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Adsorption and correlation with their thermodynamic properties
of triazine herbicides on soils
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Abstract: Adsorption of atrazine, prometryne and prometon was determined on six soils with different physical and chemical properties. The
adsorplion isotherms of three herbicides couid well fit Freundlich equation. On all of six soils, adsorption of herbicides increased in the order:
atrazine == prometon < prometryne. This order is quite the same to the caleulation result of by means of excess thermodynamic properies of
triazine. The Freundlich adsorption constants, K, showed o have gond correlution with organic matter{ OM% ) of soils for each of these
herbicides , suggesting that OM is the main factor, which dominates in the adsorption process of these trinzine herbicides.
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Introduction

Adsorption of herbicides on soil from water is an important factor affecting their fate, bhiological
activity, and persistence in soil-water system. It is often affected by several properties of soil. Better
understanding of adsorption and iis affecting factors will make it possible to adjust the herbicide dosage
according to soil properties, thus reducing the environmental polution of herbicides in the environment.

Among the post-emergent herbicides, triazine herbicides

are most commonly used worldwide on control weeds on both o

agricultural and non-agricultural land ( Newman, 1995 ). N |N CH,
Unfertunately, they are also widely detected in water supplies CHg\CHNH Pro\nyetry/KlmNHCH
and for this reason are considered lo be an important indicator of CH; CHyO CH;
pesticide contamination in the United States and elsewhere. The N7

adsorption of several triazines has been studied and it was found CH, /R t /CH3
that the adsorption of triazines highly related to soil organic >CHNH Pm:wmn NHCH\
malter content (Senesi, 1980; Garrison, 1996; Novak, 1999; CHj CHa
Close, 1999 ). Multifunctional hydrogen bonds and charge- cl

ttansfer bonds were found to he involved in the adsorption of /I\

direct comparison of adsorplion experimental resulis from CH:CH,NH NHCH

alrazine and prometon on humic acids ( Schnitzer, 1972). A NON CH,
SN

different laboratory is rather difficult because of the experimental Atrazine \CH3

conditions, such as the type of soil, temperature of bath, range

of concentration, or sampling procedures, varying from study to  Fig. 1 Structures of three triazine hesbicides

study. Therefore, common rule and quantitative correlation on

adsorption of the triazine group of herbicides are currently unavailable .

The adsorption of three commonly used triazine herbicides, atrazine, prometryne and prometon, was
studied. The structures of these triazine herbicides are shown in Fig. 1. Our objectives were: (1) 1o
determine and compare the adsorplion isotherms of these herbicides on six soils with various physical and
chemical properties; (2) to identify the main soil factors affecting adsorption; {3) to correlate the

adsorption with the excess thermodynamic properties of the herbicides.
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1 Theory
In high pedormance liquid chromatographic { HPLC), the relationship of capacily factor &’ and
retention time Ty, Ty is:
Ty — Ty
Ty
When a component enters stationary phase(S) through the mobile phase(M),the mole excess Gibbs free

Eo= (1)

energy change AG ™ is:

AG' = - RTInk' + RTln%, (2)

m

where n, and n_, are the mole number of unit volume stationary phase and mobile phase, respectively. The

relation between AG ", and the mole excess enthalpy change AH ", and the mole excess entropy change

AS s

AG" = AH' — TAS" . (3)
From Eqs.(2) and (3), we can get:
, _ZAHT AS° L
Ink’ = RT + R +1In n,’ (4)
. - Al AS® n,
log(#") = 535377 * 7.303R8 * €0 (5)
log( k' } =%+B, (6)
where
- AH® AS”® n,
A=53mr B 238 0. (7

m

Therefore, AH™ and AS” can be obtained through the data of capability factor.

2 Materials and methods
2.1 Soil samples and chemicals
The samples of six soils were used in this study. They were collected in the arca of Zhejiang Province
of East China. Their physical and chemical properties are summarized in Table 1. The samples were air-
dried and sieved to 1 mm. Soil pH was measured in a mixture of 1:1(w/w) soil: water with a glass pH
electrode. Particle size distributions were evaluated using pipette method (Day, 1965} and the organic
matter content(OM % ) was measured by colorimetric method using chromic acid { NSICAS, 1978) . The
cation exchange capacity({ CEC) was determined by following procedure reported( Hendershot, 1986) .
Atrazine, prometryne and prometon ( purity 99.1%, 99.0% and 99.1%, respeclively ) were
purchased from Chem Service Inc., USA. The methanol was HPLC grade, and other chemicals were
analytical grade.

