EE L BEW

BYU AR L OHAEN ADRIRE DM E
— EEBRIC BT 2858 —

F U & <

ANBIRENPLHB Lo T, ABEEETIZ L
AEFERRIES R CHBOBEL S, i AEOE
WEFTISORHT X 5 RBIETIER L Qe bl
WIEIL DTe i, SO LIRS L AEEMD 5 5
BLHCRROEY, i xif=o 7 rOBED L 57
LORLEHINTED, ©7 3y FEZOKRRICE 2
WP EIBENCRD BRI E Vbis.
CANEDEBEDOEEL [ A0 B b DEEFERE L
T GERIERT 5 FEERO 5T Tt »ZF L
W L L SIHEBL L7eHt LWER e b b ey
BBV EFEHT IS e + 0BRSS L
DTHHIENE, BRKRIG= 2 —HEEDTNLH
BT h 0 BRTHN, #HTHhELFENLLOT
dh, ThibhbiulREL TV, thbatd &<
REE DR TV BRI, AR EhE BEREEDM
CEZTADFEERL W, L L—Ezy b e —
MRS EbhbuiEmE LTRBER 5135 =
L%, ZBHBEIDEZE, RILOBRO L > hAED
NEREZEALH LI S KBEE LD, MR
D7 ARBD X 51 EEDOT T El -
T B, XTDOERDLDIIBETRREF =513 ~T
H5H5. DL EKEOHTHbIS LD LTIT
TORRIDHE DICLIRBTH B DT, FHRCONTE
ADCHEYOGHNIREND. Loy LEERROMES -
 FOEREDHKIZDL SICEITRKI AL DRFT
iR, FEREOZER 1m® H700) mg H5 L pg
THbhINb L 5 BBOEEYEY, +2 TEH A
ARG > TRATS &, FROBERE LD 7-
FEREBRD DL RO THD., ZOX 5T
NENHAEEWECBET S 2 & k> TrOREC
COREIMNERERER EHT 5, BEHEOLMTH
BRIAMSERETRTLOLH 55, & LB EEHD
Bz L2 DR% L, RIROEEFTL b, FHRIT
ACLOCRBRI TR B T LTL, —Frass
BN \DT, TORFUTKEFC UTRRIC L b 23
*  BiE

RETLRFESES S N — B

HTHB.

BEER D IR2TIL, FEBOEE T b L hs, (FE
FEVEBRED 2 VI FEVBETH B 12D &0y, R
BANRRIT & e » OEBEEEECHK T 5 109 &2y,
DI STHERERT L2303 7 v, 1FEREDZ
K[FBTD FEWE BLA, KK AL, FARI
E) DBAR L HEENHBE TR LIZ RO
BRTHDH. DX 5 RBEROREBERITEDE
BRANRCH LD TH BN 5, ThaHEEEmC
LERRDOREDRE L KT 5 &, FOPBFRLE
B Lo,

w3 || e | e ol e
(G| G2 P |~ it (B [T
Z% Mg

&

I TRPEROBETID 2BOREGSNMERE L L
DEBCHEETHLENRD BN, ZhTbhhbhy i
TEOBEDRTIIEEBT 5 2 LI\, SRk
THEE 2 L EERETH- T, FoOREMNE
WEZXIEETHI LB BN, BT IBANS G
EREGER e t DBRNICRATAEALELRTHY,
R CTREBELRDTEMELREVONEBTHS. bo
EBIERIRDOBEENL, T ORERCKT LA EADE SR
ZHLEAL, BUORERCE Lz L A CRER
RERI DAL D, FBICES FTOEENTED LR
5L EREELIVGCOIBSL LIZLIERLRS, Lot
> TREIRFH D7Dy, ¥ TERROBRYSE— L
L, RICIIEMBESA/NELT5 2 LafTbh, ik
B & FETFYHEL S TEADRSHAE T
DIOBFRYEDONETHD, HEBEBC KT LE
FEWEO NFCRIETHELT < DIT Y, YR EROE
RROBETPITFRNE DG, Tibb ¥Rk
POBEEYENRE LWL 5 LB ETTS, Lo
LTS5 5 <, TO8BOuBEND L, F2
TH 2 OTMBA L/ N LR B & 7%
VL BRAEA R NS AL, HEE N OREYE
CEARR TR T 50, IR SRR A T3
kL, BEWEOWMEEE 2 1EEG R EY RS
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1964 —1 5%

NS THHE, OMENRD L. BEOBET <LE
s &, EOREOHEYEOEE T bIZ ALK
HENRCTHAINEND Z L ThHE. HRE, HE
BELWDS ZLRL, ABRCEELRIESRVEEDR
EYMEDOREYRTETHS.

MR E &I

1) BEV A0

RS 2 IR LY, FOREUTOEEY
B HBEE L THE L O Ch A S ) g
CRRE 57 BEWED BETHS., LHETAED
EEY, ZOBRIIED CHERL SCELS, Ll
I EBLTCARL L OMBREEh 5%, &
T, TOREORED Ui L n s, 7 AENRE
TEWCPANGEERE T 5 bIEE b0 ¢, BBk s
HEWE (ZOBRIESPEENELT5) OB
WX TEE TS, TOLHFDEINL, —EROHEE
PHCENCBB IR TS X 5 8813, BEoEsR
TR CRE T A 2 L L TRETH S, b LD
COX ST LTHELNCHERE &7 2@ HEsic
TR b D R A SRS & ORI H R R A
BODLNDLIED, TOREERL > THEE L5 2 L i
TELOY. 20X 5 hHELNEE I B AT
BRE L V> T BBE L H D, Threshold Limit Va-
lue (TLV)® Zisoicb, JEVEBRT Maximum Al-
lowable Concentration (MAC) &\ »7-0 LT\ 5.
MTIFEPDORE OEFNE LS, oWk TLV
EANED FIEHIE LT, T LATFER AT 3513
LZEEGRELOMNENRD NS L5 EEL LT LI
H%. BECIEBEH TR & oML oA kkh
HOBENDOBHEDIMENINE DD, 25058
BICIFERE X IREE - 75 & LIIRES 0T, &
BRET bbb o h M EoBEEC I EREcLEE LT
BEDBEVBEL VI DEED TS, ThEEE it
BARGFERE L H LT 50, AEClk Maxima Acc—
eptable Concentration &7:®, MAC = TLV o 7cas
THHT Ceiling Concentration (value) &% L Tu»
59, RBEAE 4 ABES bW TR ST 2 HEWE
DIIRE (MAC) CH+% F2EEE Y vy Koy AT
i, MAC ZRD X SCHFCERET 5 = L 28D T
50, Flabb, OFHEWED R THIICEHLERE
T5 &, EbICh UL ERH BRI BIC BsFER
LRAEPERRE BT Lo owTo MAC 3, &
KE T TR aEL ULE DRV E W 5 BREE (ceil-
ing value) %% 5 <& ThH%. QHEEWHD 0 TE
RV LIBEETS &, FRCERERY RS T%

