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ABSTRACT

Objectives: This study was conducted to evaluate the accuracy and precision of airborne metal analysis using polyvinyl
chloride(PVC) membrane filter by pretreatment methods.

Methods: A total of 75 spiked PVC samples for Cr, Fe and Mn ranged from 6 ug/sample to 40 ug/sample were used to evaluate
recovery rates for three pretreatment methods: acid extraction, hot plate ashing and microwave digestion. For Mn, an additional 75
spiked mixed cellulose ester(MCE) membrane filters were analysed to compare the recovery rates of PVC samples. All samples
were analysed with an inductively coupled plasma optical emission spectrometer(ICP-OES) and manganese samples were
additionally analyzed by atomic absorption spectrometer(AAS).

Results: The overall mean recovery rates of PVC samples for Cr, Fe and Mn were 90% or higher regardless of pretreatment
methods, but there were statistically significant differences in recovery rates for Cr(p<0.05) and Mn(p<0.01) samples by
pretreatment methods. The biases and the coefficient variations of PVC samples for three metals pretreated with three kinds of
pretreatment methods ranged from 1.7% to 4.7% and from 1.6% to 6.5%, respectively. The manganese PVC samples pretreated by

microwave digestion and analyzed with ICP-OES had the lowest bias at 1.9% and also showed lower bias than the bias for MCE
samples, 2.7%.

Conclusions: In order to accurately analyze the metals sampled with PVC membrane filters, microwave digestion and ICP-OES
can be recommended.

Key words: accuracy, metal, precision, PVC membrane filter, recovery rate

LM B 2918174 274 71352 A =82 (quality control)E 4]
Ao gt =) 7)ol Bajxie] BA7)7)o) it
A AQBAZA7| DA fEAoR smoj 3 WHREI o RE, FEFS Fol s(Park et

¥
AAEH2 NIOSH FHAIEHel NMAM(NIOSH
manual of Analytical Methods) 7300(NIOSH, 2003)¢]
o, o] 2L Ef2 ZFujol|Al+= mixed cellulose
ester(MCE) o] o] g3k F& AR HAo| et

al., 1994) 23+ o] 40~50%4 =2

£o] F23| Abatel 20094 shilr] HERe of A

= 7(46‘1—0 o] 97%01] DP—O—]_oﬂr/],
MCE oJ3A]= Atell gA] &8, 7=

. olF A

ol =] el

*Corresponding author: Sangjun Choi, Tel. 053-850-3738, E-mail: junilane@gmail.com

Department of Occupational Health, Catholic University of Daegu, 13-13, Hayang-ro, Gyeongsan-si, Gyeongbuk, 38430

Received: March 11, 2016, Revised: March 18, 2016, Accepted: March 22, 2016

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial
License(http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in

any medium, provided the original work is properly cited.



PVC O{ZX|E 0|&E =&

7] % A BA B AT T A} 29
YA}E 354 = A (Atomic Absorption Spectrophotometer,
AASYY G = ZAgZ e} R ulE 17| (Inductively Coupled
Plasma Optical Emission Spectrometer, ICP-OES)E ©]-&
3t Ao de o8- o] ftrh Z12|uf polyvinyl chloride
(PVC) AfA]= Akl & Baljw#] ¢kar 5719 JdaF=
AA wkom A7)AQ] AskE 7L qlo] A3 Al A
£ Whsto] A asS Holjml= wale 7 gl
#o0)2] okorrt. a1A|qk 201010l /A E ZE(KOSHA,
2010a)1} "W7HKOSHA, 2010b), 121 2012 o) 7§A
%l H(KOSHA, 2012) 2FeHE &4 - 24 71&A13]9
= Al=EAFHEA] PVC A7} Z3FEf Qlal
NIOSH ZA A& 7300(NIOSH, 2003)of 4= PVC o
TR A1) B4 W Bso] FRsshctT A

L Qlk PVC ofikx|= 7B A Aol 3= |
&Gkl BRI FEFEA, 671 a4 Soll AREEAL
pom e o= A5t AN, 2488,
A 5= olf+= E7HISHA MCE oA 2 S5
EA43 FEAAEESS 7 skl = A oltk(Son
& Kim, 1999).

