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1. o

Azo LA oItk 20019 L&A QAEFAASHEEA AnkE7 9]
SEAZE 7P 2] SR FEA 7R AFSheE Ado]l HA

JJEskMEC] ¥l A2 Yo AtHHomma 5, 2003).
o|% Hl=, d&, I Tl FAF A7 EiEATHHomma 5, 2003;
Homma -5, 2005, Taguchi &, 2006; Nakano 5, 2007; Takeuchi &,
2008; Cummings 5, 2010; Xiao &, 2010). U=l A= 2012~20134
=4 s 224 3018S W2 E AAIE Ao ez Qe 19
7rAAd Hskr gld 22X 1083 74 Mot ilE= 2R 88
ERISHATHE-E&E &, 2013).

AFRAJPAEAN] 7oz 202149 1€7E Qe Fw 2249 29715
sl S AE Aedhd =297 1A FE22 84 F dw°l F7T
HRom, 7% 1.2 pg/lolstz Akt it a3 dolA =

1.2 p
202099 g9 AEdd =E2XEEE 24 7|&X(KOSHA GUIDE
H-209-2020)2 A&k
Z184} KOSHA GUIDEC] R 7HA| Eett AHEE 875 = F2o] =],
AR, A& A5 AdEZF Basith /w9 AEsH] =37 f6
a¥, A, @4, @4 59 AlROA AEs EX5hH= d77F JP=HAeH,
34 Be @4 § Aw2 4 A=Al M w1l eks ¥ ST
7 digdol =il B EtHKoichi et al.,, 2003; Harvey et al.,
2016). ZL8Y} KOSHA GUIDECl= A8 AlEE A5t



( Y T UE 2MYY Z4E 3 BEEAR i

B4, A= AAE 9ol gt HEV Easith AR F AFES] £4
e 5= AEAE 1S 1 FddET 2 EA7 | (Inductively
Coupled Plasma-Mass Spectrometry, ICP-MS)7} Z&slttil BRI1E =4
(Wilschefski & Baxter, 2019), ICP-MSZ EA4517] {5t HAAI =TS AA T
e St lolasst Bfgel el Y U3, 49 5
e oA AR % slerE4e] 242 99 AAe WO AkeT
QSH(CDC, 2000, TlolEnt RAYE GEAA AFLA A A48 £
HhHOo|THY 2 S -54, 2010). KOSHA GUIDEOIA+= 34HS At

of

‘d

St el ARE BAE T AT & U §71R0 oJF 24 gl
Q7 IR A% EAFU MsFsHL 1Y Bast Aek

AR, Aol ot AEZF Easith 20139 AtEIA g4 QY
shekEof et HEg o AH(11),2F KOSHA GUIDESA A|Qtet HH
AEet AFAH A48 EE8AE T =4=E 4= R ESE
(External standard method)2.2 A|&9] AA 7} 7tdste] EAA|7H
Hwd grov wjdo] o3t 749 $-87F AHEEH &, 2013). BAAE
A9 mjdo] EXSE A9 A A2 EEEH7HH(Standard addition
method)?] AR&o| HilE= o]fo|tkBader, 1980). A& HAE Ex= &4
oA EAE 5 Qe FREEY EHS fs WFEEEE(nternal

standard method)9] A& ®3st 1187} ZQ5}ct
BAANE & AFE 242 71& BAANE § 555 1/10 olst 5%
7]

wA4of st E40] ojgal, dE 40| 7Fedt ICP-MSE Ewo}
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I. |95HHd

1. A2 Z=H|

|

[

Aae 83t 5EEHE ARESto] ZAISHIH. AlSolA |A
++ 4 @H(Sigma-Aldrich, MO, USA), o] @%(Gibco, Auckland,
New Zealand), £ gjo} @%(Sigma-Aldrich, MO, USA), & @%(Sigma-Aldrich,
MO, USAXE &8st em, 1w et =a71ed 1.2 pe/l 7E(E52),
1/28] 5= 0.6 pg/L E(sk]), 28 &<l 2.4 pg/l FE(EE3)2R
Z A5k

ZAI’E A= SimportAHQC, Canada)®] B+t 1.2 mL Cryovial©]l 1.1 mL

oy 2w T FA EAHAY A FH2d v HE & ZA5IAH.

S

o
oy i
;

olF HEFAYY YRIESZE(Rhodium, Rh)2 Inorganic venturesAt
(VA, USA)9] 10 pg/mL AlES Fiste] AREsITh AR 342 ACS reagent
70% ZAAKSigma-Aldrich, MO, USA)¥ Laboratory grade E2]& X-100
(Sigma-Aldrich, MO, USA)& ARE-SIIH. gol24+= Milli-Q 2&5A127]
(Millipore\, MA, USA)E ARg3to] A|zxstALt.

