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ABSTRACT

Residual pesticides discharged from diffuse sources at agricultural area in association with suspended solid will be settled
at downstream, and may degrade surface water quality. This research studied dechlorination kinetic of atrazine, one of
triazine-category herbicide, using zero-valent iron (ZVI) in sediment. It can be observed from the experiments that buffer
capacity of sediment helped pH maintained beutral, resulted in continuous dechlorination. Sediments were spiked with
atrazine at 10, 30, and 50 mg atrazine/L of total sediment for batch experiments. Dechlorination constants were 1.38x10™!
/d for the initial concentration of 10 mg/L, 1.29x107"/d for 30 mg/L, and 7.43x107%d for 50 mg/L while dechlorination
constants of initial concentration of 50 mg/L without ZVI adding were estimated as 3.05x107%/d. Half lifes atrazine by
ZVI were estimated as 5.03 d for 10 mg/L, 5.38 d for 30 mg/L, and 9.33 d for 50 mg/L, respectively.
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TAARINAN F-5-Edy) Afste] niddEHE BAshe ARedke 3 H3ER JdH AEFE LH9AE
= Ut} o] de= EolA AxAR] olEslRle} HHE] X Q= 79 0712 (Zero-valent Tron, ZVDE
o] &3 gdAd) Nk S5 SIS A¥AT EHEY] 4550] pHE TR FAXTICEAN HEA WS
o] A& & = AT} HAFRE) olEZIE 10, 30, 50 mg Atrazine/L of total sedimentZ 2 BA|FIIL 07FE
& Fosle] ofEeizle] TENEE ST A 55 FHINUT. 2L o olEs U5 E
10 mg/L) A% 1.38x107/d, 30 mg/LYl 739 1.29x107Vd, 50 mg/LR) 73¢- 7.43x10%/do|lo™, 27)1F%7} 50
mg/LolT F7HEE USR] ke AS- ERAGE 3.05x107Y/do]Qit). g7 2l ol TR WY 27)
FE 10 myLAW 5.03 d, 30 myLYW 538 d, 50 mgLIW 933 do|le™, Z7IEE7}T 50 mglelx G
& FUHA &% AS 22.73 d2 JERTH

FHo] : olEHRA, VI, gdasl, FAE, 95

.M B T 2 LAEEE FHEEY I wiEHAL
fro] 2k skl Fskerl, olF 3T, T AY
Hedds AR ARelN TEE FYET, TFE, (edimenyFt Tk HHEC] 23 e@EEe e, &
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Ab, A, A gk (bioturbation) 52 AEEA, &)
slek 3gel ofF A LEATIEE FAEAlC] Yl
3le] & 93-S )Xtk Abrams et al, 1995). LEEFE
2 2HEH It HoM Aol otgEE mAER A
Ag 227} Fesith. gk HHES AFEet A8k
Sl fiRIet gt oz 1Ust s AE 2
R BZ Aot AFTF o= o] LPEUS 4
5 dhjEo g S Hushe wiZiAE 282 5 Aok
(Lensyl, 2005).

AT TS SlEl we] AMgel FTletn sledlcE
B, 2004), Yo Fe FAEHY Fs B 3%
o W} o|Fek ARy, EAE, AskrE LEAA A
EfAI9} Q17tollAl AEE ZH3HcH(Hesketh et al., 1996).
o=} (Atrazine, 2-chloro-4-ethylamino-6-isopropylamino-
1,3,5-triaziney> 2] AMEEE EZolHAl AxAQ0d]
(Tao and Tang, 2004; Balmer and Sulzberger, 1999),
SIAl 7 AT URRIAPRelE fidehe e E
4R Qo) A 1 BHo] FTUET ok (Birardar and
Rayburn, 1995). 55+ by, 54914, 21735 7t
ol g fjaiido] FoHZE old tigh A WKkte] Be
sithEEEE AT, 2003).

