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Toxicity of Persistent Organic Pollutants, PAHs and TBT,
in Zooplankton and Influence on Their Viability

Poong-Guk Jang, Kyoungsoon Shin*, Min Chul Jang, Dong-Won Park and Man Chang

Southern Coastal Environment Research Division, South Sea Institute, KORDI 656-834, Korea

Abstract - We conducted three experiments to estimate the toxicity of POPs (persistent
organic pollutants) on two copepod species (Acartia erythraea and A. omorii) and
Artemia sp.; (1) 48 h-LC,; of A. omorii with the five PAHs [polycyclic aromatic hydro-
carbons anthracene, benzolalpyrene, fluoranthene, phenanthrene, pyrene] which were
often detected in the Gwangyang Bay, (2) toxicity of benzo[alpyrene and TBT on
Artemia in different temperatures (10°C, 15°C, 20°C), (3) effects of benzolalpyrene and
TBT on egg production rate, hatching rate and fecal pellet production of two copepod
species (A. erythraea and A. omorii) fed on Heterocapsa triquetra (dinoflagellate) exposed
in benzo[alpyrene. Toxic chemicals which were most effective to A. omorii were fluo-
ranthene (48 h-LC;, 19.20 ug L") and benzolalpyrene (48 h-LC;, 29.89 ug L"). The toxi-
city of chemicals to Artemia increased when temperature increased. The toxicity of
TBT was about 100 times higher than that of benzo[alpyrene at 15°C. Food materials
(Heterocapsa triquetra) exposed in benzo[alpyrene, affected negatively the rate of egg
production, hatching rate and the fecal pellet production of the copepods at the high
concentration. It is suggested that an increase in the concentration of benzolalpyrene
might effect the production of copepods in marine ecosystems. This study suggests that
copepods may be used as a indicator for early warning of the risk of POPs in marine
ecosystems.
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WA olet 7] Foll= EAEt T ool fFol= EX)
&= EAJo] 9]t} (Breivik and Alcock 2002). ]2 g &
A F YREE S FUsHe E- o7 32 Ee A4
7}er BAA ofgkg u|AHA] WEu|Fd AE dozlth
A7l eleidt BA-2 H 7Hx] A2E B ALA E
oj 27 =, 90% o]ito] QUzke] SAE AFHTEFoE
Foll Eojen, o] FolA FEA 4E 3 Al
90% ©] A} 2}A| 3t} (Binelli and Provini 2003). 2] <&A] 8-
7129 EA FoA o3 wpaEEwrsiS A (polycyclic
aromatic hydrocarbons, PAHs)¥> 27X o|Ale] u}gk=
27} " §7] H$EES DEn A2 PAHs:
A e o), A §Ae] woud F7Ijte] ¥,
Ao Flel wiel 53] 2 el =S vEllE A
o] dubd EAlolt}. o] BA2 2 AefelA FT A
—?—7} o) -2 QIzte] A g Az ‘/PE}‘%
Aoz Ad3lE gizA] T DA ALesl &

Ao BARE, 71§ & Ala, ARsAF WiETl, ‘?’:‘“’H%ﬂ
| SollM BARS. =3 dfj7]e] =Z9 PAHsE o %
% aedolsh Bol d@ Ao} GAL $e aeia
$E 7HA3 el el QA Y= (Neff 1979).
PAHs: AE ol Eoloha W), ge)n s,
weolAde doyl= oz B3 FHgH(Klumpp et ol
2002; Graciela et al. 2002;. Witt 2002). =3} o] E-#l-2-
A 440 571 ol #4 4B Zi5E =
£ e BBl e A4 Fasle] FHE U
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tfe rl
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Aoz oA Ut (Neff 1979). 53] o|={g o] 3
FAEA =EHE At AE2 PAHs =7} FH &

