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- National Institute for Occupational Safety and Health, NIOSH Manual of
Analytical methods (NMAM®), 5th ed, www.cdc.gov/niosh/nmam

— Occupational Safety and Health Administration (U.S.A), Sampling and
Analytical method, www.osha.gov/dts/sltc/methods/index.html

- Health and Safety Executive (U.K.), Methods for the Determination of
Hazardous Substances (MDHS) guidance, www.hse.gov.uk/pubns/mdhs/

- American Conference of Governmental Industrial Hygienists(ACGIH):

Documentation of the Threshold Limit Values and Biological Exposure Indices,
7th Ed, 2018.
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z2 t}9) NE | TR 9 7%
1 E m Ers M
Al E] H] cm w2dEE N
2 o] 2| 1] E mm = U2 1/2 H mg/L
nho] A & W E £m oAz a9/Wel el e | pg/mL
U1 E nm HAE 20
7] %t atm Al Al E m'
b TFTH v mHg | 73] A A 5 A E ] E o
FTEgr Y mnH>0O AlA w2 1 mm
=29 kg
Al H m’
o g
W o] Al & Al B 1] E cir A
Al 2 1 E m wel "
npo] L= 71 9 18
2 H L
‘& el mL
nho] = & 2] uL
9) &%=
(71 X292 FAl= AA9-2(Celsius) Holl wpg} olgiH|olzat Q &0 TE &9t

Z‘:th%Et K= #Aleta A% 0 K& -273C& 3t
=& 156~25C, d=2 1~35TC, "2 30~40C= gt Wiaes = 44
o g @ 15T ol Re Fad.

(10) &%=

(7h A G Fu T AddEF T VA GRS AddEds TAE w
S/ (w/v)%e 7155 AMEet HA SR Fe] A8
FoFeo AEg&ds BAT dde= FI/F9G/v)%e 7155 AFEEh
wakil o] S @n| S g A|E u+= ppm(part per million)e] 7135 AF-&3kt}

(W) &7 T9 TEE my/moez FEAAUS weo me AHAAEI(NTP, Normal
Temperature and Pressure : 25T, 17199 7]1A &4 & =gt} wepaA] =
Nk wm AR AR 54 Al exst Y Adee] AagHel
SRR FAkstolof g},
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H2"d(IgAd 2 E&4 s =)
Tungsten(Soluble and Insoluble Compounds)

9] X
QANE: W :;k ¥ 183.85 CAS No.: 7440-33-7
® H] 3.36 g/100 mL
= = A 9 = 9 g = 00 8/
524 aa0c T e 193 &9 (25C(F4)
54, 24Y - WA g 1A, 2 2 v E e A7 e, £8%e] A
9 2% - AvpAl 2 FFAER, AE D 227 Ax A T2 A

1E=FE 1, 3(STEL) - 7184 OSHA -

(mg/m’ 5 10(STEL) - &84 (mg/m')
=E7E

ACGIH 3 NIOSH 1, 3(STEL) - 7}&4

(mg/m’) (Respirable fraction) (mg/m’) 5, 10(STEL) - &84

9 oj: Wolfram

EXQE 2 FHeA: A F AEES oo AfFHste] Ao g 3EA 7 e Alggds x
Aste] AATFFEA(AAS)E o] &3te] AFet}) HL¥ e L
oA 0.25~5 mg/m*(7+84), 06~5 mg/m*(&-843)o]th

* wEF7)Eol 3EA/FHYeE AAE A AP ARAFAVIE ARt 2ol AAE FEFE HEskofoF 3

NE2AY AL A AL
» Al FH A ko] 7A » AV AAREEREEAM (Atomic absorption, flame)
(0.8 um cellulose ester membrane) - 33 2551 nm
= f§ ¥ :1~4 L/min » BAOEEA "§2'(W)
= TR « AAg: 7MEA 25T SHTFE 687 =&
- Fd : 1,000 L 584 B4 5 mLet 24 5 mLE 15
- #2:200L (at 1 mg/m’) 0CellA 6217t 33}
2 RE A AEEF Fio] fE Fek s HEEA 06 M FEMEFY 26 SHEF 5 nil

