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ABSTRACT

A soil-herbicides index for ranking the potential for herbicides contamination for
groundwater known as the Groundwater Contamination Potential (GCP) was evaluated by
combining Soil Leaching Potential Index (SLPI) and Herbicide Leaching Potential Index (HLPI)
using soil parameters and herbicides chemical characteristics data. Soils were rated based on
their vulnerability to leaching of herbicides. Herbicides were rated base on their potential for
moving through soil medium to groundwater by combining their physicochemical properties of
Organic Partition Coefficient Ko, Half life T1,, Application Rate R and Application Method F.
Soil properties considered were Organic Matter Content, Soil pH and Soil Textural class. These
derived indices were used to rank 16 analysed soil samples thereby allowing soil-herbicide
combination to be ranked as being “Very low ” ,“Low”, “Moderate” , “High ” and “Very high
Risks” in relation to their pollution potential to the groundwater. Consequently, the herbicide
chemical information and knowledge of soil characteristics together with soil processes provide a
means of guiding herbicides users in selecting herbicides least prone to leaching into
groundwater and as a means of making environmentally correct decisions in herbicides selection
and application.
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1.0 INTRODUCTION

The widespread use of synthetic organic herbicides over the past decades has led to their
frequent detection of toxic chemicals in groundwater, surface water, sediments and in the
atmosphere. Concern about the impact of herbicides on human health, aquatic and terrestrial

ecosystem calls for extensive research into the possible link between soil properties, herbicide
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transportation and adsorption within a given soil mass. Pesticides used in the production of
agricultural crops include insecticides, herbicides and fungicides. Without herbicides/pesticides
application, chemical weed control would be a difficult task and field crop would produce
significantly lower yields due to insect damage, weed infestation and plant diseases. The
estimation of the contribution of fertilizer and other agrochemicals to increase in food production
range from 50% to as high as 75% or more in some developing countries (FAO,1981).

Factors governing herbicides detection in groundwater includes the properties of soil,
properties of herbicides, crop management practices, hydraulic loading of the soil and other soil
conditions. Combination of these describes the vulnerability of the soil to chemical pollution.
Leaching potential refers to the risk that soluble active ingredient in herbicides will be
transmitted through the soil to the groundwater reservoir. Soils and herbicides have properties
that could be combined in a way to rank the ability of each soil types to filter out herbicides, as
well as to rank the tendency of each herbicide to move through the soil. Interaction between
leaching potential and sorption potential govern the sensitivity of the soil.

Herbicides can cause significant pollution of soil and water (Rao et al., 1983). A number
of field researches have been conducted on the transport of chemicals within the soil medium, for
the most part only theoretically or under laboratory conditions (McCall et al., 1980; Jury et al.,
1983; Helling, 1971; Hornsby, 1992). For many years the use of such factors like soil thin layer
chromatography, residence time, pesticides distribution and organic carbon partition coefficient
to rank the potential for chemical mobility in soils have been done. The factors affecting the fate
of pesticides have also been reviewed by Bailey and White, (1970), Litwin et al., (1983), Close,
(1993) and Barbash et al., (2001).

Generally, a number of factors are important in herbicide selection. They include
Herbicide persistence (Half life), Adsorption coefficient (K,c), Rate of Herbicide application (R)
and Application methods (F). On the other hand , soil and site conditions relevant in herbicide
leachability includes soil and geologic material permeability, depth of the aquifer, organic matter
content, clay content, acidity (pH) etc.

Jury et al., (1983) published an index known as Retardation Factor RF, for a uniform soil,
while Notziger et al., (1988) extended this index for layered soil. Chemicals with small RF are
more likely to leach to groundwater than those with larger RF. A second index introduced by

Rao et al.,, (1985) is called Attenuation Factor AF. Attenuation Factor incorporates the
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degradation rate, provides an index for ranking chemical based on their relative amount leaching
past a specific depth. It incorporates a simple estimate of travel time and first order degradation.
Of the two indices described here, AF is likely to provide a more realistic index of the
contamination potential for chemicals.

