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ABSTRACT

The effects of 6 biocides on the growth of Chlamydomoenas reinhardii in pure culture were
studied. For the batch culture assay of biocides, the growth rate in control tubes should be
compared with in the test tubes and the effective concentration calculated on the basis of the
percent dectease in growth rate at the different toxicant concentration. The concentrations
at which 50% decrease in growth rate was observed are 40/4g/l‘ for butachlor and 350xg/1
for alachlor in herbicide, 900ug/1 for phenazine-3-oxide and 3, 400ug/] for isoprothiolane in
fungicide, and 3,330xg/l for fenthion and 332, 500ug/] for trichlorfon in insecticide. The
inhibitory effect on the growth of Chlamydomonas reinhardii by the treatment of various
biocide concentrations was decreased in order of herbicidedfungicide)insecticide. Chlorophyll
and carotenoid content per cell were increased, whereas chlorophyll a/b ratio was hardly
affected by biocides. The effects of biocides on pigment content were also decreased in order
of herbicidedfungicidedinsecticide, which suggested the relationship between the effect of
biocides on the pigment content and inhibition of growth rate.
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£ <ty] 9151 biocide o] o] o] eFHgm, o|24 WAl 4 £9w & LIk biocider}

Ar4E 2 gl
28z 2 AREE-E Ak 1004E Fobd) dmiet 5% B F7HE melx 9wk (Bir and
Roll, 1972; Korte et al., 1970; Loub, 1975).

o)A 7 e A&FE Ho]T biocide 7t A4pisel BHILEA TITHoEZE A7lA
= H&f 2 b ¢ F v AAe] 195048 29 DDT Algo s [H8 $E4 g alwtez
AA A otz enf, olw] e biocide 7} £kl FIAT AFE xAbelr] Ay e
(Holden, 1972; Woodwell, 1967). &3] & °,_'14-/< 0] F 3 ag-sElgal 2,4, 5-trich
lorophenoxyacetic acid ¢] teratogenic & 3o 3} ZZZ o) AldEo] &RAE7led] =70

¥ = 9l otk (Davis, 1979; Galston, 1b79)

Biocide = s 2 2, RHEAY & mokel Faso] M, 2AEAY =2 A
2ol g& 27 = s E"“&—r&] AA Zst vivtz Zel Fo] 209 (Loub, 1975).
w2k biocide i A el Ao A BUE (CBWE Mo s 88 & drh(Beye, 1974; Korte,
1976).

2 E7A RIE (e T9) mutagenic, carcinogenic, teratogenic #HE 2 A2 FlEAel o
3t 1970 F2FH ofy] WA d7=la gow, od A5 HoldsE FF o
£ &A0] 2 el F 4 27 (Woodwell, 1967).

13—] vk o]e] 2kA biocide = wlo] &4 ]3] 2t A S 4phgel sl B 2 A el e
TS %A & 5 loermz £F AuEAdAE $4 13 444l AEFEFaEe] A7)
Az 2 Aol =} = E7HA DDT(MaCFarlane et al., 1972; Menzel et al., 1970)
1} polychlorinated biphenyls(Mahanty and Gresshoff, 1978)<l] ]38l A& Zelx=2Z.9 47
A SIS S L35t ¢ AE blockde Sf A SRE ohAAA o 48 ARl

ole] wet W 7= whAlZ w5 E el Chlamydomonas reinhardii 5 A 8.2 s}¢] bio-
des) 918 A4S F e o9 AAEA TRA AETRS AHE LA
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Fig. 1. Correlation between absorbance of cell Fig. 2. Correlation between absorbance of cell
suspension and cell number, Absorban- suspension and dry weight. Absorbance
ce and cell number were measured wi- was measured within exponential phase
thin exponential phase of Chlamydo- of Chlamydomonas reinhardii and dry
monas reinhardii. weight was measured after 24 hrs dry-
ing at 80°C.