A& 3]A48 EHE 15 mL Centrifuge Tube(Corning, NY, USA)E A&
o},

FAL iCAP RQ ICP-MS(Thermo Fisher Scientific, Bremen, Germany)&
3191, QEAEHE ASX-560(Teledyne, NE, USAXS ARRSHLE RE

]_

x8

ol

o]

op



Bae 24 ] AZAA AR Fo] met FRIL AN F UA
stgoml, AP W L= §AE ) FLIAE 44l ZHSRAch ICP-MS
A A4S (& 0-D3 2

(& II-1) ICP-MS ZEH| MX
MicroMist Nebulizer (400 uL/min)

Nebulizer
Interface cones Ni-tipped sample and skimmer
Skimmer cone insert high matrix, 3.5 mm
Spray chamber Cyclonic quartz
Injector Quartz, 2.5 mm ID
Nebulizer flow 1.10 L/min
RF power 1550 W
Number of replicates 3
Spray chamber temp. 2.7C
Dwell time 0.1s

3. KOSHA GUIDEO]| m= FAM

1) Aok ZA
S|l 1 [ 8= gtAT0] 70% dAF 1 mL, EZE X-100 1 mLE €&
35 golfg HAZMA Y XA BT LEAET O] AL s|Ady}

SUaA AN,
100 mL €&

Q150] 10 mg/LY B & 3o Eat FE8N | mILE
00 pg/L EFEANS A

230 il FJHdozg FAS Y 1
E 100 mL §FEetAT0] Y slAdog

100 uxg/L 894 0.2, 1.0, 2.0, 3.0 mLE
A 0.2, 1.0, 2.0, 3.0 pg/Le] AFA 4E EZE&HS XA SFAT

HAS

10



2) AE 9 5389 AAd

ft

& AEe & 3= 2AR

10% 01” EHYA7IA i"*‘?‘ﬂﬂ}. = &

AlE2E 15 mL FEO] 0.5 mL 3 g4ds 9.5 mL ¥2 & uiE 21
=

Aol T s 102 o E=HA7INA
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ol
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(E 11-2) KOSHA GUIDEO| mZ Al2 x| 2

5 4ol 0.1% HNO3, 0.1% EZ2|E X-100
Mx2 208 MANZE EE BEEEM 0.5 mL, MM 95 mL)
S QEHFEH

B o] e o8 YREZENAS, g4 s WA, 54ue
W4 9 BEEE/PY 48 5 AEselt

1) W HEZFE(nternal standard, 1.S.) BX

YWHESFEZL 10 mg/L 2F EFAFS 1 pg/lL $50F 34sto] AL
sttt 10 mg/L %29 25 EFEY 1 mLE 100 mL &FEAI0
Hotar sldAo s 4 A 100 pg/L WHEZEHAS A5 100
pg/L &¥ 1 mLE 100 mL &FEZAT0] 1 3|4A0 s 14 &
1 pg/LY WHEZEHS XA oA

EHg ARt 4 @Yo AR AL ASIIACH, AR BAus
WEEER 100 412 B3] 2% 202 SHsich. 1 o A W
Au)44L o it SASIATHE 11-3)

11



g & 0y 2MUY 4E 3 BHEA=E JHY
(B [1-3) WEEZESHYE 2Ist A7 514 4
3]AqoH 0.1% HNOs, 0.1% EZ|E X-100
LiEE=E 1 ug/L 2&(Rhodium, X 102.9)
FabSIE] 208 SMANE = EZEY 0.5 mL, g4H 94 mL, I.S. 0.1 mL)
Yy AUEFSY + LREESY
I.S., Internal standard
2) AN Tk
B RIRE AT 1Y QAL HAT] Ao S A HES
0.1%014] 0.5%2 2439k, QEMSee] AHAE FUst vlg= A5}
1 9 AAE et e dgL o] SUSHITHKE M-4).
(B [-4) g|M 5 WA 5 AR 3|4 gy
S|AfoH 0.5% HNOs3, 0.1% Ez2|E X-100
V=R E3— 1 ug/L 2E(Rhodium, X1 102.9)
Hxe| 2081 SM(Alz 0.5 mL, &A% 94 mL, I.S. 0.1 mL)
By BY IR EZEST 2X)
Internal standard

LS.,

3) 314

g W%
{71200 95 oG WA 7L HAS] 91 B)4E1&L 2084
OWlE WSt 1 9 WA YT Fu AL oldut FAstArkE

I-5~06).

