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1. IRDER

BUE, KRFEICRT A HPKEEIT, AREHERG EEIZ LD B LN RE O LFWE
HEKREHEH B) 2 55 & LIERIORESHIC LV IThTnd, LarL, ZOFET
I, PEAREEIE B C R SN TRV P E OF 4+ 1 2ie 35 2 L s HIR e
b 2SR IACTFE DO IAFIZ K D AEMTEFE~OEE MR e & OFE M A AR ]
RETHD, TDID, ZOKRYKEBEROBIGIZIBW T, EEOEMFEL - 741
PEFE FIEONA AT v EA)OBANREETHDH, #TH, WET (Whole Effluent
Toxicity) Tikid, AESCEELR CHEEOEWREEZ AW T, {LFWE LT T 5 2 L7
SHKHHIZIT O FIETHY . ZRHOLFMEZRIERE U CRHMEiT 5 Z & A FHET, BE
ICKEZ ETRASATWS D,

Z O WET FHEIZE W T, KERERO—RAEFES TH 2 BIEO BRI TR BT
THY 2, BUE, BEICEIT 2 BRI, 72 R A R I #E R B (OECD Test
Guideline 201 : TG-201) & LT OECD T ko THMS L S TW5 9, = DB,
P OARE ZEBEMICBIRTE o0, RBRIEMB L OEHN KW ENRER S
THEY, 2OHERE LUFWEOBFMHMIAE T S5 £ T 72 ML B2 235
SR, BB OBERMENE N AR ERNEZLNS, U, 10 HRELL EofkE
W N ELGE - IGE SN TV D BRICBWT Y, b oEatedikes L OBRERE O
eI DL ORI IEF I N TH 5 F L2 REL T D,

ORI TS T FITEEANA T v A BT 5% < ORIl AR % S
TS 99, ZOHT, BENFET HEBIERICE B Lol AL 47 v A Gk
R 28, A, i, (Ko A Mgl A & U CHT IS - BRI STV
% 1015 = OFRERIIMCFWE IR LS GRS D IR RO A L) Bk
FWEORBEENE AT 2, £, ORI ERROEROFHIT, 1EkOR
BRICIE, ZROMFMEC L D EA R L L0 i - dUEICRHEd 5 2 & S ATEEZR AR
THY ., Z< ORBRMPER SN 5 HKEESCERBERE OFHBIC WV T FEFICH IR
BPIETHDLEVZ D,

FRORRI, Z ORERZ PKE B REERE 0TI IS T 558 £ < OMIFHTE
AR OEMICERNT S EE2 65, L L, BEEFOLLERR CIX, (L2 EH
RIC X 2B CEARBER O EZ M 2720 Fall L FWE BIRIC X 23 %
T BIER S~ DB LR T D2 LENDH D, = ORI LI EARI 3 2D B %
SDZEENRI O N TRWVIGS ., BAERELE EMICHET 2 Z L8 TERY, LnLan
b, N AR FE L 2L HOESBEAZ RV T, BRI ERRE



AR E I SN TOWRVWORBUR TH 5, 7o, RF¥REZGLEZEDONIZEHEA
TIE, £ DR DR & ZRBFEAAE L, TS D BRI H 2 FEfi S TR Y . Sk
AHDESCESRBIC L DERNBRE SN D, L, RO X 5 ICEBIEFREEIZBT %
b E OB DRI D IR N2 e D EN O NEENREE R T LTSN
D WFIEPEARRCBRETAURI ORI 21T © 21213, 2 OB HIKRIC & 2 52 BR Al 235 (2
HETH D,

2. EHEREEHBRAEESEE : TG-201)

B R (growth) ZFEEE L LT2BIEAA AT v A THY | ALFWE 2 a5
W OBINZ T2~96 W[HIRE L, TOAERMERZIET 22 & T, BE~OREMEE
BT 2R CTh 5, ZOMB TR, RAEMDOMERE 50% ) S5 LHEE
SN EERE (ECso) ZR D, ZOEEARMERBRIL, #&H ) BRRHEE

(Organization for Economic Co-operation and Development ; OECD) ®7 A k77
A FIANCE> THRMBIL SN TV D REM LR AERRFEERBROO L S TH D 19, %
o, ZORBRICBT AR LI, BEMRTOAYE (551 ml 4720 OO
DHMEZfE L TV D,

BRI TR ORI ORISR Z W D BB & D | MERpEE T & A Imfl ST
W5 2 BRI U756 IR 2 BAA 4 2 £ TIZEE (7 7) MEL, IEL
WERBRE R MG DI, D7, WERBARTIC, BB L FIRMAT T2~ 4 AR
DR LTV, RS OB A/ OMLENH D, £, BEXRERVED b D)
HE L72GE, ZAUIERTE 20,

FERIEIHNZE S 5 £ TORTERE O HIFLPHINd 2 M Eid, M3 2R RIS E O
FESRVECHREE | FEHLOD R &7 EITHAFT Do LT2D > T, TR TR 2 55 s E
Rk 2 125 THER ATV AR 2 AFR T 25 T EORED AW R ZIRINT 5 &
il B R EUEAEHIC AN Y | ZORRG LN EMER EOJEL L TR niEz
BN,

B OMERF TV TIE, BB TRV 285 CIE R < REBRE OB E 2B A fH L7z
BB ORMEMEFF 2B 512475 T LR (BI:C B, 7 U 2 FvEs iR &),
20~25°CC, ERSMFEE (60 1 mol/m?/s) DIEIRE THo3ICHIIHE ., ZHLLF D55
JERE FIZBAT L7256 IR RMIFIIE A RS 72 L CENAMERTT 2 2 &N TE 5,
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COBGBAMAME IS AIC1ETHFYEEEZ LN TV D, MR OLAIT 12 B
M2 & ORISR 2580 5 2 LSRR T= 0 EH B O H - H RV S WENICHTE
LTH LW, LaL, HEICAERRERRZ T 554672 Sk, SBREFIcmo ks
TECH R T 5 2 & T AR OBRICA S \THRBOEM OB 2 S TE 5, £z, B
BB A T 2581, B GRARCH 4R ) ME Of B2 i U CRER

BETHDILAWMRTILEND S, RBROBFIMZ AT -0 EEWYE (E2 o
L) U L BRIFHR) 12 KD ARMFERBRAITVO., (EREE ORI B e
CLEMETOHDOLEETH D,

A RPHERER T, AR EOWRE Z D56, 1 SOFWE 23+ 5 D
ZHAR 72 R DA B2 Bk S5 2 ST &, MERERTE R0H -0 R oD YE RS IS #e 4
. B OREERME D D B 2 Bl e Ok 2 B & 3 5 72 b AR e AR S S L B
LD, FOH, aAXAMNETOAHEBREL D, IHICBRTIE, U A7 MO
HEPMFEWEIC KD ARBEDA T, FEHED A T = X 575 EOERFHERTH
NTWRNZ &Y, BERESHEEDTDIIIRT+STHDL LEERIN TS, £DT
O, HEHPOET, BEA D =X LEHME LT WEOELR (BB U R7EE
M FEOMSLNBE & 78> TV D,

3. BHFOCIERER

BRI E BRI T BT DB IEFOC AR & LIS RN 47 v A
Th D, BRI LI, SRS (ihlt) 22 G RAEM AT FICBIT 52 &
THLNDINHLETH Y, Strehler and Arnold (1951) (k> THA I 17, £
Too A A~ AR, HAERAEDOAEPRELZ M T 28772 Invivo 2L EX BN TE
VW RTONEGREMDPELER N Z T 5 EMEINTND 19, BIERIL, F&
LTk s2 0 (PSI) ([2BiT5 27 mr 7 10 a (P6BO)DIHHITER L Ty, Z

NI SN=7 T A &/ v (Qa) & P680 ORI TEMD AR AIZ L D EF DI
BRTLEEZLNTVND 20, 52, ¥R T (PST) 1, BEFCOKBS 217
STNRNEREINTND 1, LnL, ZNEIFRRLIFELHEINTEBY, £0
FREIIRIZITH G TR 2D, ZOH T BRI T 5L T O X 9 il B FTE
T 5, BIEFIT, BEONEGREZMRT D720, ZORNEIL, FIET HBIED
NAFAEPET D EICHHATES 1B, F7=, Katsumata et al, (2005, 2006) (Z
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Lo TARMEFERR E OMHBEEGRAME SN TR Y | BRI 2R & Ui BRI
OB E LT, REOLFWEZHMTE 5 Lk ~6 TS 1011,

FHROFHMEFIEE LT rr 7 oovaedt (BIRFEY - prompt fluorescence : PF)
WIS TT oA PRI TND, 7 a7 ¢ VESEOFHIITFE LS LT,
2V A E W2 L 22 (PAM @ Pulse Amplitude Modulation) &3 L OY
N T&T 0 —=TVEOMIZ, HERDOFERE THL PSIBEIOPSTIZZENZEILH
KT LW R 684nm & 735nm DHEE(F684 / F135) % iz b Did % 2220, PF (T
KD NA AT A 1%, BRI L 258k &[RRI HUE T fE, K=o X h 72k
BRPIELFMMEN TN D, WRNHEOE N LT, LLFTOERETbND, PFIL,
B BURNOFNBELZETHY . IV~ TIN5l T D BIEFE I e~ 5
THEW®, Flo, BIERLIE, PRICHNEWEEL RT— 5T, Z2OJMEL PF
D 1%L T LIFIZH N DO TH S,

PF 2 L 2RI E OB G E ORI Z TE 2 Z LRI ST D 2028, —
J7 Ty BIEFEIEIT K D m R S AL E OB A B 2 fE - UK - 5 2R AT EE T
o EWEINTEHY, Katsumata HIIREHFI(C T, <=V 0) KB L8 E
MR DR A BN L T\ 5 19, F7-, Takeuchi HII#FEDO S EEA EH T 2 THHEAK
DM 217> TRV . ZOWMEITEERE L RIS, ARERTFIEDBREE K OFHEIZ
FHTELZ AR LTND 19,

ZORRIT, MR A A LB ERRII D e b THE IR TW D, L, &
FEFECIZ K D BRI O b 9 —DDOFE E LT, JRXWE ORECRE ISR T 2 15 #H
UL E DOHA RN T DAEEIT) 2R ATRER 2 LR b d 12.29, JBIEFY,
D FE/R R A TR T B BE% O PST CTAEL WS TH LT, ATP R, 77 24

FIEO 7 v b AR, AR A M LA EREY) BhiEED A~7 ML X OHMEDE,
MR DA R B 72 & 2 7R BRI L0, AP E R E DB A =T % 3030, =
D £ O NTEIA~ DB I LR A B B0k 2 2246 E B K D 572 5 E BT 23
EATSHRERDI SR Z SN TRY | BRI LN DAL RBER Z R L 7o 58217,
LU, 7 w7 4 Va3 B BERT ORI Sz 7 v m 7 4 V)3 EEIRIB I ER
LHERD T F— TR Z £ > TV D 728 | BEFOGE 225 HiliakiR Tld 2 612 B
T O EBITAS D 2 L A HRT EARIITERBRIE T 2 B O ED B &7
i 2 b DIT72 5, BIEFIEIC KL HRBR Tl BEIERCOFHNC L 0 s L2525 2
EMTE, ZOMBUIFEET 2ILFWE DRI LV ZDORIRPENT 2,



ZOEEBIET D 2 & CRIER OB T 23721 Tle < L ALFEE ORES,
ZOEREF. 2 L TRIROKICHIRE OB P23 M2 2 E N TX 2,
BEIEFE S O HL 7 R AR & Figure. 1 127373, PSIOBEF R D) BELOPST Gtfk
2R 1) AR OTERIGREBE THY, zuoa T 4 X2 U I ENLER S TH
D, £1o. PQ(IT A RF V), bef (7 vk belf EENKE), PC(FT7 R R T =)
TEFZFERTHY, PSTCTHESGLICEFEZ PSTLICZTETEEND S, itk LT
X, PSIICH 57 m a7 1 W(P680) N TE 1 & M54 . BAIT/FIET H PQ X bef, PC IZ
BIEHRLTWE  PSTI O aa” ¢ VPT00IRET 5, Zh, HE S LB
TTRIEERZ ST vy ZHOKHED, BT F XN TdoihrslEiEshd
(Figure. 1 JAMRRED), Z OWRBLORSE, PSIICHH 7 a7 4 VICE PGS
T5ZETRIERNPELD, ZNBEEROUIEEHRSNDERTH Y | BIEF
DFREE NGRS D DIXALFIEIZ LV GRS TIThh D EHnENE SN D -
DTHD, o, Aib L7z X OISR ZFHAIT 5 2 & TR A G5 2 & 23 Hk
% (Figure. 1 FTX), Z OEMARIL 2 DO —7 2> TWAH Z ERHEINTEY .,
1 SHOE—7 1 X5HABRME 0.1 PHUSCBIRITE . Ao FEEH TH D PSIICH
K925 Z EMWRBENTNWD, Figure. 1 £ FORHIZH 2 7REIT 0.1 FoHLRIZIH )
TEOMOMFR LY SEAITHFELTEY . ZiuX PST O TIToiL 5 RN
FEINTRER, REETFNRELEZZ LICGER LW, 2980 E—7 133HIBALA#%
10 BHATAHALZ ENTE, PSTICHKRL TS EEZ LR TWD, PST B4
CDEFBEOWMPILE S NTRHER, 2 DBOE—7 3T 5 L HfE STV 5,
T/, 2500 —7 MOz ENT PST & PS 1 ORICFET 2 E 2 FIK PQ, bef, PC
TITON D EFEDOEL R &% K3 5 rTREMED B ST, Katsumata
51X PQ, bef, PCROE FriEx A% %5 DBMIB (2,5 - dibromo - 3 - methyl - 6 -
isopropyl - p - benzoquinone) & Wk L 72 BFHDOMEEFH N A FHIL . 55 2 O ¥ — 7 il
WEDHBHS BT S Z A2 HE L TnD 12, B2, Chuenwarin b % Arabidopsis %
N BRE RO DML ERER S . 3 2 O v — 2 2% PST LG A BG4 5 %
A SR LT D LHERTL TV D 29,

ZORRIREFEN S . REOILEMEEZ MR E LTS A7 U —= 2 T E~DOIG AR
FInTns,



4. J =7 =/ —)v (NP)

KE %% (American Chemical Society) D1 #: T#H 5 Chemical Abstracts
Service (CAS) I, AR INT=ETOILFWE OIEFREZIEER L MERILT H R T
ME—DOETHY | LEREL EO(LEWEREE SN TV D, (LEWEIE, HFIFo%s

IZPEOWIER R BVERE - SN TR . ABOAIRRRICHIR B/ LTS,
Ll 20— T, HERRELCA Y U OREE, BRIERIC X 5B oiEk, WE
OIEMHALEOREMELZ B ERETHLH Y, b MOBEABY e & OAEWEICHk~ 7o
WEBLEH XD EDRELRESINTND 3049,

IR, AR FORBEA~EZEL RITLTND E LT, AW < ELE R

BWBELEED TS, TD1OB /) =17 = /—)L (NP) TH5 (Figure. 2), NP
X, TAFNAVT =) = VI IN D GG T, FEA A SmEiEMEAl & LTl
IR ERTWS 0, /=7 = /)—/LT % L—hk (NPEOs) OEFETH
D, T, RFFEROCRBFIFELRE e REESHTHHERAINTWS 5, £
7z NP OAEFEECHE A &I INERIcH Y, TAFLT7 = ) — VHICEIT D4R
EED 80% % HHOTWD LWnbid 2.5, BREPIZHH SN/ NPEOs (X, /=17
=/ —NVYxT ¥ L—k (NP2EO), /=17 =/ —)LE/ T hF T L—F~
(NP1EO) (t4fRSLTWE | R L IZEOHE DR 725 5, ZD#%, NP1EO
DRI nsZ T, NP RAERSND (Figure. 3) 59-50, Zd7=H, NPEOs X°
NP 78 FAMEG H R D FEARSC, Bk EB KOS H bt S &R dCl
HEINTND 050, F T &2 Tk, THEREAS KRG E K b <240~ 3.9
E4 ng/L, %F%wﬁﬂi<1w~4umngLﬂ@Méhx&N>fwﬁ X H= A b
B URRERESI SR TEERYEL LRI TWS ¥, £, BRIZBN TS
K2 0.05 ~1.08 ug/L, HEREWNE 30 ~ 13000 1 g/kg, F/RKAELGFEKD
5 0.08~21.2 u g/l ® NP NZNZEME STV 5D 59,
1991 4£, NP |&, ADFH D52 EER T2 < S E OBV 0 e S v
ZENDIEREED O 4 HE TS, B A EWITRET 23D AAMEIR B R E I 22
60 FEHBE MU, MERERIAER OB, BHIEE O FE R ®E ST
%, I T, KEEM~ORMREZE MRS 2, SIHOSMEREMEIT 17 ~ 3000
pg 't MFHEE S LOMSEICEI L T, £ 21 ~3000 pwgll, 27~2500 u
gl THLEMEINTND 6, £7z, BIETH NP x5 & LIckkx R0 Tt
TN 5% 64)-66)



F7o. NP L/ = VEOG IR JOEBALEIC L - T, B L 170 FELL Lo BN
FET D MG ShTERY 6068 ZO@EMET, BMEKICI Y B Z L fERish T
W5 89, ZD—J7T, NP OFIEIRMEEREEME L GHEiSh D Z &M E T, Rk
(RHLR L L CoORmMERMIFE MmO Thewn, ZO7w RIERERO L RETEIER X
HFICHETH Y | FRCEEA~ORBRZILET 5 2 LIX ER OB B b BEADORETH
5o LU, TEROBERERERTIE, 4 NP RIER (NPs) O 7 M9 2 DI3FEF 2
WEETH Y | RS HMRHBR RO B b,