EE58ta vilE 2ol EHd dEl = W9l 784 01~05 mg/AlE
oA ut 284 025~12 mg/A &

= ARS] QA 25TelA BaA] 25 o bR = HFEA: 0.06 M FASIHERI 2% FAUEF
= AR AR AE G 210709 dF TAIE = AEIA 7FEA 50 ug/AlE

840 125 ug/A s

W Ee 22X A= 4 Fdx

= 27 W EeS gtk Ni, Mo, V, Mn, Cr,|” 789 (range studied): 71&d: 0.42~2.0 mg/m’

Co, Fed H2H o waz8S 2oy B89 084~197 mg/nt
o) - - —

g(bias): + 0.015
A = (overall precision): 7F&43: 0.055,
=84 0.056

0

o}-r rt.




9 HAL %7l Alow 1% 94 10 mLE

7¥ate] 5

» 3% (accuracy): * 12.5%
A oF 71+

« AXEF) = AlZAF WA o] 7] (cellulose  ester filter,

= BAEH) &= 0.8 um, 27 37 mm), 7MHE &4

o AHES) » JNRINEAARE(FAT FEA 49, FF

= 1%(v/v) @24k @ 500 mL FRF5ol 265 mLe 1~4 L/min
ks HUMe & SHRTE dE 1 L2 9% |« 9AFE3 = (atomic absorption

= 05 M FA3VEE 500 mL9 FHFl 20 spectrophotometer)
g NaOHZ #7138 ¥ SH4E2 tal] 1 LE| - opitstds-opAEd vy, SS9
i = 100 mL PTFE ¥®]#

= 20%(w/v) WMEE : 80 mLe FH<Fol 20 gl= 10 mL, 25 mL 2 100 mL &% Zgx=
o] NapSO& #H7bet & S7+E dsl 100 mL = 3l
2 gz = JFEIH(EE 2R 150T)

= RT8Y (10 mg B§28/mL) @ 3TFS sk JAFAd32g7] - F5 045 ym, 274 47 mm
7, 125CoA Hxd 15985 go NaWOo,E | #rolat~], 3548 §7]
FHTel H F 10 mLe 05 M FABIUER | % ZE F87| 75 AL ol 34 Zatog Ax
& Areta SRS dellA 100 mL2 5 THTE A7 Fuh

s SRR e "ol

= 5 ohARA otz BAS AES wole ZFeE, AYE wHold e BT AH|E 2835
2] g shool S (FEAIEFS AMESlolA = obg), BE AL 382 FF oA o] F o] Aok
ek (VoA Fha)

L AEAQH

L ASAHANAE o] &3t 2t MIAE AHABEZE BAGST}

2. 1~4 L/min®] A&3 HFHFoz & 200~1,000 L &7 AFsH, iAo HHE HA7}F &
2 mge 9A & % Eia=s

3. AFATE B A= HEste] WAL oA A FEE JMMEE vtE A ukgth

I Als AAF

4. Az ospzadzlel 47 mm oA E LelFa, 1 Sl JHHEE AAT RS HFe

5. od#Ael 3 mLe T/HFE 7tete] 3wt WAg F 1FE o]t FHRTE ITFE &R F
Z3taL, o] B S 13] Wi

6. F=% TFTE 10 mL &7 Edt==d &4 Pt 20% SMHEF 1.0 mLE J7Hs & 5
FrE 10 mL7F HA gt 84 ®HAaES A4

7. Ax¥ AAA (37 mm, 47 mm)E 7 PTFE H]A &7 & A4 5 mLe} E4F 5 mLE 713}
150C 723l A 3]s}k,

8 vA GME AAT F Fgtgdo] 2 mL FS w 744 150CE 7FE e §, 100Tol A A=A It

7 B=

Al =

=T

10, o] $94< 47 mm o} ZHAlol ThA] ol whake] A ZA T
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Fol 150C

o]

7}

=

A5 mL=

=

i=]

A g2 5, 24 5 mLs}

2

=

PTFE #H] 7]l

=

=

Zhddel M 3] sAI .

