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This study has been assessed the influence of applying sewage sludge to soil amendments on the
sorption properties, and leaching potential of three commonly used organophosphorus pesticides, Diazinon,
Fenitrothion, and Chlorpyrifos. A sandy soil with a low content of organic carbon was treated with
sewage sludge with a ratio sandy soil : sludge ratio of 30:1. The sorption was determined with the
batch equilibrium technique. The sorption isotherms could be described by Freundlich equation. The
Freundlich constant, K value which measures sorption capacity, were 3.97, 9.94, 22.48 for Diazinon,
Fenitrothion, Chlorpyrifos in non-amended soil. But in amended soil, K value was 12.58, 28.47, and
61.21 for Diazinon, Fenitrothion, and Chlorpyrifos. The overall effect of sewage sludge addition to soil
was to increase pesticides adsorption, due to the high sorption capacity of the organic matter.

The effect of sludge on the leaching of pesticides in the soil was studied using packed soil
columns. Total recoveries of pesticides in soil and leachate with leaching in soil column, were in the
range of about 73 ~84%, was reduced with the passage of time. Diazinon moved more rapidly than
Chlorpyrifos in the unamended soil due to greater sorption and lower water solubility of Chlorpyrifos.
Total amounts of pesticides leached from the sewage sludge amended soils were significantly reduced
when compared with unamended soils. This reduction may be mainly due to and increase in sorption
in amended soils, as a consequence of the increase in the organic matter content.
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Freundlich Isotherm
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31, Diazinon, Fenitrothion, Chlorpyrifos 37} f7181A] soz s4Eaix|e] Eof/|zka] &8
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Ao AHEEl fr1elAl 322 Diazinon(O,0-diethyl-O-2-isopropyl-6-methylpyrimidin-4-yl-phosphorothioate),
Fenitrothion(O,0-dimethyl-O-4-nitro-m-toly! phosphorothioate), Chloropyrifos(O,0-diethyl-O-(3,5,6-trichloro-
2-pyridyl)-phosphorothioate)o] =, o]& &ao] 533 HA& Table 13} 2l o]F ¥ FHIAE
Sigma Aldrich®] Diazinon(Purity 99%), Chlorpyrfos(Purity 99.2%)2} Dr. Ehrenstorfer GmbH<]
Fenitrothion(Purity 98.5%)-& Acetonee]] %3 1,000xg/m{ Standard Solutiong- |33}

Table 1. Properties of Pesticides

Pesticides Chemical Composition | Mw Vapor Pressure(mmHg) Water Solubility(20C) | Half Life(Day)

Diazinon C:H2 N2O5PS 304.35 1.4x10720°C) 40mg/ ¢ 32
Fenitrothion CoH,2NOsPS 277.24 6x10°(207C) 2lmg/ # 10
Chlorpyritos CgH,C;3NOsPS 350.59 1.87x10°(257C) 2mg/ ¢ 20

s JaeAe e Azaase (@) 9% E ol4algon, EPARE EE 30emelA
AH sl FAstd o, celx] Y EFARE No.l0 sieved FrAA ALgstginh B 9 SeA
pH(H.0)+= 1:5%, 7r7]€5]"3]:° Walkey-Black®], ofo]-& 2 &8-8-8KHCEC) IM CH;COONH,% ol ulz}
zxslol ov), Eoke] 2e)skehy 4UL Table 29} 7).

Table 2. Physical and Chemical Properties of the Soil and Sand

Type Texture pH Organic Matter(%) Organic Carbon(%) C.E.C.(meq/100g)
Soil SW-SC 5.26 1.65 0.72 10.5
Sand - 57 0.42 0.04 1.9
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Batch Testi= EoH(©]3} Soil) 2 Eok£&2]x]=30:19] &3 E(°]3} Soil-Sludge) 3g3} 30mle] FoF &
A2 40ml Polypropylene 141 5-g]3o) @31 20 + 1T CollA] 180rpm o2 24417} & Aekaleic). F4q]
El xokol En = 0.1~15mg/ 4 B o] E X }71] 6}7}—,43}] Standard Solution2- 0.01M CaCLE
sl steict whgo] b Fol= 5,000rpmell A 2087 A R2iste] AENE FHslo] BAAFE ARS-
oot £l {715 @ dig sty §% 'JJr% B7] $#l FFAKeI3} Sand)®} EFAR-SE]A
(¢]3} Sand-Sludge)”} 30:12 = EFES Ho W Tt FHAHE AN o] 4
Soil-Sludge, Sand-Sludge®] #7]% 3=HO.M.)S Z+7} 3.03%, 1.85%°]ich.
Column Test+= W7 2.5cm, Zo] 35cmql of=2d Ao A5E FAste] ¢3Pslgict. £F Column
£ Column AAZE SoilZ2 Agom, £ejx]7} £33 Columnd Column AHY 10cm:= Batch Test9]
v] 9} Zro] Sludge : Soile] B|7} 1:300] H L= ZAs]or, % 20cme SoilZ At 2+ &
of A& 0.01M CaClhz Z3}A]71 t}he, zZ+zt xoko] 2.5nmgo] 83 E3H8o1S Eoko] Al o
7]—6} 0.01M CaCl, g8 2 1, 3,5 7 % 10 Pore Volume (PV)ZE Peristaltic PumpZ o}-&3}o] &
Ak FESEE 25ml/hrE {3k e, 45 F, §593, F¥H Sem Zo] ME EHARE A
Halol B0k F AFE¢ 258 24319l Column A %-A18H-& Table 42} 2}

