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ABSTRACT

The ecotoxicological effects of 4-tert-octylphenol were observed on Harpacticoid copepoda Tigriopus japo-
nicus s.I. gathered and cultured from tidal pool of Korean coast. There were no significant differencesin survi-
val rate(except 10 ug/L; 70.00%) and sex ratio (except 30ug/L) on T. japonicus s.l. exposed to 4-tert-octyl phe-
nol. However, 4-tert-octylphenol induced developmental delay (copepodite emergence day and adult male mer-
gence day) and retardation of first brooding day of adult female. Moreover the body size and biomass decreased
at 4-tert-octylphenol exposure. As a result, detailed life-cycle research of T. japonicus s.I. may yield potential
bioindicators for environmental monitoring and assessment.
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=5o) A AAstel Belstn o (FYA
784, 2007). 2 & 4-tert-octylphenol-2- 4-nonyl-
phenol 2} vl f-AFEE 7]%5-5 3= Aoz odelA
gow, F2 AW A, AbEF WA, A 2A, <F
2,58, 9732 H/ME A}LE 1 gt} 4-tert-
octylphenol-2- 73 =-of| Z-A] 7] o] E4] (alkylphenol
ethoxylates) A7l 7} F wiEdo=m U=z glown
(Bennie, 1999), $-elvhelol i 8l 23t 24 2
2 A SR s ElE T sk
S497HE A% JEAEF] A o 2
7}21 1 Ak Bk WA YA Al
FHE $4 AL she, AR ) Abse] 7}
Solm B ABAE Ak B 3 4
A el 4131, 77} Zetef b, A H o=
Aol wIzkshA sk, &3 AF el gle]
of gt} (DeFur et al., 1999; Kusk and Wollenberger,
2007). =3t 3“0]:}\3 ES o]g3l =4 FHrlAae

A Fol A B Felof o} (Hal etal., 1995
McAllen and Taylor, 2001; Kwok and Leung, 2005;
Yoon et al., 2006). Agtell A= XA 2%
o] Zg olEd AHEA Al M3 FEA
AEL ¥ obde) fA AT 4 slew, A&A}
7b gL, @Al vk AAe] rhssb, A
W wieko] goldtar, 423} pHell djs] w9 w2
WA S = Aoz z odmA FHT AAA
27277t 54 AY B2 el o4¥1 3o
(Ito, 1970; Koga, 1970; Hagiwara et al., 1995; Forget-
Leray et al., 1998; Marcia et al., 2003).
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= 6541¢] nauplius -4 <A ¢} 65A12] copepo-
dite &4 ©HA|9) QBF7)= 7HA0, vpx|t 69
copepodite <A 7} H:ﬂ]ﬂ} 5713} °¥7ch Ty
A1&27 584 §-o3R] 9 zlolzm FE F 4 ¢
o} (Ito, 1970). ¥ieF =72 1S02] ZFA|Fup &
#3195} (10, 1997). Wikl o 2 ARg3t s 5
12} Z2F59) 213 344 (Crystal Sea Marine Mix,
Crystal Sea®) & o]43}e] »x 25psuz A =544
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0.3, light: dark=16:8 =74 &27] (Sanyo incu-
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T A F A Al g

i.\bo

2. N¥ 23 % 54 =3
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rich, cas no. 140-66-9)2 A}-£-3}9] 2w, carrier sol-
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DMSOx #HZ %=7} Zd 0.01%(v/v) o|37} =
=5 3o, 54 242 dx2L3 solvent o 2
< x&sled 0., 1, 10, 30, 100ug/L 3 g3}
At

RE xE AP vk 273 22 A A
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Table 1. Ecotoxicological responses of Tigriopus japonicus s.l. exposed to different concentrations of 4-tert-octylphenol

] Solvent Concentration of 4-tert-octhylphenol (ug/L)

Endpoint Control

control 0.1 10 10.0 300 100.0

NSR (%) Mean 96.55 96.67 100.00 93.33 96.67 90.00 90.00

SD 9.36 7.61 0.00 10.33 8.16 10.95 10.95

CSR (%) Mean 97.86 100.00 100.00 92.86 70.00* 92.59 92.59

SD 6.07 0.00 0.00 10.33 16.05 12.91 11.73

MER (%) Mean 61.48 63.33 73.33 53.85 57.14 40.00" 72.00

NSR: nauplius survival rate
CSR: copepodite survival rate
MER: male emergence rate
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)
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(B) Adult male emergence day (MED)
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Fig. 1. Tigriopus japonicus s.l. in relation to different concentrations of 4-tert-octylphenol. error bar: standard deviation.
*: asterisks denote a significant difference from control by one-way ANOVA followed by Duncan test (p< 0.05).

