbress. Individuals oilen reporl feefing
a "woodsn” sensalion in the injured area. Afier re-warming. pain is signii-
canl. The inilial sensalions are an uncomloriable sense of cold, which may
incide tingling, buraing, aching, sharp pain, and decreaszd sansalion. The
skin coler may inibially appear red; it lhen becomes waxy white,

Risk factors for froslbite includeé lemperature, walness, wind chill, con-
sirictive clolhing, race, sex, hypoxia, Raynaud's syndroms, and vasocon-
striclor drugs. African American men and women are 24 times moare likely
Inan Caucasians to sufier from froslbile. Raynaud's disease is a peripheral
vascular disorder more pravatent in women han men.

Thz Wind Chill Temperalure (WCT) Ind=x (Tables &, 5} inlegrales wing
speed and air lemparaturs to provide an aslimalz of lhe cool ng pawer of the
anvironnaenl. The WCT standardizes the cooling power of i environment lo
ivalent air lemperature for calm condilions, WCTs ara spacific in their
{ application, only sslimaiing lhe danger of cooling for lhe axpasea
stin of persons walking at 3 mph, Aind does not cause an exposed object
1o become ccoler lhan the ambient tamparalure, bul instesd wind causes
exposad objects tu cool toward ambient lemperalurz more rapidly then
wiltout wind, Wnd speeds oblained from waalher reports do nol take inle
acoount man-made «nd. The WCT preseats bz relalive sk of lrostbile and
the predicted times i- i {7 5) of exposed lusiy skin. Facial
body is ypicsly rol protected.
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TABLE L TLV " amd AL Vector Sums ol the Overali Weighted
s Accelerations (m/s-2 rms)

Duratinn TLV # (150
Thmers) Upner Baundary)

w17 6.00
A.3000
10000
2,000
4.6000
80009
24,0000

AL (O Liwer
Thossmd zry §

of the Heallh Guidance Caufion Zones defined in IS0 2631-1 (180, 1597,
2003, 2010). With reference bo IS0 2631-1, Annax B (150, 1997, 2003),
mmammwlmumfmbemlhobm:hcumw
(dashed fine) and upper boundary (sofid Eve) in Figure 1 within @ 24-hour
peniod have bean associated with the polantal for haaith risks,

2 mmuawmmmemmmma
mmwmmmq.mmmv:
9.81 ms2. The biodynamic coordinate sysiem used for measuring tha
acoelaraions s dustralod in Figume 2 The pocedues desaibed I this
b o transialion-al aceslarations of the saated upright
operalor or pccupant. Other postunes and drections are addressed in 150
28311 (IS0, 1997, 2003),

3 mnwwmmwmmmdmmmmr—
ed ms accelerations may underestimale the haallh risk for vibration

Mhmm«mmm,wmwma&n. 50 26311
prowides guidance on altemalive mathods. These methods include the
Vibration Dose Valus (VD). The IS0 2631-5 provides guidance for
wﬁbmwmﬁiﬂsmwﬂmﬁhmw
B3-s6ssing exposures thal include shocks or impacts hat exceed 981 mi
52 (1 g peak). The aliematve methods should be used in addiion to the
s mélhod (69 Notes 7 and 8). The TLV® and AL ara wot rlended for
use i fived buldings see 150 2631.2) {150, 1952), in clt-shzee structures,
or inlznge ships,

. A summary of WWBY measurement precadures follows (IS0 1397, 2003,
2010).

a  Thiea hight-weight acce {or biaxial accel ). each
vilh @ cross-ads senstivly of less Ihan 10%, are mounded othogo-
nally in the center of a hard rubber disc, per ISO 10326-1(1SO, 1992)
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ayff) = The veighted acceleralion as a funclion of ime between
05 and 80 Hz (m/s?)

T = Duration of the meastrement(s)

The caltulation in the Irequancy domain is illusirated in Equation 2

1
Gy = ’Q(Z[Wﬁ“n‘]z)z @

where:
3y = The overall weighted mms acceleration in e l-ax's
(I=x.y, 0r z) (mis? ms)

k; = The multiplying factor for direction /{k = t.4 for f=x, y;
k=10forf=2}

Wy = The lrequency weighting Tor the Laxis at (ke respective
narmow band frequency o 1/3 oclave band cenler
frequancy, i, from 0.5 to 80 Hz

a; = ms acceleration value in the -axis at the respzclve
narrov/ band frequency or 1/3 octave band cenler
frequency, i, from 0.5 lo 80 Hz

i the vibration axpasure includes periods wi vbration of different magniudes

and duralions g within contiguous 24 hours, the energy-eq:
overal wesghted s acooleration in each direction, x, ¥, and 2, can be calcu-
latod as foows, In acoondance with IS0 26311 (150, 1967, 2003, 2010):
=3 (E[ﬂiu'ﬁ] 2 m
whe =2 T
i I
where

81 = The equivalen! overall weighted mis acceleralion
magnituds in either the { = x, y, or z direction (mvs2 ms)

8y = The overall weighted ms acceleration magniude in
either h2 )=, y, of 2 divecton for exposure poriod |
(m's? rmsj (from Equations 10r 2)

T; = The duration for exposure period j (s)

¢ The cverall visighted ms acceleralions may or may nat be smiar
along the x, y, and z kanslabional ares, as determined by Equations
1, 2, or 3, Therefore, bve combined molion of ab three axes is calou-
lated as a vector sum of the overz! veighted s acoeferzlions in the
Ihrew orthogonzd axes, a,, and de-fined in Equation 4:

a, = ([1.4(1:,,:]-; + [;1,4;1",,,]2 + [ztw,]z)_' “

The veclor sum 3lso applies to he energy-equivalent vaighled rms
acceleralions in the X y, and z direclions ca'culaled i accordance
vilh Equalien 3,

-
I =T
-
e
e
-
( '"]
[(
3
'F
1
(P
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1ol e rslivr gl sLbler dix

< cables should

T heany risk assessren! one instuinalea

2437 "z top of the : g
5= n the bultocks
cushicn surface, A second retumented nubbs:
a e nierface between e back and the sesl &

S paricuaty 1 3
combort assessment is desiable (860 IS0 2831 ° Seclon 671150

1597, 2003)
Al each maamsrement locaton (e, seat pen, seat back), contnuous
acceteration should be samult ly made and

recorded along the thise orhagonal s [, . 2) shown in Figue 2
{seat suriaon and seal back), The duration of B
assure measwement accuracy and that the
Operaion ar cocupant Bxpasers being asses
Section §5) (IS0, 1997, 2003
A summary of WBV dala processing orcoaduros, including the caloulaion
of T overal weaghted ms ac-celeration in each ais (x, y, ) and the vee-
tor sum of e overall weighted s asceleraions for 3-sessing health risk
fotows

ton 15 typical of ths
s2¢ 1SO 2631-1,

& Itis haghly i thal signal p ing lachniques be
applied ko génerale the unweghted spectral contant in each ads to
idanily tha & ' ding to major acneleration pazks,

The spectra can be generaled in elther namow frequency bands of
constan bandwidth, or proportional bands no greater than one-thind
ochave

S Acaroanum for healtt sk assessment the 2ccelaration measur-
marts oAwwed lor eac { 4
2ar) shouke ba reco a1 processsd in 2
2531-1 (150, 189/, 20101 ' 122 sasted oporaly 2t cczupant usng
e basc maluation methad arc the equency weings and mut.
plying faclors for haath ri< T can be dond in ne tme doman of
frecusncy domain using naow band or one-fhid oslave band data
a5 mertoned above. The fiequancy weighting cunves for health risk
are fusvated in Figure 3. The multiplying Faciors (k) for health risk ar
ghven bekonw for the respactve diection. Tha frequancy range is 05 1o
B0 Hz This yieids the cveral veighted ms accelaralion in each 2xs
(%, ¥, 2). Tha caeudation in the tme domain is Sustratad in Equation 1
(150, 1947, 2010):

i
A sk Gf“' a;;,(r)dz)" n

3,. = The overall weghted rms aceeleration i tha -axis,
('=x,y.or 2) 'mis ¢ :ms})

*, = The muluglying faclor for direction /i =14 for f=x,y,
k=10fori=2)
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2
4

Standing
Posian

Actumibe 4
Fatabians

FIGURE 2. Biodynamic Coorgrate System for the Sealed
Pestions (Postures) (150, 1357, 2003, 201€), The cocrdir:
fighi-hand nuld for e sesled arg slanding ruman,

~dng. Recumbent
ysm adneres lo lhe

6 A summary of the analysis procadure is as follows,

1 tha vector sum of the overal weighted rms acoslarations, a,, squals
or excteds the valuas shown in Figure 1 (150 upper boundary) o
Table 1 (150 upper boundary), for the relevant ima period, then the
TLV® s encseded for thal expasure duraon. i is recommended that
the overal weighled e accelerations in 2l thee anes be reported,
in addition to the vector sum,

a. Il may be desirabls lo calodate the dally vibraben exposure {within
@ 24-hour senod) standardized 1o an B-hour refermace period as fol-

loves:
1
- (ig 2 H
@i(8) = (T“Za wi e TI) (5)
where

8] = The dally (8-hour} vibralion exposure lor thz L-axis
(mis2 ms)
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NOTICE OF INTEMDED CHANGE— t UPPER LIMB
LOCALIZED FATIGUE

The 122300 for this NIZ s 1o add language isiuving an eawlen ¥ g2
applind v 7ang2 of the TLY,

The TLV in Figure 1 is recommended for wock-place tasks that require to
mdwwm,hmidqitisbeﬁmmmmaﬂHyWsnwbe
exposed, day afler day, lo mainkain Meir work capadly and nomal perdomance
muwm&mmmrwewwmw%m
upper fimb musculoskeselal fakgua, indivvidual, envimamentsl and ofher work-
place factors may influence the Rslihood that fabigue wil be expetienced as a
pﬁtumwmmm&mmmednvrmrmbe
profective for persons with pea-exisling musculosketelal disorders,

Localized fatigue is a complex phenomencn bassd on muitiple factors,
m«m‘mmwmrmmamebouymm
our comiod and the ablty of ou musculoskelatal system lo perform activities of
work, daly fving and leisure. Faigue may be experianced as localzed discom.
fort, pain, decreased sirength, bemor or ofher symploms of signs of reduced
midor conlrol, Physical exerbons can cause fatigue that i brief, lasting for just 2
few hours, of faSigua thal may persist for 24 howrs of mors of, in extreme cases,
mdemmmﬁaﬁmmhMIm.
For purposes of this guideling, laSigus refers to discomiort o reduoed upper fimb
funclion el coours within 24 hours sfier susteined of repeated exerfons of tha
hands and arms. Bigns of symptoms that persist beyond 24 hows should be
hwmwmmmwmﬁﬁmw
be & procursor bo chronic sofl fssus njuries.

A certan amount of localized fabigue, in and of itsell is not detrimental
kaaladofifswumnfphysuogwmwmandmaymm
im~portant fole in adeplaton of musculoskeledal lissues b physical stresses and
unaccustomed work, bul faligua should nol persist from one workday ko e naxt
o interfera with ackiSes of work or daly living. As with any ackly, workers
may require several days o weaks lo mantally and physically adapt ko a new
feb. Abnarmal symplorms may be experioncad during this period of adaptation,

Localized fatiguo thal ocowrs during the workday should be reversibly
resolved during e daiy breaks kom work, allowing for nomal work fancion
and typical Efe 2cfiviies bayond work.

The recommended fimits apply specificadly o e upper fmb: the handhrist,
forearm, ebow and shouder. There are underlying biomechanical and behavior-
&l differences between the upper limb, trunk and wer fimbs and care shouid be

ised in g ded kemits for e upper limb to oher body
parts.

Worltload Patterns

Work performance (s mzasumed as the acilly 1o rzozat andlor sustan
biomechanicsl toads lo reach for, grasp, hola, and use or manipulate work
abjects. Laads. us=d in lhis confexl, refers to xeition of forces znd
moments 1o suppart the weight of tha body and work objects or o grasp, hoid
and maniputate work objects as necessary lo meel tha job requirements.
Rapid body molons may brefly increase of decrease the loads during work
due o accelsralion and decelaration, bul mos! katique compulations ar basad
on slalic or “quas stalic” condilions where Lhese dynarmic effects are nogligitle.
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Loads can Le namakz2s fo stiength by deadng the applisd forces or
momanss by 1+ sirength of the conespondng joit and postura o an indnidy-
i of poputabion o interest Strenglh refers so the maxi-mum forcs or moment

eof O 1o 10,

@ 8 parcantage fom aso frequently
expressed a5 3 Percent of Maximum Voluntary Contraction [EMVC).
Loads my be estimaled from cbservations, percaived exarons d
by workers, direct ks, indinact {o.g., ek Y05
raphy) and biomechanical computa~tions. Worker sirenglh can bs measured
directly or est from popedation studies or biomachanical modets. Tha

test method wil depend on the typs o work psing perfommed and ths char-
seleristics of the workars wno ceriom iz ke Procsgures for analysis of load
-allems are documented o the fesptre

The equanar 212 TLY inFigare 1 5
A0 42 In [DCANC! -3 C66)
whera %MVC is the percent of marimom siencih o efion of the hand, elbes
or shoulder and OC i- the duty cycle expressad as a percent of e total work
gycle. The duty cyde & the parcent of Gma over 3 work cycle or @ cortain hire
period Bhat foros is &y hed

Tha TLV 535 911 2z 2 eoressed as
WG = (100%) 0 Y

The TLV lafigue curve can be used b compula scooplsble parcent duty
cycle for & given foroe (BMVC) or an acceplable %MVC for 8 given parcent
duty cycle. The TLV epplies to duly cycles within the range of 0.5% to 90%. The
TLV is inlended for cyclical work nomally perormed for 2 or more hours per
day. If o worker doas muple tasks tat are each 2 hows or mare, none of the
tasks should exceed e TLV, Stabc exerfons of the hand, elbow of shouldsr
would not be expected lo excsed 20 minules.

hniimmrmwyﬁm[RT]lrcnmneﬂimpeﬁmnndduﬁqmpoi
five lasks can be esimated using:

RT = (ET/ o0 06554030 143)) T,

whete ET is the exerton Sma. Duly cycle (DC) = ET/ (ET4RT). This equaticn
can be applied cver the applicablo range of e TLV, which is 0.5% to 90% DC,
which comesponds b exertion lavels ranging from epproximately 10% to B0%
MVC.

ST
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0% 10% 20% 30% do% 50% GOX 70% BO% 90% 100%%
Duty Cycle %

FIGURE 1. Fatigue TLV® for MVC (%) versus duly cycle (%),

WHOLE-BODY VIBRATION
{Documentation Date — 2020)

The Thrashold Limit Values (TLVs®), flustralad by the soid lins in Figure
1and labulsled 31 the cenler frequencies of one-third octavo bends in Table 1,
refer 1 the vector sum of the overall weighled mol-mean-square {ms) Boceler-
aion magnitudes and durafons of ically induced vibraion
(WBV). Oparalor or ecoupant exposures shall remain balow fie TLV® curve
fior the respective exposure duralion cocuring within & 24 hour pariod. The
Action Levels (AL) represented by the dashed ine in Figure 1, and tabulaled
&l the cenler frequencies of ona-thind octave bands in Teble 1, aiso refer bo e
veclor sum of the overall weighted ms sccoleration magnitudas and durations
of mechanicafly induced WBV. Itis highly ded st vibrabion mifigat
Mumbmmrwamﬂmmm
within & 24-hour period and fall wilhin the ragion bounded by the TLV® cuve
and AL curve. |t s noted thet unknown psychological or physiological influences
may affect an individual’s suscepfdity b health risk. Whie the TLV® and AL
urves may be used as 3 gude in the contel of WBV exposure, thay should nal
beregarded a5 cefinng a distincl boundary tetwesn safe and dangerous levels

Notes:

1. The TLV® cunve coincides with the upper boundary of the Heallh Guidanca
Caution Zones defined I 1S0 2631-1 (SO, 1997, 2003, 2010). The TLVe®
reler o the marimum vector sum of the overall weighted ms acceler-
afions in the three orthogonal anes for a given exposuns duration that it
5 befiaved a majority of operators and cocupants of land, a, and water
wehicles may be repeatedly exposed to within a 24-hour period with a low
probatriy of heaith riske. The AL curve concides with the lower boundary

w

w

B
i —— Tressnetd Lot Vi (TLY)
1 == Acton Lot (AL}

s ums)

.

WEIGHTED ACCELERATION

L] g

18 £
EXPOSURE DURATION
{Hours}

FIGURE 1. Thresivcls L Values (TLVS%] 3rd Azor Limits (AL} esssoaled wih
e uoper bounddary 304 kower boundary of ine 15C 2531.% Heam Gussncs Cauton
E:,‘:w_em.- WEC. 1967, 20100, Hete. Values ave constant for exposures ot and




Freuisy Vhsigliting Fobis (W)
i
1

e
=

FIGURE 2.130 Frai

ancy e ghting Faclors {180 5346-3, 2001, AMSI S2.7) 2006).

THMYNAMIC _ {

BASICENTRIC

FIGURE 3. Br‘dynamc and basicentre coordinale systems for the I:21c, showing Ihe
drrectzns of Ui2 aocelerason cemponents (IS0 5345, 2001a; ANSI $2.70, 2406).
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$UPPER LIMB LOCALIZED FATIGUE

The TLY®in Figure 1 is recommended for workplace lasks that require e
use of the upper Embs, to which it is befieved that most healthy workers may be
anposed, day after day, lo maintsin ther work capacity and normal perfamance
for the duration of the workday withou! experiencing excessive of parsistent

upper Emb musculoskelelal . Individual, eavironmental and other work-
m!mmmm mmmuhmua
pmurnmdupurivhmmw This recommended TLV® may nol be
peotective for persons with pre-existing musculoskeletal disorders.

Lmiimd Ba phencmencn based on mulliple factors,
mechanisms, &%mﬁ!ﬂ:mm from excerfion of e body end effects
out comtiont and the abiity of our musculosheletal system to perform actvilies of
work, daly lving and leisure, Faigue mylnmnrmdnbmddumm
forl, pain, decreased strongh, tremor of oder of signs of reduced
otz coafrol. lerlwﬁuumcauselﬁnlﬂbba@.hﬁmhmﬂa
few hours, of fabgue thal ma‘fwsnsl{nr 24 howrs or mode O, in exireme cases,
Gssve damage that can require several days or woeks lor complals recovery.
Foe purposes of this quidelne, fatigue refers & or reduced upper bmi
funcéion that ocours v 24 hours ater susteined of
hands and arms, Signs or symploms hal persst bﬂym_d 24 hows should be
investgated as posstiz work-elated musculesheletal disorders: Faigue may
bz a precursor 1o chronic scfl lissue i

A certain amounl of localized fatigue, in and of itsell, is not delrimenlal,
Faligue is a fact of ffe and a normal physiclogical response and may play an
imporiant role in adaplation of musculoskelelal Sesues o physical siresses and
unazcustzmed work, bul falgue should not persist from one workday o lhe next
or interfere with actiies of work or daily Ivng, As wilh any aclwiy, workers
may fequine mﬁmurmnmﬁumlﬁhwaﬂagth anew

Abnormal symploms s
* Localized that ocours dumgmemmdnymﬁhemvemhly
resolved during e dily beeaks from work, alowing far nomal work function
and e activies beyond work.

ﬁwﬁmm apply specifically lo the upper mb: hMﬁMhL
formarm, elbow and shoulder, There are underlying blomachanical and behavior-
o diflerences babwean the upper fimb, trunk and lower imbs and care should be
exsrcised in genecaizng recommended Bmis for. the upper imb to ofher body
paris,

Workload Patterns o
Viork performance is measured as the 3bility o repeal andlor sustin bio-
mechanical loads to reazh for, grasp, hold, and use or manipulsle vxork objecls.
Loads, used in this context, refers to fhe exertion of fofces and moments lo sup-
port the weighl of the body end work objects of o grasp, hold and manipulala
work objects as necessary b meet the job requirements. Rapid body motions
wmm«mummmmﬂm&mm
decalerafion, Mmmmmmmﬁdmwku "quissi stalic”

Lnads can be nomaized to strength b;f dovids ng the appliad forces of
momants by the strength of he coresponding joint 2nd postuce of an indnidud!

Amanne - N

RLluences

ford at
¢ 311
) vibralon

serman DE Taytr V!
U;ug Pr aun.:uu Clugary ars Gnndm Hand Ta:ls vell
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ar popufalion of inierest. Slrength refers to the maximum forze or moment ina;
can be voluntanly generaled by the body segment of interss! Normaiized loads
e exprassed 35  fraction between 0.and 1, on ascala of 012 10, or a5 3 3r
centage om 0 ' 100%, These nomalized loads are also froquently expressed
&9 a Percont of Maximum Voluntary Contraction (%MVC)

Loads may be @samaled from obsenvalions, parceved exortinns estmated
by workers, d inciact 15 (2.0, eleciomyn)-
raphy) and tuwmzchanical computasens. Worker sliength can be measues
direcly of estnazad fom populalon stides or biomechancal models, The best
method will depend on the lype of wark being performed and the characlenstics
of the workers who pecform the job Procedures for analysis of Joad patiemns are
dacumented in the lsratuie.

The equalion for ihe TLY® in Figure 1is:
®MYC = (100%) * (-0.143 n {(DC/100%) + 0.086)

Where %HVC is the parcent of maximum siranglh ot efforl of the hand,
elbow or shouldzr and DC is the duly cycie expressad as 2 parcent of Ihe lotal
work cycle. Tne duty cycle is (he percant of ime over a work cydle or a ceriain
time period Ihal farce is applisd.

The TLV® can also bz exprassed as:

%DC = (100%) « eti0.085 - (SMYCII00%},7.143)

The TLV® lalgue curve cen be usad 1o compuls asceplable percent duly
cycle for a given lorce (BMVC) or an acceptabla %MYC for 2 given percent
duly cycle. The TLV® apglies to duty cycles within b renge of 0.5% b %0%.
The TLV® 5 mnzenced for cyclical work nomally performed for 2 o0 more hours
per doy. E 3 worker daes mulple lasks that are each 2 fours o more, nere o
the tasks should exczed the TLV®. Slatic exertions of Iha hand, elhovr or shoul-
der would nol be expeclzd to exceed 20 minules,

L L T

Duty Cvcle%
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TLV*
5.77
5.0

‘Time Duration T (hrs)

TADBLE 1. TLVT and AL Wi
TLVS ui Time T
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roclholm Workshop TLAVS Classific
andl Sensoriveiral

Cold-1 1 Vaseuls
seular Assessient
Grade Description
p— Novuttachs
! Mild Oueasional atacks aflecting only the
tips of one of mo fingers
Pl Moderate Ociasional atiacks atf
and middie (raecty diso proxinal)
pladanges of une of pere fingers
3 Severe . Froquent wttacks allacling ALL
phalanges ol wost fingers
4 Yery Severe As i Stage 3, with uplic skin

changes in the tinger tps
¢ 2im e et an 3

e FLEVIRD -

cural Assessment
Stage Svinptons
0SN Exposed w vibradon bul no syniptoms
ISN Inteamitient nunbness, with or wirhout ingl iy
28N Tnrenmiltent or persistent mumbness. reducing sensory
pareplion

el Lt persistent iumbiiess, redusing tactile
ion andzor manipuladve dexteity

N Scpnt € Vo is el I each fards

a manufscturer and typs number of ol apparalus used 1o measuie
Tg‘m shouid ba reported, as wall as the value AlS) (Wasseman, 1287,
VWasseman and Tayler, 1977; Brammes, 1976, 1682 Wassomman et al,

19820). .
megsurement of viraon shoud be in accordance with fhe
g‘x@mmm;mmmma?wwum&m
ized beow.

ponding ko major acoelaration peaks. The spectra

can be generaled in ehar narTow frequency bands of constant band-
width, or proportionial bands no grealer than one-third octave.

b Amﬂmdhhmmnmwumidbemuwmb

accuralely record one of mone eethogonal of tha source
vibyation in the frequency range from 5 to 1500 Hz {one-third cctave
freguancy bands 6.3 1 1250 Hz).

& Cwalustion of vbration should be mads for each epplicatle drection
(X Yo Zp) S0 vibration i§ @ veshor quanily {magritudz and dime-
lion).

—
=
R
-
o
—_—
-
=
-
-
-

medical surveillarce oogram These v
mainty [rem epidem w3zl data fom
oceupations and sroc Je Jsed 35 3
expasuie Due lo d.iduz suscentiv b
in a boundary ber2:1 safs and ursa

Notes:
1. The TLVO curve s3wr i Figure

value slandardizad to an B-hour
lent tolal valuz) 23 0 lhe Eur
AL curve shovn n Fgure 1 concd
(DEAVs) definec r &NS' $2.70
(or B-hour aner Livzienl vibr
Union Directive
A(B} is the vaclor su
ed from lhe rco
thrze crthogonar

~

@

{see Figure 2). b
{raquencies abov
and caution mus: be aophed wm2n s
are used (Pelmea et al, 1939 W
Pelmear, 1375, ¥ y
Bovenziel al., 2011 Dangel sl 2072
. Acule exposuies coressanding lo rmeasured frag usn
ponent acceleratons ellher in compliance wit oo -
for infrequent peiods ci time (ie inlzr 7z
days over a 2-wzek perad) may b
{Taylor and Pelmzar, 1975; Wasse
tiva, 1967)
Good viork prastices shauld 22 uses 417 shouig el
ers 1o employ a sunwem hand gns
af lhe power tooi or precess, o k st
lo avoid smoking and 13 use anliva"z1 too's.
may dampen vibralion at high lrequarsies
Pelmaar, 1975; man and Tayo
A vibration mazsurzmen Iransduser. Inge
to lhe vibralion soures, should veigh <:
853 & Cross-zx:3 sensiivily of less than (Tayur and
Wassemman and Taylor 1977 Bramoer 1962 YWasss
U.3. NIOSH, 1983, 1289)
The measuremiert by many {mes

s

Ehi

o

~

insertion of a sullahle, low-pass, m:
eler and lhe scurce of vibration vali
(ard cross-axis sensitwty cf less (w2 10%
readings

cAn Fa'p Sremdi2 inzamest
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b The guidebnes in ANSI $2.70 (ANS', 2006) should be uszd if lhe

d.  Each componeni should be frequency-we ghted by
with gain characleristics specifed ior numan-respon.
maasuring instumentation, lo a::o,

hazard with frequency (150 5345.1

1
2T 3 E
e = (2f; ah(0dc)

netacrk
= widralion
onl far the change r wbration
. £007a)

U]

vhere: &, = The fraquency-weigred ms zccelaration associaled
with worker exposura limz { I) in each r2sazcive
dirsclion {mfs? rms)
e, The weighled acceleration can aisc oz obtzined . 1=2 2ne-thrd
octave frequency domain per Equztien 2.

o
Wy = (T Wy |7 ) @

vhere: @y, = The frequency-weightad ms accelaration zssociared
vath th2 exposure lme in 2ach raspective diracion

(mys? ms)
Wy = The ISO/ANSI frequency waighting facior for tne 1
one-lhid octave lreq. band (se= Figure 2}

“ ape-third oclavs
frequency band asscealzg vath the exposure lime n
oach rzapective direstion (m/s ms)
f. In each direction, the magnilude of the vibration lotal value, 3,,.
during nomal operafion of the power lool, machine, or work pieca
Lﬂmuld be n_s?aemd by the mbw[nﬁ-squam of the rms

quency-weighlsd T in units of melers per
m\ﬂsqtn‘;{nﬂ.
@ = ([af] + [ahuy] + (o8] @

9. Assessmenl of vibration exposure should be made ty delemining
the 8-hour ensrgy equivalent vibrabion tolal value of the frequency
weighted ms i ponents [alt y leemed (e
veclor sum or frequency weighted accelaration sum| The B-hour
qumtmgmwmﬁysm lne A[§) Thasa

0 may formad ; abl

ay; = The ms aceeleralin o s

@

where' 7, = The total lime in hours associaled with the actual worker
expasure (same & Tin Equation 1)
To = The raference fime durafion of 3 hours

vibralion expasure is made up of saveral operations vath dfferent
witsation magniudas.
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TABLL 1L ILNs™ lor Lilung Tusha:
<2 Hours prer Day with < 60 Lifts per Hout
OR
=2 Huars por Day with = 12 Lifts per Hour

Hutignntal Lune™

e
Close: Ziare: Fatemiled:™

Vertinal Zone <A em Mretem | = 60109 cm

Reccl lunit or 36 [ Mo kpuin =

:.I v shoulder Ga Thy

em below

Middle shin o
knus » heiahtt

Hoor 1o middle
shm heizin

[EReS

[ liging

Foatmortes for Tubles | through 3:

A Distance fram mudpaing hetwe

et ankle hones and tie

B. e 123hs siald not starl or enc 31 horizonial reach
nce niore 1han U em from the mudnaint hetween the
e ankle b ies 4 Flpure ().
C.  Routine hould ol siart o end 4t heiglng ;|
above the shoalder or more thia
fevel (Cygane 12
D should met be periarmca for shidee
not penmit
shaded regions,
53

worker is standiig erect with arms hanging at the sides,

&

[ =

Ocm 30cm §0emE0cm
Tep of Upper Reach Limit
({Shoulder Height + 30tm)

Snculder Heigt
Beltem of Upper Reach Limit
(Shoulder Height - 8cm}

Knuckle Height

Mid-shin Heighl
{Half-say betzen Ankle and Knee)

Floor

FIGURE 1. Craphre representzhon of hand focation.

3, Determine the lifting frequency as the numbsr of lifts a worker performs
T hour.

4. ﬂese the TLV® table that corresponds to the duration and lifting
frequency of the fask.

5, Determine the vertical zone (Figure 1) based on the lozalion of the hands
altha gt of tha Il .

6. Determine the horizontal zone of the lift {Figure 1) by measuring lhe
horizontal distanca from the midpoint betvween he inner ankle bones ta the
midpoint between the hands al the start of the B

7. Detarmine the TLV® in iiograme for the Bling lask, as displayed in the
tabls 521 that comespands 1o the verical and horzonlal zones in lhie appro-
prizi labbe, based upon frequency and durabon. -

8, Cansider foad control at destination. If the koad is placed al the deslina-
lian in a controlied fashion (ia, siowly of defberalely placed], repau.SAer
5 through 7 using the destinaion pont instead of the start. The TLV® is
represented by the lower of the two imils

These TLVS® ar designed 1o reducs the risk of lov-back injuries associ-
ated with repaated ting tasks. In addition 1o the low back, Efiing and
tasks might exposs other body regions 1o high stress. Depending on
paramelors and specific posture requirements whila Ffing, joints such as
shoulder, knee, elbaw and wist might be al equal or grester rsk of inpury than
e how back Addilonal msearch & needed to understand whele-body
injury from Efting. For example, expert opinion suggests
Kting while reaching al or above shoulder haight might put
al inczsssed risk for iy even whia (ha kow back Joads are belaw the ifing
TLVs®. Praciioners aged o exercisn professional judgarmant and
supplement, the liting TLVs® with appropriate task.spacific .
order bo minimize injury risk o other body regions.

