ANALYTICAL SCIENCE & TECHNOLOGY
Vol. 10, No. 4, 1997
Printed in the Republic of Korea

ICP/MSOll 2|8t HY F o] BAMY A7

s - M
e ST B4 A A
(1997. 2. 20. & <7)

A study on the determination of lead in whole blood by ICP/MS

Kyung Su Park, Sun Tae Kim
Advanced Analysis Center, KIST, Cheongryangri, Seoul 131, Korea
(Received Feb. 20, 1997)

R2fICP/MSe o8 AY F2] 38 AYgshA A st w2 Atetgc. A28 E G
295 £ glo] ule]lma s sl ¥alA]7]3, 96/) WY A8 F2} Pb*PE ICP/MSZ
Z A sted Bzl Al Q1A Yol A|H F2| Pb ¥eke 250~22.8,2 /dL ¥ $1 At NIST SRM
955a series & £ T 24 o] FMui] o) A& HQlalgch

Abstract : An accurate analysis method for the determination of lead in whole blood by
ICP/MS was developed. Whole blood samples were decomposed in microwave digestion system
without any contamination and loss of lead. The 96 samples were analyzed by ICP/MS using

208
mass

isotope of lead. Lead concentrations of human whole blood were ranged of 2.50~22.8

#g/dL. The accuracy of this analysis method was verified by analyzing of NIST SEM 955a

series(lead in blood).
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Table 1. Instrumental Parameters for ICP/ MS

3 ICP/MS2 AL o g o] L8, A7}
o A2 $45E U3 HELE G s
A A 8= W ol Al A dT-Eled o)

2.4 H

2.1. 24717] A B

B AN Y F E& #4317 99 A8 R
4] 7] 7} &= Perkin-Elmer A} 2] ELAN 5000 model in-
ductively coupled plasma mass spectrometer (ICP/
MS) 24 25272 Table 15} Fch & ATl A A}
4§ ICP/MS% free running type®] RF generator
7t H-FEo] g1, o] &8 WA A7) F ¥ w5
g Belbaetel A o] 28 AHEee AR
ol 7oA slch AE Foll A8l Fo1EL EiA
7171 18] ECM 30 exhaust / capping moduleo] %%}
=l Milestone Al 2] MLS 120029 microwave diges-
tion system& A28},

2.2. Alef gl Al

B A A A% el 3492 Perkin-Elmer®
Ab2] 10mg /L B&-4A4L F8 ¥ AH4-3lsic) €98
Axelstr] A8 244 55 FJadpiose) 59
A AR whEAF AANE AbSsle ol B A YA
AR B8 dwkA Ql FFHI)A 1 B/ F ol
AETAE FHA2] g ALt $F AUAE
+ NIST9] SRM 955a series 8.4 95} =2 Y
A Bst o, B4 Ao Ayt A st}
Control -2 4] A3 3] 9] A E3he] ] 5o 4]
T ew, AHAIEE AEeoh F-5uq oabesta
Al 2.5¥ qlstgr)

23 AlEWY
60mL 22F2] Teflon | & & ¥ vesselol]l ¥ ImL
F 93, A3 A4 2mLe} s A 0.2mLE 9

RF power 1,000 watt

Plasma argon flow 14.8L / min.
Auxiliary argon flow 0.84L / min.
Nebulizer gas flow 0.90L / min.

Sample uptake flow 1.0mL / min.
Nebulizer Cross flow type
Quadrupole chamber 2x1077 torr
Resolution 0.8+0.1
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Table 2. Data acquisition

A

Replicate time (ms) 300 Number of replicates 5
Dwell time (ms) 100 Points / spectral peak 3
Sweeps / reading 3 Estimated sample times(min.:sec) 0:15
Reading /replicate 1 Mass number of Pb 208

