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/ | Abstract 1 -,
A
T

0 assess the effect of butachlor on freshwater aquatic organisms, acute toxicity studies for algae, invertebrate
and fishes were conducted. The algae grow inhibition studies were carried out to determine the growth
inhibition effects of butachlor (Tech. 93.4%) in Pseudokirchneriella subcapitata (formerly knows as
Selenastrum capriconutum), Desmodesmus subspicatus (formerly known as Scendusmus subspicatus), and
Chliorella vulgaris during the exposure period of 72 hours, The toxicological responses of P. subcapitata, D,
subspicatus, and C. vulgaris to butachlor, expressed in individual ErCsy values were 0.002, 0.019, and 10.49
mg L, respectively and NOEC values were 0.0008, 0.0016, and 5.34 mg L'l, respectively. P. subcapitata was
more sensitive than any other algae species. Butachlor has very high toxicity to the algae, such as P.
subcapitata and D. subspicatu. In the acute immobilisation test for Daphnia magna, the 24 and 48h-ECso values
were 2.55 and 1.50 mg L', respectively. As the results of the acute toxicity test on Cyprinus carpio, Oryzias
latipes and Misgurnus anguillicaudatus, the 96h-LCses were 0.62, 0.41 and 0.24 mg L‘l, respectively. The
following ecological risk assessment of butachlor was performed on the basis of the toxicological data of algae,
invertebrate and fish and exposure concentrations in rice paddy, drain and river. When a butachlor formulation
is applied in rice paddy field according to label recommendation, the measured concentration of butachlor in
paddy water was 0.41 mg L and the predicted environmental concentration (PEC) of butachlor in drain water
was 0.03 mg L. Residues of butachlor detected in major rivers between 1997 and 1998 were ranged from
0.0004 mg L™ t0 0.0029 mg L. Toxicity exposure ratios (TERs) of algae in rice paddy, drain and river were
0.004, 0.05 and 0.36, respectively and indicated that butachlor has a risk to algae in rice paddy, drain and
river. On the other hand, TERs of invertebrate in rice paddy, drain and river were 3.6, 50 and 357, respectively,
well above 2, indicating no risk to invertebrate. TERs of fish in rice paddy, drain and river were 0.58, 8 and
57, respectively. The TERs for fish indicated that butachlor poses a risk to fish in rice paddy but has no risk
to fish in agricultural drain and river. In conclusion, butachlor has a minimal risk to algae in agricultural drain
and river exposed from rice drainage but has no risk to invertebrate and fish.
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Fig. 1. Structural formula of butachlor.
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Table 1. The composition of rearing solution for D. magna

Cone. in stock solution Rearing solution

Substance (mg L, water") (mg L, water”)
CaCl-2H0 1176 23
MgSO4- TH;0 4.93 25

NaHCO; 259 25

KCl 0.23 25

Y distilled water
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Table 2. Total length and weight of fish used in acute toxicity
test

Species Length (cm) Weight (g)
C. carpio 4.7740.32° 1.170.29"
0. latipes 3.05+0.12 0.26+0.05
M. anguillicaudatus 7.66+0.63 2.15+0.45

9 Mean+SD.



w3} 5 4~5744 | 2
* Table 29} 2},

SAEMA|8(acute toxicity test)

Butachlor®] o}fof tigh gASAAES S2luzte] &
o SEAT7IET (eS8, 2007)2 vl EPAY
Ak A g7to] 2EI(EPA OPPTS 850.1075, 1996) L
211 OECDY] 3184 A|g7Fo| 2819l 203(0ECD, 1992)
o @10 ARSI, ol UPl 6 L UGl
(A7420x%0]26 cm)ofl AJFEHE S LE Y AIY =9
Supeld 28HE AHEjetglal $AE Al OEE* 100124
HHE glo] Y2 & AF 7|7F ¢t A8 AE wAlskA] Y