Limng -- 14

LAULE 2, 1186 tor L

> 2 Hlaurs per Day with > 12 and
Ot

=2 Howes per Dy with > 60 nd = 360 Lifts pec 1o

1 asles
Lifis per Huas

Woricanial Zonc®
Inier.
b Cleses mhediate: Ertended:™
Vertival fune <30cm | 0t sbem | 60080 om
W s o W T
14k Sky
27 ke 03 Y
icJow stuald « 27 ke 14k v
ALkl shin o -~
skl hereht 16Ky ke Tha
Lloo. W mnciae B - Nobpasitadk:
Win Yy ST lgst e soperiive
R
LS
TABLE & 010" tor | ifting Tasks

=2 Muurs per Liay with = M and = 3660 Lilts per Hour

Horlsontnl Zone*

lurer-
Clarie: mediate:
<Migm | 30060 cm
o belaw shon (ks
heigh
Knehle icight 1
belove shoulder iy Ok o,
Wil shin e
kaucke haieh®

Floor (o middle
iia helyhe

See Nohw in Tuble |,
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HAND-ARM VIBRATION
(Documeniation Date - 2019)

Exposure lo vibralion may lead to Hand-Arm Vibration Syndrome (HAYS)

a sel of upper extremity disorders {hat include vascular, sensorineural, and
kelelal signs and sy The Threshald Limit Value (TLV3) for
hand-arm vibralian illuslcaled by Ihe upper sofid line in Figure 1 and tabulaled
in Table 1, refers (o the daily vibration exposure [8-hour energy aquivalert tolal
valuz A(8)] of 5 mis? that represenls condiions under which il is befieved that
most workers may be exposed repeatedly wilthoul pragressing beyond Slage 1
of the Workshop Classificatian System for Vibration-Induced While
Finger (VWF), also known as Raynaud's Phenomenon of Occupalional Ongin
(see Vascular Assessmenl in Table 2), Vibration mitigalion processes or con-
trals should be employed that will maintain worker exposure below lhe TLY®
itluslraled in Figure 1. Itis not possitle to specify a TLV® thal will be protective
of all workers for all work situalions, i e, high force exerlions, cold enviranmsnls,
and unusual postures, The Aclion Limit (AL) itluslrated by lhe lower dashed
fme in Figure 1 and tabulated in Table 1 refers lo an A(8) of 25 m/s2. This linil
reprasenls condilions under which hz risk of developing symploms is very low
for the farge majority of workers. Therelore, the arsa betwaen the AL and TLV®
comesponds o a caulion zone Ihal requires actions 1o conliol exposure, such as
1) the use of antvibralion fools or gloves; 2) Iraining of workers and supervisars
on early symptoms of HAVS and the imporiance of keeping lhe worker's hands
and body warm and reducing the vibralion coupling betwszn lhe hands and the
vibrating lool to minimize vibration exposure, and 3) a conscientiously applisd

Prgn (M)

Vibragon Exposure Time, T, (Hours)

FIBURE 1. Tzsned Lenit Values {TLYY) and Aclion Limils (ALs) 2ssocialed with
4NSI 2.70 Dy Expesar2 Limit Valees (3ELV) and Daily Exposure Acticn Valuzs
{DEAY), respihvely




 car: be esimaled usag ratings by 3 trainad obsony
7S 600 2 Borg or usual naing e (see TLVO Do
for definiton). o measurad vsng instrumentatan .., slrain gauges or
efechom'ﬂ:;fa:*r,r In soma cases, ¢ can be caisulated usmg bmged:m
methods. Thase methods are miended 1o maasum TBCUTINg peak forces,
Random force paaks assonated wih noss that cecur less than 10% of
Eme Pz:: desregardent "
‘ lute s nchuded o the TLVW 1o the auton that i affects
mstance, svenglh is feduiad by the use of a pinch poature, wrb!gn?ga;:nF:
forearm #otahon angd sonsaquenty narmalizad peak foron wilbe incraased,
The soled e i Figuia 1 reprosents thosa combinalions of force and
hand aclivity level 3sscoiated with a significantly elevaled prevale o
of musculoskaletal disarders Appropriate contio! measures ahoulcln;:
mplo,wd_so?hq!'lisfmra fer 2 grvan level of hand activily is below tha
upper salid kna in Figure 1. 1t s not possibie fo specify a TLVE fhat pro-
tects all workess i all squatsns witcu profoundly affecting work rales
Therefore, an Aclion Limil & preserbad anove for which general controls
including survaliance and frairung, ars recommendad )
Process

1
. Toer= ma;

a four o mora ours

~

Fu[pmrmmmapenoddmmkmrm
my.hm@wmmwmmnm:fgmm
. for ; 3
hgmmome st documentation parposes and to facitale rat.
Rate the Hand Activity Lavel using th in Fi
ing the scale shown in Fi
W«m:mﬁmwd«mmumumwmrwlgm’ci
. gaophcanha_’ppruﬁmammaeralmrmiwhﬁuﬂmhw
- Obsenve tha iob ko identiy fercefid exarions and corrasponding pos-
?\lremlEW.epmknesmhrmwngmmamﬁngs.murat-
mmwwmaa&:maa " FPE lzed peak ks
& divided by the representalive maximum
i L:q;”mmm:miedbf:n. X e i
. mmﬁﬂeiash,&rewqwa\.w-g A be used.
Qnemummodelsmmawwmdw.wnsfwm:::;mh
memmmmAmw%wﬁw'
:ﬁmgn;::c*@g;mxéﬁ‘hmm«{mmum
TWA for HAL across all tasks. PRI

Consideration of Other Factors
. Professional pdgment should ba used 1+ reduse ipasues below e
ncl?ll Limit f one or more of the following &4 rurs is present:
suslained non-neuiral postures such 21, wrish f800n, calersion vinst
deviaton, of farearm rotaticn;
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2022 ACGIH Webinars Lineup

ACGIH has an exciting lineup of webinars for 2022!
These webinars include a wide range of lopics such as
wearable devices, resoirator fit lesting, and pandemic
facility rsk assessmenl ACGIR webinars are laught
by OEHS experls and provide you with opportunities
to expand your career depth. Here are some of the
upcomng webinars in 2022!

January 12 - Risk Assessing Faciiify Sanidefnic

Resilience = ;
~January 26 - Respirator Fit Testing: Comman”
Errors and Solutions E

February 9 - How the adoption of Revision 7 of the

GHS of ciassification and labelling of chemicals in
Canada and the US impact your SDSs and Labels
February 23 — Epidemiology-Based Analysis of
Musculoskeletal Injunes: & Forensic Approach
March ¢ - An Ovenview of U S Regulations
Goveming Hazards
April 6 - Wearable Sensing Devices for Worker
Salaty and Health

ACGIH

(i Doty Sieie o O Ergmrts.

acgih.org

» con:acl slresses

« low tzmperalurss, or

* vidration

Employ approprialz conlrol measures any ime the TLVE 15 &
an elevalzd incidence of wark-relaled muscuizs<elelal disordsrs 15

Noles:

The zc:_ual TLY® and Acticn Limit (AL) er2 reprasented by Figurs 1, Thare
d i velues, ana J=scibed
es, lhey are limiled lo [he rznge of HAL betwssn © 2233

1. Equations for Lines
TLV: MPF =56 -0.55 x HAL
Aclion Limit NPF =35-0.56 < HAL

Cr, equivalznl dascriplion 3f lines;
NPFy = 0.56 (10 - HAL)
NPF 4, = NPFyy -2

2. Peak Force Index (PFI)

Avaie grealer than 1.0 means that th raspective imil s excsadad
1y = NPFINPF [

NPF/NPE .

Liting — 193
LIFTING
(Documentatian Date - 2019)
These TLVs® d liing conditions undar which 1t is

believed nazry all workers may be repealediy exposed, day after dav, wathoul
developing work-ralaled low back disorders associaled wilh repetlive lifling
lasks. There are individual and organizational risk faclors that may infuence the
likelihoad that an individual vili experience lov kack and shoulder discrders.

Liiting TLVs®
The TLVs® consist of three tables wilh weight limits, in kicgrams {kg),
for two-handad, mono-liting tasks within 30 cegrees of Ihe sagitta! [neulral]
plane. A monodifting lask is en2 in which the loads ame simizr and the slaning
and dasinalion pomls are rapealed, and Ihis is the only liftng tess performed
during the day, Other manual materal-handing t3sks such as caryag, push-
ing, and peliing are not sccounted for in the TLVE, and care must be exercised
i apphang the TLVs® under these circumslances
Thasa TLVS® (Tables 1 through 3) are presentzd for iung tasks dafined
by their durations, either less than or graaler than 2 howrs per day, a0 by ingir
frequensy. expressed in number of Bfis par hour, 25 quaified n n2 Foles o
each table
In the presence of any factor{s) or working condilion{s) listed belovs,
professional judgment should be used to reduce weight limits below
those recommended in the TLVs®:
» High-frequency lifting: > 360 lifts per hour,
* Extended workshitts: ifting performed for longer than 8 hours per day.
+ High asymmelry: lifirg more than 30 degre2s away Irom tha sagizal plane.
« Rapid lifling motians and motiens viilh twisting {e.q , from side to sida).
+ Onz-handed ifting
+ Constrained lower Eody posture, such as Ifling while sealed or knealing.
+ High heat and humidily (see Heat Stess and Heat Strain TLYs?).
* Lifting unstable objec!s (e.q.; liquids with shifting center of mass or lack of
ceordinalion or equal sharing in multi-person lifis)
+ Pocr hand coupling: lack of handles, cut-auts, or other grasping poinls,
» Unslable footing (e g., inabilily to suppor the body vilh balh fest while
standing).
* During or immediately afler exposure o whole-body vibralion at or
abave lhe TLV® for Whole-Body Vibration (see lhe currznl TLY®
Documentation for Wholz-Body Vibration). -

Inslructions for Users

1.Read the Documentation for the Lifting TLVs® so you undersland the
basis for these TLVs® and their limilations.

2. Classify task duration as less than or equal (o a cumulative 2 hours per
day or grealer lhan a cumulativa 2 hours per day. Task duration is the tolz!
lzngth f tine lival a worker parionns (e task i 1 day,
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185 — Erganomics

* Levzl of physical conditian HAND ACTIVITY

* Pravious injunes - | \Docurientation Date — 2010)
* Diavetes

* Reciazlionalilzisure activities
The V2 may not provide protection for gescle wih - 2

dions andior exp Engingaring inistrative ackons o - 5 i hand, wrisl, 3
shiminate eronomic bamiers for persons wah pradisy-s i g @ a0 wn r Figure 1 ts basad on epidemiological psychaphysicsl,
halp to minmize disabiity, i 7 bomecnanical and s inleassc for cbs performed iom 4 to B haws

o) Jay. The TLve cally consders zverage Hand Actvily Laval (HAL) and
Chronology of the Statement “PFito r2prasent condilians to whch Lis believed near-
1995 Py o X Z » 2l workers may be ra2zledly exposed viliy! adveisa health o -

% Proposed .meg Stalement FAL s basac or 2 frequency of hand asertons and ha duly cycis (disinbu-
1996 'idnp"?d vith name change to “Mus:u os o7 of work anc aeriods). HAL cen be determinad by Yrained observers
2000 Edi r!al changes 15 resl vauses nd sped of motion using the rating

rial changes anin 7 Qnly hand exericns grzater han 10% of posture specific
- e ered. HAL zan 2lso bz calculated based en empineal
nd 2xerion [r2euency and culy cycle (exarlion ymsf

of axpert

rion + restimet b %) HAL 2ar bs calculated as

2l = 6,560 ||\1)[._LN] {1)

I+ 318
) = duty cyze [%] znd F = nand sxenticn frequency [ex2riionals]) or
skraled from Taoe © Caloufated HAL values should b2 rounded Lo the

rzarssl whole numler
Puak hand e 1PF) is a typically hugh value of hand force, gererally
*zken to he U zenlite force 2xarted by Lhe hand over Lhe task peri-

-c. 2ak hanc ‘orze 1: j0rmalized 1o a scalz of 0 to 10, which correspands

io

sl
vy
~ = = Acilon Uiavil {AL)

FIGURE 1. The Faris 3:iwily TLY® for raduclion of work-re‘aizd mus-uloskelelal dis-
07¢x(s based 0% hang aclvily 'evel HAL) and rormabized peak hand foree.

B0=100

Rap'id steady

motion/

Related to Hand Exe

0-20

Slow steady
motion/

here hand loree is

ty Level (HAL) (0-10) is

reent of work evele wi

0.25

0.5
Lo
.0

: ues lo the nearest whole number,
2. Use Fige 2 to obtzn HAL values outside those listed In Ihe table.

Nofes:
1. Round HAL vai
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tion of proleciiar ~ sy e

TLV2 guidelnes are the dose mits shown in Tabls 1, Application of e * R s - LA M :
ALARA piinGpla is achioved Brough oplimization of protacton, which s o be bl 3 werker whu Sis el pregruas T b ol o< line
appied in al exposute situations and is the methodology by which dosas se | _ 0w i ved 1, e B of e RPN
managed in pracice ko be wall baisw the dose limil (NCRP, 2018). P - oz
coremties ox the lens of the eye shacdd be m fughid by ne
eghLET radation that i s propriste for the it rezon

£ dases . £ e -

COmimiss 3 2 ! { = sk n 13 The 2607

TABLE 1. Duse Limits for Maaagewent of Exposurcs to an e : ’“"“5:;?]": I’f\;"‘c ?:.ﬁi:é:\{::\p:z CR F'a‘;?égd‘ml bie 207
Yudividual * fabsteacted feom NCRIY, 2018) 401 3124} %:pm cations, Thousand Oaks, Catfom'a (2007).

- i Couns - Radieken Protacton end Measuremests ('.CRF): MCRP Fescr: No 1.

1o konizing Radadon: Radation Protection Cucatez fa. the

eed 50HnS 1 Unitec U CRP Selnesgs T 12012

Exposure Sitoation Dhsee mnt fmsa g™

Cumuldare (2 18 vears of © Shoudtv ed [0 sy
e ooz

Minors undlr i vams of uge

Embryo-Fetus of pregmant worker
tollowing declaa r

Raddan and Rden Daaghrers Incl
EINUNTI
300 By m apphcation
of rdan st ion (heasu s
Absorhed Dosz's Tosvine roasoms
allens oftheeve Shoukd we oveeed 30 mG
par e m e fens o e ey
b} skin, haads and tez( Should nut zseeal 300 mGy
sk e eviremities per
ver e nuast
ly esposed 10 emi of
shin

* Roses for stchastic efieets ane the eiizct v doses Irom crm wd sternal i wtemd
o iy o diztion (wih t wated jevels o)
radon in i workplace, and sobar and coumic radistion n certin conuoti il cirruman, -

o). Dowes for tiyste resctions ane the abworbed doses in tho speeified trig o, Diefntions .(

albsorbed dose and effoctive dote are given bekow

o {1 b
o erilerion, 20 (2) that the values arc fict 2 boundary between 13 2nd wniafe expoare:
(NCRP, 201%).
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184 — Ergonomics

Job-specific controls are directed lo individual jobs associaled with
MSDs, These include inzeiing conlrols and adminisirative conlrals.
Personal protection may be appropriate under some fimiled circumslances,

£mong engineering conlrols to eliminale or reduce risk factors from the
job, lhe following may be considered:

« Using work malhods engineering, e.g., time sludy, motion analysis, lo

eliminate unnecessary motions and exertions.

+ Using mechanical assisls o eliminate or raduce exertions required lo
nold tools and waork objects.

« electing or designing tools [hal reduce force requirements, reduce
holding lime, and improvz poslures,

« Providing user-adjustable workstalions thal reduce reaching and

improve poslures

Implementing quality conirol and mainlenance programs thal reduce
unnecessary forces and exerlions, especially associated with nonval-
ve-added work

Administralive conlrols reduce risk through reduction of expasure time
and sharing lhe exposure among a larger group of workers. Examples
inchude:

* Implzmenting work standards thal permil workers to pause or strelch

as nzcessary bul atleasl once per hour,

* Re-allocating work assignments {e.q., using worker rotalion or work
enlargement) 50 that a worker does nat spend an enir workshift per-
forming high-demand tasks

Duz to the complex nature of musculoskeletal disorders, there is no "one
size fits all” approach lo reducing the incidence and saverily of casas, The
Iollowing principles apply to selecting actions:

* kppropriale engineering and administrative contrals eall vary from

indushry o industry and company lo company.

* Informed professional judgment is requirad to select the appropriale
conlrel measures.

Work-related MSDs typically require periods of weeks to months for
recavery, Conlral should be ingly {o deler-
minz their effectivenass

ERGONOMICS

Ergonomics is the tem applied to the field that studies and designs the
human-machine intertace o prevent liness. and injury and lo improve work
performance. i allempts o srsuse thal jobs and work tasks are dasigned
lo be compalible with tha capabiiies of the workers. ACGIH® recognizes
that some physical agenis play an important role in ecgonomics. Force
and acoeleration are addressed, in parl, in the Hand-Am Vibration (HAV)
and Véhole-Body Vibealion (WBV) TLVe®. Thermal factors are
in part, in the TLVs® for Theanal Stress. Force is also an important causal
agenl in injuries from lifting. Other imp i iderali
mclude work duration, repefition, contaed stresses, postures, and psycho-
social issues.

STATEMENT ON WORK-RELATED MUSCULOSKELETAL
DISORDERS
(Documentation Date — 2005)

ACGIH® recognizes work-related musculoskeialal disorders (M$0s)
a3 an important occupational health problem that can be managed using
an ergonomics health and safaly program. The lerm musciudoskeletal
disordars rafers lo chronic mussie, tendon, and revve disorders caused by
repetitive exerions, rapid motces, high forces, contact shrasses, exlreme
postures, vibration, and/or low lemparalures. Olher commonly used lems
for work-related musculoskelslel disorders incluge cumulative trauma
disarders (CTDs), repelilive motion nesses (RM!s), and repalive stram
injuries (RSls).

Some cf these disordars fil established diagnostic crileria such as
canpal lunne! syndmme or tendinitis, Other musculoskeletsl disondars may
be manifested by nonspecifiz pain. Some transient discombort is a noerra

quence of work and s idable, but discomion that persists from
day lo day o interlares wilh actities of work or daly lving should not b2
congidered an acceplable oulcome of work,

Control Sirategies

ey Nonaccupational Factors

Tha incidence and severily of MSDs are bes! contrelled by an integral-
ed ergonamics program. Major program elements include:

* Recognition of (he problem,

* Evalugtion of suspecled jobs for possible risk factors,

* Id=nlification and evalualisn of causative faciors,

* Involvement of workers as fully informed active participants, and

* Approprialz health care for workers wha have daveloped muscule-

skelelal disorders.
General programmatic conlrols should be implamenled when nsk of

{Lis not possible 10 eliminale all musculoskeletal disorders via engi-
neerng and administrative conye's. There are individual and organizational
faclors that may influence the tkefihood that an individual wll
musculaskelelal disorders. Scime cases may be associaled with nonoccupa-
fional factors such as,

* Rheumaloid arlvitis

* Endogcrinalogical disorders

* Acute Irauma

MSDs is recognized, These inciude; g,ba =)
= Education of workers, suparviscrs, enginesrs, and managers; Y engnar\cy
* Early reporting of symptoms by warkers; and . 'gi:]d:r

* Ongging surveillance and evaluation of injusy, heallh and medical
dala.
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IONIZING RADIATION

- 1a% {Documentation Date - 2020)
E 10° TLvs®
5 ACIIH® has adopled as 3 TLV@ for cocupatenal exposure bo i0aizing radiakion
z 104 the guczinzs of ihe Nalionzl Council on Radatizn Protection and Measurements
e (NCRP, 2018) and certain guidance from lhe Inlernational Council on Radiziion
S 103 ICRP. 2007) lonizng radiabon includes particulate raziation (@ par-
§ 3 [} particies emilted from radizactnz materials, and reutrons, protons
3 10° and heaver charged partcles produced in nuclear reactors and coderatons) and
§ elzctremagnelic radiation (gamma rays emitlad from radioaclive materials and
<~ 10! ¢ X-rays from electron accsleralors and X ray machines) vith energy grealer than
] = 124 lecton volls (V) conespanding (o waveleng:hs Jess than spproximaely 100
G 100 o - ek - ] o nanomelars (nm) . L d
165 105 10 107 102 40+ 10° 1p° a The guiding principles of ianizing radiation proleclion are:
. *  Justification: Acfions lo add, ncrease, reducs or remove a source of expo-
EXPOSURE DURATION (s) - sur lo humans requie juslificalion (i.e, tha aclion does mwre good (han
= hamj, All factors, bolh radlologmal ang nonradmloglca! and par1|cuiarly lhe
FIGURE 5. T_4/s% ir tesms of ragiaeca for exposures to exlendad-source Iasers in ) zconomic, socielal, and
the waveleng rarge of 400t 0 ram, ™ nonhuman biota), should becons.der=d in that jusiification {NCRP, 2018)

*  Optimization of Protection: The likelihood of ncurring exposures, the number
of mdividuals exposed. and (he magniludz of tne dose lo an Indwidual shoud

T be kept as low as reasonably achievable, laking inlo accounl sociztal, econam-
- ¢ and emdronmental faclors (Le., ALARA principle). Morz censrally, oplimiza-
- lion of protection s salishzd when he sxpenditurs of fusther resources would

bz urramanied by imeravement in healln ang safety (both radatogical and
=5 nxvadiciogical). The leval of protection shoud b tha best undzr the prevailing
~ cirtumstances, max 2 margin of bere cver ham (NCAP, 218).
Dose Limit: The dose lims 15 he numerk pratachon criterion recommended by
NCRP for management of dose to an indviduai for a given 2xsosure situalion
tha! estatlishes 2 stating poinl, below which the oplions for cpbmization of
prcizeton should bs evaluated for thal parficular exposure situation, I he initial
cirzumstances for a particular exposure silualion are such that the dose limil
is excended, (ne first cbjactve is 1o meal thal dose lmil, then optmization of
protesticn should be appiied. Dosa limits do nat apply 1o mﬁdu exposuie of
pabizris of expasure o udiquitous backgicund radiation {wih the exception
of elavated levels of radza in dvislings and tha workplase, 5d I solar and
CO3ME rgiabon in certan occupational srcumstances) (NCRFP, 2018),
Thera 1s no identfied doss threshold far Ihose radiation effects classified as
stochaslic. The doss limits are selecled so that the risk of inducing 2 falal cancer
during the Ifetime of the =xposed individual is lzss Ihan 103 peryear.”

There is also some queshion whelher radialion-induced catarac! formalion has
a lovdose lhreshold. Cverall, the emphasis in radialion prolection is on oplimiza-
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122 and Correction Factor Ce

Tha ioflowing ors apply only al gths in the relinal haz-
ard segion, 400-1400 nn {nanometers). Nommally, a lzser 5 2 small souron,
wich approximales a “point source” and sublends an angle less than g,
vihich @ 15 miad for 21 walues of Howeaver, any source thal sublends an
angic « reater than w.., s is moasured from the viewer's aye, is teated
35 an "Intermedata S [ty € @ <0y OF 3 lamge, sxlended source’
(@ > any) For arpossse dusaion 7, the angla a,,,, is defined as:

SSaraeart

Figure 1 dustrates tha '« ¢ gere
“pha 1s datermmnad from - ar i
Jawable arnengaons,

I3

15e 0l u, ., MIFs uice is cbiang,
verage of “he ‘argzst and shores!

TLVs2n Talle | a7 modified oy

=y o Tane

Correclion Faclors A B, C (C,,, C;.C-)

The TLVS® for oowter exposures i Table 2 aro 1o be used a8 given for &l

wavilength ranges. The TLVS® for wavelongths between 700 and 1049 om
mhmmamwv;fmmmmummmmmdm-
ann; s given in Figure . For cartain sxposure times al wavelengths between
400 and 600 nm, 3 cometion tactor CB (lo aceount for reducsd pholochemical
senstrvly for retnd ingury) is applied Tha comection factor CC is applied from
1150 to 1400 rvn % account for pre-retinal absorpton of the ooutar medEa,
Tha TLVs® for skin sxposure are given in Table 4. The TLYs® are lo bo
mwhamCAaMthezhmmbemm
nen and 1400 nm Ta aid in the delemination for exposure durabons requiring
caeulatons of ractonal powars, Figures 33, 3b, 4a, and 4b may be usad,

Repetitively Pulsed Expasures

Scanned, conts ave (CW) lasers of repelilively puised lasers can
bath produce repeldively puisad exposurs condilions. The TLV® for intrabaam
wirwing, which is applieabls to waveiengths between 400 and 1400 nm and
a singlo-pulse gxposure (of exposure duralion | > L. is modified in his
inslance by a comection faclor delermined by the number of pulses in the
mum.quummmﬁm{n)hanwdedam
séuation, ths 5 the pulse repetiion Frequency (PRF in Hz) multiplied by the
duratien of the exposure , reafistic exposues may rangs from 0.25
for a bright wisible source ko 10 5 for an infrared source. The comcled TLV® on
anerpuise basis 3

Iy
ahere Up = 1.9 [z

v [2r Singliz-cuise) (1}
T2 S ps for £93-1050 nm and 1% ps ‘or 1050-1400

1 Laser Beam

() A

1
£
-
o i
3] =
=]
Z
£
oy

2% 1 &0 bod 30

2
El
'Y
i=
2
c

Wavelength

b
£
N
]
fes

uve
vt
Uva

intraear wavAng. Ne
5 5 miad, Ca = -0 25 for g ‘e lowing numbers of zu sz |
envi =04 vhenevar d < Gpy,. for g,-5, €2 < 0.1 radians znd 1 < 525 Cp

.

nm and for meny axposures =t sharie: g
ihe corrested TLV? from Equalon 1 applies f e
axeed the TLY® for cenlinuzus exposure. The average
gecumulatied 2xposure for ¢ hould nol exczec the
Table 2 for axposure durabons of
for larger fnage sizas, and for pulse repelilion irzquznce
Hz and 250 Hz where a > 5 rad and th2 pu's= duratian is bets
100 ms, k= single-pulsa TLY® applisd shioul3 22 raduze by 2 further corasi
faclor, Cp =03

For ulraviolzl wavelercths, the accumulalzd 2eposure of 1zp2ivve expo-
sures is &ded up lo (he total duration of expos:
3 x 10 3. For rapelitve pulse trains tha tolal a
nt's of a groun of pulses should rot exceed Ih
exposure durations o 105 163 - 107 s vaith

ILts recormmended thal in2 usar of the TLY
Gurde for Controt of Laser Hazards, dIh Edisien,
additions! infarmalion on centel measures

ulated radanl exp

asurz gvan n Tetla 2 for
WSUS SADOSLES

f laser radaton czniult 4
aublished by 425 42 for

it Luser Bean

TLV®

sint-Source” Viewin

Exposure, (1) Seconls

LRDR

e 2. TLVS® for Direct Ocalar Exposures (Intr:

g6

Speciral
JRA
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TABLLE 3. Faposwre Durations for Given Actinic UV Radiation
1'Nedtive Treadumees

and for broadband sources a modfed spectral weghtng funcinn ST can te
appliad (Figue 2) in Equation 1 to determing Egn
Table 3 gves TLV® valuas for the effective rradencs bor gifferent daty

S i i ) Dusation of Cxpoire ElTeetive Irrudiance.
exposure “"-;U’W“ in 90?;'3‘,.&» _mmm;;mwg 570 (tgs) f3} for 2 Per D oy (Wiem?)
f quatcn
3 § hours 06001
1, [s]= 2003 Uiem) 3 hows 0.000°
== Eg[Wiem') 6] 2 hews 00004
1 how 0.0008
30 miriutes 0.0017
Broadband UV-A Sources (315 fo 400 nm) — Lens and Retinal Hazard TS i ‘ ey 00033
10 N 0008

The iradance, By o jr

mler (hal is sensiiva fo UV-A radoer ; )m{i\ s Q.01

than 1,000 seconds (17 minctas), 1n2 axpsurs = ¢ 1 minute 0.05
om? as described in Equation 4 2;
1000 (mJ fem?) == Eyyg Imi7:sm?) » 1, fs] () 1 second 31
05 sewend 6.

For daily exposure penods gleater lhan 10 SHATY 0.1 seeand 30.

exposure is raie limited to 10 14V 2 as descnbes

10 [mW/emd) 2 Eyy, ; [m s om?) 151 Narmowband Sources

swiband sourcas ars comprised of ong wavelength or a narrow band

angths (2.3.. 5to 10 am). Lecale Lhe cenler wavelenglh {7.) in Tatle 1,

amldied oz TIV; as an Ahane dase [imit in Jm2 of miem?, Tha namowband

"L .3 orotective for both corneal and retinal exposures.

2 adusled proportonately for vock perods of longer
U7 doze benit of & Jely eapusue e (gl fn

e expressad 2s Equation § using the Specteal

and unfibered iradiznce (E; ) [Wim? ar miatiem2).

WS mY 2 E IWImd] < S(A) = foxals] (6a)

3/ emd] 2E, [/ emd  S) « L] (6b)

3 mARmLr spone (e (e, (5] for 2 namowband sauece can be
Wom Eq.aton 7 using the TLV; and the unitered inadance (E; )
rmiWem?] {Hate Tha energy and surface atea unils must malch.)

B L o e

FIGURE 2. Hazarc funzuon (reiauve specual

(4]

1 dzveloping skin cancer de-pands on a vanety of faclors

Sl ias shin prsmencion, a history of bistenng sunbums. and the accu-
mlated UV doze W slso depends on genelic susceptbinly znd faclors

164 — Optical Radiation Lasers — 165

such as skin and eye color. Ingividuals who nzve a familial hislary of mel LASERS fon Date - 2020)
ANCMA, OF NUMEFOUS Mol gvir Ihedr body, iz exampls, may ba 2t hanar (Documenraﬂon e
fisk of daveloping mabgnant . The nsas for coveloping matang TLVs?

ma and nonmelanoma cancers may difer iom each oiner and dzpend o
the UV exposure hislory. Because of their b spectral attenuation oy
stralum comeum, UV-C wianglenglhs pose s Taeh uer nsk for o
efiects than UV-B (sce Tabre 2)

These TLVs® are for exposure (o laser radiation under conditions lo which
« 15 bolieved neaty o workers may be repeatecly exposed withoul adverse
hazatn affects, The TLVS2 should be used 35 guides in the contral of enpo-

2 Outdoor workers in lalitudes within 40 degrzes of the equater can bs surzs 3nd shou'd '1" be regarded as fine bnes belvwesn safs and dangerous
exposed ouldoars lo levels above the TLYs 1n as lille as 5 minues levets They are based on the best avalable informatan from experimental
around noontme during the summer. sludis In practice, liazards fo 1he eye and skn can be conlrofled by applica-

3. Exposure to UV radiation consumently with tcpead of systomes axsosus [ lion of contrcl measures aopropriale o of lhe laser,

avanely of chemicals, includrg some prescrplar crugs, can fes.t m sun
ythema at sub-TLV® Hyr ety snould b =13
viorkers present skin reactions éen exposed I sub- 1LV dases o whan
exposad o levels (gensraly UN-A) that did not sause 2 notzeaths erthe-
ma in the same individuad = he pasl Among the hundreds of ager's tat
can cadse hypersensitiely b UV radialion are ceran plants and chancals
such as some anlkbiolics (e . tetracychne and suphathiazole), soms anh.
dep {e-g., imigraming and sinaquar)
cosmelics, antipsycholic drugs, coal tar distilales some dyes, or e o,
4. Ozone is produced in 3 by sources emittrg Y =2gatan 3t wave anglhs
below 720 nm. Refer to the lalast version of the Chemical Subsianzes
TLV® for ozone. This s 2 partcular problem & wava'engths less an 200
nm. Ozone-fiee UV-C lamps gensraliy have 2 lamp emvelops that heawly
atlenuals these shorler vavelengths.