%59 wls) 100~10,0008) o4} ¥7 Vel 42
EZo] do}= Aoz A=A 9 o}t (Varanasi 1989; 3+
T 2000). AAl FF HAH BRG] =4uT F2Fe
daelel ) B4 o F& PAHs 557t B3 H9Th(E
5 2000; H=3) oF 74 2002).
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Moz Agel oA R FAHIAE FA= Uz 3l
Ak, ob2] AR = FAE sz YA & ANEEAdl
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F2] imposex7} Yeld Aoz ¥ =l (Shim et al.
2000).
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o (Goksoyr et al. 1992; Kang and Fang 1997; Walker
1998; Reynolds et al. 2003), =3} e B-H 3 = Eo o
g =RLo] B1E Tt} (Large et al. 2002; Cruz-
rodriguez and Chu 2002; Wootton et al. 2003). 7-3F &
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A2 3}4 3, Lotufo (1998% )7} A A a7z+&<q)
Schizopera knabeni®} Coullana sp.& ©]-§3 =443
<+ ok EEEHIES kel UM T2 el
AbES] A AEe]”) wfgell Aejstd S Ho)e)
E d sl A mAZEA s FPe Al A E o
T 27 AR 432 o|4F 5 AT 7] HF
‘E—TL— o}z u] F3jc}.
T s S AL] He] AkzellA Fo8 TS
FTEZIHEE FoM HEFY T0% o)iF& A3

755 ARAE=R o 4317] H3A sz £
A
]_

»
‘Hi’

ot
o rht

m

]

POPsoll i3t APgdAls= 3 AL D5l 1)
& welzal sk =3 Artemia S )43
] ZHNE W 2= Wt vAE A%E
tokr w1zl 3.

o of A Flr
f 02“1 rll‘ 1:0

I

o
>
2
H
o
i)

L ENETL

Al o) A+23F Q7VF Acartia omorii®) A. erythraea
t g gdTd deEldTart AT AETe)
marine stationol| 4] A slgh AEalo|A] A omoriis
e rE vl E7tR] -3, A erythraeas &



Toxicity of PAHs and TBT in Zooplankton and Influence on Their Viability 3

gEXE 2IME7A] A Felo) Artemia FAE
Aqdd oz vl (EG-artemia cyst, Inve aquaculture,
Belgium)= = 712 dollA R3AA AHE-sH W3]
AR5 (LC,)-& F3l= A¥-2 US. EPA (Environmental
Protection Agency)ol|A] A& B o]L3t FASA
APHE& =2 819t} (Weber 1993).

1. PAHs®] w38t Acartia omorii®] 48 h-LC,,
(48417} Feke] A A} )

spokutel| 4] F2 vjelte 5712 PAHs¢l anthracene,
benzolalpyrene, fluoranthene, phenanthrene, pyrene (3}
=3 ok - 2002)8 AFL3}ed Acartia omorii®] 48h-
LCy& F3lduh AL wick7IelA sadsglon, &
=t A W £xd TCR $FTL F EAE LD
(light/dark) 12%]7}%4 Tk 248 sS4 100 mlE ¥
Aol Y& g Adt Fx=TFujsl H =S PAHsE H7}
S0, PAHS/} Eellt wlAd] HAIN AR A
omorii 201:}31 AxE Y1 48X|7F & Aolgle A=t &
= A8 +E skt 48h-LCs> EPA2] FA| Az
Zgds /\]'%3}04 (EPA probit analysis program used
for calculating LC/EC values, version 1.5) A A8} e}

2. Artemia% °]43 x93l o
benzolalpyrenes} TRTS EA ws}

Artemia®] FAZLAE 24A)7F 3t E7)E A7l ©-&
I35 e 7R1Z 10°C, 15°C 18] 20°Coll =2
AlA 48 h-LC,, & F3ou, FF7]E= 1647 B4 4
27 FUL 8T S o 2304 Agskdch
F7E 4 100mlE vA @ o ARE s
w7} = %= benzolalpyrened} TBTES A7}stic} 42f
2] viAE F-23A] 244)3F o] 2] Artemia A& 20
ol A= 43 8N F AoklE A 5 A
T8 Fldlgdrl 48 h-LC,2 EPAS ¥A Az =27
2 (EPA probit analysis program used for calculating
LC/EC values, version 1.5)& AR8-8feq A ALetgde}.

