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Initial Risk Assessment of Thiram in Environment
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Thiram is a High Production Volume Chemical (HPV), mainly used as vulcanizing agents in the rubber
industry, complexing agents and catalyser. In Korea, the production volume is about 604 tonnes/year as of
2006. The aim of this present investigation is to evaluate the toxic potential of thiram for the environment. In
this study, Quantitative Structure-Activity Relationships (QSARs) are used to get adequate information on the
environment fate and pathways. In water, this substance is rapidly broken down by hydrolysis and pho-
todegradation, especially under acidic conditions. It is not readily biodegradable and has a low bioaccumulation
potential. 72 hr-ECs, (growth rate) and 72hr-ECy, (yield) for algae were 0.19 mg/L, 0.060 mg/L, respectively.
The 48hr-ECj, for daphnia was 0.036 mg/L and the 96hr-LCj,, of acute toxicity to fish was 0.17 mg/L. From
the acute toxicity value of algae, daphnia and fish, an assessment factor of 100 was used to determine the pre-
dicted no effect concentration (PNEC). The PNEC was calculated to be 0.36 pg/L based on the 48hr-EC;,
daphnia (0.036 mg/L). Based on these data, it is concluded that the substance possesses properties hazardous
to the environment. Therefore, environment exposure assessment is recommended.
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1. M = @AY atslsHEd 2791819 7HScreening  Informa-

tion Data Set, SIDS) AFYS 3|3 st 43

A A AAIZCE FEEH Je R e oF sta 9tk OECD SIDS Al sl9¢d= &= EU =
10%F g0 2 vid 2,00052] siekado] AlEA A 7helA 1,000 244 o AAEAY FYEE A
o YBIL AUk, FE¢ M st wet d Al AksleEZF (high production volume chemicals, HPV
AHog sleHEde] ARgao] S48k QAL o2 91 chemicals)ell th3h &2 - 3184 54, =& 2 3437
3t SAEH] HiEH L o] AAT ] e QA T, AEISA, AAAREAY 2T90s18E e 9
273l gt Fa7t 7 EkE L AT, ojoll FAIHe  Slo] ZAlE st tisled FAA SlsiAdel g
2 e AAEHEA felsieEd #ee T 0 AE 2 AAEe Ak Aotk fEvEelMe
4o Q=T Y3 SEueevt olyel FAALE] 1999dFE OECD tiaAitslsrEd 7|98l H 7t
o] T23% #44H A syt HAJtk OECD  AKdel #edslar Utk OECD 39=& 1993Wd4E
(Organisation for Economic Co-operation and De- 20103 10%77}1] 1,3805-2d]] thale] HrE =519
velopment)ol| A= SFEMEA S #A2lsly] Sgh Wetez 31, 2 F 920/ EFL A3sHEH ¢ 3] (Inter-
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national Council of Chemical Association, ICCA)?l
A 8953 Felsled BrksaL Ak 7 FME &
E229 H#H(thiram)2 F-2luEtelA 2006 604 =
o] I AR P A7 836 =, 694
Eow AYEAA, BYA, WAA, BI2eEL 2
S, Eull, AkshA|, PA, wsPER|A 2 AR
AREEISL A2, mEb B ATeiME A de &
AR B - B 547 B3 AFS WAs
2} 893 OECD Test Guidelineol] e} AE)=AdA]
A saal] ol F12E B0 YT 2719147
7+ st

2.1. 22| - &y 5o

2 AFellXe & - g8k 54 SolA SIDS 2
FEEQ 524, B4, 2, 3714, B, 8
a, Akstehdde] 9 ose el thste] “OECD T
A s ZAT XA (OECD, 2007)4 F3
3l2 9= Merck Index, CRC HandBook of Chem-
istry and Physics, HSDB(Hazardous Substance Data
Bank) on TOXNET, Hawley's Condensed Chemical
Dictionary & The Pesticide Manual 53 728 t©o]
o] A2 ZAslelT)

