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Ecotoxicological Response of Offspring from Tigriopus japonicus s.I. Parents Exposure to
4-nonylphenol. Bang, Hyun Woo, Wonchoel Lee' and Inn-Sil Kwak* (Division of Marine
Technology, Chonnam National University, Yeosu 550-749, Korea; ' Department of Life Sci-
ence, Hanyang University, Seoul 133-791, Korea)

The aim of this research was to detect and observe delivering generation effects from
F, generation exposed to 4-nonylphenol 4NP) to F, generation on Tigriopus japonicus.
The nauplius survival rate of F, from F; exposed to low 4NP concentration was signi-
ficantly lower than other concentrations. Among the developmental process, copepo-
dite first emergence day (CE) and adult male first emergence day (ME) on F, were
accelerated relatively high concentration conditions. The sex ratio of F, was differ-
ent between control group and treatment groups for 1, 10 and 30 ug L™ 4NP. The
fecundity of F, was not significantly affected (except, 0.1 ug L. 4NP). When 4NP con-
centrations were increased, first brooding day (FB) of F; was generally delayed. The
length, width, and biomass of F, adult female were smaller than control group. In addi-
tlon, the width and biomass of adult male were narrower or smaller than control
group.

Key words : 4-nonylphenol, Tigriopus japonicus s.l., morphological characters, F,
generation

M =

FAFEES AA FELY 90% o4& AA s Q)
21} (Barne, 1980), -3 3582 WEul4 Az s
ME A9 dEAA dston, @A 2 el 28 A
stxoz 4z g} (Fox, 1992; Colburn et al., 1993;
Baldwin et al., 1995; DeFur et al., 1999; DeFur, 2004;
Verslycke et al., 2007). & 2194 w3 22o] AJE)
Aell vl ool o]43}l HWA o BA A=A}
24 3AFERC $2T 4T T 4 Y Aol
1A ol ARAA =g} (Alvarez and Ellis, 1990; Crisp et

al., 1997; LeBlanc and Bain, 1997, WGBEC, 2002; Kwak
and Lee, 2004a, b; Verslycke et al., 2007). o] 73 & F-3 &
TEo] HFFE vjs HERA mIEA ] el A
U2 o gS wha 3 RIsH AR d 4 s B
ofe}, HFFE/A] AT Ho| A& AA Hg
BEE AAE T Qe A T 2 o A AdAE
0¥ & 4= 9l Aozt HAA7] w)F-o)}(Bechmann,
1999; DeFur et al., 1999; DeFur, 2004; Kusk and Wollen-
berger, 2007). o|u] w]Z 5 AT chokst 2 QB
Aol Pt SAWE AW 4B FAFERE o148
& 3l 9).em™ (Baldwin et al., 1997; Marcial et al., 2003;
Yoon et al., 2006), Z|ol| F-2FFEA HENA w2k
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o) 445} 44 5 o) AR A Qe Fos
At AFEe] dEH 3 glt}(Andersen ef al., 1999; Kusk
and Wollenberger, 1999; Oetken et al., 2004; LeBlanc,
2007).

Alkylphenol polyethoxylates (APEOs)¥= H] oA A
W A ZA 7S F ARE AA, BE s selE,
3§94 F2 AfozA AH oz dws] gl A
453 glem, o] F oF 60%7} £F A F=H
314 2]} S E3] nonylphenols} octylphenol® &
dEe] dRE A BA2A ST = el HH49
o3 delx Qi) o] & 4-nonylphenol-2- alkylphenol
AR F 7FE 98 d8A "2 A 17B-estradiol s T
g0z 943 tgelE B7ekn 44 FAHe
2 dhgahs WA wekEde A4 G A QloH(Giger
et al., 1984; Ahel et al., 1987).

FHIFEANM WHEEA meale] d3ke A
wA5t7] AsiM= Aol (full life cycle) 54 AY, &
A 7 A7) 54 A3 o] B4A o]} (DeFur et al., 1999;
Barata et al., 2004). Wb T Al 7 =4 A o)
Eol7lx2 3)x= M|t} (Bejarano and Chandler, 2003;
Cary et al., 2004; Chandler et al., 2004). ISO (Interna-
tional Organization for Standard, 1997), ASTM (Ameri-
can Society for Testing and Materials, 2004) oA =
SAFHEE AxEd o, Aol YAl HEE )
42 ZFH A kol A7) BA Aol HF A4 =
Fol 87 AAelr]. 2T OECDAA Aol AlgIel
Wk 22k 2234 THOECD, 2005; Kusk and Wollen-
berger, 2007).

