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Summary

This study reports on toxicity of several biocides towards influence on
Chlamydomonas reinhardtii growth. The results of this study were summarized as

follows:

Cell growth showed various growth change by existence of biocides. Specially,
the test of single herbicide and mixture biocides (herbicide+pesticide) were more
toxic to the cell growth. Also, the average specific growth rates(u) were to
decrease with the increase in biocide concentrations. The toxicity of biocides
toward p was as follows (in descending order of toxicities): herbicide ) pesticide
> fungicide.

ECs in each biocide were 0.0017 mg/l, 1.06 mg/l and 13.3 mg/l for herbicide,
pesticide and fungicide respectively. Moreover, ECsy was strong toxicity by
2.7x10 " mg/l when herbicide and pesticide were mixed. Also, ECs in main
components of each biocide were 5.26 mg/]l, 9.37 mg/l and 20.58 mg/1 for herbicide,
pesticide and fungicide respectively. Moreover, ECsy was strong toxicity of 3.10
mg/l when main components of herbicide and pesticide were mixed.

The flagellum revival of C. reinhardtii was inhibited by existence of each
biocide. The inhibitory effect on flagellum revival of C. reinhardtii by biocide
concentration was decreased in order of herbicide, pesticide and fungicide.

As toxicity estimation result, main component of each biocide were less toxic
than product of biocide. These results suggest that experiment need to about
affecting not main component of biocide but product of biocide (include of
assistant ingredient, i.e. a synthetic detergent) to do estimation about biocide

toxicity among environment.



I. A&

T4 A4XE F oung o] AL Y HE EFHE YEE B, gREES F
7] Fo2 FHEAY, EGo F4HL, UrAE FARZ FY@H(Patin, 1982). 4
HeAZ &2 B 4L A EAEE ZZ2FA A L AA He
b, o] H2FE A AHANA FAF vFS ZE 12 HARRZ, AF o5 &7
2HYE HH3] AASA Fedd HolAE ETE 2Y3A Hol AA AHAE
B33 A Ha, F7loke AF AN E¥vlA AuHEA ¥ Y EI

olgA FAZ FYUE FHLIEAEL F4 UM o5 WHo] 71 F&3HA
dojute vfAZA, SHERE 7 A4 BHA AHAEE vt2A Hrrstz] 43
Me 7tsd dIFd T79d AVEEAd dF Fde] A HRIHASF T,
2001). oj&l gt o] fol &AM, & AehAl dd HFEAEY FFE AS37] A
Ae #4099 AU EZEd dd $FSAHS FEs Hrkste WY "aAo]
HFEY, £32Y9 8 ¢%S FFEAH H7t $yge dgo] o|Fojo ¥ dg
7b A Bk webA HI2ee AEA WHoez B S4AYEE 1 Y3 o F
M Bxrly BBEE 043 2 UYPS £ & gled o] WES SAHAEFA W
T g AIZbe] An 54 EF 43 g Axe AaBAE A A7 o
< @40l AT E on-linedtstzl YsiXE BF IS BEseL ¥ S ¥
vetdlojor Hu f@Ao] Rrie Aol @l wid nYES o] & HETH Y
He wWEg wgoz AL Hgse B AF7E WIYPH3 A wEpA sstEA 9
A5 A (aquatic toxicity)S B7isted A AAAYD FAE 437N
AEENoZ2 SAHYE Friste HPoE M@t Jdon, AE F EI WAL
Z TEoA nAER dYstd A3 e Qoo

add 4L o zAA ey Fxo 54 23 vt FA wEtA uAE I
A7t d2n ¥4 EF L AR FFHd "Nz 54 £ #5440 dE2dn
22l A gh(Hashimoto, et al, 1982 ; Yamamoto, et al., 1979). £¥ &I A =9
He sEdzry $ud A 2 #3E 23] A & BHoer gId 4
E AAYE o4 & glon, ® FUdA Jitd e FES AT FAF
A(aquatic toxicity) AEE M E HAFA 2FHAAL UAe A A &
FAZ i SAHIE WP Yol AT Aot ey FAZA 1 €
ATAT R EL Al Fo] B%d DDTY PCB SOl tig 7Y ¥, 2 9 ALEF
o] 718t & ©E biocided] W R ®Wo] Hu =Ho| UA ¥k EF o] 4Y
o AHEE oo FAHEL olAA C reinhardtiid °l &N SHFE F AT
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E A9 e AFel.

welA, 2 dFdME GAE XZFE Adizte WAF77F #oy, APAddA

o] 7tsdtn, Bt A€ C reinhardtiis ol €3t A IFHAM oF A}
£50]x1 9= Al ZA|(dithiopyr), 4% Al(imidacloprid) ¥ 4 & Al (etridiazole)®l F
Fd, 758 2 A5 EFo 92 SAHY/E 1A C reinhardtii®l AFEE, H
2AY L ECxo9 &3E 53 SAHEE Fristed 2 53] Aok
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1. C. reinhardtii®| =4} 9l Biomarkers(MS&lX X|A|X})

Fig. 1. Schematic diagram of a typical cell of C
reinhardtii.
C: chloroplast, E: eyespot, F: flagella, FR: site of flagellar

roots, G: Golgi, M: mitochondria, N: nucleus with nucleolus,
P: pyrendoid, V: vacuole, W: wall.

l

Chlamydomonass Chlamydomonas3}9l 4380 338 -& chlamydomonadina ©1™
ALY %Z2FE dESE 71F 2dd SHAE9 Mxgoz FHn Al‘:} o
Qo2 C reinhardtiiz 10-30m BE9 A7|olx, F EY T AF B . F4Y
33 low A¥IE FiAv B, HRE, 28 AHUNY £ & 5 0131*1‘4'
AEE § 2EXEA7 HE Sx2F/Folth ?J_—‘i'"“— Edoly 2F8€ ATH FoAA &
ZMo7 HOARE &1 Fd ATY T8 .53 5%EH A8 B
o] EAgtt B FFAAAME AF %Xﬂ T 74.22 B3 53 JQo(E471,1995).
Fig. 1.8} Zo] Z} 7= ZHol7l 2L F ARE ¢ = Zo zt3 o], o]E o
£33 458 WE £52 FAAY. FI HEE o &3A W EiAE UERERE &
Fata] o] e RoZ Rolv Aol Ui, AFEPel UmMAAL oFE RolA

AR7ZE QoA 540 Us %EL g7t HAhr e xoz &71E oA 3§

st e 3 AP FEA, FHA #
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ol At F 7Y B FEXE AR uide] 23 9o BL N&EHo2 AAdE
AEZHIIBOR ARG, C reinhardtiic G3dE THo] 1 AERIL £
& XAE VEE TG 3t 3 o] HEE FAMBYNLEE HAsEH o
d Beode AZELY A8 Mo &g 3o HFHozE HRE 443
I FA7] BHZE Bol7te 419 HEE ZHR olujAQ HAAE FAIEE §3H
kool FA719 2rldle ZFEEe] dojd, AL He 4709 wreA AEE AN

FHAET T, 2003).

olg|gt BEAE W&ol C reinhardtiic B AT o]&EAY. 2F A EA4H7}
o o]g5o A7E WEES HHRY 0] &7 (1982)2 C reinhardtii®l A& vl X
biocides®] FFE& AF3A 1, o FF(1990)E C reinhardtii® AR v x& 3
749 I AGF 519N JI=F AFA ey C reinhardtiidl &
S4o] Bt ATHGT 2PT Wb £F (001 5 GHMESZE C reinkhardtii
of HE A F53 A& HEFH BN dAF392, 2FHQ003)E S24FA
AP g3 = de 2= Mo WHARHI| C reinhardtiiS ©) & A
Ag3Aag.

