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Retardation of Multiple Environmental Impact Chemicals in Soils: Direct Measurement by Impulse
Type HPLC Micro-Column Method
AT, SR, AR TEMET, Per MOLDRUP™, RIGHIE", Bz
Toshiko KOMATSU”, Hironori KAWASHIMA™, Masaharu MOTOSHITA", Per MOLDRUP™,
Noriatsu OZAKI", Takehiko FUKUSHIMA™*

ABSTRACT; Rapid and accurate measurement methods for chemical sorption onto different soil types are needed to evaluate
transport and fate of hazardous chemicals in soils and for risk assessment of new chemicals. Retardation of seven
Environmental Impact Chemicals (EICs) in five different soils was measured using a high performance liquid chromatograph
(HPLC) micro-column method. The HPLC micro-column system requires only small amounts of soil (3g) and chemicals
(0.02mL impulse injection), and experiments are rapid and easy to perform compared to the traditional batch or larger-scale
column experiments. Retardation factors for seven EICs (bentazone, carbofuran, 2,4-D, linuron, simazine; all organic pesticides
and nitrate and nitrite) were determined by HPLC micro-column method. The retardation factors of the pesticides were mostly
constant with varying flow velocity and concentration. Retardation factors for five out of seven pesticides showed a significant
correlation with soil organic matter content. For comparison, traditional batch experiments were carried out for two pesticides
and two soils. The retardation factor from batch experiments were generally larger than when determined by the micro-column
method, suggesting non-equilibrium adsorption under the flow condition.

KEYWORDS; HPLC micro-column method, Retardation factor, Impulse application, Environmental Impact Chemicals
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BB T A Z LD TELFENRRKRD LTINS,

T, HPLC (Bl o~ 77 7) 2FB L T2 OB LFEOWEREZRIET 2 FIEMER S
THBRTY, TN oOIFEOS ITEBROTE TR, YU ISR LSRR RV TW S, EH LT
BER N30T, EROHERFIE L7z~ A 7 005 AFHPLCITMAAS, BIEFE (Retardation factor: R) %
BT BHPLC~ A 7 010 T MNERER L7n. BT & 13 HEA~OWES2 WEIZ A, HSEN HEN S L
OREBN TBHITA0ERTIRETHD.

BRI CREICsOitie % LA L LTE YD, HPLCOBERE & 5 —EREEICs ORI 0 5 2 T, EICsD
TR A SR DAY, Z OHHEHIE CIIt S BOFBARELE L 5. 22 C, SElofig 5D B8 AR (1
VoV ARD \CTRUE, SPTENERE SN, KV OFBE T TORBRN R L 25, BREEEEAY (VOCs)
72 P OREO HERNBENC T D BEREOREICE LT, EELIBHcHE~ A /b5 LEGC (FRAY 1
= N5 7)) THARAR, BRBIORRE A VAR LIEGCA 7 0l T MEFRELTHAEY, ZoitiiE
#HPLC~A 7 18 T AEICEATIUE, SAABREL D & DICUESEIZZR Y,  BICsO TP BT
D707 —& OEMCEBRTE 5. Fio, TFECIIREOIE ) LROEWEORRAIC LY, BE~DR
FIRHERT 22 LRSI NTEY, A L/ IVRBIHPLC< A 7 2h T AETBRE~OAR ORI L BETE 5.

F T, AR TIEA Vo SAVRBINPLCY A 7 0 ) T AEICBIT 5#SE (07 AV A X, THEEERORRS)
EUGEL, BEMEORRR SERI M TR REERT S 2 LT XY, BiTmREICsO HIENBEIR R TS &
LTOA L OVABIHPLCY A 7 0l 5 MERRET D, £, EBRICA Vo ULATBHPLCY A 7 i 5 WEIC &
D, HENBEEE A R TRETH A B AR, EICsO HENEEN o X 5 23R RRATE, HEo
FHEMESHERRE) KX VEBL 2200 E, ElCsD HENBEEM 5. 5617, EICsOHENEE
FEMERTIEE & L CRERIES BV O T E 72 BatchBE ERZ 1T, ZHIC X D EBONEBIEME L A v UL
HPLC=A 7 a1 5 bk (FlowiRBR) 1O/ 6ND5IRIERREZHET 2.

