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ABSTRACT

This study was conducted to find out concentration of trace metal, survival rate, falling rate and structural changes
of the abalone Haliotis discus hannai exposed to nickel chloride. Experimental groups were composed of one
control condition and four nickel chloride exposure conditions (7.0, 12.0, 17.0 and 22.0 NiCl, mg/L). The
concentration of nickel in abalone was significantly increased all exposure groups. Though the exposure groups
had lower survival rate than the control group, falling rate higher than the control group. Histopathological changes
in the foot, gill and hepatopancreas of abalone was revealed prominently with exposure group than control group.
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t} (Stangl and Kirchgessner, 1996; Donald and Donald,
1999). E3F USEPA (2013) |4 priority pollutant® +%
ol AEe] g EdE A=A e, ¥
DNA-protein 2123}, AE|djrke] Jg-& w|Alt} (Coogan
et al., 1989; Sunderman et al., 1989).

EZ59l Helix aspersa® YA 22A1%E& 71, ZllA
TR F47t AAH L, F ARAE 95 o 9
Yelgs  (Agnieszka et al., 2010), Lammellidens
marginalis) 7%, 23] A2 oo et s
f3kt} (Andhale et al., 2011).

2 BAE Haliotis discus hannaid -, 53, &
Lo Rl pAdaEeR ARk A3 E7keka
e FAA, A% AP 4715 29 W RS S
9274 271 AT 49 A B BAAS AL ol
(Kang et al., 2015). H4AE-S 09]F3 o]5Ao] ATAQl
W AREE SR dslel Be d3E v Ao B

W 28 A W8 Folel L B1saA skl
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7= 27 86.05 + 4.67 mm <l 300 A AL3lc) &
WAHES 2 18T, A% 32.5 psu 244 257 34
1 % Ao ARt

2.9
1) A=A
2 3L OECD test guideline No. 203 (OECD,

1992) & $A3}e] AAstGon, kx| SN E S

ek APGich AESde 3y (NiCl,
A) & EFE (1,000 mgll) & = o2,
3| st} wABRIeE A AR A
FAEAANDS E3l9 0, 7.0, 12.0, 17.0, 22.0 NiCl, mg/L
= AR ASeE dstyAe] wbrlel vt 24 13]
Ao 1/34 wakslglon, w3k A Alo]AE o] gl 5
Z npeH o] v ES AlAskl AR FoF B Ee
AFEA T FARBEES 7 xni RS AA]slel o,

T, G¥x= 283 pH £ " oA 94 SA3A

4
Sigma, U.

A% e

ku

2) MEE % 2B
AGNAEe] AE 9 g2k Ay 5ok 74 Agd

2427y Aoz WALl AR AEL AFS FRE

o, o} o) £ENRS oF-E APNAE ddd & FF

ANYES Tt AEER Ilste] et &

AR NE "ojzl A W} Fpo] £330k o

solution®] 24417t 1A 3 Fex E7 36-4847F E<t
FABICE 1 ¥, 4750 v ¢ s A g
of Zujslgict. shetglel] Tojsl 22 wlo]225S o435}
of ¥ 4-6 pm E AEAHAS ARG AZE 224 H
< H-E 94, Masson 4594, AB-PAS (pH 2.5) ik,
AF-AB (pH 2.5) %5 % Long Ziehl-Neelsen A4S A4
kgt AN Ee] AMx3te AL Pantone® Formula
Guide/solid coated, 2006 (Pantone Inc., U.S.A) = 7|
o2 IFHEE F3 gl A8 223kl W3t
dENAE ExnlE, SRR REEE) & IR
A=) (IMT, Visus, U.S.A) & A}g3}o] o}fle] A& o]
of AeFstsialtt.
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L. Lipofuscin area (xm?
Distribution of _ P (jem?)

lipofuscin (%) Epithelial layer area x 100
of digestive tubule (xm?)
o Basophilic cell area (zm?
Distribution of _
x 100

basophilic cell %)~ Epithelial layer area

of digestive tubule (xm?)

