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THE CHEMICAL YES MEASURE ALL
RELEASED INTO MAY ANY OF MANIMUM EMPLOYEES WHO
THE WORKPLACE EMPLOYEE BE RISK v >

EXPOSED TO EMPLOYEE (S) MAY BE Z AL

CHEMICAL AT

CONCENTRATIONS

zaL P 1

PROCESS
CHANGES IN
FUTURE ?

EXPOSURE (S} = AL \, PELE EXPOSUREZ AL /
L
[ MEASURE EXPOSURE

3 AST EVERY 2 MONTAS

NC
NOTIFY EMPLOYEES ,
INSTITUTE CONTROLS, EMPLOYEE HAS
MEASURE THOSE | o 2 consecutive
EMPLOYEES AT LEAST MEASUREMENTS
MONTHLY = AL
Figure 1.1. NIOSH recommended employee exposure determina- YES

tion and measurement strategy. Each individual sub-
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missible exposure limit.
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Initial appraisal
What are the hazards & risks?

Do you think exposure is
under control?

~— =D

Basic survey el CoOntrol the exposure

Reappraisal

From the initial appraisal
Routine monitoring and basic survey decide if the

level of risk is acceplable

Need more informatio
Detailed survey

From the monitoring results

decide if the level of risk
e is acceptable "

Figure 2: A structured approach for assessing exposure to substances hazardous
to health by inhalation
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LT L, FEH OV L EE S RIMEZERZ TWRNWZ 2R T 52 L &K
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ED 5 %D 313 4B 25 Z LIZHESHTNDE LTS (p.6),
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3 HEZeEAT (HSE) (231 % 8 Rl < @ AE1E & ) 1T < A EDE M D& 2

(1) EEZ2EET (HSE) T, B o< &RE (WEL) & LT, KREH (8 FREf)
(E<FEIRAE T, BRI bté*%®i< (L DB BT DDDOEDTHY |

R GEE 15 D) IEKBIREICHOWTE, R0 BIC L 2RSS
5&@@%@?%5&L1m5(H&%mmnm&oﬁ%\f#ﬁmﬁtéﬁ TEE
SNTW,

(2) HSE(2020) %, HEEFIE < BREMEDNRE SN TOARWVWHEICSW T, BRI
<ERED SEOHZERHNE— 27 IZ< BEOEBHOL-OOHEEL L TEHTRET
bHEL TS, Fio, 156 pEBOERH OEVIEL FETH- T, FHT 5 L 8 KEH
FEMEC 15 HEZ 2 20 K 9 IFBITHOWVWTH, JERELZREITIBEN
NHDHIZD, VAT THEAAL FTY AT BRI ERALNTRE2VRY . &
B CRIBERFIADOX R NSLETH D & LT 5 (p.28),

4 RA Y OmEREEHE L 8 IR ZEHE D BIR
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34



EEMAKIZ X3 5 its H(excursion coefficient) & L THERINZ 1 ~ 8 £ TOE
DMEE 4L, 15 3O FEIMED MAK (2Bt E a2 Fe Uiz ERE LT, 1E¥¢ 7
~ (8IfH) 1T4BEIET, 2o, TR LEDOA 2 — VBT 5 2 L 2R,
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W 7 DAEIEERE STV R0,

Excursion factors, maximum duration of peaks, maximum number per shift and minimum interval between the
peaks

Category Excursion Duration Number  Interval
factor per shift %%
I Substances for which local irritant effects determine the 1* 15 min, aver- 4 1h
MAK value, also respiratory allergens age value**
I Substances with systemic effects 2% 15 min, aver- 4 1h
age value