2. ER
EEHSERTIZET 5 HEN TOREBEE X T K EBROBRFRAIKA TEEINS.

o
f=2)

sc,

S 8%C §C
t x2

I Z=D — 1
t 05 o 0x 0

SoRAY

TIT, C:RHERE, S WRFHEORE, 6 {KEKSEHER, o NSEE, Dy HURE w o BT
TR, t: B, x  BREEChD.
WEOTEA~OWEDR, BB EEEE THS LIET D &R TRTEUGEAI R D 1.
S=KC (K: BEFED 93}

RQEWS L THO~MAT S &,
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-I, " ;
! Auto injector H
! 7 ) :
R=THEE (R BAHRED @ ichgy———~ UV detector_| |
[} 1
[} 1
E Pump Soil micro-column i
¢ [}
E35E, ABWIKRADL Sz, ; i |
fitiniuiniel o | !
3 Degasser i E
sc_ . 8¢ 6C ] Bt '
RW—DO m*—uo 5x (5) HPLC
Mobile-phase Dram
T, WHEBRRICAHE LIRS (F 2 v R E)
DERFHFOT TR ML &, %®ﬁ¥7§‘%/§{iﬁ0)i 2 Fig.1  Schematic experimental setup of HPLC
REENELND. micro-column method.

Table 1 Model number of the equipments.

R, R, 6
T = ) System controller | SCL-10A,, (SHIMADZU CO.)
a Liquid chromatograph LC-10AD,, (SHIMADZU CO.)
Auto injector SIL-10AD,, (SHIMADZU CO.)
K(6)L Y, HIMEDOBLEFER VM GIE, UV-VIS detector UV10-A (SHIMADZU CO.)
7B, 62 FEHE D I 22 & o TS E OB RE
RyZRETHZLNTED. Table 2 Properties of soil columnns.
AW TR LD X 5 51 7 OV ABEIT R/ 25 Column | Inner | Particle )
IS DREEITE B (1 /SR LFEE. Name | lengh. |diameter| size |00t
(mm) | (mm) | (mm)
L1000 250 10 <1 331
M1000 | 150 10 <1 324
3. A VISIWABHPLCZ A 7 Oh S LAEDRE 1000 150 4 <1 30.9
TR, BRI TIRE LIHPLC A 7 015 A L0425 250 10 [<0425| 371
BT BT ARICSOEER HiEE A Lo VAR T 3 7 LT M0425 150 10 [ <0425 38.1
TV SRR T, BB B AL 0425 150 4 |<0425| 350

B RT D & el hi

A VIOV AEIHPLC~ A 7 0 1 T MEIC L O BRI RET 7201008, 7 T 40 L OEICsOUtH fhifh s HFE
HEFR (Y— 2 ) 2RDDBMLERHSD. 22T, I7 5% A X, FEIEORER, A7 ILARHPLC<A
7 TaH T AEZEBT AEICsOIHERO B — 7 BRI 5 % HE8, B L U7 B OBRMIC OV THER - BRET
T 5.
31 EBAEBLUSEH

EBEE OIS X URESSEOMEEATig 1, Table 1NRY. BEWRIZIZ0.005M CaSOEEE IV, BT A
AT RS CIEERE L, TIRIIEERFAYAEPEF B CTEH L 7= Sandy loam & £/ L 7=.
3.2 AS ALY A X - HIERRICEAT B