Table 3. Experimental Conditions of the Leaching Experiment

Length.L Cross Pore volume | Porocity, | Bulk density | Microsopic Velocity, | Macrosopic Velocity,
(cm) sectional area(cm’) (cm) n Po(g/cm) v(cm/hr) vy(cm/hr)
30.0 49 80.0 0.54 1.1 4.1 7.5
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Table 4. Chemical Properties of the Sewage Sludge (mg/kg)
Chemical ) Organic Organic . CEC
Properties PH | As “d Cr Cu Pb He Matter(%) Carbon(%) C/N Ratio (meq/100g)
J Sludge | 6.5 | N.D. | N.D. | 0.023 | 0.035 | N.D. | N.D. 43.2% 23.81% 8.0 51.5

3.2. Batch Test &4}
2 ATl FoF FA% Arke woF FRATAA B AH8SE Freundlich F2524 lo
g = log K + N log C& Agsqich 3714 qe @9 B FAZ F249 549 <Kmeke), C= F
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o 4 gtk N& 29 F AYFEe Fae Aol A4 AEE velich 2 EgelA 5ok Fre-
undlich §-25-2A 2256 ¢ F2 Al Table 59 2l

ok 22w Kzk9 v|ws] Ew, Pesticides 1.0~15mg/ £ F5 HY o)== Diazinone A$ EoF W
2 040--12.58, Fenitrothion 0.53~2847, Chlorpyrifos 0.69~61.2122 Diazinon, Fenitrothion,

Chlorpyrifos A& &2Ho]

Z7bstgich.
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Table 5. Freundlich Equation Parameters of the Pesticides

£ EofollA] Kim3} Feagley?] s F-a3H
°7}ﬂ4“ Buel dxstgch BA W@ Kzke was v f01%
o] 0.4%¢<] Sandel|A4]¢] Diazinon 0.4,

(o]
e

< Eof digt

413+ Sand-Sludge

Diazinon 7.85, Fenitrothion 16.37,
AL =T A-Soilef| A2} f7]E FEFE 1.6%E -2t

F° 2 Soildd] SludgeZ 30:12 FUToZH 3%HLE F
3% 3.97414 12.58%,

Pesticide Diazinon Fenitrothion Chlorpyrifos
Soil+ Sand+ Soil+ Sand+ Soil+ Sand+
. . i
Contents Soil Sludge Sand Sludge Soil Sludge Sand Sludge Soi Sludge Sand Studge
1/n 1.16 1.04 1.30 1.06 1.03 0.90 1.24 0.99 0.98 0.80 1.10 0.97
K 3.97 12.58 04 7.85 9.94 2847 0.53 16.37 | 2248 | 61.21 0.97 35.17
R2 0.98 0.99 0.98 0.95 0.99 0.98 0.97 0.99 0.94 0.98 0.86 0.98
g5 ° it £t ey
58 3 B 4 58 4 .
§ 3| § 2 § 2 e — . -
° ’ Den(n"ll soil co!ur‘:!(cw ® ® Depth of soil colurmicm) ! ’ Dom!:ool soil :olur‘r:(cn‘) ® ®
(A) Diazinon (B)Fenitrothion (C)Chlorpyrifos
Fig. 1. Conc. of Pesticides through the Soil Column
7o} TH el pas
B . 5.
§ 5 e IR I
°0 5 0 15 20 25 00 5 10 15 20 25
Deoth of soit colurmicm) Depth ¢of soit caturmnicm) Depth of soil colurm{cm}
(A) Diazinon (B)Fenitrothion (C) Chlorpyrifos
Fig. 2. Conc. of Pesticides through the Soil-Sludge Column
Fenitrothion& 9.94¢l|4] 28.47°2. 2, Chlorpyrifost= 22.4894] 61.212.8 ZF7}3HS ol & 4 gt
Freundlich AF4=¢l N3t-2 Eof Foll F2d Fo| ot 45 H3 3o & Apole] FAHH vehd
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3.2 Column Test &1}

Eof A7 Zo|¥H {FENe| XY Diazinon, Fenitrothion, Chlorpyrifos®] F% R ¥¥ Fig. 1, 29} %

th ## Soil Columnel|A] EoF AHFale Eeto] ofxt AZdow {&5 oF2 3 Soil ColumndlA]
AA 348e AHEE Diazinon®] 74-$- 1PV, 3PV, 5PV, 7PV, 10PVlA] ztzt <k 84%, 82%,
79%,78%, T4%2.%. &0 APl we} 3458 vha Aot ol TUEFH 2 EoF Sample
weba] 2 ol wolx] esich

0PV 2 ), 919 5oke] ool gk =9 Y A 10cm Zolol AFEE FOIFE Diazinond]
749~ Soil ¥ Soil-Sludgedl|4] zFz+ 20.6%, 34%, Fenitrothion< 33.3%, 49.8%, Chlorpyrifoss= 47.9%,
64.3%0°]51t}.

T 54 8¢ A5 Aty ¥ Diazinon, Fenitrothion, Chlorpyrifos =22 &% A =7} 7+4319
£, Freundlich Isotherm ol Kgto]l 4% 4% AZr}t 2ghel ol 5o Eo oIzt 4384 A
olof| ] WA= Aot ALEE )l il Eeo g L%y} wlwA Z Diazinon(Water Solubility,
40mg/ £ )°] Fenitrothion(Water Solubility, 20mg/ #) ¥ Chlorpyrifos(Water Solubility, 2mg/ £ )l Bl &
2 Aot & Ao Atsso
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g Arr)l 4" ZleE welrh o]#gt ZA3=Arienzo(1994), Sanchez (1997) 3Tl & B 4 9l&
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2, £3] Chlorpyrifos, Fenitrothion, Diazinon®} %2 Hydrophobicgt &2 F=Z Hydrophoblc Bond
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