The objectives of this study were to determine soil and herbicide leaching potentials and
the use of the data to evaluate a soil-herbicide index known as Groundwater Contamination
Potential (GCP) for ranking the potential for herbicide contamination of groundwater in a given
soil-herbicide combination thereby providing information useful in selecting herbicides that will

have minimum impact on groundwater quality

2.0 MATERIALS AND METHODS

The site for this study falls within the project site of the 1,200-hectare Ekha Agro Farm
site in Lanlate, Oyo State, Nigeria. Sixteen areas were selected to represent a wide range of soil
properties. The major soil textural classes found at the site were loam, loamy sand and sandy
loam. The site which is on latitude 08 04’ N and longitude 04 18' E lies in the rain forest
vegetative zone of Nigeria and it is characterized by thick and light vegetation, undulating plain
lands dissected by close to a dozen of ephemeral streams, namely Amititi, ghi, ogbagba, Badore,
Owode and other tributaries of river Ogun. The light vegetation is primarily due to farming
activities that have taken place in some parts of the land over the years. The daily minimum and
maximum temperature range from 25 to 30°C respectively. Relatively long wet season occur
from March to November with a break of nearly 6weeks in the month of August and September.
The maximum rainfall is recorded in the double maxima peak period of June and September. The

dry season in Lanlate starts from mid November and ends in March the following year.

2.1.0 Soil Sample Collection and Analysis

The 1,200-hectare Farmsite was divided into identifiable plots for soil sample collection
and analysis. A total of sixteen soil sample which is a true representative of the soil on the site
considered were taken and given a name based on the area from which it was taken. Composite
soil samples consisting of 30 spot (core) samples were collected at random in a zig zag fashion
across the soil area from depth of 0-15 cm. Particle size composition, Organic Matter Content

and pH were determined at Institute of Agricultural Research and Training laboratory (IAR&T)
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Ibadan using the hydrometer (Rotas,1998), Walkley-Black chronic acid (Schulte,1988) methods
and pH in a 1:1 soil water mixture (w/w) (Harry and Nyle,1974) respectively. Soil textural class
name was determined by the use of soil triangle developed by US department of Agriculture.

2.1.1 Herbicide Chemical and Parameter Determination

Parameters needed for evaluating Herbicide Leaching Potential Index (HLPI) were all
obtained from reported literatures (Jury et al., 1984; Hornsby, 1992; Wauchope et al., 1992).
Those parameters include Organic Carbon Partition Coefficient Koc, Half life T1/2, Herbicide
Application rate R and Application method F.

2.2 Development of Indices of Pollution Potential

Soil Parameters namely Organic Matter, Soil Textural class and Soil pH were rated based
on their vulnerability to leaching of herbicides and placed in scale of 1- 10. Their rating values
are shown in Tables 1, 2 and 3 respectively. These rating values are then multiplied by an
important Factor relative to leaching. These factors are 7, 4 and 2 for Organic Matter, soil
Textural Classes and soil pH respectively. These multipliers are used to emphasize the relative
important of each of the soil properties. The number obtained from the multiplication are added
together to obtain Soil Leaching Potential Index (SLPI) as shown in the following equation.

Soil Leaching Potential Index (SLPI) =Organic Matter + Soil Texture + Soil pH ........... 0]

The SLPI value range from zero, indicating no leaching potential to 100 or more for
maximum leaching potential.

Herbicide properties of Organic Carbon Partition Coefficient, Half life, Application rate
and application method were combined in the equation proposed by McLaughlin et al., (1997) to
estimate their contribution to Herbicide Leaching Potential Index (HLPI).

