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Summary 
Persistence of carbofuran in two Malay-
sian soils namely the Bagan Datoh and 
Labu soils was studied under laboratory 
conditions at a constant temperature of 
30°C. Air-dried soil was sieved and then 
spiked with 10 µg g−1 of carbofuran at 
three different moisture levels, namely 
100%, 90% and 60% fi eld capacity. It was 
observed that the half-lives of carbofuran 
in the Labu soil samples (which are low 
in organic matter content) at 100%, 90% 
and 60% fi eld capacity were 57.28, 38.51 
and 115.52 days respectively. However 
the corresponding half-lives of carbo-
furan in the Bagan Datoh samples (which 
are high in organic matter content) at 
100%, 90% and 60% fi eld capacity were 
192.54, 141.46 and 203.87 days respective-
ly. The half-life recording of carbofuran 
in autoclaved Bagan Datoh and Labu soil 
samples were 147.5 days and 301.37 days 
respectively at 100% fi eld capacity and at 
a constant temperature of 30°C. The deg-
radation of carbofuran followed a fi rst 
order kinetic reaction. The results of this 
study showed that soil moisture content, 
micro-organisms and the organic matter 
content (OM) affected the degradation of 
carbofuran in both soils studied.

Key words: Carbofuran, insecticide, 
dissipation, half-life, soils, water con-
tent, pH.

Introduction
Carbofuran (2,3-dihydro-2,2-dimethyl-
benzofuran-7-yl-N-methyl carbamate) is 
a broad spectrum systemic acaricide, in-
secticide and nematicide included in the 
general group of carbamate derivative 
pesticides (Caro et al. 1973, Aquino and 
Pathak 1976, Javier Benitez et al. 2002). It is 
widely used for the control of soil dwell-
ing and foliar feeding insects including 
wireworms, white grubs, weevils, stem 
borers, aphids and several other insects 
(Kale et al. 2001). In Malaysia, carbofuran 
use in palm plantations has declined but 
it is used extensively to control rice pests 
in paddy fi elds as well as pests in vegeta-
ble and fruit holdings. As a result of its 
widespread use, air, food, surface water 

and underground water could become 
contaminated with carbofuran residue 
and its metabolites (Hallberg 1987, Bush-
way et al. 1992, Waite et al. 1992, Tariq et al. 
2006) and this could affect human health. 
Carbofuran is highly toxic to animals and 
humans both by oral and inhalation routes 
and therefore, may pose a serious threat to 
those in contact with it in manufacturing 
and formulating plants as well as in crop 
fi elds (Gupta 1994, Lalah and Wandiga 
1996). Due to its acute toxicity, the fate 
of its residue in terms of both persistence 
and mobility is of great concern, especially 
since carbofuran has been reported to be 
more persistent than other carbamate or 
organophosphorus insecticides (Yen et al. 
1997). 

Degradation of carbofuran in soil is 
affected by the soil pH. Getzin (1973) re-
ported a ten-fold difference in the half-
life of carbofuran in soils at pH 4.3 and 
7.8. Getzin (1973) concluded that while 
hydrolysis was the major route of degra-
dation in alkaline soils, the slower deg-
radation in acidic and neutral soils was 
dominated by microbial and chemical 
mechanisms. Miles et al. (1981) found that 
microbial degradation is an important 
route of carbofuran degradation in neu-
tral soils. He compared dissipation rates 
of carbofuran in two different soils at the 
same pH (7.3) and different organic matter 
content (sandy loam: 3.3% and muck: 36%) 
under sterile and non-sterile conditions. 
Carbofuran was more persistent in sterile 
soils, with 77% remaining in sterile muck 
and 50% in sterile sandy loam after eight 
weeks. In contrast, only 25% of carbofuran 
remained in the non-sterile muck and it 
was undetectable in the non-autoclaved 
sandy loam after eight weeks. They also 
found that carbofuran metabolites dissi-
pated relatively rapidly in non-autoclaved 
soils, and suspected degradation by mi-
crobes in the soil.