* default value, or a substance-specific value (maximum 8)
** In certain cases, a momentary value (concentration which should not be exceeded at any time) can also be established.
*** only for excursion factors > 1

o &

B

1 FERFENE < BBIREE O E & 1
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TLV-TWA % itz TLV-STEL % TR % 1E< FEICOWTIE, 1[B15 &z 3, 7o
195 EIC o 1L EMREE B W 4EBZB2 20 E I TREL LTW5,
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Z IR VER D IZEB W T, TLV-TWA O 3 {552 5 — a7 8Nngrans & LTn5,
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35



[RIED 3EOMAHEIEHE— 7 < BEOEHOZOOEEL L UEHATRETHD
ELTWA, £72. 15 D RMBOFEEMOEWVZLETH - T, T 5 LREALBX
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<ENErOGEIZ, 8 R OREIVERED 8 FOIXBEE LR T HZ L O
LT HHMEND D, Z D7, HSEQ020)DIL#aA B £ 2 | 1EEH DOV D
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HRETHD,
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American Conference of Governmental Industrial Hygienist (ACGIH) (2018) TLVs
and BEIs based on the documentation of the threshold limit values for
chemical substances and physical agents and biological exposure indices.
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Report 57, Bonn, Germany
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Exposure Sampling Strategy Manual. Eds. Leidel, NA. Busch, KA. Kynch, JR.
CDC, Ohio. USA
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Al#k 3

Parawd

H1 RO L E 2 —

1 CKEZ2HAT (OSHA) CREYGHBL ef/Emr7ia (NIOSH)

AR (8 RpHIINER A48 0D FEHE)
»

[(E < BRIEICEH T HRHPHRIEFREIF(CB T 5 XIkF

(2317 2 RBHER H R ]

8 IRy ] 0D g (] I B AIE 0D JEE HEAR 0D 38 2 73 2 72 80 D 22 SGAEF O TRIRISF AT (2 DU

TiE. NIOSH1977) Tli%, O8I 1
SO EL (full period sample), @ 8 If
i o 8 5 o Hife L 72 30K} (full period
consecutive samples), @) 8 FF[f Al D
o L o2 OB
consecutive samples), @HFE 7 > ¥
LW TV 7 (grab samples) D 4 FE¥H
WbhnHE LTS (Fig.3.1.3H),
ZoHT, 8RHOEHDETE L 723
BIREETHD ELTW5H, NIOSH X,
AEHREL E AT DI S > X RO AF
(total coefficients of variation) 7% 0.05
1501 THHZEERDTWVWD, T
ZRMEE LT, BEZ M CE 26 %
Ex5H e, 8HHE 2 E| L7 a k)N
HE DRI E N & LTS (p.40),
Fig. E-1 {2 XU, 125225 (CV)n
0.05 & LT, B 2 ThiuT, At
ED 94%FEE % Fal> THiE 6>

( partial period

@

TYPE OF SAMPLE

DATA ANALYSIS PROCEDURE
TO BE USED

A ) FULL PERIOD

" SINGLE SAMPLE

A e ] —]

FULL PERIOD

A ste—8—

CONSECUTIVE SAMPLES
e A —she——B ——ste——— { ——>|

PARTIAL PERIOD
——A—>| le——1Bf——I 'CONSECUTIVE SAMPLES

I-‘———A—*——B—'l}
— A —>— B —>e— ( —|

s 3¢ 1 &
{ RANDOM)
_ _ _ _ }GRAB SAMPLES
A B c D
1 1 ] 1 T T | 1 -
o 1 2 3§ 4 5 6 T 8

HOURS AFTER START OF WORKSHIFT

Figure 3.1. Reference chart of types of exrposure measurements that could be taken for an 8-hour

average exposure standard.