DIZ2NTD MAC IO EL O 7= s (time-
weighted average) %##E% 2 <%XTH%. O—KILT
RIBERO D5 HE O\ TE BUR T Wi B 205
(any allowable limit) &4 D2 = LIXHER . =
DESITLTARS L, OBAIMEEREC KT 5225 h
HEWE, BEOHILEEERAT, TRUTFED
WREGEHLTL L, 2R BAMCEM LY
T FRPEHREOINE, RNENERICDS &P\ vicE
ETH- T, FEEESEL LHBEIE) HFEL D
L, HEWHER L ThA~DOBREIEMET it AR
DFEEPESZANDN TN DD T DA TEEY %
HThrewzn, L LRI F TERANT
HHDT, BAERCE TLV OBIO B s8R -
TRRFSHDLZ &Y, ThREBROHEBTIIZOHE
AR ieERS Ezh s,

R EYEDOBRE L BEOREREEDEA YT
FTODTTEZ S Z 20T Bk X 5 iR s 8
LDTHHD, BEEEDOTEFRIC\ o> UXFCHET
H%5. w7 ETCDIEEREE O FEUIBEI&RD T
B, BRCERIRETIZ 72930 TLV © Y1/,
BHHEENETOMEERR LTS, Ceiling fHIC UM
STRXEDBILD /s (EER YY) DEE > T 5.
CHiEm Y7 LT AV A OEREEICOWTOERNE
EPBTH>T, TORITGOOEEEAL Y v ED Y
ATHLRECR D EZATHS. Tinbb, 749 »ik
7o & ZVEORIBIR D BN ERNZED X 5t HIRE
FHMEOMBIZ D CRRREEOHRZ - L, ZHIEHL
7Y 7RG RO R T RN X B B R D 28
B HAWC LTWA50DT, ZOENMBEEDREL -
THLHLNTL 2D TH %A, EENIHEEICHF 2 E
LTRFHRa-7Y, Bl 5 X 50 BRI %
HZETCETREDOE 2EERY v R v A TIXHBET
—Fh LIl 5 THAD.

PR~ 72 & 51\ vdoid 5 BFREEC o\ TIE B2 s
BDTHEENZ L, W OrDETIEIFRTh b5
BRERLZAR LTS, BKEEY, FFk9, HARO
BEDLDOIXT7 29720 TLV 2#EL L, E£EEY D
e 7DLDRELT TS, 14X ) ANIER &
Wz L 5% Imperial Chemical Industry OBFGEFT34%
FDOWE L BRROERB O NI FHEE AR LT B0,
FRFEUC7 20 2 TL7 29 2EBEHSTIELE LW
}% Ceiling value % BRLTWAA, BHITohz
FERBE Wb e F N E WS BRLH D X 5Th
%,

BEREWEEZIEFALT R, FALBUALR
DLy, ZERERDAE RS, Liint 2 mEk -
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DHA K% 5L 1) DARCRIETERCOWTIT
WL ODBDERDTHMND > 7o, — e 2 oA
EWEO AMECHT 5 %8y, ©#EmfEH (additive
effect), @ 7fFA (Independent effect), @IEFfE
A (Synergistic effect), @ #5#ifEF (Antagonistic
effect) O 4 BT HIT BB, 4% TORERIC I HFan,
HIMERIC OV Tt d 2 BEDOHEAIMA B 5 = &t
TRETH D, 1963FED7 4 ) 5D TLV L HIZ Ud TR
BT 5. BZERACE LTLEBESh T 5,
ZOFPRIFANCITEERI A5 L 5 il ch D, @LD
EDOWTREZ L oo Tz, BTl - & EE
5550 EWE L WENBRESL L 2 ERES LI
DOWTHE, RIZEBROBRMT LR, 2 cH
BT 2HUEDFEEWENRET HHA, LFnb
DYEN AMFCH LT U X 5 fEREET S 84811
(o & 2 ERIER), —IGA 7R L TEOHEMERD &
PLEX TR THNETH D EELS.

i) BLADEE

BYCA LT BB 13 5 2K EEY B D T
1Y, TOB CANE T HIL2IMELY L > THEM %
BIHL0 (& zi3sh, ~vrv, ), —C
PRy CA (mineral dusts) CRTHT, & LTH
NEEFE LN D HEREDEKFVEET X > T HE
REMEETL O, HEHREEKFVEILZEAEH S
B2 EFERVRLTNESBICBATEILIC L > TR
O MCEERBALETLDORET D Z LN TE S,
LSRR b > CABRKEER B % B o T84T
BOFETAD THICIZTET DL ELT IWThHA
5. MR ZTH AL UAD AR RIS ELE
5Ly BLADHBIL DYEDOFERDIZINC, BT
ADRES, RPN ETHEC LS. ChIRI HEa
B — R - R AR U 2 5 %o
5y H AT DITKEERE DK & BARE R & &%
PHADIKEY (FEA~DEMEE R &2 aTs) 28 e

‘ﬁ%<%b@%@fﬁéﬁ,%EA@%@@X@%@%;

DREL D IREVLDIIMCETS & LT,
- THBEERZIZD & X0, BEEET A TeE0M
MABE LU CHREE L RET DA BD TEL 1 5
MHTHD., FEROMEE v IERFI Sp L EDH T A
TR ORI E TOMT, BECHERT X - ThE
BT D BHNB Z 237 Lok L, 0 FfEa~o
AHDRBRKEXONRIF 100 LubhTih20T,
FERIDOBE RN T 5~10p Ll EOK X X 08 U A SN
ACETD L3 L5 THAH., o TrEHD
B CARBINCERT 5HEBIIARE S 5~10u LIFOR
CAD BRIFEPICEITS B (2/cc) HAHTE