2% 4ol7}
Acartia erythraea$} A. omorii®] ¥ A4},
Bag, 33 fAE okl nx|= 4

a7tgo] oz dHAnxFQl Heterocapsa trique-
tra (AW 3E: HtTq01)E A8y on, == 3000
cells ml"'2 dAEA TF3)9c) o) 22 &x) o
T GEABELDE AT HEQAAE WPl

3. Benzo|a]pyrened] x

WF olod, AUl A54H AN AE ALl
o A= 30 ml §82] petri-dishS A]-—g-s}ea_o_ni]
o] 710l 3%2] Acartia erythraea$} 2 o]E YW o4 EA
2. benzolalpyrene-S = (5, 10, 50 ug L'hH= 22}t
F i & Aakst 1] wjAE e FEAYS YA
3o A4 = Weo] petri-dishZ 74 48417F o)
o 3588 AT A AP 62 et
A &E gl on, wjofl 7 Hol= wfjYd wAF L, 33] W
Bilgot AP A erythraeas AAIE o] A
2ms) 27 20°C2 §ANRACH, B3I 12424
3, & AHE FAUT A omorii g o] £8 AHAA
benzo[a]pyrened] %+ 1ugL!, 10ug LY, 30ug L&
Aeogom, A8 A8 39 S egBA =
ZHA 4L Holz FHFIAT AY F 4UdRRH 24
EAo =z xE3F Heo]E Fo] AP AP
£r BP9 228 wefsled T2 $A5A. 0129
Algul 2 A erythraea 9t F 43 3k
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1. PAHsel ©}& Acartia omorii2] 48 h-LC;,

PAHs+ Bl 2 x| ¢to vz DMSO (dimethyl sul-
foxide)she $714918 AHgetel Sraleh US. EPACIA
T dEsiA BAE mel7] S8 Ak {718
2eZ 0.05%= HAS)LZ Qlri(e] 2001). Fofalo x| F
2 WAHE 53¢ PAHss} Adel A83 4714
0.05% DMSOe<l| <3t Acartia omorii®] 48 h-LC 2
Table 16] HeAstich & 4Gl D 471850 o
g A. omorii®] 48h-LCy,2 5,316 ug L' =2 eyt
om, ol T A 2AnT of 20~1008] )i R
Exoltl =3 0.05%2] F7|-8o] x=&% A omorii=
F71801 5 HrlslA] o2 AgTe shabiA 2 &g
o 90% Ve AT & WAL FE e

Table 1. 48 h-LC;, of A. omorii for the main five PAHs in

Gwangyang Bay
Chemical LC,, 95% Confidence limits

ermeals unit (ug L™ low high
Fluoranthene 19.20 14.40 24.96
Benzolalpyrene 29.89 19.92 38.48
Anthracene 59.17 48.37 73.96
Pyrene 48.22 42.19 53.04
Phenanthrene 315.8 170.3 454.4
DMSO 5,316 5,000 1,000
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Table 2. LC,, of brine shrimp exposed benzola]pyrene and TET in the different temperatures

. . Exposed time LC,, 95% confidence limits

Chemical Temp (°C) (hour) unit (g L 1y ow high
10 48h 6,398 4,643 9,983

Benzo[alpyrene 15 24h 1,173 825 1,733
20 24h 10.15 6.162 12.123
10 48h 3,260 2,930 3,675

TBT 15 24h 9.98 8.184 11.786
20 24h 8.43 6.832 10.153

o} A. omoriix A AH o2 fluoranthene (19.20 ug L)
7} benzolalpyrene (29.89 ug L1l =& w7+l w1-e-&
2ot sk AE FolM X elo) thdt 96 h-LCy>
fluoranthene (500 ug L), phenanthrene (600 pg L),
benzo[alpyrene (> 1000 ug L)oo s =A)o] )5 Ao
2 23 FH¢ch (& 2000). =3+ Vinggaard et al. (2000)-2-
& Aol A A3 At & 5714 F7-2] PAHsol| o
gl %A1 (inhibition concentration, IC,)>-& human andro-
gen receptor (RAR)E o] 8-3}e] vlm ¥4 sloded), &
AP A zke}l wial7lA = benzolalpyrene®} fluoranthene
o] th& 3717 PAHs Bt} o =2 =AS ejdigdo)

=gt ﬂuoranthene«] 344 UVell =29 A5 4 27
o) Qe 79 600 77 SHY o)7} vehir Aoz
X 5]“474,1_ 9)t} (Weinstein et al. 2003).

