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ABSTRACT

The present study was conducted to find out effect of PFOS on survival, activity, growth and organ structure
of the melania snail, Semisulcospira gottschei. Experimental groups were composed of one control condition
and four PFOS exposure condition (0.1, 0.5, 1.0 and 5.0 mg/L). After 16 week exposure, survival rate and acti-
vity were not significantly influenced at the two lower exposure groups, 0.1 and 0.5 mg/L, but they were signi-
ficantly reduced in 1.0 and 5.0 mg/L groups. Total weight and meat weight rate (MWR) were reduced in PFOS
exposure group in comparison to control group. Also, histological degenerations such as acidification of mu-
cous, necrosis and split of muscular fiber bundle, atrophy of anterior pedal gland were recognized in the foot.
Hepatopancreas showed the atrophy and degeneration of the digestive cell, vacuolation of digestive gland and
closure of lumen in digestive gland.
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A 7 Z&=H ] (Hoff er al., 2003; Bossi et al.,
2005), AR FEol = Azl HE7Ee] ARG
=t 23] olF E: oluA] LA A I3
€ u]Zt}(Kannan et al., 2002). 18]35 o}t w3
A3}, FellA 7k vl AZH x2S, S
A2 =9 2h4, Avke] Fx3} o dzze A%
32 3t} (Grasty et al., 2003). 3 o] F
elol, Carassius carpio®} ®BAro), Anguilla anguilla
o] 7}7)% A& (Hoff ef al., 2005) W Fx)7]40],
Oncorhynchus mykiss 7Y\ A A|u}p Alsl & i8] 27}
E do7lch= B 77} 9leb(Oakes et al., 2005). =+
el 4= PFOS? A o] S8 e 71
g <Azke] Foqof| EAl 3= PFOS9} PECs®] §%
(Yang et al., 2004), FF5t 5o 2 357 5749
$A3 EAH B E¥3E PFOSY ¥= (Kang,
2006) 5ol B3k B3] glch

EE50 AEAEE o438 odd gt o
F2E 87 A6l A BAISE), Semisul
cospira gotrschei®] Aol FA¥ {7|=AE-7
3% TFEA (Kim, 1995), 2Akgte] 5323}
4315, Littorina brevicula] 34 23 (Song
etal., 1997), 24159 {7|FA 9 FIFgol o
& 3714l (Chin er al, 1999, b) 73] 31 ZoT5
N Ft=gF} otde] £A 2 A7 (Han et al,
2001) Sl 3k B350 glch

2 g7 AME YTl AR 542 3
4=, 748 MZel MAsHE #4Al 15 F24 (Yoo,
1988) F2 Folit mae] BelRs PIAZFE &
bl 2ol wA 7B & Aelahe
$Hoz ol 3l 499 9RELA A
¢l =% wiAte] o (Kim, 1995).
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B AFe) Ae®l EZA TS, Semisulcospira
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Sui=] ZFEANA AAE HE AT 26.70 mm,
HF A2 1.96 g9 50072}

2. 8 Y
1) A=

AE7)17He 2006 29 2093E] 20061 69
12970 1657300} & Agol] M43t 25 251
o] A3 <3hedztA] Abz}; polypropylene =23
A, ez AR AAE Z7 5070A 2 sldoh A
717 53t B5Uleh 2xE Adxiles A
et Hele RN AdA o WA she=
TEF fEdden, Afdses 4dvid 124
wkalelot.

) AHEY A HEy

2 Al AHEE A4 CF(CF2)S03K
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Fluka)E 5ol 1,000 mg/Le] ZF4NL k=

S APF =R 3AE AT AT
F A 34 SYAGE Batel RS HxT
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3| wixo=z AAS T, 7t LSxd dF HFS A
2 vepigic

3) HEZ

FARE7) AELES AT 3¢ 4 5=
THE d 24 1041 2.F 5Ae #AsAH.
AR ool w2 g $A4del g MAE
e ASHE o kgl s AAES A
AA = Adsiglom, A4 A AAGAA 23
AF AR W S AEEE FAEkH

4) 52| (Meat weight rate: MWR)
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MW)2 AzRA &S o] 43l 0.01g7kA] =A3
%, MWRE ofefj¢} 222 uho g AAalsleln.

o =g}
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o] T3 MAE A2 ™l EAIG 3,20
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Fig. 1. Schematic diagram of activity measurement of the melania snail. @: melania snail, {: distance moved.
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Fig. 2. Survival rate of the melania snail, Semisulcospira
gottschei exposed to PFOS.

o 60% = vfElsto) (Fig. 2).

