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Effect of Addition of Superabsorbent Hydrogels on
Sorption and Mobility of Metribuzin in Sandyloam Soil
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The effect of addition of two indigenously developed superabsorbent hydrogels (P-gel and K-gel), to sandy
loam soil on sorption and leaching behavior of metribuzin was studied under laboratory conditions. Addition of
both hydrogels to soil improved metribuzin sorption significantly as indicated by higher Freundlich adsorption
constant (Kf) values (0.676-2.228) for all hydrogel treatments compared to control soil (0.194). Breakthrough
time and maximum concentration of metribuzin in the leachate changed significantly on hydrogel application.
Soil columns amended with both P-gel and K-gel at two soil depths (3 cm and 6 cm) registered reduction in
leaching losses of metribuzin as compared to control column. The above findings indicated that hydrogel
application in addition to its established role in improving water and nutrient use by plants, can also aid in
mitigating groundwater pollution associated with herbicide losses.
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Metribuzin (4-amino-6-tert-butyl-4,5-dihydro-3-methylthio-
1,2,4-triazin-5-one), a selective and systemic triazine
herbicide, finds extensive use for pre- and post- emergence
control of annual grass and broad leaved weeds in crops
such as sugarcane, soybean, wheat, vegetables etc1.
Categorized as a pesticide with great potential for leaching
and thus contaminating the ground waters2,3, it is endowed
with high solubility in water (1.29 L-1 at 20 °C) and weak
sorption in soils. It leaches to lower horizons of soil profiles,
a major factor responsible for the concomitant loss of its
efficacy in the surface horizons4.

Soil amendments such as fly ash and animal manure5,
bicompost from distillery effluent6 have been reported to
play a significant role in reducing the leaching losses of
metribuzin. Urea fertilizer has also been found to reduce
the downward mobility of the herbicide in a column study7.

High swelling water insoluble crosslinked polymers
referred to as superabsorbent hydrogels are new generation
materials increasingly used as soil amendments worldwide,
to improve the water and fertilizer use efficiency of crops,
by altering the hydrophysical environment of soil8-11.
Application of these polymers has also been reported to
mitigate the runoff and leaching losses of pesticides, due
to their ability to modify the physico-chemical properties of

soils including their sorption behavior12. Effect of water
soluble soil conditioners such as polyacrylamide gel (PAM)
has been studied upon sorption characteristics of soil
applied herbicides13. The water retention characteristics of
hydrogels may also enable retention of hydrophilic
pesticides along with water. However, much information on
this aspect is lacking. A cellulosic polymer based crosslinked
superabsorbent polymer possessing water absorption
potention of 500 times its weight has been developed in
our laboratory and commercialized to industry as Pusa
Hydrogel (P-gel in the present study)14. Its effect in improving
the water use efficiency in crops is well established15,16.
Another semisynthetic nanosuperabsorbent composite, K-
gel with higher water absorption properties has also been
recently developed17. The two hydrogels, P-gel and K-gel,
were examined in the present study for their effect on
sorption of metribuzin in sandy loam soil and its retention in
soil columns.

MATERIALS AND METHODS

Experimental soil: Sandy loam soil (0-15 cm depth) was
collected from the experimental farm, IARI. It was shade
dried, passed through 2 mm sieve and had pH 1:1.25 soil :
water, 7.8; organic carbon18, 0.51%; mechanical analysis19,
sand 78%, silt 10%, clay 12.4%; cation exchange capacity,
normal ammonium acetate18 , 11.2 cmol kg-1.*Corresponding author E-mail: anupama.chikara@gmail.com
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Soil amendments: Two crosslinked water insoluble
superabsorbent hydrogels of semi-synthetic nature namely
P-gel (natural polymer backbone based anionic polyacrylate)
and a bionanocomposite, K-gel (clay intercalated natural
polymer backbone based anionic polyacrylate) were
prepared in the laboratory by using free radical initiation
grafting polymerization technique14,17.. Key characteristics
of the two test gels are given in Table 1.

detection limit (MDL) for metribuzin were 0.01 µg and 0.05
µg g-1, respectively. Recovery of metribuzin from control soil
and soil amended with P-gel and K-gel (at 0.75% level) at
fortification levels of 1 µg g-1 was 92.6%, 89.4% and 86.2%
respectively. The amount of metribuzin sorbed was
calculated from the difference between the initial and final
solution concentrations. Kd, the soil sorption coefficient for
various treatments was determined as ratio of sorbed
pesticide to pesticide in the aqueous phase.

