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ABSTRACT

Objective: The purpose of this study was to propose a sequential procedure for the simultaneous analysis of
soluble and insoluble metal compounds.

Methods: Methods for sampling and analyzing metal compounds such as ISO standards, NIOSH methods, HSE
methods, and OSHA methods were reviewed.

Results: Some metals have different OELs depending on the solubility of the compound. Therefore, we should
take into account these characteristics and perform an exposure assessment. Soluble metal compounds are
first extracted from the filter, and then the filter is digested by acids to analyze residual insoluble components.
The extraction of soluble compounds can be completed by agitation for about 60 minutes with a leach solution
(water) in a water bath at 37°C. For the analysis of insoluble compounds, the sample filter and the filtration
filter remaining after the extraction of the soluble compounds are analyzed. This allows simultaneous
determination of soluble and insoluble metal compounds. For hexavalent chromium compounds, soluble
hexavalent chromium can first be extracted from the filter by using sulfate buffer. The insoluble hexavalent
chromium remaining in the filter can then be extracted using carbonate buffer.

Conclusion: Workers are often exposed to many hazardous substances with different exposure limits at
industrial sites. The OELs for compounds of the same metal can be set differently depending on solubility. This
study can help evaluate a worker’s exposure to metal compounds by suggesting methods for the simultaneous
determination of soluble and insoluble metal compounds.

Key words: Determination, metal compound, occupational exposure limits, solubility
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A= thFolR v I}t 1994-1995W 9] TLVOA=
AdFulE, YA, g, gAE 5 dRIFE0] 78S
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oujstal U= 7HEJ(soluble)d} E-8-d(insoluble)]
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NIOSH, 2016a, 2020).
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oldel AEZHE T Jdfol w2t E7|E

o] O F&5REY FFER VM4, =84 e
= Eoto] AFY 4 = AAF EAE AT
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A, g, 838, 7HA o, ¢dsiRE, 584

Table 1. Metal compounds with different OELs according to solubility

Metal and its compounds

Occupational exposure limits(OELSs)

Metal Compounds MoEL ACGIH
Aluminum(Metal dust) 10 mg/m’ 1 mg/m(R)
Aluminum(Pyropowders) 5 mg/m* -

_ Aluminum(Welding Fume) 5 mg/m’ -
Aluminum -
Aluminum(Soluble salts) 2 mg/m* -
Aluminum(Alkyls) 2 mg/m’ -
Aluminum(Insoluble compounds) - 1 mg/m(R)

Barium Barium and soluble compounds 0.5 mg/m’ 0.5 mg/m’
Chromium(Metal) 0.5 mg/m* 0.5 mg/m*()
Chromium(Il) compounds 0.5 mg/m’ -

Chromium Chromium(lll) compounds 0.5 mg/m* 0.003 mg/m*(l)
Chromium(Vl) compounds(Water soluble) 0.05 mg/m? 0.0002 mg/m*(l)
Chromium(Vl) compounds(Water insoluble inorganic) 0.01 mg/m® 0.0002 mg/m*(I)
Nickel(Element, metal) 1 mg/m’ 1.5 mg/m(l)
Nickel(Soluble compounds) 0.1 mg/m* 0.1 mg/m(l)

Nickel Nickel(Insoluble inorganic compounds) 0.2 mg/m’ 0.2 mg/m(l)
Nickel carbonyl 0.001 ppm C0.05 ppm
Nickel subsulfide 0.1 mg/m(l) 0.1 mg/m(l)

_ Platinum(Metal) 1 mg/m’ 1 mg/m’
Platinum -
Platinum(Soluble salts) 0.002 mg/mf 0.002 mg/m’

Siver Silver(Metal, dust and fume) 0.1 mg/m* 0.1 mg/m’
Silver(Soluble compounds) 0.01 mg/m? 0.01 mg/m’
Tungsten(Metal and insoluble compounds) 5 mg/m*(R)

Tungsten 3 mg/m(R)
Tungsten(Soluble compounds) 1 mg/m(R)
* MoEL: Ministry of Employment and Labor, (I): Inhalable, (R): Respirable.
Journal of Korean Society of Occupational and Environmental Hygiene, 2020: 30(2): 87-98 www.kiha.kr



