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Study on the effect of nitroarenes on marine organisms
BRIK i

Toshimitsu ONDUKA

Abstract: Nitrated polycyclic aromatic hydrocarbons (NPAHs) are formed mainly by incomplete
combustion of fossil fuels. Because NPAHs have become widely distributed in the environment,
including aquatic systems, the toxicity of NPAHs to marine organisms has become a concern.
Photo-induced toxicity occurs when the toxic effect of a chemical is induced or enhanced by
visible or ultraviolet radiation; known photo-induced toxic chemicals include polycyclic aromatic
hydrocarbons such as pyrene, which have molecular structures similar to NPAHs. The toxicity
of NPAHSs to marine organisms photo-induced by solar irradiation is therefore also a concern. To
clarify the toxicity of NPAHs to marine organisms and to assess the current risk of exposure of
marine organisms to NPAHs, the author determined the effects of NPAHs on marine organisms
after taking into consideration the light environment. The effects considered in this study included
toxic effects on survival, immobilization, growth, and reproduction.

The acute toxicities of 10 NPAHs were determined for marine organisms on three trophic
levels: the diatom Skeletonema costatum, the herbivorous crustacean Tigriopus japonicus, and
two species of fish, Pleuronectes yokohamae and the mummichog Fundulus heteroclitus. The
relative toxicities of the NPAHs varied between the test species. A cholesterol pellet containing
l-nitronaphthalene or l-nitropyrene was implanted into female mummichog, and the transfer
of nitro-PAHs to the ovary was examined. The effectiveness of the pellet-implantation method
was confirmed based on the transfer of NPAHs to the eggs in a pregnant fish. After pregnant
mummichogs were so implanted, the effects on the hatchability of the eggs were recorded, as well
as the survival and growth of the resulting larvae. Hatchability was the parameter most sensitive
to the effects of both chemicals; chronic toxicity values based on the actual concentrations in
the eggs in the test fish were determined. Irradiation with artificial light increased the acute
toxicity to 7. japonicus of 9 of the 10 NPAHs tested. The most phototoxic compound tested was
l-nitropyrene; its toxicity after irradiation with artificial light was more than 1000 times its toxicity
in darkness. The phototoxicity of 1-nitropyrene was dependent primarily on the irradiation-induced
production of ROS.

To determine the primary risk associated with exposure to NPAHs in the marine
environment, the toxicity values or effect concentrations of NPAHs in the above tests were
compared to reported concentrations of NPAHs in water. If the uncertainty of the chronic
toxicity values and photo-induced toxicity are considered, then the conclusion is that the influence
on marine organisms is rather small for four of the five NPAHs for which concentrations in

water have been reported or estimated. The influence of 1-nitropyrene is a possible exception,
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because the predicted no-effect concentration determined in this study is similar to the reported

concentration of this compound in water. This study has provided new information regarding risks

to marine organisms from exposure to NPAHSs.

Key words: Primary risk assessment, Photo-induced toxicity, Pellet-implantation method, Predicted

no-effect concentration
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1.1 HROTREED

18l D REE AT LIRS, NI R AV F—%
WETHZ LI DERELERL T, AN
FHLIANF—ZIEREL RS ). RN D
DL LT, fith, filk, KRBT AFOMAE, K
J, Kbt BOISEOFAERZ A VY —, HF )%
EVBTF LN, 0124 R TR SN —kT
ANF—ITAMRFETL2IE N Y TH Y, ZOHEH
W, fR, RIRTAHEOCHBEHI8T% % HdTWw5
(BP public limited company, 2014), HA&IZBWT
1, 20114F 3 HICHAE L2 KA ARRERDK, —kT
AN F— 25D BT DEE DA U THEABRE
DEAFEZ LV EE-THEY, 0124 FETIE—KT*%
NVE—D ) BALABREHE2% % 5O Twd (KT A

VF—JF, 2014),

LR % im DAL BRE O F I M BRBREE LB 4 7p 5%
ERIFL TS, wBERIZL TS —FlE LT, B
PR 5N 5 BRI & LA RE O BREER K
IHOWEK 7 & THAET HHHERILY (SO, X ERmE
it (NO,) 2 HREBLIUPHZICHEITFLZLICLD,
HHE LD EROEREZ R3S (Likens and Bormann,
1974) T, 1970A%H S KM R K E CRIEIC R - TH
D, EAETIIHEZ EHEETHREICZ )OO H
% (Larssen and Carmichael, 2000), 7Kg % 13 %
Al U CAERERIZHE % I T L (Schindler, 1983),
HBMRAERRICHEEZE 2 RLIZTLTWwS (Likens et
al, 1996), EHiCiEavy 72V —br2EPL, &R
ZHALL CEEWICHELZ L X2 Twb (Reisener et
al, 1995),

AR TR IERRIEALICOWTHIEEDE T o Tw
5o TOBLITABIGENIC X 2 ZWbikE (CO,)
X% (CHy) HEDOWBALT ZDOPEMIZ LD,
HWEROKFRMWEOMmME» MM LA T34 T
5 (IPCC, 2007a), Wh)E FFHIC & 2 WSR2 [G
DAL, WK LA B2mEROREREICLDY
Fex R ERBRANORENEH I N TS (Walther et
al, 2002). MRMBEALA A L LCId Wb, A% v,
—EBIib—8HE (NO,) ZENBTFTONLH, Bt
PFEDVMBEACICHRD KRELHFGLTBY, TRt
BRI O LA E I LA BRE o AR IR T
HEashTwsd (IPCC, 2007b)s Z® & 512 bk
B E T 2B AET HRIEYOBRERZEICOVWT
i, BT AbaBREOEPERTHY, PEhs
A AEBE B2 TREIT 2720, HEkHBLORMEIC
BELRTV, T2, giddos B, {baREOfMA
FABHOCH R ETFTICRKELLFSGLTWED, T
CIHEAZRIRT A2 &t L <, MEPEIMELS
TV D720, TNHORIEYWORERZEICIOVT
WFEEMICHET L, FED D 256 13 F 0N HE
LoD, MISREHERTIREZEZ DULEDND 5

ILHEBRE OB OB EST 2RI ED O —F &
LC, =hua7 L=y (NPAHs) % T 5N %,
NPAHs3 % 805 & ik bk #% (PAHs) 2=t 1
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EMIMLU7AbEw T, LG HBHEICBI 210
PREL D R BE (Nielsen, 1984), F 7zid KA I2B T
bH— bz (NO) LPAHsO KIGIZ & 0 AW
% (Atkinson and Arey, 1994), NPAHs!Z F IZPM
25 EORTFIRYWBEICWAE SN TEY, Kz &
D72 TORBKEIZA L 54 L Tw 5 (Bamford and
Baker.,, 2003), NPAHsOEREE= %) ¥ ZIZ KA T
W O PR A B A% v (Bamford and Baker., 2003 ;
Hasei, et al, 2006 ; Hayakawa et al, 1995 Kuo et
al., 2003 ; Vasconcellos et al, 2008), NPAHsiZHMt
EWOPAHs & & IZKREATITHFAEL, £ O—#IX
KREABETY, FITHEMRIC L > TRBERBEIZIHAT %,
ZO, KBBEEEHIZB T 2MAR TIE, BHREW
TlEH5D0O0iDEE (De Giorgio et al, 2010 :
Fernandez et al, 1992 ; Ozaki et al, 2010) =, /I
7K (Ohe and Nukaya, 1996 : Murahashi et al, 2001 ;
Takahashi et al, 1995) B &£ U7k (Murahashi et
al, 2001) 2S5 ENTW A, LETIEKIKED
“HHDONPAHsB RIS, A9 HF A 4B X
O h FHOPREITEFHRE TEh212380-24,7008
X U2670-26,000 pg/g dry weight& s T 5
(Uno et al., 2011),

NPAHsIZ @A) @ ZHEWETH B N>V [a]
VL v EeRED L RENRD Lo#EEHEEEZ R
L (Wislocki et al, 1986 ; Busby et al, 1988), —
MONPAHsIZH VE AR T EOMBER T v M &
DIFFLHNIH L TRWAEREMEZ R (Tokiwa
and Ohnishi, 1986 : IPCS, 2003). [ A% A #F 7% b%
B (IARC : International Agency for Research on
Cancer) INPAH® 9 H1-=+tublL ryBLU6-
— btz )k o2/ E 7 V—T2A, & MIHL
TBZELLENAMND L 7V —T12, 1158 (37-
V= bhuINAET YTV, 39-Y = R TINE T VT
v, 13-Y=btu¥¥LrLy 16-Y=raEL Y 18
vy=twv¥Ly, 5-=pbuartr75Ly, 3-=
fgXRyYX7rbhvy, ZbB72Y, 2-=2h0 7
VALY, 1-(5-= b7V IVI)FYTI /) -
2-43IFVYV Iy, 4-=tu¥lLy) BTV —
7' 2B, b ML THEVPAEOTREEDH 2 7V —
FIZENFNGHEHL TS (IARC, 2014), AKRAAY
IZ2oWTiE, NPAHsO —fli 1 -= b a ¥ L v OB
12 X Y brown trout (Salmo trutta, Michelmore and
Chipman., 1998) % mussel (Mytilus edulis L.,
Michelmore et al, 1998) IZDNA G % & @ # (=
wEFE SN, 7, 7HNPAHsZ @ L 7268
ZHWZBREICX Y, v 2% L A marbled flounder
(Pleuronectes yokohamae) \ZHRIMEKD R &0

AR H AL & L7z (Bacolod et al, 2013a)s 6
FiNPAHs ® marbled flounder (2 5t 3 % 4= ¥ i #i £
#% (bioconcentration factors, BCF) » it & Ch
0, BCFIZ4-422T&H» Y, M L7 6 fONPAHsD
FTI8- Y= brELYARHAREL, 6-= bz
Vv H b /& v (Bacolod et al, 2013b). KA
HWNZ R 5 mMEREIZOWTIE, NPAHsO —Ffifi 1
-= baF 7 % L ~®Ofathead minnow (Pimephales
promelas) (25 % B 1E9.0 mg/L L #id &
N Tw % (Curtis and Ward, 1981)c 2 ® & 9 12,
NPAHsIZ A ER B % & 6 & CTOBBIICIE < 4946 L,
AW % G ORI WA L Cltfmg 2 A L C
BY, {LABREOMHOBICRAET DEIEWE LT
W7 CREGEENRESNAYERO—DLEZ LN
5o

LW E O RIRBRBENC R AT T B E 2 DI,
KA B % AT TIRE, 2 F hE e s, K
WARBRIGEEY RIZES RV ERESINLRE, T
4 52 28 3% B (Predicted No Effect Concentration,
PNEC) #=#wE L, ZhzfbtWEoEHMF 7-
FEHEME D> SO N2 MR P RE (PEC) &
KT 22 ETYRZ 23 MT 20085 HBTH
% (OECD, 2002), %7z, AWEDOHE KW E TdH
A NPAHsIE T35 % HE HLIC B 2L A BB o BB
(Nielsen, 1984), F 723 KA IZBIF 5 —MIbER
(NO) EPAHsO I X ) A3 % (Atkinson and
Arey, 1994), NPAHsiZ 3 12PM 25% & O 7 Ik
HICE ShTBY, Zo—IERARTY, Ik
M & o TRBERBICTHRA L, Hfii3iRmimiic
WATHZEDMEINL 20, WEERRICRITT
WEBEMHTAIENEETHS, L1 L, NPAHs
DAY 2 BT 2R HNITE A WD
7257, KIBIZB U 2 BREZEET 5 DI H5 Tk
Vo B 51T, REIRICHM S AL IR O
W B X OMLEN R EAICE SN S, NPAHs & 45
THEEOTNE L VEOPAHSITRIRBSIC XY,
B — R UL R L R B AR E B & L A8
s s (Pelletier et al, 1997), N5 oFHMEE
G PEEE AL (reactive oxygen species, ROS) A3 7%
EHREEZOLNTWDS (Fuetal, 2012), 4-= 11
YL v & ONPAHsIZERIRIESTIC X D ROS%E
S L7 (Xia et al, 2013) 7%, KFEEIZNPAHs
DOREIBICR & B2 RITTREsH ), ki
IABMOTALZWESLPIITHI LR, LVBEDS
WA ) D BRI B AY B .

INHDZENDL, RFFETIIEMEZER L2
NPAHs D i i £ 0§ 2 Btk 2 W S i L,
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BEROBEBEREE L LK 5 2 & T, HRHAIIBITS
NPAHs®D iR LR~ O EVE MR 2479 2 &
FHEZL,

1.2 HBREYORE

ARIBAERERIIEI e 2 AP AERLTBY, &
B3 aE&8EWicx v 28 e Rl 320138 L v,
DO, REREORZ ZEY, BE Wit
(Daphnia sp.), B X OMHHEIIH T L28M%B L OB
PR B A MET L, BT 5 2 LRI Tw
% (OECD, 2002). KAEAEWIIH T 2L WHE O
PEEABR L, OECDO T A MFA K4 v, EBEE
HALEERE (1SO) B X OCKEM BB & (ASTM
International) 7% & 7= R Bk, K E BB R R
(United States Environmental Protection Agency,
USEPA) 7 O FEBUE A BARAET TIY &0
TRBE MO NTWEY, T oRBERED
FEAERRKOEYTH 5, Bl 21X, OECDT A
FAAFTA Y TREHORBRAY & L TlKkk
i Pseudokirchneriella subcapitata, Scenedesmus
subspicatus, RKEEW © Navicula pelliculosa, iRIKEE
. Anabaena flos aquae, Synechococcus leopoldensis
(OECD, 2006a), Wik O ERAW & L TDaphnia
magna (OECD, 2004, 2008) »SZNEhEEINT
Wb, fIFICOW T B EEN L B TR
W TR, 2VEE SR Tl K fizebrafish
(Brachydanio rerio), fathead minnow,common
carp (Cyprinus carpio), ricefish (Oryzias latipes),
guppy (Poecilia reticulata), bluegill (Lepomis
macrochirus), rainbow trout (Oncorhynchus
mykiss), 1@ MEEEERER T3 kK fizebrafish, fathead
minnow, ricefish, rainbow trout?2¥ %M ENI_FE I N
Tw’ (OECD, 1992, 2013),

AW FE DWW E T dH ANPAHsIZ T ITPM257% &
ORT-RPWE WA SNTBY, ZO—HITRARKET
W, T L o TARBBREICHRAL, REMIC
RIS A T 2 2 L E S D, NPAHsD
BREBANDOWMAZEZ D &, RAKBOAL S TR
HEERICH T2V AP EETH b, T2, %
K ffibluegill & ¥ P fi tidewater silverside (Menidia
peninsulae) DALFWEIH T L EZEZ KT 5
L OWEIZOWTHEEMDERZ W PARM L
b E W (Dawson et al, 1975-76), ~ I F 3 7
Mummichog (Fundulus heteroclitus) ® F 7 % L
IR B EIRE S RE O wE L R B
(Levitan and Taylor, 1979)s TN 6D &h 6, A

W AT I B b W AW AT BT R B
HAFRIBENTEY (Leung et al, 2001), HEHICH
VF B SRR AL M A W S AR TR R WGRT T B 4k
D5

HARTIE, KEFHNmEADasERBRiR s 2 56 E L
THY ORERF, 2010), ZomTHEERR: LTA
L b A= (Skeletonema costatum) HSiRBRAW & L
THEIES N T Do [ ST BRI T2 T I 2k W Rl AT
Jis%k TIE A7 L b &~ DL D3Skeletonema marinoi-
dohrnii complex\CEH I N TWAHDS, RELZHIT 5
72®, Z Oim L TldSkeletonema costatum & Fit§
5o

BT, SMHEtRABofERMEe LTy s
¥ <) 3 ¥ v a (Tigriopus japonicus), A Y T
Y & K% (Palaemon serrifer), 7 ¥ F W EIT Y
T F ¥ (Heptacarpus futilirostris), 7 NV < L ¥
(Marsupenaeus japonicus) HNREINTEBY, ¥ F
F<) IV onTIZEEREEREO M TH
B RROMERMME L CHREIN TS,
A OWTIEEANHERBROMERME L LT~ 5 A
(Pagrus major), ¥ 92X A (Sillago japonica) 75$%
FEINTWD, BUHEHEEABRICIOVWTEYIF =
7, Vx I XEFH (Oryzias javanicus) HHEFEZINT
Wb,

RTINS OISO T, HEEWE LT
ATV hAw, YAV YITVrA, I Falk
BELZ ATV MAYIERY I YT HOWRER
BT, HRGRETIBE I THL, AT L
b A< IXASTM (1994), Standard Methods (APHA-
AWWA-WPCF, 1998), USEPA (1971, 1974) »%%&
RLFMERBEICBW O R L L TR T
W5, A X LAY EE GRS LT
HEOERZWI L, ZORTH AT L P AYOES
T EnEREIN TS (Fent, 1996 ; Onduka et
al, 2010). FEZERBEATICRTIAEY RFEIRAERIEE 70 &
TAFWHRETDH D, AF L7 s8R P XK
WrgERr ks L, BRI 2203 T& %,

vEAEFxVIYVraEn~vNsF 2 AH
(harpacticoid) 2T AIKEEOHEEN 4 7 VT
HY, HAREGREOMEMEHL Y LIZH2M7ZF 0
WABRL, o KinEOREEIIH L TP
OHEVWHETH L (FEF, 1968), ¥ F ¥~ IV
IZOWTREL OEERN, T — I —@BInFDY —
JIVAR, INHDONA F = —OFFEFWYE
RBEANOINEDWIESN, A F <) I Vv arfiE
FEMEREMRH O D0 F VoY & LT oMz ik
ZTW5h EFIiENTwb (Raisuddin et al, 2007,
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Machida et al, 2002), HAWYEOWZZE D 5 5 R
THETHH705, RIS L D EZMEDECPEZ SND
720, YFAF<Y IV VADORMEBMELENT WS
BN A BRI e 0 O AF L7z ¥4 5~
IV Y T OKERISERT CTRREE L, b
B —=T) T AGEERFIM T ENTE S,
/2, =TV AGEIIREERT A0, BTk
LA WO L3 <, BT X B3k
ZALZE R AL LTEL TV,

< 3IF 3 ZIZACKRAGERFEED X & HIREMRTH
0, KN TOEIEDEET, ZAFINA SHEf o fi
BEVBS LM THE, ~3IF 3 7O EZEL T
EDFGEDRFEIIHIRTE L7200, FeAMEE D R
WE & (Armstrong and Child, 1965), A:fERIC
OWTHFENICMET SN Twb  (Shimizu, 1997). F
72, RIFa I onTIdAEAM, FE EiEs
R EDL K OTERPEMSINTE Y, ERHNMEIC
RS, MgaEoeTVAEWE L CToOMM% MMz <
W5 EEHIi ST A (Burnett et al, 2007). < 3
Fa VXWX OKEERTFE T TR BB L TR Y
ZHEIY, AP 2 BRI LA TE D, ED7
DZREIND O OBREFT R SR EE R R T 5
ZENTES,

F7-, NPAHsOBEZ Z[E 3 % L NPAHsIZ D K
HICER T EPBMESND, TD720, BAFL
ORI T 2T 5 2 EPEETDH
o BHERBICEIHIBRET L ToRBREDAFN
VETH B D6, RN TEAE T RE 2 2 B <
CHWAEIN TR AMSTLE R L, HARREN
THIMAE SN TV L EMAKEHIT e T 2 (Paralichthys
olivaceus) £ ATVANETH S (KERSHIEL
vVF—, 2014), &I AFMAMENEDOIIH LT
AN VAL TR Hal “HHLEEFEREHL
T A7z, EWHEHEE UK E» S oL FWE O
WEBERNET o0 E LTHwbR TS
(Hashimoto et al, 2000). ~ I 7 L £ 1355k % SEHt$
B W PRI OREERTZERT IZIE , Bk D A M L A3
B lp v ERUE SN A IR MR EREEY v & —
L Z AT RETH D, R CHIEEE L, &
Bt $ 52 ENTE B,

MEAERBRICBWORERBOR LR LHEHEA T L b
v, W Ay~ 3Ivva, ffi~vIFarss
LU~ aF LAk ANPAHsO B %2 M) L,
WA RIS HESZ G5 2 & T, FATHE
R OMBGERB RS CET 5 2 LA RRIC R 5,