5. AHFFED B EJ

AW TIE, 4 NP EZIERA-NP's; 42 19 fl B B 1 FE, i B (K 18 )

OESBEZ G L U, BEEEIHERRIC LV BEE~OFEZH LT 5 L3k
2, mEOWE e & LT 2 H T, EEE T I BEARIMERBPORA S ) —= 7
R, RERE O, 2 L CHKEHRA~OHEANARETH L0 EHETHZ L E AL
L7,

B2 BCIE, 13 fE 4-NP BV R(E SR SVER 1 Fl, ISR 12 F) B K0V 6
3 T D 4-NP AR BRMER(T T AT LA~ —) OBESA M & BRI ERGRIC L v 3F
i L. % B RO BRI OM[A, 2 LT, ERRMKRO ST BICEB T 5 EHE
DR Z LT BHFOWER &L T 5 F CARRBMO BB E2HHEST 52 & T,
4-NP B OREEHFN R L ONTG-201 DA 7 V—=2 27 L TOERMAMR EZ2RTHE
ZHBE LT,

95 3 BT, MEFOLMRERBRIC LY | PRI ES NI ERREB L=y
VOB REEZ R L, T O BREOBIEREA~DOEEZI 61T 5F T, BRER
BEOFHICHE R B EEA~DOEAZ WG 5 72O O T — 2 OWELZ B E LTz,

FAETIE, 28, BHIECTHOLNRBMEL b &0, EERECERBROL A
P AR ERROR 7 V—= 7 BREGEIOFHE, JKEFHEA~DE A )2
LT, iEELTE LD,
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Figure.1 EfFEERXDOLOESMEERTO—
PSIBLUPS T FEAEHEDRETLTHY., PQIFFRRE/L), bef (P hIA LibfiE
&1K), PC(TSRM TV [XEFEEMEETT.
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Figure. 2 NPOEXREE
T/ —IUIZ/ZIVE(CH ) S L=
B O
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NPnEO : /=)L /—)LIFXL—F

3
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NP,,EO

7 N
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NP2EOQ : /=) I/—INTIhFIL—b NP2EC : /2T /=W THNRESL—b
4 4
CoHyg @ OCH,CH,0H CoHyg @ OCH,COOH
NP1EO: /=)W 2 /—ILVE/IFXSL— NP1EO : /=)L 21 /—ILE/AIAEEXLL—F

N '

NP:/=Z)Jx/—]L

Figure. 3 BRABREPRIZETHNPOFELERERE
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B 2E &ES Pseudokirchneriella subcapitata ZAWV-EERKBAERRIZL S
13 & 4-NP £ D Sl

1. BEWY

4-NP BPER (4-NP’s) 1 NP's OH CThe b iRV T & R0 & HEH ST 5 BIPEE
HETHD, AAAD TG T, HIENHERKRT 2.53g/kg D 4-NP 23, AL H
KD FERD BITHAKT 1000 1 g/ @D 4-NP EH B HEINTEY . BT X O FKRULEE
i CIEBE KD 5<1~30 u g/L, THIEHFH513>100 u glg D 4-NP 23 ST 70
W Fm, T AU I OHMEFHAEF(U.S. geological survey) 23T o727 A U 4tk
EHAETIE, 4NP ORHENEBD TEhro T Z ERHE S Tng ®, —5 T, H
AROFNAF NS b EMEE CTHREINTEBY . TORERIT 0.14 1 g/L~3.08 1 g/L &
oSN TWD 0, A H - 4-NP OB L < fiEsh Tk, £
2 71 (Oryzias latipes) D& MEFENERER TIL % ® LOEC (17.7 1 g/L) 3 X TUYNOEC (8.2
p gz, M E~DOBEEEIRB I N TS 7, Fio, HEOAFEHIBNT 4
NP2 L2 T r s = (VIG) DFFESCATIRE~D BN RE ST D ™80, —J;
THIEICEET 58 & LT, Perron & Juneau (2011)12 X ¥ 4-NP 2N EEE AR I
SINOFEEEE 525 Z EIRIBITWD N 8, IR RIS ORBA =X
L7 B G SN TR, F7o, AR S L L TEEICET 2 4-NP's O
HEBNIMD TO72p | FRERZHEER S LTl e@mEsHMi o @ SIS T
v,

ZO7w, 13 F 4-NP BRI L N6l 3 27 D 4-NP SLKEMEKRS T AT LA~
—) AR L U MR ERBRIC LV | 4-NP B ROBEFEEA A O T 5 2
&L F LT, ARBOBIEMERN & @5 SNz NP O 072 mdim it 2 i+ 5 2 &
THRIEAEEMERBORA )V —=0 7 L LTCOERMEREEZHLNITILIEEZEN
& LT, Fio, BIEREOFHINC X055 b e diir 2 V7oL A R e &
~DOVEFIBT OHEZL BT > 1=,

12



2. BB X O

2-1 f#EEE

Kk ClL. Pseudokirchneriella subcapitata (B4 :Selenastrum capricornutum)
Z A\ 7e, P subcapitatad OECD (Fafa/ERPHERE) CTHEREI W TV RE 2L
R THY, ZLoBERBRTHO O TS, F72, KEKIT OECD Hi 25 H
L TR, JE% M2 RS HERFR =27 2 L v gt si7-, OECD 5L, #
{b7 =72 (NH4Cl : 15 mg/L)., Hifb~ 7 x> 7 LK (MgClz-6H:20 : 12
mg/L) . ¥t v s KF (CaCle-2H20 : 18 mg/L) e~ 7 % > v Atk Fd

(MgSO4-7TH20: 15mg/L), U »BE —/KkFE AV v A (KHePOs: 1.6 mg/L) . HAb#k(ID)
RNkFY (FeCls-6H20:0.064 mg/L), =F L > 7 2 UEEEE —F Y 74 (EDTA-
Nag, 2H20: 0.1 mg/L) | A= 7t (H3BO3:0.185 mg/L) | ¥t~ > # v UAKF1# (MnCle-
4H20:0.415 mg/L) . Hifb#Esn (ZnClz:0.003 mg/L) . Hifb= L hUkFa# (CoCls:
4H20 : 0.0015 mg/L) . #ift#il —AKFi# (CuClz-2H20 : 0.00001 mg/L), €V 77 g
ZF R U A KR (NazMoOas+ 2H20 : 0.007 mg/L) | jkEE/AKFEF + U 7 A (NaHCOs:
50 mg/L) & A TWD, BFH (20106 cells/ml) [T FEEEREIK & L T-80°C THUFEIRLIFE
INTEY ., HREEY Y MERELEIZ LY fifsfitz. 800pL @ OECD 54 & A 7277
T AF 2—7 (25 mm?x85 mm) (2 620pL DEFERREIL 2 1EA L 1 R O #2147
-7z (25°C, 50 pmol/m?/s),

2-2 BREMHE

AWFFETIZ, K9 170 FEFEET D NP BPERD FC, 13 f 4-NP B PR (B PR
1HE, SRR 12 ) B L ON6FE 3 X7 D 4-NP A RMER(CT 2T LA ~—) %
MREEME & L CERA Lz, 4-NP BPEERIZ, NP BMEER O CTKEREE 2 & mSEHE T/
Han<Tio, W< ELIERABRON E s S Tnd, Ll ol 4-NP 5%
K1% CAS HFHOREN 2L FEMERBICHAT OME bMATHY . Mz THIER LUK
FeH I TR, ZD8, ARRBRClT B AR RZAEYEIFREE b &
DERB LIRS D&M LT,

% 4-NP BVERIT, ZOREN 30,100,300,1000,3000 ng/mL & 722 X 5 2%,
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20CTIRE LTo, E7o, iM% OB, BRERSURHRTERFIZ 1000 EARS LD, 7z,
PR OV 7/ — B LT,

2-3 IREHTR

KT AF 2—712 8.99mL @ OECD Kz A L7=th, 1-2 THl#E L7=2%& 4-NP &
%% 0.01mL $A L (1000 fi578)., Mkl & L7z, £72. 8.99mL ¢ OCED #5#1iC,
0.0lmL =¥ /) — /)L &FiHE§ 5 2 L TR AR T 72, 0%, SMREFENT, Ak
FHAT - - EIRBI A TN 20 1mL $Ou L TIRERE L Lz, BIEREOEH
X, BRERESRBHLARE NG 0, 1, 6, 24 REfHIZ DG 4 BT o 72, £z, REHIM O], B
FTalEH 25°C, 50pmol/m2/s D4 T TR E5 38 & fikive L 7=,

2-3-1 ABEME

IR ERBR O LM H 7=V | FENEHANFS KL OVESERS 2 2 FR\ O T2 LB 2 D 1E2E
FEAIE LT Y — o R_RUOFN T T T,

O #HEI L OGHILE & o e
WS EEEY > b (—80°CIRTR)
AEFRRUCAE AT 2R EFT = — 7 iR E
TeXF 7
IV—
OECD H#hds KONl T 25 5.
WeBRE e (13 Tl 4-NP RE(K)
SRR V% 2 — % (BERFHIT = — TSR & 5 2 A 3R )
St 50 pmol/m?/s (H&HOCATERe ) | A 25°C
ERELS ) A—H
HUREBEE Y » MR

@ BREIEF v N2 b ORISR O TR
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1i.

111

1v.

11.

e

1i.

1ii.

®

7 )= _RUFNT, BEFHIT = — 712 OECD k5#h 800 L & A%
BRI v DA ROCEE I AR AL v F 2 ANND

TR U 7= I s R IBIR & KT > TR By T ¢ /LT, 620 L
Bt F 2 —7ICAND BETERY RS L5E1T. MlazBEIERnL ol
vy T o VT TIENT)

TP B AR AT = — 712 E %, OECD £5#1% 5 mLiE T3 5%
TR BT DRI S 10 /ofklis, B4y P THEEBL, IV o — LTk
CEAET S (Gi~vIiX 10 oM E2FHR LR 547 9)

AR VR IR O (B85 B 2%
FERREIT 4V o R— Z NIZEHE LR TF o — 7 EEERE & 5 EEIC0-
v DEEEEHAF 2 —T 2y N5
EEOAL v F 2 AT, 1 EFEEEEEZIT

FRARER IR D B

AR T = — 7 ISR O IRIRIR 2 i3 5 (BB A Y OECD 51, 4

9 mL X6 A)

XX, %X (0.1%EtOH), 0.03, 0.1, 0.3, 1.0, 3.0 pg/mL & 725 X 9 (Z5H%&9
% (RERIREE 0 X 1000 f5 Dtk 2 SRl ez, £z 8.99 mL @ OECD #5#fiic
0.01 mL %A L 72)

TR L0 KR O3 A
1 R O EE R R 21T o 7o MBI IBIR A fR 00 By N THFE L, @ T
BOBRMBERIZ 1mL 3724 KT v 7 TR L CEHAGE & i3 %
(FHERIE 10 o HIFHET 5, F7o. BREXOFEIL 4 5 TIT )

U — L CHRAEICEZT S

BV ) A—2I2C, 0 RER ORSEFHIZ1T 5

FHUEUEE O R 2
0 BFRIORIEEHAE T LICREIN b BT = — T RisIR & D EEICE > b

L. ZBEEREZHIGT S
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@ HEE%ORIEEHA
0 KFH D IESERHARFH 2 B RIS 257 1,6 ,24 FFfRITR ISR 21T

2-4 BIEFREDEHI

AW L7 2E#E X, Katsumata et al, (2009)3 & Of Takeuchi et al., (2014) 3
HWE LIEFHIEEE S RO b DO THY 910 BEEELI ) A—Z LT TS
(Figure. 5), ZDMEFE|(ZIL, Fa—T7 R —RNRESNTEY, BEEZ ANTZTT A
Fa—TEEET D, EHIT, HEFEEENMEA LN TBY ., Bt 500 nm O
HtZ A 4 — K (LED) 72 s ST %, SBEHEEE ~E oK 21T 5
7eh, LED &OUEFHEE ORI ¥ v F — 25T T\ D, B b V7o B e
e, tEREMmANEIN D, TR, BIEECOT 7L, USB f 4 —T A X
it L, PC~BIND, BIERITICEAT HE 71, BET—% & LT PC IZRiES
N,

FHllOWEALE LT, BEAE ANTT T ZEDPEENORLE —I12E y F ik,
H LED 225 hEot2y 10 BB S D, BEDCORKNEIZ, v v —13FATH
NTW5, 0%, FBORFETIC 5 7T EN 4L, 700 nm @ LED (20 1 mol/m?/s)
X DM A 1 BHZTT O, BB TH#, LED IES ., vy v 2 =3NS,
Z LT, 0.1 A7 T 60 B, BIEFICOFHUNTHON D, EIEFOCOMRRE X, FIHE
ELTEREND, 1 ~ 60 BRI T D EEEFCOME IR S, £ DR R % DFI
& L7z, DFLIL, BREFIREABILEAIOREL S THESNDT2D ¥, ECso i LW
NOEC % B H ¥ 2R OF M Fi5 T d 2 melaiifia & R 2R3 m 25 Hok 2 19, ECso 38
JOY'NOEC ZH T 5554 . Ecotox-Statics (analysis software) Z W TEY .,

1T, BEARMERBROMSRICL > TROTWD, UL, EDHITIZ, DFI Off
RERHLTECs BENOEC ORI THI TS 149,
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LED (680nm) lens

algaein cuvette

dark box

LED (white)

Signal counting circuit

USB Interface

LED shutter PMT shutter
LED (700nm) photocathode

cuvette holder photomultiplier (PMT)

Figure.5 BIEZEFLDEAIEE (Type-7100, Hamamatsu Photonics)

3. BRBLOBLE

3-1 T ECsofEDEH

BEFER G IHE BRI L W B U 7= 13 Fl 4-NP’s O #E%E ECso fE % Table 1 (2= L7z,

13 fii 4-NP’s (28U The b FEMEDN JRU ME 2 7R L 72 DL E SRR TH 5 4-n-NP (0.4
+0.1 pg/mL) TH Y| FbEMENMRVMEE R LI BRI TH D NP-D Tho
Too Flo, HH SN2 ECso HITHMEARIC Lo TR DMEEZR LT, T ORRFERD
O, EHRORE 2R o 7o NP SR 0O NP SR Ee et 2 i < 72 %

B REZ NS,

Hense et al., (2003) |3 NP 73f%#E%E Scenedesmus subspicatus D4R Z#HE L7-Z & %
L TE Y 2 Z 0D ECsofiiZ 0.87~0.98 pg/mL T & - 7=, Wang et al (2007)1Z Microcystis
aeruginosa & VYT NP DA RAFERBR 21TV, £ D ECs 7Y 0.67~2.96 ng/mL Th 5
ZLEERLTUVD 8, F7=, Chlorella vulgaris (2% 3% NP @ ECsofiEi% 1.3 ug/mL T
oY ZOMITERITHST D NP O—fRIZRBUETH 2 L HESNTND O, Zin b
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HENTWDEIEIC KT 2 NP 0 ECso fEIZ < AFRER CHRH 4172 4-n-NP @ ECso fiE
IRFEFITAR < | HEIT 3 L Chied THRW MRS B 2 Fr o T D ATREMED BV,

BRI AR X DAL E O wE R R I X EREE B AR 6 R LAPN TR
SETHAIREZ2 Z &, Ml ZRFIR THDL EERINDL Z ENEN, 2D, AR
BT O IR 1% 24 FEREIRE U351 5 4-NP’s O FEMEFEAMIZ N 2 BEZ 1 RFE 38 L OV 6 IEfE] ¢

MR (ECsofE) & %70 L7=(Table1), 4-NP’s D% < [ ZMREHFM & & $ 12 ECsofED
EFZ R~ LT, £7-., Figure.6 TILEEI L ERERIC L5 ECsofEICM A T, BEH DA
¥ (Oryzias latipes) LCso i 8 ¥ XL OV (Americamysis bahia) @ LCso fE ® % Fr#k
LTW5, REMTIEH DA, wEITKT 55803 NP-O > NP-N > NP-I > NP-C’ >
NP-Q TH V. AFETIEINP-O > NP-N > NP-Q > NP-I > NP-C', HZJE Tl NP-N >
NP-Q > NP-I > NP-C’' > NP-O & 72> T\ /=, ZHd., 4-NPs OFMEENRERAEY
FEIZ K> TR D ATREMEZ TR LTV D,

NP [N AR D530~ < ELAE N RE SRR e~ T IBR RV R TR 70 2 L
HEN T35, Kobayashi et al, (2013) X Oryzias latipes % iV 7= 4-NP’s O A REmME
FRBR T LR BRI U ol R BME AR T2 DR < 2R D 278 LT 5 89,
UL, BB ERBRIC X 2 FHlAE R TIEEN S O & 1T R DN H B,
VIR 4-NP’s (2R CESHH BMER(4-n-NP) T ORENG B o T, £
72, 4-n-NP OFEMEF 2T Oryzias latipes & Y & P.subcapitata T < b7, Ziux
L BHICRBIT D 4-NP's OERET (GRS WEREZ: &) ITER L TW5
EEZDBND, FHE, N < EWBEITER % 2 EWERICERT 2 2 Lvmbn T
Lo ACFWE R ER~O BRI ELOR & BREICER L TWDH T2, fkx led

PR A EZE L CEOMEZIT O LERD D,
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Table1 EFEEEFNICEHT SH135E4-NPEMAEDEC,E