4) M Al s £

FANAE Rt e AAR |, 99 o] E-S AlA
3b7] S SRFE AA F, 4 A7k - 80T AL Y¥E
oA Bsgich - 80T TAARIE o] &3le] AEE &
ARz A7) ¥ Axd AEE vhgle] 0.1-0.5 g= F3F
o} uwhai=l AlZe] HNOs (Nitric Acid 65%, Merck,
Germany) 10 mL & 93 80T|A AA3] BalAZ ) ¢
A3 #3= A5+ 60-80CE 413 AHE 2% HNOZ 2
3] o] A A sloick A AR A& 2% HNOsE 100
mL AFE T AR¥E FF3}e] ICP-MS (Perkin Elmer,
NexION®300X) 2 =A 3} o}

5) ®eld HS

dxz7ol gt 2752 oA 2] (P < 0.05) & Lo}
H7] 9ste] SPSS &4 Tz 1 (SPSS 20.0, SPSS Inc.,
U.S.A) & ©] 83} paired sample t-testS AA|5}ST

2 =

1.AY 432 £4 5=

AztAed &3 B AJ F4%5E+ Fig 19l
el =% 15 43 § dixzTelAE 3.29 mgkg $
w, 7.0, 12.0, 17.0, 22.0 mg/L. =&TolA= 47 23.98,
37.68, 37.41, 49.58 mg/kg |t} AFFEI| & 4F
A3} Fo= hx2ToA 3.64 mgkg $oH, ZF =EToAE
7+7} 98.68, 37.70, 42.42, 38.69 mg/kg °F FEo|EA o
2 ZUele= A9E 24} s 22.0 mg/l =& ToAE
357 A § Ftasks AAE yehlldh sty 45 F<t
&3 AR AW S45Es 22327 $2E4q
AARE Bglon, BE xEToA oAl zbelE vEklt
P < 0.05).
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Fig. 1. Nickel concentration in the abalone Haliotis discus
hannai exposed to nickel chloride for 4 weeks. Vertical
bar: SD. *: Statistically significant difference from the
control (ANOVA, P < 0.05).
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Fig. 2. Survival rate of the abalone Haliotis discus hannai
exposed to nickel chloride for 4 weeks.

Aoz ke AFgE Uehdlth dxTelAs 100%4
TES B3tk =S ToAE 15 59 93.3% o] AE
= E“x‘ ° Ur o]% E£3], 43 %<t 17.07} 22.0 mg/L ¢ﬁoﬂ
A RAEEL 70.0%2F 60.0%% HhxT-ol nlEl Ao s ok
= 7:‘:34@ Holvt (Fig. 2).

geEY LA R TRk A¥e Byl daTel
A ggdaae ez kAl 2F 15 3 7.0, 12.0,
17.0, 22.0 mg/L. x=Z7F)A Z+7 3.3%, 13.3%, 30.0%,
36.6%% 22.0 mg/L &7 71 =L getgs Bl
AFEE7]9l =& 4F Fo|= 17.0 mg/L ¢ 22.0 mg/L, =%
TellA 247} 56.6%, 80.0%% A17ke] Zwgte] wle} djzTol
vlsl =2 gEES B9l (Fig. 3).

3. 2A A A%
1) &

AsdAed x5 15 A F SPAE] i A SelAE
AB-PAS (pH 2.5) uF&- A F224 (2935C) 2.2 wke-sl= A
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Fig. 3. Falling rate of the abalone Haliotis discus hannai
exposed to nickel chloride for 4 weeks.

WA 2] 57} Sl en, i AlRe] Aido] ¥E gl
(Fig. 4A%} C). 17.0 mgL $ 22.0 mgl =ETolx=
AF-AB (pH 2.5) 35 A F2A (3115C) 2.7 ubs3l= A
BAE] 57} Il oY vE 45 AT Fole AR
50| Zhas) 3250 o4} BE| 9o} (Fig. 4D). 3 &
FoolAe U3 24T thtEe] 2Ale] #AEGoH, 12.0
mg/L, 17.0 mg/L, 22.0 mg/L, =& F-A= ZAH thiE9]
A} e, 9250 a7t S (Fig. 4B).

2) otztn|
Aetzle] =29 BUAES opluldAE xF 1F

EE 2E3TOlA A AuS Axe] g, AduAlre] A2
Eetah AzAe] wAdo] WA (Fig. 5A). k& A7ko
7333l whet A4 el SollA= AB-PAS (pH 2.5) W& A
B (2735C) 2% HhEshe AUAE =9 ~7}9} q-
A 22| vty 7} BE=E I} (Fig. 5B). =% 45 7% —r°ﬂT:
A AeS Are] 34 ged) ARz FEsy %2

2™, 17.0 mg/L &} 22.0 mg/L, =& ¥ Ao
o g W AuAEe] g1, I3z Fe] Wgo] wEE
(Fig. 5C¢} D).

w

—rl——'rllN

L
r.§‘.

