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1.1 #r5iH

Pb.Cd.Cu.Cr BFRHEE M, W E 1 000 pg/mL,
WAEERA 62BN E T B0 o K
HNO, . % HCI({R & 4k) ,BERE T EARA A,

B W E =W EX R, EEWE | AMNE
WEENERN, RHTRE WD 100 B i, KH S
WMTZEE, ETHEBETRSEPEMA, XBHAKYH
ALK,

1.2 ({H5&&

B 7R WA TH R X ( 245 Multiwave 3000) , B3y
FEZFRBARAR; BEBREFRE S ECET (BS
AA-6300) , HA BB £+ (ES5 VB 20),5
REJE A RA R T HBIL(ELS FD-1A-50) , b
BRARKBETAEARAA BT RE(RS
BSA224S) . FEEREZAH LA HABRE
1.3 LWHE
1.3.1 #&HMFk

RA R RPRER R TREEHAR LY
0.5 g, ¥t MM AR MR Z HHEME -, AWK HNO,



6 mL. ¥ HCl 1 mL, &R /5 2025 K % 4 , 1) I A0RE i 9 2
EAINAR R B M SR AT A B T IO T AR Y
LRI REFMBHRBRFHITHER(E D,
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Table 1 Conditions for microwave digestion of samples
HB E/W REME/min REFNE/min REERE
1 600 5 10 1
2 800 10 25
3 0 0 15 3

EHRERE RTRERZHENE, HETR
WEATHREE, ERFBBEEREN 175 C,#

BREET REGRIZTZRE . HHBBRERH
BB 1% HNO, A E 50 mL 2 B, A3,
1.3.2 #Hs:egien sk
1.3.2.1 frME R 2

B 1000 pg/mL 7 Pb,Cd.Cu 1 Cr AR HEB W
MBEHEER 2R TENRIGERBRUROLE
AR, JCE B BB W E B A AR, o 5 4
Pb.Cd.Cu #1 Cr AR T/EM LK, PG &R TAETT
BE I0RFHBRER , TESTRE BRI
K2 (s) , DL 3 MR EIR 2 (3 ) BRUBIRITRE W
B (RE2),

R2 FEBRBREMIMESE

Table 2 Concentration and working equation of stander solution

TR EERHERKE/ (pg - mL ") IR BXRB(R) KWL/ (ug-g")
Pb 0.0 0.5 1.0 2.0 4.0 y= 0.041 6x +0.005 2 0.999 6 0. 06
Cd 0.0 0.2 0.4 0.8 1.6 y=0.626 4x-0.053 8 0.999 7 0.01
Cu 0.0 0.5 1.0 2.0 4.0 y=0.2140x+ 0.017 3 0.999 8 0.12
Cr 0.0 0.5 1.0 2.0 4.0 y=0.180 6x -0.104 7 0.999 4 0.05
_CxVxf

1.3.2.2 #HSRN

P AA-6300 JEF R i oy D60t B U E 2 A
HERIEMB S Pb.Cd.Cu FI Cr &R, UHITHER
K3, BIX(DRERBTERITENETE,

#*3 MUBETHERHE
Table 3 Working conditions of flame atomic absorption

spectrometry

HevehrtEs ¥/ (ng-g ') —~ (1)

KA :C,ERBREEWRE, pg/mL; V. ERE
BEFEB, mL; BFRBBERHBEZFE; n, ER K
#,g
2 EREHH

2.1 AENBERE
HERRFRIN 0.5 g ZE A B AR A i, T 0 TH A PR R

— ks THEE/ BRSR/ RREEERE/ ABARE/
e e, MM 1.3.2.2 M HEWE Pb.Cd,Cu 1 Cr
E B B o L |
2175 T N - 5 SR, ERER, EAT Pb.Cd.Cu #1 Cr B B S5
Cd 228.8 8 0..5 7 1.8 %]0348\0 147\5837\1270 pg/g,iﬂu%%% RSD
Cu  324.8 6 0..5 7 1.8 H1.10% ~4.56% , ¥ /NF 5% , VLR H B WK &
Cr 357.9 10 0.5 9 2.8 Eﬁ%o
4 BEERYE(n=6)
Table 4 The precision of this method (n =6)
_ HR/(ng-g")
TR 1 2 3 4 5 6 FHE RSD/%
Pb 0.343 0. 367 0. 354 0. 338 0.335 0. 349 0.348 3.37
Cd 0.154 0. 147 0. 152 0. 143 0. 140 0. 145 0. 147 3.68
Cu 5.732 6.014 5. 863 5.792 5.854 5.766 5.837 1.74
Cr 1. 264 1.354 1.276 1. 268 1.279 1. 184 1.270 4.56