INP's ECso(ug/mL) ANP's ECso(ug/ml)
1h 6h 24h 1h 6h 24h
4-n-NP 0.60 0.40 0.40 NP-H 0.7 0.80 1.6
NP-A 2.0 1.3 1.0 NP-I 1.1 0.90 1.5
NP-B 1.0 1.0 1.9 NP-M 1.4 1.7 1.6
NP-C 1.0 1.0 1.0 NP-N 0.80 1.4 1.2
NP-C' 1.5 1.0 21 NP-O 1.4 1.7 1.2
NP-D 2.5 2.8 4.0 NP-Q 0.80 14 1.6
NP-F 0.8 1.0 1.7
45 0.5
AlgaEC50 N
4 045
mFishL.C50
35 m CrustaceanL.C50 04
035
03 =
-~ 25 B
%ﬁ 0.25 —:
= 2 e
o 02 @
= 15 -
0.15 )
1 01 -
0.5 0.05
0 0
"" prel { -.“‘ b 1 ’, -
v\,o' A o -\3 L& & &S

Figure.6 4 NPEHURKICEHTIEEEERIDEC, [BE. EAZN(Oryzias latipes) LU
7 2(Americamysis bahia) DLC,[EDZAER]
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32 BERABEERDLLER

Figure. 7 |ZHRFZ 24 FRFfE1Z O BRI ERZ R Lz, TORRIE. 4-NP’s 23 EedH
ARZHET2ELZRERL TND,

EFRERMEATH D 4-n-NP IZFFICm W IOEERZR L TR Y | BREERALX 0.1,0.3,
1.0, 3.0 pg/mL O FMARIZ I The i iE (12.63%, 35.41%, 95.75%, 99.92%) T > 7=, I

X 1.0 pg/mL T 90% LA EOFFHAFE R Z R LTDIX 4-n-NP 7217 TH Y | IRFEX 0.1
ng/mL TlE 4-n-NP DA FEFEA R O ENA LIz, R OBIERWIBHILEREZ R LIZOIT
SYIFR L (K NP-D ©. Z OFLESR I 3.0 pg/mL T 65.59% T 7=, SR FRMER T
NP-A 2 bWV HEZ 7 LT Y, §®iEX 0.3, 1.0, 3.0 ng/mL T 13.29%, 51.01%,
90.08% ChH-o7-, £/, WIEEX(1.0 B L 3.0ng/mL) DI FEPLER TR HLEMEZ R L
72=DIZ NP-D ToH - 7273, (KIEFEX(0.03 3 LT 0.1 ng/mL) Tl ELEAE v ViE(4.81%F &
N 11.58% ; #=EX 0.1 pg/mL Tidor IR SRR Tl i) 2 7~ LT e,

72 DA L DB R Tldd 2208, BIRROERE 3 < D708 %, Correa-Reyes
etal., (2007)i% Artemia 3 X OF Caenorhabditis elegans (Zf(& D NP ZBgiE L7-fE R, =0
ARMEEI N EHE LT 5 8, F7, BEiEEdH Microcystis 12 NP ZIgi#E L7 2 & T
& [FER DA RAIBEN R E STV 5 8, NP LR AZ B 2R RIS R LTl
R EMEEZRT 2 ENEL OMENLEIES N TWDEN, Z2DO—F T LEElEo L 5
AR R 2 b7 b T HEA G ENTITDH 2B FEL TV D,

Z LT, AREZRITEERE N FRBRICE W THBIE I, BRI 4-NP
FPERIC B W TRIR EE X THEFOCOH MM 2 b Tz, BEEOBIER I, £ DGR
B IEICKMT 52 000, BICEHINTIEFRAROREZEZ M IT LB 2615,
D7, 4-NP’s (XE DIFERDMRIRE Th 2556, MEHOER (BT 5 rIRetEA A
ARERE RO bR ST,
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4-n-NP NP-A NP-B NP-C NP-C’
100 = 100 100 100 100
5 75 : 5 . || 78 P s .
50 i 50 i 50 / 50 g 50
i / / I
25 i 25 ‘ 25 25 / 25 4
A i A
0 e--u 0e-e-& 0o -2 0= - D&, -
25 25 -25 25 25
N N ~ N ~ N S ~ N ° ~ N LY ~ N
Q o o Q o
—_
X NP-D NP-F NP-H NP-I NP-M
"O’ 100 10 100 100 100
i1 *
-l; ] . % % 75 : % ’
: 50 50 P 50 p 50 / 50
l
. 25 * 25 25 . 25 25
HE) ,-‘k\ _ # ‘-'
:_S 0w o 0e-o-* 0 PR 0e-a-=
b= 95
= 25 25 25
’-g ° o > nb“rb o % v ° “\ ~ = Q\ > © “\ ~
[
NP-N NP-0 NP-Q
100 100 100
7 % ; 5 ?
50 50 ".' 50 o
; !
%5 / 25 s 25 ‘
-~ . /
0e-a--e’ 0e-""" 0%-gmg-®
25 -25
S Prd v N ~ N D) 5 N
o o o o

Exposure concentrations (pg/mL)

Figure. 7 #%%8 Pseudokirchneriella subcapitata MDEEREIL (0T 54-NPEMAD
FHAEEE

3-3 FABOHEER TR GELBEDED)

PERIETH D EEARERR (TG-201) Tix, FHl L2 E) O EEMIask o
BanER (WNLERE) 2R L, ALEWE OB A1T > T D, BREEROCIERER
TITBIER Y B A A EONRBEE & LTI 2 B LT 5, B 3L
KB L, BIEEOREFIAL, EROBHEOEYERETMFILETH D
OECDT A b HA KT 42201 (TG-201) (ZHEL TiT-o7=,

ARRBRCIE, BNBEIOEH LR EERKFRE LTELE, AHENE
0.03, 0.1, 0.3, 1, 3 pg/mlOH LK T~ # % Figure. 8-12(Z77” 7,

22



%1 : WO niy = InXy — ImXi / ¢ — ti

Wi ¢ IREETES & R OO FHI PR O BE AL (RFFH D BAZIZ A )
Xi: BifEli OFEE (RRHOBALITH . FOEEITZ DR O FHAIE)
Xi: il ] o3 (RFOBAMITHE ., FEEITZ DR O FHAIE)

Figure. 8-12 |Z7% L7z 1-6 h |XMEEE % 1 REfE] 6 6 REH O RIAR T34, 6-24 h |35
Tt 6 FFMND 24 B O FREZTR L TW5S, TDH, 1-6 h RSN A L& 4
R OREL L, 6-24h TRSNDIBIET~REREORELE T,

EHRMARTH D 4-n-NP [T EIRETE IR L X THIEBMESWER TERZ R L TEY | FiZ
EREXTHD 1.0BL03.0 pg/mL TiX1-6 h, 6-24 h /xR bM< EEL T,
F72, 4n- NP IZH 1T 2K FRITDBERIFMEARO S O L g LT 3 FU L@V TH
Sz, Lin L, RERE X CIX oA BRI T RN EVEAICH 0 . IRERE 0.03,
0.1 pg/mL @ 1-6 h [ZB W TIE NP-CO &b 2L T\ e, FRZIBERE 0.03
ng/mL (2R U TIE A /IR BAE R CIRV BN B D= Z & D IRERIR N
< 72 B L E R RMEARA-n-NP) O B8 < 72 5 23 AKIREE OB A 130 I R B R o
FBENE L R DR B D, ENOKEREEH TIX 0.14 1 g/1~3.08 1 g/l T 4-NP’s O
BRHEMEN SN TWD Z Enb, A%ITLVIKREICK T 5015 4-NP's O
DHETHLEZZ TN,

%< D 4-NP’s 1% 624 h (TR 1-6 h TEOR FEAEL LDMEAICH -T2, Zh
L. 4-NP’s (ZH®#E S 7z P subcapitata OIS0, BBREEHIFHIZ 4-NP's O3 fiRd A4 T
AR TR LTV D, BEDHIFET, NP O U OB L& WPE 2 # - T
WD RIREMEDM R S VTN D 62, 2. Isochrysidales galbana \Z 5. 5 NP ORh R 72
PrREZIRD RSN TEY 89 NP BNEIEMENICEMR SN —A b A b5 8, 0
o, TOX)RBBEPARBNICBNTHEER SN TWDAEERS L, £z,
BSFRE PR 3R Tl 24 REfH OIRFRET R 4 B EAA0O0AT T TIT 2 729, 4-NP’s D53 R
DAELCTWD AR E 2 Bl d,

NP-M <° NP-N 7¢ E{E) 72 BRI B CHREE 6-24 h TR EDORBLIN A LT
. 4-NP BPEADZ < I3REE 1-6 h TRBEAROMELZMGIEEILTBY ., 6-24
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h TIXEORENERMENDBMICH o7z, 20 X9 Z2FERIE, 4-NP's D3IER 1 E\ O He
KOMHHEEEZRBET D2 L, Z LT, TOmBMESBRBRRSCREIC X A2 T
HZERREBELTEY  BEAAL LT v AW CHRRE O AT FEF I HE
ThHZ EERLTND,

INEETH D TG-201 1F, @A R E L ULFEWE 2R 12 72 BEEI DL ERREE S8 5
ZETEORBEEMML TV D, ZOFEIEMREOFENFMICE T TV D08, Hils
W& 2T 1 RFRIAR 72 E IR CRELT 2 82 Wk & T rlREME mv, — 7T e
FEFE O PH AR T L CUR R 1 RERIRT COREA S FTRE T do V) L i i (58 72 3R 1k &
L TIEME— DR TH D, £DTed, BIHANA T T v A2V T, BAEFR G TR
ICHEMERHI 2T D AEVRIETH Y | SRIIKREDLFEMEE MR E Lic—F A7 U —
= T ~DOIERBRIAEND,

Fo. TNETOMZENS , BIRFEIC X VP WE~OREN R D Z LRI SN
TEV . [[Ukk#edE & 72 50 Chlorella vulgaris & P subcapitata Tlx NP ~D 282
REIDENRH D LWEINTND 0, ZiVE TORBERICIHERR CIX TG-201 @
HESERE C & 5 #kiadH P subcapitata |2 & 0 SBAFMEZ RN L TV 5208, HURSOBRBEIC &

VAERT 2B OFINIERR D720, S %ISR w2 i & Lo sEgeon
FLERBR COFMIMENERETH DL LB DD,

=
[
I

z

EIO- m1-6h

g 6-24h

® 8-

g

I_6

4%

E

N

< PR g

] R0 O P N 0 B
ST ss
0.03pg/mLNP's

Figure.8 0.03 pg/mLMD4-NPEMAZEBEZEL-HEE
Pseudokirchneriella subcapitata MoE LB EEREOEEETE
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16
14 -
12

H 1-6h
6-24h

mim

SESSLSSEITTSSE

0.1pg/mLNP's

[=T - I R ]
TR R

decreasing of luminescence intensity
(%)

Figure.9 0.1 pg/mLMO4-NPEMSKFEZBRFZELIIRZESE Pseudokirchneriella
subcapitata MOELLHBERNOREETE

30 4

B 95 m1-6h

g 20 -

% 15

gg 10 [

Z s

E |

é FE S &&é@&& >

0.3 pg/mLNP's

Figure.10 0.3 ng/mLO4-NPEMAZBHELI-ZEE
Pseudokirchneriella subcapitata PWoHECHEBERSLDREBETE

250 -
B
: 200 |
g H 1-6h
g2 150 | 6-24h
:
T _ 100 -
E 50 |
g o

NS D8 R S = 0 &
L SSSEOS SIS
=}

1 pg/mLNP's

Figure.11 1.0 pg/mLO4-NPEMAEEZBRELI-HFEE
Pseudokirchneriella subcapitata WoHELHEERIEOEEETE
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g

u1-6h
6-24h

|||!

S LE LSS

3pg/mLNP's

g

(0]

decreasing of luminescence intensity
(%)
o
8
m—

Figure.12 3.0 ng/mLMD4-NPEMAZBZLI-FE2E
Pseudokirchneriella subcapitata MHELDEEFEIEDREETE

3-4 BRI L S ERBFOTH

WA DN D DOFRIEFE VL FHIIBR AR L% > O RERIFR I WIS B R 2 (2R 5 il
MAERL, INEBIEREREMRE L TV D, Bibo X 9 IZEEEHRIL 2 2O E—
7 (BRAE) % & DR 2 L, #iIRRO TR 22 8 I3istE o & sl & 252 12 B
LTS EEZXLNTWD, ZD7D, BERMFR ORI GIREWE O E BOBFED &
DORRIRENLAE LIe A HEEE W R 72 L fRfi ST %

HALTIE, 13 fE 4-NP's OF )b d ECso [ENEKD > 72 4-n-NP, 2EMEAR TR
ECso fE23 72> 72 NP-D, I ELPE R Tl b R < S228 L7z NP-A, KR EE X TRV g2
AR LT NP-CEXGE LT, 215 4-NPs NH T 5 A m~DIE S 2 2= L
7-(Figure. 13 — 16),

4-n-NP(E S M)

Figure. 13 |2 4-n-NP ZHREE L72¥dH P subcapitata DIEIEFEIC B ST
FHIHRZ R L7, 0 hd3 ng/mliZi v T, 0.1FVHIS O EREE 23 xf FRIX 12 %f LK = <
FEML Tz, v, A ROPIEEFEPST) CE HEENE SN0 & 2
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bId, JIRE LeBE AR ATICR Lca . ERENO =¥ — (BF) 13dE
DA AR 2 WS D, Z O LIZEFDIERENOMAL (7 e 7 1) LG
THZLETCRBEREAGEZR L TWS, DY PSINS T IR % 7 —(PQ)
S~OREDNILE SRR, 0 1RDHEORNKRENEIN L EZ 2 b5, Z O
I Arabidopsis thalianal.DCMU % i L 73BT H 5 X Tk Y. DCMUIEPST
2B HQeF / VETZHRRQR) N HPQ~DE T RELEET S5, £ LT, 1~100HLS
TRHRX & 28 LR IEMENKE KT L TR, v — 7 OEN e AR EN 5
b, FE—7 ORAEFPS I AL HEFOWRICER T EEZE2 6 TEY ., [F
BROBRNT v F~A VALK VB ERIESNTWD, TrF~A v AITEA R
FERIOIFETHY, 7= FFT 2N L72PS 1 2> bbd~DIRE(ER{EER : cyclic
electron flow) Z#[LE9 %, ZDZ &D, 4n-NPidd7e< & b HEKRE HoERE D
2 A LIAER T 2 et d 5, 0%, BREERFH OREIZ X 0 B ORZL
NAHEHIL, ThTIHFE2E =7 PERSINTE LT, 6,24 hiTBWTIHEFDFE LR
B L OUEHED A U Tz, 5 75 O B R 2003 s | 8D U 72 7o O GRS 23
LR TERDPSTZZENRETH L LB LNDT20, FFIZ24 h CIIESE ML O
Z LWVSEREAAE U TV B ATEEMERS R,

1, 6, 24 hO1pg/mLTHBER AL RLTEY, 1 hTE0 hd3 pg/ml THH
NI-ZENE LT TWD, T2, 6,24 h TIEFE2E— 7 OIEIRHEZR T | cyclic electron
flow DI & 72 [LE /R Sz, I, 3R A U CTHROLRE OB A b7, 24
hCIEBEHIIAE A LT D FIREPER EW 2D, 1 ng/mLANEEEOL Gk & 5222 fE
ELTWDHEEZOND, £72. 0.03~0.3 ug/mLIZBWTH A A~DHENL LN
7oy, SERZRECMIBO R 2/ < £ 9 REBIIA bR o72, LirL, 24hdD0.1,
0.3 1 g/mLICIBNT, BHOARMENS SR INBEO TWDAREMERH Y | 511
IR IR LICBIENMETHDH EEZTND,
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LE+04 1E+05

2 1.E+04
% 1LE+03 ——Control(EtOH0.1%) 2 — Control(EtOHO.1%)
2 ——0.03pg/ml E ——0.03pg/ml
] £ 1E+03
E 0.1pg/ml A 0.1pg/ml
2 LE+02 ——0.3pg/ml g; ——0.3pg/ml
4 _
— tpg/ml g 1hwoz — ipg/ml
——3pg/ml ——3pg/ml
1LE+01 1E+01
0.1 1 10 100 0.1 1 10 100
time after excitation (s) time after excitation (s)
1LE+05 1E+05
1E+04 1E+04
B —— Control(EtOH0.1%) B —— Control(EtOHO0.1%)
E ——0.03pg/ml E ——0.03pg/ml
£ LE+03 2 1E+03
A 0.1ng/ml B \ 0.1pg/ml
E —0.3pg/ml E \ ——0.3pg/ml
$ LE+02 Ipg/ml $ LE+02 \ Ipg/ml
——3pg/ml ') ‘ | —— 3ug/ml
1LE+01 1E+01
0.1 1 10 100 0.1 1 10 100
time after excitation (s) time after excitation (s)

Figure.13 4-n-NPO#EEZZ T EERKXOHEMHR
ZEEBHHEOD ALEF1Lh, £TFE6h, £ TFIF24 hERLTLS,

NP-D

Figure. 14 |2 NP-D % Wg§% L /7=#$H Pseudokirchneriella subcapitata D 3iEIE%

K BELN TR Z R L2, 4-n-NP & FREEIZ0 ho3 pg/mliZBW T, 01501
DFEICHREE D3 R KAZ BN L TN 728, B O AT B BE IC 361 5 B F{niE % [H
FELTWD EEXDOND, TORFFMBEIZ LV ARMBENS EEZ STV, M
RO RCIEIR 2 ETEIERBII A ORI o7z, Elo, 4nNPTHLIZ & 5 722552
E— 7 O HAE L T o 7,
ZDOMMPEEIX TIX, 6,24 hD1 pg/mLTHEN R AERLED ATREMENRIB SN -RETK
EREEIIA LN o7, NP-DIZBWTIE, PSIHEk TOE HRZEMESCAEREEN
FHAVTZ, 0-24 hiT/ T TRIRE X TEIMIA O R SN2 2 L2 s | Mlao
FEW 7R EEERE R ARBEIHERVWE B BN D,
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1.E+04 1E+05

