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การเคลื่อนย้ายและการกระจายของ “c-EndosuIfan ในดิน
พัฒนา อนุรักษ์พงศธร1 พรรณี พักคง2 แอะ ปรีดา พากเพียร3

' ภาคว ิชาว ิทยาศาสตร์ส ิ่งแวดส ัอม คณ ะว ิทยาศาสตร ์ มหาว ิทยาล ัยเกษตรศาสตร ์ 
2 ภาคว ิชาร ังส ืประย ุกต ์และไอโซโทป คณ ะว ิท ยาศาส ตร ์มห าว ิท ยาล ัยเกษ ตรศาสตร ์ 

3 ภาคว ิชาว ิศวส ิ่งแวดส ัอม สถาบ ัน เทคโนโลย ีแห ่งเอเช ีย

บทคัดย่อ

ใช้คอลัมน์แก้วชนิดโครมาโตกราฟเพื่อใช้บรรธุดิน ในการสืกษาการเคลื่อนย้ายและการกระจาย 
ของ 14C-Endosulfan ในระดับต่างๆ ของชั้นดิน โดยอาศัยการไหลแบบอิ่มตัวและจากแรงโน้มถ่วงของโลก 
ผลการเคลื่อนย้ายและการกระจายตัวของ '“C-Endosulfan เปรียบเทียบระหว่างดินสองประเภท คือ ดินพระ 
บาท (ชุดดินปากช่อง) และดินรังสิต (ชุดดินรังสิต) นั้น ดินพระบาทจะให้ค่าการเคลื่อนย้ายและการกระจาย 
ตัวของ 14C-Endosulfan ดีกว่าดินรังสิต ซึ่งค่าที่ได้สอดคล้องกับค่าความซึมซาบนำได้ (permeability) ของดิน 
พระบาทซึ่งมีค่ามากกว่าได้แก่ 9.16 mm/hr และของดินรังสิตมีค่า 0.34 mm/hr ค่าการเคลื่อนย้ายตังกล่าวยัง 
สอดคล้องกับค่าสัมประสิทธิการดูดซับ (adsorption coefficient, kj)  ซึ่งมีค่ามากในชุดดินรังสิตเมื่อเทียบกับ 
ดินพระบาท ค่าการกระจายของ '“c-Endosulfan จะพบมากในบริเวณชั้นบนของดินจนถึงความลึกที่ 10 cm. 
ซึ่งพบว่าค่าการกระจายจะมีมากในดินพระบาท
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ABSTRACT

Chromatographic packed-soil Column was used to study the relative mobility and distribution 
of endosulfan in soil. With water saturated flow and gravity, Phrabat soil (PakChong Series) showed much 
more relative mobility and distribution than Rangsit soil (Rangsit Series). This was agreed with soil 
permeability of the two soils with were 0.34 and 9.16 mm/hr for Rangsit soil and Phrabat soil, respectively. 
This result was in agreeable with the adsorption coefficient (k j ) of the two soils which was higher in 
Rangsit soil compared to Phrabat soil. The distribution of endosulfan was found mostly in the top 10 cm of 
soil. As expected distribution to deeper extend was observed in Phrabat soil.



Soil, as a major sink for chemicals treated directly to soil or entering indirectly to soil in some 
other different ways such as dipping to soil during crop spraying program or through crop residue of treated 
plant falling to the soil or even by accidentally spilled. Soil types and soil environments play an important 
role in mobility and distribution of chemicals reach to soil. Laboratory study of mobility and distribution of 
chemicals serves for the prediction of behavior of chemicals in the field conditions.

2. METHODS

2.1 Chromatographic Packed-Soil Column
Glass columns, 2.5 cm in diameter and 24 cm in length, were uniformly packed with homogeneous 

plow layer soil which had been air dried and sieved through 200 JJ,m. A 100 g of Rangsit soil was needed 
to attain the soil length of 20 cm, while Phrabat soil was only 150 g to attain the same level. The density of

these two samples was found to be 1.02 and 1.53 g/cm3 for Rangsit soil and Phrabat soil, 
respectively. Duplication were conducted for each type of soil. Soil column was saturated with water and 
stabilized overnight. l4C OC-Endosulfan was applied at 0.575 JJ,Ci on the top surface soil in each columns 
and was left overnight. Then each soil column was eluted with water by gravity.drain. The amount applied 
were equal to 1.63 |J.g/g soil and 1.09 JJ,g/g soil for Rangsit and Phrabat soil, respectively. The soil 
columns were allowed to drain for 24 hr. Leachate was collected in fraction at the volume of 100 to 200 
mL. One milliliter of leachate fraction was counted for l4C by adding 10 mL scintillation cocktail (Highsafe 
3, Wallac Company, UK), shaking vigorously, leaving in the dark overnight and counted for'4C activities 
using Liquid Scintillation Counter (LSC, Wallac 1220 Quantilus, Ultra Low Level Scintillation 
Spectrometer). After stopping leachate collection, soil column was then sectioned into 4 sections, 5 cm 
each in length. Soil sample was air dried in the fume hood and determined the amount of l4C-Endosulfan in 
each sections.

