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Paraquat (1,1" -dimethyl-4,4" -bipyridinium dichloride)
< bipyridyliumA| 9] 81gE 24 19583 93+9| Brian 5
(1958)9] <lslo] 27l H2Z B3 Fon, A4
Sk B AZFEHR Q3lo] A L ARz W
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(Kanazawa, 1990).

Paraquat= B 873704 So|g T2 Qsto] g
ATASY UL ol o Fo hwA, 2ATE
Wol 271e) o E AT AT FEAFIA ol 4
B2 2] qEo) Egel 4¥R 54 EY $75
2R A F250] 2RYsIsle Az wugo) 9
t} (Harries® Warren, 1964; Burns 5, 1973a).
Paraquat$} B3] 74 R e 32 JEREH] A
strlolo] g Aoz A4 3low (Khan, 1973), x-ray
I A ARE £4& 5alM 33E JEFEY 2
AAA v paraquat7t FFE o] glFo] A=
(Weber %, 1965; Knight$} Tomlinson, 1967). ©|2{%k
Eckae 43 202 st F34 paraquats A EA]
o o3 &7} 87153 (Akhavein} Linscot, 1966;
Calderbank, 1968), Pl &l o|g Eafjoll A& st
o, 2% 3 27|47 2E A 9959 W x £
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Ao R 49e dhe] (Hanco, 1987), EF 84F & w3 Uk WSS % 218S 4HAL £ A=
o] el SPIh oF dA 10d AER 248 4 9 1 P4 ARAN puaguae] B BF T4 FY
=2 ZHFAge] 21 F ot (Constenla F, 1990). e 2 2ARY 35 AR B3to] ZAIAT

B BAZ A paraquat9] & 3 e = unbound
type, loosely bound type % tightly bound type] A| 7} = Y dHY

7l gel2 158 4 2lt}. Unbound type?) paraquats=
Eo oJ3lo] £2E &= dH, loosely bound type- TA] kA :
NH,Cl E3}golo] oale] 822 4 9= ), tightly Paraquat ¥ &9 (51.5%)& 553 (FH=H
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Fhe AEARY Thol dajo] ) 449 1 8P FET AHel] AgARoH, ol Aol Belse
T, 2%, wheAT } pH 59| 344 Q& ofsledd A 54 % 13 2t #£4 AFE  methyl-“C-
T TS gon, 9 paraquat T2 58-& ool X paraquat (specific activity; 15.9 mCi/mmol/mL-
3 43 (CEC)Y ok 10-30% A= Aoz HuFo 9 CH,OH, purity; 99%)S Asahi Chemical Industry Co.
tDamanakis 5, 1970; Tuker 5, 1987). Lid25E Bopdlglon] 28432 3XM3F & H|#A| g3

Fryer 5(1975)& 670 23 Uz 2 AZAE oy &3 A4e] Este] Al
O 2 A3 paraquat FEAT AN AX A A
3E 73 A2 paraquatd] Ao ARVt EgFo] & %ﬂﬂl
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of osted EHHAY, AEAd FFEAY Be AR 9 é EoHOlst B )T AAEE AN Bk |3}
o gatdN® RaEA e Aoz Busigich aud EY D& AFste] A FA3 ohE 2 mmA S F
Hance 5(1980)& Fryer 5(1975)3 9 & AJ3 X7 BAA FA BEGoR Ao, 3A EGY =23
A g 121d7be] paraquat AT AlFolX Az 8 g EAE & 29 Zrh B AlgA f71E0] AAG

WUARE ESFOA paraquat?] ¥%Z7F 4ol el & paraquat®] §EHE AR et 22 F 7
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A @etha Buslgon], Kanazawa(1990) 4 437 Wgor BY AlRdA #7188 AAT F FAAEL
paraquat ¥-&AY ¥ AT E FUIUS A EGFY

paraquat =7} 7HAadctn Buskeic) o] gk Azt Table 1. Physico-chemical properties of paraquat
2 AT NG A= FAY paraquat®] R3S

o3 B 71sA 2 23 5SS AAlEk e 9o, Lee Chemical structure :
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araquat’} 218 G- of 402 EAste FArIX N
paraq 1' NE A ] ]'- ‘_IO _HO]’ T-g il Y& CHz— N* \ / +N-—CHg | - 2CI CLHN.CL
(saprophytes)el Slale] EaHE & nele] B $7 5] @ C— Mol 3S7 2
HE #7129 F24 paraquats 1|4 89| Ggo] o 3lo] S
BaE 7bsAol 98-S AlAletgTt o9 2L AREL Chemical name : 1,1’ -dimethyl-4,4" -bipyridinium
Bk AFH paraquat’} Eke] A AEE o3 B Solubility : i)n wat.er ;li. 790 g/ll e )

_ . ractica imsoluble 1n most other

3 F2AL ata glon, wdk 4 AEH] %‘}_70}—1‘:—?} organic solx}rlents.

= A=A ] et EFFollM e Pl $8T IF Uses : Broad-spectrum control of broad-leave
£ 71X Y-S st 9l o} paraquate] &2 917, weeds and grasses in fruit orchards,
E3 gy 2 227ke) A dAd et s Ho] AT plantation crops, etc. Also uses for
o] Qx| gke Ao} ' general weed control on non-crop land.

