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(. FNIRTE K2 B4 B, I RPFH 5500005 2. SRMEMAMST, =M 5P 5500005
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8 E: LHMY RS 5N RN IR SRS 5 3007 T 4 J 1 ' 4R 0 00 B 5 AR 08 PRSI0 1 0 3% g /N J R 11 222 & { B
Fr P FKAR T 42 8 15 YR O BB A A SR AR . U5 1] SR A B I R [A) A 3tb 510 7K RS L IE J8 AL/ JE MR A I X 2
/NI R HEAT R ) B AR Cu™™ 1 Cd*™ 25 s Al 6, 3 A A0 MR e vk 0 8 /N e R R ]84 Cu Cd .\ Pb Zn,
Hg % 5 R EE 4 Jm 1 3 & . R ] Pearson A8 A3 A7 75 22 70 o /N D R AS ] B8 oz B 2 s 5 41 15 000 5 3t B 358 R 45
M. LS5 5 Fh i 48 S0 R AE /D IR MR RE IS V8 AN KRR h 475 4 L K R 10026, 5 i 3 4 J8 /N IR 0RO [ 95
AL 8 il R B /N Xy 53 I > B 58 > BF PR AY B 5 Pearson A 9GP 43 A 45 2R R W/ Je AR A S b Y Cd Pb.Zn i
SRR AN CE B B IEAAHE, SRR —E M EEMREARE  EAARRKEELSE CO M
Cd™ B AR50 W7 B T 43 0 (0 3 B 08 g /N R R A E o 1) B 43 J 2 R L RS R Y LB B LN B
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Heavy Metal Accumulation in Caohai Crayfish in Relation to Environmental Conditions
ZHANG Xu', RAN Jing-cheng’* , YANG Wei-cheng'*, TAO Hong-mei'*, JIANG Lian'*
(1. School of Life Sciences, Guizhou Normal University, Guiyang, Guizhou 550000, China;
2. The Forestry Department of Guizhou Province, Guiyang, Guizhou 550000, China;

3. Karst Cave Research Center, Guizhou Normal University , Guiyang, Guizhou 550000, China)
Abstract: [Objective] Heavy metal accumulations in organs of crawfish at Caohai Lake in Guizhou were measured to
determine the effect of environmental pollution, providing reference for the healthy cultivation of crayfish and scientific
evaluation on the heavy metal contamination. [Method)Samples of water, sediment and crayfish were collected from various
locations on the lake for heavy metal determination. An experiment of live crayfish cultivated under enriched Cu*" and Cd*'
conditions was conducted in the laboratory to generate a simulated heavy metal transfer model. The contents of Cu, Cd,
Pb, Zn and Hg in the collected soil and crayfish samples as well as in the various organs of the cultivated crayfish were
determined by atomic absorption spectrometry. Pearson correlation analysis and variance analysis were applied to
analyze the data. [Result] All 5 heavy metals were detected in the crayfish, sediment and water samples from the
lake. The metal contents in the crayfish organs differed in the order of viscera > shell > meat. The Pearson
correlation analysis showed that Cd, Pb and Zn in the sampled crayfish significantly correlated with those in the
sampled sediment, but not the water samples. The heavy metal concentration in the viscera, but not in the shell,
meat or claw, of the crayfish raised in the lab increased with increasing heavy metal addition to the water.
[Conclusion] The contamination of heavy metals in crayfish closely related to the conditions of the lake in which it
lived. And, the heavy metal contents varied in different organs of the shellfish.

Key words: Guizhou; Caohai Lake; crayfish; heavy metals; correlation
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[F98 32 Y Fe KRB MR Procambarusclarkii,
BRI ir, SRR T RS T] Arthropoda, H
Fe 4 Crustacea, | &£ H Orgerdecapoda, # I}
Cambaridae, JREHRE Procambarus, HJE =Tt
YN B 5 [ 1 B R P8 BFERE . 20 42 30 AR
AASIARREE R, B, KL Tl X2
TR K /NI ER R F2 = X N JR R AT B g
SR A AL, ARt AERETE . BT AEE
P aie . Boag o BUERARIED ™, B ZE R E 1Y
IRER 3 B A K ORI AR A N TRt rh )2 BE .
Ok, BEE BT YRR, KR A R TS YW vk
HEALH A, FEOKBUEAR L&, KA D)
Y ARk AR B R S A R T
PRPY, R NS A A S R
Cii ANWFFE Y N A 50 R B, o IR 2
R 4 B A AR SR Y B R . HAR N AR T J
Py 5 nI RE 2 SR PR B 0 0% . e v IR IR AR R
Wi, w4 ERA T L8, KSR, IR
B A7 BN A /I g AR A R 2
BT IR B R 5 Fh G R W 8RR R AT R
B, o IR AR B AN [a) 2 0 A W) B 4 B I AL R B
A B LR . R R D7 SEUY X I M Ml X 5 G
FUFAR N G 8 o A AL AT R A5 R R, B 4R
EE N GIE Y A ORCE, SN /NS IR 5 4 o (A A S BN
BRIA. URFRUASRY T4k, EEENE
WR 4 R W RS 2 T S T e r R, BAE
WEFE /N o 0 4 J o R I 00 (9 Tm) B s X SR AR K A %
[7i) J) Y U AR v A i 4 R e R AT (W) A5 I E A AIE Y
FAXE A R, AR SCHE W 58 R B AR K S8l
JEAFX 5 b E 4 J w4 A [ I L i YO BN g
IR 4 R W ARG (R C R AT ORSE . 4L T 1Y
CHEA Y SR AL B X 8 S REHL K AE . RN
AASKE S B/ g SR AR S, T E LR R, B BT
BEL R S MR SR ITRAY S B FEX/N g IR AEAN [
WHEEE S E Cu Ml Cd & £ 00N 7= AR
5, DV RN AR R 5 Fh G R TR &
LR b VS e FRK RE 4 R A i 2 IR 0GR DA RN e
IFATRFRAL N Cu F1 Cd EHE 5, AE5EHE
58 TAF B8 B4l

