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Abstract

The adsorption of metsulfuron-methyl herbicide in four types of soil series taken from an oil
palm estate has been investigated using a batch technique with the herbicide detected using a
reversed phase Ci;3 HPLC technique. Selected soil physicochemical properties were also
analysed. The adsorption behaviour of the herbicide in the soils was evaluated using
Freundlich and linear adsorption isotherms. Results indicated that soil from Bernam series
exhibited strongest adsorption affinity for the herbicide followed by Jawa, Selangor and
Tongkang soil series with distribution coefficient value of ca. 29.0, 19.2, 18.3 and 18.0,
respectively. Comparison of the soils physicochemical properties revealed that whilst
Tongkang and Selangor soil series have similar pH values, their organic matter content
differed significantly from one another. Bernam soil on the other hand exhibited the lowest
pH values compared to the other three soils but its organic matter content is similar to that of
Selangor soil and is significantly higher than Tongkang and Jawa soil series. Thus it could be
concluded that differences in soil properties contributed to the varying adsorption coefficient
values observed in the present study. In agreement with previously reported studies, this
observation supports the contention that soil properties play an important role in controlling
the adsorption behaviour of metsulfuron-methyl herbicide in soils.

Keywords: adsorption; metsulfuron-methyl; soils; sulfonyl urea herbicides; oil palm plantation

1.0 Introduction

Metsulfuron-methyl (Fig. 1) is a post emergence sulfonylurea herbicide with high herbicidal
activity even at low application rate and is widely used worldwide including Malaysia for
effective control of a wide range of weeds in cereal, pasture and plantation crops.
Sulfonylurea herbicides inhibit acetolactate synthase, a key enzyme in the biosynthesis of
branched amino acids in plants. They are generally assumed to be environmentally safe
because of their relatively short half-life in the environment, low application rates and low
toxicity to mammals; however there have been studies which showed to the contrary [1-5],
giving rise to concerns over the possible environmental contamination of this herbicide,
particularly its leaching potential to the ground water system. The leaching potential of any
pesticide, in general, can be assessed by the degree of their adsorption at the soil-water
interface. This adsorption process is, in turn, influenced by the physical and chemical
properties of soil, chemical nature of the herbicide and also the climatic factors [6]. Although
the adsorption behaviour of sulfonylurea herbicides has been well studied in temperate soils
[7-8 and literature cited therein], only limited similar studies have been carried out in tropical
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soils [9-11]. Since tropical soils may differ significantly in terms of their physico-chemical
properties compared to those commonly found in temperate climate, there is still a need to
obtain information on the influence of soil properties on the sorption behaviour of these
herbicides in tropical soils. The objective of this study was to investigate the adsorption
behaviour of metsulfuron-methyl in four types of soil series commonly found in palm oil
plantation in order to provide data to assess the potential risk of this herbicide to contaminate
the environment.
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Figure 1 Structure of metsulfuron-methy!l

2.0 Materials & Method

Surface soil samples (0-10cm) from the Selangor, Tongkang, Jawa and Bernam series were
taken from an oil palm estate in Sungai Buloh, Selangor Darul Ehsan. Bulk soils were air-
dried, ground and passed through a 2mm sieve. Sub-samples of freshly collected soils were
dried at 110°C for 24h to determine initial soil moisture content. Soil organic matter (OM)
content was determined using the Walkley and Black method [12] whilst soil pH was
determined using a glass electrode in a 1:2.5 soil to 0.02M calcium chloride suspension.