A et SaHS X, A=ty St
]2 WS 2= NIOSH 73009 w2} hot plateE ©|
2351o] 3|5lsl= "W, n]=+ 317 B S A (Environmental
Protection Agency, EPA)S] T A EH SW-846-3051
283} microwave ovene ©]-83F 3|3}H(Choi et al.,
2002), Akt FAkE ARgSto] A4k 1S N = S
QAL 1N 5 Gog A2g T o2 Eglo] e

NE Algoll ZH2F 10 me A =9, 2447 WA 5h=
ZZ¥(Son & Kim, 1999)0] F& AMgE 1 Qth
NIOSH 74 A& 3000] @ hot plate 2|32 574
H Ao Ao IFE WRol™ microwave
ovengr ©]-&dh= 3|2 X ARgo] FTHEAL Q=
o] x| 4t microwave oven 2|7} w9~ 1L7to]w, A]
79 Foll Wt AgSh= A T 9 e BFS]
ofslal 1o whE aFul MR = Ad

==

3] zto]
228} stolof S5 AXe] §AL U 5 U B
o] SIELim et al, 2010). F5H] 29 fel4-foizt
A2 olgatel 371 % e LA Slg BHoR
of WS o] g, WA YRS e A
7% Wae Mgstel AHgska itk 471e] WS
MCE of3A] 9 4% A4e] & 2589 F el

Journal of Korean Society of Occupational and Environmental Hygiene, 2016: 26(1): 48-57

4

Mol oiet datzot FE:

=

0kl

7t 49

HI

A, Foll e Aol gl AR Al AE o]
3= A3} H7A) E(spiked sample)o] A= LA
I ggdo] gt Wiolgke 3840l lti(Son &
Kim, 1999). AAS 2 ICP-OES9]| 2J3]] &< A& AT
517] QA= 2] A ARE EoliiA F88
Ao whsofof Fith o FA FUA R 2L =Y
o] golgt &l AH, YA AT AAE A,
F71EY AAA, F2 H= /A4 SOl Stk
PVC oATHA|= Aboll G =A] L H7HIRE &5
SHA] Fsto] A Wl £t 2T sl
UL 7t 7)ot ] 2 A 2] WRo] 2g 4 thE
] o & A F7HA] 8 L@ MCE o 1}2] 9] H 2] v
W& Agsto] AE/do] RET Aor ot E
gk oA PVC oA E o] &dte] SaHS X7
2 AeFslet ol3L7h ¢lal NIOSH 7300 H-4Hojl= 7}
Ao thet s]pgro] AN 7]E3hHat th=A] oF
of A-gAdel sl oZF el URek ol 2 Aol A
= ol o8 Alr AHF] = TFEAY 55 AR
wAo] i QA E= 84 AollA k=F 7heE v
Q] <4 AJ&(Cr, Fe, Mn)S td 2 & PVC o{1}7]9
spiked sampleg- WHEo] Al 7HA] Mg WA 5
W, hot plate 3)31H, microwave digestion)o] 2 3]4=
& AeE, JUEE Fristo] Ad3 A W

& A} s

. o o

PVC ofTA2 o83t A= AH T 2eusm
FHYREAS FA0 ST Bagol 2 fju
A UGN 2 WA B4 RS 22
(Cr), &(Fe), 7HMn)(Park et al., 2001)S Aoz

Ak

2. 8INE M=

AR o] wet Slaeg, A= 94 A=E H|
wal7] 8] Z 258 EEEHKANTO Chemical
Co. Inc., JAPAN, 1000 ug/ml)S AFg3le] 27 37 mn,
= 27] 5.0 i8]l PVC ©]1}2](GLA-5000, SKC Inc.,
USA)oll 5719] 5= =(R7Fd @ 6 - 40 pho] w2
HHEAlR STHE 3 AER sho] F 37FA] A Wl

http://www.kiha.kr/



50 HY=S -z

A

of s Aejgd 5 A=S 3 AES 7570 Al=E Al
Z3Fqeh 25, A, W1 FollAl B0l 7P Qb A o]
2Rl AehE = WS ol8sto] oA FiRe wE
zlo| & w|wsl7] Y3) 37 mm, 3= Z7] 0.8 um MCE
o] }%)(SKC Inc., USA)o|| 5712] %= (H7}eF : 6 -
40 p) o2 Lol sAH 3%S F7F Al=SkAal £
8o} 39 ¥ 98] AZAZ AZAR W WA,

wmstoich. A A How;% R

RRE $942 9] & pAlak AF FEW(acid extraction)
ol = HA| =S NIOSH A EH 730022 hot
plateo| Al 3|3} A]7]+= " (hot plate ashing)o|T}h. Al
WA WS mls EPA 3G AIR R SW-846-3501 RS
2835} 7 0 & microwave ovens ©]-23F 33} A X ]