EE L BIR

& (mg/m®) #d->TT5. —HARCBAINEBT
ADEEIERE LT, s LT FOrERERE 25’
L UM O T TEBRBSRE DR E L LT fh DI
DIERE (F & LTHHRY) RETD L5302 Tho
T ZhE—RIZ CANGE (BEHifE, pneumoconiosis)
LT D, XD 5 HREEREEKTVBEIIECE FE
TER%Z I 23 0T L L 2 &\ IiE (BEIFE, silico-
sis) SRS, LA LBIHRD X 2WRIGEAEH DTS
EREEKTVEEEE LTOWRWERB CARETY
CHESBICRATIEEELAD CAMEYEET 5
EMBRT WS, SiO, S4B ETH B LA TE
A CIIER 5 DTEED CAMERIBEDEST
WRE S22 LB TRETH 20T, biECE
WTHERT TCAME &\ 3BT C, £DF
EHEILTBL BWTH 5., BEIRECHIII T
DA 5, 20k 5 AR BT B[EEORE
PHEE LTH CADMADWE, ERLOCRELDHT
AR F A D & LTI s~ C 7 kA i T )
SR DB HERICHIE LT\ (F0EET Si0;
BIITIEWATTS), mEE2ELDLL, Bbithnsdo
LRI LOEEDHEEIBRAINB LAOE,
BTRFRRBEERTN CAEE L 20 BECH >\
TWicRE (WBER) OB EEA5L W50 LT
B5. FEZL ORBAEOREIFNEYE-> T
T X7 7 9 ARG B EHITEE DT IHERE
B, B CABE L SiREROR L ORI L EL
BRI D 7o, Tok 2 1T19204EIC b8 LC A DB | X
EHELTHDLDTIE, 15FEBIC20%55 30EHITIT
EC0%NT W IE L RES N TV B E WIS X5
ERRHDOND., ZOFEND IO T IHED S
FBRRESLDEVICDIL, FOBBOESHE UA
BER 0.2Tmg/m® IFICREORETH S L\ 5 RN
BORWIO, I T 2 S ORBMD 7 4 )
DB T 5 BRBERE (TLV) 225
NI, —Jfa v 7B NTH S L OEER L RS
HOBMELVHFFRE L LORTbh, FOREIEEY
ADFBELERET 2V »OBSGHEHE L TIX, 7 2
Vhbw v T ORER T B LR UA Tkl
2~9: 1DhERDEBMEINRTHBEY, “0k5c
ST IUE CAIE R 35 & $AREME OB 2 5 LA DZER
HARE D RE T IR TA S L Y1t Ehbhs. L
DL IR WL ONDOEER D5, B CHEED
FHEN BB OLEEHDOB UA DK TFREEREL O
2BHD LB E L. EPTRTFROHUTE 2 28
ERIT 5~10p LITOARE XD L DEEETL L L L
T TRIEBWSTRETHS 57, 4% TOFIE
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HEEOWETRE X 1p RO FHIMIECE LS,
Lichi> TEERX BT RET bbb EEENBE V- &
EzbhTnic, L LIBERREORLCATEIS U
ABTE CHRLFIEMEV SR CTEDEEIN 3~5p <D
WOLDOMN 1p FIEOLD LY LT LAL L MlgmicR
Db, ZOBEOREZIDLOLL LD UANMKEY
KT BE R L d b TRz, T 1p ITHIC
0.1 x4 LIFORTFIEIV 2 ICABRAE LR TH FHOMEH L
DRBAREMAKREL (£ ~2DEDT LX), > TH
EEIENES 5 LEbR Ty, BELO CAMR
THEZDOBALTHEDOREELT 0.1p PITFD fume
THHHBETEL, MR T 3~4p XKEIDOHABORTF
ELTCRDENS L5786 5 BECIDZLO
B DX ST EENL R UTTFRIE I 5~
&0y BHWIIH CADEEIC L 2RIEEEDOE
BFDREINFZEDL BWTHBLLED, It OREIX
RSB LT oW, b o SERIREE LT
WA AR ok 2 X RERE e & A
THREL LTCBER N E OREERECEKP OB CADKE
XOHHE—HBLTBH2EWIHELD Y (BIRER
B3 CAEREThI 0T 50~100ce), 7+
AR ST T 7o & TRHET 2 BA DI X 5 FROH
e E b, 13 LTIMAROR & S P EORFHE
IhBD, EWOIHEEREI->TL A, 72V A TIER
Blp kD KEXOLONRFEINDD, HHE T
12 0.5 DIENSZL OBEHBEIND L5 THD. &b
AL B TERECEET S 4B L - LS VRT
LEMHSRS U, EFEHSETIE L = DRF L B> T
ToDp, THIEBUNOERFOES LY D TH-> T, X
7o LTHEBEHTIEE 575> T 500 Ui LIPS A8
7o s X5 IERLHTL 5. ERUED X 5 I Gk
—IGEHER AR TR T, —EDHEFE (3, il
Fik, WES, BT, toft) T—EE i
P 2K EEYBEOR CABE Y HERKT5 2 &
IR L IE LAY, BLED 5 Bun L 20L& E
B LR R T % & ERAERBECE Ry EE B
RETHDH. VhARESFEER CAREDO RN A
TR RS Z > eEE L OBFEEARD X 5 &35 L &I
MBELHEEXETL L, BoeRERCL RS R
BEORERCACL> T, TORDEOICHIGT S L5
T RDEENME LN X 5 B EIBD THTH 5.
Tlebhbl CAR X2 AMFEFOBRELZRLLHE, B
CA MM ZEKERERC BT B RTROLTINETTH D
BRFEFTHIEENRS V2 XD,

— B ERETOREER CABEYERTRILL
5 LT HTER, MBORTR TELHT T8

CHB LT, impinger £ DMDEERAY NEL 35 DH3
DALEITHD., ET-LRBRG CAOKELL b 2D
BERBECECE L, BAERACTHWS X 57 FEETIE 5
~10 p D AMRICEE LT O D E D RO K
ERFRRON AT W bz iows (LIE LISk
et 5), Licdi-o TZoRkd, »H8EE, FPT
DREIDDD>TND E A TEBETIIEL VAL D
TRF UL d 2 BEREEYEI D 5l b sy,

SOICRIFHEERE OREE®EIZE 52 2218, kL
TFOER L CADHRE D> T IUESTE OWRE L
BETHD I LI ETH. L LI 2T
¥ CAORBEANO—BBIENA b b b3 BEL R L X
5 L3500, BRI B RTFOROREMATREL
TR LIS CHREETH S L, WETHIDERRE
bz X5, FEIFWIEAYRETS RO E Si
O, #ZBCEHF T 5 HEWN L GaptER U A DT
I Th, 1mg it 30~50x10°=, AR ETIE 60x10
2, ZOME L DBEMEN DI > T 5.