‘3 ®=7 & gk}, Vessel & safety shielddl] #-& F
microwave unit ol % 3 300W el 4] 58, 600Well A 3
B Fat B A 0ch Ao g A8 26mL $FE=
236 &3 F FFAA FHTE FHG
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Thble 3. Volatility of the elements
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g4, ICP/MSE o) 4-3te] H48 wlolx A
2 g3z sted AEQA I 2 P ol &3l &
w2 &8 A3 FAshe 497} @) ICP/MSE o]
g8 AAA 2 Fo FEHNFES FHAL ANE EH
t}2 3 7t} B. Casetta 5 - biological fluids-&
1%(v/v) Aake 2 200) %3 ETV-ICP/MSE A8
A Pt2 BAsgon, P. Twiss 52 A B3}
2} faecal material-& Ak, G4}, g Ake 2 F8)4]
71, ICP/MS&E Thet UL ¥4 3% u slrh A
Stroh®= AY & 0.2%(v/v) 2o} &4 Triton
X100 2 1000 &3 F ICP/MSE A4+ Pbe}t
Cd& ¥4 slgdc} B. Casetta 53+ A, Stroh2} ¥-4q}
We AlRE FHA)7)A] 2 SR F AH 4

Volatile Intermediate Refractory
Ag, As, Bi, Cd, Ay, Co, Cr, Cu, Al, Ba, Be, Dy, Er, Eu,
Cs, Hg, Os, Pb, Fe, Ga, Ge, In, Gd, Hf, Ir, La, Mo, P,
Sb, Se, Te, TI, K, Li, Mg, Mn, Pd, Pt, Re, Rh, Si, Sr,
Zn Na, Ni, Sn Ti, U,V, Y, Yb

Analytical Science & Technology



ICP/MSel &8 AY F o) FAPY 47 243

goan A8 AMYERE & 293 £AS A
2 g e, Felanks & 5 FPeRH
Yo Fo 328 7189 GAEHE Al =qAT
A8 A% Aol 2 QR EeHd waldY 5L 5
w4 qivhw ot

22 A3 FHE s] Helde 2Ee %A
3] B A Aokt Tk AY-E FA)7]7] H8ElMe
A4k g ast, mv FAeLT g L AR 4
F& AHgslof slAul b AAtet pASt AT
Yol 3} FAE 928 92 closed system?q] wlo]=
23 BaaAeja] Ewe] alod 5 glen g Abg-
g8 FAAFNEA AHES 93lE zlo] Frt 2l
2 QS AEo R Abgste Zlo) Fot AAbe g}
ICP/MSE &3 A) B33l wair} 7ha Ao,
e G YA ek = vlelany
B 3= closed systemo] 22 4} of] u} & A Al9)
bp.7t AAeEe] Aamte g el site] AuE 7
E ¢ e olde] Ak & ATl e ol9) & AL
F58 23] A ALyl 2 Ao, 4
Foll F&3he lipid®] ¥3E £3141917] A8 e
A2 E Frhslc

B Ayl AE A& ImLoll A4 2mLe} pAksl4
% 02mLE 718 vlelmz s Bl 4] 8371 A
2sle] AW-E A B2 Ay &
Aoyt £9¢ 47 3zt =3t ETAASSH
ICP/MSE A:%9) A RE Hte AL fAbsht &
2§l b A8E = Azl F8A 7=l &
&5 E A7 Aoz gk el ICP/MSE
ETAAS] vl 8} 7] &34 71 1~2u] 7] of-Fo HF
2yl g 5o 292 # e ETAASR T} @& 5F57hA]
o] 715/ el sirh

3.2. ICP/MSol| 28t o] 4

o2 oF 45% A 27} T2 o] FolAl EHE A
Ao, e F1 8, VER, A F, g T X ¢
a3t ok B Bt 8 A R4 Foll e
o] F7)8o] Ex4sA = Eej A vhalvt A v
9} & o] 7HR] A HAE o 4= sk &8t
2y oW Y A8 F JEHFS 18ppm, BEFL
Sppm A E &= e, B4 st2Al ke 949 10°
u) A g} ol gt 7] 8o 943 A8 AR F7)
9} zhe Be2jAql s EA] = peristaltic pumpE A}

Vol. 10, No. 4

y = 92329 + 72.853x R2=0999
86,000 4
66,000 A
@
<
2
2 46,000
26,000
4
6,000 T T T T T g
0 200 400 o 800 100.0 1200

concentration of Pb™ in blood( zg/dL)
Fig. 1. Calibration curve of Lead in blood
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Fig. 2. Mass spectra of standard metals spiked blood
(Added amount : 10 gzg/dL, Mass range :
200~210, Estimated sample time :
Points /spectral : 10)
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Fig. 3. Mass spectra of control blood.
(Mass range : 200~210, Estimated sample time
: 12 secs., Points / spectral : 10)

