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The arsenic bioaccumulation and its effects on physiological changes in
Pacific abalone, Haliotis discus hannai (Ino, 1953) exposed to waterborne

arsenic(As’")

Soo-Yeon Choi

Department of Fish pathology, Graduate School,

Pukyung National University

Abstract

Arsenic exists in the form of inorganic arsenic in nature, and belongs to
metalloid but has similar properties to heavy metals. Arsenic generated
mainly by industry and agriculture contaminates the surrounding soil and
rivers, flows into the sea, damaging aquatic life. The shellfishes are more
susceptible to polluted water systems than fishes which are distributed as
attached organisms.

In this study was to exposure to arsenic(As®) for 4weeks at concentrations
of 10, 20, 40, 60 and 80 ug/L to observe the in vivo scale and physiological
changes of abalone(Haliotis discus hannai) due to the effects of waterborne
arsenic.

The bioaccumulation of abalone exposed to arsenic was in order of
hepatopancreas, gill and muscle, the bioaccumulation increased with high
concentration organ exposures but the muscles were identified to be
significantly lower than other tissues.

Hemolymph observed changes in organic, inorganic and enzyme

components. Total protein showed a tendency to decrease with increasing



concentration. Glucose was significantly increased at all concentrations except
for the control group, T-Cholesterol was not significantly changed. Calcium
significantly decreased at &80 ug/L concentration at 2 weeks and 60 pg/L at 4
weeks, Magnesium increased significantly at the concentration of 60 pg/L over
4 weeks of exposure. No changes were observed in Phosphorus.

GOT showed a significant change at the concentration of 80 ug/L for 2
weeks, a significant increase at the concentration of above 40 pg/L for 4
weeks, GPT showed a tendency to increase with increasing concentrations
and longer exposure periods. LDH increased from a concentration of 80 pg/L
in the 2 weeks and showed a significant increase in concentrations of 60 and
80 ng/L for 4 weeks.

As antioxidant activity, SOD and CAT of hepatopancreas and gill were
observed. SOD showed a significant increase in concentrations of 80 ng/L for
2 weeks in the hepatopancreas and significant increases in concentrations of
60 ug/L for 4 weeks. In gill, significant increase was observed at
concentrations of more than 60 pg/L for 4 weeks. CAT showed an increase
from a concentration of 80 pg/L for 2 weeks in the hepatopancreas and
increased significantly at the concentration of 40 wg/L for 4 weeks, a
significant increase was identified at concentrations of 60 ng/L for 4 weeks in
gill.

Lysozyme and Phenoloxidase of the hemolymph and hepatopancreas were
observed in non-specific immune responses. Lysozyme showed a significant
decrease in concentration of 40 pg/L for 4 week both hemolymph and
hepatopancreas, Phenoloxidase was not significantly changed but decreased

with increasing arsenic concentration.
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(Pb) I} 22 v|FFES g7y A&, oFd, Askr 52 Sl sdlge=

T A E S 2GA L Bt ofel AEfA HolAlE S E3 7

FAY Eof| %25 o] (Balasubramanian and Kumar, 2013) ©]|& A#3
<

gat7] wtol sFed Bkl o 2 ddEd

J{N'

1
A B H1Ee A9l 20WAlel ek W Ao|th iR A ellA
@ AANEHREE EASA &3 g 200F o4 #E JHE =A
s, 37HASY), 57HAs® ) 9] nlAvt gt 53] 33 FEdE vAa
o] &ako]l 0.02~0.5% AEE & He| %3, 36 H (arsenopyrite,
FeAsS)& Hdl 5% A=7HA vl&E Fistal ATHINAP, 1977). &4
Foboll et Y B A% EFS P 5~10 ppm FEo| AR, &
v " Aol F3te Eok2 HlA s57F 4 W ppmel @eb/|x st §9

=
H A& Al AFAE AMEete J5dY B2 366~732 ppm & E7HA]



B ¥ 7% &9t (Ure and Berrow, 1982; Smedly and Kinniburden,
2002).

AR o HAAA 7] F9] vlA T2 ti=F 0.02~42 pg/m’o]
1, B4 A9 0.003~0.2 pgg/m’olH, &k T ool AFE= A
2 1 pg/m’e]d] A% RIFGTHWHO, 200D). t7] 9] Hie

it Ao R EAe, sk wigl A winke] ooz E, 3}
AMARS o4 9 AGAL HiE o FYE vliAeE A = A
Aoz SA &2 vitte] UAl FEH o] FollA Qe dEow
7] $o2 fdEE vlAE 9F 18,800 E/do® 7o 23H F v
29 30% JEE AFA| et} (Nriagu and Pacyna, 1988).

