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ABSTRACT

The purpose of the study was to determine the process of adsorption and desorption of carbofuran at two

different temperatures in two different types of Malaysian soils. The two types of soil used in this study were

clay (high organic carbon content) and sandy clay (low organic carbon content). The recovery rates of

carbofuran from sandy clay and clay soils were 98.7 and 76.1% respectively. The adsorption of carbofuran onto

the soil corresponded well with the Freundlich isotherm. The results showed that adsorption of carbofuran

decreases with increase in temperature at  low initial concentration (10 µg). However, at higher initial

concentrations (eg 50 µg), the influence of temperature on adsorption is not significant. The results show that

the percentage adsorption of carbofuran is higher in clay than in sandy clay soils. The percentage carbofuran

desorbed  into the aqueous phase ranged from 57.4% to 89.8% in sandy clay and 51.7% to 75.9% in clay.

The results clearly showed that carbofuran molecules were bound weakly to clay and sandy clay soils.

keywords: Carbofuran, adsorption, desorption, soils, distribution coefficient   

Introduction

Sorption  is one of the most important factors

that  affect  the  fate  of  pesticides  in  the  soil

and  consequently  determine  their distribution in

the soil/water environment. Sorption is used to

describe  the process of pesticide partitioning

between  the water solution and soil. The processes

of  pesticide  movement  such  as volatilization to

the atmosphere, leaching into ground water and

runoff to the surface water are explained by the

sorption coefficient[9,4]. Sorption also determines the

availability of pesticides in the soil solution, (which

governs the amount of pesticides available for uptake

by plants) and the effectiveness of the pesticides[23].

The mechanisms governing the fate of pesticides

in the soil are very complicated. The distribution of

the pesticide in relation to the depth of the soil (i.e.

depending on pesticide movement and degradation

drate) and the  coefficient (K ) of the pesticide

between the aqueous and soil phase (i.e. pesticide

sorption) need to be carried out. Pesticide distribution

is generally influenced by three factors: (1) pesticide

properties, including physical characteristics and

susceptibility to chemical and microbial degradation;

(2) soil properties including organic and clay content,

soil pH, depth, moisture and texture; (3) weather

conditions including the amount, frequency and

intensity of rainfall as well as the temperature[18,1].

Several researchers have found that carbofuran is

susceptible to leaching, for instance, carbofuran was

classified as ‘highly mobile’[15]. The behavior of

eight major pesticides applied to soils in Taiwan

using  mechanistic  models,  were  assessed  and  it
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was found that carbofuran was the most mobile

compound[12]. Shelton and Parkin[20] found  that

d higher  temperature  gave a  larger K value.

Nicholls[18] showed that soil organic content was

well correlated to physical absorbability of most

pesticides. It has been observed that the degree of

hydration of organic matter can also influence

adsorption of pesticides[5]. An increase of OM may

increase the sorption of the pesticide to soil particles.

Carbofuran (2,3-dihydro-2,2-dimethylbenzofuran-

7-yl-N-methyl carbamate) is a broad spectrum

systemic acaricide,  insecticide and nematicide

included in the general group of the carbamate

derivative pesticides[7]. It is widely used for the

control of soil dwelling and foliar feeding insects

including wireworms, white grubs, weevils, stem

borers, aphids and several other insects[8]. In

Malaysia,  it is used in rice fields for control of

rodents and in oil palm plantations for control of

rhinoceros  beetles.  Carbofuran  is known to be

m o re  p e rs is tent than o ther carb a m ate  o r

organophosphate insecticides[26]. Even though

carbofuran is widely used in Malaysian agriculture,

to the best of the author’s knowledge, no intensive

research has been carried out under Malaysian

conditions although there are several publications on

i t s  b e h a v io r  in  t r o p ic a l  a n d  te m p e ra te

soils[22,14,12,11,3,25,13]. Therefore, research on the

fate of carbofuran needs to be carried out in order to

u nd e r stand  its  b ehav io r  und er  M a la ys ia n

environmental conditions. The purpose of this study

was to investigate the sorption and desorption of

carbofuran on two selected soil types by conducting

batch experiments, and to identify the potential of

some fac tors like  tempera ture  and  ini tial

concentration as well as soil properties such organic

matter and soil texture on the sorption of carbofuran

and to compare the sorption behavior of carbofuran

with documented literature available. 