©
o
Iz
ol

& - |

rio

- Zojet

SRRb=o] Hisf kg 7]Eo] A= o] At oRt dFr]
9 7% ACGIHOA= 7100 S-=juetel 2ol 2kt
29 EA4 et =275 ERolld A 20089
AUNEE S EFrE a5 E8/93RtE0l gt
TLVERS: FA FAUCHACGIH, 2019b). 3&9] H9E=
3w F42 vSete] 238271 3837 867 &%
=0 gt =&75S Aok = 2567 SRHE
9] Af= F&Y E8AHS TESH o
ACGIHOIM= Z3E37F gkek=o] digt TLVE 0.003
ng/m(E AP L= JRATE vt i, 671 3=l sy
Me #8480 =84 25 0.0002 ng/m(EFUe=
WG BFATHACGIH, 2019b). °]+= ul= NIOSHY #
117]#(Recommended Exposure Limit, REL)?I
0.0002 mg/m'# T2 F=FE& FAH ZoJtNIOSH,
2020). 3t g9 B SyThe B2d 55 3
E888=0 tig 2271206 g/n’, 59 71HE
JalketEe] tiet 227121 ng/n’, S84 okl
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Table 2= 71/ S531bE2] B40 B A
Z3eta Q= 7 713 SHEAEHS FYd) B2
Aot} = HSEY RfaitEd S (Methods for
the determination of hazardous substances, MDHS)
A= 7+ UANID) = Ha(Py) SRES 5
Sk Wol 7]&E o] Slth. MDHS 42/2(1996a)°l
A A= S0 7HA YA sRkEE #4517 Hdl
AL EE(ammonium  citrate) §HO=E 6027t
FE5to] AFAE ARESH] EEsf e WS 7]
%351 Qlth. 183 MDHS 46/2(1996b)olA = 718
4 g SES 24571 918 0.07 M HCl 9=
o]gsto] 304t 2T the Al AIFAE o]-&5]
of £88 W= B 7leska Atk o714 0.07 M
HCIZ AR&SE A2 914te] pHE 118t Zolzt & &
Qlti(Ashley, 2001; NIOSH, 2016b). NIOSH &A%
AHPH(NIOSH manual of analytical methods,
NMAM) 7056°014= 71+ vHE(Ba) 3RME9 &4
S 98l E= 5 7K & 1080 535 & g4 3
<& 7lotal YA T3 HCI/NaOH &0 =2 zh3
ES &alote s 7]&ctal JTHNIOSH, 1994a). =S
NIOSH NMAM 7074014 = 71873 BARI(W) slehs
o] BAZ fls Aol Als ZEE STl 9ol
27 3 mLE 7I’t ¥ 387 7|Iv & &5k d3
£ 23] ¥IESIEE 7]wstal JITHNIOSH, 1994b). o
H ul5 OSHA S74+4 U ID-121004= ¢F1ls
(AD), ¥Fg(Ba), Z=(Cr 1, ), E(Fe), ET/Ed(Mo),
YA(Ni), 2E(TD), otA(Zn) 59 7184 2433HE9]
24 Q3] &ol2%(deionized water)E 713t & %
20 oA 108 FE0EE 7lestl o
(OSHA, 2002). 283l ISO JAFEFE 15202-2004]
= AP T715Y 7MY 25 =Y 242 4
St HS 7]estal JITHISO, 2012b). & Wl <
SH 37C £ 2C %9 & F%X(water bath)ol|A
oF 60 B¢t wEksto] 7HEA S&5IRtES FE%
ot 283 FEH oA =2 F2 JE2 o} 3}
A(filtration 7|74 syringe WEE 0]-8)S 53 A
stal, &ofd S43dEY AHSE Ao AEEY
Airo 2 AHYslRitt. of7]A F8% J2 FE2
£ UA =21 37C WelE dAstck= Ao,
SAIE ©5517] Yo 220 A E SHA| Dotof
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Table 2. Sampling & analytical methods for the soluble metal compounds

Reference Sampling Extraction . .
method Element media solution Preparation Analysis
MDHHSSZZ/Z Ni MCE Ammonium_ citrate,  Filter with filtration Anatljy/;eAzlérate
(1996) 60 min apparatus (FM or GF)
HSE 0.07 M HCl, . e )
MDHS 46/2, Pt MCE shaking or ultrasonic Filter with filtration bArgleZXSﬁItra‘l[gP
(1996) bath, 30 min apparatus Y or

HCI 3 drops,

NIOSH Boiling water, evaporate, An_alyze the
NMAM 7056 Ba MCE 10 mi dissol " solution by AAS
(1994) min issolve residue (N;O-acet)

with HCI/Na
NIOSH DI water, filtration Filter with filtration Analyze filtrate
NMAM 7074 W MCE 3 mL, 3 min, apparatus by AAS

(1994) twice PP (N,O-acet)

OSHA . . L P )
Method 1D-121 Al, Ba, Cl_'(ll,lll), Fe, MCE DI water, ultra_sonlc Filter with filtration Analyze filtrate

(2002) Mo, Ni, TI, Zn bath, 10 min apparatus by AAS or ICP

15|28002_2 Ag, Al, Ba, Mo, Ni, Suitable filter DI water, agitate,  Filter with filtration Analyze filtrate

(2012) Pt, Rh, Tl, U, W (MCE, etc) 37C+2%C, 60 min apparatus, add HNO; by ICP

*MCE: Mixed cellulose ester membrane filters, DI: Deionized, AAS: Atomic absorption spectrometer, FM: Flame, GF:
Graphite furnace, ICP: Inductively coupled plasma atomic emission spectrometer.