12



(B II-5) 3|MH|g HE £ AE 5| Wy
CILS Rl 0.5% HNOs, 0.1% EZ|E X-100
LHEEZE 1 ug/L 2&(Rhodium, X 102.9)
Fx2 50 SMAR E= HEESY 0.2 mL, SMA 9.7 mL, I.S. 0.1 mL
LY IFHFEY + WRHESY
I.S., Internal standard
(B I1-6) BEEEA1} A|22| 5|4 WY
(HI: mL)
Blank | Std.1 Std.2 Std.3 Std.4 | Std.5 | Sample
CIESRl 9.9 9.7 9.7 9.7 9.7 9.7 9.7
INE= - - - - - - 0.2
HEEN - 0.2 0.2 0.2 0.2 0.2 -
WEHZES 0.1 0.1 0.1 0.1 0.1 0.1 0.1
4) A7 ¥ AR AFx g
n ZAA
A2 —% 51T QU BES} HEAE)
ol=

AE 0.2 ~ 3.0 pg/L WA A
A (intensity)d AAGZEE H A4S slolstqinh

» AETHA
Blank A& 33] ¥& St 1 =0 xEdH
U 5k 2 dETA4= sttt
LOD=3 x 6B/ «

(65 Blank EZHA}, k: AFA9 71L7))

13
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2% Az R0 AES WK ARE 33 ol BAlske] 7% 4ew

R R E S5

Ao oE B4 39 #3kE &RIsh] Hof R EEEHY 1EE
A7Pdo] W 435 Husiloh & 02 AT AlRE ARESHL
QREFEHO XS AR 34 HE (® -6 53U, E2&=
A7PHo] e TE&H A9 34 S (E [I-7)3 2o #2283
7HHoll AFESE Pooled serum< RAXES}F 5L & FFH AAFEEH F
7HAE AEstn. BEEH7MHE 8% dFA2 W Almutt ZHJSHA]

(@9 mL)
Blank | Add.0 | Add1 | Add2 | Add3 | Add.4 | Sample
s | 99 | 97 | 95 | 95 | 95 | 95 | 97
ooled - 02 | 02 | 02 | 02 | 02 -
NE - - - - - - 0.2
EZZY | - - 02 | 02 | 02 | 02 -
geEze | 01 | 041 | 01 | 01 | 01 | 04 01

14
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=
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o
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| Kolmogorov-Smirnov TestE

[

g Azel HY 25E 9

BA
p»0.059
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=)
15

e

A
A

H
pLe
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One-way ANOVA
o]/\l-

T

-

zkel wla
L EE 27} 3070 vjukel 308

A
A

=
ol &

]

=
=]

371



WEREEd B4 ghol
o gAsAd i BEE A9 SRS e
Paired samples t-test&

WE‘E‘%‘EE
Agtetch
H| 1= Mann-Whitney U

PSS Statistics 18.0 for Windows(IBM Co., NY, USAZ
A 89AL 0.05u|vte 2 s}t
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M. A+Z237

—

HI

e T

|

A A=

-

1) KOSHA GUIDE] & B4 Ay}

& &8st HE1(0.6 wg/l
32.4 pg/LF

o212 pg/les), BE
2)9] Al 7HA] AlBE ZHzF 12708 ZAstgoY, 7 =rEa
MY F DF02 ol BAL AARA(EE] 3 — BE2 3 — 5=
334 = BEL 37— ),
N=2EA43 7t 379 Jdske=
sgon, 5

1=]
= 249
[e) 1

MRS 5l

Sohs 7S 2l
AR oz o] Qi ZolE BATHP)0.05)LY M- 11CE

-1.

g

in

/

——

L]

2

[323 m-1] KOSHA GUIDEO| M2 &

HA
a1

Zo| Wl pa/l)
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(B IM-1) KOSHA GUIDEO| mME 2MZADo| M3}

(22l ug/L)
a81 82 83 84 p-value®
0.598 0.608 0.639 0.822
=0 0.569 0.571 0.612 0.985
0.575 0.586 0.606 0.947
Yo 0.581 0.588 0.619 0.918 0.031
+ EZWX |+ 0.015 + 0.019 + 0.018 + 0.085
1.145 1.227 1.258 1.591
) 1.171 1.214 1.266 1.432
1.157 1.227 1.282 1.436
g 1.156 1.223 1.269 1.486 0.015
+ BZEMERF |+ 0.014 + 0.008 + 0.012 + 0.091
2.338 2.412 2.551 2.713
=53 2.339 2.477 2.626 2.731
2.288 2.487 2.588 2.781
i 2.322 2.459 2.588 2.742 0.016
+ BEMX |+ 0.029 + 0.041 + 0.038 + 0.035

- JREZBO 58
BEEE 250 S48 -17.0% ~ +5.3% SO WEHM, YrE
(o]