ZOXOSBEETE LTHWORTWAFETHD
B CADBMESEERC KT B RTFH bR ERIT
I DPERFBRCII L T ERHD O TiEis bl
WREBADTIe Tew, B 50O, kRom
Bl BICEIA SR T35 DIC TN O & 2L, L R
LEBETLLTHA, bo LB/ Tyndallometer
7 ANz~ (F 7 AEHE PR, Tofh) WX B
Wh5—10p DAYy »EED DT EFRAHBRD &
EMDLE L& E 5 A9,

LTOMNERELRDL REPEREETREI L5 E
By TOREFELECONTIEES ADEA LF U
B rBfELLRBDZ IR T3,

i) = o f

Time weighted average concentration &\>5 &40
finc b BfEME2 B 0 L 5 ThH DA, EEIEAEOHEE
Ty, LTOFERIINEL ONEFTHS. 1HTIZSK
BIELTH 1HEERD LA THA DD, HAETIZAS
BEHEICH D 7 2 Y 2 T4 &\ 5 & Z ANERETH
2 C 58D LEEYEADOEMSRE T Todhb Ak~
DHFERL AUBETH BoTlB ZEnELDA
%,

SMHEPED D VITFEE OB OCEEYED L 2 TIIE
REBETRX 2, BRIEALE LT HHAIIFIGEET
BLTWI S ET5E2 bMARTIZS a3 5 LA
THD, LILEBEEEVCOIFBEOEDEWRIIE S THAHS
. CAME (WHHE) 23R 23X 5 nEEORER
CADBEVIBERD X 51 L 7@ (WhistErR)
DENFEEDES LB CBEEEYHT525, TOMOR
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FEDHEER UADBE TIX - DR EMIIFEHSENCE R
ThRWZENRLIELIED 5. RENLEEERTH TS
BPFETLELLIDTH S, Z 2L B B o
T 5.

IOIBEEIC KT 5 B EWEDOBERHIE L T DF
BREYED L5 LTHM, AFCTRALICESEY
BREDEEDHTHB I LI ONEEDE LTE
M FHE B BAWN, TOER L » THIRBRRYE
DL S ETHRAD L LINT 5.

b L <

MIBEOBEII > T B X 5 TEHELIRF LTA

B EERTHEL RN DI I, FaFagdbhd

NEZ L (B b e d) FEARO0E L

KD TNDHEZATHE, BIBTRTHEEEINEL

D EROEREFER LT, FERITE A+ DR

ERRFET S C LD H L LTRERHOHK

S I B BRE LBROSBELFINT 5 = Loy

ThH%.

75 BARRC IR TP R T N THBB B B
5L DTH>T, He—BTBITHRIFEROBET

VI E B L RETHRE GIERRE) 2T bhs <

XThHo>T, LRORBERLTRIFIROBAC LS T

WA Z EIRIELL 7R,

T 73
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i 1. 7xv», HRROYHED TLV (FHEE)

@ 1. 7AIDOLDOWIIEROCT L 5.
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1964 —1%

TAY D V& TAYVH v

Substance ppm*  Mg/M3t Mg/M3 Substance ppm*  Mg/Mt Mg/M?

Acetaldehyde 200 360 5 Chlorinated camphene, 60% — 0.5

Acetic acid 10 25 5 Chlorinated diphenyl oxide — 0.5

Acetic anhydride 5 20 Chlorine 11 3 13

Acetone 1, 000 2,400 200 Chlorine dioxide 0.1 0.3

Acetonitrile 40 70 C Chlorine trifluoride 0.1 0.4

Acetylene tetrabromide 1 14 C Chloroacetaldehyde 1 3
1 Acrolein 0.1 0.25 0.7 Chlorobenzene (monochlo-

Acrylonitrile—Skin 20 45 robenzene) 75 350 50

Aldrin (1,2,8,4,10,10-hexa- Chlorobromomethane 200 1,050

chloro-1, 4, 4a, 5., 8a-hexa- Chlorodipheny! (42%
hYdfli;ll’ ;" 5, 3‘d15“1;‘?than°' Chlorine)—Skin — 1
naphtha ene)——‘ n R 0.25 Chlorodiphenyl (54%

Allyl alcohol—Skin 2 5 . .

Allvl chlorid Chlorine)—Skin — 0.5 5
! v OI.AI e 1 3 C Chloroform (trichloro- :
C Allyl glycidyl ether (AGE) 10 45 methane) 50 240

Allyl pltopyl disulfide 2 12 1-Chloro-1-nitropropane 20 100
IAmmonTa 50 (1003 35 20 (35) Chloropicrin 0.1 0.7

Ammonium sulfamate Chloroprene (2-chloro-1,3-

(Ammate) — 15 butadiene) 25 90 2
I Amyl acetate 100 525 100 Chromic acid and chroma- /
Amyl alcohol (isoamyl tes (as CrOy) — £0.13 0.1 0.1(0.1,
alcohol) 100 360 100 Cobalt —_ 0.5 0.5

Aniline—Skin 5 (5] 19 3 Crag (R) herbicide (sodium)

Antimony — 0.5 2- (2, 4- dichlorophenoxy)

ANTU (alpha naphthyl ethanol hvdrogen sulfate) — 15

thiourea) — 0.3 Cresol (all isomers)—Skin 5 22

Arsenic — 0.5 (0.5) Cvanide (as CN)—Skin — 5

‘Arsine 0.05 0.2 (0.2) Cvclohexane 400 1, 400

Barium (sohible compou- Cvclohexano 150 200

nds) — 0.5 Cvclohexanone 50 200 10
C Benzene (benzol)—Skin 25 (25] 80 20 Cvclohexene 400 1,350

