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ApAREHR BN E ) o BT R 58 BUE DI 180 AA
Ji £ (150.0£5.0) g MK (20.04-1.5) cm BLAS HH T
I, BEAILE #% 2 18 FRFHGL T, B4 34T , BT
10, SMSCHk[9], & 8 55 #E 6 A i vk B
(0.000,1.000,2.800,7.840,21.952,61.465 mg/L) , 5%
BITE 24 .48 .72 .96 hid I 1 FE T A AR %L, LA
FE BT 2P B R B S B R B

B2 YIFE R RN (150.045.0) g A 240 B
BEBLSY A A 41, 53 50| 7 5% T4 BT it R 2 0.000,0.764
1.528.3.054 mg/L 7K, B2 34 FAT, BT 20
A TR TE 0.4.7 14 d I IBURE BT 58 50 75 8 4% 21
ZUrby SR A . WK 55 240 R AVICE T 5%
o R B R 1.528 mg/L (/KR 252 96 h ), #6#
B E (0.0,0.1,0.2,0.4 m/s) B TCHHIE 7K o 4k
SLFRAH B 3APAT BT 20 BB, TR UK BR 1.
4.7 14 d WHBCREIF 00 58 2% 2H 20 i & i BIF9E AN TRl K
Tt it G TR N SR T BRASCR
1.2 U=FiEE

AR BT K 26 8 R F AT I HIE G K
MEEE, WE 1R

LK) 5 2. B8R0 5 3. 4815 85 4. 787K, 1. Water flow
direction; 2. Oxygen device; 3. Waste collecting device; 4. Sub-
merged pump.

Bl BEERKRREE
Fig.1 Circulating water device

TR % R 28 28§ R BE U RE
DR BE I o ol T B0 /K
BT 15 mL 2Rb g 04 R 355 R I SE R B 2 UK
AR 7] B LB 5 5 B AR BT (ICP-MS) Pl

2) 41 GUrb g e I SE o R B A S MS-222
(100 mg/L) 7K A BEAT BRI, 1 FH K B D80 sy it
B ALAE AT B 2R UL ST IR, 2 B VO
JE, 25 B BB i B A SR L P, B B0k 8 79 0
22, LA R BRSO RS T . ARA H ZLE
T 15 mL SRL LA b IAGE BRI I 12 h, TF
FEASE IR e NS4 M 1.0 mL PR , 4
TR AT S TF AN, 22 AR T il =V T 5, U v 4D

1.3

JAIMA=Z8K, EFZE 10 mL 4, &Lk H
ICP-MS HEATIAE
14 896 hWLCs R R EIRENE
Z2 SCHRL10], TH5F B 30 T S8 Al 6 vk B2 %
M, >k H GraphPad Prism 8 4 (1) log (agonist) vs.
normalized response-variable slope 437 77 7 #E47 [7] 159
ST, B AR 96 h A BOLHE (1L.CW) LK 9594 B
X 2T ARXT .
LAWE=1C5x0.1 (1)
1.5 WA RRAHIBRE
A= ) BFH & %1 (bioaccumulation factor, BAF) i@
W TR B 4 JE e A AR N i B B T
AnF
BAF:E%i%ﬂ (2)
Horpr, C A IRFIR] ¢ s X 7 1) 20 2 b o 4 ) 2 i
mg/kg; C.,, WA BT ZH 20 1) B 42 & & i, mg/kg;s
Cvaer N REER WY 42 )8 5 82, mg/kg.
18 % (depuration rate , K) 27~ A5 B — B it 7]
Jr V8 B 4 JA 5 R ARDNS T 2 i XU ) e e kR D
DE G T REA AT

Cop — Cuep
K== 7" X100% (3)
“exp

Hp, C,, WA TR IR AL E 4R & i, mg/kg;
Coop WIEBR G HA P E & JE & 5, mg/ke.
1.6 AR MBS KT
H A5 XU £ %4 (target hazard quotient, THQ) #
F T PEAS 4 @ ) 028 0 A SO R XU . Y
THQ=1 W], A 1% 5 4 Ja X AR A7 72 W8 76 1 E 3
YN A i R/ (]
FXC
D (4)