1E+04
»1E+03 = Control(EtOHO0.1%) & = Control(EtOHO0.1%)
g ——0.03pg/ml g ——0.03pg/ml
g 8 1E+03
E 0.1pg/ml 2 0.1pg/ml
E 1.E+02 —0.3pg/ml § ——0.3pg/ml
= = 1E+02
i — lug/ml s L — lug/ml
—3pg/ml —3pg/ml
LE+01 1E+01
o1 1 10 100 0.1 1 10 100
time after excitation (s) time after excitation (s)
1E+05 1E+05
1E+04 === 1E+04
= Control(EtOHO0.1%) = = Control(EtOHO.1%)
-‘g ——0.03pg/ml g = 0.03pg/ml
1E+03 g 1E+03
*E 0.1pg/ml 7 0.1pg/ml
g ——0.3pg/ml g ——0.3pg/ml
o
= 1E+02 Ipgml 3 1E+02 Ipg/ml
. —sug/ml —3ugiml
1E+01 - 1E+01 1
01 1 10 100 01 1 10 100
time after excitation (s) time after excitation (s)

Figure.14 NP-D OFE%*Z (T EERXOFEZHR
ZEIFEFEH®OL AKX h, £TFIE6 h, HTFIE24 hERLTWS,

NP-A

Figure. 15 (& NP-A %ZWggE U7=#$H Pseudokirchneriella subcapitata DiEIEFE
NHELNEEMREZTR L2, 0 ho3 png/mlTiE, FHHIBIAAK 0.1 TR IECHEE DK
TH LT, ThD3 pg/ml THRARE DO SRR TFAE T TV =7edAERREDIK
BRI DI, Z OMPRE X TITEEN A LR > 72, 6hTiE1h& [FERIZ3 pg/ml
THARMEENRE S, 0.3, 1ng/mLoOjEE#R CME S O HiIAR & 2 —
7 HELOBIEN I ST, —J7T24h0.3, 1 pg/mLCIEEEA R OHEN R S
DWW BRI BEDNCH SN, 2V — 7 ~DOEB IR TE e holz, LaL,
24 hD3 pg/ml TR ZLRTER D B, MR L OF2E — 7 ORENENTEY | H
2 — 7 (2B LTI IRIX 3 £ 100.03~1.0 pg/mLdO & DICH_RE D HnE— 27125
Tz, ¥ b7 1 LbefE G (be) IR BB AE R 3~ 5 BLE A 0 B C MR O 58 A 03 1
FlENDZERMEESNTWS, 24 hd3 pg/ml TR K A MEROHH 237 5 1
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2ol Z DD bef~DBITIRNEE X B D, W RIS A 5 A5 MO ARl

BRAGERZ N LT2PS 1 1 HPQE L Ubef~DImiER ENES- L TR Y., FFloH2e—
7 DREIIIBRICERDEETH D, FHAE—7 OREEZMELLET v F~A VA
WPS 1 N ObfDIFEBRAGEZLET S Z LR EN TV 5D, 24 hD3 png/mlDOJEE R T
T2 — 7 OFEZ BN TV G722 EORBIIH bR o2 &6, PS
— bfDTEBRBER~OFELBIIE L TV RN EE X NS, LL, ZiLbomiE
25, PST— PQOMERGIERITHE2E — 7 OFRAEICEHALG LW EB 2 bhd & FIFIC,
3 ug/mLONP-ARPST — PQ MZMHELTNDZEEREL TS, 2FV, PSI
— PQOTEERIGERIZMNE N D H2E — 7 ~OBITH OIERIZI/ER L TWD 0, 0O
B HE SN2 DI MO MBI A BV B 2 bid, £o, HH2E— 27 35t
KL Ll L TE< eo7=0ix, PST— PQ MIDFEIZ L WPST — beffRIKIZHE
R LIS L CW A ATREME RN H 5,

1E+04 1E+04
2 i
E 1.E+03 = Control(EtOHO0.1%) g 1.E+03 = Control(EtOHO.1%)
% ——0.03pg/ml g ——0.03pg/ml
@ 0. 1pg/ml ',!S 0.1pg/ml
= 1LE+02 —0.3ug/ml = 1E+02 —0.3ug/ml
=] -
—1pg/ml —1pg/ml
—3pg/ml —3pg/ml
1E+01 1E+01
0.1 1 10 100 0.1 1 10 100
time after excitation (s) time after excitation (s)
1.E+05 1LE+05
» 1E+04 2 LE+04
L —— Control(EtOH0.1%) g —— Control(EtOHO0.1%)
8 ——0.03pg/ml £ ——0.03pg/ml
£ 1E+03 8 LE+03
E 0.1pg/ml E 0.1pg/ml
] ]
E = 0.3pg/ml Tx-': =——0.3pg/ml
1.E+02 Ipghml 1E+02 — 1pg/ml
—3pg/ml —3pg/ml
1E+01 1LE+01
0.1 1 10 100 0.1 1 10 100
time after excitation (s) time after excitation (s)

Figure.15 NP-A O#ZE%Z (- EEREOHTHIR
ELIFBEFE®ROL AEF1h, £FE6h, HTIE24 hERLTWS,
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NP-C

Figure. 16 |2 NP-C % Wg§% U 7= #JH Pseudokirchneriella subcapitata DiIEIEFE
Jem LR Z R L7z, 4n-NPS°NP-D & [Ff£IZ0h?D 3 pg/mliz BV, 0.1
FOH A D FENBERFE D35t R KAZ L ~EEIN L TN a2, A RO YIMERE (P680 — QB
— PQIZBIT2EFREAHEL TS EEXLND, £z, FH2E—JRIICALND
MR A3 ek IR XA R EEMC < o TV D, Z OB 11X DBMIB (2,5-dibromo-3-
methyl-6-isopropyl-p-benzoquinone) % B & U 7= P.subcapitata® J8 = fhifg T HE L X
NTW5, DBMIBIXE HREHEFAIT, v~ 7 7 LbfEEE (bel) (2D 7 T A L%
)= NVOBEET S, 2006, 4-n-NPRRICIREES ) DA R E RiE
TR D2 PFTLA FITHER T 2 rIaEMED B D, £72. 1,6,24 hD3 pg/ml, 6,24 h?d1 pg/ml
TIHAERMEN R IS, M E ERITHEE L TW D AR & 5,

BREEEEE[X0.03, 0.1, 0.3 1 g/mLIZ35\ T hC MO A2 B 3 8 > 7 75
0,6, 24 hTIXESLH TZBRITH ORI - T,

1.E+04 1.E+05
= » LE+04
'z 1E+03 = Control(EtOHO0.1%) G = Control(EtOH0.1%)
3 ——0.03pg/ml 3 ——0.03pg/ml
A & 1LE+03
'§ 0.1pg/ml E 0.1pg/ml
= 1E+02 ——0.3pg/ml = ——0.3pg/ml
= 14
—— 1pg/ml 1.E+02 —1pg/ml
—3ng/ml —3pg/ml
1.E+01 1E+01
0.1 1 10 100 0.1 1 10 100
time after excitation (s) time after excitation (s)
1.E+05 1.E+05
5 LE+04 » LE+04
i = Control(EtOHO0.1%) g = Control(EtOHO0.1%)
2 ——0.03pg/ml £ ——0.03pg/ml
£ 1E+03 £ 1LE+03
'§ 0.1pg/ml E 0.1pg/ml
2 9 ——0.3pg/ml K ——0.3pg/ml
= 4
1.E+02 1pg/ml 1.E+02 1pg/ml
—3pg/ml —3pg/ml
1.E+01 1.E+01
0.1 1 10 100 01 1 10 100
time after excitation (s) time after excitation (s)

Figure.16 NP-C’ O#E%Z - EEHXORETHR
ELIFEEZOL AL h, £TFIF6h HTIE24 hERLTWS,
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3-5 4-NP o7 AT L ZF~— (LEREME) 2B 2 BEFREOEN

IR AL E OSAEIEIZE B LR A AT TR Y 89 BUEE T 5%
BHID 3FNLFT VT 4 — &R0l FHE LT A TND EMEINTND 2, 7{K
AR BV T, £ OB LFRIR R BEELT 2 2 LR STV D —F
T, AR T 2 BT RERBVDRH D LR SN TN D 8, Jia etal, (2015)
ISR BNERORRICH D (+)-TFLV & () - TFLV T, Daniorerio Ok
2B EaERLTED 9, Zhang et al, (2011) <2, Ciminiello et al, (2014) b [FIERIC
SEAREMER TR N & D & LT 5 92,99,

Makino et al, (2008) (Z X - CHillxd NP BRI D 6 i 3 X7 D 4-NP TR
K(ZT AT LA ~— ; NP-J, NP-L; NP-K, NP-P; NP-E, NP-G) OHA#HE I T
W5 9, NP ONARRMRIZ BT, £ ORMARRICE T DHEDEV & DA RRRE
(ZE M LT STIRIZIEFIC A7 < B MR & LICHEmE i S Tuan,

ZD7H, 63T D ANP VT AT LA~ —E kG & U BER O E BRI &
V. % 4-NP SEARBEVERR T REAR BRI ~OREZFHMEL . &7 [H
(2B D EMEOMM A2 5782 LT,

T
o NNk \
\

4+(3 5-dimethylheptan-3-yl}phenol 4+(3 5-dimethylheptan-3-yl}phenol
(NP-E) (NP-G)
Y /
A /
H HO
I
\
N
4-(3,4-dimethylheptan-4-yl)phenol 4-(3,4-dimethylheptan-4-yl)phenol
(NP-J) (NP-L)

\
4-(3,4-dimethylheptan-3-yl)phenol 4+(3,4-dimethylheptan-3-yl)phenol
(NP-K) (NP-P)

I\
/N
/0
(‘;"‘ W —,
\—/ b
/
HO

4-n-nonylphenol

Figure. 17 683XT7D4-NPUFTATLA~—
NP-EENP-G, NP-JENP-L, NP-KENP-PAEFNENZHEEADRE R
[CHH. 4-n-NPIFEHEEE A CLEO=HIZEE.

32



3-5-1 #4H ECso fHE X UBEFR LA ER

Table 2 (Z#FFE R ERERIZ L D ECso %~ L7z, NP-P 28 0.6 pg/mL & 58

W AR L TR Y, JEIC NP-L(0.8 pg/mL), NP-K(1.3 pg/mL), NP-G (1.4 pg/mL),
NP-J(1.9 ng/mL), NP-E(2.6 ng/mL) CToh > 7=, 7=, FIAREERORTIZB W T
NP-J < NP-L, NP-K<NP-P, NP-E<NP-G & 72> T\ 7=,

6 fli 4-NP U7 X7 LA~ — Oz 24 FEH#%IC 1T 2 BIER LI HE %% Figure. 18
IR LTz, 2WE CREREOEN A B, NP-P:90.07%, NP-1:85.09%, NP-
(:82.93%, NP-K:82.3%, NP-E:75.79%, NP-J:73.41% C& 7=, NP-P XM EE
KICEB W TRV L EREE2 A LB, BEREX 0.3~3.0 pg/mL TlEHEbLHE
WHERZ R Lc, 2070 SR EPERIZ IV TIRRFC B ME D R 2 & 23R
ST, —H T, ﬁ%ﬁzmﬂmyﬂ)mﬁwTﬁNPE@%%)NPKﬂm%LNP

P (6.82%) 73RV MHERAZ R L TRV, IR L2 [REBEXIZBIT 5 4-NP's OR4E
FWHERL L TR bEWVMETH T, F-. EXTITBIT 5 AT, NP-

J<NP-L, NP-K<NP-P, NP-E<NP-G L7>THY, ECsofii & REEDOHE %R L
770

3-1-3-4 Tl&, 13 f 4-NP’s O%% ECso fEA% 0.4~4.0 pg/mL TH v | 12 Fli 5yl R HLpk:
RIZHEAREHEM MR TH D 4-n-NP O@EfEESEN RN E 26N Lz, 22 TlE
SEAREMERDOBRICH S 6 T 3 <7 D 4-NP’s (NP-J, NP-L; NP-K, NP-P; NP-E, NP-
G) & RBITHEMFAM 2TV, Z OIS & OBIfRIEICER Lz,

Makino et al, (2008) (Z LV 99 NP-K 35 L O NP-P O AR & NGRS A~
kv (1H NMR) 226502 &Tnb (Figure. 19), £7-. NP-P (6 0.58), NP-L
(6 0.58)D B h—RANFEAT D AT VENSREEONDL T 0 by 7T iE, b
NARBENEIRCTH D NP-K (6 0.87), NP-J (6 0.88)D 7' 1 b 7 F /T~ KfEE R L
TWb, miEHICh D AF LT Ny TP IR B 7 ORTGENF & OBIR
DR EINTED . 4-NP's ONAREEIZIB W T A FIVERBUBRO EEICAFE
THZENEELWNWEEZ BN TWD, Figure. 19 127k L7= NP-P, NP-K O#i&E 134y
FHFFREICE Y b RBICH D LTSN TWD, /o, y I—R AT ATFVHE
DFESG LI NP-EBLIONP-GOFa by 7 0036 0.76 BLUNE 0.49 Th 5 &
HENTWD,

4-NP U7 AT LA~ —OEefamElk & EEOBMRMEIL, % ECso fHI L UVE OBRIERS
SO FERNOFN L7z, H_TICBNWT, @G ATF LT 1 by 7T RO
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NP-P B L NP-LIZZNZNDLT ThH5H NP-K 8L NP-J (2R ECso, FEIEFE
HFLFERIGITRNEEE L R LT, £70, Y V=R U ATFAVERH H NP-G B
NP-E [CBALTH, XV@EESHIcy 7 afi> NP-G OEEEESRVERICSH -
oo ZHHORERNL, BBIONY =R AAFEETIATFAEO T 0 b v T Fun
L0 SRR A L= B A(NP-P, NP-L, NP-G)F2, FEMEFIEN TR E 5 ARt 03 61
Ehb,

4-NP 7 A7 VA~ — OBSam M TR EE RO E IR L CE @ 2R LT
N, AFLEOTa b I MCHBRL TS EEZ NS,

Table2 63E4-NPUTFATFLAY—DEEEERNICEETHEC,,E
4-n-NPFEHEEMHAT., b &ELTEEE

INP's _ ECao(é]lflg/mL) -
NP-E 0.5 0.8 2.6
NP-G 1.3 0.8 1.4
NP-J 0.9 0.7 1.8
NP-K 1.4 0.8 1.3
NP-L N.D 0.5 0.8
NP-P 0.9 0.7 0.6
4-n-NP 0.60 0.40 0.40
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3= 100 - 100 100 =
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25 / 25 ; 25 g
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Exposure concentrations (ug/mL)

Figure. 18 #%%8 Pseudokirchneriella subcapitata DEERILIZH T H4- NPT ATLAT—
DFRIPEEE

y (3037

NP-P

Figure.19 S EBEE(NMP)IZ&DNP-KELUNP-POIL{A#EEMakino et al., 2008)

35



4. BAEDELD

F2ETIE, BIERNAFIA Uit ERR A2 ¢ 13H4- NP s(BE {17 ;
Gy I 12F8) 36 K OGFES T D4-NPIARBMER(T T AT LA~ —) &k L L, 4-NPsD
BT RO E R O BB S 2 52T Lz,

BFEFE SR ERBR I L D Tl ECsofElX 0.4~4.0 pg/mL TH Y | EHEHMAMEKRTH D
4-n-NP D bRV EME A R LT, E7o, £ < ORMERDPIRER 6 RFHILINIZ L 0 @
HELZTRLTEY, 6-24h CHEEMIUTTHEHAICH ST, EDD, HERO XD 7
RS TS 72 RERILL B2 A9 2 BOEA RILERER T, WIS 5 B 8% A
e LD EARBsiiz, LrLZD—J T, NP-M, NP-N, NP-O 72 & 1-6
h (X LT 6-24h CTHEMEZBEDOE 25BN A bz BVMERIT, R O I =B
FARMEERRICLA2FMEN L VEZETHL EEXLND,

F7-. 4-NP iR EMERTH 5 (NP-E,NP-G), (NP-J,NP-L), (NP-K,NP-P)? 3 <
T ERGE LT, B RIERAT BT D SLARREE OB WO AN BIEEEC RIE R 2 5T
fli L7z. NP-E,NP-G O<7 1L y-RFIHER L7z A FAVEEONLE D, NP-J, NP-L, NP-
K, NP-P O~T7 I B-RBITHES LI A F DA BERRR Y | BSLRBYRD A F L
ENHREELND T 0 FUETFLWEINTWAS(NP-E: §0.76, NP-G: §0.49, NP-J:
§0.88, NP-L: 60.58, NP-K: 60.87, NP-P: §0.58),

AFRER TR U7 4-NP SAREMEROEIE ECs EIZIBW T, BT M TE OEICAE
N5, NP-J (1.9 pg/mL) < NP-L (0.8 pg/mL), NP-K (1.3 pg/mL) < NP-P (0.6
pg/mL), NP-E (2.6 pg/mL) < NP-G (1.4 pg/mL) & 72 > T 7=, F£7-. BER N OLE
RIZBWTH NP-J(73.41%) < NP-L(85.09%), NP-K (82.3%) < NP-P(90.07%), NP-
E (75.79%) < NP-G (82.93%) L72->THV ., Zib ECsofl & BLEFEFEOBMIIE T
DR u ARG E OB L EEIC LT\, TDD, 4-NP RRMEROKE
TR EEENME, B RFEH DV Yy IRBICHES T D AT AVEOMEICEK L TEY |
AF VI LY SRS AT 5 & S ICEREFMEDN R RO RN B 2 b D,

