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ABSTRACT

This study was conducted to find out concentration of trace metal, survival rate, falling rate and structural changes
of abalone, Haliotis discus hannai exposed to zinc chloride. Experimental groups were composed of one control
condition and four exposure conditions (0.3, 0.8, 1.3, 1.8 ZnCl, mg/L). The accumulation of trace metal (zinc) in
abalone was significantly increased all exposure group. Though the exposure groups had lower survival rate than
the control group, higher falling rate than the control group. Histopathological changes in the foot, gill and
hepatopancreas of abalone revealed obvious with exposure group than control group.
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Z-g8A "Ard (Ku, 2015). o}l A7)zt
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(Byrne and O'Halloran, 2001). 18]3 Cerastoderma
eduleo| A+ AAA|E2] Wido] A=t} (Timmermans et

al., 1996).
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A3otH (ZnClp) HE =W HE SYES, Haliotis discus hannaRl Z=XSN X H #H3
Table 1. Quantitative scoring of histological alterations
None Mild Moderate Severe
Frequency (%) 0 < 30.0 30.1-70.0 70.1-100
Quantitative scoring + ++ +++
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uhe-& Ao AAA| 2] Gzl $4-2 Pantone”
Formula Guide (Pantone Inc., USA) & 7|52 vi4
IE T3 gk BABISICH

FA3FH Al Wizt (EF A, AUAE EEalE,
SR E3EE) & IPEAAEAE] (IMT, Visus,
USA) & AR8-3te] Agslslslet. 719A1e] 24814 w3t 4
%+ Kim et al. (2015) & 7|52 2 228k WAE Bol|&
MAFE EdE0l w2} Table 13 2o] 4dA| 2 k5l
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3b7] S8l SRFE AA F, 4 A7HA] - 80T AL Y¥E
oA Bystglet - 80C FAARIE o83t AEE T
ARz A7 ¥ Ax" AEE vh3te] 0.1-0.5 g= F3F
t}. whlEl A|Ee] HNO; (nitric acid 65%, Merck,
Germany) 10 mLE 23 80TCo|A AA3] Eajxz}h &4
3] Fafj5l A BE 60-80TCE FAI3 AElR 2% HNO3Z 23]
o|A} Axje] slgrl Axe)d A&E 2% HNO;Z 100 mL
At ¥ QRS FFHsle] ICP-MS (Perkin Elmer,
NexION®300X) & Z=A 35t}

5) 7ol HS

x| gt E2752 oA 2] (P < 0.05) & Lo}
57] $138t FAIAEE= SPSS 4 Z= a3 (SPSS 20.0,
SPSS Inc., U.S.A) = ©]£3}4 paired sample t-testE A
Al3fglet.
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1. AU v FF3E 53 55

dstoldde] =% FPAEL] AW ofd FrE FEOE
Aoz F7khe ARE Btk 2% 15 A F dxTolA
23.37 mg/kg%l2m, 0.3, 0.8, 1.3, 1.8 mg/L =74
7+7} 30.66, 49.29, 63.85, 62.25 mg/kge|gth Al¥ =7
719 % 4%F 73 F dzTolAE 47.92 meke, 2 FET
o| A& 54.58, 64.35, 120.81, 81.12 mg/kgl & =& 15 ¥
Sf AR FRoEH o7 S AAE o 1.3
mg/L =T 7P 22 SAEEE vedsloy o4
ol zpelE YehiA] ekgket (P > 0.05).
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Fig. 1. Zinc concentration in the abalone, Haliotis discus
hannai exposed to zinc chloride for 4 weeks. Vertical
bar: SD.
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Fig. 2. Survival rate of Haliotis discus hannai exposed to zinc
chloride for 4 weeks.
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Fig. 3. Falling rate of Haliotis discus hannai exposed to zinc
chloride for 4 weeks.

Q1] 9lc} (Fig. 4D). 3+ A-44 B4 o3 dh=x Y7}
o) 27} veptet. dstold xFel] wpe ko] AulE T

Z v|wdt A7} YxTFoAE 1443 xm PO 0.3, 0.8,
1.3, 1.8 mg/L =Tl A= 46.58, 43.19, 50.23, 38.88 «

m ool ulsl LE SEFold FelAeR 2l 2
7= ngo} (P < 0.05). ul Alg)2o] Aol 2 J,ﬂ_gu]%_‘l H]
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Fig. 4. Histological change of foot of the abalone, Haliotis discus hannai exposed to zinc chloride. A: 0.8 ZnCl,
mg/L, B and C: 1.3 ZnCl, mg/L, D: 1.8 ZnCl, mg/L. El, epithelial layer; Hc, hemocytes; Hs, hemolymph sinus;
Mc, mucous cell; Mfb, muscle fiber bundle; MI, muscle layer.
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A3 (ZnClp) St =0 2 S, Haliotis discus hanna/Rl Z&sHE X HE B3}

Table 2. Quantitative scoring of foot histological alteration of the abalone, Haliotis discus hannai exposed to zinc

chloride for 4 weeks

Histological alterations Control 0.3 0.8 1.3 1.8
TE ++ ++ ++ ++
Epithelial layer DE - + + ++
DMC + ++ ++ ++
SMFB - - + ++

Muscular layer
CHS + + ++ ++

* Score values: -, none; +, mild; ++, moderate; +++, severe. TE, thickness of epithelial layer; DE,
degeneration of epithelial layer; DMC, distribution of mucous cell; SMFB, separation of muscle fiber

bundle; CHS, closing of hemolymph sinus.
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Fig. 5. Histological change of gill of the abalone, Haliotis discus hannai exposed to zinc chloride. A and B: 0.8
ZnCl; mg/L, C: 1.3 ZnCl, mg/L, D: 1.8 ZnCl, mg/L. El, epithelial layer; Gf, gill filament; Hs, hemolymph sinus;

Mc, mucous cell.