Hirp | F (food ingestion rate) i i A H ¥4 5% A
i, ARG 2016 4F b [E fE R 45, R E R R A
B R IK AR R 40~75 g, B2 (H 57.5 g/
dUM Ayt T I 4 8 1 A i, mg/kg s R
(oral reference dose ) b & 4 J& 1Y 2= % 7| & , mg/
(kg-d),Cd # R {5 4 0.001'""; B(body weight) A A
TR kg (R AF% 60 kg, JL#E T 30 kg 1180 o
1.7 HiESH

K Excel 2019, SPSS 26.0 % {147 £ 48 14 4
HERAHT, BRI DL A2 (Mean=+
SD,n=3) 3R, K KI5 2253 H1 (One-way Ano-
va analysis) M e/ i 2 228072 (east significant differ-

THQ=
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ence, L.SD) Z 5 H B EUE 2517 25 57 W MR 56, DA
P<<0.051F N i Pk 2= Febnife

2 FHR5HMH

2.1

WG hHLCy R R ERE

Wt 5 7 % v BE A Ty S B SRR 22 R

SUWEDK , LN S, B R A BE AT O . BT R
JE B FR UM S R IR RE ST, R B (2R
Yy, SEALA AR B, 68 220K 1 HLR G AT (0, LA Ok 25
S g A BRI (A R X 1 ] 3 SR H
FET-ROF TR RIS R (LCy [ 22 2 i vk
(R 1 2) AL E N 1.528 mg/L.

F1 WEMRE24.48.72 96 hIRERE
Table 1 The safe concentration of cadmium for crucian carp at 24,48,72 and 96 h

ZEEEmF ] /h R R E /(mg/ 1) 956 EHA5 X [1] LA/ (mg/1)
Exposure time LGy 95% confidence interval Safe concentration
24 0.709 9 104.200 40.720~167.700 10.420
48 0.9185 55.140 42.910~70.870 5.514
72 0.947 1 28.940 24.070~34.780 2.894
96 0.970 4 15.280 13.840~19.120 1.528
1oor mg/L) KR h B 5 4.7 14 d J5 , B4 20 2L (T
80F . A
T / B LR Sk ) s A i 3 T
g E eof _
®E 50 INo AERERE 4 AN, 1.528 mg/L AL BRZH v, SPIT
= 40F . e
SE Ll B A0 Sk 2 SRR UL 0.3 185 T X R AL 5 3.054 me/L
1 ; ZH R T IURIRE AL, H A 20 2 R Y
10 100 B
§ RV S (m /L) e ZEE7dEBRE UL E LA, A

Concentration of cadminm
2 RAMFEERBTHNETE
Fig.2 Mortality of crucian carp of acute
cadmium exposure

22 EREABEHRALADIEIRE
TE & S ) i & vk B (0.000, 0.764 . 1.528., 3.054

A B
= Control = 0.764 mg/l. = Controll = 0.764 mg/L
@528 mg/l. =3.054m, m@].528 mg/l. =3.054 mg/L.
_\Eﬁ g 1.0 ¢ E g 0.15
£ S g £ 010 b
= E = E k
I 2 ] £ 005
& .{m il
2T ol : = = oooladal o
= 4 7 14 < 4 7 14
SEELIFIE]/d Time SEEIFE]/ Time
E F
= Control = 0.764 mg/l. = Control =0.764 mg/l.
_ @1.528mg/l. =3.054mg/l. @1.528 mg/l. =3.054 mg/l,
T E 04 = Z 0.004
~ = ~ 8
Eo § 0.3] Eﬂ § 0.003
b § 0.2 ﬂﬁg 0.002]
41 E 0.1 du E 0.001
Es3 ol B 2 0000
e o 4 7 14

4 7 14
SEEIFE])/ Time

A fiF Liver; B: 5 Kidney; C:Jl# Intestine; D: i Gallbladder; E: ## Gill; F: 7 JJl Dorsal muscle; G: 8/l Ventral muscle; H: ffi3k Fish
head. £ b AN [F] 57 B 3R ] — 2 S i 3 B EAS [6) BR B8 ) ) A7 AE 25 PE 25 5. Diffferent letters on the column indicate significant differ-
ences in cadmium content of the same tissue at different exposure times.