2 o L eobol Al olo] 0 ok Toxicology : Acute oral LDs, for rats ; 157 mg/kg.

= _L:M]Hf Bl A3 Fol 24 ¥ paraquat Lethal dose for man is ¢. 30 mg/kg
7} §39 sl e Bl 74 ABoz 3
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Table 2. Physico-chemical properties of soils

. Particle size dist.(%) pH? O.M. CEC
Soil Texture Clay silt Sand (1:5) (%) (cmol/kg)
Soil | Clay loam 24.2 431 32.7 5.1 2.6 17.0
Soil [ Light clay 27.2 43.8 28.9 73 4.7 18.1

9 soil-water (wW/v).
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2 ZAEUY. 7] £4 & humic acid 2 fulvic acid&
Tan (1977)9] Wl &ste] E [ 258 o] AHE-
St BB F3AE 110CoA 24247 Aze &
dessicatoro]] RoaHA Al ol Alg-at5ih

=31 Al
=1 [=]
AERFE, A7]1E £+ EY AE 100 mgg 30 mL 9
AR #el| Y3 paraquat £F £ 10 mL (mont-

morillonite, 1,030 ppm; kaolinite, 154.5 ppm; humic
acid and fulvic acid, 515.0 ppm; Soil [ and soil T,
77.5 ppm) ¥ FA 535 200 4 E 22 Artsle] 2842
ol MM 481t SRA"EA FAF A 2
AREFHFES Ttk €3 At FENEE Ase
15,000go 4 1023 A4 Eejstd FAAFe] WalsS
Liquid Scintillation Counter (Berkma LSC 6000A)E
AHEEte] 243t} Paraquat®] F28& Takenaka 5
(1991)9) Wie] Z3ke] BAAFe Bb5E PaFatel 3
gt 2ol Al FAFo2 Besch

&% e Al
B AR D 274 Ao 28 paraquate] F2
A Toker 51987)9 BYE 92 s}oq é_‘f\l'é}c’ﬂv}

fu)
jof
2
>
oY
o
Qll
k)
=
[«
(]
é
R
[y
<
r-1r1
i
o,
o
M
v
ol
e
2
ox
o,
2

AAsE A H,0 10 mLE H7}3le] 247
B T daEelsto] dojzl A AFe] paraquat
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Fig. 1. Time course for adsorption of paraquat.
® : Montmorillonite, O : Kaolinite,
® : Humic acid, 0O : Fulvic acid,
A :Soil [,A:Soil J.
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Montmorillonite= paraquatol] t) 3+ 2] &-2k2F (8,603
ug/100mg) Tt ofr] 2k CEColl th &t vl (80.5%) 2%
Kaolinite (898ug, 45.1%) , humic acid (4,338ug) ,
fulvic acid (3,728ug) ¥ E% AlE (Soil [: 497y,
21.4%; Soil 1 : 459ug, 21.0%)c]] H]5te] &A3] =e A
o= Jyehgt) ol HAd AEDE LRAEA 7
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g Wi e paraquatyt B 7183 A 5= 9)
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Table 3. Adsorption of paraquat on oxidized soils

71 &l F2H paraquats VA& oate] ¥2 7
o] &t HolA AXH paraquate] H7FZ T8 4
32 712 Ao g Azt

77189 g

E% A 804 paraquate] F2of PIX & 718
& zAE7] d3td f7lES BAld EY Al
paraquat®] F2F 2 F3 FEE AR Ao
2l §718E AA} EF AR paraquat FHFE F
718S AADA e ENS 100%E 23S vl 85.1%9
A 95.5% $+F0.8 Vel

Soil [ % Soil [ §71% ekl afold| & F3
#Zol ztol= A YehA] eigkort, 4718 £ W

100

5 : Unbound
90 B8 : Loosely bound
E== : Tightly bound

Distribution of adsorption types (%)

Fig. 2. Distribution of adsorption types of paraquat.
A : Montmorillonite, B: Kaolinite, C : Humic
acid, D : Fulvic acid, E : Soil 1,F: Soil .