T4, ol Tigriopus %] o) FPAdL #Ad B ol
2h A AAF oz Bxsla, Aoty 24 £xolelA 4
A AL 4 slom, YA} g, FAbelA ek A3
o] 7hs3te, AgA W wiofe] go|stm, 423 pHe
daf W W WA S 2= e 2 4EA Q)
7] wj¥-o|c}(Ito, 1970; Marcial et al., 2003). Tigriopus
Japonicas s.l.= 6542} nauplius 2418} 654A412) cope-
podite A& A& F715 7}xn (Fig. 2), 33} ¢34
9] FEL A& 59 fodx oz FH F S
31} (Ito, 1970).

2 979 51 54 AR g AL v}
AL = A 2R F SElviel dadelA {4A 2
A 4 Q= Tigriopus japonicus sl.B o]-&3}le] 4-
nonlyphenolell &3 Flo] Z=hat oA B33t &
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Tigriopus japonicus s.l.= Aghd = o] qkAleE] 3
87 B 24 ool A &Y =Ml (FE =7 63
pmom AYT T eRksralck Weplow A4 o4
= 15} 25759 AF 849 (Crystal Sea Marine Mix,
Crystal Sea®2 o] 838}e] % 25 psus A|=z3}¢ic) 4
§ 717t 2 4~ 20°C, DO 80% ©|4}, pH 8+0.3, light/
dark=16h/8h Z71|A] 3}F2-7] (Sanyo incubator MIR-
553) Weol| ] wj ksl ch # o] &= Tetramin (Tetra-Werke,
Melle, Germany)S RA5HA] 223t & et Az
FRSAT. oleiB W 2L 1508 ZEAVIYE
Fa18kg o (IS0, 1997).

2. 43 %4 4

dre=zAA 3}13HE2  4-nonylphenol (4NP; Sigma-
Aldrich, cas no. 104-40-5)& A}-8-3}ed Al&3}sdc}. Car-
rier solvent® dimetyl sulfoxide (DMSO)E A}2-5}53 1
3E s} FY 0.01% (vv) o3t HAES Hon, =
A BAle dizxFZd) solvent d2ZE xFsle] 01, 1,

10, 30, 100pg L' == A3slgdo

3. X RAN(F, generation)?] 4 =%

AL dioF 2717 22 B7oA AAskE o, AlY
27|53 60X 15 petri-dish(Arambra)?} 6-well, 24-well
cell culture plate (SPL)& o]&-3}9ith A3 -2 IS0
HFAFYY L F23te] AR BASTSO, 1997). 7+ 7Y
A Al Aol 3t F AAZE & d7bA] A4 ujek
glew, 7 AY ik AAE 3 v= 2 FHa 570A4
63] oA} HFEAIES ARABIHY AE HARE 2447
Aoz sy, AR 77 F 54 B39 6zl
5 13l 349 7oz ARSE wAs Fd

4. LAY (F, generation)] Wik 2 93 43

F-2A] 24417F oW 9] AL ANPel| :=Z A A i of
t2 21 & =233 3 R (Fprg st 54 ¢
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ANP »& ¥5+= Y2, solvent W) 2Z, 0.1, 1, 10, 30,
100 ug L'z sl AR AEA F) A 75
Al 27N wioFsle] AEE, AAE, THE 5 S
Aok

Azke] Aale B 52 Tk obre £49o] ¢l
A% A os 4R T 2447 o) Fol A
A8l AY=&(NS: nauplius survival rate, CS: cope-
podite survival rate)& ZAs}H o, A M2 copepo-
dite -4 o] ¥ A)7]& TAs}e] copepodite 23 2 (CE:
copepodite first emergence day)& ZAA3}c} =7 =
¥ (ME: adult male first emergence day)2 AAA 47
o] HFAHE AV|E S wedsiglon, AAZ = A
= dYAlo =2 7zt ] (SR: sex ratio), E&HE (BR: brood-
ing success day), ¥3+¥ (FB: first brooding day) =&
sk,

AR T ZE AL 0% ARez mYee] ns
Q.om, 353w 7(Olympus SZX12), %5}+alu]7(Olym-
pus BX-51) 5% ol-43kel A, A4, 2448 99
5 52 Asdusleh AAe) Qelsh Fo sfran A
FRE o) 33T Folehe olgatol olun 24 =
273 (MetaMorph 6.0)o)| 4 AAbsle] ord, ME2k (bio-
mass) 342 Feller and Warwick®] Volumetric method
(Higgins and Thiel, 1988)& o] &3}%ic)

e
ol offt

5. 54 &4

7A7ke) 54 A W3t AEFe AEE, ARE, =
W 58 ¥A437] 98] SPSS =2 13 (ver. 12.0)& o]
435 71E- o2 BE 4 A& one-way ANOVA
FAE 7JEog sl BA3 & Duncan test2 AFE7R
Aotk Al X2 AR E F3le] EMslgich mE 2
A F4F p<0.059M A3