AR AA F 1657 AFA"D Gx=79 01,05
mg/L =T A o 24%9] A& YRl
o, L0 mg/L ¥ E7|A= 18.7% Z8]i 5.0 mg/L
FETANME 55%2 542 ZAas: dehid
(Fig. 3).

AR A7 AR FaA7]l 1652 A
o] WslE vlwg st Ay F8A7| d2Te}
0.1, 0.5, 1.0, 5.0 mg/L PFOS xZTFo|A] Hpare
o Zhastgl ot frofabs vl edkolet (Fig.
4).

A1) A 7)ol S-Fe]= 31.7%99 3, A A
F 1653 73" ALY &F e dE2T
9} 0.5, 5.0 mg/L s=TFoA 21.9, 21.2, 23.6% =
+2zF glo] Fastedont 0.1, 1.0mg/L FwTo
AE 23.6,23.9%2 FoAE VeblH Zrasiot
(Fig. 5).
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Fig. 3. Activity of the melania snail, Semisulcospira got-
schei exposed to PFOS.
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Fig. 4. Growth of the melania snail, Semisulcospira gott-
schei exposed to PFOS. Vertical bar: SD.

2 71#A =

DR

FATE7] de| 2AH Fre wEFeRy
B 9% 2¢2F a3z 28F5e= 74
o] AT AT S dFoz F2 UFY A9
ZER o]Folr] glov, Aol Axdel &
sl glsich(Fig. 6, D). A3 3l HAAM=E
L 43y AIAZE AteldA AFFG oM,
AB-PAS (pH 2.5) ¥kl x4 241 C) o2
uH$-8ld e} (Fig. 6, E). ZAgr2A] 32 Aul3a &%
% Abole] EAjstgom, o] LR oMl
e} ge)R Zx)3= =4 (anterior pedal gland)o)
2425 9] 3 (Fig. 6, B and C), AB-PAS (pH 2.5) H}-¢-
A7} &AL alcian blueol] F24 (286 C) o 2 uF-S-
8} (Figs. 6, O). T%FMEe dH2F3 b5
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Fig. 5. Meat weight rate (MWR) of the melania snail, Semi-
sulcospira gottschei exposed to PFOS. Vertical bar:
SD. *: significantly different from control (P<0.05).

o] wAA e A FEol FFFUS (Fig. 6, D).

PFOS >2&F 7H&d 71 92 $=7d 0.1
mg/LMs Abu]Ze] HAMxr} AR (240 C)
23 "t o, izl Hs| HAMEe] ul
LA =7} 2718t} (Fig. 7, A). 0.5 mg/L =72
735, AF2A S EXsie =5 Aol
HAF g o, Au Sl EAl3 A3 AN EE
2 alcian blueel] FE4 (299 C)o& ul-2-3}ivt
(Fig. 7, B). 1.0mg/L =72} 7%, TAH9 95
%3 0.5 mg/L =79} o] AMJAHNM 27} #3
5¢lc} (Figs. 7, C and D). PFOS x2& %57} &o}
ALF e g EXEe £49 2xyA
< Fasdot (Fig. 7, E). 5.0mg/lL 3= A4,
HAAz &7 8 SfAGAM AuaZe] Adxqd
o] &gl o, 0.59F 1.0mg/L g9 Ze] &
£ EAske ZAS whiel 2y veRg
<} (Fig. 7, F).