There is a general consensus among 
researchers that repeated application of 
carbofuran to soils can result in enhanced 
rates of microbial degradation (Harris et al. 
1984, Scow et al. 1990, Turco and Konopka 

Persistence of carbofuran in two Malaysian soils

G.H.N. FarahaniA, Zuriati ZakariaA, Aini KuntomB, Dzolkifl i OmarC and 
B.S. IsmailA

A Faculty of Science and Technology, Universiti Kebangsaan Malaysia, 
43600 UKM, Bangi, Selangor, Malaysia.
B Malaysian Palm Oil Board, No.6, Persiaran Institusi Bandar Baru Bangi, 
43000 Kajang, Selangor, Malaysia. 
C Faculty of Agriculture, Universiti Putra Malaysia, 43400 Serdang, 
Selangor, Malaysia.

1990, Amal et al. 2005). Amal et al. (2005) 
reported that repeated application of car-
bofuran increased fungi and N2-fixing 
bacteria levels in laterite. Due to the ap-
plication of carbofuran, it was found that 
actinomycetes increased in alluvial soil, 
but bacterial populations were inhibited.

Campbell et al. (2004) conducted a fi eld 
and laboratory scale study on the persist-
ence of carbofuran in marine sand and wa-
ter. They found that the degradation rate 
of carbofuran under fi eld conditions was 
higher than under laboratory conditions. 
They suggested that there were probably 
many other factors affecting the degrada-
tion process. 

In Malaysian oil palm plantations car-
bofuran is widely used to control insect 
pests. Heavy usage of this compound may 
cause accumulation of residues in the soil 
environment. However, to the best of the 
authors’ knowledge, there are no reports 
on the persistence of carbofuran under 
such environments. The purpose of this 
study was to determine the persistence 
of carbofuran in two soil types obtained 
from oil palm plantations, namely the 
Bagan Datoh and Labu soils at different 
soil moisture levels. The study also in-
cluded investigations on the role of micro-
organisms in infl uencing the dissipation 
rate of carbofuran in soil.

Materials and methods
Soil samples
Carbofuran-free soil samples were collect-
ed from two oil palm plantations, one loca-
tion near Labu, Negeri Sembilan and one 
in Bagan Datoh, Perak, Malaysia, situated 
60 km south-east and 130 km north-west 
of Kuala Lumpur, respectively. The soil 
from Labu was classifi ed as a sandy clay 
and contained low organic carbon con-
tent, while the soil from Bagan Datoh, was 
classifi ed as a clay and contained higher 
organic carbon content. The soil samples 
were air-dried for one week at room tem-
perature, and were sieved through a 2 mm 
mesh and stored at 4°C until used. The 
physico-chemical properties of the two 
soil samples are shown in Table 1.

Chemicals
An analytical grade of carbofuran (pu-
rity 99.9%) supplied by Sigma-Aldrich 
was used as the standard. Deionized wa-
ter was obtained from a Milli-Q Water 
system (Millipore, Milford, MA, USA). 
High purity acetonitrile was used for liq-
uid chromatography (LiChrosolv, 99.9% 
Merck-Germany). 

HPLC analysis
Extracted residues were analysed by an 
Agilent HPLC 1100 instrument fi tted with 
a ZORBAX 300SB-C18 column (4.6× 250 
mm), 5 µm thickness. The injection vol-
ume was 20 µL. The mobile phase was 
acetonitrile:water (50:50 v/v) with a fl ow 
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rate of 1 mL min−1. The peaks of interest 
were generated by a UV detector, at a 
wavelength of 280 nm and the peak areas 
were used for quantifi cation.

HPLC calibration and recovery study
A high performance liquid chromatograph 
(HPLC) was calibrated using standard so-
lutions. 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 
µg mL−1. The stock solution was diluted to 
produce fi ve working standard solutions 
of carbofuran at concentration levels of 
0.1, 0.25, 0.5, 1 and 2.5 µg mL−1. 