2 =
LA FE ¥ AEE3 24 2277

N2 nauplius F449] PEE (NS)S 96.55+9.36%,
copepodite 74 (CS)2 97.86+6.07%= v}Feldt} (Table
1). Nauplius -2 23} & 33 52010.65U0] I
copepodite 4.0 2 Wd3slgic(Table 1). B4 & 109
A He 2RE A $7e] FAHT] Aatsie] 119 o
Well AA7F sglon, H7 £ AA 284 1033+
0.49d = Jepyir} Carrier solventql dimetyl sulfoxide
(DMSO)e) nauplius 542} V=87 copepodite -§-4)

#e -0l

. Blo[Al
=2

Table. 1. Survival rates and development of F; Tigriopus
Japonicus s.l. exposed to different concentrations
of 4-nonylphenol.

NS CS CE ME
(%) (%) (day) (day)

Mean  96.55 9786 520 10.33

n

Control 145

SD 9.36 6.07 0.65 0.49
Solvent C 120 glsan ”’3;33 108233 g:?i 13;3
010 120 G D00 000 4o 033
o 1m0 g™ R Y000 1ss o041

*
1000 120 @™ 0T 000 071 o8
3000 120 gt U0 000 Ta0 0ss
100.00 120 Mean  93.39 96.70 4.73% 9.42*

SD 13.98 816 0.76 061

n: number of individuals

NS: nauplius survival rate

CS: copepodite survival rate

CE: copepodite first emergence day

ME: adult male first emergence day

SD: standard deviation

*: asterisks denote a significant difference from control by one-way
ANOVA followed by Duncan test (p<0.05)

A Z82 100.00%, copepodite ZHY-L 5234+0.54Y,
AA 2¥YL 10754208992 H2FI 28 el
HolA| ook,

4ANP 0.1, 1, 10ug L7l =23 F, Mol LS F,
A2 nauplius 242 AEE2 77} 85.004:27.19, 72.41
+33.35%, 83.90+19.95% 2 2o} v Y& J=g
+ B0 (p<0.05), T Fxo x=EF 5 H)
ofid Ap& A o] ABgo] 23]8 FolX: AL B
¢Jt}(Table 1; Fig. 1). Nauplius®] AA-g uleddt Hx
copepodite 4 £ YU (CE)L A¥=oME 27 A4
=, 30ug L' o] Atell M wexle A3 ngont ¢
27t Xpol vehtA] osith AR o2 AFmA 5
7o A 4o} welRE e vyl 3], 1pg L
oA At FAH A $31 28U ME)e] HF 9.20
+0.4142 dzFo) vja] of 119 ] Z3H3le] vlw
A whE A 25 HodF9vh(p<0.05).
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Fig. 1. Nauplius survival rate and adult male first emergence day of Tigriopus japonicus exposed to different concen-

trations of 4-nonylphenol.

Table 2. Sex ratio, brooding success rates and brooding
days of ¥, Tigriopus japonicus s.l. exposed to differ-
ent concentrations of 4-nonylphenol.

. SR BR FB

(M%) (%) (day)

Control 140 et SLS - SHO8 186

SowentC 120 et 400 10000 1350

0.10 w2 o™ T e ey

. _

100 o lg/[I;:an 100;00 - -
t

10.00 101 g&];an 99,33 108:38 1?)'.57)(;
.

30.00 g e 2000 000 13

10000 108 gpen O AOTOR 1000

n: number of individuals

SR: sex ratio; percentage of male in population

BR: brooding success rate

FB: first brooding day; periods from birth to female borne egg sac
SD: standard deviation

*: asterisks denote a significant difference from control by one-
way ANOVA followed by Duncan test (p<< 0.05)

T: crosses denote a significant difference from control by X>test
(p<0.05)

2 A, 2o S £330l AA AAQ) 61.48%F
}A] 3199 e} (Table 2). 4NP A 2]Zol|lA] A3 Falt) A
HlE 0.1pg LMo} 100 pg LMo M= thx-3) 2fo)E R
oA ¢kgkovt(Table 2), 1pg L'9} 10 ug Lo A= 47

77} 100.00%, 93.33%% 21X 811 27, 30 ug L 1ol A]
PR Hl o] 80.00%2 wi$- ¥A ehdekp<

YT AL 98.08+10.0%2 ==& (BR), ¥3} &
B 13.64+0.67Y ZsH= Aoz vehgol ANP
F, At 0.1pg Lol A 38.46+25.09%2) v e %
FEE B ovh(p<0.05) 1L ol F= Ao FiA
Heles =% 100% 3o A9 Hzx 23y
(FB)& 0.1pg Ll A= B 16.80+3.70U 2 o) 7ol
oF 39 o] AR Aoz el (p<0.05).