PFOSe)| 165 £t =29 ZA|vkEr] whef 4
1% 7% Fig 83} 2ok =72 A4351% FA
= 7 49.76 umgd}. 0.13 0.5mg/L PFOS x&
TFoll M 22 HF 49.36,49.70umz vEpgt o,
1.0mg/L =Tl B 53.59um= 714 ¥4
el 3, 5.0mg/L FEFolAE HE 4845umz
eRgeh

PFOSH| 165 39t =29 TATE7) 4y A
AM £ FEH]E& Fig 99t 2ot dz72o FHAA
Z B¥u]$e FF 11.7%9A9¢ PFOS 279l
0.1mg/L 3 EFoNE FF 11.2%2 epton,

i
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Fig. 6. Histology of foot of the melania snail, Semisulcospira gottscher in the control group. A: External morphology of the
mouth (Mo) and foot (F). B: Longitudinal section showing the mouth and foot. Masson’s trichrome stain. C: Section
show-ing the anterior pedal gland (Apg) of alcian blue positive. AB-PAS (pH 2.5) reaction. D: Section showing the
striated border (Sb) and hemolymph sinus (Hs). H-E stain. E: Section showing the mucous cell (Mc) of Schiff’s
solution positive. AB-PAS (pH 2.5) reaction. El: epidermal layer, Ct: connective tissue, MI: muscular layer.

0.5mg/L xEFoAE HF 8.6%RA 1.0 5.0  AmA =zl A Es FAF o (Fig. 10, A). &
mg/L FEFAME HF 7.7%2 Z4shs A%E dAEE HE GAME Aoz Jepgon,

AT AB-PAS (pH 2.5) Hh-goll A= alcian blueel| A
2 ukgshe] 24 (298 O)2 et} A3
4) TS o] A ZES AR g zdes FxAAM

AR 2ARY T s 204 ¥9 Felolw, ashzsl el BAH 2o
2 o%eld slgich ot AWES APYEAE  BL HE AN Txoz Jehton, o8
o2 74T} glom A¥Ee wxow U Ad EAS: YL HE AL Fu4
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Fig. 7. Histological changes of foot of the melania snail, Semisulcospira gottschei exposed to PFOS for 16 weeks. A: 0.1
mg/L. Note the increased mucous cell (Mc) of Schiff’s solution positive in epidermal layer (El). AB-PAS (pH 2.5)
reaction. B: 0.5 mg/L. Note the dilated hemolymph sinus (Hs) in connective tissue. AB-PAS (pH 2.5) reaction. C and
D: 1.0 mg/L. Note the pycnosis (arrow) of the muscle fiber and increased mucous cell of the alcian blue positive in
epidermal layer. Masson’s trichrome stain and AB-PAS (pH 2.5) reaction. E and F: 5.0 mg/L. Note the reduction of
anterior pedal gland (Apg), desertion of striated border, atrophy of mucous cell and split of muscle fibers. AB-PAS

(pH 2.5) reaction.
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Fig. 8. Epidermal layer thickness of the foot of the melania
snail, Semisulcospira gottschei exposed to PFOS for
16 weeks. Vertical bar: SD. *: significantly differ-
ent from control (P <0.05).

(Black 2 C), Long Ziehl-Neelsen &3 A ol| A= 7]-24)
(Black C)o. 2 ey} (Fig. 10, B).

PFOS =& 7}&d 7I @& Zx 37 0.1
mg/Lol| M= AshA| 22| $]5o| IH2E ] o (Fig.
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Fig. 9. Mucous cell area in the foot of the melania snail,
Semisulcospira gottschei exposed to PFOS for 16
weeks. Vertical bar: SD. *: significantly different
from control (P < 0.05).

10, C), 05 mg/lL F=79) A4 44 Yol TE
517} 25 e} Fig. 10, D). LOmgL S =72 74
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Fig. 10. Histological changes of digestive gland of the melania snail, Semisulcospira gottschei exposed to PFOS for 16 weeks.
A and B: Control group. Cross section showing the digestive cell (Dc), digestive gland (Dg) and granules (Gr). H-E
stain. C: 0.1 mg/L.. Note the atrophy of the digestive cell. H-E stain. D: 0.5 mg/L. Note the appearance of vacuole.
H-E stain. E: 1.0mg/L. Note the necrosis and the degeneration (arrow) of digestive cell. H-E stain. F: 5.0 mg/L.
Note the closure of lumen and necrosis of digestive cell. H-E stain. L: lumen, Oe: outer envelope.
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Fig. 11. Digestive cell distribution on digestive gland of the
melania snail, Semisulcospira gortschei exposed to
PFOS for 16 weeks. Vertical bar: SD. *: signifi-
cantly different from control (P<0.05).

