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SUMMARY

A growing global population, widespread famines caused by wars and natural disasters, and the
challenges of land desertification and climate change all contribute to the urgent need for increased food
production. To address this need, it is crucial to enhance agricultural output in both quantity and quality,
primarily by protecting crops from pest-related losses, which account for at least 40% of potential yield
reductions. However, achieving this increase in food production faces complex challenges.

Agrochemicals, which include chemical fertilizers and pesticides, are critical for increasing
agricultural yields and protecting crops. Recently, global pesticides used in agriculture reached 3.5
million tons of active ingredients per year, with herbicides accounting for 48%, insecticides 30%, and
fungicides 17%.

Pesticides function as a double-edged sword. They are essential for pest control, enhancing the
quality, quantity, and sustainability of agricultural products. Conversely, their utilization entails risks,
such as potential toxicity to humans, non-target organisms, and the environment.

There is an optimum strategy that aims to harness the benefits of pesticide applications while
minimizing or avoiding their associated hazards as much as possible. This strategy is grounded in the
principles of Integrated Pest Management (IPM), which emphasizes reducing the use of synthetic
pesticides by maximizing the application of alternative, environmentally friendly agents and rationalizing
pesticide use. Pesticides are applied at appropriate concentrations, using suitable application technologies,
and at the optimal times. A key component of this strategy is understanding the dynamics of pesticides,
including their behavior in the environment, interactions with various physical, chemical, and biological
processes, and potential side effects on non-target organisms.

Pesticide management necessitates a balanced approach, as neither excessive use nor complete
abandonment are appropriate. The current improper and intensive use of pesticides should be avoided, as
should the idea of completely eliminating them. Instead, an integrated pesticide management system,
informed by rigorous scientific research, is essential.

Once applied, pesticides immediately enter the environment—affecting soil, water, and air. More than
90% of pesticides enter the soil directly through normal weed, insect, and nematode control, as well as
indirectly through agricultural runoff, spray equipment, spray drift, aerial spraying, leaching, and
subsurface drainage. Soil, aquatic environments, and human health may be adversely affected by these
pathways. Pesticides undergo a sequence of physical, chemical, and biological processes, such as
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adsorption, leaching, dissipation, and degradation, following their application. The behavior of pesticides
in the soil is determined by many complex processes that are influenced by a variety of factors.

Adsorption is the most influential process affecting pesticide behavior in soil. However, persistent and
mobile pesticides can be transported over long distances by water and may end up in groundwater.
Laboratory and field experiments to study these behaviors are often expensive and time-consuming. In
contrast, modeling pesticide behavior in soil is a cost-effective and efficient alternative, allowing
predictions under various conditions. Models can also help identify data gaps and guide the design of
further experiments.

Understanding the fate and behavior of pesticides in the environment-whether through experimental
studies, modeling, or both-is crucial. Despite their widespread use in many countries, including Egypt,
there is limited data and literature on the environmental behavior and side effects of specific pesticides,
such as the nematicides carbofuran and oxamyl, and the herbicides ametryn and bentazone. This study
addresses this gap by examining the behavior of these pesticides and nutrients (phosphorus and iron) in
two common Egyptian soil types (alluvial and calcareous), focusing on processes such as sorption-
desorption, leaching, persistence, and their effects on soil enzymes.

This study aims to determine and understand the experimental and simulated behavior of nematicides
(carbofuran and oxamyl), herbicides (ametryn and bentazone), and nutrients (phosphorus and iron) in soil
to manage their application and minimize their environmental impacts.

The study is divided into five main parts:

Part 1: Optimization and validating analytical methods to accurately quantify pesticide residues, ensuring
reliability and precision in measurement.

Part 2: Investigates adsorption-desorption kinetics and isotherms, examining factors that affect adsorption
such as temperature, soil amendments, soil mineral and organic fractions, and particle size, as well as
competitive adsorption.

Part 3: Assess pesticide leaching potential using bench-soil column techniques.

Part 4: Evaluate the persistence of pesticides in soil.

Part 5: Analyze the side effects of pesticides on soil dehydrogenase and phosphatase activities.

Four pesticides were tested, including two nematicides (carbofuran and oxamyl) and two herbicides
(ametryn and bentazone). Carbofuran, a member of the Carbamate group, is a systemic, broad-spectrum
pesticide employed to manage soil and foliar pests on crops, fruits, and vegetables. Oxamyl (Carbamate
group) is a soil-applied nematicide and insecticide that targets chewing and sucking insects in vegetables,
potatoes, fruit, tomatoes, and cotton. Ametryn (Triazine group) is a selective, systemic compound used as
pre-emergence and early post-emergence herbicide. Bentazone (Benzothiadiazine group) is a contact,
selective, post-emergence herbicide effective against a wide range of broadleaf weeds and yellow
nutsedge.