2.2 HAEMESH

HERFREL 6 3 0.5 g A KBEAR &, &R Lk
1.3 %6 J7 ¥ HEAT S K A AN € Pb.Cd .\ Cu.Cr

FRAERIRS, BRREREZY, #AF Pb.Cd.Cu
1 Cr & 845124 0.361.0.153.5.860.1.273 ug/g,
gt Pb.Cd.Cu M1 Cr HEZ PEXE K RSD 3§
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2.89% ~5.76% , ¥/ T 10% , AR T EEEHE K.
*5 EEHRB(n=6)
Tatble 5 The repeatability of this method {7 =6)
. -1
TE B/ (pg g ) RSD/%
1 2 3 4 5 6 T
Pb 0.343 0.374 0.368 0. 357 0. 365 0. 358 0. 361 3.02
Cd 0. 154 0. 159 0. 152 0. 163 0. 146 0. 141 0.153 5.76
Cu 5.732 6. 158 5. 853 5. 687 5.783 5.946 5. 860 2.89
Cr 1.264 1.324 1.296 1. 258 1.283 1.216 1.273 3.03

2.3 mirEWERR

B R 1.3 IR s AT B B AR B GR 5
RIBEE RN 6, B3 6 A, 8 & 4% 5 49 AR [ 4
REM 1% ~121.5% Z 8, W% 2 B HE R H
B3R,

®6 DWESXE(n=6)

Table 6 Average spike recovery rates of samples

krwss iR Bs  SEWE/  FHE RSD/%
(pg-8') we  (pg-g') FH/%
0.5 0. 82 95.3 1.7
Pb 0.36 1.0 1.28 94.1 5.4
1.5 1.83 98.3 3.6
0.1 0.28 112 1.8
cd 0.15 0.2 0.37 105.7 2.3
0.5 0.79 121.5 3.7
2.5 8.31 99.4 1.6
Cu 5.86 5.0 10.73 98. 8 3.8
7.5 13.15 98.4 2.5
0.5 1.72 97.2 1.4
Cr 1.27 1.0 2.35 103.5 2.7
.5 2. 84 102. 5 1.9

2.4 FEHEMBAEIIELE

=7

WA RE TS B RN E SR E 7 kit
FIXTEC, BRAE T, MR T WA, M AL L H T R
TS MIEHEBRR TR ENENERFEREES
(P<0.05) , MEHEM T EABHT T IEHBETE;
S5EBEHBEL GMERERAEE, HEMMBEHE
FRALBLTT T RE S R E e, RS R i TR
B 5 H 5 TG I e 1 AR BE SR T R AR O

3 itk
3.1 EBARI%E

H R B T A% P A ¥k HNO, ¥k HCL Al H, 0,
¥k HNO, B A 58 B M A0 S 4L 1, T ¥k HCL A X 0,
H,0, 5% HNO, i & & 1, & 2] 8 Bh AL i 1 T,
HEMKTRE, A L ERIZL . A SRR TE AT BT
FLEA bR W HNO, 53 HCl BL& (8 /1, B Rk s
BIPARRRIBR , R A BR8] Rl R
FRE KR, REE N MBIERET . % HNO, 5
& HCL 2 SRR L 61 18 EL B35, 2% bE 51 2 7 At
FUAZRREOT , B W& Z 8 Ee i, LA E 2R
iR, BELERREAFEN.