2
25 3 g U +20%§ skt B8 ATTES A0
3

20



1.S. Recovery(%)

[O8 m-2] WREZES9 38 HaK1)

(B I-2) WHEFE 3|58 Hale 3|HEM ZuK1)
71871(B) HZERA | EXstE BZK(B) 3k
At#(Constant) 0.859 0.007 129.7097
2EM3I4 0.003 0.000 0.907 16.4017
R? 0.823
FH] 268.994 1

Z484: |.S. Recovery(%), "p¢0.05

= AEEAET

Al 29 ARE Z2ZF 2034 wHE 245ty YRESER B & oF
BEEH 9ol HFotart. B3 FPET p0.05E FdS s oH,
By Ao BY Zrol v|uE o Paired sample t-testE AA|SIATH

SE10.6 pg/l4)9 Alie WEEFEEC o3t B4 AF sExols
Holx] 9kFok(p=0.312), ¥%2(1.2 pg/L £ 5E3(12.4 ng/L53)9
Az ov] Sl Aol7h AR ATHp=0.000)[1¥ M-3]<E II-3).

21



( Y T U 2MYY 4k { EEA= Y

.
LB P
. *e 9
o: * e e®B ety
L ] TN i )
.
bl L AP PTY T )

e

"""3'33"338:.:.3
.

05 | *90ee®se Sg0edegetdd

10 20 30 40 50 60

ol1Sin[ug/NE2E F  o115In[pg/NEE =

[0 m-3] WREESE 2Y HEQ QFE 24 2t HIu(H: xa/l)

(E M-3) WREEE 2 M9 A5 24 2t Hlu(1)
(91 ug/L)

= =pslel=] N 3 + BZWX p-value’
B ™ 20 0.547 = 0.031

= - 0.312
By = 20 0.551 += 0.030
HY X 20 1.173 = 0.031

=59 - 0.000
By = 20 1.102 + 0.051
B ™ 20 2429 + 0.084

SE3 — 0.000
BH 5 20 2.139 + 0.081

B AA: Kolmogorov-Smirnov, Shapiro-Wilk, p)0.052 MA2RZ 715
TPaired samples t-test

3) MY FE WA

- YruEEd 358

Y55 F4g0] F/HE AL FUsH SHAIHATH=0.

[CL3 M-41KE M-4).

22



I.S. Recovery(%)

20 30 D s0 &0 70
e W =V i i LA

=]
[

[0 m-4] WREES9| 3+8 H2K2)

(B I-4) WREES 3|52 W9 3HRA ZiaK2)

71271(B) BERQX | BESHE BAU(B) tad
Al4=(Constant) 0.879 0.005 179.1547
=gl 0.003 0.000 0.931 19.4117
R? 0.867
FH| 376.802"

Z484: |.S. Recovery(%), "p¢0.05

4) s|qvlg |7

- UREEE H48

AT 9 AT BEGoAT, N0 NS 209004 5092 AT
T UYREZEO] S8 5.6% ~ +2.3% SEOE gAsIo, 3R
AT E SR B0 2 F7t B Faree] SRIEA SktHp)0.05)
(29 M-51KE I-5).

23



( Y T U 2MYY 4k { EEA= Y

1.S. Recovery(%)

90.0%
......

(=]
(=]
ra
=
L
=]

I
(=]
wn
=]
o
=]

[O2 m-5] WREFES 3+8 H2K3)

(E [I-5) WREES 3|52 HelQ 3ARA ZuQ)

71271(B) HEQA | EESHH BAU(B) tat
At (Constant) 1.020 0.004 : 285.77471
=M3l -0.00004 0.000 -0.057 -0.433
R? 0.003
FH| F=0.187

O

£t 1S Recovery(%), Tp(0.05

» AREAET
A5=0.6 pg/L, 1.2 pg/L, 2.4 pg/L)S AEE 27

WRESER B4 & R REEH o9 st 47t ¥s 2Rl 94
2 9 5Ys oz B4 whESIt

WeEEE By HI Fof d
B 479k 3301500, B4 2070 242 3.5%0% 2805 1 Tl 7
L SASHCHE 11-6).