Tuble 4. Relative abundance of the natural isotopes for
the Pb determination

Mass no. Relative abundance

204 Hg 685 Pb 148

205 Tl 70.5
206 Pb 23.6
207 Pb 22.6
208 Pb 52.3

Al A& Folof & o 5 et

= 3E AFEr] A% PYPe A EAvl) 7}
A A (Table 4) F =X 7H4 F3, b8 A2 4
Aot FAe] eug 3 dex FAA dadsEe
RS A9 Qe

33. BFEAIRS 4

Bgx 24E 8 do] §72 BE AYARA
NIST#] SRM 955a series& & ool A &3] gh upy
2 2 F43 A 3= Toble 59 3l

NISTel A certify¥t gtoh £ ol ol &35 &
Hupl oz B Ade A2 2 YA dlgens
AR JYA B A E A LA}

Tuble 5. Lead concentrations(ug/dL) in whole blood
(NIST SRM 955a)

SRM Measured value Certified value
955a -1 5.19 + 0.08 5.01 + 0.09
955a -2 1345 + 022 13.53 + 0.13
955a - 3 30.55 + 0.18 30.63 + 0.32
955a - 4 53.10 £ 0.20 54.43 + 0.38
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e ¥ FNEAE dUong A Al 44
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AR F960E 99 $9 Bl e Axe
¥ ICP/MSZ £X 35l Tuble 62} H7}8 Asic} o
Hol A o ¢ Sl vle} o] Phrt A=A e A
YA EE 9o, 250~228.g/dLe] BE W2
AEHA e, o] £ AT FEE 6.89g/dLg )

.dE

€ d7rEHA 2L FEL e 2o YA RS
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Ak Wl d s dslgch ooke) YA B
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# A ol A e A7 Fot FEAH 2N g &
Ag HAiZ slgod, o]2 4 dojA |84 F
2| & Aol A9 gla AdF:Aus) 7ha &
Pb?*g o) -8-3}e] ICP/MSE E-A5}bedc}).

A5 Aol FE 8 matrixE 9] 7MY A5
7] 218 control Yol & HF 8 & spikesle] Ha)
F AAFAE A sk 399 Eupye NIST
SRM 955a seriesol| A 4-A1A A& &al3ly A
A ZLE AT AEABES FH 59k

#Alel 2

B A7 A} 1949 % Jr|ex] o Gy
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“Tuble 6. Lead concentration in whole blood sample.

Sample Pb Sample Pb Sample Pb Sample Pb
no. (pg/dL) no. (g /dL) no. (g /dL) no. (pg/dL)
1 7.39 25 4.04 49 7.81 73 8.49
2 599 26 a1l 50 8.67 74 448
3 445 27 6.22 51 5.31 75 351
4 517 28 11.0 52 5.04 76 6.63
5 521 29 533 53 120 77 407
6 320 30 5.34 54 3.34 78 5.54
7 455 31 4.55 55 5.18 79 4.25
8 442 32 3.68 56 6.75 80 6.24
9 5.64 33 164 57 486 81 717
10 438 34 441 58 5.87 82 7.39
11 387 35 278 59 423 83 141
12 489 36 2.73 60 4.86 84 596
13 4.66 37 9.50 61 6.97 85 5.86
14 2.76 38 138 62 3.85 86 483
15 5.04 39 11.7 63 8.66 87 5.94
16 430 40 2.95 64 8.90 88 113
17 747 41 12.1 65 7.00 89 228
18 5.81 42 4.01 66 10.1 90 7.25
19 140 43 250 67 5.04 91 9.75
20 117 44 6.21 68 9.61 92 9.75
21 652 45 421 69 5.07 93 17.8
22 7.20 46 9.92 70 8.10 94 6.95
23 597 47 3.85 71 6.62 95 115
24 319 48 3.46 72 15.8 96 8.75
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