Table 12 o}EZFXIY] E)3Ietd] EAS Q0R3 Ao
o} ofEgiRle EAbgo] A1 o] o Eofxie]
3= w3 33 me/L(=1.4X 107 mol/L)& =& Ho|r},
ZiEslel 93 iz7lE 24492 FElA ok BujA
F(log Kow)&E £ oFEFRIY 2942 EF4oly TCE
¢} Blszsiet, F7F AHE o grteld XNEHAl HE A
2 BTEASALDS0, rat)©] 672 mgkeels, olFA
Bluegill®] Aloldo] Xrlehs & A S84 =
4(LC50, 96hy 16 mg/Leleh=HEAATH, 2003).

ol 2 FiAl FUIBRMES 7lES(FS,
Zn’, Sn"e] BYE o83l ghAst B3l Thsdit
rE4S G839 A3 AL vigo] vl we
3, 7le A8 F F7HR] oduA] ARUE Hols Aol
o 07t 55 FoME o71Ee k] L BAIFEolR
EAZA7}Y ddF oz kst 7 Bol J8E 3
Th(Choe et al, 2004; Gillham and O’Hannesin, 1994).
071E9 739 Agkre] 44 AVISIES BeRos
Eallsldse]l 2 H vl dck(Korte, 2000; Lampron,
2001; Lien, 2001; Chen, 2001; Slater, 2002).

Eq. (I)~Eq. 3y 849} A=Y U= f718°] o7}
H ZHoA 943 He RS YERi Ao
(Monson, 1998).
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Table 1. Physicochemical properties and fate characteristics of
Atrazine

Properties values
Molecular weight (g/mol)® ° 215.70
Specific gravity (g/mol)° 1.187
Melting point (°C) 175~177
Vapor pressure (mm Hg)® 3x1077
Water solubility (mg/L)?* 33
log Koot 2.69
Hydrolysis (¢;2) (days)® 244
LDS50, fat (mgkg)’ 672
LC50, 96h (mg/L) 16

(CHs)2CHNH cl

a b

Structure’ N N
HNCH>CHa

 Sawyer (2003)

® Sigma-Aldrich Co (2005)

¢Li (1972)

4 National Research Institute of Environment in Korea (2003)

2Fe® — 2Fe + 4e (Eq. D
2H;0 +2¢ — H,+20H" (Eq. 2)
X-Cl+H'+2e —X-H + CI" (Eq. 3)

Eq. (1Y o7FEe] AE WEshe ¥heolth. Eq. Qe
£°| hydrolysis?ll oJ3l| 4719} OHE #dli=le W&
ojtt. AdAlIME $19] ¥kgo] o5 =gA dojuA|qt
S pHEME STt A4S mang B3 o
24 3RME A0 A7t Eq. (1)-Eq. (Y& 2%
3P gt Tt

2Fe’+ 3H,0 + X-Cl = 2Fe’* + 30H + H,+ X-H + CI-
(Eq. 4

Eq. (= Fe¥} e 8= Aahs-g dozld wel
AFERe 2 GaA Si5E] dgso] gdisiEe
S Jehla Ut Eq. 49 wEd 3= BT 927
SIRME 120] vh3E 749 OH 3Zo) gAHE AL &
T Aok =& pHAlA AR 2klEs 428lEe o)
ol FHA dojue 294as) vhe-S WelishA "ot
(Dombek, 2001). ©]¢} Zo] pHe 948} vkl 43
3] T83 Wav Fuh oS o183 g9idhe 1
o] SRR MY Aol mEHolehs Algkdo]
Rom, pH7b Fokd 79 EdAs) J8o| i
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BAEE f71Edo olFHo| KA EAs}
27 2h97] 955 (buffer capacity)©] S ALFE o4}
T 5 9l Wb MRS FABE] Slek dke A
Zhleigte AHdzgde] HA) ¢kor vkl gErd e
= A =HA @& 7hsAdo] = webd B dFede
3k HAEY 27| SEsEs ERIslal o] g0
7HEl o3 ofERIS] Bas) vkl PiXe FES
Aoz st gt

2. Mz W E

ElHES] olEZE GUHEE ol 83t gdislsle
Hhe-0) S8 Z7gsl] S8t FEA AS A4 s
ok HHES 27 3 33 km A e AAE AY
o] Hej3tellA AHT F EFse 28I okERR]
£ Supelcod] AFEFEE 98%)S AESIPT o7FE
Junsei® 250 mesh 7] AlFE-& ARSSIGIC