BT 2 A R o TERRHRPEICSH RO t— 7 R B 2 ARBIZOWTRETEIT 2 I h =0, A XDfize
ZEEOH T 5 (S, M, L) ZENFIAFEFEORBROIEETIHL, GEH6EEDOH 7 2EERA L. Table 2
6RO A T ADOFEM%E AT, ElCs& L TIIBREA T % Simazine D Sppmiaif & AV 7=,

L, MY X TR E— 7 BB LN TERNTT2D, SHA XD T AOFERDIHEFig. 227RF. B —
7 DHERTE 7205 AIES1000, S0425 (R 7HE : Q=0.5, 0.8mL/min), MI000 (Q=1.5, 2.0mL/min), M0425
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(Q=10, 1.5, 20mL/min) TH-7z. STA XDHT A X108
TIRE—Z R, B RS ERICHGR C& - 1
2, MY A 2BV TR E—7i3F L o bhooe
— 7 DFERDGLL 72028, BRI Lo TR
— BN TNTUE 5 AT R E .

EHIIMY A XA T AT E— 7 OBREIZRERED
512, RERRNSH T AMTH~TEL IR, L
L&y, ERTLZHZ 204 XL, SHA X (AR4mm
X FX150mm) 2EY ThHD EEbhd.

WIZH T BDIZKRET 2 BoRE (<1.0mm, <
0425mm) DOEBIZOWTRINT S, v¥—7 DL
0425mmLA T DH 5 LADEFRETH A2 ->THB, 13
LA ERETRL, RRLOmMmEL TOH T AMZBE LT
+o e — I R HRRT A Z L TE . KR 0mmEL
TEEELZFNERHRCEIVITNEEZORS. L
72255 C, HPLC=A 7 v T AL TRl OmmEL T D Table 3 Reproducibility of peak time. Repetition

Absorbance (AU)

Time (mn)

Fig.2  Comparison of chromatograms with

different soil particle sizes

AR X150mm, AAmMmO S T LIFTELZH 0% number of the experiment was 3 for each
FHRTAONRETHD EEZELLND. chemical.
3.3 BEM4IZEEY A5 Peak time | Standard | Coefficient of
SY A XDH T 5 (NE4mm X £ & 150mm: S1000, (min) deviation | variation (%)
S0425) AR LC Em 7 BERAO BB SV O L7, a0 | 193 0.002 0!
i o i NO, 2.42 0014 0.6
EICsD¥ 27 /L INO;, NOy, BREH] (Bentazone, Linuron, o, 231 0,003 o1
Simazine) & i), UVERILENC TR & TNETN214,209, g 0.002 0.1
225, 244, 20mmEFEL, BE L. HTASI000085 [T 5 0.003 01

F#&Table 31777 Simazine |  1.98 0 001 0.1
Table 3L 04555 X 212, EEMAEEbLRENLO

THI%RBETH Y, H#IRUEEICRIEIIR SN o7, S50 H 5 A5 S100008 4 & FHEDRER AR LT
Lo, AEITOERLSE X T, AW CIEER4mm, £ S150mmZhiR imml F o84 7 L H
A 7 NTLEHEEL, EICsOMRIER A L VA LI b DEA L2 OV ARIHPLCY A 7 2l 5 MEL L

4. A INLABHPLCT A U 0 A S LKIZ & BEICsD T IENB B LT
AETIE, BIEICBOTRE LA Lo UVATRHPLC= A 2 1 T AER VG, FERICTREEOEICs DRI R
HABEL, FBRAFDE - HEOEEYE R R - BICSIEE EOEEMBIERHIC S 2 5E BN TR S,
4 1 ERAEB S UEH
TOFIETESELZIT, ROEFAVTREREEEHET 3.
Ohn= e O A=F A FNOL(= oA
OBEMHIZ0.005M CaSOMMRZFEM. V> 7/WISENE L A UIERICE WEOKBIRELY B E LICLTA» L
7o b DR YER.
@1~ A 72X LEHPLCICEE L, HPLCY AT A% RE S, BEMLZ T
DN T LA—T AR N AT OREEMER LI, A — MM Pz B —C X o THRIICY TV i
AL, A3 Lhb0OMMNEEHEUVRILIGRII IV E=F Y 7,
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Table 4 Soil properties.

