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Graphical abstract
1. Introduction

The environmental fate of pesticides depends essentially on their mobility in soils and their tendency to partition into
other environmental compartments, such as air and water.! Transfer processes move pesticides in the environment.
Concretely, leaching of pesticides through the soil profile from agricultural practices is receiving increasing attention. In
the leaching process, the physico-chemical properties of the agrochemicals used as well as soil properties (texture, clay
content, OM content and permeability) play a decisive role.” The displacement of pesticides from soil to water mostly
depends on the extent to which they are retained in soils. The soil organic adsorption coefficient (K,.) parameter plays a
significant role in the fate of pesticides in aqueous/soil environment, like bioaccumulation and leaching ability, which is
defined as: K, = Ki/F,., where F,. is the OC fraction of the soil and Kj is the distribution coefficient. K,. values are
universally used as measures of the relative potential mobility of pesticides in soils and in fugacity models describing the
partitioning of pesticides in soil/water/atmosphere systems. In general, compounds with higher log K, values will be less
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mobile than those with lower values. Especially for the hydrophobic pesticides (K, > 2), their mobility, and therefore the
risk of their leaching into groundwater, has been correlated with weak sorption on the soil, as quantified by K,.. Generally,
pesticides with log K, < 3 are potentially leacher compounds although pesticides with log K, > 3 have been find in
groundwater and drainage water.>*

Groundwater pollution affects the health of humans not only by used for drinking purpose, but also can act as a source
of contamination for food chain, when used for irrigation.’ Pesticides are a main source of nonpoint-source pollutants to
groundwater, and their discharge to the nation’s surface water may be a contributing factor toward the decline of the living
resources and the deterioration of the ecosystems. A survey by the US EPA found pesticide detection in 16,606 wells in 45
states, with concentrations in 10,000 of these exceeding health advisory limits. Cost-effective assessment tools are needed
to regulate the use of agricultural chemicals, identify areas which are potentially vulnerable to nonpoint-source pollution,
and support ecosystem restoration goals by improving the nation’s water quality.® 7 Physically-based environmental
simulation models can be cost-effective tools for resources managers as an alternative to costly and prolonged field
monitoring strategies. The groundwater contamination has many sources, the agriculture's relative contribution may be
significant as incidents of groundwater contamination from pesticides and fertilizers.® The major transport routes to aquatic
ecosystems include surface runoff, soluble or insoluble fractions transported via snowmelt, leaching into groundwater, talc
and graphite dust associated with seeding drills at the time of planting, decay of systemically treated plants in water bodies,
and deposition of treated seeds, soil or spray drift into water bodies or depressions.” !° The interest of regulation authorities
in the possible contamination of groundwater by pesticides dates from the beginning of the 1970s.!" The Council of the
European established a maximum concentration of 0.1 pg/L for individual pesticide in drinking water and 0.5 pg/L for the
sum of compounds.!? The prevention of groundwater pollution is much cheaper than restoring polluted aquifers. For that
very reason it is of maximum interest that the development of agricultural strategies be directed to the decrease in pesticide
movement. Since soil OM is the main soil component contributing to the sorption of pesticides,'> '* and sorption is one of
the main processes reducing the mobility of these chemicals in soils, the addition of exogenous OM to soil land has been
suggested as a possible method to reduce pesticide leaching.!> 16

Leaching studies of herbicide, bispyribac-sodium (BPS) in packed soil column indicated complete loss of soil applied
herbicide under a simulated rainfall equivalent to 162 mm.!” The herbicide, which is applied in paddy fields under flooded
conditions, can contaminate groundwater through leaching or runoff.'® ! BPS is highly soluble in water and EPA classified
it moderately to highly mobile in soils.!” The groundwater ubiquity score (GUS) values of BPS were less than 2.9 in different
soil types, and the residues were low to moderate to leacher (mobile) in the soil.'® For cholantraniliprole (CAP), 33% and
22% were recovered from the upper and bottom layers by typical semiarid Mediterranean soil respectively. The calculated
GUS index was higher than 5 for CAP, indicating they have the potential to leach.?% 2!

2. Materials and methods
2. 1. Pesticides

Chlorantraniliprole

IUPAC name: 3-Bromo-N-[4-chloro-2-methyl-6-(methylcarbamoyl) phenyl]-1-(3-chloro-2-pyridine-2-yl)-1H-
pyrazole-5-carboxamide. Solubility (20 °C): Water 1.023 mg/L, methanol 1.714 g/L and dimethylformamide 124 g/L.
Chemical class: Anthranilic diamide. Pesticide type: Insecticide.

