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Abstract

The leaching behavior of  C-carbofuran, ™ C-bentazon, and * C-3,3,4,4'tetrachloroazobenzene(TCAB) in the

forms of freshly treated, 3-month-aged, and 6-month-aged residues, respectively, was investigated in a loamy soil

column system. The degradation and mobility of pesticides in soil and the possibility of the contamination of

groundwater were followed by this approach: The ambient temperature of 15+ 2, irrigation by the constant-head

method on soil columns, and leaching with 1332 ml of simulated precipitation during 90 days. While the fresh residues

of ¥ C-carbofuran and ™ C-bentazon were very mobile, the aged ones were remarkably reduced in their mobility.

Fresh and aged residues of .* C-TCAB were very immobile, instead. 3-Keto carbofuran phenol(2,3-dihydro-2,2-di-

methyl-3-oxo-7-benzofuranol) was the major degradation product present in the leachate from the soil column co-

ntaining freshly treated ™ C-carbofuran, while no metabolites could be detected in the leachates from the columns

containing * C-bentazon or “ C-TCAB.
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2%o)A Aldicarb, Oxamyl ¥ Carbofuran §°] o3|
A2H4d 89, Kerblom 52’ & AEF 2 &4
FZA OFEHYoZ Bentazond HIEH $%F9
42 A2dgon 2adyo o H# FYE] &
248 REAPANA ALSE F 5o B 53
gAE ol EYFo 9 € 4¥€H Adsed
HeX g obrdn g7l WES olF w4 #AF
gH L Psts A7t FaAHL et o
a EAubgo) glojq 2ok FEF Bile] AlnHoA
$t}. & 712 v BEA B FES o] &7 YA YL
A3NEZY #7180 ditq & HA = ¥
JAFEL ENY F gonz o i hg S
83 79 + Qe EAM U 28 =9
de AT AYLE HES FAXE A4 4
B A% 5o 5, EGl 9@ &3, ¥, C0.29
£, 18] £¥(Leaching) 5 383 798 + A
9900, o] 333 WY& o]4% wFY olFA A
F2%¥ Soil thin-layer chromatography,®*’ Soil column
567 9 Lysimeter” & ©| 4@ REol Utk

2 AFgNE 4% FYRAFE AT Adred
7te4S AES 7] 9)3te] “C-Carbofuran, *C-Bentazon
agx “C-3,344-tetrachloroazobenzene (TCAB)9|
NABZFE(Fresh residues)® EXFNAM 378 2
60197t Agingdte 4& $AFFE(Aged residues)E
E43 AAE Soil columndll He)de e
Fo AFESY Yo BE £E54E FHHLA 3
Ak

Mz % Uy

1. BMEY

AFA AAFEA A AT EFE P82
L1I8mmAE YA A FANEYLZ AR89, 1 8
318t EAL pHKCLLS) 54, #7188 #F 13%,
CEC. 102me/100g, 28X EA& ¥E(Loam)°l At}

2. BX|sgtE
2 A% A8E “C-Carbofuran(Specific activity: 3.48

MBo/mg)S =4 228 71 H(AEA)2 ¥, 'C-Bentazon
(Specific activity: 162 MBg/mg)e 599 BASFA
(Limburgerhof, Germany)2 #€ Ztz Egd¥ster,
o5 AYEL A Ao} Autoradiographyel &3t &
g % A “C-Bentazond 995% o149 €%
oz g )& A48 93, “C-Carbofurand THE &
#%9) B4E8-2 Petroleum ether-Chloroform-Ethanol ab-
solute(7:2:1, v/v/v) E8YE o] &% Column chroma-
tography2 995% °)49 ¢=7A BAF F AE3
%ot $#H “C. TCABE Benzene ringe] #YU3HA
BAE "C-34-DCA (34-dichloroaniline, Specific activity:
22644 MBy/mg2 Y Lee T°9 el F3tof
483 Silicic acid column’d o} A n-Hexane-Benzene
(8:2, viv) EFHo 2 BA P (Specific activity:
0.60 MBg/mg), °|Z  Autoradiographyll & 21 &= &
A A7 995% o} ol et