The commercial formulation of metsulfuron-methyl herbicide (trade name Ally®) containing
20% active ingredient was used in this study. All herbicide solutions were prepared in 0.02M
CaCl; and its concentrations determined by a reversed phase C1g HPLC using a mobile phase
of acetonitrile in water containing orthophophoric acid (60:40:0.25). Detection of the
hebicide was carried out at 242 nm wavelength. Adsorption study was carried out using a
batch equilibrium method [7]. Triplicate samples of the air-dried soil (5g) were equilibrated
with 10ml herbicide solutions (initial concentration, C; = 0 — 10 mg L™), shaken for 24h and
then allowed to stand followed by centrifugation. The clear supernatants thus obtained were
analysed for their herbicide content using HPLC technique described above. The amount of
herbicide adsorbed by the soil was estimated as the differences between that initially present
in solution (C;) and that remaining after equilibration with soil (Ce). Solutions of metsulfuron-
methyl in CaCl, without the soil subjected to similar equilibration process resulted in non-
significant losses of the herbicide.

3.0 Results and Discussion

Table 1 presents the physicochemical properties of the soils used in this study. Results
obtained showed that Selangor exhibited relatively higher surface soil moisture content
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compared to Jawa, Bernam and Tongkang soils; statistical analysis (ANOVA) however
suggests that this differences is insignificant (p>0.05). The Selangor and Bernam soils were
observed to have similar OM content but significantly richer (p<0.05) in OM content
compared to the Jawa and Tongkang soil, respectively. Interestingly, soil pH of the Tongkang
soil was comparable to that of Selangor soil but both were found to be significantly higher
(p<0.05) than that of the Jawa and Bernam soil series.

Table 1: Selected physicochemical properties of the soil samples

Soil Properties Tongkang Selangor Bernam Jawa
Moisture Content (%) 23.2 28.5 22.6 26.1
pH (0.02M CaCly) 3.45 3.46 3.05 3.24
Organic Matter (%) 4.40 15.2 15.8 8.50
Organic Carbon (%) 2.55 8.80 9.17 4.93

The adsorption isotherms for metsulfuron-methyl in the soil samples are shown in Figure 2.
In contrast to earlier results with other soil and herbicide systems [9-11], generally all the
adsorption isotherms corresponded to the H-type curve according to classification of Giles et
al. [13]. This behaviour indicates a very high herbicide-soil affinity such that complete
adsorption of the herbicide occurred at low herbicide concentration; the adsorption then
further increased with increasing solution concentration with no constant value being reached
in the concentration range used in this study. The adsorption coefficient (Kg), which
represents the partitioning of the herbicide between liquid (Ce) and solid phases (Cs) in
equilibrium was calculated using Equation 1. The empirical Freundlich adsorption isotherm
(Equation 2), which allows the evaluation of experimental constants K; and n, was also
calculated using the linearised form the equation (Equation 3). The Freundlich isotherm takes
into account the non-linearity of sorption at increasing concentration and the values of K will
equal Ky when n equals 1. In addition, the distribution coefficient values of all soils
normalized with respect to percentage of organic carbon (%OC) present in the soil, Kqc, [14]
were also calculated (Equation 4); typically a very narrow range of K,. among soils with
varying levels of organic carbon is indicative of the latter being the major factor in
controlling adsorption process whereas a wider range would suggest that possibly other soil
properties influenced the herbicide adsorption.

s = Kg Ce (Equation 1)
Cs = K; G (Equation 2)
Log Cs = Log K¢+ 1/n Log C. (Equation 3)

Koc = Kd / %0C (Equation 4)

593



Proceedings of the 1 International Conference on Natural Resources Engineering & Technology 2006
24-25" July 2006; Putrajaya, Malaysia, 591-596

20.00

18.00

16.00

14.00

12.00

10.00

8.00

6.00

Anmpunt adsorbed by soil, Gs (Mmg/kg)

4.00

2.00

0.00 =
0.00 0.20 0.40 0.60 0.80 1.00 1.20

Equilibrium concentration, Ce (mg/L)