A5l (static) 2= AR AY o]0} kA
FF3HA] oo, T2 16417k
SHGATE. 24 A 7kutTh A Akl 9 EASAS st 7| &5t
QL Ak A= EA AASHT AR 7|7 g
HO] pHE} DOE 24A7H0e} BE FioA S4sH e
22 2o A] ST AE A £42 100% A
59 0% AARgEAro]o] FEAQ AARsEr)t 27 o4t
o fj= 22133} 5 probit (EPA, version 1.5)H-S A&
3tglo, FEARl Arks=rt 27 it Aol
average angle(EPAY& Al-&3)o] 4847 2
U 95%AIZAE A=

17J 3=
F2A Ao %

mlm

1.
fu.

d

ey

2

} =0

O

_I

moving-
96A)7F LCso

Butachlor?| £A{AS0f CHEE SIsHA 7}

Butachlor®} A&l et $18i4 7risk assessment)
SEjueEt wok SEHEHelA AN 9l e 918l
H7b whol wet EA4(toxicity) T =Z(exposure) H]
AL Z8(TER)S AM&3Ste] Brslgic) B4 S
E3f 13 A5 gt B4 F R =
o] 85ttt =&Y =) A9 HA of

O

o)L=
AT

K=

F BRI 045 0182

= ZAA YA 73 =EF butachlord] FFEEE o

1, wjeRE offl A4S o83t ﬁg?& Ol%ﬁ

474545 Z(PEC)S AHEotglch Jejil oA g

24 6t 7oA 2] butachlor ZFEUEH AHES ol
At

B51 3
=3
=

S orlo 2 op JQ

10 a% FHAEFH(ai. mg)
$41'5 emgl 10 a =%<] %HL)

10 atg &£:AMEEHad. mg)
241 5 cmQl 10 a =59 ok(L)

1
100

Hj4=2 PEC =
LCsp E+ ECso (mg. L)

PEC(mg. L) &= A3A% AFsE

TER =

24

E]l_l- al

>

=}

k-

-

Butachlor®] Z&0i CHst

MEXH

T2 7 A HAE 717 Y] Bt L= pH=
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Butachlor®] P. subcapitata©l] th3t 72417t A A
A7}, YR2o|A e HESE 27] HES(1x10* cells nl™)
B} HF 594 F713ke] OECD A AR A olA AA I 72
A7 B 22 28 HZES 16H] o4 £71E BY oz
Ao SmAlL A E Tk 0.0064, 0.0032 121 0.0016
' AElRe 27] MELEc Zz 93 08, 3.3 J81
1538 Z7kstedl A4 ARE 7180 Afed 47
106.52, 70.47 7121 33.05%, 48 71Z08 Haed 7
7} 100.4, 95.98, 123 75.29% ©]9jct. LUt 0.0008}
0.0004 mg L" He|zol A 3483 58 & A4 A
&2 A9 §iglthTable 3~5).

mg L

Table 3. Cell density for each replicate of P. subcapitata treated with butachlor

Conc. Cell density 24 h 48 h 72 h
mg L) (10" cells o) 2 3 M1 2 3 M 1 2 3 M
0.0064 1 10 20 10 13 03 10 00 04 10 03 10 08
0.0032 1 10 10 30 17 50 40 20 37 20 30 50 33
0.0016 1 50 40 60 50 80 60 70 70 160 150 150 153
0.0008 1 10 70 60 47 120 110 130 120 580 580 550 570
0.0004 1 50 40 10 33 120 80 160 120 600 670 640 637
Control 1 40 40 20 33 190 190 120 167 640 560 570 590

? Mean
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Table 4. Average specific growth rates and percent inhibition in average specific growth rate of P. subcapitata treated with butachlor