N rr

1. 2 Biomarkers9] 7§d ¥ £4

HIoe FF54H Eot AA #AE=o 7kn Qe v, fF e g A A
© EFAAT o], FrElstgEd =F8 AEA AX FEAA YdeEldE: 43
3, Ay azlz ¥Wald A biomarkersol W WAool nzZH: Uvh. HAG
biomarkerst f3stetER e FHeFd % s YeEbG £ AE A4 AE9
AR E A&EA AR 5 o

87 T3t RopllMEe R 2EH2d o A WIE FH sty
bio-indicator, biocriteria, & biomarkergl £o]E Al&3d 3 ). o] folEe
community, population, organismic, cellular, Z22] 32 molecular =&l A Ztz}te] ®i 3}
AEE Uetde AT AAAES gusta ot FEisdEEY wdo o3 A
EAWY &4 7Hed, A - Astehy Qg Bt H2EZH Table 13 29
FE832 At

Biomarkersell 2§ 3o d £& Hrie U@z, FAHo|y, Lol3tx, AP
Aol vt F, biomarkers 71HE ¥ T F£F FHGEL 28 YEA
7F AHE So BHEERES dod)v]l A, A - AsteE WErt WA dojus RE
$835ted 1 WEFL A= PolnE FiEEEHe] Y F A Fo 9
& Mo e TR EAEA HEeE £33 HUMY F AE Wge] H F At

E3 +Z0d HIME A% biomarker 7IHE =4 AlgEL AEANE wIsAY
AT dart gle ZAFH Boln, BEAE AH tFA e 7IPolnE HEA
E tidez st WHd vld vHsd AFAE 4A V€S 5% 5 A £ol

_4_



Zlgolth, 2 ®ek ojg, H2olt ol2e biomarkers® Yol LFUZA
E44 228 £ AEES kit AFo] ALY YolA Ags)d e BPAA D
o},

Table 1. Classification of Biomarkers (ANAS, 1989)

Class Definition

An exogenous substance or its metabolite or the product of an
Exposure |interaction between a xenobiotic agent and some target molecule
or cell that is measured in a compartment within an organism

A measurable biochemical, physiological, or other alteration within
Effect an organism that, depending on magnitude, can be recognized as
an established or potential health important of disease

An indicator of an inherent or acqured limitation of an organism’s
Susceptibility {ability to respond to the challenge of exposure to a specific
xenobiotic substance

Biomarkers®] AAAl neisjol sl EAHCRE So|A, WUy #AA, duy ¢
848 & F Ao

BEE4E Hrtstna ste 5F KA EH distd AdgH oz oRlstA vt
$3te A AT biomarkers& Aol dn(5FolA), FlsFEEY xS 9%
HEA ¥hgo] £ biomarkersghol Foi(F g FAA). £, HAX T 1 9]
8t #&A A& =< biomarkers®] W7t A Ee 2 ol FFY WIHE g
F e AESH AL ARAo] & biomarkerseho FHB(ARA), FESIEE
Ao xZo o AEHH WUFE foldA FHY F Yook dx;, A/
7 Z ¥ biomarkersztol FoH(F&43) (A F, 1997).



2. 599t

2.1 34 54

A5G0l g5 A& A2 7R Adez HoH1 ded FA FHNEY]
F(Organization of Economic Cooperation and Development ;OECD)A ¥ £193]&
FAEHE Tojd EZ9 9 £3FE @ Ao (BFA)FAFAY 242 W o
2] %2 5o o dojue H2E &7, g1 FYstn Aok =T I S4A
o] 5L sgtEAY 1A E FYste Aolm, URF F(F)o dia H7ist
I, BH7BE A3 3egEA F4xF 2 WY AEHt did FRE AT
31, NA=S44Yo U LFFES AYsn Hdsis FRE ATt Aolth
48 SAANELE W2 HASHAEC i dolErt gl dEdA Ad A HA Y
rolo] tidt Algolgtn B o]y dolEHE AEIA - FE L A7Vl AT
e 2 oW FEAY 7] MEDAdA FAAI G AHAZ AT E HFEsteH
& T HAsE 4FAAM Bd F4 SAdelHT oW e =4
-3y - 54 5o 5N =S T FE3 #FPoR 99, fF LA
A 84549A82 HE S4uAYE £ SFZF 7 sEHA dE 7Fx-84
3 A F gz oY, 1988).

H

ri
X,
2
r )
(o
o -
A
]

2.2 OJAYEE o] &7 54 AlFH

Faislist Edo) did 54 Hrte dwHe Euv|9 FHEFFES o] &Y
2 9ty =4 APHes T4 Pch(Peltier, et al, 1985). 22y FHE A g
2 Q3 e @71 o F7HE P £ de @] AgHE] AR &
. @] AU dil Bao E4AE, A, JEH, £H, dYFEE o
(Bitton, et al, 1986 ; Blaise, 1991 ; Dutton, et al., 1986 ; Liu, et al., 1984) ©]&
A1 g ¥ (microbiotests) 2.2 AlPH L sty mEv v o] HA E3 42¥3 €
Acks FHol Aok MAE ANPYY FHE Table 29 L3t

F 8749 fFds AAE] AMAE 98 7HA vAYEE ol&F A4 AERE
o] f&3ln, WEAQA WHEL Table 39 823 th(Bitton, et al, 1992a ; Liu, et
al., 1984 ; Kwan, et al, 1992a). 314 3t3EE L bioluminescent bacteria®] 239l
EgsA 9&FE vk Microtoxgte ©l§22 AlBHI Je 54 AU AE
134 (bioluminescence)® W< marine bacteriall Photobacterium phosphoreum®] ¥
5 AzxH ve 2ol E Y o] &3t f3 33HEo] A A o] wH Y A
£33 (bioluminescence)©] A3 == Aol A gth(Bulich, 1984).

ox oH

e
. M
Hy Mg r ¥ |o ox
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Table 2. Attractive Features of Microbiotests

Features

Inexpensive or cost-effiecient
Generally not labor-intensive
High sample through-put potential
Cultures easily maintained or maintenance-free
Modest laboratory and incubation space requirement
Insignificant postexperimental chores
Low sample volume requirement
Sensitive / rapid responses to toxicants
Precise / reproducible responses
Surrogate testig potential
portability

Microtox& ¥+ W&, B84 44 #7118, 38 d8 AzF, &5, 942 @
A AEF, A8 H7E AEF 548 ZAAsted ol &5o $h(Bulich, et al,
1981). o] AlPR2 E17], EYE, 2FE o83 54 ANdYY FL& JBBAE B
o Foj(Munkuttrick, et al,, 191) 8<% BodE 714 S3FEd oL 0@ R
2 B3 Hol gtk Microtoxt ¥l EE A4 AFoz fYdsE E5A4Z9
on-line #Alojo) o]&d 4 it}

A4 AEEL ¢ £ £ wHEoly HF Ao 2AE &+ JdEd, F2 o
Hzlo} A=l OD(optical density)& &Aooz utg ol Wxeo WaE Z2F
SAY DAAGZuA G A AL FHsm ATP &L 53 o|Fojxrh
ATP-TOX Alg¥2 ATP 5H S 5% d37d A% Aot 23E4 luciferase
o] A ZA3 T Ut

T3l SFE2ES T AR g% FUY2: £¥E d9GFE UG, AA: &8
o mad A4s FHo] 54 EF M AR wgolth A FHFL w@a A
BOD AA #AFE o waA 93¢ =) Nitrosomonas$t Nitrobacter?] A s o
ZAY A4 APHel HF #H5HE ZAsY g8 ALIADG. a2y
Nitrosomonas© &3 &3] tis] Nitrobacter®t © 973 Aoz Jeludz o},
w3l stetEe] g S8 dg IFS nAEY 3F AHE SAHFo=HN H s}
A 280 o2 3FL A AT, AEHA £ A2 TFEAZ 28 + 4

-7 -



o},
Table 3. Short-term bacterial toxicity assays(Bitton, et al., 1992a)

Assay Basis for the Assay
. Inhibition of bioluminescence of Photobacterium
Microtox ]
Phosphorium
Toxicants cause loss of coordination of rotating fascicles of
Spirillum volutans flagella with subsequent loss of motility in Spirillum

volutans

Measure growth inhibition of pure or mixed culture via
Growth Inhibition absorbance determination for microbial suspensions or via
measurement of zones of inhibition on soild growth media

ATP assay Inhibition effect of toxic chemicals on ATP levels

Test based on both growth inhibition, via ATP
ATP-TOX assay |measurement, of bacterial culture, and inhibition of luciferase
activity

Respitometest Measures effect of toxicants on microbial respiration

. Baesd on inhibition of biosynthesis of B-galactosidase in
Toxi-Chromotest

E.coli
Nitrobacter . . . .
. Measures inhibition of nitrite conversion to nitrate
bioassay
Microcalorimetry Measures decrease in heat production