Bispyribac-sodium

ITUPAC name: Sodium 2,6-bis[(4,6-dimethoxypyrimidin-2-yl)oxy] benzoate. Solubility (20 °C): Water 7330 mg/L.
Chemical class: Pyrimidinyloxybenzoic acid. Pesticide type: Herbicide

2. 2. Soils

Two types of soils, sandy clay loam soil (soil A) and sandy loam soil (soil B) were tested in the present study. The
physical and chemical properties were presented in Table (1).22

Table 1. Physiochemical properties of soils

Properties Soil A Soil B
Texture class Sandy clay loam Sandy loam
EC (m mohs/cm) at 25°C 1.32 2.33
Soil pH 8.25 8.20
Organic matter content (%) 331 1.32
Total carbonate (%) 7.87 40.09
Soluble cations conc. (meq/L) 19.01 33.50
Soluble anions conc. (meq/L) 13.50 23.31

2. 3. Tested soil amendments

Biochar and wheat straw were tested in the study,?? obtained from Faculty of Agriculture, University of Alexandria,
Egypt.
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2.4. Leaching process

Leaching experiments were performed in PVC pipes columns of 10 cm (diameter) x 30 cm (length) packed with the
natural soils (3 Kg) or with this soil amended with 5% biochar and wheat straw. Each column was oversaturated with CaCl,
solution (0.01 molar) and the excess of water was allowed to drain freely for 3 days, so the soil moisture conditions
approximated to field capacity. Pesticides and KI were applied to the top part of the columns following 4 days of free
drainage. Each column received 10 mL KI solution (0.2 molar) as water tracer. The quantity of each tested pesticide
dissolved in a methanol solvent was applied dropwise on the soil surface of each column, consistent with 10 pg/g soil. Next,
the CacCl, solution was applied, and the leachates (25 mL leachate) were collected. The KI was determined in all leachate
samples dependent on the iodimetric method.?* Also, all leachates were analyzed to determine the tested pesticide by uv-
vis spectrophotometer.?®

2. 5. Statistical analysis

Experimental data are presented as mean =+ standard error was performed by Microsoft Excel 2019.

3. Results and discussion

The most definitive tests of organic chemicals mobility have occurred in tracer studies where a mobile, non-adsorbing
tracer such as chloride or bromide has been added simultaneously with a sorbing organic tracer whose adsorption to soil
has been charactarized independently through laboratory measurements.> % 2° In similar, iodide has been used as a water
tracer at a rate of 10 ml KI (0.2 molar) for each soil column.

The results show that the water tracer I" leached fast in soil columns. The highest concentration of iodide could be
detected in the first 1000 ml of leachates from soil A columns, whereas in the first 500 mL of leachates from soil B columns.
The breakthrough (BTC) curve of CAP appeared from leachates of soil A and soil B with that of iodide, indicating that
CAP is highly mobile compound in both soil types, clay loam and sandy loam soil. However, the BTC of CAP is broad in
the case of soil B and very broad in the case of soil A.
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Fig. 1. Breakthrough curves of insecticide CAP and water tracer I" in unamended and amended soil columns.

The maximum concentration of CAP in the soil A and soil B leachates was obtained after percolating about 1000 mL
(Fig. 1). Addition of 5% biochar or 5% wheat straw to soil A reduced the downward movement of CAP in the columns and
affected the maximum concentration of CAP in the leachates. The maximum concentration of iodide in soil A columns were
not affected by biochar or wheat straw, while the maximum concentration of CAP was obtained after 2000 mL of leachates
cumulative volume. The amendment of soil A column with biochar or wheat straw decreased the bread of CAP BTCsg
compared to that of unamended soil. The BTC curve of CAP from column of biochar or wheat straw amended soil B is
identical to the BTC curve of iodide as an internal water tracer, the BTC curves of CAP have some tailing. The maximum
concentration of CAP was detected after percolating 500 mL and 1000 mL leachates cumulative volume of soil B column
amended with biochar and wheat straw, respectively (Fig. 1).

The results showed that iodide is a nonreactive water tracer. The water tracer I leached fast and the BTCs in unamended
soil A and soil B and biochar and wheat straw amended soil columns are symmetrical. Also, obtained a symmetrical BTC
for water tracer bromide.?¢ The rapid release of CAP as well as I" from soil B columns compared to soil A columns may be
due to the soil type. Sandy soil containing more sand is more susceptible to leaching of agricultural chemicals.?’ The top of
the BTC, corresponding to the maximum concentration of CAP was delayed in biochar and wheat straw amended soil A,
whereas this observation did not record in the case of soil B. It may be due to soil B has macro and micro pores which
influences the movement of chemicals.?® Fig. 2 shows the cumulative percentage of CAP collected in the leachates
unamended and amended soil columns. Both organic amendments, biochar and wheat straw significantly increased the
cumulative percentage of CAP throughout the percolation compared to that of unamended soil A.
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Fig. 2. Cumulative leachate curves of CAP in unamended and amended soil A (upper) and B (lower) columns
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Fig. 3. Breakthrough curves of insecticide BPS and water tracer I in unamended and amended soil columns.