29 A7} ARAE AMEHAdol *E= o} (Fig.
10, E). 5.0 mg/L =739 7<% 1.0 mg/lL 579}
7o) A3pe] Wrte]l FolXu AsiAEo] HA}
= FFFH A (Fig. 10, F).

PFOSe 165 B9t x23 ZA|vtEr] 74879
232 w8 Fig. 113 2o dx239

Distribution (%)

Control  O0.1mg/L 05mg/l 1.0mg/l 5.0mg/L

Experimental group

Fig. 12. Granule distribution of digestive gland of the mela-
nia snail, Semisulcospira gottschei exposed to
PFOS for 16 weeks. Vertical bar: SD.

A3 Z Bxn]E-S IHF 10%}. PFOS &7
Al 0.174 0.5mg/L 3 =FolM = HF 7.4%= 714
gelon [.0mg/l 2 =7+ AF 8.1%9x, 5.0
mg/L g =l M= P 8.7%H

FAGE7S] A Fad A5 BxA]
== iz} 747He] PFOS =7 ula} o2 A
vepdeh A8 A F 165 Ag dlzTelA
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Fele] Exzulge 5.1%A} PFOS =& 7434
0.1 mg/L y=oA EZu|&L2 6.0%%27, 0.5
mg/L ETAAME 62%E i 2718t 1.0
mg/l XA 82%8 e Z71E el
7} 5.0mg/L F=TNME 6.1%2 FHastelc) (Fig.
12). ‘

o

AAFE 7HH ol fe BE5Fe AR
z AAM ez de] Rxse, A2AH7L Solsl
3 e B Al & FAgme $A o] g
sl aejm A4 AEEAM S99 o9y

del W% AuAgos eqwael Aoz 7}
2 29% W Aser) dEe egAEFe

24 A ] 9 v} (Goldberg, 1986).

PFOSE ¢l$] %<3t Sprague-Dawley ratS I3
g A, YAl A HEEE 22 0 e
U5 7haslgl 3, PFOSY| =29 A 22E o
o A AEFE BE TN dasigle
o, AFZ 7o) FAE ZHAsFedh(Grasty, 2003).
732y F]) Pimephales promelass 23 EF PFOS
A 22470 Aok §924 Aol5o] Basae
), &89 At Jeldel (Ankley et al., 2005).
ZFAn 1532} Nassarius festivusel) Cu, Cr, Zn
a3 Cde} 22 FF453 Alge-g o]l 43}
= Marisa cornuarietis2 bisphenol Aol x=ZA|Z)
€+ A 2F 551 TS AEEY i
Aol=de zt47F veldel (Oehlmann, 2000;
Tanhan et al., 2005). 18] 12 Pbel] »2Z% whgs o
H9] Helix engaddensis®} EEH o3} Lymnaea
stagnalis®] 73%, x& F=7t 1AL QYEE
7} $-%Alo] 7r48lg T} (Pyatt ef al., 2002; Snyman
et al., 2005). &%, Littorina brevicula®] 7%
TBTCL He % Cd] 7 A@s= A48 A5
2 WErEd4E A7 H e ulel 7haslelon,
TBTCI®] ¢ F73-g 2 /ia] 47 FH HY
£ F)8te] 9k 3 AIsldoh(Chin er al,, 1999a).