Zy 7| A= 67135 SREEol dis) A4
Zojct. WA
NIOSH NMAM 7605(NIOSH, 2016a)9] 7%=
PVC(polyvinyl chloride) WX HQl HEE o]&s}o]
£74Z okl 2% NaOH/3% Na,CO; &4 7Ijt of
= B9 2504 4587 7HESH 67taE St
2 ST 291 o] RuEIHTE o]-85to
67t 3EE Ee8) W o 1,5-"Hd7PpRo] =(1,5-
Diphenylcarbazide, 1,5-DPC)%} F-=AE dASH ot
= UV/Vis ZAE71€ ol&st] A=t 7|4 &4
H 67182 F 07138y sEola 849 584
67t3E RIS EEote] E45ke W2 oYtk
o= NIOSH®| 67t 3ltEe] et ¥al7|&(REL)
7} #o] Ut & NIOSHOAME 84 6713F s}
e 584 6713 F SEY dav)ee] tEX] ¢
ot 6713F e it div]Eo] Eofkol e
Z}o] glo] 0.0002 mg/m’e]tHNIOSH, 2020). 9=
HSE MDHS 52/4(HSE, 2020)°4+= NaOH7} ZE¥
PVDF(polyvinylidine fluoride) REZ Al2& A
2 ohE 0.25 M SHAREHo g 2087 &5 1,5-
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DPC REAE BT & 23 o]-85to] &
At 7]&stal Stk o714 E49 o7taE 3t
52 784, B84 & §lo] § o712F aRMEY
TS Fooke Zolth ¥ HSEY Atk 671aF
SRRFEY =27]Fo] 84, E840 tigt +& glo]
0.05 mg/m*& Ak JITHHSE, 2005). #l=F OSHA
2B AN 0] B9 NaOH7F 8 quartz fiber

EYYEAS
14
o

J
]

£ o]gslod ARE AFHot, 10% Na,CO3/2%
NaHCO; &3} phosphate buffer/MgSOs &4&

o]-&slof 30~90% B 7HEstHA F&E3 18
ol ZAEMEIHLE o|&st 671AEFE &6 |

= 1,5-DPCeH] FEAIE 45t UV/Vis HE7]
£ o]&sto] HFth vl OSHAS A%k 6713%
SME9] o]-87]&(Permissible Exposure Limits,
PEL)Z 84, B84 IRrEC] figt +&o] glo]
0.005 mg/mo]tHOSHA, 2020).

SRS BISte] AlA ZolA &7 |2 A4
gtofl Qlo] wWol st Ql= m= ACGIHS] TLVE
A5 A 6712F =l itk TLVE &ofizof o
2 74 glo] ¥ 6713F 3I9HE 0.0002 mg/m o= H
stttk 18y 11 A7 et 84, E84
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Table 3. Sampling & analytical methods for Cr(VI) compounds

Reference Sampling Extraction .
method media Analyte solution Analysis
NIOSH 0 IC-UV/Vis
NMAM 7605 PVC g?(tvall) Zﬁeal:{[agtH?% 4’;8?5’;?3‘ (post-column derivatization
(2016) P, with 1,5-DPC)
I\/ID:SS%ZM PVDF Total 0.25 M H.SOs 20 min Spectrophotometer,
(2020) (NaOH coated) Cr(VD) ' 2o (derivatization with 1,5-DPC)
OSHA . 10% Na,CO3/2% NaHCO3; & IC-UV/Vis
ID 215 (N%anlj[ Zc(];;btzrd) g?(tvall) phosphate buffer/ (post-column derivatization
(2006) MgSQO, solution, heat, 30~90 min with 1,5-DPC)
0.05 M (NH4)2S04/ _ )
Soluble 0.05 M NH.OH, ( ost—collgmgvéf\a/ll'isvatization
1SO PVC. PVF, PTFE, Cr(VI) allow 60 min, agitating P with 1.5-DPC)
16740 PVC/acrylic, *Do not use ultrasonic agitation ’
2005 artz fiber - i
(2005 Quartz f Insoluble 2% NaOH/3% NasCOs, oost- " UVéV'.S o
Cr(VI) heat, 45~60 min, swirling post-column derivatization
’ ’ with 1,5-DPC)
IC-UV/Vis
Soluble 0.05 M (NH4)2S04/ 0.05 M NH4OH, B o
: _ Cr(V1) shake mechanically, 60 min (post-column cierlvatlzann
IRSST Vinyl/acrylic with 1,5-DPC)
2009 copolymer _ i
(2009 pev Insoluble 0.2% NaOH/03% NxCOs, (o e
Cr(VI) ultrasonic bath, 60 min post-column derivatization
’ with 1,5-DPC)
Soluble  0.05 M (NH:S04/0.05 M NH.OH, SpeCtrl%Eth’\t/‘;{zgter or
Ashley et al. Cr(V1) agitate mechanically, 60 min (derivatization with 1,5-DPC)
(26/09) Pve S h
Insoluble 2% NaOH/3% Na;COs, ultrasonic peCtrl%ELj’\tf/)\r};gter or
Cr(\V1) bath at ~40°C, 30 min

(derivatization with 1,5-DPC)

* PVC: Polyvinyl chloride, PVDF: Polyvinylidine fluoride, PVF: Polyvinyl fluoride, PTFE: Polytetrafluoroethylene, IC-UV/Vis:

lon Chromatograph-Ultraviolet/Visible detector, 1,5-DPC: 1,5-Diphenylcarbazide.