Cone. 24 h 48 h 72 h
(mg L) W Ir (%)” U Ir (%) W Ir (%)
0.0064 0.012 76.11 -0.017 129.72 -0.004 106.52
0.0032 0.021 57.57 0.027 53.82 0.017 70.47
0.0016 0.067 -33.68 0.041 30.83 0.038 33.05
0.0008 0.064 -27.95 0.052 11.68 0.056 0.85
0.0004 0.050 0.00 0.052 11.68 0.058 -1.87
Control 0.050 0 0.059 0 0.057 0
¥ Average specific growth rate, ® Percent inhibition in average specific growth rate
Table 5. Yicld and percent inhibition in yield of P. subcapitata treated with butachlor
Conc. 24 h 48 h 72 h
(mg L) Yo Iy (%)” Y ly (%) Y Iy (%)
0.0064 03 85.71 -0.6 103.62 -0.2 100.40
0.0032 0.7 71.43 2.7 82.098 2.3 95.98
0.0016 4.0 -71.43 6.0 61.70 14.3 75.29
0.0008 3.7 -57.14 11.0 29.79 56.0 3.45
0.0004 2.3 0.00 11.0 29.79 62.7 -8.05
Control 23 0 15.7 0 58 0
® Yield, ® Percent inhibition of yield
Table 6. Cell density for each replicate of D. subspicatus treated with butachlor
Cone. Cell density 24 h 48 h 72 b
(mg L) (10" cells nf') | 2 3 oM 2 3 M 2 30M
0.0256 1 1.0 2.0 2.0 1.7 4.0 6.0 2.0 4.0 6.0 3.0 4.0 43
0.0128 1 4.0 4.0 1.0 3.0 9.0 3.0 10.0 9.0 150 230 180 220
0.0064 1 1.0 3.0 6.0 3.3 7.0 11.0 9.0 9.0 250 460 370 360
0.0032 1 5.0 7.0 10.0 7.3 200 150 130 160 430 380 510 507
0.0016 1 2.0 3.0 8.0 43 300 150 130 160 1060 720 620 800
Control 1 8.0 3.0 3.0 4.7 190 150 270 203 730 720 660 703
? Mean

Butachlor® D. subspicatus] T3t 72417 BAA A1 E
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Table 7. Average specific growth rates and percent inhibition in average specific growth rate of D. subspicatus treated with butachlor

Conc. 24 h 48 h 72 h

(mg L) u? Ir (%)” W Ir (%) W I (%)
0.0256 0.021 66.84 0.029 53.98 0.020 65.52
0.0128 0.046 28.68 0.046 27.06 0.043 27.33
0.0064 0.050 21.84 0.046 27.06 0.050 15.75
0.0032 0.083 29.34 0.058 7.96 0.055 7.71
0.0016 0.061 481 0.089 5.94 0.061 3.03
Control 0.064 0 0.063 0 0.059 0

Y Average specific growth rate, ® Percent inhibition in average specific growth rate

Table 8. Yield and percent inhibition in yield of D. subspicatus treated with butachlor

Cone. 24 h 48 h 72 h
(mg L") y? Iy (%)” Y Iy (%) Y Iy (%)
0.0256 0.7 81.82 3.0 84.48 33 95.19
0.0128 2.0 4545 8.0 58.62 21.0 69.71
0.0064 23 3636 8.0 58.62 35.0 49.52
0.0032 6.3 72,03 15.0 241 497 28.37
0.0016 3.3 9.09 16.0 17.24 79.0 13.94
Control 3.7 0 193 0 693 0

? Yield, ® Percent inhibition of yield

Table 9. Cell density for each replicate of C. vulgaris treated with butachlor

Conc. Cell density 24 h 48 h 72 h

(mg L) (10° cells m¢") ] 2 3 M1 2 3 M 1 2 3 M
18.02 1 13 10 13 13 06 20 06 11 10 10 10 10
12.02 1 30 17 20 22 20 30 40 30 20 30 30 27
8.01 1 30 20 10 20 70 40 60 57 80 760 8.0 840
534 1 40 30 20 30 120 120 140 127 1060 950 1250 1087
3.56 1 40 30 30 33 240 430 260 310 1280 1050 1120 1150
Control 1 40 30 20 30 370 300 260 310 1040 1080 1120 1080

a) Mean
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Table 10. Average specific growth rates and percent inhibition in average specific growth rate of C.