HH(microwave digestion)©]th.

7F o)A} 71EA

R o =

rlot

2
R
o
2
ol
2L
32
o

Soi7

3.2 Hot plate ashing

glojzlof AR E 747} Yi SHEAb s
AH70%, SHOWA, Japan)=2 ©
Mz 41 B S A T AR B
Aroof| A 30E57F W] 3k TS 120°C hot plateo] A]
7hastsict. Solo] Fustel 0.5 nt Jwrt @ wprk
X 7helgt ke ThAl B389 2 nt Y3 At
golo] Aald kA of Fge raelsict. A
HAE AASL 2242 0AS A7 2 150T hot
plateo] A 7Fdsto] 0.5 me HS wf 714 %“?——-_]—/\] Zet
S| gH(s|sE- 50 mb + FF 950 mh)S 7S
Aies $3A7IAL 20 mb EFESRAAR g A 9
Hqgoor ML wiel AN gmsiar
MCE o HA]= Abof| o} gloj A ARt PVC oA
5 A =R ot AAZITE Ar= Lol
LT olele ARo) A% HH O BAARE W

3.1 Acid extraction

Z 2 Mecrk, USA)Q} EHFZAK60%,
EF94H36%, SHOWA, Japan)S A}-83}0]
1.5 N 15_5 X]/\]—.Q_O]-]jq- 1N l-—_E odxyg_ong Xﬂz’é‘]-
of £33t A HAE 20 Ml &

Japan),

ATt §HS Fol FAS UrE T A2oA 244 EQF 200 C7HA] 5 A7l #3027 frAlshe =S
PVC filter PVC filter PVC filter MCE filter MCE filter MCE filter
(Cr, Fe, Mn) (Cr, Fe, Mn) (Cr, Fe, Mn) (Mn) (Mn) (Mn)
Sample 25 ea 25 ea 25 ea 25 ea 25 ea 25 ea
preparation
Spiked sample concentration : Spiked sample concentration :
6, 10, 20, 30, 40 ug/sample 6, 10, 20, 30, 40 ug/sample
| | | | ! l
Pretreatment Acid extraction | Hot plate ashing l\glicg];zz:le Acid extraction [Hot plate ashing ]\glig:svt;ls:’ne
type (Cr, Fe, Mn) (Cr, Fe, Mn) (Cr, Fe, Mn) (Mn) (Mn) (Mn)
| | | | | |
Instrumental ICP-OES ICP-OES ICP-OES ICP-OES ICP-OES ICP-OES
analysis 1 (Cr, Fe, Mn) (Cr, Fe, Mn) (Cr, Fe, Mn) (Mn) (Mn) (Mn)
Instrumental AAS AAS AAS AAS AAS AAS
analysis 2 (Mn) (Mn) (Mn) (Mn) (Mn) (Mn)

SHOWA,

Zetazio] Y

=71 9 283 sl

PE 920 53 A

5 800 W] Aoz

3.3 Microwave digestion
o} A]E  microwave oven®] HE

vessel)o]|
2k A7)

27 (teflon
st 8718
%7] 30TCof| A 20&

Note: PVC; polyvinyl chloride, MCE; mixed cellulose ester,

ICP-OES; inductively coupled plasma optical emission spectrometer, AAS; atomic absorption spectrometer

Figure 1. Flow diagram of experiment
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Table 1. Comparison of recovery rate, accuracy and precision of Cr, Fe and Mn spiked on the PVC filters by pretreatment methods

