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Effect of five PAHs (2-methylnaphthalene, fluorene,
dibenzothiophene, phenanthrene, and pyrene) on the embryonic
development in the mussel, Mytilus galloprovincialis
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ABSTRACT

Mussels have been commonly used in bioassay for quality assessments of environment. Moreover, several
standard protocols for the developmental bioassay of bivalves have been proposed. In this study, the EC50 of
polycyclic aromatic hydrocarbons (PAHs) was determined using mussel, Mytilus galloprovincialis embryonic
developmental bioassay. To determine the sensitivity of M. galloprovincialis, their fertilized eggs were exposed to

five PAHs (2-metylnaphthalene, fluorene,

dibenzothiophene,

phenanthrene, pyrene). The EC50 of

2-metylnaphthalene, fluorene, dibenzothiophene, phenanthrene, and pyrene were 232, 273, 67.9, 43.2, and 33.1 |
g/L, respectively. The overall sensitivity of M. galloprovincialis in the present developmental bioassay was similar
to or more sensitive than that of other marine organisms commonly used in aquatic bioassays. The results of this
study could be provide with fundamental data of setting standard for protection of marine life and or can use

prediction the aquatic toxicity of PAHSs.
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Y AES 23h o A& %2 (Nicholson and Szefer, 2003;
Kurt and Ozkoc, 2004) # HE7A (bioassay) = 37 3}
= A7} #iks] o]F X it} (Beiras et al., 2003a, b;
Beiras and Bellas, 2008). @45+ sf|ok3t7 <] xye ez}
29571 de] o]&=+= A&t} (Goldberg and Bertine,
2000; Wedderburn et al., 2000; Geffard et al., 2001;
Smolders et al., 2004; Faria et al., 2010; Sunita et al.,
2013). A AlA dgkellA] E3pA| Zhe 5 QA AbRkdo] v
A §]7] wigel A o] vheFdt -] e ® o8-y
I Q7)% 3t} (His et al., 1996; Jha et al., 2000; Beiras
et al., 2003a, b; Beiras and Albentosa, 2004). =4 &3
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A AFA F7129EZ  (POPs, persistent organic
pollutants) ¢} & =4 I1F° =7 =25 1} 9lc} (UNEP,
2003). o2t PAHs+ Qg gd&o] obd 34 W &4 &
Ak AAAA] 24 T o) ARk Ql7kEEe] =4 2419
dolo g 3lts} si4 i PAHs v5& AE42 2 S7k=1
9t} (Kennish, 1992; Walker et al., 2001). PAHsF=
20001 F2] o] QAAT} T Ae® dEA leown, wAl
3287} 37 ¢]3}e] LPAHs (low molecular weight PAHs)
o} #A 27} 47) o]A4e] HPAHs (high molecular weight
PAHs) & TE3tl PAHsH+= 7 75 A2 A wiEs+=
AE F 7P iAol =2 4R lAlEa glvk PAHsE
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(Latimer and Zheng, 2003; Kanaki et al., 2007), 7% £
492 drlzHE fdEe 3HdE 5o daateeld
(Lim et al., 2007; Qiu et al., 2009; Castro-Jiménez et
al., 2012). dukAo| A= FARE ALLR I3k 72 ok
2 E U PAHsY &fF 2990, A7t 1.7 x 10°
tonnes £F22 77} ez 952 9t} (Kennish,
1992; Meador, 2003). A+ W 5% SA<1E4> PAHs
Z AE g9 27 v)A 4 9ltk (Wang et al., 2003).
20079 124 Hebei SpiritZ7} 24t Fold oF 12,547,000
Lo $54 A7) ke frEEE S Hdf skt
Rk FulolA 19951 WHAEE Sea Princed HEARL A
=¥ 7ok da, FodellA 1989d A
Exxon-Valdez® A} 1/3 2=, 20024 dAgk
Prestige® w&2}x2} 20034 AJE Tasman Spirit®
EAkLeh wsedk Akt rolvk (ITOPE, 2008). -r&AkL
o #g we ATEL PAHsO 29 AeSAdd 24S
o=y glow (Boehm, et al, 2007; Guitart, et al.,
2008), 200741 WA1EF Hebei SpiritE A& FLE 2014
d A 7HA = PAHsHel wfgt 2yE|o] 3= glct
2 A7 =3 ] AAAES o]83le] PAHsO| Aeis4
stelstaral spglet. = 274 9 z3fdfol] de] Ex3}
olujsllF-al A FdNEx], Mytilus galloprovincialisE A
FToR 3} 5 =2 B e S
2-metylnaphthalene, fluorene, dibenzothiophene,
phenanthrene, 18]I pyrenes WA Z HITE Goln
24 shgick AA sherEAs) 54 Bk slal 4, v
2, 55 5 37 AL B A7} u18E T
clrt Wl SRS Sasla ok 1) 29 4%
el olejA] wjAlg Al W) gt o] A= 9l
3, £3], A% Fx-4 (QSAR, quantitative structure
activity relationship) & Z+= PAHs? SAS <&317] 9
g+ A7} hiks] A= i} (Song, et al., 2012; Jung,
et al., 2013; Cachada, et al., 2014). 3}x|4} o]& 3t v]|A ¥
e A4sh) Sl el Be A9 At )
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Table 1. The chemicophysics characteristics of the materials which were used in this study (Di Toro et al., 2000)

