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FHAK B 7K 5k . E AR RN 88 A E 2N A K
L, CAWHBUERE, WUKET L WM. BRI
Pl 3t A /N R | R4 T ik, Sk SEER A
B T5 Y FEERE L T 42 E N B AL B A
R R 15 e AR BLHEA TR IS, ARG fa R AN [
MEEESRE SRR, KRR ES
e B T 8 R 4 S e A RS A A g /DO AR
S XA AL AN [ K2 B A L A RO R 2R
KA ED 6 FiE4SEPb, Cd. Cu., Cr. As
A He) & mdb il g, Has A /KIRE S8 & 8 5dE
HEAT A3 AT, DA AT B E 8 ) B AR AR 5 D A o
&)@ TR FE o m N R, IR T
TRIK A v 43 ) A W MR Ak 27 A 7 R K A 4R
WIgIR I R SRR 2= A

LR ik

11 HRARIXRE

2003 4F, AT HEES Ik N TR RN 7K
FEFRIE, ZoK KA A P A Y AR £ B A SRR
i, AWEESRAET 2010 4E 5 A& 1), FrRbE
(Hypophthalmichthys molitrix)F1f#(Cyprinus carpio)
ek byt R PRI, FEAHNIIIX. 10 ASRAE ST
BT . AR RS 3 RIA [RISEI0 %, e Sk
IR R, BCE R R LA, ek
RIS . PR, 1A E IR G R AR A E T KA
PR URIRAF (=20 °C)o 3B BURE T H AN AL G 2
A, FE A B TR ST TR A R R R I R
ik B K BT R, AKIEEIES 19 C,
pH “F-Y{HK 8.7, WfEACF-ME R 10.6 mg/L, i#EH
FER 1 m.

AR E AL X HEAfE 10 /KA S A= 4)
FERCRAE A, TERRREERUCREE 3 KEE, IRG
SIEHRATSEH HNO; BiIFHEPEL R 500 mL 5
R, SCEDA 101 A9 HNO; FRIK( pH< 2).
K AT HORAE S R AR WA R )Z DU FE o, %
HIRAWSEMAR CIER S, RS, 75+
WCEREE T LA 4 000 r/min A9 B0 08, WA
LA, RiE AARRT
12 HRLERSH

YRR A g — £ [ 2 O i ) 2 B
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Fig. 1 Location of sampling stations
HALTEL R TR, SRR S
BT TEEFRI, 7E(60+5) C S XUHLAR i 2k
#t 3~4 h Db, JWGE Y B8, BRI TR EEE N
1l FREUCHETAE S 0.4~0.5 g(K 1 2 0.0002 g) T35
VUG Z M EER, Ik HNO; 5 mL, 3% L35 FIf
L), EE AR RS TR B, WK 2
h ey, BEEEARRN, BUBRHEI=REmA 3
mL 30% H,0,, #RJ5 PR EIN 56 5 AR NE
A, BT 120~140 CHYMEAR P URSLINAR 3 ho B
WS PR RES AR IR 1 h 2, HR, JEAE
BEFAKGERZE 50 mL AR, [REHE0ATR 25 .
KB REUCE 300 mL fRIKEEE T 250
mL ST, A 10 mL ARG B T HL#WR ik
BE 2 mL A4, B 0.5% MIRIRERZE 25 mL,
Y TRAEDN
SILIRY L ERUTRYIRE S EER T A
SRINT, B4, 38 0.25 mm 98 B0 5 64 T 3%
SRR IRTARYIRE AL 0.1 g TR IUIRH S Mvke
B, A 15 mL A9 HNO; : HF : HCIO, ( 2 1
D2, PRFRLL) IRA RS BT R A v T
J&, FRgksmER T+, RAHEMREN 5 mL
10% 1 HNO; ¥t EBFKESRE 25 mL,
PRS2 R O T IR REI
ELEEESPH  Pb. Cd, Cu. Cr A&
IR K R T IR TS AU %2 (Perkin Elemer 23],
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36 &

