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Hird' s esnt X E°

LFERRAZFRIOFFEFER . H LR KX 430074;

2P EM R AF (R IO BB FF R, H LA KX
3.MARRERNEEER, WA WRRMAK

430074 ;
442400)

FEE 10 A0 AR SR I JL 0 V0 Hb 2 et XD R e O R B I o 1 LR M . S T A 2K TR G JE IS YR B 1T AR TR
b K BREE T, LA A 7 R LR 15 28 8 (Carassius auratus) Fl 22 F A0 (Pseudorasbora parva) N HFIE X4, 3k
KA 32 B HEM 75 L X PR 2 0 L PR R YA TR AL B B (Zn) B (Cud B (CdD L 8% (Co) LY (Ph) (B
(As) R (Hg) 5 4 J@ & S b A7 K00 A0 43 BT, SR F B R 735 G 48 B0 A g 2 25 6 15 R FR B0 IT fh fa 1K B 4 )8
YR, SRR, R E AN GEE) Y Zn.Cd.Cr.Hg & & (22.441.,0.035,0.210,0.109 mg/kg) ¥
52 T LY QR 8D oA I 59 2 (16.240.,0.008.,0.072,0.082 mg/kg) (P<C0.05) , £ 475 YL 48 %0 4> #r £ 0T,

A2 R A JILPA B 25 6 15 QKO o R BT e B o TS g

5 [ A A 3t DX KSR A FE L RILITEM ALY A9 Hg & &k A X

B X G R ILEI MRS 0 IR PR A G, M e A VAR AN T I E SR SR s SR
(P<0.05), o Heg fELA h & B R E &R WM AE b & Rm . KU mEailn As & &
(0.135 mg/kg Fl 0.153 mg/ke) ¥ H £ i 22 4 [ AR HE , (EAY ST M 240 Ml pl N B 4 J B A Bt 9 R i ] s AL 72
4 AT T A2 5 A (PTWDD , W £ 89 £ 222 4 XU, 8 A A1R

SRR PR AR LR LI S B A Rl T SR
FESES:Q175,X592 XERFRERD : A

LA B RGBT R KT s
HKEESEBRBIKIFEEF (Zhang et al,2018),
20 tE22 R E AR FEA M N R e R i B H H
TF 2% At B R (A B 45, 2008) o K4 A AR AR
Ik R R 2R R ) A S BOK i 4 R AR R A B
(Hadad et al, 2011), 4@ & #bE R AP
AT i e R AR ) AR R B PR B R 5 b
Bl 45 e 3 1Y 1 5 2 — (Page et al, 2014 ;Spano-
poulos-Zarco et al, 2014), #E#RiE , F& B K FH 4 )
TH/K 32 20 AS [ R B2 1Y) B 42 0@ V5 G, HIR T 5 e
Kk 80.1 % (E AR SE,2010), B4 &5 Yk ik
FAFRE K. 2008 4F = B PH S5 5 R T RS e
FAE WK e B 3k 0.177 mg/L, ™ 5 U 3 5
R g BE K 2E iy 22 4> (Wang et al, 2010);2012 4T
PO IR VLAR e A 505 e s  BOZ W Be 10 ¢ s ge T,
7 B AR K %8 4 32 51 W IR BE A, 2018)

YR EHE2020-01-14 & E B #2021 -07 - 15

E&WA WL E XINFHC A ETTE (2016 AHB013) .