Molecular Weight Max-Water solubility

Chemical Structure CAS # Log Kow (g/mol) (1g/L) at 25C
g //’c_:.___T/—‘?-C'.:wI
2-methylnaphthalene 11,‘L|| ) 9 //' 91-57-6 3.86 142.2 25,312
Sy -
Vi a =\
Fluorene \\\ L 86-73-7 4.22 166.2 1,995
Sy N
S,
: : an O s -aR-
Dibenzothiophene \L \ f? 132-65-0 4.44 184.3 1,456
- \t-—F‘"
Phenanthrene 85-01-8 4.57 178.2 1,100
Pyrene 129-00-0 4.92 202.3 130
A8 &gl AAo] e Folr}t AAL xR} 6 WA fluorene, dibenzothiophene, phenanthrene, 81
o] e dEA e viztete] wIZkE W wl) Ao FA 27 pyrenes °]&3l3ic} 77] b SeE-E FlAls (Kow)
gk Adsgadr A8 vl gk (Sung, et al., 2005, 2006). 2 7h= EAT gEAS ARSI} (Table 1), E4ER
Aol AHEE e A 2 AR s elA A4 ALEENE Az 7HA EAste] A 54 sedelE At

MAES AHstA olgsisint. AAle Hes 58 A==
22 b AAE b pARe AR, Ry fATS
AR 2l 4847 xEAA AR

(ASTM, 1994; USEPA, 1995).

1. ABAES] £

AAE A= AAIA e A 27 elA iH%SM
Alglo] Algslgich AJFAREL APAZE 2A9) AAES
Fol $AHe ARy AR e 1 47}7}&
ANBAE B)5te] T7)1F0] 2247 & oF 20T 32 psu
Fafell @7} g s FEskich HE W Helst
9k 20 BAT} T AAS E2RE AASL, 100- xm P
o) el e S22 el g A 40-um el
€ or A2 ol ST I 202 sl
FATLE FAsg ojgA A" FARE ojatsls
olgsle] fatd| AFo] AAE BF A F Aol Al»av}