7

(=)

t

vulgaris treated with butachlor

Cong, 24 h 48 h 72 h
(mg L™ il Ir (%)” " Ir (%) i Ir (%)
18.02 0.011 76.12 0.001 98.12 0.0 100.0
12.02 0.033 26.86 0.023 68.01 0.014 79.05
8.01 0.029 3691 0.036 4949 0.062 537
534 0.046 0.0 0.053 26.06 0.065 -0.13
356 0.050 -9.59 0.072 0.0 0.066 -1.34
Control 0.046 0 0.072 0 0.065 0
? Average specific growth rate, ® Percent inhibition in average specific growth rate
Table 11. Yield and percent inhibition in yield of C. vulgaris treated with butachlor
Conc. 24 h 48 h 72 h
(mg L") 'S Iy (%)” Y Iy (%) Y Iy (%)
18.02 0.3 85.00 0.1 99.78 0.0 100
12.02 1.2 38.33 2.0 93.33 1.7 98.44
8.01 1.0 50.00 4.7 84.44 83.0 2243
5.34 2.0 0.0 11.7 61.11 107.7 -0.62
3.56 2.3 -16.67 26.7 1111 114.0 -6.54
Control 20 0 30.0 0 107.0 0
? Yield, ¥ Percent inhibition of yield
Table 12. ECss and NOEC values of butachlor to freshwater alga species
. Butachlor (mg L'l)
Test species - -
ErCso NOErC EyCso NOEyC
0.002 0.0015
. capi . a 0.0008
P. subcapitaia (0.001~0.004)” 0.0008 (0.0014~0.0016)"
0.019 0.0066
. subspicatus 0016 , 0.0016
D. subsplcatus (0.016~0.024) 0.0016 (00056 ~0.0076)
10.49 8.87
 dleari 5.34
C. vulgaris (10.01~10.90) >34 (8.68~9.05)

 95% confidence interval.

7h TA] oA ALY Yio] 78t C. vulgaris® N. palea S
NES FE0] et 1 A2lE gialel o]t (Kasai, 1999).
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Butachlor®| SHE0]| Cigt A

SR

AATE F/dFAANAE 717t TS Bt 22 202+
0.8C, pH: 6.8~8.6, DO 8.8~112 mg L'0]9lal, A%

= 163.2 mg L(CaCO; 71%), 4Zelzs 110.8 mg L
(CaCO;s 7))ol et thaad}t Softizatol e FEAs
2 AR §4Tk 0.6 mg L Z@lEo 4 AlgAIR
32407 M F9 A 2 AARAZE VEREA] ESEA]
TH 48417 ol 4nte] ] g Al WA 7E AL T
2utEl= ARSI 12 mg L Al 2447 Fof 1}
27F AAFSEIAL 48417 Foll= 107k 2] A8 A7}
bt AR AR QIgich 2.4 mg L Ael oM
24A7F Zof 12uke]e] A AAZF Ve 1F 1t
7F AARE o, 4847 Tofl = 22uke) 7t P A SIS Ho
th} 1mtelis ARSI 4.8 mg L A2t & 24417 &



29ute7F Y ASE ERon dFolA 210kt 2ARSE
3 48/\7F Foli= 6rta)7k ARSI 9.6 mg LT X2 2]
7 2447 Fof| 20mfE 7} ZARSHAL 48417 Bofl= 10
ok 7h A Abeted AlRd S0 EHE 30 nhe] HF AJARSRGITH
(Table 13).

HeldollA g 48A7ko] f-ol Zhalek A, AR &
ol Aateo] 7 Hiete] W o= WA wEEA oY
@775 A7 ¢ AR gekth(Table 14).

Table15% butachlor®) D. magna©] tgt 48A17F 54+

L5271 0175 0%z

FANAY A BAFI Slth. AlH e 24478} 48
A7He] ECsofk Tt 95% A2 E7he 247k 2.55(2.21~2.95),
1.50(1.24~1.82) mg L0131, 48]7F NOEC9} LOECE

27 033} 9.6 mg L'o|%iek.

Butachlor®| O{F0j| CHst HEF
EVEHY
0oJojo] Ao AF7|7 Fob SuigzFd} Rl

|
A Ato] W oA A7 HEEA]

Table 13. Mortalities and observed effects of D. magna exposed to butachlor in the acute immobilisation test

Number of immobilize”/dead

Conc.

