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ABSTRACT 
 

Chlorsulfuron is a sulfonylurea herbicide widely used in Kenya to control broadleaf and grass 
weeds in wheat. Its sorption was studied in five wheat growing soils from Mara River Basin in 
Kenya using batch sorption method. Freundlich adsorption equation described the sorption 
mechanism of chlorsulfuron with adsorption coefficients (Kf) ranging between 0.46 and 0.75. The Kf 

showed positive and negative correlation (P ≤ 0.05) with organic carbon (r = 0.7882) and soil pH (r 
= 0.8111) respectively. Adsorption isotherms were L-type suggesting the herbicide sorption was 
inversely related to the initial concentration of chlorsulfuron in solution. Desorption of the herbicide 
was concentration dependent and hysteresis effect was present in three soils implying that sorbed 
chlorsulfuron was not easily released possibly leading to phytotoxicity to rotational crops. 
Chlorsulfuron was poorly sorbed on to the soils demonstrating its high leaching potential onto the 
lower profiles and carry over that would injure susceptible plants in the future. 

Original Research Article  
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1. INTRODUCTION 
 

Sulfonylureas herbicides are assumed to be safe 
within the environment due to their low 
application rates and low toxicity to mammals 
[1,2]. However, wide-spread use of sulfonylureas 
herbicides can have devastating influence on the 
productivity of non-target crops, the makeup of 
natural plant communities and wildlife food 
chains [3]. Off-site transport of sulfonylureas by 
drift or leaching may have negative ecological 
effects due to their high phytotoxicity. 
Sulfonylureas can persist in the soil and may 
affect plant reproduction and crop or rotational 
crop yields beyond the application season [4-7]. 
Also, sulfonylureas are relatively mobile in soils 
because of their anionic character, and may 
leach to the groundwater. In general, 
sulfonylureas have been found in both surface 
and underground water [1,2]. Besides, the 
sulfonylureas pose potential risks to soil 
microorganisms and non-target organisms [8-10].  
Chlorsulfuron is a sulfonylurea herbicide widely 
used as a pre- and post- emergent herbicide to 
control broadleaf and grass weeds in cereal 
crops due to its effectiveness and low 
mammalian toxicity [11]. In Kenya, chlorsulfuron 
is one of the most widely used herbicides in large 
scale wheat farms within the Mara River Basin. 
Use of chlorsulfuron reduces the growth of 
Pseudomonas soil bacteria [12] causing major 
changes in species composition and diversity 
thus affecting soil fertility. Despite the 
widespread use of chlorsulfuron, its potential 
hazards in the Mara Basin have not been 
evaluated. 
 

The adsorption–desorption process is of great 
importance for evaluation of mobility of 
herbicides in the environment and their 
bioavailability to agricultural crops [13,14]. 
Generally sorbed chemicals are unavailable to 
microorganisms and plants prior to desorption [6, 
15-16]. Therefore, desorption plays an important 
role in the biodegradation and transport of 
herbicides in soil. The amount and shape of soil 
micropores, which are related to the content of 
organic matter and clay, are the main factors 
influencing desorption of organic chemicals from 
soil [17]. Sorption of chlorsulfuron in soils was 
reported to be strongly related to the soil organic 
matter and pH with high sorption in soils with 
high organic matter and acidic pH [18,19]. Clay 
content has been reported to be negatively 
related to sorption of chlorsulfuron in three 
Spanish soils [20]. Despite chlorsulfuron 

extensive use, very little is known about its 
sorption behavior under tropical conditions. This 
study investigated the sorption-desorption of 
chlorsulfuron in five typical soils from wheat fields 
in Mara River Basin, Kenya.  
 
2. MATERIALS AND METHODS 
 
2.1 Soil Sampling and Characterization 
 
Soil samples were obtained from five wheat 
growing locations; Mau Central (latitude 1°06'S, 
longitude 35°92'E, altitude, 1902 m asml), 
Olokurto (latitude 0°80'S, longitude 35°89'E, 
altitude 2788 m asml), Mau East A (latitude 
1°04S', longitude 35°16'E, altitude 2296 m asml),  
Ololulunga (latitude 1°01'S, longitude 35°64'E, 
altitude 2132 m asml) and Mau East B (latitude 
1o10'S, longitude 35°15'E, altitude 1869 m asml),  
within the Mara River Basin, Kenya. Fifteen soil 
samples in each location were picked from 
randomly selected points, 0-20 cm depth, air 
dried, homogenized and sieved through 2-mm 
sieve and stored in plastic bags in the laboratory 
ensuring no possibility of exposure. The soil 
physical chemical parameters were determined 
as described previously [21]. The characteristics 
of the soils are shown in Table 1. 
 
2.2 Chemicals 
 
Chlorsulfuron (99% purity, analytical grade)            
(Fig. 1) was supplied by Sigma- Aldrich 
(Germany). Methanol and acetonitrile were of 
ultra-high performance liquid chromatography 
(UHPLC) grade. NaOH, CaCl2, HCl and NaN3 
were of analytical grade. Chlorsulfuron stock 
solution (100 mg/l) was prepared in methanol 
and stored in darkness at 4°C. Details of the 
analytical methods for chlorsulfuron were as 
described previously [21]. 
 