HeE BEEE A FHEAENAA 24 A7F #5568 AZ @99 100ml £ glass fiber
filter(pore size lum, ¢4.7cm) 2 WEHT £ 0.228 4 dA s} 8§ 25ml8) 80% acetone
(0.1%5 CaCO, Tah) oz HiHT = 645nm e} 663nmel4 FHFEF =A 3¢ Holden
(1965)9) Fgkol @} 9 o YR BEHA

k] )\L/]__] Sl o2 o8 Zol 1.9}

o2 vdege
Biocide 2| @, Wiol A A3t olw AlzAd, 40 28z FEE Fda 24 F
FHE 27kKM A4 sted absolute ethanole] el AbZabedcl,
feEE alachlor: 2-Chloro-2, 6-diethyl-N~(methoxymethyl) acetanilide
butachlor: N-(butoxymethyl)~2-chloro-2, 6-diethylacetanilide
#y47] isoprothiolane: Diisopropyl-1, 3-dithiolan-2-ylidenemalonate
phenazine-5-oxide: Dibenzopyrazine-5-oxide
k¥ fenthion: 0,0-Dimethyl-O- (4-methylmercapto-3-methylphenyl) thionophosphate
trichlorfon: 0, 0-Dimethyl-1-hydroxy-2, 2, 2-trichloroethylphosphonate

FHEE 480nme) 4 EA & Ad] carotenoid 32k

Biocide X 2|7} Chlamydomonas reinhardii 2| EREY l:ll;:lu‘,:— ok 4 biocide £o] 4 A&
of WAE qae w7 debel HUERN R4 FEEE zAGach
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Fig. 3ol41 %= 5014 1,000 ng/1 7771 8] =] AzA A4 vlAE o FE ok
vt. Butachlor & 7§ 50 xg/1o} 4 e]o] 50%7F ¥& FAT JAE HIERE Holxz
glow, = oAy ExdAdxs 4289 a2 gubstA ekl 9lvh. ze] v} alachlor
= butachlor o} 2] Awkxle 2 2 As|Z7 dokev) i Fxbel wet AFH A
Fastd EC’]JF A%

e 4% phenazine-5-oxide £} isoprothiolane 2 100 «g/1 o] A] 7 128 WA 2
o] B vieh z] gkol o 1t 1,000 xg/l o] 48] =% oj 4] = phenazine-5-oxide 7} isoprothio-
lane Bt} =LA vlebykel. 53] phenazine-5-oxide = 10, 000 vg/l 5 = sxof 4 A2 o

=
27 89 ]«(Flg. 4).
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Fig. 3 Growth rate of Chlamydomonas rein- Fig. 4. Growth rate of Chiamydomonas rein-
hardii, treated with various concentrat- hardii, 1reated with various concentrati-
ions of herbicides after 24 hrs growth ons of fungicides after 24 hrs growth in
m exponential phase. [1——[ ]==buta- exponential phase. [ ]——[|=phenazine
chlor; ) —=alachlor. ~5-oxide; ()-—-y=isoprothiolane.

Fa el fenthion T’-} irichlorfon & v}& biocide &&= 2] A7 A8 9% ez 2
EEo] of ¢ RS wgrl(Figs. 5 and §). Fenthion & 100 ug/leol 4 #:izzse] i B
o]7] AlAste] 3,000 ug/l HE7A = QJrﬂP-a'}?ﬂ ﬂzc?ﬂai_o_l—] 3,000 ng/lel A 28 &7 3
HolA 5,000 /18 FEell s o] defrtx] ook

o]s] wja)] trichlorfon & 10, 000xg/1 <] ‘“TC’: § = A _LI<—’1——°~1 MAIE Bol7] AF
3 e, 500, 000 eg/lel A5 A WAERE JebiAl e obe

oefl A} B biocide o FEol whE AAE SHOoEE ARz oz =l E biocide 2
=& Table 1o vehygl e