YEE B AR, 5, 1995 4R A, WA 58 Ak L BF 5% J7 1] A Vi b
252, E-mail :527514223@qq.com,
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11 28 X0 7K B 85 A8 A U B0 2 IR AR S R
Giff) B 48 N W) Fh Z — (Seilheimer &. Fraser,
2006), Yousafzai %5 (2009) X B4 5k 57 15 0% A3 /K 10 o
15 RO BIE ST R B, 4 T T e 2 3 Y IR K
myiim KN FLFHNZ —, BEREmaREERE
ST W EE AL o N R AR B R EU . 20 1
20 50 ARRRAEAE H AR KB 2 th TEHE S
HH 3k 95 19 £ 2% flf 2 (Sakamoto et al, 2018), R g
LEREERPE (EPA R . HMIEHEESEGRE T
HORERZ 1000 J7 A Y 5E H B IR) L 545 [ 34
4R A Sy oK BT I A A Y B AR AR
W, BT 50 b AU £0 2 1) T B i B iR AE K a3 A R
HAE, BE R X AR S P B8 IR TTAL 42 41t 2 B4R

T b P 48 R T N b 2 A e b DX T R e K
VAR B e PO vy LT M R DUV — 2 S U B T A R R
by, a2 R K G I AR R A KR TR 5 G 5
55,2013 A CE A5, 2018) B JLI X &
A, Xof Yoy T AR S HR A, O aE R AL 3 TR i ROK ER
A8 S B0 R A BN T IR A SR UL )R
CRERSE2008) , Jo i N0/ AL 35 3, i
P i35 -3 D BN W 3] T R B v N
FRBERSZ A . 2010 4F R JUH W b A= A8 K &2 — 9] T
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PR TG ARHRE 1T 9 AW L 5 5 | R ik
VORGSR, O TR R IUIIE b A A R G
ARUC  AHIFFE L TR LW v 7 i L Y R £
Kbl (Carassius auratus) M7 4 (Pseudorasbora
parva) )VER$8 75 L2 W), % i 1A AS [8) 3862 1 BF (Zn) |
1 (Cu) (B (Cd) VB (Cr) VT (Pb) L fifl (As) R (Hg)
A B S BT DU A A, O R L 2R
0 15 YotR O K B A R XU, A I8 b /K PR 05 TR 4
JaE 5 G W s I R A B B R R 2 ARl s Ak AR
WFFE I T &b 70 R0 56 35 XoF T 1] e 1 4k b X K AR 8 43 T
55 G IR B R VT It Sl R B 45 5 A ) DA

1 MRS

1.1 X

KOUHINE b A7 T b8 PR 2L E & A R X
PUHB 4 %% (31°28" ~31°30'N, 110°10" ~109°59'E) ,
MR 1 700 ~1 800 m, DU JE k¥ 4k 2 200 ~
2 600 mAYHELLFRSE (R MAE ,2015) , PR Hb 2R &K
BTRZIE, KIUH I C B — A L A H 0 ki
AW Z= K 25 300 hm®, #h7K /K 1H 29 200 hm®
(ZEREE, 2017 BT H 45,2014), 9 A>T i [l A ¥4
M E A A 1 TR

\
g 2 \ ¢
E 5 N | \
CER A s
—— N
1 BREXABEHEFHLE
Fig.1 Location of lake No.1 — 9 in Dajiuhu

wetland , Shennongjia

1.2 H@mRE&E

2016 4F 11 A .2017 4F 4.7.11 A M1 2018 4F 4,
7T ATERIUE 1~5 SHRAE 6 I, R LM 32 2 |
Az FA0 75 R PR A I AH B L O R ™R 3 4 45
MR REA R, DL 1.2 S R 2 % 8. 12 B, A&
Mg 22,27 B HA S AWML 3~10 B,
A 8.70~18.60 cm . /KT 21.80~169.58 g; & fifl

ARk 0.29~8.10 cm A H 3.10~8.20 g, B T#
HAAANMERZEN, TR EE 3~4 BEMA S
R —ANFE S DA R T T T SRR A L AR fR
(1) 2% FRARE A BN 16, T S04 SR 48 47 19 £a K 43 31
EPNIEESENS I REA i BURK S %) € (AT By [ i
~20°CIRFEH.
1.3 H&mNE