’ﬁi}ﬂ] ) & benzolalpyrene3} TBTE)

PAHs o4 7 $2545 29rd 9 3] o
£ ¥o7)%= A= 4wl benzolalpyrened} #7154
A B4 ZFdA =Ae] 7}8t TBT (Lowler and Aldrich
1987; Gibbs et al. 1991; Evans et al. 1996; Shim et ol.
2000; Gravato and Santos 2001, 2002; Bonacci et al.
2002; Garry et al. 2003)7} Artemiacl v|X|&= odke =
Ao Mz we e=stdl del EAsideh 1 A
benzolalpyrene®) 73 20°Col 2] ZAdo] 747 s}
deltm, £57h He 24 54 W delie
(Table 2). £3] &=7} 10°C7} @ 7+ A FA4ol
ZrAsted 48 h-LC, 0] 6,398 ug L2 vjeldid], o]:=
20°ColA] 24h-1C,,(10.147 ug L H3} 23] 52
@3t = ofF 6000 A== Z x}o]7} wrow, 15°CY)
(24 h-LCy, 1,173 pug L Y3} v mald oF 5] ¥
o7} Wi} 15°Ce} 20°C Abe]d] A4S wlmsrw oF
100912] LC, o Fholg vhels.

TBTS| 7% &5/} 224245 540 45 v

RN )

= 7L benzolalpyrened} FAFSIAITE %0 Wigt 7l
7t=7} o ZA vebgh(Table 2). 48 h-LCy,0] 10°Col|
A] 8,266 ug L!gld) v]sfr] 15°CollA] 24h-LCy, 9.98 ug
L7'2A 10°Cell B3 =29k vjaslel = oF 3004 A
=2 40| 7aHA vehideh 15°Csk 20°Col M e B4
=9 Aol A2 gk

Artemiacl ™8 benzolalpyrenes} TBTE] EAS w]
e BH, 20°CellME ¥ g8 zelE Rolx] ¢gha
10°Co A = oF 2w A =2 TBTS H4d o] PAHsS| 54
ryt 7k Jebdel A8 15°Co A= TBT (9.982
ug L™H8) %A o] benzolalpyrene (1,173 ug L™ H)e] SA R
o oF 1008} A= FAe] FhA vpelytet o] PAHs
v TBT7 A &4 W2 S0 $2 o 29 B g
Qg B3 At HHo) Aol AU, B3 olg ol

AR WP S4E BRE 190 JEsh o 24
o mel g2 vepd & 3UFE R FU(Devaux et
al. 1997; Sepic et al. 2003).

AR AFA Helr e 24 AEE & 7S5 20°Cel
gtaelal AYS =S EPAAA AAsts ==L AA
drstaat sk dAAES A Al EAE
F2 wjokalr)7b o 3, =3 wickE & A9 54 o
g R dojd = Q7] el HES AN
At EA4E APshs Ao] o3 o] B9 22>
€ /2 Agstdels 1 99 87 A w=A
e A3RE I & 7] Rl 7R AmEA
x| wE FEEFZESL 54 vxng Hert 9
o} 53] PAHsE =AIAIS} sl4 FollA ohE Adu
AgAel ¥ FEE veldt) (Sikalos et al. 2002: Witt
2002). Yutd oz AQEA GFgL miAE FHHe4=

£ pH, &%, g¥ 5 o3 7 ARAEL 53] L%
«F‘P e Al Wl A SAo] Fsid &
ded, fREe 9 AEAL 2xvl LEASE B4
Z715He ez d#A Sloh(Sprague 1970; Fry 1971;
Rathore and Khangarot 2002).
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Fig. 2. Average values and standard deviation of egg production, hatching rate and fecal pellet production about Acartia

erythraea in concentrations of benzolalpyrene.