3F A £ BEMHS 84 EA vAEd A7 71F AA FH3} Ui F
8 249 298 FAHs2 Aok 3 SR i oA x2S TF A WY
5 BAYS B BAE F Qe 2EY2A dlFde FEE YT o3 &
WAe Ui e 4 2 G (heat shock protein)® 7o} & A (starvation protein)
F HAZIE AT die B FU) £ §7] SFgEC Wi wgos AP
o 2E#H2Y Dl Fer fF3 HFEA dF =59 AFE ol F UAA
% 34 54 AgHezE oy {F&3x ¥

ZFE =54 g 249 AEAR o]8E F Ut T BHBIHo] AUF
Z2% NE8YHe 5ZF<U Selenastrum aapricornutum® A3 A& AR
(US/EPA, 1989a). ©] Al8¥ & 96-well microplateE o|& oz 4283 2 5+
£ d AP end-pointE BANFE AEFE AT e AT AHsolAY 4 A
ZF x&E Fo ATP A#eltt. o] ZzxF{E U T4 AxAd gsic

-8 -



3. A YA

3.1 AREAEAY F7 R 54
A" A (surfactant)= E2] AW &3t AR FFE ¥WHAIE 7%

€ st HEEE @ 22 o A7 2718 EF Y Edolt AWEAA
€ 2o &3MAIE 257 EoMNEH BojAHe 42E el AREEAL 4
Bulle S4LE vz olgd 4A wEeolth(Milton, 1989). £ EWAA 2F7E F
7] Fo2 FEAT w3 71§y nAZF EASE 257 £} HEE
A Z1Eold 1A Foz A dd. 2Bz AYEYAE 25718 ZA g
gHtEol vle A8 FFeHE vdehuied o "W EA FH Ash, f3h, £
o ZF 540 vEdd. AdEYAE AL, THE T d HA 8RR ALE

Hx dow, -utatdlA 1966 de] MAtste) 19893l & v+ Al AAE 71 A
=2 FYAEA AHEHI ATHEFANS, 1989 ; A5 H, 1992).

Fol2 AFZFAE Sol2 AVBYAG ELA AFH v B g Y
Bl dutRog Hf A T FAYAY 9852 AMSdT. ¥l AREAHA
© A w23 44 FFH] R BER AA7] $A ZH47 kel - H
BHZFATY, 19%a).

S0l AdgHAE AAY, 71xYo] 3t sHFHo] YA dF5E A4,
shampoo A X T B Fold HL&HD 3 AHGAHA FERF7])0] B &3
Hol fol2g =Hu Zolrle Fxd wa sulfate(-O-SO3H)# sulfonated
(-SO3H)o.2 FRIAHHES T, 1992).

Hlol 2 AABAA = esterd, etherd, ester etherd, alkyl amide®d S22 EF
B 950 R oA BE Fol AUBYA T HAEA ALEEHT AFE, HAH
T, 48, 985 T FHAT &2 ALHI JAHEARREEE, 1990 ; $H,
1990).

S AVEPAE S0l AWEHAY AAZHG 71 xHEE FPAF7] A% Bx
AREYAZ AHEEE 97 Boh o]RL Jol2 7%]““%*"74]9} 24 T BEgEE
PAhst 2 FSEFJE o8 AHZE G AGEHAT FFA o9 EAE Z
I 5 AAde HLAT(o} - B R B IAT 4, 1994b)

Y.a

3.2 ABREXARAZ & A6 X I

%2719 &4 AAle A4 AAQ alkyl benzene sulfonate(ABS)Z AE&7F & o]
FolAA ¢ dtdo FUHY, & EW LG PPYAA F£Fo29 ix I
Agstn st A9 AAHFTHE HAIE T £ 29SS dod]v] dEo 1980
Qe dAAMAQ LAS(inear alkylbenzene sulfonate), AOS(a-olefin sulfonate) %
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AES(alkyl ester sulfate) §22 thA] YAET QUQUHEALS, 1984 ; FAFS, 1989 ;
AdAE 5, 1990 ; A& S, 1993).

F71E2A AQEGAZ 3H Foll FUHE 2R EAste vAEY Fgoz
AE AF 2 FH7IE 33 duxPdez o]&H7xE 85 CO, H0 59 718
2 A28l (biodegration) ®t}.

Aede B3l Hs Axd g 7153 4 23, @70 £ Ao YR o
E]—l— HEFH AEH= —TLTEIFHI 7153 AEsE 2 EFo) £ MRz de EA

< %S AEY EH, F AUEHAY FE$E AW FHSE AT Axo RIS
”‘?}‘:} B0l 8% 7‘45—4 A8 'H_ TAXM AFol AZAY FHABE =
A A T 8AHoE 37 BAY JH9gS vXR e FEY B T
o HFH AENE 77 SFEY FIIER(CO, H0, F7EH)IZ S48 £ 5]
Ad gl AE AR FaEHo] AX o dal HH Foll o] &€ + e A2 943
Hstes s S8 AWEHAY YEEHAE BF vAEd WA FFE F &3
Hog Bl Ho 753 AL, #Fc] 4% Hxo YR HHE AN HFF
A AEHAZ APHATHEIL & )], 1990)

ARGGA] R B AFE 3ER FolAde v2y dHEH o]Fox
A BgE A7 AYH Fot. o] AFEL AAI MY oA AHeE F s
e £ o2 FYEE RHY s AEFdMe AA, 9 g 54 2 A
FAANA S BEH AT T g HAAAM EA}F o] Foj A

AT 27l F2 55 AHF I AN AF 2o 3 Fafo Bald FA}
7t e]FolH oy olF2E HTH AEHE SAHse T B 7z WIE 38
o @AM AFE A ZASHE AF7 o]Foixm Utk A FAAAAN F
2 AR EE ABgEAE AAZE ZRFE7] AE dots 28 giREo] soft ¥
oz FA4HY o] YRS AT ol Holy fF nXe dFE FHA y )
ZolE Aoz Hrt¥ 3 tHSugiyama et al, 1972 ; #_E, 1972).

AVEAHAJ] LASE ZAS A7 F 3 2 35 A FolAe A& B34S 4
HEH, 3713 zAsA (Fig. 2.) alkylzgle o-4tste} A& HE p-Akste] o3
@8}, o]oJA benzone 1E|7} ™ F T3t HFHoZ AR} o|FojAG}
(Bl & ¥J11, 1990).

AEAAE & §7322 FUHE £F A 5402 Yeld 2ol ojye @
TAEE Fddty, #F 489 A ‘—*174] E1719 Ax Vs As & F2s
o $Eudt o9 st A9, AWNBYAQA LAS 5=7F oF 2000pe/1 ol 4 Rez
ZALH AW (& 5, 1997), €& dizA|AY AFsFo] s 2FdE F9oA9 &
Ex -’Fqug/l"ﬂ ojgttx B3 d uizb Ioh(EH, 1990).

BBt 43 FEE AAste AT & T FANNE BESI 4
7t H9, 53 J{‘_ < TR AAL A FIEse] F 802 L3 P

o!,’-_‘,ﬂ

=)

T

]
1=}
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FE3E HE AU
CH—CH—CH-(CH);—~CH,

CH—CH—CH~(CH)~COOF

c o
H(Ii'/' \IC'ZH H(i:? \I(I;H
Ml o-Onidation * HCx-H
l i
SO,Na SO,Na
l B-Oxidatian
CH-CH-CH—COOH CH;-CH~CH—COOH
C___OH _C.
HC=” “C ¢ “ "CH
Hey, € :E CH
Jnr -
C.: \OH \?/
SO,Na SoNa
l Open-chain
CH:CHCH-COOH CH;CH;CH-COOH
C=0 C=
4 ~OH Desulfonatian & LOH
I ISo "Nansg | Lo
HC_ 7 “OH HC. 7
c C
H H
CHCHCH-COOH
Onidati £=0
COH, LT HC
Hc\cfo
“oH

Fig. 2. The process of surfactant(LAS) biodegradation.
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4. I -9 24 AFIY MY