3 AEAREREREE THREALATHNERRIE
Fig.3 The cumulative content of cadmium in various tissues of crucian carp exposed
to different cadmium mass concentrations

S IHAE]/ Time

S AE 1.528 mg/L 411 3.054 mg/L 4134 . & This .
14 dJ5,0.764 mg/L 41 BT IR 680 413k 5
1.528 mg/L (8 5 i B R UURD £k D
% 3.054 mg/L 4L BT A 44 o £ 5 0 B2 AH L

YR ET &
C D
= Control = 0.764 mg/l. = Control = 0.764 mg/L,
@1528 mg/l, =3.054mg/l. w1528 mg/l. =3.054 mg/L.
= E 0 5 0025
% E % £ 0020
R 0 & g 0015
18 2 o, E = 0010f
af 42 E 0,005} abffe
B 3o ‘ B = 0.000L8
®3 4 7 14 BS 4 7 14
#A & 8]/ Time H+E 8] /d Time
G H
= Control = 0.764 mg/l. = Control =0.764 mg/l.
w1528 mg/l. =3.054 mg/L. @1.528 mg/l. = 3054 my/l,
= £ 0005 b TN ¢
S £ 0004 EE
£ £ o003 = o
i = 0002 2 g 3
4 £ 0001 4 E
B 0.000 Es
< 4 7 14 i 4 7 14

ZEE A/ Time

ZEERIE])/d Time
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Table 2 Bioaccumulation factors in tissues of crucian carp at 4.7 .14 days of cadmium exposure

24 0.764 mg/L 1.528 mg/L 3.054 mg/L
Tissues 4d 7d 14d 4d 7d 14d 4d 7d 14d
IlHj/: 0.073£0.006 0.1304-0.051 0.776+0.278 0.08040.007 0.1724+0.009 0.757+0.114 0.03240.010 0.110+0.025 0.5054-0.029
1L
K'd% 0.015+0.007 0.0234-0.004 0.036+0.015 0.00640.006 0.015+0.004 0.057+0.019 0.00840.002 0.029+0.010 0.03940.008
i
Itﬂﬁt' 0.048+0.025 0.0144-0.010 0.214+0.323 0.03140.026 0.1424+0.015 0.198+0.114 0.01340.009 0.101-£0.050 0.19040.073
ntestine
i
(,‘.” 0.033£0.004 0.0274-0.007 0.047+0.005 0.03140.028 0.041+0.006 0.054=+0.009 0.0184-0.002 0.030+0.005 0.13540.035
3
H
- 0.003-£0.005 0.0094-0.003 0.011£0.006 0.0064-0.001 0.006+0.002 0.016=+0.003 0.0024-0.000 0.005-£0.001 0.008=4-0.001

Gallbladder

He
D Fiﬂﬂ' | 0.000£0.000 0.001£0.001 0.001=£0.001 0.000=£0.000 0.0014=0.001 0.0024-0.001 0.000£0.000 0.001=£0.001 0.001=£0.000
orsal muscle

v tﬁﬁlﬂi L 0.000£0.000 0.000=£0.000 0.0012£0.001 0.000=£0.000 0.0004=0.000 0.0014-0.001 0.000=£0.000 0.000=£0.000 0.002=£0.000
entral muscle

113
PI? J 0.54340.159 0.66970.244 1.12720.110 0.31920.035 0.4304=0.018 0.6494-0.120 0.245+0.045 0.298=£0.031 0.426=£0.050
ish hea

23 FRIAEEZREATRIRE B8 Sk 2 TP ) e o e T IR TR BR AL, AR
leﬂ(ml%(0.0\O.l\O.Z\O.éL m/S)E"Jﬂ(ﬁWjiiF Eer1E/JfHAE'§Uﬁ7[‘|—J$Ir‘E/JiiﬁH V7 d S

B0 APHL AL ) F'zzn@wfn
L BEAL. 33 N RS W 4RI A E A

uﬁfiﬂi"ﬁxﬂﬁzﬁ RAEME PR WAKFR1LAE,
O 0 S A b ot g B Ay R TOAERARE 0.4 m/s AR 5 D 93