1 #M#575%

1.1 HREXER
HOfE AR O XL T 0 N A8 T B 3P R

Hibdb 4 26°49" ~26°53", A4 104°12"~104°18',
JE 7 B BRI A K A IR KA . PR K S R A
HT R JE R A, AR 10.5C,
ARSI RE K i 950 mm, AN 79% . IR
2 170~2 527 m, X HE A 24. 59 hm®, 7K 3 i L
20. 98 km”, WX KK 2. 4~5.0 m. B KA R 0%
P (pH FXE N 8. 00, KIFEANS EEIRFNA, H
PO T K., TFESY, TR 11 H 2B4E 4
H, WZEH5~10 AN, FEYREER. A
AW RR 1 941 Bh, 1525 228 B, DL B FIES LK
R SR 25 10 205 H, HPpBRHE 2 200 &
Ho KA W25 DOK Y. HEKAEY . 37 A
Y. EEIEAEA 4 AL, BRI IL S0 L I,
I, FIBRA "SRR K THEKT. P
BRIE” F1“E8 RIEEWIE” M35,
1.2 MRAF*
1.2.1 #&REL4 & ARG X A RKEAM
WILRE (A HilEmk (B, MEE (O, %
il (D). AR (E). BEET F4 (). M
Xl (G, RFEEL (H) 8 MEEA. 16 8 MHEM
R KR R JE A /N JE R FE d . # B (GB/T
12998-1991 /KR FEF ARG T ) BRPEATRAE",
200 mL 5 R R AR E RS AL I KAE s
AT b R V45 R S AR HUER VG . RAE MY JE A 5 ik
ALWEB O HMEE, BT 0 RAE A R
T T B RO S e B R S 1k 100 B iR, A
BHASPRRI 5 /N e R R SR AR A Al A G A AR
H AR 1 /N e W 3] S5 0 2 ] 2 1R K kv FE T
LN U s N NS B e D E R A L S ¢
A SO CHIMEAR st T, FE i AL T 5 A B B4
Fril s 25 PN 4 G 5 A 0 104 /0N i A 3 ek A A e
AR5 B 5L 00 %= W K IR AE 4 d,
1.2.2 DAEISFEAETLEBRZARE HERFENMNS
frEsESd, BAS RETRUaEMEITR, B
FormE s AR, Jogu e A I E R =
SRS PRIk BOK i 4 o0 2% A ot
R ICR WA/ AR E N E SR S, AR
Yl 7K AR ME GB 11607-89 )2 v 1 5 1Y PR 18 -
Cu<0.0l mg+ L', Cd<C0.005 mg+ L', (J5/K
2 A HERORR ME GB 8978-1996 )21 3 F 5 4 @ 4 4
B ARS8 Cu<<l mg « L', Cd=<<0.1
mg « LT e ik, Kb, Cu #9288 i &
WE R0, 0.5, 1.0mg « L'; Cd B85
HWE M 0, 0.05, 0.10 mg+ L',

(D \Ea)m Co WEERR: F 360 A&
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SCES KSR (100 em X 50 em X 50 em) 4 3% 4 d
HfE R CTCWr il ff . SRS . Wb R RiRVK D i/l
TR RN 9 AR GBI . 9 DK
HEATAR S, Hop 1~3 S5KH R —4 Ok Cu® Ji
W Omg « L', XD, 4~6 5K N —4H
Ok Cu®" TR 0.5 mg« L), 7~9 5K
FER—H OKfR Cu®" TRWER 1.0mg « L),
T FE KWK FE 4y MRS 48 h By A kK, Kik pH Ky
(7.340.6), KigH (24.2+2.3)C, HRLE;
08 LR T IR B R AR T R s . R
R EARE 4R & m mRHE b sl IR B AR 2. A
HEBEENSE O dE, HH4dMAKFPER 2R
INEER (R L 6 HD, fERSE . BRI IR, #
JE A BB S N 50 C b AR Pt T, AR ST
JE TSR E LS R