WHOCI M & 19738 %€ w9 sy BIYE Y& LDxS 7120z EHFRS
A1 23t L (WHO, 2000), US/EPA £ 19829l “Pesticide Assessment Guideline”&
AR, 19831 de] #HedA Fol dlE "Risk assessment guideline”& v}&3t¥ )
(Reed, 1998). SHldAlM &= 19923 “Foke] <tAAH7E 71 ol NEAES MYt
A ol A FEHA A8 HrtE Azt ok Awule 30%l4e xt
Adte SAANYEL 25 HAS Lotz A% Aol E3olt) sk s B}
€ ¢gwtxoz  SAE<(hazard identification), & %¥-$ 3 7Hdose-response
assessment), =% 7Hexposure assessment), ¥ ¢34 B A (risk characterization)
o] 49 AR S UTHUS/EPA, 1999 ; James, 1999 ; Kamrim, 1997 ; US/EPA,
2001). S48UL F2 AF ¢ FHAE g FZAEA LDx, ICox ¥ NOEL(no
observed effect level) & At&3te Zoly, FASHL ¥4 T SAHoE Hrtst
I UTHOECD, 1999). &#%%g Hr7te LYAHEAC st X (threshold) <
non-thresholdg ZA3l™, ol® Fofo] dmp} e FE7X o] JE7IE 23
st Aoz QA AIS (safety factor or uncertainty factor) 2 reference dose(RfD)2
A7, ADI(Acceptable Daily Intake) & H7iol o3 EAFXNE HAsE Ho|r)
=EH7IE HF, 585 AFA 2 FAA g} =2 FE AEstE Holth mF
ol A 19961 FQPA(Food Quality Protection Act)7} AMAHHA ofjdo] @ xokx}, B
FxE, FHFE, 22 Yol Hrstn Qo H(US/EPA, 2001 ; Sielken, 2000), =
Wl A= ofa 7)o mx]x] Rt Qo 2vzt AN HILE FAE F Fto
%, 49 EFSAH, FEE MRL(Maximum Residue Limit), ADI, 24345 58
o] &3t Hriatn, AAA =& Hrte T4 AY, X, FAHAESSE AE7)9
TH 5% 23y x=23E& AdEa, 54 =EF dsld NFEAHoly og A
%4 NOEL# Hlu3lo AdHYARE P},

HZ AIFE FALE AHEFA de FIold 5F5ua e wo4d did o
A4 H7HE ko Jow, HFdAe FAFIHEIES AMAE7] Y HAHA A
H7HE 483t JTHUS/EPA, 1997 ; Meister, 2001).
olAlF ATES H4HHEY RenataT 2 SALYL 93 =
H] 2 3t 9 2 ™ (Renata, 1999), Christianes & Hydra®] Fejstz #igog (o})x)A}
Ax & 1% 7t ¥ oH(Christian, 1997).

EY Tamara 52 AEAAZAY FFAHEL o83 F7IAANTER FHEA
A& Fil(Tamara, et al, 1997), Change YAX ZFo #MAHRY WHIE o)L
Ao Aol 254 & dde A8 HChang, et al., 1997).

o

4

_12_



1.1 #5F
2 2 A3 #FE GHAE 525 C reinhardtii®] oFA R (BIU-90 mt )<
‘?——_Ji AtolEtvtd 7 F st A Mleto) A B e whol o] &3} th(Fig. 3.).

vacuole

pyrenoid chloroplast

Fig. 3. Phase contrast micrograph of
Chlamvydomonas reinhardtii..

1.2 5<%

FHE AFAA BujElE FAFTAN FUHAA o] o]&H T Q= AL Yo
AzA, 254 9 2248 2z @714 dAslg APol o) L5 U} AxAE=
DH3}8te] 2=F 32 (Q]Al)oln], FAHRL Dithiopyrol I, AEA 2= DHEE e zUL
(340, FA4 &L Imidaclopridol ™, 4 # 2= DH3lste] QMG ANE o] &3}
3L, F4E2 Etridiazoled] A& HPhA FFoz Hedle Algsigr} w1
22 TS Yolry] st FHEUS AHS FP=H o 7)) "P%—‘ﬂ TFAE
& AccuStandard Inc.ol 4 Dithiopyr, Imidacloprid, Etridiazoles zZ}7z} F& T 3wo}
Yol At&g )

Zt F4E 29 - 383 B oS g}

rlo

_13_



1. 2.1 AZA(2=FZ Az, dithiopyr)

Dithiopyre EFA 28 Zotd A=A 144 st Fx R Fdgzd dd
Fxaart st #FE871F3E AZEL T vl A2B(microtubule) F4E A3 st
T Aoz <A Utk 53 ZoedMe Fx HARAT Hold AxAoth(AI
5 %, 2000)

Table. 4 Basic special character of herbicide

Trade name SCOOp

Common name Dithiopyr

S,S-Dimethylester-2-(difluoromethyl)-4-(2-methylpropyl)-6-(tr

Chemical name . T o )
ifluoromethyl)-3,5-pyridinedicarbothioic acid

Molecular
formula CisHi6FsNO,S»
Molecular weight 401.4
F f
FF\/C/ N \CIQF
Chemical . C;s
structure He” [
Hc::—cu,
CH,

._.14_



1. 2. 2 AFA(ZYE 234, imidacloprid)

Imidacloprid= 1992 Nihon BayerA}loll A 7% 3t NeonicotinoidAl & A2 A &%
o] 2Z2M79 A'YA(synapse) F2o] ZL3te] o} M E =W (acetylcholine)d] &<
Aoz FFEHE THE dAoth HE L ASHLE e IFolALY
AR oty AQE AFH Y, whitefly 52 FFF L 8EuFo], 22
g Yy Fo EGHFTAE a37F don, dFolu Solde &37F k(A
F3 F, 2000

Table. 5 Basic special character of pesticide

Trade name Konido

Common name Imidacloprid

Chemical name  1-[(6-chloro-3-pyridinyl)methyl]-N-nitro-2-imidazolidinimine

Molecular
CoH10CIN502
formula
Molecular weight 255.5
Ct N /NO,
Chemical | N
HyC

structure

_15_



1. 2. 3 A A (Stel A7 A, etridiazole)
Etridiazole2 &9 g 9 B3 AFAZ v, 20y A LETolE S9]
Ao Al EHAHAEZ 5, 2000).

Table. 6 Basic special character of fungcide

Trade name Anta
Common name Etridiazole
Chemical name 5-ethoxy-3-(trichloromethyl)-1,2 4-thiadiazole

Molecular
CsHsCIN20OS
formula
Molecular weight 2925
T )
CH,—CH, 0\( \N
Chemical 4
structure /C|
/C\
-

_16._.



2.1 #%

C. reinhardtiig ¥ F3t7] et ALEF F7194¥¥ wlxE Sagar and Granick 1
(SGD viAIE AM&3tAH(Table 7.). wiAl= A FAEY pFAAEoZ YFolxE
o] FA&(stocks)Z v A E(trace) S 4z 2&F 129 Folx, %9 FAE 1
FAE 1294 44 Img &5 ¥ 142 g H pHE o 64~6.8°] =
ojo} Fch '

E3, 9

Table. 7 Composition of SGI(Sager, R. and S. Granick, 1953)

Stocks Trace(Bring to one litre)
NasCsHs07 - 2H20 50.0g/1 H3BO3 0.1g
MgSOs + 7TH20 30.0g/1 , ZnSOq + TH20 0.1g
NH4NO3 30.0g/1 MnSQ; - H:0 0.03g
KH2PO,. 3H:0 10.0g/1 CoClz - 6H20 0.02¢g
K2HPO, 10.0g/1 Na:MoOy - 2H20 0.02
CaCl2 - 2H20 5.3g/1 CuSO0q4 0.004g
FeClz - 6H:0 1.0g/1

Use 1 ml of each to make 1 litre of basic medium

2.2 vz

v & OECD7]#(0OECD, 1984)o] F3lod A Astt).

%27] HAE 27 10°cells/mE =2 27F wixo Fste 25:2C2 A3
A A FEFAA AFES YA viFe 724 T 5000luxe] R A7)
A, 130rpm2.2 FE(SHAKING WATER BATH HB-205SWM) Al7)|H A slsls
}.

2.3 Ay
B A3 E C reinhardtii® o &

St

7 sore] B4e sebsty] fstel Bope



FAE P REAE A7k 9% AFAN 493 BRAYAN 29 A 4
Agolt A Y WY AE HUAE olgdtel 27 WA FE 10'cells/ml
7 HES FAse 4Ye WHAT

Aujde Frg 150m Sy dad dx me FAF oL, MEFvt
107cells/me7t 2 W72 C reinhardtiis A7) wWEzA3 SUstA AAsAct.