Distribution of adsorption types (%)

Soil diti Adsorption i
ol Conditions amount(%) Unbound Loosely Tightly
bound bound
Not oxidized 100 54 40.2 54.4
Soil | Oxidized with H,O, 95.5 1.3 27.8 70.9
Oxidized with combustion 89.2 1.2 27.4 714.
Not oxidized 100 53 42.1 52.6
Soil [ Oxidized with H,O, 93.6 3.5 26.7 69.8
Oxidized with combustion 85.1 2.2 25.9 71.9
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ol M2 Aol F FH BEgA 78] A Ha A7 o8 Fol e F&ol Sle]A van der Waals 39
A&7t st asa el ARl Hlgted He ¢k supplemental effecto] ¢]ato] 7] ool & Hrbe
9} paraquato] F2E 9t} 0|23 AE F7]ES B paraquatg} 2 {71 ol Aol E7] Yid A
g AR Bl 30% o139 RS AAEs Hag 2 345" (Handricks, 1941), o] ¢ -FARH Z 77}
Knight$} Tomlinson (1967)2] ZAx}el ekzte] xjo]& Calderbank (1968)°l] ¢Jdled Ky ¥ H} §ict f7| 59 7

Holi gloi, o] HEFE 2 §7]8 o zo|d T AA golo] EAste AT —E’%Z‘%—% 279 65-
A 7108 Aoz AZEY. a8y 182 AATS 67% 3202 HERD vlste] 2A 7+4skh o9}
ZHA F2 gyd 2io WstE Falo] YeEhtEy Ze Aol HEBJES CEC7} & 279 So|& 2147

unbound % loosely bound type 7448 ¥ tightly 2 o] FojA = Hgte] {7|E2 carboxyl group,
bound typed EXE Z71819ith o) §71EL AAG phenolic hydroxyl group, nitrogen group & T}eksh 7
o2M F715d e HEFEY AEZH} FaHof 94 ol A47E 77 WY AoR 4 ETt (Best
paraquatst HEFEA] F2 7|37} S7EA WE 5, 1972). B {718 @ ol FAL J|RAC
d o2 FHHAY, F718S AASE AP dA HES SAA o] dapd o] oete] AP ER AAY ol o]
=9 Aol tha ¥shd & 9lon(Hu 5, 1997), E% %"ZE?}E Z700AM F7189] HalE =7}t Aaske Aol 7]

ol3te Ao g AT (Bums =, 1973a, 1973b). E9k
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TAA 7189 o] i3] PP QA gomg
old #atAN = F o] B APt Had Aow A7ty Al digh A4 kol 2e] kol FU1EH HELE
o 3 AR JERd AL B A Ro| 93 paraquat?] &
o]l AEFEI F7189 FES I vwx 7] Ed
Y Yol=o| ¥t AR F4dnt
S5 paraquate] The ol 253} gEehe 27
oA Ztze] FEA el thg paraquate] FRAFE 2R 0|2 T3 SEA|0 2|8t paraquat FE
Ade F 49 2ok 2e] FAA M paraquate] 2 Folo 2 R3bEo] Qlv FAAlY et paraquat®] &
o vl A4 ol e gk >EFARE>H ZAY ﬁﬂb 3% 59 2} Paraquat®] F3 P £

EFEY o vyehon, gde FAACM A4 F A FH wel oy 2E RN 2T v)sle]

o] &9 5 wa X}O] UERA] g¥ert. Kaolinite 2 7,.%&5}—5 S Ykl on, sdat SR ¢ QlojA X

montmorillonite®] 7% 74 Fol&o] *éé}b Zdd  3HE ol TR we FAF Aol vEhA] ek
% 2l

AT 2| H)ste] Zhzk 87.3~89. 2% 2 98.7~99.5% o AEFEL ool o7 31y AP T 780U E
o & FAEE YeEhyof, 7] Yol &5 ulsio G Al Hgtd w2 E&4&E Ho F9oH, 53
paraquat®] £& 23S HAFT) o] HEFE montmorillonitex= 5-2He o] £-2] 70% o]Ato] paraquat

Table 4. Adsorption of paraquat on oxidized soils

Paraquat Cation Adsorption ratio of paraquat (%)
A b amount amount e -
dsorbents added added Competitive cations

(pmol) (#mol) Control® Na* NH, Ca* Mg
Montmorillonite 40 40 100 99.1 99.3 99.5 98.7
Kaolinite 6 6 100 88.7 87.3 89.2 87.4
Humic acid 20 20 100 N.D.? 65.2 N.D. 66.5
Fulvic acid 20 20 100 N.D. 66.4 N.D. 67.1
Soil [ 3 3 100 75.6 76.8 75.4 74.8
Soil [ 3 3 100 79.0 76.7 80.1 76.7