Phosphorus is a crucial mineral nutrient in agricultural systems, while iron is essential for crop growth
and food production, is required by all organisms.

Two common soil types in Egypt were tested: alluvial soil (clay soil), collected from the Agricultural
Research Elrahb farm of the Faculty of Agriculture, University of Menoufia, and calcareous soil (sandy
soil), collected from the Sadat region, Menoufia Governorate. Humic acid and mineral fractions,
including clay, silt, and sand, were isolated. Three agricultural wastes-prickly pear peels, watermelon
crusts, and tea dregs-were used as soil amendments to adsorb pesticides from polluted samples.

Batch sorption kinetic experiments were conducted to determine the equilibration time. Sorption
isotherms for soil and its components (humic acid, clay, silt, and sand fractions) were quantified using the
batch equilibration technique to identify sorption characteristics. The adsorption capacity of natural
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adsorbent substances for the tested pesticides and nutrients was assessed. Additionally, the effects of soil
amendment with natural adsorbents at a rate of 5% and varying temperatures (5°C, 25°C, and 50°C) on
pesticide adsorption were investigated.

Bench-scale soil columns were used to evaluate the leaching potential of the tested pesticides in clay
and sandy soils under laboratory conditions. The dissipation kinetics of carbofuran, oxamyl, ametryn, and
bentazone were studied in clay and sandy soils at concentrations of 25 mg/kg (equivalent to the
recommended rate) and 100 mg/kg (equivalent to four times the recommended rate). Soil samples were
collected at 0, 3, 7, 15, 30, and 60 days. Also, the side effects of pesticides (at 25 and 100 mg/kg soil) on
soil dehydrogenase and phosphatase activities were examined under controlled conditions.

The linear forms of six kinetic models--Pseudo-first order, Pseudo-second order, Modified Freundlich,
Elovich, Intraparticle diffusion, and Avrami--were used to determine the best model for pesticide
adsorption kinetics. Furthermore, six mathematical isotherm models--Freundlich, Langmuir, Temkin,
Elovich, Halsey, and Redlich-Peterson--were evaluated for their ability to model equilibrium sorption and
desorption data. The adsorption models' validity was evaluated using four criteria: correlation coefficient
(R?), normalized standard deviation (Aqt%), agreement between experimental and calculated adsorption
data, and summed squared error.

The residues of carbofuran, oxamyl, ametryn, and bentazone in the soil were analyzed using a UV-
visible spectrophotometer and LC-MS/MS. To determine and validate the analytical technique, a standard
calibration curve (C-D curve) was created, and the k value for each pesticide was calculated. The
method's validity was confirmed based on the guidelines for the limit of blank (LOB), limit of detection
(LOD), and limit of quantification (LOQ). The concentration of iodide, used as a water tracer, in leachate
samples, was measured using the iodometry method. Dehydrogenase activity in soil was determined
colorimetrically by measuring the reduction of 2,3,5-triphenyl tetrazolium chloride (colorless) to triphenyl
formazan (red) at 490 nm. Phosphatase activity in soil was assessed colorimetrically using p-nitrophenyl
disodium phosphate as a substrate, which is converted to p-nitrophenol (yellow) and measured at 420 nm.

The following points provide a summary of this study:

Part 1:

1) The optimum detection wavelengths were determined to be 280 nm for carbofuran, 240 nm for
oxamyl, 230 nm for ametryn, and 224 nm for bentazone.

2) A reliable and straightforward QUEChERS technique coupled with LC-MS/MS was developed to
determine the residues of carbofuran, oxamyl, ametryn, and bentazone, in clay and sandy soils,
demonstrating satisfactory recovery rates of 91-98%.

3) The accuracy of the standard curves for both pesticides and nutrients was confirmed by a high
determination coefficient (R2 > 0.99) and the limits of quantitation (LOQ) exceeded the limits of blank
(LOB), and the calibration curves exhibited strong linearity.

Part 2:

4) The adsorption Kinetics of pesticides and nutrients in soil generally follow two distinct phases: an
initial rapid phase, succeeded by a slower phase. Thus, a 6-hour equilibrium time was chosen for
subsequent adsorption-desorption experiments.

5) The Pseudo-second order and Avrami models provided the best fit for the adsorption kinetic data for
both pesticides and nutrients in clay and sandy soils. Carbofuran demonstrated lower adsorption and
higher desorption in clay soil compared to sandy soil. In contrast, bentazone adsorption was
significantly higher in clay soil than in sandy soil, although desorption did not show notable
differences between the two soil types.