WarEEE R TR BRI BRAKMERE ¥
KIGVEFE . G BT AR IR LA LA
8 ARG AR AR GE . A R A RN b B A Sk
E Fedw K AR AR L ACOR BE K T AR D L
PR W A A, A O ¥ R T S BB LR, SR
(HNO, +H, O,) 1 fif 15 I ffe 22 75 W 8 0 i W1 L
M2 J5 2 6 il TR % W A 2% (I SCF- 48, 2017) il
7 B DB53T 288 — 2009¢ £ i Hh A5 45 18 Fho &
R W E ). R H R A S R R R O
(Agilent Technology 5100, 35 E Z S B A R A
ADME Zn.Cu.Cd.Cr.Pb.As &, Hg &&E
ik 2 % 56 B 5 OR 0 28 1Y Ar i 7 5 (USEPA
method 1631) . fff F ¥ i F % )% I 5k {X (MODEL
111, 25 [ Brooks Rand Instruments 2 &) M %€ .
1.4 REEH

SU6 FH B B A% L K R 2008 2R L34 e 209
AR TR VS VR R 0 . AR R A it L B B 100 ~ 15 %0
PRS- A T o AH X 7 A 22 72 10 26 LA P, Tt ¥ & 43
M EZ X, Zn,Cu,Cd,Cr,Pb, As & il i} 1
T ] G s M AT T A L TR AE 92,78 %
~99.52% ;s Hg £ i o 35 43 b U A g 8 g 44 1 5
SFARIER B[ TROT - 3, (0. 29240.022) mg/kg]
HEAT BT a1 ISR AE 82.90 %60 ~116.47 %,
1.5 #HEFESHIT

SR ST BEAR T K 56 L g 0 0 22 R £a UL PR A
4R it R R 7 2 50 (ANOVA) K 5
B[] 5 07 ) B 4 Jd S B 25 5 . ST R R AR 1
43 548 ] SPSS 16.0 F1 Origin 9.1,
1.6 TEMFE
1.6.1 77 32 E RN R 15 e 48 H0k xF
ROLM 028 T 4 Ja 15 Yook B0 2R 47 40 B CFF 1 35 45
2017, PR A A

P,=C,/S, @

Kb P, 5 PSR A TS YR AL
C, WfafkN 5 —E 4 ERE 2 (mg/kg) .S, NIZH
AT 5 R VA A UETE (mg/ k) » WA AR HE K IR B 5K
FA VAT M bR EUE . ¥5 YRR BE 50 bR o . P, <<0.2
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RTAGYE50.2<<P,<<0.6 HEI5YKF;0.6<<P, <
1.0 Fi5 LK 1.0<<P, HEI5Y KT,

KN HEE (Nemero) 7 A 75 Y 15 K0k I e pf
ARBERIUI A 275 YL R DL, 7€ H e ViR R 4 J )
AR (SR 45, 2017) A ARWTF .

P max : _’_Fz
P n - # @

R P & B T e i B R R P A
BT R IRHCFE. WY 8T QR
(PO GFRIEMARAER P, <1 Ti5§; 1<<P, <2 %
JETG Y 2<<P, <3 BTG P, >3 BTG,
1.6.2 & %A WIFN s A Y s R AR
HeEREARE SRS ERE MR IHAL(FAO) /i
HIEHL(WHO) /B IRIMA RS T X E RS
(JECFAD il %€ Y 75 3 4y 87 %€ B J6] n] it 52 48 A 42
(provisional tolerable weekly intake, PTWI) 9 [t
1B, PP Bl 28 L 980 680 22 Aol £ 1 8 P 2 4k (it

FEWT,2012), JR R ELEHA S =0k KNE
B S B O M N OK R HIE 2 E X7 d. ARE
FER A A A R RN K 5 H O P R
44.5 g/d(X| #& 45, 2018) , PTWI 58 $i B {37 Jii &
) PTWIAE X B AR BT (3% 60 kg 1),

