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1.3 U|WITIEEH

ZANAR I E SRR R A, e R TAESELER 1.
1.4 tRAETIEREZREHR

B Cu, Fe il Zn bRUEff #5043 EC il 100 pg » mL™!
P HR TIPS VA T o 000 S T 3 0 s TR I 1 s o R 9 AR VA
Cu 'l Fe TARBRBIRAERSI N 0, 1, 2, 4 pg e mL™', Zn T
YRR BPRUER SN 0, 0.4, 0.6, 0.8 pg» mL ™', Ky T H5HEm

VIR L AR IEACARTA] » I AR LT oG 3R R AT A AR
WER S TAER AR 120 HNO, ,» ME R4S S E & &
8 FH R b 2R 97 ARV AR IR R 6006 21 . 76 IR F 45
PEZAETS . BERRDNSE ROGRE . 22 ARk . M5 &5 T & iy
TARHZRANESE R RAF. AHSCRE r £ 0. 999 5~1.000 Z
18

Table 1 Operating parameters

Element Lamp current/mA  Wavelength/nm Slit/pm Fuel pressure/(kg « ecm™2) Oxidant ressure/(kg « cm™2)
Zn 8.0 213.9 0. 20 9.5
Fe 12.5 248. 3 0. 30 9.5
Cu 7.5 324.8 0. 30 9.5

XF A FTEIGEAT 11 5E . S bRk Zs . K o TAE
LRRIRLR, R HBR R 3S/K, SRHEKEHBR . 485288 %) Cu,
Fe Ml Zn Bk R IEAT T 5E . HAr 50 9. 84 X107 pg
ml™!, 2.76 X107 pgeml ™", 1.06X107% pg» mL ™',

2 HR5E

2.1 MEFEAMEFNIBRAEEASNELEETEGNE

A

&S Cu, Fe fl Zn TR INAFEIEA EEA . 5EMK
FEGEYEEMA R E T Bk, ATFEh el
A ERGELGED. AT FERME T SEALEGN
Rt E, EEAB TR ARE T, &R/ 0Tk,
LB BRI A G BT R . R B UOTE
MEPWEATE, &S WMETEMEAEATIES,
EERFR TGRSR LR. S AR 5SS EE
H o B B P UOE R AR B H B, XDUIERIANL
BUUER Aot 4, M B UUEME TR ZE /A, ARl 5HE a4
BIITE S BRI A . FATIAL T i SR UUIE B 1 i A
ZEARIR (4 OUREAE (A 1 ME 2), K 60% 1 LB
MR T IR AAGES, HIRM, MESBNITEY
M)
2.2 MEAZHEHE

o T BV E A R R R B, R ORI vk, T g R
A BT [F) Ve B2 1Y Cus Fe F1 Zn =070 £ WY bR
W, PEATIARENCSE R, 255 IL3E 2 FnEk 3.
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Fig. 1 Determination of trace elements Cu, Fe and Zn in su-

pernatant after precipitate serum protein by different
concentration ethanol under hypothermy
1: Cu; 2: Fe; 3: Zn
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Fig. 2 Determination of trace elements Cu, Fe and Zn in su-

pernatant after precipitate serum protein by different
concentration HCLO,
1: Cu; 2: Fe; 3: Zn

Table 2 Recovery test of the method in serum(pg + mL™")

TTHE il B i
KA 0.17, 0.17, 0.17 0.33, 0.33, 0.33 0.17, 0.17, 0.17
JAH 0.20, 0.50, 1.00 0.20, 0.50, 1.00 0.20, 0.50, 1.00
JInATAE 5 0.36, 0.66, 1.18 0.52, 0.83, 1.35 0.36, 0.67, 1.20

IR/ % 95. 00, 98.00, 101.00

95. 00, 100. 00, 102. 00

95. 00, 100. 00, 103. 00
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Table 3 Recovery test of the method in supernatant(pg « mL™")

JLE il 2k 22
PSR 0.06, 0.06, 0.06 0.15, 0.15, 0.15 0.14, 0.14, 0. 14
A 0.20, 0.50, 1.00 0.20, 0.50, 1.00 0.20, 0.50, 1.00
JINFRFE 0.25, 0.56, 1. 10 0.34, 0.65, 1.17 0.33, 0.64, 1.17
[ %/ 9% 95. 00, 100. 00, 104. 00 95. 00, 100. 00, 102. 00 95. 00, 100. 00, 103. 00
2.3 MEFERBREE JEAR Cu, Fe fil Zn JTEFTME(FE 6),

