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Adsorption and M obility of Chlorpyrifos and Fenvalerate in Soils
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Abstract Adsorption and mobility of wo canmonly used hydrophobic tem iticdes chbrpyrifos and
fenvakrate were studied n three soils nchiding Dongqianhu soil ( a hillside yellow silty ban ),

Q nglng soil( a yellow spot blue-purple silty bam ), and X iangshan soil (a lght sea coast silty clay
ban), using batch equilbrim technique and soil thin layer chiom atography. The result ndicated that
Freund lish equatbns forD ongqanhu soil took a lnear fom, w hile the equations forQ ingling soil and
X iangshan soil gave a fom of “L” shape Cam parison betw een adsoptbn coefficient (K,) and
organic carbon correlative adsorption coefficientK ,. suggested that adsorption of chbrpyrifos by soils
was not only affected by organic m atter (OM ) but also by chy conten} w hereas so il adsorption of
fenvakrate was affected manl by OM. From K, point of viev, chlopyrifos was more stongly
adsorbed than fenvalerate by soil components w hereas judged from mobility facors (R¢) chlopyrifos
wasmoremobile n soils han fevalerate It suggested that itwas not reliable o nfer relative m obility
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anong pesticides M obility of both chbrpyrifos and fenvalerate n soilsw as n order of D ongqianhu >

Q inglng > Xiangshan as scaled by Ry whereas adsorptive capacity of soils to both chlorpyrifos and

fenvakrate was n order of X angshan > Q nglng > D ongqianhu as scaled byK . Sngle- and mul+-

variable linear regressive ndicated hat 1) There existed a functbnal superpositbn of OM and catbn
exchange capacity (CEC) in their detem inatbn ofK ; andR ;. 2) E itherOM and clay content or CEC
and clay content wasnecessary and adequate precond ition for detem nation ofK, andRy. pH of soils

w as triv al n detem nation ofK, and R ¢

Key words chlorpyrifos fenvakrate adsorption mobility so il
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Table 1 Selected physicochem ical properties of test so ils
Soils Soil organic matter Soil acidity Cation exchange capacity, C hy? SilP S and®
OM (%) ( pH) CEC /( an oVkg) (%) (%) (% )
Dongqianhu soil 0 42 4 54 15. 09 8 23 67. 27 24. 50
Q ngling soil 2 52 5. 99 37.97 7. 98 70. 19 21. 83
X mngshan soil 2 56 7. 93 38 14 16 8 81. 62 1. 58
2o <2Um ;b 2~20 Um; © 20~ 2000 Um.

Note *Soil particlesw ith diam eter of < 2 Um; "Soil particlesw ith diam eter of 2~ 20 Um; “Soilparticlesw ith dian eter of 20~ 2 000 Hm.
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13 8mL 20mlL,
L3 1 FHERM “ L5h , 10mL x3
- 3 g 250 m1. 125 m ,
, C, : , 3%
(VW) 200 1( ) 1001 20mL, 30 mL x 3 ,
) Q1~50mg/L , 5 250 mL
Co, 3 , 1~ 2mlL, ,
. 25C 24 h , 10mL, GC-ECD
4000 r/m n 10m n, 20mL, 100 mL
R 4mL ( - =
1 ) 40mL, 1h .
(C.): 20mL x3 , :
C.= (Co=C.) XV, xM ' 20 mL 2
c, C. , 20mL  30mL x2 ,
(mg/L),V, M, . , 1~ 2mL
(L) 10mL ~ GC-ECD
(kg) 1412
) 30 mL x3 ,
(R ) , 1~ 2 mL, ,
Ru=C.xXM .x100xC, 'xv, ' 10mL, GGCECD
L32 %2R [6] 142 &#pH%&MHE HP68O (
2g 100mL , ) ; : ZB-1
) 75 an % 18 an , (30 0m % Q 32 mm % 0. 25 Hm )
0. 50~ Q 75 mm , 200C; (2mL/m n);
260°C, 260C,
500m g /L 10 M1, 1 0 ML 5 60m in
(25C) 80C, 30C /mn
3 240°C, 10C /m in 260C,
LS an : 8 min 250C; 300C:;
’ 15 psi 1 OUL
(Re) 3 1mh (a )
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Table 2 R ecovery of chlorpyrifos and fenvalerate fran Q nglng soil and w ater

Chb mpyrifos Fenvalrate
Sanples Fortified
concen tration Recovery® (% ) CV (%) R ecovery® (% ) CV (%)
Soil 0. 10m g/kg 98. 51 =0 80 0. 81 93, 2243 73 4. 01
L. Om g/kg 101. 23%3 41 2.97 94. 80£2 54 2 68
10m g/kg 95.27 %2 20 2. 31 96. 44%1. 74 1. 81
W ater 0 lmg/L 92 87%2 53 272 90. 52%1. 25 1. 38
L. Omg/L 93.32%1 71 1. 83 95. 76 £2 11 220
10 mg /L 96. 58 3 17 3. 28 96. 0712 83 295
B ESD Now “Average of three replicates 33D .