2 FHRE5SMH

2,1 HMEHEANAESLESE

P A R T R 22 A LA R TR A R
AR 1R, SLA b, & A R A R R/
KK Zn>Cu>Pb>As>Hg>Cr>Cd; Z
AR N Zn>Cu>Pb>Cr>As>Hg>C(Cd,
B Cr LhAh, AT 4 Ja 5 o AR X K/INLE P 1 L 1A
MR-, TRESROE 2 Bon, ZEajln
i Zn.Cd.Cr.Hg & &3 0 3 & TR H i & &
(Zn, Cd, Cr: P<C0.01; Hg: P<<0.05), [Efrrxt
A E 4 e B e (A UL 3R 1, AT L KL

Rl HARERABEANEZFE(RE)FAATUESLERE(FHELIREE) mg - kg!
Tab.1 Concentrations of heavy metals in different tissues of C. auratus and P. parva
from Dajiuhu wetland,, Shennongjia (wet weight)

o J AL Zn Cu Cd Cr Pb As Hg
A 58 79.715420.861* 0.81240.317¢  0.029+0.026>  0.6120.569" 0.471+0.281" 0.03240.092° 0.01640.014"
BIA B 49.214411.896> 2.88040.595"  0.04340.033"  0.86441.283" 0.473-0.388" 0.108+0.120" 0.013+0.010"
ML 127.8324:59.139° 5.389+2.146°  0.46140.294*  3.09042.178* 2.761+1.976* 1.30140.808* 0.04240.027°
G L P 16.2404+5.612¢  0.69840.334¢  0.008+0.011°  0.072+0.067¢ 0.24340.268> 0.13540.109> 0.082+0.069°
3 SN 22.441+7.60 0.620+0.12 0.035+0.012  0.210+0.190  0.265+0.167  0.153+0.128  0.10940.070

WU 5 G P BR 50,00 50,0 0.1V 2.0V 0.5 0.1V 0.5

TE A TA] b A 7 R 7R WA 21 10) 1 4 8 & A 35 25 P (P <C0.05) . 75 Y W BR MR - (D& S 75 e M BR 1) (GB 2762 - 2017) ;
(CE A BF IR A TLAARAE D (GB 13106 — 1991 5 (3D ( LA F £ fh K7™ i P A 5 A F ) BUR ) (NY 5073 - 2006)
Note: Values in the same column with different superscript letters indicate a significant difference in concentrations of heavy metals in dif-

ferent tissues of Carassius auratus (P<20.05).

Sl B TR 35k A LA R AR AR As B AR
1.4r¢ [ =e 357 e

,ﬁ) I T 30 22 WARBMULESCENESFE
Wl IR e e - 2 Q e A AL TN D 1 AR 3 L PR £
S 06 $ | 4R AR R U BB S RN 1, A H AL
Ll &é@ bl Zn Cu 5 fit W38 75 T 3 7 4 J8 78 2, A 7 36 £ 1
P o| o5 B Zn B 2B O fL it
T Cv cd o Pb A He | 7n B = AR IR > LA s Cu Cd Cr Al Pb 5 42 AR X R/
Homtmstal FIUH 5 T3 > A B > LA 5 As R FH < I

CRARESFBE.P<0.05; " FRAEFMBE. P<0.0D
B2 HMREARAHNENEFENNESCESELER
“ denotes a significant difference, P<C0.05; * * denotes an
extremely significant difference, P<C0.01.