SREE ZHt] Higt &7]e2 9] dasiss #A=
o AEyIE0] 84 71aE RMET E84 6712
& 3Eo] Zo] EA5ks A% ofg9A E2ste] B7t
& 5= A0 s W2 A+E it 1SO 16740
FAITAISO, 2005)°4= AlZAFE 91 PVC HIE
Q1 EEE v|Esto] PVE(polyvinyl fluoride) WX
ol =E, PTFE(polytetrafluoroethylene) #HEHQI
g, PVC/acrylic 5% HWEHQ =H, quartz
fiber @§ 5ol AMEE 4 At 7]&stal Slvk. 17
1 7 671 3E SOl it &2 Hd) Al=d
HE H]o]A &A "2 = E°lY 005 M
(NH4)2SO4/ 0.05 M NH4OH &%& 7}stal 4204
EEoIFHA 1IARE B FE5ke S ARSR
FEEYoE 53 AT AL g Ao A= 7HE:

www. kiha.kr

A 6713F SRR &80 %S Sk 9tk A=

o 37t3E IFEC] EAstAY E-FWl 2719
A(Fe)Tt 2ol 67125 TAAZ 5 Qe Edol ¥
FT AQol= E2 FEIE ZEOE 005 M
(NH),S04/0.05 M NH,OH &99] A8-& @i
k. 0|2 Qg & FAFANAE VHEAdolER s B
de A}%M FE2YHES 7|&sta Qlokal E}
SHH 23404 AIRE oA E o]gste] FEo}
=5 Jasta Stk mEkA oS E-8433HE] gt
FE8 YoM E ARZEQ} oty olA] AMSH HE
DEE Hystolof gith B84 6713F siEE] o
BAS 93] 2% NaOH/S% Na,CO; &AL 7}5k
5 71E5HAA 45~6087F &3 RS oI RntE
Je=E o]gsto] 67}iu; E28f Wi 1,5-DPC}

r°l'
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o] FEAE FAdote] UV/Vis 27|12 A=eltt. o]
f < 7tES o §Ho] Hxd 7R Fol
A SEAZIA] Fotof gith= Ao|t}, 7yt A+t
71321 IRSSTY] AL vinyl/acrylic 355 HEHQA
gHE 013-5]'04 /\]ixﬁﬁ"} T F289Z o83t 6
735 eSS FE5I] BASIEE 3}3’— ATt
(IRSST, 2009). DW T84 o7t aE sRee =35t
7] ¥ AlEZE7 S013= BEHE 5892
0.05 M (NH¢)2S04/0.05 M NH,OHZ 7Ist o2 714
ARl o= 60Et E=olett. Solgt ¥ IH7}
/\ﬂEoﬂ/ﬂ dEE EeotA] gl &30 AHEH 7HHE
£ IHE ARESH] AlmdAS 345} Jivke otk
:LE] ojgA F8d AEUE FET Fo] EEA 6
7t3E 2RbEol tigh 40] léi’:f’{} AL 27140l
AAE Sl A=ZEHE Easfof
37 gES B HO}WL Alz2gEE H]O]ﬂoﬂ
237 0.2% NaOH/0.3% Na,CO; €4 715t & 22
”Jf FROJA 6087 S5 T ol EHEILH Y
olgsla] 7IAES oH Wi 1,5-DPCete] &
EXﬂE /st UV/V1s 715 ol&sto] =t
SHH Ashley et al.(2009)2 7184 ¥ &84 6713%
S50 st ddzol 22 Azl g5t Byl s
S8t v Qo Al&AFE s PVC WEH ]l ZH
7F AREEIQIAL, 7HA 67HEE SRkl dig 52
5 AEZEHE EFHE IHE FAY A&

H‘.