Column leaching study: To study the effect of test products
on metribuzin leaching, columns (150 mm length x 39 mm
id) made from polyvinyl chloride (PVC) pipes were rested
in Buchner funnels fitted with 60 µm nylon membranes to
reduce the dead end volume and packed in triplicate by
adding soil in installments of approximately 50 g each with
intermittent compaction of the soil to ensure uniform packing
(bulk density 1.42 kg L-1). The hydrogel was mixed with the
upper 3 and 6 cm soil of columns treatment-wise at the rate
of 0.75% (w/w, soil basis) only. The application of hydrogels
in the upper 3 and 6 cm depth of the columns was based on
the performance of P-gel in water use economics of different
crops at these depths15,16. The corresponding treatments
were labeled TP3, TP6 and TK3, TK6 respectively for the
soil columns treated with P-gel and K-gel. The bulk densities
of all the treatments remained 1.42 kg L-1, as in T0. Twenty
four hour prior to the metribuzin loading, columns were given
uniform treatment with excess water through capillary action
since water added from top of the hydrogel amended
columns did not drain naturally upto seven d. Therefore,
suction of 23.8 mm Hg at 25 °C ± 2 °C was applied using
water head for uniform drainage.  Acetone solution (0.1 ml)
containing metribuzin (360 µg) was applied drop wise to
each column surface to ensure uniform distribution. The
treatment corresponded to an application dose of 1.3 kg
ha-1. After herbicide application, the columns were left
undisturbed overnight.

Soil surface in the columns was covered with 0.5 cm
thick layer of acid washed sand to minimize disturbance of
the surface soil during leaching. After 24 h of herbicide
application, each column was leached with 350 ml of distilled
water.  Since rate of mobility of water varied with the type,
rate and depth of hydrogel application, water application
on the column surface was standardized at the rates of 14.6,
3.6, 2.1, 4.9, and 3.6 ml per h for T0, TP3, TP6, TK3 and
TK6, respectively and drainage allowed. These application
rates allowed a water head of approximately 1 cm on the
soil surface throughout the leaching. Leachates were

Table 1. Key Characteristics of P-gel and K-gel

Characteristics  P-gel K-gel

Physical appearence Off-white amorphous Brown amorphous

Particle size range 20-100 mesh 100-240 mesh

pH of swollen gel 7.0 7.0

Equilibrium swelling 500 800
ratio w.r.t. dry gel*

Chemicals: Analytical grade metribuzin (purity 95%) was
procured from M/s Bayer India Limited, Mumbai, India). Ethyl
acetate and acetone of AR grade procured from Merck
Private Ltd., Mumbai, India were used.

Sorption study: Adsorption isotherms for metribuzin in soil
were obtained by batch equilibration method20. Soil sample
(5 g) and 10 ml aqueous solution of metribuzin (prepared
by taking acetone solution of metribuzin in test tube,
evaporating the solvent and adding 10 ml CaCl2 solution,
initial concentration of metribuzin ranging from 2.5 to 10 µg
ml-1) were mixed in 30 ml glass stoppered test tube and the
treatment was labeled control (T0). To study the effect of
hydrogel addition on metribuzin sorption, dry P-gel or K-gel
was added @ 0.5% and 0.75% (each w/w, dry soil basis)
and labeled TP1 and TP2, and TK1 and TK2 respectively.
The amended samples were equiliberated with metribuzin
solution in a similar fashion as that of T0. Each treatment
was replicated three times. For each treatment, blanks
without metribuzin were maintained as control. Samples
were equilibrated on an end-over-end shaker for a period
of 24 h. The equilibrated soil-water suspension was
centrifuged at 6000 rpm for 30 min and metribuzin in the
supernatant was quantified by Gas Chromatography on a
Hewlett Packard (Palo Alto, CA) gas chromatograph (Model
5840) equipped with Ni63 electron capture detector (ECD)
and fitted with HP-1 column (10 m (l) x 0.53 mm (id) x 2.53
µm film thickness). The GC operating conditions were:
temperatures-oven 175 °C, injector 300 °C, detector 300
°C, carrier gas (nitrogen) flow rate 45 ml min-1 and injection
volume 2 µl. The instrument detection limit (IDL) and method
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collected in fractions of approximately 50 ml each and
analyzed for metribuzin content. Leachate pH and DOC
content were also determined by Walkley and Black
method18 (Jackson 1967).