The EPA method (EPA 8318A) with 
slight modifi cation (as described above) 
was used for extraction and analysis of 
carbofuran in the soil samples. Five gram 
samples of each soil type were weighed 
into 30 mL centrifuge tubes prior to fortifi -
cation with 0.1 mL of 50 µg mL−1 analytical 
grade carbofuran to give a fi nal concentra-
tion of 1 µg g−1 soil. Each soil sample was 
then mixed thoroughly and a total of 12 
mL acetonitrile (analytical grade 99.9%) 
was added after 1 h, followed by shaking 
on a reciprocating shaker (Glas-Col 293514 
USA) at 250 rpm for 2 h. The extraction 
was repeated twice with 10 mL acetonitrile 
followed by shaking for 1 h and centri-
fuging at 2700 rpm for 10 min (HETTICH 
Centrifuge, ROTANT R/P Germany). All 
extracts from each sample were trans-
ferred to a round bottomed fl ask to evapo-
rate the solvent using a rotary evaporator 
(Heidolph VV2000, WB 2000 Germany), 
followed by redissolving with 5 mL ac-
etonitrile prior to HPLC analysis. 

Persistence study
Air-dried and sieved soil samples (100 g) 
were weighed separately in amber bot-
tles and spiked with carbofuran to give 
a fi nal concentration level of 10 µg g−1 of 
dried soil. The soil was thoroughly mixed 
and then moistened at 100%, 90% or 60% 
moisture levels. In order to maintain the 
required moisture level, the bottles con-
taining soil were weighed every two days 
to monitor if any loss in weight occurred. 
The required volume of distilled water 
was then added according to the loss in 
weight recorded. The soil samples were 
kept in an incubator (Lab Therm Kuher, 
Switzerland) at a constant temperature 
(30°C). All the experiments were carried 
out in triplicate. 

In another set of experiments, soil 
samples were autoclaved at 121 kPa and 
120°C for 15 min. For the autoclaved soil, 
only one moisture level (100% fi eld water 
capacity) was used, and was maintained 
as before. The soil samples were kept in 
an incubator at a constant temperature 
(30°C). All the experiments were carried 
out in triplicate. Each treatment had simi-
lar untreated samples as controls.

standard deviations of ±1.78, and ±3.35, 
respectively. The higher recovery from the 
Labu soil could be due to the high content 
of sand (56%). The slightly lower recov-
ery of carbofuran from the Bagan Datoh 
soil may be due to the higher OM content 
which would adsorb carbofuran molecules 
more strongly. It should be noted that no 
carbofuran residue was detected in the soil 
samples used as controls.

Chemical degradation
Table 2 shows the carbofuran residues in 
Labu soil samples at three different mois-
ture contents. The residue level decreased 
as the incubation time was increased up 
to 190 days. It was observed that the hi-
erarchical order of dissipation of carbo-
furan in both soil types at different mois-
ture levels was 90% > 100% > 60% FWC. 
This showed that the water content of soils 
plays a major role in the soil degradation 
rate of carbofuran. Hydrolysis is probably 
one of the mechanisms in degrading the 
compound in the soil. Table 3 shows the 
residue levels of carbofuran in the Bagan 
Datoh soil under different soil moisture 
levels. The dissipation pattern was similar 
to that of the Labu soil and clearly shows 
that optimal dissipation occurred at the 
90% moisture level.

Table 4 shows the residue levels of 
carbofuran in the Labu and Bagan Datoh 
soils. It was found that the rate of degrada-
tion of carbofuran in soil with high organic 
OM content was less than that of soil with 
low OM content. The level of carbofuran 
in the Bagan Datoh soil at 190 days was 
5.8 µg g−1 as compared to 2.35 µg g−1 in 
the Labu soil. As the period of incubation 
was increased, the level of carbofuran 
decreased in both soils. Approximately 
58% of carbofuran still could be detected 
at 190 days in the Bagan Datoh soil, while 
only 24% was present in the Labu soil.