Soli=0f M2t =E7|120| TE S4atgEe HEYE 1 93

Edo] 24 g2 oS 0.05 M (NH):S04/0.05 M
NH4sOH 8H& 7okl 37CoA 7[AAQ] whHoz
SEO0IFHA 1AIZE &6k S ARSI o7]
A FEG BEL2 A9 2571 37CoA FE2 5FA

= ot} o] oA ARet b 7MY F531EE
= B4 el 1A 2&=%1 37C £ 2€ 24 F
&2 3 i g ol B84 o0713E IE
gt 253 Y3 2% NaOH/3% Na,CO3; &N 7}5t
T 40T oJote] 25T FxoA 3083 o3t

ot

&, ‘@EJ OPEUhLzr, < 3F, EoiEﬂO]E}. 01 7}Erﬂ
=2 A

o o
i

e
_l

ml

ol

rlr
oL o
EE
o
r>~
glu)
st
4>

7} T}, Figure 1
& efet ARRASANE F4F Jhed o713
SIHES Alsta M4 FEstEd dig =271
< 72 3le YA, vE 5 639 a5eRE] &
S S0l ek b8, U8 SURE EAHoR
B3 @,} 2~ o]l l:(l)]—lg_% X%ﬂﬁ =0 % ]’ ]1:}— ‘}]Xi
Hgol UgE
olgsto] 245t 2= 9tk SloA é%f’{} Table 29] 2

= HollA MCE ®EHS

Metal & its compounds
(Mixed exposure)

Analytical procedure

|

|

Consideration of Solubility? | No

O Analysis of total metal compounds in the filter
- Digestion and AAS or ICP (Ag, Al, Ba, Ni, Pt, W)

‘ Yes ‘
O Extraction of soluble compounds
- Add leach solution(DI water) & agitating in a water bath at 37°C +2°C
for 60 min
? —
Soluble: compounds: * Do not use ultrasonic agitation
- Filter with filtration apparatus & add HNOs; to the filtrate
O Analysis: Dilution & AAS or ICP
O Recovery of metal compounds remaining in the filters
Insoluble compounds? — - Digestion of sample filter and filtration filter

O Analysis: Dilution & AAS or ICP

Figure 1. Sequential determination of soluble and insoluble metal compounds.
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Hexavalent chromium
(Mixed exposure)

Analytical procedure

|

Consideration of
Solubility?

O Analysis of total Cr(VI) in the filter

— Extraction: Sonication or heating in 2% NaOH/3% NaxCQOs, 1 hr
No| - Analysis: IC-UV(post-column derivatization with 1,5-DPC)

* Separation of Cr(Vl) through IC column

* Derivatization with 1,5-DPC and measurement at 540 nm

‘ Yes

|

Soluble Cr(\I)? —

O Extraction of soluble compounds

- Sulfate buffer: 0.05 M (NH4)2S04/0.05 M NH4OH, 1 hr

* Do not use ultrasonic agitation

- Filter the sample solution(if necessary) & dilute the filtrate
O Analysis: IC-UV(post-column derivatization with 1,5-DPC)
— Separation, derivatization, and measurement at 540 nm

|

Insoluble Cr(VI)? —-

O Extraction of insoluble compounds

- Sonication or heating in 2% NaOH/3% NaxCOs, 1 hr

O Analysis: IC-UV(post-column derivatization with 1,5-DPC)
- Separation, derivatization, and measurement at 540 nm

Figure 2. Sequential determination of soluble and insoluble Cr(Vl) compounds.

lﬂEie AHStEE Aeta Qltk. 11 gafwo] w
£ E710] Zol7t v FEE Ato] 33t & 3
A3to] AAS T+= ICPE ©]85to] 24shd 2 Zlojtt.
gkef B-ofm=of E}E} &7|%0] g2tA 7184 sk
I 284 SitES FEste] 49 287 = 4
= WA 7 e FE5to] ARRith 7MY =
£oRRME0] 45 S8l AlmZHE HlolAd &1 o
Z 528%(leach solution)2.2 ©o|2=(DI water)
£ 78k 37C +2C 259 & F9Z(water bath)
oA oF 60& &<t WHISHHA] FE3IT ojnff FEA]
g 9=35] A 223 APE SR olof it
:LE]_]_ F2H SN =4 2 2 o 1Y
(filtration 7]7*4 syringe "HE o]2)2 &3 AA
skal, &ofiE S53kREe] s f8 AlR8de
QA]— oz AMBEiT) o|@A 23t 7h8A 2&3Kt
2 SA5t] AAS T ICPE ol-&ste] £t o
%QE B84 253RES 245 Aside 784
a&oRES FEL E2 AlRTEQ} oA o)A
ARG HHEFQl HE EFE Aol I8t & 545k
AAS = ICPE o|8sto] #A%Ith
Figure 2+ 7F8-4 9 &84 712F 3HE0] &
TG A5 8oi= B4 w2t 7184, B84 o7t EE