Table 1  Selected physical and chemical properties of soil samples Humic acid ( HA ) was

No. of . e ] CRC. isolated according to
woils pH OM, % Clay, % Silt, % Sand, % Water, % e/ 100g conventional procedures

1 7.67 0.64 378 482 6.1 3.9 30.0 (Senesi, 1989) from soil 4.
2 414 2.8 49.3 31.0 15.6 3.5 15.7 2.2 Herbicides analysis
3 6.66 3.4 20.6 43.6 30.4 2.0 11.8 The concentrations of
4 7.36 4.0 15.1 408 29.3 1.9 17.8 these herbicides were
5 5,23 0.25 23.7 34.6 35.8 4.8 34.6 o . .
quantified by HPLC analysis.
6 8.42 0.71 9.7 3.8 4.4 1.4 8.8

To determine the dead time of
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herbicides, KNO; was added in herbicide solution. A spectra-physics liquid chromatograph, equipped with
200 mmx 4 mm(i.d.) reverse-phase YWG C,, 10 pm analytical column, a spectra 100 UV-VIS detector
and a supper chromatography work station, was used. The flow rate of mobile phase was I ml/min. For
detection of atrazine, prometryne and prometon, the HPLC detector was operating at 230 nm, and the
mobile phase was composed of methanol and water with a ratio of 75:25 by volume( adjusted to pH = 3.0
using H; PO, ). Under these conditions, the relention time of atrazine, prometryne and prometon was
6.70, 7.50 and 7.99 min, respectively.
2.3 Adsorption experiments of soils

Adsorption isotherms were obtained using the slurry-type method. Twenty milliliter volumes of
herbicide solutions were added (o 100 ml conical glass bottle with plugs, which contained 5.00 g soils for
atrazing, prometryne or prometon, respectively. The initial concentration of the three herbicides ranged
from 10 to 100 pmol/I.. The maximum concentrations used all were lower than their water solubility. All
experiments were duplicaled. Equilibration was achieved by shaking for 24 h at 20 + 2°C . Preliminary
studies showed that all adsorption equilibration could be reached within 24 h. The supernatant was then
removed by centrifugation at 12000 r/min for 10 min, filiered through a 0.2 pem syringe filier and stored in
stopper glass vial for HPLC analysis.
3 Results and discussion
3.1 Adsorption isotherms of 3 triazine herbicides

Fig.2 shows the adsorption isotherms of these three triazine herbicides on 6 soils. Their L-shaped
isotherms signified that soils had a high affinily for these herbicides, and they were probably adsorbed in a

planar pesition on the surface with multifunctional honding to seils.
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Fig.2 Adsorption isotherms of 3 herbicides on 6 seils

Freundlich Equation is often used in the description of adsorption of pesticides. The empirical
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equation can be expressed as follows:

0 = KCe'. (8)
Where @ is the adsorbed amount of the soil (pmol/g), Ce is the concentration of herbicide in the solution
at equilibration( umol/L}, K; and 1/n are regression constants. It was found that the adsorption isotherms
of these three triazine herbicides could fit Freundlich Equation well . The values of K;, 1/n and correlation

coefficients{ r ) are given in Table 2.

Table 2 Freundlich constants and correlation coefficients for adsorption of 3 kinds of triazine herbicides on 6 soils

Promelryne Prometon Atrazine
No. of soil
Ky 1/n r K 1/n r K 1/n v
1 0.00556 0.782 0. 9490 0.00846 0.866 0.993 0.00628 0.786 0.987
2 0.03494 0.641 0.961 0.03268 0,783 0.992 0.02597 0.8063 0.929
3 0.05208 0.792 0.962 0.03317 0.907 0.948 0.03701 0.887 0.952
4 0.07361 0.875 0.985 0.04285 0.934 G.909 0.04629 0.901 0.941
5 0.00569 0.672 {.994 0.00439 0.847 0.934 0. 00482 0.874 0.915
6 0.00246 0.932 0.992 0.00916 0.755 0.946 0.00903 0.913 0.963

3.2 Correlation of adsorption with properties of soil

The correlation results of adsorption and desorption with soil properties can either be used to predicale
the adsorption and desorption of pesticides on different soils, or help to find out the factors of soil which
dominate in the adsorption and desorplion process. The correlation of Freundlich constant K of adsorplion
for several pesticides with the selected soil parameters had been presented ( Pusino, 1994; Mallawatantri,
1996) . Actually, another Freundlich constant, 1/n, is also a very important coefficient for the description
of isotherms. The isotherms can differ a lot with the change of 1/n . Linear regression analysis between K

and soil parameters was performed. The correlation coefficients( r) are listed in Table 3.