2.2 Extractable Portion
A 2 g of air-dried soil was extracted with 10 mL methanol by shaking at 350 rpm for 2 hr and was 

left to settle overnight. The methanol solution was, then, collected. Extraction was repeated 3 times, all



methanol solution was combined. Three milliliters of methanol solution was taken to count for l4C activity 
using LSC.

2.3 Unextractable Portion
Soil residue after removed of all methanol solution was left to dry in the fume hood. A 0.5 g of soil 

residue was taken into ceramic oxidizer boat, the equal amount of cellulose powder was added and mixed 
well. The soil was combusted in biological oxidizer (OX-500 Biological Material Oxidizer, R. J. Harvey 
Instrument Corporation) for 4 min. UC 02 was trapped in biological oxidizer scintillation cocktail and 
counted for Hc  activity using LSC.

3. RESULTS

The results of 70-day experiment showing endosulfan mobility in chromatographoic packed-soil 
column were presented in Table 1.

Table 1 Cumulative Concentration of Endosulfan in Leachate and Distribution of Hndosulfan in Two Different Types of Soils

Sample

Leachate (% of Applied) Soil Distribution (% of Applied)
Total %Cum

Leachate(mL)
Cum
dpm

Cum% Mean
Depth
(cm)

Weight (g) Extrac Unext

Rangsit Soil 100 nd nd 0-5 34.40 68.09 22.08
Column 1 200 68 0.005 5-10 25.93 6.39 3.12

300 352 0.030 10-15 17.50 * *
400 746 0.060 15-20 18.37 * *
500 1407 0.110 99.79

Rangsit Soil 100 nd nd 0-5 24.75 60.94 21.54
Column 2 200 76 0.006 5-10 17.44 3.80 1.82

300 380 0.030 10-15 27.91 0.83 0.29
420 1880 0.150 15-20 29.57 0.43 0.08

89.73
note recovery of unextracable portion exceeded 100 %



Table 1 Cumulative Concentration of Endosulfan in Leachate and Distribution of Endosulfan in Two Different Types of Soils (Continued).

Leachate (% of Applied) Soil Distribution (% of Applied)
Cum Cum Cum% Mean Weight (g) Extrac Unext Total %

Sample Leachate(mL) dpm Depth
(cm)

Phrabat Soil 100 nd nd 0-5 45.36 52.00 20.00
Column 1 200 176 0.014 5-10 36.43 13.00 5.13

300 1184 0.090 10-15 22.11 4.42 1.63
400 2464 0.190 15-20 25.19 2.59 1.18
500 5584 0.440 116.18*
700 10459 0.830
900 15949 1.260
1100 20259 1.600
1300 31239 2.470
1500 48414 3.830
1700 69795 5.510

Phrabat Soil 100 nd nd 0-5 35.08 52.55 14.81
Column 2 200 248 0.020 5-10 29.75 8.16 2.79

300 1305 0.103 10-15 29.77 4.86 1.87
400 2985 0.240 15-20 35.78 3.27 1.35
500 5985 0.470 97.73
700 10235 0.810
900 14985 1.180
1100 20145 1.590
1300 245825 1.940
1500 35583 2.810
1700 47703 3.770
1900 59132 4.670
2100 70032 5.530
2300 82332 6.500
2500 97037 7.670
2650 102112 8.070

Note: nd=non detectable, *=less than 0.001, Cumu=Cumulative, Extrac=Extractable portion, Unext=Unextractable portion, amount 
applied=0.575 |J.Ci per column, 1 JlCi=2.2X lo'dpm



4. DISCUSSION AND CONCLUSION

Table 1 showed the cumulative concentration of endosulfan in leachate and the distribution of 
endosulfan in two different types of soil. From the first 200 mL of cumulative leachate, the one from 
Phrabat soil column showed the higher concentration of endosulfan than that of Rangsit soil column. 
Leachate flow was reduced with time. Phrabat soil had much better continuous flow. The total cumulative 
leachate from Rangsit soil column 1, column 2, Phrabat soil column 1, and column 2 were 500, 420, 1700, 
and 2650 mL, respectively.

Using the modified techniques of Weber and Keller (1994) with an assumption that the moving 
distance of endosulfan in leachate was 25 cm, comparison in terms of relative mobility (Rf) between the 
two soils were shown in Table 2.

Two main factors influencing the mobility of pesticide in soil are adsorption and mass flux 
(Scheunert, 1993). These two factors were used for further discussion.

1. Adsorption: The affinity as adsorption of chemical to soil reduced the possibility of them to 
move away from the original site. Adsorption coefficient K culs o f endosulfan to Rangsit soil and Phrabat soil 
were 0.14 and 0.12, respectively. However, when normalized K iiJs to K x , K x  of Phrabat soil (7.44) was 
higher than that of Rangsit soil (6.73) (Parkpian et al., 1998). According to the results, adsorption process 
in this case may not be a main factor directly involved in the difference of mobility in the soil samples.

