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® 9F: "3t 2WFe] v]gF Cu, Sn ¥ Bif FE22§ Fepant Ao F4 4390}
gl A8 1 mLE closed-vessel digestion systemol] @7 Ak} Ax3e45E 713F ¥ microwave
ovenoll 4] 8% Eob AAelsleit). Amberlite IRC-718 2|2 Az|Abo @ A}83), T A-HAZZHo s
Na, S, P % polyatomic speciesol] 2]gF o 2]~ uls|& A Astedc}. ¢ vkl i3t 73415 -3
ZA#} Cus= 0.000375 ng/ml., Sn-> 0.000297 ng/mL, Bit= 0.000174 ng/mL ©]gir}. NIST SRM 955a &<}
A gl EFE88L Hrste] 78 3582 Cudl AF 99.1%, Snd 102.5%, Bix: 98.4%°14]c}. o}-&
2] & AollA] ZARE A 7)7] 2 A2 A4 éd_zﬂ iz WA go] 48 A essr)
Abstract: An analytical method for the simultaneous measurement of trace Cu, Sn, and Bi in blood and
urine has been investigated by Inductively Coupled Plasma-Mass Spectrometry (ICP-MS). Microwave
oven was used for the pretreatment of blood samples using nitric acid and hydrogen peroxide in a closed-
vessel digestion system with 1 mL whole blood for 8 minutes. Amberlite IRC-718 resin was used as a sol-
id phase in solid-liquid extraction technique for the removal of matrix interferences such as Na, S, P, and
other polyatomic ion species. Detection limits for Cu, Sn, and Bi by this method were 0.000375 ng/mL, 0.
000297 ng/mL, and 0.000174 ng/mL, respectively. Recoveries of 99.1% for Cu, 102.5% for Sn, and 98.
4% for Bi were obtained for the standard spiked NIST SRM 955a blood sample. The developed method
was applied for whole real blood and urine samples.

Key words : ICP-MS, whole blood, urine, analysis, solid-liquid extraction

LN E Sl H % 53] [CP-MSH-& thE ol wlste] A3

A7k 1~2 A2l o4 P, Sl AR NI

g, 3 2 wisle 5 AAARF FHE v 5 s Balohiet WA FAL) A4 W W o
el g W HD AAY A AE0E ol AN ALEE B4 BT S AL el ek
ol&sh i Slehs AL @) akelal AMelch o)k obge MHEds W ¥R sl J o] wlad A
o FAFSES dA AAS-ETVY =& ICP-AESH aAGA T Ahade] 7] diel A B # 24
B3} e ofe] 710 e Bk elont 12 ARE uEstel WY A7) FFA Fasel Sl

- 281 -



282 o]

ppb 55 WY 24
7] o] g2 gt

e olejzte] §4o3t R Helehy dlrjate Al
A 7 e THAFHE 7] HeMe HAIHes
Alf5e] Al 2odg #Aas) ATl BAULE A
g ey~ RE f2A12 4 olis B39 A
o] 2xlch uheld e F3) 22 AAAEE
F2 o) WHE SoloA] Agke] Ao g 249
EAE HA2 A AR EYAE ghA7k o
k5] FallAA ¢ e vtol=2d) 2B (micro-
wave oven)& o|-§-3ld A e]di= Fo] A o]e}
& oleh we’E wbe AR shEby 49 B4
A8 H4 b = HHE sl

5 FeA At & Har) ik

TSl 1OPMSE o1&kl AAART ol
o2 §i¥ 2 7 F45-8 M E o sk E
2l ghaled S AlAS T Felerbr] sk vy
o #aF A7} s gl olo} peid A
A 3, Outridge®$-2 1Ay S5o] Pb, Cd Soll
e =FE HTE HAslr] 6, xolep w H&
g8 Addste ICP-MSE o) 4-3le] g4 4
£ AEsisdch ey o] A8 w8 FEE EAldhs
Caell 23 WlBE- A A Qste] vigk 48 A
shedl e FAde] AUSE AAskAC. &E,
Marawi's Fd2oA As 5% 0.002 mg/mL7HA]
multielement volatile hydride® .2 oJu]F%31 v,
ICP-MSE o438l Aaksles 22 T4
E3lgl e, Sturgeon’u S w)&gl o
& ¥4 v 24, & As, Bi, Se, Sb ¥ Sn
5"“ gk A2kg skt el o] uhH L Fu

Férel] aiA Rt o] &8 5 gle AlgHE whiolr}

i "P oh2} Koirtyohann®e ICP-MSE o] &3¢ &
Y an H4 whgeg QA AEFA 5% Cuf
g 7hx| 48 Aakstadedl, “Cuel Aol Naol
o)a HhAsEE YAr¥Na'ol & o Fol ek bl
QaFg ozl o ax Cu 0.1 ppmel] B3}l Nao| &
7} 20 ppm ©]3k A= A A7 <0194 A
g LA, 500 ppmY BE 2% LR #22A
Z7Fgbckar 2oargk vl 9lch