ERHEBESEZHBAUCTERIER (xS, n=6)

Table 7 Comparison of different digestion methods for calcium determination

Wk R4 T4 A% B ] /h MEER/ (pg-g™")
GB 500912—2010¢ & & P45 B HI ) 0.304 +1.732
GB 5009. 15—2014( & & 4B MR 2 ) 0. 123 +2. 256
24
TaHR GB 5009. 13—2003( & & FA MR &) %S5 4.878 +1.675
GB 5009. 123—2014{ & S 4& B &) 0.983 +1.638
GB 500912—2010¢ & & 4 A9 i 2 ) 0.355 +1.563°
GB 5009. 15—2014¢ & S PR E) 0. 149 +2. 368"
4
Bk WX BB EAR, 2% GB 500912—2010 B 7 ik #2 5.787 +1. 693"
GB 5009. 123—2014( & & 4 &l = ) 1. 207 +1. 465
0.361 +1.346°
P T 0.75 0.153 +2.128°

5.860 +1.042°
1.273 +1.874"

Ea RS TEHBHEMALERBE(P<0.05),
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3.2 HMAENIERE
£ AR T P R T IR R R TR TR Rk
T ORRTHAMBRERE ., BN TERKAER
WA ERBITREZW LR, MESERRIE. Bk
HBREERARRR, S EAABEALESY, THN
R, ER2 FhrkEER FERHEK, MK
T 08 S ASF R 3 A 3B 7= A F) — o T X T R A P R i T
MBEAR BIKFEAEEEAHBEER BRF,.Z2H
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R TR T AR Ak TR A DK 45 0 Y AR W BT i, R D BB
T H R — T AT & TR VA % , 55 — J7 T RE 08 BRaE
B N TTANBREE 5 B TH AR B . S, O T R O
WA TREHM Y EAEER D LEEES BEH
FEAR SR BLEG , ZE R T4 AN 28 00 S 8 1 09 Jm) B, 58
SERMERE BEEMBERRIES.
3.3 #a5eBSBRS5ERHTLL

KHAaESBEWRNS RS BRXRERHEHTT
Xti, 8 H Pb,Cd.Cu #1 Cr & & 43514 0.36,
0.153.5.860,1.273 pg/g. GB2762—2012 & &
Pb.Cd.Cu 1 Cr (PR E 474 514 0.5.0.1.50.2.0
mg/kg, BIULRTH, BEAPRT ESE Cd LIS, Hil
HWESRBRSERAEERIAREREZHN. B, &
I # £8 T] BB 77 75 57 88 A5 1 ¥ 7E XU, (B R B AR R L iE
TP WEEBR, WA, 52 ERKTE IR
METRBERAE —EMRXR,
3.4 HiENEN

ESEZMABF R ER L 3R % K
WEE BEEHMEIRE#AT TEE. BXE. HEE
HEMERBELREREAZXTERTE EEHEMME
WRAMNEZHEEZHN. BRIV ELEBENELR
PRSI B8 R R A Y RSD @it 5% , A =25 i 3
B, A HENREEFTEH S HE, RN
FEMAREMB 2,

4 H#

PR W - K SR T R OB TR B T R T =k X
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Determination of four kinds of metal elements in carp in the Three
Gorges Reservoir by FAAS with microwave digestion

WANG Zhao-dan™ ,QU Liu-zhu,HAN Lin, TANG Hua-li, XIAO Guo-sheng

(School of Life Science and Engineering, Chongqing Three Gorges University/ Engineering
Center of Characteristic Biological Resources in Northeast of Chongging, Chongqing 404100, China)

ABSTRACT To establish the detecting method for four heavy metal elements in carp by flame atomic absorption
spectrometry ( FAAS) with microwave digestion. The carp samples were digested by microwave digestion, the concen-
tration of Pb, Cd, Cu and Cr in carp were detected by flame atomic absorption spectrometry. Results showed the aver-
age concentration of Pb, Cd, Cu and Cr in carp was 0.361 .0.153 5.860.1.273 pg/g. The detected levels of stud-
ied metals were below the legal national limited standards except Cd. The detection limits was 0.01 - 0. 12 pg/g,the
RSD of the precision test was 1.74% ~4.56% , the repeatability test was 2.89% —5.76% and the recovery rate of
samples was between 94. 1% - 121.5% . Compared with the national standard, this method is more fast and accu-
rate. Therefore,the advantages of this method are simple, rapid, accurate and can be used for the detection of four
heavy metal elements in carp in the Three Gorges Reservoir area.

Key words microwave digestion ; flame atomic absorption spectrometry (FAAS) ; Three Gorges Reservoir; carp;

heavy metals
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