1.3 #HEMEORE

NPAHsIZId Bk 4 B EEEASGFAET 5. EHEBILED
B 4Pk (IPCS : International Programme on
Chemical Safety) 12X ) ADORFERERE~NS 2 %
HEBIZOWTOFIENRT LDOLNTVWEE, 20
RCEHD = ba7 L— U2l EiFshTwnb
(IPCS, 2003), WY EiFesh=WEom T, 2-45
DHFBREFFOWEIGIME L HEDTEY, 7, 60
WERE /) = vk Y= balkTh b, TDR0,
2-4 OIS EHHBZFHFOPAHsOE/ = bufkB L
V= u kot e g, R NPAHsO B
BERFTHIENTEL, ThHDZ R EEL,
HE L - % Table 112777,

ZZCEE L7z 4 FEOREA Y B X 1088 O iR
WEIC LY, VHERBREERL, StEEmEE
MOENPIZT D, CNOOHBHMELZHLET S LI12X
D, WA L THROWEHEEERTWE NS
BT, RBAEWIC X B EZEOENE ST
5o F7-, AWHERBICBOCHEZEAHEE R L
WHEIZOWT, i~ I F 3 7\ B 18w R
% FEH L CREFEEMEAEW S 2ICT 5, YA S <Y 3
Trap =7y A E ORI X 53
OEALEMET L, SHMESHELWEHE VT,
B X OROSOFEEDMH 2 LMRETT 5 2 LI X
D, HEEORRNEZBRT 5. CNSOREIHLN
LT LIZED, GEMEFEE L NPAHsO A
Wb AR E AW S ML, BSN T ED S
NPAHsOPNEC# &3 %, Z Offi & B o Bisirh
WL T 5 2 LT, BB ANPAHSO i
FEABRNOMIY) R 75 li 2479 . F 72, JEHREHC
L BHUWBALDFERDO—2 %W S0 ZT 5o

F2E BEEVMIHTIIMSM

TEREA W) % B T KA AW % T 2 B SRR
JECHEMII OB R R D SRR LRI E TR
BN D72 5 B R LB UEHEREA D 5205, =
NS IKIBERSEC B U 2 KAL) E o s BT 12 K
PR VREEE 2o TWb, HTHAaMHEEREL
ARBHIHE 2, HBWEECH L7720, ThETIC
Tl 2 DIKAAN XS 2 AL E O FE kB D
FHENTWE, HARICBWTIE, BEEFOB, kK
OB, WEEB L OB 2 R0 Atk R
B R MG EPNETH S (BMKES, B
SEHUGHE L) 7o &, LR O BRESS BN O R AR
EoTWwWh,
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Table 1. Nitrated polycyclic aromatic hydrocarbons used for toxicity tests (IPCS, 2003)

. .. Water
CAS No. Chemical name Molecular structure Mole.cular Melng Boﬂlnog solubility  logK_ IAR.C a
weight  point (C) point (C) y oW categories
(mg/L, 25C)
NO,
86-57-7 1 -nitronaphthalene 173.17 58-61.5 312 9.18 3.19 3
NO,
607-57-8  2-nitrofluorene O‘O 21122 154-158 326 0216 337 2B
NO,
13177-28-1  3-nitrofluoranthene O “O 24725 156-162 -0 -° 5.15 3
O="
5522-43-0 1 -nitropyrene 'O' 24725 151-152 472 0.017 469 2A
7469-02- 8 6 -nitrochrysene 27329 208 =P -0 541 2A
No,
NO,
605-71-0 1,5-dinitronaphthalene 21817 215-219 _b _b 258 e
No,
oN NO,
5405-53-8  27-dinitrofluorene 2|‘“.'D 256.22 334 - - 33 =
O
75321-20-9  1,3-dinitropyrene "' 292.25 295-297 -b -t 444 2B
No,
(O
42397-64-8  1.6-dinitropyrene OOO 20225  309-310 - =" 444 2B
No/
42397-65- 9 292.25 299-300 -b =P 444 2B

1,8-dinitropyrene '8'

* Classification of the carcinogenic risk for humans by IARC (2014),

IR % F 7 S AL A 0 s RR BRI 1Tk
KOEW WA TEBINTE 72, BRETHHDMHE L
Zolz M), HHRIEDIZEAEDVTHIKTHY), €
NASNNCHEE ST w7z, FHiint g e L7228
BTN R & Vo T2KIBTH o 722 LITER L
TWdo FHHETIE ARSI 54 LT
BY, AMREENHE ) (L2 E DR FBREEAN OB A
Bsh, L7z, wJINSHH U7 b B iRAE /12
AT %o IRFIOBRBILMSE & b BHHRICBIR

b .
no data, “ unclassified.

LTWbI e, BEAY~NOZHLEWE O HE
O BEEMEDE E 5TV b, KON EWETH
AHNPAHsSIZKAFIHFEEL, ToO—FIE KA T,

WZRERIC X - TRIBERBEICIA L, ffmyicidine
WSS AT bo ZD72%, I 2 TRHREDRERA: Y
ELTRELR, WHEEEATL M A~Y, B+
FVITVaBICAF~IN LA BIO~YIF =
7% W CT10H ONPAHsIZ D W T D&k Rk 2
Fi L7z, Boh-BEEr KT ZLI2XD,
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PEAWICH L CvwEE e _RIMEEHRS L &b
2, BRI X B EOENERET L7z, 25
2, 135 N7 AtkEm % RIS E o F Il 2R
J£ (Predicted No Effect Concentration, PNEC) % iff
EL, ITNOOELHE S NRBETREREREE T
WIZE D HEE LR hRE L IR T 52 21280,
Bl 52 BT 2 NPAHs D AEER~NDO N ) 2 &
FHilli 2 4T 5 726

21 AP ETE

211 HRME B IUHRE

l-=tusrz7sL >y, 2-=btuz7itrLr 3
-=tEINEFT TV, 13-V =LY, 160
Y=bhut¥lyry 18-Y=butlyry 6-=hu”
Ve, BXUO7 VA5 v 5 ~idSigma-Aldrich (St
Louis, USA) » 6, 15-Y=rut+7% L, 27-V
—btuINFLy, BLXO1-=bu¥L dHEk
BTHE CGEx) »5, F78Ly, 7LVFLy, EL
Y, BIOZ ) VIADGMETSE (KR 256, %
nEThEA L,

B B O KB TRE RN 720, BRAEIE LT
VAFIVANKF T F (DMSO, plant cell culture
tested, Sigma-Aldrich, St. Louis, kK E) % H v 72,
WY E #DMSOTENEFN1-=vaF T8 L
100,000 mg/L, 15-¥Y = b+wu+ 7 % L 2000 mg/
L, 2-=twu7)b+1 10000 mg/L, 27-Y=hU
ZNVF L 1000 mg/L, 3-=hu7VEF I TV
5000 mg/L, 1-=bta¥L 5000 mg/L, 13- =
P ¥l 200 mg/L, 16-¥Y =t ¥l 100 mg/
L 18-Y=t0¥Ll 100 mg/L, 6-=+a2z1)t
~500 mg/L, +7% 1L 100000 mg/L, 7% L~
50,000 mg/L, 7WV* 5 50000 mg/L, ¥l ¥
50,000 mg/L, 7Y+ 1,000 mg/LIZH% L ERIE K
L7z IThoORBER AL/ 25 (Guillard and
Ryther, 1962) F7-13fp, HMERB X OH T XS
# (GFC filter, GE Healthcare, Little Chalfont, 3&[)
ThHa# L 72K (DA ik & K33 5) THML,
A & L7ze B, /7 255H0E A MK 3L
720

TR CTROZZEHA T L b A ~, B+ 4
~)3Ivra, BIUCAFE~YIFa s o IIva
AV A3 3 ADMSOD10% B ACHE F 721310 % 52
BEOREE X F N E 5900, 2,800, 8300, B X 121,000
uL/LTHY), TNHDREDS 5D 1 KilfOREZE
H 2 2 BhFIx IR X ODMSOR & & Pei L7z, Bt

RRERER, Wik s, ~3 53 72tk
HRER, ~ a7 L4 2atksE R B0 2 Bh#x R
X ODMSOi# 13 Z 21330, 500, 1,000, ¥ & °
2000 uL/LE L7z,
DMSO#%# = F\W7-NPAHsi B R Tld, HFRMEB
XU OB R BT, HHEIE Oz
1-= b+ 77 L yDATHo70 LD DR
WHIZOWTHEMMEZ B TY X7 23T 5720, 4
HoRl, ®E Lo F Ll (HCO-40, HE7 I 2V X, K
50 01 0 1 IRAW L RBRRER 2 72 BoRICD
WTHME L7z SRS OREWEL/ 2H T 72135
WK AR, SRERIEE U7 zo WO bk B 5 5B
BIU~ I F 3 7y 2SRRI B 2 By A X
DDMSOB £ WHCO-40D F AR EEIX 2 1 211,0008
LXU2000 uL/LE L7z, BEEARMERRE L O~
a9 LA SRR TR BHIHCO-40h3 L Fh
<1BIVPKI0 uL/LOBETAT L MAYDOAEE
BIO~a VA ORI LTI -0, A
RHERRS X O~ a4 L A 233 o
HCO-40% F\: 72205 726

212 HREDY

HEORBEME LT, £ OFELFW-EITH
LEVWEZEEZRTIEPAONTVIHEDOR S
LA~ &#EL, EVEEMET»SSEI N
N-324%k % SRER I L 720 500 mL AT AJEICE/ 2 B itb
300 mLZ&INA L, B cikiiae L, i
ya—AF v »yx— (MLR-350, =M KR %
v, BB SARZ 7 v b L7230 (FLA40S -
N-EDL - NU, S TEIFESRE KR 2 3AKMLHL,
B4 hIEFIA10 h, SGEBOGE TR BEE40-80 1 mol/
m?/sec, E20C DL TEM L 720 Z ORI
EENLEBE BT 5 EEAERMERBICH V2,

R OREBAY & U<, BEE A BRI
RO REINTVF I IV aOB T
WiE DX K BEE 72 T CREACRT 28 L, DLRRRRACRE 28 L 72
e vz 1 LOF T AR5 #iK800 mL
FPHEL, BLz7 L=y a >y Lads, W4 h
BEI10 h, HE20 COSGMTHE Lz, i LT/
2RMWTRAE L7275 ¥ ) WD Tetraselmis tetrathele
L LTHY, THBEIC > 10" cells/mLOX;#E
a5 mLiRi L7z, CO#BE»S, T4 0 i
(N-NO305T, #idH¥ 4 248 um; NB80, #is H 9 A
2190 um; NBCA v Y25 v 7, HHE) #HW, &
biz24bs Km0 ) — 7)) o A AE 1872, / —7
V) Z A S ek B R R o Pt vk B 5 SRR L



W7z,

HKHORBEWE LT, 3IFar7BI~vadlL
A &7z < 3 F 3 ZIET XK FERT SR T TRk
REAFLTHY, 1 m’oklickiie=:2 T (F
Yo+ RERGE), AOLEMHTTEE L. BHIA
AR (C-1000, WFIFEEELE, HE) #—HBEIC
G-z 7 =a B LA fEfAZ INOR TR RS L v
F—hoAFL, Kild+ 3 C, HREGMBTFTHR
HRBISEE Lz, BREEAHEE (B OowC2, L
FLHUEEE, Hn0) ZmtkilBHam E Tl HB &I
G272 3 Fa 70U MA (REH1 mg) B
OMEET73£21 mgD~aAH LA % Hibh§ 5 flHaE
PRI V72,

213 EEERMBEERAR

B BT A, BRI (2010) oFEEcHILL, D
TR ETRBEELT - 720 BB ITACKT 2 & )
ST TMEEREB LU ORI LT > 72 R
FITIE ¢ 24%200 mm, ZEH64 mLO % U LTRER
BEM, RBEEIZ30 mLof/ 285 E vz, &
BRI & LT oDMSOWE 2 M L, R
BRI B A TR X 2 3% ) 720 SRBRIC B 4 AT
WEEEILAL0" cells/mL e L, #HiEEE 3 M Tl % 17
VW, INE2OM R L. BRYIE R I Table 2
B L UTable 3ITRT LB ThHho7zo MW AT
WL 72358 3 L2 775 A HMES & (GFC filter,
GE Healthcare) THREREZ AL, A% ABIZH
Wiz 4RI 2 B L 2%, BEo4AR
ZWE L7z ARNER Y —F—d90EEERN (b
W 1 340-500 nm, FEIGPELE © >665 nm, model 10-
AU-005, Turner Designs, Sunnyvale, &) 2 fEH L,
HOPLOWELTBW/ A7 L M A~MIBaE &
SFHOGMEDBIRD O Z B oMz #HE L, EE
HAR IO WTEREEZHH L7,

2.1.4 HBRgES xR SR

ARER 3R (2010) @ IR L 7o SRBRTE
W2 mLxwih/zh s A8FEEK (¢25%x25mL, 6
mL) 2, %A SR BROBGTRE L7454
Z1EEL, INE2O8DRL 7, Bl R L
Table 235 X U'Table IR & B ) Th o7z, WY
BAHT I L7235 6 3R L7 7 7 Ak A K (GFC
filter, GE Healthcare) THREREZ AL, A% A
BRIZH 720 SRBRIEIR & L C i B © DMSO
¥ 72 13DMSO I & b O LAHCO-40% 1 %1 T
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RELZLOZMEML, BRI, BHRESREE
[l D BhA % A5 U 72 WA BRIX 2 @) 720 SlBRIE
ZHE R AR, Wi, 20C C24RERE W 721%,
KIEDHEZ T o720 HER, BFERNZRP I
SRAEMR, WEEZE?Z LATETHIGHHIE
kLW b Oz lEkEE Lz,

215 AEIMEEEER

50 mLA 7 ARAVHA=/MA7 5 222 B L O
T HM L 7ziER (ARG R 2 8K & Zild %)
5 mLZAFL, MBREGEZ 3, #efk L2tk <3
Fa 7S MUFAZI0R T OINAE L, 961 Ok %
110720 BBREH & L THY E ODMSO#E b &
U'DMSO il & b F LWHCO-40& 1 4 1 TRA
L72b oz L, SBRERORINE I 5R&10 pLe
L 720 20CIC %€ L 7 1B Il 28 1 IS SR A 2 % U
L. AR TREZ 1T 5 720

40 LA 5 ZABUKAE G TE b S gk 5 L2 AL,
AERER A A, B L8, KA a AL A
e CPRETL mg) Z10BTOUIAEL, 96 DR
By o 720 BRI & L CTHMY E ODMSOE
ML, BRI, RERE L FEOBH %
BINL 72 BhAIek B IX % 5V 720 RRBRIEHE OO TR e 130
510 mLE U, 1R THERZ AT o720 W oER
2BV T LMW EIRIZIE, Table 4DiREEICHEL,
BRI 2 T o 720 24IE[H] & L AT O A HE & B
L, FETHIIHY Bz,

216 WERYEAE

AREE  ONPAHs 2 ol 2 X DLai iy S h
728 A4 vib¥ A4 4 v 1k (Negative Chemical
Tonization, NCI) % H \» 72 {#ll %€ ¥ (Albinet et al,
2006 ; Kawanaka et al, 2007) % #EA M2 LCill
E L7z 72, BRI OPAHs iBEONEIIET A
% v 4bi# (Electron Ionization, EI) & W7zl 3 (B8
BOT BREE IR BB 2 43R, 2000) & A7 Wi Tl
ETEDLLIUEL TMEL 72,

F BB AAIE 3 X O T IR ICERK L 7o Btk 3 1k
ABR ORI % T A @A A MK (GFC filter, GE
Healthcare) TA#L, #HHNAMITH T 7 — ME
W0 uLz MMz 7%, ~FHrCc2hikeE HMBL
7o TOMMEEGREE T MV 7 L THKEE, HNERETE
WP W50 uLERIML CERR/M T TOIFE 21
mLIZ i L, GC-MSIZ & %4047 12ft L 72 NPAHs
DOWETIX, yur—FERELT, 1-=tat7
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Table 2. Nominal and actual concentrations of 10 nitrated polycyclic aromatic hydrocarbons tested in toxicity
tests using an alga Skeletonema costatum and a crustacean Tigriopus japonicus

Organism S. costatum T. japonicus
dispersant - + _
Nominal Actual Nominal Actual Nominal Actual
. a . b.c . a . b.d . a . b.d
concentration concentration concentration concentration concentration concentration
(ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

1-nitronaphthalene
2-nitrofluorene

3-nitrofluoranthene

1-nitropyrene

6-nitrochrysene
1,5-dinitronaphthalene

2,7-dinitrofluorene

1,3-dinitropyrene

1,6-dinitropyrene

1,8-dinitropyrene

700-2.800 (v'2)
700-2.800 (v'2)

540-1,500(52-77)
290-1,600(39-68)

3.100-50,000( 2 )
3.100-50,000( 2)

3,300 ¢ 450(14) © 5,000
25-40(2) 0.34-3.9(6.1-14) 2500 ¢
25-40(2) 0.29-5.5(6.6-14) ’

20-80(/2) 0.20-1.8(5.5-23) 156-2,500( 2)
20-80(/2) 0.21-15(5.9-18) 156-2500(2)
167 ¢ 13(76) © 250 ¢
670 160(24) * 1,000 ¢
330 ¢ 27(81) ¢ 500 ©

e e 6.25-100(2)
67 35(52) 6.25-100( 2 )
. . 313-50(2)
33 0.28(0.86) 6.25-50(2)
. c 313-50(2)
33 044(1.3) 625-50(2)

2,700-46,000 (85-93)
2,300-51,000(74-101)

2,900(58) ©
1,600(63) ©
120-2.400(77-97)
110-3,200(71-130)
200(81) *
570(57) ©
120(24) ©

2.1-65(33-65)

3.7-65(46-65)
0.08-19(2.5-48)
0.60-20(9.6-49)

0.13-25(4.2-60)
0.81-24(13-49)

1,560-50,000( 2)
1,560-50,000( 2 )

46-2,900(3.0-5.3)
140-3200(5.1-8.8)

5,000 ° 40(081) °
2500 ¢ 38(15) ©
2500 ° 44(18) ©
250 © 48(19) ¢
1,000 ¢ 98(9.8) *
500 © 16(32) *
100 © 20(20)
50 ¢ 0.84(1.7)
50 ¢ 16(3.1) ©

- toxicity test conducted without dispersant, + : toxicity test conducted with dispersant. * Values in parentheses are a geometric
series with factors. " Values in parentheses are the percent concentration of the nominal concentration. © Average concentration
shown is the geometric mean of actual concentrations at 0 and 72 h. d Average concentration shown is the geometric mean of
actual concentrations at 0 and 24h. “ Limit test was carried out at shown concentration.

Table 3. Nominal and actual concentrations of 5 polycyclic aromatic hydrocarbons tested in
toxicity tests using an alga Skeletonema costatum and a crustacean Tigriopus japonicus

Organism S. costatum T. japonicus
dispersant - +
Nominal Actual Nominal Actual
concentration * concentration ™ ° concentration * concentration ™ ¢
(ug/L) (ug/L) (ug/L) (ug/L)
Naohthalene 30-3,000(v/10) 18-1,700(55-77) 3,100-50,000( 2 ) 79-1,700(1.8-4.1)
P 30-3,000(,/10) 13-1,500(43-51) 3,100-50,000(2)  140-2,500(3.6-7.8)
Fluorene 100-1,600(2) 37-530(33-50) 500-8,000(2) 20-2,800(6.3-35)
100-1,600(2) 41-360(22-41) 500-8,000( 2) 11-1,600(2.2-20)
Fluoranthene 100-1,600(2) 14-38(2.4-14) 130-2,000( 2) 55-620(3.9-31)
100-1,600( 2) 16-54(3.4-16) 130-2,000( 2 ) 1.1-240(0.89-12)
Pyrene 25-400( 2) 4.0-25(6.2-16) 130-2,000( 2 ) 2.4-610(2.0-38)
y 25-400(2) 1.9-91(2.3-7.6) 130-2,000( 2) 3.3-600(2.6-30)
Chrysene 330°¢ 14(042) ¢ 500 ¢ 370(74) ¢

- ! toxicity test conducted without dispersant. + : toxicity test conducted with dispersant.

