3 OV R OECD E24h . . TSR
i%bk:?ocl:v ] i T — TP R EIE K
R 26 BT AT
A EIEIED A | o ) A T OkIe F D AL 2 GRE) TR

EE (I, , L L AT
=y FRA T AT b PRI
B RL BRI Hefrse, ARG

(5] AR EETIR
I (Pseudokirchneriella subcapitata) SHHPHEZRBRYE

1. #E4wTR
BRI IL, BEAEREE CH 5 LV X Y X Pseudokirchneriella subcapitata (1B #¢
Selenastrum capricornutum Printz) % FAVN 5,
ATFHOFBL CH (158 A) & AW CIERICMRER 21T 0.,
AMROREZ VIR & LC, B 0 LA ) U LB HOCCHER Lo, B a LB U 7 A
(pH 7.8) 1Zxf9 2% EC50 &, 1.1538mg/L (95%{ZHEFRIT : 1.0695< * < 1.2549) Th -7z,
2. RBROBEE
AFRERIT, S EFE DRI G 2 DR D,
FEROEEVERSH (OBCD $54h) W CHgiaisas L, Sy 2 i LIciG& L ain L
IR A & ORI, B LTSI & D X5 A LA U A h, BIEZIT S, EOMiaEo
AL OISR A FHE L. BEARA~ORELTUET 2FIETHDH, OECD T A A KT
A 2 TG201 B OMbAFEOBIERERIE L L ORI TND,
3. {EREEEE S D ORIk
3. 1k
ROFKD OECD ¥5#hh (& B) #HW\5,
AT = A 15 me/l
b~ 7R T ASIKFI) 12 me/L
- YV AR 18 me/L
- Bilg~ 7 %20 LAEIKF 15 me/L
cUVEETIKES Y U A 1.6 mg/L
<M kg (M) S/KF# 0.064 me/L
T F LU T R NUERE TS Y T A TR 0.1 me/L
- AR UER 0.185 mg/L
- b~ AT UKFIY 0415 mg/L
- HR{vEEER 0.003 meg/L
- b= R RAKFI 0.0015 me/L
- YRS —7KFn4 0.00001 me/L
BV TT U Y U ALK 0.007 me/L
- REEKET MU 7 50 mg/L
INOERESEEMK (I QAK) Wi s, ABEEIL 02umLEDT 4 LE—EHN




%, pH ZHITE L, MBS pH7.5~8.5 O&FHIZ, NaOH %7213 HCl THRE T 5,
3. 2RiREE
HBR IR OB WA NEN D D, HEREET RS, AR ST b
HrrzOFERBREFICBT L. BRI ZBIET 5 TICBEAH Y . FE LVEEBRFEREN
/Bonin, 22T, RBRERET AN, RREH LR USMEHT 2~4 AR L. BEuE
JEEAOEIEE 55, BRCEREZRFEOLOPNHE L-GAHER Ly,  faEdshmEcEd
5 ¥ CTORMBEROHRC, WIS 54&MEL, AT EREBORERE, HiioRE
REVEKGFT D, Liciio T, HH2CORHEEIERT O EERIEERCSHICREE L TAER
MERX, COREOEMEZRINT S L, MBRICIEEUEHEIIC 2D, EOREOEYEN
BONDIDERXITEBILENRH D, BRERDFEEZLTIRL,
1) 250mL D=7 T A 22 100mL DRERESHIZ AL 5,
2)BE LIy b &AW T RBIEEA K 5,000 cells/mL & 725 X 5 1ZHfET 5, 2 OFE,
hn

2.5 ESERRETRIY SmL INIZ 725 K 912§ 5,
3) (R 23+£2°C. PR 60-80 u mol/m™s, HEREMREEOLMET T, IRE HEET S,

4) BH. A EEHEE L. AW 0.5-1 X 10° cells/mL (73 L 72 S CARBRIC it 5,
5) W 3 HFEE TZ OREE TS 525, 3 HEIZAEMED 05-1X10° cellymL (Z3E L7
WIBATRTEEOHIM A 1 HEEER T 0, BELMEZEX CHEEEZOVET,

4. REHE
4. 13 BR&MH

HRRABIHE L2 b0 FERA L, NEIISCTEDMOBREDREE{To7-, £7-. BEE
DR EE ST TITo 7,

FiE 1EKE, B E HKEE (100rpm)

MM - 72 BER

AR E - 100mL

HAY 3 RERABRIX, 6 Ban/xHHRX

AR © ATEEEE U728 5X10° cells/mL

ARERIREE : 23+2 C

FREA : 60-120 1 mol/m?/s

pH : FRERIED pH 1% 7.8~8.0 IZFREE L7

4. 2RBRAR. BERAREERUHMES

RERAw 300mL FEH T AR=fF7 522 (&BER)

FRIEREEBRLEE ¢« IR & O K5 ES TB-30RLVS /EIGR ikt

JEFTAREE AT LAEWTERMEE B X 51 /OLYMPUS

KL FEHCERE - WL FEH 8 s CDA-500

B AfRATEEE © PDA-500 /Sysmex BG4

pH &t : pH METER, D-51 /HORIBA

FREET - Light Meter LI-250 LI-COR Radiation Sensor LI190SA Quantum Sensor

/LI-COR, Inc.