(2) EaJRCE WEELR. Eai Cd m
FAERKE T RE F, 1~3 2 K80 —4 Ok
Cd* RN O mg « L', XFHD . 4~6 5 IK4E
Jg—2H KR Cd*" RN 0.05 mg« L 1), 7
~9 SKH N —d OKME Cd*" ik B 0.1
mgeL "),
1.2.3 M maraz

(1) FERIFH AR PRI 0. 500 0 g 283 Ab BRI /)N
o R A& BB AL B RE S A 100 mL HETE BT, A 6

mL i, 2 mL i 6%, aEad i FRIK 0. 200
g 2 b W B 1) IS D TS0 AT A b, AR 5 mL
fisfR . 6 mL SR, 1 mL BAMKR. IMEMASE
HZEE T 142 CHEAE IR 10.5 h,

(2) FERREZS: 5 HCE 7 0 ff 2 i/ Je A
i AUV R 140 C YA 8 o $0A b AT R R . 1%
KB 1 mL AAEREH LB AR EET,
AEJGIMA 10 mL A% S ERE W, FHZE K E &
F 50 mL A&, R SRS,
1.2.4 E&kaszng i8R0 E 7
YETCALER M 5 /N MR AS [ A2 A i o AR KRS L IR
WA . . 8. B RS EMZENRKE
S R R R
1.3 #HiEaE

iz} SPSS 20.0 & i %k 4 k47 5 22 43 B AN
Pearson #3747 .

2 ZRE55H

2.1 AEMEUNENEREESRERER

Py 8 AAEHL . R TLEE ., PR
Ky REGERMEB I 4 DFEHU AR B/ IR, 4
AN M/ T RS [ B2 %) 5 Fof B 4 Ja 1) T 415 00 4
xR,

®1 METFEBLEESESE

Table 1 Heavy metal contents in different organs of crayfish from Lake Caohai
" #i] Cu/(mg + kg™ 1) B Cd/(mg « kg™ 1) # Pb/(mg+ kg™ 1)
j
Sie i 5% HF A i 1% HF A ol i 5% A P

Shrimp shell ~ Shrimp meat Viscera Shrimp shell ~ Shrimp meat Viscera Shrimp shell ~ Shrimp meat Viscera
VLA Jiangjianwan 15.4140.12  4.58+0.21 10.64+0.17 0.174£0.03  0.10£0.04 0.7840.32 1.2040.11  0.74%0.35 2.24+0.07
74 3 53k Xihaimatou 21.3940.19 8.6240.36 32.30%£0.32 0.16%£0.05 0.13+0.02 1.01£0.15 1.63£0.26 0.654+0.16 3.7940.13
RZ %k Wuyjiayantou 15.6640.27 5.4340.21 29.37+0.19 0.52%0.33  0.04£0.01 1.06+0.28 0.7540.35 0.34%0.25 1.05+0.29
W11 Louluoshan 12.10£0.36 3.11£0.31 19.40+0.28 0.18+0.07 0.10£0.05 0.6140.22 0.71£0.39  0.30£0.05 0.99+0.38
-1 Average 16.1440.21 5.44+0.25 22.93£0.17 0.26%0.05 0.09£0.01  0.87£0.28 1.0740.21 0.51%0.26 2.02%£0.29
BE Zn/(mg + kg™ 1) K Hg/(mg+ kg™ 1)
FES
Site Ip5E IR I AR W
Shrimp shell Shrimp meat Viscera Shrimp shell Shrimp meat Viscera

LA Jiangjiawan 74,4540, 37 31.8940.42 103.00+0. 39 0.06+0.03 0.014+0.00 0.21+0.04
PiiET L Xihaimatou 63.48=0. 43 31.1840.24 110.20£0. 21 0.0340.01 0.02%0.01 0.06+0.02
2% &% Wujiayantou 75.7240.33 36,9440, 25 132.60+0. 32 0.05+0.04 0.03%+0.01 0.124+0.02
B 11 Louluoshan 75.6140.21 38.9040. 26 134.30+0.18 0.05+0.01 0.02%+0.00 0.1140.05
1y Average 72.3240.35 34.7340.31 120.03+0. 25 0.05+0.02 0.0240.01 0.1340.02
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AL LA 4 A b /N R SR AR X Cu, Cd
Pb.Zn, Hg H & J& 0 R ¥ A K i, & i K5 5]
100 %0 s /N Je RAE ft AN [R] FR A2 XF 5 o B 42 i s 4 19
X0 HE>EF 72 >8R . RIE(GB/T 18406. 4-
2001 )™ fh T4 A JC S FOK ™ 4 AR )P
O A RE A B R K 4 <50 mgekg ',
<<0.1 mg *» kg ' <<0.5 mg + kg ', 7K <0.3
mg « kg ' GZARUEH IF R 18 K PER IR B (D . 4 D HE
/N IFFEA R, Cu, He 4 8 o0 3R 24 7645 1 70
EA R T R ERIFR I Cd, = KA Sk feE
LR P Ph ., 25 8 B o 1 H 8 W) 2036 /) g AR
SRR EZ BN EAL)E Cd M Pb 54,

