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Copper enrichment status in crayfish (Procambarus clarkii) and its
environmental sources analysis

ZENG Xiao-Yu, SHEN Chang-Xin, ZHAO Fei-Yue, LI Yan, WANG Qiao”,
LIU Yan, GONG Zhi-Yong

(Food Science and Engineering, Wuhan Polytechnic University, Wuhan 430023, China)

ABSTRACT: Objective To investigate the copper content in Procambarus clarkii and its culture environment, and
explore the exposure status and possible environmental sources of copper in Procambarus clarkii. Methods
Procambarus clarkii and their culture environment samples (water for farming, mud from the bottom of a pond) were
collected from major Procambarus clarkii farms in China, digested by microwave digestion method, and the content
of copper in the samples was determined by inductively coupled plasma mass spectrometry. Results The average
content of copper in Procambarus clarkii was 10.22 mg/kg, and the accumulation of copper decreased according to
the head shell, back shell, hepatopancreas and meat, and their proportionsin whole Procambarus clarkii were 17.74%,
15.97%, 8.75% and 5.11%, respectively. There was a positive correlation between the copper content in Procambarus

clarkii and the copper content in the bottom mud of aquaculture pond, and the correlation coefficient was 0.39. The
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copper content of Procambarus clarkii in A Province was significantly higher than that in other areas (P<0.05).

Conclusion The copper content in Procambarus clarkii and its aquaculture water in China is within the standard

limit set by the state, but in some parts of crawfish farming pond sediment of copper content exceeds the national

standard, and the pond sediment is an important environmental source of copper content in the Procambarus clarkii,

which pose a potential risk for the safety of Procambarus clarkii. Therefore, it is still necessary to strengthen the

supervision of copper content in crayfish and its breeding environment.

KEY WORDS: Procambarus clarkii; copper; enrichment status; risk assessment; source analysis
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AINTEIR, RS04 G IRR AR, BT 4N
Procambarus clarkii, ZiR5Z KAE &1 728K 5 H
F/AN AR A KRR ZR AR, HHEYREE S, HA
BRI, P, W) 32 3058 b 8 4 8 15 Y ) 5
MU NI R B 4 TR R B ARG, X 4 At G
E, B, EPPEF EIG Y bIX, N LA 2 R
TN 12.00~82.30 pg/g(TH), MARZZT5YLHLIX /N EIFALA
LAV B AR 2.00~40.00 pg/g(T-8)12, 1929 4E, /M
W2 H AR AR ES, KI5 T iE KR Ry /N Jp i 32 22
A 7 AN B 0200 e SRR, NI ER A S
R AWK, HHRTHRSTHE, Bk 2w E 5k
TIOR3l AN S i e IS §1 1 4 i [ VA 2L 1 S E U7
4[], 5 | RS [T 2 10 v T B SR e L
LRSI IR IFRA . 28 M A% 2= 3 X /N R SR RE AR R 47

il

Korilll, Z5SRERW, iR /N B SFULA R 0.18 me/ke,

ZRIN/NEURER &8l 15.16 mg/kg, &7/ N EIRSR & &
9 24.53 mg/kg, YA NY 5073—2006 LA ERM K
PP A FEYRRE ) TR K RN
50 mg/kg HIZR

KT/ NI MR e 0 SCRRRGE, B 1998 4EJY R
e BB, SRS Ty, (AR#H 2
EEXPIL BT MU T 0 NE B S, AR RE R
LB HRFERGE, I HLER = X H IR IR 2 A BITRA
WF5E . Ik, ARBFFEARAE C/NIRER Ik 45 (2020 4F) ) B,
PERBEIR /N AR SRA T R HE A AT 8 AN BT, XN E

UF K FCSRFE PR BT HEAT RAE, 0BT/ Je SRR A B T 3R B AR
BURIF IR T R IE & AR, DAy NI 0F 77 ol Al e . Je
RIS/

1 MRI5R%

1.1 E5RF

PX124ZH BT RKF-CREE 0.1 mg, EEBIEHLISA
FRZNF]); Multiwave PRO #5508 T4 7 22 58 (R H A Anton
Paar A+]); 09A24S HFERA (¥ 1 2= AL B A R 2 FD);
Milli-Q Integral ZH /K il 525 (3¢ [ Millipore 23 F)); FSH-2A
WML A PR F]); NexION 350X HLEHE & 452
FAREEIX(SE E Perkin Elmer A F]); 0.22 pm., 0.45 pm Rk
B BB (R e Tl YA S 3 18 25 A B A )

SRR (LG ali, 11 BR se FE A1), KUR BT K i [GBW
10050 (GSB-28), HuBkYyRLHIIRLFHIEVIFIT], Anik
TR . BERRERE A (1000 pg/mL, EHA Q48 a1
PRI ) .