F7- . ARRBRIC LV BEEROCILERBR A 4-NP S FMER D STARIIREE O 4 5
L7 BEZRNAIRETHDL Z ENH LN E 72 | Z ORHEIT R 2L E OFHI T L
HHhThbrEBEZLND,
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3 E #IE (Pseudokirchneriella subcapitata) DEERNIZX H2ELRE
OB T

1. BEWY

EOMINCHR & — O ERBIITEMIC & > TRHERETHE TH L —J7, Rl
BHUIEE 2B s S 24, $70, meRBIIEYEH 28 L TEMIRN A~
S o7& NEFRPHREREEZ & > TRERIGRIF L 2> TEY 9, AT THEHSR
JAIZ & D KAERBR A DIGYL N RAN IR L 72 o TN D 998, F 72 2 BIEYI LD
HEREPEANICEELTVLAILHY 9 SRITEBEEEORELT TIER,
T DEEBZEE LI JKE LR OFMMAEEII RS EHE5X 615,

ZOHPT, BB Z M > 7oA X7 v e A1E, My A XN & < BRI
K. —EORBRIIE K EMEEL WD Z ERTTRE, £ LT, BIH(ER)DES Th
D R bAoA RREMRER & U OERICENT Rt 2R > TR Y | E@EEHA2 G TR0
Qe B o i 2 F L LT, EWITHANTH L LB DbND, £lo. 2N H DRI
IRZ T BB AA AT v A Th 28RO, Hl) Sl b E
HAR L OEA R OB ELZ I e Th L 72 ERHR ARG YO FiEE LT
B B O RSP K E B E~DOEMN RIAEN TN S 10-19),

ZO—J5 T, BIEFEEIZBIT 2 EE B O BRI Th < HERRIGEY
THENDPK - BREERE ORI BRI ERRZ AT 256, Th oL mE
DHARRFZ BT D BOFENEEL 2D,

Z DI, 53 E TR, JAKEREENRIT SN TV L EEBIHA GRIC, BIEFREEIZ
B o RS OAEZFHE L, TOP T, BIEFIEITET 5 BN e B e E 2 B
FROCHERBRICE VIG5 Z &I L, T LT, Th b HEEBHEOBEEEIER L~
DEEER HTT D 2 & T, RERB ORI PR E B E~D MM 2 et LTz,

2. MEHR X OHE
2-1 f#EAEE

Ak ClL. Pseudokirchneriella subcapitata (IH4::Selenastrum capricornutum)
% Tz, P subcapitata !y OECD (FfaARFHERER) THERRI L TV AR L
REBEHTHY 3, ZLoBERBRTHWON TS, £7o, &KX OECD HiHh 2
M L7z, OECD Eihix, Hfb7 =72 (NH4CIl: 15 mg/L). b~ 27 %7 LR
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AKF (MgCle:6H20 : 12 mg/L) . it v b kFi¥ (CaCle-2H20 : 18 mg/L)
it~ 7 %> 7 LK fY (MgSOs-7TH0 : 15 mg/L) . UV v —KEHV 7 A
(KH2PO4: 1.6 mg/L) . HEAL#LM)</KF1¥ (FeCls-6H20 : 0.064 mg/L), =F L >
7 2 U IUEREE - U 7 A (EDTA-Nag, 2H20 : 0.1 mg/L) . A7 (H3BO3: 0.185
mg/L) | ¥ifb~ >4 o UAKF# (MnCle-4H:20 : 0.415 mg/L) | ¥ifb#ign (ZnClz: 0.003
mg/L) ., ¥k = v FUKFI (CoCle-4H20 :0.0015 mg/L) | ¥Efb8d —/kFi# (CuCle-
2H20 : 0.00001 mg/L), €V 77 ) b U 7 A /KF¥ (NazMoOas-2H20 : 0.007
mg/L) | REE/KFE T kU 7 A (NaHCOs: 50 mg/L) % & A T 5, e (20X 106 cells/ml)
I EE SRR & L C-80° C CHURERE SN TR0 . BRFSMIES v MREIEEIC L ARk
#. 9.6 mL ® OECD §5#tia G A7 H T AF 2—7 (25 mm?2x 85 mm) (ZHJ 400 pL
(0.4 mL) DEFRERZEA L 1 ReH DR #E 217572 (24°C £1, 50 numol/m%s),

2-2 RBEWE

AEBEIZIT, 0. =y b, 7 b B LU ORRERR RO 2 v, §
(X 2000, 4000, 6000, 8000, 10000 pg/L. Z = A%, 60000, 80000, 90000, 100000,
120000pg/L, = 7 /v, &L 13 1000, 3000, 10000, 30000, 100000 pg/L D A kv 7
IR ke, TRER SR & U CHEM L7z (B9, WRie sl IREIC 100 AR S
%)

2-3 IRBEEIR

OECD s 2 HHDE#E T = — 712 9.4mL B L, 22 THHE LA by Z7EiE% 0.1
mL L7 5 BEXORE L . 8K 0.1 mL 2300 U723 EGHRIX) D F 6 2 EE X
DRI ZAERL LTz, & D% [FHERF R 255 T L7081 0.5 mL & S AR 2
48 10mL OREFRREZERL Lz, SIREREHL, 24 R OIRFEET & (50 pmol/m¥/s,
24 +1°C) =17V, WBEEERRLA 0, 6, 24 FEZ KRB OBIER 2 FHAI L 7=,

2-4 BRSO

B O BIERE T, EEENL I ) A—4%—(TYPE-7100, Hamamatsu Photonics,
Japan; Figure. DIZ X > THHHI L7, BEOHRE TH RO FHUESS 2661 L TR
BEREAZFHRIL T g 919, FAIFEIEE LT, A® LED 726, FHisETIcE »
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h SNTEEER T 2 — 7Tk LT YE s 30 IR &b, & LT 5 M OBEE .
700 nm DR LED (2 & o THlE S41, £ D% 60 B, BIEFCOFHIANTTHhN D,
FHHI U 72 60 RO DB AL Y B 2 F8 %) L 7= b D%, DLI (Integral delayed luminescence)
LTINS,

BIHOBIET R, BREAICEALFEANC K > THAD T2 Z LG STV D %
10-19, 19 [RER O E 2 R TWE 7 Elokt LT, DLI Z#EAEROREEE LT, 21
5®E D ECs fE (50% effect concentration) > NOEC (non-observed effect
concentration)ZH M Tx 5, F£7-, DLI &4 RHEFICIX, FHEBZRA RS TY
%, AR CRMEE L 7= 4 E4 B D ECsofElX. Ecotox-Statics (analysis software)(Z K
S>THME L,

3. MERBIUEE

PREEEIZRE STV AREHE(AS), 7 FI 7 A(Cd), 7 v A(Cr), #i(Cu), #k(Fe),
AKER(Hg), <> # > Mn), $(Pb), L (Se), fish(Zn)d 10 fEiz, KERAMITK
LIEFICBWEEEL TR T 2 LB MEIN TS =y 7 V(NDEMZ 724 11 O ESR
Faxtg e U, it RHERR L OBIER S~ DR 248 Gk % #2572 (Table 3),

W5 X 51, B SE Spirulina platensis % IV CTKER DM B2 5N L TED .,
10-30 pg/L O/KERZIRFE U= FE R, 20 pg/L UL ET S. platensis DIERIER G % A BB
ELLZEEWME LTS 10, F£72, Drinovec © D% TlL, Lemna minor DIEEF
MEEEE LT, BRI UL, 8, ighomMEHMIZ1T> TR, D ECso fi
28 57+13 mg/L. 2.0+0.2 mg/L, 981+175 mg/L TH 5 Lx LTV 5 9,

FEORER, MFE, 7ub & v o BLY =y o THEIZE LT,
PEIEFE N~ DEERE N SN TRWENHI Lo, ABFETIL, £0HTH, JEHmM~
DEEPWEINTND 7L, $h Bl =y axigs LT, sEBHER
BRIZ X DRl 21T - 72,
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Table3 FEFREERLDL)ICEBEC,ALUEHFE RESHERIC
FBHEC,, M AkE

EEFEARESRE GBIER: DL EEARBEERS
HE (As) - 0.26 - 4.7 mg/L "*%
HRED L (Cd) 57+13 mg/L, 0.07 mg/L *® 0.01-0.13 mg/L*®
28.L (Cr) - -
N ik = N - 0.04 - 0.9 mg/L %
#H (Cuw) 2.0+0.2 mg/L * 0.02 - 0.94 mg/L*®
# (Fe) - 3.28-4.95mg/L (Fe I) '°"
K48 (He) 0.01-0.03 mg/LCDLEEE ' 0.007 - 0.05 mg/L %%
FILEILIKER - 0.001 mg/L "°%
X H (Mn) - 8.3 mg/L 1%
%8 (Pb) - 0.29-2.7 mg/L %
tL (Se) - 0.0615x107 - 0.143x10° mg/L "%
EEh (Zn) 981+175 mg/L *% 50 - 310 mg/L *°
=47 )L (Ni) - 0.15-0.3 mg/L %

3-1 ShDBIEFE LR EFAM

20-100 png/L O$h % Wg5z L 7= P subcapitata DIEIEFR 8 % Figure. 20 (27773, xR
A2 LT BRERIREL 40-100 pg/L THEISEIER & EAD L Tne, dEREX T
% 20 png/L IZHR W T HIBIER LR OB MR AR SR, HEt e A EER 2L
o lo, Filo, BERRE 60 ng/L A% LT, BRERE 80 35 L TN 100 pg/L DIFEIEFE Y,
B CENREIMER N A Oz, WMEITIX, P subcapitata \ZEh<o8 2 WgiE L7 fE R,
EREXTIX, ZOFMERZENEM L ERRE SN TEY ., BEEROFHm e &
D3P LTCTREMENVRIR STV S 109, @, Z ORRZAMAIL, BERRICK T S 1E
72 mME i 2 PE 3 2 LIRS SN D A5, BRI ERER Tld. T 15-60 43 i
TOFLAFRETH D72, EFLD K 5 REEMEEN LN DN M2 7 T 52 &
MARETH D, Flo, ARBRORITHABRFH 2 24 FEICRELTZSEETH, 1 ERHD
FHISE T2 DIREZHRE L, AN Z S50 LT 48 RefHFREE T O mMER 23 7l fg
ThbH, LML, HEROBERERCIL, 72-96 R ORERER 21T o 72, £ 2 b
BHARDHO SN D%, FHHE T £ TITRE TS 72 KFEUL B REE St fadlr &
bR, BIZZEORFORMMNERIND, ZORRNEDOFERIL, ZHEOTFHE N
IRIET HHKERB CIX L D BAERENE W E TRISN D, O ARAFEIOFHMmIZES L
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T, Bl 22 MRl 23 AT RE T & 5 BEUEOE L E BRI A W BEISHE 2 7~ T & B A 6D,

1.E+06
0
= k%
= e *%k *k
g S
£ 1.E+05
=
o
E
©
-
o
1.E+04
0 20 40 60 80 100

Pb concentrations (ug/L)

Figure. 20 $#RICEREFESNT-P subcapitata® BEHN =

3-2 = v 7 /VDBIEF I EIM

10-1000 pg/L D = /7 V% Bgi& U7= P subcapitata DIFIEFR B % Figure. 21 (2R
T, RHRIXITx LT, BREEIRE 100-1000 pg/L TH EISEREFR O EN A S vz —J5
T, EREXQ10, 30 pg/L) Tl BIER A~ DT A BN o1, =y TS
JRIZH- 2 DRBIZOWTEZ K OHEDRH Y | @IRED = v 7 /W3 A RO E s
TN % 1097100 TRV IR R DFEERLKAUASEEIC b B L KIFTT Z ARG ST
%108 Fi fEM~O= v FOVRBORRE LT, Zun 7 4 L(ChDEES, huT
JA R, BBEWER M7 bbdf BELWbsse, 7L RFL v TR T =)
SOFEERRE I TN D 100108 = DERIZ = » 7 /Vid, EEBEEO R THHERKITK
L CEERREELRLTRBY, ZOMEAI=ALLZIGIZEL EEZBND, TDi-
D, AR E BHEICEN DI R A R & LT B ERER X, F b kx oY
BERIKE LT EICHRET I ENARETHY  flifEIC=y rVORELFET 5 2
EDHIR D,
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1.E+06

*k

1.E+05

*%

*%

DL amounts {(counts)

1.E+04

0 10 30 100 300 1000
Ni concentrayions (pg/L)

Figure. 21 Zw7 JLIZBRZEENT- P subcapitataDBEEFR K E

3-3 7 v ADBEER I ETAM

600-1200 pg/L ® 7 v A% Wg§E UT= P subcapitata DIEIEF &% Figure. 22 (7R
T, MRXICK LT, RREEXRTHEICEERCENHAD L T\, FYLRBRT
10,30,100,300 pg/L. ® 7 7t 1% P subcapitata \ZWE#% L7-F1. 10-100 pg/L CTlEXIEBLES
Je~DREENI B LR > Tz (not shown), ZiLH DOFERIL, ARIRED 7 1 L3O
HEEHE LRI LA2RRLTEY, TOMFERS 100pg/L LU TiE, BIEFHL
IR MR EETHL Z L&k, £ LT, 300 ng/L LA ETIE, 7 v A DE A Il 2k
KD Z LR LTS, F£72, Takami O, 7 v AZPYKIEREIRICIRE LT
B, 48 K CEARER NG SRR ISRV R A2 K Lo LA LT 208, Al
M OMEEE T, WA R OBEREZTEMHAL LT 2 L Z2RIB LT 5 109, Z i 24
T7 v LOREREZ EMIOR LB ERBRORE R MR Z R~ T D TH
%o Fio, WBEE 6 FFE OBIEE TIREBIER Y EOHMOLA BBERE DTEME(LIL A B AL 7e )
> 7z(not shown), SFE Y, HHEROHRE TH > TH 27 v ADFEIC LD FEZESC
ECso fED IEfE72 7 A4 155 SO BEN 2N L 2R L TN D
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1.E+06

(counts)

%k

1.E+05 - 8 sk

ok

DL amounts

1.E+04
0 600 800 900 1000 1200

Cr concentrations (pg/L)

Figure.22 VA LICEEZSNTZP subcapitata®EERNE

3-4 & U v ORBERIEHEF R

10-1000 pg/L O& L > %8 L 7= P subcapitata DIFIEFR & % Figure. 23 (2R,
NR TR YRS X Tx X & [ S5 OBIER O L &R S, MBS A EREEITA LN
N,

PRI CIT LA R D ZFE % IEfEICHIR T 2720 BIER O FEEZ RS 2ok L
L B RGHRRITER L72u 8O3RS TN S 7R BB L 2EF o TRV ATEREMED &
Do T, BEREOCHERBRICE A L U OFHMENIERICREETH D 2 & R TR
T&H 572, Ibrahim and Anne 5%, ¥ L 2 035 kkBetE(P subcapitata) D@Vt # 5] &
T2, 5 mg/l LEOGFHEENMNETH DI L% 109 Eisler 13, EE O
(Anacystis nidulans, Anabaena variabilis) % F W T-IEZERBE T L > D ECs fEN
15~40 mg/L TH 2D LG LT\ D 10, = 5 O IIEk 0 fEA K I ERER I B
WTHELCOEERRD T/hIWNWZ &, 70, B LU DNEREAROEBIC D #HWE
ZRTHDOTHDLID, WET 72 EOPKEBRTIX, XV EMREREEEA L, 25k
IR 2 T B EORRAEMIC L A EFMNEEII R D EEZXOND, £ED—)
T, PKEHIZBWTL, TORBEMNT 2 ZENEETH LR, ARITL Y MK
DE LV ATRET D 2 & TEREBIER COZE 2 HET 20BN H D,
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1 E+06

| I I I I I I
1 E+04
0 10 30 100 300 1000

Se concentrations (pg/L)

DL amounts (counts)

Figure. 23 L VICBBEENTZ P subcapitataDBEERNIE

3-5 SRODBIEFE L IH EFLAM

250-5000 pg/L O#k % WgiE U 7= P subcapitata DIEIESE & % Figure. 24 |2/~

Z OUEFEIRED 500 pg/L A ETH D & &, ARICEHEOBEICZMEL Tz, #
B A BRI B 2 8RO B E B L T E TITHE SIVTOZRNAS | AR S Tl T
HEHCEAE R ~DIRNEEIIRB ST, £O— 5T, SRITEKT &S &Ik 5
BB L CHEMICEME S UTERT AT R S TR Y 100 S5 138k
DOFNHEFEERNZIEICT 2 HENEE THDLEEZIHILD,
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1.E+06

1.E+05
*%
1.E+04 I ‘
1.E+03
0 250 500 1000 2000 5000

Fe Concentrations (pg/L)

DL amounts (counts)

Figure. 24 #k(CBEESNI=P subcapitata® EERNE

3-6 ~ VN v DEIEF I EIM

250 - 5000 ng/L O~ > v % bgi& LT- P subcapitata DEIEI &% Fig. 25 (TR
T, HREFIRFE 5000 pg/L DA, BEHOBIEF 2 AEIZHE L TH v | 250 - 2000 pg/L
TITBIER N A~DE BT SR o T2, < U H ATB WL, BEDEA R~ D 7
PREREI IR E SN TRy, Lo L, BB B OFE 2 KT 5805 B
2% 5000 pg/L LA Lo~ B LR UIZA . OGN L RIF
FAREMEA R D TRWEN R S L7z, S%IL, K VMR st EoRE MR & a2 B L
LC IBRBREEXOBFRHFNE S DI~ v OE R DB 21T > T BERH 5,
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1.E+06