TG o3 AFAH HAPde wF FAHA® FE7F 0, 1.25 25, 75 125
25mg/l S =& ZtZho] Alg e Fdsta, A wg AX e E 05ml e F&
a3, ulg] FuH| 3 wjo) HFsn, FFo] 8ml7t HEE AT 2T Z AEF
dAe ztZ 3Me] 43S Patdrh. E£XF=A(DR/2000, HACH)EZ 660nme| &3
g AN BHoE FAHsld FFxe Hze AExEEe HAE FIn
(Rochaix, et al., 1988), 660nm2 F3F =& Ao AXd== Yetduoh

AZABANAE L C reinhardtii®l HEE =LA 7]E ol& 3minESt 24 - H
% vz AEXEEd 5mle 15ml F¥ol| BEFs2 7} FX(25, 125, 25mg/)7t 5
EE 3s FYdn HAFTFo] 8ml7t HEE FEE SGIHAE FAetn, A
Ay T Gz As A vFE A, dFAIN AR HFH F AvBLe
2 BRslg. duid B2LE 2% glutaraldehydeE A7bste A F ARHO|E
2450 v2 £Ho] Brt5 8 Hfoe 4ToA RESD, F F 244120 o
27 43 AHHEF{CE 5, 200D.

3. C. reinhardtii®| M &tef

C. reinhardtii’d & Chlorophyll-als £& o] &3l =AstAch

C. reinhardtii® 334 chlorophyll-ag] 3L F2AE FTAHAFHA Fitd
A& At C reinhardtii®l A 7o @& Chlorophyll-a ¥X9 0.D660nm#tS Fig.
of JYelliglth Chlorophyll-a%s %2t O.D660nmE A EL&A WHIsx Ys
F A3, 2N B g F o 24NNFRE wWE &2 FUHH7] A FE R
ik 125412 o] ol AR E [ A8 F164AIF FREE ZAde
Btz ok o9k e ZAF}E 0.D660nmE o] &3t C reinhardtii®] % 13
Hog Z2AT £ YL& ¢ F Ad(Fig. 5), chlorophyli-a®t 0.D660nm<] &7
e Hoz vehd £ 93, old FBAFR)E 0915522 et

0}
Lo Hoe s e

o o
Y to

fo o} o2
re o

Chlorophyll-a = 16182x0.D660nm + 309.39
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4500
{ 0.25
. 4000
E 3500
3 1 0.2
3000
- 5
— 2500 10.158
~ =
—g, 2000 o
4 0.1
§ 1500
-~
< 1000 —sa—Chlorophyll-a 0.05
500 —~— 660nm
0 . 1]

0 24 48 68 80 92 101116125140164 188
Time (hours)

Fig. 4. Cell growth curve of C. reinhardtii.

5000

4000

w
[}
o
o

T

2000

Chlorphyll-a(me/ n?)

1000
»

0 1 1 1 ' 1 J
0 0.05 0.1 0.15 0.2 0.25 0.3

0.D660nm

Fig. 5. The relationship between Chlorophyll-a concentration and
0.D660(optical density).
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4. C reinhardtii®| HTH|MEEE (4)

5484 vt 529 aWF C reinkardtiiel W3 FE F RAolgdE 71A 8
Average specific growth rate()& & A3t A48l A H(Britz, et al, 1997b).

e AR AEQY C reinhardtii®l ZAE YeEhlE L Ao st ALY F
A o 27IAZ, te 48ES P A Aldolx, Ly, Lix 4 27N(SAHE
2 ArtsA Fke wWhek B AR FAAM FAHEY C reinkardtii® 0.D660°]
t}.(Britz et al., 1997b)

p o= (lnLl—lnLo)
(t,— t)

5. ECso At

EC(50% Effective Concentration) thZz 7ol vls A% T+ BFLS 50%70A
A7lE FAER T8 T (0OECD, 1984) gammaly) valueE o}£3te F&
Ak Z+ FEAAY vEk& T3t log-log graphol JEl® XMooz Yeyi:, vy
=l°o] He 54829 =7 tA FU¢9 ECxolth(Mallak et al, 1984).

Gammar(v) #< ZIF3= C reinhardtiidl dsta] 243 C reinhardtii® ¥]o]H
o Aol oo ALY 5 dot

RL,— L, _ RL,
= —1
L,

’yt = Lt =

v(DE tAZFe v @olx R blank(54 2F& ¥4 €2 Al8)9 0.D660Y b
2 tAIZ ¥ blanke] 0.D660S OAIZFY we] gtoz yyolA Tk Lo 0417
A4 Algel O.D660(EHEZE H7Hst7] d)olx L2 tAF ¥ 0.D660 & =4 E
AL H7Vstn tAIZF B A E3 C reinhardtii & 0.D660°] tH(Mallak, et al, 1984).

_20_



1. 529 EF0| WE C reinhardtii®] MAZM

1.1 Ao SAF 548 AL 4%

Ztztol HAF % 2 Z2F5 XU} C reinhardtii®l AR vlxE 932 Fig. 6~
11.9] YetlAt. C reinhardtiis) 332 5o 75 9 Z2 ¥%o o R
BEFAE B AzxAd 2 HAS F$7 AR C reinhardtii®] 3ol 4
& UAE AeE YERD, WY F 1B E 4SS YA oY, olF 4847
7t obF¥ WEE B F A3, 48A10] G F ot #FAE Boln Yoy}
75mg/l, 125mg/19] FxA T 57}’-’*"5}12 Bid aga AFA9 AaAe A
FHsE Hd5EY SFAE Y F OAE Z2YEHE Boltrt 18AREHE ¢
Al F7HEHE B Q7] AT it g 48R = Ao AAEA fA st
7b AlzA e vl 7EA 2 75mg/l, 125mg/1e] XA ZF71EHE Ry AFAE
SEA et 4z FHdo] Al ul£3 WMEE Holm °'7\l"} A dode 48413
FHE EE FTdA ZavstE Bgon 2z s S T AHLE AQddE
AzA+ZTA] ZA97 & W83E BY 3, ﬂliﬂ]«*’é}w*ﬂ, AEA+AFAE B3P
W e BEAoh(Fig. 9.~11.). 53] 25mg/Idwols Ao AHAE A E3e IS
Yebdig, Ao A 21].%*1]7} 7P‘J B2 S Holx Qed oA AxA9
FEAE AAAGAANN Ao 3EE AdAsE A(Mazur, et al, 1989)F AT EY
% microtubule ¥4 & A3 st= ’—‘}%7]3}°ﬂ % ¥ wWEgoz FIIENH(AHIE 5,
2000). =% A#E e F4Y v FAEULS /X2 4¥F A By
Ae sFLu APAA WG F 24A 0ol A AX e g7t FAEL wttis A
2 GAAY A4S BT ol AlgEHI Qe FAdd Eolde ARTAAL
C reinhardtiil Al F4&3 & 54L& Jeld ez #adrn

—

o

»orlr
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€: Blank, l:1.25mg/], A:25mg/I, X:75mg/l, 0:125mg/l, @:25mg/IFig.

0.4 (

Herbicide

0.3 t

0.2

A0.D660mm

0 9 18 27 36 45 54 63 72
Time (hours)

Fig. 6. The cell growth change curve of C reinkardtii treated with

various concentration of herbicide.

€ Blank, l:1.25mg/l, A:25mg/l, X:7.5mg/l, ©:125mg/], @:25mg/IFig.

0.4
( Pesticide

0.3 |

A0.D660nm

0 9 18 27 36 45 54 63 72
Time (hours)

Fig. 7. The cell growth change curve of C reinhardtii treated with
various concentration of pesticide.
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€: Blank, l:1.25mg/l, A:25mg/l, X:75mg/], 0:125mg/l, @:25mg/IFig.

0.4 r
Fungicide
0.3
g
o
©
0.2
o
<
0 1 1 1 1 1 2 ]
(4] 9 18 27 36 45 54 63 72
Time (bhours)

Fig. 8 The cell growth change curve of C reinhardtii treated with

various concentration of fungicide.

€: Blank, l:1.25mg/l, A:25mg/l, X:75mg/l, 0:125mg/l, @:25mg/]

0.4 r

Herb.+Pest.

0.3 r

0.2

A0.D660am

0 9 18 27 36 45 54 63 72
Time (hours)

Fig. 9. The cell growth change curve of C reinhardtii treated with
various concentration of herb.+pest.
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€: Blank, l:1.25mg/l, A:25mg/l, X:75mg/l, 0:125mg/], @:25mg/l

0.4 r

Herb.+Funs.

0.3

0.2

A0.D660nm

0 9 18 27 36 45 54 63 72
Time (hours)

Fig. 10. The cell growth change curve of C reinhardtii treated with

various concentration of herb.+fung.