1.2 #ERERALE

et C/NEER & S5 (2020) ) SEIERE 4 A3
BFFAE AR HER TR 8 LI AE M EUE b, ik
PR SR A R R M IR A TR A, HERAE 47 1/ NJBAF
FHARKIREGREA . B/ NIRRT 3 AT, 200
B BOREt I 3 NIRRT B7 i, B B 2 AT — R |
T, BRI REUN, B RA#ET R TE 2.00~3.00 kg Z ],
BA N IRFREZY 30.00 g, £F4 SC/T 3016—2004 {/K7=
SRR L) MEESK, FRA AR AT B /N A B SR
[, WAEZKEE 3.00 L, JetE 1.00 kg, FHAUKAER A MR
16, JRREN W IE TS HE 20.00 cm YRAL . SREE S B BB
fFEE 1,

FESIE S, FIRF VKB IR AF, 24 h PRRERE SIS 2%
FN LIS ATAO I . X R AR (/N e A i 1A 7 A 0 o,
TR B — BRI SRR RE, ZEFIARUFREP LSRR 15 HA/MHEIE
RS R /NIRRT AT A 300 5 ek 45350 43 HEA 7R o A S
Wi J5 PS5 TR AILKE 450 A Iy IR A B A B8 I 5. X
TR AR EEAR, AR HT 493—2009 7K T RAERE
b RS BB AR E ), B 10.00 mL #E4%, FH 0.45 pm
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UEME I8 T 15 mL .08, A 100.00 pL R i pH<2,
A7 5 °CUKAE o X T REM/NEIFFRIE I KRR, S
W8 HI 803—2016  HEANIEW) 12 & ETRElE T
IR PRI F B 5 A5 S PR TL ), BRAR S P R |
MR AFERY, TR M B R
0.15 mm (100 F)if, A ABLEMEE T B T4t

®1 RKESHERKE

Table 1 Location and number of sampling points

Hh Hil PRIV

L 6

HH 6
AE SS 6

QJ 6

SY 6
B4 JH 5
cH HQ 6
D4 HR 6
A1t 47

T AR SRR 15 A HAE 27.00~33.00 g, 754 SC/T
3016—2004 KF 10 HHKTF 400 g (%K,

FREX 1.00 g H 5Tl S HMHES, A 7.00 mL 52,
A I A AT R, R, ARk ERE
25.00 mL, i 0.22 pm MRS EHLHT
1.3 SWEE

AWM 3% GB 5009.268—2016 (& hhi4
EZrE 2R MNE ).

1.3.1 ©BAREF B THAES V&4

L (Rh)TCE N bR, R 3l RE 1 7 (kinetic energy
discrimination, KED)RlifAE=CR H AR TR . FibAS
TR 0.92 L/min; HBIR AN 0.4 L/min; & FIKS
WA 15 L/min; SR 1500 W; AR ES, 8
T A 0.8 L/min; TR S0 SR SR, BT b 3t <
MR S mL/min.

1.3.2  ARAEER 6 B4

FHBR VA (2:98, V:V): B 40.00 mL fERINA 2 L 24
i, FBAiKES.

FRRUE TARMR: BRI AR ERE 257K (1000 pg/mL)
0.50 mL F 50 mL Z¥ & i, ISR K (2:98, V:V) B X,
RAFIC1.00 mL, HUCGERR 50 mL, 1535tk
200.00 pg/L MIHIARAES TR, WL MR, Mol 6.25.
12.50. 25.00, 50.00., 100.00. 200.00 pg/L HIFRAERFIER .

R B AR TR 25 (1000 pg/mL) 25.00 pL F
500 mL ZE D, MNAHBRIEE(2:98, VIV)ER, IRSEIT

133 ZEFik

H 6.25~200.00 pg/L (1A BRE T AE 7 AR HLIBHE & 55
B PR 3% (inductively coupled plasma mass spectrometry,
ICP-MS) i, RIFFAELEMMNAER, 23l Lh Cu AR
TR BE AR AR (X, ne/L), WARIE R AABAR(Y, cps)AIbRifE
2k, 2k 7 B Y=0.0003X-0.0007, % £ %t
r’=0.9999, PFnEICETE 80.00%~120.00%22 18], i %)
LR R RAY, A5,
1.3.4 FiEEiE