2.2 AEAHMKEFNRKENEESESE
K2 NAEFEHICI KR 5 MPES RN

K2
Table 2

. WIECHA K FRTE GB 11607-89 ) L E Ay 7K
FiMREME : #1<C0. 1 mg » L7' 48<C0. 005 mg » L7',
Hi<<0.05 mg « L', #F<<0.0l mg« L', R<
0.000 05 mg « L', 8 /NFEHI/AKHK 5 FhE 48 &
2 4/ T K B AR E e BAR HE(E . 10RO
SREHK BN BAF, JPRZ RN ES BTG E. R
P (GB/T 18407. 4-2001 4% 7= fi Jii 1 % 4 To /A % K
7 i PR 45 SR O v 3 A XSRS R T 4 R A
HYZSR: <50 mg « kg ', HE<<0.5 mg - kg ',
<50 mg * kg ', #<C100 mg *+ kg ', FK<0.2
mg -+ kg ', 8 NMEEHL Cd. Zn FIVG RS L) Hg
TSRO PR MER . H A TR B AR ME N A
EILF S FIPG DL 9 Ph & & C &8 br (.
B AR A A b A

KEMREEECESE

Heavy metals in water and sediment samples from Lake Caohai

T b IKFE Water/(pg« L7

Site 4 Cu @ Cd # Pb B Zn * Hg
YL Jiangjiawan 6.9040.18 0. 0540. 00 3.8040. 11 5.5040. 27 0.0440. 00
PG4 3% Xihaimatou 0.1040. 04 0. 0540. 00 11.204+0. 15 5.6040. 42 0. 04740. 00
X% 4% Liujiaxiang 0.80+0.13 0.0540. 00 8.1040. 25 8.0040 0. 04740. 00
B 1] Louluoshan 1.1040. 32 0. 0540. 00 16.1040. 43 5.60240. 33 0. 04240. 00
# Ak Huyelin 0.90+0. 30 0. 0540. 00 5.104-0. 18 2.30740. 08 0. 04740. 00
Ji F Wanxia 0.80+0. 36 0.0540. 00 5.2040. 41 2.1040.17 0.04740. 00
FH 1L Yangguanshan 0.7040. 00 0. 0540. 00 3.3040. 34 8.80740. 16 0. 04240. 00
2% 43 Wujianyantou 0.7040. 40 0. 0540. 00 4.4040. 16 5.70240. 33 0. 04740. 00
SEH Average 1.5040. 22 0.0540. 00 7.2040. 04 5.5040. 36 0.04740. 00

BE JiEJE Sediment/(mg « kg™ 1)

Site 4 Cu 4 Cd H Ph B Zn * Hg
LK Jiangjiawan 16.95+0. 23 1.3240. 24 39.7540. 33 127.6040. 31 0.07=0.01
P %3k Xihaimatou 21. 6040. 26 2.3540. 43 48.56+0. 22 123.6040. 41 0.2240. 09
X F 4% Livjiaxiang 17.1340. 25 0.9940. 25 12.62+0. 35 135. 40+0. 27 0.0240.01
W5 11 Louluoshan 3.0040. 42 1.884+0. 38 13.7040. 26 135. 8040. 31 0.02740. 00
# Ak Huyelin 19.4240. 42 3.0340. 43 15.5340. 27 173.7040. 33 0.024-0. 00
Ji F Wanxia 16.8240. 31 4.3440. 38 13.0540. 21 148.70+0. 37 0.01-0. 00
FH% 1L Yangguanshan 19.0140.18 1.10£0. 45 21.25+0. 26 117.1040. 35 0.0740. 01
2% #3J. Wujianyantou 18.2440. 42 2.8440.15 11.68+0. 35 136.4040. 41 0.09740. 03
S Average 16.5240. 27 2.23+0.28 22.0240. 42 137.294+0. 36 0.07+0.02

2.3 hEHEREFEREPESESESENHEX 2.3.1 5 )RR X % Pearson fH X4 Hr
145 47 SR FRWN IR Y Cdy Pb, Zn i 5K

ANEIMFER R E GRS RSP E SR TR
AR 2 3. i T 8 A AEHIK A Cd Il Hg
ARSI 25 i AR (43312 0..05 F10. 04 pg » L71),
BT LAAH AR BT 25 R R o <=7

AR Y A R O R R S IR A OG . MO R
g 0.840, 0.973 F1 0.978, MFkEh Cd & & H5iKlR
hCu 2R EIEMX, MIEREH 0.951, IF
Fer Pb, Zn i 5K Zn, Pb 2 B ERN
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X, MERE N —0.988, —0.986, CAHPFRE
B, /N MR AE RS )R G v B 4 R K R AR T X
4@ 1 A 23 BV IR A B AR A Y. A
P & A R AT RE R S BOA BB 43 /N AR A Y Cd %
RS Co &2 R EIEME, M-S Pb,
Zn SRR Zn, Pb & &5 R 6 R
. /N e FRE G R Cu (0.752) F1 Hg (—
0. 651) 5 Ue oA N 5 4 R 2 H A A G
2.3.2 IFHELKAKM X EZ NRIFERTESRE
5 KFERY Pearson AHICPHE A HT R BT, /N B HRFE 5L 5
IKFEEAG — @A, (AR,
2.4 INEMENELEEE RN