  
 

Fig 1. Chemical structure of chlorsulfuron 
 

2.3 Adsorption and Desorption 
Experiments 

 

The batch equilibrium technique [22] was used to 
determine the soil adsorption constants of 
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chlorsulfuron for all the soils samples. Triplicate 
samples (10 g) of air-dried soil and 10 mL of 
aqueous chlorsulfuron solutions at 
concentrations of 0.625, 1.25, 2.5, 5.0 and 10.0 
mg/L was added to 50 mL polyallomer centrifuge 
tubes. CaCl2 (0.01 M) was added as the 
background electrolyte, to keep the ionic strength 
of the soil solution constant and to facilitate 
flocculation. NaN3 (1 ml) (0.01 M) was used to 
restrain microbial degradation. Blanks with the 
solutions without soil were also prepared. The 
tubes were shaken at 150 rpm in the dark for 24 
hr at 25±2°C using an overhead mechanical 
shaker. After equilibration, the suspension was 
centrifuged at 4000 r/min for 10 min, and then 
the supernatant solutions decanted and filtered 
through a 0.45-µm filter. Chlorsulfuron 
quantitation was done using a HPLC-MS.  
 
The amount of herbicide adsorbed by each soil 
was calculated from the difference between the 
initial and final concentrations of chlorsulfuron in 
solution. 
 
Desorption experiments were performed 
immediately after decanting the supernatant and 
adding same volume of 0.01 M CaCl2 solution 
into the tubes. The soils were re-suspended by 
shaking the tubes at 150 rpm for a further 24 h. 
After equilibration, the suspension was 
centrifuged at 4000 r/min for 10 min, and then 
the supernatant solutions decanted, filtered 
through a 0.45-µm filter and chlorsulfuron 
present in the samples quantified by HPLC –MS. 
The process was repeated three times. The 
amount of chlorsulfuron desorbed was calculated 
as amount of pesticide released into the solution 
during the process and expressed as a 
percentage of the amount adsorbed. Sorption 
isotherms were obtained by plotting the amount 
of chemical sorbed per unit weight of soil at 
equilibrium versus chlorsulfuron concentration at 
equilibrium. 
 
2.4 Limit of Detection (LOD) and Limit of 

Quantification (LOQ) 
 
Validation of the method was performed with 
different known concentrations of chlorsulfuron in 
methanol by diluting the stock solution of the 
analytical standard in the range of 0.01-5 mg/l. 
Recovery study was conducted by spiking 0.4 
mg kg-1 and 4 mg kg-1 chlorsulfuron in soil, and 
recoveries of 92.1% and 88.3%, respectively 
were achieved. The limit of detection based on 
the signal to noise ratio of 3:1 was established as 
0.003 mg kg-1 in soil. 

2.5 Data Analysis 
 
The amount of chlorsulfuron adsorbed after 
equilibrium was calculated according to the 
difference between the initial and final equilibrium 
concentrations by following Eq. (1): 
  

Se = (Co – Ce) * V/m                       (1) 
 
where Se (mg/ Kg) was the amount of 
chlorsulfuron adsorbed by a soil; Co (mg/L) and 
Ce (mg/L) were the initial and equilibrium 
aqueous concentrations, respectively. V (L) was 
the solution volume; m (Kg) the mass of the soil 
[22]. 
 
Amount of chlorsulfuron desorbed from the soils 
was calculated by following Eq. (2): 
 

Sdes = {Cdes – {Ce * (V- Vex)/V}}*V/m           (2) 
 
where Sdes (mg/Kg) was the amount of 
chlorsulfuron released from the soil; Cdes (mg/L) 
was the analytically determined chlorsulfuron 
concentration; Vex (L) is the volume of 
chlorsulfuron solution removed from each tube 
and replaced by the same volume of 0.01M 
CaCl2. 

 

Adsorption and desorption were described by the 
linearized form of the Freundlich Eq. (3): 
 

logSe = logKf + 1/nflogCe                             (3) 
 
where, Kf was the adsorption coefficient 
characterizing the adsorption- desorption 
capacity, and nf was the Freundlich equation 
exponent related to the adsorption intensity that 
was used as an indicator of the adsorption 
isotherm nonlinearity [22]. Kf-ads and Kf-des were 
the adsorption and desorption coefficients of the 
Freundlich equation respectively. 
 
The OC normalized adsorption constant (KOC) 
was calculated by normalizing Kf-ads to the 
fraction of OC [23] as in Eq. (4): 
 

KOC = Kf-ads /OC * 100%                       (4) 
 
The hysteresis coefficient, H, for the adsorption 
and desorption isotherms was calculated 
according to Eq. (5): 
 

H = (1/nf-des)/ (1/nf-ads)                                 (5) 
 
Where, nf-ads and nf-des were the Freundlich 
constants obtained for the adsorption and 
desorption isotherms, respectively [24]. 
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The statistical analysis was done using MSTATC 
as a factorial one design and the separation of 
means done by least significance difference  
(LSD) at p≤0.05. 
 
3. RESULTS AND DISCUSSION 
 
The physicochemical parameters of the five soils 
studied are presented in Table 1. Mau East A 
had the lowest pH (5.47) and increased in the 
order Mau East A˂ Mau central˂ Olololunga ˂ 
Olokurto˂ Mau East B. Mau east A soil had the 
highest organic carbon content (3.88%) while 
Mau East B had the lowest (2.71). 
 