AAB00; YY3 Hfi[nl findifr 2248, As Fl Hg R AR
U 2GS & (AL 5 B F], AF640).
1.3 JREEH

BT AT AR S 8T B AT RE, e F Bk
B3 REBCEYE, AU A shdnbrilinzs [, L
FH R 25 8 38 o e sl (AR U W R
(GBWOS573-LE ¥ 1L 43 53 M1 — v 81 L3 43 e s HE )
JEPE S A= AR b A AT SRR A R 25 T AR XS BE AT,
BESIRE B3 5% 224 A8 FLRE Sl FIBRAEE, AL
W2 B e i s g, b briEY Pb. Cd.
Hg. As. Cu Fl Cr WF¥ENGEE 91% LA b
ESS-1 (GSBZ500013-87) #1 ESS-2 (GSBZ5000
12-87) X TR h E 4 o b A T A W
2 %
21 Y ELSEAENEREZWEAMESH

Shy R B8 S8 FIT P 9 6 A fa AR R R
G J 4 BT R VR P RTORG At e, el BB R 4 O A
sl R A TR 2 B IR [T 0503 43 B (81 P v 4 S
SRR B AR, BRI, RS R I
FELERLE/NT 10, BP_E 3B T AT 22 6 B AR
T A0 A2 R A% T 2R I e LA v ARG % B (3R
1) o g el 26 T ek SR A it o 4 Y
80%.100% . 120%, 5 J7 45 R B FHES T3 1.
M 1 ATE, I 45 A R O W R R
95.2%~102.6%, it B 13RI 3 Jy vk 6 A= 4k vp
G I S e A AT B B R o S SRR 2
FE(N=11)FRiEM 22 3 515 1 &4 R o Z 1 Jr ik
B, AR R A rp R R T 2 s (o, &S
FIEATRERS % B /N T 10%, 8 B 56 1 A 3t 5]
Xof A= R 4 R oG 2 VA R o AN IS i R

SR R MERR I R B RS H BR AL TR T £
AP ESR S EIIE.
22 BREZRREPELZERE

AL A 0 2 R R EERL, AR
SR A0 22 BN 2), AR R R4l 4
1 Pb, Cd. Hg. As. Cu F1 Cr FF-3%k 451
}3.59. 0.75. 0.12. 0.45. 10.0 il 2.26 mg/kg(F2
3), TWHEEA N5 K 2.87. 0.41, 0.14, 0.40, 10.95
F12.28 mg/kg. (HAEARIMIT, TERTI 4 Fhds B A 3
FRALR L b, SERBRIAN 6 P4 )8 3 it
HH = MR ABF A Cu > Pb > Cr > Cd > As > Hg,
HorpBEAR N 6 FhEE 4 m S it b s 2RI
OS> >8>S I>T L, B & R e
BRI AT R 6.25~34.2 mg/kg; it
(R GE 3 g JEF>0 > 55 > 8> 18 > > B L, 78 fky
Bl R 5.38~40.0 mg/kg, IR E FAIE SR LS
HiEm TARAL PSR, S5 ESREE
BEE AR MR AR EEE SR (CL), M
TH B AE PR N 4 TR 19 R =F B B PR i i % 3L
GRSl <5 A1 R 1B D) B €T DTN A P R
SRR RN S5 RERM, EEESRE AL,
TR BE (Z.C1) B AR ARy o0 > B = > B> S
USRI JUL, T 0 % 6K e A A > 5 > 0> >
JE > WL L, 38 20 P Rl 3 19 45 & g o LA
R, 6 P 4R AE R B i) & R A T
AT HABIALAEL, B AR PR R4 B g 21
hES RS RAERRER, REEE, iR
N G T P ARSI N Y A3, R