2. 3N 82 &1
£ Qo 283 s PAHs: 2-methylnaphthalene,

319

Al Z2] el PAHE Ajdo g Exo] okst §7]8v)el

DMSO (dimetyl sulfoxide) ¢ o] oJFsj52 F9]5te] A

28712 7ol 15

o
&
RNE A ARGl A3 AR gxrt

12 AH831 T 2% 255 15T + 1C ]9

ot AR sl AdEleE st ARkl o] A

& 32 psu 01044 7t 2F &7Iviee Algok& 10 ml & ‘}
R xZ 870 F9= 422 50 embryos/ml, 4°9HE
/\zsﬂ-g}oﬂx;]_

el oFslia 9.9 ml & FshaL 74 AE g
2 DMSO0¢]| Fof £1]3 PAHs £ 100 £1 % F35}4
Al AEE Stk EnlE Amed AFEA ] AT
= Tkl =

- 179 -

°l e AR 48 AE S 2ESHI 48
[e]
=

158706 FAZZRAE Foste] DAL 5
Aoz AARA $5E Fsigh A



\ -

Fig. 1. The different abnormalities and normality observed in
larvae of Mytilus galloprovincialis. a: normal larva; b:
chipped shell; c: sawedged hinge; d & e: bent hinge; f:
dwarfish larva.

4. 5= FA

54 Al A = T AERE AR AR FE A 41
ml #F38te] GC vialel &2 F 7]7]1%4< s43ivh. PAHs
TS 93 717 Waterrle] HPLC  (Waters-2695
separation module) ] PAH column (Fortis BIO, C18, 5
#m 150 X 4.6 mm) & Z=3} fluorescence (Waters-474)
AE715 AHsISlaL £4 71719 272 (Table 2) ol vet
Wik 717184 0] eldAdS A5l St Axvels AA
A, AgA4 4 AUds 538 47 siSith 5358 PAHsv
1-1000 ng/ml H9loll A Alz3te] AFas A4 skgleh A
Ag R & ZE E200A 0.98 (7]15:0.98 14 o|ate] 3
= deher 3FEA AVE £ A HrklAe
90-105% (715:80-120%) % Yelll ALz Frjorxe=
1.0-4.4% (15% ©]3p) 2 25 HAA3E 4=50]dt} (Table 3).

2 =

o AR Fote] Eol & %7 ok 2] AL SlalA
43k goe) DMSO®! elst 9% selsisil. ejzlshnt
& 7@ AT A 9ol FAD (ttest, p = 0.05)

o2 Ao|7} Yehdx] ¢i= DMSO Hi 5= 1% o]k

Table 2. Selective pairs of fluorometric wavelength and time of the PAHs

Mobile phase gradient elution program for PAHs

Time (min) Water (%) Acetonitrile (%) Flow rate (ml min-1)
0 40 60 1
10 0 100 1
20 0 100 1
20.5 40 60 1
25 40 60 1
Wavelength switching program for FLD
Retenti?n time A-excitation A-emission PMT-gain PAHs determined
(min) (nm) (nm)
12.5 217 338 10 2-methylnaphthalene
14.1 250 341 10 Fluorene
15.1 240 360 10 Dibenzothiophene
15.3 240 360 10 Phenanthrene
18.9 236 389 10 Pyrene

Table 3. QA/QC of PAHs

Target compound

Linearity (> 0.98)

CV (< 15%) Accuracy (%) (80-120)

2-methylnaphthalene 0.999
Fluorene 0.999
Dibenzothiophene 0.997
Phenanthrene 0.999
Pyrene 0.998

1.0
3.5
4.4 90-105
4.4
2.0
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Fig. 2. The concentration-response relationship between
single polycyclic aromatic hydrocarbons and the
proportions of abnormal veliger larvae of Mytilus
galloprovincialis.
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F pAke & E50] 455 Fste ARAAE T 7
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Hel= FAIZ2 a3l ToxCale 5.0 (Tidepool. Scientific
Software) o] g3l wk A3 (493 = (50%
effective concentration, EC50), %35 % (no observed
effective concentration, NOEC) 12|12 X4 35T
(lowest observed effective concentration, LOEC) & A&
ek AP AR Frl A8 Aga 2R A B4 T 55
o AR AHEse