2. Mass flux: Mass flux of dissolved fraction in solution consisted of diffusion, convection, 
dispersion, and removal processes.

2.1 Diffusion, which was a factor independent on water flow, can be described by Fick’s law of 
diffusion as follows:

J= -d 5 c

a T
Where J = quantity of transport per unit across sectional area per unit time

D = diffusion coefficient 
c = concentration
x = the space coordinate measured normal to the section



The main parameters that influence the diffusion of pesticide are adsorption, soil water content, 
temperature, and bulk density. Adsorption has already mentioned above, while temperature is at the same 
condition as well as soil water content in this condition which was water saturated. Difference in bulk 
density between two types of soil can be considered for influencing the mobility of endosulfan in soil 
column. Soil with more pore space to soil particle, classified to be low bulk density has a high leaching 
potential.' Phrabat soil has a high value of bulk density than Rangsit soil. That should make endosulfan 
more leachable in Rangsit soil column than in Phrabat soil column, but the result was reversed. That can be 
explained by using multiple parameters such as soil texture, and distribution of three phases of solid, water, 
and air. However, Phrabat soil has higher in permeability than Rangsit soil.

Phrabat soil is classified as clay-loam whereas Rangsit soil is clay. Since clay content of Rangsit 
soil was about two times higher than Phrabat soil. Further the nature of clay, fine soil particle, has a good 
character in swelling when wet, and this expanding phenomenon reduced amount of soil porous. In 
addition sand content in Phrabat soil, can contribute to more pores between soil particles in Phrabat soil 
when compared to Rangsit soil. The greater number of soil porosity, the higher possibility of mobility of 
endosulfan was in soil. Moreover, the ratio between solid phase to air phase of Phrabat soil was greater 
than Rangsit soil, this was enhancing the mobility.

2.2 Convection was dependent on water flow. Darcy’s law was used to estimate the amount of 
water that can be transported away from the original point.

v= -ks
where v = velocity of flow

k = coefficient of permeability, hydraulic conductivity, effective permeability, seepage 
coefficient
ร = hydraulic gradient

when concerning on flow rate, Q = Av = -Aks

where Q = flow rate
A = cross section area

The factors influencing k were size characteristic of porous medium and properties of fluid (water)



Table 2 Relative Mobility of Endosulfan in Chromatographic Packed-Soil Column
Sample D (cm) F MI (DXF) Rf (SMI/Max D)

Rangsit Soil Column 1 2.5 0.9 2.25
7.5 0.10 0.75

12.5 <0.001 0.13
17.5 <0.001 0.018
22.5 0.001 0.023 0.14

S m I 3.054
Rangsit Soil Column 2 2.5 0.92 2.3

7.5 0.06 0.450
12.5 0.01 0.125
17.5 0.01 0.175
22.5 0.002 0.045

S m I 3.095 0.14
Phrabat Soil Column 1 2.5 0.68 1.7

7.5 0.17 1.275
12.5 0.06 0.75
17.5 0.04 0.700
22.5 0.05 1.125

E m I 5.55 0.25
Phrabat Soil Column 2 2.5 0.69 1.725

7.5 0.11 0.825
12.5 0.07 0.875
17.5 0.05 0.875
22.5 0.08 1.8

S m I 6.1 0.27
Note: D =mean mobility distance, F=fraction of endosulfan in soil, MI=mobility Index, Rf=relative 
mobility of endosulfan



The relative mobility (Rf) values in Table 2 showed that Phrabat soil had higher permeability than 
Rangsit soil. This agreed with permeability data of the two types of soil were 0.34 mm/h in Rangsit soil 
when compared with 9.16 mm/h in Phrabat soil (Parkpian et al., 1998).

2.3 Dispersion can be expressed in the same manner as diffusion but in the non-uniformity of 
velocity distribution that results from the characteristics of flow through narrow pores and from the 
complex geometry of the pore system. In dispersion, tortuousity coefficient as well as flow velocity is 
involved. Dispersion Equation described for dispersion are shown as follows

dc = ^(D.C) 
dt d x 1

where Da . ctv +X,D
(X = dispersivity 
V = flow velocity 
A, = tortuasity coefficient 
Da = the coefficient of molecular diffusion

Based upon Phrabat soil properties, diffusion of endosulfan both in lateral and downward 
movement (mobility) was much higher than in Rangsit soil.

2.4 Function of removal of pesticide by biological and/or chemical reactions can be defined as 
degradation. In this experiment, radiolabelled compound was used as a tracer to study the mobility. 
However, only total activities were quantified did not distinguish between parent compound and 
degradation products. Whereas volatilization of endosulfan in this study was neglected due to mainly to the 
soil columns were kept under saturated condition.
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