1.E+05

DL amounts (counts)

250 1000 2000
Mn Concentratlons (nglL)

1.E+04

Figure.2b W2 HUICBEENTP subcapitataDBEEFRIE

3-7 B SBED ECsoff (BIEF LI ERER)

Table 4 (2, HFEFRCILERBR ) B EH Sz ECsofE(ECs0) & . #efEA KB ERER |
5% ECoo DXHMEZ TR LTz, Bl YV, w0 H o Z2HR< 4 WE THER BAFRE 2R
LTHY., FIZsho EC50 1L 98 pg/L TH Y . SCHMEIZHE~K 3 15 - 27 5 L IEH 12
W CEhOBmMEE AR L, £2, =y U L TH, 100 pg/L & $h[RARIZSTHK
EIZHEA_EWVEEZ R L TV, 2D OFRRENS, $hB L 0= v 7 L OESER MR
I, FRCHERA~OERICER T2 REEENE W EZE X B, 7 v A28 TiE, e
LS COBMEFENRE REEZ EOTWD AR H 5,
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Table4 Pb, Ni, Cr, Se, Fe, Mn (2 B9 % 883 A EFRBR O EDLE LU
SRk (growth) o ik

ECs (ug/L; algal DL) ECso (ng/L; algal growth)

Ni 100 150-300%- 112

Se 1000< 61.5x 10°143x 10*'®

Mn >5000 8300 '

3-8 B L7 v AT L AESEEOIE

AWFZE T, mEAR R ERBRIC L 2 E SR OFHMEREZ B ST 5720, EBIE%
WP EEBL X LEMB L0 v A0EESRE W CREBE(TH-7-, $7-. &
LEEBOIMIT A VY ARe T AL EfE LT,

381 T7AVFRua T A

TAYVARw T T NIFEMOMRZFMT 2 FETH Y | EIHEBF OS5 THW
5TV D,

TA YRR T ATIE, HEREIZ BT 2WEOERRC T 5 2 2ME(ECso fE 72
EVNBRD SN HFIERR (ine of additivity) &, HAREIOEEMEN LRI NDHHF
FZNRERIC LV EERELZFMEL TV (Figure. 26), M EMROBEBENSHE LD
DFHZNERAE < 1 THIUTHEFENIC, = 1 20N, > 1 OGAIFESETICERT 2
ETRlEnDG (Figure. 27), F7z, FHIMEHR & OF 20 HEHR O 22 ST B 70 5 B3 7
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bNDLEEALND PIMEL ERSNLTEY ., ZOTRNEITHT 2 EHEEEHEO
A & o THEITHE DL 5 2BH) OALERIFR 2 b bR OB S EM 2 T 2
HPFRETH D, THMEICK L TERRMED TEICALE T 258 13RS, EiAR O
PR B & PRITE %,

Subadditive

/
7

i ’
Dose B ’
’

/
S BEpRER P

Superadditive

T A
“— Figure.26 7A VRO S LICKDEMBAZED
A SE4ffi (Tallarida, 2006)

Dose A f

5 8/{E pA or gA N 5= ;8/{E pB or qB
ECsofE A, ECs,fE B ;

- MRE<1 - HREA - MRE=1 - HNERA
- WRE>1 - FOER

Az RE

Figure. 27 FAVARAS S AICKS5tASRBEO T LR
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3-8-2 BREEE

Lz, $héZubnahiE
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PSRN O/ A= NIV R

BT D80

AEHZ

ii

B
1% 3-5 THRONTZ ECoofEZ AL L TRV, FREXKITAL 2T

-
—

Table 5 |

XN TW5, B

[

BRIXTH D WX 3 IZWWE D

ii

EX 1,5 1380, 7 v L HKRFO

L7z

X 4

RSN TERY ., BE

i
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LN

RETEZEND

X 2 1380 =)

KR L 72D, 1B
IZERMEIREE, 7 1 A0

ii

RERX L 70> T 5,
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3-8-3 BAFEB DI

Figure. 28 [ZAGER T D L7280, 7 v AOOFAZDFE AR L OHHINERRZ 7~ LTz,
BRFEX 2,3 TiE, PHIEICH L CO TR ULEEIEIIRE < EEICMELTRY ., #mR
BED ECs0 1% 261,465 ng/L ThHh-o7-, F7-, S 6072 ECsofl &80, 7 1 ADIFEEL
D5 | B CHEEENBIN SN, 7 n A EEZFEH LR REX 2 Tk

Ph=87ng/L. 7 7 5=174 pg/L, WEFEX 3 TIlIh=66 png/L, 7 1 5=398 ng/L & 72 -7z,
TNEDOREENS, IREX 2 OO AR RMEIX, 87/71+174/684=1.22+0.25=1.49,
BRFEX 3 OO REIZ, 66/71+398/684=0.92+0.58=1.50 &72~7=, ZHNHD
FERPD ., 7, 7 v LOEAREHZIB W T, dHENE (ECsoff) A EUEICE & 7 1 AN
FREOHEMEZ RTEAETEEN TS & X, Fi2, 7 v A% L TIRREWEIEG TfF
1ET D56 1%, #Pn el A R L R Al RelED VR S 7z, — 757 T, ECso fE A 5L HE &
LICAAERED Y < 7 n A THDHEEX 4 Tik, PRMEICR U CHERMEIL T EICA0E L
TEY, 2D ECsofliix 380 pg/ Th o7z, £70, ZORFDE, 7 v A&EITE =20 pg/L,
7ulh =360 pg/L THY ., ZOOFHZERAEIX 20/ 71 + 360/ 684 =0.28 + 0.52 = 0.80
Elpole, TNHORERNG, ECsofEZ FEHEIZ 7 v ANEIRE CHET 2, E. thé 7
1 SO G EITF R 2 2R 3 RTREME S RIR ST,

%, 70 AOEETICHWET A ViR e 7T AL, S RO GFHZE) T H
S5 —FT, BRBEREOREIHIME Z X 5 & LB FEELRy, LaLl, K
ﬁm ZBWT, PHUEICKRT D ZRIEOAE & OFAZRMEOME S —F L T\, £

Bk s v AN A K LTS R AR LTS D SRR 2 OB S
@@ P HIE A FIRECTH D Z EBIRB ST,

700

684
e
I
(=]
2
i1
B 350
4
m}
& e TN (P00 FAE |
0 B
0 50 71 100

SREE (Hg/L)
Figure. 28 7AVARAY S AIZKDPb, Crif & B DA
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4. BIEDELD

AT, SO ERER S L OB IEFOLIZE T 2 R D7 W E S O B2 ]
BNIT D72, BTG E BT X 2 mta i 4 94 L7z, ARBRTIX. &, = v
T, sab BLy Bk v oG E L. T D ORSRIER E~ DB
EH LT LTz, Fi0, SR ERBRIC L 2ESZEOFEREL A LT o H%E
HigE LT, kX v A 0EAEE 2 X RICGGH 21T > 72,

RERDOFER, $h. =7, 7 v b, 813 P subcapitata DIEER A2 HEIZHEL
THY  ECsoffICBI L THIEFITHWVERE TR L72(FrICshB L=y 7 1), —F T,
AR OBEFTREX (10-1000 ng/L) TlE, Bl B IO~ TN KD BIERE~D
BIERELR D3R ONRh o T, ZDD, WWEITESE (P subcapitata) DIETER
BLUONEROEREZE T DB L F > TR BT, £ DORZED D T/
SUVHREPEDS BN T & DRI ST, 272, HEKE B BTV TR, D THERE D
GHLHESNLTZD, S%IF, L0 ESWVIRRIREXICL 2 EHHMIAEETHY | &
LoRov U R ETHEK I E O E R I E T A EN D D, Fo, mER
JERRERBRIC X 2 6 WE 0w, B ORI S TR S D miEm & FEEL L T
BY | ARFEDED TEWBERMEAZ R IFRBEE A AT v ThHDH I EPREIN
Too Fio, EEREER, 7 v 2)ORBRTIL, 74 Y ARB ST ATE 0 ZOREAZTANL L
Teo 7AYARBZ T ML D5HETIE, EEFEIOME - 2 ERZH LI L,
his L OV b Ao ENEE KM Lo @ 2R Lic, 20720 wEFOLHERER B &
U7 A YR 7T NIRRT Y E OGN 2 dUR 21T 2 2 F0RIR S e, 4%
32 DALFWE 2 AE DR TEHERBEOFIRE LB L TS ERHEETH D,
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B4 FE RIS

ARBFFETIE, BRI P AR & Vs i 8 72 BR BT AU ORI ook, R O Pk B
~OBN NEWRELETH HBEARAERBROA 7 ) —= 7k LTOEMZHELE
WFED—BR & LT, 19 ffl 4-NP SMER(E S RMEMR 1 fE, oM EMEA 18 ) B L O
HEKFEHEIR B T 5 BRI & MR IRFOEI BRI & 2 il 217 - 72, b5
WHE D ECso EOBIEFOLORLE R, BREE 24 RN TOREB2ET 52 LT, €D
EIEDFRFIR0 ., Bl 22 i EE(ECso 72 £)F 06 A % Z & BSHURARWEE O 72 & %
e U, s RMERBC T DM R e obd 2 Z LB REL 2%, ETo, AMBF
FETIG DAL D M RME OFMEMR & TV E TICHE ST BEBR R 2 k- BRES 5 2
& TUHBUE AN AT v 2 A ThH DB EAROFBRME R L2 5T 5 2
ExAME LT,

H 1 BT RFEOPIKEHIZB W TEERONA 47 v A L D7 KD 5
NTEY ., FROKAERSR O Z S BEO BRI MmO CEETH L FE R LT,
Z LT, KEOREIZ 7T 2 B¢, Bl TR BE A 4T v A BUERFKT
bV | BUE, FEAEE & U CFET 2 WA RILERBR(TG-201) TIEFHE ¢ T % TICRERH
AT DL o, BRI ICAT O B0 B R EMEMES ITER L TWD Z
L LT, T LT, dul, i, ZMREE AN AT vk A L LT, BRI
BN FRE & LT iR L ERBR O SN T D Z L2 LT LT, £ LT,
PR BB BB ORI 21T 5 BT, (b FWEOESRENEETH Y | SO
ERBRI LR AT AIRE TH DAY, Z D7 DITIE, (LW E HARIC X 5 BRI~
DEBOFENEECTHIFE R LT, £ LT, ABFZE T, mEEENH LIk -
T 4-NP Bk, BIEREICBET 2 MANRE T 2 EAREE SR E LT,
FENPLERROENMER EOMEL BN LT 52 LE2R LT,

5 2 T CIE, 13 Fll 4-NP SAEARGE S SR 1 FE, iR R 12 ) XU 6 f
3 T D 4-NP NKRMER(O T AT LA~ —) 2R EBWE & L CRREROLAERBR 21T
-7z,

B SAU72 4 ECso fHIE 4-NP BERIC KL o TR D EZ R L7z, 13 F 4-NP’s (28
The b RO FEMEAF(ECso ) 2 7~ L 72 DIXESH L EMER TH 5 4-n-NP (0.4+0.1 pg/mL)
Thoto, ZORRIL, EHEOMEZ > 72 NP BAERITIEEL O NP BMEARIZ A~
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PR R DA A RET 5L O TH D, ZiE, Kobayashi et al., (2014) 3 55
L7 4-NP HEVERIZ X A% (e A & 4, Oryzias latipes) D FEMEAHH] & IXIE R OFE R TH
ofc, Fio, EMEMETHIFIE~OREAZE L, BFEE 1 FEB X0 6 R ol
ECso fifl 2 5 HH U CHEMIFREIC L A LA BIE L7 R, 4-NP BAMEROZ < 1XIRE
IEH & HR12 2 D ECso fEDSEEIMME AN & o 7o (FE DK T),

BEIEFE DI FERIZIBNTIE, ECso i & [FIARIZ 4-n-NP 232K Z 0@ L T W E R4
ARLTEY, EREXTIX99.92%DEFERTH o7, — T, NP-DIL, HiREX THi
AR VP E #2(65.59%) & 7 L 72 A3, ARIR BE X CII i 5RO BHE 20 F(11.58% - IR X
0.1 pg/mL CIE5 IR SR C e imfl) 23 A H T,

Figure. 8-12 DEBIEFR AL FHEN D, %< D 4-NP BIERITIRFER 1-6 h TEOFHMER
RIS 720 . ZORITIK T 2BMICh o7, Lo, B BIERIIREER
6-24h THARD MR EL R L TEY, 4%IEL. BERFMZ LR U723/l LB PED R
eI iTo, 7o, FIREX TIIESFREMEMR 4-n-NP OFENRI S22, K
B FE XAZ B W TUI IR BV R O BN L0 iR < b Tz, ZAULFEFEOKEREEHICE
W, DIERIEMERD Y 27 D@L R D F LR/ LTNWD, o, AN T,
4-NP FLMEMRICHEER S 4072 P.osubcapitata O ZEhIE, ZALE TICHE 407 NP (2R S
BT & | RO 28 L2350 5, MEROEERR I @ O A EE
L OBIENA FT v A THDHEINRI NI,

F iz, ANP LREERC T AT LA~ —) O ECso [HIZB W T, XTI TZD
EIZZENH B, NP-J (1.9 pg/mL) < NP-L (0.8 pg/mL), NP-K (1.3 pg/mL) < NP-P
(0.6 pg/mL), NP-E (2.6 pg/mL) < NP-G (1.4 pg/mL) & 72 > T\ 2, F£72. BEFRED
FHERIZBWTEH NP-J (73.41%) < NP-L (85.09%), NP-K (82.3%) < NP-P (90.07%),
NP-E (75.79%) < NP-G (82.93%) & 72> TV, ECsofEDHA & —F L T\, Th
5 ECsofE & BRERDOMFNIIERT A vk FE b 2 VL B IR F IR A FAELICRF T 5
EEZ BN, £in, BHEREOCHERBRN 4-NP SRR OME R REEEIC L 555
PERBOBENERHBATRETH D Z 2 LML,

W3 ETIL, BERSEA~DIEADNH S M- TV WES JESE Pb, Ni, Cr, Se, Fe,
Mn Z % EHRTEOCILE R 217 > 72,

Pb. Ni. Cr. Fe L. AEHRIC P.subcapitata DIEEF A THE L TH Y . ZhEHD
ECso fi£1 98 ng/L, 100 pg/L, 662 pg/L, 850 pg/L TH o7z, T b OmMEMEiE, —#%i7s
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PESEEANA T v A Th D EHARMEERR (TG-201) D SCHEMEIZ -~ MEfE 2 7R LT
T2 ARFEREWVRE TN LS REOREEELZ R TRETH L2 FHELH LI
L72, —}C. P subcapitata ®IELEFE 1L, Se (10 - 1000 pg/L)F L O Mn(250-2000 pg/L)
DBELE—OZ T TELT ., TOFMEITREB TERDLoTENL, B BLIUv Y
v OEREFENE OEERA~ORE) iR AW ATREMER R S T,

Flo, TA YA T T LEFNTPh, Cr DG A A MR FHHERC X 0 3
L7oAER. $h& 7 v AOFE(EHIC K » THENR LTI R ERR A, ), 7=
D OFEMAE 2 Ik U7 B2 o) LTz, 2 ORGSR S | BER I ERR B L O
A YR 7T MNIMEFYE ORE LB GFHEICFIA P TH 2 HENRHA LN E oz,

19 f 4-NP BPEfRR L O EAREZ x5 & U mR e E R BR O RS . 4-NP IR
BLOPb, Ni, Cr, Fe |2 X 2BIEFHLOREFEN LIV, FRZERBIEIZB W TITIERIC
EVVEETEND OFMEEZ M L7z, 72, 4-NP BRI LT, % ECso ECIEE
FNFERTEL M 2EFE 2R L, 4-NP SLARERMEIROME) 72 O Z SOk U 72557
B BRI ERBRAME Y E O AR A BUR & U CHIREICEHE C X 2 AlREMEA VRIS
SNT, BT, BRI EFRBRNEREE T 2 BEARMERBROA 7 ) —=>
7L LTEMAWMRTHLIFEELRTRERTH Y | PAKEBECBREEHE~ 01 F AR A o>
RN 72 R L 72 D

SHBOBERE LT, JkERR S COEREE BN E LT, HEOLFEWEIC L 5E
BOFHENEE L 725, AT, Se = Mn O X 9 ITHA AR ~DFERTH
BT U2 W B OF A 2 ATV IBIEFE ISR T D B O R A ]
T2HE T, IO ERBRE A TFIE L R D WHE, 72O WE OGS E 039
WICEETHH EEZEZDLND, £i2, BUEOERENA AT v A28 T, duE Tff
72 BRIENEEFE L TR Y RBREEORIZB W T Y P subcapitata 722 RER
TIERLSEZREL TV D, ZOHICHEWT, BRI ERBIT NEaihiic X 210
B OHER | RARETH V. Z OFERFIEZ OB A AT » ' A TIEBEEZ TIZ
WA STV, LavL, BLERECIE, ARGk~ DI HESI 3R I BRER
BREHMC 72 D ONBURTH D, DT, S%IE. KA~ DOEEN Al I T
WO B A xt g & LT-3RBRIC K0 | O O TR & A R~ D VE RS O BafR I
ERONCTHZ L, 2 LT, ZHRBRERIC L 2R BROFMmAEEND,

AN
=

>
&

54



51 FASCHR

1)

2)

3)

4)

5)

6)

7)

8)

9)

USEPA (2004) WET Implementation Guidance, EPA 832-B-04-003

Haifeng, Q., Xiangjie, P., Shutian, S., Shuqiong Y., Haiyan, Jiang., Zhifan
L., Zhengwei, F. : Effect of nonylphenol on response of physiology and
photosynthesis-related gene transcription of Chlorella vulgaris: Environ
Monit Assess 182, 61-69, 2011

OECD (2011) Guideline for testing of chemicals No. 201. freshwater alga
and cyanobacteria, growth inhibition test. Adopted: 23 March 2006,
Annex 5 corrected: 28 July 2011, Organization for Economic Cooperation

and Development, Paris, France.