3. Thin-layer chromatography(TLC)2} Autoradiog-

raphy

BEA 3G g A8 E ¢rg FHME EAde
AutoradiographyE ©| #3412, o o A% Filme
FUJI X-ray Film, Medical(FUJI Photo Film Co., LTD,
Japan, 20.3 x 254 cm), #4948 X-DOL(X-ray film de-
veloper, Poohung Photo-chemical Co., LTD, Korea), &
ZF4 & X-FIX(X-ray Film$, Poohung Photo chemical
Co., LTD, Korea), TLC+ Silica gel 60F 2 5 4(20 x 20 cm,
0.2 mm, E. Merck, Germany)S A& 3% th

4. 8% (Leaching)

49482 Brumhard 57 9 Wyl F3t] A4
#god, 1.18mmA 2 4217 EYE Soil column(5em
LD. x 34 cm L)dl A¥A7Y 22em(EF % 5200714
238 % ZHTE Columnd Roe iy X3 ¢
< 3 A% BASREC] FFE ER609T A+
FF42 Marriotte’ ol 93 A5 H(Constant-head
method) ¥ 2.2 FFXY 6, 7, 8¥9 108 Had A
FO Q) 678.86mmol] HF3e EEDFF 1332 mlE
#5ee 1Y B4 £EAAY ¢ dF Aled
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Az o] o EA B (HC-Carbofuran, “C-Benta-
zon, “C-TCAB)S EF2H{E HAs& Aged residue?]
As%e AL 6/ 571802 Aging® ¥ A
5% Azdtd E¢ol A28 A 1, Fresh residued] 4%
£ Aged residued) HAte #ELE AYFYTh(E 1
L ES)

Table 1. Treatment levels of “C-labeled chemicals

in the soil column for the leaching

experiment
Radioactivity Total
Chemical  Residue type Concentration
(KBq/60g soil) (mg/60g soil)
Carbofuran  Fresh 703 03
3-month-aged 6.50 0.3
6-month-aged 6.62 0.3
Bentazon  Fresh 7.03 0.3
3-month-aged 6.73 0.3
6-month-aged 6.98 0.3
TCAB Fresh 6.48 0.3
3-month-aged 6.42 0.3
6-month-aged 6.60 0.3

5. Leachate &4

(1) Leachate® WAils Al
Leachate® v 3% 2t o2 AH3Y1 1Y BHL22
Fraction I,II,l1S2 F¥3%.2™, & Fraction?] Lea-
chate 5mlE # 3l Aquasol cocktail (DU PONT, NEN
Research Products, USA)S 41834 Liquid Scintil-
lation Counter(LSC, Philips, PW 4700)2 I %AlE&
Azt RE AR ¥als AZde & AgE
Cocktail® FU3HA A3 4Co dAA 2447
AN ¥ LSCE A3t

{2) Leachate Abs2| $4HAqueous phase)t 77|

4HOrganic phase)Zte] £t

¥C.-Carbofuran®) Leachate fraction 1% NE 77

5ml¥ #3549 Dichloromethane 5mlE& ¥ AlA A%

[

2

o AAF F £33 {71894 24 2mEg A
44L& AquasolZ 283 714 EA ¥ Toluene
cocktail (PPO 4g + POPOP 05 g/L Toluene)& 44
AHe-3te LSCR 1 FANe S AE39 1, “C-Bentazon
< LeachateZ pH 28 %% Fraction I3 oA 2%
5ml¥ #3| Ethyl acetate 5ml& ¥ A H8sd
AN F 37l ez £33 {7149 A
A %8¢k *C-TCAB®! ™3} £ Leachateo] #4150l
Ay glenz AA}A g3t

6. Carbofuran®| E8i4HE &2l

¥C-Carbofuran 41425 & (Fresh residue)s Xg§
Soil columnO.258E £€H A8 XFH F3iE9
#91¢ Leachate® Fraction 1€ 20 mlZ* Rotary
evaporator(ROTAVAPOR R110, Switzerland)Z 5% %
¥ 2 A} 2 Dichloromethane 20m1¥ .2 33] $&31
T}A] Rotary evaporator2 ANE o 714 F&8qid.
o] A& £%9 Dichloromethaneo] ¥ TLCE & ot
& Autoradiography®] ¢34 Carbofuran®] ¥33+&F
st o, TLC AME 2 A 4§ Petroleum
ether-Chloroform-Ethanol absolute(7:2:1, v/v/v) £
& A3k