3. 5451 A B JusH Ya}

gz AA A9 A& (length)>-2- FHF 1034.25+
61.89 um, = (width)& 37 355.38+13.06 um, AJE-2f
(biomass)E 5.90+0.45 pugC2 Jepdt (Table 3). AA)
79 AR, F, AEFe] HFE A7 858.19+36.90
um, 322.49+11.47 um, 4.04+0.38 ugC2 =3 = o], 47l
o] £ wls) Zrzh AR 1.21, T2 110 JEFS
L46v7} v & Aoz el

ANP AH2|ZellA] st F A b Ae] AR
Ao MPE =7 2E dzeRn @A ver
Yo} (Table 3). 0.1 pg Lol A] 908.20+16.72 ym= =
9 90% °]3Y AL Boem, 100 ug LM =
984.53+21.40 ym 2. W2 ZH} 2kl A 2L nE
oA dzge] BlE] of 25~50 umA = F3k=dl,
0.1pg L'elA] 3059911244 ym= 7P Zo] H#glo)
olgf gt A Fo] Az <l BE Fxolr BT
Azl vla] Hodxd, A=A oL 25 e}



94

$HS -

o[ -

ol Al
MNMEe==2

Table 3. Morphological characters of F; Tigriopus japonicus s.1. in relation to different concentrations of compounds.

Concen- Female Male
tratiogs Length Width Biomass Length Width Biomass
(ng L) (um) (um) (ug) (um) (pm) (ug0)
Control Mean 1034.25 355.38 5.90 858.19 322.49* 4.04
SD 61.89 13.06 0.45 36.90 11.47 0.38
0.1 Mean 908.20*% 305.99* 3.85% 814.50* 280.83* 2.92%
’ SD 16.72 12.44 0.33 22.49 15.70 0.36
1 Mean - - - 827.25 289.67* 3.14*
SD - - — 32.31 8.19 0.26
ANP 10 Mean 913.20* 310.55* 3.98* 833.84 283.64* 3.04*
) SD 9.24 1.97 0.01 51.24 17.56 0.39
30 Mean 949.34* 330.42% 4.69% 884.89 288.76* 3.35%
SD 34.82 10.02 0.40 53.85 15.85 0.51
100 Mean 984.53% 324.50% 4.70% 866.22 282.14* 3.13%
SD 21.40 16.54 0.54 28.12 16.19 0.44

*: asterisks denote a significant difference from control (p<0.05)

Wt 538 0.1pg LlellA] A& ghsle] 3.85+0.33
ngCz w2 vlsl o 70% A= Aoz Jehte
o, T2} &2t 245 AEFe] ARXNE AFE nge
v 2E FrodA dedrc AL PEs Byt
7 9] 0.1pg LA 71 e AR, 2 a8x
7P A AEEE vehdeh 2719 A3 0.1pg L
o4 814.50+22.49um= 7} Agkon] s} Folr
$F Aol AR 30ug L o|dlME dzgrdg
Zdode}. T2 nE 2o Yz 88% Axz e
Aoz yeigten xof we ol vlehlx sk
$719) AEF JA] 292+0.36pugC2 A2 70%
Azgon, s=rt 71845 AJEFo] 718l

o F

Tigriopus japonicusE V)53 Q7}2= B3l & A3
7¢ H717A) S W) dulg) g wio) weHlE AA A
A Het(to, 1970). 239} Wele dujad o=
(ecdysteroids)el] oJ5] =A=v] Helx= T oalzl
#<F %= 2 (juvenile hormone)s} -5-A}3t methyl farne-
soate7} Fod3l= Aoz odelx glvh(Laufer et al., 1987;
Laufer and Borst, 1988; Chang et al., 1993; Block et al.,
2003). Y214 mEHEAL ddAg o= TzA
fratd ez Qs 3AAF9 gue) 4 348 wlel st
A7He A GA)171A Do (Fingerman, 1987; 1997, Hasega-
wa et al., 1993). A1) AT WEu|A mPEA<]

