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A Study on the Adsorption of Organophosphorus Pesticides
Applying Sewage Sludge to Soil Amendment

Eun Jin Lim* - Jai-Young Lee

Dept. of Environmental Engineering, University of Seoul

ABSTRACT

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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L= 40 mg/1(20°C)°]™, Fenitrothion(O,0-dimethyl-
O-4-nitro-m-tolyl-phosphorothioate}>- 831%= (20°C)= 21 mg/l
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Table 1. Physical and Chemical Properties of the Soils

Organic | Organic CEC
Type | Texture| pH Matter Carbon
%) ) (meq/100g)
A-Soil | SW-SC| 5.26 1.65 0.72 10.5
Sand - 57 0.42 0.04 1.9
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Table 2. Chemical Properties of the Sludge (mg/kg)

: Organic | Organic
lfrl;er;‘g:i pH As cd Cr Cu Pb He | Matter | Carbon Rcﬁ) (meci((j)o )
p @ | @) v
J Sludge 6.5 N.D. N.D. 0.023 0.035 N.D. N.D. 43.2% 23.81% 8.0 515
Table 3. Properties of Pesticides
Chemical MW Vapor Pressure Water Solubility Half Life
Composition o (mmHg) (20°C) (Day)
Diazinon C,H2IN;O5PS 304.35 14X 107 (20°C) 40 mg/l 32
Fenitrothion CgH;)NOsPS 277.24 6X107 (20°C) 21 mg/l 10
Chlorpyrifos CoH;,CI;NO,PS 350.59 1.87X 107 (25°C) 2 mg/l 20
Axsdem, ols =29 3} 542 Table 3%
2. P
Fy
2.2, Alzjape Soil : Shudge = 30:1
22.1 Batch Test 10emn
FAAPLS EWASoil) B EFEEA=30:1(013}
Soil-Sludge) E3HE 3 o3} 30mle] FF 98-8 40ml
Polypropylene ¥41&e]dell 31 20+ 1°ClX] 180 rpm
30cm

o2 24A1ZE g gttt 99 weke TR
0.1~15mg/NE2 o] 2 =S YAl 371918 Standard
SolutionsS 0.01 M CaClL, = 348l AR3E 5ok &
Bl 3t 2357t 2 Chlorpyrifoss B0l thal 83l

£ £0]7] sl 8= mgL) W7 Blofue %
AX= 1% Methanole] SHHEE= 313t}

1 B 3ol 5,000 pmollA] 2053 RS}

o F5AE Fate] BHAEE AT WE FAE
< 3fod olu) AMESH Feko] ot AT Fof Fee
ool FH Foz ALY

<82 F71E8 Tl digt sk 2 38 1)
8] FEFZAKCISE Sand)} TFEAREE A (08} Sand-
SludgeY} 30:12 B EFES ¢lo) T U3k &
ZAES AAIEIHTE o] wh Soil-Sludge, Sand-Sludge®]
F71E FFHOM)S 47ZF 3.03%, 1.85%°190

m

2.2.2 Column Test(Reaching Test)

Column Test= Fig. 13} 2°] W7 25cem, Z°] 35¢m
Ql ol=mE HAS o) 83l AEE FXsk £
EY¥ Columne Column A E A-Soil2 Ao, &
27} E3FE Columnd Column A+ 10 cm= Batch
Test2) HI9} 7+0) Sludge:A-Soile] BI7}F 1:300) HES
zAsgon, 3P 20cmE A-SoilE X8, 7+

[ |
Soil Soil+Sludge

Fig. 1. The schematic diagram of the column tester.

Table 4. Experimental Conditions of the Leaching Experiment

Soil Column Conditions
Length, L (cm) 300
Cross-sectional area (cm?) 4.9
Pore volume (cm®) 80.0
Porocity, n 0.54
Bulk density p, (g/cm’) 1.1
Microsopic Velocity, v (cm/hr) 4.1
Macrosopic Velocity, v, (cm/hr) 75

EQF YL 001 M CaClLE ¥3AZ e, 42 oF
o] 2.5 mge] 3t EFENS EQe] AHEH 718t
I 0.01M CaCl, 892 = 1,3,5,7% 10 Pore Volume
(PV)Z Peristaltic PumpE- o 83le] 82X &4
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Batch TestollM 89 F wofe] 58 AR 25 mp]
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283 X% ¥ BAAZ F Dechloromethane3-2 |53}
o 3 % F=E7I2 87l sml AR g w717
==3190}. Column Test®] EYAIEE U.S EPA Method
35452] PFE(Pressurized Fluid Extraction)ol w2} 1A%
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ASE2008 o]83l9om FEA| 22} 2732 Table 59
2t

ol =S FA3ME Florisil Columng FIHA|A
AABIRe, A B Fx ok FH Alguhy
EPEFATY, 2000y ol 83IAE FF AFHFS GO/
MS(Agilent 6890 GC-5973N MSD)E #43314t). GC
P2 Capillary HP-5MS(Length : 30 m, Thickness : 0.25
pm, Diameter : 0.25 mm, Agilent Technologies)S A&
daom, FUT LEE 230°C, QELEE H£LEAS
317 9130, 180°CellA} 283t §-A1 F 180°CelA 220°C=
10°C/min® & 523+ & 2872 8}%r}. Carrier Gase
He (99.999%)°. % Column Flow Rate= 1.0 mi/minZ
55 L=2