Classification of Lasers

lost lasers have a label allixed to them by the manufacturer that
desorbes their hazed class. Normally, it is nol necessary lo detaming laser
MaGIINGES of radant axposures for comparison with the TLVs™ Tha polental
far hazirdous exposwes can be minimized by the application of control mea-
surgs thal are appropiale 1o the hazard class of the laser, Contrdd measures
a2 apclicable lo 2 c'asses of lasers eacep! for Class 1. Such measures, and
ohet laser safely wiomiztion, may be found in the ACGIH® publication, A
Guizle for Conlroi of Laser Hazards, and the ANSI Z136 sanss oublished by
the Laser Institule of Amanca.

Limiling Aperiures

For comparison with the TLVs® in this section, laser beam iradiance or
radiant exposure is avsraged over the limiting aperture appropriale to the
spactral region and exposure duralion. [T the lassr beam diameler is less than
that of lhe fimiling aperture, the effeclive laser baam irradiance or radianl
expasure may be calzulated by dividing the laser beam pover or enargy by the
areaof the limiling aperure. Limiling aperlures are listed in Tatle 1,

TABLE L. Limiting Apertures Appli {0 Laser TLVs*

Specteal Region Duration Eye Skin

180 nin 10 400 am 100 5w0.25s 1mm 3.5 mm
180 nim © 400 nin 02351030 ks 3.5 mm 3.5 mm
400 nm o 1400 nm 10405100255 7mm 3.5 mm
400 nn o 1400 nm 02551030 ks 7 mm 3.5mm
1400 nai 10 0.1 nun 105ns10025s 1 mm 3.5 mm
1400 nm o 0.1 yum 0.25 51030 ks 3.5 mm 3.5 mm

0% i e 10 i 105ns1030ks 1) mm Ll inm
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Mejem? 2 nm],

S(z; = relay Ir3! effectiveress at ihe centar wavsizrgth
{uniliess});

Ax = bandvidih around (he cerer wavelenglh (nm};

" ULTRAVIOLET RADIATION (2021)
TLVs®

Thase TLYs? refer io incolersnl itraviolet (UV] radizhian wilk
lzngths betweer 1€C 2ne 400 am and raprzsent cond " or's ur
believad that 1 carly &) hezlny vworkers may g repzals
acute sdverse
$3UfCes Cov
discharges, lucrescent, incandassant, and germacidal am;
slien, Cohzrar| UY -adaven Iram 'asers :s covered in

Tha TLY® va uzs aaply to continuous sources for 2xposu
0.1 sezony. Tk fmay sulznc an ancle
Far 1ose soutces Nt sullend a g
anjle, there s nz read to measure an angle graater than 30 degrees

The valuzs do 1ol apply ke UV radiaion exposur= of Fromsans:
uiduals or of rowiduals concomilarly 2xposed o p:
(se= Note 3), The values al wavelznaths greater than

Mere practically, Egy can o2 measurad gire
ing a b r spaciral respore2 (st mimics the 1etslive spaclral efesiveness
values i~ ~atie 1 and Figure 2

The a'y sxpasure (i) based on Eqyis dosz Imiled to 0.003 Jiem?, That

. Sore Ly
s gas and vapar

15,

0953/ om?) 2 Eey W/ cm?] £ 4 ls] {2)

e Table 2 for the shirt
L

mn calara! s
TLVS®,

The TLYs™ should b2 used 35 guides in the contral 6 exposure lo v
sourcas and shoid not be regarded s fine ines betwean s3fe and dangzr-
ous lzvals Tn2 TLV3® in Table 1 ancly diraclly to expesuis af tha comza of
th= eye and prov de conservalivs gu celinzs for skin exposurss. I the 2yzs
are profecled, hrghar levals {Tavle 2) spply lo exposuras of the skin in the
UV.C (180 lo 28C nmj speciral region and below 300 rm

il Threshotd Limit Values

i 3
El The TLYs® for cecupalional expasur to UY radialion incidznt upon Ibe ‘;’
: skin or the eye *olow. The flow charl in Figure 1 provides 3 map of tnz Ut i
{

TLve,

Broadband UV Sources (180 to 400 nm) — Comeal Hazard

The first slzp in evaluating broadband UV sources 1s ‘o dstermine ¢
effective iradiance (Eyq. To delerminz Sy for a broadband source weight
agains! lhe peak of the spzclral effectvzness curve (270 nmj, Equalion *
shauld be usezl.

[
=D K- S(A)xAl M

o

" . FIGURE 1. Fiow ztard for UY TLVE,
where:  toy = effzcliva iradiancs refalive lo a

manochromalic source al 270 am [Wicm?)
E, = spectral imzdiance 3l 2 cenler wavelergih —

R R ==
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TABLE 1 (cont.). Ultraviolei Radiation TLV*® and Relative

TABLE 1. Uliraviolet Radiation TLV ® and Refative Spectral Speetral Effcetiveness

EpsetveRss Wavelenath® TLVE TLV# Relative Spectral
Wavelength® TLV TLY* Relative Speciral (i) (J/m?y (mJem?  Effectiveness, S(A)
{onm) M2y ndem2y  Fflectiveness, S0).) T L0 % 105 19100 0.00016
180 16260 1626 0.00185 360 2.3 %108 23x 104 0.00013
190 16260 1626 0.00185 365¢ 2.7x10° 2.7 %0 0.00011
200 16260 1626 0.00185 370 32= IUf 32x (¢ 0.000093
205 16260 1626 0.00185 373 3.9 %10 399 0.000077
210 10233 1023 0.00293 2 380 4.7 % 105 47 %100 0.000064
215 4732 473 0.00634 385 5.7 %10 57100 0.000053
220 2188 218 0.0137 o 390 6.8 = 10° 6.8 x 10¢ 0.000044
225 1012 101 0.0297 ' 395 83x10¢ 83 x 104 0.000036
230 468 46.8 0.0641 ] 400 1.0 x 108 1.0 x 107 0.000030
3:(5) %ég 2 11'3 3_1‘63 : hasco e represeniati . other values should be interpolatad it meanediate
245 83 .3 0.360 z 0 )i
250 70 7.0 0430 r € Bmianst e of 1 necatury discharee speirum,
254€ 60 6.0 0.500 %
255 s8 X 0,520 & B - ——
260 46 4.6 0.650 TABLE 2. Ultraviolet Radiation TLV* and Relative Speetral
265 37 37 0810 i Effectiveness for the Skin (UV-C)
2 3 3 =
’E;(S) ;tl) ;(l] 1 IQ‘(;‘((; 4 Wavelength® TLV# TLY* Relative h|»et:lli~:|l
280¢ 34 34 0.880 (ym} (J/m2y (onJfemty* Eﬂccnvc'mss. S'(2)
285 39 39 0.770 (prime)
205 e o e ' 180 10105 10000 3.0 % 104
295 56 56 0.540 ! 2 t S0z ik
297C 65 6.5 0.460 190 1.0 < 103 10000 3 ;
300 100 10 0.300 = 200 1.0 % ]0° 10000 3.0 %107
303C 250 25 0.120 = 205 50120 5012 6.0 x lO“"
305 500 50 0.060 i 210 25120 2512 1,19 x 108
308 1200 120 0.026 12540 1259 2.38 = 10-%
310 2000 200 0.015 6310 6310 435 x 107
313C 5000 500 0.006 1162 3162 0.49 % 103
315 Lo =104 1.0 <103 0.003 1585 1565 0.0189
316 13 % 104 1.3 = 103 0.0024 " 0
3 5 3 1 M 794 0.038
317 1.3 <101 1.5 <103 0.0020 i 200 198 0.075
318 19 % 109 1.9 103 0.0016 . 200 300 0150
319 25x100 25410 00012 i 100 o 030
320 29 % 104 29x 03 0.0010 - 0 030
322 45 % 1A 45 % |03 0.00067 i 100 1 o
503) 56 % 1H 356108 000034 d 100 10 0..:
525 6.0 %104 6.0 <103 0.00050 i B 100 10 030
328 6.8 = 1 6.8 = 10% 0.00044 o 299 100 10 030
330 734 UH 13 =107 10,0004 =1 300 100 10 0.30
333 K1x|o &1 % 103 000037 .
335 88 <101 882103 000034 = Skin Hazard
340 1.1 % 105 1.1 < d0d 0.00028 : The TLV® (Table 1) valuzs are conservalive for skin exposure (see
34 Lal0; 13 x10% 000024 & P Documentatior)
350 1.5 x 103 154104 0.00020 F TN E N -
EE ar UY-C {gamicidal) wavelengths, if the eyss are prolecled, higher expo-
e’ ¥ sure velz2s (Talde 2 can e applied for namowband scurces (e.g., at 254 nm)
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FADLE 2. Retinal and UVE Hozand Spectral Weighi unctinns

Aphakic Blue-Light  Ret Thermal
Wy elength Huzard arard rd
(rm) Function AR)  Function Bia) Tunction R2.)

6.000 .01

34 0.0 —
145 0.0 =
350 0.01 -
355 001 —
360 0.01 =
3063 061 -
kY 001 —
378 0.01 —
350 0.01 (
388 0.0123
0

0.050 0.030
0.160 aion
0.200 0,201
PRI} a4
0.%00

0.0
.95
0.9%0

1.000

1.000

0970
0.940 0940
0,900 .00
0.800 0.800
0.700 0.700
(L.620 0.620
0 1.550

0.450

0.400

0.22n
0.160 {160
0.100 0.1
0.079 0.079
0.063 0.063
0.050 0.080
0:040 0.040
0.032 0.031
0.025 0.025
0.020 0.020
0.0t6 0.016
[UOIK] 0013
0.0l 00
0.005 0008
0.006 006
0.003 0.003
0.00+ 0.002
0.003 0.003
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Thermal Hazard Funglion
o
&

v T y Frm—
200 400 800 800 1000 $200 1200
Wavelength [nm)]

FIGURE 3, Retinal thammal hazasd funclion [REL

For inslance, al & viewing distance 1 = 100 em from @ 0.8 om daretsr
tubudar Bash amp of lengh | = 5 cm, e viewing angle c is 0,029 rad.

Large sources are thoss with an angular sublense (o) greater than 0.4
m.mhmm&mmlhmhlmddmhﬂv"hw
tection against rviinal thermal Injury depending on the exposure duration () in
m\ds[ui._“ Brnits 50 serve a5 a usefid ing slep.

memzaﬁonsmfmnimﬁoeslhmﬂmqamﬂ
abla exposura i present when Equation 123 & Ine For pulse durglions less
than 1 s, the TLV® is the same as that for 1 ps. Since the melinal themal
hMTLWwwmmma?mmmwnupl_ﬁs
xposure kit may be modified for dayligh! conditions,

Lp[Wecm2-sr1} <640 (925 (12a)
OR
DLg(J+cm2+sr-1) <640 = 1075

For viewing duratons between 0.63 ms (0.00063 s)ard 0.25 5, an acceot-
able exposure is present when Equation 12b is rue,

Lp[Weem2esr] €16 « 1075 {12b)e
OR
DLp[Jcm2esrt] <16 » {1

For viewing duraticns greater than 0,25's, an acceplable exposure is pres-

ent when Equalion 12¢ is true, This is a rale-mited, rather ihan dose-limited,
threshold,
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TARLL 2 (i Revzal and VR Hazund Specnal
Wephting Funcrins

Apliahic Blue-Lighe  Retinal Theranal
Harard Wsard H i
Tunerion AfR)  Funetion Bia)  Functiou RQ.)

L Nl A

(T ]
1 1nin|

Tomm pupil diEmstar (since

Y ce of Iight) and a deteclor
2f 013 rac “cr exsasures less ar. 310 s, an acceplabl2 expo-
e wher

S 13D

Logn Soom~2osi el oot o028 {9a)°

Fo- svposuras «
presanl when

7 tran 810 s 1 2 day, an acceptsbls exposurs 1s

tmZese '] L0E <a! (9b)e

a vl hght

Section 4. T2 protent agans!
i am 250t

Source Jelaming e 2f:

[sr = a0 by mnegraieg lhe s; 06 (L jon ¥d s omeZ e gl o
nm vsightad by tho . ch qualon 10 or a fighl
mealer vith an R(7.) Fller R Feurs 3
1430
Lplvr-omZesr 1] Y L R Ay (10)
it

Some melers provide a lolal Bme-integrated radiance emiied in units of
J~am 2+ ¢4 over the sampling period, which is the time integral of L over
Ihe sampling pediod. Therefore, an stemative expression of the retinad themal
injury TLV®'is 3 dose I [caed Dlg in this TLVE),

Datermine the angutar sublense () of the source in radians (rad). For cir-
mmuhwwmmwmmm.umanp
is cblong, o is esfimated from the mean of the shortnst and koagest dmen-
mmmmmmwmmum;wbwﬁmh
Equation 11,

P L
> )
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(12cp

LoWeom2-sr 243

Small sources have an angular subtense {u) less than 0 1 rad, but are
limsted 15 no less than 1.7 mrad. For small s2ucss, the refing! thermal injury
nsk dzpends on both the exposure duration (7} a7d ve. The infarachian 5 2 max-
imurm e {0 12 (45, 35 a function of viewng duration {1 [s]).

Far vigwengg durations from 1 s (10% s) thiough 0.00063 5, an 2cceptable
exposurz is present when Equalion 12a above 15 lrue: For pulse durzlions less
than 1 ps, the TLVE is lhe szme as Lhat for | w3 Sinca the relinal thammal
hazsrd TLVs® for pulsed sources assume a 7.mm, dark-adapled pupi, this
exposu2 imil may be medified (or daylight conditons.

For vizwing duralions from 0.00063 1o 0.25 s, an acceptabls 2xposure
presznt when Equation 13ais true.

Wih ¢ < oy, = 020123 7ad,
LpWeem Zrsrs32 e 08 (13a)e
CR
Dlz{Jrom2esr-!) <320« 03t
For viewing duralons grzater than 0 23 5 an acceplatle exposure 15 pres-
enl when Equation 130 i Irue, This is a rate-imited exposure and a dose limit
does nol apply
ith iz € gpa = 01 rad,
LpWeem2 s 545 ¢! {13b)+
Notz. Thare may ba special indwiduat circumstances where the pupil
remains dilated (loric) 2nd exposures exlend bayond 0,25 s. Under these con-
dilions, Equation 13215 the limil ng exposure,
Wilh 1. < ¢ty = O gad,

Lp|W em2esr)s32-gt-1 025 {13c)

* Equslions 9, 12, and 13 are empirical and are not dimensianally correct, To
oblan e corect vaue n e unils graen oo the 2R sids of he equation, @
musi be in radiens and tin seconds To make the equalians dimensionaly
c ol urily dmansional comestion factors in the

equalion,
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TABLE 1. Example Sources of Non-1.aser Optieal Radi

2|
]
E
7
<
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Far viewing duralions greater than 104 s (167 mins) in a day, an accept-
bz exposure is presenl when:

Lg[W+cm2 e er) 2102 (2)

Nate for blue-light hazard: The Ly imits am greater than the maxknum permis-
sible exposura kmits for 440 nm laser radiafion (see Lasar TLV®) because of
the nead for caution related | namow-band spectral effacts of lasers.

* For a light souros
sublanding an angla less than 0.011 radian, the above fimits are relaxed,
Dzlemine lhe effeclive irrads Eg) by i ing the spectral iradi
(E;) weighted by the blue-ight hazard function B(A):

wo
EalWrem?)- > £+ B+ 4 )

303

For durations less than 100 s (1 min, 40 s) in a day, an acceplable expo-
sure is present vhen:

EglWecm?]=001 {1 (4a)

Alternalively, lor a source whers the blue-light weighlad iradiance Eg
exceads 104 W« cm-2, the maximum asceptable exposure ducalion, by, in
seconds js:

tnae [5]= 001+ (Eg) {ab)

For viewing durations grealer than 102 s {1 min, 40 s)in a day, an accepl-
able exposura is present whan'

Ep[W-cm-2] <104 {d¢)

SPECIAL CASE: To prolact the worker having a lens removed (calaract
surgery) agains! refinal photochemical injury from chronic exposure: Undess
an ultraniolel (UV)-absorbing Inlraccular lers has beon surgically inserted intz
the eye, the Aphatic Hazard Function, AD.), should bo used for Lg and Eg, as
shown in Equations Sa and 5h

06
La(Weem2esr1]= 3" 1y« A -2k (5a)
305
709
EplW+ om?)- 3 By A« 4k {5t}
305

The value for Lg is used in Equation 2 and the valug for Eg is used in
Equation 4,
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FIGURE 1 c.3

3 NEME 33 B a1 0@Se < fares * wf duen
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100000 "=

IS
=
=

0.19

2
=
=)

Blue Light Hazard Funciion

200 3u0 400 500 600 00
Wavelength [nm]

FIGURE 2 Blue 97 {retmal pasiochsmicall hazard tunstien for rormal eyes [Biy.j) ard Ihe
aphaie hazad furclion (347.)]

Section 2. To protact agawnst thermal iyury to the comea and lens from

infrareo R radialion To avo d tharmal injury of the cofnea and possible
delayed ff2cts on the lens of th2 eye (calaractagenesis), Lhe tolal nfrared
irradiange in hot 2nvironmers is calculated as
3000
Eppcny W em?[= 3 &+ Iy ®)
e

Far 2xposure durations {t) less than 103 szc (17 mins), an asczplable
exposure is prasent whan:

Eiess [ 01 2] 187197 {7a)

For exposure durations grealer than 103 sec {17 mins), an acceptable
exposurz is presanl when

Epeany W cm2) < 001 {76)

Section 3. To profect against retinal themmal inzury from near-infrared (NIR)
rﬁm.'&ammmmﬁnmmmbnp
or any NIR source where a sirong visual simulus is absent (luminance less
ﬂmlww-m%hmmmanIWamdwhmb
gwmmugwuwmmwm

1200
LW em2 o513 1y - Ris) - ()

70
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TABLE 2 Major Frequeney Ranges Covered by the (A

e sweey
— i P b Fart A - Freguency anse
wen ELATF S [ N T PR TTERNTTT EERVIFS
= 109 KLz B0 MBHLe 30w ALl - bl
. vt = b=l
e e
s Dty = X \ X
= w o f X A X
& Power Densily X .
g ot Wy v N = 3
H Comtser Cusvent X
frares = ard Medhanlsm
[T
Therinal Trizal
e e Typical eause Contaclcuzent Coadevrent A Lo
ol Injury {eument ivinctiwed  wosable R it
into body ol
_ Louching d <
FIGURE 1. Th Radizlon in conductor
rieplace v ody specili sksorpi ram ISEE pm— Eles
5, o ghl © ISEE, All Ii_\|ur.-|l Clezine shoek
injury (sometimes bums)  Ex.
Example AM o RIhen
sourees with  ansmiaaon  sealers
potential lower and FN
overexposure wansmur

amennge

T

H’, or §) incurred within each frequency inlersal should de 3stzm rea and

Percent ol elesbir - slierg®s #7C

2 = Ihe sum of all such lractions should nzl 2xseed unity
1§ I 3. The TLVs® refer to values averagad over any 3 minute (0.1 7« z2nos far
10 1 T frequencies less han 3 GHz, and ove* snorter perieds for hizva
o 1 1 cies down to 10 seconds at 300 GHz 2s ndcaled in Tablz 1 2art A
¢ 1 10

4. Al frequencies between 01 and 3 GHz 'na TLVS® for »eclromag-etic

field strenglhs may be excesded if:

2) lhe exposure condilions can be shown by appropriale “zneues 1o
produce SARs below 0 4 Wkg, as avarages over the . o

b) th= induced cuirants in the body confom waih the T
PartB; and

©) spalial paak SAR values do nol excezd 10 'Wikg, as aue
cubic volume with 10 g of tssue, except for lhe ha
enkles, and pinnaz, whare the spaba p2sk SAR exp
exseed 20 Wikg averaged over any cue volurme of bssee sntzning
10 The SARs ae o b2 averaged ouer  minutes

Freauency (aHr)
FIGURE 2. =ic=ni of siecine field stength TLYs? below which riused and ecntacl

cument hmits 2r2 aat required fram 0.4 o 109 MHz. (From IEEE 54, - 2003a.
Copynghl @ IEES. Al Rights Resarved)
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OPTICAL RADIATION

LIGHT AND NEAR-INFRARED RADIATION
(Documentation Date — 2015)

5. Abo_ve 3 GHz, rzlaxation of lhe TLV® condilions may be pemissible under
pariial body exposure condtions, :

8 Trf mezsuremeznl of RF fild shoud Tollow lhe recommendalions given in
IEEE C55 2-2021 (IEEE, 2021)

References

Inslitute ¢! Electrical and Eloctroeic Engeers (IESE) 1Z5E Rocommanded Practice for
M s and G of Radiobequency Eheclmagrefic Fiskds wih Riespect
;Eol-zﬂ;;m Exposure b Such Fieida, 100 Kz~300 CHz. [EES CH32021, EEE, New York
2

Insaiie of Electicel 33 Blackonic Engraers (£EE) IEEE Standand for Salety Levzls with
Respect 1o Human Sxposes 1 Rado Froquency E'schiomageesc Fie: 00 GH:
EEE CS5 1205 £ Hn Vo E! 23, 3 kHz lo 300 GHz

These TLVs® refar to values for incoherenl [non-laser) visible and near-n-
frared radialion (LNIR} in the wavelength region of 305 to 3000 nm that naady
all workers may be exposed withoul advarse heakh effecls. The velues are
based on the bes! available information from experimental studes Tnzy
should be used only as guides in the control of axposuras 1o iy a+d should
not be regardad as fine lines between safi and dangarous levels. For purpos-
&8 of speciying these TLVs®, the oplical radiafion specum is divided into
fhe regions shown in the Bgure “The Electromagnetic Radiation Spectrum
and Related TLYs®" found af the beginning of the section on Electiomagnetic
Fields 0-300 GHz.

Recommended Values

The TLVs® for accupational sxposure of [hz eyes lo broadband kght and
near-inlrared radiation apply lo exposures in any 3 hour workday. Taklz 1 pro-
vides examplzs of sources and the applicable TLV®, Figure 1 is 3 quide [o the
applicalion of the TLVs® for visible and near-nfrared souices

The LNIR TLYs® are divided inlo fodr potential heallh elfzcis and spaciral
regions as lollows:

Seclion 1. To profec! agains! refinal photochemical injury irar chronic
blus-Bght (305 < A < 700 nm) exposwre: Delerming the effectve ~azince of
the bght source {Lg) in W+ om 2+ se-1 by Integrating the spectsal razianze (L;)
in W eem? s « et weighied by the blue-Bght hazand function ki 1.] using
Equation 1 or a light meter wilh a B{2) filler. B(2.) is shovm in Figusz 2 and
values are provided in Table 2,

oo
LaWeem2esr). Y Ly B« AL 1)
Aas

Some melers provide a total energy emiltd in unils of J « cm 2+ sr-! over
the sampling period, which is the tima inlegral of Ly over the sampiing perod,
Lg is the total energy divided by lhe sample pariod

For vieving durations ((} less than 10 s (157 mins or ~ 2.8 hrs) in a day,
an acceplable exposure is present when:

Lg[Weom2ese1} <1001 (2a)

Altemalively, when L excaeds 0.01 W ecm-2+ sr-1, (he maximum acceplatle
exposurz duration L, in seconds is:

trax [8]= 100( Lg)-! (20}
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RADIOFREQUENCY/MICROWAVE RADIATION
(Documentation Date - 2016)

nicrmation,
and pos
030 kHzto

Th-s= TLYs® refer o rsjﬁ!.=:u=rC/ (RF} radiation I the frequen
30 ggahenz (Ghzj This includes mis-
ich 15 a r=gon o the RF speclrum These
esene conditions udsr vvch s baleved nzaily all veorksrs ay
bz repeatzdy exposed witnou advarse health 2

The 22 13 il gleslio
cl= ssue ram 2 03 t2 01 MHz, and
01 MH2, squzre (rms)
(E), and magnatiz (H) fiasld a!m'\u s, lhe egquivalen! plane-wave Ira
power densities (3), and induce curents (I} in the bod s

Tha TLVs® are summarized n Table 1 as a funclian of frequancy, [ in
megahsr I -1z) Table 2 surma the majer dosimelic quartitizs
diffierant fiequsney ranges specr ed in e TLY®, and major hazard mecha-
nisms &t 3) 2xpasure scer anes thal wou'l te of concern,

A, For elecine zrz mzgnelic free “alds TLVe® in Table * ar
A refec ‘0 xpesure valuzs o5lansd by spatially averaging over ar 2r2a
-:quwslsnl 0 lhe vemca cress-secton ol tha buman bedy {prajscted

he TLYs® can be reaxsc. in

norurlzm ﬁelds Spal|=l 223k values of slrength inay excace ne
aged specific abscrolion rate (SAR) va u2
mils.

iimi Ihe ms RF body current and petenlial

for RF zlecirostmulation {“shock ™ below C.1 M2 or perceptible healing

(ator aucve 0.1 WHz) as fallows (see Table 1 Par B)

ol nerve anz mus-
iissuz healing ao-

e

1. Gor ireestanding indivduais {no contac! wib metallic 0djznis) RF
curent induzed in the human body, as measursd through sither fool
shauld nal exceed the following values, where {15 Lhe fraquency in

MHz

1 = 100G fmA for (0.03 <* <3 1 MHz) avsreced over 0.2 s;
whern mA = millamioze

I = 160 méA for (0.1 < < 100 MHz) averaged cver & min

2. Fot corcitons of poss bz contacl with malake bodiss, the macram 3F
cument that cen ke passed nio the body as mzasured wilh a conlact
current meler should not 2xceed the lollowing valves
U = 10C0 f mA for (D.03 < f < 0.1 MHz) funzre [ s the frequency n

MHz} averaged over 025

b = 100mA for (0.1 <1< 100 MHz) averaged over & min

Radofrequencyfidicrowave Radiation — id5

144 — Eectiomagne:c Felds 0-300 Gz

3 For touch contact with conduclive objects, the maximum RF currani
should not exceed morz than anz-hall of (he maximum RF currznt fo;
grasping conlact, The means of compliance wilh Ihese current limils

TABLL 1. Radialrequency and Microwave TLVs®
1rart A—Llect

il = freguency in M1z}

Magnetic can be dztemmined by the user of lhe TLYs® as appropriate. The use

Puwer Fickd of prolective gloves, lhe avodance of touch conlact with conductive

) i Demity S Strenath,  Strength, S objacls, the prohibition of metallic objects, o training of personnst
Tiequency W) BVt (win) may be sufficient lo ensure compliance with these TLVs®. Evatuaion
MAH~100 KM, 1542 163 of the magnitude of Ihe induced cuments il normally require a direcl

(0]

He | MH7 1842 16 3F

measurement. However, induced and coac! cument measurements

| l’\itllrjfit' MHz 1421 1642‘-‘;'. are nol required if the spalially averaged eleclric field sirength dozs
I‘:‘l‘ S 0 2:1 (1)"‘];; nol exceed the TLV® givanin Tzble 1, Part A at fraquancies batween
T I"jU i 2 0.1and 100 kiHz, as shown graphically in Figurz 2,

20l v 100 b .

W GH2 300 Gliz 100 C. For source frequancies grealsr ihan 100 Mz, Table 1, Part A providss an

equivalent plane-wave powsr density, S (in W/m?), which can be
calculaled from feld strength measursment dala as follows:
_E
T
where: E° is in volls squared {V*) per meter squared (i¢); and
§=317H

vihere: H*is n amperes squarzd (A°) per meter squarsd (m7).

AThe e

Pact B—naximum [iduced snd Contact =
Radinfrequency Currents (A )"

Through D. For exposures to pulsed fields of pulse duration less than 100 milliseconds

Ivough Either Averaging {ms) at frequencies in the range 0.1 MHz to 300 GHz, the (otal incident anar-

Frequency Bath Fect Fuot  Grasping™  Tine gy denzily during any 100 ms period within the averzging dme {see Table 1,

- — : B Parl A) shall nol exceed 20% of the total specific energy absorplion {SA) per-
EUNIPRITIING T e 100 1 1000 ¢ « i i i Ar20i g i

YO0 LH =100 AlY Iz 200 1001 100 & min® 2 mitted during the enfire avaraging bme lor a continuous fizld, i.e., 0.2 x 14

= 20.8 Jkg. For pulse durations grealer than 100 ms, normal time-zveraging
1 lould be s e ¥ N0t 1dequ ot wpsting catculalions apply.

The TLV® values in Table t should be used as guides in the evaluabon and
contref of exposure to radicliequency and microwrav radiation and should
not be regarded as fin lines belween safe and dangzrous levels. The
velues of E, H and S given in Table 1, Parl A are shown graphically as a
- functien of frequency in Figure 1. Figure 2 depicls the maximum permissible
N currenl values given in Table 1, Part B through one foot or louch curren! 35 a
= § funchon of lhe maximum permissible electric field sirength TLY® over the
frequensy range 0.1 fo 100 MKz

Notes:

-

ILis belisved that workers may be exposed repeatedly to fizkds up to these
T TLYs? withoul adverse health effzcts. Nevertheless, persannel should not
neeclassly be exposed to higher lsvels of RF racialion, approaching he
E TLVs?, vihen simple measures can prevenl it

e 2. For mixed or bioadband fields at a number of Irequencies for whigh thers
are difizrenl values of the TLY2, Ine fraction of lhz TLY® {in ‘erms of £°,
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ELECTROMAGNETIC FELDS 0-300 GHz

STATIC MAGNETIC FIELDS
{Documentation Date - 2015)

{hal nzary all »
hezllh efecls. Tt
Io stalic magnat ¢ figlcs 3nd shaule
dangerous levals

Rouline
workplzca enwvr
fraining and cpe*
invohves mak
12pd inaion in
Iralled workpiacs envizament s an-
fields on melal 1. |
cl the limbs of works

ol expusures ~ U Silen
bul can

=g waues ¢

bz exposzd lo 5'aic
These TLvs

ummanzes in

TABLL 1. TLVS® for Static Maznetic Ficlds

LEapnsure Cerling Vilue 1

Whole body

workplace)

Limbs 200

Medical device wearers 03l

140 — Electromagnetic Fields 0-300 GHz

Notes:

. These TLVs® are basad on an ssssssmenl of svailablz catet Irom fabora.
tory research and human exposure studies. Modifications of the TLVs® vl
be made if wamanled by new mformation At trus time, there 1s insulficient
srformalicn an human responsss 374 passibe heallh eflecls of magnete
fields in th fraquancy range of 1 = 1o 30 4Hz 0 pamt the 23taohshment
of a TLV® for ima - weighled avsrags zxocswes

For warkers weanng cardiac pacemaiers, the TLv® may not protsct
against el ic ir 2nce with funcicr Some rod-
els of cardiac pacemakers have been shovm to be susceptible to interfer-
ence by poverfraquancy (3020 -2 magnetic lux 2srsw2s as ow as 0
mT, Il is recommended thal, lacirg szecdic nforascn o eecliomag
nelic inlerfesance from the manuiaciue:, the exposure of o armg
cardiac pacemakers or smiar medzal @ecrons deveas b martaineg 3
or below 0.1 mT at power frequencies.