€: Blank, l:1.25mg/l, A:25mg/l, X:75mg/l, 0:12.5mg/], @:25mg/]

0.4
Fung.+Pest.

0 9 18 27 36 45 54 63 72
Time (hours)

Fig. 11. The cell growth change curve of C reinhardtii treated with

various concentration of fung.+pest.
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12 59 FHAETE AHE3 A S

4zte] FHE R F2FETE C reinkardtii®) Ao vxE FEL Fig. 12.~17.
of YetAD. C reinhardtii®] B3 5o 25 2 £z %Eoﬂ uhe} AT
WEE B AzAd 2 AL A$7 7MY € reinhardtii®) AR BE o5
< UlAe AoE YEdI, Mg F giREo] 9AZ A 18A17H7}HR] :—’*\—3] "3%
StTE7E 181 olF A9 WztE B £ AUk azn AEAY AFA 4
€ AVEY d3AE G F ALHoz W% dyeE Ry, 48*]2}01 7\]‘&
F 47 FEAAM Z2de AEE B AFAE AEAe H¥Ws TMo) A

[o}
0]

o

i?‘a o

M&d WIE B

FHES TUS YT 2RE BY, 9Y HEVL XD AYG ASnT W
sEo] 27 VehkA 2 Ashe GehE sl MEHA et ol Favel &
Hol SJsH E4e) FEst 45t Aoz BOHD BY FARY Mo w2
8ot sl B2 ded YFIANNL d2A Yee Aoz sugn 34
2e EPstel A58 FLoE uxg W i

8~10911 9 Ed5 ot 25me/l due Wst FPoE 2y Fig. 15.~17.04E 74
&3 25mg/1X Bl T} v LA Walsln Qe

a2 BEYEY fFo met AFZHe Ml 2 gAY ol: BEA
oz 2 AHWLAPA} C reinhardtiiol Al ¥lZA 734
2 #d¥d. Fig. 6.9 Fig. 128 Hus 2z Rz
FEe BUT, EFFFY HIAYME BxHE §Fd o
At
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€ Blank, l:1.25mg/], A:25mg/l, X:75mg/l, 0:12.5mg/l, @:25mg/|

0.4

0.3 r

0.2

A0.D660

Fig. 12.

Herbicide (M)

/———‘

8 2
Time (hour)

The cell growth change curve of C reinhardtii treated with

various concentration of herbicide(M).

@: Blank, l:1.25mg/l, A:25mg/l, X:7.5mg/l, ©:125mg/l, @:25mg/]

0.4

0.3

0.2

A0.D660

0.1

Fig. 13.

Pesticide (M)

0 9 18 24 48 72
Time (hour)

The cell growth change curve of C. reinhardtii treated with

various concentration of pesticide(M).
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€: Blank, l:1.25mg/l, A:25mg/], X:75mg/l, 0:125mg/l, @:25mg/

0.4 ¢
Fungicide (X)

0.3 1

0.2 1

A0.D660

0.1 ¢

0 9 18 24 48 72
Time (hr)

Fig. 14. The cell growth change curve of C reinhardtii treated with

various concentration of fungicide(M).

€ Blank, l:1.25mg/l, A:25mg/l, X:7.5mg/l, 0:12.5mg/]l, @:25mg/]

0.4

[ Herb. (M) + Pest. (M)

0 g9 18 24 48 72
T ime Chour)

Fig. 15. The cell growth change curve of C reinhardtii treated with
various concentration of herb.(M)+pest.(M).
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€: Blank, l:1.25mg/l, A:25mg/l, X:75mg/l, 0:125mg/l, @:25mg/|

0.5 r

Herb. (M) + Fung. (X)

0 L¢] 18 24 48 72
Time (hour)

Fig. 16. The cell growth change curve of C reinhardtii treated with
various concentration of herb.(M)+fung.(M).

4 Blank, l:1.25mg/], A:25mg/l, X:7.5mg/l, 0:12.5mg/], @:25mg/

0.4 r

Pest.(M)+ Fune. (M)

0.3

0.2

A0.D660

0.1

0 g9 18 24 48 72
Time (hour)

Fig. 17. The cell growth change curve of C reinhardtii treated with
various concentration of pest.(M)+fung.(M).
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2. 59| 570 W2 C reinhardtii®| HIRH|A RS (1)

o

7}z gofollAM o APAF Fig. 18.~21.& 1.25~25mg/17tA 9] FEo|A 2t ko
B T e A4 Ao] @ BRAHE FFS ettt Table 8& HWE 4
BAFRIF) B B 0890)4¢ BIow, 125mg/ldlX Bmg/l EE7H3 <
AzA, &FA, 274, AZA+2ZA, AZALZA, AFA+LEA7 AZEE0|
nAE FFE JEHJD. ZE A9 57 EolAS4E AP uAARLSERWS
P AxAD B M E 9T FUo, dEAG 4FAA ALE AEAL
AaAEY Be AdFgS Yeld Aoz pol HFA7L C reinhardtii) Al 7R AL
E£4& B Aoz ddEt F AxAV Y ZE SAHE Holn 1 tgog A
A, ATA T2 C reinhardtiil Al 488 717 Aoz BoddL),

TS EFSA ALET Aol AFA+EFAN M 5L @S Boln AxA+
A, AzA+LFA 22 2 g B ol AxA+AEF A M B
C. reinhardtiil Al 9SS YEIH Ao 2 Hol:u AZxA|+AFA, AdA+dEH £o
2 545 29
TR BHEAAEQ] IS dolry] Ao 7 B FAHARWE sxz: AYe
83 5 ch(Fig. 20.~21.). Table 894 BRE 7]l A= 2o A5 (R)gko] 0840|302
Hw?3 & gg B3t WA ZF 3259 HF BYAST @S 492 HE Figls,
19.091 4 9} vl 4 BIAY F, AxA7 7bE ZstA C reinhardtiiol Al B8-S
FRor, 1 ggo AFA H4FA £o2 JTL FYUY EI FHEESL EF
o] AR APoAe AxA+AFAT BF FeA 54 UEld AL Figls,
19.5%} Bl &8 Fig20, 21l E A7 A+dEA et AzA+A72AE Ao nlsgd A
< YErG.

kel Fig.l8, 19.9 Fig20, 21.& HlZs] 29 Fig.18, 19.9149 pgtol Fig.20, 21.12
o 22 s AT A ol Figls, 190X e FAHAR+RZAAEQ 32
37l WEo REAFAECR AMEE T AUEAYAY EAo] Fofe FARY =43
M2 BsZEE 3t BEo 22 28L& doz Aoz JddY EF ZFUA =
HEe v 4 Zo dF g/ LS4 E I Z(Bshm et al, 1976) 5
o dg SHEs BF &7 Aolo E FFo] AL Aoz WAL I S
o] Ao HEe FEQ Aolt ol Eo U LT 7|AEPYL Aoz B
2o 28ln 2o did & ¥xk oy} Zk e FAEY LS9 X}
olo| Wa}X % C reinhardtiid] Al v X Fio] @@ = Yok

d
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Fig. 18. The Average specific growth rate(Z) of each biocide(product).
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Fig. 19. The Average specific growth rate() of mixing
biocide(product).
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Fig. 20. The Average specific growth rate(#) of each biocide(main

component).
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Fig. 21. The Average specific growth rate(#) of mixing biocide(main

component).

..31_



Table. 8 Trend line of Average specific growth rate in each biocide

Product Main Component
T
Toxic substance Tend R? Toxic substance ’I‘Tend R?
line line
N Herbicide y=-0.0006 0.9401 H'erl.)lmde y=-0.0003 0.9714
(dithiopyr+surfactant)  x+0.0247 (dithiopyr) x+0.0268
o Pesft1c1de yv=-0.0007 0.9543 ‘ P.estlade‘ yv=-0.0004 0.8435
(imidacloprid+surfactant) x+0.0155 (imidacloprid) x+0.0244
Fungicide y=-0.0003 Fungicide y=-0.0007 _
0.9392 0.9151
(etridiazole+surfactant) x+0.0062 (etridiazole) x+0.0235 °
Herb.+Pest.
L L .. y=-0.0008 Herb.+Pest. y=-0.0003
dacl d 0.8955 0.9785
(dithiopyr+imidacloprid+ °_ ) o (dithiopyr+imidacloprid) x+0.0203
surfactant)
Herb.+Fung.
. . y=-0.0002 Herb.+Fung. y=~0.0003
h tridiazole+ 0.9298 0.9623
(dithiopyr-etridiazoler " ) 1139 (dithiopyr+etridiazole) ~ x+0.028
surfactant)
F . t. F .+Pest.
(etridi uln %'+P'ZS toprids ¥~ 0092 6011 (etridi un]g ++ e-Zt topri ¥~ %993 9306
etridiazole+imidaclopri x+0.0032 etridiazole+imidaclopri 40,0272 O
surfactant) d)
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3 ECso

C. reinhardtiic GEA7F AEX 239 40%HEE 2AAsY 229 A d(parent
genome)°] g A FAHD, A2 4 DNAE 190 18 (circles)2 FA 5o Qo]
=4 4¥8& 831719 A 238 tH(Roachaix et al., 1983 ; APHA, 1989).