Carbofuran is degraded by a single 
fi rst-order reaction. The rate constant of re-
action (k) for degradation of carbofuran in 

Table 1. Physico-chemical properties of the soils
Parameter Labu soil Bagan Datoh soil

Cation exchange capacity (cmol(+) kg−1) 3.92 20

Organic matter (%) 1.6 3.8

Field water capacity (w/w) 24.75 40.67

pH 4.42 3.68

Porosity (%) 49.19 68.51

Moisture (w/w) 22.86 36.30

Bulk density (g cm−3) 1.345 0.83

Clay (%) 41.93 42.65

Silt (%) 2.07 32.17

Sand (%) 56 25.18

Soil texture sandy-clay clay

A fi ve gram soil sample was removed 
from each bottle at each moisture level and 
maintained at −4°C from 0, 1, 3, 7, 14, 21, 
28, 42, 64, 91, 134 and 190 days after treat-
ment. After 190 days, all soil samples were 
thawed and the carbofuran residues ex-
tracted and analysed as described above.

Half-life and degradation kinetics
Degradation kinetics and half-lives were 
determined as previously described by 
Castillo et al. (1999). The chemical degra-
dation can be described using a fi rst-order 
degradation curve (C = C0e−kt) or (LnC = 
LnC0−kt) where C is the concentration of 
the compound at time t, C0 is the concen-
tration of the compound at initial time (to) 
and k is the rate constant. The half-life cor-
responds to a period of time at which the 
pesticide concentration is equal to half the 
initial concentration, as shown by t1/2 = 
Ln2/k. By plotting the Ln of recovery ver-
sus time, a straight line can be obtained, 
and the rate constant (k) may be derived 
from it, as can the half-life (t1/2).

Results
Soil sample analysis
Labu soil contained 1.6% organic matter 
(OM) while soil from Bagan Datoh con-
tained a higher OM of 3.8% as seen in Table 
1. The Labu soil is classifi ed as sandy clay, 
and the Bagan Datoh as clay soil. The pH 
of the Bagan Datoh and Labu soils were 
3.8 and 4.4, respectively. The Bagan Datoh 
soil had a high CEC value (20 cmol(+) kg−1) 
compared to the Labu soil.

Recovery study
The HPLC calibration curve showed a cor-
relation coeffi cient (r2) of 0.9998. The mini-
mum detection limit reported was 22 µg 
kg−1 for both soils. This data shows that the 
method used for extraction and analysis is 
acceptable.

The percentage recovery of carbofuran 
from the Labu and Bagan Datoh soils 
was 98.7%, and 76.1% respectively with 
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Table 2. Residue of carbofuran in non sterile soil samples from Labu at 
different fi eld water capacities (FWC).

Time 
(days)

Residue at FWC 
(µg g−1)

Residue at 90% 
of FWC (µg g−1)

Residue at 60% 
of FWC (µg g−1)

0 5.86 7.49 8.99

1 7.26 6.58 8.59

3 7.86 8.18 8.33

7 7.83 8.45 8.03

14 7.29 7.84 7.71

21 7.19 7.73 7.46

28 6.26 6.56 6.99

42 4.56 4.42 6.20

64 2.99 2.14 5.45

91 1.89 1.10 5.34

134 0.99 0.47 4.01

190 0.52 0.31 3.11

Table 3. Residue of carbofuran in non sterile soil samples from Bagan 
Datoh at different  fi eld water capacities.

Time 
(days)

Residue at FWC 
(µg g−1)

Residue at 90% 
of FWC (µg g−1)

Residue at 60% 
of FWC (µg g−1)

0 8.73 9.06 8.48

1 9.20 8.88 8.42

3 9.47 8.47 8.52

7 8.85 8.84 8.68

14 8.57 8.23 7.88

21 8.89 8.97 8.45

28 8.49 8.27 8.00

42 7.51 8.19 7.40

64 7.27 7.27 6.66

91 6.11 6.04 6.08

132 5.56 5.41 5.94

182 4.27 3.13 4.35

Table 4. Carbofuran residue in 
sterile soil samples from Labu and 
Bagan Datoh at fi eld water capacity. 