3. Benzolalpyrenedl x%% 9o]d thd 2479
v A, B3lE, 333y al A Eefe] W3
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2] Z 0.005~1,000 ug L Afe] 9] % FujZ
==.0)

A=
e Fsh3m 44
[«]

(
_=

4
E31 «7)¢)| Heterocapsa triquetra

A3

o
} gE=Ae FASIAC H triquetras S-S
lemz 33t dn|Aslelr] 259 £29e HEg

Qldet. 1 A3} H. triquetra= benzolalpyrene 100 ug

to
S E @

LU2E BEA% Ao eixs] AZs & AP
Hole] AlelE wEslA benzolalpyrene HFEE 50 ug
L1 o)shz Abgsheich

Acartia erythraea?] ¥ A AF2 benzolalpyreneo] 37}
HA L dj2FolM AztA T wbE wWge] 7 9
om, 9313 5ug L pxld Hha Z7kske e
395} (Fig. 1a). 212} ¢ A2 benzolalpyrene 10,
50ug L' s=elA] AzbA o] o2 2Ha7ske Bglo
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Fig. 3. Egg production, hatching rate and fecal pellet production of Acartia omorii in concentrations of benzo[alpyrene (H.
triquetra did not expose to benzola]pyrene during from the first 3 day, but expose to benzola]pyrene during the rest

day).

=, 50 pg L' =M B8 Fld s vehich A
#7175t B & AAFFS benzolalpyrene H7Ms %
9] Z7tel|l el ohh ol th(Fig. 2). 3382 benzo
[a]pyrene 7} F, Foll W} vlmH 2 zle]l& B4
(Fig. 1b). Benzo[alpyreneo] H7}HA| k-2 AqA £
a2 Ad 599 g Adstat o= 20%
AL& £-2]15}¢] X9t benzola]pyreneo] H71E A Eo)A]
A9 20% ol31E Bk 53] FatEe] HrtE AY
BolA] 3 HSHEe 23088 A2 10% olshglen
(10pg L7'8] AgolA] 4de] A5 A AT 29, 50ug
L1 yxer] o] 23prl A9 o]FoiA|A] b= %
vepydel wjAdEeke AubAd o2 benzolalpyreneo]
718 AgFelM Bglom, 50ug L 5-2edlA] 7 Wk
I AY F 1~29 Atoldl] v]wH T Fo] FFAaE Ml
& olA %l ke Both(Fig. 1o). WA RS R E o
A o AAke BEg R AIzERdel| o2 Wiyl 23
o Az A" o AL Bsga e EHS
HFA 02 benzolalpyrene H7}e] oJ3kS wlar glom,
HArPs =] Z7lol uet Fhashs AgE By (Fig. 2).
E3] @} 23182 benzolalpyreneel] w]-¢ ®178F Ik

o

vl Ao s vehdrd o] #A A benzolalpyrene &
ol we} A erythraea®] A 7}Ygell vi$- F23 F3F
& Z £ 90eE A

Acartia omorii®] A& A & AR T} 1ug
Lo AgFolA] vlsst AeE mgdbd, AY 297HA]
b Aate] Fradidrl 1 2 Ay 1R vlad I
g 7ke 4-Xx3dc} (Fig. 3a). L&} 10, 30 ug L1 A
FolA o AR ATl we} A&l A i
748 Boeh H3tg2 dxFd APFALole Aol &
B5ie(Fig. 3b). 53] 2ol B7hR adne) 3}
9] At dAASA et 73 shE AR o
279} 1pg Lo A, Jejs 102} 30pg L) A3
TFoll Azt wisedt Wl RS B oh(Fig. 3o). HAA
oz WAEHFE AYRI) FadHr) 59 FRE 9
& F7bsRe A3FE B A omorii®] F QAR 1ug
L' %%2] benzolalpyrene H7}oll ofkoll W] ok 7
o2 ePgATE o] B} v ¥ F=<] 107 30ugL!
oA gFg Wb Alog Holxut AAAH oz ZrAdhe
73k& Mo benzolalpyrene®] °d3fe] o= AHEQIA| =
B 4 qlsdeh 22y 7hdEHA benzolalpyrene 37}
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A, ) d A EE T 2 e wwad 2
34017} 91:2-& 29Ie}(Fig. 4). Benzolalpyrene®] I3k
waaed b QA ebgeh 2E YT
benzolalpyreneo] H7}¥l 49 o] &ExE ¥3-8-> FA3}
A Faste] 6 o] FRE: A H3EA] g s
2ok ey e B> 92 Age g AYE F 5
ARE] A3 &7l 73S W benzolalpyrened]
JeE ° e AXFH 24

87+5-2] Holz AME-H Heterocapsa triquetra= %
At Mol AR gl vl £ Fox HIFHoW
(Shin et al. 2003), ™ ©]%%(3000 cells ml ™ £ A3
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