SR FEAERE [ Cu: (10.30+0.70) mg/kg](ZEH3HL 0.20 g)
A TR SR S0, bR R B TP S e (Y 1.2
3%, BOEAR R 3 AR, BAKEIE 3 A4F4T, [
WCRFE 90.81%~96.60% 22 7], & HAHE & A b By 1k BE A
W5 /N R 8 o AR U T P A AR I 52 285 SR AE A
SEMEVE R, R Ry B R B . bR DS R 4
R 2,

F2  MAREYURIELE R (n=3)
Table 2 Results of standard recovery test (N=3)

HIMbR/ug findrt/ug JnbRIE ug BTk /%
2.09+0.11 2.02 4.06+£0.31 96.60+1.81
4.14 6.17+0.22 91.34+2.17
6.15 8.22+0.57 90.81+1.48

1.4 HiELE

fifi F SPSS 25 Fl Microsoft Office Excel 2016 K {4: X%
PEAEAT AT A I . GEit o s SR S Y A Ml 2200 %
7R, KM Pearson MHSCHMHT AN ST/ N R IR AR it K 5
ZXF N (R PR B AR AS i e 2 ) R e, SR R 2
225l (least significant difference, LSD)EE:UFT £ & Ho&L

2 FER5HH

2.1 AEFEAM/N R ENREKTE

G [ 4% TR BEIRAE ) /N I AR B R e AT s R LR 3.
H4E NY 5073—2006 #LRE (7K 5 BR AR HE Cu /N TF45F
50 mg/kg, BT LAJ B4 7 Hiu /N RS bR £ B R AR B
G, /IR R 5 0 ] 2 5 KU A/ o RLAR YR R A A
IR/ N IF HAR  EE E 10.22 mg/kg, BEE T 2015
HEAE PRGBS R (9.2 mg/kg), I AL/ g AR
A AR A o A H N R b AR S 3 HE T R
SS>QJ>JL>HH>HR>SY>JH>HQ, HHHELERT 4 A A
B, WEEITAROLER DR, A B/NRIR RS
i W T HAE 73 (P<0.05), A 5T R, H5eokr=h
B B S IREE AR O R A IR OER), A BN A /D
TR MR FE PR AR v R e A 1y .
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3 TEIFRGEF # N EMR A R Y & 58 7K S (n=3, mg/kg)
Table 3 Exposures to copper in Procambarus clarkii from
different farms (n=3, mg/kg)

Hy Bl 10 ¥E SRR 4
QJ 8.31~17.39  13.17+3.36 12.97
JL 8.57~13.44  10.87%1.65 10.75
AB HH 7.99~13.04 9.64+1.80 9.26
SY 7.97~9.91 8.77+0.85 9.31
Ss 11.60~16.33  14.49+1.68 14.39
D4 HR 6.82~12.15 8.88+2.08 8.41
CH HQ 4.61~10.57 7.6442.35 7.40
B4 JH 7.92~10.98 8.68+1.31 8.03
SR 4.61~17.39 10.22+3.33 8.07

R4 TEFESH/DDIMERESEKFEEEE ISR
Table 4 Significant analysis results of copper content in
Procambarus clarkii from different farms

N o 212

FEHBY  FRHEIL MM ng_ﬁ W w
= TR R
A% DA 6.89% 1.06 0.00 468 9.1
B# 7.09% 111 0.00 477  9.42
cH 8.13*  1.06 0.00 591 1034
DE A4 689 1.06 0.00 -9.11  -4.68
B4 020 111 0.86 212 252
cH 124  1.06 0.26 098  3.45
BH A% -7.09* 1.06 0.00 942 477
D%  -020 1.11 0.86 252 212
cH 1.04  1.06 0.36 -129  3.36
C4H A4 -8.13* 1.06 0.00  -10.34 591
D& 124 1.1 0.26 345 098
B  -1.04 1.06 0.36 336 129

e # ORI A4 B E 22 5 (P<0.05),

22 NEAMERARERRIFE S &5

K 47 0y A IRIE MRS/ N IR AT AR, 23N
kot woe. WU JIFBERR 4 3843, 4348 1.2 F1 1.3 B
RHEAT AR B L A S R, MESR K 5. hiEk 5 Al
R, /NI SR A IR (A HE Y O A Te> B> Sk
Fe> LA, IR S HABRE e S B A e S SR
/NJESRARRT R S BE f AMACEY 24.62%, T RS
AR SR I 2 B/ N T B R AR R Y 13.86%, BB/
Jedr e AR R TRy o /NN 2 2 5

