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Risk Assessment of Nonylphenol using Sex Ratio,
Sexual Maturation, Intersex and Lipofuscin Accumulation
of the Equilateral Venus Gomphina veneriformis
(Bivalvia: Veneridae)

Jung Sick LEE and Jung Jun PARK*
Department of Aqualife Medicine, College of Fisheries and Ocean Science
Chonnam National University, Yeosu 550-749, Korea

Nonylphenol (NP) is an estrogen-mimicking compound or xenoestrogen. This study investigated the effects
of nonylphenol on the reproductive status of the equilateral venus Gomphina veneriformis. The experiment
lasted 24 weeks. Experimental groups consisted of a control and three nonylphenol exposures (1.0, 2.5,
and 5.0 zg NP/L). Mortality did not differ significantly between the control and the exposure groups. The
sex ratio (F:M) was 1:1 in nature and 1:1.03 in the control group. However, it changed to 1:3.5 with
5.0 #g NP/L exposure. Gonad maturity in females was higher in the nonylphenol exposure groups than
in the control group. By contrast, in males, it was lower in the nonylphenol exposure groups. Intersex
individuals constituted 0% in nature, 3.08% in the control group, and 23.6% in the group exposed to
nonylphenol, with female characteristics more prevalent than male. As the concentration of nonylphenol
increased, the accumulation of lipofuscin increased in the mid-gut gland.
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ARl FF¢E A= E;f——l% W21 AN E 2 (endocrine
disrupting chemicals: EDCs)®] &} 3t} (Munkittrick and Van
Der Kraak, 1999). EDCst 4882 E& FAAESY 3
5, A, A Soll U JFE A HAEHozE AHA
A 3 A 2#57]15 3 Mo et al, 1969; Lagadic
et al., 1994).

EDCs 7}-&4| nonlyphenol2 A 54 SEEAR 450 A
AA EAHA FiL FRHAA e F2AH ] AFol HAHY
(Sundaram and Szeto, 1981), ¥l 0|23} AHBAAZA A&
A WX S+ A4S fdele 242 43R Ao
(Greak and Layman, 1989; Tolls et al, 1994; Khim et al.,
1999). Nonylphenolol] 2}3F a9 AAA| 5o QAo =

Crassostrea gigas (Mori et al., 1969), %3 Mya arenaria
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(Gauthier-Clerc et al., 2002), zebra mussel Dreissena polymorpha
(Quinn et al., 2004) SolA Big o] gt}

EDCsoll 9J3t 3¢ AXTES] Fol B3 71E9] ArE0l
A ool o HEAZEN XA, AR B,
R HEZAA 4 (lipofuscin) £ 59|
AA = AA g} (Krishnakumar et al., 1990, 1994; Nimrod and
Benson, 1998; Gimeno et al., 1998; Servos, 1999; Horiguchi
et al., 2000; Sukhotin et al., 2002). A%} -2 E}elA] S F
AANFE o)#T HEAEE 28389 nonylphenol®] 93}
AL F7He AFts Folry] PET

o] Wty olujHFELS T2 AA ol A2EHEA
ojatd 4l osl Holg Atz 2 A=EL Al €7
SHHAT A s AtEe 7] wzo]
AA 2] QANHE YolRT] AT ARFE Bl
AHE-E a1 )t} (Siah et al., 2003).
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Fig. 1. Photomicrographs on the gonadal development of the
equilateral venus Gomphina veneriformis. A, Inactive stage;
B, Early active stage T of female. Oogonia appear along the
oogenic follicle wall; C, Early active stage I of male. Showing
the spermatogonia near the spermatogenic follicle; D, Early
active stage Il of female. Note proliferation of cogonia along
the oogenic follicle; E, Early active stage II of male.
Spermatogonia occur the spermatogenic follicle; F, Early
active stage III of female, showing the oocytes connected
by the egg stalk (Es) to the oogenic follicle; G, Early avtive
stage 111 of male. A number of spermatocytes and spermatids
identified in the lumen; H, Late active stage of female; I,
Late active stage of male; Gf, gamatogenic follicle.
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B &4 7] (Inactive stage: In)y= FAFZF o7 .4 7
o] oHF Meiolt} (Fig. 1A). 271849 7] 1 (Early active
stage I: Ba ) & - 55 AT &g Ho] HZA
7] Rtk FANFT &3 dAAY Hole MY ER
A7 10pm Wele] dRAEFC] 12702 WEH el
o} (Fig. 1B). =319 AAdd Yol L9 UM EE0]
EAst 2 DA (Fig. 10). 7184 7] 11 (Early active stage
II: Ea I 4719 49, dio] wittdsd 27 oF 20 um]
HRAZE] Yasy WA 12522 EAlstaL AT
(Fig. 1D). 7] AxaPoM e FANEER ARAE
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Eol Y7 o= wgsty AU} (Fig. 1E). 271847 10
(Early active stage II: Ba I} &3 9] 4%, A7 30 um W]
Qo] dRAEE] G dad A g Hea] &g
ez wastr] AFetdu (Fig. 1F). F3HAME A4
g Wis diFEe ARAZESR dF AAXE] AT
3t UATH (Fig. 1G). 7184 7] (Late active stage: La)9]
waeAd e GA e AE, e WielA de] B
E A7 40~50 4m A7)0 GERAEES #ET £ U
H, o] F YRAZEES & W ¢ 70% ]S AHA 8t
I AT (Fig. 1H). FARAA 4 WS o229 AL
o 47 AAEE AYA AN (Fig. 1D.