Hz
A xE5 SRS e LstAAAEE x5 1
I 5 AelA 2 J‘JL—E}Q} A A 2] g daks e
W (Fig. 6A%} B), =& A7to] Z#}3te]| wpe} AshadAe
A5 Al 29] 577} ~7]‘540451‘ LF 47 7T Folle B
EETolA AuAlEe] FEIE wEF T AR
otz o} eefo] FElelA] wAFEG oH, 17.0 mg/L 9 22.0
mg/L =&TolA AFAEe] w27} Agglel] wet gl
AZ ZoEEe] Wi ke s SAF= Zlo] #a= o) (Fig.
6C¢} D, arrow head).
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Fig. 4. Histological changes of foot in the abalone Haliotis discus hannai exposed to nickel
chloride for 4 weeks. A: 12.0 NiCl, mg/L, B and C: 17.0 NiCl, mg/L, D: 22.0 NiCl, mg/L.
Cf, collagen fiber; Ec, epithelial cell; Hs, hemolymph sinus; Mc, mucous cell; Mfb, muscle
fiber bundle.

Fig. 5. Histological changes of gill in the abalone Haliotis discus hannai exposed to nickel
chloride for 4 weeks. A: 12.0 NiCl, mg/L, B and C: 17.0 NiCl, mg/L, D: 22.0 NiCl, mg/L.
El, epitheial layer; Hs, hemolymph sinus; Mc, mucous cell.
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Fig. 6. Histological changes of digestive tubule of hepatopancreas in the abalone Haliotis
discus hannai exposed to nickel chloride for 4 weeks. A: 7.0 NiCl, mg/L, B: 12.0 NiCl,
mg/L, C: 17.0 NiCl, mg/L, D: 22.0 NiCl, mg/L. Bpc, basophilic cell; Dg, digestive tubule;

El, epithelial layer; L, lumen.
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Fig. 7. Basophilic cell distribution on the hepatopancreas of
the abalone Haliotis discus hannai exposed to nickel
chloride for 4 weeks. Vertical bar: SD. *: Statistically
significant difference from the control (ANOVA, P < 0.05).

23R BN BEAES vlug A%, vE
ARFoIA daTuck s wRE gk A8 F571e 450
fx=Tol A 13.3%% Jelton, 17.0 mg/L ¢ 22.0 mg/L
S ETONE 27 1%} 9.1%E Fe)HoR st Az
= w3t (P < 0.05) (Fig. 7).
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Fig. 8. Lipofuscin distribution on the hepatopancreas in the
abalone Haliotis discus hannai exposed to nickel
chloride for 4 weeks. Vertical bar: SD.

mg/L ¢} 17.0 mg/L, =& T|AE 0.03%% xR} )

vehdom, felHl Aol tehiA ekt (P > 0.05)
(Fig. 8).
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It} (Gagne et al., 2008; Vijayavel et
o)L 3o FA YA 7]} t‘sjlﬂ A2
AZA, 7 W AR 5 A7 F, A A, Jle
FAA, AstetA HalE i‘“/H"ﬂ'oﬂ /‘“-f’—%

133} (WHO, 1970). AE2] 2%, vg= =
Ag 2EHAR QlE 7|Az T E g gl o549 7‘16} 5
Tz W4T 7159 AsF Yelde  (Donovan and
Taylor, 2008; Shin et al., 2012), A Y| dirle} AAJAk
o] H3}E do7lt} (Barton and Iwama, 1991). ﬂ]
AL 22717 2E35E, A WAy &5 5 0%
¥ 7[R 8.0l ulel EA o] wHilth (Pagenkopf, 1983;
Jacqueline et al., 2010).