Benzidine — At 2,4-D (2,4-dichlorophen-

Benzyl chloride 1 5 oxyacetic acid) — 10

Beryllium — {0.002] 0.002 0.002 DDT (2,2 bislp-chloro-

Boron oxide — 15 phenvil-1,1, I-trichlo-

C Boron trifluoride 1 3 roethane)——Sk.ln - 1
Bromine 0.1 0.7 Dfacaborane——Skln 0,05 0,3
Butadiene (1, 3-cutadi- Diacetone alcohol (4-hy-

ene) 1,000 2900 droxy-4-methyl-2-penta-
’ none) 50 240
2-Butanone (methyl Dib 0.1 0.1
ethyl ketone) 200 590 200 tborane : :
1, 2-Dibromoethane (Ethyl-
2-Butoxy ethanol (Butyl . .
ene dibromide) 25 190
Cellosolve) 50 240 N
o-Dichlorobenzene 50 300 20
Butyl acetate (n-butyl . Y
acetate) 200 (2003 950 200 p-Dichlorobenzene 75 450

Butyl alcohol 100 300 200(300) chhlt.)rodlfluoromethane 1, 000 4, 950

tert Butyl Alcohol 100 300 L 1‘3?2"”“3”‘3 oth 100 400 10
C Butylamine 5 15 10 (15) L 2Dichloroethane (eth-

wyamme 13) ylene dichloride) 50 200

n-Butyl ghycidyl ether X h

(BGE) 50 270 1,.2—chh10roet vlene 200 790

Butyl mercaptan 10 35 Cchhloroethyl ether 15 90

p-tert. Butyltoluene 10 60 Dichloromonofluorometh-

Cadmium oxide fume — [0.1)0.1 0.1 ane 1,000 4,200

. ' ’ ’ ) C1,1-Dichloro-1-nitroethane 10 60

Calcium arsenate — 1 Dichlorotetrafl h

Carbon dioxide 5,000 9, 000 e CREHTATIHOTOSE o 7 000

Carbon d1su1f1<.ie—Sk1n 20 £20) 60 10 Dieldrin (1,23, 4,10, 10-

Carbon monoxide 100 (1000 110 20 hexachoro-6, T-epoxy-

Carbon tetrachloride—Skin 10 65 20 1,4,4a,5,6,7,8, 8a~oct-

Chlordane (1, 2, 4, 5, 6, 7,8, - ahydro-1, 4,5, 8-dime-

octachloro-3a, 4, 7, Ta-tetra- thanonaphtaalene)—
hydro-4, 7-methanoindene) — 0.5 Skin — 0.25
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Substance ppm* Mg/M?*t Mg/M?
Diethylamine 25 75 30
Difluorodibromomethane 100 860

1C Diglycidyl ether (DGE) 0.5 2.
Diisobutyl ketone 50 290
Dimethyl acetamide—Skin 10 35
Dimethylaniline (N-dimet-

hylaniline)—Skin 5 25
Dimethylformamide 20 60 10
1,1-Dimethylhydrazine—

Skin 0.5 1
Dimethylsulfate—Skin 1 5
Dinitrobenzene—Skin — 1 1
Dinitrotoluene—Skin — 1. 1
Dinitro-o~cresol—Skin — 0.
Dioxane (diethylene diox-

ide) 100 360 10
Dipropylene glycol me-

thyl ether 100 600
EPN (o-ethyl o-p-nitrop-

henyl thionobenzenep-

hosphonate)—Skin —_ 0.

Ethyl acetate 400(400] 1,400 200
Ethyl acrylate—Skin 25 100
Ethyl alcohol (ethanol) 1,000 1, 900 1,000
Ethylamine 25 45
C Ethylbenzene 200 870
Ethyl bromide 200 890
Ethyl chloride 1, 000 2,600
Ethyl ether 400 1,200 300
Ethyl formate 100 300
1C Ethyl mercaptan 20 52
Ethyl silicate 100 850
Ethylene chlorohydrin—

Skin 5 16
Ethylenediamine 10 30
Ethylene glycol dinitrate

(Combined EGDN+NG)

—Skin 0.2 1.
Ethylene imine—Skin 5 9
Ethylene oxide 50 90 1
2-Ethoxyethanol (Cello-

selve) 200 740
2-Ethoxyethylacetate

(Cellosolve Acetate) 100 540
Ferbam (ferric dimethyl

dithiocarbamate) — 15
Ferrovanadium dust —_ 1
Fluoride —_ 2.
Fluorine 0.1 0.
Fluorotrichloromethane 1,000 5,600

CFormaldehyde 5 (53 6 1
Fhrfural 5 20 10
Furfuryl alcohol 50 200
Gasocline 50005007 2,000
Glycidol (2,3-Epoxy-1-pro-

panol) 50 150
Heptane (n-heptane) 500 2,000
Hexane (n-hexane) 500 1,800
Hexanone (methyl butyl

ketone) 100 410

TAVA
Substance ppm*
I sec-Hexyl acetate 50 295
Hexone (methyl isobutyl
ketone) 100 410
C Hydrazine—Skin 1 1.
Hydrogen bromide 3 10
C Hydrogen chloride 505 (M7
Hydrogen cyanide—Skin 10 {103 11
Hydrogen fluoride 3 2
Hydrogen peroxide, 90% 1 14
Hydrogen selenide 0.05[0.05) 0.
C Hydrogen sulfide 20 (10] 30
Hydroquinone — 2
C Iodine 0.1 1
Iron oxide fume ~ 15
Isophorone 25 140
Isopropylamine 5 12
Isopropyl glycidyl ether
(GE) 50 240
Ketene 0.5 0.
Lead — ([0.15] 0.
Lead arsenate — 0.
Lindane (hexachlorocyclo-
hexane, gamma isomer) — 0.
Lithium hydride — 0
Magnesium oxide fume — 15
Malathion (o,o0-dimethyl
dithiophate of diethyl
mercaptosuccinate)—Skin — 15
C Manganese — 5
Mercury—Skin — £0.13 o.
Mercury (organic com-
pounds)—Skin — 0
Mesityl oxide 25 100
Methoxychlor (2,2-di-p-
methoxy-phenyl-1,1, 1-
trichloroethane) — 15
Methyl acetate 200 (2007 610
Methyl acetylene 1,000 1,650
Methyl acrylat/ewSkin 10 35
Methyal (dimethoxymeth-
ane) 1, 000 3,100
Methyl alcohol (meth-
anol) 200 (2007 260
C Methyl bromide—Skin 20 80
Methyl cellosolve (2-me-
thoxyethanol)—Skin 25 80
Methyl cellosolve acetate
(ethylene glycol mono-
methyl ether acetate) 25 120
CMethyl chloride 100 210
I Methyl chloroform (1,1,1- :
trichloroethane) 350 1,900
Methylcyclohexane 500 2, 000
Methylcyclohexanol 100 470
Methylcyclohexanone 100 460
Methyl formate 100 250
Methyl isobutyl carbinol
(Methyl amyl alcohol) 25 100
CMethyl mercaptan 20 40
xMethyl styrene 100 480
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TAY D v H TAY A v &
Substance ppm* Mg/M3t Mg/M, Substance ppm* Mg/M3t Mg/M?
Methylene chloride (dic- Propyl acetate 200 840 200