*Values in parentheses are a geometric series with factors.
" Values in parentheses are the percent concentration of the nominal concentration.
“ Average concentration shown is the geometric mean of actual concentrations at 0 and 72 h.
d Average concentration shown is the geometric mean of actual concentrations at 0 and 24 h.
‘ Limit test was carried out at shown concentration.

yLvd, 15-V=raF 7814,

VF L rd,,

1-= ra¥L rd,
Ydy®1 mg/LT N VR, NEEEYHE L

2-=buzy

T, 3-=bhaI7NVFIF T vdy D1 mg/LNFH
6-—huarz)k VIR ENFNH W, 72, PAHsOHIE T,
fasr—bRBELT, F7Y¥LVd,, TV RTE
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Table 4. Nominal and actual concentrations of 10 nitrated polycyclic aromatic hydrocarbons tested in fish

toxicity tests using Pleuronectes

Organism P. yokohamae F. heteroclitus
Dispersant - + -
Nominal Actual Nominal Actual Nominal Actual
concentration *©  concentration " concentration * concentration ™ © concentration ©  concentration ™°
(ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)

1-nitronaphthalene

250-4,000( 2)
250-4,000( 2)

220-2,100(47-86)
200-2,100(42-78)

1,500-24,000( 2)
1,500-12,000( 2)

130-3,500( 9 -15)
160-1,500(11-12)

500-8,000( 2)
500-8,000( 2 )

150-2,400 (28-33)
270-4,800(52-60)

2-nitrofluorene 20,000 * 150(0.74) * 10,000 ¢ 670(6.7) ¢ 10,000 46(0.046)

. ] a a 500-4,000( 2) 8.0-230(1.6-11) a a
3nitrofluoranthene 10,000 46(0.046) 500-4000(2) 2.4-230(24-11) 5,000 0.10(0.002)

. a a 625-5,000(2) 48-850(4.3-17) ‘ ‘
1-nitropyrene 10,000 16(0.16) 500-4.000(2) 34-280(2.7-6.9) 5,000 0.21(0.0047)
6-nitrochrysene 1,000 29(029) ¢ 500 ¢ 3.3(0.67) 500 0.033(0.007) ¢
15-dinitronaphthalene 4,000 64(16) 2,000 400(20) ¢ 2,000 38(1.9)
2,7-dinitrofluorene 2,000 6.1(031) 1,000 27(27) ¢ 1,000 0.86(0.086) *
1.3-dinitropyrene 400° 057(0.29) * 200 83(42) ¢ 200 051(025) “*
1.6-dinitropyrene 200 0.56(0.56) 100 44(44) 100 0.11(0.11) **
1.8-dinitropyrene 200 0.49(0.49) * 100 71(7.1) ¢ 100 0.16(0.16) “*

- : toxicity test conducted without solvent, + : toxicity test conducted with solvent. * Values in parentheses are a geometric series

with factors.

® Values in parentheses are the percent concentration of the nominal concentration. © Average concentration shown is the geometric
mean of actual concentrations at 0 and 96h. ¢ Limit test was carried out at shown concentration. ¢ The concentration of chemical
tested was set to half the detection limit because, at the end of the run, the test chemical was undetecTable in the test solution.

Vedy Yledy 7V%kvd,®] mg/L7 % k>
Wiz, NEEEYE L LT, FVtLbrd, O1
mg/LANF % VEHR T FNENH W2,

NPAHs ol 2lx, ¥ ¥ ¥ 51 -4 5 2HB5
-MS, 30 m, 0.25 mmID (Agilent Technologies,
Santa Clara, K &) % %7 L 72GC/MS (Agilent,
6890N, 5975 inert; Yokogawa Analytical Systems,
) ZMv, NCITHlZEE— F%ZSIM (Selective Ton
Monitor) & LTl L7z EALDIREX280T &
L, BHZHOER512290C OMREE % 20F, BEEaNar
DA F VIFEFTI240C DIEE BTz H T AR
100C T 2 M PR 3 L 7= %, 20C /43 T200C £ TH-
M, 51&EHE5C /5 T320C £ THilMAE, 1450 MR
FeL 7o AT HER 34550 CTH o720 F 72, PAHs @
WEE, Fx¥E¥59—4724DB5-MS, 30 m, 025
mmID (Agilent Technologies) % %75 L 72GC/MS
(Agilent, 6390N, 5975 inert) % H\vy, EITillgE€—
FaSIM&E LTl L7z, EALDOHEIZ280C & L,
B 25 D E845712300C DIREE % T, E&E a4
F IRER2240C DIRE 2 1472 A T A REEIE60T
T1 MR L7227, 10C/4T120C ¥ CTH-, 51 &
#E& 5T/ T210C £ THEE, 6T/ T300C £ T
AL, 5MREEL7z. ATRERIZ500THh - 72

TS —AFriFENERN, 1-=tutrT7s L
(127, 173), 15-Yy =btuF 7% L ¥ (165 211),

2-= e 7t Ly (165 211), 27-¥Y =t wH
TJIVE L (163, 256), 3-=bha 7Nt T VT
> (200, 292), 1-=bra k€Ll ¥ (201, 247), 13-
Y=truwElLry (20 292), 16-=btmtEL
(200, 292), 18-¥Y=Frva ¥l ¥ (200, 292), 6-
= torvytr (226 273), 1-=btur74L >
-d; (180), 15-Yy=btuaF 7% L rds (224), 2-
—btaI7ntlrd, (220), 3-= B 7NVFT VT
Yedy (256), 1-=ba¥L vd, (256), 6-=hn1
y)krd, (284), F7% L (128, 127), 7%
L (166, 165), 7N+ T 5~ (202, 200), €L
> (202, 200), 7t (228, 226), F 7% L~
-dg (136), 7WV* VL rdy, (176), 7 v +Ft v-dy
(183), ¥'L r-d, (212), 7V tr-d, (240) & L7z

BB ARE XK TIRICB I 2 BTk
DM BEIREORM P2 FZWMERE L L7
(Table 2, 3, 4), MEETRIZBWT, RABBF O
WM B BE A E & T BUE R O %5418, OECD A
FYARF2 XY (OECD, 2000) (2if-> T, &
T RRAE O il % SRS T R O BRI & R E L,
FEHEEZHI L7z (Table 4),
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Table 5. Mean acute toxicity concentrations (lower, upper confidence intervals) of 10 nitrated polycyclic
aromatic hydrocarbons tested on the alga Skeletonema costatum, the crustacean Tigriopus japonicus, and the
fishes Fundulus heteroclitus and Pleuronectes yokohamae. Also shown are predicted no effect concentrations

(PNEC) and predicted environmental concentrations (PEC) of nitrated polycyclic aromatic hydrocarbons.

S. costatum T. japonicus F. heteroclitus P. yokohamae PNEC PEC
72-h EC50 (u g/L) 24-h EC50 (ug/L) 96-h LC50 (ug/L) 96-h LC50(ug/L)  (ng/L)  (ng/L)
Chemical - + - + - -
Lnitronaphthalene 1,200(1,100-1,400)  4.800(3,700-6,300) 600(470-760) 560 (490-640) 1,100(870-1,390) 830(630-1,060) 5,600 117
P 1,400(140-2,700)  5600(4,600-6,900)  850(610-1,190) 890(730~ 1,100)  1,090(890-1,340) 710(580-870) : '
2-nitrofluorene >450 >2,900 >40 >670 >46 >150 >46 87
. 1.7(1.2-24) 150(67-350) a
3-nitrofluoranthene 25(1.8-3.9) >1,000 >38 190(73-510) >0.10 >46 17 NR.
. 0.42(0.38-1.38) 680(470-1,000) 290(160-520)
Lnitropyrene 0.64(052-084) 700(550-870) - 45(41-50) ~0z21 16 210
6-nitrochrysene >13 >200 >4.8 >33 >0033" >29 >033 011
1,5-dinitronaphthalene >160 >570 >98 >400 >38 >64 >380 10
2,7-dinitrofluorene >27 >120 >16 >27 >0.86 >6.1 >86 NR.
- 14(10-19) a
1,3-dinitropyrene >35 13(95-18) >12 >83 >0.51 >0.57 130 NR.
.. 3.3(2.1-5.2) a
1,6-dinitropyrene >0.28 36(23-58) >6.0 >44 >0.11 >0.56 33 N.R.
- 41 (2.3-74) a
1,8-dinitropyrene >0.44 12(24-74) >16 >71 >0.16 >049 41 N.R.

EC50, median effect concentration; LC50, median lethal concentration; -, toxicity values obtained from tests without a dispersant;
+, toxicity values obtained from tests with a dispersant. PNECs were calculated by dividing the lowest value in our acute toxicity
data by an assessment factor of 100. PECs are the highest reported concentrations including estimated concentration.in river water
and sea water. N.R: not reported. °, the concentration of chemical tested was set to half the detection limit because, at the end of

the run, the test chemical was undetecTable in the test solution.

2.1.7 fRETEEIR

HAUE RBAE BRI BT 5 T2 0050 % A= R =
J£ (72-h EC50) &, HIRXE oA E#RE (1 Hb7
D) WBICK 2ARMHESRE L OCEMRENS 70
Yy MEICKVEB L2, EEERE (NOEC) 134
ERERDIHIRX O & HHICHEEZ RS R ViR
DEWVIREL L, BEHEITICIZ— oAl E ST B &
N DHDODunnett D% EIHIK (P<0.05) % M7z,
TuYy MEB XS E RO T 12 12SPSSH:
@D SPSS 14.0] for Windows regression software % /]
w7z,

PP P 30 Tk B 2 TR B U B 24 [ 1 Buos 2
WP (24-h EC50) B X AR RSB
% 961 ] B BOsL i B2 (96-h LCH0) X 22 i
VKBRS F 721350 T & BB B R BE A © trimmed
Spearman-Karberi?: (Hamilton et al, 1977) 12 & 9
B U7z SaHNT IR EBR B ORGE T S AR AT L
T \» 72 Trimmed Spearman-Karber Program (Ver.
15) w7z,

AR E O HEPH T50% LA o s A R BHE, Wik
HHEIKIRE D 5 VIZHFRATORD SN2 WEEE,
EC (LC) 5013 ikBi el & L7z,

22 # R

2.2.1 NPAHs

M EBE LZZNPAHs® 9 5, BEAZ L bR~
IZowCidl-=htur74L 2y, 3-=hu7)Vt5
YFY, BXU1-= bu bl ryofatmiissg s
h, ZhooFHaEdiiiE (72-h EC50) (&Eh2
11300, 21, BLX 053 ug/LTHh-7: (Table 5),
ZDMDONPAHSIZDOWTIL, RSB RETTT
50% VL LD EREEHEN RO Nk olzlzd, &
WHAEZ RO DL ENTE R 72,

M B X OmETE, BHZ2HCZVWRICE
WT, 1-Z b0+ 7% L rOARFEEMEIE SN
(Table 5), Wk 45~ I T v ailonTid,
Bi#l v RicBWT, 1-=raF75L >y, 1
-—tm¥lLy 13-Y=tutlLry 16-Y=tu
iy, BIUOLS-Y=rub¥l rofafiriss
o, Ehoo¥yatkasEE (24-h EC50) 1%
NnZMNn5200, 690, 14, 35, BL V42 ug/LTh o
72 (Table 5), fafi~IF a3 ZizonwTiE, WHl%E
AwiRkicBnwg, 1-=tur7%L >y, 3-=1
U7Vt T Ty, BLYl-= oL ot
a2 o h, Fho oVttt (96-h LC50)
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Table 6. Mean acute toxicity concentrations (lower,
upper confidence intervals) of 5 polycyclic aromatic
hydrocarbons tested on the alga Skeletonema
costatum, the crustacean Tigriopus japonicus, and
the fish Fundulus heteroclitu

S. costatum T. japonicus F. heteroclitus
72-h EC50 24-h EC50 96-h LC50
(ug/L) (ug/L) (ug/L)"
Chemical - + +
>1,700 870(590-1,300)
Naphthalene 4 33, ) 100-1700) ~ 930(120-7,100) 1700
Fluorenc 490(470-510) 630(340-1,200) B
>360 540(320-890)
15(9.2-25) _
Fluoranthene >54 40(26-61)
36(24-52)
Pyrene >25 21(14-33) 310
Chrysene >13 >370 39

EC50, median effect concentration; LC50, median lethal
concentration; -, toxicity values obtained from tests without
a dispersant; +, toxicity values obtained from tests with a
dispersant.

* Kakuno et al., 2006.

X FhZFNn730, 170, B L 170 ug/LTH » 7=
(Table 5) ZDMAONPAHsIZDOWTIX, BRI ik
J£F TT50% DL Lotk E S 5 VI TATRED b
Lhoizion, AUHEMEEEZROL LN TE 0o
72

Bl & o WilBR A IS S - ICK T 5
PR EFEEEE LTS, A7 L PARICHLT
F1-=bublL ramdimuvagtt (72-h EC50 : 053
ug/L) #_ L7 (Table 5)o Wil % HwW/2% T4
BONZPEYHEEMEEILE S 2 &, Yy IV
I LTIL6-Y=ra ¥ Ly (24-h EC50 : 35 u
g/L) #, ~3IFarZicxlLcid3-=trarnts
VrFUvBXOl-=bBEL Y (96-h LC50 : 170 ug/
L) %, ThZEhiwgttzR L7z (Table 5). ¥ %
FI)IVVaBIPTIFasizonTiy, BElz
AW REHCZWRWHIIBNWT, 1-=+a+7
7Ly oSS SNz, Bl E VRSB
FAYFF<)ITVyaBr~IFa iy 5
HFEEPEAE (24-h EC50 : 5,200 ug/LB X 1896-h LCH0 :
730 wg/L) &, BiFEIE AR wWEE (24-h EC50 :
730 pg/LB L 1M96-h LCH0 : 1,100 ug/L) OFNZE
N8B Lo HEETH -7 (Table 5), 15-V =
fEFTZ7FLYBLU27-V=b a7 VF L riZon
T, B L 7ZREOHPHN TV 3o REREY 2
FLCh BTSN A -7 (Table 5).

222 PAHs

HHEEMGE L72PAHs® 9 b, EFEHAT L A<
DWW, 777 L yBIUOT7IVE L yo2aMdiR
A 20 L729) b, FheEh] Mo Aaas i
PEHN, FN5H0T72-h EC50IE 2N 11,3008 L O°
490 ug/LTH -7 (Table 6)s ZDMDOPAHsIZD
W, BRI SR F T T50% P oo AR R
VRO LN h o720, SMWFEME KDL Z LS
TXhhrolz,

Ry <) IV raizontid, Bl
72RIZBWTC, F7FLY, INVFL Y, TIVFT
YFv, BXUOYLryoLUmEEAELh, Th
5 O AR X ZF 1 F1900, 590, 28, B &
029 ug/LTH-7- (Table 6)c ZDMDOPAHs% H
WZREBRTIE, BB e Rm iR ERBRXIIB W T
b, B EoEYIZERKBENRED SNk o 7
(Table 6) .

23 £ =

KIFZETIE, HARBEFE O R BiFEEY, T74b
L, BEATS VMRS, HEH Ay~ ) I TV
a, E~IFarBIOYa LAY A 1008
NPAHsO SPE#tE 2 I 5 212 Lz, Bl & Hv % 5%
ERMVBRWRIHICBWT, YFF<)IVraBk
O=x3IF a7l ds1-=but 75 L roaktiE
PR LsNboo, AEtiEEs +y~y I
AWK LTIEIREL LD, v 3IF a 7L Tidh
&< % »7z (Table 5) ZD720, WHFIGEIMIL S 1
= bOFTI LY OFEANDEEBIIONT, —ED
fHINEFRD SN Do 72,

NPAHsD KA R$ 2 SPE#E I BI§ %
BIEEAERDLOVD, 1-=+aF 78100
WEIIOWTIAETHENYRDH S, 1-=baF 75
L~ ®fathead minnowZX 9 % #E#HI6-h LC50 (3
IR BRBZABIC BT 28 RELFEIC L) X
9.0 mg/L (Curtis and Ward, 1981) TH 1), Z i
FEAZ A IS SN2 2 e 2 2 L2
PEE (1,900-4,600 png/L) B X OEHREEZ I L7
HMEME (560-1,100 ug/L) LW @\ o7z /2, 1-
= uFr 7% Ly ORKOMERD—FETdH 5 Ciliate
(Tetrahymena pyriformis) 2 X3 % 3 M HIGC50
(50% impairment growth concentration, Ik 7K 2\ %%
TR IC B H i IEE 2 3T L2fl) 1317.3 mg/L
(Schultz and Moulton, 1985) TH 0, ZDOREIFS
G175 & M7z R 03 5 3R eI i A 451 U 22 3kl
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(13,000-24,000 ug/L) kL IZITR%ECTH o720 TDI2
W, YA F=) Y raklCiliateD)EZ XTI
THh s ARSI NIz,

HEHA L M AT 58 E 2 PAHs & = b
O 7% A EN/2NPAHSIZBW TR L 72858,
7L VICOVWTIEF 7L YBLIFLI-=baF
7% L Y D72-h EC50A3Z 1 <11,300->1,7008 & O
1,200-1,400 ug/L& 7% 0 (Table 5, 6), #HMEIZIZIE
[l CTholze FVF T VT VIZOWTIRTIVE T v
TrvBIO3-=bu 7Vt 7 rT7 yD72-h EC5008%
NEN>548 X U1.7-25 ug/LE 7% 1) (Table 5, 6),
= PuANEA &N D L BIEMEH205 D 1 K & %
O, HESHEFEICHRE /. ELVIZOWTIZE L
vV, 1-=twp¥lLy, BIUOY=btvEL U VYHO
72-h EC50As & >25, 042-0.6438B L ¥ >0.28->
044 ug/L& 7y (Table 5, 6), = huFAv1FHEA
END LBMAEIZA055 D 1 KGR Y, BpE2SEE
ME o2, = hudp2EA N5 LT ERE
HWT& %% -7 (Table 5),

H#E S A 7~ 3 Vv aicw$ 250 % PALs
EZNEFNOPAHSIZ= MO e L 72 I B W
THB LGSR, F78 L i2onwTidF 78 0B
U1 -=buatr 7% L »dD24-h EC5025F N EN870-
9308 X 1U4,800-5,600 png/L& 7% 1) (Table 5, 6), =
bR % L mMEA S HREERELS LD, &
BT F o7 FLUIZOWTIRY L YIZOoWTIE
YLy, 1-=hutlLy, BXUOYV=rutELl U H
?D24-h EC5028 % L€ 121-36, 680-7004 K U83.3-14
ug/LE7 0 (Table 5, 6), = huks13EEASh
% & BEPEAEIZ20-30R5 R EER & < 2 ), FMEASHHE IS
§FE o, bR 2LBEASNLEEL LD
D271 268501 fERENS Y, B
F 57

U~ IF 2 ZIZonTIE, AEES (2006) HiHE
L7zPAHs®O~ 3 F 3 7203 2 HmMfE & k%17 -
720 777 L2IOVWTIEF 7L BLIT1I-= |
07 %L r»96-h LC50%5F 211,700 & U560~
890 ug/L& 7% (Table 5, 6), = bah ML T
LG REOREV LR L, = oMk
LHmMOMFELEAERD SN Lo, L VI
OWTIEE LY, 1-=hublLy, By =1tn
YL YHD96-h LC5023FNEN310, 45-2908 & V>
44->83 ug/L& 7% (Table 5, 6), = hadAt]1 3k
BASNTHEMEMEIZIZIZFAETH ) = oM
X2 EOMELZLITED LT, = bukpi2 ik
BASND EHEHHEIFHTE o7, ZhH0Z
EMD, = buaRkoE A X b ENHEEOLLITRER

HEWIZE - TELZDY, —EOMEMIED ONLEh o
726

72, 2FL L TOWE L OB Z 1T - 72
EREA Z L& (OTs) 1 3BRBIAERRICRITTRHE
WREL, HRZED7:%4 { OFETZ 224D LRk
LAMHHABEI SN T, OTsOH Tl b vtk
ERTWHEELEEZEZONTWS MY 7F VAL (Fent
1996) OBWEFA L M A<, WY+ ¥y~ I Y
va, A~ IFa iy rEtHEEhER
0.33-0.36 wg/L (1.0-1.1 nmol/L, Walsh et al. 1985),
5205 pug/L (14= 2 nmol/L, ¥ 5, 2001), B
X UM17.2-238 ug/L (59-82 nmol/L, Bushong et al,
1988 ; Pinkney et al, 1989) t#HESNTWD, ZD
720, WEAYOMBEIZX - TiE, BFEONPAHsIX
M) T7F VAR LABREOBCEEE RT EEZON
720

l-=tuarz7%L >y, 3-=baI7NVFTUT 2,
1-=ru¥lLy 13-Y=butlLy 16-Y=tu
¥l 18-V= bu¥ L yoalithiiiz—HoR
BRI LTl mg/LE FH->TEBH, OECDZ 7
A7) 7L BEDMOEE LR TWEE (Acute D)
2 E N (OECD, 2001), 1-=tur7%L >
Dfathead minnow (2K 3 2 #PEAMH (2 1k KA 85K
BRIZBUT DR EIRE % 3512 L 72fl) 129.0 mg/L (Curtis
and Ward, 1981) T&» ), ZTORERS NSz
I3 Sk EiEE (1,900-4,600 ug/L) B X O3
B (560-1,100 ug/L) #FICLHMEME ) Eo
7oo MEHIEHCRVWRIZBITA, 1-=butr 7%
Lo aF LA s 5283~ IF 3 735
WELMETH 72 (Table 5).