TEBRLTH, RERENPAEEZEALRVILEZHLNITE LI THD

(p.83),
(3)

WICHRB ROk, SR 1 B TH D L& LTWB TS DX ZH(CVD A 0.05

THIUE, 27 L TRIER CHRE THIRTSAIEETH 5 & LT D,

4)

8 HFI AR DA EHZ DWW TR, ROBIRIEE 2D E LT D, RIZ, 165

TREDR 0.1 THY . WEMOKMFEHERZEGSD) % 2.5 & LIZGED T 2 Ay
TV T LRI ORARE S 2 FE o7, 8RO E b T0% (5.5 i)

HERBRLTBSSERHY , ZRBTERITNE, FoF 2307V TOHNR K
W, ELT5(p.4l, p.86), BEFAFEOHIMTIC LD, JIE L Z2WEFHE OHER 21T 5 =
ELHDIM, TOEEIE., EENRICHETAEHE T DHMAMNETHDH E LT

% (p.40),
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(5) 7ok, —fRHY7R BRI E Y SAMPLE DURATION (8hour shift) minutes
480 240 160 120 96 80 70 60 53 48
1.0 1 1 T T T T 1 T T 100%

(TWA) Oz 1%, F—1EEST
WZBWT, X< TR (GHERFH) i 005 I g
ﬁﬁ&é@ﬁ@ﬂi@é%é%ﬁ " : S %
s EREOVHIHERDSEDO 2 Y :
FHETHY, YR, 1T BRHOE 3 i . .w//‘: E
8K TARWEAIX, TN T EM' P ////,»%3
FMONCEE T s unERbSbOT T A 1 &
H7%5 (TWA= e r ra//"/—'/- 2
(t1C1+t2Co+t3Ca)/(t1+tat+ts)) o ; - (,\\«'“'1 _‘ :
6 ZoHrPTYTE ROEE D - ﬁ
L<AWABETHDE LTS, = § [ g
U7 DIFL BASHBE —EOEE [ E
ThoTh, 8~11 ORBBNKE I O "ANPLING 4 AMALTICAL METHODS S
TH Y| R, EEOIEESG T CIEE e e z
THEAIT. FAEESATIC I TR I .

01
SR ST N < 0o 12 3 4 5 6 1 & 9 10 1l
DHBABBLETHL ELTND NUMBER OF FULL PERIOD CONSECUTIVE SAMPLES USED
(p.41) TO COMPUTE EXPOSURE MEASUREMENT AVERAGE

Figure E-1. Effect of full period consecutive sample size on compliance dem-
onstration when test power is 50%.

2 OSHA/NIOSH (23517 % sUBHREURE] & 308 GERpf I < BB ALY - K-
(1) k[E OSHA £HI CFR 29. 1910.1000(b)(2) Table Z-2 {28\ Tk, xKIE < FEHEH]
WEZ L2555 ~30 BMEESNTWD) 22 TRAE—ZEZB2 TiERb
PNELTWS, £, RIFEIZOWTIEH, Wb EEbZhalBz Uinban
& LT3, NIOSH/OSHA :[RIFEHEMSE 7 1 7' T AIZEBWTIE, Table Z-1 2MHEE
THREICHOWTIL, SEEMDIEET 7 MBI 2075 15 SMICB VT,
B2 TUIebeWEE L TER I TV AH(NIOSH (1977) p.42),

(2) NIOSHO97TDIZEBWTid, KHE & LT 270 O EBHE, 7 X 2T ) o
TR, KOBENREL LD Z EPHESNDEICERIRIEN S RE L LTS,
AEHREUL, FEFE OMFIRIRIZI T 15 0 (B D WiE, Gt 16 Syl L 7=
BoaEh) RS L L, B—E¥S 7 McBWT, 27ty 3EHAIET S
ThbHrE LTS, 3EPIET HELHIE, HERZECHEORBIZKHET 5720 TH
0. BRI, Feb EOEEM T O & E LTV 5 (p.42)

3 OSHA/NIOSH (23317 23 URHREUREH] & 5UBHL GEE # 1E31F)
(1) FEEEEE B2IE, HIZ 1 EORRE TOMEELRA T F o 2HEESE) 12815
FBHEEUZ DWW TIE, NIOSH(1977) Tld, RIFHEDFRE S TWD X 9 22k O #
HENRD D L WAEN DI WEZW O BHa . BEHRI OB ENE A EV & LT
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ZDO
(2) FREHEROMEEIZ OV TR, EMEICLUWAMLETH L ELTND,