7. BEAY %9 EUREY

{1) 2AIE AS

£84%0 Bd ¥ & Columne 797te] AA &
AAGR —30CAM BEAND F F Coumn¥d] E
%8 10cm 7479 HH(Segment)22 HGE & 7
AU S A% nAF EY o 03z Biological oxi
dizer(R. J. Harvey Instrument Corporation, New Jersey,
USA)E d4do LSCE EYFY WAsg ASs
%k ©) d Biological Oxidizer® =22 4tA9 A9
Flow rate 7} ZtZ} 300mi/min., Catalyst zone®} Com-
bustion zone®] 2%:& ZZ 700T ¢ 90TE %F 1
ALAGE 4R o2 YT

(2) f7I20kol =8 £&

Eg 718l g 22 72t ARFIA BF

W Algol & Column 449 0-10cm ¥#& dH2H,
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YC-Carbofuran® 'C-Bentazon® E%¥ Zt 100ge] Me
thanol™ 3 H. 0% & 22t 70m1¥ W1 2412 A%
F 13,000 rpmol A 1087 AR AAA S &
o Wyoz F599 WatFo] AAWALE FE
g 712 HEEE ¥ B4 2939 PSS
AZ&stgct. #9 “C-TCABE EY 50gel Acetone 50
miE F3 24T ABE F 47 Yoz 33 F&3
A3, ©]& Al Benzene 50mlE FE A WALFO|
AAPrtgFEol @ giA HEFE ¥ EYGH F2
AF9] WAFEE ASHH

(3) ELFHY T4 7|4 2l

EFFEd9 £33 /714438 Bule Leachate®]
o sostA AAsg

(4) 24 &EtEo @8/t EYEE ARSO 24

$1 8o o3t 28 A7) BEY oF 58 Hstd
0.IM Na.P:0; 2.2 F&9 9] WAlS o] A &
Zo] g g7 A A &35, 2 &9 Conc. HCIZ
ol AAAZ] F 10,000 rpmel A 1087 94 &3
A A E(Humic acid)e & o5 A N (Fulvic acid)
ol ul2 Aquasole HF7Fsti AAEL 0.IN NaOHZ
483 F Aquasol® H7Iste] WAlEE A&s3on,
%2 o] By EY¥(Humin)2 Biological oxidizer= Q43

* 249 “C0: 9 BAsE LsCE AR

g 3 g

1. BEYUH * EY U Leachate? WAks AlIE

o AFEY ESS Y &2 I Agrad
e EREAE RENUE FHs] st 7
Soil Column®] “C-Carbofuran, “C-Bentazon, 18|31
“C- TCABS] A (Fresh) 2 $4(Aged) FFEL 27
At 3N Y 5 84S I3 4FAs E 294
B nks} 2k & “C-Carbofuran®] A$-eAe A4
#A5E AT Fraction I, 9 Mol EA3E W

Als e 27 FA A9 oF 69%, 21%, 18T 2%

EZHA &2 Fraction 1] 2X& #v ol e}l Ay
Abs9] ok 92971 €521 o= Carbofurang] £9

A §A=@20ppm)™ 7t HlZH 27] G
E3te S27t man 3= A& 3he] Soil column
o Hd “C-Carbofurano] +&74 Hej2 HalHo
Soil ColumnZ® Eof ¢3tq F& o] £EHUS
¥k o2} Leachated] X BaiAtEe] 7AEdE RLoR
Bl (3¢ 1 #2). &9 e efdn 548
AFE A FAAe Fraction 194 FH A5
% 37%% 21%7F AEHO] ARAFEA Histo F
e Aol 3NYL £24E ¥ £2¥ 4
T FAYLAT A F 59%% BREA Aging
713ke] Ao} A4E Carbofuran £+ 11 BHIEE]
Egd Z8A ¥ e A=A A8 Aer 8
it} o1} #e] Carbofuran® Soil columng §3o &
ol3tA &&= Yo As5E LHAZ THeAol
AT Aoz AZEHY, FIRAFEY ELF o)A
E} f1E@E o8t e ¢g B ohz,
Carbofuran®] &l &3t} A {40l ™ 7] o
Fo)) 53] =¢ M2 ¥ Carbofuran® ¥ o] F40] 8 5o
B Yo] FHEAY so] AZEA AT 1 ¢l
g Aoz yelh