FarEde] = 4 alachlor & butachlore] vl 9®) A=l =& H1u:E vodom, R
Z= isoprothiolane ¢] phenazine-3-oxide B v} 4 =9 == & vlebgld)h, 28 4349
7 $-3= fenthion ol ®]a] trichlorfon & 100#} H =9 &2 2zo4 AFAEL] 1/27b55 v
k.
kY AszRe Chlamydomonas reinhardii o] g biocide 8] FFof w2 o gk2 A
ZA 7} 7tA 2w, A, dEAe 42 JEuE dgg 2o F9n. o= Ukeles
(1962) 7t EE W ZFaEL Az § 49 A FAe “ﬂ—r Farat el el algae Fyol
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ster, 1968; Mosser et al., 1972).
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Tig. 5. Growth rate of Chlumydomouas rein- Tig. 6. Growth rate of Chlamydonionas rein-
hardii, treated with various concentra- hardii, treated with various concentra-
tions of an insecticide (fenthion). tions of an insecticide (trichlorfon).
Table 1. Concentration of biocides at whicn- 225 = biocide 8 ok Eof o3 28 =7}
hthe growth rate of Chlamydomo- 2o A m o Zlo N -
nas reinhardii is reduced to a half T =1 T ¢l &P blocidex FEik AL
— = N -2 E & il 2% 5= ’.—T O ull-
—_— Corenmanen TS EiiEio] Fr1els 7 (Bohm and Mill
— . (eg/1)  er, 1976)5F Az, 477 2zjz 45AF
Herbicide  butachlor 40 o] o gt 28 me) £ES 9= B (Uke-
_ | placor 0 s, 1962)Te® mop AFAet 434} A
Fungicide  phenazine-5-oxide 900 A w8 AA Ag adst Aotz stezt
isoprothiolane 3, 400 , AdA49 wHolddd EI Aoz g
Insecticide  fenthion 3,330 5ol qlo | = X 2
trichlorfon 332,50
QSR R : .
8} Chlamydomonas 7} JETF #4i: M-S biocide o] #z] 4uld oz APl =A vhehrl=
< (Palmer, 1969) <2 §E AAAE B ARS AFu 45 F 39l A8 Acs
Az, oY AT Holz ool W Wk ZAE B 0+ A (Wur

=] 2]

biocide 7}

8% diabel JeAEt ddd F¥

Eo chlorophyll 4% 715 Jeld ¢

SEX R

gl A

A 3

l S

AL & Z7E Holx gtewn], AAd 3 AF azst & butachlor 7} alachlor of
vE & o 2 A4 P HUlE isi o ol gf A Az carotenmd g F7hE o e
v} chlorophyll a/b 8] go] = Bt e o &8 u|x=] ggkth(Table 2), o] & pyridazinone 7
A ZzA San 6706¢] Y& &4 E 1 Raphanus 8+ Hordeuwm 4higiips] 284 A4 #hako)
AAg e A elE Aubs] ) (Lichtenthaler ef al., 1977), & A xA 2 A &<l Chlorella
dAMdE ZHG 5 Tt A Axd 294 A4 FF¢ FHAAHE A AE {49
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Fig, 7. Chlorophyll content per cell after
exposure to various concentrations of
herbicides for 24hrs in exponential
phase of Chlamydomonas reinhardii,
[J——7]=hutachlor, O—O=ala-

chlor.
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Fig. 8. Chlorophyll content per cell after
exposure to various concentrations of
fungicides for 24 hrs in exponcntial
phase of Chlamydomonas reinhardii.
[OJ——[J=phenazine-5-oxide;
O-—0) =isoprothiolane.