A=

=
o

T
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Steg SR SHEY T+
8 =2 FApwoltt. WA 2ehy
=& PVC YRS TEE o5t 6?% 0]
w2olct. Table 3014 EH NIOSH T 22 A
PVC WEH]l IHE AMEshe Ze iuﬂ At
ok PVC FEHRl 8E ojejellk PVF, PTFE, PVC/
acrylic, quartz fiber 59 BEE AR 4= Utk |
A NIOSH, HSE, OSHA®} 2ol 67135 SdE9] &
o] mhE =E71Eel Aol7t ek 2% NaOH/3%
Na;COs 8922 671aF SFhaEe F&dt0] oled
ROEIHZE olg3l] 6713F SitEe 2t o
& 1,5-DPCE °l83te FE=AE F/dsta] UV/Vis
HE7|E o185t & 60713F b= 8 AHTt
o} gheF ool wheh kgr|eo] @b 7184 67t
& RFET 584 6712F SES FESt]
‘i% a7t 9= Aee WA VM8 71w SEe
Zoto] ARttt 7H84 67t SRtEe AledH
% H|o]# <] %7# 2 T 0.05 M (NH4),504/0.05
M NH:OH 82 71313 Ad20llA E50iFHA 14]
b &Rt FEUT ol FEAREe @S0l 5 25
3 A2 SHA] wotof gt T2 H]o]A o] &
& AZAIHAE ol8ote] oAt o5 AFAS 9

i)

312

OH
N
olx rir

19 o,
_IPE flo
)
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Asto] o|2ARFIEIHIE 0|85t 67tEE SR

== E‘—Iﬂﬁﬁ Wi 1,5-DPCO] F=AE A5k
UV/Vis A&7|& ol&st At 322 584
6713E SRIE2 ARZES} ofFayoA ALgH
B REE EAstojof gt E8A 6713F IdES
2% NaOH/3% Na,CO3; €42 71t & 7FEstAY =
=3 RoA 6081 FE5t0] o|2AZHEIHIE
o83t 67135 &5 Wil 1,5-DPCe] F-=A4
£ 345kl UV/Vis A&71& ol&sto] A=zt

0| E}Eﬂr iaﬂ
Folt}. mERA] lr:gﬂzol

G sittEe] Baske Aol 270 GolE B4
o et 78 a £ S Selslel 4% o

of P} BE 12715 7MY 2840 e 78
el S ok A= 4T A2 ghol 7
¥ 4 g P SE gk T T8 $aE
ol we o] AAElo] g w27
*7%1% solof gk, 3213 g &

2 &7ES %* *é*é%f %37} A B9olle E
A w&7|5E 7 sliokshs BAI7F A4 # At 1
oz 7heA Za6lEy) 2o 243)slEe B
sto] rlsh= 714l "astal YA 7|olAE 1
gt B7t 71 dseid a7t Sl

7184 FEIEES] digt =E271ES 7L 9
E49 A 67135 RMES AlQotd vwA 82
=% 25 59 5 Atk B8 o1 HFE =Y
AL B2 FEok= ol 7]+ sht gk

Aof| met HAE] IgollA &0 9TFE £ 7HsA
Yoo g HAFTReER] KIS0, 2005). THek A]E'L
71 371AE SEC] 24T A9 EET &
St 7H84 67138 e F&0 9T =
Ao deFt. wEtA I3F =AY ol 371 ¢
67128 EF8Hog I AREEE Aol 0.05
M (NH4)7S04/0.05 M NH,OH |40 =2 F&sk= A

o rr

i

1o

mlo =2 O
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Soli=0f M2t =E7|120| TE S4siEEe Yy 12 95

=

o] WgEr Jelx 27k9] Ho] EASH: A9l
71ag0] BE 4 JonR §HEY 2ol 27t zeq
of EAT 4 Y= AR A9 TR FE5 AR

= 0.05 M (NH4);S04/0.05 M NHOH &0 g %
Edh= Aol BAFHECHISO, 2005).

718 SFEIES FE70 oA FAARIEE
(ammonium citrate)°|4}, 0.07 M HCl 53 &2 3}
SHEAE AREohE AT UNUAT AFHOo R 2o
Hate oM E St B2 &S 49U Wt
o}, 83 FEIFolA 23TE ARSohe A2 B8
A B0l 52 £ 9long AgoiA] o= Fol £
o} AAZAE 1SO 15202-2(A15AA2) W] wet
FE5k= Ao W A o R oA 5 WY
e 53 ES AREoto] 7 SE53EES &
Zo1= QA %l:-_?l 37CoA E=0] FHA 1AZE A
L &0t S AREsta UTHISO, 2012b). o=
7MY FEEE 2 O did] B2 AEHEY
=& an‘H AR TdotA H WReE na
NIOSHS| ZFEATHAAE AF= o] UTHNIOSH,
2016b). %.Lés}%‘g/l AR QI3 AlmAA Y Ho|
gt ZA 322 1SO 15202-29] 7S 98 1S02
2 15 (working group)©] 1995¥ 99HEH =&
A&t o]#gt 1SO 2AIES] =97t AlZHd A
S 19949 Fairfax & Blotzer(1994)7} 7184 9
B84 = 9}0“34 TLVO] tfst =58 9rEst o2
It} & =8oAe &dFvlE, 35, 4, U2 59 &
o] 7184 SIHERIA E84 SME °1X1°ﬂ ozt
7|o] @] AAEo] A1 7H8A IFEC] B84
MEHT LEg7|Eo] BA A= = AL 5
Sttt 1831 ACGIHZF TLVE AXAdol QlojA 7}
|47 840 st FEE Ao} olgrt B9t