Herbicide Leaching Potential Index (HLPI) = (T12 *R*F ) / Koc  vvovviniiniiiiiii, (i)
Where
T1, = Persistence of herbicides measured in half life (days)
R = Rate of herbicides Application, (Ib ai/acre)
F = Fraction of herbicides reaching the soil during application
(F=1 for direct soil application, 0.5 for folia or post emergence application)

Koc = index of how strongly a herbicide is bound by soil, ml/g
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3.0 RESULT AND DISCUSSION
3.1.1 Soil Analysis Results

Soil from the study site range narrowly in most of the properties assessed. There are 12
samples of loamy sand, 3 samples of sandy loam and 1 sample of loam soil textural classes. The
pH of the sampled soil ranged from 5.6 to 6.5. The result of the analysis and calculated SLPI for
the soil samples are presented in Tables 4 and 5. There are differences in the SLPI values of soil
samples. Eleven (11) samples were ranked as “very high” and the remaining 5 samples were
simply “high”. The SLPI illustrated the significant role that the proportion of sand in a soil mass
plays in determining whether an herbicide will reach groundwater or not. For soil in the same
textural class, the SLPI value varies because of the differences in the value of their pH and
organic matter contents. In the case of the only loam soil, the SLPI value was high due to the
value of the pH (slightly acidic). Soil acidity or pH affects the chemical properties of many
herbicides. It is observed that as pH of the soil decreases herbicides binds more with the clay in
the soil and are filtered out of the percolating water. Also, herbicides are usually less soluble in
water low pH values which translates to the fact that low pH may force down the value of SLPI
provided the rating value of both Soil texture and Organic matter are low. The vulnerability of
soils to leaching of herbicides into groundwater results from a combination of soil properties as
related in the SLPI equation. Sandy loam soil is described as moderately coarse soil and this
explain why it has more or higher soil Organic matter than the coarse textured soils. Soil organic
matter is more important than soil texture and soil pH, its effect on herbicide leaching potential is

very high.

3.1.2 Herbicides Ranking System
Commonly used herbicides like Atrazine has HLPI of 56, Alachlor 52, 2-4 D 45,
Diuron 55, etc (Table 6), are found to fall into “Moderate” HLPI rating category while
Glyphosate 23, Fluazifop 30, Paraquat 5 are in the “Low” rating group (Table 7). This is due to

their method of application and other parameters in equation (ii).

3.2 GROUNDWATER CONTAMINATION POTENTIAL INDEX (GCPI)
The Groundwater Contamination Potential Index (GCPI) was developed to rank the risk

of applying specific herbicides to a given soil. The GCPI Table is a ranking table on which the
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SLPI values of the soil and HLPI values of the herbicides are matched against each other to
obtain the relative risk category into which soil-herbicide combination can be placed. These
categories are “Very Low Risk”, “Low Risk”, “Moderate Risk”, “High Risk” and “Very High
Risk”. The least risky soil-herbicide combination can then be selected for the weed control
problem. The GCPI Table is designated as Table 8

3.2.1  Hlustration of GCPI Concept Using the Study Site Analyzed Soil Samples

Assume that Corn (zea mays) is to be planted on a field that has the characteristics of soil
samples A, C, G, | and O namely, Amititi Area, Four Plot Area, Baba Gardner Area, Baba
Gbenga Area and Cocoa Area respectively. If Alachlor, Diuron, Atrazine, Paraquat and
Glyphosate are to be used for weed control on the field. Table 9 shows how the soil-herbicide
combination can be ranked on the GCP Table 8. The Table allows us to choose the least risky
soil-herbicides combination among the available option. The above procedure may appear to be
cumbersome for the first time user but it will be easier if one is used to it. It should be noted that
only closely related herbicides can be compared.

40 CONCLUSION

The study revealed that there is significant relationship between site specific condition
and herbicide physicochemical constants and parameters. The above procedure is just one of the
numerous ways of ranking soil-herbicide combinations, information on herbicide label must not
be taken for granted as they usually contain advisory statements regarding their potential for
leaching into groundwater. The adoption of integrated weed control over pure chemical weed

control will make herbicide detection in groundwater an avoidable problem.
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Tablel. Soil Organic Matter Content (Percent) Description and Rating

Soil Organic Matter Organic Matter Content Herbicides Leaching Potential
Description by weight (%) Rating Value