FoF) 314=8-A18-S Diazinon, Fenitrothion, Chlorpyrifos
2 EY AR E E ARM B dFoM o83
MethodsE ©]-831 AA|sI3AT)

El tisk weke] 3EAEe Aol AR
EFANE Z 109 7] 5 F57F 1 mgke, 10
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HEE QIR & AgS F33le] d4-8-2 Il

o] 8o B ARME 89%-92% MR,

Table 5. ASE 200 Conditions

lTtems Conditions
Oven temp. 100°C
Pressure 14 MPa
Oven heat-up time 5 min
Static time 5 min

60% of Extraction cell volume
1MPa for 60s
Dichloromethane: Acetone=1:1

Flush volume

Nitrogen purge

Solvent
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Table 6. Hydraulic Conductivity of A-Soil and Soil-Sludge

Samples Hydraul(lz m(/lscz:r;c)iuctlvny

A-Soil 49%10°7°
Soil:Sludge=1:30 6.2X107°
Soil:Sludge=1:20 8.8X107°

100
90
80
70
60
50
40
30
20
10

Percent Finer{%)

0.01 0.1 1 10
Particle Diameter(mm)

Fig. 2. The grain size distribution curves of the sludge.
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Table 7. Freundlich Equation Parameters of the Pesticides
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10 —A
0
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Diazinon
.
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# Soil+Sludge
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Fig. 3. Adsorption Isotherms for Diazinon, Fenitrothion, Chlorpyrifos.

Kgko] S71slaedl, 53] A71E o] 0.4%<] Sandol
/)2l Diazinon 0.4, Fenitrothion 0.53, Chlorpyrifos
0698 =3] A& 7S H o), Sandol] SludgeE T+
3l Sand-ShidgeEXNE 718 o] &F 18%=2 3
7hsholl Wi} eke] K% Diazinon 7.85, Fenitrothion
16.37, Chlorpyrifos 35.172.2 =14 Z718& & 4 U

Pesticide Diazinon Fenitrothion Chlorpyrifos
. Soil- Sand- . Soil- Sand- . Soil- Sand-
Contents | A-Soil Sludge Sand Sludge A-Soil Sludge Sand Sludge A-Soil Sludge Sand Sludge
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 397 12.58 04 7.85 9.94 28.47 0.53 16.37 2248 61.21 0.97 35.17
R? 0.98 0.99 0.98 0.95 0.99 0.98 0.97 0.99 0.94 0.98 0.86 0.98
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oF 2Fd 89 ATE AHHY Diazinon, Fenitrothion,
Chlorpyrifos=0 2 88 A7} 743819=", Freundlich
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Fig. 4. Conc. of Diazinon through the A-Soil and Soil-Sludge.
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Fig. 5. Conc. of Fenitrothion through the A-Soil and Soil-Sludge.
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Table 8. Retardation Factor, R, for the Percolation of Pesticides

5 —— 1PV .. Distribution Retardation
£3 @ 3PV Pesticides Samples Doefficient, K| Factors, R
o< —h— 5PV
g2 A-Soil 3.97 9.0
SE 7PV Diazinon ; ke
gt —*— 10PV Soil-Sludge 12.58 26.2
53 . A-Soil 9.94 209
2 Fenitrothion -
8 Soil-Sludge 28.48 58.1
= % Chlorvrif A-Soil 2248 46.1
0 5 10 15 20 25 Oorpyriios -
bepth of soil column{cm) Soil-Sludge 6121 1238
A-Soil
o} RekE A=) AFsite 55 ERIT.
E —— 1Py FePE A-Soil 2 Soil-Sludge®] A|AAIF== Diazinon
£5 e 3PV
R —A— 5PV ollA 9.0,26.2, Fenitrothion 20.9, 58.1, Z12]3L Chlorpyrifos
S £ s - N
T RN 46.1, 12382 L2|A7} 38 AlgAME F718 she]
B§ Z7}2 <Q1&}ed Retardation Factor’} £8|R|7F 3E&E]X]
e AEe) vls) 225 A= F4EE 2 S Ak
= ;]
0 5 10 15 20 25

Depth of soil column{cm)
Soil-Sludge
Fig. 6. Conc. of Chlorpyrifos through the A-Soil and Soil-Sludge
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