hloromethane) 500 1,750 50 Propyl alcohol (isopropyl .

Monomethyl aniline—Skin 2 9 alcohol) 400 980 200
Molybdenum ’ i Propyl ether (isopropyl

(soluble compounds) — 5 4 ether) 500 2,100

(insoluble compounds) — 15 8 n-Propyl nitrate 25 110
Naphtya (coal tar) 200 800 Propylene dichloride (1,2~
Naphtya (petroleum) 500 2,000 dichloropane) 75 350
B-Naphthylamine — A2 Propylene imine—Skin 25 60
Nickel carbonyl 0.001 0. 007 Propylene oxide 100 240
Nicotine—Skin — 0.5 Pyrethrum — 5
Nitric acid 10 (10] 25 Pyridine 5 15 5
p-Ntroaniline—Skin 1 6 Quinone 0.1 0.4
Nitrobezene—Skin 11013 5 3 Rotenone (commercial) — 5
Nitrethane 100 310 30 Selenium compounds (as

C Nitrogen dioxide 5 (5] 9 Se) —  (0.130.1
C Nitroglycerin (combined Sodium fluoroacetate (1080)

EGDN+NG)—Skin 0.2 2 —Skin ‘ - 0.05
Nitomethane 100 250 30 Sodium hydroxide - 2 0.5
1-Nitropropane 25 90 30 Stibine 0.1 0.5
9-Nitropropane 25 90 30 Stoddard solvent 500 2,900
N-Nitrosodimethylamine Strychnine - 0.15

(Dimethylnitrosamine)— Styrene monomer (phenyl-

Skin A3 — ethylene) 100 420
Nitrotoluene—Skin 5 30 Sulfur dioxide 5 (5] 13 10 (10)
Octane 500 2,350 Sulfur hexafluoride 1,000 6,000
Osmium tetroxide — 0. 002 Sulfuric acid — a1 1@
Ozone 0.1 00.1) 0.2 0.1(0.1) Sulfur momnochloride 1 6
Parathion(o, o, diethyl-o-p- Sulfur pentafluoride 0.025 0.25

nitrophenyl thiophosph- Sulfuryl fluoride 5 20

ate)—Skin —_ £0.13 0.1 2,4,5T (2,4,5-Trichlorophe-

Pentaborane 0. 005 0.01 noxyacetic acid) — 10
Pentachloronaphthalene— TEDP (tetraethyl dithiono-

Skin — 0.5 pyrophosphate)—Skin — 0.2
Pentachlorophenol—Skin —  [0.530.5 Teflon decomposition pr-

Pentanone (methyl propyl oducts — A,

ketone) 200 700 TEPP (tetraethyl pyrop-

Pentane 1, 000 2,950 hosphate)—Skin — 0.05

Perchloroethylene (te- Tellurium — 0.1 0.01
trachloroethylene) 100 670 1,1,2, 2-Tetrachloroethane

Perchloromethyl mercap- —Skin 5 35

tan 0.1 0.8 Tetrahydrofuran 200 590
Perchloryl fluoride 3 13.5 Tetranitromethane 1 8 0.3
Phenol—Skin 5 19 5 Tetryl (2,4, 6-trinitrophenyl-

Phenyl glycidyl ether methylnitramine)—Skin — 1.5

(PGE) 50 310 Thallium (soluble com-

Phenylhydrazine—Skin 5 22 pounds)—Skin — 0.1
Phosdrin (2-carbomethoxy- Thiram (tetramethyl th-

1-methyl vinyl dimethyl iuram disulfide) — 5

phosphate) — 0.1 Titanum dioxide — 15
Phosgene (carbonyl chlor- C Toluene (toluol) 200 (2007 750 50

ide) 1 4 0.5 o-Tohudine—Skin 5 22 3
Phosphine 0.3 0.4 (0.07) CTolylene-2,4-diisocyanate  0.02 0.14 (0.14)
Phosphoric acid — 1 Trichloroethylene 100 {1007 520
Phosphorus (yellow) —_ 0.1 0.03 Trichloronaphthalene—

Phosphorus pentachloride — 1 Skin — 5
Phosphorus pentasulfide — 1 1, 2,3-Trichloropropane 50 300
Phosphorus trichloride 0.5 3 1,1, 2-Trichloro 1, 2, 2-trifl-

Picric acid—Skin —_ 0.1 uoroethane 1,000 7,600
Platinum (Soluble Salts) — 0.002 Triethylamine 25 100
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TAYA v
Substance ppm* Mg/M3t Mg/M?3
Trifluoromonobromometh-
ane 1,000 6,100
Trinitrotoluene—Skin — 1.5 1
Triorthocresyl phosphate — 0.1
Triphenyl phosphate’ — 3
Turpentine 100 560 300
Uranium
(soluble compounds) — 0.05 0.15
(insoluble compounds) — 0.25 0.75
Vauadium
C (V305 dust) — 0.5 0.5(0.5)
(V,0;5 fume) — 0.1 0.1(0.1)
«C Vinyl chloride (chloroethyl-
ene) 500 1,300 30
Vinyl toluene 100 480
Warfarin (3-[x acetonylben-
zylJ-4-hydroxycoumarin) — 0.1
Yttrium — 5
C Xylene (xylol) 200 870 50
Xylidine—Skin 5 25
linc oxide fume — 5 5 (5)
Zirconium compounds (as
Zr) — 5 5

Note : The word “Skin” following a substance in-
dicates that the substance can penetratethe skin
to contribute to the exposure, and threshold limit
value should be reduced acordingly.