22 84d:E Y S

g7 A%L CHRIP(Chemical Risk Information
Platform) Database, HSDB on TOXNET, ARS Pesti-
cide Properties Database 5<] tlo|Ej|o|2~5 A3}
Ak 2 A} 7Rl g ol9le] e 2okl
Ae ZAE7F EAEA @97] "l 371 5 FE3l,
373X (Environmental Distribution)= 7=+ 873 H
S A (EPA)7} SRC(Syracuse Research Corporation)©ll
olall 7)4rE Estimations Programs Interface(EPI)
Suite™-g o] &3ttt W AE EsAFS OECD
Guidelines for testing of chemicals No. 301C, Mo-
dified MITI test (I): “Ready Biodegradability Test”
o we} saailc). BAE wa AR Ao B
e 7t AEE s TAlskA R, AFGA
HFAEd 5o 1570 AGoA AHAT nd= AEE
RE7E E3ste] Azl & HEFORE ARSI
o}. BOD meters ARE-3led BOD incubator tellA]

nAE A s vdEe] @S vl

g - w8 - ol - A

ke RERZE old¥(aniline)S ARE3ISITH HE
3 mAYES AEFT) 107 cells/mL ©)AFl SAERA]
6 mLE AL NFEDS AFER] B4
HPLC(High Performance Liquid Chromatography)s
ARE-SIAT

2.3. Hef=sy
i, EHE, 25 tigh AesgAEe 7180 4l
24 e Edo] EASHA] gk} OECD Test Guide-
lineol] we} -4~A¢ 42 (Good Laboratory Practice,
GLP) 7|l a3}t

23.1. o7 S5

o7 FAEAAEFE L OECD Guidelines for testing
of chemicals No. 203: “Fish, Acute Toxicity Test”
of et AlEEE 548 Wty W2 (semi-
static) 0.2 F3IGITE Aol A AEjAle] =4
=de] frald Hrtell 7P de] ARREA e '
b o R ARFo] golstal HwE F e S4AE
7} o] &4=Fo] 9lom OECD TG Fo1%A A
2 (Onyzias latipes)E AH&-3tAth SAME e A2
2.85+0.14 cm, FAlE= 0.26£0.02 golA2m AFNA|
2407 ARE XA AT 2 sATE e
< etV E o3 S A9 FAlE AR
a9 AxE 50.6 mg/L as CaCO0IUTh A1E-&)
ZA Alle 7189l 99.8% dimethyl formamide
(N,N-Dimethylformamide)s ARE-3sl$io™ Algdg] &
o] AJ¥Ede HPLCHigh Performance Liquid Chro-
matography)E o]&3te] B3t TEAAAIES
oz, 2, 02 2 0.02mgLE AR5k =277
Bt R 2 0.02 mg/LolA FARRS] Abgoe] #z
FR] QA FAHAESG= 0.2 mg/LollA] 96417k 3m}
2], 2mg/LoAlME 24, 48, 72, 96A17H Ztzt 5riE]o]
ATt wEtx EAFES] AEFEE HIEEE 1mg/l
2 3 = 2224 Uiz, 045, 0.21, 0.09, 0.04
2 0.02mglz AAsision AdEs 7 10vkeE
HHE glo] Al A18717F 59F -2 225~23.6
°C, $&EArEEE 7.10~7.84 mg/lL, pHE 7.06~7.64,
FF71= 16hr J5/8hr &53Ih AlE7|7F &<t
e X|Atoio} 54

= T o H \3)%1

S4E Aol 715 foR B o
£ HIES 59 SA%de] 1AL Rl A=E Fo
T REgo] gl A4S AR Zo= 1Stk A1
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AL Trimmed Spearman-Karber (US EPA)el
oJ3ted 96717+ LCyy w3 95% AFTAIE 33T

2.32. WS S5

EHE FASAHAEL OECD Guidelines for test-
ing of chemicals No. 202: “Daphnia sp., Acute im-
mobilization test”l] W2} A|42](static) 22 G35}
ok AlPAE2 OECD TG F4EA EWS(Daphnia
magna)2 2. 24X 7 Rre] o -/RAE ARSI AL
S 2 344= Elendt M4 ¥R E AMSSIQSL Ax
£ 250mg/L as CaCOs0I0T AlRA717F 5 22
19.9~204°C, &4 40T E 6.85~7.64 mg/L, pH=
711~7.74, 35715 16 hr A58 hr 2531 om A
A717F B Hole FFakA] FUTE AIF-E& ZA] Al
718711 99.8% dimethyl formamide(N,N-Dimethyl-
formamide)E AHE-8I1 0™ A1E-8 T APEde
HPLC(High Performance Liquid Chromatography)S
o] g3t AT TEARAIES tlxt, 0.2, 0.02
9 0.006 mg/L= AT FAFS A= A8E
T 02mg/Lolr == 7IA] 24, 4877 Fol 22t 10
nE]9a vzt 2 0.02 mg/L olstelre F3AsN 7}
=R ATh HAELEFER] 0.2 mg/lelA EHE]
FraAsEo]l 100%™ 0.02 mg/LolX = FF4=0&
o] (%o|RE BEAFe] HIFEE 0.2 mgLE 33Tt
SHE 17824 tx, 011, 0.06, 0.04 = 0.02
mgLE AFsiglon AdsE B =F rlETe &
20nEl2 ST #EE == JIA] T 24, 48171

H2+2& L Trimmed Spearman-Karber'#(US EPA)o
o]ale] 4877+ ECyy 3 95% AE|SHAIE F3th.