Materials and methods

Soil samples

The carbofuran-free soils were collected from

two locations in Malaysia namely the oil palm

plantations, near Labu, Negeri Sembilan and Bagan

Datoh, Perak which are situated 60 km south-east

and 130 km north-west of Kuala Lumpur,

respectively. The soil from Labu, classified as sandy

clay,  contained  low organic carbon, while the soil

from Bagan Datoh, Perak, classified as clay,

contained higher organic carbon. The soil samples

collected were air-dried for one week at room

temperature. They were then sieved through a 2 mm

mesh and kep t a t 4°C  until used . T he

physicochemical properties of the two soil types are

shown in Table 1.

Chemicals

An analytical grade of carbofuran (purity 99.9%)

supplied by Sigma-Aldrich was used as the standard.

The deionised water, purified by a Milli-Q system

was supplied by Millipore (Milford, MA, USA). 

Recovery study

Five g samples of each soil type were weighed

into 30 mL centrifuge tubes separately prior to

fortification with 0.1 mL of 50 ìg/mL analytical

grade carbofuran to give a final concentration of 1

ìg/g soil. Each soil sample was then mixed

thoroughly and a total of 12 mL acetonitrile

(analytical grade 99%) was added after 1 hr,

followed by shaking on a reciprocative shaker (Glas-

Col 293514) at 250 rpm for 2 hr. The extraction was

repeated twice with 10 mL acetonitrile followed by

shaking for 1 hr and centrifuging at 2700 rpm for 10

min (HETTICH Centrifuge, ROTANT R/P). All the

extracts from each sample were transferred to a

round bottomed flask to evaporate the solvent using

a rotary evaporator, followed by redissolving with 5

mL acetonitrile prior to analysis with the HPLC.   

For calibrating the HPLC, 0.05 g of analytical

grade carbofuran was dissolved in acetonitrile and

diluted to 50 mL to make up a standard stock

solution of 1000 ìg/mL. The high performance liquid

chromatograph was calibrated using 5 working

standard solutions of carbofuran at concentration

levels of 0.1, 0.25, 0.5, 1 and 2.5 ìg/mL, which

were  prepared  by  appropriate  dilution  of the

1000 ìg/mL stock standard solution with acetonitrile,

prior to injection into the HPLC. Each concentration

was injected twice.

Sorption study

The sorption and desorption studies conducted

were similar to  those described by other

researchers[17,21,10,24]. Five g samples of each soil

type  were  weighed  into   centrifuge  tube (30

2mL). Then, 20 mL of CaCl  (0.01 M) containing

carbofuran at either 10, 20 or 50 ìg were added into

the centrifuge tubes to give a series of final

concentrations of 0.5, 1.0 and 2.5 ìg/mL,

2respectively. CaCl  was used as a background

electrolyte to mimic realistic soil ionic strength and

to help flocculation of the clay particles[19,2]. 

A total of three samples for each concentration

of carbofuran were shaken for 24 hr (the period of

time for carbofuran equilibration between the soil and

aqueous phase) on an orbital shaker at 150 rpm

(Lab-Therm Kuher; Switzerland) at either 35 + 0.5<C

or 25 + 2<C[25]. The tubes were then centrifuged

(HETTICH Centrifuge, ROTANT R/P model) at 2700

rpm for  10  min and an aliquot of the supernatant
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Table 1: Physico-chemical Properties of the soils studied 

Property Labu soil Bagan Datoh soil

Cation Exchange Capacity (cmol(+)/kg) 3.92 20

Organic Carbon (%) 1.6 3.8

Field Water Capacity (w/w) 24.75 40.67

pH 4.42 3.68

Porosity (%) 49.19 68.51

M oisture (w/w) 22.86 36.30

Bulk Density (g/cm ) 1.345 0.833

Clay (%) 41.93 42.65

Silt (%) 2.07 32.17

Sand (%) 56 25.18

Soil Classification Sandy Clay Clay

from each triplicated tube was sampled and filtered

through a 0.45 ìm syringe filter. It was then

transferred to the screw cap vial for analysis by the

HPLC to determine the residue of carbofuran in the

aqueous phase.

In the sorption and desorption study, calcium

chloride solution (0.01M) was used as the liquid

phase to determine the distribution between the solid

and liquid phase.  The recovery of carbofuran in the

2CaCl  solution (0.01M) was determined by spiking

the solution with carbofuran to give a final

concentration of 1 ìg/mL. Twenty-ìL of the solution

was then injected directly into the HPLC. The

experiment was replicated thrice and each of the

samples was injected twice.