Extraction of Metribuzin from Soil and Water was carried
out using procedures reported by Majumdar and Singh5

(2007). After leaching, drainage of the columns was
continued further for 24 h. Each PVC column was dissected
into 3 cm sections. Soil from each section was allowed to
air dry for 48 h. Each air-dried sample was transferred to
500 ml stoppered Erlenmeyer flask. Ethyl acetate (200 ml)
was added to each flask, equilibrated on an end-over-end
shaker for 2 h and passed through anhydrous sodium
sulfate. The herbicide residue in the solvent extract was
quantified by gas chromatography using experimental
conditions described earlier for sorption studies.

For extraction of metribuzin from water extracts,
separating funnel containing samples (20 mL each) were
shaken with ethyl acetate (2x15 mL) for 10 min. Samples
were allowed to stand for 1 min and the ethyl acetate layers
collected. Five g of anhydrous sodium sulfate was added to
each ethyl acetate extract to remove any trace of moisture
and the organic fraction analyzed for metribuzin content by
gas chromatography. Recovery of metribuzin from water at
fortification level of 1 g ml-1 was 95.65 %. 

RESULTS AND DISCUSSION
Sorption study: According to adsorption isotherms for
metribuzin in the untreated control and hydrogel-amended
soils as shown in Figure 1, it is clear that the adsorption
data conformed to the Freundlich adsorption equation:

              log x/m = log Kf + (1/n) log C

where, x denotes the amount of metribuzin adsorbed (g),
m, the weight of soil (g), C, the equilibrium concentration
(µg ml-1) of metribuzin and  Kf  and 1/n, the constants. The
Freundlich constant Kf (intercept) represents the amount of
metribuzin sorbed at an equilibrium concentration of 1 µg
ml-1. The 1/n (slope) is a measure of the intensity of sorption
and reflects the degree to which the sorption is a function
of herbicide concentration. The values of correlation
coefficient (Table 2) for all the treatments, particularly TP2
and TK2 were fairly high, suggesting that the Freundlich
adsorption equation satisfactorily explained the result of
metribuzin sorption. It is evident that addition of the
hydrogels significantly increased the metribuzin sorption in
soil. The term sorption here refers to the sum of adsorption
and absorption phenomena occurring in amended soil. The
Kf values for metribuzin sorption for T0, TP1, TP2, TK1 and
TK2 were 0.19, 0.95, 2.23 0.67 and 0.93, respectively. The
KOC (organic carbon normalized sorption constant) values
increased with addition of hydrogels to soil. Soil OC content
increased on hydrogel addition from 0.51 in control (T0) to
0.64-0.82. Greater variation in KOC values in control and
hydrogel amended soils suggests that soil OC content
contributed most to the increase in metribuzin sorption.The
hydrogel addition to sandy soils has been reported to

Figure 1. Adsorption isotherms for metribuzin in A) soil amended
with 0.5% P-gel or K-gel B) soil amended with 0.75% P-gel or K-gel.

Table 2. Freundlich sorption parameters for metribuzin

Treatment  Kf 1/n R Kd R OC (%) Koc

T-0 0.19 0.95 0.981 0.17 0.981 0.51 33.33

T-1(K) 0.68 1.26 0.862 1.00 0.885 0.64 156.25

T-2(K) 0.93 1.32 0.978 1.75 0.977 0.71 246.47

T-1(P) 0.95 1.43 0.885 1.82 0.932 0.72 252.77

T-2(P) 2.23 0.98 0.941 1.87 0.956 0.82 228.04
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increase significantly their specific surface area as well as
fluid absorption characteristics21 which may explain the
higher metribuzin sorption as compared to the control. A
positive correlation between metribuzin sorption was
observed with the rate of hydrogel application (Figure 1). In
case of both the P and K-gels, the soils amended at 0.75%
level showed more sorption than the 0.5% level. This can
be explained in terms of relatively higher water absorption
capacity of test soil amended with higher rate of hydrogel
(Figure 2).

respectively. The maximum concentration (C/C0) of metribuzin
in the leachate reduced significantly from 0.284 in T0 to 0.180
and 0.178 respectively in TP3 and TK3. Application of P-gel
and K-gel up to 6 cm column soil surface (TP6 and TK6)
resulted in breakthrough of metribuzin after passing 188 ml
and 179.8 ml water respectively. Delayed breakthrough of
metribuzin in TP6 column than TP3 column may be due to
greater retention of water in the soil in the former case. This
was also reflected in the total leachate collected from the
TP6 column. Thus delayed percolation of water in TP6 may
have led to accumulation of metribuzin. Application of P-gel
up to 6 cm column soil surface (TP6) led to maximum
reduction in the highest concentration of metribuzin in the
leachate (0.085) followed by TK6 (0.150). The water insoluble
crosslinked character of the test hydrogels and aggregate
formation with soil particles prevent the downward movement
of their particles. As compared to control (T0), Dissolved
Organic Carbon (DOC) content of the leachates from all the
gel amended columns did not differ significantly (Table 3).
Mass balance calculation indicated that about 63.80% of
the initially applied herbicide was recovered in the leachate
of control column (T0) as compared to 51.2% in TP3, 13.6%
in TP6, 58. 4% in TK3 and 39.8% in TK6 soil columns (Table 3).