I8 PAHse| =55 AFEA] vlole =& £4°] 5%
7b wolAlell wel ARl iAo Qe Wit (Fig. 2).
2-metylnaphthalene :Z&ol4<2] WA ke tli F& &
E77el A FAg W3E VYERHSIT fluoreneol| A9] G
TR oWl wet AAA R sople A RIX

[e)

dibenzothiophene, phenanthrene 18] pyrene®| A%
ARgE S Bl srabs S aldex 54 uletlE
E A= £ 39tk JE PAHs 2-methylnaphthalene,
fluorene, dibenzothiophene phenanthrene, 121
pyreneo] AFaEtA] wo w2 F 48 A Aol HH
Hk R 747} 232, 273, 67.9, 43.2 181 33.1 4
g/L |3t} (Table 4).

o
= AT4+= 2-methylnaphthalene, fluorene,

dibenzothiophene, phenanthrene, 121 pyrenec] =g+
A FHHA, Mytilus galloprovincialis, o] Tl 2= &
AEAQTFE gl A o G v
PAHs®] &2 7t 24 8325 29814 o2 &
ANA eyt E-S5E AT ARER F A
Z 2 E4¢l 2-methylnaphthalene, fluorene (log
7} 3.86, 4.22) o djdt HIZEE= tZ A FAET} v

o] tha wIgkgE Hell el AREA T P -5
A7} 2 pyrene (log Kow: 4.92) A= "/F‘ AlEgAE
o} FAsEE Yeldsich A PAHS 542 7 49 54
Sujel =3 I8l e ARl RBiAlS
(water-octanol partitioning coefficient; Kow) < A4 o]
tp= Zlo] AekA 234 A (quantitative structure

5 o }-n D
o of rlr m
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Table 4. Values of toxicity parameters of 48 hours embryonic development of Mytilus galloprovincialis for different

polycyclic aromatic hydrocarbons

EC50

95%

Compounds (pg/L) confidence interval NOEC LOEC
2-methylnaphthalene 232 77.4 695 10.5 405
Fluorene 273 80.6 924 40.2 168
Dibenzothiophene 67.9 57.8 79.2 <109 109
Phenanthrene 43.2 27.4 68.3 13.5 33.1
Pyrene 33.1 19.3 56.6 17.1 49.8
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Table 5. Comparison of EC50 (LC50) values of PAHs among developmental bioassay with Mytilus galloprovincialis and other
organisms commonly used in aquatic toxicity test.