TR EEZES . W4 A, AFRE T E, TR

A B C D
= Control  =0.1 m/s = Control  =0.1 m/s = Control  =0.1 m/s = Control  =0.1 m/s
X @ 04m/s =02m/s - m04m/s =02m/s = m04m/s =02m/s w @ 04m/ls =02m/s
%3 é.g %% 008pab, . T3 04 %% ooisra
= 8 .. - Bp S g .
£ S 06 2 g 006 abb bb ge 03 b £ 2 0010/, 2
= £ o SEom SEw 5 "
4 E 02 4 E 002 o E 0l ba, B ADC b 4 E 0005 b
B < = e < B <
& G 0 1 4 7 14 E © a0 1 4 7 14 ¥ o U0 1 4 7 14 & et 000 1 4 7 14
T BRAFE/d Time T BRAFE/d Time TEBRAFE]/d Time T BRAFE]/d Time
E F G H
= Control  =0.1 m/s = Control ~ =0.1 m/s = Control  =0.1 m/s = Conirol ~ =0.1 m/s
= E oog = 04mis =02m/s _—r @ 04m/s =02m/s . 0003::: 04m/s =02m/s o8 @ 04m/s =02m/s
x 2 =~ & o 8 x £ 08
S0 S O.% o S = B = = 8
2% o £ § 00 ELE T Zgos
NN 2 o0l " E 2 0001 iz 5 04
4z £ 002 a E 4o E . 41 E 02
I’ = I I E =
FS O BE 0 r ES 0 T BSOS

FEBRIA]/d Time

TRERIE)/d Time WBRI L/ Time VRN /d Time
A: i Liver; B: ¥ Kidney; C: i Intestine; D: i} Gallbladder; E: #8 Gill; F: ¥l Dorsal muscle; G: I JJl Ventral muscle; H: ffi 3k Fish
head. H: A7) 55 305 [A]— U8 &t 2N R KLU B 5 7P (E 22 5 . Different letters on the column indicate that the cadmi-
um content of the same tissue differs significantly after removal at different water flow rates.
B4 FARARERKEREHZHLPRSE

Fig.4 The content of cadmium in various tissues of crucian carp after removal at different flow rates
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2.4 WRRAS KK

T 5 A [a] Jo i e B 4 (R K AR rh 2 B 14 d S
Al IR G LB IIL A3k ) BEAT LR A , AR 4l
PRt % i S i AN [ 23 D N 2 AL B 4
ZERANE S P . fEWIIFIG 285 4 d i, Sk EAY
T XU , B %% 55 I 8] A 30, 3 UL IR DL L 1
S B9 £ B 3z 20 BT, HIL#E R THQ ¥R T

AU

TE AN [ 7 38 B4 7K MR TR i B 14 d s B8R £
SBT3 AN 6 s o TEBRIK B 5 4 K,
XTI, S LR WU ) THQ=1, 158 1
B bR X T ILE T 65 L UL R 7 R
7 dJEIAEIE bR, A TIPS, 3 4 2R
K BR 14 d J§ THQ A KT 1 AR R AF B R B

WA, JBULE @GR RAETE K XK.
A B G
wm Control =(.764 mg/L. wm Control = 0.764 mg/L. == Control = (.764 mg/L.

S5r em1.528 mg/l. &= 3,054 me/l.

Or em 1.528 mg/l. ==3.054 mg/L.

6.0 o= 1.528 mg/l. ==3.054 mg/L.