At
A7 E o o] &
Y 5 AAARZF 3

2% $AsE Yo

=

-('d

A AR

I‘

ﬂt\O
i)

] <
H X
A=

‘..\
o

T

M&

= H“”"’ﬂ Hl&] g A4 oA HE
2 ICP-MSH-&- o] -85l &
39 Cu, Sn % Bis Fvl=k9

4 - 393

e

55 A, A B3] g s g9s)
sdct. HA mfo]z =2 u} AelH (microwave digestion)
L2 ARE AA & o a7EHe 20E eSS
& ZA-QA FFHo 2 ulalo] & AlAsAL]
ICP-MS¥ o2 Aakslr] 93 & 24 gefvle] &
ZARE o 25 E AA AL 418 Al xEkgdc)

2.4 #H

2.1. HH7|7| ¥ AT

¥ AFolA 4 9 25 Cu, Sn ¥ BiE #4438
71 #18ked A3t #4717)+=  Perkin-ElmerA}He)
Elan 5000 inductively coupled plasma mass spec-
trometer(ICP-MS) o]t} =& fole] pH &4
MetrohmAF2] 691 pH meterE, 2el3 82} ¢
g 2 9 =3 A¥-e #e|A disposable pasteur
pipet column(14.6 cm L.x0.55 cm LD.)& 283849
ot Hollzel| Exfdle 78S E8A7]7] St
ECM30 exhaust/capping module®] 2% Mile-
stoneAbdl MLS 1200 microwave ovens AR8-8tsict.

3, AgE e 47)% Nalgenerl Felod =l
ANz 8715 10% A4te s fUdFet 2 F 55
a2 Ae) ARgaledc), &k Pyrexd) 3 Zelaz
+= H,80,2} ammonium peroxodisulfated 4je] %t
E A £o s AL ohg AMgslgic

22. A3 AR

£ Ao A] A4 Cu, Sn 2 BiY ETFLYE
Perkin-ElmerAH#| 10 pg/ml. FF-44-% H Qe u}
2} At 22 73 F AMsleled, RE 354
Holli= oF 0.16 M2] AbFrE FABLEE 1eEe
AR Ak Holslgl ol @9, dlg A Ae)s)r] ¢
3 AME-g Aabd g ae RS S9uksa|
okZ o] HMalFH(FE AR aix-]—g] A% HP ==
SPi g, L Hlell ARSRE BT Aok
2 AR :U:Hi A}%zs}gin} 18] B ool
oA ALEgF 25 B8 13 255 Millipore Q o]
AEER B %ﬂr*]?‘l & Al olabat e
Aokt SRays AFE8] Ao ICP-MSE F-4-52]
e A F uldghs 2Aslelel 28 2 Ay

of| Al [CP-MSel| AMS-5F Fa}ant 7lds mEwe] of
Al abio]®] 2]+ Rohm and HaasAte] amberlite

,L A]O_Fo_

Analytical Science & Technology



Fedg SepavbaAdwpA s Al A e o4 ¥ B AT viEdEe] ¥ AP A7 283
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Fig. 1. High pressure digestion vessel.
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Table 1. Instrumental parameters for ICP-MS

Descriptions Conditions

R.F. power 1000 W

Argon gas flow rate

Coolant 14.8 L/min.
Auxiliary 0.84 L/min.
Nebulizer 0.90 L/min.
Sample uptake flow 1.0 mL/min.
Nebulizer Cross flow type

2x10 7 torr
Pneumatic nebulization

Quadrupole chamber
Sample introduction
Quantitative Mode

Replicate time (ms) 300
Dwell time (ms) 100
Sweeps/Reading 3
Reading/Replicate 1
Number of Replicates S
Points/Spectral peak 3
Cu/Mass 63, 65
Sn/Mass 118, 120
Bi/Mass 209

Total Quant Mode Mass Range 60-70, 110-130, 205-215
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Table 2. Recovery of Pb from spiked SRM blood sample

Metal :::::t ali(::gdc Rccnvcry1 c V!

ions % %
o @ PP

- 27.2 28.1 103.3 2.84
54.4 53.1 97.6 3.77

1 - 2 . .
Recovery': average value of five runs C.V.": coefficient of

variation.
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Fig. 2. ICP-MS spectra of reagent blank.
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Fig. 3. ICP-MS spectra of standard and matrix added. A: standard mixed Cu 20 ppb, B: Na 0.1% addition, C: S 0.3% ad-

dition, D: P 0.08% addition.
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Fig. 4. ICP-MS spectra of standard and matrix added. A: standard Sn 20 ppb, B: Cd 1 ppb addition, C: Cd 20ppb
addition, D: standard Bi 20 ppb, E: Pb 1 ppb addition, F: Pb 20 ppb addition.
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Table 3. Recovery of the metal ions from standard spik-
ed sample

