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Leaching of Organophosphorus and Carbamate Pesticides in Soil Column and
Prediction of Their Mobility Using the Convective Mobility Test Model in Soils

Chan-Sub Kim', Yang-Bin Thm, Hee-Dong Lee, and Byung-Youl Oh (National Institute of Agriculture Science and
Technology, Suwon, 441-707, Korea)

ABSTRACT: This study was conducted to investigate the downward mobility of pesticides using soil columns
and to compare the experimental results with values predicted from Convective mobility test model. Nine
pesticides such as metolcarb, molinate, fenobucarb, isazofos, diazinon, fenitrothion, dimepiperate, parathion
and chlorpyrifos-methyl were used for leaching test in soil column for four soils; Jungdong (upland soil),
Gangseo (paddy soil), Yesan (forest soil), and Sineom(upland, volcanic ash-derived soil) series. The peak
concentrations leached from 10 cm-columns of three soils except Sineom series ranged 6.5 to 12.6 mg/L for
metolcarb, 2.6 to 5.0 mg/L for molinate, 4.5 to 7.8 mg/L for fenobucarb, 0.39 to 1.36 mg/L for dimepiperate,
1.1 to 4.6 mg/L for isazofos, 0.01 to 0.14 mg/L for diazinon, lower than 0.01 to 0.70 mg/L for fenitrothion
and lower than 0.01 to 0.44 mg/L for parathion. But chlorpyrifos-methyl was not leached from any soil
columns. Elution volumes to reach the peak of metolcarb, molinate, fenobucarb, isazofos, diazinon, and
dimepiperate in the leachate ranged 1.1 to 2.1 pore volume (PV), 1.6 to 3.3 PV, 1.6 to 3.3 PV, 2.1 to 44
PV, 6 to 15 PV, and 8 to 21 PV, respectively. On the same water flux conditions, convection times
estimated by Convective mobility test model were coincided with results from soil column test in most of
the soil-pesticide combinations applied. Based on convection times estimated by the model at standard
conditions (water flux 1 cm/day), metolcarb was classified as most mobile, molinate, fenobucarb and isazofos
as mobile or most mobile, dimepiperate as moderately mobile or mobile, diazinon as mobile, fenitrothion
and parathion as slightly mobile or mobile and chlorpyrifos-methyl as immobile or slightlty mobile.
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Table 1. Physicochemical properties of the soils used

o} o] EA| 5ok 955 Atk 7o EA) weko
2 metolcarb, molinate, fenobucarb 4! dimepiperate
9} B7191A 52kCE & isazofos, diazinon, fenitrothion,
parathion % chlorpyrifos-methyl& ARE-SFITE 52k
Bof gt gl H2Agl0] 9slo] de FAAIS
Table 2¢ Uehfigich

B odFte]| AF-3 B7]8v) 3 acetone, benzene, hexane,
methylene chloride, toluene=- J. T. Baker Chemical Co.
(Phillipsburg, USA)2] tH2418-2- A8 07, isopropyl
alcohol& Fkalel(Q1A, d=) 535 AH8I%3L, calcium
chloride & #7142k FZ Junsei Chemical Co.(Tokyo,
Japan)2] S%-& AHEERIC

ETE AHS geddelds W 5 am x 2] 20 em
Pyrex ZA1Fte] ofgf H-Eof] AJokE glass woole 2L, At
o7 A7 Aok sea sand 40 g& AN The, FHEY
S A9 §9re] W50l 10 cm Fo7F HES FAs)
3l BEFO] SPRRRE EAR dide] oJsle] Bo] LEbe
= A Bk AT B AT Bl A¢ y
o7 & & EF] b3l Bl 4 HlE Helehy] flsko
AF-ERE 001 M CaCl, 894 2 LE AdgEx002 &
ok EoF 25 goll 952 59FS acetone®] galfate] A
1000 mg/L 49 1 mLE AHglglol {71805 def B

N

L H Oreanic CEC Particle size distribution” (%) R
Soil series (1:§,H20) carbgon (%) cmol/kg Sand Silt Clay Texture”
Jungdong 5.2 0.59 8.8 66.8 21.8 11.4 Sandy loam
Gangseo 5.8 1.30 112 48.7 30.0 21.3 Loam
Yesan 45 0.51 13.8 38.6 27.9 33.5 Clay loam
Sineom 52 14.0 58.8 3.3 65.1 31.6 Silty clay loam

? USDA dlassification.