Hlae Z3gA9e ZAE3 Astrel 0.1~10 pg/L FE7F ghrEe] 3l
o, hAd ETH & AEY <49 pH 2 ¢ZgE 59 &5 54
of et F=7F GeAVIE ot S3tE FAF A9 o, A " A
T o 7 W /LY IEsE BA7F $rHo e UATHWHO,
2001). T3+ H]AE open sea$t &2 dllFelA Ht 1.5 we/L ZE7)
fuo] 9o, st (estuary) oA = Hak 4 pug/L ©lEte] Bl A EE7}
HZEARE, AL Atssk A sol wet FEo WUt et A o
Bttt (Smedley and Kinniburgh, 2001). Hl4= F5% (metalloid) ©f
%3l o]l THF 4 (heavy metal) 3 FAFSHH As* 9} AsPte] HA
3= FEE AdA el EAE] FEe A3V|E Fall Aol wEA

H =
Frach Aol FER val o, 2 25

a9

Al

>

o
-

_

NN

AE S 7lss AsA
71W e FAEAY TR Hd, FAY A A A4 so%

Abdo]l o]ZA H7]% 3th(Rodr 1 guez et al, 2003; Rahman et al,
2009; Sun et al., 2014).



Hl Aol A=84 7]+ 10A13F WA Fdoln, 50~80%+ AWM=
Z& Az wAdEt(Crecelius, 1977). H A 292 F2 34 Abdx
o AxFHA vdes #He, A 2 2 = HFES sFEl
ARG E = AFAlel ZJEOl FH Ao B¢ &, o H A T
A8, ol HFHOoRE Ato R FHA Huh

ARt o w FA4 AEQ ofF, i B AT Adels HlA =7
= YEbY= Hol Ak (Barciela—Alonso et al, 2016), vl % F3)st
71 vlae FHE AT F88E Aol SAste v¥lAe AsB,
AsC, arsenosugars % arsenolipids¥} #o] vl v =49 {7]H|
Aol X| "9k FH:T arsenosugars ¥ arsenolipidst= F53tsl= oA
DMA (Dimethylarsinic  acid, +¥%; Cacodylic acid4Y4 MMA
(Monomethylarsonic acid) 2} 22 wWES} ¥4 oE HASEHEA
A=A FAA otddF= v o Aval doH(E, 2016). Hl29] 54

fr1RlaEs e a7 540 A, F7n4 S As?THRTE As?T
7} 5240l ¥ Z8tch(Smith et al, 1998). F71¥u|4aE AUl Uil &5
=483 TEHoE F4 AEY HolAlgs S FHHE AN ¢
O (Freitas et al, 2016).
=ol gk vjAe] 5421 AAHAA oy 7HH] SHe o
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AbslE 29l SOD 9 CAT
B ol (Altikat et al, 2015). 25&%& growing pige HlA =

gt 3 7o) Fakslail SOD 2 CAT &4o] Fofst HEs HS
tH(Wang and Xu, 2006). E3F wistar rat9 ®H|A x=Zo wz} SODE



42 10 mg/Le] HlA& FXolA 90d Fol 724 F7HE vekd vid
CAT+ o8 TAE &lstal(Kharroubi et al, 2014), zebrafish
(Danio rerio)= ©F71n] ] CAT &4°] 10 wg/L sXolA = F7Fstohrt
100 pg/L &ZelA #Hadte As et (Ventura—Lima, 2009).
W50l wvpA 2 (Ruditapes philippinarum)-& B]4& %o 2l SODEA
H A F57F S7184E 9% 2445 Uehdal CAT 4L HlA
07t Z7 e EE S9A =717 g E 9tk (Freitas et al, 2016).
S5 (Haliotis discus hannan *132] 7-28] (Cu) % 7F=+#(Cd) =
o o A 542 AT 2 IFA = 558 AT Ftel
Zheith 7] 2 e gl wek 1HE e SOD
24L& TEE ARl Ao AFE R4S, JtEFES S ek AdRkd
AHNE Bt (Lei et al, 2015). T3 HHAE 23] oA (Zn) o =
o wet HFS ofd AL ol s&VF ot EH FUbslla,
CAT &4 33.8 mg/kg? XA F27 <=
al, 2011). st 71 5 (2017) el ¢JshH

rlo

Lysozyme-> Bte|g]o} 9 Aol tisf T3k o 723 sk I
d @ Aol (Lockey and Ourth, 1996). 7F=® 30 ug/Lel =& <
o], common carp(Cyprinus carpio)2] lysozyme AL 23 |
© 94 zolE Holx| iy, 304A FoA<l HAE Sl
(Ghiasi et al, 2010). A5 =2 hemocyte® phenoloxidase (PO) &
Asterzal Wskel 8 (Cw), 7ZFEH(Cd) 9 7= (phenol) 59 54E4
T FeWsE ¥ AEfAR FrbeAY A 4 3lth(Cheng,



1988; Auffret and Oubella, 1994; Coles et al., 1995; Cheng et al,
2004). PO &4& A5 FA44 dFs dste W) HayzE &89
t} (Hooper et al., 2014). A# A& (Haliotis diversicolor) 2] 3 oA
T AEYAR Qe PO &A4o] Hashs BdFs &t (Cheng et
al, 2004). 127<1 Al(crab)+= 7F=H°] 500 pg/L 52 »=&HW
WA =L Sl phagocytosis?7} FAsh= S &l A Y (Truscott
and White, 1990).

o B S

2 AAF =% (Mollusca), 57 (Gastropoda),
3} (Haliotidae), AE< (Haliotis) ol %38k A A AA <k 100F oA
= oL

ZEHo Aot 5 G 10F2 AYE HATE e FAER FE S

Al

, 48, IF 9, wEAE, s 2
5 (Haliotis discus hannai)~- -Felvhel t3E2Q1 &2 Fo2 i of
Bl Aakdo] g2 uRIPHA Y FAEE AAEe 20109 6,436 =l
A 20179 16,134 =22 254 o] 7k, d tu] ik
= 23 4009 QoA 53 8549 o= 24 o]AF F7tsIATH(E A,
2017).