4. 3RBRFHRORABLREORE



FRERVEIE L, R A OECD BEHb v U TR
%@%Wi HﬁO@Whﬂﬁw%ﬁ»+A@miﬁﬁbéﬁﬁkTéoﬁ%\%ﬁﬁ%<
o3 i A AR U S D 7o OIS m i N AL B & e AT, T100mg/L), E70id TH5R
%@@Kﬁﬁ@ﬁjéﬁﬁﬁ&&b LA DT IS0 D3RI T e,
Fe IR VL, PRI IR & O e b | NOEC R CE AE L5,
AU DAL 2 TRIET D, 1RSI 280 I LY, 3 #CEMT 5,

4. ARBREME
%i%bt&ﬁ@mW&%kMLzmw%zwqc U 7o kB P e e 28 5 < 10°
cellssmL & 724 L9142, Aib5gEO— &%%ﬂﬁwﬁ(e&@/\otﬂ"m W%, &R ess
BRABE R U, 2R A BAG T2, AL, JERR S, A BRAaR & 0 BRI
ImL ZFR U R R PO A OV CRHECT 5, E 7, E%#%ohw_i\ﬁﬁ%Tﬁwm
JADOTZRER 224 WPBE T 179,
BRI D pH L, BRI TIRHCHET 5, ZREEIIIR, RS LEE N O IR K OB EE %
Mipl EH 1 H L EET 5,
4. 5HRBRASLOSGM:
PUF D4t otz S Ga, WA RO E L, R 21T 272,
- SHEX (BhAIRIRE A2 &) OEWE, FEHMPICD2 &6 16 fFITERT 5 2 &
- o BRI OO fE H O ARl 4 O AR (BhAIRTRIX O fE B 04 Rl OSBRI A & Te) 23,
SEBIIR 208 U C 35% A /a2 &
« XA OO V) IR U] D A Rl B O ZZEh R A (BhAIIRTHE X oDk 1 55 U R o0 A Rl D 22 Bh %
Bagte) N, 1% BN &
5. Wit
5. 14EiR
AR X L OSSR X O fE R B OB s L <7 m v b L, EEMREERT 5,
ZOLE, HREROARMBRA, FEHEEE AW U CHREUEMEIICH 2 = & 2RI 5,
5. 24&RMAEROHEM
A EBHEE O GREETE)
SHEOEIE (FBHER) LTV DRERELMHICEIT DHIERE O OEREE (u) 1%, ®kO
AL DEM LT,

pig = (nNj - nNi) /(4 - ti)

pij : EFD G RFETO, @ HH7 ) OHEOLREE,
Ni : tiFEOEMAGIRE (cells/mL)
FERBALARF (t0) ORI SV CIIREME L AV,
Nj : tjREOFEAMIGEE (cells/mL)
ti - RFEBRLA i B B\ E 2 E U7 BER
tj o FEBAAAH j B BICHIRIREE 2 L 7R

'nu[
><x



EC50 Z BT 25613, BRERGERG 72 BFE £ COREHM 2@ U AREE 2R
Z)O
RBROBFNMELHAND 20, JARXD 1 HEOLEREELZ KD, FHOERHEEDEEH R
B REHE 2B L T35% BRI & 2HERT D,

FRBRREXICRBIT 2R (RE) BEER (u) 13 SBRROEREFEDOEHE (ue) &
FHABRBEX COEREEDOTHE (ut) EOMOEL LTROL S IZFHEA L,

Iu=(pc—ut)/ uc X 100
u ¢ SRR OFEAEREE
ut o FRERICBT AR RE

5. 350%ARMAERE (EC50) OHEMH
Lu T3 1A OfEEBBRYERE OMEII L7 e v b L, BFEERE L FAWT 50% M ER
ExERD5,
5. 3BRKEFERE (NOEC)
AT FIEIC L O R & B L CHEEZDORED b Wik m R BRIRE 2 R KIERERRE
(NOEC) &7 %,

—39—



(ft£& A)

C DRk X OFRROT 15

PLUF OS2 RO C 2L ICER E UpH A2 HC 1 F£7-1Z NaOH T 7.5 &4 5,

C Bih

Stock  Solution

Ca(NOs), - 4H,0 10 mg/ml 30ml
KNO; 10 mg/ml 20ml
MgSO, + 7TH,O 10 mg/ml 8ml
B-7Vtwal it b)) wA 10 mg/ml 10ml
FTI 10mg/ml 0.2ml
v 4 3 BI2 100 p g/ml 0.2ml
|7 v 1 ug/ml 0.2ml
PIV A Z )L 1 ug/ml 6ml
Tris lg

DW 1930ml

p HHHL . IN-HC | F£721% IN-NaOH T 7.5 |[ZFik, 7277 L. WINEIL 4ml LLF

PIVA Z v
Stock Solution

DW 965m 1
Na,EDTA lg
FeCl; - 6H,O 0.5g/50m 1 19.6m 1
MnCl, * 4H,O 0.5g/50m 1 3.6m 1l
ZnCl, 0.5 g/50m 1 10 f5AR 10.5m 1
CoCl, * 6H,0 0.5 g/50m 1 10 fEA IR 0.4m 1
Na,MoQ, * 2H,0 0.5g/50m 1 10 57 IR 125m 1

)
)
@

@ ZnCl, 0.5g ZREHUK 50m 1 \ZIEfRET 5, A AV — 1y hT1~2FHAN (&

I %) SBEICENT, TORKZ 110 12HRT 5,

@ CoCl, 0.5 g ZHEFERIK 50mL (ZIfET 5, T D% 1/10 #IRT 5,

*  PIVAZ/VT@BEIMBRICEAE L TWD 72D, MIBREDOF TIEESEL 2560385, £

DEIIER D> UINA D LT 5,



(ft& B)  OECD #ERHHIDRHRIS X URARL G 1
(OECD 5 A b HA FF 4 2201, Alga, Growth Inhibition Test (1984))