(me L'l) No. 24 h 48 h Total
1 2 3 1 2 3

9.6 30 0/0 10/10 10/10 10/10 10/10 10/10 30/30
4.8 30 10/6 10/7 9/8 10/9 10/9 9/9 29/27
2.4 30 5/0 4/1 3/0 7/2 9/5 6/5 22/12
12 30 0/0 0/0 1/0 3/0 4/0 3/0 11/0
0.6 30 0/0 0/0 0/0 2/1 1/0 1/1 4/2
03 30 0/0 0/0 0/0 0/0 0/0 0/0 0/0

Solvent 30 0/0 0/0 0/0 0/0 0/0 0/0 0/0

Control 30 0/0 0/0 0/0 0/0 0/0 0/0 0/0

Y They were unable to swim within approximately 15 seconds following gentle agitatation of the vessel.

Table 14. Toxicological symptoms of D. magna exposed to butachlor in the acute immobilisation test

Conc. Symptom
(mg L) Rep. 1 Rep. 2 Rep. 3
9.6 Dead(10) Dead(10) Dead(10)
4.8 Dead(10) NOR(1), Dead(9) Dead(10)
2.4 NOR(1), LET(9) Dead(8), LET(2) NOR(2), Dead(5), LET(3)
1.2 ERR(3), LET(7) NOR(2), LET(8) NOR(2), LET(8)
0.6 NOR(5), Dead(1), LET(4) NOR(4), LET(6) NOR(3), Dead(1), ERR(5), LET(1)
0.3 NOR(10) NOR(10) NOR(10)
Solvent NOR(10) NOR(10) NOR(10)
Control NOR(10) NOR(10) NOR(10)
NOR: Normal, LET: Lethargic, ERR: Erratic swimming, Dead, ( ): Number of D. magna.
Table 15. Acute toxicity values of butachlor to D. magna
Species Period ECxo NOEC_? LOEcj’
(h) (mg L) (mg L) (mg L7)
24 2.55(2.21~2.95)" 0.6 9.6
D. magna
48 1.50(1.24~1.82) 03 9.6

 The highest concentration tested producing no immobile D. magna.
" The lowest concentration tested producing 100% immobile D. magna.

9 95% confidence interval.
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Table 16. Abnormal symptoms of C. carpio exposed to several concentrations of butachlor in the acute toxicity study

Conc. Abnormal symptom after days of exposure
(mg LY 24 h 48 h 72 h 96 h
2.5 - - - -
1.6 - - - -
1.0 VED(1) SUR(1), NOR(6) NOR(2) NOR(1) NOR(1)
0.6 SUR(2), NOR(8) NOR(4) SUR(1), NOR(3) NOR(4)
0.4 NOR(10) NOR(10) NOR(10) NOR(10)
Solvent NOR(10) NOR(10) NOR(10) NOR(10)
Control NOR(10) NOR(10) NOR(10) NOR(10)

NOR: Normal, SUR: Fish mainly at the surface, VED: Vertebral deformation, ( ): Number of fish.

Table 17. Abnormal symptoms of of O. latipes exposed to several concentrations of butachlor in the acute toxicity study

Conc. Abnormal symptom after days of exposure
(mg L") 241 48 h 72 h 96 h
0.51 SUR(6). NOR(1) SUR(1) SUR(1) -
0.42 SUR(7). NOR(1) SUR(5). NOR(2) SUR(5). NOR(2) SUR(5). NOR(1)
0.35 SUR(2). NOR(7) SUR(2). NOR(7) SUR(2). NOR(7) SUR(2). NOR(6)
0.29 NOR(10) NOR(10) NOR(10) NOR(10)
0.24 NOR(10) NOR(10) NOR(10) NOR(10)
0.20 NOR(10) NOR(10) NOR(10) NOR(10)
Solvent NOR(10) NOR(10) NOR(10) NOR(10)
Control NOR(10) NOR(10) NOR(10) NOR(10)

NOR: Normal, SUR: Fish mainly at the surface
(): Number of fish.

