510 B8 6 M [ A S = = Vol. 10, No.6
2014412 A4 South China Fisheries Science Dec. , 2014

doi: 10.3969/j. issn. 2095 —0780. 2014. 06. 008

RERENGRSHSAESERBARSERLMN

XK, TweE, HFEHE, TEN, ZLXE,

ITF, %ﬁ% B, KAE
AT, 1 #85 266002)

FE: SRR E T R 5 VR4 E X 1755 2 (Apostichopus japonicus ) #1Z W REMERL W, @i 24 h, 48 h,
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Effect of different copper salts on acute toxicity and histomorphology
of juvenile sea cucumbers

LIU Tianhong, YU Xiaoging, GUO Pingping, WANG Zhigang, WU Zhihong,
SUN Yuangin, SUN Fuxin, WANG Juan, MA Danping
(Marine Biology Institute of Shandong Province, Qingdao 266002, China)

Abstract: The toxic effect of different copper salts on juvenile sea cucumbers was studied by acute toxicity test. LCs, and safety con-
centration of two copper ions (CuSO, and CuCl,) were determined by statistical analysis of dead numbers of juvenile sea cucumbers
(Apostichopus japonicus) after treatments of 24 h, 48 h, 72 h and 96 h, respectively. The toxic effect of different copper salts on
foregut of juvenile sea cucumbers were observed on paraffin section with microscope. The results show that LCsys of CuSO, on juvenile
sea cucumbers after treatment of 24 h, 48 h and 72 h were higher than that of CuCl,, while LCy, of CuCl,was higher than that of Cu-
SO, after 96 h treatment. The difference of toxic effect of juvenile sea cucumbers exposed to the two copper ions within 48 h was very
significant, but was not significant as the exposure time. Corrosive actions were observed in digestive tracts of juveniles treated with
two kinds of salts (with concentration of 0. 06 mg-L ™" as copper ion) , which resulted in connective tissue layer separating from the ep-
ithelial layer. The toxicity ( corrosive action) of CuCl, on digestive tracts of sea cucumbers was greater than that of CuSO,. Different
anions of copper salts had antagonistic effect to copper toxicity.
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175 H 2 (Apostichopus japonicus) , 1 B ifF 2 |
Rz, BHESWIT. BN, BFH. fl =
Bl iR EE AN FEREMD R,
SR R ARG UEANBOR B9 Ab &, X I
B, XB. FHE. EREFERAIRITIE
R, s ESREE A, Wl T RS 5RM
G, BRSSP EANmER. SRPIES
FTHTE )t 4 SR B ok 7 A R R i is e,
R — AR TR E. KH. KE
FAT 0 b i a5 e 4 (Cu) k= shiy i
THMETEZ ", YLK EBE R K
RERE TAEEMEM. KM, 2K
BF(Cu*" )@l — W, 5518 Cu ety
PR AR AT R BB R E
H— M Cu Xt 7K A= 3h ¥ 40 il R 3 1 A0 4H 41 5 i
S8 Al B 43 A B 45 5 T B AT AR AT R
BUNDRIDGE ") % 319 2 ( Pentacta anceps) 143 il
2 ( Stichopus chloronotus ) JH AL 18 BE 73 Wh— F 1 AL i
THALR R A A S, 8 B A A 4 O PR R
BIRBELH L, BUREE Cu B A8 B — Fh 00 1 4 5%
BHEY R, BEAS RGP A %55 SH
BT B 5 LA B BR 4R ( CuSO,) i1 4R k4
(CuClL)2 P FIRHEE X S ST FR IR, e
2 FhOR [ SR R A Cu®* Xt 42 i 2 358 B i ok
(LCsy) M4BT (SC) , MEEWIE X212
WAL, WAHHS G R EHLE, K
Tl R A [ AR Sy 1 2 50 5 25 0 s o SR AR 8
PEHE, WA T RIS RN 25 .