AE2 ool F2 vke] 2ol AAsHAY vid-5 7]olA st
v IBA AN FEEA A $AFY TE5 Lo o fd= sk
ool wlsl 1 dFs e 7heAdel W wom (¥, 2017), 53] &

oFol Hlal Ak o] AMax] Ul ok A
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[e] ==z 1.2~ O
- S wu= ié
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olr

_

A=7H 55 2ol de FA8EE vA= T thaixd= A
2], Astel gl WAl wkE-o SwolM d4-50] Hojgkth(Taylor

et al., 1985; Depledge and Rainbow, 1990; Bryan and Langston,



1992; Rainbow, 1997; Rainbow, 2002).

shAIRE B S g TE50] 544 A dye dF A3
of ggAolm, 53] vl thst A= A9 Sl Adolt. wEbd &
ATE SWHE (Haliotis discus hannan ol )3t vl A2 (As™) 9 54&
AESL7] flgto] A= A8t S At A MAA B FA
H 22 @ o] ool wet o] Foll mA= HlA&e] S5 dtetetr] $ls
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2 ATFNA AFEsE A E EWA S (Haliotis discus hannai) 250
uld] (Wando, Korea) & #9F Wol 10¥47F =X A A =3 Al AP 7Y
A= Flsk= A AAs L, =2 F dd A4 AR
61.760.20 mm, % 40.35%0.18 g)& AAHslo] AP AFEs}ST).
TA 7|1 &+ $(18.0F1.54 ), pH(8.2£0.04), ¥+(33.8F1.05
%) F A8 (7.65F£0.43 mg/L)E FAlSIon, Hol= A ]

o (Undaria pinnatifida)< <7l 30% AL ¢ T HA A W

AP EARQ HlAE oMM ESR (NaAsO,, sodium arsenite) S A3
1,000 pg/L %5 £95 =3 10, 20, 40, 60 % 80 wg/Le % %
Asteleh. ol ICP-MSZ ARFAde 4 7472 As™ F:e O,
12.5, 25, 50, 100 pg/L(y=0.5507x—3.7534, R*=0.9998)°]t}.
g2 el 2(500%280%310mm) ol a5 20LE AH 2+ A &% vt
t 20Wk A d A she] 45 &t AAeglom, AR vA sEE

A7 glal shEel @ B4 A A g A5 £

fuieu)

o

Frt
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Table. 1. The chemical components of seawater used during the
experiment and the conditions of the experiment.

Item Value
Temperature (C) 18.0 = 1.54
pH 8.2 * 0.04
Salinity (%) 33.8 * 1.05
Dissolved Oxygen (mg/L) 7.65 * 0.43
Chemical Oxygen Demand (mg/L) 1.24 = 0.35
Ammonia (ug/L) 104 £ 1.4
Nitrite (ug/L) 4445 45 1.38
Nitrate (zg/L) 562 o= 3.2




3. Bioaccumulation

SWA 5 (Haliotis  discus  hannan ] Ad 42 %
(Hepatopancreas), °F7F9] (Gill) 2 =4 (Muscle) o] tjd}o] #4331t}
77k o]l 2As THRTE AFHS § E—tubed 1 g& AAst] 443 &
A Az Axd A5E FE¥ (viaDel 0.1g 3% &A 93 dF
=

(dry weight) 54 % 7|53t Fgel @31 Adxd A5c 24

m{m

dElaole] ® 4 9 87jEe  Hisy] 9§ HNO:(60%
concentration, Matsunoen ChemicalsLTD., Japan) 2ml< ¥o] &34

71 % hot plateo] 150°Ce] &% =2 7}dsto] w2 w2 wi7tx] A%

At Az FA Azl 2% 3A5 HNO; 20mlE H7Fste] 37 oFA
B33 & membrane filter (0.2 pm, Advantec mfs, Ins.) & ZEH 3o}
ey @ 998 Conical tubeo] &4 ©a, HNO;2 FEA = oA s}