A AX| 4= (Gonad index: Gl)

GIE= Fig. 29+ 240] Eversole (1997)2] Wi wdsle] 59t
Aol AL deEdAd GAE 45 (In=0, Ea I=1, Ea II=2,
Ea II=3, La=ty& F-oI3 5 A9 & 7HA 2 vrdeh

/ |n=0\

Li=4 Ea =1
Ea ili=3 Ea li=2

GI= {(Number of Inx0)+ (Number of Ea Ix1)+(Number of Ea
1Ix2) -+ (Number of Ea IIIx3)+ (Number of Lax4)}/Total
number of individuals

Fig. 2. Scoring system used to rank different stage of gonadal
development of the equilateral venus Gomphina veneriformis.
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£ 3 3 g asE JAF9XE4ez f94 (P <005
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Z 2t

MEE
247 +Z Z8AH9 2T} =& (1.0, 25, 5.0 g
NP/ A AFANAES] AEEL Z7F 943, 92.5, 90.6,

943%= JEISTE (Fig. 4).

‘o Hl

el 3k SR v AAuERTFAAE LIE AL
Ak, Aol AHEHE 261704 FollA A2 HEGA T} HE
712 oF- FEo] oHE IMNAE AYS 170 (& 74,
g 96/MAE B2 A, APA ixFodAE 111.0322
Uehd v 7P e &< 5.0 p#g NPLAIME 1:3.502
2 FH9 v&o] g4 et (Fig. 5).
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AL A HRERCE|

Az e s dAY A Ad 7o 494 o
ZTFoME 2tz 2718497] 1(62.5, 77.4%)S W=7} 7V
=91tk 1.0, 2.5, 5.0 #g NP/LY] =&FolM= 27847
I (474, 47.1, 333%)¢] W=7} 7}3 Ekom, 2718471
w3 3718471 Vel 48kt Fig. 6). $39] Afdle
1.0, 2.5, 5.0 #g NP/LY] =& oA 2718471 1 (57.1, 524,
75.0%)2] ME7} 7 TkA T AP g xFME 2718
A7) 11 (51.5%)2) gkel 7 =9k 271847 I £718
A71e YERA kTt (Fig. 7).
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; e |
Fig. 3. Photomicrographs of intersex of the equilateral venus Gomphina veneriformis exposed to nonylphenol. A, The
spermatocytes (Sc) in the ovary of 2.5 #g NP/L; B, The oocyte (Oc¢) in the testis of 1.0 #g NP/L.
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Fig. 4. Survival rate of the equilateral venus Gomphina
veneriformis exposed to nonylphenol.
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Fig. 5. Sex ratio of the equilateral venus Gomphina
veneriformis exposed to nonylphenol.
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Fig. 6. Frequency of ovarian development of the equilateral
venus Gomphina veneriformis exposed to nonylphenol.
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Fig. 7. Frequency of testicular development of the equilateral
venus Gomphina veneriformis exposed to nonylphenol.
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Fig. 8. Gonad index (GI) of the equilateral venus Gomphina
veneriformis exposed to nonylphenol.
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Fig. 9. Intersexuality of the equilateral venus Gomphina
veneriformis exposed to nonylphenol.

#2= %Y (Fig. 9).

HiZHA A (Lipofuscin)2| &1
Mol Al Az Hxa e S el on,

% i
A 9] ST el B A Fig. 10). A B
9 AA AR TANE ATRALY REE AW ¢

Z7-9] 1.0 ug NP/LAIAE 0.19%<]

T"r%g p_oa_grq, 25 g NP/LOM 0.21%, 5.0 ug NP/L A
= 1.29%% nonylphenoi®] Fx7t Z7) T4E ExwF o)
Z7V8lE A4S BRI (Fig. 11).