Desorption study

Desorption was determined on the same samples

which had been used for the sorption study. After the

supernatant obtained by centrifugation for the

sorption study had been removed, 20 mL of calcium

chloride solution (0.01M) was added into each of the

centrifuge  tubes. The mixtures were then shaken

(150 rpm) for 24 hr to make a new equilibration

between the soil (solid) and the aqueous phase and

then centrifuged as described above. The supernatant

was sampled and analyzed to determine the amount

of carbofuran residue. 

In order to determine the residue of carbofuran

remaining in the soil after the desorption study, the

carbofuran in the soil was then extracted using

acetonitrile as described in the recovery study. The

amount in the soil after the desorption study was

analyzed using the HPLC as described above.

adThe equilibrium sorption coefficient (K ) was

calculated from the Freundlich equation as the ratio

of adsorbed concentration to aqueous concentration.

Differences between the amount of carbofuran at the

initial concentration and the amount in the

supernatant of the samples were considered to be the

amount adsorbed. The relationship between the

percentage organic matter (OM) content and the

adsorption coefficient was determined according to

oc dthe equation; K = K  × 100/OM%.

The logarithm from of the equation (ln x/m = ln

K + 1/n ln C) was fitted by the least square method

dto the set of experimental data. The K  and n

constants were calculated, and a linear regression

analysis was done to determine the degree of fitness

between the observed data and the Freundlich

constants.

   

HPLC analysis

The  extracted residues were analyzed by a

HPLC (Agilent 1100 series) with an ultra violet

18detector fitted with LC Column ZORBAX 300SB-C

(4.6× 250 mm), of 5 mm thickness. The injection

volume was 20 ìL. The mobile phase was

acetonitrile:water (Milli-Q) ratio 50:50 v/v with a

flow rate of 1 mL/min. The wavelength of the

detector was set at 280 nm used for quantification of

carbofuran. The retention time for carbofuran in these

conditions was 4.05 min with the minimum detection

limit of 22 µg/kg.

    

Results and discussions 

Recovery study

The calibration curve gave the correlation

coefficient (r ) as 0.9998. The percentage recovery of2

carbofuran from the two types of soil, namely sandy

clay and clay was 98.7% and 76.1%, respectively

with a standard deviation of ±1.786 and ±3.354,

respectively. The higher recovery (98.7%) was

obtained from the samples of sandy clay; this could

be due to the high content of sand (56%). The

recovery of carbofuran from the clay soil was lower

(76.1%), and this could be due to higher OM content

and less sand. This result showed that the HPLC

setup  is  suitable  for detecting carbofuran residue.

It should be noted that the recovery of carbofuran

2from  the  CaCl   solution  was  104.737%  with a

standard deviation of ±1.787. These results show that

2CaCl  is suitable for use as the aqueous phase in

desorption studies.
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Sorption study

Preliminary studies showed that carbofuran

attained equilibrium at 24 hr in the sandy clay and

clay soils. The amounts of carbofuran adsorbed on to

the sandy clay and clay soils at 25ºC and 35ºC are

shown in Table 2.

The amount of carbofuran adsorbed onto the

sandy  clay  at  25C was 16.63, 18.74 and 20.08%

at  initial  concentrations  of  10,  20  and  50  µg,

respectively, whereas in the clay soil, the percentage

absorbed ranged from 37.08, 38.74 and 37.22% at

the same respective initial concentrations. The

amount  of  carbofuran  adsorbed onto the sandy

clay soil at 35ºC was 13.66, 17.22 and 17.63% at

initial concentrations of 10, 20 and 50 µg,

respectively.  The percentage carbofuran adsorbed

was  higher  in  clay  than  in  sandy  clay soils.

The percentage adsorption in clay at 35ºC was 28.42,

36.26 and 37.98% at initial concentrations of 10, 20

or 50 µg, respectively.

The fact  that more carbofuran was adsorbed in

clay than in sandy clay soil, may be due to the high

soil organic matter content in the clay soil. This is

attributed to the fact that soil organic carbon content

plays a major role in the adsorption of organic

compounds to the soil, and this is supported by

previous studies[5,6,25]. The results showed that

increase in temperature caused decrease in adsorption

for both soil types. For instance, the percentage

adsorption in the sandy clay soil at 25ºC was 16.63

but it decreased to 13.66% at 35ºC when the initial

concentration used was 10 ìg. Similarly, at the same

initial concentration, the adsorption in the clay soil

was 37.08% at 25ºC but it decreased to 28.42% at

35ºC. At higher concentrations, the difference in

adsorption due to temperature was small, and this

could be due to saturation of the adsorption sites.

dThe  K   values  for the sandy clay and clay

soils  at  25<C  and 35<C are shown in Table 3.