Also, biochar and wheat straw at a rate of 5% increased the cumulative percentage of CAP to about 2.5 L cumulative
leachates, then 5% biochar amendment significantly reduced the cumulative percentage of CAP compared to those in
unamended soil B. After application of 6 L percolating volume 71.0, 87.5 and 97.5%, of the applied CAP were recovered
in the leachates of unamended soil A, biochar amended soil A and wheat straw amended soil A, respectively, whereas 96.2,
84.5 and 97.5 of the applied CAP were recovered in the leachates of unamended soil B, biochar amended soil B and wheat
straw amended soil B, respectively. Leaching study of BPS suggested that the herbicide BPS was highly mobile in the
unamended and amended soil A and B columns (Fig. 3). Breakthrough curves of BPS in columns packed by unamended
soil A and B and biochar and wheat straw amended soil at the rate of 5%, are identical to the breakthrough curves of iodide,
but the BTC, of BPS in biochar and wheat straw exhibit flatter peaks and longer tailing. The BTCs, indicated that the release
of BPS started with the first leachates. These results are supported by Beck et al, (1993) they showed BTCs for mobile
chemicals having flatter peaks or some tailings.?® The BTC curves of BPS indicated that the BTCs was obtained in the
leachates of unamended soil A and B columns and biochar amended soil A column in cumulative percolation about 2 L. and
in the leachates of wheat straw amended soil A and B in cumulative volume nearly 5 L. Maximum concentration of BPS
recovered in leachate fraction was 210, 350 and 150 pg/mL at cumulative percolation of 900 mL, 900 mL and 500 mL for
unamended soil A, biochar amended soil A and wheat straw amended soil A, respectively. Also, the peaks top of the BTC
curves for unamended soil B, biochar amended soil B and wheat straw amend soil B were obtained at cumulative percolation
of 900 mL, 300 mL and 500 mL, corresponding the maximum concentrations of 300, 300 and 110 pug/mL, respectively.

This result agrees with the results obtained by Singh and Singh,!” they reported that the leaching study of BPS suggested
that the herbicide was highly mobile in the soil column.
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Fig. 4. Cumulative leachate curves of BPS in unamended and amended soil A (upper) and B (lower) columns.

Fig. 4 exhibited the cumulative percentage of BPS collected in different treatments leachate. The cumulative percentage
of BPS collected in wheat straw amended soil was significantly reduced throughout percolation of 6 L in the case of soil B
and within 1-3 L percolating in the case of soil A. Also, the results indicated that 93.8, 98.8 and 98.8% of the applied BPS
were recovered in the leachates of unameded soil A, biochar and wheat straw amended soil A, respectively. The major
amount (99.5%) of BPS was leached in unamended soil B, about 98.9 and 93.9% were recovered in the leachates of biochar
and wheat straw amended soil B, respectively. Clearly, the wheat straw amendment significantly decreased the amount of
BPS leached in sandy loam soil column. In addition, retardation of herbicide leachability has been extensively reported by
various workers using different organic amendments and pesticides.! 3% 3!
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Fig. 5. Comparison of tested pesticides cumulative leachate curves in unamended and amended soil A (upper) and B (lower)
columns.

Regarding the comparison of tested pesticides leachability in soil A and soil B columns. The amounts recovered were
adjusted to 100% of that applied to allow for direct comparison of CAP and BPS (Fig. 5). The leaching rate and cumulative
amount of BPS more than CAP in soil A and B columns. The significant differences detected among the tested pesticides
leaching were more in soil A columns than in soil B columns. Significant differences were detected among the cumulative
percentages of pesticides. Harris (1966) and Rodgers (1968) studied the leaching of several herbicides and found water
solubility played a role in leaching, but that adsorption data provided a better indicator of mobility.’> 33 Moreover, the
information available in registration date suggested that the BPS is highly mobile, indicated that the BPS was highly mobile
in the soil columns.!”-34 33

After calculation of Kd values for the tested pesticides, the results indicated that the Kd value of CAP =0.805 and 0.238
mL/g, BPS = 0.072 and 0.105 mL/g in soil A and soil B, respectively. These results illustrated that CAP required more
water to leach from soil A than that from soil B. In contrast more water was needed to leach BPS from soil B compared to
soil A.

4. Conclusion

The water tracer |- leached fast and their BTCs into all soil columns are symmetrical. CAP was rapidly released from
soil B columns compared to soil A columns. Therefore, its BTC is broad in the case of soil B and very broad in the case of
soil A. Addition of 5% biochar or wheat straw to soil A reduced the downward movement of CAP in the columns and
reduced the maximum concentration in the leachates. The BTCs of BPS in columns packed by unamended soil A and B
and biochar and wheat straw amended soil at the rate of 5%, are identical to the BTCs of iodide, but the BTC of BPS in
biochar and wheat straw amended soil columns exhibit flatter peaks and longer tailing. The wheat straw amendment
significantly decreased the amount of BPS leached in soil B column. Regarding the comparison of tested pesticides
leachability as 100% of applied pesticide, the leaching rate in soil A and B columns can be arranged in the order; BPS >
CAP. The log K, values of tested pesticides were equal or lower than 3. Therefore, CAP and BPS in soil A and soil B are
potentially leacher compounds. According to the Kd values for the tested pesticides in soil columns, both pesticides, CAP
required more water to leach it from soil A than that from soil B. In contrast more water was needed to leach BPS from soil
B compared to soil A.
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