2.33. 257 AAANAE

ZF AAsIA18-2 OECD Guidelines for testing
of chemicals No. 201: “Fresh alag and cyanobacteria,
growth inhibition testoll 2J8] X|4=2](static)> 2 2A]
stk A8 AEAle] 545 f8lA el A
o] & Wx 2RFOE AEFO] Ahujgo] &olst
I HRE F de 59AETT ol FAE] o
OECD TG FHE D525 Pseudokirchneriella
subcapitata)(Strain No. ATCC 2477633)2 A3

ok AR 279 vl OECD ®iAE AR5t
AE 279 B2 1x10* cellymL7 %= vkl
o2 N3 & 3~4YU 7HHo R A AuuYdsIAicTh
Aujeke AFEZ 2] 49 Aol wjde] HEF
o] 05x10* cellymL7} H=Z ik oz 5)Ae &
Fehjeko g 2% 232+2°C, 2% 4,440~8,880 Lux,
100 rpm 2722 3ITE FEAPAEL iR, 2,
0.2, 0.02 2 0.006 mg/LZ A3 HLFE 2
mg/LoA ZFAES] FiEoldd-go] gk Asl&o]
87.4%°]3 0.02 mg/LolAE As)7t A=EA] kgt
webr] ZARS] HAFTEE 2mglE St FH|=
31524 T, 06, 02, 0.06 2 0.02mgLz A3
SIch Alggdo] @71 EZEkae] Mujdket 257 @
gols slslal 2R/ AlEe 27| AEo] 1x10* cells/
ml7t HEE g § AejeF 27103 stk AlEE-

of ZAS} NBEY Fo| NFTA BHe BT F
RERN D FLaAT, B D 29 w3 A
5 72070tz W ARERe) tisel 4 Ui

=] gl
=¥ AAA = HaEold FE(average specific
growth rate)?} & (yield)S ©]-&3 AAPHS o]g3}
AL ECyy 72 Logitil 02, TAIXE]= SAS(version
9.1.3, USAYE °l&slien T4 s=NOEC)
A9 PH25 = (LOEC)E= Dunnett's t-test®} Mann-
whitney u-testE ©]-83}] 3} Th

3. @ot ¥ 1

3.1. 22| - 8181y SA

E]#-e bis(dimethylthiocarbamoyl)disulfide®] &2]o]
2 o] XA Edoln 5] WAE 7K 9
= 2424 22 - 38y 542 vt Zrk(Table
1.

3.2 g4 E 2 s

E]g2 dimethyl dithiocarbamate2] S}3HE2A F2F
= I WA, B3 = 24 T FEE HES JF
AR AREEE, o] FA N 3G Foll A =&
2 otk wgo=E Q% 88 =& A &
T 0dS Faj dold = U, AR FeEA
N&ZF2A A E(TRD] W=, 2002958 20069 %
o] IFAF AR Bl 37 wEe o 7

o[)lt

jao)
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Table 1. Summary of physico-chemical properties
Property Values

Physical state

Melting point

Boiling point

Density

Vapour pressure

Water solubility

Partition coefficient n-octanol/water (log K,)
Henry’s law constant

White or colorless to yellow, crystalline powder, characteristic odor®®
155.6°C?, 155~156°C*

129°C (at 20 mmHg, decomposes before boiling)®

1.29 g/em® (at 20°C)¥

2.3x10° Pa (at 25°C, measured)®

Insoluble*®, 18 mg/L (at room temperature, measured)®

1.73 (measured)®

3.26x107 atm-m®mole”

(Table 2).

Elge] tf7] 5 8ol tidk A3 vlolHe EA)
SHA] Q&ith. FEslAde] A%, AOPWing o83t
7] 5 OH =hjze] 33leh4] nkgol <]t o]
H1E 0039, £E45E 3.62x107° cm®/molecule -
secQ & AR, 1277F ZAKirradiation)t OH 2

gze] FEE 1.5x10° OH/em®e. 2 345 0H0,

5 2 BEY Y g 3Rs &xd5E 47 3.8
day?, 0.0346 day'® B =YD Kisenko et al.,'?
o] AtollA 7Hital] REE71= pH 3.8, 5.7, 7, 89141
Z}7} 95, 108, 1,123 23,3167 7+ 2 YERT).

