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Analysis of the differences of heavy metal enrichment between

silver carp and aristichthys nobilis in east dongting lake
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Abstract: To evaluate the pollution of heavy metal in east Dongting
Lake and analyze the differences of enrichment of heavy metal be-
tween silver carp and aristichthys nobilis, this experiment
determined the concentration of five different heavy metals, including
Cr. Cu. Cd. Pb and Hg. in sediment and tissues of silver carp and
Aristichthys nobilis. Results show that the concentration of Cr in
sediment belongs to the first state level in soil standard, the concen-

trations of Cu, Pb and Hg belong to the second state level in soil
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standard. the concentration of Cd is 2 times of the third state level in
soil standard; The sequence of tissues of silver carp and aristichthys
nobilis arrayed by the concentration of heavy metal is consistent, the
sequece arrayed by the concentration of Cr is gill = liver = brain >
meat, Cu is liver > brain > gill > meat, Cd is liver > gill >
brain > meat, Pb is gill > liver > meat > brain, Hg is meat >
liver > brain > gill; According to the BSFAs of fish, compare to Cr
and Pb, silver carp and Aristichthys nobilis are more likely to enrich
Cu, Cd and Hg, and silver carp is easier to enrich Cd, while Aris-
tichthys nobilis enrichs Hg easier; Except the concentration of Cd in
the liver of silver carp and aristichthys nobilis beyond the industry
standard limited, the others are all below the limited. In conclusion,
the pollution of Cd in east Dongting Lake is the most serious; Differ-
ences of enrichment of heavy metals in different fishs do exist, while
the sequence of tissues of different fishs arrayed by the concentration
of heavy metal is consistent due to the same physiological function;
Compare to gill and liver, meat and brain have weaker affinity for
heavy metals.

Keywords: the east Dongting Lake; heavy metals; silver carp; Aris-

tichthys nobilis
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TR o R < Il [ 2 4 A2 R A PR D 5

T3 S AT 4l I 2 4 b 2 R R A R A D 5

SRR T K AT AR Ak T

HRR - ARG Al A PR ILE Ak DR A R A A

LR B DA - AST6 HY, b 5T S A FR RN B B 0 A BR
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FLBORE A 45 B F IR 3% () (ICP-MS) : 7700x T, %2 £ 4%
B (hED A RN AL
1.2 KW AHE
1.2.1 FEfCREE

(1) KRR FER I T 2014 4 11 R A AW EE WX
P L2 B A AR B . AR 4SS SR BE UH 500 mL
B ZBIBEE T W T 50 cm b BOKAE— R » BORE 7T 56 1 190
KIEIE T 2 U EARSS . #EMT 4 CRMRTET .

(2) PUBIR AR DU RE B BUK I 0~10 em 4b, &4
SRR 500 mLL I B4R, BIEREE A MRS A & T
50 CHE T4 48 h,JH 2 mm G L (5 20 H 5 09 5 7 4% T
BRVIRR Y . 4 CHR s ™.

(3) fhFER4E . i fa R85 £ R 5 by 0O 20 B R 3 AR AR
SR K SRR R AR . PR AR A 10 k. REAVE R Y
FE 500 g K47 . AR vKAS I IR AR I SE 96 == ., Mk
195 . FH 8 4l K 75 V6 I 18 1 2 K 43, BB AT JUE S8 R8G9 A
HE S A B B 48 T — 18 CIATE & .

1.2.2 FES WAL FRECZ I w4 B0 A T B AL B D

0.300 0 g Zify FA UL L NAEER 3 mL, 3% R 36 T . A%

B H T HES T4 F LA A 5 mL H, O, Al 110 mL #
66

Sl I IR T A E s T D T ST AR . T AR A R
Jai W AT B P T A B B €A b, I R R K T A B
BRI A A . O A AT L 130 C A
30 min MR K. WH . HBAKEARZE 25 mL.4 C¥
S I T B G W e S =

FRIUCE R G O 0.5 ¢ 245 TR S 0% 33 v
JKIEAE M 10 mL #hER . T 120 CHPMME L L 5 mL,
J 15 mLfER T 240 CMHAE K EL 5 mL J5 . BUF %,
M 10 mL AR . 10 mL A HER F1 5 mL & &8 240 CJm
PRI ER B 2 mL, IRk ohge 8 9 2%
RAEER 3 . KM PHRESEE 20 mL AR, €% . [
B A, BT 4 CoukAR e,

1.2.3  FERIE KRR ST 0.45 pm (B, I Agilent
7700x ICP-MS il % £ & tp & 42 JB Cr.Cu.Cd F1 Pb )k 7,
PR 986 e iU € B & Jm He. BAHEFATINE 3 K.
1.3 HEBEREBS5HH