“C-Bentazon® ZA-$oiAe JAZRE HT9
Fraction I, 118 MAA 2z} &2 whAE 9] o 96%,
6%, 122 05%7F &= WFE Fraction [0 &
e ¢ 5 den, ynA BAE (F 3% Soil
column®] &4 0-10cm F9o £X84H. o] Adde
E%% “C-Bentazon® °|E4¢| Clay $%ETIE #7|
B 98 A9E )= Abernathy 5¥ o) 97+ 2
et A XS FHIMNYEH A YL ST AFES
A28 Soil columnAE 2tzt FXeF oF 24%9}
16%7t A2dUcd o AARFERY dA3 7
AaHQen, =3 Soil column AF 0~10 cm®l ¥C
WALE 9] oF 72~76% A =7t AR At Aoz
Bentazon2 &4 ZFE S EU XL B 70%

o]go] 28X Qgton] o)A e Bentazonol S47)

o] Aol et A7 70F EY AR 3 B

Aol 8E5A gv Aog Hoxdg,
MC-TCABY A$-dME Aging 712l #A Yol Soil

columnell A 885 &3 Soil column®] 44 0—10cm
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Table 2. Leaching behaviour of the chemicals in soil column.

Radioactivity applied =100%

UC activity(%) in

Chemical Residue type Soil segment Percolate* Recovery
from top(cm) Fraction (%)
0-10 10-20 20-30 I II m
Carbofuran Fresh 2.54 2.82 142 68.62 20.94 204 9838
3-month-aged 38.23 429 211 37.00 18.55 345 10363
6-month-aged 53.58 5.35 210 20.77 13.62 3.20 98.62
Bentazon Fresh 3.17 - - 95.70 5.58 045 10490
3-month-aged 72.53 355 0.83 14.74 6.87 222 10074
6-month-aged 75.49 557 149 8.02 5.62 1.88 98.07
TCAB Fresh 102.04 - - - - - 102.04
3-month-aged 103.10 - - - - 103.10
6-month-aged 98.30 - - - - - 98.30

* Fraction I, II, and IlI: Leachates collected in the 1st, 2nd, and 3rd month, respectively.

oo 2% A58 st o] AFE TCAB7H 53]
B S48 Eol7] g B S3HA ¢ 2gz
Ego) 478 Q58 g F) b4 TCABY E4&
58 49 JheAde AdE gl ez Azdn

2. Leachate #AlsS| 41t 77142t Eul

Soil column®ll X&) 3 BAZ}FEC] SHEE Fo
FAE2 AT AEE Yol Hdd AZg
Leachate *$AHs- 9 43 {71429 2ol H 3404
HE us} o] MC-Carbofurang] AAZAFENHE
Fraction 1Rt oA ¢ 4v) A= #4202 Euid
B SARFEY ASdAe 2 gEdE Rl
it} o] #A4-& Carbofuran©] B4 €& Soil column®
st B9 Aldo] AEo) w318 BE7 ¢
B gt B3P Fo o3 {A EHHA F4
EFZ HIHAES T8 F= Aol o sy
Carbofuran $4ZFEY F$E 447120 § oln]
B2 go] 343G ER F35 0 Soil columnHi o] &l
£ 5o Fraction 1 02 &3 4285HL Aol
9 “C-Bentazon®] H$-dME A4 ¢ $48FE
T Fraction [ Bt} ITelA o ®e] 302 Huld
& RoF 3 9t} o] BentazonS BFAEH 7} ob 2

=
A

FEGF AU EFF 0% ZAAAN F4A7)
= 717E G499 Soil columndlA $85HE §
Shell o) 2 o] FAHAJEE BN A4,
B £4713t0] 2 AHEYFE BE ¥o| 402
Pl 5=, o]3= Bentazond Agingdhe F9 Az
H#Hde FAgEE BEAEUn OgA gR4HA
Soil columng §#H3E HYNM T3 FHRHUER
2= WEez 44E,

