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2 J7|Z2 2 37 (Mixture A), 5:5 (Mixture B), 7:3 (Mixture C)2| H|&2 =310 ALt Al
& Z1} Ba]Pet HgClLl 48 h - LCse2 2424 2575 pg "2t 36 pg 2 LIEIGICE =3 54 4
7t Z3t Mixture A, B, CHIA TUE Z+Z 1.06, 0.83, 0962 LIEFSLCE Ol Mixture A, B, C7t C

Dalof et 2838 HOF0, HgChot BlalPel A4S XES A7sl7| Qo] CA RHS At
She 0| HMutgt 2oz MZEICE 2 oe 2450t PAHRO| 28 54 HIIE 93t 7|x

=7t E 5 A AOo|L.

Polycyclic aromatic hydrocarbons (PAHs) are persistent and commonly detected in marine
ecosystem. They coexist with a various contaminants including heavy metals in real
environment, but most studies have been still focused on single effects of these contaminants
to aquatic organisms. In this study, the single and combined effects of benzy[a]pyrene (B[a]P)
and HgCl, were investigated in the brackish water flea, Diaphanosoma celebensis. For
combined effect study, three mixtures A (3:7), B (5:5), and C (7:3) of benzy[a]pyrene (B[a]P)
and HgCl, were determined by 48 h - LCs values of single exposure. Combined effects of
both chemicals were estimated by concentration addition (CA) model and independent
action (IA) model. As results, 48 h - LCs values of benzy[a]pyrene (B[a]P) and HgCl, was
25.75 pg " and 3.6 g I, respectively. TU values of mixture A, B, and C were 1.06, 0.83,
and 0.96, respectively, indicating additive effects of mixtures using CA model. This study
will be helpful as basic data for understanding the combined effects of contaminants in
marine environment.

Keywords: Combined effects(2% S4), Mercury(==<2), Benzola]pyrene(Hl = [a] | ),
Concentration addition model(&= 7t 2&), Independent action model(E& 7|1™ ZH)

2 ENo e 270t 71E0

Hgez 2 239 &

=

Tl skt ST0f O 9IRS
gl

ZtCHKortenkamp

ox
—
ir rr

o
Ej2Ct =320 HHEf and Faust, 2018). O|X& SXO 2 EXfst= 28 SH2 ME



46 SHHA - =3t

IS

St (synergy), £ (antagonism), 7Ht(addition)X 21

Lo = QUCkXie et al, 2006, Meng et al, 2008). &K=

& EY3EQ Dunaliella tertiolecta0f MZEH|, A=H|, &

EYNOR LEAMFH 45EES M3t O (Delorenzo
2 |

003)2} 7t=F1t Bl X [a] 1

fot
1
ojo

I

c
u =2
o)
o>

oSt oo
0=
T

=1

r
njo
P
)
ol
[S)
K]
T
o

QU
&

diversicolord] SEEHLE L EA|F WA Hol U et HS S
=M% A7t(Banni et al, 2009) & LS SiY =2 0|80 &
5 % AZ, ALEE, MEHQL 22 02 et 2HO
=% 54 A7t M| n UCHBackhaus et al, 2011; Deruytter
et al, 2017; Mercurio et al, 2018).

ool & £ 2 EY9 |

o]
o
2
3
S
=
?

matic Hydrocarbons, PAHs)= S 24 o Hote
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CHEE St 22 MH REXE &4A7|, AF =4 3 /H
EY4 52 9YsICHFlora et al, 2008; Badr and El-Habit, 2018). £
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=20 st e =4 E7to| F2 ALEE[0] 2CH(Freitas and
Rocha, 2011; Jemec et al, 2016). 7|4t SHEQ! Diaphanosoma
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1. A 22