Spiked Acid extraction Hot plate ashing Microwave digestion
Metal concentration, N Recovery rate, |Bias|*, CV*, N Recovery rate, |Bias|, Cv, N Recovery rate, |Bias|, Cv,
ug/sample % % % % % % % % %
Cr 6" 5 101.7 +£276 27 + 132 2.7 5 961 +192 39 =+ 192 2.0 5 107.5 +1.04 7.5 + 1.04 1.0
107 5 1041 + 146 41 =+ 146 14 5 1014 + 166 1.4 =+ 1.58 1.6 5 1048 + 098 48 + 098 0.9
20 5 1034 + 045 34 + 045 04 5 1032 + 0.55 32 + 055 0.5 5 103.6 + 1.64 36 =+ 1.64 1.6
30 4 1044 + 000 44 =+ 0.00 0.0 5 1039 + 0.87 39 + 087 0.8 5 102.0 +3.63 34 + 197 3.6
40" 5 1043 £ 035 43 + 035 03 4 1034 + 048 34 =+ 048 0.5 5 1003 £ 129 1.0 +077 13
Overall" 24 1035 + 1.69 3.8 =+ 1.07 1.6 24 101.5 £ 320 3.2 £ 148 32 25 103.6 + 3.08 40 =+ 248 3.0
Fe 6" 4 978 +193 22 =+ 193 20 5 893 £ 4.60 10.7 + 460 52 5 997 £ 361 26 =+ 218 3.6
10° 4 995 +079 08 =+ 025 0.8 5 1045 + 500 48 + 461 438 5 985 +£122 1.5 +122 12
20" 5 1020 + 0.84 2.0 =+ 084 0.8 5 1033 + 245 33 + 245 24 5 999 + 144 1.2 + 065 14
30 5 1019 +2.14 2.1 + 1.88 2.1 5 1022 +1.63 22 + 163 1.6 5 988 +£329 27 + 188 33
40” 5 989 +£1.60 1.5 + 106 1.6 5 102.7 + 071 2.7 + 0.71 0.7 5 982 +£144 20 =115 1.5
Overall 23 100.1 + 221 1.7 + 131 22 25 1004 + 649 47 £ 433 65 25 99.0 +£232 20 +152 23
Mn 6 5 969 +£ 139 31 +139 14 5 1013 + 372 34 =+ 1.19 3.7 5 988 +£ 176 1.5 + 148 1.8
107 5 102.8 + 232 28 + 232 23 5 1045 + 039 45 + 039 04 5 995 + 094 08 =+ 062 0.9
207 5 1047 + 071 47 + 071 0.7 5 105.1 + 0.55 51 + 055 0.5 5 1002 + 122 1.0 =+ 061 12
307 4 103.6 + 033 36 =+ 033 03 5 1039 + 0.56 39 + 056 0.5 5 993 +£287 23 + 155 29
40” 5 1041 + 0.57 41 + 057 05 5 1027 + 148 27 + 148 14 5 963 +0.76 38 + 076 0.8
Overall”" 24 1024 + 3.18 3.7 + 138 3.1 25 1035 + 218 3.9 + 1.22 2.1 25 988 +£207 19 + 148 21

' |Bias|; |[(detected concentration-spiked concentration)/spiked concentration]x100], *CV; coefficient of variance,
* 1 P<0.05, ** : P<0.01(ANOVA; dependent variable=recovery rate, factor=pretreatment methods)
Values are presented as meantstandard deviation or mean

Table 2. Comparison of recovery rate, accuracy and precision of Mn spiked on the PVC and MCE filters by pretreatment methods