BHe7le HEE A UR o] Y 125 mL &%
FH3 WS ARSSIT 7 vkgrloll dr] 48%9)
HAHE 100 mL WA= ol g=0] 2F2 68.99
g, AZ BB FHL 74.73 lAtt o7lel| wFES
20 g FA7IBlIET] AXEHE ek 071 Azl
FEE 075 mollg sedimento]t}h. olEE}RE- gk
= 10, 30, 50 mg Atrazine/L of sediment volume2]
A FER EEES QTR 2aNAer AREFE
of tigt A BE= 47 621X107, 1.86X10°F,
3.09X107° mol atrazine/g sedimente|C}. olE#}de] &
7} 50 mg/lLY W] vheTlE tIRAES 5k ok
S ¥4 2 AFFE FF FHEA v A
AR 1S 18] 4802 ARGEI o olEid
THE 141, oF Eo) iEA e A 1§
F 56e7He] ¥hgTIE ARSIt

HhE7] UiFola ofEetrla} o7} Aol F4e] EHEE
2 3|4 E87)(rotary shaker)S AHE3I] 25°ColA] &
it Ve A3 709 F& FAICE HA|H
o] = W8 15 cme] HTtol] A4Sk IR HkgY)
Uiiel orpdoe) olEeily a84og E3rE & JUEFH
3l5th. £310) FALTE BE B0 AlEE 30 ipm
o= IJHELEE APt vy A Ak §RVIE
7] ORP, pH, ofEElR] F=5 B3890 ABE A
3l wh3ve #7185k

olEZRIY F FEE FX3] flsle] FAIRNA H
RS2 olEZRS 853 F GC(gas chromatography)=

|

(e

el B 2o} gl ojmaixle) e &
Hap) i, e AUBATAANDY Wt @
ARYE ol8aje] 227 T T4 gl ol
o] ke Z4all}. olgd) A AAE HHBe) &
e Aol olEEkile dEes 853 % 1

H

%
fin @

off
1

BRIal7] flstey A=RE, T4, F
S}, pH, pH €5 (buffer capacityys S35t}
e Y734 7] (Mastersizer, Malvern, USA)2} |
& AEHEETYES], 1995 83 SA8IAL,
F7IEFEL 550°Ce] A7)=el AlmE 22k Bt 7k
sl Z7gBIAThEN g, 2002). 55 EYAE
o AA7IE 7R we pHHsE Uehle AHHE
Aol 71e71= Jebd = dth#Est, 2000). HES ¥
S A7) WhES} o) whER] oz 3R Ay
AXEIGT. SR AESY AR 1:1002 3
2 @71ell sidshs 0.1 N HNOs9k 0.1 N NaOH
Z¥z}y 0~100 cmol H'+ kg soil', 0~100 cmol OH-
- kg soil 'l #FEh= Yoz sl FekE 8719
ol tjrje} HEFA gxE dRsigen, g
olX 25°CE FAIBFEA 24713t X&slsdnt. Xgo] £
AlZEE multi ionmeter(710A*, Orion)E ©]83ly pHE
27931500t EYe] $4552 dAAeR g2 vehiied,
&9 pHE WA |7]=d] agh ARty AEr]e] =
& AelHy o= Eq. 59 2k

dc, _dc,

l3zﬂl_dph

B
5
A
4
filo

)
1

i
by
fr

N
T
i
)

%

¢

w8

(Eq. 5)

Cy,= quantity of base added per unit mass of dry
sediment (mol/kg)

C,=quantity of acid added per unit mass of dry
sediment (mol/kg).

Hk3-7]19] ORPE multi ionmeter(710A*, Orion)E ©]
B3l Z7438199tt. olEelRl2 Gas Chromatography(GC,
Donam DS6200)3 A83l] FIDZ EA3lH1, 2o
DB-6242 AME3ILE GCol A2 FUR9 ddEE
250°CE ARSI QB9 %7] &5+ 40°CAlA 387t
ABIHLH, 10°C/min®| HSEZE 230°C7HA] 523 o
387 FARKAT. A5S ©]8% ORPS} pHEH
¥, FF ol FAL dFEA onz doly 5
o et AE 7t ok WA B ATellAe )
oJE] &59] YIS Sl HhVIE /el o) % wA

2 o¥ o Jo

_—
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Table 2. Physicochemical properties of sediment used in this

research
Properties Value
Dry unit weight (g/cm®) 2.41
Water content (%) 48.0
Organic content (%) 3.6
pH 6.8

Percent finer by weight %

- T T - . T
0.1 1 10 100 1000
Particle size (um)

Fig. 1. Particle size distributions of sediment used in this research.