Ful

*1 KRG ANEEE R ARE S

Tab. 1 The precision and recovery experiments of test method

mg/kg

K B S g
precision experiments

IS Sy

recovery test

ez 432 1 437 T
LS00
precision experiments

EITERED

recovery test

e, msp Edogm | R T T Rep ok
/% reCOVCry /% reCOVery

Pb 251 245 2.50 1.29 95.8 Pb 13.7 13.1 14.2 4.03 96.3

Cd 1.06 1.03 0.98 3.95 90.2 Cd 096 1.03 0.92 5.74 91.5

m . Hg 0.13 0.13 0.12 4.56 92.3 i Hg 0.06 0.07 0.06 9.12 90.5

H. molitrix As 051 052 057 6.03 97.3 C.carpio As 023 021 020 7.16 96.4

Cu 192 189 19.7 2.10 98.9 Cu 20.1 212 20.1 3.10 101.7

Cr 640 638 6.52 1.18 103.5 Cr 451 466 449 2.04 102.4

K HIBR, Cd. 0.001 mg/kg; Pb. 0.01 mg/kg; Cu. 0.001 mg/kg; Cr. 0.1 mg/kg; As. 0.001 mg/kg; Hg. 0.001 mg/kg.
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Notes: Detection limit, Cd. 0.001 mg/kg; Pb. 0.01 mg/kg; Cu. 0.001 mg/kg; Cr. 0.1 mg/kg; As. 0.001 mg/kg; Hg. 0.001 mg/kg
*2 BRBRMENELSHY

Tab. 2 Basic parameters of the two fish species from Lake Baihua

GiiES BB R A 1A B kg FHR K /em i /a
species number average quality of the individual average body length age
fi H. molitrix 10 0.8+0.02 20+0.5 3~ 4t
fill C. carpio 10 0.5+0.1 1540.7 2"~ 3"
#x3 BAERE. KERTAYTEEES=E
Tab. 3 Heavy metals in fish species, water column and sediments mg/kg
W H item L EE organs Pb cd Hg As Cu Cr M yc,
i gills 1.31 0.10 0.03 0.76 8.82 1.05 12.1 65
JIF liver 2.53 1.00 0.18 0.53 19.4 6.40 30.0 165
¥ kidney 2.98 2.97 0.13 0.61 9.41 1.74 17.8 166
B H. molitrix > heart 11.4 0.88 0.10 0.64 17.9 3.24 34.2 190
L back muscle 0.63 0.09 0.10 0.14 4.04 1.25 6.25 34
JE L abdominal 0.21 0.05 0.11 0.29 7.08 1.21 8.95 48
FENL tail muscle 6.06 0.19 0.17 0.19 3.35 0.91 10.9 63
F-HJMi mean 3.59 0.75 0.12 0.45 10.0 2.26 17.2 104
il gills 2.03 0.12 0.19 0.37 7.49 1.33 11.5 66
JiT liver 13.7 0.96 0.06 0.22 20.50 4.56 40 213
¥ kidney 1.07 1.68 0.18 0.17 15.15 2.53 20.8 143
W C. carpio N AL heart 1.65 0.06 0.07 1.00 19.10 477 26.7 128
5 L back muscle 0.52 0.02 0.13 0.16 5.18 0.84 6.85 38
JEL abdominal 0.83 0.04 0.13 0.41 5.71 1.18 8.3 46
FEWL tail muscle 0.32 0.02 0.19 0.50 3.55 0.80 5.38 34
SF-H4J{H mean 2.87 0.41 0.14 0.40 10.95 2.28 17.1 95
DI CF M) sediment mean 39 1.0 7.1 47 68 66 228 —
FZKCEME) surface water mean 0.36 0.04 0.26 1.12 1.5 13.0 16.3 —
48 TR RE(T)) toxicity coefficient (T, 5 30 40 10 5 2 — —

H: YM=Cpp, + Cea + Curg + Cas + Ceu + Cons TN BRI (C)=3(F EAJE & R C <& HURHT; MBMAERZ K (wg/L)hEASIE

FI 10 ASRAE A

Notes: Y M=Cpy + Ccq + Cug + Cas + Ccu + Cer; X the relative toxicity concentration=) (the heavy metals content x toxicity coefficient);
Concentrations of heavy metals in sediments and surface water from ten sample points.