6) Phosphorus (P) adsorption reached equilibrium more quickly in clay soil, while desorption was slower
compared to sandy soil. Iron (Fe) adsorption was slightly higher in sandy soil than in clay soil, while
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desorption was higher in clay soil for carbofuran, oxamyl, and phosphorus. Ametryn, bentazone, and
iron exhibited similar desorption behavior in both clay and sandy soils.

7) The adsorption parameters and percentage adsorption for both soil types ranked as follows: bentazone
> ametryn > carbofuran > oxamyl, with phosphorus surpassing iron. Meanwhile, the average
desorption percentage ranked as oxamyl > carbofuran > ametryn > bentazone, with iron desorbing
more than phosphorus.

8) Isotherms for the adsorption and desorption of all tested compounds in both clay and sandy soils were
predominantly S-type, except for carbofuran adsorption in both soils and phosphorus in clay soil.
Significant hysteresis was observed for carbofuran, ametryn, bentazone, and phosphorus, indicating a
difference between adsorption and desorption processes. In contrast, only minor hysteresis was noted
for oxamyl and iron, especially at low initial concentrations.

9) The adsorption of all tested compounds in clay and sandy soils was found to be reversible (H index >
1), except for ametryn in both soils and oxamyl and iron in sandy soil. The Freundlich and Halsey
models effectively described the adsorption and desorption isotherms for all pesticides in clay and
sandy soils. Similarly, the Freundlich, Temkin, and Halsey models fit the adsorption and desorption
isotherms of phosphorus and iron on these soils.

10) Carbofuran adsorption was greater in the clay fraction (71.63%) compared to the humic acid (HA)
fraction (48.82%) and bulk soil (52.71%). Conversely, for oxamyl, ametryn, and bentazone,
adsorption was higher in the HA fraction, followed by the clay fraction, and then the bulk soil. The
adsorption data for all tested pesticides across all soil fractions were well-described by the Freundlich
model, and the adsorption followed an S-type isotherm.

11)The adsorption capacity of soil mineral fractions for all pesticides ranked as follows: clay > silt >
sand. This trend was consistent for both clay and sandy soils. The total potential contribution of clay
soil constituents was significantly higher than the actual amount adsorbed by the bulk soil at various
initial concentrations of carbofuran, oxamyl, and ametryn. Some active sites on the HA and clay
fractions may have been blocked by other soil constituents, reducing their participation in sorption.

12)The calculated contribution of the clay fraction was highest for ametryn (177 pg/g soil), followed by
carbofuran (168 pg/g), oxamyl (110 pg/g), and bentazone (100 pg/g).

13) The adsorption of pesticides and nutrients by soil was significantly influenced by temperature. At 5°C,
the adsorbed amounts were consistently higher than at 25 °C, with both being significantly greater
than at 50 °C across most initial concentrations.

14)These results highlight the significant impact of climate change on pesticide adsorption. As
temperatures rise, pesticide adsorption decreases, increasing their availability and potential hazards.
The interaction between the tested pesticides and clay soil is exothermic, with the products being
energetically stable due to strong binding of the pesticides to clay soil sites.

15)Negative AS® values indicate that the adsorption complexes formed by oxamyl are stable, likely due to
the association or immobilization of oxamyl molecules on the adsorbent. The adsorption process of
bentazone is non-spontaneous, while for phosphorus and iron, it is spontaneous and physical in nature.

16) The adsorption capacity of natural amendments followed the order: watermelon rind meal > tea dregs
> prickly pear rind meal. Watermelon rind meal exhibited the highest adsorption capacity for oxamyl,
ametryn, and bentazone, while tea dregs showed the highest adsorption for bentazone, ametryn, and
iron.

17)Soil amendments at a 5% concentration enhanced the adsorption of pesticides in both clay and sandy
soils, with watermelon rind meal having the greatest effect and prickly pear rind meal the least. Sandy
soil showed greater improvement in the adsorption of oxamyl, ametryn, and bentazone when amended
with tea dregs compared to clay soil. Watermelon rind and tea dregs can be recommended as soil
amendments due to their low cost, abundance, eco-friendliness, and ease of application.

18) The reduction in adsorption was more pronounced for nematicides (carbofuran and oxamyl) than for

herbicides (ametryn and bentazone) when these compounds were combined in nematicide-herbicide
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mixtures. Both clay and sandy soils exhibited higher adsorption capacities for individual compounds
compared to binary combinations. However, clay soil consistently demonstrated greater adsorption
capacity than sandy soil for both individual adsorbents and binary combinations.