Figure 2. Water absorption capacity of soil as a function of P-gel
or K-gel application level

Figure 3 shows the breakthrough and cumulative
percolation curves of metribuzin in the unamended natural
(T0), P-gel (TP3, TP6) and K-gel (TK3, TK6) amended soil
columns. In general, addition of the test hydrogels
significantly reduced the rates of downward movement of
metribuzin in columns and affected both the breakthrough
time (corresponding to the leachate fraction containing
detectable concentration of metribuzin in the leachate) as
well as the maximum concentration of metribuzin in the
leachate. In control (T0), total recovery of the leachate was
accomplished within 24 h, whereas it took 96 and 168 h in
TP3 and TP6 and 72 and 92 h in TK3 and TK6 respectively.
In control, metribuzin breakthrough occurred after passing
132 ml water through the column and the maximum
concentration of metribuzin was obtained after percolating
191 ml. Out of the total 350 ml water applied, 334 ml was
collected as leachate. In comparison, only 320 mL, 195 ml,
324 ml and 213 ml water was collected as leachate from
TP3, TP6, TK3 and TK6 soil columns respectively.
Remaining quantities of water were retained in the columns.
Application of P-gel and K-gel up to 3 cm in the column
surface (TP3 and TK3) delayed the breakthrough of
metribuzin which occurred after passing 212 and 154 ml water

Figure 3. Metribuzin breakthrough (A) and cumulative (B) curves
from control (T0) and gel amended (TP3, TP6 and TK3, TK6) soil
columns. C0 is the initial amount of metribuzin applied; C is the
concentration of metribuzin in the leachate

Cumulative volume (ml)

Cumulative volume (ml)
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Nearly 91.8-98.03 % of the initially applied metribuzin was
accounted for in the soil and water fractions.

To determine the amount of metribuzin left in soil, the
columns were dissected into 3 cm sections after leaching.
Metribuzin leached to 15 cm depth in both gel amended
and unamended columns, but its distribution profile varied
(Figure 4). It was almost equally distributed in the entire
column of the control (T0). The hydrogel application
significantly increased the retention of herbicide across
the column. Maximum amount was recovered from TP6
(80.39%) followed by TK6 (59.01%). Next in the order were
TP3 (40.60%) and TK3 (34.34%). Our study though

conducted under laboratory conditions demonstrates that
even under heavy rainfall simulated conditions, significantly
lesser amounts of metribuzin would leach down in
presence of the hydrogel in soil, which though confined to
upper 3-6 cm depth exhibited the effect through restriction
of the percolation rate and the amount of water. Maximum
amount of metribuzin was noticed at 6-9 cm depth in TK6
treatment. It can be explained in terms of the higher water
absorption capacity of K-gel than the P-gel, leading to
relatively more retention of metribuzin in the upper part of
the column.

The favorable effect of P-gel, (a semisynthetic high
absorbing material technology indigenously developed in
our laboratory) in enhancing the water and nutrient use
efficiency under diverse agricultural situations is well
established15,16. Its rate of application in field has been
standardized at 2.5-5.0 kg ha-1, which is much lower as
compared to its commercially available contemporary
products (≥10 kg ha-1)22. Cost of its application is Rs. 2000-
4000 per hectare and it does not contain residual monomer,
acrylamide (unpublished). It belongs to the class of
polyacrylamide hydrogels which degrade in soil into CO2

and NH3
23. K-gel is a new polymer aimed at finding

successor to the P-gel. The present study revealed that
both P-gel and K-gel increased the sorption and reduced
mobility of metribuzin in sandy loam soil, thus highlighting
additional potential and utility of such materials in reducing
the leaching loss of herbicides with the consequent
mitigation of water pollution. Findings of the present study
will be utilized in developing controlled release formulations
of metribuzin and other soil applied herbicides using
superabsorbent polymers as carriers.
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