% clay content was in the order Mau East B ˃ 
Mau central ˃ Olololunga˃ Mau East A ˃ 
Olokurto. The soils from Mau Central, Olokurto 
and Olololunga were classified as clay loam, 
Mau East A soils as sandy clay loam and soils 
from Mau East B were classified as clay. All the 
soil physicochemical parameters determined 
varied significantly (P =.05) with the sites. Soil 
physicochemical parameters highly influence the 
sorption of sulfonylurea herbicides. Medium- and 
fine-textured soils with organic matter content of 
more than 3 percent have the greatest potential 
to bind or hold herbicides and injure sensitive 
rotation crops [25]. Since all soils were medium 
textured the adsorption of the herbicide was 
expected to be high. The persistence and activity 
of the sulfonylureas were affected by soil pH. At 
soil pH of 7.0 and greater, some sulfonylurea 
herbicides tend to persist for longer periods [26]. 
The soils in Mara River Basin had pH below7.0; 
therefore the adsorption of chlorsulfuron was 
expected to be low. Percent clay content, OC 
content and pH were reported to be the main 
properties that determine the extent of adsorption 
for sulfonylurea herbicides [27,28], with high 
adsorption in soils with high clay and OM content 
and pH. Soil moisture content below the 
permanent wilting point resulted in a loss of 
herbicidal activity since virtually all of the 
herbicide were adsorbed to the soil and could not 
move to the plant by diffusion or mass movement 
[29]. Sulfonylurea herbicides had high carryover 
under dry soil conditions because of tight 
sorption of the herbicides to the soil colloids due 
to low soil moisture content [30]. Based on the 
results above, Mau East B and Mau Central soils 
with low moisture content the amount of 
herbicide adsorbed onto the soils would be high 
and hence insufficient herbicide could be 
available to the soil solution for effective weed 
control. On the contrary for Mau East A, Olokurto 
and Olololunga soils with high moisture content, 

more herbicide would be released on to the soil 
solutions therefore posing leaching risks to the 
surface and underground waters.  
 
3.1 Sorption Kinetics 
 
Sorption of chlorsulfuron with time was plotted 
(Fig. 2) and was biphasic in all the soils. The first 
phase was characterized by quick increase in 
sorbed chlorsulfuron during the first 3 hours of 
soil- solution contact followed by slower progress 
towards equilibrium at 12 hours (Fig. 1). After 12 
h, chlorsulfuron sorption slowed and change in 
chlorsulfuron concentration did not vary after 24 
hours. The adsorption equilibrium was reached 
after 12 h for all soils, although the amounts 
adsorbed per mass of soil varied and increased 
in the order Mau East B< Olokurto<Mau Central 
<Olololunga<Mau East A indicating that the 
sorption kinetics of chlorsulfuron in the wheat 
growing soils of Mara River Basin was 
dependent on soil pH, moisture content and soil 
organic content. 
 

  
 

Fig 2. Kinetics of chlorsulfuron (10 mg/L 
initial concentration) sorption in the  

soils at 25±2°C  
MEA- Mau East Central; MEB-Mau East B; MC-Mau 

Central; OLK- Olokurto; OLL- Olololunga 
 
Chlorsulfuron was rapidly adsorbed during the 
first stage since the soils had readily available 
vacant adsorption sites. A pesticide mixed with 
soil reacts with the active sites that are available 
on the soil surfaces [31]. Some of the soils were 
very reactive, and held the pesticide strongly, 
while others had lower reactivity which resulted 
in different adsorption kinetics. The loosely 
bound pesticide molecules desorbed, so that the 
adsorption and desorption processes occurred 
concurrently, but the adsorption efficiency was 
greater than that of desorption [31]. The soil 
adsorption-desorption behavior of pesticides 
reported by Gilchrist et al. [31] were similar to the 
soil adsorption kinetics of chlorsulfuron observed. 
The results imply that if low levels of 
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chlorsulfuron are applied in the Mara River Basin 
soils, most of it will be adsorbed onto the soil 
colloids decreasing the amount of herbicide 
available for the control of weeds in wheat. 
 
3.2 Sorption Isotherm 
 
The sorption of chlorsulfuron in the soils was 
fitted into the Freundlich model. The adsorption 
coefficients Kf-ads were 0.46 (Mau East B), 0.57 
(Olokurto), 0.61 (Mau Central), 0.73 (Olololunga) 
and 0.75 (Mau East A) for chlorsulfuron                 
(Table 2). Mau East A soils showed the 
maximum sorption possibly due its low pH and 
the high organic matter content as had been 
observed in previous studies [19,29]. 
 

Chlorsulfuron is a weakly acidic herbicide and 
exists in the anionic form in mildly acidic 
agricultural soils. Since the pH of the soils were 
greater than their pKa (3.3), especially for soils at 
Olokurto and Mau East B, there were increased 
amounts of anionic molecules in the solutions 
leading to lack of charged molecules and higher 
lipophilicity of the neutral molecular species thus 
reducing its sorption. High organic carbon 
content in Mau East A soil compared to the rest 
could be responsible for the high adsorption 
coefficient [26]. Increase in soil pH increased 
solubility of molecules due to either particle 
dispersion increase or the repulsion of the 
increasing negative charges on both organic 
matter and soil inorganic solids [32]. Since the 

pH of soils at Olololunga, Olokurto, Mau Central 
and Mau East B were higher than Mau East A; 
there was increase in dissolved organic matter in 
the soil solutions consequently reducing the 
sorption ability of the soils, compared to Mau 
East A. Sorption of sulfonylureas has been 
shown to be favoured in low pH soils and soils 
with high organic matter [33]. The extent of 
monosulfuron adsorption on soils was at rather 
high levels under low pH value conditions, and it 
decreased with increasing pH value. The content 
and chemical characteristic of the soil organic 
matter was one of the important factors leading 
to differences in sorption capacity of 
monosulfuron ester [34].  
 