dThe sorption coefficient (K ) was obtained by

plotting the mean concentration of the pesticide in

a qthe aqueous phase [C ] versus the mean

concentration of the pesticide adsorbed on the soil

ssamples [C ] for each concentration. 

fThe Freundlich sorption coefficient (K ) was

derived from the interception of the linear form of

s fthe Freundlich equation (Log [C ] = Log K  + 1/n

aqLog [C ]) and the Freundlich sorption exponent (1/n)

from the slope. The extent of sorption and the

fcurvature of the isotherm are described by the K  and

the 1/n, respectively.  The l/n values, which are the

values for the slope of the line, were obtained using

the least square fit (Figure 1) of the adsorption

isotherm  and  the  values are shown in Table 4.

The 1/n values were more than unity (>1.0) in both

sandy clay and clay soil at 25<C and 35<C, indicating

relative increased adsorption with increasing initial

solution concentration. The correlation coefficients

(Table 4) for sandy clay and clay soil were 0.999

and 0.998 respectively at 25ºC, while at 35ºC, the

correlation coefficient for sandy clay and clay was

0.992 and 0.988, respectively.

The 1/n values observed for sandy clay and clay

soil at 25<C and 35<C were more than unity (> 1.0),

implying that more pesticide was adsorbed with

increasing concentrations of the pesticide in sandy

clay soils. The results conformed to the percentage

carbofuran adsorbed to the sandy clay and clay soil,

as shown in Table 2.  

Table 5 shows another alternative method to

ddetermine K  for each concentration individually,

namely to use the following equation: 

dC K  = (mg of carbofuran / g of soil) / (mg of

carbofuran / mL of soil solution).

The result of the relationship between sorption

of carbofuran into the soil with rise in temperature

under Malaysian conditions was the reverse as results

obtained in other studies. Mear et al.[16] reported the

sorption of carbofuran onto the silica increases with

the increase of temperature and Yen et al.[26] also

reported in clay soil that the sorption coefficients

increased while the temperature increased from 18<C

to 35<C. In the present study, it was observed that in

both soils, the sorption coefficient decreased with rise

in temperature was going up from 25<C to 35<C,

probably due to the effect of temperature on the

weak binding between carbofuran and the soil

particles (Tables 2 and 5).   

The organic carbon normalized sorption

occoefficient (K ) was also calculated for each soil and

concentration individually, by the equation:

oc dC K = K  × 100/OC. 

where OC is the content of organic carbon in the soil

expressed as %. 

The high Koc value for the clay soil suggests a

high sorption of carbofuran onto the soil particles.

The Koc value increased as the concentration

increased in sandy clay but the value was higher at

25<C than at 35<C. In general the Koc value in clay

soil was higher than that in sandy clay soil

irrespective of the temperature. 

According to McCall et al.[14] who had

classified the mobility of the compounds with respect

octo the K  values, carbofuran can be classified as

oc oc very high (K 0-50) or high (K 50-150) in mobility

with regard to initial concentration in both sandy clay

and clay soils (Table 6). This also implies that the

adsorption of carbofuran in clay is higher than in

sandy clay soil. 
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Table 2: The amount of adsorption (mg) and the percentage adsorption of carbofuran at 25<C and 35<C in sandy clay and clay soils

(±Standard Deviation)

25<C

-------------------------------------------------------------------------------------------------------------------------------------------

Sandy clay Clay 

-------------------------------------------------------- -----------------------------------------------------------------

Initial amount (mg) Amount absorbed (ìg) (%) Amount absorbed (ìg) (%)

10 1.634 (± 0.073) 16.63 3.708 (± 0.107) 37.08

20 3.747 (± 0.399) 18.74 7.749 (± 0.078) 38.74

50 10.044 (± 0.217) 20.08 18.610 (± 0.602) 37.22

            35<C

10 1.366 (± 0.059) 13.66 2.842 (± 0.471) 28.42

20 3.445 (± 0.127) 17.22 7.252 (± 0.068) 36.26

50 8.813 (± 2.170) 17.63 18.989 (± 0.390) 37.98

dTable 3: Sorption coefficient (K ) and correlation coefficient (r ) of sandy clay and clay soils at 25ºC and 35ºC  2

25<C 35<C

Parameter ---------------------------------------------------- ------------------------------------------------------------

d dK (mL/g) r K (mL/g) r2 2

Sandy clay soil 1.1537 0.9901 0.9885 0.9907

Clay soil 2.8003 0.9991 2.7931 0.9798

fTable 4: Freundlich sorption coefficient (K ), Freundlich sorption exponent (1/n) and r values for the two soil samples2  