Filter sPiked. Acid extraction . » Hot plate ashing Microwave digestion
(Anal zer)* concentration, N Recovery rate, [Bias|",  CV?, N Recovery rate, [Bias|, Cv, N Recovery rate, |Bias|, CV,
Y ug/sample % % % % % % % % %
PVC 6 5 969 +£ 139 31 + 139 14 5 1013 +£372 34 + 119 37 5 988 + 176 1.5 =+ 148 1.8
(ICP-OES) 10™ 5 1028 +£ 232 28 +£232 23 5 1045 £ 039 45 +£039 04 5 995 + 094 08 =+ 0.62 09
207 5 1047 + 071 47 +£071 07 5 1051 =+ 055 51 +055 05 5 1002 + 122 1.0 =+ 061 1.2
30™ 4 1036 + 033 36 +033 03 5 1039 +0.56 39 +056 05 5 993 + 287 23 + 1.55 29
40™ 5 1041 + 057 41 + 057 05 5 1027 + 148 27 + 148 14 5 963 + 0.76 3.8 + 0.76 0.8
Overall”™ 24 1024 +3.18 37 =138 3.1 25 1035 =218 39 =122 21 25 988 +207 19 =+ 148 2.1
MCE 6 5 1027 + 133 27 £ 133 13 5 1014 £ 055 1.4 +055 05 5 101.6 + 0.60 1.6 =+ 0.60 0.6
(ICP-OES) 10° 5 1040 + 043 40 +043 04 5 1028 £ 033 28 + 033 03 5 1014 + 189 20 =+ 094 19
20 5 1044 + 089 44 +£089 09 5 1038 + 346 44 + 242 33 5 1032 =+ 3.65 32 =+ 3.65 35
30 5 1029 + 037 29 + 037 04 5 1021 + 076 2.1 + 076 07 5 1041 + 195 41 =+ 195 19
40 5 1023 +£ 076 23 + 076 07 5 1015 + 1.10 1.6 + 094 1.1 5 1028 + 1.30 2.8 + 1.30 1.3
Overall 25 1033 + 1.12 33 + 112 1.1 25 1023 + 1.78 2.5 + 1.58 1.7 25 102.6 + 220 2.7 + 2.03 2.1
PVC 6 5 973 +£081 27 +£081 08 5 965 £ 157 35 +£ 157 1.6 5 949 + 144 51 + 144 15
(AAS) 107 5 968 +£100 32 +£100 1.0 5 952 +£082 48 +£082 09 5 946 +096 54 =096 1.0
20 5 959 +£077 41 +£077 08 5 952 +£075 48 +£075 08 5 952 +0.72 48 + 0.72 0.8
30 5 950 +£066 50 +066 07 5 944 +£098 56 + 098 1.0 5 956 =+ 047 44 + 047 05
40™ 5 943 +£029 57 £029 03 5 937 £ 067 63 +067 07 5 959 + 1.10 41 + 1.10 1.1
Overall 25 959 =132 41 =+ 132 14 25 950 =133 50 =133 14 25 952 =+ 103 48 =+ 1.03 1.1
MCE 6 5 979 +£193 21 £193 20 5 980 +£ 185 21 +£176 1.9 5 969 + 1.61 3.1 =+ 1.61 1.7
(AAS) 10° 5 977 +£065 23 £065 07 5 996 £216 1.9 + 05522 5 970 092 3.0 =+ 092 09
20 5 967 +£054 33 +£054 06 5 960 +£282 40 +£282 29 5 981 + 041 19 =+ 041 04
30" 5 958 +£050 42 +£050 05 5 961 + 134 39 + 134 14 5 981 +120 19 =+ 120 1.2
40" 5 952 +£071 48 +£071 07 5 97.0 + 084 3.0 +084 09 5 963 + 093 37 + 093 1.0
Overall 25 967 + 140 33 + 140 14 25 973 +222 3.0 + 1.76 23 25 973 + 124 27 + 124 13

t: PVC; polyvinyl chloride, MCE; mixed cellulose ester, ICP-OES; inductively coupled plasma optical emission spectrometer,
AAS; atomic absorption spectrometer, " [Bias|; |[(detected concentration-spiked concentration)/spiked concentration]x100],

§CV; coefficient of variance, * : P<0.05, ** : P<0.01(ANOVA; dependent variable=recovery rate, factor=pretreatment methods),
Values are presented as meantstandard deviation or mean
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Figure 2. Comparison of the accuracy of manganese overall concentrations between PVC and MCE spiked samples by pretreatment

methods
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Figure 3. Comparison of the accuracy of manganese overall concentrations between ICP-OES and AAS analytical instruments by

pretreatment methods
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digestion; p<0.01).

7} ojabx] FFEE 2] 2 HoE Hol
£ H|agt A3} Figure 33} o] PVC o]2kx] Al &9
Al+= hot plate 3]3}¥H1} microwave digestion®] 7-$-
ICP-OESE EAWLS u A7} AASE BAPLS
o Bt} FAHCRE FootA w2 AB}E Ect
(p<0.01). L2t} MCE of3}2] Al& 9] 79l A2
Wl wAglo] A7 ¥ T Fee Abolo] &
OJst z}o|& Ho|A] Akth(p-value; 0.265-0.976).