LIFORSEREEKCTILICERET D, pHITKS THhD,

OECD ¥
Stock  Solution OECD medium
1L 2L
HBO; 100 ¢ g/ml 1.85ml 3.7ml
MnCl, * 4H,0 100 1 g/ml 4.15ml 8.3ml
ZnCl, 10 u g/ml 0.3ml 0.6ml
FeCl; * 6H,0 100 u g/ml 0.8ml 1.6ml
Na,EDTA -+ 2H,0 100 u g/ml 1 ml 2ml
CoCl, * 6H,O 10 1 g/ml 0.15ml 0.3ml
Na,MoQ, * 2H,0 10 1 g/ml 0.7ml 1.4ml
CuCl, « 2H,O 0.1 u g/ml 0.1ml 0.2ml
CaCl, * 2H,0O 10mg/ml 1.8ml 3.6ml
INH,Cl1 10 mg/ml 1.5ml 3ml
KH,PO,4 1 mg/ml 1.6ml 32ml
NaHCO; 10mg/ml Sml 10ml
MgCl, * 6H,O 10mg/ml 1.2ml 2.4ml
MgSO, - TH,O 10 mg/ml 1.5ml 3ml
DW 980ml 1960 ml
977)
pH FBIZIR o TNEMEIMTF = 7T 5,

0.IN NaOH 1@z T80IZHHESD,



#£  OECD BEHiDHRL

; Nutrient Concentration (mg/L)
HBO; 0.185
MnCl, * 4H,0 0.415
ZnCl, 0.003
FeCl; » 6H,O 0.08
Na,EDTA - 2H,0 0.1
CoCl, + 6H,0O 0.0015
Na,MoQy, + 2H,0 0.007
CuCl, * 2H,0 0.00001
CaCl, - 2H,0 18
NH4CI 15
KH,PO, 1.6
NaHCO; 50
MgCl, - 6H,0 12
MgSO; + 7H,0 15

DW 980 ml




[3E] =tXxaEBIVrazAV-EIEEERERE

1. HREME

Ceriodaphnia dubia DFI4IE [=ExaEI YV a) THY, FHHREIEE 09~1.0mm, {FH
(X 0.lmm BBED/NMRD IV aThsd, SEIORERTIL, 1994 FiZ US-EPA b5 L TH
DUVINIATEIEA « ENEREMFEFTIC GRRES STV D86/ A, Yiis FagE - K4
RARBRZICRBVWTHAE BT THEHA Lz, =3x8 IV anHEai 3 #BETHY .
60 UL LA T DA A IV 2 (Daphnia magna) £ 0 5 A 79 A 7 /VIEHED,

2. ABROME

AT EFERERIZ LD IV afiaHEERER  “Test of Reproduction and Survival Using the
Cladoceran Ceriodaphnia dubia”  (Environment Canada, 2007) #&% & L1z GiETH D, H
ZAETECHET 2 IV adfErz L, —EHIE (7-8 B) ICA ADELFROEDS, #
BET TR (B T2 aFBOBELTIRBRTHS, RBEREL TITH DT
id. RREECRT 2EFHE, BBRETHARE TR O ENEETHY . FO=DIT
BEOE, pH, BE., AR, HELR CONEEREBRICEHRTINENRD D,

3. HEREGREEL-ODOHEEHE
3. 1fEK

YKALEREEE CHE LT TFRIREEIEEAK) &, 251 CT—H=7 L—a U LAanbik
BT 5, TO%, BHEBAEED 0% 272X, BEZT L— 3 &7, KRIZ, pH %
BIE L, ME 51E pH 6.5~8.5 O#iFHIZ NaOH F 7213 HCl THEE 5, US-EPA b5 8
T BB AL WIOEE L 220mg/l (CaCO; & LT) Tho7=hd, HAROEE/KIIHATH A7
B, a2 ICHEE LS ST CERE L, ABRBMARE ClOIETHERSRIEK DR T 5 7kEK L F
U 80mg/l B IZBIL L7z, FRIRIEFREAKOKEIIEE - RBAKE LTEY THDH Z L 55
iz L » CHER L7z,

3. 2B HE

BANHFRETE KOO T2 DREEFNE 21T 5, RERICHANDD2< & 3 BRI,
30~40 JCd 2 ¥ = E& 500ml B — A —TERE L. BlHbE4T 95,

KEMAEFILAIC SEISHK L, BKBHIFRIZE TS, £% 1AM R Lz R g
SAFNZAAMFREFEESZ O LWREEEAOMKLE L, #2175, BBt 8 EH0
WZBGET D701, 1 EMTOBGRERAZ30 Lo KREFEHE HET 5,

fHi%, YCT (Marinco Bioassay Laboratory, Inc., FL, USA) & H#faik#Es o LT (Chlorella
vulgaris, 7 1 L7 TH#ERAESHLIVEA) 25 %72, YCT L, 30ml H7=Y 100pul, 7aLF
135 1.4 X 10 cells/ml DIEFEICHERF SN D LS ICEBHE 2 5,

PLEofREEEIT, BRE - KAERRRBREICBO T, KR 25+11°C, B 16 B - 55 8
EEOBESRMICRE L7 u~w hFv o X—NTIT I,

HOKEER E, IV azB O GEICIE, BEZEDRVZD, Iml BEDENETHT T
ARy hOSESEE Yo TER 3mm BEICREET, Y10 02— —THENTRD LN
LizbOEERT 5, IV 2EZBRUITAMN 2V E S Ik E—RHITBE X820, KOFFHIA
I TEBETRAMNBRIZEEDD L HIZT 5,