25<C 35<C

Soil types ------------------------------------------------------------------- -----------------------------------------------------------------

f fK 1/n r K 1/n r2 2

Sandy clay soil 1.09 1.17 0.9991 1.71 1.20 0.9928

Clay soil 2.82 1.01 0.9982 2.78 1.30 0.9885

d ocTable 5: K  and K  for different concentrations of carbofuran in sandy clay and clay soil at 25ºC and 35ºC

Sandy clay soil Clay soil

sC  (mg/g) ----------------------------------------------------------------------- ---------------------------------------------------------------------

25<C 35<C 25<C 35<C

-------------------------------- ------------------------------ ----------------------------- -------------------------------

dK oc d oc d oc d ocK K K K K K K

2 0.8988 56.175 0.7278 45.487 2.7106 71.332 1.8268 48.074

4 1.0607 66.294 0.9571 59.819 2.9099 76.576 2.6165 68.885

10 1.1809 73.806 1.0058 62.862 2.7866 73.332 2.878 75.737

Table 6: Initial concentrations, percentage desorption and residue in sandy clay and clay soil

Sandy Clay Soil

-------------------------------------------------------------------------------------------------------------------------------------------------------

25<C 35<C

----------------------------------------------------------------------- ----------------------------------------------------------------------

Initial Amount Desorption Residue in Amount Desorption Residue in 

amount (ìg) absorbed (mg) (%) soil (ìg) absorbed (mg) (%) soil (ìg)

10  1.634(± 0.073)   86.6 (±0.181) 0.4924 1.366 (±0.059)  89.8 (±0.021) 0.2242

20  3.747(± 0.399)   74.2 (±0.134) 0.8312 3.445 (±0.127)  65.8 (±0.054) 0.328

50 10.044(±0.217)   63.6 (±0.031) 1.6407 8.813 (±2.170)  57.4 (±0.173) 0.7536

         Clay Soil

10 3.708 (±0.107)   64.2 (±0.090) 1.3449 2.842 (±0.471)  75.9 (±0.338) 1.594

20 7.749 (±0.078)   58.4 (±0.430) 2.592 7.252 (±0.068)  57.7 (±0.091) 2.4005

50    18.610 (±0.602)      54.8 (±0.602) 7.1718 18.989 (±0.390)  51.7 (±0.140) 5.7069

Desorption studies

Table 6 shows the desorption of carbofuran from

sandy clay and clay soils, at 25<C and 35<C. In both

soils, it was observed that the percentage desorption

decreased as the initial concentration of carbofuran

increased under both temperatures, 25ºC and 35ºC.

The concentration in soil residue was negatively

correlated to the percentage desorption. Residue in

soil increased as the initial concentration increased.

It appeared that the percentage desorption from either

sandy clay or clay soils was higher than 50%

(between minimum 51.7% at the highest initial

concentration from clay soil at 35<C to maximum

89.8% at the lowest initial concentration from sandy

clay soil at the same temperature), irrespective of

temperature difference, thus indicating weak binding

of carbofuran to soil particles. Percentage carbofuran

desorption in the sandy clay soil was higher than that

in the clay soil, indicating that, the binding of

carbofuran to the clay soil was slightly stronger than

in the sandy clay soil. This may be due to the high

OM content in the clay soil as compared to that in

the sandy clay soil. From Table 6, it was observed

that mass balance of adsorbed carbofuran with

desorption and the residue of carbofuran in the soil
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Fig. 1: Freundlich sorption coefficient (Kf) and exponent (1/n) at room temperature in sandy clay (A) and

clay (C), and at 35°C in sandy clay (B) and clay soil (D)

at higher initial concentrations (20 and 50 mg) at

35<C were not balanced. This could be due to the

faster degradation of carbofuran at higher

temperatures. It was also observed in both soils that

at the lowest initial concentration (10 mg), desorption

was higher at higher temperatures whereas at higher

initial concentrations (20 and 50 mg), desorption

decreased at higher temperatures

In  conclusion, the sorption of carbofuran

appears  to be higher in soils with high organic

matter content than in soils with less organic matter

content. However, carbofuran was easily desorbed

into the soil solution especially in soils with less

OM, implying weak binding of the compound to the

ocsoil particles. According to the values of K

carbofuran can be classified as “very high” or

“highly mobile”. Therefore, the potential of the

compound to leach downward to the lower soil

profile is high. Further studies need to be carried out

to investigate what level of contamination occurs in

underground water.
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