Very Low <0.5 10

Low 0.5-0.99 8
Moderately Low 1.0-1.99 6

Moderate 2.0-3.99 4

High 4.0 -8.00 2

Very High >8.0 1

Table 2. Soil Textural Name Categories Description and Rating

Soil Common Texture Soil Textural Class Rating Value
Names
Sandy Soil Coarse (i) Sandy
(ii) Loamy Sand 10
Loam Soil (a.) Moderate (i) Sandy Loam 8
(b.) Medium (i) Loam
(ii) Silty loam 6
(iii) Silt
(c.) Moderately (i.) Clay Loam
Fine (ii) Sandy Clay Loam 4
(iii) Silty Clay Loam
Clayey Soil Fine (i) Sandy Clay
(ii) Silty Clay 2
(iii) Clay
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Table 3. Soil pH Description and Rating

Soil pH Value pH Description Rating Value
<35-44 extremely acidic 1
45-5.0 Very strong acidic 2
51-55 strongly acidic 3
56-6.0 Medium acidic 4
6.1-6.5 slightly acidic 5
6.6-7.3 neutral 6
74-17.8 mild alkaline 7
79-84 moderately alkaline 8
85-9.0 strongly alkaline 9
>9.0 very strongly alkaline 10
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Table 4. Results of Analysis of 16 Soil Samples from the Study Site.

Soil Description Soil Composition % Textural® pH 0OC® som*
Sand Silt Clay Name % %
A. Amititi Area 812 11.6 7.2 LS 6.1 122 211
B. Oguntayi Area 832 136 32 LS 6.3 0.42 0.73
C. Four Plot Area 81.2 136 5.2 LS 6.3 0.42 0.73
D. Opposite 5Ha Area 89.2 176 3.2 LS 6.3 0.35 0.61
E. Terex Area 79.2 13.6 7.4 LS 5.8 144 249
F. Seed Multi Area 852 116 32 LS 6.5 064 111
G. Baba Gardner Area 712 236 52 SL 6.4 218  3.77
H. Rome Plough Area 772 156 7.2 LS 6.3 0.83 1.44
|. Baba Ghenga Area 51.2 296 19.2 L 6.2 152 263
J. Fish Pond Area | 81.2 96 9.2 LS 6.2 054 0.93
K. Shina Area 852 136 52 LS 6.0 045 0.73
L. Fish Pond Area Il 712 196 9.2 SL 5.6 115 1.99
M. Scattered Area 79.2 136 7.2 LS 5.8 0.48 0.83
N.Upper ghi Area 85.2 96 52 LS 6.2 0.76 1.31
O. Cocoa Area 67.2 216 112 SL 6.5 1.66 2.87
P. lya Hanbod Area 832 116 52 LS 6.0 061 1.05

# Textural names (LS — Loamy sand; SL — Sandy Loam; L - Loam)
® OC - Organic carbon
¢ Soil Organic Matter content calculated from (% OC x 1.729)
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Table 5. Calculation of Soil Leaching Potential Index (SLPI) values for the 16 Analyzed Soil
Samples from the Study Site.

Soil  Texture®  Rating” pH  Rating SOM®  Rating SLPI¢
Descr. %

A LS 10 6.1 5 2.11 4 75
B. LS 10 6.3 5 0.73 8 106
C. LS 10 6.3 5 0.73 8 106
D. LS 10 6.3 5 0.61 8 106
E. LS 10 5.8 4 2.49 4 76
F. LS 10 6.5 5 1.11 6 92
G. SL 8 6.4 5 3.77 4 50
H. LS 10 6.3 5 1.44 6 92
l. L 6 6.2 5 2.63 4 62
J. LS 10 6.2 5 0.93 8 106
K. LS 10 6.0 4 0.73 8 108
L. SL 8 5.6 4 1.99 6 86
M. LS 10 5.8 4 0.83 8 104
N. LS 10 6.2 5 1.31 6 92
0. SL 8 6.5 5 2.87 4 70
P. LS 10 6.0 4 1.05 6 90

 Texture (LS — Loamy sand; SL — Sandy Loam; L - Loam)
® Rating is obtained from Table(s) 1,2 and 3
¢ Soil Organic Matter content calculated from (% OC x 1.729)

¢ Soil Leaching potential Index (SLPI)value from equation (i)
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Table 6. Typical Herbicide Leaching Potential (HLP) index values calculated from commonly
reported Ko, T12, R and F values of 1 or 0.5 (adapted from McLaughlin et al., 1997 )