Figure 2 Adsorption isotherm of metsulfuron-methyl in soil samples

The values of the Kg, Freundlich contants, K¢ and n, and Koc thus obtained are given in Table
2 and the effect of soils properties could clearly be seen from, these data. All the adsorption
isotherms showed a reasonably good fit with the Freundlich isotherms (r* > 0.92) and the K
values calculated for the soils were quite close to the Ky values with n values approximated to
unity indicating that the adsorption behaviour is effectively linear for the soil-herbicide
systems under investigation. The adsorption capacity of the soils towards metsulfuron-methyl
was evaluated by comparing the values of Ky and Ky obtained. Bernam soil with highest OM
and lowest pH exhibited the highest value of K4 followed by Jawa, Selangor and Tongkang
soil, respectively. A similar trend was observed for the Frendlich adsorption coefficient (Kr)
except that Tongkang soil, instead of Selangor, exhibited the lowest adsorption capacity
towards the herbicide. Interestingly, Selangor and Tongkang soils have similar soil pH (3.46
and 3.45, respectively) but the Selangor soil has almost four times more organic matter
content than Tongkang soil. Another interesting feature to note is that although Selangor soil
contained comparable OM content to Bernam soil (Table 1), the adsorption capacity of
Bernam soil significantly exceeds that of Selangor soil series. OM has been reported to be
one of the major factors that influence the extent of pesticide adsorption on soils and results
obtained in this study are in agreement with earlier reports [7- 11, 15]. A simple correlation
test between soil OM and Ky and Ky, respectively was carried out to assess the extent of
which OM influence the adsorption of metsulfuron-methyl; the coefficient was found to be
0.59 and 0.54, respectively and although relatively smaller than previously reported [8, 11],
the values obtained nonetheless indicate a fairly strong positive correlation between OM
content and adsorption. In addition, a lower correlation values is probably indicative of other
additional factor(s) imparting their role in controlling the adsorption behaviour of
metsulfuron-methyl in the soils studied. A wide range of values obtained for the distribution
coefficient values normalized with respect to percentage of organic carbon (%OC) present in
the soil, Ko, also support the contention that OM alone could not account for the observed
variation in Ky and Ky values between these soils.
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Table 2. Freundlich constants (K¢ and n), distribution coefficient (Ky) and organic carbon
normalized distribution coefficient (Koc)

Soil Koc Distribution | Freundlich Constants
Coefficient
Kq R- Ks n r°
Tongkang 7.06 180 | 091 | 188 | 0.96 | 0.91
Selangor 2.07 183 | 092 | 181 | 0.88 | 0.97
Bernam 3.16 290 [ 092 | 316 | 0.84 | 0.96
Jawa 3.89 19.2 | 093 | 19.0 | 1.09 | 1.00

Previous studies have shown that the adsorption of sulfonylurea herbicides is also pH
dependent [7-11]. This is not surprising since metsulfuron-methyl is a weak acid with a pK,
value of ca. 3.3 and thus its speciation is pH dependent; this herbicide will dissociate above
its pKa value and tend to be present in the ionic form in neutral and alkaline soil solution.
Figure 3 shows the influence of soil pH on the adsorption of metsulfuron-methyl. This figure
clearly shows that soil with the lowest pH (Bernam) exhibited the highest adsorption capacity
whilst soil with highest pH exhibited the lowest capacity to adsorb the herbicide. A
correlation analysis between Ky and Ks with pH gives a strong negative correlation (-0.90 and
-0.87, respectively) which indicated a strong inverse relationship between soil pH and
adsorption capacity. This result is consistent with Abdullah et al. [11] and Walker et al. [8]
who also observed a negative relationship (r* = -0.821 and -0.795, respectively) between
adsorption of metsulfuron-methyl and the pH of the soils they studied. Other researchers have
found a similar negative relationship between other sulfonyl urea herbicides and soil pH [7-9,
15-18].

4.0 Conclusion

Results obtained in the present clearly demonstrated the influences of soil organic matter
content and soil pH on the adsorption of metsulfuron-methyl in Bernam, Selangor, Jawa and
Tongkang soils series which are commonly found in oil palm plantations in Malaysia.
Consistent with previously reported work, it was observed that soils with high organic matter
content exhibited a high adsorption affinity for the herbicide whilst a high soil pH resulted in
a low adsorption affinity for the herbicide.
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Figure 3 Influence of soil pH on adsorption of metsulfuron-methyl
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