K, JERETER K 0.37~326.50 g/ A2, BIAEEST e 4 2 A
BE, 38 i /N R AR B S R R D A 40
FIT AL B A N B A 45 A BR 2~3 mg™, PRI i
FH /N B T 5 A e ek AR A 2 4 XU 41K

x5 NEIMERREZPLAIE S 5% (0=3)
Table 5 Distribution of copper content in different parts of
Procambarus clarkia (n=3)

i S E EALBE S MR ERE A
/(mg/kg) 1% 1%

%5 7.92+5.54 22.78 17.74
e 13.28+8.75 12.23 15.97
NG| 3.56+1.27 14.60 5.11

JHF IR A 8.89+5.00 10.02 8.75
HoAth 12.35+7.62 38.93 51.43
&R 10.22+3.33

23 NENMFEFRESPHESESHREXERR

ARBIFEIRE T /N MR FH 7K b 30 R U8 P 4 A 5
MELE R I 6.H3 6 AT, Fra Ak P4 & HH97E GB
11607—1989 (il K Fibnif ) HLE 1 10 pg/L JEFEIAN, Ui
B X /NEEFFREE K %45, HR. SS. JL K4y QJ fyith
SEFCYRREA A 4 S T GB 15618—2018 { - IEIREE
AR b 385 Y KU AR EGRA T) ) HUE ) Cu /T
T 50 mg/kg, BERALL E 30X INGEXT /N R RR SR A IR (Y
PR, A XN R AR SR A SRS R 15 1 R AT

NI IR R i 5 SRR PR e £ 5 22 [E] ) Pearson
AT AN 7 iR, 3 7 I, /NBIRS FE5E b
TENC YR AR & HAA TEAHDCE(P<0.01), T/ g iR 4 5 &=
5K i S 0 R AR, g SRR I IR A /N AR
AR B R TR IS U, ST A R — s
WA WIEE NN, /NI ER b 8 5 3R A R K T AR
AL HAT IEHISEHER 0 (AR A B

&6 NEANFERK, MBEREFESEIH0O=3)
Table 6 Analysis of copper content in Procambarus clarkii
aquaculture water and pond bottom mud (n=3)

FEA X 112 [ P
QJ 0.20~1.79 0.57+0.61
L <LOD~1.39 0.38+0.80
HH 0.14~6.43 1.41£2.49
King/ly SY 0.54~0.91 0.74+0.14
Ss 0.81~3.26 1.30+0.96
HR <LOD~2.32 0.87+0.96
HQ 0.07~0.27 0.17+0.08
JH 0.23~0.51 0.3420.11
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< 6(4) Toxicol, 2020, 252: 51-96.
)FF[];. b X Ji ﬂ,j{a [5] KOWALSKA-GORALSKA M, DZIEWULSKA K, KULASZA M. Effect
QI 32 67~54.32 42 584818 of copper nanoparticles and ions on spermatozoa motility of sea trout
(Salmo trutta m. Trutta L.) [J]. Aquat Toxicol, 2019, 211: 11-17.
JL 51.37~59.16 54.41+£3.07 [6] BARRETO DM, TONIETTO AE, LOMBARDI AT. Environmental
HH 30.86~41.13 35.99+4.09 concentrations of copper nanoparticles affect vital functions in
Ankistrodesmus densus [J]. Aquat Toxicol, 2021, 231: 105-720.
+/(mg/kg) Sy 26:00-28.04 27034083 [7] AL, JHW, S, S5 0YIRIICEAK P Sh A KRS i
SS 51.43~55.94 54.16£1.66 W], FAARMIESE, 2020, 43(7): 155-158.
HR 55.89~65.94 58.33+3.76 KOU HY, ZHOU M, HUANG YH, et al. The effect of copper on growth
and immune of aquatic animal [J]. Feed Res, 2020, 43(7): 155-158.
HQ 26.49~33.82 29.57+2.63 [8] WANG P, YUAN Y, XU K, et al. Biological applications of
JH 28.30~30.25 28.90+0.80 copper-containing materials [J]. Bioact Mater, 2020, 6(4): 916-927.

1 K R (limit of detection, LOD).

F=7 NEMPEESESFEREFEEEZEM Pearson HHX
Ly

Table 7 Pearson correlation analysis between copper content in

Procambarus clarkii and copper content in cultured environment

FEbh L + 7K
IF 1 0.39%* 0.22
+ 1 0.22
7K 1

TE: #URTE 0.01 ACECBUI) |- B E A X
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