ECo& A2E3dl7] 98l =48R ¥k uAERe BAES vHE o) &3l9
log-log graph2 YetUo] o] #A2S F3Ath(Fig. 21.~24.).

EC:)(]\_. "—H7‘:11°ﬂ 3]3}] Ag = gz}o.g. 50%7L)\)\]7]_'—_ :-1;\]!:'73 .&:EE 1,}.5}.14]
= A7IMe Az, dFA, 4TS o)&8d ECo AE3AT ECxol #A
AEE A AL FEAXE C reinkhardtiio] R7EA wHedtiE AL onan x
g ECxo0]l S48 S4EZY 54 AX7) Zades Re 9n g

BA, FAE+EZALLdd] AxA, ¥FA, 4FAZ 4 ¥ gL AL
(Fig. 21.)9l& ECs°l ZtZ} 0.0017mg/], 1.06mg/l, 13.32 A =A7} C reinhardtiiol Al
b AsA S4& B AFA, A7 £o2 E4o) 7EA uelgtH(Table
10).

a2 AxA+AZFA A ZA+ATA, SR +AFAY 7 $(Fig. 22)°1& ECs0°]
zkzb 27x10 'mg/l, 1.2x10°mg/l, 1.05mg/12 A2 A +Z A, A ZA+ AT A, A=A+
A o2 47 540 ZstA Jebde ouldH(Table 10). o] AP 2HE vy
EFsd dus 540 M2 FeF8e 39 9Y ¥ U o mr} EXo] o Zs}
A Yetd Aoz g,

a2z & FFEY FALTE A P§ HFPNNE AzA, AEA, AFa)
(Fig. 23.)9] ECsx°] ZtZ} 5.26mg/l, 9.37Tmg/], 20.58mg/12 A XA 7} C reinhardtiiol 7
Mg BEA 54E B AF5A, A7A &2 S4o] #stA Yl ot (Table
100 AzxA+2FA, AzA+ATA, FFA+2FAY 3¢ (Fig. 24.)91%= ECxo) ztzt
3.10mg/l, 4.01mg/l, 165mg/12 A ZA+2ZF A, AZA+247 A, HEA+4TFA o=
Z+zt 54o] ZdtAl JdEeElRtH(Table 10). ©)¢] AgZA 7= <ol pgtel Axe} B]%E‘_
A3E BAFH e ZALE Hol HRAHRog 2ol AWGHAI} Foko F
T EFEAES Ao B} & EM o2 C reinkardtiiol A A d¢L =31 9,1
t ZAe® #wddEng. 02719839 ZATeA BYE  AxAA  ASE
0.04mg/I(butachlor)®} 0.35mg/I(alachlor)| X C. reinhardtii® A& &7} 50%7} =
Tt @& dUey, ddAE 09mg/l(phenazine-5-oxide)®t 3.4mg/I(isoprothiolane)&
Ao, 4F A 2= 33mg/l(fenthion) 2 332.5mg/I(trichlorfon)e] & LYt
a3 o] 719909 AAANAME AMEA FF wa} ECsgkel 0.12mg/I(alachlor)
ol A 2320mg/1(24-D)7tA] o} & Z & 5'_9&‘1]- T3 AEA FAHRoT 9
imidacloprid2 9~33mg/lA YZHF ¢ TxFY AFES 7430 AF v
tH(Insecticide factsheet, 2001). =38 A% A ] ’é}—er*ﬂ AaAdde THF FEY

r-[m

Ny 22
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4 2ol e 7T F9A LDxol 2tz 5000mg/kg, 2000mg/kg, 200~2000mg/kgS.
2 AzA, AFA R A7AY 54 BATG(ERAEA LA, 2002). 28T 217
A E A2ALAE 05~2mg/ICE LA A AN, 2002)0] 2, FEA AT 12~
80mg/I(Insecticide factsheet, 2001)] S48 B YT ol Ay WEH 9 Zo] gz
1 FAPYEE FAHL 28 PAEgA nRE o] g mEolgdy o
o ER el FA2 B dFAg AFAE AAZ AFAANH HFE2Y 5
T TERT n$ & Fxolth gy AEAQD ALE oS 2e :woA A
A7 YEtdE o2 Hol Be Fo] AEHoZ ALHUL A C reinhardrii
o] A% i ¥ xAY £E Utk 2P T o)eF FESL AYPA Yol A <
AFYZ71A F28 sEolnz 44 Ad AHdNe S5E f Yol £5 9
& Aot £% C reinhardtii7zt £ 5ZAEL Fdo 8] S Z2EHT A
o] & Aoz YeE 2 (Palmer, 1969), T} ZFo] dalME o Be SToA A
ol g T AL Ao AIBHY. T3 FF Lo Hle) ok g ENS B
oli glti(o]F+ T, 1991).
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Fig. 22. The gammal(y) value of each biocide(product).
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Fig. 23. The gammal(y) value of mixing biocide(product).
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Fig. 24. The gamma(y) value of each biocide(main component).
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Fig. 25. The gamma(y) value of mixing biocide(main component).
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Table. 9 Trend line of ECsx in each biocide

Product Main Component
Trend T .
Toxic substance Ten R? Toxic substance 1.'end 2
line line
Herbici =0.1832 Herbici =0,
N erbicide y X 0.9691 Fzrl?lclde y=0.8328x 0.9409
(dithiopyr+surfactant)  +0.5061 (dithiopyr) -0.6006
Pesticid =0.6359 icid =04
o es.tm e y X 0.9957 . P.est1c1 e. v=0.4929x 0.8461
(imidacloprid+surfactant) -0.0168 (imidacloprid) -0.479
Fungicide y=1.6133x Fungicide y=0.5471x
762 .9924
(etridiazole+surfactant) -1.8151 07628 (etridiazole) -0.7187 0
Herb.+Pest.
. L .. y=0.112x+ Herb.+Pest. y=0.308x
hi dacloprid+ 0.9732 0.9372
(dithiopyrtimidacloprid+ = )/ 1o (dithiopyr+imidacloprid) -0.1514
surfactant)
Herb.+Fung.
. . y=0.1244x Herb.+Fung. y=0.3582x
i ] 0.8195 0.9379
(dithiopyr+etridiazoler =, 1 0q (dithiopyr+etridiazole)  -0.2163
surfactant)
Fung.+Pest. = Fung.+Pest.
=0.6745 =0.4588
(etridiazole+imidacloprid+ * * 09971 (etridiazole+imidaclopri X 0.9549
-0.0142 -0.5591
surfactant) d)
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Table. 10 ECsy of each biocide of C reinhardtii at 72 hour

Product Main Component
. ECSO 2 . ECSO 2
Toxic substance R Toxic substance
(mg/1) (mg/1)
Herbicide Herbicide
0.0017 0.9691 526 0.9409
(dithiopyr+surfactant) (dithiopyr)
Pesticide Pesticide
1.06 0.9957 9.37 0.8461
(imidacloprid+surfactant) 0 (imidacloprid)
. Fungicid
_ Fungicide 133 0.7628 Hneleide 2058 0.9924
(etridiazole+surfactant) (etridiazole)
Herb.+Pest.
‘ Herb.+Pest.
(dithiopyr+imidacloprid+ 2.7x107 09732 . o>t 310 09372
(dithiopyr+imidacloprid)
surfactant)
Herb.+Fung.
-5 Herb.+F .
(dithiopyr+etridiazole+  1.2x10° 08195 . o> U8 401 09379
(dithiopyr+etridiazole)
surfactant)
+Pest.
4 Fung.+ .es ) Fung.+Pest.
(etridiazole+imidacloprid+ 1.05  0.9971 L o . 165 0.9549
(etridiazole+imidacloprid)
surfactant)
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4. HRAYXE Al

4.1 gz AR F4

AR WA dPAXME C reinhardtii®] HE O Azte] WE WaE Jehjgs
dl C reinhardtii®l VR 4 AY ¥ ¢ 247 7AAE & 97X WeEg £xg
ABEHAULL, o 4A BEAME oF 10mZ A Aolz Yehgoh Hb K
2001)9] ZAFoME wpArtAZ HE F o 243 7ARE HEEO WE £E2 o
12m7 2] ZL2}5}7E 421 2 ol Fele A HQA ol Y Ut o AgAN
€ HRoE HFT B ALE NTLE Feen A wjAL 308, 602, 1202,
180%, 2402 2.2 A3t 50709 C. reinhardtiis 289 tHFig. 26.).