Table 2. Water solubilities and Freundlich coefficients of the pesticides used

Freundlich coefficient

Water
Class Pesticide solubility Jungdong Gangseo Yesan Sineom

mg/L)  x  i/m K 1/n K 1/mn K 1/n
Carbamate Metolcarb 2600 0.26 0.72 035 077 0.086  0.59 47 076
Molinate 880 0.39 0.89 083 1.06 0.24 0.92 58 0.88
Fenobucarb 660 0.44 0.94 058 090 0.10 0.93 22 090
Dimepiperate 20 4.1 0.97 6.8 0.96 2.7 1.01 19 0.93
Organo- Isazofos 168 1.1 1.00 1.2 0.93 0.46 0.96 50 100
phosphorus  Diazinon 60 2.7 0.93 4.3 0.94 2.9 0.97 15 0.91
Fenitrothion 21 73 093 9.4 0.87 3.4 0.96 47 0.90
Parathion 11 94 0.93 16 0.94 6.5 0.99 47 0.87
Chlorpyrifos-methyl 4 14 0.85 31 0.93 11 0.96 124 0.93




352 PAEAY S I I

d 5 0 B BT 9ol F7F 36k, oAl 1 9ol &
AR gk o|FS AR fsle] B9 25 g sea
sand 25 g= AlSith

£E907 = 0.01 M calcium chloride £%& 97}
A FAEES FEotaA AFHIE BEFY sHio]
A7slo] U oF 24-25 mLe] YT fHow §RAPS
T FETE 40-60 mLA 367E S Wo} 33,
ANalo] §8F Fokl FEE S 2o
5 EY T 5 BEEE doliy] gl B 1
am HACE AF BAREE pok S EASIICE

mH Mz

Az 2

Az z2re] HoS flete] mhigd 16 mL AEH
ojg3le] gErs} frgHlE £ § wplE v 2%
AdsiA N FEeL 5 FePt 283 ¥ 3 18sE
gas chromatograph(GC)E. wA18lth. 22ju Sla-go) wt
& FFY Aol ol FE 083l dichloromethane
o= 23] Fjate] FE%T, LEF T Y AREE
7} 5k Agole thge] §85E Fato] B TE o],
dichloromethane © % #Hl5Z3}3L 71955 ¥ hexane
2 Agaleto] el §84E F B 5 e
acetone 0% F%3519], dichloromethane®® Fuidt & =
#3to] hexane 0% A&aligto] 7171541 AAlegich 2
23 Aol 3715 Florisil AM8319 chromatography
BAE AN 247172 A3EEAZ7(FPD)S A
2QHE7I(INPD)/| A2kg n|= Hewlett Packard HP5890
series I GC(Willington, USA)E AHg-aich #41717]2)
A5 LERAE ABFUT 230C, #EY) 250C 2 P
23 150~230°C 0|31 2 ¢& Hewlett Packard HP-5
capillary column(0.53 mm id. x 15 m, film thickness
1.5 um)S ARSIt '

o L e

fFol3d 2ol 2gt 018y &t

Jury §%o] Aoket s}alEe) o)A FrpLial of
olFA B B HMEAUE(m) 3 IR TRH )
7R EYEo] B9k BAS whdsh, EES of
e BEYF 5 olsAB S water flux(fo)oll THE o]54
AlZHt ) o= Ve 4 Sl