20 QEER 2 B

Fig. 10. Lipofuscin (Lf) in the mid-gut gland of the equilateral
venus Gomphina veneriformis exposed to 5.0 g NP/L. Long
Ziehl-Neelsen stain.
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Fig. 11. Lipofuscin distribution in the mid-gut gland of the
equilateral venus Gomphina veneriformis exposed to
nonylphenol. Vertical bar, SD; %, Significantly different from
control (P<0.05).

h

il
Nonlyphenol> 473} EAJ0] 74¢t EA A Tkt 45
Eol AE, A4 a8la F24 ol T AR AETH
o]l 4842 FslH (Nimrod and Benson, 1998; Gimeno et
al., 1998; Servos, 1999; Ackermann et al., 2002), Z1& <13}
Hol|2 g, o], 3F, Ao 4 F7] Wi HFHoR
= %9 7AE 2H3A Hr}(Gibbs and Bymne, 1986;
Horiguchi et al., 2000).

g T/ UEBIA N EZ (endocrine disrupting
chemicals: EDCs)< FA A &9 A& o] Y3 v)A]A
Ht}. Nonylphenoldl] 509 F¢t =% zebra mussel Dreissena
polymarpha®] 73%-, =% F8A|F A 0.1 mg NP/LS] &
ol HEEL 100%9 T 1.0 mg NP/LY] FETolAe 28
FTEAH A APRE] T FVFeFRAIR 29 vl ast
& W R HQ Aol & HolA] gt SHAIRE 5.0 mg NPL
o] FRAME =& 2594, 100 mg NPLY| FEAAE =&
1594 55 AA7E Abdetsiet. 509 el LCd 0.68
mg NP/LO| %1t} (Quinn et al., 2006).

EDCs= A5 E2] AHl, A4 de T A2 93-S

A Hed, 2 7heE ojuhsFo] Adwle] WEte] Bl

L

Rt x Blx g Tapes philippinarum®] 735 2T M=
ok.4= An|7} 1:0.909 ) 3R 7} nonylphenol 0.025, 0.05, 0.1
mg NP/L =R e 424 1:0.77, 0.64, 0.660.2Z L4FA 9
Hlgo] A YA, 7HE & FE7 02 mg NPLAA
E 116622 F£79 vl&o] A JEHTE (Matozzo and
Marin, 2005). ¥ thE A2, vttt Saint Lawrence 7
a7 209 §71F4 TRt 28 AFdA A23ke 9
Mya arenaria®] 35-N= 7 o] 63%= AT WIEF]
o} (Gagné et al., 2003). “L&]5L U Gomphina veneriformis<
ol (zn)oll 245 T =2 AP A hET] A5 v
£ 1:097°)0 21} o}d =& 19 A9 0.64 mg Zn/LoA| A=
1:1.13, 1.07 mg Zo/LAAE 1:1.74, 179 mg Zo/Lo A= 1:2.69
2 557t Z7 2 A9 Hio] golAe BEE Bt
(Ju, 2006).

B AT Aupol e tE2T-9h &7 AEMAES gHlE
H e g w, Ad oizret A3 dEzre 47 1,
1:1.030.2 A F79 Hgo] HIEEA YEsAR
nonylphenol FE7} 718l wel 3 2] vl&o] HolAE
S By, 53] 7Y & 57 50 4g NPLAM =
1:3.502.2 ey

PAH (500-4,500 ng PAH/g) (Martel et al., 1986)%}+ Hg (100
ng Hg/g), Pb (44-66 1g Pb/g), Zn (43-145 ng Zn/g), Cu (6-33 1g
Cu/g) (Barbeau and Bougie, 1981)2] E57F & 2 @344
XA8HE -8 Mya arenariaS ¥1.2. A< (Blaise et al., 1996)
o A&l AAERT AL W] XAE] HLEAY
o] A Bl A7) F& WAV v 2HA Y
AAELS M7 T EA7]e] SEGAE e o,
AR AZ T2 (GSDE -F BEF HL2H9AY (69 Bt} &
AR 2-4)04 BA3] ©A JERT (Gauthier-Clerc et al.,
2002; Siah et al., 2003). Nonylphenoll 7137t (115¢) =24

zebra mussel Dreissena polymorpha) 57 A2 FA¥A

L

m i o

Ao Z7)7) FolR| i, AN F} FRAES] 7} HAd

RHom, 23 &g Atol7) Wol HojAe @& vEllH
(Quinn et al., 2004). ’