3. 3@%@@@&%

PRI, A% 1 REIPAERGE U7 BE AR D 24 BERIDAINICAE N CEX Iz A AR ZE A
AR {%,}; j:fuﬁ 24 RELANTdo 1 | I RS IO AR OIE S0 & 13 12 FRERILAN T2 < T
WEZe By, UL, 2B R 8 BRI O A 15 L 5 & 975 L PICHuk-CRR & 1T 72
T bpned, fFRORE SEZHETHEAL, HOIBREREIZLAHZDH T L THIRT
Va

e}

FRERPHAART H I, AR 1 EELL BRE U 7Bk o 5 6 BHENICR AR OIRE R
@W%@O&L@Mm@%ﬁ%@ﬁ@m%%kLts%ﬂﬁ51@ﬁy7?\Wﬁ(wm&%:
D 100pl) ERED 7 1 LT APEEER 1.4X10° cells/ml FEEIC /A2 5 & 91252 T, RIEE 21T
Vo BH, AT ERAT, AFREFEHR LA v 7O 5 5 IR T RO R 3780 5
NN b O ARV S, Zeds, BEBRICHAW DR AR5 72D OFE AL, RO
KL (N=10) 7ZTHETS
4. RBFHEROREE
4. 13B&M

Wikids = Heikkz OB 3 [EHK)

g 1If 7-8 HH

AR R 30ml,/ H > 7

WK 10 v 7/ REK

MRS . 10 IR (L ER 1 v )
RIS w2, 6— TRERX GHREZET)
FRERIRE 25£1°C (E—EIHE)
%ﬁ%ﬁ%&:m%&m(ﬁs@%i)

B T IVOEFEFRED 40~100%DHEIZIE, =7 L—a HdfThed &b v, 40%
FKOEEITIL, 15~30 7 WETVHVQ/%WW TRTFIRFE R A 90~100%12 L CTHHitER
179,

pH : 6.5~8.5, pH OFEEIZIL IN @ HCl F721% NaOH % V5,

T 75-85 mg/l

HEBA - LT, B 16 BFfF], IEHE 8 BFfE] oD H R4

A HEAkEE 7 7 VT (Chlorella vulgaris, 7 v L7 THEMFXESH L VIEA)

YCT (Marinco Bioassay Laboratory, Inc., FL, USA)
GEIE . 7T, 14X10° cells/ml FRE DPREEIC /25 & O ICEHBEEEIT 9,
YCT &, #H 30ml izt LT 100l 2525,
B RS © S0ml T R »
4. 2REAIEHES
AIREE BRREYEIR
pH/DO #f : HORIBA #tf pH/DO A —#%— D-55
4. 3RBEE
HERT, BRYE - KAERBREBRECITOONREE LV, i, FiE - KERBRRR=EIC
RELE7 0~ M Fx =TT,

33



4. ARBREME

REAZ BT DRI—RE TO# IR LEIE 10, #BRWEORRERIT2 L5, AUENGE
FNER—EFOFREZ TN TOFRERICEE L, Nz —HETO50ORFELY, L0
IR LE (10) ZHHAET 5,

R X DY aOATBE L EENAFROEET ., BEEREEERRCEAT 5, &
BRI, XTERBEOFRBRELD 60%&H 2UNTEILA LA 3 EREATZRF R TR T L, &E THAERY
X8 HE L L. o REEXOEFELEFT D,

4. 5RBRKROTHR

FIBKIC, B, HRYE AR S THE, HOVIEEHE L LTYAFARLLT 2R (OMF)
ERWEARNy 7 —2 a3 CERAB LT LRBRIKORREITH, BBKIZ, Ay 7Y
—3 3 V% 10000 fEICAR L, BIARREED 0.01% (v/v) IZ72d K5I LT 5,

SRR ORRBRK DA IRUZITEE AR E VD,

4. 6RO
UTFOWTFNNIEZE T 25610, BBIITHIL ThH -7 & /RT,
- XHRBEEORBREARDIET RN, 20% B2 556
- 8 A CHEBHEDD R & H 60%23, 3MEEA THRWEE
- SHRRBEIC 1T D AEFFHRED. BAIO 3T L T I15 I R20EE
- SHREEIC IV T, IRIRIIAEE D HERR S VIc 5 &
5. WtEHE

I, 9Bl EOS BT (ANOVA) TEERUIENREOFEE A BEIEE 5% D
LALVTHRE L. AEMDSHER SIS EITIE, S ITHREED 5 WIEBEIZ V2B E61cia
BOAIHHRRE & S IREERE & DL EHEL % Dunnett” s test TIT 5, ZAHUENR/Z STV nNT
—HE R AT, BT X o TEOBIEN. SNV BT 21T 9. BERERIC
Ko THESRMENR - SNBRWEEITIE, /U387 A M) v ZREERITY. ZiLb O
f#MT Y 7 b IMP (Ver. 6.0.3, SAS Institute, Inc., Japan)% I TIT 9 Z &N TE B,

ETMBOT —Z TN T, ARSI HIRE (BC50 8) OHEEZAT ),
EC50 fEix, F3V v 7N OMBURE T DEFROBLDOBRE 0 VAT 4 v T ERET
MIH T, BONTARBOHEEN BT 5, #gt Y 7 Md R (R Development Core Team.
2009) ZHWDLZ EMNTE D,

6. BT

1) Environment Canada (2007) Biological Test Method: Test of Reproduction and Survival Using the
Cladoceran Ceriodaphnia dubia. T4pp.