N SR AN [ 3857 A [) e 3 T 4 S a6 7K A o
RN RME 4 PR, A (DFE 34
AN TR E 4 e FE R B Al . /N e MR X 42 8 Cu
FCd 1 46 7 it 35 52 0 B T 4 i Vi B8 4 o 1
TN A A R A £ ) ARG e B 3 K A Hh /N

*x3

AN TR A, T 4 S it B o VA R 0 7K A v R S A
R G OO X AT BB A BT/ R BN A [ ik R
4 )8 1 AR RN ) L RCET AR i R Gk B FAR A
JE DR B A . (2) 7B BR 41 (A TGI8 2 IR 2 L R
LN IEFIE B 48 Cu f1 Cd 1 & B8 LI A
W A e R A AR S RS E SR
EEAAEER RN WIE > EF 58 > 2 > IR
M g0 7K A i 4 T Vi B BG I N R BRI 2 AR
& )8 AN AR R R 5T R PR S I RE AR R B
PSRN B AR A I AN B L 9 U BE AR R B 1
IR B, ) B EEM R 3 Rk
JKAR N Jg R 4 R Cu(F=1. 068, P=>0. 05) Fl
Cd(F=1.706,P>0.05) &£ A BAF B EME.
NI TR R ALAE 3 A i g K A rh A3 o e ) 4
Cu(F=6.121, P<{0.05) 1 Cd(F =4.308, P <<
0. 05) iy '/ 48 HLA 35 22 e vk, U W1/ i B PN O i o
&8 Co fl Cd & S =TI,

NZENERESEESESKE KRR Pearson tHX S

Table 3 Pearson correlation analysis between heavy metal contents of crayfish and water and sediment samples from Lake Caohai

JiE ¢ Sediment

IKEE Water

il Cu #h Cd 4 Pb ¥ Zn & Hg il Cu i Cd 5 Pb £ Zn K Hg
WFAE Crayfish Cu 0. 752 0.766 0. 304 —0. 362 0. 877 - —0.725 0. 056 0. 657 —
Cd 0.951" 0.840* —0.122 0.093 0. 456 - —0.398 —0.555 0.798 —
Pb —0.077 —0. 148 0.973* —0.986* 0.857 - 0.079 —0.062 —0. 304 —
Zn 0. 246 0. 375 —0. 988" 0.978* —0.684 - —0.401 0. 278 0.517 -
Hg —0.433 —0.589 —0.161 0.226 —0.651 - 0.883 —0.619 —0.517 —

e * FRIARTE 0. 05 HHI (AU A KB E .

Note: * means the correlation is significant at 0. 05 level (double tail).

x4

NEBMAEAREREESRENEERR

Table 4 Heavy metal contents in crayfish as related to heavy metal concentrations in cultivation water in laboratory