4NPo| AA 2% A 872+F Tigriopus japonicus
s.L.2 2] Tz Alolo] whE P&&2| zpo|7} eht
A sker, A A Add Aoz Jepyd 1
g 229 N 3 &S A AR $A4 A
A7 A% 7 AL Assdd B AZEE ¥a
o], J&E A AUEE Aes ekl Ay
oA ZAFgF MA B F= copepodite F-A A= AR}
& WelFA oA At bl S Aoz «A%
o}. CES} MEE F3A ASE AAE&EEE A=A
WA A ARbe] 8] n 3xzdlA wAlE A=
2358 AAe] Wiy 7S HFth(Table 1). of:
AxEo] w28 YuAds} xAst] BAR AA A
AR A o FA G e Aoz Jehl HuA
A7b Wie A aiEAded =Z5W MA g s
25 R Ak

del, 4, 44 5 2E 4% DAE THL A4
(ull 1o cycle) 54 A9 F54, WA TaEd
5 o9us) e Boal A9 7 oA
o]c}(DeFur et al., 1999; Barata et al., 2004). L4F =
FoAl 9 nauplius -4 IsbA 28] # 43 F A9 nauplius
A IDA7A] AR &AL HgE A7) HeAe]
512 ¢loh(Pound ef al, 2002). 27+F2] <A w)
% S5A2EE B3l nauplius7} ARG AYSEoA
28uliv} RIZHE Aoz vepgon, £7 0] hAK 24
2735t A% B 35} (Green et al., 1996; Barata et
al., 2002). =3¢ Amphiascus sp. nauplius @AY # =
Kol x3A71R Aol 1 oAl Aoz veht




MMY 227 xide| MHEY #e 05

3% 2717} 5430l 71 3 Aoz el (Chan-
dler and Green, 2001). Bejarano and Chandler (2003)=
"H"“H] }“ Jl—%‘é‘ "ﬂ iﬁﬂ Fo‘ﬂr’H“C‘ —’%5"]]}‘% F1‘ﬂ
e BE FEoM AR AsE: A4 A8 d4
= B3 o7 Q4= HIZ 249 ojate] Ay =
A Age] LHojrti ¢l o™ (Bejarano and Chandler,
2003; Marcial et al., 2003; Cary et al., 2004; Chandler et
al., 2004}, OECD (2005)9- = =F A|8e 93 =7
54 AgE d4xor ARl o B A=
AR 54AE  FAN ) FAeM Yatse) 25
T Aol ok FAE) o) EaLe] 2Ea Aol
7b 918-& ReAFI) 4NP A2 FAuinct B
nauplius $-4¢] 540 WA ®7Hs] Aoy
¥ AREE HoT =3 FAYE A2 o ols
R A, 2 A 5 RS el gz 4
Al Aol g Btk £ dF8 B4 ANPoll A =239
AR ohdeh o AL 299 Aspol A% o101
& AT Bl shedek 540 e BAo] Aue] 717
£ P A7) AT A% A A7) 24
Aelol, 551 A 2} A2 BN Sl A
UFEE Hobe 4 518 Aol

B QFE ANPY) o 27459 Peholst w2®
FRANAN AT As) ARAL PR, Ar), Z3ho
W Hz A7, 25 PG F)8a 2 Pepao),
A el 5¢ A72 9 ol upon Wy Ag
o 7Fedt AAALE WIS o4 shsstl § 4 9
& Rolg.

S| 2

¥ AF9|A 4-nonlyphenolel] =% Hw Ad Tig-
riopus japonicus s.l.o| A o]t 1 A ATie] A=A 3}
A I3 Waks AW ugit) ANP w23 o)A
giel'd FiAl ol nauplius F-4& AE5EdA e 42 &
< Bylor, A% £%8 wedd copepodite 54 A
A3 A& F700) Az 28de TN w2 4R
< BEST APl 0.1ug L'g} 100 ug Lo A E 2
Z FoHQ ZpelE Bolx] egkor}, 1ug Lle} 10pg
LA 3219) nlgo] vl-¢ ggich Zapgo] 7
0.1pg Lol A v re mab8-& Bgjor) 7 o)A &
=M E 100% T3k 9] Hz =Rde nE
TEAM daziud dggen, rrr) Eolalses
A= A B ANP 2|2l A A FiAo)

o3 2 Al gelet 59 330
Hzzee ge Aoz e,

Ab A}

¥ A7 245 AR 7SN EARY (Eco-
technopia 21 project) ¢ 2 2] 1uk-2- A9},

2l

2= #
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