o
o offf O

tc = (pbfocK)(:+9v+aKH) ! / Jw

AN Koe F7IRA71EERAT, O FESE

ot B9 8471 871 %, Ky Henry 735

-olg% - oE
AREZS vlwslgict

= 8¢ .
5%, AE, daks 4 A9 EdoR FHE EA
10 cm EFE 719 59 1724~ 1741 mL(35%
865 mm ol AHE FEAA DL {H7IJAA L FHAp
o|EA woke] £d2AE Fig. 12 VERASIT
EFHIM veRd o]FEHES oM Ul BEY AAE B
H metolcarb, fenobucarb, molinate, isazofos, diazinon,
dimepiperate, fenitrothion, parathion, chlorpyrifos-methyl
o] w=MZ Fdaigiom, B 2zl diste] AR, S5
59 4% AWz we] FalEE diazinond 04
b g3 Be& = W fenitothion, parathion %
chlorpyrifos-methyl> 83402 1% = gl
oItk AT A9 7wk SgeAlE T
Fdso, A Feko] FEEel vlate] =g olsdshs
Aow Uepdon, diazinond $E% 1A EHh AAE
o %5 Auud $EAE $E 9 A 2L
diazinonS AEFHA Pekoy, 5 AT §8F
M= FEo] FIHA ASH fenitrothion? parathion
o] F#o| 7leet FEoE HEHJUE AT Afe
fenobucarb, isazofos X molinate Tle] #<lEgiom, v}
& goksal= gy isazofos$t molinate®] §E-A7F v}
A RoFE Vet

R g

15

<
2 =&, 3959 9 §ErEe] w
2 FF84594(No. of pore volume)E Table 3] e
o3, $¢ peak T%, TALEY U HIFE §F EY £
X 432 Table 40 Jehigltt.

Z%% EFNE o]E4 T metolcarb, fenobucarb,
molinate, isazofos, diazinon, dimepiperate?] T2 %
et o, 284 £ 2315 55 metolcarb 12.2 mg/L,
fenobucarb 7.39 mg/L, molinate 404 mg/L, isazofos
3.04 mg/L, dimepiperate 0.61 mg/L|3iTt. Diazinon
9] A= gE5004d 01 mg/L AEE AEEo] IHOE
= YUeRX okt £2Ad FE 3 B A E B
W fenitrothion} parathion, chlorpyrifos-methyl> #|2]
el 1% U9)e] FF0% F2 3% Foo sk A
o7 Hol W o)Ay} Fa goli wiite] SEolA
AZHA k2 Ao A7t

ZPEL] A9 metolcarb, fenobucarb, molinate, isazofos,
diazinon, dimepiperate?] ©|5%%9} S85F w0k 4
EE w=ME S55 sAR AFolgitt Diazinon® 7
S OE Bkl nigle] Bk Ayt w2 el ZAE




#7104 % shuo)EA) wete] EF 8@} iRy R 2 o15A oS 353

14 14

1 —e—MTLC —e—MTLC
L 12+

Jundong =&~ MLNT Gangseo — -8 - MLNT
10+ ---a:--BPMC 10 + ---a---BPMC
--o-- ISZF -0~ 18ZF
8r %+~ DMPR 8r —%--DMPR

Concentration, mg/L
= (=]

oo
B R B B e i S R XK KKK

0 5 10 15 20
Pore Volume

Concentration, mg/L

Pore Volume

Concentration, mg/L

Pore volume

14

12 r — -5~ - MLNT
< Sineom e BPNC
510 - —-om- I82F
E
c 8r
o
Se6r
c
Q
g 4t
(o)
8]

o L

0 et

0 5 10 15 20

Pore Volume

Fig. 1. Breakthrough curves of nine pesticides with pore volume in four soil columns: MTLC; metolcarb, MLNT;
molinate, BPMC; fenobucarb, DMPR; dimepiperate, ISZF; isazofos, FNTIN; fenitrothion, PRTN; parathion.

Table 3. Soil bulk densities and porosities in soil column and total leachate volume during soil column experiment of

71 days
) Total leachate”
Soil Bulk density Porosity Pore volume vol
(g/mlL) (%) (mL) otume No. of P.V.Y
(mL)
Jungdong 1.45 32.5 65 1736 26.5
Gangseo 1.35 40.5 81 1741 21.3
Yesan 1.20 475 95 1738 18.1
Sineom 0.83 55.0 110 1724 15.5