3. Leachate® Carbofuran E84H82| Autoradiog
raphy ¥ 3 E#3=2

29 1& “CCarbofurand] AARAFE Hel 79
Leachate% ol &AJate E3 24+ 9] Autoradiogram 2.2
M Leachate°l| 78.05%7F Carbofuran 2. 24| 2 273}
A, FEH2HE Y 3-Keto carbofuran phenol(20.43%) 7
A %9| 3-Hyrdoxy carbofuran(0.60%) 2 3-Hydroxy ca-
rbofuran phenol(0.41%)9) #AE #FAA ol s
B+ Carbofuran©] HE4elo]l X F2 Hydroxylation
#H F A%3o 7teRse A HoFa g &
Benzofuran ring®] 3¥ ©47} Ring hydroxylation® ™,
7-Hydroxy %88 X3l Carbamated 7l-EE
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Table 3. Partition of “C activity present in the leachates between aqueous and organic phases.
Aqueous phase “C + Organic phase *C = 100%
HC activity(%) in
Chemical Residue type Fraction
Aqueous phase Organic phase
Carbofuran Fresh I 5.66 94.34
i 2151 7849
3-month-aged I 57.74 4226
I 26.05 7395
6-month-aged I 69.91 30.09
I 38.00 62.00
Bentazon Fresh I 0.60 99.40
1l 7.18 9282
3-month-aged I 1048 89.52
1 19.93 80.07
6-month-aged I 2353 76.47
It 23.11 76.89
FA Yol g FFUTEE ¥ ol Getzin® ©] E
: , %FoA Y Carbofuran BALEI FAF HEe
® o +— Marking
Holm 9o},
" 4 BSEAHE E20| Zofof ot =&
- |e—— Carbofuran -
H 4014 By e} o] SBAYT EF fuld
- 4=—— 3-keto carbofuran phenol .
(Major metabolite) % %22# “C-carbofuran, ¥C-bentazon % "C-
TCAB9] Non-extractable bound residue?t 8 3] 37}
A, ole #44 FHFES AUITF dFEe
_+—  3-hydroxy carbofuran £E5H 2 UnA FFE EFA R FaA F3 £E
AL Y7 HEQ Aoz Jzrdd.
- 3-hydroxy carboturan
phenol
5. EUSEY WAls 4 RIIMZY &2l
EF2Ed Piss $84Y AT £43 £7)
479 Fuie H 514 He v} 2o) Carbofuran®]
AS SRR ¥ Eo] $2ANIA 3NYH 6709
4% EYA BT 5% o] 4oz P
Fig. 1. Autoradiogram of the leachate from the o1, ]2 Carbofuran®] +§4ARL h¥¥ &¢€

soil column added with the fresh residue
of “C-Carbofuran

7Y Aolth Bentazond] A4+ ARG L850
22t oF 18%9} 2297 #2322 o RulEey, o
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Table 4. Changes in the formation of the non-extractable bound residues of carbofuran, bentazon, and TCAB
from the top layer(0-10 cm) in the soil column as affected by aging and leaching of the residues.
The total radioactivities of the soil samples = 100%

Chemical Residue Extractable (%) Bound (%) Recovery (%)
type
Before After Before After Before After
leaching-  leaching leaching leaching leaching leaching
Carbofuran Fresh 93.56 19.18 8.33 75.72 101.89 94.90
3-month-aged 55.09 6.60 3792 8523 93.01 91.83
6-month-aged 41.26 4.66 54.63 92.73 95.89 97.39
Bentazon Fresh 97.30 12.13 330 84.73 100.60 96.86
3-month-aged 31.80 574 71.20 97.57 103.00 10331
6-month-aged 28.20 494 75.30 9141 103.50 96.35
TCAB Fresh 98.02 85.72 142 21.82 99.44 107.54
3-month-aged 91.78 83.62 893 2343 100.71 107.05
6-month-aged 86.81 79.92 15.88 25.12 102.69 105.04

6-OH bentazon, 8-OH bentazon® #<& FAUWAILE

YEd Aoz FZH)AY o5

A #2¥ e

Aok ¥8 TCABY Z¢-d& 44, 34¥ 183 6
NEL 48 EFTIFEANA EF 1% vt #4

22 FMHNT $EAY X T A7t gle A
2.2 Bol TCAB: @4 H3t 3/ 4zte] §24¥ 7)
AFAE o}FH WHE A Ge I3 A HF
ABEEY S FUE F YA

Table 5. Distribution of “C radioactivity of the soil extracts from the top layer(0-10cm) in the soil column

between aqueous and organic phase before/after the leaching experiment.