Time 
(days)

Concentration (µg g−1)

Labu Bagan Datoh

0 6.53 8.90

1 6.52 8.73

3 6.69 9.16

7 6.97 8.06

14 6.55 7.90

21 6.64 7.92

28 6.48 7.86

42 5.52 7.52

64 4.86 7.14

91 4.83 6.86

134 3.53 7.54

190 2.35 5.80

Table 5. Half-Lives and rate constant of degradation of carbofuran in soils 
from Labu and Bagan Datoh.
Soil FWC 90% of FWC 60% of FWC SS-FWC

Half-life (days)

Labu 57.28 38.51 115.52 147.48

Bagan Datoh 192.54 141.46 203.87 301.57

Rate constant (day−1)

Labu 0.012 0.018 0.006 0.0047

Bagan Datoh 0.0036 0.0049 0.0034 0.0023

the Labu soil at 100%, 90% and 60% of fi eld 
water capacity was derived from the slope 
of the curves of Ln C0/C(t) versus time, and 
was 0.012, 0.018 and 0.006 with correlation 
coeffi cients (r2) of 0.8964, 0.9472 and 0.9497 
respectively (Table 5). The rate constant 
of degradation of the Bagan Datoh soil at 

field water capacity (FWC) were also 
derived from the slope of curves of Ln C0/
C(t) versus time, and were 0.0047 and 0.0023 
with correlation coeffi cient (r2) of 0.9349 
and 0.6703 respectively. The half-lives of 
carbofuran in autoclaved samples of the 
Labu and Bagan Datoh soils at 100% fi eld 
water capacity at constant temperature of 
30°C were 147 and 301 days. The half-life 
of carbofuran in autoclaved samples is 
much longer than that in non-autoclaved 
soils. The shortest half-life was observed 
in both soils at 90% fi eld capacity.

Discussion
It was observed that the half-life of carbo-
furan in the Bagan Datoh soil was longer 
than that in the Labu soil. This may due 
to the higher OM content and lower pH 
of the soil. Previous reports have shown 
that pH and OM play an important role 
in the persistence of pesticides in the soil 
(Oppong and Sagar 1992, Mora et al. 1996, 
Futch and Singh 1999). OM strongly ad-
sorbs the carbofuran molecules, leaving 
reduced levels available to soil microbes 
and other degradation processes such as 
hydrolysis. Mora et al. (1996) found that 
77% of carbofuran remained after eight 
weeks in sterile soil with high OM con-
tent whereas 50% remained in sterile soils 
with low OM content. In contrast, 25% re-
mained in non autoclaved soil with high 
OM content, and carbofuran was not de-
tected in non autoclaved soil with low OM 
content. In the present study the rate of 
degradation of carbofuran in the Bagan 
Datoh soil samples was less than that in 
the Labu soil samples. 

The degradation of carbofuran was 
more rapid in non-autoclaved than in auto-
claved soil. This indicates a considerable 
involvement of microbial activity in the 

100%, 90% and 60% of fi eld water capac-
ity derived was 0.0036, 0.0049 and 0.0034 
with correlation coeffi cients (r2) of 0.9459, 
0.9233 and 0.9563 respectively. 