V.o &
213ty % A BAY w& Wk onA 2
ol gdte] M T Feke BAsHs FERAAHTL ¢
Aol FHE F4 AES BAste] Bk 4 gk
%% B0 A oA E 8 FHAo] wol
%% Hao] oxprt AL §eAg oAU PVC
ATAE o] gith F& ARG BAT AL Al

MCE o{#}2|7} o]-&-&|of i},

2ol gt B4 SR =
7d$-¢ll NIOSHo|| A=
< AL Ak
(NIOSH, 2003).

Son & Kim(1999)-2 1999 o] 257)¢] = z+¢ist
A& AAF7TE gFoR AATHESA AR
gt 54 & AA 2 WS 2R A3} hot plate
3|3h& o] 8al= 71T 56% L, A F=EHS A

[¢) .
201300 oful£A} 102 FYBAZH 272

http://iwww.kiha.kr

the 712} PVC S3AE BEo AFgTThs 7]
B 7 g A smolglen), o A$ WAwE
microwave digestions ©|-83tttil SF¢th. NIOSH
73001} &, A, W] et AP SA W 24
WRjollA= a5 =&87k 9| 220l MCES|Z}
Ao}t B0 PVC AN E Az F{ujAof F7} st
S THINIOSH, 2003; KOSHA, 2010a; KOSHA, 2010b;
KOSHA, 2012). 18]y} A 7] A= PVC o 3}4]
7h w4 EAH] F7hE S F YA XA
L, A AA P W] tigt 7| AFARE =
el Harg BF gl

2 AFoAE 8 AholA == 7hs7t dad
¢l 5% AJ&(Cr, Fe, Mn)& Ao &2 PVC o] 22| o]
spiking sample& WEo] Al 7} AA 2] W] uk
2 5487 43w, JUEE Wl AT 2
I 3E, A, W7t gigt PVC oJ}#] spiking sample
o 3l%ge WA Wio] BALC] BE T5% of
Afolgith. NIOSHOI A= Hghet a4 4 wilel
2|3t 3pgo] 75% oldelojof staL, o]
a5 FEE AL T 1 WtEA] s BAES
Ftha PaskE QYTHNIOSH, 1994).

A7 PVC oA z|of] gt 54 A7 3a&
of thgt A+ Hil= ¢lglew, NIOSHo| A= 7300
method(2003)0]| 4] hot plate S|SPH O R ZH A2 ot 73
9 2F0| B4 AR gt 358} U percent
relative standard deviation)E H 113}31 ¢Jt}h. NIOSH
o= A FEGBXLOD)ONA A&, A, W1kl digh
Sl48-2 Z+ZF AE(0.31 pg/sample; 109.4%), H(1.56
ng/sample; 88.7%), W7H0.31 pg/sample; 101.9%) 0.2
RIBHT 91T, TEE(10xLOD)O A= T2(1.27 ug
/sample; 103.4%), (6.4 pg/sample; 99.1%), &7H1.27
pg/sample; 99.3%) O &2 H 113t Qirh B AoA=
7P @AY F&7) 6 pgsampleo| 1o, o] FE
SEolde W@ Hage 7 AF 96.1%
89.3%, W7k 101.3%ch Ao 79 NIOSH H 12}
2ol 7 W §k(6 ugsample)olA  F]4Eo]
89.3% W7 LFREo Lt NIOSHO| A= Aol 4 2
o] CVZIo] 46.82%% =2 wihd B A rAuloA=
52%= vl HE AUEs Holch

Z 2014 o] NIOSHOJ| A= hot plate 3|3+ 7|
22 3 71 55 24 YW 73003 HER

O:

ot o
T

5

==

Journal of Korean Society of Occupational and Environmental Hygiene, 2016: 26(1): 48-57