EPIWinS ©]&3} Fugacity level 299 AAbAx}
Elgo] 7], EY, £l 4 wiEgdE 3% Ti EY
(80.4%)7 E(19.0%) HEEH, tl71et HHEd=

v Fx3 AoF Sk 72 wiEE =
Elgto] E(90.5%), th71(5.0%) 2 E(4.4%)°] E-E3}
o, A& nF X Ao 4SHUt 1

3 Egow wizE A9 T2 E%99.0%) Wl HE
g glon, B2 wEd A= E096.7%), HAE
(33%) X3 Ao o ZHJAH)(Table 3).

ESFHALK = 6762 EF U o]FAo] e
ZAow roly¥ slgirE 3.26x107 atm - m*/mole
2 F3 B RN v|g Ao,

n A EE] Al¥gS OECD TG 301Col w2} 100
ppm(W/V)ellx] 2897F Ak Az, BODEA e €]

Table 2. Releases of thiram into the environment
Release (kg/year)

Year

Air Water Soil
2002 40 0 0
2003 30 0 0
2004 155 0 0
2005 37 0 0
2006 144 0 0

Table 3. Environmental distribution with Fugacity Level

III model
Release Release Release Release
Compartment  to all to air to water to soil
three (%) (%) (%) (%)
Air 0.0 5.0 0.0 0.0
Water 19.0 44 96.7 0.9
Soil 80.4 90.5 0.0 99.0
Sediment 0.6 0.1 33 0.1

A=A eFgken], HPLC 4ol °|gt
s Balee 289 5 429%= et A
e 28Y H9t 25.0¢0.1°C<>1211, AlIE ©lF pH
zHe 7.8~8.001%1t}. OECD mAE #3) 715X (pass
level of biodegradability) 60%S 71&FC2 E o, g
w22 FAE $FolA uAE o3l A Bal=A &
= o=z B}

a8]3 JAE o83 677 AEES AFEA E
g F= 25 ug/Le} 2.5 pg/LollAl AE5ZA5~(Biocon-
centration Factor, BCF) %2 z}2F 1.1~44 ¥ <34
o|tt. o] EiE EFe| AE W F7 7teiel ¥
the AL o F g9,

3.3. MEiSM

3.3.1. oJF FAEAANE

AFE Fo ANFEHAFEY A AN =
0.02 ¥ 10mg/Le] AlFENoZHE] ZA| AT, 24,
48, 72 3 96AIZIll QPSS SIS A AR
o NEEATET A7 B¢ KB 2715

B TE UM WHEE £20% ool FEAEL

o

L

& AAHFE 1, 045, 0.21, 0.09, 0.04, 0.02 mg/L(Z
#54%F%E 041, 0.20, 0.076, 0.066, 0.031 mg/L) =
=@tz Zehel dAjsislon =273t
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Z thx 2 045 mglL olsllAE
HA] AUTH FHAFGFE 24, 48, 72 2 967710
045mg/L°ﬂA1 Z¥7} 1, 4, 4 2 6r9Se ™ 1 mg/Lel
Hh Z}z} 3, 6, 8 ¥ 107 AtH(Table 4). YHEARS
=Z717F F9F Img/lellAl B3P Z(loss of equilib-
rlum)ﬂ ALY hERTE Z 045 mg/L o|slollM &
o) dT el HEEA Fdtt. AN (Onyzias latipes)]
9611 7F WHEAAFEE(LC,) S 0.17 mglellon
95% AZFHAE 0.13~0.22 mglela, =717 3
A EE(NOEC) 2 H4H9 I35 (LOECK=
Z}zF 0.076 2 0.20 mg/Lo] itk