5 10T R A S A R R AR ER T e A, X
2, RN SR B I SRR R AT S AR AR fb nT g
S0 B E 4 & OC R AELE RN B9 40 A, AT 3L
TEAARES 2 B AU A AR
23 EEEHEEEBSTIFE

6 P 4 JE U RTEAIRL A AL
A3, o [FFP IT 3R 2E A [F] f A P A [ g B 4
LU E AT IR A AHIE . Pb FEBR I b i) 7
By, URZ A O I Cd 7 S AR B A R
A (B 2); He TR & H AL i & &0
AR, B R AR ZE BN, RO IR E LA AR,
A SR E S He M98 50 = T, As 76
525 28 B P AR, AERLC I B R R Cu

AR P RSN AR A IR AL R, BRI 3 AP
AR R T, XS B BRI CRAR
W4, BFFAEXT Cu BB, RS RAEW &k
19.363 mg/kg!"®; Cr == B4 e I i A IR OO
o SRR, FTRERIAIRS AR LG5 S
A&, (HEAEW AT 48 & iAx P e A
PI NN SR R S L (A

B8 AR PR AR T, BRI AR . R
AN S 55E EJHATTh el 16t
T AT — )22 T 2 SR A P R 6 PR 2
FOVAII R A0 E A A B PR R,
W, XERBE— 2 ZHE TR N, HEF
AR IIEE, XERIF 4B A AR SERFT, XS
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AN [v] 81 A 5 DK S0 45 v WS o 3 2 ) i gk
BT R R A R K25 TP Bk
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HARFAAEIERS, WA e e 418 B85k, 1
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K, SO Bl EA R S*, HEMiM4IE S 44T
BRI E A SR B Ak ), isss 1A reEtiAE
FH (RIS 7K A AR P A B0 S R ), IE ANETAR
IUTRWI(SEM/AVS 7ZEIEIER R 0.007~0.033)2¢,
H AL DU B 4 Jm oo E LA AL 8 A7 7,
XAT R LR 43 B on 2 AR A AL DU
Py e R PO = 0 E R A

» vl Hmolitrix  ©#f C.carpio 35 0.25
| — 3.0 [ ~ 0.20
=12 i — en B
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1882, 173, B 4. 0,5 WAL 6. BEAL 7. B,
Fig. 2 The distribution of the heavy metals in tissues and organs of the two fishes
1. gills; 2. liver; 3. kidney; 4. heart; 5. back muscle; 6. abdominal; 7. tail muscle.
Label 0 5 10 15 2025 Lapel 0 510 15 20 25
H, Hg
AS ﬁ AS ﬁ
cd Cd
Cr l(’:lg _
Pb — | P
i # back 1
] ills ck muscle
A Ebdomina] g abdominal :1
L back muscle %ﬂﬂ. tall]] muscle 7 |
kidne 1lls
E_Ilﬂ. tail muscle ——— | =1 Eldney 7 '
HF o liver 2 heart
A»  heart B liver
% H.molitrix # C.carpio

B3 E€RKREBFEFENFLSRREBEERLE

Fig. 3 Square euclidean distance dendrogram of heavy metals and fish organs
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2.4 HEEMESHT
EETEREFESEZEWAXMEST M
AR B P E A S Z A A M W2 4, DT
PIEH, BRad Cr f1 Cu ISk, HAy 4 B4R e
TRES T AN S0 A A DG PEAL S o FEBEFIAEA 25 B h,
Cr Al Cu £ H BRI A&, H Pearson MK HR
BAr5 o 0.878(P<0.01)F1 0.972(P<0.01), 1fii Cr
M Hg RAESRUR N RBUE —E WA, H o=
—0.782(P<0.05), FECA ST, KT ELBAELEY
RN EA RN EZA LT 3 i SEHEAN
VEFPT, B | a4 i e, AmEge
4R A M ] REARLAEZE SRR I A B 25 A LR
AR 7 AR PR N Y AR R R T AR AR i S,
TEAEY RGP R E AL, =51 i
R, Rl 25 —SEg & MR a RS
B, XA SRR P A R 2k R, A2