Benzo[a]pyrene (B[a]P; purity, >96%)2t HgCl, (purity, >99.5%)
2 ZE%t BE A|22 Sigma-Aldrich (St. Louis, MO, USA)OIAl 7
B0l ALESIALE. =F M0 MEE Bla]P2t HgChel stock
solution2 22t 1 mg mi'2t 10 mg ml" S=7t £| =5 dimethyl-
sulfoxide (DMSO; Sigma-Aldrich, St. Louis, MO, USA)X|l 3|A4s}0]
M Z5HRAC.
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celebensis= neonate (<24 h)E 3¥ 7+ HHYSIO] 42 X} 7HAIE
AHESHRACE Six-well cell culture plate (SPL life science, Korea)ofl 42
Xt D celebensisS 50t2[Y E& = 5 ml2| working solutiong X
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3.75~60 ug "2 M2|StRUCE o[l ZF DMSO s=& 001%E
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S22 TUH(end point)E 7HXOF SHCH(Backhaus and
Faust, 2012). ¥HtM oz ¥ EHO| 57 FHEEES T (No
Observed Effect Concentration, NOEC) 0|5t 4% =28=22 =
g0 glCtan 7PdShet.
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S &I} ACHFig. 1). 48 h - LCsp2 2tZt 2575 pg I (Bla]P 95%
Cl: 21.03~31.63 pg I"), 3.60 pg I" (HgCl, 95% CI: 292~4.39 g I)
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Fig. 1. Survival rate of Diaphanosoma celebensis exposed to (A) Benzo[a]pyrene (1.875~30 pg/l) and (B) HgCl, (3.75~60 ug/!) for 48 h.
Data are mean + standard deviation (S. D.).

Table 1. 48 h - LCy values and 95% Cl (Confidence Interval) of Diaphanosoma celebensis exposed to single and mixture of B[a]P and
H9C|2

|_C5o in this study |_C5o |_C5o
Compound (95% Confidence Interval) CA-Predicted IA-Predicted
(Hg/N (Hg/N (Hg/N
25.75

Benzo[a]pyrene Cl (21.03~3163) - -

360

HgCl, Cl (2.92~439)

Mixture A (37) a6 132?? 434) 1025 1429

Mixture B (5:5) ao 1131'34113 ) 1468 277
. . 1825

Mixture C (7:3) Ol (15562176 1911 26.70

(TU 1.06), 14.68 ug I (TU 0.83), 19.11 g I" (TU 096)Z LIEFSICH 2B E(Daphnia magna <24 hyg 0|83t 7|E9| A0 =M
(Fig. 3). Mixture A2| A2 CA ZHZ Sdf 0|53 EC B2 HgCl,ol A2 48 h - LCs0| 0.65~3.82 ug "2 21O
=4& B2, Mixture B Co| 2= O|&ULEL =2 =4 (Okamoto et al, 2014; Kim et al, 2017a), B[la]P2| Z< 48 h - LCs
2 LIEFWICE 8tH 1A ZHEZ Soff 0|55t 48 h - LCy2 1429 g 0] 47~250 pg "2 = INE[UCHAtienzar et al, 1999; lkenaka et al,
I (Mixture A), 22.77 ug I" (Mixture B), 26.70 pg I" (Mixture Q2 2013). Ol HgClL7t Bla]POf| HISH MZF(Branchiopoda)dl M & CH
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Fig. 2. Survival rate of Diaphanosoma celebenesis exposed to (A)

mixture A (3:7), (B) mixture B (5:5), (C) mixture C (7:3) of Benzol[a]-
pyrene and HgCl, for 48 h. Data are mean + standard deviation

Sh Ao Z LIEGICE BHH CA ZHES E8)| 058 G2 IA B
= S% o|Zg 0 AR Aot AR ZHE LIEFALE Mixture
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0.6 A
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0.0 0.2 0.4 0.6 0.8
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Fig. 3. Isobolographic analysis of combined exposure using mean
toxic unit (TU) of mixture (Mixture A, B, C from left side). Error
bar, full line, and dotted line indicate 95% confidence interval, 1
TU, and 0.8~1.2 TU, respectively.

BQl CO| AL HTEE TUZt 1E2LCH 2 LIEGSD, O|= o553t
S4ED O 22 542 7K A2 20[stot BHH Mixture A
o A BEE TUZt 10622 CA RHE B¢l 0|5E SH=0t
0 22 54 7Kl A2E LIEFRICHFg. 3). SHX|BH YHHE o
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7HX| 28tE B& MR (additive effect)2 LIEHL = Ao 2 3
M3t 2 QICt Mixture A, B, C LH| BlalP & HgChol e s&=7t
RS s Bt FAHLKBE]P: 75 ug M), LCo X(BlalP: 831 ug
I, HgClz: 1.19 ug I")2] Eit ojstz +IH6+E SZOIM THKQ] &
Z80| HEO| LIEFCHFig. 2). Ol & SEO| 1A 20| o3
86X Y AS Qojstit
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Table 2. Previous studies on combined effects of heavy metals and PAHSs to survival of aquatic invertebrates