Added Found

Metal amount  average Recovery’  C.v.*
ions % %
vy g PP

Cu 100 99.8 99.8 4.76
Sn 100 99.1 99.1 0.58

Bi 100 97.7 97.7 212

Recovery': average value of five runs. C.V.%: coefficient
of variation. Resin: Amberlite IRC-718, 0.6g (16-50
mesh). Conc. of spiked standard solutions: 10 ppb/10 ml.
(100 ng), pH 4. Eluent: HNO; matrix (pH 0.1)
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803 A s HEA7E veb R S-S Fa
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v A W) shahge] kA3 AAE T et BE
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Fig. 5. ICP-MS spectra by comparison added matrix and climinated. 1: 0.1% Na matrix, 2: 0.3% S matrix, 3: 0.08% P
matrix, A: before elimination, B: after elimination, C: standard. Resin: Amberlite IRC-718, 0.6 g (16-50 mesh). Eluent:

HNO; matrix (pH 0.1).
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Fig. 6. Calibration curve of metal ions. Resin: Amberlite
IRC-718, 0.6 g (16-50 mesh). Conc. of standard solution:
1, 5, 10, 20,100 ppb/10 mL (10, 50, 100, 200, 1000 ng).
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Table 4. Analytical data for detection limit of Cu, Sn and Bi

-

Hof 289

Metal No Intensity Blank RSD of  Net Intensity (A) Signal to Background Detection Limit
" of 1ppb (S) (B) Blank (A=S-B) Ratio (A/B) (ng/mL)
1 2486 25 1.17 2461 98.4 0.000237
2 3207 32 1.44 3175 99.2 0.000289
3 3610 45 1.43 3565 79.2 0.000361
4 2538 27 0.95 2511 93.0 0.000504
5 2195 52 1.04 2143 41.2 0.000504
Cu 6 2644 80 0.70 2564 32.1 0.000437
7 2069 87 0.93 1982 22.7 0.000815
8 2009 19 1.95 1990 104.7 0.000371
9 2958 21 1.85 2937 139.9 0.000265
10 2580 10 345 2570 257.0 0.000269
mean - - - ~ 0.000375
t 1462 20 0.91 1442 72.1 0.000252
2 1600 7 1.51 1593 227.6 0.000133
3 1017 9 1.04 1008 112.0 0.000185
4 1154 10 1.30 1144 114.4 0.000226
5 1260 14 2.23 1246 89.0 0.000502
Sn 6 1447 10 1.67 1437 143.7 0.000232
7 1027 9 1.29 1018 113.1 0.000228
8 1132 11 1.91 1121 101.9 0.000374
9 1408 8 1.43 1400 175.0 0.000164
10 1418 29 1.61 1389 47.9 0.000674
mean - — - - - 0.000297
1 1500 7 1.62 1493 213.3 0.000152
2 2100 5 5.39 2095 419.0 0.000257
3 2391 12 1.56 2379 198.3 0.000158
4 2978 10 1.92 2968 296.8 0.000129
5 2224 7 1.67 2217 316.7 0.000105
Bi 6 1526 7 1.76 1519 217.0 0.000162
7 1010 8 1.46 1002 1253 0.000233
8 2231 10 1.30 2221 2221 0.000117
9 1760 11 1.46 1749 159.0 0.000183
10 1470 16 1.10 1454 90.9 0.000242
mean - - - - 0.000174
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Table 5. Recovery of the metal ions from spiked SRM
blood sample

Metal Added Found Recovery! C. V.
ions amount (ng) average (ng) (%) (%)
Cu 100 99.1 99.1 1.53
Sn 100 102.5 102.5 2.42
Bi 100 98.4 98.4 2.26

Recovery': average value of five runs C. V.2 coefficient
of variation. Resin: Amberlite IRC-718, 0.6 g (16-50
mesh). Conc. of spiked standard solutions: 100 ppb/1 mL,
pH 4. Eluent: HNO; matrix (pH 0.1).
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Table 6. Analytical results for Cu, Sn and Bi in blood
and urine

Sample Found (ng/mL)
Sample

No. Cu Sn Bi
1 603 41.1 417
2 874 23.5 93
3 690 429 437
4 636 96.8 17.7
5 772 19.8 22
Blood 6 140 14.9 39
7 863 16.8 32
8 1250 18.1 5.0
9 1030 25.9 3.0
10 890 95 45
1 140 149 39

2 148 198 25.1
3 131 253 16.9
4 111 272 20.8
, 5 128 623 79
Urine 6 148 15.7 0.9
7 143 16.9 14
8 159 13.4 0.7
9 166 16.1 0.9
10 170 175 08
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