3
Table 3 A dsorption of chbrpyrifos and fenvakrate n the soils

c, Chbpyrifos Fenvalerate
Soils  /(mg/L)  Ci/(mg/L) G Ameglks) Ry /(%)  Cyl(mgl) C./(mglkg) R /(%)
01 027 3X0.0014 1.454%0 207 72 72%2 33 0 060 2%E0. 007 4  0.5987 =0 045 59. 87 £3 89

068 4£0.0053 8 632+0 517 86.32%2 89 03105100242 2 930 +0 869 58 60 £2 36
169 5£0.0219 16 61£0 69 83 05%3 55 0592701466 6 049E1 335 60. 49 £3 19
291 9£0. 0246 34 16f239  8540%2 74 1 165%0. 303 12.23%1 85 61. 17 %4 78
720 1£0.0680 85 603 47 85 60ELl 62 2 8780 455 30. 81 £4 27 61. 62£0 97
009 5£0.0013 1.809*0 319 90.46%3 65 0 0264£0.0063 0 8240%0 2016 82 40%2 46

D onggianhu soil 0.5

0
Q
0
Q
Q
01 0
Q ingling soil 0.5 00284100076 9 431F1 267 943133 23 01390100082 4 073 +0 626 81. 47 £3 32
1 00852%0 0241 18 30x1 67 91.48F1 46 0 223 6100414 8 509 E1 006 85. 09 X2 47
0 120 4%0. 0543 37 59%3 14 93 98%3 67 0 3857%0.076 3 17. 43 £1 69 87. 14 £1 85
02694100738 94 614 42 94 61 %1 68 0 802 8%0. 135 5 44 65%2 71 89. 30 £3 61
0.1 00083%0.0016 1. 833F0 463 916733 16 0 0243+0.0061 0. 8380F0 0842 83 80%2 25
X iangshan soil 0.5 00314%00051 9.372F1 784 93.72F2 95 0 118 1£0.006 5 4 2130 762 84.25*2 70
Q
Q
0

050 4£0.0120 18 99%1 64 94.96%2 77 0 181 3%0.043 7 8 791 £a 736 87.91 X3 16

2 075 1£0. 0116 38 50%2 05 96.24 £1. 80 0 404 8%0. 063 3 17. 30 £3 23 86. 51 X2 01
5 127 3£0. 0532  97. 45+5 28 97.45%2 06 0 781 6%0. 148 6 44.79 £4 34 89. 58 £4 21
B + Note *Avemge of three replicates3SD .
4 (Ry)

Table 4 Mobility factors (R;) of pesticdes on soil plate

R, ESD (n=3)

So ils
Chlompyrifo s Fenva lerate
D ongqinhu soil 0.277 1 £Q 005 2 0 163 5£0. 038 5
Q ingling soil 0.2167 £0 006 1 0 124 4£0.023 6

X iang shan soil 0.1493%0 002 6 0 107 6%0. 005 3
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“«p” (1 2) Fig 2 Isothem adsorptbn curves of fenvakrate
in different soils
120
™ s Freund lish
5
_ 80
% 5 , 3
60
£ (AG) 2 34~ 26 85
O 40
18 M~ 18 82 kJ/mol 40 J/mo]
20 3
0 " P " P [8 12 13] 5
0 0.2 0.4 0.6 0.8 ’
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Fig 1 Isohem adsopton curves of chlorpyrifos K . S
n different soils N
3 C. , G OM ,
, DPS
5 Freund lish
Tabk 5 Freundlish equations of the wo pesticdes
Chlbmpyrifos Fenvalkrate
Soils C.=K,xC " (r%) K,.* AGP C =K, xC " (r%) K, AGP
C.= 121. 408 8 xC 193 29255 1 23. 33 C,= 15 747 6 xC 100 3794 60 18 69
D on gqianhu so il (0. 9980) (0. 9999)
C,=477760 4xC. 1 2341 18958 7 22. 34 C .= 100. 877xC L_yl' 22 4 003 06 18 82
Q ing ling soil (0. 992 8) (0. 9997)
C,=3537 081xC 70 138 167 26. 85 C .= 102 309xC - 32! 3 996 45 18. 81
X iang shan il (0.999 7) (0. 994 0)
i K ,.= 100xK ;=OM (% ) [8'9; PAG = - RT/IK ,,( : klol ,R=8 309 J/mo] T= 273) [81213],