Tanaka, H., KIM, J.H., Nakamura, S., Sudo, R. : Toxicity of Alkylphenols
to Unicellular Green Alga Chlamydomonas reinhardtii. Journal of Japan
Society on Water Environment 25, 39-45, 2002.

Blanck, H., Wallin, G., Waengberg, S.A. : Species-dependent variation in algal
sensitivity to chemical compounds. Ecotoxicology and Environmental Safety 8,
339-351, 1984.

Lukavsky, J. : The evaluation of algal growth potential (agp) and toxicity of water
by miniaturized growth bioassay. Water research 26 (10), 1409-1413, 1992.

Radetski, C.M., Férard, J.F., Blaise, C. : A semistatic microplate-based
phytotoxicity test. Environmental Toxicology and Chemistry 14 (2), 299-302,
1995.

Rojickova, R., Dvorakova, D., Marsalek, B. : The use of miniaturized algal
bioassay in comparison to the standard flask assay . Environmental Toxicology
and Water 13 (3), 235-241, 1998.

Philippe, E and Guy, V. : The F684/F735 chlorophyll fluorescence ratio : a
potential tool for rapid detection and determination of herbicide phytotoxicity in
algae. Water Research 37, 1983-1990, 2003

55



10) Katsumata, M., Koike, T., Nishikawa, M., Tsuchiya, H.: Influences of herbicides
and mercury on blue green alga Spirulina platensis Analysis of long-term
behavior of S. platensis delayed fluorescence: Journal of Japan Society on Water
Environment: 28 (1), 23-28, 2005.

11) Katsumata,M., Koike, T., Nishikawa, M., Kazumura, K., Tsuchiya, H.: Rapid
ecotoxicological bioassay using delayed fluorescence in the green alga
Pseudokirchneriella subcapitata: Water Research: 40, 3393-4000, 2006.

12) Katsumata, M., Takeuchi, A., Kazumura, K., Koike, T. : New feature of delayed
luminescence: Preillumination-induced concavity and convexity in delayed
luminescence decay curve in the green alga Pseudokirchneriella subcapitata:
Journal of photosynthesis and photobiology B Biology: 90, 152-162, 2008.

13) Katsumata, M., Koike,T., Kazumura,K., Takeuchi, A., Sugaya, Y. : Utility of
Delayed Fluorescence as Endpoint for Rapid Estimation of Effect Concentration
on the Green Alga Pseudokirchneriella subcapitata: Bull Environ Contam
Toxicol: 83(4), 484-4817, 2009.

14) Takeuchi, A., Katsumata,M., Koike, T., Takata, Y., Itatsu, Y., Kusui, T. :
Comparison of the Conventional Algal Growth Inhibition Tests Using Cell
Counting and Algal Bioassay Using Delayed Fluorescence: Application to
Industrial Effluents: Journal of Water and Environmental Technology: 12(4),
367-377, 2014.

15) Chuenwarin, P., Shimazaki, A., Shimizu, M., Kobayashi, Y., Katsumata, M.,
Kobayashi, H. : Nondestructive evaluation of photosynthesis by delayed
luminescence in Arabidopsis in Petri dishes. Bioscience, Biotechnulogy and

Biochemistry (online), 2015

16) Kuramitz, H., Sazawa, K., Nanayama, Y., Kudo, C., Kawakami, T., Hata, N.,
Taguchi, S: Estimation of suppressive effect of dissolved organic matter on
Copper toxicity using the microscaled algal growth inhibition test. Journal of
Japan Society on Water Environment 132, 309-314 2009.

56



17) Strehler, B.L., Arnold, W: Light production by green plants. The Journal of
General Physiology 34, 809-820, 1951.

18) Berden-Zrimec, M., Drinovec, L., Zrimec, A., Tisler, T: Delayed fluorescence in
algal growth inhibition tests: Central European Journal of Biology 2(2), 169-181,
2007

19) Jursinic, P.(ed.) 1986: Delayed Fluorescence: Current Concepts and Status. New

York: Academic Press.

20) Rutherford, A.W., Govindjee., Inoue, Y: Charge accumulation and
photochemistry in leaves studies by thermoluminescence and delayed light

emission. Proceedings of the National Academy of Sciences of the United States
of America 81, 1107-1111, 1984.

21) Yan, Y., Popp, F.A,, Sigrist, S., Schlesinger, D., Dolf, A., Yan, Z., Cohen, S.,
Chotia, A. Further analysis of delayed luminescence of plants. Journal of
Photochemistry and Photobiology B: Biology 78, 235-244, 2005

22) Schreiber, U., Miiller, J.F., Haugg, A., Gademann, R: New type of dual-channel
PAM chlorophyll fluorescence for highly sensitive water toxicity biotests.
Photosynthesis Research 74, 317-330, 2002

23) Chekalyuk, A.M., Hoge, F.E., Wright, C.W., Swift, R.N., Yungel, J.K: Airborne
test of laser pump-and-probe technique for assessment of phytoplankton
photochemical characteristics. Photosynthesis Research 66, 45-56, 2000

24) Kosumi, D., Kusumoto, T., Fujii, R., Sugisaki, M., linuma, Y., Oka, N., Takaesu,
Y., Taira, T., Tha, M., Frank, H.A., Hashimoto, H: One - and two-photon pump-
probe optical spectroscopic measurements reveal the Si and intramolecular

charge transfer states are distinct in fucoxanthin. Chemical Physics Letters 483,
95-100, 2009.

25) Kosumi, D., Abe, K., Karasawa, H., Fujiwara, M., Cogdell, R.J., Hashimoto, H.,
Yoshizawa, M: Ultrafast relaxation kinetics of the dark S: state in all-trans-B-

carotene explored by one- and two-photon pump-probe spectroscopy. Chemical

57



Physies 373, 33-37, 2010.

26) Eullaffroy, P., Vernet, G: The F684/F735 chlorophyll fluorescence ratio : a
potential tool for rapid detection and determination of herbicide phytotoxicity in
algae. Water Research 37, 1983-1990, 2003.

27) Babu, T.S., Marder, J.B., Tripuranthakam, S., Dixon, D.G., Greenberg, B.M:
Synergistic effects of a photooxidized polycyclic aromatic hydrocarbon and
copper on photosynthesis and plant growth: evidence that in vivo formation of
reactive oxygen species is a mechanism of copper toxicity. Environmental
Toxicology and Chemistry 20, 1351-1358, 2001.

28) Frankart, C., Eullaffroy, P., Vernet, G: Photosynthetic responses of Lemna minor
exposed to xenobiotics, copper, and their combinations. Fcotoxicology and
Environmental Safety 53, 439-445, 2002.

29) Chuewrin, P., Shimazaki, A., Shimizu, M., Kobayashi, Y., Katsumata, M., Kobayashi, H:
Nondestructive evaluation of photosynthesis by delayed luminescence in Arabidopsis in
Petri dishes. Bioscience, Biotechnology, and Biochemistry 80, 452-460, 2016.

30) Avron, M., Schreiber, U: Properties of ATP-induced chlorophyll luminescence in
chloroplasts. Biochimica et Biophysica Acta 546, 448-454, 1979.

31) Wraight, C.A., Crofts, A.R: Delayed fluorescence and the high-energy state of
chloroplasts. Furopean Journal of Biochemistry 19, 386-497, 1971.

32) Melcarek, PK., Brown, G.N: Effects of chill stress on prompy and delayed
chlorophyll fluorescence from leaves. Plant Physiology 60, 822-825, 1977.

33) Drinovec, L., Drobne, D., Jermen, 1., Zrimec, A: Delayed fluorescence of Lemna
minor : a biomarker of the effects of copper, cadmium and zinc. Bulletin of

Environmental Contamination and Toxicology 72, 896-902, 2004.

34) Jolit, P, Jolit, A: Dependence of delayed luminescence upon adenosine
triphosphatase activity in Chlorella. Plant Physiology 65, 691-696, 1980.

58



35) Wang, C., Xing, D., Chen, Q: A novel method for measuring photosynthesis using
delayed fluorescence of chloroplast. Biosensors and Bioelectronics 20, 454-459,
2004.

36) Monti, M., Zrimec, A., Beran, A., Berden Z.M., Drinovec, L., Kosi, G., Tamberlich,
F: Delayed luminescence of Prorocentrum minimum under controlled conditions.
Harmful Algae 4, 643-650, 2005.

37) Benachour, N., Aziz: ArisToxic effects of low doses of Bisphenol-A on human
placental cells. 7oxicology and Applied Pharmacology 241, 322-328, 2009.

38) Al-Hiyasat, A.M., Darmani, H., Elbetieha, A.M: Effects of bisphenol A on adult
male mouse fertility. Oral sciences 110, 163-167, 2002.

39) Holan, J.R., King, C.K., Sfiligoj, B.J., Davis, A.R: Toxicity of copper to three
common subantarctic marine gastropods._Fcotoxicology and Environmental
Safety 136, 70-77, 2016.

40) Feron, V.J., Cassee, FR., Groten, J.P., van Vliet, PW, van Zorge, J.A.,
International issues on human health effects of exposure to chemical mixtures.
Environ. Health Perspect. 110, 893—-899, 2002.

41) Duan, Z., Zhu, L., Zhu, L., Kun, Y., Zhu, X: Individual and joint toxic effects of
pentachlorophenol and bisphenol A on the development of zebrafish (Danio
rerio) embryo. Ecotoxicology and Environmental Safety 71, 774-780, 2008.

42) Safe, S.H: Polychlorinated Biphenyls (PCBs): Environmental Impact,
Biochemical and Toxic Responses, and Implications for Risk Assessment.
Critical Reviews in Toxicology 24, 87-149, 1994.

43) Van den Berg, M., Birnbaum, L., Bosveld, A.T., Brunstrém, B., Cook, P., Feeley,
M., Giesy, J.P., Hanberg, A., Hasegawa, R., Kennedy, S.W., Kubiak, T., Larsen,
J.C., Leeuwen, F.X., Liem, A.K., Nolt, C., Peterson, R.E., Poellinger, L., Safe, S.,
Schrenk, D., Tillitt, D., Tysklind, M., Younes, M., Waern, F., Zacharewski, Tt
Toxic equivalency factors (TEFs) for PCBs, PCDDs, PCDFs for humans and
wildlife. Environ Health Perspect 106, 775-792, 1998.

59


http://www.sciencedirect.com/science/article/pii/S0041008X0900386X
http://www.sciencedirect.com/science/article/pii/S0041008X0900386X
http://www.sciencedirect.com/science/journal/0041008X
https://www.ncbi.nlm.nih.gov/pubmed/?term=Holan%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=27816837
https://www.ncbi.nlm.nih.gov/pubmed/?term=King%20CK%5BAuthor%5D&cauthor=true&cauthor_uid=27816837
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sfiligoj%20BJ%5BAuthor%5D&cauthor=true&cauthor_uid=27816837
https://www.ncbi.nlm.nih.gov/pubmed/?term=Davis%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=27816837
http://www.sciencedirect.com/science/article/pii/S0147651308000250
http://www.sciencedirect.com/science/article/pii/S0147651308000250
http://www.sciencedirect.com/science/article/pii/S0147651308000250
http://www.sciencedirect.com/science/article/pii/S0147651308000250
http://www.sciencedirect.com/science/article/pii/S0147651308000250
http://www.sciencedirect.com/science/journal/01476513
http://www.tandfonline.com/author/Safe%2C+Stephen+H
https://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20den%20Berg%20M%5BAuthor%5D&cauthor=true&cauthor_uid=9831538
https://www.ncbi.nlm.nih.gov/pubmed/?term=Birnbaum%20L%5BAuthor%5D&cauthor=true&cauthor_uid=9831538
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bosveld%20AT%5BAuthor%5D&cauthor=true&cauthor_uid=9831538
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brunstr%26%23x000f6%3Bm%20B%5BAuthor%5D&cauthor=true&cauthor_uid=9831538
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cook%20P%5BAuthor%5D&cauthor=true&cauthor_uid=9831538
https://www.ncbi.nlm.nih.gov/pubmed/?term=Feeley%20M%5BAuthor%5D&cauthor=true&cauthor_uid=9831538
https://www.ncbi.nlm.nih.gov/pubmed/?term=Giesy%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=9831538
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hanberg%20A%5BAuthor%5D&cauthor=true&cauthor_uid=9831538
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hasegawa%20R%5BAuthor%5D&cauthor=true&cauthor_uid=9831538
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kennedy%20SW%5BAuthor%5D&cauthor=true&cauthor_uid=9831538
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kubiak%20T%5BAuthor%5D&cauthor=true&cauthor_uid=9831538
https://www.ncbi.nlm.nih.gov/pubmed/?term=Larsen%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=9831538
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Leeuwen%20FX%5BAuthor%5D&cauthor=true&cauthor_uid=9831538
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liem%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=9831538
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nolt%20C%5BAuthor%5D&cauthor=true&cauthor_uid=9831538
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peterson%20RE%5BAuthor%5D&cauthor=true&cauthor_uid=9831538
https://www.ncbi.nlm.nih.gov/pubmed/?term=Poellinger%20L%5BAuthor%5D&cauthor=true&cauthor_uid=9831538
https://www.ncbi.nlm.nih.gov/pubmed/?term=Safe%20S%5BAuthor%5D&cauthor=true&cauthor_uid=9831538
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schrenk%20D%5BAuthor%5D&cauthor=true&cauthor_uid=9831538
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tillitt%20D%5BAuthor%5D&cauthor=true&cauthor_uid=9831538
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tysklind%20M%5BAuthor%5D&cauthor=true&cauthor_uid=9831538
https://www.ncbi.nlm.nih.gov/pubmed/?term=Younes%20M%5BAuthor%5D&cauthor=true&cauthor_uid=9831538
https://www.ncbi.nlm.nih.gov/pubmed/?term=Waern%20F%5BAuthor%5D&cauthor=true&cauthor_uid=9831538
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zacharewski%20T%5BAuthor%5D&cauthor=true&cauthor_uid=9831538
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1533232/

44) Van Den Berg, M., Craane, B..LH.J., Sinnige, T., Van Mourik, S., Dirksen, S.,
Boudewijn, T., VAN DER GAAG, M., Lutke-Chipholbte, I.J., Spenkelink, B.,
Brouwer, A: Biochemical and toxic effects of polychlorinated biphenyls (PCBs),
dibenzo- Pdioxins (PCDDs) and dibenzofurans (PCDFs) in the cormorant
(phalacrocorax carbo) after in ovo exposure. Environmental Toxicology and
Chemistry 13, 803-816, 1994.

45) Van Birgelen, A., Van der Kolk, J., Fase, K., Poiger, H., Brouwer, A.,
VandenBerg, M: Toxicity and biochemical potencies of polychlorinated biphenyl
congeners relative to 2,3,7,8-tetrachlorodibenzo-p-dioxiinn three months feeding
studies in the rat. Organohalogen Compd 10, 373-376, 1992.

46) Brouwer, A., Kukler, A., VaudenBerg, K.J: Alterations in retinoid concentrations
in several extrahepatic organs of rats by 3,4,3’,4’-tetrachlorobiphenyl. Toxicology
50, 317-330, 1988.

47) Brouwer, A., Hakansson, H., Kukler, A., VandenBerg, K.J., Ahlborg, U.G:
Marked alterations in retinoid homeostasis of Sprague-Dawley rats induced by
a single 1.p. dose of 10 pg/kg of 2,3,7,8-tetrachlorodibenzo-p-dioxin 7oxicology 58,
267-283, 1989.

48) Hakansson, H., Johanson, L., Ahlborg, U.G: Effects of 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) on tissue levels of vitamin A and on the
distribution and excretion of the endogenous pool of vitamin A in the marginally
vitamin A sufficient rat. Chemosphere 17, 1781-1793, 1988.

49) Chen, L.C., Berberian, I., Koch, B., Mercier, M., Azais-Braesco, V., Glauert, H.P.,
Chow, C.K., Robertson, L.W: Polychlorinated and polybrominated biphenyl
congeners and retinoid levels in rat tissues: Structure-activity relationships.
Toxicology and Applied Pharmacology 114, 47-55, 1992.

50) Gao, Q.T., Tam, N.F.Y: Growth, photosynthesis and antioxidant responses of two
microalgal species, Chlorella vulgaris and Selenastrum capricornutum, to
nonylphenol stress. Chemosphere 82, 346-354, 2011.

60



51) Vazquez-Duhalt, R., Marquez-Rocha, F., Ponce, E., Kicea, A. F, Viana, M.T
Nonylphenol, an intergrated vision of a pollutant. Applied Ecology and
Environmental Research 4,1-25, 2005.

52) Naylor, C.G: Environmental fate and safety of nonylphenol ethoxylates. Textile
Chemist and Colorist 27, 29-33, 1995.

53) Gigier, W., Brunner, PH., Schaffner, W: 4-Nonylphenol in sewage sludge :
accumulation of toxic metabolites from nonionic surfactants. Science 225, 623-
625, 1984.