19) Phosphorus exhibited a higher adsorption capacity than iron in both clay and sandy soils, regardless
of whether the adsorption was competitive or non-competitive. The adsorption of pesticides was
influenced by competition with phosphorus, though phosphorus sorption was less affected by the
presence of pesticides. Additionally, the adsorption of pesticides and iron was reduced in both clay
and sandy soils.

Part 3:

20) The dissipation of the tested pesticides occurred slightly faster in sandy soil compared to clay soil,
following first-order kinetics.

21) The half-lives of all tested pesticides were longer in clay soil (20-30 days) than in sandy soil (10-15
days). Among them, ametryn showed greater persistence, while bentazone was the least persistent in
both soil types.

Part 4:

22) lodide, used as a water tracer, leached rapidly through bench-soil columns compared to pesticides,
with its breakthrough curves (BTCs) being symmetrical in both clay and sandy soils. Nearly 100% of
the applied iodide was recovered by the end of the leaching process.

23) Pesticide leaching was more rapid in sandy soil than in clay soil. The BTCs for pesticides often
exhibited broad, flat peaks with tailing and delayed release in clay soil. The cumulative quantities of
pesticides initially increased gradually, then sharply, before reaching a plateau.

24) The volumes of water required to leach these pesticides from soil were 6 liters for oxamyl, 5 liters for
ametryn and bentazone, and 3.3 liters for carbofuran in clay soil, compared to 3 liters for oxamyl, 2.5
liters for ametryn, 3.5 liters for bentazone, and 3.3 liters for carbofuran in sandy soil.

25) The pesticides can be ranked by their leaching percentages as follows: oxamyl > bentazone >
carbofuran > ametryn. All tested pesticides, except carbofuran, required more water to leach from
clay soil than from sandy soil. The amount of water needed to leach carbofuran was similar in both
soil types. Oxamyl required more water to leach from clay soil compared to ametryn and bentazone,
with carbofuran and ametryn requiring the least water to leach from clay and sandy soils,
respectively.

26) Carbofuran, oxamyl, ametryn, and bentazone exhibit a high potential for leaching in both clay and
sandy soils.

Part 5:

27) The activity of both dehydrogenase and phosphatase was higher in treated and untreated clay soil
than in sandy soil at all time intervals.

28) For all pesticides, dehydrogenase and phosphatase activity returned to near-normal levels, similar to
the control, after 60 days of treatment.

29) All pesticides, except oxamyl, significantly enhanced dehydrogenase and phosphatase activities
compared to the control at every time interval. Oxamyl exhibited the lowest enzyme activities in both
clay and sandy soils.

30) Dehydrogenase and phosphatase enzymes could serve as reliable indicators for assessing the degree
of pesticide pollution.

In conclusion,

Our results showed that the low-cost spectrophotometric method is ideal for analyzing many pesticide
residue samples in sorption and leaching studies, while the more accurate but expensive LC-MS/MS is
better suited for persistence experiments.
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The Pseudo-second order and Avrami models best fit the adsorption Kinetics, and the Freundlich and
Halsey models effectively described the adsorption and desorption isotherms for all pesticides in both
clay and sandy soils. Carbofuran and iron had lower adsorption and higher desorption in clay soil, while
bentazone adsorbed significantly more in clay than in sandy soil. Adsorption percentages were ranked as
bentazone > ametryn > carbofuran > oxamyl, and phosphorus > iron, with the inverse order for
desorption. Pesticide adsorption decreases with rising temperatures, increasing their availability and
potential risks. Therefore, studying pesticide behavior across different regions and seasons is crucial. A
5% soil amendment enhanced pesticide adsorption in both soil types, with watermelon rind and tea dregs
being particularly effective due to their low cost and eco-friendliness. Pesticide adsorption decreased in
binary mixtures, influenced by competition with phosphorus or iron.

Ametryn was the most persistent, while bentazone was the least. Pesticide leaching was faster in
sandy soil, with oxamyl > bentazone > carbofuran > ametryn. Oxamy! required more water to leach from
clay soil. All pesticides showed a high leaching potential in both soil types. Lastly, all pesticides, except
oxamyl, significantly increased dehydrogenase and phosphatase activities, with oxamyl showing the
lowest enzyme activity in both soils.

Consequently, it is recommended that experiments on adsorption-desorption, leaching, persistence,
and side effects, supported by modeling studies, be integrated into a comprehensive protocol for
environmental pesticide impact programs. These studies should be conducted in local soil types under
conditions specific to Egypt, as well as under the local conditions of other countries. Such a protocol is
essential for accurately assessing the environmental behavior of pesticides for each country, which must
be a prerequisite for local pesticide registration and application.