AL THONIHEEZ Vv TNPAHSD ) A 7
AR & DL ISR AT, N2 HEEME v T
PNECZ M L7z iF T N/2NPAHsD KAEAEWIZ
X9 B B EMED ) B, S L B EEEE X
DS VEEMIEIRD 253, SHE S Nz
P HPNECE HEE L7ze 4l apthiklif % 54t L 7210%H
FONPAHSIZOWT, 4 lfE SN2k fEod
Tt b /NS WHEEAE 2 OECDASHE 3% 2 SEAM 42 %2100
(OECD, 2002) T#l), #NPAHs®OPNEC% % L
72 (Table 5).

WNHRB X OHARFICBITFS1-= e L YOk
IR X F e )N B v»T1,000 pg/L (4,000
fmol/L, Ohe and Nukaya, 1996) B X O"H &8
W05 pg/L (2 fmol/L, Murahashi et al, 2001) &
WEINTVD, BREHEETVEZHWT, Yaffe et
al. (2001) 1Z4 ) 7 4 V=T HIOKF (BREEET IV
BT HKRTHY, WRRWIIKRZ IR ST
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“Wv) O1-=baY¥ L ViREEZ29 ng/LEHEE L7,
Huang and Batterman (2014) ZEREEIREET L %
AT, I v Hviikbhol-=baEL VikER
017 ng/LE e L7zo Sl L7z1-= el r
DOPNECIZ42 ng/LTH Y, TOMHIFILFEAY 7+
=7 HIEOHEE SN IR EIEVIRE TH - 72,
ZD7, 1-=ba ¥l VIREEEWICREL KT
TR E SN, ZOWEOMEEREICET S Y
AZIZOVTE LI ZED T LEYRDH S,
HRIZBI21-=rar 757 rBLT5-V=
fa+7%5 L romiihigEizEnZEn37 ng/LB X
010 ng/LE B I NTw5b (EiES, 1995). Yaffe
et al. (2001) W IEREHEETLVEHCTAHY) 751
=T7ARFD1I-=tur7yLryBLU2-= a7
VL yigEE ZNZFNn10 ng/LB X 22 ng/LE
M€ L7zo %72, Huang and Batterman (2014) &
REHEETFVEHCC, I TFVillkdbol-=
our7%Ly, 2-=fu7itly, 6-=tua’y
Vb yiREEZZENZEFNILT ng/L, 87 ng/L, BI UV
011 ng/LE& e L7z SRIIFEE L1 -= bt 7
YLy, 2-=tuar7ntlLy, 15-Y=hruat7%
LY, BLXU6-=btuz )t rOPNECIEZNEN
5600 ng/L,>46 ng/L,>380 ng/L,>0.33 ng/LTH ",
N5 DONPAHsD #it & 7 BREEAKHIRE DA 72 £
L3 ETH ST 2-=bua Tt Ly, 15-
v=tutrzsrLy, BLX6-=rurytrilo
WTIHMho 2R RBICB YT, RBREEOH
PHCT50% DL Foosesa A R, HaEtEkEH 5 v
FAEBECATRED ST, SR % SRR SR
PEE LTHHBLTWS D, PNECEKLHEEL T
WrEEZLNL, LAL, FENBLOHEEI N5
BOKHPEEIXI NS OPNECZ THI-TEBY, Zhb
ONPAHSIZBRBEK i BE Tl il e AW 1T B a2 T
TR IR W EEZ ObND, 3-= b uTNEF TV
Fv,27-V=rur vty 13-YV=hrutl
16-Y=tu¥¥lLy, BIULIE-Y=tullL ok
BRKPIRERHEINTEST, s oWE ok
PN RN T RB LRI T 5 2 L X TELd o7,

24 FEO

ARIEIZBWTIX, NPAHsO R FEARER~DE
BHMICET AL HME LT, BREEREOME
Ay, BIL, WEEEATL MRV, HEREI A~
VIvra, B ~Ia AN LABINYIFa S
% H W T10ME ONPAHSIZ D W T O A EM % %
Jiti L 720

SEHERBOM L, 10 ONPAHsD ) b, #HE
IZOWTIE 3, PREICOWTIZS M, fa~ 3
FarZonTIid3f va Lo Tidl-=+F
UF7%5Lrok FhEnaWHEiEsfsoshi.
Z OO ERWE % 723 B ClE, R i
IEERBRXAIC BV T, HEHORBRTIZAEREE DY
WETEST, T/, TOMOREBRTIEEHL Eo%k
W EEEDFRD SN h o 12 NPAHsD 2kl
L NPAHs & xf i3 A2 PAHsO @Mk i 2 Hhig L 72
W = OB A X B FHMEOZALIZRERA W
Lo THARY, —EOMEMNIIFED SN oTz. W
EN72NPAHsD KA W20 2 2kl 2 £ 58
LoD, REFFETH SN2 MEm 2 v W
DOPNECEHEEL, TNOHDY A 7§l % 1T 72,
€ L72PNEC & #tili S N7z B AR Hpilt i % SRR L 724G
B 1-ZhOEL YIZOWTIRPNECE#E S
BREKPIRESERELTB Y, BIEDORBEKPEE
BT OMMEAYI L RT3 R 28 8
N7z 1-=hur7sL >y, 2-=buzivtLr,
15-Yy=tur7sLy, BLU6-=turytr
DPENCHA, #HESNHEHAKPREL VDR ED
SHELLERE L, TS ONPAHsSIZBIAE O BB AR
JECU AR RITT Rk E 2 Hh
7oo F72, TOMD 5 PHEIZOWTIZEREOK PR EEDS
PWHESNTBLY, INOOWHOHEEADIC TS
BRI T A EIITE R0 72,

ARWZE DX G T 5 NPAHs I 50 ZE B 5=
HHRAMEZRTWED L7z, WwEAEWICNT 518
PwBe WA Z L NEETH L, AT Hn-E80E
PRER TN IRIX O R AR 7 & O % — Ak
VU RICHFRF S 5720, AKX TRET HLEND
Bo OEIZOWTIIRETHET 2,

BIE BEEWICHT HEMESH

FAETIEAEIHEMEL 2> T2 L
T, EREOLFWETINEICmb L, Mz kA
MO REBIEEIRE LI LIIEFEAERLS BT
ETWb, 2070, X NEKWBETOIEYH DL
Wi e, YR A bl & L 22 iR o BRBEREMI AT H
ENB L%y, SMEHERERD A% S $EAY
7B RO BRI L TE T D, §
2 TRL7Z2L )12, NPAHsOKHEEIZKL, &
PEFVE R BRAS 7 & 52 L 72 8 NPAHsOPNEC & [t
BynE, 1-2bBE¥LYZBVWTIEEAL) A
DR EMEN I NSz, L L, B 5
EORBIZE D) A BAWTHY, 1-= L
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% ZONPAHs DM m M R E AL T D 5
F 72, AWFFEO R E TdH % NPAHsIE A 55
PRHEBAERTWE DS V2o, T0HMErE 2
B LAY BN A WD S L PUETH
D, FRICHTEIIE 2 & OBILEAT] HE 72 H) I A 05 B P 2
PRER D ERALEETH 5,

BRI OWTIE, s 2 v o 2tk B
BT, ARBRH I EE SRR AT TB
D, BMENRBEITILICLY, AMB I UE
PR Z RN T2 2 EREETH Do KD HEH
TRy F 732V EBEHRERBRIRESI A TY
% (OECD, 2006b), H#¥HIZ2 W TIZOECDD T A
MARTA VFCBOTRKES Va0~ +
* 3V (Daphnia magna) % J\> 72 %50 (1 9 3005k
ENFET ENTEY (OECD, 2008), Jik< FElish
TWb, fEEHEEZ Ho 7@k s i e LTk
5= IV v ar e BEHE RS ST
Twa (FHA, 2010) oo, ¥F¥y<)3Ivraz
M 7-@EsEtRBRo S el 5 i Tw % (Marcial
et al, 2003 ; Lee et al., 2008),

S IR P B AT LI R R ISR S T B
D, KL FEEEhTWwDb (OECD, 2013), fafHo
P R T B B AT BRIV 5 15 HiR
fmofFEE LT, 34 HokKLfathead minnow s
LLHAISN TV S, ARV ZREIN A & B
UV FTORAMERZ @ L THlBZ T 55 0
T, Z ®Ofathead minnow % ikBif & L THW A&
Wi, AREBEIREIERB300H 2 g 5 2 M ST
% (Rand et al, 1995), @ X 512, 1@MHEREO
FER IS BV R BRI e U CTHRER DS 0 % T & e
5, LOEELRTEIROOND LR, FRE
ZHEDE S ED D REAIN % & ORI ATG B RS ISR -
TR & TNt 3 2 #0416 BB M 5 R ASOECD o
T ANHA K4 210 (OECD, 2013) 2D b,
RKTPETHNE2 D ARIEORERIC & ) BTz T
flissZ&A3CT&% (Rand et al, 1995) L9512k -
7oo FEo, UWHARITHA, AREEED B VLSO
R 2 RIS, KL E O KEAMITS 2
% 5 0 FHt e G H P B KA S i R A S ifE
NEEHR->TETBY, WIIBT2HERMEDE
MR BEFMOEZEMED & F > TWwb (Hutchinson et
al.1994 ; Ward et al, 1981 ; OECD, 1998), L # L,
H AR PE DK 12D W TR Z OFREAIE o I #E <
Mo, BMREEE MY 57200 X0 Rk T
& H WA TR B R AR & 2 9 B ERER AL Y
eb\v, 20720, WEMTIIICKEEDY I T3
7RI EG R BB RBRSIEE SN TS

(f4%%, 2010)

S o 718 PR B Tl IR IX 0 iR R AR 5%
EDOIEE —EKHEL LIRS 5720, ik
CTBRETLULEND D, LL, FOMNERENER
FEH MDD, FREBRE T HEENREEIN, iR
ARXICE 2 B RERBROEHICIIKE 2KNEL G
BtEstES . €2 TctofBELELTCalaruo—
WXLy MBAREBRZERiT A2 L L Lize TORER
FIITRVE V2535 T LTSN
®T, avxru— WXLy MBHEEHVS E, —
JEDORBRIZ X ) IRV E Y ZHEERMIEST5 2 L8
WHETH A (Crim et al, 1988), = ZTid, FEIIRTD
RIF I T ARAHBWEEGATZI VAT H— VR
Ly NEBHEL, BHRWEOIN~OBITZFHIT 5 &
LIS, MR E LTAEL 2 ZRIN~NOFH LB Z
THIEEL, T2, ZoalLAFa—LXL Yy b
BRI X - Tl L 723 RIc O &, k35
L9 IINPAHsOEBMHMME A HET L 2 L & Lz,

RETIIWIH 2 v 20 o 2kt B c s M —2
B RNl -2baF 77 Ly BLY,
M, WBEB L REOANFENRE TR O HEE O R
Molzl-=ra¥L rEHEBEWEE L, BRWE%
GATFALATFO—VRLy FNERERTIOYIFa s
A ZADBHAFIZITHIAR, BRWE O ZRHIN~DOR
TR EE L7z 72, ILATFT—XL Y MC
X WM E G40, ZRINRIE R S RO
EMET A E L LI, HEMEOBIT LRIl E
4EMFEE L COREDS X OERICRITTHE LR
L, HRWIEOINh IR 2 J61 U 72 A B
(LOEC) # & Uik KEZHEE (NOEC) %5 H
IZL72. 351, ol (RNRE) =, #
HEN TV L EWREERE TR L RO 2K REREZ
BYEHMEE L, #h ST b BRBUK R & iR
THIEIZEY, WEWE O R 7 il %11 72,

31 HE#EHE

311 1bEPE, HRERSLTCILIFO—-ILAX
Ly bk

l-=trwF7%L >y, 1-=but¥lLy alL A
FTa—), BXWaa7 Ny —idFhFhSigma-
Aldrich (St. Louis, *RE), HEbRE T3 GRRD, Fl
JERESE T3 OB, KEH A4 CGRR) 225MEA L7z,
Z DB DRI NI BRBE AT RS & FDGAHLSE T3 (K
B HHHEA L,

VATV Ly b EFHEST L7290, 408D L
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Fig. 1. Typical examples of normal (a) and abnormal
(b: wide perivitelline space; ¢; embryonic disc is not
round; d: cells are heterogeneous in the embryonic
disc) blastula-stage embryos of the mummichog,
Fundulus heteroclitus. Bars, 0.2mm

KBRS TH b LZzaa7 "y —icl-=baF 7% L
VERELI-Z UL YRR L, 1-=huaF 7
FLyBLI1I-Z oL EFENREFNINB L U5
g/LERZTaarnNy —IZE»TOIXRETH - 72
720, TNOHOREOHERY BRBMXMH, oo
FED1055D 1 OEEOHERTBEBMXHE Lz, 7%
bhH, 107213100 g/Lo1-=ruar7sLryaay
NF =R, BLU05F 72135 g/Lol-=ha¥lL
YAATNY —BEWERBR LT 17720V RT
T — )L &200 mg® FRLEW F 223 fba a 7Ny —
DH HBXH) #EFNZRREEDLE, HoHNhi:
BEWEZNZENFEHERLS mgHORL» M & LTHK
L7 BBMXE L RBHEXZLZRAOXRL v
MY oUEAFREZII-= ST L U8
E30F 7213300 pg FolEl-= b ¥ L vty
15F 721315 ugTho7zo TNHDOXRL Y MIBBD
NPAHsBATRER B X O AR RBI W2,

3.12 HEBREY

T P X R BERF 78T CTREMRUEAFT LT b < 3
VA I AAVATEE Y AW Tk = S e RN AR RE = )
BrEMBETH o720 BRI 2 E TORME W,
NPAHsBATRERTIX, AE17+030 g (P +fEHE
7)) BLOBEAEEEERETIE, FE22+089 gHk
fax FNENHW =,

3.1.3 SZFREIMADONPAHsEITHER

60 LA 7 ZIKHEIZ40 LOKNLIZ 72 B & IR 5 8
WK KRR ZER L, 1 H& 70200 L
LRSI RET 2 X ) ima ik L7z, 14H R
BRI O KRB S (X 5 20 £059C, BAFERSE S
71020 mg/L, fafIERFEE 0 >90%, pH: 7.7=0.08
Tholie Y3IF a7 AADOYHMIZPIT (passive
integrated transponder) ¥ ZH DA TV = 7 ¥ —
(MK- 7, Biomark, Boise, KE) # iV CTI L AT H—
WXLy PELEEBILZ:, 2hEhoxLy 1
W70 o EFERIELI-= aF 75 L UhsEY
300 ug, F/2FE1-= b ¥l U315 ugTH o
720 NPAHs%E M Z eh o7z Ly Mt e LT
Wizo FNENOERIXIC20ETOIAL, H 1
AR (BLOOC2, MALHESE, W) %
L7z, BREEX T, WEBBHGL, 2, 4, 7, 10,
BIUHMHHIZ, X TIZ0, 1, 4, 7, BLT
M4HBIZZENZN 3BT O L 720 XL v I
EZOBOMmMAEILY B 7=, JIEEE Zofliof
KIZoF, ZhZERREYF A4 X L%, NPAHsH
1 % CT-20C TH AL 720

314 NPAHsZ#HEL /Y IFaJXXeHVER
HESHEHR

60 LA 7 AIKMEZ40 LOKMNZ % B & 9 WtkiR 5 8
MK X B3R E L, 1 Hd72)20m DL 1
WK 2 L) ERE LTze X ADNEHZ
LTHINLTWERE ) iR L, EILTWw5 Y3
FaZ A ZERICTFTEROILZATFE—LRLy M1
BOABHL, XAI0RBEFAS5REEZZENENRTY
Y7 LTz A EORBWM AP 1 HREHEE (B
LODC2) L 72

FHIZTIF a7 ARIZIAVATE— VXL y b
ERMLCHE LR, —EICTbHADLLy b
O AMAIRATH o720 T2, BHRWE OIHE
FEIZI0fERE LB 5720, 5B Z1050 &L
Hrwk, KBMXOEHRES SRR %2 2 T
LIy WP HE SN, 20720, 1-=baF
75 Ly BERBRTIE, PENTA 2R 1 RIZERER
300 ug A L7zXLby &2 4o (EBHX), 30
ugEB A L7z y bE2MHTo (IREBHIX), F721&
NPAHsZMZ TWiAaWwWRLy M2 4T HEEKX)
B L7z $42bb, BfiLzl-=ruF745L >
OREIIEHBAIX TLRH 2D 1200 ng, KBHMXT
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1EH7:060 ugThHo720 1-= ¥l v
T, PEIT 2 X 2 1 RICENRZENIS pge i L7z
Ly & AT D (EBAEIX), 15 ug&H L7zXLy
& 285> (RBHIX), F721ENPAHs%Z A Tw
WALy bEAETO GHRIX) BRIL7Z, 774
bbb, BRHLZ1-Z oLy oREESBHIXT
1EH72960 ug, EBMXTlIREH/2D 3 ugTh-o
2o AL AFU—VRLy FOBKIZIEZPITY ZHO
£ vYxr%— (MK-7, Biomark) %MW/,
FKMTRTY 7 1 HRIZCER SN2 R &,
XLy MbAAKEL, 2, 3, BLUO4HOIN%E
D7z —HOW (52 FEFEYFA AL,
NPAHs/HT £ T - 20C TH AL L 720 R 5 51k
FRICBUT 2 ENORBEE X570, FERBEBEE
TR A S F I AT O IR & BlgE B X 0%
L7720 MOFEENEDBEREIZH 51X, Armstrong
and Child (1965) 723t L7z 3L# 120 - THE L7z,
[IER ] INIIEFICRENEATHLRE LTERKL,
PRINIE R IR DR 2> S IEF 22 &9 Il L7z, T
HIEE B X RS LR 2Fig. 1WR L7z, IRIE®IE4
Fx QEFZIBOR) /(B L7290 x 100 TH M
L7 ILAFE—LRLy M1 % ONPAHS
DI ZOHOMEE X ) N E <, NPAHs
WX BHEBELMLZITLIENEZLNI20, 1-
—bhaF 7L ryBIPI-=bu ¥l rBREER
HEIEONZID) B, EFERONEIEERY
P HOWTHEERERCED, b4 77
V=TT v FNHT (1-=hetr 757 L rEE
WMXOBEERL), ThEROF T 7V —T1dF A
o4y b (160%230 mm ; M HH A4 X 100 um)
Evua— b TERL, 60 LAKMOMmEAKEIRE L 280
mmiZFEE L 72F v YN—NIRE L, Zokodst
i k=R A

1-=Fa+ 7%V rVEBHMXOYEIES MR
AHEHWRETH o 727280, YT 7N =120 % h >
770 CORBRIZAH L 720 %idTable 912k L 72,
bk, SMEHFICT VT I 7oA (3 v afk
W) %2 HIZ1 MfgEERi L7z, SMbdB X U
FHHE=F—L, R TRICAKES L ORELY
W L7z 48 ORI OKE ST ; 23+
012C, WIMEE  68+024 mg/L, FIMIMEEE >
90%, pH: 78=0.018TdH -7z,