54) Ahel, M., Giger, W., Koch, M: Behaviour of alkylphenol polyethoxylate

surfactants in the aquatic environment. Occurrence and transformation in
sewage treatment. Water Research 28, 1131-1142, 1994a.

55) Ahel, M., Giger, W., Schaffner, C: Behaviour of alkylphenol polyethoxylate

surfactants in the aquatic environment-II. Occurrence and transformation in
rivers. Water Research 28, 1143-1152, 1994Db.

56) Comber, M.H.I., Williams, T.D. Stewart, K.M: The effect of nonylphenol on
Daphnia magna. Water Research 27, 273-276, 1993.

57) Corvini, P. F. X., Schéffer, A., ScSchlosser, D: Microbial degradation of
nonylphenol and other alkylphenols--Our evolving view. Applied Microbiology
and Biotechnology 72, 223-243, 2006.

58) Vethaak, A.D., Lahr, J., Schrap, S.M., Belfroid, A.C., Rijs, G.B., Gerritsen, A., de
Boer, J., Bulder, A.S., Grinwis, G.C., Kuiper, R.V., Legler, J., Murk, T.A.,,
Peijnenburg, W., Verhaar, H.J., de Voogt, P: An integrated assessment of
estrogenic contamination and biological effects in the aquatic environment of the
Netherlands. Chemosphere 59, 511-524, 2005.

59) Isobe, T., Nishiyama, H., Nakashima, A., Takeda, H: Distribution and behavior
of nonylphenol, octylphenol, and nonylphenol monoethoxylate in Tokyo
metropolitan area: Their associate with aquatic particles and sedimentary
distributions. Environmental Science & Technology 35, 1041-1049, 2001.

61


http://www.sciencedirect.com/science/journal/00431354

60) Sato, A.M., Justicia, H., Wray, J.W., Sonnenschein, C: p-Nonylphenol: An
estrogenic xenobiotic related from modified polystyrene. Environmental Health
Perspectives 92, 164-173, 1991.

61) Uguz, C., Togan, I, Eroglu, Y., Tabak, I., Zengin, M., Iscan, M: Alkylphenol
concentrations in two rivers of Turkey. FEnvironmental Toxicology and
Pharmacology 14, 87-88, 2003.

62) Staples, C., Mihaich, E., Carbone, J., Woodbrun, K., Klecka, G: A weight of
evidence analysis of the chronic ecotoxicity of nonylphenol ethoxylates,
nonylphenol ether carboxylates, and nonylphenol. Human and Ecological Risk
Assessment 10, 999-1017, 2004.

63) Servos, M.R: Review of the aquatic toxicity, estrogenic responses and
bioaccumulation of alkylphenols and alkylphenols polyethoxylates. Water
Quality Research Journal of Canada 34, 123-177, 1999.

64) Hirano, M., Ishibashi H., Matsumura, N., Nagao, Y., Watanabe, N., Watanabe
A., Onikura, N., Kishi, K., Arizono, K:! Acute toxicity responses of two
crustaceans, Americamysis bahia and Daphnia magna, to endocrine disrupters.
Journal of Health Science 50, 97-100, 2004.

65) Ishibashi, H., Hirano, M., Matsumura, N., Watanabe, N., Takao, Y., Arizono, K:
Reproductive effects and bioconcentration of 4-nonylphenol in medaka fish
(Oryzias latipes). Chemosphere 65, 1019-1026, 2006.

66) Hirano, M., Ishibashi, H., Kim, J.W., Matsumura N., Arizono, K: Effects of
environmentally relevant concentrations of nonylphenol on growth and 20-
hydroxyecdysone levels in mysid crustacean, Americamysis bahia. Comparative
Biochemistry and Physiology 149, 368-373, 2009.

67) Bhatt, B.D., Prasad, J.V., Kalpana, G., Ali, S: Separation and characterization of

isomers of p-nonylphenols by capillary GC/GC-MS/GC-FTIR techniques.
Chlomatographic Science 30, 203-210, 1992.

62



68) Wheeler, T.F, Heim, J.R., La Torre, M.R., Janes, A.B: Mass spectral
characterization of p-nonylphenol isomers using high-resolution capillary GC-
MS. Chlomatographic Science 35, 19-30, 1997.

69) Kim, Y.S., Katase, T., Makino, M., Uchiyama, T., Fujimoto, Y., Inoue, T,
Yamashita, N: Separation, structural elucidation and estrogenic activity studies
of the structural isomers of 4-nonylphenol by GC-PFC coupled with MS and
NMR. Australasian Journal of Ecotoxicology 11, 137-148, 2005.

70) Giger, W., Brunner, PH., Schaffner, C: 4-Nonylphenol in Sewage Sludge:
Accumulation of Toxic Metabolites from Nonionic Surfactants. Science 225, 623-
625, 1984.

71) Stephanou, E., Giger, W: Persistent organic chemicals in sewage effluents. 2.
Quantitative determinations of nonylphenols and nonylphenol ethoxylates by
grass capillary gas chromatography. Knvironmental Science Technology 16, 800-
805, 1982.

72) Ahel, M., Giger, W: Determination of Alkylphenols and Alkylphenol Mono- and
Diethoxylates in Environmental Samples by High-Performance Liquid
Chromatography. Analytical Chemistry 57, 1577-1583, 1985.

73) Ahel, M., Conrad, T., Giger, W: Persistent Organic Chemicals in Sewage
Effluents. 3. Determinations of Nonylphenoxy Carboxylic Acids by High-
Resolution Gas Chromatography/Mass Spectrometry and High-Performance
Liquid Chromatography. Environmental Science Technology 21, 697-703, 1987.

74) Lee, H.B., Peart, T.E: Determination of 4-Nonylphenol in Effluent and Sludge
from Sewage Treatment Plants. Analytical Chemistry 67, 1976-1980, 1995.

75) Kolpin, D.W., Furlong, E.T., Meyer, M.T., Thurman, E.M., Zaugg, S.D., Barber,
L.B., Buxton, H.T: Pharmaceuticals, Hormones, and Other organic Wastewater
Contaminations in U.S. Streams, 1999-2000: A National Reconnaissance.
Environmental Science Technology 36, 1202-1211, 2002.

76) Tsuda, T., Takino, A., Muraki, K., Harada, H., Kojima, M. Evaluation of 4-

63



nonylphenols and 4-tert-octylphenol accumulation and excretion experiments.
Water Research 35, 1786-1792, 2001.

77) Yokota, H., Seki, M., Maeda, M., Oshima, Y., Tadokoro, H., Honjo T., Kobayashi,
K: Life-Cycle Toxicity of 4-nonylphenol to Medaka (Oryzias Iatipes).
Environmental Toxicological and Chemistry 20, 2552-2560, 2001.

78) Kang, I.J., Yokota, H., Oshima, Y., Tsuruda, Y., Hano, T., Maeda, M., Imada, N.,
Tadokoro, H., Honjo, T: Effects of 4-nonylphenol on Reproduction of Japanese
Medaka, Oryzias latipes. Toxicological and Chemistry 22, 2438-2445, 2003.

79) Harries, J.E., Runnalls, T., Hill, E., Harris, C.A., Maddix,S., Sumpter, J.P, Tyler,
C.R: Development of a reproductive performance test for endocrine disrupting
chemicals using pair-breeding fathead minnows (Pimephales promelas).
Environmental Science and Technology 34, 3003-3011, 2000.

80) Jobling, S., Sheahan, D.A., Osborne, J.A., Matthiessen, P., Sumpter, J.P:
Inhibition of testicular growth in rainbow trout (Oncorhynchus mykiss) exposed
to environmental estrogens. Environmental Toxicological and Chemistry 15,
194-202, 1996.

81) Perron, M,C., Juneau, P. 2011. Effect of endocrine disrupters on photosystem 1I
energy fluxes of green algae and cyanobacteria. Environmental Research 111,
520-529.

82) Hense, B.A., Jittner, I, Welzl, G., Severin, G.F., Pfister, G., Behechti, A.,
Schramm, K.W: Effects of 4-nonylphenol on phytoplankton and periphyton in
aquatic microcosms: Environmental Toxicology and Chemistry: 22, 2727-2732,
2003.

83) Wang, J., Xie, P., Guo, N. : Effects of nonylphenol on the growth and microcystin
production of Microcystis strains: Environmental Research: 103, 70-78, 2007.

84) Kobayashi, J., Sun, C., Ji, H., Ishibashi, Y., Shinohara, R., Minoru Koga, M.,
Arizono, K. : Acute toxicity of 4-nonylphenol isomers to larval medaka Oryzias

latipes: Journal of Environment and Safety: 4, 9-14, 2013 (in Japanese).

64



85) Yoshizu, R. : Ecological effect of 4-Nonylphenol Isomers in mysid Crustacea
(Americamysis bahia): Graduation work summaries in department of

Environmental Symbiosis at Prefectural University of Kumamoto: 2010.

86) Correa-Reyes, G., Viana, M.T., Marquez-Rocha, F.J., Licea, A.F., Ponce, E.,
Vazquez-Duhalt, R. : Nonylphenol algal bioaccumulation and its effect through
the trophic chain: Chemosphere: 68, 662-670, 2007

87) Ahel, M., McEvoy, dJ., Giger, W. : Bioaccumulation of the lipophilic metabolites
of non-ionic surfactants in freshwater organisms: Environmental pollution: 79,
243-248, 1993

88) Preuss, T.G., Gehrhardt, J., Schirmer, K., Coors, A., Rubach, M., Russ, A., Jones,
P.D., Giesy, J.P., Ratte, H.T. : Nonylphenol isomers differ in estrogen activity:
Environmental Science & Technology: 40, 5147-5143, 2006.

89) Liu, W., Gan, J., Schlenk, D., J ury, W: Enantioselectivity in environmental safety
of current chiral insecticides. Proceedings of the National Academy of Sciences
of the United States of America 102, 701-706, 2005.

90) Garrison, A. W: Probing the enantioselectivity of chiral pesticides.
Environmental Science and Technology 40, 16-23, 2006.

91) Jia, Q., Xu, N., Mu, P, Wang, B., Yang, S., Qiu, J: Stereoselective separation and
acute toxicity of Tau-Fluvalinate to Zebrafish. Journal of Chemistry 2015, 5
pages, 2015.

92) Zhang, A., Xie, X., Ye, J., Lin, C., Hu, Xt Stereoselective toxicity of malathion and
its metabolites, malaoxon and isomalathion. Environmental Chemistry Letters
9, 369-373, 2011.

93) Ciminiello, P., Aversano, C.D., Iacovo, E.D., Forino, M., Tartaglione, L., Pelin, M.,
Sosa, S., Tubaro, A., Chaloin, O., Poli, M., Bignami, G: Stereoisomers of 42-
Hydroxy Palytoxin from Hawaiian Palythoa toxica and E tuberculosa:

Stereostructure elucidation, detection, and biological activity. Journal of Natural

65



Products 77, 351-357, 2014.

94) Makino, M., Uchiyama, T., Saito, H., Ogawa, S., Iida, T., Katase, T., Fujimoto, Y:
Separation, synthesis and estrogenic activity of 4-nonylphenols: Two sets of new
diastereomeric isomers in a commercial mixture. Chemosphere 73, 1188-1193,
2008.

95) Bleackley MR, MacGillivray RTA. : Transition metal homeostasis: from yeast to human
disease: BioMetals: 24, 785-809, 2011

96) Magdaleno, A., De Cabo, L., Arreghini, S., Salinas, S. : Assessment of heavy metal
contamination and water quality in an urban river from Argentina: Brazilian Journal of
Aquatic Science and Technology.: 18(1), 113-120, 2014.

97) Gu, Y.G., Lin, Q., Huang, H.H., Wang, L., Ning, J.J., Du, F.Y. : Heavy metals in fish
tissues/stomach contents in four marine wild commercially valuable fish species from the
western continental shelf of South China Sea: Marine Pollution Bulletin: 2016 (in press)

98) Salt, DE., Kato, N., Kriamer, U., Smith, R.D., Raskin, I. : The role of root exudates in
nickel hyperaccumulation and tolerance in accumulator and nonaccumulator species of
Thlaspi: Phytoremediation of contaminated soil and water: 1999.

99) Drinovec, L., Drobne, D., Jerman, 1., Zrimec, A. : Delayed fluorescence of Lemna
minor: a biomarker of the effects of copper, cadmium and zinc. Bulletin of

Environmental Contamination and Toxicology 72, 896-902, 2004.

100) Emmanuel, E., Balthazard-Accou, K., Joseph, O. : Impact of urban
wastewater on biodiversity of aquatic ecosystems. Environmental management
sustainable development and human health 29, 399-424, 2009.

101)  Arbildua, J.J., Villavicencio, G., Urrestarazu, P., Opazo, M., Brix, K.V,
Adams, W.J., Rodriguez, PH. : Effect of Fe (III) on Pseudokirchneriella
subcapitata at circumneutral pH in standard laboratory tests is explained by
nutrient sequestration. Environmental Toxicology and Chemistry 36 (4), 952-
958, 2017.

66



102)  Reimer, P.S. : Environmental effects of manganese and proposed freshwater

guidelines to protect aquatic life in British Columbia. 1999.

103)  Ibrahim, A.M and Spacie, A. : Toxicity of inorganic selenium to the green
alga Selenastrum capricornutum printz. Environmental and Experimental
Botany 30 (3), 265-269, 1990.

104) Koukal, B., Rosse, P, Reinhardt, A., Ferrari, R., Wilkinson, K.J., Loizeau,
J.L., Dominik, J. : Effect of Pseudokirchneriella subcapitata (chlorophyceae)
exudates on metal toxicity and colloid aggregation. Water Research 41, 63-70,
2007.

105) Tripathy, B.C., Bhatia, B., Mohanty, P. : Inactivation of chloroplast
photosynthetic electron transport activity by Ni2*. Biochimica et Biophysica Acta
638, 217-224, 1981.

106) Mohanty, N., Vass, J., Demeter, S. : Impairment of photosystem 2 activity at
the level secondary quinone electron accepter in chloroplasts treated with cobalt,
nickel and zinc ions. Physiologia Plantarum 76, 389-390, 1989.

107)  Krupa, Z., Siedlecka, A., Maksymiec, W., Baszynski, T. : In vivo response of
photosynthetic apparatus of phaseolus vulgaris L. to nickel toxicity. Journal
Plant of Physiology 142, 664-668, 1993.

108)  Sheoran, I.S., Singal, H.R., Singh, R. : Effect of cadmium and nickel on
photosynthesis and the enzymes of the photosynthetic carbon reduction cycle in

pigeon pea (Cajanus cajan L.) Photosynthesis Research 23, 345-351, 1990.

109) Takami, R., Almeida, J.V., Vardaris, C.V. : The interplay between thiol-
compounds against chromium (VI) in the freshwater green alga Monoraphidium
convolutum. Toxicology photosynthesis and oxidative stress at a glance. Aquatic
Toxicology 118, 80-87, 2012.

110)  Eisler, R. Selenium hazards to fish, wildlife and invertebrates: a synoptic

review. Biological report 85, 1985.

67



111) Gueguen, C., Gilbin, R., Pardos, M., Dominik, J. Water toxicity and metal
contamination assessment of a polluted river: the upper vistula river (Poland).
Applied Geochemistry 19, 153-162, 2004.

112)  Geis, S.E., Fleming, K.L., Korthals, E.T., Searle, G., Reynolds, L., Karner,

D.A. : Modifications to the algal growth inhibition test for use as a regulatory

assay. Environmental Toxicology and Chemistry 19, 36-41, 2000.

68



P

ARWFFEZBATT DICHTIZ D | ARG TS0l e 20 . € LTARLE b
(CHER IR D ARIC LV RIG XA T T SV ISR BRES BTN E LICERAR
SERE BREEAR TS EEBRAL SRR G L BaRIS O SEILER L BT E
B
FTo. AWFEOET, K AERICIH E £ L TARBREIE £THE £ L7CREARRIIR

e 7 BB BB L BTSRRI TR R, e b TNS
IKEREERFEITIESE FTERL TR HEBURICTR = L £77,

% < OWFFEDZEITE L OEINHHE IS 2 010 & L7ckk2 b eidhicls s £ LT
ARZRY) T Bl RS, i THE . SRR N2 TS0 £ LEENRFAEN &
IR R ERRRIRETEAIEE A G HEEIRICE HEFLH L BT £,

ARBFIEDZATIC BT RERIEE —Na TIREEWZIZE | S SCOTERUCER L £ LT
b ZRR DM Z LB Z BV £ LIniRaR =27 ARatt hRmisemr B
Bofn K, O ONIHTA B R BB B K Rk BT KIS0 &0 R EHE
LET,

FIo . BFE BIZHA TS VHEEDL LWIHEEREEZ 52 TTF SV £ L7CREARRIIK
¥ ORI ARTIEE AR (6 BhF. EA = ROREARRN KBTI A
BT, MO MR BuE ROTREARN RSB B A AR ), R 58 RGo
FEA RN KPR BT IS F) . RIFRERERY: AMmRE Ly a—X fuE BIK
Bhu%, AT ESEHEM AR AE R GERC D I VECTREH L TR0 £7,

Z LT, BFE BITHEIZEN < B A LTS Y £ LEEFEIERILEIIIEE, BREEOHT
EEbrgEE, KEREERIENTIEER . REREZ BN IEE OB L L VIE#HE L £,

WRLLDELLED, INETARELLOFEPICESELTHATFEDELL
ETOHFITESEHLB L EFET, LT MEY ZNETORSRUNFEEAE Z X
A TS NIEFIRICERSEH L TR £,

69