71 18 A A7kA] AR E vk 7 2R g Bl (PAs) o] F4
2ol B2 JCP-MS (Inductively Coupled Plasma—Mass Spectroscopy.
Perkin Elmer, ELAN DRC)E ©]& 3t} W4 (PAs) 9] S dotr7]
#18kel  CRMs (certified reference materials) =& Multi—element
ICP—MS Calibration Std. 3 (PerkinElmer Life and Analytical Sciences)
& o]gste] AFEAS AATh 7 24 W A (PAs) FAFS /g

dry wt= Z7) 3t}

_10_



4. Hemolymph A 3}8+ &4

HFsEY R FASE FAJ] FHFsE AHS hemolymphE
Aol Astel 42 AP Hemolymphi= hemocyte® FH=
Wx)sl7] 98] &5 1A (Heparin Lithium Salt, MP Biomedicals,
LLC)E A=tk 1318 FAIE olgste] A7 4 F-ZaoA ofF
Iml d% AFI. HH3 hemolymphs 3000 x g, 4TolA 10#
(Viant et al., 2003)%<%t A8 MIKRO 22R, Hettich
ZENTRIFUGEN Ltd., Germany)3dte] Zsds A} AR s
Ao A Ay HA7EA] -80CE FAsts =AW T (MDF-ULH3V,

4

<1

SANYO Electric Co. Ltd., Japan) o] H.Z3ic},

Hemolymph 4 fF718&S & WA (TP), 3 (Glucose), & =
2~HE (T-Cholesterol) = S 3ct. & @¥de dRde A4S FA
sli= Biuret method® H|AAZF Fth. dFE GOD (Glucose—oxidase)
o] Zgo] 93k Enzyme method® HIMAZHE At = FPAgHE2
Ester Cholesterol® 7}Fritdfell ©]$k Enzyme method= H| MY zF 3
.

Hemolymph W F7]4d&2 24 (Ca), vt2dlEs (M), 1P 5743}
Ay, 252 OCPC (orthocresolphthalein complexone) method® H]

AR Aok vtadlES vt2uls FEYAE sk Xylidyl blue—1

%

method® WA it} o2 EgHdAk d2g 3 (Ammonium
molybdate spectrometric method) &2 =7 it}

Hemolymph W] &4 52 GOT(glutamic oxalacetic transaminase),

_11_



GPT (glutamic pyruvate transaminase), LDH(lactate dehydrogenase)
£ 4o GOTE GPTw= =ulelAd 7FE del ARRHI QU+
Reitman—Frankel method® =743t} LDH+ Pyruvic acidE 7|2 =
sli= Wroblewski—Ladue methodE AR tH(Bowers and Takenak
a,1963).

_12_



garztas B4E 98k 3#H%F oprinl 22E PBS buffer (0.1M,
5)9F &7 homogenizer (Tissue grinder, Kontes™ Pellet

Pestle, USA)Z A3} ot 78] 10,000 x g, 4TColA 153 &

AR s Adsds Al AFERT. AT AdedS Ad A7bA -8

FAYE o] B

2 ob7tm] & & Bradford method (Bradford, 1976)%

ol A I EES A ZFE @A E bovine serum

albumin (BSA, Bio—Rad L

gk % o] &3t

i
=
o
ol

5—1. Superoxide dismutase (SOD)

SOD activity SOD Activity Assay kit—WST (Dojindo Molecular
Technologies, INC., Japan)& °]&3fo] w43tk SOD &4 7H%
o ooprbul el AE e 5ul EA(1/5, 1/25, 1/125, 1/625) % sample
solutione TH| . SOD FAL> 33357 (Spectrophotometer

Infinite M200 Pro NanoQuant Plate™, TECAN, Austria) & ©]&-3}o]

zkzrel AEol thal ot e ¥4l ©]&-3sto] inhibition rates TFT}.

Inhibition &/d°] 50% A% += F7+< inhibition %= X & T}

_13_



SOD activity (inhibition rate %)

=[(Blank 1—-Blank 3)— (Sample—Blank 2)]/(Blank 1—Blank 3)x100.

5—2. Catalase (CAT)

CAT activity: Oxiselect™ Catalase Activity Assay kitE ©]&3}

rir

X (Catalog no.: STA—-341, CELL BIOLABS, INC.) %% A3d
sto] uERlth. CAT &4 129 IS4 (H:02) luymoles 2308}

a2 oS 1 unite® A 2)s}e] unit/mg proteinC.Z X &}

rir

_']4_
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6—1. Lysozyme activity

Lysozyme activitys Quantitative Sandwich ELISA kitE o] &3+
2 (Catalog no.: MBS099538, MyBioSource. Inc.) & AFE3}o
_]

A3t Lysozyme activity:  kite] Aok Hrbstar 747

v

samples W3t & mA]EtO R stop solutione H7bstel 545 3

rL

A2ty Lysozyme activity 2] ©F9]+ unit/mg protein® = ¥ & o}

6—2. Phenoloxidase activity

Phenoloxidase activity= A ZvRA] At o] W] ow A Fit)
10mM Phosphate buffer(pH7.0) 95u¢0°] hemolymph 5HE ¥l
10,000 x g, 4CelA 583 AT Feds 40w FAsHA
L—DOPA (p.—3,4—Dihydroxyphenylalanine,Sigma) 160px0%} &3t}
g 82 FEE 492nmelA FA AL 30 F A SAS

e vl #EFY 189 0.001 W3] g2 1 unite® A3l o,

(ot
ur)

oo

phenoloxidase activity?] ©@<]+ Unit/min/mg protein® %= X3 3t}

1) https://is.muni.cz/el/1431/jaro2016/Bi8250c/um/52661469/53116375/
Assay_of_hemolymph_phenoloxidase_activity.pdf, 2018 5€ 164 7