Table & Pesticide properties.

Particle | Organic | Particle Molecular Water
Soil name(abbreviated name)| size carbon | density Name L solubility: LogKow
mm) | %) | (gem) VI | meL ()
Sandy loam SL.1000 <1.0 043 » 65 Bentazone 240.3 570 (20) 0.35
(SL) SL0425 <0.425 ’ ’ Carbofuran 221.3 320 (25) 1.89
Masa (Masa) <1.0 0.02 2.66 2,4-D 221 311 (pH192) 1.92
HJIOERRING (HJOE) <1.0 018 267 Linuron 249.1 81 (24) 3.00
Loam (Loam) <1.0 2.97 2.61 Simazine 201.7 6.2 (20) 343
Brown Forest Soil (BFS) <1.0 2.29 2.63
**" [ emazone TS sroes |
Table 6 Porosity and pore-water velocity for each soil L5 = —a— Masa
column. —+—HIOE
.| Pore-water velocity (cm/sec) Lo ¢ ?——”A‘i—;f-r.
.. | Porosity Y R
Column name™® %) at each flow rate (Q: mL/min) v 05 |
Q=0.10 | Q=0.25 | Q=0.50 g
SL1000 29.9 0.044 0.11 0.22 g 0.0 * L L L
SL0425 33.6 0.039 | 0.099 0.20 5 000 005 010 015 020 025
Masa 362 | 0.037 | 0.092 | 0.8 £ 20
HIOE 326 | 0041 | 010 | 020 g Simazine
Loam 36.0 | 0.037 | 0.092 | 0.8 @ 15 ¢ M
BFS 323 0.041 0.10 0.21 10 b A
—e— SL1000
05 F ~-o-—§10425
AFECR - T8I, Sandy loam (KB AZEAMATE o TN
2L =R >4 ™ .
SRS B <1.0mm, <0.425mm), Masa (BULET), 000 005 010 015 020 025

HJOERRING (¥ v—7), Loam (HJiEi), Brown
Forest Soil (&)I|B&E@F) OSFEETHS. £THEO L
M Table 2777, BREAITH D Bentazone[225nm: HIE
VAV UVEE. BUTFFIEE], 24-D[206nm), Linuron[244nm] , Simazine[220nm], % H15%1Cd % Carbofuran[272nm],
Z OISR (NOy[214nm], NO;[209mm]) IOV TUVRRHHSRC L 0 &V BRI A E L, BEREks R
. FBREORMESTable SITRT.
4 2 BEFRMOBHEIZONT

K(6) L 0 ASE OISR EUOIZBIT DR, FREMET D Z ENMHEDD, FODIZITHRWE R D
v e, & ERUEME OIBIEIRER, 7 B MECH D, LEME BRI R=1) OY—sBfE L
T, KOGHIEREZ RS, KORHRILIY 7 ADBIRE, Ro7OiENOEH L. oM Thiug,
SR O — 7 BB HPLC< A 7 1 i 7 MEZ LV RET S &, 6 b RHEOBIRER P EHTE 3.
ARIZE TR DX 52 L TR E ORISR A R 7.
4.3 RABRFEHE & BEFREROBERZ

AETIIEBEAFDEOENNC L Y, BICSOBEEREN ED X 5 I BN W THRET S, HPLCOR 7
WEZ0.1, 025, 05 (mLmin) SEREL, FMEMAFEEZALIEE. SRECBITAETED T LOMBER LR
BPE 2 Table 61277

B ISR, RRAREORED—H%EFig 3IRd.  Linuron®Simazine® & 5 (ZEAMEOE W ME

(Table 5B8) (3, FHOMME LI, FEREORBT A ETR L0, FOMOBEIRRPAFGE
L Th, BEHBUHFE—ETh o7 BUKEOBE  WE OB OEIZBI LT, Table IR LAY
— 7 BEEOLIEEEERL T, TR EERETHIZLEIHALLTHD.