3.1.5 HRMEIMT

fUARPNPAHs B O E X HT 8 ONCIZ F v 723
E 1 (Albinet et al, 2006 ; Kawanaka et al, 2007)

FARRICSE L CIE L, ERE 1 goffk, I
¥ BIOFIOY Iy — FEI50 w LE
Al TNZENOHF Y INETE VIO mLBIOT
L hUAFFURAR (101, v/v) 10 mLEMZ
TR L, 400 % gT5 M0 ik L, il
Wx i L7z ORI ZE K20 mL2 iz Tk
Ve L 72, 400X gT5 s 0oL, KiE % 5 i
L7z COKBEANFH 5 mLTHEHIME L T400x g
TH MmO L, Kz EE L TR % 1572,
ORI ) v A THRUK, L7210
kPa, 60C T 1 WHIEHEILL, ~FH 210 mL TS
L7231 #1715 2 (Supelclean LC-Si, Sigma-Aldrich,
St. Louis, KE) WC@RML7z SO T AEANFH
Y185 mLTHE#H, 2% (v/v) YZFLT—T)
A4 10 mLCNPAHs% & L 720 Sl I
WSRO0 u LA R L 721k, Ml 201 F 221310
mLIZHEM U720 GC-MSZ F o 72058 13 Sk a1 i
CRIBED HETE L2 1-=haF 75 rBL
Cl-=ru¥lLryogs FREZELZN0058 X
0°0.02 ng/g wet wt.Th o7z, Y F— FEMHE L
T, 1-=buEFr7%Lrd,BL1-=tu¥L >
-dy®1 mg/L7 & b ViEl %, WIEEEY AR E
LT, 3-= a7V EF T YT Vdy®D1 mg/LANFH
VHEBREENENH W, 1-=buF T s L vd, B
I1-=ru¥L rd,o%uyr— MulERIZENE
N83+37B L UT72+33% TH o 720

3.1.6 #RETEE

A PE R RRBRIC B ) 2 BAHIX 0 Z K5I DR IEH 56
AR ROSMEEB L OSMEAE, SMufFfa ok
KBLOEEERNBXOZNS EOFBEEREICIE,
T — ¥ DA BT T20, Steel'sD % T ILIL
(p<0.05) % HI\:72o NOECIZ &45HE A3k R IX o fili &
MATIICH BAEE R S Vi d BWiEE, LOECIE&
TREEAS IR X Ofili & ARRTHNC A B % R i b Vi
JE & L7ze % HEEEOREMHEMNT 12 1 Microsoft Excel
DT KA V7 b, TrEviit EE#HY—©
A, W) w7,

32 # B
3.2.1 NPAHs#1T:BR
l-=buF 7L ryalLAFu—LL vy MR

X (LB, 1-=baF 7% L yBHIX) I2B1F5,
1-=bEF7%1L 2300 ugZzadtra L A57a— R
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Fig. 2. Concentrations of 1-nitronaphthalene (a)
and 1-nitropyrene (b) in the ovary and the rest of
the body in the mummichog, Fundulus heteroclitus,
after cholesterol pellet implantation. Averages and
standard errors are presented (7 = 3). Absence of
error bars means that the error bars are smaller
than the symbol.

Ly MEMZOIE L X Okt l-=bar T s
L Ui 1 H EICHR B EE319£724 ng/g wet
wt.B L AR IEE606 =203 ng/g wet wt. & I b
Y, BHI4HBZICIZIIHE P )E-)S =21.8 ng/
g wet wt.B X OV R E371 £3.37 ng/g wet wt. ¥
THA L7z (Fig. 2a), X TIX, &z T
THEBLOfAT I -=buF 75 L VK18
0.083 ng/g wet wt.3 £ 1M0.79+0.058 ng/g wet wt. T
RKELSAHHET, TOWEIHIZ251£024TH - 72,
1-=tuaF 7% L U BEXORERIZ 1, 2, 4,
7,10, BXUTHHHIZZENZEN053+012, 036+
0.14, 1.31+018, 1.11+0.10, 280=1.01, B & U237
045 TR LA D S, BREZI0HZBHHEIX
DOWRRELAF IR D ZNEFEFEL o7z,
l-=tu¥lLryalasFu—LxLy K
(IRE, 1-= b ¥l yBHKX) 2835, 1-=F

Ol 15 ugd &AZaLAFa— VXL y Mk
BOWEP 1-= PO YL VEEIIRBM 1 HH028
+0.029 ng/g wet wt.2*5 4 HH228%0.64 ng/g wet
wtETEAL TR 2D, BAL4H 1212089
+0.13 ng/g wet wt.T CHA L7z (Fig. 2b)s 1-=
FEELYBRXICBITA, ik l-=brEL Y
IEEEIIBAL L HH771+1.07 ng/g wet wt.2»H 2 HH
776290 ng/g wet wt.E CEH L TRIEL 2D,
A4 H 1213226140 ng/g wet wt. T TR L7z
(Fig. 2 b)o MMEXTIX, EMHZE U TIEBI Y
ik 1-= b YL Y i#EIX012+0029 ng/g wet
wt.B £ 0°0.11 £0.021 ng/g wet wt. TR & { ZHjH,
ZOWREIIZ098 0088 TH o7 1-=b L ¥
VAT — VXL y PBRXORERIE 1, 2,
4, 7, 10, BXCI4HHIZZNZ10.039=0.0092,
0.11+0.032, 064=0.19, 0.62+040, 052+020, B
N090 = 045 CTREH By B A 25780 s, BAliftk14H %
[ZAI B X ORI AT R IX D 2 & /&5 & 7o 7z

322 BAEESHHR

1-=+ e+ 7% L B IZBWTIE, Bl
B1IBIU2HHOI-=baF 75 Ly OIRdiEEE
(4478 £ 19666 ng/g wet wt.) 233 B L4 HH (158
B L U102 ng/g wet wt.) £V d -7z (Table 7).
St IR X DR IEH 58 2E % A3150+6.7% &K<, 1-=h
U+ 7% L yOIEFERICKIZTEREL HICRETE
o7 (Table 8)o XL v FEAHIZE D 1-= + 1
FIILUPBATLIY I T 3 ZIRoRBRTI, KR
X D53 (33+27%) A3 RIX (67+£47%) 12
HARTHBIE P > 720 MEHE, St 4HE DA
5%, REB L OMERIMUBHEIX &t RIXOMICH B2
ZIIFED SN -7z (Table 9),

1-= e+ 7% L rEBREXIZBWTIE, Bhifk
1HEHD1-=truF 75 L ol (273000
ng/g wet wt.) 232, 3BXW4HHE (567, 343, B
£ 10202 ng/g wet wt) £ D HEA o7 (Table 7).
ERBMX ORIEFEESR (42+32%) &, Bk 1
HEHICHIX (67+47%) LHWRTELSRD, Bhl
% 1E B SN IEF R BIEE L 725101 b3 5
5fTHo7- (Table 8)o XL v PEMIIZLD 1-=
FaFT7FLUBBITLIEY IF 3 ZCIRORBTIE,
FRARX O 53 (40%) HHIRX (67+47%) 12
WARTEDP o720 UL, BBHEXOINELS HTH
D, MEELETTH LT =W EONLNroT27
W, WMEHRENT XA b e ol 1-= baF 75 LY
DB BV TRk b IEZ MO R 2 72 H7IE 51k
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BTHY, ZOWREELD L ITIIPERREE (447 ng/ ZIROSN L Hh o7 (Table 8)s XL v MEHEIZ X
g wet wt) 22H5LOECZ 5B M T % £ 447 ng/g wet wt D1-=1ta¥LryBZBIT LAY IF a kol T
Th o7z &, EBHIX ML (52+£11%) 13RI (77 +£4.4%)
I-= br YL VEBHIXIZBWTIE, Bkl B EHBELTHAL2b00, FEAEIROONE
JUO2HED1I-= Fu L oy (34438 L OF »olz (Table 9). F7z, MEHE, £E5K BEOHE
281 ng/g wet wt.) 233 B LU 4HHE (9818 X 1199 BCHAHEREL X OMERRIZEBHEX & RIX O BICH
ng/g wet wt.) &9 bEd o7 (Table 7). HEEHX BLEIIROON Lo (Table 9)o B & EM A
OWIEHSAE (221£42%) Z1-= bl v o B HEIX C 2 AR STz,
LATFa—= XLy MR 25 48H X TR I-= L yEBAXIZBWTIE, BHElB
X (414+95%) LWURTELS L-72d 0D, AHE% JUSHEED1-=ba L O (9588 L O

Table 7. Total amounts of implanted 1-nitronaphthalene or 1-nitropyrene; concentrations and total amounts
of test chemicals in eggs; 1 to 4 weeks after maternal implantation of cholesterol pellets containing the test
chemicals

Total amount of test Conc. of test chemical in eggs (ng/g wet wt.)
chemical implanted in

each aquarium (ug) 1 week 2 weeks 3 weeks 4 weeks

l-nitronaphthalene test

Control group*® - 103 39.6 7.3 8.2

Low-exposure group” 600 447 666 158 102

High-exposure group ¢ 12,000 273,000 567 343 202
l-nitropyrene test

Control group*® - 0.03 0.04 0.03 0.02

Low-exposure group 30 344 281 98.1 199

High-exposure group ® 600 958 62.4 1,810 34.0

“Eggs obtained from 10 ovulated fish, each implanted with a pellet without addition of the nitro-PAHs.

b Eggs obtained from 10 ovulated fish, each implanted with a pellet containing 60 ug 1-nitronaphthalene.
“Eggs obtained from 10 ovulated fish, each implanted with a pellet containing 1200 pg 1-nitronaphthalene.
d Eggs obtained from 10 ovulated fish, each implanted with a pellet containing 3 ug of l-nitropyrene.
“Eggs obtained from 10 ovulated fish, each implanted with a pellet containing 60 pg 1-nitropyrene

Table 8. Effects of 1-nitronaphthalene or l-nitropyrene on the normality of embryos and numbers of normal
embryos obtained from ovulated mummichog, Fundulus heteroclitus, implanted with a cholesterol pellet with
the test chemicals. Numbers of eggs observed are given in parentheses.

Numbers of normal embryos Normality (%)

1 week 2 weeks 3 weeks 4 weeks 1 week 2 weeks 3 weeks 4 weeks Average®

1-nitronaphthalene test

Control group " 188(558) 25(160) 8(155) 6(107) 33.7 15.6 52 56 150+6.7

Low-exposure group 96(1338)  10(204) 2(124) 6(202) 72 49 16 30 42+12

High-exposure group ° 5(510)  42(296) 1(135) 5(164) 1.0 14.2 0.7 30 42+32
1-nitropyrene test

Control group " - 47(122) 46(173)  101(171) - 385 26.7 59.1 414+95

Low-exposure group ° - £ 14(60) 21(143) 50(173) -£ 233 147 289 221+42

High-exposure group ' -* 27(137) 29(127) 37(211) - 199 22.8 175 200+14"

*Data are expressed as means *+ standard error.

"Eggs obtained from 10 ovulated fish, each implanted with a pellet with no added chemicals.

“ Eggs obtained from 10 ovulated fish, each implanted with a pellet with 60 ug 1-nitronaphthalene.
dEggs obtained from 10 ovulated fish, each implanted with a pellet with 1200 pug 1-nitronaphthalene.
“Eggs obtained from 10 ovulated fish, each implanted with a pellet with 3 ug 1-nitropyrene.

f Eggs obtained from 10 ovulated fish, each implanted with a pellet with 60 ug 1-nitropyrene.

“The number of eggs was not counted.

"Significantly different from the control value (P < 0.05).
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1,810 ng/g wet wt.) 2B X W4HHE (624B X O°
340 ng/g wet wt.) L) bE» -7 (Table 7). 1-
Zha ¥l UBRE 225 48, EINL IO MIE
WRAFREE=Z V- LHR BHMLALl-=t0Y
L ¥ O FEARAF IR IR B A SRAWA L, "RHLIX
DOIRIEHFEAH (200+14%) 1 FHIRIX (414+95%)
I HHEEIKA 572 (Table 8)s XL v MEMIIZ X
D1-= bRV YDPBIT LAY IF a Z7RORERT
i, SMEEOBIAED S, EBHXOSMEE (52
+37%) AHMEX (77+£44%) (2N THEIK 2 -
7o LML, SMEHE, 45k WEOHBETH H1KE
BLOKRRIZEBRX & IRIX OB A B 2213700
SN %ho7z (Table 9. 1-= B YL »ORER
BBV TR DEZEDOE - - MMEELFEICL,
PRl E A S LOECE XL O'NOEC% H N4 % &
NZENIIHEE CT58B & 18344 ng/g wet wt. Tdh o>
725

33 & £

AWFFETIINPAHsSHA IV AT U=V RLy M
Witg DA EB X OCIIE~DONPAHsO BT % B 5 512
L7z BHIXKHIHM1-2baF 78 L rdbbnidl
= hu vl CREEE ONBRXED & ToOEERN
MiZBWTE 572 (Table 7)o ZD72%, 4 lEliR
HlLalLAFu—LLy BB ATO
PIIZNPAHs 2 BTS2 HELE LTHMTH - 726

NPAHsE A I L ATFU— V<L v b OBMREICH
W, Bl 1 E#% ONPAHSII i E 2SR &Sl T dh -
72 (Table 7). D72, 2L AFu— VXL vy b
i1 ABOKE ZDHOREBIIT 72,

FIA VY2 a FEEAIERICB T ALY
HoORBEEZHMT2H8 % ke LTRESLTY
% (Walker et al, 1996) 4%, Z @ hiEIZEKD 50
NOLFWEOBITEER L T, T2, Al
HACRER I, IV B 2L DA &
D TCEWE OB EZFMTE 525, ¥ AU EbE:
W R GEHE LT 5 2 ERLETH D RIS CTHEGT
L7za L ATFa—)b_Ly MEHIETIE, WwEo
WP X D BITHSR 2222 5150, Bl
B 1 EERRE TR EIBAT LN A5 2 LHT
&, Z0BOREMIZOECD O ¥ A 1k Bt s #:1k 5k
B (OECD, 2013) (CH#:U % & iR THILHE60H A%k
B CTH 5720, 37 AREORBWIM T—doR
BREfT) S TE D, T2, WHRWEIBIT L%
FEOH % F 72 RERZ D W TR E DV T DL BEHS
vz, ETEICHEARTHETIUIL L, BHERBR
OFMAKBICEIR SN D, ZD7z0, RFEFE v
52 rI2X Y, NPAHs7AF Tk & Z 0oL mE
IZ2WThH, X RIIHICEAT L AL E ORI RIZ

W, L) EER Y REBALE TR S 2 L H5]
HBIChbEEZDLNS,

KWFZETIEM IR IC BT, Jidd 5 NPAHsAS
it ns (Table 7). 1-=bu+ 7L yBI

Table 9. Effects of 1-nitronaphthalene or 1-nitropyrene on hatchability, days to hatch, survival, and growth of
embryos obtained from ovulated mummichog, Fundulus heteroclitus, implanted with a cholesterol pellet with

the test chemicals®

Conc. of test

Total no. of  chemical in  Hatchability Days to

Growth at 4 weeks

Survival at

embryos used embryos hatch 4 weeks (%) Body weight  Total length
(ug/g wet wt.) (mg) (mm)
l-nitronaphthalene test
Control group” 60 0.103 6747 11.3+0.325 89+52 30.1+0.619 14.8+0.239
Low-dose group 60 0.447 33+27° 122 +0.668 83+12 40.7 £4.90 14.7 +0.656
High-dose group * 5 273 40" 105" 100" 593+11.3"  175+101"
l-nitropyrene test
Control group” 52 0.00005 7744 11.8+0.287 88+57 39.6 =244 13.9+0.257
Low-dose group * 52 0.344 52+11 11.9+0.234 93+48 412+364 146+0.279
High-dose group’ 52 0.958 52+37° 114+0.142 97+3.1 42,6 £4.04 14.3+0.448

" Data are expressed as means * standard error.

b Eggs obtained from 10 ovulated fish, each implanted with a pellet with no added chemicals.

“ Eggs obtained from 10 ovulated fish, each implanted with a pellet with 60 pg 1-nitronaphthalene.

d Eggs obtained from 10 ovulated fish, each implanted with a pellet with 1200 ug 1-nitronaphthalene.
© Eggs obtained from 10 ovulated fish, each implanted with a pellet with 3 pug l-nitropyrene.

f Eggs obtained from 10 ovulated fish, each implanted with a pellet with 60 ug 1-nitropyrene.

# Significantly different from the control value (P<0.05).

" Data insufficient for use in the statistical analysis.
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1-= ba ¥ Ly ORBEZHEFREIZENEN438
-52228 L IF<25-305 pg/g dryt E SN THBDH
(Uno et al, 2011), AHBFZEDXRHRIXIZ BT 5 HEEE & [H
BETHo72, ZO-DIRETIEIH 55, BAHE
& D WIEHEIFE R E F A NPAHsO A Wy ik A3 5
BL TV REESEN SN S,

XLy B 1EZED1-= taF 75 L v Eiki
XCld, 8L 72510102 CIEFKIEH T
PHMLAELNT, SRBAMXIZET 2 MIEE SRR
IR EEOMRIX XD K257z (Table 8) 72
O, AINETOERE1-= ST 75 L V3TN0
BITHEZ KT 2 EAVRB I NI, 4 M OFARE
HERBR T, WEFBERS1I-Z b L v EE
MXICBWTHERIZBA L7722, 1-=buaF 745 L
VIRBAX TIXA B Lk d 72 (Table 8), X
Ly b RAH 4 6 [H O I P0 iR B & ViR BEIZ IR
LCligEd s l-=buaF 75 L VEBRHKXEB IO
ERBHX TIEZF 2119835 & 18396 nmol/g wet wt.,
1-=bo L VM EBHIXE L OEBHIX ClEENE
1093238 £ 105290 nmol/g wet wt.TH o720 1-=}
T+ 75 L yEBHRX ORI, $RIX L
RTCHEBEPROONZ1-= b ¥ L Y ERBAEXO
EHIRRE I VBV 22Db 6T, 1-= ot
T YL U EBETROEENRO SN o770, FI
EtYa AN ORISR gl Il N w S AN/ Yy S/ AV 7))
LN EN S,

1-=baF 7% L ylBRICBIT 53X o RIEH
FEFIITI-= oL VRSB A HEEIX LD B
Ko7 (Table 8). ZOfERIF1I-=ruF75L
¥ RBE O RERRE AT 3 F 3 7 O R 7 A PE 0 )
MOANT W2 EERBLTVWS, HRIZBAL
72 3IF a FOMWRPIL, KiER EDOHSLEICEY
ZALEHAHH00, 3AMSL8AREHEIN TS

(Shimizu, 1997), 1-= bBELVBIUN1-= 1
F7y L yERBIEENEN6 HB L8 HIZHEML,
W RER DK EOKREIIF CICARZ L HiI2a b
T— L7225 8 ARZHMERONI-bOD, IEH
LRET T HRIBOEEIMEr - L HEW SN S,

SALFIT A IME U 72 Bt B 12 3kl U T b I
ZHOBVIEETH -7 (Table 9), 1-=taF 7
L YEBHXICBI S 4 8BOKE (KEL LS
F) "B I B REDPo728, ThEBELLE
REX THWIROEA A%, ZOXOWERED
WX L) HEPoZEERML TS EEZ DS
Nz, 1-= L YEBMXIZBWTXLy bh
SBATLZZI-Z bR L 2k, MIRIERSRER
BLIOSMEENERIKTILZEEHLMILE
(Table 8, 9). ZD72%, LFWHEINHELKEHL
MABATT 5 2 Lid, AOTEENDOBHEZE LN
LBBICEELERTHALLEZ BN D,

Michiganit] TERIL L 7z#%7K fiLake trout (Salvelinus
namaycush) OJPEFIZHITH11IHNPAHs (1-= b
ut7%Lvy, 2-=tufF74Lr, 2-=tBYE
Jrx=), 3-=ha¥E¥ 7)), 4-—huby7c=
V, b-=bartrr7sy, 2-=ba7ntL 2,
9-=bru7ryhroky, 9-=btu7F ML,
l-=ra¥ELY, 6-=tuz)ty) OFFHRE
130.81-130 pg/g wet wt.TH 0, ffkicBIT 5 9l
NPAHs (1-=ru+7%L >y, 2-=Fua+7%L
v, 2-Z—phuv¥y7xz=), 3-=—huVb¥7=), 5
-=hu7tFI7ITy, 2-=bugnFlLr, 9-=
ror7rbhsoky, 9-=huzvzFr Ly, 1-=
Fo¥EL Y, 6-=tuzytr) OfFFHRE)2-3]
pg/g wet wt. (4-= ¥ 7= BLU9-= b
7 =V b L AR BT BRI ERAI30 % A O
OFEHMEICE TR TV RY) X OFEEICEL, ik

Table 10. Effects of 1-nitronaphthalene or 1-nitropyrene on hatchability, days to hatch, survival, and growth of
embryos obtained from ovulated mummichog, Fundulus heteroclitus, implanted with a cholesterol pellet with

the test chemicals®

Toxicity values based on Ratio of

Toxicity values based on

concentration in eggs (ng/g wet) concentration Reported BCF concentration in water (ug/L) " PEC

4 -week LOEC 4 -week NOEC in fish body a

1-nitronaphthalene 447 -
1-nitropyrene 958 344

in ovary to that (L/kg) (ng/L)
4 -week LOEC 4 -week NOEC
93.3 19 - 3.7
111°¢ 8.8 32 1.0

LOEC, lowest-observed-effect concentration; NOEC, no-observed-effect concentration; BCF, bioconcentration factor; PECs are the
highest reported concentrations including estimated concentration.in river water and sea water.
“The ratio of concentration in the ovary to that in the fish body in the control group in Nitro-PAH transfer tests.