oVdEdel HF

332. WS FASHAY

AlRE Fo 1%% Asre] Y Alger=
0.02 2 1 mg/Le] Agedozie 24 2%, 24 &

48117k S @ 1?‘5& a3 N Fo] AFE
b EgsIGith 27154 w5 v
HEE £20% ool AHAE 0.60~3.73%°]1tt.
EWEDaphnia magna) F354N8L 4AHFTE 0.2,
0.11, 0.06, 0.04, 0.02 mgL(BFZ3 5% 0.1560,
0.0860, 0.0450, 0.0270) 2 thEZE R XEHo]
Al AAlEAT PRI T =E2 A 2487 &
o AA%E 006, 011 2 02mgLolx 7zt 1, 3
9 1972]7}F =& 48A17F Foll= 0.04, 0.06, 0.11
2 02 mg/LollA ZFzF 2, 17, 19 2 200120t} oh
2 2 0.02 mgLolXe FIAsN 7 =R dgk
(Table 5). &Y =Z70A] 48X7F Fo 0.04 mg/L
oFollM = Feob 9 AP FFAsN7F AR 48
AZF 9 dFE = (EC, )= 0.036 mg/L, 95% A1Z|3H)
= 0.032~0.040 mg/Lo|aL #4932 % (LOEC)
= =37HA 48X17F Tl 0.0270 mg/Le| AT

AEE 4807 59t

¢

Table 5. Cumulative immobilization of Daphnia magna for
thiram during 48hr exposure

Nominzl Mean Cumulative number of
Concoerrrllélrl;cion measured  Organism immobilised
(ng/L) concentration (Immobility, %)

(mg/L) 24 hr 48 hr
Control - 0 (0) 0 O
Solvent control - 0 (0) 0 (0)
0.02 - 0 (0) 0 (0)
0.04 0.0270 0 (0) 2 (10)
0.06 0.0450 15) 17 (85)
0.11 0.0860 3 (15 19 (95)
0.2 0.1560 19 (95) 20 (100)
3.3.3. 7% AAAHAE

]tﬂ&oﬂ 1_4 /\]g%
0.02 2 10mg/Le] A& |
48 2 72N 7t HAdS ERISH A Alggd Fo

ABELSEE 48017 E9F QHSIT 27154 B

o] WEE +20% olWlolA FEAdL <4.00%°13
o} A D2 R/ (Pseudokirchneriella subcapitata)

< o83 27/ AN 2, 06, 0.2, 0.06, 0.02
mgL(B#Z4 5% 112, 036, 0.10, 0.03, <0.025
(under the detection limit) mg/L) % thZZ(Evio)
2 23S AR 72417 =& A7 A= Table 6
of JepliSIth. =27HA1 72417 ol AAFE 0.02
mg/LE A9t g AFED A2l 243 A
E3e iz vlawsiA Aok AFEEE At
o] HlwoXe Aerrtt aEwe] AFEd AT
oA AETFo] At =&V B AEF] digh
A7AE tizwtel vl AlAEE AEiellA Fa
she 43S Btk 283l =574 72*17& Fo %

FAXE B A3 gz 9 48F% 02mgl

Table 4. Cumulative mortality of Oryzias latipes for thiram during 96hr exposure

Nominal Mean measured Cumulative number of dead fish (Mortality, %)

Concentration (mg/L)  concentration (mg/L) 24 hr 48 hr 72 hr 96 hr
Control - 0 (0) 0 (0) 0 (0) 0 (0
Solvent control - 0 (0) 0 (0) 0 (0 0 (0
0.02 - 0 (0 0 (0) 0 (0) 0 (0

0.04 0.031 0 (0 0 (0) 0 (0) 0 (0

0.09 0.066 0 (0) 0 (0) 0 (0) 0 (0)

0.21 0.076 0 (0) 0 (0) 0 (0) 0 (0)

0.45 0.20 1 (10) 4 (40) 4 (40) 6 (60)
1 0.41 3 (30) 6 (60) 8 (80) 10 (100)
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Table 6. Biomass of Pseudokirchneriella subcapitata for thiram during 72hr exposure

Nominal Mean measured Biomass (cells/mL)
Concentration (mg/L) concentration (mg/L) 0 hr 24 hr 48 hr 72 hr
Control - 10,000 54,333 263,333 1,280,000
Solvent control - 10,000 54,333 256,667 1,260,000
0.02 <0.025* 10,000 52,333 296,667 1,286,667
0.06 0.03 10,000 53,333 300,000 1,180,000
0.2 0.10 10,000 55,333 114,333 163,333
0.6 0.36 10,000 28,333 34,667 45,667
2 1.12 10,000 21,333 19,333 18,000
*Limit of Detection : 0.025 mg/L
olste] AR Aelwold MEZHE) ol BF B ATeNE AR U TGRS Bt
HA elskh el 06 % 2mglel AHER A7 Sl FA) WHO PNEC %g ASSUT olF,
M= fFe] FAFUT. 7287 E,.Co(BtE0lA g
AE) 72 0.19mg/Lelr 95% A F A= 0.16~0.21

mg/Lol™ E,Cy(F&) #h 0.06 mg/Lol L 95% 1]
SHAl=  0.055~0.066 mg/Lol it HaFEo|AFE
(Average Specific Growth Rate)23-E] 72A|7F F33F
#2AF=NOEC) ¥ FHAYegHas=(LOECy = 7t}
0.03 ¥ 0.10 mg/L(a=0.05)°1}t}. & (Yield)ZH-E
7277 F9ga s = (NOEC)= 0.03 mg/L(a=0.01)
ol HA29IHFE=(LOEC)E 0.03(0=0.05) mg/L
2 0.10 mg/L(a=0.01)°]t}.