7) g Rt WSS 30kt
719] 7H8 B frEAPE 303 ol WskA] @i dA

PHoE pHE FYSIGCh BE AR 43 0 24

Table 2= £ 7ol ARRRE B350 &9 38y =
A EAAselt), HAE0] WY T 241 glem’oF
] Kaolinite2] & Z%F 2.60~2.68 glem’(Mitchell, 1993)
BUhs Y, Attapulgite 2.30 g/em’(Lambe and Whitman,
1979) Bths £& #£38 HAFa Qo el
48.0%2 =& FHIE VeI R7EES 3.6%2
T7AA9 B 7R oY) f7180] FRE0] e
Aoz veERdthEAR 5 2001). pHE 49 77k
6.89] FXE HojFar ot

Fig. 12 B339 AER2¥303 BT Qi #5
o] =¥ k9] 3lF FelA AHT HHEclEE HE

Journal of KoSSGE Vol. 11, No. 4, pp. 33~40, 2006

pH

Kaolinite

: T T : T : i
-100 -80 60 -40  -20 0 20 40 60 80 100
base input acid input

(cmol OH'/kg sediment) 5 (emol H'/kg sediment)

Fig. 2. Acid/base tirtation curves of sediment used in this
rescarch.

o} HET} &F 50% ol AkAIskar Qlt. oj¢} Zol BH
Bo] AVI1ET 48 ol 51, g TFY BEH
2 FAE A HHECAM beke HHo) AE, &
2|g}eha] nhgo| WhAg 4= Ut} Table 29} Fig. 1]l
Ehd EFHEo] EXoE Hol A AL8d HEHES B
Apoll He® k= pH 9552 71U & = Ue A
o2 yepyith

Fig. 2& £ 7ol AL8d E3E2] pH &% %
1517 Sl SR A dojolt. ae=Ze 4h
719] Fio) aet JellE pHE ST 40X,
Z58o] gle 49 HAle| aefze} v &
o 282 FE4Y AREZ HEFESQ kaolinite,
attapulgite®} B)WIIHATHAZASE, 2000). pH ¢F FEo)
gie AT 4% AEVI7t FEolx pHrt A
HEARE, B85S pH ¢ 580l A= B, pHt 5
Ao} Bo} 7WE 5E fAlka e AeE JERTH
FEE o]83k olERRle] Bt Y wf QIHH e
2 pHE THZUOE AofelA] H3l= AT, ofEaily
2993} whgo] Bis) dojuA] EIH "ot 2ejE=m
pH 25580 U= HHENA wFES o83l of=
RS gl A7 A2 A9 sIstEge 9%k A
o7} ohd ApAENS) B8HE EAS 883 WRo|B g,
B A7 e Al AE83e] EgHoleal B
otk aEln 18 5(2006)e] ATlM, AU =
AGA olEERY] Bais) Jhssh] wite] 2 AT
M= HHES pH #5550l U= HHM=E olE=Z]
o] ey} 71sE Aotk

Fig. 32 Fig. 204 BRI AAIFHE o] 83l 2hE7]
FUe) dig 95559 =718 vehd Aolu)h BdEw}

J
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50 1

Buffer Capacity (cmol OH"/kg sediment/pH)
Buffer Capacity (cmol H/kg sediment/pH)

(=]

<100 -80 60 40 20 O 20 40 60 80 100
base input - = acid input
(cmol OH7kg sediment) {cmol H'/kg sediment)
Fig. 3. pH buffer capacity curves of sediment used in this

research as a function of acid/base input.

10

C,=30 mglL with 2V €,=50 mg/L with ZVI

pH
<

Time (d)

Fig. 4. Batch test results of pH change as atrazine concentration
and ZVI added.

tolsl AEFEEL &3] 4bA7] FY9 A5 AW
7] 959 IV F7RRe FAE Bk B3 Sl &
718 FUste 2719 $9%5%5L2 476 cmol OH kg
sediment/pHo |21 9719) ol weh M3 Frlsieo
i 20.9 cmol OH/kg sediment/pH 9] 558 HA
th EAEQ 9% &7] pH7} 6.80]1L, 8.00 el
A el 93t gdasiy) offtha ZPgRithE 1.20
pH/F Asdhe WY Welld ke Yertd 2493
go] x&F oz AT ol HE5E 5.0X107° mol
OH/g sedimentpHZ 7FgaFH 2] @)plx d231E |
mold 3 mole] OH™o]&o] BT E 50 mg atrazine/
L (=3.09X10-6 mollg sediment)] ¢ pH WHIE
5T F ISS ¢ F Utk

Fig. 4= ¥h87)9] pHE S74% e=olt)t. wHEE

400

C,=50 mg/L without ZV}

100 4

€,=10 mglL with ZVi V.