ELEF L i % KE Accumulation days
Heavy Volume
metal ratio Part 0d 4d 8d 12 d 16 d 20 d
i Cu Xf IR (CK) HF5% Shrimp shell  22.1440.23 24.0540.18 20.76+0.43 9.23+0.33  9.0940.21 13.9540.08
HFA Shrimp meat  7.8640.25  9.94+0.38  6.1340.24  8.39%0.17 7.64+0.16 7.9240.32
ME Viscera 51.2640.11 52.340.19 52.164+0.12 51.9540.29 55.34+0.34 57.1440.27
M Shrimp claw ~ 11.06+0.18 12.67+0.41 12.99+0.35 8.97+0.27 11.15+0.14 11.3240.26
0.5 mL+ L™!  #F5% Shrimp shell — 17.2740.33 20.6940.25 22,07+0.17 22.6340.35 24.39+0.23 28.9540.30
HFA Shrimp meat  7.0640.30  8.0240.21  8.5540.09  9.28+0.27 13.79+0.19 16.7740. 34
M E Viscera 55.9740.25 53.71%0.18 60.5540.20 62.560.47 68.0340.36 141.140.33
I Shrimp claw 8.9140.22 9.214+0.46  9.0040.34 15.28+0.17 12.32+0.25 15.62+0.11
1.0 mL e« L' #F3% Shrimp shell ~ 21.4840.43 20.18+0.26 23.6240.19 24.43+0.41 25.9140.35 26.05+0.21
HFA Shrimp meat  8.8640.21  6.50+£0.19 11.86+0.36 13.8040.22 14.61+0.20 18.2540.38
M E Viscera 54.7640.40 70.29740.21 79.8%0.06 94.910.37 105.440.32 115.1040.19
. Shrimp claw 9.1240.24  9.8140.31 13.48+0.36 12.38+0.12 12.3840.20 26.81+0.24
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(8 E%)
EEAEEES R 0 ‘B RE Accumulation days
Heavy Volume Part
metal ratio a 0d 4d 8d 12d 16 d 20 d
B Cd X #E (CK) WFFE Shrimp shell 060.01  0.0940.00 0.0340.01  0.1040.02  0.04%+0.02 0.05%+0.00
HFPY Shrimp meat 0240.00  0.04£0.01  0.0320.01  0.05%0.00 0.0240.00 0.0340. 00
M E Viscera 69+0.25 1.5540.36  1.6340.26 1.60+0.47 1.2540.30 1.48+0.26
FEN% Shrimp claw 07+0.02 0.06+0.02 0.07+0.00 0.12+0.05 0.02+0.00 0.03+0.00
0.05 mL « L' #F5% Shrimp shell 0240.01  0.0240.01  0.0640.01  0.0740.00 0.1140.06 0.1840.03
#R P Shrimp meat 0840.01  0.0940.03 0.1040.01  0.1240.04  0.144+0.02 0.1740.03
M IE Viscera 56+0.29  2.0240.49  2.0040.37  4.2340.46  6.01£0.30 7.524+0.16
# % Shrimp claw 024£0.00 0.0640.01 0.0740.01  0.08£0.02 0.0940.00 0.17240.02
0.1 mL e+ L™! #F5% Shrimp shell 0340.01  0.04%0.01  0.0440.01  0.09£0.01 0.1640.02 0.2140.08
WF Y Shrimp meat 0840.00  0.08+0.02 0.0940.02 0.1440.00 0.16+0.03 0.2540.07
M E Viscera .6040.49  1.8040.41  4.7740.16  8.1540.35  9.4740.26 10.994+0.11
B Shrimp claw 0.03+0.01 L04£0.01  0.084+0.01  0.1540.04  0.1940.00 0.2340. 06
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HAR R R PR RS, A I R] Dld i
BYHELE WG TRNER, BESER
oA Ay i N AR o N T TR R G 1 AR T 7
AT AL ALy — R o BRAR Y 2R ) 4
R R EREE TS S I L PR A LAY E S B
THP,

ARWFFEETR R, /N UFAS [F) 2H 20 5 4 s 1Y
HEAAW RN ZESN, ZMESETRBTEES
RTE/NTEAF RN IE . T AR A DO RE
TRERTE L2257 . MEBBIOTR AT AR, 2
M LWAF . HRNEEE TR YR
A3 AT AN —, FCJRURT AT B S PR DA K AR AR ) S
o AT E A LA S IR B 2 BT, KA
Y eb i 4 J e R WA S I R A Bl P 1 N T
IR B R, SRR E SR SRR T HA
R

XF B /NIRUR . KR RN Y rh 5 Fh R 4 E AT
R, df ik Pearson AHIGHE P M 45 R KB, HRAE
RS RSP ESES & LARERMHEX
M, S5KFERAMCHEMIFRRE, ERA R
WA R MR, /N IR IR A N 45 8 5 i S H AR
RS R OK AR A - B AT AR OGE AR SCRIT ST 4
W, KRS TR P 5 Bl E 4 R K Y 45 R B
AR RV S R B R S i BT E T KA
. CARFTRRT. U AT LR ISR A R U8
Hh B 4 O T A A T R i AT AR K L I 3
JERUYE T A WA AR 9920 DL B T 4

R E SRR T . RIS YA, Wi
ey pg P T R K R T A B
W UK HEK AT AR ARSI A, KA
R HH B 15 T 00 38 e A e 0 4 0 ik AN AR A H
SR BRI, X AT REE 1 R SR
L TR R A

FNEEEEEARLAR RV, HE SRk
S0 /N RN B 4 i 1) AR A B e
4 Jm B RPN IR N E . B R A A R
L3R B DA A A ) < o kR K A v X R Y
ERAZRME, BN IRIRMAED XN IR U 4R
HARMOIIEE R — B KA S A i B 5 AR
I B PR BB AR SC . VR oK A A Bl G /0 e el
LA 3k R A R 0 B 3R B P i B R TS e
SARBNAR A, I B3R 85 P U R A A T 2k
Az,

Li LR, G Jm IS AN e IR A A
AN T MR PN A G K AR e b
HATMCNE, HEEFHE 5 P s & i, =
ENEENEGE S ERaEZEE.

S & k-

(1] WDy, fetn. ReE B, 4. BRI X 5w KR Z IR ANTIE S 1Y

fEREVRRAE [T]. JLWE/K ™R, 2014 (2): 10—14.

CAO Z F, XIONG J, XIONG G Y, et al. Anatomical
characteristics of the external morphology of Crayfish in
Poyang Lake area [ J ]. Jiangxi Fishery Science and
Technology, 2014 (2). 10—14. (in Chinese)

FEAeA, WO, WAL TR K N e B 4 T Y S a3 B
[JJ. #idegelb B2, 2014, 53 (9): 2140—2142, 2145,

[2]



%2

k.