Chemical Name Species Scientific Name Species Common Name Species Group Media
Daphnia magna Water flea Crustaceans FwW
Artemia salina Brine shrimp Crustaceans SW
Artemia salina Brine shrimp Crustaceans SW
Palaemonetes pugio Shrimp Crustaceans SW
Cyprinodon variegatus Sheepshead minnow Fish SW
2-methylanaphthalene Rhepoxynius abronius Amphipod Crustaceans SW
Onconrhynchus mykiss Rainbow trout Fish FW
Onconrhynchus mykiss Rainbow trout Fish FW
Onconrhynchus mykiss Rainbow trout Fish FW
Onconrhynchus mykiss Rainbow trout Fish FW
Mytilus galloprovincialis Mussel Molluscs SW
Mytilus edulis Mussel Molluscs SW
Dibenzothiophene Oithona advisae Copepod Crustaceans SW
Mytilus galloprovincialis Mussel Molluscs SW
Daphnia pulex Water flea Crustaceans FW
Daphnia magna Water flea Crustaceans FW
Fluorene Onconrhynchus mykiss Rainbow trout Fish FW
Lepomis macrochirus Bluegill Fish FW
Mytilus galloprovincialis Mussel Molluscs SW
Nereis arenaceodentata Polychaete Worm SW
Daphnia pulex Water flea Crustaceans FW
Daphnia pulex Water flea Crustaceans FW
Daphnia magna Water flea Crustaceans FW
Daphnia magna Water flea Crustaceans FW
Daphnia magna Water flea Crustaceans FwW
Daphnia magna Water flea Crustaceans FW
Daphnia pulex Water flea Crustaceans FW
Cyprinodon variegatus Sheepshead minnow Fish SW
Cyprinodon variegatus Sheepshead minnow Sheepshead SW
Phenanthrene Chironomus tentans Midge Insects FW
Nereis arenaceodentata Polychaete worm Worm SW
Artemia salina Brine shrimp Crustaceans SW
Artemia salina Brine shrimp Crustaceans SW
Artemia salina Brine shrimp Crustaceans SW
Daphnia magna Water flea Crustaceans FW
Daphnia magna Water flea Crustaceans FwW
Daphnia magna Water flea Crustaceans FW
Daphnia pulex Water flea Crustaceans FW
Mytilus galloprovincialis Mussel Molluscs SW
Mytilus galloprovincialis Mussel Molluscs SW
Americamysis bahia Shrimp Crustaceans SW
Mulinia lateralis Clam Molluscs SW
Mulinia lateralis Clam Molluscs SW
Mulinia lateralis Clam Molluscs SW
Utterbackia imbecillis Paper Pondshell Molluscs Fw
Utterbackia imbecillis Paper Pondshell Molluscs FW
Utterbackia imbecillis Paper Pondshell Molluscs FW
Pyrene Americamysis bahia Shrimp Crustaceans SW
Utterbackia imbecillis Paper Pondshell Molluscs FW
Utterbackia imbecillis Paper Pondshell Molluscs FW
Utterbackia imbecillis Paper Pondshell Molluscs FW
Mulinia lateralis Clam Molluscs SW
Mulinia lateralis Clam Molluscs SW
Mytilus galloprovincialis Mussel Molluscs SW
Mytilus galloprovincialis Mussel Molluscs SW
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Chemical Name Species Scientific Name Test Duration Endpoint Concentration Reference
(hours) (pg/l)
Daphnia magna 48 LC50 1491 Abernethy et al, 1986
Artemia salina 24 LC50 2330 Abernethy et al, 1986
Artemia salina 48 LC50 4740 Abernethy et al, 1986
Palaemonetes pugio 24 LC50 1700 Anderson et al, 1974