IRk
L1 KB

P2 412t E MG R N 1L AR Ve
AR B K R BT 0REE, FrA 42 8E
— AL, PRBUARTE R 3 ~5 g EEFRAMER 5% 7
d, FHEMEEXES BFRE 3% MLl 3 TR
(K43 7.90% ) W7 A Rk (YSB) , e B i 75 5
gk, RBET 1 d AEHE,

1.2 RKEHZE

1.2.1 I p A5 IR E A
FBEHIRELI EHIT; KIE(16 £1)C, BAFER
BYREERIBHIE M =6 mg-L™", 24 h REJK B4 ;
pH 5 7.96 ~8.20, A dEF AR 8. 00 F115; 00
WE2 W pH; #3118 £0.34; MKk HELHA

B, 2T, Co’ WAKFREKE N
0.001 mg-L™", 454 GB 11607-89 w4 i Bk B <
0.10 mg-L'fFR &,
L2.2 ZaHFEHEE kR SCEk[16] ~ [18]
B, RE KR 4 3 ) CuSO, F1 CuCl,
(CuCl,-2H,0 F1 CuSO, -5H,0 F 4+ Hr 4k ) 100% 3
FEHIBRAR IR E S 0% S 1 i RIRE S, Wk
FEXTEOI S 22 % 5 AN, 1 ASXFIRA,
WA 3AEATAH, B HBCE k57 (3. 88
+0.32)g IS 10 R T EF RS . RA#K
B, BRI EE, MEILF 24 h, 48 h, 72
h 196 h Z£HKNSHIET-$L, BERTE; HIET- A
(BUABESIHR - 18 CLAFE, T HIBAN Cu*' i
BB E ) s MY (FERAM) . 456X
BRL19 A R 22, I 250 12 ) Wi b R 25 45,
Bvintit, HAE, Hofiesdrka. RiE, B
r=, mER.
1.2.3 HIZ 5 AL 2EMERA RE 1.2.2
45 R H CuSO,/ CuCl, S PERE Ve H ) ok B
TG, WXTHRA 14, B 10 HfilZ, 24
h [5G ARAREIRI S . BUS B B 2 Tk B (Bioun's)
WP, [EXE24 h JFEpyE. REVEEEER K |
THIRBW, Aal, MELU R (EERT
pm) AN FLgeta, hHENRE R, BHET
WREL LA S5, B0 B A R
1.2.4 HIBHEN Cu®* FH5uE
T 5009. 13-2003 £ k5 H 4 1 3 5 o
1.3 HiELE
{8 A SPSS 13. 0 HH G it #AFi+ 55Kk 24 hy
48 h, 72 h #196 h [ LCs, 245 H i 95% E A5 X |H],
RHBHEER T 250, BEKFEHR P <0.05 Bk
Fi Tukey keSS T2 H AR, I EHE LOF31E +
PR 2 (X +SD) FR o
FAREWE A AR .
LCE x0.3
TLeEy?
ics)
A LC A4 24 h L, (mg-L™') 5 LCG K
HH148 h LCSO(mg-L_l)O

- - C,
HERK P, BCF:C_ (2)
0

R C, BLBEN Cu" JFRKE (mg L) ;
Co HRBIRWE (mg-L7)

ZH8 GB/

(1)
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2.1 RFEHBWFRSHSEHREER

fii i CuSO, F1 CuCl, S HIBHMBUFHE, 95
HHATARBRENHERS, BRIERERFILK
BEOAR, WORSHIELIS, KR
T, {H2 WA AT . poso, >0.25 mg-L™
W3 24 h 5 2RSS VAR, BRI,
B2 % 100% ; paso, >0. 10 mg-L ™ K # 24 h J5 K
SRIBIESRGE, &AM EE, TIAMIE, A3
DB M MS, 96 h 523 10 R4 25w 4
e, WIS RBMEBBETER I po, > 0.075
mg-L ™' 7 24 h J5EIA 2 R4 Bk, 48 h
J5 10 H %2 438 B4k B B 42 B 3 TG I
per, >0.19 mg L™ H# 24 h 5 Z R4S LA
B, Bt AT LIRS HERT CuCl, XH4h2 0 2tk
FHEKTF CuSO,, X A BE S L PR A 7= o 3 % 2R A
CuSO, ¥R K BEATEMARA CuCl, FIEH
2.2 CuSO./CuCl, S RhEHARFNEL
£