2) R Development Core Team. 2009. R: A language and environment for statistical computing. R
Foundation for  Statistical Computing, Vienna, Austria. ISBN  3-900051-07-0,

http://'www.R-project.org




[B%E] ¥75 74 v oz fnicERE ARtk

1. RBROBE

TG OYPBIRZE R CTIHME U, IR AR U C M s U CAER T 2 £ Comfe (9H )
BT 5, AFEROWSE, SR EOFEEN IR (RIRER) 2fEE T2,

OECDD T A bHA KT A4 Thd THRIEOW - (7RI 31T 2 8 8 7B (Fish,
Short-term Toxicity Test on Embryo and Sac—fry Stages [TG212])] K ONOECDD KZ 7 b4
A RTA4 & LTIRESIL TV HaJaIREERER (Fish Embryo Toxicity (FET) Test)] 12
WL, —HalZE LI FEETRT,

OB, IR DIR < Wb - BEFA BT D E TOME &) EIE RO P OBEE)OEE
DT DA R CE 5 2 L0 b BRICER W LB TRz & 71813
PERBR O SN AN R EEC b 2 S~ OB A T DB, BRI Y T o iR A E T &
LHFEE LTHDEEZ DD,

Fm. ZORBROBEEWIRIC ST A2 EEM OF LTI OIRDOBEMETH L Z b, AW
B & U Crkffens L CunpuviRig & Ade S, B EREOTLR) 6 TR L > CREEDL RICA
WNCER A 520 2 LR AT DI bl L TN D EF X LILD,

2. HRALEYRE

KABRIZPRWTCIE, ¥ 757 4 v o (Danio rerio) %A%,

ZOfFEIE, OBCDDT A KA RTA &I LD ET 5, fEHEERBROZ < OFMEEICE
WTHEE T ITHERAMTE L 72> TR0 | BASHEBRICHNWLIL TN D,

YT T 7 4w vald, eI bT 5 E TOMENNIEMTH D, —F, REEERRIC
ZLFEHENTWBRIOBFETHDH AKX N (Oryzias latipes) 3. I GHHLE T8~10H %
BT 5, ZOZENDL, BT T7 4 v aid Wi bREAZE TREOFRICED ETO
BEC 52 258 % . JVEHECIEET 2 Z EAHRD LW FIERH D,

3. ABHE
3. 1RBICAVDREINOERE
3. 1. 1BROEERME

BAEOEEIL, BENBEICIERESNTCENCRE LY T AKEFTITH, MEICH
WAL, POKQEREEE CUIR X 7 “TRIRTEEREA (B TEEK] ) 7 249300mL/min
DO CEfE L CRIENIZIEAN - HEK L CRAKRETIT 9, BRINCAW L BLAIT, FEE%4~12
r ABREOEEREERT 5, BIRTOHRIL, F A& ARERI2 OAEIZREHE L, UKEH
D A ZHIB0MEME, A AFR0EEROEE CRET 5,

3. 1. 23RSNOTIGRME
1) BROXTIV T

RERDT-DIERINT DRI H OITHFRI%IZ, AR L AR &R CEINVAKEF I BE#T 5, FEIf

FOKEIAZ AR TEEILO S DEMEAE L. (LI THLE, ROBHANR~D DL



ST, AFEOEICITERI~L 5emDH T A — X5 HxEDH, F2. LKk#EHT= 0 OFEK
Bix, A A L0fEMKRETE. x7@@¢%%kL\ﬁ%?ékiiﬁ@ﬁﬁ@ﬁﬁ&ﬁuﬁﬁm%
vz,

T D%, KEEETERCEV, BEGEE LTERETHET A,

2) PEESROBARA

ATBICHE LA LB QO AR EZ IV AL, BAEEE 5 2 &I & 72 EESRTTES
DBAREE U, RO - DT %, 1. GIFEIRRE ORI, ZHIINE LN,

3) &P

WO, SN DEICE X 507 B — X OB BIAL, BN D OB A= T/
K725, HIMET %, EINAAE»SHAEZEIY BRE, KEFOTT AL LGz, IiE
HEWV2mEED AT L ARy M EIZE L, *y @i L7z0iZ2EINT 5,

4) SREIROZER

BN L7280, REZREINEE L7200, EEERHEE T T IO RERCEBE L TN &
ORI ERIC K D MBS R CE A 2 &, BB TORLDRNT &7 SIZESWT,
BELUZEINZE#T 5, i%_%/'%"l U7 REIN . I3 A BB DR IR ASE T RID & D % 3R BRI A
WD Z Edb, EIIDTOITREREN O A E L ST % AR LI ~ DIRE D
%%énéiouﬁ%éﬁbo

3. 2BBBHIE

1) R OTRE

%ﬁ%mtﬁﬁé%éﬁﬁm\mw%@%%ﬁ@%ﬁﬁ? EL DT HENE L HRE
LT 5, BHENTEL o REEAE U I I DICEBRENMIEL 7255581203, [100mg/L] |
F03 THBRWE OKBMIRE] ZRKNBEE L, ZhL EOBEICRT 2R8I ThRVnE
LEt5n,
RIKREIIAERICHBR E OFEENRL 2D NECABEHTEX2RELT5, mRICBT
DL, 2TRET D, HREKIZBIT 580 IRLENT, 4-9 5,