B dFME AL, Semisulcospira gott-
scheiE 0.1,0.5, 1.0, 5.0mg/L == 165 E¢ =
Z ¥ A=sy £54E 2FT 29 dx7d
HlA] 0.13F 0.5mg/L F=Foll M F23 Aol

Vol. 22, No. 2

7 glgiort 105 50mgL sEFAAE Akl
Al ek AZES £EHS At ek
o =3 P 2 2279 50mg/le] A k2
2710l AL Do A A7 PR A
o3l FAE =g AP E, o) dAk
PROSO] 518 Seldel dAfelablug TE
o] 234l o3t BE5Fo) UubAgl wkgr)zte
= A7= oAl

PFOS x=Zof| 2|3t ¥5-72] 7j3A Fawste
3t A5 wi§ v)E3E A e]ot ARE )
A Ao BAlo]| 458} endosulfand] x=Z% rro}u]
Bl o|3}9] Planorbarius corneus®} Ed3 o]z}
o &3= Galba truncatula®] WollME Abs|M =
o vk, A2 F7h 240 Aot el
oo, YA ze] Z7)et g7t xF 27)6E 7}
stod ot =& Agte] AHHA 7FA31TH(Otlu-
dil et al., 2004; Cengiz et al., 2005). TF&d] =&
H 2YgaE] @ Z82dME 24 B35
AR ohEe) 83 FE3prb vpeRge} (Chin er
al., 1999b).

2 AFelA PFOSe| 165 E<1F &3 XA
&719) el A thike] 2AT} #apt o

don, 4mAZY Fabsh o] BASYD,
xZF T Fod4E Axde) €99 d9=
52 el ZRIRen, 2H) vERAe) 7
235 B9 A3 A 10mglL Sl
X ez Frhslg o), 5.0mg/L FEFAME
dz2FRet ZF4ssch o) HANZ Bxu| g2
T wA4E Al ATgel we Aasdet
PFOS xZoj oJ& rite] o] F2AQ wW3h=

]
!

-

rlo

RAE718] ool Al S v At
5 Ay LY FrA9
A=A 715 W3t @A ks
Iz i)

A3t Alxze] el d8Ae] aet 597
Az} A3z FAREY A EE 7]1H
a vM TP ERZ o]F o)A )} Endosulfan
o x=&% molz|EI || P. corneus®} EF
HolFe] G. truncatula®] A M= A2 7
Absh A, WS 53, ES) 249 2shA W7
9] &4 Fo] vieldt}l(Otludil et al., 2004; Cengiz
et al., 2005). Cddll =23 FFA7L=5), Nacella
concinna®) 7AS- TE-=A] L3I E U9 mA
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FTEY F7he} 23S nE A xoA A7 A}
¥ 9 R ES] At el (Najle,
2000). Cuell =25 Wy o|ke] Helix aspersa 4
A A Ee] T8 A3pxe] WA Hwr)
EolA L= 7FA4E9d T} (Snyman et al., 2005). =3
Cdst Pb7h B2E Adeln AR 2Esel] &
3} Nerita saxiilis®) A& F2F A3} 43}
AN FE} SFT 219 79 A9 37}
E #Asigiv(Abd Allah et al, 2002).

B delA AT 2ol My 484
22 9%l 0.1 mg/l SEFH BAE 0w,
0.5 mg/L ¥ EFHE= Aslde] Zx3lel cgu A
SAZ9) A 0] BRI £ = F 5
=7 3245 s Wi 29 ¥ TA
HA7h Uehdeh 2804 ol EAshe £shE
o Exu)gS gz IS W ZF W
Gektor] asela 3l 27b} vehie
olde A 29EA % UBT Hely o]
8 A% A% gask vehie, 23p0) =
Aehe ZSAE 9a) ole] a3t W el 4
f2 veht 23 Esl AR Aoz Meizo)

-

23t W7kel &4k Holo] FAW SA4EA 0
Y7e 23] A2 3pde AL A5 936
vehd vbgoz AZET BHF9 7H o)A
Hhe) Zrle ArzE ¥MIHY] 3 wSon

Al A el F4-E stelad A¥o] Cd, Cu, He
o FE4d 2o SYBAL o] SdeA
vepd dig-o 2 W F o} (Najle er al., 2000;
Taieb, 2001).
742} PFOSE XATE7]e] A&z
“;-l & W32l 78A Fzel odse uiAe A
S qgieh =3 A BAY F2H ol ol
7H21H 7)ol 2 o)l oz AdEw oy
B Al nAE gl BN 25 4
2l - Asaby 4 9 AWEAe) o2 wheA ¥

e dl

7} o) AdHoz @7selor ¥ Aoz 47
o,
dnzd
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