* Parts of vapor or gas per million parts of air
by volume at 25°C and 760 mm. Hg pressurei.

T Approximate milligrams of particulate per cu-
bic meter of air.

11963 Revision.

A Numbers, see Appendix A.

111963 Addition

C Numbers, see Appendix C.

Radioactivity : For permissible concentrations of
radio-isotopes in air, see U.S. Department of Com-
merce, National Bureau of Standards. Handbook
69, “Maximum Permissible Body Burdens and Ma-
ximum Permissible Concentrations of Radionucli-
des in Air and in Water for Occupational Expos-

re,” June 5, 1959. Also, see U.S. Department of
commerce, National Bureau of Standards, Hand-
book 59, “Permissible Dose from External Sources
of Ionizing Radiation,” September 24, 1954, and
addendum of April 15, 1958.

Mineral Dusts

EEELEW

Substance m.p.p.c.f.§
Mica 20
Soapstone 20
Talc 20
Portland Cement 50

Miscellaneous (less than 1% crystalline

silica) 50

Conversion factors
mppct X35.3=million particles per cubic meter
=particles per c.c.

Tentative Values TAYA
Approx.
Substance ppm* Mg /M3t
Ctert. Butyl chromate (as
CrQ;)—Skin — 0.1
iiCalcium oxide —_ 5
1Camphor — 2 3 (vE)
I1Copper Fume — 0.1
Dusts & Mists — 1.0
DDVP (o,0-Dimethyl-2, 2-
dichlorovinyl phosphate) — 1
{fDemeton (Systox) — 0.1

1Endrin (4, 2,3,4, 10, 10-hexa-
chloro-6, 7T-epoxy-1, 4, 4a, 5,
6, 7, 8, 8a-octa hydro-1, 4-
endo-5, 8-dimethano-

naphthalene)—Skin — 0.1
Epichlorhydrin 5 19 1

{Etha5nolamine 3 6 (vH)
11Graphite — 15mppct
IiHafnium — 0.5
fHeptachlor (1,4,5,6,7, 8-8~

heptachloro-3a, 4, 7, Ta-

tetra~-hydro-4, T-meth-

anoindene) —_ 0.5
IiMethylamine 25 31
1iMethyl Methacrylate 100 410
C Methylene bis pheny-

lisocyanate 0.02 0.2
1iIMineral Wool (Fiberglas) — 2
IiNaphthalene 10 50 20 (Vi)

0il (mineral) — 5

I8 Propiolactone — A5
IiSilver — 0.05
IITantalum — 5 10 (v
1i1,1, 2-Tethachloro-2, 2-

difluoroethane 1000 8340
111,1, 2, 2-Tetrachloro 1, 2-

difluoroethane 500 4170
IiTetraethyl lead—Skin — 0.075 0.005
1iTin

(inorganic compounds) — 2

(organic compounds as

Sn)—Skin — 0.1

Substance m.p.p.c.f.§
SILICA
Crystalline
Quartz, Threshold limit calculated 250
from the formula % Si0,+5
Cristobalite " " 17
Amorphous, including natural dia-
tomaceous earth 20
SILICATES (less than 1% crystalline
silica)
Asbestos 5

*Parts of vapor or gas per million parts of air
by volume at 25°C and 760 mm. Hg pressure.

tApproximate milligrams of particulate per cu-
bic meter of air.

11963 Revision.
111963 Addition.
A Numbers, see Appendix A.
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Appendix A

A!, Benzidine. Because fo high incidence of bl-
adder tumors in man, any exposure including
skin, is extremely hazardous.

A?, B-Naphthylamine. Becauseof the extremely
high incidence of bladder tumors in workers
handling this compound, and the inability to
control exposures, B-naphthylamine has been
prohibited from manufacture, use, and other
activities that involve human contact by the
State of Pennsylvania. )

A?, N-Nitrosodimethylamine. Because of extrem-
ely high toxicity and presumed carcinogenic po-
tential of this compound, contact by any route
should not be permitted.

A*, Teflon decomposition products. At least one
identified component of Teflon decomposition
products is extremely toxic, but, in the absence
of more complete toxicity information and suit-
able analytic methods, a definite threshold limit
value is not recommended at this time ; but air
concentrations should be minimal.

As, B Propiolactone. Because of high acute toxic-
ity and demonstrated skin tumor production in

animals, contact by any route should be avoi-
ded.

Appendix B
Threshold Limit Values of Mixtures

When two or more hazardous substances are pr-
esent, their combined effect, rather than that of
either individually, should be given primary con-
sideration. In the absence of information to the
contrary, the ef fects of the dif ferent hazards sh-
ould be considered as additive. That is, if the sum
of the following fractions.

Cl C2 ...... CIl
exceeds unity, then the threshold limit of the
mixture should be considered as being exceeded.
C indicates the observed atmospheric concentrat-
ion, and T, the corresponding threshold limit, (See
Example 1A.a.).

Exceptions to the above rule may be made when
there is good reason to believe that the chief ef-
fects of the different harmful substances are not
in fact additive, but independent as when purely
local effects on different organs of the body are
produced by the various components of the mixt-
ure. In such cases the threshold limit ordinarily
is exceeded only when at least one member of the

. (0 C, .
series (*—* or —— ~etc.) itself has a value exceed-
T, T,

ing unity. (See Example 1A.b).

Antagonistic action or potentiation may occur
with some combinations of atmospheric contamin-
ants. Such cases at present must be determined
individually. Potentiating or antagonistic agents
are not necessarily harmful by themselves. Po-
tentiating effects of exposure to such agents by
routes other than that of inhalation is also Poss-

ible, e.g. imbibed alcohol and inhaled narcotic (tr-
ichlorethylene). Potentiation is characteristically
exhibited at high concentrations, less probably at
low. When a given operation or process charac-
teristically emits a number of harmful dusts, fu-
mes, vapors or gases. it will frequently be only
feasible to attempt to evaluate the hazard by me-
asurement of a single substance. In such cases,
the threshold limit used for this substance should
be reduced by a suitable factor, the magnitude of
which will depend on the number, toxicity and
relative quantity of the other contaminants ord-
inarily present. Examples of processes which are
typically associated with two or more harmful
atmospheric contaminants are welding, automob-
ile repair, blasting, painting, lacquering, certain
foundry operations, diesel exhausts, etc. (Exam-
ple 2.)