BT NKEOFERICAW 2 E8EKIEL, RERBEERTCEABIZ L > TREREE TH 526 +1°C
FTIEL T LERT 2,

2) REERMH

MR bk (48RERTMEHAA)
IRERII - 9H H

PRI - H T A8F7 7 (P50 X 55mm)
ABRIRE 50mL, H » °
L 20 v 7 SRR
A . 1I5EE v
REREE - 26+0.5C (REBEHEBDOA > F a2 X—X —THE)
pH : 6.5~8.5
RIFRRIEE | IRTRRBE N EBEREFE D60~100%D#FH (35 X %5mg/LLLE)
AR BAHA : BEHA =16 : SOE H &M
FafH 2L
3) #ukhik



FHDOFI0U o T HVEHE R wr T OFRFKAZ . By b TERE Lk, #iiciciis Lo
KAEEINT %, bE Lot oK, AKEOMEIHET 5,
3. 3BEECEK
1) %2 - PIEs A kU5t
i) £
AR, b, PEC OFp(bnn, Sfkiz) | JERESE, {TERESELEET 5, o
FELHE R, S ETERLATIC 5 IR o i R OWROZEE, # B TAAICIsV\ T
VRO D R O Ol & AT FEIE & 975, (R OFEHERBILE, #Ek, b L o)
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Ecotoxicity and screening level
ecotoxicological risk assessment of five
antimicrobial agents: triclosan, triclocarban,
resorcinol, phenoxyethanol and p-thymol

Ikumi Tamura,® Kei-ichiro Kagota,® Yusuke Yasuda,® Saori Yoneda,”
Junpei Morita,” Norihide Nakada,® Yutaka Kameda,® Kumiko Kimura,®
Norihisa Tatarazako’ and Hiroshi Yamamoto9*

ABSTRACT: Acute and chronic (or sub-chronic) toxicity of five selected antimicrobial agents, including triclosan (TCS), triclo-
carban (TCC), resorcinol, phenoxyethanol and p-thymol, was investigated using the conventional three-aquatic-organism bat-
tery. These compounds are widely used in cosmetics and other personal care products and their ecological risk has recently
become a significant concern. As results of toxicity tests, TCS was found to be most strongly toxic for green algae [e.g. 72 h no
observed effect concentration (NOEC) of 0.50 ug |~ '] among the selected compounds, followed by TCC, while TCC was more
toxic or similar to TCS for Daphnia and fish (e.g. Daphnia 8 day NOEC of 1.9 ug1™"). Having compared the predicted no effect
concentration (PNEC) determined from the toxicity data with measured environmental concentrations (MEC), the preliminary
ecological risk assessment of these five antimicrobials was conducted. The MEC/PNEC ratios of TCS and TCC were over 1 for
some monitoring data, especially in urban streams with watershed areas without sewage service coverage, and their poten-
tial risk for green algae and Daphnia might be at a level of concern, although the contribution of TCS/TCC on the total toxicity
of the those sites needs to be further investigated. For the three other antimicrobials, the maximum MEC/PNEC ratio for
resorcinol was 0.1-1, but those for phenoxyethanol and p-thymol were <0.1 and their risk to aquatic organisms is limited,
although the additive effects with TCS, TCC and other antimicrobial agents, such as parabens, need to be further examined
in future studies. Copyright © 2012 John Wiley & Sons, Ltd.

E Supporting information may be found in the online version of this article.

Keywords: antimicrobial agents; triclosan; triclocarban; phenoxyethanol; ecotoxicity; green algae; Ceriodaphnia dubia; ecological risk

INTRODUCTION concentrations of 0.1-100 ug ™' (e.g. Orvos et al,, 2002; Tatarazako

o . . et al,, 2004; Ishibashi et al, 2004; and Dussault et al,, 2008).
Antimicrobial agents have recently been used for a wide variety

of purposes in foods, pharmaceuticals, cosmetics, clothes and
plastic products (Nishihara and Korai, 2005). In Japan, people be-
gan to be concerned about preventing food poisoning caused
by pathogenic E. coli such as O-157 and salmonellas, and several
antibacterial agents were developed in the 1990s, including

*Correspondence to: Hiroshi Yamamoto, Institute of Socio, Arts and Sciences, The
University of Tokushima, Minamijosanjima-cho 1-1, Tokushima, 770-8502, Japan.
Email: hiroshi@ias.tokushima-u.ac.jp

those with inorganic silver. By 1998, various antimicrobial pro- “Graduate School of Integrated Arts and Sciences, The University of Tokushima,
ducts with antibacterial agents had become commercially avail-  Tokushima, Japan
able and extremely popular in Japan.

k N . o , bFaculty of Integrated Arts and Sciences, The University of Tokushima, Tokushima,
Among these antibacterial agents, triclosan (24,4trichloro-2- .,

hydroxydiphenyl ether; TCS) has widely been used in hand soap,
toothpaste, underarm deodorants and plastic products in many “Research Center for Environmental Quality Management, Kyoto University,
developed countries (Nishihara and Korai, 2005; Perencevich ~ Kyoto. Japan

et al,, 2001). Therefore, it has frequently been detected in effluent
from sewage treatment plants and in the aquatic environment in
concentrations as high as 0.1ugl™" (e.g. McAvoy et al, 2002 ¢Saitama City Institute of Health Science and Research, Saitama, Japan
Nakada et al,, 2006; Okuda et al., 2008). Additionally, triclosan is
an ether antimicrobial with a broad spectrum of bacteriostatic