Cyprinodon variegatus 24 LC50 2000 Anderson et al, 1974
2-methylanaphthalene  Rhepoxynius abronius 96 LC50 67 Boese et al, 1997
Onconrhynchus mykiss 96 LC50 1456 Kennedy, 1990
Onconrhynchus mykiss 72 LC50 1694 Kennedy, 1990
Onconrhynchus mykiss 48 LC50 2080 Kennedy, 1990
Onconrhynchus mykiss 24 LC50 2448 Kennedy, 1990
Mytilus galloprovincialis 48 EC50 232 This study
Mpytilus edulis 1.7 EC50 90 Donkin et al, 1989
Dibenzothiophene Oithona advisae 48 LC50 551 Barata et al, 2005
Mpytilus galloprovincialis 48 EC50 273 This study
Daphnia pulex 48 LC50 212 Smith et al, 1988
Daphnia magna 48 LC50 430 Finger et al, 1985
Fluorene Onconrhynchus mykiss 48 LC50 820 Finger et al, 1985
Lepomis macrochirus 48 LC50 910 Finger et al, 1985
Mytilus galloprovincialis 48 EC50 68 This study
Nereis arenaceodentata 96 LC50 51 Emery & Dillon, 1996
Daphnia pulex 96 LC50 100 Trucco et al, 1983
Daphnia pulex 96 LC50 100 Trucco et al, 1983
Daphnia magna 48 LC50 117 Call et al, 1986
Daphnia magna 48 EC50 212 Brooke, 1994
Daphnia magna 48 EC50 230 Brooke, 1994
Daphnia magna 24 EC50 302 Brooke, 1994
Daphnia pulex 48 LC50 350 Smith et al, 1988
Cyprinodon variegatus 96 LC50 478 Moreau et al, 1999
Cyprinodon variegatus 96 LC50 478 Moreau et al, 1999
Phenanthrene Chironomus tentans 48 LC50 490 Millemann et al, 1984
Nereis arenaceodentata 96 LC50 600 Rossi & Neff, 1978
Artemia salina 48 LC50 677 Abernethy et al, 1986
Artemia salina 24 LC50 677 Abernethy et al, 1986
Artemia salina 24 LC50 677 Abernethy et al, 1986
Daphnia magna 48 LC50 700 Millemann et al, 1984
Daphnia magna 48 LC50 700 Millemann et al, 1984
Daphnia magna 48 LC50 843 Eastman et al, 1984
Daphnia pulex 48 LC50 1120 Geiger & Buikema, 1982
Mpytilus galloprovincialis 48 EC50 144 Bellas et al, 2008
Mytilus galloprovincialis 48 EC50 43 This study
Americamysis bahia 48 LC50 0.89 Pelletier et al, 1997
Mulinia lateralis 96 EC50 0.91 Pelletier et al, 1997
Mulinia lateralis 96 LC50 1.68 Pelletier et al, 1997
Mulinia lateralis 96 LC50 1.68 Pelletier et al, 1997
Utterbackia imbecillis 24 LC50 2.63 Weinstein et al, 2001
Utterbackia imbecillis 16 LC50 3.35 Weinstein et al, 2001
Utterbackia imbecillis 8 LC50 7.61 Weinstein et al, 2001
Pyrene Americamysis bahia 48 LC50 24.8 Pelletier et al, 1997
Utterbackia imbecillis 8 LC50 28.2 Weinstein et al, 2001
Utterbackia imbecillis 16 LC50 28.2 Weinstein et al, 2001
Utterbackia imbecillis 24 LC50 28.2 Weinstein et al, 2001
Mulinia lateralis 96 EC50 9454 Pelletier et al, 1997
Mulinia lateralis 96 LC50 9454 Pelletier et al, 1997
Mytilus galloprovincialis 48 EC50 129 Bellas et al, 2008
Mytilus galloprovincialis 48 EC50 33 This study
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Table 6. Comparison of EC50 values estimated by nominal and measurement concentrations from the 48 hours
embryonic developmental toxicity tests of Mytilus galloprovincialis for different polycyclic aromatic