Horiguchi et al. (2000)2 8] 2929 Q] Tsushimadl A 43}
= AE Haliotis madakad F7152 L AA 92 Jogashima®
SA} 718 T =53/ A, HoFAYTH LEA Y
AAES) BALASG (GDE WF- 2 Apolg BRATka Hils)
At

B 23 o)A nonylphenold] =& % &9 Gl A7
S T 1o =AY AR B, $219 Apdle B
&AMt Bk BA vERgT A4 weEgA =
A2 Aol 2ol ¥I3) =&Y MAEANA A=
7} & g o QA S FESe 23E R
AR =7l 9] AgolE 2T Bt =5TolA =]
Hl$-L YolT 27184717 B HE e Bej s U]

AdEE 24745 2o

Ir ot o
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Tt FFL AR T AR} ESF AXTE T o
U FATEANN AH A Wt BaHy ok AE
o] Fol A= mosquitofish Gambusia affinisN %12 Intersex
(Drysdale and Bortone, 1989)9} Japanese medaka Oryzias latipes
o] A testis-ova (Gray and Metcalfe, 1997) A} 5o H %]
o} 283 F-715240) 23 dog-whelk Nucella lupillus (Gibbs
et al,, 1988), W<=2] Thais clavigera®: FE=231% T bronni
(Horiguchi et al., 1994), 2|9} BF=H 15 T luteostoma
(Kahng et al., 1996), Haliotis madaka (Horiguchi et al., 2000)
SollA] imposex @2o] R glom, ol#j g A3 e
Hayl 59999 G vtk JEE o5 Yo}
(Bortone and Davis, 1994; Munkittrick and Van Der Kraak,
1999).

B AFME & ] A AoA] 7] AAAE
7F e AY 2 539 Al A dA o] A2 427}
Ueluhe A48 Intersex @ otale] E43 Ay, 284
HEFAME 3.08% (n=2/65)7F WEF5E .M, nonylphenol =
Z7 AANA 23.6%2] intersex 7§ A 7} B E it} o] 2%
2 A7 23, PEAA intersex TS £, GEE #HI}
59 A28 Wl e} =2 F Je Ao A7ty
A4k, 2 o] % nonylphenolo] 2|3 A4t # EX
Ao Z HoE)

71&9] 22 AT A nonylphenol-> 4#H 3} EAdo] 7t
EDCs 7} 3= R0 E T} (Soto et al., 1991; Tanghe
et al, 1999; Pickford et al,, 2003). SFX|¥, & AFAD} M=
2|1} Intersexol] T Ao A= LA Hke FAH3} 5
Aol ZAj Ao Yehgom, A s g #e JFelA
v 9H3 540 yeiyth wEpa B dF AR RE
nonylphenol©] o]wi s F-o] Ao w]x= FAZ} we F75}
53¢ A iEr)de o3 Ao AdEy, 33 Y
gl ot T Foll i3l =& o] AEstet A5 2R
B4 5 ohoksl whdo] Wajd Ayo] palE o] Fo tiE
) nAE o5 E49 S0 A3 A2 Y F Us
Aoz AzhdErt,

Z|HhzEA 2 (Lipofuscinys A Hbe] M Aagooz JAH A

fE
o
rr

<

o Lo

P LR SAHFEEA N BRNA R o w9 Fo) A
5 gugos wasus 23 WA v} Frta
(Lomovasky et al., 2002).

ojufshFol A A Lol viF AFE YRR FEE0

w5
U A ARG R QIR 2Ed 0] o] AR o] &H I
2t} (Krishnakumar et al., 1990, 1994; Viarengo et al., 1990;
Sarasquete et al., 1992; Hole et al., 1995; Sukhotin et al., 2002;
Byme and O'Halloran, 2001). £ 9 X< (Cu: 198.0 mg Cwkg
Dw, Zn: 7,834.0 mg Zn/kg Dw, Hg: 15.4 mg Hg/kg Dw, Pb:
2,336 mg Po/kg Dw)| =ZFF Tapes semidecussatus®) 57343
oA vh=Fe] gl 47 H A= ATk (Byrne and O'Halloran,
1999). 78] X7t 2 29 (183.6£125.3 g Cu/g Dw)°ll

A AR AFEX Mytilus edulisO) A ARZANAE EA45
Az}, B2 aRe) Al vis) A A ) =2
(Zorita et al., 2006).

AFHX)E EDCsE 24 e PAHsS} PCBsol =& A1Z)
Az}, PAHSY] S =2 309 3 iRl vis) Az Ao
FE7F Z718H.0M, PCBse] AAE kF 6 Foll A
}-‘lul-‘)r\—ﬂ 57} Z=748l9 T (Krishnakumar et al., 1997).
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