FH SPSS 17.0 Kb ¥ 43 7 % £ F0 & £ 41 20 8] DL K& W7 Fh fa
KiAELE T ENES BE M, A Origin 8.0 /E &l L4 fir il
P E 4R A AR R
2 RS0
2.1 KEMRBYPEEENSTHRIW

H 3R 1 AT AR TR BE WK K b R 4 i RN = . AR
TR B P ELSE & EEE. S0, TR &1
pH (H35>>6.5, A4 E ZAR ik v 8 e 1 A 48 PR 858 0 i A o
(WL 20, 7T LKA B 8 0 3 vh 19 T8 465 ) & & AT SE
gye Hop Cr PEMEMFEEK — KR ERRE . Cu.Pb Al
Hg 1 73BT B K K - B hrfE R . Cd 19 73 & & 2
E R = R AR AR Y 6 %,

Tk AR WA RO BESECY Ay B AE 2006 AR 2011 AR R AR
WM IR Y 4w AT T R R 1, Xl
2006 4EF1 2011 AE A PR h E 4 )8 & & Cr # Cu 9 22
BT Cd ¥ m T3 1 4%, Pb A Hg JIAR R #8684 T 50 % LA
Fo ARV IS B S5 AR E 2006 4,5 R 42 ) 15 YL AR 1S
BT —E WM A L 2011 4B, % Pb #1 Hg & 8 54 4 1
HbLHE 3 A G R & e ERTEAR . WL GO0 AR R BE A A
IR WA EIRAS T — A H 2 Cd & 3%k m
R = AR FRAA .
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Table 1 Mean concentration +S.D. of heavy metals in water and sediment of this experiment and
in sediment of former years (n=3) mg/kg
FE dif Cr Cu Cd Pb Hg
Ayl nd 0.004£0.003 nd nd nd
Ko Bl 0.001£0.001 0.0070.000 nd nd nd
& PR 0.00140.000 0.00640.003 nd 0.00140.000 nd
ax L] 67.69843.376 57.79942.483 4.90140.561 43.762+2.056 0.23340.026
. NN 79.46344.295 58.34943.612 5.197+0.523 67.59742.767 0.21540.033
U: I BH RS 94,2144-4.866 75.79943.555 8.46340.644 84.26243.801 0.22840.038
; S H 80.458+4.179 63.98243.217 6.187+0.576 65.207+2.875 0.22540.032
2006 4F 96416 68+16 7.34+4.2 79+23 0.32+0.17
2011 4F 100.97416.28 69.38+72.38 15.20+31.76 35.78+21.66 0.11+0.04

T ond FR AN .
®2 ITEFBEREREE(PH>6.5)

Table 2 Standard value of quality of soil environment

mg/kg
It H
341
Cr Cu Cd Pb Hg
— % 90 35 0.20 35 0.15
7 300 100 0.30 300 0.50
=% 400 400 1.00 500 1.50

Hr L Cu 75 i £ A R P RG89 7 PR A B R, Cd 7
e A ) S L R L SR L S £ P A P P 7 B £ A
JH b, H 7 % f A0 b & 525 5 OR B3840 e dl 8Ue &
Y 25 SO W O

e £ 0 B9 e ) AN S 45 T 4 JR AR AL 4 b R TR (BR
Cr 7EJFF0H% » Cu 76 88T, Pb 7288 b 22 508 B3 4h, B #8
BAEWRBEEZES M H 4 E 48 E 4 200 /) B BE |
ANl Horp, Cr 78 6% £ i Hb 7 3 o 5 o o o 855 F 45 A1 2L 1y
R B L RIVER #E 25 R 0268, 85 £ v 1) 25 R B2 O 0.064 5 Cu
FE 8 0T b B B i B e 7 S A A1 20 P I B BORE E R
4.479 8 0 b B B HORE BE Ol 4.767 5 Cd 72 8% £0 IF i 5 e i
i £ rh B RURE B2 0,659, 8 £ Hh > 0.051; Pb 7 £ i v 3
g e FE B £ A ZH SR B RORR R 0,137, B #a P o 0,189
Hg 7E8 fi A v 5 it fiw i o 78 i £ 8 /OB B2 R 0,019, 8 /A
Wk 0.044, Cr f1 Cd 7E 85 H 4 fe & & 4t .7 Cu.Pb Al Hg
TESE A e R, BRI AT E SN =, N
LA 3 b o v {1 T T R 0 B AR
2.2.2 HERMOBRFEDE P NMERISN AR
HEBWEMOES, - BASKEFEES)E. GHER
TR A E R T RS e HE I AR R A S s
BER I IIRE . IR E A — 2 b A R i 50 2 A
wE BT . XN AR A — SR
hmiEEREEE" . FHEEEYER - EENREHT,
HEOMHIKM A& BREES (FZEH MT-T f MT-11), X
PRI 0T S5 A Rk 1 o DR 2R Ak Ak L AR Ak S AL T 45