Finally, several areas warrant further study and research, including:

® Fate and behavior of modern and alternative pesticides: Investigating how new and alternative
pesticides behave and persist in the environment.

® Effectiveness of low-cost soil amendments: Evaluating how soil amendments with low-cost
adsorbents impact pesticide adsorption, leaching, and decontamination. This includes enhancing the
efficacy of prickly pear rind meals for pesticide adsorption through chemical or thermal activation.

® Rapid detection methods: Developing faster methods for detecting pesticide residues in soil and water.

® Pesticide residue removal and remediation: Exploring methods for the removal and the remediation of
pesticide residues from the environment.

® Impact of temperature rise: Assessing how rising temperatures affect pesticide adsorption, persistence,
and availability, with a focus on the implications of climate change.

298



Behaviour of certain pesticides in different agr-environmental components

Tae )0 A5 8 Adline il S B laall pamy glu Al ol gie
JSa dene dena 3l v Gald) ol

el pslall (B A8 giSa sgalal) da jall

Y Gl s ealad) anadl)

VAN s Al Galae 48N ga gy U

0 gial) Aaala e ) 3 A el (ol gl M il ) gl ol sl i) diad
1 gial) Aaala e 3 A ¢ el al el A O esy e 2 3ana 2]
el 3l IS (lapal) Ay e and claall dpans el Ml 25 Gl a8 aaal o
4Kl dada

=l paddal)

cleladl) JLIEY Gy callall (s sine ol Kl Shaall 83 yldl 3330 1 jla el3all 1 5ol 3 dale Aala llia
b ALl Aalall oda Ay Aaliall el BT, aadll cilaad calay 1385 ol sSlls gl g deald
o damladl) i A (e A1 (il 3 sy e sl Bl i (om0 Y 35 ol Bt
o 53 it ol elld ey £LEY1 b i) 8 7€ e i Y L Jid s (YL s e Aealdl il
B3wke il sam s lant Anl g el3a)) 15

IR\ G\l’!‘}” Oeoedl e e Y cclanall s 4 LSl ey @lld ‘_,,J Loy e |3l by gl 8 ey e
L s Adladl) 3 gl e o o sale Y50 rx.cb)'l\‘;jel\ad\ Gsiue o Glanall a\&u\él} A se s Jualaadl dlea g
SV b yhall Clapa g oY A pdall Cilanadl g o/ A CiaLEa Glape Jiad Cus

LS5 8 pn (ppend Ly (DAY AndlSe 8 L 150 ol Aali (ged Cpas 53 G Al (8 Sl ()
Aldiaall Gpandl @l b Lay GBSl el lalie 4l Laladind ol s a0 Bali ey el 3l cilatiall dalsiud g
Al g ddagiuall e G 5 ol

Dbl uind ol Qi ae Cilanaall aladial 2l e 3alEWY] ) Caags Allia Al yiu) @l o Js) (S
Aladiul e aall e 2S5l g cliBU LSl 5oy tsalae ) dpa) iuY) oda atiudy GISeY) 3 Lgy Al sl
Glapall a2diud Sua Glapall aladiul 2l 5 ae Al Aall Glapal) Jilay aladiol) adaat A e Aabiadl) Slall
agd Aal yiuY) o3 A 5l il Sl G ey Bl BN g i) Gadaill (3 ke Jlasinly danlio <l 3:S iy
Y15 A gl 5 A ilaasSl 5 00 5l Cllaall Calite e LeDleldny cdindl 8 LS sl clld (8 Loy cchlapaall 4804l
Adagiual e Aall Ak e dlaisall duilal)

) ey VLS ilagall Ja il aladia) gy DU - oy yi5 5l Jal a1 B - L) e Tangd lapall ae Jalel) by

Ll iy ) alima (8 Chnny (63 5 Clagall (Sl g a8 alafia) it ity LS Lgalasind e JalS

ALA) Agaladl &gl ) a3 ¢ JalSiall Clagall 5 yla) alas ol celld (e Yoy s Ll Lgalatiin) ol 5 S8 Cains
Al o ddailaall ae Clagall (e 33 dalaia) Clasal dpulal 3 38 S Carglse ey 5

DS padl s e sell s olaall s sl iy g5 s - 2500 U S e b pilae JANNE clapal) Gk 3 ja

Mo oaphll Ala3BY) JYA (e b ke 5 sea sl Dl ) el Adaall el a8 00 %0 (0 ST
Cianas oakad) uyally Gl Jslae Glpail ONA (e 5o8lia e 5 gam @3S ol silagll s ) piiall 5 iilzal)
i)y i oAb il A0 Gl el o3¢d 5 o (e L eadandl Cand i peall 5 il g (g sall a5 B
el (8 Lay s o) sl 5 AibaanSll 5 A0 ) Clleall (ge Aludid Cilagaal) padd (akaill 22 Gl daa 5 AL)