Generally, chlorsulfuron sorption onto the five 
soils from the Mara River Basin was low as 
predicted by the low Kd values (0.59 – 2.52) thus 
raising concerns about its leaching potential. 
Alvarez-Benedi et al. [20] reported low sorption 
for chlorsulfuron in three Spanish soils with 
increase in ionic strength. Similarly, low sorption 
of chlorsulfuron was reported in fresh and 
amended soils with composted olive cake [35]. 
These results were also supported by [36] who 
also reported low sorption of 14C- chlorsulfuron in 
fourteen Chinese soils. Sorption of chlorsulfuron 
in all the five soils was nonlinear, since all the 1/ 
n values were less than unity (Fig. 3). This 
predicted the L-type adsorption isotherm usually 
characterized by strong interaction between the 
adsorbent and adsorbate [37], implying that

 
Table 1. Physico-chemical parameters of wheat growi ng soils within Mara River Basin 

  
Site  pH % MC CEC % OC % sand  % clay  % silt  Texture  
Mau Central 5.53 10.48 22.95 2.89 27.00 38.00 35.00 Clay loam 
Mau East A 5.47 13.24 17.54 3.88 45.67 33.00 21.33 Sandy loam 
Olokurto 6.13 11.17 22.68 2.83 33.33 32.00 34.67 Clay loam 
Olololunga 5.62 11.78 17.64 3.18 31.33 36.67 32.00 Clay loam 
Mau East B 6.57 9.116 28.24 2.71 22.33 44.00 33.67 Clay 
LSD (P=.05) 0.12 1.14  0.09 0.02 0.56 1.63 0.53 

MC-Moisture content; CEC- cation exchange capacity; OC-organic carbon 
 

Table 2. Chlorsulfuron: adsorption isotherms, coeff icients of determination (r 2), adsorption 
coefficient (K f-ads ), distribution coefficient (K d), organic carbon-normalized distribution 
coefficients (K oc) and n f-ads  is a describer of adsorption isotherm curvature in  topsoil  

of Narok soils 
 

Soil  Kd KOC Kf-ads 1/n f-ads r2 P≤0.05 
Mau Central 0.88±0.03 21.03 0.61±0.07 0.87± 0.11 0.978 0.00 
Mau East A 2.52±0.07 19.54 0.75±0.13 0.91±0.08 0.890 0.04 
Olokurto 1.87±0.11 21.58 0.57±0.11 0.99±0.21 0.983 0.00 
Olololunga 2.35±0.03 22.93 0.73±0.03 0.86±0.10 0.939 0.01 
Mau East B 0.59±0.09 15.91 0.46±0.08 0.99±0.05 0.986 0.00 
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chlorsulfuron could adsorb to the clay fraction of 
the soils as well as the organic matter in the 
soils. Nemeth- Konda et al. [38] described this 
type of curve in the case of cultivated soils in 
Hungary. For the Mara River Basin soils, the L-
type curve could have been caused by decrease 
of accessibility of the free adsorption sites in the 
soils and subsequently decreased adsorbed 
amounts even when chlorsulfuron concentration 
was high. 
 

 
 
Fig 3. Sorption isotherms of chlorsulfuron in 

soils of Mau East A (MEA), Mau East B (MEB), 
Mau Central (MC), Olokurto (OLK) and 

Olololunga (OLL) 
 
The sorption coefficient Koc is commonly a 
measure of pesticide sorption to soil                          
organic carbon and is useful in predicting the 
mobility of soil contaminants. Higher Koc values 
(50-150) correlate with less mobile organic 
chemicals while lower Koc values (˂ 50) correlate 
to more mobile organic chemicals [39]. The Koc 
values calculated by normalizing chlorsulfuron 
sorption to soil organic carbon in all the five soil 
types were below 50 suggesting that 
chlorsulfuron could be more mobile in these soils 
which could lead to its leaching into the sub soils. 
The correlation of the sorption coefficient Kfads 
and the soil properties was done to determine 
the factors responsible for chlorsulfuron 
adsorption in the five soils. Sorption of 
chlorsulfuron showed an inverse correlation with 
the soil pH and a positive correlation with the 
organic carbon content (Table 3). This further 
confirmed that soil organic carbon and                            

pH affected the sorption of chlorsulfuron in the 
soils. 
 