»Added paraquat only, » Not determined.
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2 A%E ¢ 9 Ae® Jeh paraquat®} mon-
tmorillonite®] =& 713132 VehRITE o]+ paraquato]
gt HEFE9] 738t T2 Eolilo] 7|Qsk= Alog A
"t} (Weber %, 1965; Knight$} Tomlinson, 1967). 1‘-’,—7]
Bo| ooz F3lH o] 9lE A% paraquatd] F3-&
o] 22.8-25.8% H L& VERtED o= A—E—ZMH
g ol Ao w AZtET (Best S, 1972: Burns
5. 1973a,1973b). =3 EF AR % f7]180] o]0

2 ¥3bg 7§ paraquat®] Fa-&o] VA VeERY AL, &
71Ee] FHe Eo] A4FH paraquate §2E AER
242 1540] 9 Aoz Arad

Table 5. Adsorption of paraquat on cation-
saturated adsorbents

Adsorption ratio of paraquat (%)

Adsorbents Saturated cations

Control Na* NH, Ca* Mg*
Montmorillonite 100 721 713 730 714
Kaolinite 100 45.1 4477 432 439
Humic acid 100 NDP» 250 N.D. 239
Fulvic acid 100 N.D. 228 N.D. 258
Soil | 100 36.7 377 396 347
Soil [ 100 346 312 335 304

Not saturated with cation, »Not determined.
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Paraquat®| 4}

Paraquat©] loosely E+= tightly bound type .2 &3t
Ho] 9 E&A o)A paraquate] B2 A|A A= E 6
3} 2ot FFA 9] 57l #AGle] tightly bound type?]
paraquaty pH 23, 25342, e gol29 7t

st AR ggren olx 2l FAd Fdo
paraquats 3ito 2 B Faldolnt @A § Qtte
Tuker ¥ (1987)9] B 18 Ux 3t 3H loosely

bound type?| paraquat= &2A|9] £F 2 &3 0

ety gztel vt a2 Jesth #7158 §3d
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Table 6. Desorption of paraquat on the adsorption types from various desorption methods

Desorption ratio of paraquat (%)

Adsorbents pH2.0 Sonication Na* addition Ca?* addition
Type A? TypeB” TypeA TypeB TypeA TypeB TypeA TypeB
Montmorillonite 7.3 <0.1 54 <0.1 10.1 <0.1 12.1 <0.1
Kaolinite 10.5 <0.1 8.7 <0.1 20.1. <0.1 21.8 <0.1
Humic acid 24.6 <0.1 19.7 <0.1 40.5 <0.1 422 <0.1
Fulvic acid 26.8 <0.1 20..2 <0.1 39.7 <0.1 39.0 <0.1
Soil | 15.7 <0.1 10.2 <0.1 31.9 <0.1 325 <0.1
Soil | 15.2 <0.1 10.6 <0.1 304 <0.1 31.1 <0.1

#Loosely bound type, ® Tightly bound type.
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Characteristics of adsorption-desorption of herbicide paraquat in soils

Seog June Lee, Byung-Ha Kim and Jang-Eok Kim*

(Department of Agricultural Chemistry, College of Agriculture, Kyungpook National
University, Taegu 702-701, Korea)

Abstract : This study was conducted to investigate the adsorption-desorption characteristics
of herbicide paraquat on clay minerals, humic materials, and soils under the laboratory
conditions. Adsorption time of paraquat on clay minerals was faster than organic materials
and soils. Adsorption amount on montmorillonite, 2:1 expanding-lattice clay mineral, was
largest among the adsorbents tested. The adsorption capacity of paraquat was approximately
21% of cation exchange capacity in soils, 45.1% in kaolinite, and 80.6% in
montmorillonite. Humic materials, humic acid and fulvic acid isolated from soil [, adsorbed
larger amount of paraquat than kaolinite and soils. Distribution of tightly bound type of
paraquat was larger in clay mineral and soils but loosely bound type was larger in humic
acid and fulvic acid. In oxidized soil, the adsorption amount of paraquat was decreased to
85.1-95.5% of original soils. Distribution of unbound and loosely bound type of paraquat
was decreased in oxidized soil but tightly bound type was increased. The competition
cations decreased paraquat adsorption on humic materials and soils but not affected on
montmorillonite. No difference was observed as the kinds of cations. In cation-saturated
adsorbents, the adsorption amount was decreased largely in humic materials and soils
but decreased a little in montmorillonite. The tightly bound type of paraquat in all
adsorbents was not desorbed by pH variation, sonication, and cation application but loosely
bound type was desorbed. However, the desorption amount was different as a kinds of
adsorbents and desorption methods.
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