activities, and it has been extensively investigated mainly 9Graduate School of Integrated Arts and Sciences, The University of Tokushima,
because of its relatively strong toxicity on aquatic organisms in Tokushima, Japan

dCenter for Environmental Sciences in Saitama, Saitama, Japan
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Triclocarban (3,4,4"-trichlorocarbanilide; TCC) is a carbanilide-
type antimicrobial and has strong activities on Gram-positive
bacteria. TCC is used for a wide variety of purposes and is often
used together with TCS in some consumer products. TCC has
been detected in effluents of wastewater treatment plants, sur-
face water and drinking water at concentrations as high as
6.75ug!™" (Halden and Paull, 2004). In Chinese rivers, the
detected concentrations ranged from 6.5 to 478ngl™" (Zhao
et al., 2010). While the aquatic toxicity of TCC for algae was
slightly weaker than that of TCS, that for fish and crustaceans
is known to be stronger than that of TCS, such that the 28 day
reproduction no observed effect concentration (NOEC) is 0.13 pg
17" for Mysidopsis bahia (TCC Consortium, 2002), which suggests
potentially high ecological risk for aquatic organisms. As for the
ecological risk of TCC, the High Production Volume (HPV) pro-
gram of the Organisation for Economin Cooperation and Devel-
opment (OECD), directed by Monsant Co. and Procter & Gamble,
has extensively investigated and published a final report (TCC
Consortium, 2002). In addition, the US Environmental Protection
Agency's (EPA) ECOTOX database includes most of these data
(US EPA, 2011).

Our research group has been focusing on the ecological risk
posed by TCS, especially in hot spots in urban streams with no
sewage system coverage (Tamura et al, 2010), in the process
of investigating the ecological risks of a class of preservatives,
parabens (Yamamoto et al.,, 2007, 2011). TCC could also be a sig-
nificant concern owing to the potential coexistence with TCS,
whose hazard quotient was reported to be over 10 by Brausch
and Rand (2011), which suggests that several antimicrobials

CAS no.  Aqueous solubility (mg!™) pK, log Kow Usage
Triclosan (TCS) 3380-34-5 13 7.80+0.35 4.66 Antifungal agent, hand soap
Triclocarban (TCC) 101-20-2 0.10 12.77 £0.70 4.90 Antifungal agent, hand soap
Resorcinol 108-46-3 1600 945+0.10 1.03 Hair dye and preservative in cosmetics
p-Thymol 3228-02-2 860 1036 +0.18 3.52 Antifungal agent, hand soap

Preservative in cosmetics

Phenoxyethanol 122-99-6 1700 1436 +0.10 1.10 Preservative in cosmetics
Agqueous solubility and pK, values are cited from Sci Finder Scholar while log K., values are cited from Kowwin.

I. Tamura et al.

could have additive effects and could be a significant concern
for the ecological risk as a whole in surface water.

In recent years, 2-phenoxyethanol (phenoxyethanol) has been
extensively used as an alternative preservative to parabens,
whereas 4-isopropyl-3-methyl phenol (p-thymol) has been used
as an alternative to triclosan in cosmetics. Resorcinol has been
widely used in hair dyes and acne treatments, and the IPCS's
Concise International Chemical Assessment Documents (WHO,
2006) reported the risk assessment, but the presented data on
toxicity are highly limited for Daphnia and absent for algae.
Given the potential ecological risk for sites contaminated by hair
dyes and effluent from rubber factories, a full set of toxicity data
is necessary.

In the present study, we selected five antimicrobials - TCS,
TCC, resorcinol, phenoxyethanol and p-thymol (Fig. 1, Table 1)
- used in liquid soaps and cosmetics as disinfectants or preser-
vatives. Their acute and (sub-)chronic toxicities were examined
using three taxa of aquatic organisms — green algae, Daphnia,
and fish. Comparing the toxicity data and the measured environ-
mental concentrations (MECs), screening level ecological risk as-
sessment for these compounds was conducted.

MATERIALS AND METHODS

Materials

TCS (98%) was purchased from Wako Pure Chemical Co. (Osaka,
Japan) while TCC (99%) was purchased from Sigma-Aldrich
Chemical Co. (SLt Louis, MO, USA). Resorcinol and p-thymol were

Triclosan .
. . Triclocarban
(2,44 -tricloro -2’-hydoroxydiphenyl . .
(3,4,4’-triclorocarbanilide)
ether)
OH Cl Ci. Cl
3
0
Ci N/“\
H H
C¥ Cl
-Thymol

Resorcinol Py 2-Phenoxyethanol

(4-Isopropy! -3-methylphenol)

/©\ N °/©
HO' OH

Figure 1.
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Chemical structure of the selected antimicrobial agents.
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purchased from Wako Pure Chemical Co. (Osaka, Japan) with
minimum purity of 99%. Phenoxyethanol was purchased from
Tokyo Chemical Industry Co. Ltd (Tokyo, Japan) with a purity of
98.5%. Acetone 5000 of analytical grade for PCB and pesticides
was purchased from Wako Pure Chemical Co. (Osaka, Japan)
and was used as a solubilization agent of TCS and TCC.