hydrocarbons.
ECsos (12g/L)
Compounds -
Measured conc. Nominal conc.

2-methylnaphthalene 232 993

Fluorene 273 385

Dibenzothiophene 67.9 323

Phenanthrene 43.2 175

Pyrene 33.1 84.8
activity relationship, QSAR) & &3l w3 A o} (Di 474l SlejAl FAIA <l A4A]%F (cosmopolitan) 2] =¢] 77t
Toro et al, 2000). PAHs®| &3, =54 2 AEelA v = AR 2 2o F4F] I AAF Rgke B

e 547t WAE Arske d3A ZPE Target o A4 gle ARE 25T JoE AR

Lipid Model (TLM) ©] $lom, TLM PAHs S#0] A% 5 5°] /i PAHs: B A58fwx <]

AW Aol SA =, FA40] -2 HE] FoEo] AR
SAEE Axe A= 5 Aggle]l 2 &4 HalAlS
o ot} AAHt= mdo|tk. TLM< PAHs 40| Zh=
=424 (toxic mode of action) ¢] L& A% FAL A4
Fxof vl B, AW sxE 2229 Kow #l 9
EAolu, A FAR A Fxrl SA AR
(threshold) o]4te] =W Apgo] dojudriy 713}, o]2fgt
AR AAsHA] ki Fupe} @ebAlnt Pyreneol| A o] 3¢
g Ak, ofF wgkek Aol sloAxm 1 gl ddFgE
v thEe] AA FEe) o2 X3k, & AW AATE
7} A5 57 wigel] obd ko] ukedo] ojHgly] Wi ox H5
7Vs3le}t (Veith et al., 1983; Di Toro et al., 2000).
PAHs7} Agsligz]e] dAel vx]& g3Fe] v Ris
Aol flew Fo]e] dlo|uo] oA AlFsle AmeA =
ojujsF-o] WAL o] &gt JF A= WA Ltk =9 (&5
o) A7E & A7 TdT Foz T A gk AlE
A7} 218 v 9lv} (Bellas et al., 2008). 132 24 &
g PAHs®| olufisl ul] A 54542 Rz FAd3ANE &
A9t i Aol e SAgEEE AL
(Table 5). o]& &4 A3F oz} EAete T (strain)
o wie} MR =Tt OE 4 Qa5 AARL AFEdA e A
AA EE3hs Fo2 A AR (AFE, AFH) o A4
730l A v A el = A-53ke] AAstaL gk & A (H
54 7]1%) ¢} Bellas et al. (2008) AT (AFA 71%) =
Ao A ekl ARz obd Ao AAlske AR
A7 st AR3IGT) "l A& A E4de] A7 A
H S= Yok webA F AR 7F RIRkETL g8 ol
4 (1% o] utdH F5 7t WzkEe] Aoz A

A O—T__ A= 1_.7U
5, dlolefuo] 28 7uke g g 7% 54

o]
P

/KE] 3

k

™

5 3
w

ol

F

=A4o)3ltk. PAHs® 54 % 3P,
PAHs®| A5 o= dibse s

A0 LR E o] xE3] S3iA R718HE AHE
2 AMEE 2 dFeME AfEe]E DMSO (dimetyl

sulfoxide) & AM&-3}9it}. Bellas et al. (2008) 2] AT-2A7}
pyrene ¢ HFpdEEE 129 g/l 2 AAESGITH
pyrene®] Hdj $83=E 130 g/l & AA=e gt
(Battelle, 2007). A7-#} mjc} A El= =400 &t Zof 4=
Sl 254 Aol7) Qo wk JrEE FA3] 9
3lo] EElEE 22 FROME AFENE 7FsAe] 9l
o} 222 Pelletier et al. (1997) ATolAE vkddksw
of vkpAAREE 2 HY &3] T0v) o] Rt 2
5 AL Yok wEbA fF7]18uE o] &3 SAA A
A=) Hoj=57) AR gt F-Ee 227} slejokst A
© 2 AR} Pelletier et al. (1997) AFA3} AbEof 9o
A 240 slehiAE paslelvta el glok AR &
=40 Frela gdslrlels 27t gk
slo] ApsiEl 2Ao] AAE AL FEEA
F9E& Aoz oA} o] HrlelA 9] 2 FE
3k djete 2 PDMS (poly dimethylsiloxane) & ©]
o] Alot=lu} glc} (Kwon et al., 2009). PAHs$}
Ao} Aol Agsp EAO szl AEo
Fyog ZEjuE o83 W to g,

2 R 5 glo] SRR A3

oot

r

gt
Flo FP.L' N o
P~ L

>

o

mV

o,

o ofo

[¢]

Ao

o,

oo ma nn 4
o mwX
lo,

e

Az} 2A4) A s WS EEe A
% 7 Aol & w3l (Table 6). HF
745 A 4.7 wje] kAol & xg

o
=
7k WAspl 184 g 2R

¢

o2 ¥ ¢

BN )
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Aol gloq oA SEs] $4e B4Aole) Bellas ef
al. (2009) ATANE ARARS] FAE A} R A F
e $A% ARE Aska gk A% BAEE Aol 9
o1} BB A FARS AR A SAghe] HF 13 FEL

BRIk At AoR wshn oleh AR AR B
Aol gelA® Aoz AYE Agel A JFL
F7 GES Fo7h B AOE o} ARI,

A AL

QT P
3

) o BRI 8 B4R
A7 Al ABo T FYH9L.
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