Fields in excess of the TLV® are likely o be prasent anly in close proximity
12 high powered slecliical equipnient, In most cecupational environmants
sub-RF fields arz likely 10 be far sziow the TLYE There should conss-
quently be litle need lor detailed field surveys n Jenaral occupational
spaces, although such surveys may help to address vwo-ers’ concams
I field surveys arz underlaken, however, they should use appropriale
equipment lhat has been calibra'ed and suilable for 1ne anticipaied mea-
surements. In part=ular, urdzss they are Jesgned for such maasurements
magnelic field meters can be signfcartly in emar whan used fo measure

r ! or fields at irequencies other than 50/50 Hz.

™~

w

TABLLE 1. TLVS® for Sub-Radiofrequency (30 kltz and befow)
Magaetic Ficlds

Frequency

Range T

110 300 Hz ‘Whole-hody exposure’
1]

= cal

alve inmT

1'to 300 Hz Amns and legs:
00 .5

=

1w 300 He Hands and fear:

o celg value in ml
¥

" where: 1= frequency m Hz
S0 Az © 30 kHz Whole-iody aned prariial-bawky ceiling value,
0.2l
1 Mz 1025 kHz “Point contact curvent ligon 1.0 mA
13030 kHz Pornl cantiet coreent lanil U4 FmA
wheye: [ trequency m k12

. ——
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SUB-RADIOFREQUENCY (30 kHz and below)
MAGNETIC FIELDS

(Documentation Date - 2017)

These TLVs® refer to the amplitude of the magnetic flux dansdy (B)
of sub-radiofrequency (sub-RF) fic: fiedds in tha f rangs of
30 kiichertz (kHz) and below 1o which it i belioved that nearty 2 workers
may be erposad repeatedly withoul advarse health effects. The magnele
fiekd sirengths in these TLVs® are rool-maan-square {ms) valuos. Thesa
valuzs shauke b2 used 85 guidss in the convred of sxposwe 1o
dinfraquenty magnatic fields and should not be regardad as irs e
belve2n salz and dangarous lzvals.

Qccupational exp in the extremely-lox-i y (ELT) -anze
fom 110 300 herlz (Hz) should nel exceed the ceiling valug given by tne
2qual:on

60
By = -

whera:

Br.y

@ frequency 11 Hz
& magnelic Mlux densily in millitesla imT;

cCuancies n the rangs of 300 Hz o 30 ich incl =
uensy [VF) band from 350 Hz lo 3 kHz and the varydo fragusncy
=m 3 to 30 kHz) octupational esposires shoutd ne! pessad
vaof 0.2 mT.
wess sefing values for lrequencias of 300 Hi 13 30 kHz e mienced
for both partal-body and whole-body exposums. For frequencies bokrw 300
Hz, the TLV® for exp of the extremil ba d by a facter of
iommmaﬂhﬂwwakhdshhmamiﬁgn
The megnete flux density of 60 mT/T al 60 Hz comesponds lo a maxi-
mum pemissible fux density of 1 mT. AL 30 kHz, the TLV® is 0.2 mT, which
comasponds b a magnebi field inlensity of 160 amperas per meter (Af).!
an induced electrical charge in a shrong sub-RF magnelic fisld shouid not
axceed the lawing point contact levelds 1o avold starfle responses or severs
electrical shocks:
A. 10miiznpere (MA) at frequancies from 1 Hzt0 25 kHz;
B. 04iméa st frequancizs from 2510 30 kHz, vinere t1s tha frequsncy
expressadinkHz

¥ Maga s Sy o svpees sd i wte of smpresdin, 1, el 3nd oty sl
cotnmon dorimeiric QUEnLLy is the magnetic fhex depnity in waits of Teala (T) or Gois
10 1T = 10000 G The two guarites are relasad by the magneric ponmcatl sy of the
i, In g, | A coeresponds 1o 2 Bax dessity of 1.3 4T,
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SUB-RADIOFREQUENCY (30 kHz and below) AND
STATIC ELECTRIC FIELDS
(Documentation Date — 2016)

These TLVs® refer lo the maximum workplacs field strengths of sub-ra-
diofraquency electric fields {30 kHz and belov) and stalic electric fields thal
rapresent condilions under which it is befiaved thal nearly all workers may
be expased repealedly withoul special proleclion vilhoul adversa heallh
effects. The electric fiald infensities in these TLVs® are rool-mean-square
{rms) values, The valves shou'd be used as guidas in the conlrol of expo-
sure and should not be regasded as a fine line between sale and dangerous
levels. The eleclric field strenglhs slated in these TLVs® refer to the field
levels present in air, away from Lhe surfaces of conductors {where spark
dischargas and contact cumenls may pose significant hazards),

Occupalional expasures should not exceed a field slrength of 25 kilo-
volls per meter {kV/m) at frequencies from 0 Hz lo 220 Hz. For frequencies
in the range of 220 Hz to 3 kiloherlz (kHz), the ceiling value 1s given by.

Eny = 5525 x 10%

where:

[ = lhe frequency in Hz
Ery = the ms eleclric field slrength in Vim

A rms value of 1842 Vim is Ihe ceiling value for frequencies Irom 3 lo
30 kHz. These cefling values are intended for both partial-bady and whote-
body expasuras.

Notes:

1. These TLVs® are based on limiling field-induced oifecls al the body
surface and induced curaals within the body o fevels belovr those that
are believed o be hazardous. These are diect effects.

2. Inditect effects associzted wilh touching charged objects witin the
electric fiald can be the limiling phencmena that delemming sate prac-
lice. A noliceable and polentially annoying spark discharge can be
expetienced benosth povar lines when the ground level fiskd stength
i3 at of below S kVim (EPRI, 2005). Mitigaton of such effects requices
compliance with safe work practices and 2lestrical safety codes beyond
the scopa of this TLY®,

3. Celain biological effzcts have been reported in la studies at
ekeclric field slrangths ozlow those permitted in the TLV®. however,
there is no convincing evidence at the presen! ime that .
@xpasure to such fizkd levels leads to adverse health effects,
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ULTRASOUND
(Documentation Dale - 2001)

Thesa TLVs? represent conditions under which it is believed thel naady
3l workers may be repestedly exposed without adversa effect on their by
lo hear and undarstand nomial speech. Previous TLV4® for the frequencies
10MMDNW«&M&M¢M¢M&0M&W
1n a caulionary nole @ Table 1 “he 3.hour TWA valuzs are an axlensizn of
the TLV® far N wch is 2r 8-haur TWA of 85 cBA The celling values
may be venfed by 9 3 sound lave! mates w ceteclion and 13
cclave bands The TWA valuss may be veriiied by an inlegraling sound
lavel melat vily 113 octave panas Al nstrumentatizr shou'd have adequzle
frequancy resoonse and sheuld meet the specificalions of ANSI §14- ‘\063
(R1997)i% ard [EC 504 {21

TABLE 1. TLVS™ Tor Ultrisnund

One-third ¢

Muasured in Air in dB indBuve: L
vei 20 pPu; Head in Air Head in Waler

Mid-Frequency

ol Third-Octive Ceiling 8-Hour Cui
Band (ke Values TWA \.xlms
0 1038 SR 167
1755 15y 89 167
o 103+ 9 167
20 103~ 94 167
25 1100 _ 172
313 s — 177
10 115 E 177
50 175 — 177
63 1150 —_ 177
30 1156 bl 77
Lo (IR0 - 177

¢ and diszomion o AF N some mdmdu\'s a |e\ ols batwewn 75

L s 4 doood o 80 4B

12 £ &Y whn ahere 1w peiasiey G e ubrrusind can
mmuMb&mwrummMM [When the clormsound
#ouros dinocily conacts the body, the values in the wable 80 net 3gply, The vibration lovel
a1 e ourtosd booe mst be e | Aceeleration Viadoes 15 @) above the pefeesce of | g
. should be avoided by reduction of exporine or isolaiion of the body from the couling
e (i = scceleration de i the fovoe of gravity, 980665 meter/icond®, rms = oot
mewn-syun)

€
E
? s
z 2
=3
- ¢
Z [
= 3
= S
.. £
= < =2
= H
= £l
E; E
a5 - 2
g o £
2 £ %3
= € = EN A
= '3 &
= - E = EB
T =}z : F
& ffe = CIN
z £z i
7 s
= = s == |¥
= [T d
:t . B8
s B
E— =2 2
H H
H] =
= 3
z i <
£— % — &
£
g i
£ 3
s E
i i
2 H
£__ 2 2
e 3 =
3 |
£ - |
£ &
= g 2
S—3—2_| %%
w o g 3
2| @ =
z £ x
L2 F OB e
|z % iE
- . 3 = =
|z =z E -




155 — Acoustis

ACCUSTIC

INFRASOUND AND LOW-FREQUENCY SOUND
{Dacumentation Date - 2020)

Thass TLVs? 2ddress worker 2qp33
Hz thal can cause renauditory effecls
Exposuras 1o scund in 1his irequency ra
body biologicat struz i
acoustical energy S ua\ly inlraszure s iaﬁn=d
the Irequancy rangz of 1 1o < 20 Hz that s nof dets
These TLVs® represent snund lo whish il is belizved n
repeatedly 2xposed witho:

g2 of 11 10
and hea'h
ian of hurman

gstical enargy in
Iha human =ar,
2y b2

out adverse hzart effects thal do
The TLVs® do not 2pply lo impulsive sound with gur:

For &l olher excosures the TLYs® are hted in Tablz 1. Th

limils for ihese exposures Howevar applizalion of s TLVS

Stund, recommeanded Nni noisg-nducad Iman‘ng 0%

roduced acceplable exnasur: e

the amounl of allznuation allov:d for heznng praiesticn

of < 2 seconas,

TABEE LELNSE for Enfrasound and Low-liequency Sound

Suuu(l Tressuie Level (SPE) TLV®
A onz bl oetase hads 3B

and 100 122
UChiwelghted ovenall et | PRl

and 100 1z

Lamerioan National Standards Tt (ANSH. 2014

NOTF: Low-lrequency sounds have bees mown 1 ERCITY Ienonces in
the upper 10150 of the Twman body mimanly a lefween £0
and 100 1z, Suah an elfeet may 2 warker sant
levels below the TV deseribed above and may
level swhere fhe problem disappenis

fregue

nee wiid dis omf ar

the rednstion 4

American Naiional Standards Inslilute ANSIFASA §1.11-2314/Parl 3/IEC
61260:1-2014 Elec'roacouslics-Oclavz-Band and Fractional-Octave-3znd
Filtsrs - Parl 1: Spesifications. ANSI #vs York (2014)
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TABLE 1. Threshold Limit Vatues for Audible Snund
Sound Pressure Level dBa® -
50
82
83
91
93
u?
100
103
106
10y
112
115
18
12l
124
127
130
133
136
139
140
¢ wound betwean e
1ghted besel ol is0

Hours

Minutes

Seconds®

A M l\‘pmll‘\. v oorkinuos, m
aF 20 and 20,000 ) &
dmb:ls (dn)
Noe levels in dff ane mcasred on 3 sound tevel meser
the nequizements of e Ameriesn Nanonal Saadzads Lastie
1. Speafications, $1.4 (ANSI, 2014) Ty pe 2. and 421 1o i the A-woighte,

At woise (¢
exeess of a paak

LA, LA B,
Lo I

t
wgtl; with

S8 et respome:
€ Limiled by cagimesang control of the naise souice  feamble. Adnnnnintivie ¢ontol 15
penmissible if engncerirg control is infeasible,

Impulsive or Impact Noise

Impacl and impulse noise involves brief noise excursions Lhat last < { sec
Impact noise resulls fram colliding objects, causing them to “ring.” Impulsive
naise resulls from explosions or formalion of shock waves, Together, thsy
comprise what is genericlly calied impulse noise. Use of th2 instrumentalion
specified by ANSI §1.4-1 (2014), ANSI $1.25 (2007), or IEC 516721 (2013)
ensures lhal impulse noise is integrated into the measured noise level. The
only measurement requirements for impulse noise level are that he melering
should have a range belween 80 and 140 dBA and
a pulse range response of at least 63 dB. No exposures of 3n unprolected ear
in excess of a C-wsighted peak sound pressure level of 140 dB are permitled
Ilinslrumenlation 1s not available to measure a C-weighled peak, a Z-weighted
{IEC, 2013) or unwaightad peak measuremenl below 140 dB may be used to
imply thal lhe C-weighted peak is belovs 140 dB,
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AUDIBLE S0UND
{Documentation Date ~ 2018)

that reviesem condtions under whichilis bed»eved that nearly all workers mey be
repeatadly eposad withoul adverse effect on their ability b hear and understand
nomnal spoach The valuss sheld be used 2s guides in tha contied of noise
ewumyﬂ,dueblndvdudmﬂy should not be regarded as fna fines
between safs 2nd dangesous lavels.
o stewks Le resugnizad tha: te applicakion of the TLVs®
prctect & warkers from the adverse auditory affecis of noise erposune,
1e+ay ol protect agenst a range of noc-auditory effzzls The TLVS® hould pret:
“he medan of S population agans! nase-induces (
alt 4) . occupalional expostre for ke average heanng threshold
1 audiomeln; equencias of 05,1 2, a1 3xHz A heamg:on—
y Frogram elemerils (expasure monilofing, imple-
training, usz of hearing protection devicas,
d audiomeln estng) is necessary wh

ataminzd by a sourd lavel meter, infzg-ating
onisiming, as & memum, to {he requie-
dvn=nc:|n Natoral Standards Institute (ANSI) Sound Level
' Speciications. $14-1 Type 2 {ANS! 2014), AN3I 3125 -
for Personal Nows: Dosimelars (ANSI, 2007), or {EC 616721
(IEC, 2013, The measuremant cevica should be et lo use the A |
natwork (i = - dBA) with skew et responsa. The durafion of axposure shouk!
thal showr i Tatle 1 These values apoly to ‘olaf durslon of
zIhar this is ana confinuois exposure or @

s.re is composed of {wd 07 More ps
s thzir combined sif=cl should Ee considered
Lo eack. I the sum =f In2 follawing frastens,

Cs C,

2d Ine
3]

joo

of axposure al a wweur’s Noss (2v:
posure permiillzd al lhat lzvel, All on
1158 2xp 5 of 80— 140 dBA should bz usedin the above caiculations
sounds wilh iimilad vanability {+ 2.5 4B or
maters (ANSI 20:6a, b). For more vzsiable
vels and when impulsive or inpac: scunds resenl, 2
cran iniegranng s5und meter musl bz used The fimilis exczed-
h: is mare thar :f\(l 4 a3 indicaled on a dosimaler seiwiln 3

5 12vel of 83 dBA. The

=g s5und bevel mete when B vera3z nos2
the values grven in Tzble 1.

fevel averag
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Nofes:

1. For audible sound impulses above a C-weighted peak of 140 dB,
hearing protection should be wom. The MIL-STD-1474E (U.S. DOD,
2015) provides guidance for lhose situations in which single prolection
(plugs or muffs) or doubla protaction (both muffs and plugs) shoud be
wom, Additional gmmmappmpﬁalealmmtedespwuem is
pecwdad by the European C (2004}

2. Exposurz lo certain chemicals may also result in hearing loss and the
exacerbalion of the elfecls of naise {EU OSHA, 2008; Johnson and
Morala, 2010, Chei and Kim, 2014). n setlings whera there may be
exposures 1o noise and b Carbon monoride, Hydrogen cyanide, Lead,
and sobvont mixtures, of exposures lo Ethylbenzana, Styrens, Toluens,
of Xyhene in the absence of noise, pariodic audicgrams are advised

sinddbecarwfymmwed with the potential confounding effect
of noise in mind (Nies, 2012). Other substances under investgation
for otoloxic effects include Arsanic, Carbon disulfide, Chiorobenzene,
Mercury Nitnles, n-Hexane, pesticides, and Tnchloroethylene.

3. There is evidence o suggest thal noise eaposure in excess of a
C-weighted, 8-hour TvA of 115 dBC or a peak exposure of 1554BC o
the abdomen of pregnant workers beyond the fifth menth of pregnancy
may cause hearing loss in he felus.

4, The sum of the fraclons of any one day may exceed unily, provided
that In2 sum of the fraclions ovar a seven-day pariod is fiva or less and
no daily fraclion is more than three.

, Table 1is based on daily exposures in which therz will be ime away
from lhe workplace in effective quiet, ie., < 70 dBA This time away
from Ihe workplaca will sfow any lemporar, shills in worksr's haaring
thrasholds to recover. When the worker is restricted for periods of

- greater lnan 24 hours lo employer-coniralied spaces or areas thal sarve

as balh workplace and hving quaners, lhe average noise exposurs over
any Z4-hour period should not exceed 80 ¢BA
There 5 evidence lo suggast that chronic exposures lo occupaiional
nois2 < 85 dBA - ie, below thal sufficisnl for a substantially elevat-
ed nisk ol noise inducad hearing loss — may be associated wilh an
increased risk of elevaled blood pressure. hypertension, and ischemic
hoat disease among manufaciuring and production werkers. The TLV®
may not be prolective againsl lhese effecls.
There is evidence to suggesl lhal noise exposures > 85 d3A may
be ialed with an d risk of 0% al injury through
dislraclion, stress, fatgue, parformance degradation, or olher mecha-
nisms among manufaciuning and producuon watkers, The TLY® may
bs protecliva against lhese affects, thaugh il is possible that acute
injury rigk is mere highly adsociated wih brief excursions rather than
an B-hour average levet, if lrue, this suggests a different risk sceneric
Ihan those presented for noise-induced haaring loss and cardicvascular
disease,
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documentation, are solisited and should be fonvarded in eleclonic formal to
the ACGIH® Science Group i science@acgih org.

ACGIH® disclaims liahility with respect to the use of TLVs®,

Motice of Intended Changes

Each year, proposed achens for the fordhcoming year ae iseu2d in the
form of a Notice of Intended Changes® (NIC). These physical agents, with
{hoir comesponding valuss, comprise those for which 1) a md is proposed
for tha first ime (18, NIE). 2) a change in the Adapled Values is propased, 3)
relanticn 25 an NIC is propesed, or 4) withdraval of tho Documentabion and
adopled TLV@ is proposed. In each case, lhe proposals should b cansidered
\dal valuss during the period they are on the NICINIE. These propasals are
ratiied by the ACGIH® Board of Directors and val remain as NICSIMES for
approximalely one year loleaing this ratification. I the Commdize neilher finds
nor receives any subslznive data that changs s scientific opinien regarding
physical agent TLVs® on the NIC/NIE, the Commillee may approve ils fecom-
mendation to the ACGIH® Board of Direclors for adoptian. If the Commiles
finds or receives substantive data that change its scienlific opinion regarding a
TLV® on the NIC/NIE, the Commitles may change ils rect fation 10 the
ACGIH® Board of Directars for the maller lo be eilher etained on or valhdrawn
from the NIC.

Documentation is avalable for each of these physical agents and their
proposed values,

This nolice provides an ity for | on these prop
Comments of suggestions should be accompanied by substantiating evidence
in the form of p 4 Heralure and forveded in electronic formal lo the
ACGH® Sciznce Group 3 science@acgihorg. Please reler to he ACGIH®
TLVBER Davslopment Process on the ACGIH® website (acghorgitv-bei-
a defalled discussion covering this procedure, melhods for inpul 1o ACGIHE,
and deadline dale for receiving commients,

Definitions
TLV@ calegories used in this seclion include the following

a) Threshold Limit Value-Time-Weighted Average (TLV-TWAj, The
fine-veighted average axpasure for an Bhour workday and 4lkhour work-
vieek

b) Threshold Limit Yalue-Ceding (TLV-C}). Exposure Imil lhal should not
bz 2xceeded even instantaneously,

Physical and Chemical Factors

Cormbinabions of such physical faclors as hea, ultraviolet and fonizing
mm.me.mmhumﬂﬁh
intecaction of physical fackors with chermical substances in the workplace, miay
mmwwmmmnmummmmnnw
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INTRODUCTION TO THE PHYSICAL AGENTS
S s=Chin Logsarls Toresol Lot Yalies 17_es™ iv occupaliona)
axposure 10 physcal agants of A0S, eacimmagnete, emonomic, mechzn.
«cal, and themal nalure. As with otrar TLV®, thoss for chysical agents
rndda guidance on e levels of exposure and condiions under which i
refend that neary 2 haalthy workers may be repeaiedyy xposed, day &°
day, without adverse b Jth etects
Tha target organs »5d health eflects of theze physcs A Ay Grealy
it thesr nature, s, *1 Ys® ate not single numbers, byl 3l wlegtains of
fra measured parametors of the agent, is efiects on workers, of both. Due b
tha many types of physical agents. a vansty of scienlfic deapines, detecton
\schraques, end neinumantaion are spotied. Therefors, if s espacially impod.
anl thal the Piyscal Agents TLVs® be applied only by indnicuals adequalely
trained ard exparienced in the g and evalual
hoques. Given the abd plaxity of some of these TLVS®, the
mas cument Documentabon of the Physcel Agents TLYs® must ba consuled

P\ £} ol

us

alizrs.n L
A gz " V2w - 2
uaomm.uw.m.ammmmmm
e susceplibla of olherwise Unusualy responsive 10 some physical agenls
3 tha workplace because of a variaty of faciors such a3 age, sex, genelic fac-
173 (predispostion, personal bahaviors (a.g., smoking, diel, excrcise, abuse
of zicohol of oher drugs, axtracumiod achvives - hobbws), medications, and
k] il L ovas aseage) 0T rs may becoma

T sasnuplion 12 W R it 3§ cHhg previus
oxposures. Concument exposures to clher physical agenls may increase

tibdity. Changes in plibézy may slso ooour 3l differant work levels
(e, light versus heavy werk) Malemal and fetal suscepitdity lo the effects
of some physical agen's may be aiersd during different periocs of fetal devel-
W].&:h-ﬂkasmayrotbewmﬁpmmhdlmadwmm
edfacts from exposures b carain physical agends al ot below tha TLVs®. An
WL f 313 2 exlent Lo wi1sn such workers

skpanance, ficm
rorm a combina-

Vs* are bas2d
numan and srmal st
3 rtrer Comumzntstion.
9 these limits are intended for use in the practice of
occupational hygienc and should be interpreted and applied only by a
person trained in this discipline. They are not intended for use, or for
madification for use. 1) in the evaluation or control of the levels of phys-
ical agents in the community or 2} as prool or disproof of an existing
physical
!

aly y ACGIH® (31 reviaion of additions
2. ACGIH® -ec sany examines the
adverse raprecuctive =Tects, and other
genls Comments. accorpan ed by subslanlive
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may be allsred s stess niay acl adversely 1o incrzasz the lowc respons2
to 2 loreign substance Allnough ar LVs® nave puilt-n ucertzinty faciars
to guard agars: adves2 hzalln 2 when lhere arz mederale devialions
Irora normal ersrarments, tha unczrarty factors for most exposures are nol
of such a magniude as to comp foi gross devial In such inslances,
informed piofessicnal judgment must b= exercised in Ihe popar adjustment of
the TLVs®

Unusual Work Scheduies

‘Nork schedutes markedly diffaren: from he tradilional 8-hour day, 40-hour
workwazk requir czr2lul judgmer: in [he applization of the TLVs®. Non-
\raditional workshifls may rasult n overexposure anc/or Imited opportuntty to
racover prior 1o 12 exposure. Soms vorkers have more than one job, which
may resul! in overzxaosure, even ¥ a2dter job by iself enlals overexposure.
Exlrapolalion =f thz TLVs® 15 actourt for potential ovarexposure andlor insuf-
ficent racovery dua 1o unusual vor< schedules shauld be approached wilh
greal caution.




AVAILABLE FOR PRESALE!

The much anticipated Air Sampling Technologies: Principles
and Applications book is now available for pre-sale.

ACGIH's Air Sempling Technologies (AST) book is a com-
prenensive lext covering the praclical application of modem
sempling devices. Information on thz utilization of sampling
resulls is found within this up-to-date resource containing
industry expert methodologies. This versalile compilation

of worldwide expertise ranges from baseline necessities for
compliance to the practical application of Bayesian stafistics
for anticipating problems not traditionally found in active or
passive air sampling.

Pre-order your copy today!
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Other Issues Under Study

1. Sq Nolation
2. Iniroduction ko the Decumentation of the BEIs®

Feasibility Assessments

For the substances Fsted balow, the BEF® Commities has delarmined
hat developing a BEF is not currently feasibla aving lo inadequale scienlific
Commilles

data. However, the believes that hesa substances may pose
mwtrishmhmwmm,mwmlmmw
submission of new dala. Field or exparimental studiss on the relaSonship
betwean biclogical indicators and either health risk of emironmental sxpo-
sure are neaded for thess agents. A beisf summary of the current negative
feasitiity assessment, i data needs, for sach of the fisled substanc-
esis available from the ACGIH® Science Group at scisnce@acgph.org.
Substance Date of Feasibllity Assessment
Acrylonitrile March 1994
Alachlor Saplember 2009
Aluminum September 2007
Antimony November 1996
Beryllium November 2010
1-Bromopropane April 2017
Chlorpyrifos October 1996
1,4-Dichlorobenzenz March 1984
24-Dichlorophenoxy- March 1924
acelic acid

Diathanolamine September 2013

iethylhydroxy ber 2021
2-Elhyl hexanoic acid September 2001
Hydrazines March 1534
Inarganic borates Oclobar 1995
fdanganese October 2017
Iethyl teri-bulyl ether Oclober 1993
telhyl n-buly! ketone June 2020
Methyleyclohexane June 2020
Mzlhyl formale September 2005
Hethyl 1sobutyl carbinol June 2020
u-Msthylstyrene Novamber 2010
Mircbenzene Seplembsr 2013
Perfluorooctanoic acid April 2007
Selenium QOctobar 1995
Styrens oxide September 2021
Thalfiumn Novermber 2010
Tdamelhylbenzene August 1999
Yanadium pentoxidz Seplember 2009
Vinyl chloridz August 2002

CHEMICAL SUBSTANCES AND OTHER ISSUES
UNDER STUDY

The BEI® Cer
assist il in its dehberation:
Zommenls and suJgesi
forn of peer-reviewag liler:
the ACGIH® Science Graur
solicils raccmmendalions for 2d3conal s .
the ial hygiene and ocoupational health commund;
ACGH® TLVERER Development Process found on the
dstated dizcussion covering (hs procedure and methods
{acgih.org'fv-be gueeslines’s: _ os-ioceduras ois SR snglv-L

)

The Under Study fist is published each yaar by February 1 on the
ACGIH® website (acgih orglsciancaldv-bei-guidet putd
cations-and-datalunder i}, in the Annua! Reports of the Commilises on
TLVs® and BEIs®, and keler in the annual TLVS® end 2E15® book In addion,
lhe Under Study Islis updatas by utlv 31inta ate:

« Tizr 1 entnss indicate whl
move forvard 35 an NI
in the devstopment procs:
Tier 2 consists of thoss ¢t
not mave forvzand bul val 2
Sludy list far the rexl yaar

crerizal sudstar o
{IE 17 the upcom

b subslanzes

The 3ubstancas and issuc!
dzle, please refer to the ACG
Hl <

o
 websie |
pul Jcalafund

Sud

Chemical Substances

Acrylamide Elhylena '
Acrylonilrile Ethylens 3i.c
Adipales Haplane

Arsenic Izding

Alrazing Metryleyclerevans
Benzene Nicoline

Bisphenol & Nitrobenze

Butadiene Phthalales En2;
Copper Platinum

3.3-Dichorstenziding
DMathyihery! adipate
Di{2-ethyihendiohthalate (D5 1F)
Dimelhyaceizmide

2022
Threshold Limit Values
for Physical Agents
in the
Work Environment
Adopted by ACGIH®
with Intended Changes
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105 — Irkoduction

jons [2r the cherical s nce in gueslion,
15 3re devoloped nmities conzersus through an rzlysis and
svaluation precass The arared scwnlifc criznia zre psliic far each
BEI® car b= found in (e Sacumantation nf the Thrashold | imit and
Brological Exposure Indizzs The principal mainal evalualzd by e BEI?
Corrrrinze ircludzs pa=rraveved publ czla taken from thz adrke
(is., field studiss), data from canlollzd exposure swdies, and from ap,
prate tox cokinalic meceing when availabie, The resulls of anmal ra
are alsc censiderad when -elavant. The Cocumantation pravid
background wismalion ara the scienlific r2asaning usad in estabishing each
BEI®. Informstion given incluces the analytical mathods, possible potenual for
confounding exp specmen colleck dalions, limialiens, as
veall as slhar essantial inforrztion, specilic for e3zh compound and analyle.

In rzcommanding a BEI?, ACGIH® cansic her putlehed dala ars
of reasanatle qualiy and may also consider unpublished dala i 3 comolete
copy of the dalaireport 15 ptovided to ACGIHE, Howaver. unpublisned gata are
never usd a5 the pnmary bas.s for 5 BEI®, althcugh il may provids a secondsry
support. Therz are numerous instances when analytical lachniques are avaiable

for the of a Liological d but published infzrmatian is
latle >r nad: 10 dzlerinine a BEI. Tne data nesdad tc eslzbhsh a

BEI® includa comprehensive assessmenl of iofal exposure and/or heaiin

Therzlore, coa heailh p arg of zged lo accurmula

repert brological moniloring data logether with exposure and health data.
Relalionship of BEIs® to TLYs®

BEI® datamuinanls are an index of an mdividual's uplake ¢f a chemical
by all routzs In some cases they correspont to the TLY® as a ‘safe’ level
wilhou! r2ported health 2ftzcls In olher cases they may reflzct lhe highest 5%
of tevels se2n in the gensral pepulation. In addition, some BEIS® are withou! a
numerical vzlue andior providz only qualilalive eslimales of exposure, Thase
indizes 3re uzaful 1o confinn that an expozws 0 3 5 gont i aocuiring
The basis of each BEI® is provded in the Documentalion. A mentanng
deteming tre TLVY indicales the polential innalation exposure of an rdniduzl
ar group. The intzmal dose for individusls wittun a viorkgroup may be different
for a varigly of reasons, scme of which are indicated balow:

» Exposure by roules other‘than inhalation, usually dermal, is often a
major reasen vy lhere is less Ihan perfect concordance behveen air
sampling and biological moniloring. This is often the strongest
argument for doing Siological moniloring
Physiological makeup and heallh slalus of lhe worker, such as body
buid, diel (waler and fat intake), metabalism, body fluid compasition,
age, gender. pregnancy, madication, and disease slale
Ozcupational expesure factors, such as the yvork-rale intensily and
duration, temperature and humidity, co-exposure o other chemicals,
and sther work faclors.

Nonaccupalional exposure faclors, such as commurnty and homs air
pollution, waler and f20d componenis, personal hygizne, smoking,
alcohol and drug inlaie, exposure to household products or 2xposure

108 — Introstuction

Crealinine concenlration: ~ >0J3glLand<30glL
or
Specific gravity: > 1.010and < 1.030

Specimens falling oulside 2ilher of these ranges should be discarded and
anothar specimen should be collected when possible.

Same BEIs? for d if whose jon is dependenl an uring
oulpul arz d relative lo ini fon For ofher delermi-
nanis such as those excreled by diffusion inlo the renal lubules, corraction
for urine outpul is nat appropriale. In general, the best correction melhad is
chemical-specilic, but reszarch data sufficient lo idenlify the best mathad
may nol be available, When the field dala are only available as adjusled for
crealinine, the BEI® will conlinuz 12 be expressed relalive lo creatinine in other

i no ion is ract and the BEI® will be axpressed
as concenlration in urine {e.g., ug/L).