3.4. 7|2l EIt
Ele] 25 27|19 e st =8 - &)
b‘bﬂ E/H %].73&_@ =1 7.]5 j—ﬂ:ﬂ /\g};HE/Hoﬂ EH§_
A7} ]-Er‘ﬂ At HEe EF U olsAo] Wi &
gt B¢ SRR E v ol 53] 2 AdE)
oxe] ZollXe FEslet TEEs7E mESL A E
SHolM = mAEel ofsf fA weliEA ot AES
o] ZAjgo) v BAR Hr1e 4 ek 28
FAE TIsled, oF, EHE 9 2Fe 454
AL LOmgL °lskz Hlad =4do] =9kt
gk =T = (predicted no effect concentration,
PNEC)= X}Oq AejAle] tiokr deds e F
Je HFFoE o E EH AE 4 B%E HET
olmgit}. wety FFFASETE
Aaxe ENE o]

M

2~ Ol =20
T OoMT T =

(PNEC)Z =Z&3p) =
o AA £ 5% B3 5 UE HAFES S

3G olle] B/ AS= 8 BEFT g A
HEARE £ 7PE Uik Ao wiE FryHeE 2

HalM PSS RS PES AST F

A=)
LEET'__A
O}%

h=]

S, 2R 0§ Z17ke] 54 ghoand ﬁww
1002 olgstlmtd. off, 2¥s ¥ 2R/ A%

oA Ele] E=Ao] 7P wzkst daphnia®] =43 %}\-
0.036 mg/L7} o 85100, 7 A} PNEC 2 036
ng/L= A i

oje} o] A= ] tsld 59Tl UL &7
7 2 d5A3 97 gl diitol =t
TEIER AR HEe] 54 dFe F AL
2 dSEnh B3 EE AtAleh wof Ao R <
g 58 =EE Ay 25 290 -
AL A AAH R LA AR
olFddl izt #d=EH7Pt Aard.

L

4. & =

2 AFoM= EEe] SRl TSRS
gst7] flste] £ - sl 54 ARE Ak &
AAE 2 A5 gt 2dY o3& AP
st o3 2 8L A
1 Elge 3 AA) Boe ==y Fede 1556
°C, 129°Ce]™ 20°ColA 1.29 glem®e] HWEE zkw
A F7I9HS 2.3x10° PaclUth 83
mgL, SE&-= HulAlT=log K,,) 1.730120.0H
)= 3.26x107 atm - m¥/molec] Tt

2. E]ELO_ ’é}ﬂﬂﬂ t%l lr:ok /\},Q__E o]s}] 5}7:] %o]] ;ﬂ
H =22 7 3dom 7] ¥ OH itlze] #s)st
A qhgol o]k el W= 0.03Y, ST
3.62x10 cm®/molecule - secolYth. & 2 E9F U
Elgte] BEs) Al zbzb 3.8 dayl, 0.0346
day’, 7FrE8] w717]= pH 3.8, 5.7, 7, 84 z
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7} 9.5, 108, 1,123 & 3,316A]7Fo]t}. EFSEA
F(K )= 676, 2145 3.26x107 atm - m*/mole
2 &3 EGF RN HISEAR] AoE o
oAk PAE B8-S 28d F 429%5 YEh)
At

3. FAE gt P32 AF(Onzias latipesys ©l
3 FA5AIFNA 96 hr-LCyy #tol 0.17 mg/L,
S S Daphnia magna) w7353l 48 hr-
EC;, %2 0.036 mg/L, ZFAFAsNAI G Pseu-
dokirchneriella subcapitata®] 72 hr-ECg, 72 0.19
mg/L(growth rate), 0.06 mg/L(vield)ZA Elge]
AAE] Ak 547 L.0mg/L ol3t= 5Pl
AT AR HIIE A

4. TR tigk SAFAS sk S8l o, =
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