Table 2. Effect of biocides on carotenoid content and chlorophyll a:b ratio after 24 hrs growth
in exponential phase. Initial cell number was 2. 0X10° cells per ml

. Concentration . . " Carotenoid*
Biocide (eg/1) Chl. a:b ratio (absorbance/cell)
50 1.8 0. 0054
Herbicide butachlor 100 1.8 0. 0067
1, 000 1.7 0. 0036
50 2.1 0. 0054
alachlor 100 2.0 0. 0063
1,000 1.8 0. 0065
100 2.2 0. 0039
Fungicide isoprothiolane 1, 000 2.2 0.0043
10, 000 2.0 0- 0065
100 2.1 0. 0037
phenazine-5-oxide 1, 000 2.1 0. 0041
10,000 2.0 0. 0047
100 2.2 0. 0038
Insecticide fenthion 1,000 2.0 0. 0038
3, 000 2.0 0. D048
10, 000 2.0 0. 06050
trichlorfon 100, 000 2.0 0. 0067
300, 000 1.9 0. 0055

a. Control value is 2.2,
b. Control value 1s 0. 0036.
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gt (Herozeg et al., 1980). £ A@ol A4 AzAdl & Axge] ZAs Anzm

FH5e F4E FUAGEAE 2 o AT DoF Aoz Azt
él-‘«f?ﬂlt 7bA BF lexo] whel A4 gk gukat 2olE noon], o Frleks 3
| vhelilza] ekettl :Z.Ei v} phenazine-5-oxide of ] isoprothiclane & F =7} Z7}3t|

ok A4 SAAE TAE S Fi 8

005 | as5k
I

- Q0L WA
= £
T [ I
k= = '
s 003f R
g E
S £,
T om 7:/67 £ o
e -
Ll =2
= =
< om b 09—

"] 1 I 1 ] - *.‘-v

106 1000 ol 00 By THGAT 500000

fenthien  con, j i
centration trichlorfon coneentration

Fig. 9. Chlorophyll content per cell after ex- Fig. 10. Chlorophyll content per cell after ex-

posure to various concentrations of a posure to various concentrations of a
insecticide (fenthion) for 24 hrs in ingecticide (trichlorfon) for 24 hrs in
exponential phase of Chlamydomonas exponential phase of Chlamydomonas
reinhardii. retndardit.

HapEle] 4 = ok biocides] wjd] A Tk Aol W dske] wle A Lhehy
1= Fenthlon Hi'% chlorophyll ¢kell A8 | &L Fx %srow (Fig. 9) trichlorfon
A% 100,000p0/19] 2 Ak Fakel G FAE Soht 249 FEAAE B
5 dolA gopch(Fig. 10). =3F BEfel otatrlx = 2emel 28y chlorophylla/b

phyll a/
W g0l EEE VhelA] 9oten] carotenoid gke] W FAE Hl—v}‘”iﬂr(Table 2).

c] = AzA AEol obd bioclde 2 Yol o 8L Fvd (Wurster, 1968; Powers ef

., 1979), =3 M4 Gkl w o gkE vlA & A o2 3eol(MacFarlance ef al., 1972) 4
zm 95AE G2A] A8 Na T GBS FAE FE Yo, 1 ool A

=
A W] A 2 Fol ookge] Axbdte Helgstel A 2R84 g Az wzs =
A vdebgonz Az Fdo] v|A dofvix] Fob Az Aa Fake] HrHY S 7PLH = 3
o (Powers ef al., 1979). z2jx el Z -+ F749 Byl BRiE £RE JFE
Z 4 §] = (Schlesinger and Shuter, 1981), AR wlel A =8 =77 —-—7}3"‘- = g)\
2.1 2 (Rueter ef al., 1981; Herczeg ef al., 1980) A& &g Frid] & o] E9 ad
A2 g ARA] AEncdE Add e P wE 2xA1gl a73Y AEA=
o] Fr

B OE
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T Aol RES Az 294 A4 g A% T Biocide o] FEo) =& AAE FALE
e 50%8] HAE AAEFHE vel T A28l butachlor, alachlor 7} %4 40#g/l, 3850kg/1 4]
o, 474 ¢l 7% phenazine-5-oxide 7} 900ug/l, isoprothiolane o] 3,400 xg/l1 4o =& A3
ferthion 2 3, 300ug/1, trichlorfon -2 332,500zg/1 = vielyton 2 %o w2 Chlamydomonas £ A 7-
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