Notations
“g" = Background

The delenminant may be presenl in biolegical specimens collecled from
subjects who have not been i exposed, at a i
thal could affect interpretalion of (he result. A "B" notation is assigned to a
delerminanl when Ihe observed 951n percenlite valus of a random sample,
from nalional populalion studiss, such as the NHANES surveys, is more than
20% of the BEI®. When general population dala are ot available bo make this
assessmenl, the BEI? Commitze may assign a "B" notalion based on its
interpretation of the available dala in he scieniific literalure. In lhis case, the
rationale for lhe notalion is provided in lhe Documentation for Iha particular
Index, Such background concentrations are incerporaled in the BE? valuz,

“Nq" = Nonquanlitative

Biological iloring should be idersd for this oound based on
the review, however, a specific BEI® could not be determinad duz lo insuffi-
cienl data.

“Ns" =Nonspecific

The deferminant is nonspecific, since it is 2lso observed after exposure 1o
other chemicals

“Sq" = Semi-quaniilative

The biological delemminant is an indicator of exposure to the chemical, bt
{he guantilative interpretalion of he measurement is ambiguous. Thesz deter-
minanls sheuld be used as a scrsening lest Il a quantitative test is not praclical
or as a confimatory lest if Ins quantitative lest s not specific and Ihe ongin of
the delerminant is in question,

alreductisn — 107

m hobbizs or e ancl kotanz
23l factors waicn inel spzotren cantaminalior =

fing colleclion ard slorage and bias of lhe sek

sl the arr monitarirg devicz in r2lation o the wezrker's

noution and Jeavaiabibly.
2n:2ss of personal prol2ctve davices.

Varnizblz ¢

TLVS® and
or each parlicular

I s mmpariant 1at Ihe reader consurt the Documental:
SEis to undersiand tha importance of zach of hese fact
3_]3:'1'..

Specimen Collection

se thz carzentration of some deferminan's can shangs rapidly
men ool ecizn ime (sampling ing) 15 very impo and musi bz
! ed and recarded carsfully. The sempling time is speciied in the BER
203 15 detenrnzd ay the duralion of ratenlion of the dstsminzn:, modified in
o2 cas3s by prazteaily {for sxamze i the peak 12 xpecied sevard
V¥ Jrs after th cf 2 shift). Subsianzes and detamminants (hal accumulate
may "ot reguire 3 fic sampling lme. An explanalicn of lhz BEI? sampling

is as lollows:

Sampling Time Recommended Collectinu

! Foorte shi®y 18 hours zfler exposinre ceases, but tefore any
expasure ¢n sampling day

2 Paorte last shii Prior lo lasl shift of a workws2k

3 I'erzase dunag shift Requires pre- and post-shift sample colleclion

1. Suring shid Anytimz after wo hours of exposure

3, £nd of shift As s00n 35 possble allsr exposure czases

5 Erd of the wikszek Aler four or fivs consecutvz working days vath
2Xposurs

7. Discretonaryol Criical Al any ime

*These determinanis have long hafdves and their levels may take weeks,
months of years afler a worker firsl bagirs Lheir job 1o approach steady
siale and be comparable o the BE. Health professionals should note thal
If sequential samples lakan eary in a worker's exposure career show a
marked increasn, xp huation might b developing and must be
addressed desps the valuas being below tha BEI®,

Urine Specimen Acceptability

Urine specimens that ans highly diute or highly concentratad zrc genaraly
rcl_ sulhble for bromandoring. The Word Health Crganization has adopled
‘;g:::m {without refarence) for accaplable limils on wine specimens as

Intreduction — 109

“Pop” = Population based

“Pap” indices ar2 assigned when lhare are insufficien data lo establish a
nemencal BEI® bul where there are sufficient dala on background levels in the
gereral population. “Pop” values can be based on the 95t percentle of large
sludies of the general pepulation, like the NHANES surveys by the CDC, or
they can bz based on r ionally exposad populalions rom the scienlil-
ic lierature

“Pap” values are not heallh-based and are intended to give the health
orcfessional guidance regarding exp thal are likely to b2 accupational
and not from Lhe general environment. A measurement al or above a “Pop”
level will have 2 high probability of resulling ltom an cocupational exposure,

Quality Assurance

Each aspect of bialogical iloring should be d within an
sifaclive quality assurance (QA) program The appropriale speciman must be
soflecled al 1hz proper time, withoul conlamination or loss, utilizing a suitable
sonlainer. Danor identification, time of exposure, source of exposure, and the
sampling lime must bz racorded. The analytical method used by the laboratory
musl have Ihe accuracy, sensilivily, and specificity needed lo produce resulls
cansistent with the BEI® Appropriate quality conlrol specimens shoufd be
included in the analysis, and the labaratory musl [ollovws routine quality control
rules. Vhenever possible, the laboralory should parlicipale in an exlemal profi-
ciency pregram,

The occupational health professional may also provide knoen challenge
samples to Ine laboratory along with worker specimens {e.g., blanks, pur-
chased spaci ining the or split speci ). These
challenges will engble the occupalional health professional o assess the
ablity fo process, analyzs, and report resulls propery, and lo have cenfiderce
n their ability to esimale exposure.

The most effeclve means for conlraliing laboralory quality is through an
exlemal QA/QC program

Application of BEIs®

BEIs® are intended as guidelines lo be used in lhe evaluation of polenlial
nalth hazards in the praclice of occupalional hygiene. BEIs® do nol indicalz a
sharp disti betvieen dous and’nonhazard! P Far exam-
ple, it is possible for an individual's deteminant concentration (o exceed the
BEI® viithout incurting an i health risk. If in speci
oblained from a worker on different occasions exceed the BEP, the cause
of the excessive vzlue should be invesligalzd and aclion laken to reduce the
exposure. An igalion is also d i in speci
cbtained itom a group of warkers at the same werkplace and workshifl exceed
the BEI®, il is desirable thal relavant informalion an relaled operations in the

workplace be recorded,
Due lo the vanable nature of ions in biological specimens,
administralive action should not be nomally based on a single result, bul on
of mulliple ings, of an analysis of a rzpeat specimen
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INTRODUCT!ON TO THE BIOLOGICAL EXPOSURE INDICES

@iologeal monttoring crovides an imoartart means lo assess exposure
and heal:h risk 10 workers | entails measuremanl of a chernizal detzminant
in the oiclagcal media of lhose sxposed and 15 an indicalor of the uplake of
a sunsianca. Biclgica! Exposure Indices (BEIs®) are guidance values for
vyl ng vologeal montaring resulls. BEIs® generally represent the levels of
dea minznts (hat are mosl likely Lo be observed in specimens collecled from
hesilny workers #ho Rave been exposed to chamicals to the same sxient as
workars wih inhalatien expasure at the Thresheld Limit Value-Time-Weighled
Average {TLY-TWA). Howaver, (hers are BEIs® for chemicals lor which lhe
TLYs® are based on ptoudm agalnsl nonsystemic eﬂecls {e g., imitalion or

respiratory @ if) whee b is desirable because of
mwhwmﬁmmmm«d route of entry (usually
the skan). There are aisg BEls® that betlar predict health effects than ai levels
and finally, BEIS® thal are based on tha levels in the emvironmentady expased
popuiaton The BEI gereraly indicates a concentralion below which nearly
al wackess shodd nod espanance adverse heath effects. The BE® delemi-
nant can be the chemical tseli; one or more metaboliles; or a characleristic,
reversitle bochemical change induced by Lhe chemical. The spacimens used
for BEIs™ ars unne, vload, ar exhaled air, The BEIS® are nol intended for use
as 2reasute o adverse effects or for diagnosis cf occupational iliness.

Sictogicai monitoring san assist the accupational heallh professional
{ccsunalionat and indusiral hygienists, ozcupalional physicians and nurses,
21t} W delennine absonplion via e skin ur gastraintestinal system, in addilion
to thal by uihalalion. assass body burden; reconstruct past exposure; delect
nanoccupational exposurss among warkers; lest the efficacy of personal pro-
tecive equipment and snginezring conliols; and monitor work praclices,

Jiological monitanng servas as a complemznt lo exposure assessmenl by
air samplng 2nd medica| surveilance, The existence of a BEI? does not indi-
caie 2 need lo conduc! bezkogeai monitoring. Cerducling, designing, and infer-
prehng bc‘aglcal mcmlmm protocols and lhe sppication of he BEI® require

in i heallh and 1o the current
edllnn of Ine Cocamentation of the Threshold Limit Values and Biological
Exposure Indices (ACGIHY)

Editcrs nole: The appioximale year thal the cumment Documentation was
lzst substanlially reviewed and, where necessary, updated may be found
foliovarg the CAS number for each of the adopled enlries in Lhe alphabetical
listing, € 9., Acelone [67-64-1) (2014). The reader is advised fo refer to lhe
“BEI® Chrenalogy” section in each Decumentation for a briaf history of the
BEI® recommendations and nolations.

Documentation

ILis 2ssential hat tha user consull the speaiic BEI® Documentalion befora
designing biclogical monianng prolocols and intarpreling BEIS? for a specrﬁc
agenl. The D for each compaund containg the exciali
thal 15 only discussed in general in this 'nireduction, In adeiton, each BEI®
Documentation riow provides a chronology lhal traces all BEI® rscommended
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boued ir Ik cznge of 35-32
lubricaters 23, of solven: mxl

ecls

cix €, YWhen 1z midure
meh lhere is 2 LYV and
4~ those specifiz valuss
ble 1). When the mixlure
should be ulilzed rather

are should b2 hand e azcording to
ble am>unl of a componal
TLYZ resuhs in a lower GGY.
lo ke RCP {see column 5,
red 3 ungue TLV® Ihal v
‘ound in 2us appzndix

Zleulated GGY TWA g, Should bs handled
d in the Inrzdection to the TLYs? (see Peak

when [Fg u32 o
should be 2nlered
llself has azan

The -zeprecal calculation misiure fomula s

o 1
GGV i

et
GGr, GGV,
where
GGVY,,u,, = the celculated 8-nour TWA-OEL ‘or he mixture
GG, = e guidance value for TLY®) for group (or component) a
F, = the liquid mass fraction af group {or component) &in the
hydrocarbon mixiure {value batween 01}
GGV, = Ih guidance value {or TLY®) for ikz n'™ group (or campanenl)
F, = thzliquid mass fraction nf th= o group {or eampanenl) in the
hydrocarbor mixture (value between 0-1}

Tha resulling GGV, Ehould idanlify tha zource of GGVE usad i lhe
calculalion & , column Bar C).

The resuliing calculaled GGV, - veluz shzidd follow established recom-
mendatians r2garding sourding For calculatd vidues < 100 mgimd. rouna o
the nearast 23. For caleulated valuss between 100 and 600 mgim?, round lc
Ihe nearesf 50, and for calculaled valuss > 800 mg/m?, round to the naarest
200 mgim?,

Limitations

1. The racipracal formula requres ihal the composttion of the mixture be charac-
terized al leas io he detail of mass percent of e groupsfcompounds found
in Table 1.

2, Additona! care should be wiiized for solvent components thal havz unique
loxicological properlies and have individual TLVs® significanily less thsn
tha GGY lo which lhey wauld belong. These are marked wilh an astetisk in
Tabls 1{.g., n-liexane). Whznaver present in the mixlure, these componenis
should be idenlified and sampled individually lo assure exposures are below
the TLV2,

3. Carem the use of GGV/RI/F shauld be observed whete (he mixlure in ques-
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lion is knowm lo have signifizant loxicokineli inleracfions of that
are manifesled at or betow GGV levels,

4, The use of the reciprazal lormula should be restricted Lo applications whare
lhe boiling poins of Ihe solvents i the mixlure are refalively narow, within a
range of less lhan 45°C (i.e, vapor pressure wilhin approximately ane order
of magnitude). The procedurs should not be usad in situations whete the liq-
uid composition is significanlly dilferent from the vapor composition, Il these
cordilions cannot be mel, he reciprocal formula can be uliized by subsi-
tuling Fy, in the equalion wilh lhe vapar mass fraction for each group (n) in
the hydrocarban mixlure, based on siluation-spacific aitbome concentration
measurmants,

5. The groip guidance values apply only lo vapors and do not apply lo misls
ar azrosofs. The GGVIRMF procedure does not apply lo mixiures containing
alzfins or other ds or carci ic polycyclic aromalic
hydrocarbons (PAHs),

. The GGYVIRCP procedure does not apply to benzene. Benzene is nol typical-
ly found in he liquid phase of refined hydrocarbon solvenis above 0.01% wiv
buln any case should bz monilored separately 1 assure thal atbema con-
cenlralions are nol being exceadzd (McHee el al, 2005; Hollins et ai,, 2013),

Example

@

A solvenl containing Iha following mass composition is maiched valh the
apprepriate group guidance value:

Group Guidance

Coulponent Pereent by weight Value (my/m!)
C7-C8 alkancs 45% 1500
cycloatkanzs
CY=C10 alkanes 0% 1200
cycloalkanes
C7-C8 womatics W 200
Toluene 6% 75

Based on Column B, Tablz 1 (McKee et al., 2005), the GGViy,gye Would bo:

by 1 __ 1.

O =T = e,
1500 1200 2200 75
= 531 {rounded (o 550 mg/m?)

Toluzns (parl of the aromatic C7, 8 fraclion) is added as a TLV® rather ihan
a GGV since il rakes a difference in (he resuling GGY- ,; y,.

References

European Cealrz for Ecotoxizalogy and Toxisclogy of Chemicals (ECETOC):
Occupztional 2xposure fimiis for hydrotarbon soivents. Special Resorl Ha 12;
Brussals Belgum (1997).

Farmes TH Cccupaiiorial hygizne limils for hydracarban solvenlz. Apy Occup Hyg
46 237-242{1535).
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Industrial Ventilation
*The World's BestFiv Coursel” D () 2 2

February 28-March 4 | Aprifd-8 | October 17-21
Chicago, IL

This hands-cn course, taughl by world renowned industrial ventilation
experts, covers both basic and advanced lopics relaled lo industrial

lation and related cafculati dents will leave the FIV cours2
wilh exlensive knowledge on:

+ The behavior of air and chemical contaminanls in lhe air

+ Industnal process exhausl system design (including ACGIH
calculation methods)

< Niake-up and supply air ventilation systems

+ Dilution ventilation systems

> Seleclion and design of exhaust hoods, ducts, and fittings

+  Fans and air cleaners (including Fan |.aws)

= Trotibleshooting and testing of exisling systems

*  Hands-ontesting and measuremenls

¢ Calculation and pproaches relaled 1o
airborne contaminanla

* TLY and TWA

+  OA for dilution, fans, syslem lesling, sound and naise, heat slress,
radialion, ventitalion, slatistics, chemislry, etc.

« A calculations lab in which parlicipants work in a leam enviranmsnt

Space is limited. Regisier today!
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APPENDIX H: Reciprocal Calculation Method for Certain
Refined Hydrocarbon Solvent Vapor Mixtures

Ths reciprocal caloulation presedurs (RC2) 15 a mathed ior danving accu-
pational expasure imils {OELs) for certain rafined hydrozarton sclvents based
an Inarr bult composilion Relmed hydrocarbon salvents often are lund as mix-
\uras craaied by distiflation cf petroleurs il over a particular boing -ange. Thase:
mixlures may consist of up to 200 comgonanis censisling of atchslic {slkane),
cycloaliphalic (cycloalkane) and aromate hydrozarbons ranging from 5 to 15
carbens

The geal of the TLV-CS Commilies is lo recemmend TLVs® fer alt subslanc-
es where lhere is evidence of heallh effecls af zrbome concenlralions sncoun-
{ered n the workplace. Whsn a sufficien! body o° 2vdence exsls for a particular
substznce or mixture. a TLY® s established. Rowaver, hydrocarban sovenls are
cften complex and variable n compositon. Tha vs2 of the midwre lomuta, found
in Appanci E: Threshold L Values for dificull 12 apply n such
cases boeuse nese pel miskures contin a large nunier of unigue com-
pounds. many of which do nol nave a TLY® recommandation. Tnia RCP does
not ry TLVs® bul ralher calculates a guidancs CEL (e. , GGV yray-) Dased
on b composilion of a spacilic somplex nukture,

Tnere ars byo aspac's of tha RCP -- tha melnedolagy and the group guid-
ance valuss (GGYs). The mathodology is based on the sp=cial case formuia
found in pre-2004 versions of the Mixture Appantix n TLVs? ano BEI® Based
an the Documuniation of ie Thiesfivkd Lil Yaluzs fur Cliinical Substances
and Fryzeal Agents snd S2yea! Exposure indicss. The RCP faimulz calou-
lalzs & smigue OEL based on the mass compesiion of the mius s GGVs
apphicatle, substance-speciic TLYSE
wdance vauet ae calegorized base
al concarns, Sevaral endlies {both brads croups and
as) I dooted group cuidance vates ' uil2o th the rooy
formuta [RAF) (Facner, 1995, UKHSE, 2000, MHee el al, 2005). Teo oxam:
s of puthshed GGVs a2 found in Tablz 1, A mixture-speods tme-wesght-
averzge Lmit {GOV-TWAL,,.) is caloulstzd based on the mass percent
makeva of the designaled groups wllizing the reciprocal mixturs f2amule and
tha GGVs from column B or © and TLY® values far ke substances o cchon D
found 12 Tadle 1.
considers ths mettiod lo be applisable for mlxluv=s if e toxic
ingividual consbluenls are additive (i eifecl on
the s2mz 1argel ongan or system). The principal exicological effzcls of hydro-
carban solvenl constiivents a2 acule central ne-vous systein (CNS) cepression
(characlerised by efacls ranging from dizzness and drowsiness ‘o anesthesia),
eye, and respiratory lcaclitation (McKes et al, 2005; ECETOC 1997},

Application

The RC? 1s a spesia use gpplication. It appiies only to hydrocarbon sol-
vants cortaining saluratad abphatics (nommzl iso-alkanes anc cycloakkanes)
2nd 37orics with 2 carhan numbar of G o Gy denved from patreiaum snd
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Common Latin

Poutera
seroberfing

s afica
Myracarnus fa
Cedra hyant
Jugians olanchens
Caik2rgia el
Lizspryos crassicra
Cazssaipina
Daltergia stevanson
Chicraphora 21
B

Keloz
Lirbz
Manogany
Fakore
MansouzBats
MNara FlarsCarnus It
Cbecheelrean napizrSamaa Troiociuton s
Chums

Palisancenliaziiar

coseweod,  Daberganigrz

Tulip viord -akaranda
Paumarm Baifaurodendres: redelianum
Ramin Ganystylis bancens
Soapbark cusl Cuilizja saponara
Spindlz tres wccd ELONYAILS EUropaSys

Tangany:ks aning's

APPENDIX E: Threshold Limit Values for Mixtures

tAosl Ihr=sha'e it values are davelped for a single chemical substance.
Hawsver, lhz watk 2nvitanment is 021 composed of mulliple shemical EApO-
sures balh sim: usly and sequanually. ILis recommendad that multiple
exposures thal compes= such work environments be examinad to assure thal
workars do rol exporerce hanne edecls, . -

There are several possible modos of chunicall;mmm irﬁera:lm;
Additivity occurs when the combined biological effect of the component
equal to the mdmamwgmm.wmmu
combined effect i greater than the sum of each agent. Antagonism oceurs
«hen Ihe combinss efect s |23s. ) .

The ganeral ACGIH® mixture fommula applies (o the addilve model. Itis
ullhizad whan addional proleclion is recded to account for this combined effect

The guidance contained in this Appendix does not
apply to subslances in mixed phases.
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Application of the Additive Mixture Formula

Sasis” colum found in |he tabl2 of Adopted Valuos isis the
%s) upen whick the TLV® s based. This column is a ressurce
2'p zlerl the jeader 1o lhe additive poszibliies in a chamicai niklure
ani the need to reduce the combined TLV® af he individual comporents. Note
el the enlumn does not il he dakstedous efiects of the agenl, bul ralher,
Iists only the adverse effecl(s) upen which the threshcld imil was bzsed, The
an. Gozumtentstion of the TLVs® and BEIS® should be consulled fzr (oxic
famnanien, which may 02 af use when assessing mixture expesures
nzn two cf more hazzrd: hava 2 similar ezical effect
an (ne s3m= targel organ or syslzm, thsir combined effect, ralhar than that of
aither cdwidually, should b2 given primary consideralion, In the ansence of
formaan ta lhe conbary, diferant substances should be considerad 2s zdd -

tv2 where the health sffact and sargal organ or sysiem 1s the same.
Tralis, o tae surn of
Ol iele e
T T2 Tn

excezds unty, the Lhreshold limit of ihe mixture sheuld be considersd as being
C, indicates {he observed atmosnhanz concenlration and T,
rending Lhreshold mil; se2 example) Nl is essenlial thal the almo-
sphare 1s analyzed boih qualizively and q ively for each conpene
presenl i order to evaluals the threshold limil of bz imixlura,

Thz zddiiwe formula agplies to simullaneous expcsure for hazardous
agants vilh TWA, STEL, and Celing values. Thz thrsshold limi; value time
inflerval base (TWA, STEL, and Celing) should be consistent whers possibla,
When agents with the same ludeological effect do not have a comesponding
TLV® tyze, use of mixed tveshold fmit value types may be wamanted. Tabla
E-1 hisls possiblz combinatiens of ihreshold fimits or tha additve mixiure for-
mula, Multiple calculations may be necessary.

‘Where 2 subslance wilh a STEL ar Cailing limil is mixed wilh a subslance
with a TLY-TWA but na STEL, comparison of Ihe short-term fimil vith Ine
&pplicalle peak exposure may be appropriale. The maximum peak exposure
is defined 3s a value five limes ths TLY-TWA limit The amended formula
would be

TABLL E-1. Possible Combinations of Threshold Limits When
Applying the Additive Misiure Formula

Full Shift or

Short Term Agent A Agent b
lull Shin TLV-TWA TLV-TWA
Iull Shifc wa TLV-Ceiling

Shart Tenn B TLV-STEL
Shurt Ferm 1LV—Ceiling TLV—Cciling
Short e Peak exposure where I'LV—Ceiling vr

there is no STEL TLV-STEL
(Stimes TLV-TWA valuc)
Shon Teom TLV-STEL TLV=Ceiling

C‘_ + _02_. <9
Tsm (T)O)
where: Tygrp =the TLV-STEL
Ty = the TLV-TWA of lhe agenl with no STEL

The addifvo model also appies to consacutive exposures of agents fat
mmaﬁmmmmmmm-nmw
STELs o peak exposure fimits) should generaty be handied the same as if
mmﬂmmmmmw»umth
STELs and peak exposure limis s indicated in ha *ntoduction Yo Chemical
Substances.” The formula doss nol apply to consaculive exposures of TLV-

s,

Limitations and Speclal Cases

Exoeptions to the above ruke may bo made when there is a good reason
o beliave that the chief effects of the different harmful sgents are nol addifve,
mmmmmuwmbmmmm
agan is the same for the compenants. This can also ccowr when the madue
interacton causes inhdbition of the toc efisct I such casee, (he threshold
mmbewmmammmmdmm{c‘n,
o CyfTy, olc:) itself has & value excesding undty,

Anather excephion occurs when mixures a suspectsd 0 have a syner-
p&ehﬁhmﬁhmmmwmmmaﬂﬁm
protecon. Such cases al present must be delenmined indviduzlly. Pok
effects of axposura o such agents by routes olher than hal of inhalation e
also possitle, P s charackaristically exhibied at high :
bass probably al low. For siluations involving synergistic effects, § may be
passble to use a modified addiive formula that providss addiional protection
by incorporating a synergy factor. Such treatment of the TLVS® should be used
with caution, as the tative i i isiic effects is
sparse,

Care must ba considered for mixt ining cartinogens in calogork
A1, A2, or A3. Regardiess of appication of the mixiure formeda, exposure b
mixhues containing carcinogens shoud be avoided or maintained as low as
posshin, Sea Appendic A
The additive formula applies lo mixiures with a reasonable number of
agents, [Ls nol appbzable to compler. mixtures with many components {s.g,
gasoline, diesel ehausl, thermal dacompostion products, fly ash, el.).

Example

A worker's aftbome expoaure lo solvents was monitored for a full shift as
well as one shorl4em exposure, The restlts are presanted in Table E-2.

Appendices — 89
TADLE E-2. Example Results
Full-Shift Results  Short-Term Results

Agent (TLV-TWA) (TLV=STEL)
Ty Acctone B0 ppm 325 ppm
(250 ppmy) (500 ppm)
2) Cyclohexanone 2 ppm 7.5 ppm
(20 ppmy (50 ppm)
3) Methyl ethyl 90 ppm 220 ppm
ketone (200 ppm) (300 ppm)

According fo the Documentation of the TLVs® and BEIs®, all three sub-
slances indicate imilation effects on the respiralory system and thus would be
considered additive. Acelone and methyl ethy! ketons exhibit central nervous
system effects.

Full-shifl analysis would utiize the formua:

9, %, 8,
T T; T3~

thus,
B, 2y B gme010+045-007
250 )

The full-shift mixture limit & not exceedad,
Short-term enalysis would uliize the formula:

G, 6 G

—

Tisee  Tesm Tasm

thus,
3 I8 2 01540732153
500 50 300

The shorterm mixiure fimil & exceeded.

APPENDIX F: Minimal Oxygen Content

Adequale oxygen delivery bo the tissues is necessary for sustaining fife
and depends on 1) the leve! of axygen in inspired air, 2) the presanca o

of awygen binding 1o hemagiobin (oxy-hamoglobin dissociaion curve), 5) the
mmmmwmmm.r«mmanm@
discussion, onty the affects of decreasing the smound of ceeygen in inspired air
me

The brain and myocandum an the most sensifve Essues b oxygen defi-
ciency. The iniial of oxygen deficency are | d
increased cardiac outpul, and faligua. Other symplors that may develop
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pessiole “or A1 carcinogers TLVE and for A2 a
waorker 2x0sr2 by alf roules sheuid be carefully s
possible beliyr iha TLV® as mcicated by (he {L) endn

APPENDIX B: Particies (insoluble or poorly soluble)
Not Otherwise Specified (PNOS)

TLVO-CS Cammitee is lo recemirens TLVS®
tiere is evidence of heelth effects at zitome concerta:
zncounlerea n the workplace. Whan a sufficien: becy of evicenca 2x,
particular subsiance, @ TLY® is established. Thus, by J2findon *he
s covered sy this recommendation are those ior vhich ilte aaia exs:
recommendaion 3 the end of this Appendix is supgied as a gucelre
nzcause il is not possible to meel the stzrdard level o
used lo assign & TLVO I addibon, Iha PNOS TLY2 znd its oreds:
been misusec m Ihe pasl and applied o any unlistee pa'l cies rat
meeling the zriteria lisled below. The lecommendatizas 1 this A
{o particles (a3l

« Do nol hav= an applicabls TLY:

+  Are inscluble or poorly solublz in waler {or, prsfzratly, in aqusces Ly
Muid 'f data are available); and

+  Havelow taxicily (i.e , are not cyloloxic, genoloxe af sthensdse chem caily
reaclive valli lung bissue, and do nol emil ionizing radialion czuss immure

of cefning tion
st e ha of concein
€ irasiton which shold represent

zre 2} the mass corcartralon witnmn 1zt si
e TLVE

The Pzricle Size-Seleclive TLVSY (73
forms’

5-TLs) are 2xoesszd i lhree

thosz maerials Ihal are
iratory 'ract

) for Inosz matenals that
wzin the lurg siviays and the

E)
3
D,
fry
=2
@
o
©
2
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d anywhare i e
=1 TLVsD (TP
=posiiad anyvete

Thoracic Pariculate

are hazardous vt

g hangz regron
3 Resmlebfﬂ Particulale tiaiter TLYS® {(RPM-TLYs) for Inase matenials (hat

are hazardous when deposiiad in the gas-2ichange region

~

w

a2 three particLlaie mallar fractions destribec above a2
s in accordance with Lhe fallavreg ecuzions (ACG
Sogernoim, 1969):

£ PM liaclion cons:sts of those particles that are caplumt azcording lo
+he following collection efiiciancy regardlzss of samplar ariznlation with
respect o vand diracion:
1Pt (d,) = 05 {1 « exp(-0 06 d,.))
for 0 < €30 < 100 pm

fined in quan-
1385, 1998,

e colleclion effisienzy
= zzrodynamic diameter of particle in um

where;

sensitizalian, nr ~anse tavin effecls cther than by inflammatian or the B 7PM fraclion constsls of those parliclzs thal ars captured sccording lo the
mechanism of “lung overoad”). following colieclion efficiency:
ACGIH? belisves that even bickgically inerl insaluble, or coory salls par TP (d,e) = IPHA {d,5) (1 - F(x)]
fickes may hav adverse effecls and recommends tnat artame conceniizizns where: F{x) = cumdlative prebability function of the slandardized nommal
should be kepl balow 3 mg/m?, respirable particles, and 10 mg/m?, rha atle = vanable, x
particles, unll such time as a TLV?is sat for a paricufar substance.
_ g, )
. . 0 In(z)
APPENDIX C: Particle Size-Selective I naluraloganthm
Sampling Criteria for Airborne Particulate Matter " 1164 pm
- 15
For chamical subslances present in inhaled arr as suspensions cf sofid par- | = C. RPM fraction consiss of those parlicles ihal are caplured aceording o the

icies or droplels the polential hazard depends on particle size as we!l as mass

: i e N following colleclion efficient
concenlralion hecausz of 1} eifsts of pariicle size on te dzposilion sle vathin 9 eney

lhe respiratory Irzc! and 2) Iz tzndency for many occupalional diszases b2 A RPi {d,e) = IPM {dgo) [1 - Fix)
associated with matenial deposilzd in pamcular r=gions of the respiralory liact. shere F(x) = same as iy d=r

ACGIH® has recommanded parﬂcle size-selzctive TLVS® for crysiaiing 1 shere F(xj = same as above, bul with ['=4.25 umand £= 1.5
silica for many years in recognik e 3ation batwesr - The mast signfizan: ditference from prevous definilions s tha increase in
silicasis and respirable mass mmhaim The TLW CS Commitice s El the medion eul pcmlfoc a respirabla m Wﬂwmm A 5 um |°
now re ining other chemical d in particte form in s A0 pm; this is in accord with tha

Furopzan Slandardzaron Commitios umcsv; protocol {|so. 1905; CEM,

84 — Appendices

TABLE 3. Respiruble Fraction
Particle
Acrodynamic
Diameter (jom)

1393). Al this time, no change 15 for the ol
respirable pariicles using a 10-mm nylon cyclone at a flow rate of 1.7 llers par
minute. Two analyses of available dala ndicalz thal the flow rate of 1.7 liters
par minule allows the 10-mm nylon cyclone lo approximale the particulale mal-
ler lion which would be by an ideal respirablz parliculate