Similar observations have been reported for 
other sulfonylureas. Negative correlation (r = 
0.993, P =.05)  was reported between soil pH 
and metsulfonyl-methyl sorption but not with 
organic matter [33]. Monosulfuron sorption was 
inversely correlated to pH (r = -0.783, p≤0.01) 
and positively correlated to organic matter (r = 
0.848, P =.05) [34]. Similarly, a correlation 
coefficient (r) of -0.87 (P =.05) between pH and 
sorption of metsulfuron methyl has been reported 
[40]. The sulfonylureas adsorptions were higher 
in soils with low pH and high with organic matter 
[41,42]. Although Alvarez-Benedi et al. [20] 
observed that the sorptions of chlorsulfuron, 
tribenuron-methyl and imazamethabenz-methyl 
were positively correlated with organic matter 
and clay content, no positive sorption correlation 
with clays was observed in this study. Mau East 
B soils with the highest clay content had a lower 
adsorption coefficient. Due to anionic nature, 
sulfonylureas generally exhibit very low 
adsorption on clay minerals especially at a pH 
above their pKa, as more of the herbicide is in 
anionic form and repelled by the negatively 
charged soil colloids. However, there have been 
instances of binding of sulfonylurea herbicides to 
clay. Soils containing amorphous iron oxides 
have a high capacity for adsorption of 
sulfonylureas although the forces are relatively 
weak [18]. These results imply that chlorsulfuron 
applied on the wheat growing soils within the 
Mara River Basin was lowly sorbed on the soils 
therefore the herbicide was available for 
herbicidal activity. On the contrary, this low 
sorption could make the herbicide easily 
available to the soil solution thus increasing the 
leaching potential to the surface and 
underground waters. 
 
3.3 Desorption Isotherms 
 
Desorption isotherms were fitted to the 
Freundlich isotherm and the constants are as 
shown in Table 4. 

  
Table 3. Coefficient of determination (r) values fo r chlorsulfuron sorption 

 
  pH CEC OC Sand  Clay Silt  
Kf -0.8111* -0.3163 0.7882* -0.7719 -0.6286 -0.6607 
P 0.004 0.3732 0.0068 0.1262 0.2560 0.2248 

*Significant at P =.05; these values were obtained by determining the correlations between Freundlich coefficient 
(Kf) and the soil properties 
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Table 4. Chlorsulfuron desorption isotherms, coeffi cients of determination (r 2), desorption 
coefficient (Kf des) and hysteresis coefficient (H) obtained for the t op soils of Mara River Basin 

 
Soil  Kf-des 1/n-f des  r2 P =.05 Hysteresis (H)  
Mau Central 1.16 0.89 0.982 0.02 1.02 
Mau East A 2.49 0.73 0.962 0.00 0.80 
Olokurto 1.44 1.10 0.988 0.01 1.11 
Olololunga 1.90 0.55 0.972 0.01 0.63 
Mau East B 1.03 0.72 0.952 0.05 0.72 

 
The Kfdes values of chlorsulfuron in all the five 
soils were higher than the Kfads implying that the 
sorption process was not fully reversed and 
some sorbed chlorsulfuron was retained in the 
soils [43]. Soils from Mau East A had the highest 
Kfdes suggesting it retained more chlorsulfuron 
compared to the other soils, while the Mau East 
B soil had the lowest. Desorption isotherms were 
nonlinear (1/ndes˂1) for all the soils except 
Olokurto. Two soils from Mau Central and 
Olokurto had higher values of 1/ndes than their 
respective 1/nads suggesting the rates of 
desorption for these soils were faster than 
adsorption [44]. Studies by Mersie and Foy [45] 
also reported nonlinearity of chlorsulfuron 
desorption in soils. This observation has also 
been reported for other sulfonylureas such as 
bensulfuron [35]. Soils from Mau East A, 
Olololunga and Mau east B had lower 1/ndes than 
their respective 1/nads, implying that chlorsulfuron 
adsorbed on these soils were not easily 
desorbed. Therefore the herbicide applied in 
these soils will have decreased herbicidal activity 
and a greater potential for carryover, hence 
injuring susceptible crops in the future.  
 
The hysteresis coefficient, H, is a measure of the 
extent of hysteresis in desorption. A value of H˃1 
means that desorption proceeds as fast as 
adsorption and no hysteresis occurs. However if 
the value, a value of H ˂ 1 indicates that the rate 
of desorption is slower than the rate of 
adsorption, and therefore hysteresis occurs [46]. 
The H values for the soils ranged from 0.63-1.11 
(Table 4), with Mau East A, Olololunga and Mau 
East B showing hysteresis effect.  
 
Desorption hysteresis has been reported for 
several sulfonylureas with varying H values 
including monosulfuron which had hysteresis 
effects in eight Chinese soils with H values 
ranging from 0.14 to 0.63 [34], metsulfuron-
methyl (0.79 - 0.98) and sulfosulfuron (H= 0.87) 
[43] and H of 0.35-0.64 for monosulfuron-methyl 
[33], primisulfuron [47], triasulfuron [48] and 
chlorimuron-ethyl [49]. Hysteresis effect can be 

as a result of irreversible binding and 
sequestration of solute to the OC and/ or clay 
mineral of soil aggregates [49,50] and 
entrapment of sorbed molecules in meso and 
microporous structures within the mineral 
structures and OC matrix of soil aggregates [51]. 
Chemical or biological transformation, non-
equilibrium conditions and high–energy bonding 
have also been proposed as explanation for 
hysteresis for a number of soil organic compound 
systems [34,48,51]. In the two soils; Mau Central 
and Olokurto, the desorption rates were faster 
than adsorption rates suggesting that 
chlorsulfuron initially sorbed is readily released 
into the solution therefore higher leaching 
potential in to the surface and underground 
waters for the two soils. Sorption-desorption 
studies indicated that chlorsulfuron was weakly 
sorbed on the Mara River basin soils and the 
process was dependent on the soil 
physicochemical parameters. The low sorption 
implied that within the basin chlorsulfuron had a 
potential of leaching to the surface and ground 
waters. Soil pH and soil organic matter were the 
main factors that affected sorption of 
chlorsulfuron. There was hysteresis effect in 
three soils as chlorsulfuron sorbed was not easily 
desorbed. This phenomenon may lead to injury 
of susceptible plants in the future due to 
carryover. 
 