_']5_



7. w8 A3

Ad Ao Fods Hrkelr] fe A w402 SPSS 34 2=
I3 (IBM SPSS Statistics 20, version 12.0k)©]€3}t}. One way
ANOVA testE 2AA3F & A}SEA O F Duncan testE E3] P <

0.05¢ W dasx 3] Fo4do] = Ao r HFste] ekl

_16_



m. 2%

1. Bioaccumulation

1-1. 7+# & (hepatopancreas)

H & (As*) o] w=ZFe] 2 AE 7134 (hepatopancreas) 2] %74 A3}

£ Fig. 1] yetdlth 103789 vAa542 2579 45 E5 10, 20 ug

/LO sEolMd e Fol ®stE HolA gkgkou, 40 pg/L °l4e &

ERE folded 715 UEon, 4F F9 80 pg/Lel RN 7%
 F7He dERtH(P < 0.05).

_’]7_



60 7 mmmm control Hepatopancreas
1 10/L
B 20/2/L
504 =3 40m/L .
= B 6042/L
= B 8048/L c & c
©
2 407 P b
a a
g a? 3 al
c
S 30-
0
T
(0]
2 20
o
o
7]
<
10 -
0 - L - -
2W aw

Fig. 1. As®" accumulation in hepatopancreas of abalone, Haliotis discus
hannai exposed to the different concentration of waterborne arsenic for
4 weeks. Vertical bar denotes a standard error. Values with different
superscript are significantly different in 2 weeks and 4weeks (P < 0.05)
as determined by Duncan's multiple range test.
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1-2. o}7}] (gill)

H & (As®D o] mFe] W& A& oprjm (gil) & %2 A3}= Fig. 29
Uebdth obrbu] 9 Ml AFA L 25 40 pg/l 019 FEOAM 97
7FE Holthrk 60 pg/L E 80 wg/Le swolA & S7FE YERATE 45
20 pg/Le] FEHEH FoHd F7HE vERTE 45 80 pg/Lel s
A 7HE & S7He YERleHP < 0.05).

_19_



257 mEE control Gill
[ 1048/L
I 2048 /L
[ 40u8/L
g 20 | mm 60/8/L d
[ 8048/L
P c
° c c
o ¢ T
:g_f/ 15 A A
C
o] b ab
= ab a
E . abI
T 10 al
©
(&)
C
o
@)
0
<< 5
0 L - L L
2W 4W

Fig. 2. As’" accumulation in gill of abalone, Haliotis discus hannai
exposed to the different concentration of waterborne arsenic for 4
weeks. Vertical bar denotes a standard error. Values with different
superscript are significantly different in 2 weeks and 4weeks (P <

0.05)as determined by Duncan's multiple range test.
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1-3. &5 (muscle)

H & (As*) o] o & A3 28 (muscle) 2] 2 A= Fig. 3
of ekt 2529 HAF42 259 45 E5F 10, 20 pg/Le] skl
M woAl WstE Bolx] ktrt sHAIRE, 25 60 pg/Lel s=9 4
T 40 pg/LO sEFE Fo4<d F7HE dHERATH(P < 0.05).

_21_



16 7w control

1 10m/L Muscle

14 - I 2048/L
_ [ 40u8/L
< B 60/48/L
> 127 mmm 80w/l
©
o d
~ 10 .
K3
& 8 c

- C

5 bc bc
s a @apab a ababT
S 6- I T i
o
C
o
<€

2 .

0 L - L L

2W 4W

Fig. 3. As®" accumulation in muscle of abalone, Haliotis discus hannai
exposed to the different concentration of waterborne arsenic for 4
weeks. Vertical bar denotes a standard error. Values with different
superscript are significantly different in 2 weeks and 4weeks (P <

0.05)as determined by Duncan's multiple range test.
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2. Hemolymph A 3}8+ £4]
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g S7HF BEEHJNT(P < 0.05). T FUXHE vE= 259 45 B
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Hemolymph?] &4 E2 GOT (glutamic oxalacetic transaminase),

=
o\

7He R TH(P < 0.05).

GPT (glutamic pyruvate transaminase), LDH(lactate dehydrogenase)
22 Table. 4¢ YebATE GOT #/4d2 25 Fo H& 80 pg/L o
o] 29 47 FolE vlAk 40 we/L o3l FRelA {294 Wt g
AFATHP < 0.05). GPT &4 25 W 4F Fof gx1E HE3}
BE M4 wholA o3 Wy dEEA okttt LDH 242 2

Fol Hla 80 e/l skolM oAl WS S 5 3L, 4
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Table. 2. Changes of total protein, glucose and total cholesterol concentration in hemolymph of abalone, Haliotis discus

hannai exposed to the different concentration of waterborne arsenic for 4 weeks.