12. ¥l A

11. A%% 47 mm o %X

2R
A

o]

%
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gstgdo]l 1 mL FS w 71A] 150CE 7FEA 71t} olu &

S

Al A
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7N
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kot

k]

3lo] 100C 2 Ao &S {34

S

7}

=]
=

te] 3] 3fA 2T
2 25 mL7} A

o]

2 mL 7}

"

HAE 100 mL &% Z&2=d 05 M NaOH 10 mL$ 20% Na,SO4 10 mLE 2o =

th.(15%%1h)
wES

1)

14. ¥]7A e 05 M NaOH 2.5 mL%t 20% Na;SO, 25 mLE&

16. AlEF%( 005 - 12 mg/Al=)7F 235449

13 92 1 mLe §92 100C=

I, 24

)A

Ho
o
ar
oo
NE
P

o} 2 o}

pul

3k A& (spike Al&)E

7}3

J

S
™

ol

veel

X

el

i)

(recovery) A%
<3Bleg AE>

Q)
=

EREE

&

L A=A

fuze]
ﬂl
<
il

A Azl At “2A7) e )

Ly
s i

-
o

-
[¢]

145

<

18. ¢

;OL
XO

_,—

o

wr

M
fojm

N

A mh 9o

I X
"

grol A=A a9

23 ABe] & FI(Vyst TAE FI(Vy)

IV. A4t



Aoy %
QHEBUFT

24. 5 Aol oste] sFELe] RS T

CSV - Cb‘/;)

C=—xm o (malm)
c A B A o] A EA ) %% (ug/mL)
-Gy FA A Y B EA Y 5% (ug/mL)
: Aol A 8] A 5k H 85 (mL)
B A ROl A 34 @ A F&% (L)
71 A FH (L)
3 &

SRR
B

V. "1

= o] W& NIOSH Method 7074l 71%38+% 31 OSHA Method ID-213, HSE MDHS 91¢] &3}
Alargk & 24 sk

- = HJ'ES OSHA ID7213% %EQ%L%QEE}HJ%%%\:S (ICPfAES)_Q_E %/ﬁ] (_—5]_9}]\1’ HSE
MDHS 912 X-A&3#AH(XRF) 22 48ttt

- AR R YRR W] =BFHOR A, T, BEW, V1Y, NRY, W Ag9ges
7 ol 59 Fako]l gtk ol F ditaly] 8 wetd, FHB, AFE S e HAHF BRI T

TEEFR A A2018-623, 3etE A 2 Byl 7| 2018.

. American Conference of Governmental Industrial Hygienists(ACGIH): Documentation of the

Threshold Limit Values and Biological Exposure Indices, 7th Edition, 2018.

. Health and Safety Executive(HSE) : Methods for the Determination of Hazardous

Substances(MDHS), Method 91, Metals and metalloids in workplace air by X-ray fluorescence
spectrometry, 1998.

. National Institute for Occupational Safety and Health(NIOSH) : NIOSH Manual of Analytical

Methods, Method #7074, 1994.

National Institute for Occupational Safety and Health(NIOSH) : NIOSH pocket guide to
chemical hazards and other databases, 2010.

Occupational Safety and Health Administration(OSHA) : Index of Sampling & Analytical
Methods, Method ID-213, 1994.

Occupational Safety and Health Administration(OSHA) : Occupational Safety and Health
Administration(OSHA) : Standards 29 CFR 1910.1000, Occupational safety and health standards
- Toxic and hazardous substances — Table Z Limits for Air Contaminants, 20006.
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