Im. A7y W

YWREEEE 24 A 3o 0.6 pg/L, 1.2 pg/L, 2.4 pg/L A5k A=
Z+ZF 96.5%2F 99.6%°] A
B 3o 7S ERIsATKE 1I-6).

gk 24 #9 ed2 B4 1849 2
95.4%%} 99.8%=

2930 242

17}

=S|

}J\—]—— -

(B [I-6) WEEZE HY M52 Q5 M 7t Hw(2)
(= ug/L)
wy H wy
N| m3 |RsD|348| =2 |RSD|s4g Ppvalue’
s BEER| ) | (6) |+ BEEA| 06 | )
=1 | 20 +O'§é§5 6.1 | 95.7 fg’%gg 39 | 989 | 0.016
:
1.152 1.213
%%52 20| 0% a4 960 | 20| 25 | 1011 0000
=53 | 20 +2'03%?34 36 | 977 +2'§é%1 34 | 988 | 0291
1Y} T 47 | 965 33 | 996
sz |20 | 200 sl esa | P a2 1012 0046
2
1.140 1195
%ggz 20| o033 950 | [0 | 09| 996 | 0000
2.230 2.369
=
s=3 |20 | Co00 |22 | 929 | 2000 | 34| 987 | 0,000
QUxt W 35 | 954 28 | 998
A B 41 | 95.9 31 | 99.7

HA ZH: Kolmogorov-Smirnov, p)0.062 MAEXE 71

TPaired samples t-test

25



Y T UE 2MYY Z4E 3 BEEAR i

5 +49E AFE g 2%

awl S S . S S L ]
B30 AT i
2
w
=9
= ]
E.ED_ .................................................................... 4
[T E
=
@
E
1 e S i
D T T e T .
0.0 0.5 1.0 15 2.0 25 3.0 35
Concentration [pgi]

fix)=b"x+a

Parameter Value Confidence Delta at 30 StdEmr Rel. StdErr [%]
b 12.201.401 +-87.969 55.604 0.429
8 775.358 +-0.000 0.000 0.000
R2 1.000
BEC 0.064 pgil
(DL{LOD) 0.004 pgdl
RSE 3574 %

[O3 m-6] 8Y & & EMS fIe AZM
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AL BAs o vtk W3l Iloy 0.002~0.009 pg/L HI=

= JU=
44 T UAFE N v= ANEE A7 203 245 YWRESER HAS
B4 39 Ees 0.9~4.2%(B 3.1%)°1U . (& [-6) 227 E A4tE
Ut A== RESE B ? 9% UTHKE 1M-7).
(B I-7) WREESE B M$9| U7t YU
R REOIECED
= 1.9 1.6
) 0.7 1.1
3 35 0.0
L 2.1 0.9
- YT

3 98 AR AES A7ISE 3l & ABE 247 203] BEASt yE
¥EEAE BT B4 719 3482 98.7~101.2%(Hw 99.7%)°] ATt

FHO] Apolo] W& A o] Aol H|wSHH. Kolmogorov-
Smirnov Testol|A] &4 F&2 4 USo192H(p)0.05), I15E &
A o] Be2 JREZEHS AL BE 7P IRy SAZ R Qv
Ue Aol oFY At (pr0.05)<F TI-8).
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(E [M-8) HuHo| m2 24 2t Hlw
(A ug/L)
N M + EFWE} Z|agt Z|HaL
QEHEEY 30 1.216 + 0.021 1.184 1.250
BESHIEIEE) | 30 1.231 + 0.034 1.189 1.323
BESH7IHAE 30 1.225 + 0.057 1.109 1.324
Total 20 1.224 + 0.040 1.109 1.324

™A™ Kolmogorov-Smirnov, pY0.050|22 F7A o=

ANOVA, p=0.330

3. Alz2| M= HI}

1) #2324 F7}

A7 o] BA ZFEo] AFAS wESHA] B2 E(p(0.05) B ESAAHE
Kruscal-Wallis TestS AA5IATE AASATRA »*= (E -9} 2o,
LE AWt BAFOCE FoulsiA] &2 AoZ YEPYTt &, ZF AlR9] sh=
ol Holx| gh=rty & 4 Qirh

-
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(B m-9) &4 g7t 24

= N | B + BEWHI | A4zt | =g x? p-value®
A | 20| 059 + 0009 | 0581 | 0612 | 4876 | 0845

E C | 20| 0614 + 0012 | 0599 | 0645 | 4922 | 0.841
.| F | 20| 0605+ 0022 | 0571 | 0655 | 7.727 | 0562
H | 20| 0612 + 0019 | 0570 | 0647 | 12.419 | 0.191

A | 20| 1213 £ 0020 | 1.184 | 1249 | 4625 | 0.866

E C | 20| 1196 + 0015 | 1.173 | 1.233 | 4650 | 0.864
,| F | 20| 1098 0088 | 0980 | 1218 | 8600 | 0475
H | 20| 1174 + 0053 | 1.062 | 1234 | 7.600 | 0575

A | 20| 2357 + 0037 | 2304 | 2424 | 4696 | 0860

é C | 20| 2368 + 0.045 | 2299 | 2451 | 4714 | 0858
3| F |20 2133 +0110 | 1883 | 2278 | 9493 | 0393
H | 20| 2283 + 0116 | 2.035 | 2.456 | 8257 | 0.508