4 PEZ2FET (HSE) (281 2 5UEHREE & sUkHR Uk

(1) HSE (2006)TiZ. AIZ< BRIEICE O TIE, £ TOFBENEOH DXL BEDIEH
T EEOTRHMEET 5 72 OREYE (representative measurements) &, b L <
DSR4 2 B D 1 O E (worst-case measurements)?3d 5 & LT
W5 (p.18),

(2 BET 23 Eo%E L Cid, HSE (2006) T, &EOHE OHE Tk, BHEIELE
IN—TDH7e b 55D 1 DHEEZIET & L LTnD, REWEDHAEIL.
BIEZSE T N—TDONEDR 10 AREOEEF, SAZHETXEELLTWD
(p.18),

3 FEHEERORRIZ SV Cld, HSE (2006) Tl FEEMOFEEE (8 R 40>, 15 4
M) G U, 1Z< B (8 REHIEMEChH VX 8 IFH) ZHIET <& & LT
Do —H T REDIELSE N H/NBTH D MkEiA T L < EB I N TROBAI,
S LV HHVFF LT Z ENTEXDZ L LTWNDEN, O X HRGETH, JE
FERNIE WIZ BORFMZ G 0RIEEXET T N (HDH WX 8IRFH) D 25% 5% EHH X &
LT3 (p.19), HSE (2006)1%, HIE N2 WK OFLET, 13 < BREOEREMEC
KT DIEAN R R E 72 DT, VEENBROEERBIENMLETH S LML TWVD
(p.19),

(4) HSE (2006)Ci%, 2MHEEOH2WEOREIZIS W TIE, E— 7 i & mFf (15
D ORIEEIT P17, HERRICE— 27 IE<BENEEND L HICTHLERD
% ELTW5(p.19),

5 KEPEEMAFEMEmS (ATHA) OEMETIRIZI T 2 3R EURER & 308K

(1) B OFEEERIIC OV TIE, ATHA(1998) Tix, M@, E#omeR 1 A 7%
IR LT 5], (2L O5E, BT, HEEARESOBEOHFEDIZDIZIThivd
Bax, 27 N RO O BT ORI E T T H T ENEE LY
(p.12DELTW5, fighE LT, TTESEEfLIN TS, FEH %28 U THE
FHOXL BN HY)—CTh 2 BEMb - B LS EE) Lo REM G % E
FTnb, &5z, ATHAQ998) Tix, H 7V v ZEICHOW\WT, —o D 8D
VI, ARSI L R D EB O LY I ARRETHD &L, R T
WA 22 T E, 7 MREROIEL BRI T 57210, HEEC/MER LI L 72
L2, HBEELL AWV E LTINS (p.123),

(2) ATHA(1998) Cix, MERFHIE < TBIRE(STEL) LK HEN R E SN TV DAL,
fe LSS 7 O AMH LT 8 R OB 23 E T R&E L LT
%, E5HI1Z, STEL 1% 15 ORIDIEL BIZESWTWA =D, @E ORI T 7
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Vo7 16 A2 TR o, [RHE] THLIBMENL, 7Y T
T ATREZR R W B < T & & LT 5 (p.125),

(3) Pz oW TIL, ATHA(1998) Tl Wifk/e— gl Looh | HIERR
IV LV IEF @D 2 G EIE, ERBMETH D Z &2 HET DT oD
BCctaThy ., HEESEEETD THHEE1E. 3~5 Dkt & 8id 5 2 &M
EETROSHICIFLEE L E LTV H(p.121),