Toxicity Testing
Algal growth inhibition test

Unicellular green alga Pseudokirchneriella subcapitata (NIES-35
strain) was purchased from the National Institute for Environ-
mental Studies (Tsukuba, Japan) to conduct the algal growth
inhibition test, which is in conformity to the OECD guideline
for testing chemicals (OECD, 2006). Briefly, at least three repli-
cates of the mixture with OECD medium (40ml) were
prepared in 100 ml Erlenmeyer flasks for at least five concen-
trations in an incubator (23°C, 6400 Ix). The initial cell count
was set at 5x 10° cells mI™". The number of algal cells was
determined using optical density at a wavelength of 750 nm
using a spectrophotometer (Hitachi U-2001). The static system
was used and the concentrations of the tested compounds
were monitored at the beginning and the end of the incuba-
tion using an HPLC system equipped with a UV-visible and a
fluorescence detector (LC-10AVP series, Shimadzu, Kyoto,
Japan). The inhibition ratio was determined for each flask by
comparing with the blanks (or solvent blanks for TCS and
TCC) at 72h on the basis of growth rate and geometric mean
of the measured concentration of the selected antimicrobials.
The 50% effect concentration (ECso) values were determined
using probit or logit conversion with Ecotox-statics version
2.6d (Yoshioka, 2001) distributed by the Japan Society for
Environmental Toxicology. The NOEC was also determined
using the software and was used for the chronic data as de-
scribed in OECD (2002).

Daphnia immobilization test

Daphnia magna were purchased from the National Institute for
Environmental Studies (Tsukuba, Japan), and were acclimated
in the laboratory of the University of Tokushima at least for
3 months in M4 medium. The Daphnia were used for the immo-
bilization test conducted in conformity to the OECD test guide-
line for testing chemicals (OECD, 2004). Briefly, four replicates
of five neonates were prepared in 50 ml beakers for at least five
concentrations and blanks. The photoperiod was a 16 h light and
8 h dark cycle in an incubator set at 20 °C. The static system was
used for the test. Dissolved oxygen (DO) and pH of the solution
were also monitored at the beginning and the end of the test.
The number of immobilized Daphnia at 48h was counted. To
calculate their geometrical mean, concentrations of the tested
antimicrobials were analyzed using the HPLC presented above.
The median effect concentration (ECso) was determined based
on the measured concentration using probit or logit conversion
with Ecotox-Statics version 2.6d as described above.

Fish acute toxicity test

Fish acute toxicity was tested using Japanese medaka (Oryzias
latipes) purchased from the National Institute for Environmental
Studies (Tsukuba, Japan) and acclimated in the laboratory of the
University of Tokushima at least for 3 months. The acute tests
were conducted in conformity to the OECD guideline for testing
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chemicals no. 203. Duplicates of five juvenile fish were prepared
in a 100 ml beaker for at least five concentrations and blanks
(and solvent blanks for TCS and TCC). The test was conducted
at 25 °C with a photoperiod of 16 h light and 8 h dark. The solu-
tion was replaced at 48 h and the concentrations of the tested
antimicrobials were analyzed using the HPLC presented above.
The DO and pH of the solution were checked at 0, 48, and
96 h. The number of dead individuals was counted at 96 h and
the median lethal concentration (LCs) was determined on the
basis of geometrical mean of the measured concentrations of
the tested antimicrobials using probit or logit conversion with
Ecotox-Statics version 2.6d as with Daphnia and algal tests.

Daphnid reproduction test

Owing to the constraints on time and cost, the Ceriodaphnia
dubia three-brood reproduction test (Environment Canada,
2007; US EPA, 2002) was conducted instead of the Daphnia
magna reproduction test (i.e. OECD guideline for testing chemi-
cals no. 211, 2008). Since the former test lasts 8days and can
significantly save time and cost, it is often used to evaluate the
toxicity of chemical compounds and effluent in North America.
Briefly, Ceriodaphnia dubia were purchased from National Insti-
tute for Environmental Studies (Tsukuba, Japan) and acclimated
in the laboratory of the University of Tokushima at least for
3months. Ten replicates of Ceriodaphnia were placed in each
snap cap of 30 ml size to prevent a shortage of DO. Five concen-
trations and blanks were prepared with dechlorinated tap water
for each antimicrobial test, and the survival and the number of
neonates was counted for eight days, when most of the Cerio-
daphnia had finished delivering three broods. The solutions
were replaced every 48 h (i.e. a semi-static system) and the con-
centration before and after the replacement was analyzed using
the HPLC. Only the numbers of first three broods were counted
and compared with the blanks. Multiple comparisons were con-
ducted to determine NOEC values as presented above for the al-
gal test. Again, the geometrical mean of the measured concen-
tration of the selected antimicrobials was used for the
determination of NOEC.

Fish short-term toxicity test on embryo and sac-fry stages

The fish early life stage test of the OECD test guideline no. 210
takes almost 40 days and we used the sub-chronic test of the
OECD test guideline no. 212 using zebrafish (Danio rerio) larvae,
which requires a much shorter time (2-3 days) for hatching com-
pared with medaka (8-10days). At least three replicates of 15
embryos were placed in 50 ml beaker for five concentrations.
The solutions were replaced every 48 h (i.e. a semi-static system)
and the concentration of the selected antimicrobials was moni-
tored using the HPLC as presented above. The DO and pH were
also monitored at the replacement of the solutions. The percent-
age hatching and the survival rate of the larvae were evaluated
until the egg yolk had disappeared. The NOEC for hatching and
the survival of larvae was determined using the probit or logit
conversion with Ecotox-Statics version 2.6d as described above.
Again, the geometrical mean of the measured concentration of
the selected antimicrobials was used to determine NOEC.

Preliminary Ecological Risk Assessment

The MECs were collected from the literature (Coogan et al., 2007;
Zhao et al., 2010; Lindstrom et al., 2004; Kasprzyk-Hordern et al.,
2008; Halden and Paull, 2004; Nishi et al., 2008; Peng et al., 2008;
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