Table 18. Abnormal symptom of M. anguillicaudatus exposed to several concentrations of butachlor in the acute toxicity study

Conc. Abnormal symptoms after days of exposure
(mg L) 2 h 48 h 72 h 96 h
041 LOE(2), NOR(7) LOE(1) - -
0.35 NOR(10) LOE(1), NOR(7) LOE(2), NOR(2) LOE(1), NOR(1)
0.29 NOR(10) NOR(8) LOE(1), NOR(4) NOR(2)
0.24 NOR(10) NOR(10) LOE(1), NOr(9) NOR(2)
0.20 NOR(10) NOR(10) NOR(10) LOE(2), NOR(8)
Solvent NOR(10) NOR(10) NOR(10) NOR(10)
Control NOR(10) NOR(10) NOR(10) NOR(10)

NOR: Normal, LOE: Loss of equilibrium
( ): Number of fish.



10

TH(Table 18). A8 A= dze]
Tl CaC0y7|1202 747} 142.29) 52.6 mg L' 0|91, pH,
DO, 181 422 77} 7.16~7.55, 5.2~8.1 mg L™, 11
1 23.1~23.5Co|oirk. A[FAISA A d 89 Bzt 4z
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AE AT} Table 1994 Hi= vlol Zo] FHSAE AT
Jol, FAt, 2ejar wjHte] o] 48417 LCso 0.65, 0.44 1
21 0.36 mg L', 96A17F LCsoe 2t2} 0.62, 0.41, 18|11
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o w2 F4F7HE 2Py L0~1.5w2 27 otk

N
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q
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D. magna 1181 M. anguillicaudatus 2]
tHTable 20).

=5 % butachlor®] #isEs $4 5 cm® Z/o|2 o]
7} A ¥z 1=0}| butachlor 5% QUAHS 3 kg 10a” A
Eo g 797 AFFEE ZARE 200N 1 FEE
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Table 19. Acute toxicity values of butachlor to C. carpio, O. latipes, and M. anguillicaudatus

Species LCso (mg L) Ratio
48 h 96 h (48 1/96 h-LCs)
C. carpio 0.65(0.52~0.81) 0.62(0.51~0.77) 1.0
O. latipes 0.44(0.40~0.48) 0.41(0.38~0.45) 1.1
M. anguillicaudatus 0.36(0.33~0.40) 0.24(0.23~0.25) 1.5

® 95% confidence interval

Table 20. Acute toxicity of butachlor to algae, invertebrate and fish

Species Period (h) ECso or LCso (mg L'l)

P. subcapitata 72 0.0022(0.002~0.0025)a)
D. magna 48 1.50(1.24~1.82)
M. anguillicaudatus 96 0.24(0.23~0.25)

9 95% confidence interval

Table 21. Butachlor residue levels from monitoring data or PEC calculation used for ecological risk assessment in surface water

Residue concentration

Surface water (me L'l) Reference

Rice paddy 041 Park (2003)
Drain 0.03 PEC calculation”
River 0.0042 NIAST (1997)

® PEC was calculated on the basis of assumptions with one application of 150 g a.i./10a ~ 100 and 5 cm water depth.
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Table 22. Toxicity exposure ratio (TER) of butachlor for ecological risk assessment in aquatic environment

Residued concentration

. _ TER (A/B
Species Toxicity (mg L', B) -
(mg L", A) ,

Paddy Drain River Paddy Drain River

P. subcapitata 0.0015 0.41 0.0042 0.004 0.05 0.36

D. magna 1.5 0.41 0.0042 3.6 50 357

M. auillicaudatus 0.24 0.41 0.0042 0.58 8 57

0.05, 50 12|31 8% £F= TERo] 20]3}2 o3| 37} of propanil, tebufenozide and mefenacet on growth of four

S0l 9 Aoz 4&@0% 2915 1 ofF - TERo| 2
Mo AL 719 g Ao ek,
FAMe) 25, BHE 183 o)) g TERS: 22
0.36, 357, 181 572 %8 TERo| 20]6}2 9Ja7lsA)
o] e ALZ UEpitout BWED} 0ojFof= TERO] 204
07 Il Ao gt Ao woim)

Foa) 2 butachlor®] w5z Fo] djal o7psA o]
A Ao ¥ EPHE% BRI ol ol thet el 7HsAde
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guryo R l& | FoF AHE-S FAstal sAEoY &
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3he BB, BYE, ofF 5)& EAs)or & tiate] 23}
APl Ge TR o] AAEAL =& o] 88tT 9]
= 2R 159 o)zt Bl AEo] okl 2gue
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