299



Sara Mohamed Mohamed Heikal

ol gry il 5 Baen (A5 il 3 Clapall @gle saas 1 o llead) 038 20l 5 alaail) 5 Jauad) 5 paliasal)
"’m‘ 13

e Al sk il Clagall JE Sy @l aay L5l 8 claall @gla e 1530 Y Lleadl s (aliaeny)
Al Colaaall @l gl A ol dliad) 5 Alamall o plal) (5S35 L e 3 sl olaall (1 J sacn slly a1 Ly (gt 385 oLl
o Lan Belill 5 2 Cum g Ylad Sl 2l 8 Clall b Aadai aay (RN 85 Slsha G5 (3 st
LSl alall bl 8 Gail) 85 8 aclud O slSlaall (K LS de giie (gl Jl 3 o gy gl

AVl AL el - gl g dndaill 5 A pall Gl all JA e el s - Al 8 Claall gluy yuae agh o
e sleall s Ul G Y] aan @l 3 La olalll e apall 8 a5 Gl e Gl aladinl (e a2 )l e
).\a\_ujb Q‘J.\J.AM e &ﬂ)&m )3.\53 d)a (e 3};33\ XYY M‘J.ﬂ\ JRYY cﬂaﬂ Bdaa 3\73.\.\\;.“ )Lli}]\} ‘_;g.d\ Aﬂ)&uﬂb dalall
aban¥) Glilee Ao Sl ae oAyl s A sas ) Ay peaall A 5l (e cpild e 55 aladiu Y] ARLAl Adedl)
Al e 3 e Ll il el 5 eJansill 5 ¢l

Oosts ) hglanl) sane ol il agd ) dadally noadll sl gLl Al )l eda Caags
800 Cpanil Ay i) 8 (aaaly ) shos i) Dbl ualiall g o055 i) GlELEAD) (sanas o(JaaleS Y15
Al a T e aall 5 Lgipdas

o) £ dag i ) A )al) sl

A8 548 55 sall lanim s olapall e a5 Jatl (3 yla daeDle (520 i g et 1 J W) £ 50

e U 2 iy Gyl all da e GUE ae pabaa¥ly el pabaadVl A8 a dul )y 1 AGN ¢ )
(e s <l cpadall) Aiamall s Sl 5 ey il clilial 5 byl pall daja il Lgiay daliad) Jal sally (aliaas)
S all G el Galians¥) e Db cilypal) ana il A5 A S B (e sanll (men) & suaall

A3 gae LS aladinly Slasall i g o et 2K i Gl ¢ )

A (8 Slaaall DS (530w 1ol 1) ¢ 5)

A 8 5l 55 St 5 e e 31 el e laall Apilad) Y1 a1 ualdd) £ 50

YECILWN PRENI Cadall cm\j L”SJLGA Lﬁ)ﬁa e ¢d (U_ILA\.}J\SJ\ :tc)m) O)sd s S cchlana 4.14)1 laal Al
(oohil) g alalalall 5 4S) gill 5 (alaladdl 5 g jumdll 8 dualall g dm Uil Cul pdall Caagiun s il 3 addiey oy
Ao gana) Op Ui edmry Yl U8 (lia aweS axdin o L) soles oS pe s (Gb Ae sena) (il
Ly e (Elall e Al 5 Ao sema 2 Jlad g L) 2x Al gy (LA (LI due s (G0l
saic sy yaally dael )l Al (B oage Same S i sas st (e JS LRI S LS G5
:\:\Al\ il s 4.\1"\ 3 ee)dadl CL\.\J} d:ua\a.d\ JA.\X Cﬁ)ﬁ)‘b

Gl de ) 3e e leman a8 (A e(Rpnhall Ay il A e N A ) eae (B A ) e il e 5 LA &S

bl dilaia cpo Lgman o3 il (e M) A i) A el s il i giall mals el 31 A0 Aadal) can 1l el 30
& (el bl cplall) Asmall Sl s (i ssel) (man) A ll (5 pumall o sSall Jie 3 A siall Aliilas
Cabandy L ill cliaS - glal) Jis s gudadl oy Sl oyl s - Lol 3l Claliall (e g )i EO0 aladiial
Gl paat oy )l (e ) sl Al 38 ey abaea¥) A8 ja et el ja) a3 A3kl Gl (e Silagaal)