4 B3 Kolmogorov=-Smirnov, p{0.052 H7&8 719¥e 4+ ¢
TKruskal Wallis Test
A & 8% C, 80K X, F, A HiOF X H, & X

0jo

2) 44 Bt

"éoﬂ s Al ==
¢t A= <E M-1003

ot SA| AT 2 B E”—‘ 7|17k0] et ZAe A3t ofv] e

AolE Hol=A Mann-Whitney U H5Z AAS 23 fogdE2 HF

p0.0252 E4237F 2ril & 5 gl

SEIFE JHEEEAE 4 "ol 849 522(1.2 pg/L 77T 30.4%=
7P Ao, o= A Hiol 49 5kE3(2.4 ug/lL )0l 17.5%2 Tt
FHEEEAS] B2 SO BFol 7P RUTKE MM-11).

iy, mﬁk
J;
r
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3

g

HI

=

N 2E U BEAR Ty

(2 M-10) O+YA M7} Za}
(&9l ug/L)
=
HAEA A 8y S0tK| 3 A Efo} 3 o &y
ZA| 059 + 0.009 | 0.614 + 0.012 | 0.605 + 0.022 | 0.612 + 0.019
23°C | 0592 + 0.010 | 0.620 + 0.009 | 0.598 + 0.028 | 0.620 + 0.021
Jo) 47C | 0599 + 0.002 | 0.598 + 0.025 | 0.581 + 0.043 | 0.637 + 0.016
-20°C | 0595 + 0.013 | 0.622 + 0.021 | 0.574 + 0.043 | 0.624 + 0.026
-80°C | 0.592 + 0.012 | 0.591 + 0.006 | 0.573 + 0.047 | 0.611 + 0.021
23°C | 0594 + 0.010 | 0.601 + 0.005 | 0.614 + 0.008 | 0.600 + 0.026
202 4C | 0577 + 0.008 | 0.607 = 0.010 | 0.646 + 0.019 | 0.576 + 0.021
-20°C | 0573 + 0.024 | 0.609 + 0.002 | 0.603 + 0.017 | 0.563 + 0.033
-80°C | 0.559 + 0.015 | 0.610 + 0.012 | 0.621 + 0.019 | 0.586 + 0.023
)
=\ 1213 + 0.020 | 1.196 + 0.015 | 1.098 + 0.088 | 1.174 + 0.053
23°C | 1.220 + 0.025 | 1.176 + 0.017 | 1.093 + 0.002 | 1.225 + 0.010
Joy |4T | 1213 * 0010 | 1.201 *+ 0083 | 1014 + 0.013 | 1213 + 0,016
= 1 =20 | 1.210 + 0.045 | 1.179 + 0.027 | 1.003 + 0.026 | 1.174 + 0.026
-80C | 1.197 + 0.007 | 1.176 + 0.007 | 1.016 + 0.045 | 1.116 + 0.017
23C | 1.220 + 0.021 | 1.202 + 0.008 | 1.204 + 0.017 | 1.198 + 0.012
200 4C | 1176 + 0.017 | 1.196 + 0.028 | 1.194 + 0.025 | 1.117 + 0.014
-20°C | 1.178 + 0.008 | 1.179 + 0.011 | 1.067 = 0.062 | 1.028 + 0.028
-80°C | 1.193 + 0.016 | 1.193 + 0.014 | 1.119 + 0.045 | 1.093 + 0.027
=03
=A| 2357 + 0.037 | 2.368 + 0.045 | 2.133 + 0.110 | 2.283 + 0.116
23°C | 2432 + 0.013 | 2.361 + 0.043 | 2.150 + 0.059 | 2.021 + 0.031
Joy | AT | 2379 + 0019 | 2.384 + 0041 | 2023 + 0.027 | 2331 + 0.012
= | -20C | 2401 + 0.020 | 2.373 + 0.050 | 1.951 + 0.059 | 2.287 + 0.020
-80°C | 2.317 + 0.022 | 2.335 + 0.041 | 1.943 + 0.037 | 2.161 + 0.049
23°C | 2.327 + 0.023 | 2.482 + 0.008 | 2.162 + 0.096 | 2.201 + 0.065
a0oy | 4C | 2332 * 0027 | 2.445 + 0.036 | 2263 + 0013 | 2215 + 0.033
= | -20C | 2291 + 0.058 | 2.321 + 0.023 | 2.244 + 0.002 | 2.035 + 0.010
-80C | 2.377 + 0.047 | 2.314 + 0.013 | 2.161 + 0.091 | 2.053 + 0.004
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(B I-11) SEI84 NUE