PVC O{ZX|E 0|&E =&

microwave digestion®]] 7| %3k A1 Q] 73029} 7304
B E519 THNIOSH, 2014a; NIOSH, 2014b). NIOSH
7302+= MCE o] 3}%](37 mm diameter, 0.8 um pore size)o]|
gt W o)1, 7304+= PVC o]1}X|(37 mn diameter, 5.0
(m pore size)o]| THRF EA R olh 22| EA o A=
microwave digestion A% 2] o] 7]=29] hot plate 3]
Sh Hoh Aj7to]l @ 2QF A A iR ARESHA|
oo} Kok P & AEstiA] 400159 S5 AR
of thgt 3|4=&3 YU=E AAskaL 9lrt. NIOSH
730404 HAIEEAL Sl A, A, W] PVC oA
of tiet &3t FU=(CV)= AE=(10xLOQ)ol| A
¥z} AE(7.5 pg/sample; 112.65%, CV=2.3%), (30 ug
/sample; 120.58%, CV=4.05%), W7H(1.5 ug/sample;
110.24%, CV=1.5%) 0]1T, T4 =(100x A %% )o]| A]
= FE(750 pg/sample; 118.65%, CV=1.36%), Z(3000
ug/sample; 112.41%, CV=0.83%), H7H150 ug/sample;
115.56%, CV=0.9%)°]%lt}. E A9 microwave
digestion E4 ZAiloA= 6 pugsampleo A 40 ug
/sample =F| A 8] HA| Hd F4&S ZE 103.6%,
A 99.0%, U7t 98.8%= NIOSHS Zi}HTtl:= tha
3o J48-S HYOoL, CVE 213.0%% 53t o5
o] it}

oA Son & Kim(1999)0] H7hA 2ok 87
& A3 A=E ol88l Bt} AFo et 4 =
H3} microwave digestionof] &J3F Sl4g U AU
= vwalgl, Lee et al.(2001)2 2] thal] H7t
N2t 253y F A3 AEE S E hot plate
3|5 1} microwave digestion®-2 W]k} Itk 1
g o] AFEE B MCE oA & ©]-83531L,

microwave digestion2 100.1%% 2 7oA MCE
o] Tpx]of| YTk H7leto] AASE AR Anel
AFSFALE. Lee et al.(2001)2 ZEo] tjjst hot plate 3]
31} microwave digestion§of oJgt H7IA] =7 9]
HEZAX) 3)58S 717 97.149.4%2} 97.144.4%
2 X335k 9low, |Bias | = ZH2F 7.98%2) 4.28%
= microwave digestion] 2] A& =7} ¢ =il Bl
stoith 2 Aol A= Wxkol disiAgE MCE o2t
o H7H 'S A£8to] AASE £A151317]9] Lee et
al.(2001)9] Axel A3 Hlwsh=d] Algtge] slent,
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Mol oiet datzot FE:

=

0kl

7l 55

HI

g7rel 9= hot plate  IBHES 3]4&o]
97.3+2.2%, microwave digestion®-2 97.3+£12%= &
AReE AXHE Holil 9tk ®3 | Bias | &= 7H2} 3.0%
2} 2.7%= microwave digestiont] 2] FT=7} =t

2 AFoAE 7]E AFollA] BALER] o o
YAl Zpo|(PVCRE MCE)oF 24 7]%igke] #jo]
(ICP-OES¢} AAS)e| tsfjA] WAt tif o & vlwst
%tk Hla A3} Table 29} Zo] FAg o429} &
A3t AT B A2 B9 34§ g ICP-OES
2 BA3% AIPVCAE &% 102.4%, hot plate 3]
3 103.5%, microwave digestion 98.8%, MCE; At
=% 103.3%, hot plate 33} 102.3%, microwave
digestion 102.6%)7} AASZ 43t AIHPVC;AF 3
=% 95.9%, hot plate 313HH 95.0%, microwave
digestion 95.2%, MCE; AF &% 96.7%, hot plate
3|3 97.3%, microwave digestion 97.3%)°] H|3
3la=go] 100%e] 7AW =93, | Bias | 9] 25
Figure 33} Zro] ICP-OES £A% o &gt A7} w
£ Axe) ol 9lo] AAS B4 Abuc g
27 Ueht geEst o w9kth B3] PVC ojnA]
9] Z&(Figure 3(a)) hot plate 3]3}HI} microwave
digestionfof| A= FA2 o= §2J514 ICP-OES +#
AAW7E AASHY w2 HYEE Hilth 9%
AR ol o7t AR Apo]E W] Tl Figure 20 A
AASE BN A PVC ojzixle] 2AATL
A2 oA MCE 23t SAXHSE &
A @2 FErE Holil ¢l HiHof ICP-OES
=AW Aito A= hot plate 3|3 ATE PVC o
A 7F MCE oA Hrf fofatA @ Jges 1
Ef ek