Sy WML W 5 7 e FR 2 B+ NI 3 AR [ o
M3 (AL B, OF 3 ARFAWER LD, E. DG, e 3 45 8
Ry Cu, Fe 1 Zn SRt b7 7 llsE . 45503 4 0

%5, TR TR 3% J 40 M7 % %2, DRSS EE ST T 3% h Cu, Fe
2.4 FEHRZER 1 Zn =R ERACETE S I B 00T 0 . 45 3R R 1% %

KM 10d I AT R irkaz s U L SD R Rz sl REG MER . AT, VERTTRUR TR SHUARI S R RO T I
FPRU, XPESF SD R UL FIEH SD R RIS A fes: ki, 2k, SEE 2 ER.

Table 4 Precision test of the method in serum(pg » mL™")

TTE i Kk P
KT S A B C A B C A B C
S 0.38 0.68 1.17 0.53 0.83 1. 26 0. 36 0. 56 0.97
BRI 2 0.003 8 0.003 9 0.003 8 0. 005 4 0.005 4 0.003 8 0.003 8 0.003 8 0.007 6
AR BRI 22/ 20 1.000 0 0.573 5 0.324 8 1.008 9 0. 650 6 0.301 6 1.055 6 0.678 6 0.783 5

Table 5 Precision test of the method in supernatant(pg » mL™")

B 5 P - D E F D E F D E F
SEHE 0. 26 0.35 0. 54 0. 34 0. 68 1.13 0. 36 0. 66 1.13
i 2 0.004 9 0.007 9 0.0125 0.005 4 0.003 8 0.008 2 0.004 9 0.003 8 0.003 8
AR RR R 22/ 24 1.884 9 2.257 1 2.314 8 1.588 2 0.558 8 0.7257 1.361 1 0.575 8 0..3359

Table 6 Determination of speciation of trace elements Cu, Fe and Zn in the Serum of SD rat(x=+s)

W7 SD KRR IEH SD KRR
JLR il B B il B B
M3/ (pg « mL=1) 1.57+0.03 6.21+0. 41 1. 23+0. 04 1. 22+0. 06 5. 84+0. 42 1.54+0. 04
A/ (pg e mLh) 1. 42+0. 07 5.6370. 42 1. 08+0. 05 1. 1140. 05 5.08=+0. 41 1. 35+0. 07
L6/ (g mL™D)  0.15+0. 01 0.58+0. 03 0.15+0. 01 0.124+0. 01 0. 75+0. 06 0.19+0. 03

*n=06; % *xn="7
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Speciation Analysis of Trace Elements Cu, Fe and Zn in Serum by Flame
Atomic Absorption Spectrophotometry
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Abstract  Since biological functions of the elements are generally different, depending on their chemical forms, chemical specia-
tion analysis is really important in metallomics research. Thus, multielement analysis and chemical speciation of the elements in
serum were carried out in the present work. A hyphenated technique was developed for high-throughput speciation analysis of
the copper, iron and zinc in serum by molecular biology technology and flame atomic absorption spectrophotometry (AAS).
Here, Cu, Fe and Zn in serum were classifyied as the forms of combination and non-combination. The serum protein was precip-
itated by 60% concentration of ethanol under hypothermy. The forms of combination of Cu, Fe and Zn in serum which combined
with proteins were in precipitations, and the forms of non-combination of Cu, Fe and Zn in serum, which were free ions, were in
supernatant. The total amount of Cu, Fe and Zn in serum and the amount of the forms of non-combination of Cu, Fe and Zn
were analyzed by AAS. The amount of the forms of combination of Cu, Fe and Zn was obtained by calculation. The detection
limit of Cu in serum by the method is around and 9. 8410 * g * mL. "', For Fe and Zn, the detection limit is about 2. 76 X10*
pgemL " and 1. 06X10 ° g mL ', respectively. The percentage recovery of trace elements Cus Fe and Zn by the proposed
procedure is in the range 95.0%-101. 0%, 95.0%-102.0% and 95.0%-103. 0%, respectively. The relative standard deviation
(RSD) of trace elements Cu, Fe and Zn in the serum is in the range 1. 88%-2. 26 %, 0. 56 %-1. 59% and 0. 34%-1. 36 %, respec-

tively. Speciation of trace elements Cu, Fe and Zn in the serum of SD rat were analyzed by the method.
Keywords Flame atomic absorption spectrophotometry; Trace element; Speciation analysis
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