A 4 SO01X| &3 4 Ejo} EH U Y
=0 3.0 2.4 5.6 5.0
) 2.4 1.6 30.4 5.6
=23 2.3 2.6 17.5 5.8
3) o5 AdA £A443 v
A B A REEEHAL 7P W 4 "ol @2 AlLlsta Al 7HA|
A9 EAATE oF AdAe E44e} BlustrKE M-12). JHEE
HAl= B 5%clUiom, & A Al=7t 7P 2k
(B M-12) 98 MEA 2HZH Hu
(22l ug/L)
= Eg=—FS SOtX| €3 =)
711 0.612 0.625 0.625
e 7|2 0.596 0.614 0.612
7|3 0.581 0.594 0.570
MTHBEZEHRN%) 2.1 2.1 3.9
7|2 1.200 1.195 1.185
P 7|2 1.213 1.196 1.174
7|3 1.148 1.131 1.077
HUHEZEHXK%) 2.4 2.6 4.2
7|21 2.398 2.357 2.337
- 7|82 2.357 2.368 2.283
7|13 2.321 2.260 2.401
HHEZEHEIH%) 1.3 2.1 2.1
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V. 1z 4 ZE
2012~20139 AP AE Fer=Eol o3t HAE oA LoA AFLGA|
Y] JEFHF AFFH dgo] 3A dEA JAEo =2 Qg HZgo]
dretE 3 GARERS ERIsHY QIEEAS 7HEANHASRS fust
9t Aow AR 9lom, %IH ANEHF 4249 84 5 AdEsE=
| 125.8 pg/L7HA] R1E7|% s9chYed S 2012).
SR=Xe *“%6131 LE782 IS HIoke EvE 2249 19 714
‘gHske 52 AEsto] U2 3 pg/LHEN R 1.2 pg/L2 35t 20214
Oltﬁllizu ExARAT0] AZREJ=Y 12 HAA JIEEES
ATPA o7 FRIT & Q= FUT AARIES I 5 JdEsrolth. wahA
QlF BEAHMHE HE3I6H] s 2020W9] KOSHA GUIDE MQ1E29] &S
LEAE BEAEY 7|&AH S Aot oy B4R st =71 HEF
g g3t Agtolt,
A7l RO EFAGART|HOIA AR F S5 B4 SAZYA
WL EAE 8ol Ut SAZJASTTGEAE o|-gsto] HAAR F
ANES EATH AT oy AAT wyo] Exdolal nfo|a2nt Bo) A3
59 MAE Au|7t 72 23 HY, AEHAL AFHAVE 1 AEdL
2tHKoichi 5, 2003). WA BAAE & AE9 B4 AH|e 34 & =19}
AEHIE 78S o ICP-MS7}F Aotk H 1% 0 H(Wilschefski
& Baxter, 2019), & AFA T ICP-MSYHS 17235} ch
HEEANRO A= ALstH TEIHES Fuisto] &8t AlEEE
BFEEHLS A|ZHek, HHX]Xﬂ 2} 52 95t 852 drjEE= AsSolu AR @3

8517] oJg1l, 1%fo], HA] 59 EHE HFA R AZo] &&

5, 2020) 5E0] B8 7 AR Hsiilct.

A&

XA &
k= AHH|7F %__E(Surekar
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o @R 2AA0] At Kolvh Qlo] AbEA T wAate
= beh BRI do] The 7Hs 5 Tefsiol Tl geR

N
o
o
ke
o

=

AE9] BEH =2 7tE AT AlEE 8%, 8%, d¥(whole blood),
A 5ol ﬂ%lﬂ%ith ‘%'ZJ % AE2 AFY FHLEN £2 JHAES
s 5, 2016), AE 5 Aw EAoI A vl
2 5EE —EM#FJXIE& Hol7} Aste] BESH =EANERA &840l Eol
Ao -agx; EE FHo| %:ﬂ%um sttt (Harvey 5, 2016). &% F 1E2
g , o7} & Aoz HuErtKoichi &,
2003). KOSHA GUIDE9] /\lfJHH 272 FSIAVE 2ok AEZS dHstal

Aone o] "Wt AE F AlmAe|S] HWeldZ st SFEG=
dHol AEe Aoz AlmH

KOSHA GUIDES| w2 Al&d4 23 4 s=159 BaskEs 240
RS Aot 7t 9o 1=l ot gule] o 9w
I AU AT TS s W EEEEe 289 23 0.6 pg/L
29| AlEe WREEE o't 24 A3t $o] 9n] = s=AelE Iglen,