(4) ATHA(1998) TiE, LR OFHIO7-DIcid, SRR EMS N TNDH L& L &S
NTWRWEED 2 BIOREHER T4 L LTW5D, — 5T, BxREEICREEL T
% 95fhE o B OENEL BAKET H7-DI21E. 50~100 FEE OB N MLETH D
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%(p.122),
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1 MR (87T — 7 B EERMR) (2RI 2 MR AR 2 & E B BLE

(1) ®E7 — 7 EHEEEELA MR L TIT 2 BNEES IR DL 2 — 2 OREOH
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& BAfR AV MEREITRIEREENC E D 2w JEMEE, SRR Sk 9 2 BRE [ D0 B SPE 1) i
L35 ELTWA,

(2)  FHERIGOERF O RERFSHEE (B5E 2020) 1288V Cik, BUERHE ORHE (F
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P G ERRI O FE#ME 2 3RO TV D) I2OWTIE, [ U/ CEEREERIEZ 6 H 12
1EHEDIERT Z & ZaifEE LTWAD72), (O IRLAELZRHEE L) e =
— AR EEE O E I THER R OEHE A RO RN LR L LTV 5H(p.39),

B3 B

1 PR LUEE & e 5 7 O OFEHZE SR OB B RS (8 B[S N E A4 M)
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BEOBBURFIZ DWW Tk, O 8KEH D 1 DOk, @ 8 RfH] O H i L 7= 30k}

@ 8 FE[AI A e L 723k, BRI Z v X LAY TV T OAFEENRH Y
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5, — T BEOIEG X B R/NRTH D G T L BB I TROSGA I,
SIFM IV HFWIFH LT 5 Z LN TED L L TWAHD, HERMIZEWIX DK
WA ate SKHD 25% A& H_E L LTW5D, JIESHARWVEBOIEEIT. 1EL< &
HIEOEHEMEICH T DIELAN TR L5720 (EEENTOEERBIENMLETHD &
SEFH LT 5 (p.19),

(3) AIHA(1998) TlZ. il DL 1 VA VIV ERIKR E 5, Fric, SEft
FHE~OBEDOHED 7= DIZITON D HE T, 27 b 2R ORR O S5 {82 O MR I %
BTV TFTHENRLEE LY p12D)E LTWD, fiIghE LT, TESHEMES
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TeAEE L WO BRENRGE A EIF T, 612, ATHAQ998)Tix, o7 U 7
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ARERETHD E L, R IBREN 2 7 iE, 7 FeRoE< &z in7
L2012, HEECIMERME LDt h, RLLEFE LRV E L TWAH(p.123),

(4) HERHEECTH L BB T — 7 BHEEEEICB T DHIEIC DWW T, e = — A
EHRETR T, BB KOOI OWTIE, YRR EITOEER 222, 9
BENERT — 7 RS EEICEE T 52 L5 L SN TW5, KEfTiEE T,
WL = — L OPRE DOITE & Wikt AT - 72 72 DI RO BIE D S B A 1T, HIE
RERD I 2 RN E IS LV SR T — 7 IR It L -2 O
22— LDPEEFTHT D EINTND, 7o, Q&ATIL, MISOBIEIERS 58
& BRARVMERE T RIER NS & O3, IEMEIE, JE RS 3 2 REEDINEE S fE &
5L LTWD,

(G) PLEnn | X< ED SRR IMEELL T ChH L Z L AR T2 LW O BRE B E
Z. ZEKEEHE. 7 EE OFEIR D DERET 2 LEN B 5, Z2KEE OO R I
ST, NIOSH (1977). HSE(2006). ATHA(1998)73 i Tk = TW\W5 L 512, 8
FERID 1 D OFED 8 R DE R D L 723 & T A BN b 5, R O L
Y e S LS AL AN S B A IV A F - F S DR A A
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T3 (p.121),