Aqueous phase “C + Organic phase “C = 100%

Chemical Residue Distribution of ®C after partitioning (%)
type
Aqueous phase Organic phase
Before After Before After
leaching leaching leaching leaching
Carbofuran 3-month-aged 296 641 97.13 93.59
6-month-aged 6.33 811 93.67 91.89
Bentazon 3-month-aged 21.32 38.81 78.68 61.19
6-month-aged 34.25 55.96 65.75 44.04
TCAB Fresh 0.01 0.39 99.99 99.61
3-month-aged 0.01 0.22 99.99 99.78
6-month-aged 0.01 0.80 99.99 99.20
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Table 6. Changes in the non-extractable “C after applied to the soil column as *C-carbofuran, “C-bentazon,
and “C-TCAB before/after the leaching experiment.
“C in Fulvic acid + “C in Humic acid + *C in Humin = 100%

¥Cin
Chemical Residue Fulvic acid Humic acid Humin
type
Before After Before After Before After
leaching leaching leaching leaching leaching leaching
Carbofuran  3-month-aged 5311 47.78 1841 8.92 2848 43.30
6-month-aged 48.55 45.35 12.72 8.04 38.73 4661
Bentazon 3-month-aged 35.25 4199 24.64 12.78 40.12 4523
6-month-aged 32.96 4514 2441 14.61 42.63 40.15
TCAB Fresh 21.61 15.34 18.98 6.49 59.41 78.17
3-month-aged 20.30 6.83 14.26 8.29 65.44 84.88
6-month-aged 3.89 10.95 18.97 6.87 77.14 82.18

6. £&£87| EYEY TUREY HY

37H 47 Soil columndlN £BHES W3 ¥ 2 3
FEZREH YAHE 2287 FAARES £EHEA
B Ao B 604 BE vhe} 2] Carbofurandt
TCABY A$dle 37147 6749 5438 ELM Hu-
min®l A8t “C WAL F7H8E v Fulvic acid}
Humic acid® #Alsol A2 Fistgen, oz
A 7 3¢Eo] Fulvic acid® Humic acidel 34
Hog F& T AU Aol B st &
Ao] $98 AEY Aolth ¥ Bentazond] A%
o A1 Humic acid®] ¥AHs& Z43H9 2, Fulvic acid 9]
Walge Z718 el ol Soil columndelA &€
AL gahe B ARE S99 EHHEE] Fulvic
acid F&o ol Esise] A7 WFolet F4€rt
122 ol & 3FE L n-octanol-F Fu Al4=9) @A
283 BY  LogKw #°l 4712 7 ¥ TCABE
LogKow 2ko] %2 Bentazon(LogKe: —0.46)°11} Carbo-
furan(LogKos: 1.23~142)91A 2t} Humin ] ¥4
g2 o] T $EHY FAE B2 Fo] FrlHE

&sh

A& ¢+ Uk o9k &2 d42 Carbofuran® Humin
AYaME BEG &
2 o

¥C-Carbofuran, “C-Bentazon, 28] "C-TCAB(33,
44'-tetrachloroazobenzene)?] AARFE ¢ 34
6719 $ARFEY £28FE Soil columnF oAl |
Taath woke] Bk B3, ol 4, 181 A ¥4
LA A HAESY] Y3ty £ APoA= 2
15+ 2T, Soil columnll = B4l o ¢ &5, 18
1332mie] R2Z92FE 9043 §EAFA AU
“C-Carbofuran¥ *C-Bentazon?) A ZFE L
o]54L B2y, S4AREL o]FAo] 3
W HC.TCABE) A4 2 £4AHEL o
&40l A3 A%k 3-Keto carbofuran phenol(23-di-
hydro-2,2-dimethyl-3-0xo-7-benzofuranol) C-carbofu-
rang] ARZFESZ AT Soil column? Leachated

oM FEHMEZ HEHAUA, “C-bentazond} “C-

=0

o=
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TCABE A&l & Soil column® LeachateZ ol Ale £3
AHEL HEE 4 AT

EHnE3
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