Groups
Periods
Parameter
(week) Arsenic concentration (ug/L)
Control
10 20 40 60 80
TP(g/L) 3.786%£0.154* 3.763%=0.075* 3.752%£0.128* 3.743%£0.143* 3.717%£0.086* 3.690*£0.158*
2 Glucose (mg/L) 52.45%£1.01° 52.94*0.75% 53.23*£0.84* 55.28%+1.08> 55.79£0.93> 56.06*=1.28%
T-Cholesterol (mg/L) 75.68*t1.12° 75.58£1.65% 75.68*£1.02° 75.55*£0.48? 75.47*£1.20° 75.21*£1.49°7
TP(g/L) 3.771£0.130* 3.764*£0.143* 3.750*0.183* 3.714%£0.054* 3.610%£0.138* 3.598=*0.088?
4 Glucose (mg/L) 52.59%£1.04* D8P 7 =—-0.852 53.72*1.202 56.060.70> 56.57+1.24°¢ 57.08£1.20°

T-Cholesterol (mg/L) ~ 75.72+£1.87% 76.09£076° 016.17£0:84* 76.25*+1.11* 76.17+0.94* 76.40*t1.71°

All data are presented as mean®=S.E.(n=6). Means in each row with different subscripts are significantly different(P < 0.05).
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Table. 3. Changes of calcium, magnesium and phosphorus concentration in hemolymph of abalone, Haliotis discus hannai

exposed to the different concentration of waterborne arsenic for 4 weeks.

Groups
Periods
Parameter
(week) Arsenic concentration (ug/L)
Control
10 20 40 60 80
Ca (mg/dL) 17.09£0.51° 16.95+0.63% 16.78+0.82 16.73£0.42° 16.30£0.57% 15.10£0.73°
2 Mg (mg/dL) 8.246*10.040* 8.249£0.015* 8.249%£0.028* 8.251*+0.018* 8.252*+0.044* 8.275%0.045*
P (mg/dL) 38.01£19.22* 36.05*£32.96* 49.68*31.34* 56.01*+18.82° 50.32*£2.147 49.03£26.98
Ca (mg/dL) 17.00£0.54* 16.83%£0.54* 16.68*0.67° 16.59*0.61° 14.92+0.76° 14.74+0.61°
4 Mg (mg/dL) 8.250+0.061* 8.267X£0.053* 8.296+0.017* _8.300*0.027% 8.448=*0.048> 8.483%0.040P°
P (mg/dL) 57.30E£25.44* 39.85%£35.14* 32.53F£18.32% 42.94%+33.02* 53.66*14.06* 45.77*13.55%

All data are presented as mean®=S.E.(n=6). Means in each row with different subscripts are significantly different (P < 0.05).
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Table. 4. Changes of GOT, GPT and LDH activities in hemolymph of abalone, Haliotis discus hannai exposed

concentration of waterborne arsenic for 4 weeks.

to the different

Groups
Periods
Parameter .
(week) Arsenic concentration (ug/L)
Control
10 20 40 60 80
GOT (Karmen/mL) 18.91£2.872 18.78£1.87° 18.88+1.89% 19.22£1.192 20.39+1.17%® 22.76+1.65°
2 GPT (Karmen/mL) 17.61 T kk08° 1788 =IN278 s SmISESINT 7 18.39+0.64% 18.81%£1.172 18.95£1.022
LDHIU/L) 92.75£3.102 92.72+£3.36% 93.50£3.06 93.65£3.76% 95.77+2.34* 100.29+3.32°
GOT (Karmen/mL) 18.72£2.08? 19.38£2.292 19.83£2.072 23.49%11.80¢ 23.69%E2.10° 25.41%+2.37¢
4 GPT (Karmen/mL) 18.26%£0.902 B3 3252 18.83£1.95% 18.84%£1.43 18.86%£1.23 20.23%£0.93
LDHIU/L) 92.36£1.82° 93.05£3.96° 94.86+3.45* 96.77+2.34*® 103.68+2.94° 104.30+3.33°¢

All data are presented as mean®=S.E.(n=6). Means in each row with different subscripts are significantly different(P < 0.05).
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3—1. Superoxide dismutase (SOD)

H A& (As®) =Fo w2 AE9 7434 (hepatopancreas) ¥ o}7}n]
(gilD 2] SOD 279> Fig. 48} 5ol YTt

A2l SOD &2 279} 45 5 U275 ¥Eske] A 40 ug
/L olste] solM= o2l MstE yEhA] gtont, 25 $-o H
2 80 pg/LO FL, 45 Fofli= HlA 60 wg/L o149 sXolA #9480
2 7P < 0.05).

ob7bml €] SOD 842 27 o x5 HlEdte] EE Hl& sk
Al YA AEE el ko 45 Fo HlA 60 pg/L ©]49]
&AM FAd F7HF FAEH AP < 0.05).