" The toxicity values are estimated from toxicity values based on concentration in eggs, dividing by the ratio of concentration in the
ovary to that in the fish body and reported bioconcentration factor.
¢ Average reported bioconcentration factor.
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B XOIHEFONPAHSs 7B 7 7 £ VIZEM L Tw»
72 (Huang, 2014). L2 & [F Uik o 9 fiPAHs,
SHAT 7Y, BIO2HMAY 2R LKL, 9
FEPAHSOIRHEHIC BT 2 AR EIIAAh L 0 b fF
BIKL, SHAT I v OGFHEEB LU 2HiAk
DEFHREEIZ O W TIEIR B 3 X OV e B2 1 ]
EDOEETH o7 (Huang, 2014), NPAHsF1T:k
BRI BT BRI IX o 2R %l U 7290 B X ok
1-=taF 7L yBI1-=batL rOEER
132510248 X 098+ 0.05TH - 72 (Fig. 2 a, b)o
INHDOZ A SNPAHSIZHFAIZ L - THIHE A g
PHRATREL ) D EEREES R EEXON, W
BORENC & 0 IR AR & AR E O IR S
WEEVEDSE 2 DTz, D7z, HREEhOWEL
ML TV B TREHE D & 5 NPAHsBAT B IR X
ND1-=tuF 7L ryBLOI-=baEL VOJPE
Bl Uk oREILE, ZRENOYHE O
2% (BCF) & M\ CHIAREE 2 312 L 7z Ml 2
5KHVEEE % J02 U7 & e L 72,

LogK, ., 2 bt & nz1-=bhaF 7L ok
Wi tR % (BCF) 12933 (BCFO Xl - 1.97) &
HiE XN TWw b (Yaffe et al, 2001), B rp it iF %
HEiZL1-=buFr 7% L OLOEC (0447 pg/
g wet wt.) %, NPAHsBATHBRIZBIT 25X D
PIEBIMAT 1-= b F 75 L v OFIEEEL
251 (Fig. 2 a) THRLTHMANBEEZIEEL, X5
WZCoMEEME, W S Ew iR (933 L/
kg) TH:3 & AKPIREDLOECAH19 ug/L & #EM T X
% (Table 10), 1-=btuF 7% L rOREEHTHER
B HADMINZBIF 537 ng/L (Murahashi et al,
2001) THH, F7, BEHEETIVEHCTHEN
SNz h ) 7+ V=T HIBOKE (Yaffe et al, 2001)
B X O3 ¥ F il &K (Huang and Batterman,
2014) »1-=baF 77 L ViBEEZFNFNLOB X
U117 ng/LTH o720 TS OIEEETHEM L 7231
fii & Y 2 K7L LKA > 72 (Table 10)s 1-= b J
7 % L ¥ ®NOEC LK FFLOECHEZE1.9 ug/LD
1/1000CH 5 LixE 212< <K, & LA19 ng/Lic
HEETHAZEREZLNLZ NS, HARDN
IR 1-= b+ 72 ) A7 3 KVLE 0 L%
AbNb, /2, I TH VTR E L7zLake trout
(Salvelinus namaycush) OIPHEH 1-—+taF 7%
LV EEEIX0.03-2.19 pg/g wet wt. (Huang, 2014) T
Yy, hREELZECILLZLI-=baFTFL YD
LOEC (0447 ng/g wet wt.) X 0 5 H7LL BV E
ThY, ZOLE»O SHBHAEIIKITT1I-=
075 LyO) A7 3RV DEE R EN5,

NPAHsD fHIZ BT 585 L OKA 5 O LY
B9 28 Tlx, 1-= hMa Ly oY iimEaik
(BCF) 1371-151 L/kg®#EPA (Bacolod et al, 2013a)
T @ 1, biomagnification factor (BMF) 1% 0.008
(Bacolod et al, 2013b) THo7z0 1-=bua¥l v
DI % J£ 2 L 7-NOECH & U'LOEC (NOEC,
0.344 ng/g wet wt; LOEC, 0958 ug/g wet wt.) %,
NPAHsBATRERIC BT 2/ RX oW 4 8 U790
BEBIOMMAT 1-= ba L v ORELOEYHE
098 (Fig. 2b) TKL, 2512 1# (Bacolod et al,
2013a) DHEYRMARBOTFIME (111 L/kg) TS
b, KRR A2 B2 L 72NOECHE X O'LOECSE &
328 L 88 ug/LEHEWTE % (Table 10), 2D
W L 7-NOECHE & O'LOECIE#i s S L7z ki iz B
% e e 1 ng/L (Ohe and Nukaya, 1996) =°
REHREET T VEHCTHININZAY) 7+ V=
7 HIE oK (29 ng/L, Yaffe et al, 2001) B X O°
IYHVHMATOL-Z YL Vi (017 ng/L,
Huang and Batterman, 2014) X 0 T2l LEd o7z
(Table 10). YHPNIEEED S KHEEETH HNOECH %
WIZLOECZHEZE L TWAH I L0 s, REEMEDEW
e B b, T EEREL TR THE L72NOEC
& B WIZLOEC%R #2472 5108 5 W IX100 T L 72 &
LTHHARE LTRPRBEOHEMIZ, oD
EEZ TH->TWb, T2, ITVHVIHTRINE N
Lake trout (Salvelinus namaycush) OYPHFH1-= 1
oYL viEEI1X<0002-8761 pg/g wet wt. (Huang,
2014) THY, IHREEZEICLZ1-= YL Y
ONOECH X 'LOEC (NOEC, 0.344 pg/g wet wt.
LOEC, 0958 ug/g wet wt.) & O 3#iLL KW RET
Holze b &nt, HENVELZ A, 1-= 0
F7FLVBIPI-=ru L OREREEICE
FABBETAREICKITTREIIIEI LA WEEZD
7z

34 FE®

RE|ZHB\WTIE, NPAHsO Y LA RER A~ D
BEHMIETAZERHAMELT, 1-=buF 7%
LUBIUl-obu¥¥ Ly 2HEBWEE L, BRY
BEa&AEaLZAFa— WXLy b 2O~ 3
Fa 7 AACEL, BHWEOSZAEII~ORATHAER
BELZ. 512, ILAFE—ILXRL Yy AL
TR B A2 2 B B AR OIRIEH F A~
WEERNRD L LB, BRWEORAT LIZIER R
Kol % 4 EMEAE L, BT LEBRDEOREL X
HFRIC T T B R AT L7,
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AL ATFU— RV y MEHEIZ L ANPAHSOBAT
RERORER, TP OINALFWE A BT SE L TF
FBEELT, aLVAFO—LVRLy NBHEOENNL %
MR U720 F72, ZOFEE AW THREFEREICRIT

RO L7oRER, SMEERITS G L 72 s
PUCHE L CIR D IEZHOBWIBETH Y, ZORE
A SHIHSEAEE 2 RIC L B E B S 2 L,
IS OFH A Z NPAHSBATRERIC B 23X o
JREB L MR IREOR L, 5 S 7-BCFx H
WG, KRR A LIS LA L, Wi s
7o BREBEK PR RE & TRl U 7ok, BREEK g B (3 )
L7 & 0 3R REAR S, AHEFEEEZZEREL T
BAEEORETEELAVO1-ZbaF 78 L rBX
C1-= el yBHAREICRITTEEIREE
ALl EEz bz,

BRI S AL E W RIS o W B B X
DML R ERICBE SN TB Y, RIFZE0 B g
THHNPAHsd BEEPICBWCTRBEDOIEH 2 217 T
W%, NPAHs& 53 FHiE OBV E L v 5 OPAHsIE
SAGRIBENC X Y, AT 2 BT D,
NSO MEIEERFM (ROS) 2 ERKEK &
ZzoNTwb (Fuetal, 2012) 4-=btBaEL Y
%% & —#ONPAHsIZ ARG X Y ROSZ F6 4§
% (Xia et al, 2013) 7z%, KEEIENPAHs B
MBI RE LB RITTWRREND 2, ZD720,
NPAHs D # AW $ 2 #tE o B SH X 221k
WZOWTRELIETREAZMNZ 5, S 512, JEIREHC
X B MEDZALDEHIZ DWW TROSD B E &
NTwpZenb, REUKETHEHEEOFEKIZOWT
ROSHB & U W o 56 O W 2 5 E 2 Iz 5
ZrE L7

BAE BEEVICHT IBHOXRFICLIZEE

BRI S N7ALEW R S BRBE R O B X
DML R EHCIBE S NS, RIFEOWBRWE TH
HNPAHs & fEFE DS IENWE L v 7 EOPAHsR BREE
DOPAHSIREWIZUV-AZe EOBAEIREHIC X Y,
FEAEMNZAT T B AR E - 72 (Newsted and Giesy,
1987 ; Pelletier et al, 1997 : Swartz et al, 1997 :
Huang et al, 1997), G2 & 9 Jihie & L 72PAHs i
VERE, EIIEMEMEEME (reactive oxygen species,
ROS) RPAHHKD 7)) —F I h v, #EALIRE %
ERAERL, INSIEHA RIS 2
SEHEEL M EEEZF LT S (Fuet al, 2012;
Lampi et al, 2005 : Arfstena et al, 1996), PAHs®
—fiTHHRYY [a]l ¥L vk — R

DAHINY T x—THbT7 I+ +1) 72 (NaNy)
& D BHE XN (Ibuki and Goto, 2002), JGHRGF &L
7:PAHSIC X W FE S -\ LRE L, 7V —-9
HANFELREZ—FHIHBEDA NN Iy —ThHhbIFF
Z LA k=) (dithiothreitol, DTT) %°NaN, , A—
N—=FF Y FF4 AL —+F (SOD) IZX ) FEH
HEsh, —EBHBEEOFMZIEIXTEK (D,0)
XY FENET 572 (Xia et al, 2006)

4-=ru¥lryR6-=buaxry [a ¥L v
% EHM ONPAHsIZ, #4106 (UV) @ —EFUV-A
W2 &, ROSR 7 —F V4V H GG R
RAEMIC AR L2 (Xia et al, 2013), JERRHHZ X %
NPAHs A THEE X N72ROSKR LI X - THE
BN HEBALIREIINaN I & Y FEAHE S h, —
BHBEOHF M EIXTEKELA S 7 =1L
FHEAR T o 72 (Xia et al, 2013), T 72, SGimEEik
RN BPRIL IR 2SR L7z (Xia et al, 2013), 2
NSDZ Eeh s, NPAHsO KAEAWIIHT 2 FHME 1
FEHEGHIC & DR F 2l Fe kSR S Do RIFFEDOH
Wil 8 T & 5 NPAHsIZ T IZPM 257% & R FIRWE
WA SNTBY, ZO—MIIREAETY, FICKEN
12X o TARIRBRBIICHA L, mMEMICIER R
AT D EDPHESN, ZOMETEEEDSE
NHWEEEDDH 2. Lo L, BHRESEMTICBITS
NPAHs® if: AW 3§ 2 g B oG sl W b
72 5%, NPAHs®}FHESC BT 5 BREE 2 % 37l
T BIIEAOERTIEIATHTH 5,

KIFZETIL, 2 EIZBWTHRERBEO R, i
W, BEEAAS L MR, HBEI A< IV
a, BIUfHi~IFas, va b AT E= b
07 L—rORaMEeBE e Lz, 72, H3E
BT~ IFa sz v, BhERBo
ol LCa L ATFu— L RL v hEBIRE % Ei
L, iRBRAS SO W CNPAHsO 18PV % 3 2
L7ze SO0 ORT, v +y<yIvra
WZDOWTRELDEERNA I = —B/IzTDOY—
7 ILYAR, N G — N — D ECFY A RBEAND
IBENIFE SN, A&~ IV v ah kR
HO-oDEFVEYRE L To@EEMA TV
(Raisuddin et al, 2007), ¥7z, ¥4+ ¥~y 3Iyra
D=7 AR NEERT B720, SR
X2 mHE L ML T VWEEZLNDLZ LD,
S IDGHSHC X A ke RafE s LC#E L7z,

AR ETIINPAHs D {fy 3 il AR B SR A O 2 BERTHilli 12
3Lz HMELT, 9, 10fiONPAHs % #;
Mg L, YAy~ IV razune, HEhts
X OWE G T4 0 it vk B 55 3B 2 AT, St o
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BN XD B EDOREELT 5 D0 % BGE L7,
T/, I X Y RbERORE 1= Y
L izonT, BN X 20 % e Lz, b
W X B WERMEOBGEZ T, 51, 1-= b
T YLy OGREDA, RERICBITS1-= b
YLy O#FMZCES LTWw a2 25T 57
B, 1-=ha¥L yipBERBLTEL 0T 48
<) I T YT B HIRE R A L7,

—J, TAaANEUE (AA) Z7V—5TVHNR
—FIHBEDA IR Vx =L LTHEEIRLTW S
(Machlin and Bendich, 1987). Jtiic & 5 Befb A
FLATY A=Y IV v anBEklENN RS 52 &
EEET 5720, AARIE 72 13RO &4 T T,
WHEICXAl-= bu¥Lroytry<sy)ITra
R 2o Z L, JEEL 72BE%4E L 72ROS
TREE & OB & AT L 7z,

41 BHETH

411 HRVE S IUHREY

l-=raFr7%L >y, 2-=ta7iVtLr, 3-
—twvInts 7y, 3-=tuvzrr L,
13-Y=btu¥ly, 16-Y=btutlLr, BIUL6-
= s %2 1)+ vidSigma-Aldrich (St. Louis, k) #»
5, 15-Yy=btutr 75V, 27-Y=btua7 iVt L
UBIP1I-=bu L VR bR TE () »
5, 1-vFe*xv¥lLy, 1-73I/¥L, EL
v, BIXUAARADGMIETIE (KD 756, #he
WA L7, BB EOKBMREIM N0, BFRD)
AELTT My GREBEESNH, FOGHZE T,
K) =, ZRZENOEMMED T & + ViEH
(20 mM) ZRBREGHE L7ze 2O OREBEEE A
WK T200085 1AL, BB & L7z, Rl o Hik
FE K BRI BT A DRI IX O 7 & b VIREX
500 ul/L& L7z,

MBEYE LTIy~ IV ar vz, B
B AT, Fiehs, 7 —7) 7 2 Aok
BEE BT LB LAk TH 720 /=T
vy A S5 A R R RS AR L S T W 72

41.2 NEBEEHG

Sl g BRIz 7 a0 — 2 F x »v— (MLR-350, =
TR, KB 2w, BIE LTKRELORESR
B L 2480088 (3:8290-700nm, TRUE-LITE, 32W
3825EX-SS, Light sources, Orange, KE) % 72,

Tk o W75 A i ik BELSE 3BR C U S o HORAT & 3 A
W, m e (9 400-700 nm), UV (3% £ 280-400
nm), BXUPUV-B (J%E280-320 nm) DLIEEIXZ
nZhi12, 00198 X 1°<0001 W/m*Th - 720 H5
REY 2 FIET 5720, BBONGHABTIZELD
LR B L7z REREOHOBIT 15K H v, T
& (3 £400-700 nm), UV (3 £&280-400 nm), B
X 'UV-B (9% $280-320 nm) OGHMEIXFNLFh
41, 00728 L 1°<0001 W/m?Th o720 ZOHG
OIGIREEITIE (lux) O ZHE Sz HPo KB
Y12 B1F % 2 (Thimijan, and Heins, 1983), 4.57
(umol/s/m?)/(W/m?) 3 X 054 lux/ (umol/s/m?)
THEY, HH L7, THGORE S X UVt &
EHRESE (LX-1000, A7 4, W) B X O
MEERET (Solarmeter models 578 & 1U86.2, Solartech,
Harrison Township, KE) #=ZFhZEhHv7z,

AR KR 6 0 4R 3139 H 41 13180-480 W/m? & #t
HENTwb (IPCC, 2001)s ASTM G173-030 %
WANRZ PV —% (ASTM, 2003) 5, THI
F—IZB L TIE, MEREW EOKREIED43% 250 11
5t (400-700 nm), 4 %HUV (<400 nm) &R S
Nd, 2070, HLE L CUVOLHmEIZZ 2
N774-206 W/m?* B & 157.20-192 W/m?* & i T &
5o KEEEEHTIX, APICBT B E0mMIEIAREICH
B35 EAIRENT WS, W HLEDTEE L BUREE
EF130.10-5.73 /mD B (Morris et al, 1995) T,
UV-AD10% M85 120.3-46 mO#ipH (Tedetti and
Sempéré, 2006) TENEFNEILT 5,

A=Y IV TWIEE D B ERKEOFRNITIC
HET 5720, AEHIALEZ HNLKE]LImIZBT
5 HEBRKEEOTHEE L OCUVO LS % HEH L,
JEIRGRER DG & iR L 72,

FEDOKPREEL T ¥~ b - R= )V OFHIP S

I,=1,e* (1)

THEAE D, T TLIIAKEZIMIIB T 28mE, 1,1&
KW T OFEREE, Z13K%E (m), ald@FEEH (/m)
THEEINS, (1) Nt EmEILFIRE C K &
e L2THDEOE 2 B TIID TRME T 5 &, K
W 1mlicBUT 5 BRKGEOHEEOmEE X, 025
W/m? (774 W/m? x e>™™ ™) 715190 W/m?* (206
W/mz Xe—O.lO/mx lm) &?E%ch éo
72, (D) Xs (2 XEsh,

a=-zn I/, 2)

ZOR%E HVTUV-AD10% FESHEREE D & 5 2 24
ZR®O % L0.00501-7.68 /me by, ZofEHNT,
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A E RS (1) X2 5KE1ImIZBIF2BHEKK
B e UVIEHE % € % £0.0033 W/m® (720 W/
m?x ™™ m) 2518 W/m? (192 W/m? x e %0
My T d 5tz D%, AW BT OGRS
Ztf (OTHDGIREE @ 12-41 W/m?, UVIGIEEE : 0.019-
0072 W/m?) 234+ ¥<1) 33V v ank BEcs
WCHERl S R EHEPRICE ENCB Y, A EEE
2B AR EITITRBLL CTn i il sz,

413 HRERSMEXBERR

0o = a7 L—r2HBRWEE L, V445~
VIVran =7y Ay v, Likoh
SME B X ORGS0 T C 2415 18 o 3t ik BH 5 5Bk % 1T -
720 128X ¥5# 7L — b (Thermo Fisher Scientific,
Waltham, KE) 121 XKH7-0 2 mLoRERK & W4k
SMEARZEIZEL, 20CICERELZZT—ZAF % ¥ 3—
(MLR-350, =##HE, KB WTHEZAIT- 7. #
KW oMK EE2001, 01, 1, B X010 uMi
AL, EHUREED OB LTS Tl gk B R
50% Al 7 B F ThilT 720 SRERIZ10A1H: 0 3K L FE
L7zo kBT, BENEEer 0 ERE, 18
BT N TETHISHHERL 2V D%k
URBHEAE AR & L7z BIFIRIX (74 b 2500 ul/L)
WZOWTHRBRAZ 0D R LERL, WSEABLD
WS T IS B U 2 ERAERIZZNZEN40£278 &
000=00% TdH - 720