EWAE- Haliotis discus hannais Q3olde] &7
A 4 w55 I A9 B8 25T FRE
7 ke AaE Bilon, ARFERI|dE BE 2 Tl
A dzTol w3l 2 A FAFE=E Jekiltt (Son et al.,
2015). ¥ d7elAE d3yA b el wE Ad F4%
=5 vag 27, 15 AY F BE 23704 F27F o)
Aol wg} sRoJEAR Sk AHE Btk vibviA|
2 AFFTEIE BE 2E2TOA sREH R T
AE RGOy 22.0 mg/l =ETONAE 3F A F A4
s 2745 YeRlldh

Kim et al. (2015) & 54452 9432 (NiCly) ll 96
A7 Fet xE3A7] AT AEES daTe) v3) BE EE
TolA FRoEA o Fhaslglon detEd l‘"‘:«]-f‘—z—qu

2 Z7eIGth =3k B ES 2 (Cu) °ﬂ NS
-, 1.08 mg/kg & Al9J¥ ZE FETolA AEE] A3}
AHRE et (Wang et al., 2009). & 04?-01]/\‘]_?_ x
Z7)7bo] ZAojAlel| we} AE&> l"“:/]*‘—ﬁ—i aBkglo
o, 29E Skl AAE By e A7 Ak A2

_4
_4

ob'u 101-

rlr
r

& A el 7T o]FT Faks v
7155 38} (Voltzow, 1990). A7tz 51
o= wke] 7|AEFo] H4E 2= 452y 9
A dh=le] glo] 7|A e dds] Eo] slojvhis J8&
=3} (Trueman and Brown, 1985; Voltzow, 1990) &
& sl W B s ez ), 2

BUmE) B4 9 245 ol 04 ) 59 Bsbh
ek (Park et al., 2013). 3 oflel] 255 A4, 5%
b ool we} u el 2ol ¥ HAAES) 27} 0
23], YeTES A4 % AH chEEel 2% So] ¥
Stk (Son et al., 2015). & ATAM= HABAE] F7}
$x8}, wYTFe s, 245 chuse) $Ass 2o
So] el /|2 AT S AE wGth ol

" [

2 NE e ol [t T

Aspe Ao ot Helrld 3 shiz QzEe o
W 2g3e] WS L 250 £5A482 AshArn 74 3
A g okspi7) 2RERE Belo] Y Ao pul
ol 53 W ArwdE e 34 o] o]l
A 7\gke.z T2 skl wa] EAe) Heol BAsel 1
A1 Whg Bk Bz eiA glow, ThRd Mae] 1
9 o el 8 A S5l Wbk bt (Lee et al,

_Ll
r

1997). Yzlell §4 =%5 SPASY opirl= d79 371
oF Ao FRAQl eeto] ghaEglon, A|7to] Argtel uh
gt AAA|Ee] Z7} @ AbulA| £ vly]e} dEeto] gl
(Kim et al., 2015). & AFA= 7|& el fAlet At
£ wnglen], A A9S A 99, AlxAd WA, 4 A
952 &= % A2 sk Fo] WA o] =
2etA W ez <ldte] opybn] 57)%2] A3} vehd 7

L

e 23} 5 2 STl 9 e v|HeE &
JekeAe] et A% 9 AgEA 2 A

olo] W F& Tl gtk 7ML Azt Hold
AZ o &315 ddehs A ze Al 9 4315 93 &
&9 A, Fulo #odl= TAVIHHAER FAE ] Qloh
YAe] =% Lammellidens marginalis] A3H Aol A
= A5 whajef geto] =l ow (Andhale et al,
2011), A 54 =E2A17 SRS A /‘i}"“ﬂﬂ
Ao A2 FEstel o AuA|l e sha)7t kgl
A7IA L] EEn]Eo] F7IEkAT) (Kim et al., 2015). E—
ATolM e aspaAl Aol 2e] F23le} deto] =9
o, AZko] AF}tel| whet A2 F23le} 577} %1y
wo] sk H A FojEEe] W ke z FAE= Aol i
ok 3k 23T e 5o G <l S9719AE
o] F3H|Eo] Fhide AAE B

2L vEES oless 2/ Al 3 SElaAR
njEgEg& o2 gk AEgA ¥ X FF o)L=} (Byrne
and O’Halloran, 2001). == =&3 A|FsF2] Mytilus
galloprovincialis®] AZPAAAY A3AE YoA= B EFA]
o] Z78llon, Bl EFAY FAL2 xE 60UA R} 304A
o o wo] 2=t} (Dimitriadis et al., 2003). ¥ 4179
M 3F 5% BE 2E70A BlEFAle] dixTr =4
velgou AfERT|Ql 45 77 Fele 17.0 mg/L 9}
22.0 mg/L oA 27} & 7rasls 27E mgic) olgs 2
= astAAR A2 gz <l Axs A7k

SRS A 93
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