A JE (2 Cu . Cd F Zn) JE CES & 90 DT 325 30 % 35 19 50
o KL AR S B S R T (EZ S MT-D
A R B LA Cu il Zn 10k B 09 A0 48 A A0 A2 R Y )
R A AT 45 Al LA 4 T T 3R ) 00 1 A A 4

Cr 15 % 0 F1 8 £0 1 [7) 20 23 o 19 HE e Oy 88> JIF > filg >
PR, AT A X 1P i i 5 T 9 ) 88 5 0 Cr B9 2K FIE
EHR T AL . X T AN R Rl e £, Cr 7E 4 UP 9 20 A I AR
AR, 7 o A0 A B R Cr 6 41 80 FR 19 43 A1 I ok
FF>#E>K ., NY 5073—2006 il Cr 7635 d iy FR
2.0 mg/kg, i3 3 I A, 6 A A 5 AR Cr i & 21
BAG MR TIR=ME.

Cu Wy HEFF o0 F > i > 88 > . Mamdouh %7 7£
Siganus rivulatus fil Sargus sargus % F ff i 46 19 Cu 78
AR AL P AHE P BRI >0 >R, B Cu & LAk
T HE A G S LT S JC R . 2 5 2 Fh G i 8 4, BT LUAH L
BHATEESE Cofefh i & #EMAN R M. X CofEf
R o b B A 5 L IR B T 50 mg/ ke, T I B £ A 6
farp Cu fE& H A& m T B

Cd B HEF 2 JIF > 88> fil > 1A, #1055 35 4550 26 0 98 AR
) BE 3] 19 4 % i 0 £ A ) 2 2L b Cd i o A HE Y — B0 S
R F ) 88 TR AL R Cd & 4 43 510 0.015~0.078,
0.031~0.151,0.003 ~0.021 mg/kg, 5 4 i 56 Fr 15 45 S 4
T ATl b Cd A2 P AR 58 0.1 mg/ke. th# 3 14
G f0 R AT E B Cd & 3R TR R, e AR
& IR AR IR B BR .

Pb 75 8% 0 F0 B 6 A [ 41 20 19 43 A HE T O 88 > >
W >l . Farkas 551 7 8 8 b 43 & B0 Pb 19 43 A B0 A 4
88> JFF > A AR 3 Rl 43 A 23 R S £ 00 B SR 8] A 2% 5
fi £t vh Pb 1) & & A > 68, 17k A o BLE 25 b Pb
HIBR N 0.5 meg/kg. HIZE 3 AIJ, Pb 7253 W £ oy 35 7t
PR TArERR i h i S R C I R, N Pk
HEARAL B EEgh N IR A

Hg 7E 7 F b 09 20 A6 HEP S I > IF > il > 6. 5 e
SJEAN Hg N T & &5 THEHA T, Elizabeta
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261190 0 BiF 9% 1 % BRFE tench. pumpkinseed ., prussian carp
cel 4 PR AR . FTRERE He B T 5 5 &5
LRI T4 G W 455 40 B 1) T 5 09 B ML 208
M3 8 L AR R BB A5 AL (R R T He & it
P o ATk AR e Hg #2825 I BR & 4 0.5 mg/kg.
3 ATHL, R 7E He & & I 2 19 ) P % T A5

MR

23 ARBXEEREEEZSRSW

2.3.1 BEAAMHEFESRMEEEFEEESN &
3 HLER T Cr 75 BT MEFI £ 1) Cu 78 f S8R AT JIE LA & Pb
TEf B PN AEAE B35 22 S Ah B W AR AE B ek B
FE5.

®3 ELREHENFEAKTNRESHTREREZESN

Table 3 Analysis of the significant differences in the content and distribution of heavy metals in
silver carp and aristichthys nobilis (72 =23) mg/kg
12 EEE Cr Cu Cd Pb Hg
A 0.01140.001% 0.3634+0.034¢ 0.00740.002% 0.15140.009" 0.05240.006¢
IR 0.653+0.038¢ 0.42640.027% 0.05440.006" 0.380£0.029¢ 0.00440.0007
i 1 A5 0.1144+0.008>  10.41840.776" 1.48340.099" 0.176+0.013" 0.022+0.002°
i 0.0840.005>  0.914+0.061¢ 0.03540.0027 0.017£0.004¢ 0.01640.002"
SN iy 0.862+0.052  12.121+0.899 1.579+0.109 0.724+0.055 0.094+0.009
] 0.04240.003° 0.227+0.016* 0.00040.000% 0.03240.003>  0.12140.010¢
i 0.20340.016¢  0.38340.014° 0.02040.002>  0.446-+0.023¢ 0.00940.002¢
i 11 JH 0.11940.019¢  11.12040.729¢ 0.11840.007¢ 0.062=+0.007¢ 0.05540.004°¢
v 0.079+0.007" 1.38540.091" 0.0024+0.002% 0.00040.000% 0.03640.002"
JESea s 0.443+0.045  13.115+0.851 0.140+0.011 0.540+0.033 0.22140.018