(4) DbaEE ., HEEOX BOERERBEREEU T THDL I 2RI 29
OREE, EbIFE<EREVEHESNDTEHE (1) 1220 T, bIE<ENH
W EHEE SN A EERER O 15 MICIEZET 2 LERH D, £z, HIEIZON
T, ERZAECHE R Z B SBLEN D, R—1E¥(> 7 hpicd e &b 3 EIFERE
Fhi L, b EWHEE CEMEZITY 2 ENEE LY, 72770, FAfEEr 7 o

43



VB2 16 HERELLFTH L AT, 1HTELIARN,

Z MR SCHR

American Conference of Governmental Industrial Hygienist (ACGIH) (2018) TLVs
and BEIs based on the documentation of the threshold limit values for
chemical substances and physical agents and biological exposure indices.
ACGIH, Cincinnati, USA. pp. 3-5, pp. 7-8

American Industrial Hygiene Association (AIHA) (1998) The Occupational
Environment — Its Evaluation and Control. Eds. Dinardi, SR. ATHA Press.

Control of Substances Hazardous to Health Regulation (COSHH) 2002 No.2677
Health and Safety

Deutche Forschungsgemeinschaft (DFG) (2021) List of MAK and BAT Values 2021,
Report 57, Bonn, Germany

Health and Safety Executive (HSE) (2020) EH40/2005 Workplace exposure limits
(Forth Edition 2020) TSO, Norwich UK.

Health and Safety Executive (HSE) (2006) Monitoring strategies for toxic
substances (second edition) HSE

Health and Safety Executive (HSE) (2013) Control of substances hazardous to
health. The Control of Substances Hazardous to Health Regulations 2002 (as
amended) Approved Code of Practice and guidance. (sixth edition)

National Institute for Occupational Safety and Health (NIOSH) (1977) Occupational
Exposure Sampling Strategy Manual. Eds. Leidel, NA. Busch, KA. Kynch, JR.
CDC, Ohio. USA

Occupational Safety and Health Administration (OSHA) CFR 29.1910.

BT — 7 WHEFEE LA L TIT O BPMEER IR D = — 2 OREOHIED
FEE (R 2 ERAETEE SR 286 &)

44



A4 VROTERA - (BIERFHE) OO0 RIEDORETHIFHEICET S
XHEkF

1 OBMRCERDOL B 2—

1 KkEZ2HET (OSHA) CKEG @2 2fAmsedT (NIOSH) ORIE DM

(1) X[E OSHA HHNE, WE N5 EH O EICEED LW OE, Hiatry 2 ekl
ZRD TR (p.16)23, —F5 T, NIOSH (19771, @bl ek atry 2B il 2 £
) VR LR 2R F i A VTR OV Y L ST HIRE L LT
W5 (p.15),

(2) NIOSH(977)Tlx. #EFAYEEAE 2 2 ZFAIE < FERREE O yE ki o0 574l 5 15 %
RLTWV5H([P48), EHEXME LT, 95% &AL, LAEHEER(UCL) & FIRIE
FEFRALCL) & 1T < BIRE 2 e+ % 2 LT, OiEkie, QBERIE<EOBZN,
QFEBEIRRED 3 DIZ ¥ D HiE%E 1R LT 5 (P.48 Fig.4.2., Table 4.1.2 /),

NONCOMPLIAMCE POSSIBLE COMPLIANCE
EXPOSURE OVEREXPOSURE EXPOSURE

® ©

(B1)

% (B2)
uctL

LCL
sTD T

LCL i ucCL

Figure 42. Classification according to one-sided confidence limits.

TABLE 4.1. CLASSIFICATION SYSTEM FOR EMPLOYEE EXPOSURE TO CONTAMINANTS

Classification Definition Statistical criterion
A. Noncompliance There is 95% confidence (based on LCL (at 95%) > STD
exposure measurements) that a worker’s ex-
posure is above the standard
B. Possible Any individual! who cannot be classi-
over exposure fied in A or C
C. Compliance There is a 95% confidence (based on UCL (at 95%) = STD
exposure measurements) that a worker's ex-

posure is below the standard
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