300



Behaviour of certain pesticides in different agr-environmental components

Cal 5y pailiad 48 43 Hha aladiuly 4 saall 5 Anaeall Ll S5 4 51l (e JS3 @l 5 5l jall (5 slutia paliaasy)
s 5 el 1) AdlaYl 3 pisall il s laall Lmpdal) daclall o) sall ualiaasVl 6,0l A 23 Galia)
dajn o (Yo o) s,l mll clayn Ll Au ja Laa s o710 Janay dpnpudall daalall ol gall aladiinly & i) Joaws il
oabaas¥l dglaad 51 all S alisal) g 5 il 5 Cilassall (aliaed) e (4 5k
LS Al o iy Agle g Adal) & ) 36 il Colagaal) Gt 2180 apl) Lilera 4 5l Baac] aladiivd a3
Jaxall (31S0) anS/ana YO 0l 38 i Aglajll 5 dgudall 4y il 8 05Ul s i) 5 JselaS V 5 ) ) 58 50 S ayas
T g 510 5V 5 Y 5 vie &l clie g (s Janal) Calaal By )Y (8SG) aaS/ane Vo v 5 (ial
Nt pSaie Cigpla Il 8 (Dl gh 5 i 5 5%e) Lol e Bl e claall alad) 500 o o5 LS Uy
(Jamall gelasy b NS Al 45 A Y1 Al zasal — A8 e zila Al dgadd) JKEY) sk o3
el (aliaed) 48 ja bl deedle SV z3saill apanil - el i 23 gal cClagnll Jals SLEY) i )
(OSad ¢ sand Ela B isal — Byl Al g luie palianl dpaly ) Fila A lda) Q5 el ) ddlall
i &5 O YN X il g pabiaedl] Clily dadel o Lty anlll - (0 gu (il ) z3ses ool (i )
(Y%AQL) skl 5 baall ol a1 g ((R2) BliLY) dalra 1 pulae day i Lo 2l &zl ) slSadl) 23l daia
(%SSE) Uadll as e & sana s e susnall 5 g jaill pabiaad¥) il o 381 53l 5
Lnndial) (55 AadY) Cilydae aladinly 4 il 8 (5 U 5 0 yia¥) 5 edsalS §W1 5 6ol 58 50 SN it il o3
55 ¢(C-D (inia) (oubi 3 lae inia L) & clgia (o Uy il 48y 5l Javal | C-MS/MS Jlea plasinlyg
ISl 2 50n 5 ((LOB) de Ul dial) 3 gan Aalall il Y1 e 3L 48yl das 4S8 23 de JS K A ilaan
phsiudy el e (8 Y1 o wiSU sl an ) 58 5 Gl @5 (LOQ) oSV bl 35355 ((LOD)
SYeYeo ) i Jial Gl @ash oo slll (el aladiuly Gria g phes BLS i o3 (g ylesa sl (Wl 44k
pladinly 5iflin sd alii i o1, jia gl €30 die (Ol jead) Ol jley 8 i 3 (N (05l mae) sl ) il i
Dhal) sy 1 () Leligad w g eJolis BaleS i i | g geall (A i g aladinly ¢l il
el £ e Leuld s (o0
1N gail) e A jall o3¢ Lgade Jaaail) & il ilidl) aal () i (e g
AR
(Jrlu€ DU jiagils Yo o)) s8I yiagils YA iS5 il o il Bl cils sl J)ghal aaad a3 ()
O e sl YY £ o yiaadl e gl YV
Wsts )8l cliie a8l LC-MS/MS e 458y sise o581 QUEChERS A& sk o (Y
D3A-0) G sl i A ye e i) A culS g el 1 g diall Ay il 8 gy 3L ¢ el cJaalu 5]
Spa Cslads (R2 > 0.99) il Jelae JOA (e ciliaall s ilapsall (e JS0 Gl Cilginial) 485 a8l 23 (Y
Al Ae 5 el Cilinie & yelal 5 «(LOB) d& ) dimll 3 as (LOQ) (oeSU (bl
Y sl
Lol Als o Ll clay s 40 ) Ay 1008 i Oyl o Lasae 2 5l 8 cilpdiall 5 laall aliaed 48 i (£
ol alaaa¥l il Glebu T (583l ) 31 (e ) sl ad o Ml
il s Slaall e JS Galiasa¥) 48 ja bl LeeSle Juadl ool jil 23 i 5 LK 200N 435500 3 503 08 (0
Aoba N Al &)l Adal) A5 5 A el 1) ety S Waliaadl (8 se ) edal bl 5 dpadal) 4530