4. CONCLUSIONS 
 
Chlorsulfuron dissipation within the five wheat 
growing regions is dependent on the soil 
physicochemical parameters of the soils on 
which it is applied. However it is positively 
influenced by soil organic matter while negatively 
correlated to the soil pH. This implies that in soils 
with high soil organic matter, more herbicide will 
be adsorbed therefore reducing the bioavailability 
of the herbicide for weed eradication. Moreover 
its weak adsorption on to the wheat growing soils 
of the Mara River Basin raises its                           
leaching potential into the subsurface and ground 
waters. 

 



 
 
 
 

Ogunah et al.; AJEA, 12(6): 1-10, 2016; Article no.AJEA.26406 
 
 

 
8 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 
REFERENCES 
 
1. Battaglin WA, Furlong ET, Burkhardt MR, 

Peter CJ. Occurrence of sulfonylurea, 
sulfonamide, imidazolinone and other 
herbicides in rivers, reservoirs and ground 
water in the Midwestern United States, 
1998. Sci. Total Environ. 2000;248(2–
3):123–133. 

2. Cessna AJ, Donald DB, Bailey J, Waiser 
M, Headley JV. Persistence of the 
sulfonylurea herbicides thifensulfuron-
methyl, ethametsulfuron-methyl and 
metsulfuron-methyl in farm dugouts 
(ponds). J. Environ Qual. 2006;35:2395–
2401. 

3. Fletcher JS, Pfleeger TG, Ratsch HC. 
Potential environmental risks associated 
with new sulfonylurea herbicides. Pest. 
Sci. 1993;29:263-281. 

4. Bedmar F, Perdigon JA, Monterubbianesi 
MG. Residual phytotoxicity and 
persistence of chlorimuron and 
metsulfuron in soils of Argentina. J. 
Environ Biol. 2006;27:175–179. 

5. Hollaway KL, Kookana RS, Noy DM, Smith 
JG, Wilhelm N. Persistence and leaching 
of sulfonylurea herbicides over a 4-year 
period in the highly alkaline soils of south-
eastern Australia. Aus. J. Exp. Agri. 
2006;46:1069–1076. 

6. Lee S, Pardue JH, Moe WM, Kim DJ. 
Effect of sorption and desorption-
resistance on biodegradation of 
chlorobenzene in two wetland soils. J. 
Hazard Mater.  2009;161(1):492–498.  

7. Kjaer C, Strandberg M, Erlandsen M. 
Effects on hawthorn the year after 
simulated spray drift. Chemosphere. 
2006;63(5):853-859. 

8. Sabater C, Cuesta A, Carrasco R. Effects 
of bensulfuronmethyl and cinosulfuron on 
growth of four freshwater species of 
phytoplankton. Chemosphere. 2002;46: 
953–960. 

9. Healy CE, Hevdens WF, Navlor MW. 
Mammalian toxicology overview and 
human risk assessment for sulfosulfuron. 
Regulatory Toxicol. Pharmacol. 2004;39: 
310–324. 

10. Arnold L, Cano M, John MKS, Healy CE, 
Cohen M. Effect of sulfosulfuron on the 

urine and urothelium of male rats. Toxicol. 
Pathol. 2001;29:344–352. 

11. Beyer EM, Duffy MJ, Hay JV, Schlueter 
DD. Sulfonylureas. In `herbicides: 
chemistry, degradation and mode of 
action'. Kearney PC and Kaufman DD Eds; 
Marcel Dekker: New York. 1988;117-189. 

12. Boldt TS, Jacobsen CS. Different toxic 
effects of the sulfonylurea herbicides 
metsulfuron-methyl, chlorsulfuron and 
thifensulfuron- methyl on fluorescent 
pseudomonads isolated from an 
agricultural soil. FEMS Microbiol. Lett. 
1998;161(1):29-35. 

13. Gao JP, Maguhn J, Spitzauer P, Kettrup A. 
Sorption of pesticides in the sediment of 
the teufelsweiher pond (southern 
Germany). II: competitive adsorption, 
desorption of aged residues and effect of 
dissolved organic carbon. Water Res. 
1998;32(7):2089– 2094. 

14. Boivin A, Cherrier R, Schiavon M. A 
comparison of five pesticides adsorption 
and desorption processes in thirteen 
contrasting field soils. Chemosphere. 
2005;61(5):668–676. 

15. Eggleton J, Thomas KV. A review of 
factors affecting the release and 
bioavailability of contaminants during 
sediment disturbance events. Environ. Int. 
2004;30(7):973–980. 

16. Zhou QX, Wang ME. Adsorption-
desorption characteristics and pollution 
behavior of reactive X-3B red dye in four 
Chinese typical soils. J. Soils. Sediments. 
2010;10(7):1324–1334. 

17. Huang WL, Ping PA, Yu ZQ, Fu HM. 
Effects of organic matter heterogeneity on 
sorption and desorption of organic 
contaminants by soils and sediments. 
Appl. Geochem. 2003;18(7):955–972. 