= A& AHS 7184 SFES &8, &%
27 5ol tisll AAst Ex7t Qlojof diti= M= A
At 1SO AP aFANAE “7H-/3(soluble)™of
6 q— 1:—]- Z;d—;e x%_,] 2 o] OH 7}9./&-1 :1_4_\T %L% _7_%
< 93t AAE ulRgo] Qlo] st of=&o] At
5% B2 2531 WY 0.1 M HCIR #5351
wol gt =97t 219,1; stelAQl Qu]9] Mg A

gloto] 43 B2 FE0h Ao| v, I, 59, ¢
Ut 5 13719 JU==9] 59= A= o
g Zhol|lA 7H a4eRtES S Slof dAE
et Who] e Af= Qg IFT & J&E o

e 1P O

i
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1=

58 - A

rio

- Zojet

At} 1SO 15202-29014+= 37C + 2T 2&=9] & 5%
Z(Water bath)olA F 60 &<t wytst 718744 &
LIRS &30t 180 F5EH {NHoA =1 &
2 AJE-2 o3| Al>IA] "EE o]-8sto] AAD,
5910 SRk Yol F2H AlE8A2 dike
2 AMISE ok AS HarsHA EATHISO, 2012b).

6713% SRPECS SHEAYHEES 1Es|o] A
Z} WOl A AREok= $=-8-/d(water soluble)¥} 7H&-4J
(soluble)elgt= 8ol WA AT I a7t ot 747
F9] ACGIHY 6713%F 3RtEol High TLV= 84
I E{ACE FEE0] AU wWEbA AR A &
4 6713E RIES FE97] HAdAE &ttt B
Agok= Zlo] Bfgel Btk I3y &3t ETRS A}
| HYH ARl wEtE 6713E SEES 3
SOo= Qg AR FLE AHE Bk & £
Atk JiA 1SO FANE SollAe #2802 &5
gt EXRCH= SRR R A58%(ammonium sulfate
buffer)e AM8sh= AL @usk YrKISO, 2005;
Ashley et al., 2009). o|& 9l z} SHEAulH A
= $840] oid Vg oleks EEE AREolo]
SIS 7lsska qoka wokdE

67FEE SIFES 7t 7|4 dilsks 7|0
w2h A 2ol 2ol At =84 67t 3=
B84 671389 =&7]F0] &Y NIOSH, OSHA,
HSEQ] 9= 843 58442 786k &1L 6
7135 SIHE] gt SFEHEES Aokl Q)
ok vl= NIOSHS]| A9+ 484 671382 5
437} e A= HRLE S58HS AMSolESE
darstal 9ot NIOSHY] 6713& 31eEo] dish a1
7182 F 671 3E SEEY 552 0.0002 mg/mo|il
(NIOSH, 2020), 9= HSE9] =&7|&2 % 6713=
SRIE9 5L & 0.05 mg/m°]™(HSE, 2005), Hl=
OSHAY] 9= ¥ 6713F SRHEY 5-871=(PED)O]
0.005 mg/m°]tHOSHA, 2020). WatA] o]& 7]HofA
= 7IEA0E AR Efsk=s T 671EF IRES
to] 1,5-DPC F=AE B3 3 UV/Vis
71 o]8sto] AFohs WS AREStaL Sttt
b 71kt A=y uiA], AR ol &fo| 7t
ot WA HSEClA dirskal Q= MDHS 52/4 W
IF Ta UAEY9 o713E SRIES EAdk=
o2 NaOH7} Z¥% PVDF HEZE AZE
25 M9] gHtgaog &3t S 1,5-DPCE

N

D r
>|l:

o
iy

o

L o rlo 30 &
o e X

[e]
kl

]_
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o]8sto] FEAE FAoto] g LTAR B4k 1
HO|THHSE, 2020). °|EA] H2 Akgooz &0}
o] 1,5-DPC®} FEAIE A5t EAsh= e
2] ARgE o] g ®Hol7]= SITHISO, 2005). 18

ol A& 22 AlEFOlA 6713F RS
FFohs Aole AHESs Aol AdelA] At 17
1 22 pHE 1,5-DPCRFY] f&A vhgoles £2 =
Zo7l= SHATE 67F2E2] ol 93t &Ado] HAygh
4 QITHISO, 2005). 1A HSE WHolA+= 47 &=
| AEZO] 6713E =9 FF o= gst
UE ALE AAXIY THEO & vl=k OSHAS 73
ol F9= NaOH7F ZHH quartz fiber ¥