®q g B e
4 M6 N30
CES 2z Lk
K& 2 = 4 K& 10p----------- &
S . = B 02
: Sy 2! I
1 1 1
0— 7 14 L— 7 14 00— 7 14
FeEE I E])/d Time FEERIHE]/d Time ZEER A /d Time
D E F
== Control =0.764 mg/L, == Control =0.764 mg/L. == Control =0.764 mg/L
12,0 == 1528 mg/l. = 3054 mg/L. g0 1528 mgl, == 3054 mgl, 120 - = 1528 mg/l. = 3054 mg/l.
w80 % 0 % 80
& 40 Pl & 4
E 03 B 003 B 005
= b =l M0 =, WNJIN TN = &N JTH TN
0.0 L 0.00 0.00
4 7 14 4 7 14 4 7 14
JEERIE]/d Time SEE ]/ Time ZEERIHE]/d Time
A Adult; B: L Children; C: i Adult; D: JL# Children; E: i\ Adult; F: JL# Children.
E5 wmEEFRHETINAB.JEMNC.D>F&L(E.F) BIRRK RE
Fig.5 The target hazard quotient for crucian carp dorsal muscle(A,B),ventral muscle(C,D),
and fish head(E,F) after cadmium exposure
A B C
mm Control = 0.1 m/s mm Control =3 0.1 m/s mm Control = 0.1 m/s
3-r mm02m/s = 04m/s 6 mm 0.2 m/s & 0.4 m/s 4 m 0.2 m/s =2 0.4 m/s
et
S
& &
X &
E O OWINREGE """ %2 RNl e € M geeccnccacaaan.
m
1 4 7 14 1 4 7 14
Y FRIHE] /A Time Vi BRI /d Time TEBRISTE]/d Time
D E F
6 mm Control = 0.1 m/s 60 mm Control = 0.1 m/s 90 mm Control = 0.1 m/s
= @m 0.2 m/s = 0.4 m/s £ @ 02 m/s = 0.4 m/s m 0.2 m/s = 0.4 m/s
> M 40 6
W 4 & W&
e == ']Hﬂh I &< 0 lf
E £, B2 | s 2 [ s
m 1 ccdllcccccaaa:

1 4 7 14 1
JEBRISE]/d Time

A
E
H 5
E

B IFE/d Time

7 14

—_

4 7 14
VBRI E]/d Time

A: B Adult; B:JLZE Children; C: B Adult; D: JL3 Children; E: A Adult; F: JLE Children.
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Accumulation and distribution of cadmium in Carassius auratus and
effect of water velocity on its scavenging

WEI Dangiu', HUANG Taotao', YIN Jiaojiao', ZHANG Xuezhen'*

1.College of Fisheries ,Huazhong Agricultural University/ Engineering Research Center of
Green Development for Conventional Aquatic Biological Industry in the Yangtze
River Economic Belt,Ministry of Education, Wuhan 430070, China;
2.Key Laboratory of Environment Correlative Dietology, Ministry of Education, Wuhan 430070, China

Abstract
a theoretical basis for economic, safe, and rapid solution of the problem of heavy metal enrichment in fish,

In order to understand of the accumulation rule of heavy metal cadmium in fish and provide

crucian carp ( Carassius auratus ) ,a commonly farmed fish in China, was used as the test object. After deter-
mining the safe concentration of cadmium in crucian carp, crucian carp were exposed to water containing dif-
ferent concentrations of cadmium for 14 days. The accumulation and distribution of cadmium in various fish
tissues were detected by using an inductively coupled plasma mass spectrometer. Then the crucian carp was
transferred to clear water at different flow rates for 14 d.The effect of different water flow rates on cadmium
removal from fish was compared , and the non-carcinogenic dietary risk of crucian carp edible parts was as-
sessed after exposure test and clearance test, respectively. The results showed that the safe mass concentra-
tion of cadmium in crucian carp for 96 h was 1.528 mg/L..Cadmium was more enriched in the crucian carp
head and liver, but less enriched in the muscle, and cadmium enrichment degree was positively correlated
with cadmium concentration in aquatic environment and cadmium exposure time.Cadmium in the crucian
carp muscles and gallbladder was excreted faster, while cadmium in the liver and kidneys was excreted slow-
er,and the clearance effect was the best when the water flow rate was 0.1 to 0.2 m/s.After exposure to cad-
mium in water for 14 days of , the crucian carp head and muscle had the potential risk of non-carcinogenic.
After cadmium removal from water for 14 days of, the muscle could reach the edible standard, but the fish
head still had the risk of food.In summary, there are significant differences in the accumulation and capacity
ability of cadmium in various tissues and organs of crucian carp.Appropriate water flow rate is conducive to
the discharge of cadmium in crucian carp, and the cadmium-contaminated crucian carp need to be removed
from heavy metals before it can be eaten.

Keywords crucian carp; cadmium; accumulation; depuration; water velocity ; risk of consumption
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