Pore-water velocity (cm/sec)
Fig.3 Effect of pore-water velocity on retardation factors.
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2.5

Table 7 Retention time of each chemucal for different soils 20 <Carbofuran>
(Q=0.1mL/min). : y =03l 105 o=
Retardation factor: R L5 ==
Soil name - "
Ben | Car [24-D| Lin | Sim |NO, | NOy 1.0 y=026x+107
Masa | 094 [097 1098 [1.07[1.08 160159 | = 45 L k=069 34D
HIOE [ 101 [ 115 [ 104 J 171 [129 {102 [ 101} § ‘ & Carbofiran
ST1000 | 109 [ 125 [ 132 | 307 [ 160 | 157 | 154 &£ 99
£ 0 1 2 3 4
BFS |11l [172[157] — [305[109 [L10| £
Toam |101| — | — | — | — [tot|tor| B 13 —
8 = Simazine
52 12 o Linuron
Table 8 Concentrations of applied EICs. 9 I <Linuron> -
=438x+096
EICs Concentration (mg/L) 6 Y Rza’;;6 " Sumazme>
NO, 10, 30, 50 3 - y=199%+078
NO,” 10, 30, 50 L Ri=082
Bentazone 10, 30, 50 0 ‘ : :
Carbofuran 10, 30, 50 0 1 2 3 4
2,4-D 10, 30, 50 foe (%)
P 10.30.50 Fig 4 Relationship between £, of each soil and retardation
Simazme 1,3,5 factor.,
Fr-Table ToAT &9 ic, SWEOTERER (>1) P o | SN ZTRioR |
1%, Masa<HJOERRING < Sandy loam < Brown Forest Soil s~ | —o—leam  ——BFS

2 -
DIEICKEL fpo TS, ZZC, LoamlCB LT, 8 %

b —#ndied, ZOMOHRE T2 LN 1 — 5 3

WEEThH o702, HERITh Al -7, Table Widii ‘f,
BQ=0.1 (mL/min) OHOERATRLTOEMN, ZOMO  § o — . :
RN CLRAROBRASR SN TNS. Maa® £ 0 20 40 60
HIOERRINGIZIE 1 Ch ), 13L A EHRAZEATE  § 4 ——
5%, F45IT ST Brown Forest Solli I S BH § 30 o . "
& (Table 4). L7223~ T, ZORKRIZIEEROEHEY
EHRBBEVEERBAE BB LERLTOS, S . )
4.4 A ESREl L EBEZBOME Ir &

4. 3BV CEIE L7 B EICsDERIEIR S & % 3D A o L
HheaE () LoOMBEBERICSWTRHRRFLE. Z£0 0 2 4 6
ERD—AEFig M7 et AKuE DNO; SOk DRRL Applied concentration (mg/L})
Bentazone”s & I EIEARE & HHE A B L OHBIZR S Fig 5 Relationship between applied concentration of EICs
nipinots. LasLFig 80T X 512, Carbofuran, 2,4-D, and retardation factor.

Simazine<°Linuron & V> 7 logKow23 Kk & < (Table 5),
BAKMEOBEOWERM LA OV T, R AW EE & & OMICIROCECHBERR L. S5, logkow
DIERRE WESRIE PRIRROEE SR E D, ThOLAEBYEDOZ O HEFCEIE LS 2 2283005, Bt
Lv, HERICBITDEICSOBEWEIZIIEICSOBUKIEDEAY (logkow’2 ) oA EH ESDERIWE B
Do THDZ VMR TE .
4.5 EICSOBENBERBI 52 558