Now K, = 100xK, =OM (% )!3'"¥;PAG = - RT /1K, (Unit k]/mol)l81213
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Table 6 Correlatbn betw eenK 4 and selected so il param eters
Chb mpyrifos Fenvalkrate
Soil paran eters? r .
L hear regression equatons L iear regression equatbns
X X5, X5, Xy Y=-3023+ 19 3K+ 346 X, 1. 000 Y=-4041+3 71X ;+ 0 04X, 1. 000
X, X o X5 Y= -5792+1 584 ,- 84 8(X, 1. 000 Y=-4074+0 19X ,+ 3 703X, 1. 000
X, XX, Y= -2813+ 210 X, + 345 X, 1. 000 Y= -0 181+40 3X,- 0 07K, 1. 000
X, X5X, Y= -3023+ 19 3K 4+ 346 X, 1. 000 Y= - 40 41+ 3 71X+ 0 04X, 1. 000
X, X3X, Y=-3023+ 19 3K ,+ 346 X, 1. 000 Y= - 40 41+ 3 71X+ 0 04X, 1. 000
X, X, Y=-6739-929.8X  + 1 596X, 1. 000 Y=10611+40 6K, -0 32X, 1. 000
X,. X, Y= 1141+ 82 8%, 0. 585 Y= - 40 18+ 3. 72X, 1. 000
X, X, Y= - 2813+ 210. 7X | + 345 9X, 1. 000 Y=-0 181+40 3K,- 0 07K, 1. 000
X,, X5 Y=-5792+ 1584X,- 84 80X, 1. 000 Y=-4074+0 19X,+ 3 703X, 1. 000
X,. X, Y= - 3538+ 204 &, + 282 0X, 1. 000 Y= - 139 2+ 56 5K, 12 3K, 1. 000
X5, X, Y=-3023+ 19 3K 5+ 346 X, 1. 000 Y= - 40 41+ 3 71X+ 0 04X, 1. 000
X, Y= - 284 2+ 907. &, 0. 593 Y= -0 690+ 40. 23X, 1. 000
X, Y= - 5014+ 1 03K, 0. 941 Y= -74 73+ 24 0K, 0. 827
X5 Y=-1141+ 82 88, 0. 585 Y= -40 18+ 3 723X, 1. 000
Xy Y=-2706+371. X, 0. 993 Y =20 30+ 4 78K, 0. 487
SOM % (X ) pH o (X,); CEC(X5); % (Xy)
Note "OM % (X ,); pH vake (X,); CEC (X3); Chy% (X,). Case is he san e in Table 7.
6 7 1) ,
X X35 2) Xi( Xs3) R; oM CEC
X, X4 , X, e |9], K4 oM CEC
DX, X: K. [12 14 16 17] ’
R 2)X,
Kis Ry Xi( X3) Xy , X, K4 Ry
(0. 827~ 0. 999), , X
K. Ry K+ Ry X X3
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Tabk 7 Cormelation betw eenR( and selected soil parameters
Chb mpyrifos Fenvalkrate
Soil param eters* L hear regression equatons ! L hear regression equatons r
X 1 Xy X5, X, Y= 0 381-0 00X, - 0 008, 1. 000 Y=0205-0 00X, - 0 00X, 1. 000
X X5 X5 =0 441+ 0 03X, + 0 00K , 1. 000 Y= 0 220-0 00K, - 0 00X, 1. 000
X, XX, Y=0350-0 03K, - 0 00, 1. 000 Y=0351-0 03K, - 0 00, 1. 000
X, X3 Xy =0 381-0. 00X; - 0 008, 1. 000 Y=0 205-0 00X,;- 0 00X, 1. 000
XXy X, Y=0381-0 00X, - 0 008, 1. 000 Y =0 205-0 00X, - 0 00X, 1. 000
X, X, Y= 0 436- 0. 00X, - 0 03X, 1. 000 Y=0207-0 01X, - 0 00, 1. 000
X, X5 Y =0 339- 0 004X 4 0. 853 Y=0 195- 0 00X, 0. 958
X, Xy Y=10 351-0 03X, - 0 00& , 1. 000 Y=10 186-0 01%, - 0 00X, 1. 000
X,, X5 Y=0 441+ 0 03X, + Q 00X 4 1. 000 Y=0220-0 00%,- 0 00IX 4 1. 000
X,, X, Y=0453-0 041X, + 0 00X, 1. 000 Y=0 251-0 026, + 0 004, 1. 000
X5, Xy =0 381-0. 00X; - 0 008, 1. 000 Y=10 205-0 00X;- 0 00X, 1. 000
X, Y = 0. 296- 0. 04X, 0. 858 Y=0 173- 0 02X, 0. 961
X, Y =0 445- 0. 03, 0. 999 Y=0231- 0 016X, 0. 952
X5 Y =0. 339- 0. 004X 54 0. 853 Y=0 195- 0 00X, 0. 958
Xy Y=0 336- 001X, 0. 869 Y=0 177- Q 004, 0. 715
Ki K, , “31 Ky ,
) K pH
; , Ky i
5
) ) Ky pH )
6 “K.- 7 7 W eber '
‘R 34
, , [8] K,
- i 157. 01~ 213 51 "
[ 18] .
(act 99. 0~ 100
fluorfen)K 4 , Ky = K4 121 4~ 3 537
0. 940M% - 9. 59pH + Q 6 % ( oM , 72 72~ 97 45
.G ) ' e R¢
( ricbpyr) K, 006~ 0 13 ; R
Kqo= - 103 1+ (143 3 x Q 149~ 0. 277 “
OM% — 47 78 xC % ) =H ” tel,
(CH ) K Sngh
W eber L ,
3 R >
57 > 4
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