M IERPY, FEAGKK B, Cr I Cu AYHI S T fE
TR T A SNZ B F454, B Cr K
3d%4s', 1 Cu g 3d"4s', X PHFOCE LA fE S4B
AR5, Fi LUHCAE AR 4R 9 AT 8 A7 A FiopE B2 AR
FAHEAEA A A BV E R . He TEAI RN F 2L
JELVE LA A AAEER, (AW Hg i B PE 3o,
A W A A 52 i o L AE AR R N B B A A
JiF LA Heg 5 Cr HAESAR MR ERAAHOCE, H LRSS
(r=-0.782, P <0.05),
DNESEEENKRENEAKTRZEZRAN
MRS PL Pb, Cd. Hg. As, Cu fil Cré6
Pl 4 & & B W AKTE, X ORI B8 2 R A
KMEHAT M (R 5), HERFM, e LEKH
PIEERREEALLASN, 68 R, B, OE. FALM
JE WL B B Z 0] A A DG PR s, T AR TG R IR 2 K
b, A R UL IR 4 2 2 T R G

x4 BUFEIRBENEEREZBENMEXMEDI T
Tab. 4 Correlation between heavy metals in different organs of the fish samples

Pb Cd Hg As Cu Cr
Pb 1 0.152 0.164 0.245 0.438 0.202
cd 0.371 1 0.269 0.430 0.313 0.234
Hg —0.619 0.023 1 -0.416 0.169 0.493
As -0.231 —0.472 —0.321 1 0.633 0.307
Cu 0.643 0.568 -0.686 0.233 1 0.878"
Cr 0.631 0.373 —-0.782" 0.410 0.972" 1

TE: JREE AL 15 e ) & R SC R AL, JC ORI N BER 15 QY & B G R A ARSI R K 0.01 GUR), *HHRME B % /KK

0.05 (WEE).

Notes: Correlation coefficients between the concentrations of heavy metals in the H. molitrix samples (marked with gray color) and in C.

carpio samples (with no marking); **Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level

(2-tailed).
=5 UESRSEANRIENEARRERE ZBIHIHEXMEST
Tab.5 Correlation between different organs of fish on the basis of heavy metals
H .
il Jiis (=2 AL back JE AL B K PR
gills liver kidney heart ac abdominal tail muscle water sediment
muscle

i gills 1 0.970”  0.944™ 0.876" 0.977" 0.989" 0.411 -0.052 0.617
JF liver 0.919" 1 0.924" 0.837" 0.998"" 0.984" 0.358 0.173 0.684
% kidney 0.968" 0.809 1 0.889" 0.923" 0.924" 0.481 -0.114 0.469
AL> heart 0.975" 0.821°  0.986" 1 0.856" 0.812" 0.797 -0.102 0.582
% UL back muscle 0.985™ 0.839" 0.992"" 0.995" 1 0.986" 0.389 0.146 0.689
JI§ L abdominal 0.989" 0.853" 0.986"" 0.996"" 0.998"" 1 0.298 0.035 0.615
B tail muscle 0.969™ 0.797 0.979" 0.995" 0.993" 0.994" 1 -0.167 0.350
7K water -0.022 -0.061 0.000 0.107 0.010 0.040 0.055 1 0.565
PIAY) sediment 0.635 0.591 0.555 0.674 0.615 0.657 0.669 0.565 1

T KRS A 48 FA G R B, TR A BE RS EAR C R B+ MG 2K T-0.01 (BUR), *HHHE B3 /KF-0.05 (WUZ)-
Notes: Correlation coefficients between the organs and muscle tissues in H. molitrix samples (marked with gray color) and in C. carpio
samples (with no marking); **Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailed).