Fig.2 Comparison of heavy metal concentrations in the
muscle of C. auratus and P. parva from

Dajiuhu wetland, Shennongjia

PR3 = WLPA = A5 5 R > 8 He RPN LA > 1k
WM, B Hg RLAh, Hifl 6 Fh 48 1
SETETH AL IE P i & B s, b Cu Cd. Cr Pb. As
FE T AL i £ AR 2 R T A 3 AR (P <
0.05) » Hg T J& 7 LY 2L 21 1 55 B B v
23 HMEFEEESEITEKRIEGN

A BRI #0284 i o TR VS e B &
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Al iR E 2 i, R4 P, H. ZHANA
MR ESEIGREBEERNRRN: As>Pb>7Zn>
Cd>Hg>Cr>Cu; #IJJL A T 4 J& 15 e #2 J8 K/ &R
K s As™Pb>>Zn>>Hg>Cd>>Cr>>Cu; #ll fl 2 7
LA As 15 YA X At 5 4 8 e ok T, oA
4B AL T I0I5 Y MR B TS YKo 22 8] . YR PR
i1 LA A B 25 T Yotk I 22 Tl g B i e L Bl
Joi5 g . PR B R A 5 A s YR B, DL AL E TS
YRR B A 38 B S KO SR R TG g, K
RPHALTCTE G QE AL IE > 88> LA > A5 ) .

24 WfEEE|ATEETEN

THE ol A 2 L T 80 0 A Al A UL A B 4 R B
S48 A i B 3 5 T e Wy B e B A AT I 32 A i
(PTWD R LA, &5 R iR 3 Fros ., R0 22 7 £ L
W7MELENEFBAEZSKT PTWL 5HL
HY/INT 209, 48 KA 53/ T 1000 S48 i If] 45 2R
SRR B A LA R As A AR F(E A4S U
LW G Fh f0 20 0 4 J et 2 3 AR B RV 358
R R N e R S A NG =)
PTWI () e AE BR8N B e Ve K T2 1A,

R2 AAMHNERGESCELETIRELN(P,)SAEBFRETREL(P,)

Tab.2 Values of single factor heavy metal pollution index (P;) and Nemero comprehensive pollution

index (P, ) calculated for C. auratus and P. parva from Dajiuhu wetland, Shennongjia

@ o i N RS CEi (G D) . 15 gk
Zn Cu Cd Cr Pb As Hg LR
E il NG| 0.449 0.012 0.350 0.105 0.530 1.533 0.219 1.129 4% PG Y
futl] LA 0.325 0.014 0.080 0.036 0.486 1.350 0.164 0.986 PREES
jul] o iy 1.594 0.016 0.290 0.306 0.942 0.320 0.032 1.181 1% E Y
] H B R 0.984 0.058 0.430 0.432 0.946 1.080 0.026 0.862 Toi5 Y
il NER AL 2.556 0.108 4.610 1.545 5.522 13.010 0.084 9.608 G RCE ]
*3 BRAAMELEBNERESSATHZEBANENLE
Tab.3 Ratios of the estimated weekly heavy metal consumption per capita to PTWI
T 4% A/ mg PTWI*/ PTWI"/ 5 PTWIY/ %
HAEJR - -
i) P il mg * kg™ mg ) Py b
Zn 5.059 6.990 7 420 1.205 1.664
Cu 0.217 0.193 3.5 210 0.103 0.092
Cd 0.002 0.011 0.007 0.42 0.476 2.619
Cr 0.022 0.065 0.0067 0.402 5.473 16.169
Pb 0.076 0.083 0.025 1.5 5.067 5.533
As 0.042 0.048 0.015 0.9 4.667 5.333
Hg 0.026 0.034 0.004 0.24 10.833 14.167

. PTWI* 5 FAO/WHO %4 81U (175 Y 4 87 o2 43 A ol Wit 52 42 AR 542 s PTWIP 2 60 kg B (1 4 J8 0T it 32 8 (PTWI® X 60) ,
Note: PTWI® are the provisional tolerable weekly intake values established by FAO/WHO (per body weight) ; PTWI® are values for adults

of 60 kg body weight (PTWI*X60).
3 itig

3.1 XAMERENANEEESES TH

AT 5T W A5 Fih A BRI LI A R LA B 7
P 4 08 & b . Zn . Cu 1F R A fiy 06 5 o0 R A fafk
R AR L Cd Cr.Pb,As Al Hg & &
AR L R A Ay 06 5 0 F AR 06T 00 B A ) kR
Wik Eshl, 8 E AN ESR S BEAED
FZEER EZHANATA Zn.Cd.Cr.Hg & E ¥ T
Hr THUA R, 25 AT Y AR BOT M 45 R R
B, A LA S Yo B B K P, 2SR N E &R
M EHMAEE R EE, AR EN, A
AR A A TG 2T P 0 AN (] 2 55 ) £ () 5 4 T8 5% B
2R F BN R (FER%,2019) , FEAAME T KK