Cu®* BB FEIKE N 0.06 mg-L™'Bf, 4%
%t 24 h RBIERRABE AL, BEALY R
SERLE 1, X BRAERR RS i 3E th N BISM 5N
bR, BERER . METE. BRENNE. B
TEHIIRE . KIEZ AR (B 1 —a), X B 2H £ 5 o
SR/ NSEE S R Qi E B (B 1 -b), B 1 -c
~e S B B CuCl, BUFEHIS G 1 40 REBOR A
h, B WL, CuCl, 1 CuSO, 2 4 fi|Z
FA /N2 A L LV B B RAS, B 1 - o Sk BT
FEIROL TR B 5 kI 2R A A B S, RIB R
Jo R IR 2 L B A BT A, IS PN B2 5 RS R
w(E1-d), BMETESEGZESIHENSE, B

WEGENAMEE T (1 -e); B1-f
~h 435 7R CuSO, HFHIZ 5 400 F5HUKE
h, HbHZFiE bRzt (B 1 -f), &%
BARERKEEWEAEAR, BRmERSHE K
MMEIETER (B 1 -g), HilE FES54% )2 EE
SE, GEHEERRERRMEAM(EL-h), &
HHAY) 7 WENT Al LIE H, CuSO, 1 CuCl, X5
HIR S E YA AR ENSE, RS
ERRE RS T B, oA b
W2 EEAIL MM TS, F—2oEnEER
CuCl, BRI Z G IER LT BS54 ZE S5 IR Z
SE (1 -e), T CuSO, WFEH MR R 545
ZHREESBE (K 1 -h), HILAl i, CuCl, X
Z B R CERUEMER ) KF CuSO, MFEH:.
BHZEIEWBOURFE R FARREMER, 2
i E e IR R W E AR, ARt —B R,
DMER T SRS M B2 2 E 4R R Y aHE
th K B IE A AN RO I . B ST 4R B TR 2K
FEAAE, FAERR L sh ) e i R b BA AR
ISR R 2 BIRIBUG 237 AR B SE, A4 R 40
THAEIRER i LR B R F, ZEE S & HiF
B I, 38V BH ( Strongylocentrotus intermedius ) A 2 Fhig
LML, TP A M B A R AR D RE, AR
20 M T R i €8 R OB 2 5 AR W S B RV, PN K
Fik 4 WF 5 2% B 390 A ) 2 (APS) £33 8ok
SRR FVEAME L, FTHRESNE APS, 5
I =V
2.3 CuSO,/CuCl, X SFHILREITHEER
SUHEHRREREMFETEEIC R LR 1, B
P I 235 SR P vk BE X B R BB 5 AR, 1A
CuS0,/CuCl, XF4hZ KA FEFE] LCs F1 95% EAF X
], Z5RNLE2,

#1 CuSO,/CuCl, kiFH) Cu’* 4B RMFERBRERITERTER(n=3)

Tab.1 Analysis of concentrations of different copper ions on juvenile sea cucumber mg-L™!
B}/ h p(CuS0,) (Cu**) p(CuCl) (Cu**)
exposure time 0.25 0.16 0.10 0.06 . 04 0.19 0.12  0.075 0.05 0.03
24 9 6 3 0 0 9 6 3 0 0
48 10 9 6 2 0 10 9 9 2 1
72 10 10 8 7 4 10 10 10 4 3
96 10 10 10 8 7 10 10 10 6 5
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BT XA SRm A B R S 5 A S
a. XARARZIEH( x1000) 5 b WA MNAZE(x1000); c~e CuCl, KHHZS/EH( x400); f~h CuSO, HHHZ /5 ( x400) ;