7)o 9] Verpaele et., al(2015)2 €5 & = W7t
Aol gk ofax| o] FRE qH 9 24 aES
v weh Ayt S oR YFe H$ MCE o3| 9]
EA4EHX)0] PVC o2 AF gHY)Eer ZA 24
(Y=0.88X) =z, 3t Ad&oll gt 7171 &4 gk Aol
ofl= frolgt Zpo] glo] frAkRt Aew Huskgich
weps &3 Foll tisl SEHT 7|74l ot
a4 8-S FAlol B7Fst7] 9184l MCE o4
Hoh= PVC oA 5 0]-§58= Zlo] Kt st}
o a4 glck

2 A7 2ae dddoM Az A7HRE

.

o rr
ok rin

T
S
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o > =~
8- =o4E

ol AT Atolal, HA &4 o 2 @
FARE AFT B4 A= ohd 7] el iAol
el Aol & < At Son & Kim(1999)9] 7

o 87 FS AA ARelol WALUT A9 4 23
¥ B Ul= microwave digestiont]S o]-&3fof A H
7o) 9k 4 olok A Ak vk ok uehy g
PVC o2& o] &3l | A= gt 3= E
HIE 4RE Sle 27 A9k asttn o
o, 2 AFAT= 7|Z v ArEA S8E Ao
2 7| Hh

v.d B

B oo PVC ATAZE A7 RE A %35}

of FUEAT JREAo] FAlo] 0|2 3
QoA wol wMSHe 2%, A, W 371 F
T4 Aol HEAL A 7H) AHE el wrek
AT Bl4g U Ak, JUES v Bt
ozx AHS AXE WS ANt Sk

Sl e FEWEE 1035%, A 100.1%, H7H
102.4%), hot plate 313HH(Z2 101.5%, A 100.4%, 7
7+ 103.5%), mircowave digestion(=Z= 103.6%, 99.0%,
9B8%) o= A2 W Afelof zo]7} Il o) M
NIOSH |2 HAR7]E 75% o= WEskqit dA
upy Apole] Wk AT | Bias |)9] 44 2L ho
plate 3|3t o] 3.2%= 7H #9kal, AL 4t &
(1.7%), 7+ microwave digestion(1.9%)0] 7}AF
o 24w gunst by o AAe e a8
Aol 79 A FER(FF CV=1.6%, d CV=22%)°|%]
31, W7FS microwave digestion(CV=2.09%)°] 31 t}.
o742 Ao|(PVCEF MCE)Z} 141 7]wi7ke] Aol
(ICP-OES®} AAS)ol thsiA] Wit o= 7t
ul@st An 5US ool FUT HAe Wy
Nze| A9 B4-87HS ICP-OESE 248 At
AASE A7 Aol Hlsj 3]a=80] 100%°] 7H
Ay =33l 53] PVC o1}2]¢] 7% hot plate 3]
3H I} microwave digestionfof| A= ICP-OES H-4]
A7 AASHTY FAACR FOoHA £ =
S 2ok AT EA4%] ot oA AolE
vk A3 AASE A% 9 PVC o729 &

Al 7 RA12] Wl gat PVC ofakA] Alme) B
7

=

30
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M3} wE AHe] PHA MCE ditnct A
Yoz felsh] we HYES ®olT Qi vhulo]
ICP-OES H-41¥ Ziloj|A]= hot plate 3|3} o Ak
PVC o]3}4]7} MCE ofzx| e} ojaln) we et
5 Uehgich ol BAZANE Fa 2 ),
PVC A& 0|83 & Alm 45 & A%
NIOSH 7304(2014) " o] w2 microwave digestion
ol oJs) MAe]S sla ICP-OESE RAT A&
M & AREO] H488 A 4 AT T &

At
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