Table 3 Correlation coefficients of X; with soil parameters for 3 triazine herbicides

Name of herbicide Sand oM, % Silt Clay. % Water CEC
Prometryne 0).505 0.974 ~0.415 -0.120 —-1.456 -0.389
Atrazine 0.437 0.989 -0.328 -0.144 -0.545 - 0.506
Prometon 0.341 0.994 -0.391 0.042 -0.476 -0.515

For all 3 herbicides, K, showed better linear correlation with OM% . This meant that the main lactor
of soil which dominated the adsorption of these 3 triazine herbicides was OM% . The linear regression

equations of K; with OM % were:

K, =0.00577 + 0.0N771(OM ), (9)
K, =0.00053 + 0.01073( OM ), 1)
K, =0.00213 + 0.01001{ OM ) . (11)

Egs. (9), (10) and (11) correspond to prometryne, atrazine and prometon, respectively. The gradually
increasing intercepts and slopes of these equations indicated that the adsorption extends on soils of these 3
triazine herhicides increased in the order: atrazine == prometon < promeiryne.

The main difference of these 3 triazine herbicides in structure is the diversity of one substitution group
of aromatic cyclic triazine, which is —OCH,, —Cl and —SCH; for prometon, atrazine and prometryne,

respectively . Each of these substilution groups can help the form of electron-transfer mechanism of bonding
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to quinone-like structures in HA, and the capability of conjugate order is —SCH, > —OCH, > —Cl.
Possibly, this is an imporlant factor to affect the adsorption.
3.3 Adsorption mechanism

The adsorption mechanism of triazine on soils have been researched very wildly { Senesi, 1980;
Garrison, 1996; Ladlslau, 1994; Wang, 1998) . In this paper, the adsorption mechanism is ignored.
3.4 Correlation of adsorption and excess thermodynamic properties of herbicides

Table 4 lists the lgk" in different compositions of mobile phase for 3 triazines. The result indicated the
correlation of lgk’ and C, is linear. Tt meant the correlation of excess thermodynamic properties of

herbicides and €, is linear too.

Table 4 The lgk’ in different compositions of mobile phase

Compositions of mobile phase €, (H,0/CH; OH,V/V)

Herbicide r 5D
0.3 0.4 0.5 0.6 0.7
Prometryne 0.552 0.729 0.913 1.009 1.286 0.991 0.044
Prometon 0.515 0.682 0.849 1.029 1.201 0.999 0.005
Atrazine 0.493 0.657 0.834 0.993 1.155 0.999 0.005

Table 5 lists the lgk” in different eolumn temperature for 3 triazines. The excess thermodynamic
properties of herbicides can be obtained by plotting the lgk’ versus reciprocal of absolute temperature in
degrees Kelvin, AH " can be obtained by the slope of curve and AS" is direct ratio to the intercept of
curve. The result is: prometryne AH® = —10.561 kl/mol; atrazine AH" = — 5.674 kJ/mol; prometon
AH' = = 5.770 kJ/mol . Compared the numerical value of AH ", the order of these 3 triazine herbicides
is the same to the order of adsorption extends on soils. AH ™ is the energy factor, it maybe determine the

affinity of soil and herbicide. AH" can be considered the size factor. It is determined by the size of

molecule .
Table 5 The lgk’ in different column iemperature
Column temperalure(K)
Herbicide r b4
303,15 308.15 313.15 318.15 323.15 333.15

Prometryne 0.729 0.712 0.652 ¢.621 0.605 0.576 0.971 0.016
Prometon (G.682 0.659 0.648 0.627 0.6i2 0.591 0.994 0.004
Atrazine G.655 0.631 0.621 0G.602 0.590 0.564 0.993 0.005

4 Conclusions

The L-shaped adsorption isotherms signified that the soil had a high affinity for these 3 Iriazine
herbicides, suggesting that they were probably adsorbed in a planar position on the surface with
multifunctional bonding to soils. The isotherms could fit Freundlich Equation well. The adsorption extends
increased in the order: atrazine = prometon < prometryne.

Analysis of linear correlalion regression showed thal K; had good correlation with OM% . OM % is the
main factor of soil, which dominates in the adsorption process.

The AH" order of these 3 triazine herbicides is the same to the order of adsorption extends on soils,

s0 the excess lhermodynamic properties could be an important parameter of herbicide .
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