M R EE LU Sh W) o & [6) B 45 B K
Ui sy LA R e 26 (R L0055, 2017 s R 55, 2013) 5 T
560 Ay L £ ) OV A % B P R, 32 R TR DA
Yy K A HLEEE (E R, 200655k /N4, 2018)
eI 2 2 Tl W) AR 2 10 B I R AR N
&) 0w A A X A
32 WAEALERENELREEERNTFEER
AHIF 5T 45 5 3 B, KU A [] 35 40 X o 42 IR
M) s %6 1A, Zn,Cu.Cd.Cr.Pb #1 As LLTH 4k
W A, Hg 7ELIA A & & de . 45 36
PLLR G5 Y AR BRI N - IH A8 > 81 > LR > A2 5
B, EEEIE AR P IAE R, AER
[ 20 23 rp ) R A B AN I 47, X 2 1R 4 A 28 Y A
BEALE AL AR K P 22 7 5 2 8 1Y (Garnero et al,
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2018 IR = 55 ,2010) s UM B AE X R B 5ES
Ja AE AR Y B2 5 R 6] A7 G ] I 38 5 A8 6] o8 R
TER SR IR T 975 SU(E A DG (BRTR 305 ,2011) . Hg
ML & B, T RE R TAVLRERE A
HOERR RN S fE LN A 20 SRR, AL 2 fa ik
THAL R ) 28 H . B R gl 4 R
235 P LE i 1B RN i BE PN (K HE 5 A5, 2012) 5 [R] B, )
TH A IE 0 4 R 1) 2212 1 PR BRI B S R RN E
Fl(Heath, 1995) X0 i 2 REOHLEE &R &
R T A SR T A R R A A IR
FE KPR P E 4 JE T A v AR ok T
RV B B B A 3 2 B T b T W WA A o 4 R E A
RN 5 — B R A (AR %5 ,2012) , gk sm
A5 (2012) X ¥4 i) B A= 60 45 35 47 4 )R 0 9T & B0
Cr.Cd.Pb.Cu Ml Zn & EM BRI NIHEE KT
B UL ZE AT s 1 R B 2 (2013) X 4R 35 VR A [ 350
fLTE 4 JB WF IR A B AL & AR LA, S A U
BRI KNG ARMREE IR HEAR 3,
33 RAHBREEEEERA

AT FE X G2 v (1) 27 R AR AR HIGHE A b A B
KAL) S0 AE R TL I & T NIRRT, 45
EREE S ST ok SN INA eSS Y S Ak =
EREE N TR SO L i NI i SR s [ S e W
DX B AR B L PR B 4 R S s E T L (R DL R
PR JUBER LA Cd. Cr, Cu & & 8 K &b T 5 ik K