3 Total 36 leachate fractions, each fraction volume is approximately 50 ml.
» No. of P.V. = [leachate-14 mL (volume attributed by bottom sea sand)]/pore volume.
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Table 4. Maximum concentrations and recoveries of nine pesticides measured in leachates and soil fractions with depth

of four soil columns

Leachate Soil fraction with depth
Soil Pesticide At peak Total At maximum Total 1310ta1‘
Conc. PV. (M/Mo) Conc. Depth (M/Mo) ( /MO)
(mg/L)  (V/Vo) (mg/kg)  (cm)
Jungdong  Metolcarb 12.2 1.7 0.845 - - 0.004 0.849
Molinate 4.04 32 0.643 - - 0.007 0.650
Fenobucarb 7.39 25 0.930 - - 0.002 0.932
Dimepiperate 0.61 18.7 0.409 1.54 10 0.265 0.674
Isazofos 3.04 4.0 0.654 - - 0.002 0.656
Diazinon 0.14 12.7 0.046 0.06 10 0.015 0.061
Fenitrothion - - - 0.08 1 0.005 0.005
Parathion - - - 0.18 1 0.011 0.011
Chlorpyrifos-methyl - - - 027 1 0.013 0.013
Gangseo Metolcarb 6.47 2.1 0.861 - - 0.010 0.871
Molinate 2.60 33 0.621 - - 0.013 0.634
Fenobucarb 449 33 0.913 - - 0.006 0.919
Dimepiperate >0.39 =213 0.173 2.74 9 0.608 0.781
Isazofos 1.05 44 0.402 - - 0.008 0.410
Diazinon 0.11 15.0 0.062 0.26 10 0.063 0.125
Fenitrothion - - - 0.12 1 0.012 0.012
Parathion - - - 0.35 0.034 0.034
Chlorpyrifos-methyl - - - 0.21 1 0.013 0.013
Yesan Metolcarb 12.6 1.1 0.831 - - 0.001 0.832
Molinate 5.00 1.6 0.580 - - 0.001 0.581
Fenobucarb 7.75 1.6 0.841 - - - 0.841
Dimepiperate 1.36 7.7 0.681 0.27 10 0.053 0.734
Isazofos 4.61 2.1 0.789 - - - 0.789
Diazinon 0.01 56 0.001 - - - 0.001
Fenitrothion 0.70 8.6 0.434 0.41 9 0.074 0.508
Parathion 0.44 13.3 0.292 1.90 9 0.386 0.678
Chlorpyrifos-methyl - - - 1.59 5 0.308 0.308
Sineom Metolcarb 0.01 11.8 - 1.55 7 0.295 0.295
Molinate 0.12 12.6 0.077 1.59 9 0.288 0.365
Fenobucarb 1.07 6.6 0.426 0.48 9 0.064 0.490
Dimepiperate - - - 520 4 0.677 0.677
Isazofos 0.21 10.5 0.160 091 9 0.148 0.308
Diazinon - - - 0.55 3 0.082 0.082
Fenitrothion - - - 141 1 0.060 0.060
Parathion - - - 5.33 1 0.326 0.326
Chlorpyrifos-methyl - - - 0.81 1 0.029 0.029

HROISH 2 o= Zuelo] Hlw Tt

Jury & ©1%3 Brtel olo] e Bk
IHdske 29E Uiy, @4t 9 o]w, gk 9
Zh2pol) tlste] ANSLTR, 1 F sote] Kok F ol EA )
71 AT & it ol EE 1FsE o)Ay
water flux oM 2] 7ol EAHe] vz g5tEzt o]