10
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— 5
s
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=
w 2
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0 1 1 ] )
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Time (min)

Fig. 26. The phase of flagellum regeneration in chlamydomonas
reinhardtii of 50 cells.
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4. 2 NBSAFE 54 2183 AN C reinhardtii®] B85 ) A A &)

ANBE 3 Qe FFAA(Fig. 27.~32)9 A xA, FFA, dda, AzxA+2F4, 2
ZA+ATA, FFA+ATAL A7 TR ARAYAH AFFARE 2E Ax
A, FFA, A7AA dd F4Y ol s FolRBFE C reinhardtii®] HE
Aol #otAd. AL HERAAYASN AP E 25mg/lolAes AF A7 2TA
Bot C reinhardtiidl Al 2 %< F31 UAT 125mg/l, 25mg/1A A& & A7F 4
ZA R C reinhardtii® AE AR & IS FA
E3F APAIZE] I ZHo]l AL BA Ate] Ao wel C reinhardtii’t 5%
| €& & 234 HEZo|7t Aoy FAFTFEZ HAE AzxA7 M E
=4 98 uizn AFAL dEA £o08 A9 v EAL BAT. ol ¥
A ECs%Ql At vldt 232 B AZA+2354, AZxA+a7 A, FEA+4F
A Edsd d dr Y 4SS AHERES W FAS AHE dE F UddaeH,
AzA+ATAZE 7M1 & 548 BFeH, AxA+AFA, AF5A+ATA o2 Y
gyt EgsdddE 49 TR TNHESFE ARARTHELS oz A7)
Ao Wt e AR AL AT dd FFAPG vud PN B zolE
B ole A A7 C reinhardtii® FEAZES Adfsly T3 BXAEOR AL H
ARdEANA7E 54 dst7] dEod 713 S ZA veEd A2 dddrd.

2

_40_



2.5me/1

flagellum length(m)
(o)}

30 60 120 240
time(min)
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Fig. 27. The relative flagellum length response of C reinhardtii to
2.5mg/l concentrations of the biocides(product).
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Fig. 28. The relative flagellum length response of C reinhardtii to
12.5mg/] concentrations of the biocides(product).
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Fig. 29. The relative flagellum length response of C reinhardtii to
25mg/1 concentrations of the biocides(product).

10 ¢
2.5mg/1

o)

o

fagellum legnth(im)
[=,]

N

o

30 60

time (min) 120 240

| @Blank S Her.+Fung. ~Her.+Pest. m Pest . +Fung. |

Fig. 30. The relative flagellum length response of C reinhardtii to
2.5mg/] concentrations of the mixing biocides(product).
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time(min)
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Fig. 31. The relative flagellum length response of C. reinhardtii to
12.5mg/1 concentrations of the mixing biocides(product).
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Fig. 32. The relative flagellum length response of C reinhardtii to
25mg/] concentrations of the mixing biocides(product).
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M

4. 3 FRAEDE AL A C reinhardtii® B = A A3
7 e FAENE /AT 48T ZF(Fig33.~38)8 B9, ¥ko gays
AMzAZL 744 A 98-S FAeH, AFAd AFAE o g EoxAY
GolxE AL BYD ¥4 FHEIZ HolME AxA /MR BEA nAEe]
HAEAYAHA S FRon, AFA/ FFART Fd ¢ 98¢L BiY. ®
g AlZto] ZA el wE HEAP B APHE ALdE A ulEd FFoz
ABE 3kt A Aozt Beol Y Aoz yEit 53 &7 Be4E 1 3
ol Aoy F4Y FFHA WHME BE AolE BYL).
agan FHEE EFsI ALE AxA+EFA, AzA+ATA, AFAAEA A
Fellde AzxA+ FZA7 7HF 23} 4FE& RQT, 2 Loz AFA+4EA, A
ZA+ATA €22 A FFE FARAY AR A9} %o wa 22H g
e EJdd. 281 FAE+EZAPELAe} FHEUWY] HRYRS FAR
duj7t FRE+EZAHAEYY B v AR APYAYo] FHI YE HOEFT Bop B
ZRAELE 2 AWEFA FHAEY S0 2 0 SHEL HiEs Aoz AY
g & don Zk FAFFRA B C reinhardtiid) Al FL£3E A L7)Fo) ) 9
Bolgz Byg)
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flagellum length (im)
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|2Blank SHerbicide(¥) MFungicide(X) mPesticide(N) ]

Fig. 33. The relative flagellum length response of C reinhardtii to
2.5mg/1 concentrations of the biocides(main component).
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Fig. 34. The relative flagellum length response of C reinhardtii to
12.5mg/1 concentrations of the biocides(main component).
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Fig. 35. The relative flagellum length response of C reinhardtii to
25mg/1 concentrations of the biocides(main component).
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Fig. 36. The relative flagellum length response of C. reinhardtii to
2.5mg/1 concentrations of the mixing biocides(main component).
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Fig. 37. The relative flagellum length response of C reinhardtii to
12.5mg/1 concentrations of the mixing biocides(main component).
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Fig. 38. The relative flagellum length response of C reinhardtii to
25mg/l concentrations of the mixing biocides(main component).
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v. da &

2 AT E TN O AEET gt ok e ¢ reinhardtiig °]&
3] BEE 23, g gL FES AU

L NBER Qe 54 o83 C reinhardiii AFFODGOE 23¢ 25 A
247 ATl A7 den 43A%t FAE vEe 2L Yy w,
FARUE o18F YYINE NBET Ut sobg ASWLT Y M2y BE
vhebi,

2.4 T FTHY ¥Eol WE C reinhardhiisl FAUNAZET(WE A e |
#, AzALHIE g E 9L FAD THA ALY AHoHE Az A + 4
AL 2 9% FAYG T Z FF 25Y vro ge = X7t Eo}
AFE g FolAE 3P BAD o) Z s ZyHe 2871259
Aolel wet d2A dehted 538 Az 29 ote YRl dithiopyr7t
RS At 4Fel A7) BB AxA7 By 2 dBe = oz s
e

3. AMEBHI Ye FFY FHY ECxe AN 23, 9d F49uE AxA, &

A, 4227 227 0.0017mg/l, 1.06mg/, 133mg/1Z SA4o) BaA Yo
o, ETFANE AzA+2EA, AzA+ZZA, FEA+2FA Loz Zz
27x10"mg/l, 12x10°mg/l, 1.05mg/1O2 A xA|+A2 A7} 7t S0l A
2237 9=1%
EY, T4 FAEY AT AYE AFHgN= AzA, H4FA, 47F4 ¢o
£ 27 526mg/l, 9.37Tmg/l, 2058mg/lZ A xA7t HF =X °] Z3A Yetgm
TAES EFA YT AHANME AxA+FEA), Az A+ 2T A, BF A+ A
To2 %47} 310mg/), 401mg/l, 165mg/12 Ztzt S X o] 7atA) YEst T}

4 NBAIL Yt FAFFYUE C reinhardtiig o1 4F ARAYAHLY L 9 e |
#, w4 TE7F FHLFE URHY HPEEE 3, A7Ho] X o2}
M BRAole 234 HEHE FYS deln, A2A} A% 2 g o] 2]
T AES DA EY, Fd EF L FHES )4 AR AN 2l A
= ABAHNLD] 2o vs@ Fge vehyn
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5. 547 A3k, ARAL Y= 4L o) 83Ye B9 oty Fyry

@ 2980 540 w4 dedo oleg Ade WA7A Agsoe
€ o188 54tz E HA 87 FANY S4o ge Yu B
2R BUHN, 2F MRYRDY F2 oY JBe A X
WA 2o ge n@o Wesnn wudd.

FHELE o8
B9
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