The rate constant of reaction (k) for 
degradation of carbofuran in autoclaved 
Labu and Bagan Datoh soil samples at 
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soil degradation process. The gradual dis-
sipation of the residue in non-autoclaved 
soil was in line with that in other previous 
reports (Walker 2003). Aquino and Pathak 
(1976) have previously shown that the deg-
radation rate of carbofuran in the soil was 
positively correlated with bacterial and 
fungal soil populations. Miles et al. (1981) 
conducted a laboratory experiment on two 
different soils with the same pH (7.3) but 
different OM content (3.3% and 36%) un-
der sterile and non sterile conditions. They 
found 77% of carbofuran remained after 
eight weeks in sterile soil with high OM 
content whereas 50% remained in sterile 
soils with low OM content. In contrast, 
25% remained in non sterile soil with high 
OM content while carbofuran was not 
detected in non sterile soil with low OM 
content. In the present study the rate of 
degradation of carbofuran in all the soil 
samples from Bagan Datoh was less than 
that of the soil samples from Labu. 

The results of this experiment indicate 
that degradation could still occur in the 
autoclaved soil. The decrease in half-life 
for the autoclaved soil samples could be 
seen in both the Bagan Datoh and Labu 
soils, suggesting that the degradation of 
carbofuran also involved non-biological 
processes. In general, soil pH is an im-
portant factor infl uencing degradation of 
most pesticides (Hance 1979, Hance and 
Segal 1980). Carbofuran is more stable in 
acidic conditions which may be one of the 
factors contributing to the persistence of 
carbofuran in the Bagan Datoh soil as com-
pared to the Labu soil. Therefore, the rapid 
dissipation of carbofuran in the soils stud-
ied may have resulted from both micro-
bial degradation and chemical hydrolysis 
processes.

Soil moisture clearly has an effect on 
the degradation rate of carbofuran in 
non-autoclaved soils. In the Bagan Da-
toh and Labu soils, the half-life of carbo-
furan is higher at 90% soil moisture level. 
In non-autoclaved samples of both soils, 
the degradation rate at 60% fi eld capacity 
was lower than that at 90% fi eld capac-
ity. An increase in pesticide degradation 
at higher soil moisture content is expected 
since higher moisture levels hinder pesti-
cide adsorption onto soil particles, making 
pesticide molecules more readily available 
for degradation by soil microbes. These 
results are similar to those reported by Op-
pong and Sagar (1992) who showed that 
both moisture and temperature had an in-
fl uence on the degradation rate. However, 
at 100% fi eld capacity, the half-life of car-
bofuran was slightly higher than at 90%, 
which may indicate that this moisture 
level is more favourable for a microbial 
growth. The results imply that microbial 
degradation of carbofuran in soil is one 
of the major pathways in the degradation 
of carbofuran. However, further studies 
on microbial populations in both soils at 

different moisture levels need to be carried 
out to get a clearer picture on the microbial 
populations.

The range of half-lives in the present 
study varied from a minimum of 38.51 
days to a maximum of 301.57 days, and 
were calculated under different condi-
tions. These results are consistent with the 
results of the study by Yen et al. (1997) on 
soil samples from a subtropical zone. They 
conducted a laboratory scale study on silty 
clay loam (OM 2.9%, pH 6.7) and clay 
soil (OM 2.2%, pH 5.6) at three different 
temperatures (15, 25 and 35°C) and three 
different levels of water content (100%, 
60% and 40% of fi eld water capacity). The 
range of half-lives observed varied be-
tween 35.0 days and 301.4 days. 

Conclusion
The results of this study shows that carbo-
furan is moderately persistent in the two 
Malaysian soils tested due to the similar 
pH of the soils. Carbofuran showed differ-
ent behaviour in the fi eld and laboratory 
studies. Campbell et al. (2004) reported 
large differences in the persistence of car-
bofuran from laboratory and fi eld stud-
ies so further studies on the behaviour 
of carbofuran under the Malaysian fi eld 
condition need to be carried out. From the 
results of this study and previous studies 
on mobility and sorption/desorption and 
also level of groundwater in Malaysia, it 
is unlikely to contaminate groundwater in 
the areas treated with carbofuran (Ismail et 
al. 2002). However, the degree to which the 
results obtained in the current study can 
be extrapolated to fi eld conditions needs 
to be carefully examined, because other 
factors (soil texture, composition, etc.) 
could infl uence the persistence or degra-
dation of this agrochemical.
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