Oxidation Reduction Potential (mV)
o

T T T g T
0 2 4 6 8 10

Time (d)
Fig. 5. Batch test results of Oxidation Reduction Potential (ORP)
change as Atrazine concentration and ZVI added or not.

A7Ve1A e AS pHeE Z7\HT tha 7hAske] W)
7 gle Aow Uehta glod), b BE AN AS-
10, 30, 50 mglL BFe} FEAN pH7h 27Heh 71
sk 7.00 oVde] £XE RAiFa irh 10 mg/Le] pH
£ 49 o)F Tk Aol of 7200) YHF FXE K
odF31 ) 30 mg/Le A&Hog ZFH ZTI8le oF
7.84, 50 my/Le ¢F 7.722 T4 ARG Ot w2 5
Fg HoiFT gk o] ARERE ASH SR
So] M YT B sia S84 FAURlel
pH7F LA fAE= 2 Hol EFES] geEs 1t
Aoz gRlske 2A7E H3Uth

Fig. 55 ¥k87]9] ORPE FA¢ 1g=oltt. B& O
Hzol A @714 Mol dFshs ORP X5 KTl
aon, whde WA gk wkgrlolA ORPE £7] -24
mVollA 4d7kx] A&H o2 FI1sE o|F Al
3o e Ao yepdoh X9k o7FEo] HrbE vk
719] aYETEL 27] -84, -96, —86 mVolA 197}A]
FA3] 7 olF ZFN s3] Al FHRdlE
10 mg/LolAl -170 mV, 30 mgLelA -199 mV, 50
mg/LollAl 245 mVE UERIT) o] ORP HYE F&
S Al EA R gds) whe-S 71U F USS
HoFa Qo

Fig. 6 $AHY oledRS vehez F&3 £ o}
EffRle] 52 Holm rt. 47EA] sl thele olE
2} HEFEsE 2] sERT B S BoFa ok
olEZ FEE 50 mg/lelx whHe] FojEz] ¢k v
LA HFEEE Z71FE BT 1068 mg/l,
23.97% 34 s19aL, o7FEe] FoE 10 mg/Le] w8
AXE 5.60 mg/L, 80.22% FAEIIL, 30 myLAM=

ro
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60

C,=50 mg/L. with ZVI

40

20

Total Atrazine Concentration (mg/L)

Time (d)

Fig. 6. Total Atrazine concentration change as a function of time
when ZVI was added and not added for initial concentrations of
Atrazine, Cq are 10, 30, and 50 mg/L.

30

20 A

*C;=50 mg/L without ZVI
C,=50 mg/L with ZVi

C,=10 mg/L with Zvi

€,=30m g/L with ZVI T

Adsorbed Atrazine Concentration (mg/L)

Time (d)

Fig. 7. Adsorbed atrazine concentration change as a function of
time when zero valent iron (ZVI) was added and not added when
initial concentrations of Atrazine, Cg are 10, 30, and 50 mg/L.

1895 mglL, 73.37%, 50 mg/LlAE 2551 mg/L,
55.87%} 242314tk 50 mg/LollA o71de] e S

= 739 Hlnsl] By Fdo] RoE 9 31.90%
o] AALo] Z7FIET, 10, 30, 50 mg/lLe] ZH] tE
Fxo} BluwshH 5t REE A7iEe] & 3o
el

Fig. 7& 7155l 2092 &gl olExRlT H
5ol FAIHE 3l olEeRlE BT AR FolE
2zl FEoA 75l SEJHE ERlSle oS
W Ao et F2MdE ofEz] koot FolE
2] g, wg71el wel 23.97%, 80.22%, 73.37%,

T
55.87%7F ZA4slgt. 2ehd 39 olEERlY e
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100

" C,=50 mgiL without ZVI
. R’=0.96

R’=0.98

o
:

©,=30 mg/L with VI
R?=0.99

C,=10 mgilL. with ZVI
R*=0.98

Total atrazine concentration (mg/L)

Time (d)

Fig. 8. Determination of kinetic constant for initial total atrazine
concentrations as the pseudo-first order reaction.