olgste] ARE AFSI, 10% Na,COs/2%
NaHCO; &3} phosphate buffer/MgSOs &4&
o]-&slo] 30~90% &% 7HEstHA FESH= WS
ARESELL Atk o= AlEEF WA ARE A7 =
AL FAs 671389 SHEE WXkl R o
AlekZ ARESHo] 671389 A4S IAd)shr] gt ¥
HEo] AREE7]= st oy MAy] Aol E4%h o
Aol Slvt. I8|3 Ww4d o wkHE NIOSH
NMAM 76059] 7= PVC WEH HEE 0|85
of $4Z Skl 2% NaOH/3% Na,COs &= 7Ijt
o #2419 2504 7Hgste] 071 aE =S +
E3t}. o] W2 B 7HEA 07HEE SRl =
gof gt AlFEAQl A2 AT 7H8A o7taE
St F24xE 29kt Sl ISO =A®EE &
o] £84 o71AE 3RkeE B4 fARE HHo R F
67t aE IRES 45k WS dista Slth
NIOSHolA 7H8-4d 67H3% 3Rte9] 243 B
gt A2 NIOSHY| #Hil7|Eo] 7HAdH &84S &
Skl QA 7] HEoE ofAXIt

HH 7R o7tEE SR B84 o7t E IRt
2 FEcl] B42 & ¢ Sl HHe=Es 1SO
16740 JAE<S HIEste] 7yttt IRSSTY i,
Ashley 5°] ARKgH ¥WPH Fo] JITHISO, 2005;
IRSST 2009; Ashley 2009). ¥4 A2HHE FIgF o
HA] 9] ¢ ISO°A= PVCE H|Est PVFE, PVC/
acrylic 28 & o8] 71X €8 E AT &= JUtkal 7]
&olal 9lal, Ashley et al.(2009)2 PVC ZHE AR
sto] AGE shlem, AuUTh IRSSTOlAE= vinyl/

Me R ool
%

d
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i
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acrylic 35 ZEE ARSIt wabA S-2ueto]
A= G o g ol AREI Q= PVC BHE AR
sto] o7HAE IRtEs SHT 5 U AR o4AA
o 67HEF gES 7MY B8R EETM]
A5l ARHEERE 78 0713F SREE FE5t
= W A7) AZHA S0l A9 fARSH BE
SRR E  SE899  0.05M  (NHy),.S04/0.05M
NH:OH &HZ o]&stq 60EHE E=0lF+= 5 7|
ARRl W o s 223 3tk 81 BF ZI3TE A
£ FEHEE 6}1 A k. E3 B84 67F
3F ALY FE2Z Hldl ARSSt= Aot B 2T
2ol7h vt 58N 5= Zfol7t A=t 1SO
167402+ Ashley 5ol 23t ®'HE 2% NaOH/3%
Na;COs &d& AREStaL 1l 7Ryt IRSST el
A= 0.2% NaOH/ 0.3% Na,CO; 8HS ARgoto] &

2 3t 193 52 57] {6l IRSST ®HollA=
250 R4 6087 52 otal, Ashley 52 4
0ColHY 253t R4 3027 55 Ttk 11T
3L ISO 167409 A%+ 7FEsHHA 45~60=7t &

S 3t} o] NIOSH7} £ 67132 3_IE9 B4S
913l 2% NaOH/3% Na,CO; =882 ArMgsto] 7t

e

SHAA 458 = ATt FAFSH, 18l
= doA 6713F e FFE Hdi 1,5-DPC
o} FEAE FHT o 540 nmolAY SFEE S
goto] Ak WS ARESHL ok SEZF R 4
HEH PVC ¥E E= 55 o9 ZHE ARESH
S4S okl AEZEOA 7HAE 6713F SRIES &
oF7] Slof] AR E 258421 0.05M (NHy)2S04/0.05
M NH4OH &9-Z o]gsto] 7|AAQl o =w 253
sto] EAZ 3 v, B84 o71EE IR 2%
NaOH/3% Na,CO3; 88 o]&sfto] 23T} =X 0fA
FEoIAY 7IEotiA 0RFE FE5t0] EAstH
2 AoR oA EE &9k et 2 &%
7Hd 07t aF IRME AlEY 584 071 EE SdE
Alm B5F o|RIEntEHNE o]&sto 671aES
e & 1,5-DPCe REAE FAAAIX] o= 540
nmOlA FFEE SHsto] Aot & Holth

ZZO —]_

v.z =
ZEAEL AARROIA =271%0] HE SR
of BeHOR L A9} k. 53] 2 B4
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= BFE Bl wet kEr]Ee] HEA 4
01 % T A fEvet AASESEHY
7}+tﬂh yZ, vkg, ig, ¥FvlE, < 4%,
E**Eﬂ 59 S&3ktEo] olof gt olet =4
E0] LEAA FAlOl EE B £E9 Eoixel
et 7H84d SR 584 ste=E 25k 371
£ SfoF 2t & AFoM= NIOSH, OSHA, HSE,
ISO 5°] Ak Sl= S43dE SR 5

o st 239l 1AL Eg| 7o Z0] FlskEo|gt
T L&7|eo] e 78 E B8 aERES
T ¢ Sl HHE AAISHSIH. o] A AT= &
Uzt AH4EA7E 5ol S53Ee] Ade %7}011
o} &3 B4l wet g &84 shtee
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