T R BT R B30T R SRR 22 Sk BB K (P<C0.05)

i 5 S 5, 45 200 50X T 4 R 199 5 9 Ui A A 7
2% 5 L 50 B0 A7 [ A 90 B 401 40 RS B £ 3K ) T
G S 0 PR I AL 5PN R 1 L ) O
TR R R, 55 5 3 2 5 0 AR R A —
0L o 0 0 0 25 T 2 XE 0 0 38 0 Coe 75 B o
L T (0 A e RO T, X 5 RV
o 4 B 5 e T 00 B € 35 e g
T B OB IE . TN U 4 A I 0
ST 5 R 1 RS UK — AL BUT I T S0 6 0 3 41 40
F T o 3 5 SR 2
2.5.2 Y-SR E S T (BSAF) 407 AL -0 B o
S 5 F (BSAF) Al JI1 -9 6 A 68 00 6 4 3 00 55 7
& . BSAF #z (D5,

B=C,/C,, (D

SN

B— Y B S AT

Co— S ) T 48 & i me/ ke

Co— VLB T 48 & i me/ ke

fh 4 A0, % £ F MR T 4 R Cu.Cd F1 Hg 1y
BSAF #5A18T 53 5h 2 F T 4 J8 S T 1L A 358 6 o £ 4

W5 T & 4 Cu.Cd il Hg.

YR E LR TR AR AIRE Y F A XA E
G Jm . e A Cu,Cd # He 19 BSAF #8548 X Cr I
Pb 55 , 3% il Shouta 5 il BIF 78 — 350 Al (1T 45 1 72 & AE 44
ML EF AR CuZn M1 Cd iy BSAF {f % % T Cr.Co Ml
Pb, FIREH T Cd G A8 P W W, BT LA DLV Ui A9 0 o8 6 ) i
f R Ze Er P a0 ) B 45 Cd, HL ka1 BSAF B33 T
BN, ColENAEWIRN —FO®maETR. e HEK
HeE4eBES W%, GE@mait+ Cu iy BSAF {HAH]
IR B X W A Cu iR SR AH L. Hg Al 54917k K
WS EE 4 A i b A o ik & £ gl b Hg Y BSAF (i &
ORI T RE 2 B f b A S R R R T a0y, R
55 161 T Y 5 I R AR e T O £ e
24 FRAEHEFESETLEMN

B BT TG T R K D B Bt b 4 R
Cr.Cu,Cd.Pb F1 Hg (% 35 4 & 4 W K 1.05,3.18,0.06,
0.20,0.01 mg/kg, 5T K D B fa b 5 48 & oA
Fb s 7R 1 B 3 B £ b Cr Cu F1 Pb {55 A0 X 54 JoHp . Cr
M Cu fy & BAUGE KW B 9 1/10, Pb B & BT ; 1fii Cd A
Hg (1) & & MAHX B He 1 & R KB 4 f5 A . H

*1 BHENBEEY ARVNELEEFHENE

Table 4 Mean concentration®S.D. BSAFs for silver carp and aristichthys nobilis (n=3) mg/kg
Fh 2k Cr Cu Cd Pb Hg
i 81 0.00140.000 0.18140.046 0.29640.013 0.00340.000 0.08840.015
fijf 11 0.00140.001 0.19340.045 0.02440.010 0.00140.000 0.21940.039
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fH . PR 7E AR T 2 390 T 4 0 1 76 3 D AR o, 0 2 A AL 3
Cd.Pb 1 Hg #yi54%,
3 Hi

f% £ 095 00 AN () 2 20 P 25 B G o 1 0 A HE Y — B
— ik £ PR X 4 Y SR R D A (B Hg Ab) , o R IR &R
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Ay E 4R AN Cu As Zo) A MM BRI & 4B VE . B T 6kt
AN E P ) Cd o B AT AR ERR R Ah e A 80 & 4
J& B F PR S fE .

AR EHHR R E S BN S LA FEREES.
HR 5 0 28 0 A Y -DURR W s 4 IR A [ Cr R P, B £0 R0 5
T 5 B 4 Cu.Cd 1 Hg. o, 8 £ Fb B 0 50 5 o 45
Cd; 1M 8 #a. L #4577 ) & 45 Hg.
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