Herbicides Trade F HLPI®
Name

24-D weedone f 45
Aciflourfen Blazer f 40
Alachlor lasso S 52
Atrazine A Atrex S 60
Benefin Balan S 28
Bentazon Basagran f 50
Chlorimuron Classic S 21
Dicamba Banvel f 74
Diuron Kermex S 62
Ethalfluralin Sonalan f 25
Fluazifop Fusilade f 30
Fosamine Krenite f 9
Glyphosate Roundup f 23
Imazaquin Scepter S 48
Metolachlor Dual S 55
Metribuzin Sencor S 47
Norflurazon Zorial S 49
Paraquat Gramoxone f 5
Pendimethalin Prowl S 29
Simazine Princep S 53
Thifensulfuron Pinnacle f 12
Trifluralin Treflan S 28

* (s =1 for pre-emergence application and f = 0.5 for folia application)
"Herbicide Leaching Potential Index, HLPI values range from 0 (no leaching potential) to >100

(maximum potential),.
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Table 7. HLPI and SLPI Value Rating

Issue 3, Vol.1 (January 2013)
ISSN 2249-6149

HLPI values Rating SLPI values Rating
0-19 Very Low 0-19 Very Low
20-39 Low 20-39 Low

40 - 59 Moderate 40 — 59 Moderate
60— 79 High 60 — 79 High
80->100 Very High 80->100 Very High
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Table 8. Groundwater Contamination Potential (GCP) Ranking Table
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Groundwater Contamination Potential (GCP) Risk of Soil-Herbicide Combination

Herbicides Soil Leaching Potential (SLP) Rating®
Leaching
Potential 0-19 20 -39 40 - 59 60— 79 80 - >100
(HLP) Rating Very Low Low Moderate High Very High
0-19 Very Low Very Low Very Low Low Risk Low Risk
Very Low Risk Risk Risk
20-39 Very Low Low Risk Low Risk Moderate Moderate
Low Risk Risk Risk
40 - 59 Very Low Low Risk Moderate High Risk High Risk
Moderate Risk Risk
60 - 79 Low Risk Moderate High Risk Very Very
High Risk High Risk High Risk
80 - >100 Low Risk Moderate High Risk Very Very
Very High Risk High Risk High Risk

? Ratings for HLP and SLP obtained from Table 7
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Table 9. Sotl-Herbicide Combination [lhustration Table

Issue 3, VVol.1 (January 2013)
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Soil Sample SLPT SLPI Herbicides  HLPI HLPI' Soil-Herbicide GCP
Value Rating Value Rating Combnations Ranking®
Amititi Area 18 H Alachlor 52 M Alachlor vs Amititi Area HR
Four Plot Area 106 V. Duron 55 M vs Four Plot Area HR
Baba Gardner Area 70 H Atrazine 60 H vs Baba Gardner A HR
Baba Gbenga Area 62 H Paraquat 5 VL vs Baba Gbenga A. HR
Cocoa Area 0 H Glyphosate 23 L vs Cocoa Area HR
Dwmron  vs Amitif1 Area HR
vs Four Plot Area HR
vs Baba Gardner A HR
vs Baba Gbenga A. HR
vs Cocoa Area HR
Atrazine  vs Amititi Area VHR
vs Four Plot Area VHR
vs Baba Gardner A VHR
vs Baba Gbenga A VHR
vs Cocoa Area VHR
Paraquat  vs Amititi Area LR
vs Four Plot Area LR
vs Baba Gardner A LR
vs Baba Gbenga A. LR
vs Cocoa Area LR
Glyphosate  vs Amitif1 Area MR
vs Four Plot Area MR
vs Baba Gardner A. MR
vs Baba Gbenga A. MR
vs Cocoa Area MR

* Soil Leaching Potential Index value and rating Obtained from Table(s) 5 and 7 respectively
* Herbicides Leaching Potential Index value and rating Obtained from Table(s) 6 and 7 respectively
“Grovndwater Contamination Potential ranking from Table 8; HR. LR, MR and VHR are High Low, Moderate and Very high risks respectively
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