Respirable Particulkate
Matter (RPM)
Fraction Collected (%)

sampler as defined herein (Barllsy, 1991; Lid2n and Kenny, 1993). ? 100
Colleclion efficiencies represenlalive of several sizes of parlicles in each of By 2
lhe respeclive mass fraclions are shown in Tables 1, 2, and 3. Documentation 3 3‘;
Tor the respaclive algarithms represenlalive of Ihe lhree mass fractions is found 4 50
in (he literalure {ACGIH®, 1988, 1SO, 1995), 5 0
6 7
TABLE 1. Inhalabke Fraction 72 Ig
Parlicle Inhalable Particulate 8 5
Acrodynamic Matter (I'M) i |
Diamcter (pm) Fruction Collected (%)
o 100 References
1 97 American Conzrencs of Govemmenial irdusinal Hygienists (AC3IME) Patels Sze.
2 94 Setechve Samping m the Woddglace ACSIHD, Cinonnay, 04{1055),
5 87 : Ameeican Coclerence of Governmentsl 'ndusinal Hygiens's (ASGIHD) Paricle Size.
10 72 y Selecivr Samping for Paricuiale Sic Conlamenants, J< Vinzenl {Ed.) ACGIHE,
20 63 Concninal, OH{159).
30 58 Bartiey OL Le 2§ Daull, TLVO.CS Commitee, July 5, 1991,
40 5435 European Stamgxcuston Commitiee (CEM): Size Fraclion: Definitons for Measurement
50 525 of Arberme Particlzs. CEN EN481: 1993, CEM, Brussels {1993),
100 50 Imemanonat Ceganza'en for Standagzaion (IS0}, Ak-Sutlty—Satice See Frazicn
mﬁgﬂ-ﬁ“msm 1507708 1955 150, Geneva {1825)
. e . Kenny LC: Oplimez, of the perioemance of ensing respwable dus! savgers,
TABLE 2. Tlmr::uc Fruction y - Appl Oooup Emdron Hyg B{4j336-31 (1883).
Particle Thuracic Pacticulate Soderholm 5. Frposed mtematonal conventons for patda szase ecive sampling
Acrodynamic Matter (TPM) Ann Cooup Hyg 33 301-320 (1983
Diameter (pin) Fraction Colleeted (%) 2 ~
. o S APPENDIX D: Commercially Important Tree Species
2 94 i Suspected of Inducing Sensitization
4 89 -
6 80.5 | Common Latin
]g % o SOFTWOODS
1 33 s Califomia redenod Sequoia semperarens
T 23 Eastam vhiz cedar Thuga oceideniaks
16 13 S B i Prous
18 9.5 4 Weslem red cedar Thuja plicata
20 6 =
25! 2 1
e HAROWODS
P Ask Fraxinus spp.
o AspenFoglanCottonwoad Populus
Pt Bosdh Fagus

Oak Guercus
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White relafively | mied quantita:ve dala cummently exst with regand o sk
absorption of gases vapors, and liguids by workers, ACGHH® recommend:
that the intagralion of dala from zcuto dermal studies and repeated dos-
Jamal sludies in 3wl and honars, #oeg vith | {me chem el 1
bz absorbad, be usad i deciding on the ascropnatel Skin natatix
In general, avaiaira cata which suggssl Inal Ine po:
lhe hands and farzzrms duiing the worksay could be ¢
cremicals wilh lowar TLYs®, could justfy a Skn notaucr
toazily data, maenzls naving a reiatvely ow comma’ N
kg of body weight of Jass) vaould be grven a Skin nolaton. “When memu,
pemm the skin easdy (i, higher zclanch-vatar partdion coafficients) arc

of systemi i
dennal absorplion may b imporiant in the exoressed ‘cacty. 3 Skin notalar
would ba considered. A Skin nolaticn is nol apolied t. isals thal casse
‘mlation ar corrosiva effects in the absarcs ol systami

Substances havirg a Skin notatizn aro a low TLY™ may cesanl spaze
problems for oparalions invahving high aidbome concsnt alins of the matenzt

under condifions where significant areas of the siin ae exposad

for a long period. Undar s condéons, special preca.turs 1o significanty
.'edun:e or prec\ude skin conlact may bs required
i L should be considered 1o the relative con.

ibulion to the bl m&unswmmefemdmmmmn
mmenids a number of adopled Blological Exposwra Indices (BEIS®) thal prowde
2n additional lool when assessing lhe tolal worker exposure tz select=d maiz
fizls. For addilional infermation refer o Demma! Absorctun o the ‘ntroduic: 1
te Ihe Biological Exposurs Indices, Documentation of ine Bicizgical Expo
Indices (2001), and to Leung and Pauslenbach {19%4). Clher selec
teadings on skin absorplion and the skin nalation :reluse Satorefii (2007
Schneider el al. (2000), Wesler and Mabach (2000) Kennady et al. (1953
Fissrova-Bergerova et al {1990), and Scansstt el al, (1332)

The uze of a Skin notation is intended !0 alert the rszder hai air samplra
alons is insufficient o quaniify exposure accurately and 1t r-casures 12 e
venl significant cuian2cus absorption may be required

References and Selected Reading

Amencan Conference of Govemmental tndusinal Hygienists Datmal absorplicr.
Documentation of Ih2 Biological Expesufe Incees, 7th &3, pp. 21-26. ACGI-*
Cincinnal®, OH (2001}

Fiserova-Bergerova Y, Pierce JT; Droz PO Demnal absorp::
chemicals: Cnlera for sun nolation. Am J Ind Med 17{5) 617 A

Guylon AC: Textbock ¢f Mediczl Physiclogy 8th 2d. W B, Sardsrs Co.. Philadelpmi
PA(1091),

Kenvady Jr GL Brech v, Banerjee AK: Assignmanl of skin efaian for threshoio
wvalyas cheicals based on acule demmal Iaacly. Appl Cocup Snwiren Hyg 8(1) 263

23}
Leung H, Pausienbach DI Techniques for estimating the percanzous absorption -

ehemicals due 1o aczupationai and envircnenéndal exposure App Coeup Eniron =56

9{3):187-197 (1924),

on paszntial of induzt'l
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All pertinent notes relating to the material in the Chemical
Substances section of this book appear in the appendices
for this section or on the inside back cover.
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ADOPTED APPENDICES
APPENDIX A: Carcinogenicity

ACSIH nas been awarz of ths increasing public concem over chamicals
or ndusiral pracasses |hal cause or conlribule fo increased risk of cancer in
workers, o2 sophislicated metnods of bioassay. as well as the use of sophis-
licated mathemalical models that exlrapolate lhe levels of risk among workers,
nave led ' Jii2ring inlemp as to which chemicals or p shoutd
b2 categonzed 25 human careinogens and whal lhe maximum exposurz levels
should be ©hz calegories for carcirogenicity are:

A% — Confemizd Human Carcinogen: Tha aganlis carcinogenic to humans
zas=d on the weigh of ewidence {rom epidemiologic studies,

A2 — Susnacizd Human Csrcinogen: Human dala are accepled as ade-
qué:z n quality bul are condlicling or insufficient to classify Ihe agent
25 a confitmed human zarcinogen; or, the agent is carcincgznic in

nial animals al dose(s), by roule(s) of exposure, al site(s), of

pe(s), cr by mechanism(s) considered relavant lo worker

The A2 is used orimarily when there is imited evidenca ol

sarcines2nicity in humans and sufficient evidence of carcinegenicily

1al animals is supported by mechanistic evidenca of key
nslics of carcincgens that are relevanl to humans

A3 — Donirmed Animal Carcinogen with Unknown Relevance fo Humans:
The agant is carcinogenic n expelimental znimals at a refatively high
desz Dy roule(s) of administralion, at site(s), of histologic type(s), or by
mechamsm{s) thal may not ba refevanl to worker expasure. Avzilable
epizmidlogic studiss do nol confirm an increasad risk of cancer in
erpused humans Avai3ble experimental animal evidence suggesls
mechsnisms andfor dosimatry that the agant is unlikely to cause cancer
in nemans excepl under mpiobable roules of levels of exposure,

A4 — Nof Tlassifiable as a Human Carcinogen: Agents which cause con-
csrn that lhey could be carcinogenic for humans, but which cannol
be assassed conclusively because of alack of human data. /n wilro or
animal sludies do nol provide mechanistic evidence of key characler-
istics of carcinogenicity which are sufficient Lo classily the agent inlo
on2 of thz other categones

A5 — Not S d as a Human Carcinogen: The agenl is nol suspacted
lo be a human carcinagan on the basis of propery conducled epi-
demizlogic studies in humans, These studiss have sufficienlly fong
follzwr-up, raliable exposure histeries, sufficiently high dose, and
adequaie slalislical powver lo conclude Ihat exposure lo the agent
doas nol convey a signiiican! risk of cancer la humans or, the evi-
dance suggeshing a lack of carcinogenicily in experimenlal animals
15 supported by mechanislic data demonstraling a lack of the key
charac*eristics of carcinogznicily.

Nole: Substances for which nc human or experimental animal carcinags-
ticily dala are avaiable and no strong genoloxicity data have been reperlzd are
assigned no carcinogenicty designation,

Exposure to carcinogsns musl be kepl 1o 2 minimum. Worker exposures
fc A1 zaronogans vithou: a TLV® should be elininaied fo lhe fulles: exlen!
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by tha ACGIH® Board of Diroctors. Tha proposals shoukd be onasidesed tial
values during the paricd they are on the NIC. I the Committea neither finds
nor receives any substantive data that change its stiertfic opinion reganding
an NIC TLV®, the Commitiee may then i recommendation o the
ACGIH® Board of Directors for adoption. If the Commitiee finds of receives
substanlive dala that change fis scientific opinion regarding an NIC TLVS,
the Committee may change & recommendation lo lhe ACGIH® Board of
Direclors for the malter o be either retzinad on of withdrawn from the NIC,
Values appaaring 'n parzntheses i the Adopied TLYE seslion are lo b
uszd during Ih posed change lor (hat valus or nolalon
appaars on Nz

Particulaic datarParicle Size

For solid and Fquid parliculale matter, TLVs® are expressed in torms
of "lotal” pariculste matter, except whare the lems inhalable, thoracic, or
respirable parfeulate miatler are wsed. The intent of ACGIH® is (0 replace &1
“iotal" parfoulata TLVS® with inhalabls, thoracic, of respirabla particulale mass
TLVS®. Side-by-side sampling using “total” and inhafable, thorackc, or respi
rable sampling lechniques & ged lo aid in the of curenl
“tolal” particulale TLVs®, Soe Appendix C: Parlicla Size-Selective Sampling
Criteria for Aiboma Particulale Matier, for the definfions of inhalable, thocedic,

and respirable pariiculste maller

Particles (insoluble or poorly solublef Nof Otherwise Specified (PNOS)

There ars meny insoluble aarlles of fovs loxieity for whieh no TLV® has
haan sslablished ACGIRY beligves (hat gven biolcaieally ine+t, insoluble of
poorty solubll parficles may have adversa effects and suggests that aibome
concenlrations should be kept below 3 mg/m?, respirable particles, and
Iﬂnw.mmm,mﬁsmhﬁmmaﬂ\@hmnuamﬁum
subslance. A descripbon of the rafionas for this recommendation and the crile-
ria for substances to which it perains are provided in Appendix B,

TLV# Basis
TLVs® aro derived from publicly avadable information summarized in their
tive D fation. Although adh to Ihe TLV® may prevent
several adverss health effects, it is nol possitle ko fist 21 of them in this book.
The basis on which the values are established wil difirr from agent to ageal
{e.g., protection againat impainment of health may bs a quiding facler for
‘50me, whereas rasonable freadom from Iitation, narcosis, Muisance, of ofher
forms of strass may form the basis for others). Haslh impainments considersd
include those tha shorten life exp y, adversely affect reproduct
funclion of devel 1 promise organ of bssue function, of
impar the capabdity for reststing other i disnase p
mnwmwnunmwﬂﬂwmlwuw
s based. The TLV® Basis column in this book is niended to provide a fisd
fi for symploms of i and as a guide for detamining
whether components of a maxed exposure shoud be considered as acing
indapendently o addiively, Use of the TLV® Basis column is ot a substiule
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and vapor phases, wih each contribuing @ significant porfion of the doss a1
the TLV=TWA concenirafion. The ratio of the Sahurated Vapor Concentraio:
{SVG) to the TLV-TWA is considersd when sesigning the IFV endnole. Trz
7V endnots i typically used for subsiances with an SVC/TLV® raic betwezn
0.1and 10.
phases ko assass from spraying operat; m& “h;‘m
ing tamperature changos thal may affect the physical matler, a
gmmammammammma
shet: such a3 vater-solubl ipounds n high humidity eme
senments (Pernz and Soderhoim, 1691) ¥

Olotoxicant

The designation “0TO" umuwnmwm
highlighis the polental for & chemical fo causa haaing mpaiment alone or iy
combinadion wih norse, even below 85 GBA. The OTO notation is reserved for
chamicais (hat have been shown, fough evidence from animals or humns,
o adversely affect analomical stucire or auditory funclion, mandested 25 a
fty with noise, whereas others

Some 5 appoar o act symerg)

when .
wmmmwmhmnwnmmmmw
Sound,

Referances and Selected Reading

Camzo P, Moaia TC; Hong O: Chamce! exposure and hearirg ioss. Diseast
5:119-128 (2013) )
1102t P, Lisor: D Ztotowdry o folene 2nd styrene: slaiz of cuenl kaoviledge, Cril Rev
Tenbeed 33427170 (2008). . -

Morats rc,w&mmdwmummmmw e
review, verse 2 Hezlih 4(14)15-24 {2032},

Sensitization

The designaions, "DSEN" andlor "RSEN', in the "No'alions” column in the
TLV® and BEIS® book reler b the potsnial for an agent o produce demal
mmwamwﬁ&n%ouﬁﬁﬂmdmﬁﬂmuudhglmdh
SENmﬁonuhnWmedwmeﬂan
by human or snimal data. The DSEN and RSEN notaions do ot imply thal
sonsbizalion s the orte effecton which the TLV® 1 based, nor do they imply
that this offect & 1he sole basss for hal agent's TLV®. f sensfizafion data exsl,
MmmmmmwﬂWhhw

for reading tho Documerdation. Each Documentation 5 2 cnygal come-nent for
pm;umeofm‘mf(smrd to understand tha TLVE bass Ao wisld
the TLV® bases used by 72 Threshold Lima Values ‘or Chasmical Su: slancas
Commities may be found in their Operations Marual online a! a:gd.arg!
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Carcinogenicity

A carcinogen I8 an aganl capable of inducing bamgn o masgnant neo-
plasms. Evidence of carcinogenicily comes fiam epidemiology, taxicolog
and mechanishic shugics. Specific notations Le, A1, AZ A3, Ad, and AS) ae
used by ACGIH® Io define the catagories for cancinogenicity and am sled in
the Notations column. See Appandix A for these categones and defintions and

levance 10 numars r oo

Iahalable Sraciion and Vapor (IFV)

he: Inhalatle Frazhes anc Yope
iicient vapo

-1 a matenal
t saricl=

ssure suck
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N e

TLYs® Ihal are based upon sensilizaian arz m'2a7t 15 pr
induclion of this effect, Thesa TLYs® zre nal inlznd2d (5 protis
wio have already becomz sensibzed

Ir. the waorkplace, resprralory or dermal
may ccour. Similardy, sensitzers nay 2vol
Tha nolation does nol disinguish balveen lizatsin nsokvin
[ The absence of a DSEM or RSEN nauslon docs ret sigrfy tal the
agent lacks (he ability lo produc2 sensiizalan bu: may raflect Ibe paucily or
inconclusivaness of scientitc 2vdence

Sensilizalion often occurs via an immunoicge mechamsm anz skould nol
be confus=d wilh hypetrzaclivity, susczptibiity or sensility, (ntaly, lherz
may be litle or no rescanse to 3 sensitizing agenl Howaver, alle a parsan
is sensiized, subsequent exuosure may cause lense sespons3s aven 2l
lovs exposure concentrations (wsll below the TLY*) Thess reactons may be
life-lhrealening and may have an mmediatz o
have become sensill a parlicular agent m:
lo other agents Lhat have smilar chemizal 5 A reductien 1n exposure
lo the sensitizer and 115 siructural anzlogs ganzrady €aucss the fisquancy or
seventy of reactions among i indwduals, Far soms se individ-
uals, complele avoidance f exposure Lo the senstizer and structural analogs
provides the only means o prevant the speciic irmune response,

Agenis [hat are polznt sarsilizers presznt spaclal probtems 1 the work-
place Respiralory and dzrmal exposures should be significantly reduced
or elminated 1hrough pracess control m2asurzs and parsonal oiclective
equpment, Education and raining (e.g.. r2vizw of polenbial heallh
handing procedures, emsrgency infermalion) ars also necescar
who vor< with knowan sersiizing agents.

For additenal informalion regarding the
\ar aganl, refer to the TLV? Documentation for (v

Shin

DIsures o sensil 7mg agenls
r3sprataty 3t dern I

i

hor potenual of a paricu-
spzeific agenl,

The designalion ‘Skin 1 tha ‘Notations™ coimn refers to the palenlial sig-

nificznt contrbulion o tha overall exposure by 142 culanaous routs, ncluding
nwous membranes and Ihe eyes, by contacl wih vapors, liquids 2nd solids.
Where germal applicaton sludies have shovn absorption thal could cause
syslemic offects foliowing axposure, a Skin roialicn would be censtared. The
Shin notation also alens the irdustrial hycienist thal ovarexposure may cecul
follevarg damal contact wih lquiz and asresals even vien arbome exposures
a2 al or celow the TLYS,
, Skin nolation 15 not applied to chamicals (hal may causs dermal
irdwalion. However, it may zccompany a sensilizer nolation for subslancas
thal euse respiralary sarsilizalion lofloving dzrmal expesure. Allhaugh not
ol d when assigning a Skin rclalion, the industrial hygiemis! should be
gy thal thare are saveral fagtors thal may significanlly enhance polential
st ehseration of a substance that olhenwise has low polanlal for Ihe cutana-
oLs roule of enlry. Carlain vehicles can acl as camiors, and whan orelrealed
on the skin or -nixed wih a substanca can promicle (he wanskzr of the sub-
stang2 o the shin In 24! 1on, Ihe gxisiencs ¢f some cemalolegs: conditions
<an 2lso significanlly affecl ths enlry of substances lhrough e skin o wound,
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2022 ACGIH Webinars Linsup

4C3IH has an exciting fineup of webinars for 2022!
Thase webinars include a wide range of topics such as
wearable devices, respirator fit testing, and pandemic
fac ity risk assessment. ACGIH webinars ar@ iaught
ny DEHS experts and provide you with oppertunities
lo axpand your career depth. Here are some of the
uzcoming webinars in 2022!

January 12 —Risk Assessing Facility Pandemic
Resilience

Jsanuary 26 - Respirafor Fit Testing: Common
Errors and Solutions !
February 9 - How the aqoplson-pf Revision 7 of the
GHS of classificatior-and iabeliing of chemicals in
anada and the US impact your SDSs and Labels
February 23 - Epidemiclogy-Based:/Anansis of
isusculoskeletal Injuries: A Forensic Appreach
flarch 9 - An Overvieww of U.S. Regulations
f>overning Hazardg p
April 6 - Wearable;Sensing |
Safety and Health
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Dimethenarmid-P Nilroglycerin

1 2 Cimethoxyethans Octachloronaphtha'ene
Dimethyl carbamoyl chioride Paralhion

14 Dioxang Perlzborans
Enflurane |

Epchiorohydrin

Elhyl zcrylale ine:
Einyl ether ic acid

Einylene Phisphorus {whis)
Feroxycarb Phosphorus ]
Fentanyl Phihalic anhydride
Fluordes Propane sullona
Fomic Acid dichloride
Furan ¥ (1,20 }
Furfural Savallurzne
Furiuryl alcohol Sodum hypochionte
Germanium letrahydride Sodum sticales
Gram negalve baclerial endaloxins  Stoddard solvent
Hainum and compounds Styrene Oxide
Halgthang Subllisins
I'Igh@m paroxide Tale
2-Hydroy-4-methosrybarze- Terzelmy lead
{oxybenzang) 1,2 3,6-Tetrahydrophlhalic
L i anhydride
Indwum and comgounds Telrzmethyl lead
Isoprene Tin, organic compounds
44nopropyldens dphencl (BPA]  Tekicfos-meth
Lead and incrganic compounds, i P
sl Triclopyr
!M.—;lhiﬁn }rie(hanolamine
. forcd 4 ™
tnzarbomyl Trimellitic anhydnde
el acrylate Uranium and compounds
Methid ethyl katona (2-butanane) Vinylidene chloride
katone (2Hemnone)  Vinylidene fluoride
2 : Welding flumes
manganease tricatbonyl
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Nickel and inorganic compounds,
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Chemical Substances
Acetyl saicyhs azd

Acrolein

Aikyl acrylates

Aisiding

Anlimony and compounds, as Sb

Bensgiﬁde Ceball catgeny! as Co
Benziding Coball hydroearbonyl
Bilenazalz Coppar

Buprofezir Desflurare
13-Buladianz Deacaiyl

Zadmium Oiazinon

Cadmium carbonate Dicambz
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DEFINITIONS AND NOTATIONS

Definitions
Dacumentation

The source publication thal provides the erilical evalustion of the perf-
ol scientfic information and data with reference b Merature sources upon
mmm@ma&ﬂhw.mmammﬂ@m&ﬁ

| Process: An Overview” found 2t the beginning of this book. The
ymmmmnmmwmmwmmmh
jons Manual of the Threshold Limdt Vialues for Chemical Substances
mmmmmmfmwmww

Minimal Oxygen Content

anmﬂmmn&fmﬂmemm
po,mmmmwosmmnnmmwdmﬁ
numnalmhd(iwmoz.&yaﬂmidesmadethemd
mhmmwwmmawdmmm
1987; Mchanus, 1959). Studies of pumonary physiclogy suggest thal the
mMaiambwvﬂeanadmaelevdolwwwsinmw
{alveolar pOs of 6010m) (Siverthom, 2001; Guylon, 1991: NIOSH, 1976}

Smngmﬂm,ﬂmpmﬂhh@hmbmhai,ad
primardy a3 smple asphyxdants, without ofher significant physiol jic effects.
amammwmumigmdaRWani&gw
s the avalable oxygen. Atmaspheres deficiant in O, do ol provide adequate
mwmmm«nmm.wmmm
of this factor in fmifing th tralion of the asphyxiant particulary at elva-
mwmmwmmp@dwmhmmm
w.wm@mmmwm.&ewwu
adopted Appendix F: Minimal Oxygen Content

Nanomalerials

Nanomaterials are obiects that are 100 nm or smaler in one of more
e bt posed of ials, even when agglomeral:
od, may have greater or diferent laxicity than the same substance i fine or
somusmes caled "bulk form. When supporied by the ferature, ACGIH® may
differentiate TLVS® fcr nancmatenals.

Notation

A rolaton is a designation thal appears as 3 companznl of e Ve in
which sgecific information Is Listed in th column devaled to Notations.

Notice of Intended Change (NIC)

The NIC is & fist of actions proposed by the TLV®-CS Commiioe for the
coming year. This Nofica provides an oppartunty for public comment. Values
remain on the NIC for approximately one yoar a*e they have been ralifisd



56 — NIC

Higal = 19€6-1 201 esoydA L

BaUed 'SlaEy3 auahignul

Fue Jongus ¢ Ax [ %428 &Y N3S0 U widd 10° (216 90t aeikacyiau dpdo |
JligdA i3g "iyg i 100 Bz s l9-96-279) Bleqiup 102416 auaAn |
1246 1an 2071 34 wdlg [l
o duabareia) twep ulalsks oidal ey 5 068 £V:usg - wifw o 11-ig22] memipudicegign 2 |
re0-G0L '5 15801 295750
W&l S suanBgleap s
o Fey WAt pp HORGL vy NS0 wdd gg vy s igoamzuny ang L
2wz 0018618
o2y BN W L4 HagEI 243 7 14371 wdd ' [ 15 401} auourbozuag |
LWRL 128 1y s sk g ek 70 0 {z-€p-1 4} suazay |
siseg Al M suofirioN 1a1s VML ['oN syo] eaumsang

SIONVHI UIONILNI 40 350N 2202

42 0421 'LuEP umIsAS 0xias Aew edw!
ano 9 WAl

ool

wian o - s sy )

seed AL Y] SOITION nals [engyal sumsans,

S3ONVHD 0Z0N2LK 40 IHLIN 2T

SR BUAROS) 10 2P SHEDP PUR ‘pHIDY BI NGl X} SPOLIEL ‘BInpacoxd sug Buyarc
L ESNOSp pAnp £ ) (lwAuNicy pApunge . aEaxdsanganoid Seoqodrseaperd : yfiog) GIsnam GHIDTY M UO SSa00ld Waida
W GIINTL GHISIN T O iyt S 60 uLoe@annns @ dnoso BUEOS GHIDDY 91 O 10| AL LI PEPRM) PUE MEG pavaisarpad
|F L) B L1 aouapea Buger 10 pEBdiLIOo: B DINOUS SUotsabENS 10 SIS SES 0oud S68U) Lo JUaLLLC 0} Apurioddd Ue sopiwid eogou S|

R UMPIRI 00

A0S S53G1 L0 YIRS L0; e

) S L] LRI 10 U0 DEGRIA) S8 80
) SR ) 40 SIOKN] 10 PO FHIDDY A O OIEPUMLAL00A) S BELPLD Aeiu BELLIOT 4 'GATL JIN LB uowndo 2y3ua0s sh ebup ley oep
QAN SAA0AL A0 SO BAMIALOT) B 1| UHGM0DE K5) SIEIIC] 0 DIRCR GHIDIOY S 0 UCTRAUSLLALO! S A0.0E LBU AW BAJILLIOT B ‘gATL i
sﬂﬁs_ﬁ.aoai.s#&ssﬁss%éais%?ﬁ.?s!ﬁzﬁuﬁt.gﬁgaz§§§uh.
X1 N B4R LO LSS [ PUR SII0000) 10 PO qHIDONY M) g pOghe aram SESO00X UL u_zmssgjggggﬁg_sgﬁ
PROys sEsodoxd a4 "65en 4oea U] pasodoxd S gA| PaIdope pus Ly ] g | BREIpG [y 10 P S19 U2 52 boguala (g ‘pesodaud 5| anga
3&33s&_.nblw.WSE__E_b__Emﬂpnm?_.nﬁwgﬁﬁﬁ_%ﬁsm?@hmggﬂgﬁniﬁsgﬁ&

S3IONVYHI 03ANILNI 40 IDILON 2202

EE T AT N i S BT

NIC — 69

68 — NIC

uep Suny JEp 14N LR ] urddgy SIALS! e
washs
axdn nﬂeiuﬂw PuRey LERE - - (aangaburcery [ ze-g) weudsoud sane ey
wep
waishs wdas aigws) g pueif vy 9E09E - - (i goo [z-br£85] aicurdsayd tsarcercuny
SI5e@ QAL N suonEioN TaLs WAL ['oN svo] azueigng
SSCHVHD 0Z0RGINI 40 FDUCN 220
4 EP FEREERE
A - .
3 Tk
s
[uruAyt pUz "UoRKIIYU! SS29ISAIMOLD -
'SOa42 Aaup ‘SPAYH JBN] swe ek nEo g g0 11910622 ‘662 8vzz] soudunizioesal L
0ED ‘ssoiqy By o = % 10 Totonn Eagrpa) srostd
wep Aruowyn | s g( SNOLYUAN
uiep Kizuowing ooy = o e e (002 [¢-17 sopl anqied voans 1
UONB{POSEA 13SBISH
IB{NISEAOIDIED ‘253N JBYNISEADHIBI0
sty ueea (el RECE wdd 0o ool ze0 s Io-E4£Zp9) alesuip (0046 auayolg |
vimind|icusyRy "elusuy RO'G0L ¥138 ikl 9261) ¢ 1-229) aleu tdorgu |
sy 4
monew dung Aoy ST ALIXODINYY LB ¥ 'NISQ 1S = b gy (2-pg-26] oupzernouayg |
eiwena Aeuswind uonaty Amiougng 2069 {) [z-26-2692] poe 3 |

Wes reA wep Bunp ' N

194516 02406
mmapdeaigey |

20 00L/BuI ¢ 1
51201 by ung 5 wdd 50° v b8 IZEN S

s1seg gA L

PN SuofizioNy JaLs VML |'oN syo] esumsang

——————————— e

SITNVHI QFINILNI 30 IINON 2202

STahlL




PR

s

ity TORET {9864} 112 0vpe] {eamen) wnein
’ (r10zH6Hr93K )
SAEA ‘£16:421 '3 95-00] sauadraouow
wn fany vy NISQ L wdd 0z Palaatss pue |2 p9 9oog) dunvadin]
B (2407) pAS5® 50D J0 D3LDECE 34
e By - - et Sundued pue |1 RE-Orp wistion,
Sz e dubug {a56t) (993 511 spdsond fuaudy
25,950 u_wm.a;m = (0102} [@ 0] armtisod sanouucuy,
1969 W) R B A Y] Lran 3 g = (6107) [£-95 QL L] duarpopuou-ay'E
QU FSeRISILOYI 1 243 a0zt ‘138 == (5961) lG-cv- 1711 Quydsond yranal,
auazuaq .
Jhgausa4'z | ol , Lalg wﬁa,ww...ﬁ
L edun §hD 6reL il o] wid gL L1 19557) S WG YL
! s 3848 L\ - wad gy wids (r102) i 05 5ol mawmhipausy)
sz diay ZVTAL_ NISH IS et 200 (s s0000 (b0 [2-02-205] 3pradep muainy
e ouck1 aeR S7 167 - = Anbwgno 12651 16-29-1 Gbz] auousuZes SHPAEULGL')
SIStEGALL i suolmoN | N {orep uaneprawnaog) [oN Syo] aduelsang

—_—

SINTA 031400V

g

O R E T
W 1 i 1

" iran - T {005 1 51] BrTGa SR gy
safiuig o 5164 - (gl g oz 111 el oncarpuy

i wdi e arunt W nizhl | gy

g gk LLh7L —_ - prfng

o S0 i wid sz wdd oo :
iAcueg [NAE0 ) i wdd GO0 (5102) i-81-06) auedaxdmoppuL ¢2'y
3UICIOW ‘WP 13 \Sien W - g (9861 [6-5or 171 auateiudesaspuy
sU3S pUeny /IRl v ik 001 D - [55451) e R8-57) AUBGIAWOLONY0.01YI )
e

1390y neklg weRlg) (2002} |9:10'64} 3UAKLIB0KGINL
1 vn ks SHD pEL i = wady) (G4 s 06l eomgemay 71 |
U 14N Y 853 a'igl = w5 - (8251 1128 024 auszuaquoyaul-4'z'|
A = widgp (7102} [6:€0-02] poe anaze0 0L

= oy b g (0202} le 99 26] upopiany
e - o (€162) (52 924 sieusoud oy
- wikd (5661 10-6i-G0t] awpinie) d
s 5120 i = nitly b ehaniitiic]
ssed AL L) SussieiEy 31s WAL {21ep vonmuawnoeg) | op Syo) saueisang