ml. ZEZE; eme L Ime YA o LEGFHL; mu KEELER; pee. BEBLEBHARER; me [HEZ40H

Fig. 1 Intestinal tissue slices of sea cucumber of control group and CuSO,/CuCl, toxic group

a. hindgut 1 000 times micro-amplification; b. blood sinus 1 000 times micro-amplification of control group; c¢ ~e. hindgut 400 times micro-

amplification of CuCl, toxic group; f~h. hindgut 400 times micro-amplification of CuSO, toxic group; ml. mucous layer; cm. circular muscle;

Im. longitudinal muscle; ct. connective tissue; mu. Mucosa; pe. pseudostratified ciliated columnar epithelium; me. mesothelial cells

%l ANOVA J5 225347 2 Fpi b %) 4 S 7R TR
B LCso 2 M) 22 5 .3, SR Tukey #EATRUEK:
B, ZRNE2, CuSO, RKIEM Cu®' X412 24 h,
48 h 172 h ) LCs, ¥ K TF CuCl, SE¥HAY Cu®* XF4h
%24 h, 48 h f172 h iy LC,,, CuCl, XF%4h% 96 h
LCs KT CuSO, Xf 42 96 h LCs,; {H 2 FidELTE

24 h f148 h i) LCs, Z M 227 B2, i 72 h F
96 h i) LCs, 22 57 AR 34 F UL nl WL 7E R EE 3,
Bl 48 h P Cu® " SRVFA[F] X 30 2 1) B L Y i i .
%, BEERBHEIMER Co' SEIE MR R RIS
MR AL E

GIVRE 2 i ER T 42 ) B R A ) A LCso 45
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MERRI, CuSO, XK LCs SR  XTBRFEREIF LCy #E4T ¢« K5, &I CuSO, HIRFE
Xﬂ‘ﬁl@ﬁﬂ‘é% ’ ﬁ'ﬁ CUClz XTJ-ZD%%E/‘J LCSOI—?I‘%%H:J‘EJ Hﬂ‘l‘ETJXﬂ‘ LCso%jeFZ:E%(P =0. 05) s ﬁ'ﬁ CllClz E"J%
WRERRBCR, HAXREEER(£3); o4 SR LGy, 27 8% (P <0.05),

%2 CuSO,/CuCl, kil Cu** X4SEMFEHRBAITER(n=3)

Tab.2 Result of different copper ions on juvenile sea cucumber in acute toxicity test

hi/h BRARER/ AL WERR-HEREE R EBORREIRE mg L HMARAERZE  95% BAFIX A/ mg L~

time  CuS0,/CuCl, regression equation LCy, RSD ¢59 95% confidence interval P
24 CuSO, P=5.29x+4.53 0. 140 0.005 0 0.110 ~0.180  0.001
CuCl, p=5.58x+5.52 0. 100 0.005 0 0.097 ~0. 130
48 CuSO, p=5.72x+5.97 0. 090 0.008 0 0.072 ~0.110  0.003
CuCl, p=4.19x+5.01 0. 064 0.008 0 0. 053 ~0. 076
72 CuS0, p=3.62x +4. 81 0. 047 0.008 0 0.023~0.063  0.966
CuCl, p=4.14x+5.74 0. 041 0.009 0 0. 028 ~0. 053
96 CuSO, p=4.18x +6.24 0.032 0.003 0 1.2x107% ~0.045  0.933
CuCl, p=5.37x+7.75 0. 036 0.004 0 0. 029 ~0. 042

%3 CuSO,/CuCl, W4 SHRBRBEMFHEREEEFSH—RR

Tab.3 Expose time and LC;, of juvenile with different copper ions

4R TE source [BJ3 7572 regression equation R’ t
WRER4 CuSO, y= -0.08 In(x) +0. 1411 0.99 0. 053
FAALs CuCl, y=0.110 3x*®° 0.99 0. 034