O
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Fig. 4. Superoxide dismutase(SOD) activity in hepatopancreas of
abalone, Haliotis discus hannai exposed to the different concentration of
arsenic for 4 weeks. Vertical bar denotes a standard error. Values with
different superscript are significantly different in 2 weeks and 4weeks

(P < 0.05) as determined by Duncan's multiple range test.
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Fig. 5. Superoxide dismutase(SOD) activity in gill of abalone, Haliotis

discus hannal exposed to the different concentration of arsenic for 4

weeks.

Vertical

bar denotes a standard error.

Values with different

superscript are significantly different in 2 weeks and 4weeks (P < 0.05)

as determined by Duncan's multiple range test.
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3—2. Catalase (CAT)
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st S717F ERJIEH T (P < 0.05).
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Fig. 6. Catalase (CAT) activity in hepatopancreas of abalone, Haliotis
discus hannai exposed to the different concentration of arsenic for 4
weeks. Vertical bar denotes a standard error. Values with different
superscript are significantly different in 2 weeks and 4weeks (P < 0.05)

as determined by Duncan's multiple range test.
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Fig. 7. Catalase (CAT) activity in gill of abalone, Haliotis discus hannai
exposed to the different concentration of arsenic for 4 weeks. Vertical
bar denotes a standard error. Values with different superscript are
significantly different in 2 weeks and 4weeks (P < 0.05) as determined
by Duncan's multiple range test.
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4—1. Lysozyme &4

H A& (As*) o] w28 AE2] hemolymph$t 71317 (hepatopancreas)
lysozyme &4 Fig. 8% 9l Yepylict,
Lysozyme A& hemolymph® 3 2% 2F 2o x4+
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Fig. 8. Lysozyme activity in hemolymph of abalone, Haliotis discus
hannai exposed to the different concentration of arsenic for 4 weeks.
Vertical bar denotes a standard error. Values with different superscript
are significantly different in 2 weeks and 4weeks (P < 0.05) as

determined by Duncan's multiple range test.
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Fig. 9. Lysozyme activity in hepatopancreas of abalone, Haliotis discus

hannai exposed to the different concentration of arsenic for 4 weeks.

Vertical bar denotes a standard error. Values with different superscript

are significantly different in 2 weeks and 4weeks (P < 0.05) as

determined by Duncan's multiple range test.
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4—2. Phenoloxidase (PO) activity
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Fig. 10. Phenoloxidase(PO) activity in hemolymph of abalone, Haliotis
discus hannai exposed to the different concentration of arsenic for 4
weeks. Vertical bar denotes a standard error. Values with different
superscript are significantly different in 2 weeks and 4weeks (P < 0.05)

as determined by Duncan's multiple range test.
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Fig. 11. Phenoloxidase(PO) activity in hepatopancreas of abalone,
Haliotis discus hannai exposed to the different concentration of arsenic
for 4 weeks. Vertical bar denotes a standard error. Values with different
superscript are significantly different in 2 weeks and 4weeks (P < 0.05)

as determined by Duncan's multiple range test.
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=85 ZstA verdta 484 vk (Wang et al,, 2009).
HUAR] naAs’) ez wet 22 H A F4& A A9

A E obrbml= Bl 40 pg/L ol EEAM FHoR

S7Fstlom, 52 60 pg/L ol wkeld FoFd FUHE

UeEba, 49 AR R > oprim > 28 Fo R 1HF A

o 48 T wallstEAe tel AEAAS o do) A
2 P AR WMstE o] A7l o] RAES fastEE e i

o]Fo7 AR WAAA el FLF /5 wERW 5,

Hl A 60 g/l o14e] sLolA f9d oz F7Fskith B3 hemolymph £
GPT 42 ™73 &<k 9% HFo] oy, GOT &4 HlAa
40 pg/L ©]73e sxelAl, LDH &2 vl4& 60 pg/L o442 sEolA
©olA =712 HAr)
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Figueira et al. (2012)°f ¢]8}H grooved carpet shell(Ruditapes
decussatus) 2] 7'=#(Cd) =Fol wef @] s 7524 W3zt
Atk S AAein kA B A BA =Fo e A&
hemolymph 9] & ©¥z Fx° A9 FUd3 AH}E el
AME & A x=F 7Y FRelAe dFol
S Aoz AZ4HEY. A Tromp et al (2018)2 F& XAEHXA7}
A= AYE Ao (Saimo salar) ol digt AFelx AEdXe] o3|
FUAEHE W= 54 Aolrh flve Ae THeEdl, ol &
A¥ AR fE] HA xF9 AEHAE A FHXHE FEE
AR AolE YERA & %]
hemolymph & 9% F%=i 40 pg/L /38 W& FEM Fofdt
=717y #AZEJAYE Gustafson et al (2005)¢] 2&tH #HH= 84
otsle] wet AEHAVE MASIY, B @ UAE Qe HERE
glucose & &=7F S7bethaL shQlth whebd 3 hemolymph W €3
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60 pg/L ©]72]
A frelAow FHAska, RPE mauvle sEe BlA 60 /L
o] e FxoA fgHoE FrtsGth dwbAow Ca¥ Mg
Pk whel AElstFor 45 R #AES e 942N Hur
et al, 2001; ¥ . 2014) o®< Afels 411 A=k AdEg