HMEFDRITHRNELBE R R

B X & 253

[3]

[4]

[5]

(6]

[7]

(8]

9]

(10]

[11]

[12]

[13]

WANG H Q, SHEN Y L.

Monitoring and analysis of heavy

metal pollution of Cray fish exported from Hubei province [J].

Hubei Agricultural Science, 2014, 53 (9). 2140 — 2142,
2145. (in Chinese)
. IR [J]. A%, 2000 (9): 19—20.

TANG X S. Procambarusclarkii [ J]. Biological Bulletin .
2001 (9): 19—20.
FEEE, RMA. WAk, S JLEE MR X LA AR X Y
BeErE [1]. ki RkeE, 2004 (5). 26—28.
TANG ] Q, SONG S L, PAN J L, et al.

(in Chinese)

The selectivity of
several artificial caves in primordial Crayfish [J]. Fisheries
2004 (5): 26—28. (in Chinese)
REYONLD J D, HOLDCH D M.
Blologyreoroductlon of freshwater Cay fish [M]. Oxford, UK.
Blackwell Science, 2002 152—191.
GHERARDL F. Crayfish Invading Europe:

Science

Growth  and

The case study of
Procambarusclarkii [ ]J]. Marine and Freshwater Behavlour
and Physlology, 2006, 39 (3): 175—191.

IR AREL, BEARSE . . EEESS TSR E T IR

SRR [T AR R, 1995 (3). 107—110.

SUNZZ, LINHS, YAO GD, etal. Effects of heavy metals
and other pollution factors on Procamaeusclarkii [J]. Aquatic
Science and Technology Information, 1995 (3): 107 —110.
(in Chinese)

SRIKTE, EFPHIW, REIRE, SE. H 4G JE v IR RS AR Y R I K
Hoxdsg [T]. KRl 2007 (5): 17—20.
GONG L J, SHU X Y, XIONG B X, et al. Effects of heavy
metals on Crayfish and its countermeasures [ J |. Water
Fisheries, 2007 (5): 17—20. (in Chinese)

TR, BELLAME, BOBTE. B P R T G IR B i xR
[J). #EaEwSEFR, 2010 (8): 17—19.

ZHANG HF, LUH M. LU X G.

Current situation of heavy

metal pollution in food and its control countermeasures [ J].

Chinese Food and Nutrition, 2010 (8): 17 — 19. (in
Chinese)

KEIF. BB, XEW, F EEIEUE A R E IR
WY R R D] KRR, 2003 (1), 11—12.

ZHU Y F, CUL Y H, GE Z Q. et al. Biological enrichment
of heavy metal elements in Procamaeusclarkii [ J]. Water
Fisheries, 2003 (1): 11—12. (in Chinese)

S, BRBER. KA. & =R E SR 7E 5 R AR N
W AEARIE [J]. AR, 2008 (9): 1498—1502,
ZHOU L Z, CHEN C L, ZHANG L, et al. Enrichment of
three heavy metals in Procamaeusclarkii [J]. Journal of
Ecology, 2008 (9): 1498—1502. (in Chinese)

L. RO X 5 TG R B R R K R TR A R T e TR AN
[D]. AL ZHCR K. 2009.

HUANG X. Pollution assessment of five heavy metals in
Procamaeusclarkii and its waters in Anhui Province [ D].
Hefei: Anhui Agricultural University, 2009. (in Chinese)
ADEYMO. KUDIR A T. Bioconcentration of lend in the
tissues of feral and laboratory exposed Clariasgariepinus []].

J Med Sci, 2008, 8 (3): 281—286.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

BTN BT, 45, 4% g R BIR ST 5 F i 4 8 & 4R
FRIEMER BFIE T, WK 24 BE 2% 2. 2010,32(2) : 16— 18.

ZHAO B, JIANG C, TIAN X Y, et al. Study on the
enrichment characteristics of 5 heavy metals in Cray fish from
Jinyun County [J]. Journal of Lishui University, 2010, 32
(2): 16—18. (in Chinese)

K. R M, . o IR R W A AT T
J& (1), M B RS (B . 2016, 56 (2): 80—87.
ZHANG M, ZHU C C, WANG Y, et al. Advances in Heavy
Metal Enrichment in Crayfish [J]. Journal of Nanchang
University (Medical Edition), 2016, 56 (2). 80—87.
Chinese)

SR R, 0 W ST v A K M B SR S K AR R R
Mot [D1. BtfH. St K%, 2016.

CAI G . the

(in

Study on relationship between water
eutrophication and aquatic plants in karst plateau [ D J.
Guiyang: Guizhou University, 2016. (in Chinese)

ﬁ%—‘?é REUURT . kTR B A AR KRB Y 5 K

WEFRLRRMH U] stk R, 1996 (2). 22—
24, 39.
CATJ L, XIONG Y X, ZHANG Y M. A preliminary study on

the relationship between algae and eutrophication in Caohai

nature reserve [ J]. Guizhou Forestry Technology. 1996

(2): 22—24, 39. (in Chinese)

By, Zate, %ﬂis S5 JEL I A Ml B U0 AR ) ML A1 T
HSEBM A [T b EFREERAE, 2017, 37 (1)
2723—2730.