EEOHRBR CIHEREOREIIE 2 TH Y, FR L~V DB N L 1 EICsOBEIEN R A TREE b5
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AbND. ZIZT, REICSOLIED T A ORI E 30 : N

it 12
Table 8t X HIZERE L, EICSOEE D D B 48 oy L,
BT EBE 52 ZONIOWTHRS L. FoER0— 46
. . 5 Bentazone
HE2Fig blomd 5 44
N £ ¢ Sandy loam §<1.0mm)
Bt A ONOy, NOsTE, Sandy loamiZiBWTEIEL T % 42 N Egndy loam (<0.425mm;
L o am
W5 R>1) ZERGHD. ZHuISandy loamiifg1 A Z 40
VB BERR B OTETHB I L ARLTNBEELDL é”: 10 20 30
no. FHERECEROBEIRA A OBEREE £ O Sirazine
K&, HHAREOMNE HOBEFESBA LTINS & 4 Bt 2
=
BERBR LN, i, B RBARIZETE  § 3 . gangy }gam §<(1).2r2nsm)
|53 <0.
A A BRBEMERECHB b, B AL 0int  § 2 S
DATONGTD, BEMEID. LiL, B4 LF%ese o o o o 4
BBENEREI DL, HEOBRA F AT L 0 : ; :
TEBA A DBAEMNBR E 25728, 4728 A 4 Y 20 . 40hr 60 80
SHAITONT, BROICGBESRS 012 <ot ime (brs) o
N Fig.6 The change of concentration in the solution with
TRV EEZ LS.

time. Initial concentrations are 50 mg/L (Bentazone)

= \ Zes - LT R
BEIZOWTHL, AHFECHWWBEOHHIZBNT and s gL (Simazine),

13, BRI —EChotn. L, il T BBatch

WEERIZ LY, BEOHERIITRORERBRICHATIANRNZ EBHALNE R-TED, BA A0
GERBRICEZD &, FRMEL D, ZIUTIIRRA A2 DDA A 25l & Ko L5 B Ao+
BAOREREDE R EPTOBERE LTEZLNDHD, ZORIET RIS EROBETHS.

5. BatchikE&i%(Z &k AEICSOBEFREDEL
51 RBAEZB L UEH

EICsDIBIEARE A R D 5 1= O ORERIE T dH HBachi B 51T - 72, AV = 1883 Sandy loam X LoamTH 5. %i%:
&3 ZEICs & L CBentazone, SimazineZ A 7. BIEAFEMSEARIOMLE T3 (BE+) sg#BAL, —F
¥R (Sandy loam: 1,2,4.8,12, 2485, Loam: 1,24,8,12,24,36 48F5]) R & 5 L. Z0f%, FORATERAELSYEE

(8000rpm, 30min) L, FEAEZILF02um (ADVANTECH S MENBRAN FILTER) DA TAEL, Z0A

AR L. AEPOBREEESHPLCIZ THIE L, N L-BERN S, ARPOBERELH T Licky,
TEADERORERE KD, HPLCTOREIZ I\ T, BEHHIIH,0/CH;0H=55/45 (CH;COO-NH;1Z TpH=6.8
R RV, BT AIODS-I 0T A5B, BT LA—7 VOREISC, # 7fEIX1.0mL/mini 5%
L.
52 BEOLERSICET DMK ESE

ORI - FEE ) Bentazone, Simazine?> TS ORI G 2 D8R~ oREEFig 61T
ZOFER, Bentazone, Simazine & % (ZSandy loamiZ 9 AURAE T4~ SRFEIREE CIMRREEIE L TNA 2 &35
%.  LoamiZxtd % Simazine®¥E1ISandy loam{Zxf T DFE AT IKAE LTS, 3T, LoamA3Sandy
loamiZ A~ T, HETOFRMEEENSE <, SimazineDBHKMENENZDRE LLTNEDEEZ RS, —D
FERITRIRR L7ZHPLC= A 7 a1 5 MEIZBIT DR E—H L TB Y, BEOITB~0OWEIZIZ2 O BEOHUKM:
OEERTIEOEWWETEVEBLEX DI LERL TV,
5.3 WEFRBORE