http: //www.scxuebao.cn



720 Ko

¥R 36 %

P s, T T P £ 25 A D RD UL A 2L DA A
KB 2Z E] AR DG P A 55, 3K FT ReR IR R K AR B 4
BB AR Z, KNGS 8 Wk I
AR E HE YA TE 4 JE v B R ME— R 3R e mTREIA
FIFTRAE BRI . ARG SR 25 R
Z— R AR IS TEAKIRIAEE h, AT DL E A 2R 1 KA
W B Y Foe R b R AR K R B R, A
T AE PR B R — N S 2 i AR, B LA
2o RNZH 222 ] (A RH B G 2R 570 450
25 BRESW

S 55 38 3 SR FH 20 1] 25 °F- 15 15 (between-groups
average linkage)#E4 28 s bnififh, M5 &R I
7 BR G 2 (squared  euclidean distance), fi i f5 %]
13 B 4 B SRR HTRE L, IR a] LIS AE Y
B FIIX 6 Tl 4 @ 1Y SRS LI, HRE AR R A FE 1]
MYRE RS, RO, FITE BARL, AT e R
25 A BE B AR, 322 R R 3 N R
TR, FEMRN IR, X 6 R EE 4R AT LA o
326,Cd. As, Hgfl Crh—2&, vl fg 5 H M
AK; Pb BHR—2K, AIReE B HAE KA 5rh
TRAG R, Cu Bl h—2K, ATHEERA Cu
ARG RAEYRBT L ICE, W AR 23 A Y AT
VEPEML I o AN [R) 7K )2 AN [ i 4% PN 2 4 8 A 4B
PEOP AR OREFAE R R E, BEW] 6 b 4@ 7E M Fh
RN 1 B 42 TS 5% AL vl Be A7 ZE AR [ AL, [t
E—LUE T BRI AR LN SR AL
B ) 22 51k o

3 ZEip

i o AR B 25 R T LU, A AR )
R FIZS B 6 FhE S & R ATER KN ER,
R4 R

(1) FEFTIN 4 Fhas B A 3 FP AL L, DR
RN 6 R g w24 5 il s BUIRIUT A Cu >
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Heavy metals in muscle tissues and organs of fish species from Lake Baihua

TIAN Lin-feng" % HU Ji-wei'”, LUO Gui-lin’, MA Jian-jun?, HUANG Xian-fei', QIN Fan-xin'

(1. Guizhou Provincial Key Laboratory for Information System of Mountainous Areas and Protection of Ecological
Environment, Guizhou Normal University, Guiyang 550001, China;
2. Shizuishan Environmental Monitoring Station, Shizuishan 753000, China;
3. Ningxia Institute of Science and Technology, Shizuishan 753000, China)

Abstract: Concentrations and distribution characteristics of six heavy metals (Pb, Cd, Cu, Cr, As and Hg)
in Hypophthalmichthys molitrix and Cyprinus carpio sampled from Baihua Lake were studied by analysis
of these heavy metals in their organs (gills, liver, kidney and heart) and muscle tissues (back muscle,
abdominal muscle and tail muscle), and their associations with these heavy metals in the water were also
examined. The results showed that the average levels of these heavy metals in H. molitrix and C. carpio
decreased in the order of Cu> Pb> Cr> Cd> As> Hg; and Cr and Cu showed a significant correlation in the
four organs of H. molitrix and C. carpio with the correlation coefficients of r = 0.878 (P < 0.01) and r =
0.972 (P<0.01) respectively, while Cr and Hg in C. carpio presented only a negative correlation with the
coefficient of r = —0.782 (P<0.05). There were significant correlations between concentrations of the heavy
metals in the organs of these fish species, but the average levels of these heavy metals in each organ
presented low correlations with those in the sediment and overlying water samples. A cluster analysis
showed that the six heavy metals in the two fish bodies could be divided into three categories. The content
of as in the heart of C. carpio was relatively high, but the content of as in the different organs of H.
molitrix had little difference. The level of Hg was relatively uniform in the organs and tissues of the two
fish species, the content of these six heavy metals in edible muscle tissue of the fish was generally low.
Since heavy metals in sediments from Baihua Lake mainly existed as sulfide compounds that were of low
bioavailability, the fish species in this lake were not polluted severely with heavy metals.
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