S3N1¥A 0314067

Adopled Values — 85

0 Values — 64

Adop

1053y w6 W By g (aghL) 17 S8 Spunodwed pue | -1g-0rpd] Woivooiz
1383} AU 1A e ~ enewyfwpy nelufui g {£002) Iz £1-pic spmo g
114N 9 141 62'9E1 = ewfiur g (2664) [4-50 O] iy ooty uZz
S50 Wiig 1Y — = (8961 A =2 'spunocuod pue [§-6-Gvp ] wnjmp
BR800 BrlE 38 't s = [ et 1 (2002) 8-€£-00E1) (s1wos) ) auguky
119 B ks ‘A3 0z %l uns wdd g,0'0 9 - (6102) [0-65- v ouwep- 17 audjfy-w
Aupled
aedun gND Hevajdx-d Buwiaued Buieuos sampau
SAINpAW PUE 3u3x-d 1)) Aexao pue suerled o Lo legeoo) ‘Tayro0
4720 TP EE] . = udd oz ‘94 GA 0Z-(ES1| Sawas e ‘auady
= - SISO PoaK U0 1y
= = Inuniem "y ‘Auefioyew 'yang
- - yndq pue yeQ
Apsafiomam)
1 219 1y un) uing s nes (rgwu L seads UC Iy
ensy Y NESY ‘N3sa - wewfugo JEpiad pal uRISaN
W {5107) ssnppaoy
152 AL ] SUBRTION s vl {ojep uaneusuinsog) ['oN Sya] saueisqns
SIN VA 31007
I B ‘B i R I B E R E R B BES
g
auebojess] Bupazig g = (e 190 (8102) fz-19- (8] viprenn
(wafa g Lyn) W (uwdd ooy ) wdd g5} {5564} [ 511052 dudniohon |
Hep v W = w3d g 651 |1 g2-g ] Pownng auspilun
wep 4aupny 3 AN S6'96 by =i wdd ¢ (6661) (5L 52) apuoiud mmpyhug
WED 24 91 il o - wikd 5p'p (£002) l0r2 1 81 duopiosdd 21U N
WEp Jan) U3aED BAT) S0 o - wdy (9661} (520 521 8puony 1iuin
Uep 001 3|t  BRURY 810V £ ung - wid |°p (5551) I5-20-501] 3pon auaagenta iy,
1uep o1rid i djew 9 aews | Bl e o - wid g {5aE 1) D0t ] mearagsnds diny 4
e iaa) e Buny 0624 1y - Wy {eg61) li- 1052 spon v
13008 B 95901 o - widg'p {6661} (209 €Rs! spwoiq jiuap
wakey 10 60°G i wed gy i g (8102 (t-s0-pot] aicraoe
i [41R 1NN RY'I81 o = 4l 570 15002) A %e 1020 171 aprtuad umpeury,
AseAAIL mn suageloy T WL (31ep vapFuawnaog) [‘oN Syo] 2urisang

SENIVA D34dCOY




Acopied Vaues — Y

TLVE-CS

Adopted Vakes

58—

12,31S200YD) 07 0. “i3m wg - T o) (2002} be-6e- L01) secsagdontd gaesal
skl SND i vas [CE] = b o (9664} adse 120094 peaynaesny
winp A 95197 - - b g (z2651) lz59 Sectl ausegycovonppzea)
ez SN RG34 1380 widd 3. wadgg (1002} b 81-221) uvyisasojipnaal,
wep Jan Die 201 0 g o wid) [ e e A
»2Un SN £E0T - - weidgs (007 lozi-al) magaomagi- | OSRPERILE T
redun GND i Aanipyy g 5o €902 xed = wed 001 (p002) 6+ 1°94] AUBLTRO0NYP-Z Z-X0UIBIALZ )1 |
A CWZO0 WING 1) Ly Y k3 orow - - wad g {5102} |9 £2-62] sueuIPoWwONEIAL T ')
2083 % [un - WG 3 e e
= = = B il (easi [o-12:001] proe Syt
UL SBRNEIEOY) G AT e - {a B L0 (2602} [5-66-1 201l soinguaL
DISOUIOUD 971 30wy v - inglanfien | {102} Ie 55 £aEtl soydaiia L
12 1) 1519 - = w230 (2664) AL 58 Ty (3224 prengeeay uena)
{z6a1) e whepdy Fupnpya 3y se S0M)
SSOEH g2l = T SpUNaduC PUe [5-09 b uve
1568 AL fan SUOEION RETH WAL {aiep uopruawnsog) [oN Syal eauersang
SENTA 0aLJCTV
p 'Yy E
- . <=t
- v -
SISO WLnd — Wy - {133) Snisagse oit bu21Lo7)
{0102) (9 96-208v41 3PL
e - 60 I8 9400 1 §v
- BT - ]
- o - 51304 3573 asodsnd |
= o —_ sian| [oom g
iy ] -— S D0 0
i v - SEIJY 00 SR
- L - sAQ) ss0f wawey snonuioe?)
e wy - seq S50 uBiuLy SNonuiuo)
QUi SSERISEI0ND Lres 9138 wumg — (s002) Zrcopetl soodng
Jedw SNI wen = wdigy (7861) [0 6:6692) apviony miing
T [ Wy = 15002) [656-p904) boe Hing
e ey 11 10 § 243 L0901 - = (g1} l-n3 €81l Aneariessl ays
€URBpPA LG 18’74 - = {0202 [£-22-v1 £6) aporyerwad sying
siseg qATL | SuoIRION 318 L (a1ep uonmuown20g) ['oN SY0] BUEISqng
SINTWA O3LdCOY

Ve-C5

,._. EILS3-GHaN "L AaLpN B '13ppelg ‘ak3 sio 138 iy luvg =) wkdz (9661 1-bb-804] nupuryo) -
8 138 'Y (91021290 16 ‘6 b vag] (i
m 17 945 'uny wynd ‘ewyisy SLpLl  IN3SY NISO UmS (W G000 5 40) -§'Z J0 4’7 "MRURAIORYP audNjo)
] s50) faueubaid Y3 waisss odes
T eeuRy eduy Buireay  lensin 'SND W 158 '010 = (0202) [c-98 g04) suaniol,
m BALA-UH3IN J2UED J3pPeq
Uun Aaupny g “Joppei ‘ed3 87217 EY NS = == (2661 12 €6 &1 1) upyoy o
P L3N U4 L8N 09601 w w50 = {0202) 060552 10H S& ‘apuop|egay uminm)y,
Sisou020wnaud 4a |4 052 v = (iUt § 7 sapyed ajeau)y
Sisouooownaud |57 0562 27 e (ugbuiZo Sajayed essouey
: (1207) [2-1g9pc:1] oumxop wmueay ,
Jj2 Bunun g SN
RaSNEU 2aepEal ! 19N § 943 sauep by g swwz o by (9661 ug se ‘spunodiuen awebio {518 opps) il
SR {610z) us se"apo 1y
WPy pue spLpAY bl Bpnpxa 6116912
S{S01U030UN3UY 69911 = =, (qewfwz  '501-26781 spunoduion aueBioul pue (61Ol ulL
Ita aifowal g 1ubiam Apog W 0bZ W N3sa = {pL07) (R g2- 261 wesuL
10 86811 - wddzg9 26
S1Eeg AL Ml suojeioN TS YL
SINWA C3LIO0V
& i o W
B i |
. L S - . -
s g adg aved N35Q UG - wil | (HL0Z) sies puk ||| L4l poe w100k
Giga BSOSty 05°5¢ £¥ N30 = gt (g (0202} [o-ar-eaces] aeapon|
0140 TERIE i = (e | (1102) I565-58) frsanwing un gianaug-y'y
sues g SN 9 PIoAD e s 2L £ ag - mbwzn 5102} [E-6v gast 1 | puskmyy
* salep (0107) 11 52 "spimor
Aedomnau (eisydise ‘wep |9 26902 uyg - puc |{-82-0bpel wiiey)
140 SVigz = - wdwgy (350 [g S any
JEURD L4048 pun g akg el o - wdd S00p (5a61) frd1-605] eumpaungueza)
Inauoa euad|bodiy 029tt ug - (6102} 925 £1ee] shquourons [fewenay
JRAUESND £Ese uys - swpws g (2661} ad s2 {1-v2 62 pes fyisuresa),
50299355 2leyns
92'900 ¥ ‘NS0 - pwfin g winondseyd (AyiawixopAy} siyeaal
[ [1-pg 424 apuono
95051 W NISQ - whwz winoydsoud (pauwixophy) syenay
wep A . {7£07) s1jes wnjuoydsoy nufxomdi(} stenny
m Wrep Aaupny LG SND 140 14N 0'eL 138 'V S wdd oo} wdd gg {5002) (6:66-601) uemyopdyenay
43U
W Aaupiy 9 1an) ‘wep 53y g Aaupiy| 02001 £y - wddg {0002) [€-v4 91 2udipanioryegal
i sised phIL M suojjeion TaLs ML {avep uopeueumaog) o svo] 20uersang
2 S3NYA 031400

SeL




w=3y) o - {sm¥sit Buippiy snoxy
(02 1un) [ERSC
)0 10l o = b gl SHOKTIUIN
ooy {enozhz:12 s0b] apueI vos ¥
fiun) SO0 winef o - el czao 62161 aRrb — ;
) w9 v — Uyt | T e
CuRp g = = wikd gy {1002) 35 5e '[1-62-692] pLonEX3Y UMN3RS
w140 3343 = = bz {z661)9S st 'sunncwoo pue (g-girzgzl wnaps
ez G ke 1N w b b (5561 {3 62 25l (oomun] douwoy
QU asEASA 0 RELN = ] loeh i verGstl vty
RISy 4 - i e SpunodhuLo 8aNj0S
18131 = GRS 8 LN =AY w - i | ‘spunoduin Bninsy) pue (A
[y s# T9-01-Ovpe| wnipoyy
S 7 243 - 1
E e
i ala g doot ewsy < h3SH M33Q e w00 {0z0cZ 0 as0m] s
SISTH AL i SuchElaN s VL {atep unnausown200) [ o Sy aoueisqng
SANVTYA U 11400V
e o = == T

4y
¥

oYY wep ea (6ag) Gpn -

(Piprpral 'E3snEN) 50504 {uaekd gy) [EMUARTATE
o LR A it IHN . i pg {600) fHhG-6/] aunuauaidag
— 11943 o= « (1 07) 15 €5 6] 130 3UeAT0 )
) o edun st 20501 w15 [ wdd og (5106 ly-20°6051] =10 (ga 1246 anaiddog

8]
{ ez SNO) QuseuesH G069t RECRE {widd 50} (g1 [ Cerazeal esup pokf snyfdong 1
110 iom 4909101 11N 5621 v N3SA - i gy (v102) [5-28 82} apyp 3uAdos
u Lyn exhydsy g0y W = i o5 {0007) {120 61 1) uaifdoud
SND weke B 1un £IZ0 - udd g1 wad L {3102} 15-09:601 1280 s e i
QW Bse RIS 0 3@ ey T T T e pil ol
- 1 LUN § neis ‘243 RTbL = = wHing fgent) li-0-6.4) paa sundaig
sised gAlL M SUOHEION T3S VML {a1ep vonEpuBiLnoag) [N SYO) 3umsang
S3NTVAQ31400Y

Adopied Values — 5

56 — Adepted Values

TLVCS

4 14N P s A3 £05€E = wid |9 = (9361) 162952001 3puojIRoUa IYNG
exhydsy Loabl = b wdd ggot (ap61) [1-29-1552] epwonyexay g
1t Ly founy ugng 0 w wid 620 - (6002) (S50 Sp¥z] pop Fyng
wep 22083) 719N o Le & - (ewbu Lo (6102) fe-00-025876] ox0ng
QYU SGTRISIAPU) [ J3g ' iens i sy o {5002} l5-re-co] edmains
o B0 SEVEE Ll = Py (6402) 21622 ] Hapoui vomawoms
W0 s (443 [ i gl (5561) 1-05-15] moang
f {1002) ewAzua aind aw|oe augEsio
1 119 LN s gy 0 = 900002 = 001 58 104106 212 SE1 ) sustang
safueyd pooig 1t L3N K0z £y ‘N3SQ uMS = ud | {o20e) [e-60rgs] apwo suintg
sBposp fersi Ayedunay (esydyad
11 1y ‘ped Buireay 9 SNO Sl 138 '6¥'010 wdd 0z wdd ) (0202) l5-2¥- 001 sty
nedus SND Qv vEC = = cwu ey (2661} [6-v2- 18] Aunoksg
sedun GND ©OsNEY
wrp Aouppt 3 ‘s ‘3 00°0v1 -~ o wdd 004 {1961 g4 25081 1an0s prppoIS
#I6EE gAY U suayeioN Tas v {eyep uonewawnaag) ['oN S0l aausisans
SINTWA 031400V
L j+ - u
. : R R NS -
(1102 12:01-279 & S0 165
u 11 suen w = 0LG8 L gl ks
syeuseq - vy = (9651) l8-G7-5008) U213
In 14N £L'061 L = (9661) It £5°199¢] AN UAKO
1 s g 'aka ' 1N Lgop = AWz 2 - (zasid 1262 0iEl] pmnmdy wapog
ied 1edun SND 00 g e sy gg'o {w661] (o 20 HEmR00NY WNDOS
i1 LN ‘20 'wis HP04 w = g (8851) [s-05-1ad) spnsg wopog
I wid 1109 - 0tzA PO DOZRIAH 52
14 subw 6200 - pIZE WPOg SE
wep 6un; ‘gedua pied 2059 {9661) |6-22-92002] apze wnpos
0 abomewsy 09'102 £ = e sy (5102 lvi-721] suizewss
SaueA - = 100 Gyse s S
0L = -] w1 aunmy pueisnp 305
Pufbay (2661) spunoduwoo pue [yrzz-0rv L) NS
4 180 e - - ugdg (5102) I5-25-0Re] epsphimany voours
SISCREATL M suoimoN RETH] VML {aiep voymuandog) oy Y2l sUeIsyng
S3NTYA 031dOTY

SOeN L




VE-CS

L]
wy
,_. . 4130 0rss et g w0 {202) [g02 2] nfigopungong
. m 10 1A UG aoze o - urdg g (50 1520l ousmaeing o)
! .\..m wep ey § gl aly W s = uadd | (zast} 0120t ioyooe oy
£ Jiedun : i 36 "
3 ey ! - 2 (BT SND "1 LN 8 243 6003 138 9 wdd gy w3 07 (1002 [0 £ 8] pwadoirg
z a1 6 66 = utd 7049 (1202) [5pv45) mdsaug i m = 1ungai3 60'09 L - wdd }
= quur ASERISI0YY) [ e f ooy ; 0ol {2007} [52-14] Lownoye piddog-u) focedoig
: — R RNERRAD ki) o= {5002) lrb 20211 #usns sueroy
S ey oy 4 ¥puaddy oag o-86v2) aurdorg
Aol gapen et i
Y mouew mlzﬁaw Aoupny g s0an] Fint4 4] - firgwun :Ncm:u.m_.BNm vAgawnig
b o prceanag (474 W = Gy ] (1202 lo#1-grgu] uaoao
LIS aka Jyn 0 = gz = {ezhig 050151 spwopAy wresrmey
] W - i bty | 19202011 51- 26555 10w puetng
souep, oy - iy ity | {o002) 1298 20n5) sp oo umiod
LN runtsy SAIBA = - cwfw 2000

s DI f056) = - cuifis |
Wil S1829 GAL L wumnay 1S VAL
SISTA 2A1L aw fuaielay REli Wl SN VAG3LI00Y
S3N1¥A 031d0aY
3 b | e ._ | [ i L L 3 L | &
i | 1l i i3 :
BUIISE S vier o MASH WES0 = (anwhd €00 (3102 sugecd se frsp gl S pe supeady
07651 () 'umg = {itwg) {0861}{z:v8 26l duzemareyd 1 oo pren = = o g (2560 li-azea) 20oging
1K 138 vy ~ wdd g (9661) [2:66-801] uaug e y—— 6T = - b g {e561) Iv-ga-6a poe g
- - g g 0vs 2z vz .,,E_M_mmﬁwﬁ. M_w_%mn wep £aupo § 134 a4 i - cwfu oy fazsi) [1-208161 wenply
Ha vbojolewsy L tyn Vo002 - ukld 100 0 - (2661) [9-12-28¢] suarfngosioiongiag 112 4B Apoq ‘jraua SNO £LREL = - L giafin | (2102} [rsi-16l sprnemeng 0
yaoibuaiewsy oreve - = wrdd 00y (002 [v-5 0Ev6Y) WoHigs Virgionymd 1 gal3 1 13:4) et . (i g 5002} l5-11-025] sunapoieyisd-w
g s = = T S T eungse 'suss dsay ZVBbl DYINISHNISOMNS (A eWBUSE0D a0 {1102) |6-t-cal apupdyve syeuud
= sixejiydene
414N 7 943 19581 - - 1 gy {8064) [e-g-visl umdensaw pewosniag st ey dsa1 g U 943 GYEL  NISHINISQ s (WG 100 U000 6z TS (6402) [&6L-€13] epAyopIERIIUG-0
55 § a0 ‘g 09 ad wdd 70 = (7102)l0-12-62] proe aweseng sy ek a0 cEuel - uddg o wdd 79 (2661 [2:21-61 L2 Fp1ONIE Shioydsong
. = ualayiun 7404 - = uddyn (p6t) (8€1-92004| cppoppenad snoudsatd
mzo%”_xw_”“”“ NM_:M \.w .Ia __L.,_,H_M {reozhl1-2e oy ha..ﬁc_.w”ﬁw_wumsoﬂww_“h“ ; & a1 L = - 10 R
i 4 - e = = s . P _.__.;___.aum___& ) m Wep AN IS 8 LN L 752 —_ - cwybur1°p (£002) £ 01-681.24) (Mayad) snoydsoud
z s pies ¥ SO 41 2% 9 (a0 o080z 198 v uns T (v102) (5 98-26) puaydoropEag 3 s 3940 1un 0086 = g ewfiup (o) 6599l pon owlsoug
i ; B ewapa Wind :1p joeq dsay 00 W wddgl0 9 wdd 500 (5102) fe-6-£082) auidsoud
mu. W — cyfuig g {9661 [3-99-z8] 3uazuaqoqiuoion pejuag = pr—— " suonEIoN 23ls VAL {atep vanguaAaog) ['oN S¥0] 22uBSANS
2 SIREg &AL s L [21ep vopguawnaog) [ oN §v3) eauesqng :2_u $3NTvA 431400V
2 SEM¥A 03LeCTw SOl




Adopled Vaues — 4/

46 — Adopled Values

—_— e

ICAS No.
ARy

ADCPTED VALUES
STEL

Notations

uw

Nerogen [T727-379]
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02ppm -
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Niroglycarin [35-534] (1385
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Osmium tetoxide [20816-12-0), as Os (1979)

00002 ppm 0.0006 ppm

25420

Eye, URT, & skin im

Oxac acd, antydreus [14452.7) and
dhydrale (6153-56-6] (2015)

1 mghm? 2 mgim?

90.04 (anhy)
126,00 (i)

URT, eye, & sin it

pp-Onpbisperzenesulomy) hydrazide) [80-51-3) (2000}

0.1 mgh0)

35840

Taretngenic eff

Oxygen dituarice [7763-41-7) (1983}

00

Headache; pulm cdema; URT i

Czone [10028-156]{1999)
Heavy work.
Moderate work
Lightwork
Heavy, moderate, o fght workinads {< 2 hours)

0.05 ppm
0.08 ppm
0.10 ppm
020 ppm

4800

Puim func

Parafin wax fume [B002-74-2] (1987)

2 mghr?

URT Im; nausea

Paraquat [4685-14-7), as the cation (2018)

0.05 mgtm3 )

Lung dam; URT i

Paratfion [56-38-2} (2003)

0.05 mgim3 4FVy

Cholinesterase inhib

Particles {insohible or poarty sohuible)
nol otherwise specified

Pentaborane [19624-22-7) {1976)

CNS convud & Impair

Peniachioronaphivalene |1321-64-8) (1964)
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exposure
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509. U.S, Naional Technical irforration Service, Spingfiele, VA {Dacember 1973},
Haumnann BD. Amold SF: Develcping a meltod for setiing surface wipe guidedines for skm

les. Am Ind Hyg Assoc J

v byg (2019).

Hygiene_ 5th ed, Vol 3. Part VI, Law, equiation, and Management, Chap 20 pp

1787-1801. RL Haris. Ed. John Wiey 3 Scng, Inc, New Yerk (2000).

sensilizers. Sutmitted lo J Qcoup
Paustenbach BJ “namacokinslics and Unusual Work Schegues n: Pamy's Indusinal

Roach SA Threshold Imil values for extrasrdinary work sched.

35(4):345-348 (1978},
Slepnenson DJ: Likquist CR: The eflecs of lemperature and pressure on airbame expe-

evalualers uang ACGIH TLYs ang

OSHA PELs Appl Cocup Environ Hyg 16{4):482-486 (2001).
Verma DK: Adwsiment of occupalional exposure bmils for unususl work schedules Am

when performing

sure

Ind Hyg Assac J 61{3):367-374 (2000)

All pertinent notes relating to the material in the Chemleal
Substances section of Lhis book appear in the appendices

for this section or on the inside back cover.
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Io dose-rale efiecls and & minaton
for siindar compounds. Sperial consd- 1
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TWA and STEL versus Ceiling (C)

A subslance ma:
usz of a TLV-C ra na TLY-S718
TLY-TWA. The ameunl by which the TU
ut inury 1o h2adn 3
ntaminart

cerntain Ies

which high conczriratars coour, and
musl bz laker into considerslion in ary ng ai 4
ardous condition &
Althaugn ty SACERTALOR 3423 fai0n, g0 B
sy of monitoring avbome agents for compiance wih the TLVS®, there ane cer-
121 subsk for which it is inapproprisle In the later group ae substances
that are prodominanty fast-acting and whose TLV® is more mpropnately based
on the concentration associatod with s parioudar response. Substancss with
this typa of rosponse are best controfied by 2 TLV-C thal shoukd ral be excend-
od. It is implicit in these definfions that the manner of samping o detanning
noncomplance wih the TLVs® for each group musl differ Consoquenty, &
singlo, brief sample that is applicable 10 2 TLY=C s not apgropdae o the TLV-
TWA; hers, a sulicknt number of sampies is needed 1o pemmit detomanalion
fhal the TLV-C is not exceadad at any tima during a compista cycia of cperation
ot lhroughcut the =arzshift
Wibereas (he TLV-C glacss a dalmits baurcany "ns et e e
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the TLY-"VA recurss an 2ns Lol
Jres e &2 eceepiable zoevz b2

2
nd Julanzn of f:

rzcommanozc TLY-T'NAs

Wixtures

wrvclved in develsping TLV:
zmplifiad by sazcdic sxample:

Deviations in Work Conditions and Work Schedules
Application of TL Vs® to Unussual Ambient Conditions

When are xposes ‘v air conlaminan riperalures ard pres-
sures sutisla ;i than nase A 25°C 0 wn care U0 93
1aien in companng sampling r25. 18 10 the applicable TLVe®, For aemsoks, ne
Tié exposura concentration (cocutaled using sample volumes ot adjus e 1o
ondions # 25°C and 780 tin) should be compared directly to tha applzatiz
ishes 0 tha TLY® a4g SE15® baok For jases and vepurs, there

1 2rrg @-gamaing resulls 10 he TLYE. ard
ssed n defsl by Slephenson and {Aiquist {2001). Cre nizlh

nils eoncepiaa 3pproach is 1) 1o c2izanng ne exdswe
i wna, &t tha
3l 25°C an
21 raes por vohens meas.ra)
. ard 3) lo comparz Ihg expasure cenean-
in units 5l mass oer volume.
ApICrs e mage when somparng samph

tratan to lhs T
A number

assumplion q o
‘sppreciably differsnt undar modarate conditions of temperature and pressure a
compared o those al 25°C and 760 lom (Stephenson and Lisquist, 2001). An
additional for gases and vapors is thal absorbed dase is comelated
o the partial pressure of the inhaled compound, Sampling resulls cbtzined
under unusual condibons cannot easly ba compared b the published TLVSP,
and exirema care should be exercised if workers are exposed to very high ar low
zmbient pressures

Unusual Work Schedules

Apglcation of TLYs? lo work schedules markacy Jifzrent from e con-

e [ Inesa vedrhers 2qusl
workshills Sh=rt workvseeéks can allows warkers to have mors than ors |2, Fer-
haps walh simdar exposures, and may rasult in overexposure, even i nsithr b
oy itself erlxds Jesriosune,

Numeous 2bcsl models 1o adyust for unusual wark sched
been desurived, In terms of bwcologic principles, (heir gereral oher

Introduclion — 9

Ma@eﬂmtﬁmmwmmummm
burden doss nol exneed that which ocours during a nomal Shouriday, S-day!
week shil. A comprehansive review of e 2pp 1o adjusting jonal
mmhhhmuwmmmbww#nw:mmg

- MW.M.MMWNI&WM@
Lagare el ol (2003), Brodeur ef o, (2001), Caldwel et &, (2001), Eideo (2000),
Vierna (2000), Raach (1878), and Hickey and Reist (1977).

Anothr model that addresses unusual work schedules is the Brief and
Seala modal (1965), which s explined n detal in Patty's Indusinal Hygiens
MMM.MMNMMMTLWWWW
Wwﬁmaﬂmdmedmm..mws}&mand
kwmwbmnmm@wsmqmmgu
40) hoursiweok. The model should not be used (o justify very high expasures
2 *sliowabla’ whore e exposure perids are short (e 9., exposire 1o & mas
e TLV=TWA for 1 hour and zero exposure during the remaindar of the shifl),
hﬂmhmdmmmammwnv—ma
and TLV-STELs showid be apphied to avoid inappropriate usa of the moded with
very short expoaure periods or shifts,

The Bref and Scala model is easier (b use than some of the more complex
modals based on ph acions. The application of such modats usu-
mmhmb@ﬂhmhdhﬂhdm;mmaﬁm
mmmwmmmmwmmu
Wmumuwwensmammuurm

weses (e Habar method o calculale adjusted exposure imis (Brodeur
etdl., 2001) This method generates values ciose o those obiined fiom physi-
clogically based inetic (PEPK) models. -

Bocause adjusted TLVS® do not have the banefil of historical use and lang-
mmmwdmwmwmmmﬁs
advised, Unnecessary exposure of workers shoud be avoided, even if a moded
mmmmuwmwmmmmmm
yeed ko justify hagher-han necessary exposures

TLV® Units

TLVs® are exprassad in ppm, mg/mi? or mg/100 cm?, Aninhz.ed chermical
substance may esdst as  gas, vapor, of srTstt
« A gas & a chemical substance moloukes 3@ TG
a space i which lhey ar corlnzs e, cylinderitank] at 25

toqr. Gases assume no shapa of volume.

+ A vapot is tha gaseous phase of a chamical substanca that 2usls 23 3
quid or @ sold at 25°C and 760 forr. Thez amount of vapor Jue ofi by a
chemical substanos s expressed as tha vapor pressure and & a funchan
of lemporature and pressun.

+ An nevosol i @ suspersion of sold pertidas or liquid droplels in a gaseous
medium. Ohes lerms Used to dascribe an aerosol inclulo dust, misl
fume, fog, fibir, smoke, and smog Asroscls may be charclerized 0¥
their asrodynanic behavior and o2 sitafs) of deposiion ‘n the human

frast
TLV=E for 22rasals ar2 usuglly estabished in lerms of mass o Ina charrical

substance inair by vetums, These TLVe® are expressed in mg/m?.
Rwugmﬂwmwmhlmmdhmapmsdwor
gawmﬁmmdMMMﬂwmmLMmdmbe
peessed in mghn?, For jonce o tha user, hese TLVs® also mierence
wmmmﬁ=mmu&hmnmwm
mhmnuuaimqmbrgmwmasmmmgm’lwas

follows: o ;
. = Vin mghn?) (2445)
dEVinper, {gram malecular weighl of substance)
OR
LR 4 i il i ancs)
LY inmgin?® = {TLV in ppm {gram maleculer vaight of substanzs)

2445

When canverting vaiues for volatle forms of inorganic compounds (25, a8
Fe, as Hi), le molecular weight of the €lemant snoud be used, not thal of e
enlire compound.

In making ! for with variable molecular weighls,
approprizls molecubar weights should be estimated or assumed (see the SLY®
Documentation),

User Information

Each TLV® & supported by a comprehensive Documentation. I is impera-
e o conoudt tha katsst Documentation when appiying the TLVE.
mwmamnv@wam&mwmmﬁm
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INTRODUCTION TO THE
CHEMICAL SUBSTANCES

Genzral Information

15 £3 used by prafzssicnal induslrz! |
% arz intended i use only as gu
evaluatior. znd of polenliz sor<place
evaluarng or cerlribng
patentisl of cerl:ruous,
ds; nor lor proving or dis
hysical condiian in 2+ individual}, Furtrer these
safe and dangzraus condilions and should
s nztirained i 1n2 aiscioling of inoustrial Fygiena
iSENsUs slandards.
year tha: e current Documeniation was
@ necessary. sodated may be fuurd follovs-
he adopted enres in lhe alphansical Iisting,
and nerganic conpzunds (2017) Tz reader is
Franology” saclier 1 each Docurrentatien for a
m2ndalions and aoiz

*TLYs®) rsfer lo aioom 2 concenlralions ol chemi-
1. czrdilions uncer wach s believed inal nsary

¥ 2 MUST conzult 12 lates| Dozumeniaiion lo
atir 7 urzersiand iha basis for the TLV? and Ihe informalion used in
rd qually of :ne narmalicn thal is avalable for
s over lime

equivalent TLVs¥ ' e, sama numsnca! val-
v2 similar toxicolog < sffects or simiar biologic
r2 are columns listng tre TLVs® for eazh chemical
ncaniralions in pats per millan (ppm] er milli-
1 and crilical etfects oroduced by the chemical
s form Ihe basis of the TLV®,

tha! therz wil be considerable variation in the level
€ ‘¢ 3 parlicular chamieal substance, regardiess of the
N Inde23 TLYS® do not reprasent a fine lne between a
“er313 an unhs; ork environment or the point al which malerial
TLYs? will not adecuately protect al workers.
¥ nce discomior or 2ven more serious adverse
n ex32521 t0 3 chamical subslance al lhe TLY® or even
oelow 1ae TLY®. There are numsrous possible reasons
=pPubilly to a chamical substance including age, gender,
an} lilestyle choices = g, diel, smoking. abuse
drugs:, medications. and prs existing medical cenditions
n 27 asthra or cardiovascular ds2ase). Some individuals may

Introducticn — 5

bacome more responsive lo one or more chemical substances following previ-
ous exp (e.g., sensitized workers) plibilily lo the efiects of chem-
ical subslances may be altered during different periods of felal development
and throughou! an individual's reprcductive lifetime. Some changas in suscap-
{ibility may also occur 2l different work levels (e ., light versus heavy work) or
al exercise — situalians in which there is increased cardiopuimonary demand
Additionally, varialions in lemperalure (e.q., exreme heal of cold) and relative
humidity may aller an individual's response 1o a toxicant. The Documentation
for any given TLV® musl be reviewed, keeping in mind lhal other factors may
modify biological responses.

Although TLYs® refer to airbome levals of chemical 2sposure, denmal
exposures may possibly ocour in the workplace (see “Skin on page 72 of the
Definitions and Nofations seclion).

Four calegories of TLVs® are specified. time-weighled sverage (TWA)
short-lerm exposure Imil (STEL); surfze limit (SL). and cailing {C). For mosl
substances, a TWA alone or with a STEL is relevant, For some substances
(e.g., irrilanl gases), only lhe TLV-STEL or TLV=C is applicable, I any of
thesa TI V@ typas are exceaded, a potenlial hazard ffom that subslance is
presumed lo exist.