2.4 RFAHBMHSHUREBSHEXRENLSE  4), WLIE R T WK KT AR #E 3 7 58 i

S PR, ERARAEFE Cu® B S SR IESHATRLE -
R L3 X (1) B R R 412/ SC CEBFFAG HE CuSO, X412 SC 24 0.010 mg-

#7: SCso, =0.011 mg-L™", SC,q, =0.006 5 mg- L7, 5(EAFEMEKFHEAKKER) . (K

L7, SCeuso, & SCeuc, 19 1. 69 %, BEBA CuCl, XF4h K BUbwME) A vl K B o ) v i 4 BR f2t

B KT CuSO, X4hSHEHE. —%; CuCl, %42 SC 27 0.006 5 mg-L "4 F(ifg
A Ao AN [ 98 7K K 5 s o o 6 ) PR A (3% TKIK AR HE ) — ARl — 2R bpiEZ 8]

£4 ERTERAATEARET AR

Tab.4 Table of different standards of copper maximum limit in seawater in China

FrifE£ PR PR A PR/ mg- L™
standard name type maximum limit
NY 5052-2001 SR <0.010
GB 3097-1997 SER K oS £ SN IS
<0. 005 <0.010 <0. 050

GB 11607-1989 a8 il 1 <0.010
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107 a b
5.54
9
84 5.04
T 7 [ ] T
_;D ;n 4.5 .
o 6 o
g £ 40 .
“s 54 "5
2 2
5 44 - T 3.54
)
39 - 3.0
2]
2.54 ]
1 T T T T T T T T T T T T T T T
0 0.05 0.10 0.15 0.20 0.25 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20

p(CuSO,)/mg-L"

&l 2

p(CuCl,)/mg-L™"

BT KA B T B R BE S S A P B R B R R

Fig.2 Copper concentration in tissue of juvenile after exposure

2.5 4BkERN C RESBERERH Cu’*
FRERENXR

B4 BIREER w(Cu®" ) PR BKEF p
(Cu®*) (CuSO, TR ) FyHE K 5L B2 W s i a3,
MERXRWE LR y = - 141,032 +70.58x +
0.5932(R*=0.92) (K2 -a); XF CuCl, 35 A%
BEBREER w(Cu®" ) BER TR T p(Cu®") B97AE
B EIFEER G, [HMHE R RN R
y=1.302 In(x) +7.373 7(R* =0.93) (B2 -b) .,

Hit, RSB43 ARFEEEK Cu®" K8 £
REAR—FEH,

FIZGhB 3 ARFE KR C® 196 h NEER
BAFE, FIH AVONA pirfg i, MEERAR
#(P=0.56 >0.050), {H&)Z%t CuSO, R IH ¥
BERPUNT CuClL, RFEMEERE(EKS), Cu-
SO, XS4 ZMEM/NT CuCl,, FHI, HlsF
A HR AT R A CuSO, % K 7K J5it H A ik A 1y a8 b
%,

RS RSHEXNRFEAET 6 h EERY

Tab.5 96 h bioconcentration factor of juvenile with different copper ions toxicity

#il 3 PR source of copper ion

BB EE/mg-L™" exposure concentration

96 h ‘&4 Z % 96 h bioconcentration factor

0.020 ~0.25
0.030 ~0.19

iR CuSO,
F A CuCl,

27.37 ~100
37.60 ~132.50

ERbr R R EX Co® S TRRE(F 6), (A
NRJAGU' AN Cu 2 B A A= ¥ 8 7 2 i i G
R, EXAEYA R B0 SR 2 R B D R,
WERSMHAYARK, 2T, BdEss
P PR ROBE . PTG 2 AR SCHE ( Meretrix
meretrix)%@%Ep(Cu2+ )4 0.05 mg-L™", &4 30
d JEHRA w(Cu®" )ik 0. 44 mg-L ™" B (f5 ) SCHA
SWIET ., XKL E T HIBIIAH Cu®* X 12
HUEHifL B U ( Chlamys Farreri) J& T B8 2K ¥) it
R %17 A A W B A Cu® " X T FL 4 3 0 IR