V-, Zn . Pb.As &4 T o 4K F 0 Hg & &4 T
B K TR HA I A XS A ) He %
. H X R 22 R XTI LA I KL R
T iR b . KARTTRE SR W 5 L B ey L i X 32 %2
1) R i A SRR o 1 YA A M DX T A i U ARG 3 b IX
FRE R, 2015) , IR HLYE D — Rk AR AR S &R
Bt . Bt W R AT I AR i A Hog s T8 PR b
KRS w0 AT e RN BE R BB 5 OR A i
Foure 265 5 W00 08 Y 0 b 1 Sk R AR 1 SR (X1 42
£,2008) . BRI Rl 2R 5 b JC B S 09 Hg 15 QL U8,
H Heg % 538 5 23 b F A X 88 & 9 K7, 9F 38 1
AR AE A f AR N s 4R L DRI R Ll K A b iy
2 BA RS — T J5 o R & ) Heg & 8
A, X R s s R IR ) (GB 2762 -
2017 HRLE M FAR As 1 i BR B, 3 AR BF X AE N
(R 4 v & DI L P A0 AT AN TR 72 B2 1 As B A 1
% REIROIUEIG Hb 10 kR R 3 LR PO R
F L J0H 2001 — 2003 A, 24 Ml St B TR, 2%
AR e LB S A R TR R AR R
25 5 B TS YL W Bl K O HE VR IR K 2 b Ok AR
45,2008) s Al I, R i F & 28 S m RAE TG 15 K4 K
284 PR E A H AR HEBC (R I 2009) , I b 3 4ok
I b DX B 1) il U I R T Bl ISR R B T Y
b SRR AR 75 G, DATT 35 B I8 v 0 A2 B A 1Y

R4 HMRERAMHINAH(REE)ESESESHMRIBLER mg + kg!
Tab.4 Heavy metal concentrations in muscle of C. auratus in Dajiuhu wetland,
Shennongjia and other areas (wet weight)
5T X 35 Zn Cu Cd Cr Pb As Hg S P
KW 16.240 0.698 0.008 0.072 0.243 0.135 0.082 NG
eSm) 57.42 5.07 0.05 6.67 1.12 0.1 - F iR, 2015
KA R i 6.45 0.93 0.13 0.19 0.81 - 0.0079 A, 2019
P22 1 31.54 1.66 0.007 1.09 0.04 0.49 0.06 A4, 2018
JTPE AL - - 0.007 0.581 0.138 0.139 0.008 FRAEESE,2017
BRIL 6.83 3.26 0.0055 2.55 0.59 0.24 0.00261 HSCTFA,2010

LRI AR GE
Note: “~"denotes no data for the item.

34 XAHBEMEEERARERERE

AR TR A B 1 P A B TR U I8 |l X BN £ FH T
A AN &R R A R R PTWI
Pl BR . RV 9 4 R s R L R 2 e A L
P As S bR HB R @A As & & 5TRk Y
PTWI L BI# /N, 7T LLIAE As I 3E 24 5% i A< Hb X
RN FEESE. WMEW 7MMELSE
oL EIAILPY Hg £ 5 6 XRS5 7, 22 7

R Cr Al He 4ok A KU 8w . Cr Al Hg BOR
I R TS g W BR D R L (B R b Cr Al
Hg i i PTWI L@ 1000, T & £
Y 22 B £ X PR AT RE ™ A2 Hg — Cr W 3 19 35 72 K
B . AL, RJUII K P A f0 2K B 6 Jm s AR N B
FHRVBS: B 50 A o £ B2 4

g% b A A ST A A 1 R R L W £ 2
FEAEA S B < J o i s, HL A B AR 25 5 T K F
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RN G Y HE L 2PN SR R W Rh £
IS 22X 24 AR R A B . (BN BETR AR L
10 AT A7 AE — R 4 S G 0 A 2 KU L 2 B
IR T o W A e el A D 3 Bl PRIE R
JUI R M A 25 R G R B ARL

B 30k

BRSO AR, 2 0, 45, 2011, KT LR i A% fa 2k
E ARG A R X iR LA E 4 R 5k W A 5 AT
[J]. HEKFER2.18(6) . 1351 - 1357.

OB, SRR, WAL A, 2017, UL 5 AR L ST
KESBESESIL] AEREE5H A, 4009 203 -
208.

FRFIR . 2009, KL E SR £ 3 DX b A 4 IR B Wk B 3o 3R
L. Aol 8 2 & .34 (4) : 67 - 69.