Threshold Limit Value-Time-Weighted Average (TLV-TWA): The TWA
concentration for a conventional 8 hour warkday and a 4Q-hour workwaek, i
which it is believed that nearly &l worke:s may be repealadly expesad, day afler
day, for & working liftime without adverse eFecl Although calculating the aver-
age concantration for & workwesk, rather than 2 workiday, may be epprogriate i
some i ACGIH® does pot offer cuidance regarding such exposures
Threshold Limit Value-Short-Term Exposure Limit (TLY-STEL}: A
15-minute TWA expcsure thal shauld nol be exceeded al any lime duning a
workday, even if the B-hour TWA is vdthin the TLV-TWA. The TLV-STEL is
tha concenlraticn 1o which R is believed Ihal nearly all vorkers can be exposxl
continuously for a shod period of time withoul suffering from 1) imilation, 2
chionic of irevershlz kssus damage, 3) dose-rale-dependent toic effacts, o
4) narcosis of sufficient degree o increase the Brelhood of accidentsd injury,
impaired salf-rescus, or matsdaly reduced work efficlency. The TLV-STEL wil
ol necessarlly prolact against hese effects ¥ the daly TLV-TWA is axceeded.
The TLV-STEL ususally supghaments the TLY=TWA where there ara recognized
zcule efiects from a scbslance whose loxiz efiects are primarly of a chvons
nature; hovever, the TLV-STEL may be 3 separale, indepandent exposu
udeling. Exposures sbove the TLV=TWA up lo the TLV-STEL (15-min T4A]

A)
should ba less than 15 minules, should oocur no move than four limes par day
and lhere shoutd b= at least 80 minules betwean successive exposures in lhis
range. An averzging period other lhan 15 minules may pe recommended vinzn
this Is waimanted by obseryed biological effects.

Threshold Limit Vatue—Surface Limit (TLV=SL}: The cencentralion o1
workplace equipment and facity surfaces Bial is not Fkely b resilt in adverse
effects foflowing direct o Indirect contacl. The TLV-SL is inlended 1o supple-
mient alrbome TLVs®, especially hosa with Skin, DSEN and RSEN noladons,
fo provide g ve oritenia for estabishing accoplabis surfs
expressed as mg/100 em2, For systemis effects, consistent with he use of
the Skin notaon, e TLV-SL wil often comespand to the doss penitied by

the TLV-TVK over an 8-hour perod, unless chemical-specific data wre aval-
able linking adverse sffects with surface sample resulis. For certain demal
sensiizers, e surface Emit may be established using polency asfmales fom
animal studiss, such as the effecive concentraion causing & 3Hold increass in
hymphocyts prolecation (EC3) and applying an sppropriate adjusiment facior
(Naumann and Amokd, 2019). For other sensifizers, including some respralory
sensilizers hal cause induckon of sensiizaion via dermal exposure, profes-
siond judgment may be required 1 supplament avedabls surface end aioma
Mmorluong “esns

Thieshold Limit Valus=Cailing (TLV=C): The conceniration that should
ot be exceeded during any part of the working exposure, If instantaneous
measurements am ot avalable, sampling shoud be conducted for the mnk-
mum period of tme sulficient 1o detect exposures al or sbove the ceding valuo,
ACGIH® biieves that TLVs® based on physical iitation should be considsred
mhaw&ummhﬂmphyu‘ndinpainnentﬁmeismmv
avidencs thal physical inftation may iniiats, promols, or accelerate advarsa
heath efiects through inferaction with other chemical or bislogic agents of

through ciner mechanisms

Peal Exposures .
The TLV® Commil o Y of a TLV-STEL ¥ thevo
data. For many with a TLV=TWA, tharo is no TLV-

are

STEL Movertholess, shortlem peak exposures above the TLV-TWA shoud
be conirolied, even where the &-hour TLV-TWA is within recommended fmits.
Limiting shert-torm high exposures fs intended to prvent rapldly cocuming
acuts adverse heaith effocts resuling from bransient peak eposures duing @
workshifl, Sinca thess adverse effcts may oocur al some multiple of he B-hour
mn,mlmmmﬂmmmihwmbmm
exposunes. Therefors, the foliowing defaull shor-lerm exposurs limits apply ko
those TLV-TV¥As that do no! have a TLV-STEL:

Transient incraases in workers' exposure lfevels may exceed
3 tanes the value of iz TLY-TWA level for no more than 13
iautes al & lime, on o mose than 4 accasions spaced 1 hour
spart during @ workdsy, and under no circumslances shouid
tnay exceed 5 times the value of the TLV=-TWA level when mea-
sued a5 g 15-min TVA in addition, the B-hour TWA is not lo b2
exseeded for an 8-fiour work period.

v on fmiseg poak exposures abovs the value of the TLV-TWA
5 % shat for the TLY=STEL, and both sepresent 15-minule expo-
The ccnsistency r sopoach is inkoded 10 encourage mirknizing
pracess vanaity and ensuning warker protection, Sosd design ang industia!
wygizne praclica ensures that processes ane cortiofled vithin suceplable

. o 1 2 Brrdte) his

fanges. Y, 9 P dy )
been basee purely on statistiedl considerasions: ¥ lognoamally distibuted, short
tarm expastre values for a wellcontroid process hava a geometric standard
deviation of 20, then 5% of =l valuss wik excesd 313 times the geomelric
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« Zqloriat ravisions va'E made to Inz Irtredustion lo the
on o updatz (nz list 6F mVOCs 1o thosa TLVs@ that &
dhscussion of boaerssals, This was zdopted with mincr =a
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£ intreduction — 3
- INTRODUCTION TO THE
o CHEMICAL SUBSTANCES

General Information

The TLVs® are guidelines lo b= used by ional industrial hygiensl.

The values presented in this book are intended for use only as guidefines or
0: 10 assist in the eval and contral of polential vorkplace

heallh hazards and for no olher use (2.3, neither for evaluating or conliolling
community air pollution; nor lor 2stimating Ihe loxic polential of continuous,
uninlarrupled 2xpasures or olher exlzndad work penods; nor for proving of dis-
proving an exsling diseasz or physcal condition in an indwidual). Furlher, these
values are nal fin2 lines between saie and dangerous condilions and should
nol be used by anyone who is not trainad in the discipline of industrial hygiene.
TLYs® are nol egulatory or consensus standards

Edilor's note’ The approximale year that the current Documentation was
last subslanlially reviewed and, where necessary, updaled may be found follow-
ing the CAS numEer for each of Ihe adopled entrias in Ihe alphabelical listing,
e.g., Chromium [7440-47-3] and inorganic compounds {2017}, The reader is
advised o refzr fo the "TLY® Chronolagy” seclion in each Dozumentation for a
tnef hislory of the TLV® recommendations and notations

Definition of the TLVs®

Threshold Limit Values (TLYs®) refer lo ai-boms concentrations of chami-
cal subslances and represenl condilons under which i 1s belisved that nearfy
alf workers may ba rapeatedly exposed, day after day, over a veorking fifelime,
without adverse health effects

Those who use the TLYs® MUST consull the lalest Decumentaticn to
ansure that Lhey undersland the besis for the TLY® and the informalion used in
its development The amount and qualily of the inform:atian thal is available for
zach chemical substance varies over ime,

Chemical subsiances with equivalen! TLVs® (ie., same numerica) val-
ues) cannot bz assumad 1o have similar toxicologic 2fzcls or similar biologic
polency. I tins book, Ihere are columns listing the TLVs® for each chemical
substance {ihal is, arborne concentrations in parts per million [ppm] or milli-
grams per cubic meter {mg/m3)) and crilical effecls preducad by the chemical
substance. Thess critieal effects form the basis of the TLY3.

ACGIH® recognizes (hat there will be considerable variation in the level
of biological response 1o a pariicular chemical substance, regardless of the
sirbome concentralion, Indeed, TLYs® do nol represarl a fine fine betwean a
healthy versus an unhealihy work environment or lhe point al whicn malerial
impaiment of haallh will occur. TLYS® will not adequately protect afl workers
Some individuals tnay experience discemfort or ever more serious advarse
health efiects when exposed o a chemical subslance al the TLV® or even
al concenlrations below the TLY®, There are numsrcus possible reasons
for increased susceptibility to a chemical subslance, including age, gander,
genelic factars (predisposiiion), ||feslyla choices (2, dtet, smoking, abuse
of alcohol and other drugs), medi . and pre-sxisung medical
{e.q., aggravation of asthma or ca'diovascular diseass). aame individuals may




s — Online TLV? ard BEI® Resources

ONLINE TLV® AND BEI® RESOURCES

‘he Ihresheld I‘rrll valuss (TLVs®) and oiolagical exy:o-
udaline hmenl process mor . and
bars, government reguiators, dnd dusiry groups in
and limitations of the TLVs® and BEIs®, ACGIH® has
urces Sezlon cn its websile at acgih erg/isciencaillv-
lures preserlalisnsv-bei-development.

g ces Sechon is dividsd nlo eight czleqorias, gach
“laming cl2ar arc concise infarmaten. The categonias are:

s s indices (3
assisl ACGH
cersianding the ba
2iine TLVO/BE ¢

.ldelneslpdwc

Conflict of Interest Pollcy = ap;hes to the Board of Directors
Commiltze Chs s, and C members luding con-
suktanl members), a~d saleguards lhs inlzgrily and credbilly of ACGIH®
programs anc sctaties The Policy, as well as ACGIH®'s oversight
and review each play an imporlant parl in lhe proteclion of
2 and acmnhe; ficm. inappropriale mﬂuenc=s (acgib org!

i o ,.
) prac p -of-in-

Ierasl -policy)

Nolice of Intanded Changes (NIC) — 2 Isling of the proposad actions of
IFe TLVE.CS TLv* PA, and BES® Commiltees. This Notce provides an
opportunly 57 pun s sommenl, Yalugs remain on the NIC (or spproximalely
cne year afier thay Fave been ralified by ACGIH®'s Board of Direclors. The
oroposals sheuld be zonsidered tnal valuss during lhe period Ihay are on the
K.C. If the Commit:z2 naither finds nor receives any subslanlive dala hal
cnange ils scienilc opinion regarding an HIC TLV® or BER, the Committos
Tay then approve s racommendation 1 the ACGIH® Board of Direclors for
2doption. If the Commiltee finds or raceives subslantive data thal change
's seieitlfic ooy tegardlng an NIC TLV® or BEI®, thz Commitiee may
shange ils racommsr dation {0 the ACGIH® Board of Directors for he matter
12 be either rztainzd on or withdrawa from the NIC {Note: In the Physical
Az2nts seclon of = 5 book, lhe lerm Nolice of Inlent to ksiabiish (NIE) 5
used in addwon o MIC. For the purpose of Ih|s process overviev, only lhe
farm NIC is ) 1acgih org/sci

atons-and-data/notze-of-intended nhangns)

TLVO/BEI® Policy Statement — stales what the TLYs® and

BEIs® are and how they are inlended to be used. While the TLVs®

ard BEIs® d¢2 cortribute to the ovarall improvement in worker pro-

teclion, lhe user must recognize Lhe and i sub-

r=cl to their proper L and bear the responsbilily for such use (acglh.orcl
i Jy-b

i-p

P P P

cy slalemenl).

TLVE/BEI® Position Statement — expresses ACGIH?s posilion on (he
TLYs® and BEls® process. ACGIH? is proud of the positive impact Ihat
TLYs® and BEIs? have had on workers werldwide, and stands behind
the hard work ¢ s Commillees fo make |he process more transparent
and accessible Ths secton is prosewad i ils enliraty on pages v through
vi (acgih.orgisz e Dei guidalnesianicios-proceduras-presentations/
-pesilion-statament)

i

vi - Revisions'Additons

REVISIONS OR ADDITIONS
FOR 2022

A pedtinent endnoles, abbrevialions, and definitions relating to the
materials in this publication appear on the inside back cover.

Chemical Subslances Section

« Proposed TLVs9 that appaared on the 2021 NIC are adopled for the follow-
ing substances.

Anlimony hydrids lodoform
Benzoic acid and Isoflurane
alkali benzoates 2-Methyl-2-bulene
Clothianidin . Phosgene
Cyclopenlane Prometon
Cyromazing Promelryn
Dipropylene glycol melhyl ether Tilanium Diaxide
Ethyl benzenz Trimelhyl benzene isomers
Imazosulfuron Xylene

« The following substances and proposed TLVs® new lo this section are
laced on the NIC:

Benzoquinone Telrechlosvinphos
Dwinylbenzene-elhyl s‘yrene
mixture
2-Ethylhexanol
Glycidyl Methacrylale
Glyphosale

+ Ravisions to adopled TLYs® are proposed for the [oflowing substances and
placed on lhe NIC:

Benzens n-Propyl Nilrate

lodine and lodides Propylene glycol diniirale
Melhylnaphthalenz, all isomers Silicon Carbide

Nilric Acid Vinyltoluene, allisomers
Phenolhiazine

+ The [ollowing substances are relainzd on the NIC without revised TLY®
recommendalions or notations:
Trimelacresyl phosphale
Triparacresyl phosphate

« The following substances are relained on the NIC wilh revised TLV® recom-
mendalions or nclations:

Acelamiprid
Di(2-ethylhexyl) phihalate
Ethylene glyco! diitrate

Citine TL snJ BEI® Resourcss — xv

rvigyy of 1 S
3 TLV® = Tois
thraugh =1 (35gth orgf
icies-oracedures- pr=<enlalmr>ulv bzt dz-

vatjpr‘enh

* Commitice Operalions Manuals — portaaic Jzia files (POF) of r-

Theeshzld Lt Values Yar Cyzmical Subslances Lhe Thresh: '
Physica! Agenls ard ke 3ic'as :3l Exposu
Commiltess Operahons Fanuzls. Eacn Marua zover
lhe CaTmllees mission mambsiship n
emal and extarmal communics
n, procedures lor developmen ¢l s
. {229in Srglaboubivelurtess-lzadarshicleom ttessteommites-ozara-
lons ranuzls}

*  TLV¥BEIE Process Presenlalions — sting-
sentalons fam the annuzl Amercan In:hsra r—
Exposiion fAHc2} are
iranls ard [32us an he process used by A\,G -%-
Bicaerasels Commiti

websiz {scgh orglscience! v-bes
lions).
* Under Study List — consins suostances agens. and issues that are

bein) considarad by the Commiittees, Eac dala,
commen's and suggestions thal may assist in (hair delibarations abcul
subslancas. agerls, and issues on the Unger Swdy lisl {acyih orglsci-
encaflly-os biicavens-and-dala/under-study)
Cunher 2ach Commilise 3olicils racommandalions for addifional chemical
substarczs physical agenls, ard issues of concer ‘o the industnal hygrsne
and aucupetional health communiizs,

Revisions/Addilions — xvii

Blological Exposure Indices {BEIs®) Section

« The proposed BEIs® that appsared on the 2021 NiC are adopled for the
{ollowing substances:

Cyclohesare,
* The lollowing substancs and proposad BE® new bo this seclion 1s placed
on the NIC:

Acrylamide
+ Revisions lo the BEIs® for Lhe following are proposad and placed on the

2-Ethoxyethano! and 2-Ethoxyelhy! Styrene
Acelste
Furfural

» Negalive Faasibility Assessmenls wers complted for the followang sub-
slances
Diethylhydroxylamine
Styrene oxide
Physical Agents Section

* The following agenis tha! appeared on the 2021 NIC wilh proposed chana-
&s o revisions are adopled:

ULTRAVIOLET RADIATION

+ Under lhe Ergonamics section, revision to lhe TLY® for the following is pro-
posed and placed on lhe NIC:
Upper Liva LocaLizep Faticue
The raason for this NIC is to add language, including an equaton to b2
applied ovar lhe rangs of the TLV®.

* Under lhe Thermal Stress section, revision to the TLY® for the falowing is
proposad and placed on the NIC:

HEAT STRESS AND STRAIN

* Under the Physicaf Agents szclion, the following appendix is adopted:
Appendix C: Statement on Faligue and lls Managamen! in lhe Workplecz,

* Under the Eleclromagnetic Fields 0-300 GHz seclion, editorial ravisions
were made to lhe Radiolrequency/Microviave Radialion TLV® lo updals
references reflecting revisions lo IEEE and ICNIRP exposure limils




x — Davalepment Prosess

 vzlugs or nalalens ins commillzs av revise the
1 and resommenc to the ACGIHY 2oard of Dirzciars izt il he

e s 12s2ectve TLV(S™, actation(s), or 3%
0 & fm 4 rwelk sered, runarg frem February 1to May 31

elere ite lail mesing Because of ihe ime raquded 1o Froperly reviey,
zvaluate, and cons
received aher I linz of May 3
s fegarding the ou'cor
| pracice, ACGIH? revews 3l submaesicns regarding
chemical substances znd physical agznts on the Under Stuzy Ist as well as
HICs ar NIEs, cr cumandy adopted BEI(si? o TLV{5)2. All commenls received
ter /3y 31 vill b fully considered in ths Sollowing year. Draft Documentation
wil be avalable for resizw dunng the commenl period.

When submuliing comments, ACGIH? requires thal the submission be

irmied fo 10 pages in ‘engih including zn executive summary. The subrmis

sion may include appendices of citable malzrial nof included as part of tha

10.page hmil. it vould be very benefiial to stuclure comments as ioliows.

A Executive Summary - Provide an eseculie summary vath 3 imit of
250 words.

8. List of Recommendations/Actions - Idenlify, in a vertical sl, specific
recommendaticrs/aslions that are being requested.

G Rationale - Provide specific rationale lo justify each recommendalion/
action requesied.

O Citable Material - Provide ciable material lo substanliale ine rationale.

The above procedure will help ACGIH® to more sfficienlly and productively
faview commenls

TLVEIBEI® and Adopted Documantation: If the commilies neither
iincs nor receives any subslanlive dala lhal change its scientiic opinion
regarding an NIC TLV® or BEI® {or nolatian), the commiltee may hen
epprave ds recommendanon lo the ACGIH® Board of Directors for adapbon
Once approved by the commitiee and subsequendy ratfied by ha Board,
the TLV® or is published as adopted in the Annual Repords of the
Committees on TLVs® and BEIS® and in the annual TLVS® and BETs book,
and lhe draft TLV or BE® Documentation is finalized for formal publicalion.

. Withdraw from Consideration: At any point in ihe process, the commiltee
may deferming nol ks proseed with the development of a TLV® or BEI® and
wilhdrawe il frem further consideration. Substances or physiczl agents that
have bean withdrawn frem consideration may bs reconsidzred by place-
menton the Under Study list (slep 1 above).

Summary: There are several imporfant points to consider throughoul the
above process:

xi — Development Process

&l knowledge on the subject, and (b) to provide writien input_ or reviaw
of a Documentaizn. This is only done on an as needad basis, and nol
s afouline practice

ACGIH® does nof commit o deferring consideration of a nsw or

revised TLV® or BEI? pending the oulcome of proposed of ongoing
reszarch,

First Quarter:

+ The Annual Repaords of the Committees on TLVs® and BEIs®
and the TLYs® and BEIS® book are published.

Year Round:

+  Public comments are accepted. See Nole belovi.
«  Commitlees meel.

Note: Itis rscommended Ihal comments be submiled as early
as prasticsl, and preferably no later than May 31st lo allow
sufficient tme for their proper consideralionieview. This is
paticulady mperant for an NIZ TLVE/BELR,

Important Notice: The commant peried for an NIC or NIE
draft D fon and its ive TLV(s)®, i

o BEI(s|® wil be limited to a firm 4-month perod, running lrom
February T lo May 31 of each year. {See Imperiant Nolice,
slep 3 above,)

Third Quarter:
«  Twadisr Under Sludy fis! published on websile

(acgin.orgillv-bei-guideinss/documentation-
blicati d- Il .A’ i I)‘

Fourth Quarter: *
+ TLVOIBER® Committees vole on proposed TLYs®/BEIs® for
NIC or final adaption,
+  ACGIH? Boerd of Directors ratifies TLVS/BEI® Commillee
recommendalions.

*These actions lypically occur eary in lhe fourth quarter, but may
occur during olher pariods of the quarter or year.

Endnote: Sample penmission statament graniing ACGIH® authorzation to usa e and
refezse unpublshed studies

1

HH

The 2ppropr a2 methce ‘o an infare:

TLV® and BEI® arocess  traugh the s
paer-resizved and pub c. ACGIH® strongiy =
parlizs 10 pubhsh their stud2s and not ta reiv
as (her inout to lhe TLY ard 3212 proce
submit comments to ACGH is in the early
Developmant Process, pro‘erably whilz the
tha Under Study list

An adailional venue Icr presanlalion of re-.
sponsored symposium of werksnop (hal prc
i and scientlic ¢ ACGHH"
2xlemal parties for suggeslars on sympos:
lions about sponsars, spez<ers and fomn:
criterta lo determine lhe appropnatenass of & v i
fion is hal the symposium musl be the mosl =
with informalan that will assis® ¢«
witng {nz Docunentation and i sete:
2. A symposium loac should be
stancefagent is under siucy, as symposa |
commitment, and resources fo develop S
submitted while a substance s or the MIC vl < -
usually l=0 late in the dec s cn making presess =
nol bz (avorably considersz it ils purpose 15
for voicing opinions about 2xising data Ratnai
research, scianlific uncertainly acout cunvant
or scientific reasen for tha symposium St
should b sent to the ACGIH® Science Grouo

ACGIH periodically recewss requests frem
presenlation 1o a commirtee about specifi
sirictly by exceplion Ihal such raquests are gran
ious teagons for this posilicn, the underlying
focuses on dala thal have been peerqeviewsd 11l Dus1s

on dala pres2nled in a prvaig forum:, A commiti~ r ay iranl

when Ihe dala is significantly nav; has receied 2z reazv 15 2 L=sl
vehicle for receipl of the irfarmat.on, and is nu3 ‘o hiz 0o
deliberations. The presanlakon 1 not a fon

aboud existing dala. In arder for a committee ¥

the external party must submit a requesl in

addresses Iz following eiements (a) a detailes oan o e mre
senlalion, (b) a clear demonslation of why th Taten = Tpeo
to the commillee’s deliberatons, and (c) a claa” ceronawratiun of vy 4
meeling is the necessary method of delivery. Taus raguss mastne
1o the ACGIH? Science Group {science@acerh

Alsg, lhe commiltee may mitiate conlaci valh cutsids 2xpars |
meel with the commilie 1o discuss specific is5u25 o7 t2 k217 249

Development Process — X
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Documentation. The dreft
TLV®/BEI® DEVELOFMENT PROCESS: AN OVERVIEW O Lo o
Provided below is an overviews of the ACGIH® TLVY/BEI® Development recommending a TLV® o BE; however, & is nol an exhaustive criics
Process. Additional information is available on the ACGH? web- review of &l shidkss but orly those pertnant fo identifying the critical effect
site (acgil.org). Please also refer to the attached Process Flowchait and setting the TLV®, Parioubar emphasts is given © Pﬂ”"’ {hal addess
(Figure 1} il o7 o adversa health efloctlevels 1n exposed animals of workers
1. Under Study: VWhen a substance o agentis selecled for e development thet dedl weh the reversibity of such effects, o n the case of a BEM, that
o ravsion ol 2 TLYD or BEIE, the appropriata commillee places il on ils pssess chemical uptake and mwmﬂ asan e
Under Study fist. Each it ines its own selaction of chemical of uptake, Human data, when avalable, are given _W'ﬂs
substancos o physical agents for s Under Study [ist A variely of faclors s draft Documentalion, with propaad_Tl_.\ﬂuBEP‘sllt?!mmed
wsed in this selecion process, nchuding prevalence, use, number of work- i l mbers, and eveny by the
ers avalabiity of scintific dats, axistencelabsence of a TLV® or ties. This often results i d 1ha drafl Documeniation
BE®, age of TLV® or BEMS, input from e putiic, efc. The public may offer T before the full commitise accepls the proposed d TL\P?rtI‘BEFmd
inpu! to any TLV® or BER Commitiea by e-med fo scance@acgh.org. drall D tion. Tha drafl D tali m;:“m[ 1o the
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be from unpublished sudies, ACGH® requines writlen authodzalion from RWWWWWMWMMHW!ME&&N
the ownar of the studies granting ACGIH® penmission lo (1} 1ze. (2) dia o ;Mahmmmmmemmmmwws
urihin the Documentstion, 2nd (3) upon tequast from a thed vary, (elease 81 NIC. For purpases of this procass oveniew, only fha fam NIC is wsed ]
the ¥ All lhree permissions must be d i ine writlen i 5
authorization. {Sep endnola for 2 sample parmissicn stalemant.) Elsclronic When the full committae accepts Be draft Doarw':fg md :ﬂmprwd
submission of alt infarmabion to the ACGIH® Sciance Group al science@ v TLV® or BEP, the Documentation and proposed values @e oo
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Prinled in the United States

ACGIH® is a 501{cX3} chantable scentific organzation thal advarces occupa-
tional and environmental heallr The orgamization has corirtuted suostantialy to
the devalopment and improvament of worker healih orcteciioe: The crganizalion
is 2 professional society, not 3 goverment agercy

The Documsniation of the Threshold Limit Values and Brological Exposure
Indices is lhe source publicaton for ihe TLVs® and BEIS® issued bv ACGIH®.
That pubiication gives the pertirent scientiic nformat en ang data weth reference
lo literature sources Ihat wore Lssd to base zach TLV® or BER. For belier
undersianding of the TLYs® and BEIs®, a 1s sssenlial that the Decumentation
be consulled whan Ihe TLYs? or BEls® are being used Fr further mlommation,
contact The Science Group, ACGIH® The most up-to-date Iist of subsiances and
agents under study by the committess is availablz al zcqh crgfllv-bes quidefines/

dd der-study-isl

G it and req| for interpretations or technical
Information shonld be directed to The Science Group at the address
below of to the following e-mail address: science@acgih.org. To place
an order, visit our website gt acgih.org/store, contact Customer Service at
the address or phone number below, or use the following e-mail address:
customerservice@acgih.org.

Help ensure the continued development of
TLVs® and BEls". Make a tax deductible donation to
the FOHS Sustainable TLVY/BEI® Fund today!
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STATEMENT OF POSITION REGARDING

THE TLVs® AND BEIs®
The American Con of | Induslrial Hygienisk
{ACGIH®) is a prvale, not- lur prul’l nongovernmenlal corporallon whose
embers are industrial or other p 1al haalh and safely

prolessuonals dedicaled lo promoling health and safety wthin the workplace
ACGH? is a scnsnllﬁc association ACGIHE is not a slandards- -selling body,
As a scientific ion, il has eslabli i lhal review the
axisling published, peer-reviewed scienlific literalure, ACGIH® publishes
quidalines known as Threshold Limil Values (TLVs®) and Blogical Exposure
tndices (BEis®) for use by induslrial hygienists in making decisians regasding
sale levels of exposure lo various chemical and physical agents found in the

rkpl In using nese guideli industrizl hygienisls are caulioned (hal
the TLVs® and BEIS® are only one of mulliple facors lobe considered in eval-
vating specific workplace siluations and condilions.

Each year, ACGIH® pubishes its TLYs® and BEIs® in a book. In the inlro-
duction to the book, ACGIH® states that the TLVs® and BEIS® are guidefines
{o be used by professionals Irained in the praciice of induslrial hygiene The
TLVs® and BEIs® are nol designed 1o be usad as slandards. Neveriheless,
ACGIH? is aware thal in certain instances lhe TLYs® and Ihe BEis® are used
as standards by nalional, slale, of local governmenls,

Governmenlal bodies establish publu: heaﬂh slandards based on statu-
fory and legal fr thal include df and crileria ¢ ing the
approach lo be used in ing and ing risk, In most i Gov-
emmenial bodies thal sel workplace health and safely standards are required
lo evaluate health effects, economlc and lechnv‘al feasibility, and the availabil-
1y of accaptable methods to

ACGIH® TLVS® and BEIs@ are nul consensus slandards. Voluntary

ds are di ped or adopled by voluntary consensus

landards bodies. The : dards piocess involves canvassing the

opinions, views, and positions of all inlerested parliss and lhen developing a

posilion that is plable o lhesz parties. While the process used

{o develop a TLV® or BE{® includas public nolice and requasts for all avalable

and relsvant sienlific data, the TLV® or BEI® does nol represenl a consensus

position that addresses all issues raised by all interested parlizs {2.g., issues

of technical or economic feasibility). The TLVs® and BEIs® represenl a scien-

lifc opinion based on 3 review of exisling peer-raviewed scienlific lieralure by
commitlees of expents in public health and related sciences.

ACGIH® TLVs® and BEIs® are health-based values. ACGIH® TLVs®
and BEIs® are estabitshed by committees thet review existing published and
peer-reviewed literature in various sciantfic dIS..IPthES {e.g., industrial hygienz,
lox»colcgy. i medlclne and y). Based on lre available

a usion on the level of D thal
the typical worker can exparience withou! adverse health efscts, The TEVS®
and BEIs® reprasent conditiors under which ACGIH® belisves thal nearly all
workers may be repealedly exposed wihout adverse heallh effecls. Tley are




POLICY STATEMENT ON THE USES OF TLVs® AND BEIs®

The Thresheld Limil Values (TLVs®) and Biological Exposure Indices
(BE!s®) are developed as guidelines 1o assist in Lhe confrl of health hazards
These recommendations or guidelines are inlended for use in Ine practice of
induslrial hygiene, o be interpreled and applied only by a parson lrained .
Ihis discipling. They are not developed for use s fegal standards and ACGIHZ
does not advocale their use as such, However, il is recognized that in cerain
circurmslances individuals or organizations may wish to make use of these rec-
ommendations or guidelines as & suppkement Lo their occupetional safely anc
healih program. ACGIH® will not appasa their use in this manag, if he use of
TLVs® and BEIS® in these instances wil conlribute to the overall improvement
in worker protection. However, the user musl recognize lhe conslrainls and
limitations subject o their proper use and bear the responsibility for such use

The Introductions tothe TLV/BEI® Book and the TLY®/BE(® Documentation
provide the philosophical and praclical bases for the uses and imitations of lhe
TLYs® and BEIS®. To extend those uses of the TLVs® and BEIs® to include
other applicalions, such as use withoul the judgmenl of an induslrial hygienis:
applicalion lo a difierent. population, development of new exposure/recovery
time madels, or new effect endpoinls, slrelches the reliabilily and even via
bility of the database for Ihe TLV® or BEI® as evidenced by lhe individus!
Documentation.

{tis not appropriale for individuals or erganizations 1o impose on the TLVs®
or the BEIs® their cancepts of whal the TLVs® or BE!s® should bz or how thay
shoutd be applied or (¢ Iransler regulatory standards requirements to the TLYs®
or BEIs®.

Approved by the ACGIH® Board of Directors on March 1, 1983,

Special Note to User

The values listed in this book are intended for use in Lhe practice
of induslrial hygiene as guidelines or recommendations to assist in
the conlrol of potential workplace heatth hazards and for no other
use. These values are nol fine lines batween safe and dangerous
concenlralions and should not be used by anyane uniraned in the
discipline of induslrial hygiene. It is imperative that the user of this
baok read the Introductlon to each section and be familiar with
the Docurnentation of the TLVs® and BEIs® before applying the
recommendations contained herein ACGIH® disclaims liability
with respect to lhe use of the TLVs® and BEIs®,
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