bz copepodite 7-22] &8 (CSR)> 97.86
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© 100%= vhebskeh W 1ugll ol4e) Hel
Eoll A 70.00~92.86%2] =S Ho vlwH A
ol ol
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(CED: copepodite emergence day)

Nauplius -4 o] copepodite f-A§ © 2 WeHali=1
425 % A7+ Yeh & copepodite 23 % (CED)
< wH Jz272 gF 520+0.65%, solvent con-
trol¢] CED: =] 5.11+0.63% o|t}. 4-tert-octyl-
phenolel] =% 7|A]¢] CEDE A3 =oA] "z
ol wls) w2 Aoz vepdd(Fig. 1A). 0.1, 1,
10ug/Lell A 242+ 54 6.10+£0.20, 5.75+0.42, 6.28
+1.069 2 ol vl A=

3) A 2 EEAY
(MED: adult male emergence day)

CopepoditeZ} XA 7oz AHAs= 7|7He
Aoz AFE AA $7 £IA7](MED):=
HzelA A F o 1094 Hx e 1@
57] Alzste] 119 olle] mE SRl A7}
Heol H £ A 2 Y-S 1033+0494 = o}
elyto}. Carrier solvente] AA =3 d-e 10.39+
098d = txFI zfo]E Hol|x|] aglt)h 4-tert-
octylphenol =2l u}& copepodite f22] AA}F-2-
w% FErb obdel wel Agel £34Ee] 10
nglLel A 7bg =1 4gE ngon, olurt ¥x
7} olAml ohA] Apel webd: Aoz ekt
o} (Fig. 1B).
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Table 2. Morphological characters of Tigriopus japonicuss.l. in relation to different concentrations of compounds

) Female Mae
Concentrations (ug/L) - - - -
Length(um) Width(um)  Biomass(ug) Length(um)  Width(um) Biomass(ug)
Control Mean 1034.25 355.38 5.90 858.19 322.49 4.04
sb 61.89 13.06 0.45 36.90 11.47 0.38
01 Mean 1006.41 335.34 5.17 809.97* 277.78* 2.84*
' SD 70.68 24.81 1.02 45.98 12.45 0.38
1 Mean 955.44* 301.37* 3.95* 834.75 265.17* 2.66*
SD 49.21 19.12 0.63 33.89 12.89 0.26
10 Mean 912.78* 299.92* 3.84* 838.00 270.70* 2.78*
sD 92.51 36.76 1.43 19.35 12.14 0.22
20 Mean 908.22* 295.66* 3.64* 837.48 272.91* 2.83*
') 29.09 30.62 0.89 29.25 15.60 0.33
100 Mean 959.05* 337.82* 4.99* 863.17 271.41* 2.88*
sb 60.66 17.82 0.83 29.70 7.44 0.21

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

61.48%= 7ol wlal] va EA Jebge(Table
1). solvent control9] 71 &3 B]&L 63.33%=
=23 xpol7) vhA] &gk} 4-tert-octylphenol A
2] 0.1pug/l o} 100ug/LellA] =7le] wro] &3
33, YA sEelME dz2ed vls] e
=3 ¥]ge] Uk 13y 30ug/lle ARtz
I EA-oR fo5t AolE B3 (p<0.05), Lt
WA M WRILIH F3 Ao|F Mol
st

5) Z 2= (BSR: brooding success rate)}

z|Z= =Z2h2 (FBD: first brooding day of
adult female)

=27} solvent controle] Zz+& (BSR)L 27t
98.08+10.00%2} 100%= v}elytct. 4-tert-octyl-
phenolel] =23 7§A]¢] Z=8-2 0.1lug/LelA 10
WYLZAA % s} ool wle} Eakgo] 7
a3, o o)A} FEAME Eekgo] Frbehe A
& 1ed 39 (Fig. 10).

QA 7o) 3z zehe) (FBD)E Al o
=37 solvent control®] AJA| A A7 H
13.64+0.67, 13.80+1.144 2 et} AA Ao
2 EE 2F sEoA WRILHET o] A AE
et =% /A9 FBDE: 15.0~16.09= iz
ZRe folHez AA¥ g (Fig. 1D), ol=
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o} (Fig. 1D).
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o #F

<2e} kel A4 2245 T japonicussl.
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nolell &k Al 54 e A7 Ash HAo
=24 75 10pgls A 2g BE woa A&
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He ez elHgden, Hx 24 9] Ad
Hr Aoz e =g AAe =79
Agege BE rod dzel ws e e
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(Forget-Leray et al., 2005)o|#]= 100 pug/L ©]3}2]
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T Aol A WEuA m3EALe ey o A
A 2R AES AT 4 o, dubdal
Agtelvf 3 2 F= W W WEnA =
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