FHEIC X o TER L1 -= ba L ¥ ok
Wl-vruFs¥Ly, 1-73 /€LY, BIUH
HWEE L Y OHBEEANDOFEGEZW S PICT H720RD
REEER L2, 1-v Fax €Ly, 1-73
YLy, BLUOEL YoipKFRELZ001, 01, 1,
BXUI0 uMIZEEE L7z BIAIMEX (74 b »500
ul/L) DWW ThFARICEEL, Wb 8 Imlfth KL
720 Flz, LEREOWE LA OS5 R AR A K
L, JEHSHC X 2 HMEICHFES T 2 REEICO W T
BT 5720, RORERE i L7z Sl T TRz
HEHOLN721-= ha ¥ L r10 pM & BiFI X (7
b 500 pl/L) ZWESB & OIS T C24mE i
W7eth, 1 RHD ORI 2 mLE WA 5k
AL L, WiehB X OIS T 24 e 5 3l B &
FEhi L7z BERIZ6 MM Y R UE L 72, Jadethofl
AEDEIEH - W, -8, K- B, BXOH - KR
4380 & U7ze AR T, R o> 510 Gl ik B
B AR LT 72, /=7 ) o 2 W2V
T, 2l OROSIHEER O BRI IZ D VT b B
B FR L, 30F 7213604558 & (2 vk B E AR 8 % e

B L 720 ABRIZ6 IR B LFER L 72,

41.4 KHmEEER

N i EBRIZ10 mLA T AEBREIC2 UM 1-=
FREL Y7 P VE#RS mLEAEL, F7u—2
F v ¥ — (MLR-350) WTHSMB X OREEMET
T20C, 24MM o E FEMfi L 72 WIS TiE, K
ot oK% HH L2884 (TRUELITE, 32W
3825EX-SS) #1564 v 720 G A BHAR I B X U°24
REFTIRFRIC S S ORBIEZ L, GC-MSD 4
L7z Fv ¥ 7Y —% 7 A4HB5-MS, 30m,
0.25mmID (Agilent Technologies, Santa Clara, K
E) %33 L72GC/MS (Agilent, 6890N, 5975 inert;
Yokogawa Analytical Systems, ¥ ) % M\, &
FAF MAMeE e E— FE2SCANE L C#llg L7z,
WAL O 1Z280TC & L, MH#H 0 4512290C o
WREEZ 200, BESWFTO A+ VIRFH512240C D
WA 720 H T NMEEIZ100C T2 4 MR L 72
%, 20C/4rT200C F THilE, Hl&HEI5C/HT
320C £ CTHIE, 140 MRFEL7z. AN o AFEIE
1.0 mL/min& L, Z#rkEIZ4550TH -7 b
727 —%1E7— %M%Y 7 b (ChemStation, Agilent
Technologies, Santa Clara, KE) T L, ML
72 ¥ — 27 % NIST 2008 MS library bundle (Agilent
Technologies, Santa Clara, KE) oF—% L &L
T, [EL7.

415 EMEFE (ROS) &RHER

ROSAHEEAERIZ100 mLo & Y O=/A7 F X 3212100
mL O FRERE 2 I L TR L 72, sBRI0.01, 0.1,
1, BXUI0 yMO 1-= L ¥ 5 #iEKERE
A, BIFIEIEX & L T500 uL/Lo 7 & b > % #iE
RIEW 2 FV 20 SIS ORBRIE 2 W5k 7213 W
Ut vk BH 5 A & ) CHH SRR T C20°C, 21075 i 3l
L7zo 205 O FRBRIE O — ¥R 1% H e vk B 2 3k B 12
L, 30F 72136055 IR L EMA 2 MR T2 L &
DT, TN OWMEE R OROSZ 6055412 L 72,

HEMTBLUOREMETOI0 M= F B E L Vi
KREWOWHEEBREME (e FaF o5 Ih 0, XU
TX¥FTFAMTAD, KEEREEA 4, Wb
EH) ORKEELEWEL, [FHFERE O ik E
BB L, £72, HEMATHOI0 M= bu L
KB CIIBILA TH L 7 ATV VB E RN
L, WM EMOBRE B X OV ik BLE = o W %)
BRIz WHBREMOME I, BAXTA S
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Vo (RRD) O % M #% 7 © — 7 Aminophenyl
Fluorescein (APF), Hydroxyphenyl Fluorescein
(HPF), Diaminorhodamine- 4 M AM (DAR- 4 M
AM) ML, Bt/ #0602 h 2 1485/535
nm, 485/535 nm, B X 18544/590 nm Tl € L 72
APFiX, e Faxs v I hN, N—FFTF+ 4
oAb, kM EREA Y LS, HPFiZe R
OXy I ANENRN—FFTFLMTAPERIBL
(Setsukinai et al, 2003), DAR-4 M AMIiZ—E L%
FE T 5HEE (Kojima et al, 2001) TH b, 4
TORBWIL, EH L72iEK E F UpH 83127 % L,
TEVERR AR O #OE 7 1 — 71X BRI T1000R5 12 AR L
THREH L 720

4.1.6 HEHEET

PR Bt ik RH o5 BBR A 35 U 38 Ik RH 5 0D AL B[] D 5

WORBABGEIZE, T8 OGS TR W

®, Mann-Whitney® U test (P<0.05) #Hw7, *
72, ROSA R GRBRIC B 2 Ik E B X O ILig 8
WRIEDE DR EEMEICIE, TukeyDZ HEILE (P
<005) ZH\7zo BEEHEATICIZSPSSH: (R0 o
SPSS 13.0] for Windows % f\72,

42 # R

421 REBHICK BNPAHsOEMZ{L
VAFYIVa =Ty AWEEE NN THE
PEDEAL % Mt L7210 ONPAHsD 9 &, 15-Y
=—hut 7y L rERRMEIL, WML S
ECRVilEKEREZR L7 (Table 11). 1-=h
oYL i, 2TOREKX (001-10 uM) KBV,
AT Ttk A HES R, BEATERELTE
BACHSLG T ok ERSEr- 72 3-= b7
VES YT 301, 1, BXU10 uMOBEEIXIZE

Table 11. Effects of nitrated polycyclic aromatic hydrocarbons on immobilization of Tigriopus
in dark or under irradiation with environmental level light (290-700 nm, a visible light and UV
intensity; 12 and 0019 W m~ %, respectively) after 24 hours

Immobilization of each dose (%)

Chemical Condition

0.01 uM 0.1 uM 1 uM 10 uM

1-nitropyrene Light 28+6.1" 100+0.0* 100+0.0* 100=0.0*
Dark 20=20 2020 4027 4027

3-nitrofluoranthene Light 80+33 72+68" 100+0.0* 100+0.0*
Dark 6.0x31 20£20 40=x27 26+85

2-nitrofluorene Light n.d. 0£00 34+52% 100+0.0*
Dark n.d. 6.0=3.1 8044 1045

3-nitrophenanthrene Light n.d. 40=x27 30+54* 98+20"
Dark n.d. 40+27 6.0=3.1 78+7.0

l-nitronaphthalene Light n.d. n.d. 20+20 100+0.0*
Dark n.d. n.d. 40x27 80+44

1,3-dinitropyrene Light n.d. n.d. 10+3.3 100+0.0*
Dark n.d. n.d. 11+46 0.0=0.0

2,7-dinitrofluorene Light n.d. n.d. 80+44 32+44"
Dark n.d. n.d. 1045 8033

6-nitrochrysene Light n.d. nd. 80+44 24+50*
Dark n.d. n.d. 2020 4027

1,6-dinitropyrene Light n.d. n.d. n.d. 16+40*
Dark n.d. n.d. n.d. 2020
1,5-dinitronaphthalene Light n.d. n.d. n.d. 10+45
Dark n.d. n.d. n.d. 6.0+4.3

Values in each test group are expressed as means * standard error in 10 trials. Asterisk indicate a significant
difference between light and dark groups, respectively (* P < 0.05, Mann-Whitney U-test). The immobilization
of Tigriopus as control were 0.0 = 0.0 and 4.0 = 2.7 %, respectively in dark or under irradiation with

environmental level light with solvent. n.d. means no data.
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Fig. 3. TICs of the initial solution of 2 uM of
l-nitropyrene in acetone (a) and the solution by
irradiation with 290-700 nm light for 24 hours (b)
using GC-MS analysis.

WTC, 2-=bturirtLrek3-=bturzzrr bl
Y1 BIUI0 yMOBEXIZBNT, 1-=tad
7%l 13-Y=hu¥ly, 16-Y=buvlLw
6-=tazyty BIO27-Y=ta7)itL
1310 UMDEEEXIZBWWT, B ClEk L E RO
i, WERMT &R L THRICHSHE T odtikHE
AE Do 72 (Table 11),

422 1-ZhOEL>CORBHICKL DI HEEYD
FE

ABRBIAGIE B X OEIRE 240 R0 2 uM 1-= b
O¥Ly7E s VEREGCMSTHH L, TICZ37:
(Fig. 3)o JEHRSHEM DOTICA & 5 i O 473# FE W 75
Ml &, NISTF—FR—AELWELIZEZA,
NHEDHIBL2H/iZ1-v FEFIEL Uy BLU1-T3
JELvEFEEN (Fig. 3a). 1-7I /€L~
ST OO TICH 5 b ¥ — 7 5816 x 10°T
it hizboo, BRFZEOBRTIIY — 7 M
22 x 10°CHRIN SN, ¥— 7RI LMER L r o7z
(Fig. 3 a, b)o HBHEMRBRIZB T 2 NHEMTT
QUMMM L2 1-= PO Ly TR b VBB IO
WS = TS BT 5 24111 14 O [FIE I O TICIE FRER BA I
MOTICE IZIZMERTH O, HEEE R E R B Ot
A TURMBHN L21-=vr Ly 7k b VB
Mo 1-73 7 L DSOS RED TR S s
nolz,

T i
*‘_Y * * K ,L_' * *
100 7 Olight [7] * T
B dark
~ 80
é
=)
2 60
k|
*é 40 1
E
20 7
=L 8 SEE
sol [0.01 01 1 10 (001 01 1 10{0.01 0.1 1 10
1-hydroxypyrene 1-aminopyrene pyrene

Fig. 4. Effects of pyrene-related substances on
the immobilization of Tigriopus japonicus after
exposure to the dark or artificial environmental light
conditions for 24 h. Values are expressed as means
+ standard error of the mean of 8 trials. T, p <
0.05, Mann-Whitney U-test between the light- and
dark-exposed groups at the same concentration of
chemical substance; *, p<0.05, Tukey post-hoc test
versus the solvent-only control (sol) under the same
lighting condition.

* *
100 1 ] ]
g 80 1
g
= 60 7
<
N
2 40 T
g
g
= 90 A
0 1 1 l_L| ]
Sol | 1-NP | Sol |1-NP Sol |1-NP | Sol | I-NP
light-light dark-light light-dark dark-dark

Fig. 5. Effects of nitropyrene on the immobilization
of Tigriopus japonicus under various combinations of
exposure to dark and artificial environmental light
conditions. Solutions of 10 uM l-nitropyrene (1-NP)
and the solvent-only control (sol) were exposed to
either light or dark conditions for 24 h, after which
nauplii were exposed to these solutions under light
or dark conditions for 24 h. Values are expressed
as means * standard error of the mean of 6 trials.
*, <005, Mann-Whitney U-test between light and
dark groups.

423 ABHICLZ1-ZrOEL CBEEYEOEMH

1t

VEAFRYIVa) =Ty AEGAEE T
HHEOEEMREFTLZ1I-E FuxI ¥L v BLU]
~T7 I L VIEREMT XD ST TRV ENR
HERERL7Z: (Fig. 4) 1-bFaFIELUrBX
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* *
* *
1007 (a) . . = 60
o | ~o-sol(L) s
é 80 -o— sol (D) ‘g
5 60_ _D_O'I(L) g 40'
g = 0.1(D) E
= -~ 1) 3
g -2 10(L) 2
= 204 =
-+ 10(D) S
0 T T T = 0 ,
30 60 90 120 150 180 210
3 307 (¢) 3 157
) —o—s0l (L) —e—sol (D) &
z 0-0.1(L) - 0.1(D) X z
g 20]{=11L) 1D */* £ o]
E - 10(L) —a 10 (D) =
§ =100 (L) =z~ 100 (D) §
g 107 g 51
& &
3 =
= 0 = 0
0 60 120 180 0 60 120 180

Duration (min) of light exposure

Fig. 6. Effects of light on (a) immobilization of Tigriopus japonicus and the quantities of various reactive oxygen
species (ROS) as indicated by fluorescence intensity of (b) aminophenyl fluorescein (APF; labels hydroxyl
radical, peroxynitrite, and hypochlorous acid ion), (¢) hydroxyphenyl fluorescein (HPF, binds to hydroxyl
radical and peroxynitrite), and (d) diaminorhodamine-4M acetoxymethyl ester (DAR-4M AM, for measurement
of nitric oxide) in the presence of l-nitropyrene (1-NP). The doses of 1-NP were 0.1, 1, and 10 uM for the
immobilization test and 0.1, 1, 10, and 100 uM for the ROS assay. Values are expressed as means * standard
error (immmobilization, n = 6; ROS, n = 4). *, p<0.05 Tukey post-hoc test between 1-NP and solvent-only
(sol) groups under the same lighting conditions. D, dark; L, light. a.u. means arbitrary unit.

K1-73I /7L 1301, 1, BXUI0 uMDEREX WA oBERIESRE, 1-= a2 ¥l 210 pMiEE
WCBWTHEMT C#kaS HE ST, B5EMET Tl XIZBWTIZ05URED S, 1 uMigEE X Ti31505
1 uMEI0 MO EEXIZB W TERASHE S VIR DR IRX & R THBEICE > 72 (Fig. 6 a)o
(Fig. 4)o 0.1 uMODEFEXIZBWT, BiSMET & ik W4 T2 BT 5 APFIC X 2 G VEMR £ o Ml i,
L CHRBRICHEN T OWERBERIEr 72, EL ¥ 1-=FEEL Y108 £ U100 uMiE X235\ TIid60
T 1 B LU0 uMOBEIXIZB VT, HRFM 4T GUBED S, 1 uMIBEEXIZ BV TIZ1205 DA 5
EDITHEEDHEINZD OO, SLMomEn X 5 HOCHEEDSHRX L) A RICHE»>72 (Fig. 6 b)so
K EROFEAZITED SN h o7 (Fig. 4), W4 TICBITAHPFEDAR-4 M AMIZ & 2 G 7E8
1-= ¥ L Y10 uMOBREEXIZBIT 5 WK 4 O FHOMIETIE, 1-=ha YL 2108 X 0100 M
DHAE DRI L BREETIE, W - B ORRX T FEXIZB T, 605 LD S HEHREE DS IRIX X 0 b
YAF=YI VA =T AW O KA HE\ZE» -7 (Fig. 6¢,d)o
EaN, WK - BREORBX CIIHES N Eh o7 AADTIMFEBTIE, ®IMLZAAREIEHWITE
(Fig. 5)0 BEKESRD LHIEL o7 (Fig. 7 a). WM
TIZBIFA1-=+a ¥l U110 WMIBEXTO Y F 4
424 XBHICEZ1-ZbFOEFLBRRICETS <~ 3IVvas =797 2 WYk ok KHERIZ,
ROSMDAH AASERINIX B X AA 1 mM #INEX TIZ60%5 LA

5, AA10B X U100 mM AANIX TiE9075 LA A & hf
MEHTICBIF YAy IVra/ =TT R HX EHRTHEICRE?» -7 (Fig. 7a). $7, %
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Fig. 7. Effects of ascorbic acid (AA) on (a) immobilization of Tigriopus japonicus and the quantities of various
reactive oxygen species (ROS) as indicated by fluorescence intensity of (b) aminophenyl fluorescein (APF;
labels hydroxyl radical, peroxynitrite, and hypochlorous acid ion), (c) hydroxyphenyl fluorescein (HPF, binds
to hydroxyl radical and peroxynitrite), and (d) diaminorhodamine-4M acetoxymethyl ester (DAR-4M AM,
for measurement of nitric oxide) in the presence of 1-nitropyrene (1-NP). Values are expressed as means =
standard error (immmobilization, n = 6; ROS, n=4). *, »<005, Tukey post-hoc test between 1-NP and the
solvent-only (Sol) groups under the same lighting conditions. a.u. means arbitrary unit.

ot 70— 712 X 2B ERORE IOV THIR DR G L7255, ot (P5290-700 nm, WTHLG
IMUZZAABRERNSWIE EHEICHRED LA MZ Sbh BIUEIOLOGEEE  FhE N4l B L 0072 W/
7= (Fig. 7b,c, d)o m?) ME2UBHZEO1-Z buE¥L Y7 b VIR
AoH1- FaF I VL ryoElEsraAs s (Fig
43 £ = 3b), 1-vt Faxxs¥L roxoEEhe L Tl1-
L FeF VLU BLUE/ v FaFy -2 bul
AW TIE, HBREPREPF L XLV (FE L YEAHE I N TWS (Yu, 2002), LA2L, H
290-700 nm, WHDLE X OEIDEONIEE - FhE PRI Al Dk B 2R BR L B3 0T B GRS (D% 5:290-700
N1236 £ 00019 W/m?) KEHZ X ANPAHsD ¥+ % nm, AHDEE X ERIGEOERE . FhEhi2s &
VIV ra =)y ZAWMMGEITET A EEOE 00019 W/m?) TR L-1-= oLy 7
1bZ B 522 L7z BT L7210 ONPAHSD 9 5 BN B, SIE NS ONGIRED IIRB ST,
15-Y =t ud 7% L a2k ML, JStHEEICX FEVERERIC BT 2 LisE T2 BRGT L T, XY
DB E 572 (Table 1), wHEOZL % MaT L LW RERIMETHLEEZOND, 1-T 3/
WEDSIL1-Z ba L SR BRI L Y 3 YL V3 IRER o ER» 5 b ¥— 7 L6 x
TR E D, BEOGT e L THSESET THEDR 10°CTHRI S (Fig. 3 a), SLREI24ERH oW T
1000f5 L iR - 72 (Table 1), oD &5, Z¥— 27 mEA22 x 10° 20, WL 0 AT
1-=hu¥L Y ZIED LT 50 DO0NDONPAHsIE, ¥-572 (Fig. 3b) 2&05, 1-73I /KL ViE]-
VA IV aolEREHET L EEE AT D = MY L YBEETThR OBBE AT AT
ZENEZLND, LOREM THD EEZHND,

R EHTICBI S 1-= b a ¥ L D5 REY HEMETIZBITS1-L FEF I EL Yy BIU]-
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TIJELVYOREEREHET LD S 12510855
¥ o572 (Fig. 4 LD, Zh 5 O5REY OGS
WX BHEMEZI-= PO EL VXD /NED o2
(Table 11), HK5HOMAGDLEIZL L1 -=+u K
Ly ol BElBcld, BERBRICHSESTH -
R ORTFF<) IV ra ) —7) 7 2k
DWEEAHE SN2 (Fig. 5) Z &5, BHERIL
HEAHC & o THIL L 7200 E 1%, e\ fr D Fl v
EHEZEXL-= Pa ¥ L olEEHC Xk 2 3ENE
BICHFS LW L 2R L TW5, HRdEm R
B BNGEMT CARBLRN L1 -= v Ly
WS 1-T3I 7 Ly 2BRLAMEDIIFAE S h
Lotz LEOKRNS, SO MEYILIREIC X
Hl-=ba¥ Ll ryomE2iciZizt A LHS5 Lk
WweEz b5,