BEOHE~OWERRY, WERL THBEOEBRL I THSESERICL > TRENS. I T, Bentazone

—173—



Table 9 Regression coefficient (R%) obtained by the application of the

10 adsorption isotherm (Linear) to the data from batch experiments.
—_ e Sandy loam §<1.0mm) Bentazone
¥ 8 [ 4 Sandy loam (<0.425mm - EICs Soil R?
SR Loam Sandy loam (<1 Omm) 058
Q
§ 4L a Bentazone Sandy loam (<0 425mm) 083
& @ " Loam (<1 Omm) 097
= = a
5 2 D‘ . N N L Sandy loam (<1 Omm) 099
é’ 02 * Simazne Sandy loam (<0 425mm) 099
5 20 40 60 Loam (<1 0mm) 099
=
& 10
§ a Simazmne
g 8r a Table 10 Comparison of retardation factors from Flow and Batch
R 6t ¢ Sandy loam (<1.0mm) .
% o 4 Sandy loam (<0.425mm experiments.
2 4 g o Loam Retardation factor: R
E]
g 2k Bentazone Simazine
»
< 0 & a, = it . ‘ Flow Batch Flow Batch
1
0 1 2 3 4 5 S(af%m‘;nar)n L1 11 15 26
Equilibrium concentration in the solution (mg/L) San d'y Toam
(<0.425mm) 1.1 1.1 1.6 2.5
Fig.7 Relationship between equilibrium concentration in the Loam
solution and amount of adsorption on the solid phase. (<1.0mm) L1 13 8.5 3.7

& Simazine > EHRIE LA BOBSG BESER £2Fig TRt 22T, SEROLE~OWENTHEICE
T OB E LT, BIERD. 20558 % S &1, BentazonelZ DU VT Sandy loam T85FH], Loam TI128fE] & L, Simazine
{22V T I Sandy loam T8AFE], Loam T48MFH] & 3% E L 7-.

WAESRSOEX IIREORS R LTEY, Fig. 719, Sandyloam (ZH~3CLoam~0>Simazine DS S
2T & RFERRTE 2. BentazonelZ DWWV T b ARARFERSE LI, LoamDFBRLERELTWD. F7,
Bentazone|Z F~ C Simazine D E HIRAOMEE K E <, Simazine DWEMEDR S ZRL TV 5.

wiz, TR WA RO TORERZHA Lz, ZOEAEE2RTIHE CH L ERFER % Table 9
IRT

S=KC &

ZIT, S:RER, C: FERE, K RERETHS.

Table 91 ¥, Bentazone, Simazinedtiz J<EELTHWAIENSND. Fig b b, ESROIEEEE L RE
BRI SRR THY, HEMCLBEROBEAMSE NI LRG0 DG, 1T, AR TIIEED
HEA~ORETRTITH B A2, LT, 2 1N TR~ & 51T, BROEEMINTHLE LT
&, DE R L B REOMICIIR@OBRNRNIT 5. ZOR@EFIAL, WERED S EBEREERD B,

6. FlowsEER - BatchiXERH 518 DN 5 BEFZRBOLLE

AFE T, ERBEOEICSHEMEHERIME Th DBachilRIE L, F7IZEE HPRE L1 /UL ABHPLC< A
7 BT sk (FlowER) M H5 0N IZEICsOBERE A T 5.