1.2 pg/L 23 2.4 pg/L 29 Alms 7] U= Zol7t AU, >
o1E9 Intensity’} AsIH T 2FY Intensity’} S7FotEE EAo] 25
HrE HY $ 557t BofAs A0E HolEQint ol YWREEEY 34a0]
g olR] ZotH B9 Qu7t glok= A ou]ett). o|F I|A A o] FAl
= 24, &Y F7HE B9 WREEE0] HHH R R4 A
glstla, B & 4 5 v o5& =oAL AHESHARF A7t
HEES AoA= A 0E EA &0 YREREEEO o3t B2 vhEA] He

Ao g masiitt. U2 oA WidAEY A edE H4aslstr] 9]

Helo] AHgate mlo|dzut BalYE TeSAoL SAYY HRE
Hguro 2w 5)5:80] 99.6%0FOR QHgAel BAATE HojFn,
Ao HAoNA WA 5 U 0A) Has L wAzh Y
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e
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8y 3 Ol SAuY ZE U BEAR Y
(E IV-1) KOSHA GUIDE 7§Xot
M M WY 3
O 22X JUSES @® —EEIFQI HuHS FAV|Z RFH
ethylenediaminetetraacetic ol 21 FEO F7|HLY 81=
acid(EDTA) T HmE X2 ZIR7t 1 2= EiEES 025t
= EH0L AUB|g FAP| EE RERY | O MBI
MEda | RS 0180l Msict M3 87| | @ 3027t 81AIZI £ 1,0000(%f
P L 93] 27|12 ARSI, AlZE 27| | 3,000 rpm)E 1027+ YAI22[510]
o] 90 % O|4f XHZ|Btct, AlZolS 2osirt
@ HMFSt AIBE= HIZ 4 3 (2 8 C) | @ 228t A2 HIZ 4 C(2~8 C)
OlN 2SI, AF 3 5Y OOl | oM BESHD, ] 5 5L O[LHo
2ASICE 2A5IC
HEEES - 25 X%
O BEEU5|M: 0.1% FAMOR 3| | O BEBUSN: S|MH02 3|
= @ WRBES: ANS 1 yg/l 25
OF 3|A50] AIRSIT)
@ 3}A40: 1000 mL BZ2AT0 | @ BjAH: 1000 mL RZ2AT0]
EZIE X-100 1 mL, A1 mLE | EZE X-100 1 mL, M 5 mLE
Jorzy |22 F Z0I24E2 EMS XY ¥e 20242 NS AR
1% EZIE X-100, 0.1% ZAS | 0.1% E2E X-100, 0.5% EAtS
TE5 SIMoS D=L} mESH s|MoS Dr=C
LEMEHE AMEot= 42 rinse
solution S|AfOHTIL FSAUSHY| AKX
StCY,
| BZEEUIL A= SN0 20 | BRI} AR0| LEEZFSS 4
ol m=
d= = BE | ssio) 248 2oig oSt | I sMeioR s0d sM5l0l 248
8% TAE Zog grert
AIZIEE 2% OpAto] @Eeisl= Zmloj
oHstS Z 4 9lOD2 SIRNF| I
S B0I5iCY
AT ZA 107H2] AIZOICE blankAl22
20 Q0] 9|5t AlS ZfO] Al
o

Il
T

>

-
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Abstract

Review of indium analysis in serum and
development of biological reference

material

Objectives: The study aimed to improve the analysis of indium in
biological samples as a benchmark for special health examination

institutions and to develop reliable reference materials.

Method: ICP-MS was used to analyze serum indium. To improve its
analysis, correction via internal standard, alteration of the diluent
concentration, and increase in dilution ratio were performed. The
samples, prepared using four animal serum types, were tested for

homogeneity and stability.

Results: After improving the analytical method, the recovery rate of
the internal standard was -5.6% to +2.3%. The R2 of the calibration
curve was 0.999 or more. The detection limit was 0.002-0.009 wug/L.
The precision was 3.1%, and the daily precision was 0.9%. The average
recovery rate of samples with known concentrations was 99.7%. There
were no significant differences in the analysis values according to the
external standard and standard addition methods. Based on the
homogeneity test, there was no significant difference in the

concentrations of each sample. To test the stability, the analysis results
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after storage at 23°C, 4°C, -20°C, and -80°C for 7 days and 30 days
were compared with the analysis results immediately after sample

preparation. All analysis results showed no significant difference.

Conclusion: The nitric acid concentration of the diluted solution was
0.5%, and the dilution ratio was 50. Calibration using an internal standard
was essential. The homogeneity and stability of the serum indium
reference material were confirmed. Bovine or calf serum was the most

appropriate serum.

Key words: indium, biological exposure index, reference material,
homogeneity, stability
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