ROSHEWGAERTIE, Wi L2&ToduiEE oM
xiF O EE A IR AT60 5 LLRE o IR IX & e _CTH RIS L
HL (Fig. 6 b, ¢, d), ROSOAERIHENT F <Y
IV aoBERBERSFEICEA L (Fig. 6 a)s
AARIMERERTIX, AADOHIMIZ X YROSO LR B X
Oy =) 3Ty aoEklERO EAPIZS
7z (Fig. 7)o 4-=FBEL VYR6-= bRV
[a] ¥ L ¥& &M ONPAHsIZ, %406 (UV) @
—H#UV-AZ B9 5 &, ROSR 7YY —F TV A IH
FEERIEARAE TR L 72 (Xia et al, 2013)0 N>V
[a] EL YR L VICUV-AB X OWHDEZ IS5 2
&, JCRBEARAEM IS B H R S 7z (Botta et
al, 2009) YlbEooZ &5, SEsHCEL1-= o
YL Y 0EEEICIZEICROSO LK ATEL L Tw
HEEz o, T2 ROSOAH D 5 il ik B % A%
CHIERERNIR L, —HEHRFEZ LT ) —
T I N NVIEERS T & & OB CHOL 2 T &
2L, kA MEEOGERRFEE G F 2 AT
% (Voeikov, 2001). ROSHRGRERTIX, & ToHuE
Y OFOIRE DT IZF kD% %R L7z (Fig. 6,
4-5) 72%, ROSE/1E7V) =T VW VoMERIE%
L TWABIREESE Z b/, Th b O@ERIR
DGR, MIENOBBILIEEORMZ &, HEREWN
DEALA P LVAREAL, #iFke L THEKHAEICES
AN ZALDFEAENEZ BN D,

UVIEgHIc X 2 €L v o BBgE I 2 H L H
R ST w b (Newsted and Giesy, 1987 ;
Pelletier et al, 1997 ; Swartz et al, 1997) 2%, A
RTIIRWPFICL 2L YOy~ IV rall
3B m M EITHE SNk h o7 (Fig. 4. YL
> ®mysid shrimp (Mysidopsis bahia) (233 5 3k
FHEEATF (UV-AB X OUVBOGEE : 2hZh

970+ 06638 & 18337022 uW/cm?) X1 H UVHEH
T (UV-AB X UV-BONHSE © 22 Nn397+35.1
B LU134£228 uW/em?) 2BV TR - 72
(Pelletier et al, 1997). ARWFZEIC BT 2 HagaaEik
BRcix, UV-AB X 'UV-BOJHREE 1 Z 1 Z10.019
B L U°<0001 pW/m?* (1.9 B X 18<01 uW/ecm?)
THY, BICIXBEL Y OEMEFEDE NI IS
L7 GEE ORI T b LS NS, F
7z, NPAHsl FEtoG5R B O SGRUC X ) #2558
¥ o572 (Table 11) 2T&»5, €Ly EDOPAHs&
D b OLIEEEATI00RE A LSV OL D IRGHC X ) Hk D F
EAEZ B RMEARIZ S 5,

BB W S N 72 NPAHsIE H 25 KB 6 121
Na72, HHEIZXL YNPAHsO HED R F 5
BB T I 3EETH D, KICL RS
72PAHIE IS PEFE & L C, FEICROSXRPAHH kD 7
V= T hNEEL, HENIZHRIS N7z RI2I3ER
LR E % &2 A3 %5 (Fu et al, 2012 ; Lampi et
al, 2005 : Arfstena et al, 1996). Z L5 idkk 4 7l
fa kiR = 5 2, SMEERLEEEEFET
% (Fu et al, 2012 ; Lampi et al, 2005 ; Arfstena et
al, 1996), #HONPAHsIZ, %4456 (UV) o —&
UV-AZWE$ % &, ROSR 7 — 5 I H VAR
BRI AT 5 (Xia et al, 2013), —HEIHEEH
HREDROSIZT I /M, # o8, RE BIO
DNA &S L, & e UGB ICEE 2 5 20
KAEBl &K (Tyrrell, 2000)o F 72ROSIZDNA
Ry NI HEICHEE S 2, Bk, KAE, OIMER
B, ENEE, BXOZFoMoERICER LAY
5l &i#2Z 9 (Loft and Poulsan, 1996 : Stadtman and
Berlett, 1997). % £ O AW IZHEEBREFICB W
THRRETHL OO, LR THEMEDODH 5ROS%E
4 U 2 NPAHSICHERE S, 2O RFFICHAGIC OB
ENTW5E, ZD72®, b LNPAHSORE L X)L
<, R SR iU, WA IS E Y
BOD| SR SN WHENEYD 5,

HAROMIMIZBIFs21-=rar72 Ly (MW:
17317) B L lp-Y=btuF 7% L ¥y (MW:
21817) OixHMIMEEIXZFNEN37E L U010 ng/
L 218 X U6 pM) &5 SN Tw% (Murahashi
et al, 2001). MIHB X OHAFICBIIA1-= 1
YLy oigmBtigE e lcsvwCl ng/
L (4 pM, Ohe and Nukaya, 1996) B & O°HA#EIZ
BWT05 pg/L (2 fmol/L, Murahashi et al, 2001)
EHEIN TV D, BIEHEET V2T, Yaffe
et al. (2001) &H V) 7+ =7kt (BEEFTIVIC
BUFBKTHY, WARRLIIIAKZ EIZXF ST
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HWw) Ool-=rr¥ly (MW:24725), 1-=Fh
uF75Ly, BXo2-=turzrtlbry (MW:
211.22) WE%ZNnFNn29, 10, BLU22ng/L (12,
58, BLUI10 pM) g L7z, F72, Huang and
Batterman (2014) X3 v A vilkdhol1-= o
¥Ly, 1-=bturz7%Ly, 2-=bta7tL
v, BXU6-=tur vty (MW :27329) R
=ZNhFN017, 117, 87, B X 10011 ng/L (0.69,
6841, B L 17040 pM) LR L7z LA TICE
FHYF <Y IV as =7y AWM EOREK
HEX1-= P EL »001-10 uMEEX, 1-= b
a7 %L 10 uMigEIX, 15-Y=htutr75 L
10 pMiBEEX, BXU0'2-=ra704+ L 1-10 uM
EEX, BXl-=ba 2zt 1-10 uMEEX
TRD LN (Table 1), TIN5 OEENED STz
NPAHsIEE X Z 15 ONPAHsO A S 72 Bi3g K
BEI)THUEEP, Doz s, B
NnETAH, 1-=btuo¥lLy, 1-=buar+7%L 7,
15-V=turrz74L v, 2-=btarz7itlLr B
XU06-=tuz ) troREPREICBIT, ki
X ML E F G L 72 e B K33 B
BREMEZEZ BN D, UL, BRI HEEE
EIR AR L (Xia et al, 2013), JGHREATE S %
5L ESETTRRESEZON S, T AN
—D—FiTH 5 Neohelice granulata |\ 72 kT
&, UV-BEEGHZ X DROS, #ELIRE, B X UROS
DAHNNRY T v = LTS 275 5 7 —EDLED
FHEE N (Vargas et al, 2011), JEHMEOBRWUVE
W3 % & e BN L TR B BD b b
(Naganuma et al, 1997 : Wiibben,, 2000) Z &»5
FE % EHPROCOICHREE SR BRI A B3 5 AW
W HEEIIOWT, L) FHIRE T 2 LER D S
EEz2bhb, 3-=ha7VFS5 7Y, 6-= b0
sy, 27-YV=bua7vrLy, 13-V=FtrE
Ly, 16-Y=tu¥ly, BLUIR-Y=bultl
VORBRKPRERIHREINTELT, IhH0WHE
DWFEAEMII T T RELFMT 52 L1ETELdo
726

44 FED

REIZB\WTIE, NPAHsO Y REE A RER AN D
MK T A L2 HME LT, 10MONPAHs%
Wk e L, oI Ty~ IV

XS B BB T 2 AT L. T OMGE, W
L7210 F ONPAHs® 5 H 9 BB L, SEMGHC &
DHEMEDRTY, 1-Z PO EL Y ZBDETHNL

OMONPAHsIE, ¥4+ ¥~V IV yaoiiikz HE
TONHEZATHIEDEZOND,
KXo TRDFBUOHEEF /21 -= b L
NZDWT, KIS & 2 HUEEANDEG % S5 R
B L OBIEINC X 0 543 2 ROSO T I 2> 5 B L
ToAE R, AL EICROSOEK AE S LT
HrEZHN, AR L7ZROSIZAHES % &L
GRS 2 5 &itE 2 U CHITE N o B ERA IR oo 1
7 EREBAEMNOBILA LA EAL, R L
THIKAEICEDL AN Z X LDEENEZ NS,
A THEB FICBWTIAF<Y IV anilE
TREHEATRD & N7 IE & Wil S -8B K i %
Wi LT, e cHMEDH HROS% 4 L 5 NPAHs
DFBE MG U7 R, BB & NIz T
éﬂtﬁ%*¢ﬁﬁib%%ﬂim(,tkiéﬁﬁ
ZALZEZBLTH, THh5DONPAHsSIZHIIEDBRKEK
PR 1 C i RS B A TS REVE IR &
ZbNTze UL, JCHMENM L 25 & BMEFEH N
FTHREEREZ SN, T2, BREORWUVZ RS
T 5 & RN L CEIEREN RO b NG 2 &
Mo, TELEAREONREI TR ERBEICA LT 5
AWK ANPAHSO R EIZOWT, X0 FEfICHR
WTALENRHLLEEZOND,

BoE WMEEE

= hu7L—>r (NPAHs) 3KBERELZELET
DB )L £ 404 L (Bamford and Baker, 2003),
IRAAY) % & IR AEPN I LT~ o2 A L
(Wislocki et al, 1986 : Busby et al, 1988 : Tokiwa
and Ohnishi, 1986 ; IPCS, 2003 ; Michelmore et
al, 1998a, b; Bacolod et al, 2013a; Curtis and Ward,
1981) THY, 1EE%*¥@1§H§@F"“ AT B EIE
¥ (Nielsen, 1984) & L CH 2 ICBRBEHENR S &
NDZWHEBO—D L EZ b b, NPAHsIZ KA H~
PR a7z, 2o—HITRABETY, FEITKEWIC
X o TKBBEBEIZH A L (Ohe and Nukaya, 1996 :
Murahashi et al, 2001 ; Takahashi et al., 1995),
WA IR R HEIRIC 3 A % (De Giorgio et al,
2010 ; Fernandez et al, 1992 ; Ozaki et al, 2010) 7=
O, BHEEBRICKITTREIBREINS, T2
NPAHs & 73 FHEE DV ¥ L VS0 LB F IR
AKF#E (PAHs) 384 (UV) BEHICL Y, kE—
TG D R At 3 A Btk E 5 (Pelletier et
al, 1997) Ze2¥mshnTBY, KBk X Y NPAHs
DB RNTTHEPERT LI RENEZ 6N S,
DD, AR R, HAEZR ST S iy
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PRI Z T, J64eth % # 58 L 72NPAHs O i o AL 12
B HIERERZH S, MO & It
WY 52T, B MBI 5NPAHsO iR R
NOP) R 7 EHiiR4TH) LR HE L, AR
FEhiti L 720

HIBERERIIIRR A A AR L TEBY, BT
BRI T BB T 5 DITH L V20, K
FERORZ L4, S8, W, BIOHEIC
T 5B LR EEEEE AL, FiTsZ L
DI X T BH (OECD, 2002), % Z°C, AWfse
DREEAY & U CTREBEBE O R OB, Wik
B, BIUREORIME®E LIz MERED 51X
OECDT A M H A4 KT 4 ¥ R KT A3t e 31k s ER A
WELTHERLTWAAT L DAY ZRE L.
D & 3 ERHEE o7V AEY & LT o2 i
A, F, GRS X 2 A E R E LTHEL
TWbYAF<) IV raz®ReE Lz, WELAENDS
WEREEoOET VAR L LTCo#EE Rz, A
R Tt T — F BEE R 7 A ) h Bl FE O i
FEDATHO—FE, ~3IFark, HRIIBWTILAL
FEWAEPEDS 2 S, F/2, KEZEICBOWTOEREELHE
KEFETHE~Y TN VA &k Lz BRWME L LT
&, ANORERERBEANG 2 58O TRE ST
WANPAHsSD ) b, 2-4BOFGHEREFOLET
peAbAk#E (PAHs) OF /= tufkB L8y =t
HRTH L0 % EE L7 (Table 1),

9, INSO4MORBAEYEHWT, EELL
10f ODNPAHs D @k 5k &2 X7z O R, 105
DONPAHsDH 5, BEHAT LV MARIIH LTI -=
FREL YA, @Ay~ I raix il
vz btu¥l yHED, A IFa S L TIE3-
b INFFT T UBIPI-= bR LU, ®
AFTLARCH LTI -=hEF 77 Ly RNERENR
Bk # R L7 (Table 5), 20720, REEWD
FFIC L > THVWEHEEZ R TWEIR 2L Z &S
N, LW OEREREEICB T, HE
BEREDSE 7 2 B o AWt 2 v - s B RO &
BENLD THER S Nz 72, AR THSO N
NPAHs® ZPE# Ml & NPAHs & 5§ 2 PAHs D &
PEHEMEZ B L7/ 8, = v e koA X 25
PDOEALIZRBAEWIC L > TRE-THEY, = b
HOFWI X DR mEoHE I INEETH L L
PHOLNE L7 L2L, KEORNGEWE TH
BHNPAHSIZZRE RS M EEbRLTWnA
(Wislocki et al, 1986 : Busby et al, 1988 : Tokiwa
and Ohnishi, 1986 : IPCS, 2003) 7%, Zh & #FHEM:
HONPAHsO#HMIE, EMRZERBICL - THS

PChbEEZONL, LB BT
IR X O R R E R 7 & DRI % — g K HE DL b Ak
Fsega720, MANTRETLILESH L, L2
L, TOMWVERFVERIEA VD720, HRERF I
T hwERE s, AR & 2 RINRERBOE
Rl IR X e W & [tk 2stE 9 o 2 2 TARIFZETIE
feBir LCa L AT u— XLy MR i
L7

SR SR BR T ERBR AR LTk — i s
AHobNz1l-= aF 75 LB L, EE PR
B XA FHoSMEEERB TR EEO®N - 72
1-=huvL v a28BmEL L, BRDEZEAZ
ILVATH—LARLy NEAIIFOYIFa S XA AD
A H HIAR, BERYE O 2RI~ DR AT iR
EERBLZ. ZOHKRE, BHXWEP1-=taF7 5
Lydhbrwidl-=robE L vl WXL D
4 AR OEEBRHE P ICBYTELIHERINRTEY
(Table 7), Jaiifah I LW E 2 BIT 35T
B LT, IV ATFu— Ly NBREOARMED
R EI NI, 20720, RFEHEEHVAZ LIZLD,
A ZGNRNTRBAT L7AL A E O RT3 388 %, X
DHEICHRFCXAZENHLNE o T T2,
JRIDOX I F a 7 ARIHBPWEEEAZI VAT
O—VRLy ML, BERWEOIR~DORAT % T
filids e &b, R LTELLZHINNOHENR
BEBGT Lo ZORE, SHMEFKIESEMRE L7k
PRI LTl b 2o B IR (Table 8, 9)
ThY, ZOIREEDSINRILMTEE 2 5612 U 723k i
WS L2, 2R S OFMEAM % NPAHs AT 3B
BT B REX QIR S X Ok iR & i s h
T AEWERREL (BCF) 2T, AKHEELRRERICL
e EICER LR, 1- = aF 780 ok
2 (LOEC) #19 ug/L, 1-=ha¥L >
DLOECH & Ol KIEZB S (NOEC) »EhEh
32B X188 ug/LeHfEfl sz (Table 10). 21 b
DfEIZ~IF a7l d51-=haF 751 rBE
Cl-= v vl roatiditii <h2h560-1,100
ug/LB & 0°45-290 ug/L & b $51-580f5/h& <, 1k
LW O RE RS AN B 1) B 1B R O B
PEDSL D THERR S M 7zo WERBIA] 2 V72 w2k d e
REETIZ, RBUETol-= bo L r oK
%021 png/LE 0 miRE IR CTE 272 (Table
5) T EnS, KD S DAY D AT AE
HEREANDO BT #E 212 {, %72, biomagnification
factor (BMF) 120.008 (Bacolod et al, 2013b) T®
D, P OAEYRMED /NI VERHENINE Z &2
5, 1-=bo YL r2SEBEAREIC TR
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WD T/HhEWEHEM SNz UL, RUFZEDO MR
W T AHNPAHsIZBRFE T WM B L OLEN 2
ERHICIBEEINTED, NPAHs: 5 FH &I WY L
Y EOPAHSIZERAMIGNC X0, WERE W § %
D E 5 (Newsted and Giesy, 1987 ; Pelletier
et al, 1997 ; Swartz et al, 1997 : Huang et al, 1997)
Z M5, NPAHSIZOWT S RIBEDRENE 2 S
720 ZD7280, NGt % E 8 L 72NPAHs O ifi: i A2 1)

W29 B BB WTHRET L7z,

EN G AT R A ARV A A ) BN
BEEEEL, LR X 2EMELE LR
LEZONLZT NS, NPAHsO Y F< Y I TV
=403 ;37 SUL NS R WVaF: 2 EADD i L AN R o (A NI
THET U720 ZOfR, BT L7210 ONPAHs D
I b9, SEHRENC X D EERE 5 720 HEO
ARG LW EDH) B, 1-= bl 25k d
RN X D AR E D, WS LR L TS
PFCHEALO00RE L L FE o722 &E0n, 1-= b
DY Ly EOBMEONPAHSIX, Y4 ¥ <) IT
IOHKEMET 2 NERE AT LWL L
ol 7o, BB S 1-=bubE L otk
DEALDFERIZ O W T EEFERE (ROS) B XUk
IR DA O A S E L 72k R, ROSO AR
NHIFIFY)IT Y ZO)i_iﬂ(Bﬁifﬁi_ ZhHZEERGE
BRIICHERE L, M b \ZROSD A i %3 %5 5
LCTWwabZENRHLNE 7330 f:o SLRESHC X 2 PAHs
DHEFELBNHENENDOA N Z AL % /L THhD
&, B YR SR APAHIZEMM & LT, FI
ROSRPAHHK D7) —=F IV V&L, HRNIZH
INEN7-BIITEBLIRE 2 L2 LK T 5 (Fu et
al, 2012 ; Lampi et al, 2005 : Arfstena et al, 1996),
IS KA AR CIRE 2 5 2, AattdrkRe
EIEFMEEFHET S (Fu et al, 2012 ; Lampi et al,
2005 ; Arfstena et al, 1996), PAEDZ &5 5, A
e CTHERE 8 72 IR GHC X A NPAHs D 31 75 8 B A%
ZHEMTHE, 1-= b L v ENPAHsZ & il
I E ST 5 L ROSHVERK L T ¢ g X
ARG &I L, MigNoEBILREO®InNZg &R
ERAEM N OBEIE A N L AN ERT ARER, ik LE
WCEDLEEZ BN b, %§§F®§§V‘UV%HQE¢‘§"% &
e A RE L L CTRIE RS H 1 (Naganuma
et al, 1997 ; Wiibben, 2000), €27 A4 =®—FfiT
& 5 Neohelice granulata® F\ 72388 TlX, UV-BIR
X VROS, #MMRILIEE, X UROSO A A X ¥
Vyx—b LT 2% 5 —E0EEIFLEI N
(Vargas et al, 2011) Z &2 5, HHMEDORWUVIE
BoaTh, SN L BRI 2 HEFER

Z AL EFMFOERIZ XD, FRSEI L ClEk S
R EOREERITT LM S NS, 72, Ll
FEARAE I BRI IR E A3 T 5 (Xia et al, 2013)
728, JREEDTE L % B L BSOS T REE S E
AONBIENS, T#EREHREDIERED TR OB
B\ZA BT 2 EWITT T 2B T, XD REC
M TAULENRHLEEZOND,

NPAHs Oif e W33 2 Bkt 2 S e L
72Tl s 2k e (PNEC, Table 5), 2LV A5 10—
w&v;b%ﬁﬁ%@%%#%%ﬂbtmmmwﬁ
IR IZINEEE % 22 L 712 Mt (Table 10),

OVl i B 0 B IR X % s ﬁ%%@ttﬂ&
FBREE (Table 11), L IEHOKPEWNRES X O
BT UK KPR IREEZ L L, FEERBRICE
B AW RIZT YA ERET L7z, AL AT
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