Species Metal PAHs Exposure Duration (h) Effect Reference
Amphiascoides atopus Cd Phenanthrene Aqueous 96 Sy Fleeger et al. (2007)
Amphiascoides atopus Cd Fuoranthene Aqueous 96 Sy Fleeger et al. (2007)
Daphnia magna cd Phenanthrenequinone Aqueous 48 Ad Xie et al. (2007)

Daphnia magna Cu Phenanthrene Aqueous 48 Ad Xie et al. (2006)

Daphnia magna Cu Phenanthrenequinone Aqueous 48 Sy, Sy Xie et al. (2006)

Daphnia magna Zn Phenanthrene Aqueous 24; 48 Sy; Sy Naddafi et al. (2011)
Daphnia magna Ni Phenanthrenequinone Aqueous 48 Sy Xie et al. (2007)

Hyalella azteca Cd Phenanthrene Aqueous 24; 48, 72 Ad; An; Sy Gust (2006)

Hyalella azteca Cd Phenanthrene Aqueous 192 Ad Gust and Fleeger (2005)
Hyalella azteca Cd Phenanthrene Sediment 240 Sy Gust (2006)

Hyalella azteca Cd Phenanthrene Aqueous 18 Ad Gauthier et al. (2015)
Hyalella azteca Cd Phenanthrenequinone Aqueous 18 Ad Gauthier et al. (2015)
Hyalella azteca Cu Phenanthrene Aqueous 18 Sy Gauthier et al. (2015)
Hyalella azteca Cu Phenanthrenequinone Aqueous 18 Sy Gauthier et al. 2015)
llyodrilus templetoni Cd Phenanthrene Sediment 240 An, Ad Gust and Fleeger (2006)
Schizopera knabeni Cd Phenanthrene Aqueous 96 Sy Fleeger et al. (2007)
Schizopera knabeni Cd Phenanthrene Sediment ) Sy Fleeger et al. (2007)

(Sy - Synergistic effect, Ad - Additive effect, An - Antagonistic effect)

O] 2RO, HIWH =2 FH4S OF5H7| W20 B2 o A0 Chet F7pEel A7 TR E[0{Of BTt

TAE2 CA B2 5248 AZ8tD QUCHKortenkamp et al, 2 AN 7|4t EHE D celebensisOfl BlalP2t HgClLE T
2009; Backhaus and Faust, 2012; Altenburger et al, 2013; Puckowski 8l B9 LEA7 2L $E20 Y2 02, 0|8 ELf
etal, 2017). & AFo| Zt £ CA B2 HeldS LIEtHe = HY =Z 3 2eE0 48 h - G ATSIULL CA 28-S
O, =21t Bla]PE HIRSH RS S9S LiEf= 2F 22 &%t 8% BlalP2t HyChol =8t 37, 55 732 TUE 244
o 2g 542 HIIH| fldiMe CA ZE-E AH8Sts A0 B 1.06, 083, 0960|422 M O] 08~12 B0 S0 5= 7Hit
ottt YZHE) BIE = ACZ UEIRLL & S22 28 &2 Zit= A

Table 204 B Bioh 20|, 7|EO| 4T pAHRS| B3 SN RYS MK ¥ HOR YA, 2 P sio EXfet
A0l EH D magna®ilM CdCLIt phenanthrenequinone? L 1Y oF BEl0| S8t EMBIIE O|8fist=D| 7| X XIRE
= 54 AR 2L}, JRHEES LIEHCHXe et al, 2007). £8F  EE8E £ A ZO|Th
CuSOs2| A%, phenanthrenelt| =8t =4 AR 7HIEE S
HR2M, phenanthrenequinonedte| Z30IME &SEES LIE AL At
WCHXie et al, 2006). Gust (2006)2| Hyalella aztecaS Ol-88H AT
of =M CdCLIt phenanthrenel| 28t 54 Al Z1}, X2 7| 2 97 AgrEtn it MXAMY SM-URP =213
Zhof| mhak Jpd Ze, 4EAE82 25 2O HE AUCE O|ME £ (2019-1)9f X|EE EOt +HSIAS.

4 SHESZ0| i3 B4 PAHES B S42 48, BT
& M2l 712 M2l U Sof det 42589 ZR Xto|E
LIEHLZ] Wh=20f Crefel 42 S =Wy S 0|85t0] =29
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