H]&o]th(Luo, 2016). & A= HlA 232 Al 289 57
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-

wot EHdE hemolymph ] GOT A2 H| A 40 pg/L o9 &%,
LDH &2 H]A& 60 wg/L o] s=oA FoldQ 71 Xt

=2 opu|imdolaadl GOT, GPT ¥ LDH = MEZXA, 53] HHxE

Fafsteted o wEqE =2 AT E4] g o

5 a4
gl oz 0P felHel Byol FhEA Atk webd HgrEg

2ot frejd Adeta Az

Gkl a4 (antioxidant enzyme) = AW AAX SR PAE = E4LE
TE5N wE 2 % ROS[Reactive oxygen species, &gAts) 9
Oxygen free radical(FajAtx) o ik Swjz8S 35t 2SS
A= @toltt. SOD(superoxide dismutase), CAT (catalase),
GPx (glutathione peroxidase), glutathione reductase, peroxiredoxin
ol em, SOD, CAT % GPxt AlAS wWol 7Z|ZelA Abs)
AEYAE HASE T8 94Ts ot Fabstaso|v (Kharroubi et
al, 2014). SODE ZZAEo]2(027) = AFA(02) 9F HAESH 4 (H200) &
Agkste] xHAkol o] 7}l QL= free radical anion®] dEL FIFS
Wolsk= ogds @k ojm] AT kst AE CATE 7&S
= (H:0) % A4 (09) 2 Eafate] sl 5282 gt

H 2 (As®) el wEFH HS3dE g9 SOD 842 25 Fo HA
80 wg/Le] F&, 4 60 wg/L ©]%e sEeolA FoHo =
S7Fetar, of7tnle] SOD E/4d& 45 Fof HlA& 60 pg/L o]4e
SEolA FoARl F7E ST E=E RS CAT €42 25

Fol M4 80 pg/Lo §X%, 45 Fol MlA 40 pg/L °1%Fe] sl
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-
o
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oA F7FekH ar, ob7bn| o] CAT 42 45 3o 60 pg/L o]49
Hl & solA Fo2Ql T7HE yEkdlth

Freitas, R et al(2016)+ W}A 2 (Ruditapes philippinarum) 2 ¥H|A

Tt Z7hereE Alal AEYAE WA 7t 3493, Duarte et al

(2011 = AHSTMytilus edulis chilensis) 2] Z& A 7F=8(Cd),
T Cw B otd(Zn) T FTuHF FE7F Stekd CAT &4d0]
S7beke 2l Sl webA SRR dAaksta s Ao S
Hl 42 xFo wel At AEd Aof 719le Ayt AzhE o

H A (AP eFo] WE EWAE9] lysozyme AL hemolymph$}
A EF 45 Fol 20 pg/L ot HlA R = A<l ®stt
A7 40 pg/L o] A T
phenoloxidase &9 WFE2 A=AE A AQtE Lysozymes ol 24
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A
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#est™, phenoloxidase (PO)& pro—PO systemell EAsh= 2ot

247 Ax F ARE Adsta Al MdEs AAsE 9 st (Mai
and Wang, 2010). @W&bA EHRAE 9] lysozyme T2 ZHAE H] A9
o st o] 7] &ke] 7]Qleke] At Ao g7t
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V. 29

Mat Uz gz AQA EAsE  FEEI 4ol
FAFSIEL 2 FYIOIL B4el s WAR it FHe mot A

=
GL2 tx7= A3t 259 45 40 pe/L o] FEoA 9%

%
ol7h glolth GOTE =228 27 80ug/Le) FEelA fo)8 Wae
Bolthl B AY 4FAME 40 wLolWe FEAM foF FAE
BN, GPTE #oI4e AHA 2gAW 5/ Frkstn

wE/17k0] Aol A% S W3 Frshe AFS etk LDHE w229
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ANMHEE  STRsE wE2AF 60 g/l ol

He o2 A oprbule]l SOD 9 CAT &  #&Esksith
SOD & A =348 25 80ug/L o XA S7HE YeER
oA w2 F7HE SRl ofrbrf oM =

=AY 4F 60w/l ol wReAM FoF FUHE ERlskaith
CAT &= A w343 25 80 ug/L o] sxolA S7HE Heolthrt
47 40 pg/L ol =M F44 S7HE WERT obrbrleA =

SEANA F94 S4E gIF
H|Eo0]& Wl NS 07 Hemolymph &+ 7H82 Lysozyme &4 7
Phenoloxidas #4d+& #&38I3Ath. Lysozyme &4 Hemolymph %}
AT BEF xE2AY 4F 40m/L Y sRCM F9F FAE
Q153 3, Phenoloxidase €42 F94 Wsl= IAA T v]A F57}
2

At WaE stk
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