( Litopenaeus vannamei ) LA T ERVER, B LI/ERN
AT EFRITR. MEEBSS, BEFZS4AYEE
A S FYIRE b RIEEREEMEM, ERTEM
Cu®* X FXHUF KB AE, HESRIGE. BT
SIREERIBHAEYEE, HEYHERRERAY M
NZfaRRE ™™, R, B SS A BRI 3R
W KB 7 EEEMEEE, sRxK= 5
Cu’ ' FREMBFZE, A RRES % EHRE %R
#Eo
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Tab. 6 Food safety standards maximum limit of copper

TR PR B R PR /mg L
standard name type maximum limit
GB 2733-2005 & R 3h W HE7K 7= i BAEFRIE) R /
GB 2762-2005¢ & it Hi5 R R &) 588 1l 1 /
GB 15199-1994 £ i tfi PR 1 TLAEARE) © 588 1l 1 <50

oo ARYE 2011 4R5E 3 SHEERMEAE, TR

Note: #. According to announcement of No. 3 National Standard of P. R. China of 2011 which was abolished.

RT BEYRMKFEHFERAE

Tab.7 Toxicity criteria of toxicants for fish

FH % R T iz
scale extremely toxic highly toxic toxic low toxic
RN 52 PR /mg-L™" TLm <0.10 0.10 ~1 1~10 >10

HRAE R R AFSRGEF EE RR (R
7), MARFRIER Cu®* 33K S 4h 2 84k 4Tt
S, 2B 32 BR (median tolerance limit, TLm) £l
LCso ZER R4 8 LR M2, CusSO, X245
96 h g LGy 0.032 mg-L™", CuCl, X HIZ41%
96h [ LCs,H 0. 036 mg-L ™", @it 537 xf, A
7 CuSO,, CuCl, X F4hZ )8 T RIFRY . X
TR 2B 5L Sk Cu®t X H A< 78 ¥F ( Macrobrachium
nipponense ) I B¢ PR B9, 7] BB 5 R 4K A B A 2D
fbo BT UNATRER CuCl,, CuSO, FESTFHY
AR5 P4 52 %3 UF ( Litopenaeus vannamei ) i B2 %
FISET-RA AR, (HEAKREEA fr it —2P 5.
HAh# 2 S i T Co’* BEbk, (BBt
o

3 45

1) CuSO, A1 CuCl, X HIZ412 A HHBERA
[F], CuSO, %1#|Z4)Z:#)24 h, 48 h, 72 h 196 h
#) LCy, 43514 0. 14 mg-L™"', 0.09 mg-L™"', 0.047
mg-L ™' f10.032 mg-L™"; CuCl, Xt #| S 4151 24
h, 48 h, 72 h 196 h ) LCs, 43514 0. 10 mg-L~".
0.064 mg-L~', 0.041 mg-L™'f10.036 mg-L~"; H
H1 CuSO, 1 CuCl, X} 4242 24 h 148 h LCs,
EAWHEE; 72h M6 h ZRARZE,

2) CuSO, A1 CuCl, Xt #2428 SC 435K
0.011 mg-L™", 0.065 mg-L™", X FHIZ4ZETF
2 T o

3)2 FhoR YR Cu®* X3 2 i 18 354 A R AL BE A9
P, RIAHIS G ERRE L2 BB R R 45 4%
MY, AR P I EFEARATRE

A BRBVEWH CuSO, RF M Cu®* 5 CuCl, 3k
T Cu* HRKEHET, FEARNERBRE
WHHAET, KRB ARKAEFX Cu’' /Y
BHATEIUEN.

S)YREW N RS G BAKNFEAEREMELE
T A PPN BRSNS S Cu® FRA
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