18. Borggaard OK, Streibig JC. Chlorsulfuron 
adsorption by selected soil samples. Acta 
Agric. Scand. 1989;39:351-360. 

19. Földėnyi R, Töth Z, Samu G, Èrsek C. 
Study of sorption of two sulfonylurea types 
of herbicide and their additives on soils 
and soil components. J. Environ.  Sci. 
Health, Part B. 2013;48:758-766. 

20. Alvarez-Bened´i J, Cart´on A, Fern´andez, 
JC. Sorption of tribenuron-methyl, 
chlorsulfuron, and imazamethabenz- 
methyl by soils. J. Agric. Food Chem. 
1998;46(7):2840–2844. 

21. Ogunah JA, Owuor PO, Kowenje CO, 
Lalah JO. Effect of copper (II) on the 
sorption/desorption of chlorsulfuron in five 



wheat growing regions of the Mara River 
Basin, Kenya. American Journal 
of Experimental Agriculture.  
9. 

22. Gee GW, Bauder JW. Particle
analysis. Part 1. In: "Methods 
analysis", (Ed.): Klute, A. American Society 
of Agronomy and Soil Science
WI. 1988;383–441. 

23. Chapman HD. Cation exchange capacity. 
In C.A Black methods of soil analysis
chemical and microbiological properties. 
Agronomy. 1965;9:891-901. 

24. OECD Test No. 106: Adsorption
desorption using batch equilibrium method, 
OECD guidelines for the testing of 
chemicals, Section 1, OECD Publishing, 
Paris; 2000. 

25. Hamaker JW, Tompson JM. Adsorption of 
organic chemicals in the soil env
Marcel Dekker, New York. 1972;49

26. Barriuso E, Laird DA, Koskinen W
Dowdy RH. Atrazine desorption from 
smectites. Soil Sci. Soc. Am J
1632–1638. 

27. Curran SW. Persistence of herbicides in 
soil. Agronomy Facts 36. Penn State 
Extensions. Pennyslvania State University 
USA; 2001. 

28. Grey TL, McCullough PE. Sulfonylurea 
herbicides’ fate in soil. Dissipation, mobility 
and other processes. Weed T
26:579-581. 

29. Villaverde J, Kah M, Brown C
and degradation of four acidic herbicide in 
soils from Southern Spain. Pest Manage.  
Sci. 2008;64:703-710. 

30. Azcarate MP, Montoya JC, Koskinen W
Sorption, desorption and leaching potential 
of sulfonylurea herbicides in Argentinean 
soils. J. Environ. Sci. Health, Part B.
50(4):229-237. 

31. Moyer JR. Effect of soil moisture on the 
efficacy and selectivity of soil applied 
herbicides. Rev. Weeds Sci. 1987;3:

32. Rao VS. Principles of weed scie
Second edition. Science Publishers USA. 
2000;270. 

33. Gilchrist GFR, Gamble DS, Kodama H, 
Khan SU. Atrazine interactions with clay 
minerals: Kinetics and equilibria of 
sorption. J. Agric. Food Chem
1993;41(10):1748-1755. 

34. You SJ, Yin YJ, Allen HE. Partiti
organic matter in soils: Effects 

Ogunah et al.; AJEA, 12(6): 1-10, 2016; Article no.AJEA.26406

 
9 
 

the Mara River 
American Journal                             

 2016;10.5 :1-

W. Particle-size 
analysis. Part 1. In: "Methods of soil 

", (Ed.): Klute, A. American Society 
of Agronomy and Soil Science. Madison, 

exchange capacity. 
In C.A Black methods of soil analysis- 
chemical and microbiological properties. 

 
OECD Test No. 106: Adsorption-
desorption using batch equilibrium method, 
OECD guidelines for the testing of 

OECD Publishing, 

M. Adsorption of 
organic chemicals in the soil environment. 

1972;49-144. 
Barriuso E, Laird DA, Koskinen WC, 

H. Atrazine desorption from 
. Soil Sci. Soc. Am J. 1994;58: 

W. Persistence of herbicides in 
soil. Agronomy Facts 36. Penn State 
Extensions. Pennyslvania State University 

E. Sulfonylurea 
herbicides’ fate in soil. Dissipation, mobility 
and other processes. Weed Tech. 2012; 

Villaverde J, Kah M, Brown CD. Adsorption 
and degradation of four acidic herbicide in 
soils from Southern Spain. Pest Manage.  

Azcarate MP, Montoya JC, Koskinen WC. 
Sorption, desorption and leaching potential 

sulfonylurea herbicides in Argentinean 
J. Environ. Sci. Health, Part B. 2015; 

R. Effect of soil moisture on the 
efficacy and selectivity of soil applied 

. 1987;3:19-22. 
S. Principles of weed science. 

Second edition. Science Publishers USA. 

Gilchrist GFR, Gamble DS, Kodama H, 
U. Atrazine interactions with clay 

minerals: Kinetics and equilibria of 
sorption. J. Agric. Food Chem. 

E. Partitioning of 
Effects of pH and 

water/soil ratio. Sci. Total Environ.
1999;227:155–160. 