o7} do] H7KEA] & 50 mg/LelA 9.39%, 10 mg/L
oA 53.70%, 30 mg/LolA 50.11%, 50 mg/LollA
23.84%% FOIEERY T gASET e £XE g
Uiz Q). o)A 7=l 8E4E 2 EAlske okER}
Zle] ko] FolERRRIS] ZAETolA FIHES A
Z& Ve, EH B S5 0de A
gasRhgo] a80] W 2 gt
Fig. 62] FolEZRFE HAEE log FHZ
FAslAL FARNS ¢ Aot} 1Y weolX 23
Ade Z7) ol F=7F 10 mg/LY ) 0.98, 30
mg/LY w 099, 50 mg/LY W 098, 07} S ¥A
%2 50 mgLY W 09602 vfERgTE ThIgE BESHE,
slEhA z2kgo) oJef BAE F olEf BI&ETr) gt
AA "}, AN (7Fde] HEFe s HrkE Azl
B2 olEzldl =& HSE 3l /AL whe-2](Pseudo
first order reaction)®.2 AT ATE AT}
Eq. (6Eq. (8)2 olEZ}IS] Tz} A7t Alo|o] #
AE 7hAt whgo 2 Yehd 2lo|ch,

KX
=

A el (Eq. 6)

ln% = kobst (Eq 7)
0

t, = kl In2 (Eq. 8)

obs

[C]: ARE A okE=RRe] FE(mg/l)
[Clo: 7] olEZRIS ¥ (mg/)
Kobs : 7FIZF ¥H83<r(pseudo-first order constant) (d™)
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Table 3. Observed coefficient of determination, dechlorination constant, half life of Atrazine

Tnitial Atrazine Total Atrazine Soluble Atrazine Reie rence
. G % 2006)
Concentration 5 ! > | 1
R Kops (d7) he (d) R Kops (d7) tip (d) Kobs (d7) tp (d

10 mg/L with ZVI 0.98 1.38x107" 5.03 0.97 1.85x10™ 3.74 3.01x1072 10.00
30 mg/L with ZVI 0.99 1.29x107! 5.38 0.99 1.66x107" 4.19 3.23x1072 9.32
50 mg/L with ZVI 0.98 7.43%1072 933 0.97 1.09x10™ 6.35 3.38x1072 8.91
50 mg/L without ZVI 0.96 3.05%1072 22.73 0.95 4.35%x1072 15.93

100

C,=50 mgiL without ZVI
R*=0.96

C,=50 mg/L with ZVI
R%=0.98

10 +
C,=30 mg/L with ZVI

R’=0.99

C,=10 mglL with ZVi
R’=0.98

Total atrazine concentration (mg/L)

Time (d)

Fig. 9. Determination of kinetic constant for initial pore water
atrazine concentrations as the pseudo-first order reaction.

Table 32} Total Atrazinedlle Z}Zte] Fwol ulgl 2
A, BHsEEAdS, VIS BodFa ik 242
HhSol A Bdadl £ 549 10 mg/LollA 1.38X10-Y

d, 30 mg/LoA 129X 107Yd, 50 mg/LoliA 7.43x107%

d, 07Fdo] H7ER] eke 50 my/LolAe 3.05X107%d
Aot IATE B3l 73 e 2Es) SR E
Eq. (80 H&alE A3}, 50%2] B4} olFoXe
vk E ZEde] ol wel 10 mg/LolAq 5.03 d, 30
mg/LollA 538 d, 50 mg/LolA 933 d, o7} Ho] 7t
=] 98 50 mg/Le 22.73 d2 ViEbgTh

Fig. 92 759 olEgll T% FAE log TUHIE
3k S FHEAE & Aot AASE 27] ol
2 F=7F 10 mg/LY # 097, 30 mg/LY = 0.99,
50 mg/LY of 097, 07} A& YA ¢ 50 mgLY
0.950]31ct. ZHzte] whgollA BAASKEE A 10 my/
LofiAl 1.85X107/d, 30 mg/LollA 1.66X107/d, 50 mg/
LollA 1.09x10%d, 07} Fo] H7H=A] 82 50 mg/Loj
AT 435X10%doI}. 3|ATAS B3t 73 2o
23l SRS Eqo ()0 FE3E Fo), 50%e] 29
237} o]FoA = R IE 2429 w5 Wt 10 mg/
LolA 3.74 d, 30 mg/LelA 4.19 d, 50 mg/LlA] 6.35

d, o7} FHo} 7} HA) ¢k 50 mg/le 1593 dE o
bt Zzhe) AL, giissndd, vvle
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