Table 10iZFlow 5k & BatchilB 0> 518 LN BIERER 2~ 7. Table 10L 0, HBEA~DOREHEDFH ‘Bentazone
BELTHE, TRFNOFEZLVELNIBEFHICKE IR LNV, LinL, THE~OWEEMEDIR
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Simazine! 28 L Tid, BatchiBR)»H RO DOFBRE L, FZLoamiz B\ TIIZ DENEE TH B, =
T, Bacha B & FlowEBRIZH T 2B L HR L EEHOBWVIER L Q3 ho L Exohb. T7habb,
BatchFHFIZ BN T HE~OBEKOWREN T - 22 L OWE 5 ) BEE2REL 523, FlowEBR TlX
BEAERIIRKR THINERE TS S, £0d, WEFEITET S E TICRMHR% BT 5 Simazine’s K DB T
EEITFEIOEL TR LT, IFHERERIBI ST 2 BERECEAE L TO A AEEMEAE . 20 Z £133Q)
2B DPEREKA, FowEROBESITIBEEERERETHL I L2 BT 2. ZoRI W TUIRERR
ThDH. 0L D IZBachiR S FlowEBR CH I > TWAHENE S b0 LB, L7zdi-T, (EkBatchiE
12 & o TITN T HRNICRT D BICSB B RN 38 5T CriZe VW ETREED 30 5. BatchitBR & Flow BRI 7
NENED LI BREATRL TV BDNNIONTIE, SRFRIBNBMETHS.

7. $EH

S 5 SRR I TR L72EICs O LN BNV EHSHEIE Ch AHPLCY 1 7 u i 7 Aik%, EICsOHREE 1
VOSVAENZA A T 2T R Y, I RENOMERFRCSHR TS I L B, ERTA ST AL X, Tt
BORIROBTE, ERFEROBEMEORR X 21TV, F-REICsD THENBEHETMEE L LT1 o UL B
HPLCvA 7 b5 MEXBRETDHI LR TE T

A L SIWEBIHPLC~ A 7 1 41T MEERFIR L CERRICEICsOBEHEE O T 24T~ 7. AR BT A iao
A (0.037~022 (cm/sec)) TiE, BAMEDRE Linuron<°SimazinelZ B L CIXMBNFEOZELIC L 0 BT D
TR OB R b8, E OMOEICs T ERAEE LRI K & 2 8% 5. % )5 77, Linuron
X°Simazine & Vo I BUKMED & WIEIZ DV TR, BRI S RO & OICEWHEBERR L. L,
Bentazone’ ¥ O AMEOEOHE OB ESII HEDL B L PIIFE~EThoTz. %7, BAF VAR
FROTHETIY, A AV EHRBEMEO T OBEREIEM L2, BRIIREC L O P BERIRE—ET
Hoiz.

EICs > HERNBEMFME NI IR AV DI C & 7 BatchiRIED DR D AV BIERE L, HPLC= A 7 a1 T Ak
O SN DIBELRE & ODHEI AT 77, FOFREE, BatchikBi 6RO B RO F RNE MEZ R L TV,
RER DB O N RELRED, BachiBR CIXTFEEREFR THDDITH L, FlowikBR Cladb RO EH R
THLLO LIS, ThPEEOEOTELZFRTIIRV I EEZLNE. LnL, ZO&ICEALTL, 5%k
VRIS ETHS.

A IV ABHPLC A 7 0B T AEIFERT 5 HEPEICS B D22, BREESHTIC R 5 BREEAT AR
HEHEDICAEFTH Y, AIERHEOEMEIC L V2 OFE T COERNAEL 25, 2, FowHOERTH B0,
THEANORBFUKOBEN (5 EBEOEICsO HRNBERSGZ LV BRI T 2 FETH D L WA D, %I
FUZBVTH Bk 725 7o BatchiBR & FlowERBRIZ 1T 2 1BERBOEDEREZHAT L2 L1280, 2heho
RBRENREDOL S RBEEFHEL COAOPEHOLNICTAZEMNETH D, FHUCLY, SHLICFELL HER
BT AEICSOEB A RNTT 5 Z ERFREL 72D, BT REICsD TN EMRFFEME & LTDA UL 2B
HPLC<A 7 1 h T MIEOHSIZRELSLBERTH2THA ).
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