W% . 3% E 2%, Chentao, 28,2013, 22 B 1 i £E 4 2 7 2 Jll 2%
WFgR L], K= RH4:,32(11) : 685 - 690.

FAs SR T2 L 45,2008, A B R LI G 5 100 2R
BEERSABKE]]). KRS ERE S5, 1706):
915 -919.

JBA% TN 5 2012, 3L PG M X & Fl fa P R AR S w0 X
BN T BaEHE,33(10): 237 - 240.

AT B, ERE- LV BRER L 45,2017, WAL b 7 B 4 ) 22 T £ 4R
W5 A KB LT]. KAEA Y #H . 41(4) : 835 - 842,

A RSN T A L 45,2010, 1 4 B XA 2 1 AR S B P 2
IR R[], KA, 40(5) : 104 - 111.

20 XA = L S L 2007, i A SR R U A 1 b S e A 2SR
TR @RS o [T]. AR ,36 (1) 159
- 164.

X 45,2008, H [ 32 2T AR MRIR b vh R S A L B A0 R A
(D] &7 EITR¥.

XL R BRAEAE,2018. WA AR R R85 0 5
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Evaluation of Heavy Metal Contamination in Two Cyprinid Species

in Dajiuvhu Wetland, Shennongjia
CHU Lu-jian', YANG Xiao-jing', LIU Jin-ling*, MO Jia-yong®

(1.School of Environmental Studies,China University of Geosciences, Wuhan 430074,P.R.China;
2.School of Earth Sciences,China University of Geosciences, Wuhan 430074 ,P.R.China;
3.Shennongjia National Park Administration, Shennongjia 442400,P.R.China)

Abstract: Dajiuhu wetland of Shennongjia is the largest and highest alpine wetland in central China and is
important for conserving water sources for the South-to-North Water Diversion Project. In this study, two
common Cyprinid species (Carassius auratus and Pseudorasbora parva) in Dajiuhu wetland were selected
as environmental indicators and heavy metal contamination of the two species was investigated using the
single factor pollution index and the comprehensive Nemerow heavy metal pollution index. The health risk
of fish consumption was assessed by comparing estimated weekly heavy metal intake per capita to the pro-
visional tolerable weekly intake (PTWI). The objective was to provide scientific evidence for early warning
and risk control of heavy metal pollution in Dajiuhu wetland. In November 2016, April, July and Novem-
ber 2017, April and July 2018, 32 C. auratus and 75 P. parva specimens were collected in Lakes 1 -5 of
Dajiuhu wetland. The content of Zn,Cu,Cd,Cr,Pb, As and Hg were measured in the gill, digestive tract,
gonad and muscle of C. auratus and in the muscle of P. parva. Concentrations of Zn, Cd, Cr and Hg
(22.441.,0.035,0.210,0.109 mg/kg) in the muscle of P. parva were significantly higher than those in the
muscle of C. auratus(16.240,0.008.,0.072.,0.082 mg/kg). Heavy metal concentrations varied significantly
among tissue types (gill,digestive tract,gonad and muscle) of C. auratus. Hg content was the highest in
muscle, while Zn, Cu, Cd, Cr, Pb, As were highest in the digestive tract. The Nemerow comprehensive
heavy metal pollution index for the two species shows that the muscle tissue of P. parva in Dajiuhu wet-
land is slightly contaminated, but the muscle tissue of C. auratus is not. The concentration of Hg in the
muscle of C. auratus from Dajiuhu wetland was higher than levels found in other study areas and attribu-
ted to the unique alpine environment. Although the concentration of As in the muscle of C. auratus
0.315 mg/kg and P. parva 0.315 mg/kg exceeded the maximum level stipulated by national regulations,
the estimated dietary exposures of heavy metals for local adults were lower than the PTWI, indicating that
consumption of the two species from Dajiuhu wetland poses a low risk.

Key words: Shennongjia; Dajiuhu wetland; Carassius auratus; Pseudorasbora parva ; heavy metal concen-

tration