A32 Yehdlit (P < 0.05). F3told xZo) w2 Hb] 511
A WA S 59 w3} P FEskglen, w
=7t ool whel =AshA WA w3 Sl e lJr
e}ttt (Table 2).
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e} 22 A AR WAe] #EE G e (Fig. 5A), A7t
o] 7zl w2} 4w Sel 4 AB-PAS (pH 2.5) WA Het
A (2735C) o2 uFesle AN L] 57} 2715191 (Fig.
5B) Al A7} saE et A Fr7lede G A
IS AR FEA 2, v s, A Aese &
g ae|a Al g3t W d 2] wAe] B
t} (Fig. 5C, D). 3ot =Zel e oprin)e] Aol 77
5 v|wd Ay dxreME 17.60 ¢m $2ow, 0.3, 0.8,
1.3, 1.8 mg/L SETFolA%= 20.54, 17.80, 16.55, 11.76 1
m% HE27ot AR AAE B ew, Fo)Aql Aol et
A skt (P > 0.05). ob7hi] Alg AduSe] A 22
vlES vwd Aa A¥ FRIl dxzTelA 22%E EE
FETA dEzTt AR AHE Bglou fofA]l Ae]
£ HERA] skt (P > 0.05). fistobd kzel whE o]

Foe 1-n

o) zA8kA WAL A AuE AR gete] 71A =2isl
epskon, x&e) FEs} Zkekel met 2 sA WA w3
7P s JERH (Table 3).

3) ZHIE
Asloldel] xE5 A 7M1 AspdAEeAE =
SAZbo] ARl wel AeAlxe FExsprh WA
(Fig. 6A, B). A8Z 87| 0.3, 0.8, 1.3 mg/L %70l 4
**ﬁ%ﬂiﬂ Fx3het A A x| Ty W o] EqlE]
©m (Fig. 6C, D), 1.8 mg/L s=7-l4+ A=A£e] g}
Hi AZ ZojzEo] Wiel FA4= Zlo| 3=l dsto}
A ko we 7 23AM e 49 E FAE vae 2
¥} =Tl AE 54.55 #m, 0.3, 0.8, 1.3, 1.8 mg/L 557
o 4= 39.87, 36.86, 43.97, 35.86 pmZ txT7-ol B3] =
E FETFAAN FadE AHE 29en, 1.3 mg/Lst 1.8
mg/L FETol4 dz2T2ek oAl zbelE yepit (P <
0.05). A3 AFe] ZH7 QAT L20)&S v)wd 2z A
3 F87]9] 45 dlx2TFolA 14.2%%F 2, FE7} Holds
2 Z7lsls A#E Bo 1.8 mg/L FETOIAE 9.9%2 o
7 vlE AR Frasks ARE el P <
0.05). sIstotdd xFof whg 7HIFe] AsA WA 43t
AAg AelSe] T sA7IARe] FEuEe] 7P T
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Table 3. Quantitative scoring of gill histological alteration of the abalone, Haliotis discus hannai exposed to zinc

chloride for 4 weeks

Histological alterations Control 0.3 0.8 1.3 1.8
Disappearance of cilia + + ++ +++
Thickness of epithelial layer + -
Destruction of epithelial cell + ++ ++
Vacuolation of epithelial cell + ++

* Score values: -, none; +, mild; ++, moderate; +++, severe.

Fig. 6. Histological change of digestive tubule of hepatopancreas of the abalone, Haliotis discus hannai exposed
to zinc chloride. A: 0.3 ZnCl, mg/L, B: 0.8 ZnCl, mg/L, C and D: 1.3 ZnCl, mg/L. Bpc, basophilic cell; Dg,
digestive tubule; E, epithelial cell; El, epithelial layer; L, lumen.

Table 4. Quantitative scoring of hepatopancreas histological alteration of the abalone, Haliotis discus hannai

exposed to zinc chloride for 4 weeks

Histological alterations Control 0.3 0.8 1.3 1.8
Thickness of epithelial layer ++ + + ++ +
Vacuolation of epithelial cells + + ++
Destruction of epithelial cells + + ++
Distribution of basophilic cells + ++ ++ ++

* Score values: -, none; +, mild; ++, moderate; +++, severe.

S8 vebten, 23] Fxot Hopildl wet sk W
J E3 S7)eke A3 dEict (Table 4).
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A% AE L A Sl 2 9¥S F (Wedemeyer and
McLeay, 1981; Park et al., 2013), SA oA ¢lot #5907
THE 2594 23 7 EE A S AT 2o o)
2 54 4 AASAY] SR ] AR 54 2
J=48 et} (Atchison et al., 1987). VEEE 5
Fae] Sohs obdR FE oW, I, TH2A ] FAFHL
(Pentreath, 1973; Wicklund et al., 1990), <H=

>
e,

metallothionein®} ZA3%1glc} (Soh et al., 1993). 3}A|qt o}
o] AR sxrceh zow AT T4 o) ¢ AssAgl
75 Zl= Qg Al EdEE veldo] AeelA v
¢J3FS w|x]A] =} (Viarengo, 1985).

Ju et al. (2006) 2 &, Gomphina veneriformiss °}
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JEA R Tl ARE Helow, A FRIQ 457 F
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ehsiet

Wang et al. (2009) < EWAE, Haliotis discus
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=k E 2rtox xoEaoz 71—/\6— oo
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et al., 2015). B AFeME 2E7]700] Aol whet A&
&2 Fasiglen, 9eES Sk 2HE 2o Kim et
al. (2015) o] B9} AR AAE B3k

Ao uke X730 2 4 l?_il— o]E Holo] ¥3] Sy}
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