Threshold Limst Values for Mixtures :
Examples

1A. General case, where air is analyzed for each

component,

a. ADDITIVE EFFECTS
G 6 G Cn _
T, TZ + T3 ..... T, =1

Air contains 5 ppm of carbon tetrachloride
(TLV, 10) 20 ppm of -ethylene dichloride
(TLV, 50) and 10 ppm of ethylene dibro-
mice, (TLV, 25).
5,20 10_65_
10 50 T o5 0 "3
Threshold limit is exceeded.
b. INDEPENDENT EFFECTS
Air contains 0.15 mg. /m? of lead (TLV, 0.2)
and 0.7 mg. /m? of sulfuric acid (TVL, 1).
0.15 0.7
= =0.7
0. 20 0.75, 1 0

Threshold limit is not exceeded.

1B. Special case when souce of contaminant is a
mixture and atmospheric composition is assu-
med similar to that of original material, i.e.
vapor pressure of each component is the same
at the observed temperature.

a. ADDITIVE EFFECTS approximate solu-
tion.
1. A mixture of equal parts (1) trichloroe-
" thylens (TLV, 100), and (2) methyl ch-
loroform (TLV, 350).

C1 Cz _ Cm
700 7350 Tm
C, =G, =% Crm

G, G _ 2C,

100 7350~ Tm
7C,  2C, 2C,

700 T 700 © Tm

Tm=T00X %=155 ppm

solution applicable to “spot” solvent mixture us-
age, where all or nearly all, solvent evaporates.
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b. General Exact Solution for Mixtures of N
Components With Additive Effects and Dif-
ferent Vapor Pressures.

Cl CZ Cn
...... ‘ﬁzl M
(6] T, + T, + Ty

2 Ci+Cyfennenn +Cn=T;

-G G Ca _
(2.1) T+T+ ------ +T—1.
By the Law of Partial Pressures.
(3) Clzaply

And by Raoult’'s Law.
) pi=F;p,°
Combine (3) and (4) to obtain
(6 Cy=aF;p,
Combining (1), (2.1), and (5), we obtain

Fip,® | Fopy® Fupan® _ Fips®
®) 1 T 1 T — T, T

T+ ...... + Tn—
and solving for T,

EELBEW

Fip®+Fapp®feveees + Fnpn®

(6 1) T= Flplo 227@;— &pno
T, T, Ta
T = Threshold limit value in ppm.

= Vapor concentration in ppm.

= Vapor pressure of component in solution.

= Vapor pressure of pure component.

= Mol fraction of component in solution.

= Aconstant of proportionality.

Subscripts 1,2,....n relate the above quantities to
components 1,2,...n, respectively.

Subscript i refers to an arbitrary component from
1 to n.

Absence of subscript relates the quantity to the

mixture.

® o " O

i=n Sohution to be applied
or F,p,° when there is a reservoir
1= of the solvent mixture
6.2) T=—-o—0— i.
i=n whose composition does
2 Fip® not change apreciably by
i=1 T evaporation.

Exact Arithmetic Solution of Specific Mixture

Mol. fraction in half-
and half solution by

Mol. wt. Density T b° at 25°C volume
Trichloroethylene (1) 131.4 1.46 g. /ml. 100 73mm Hg 0.527
Methylchloroform (2) 133.42 1.33g. /ml. 350 125mm Hg 0.473
F p:°=(0.527) (73)=38.2 although no subjective effects are experien-
F; p,°=(0.473) (125)=59.2 ced from NO, alone at 5 ppm.
T = 38.2+59.2 _ (97. 4) (350) _ (97. 4) (350) =177 Appendix C
38.2 59.2 7 133.8+59.2 193.0 Bases for Assigning Limiting “C” Values®
TOO-*-W Permitted
T =177 ppm Fluctuation
(Note difference in T.L.V. when account is taken T.L.V. Factor of
of vapor pressure and mol fraction in comparison RANGE T.L.V.
with above example where such account is not ta- for 5, 10
ken.) . ) pPpm or mg. /m?® or 30 min. Examples
2. A mixture of one part of (1) parathion (TLV, 0 —1 3 Boron trifluoride (1 ppm)
0.1) and two parts of (2) EPN (TLV, 0.5). . )
at 3 ppm if repeatedly
G, _|__Cz____& - C,=2C Cm=3C, encountered for periods
0.1 70.57 T * ™ ' of 5, 10, or 30 minutes
C,  2C, 3G, 7C;  3C, T ?
01 + 05 = Tm 0.5 = Tm nllay lead to pneumoni-
15 tis; a “C” listing recom-
Tm=T=0. 21 mg. /m3 mended.
1IC. INDEPENDENT EFFECTS 1+-10 2
1. From naphtha (TLV, 500) containing 10 mole 10+ --100 1.5 Ethyl benzene (200 ppm)

per cent benzene (TLV, 25) the narcotic ef-
fects can be considered as approximately
the same as that of benzene-free naphtha.
The blood effects can be considered as due
to the benzene alone.

For intermittent exposure. a TLV of 500 ppm

may be used as long as the quverage concen-

11000= 250ppm, the

tration does not exceed 25x
TLV based on the benzene content.

2. Diesel sngine exhaust contains several ir-
ritants, one of which is nitrogen dioxide.
A limit of 2 ppm NO, has been found to cor-
relate fairly well with the beginning of su-
bjective (irritation) effects from such gases,

at 250 ppm if repeatedly
100+ —1000 1.25 encountered for periods
of 5 or 10 minutes may
prove intolerably irrita-
ting to the eyes; a “C”
listing recommended.
*According to this limitation, the presently lis-
ted TLVs will or will not be candidates for a “C”
(ceiling) listing. 1963 TLVs not coming within fh-
is limitation will bear a “C” before the substance
name. Judgmentdis based on whether the excurs-
ions in concentration under the time limits steted
may result in a) intolerable irritation, b) chronic
or irreversible tissue change, or c) narcosis of suf-
ficient degree to increase accident proneness or
materially reduce work efficiency.
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