LIY, XIAP H, GE H, etal. Temporal and spatial dynamics
of extracellular enzymes and organic carbon in caohai sediments

of plateau lakes and wetlands [ J]. China Environmental

Science, 2017, 37 (7). 2723—2730. (in Chinese)

A N R R E B R R K BUCR B R R 5 GB/T
12998-1991 [S]. dbat: HEFRIE S Mk, 1992.
Environmental Protection Agency, the People’s Republic of
China. Water quality-Guidance on sampling techniques: GB/

T 12998-1991 [S]. Beijing: China Standards Press. 1992.
(in Chinese)

HAe N\ RE A E SRR R
(ST demt. o AR b RAt:
Environmental Protection Agency, the People’s Republic of
China. Water quality STANDARD for fisheries: GB 11607-89
[S]. Beijing: China Standards Press, 1990. (in Chinese)
e B L IR B AR AR, V5K A HE PR HE . GB 8978~
1996 [S]. dbnt: b EAR#E AL, 1998,

Environmental Protection Agency, the People’s Republic of

China.

i My 7K 5 s o
1990.

GB 11607-89

Integrated wastewater discharge standard: GB 8978-

1996 [S]. Beijing: China Standards Press, 1998. (in
Chinese)

rh A N B R R A B R R R
BTN FK I E2ER . GB/T 18406, 4-2001 [S]. jtﬁ:

o [ bR o R L, 2001,
General Administration of Quality Supervision, Inspection and

Quarantine, the People’ s Republic of China. Safety



254

A R A F 3R

%34 B

[23]

[24]

[25]

[26]

qualification for agricultural product-Safety requirements for
non-environmental pollution aquatic products: GB/T 18406.
4-2001 [S]. Beijing: China Standards Press, 2001. (in
Chinese)

A N R [ 505 o B R 0 R e SR AR B
ETNEKE R R . GB/T 18407. 4-2001 [S].
AL P B AL, 2001

General Administration of Quality Supervision, Inspection and
Republic of China. Safety

Quarantine, the People’' s

qualification for agricultural product-Environmental
requirements for origin of non-environmental pollution aquatic
GB/T 18107. 4-2001 [ ST, China
2001. (in Chinese)

SRR, T R TE v IR R A AR R R S R B R R
PSR A EAE A AT (D] m oAt g oat i oK%,
2013.

products: Beijing :

Standards Press.,

ZHANG Z Y. Study on the absorption and accumulation
characteristics of heavy metals and the interaction between
heavy metals in Procamaeusclarkii [ D]. Nanjing: Nanjing
(in Chinese)

AEE S TG R TE R DA Y i AR ) B AR Bl ) 2 AL
ARBFEUEFE (D] M. WL TR R, 2008,

LI X P. Preliminary study on bioenrichment kinetics and

Normal University, 2013.

purification techniques of heavy metals in Bivalves [ D].
Hangzhou: Zhejiang Gongshang University, 2008. (in
Chinese)

LOUREIRO S, SOARES AMVM. Terrestrial avoidance tests

[27]

[28]

[29]

[30]

tool to assess soil contamination [ J J.

Environmental pollution, 2005, 138, 121—131.

EBFL Cd*" L Pbt L Cutt o X o R R B IR A K R AR
WHEMEN (D] M. HMRE, 2012

WANG S L. Effects of Cd?*, Pb*"

as screening

and Cu?' on the growth

of Procamaeuskerneri [ D ]. Yangzhou:

(in Chinese)

and enrichment

Yangzhou University, 2012.

FEE, BEE, RE. EWER IR R [T
ARG, 2007 (10): 1628—1633.

GUO X L, LV X G, XI M. The role of plants in nutrient
cycling in wetlands [J]. Jowrnal of Ecology. 2007 (10):
1628—1633. (in Chinese)

FHEWE . BRER, ERL. EVETE KR SR A T T o AR B A
WA (1] AEFAREE, 1999 (5. 711

YIN C Q. SHAO X, WANG X. Preliminary Study on
Phosphorus and Nitrogen Interception Capacity of Soil in the
of Baiyangdian Lake [ ] ].
Journal of Ecology. 1999 (5). 7—11. (in Chinese)
VERRKE . X e, PRakEE. 5. DR IR IS Y RO EES 5 1B
20T, RSB, 2014, 23 (10): 1708—1715.

XU L F., DENG S L, CHEN J X. et al
Pollution and Its Control and Rehabilitation [J]. Journal of
Ecological Environment, 2014, 23 (10). 1708 —1715. (in
Chinese)

Water-Land Interlaced Zone

River Sediment

(FTfE% 4. k4