35. Wu C, Zhang S, Nie G, Zhang Z
Adsorption and desorption of herbicide 
monosulfuron-ester in Chinese soils. J. 
Environ. Sci. 2011;23:1524–

36. Tang Z, Zhang W, Chen Y. Adsorption and 
desorption characteristics of monosulfuron 
in Chinese soils. J. Hazard Mater
166:1351–1356. 

37. Delgado L, Pena A. Sorption/desorption 
behavior of sulfonylurea herbicides as 
affected by the addition of fresh and 
composted olive cake to soil. Weed Res.
2008;48(5):461-469. 

38. Zuyi C, Wei C, Chunyun 
and desorption of 14C-chlorsulfuron in 
soils. Acta Agriculturae Nucleatae Sinica.
1995;9(Suppl):87-93. 

39. Giles CH, McEwan TH, Nakhwa SN, Smith
D. Studies in sorption. Part XI. A system of 
classification of solution adsorption 
isotherms and its use in diagnosis of 
adsorption mechanism and in 
measurement of specific areas of solids. J. 
Chem. Soc. 1960;111:3973–

40. Nemeth-Konda L, F¨uleky G, Morovjan
Csokan P. Sorption behaviour of 
acetochlor, atrazine, carbendazim, 
diazinon, imidacloprid and isoproturon on 
Hungarian agricultural soil. Chemosphere
2002;48:545–552. 

41. Tahir NM, Sing NYJ. Adsorption of 
metsulfuron–methyl on soils under oil palm 
plantation: A case study. J. Teknologi
2012;47(F):35–43. 

42. Said-Pullicino D, Gigliotti G, Vella A
Environmental fate of triasulfuron in soils 
amended with municipal waste comp
Journal of Environmental Quality
33:1743–1751. 

43. Walker A, Cotterill EG, Welch S
Adsorption and degradation of 
chlorsulfuron and metsulfuron
soils from different depths. Weed Res.
1989;29:281-287. 

44. Singh N, Singh SB. Sorption
behavior of metsulfuron
sulfosulfuron in soils. J. Environ.
Health Part B. 2012;47:168-174.

45. Mamy L, Barriuso E. Desorption and time
dependent sorption of herbicides in soils. 
Eur J Soil Sci. 2007;58:174–

46. Mersie W, Foy CL. Adsorption, desorption 
and mobility of chlorsulfuron in soils. J. 
Agric. Food Chem. 1986;34:89

 
 
 
 

; Article no.AJEA.26406 
 
 

water/soil ratio. Sci. Total Environ. 

G, Zhang Z, Wang J. 
Adsorption and desorption of herbicide 

ester in Chinese soils. J. 
–1532. 

Y. Adsorption and 
desorption characteristics of monosulfuron 

J. Hazard Mater. 2009; 

A. Sorption/desorption 
behavior of sulfonylurea herbicides as 
affected by the addition of fresh and 
composted olive cake to soil. Weed Res. 

 M. Adsorption 
chlorsulfuron in 

turae Nucleatae Sinica. 

Giles CH, McEwan TH, Nakhwa SN, Smith 
D. Studies in sorption. Part XI. A system of 

fication of solution adsorption 
isotherms and its use in diagnosis of 
adsorption mechanism and in 

areas of solids. J. 
–3993. 

Konda L, F¨uleky G, Morovjan G, 
P. Sorption behaviour of 

acetochlor, atrazine, carbendazim, 
diazinon, imidacloprid and isoproturon on 
Hungarian agricultural soil. Chemosphere. 

J. Adsorption of 
methyl on soils under oil palm 

plantation: A case study. J. Teknologi. 

iotti G, Vella AJ. 
Environmental fate of triasulfuron in soils 
amended with municipal waste compost. 
Journal of Environmental Quality. 2004; 

Walker A, Cotterill EG, Welch SJ. 
Adsorption and degradation of 
chlorsulfuron and metsulfuron-methyl in 
soils from different depths. Weed Res. 

B. Sorption-desorption 
behavior of metsulfuron-methyl and 

J. Environ. Sci. 
174. 

E. Desorption and time-
dependent sorption of herbicides in soils. 

–187. 
Foy CL. Adsorption, desorption 

and mobility of chlorsulfuron in soils. J. 
89-92. 



 
 
 
 

Ogunah et al.; AJEA, 12(6): 1-10, 2016; Article no.AJEA.26406 
 
 

 
10 

 

47. Pusino A, Petretto S, Gessa C. Sorption of 
primisulfuron on soil and inorganic and 
organic soil colloids. Eur J Soil Sci. 
2004;55(1):175–182. 

48. Pusino A, Fiori MG, Braschi I, Gessa C. 
Adsorption and desorption of triasulfuron 
by soil. J. Agric. Food Chem. 2003;51: 
5350-5354. 

49. Zhang W, Wang JJ, Zhang ZM, Qin Z. 
Adsorption- desorption characteristics of 

chlorimuron-ethyl in soils. Agric. Sci. 
China. 2007;6(11):1359–1368. 

50. Bhandar IA, Novak JT, Berry DF. Binding 
of 4-monochlorophenol to soil. Environ. 
Sci. Technol. 1996;30:2305-2311. 

51. Neville CJ, Ibaraki M, Sudicky EA.                             
Solute transport with multiprocess 
nonequilibrium: A semi-analytical solution 
approach. J. Contam. Hydrol. 
2000;44:141–159. 

_________________________________________________________________________________ 
© 2016 Ogunah et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://sciencedomain.org/review-history/15037 