g

99 A Mt sbediek Jury 0] AHSE EE
A9 ARl A Bt thirel A3k Tabl
o bz, Jury §0] Alekg 71Eel wetk 015
ottt

Hioley Biel <t o5avhe Egel 540 Wi
gl wef ot sote] 8 7hs el dish =




F71WA 9 shpslol A sorel ERGE tiolEy el a 0%y A% 355

ETAY Anel 2 Ao s et 712 g 7} 3573
T AE datee] Aet 7V ]i”"] A ol g ARt AR B S8 489 270 mE ol g Al AR
o] 7V A1, f§71E el o Eodl Hiske] 1007} | Table 6°.% UeRSITE Aol AR M Feke] o]Fa0.
= AAFe o)FAdo] 7 FobA ]OiQ/\]/PO] & Ao A7 EERAs AEerls wek A sdasioy, o
2 et o%7e 10 em, 3HEF E5E 1 emE 7MY E2 QA7 water fluxd] #/Poﬂ ufet H}H]Eﬂ«l A=
i EEzdelMe o)E2 o7 metolcarb 6~15%, LEhds difole 5%91 doll whel T Fgow
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diazinon 40~133%), fenitrothion 46~401%, dimepiperate o] o5k o]F QA7 tlFolEA Bl st o4
29~168%, parathion 84~401% % chlorpyrifos-methyl £ Bopd® weh, 552 9 metolcarb, molinate,
139~ 104098 YR tliF o534 73 &5 wm=d fenobucarb isazofos, diazinon, dimepiperate®] ©]&4
metolcarbs= most mobile, molinate®} fenobucarb, isazofos QAI7F &A= 22k 58, 74, 8.0, 16, 35, 51UE A=X]
+ mobilet}#] most mobile, dimepiperate’:= moderately 7—}/—} 46, 8.6, 6.7, 11, 34, 5040l v]slo] gz OiF
mobile®]t} mobile, diazinon mobile, fenitrothion} o] 24 o] ot ol FA AT =gl St
paratkuonf slightly mobile 5= moblle, chlorpyrifos-methyl 7E-2] 74-9- metolcarb, molinate, fenobucarb, isazofos,
< immobile®|t} slightly mobile 55l &8h= Z o2 1} diazinon, dimepiperate®] o}&2 QAL AEAE 7424 7.0,

Table 5. Convection time(t.) and mobility class of })esticides calculated from Koc, organic carbon content, bulk density,
and water content in soils at standard conditions®

Jungdong Gangseo Yesan Sineom

Pesticide ( dzy) Class” ( dzy) Class ( dzy) Class ( dJ:y) Class
Metolcarb 7 5 9 5 6 5 45 3
Molinate 9 5 15 4 8 5 53 3
Fenobucarb 10 5 12 4orb 6 5 24 4
Dimepiperate 62 3 95 2o0r3 29 3or4 168 2
Isazofos 20 4 20 4 10 5 47 3
Diazinon 43 3 62 3 40 3 133 2or3
Fenitrothion 106 2 or 3 130 2or3 46 3 401 1or2
Parathion 140 2 or3 215 2 84 2 or 3 401 lor?2
Chlorpyrifos-methyl 209 2 425 1or?2 139 2or3 1040 1

¥ Standard conditions: moving distance 10 ¢m, water flux 1 cm/day.
® Classification : 1 (immobile), 2 (slightly mobile), 3 (moderately mobile), 4 (mobile), 5 (most mobile).

Table 6. Comparison of convection times (day) of nine pesticides measured and predicted by the convective mobility test
model at same conditions used in soil column test

. Jungdong Gangseo Yesan Sineom
Pesticide ,
Meas.” P Meas. Picwy Meas. Pewy Meas. Piny
Metolcarb 4.6 5.8 7.0 7.2 43 48 54 38
Molinate 8.6 74 11 13 63" 6.3 58 44
Fenobucarb 6.7 8.0 11 10 6.3 49 30 20
Dimepiperate 50 51 =71 78 30 24 140
Isazofos 1 16 15 17 82 8.5 48 39
Diazinon 34 35 50 51 22 33 111
Fenitrothion 88 107 34 38 334
Parathion 116 176 52 70 334
Chlorpyrifos-methyl 172 349 115 866

¥ Convection time measured in soil column test.
P Convection time predicted by the convective mobility test model.
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% dimepiperate 8~21 PV 0|tk tife]s4d 28
Rt ASH IR -2 EQwek 2ol EFag oY
W AAE Y ErE(water flux 1 cm/Q)olA =%

oA 227t il metolcarb™ most mobile, molinate

9} fenobucarb, isazofos= mobilet}#] most mobile,
dimepiperate™ moderately mobile®]-+ mobile, diazinon
< mobile, fenitrothion¥} parathion& slightly mobile
3= mobile, chlorpyrifos-methyl: immobile®]} slightly
mobile TE| Fde Ao UEth

o
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