301



Sara Mohamed Mohamed Heikal

A ooaill Of W) e )l A ) 8 ate Al 4 5 d Jaale JS e s 3l Galiaadl (IS (Jiaal b
Al o 5 n b sale Al 4 ek

Ll e Uagl el IS Laiy dguall 49 530 b gl JS30 )3 Al ) sbe ) (abiaesl Jas (T
il g el ol GS Ly dgplal) 4 5 b aie el A 3 OUE el aall Gabiae) g8 el
=5 NS b Jilaa ond gl naally G5y el Lelal L shusill g JaalaS 5V 5 Ol ) 5850 )SU Ayislal)
A A

< Ol < st s U sall e i ) Gl paiad (S Al o s (B GabiaadY) Aoy Cul B can (Y
< JpelaS sl i ) (S oaill A ghal) Al s ANy aaall < s sill s bS5l < Ol s8sS
s sl el < sl )ty e s 3 < il < )y 5808

aaasl oLy (A 8 S g s (e eyl s Al A S b8 psaal) LSyl ead [ jadlly (abaad¥) (A
aly S e piingdl B alla cibaagly Akl gl G Hdugdlly Al e B o)) s s S
ld Ga il ey ailly pabas¥) Cn Gt dsasl il 0535 On i)y s s SH
aall s Jaal 530 Adsida Ay 3 pallall o2 adas )

& omieY) el (S abiaadl sa dlaylly Al 4 5l 8 5 el Gl all pas pabaedl o 2ag (8
Gllee dlle Al adlas Aoy B zile Cdas WS Aol LA & aaally JlaS Y1 L) o s
il Sy iy B e (8 cJially Ale il g dpidall 45 il (8 Gl ppead el 5 Galiasal)
aally ) shu gl ) iy palas

Ll 7(48.82) sl Gaes §sSar A jlie (VYY) Cphall sSa e ST ol )50 )8 (abiaadl IS () s
Caen (sSe gb leb Gabaas¥) (IS o053y (o il s JpalasS 5 Aaally lld (g Sall e s (70Y,VY)
Ll i sSe men e il Glasal) mead (abiaea ¥l by Chua g &5 A il & el ¢ 5S0 43dy (el gl
S g sl e pabaa¥) o guail 5 ey 8 3 gai Adand 50 12

0S5 g < gl <l 1 ) il e lanall aand A L (il 5 oSl Falmas¥) 3580 (a5 25 (1)
DSy el Al 2 i) il Sl Alainall daabuall Jlea) G5 Al 5 diadall & il e JSI e slas1 138
@ sall (any cona o L5 a1 s JaaleS5W15 0y 58 50 S (g ALRSH 2 i L A Aledl) 23S0 (0
& Sl e B Lee il AT Glie el gplall O5Sas sl Gaes OsSe Jle Al
uabaay)

s8I Ay (35 ) sa/ala S VYY) G el dsaailly eV 4 cpdall ()5Sl 4 guanall Lot busall cilS (VY
(P /e s Saa Vo) s 35 ol oa/l a5 S VY +) b€ 5315 ¢l /el 5080 1 TA)

LSl S dygia dad © aimd ) al) da a5 uS A Lkl o sl Gl & il Galael EOVY
Aasiedanon edagale IS 5T LaadlSy e da 2 Y0 ie diaarall elli o lef dasadl

Aldisall e lalaa 3alh ) (Julby b 818 (e 2y Lee clanall pabiass) (aidy aylall Sla s gl )l e (V€
B Cun (e 5 i Aaill) il KAl ) 5S5 um dlall 3 U Auial) G il s 5 el Candl G Jelad)
Asphal) 2 i) 281 say Dlasaall g s Lol )Y ca

Ll ) ¥ e lld aa g 68 e 0585 JaabS5Y) ge pabiansy) iltina o ) Auludl OAS af i (Vo
s sill Lonilly Laiy Alali e 5l Gabiassl ke Aiadlal) salall e L o JaaluS5Y) iy e
Al 58 duala Ll A0l dglee g caaall

302



Behaviour of certain pesticides in different agr-environmental components

G < Ll J8 < Gdadl 38 (3 gaase  JUI g ) e Al Ay i Clivad (aliasaY) 38 cuilS (V1
Lai ¢33k 5 ¢ yia¥) 5 cJaalS DU Galiaas¥) o 3,08 el sadadll 38 (3 sasa jedal (Sl i) a8
Aaally eon a1 s skl Galaas¥) e 58 el gLl Ji ekl

8 (3 sanal OIS Cua dlall g dpidall 4 51l e IS 3 Glaaall (abiasal e 960 3 5 & i) Clisa G 0e (VY
aband) b Sl U dla ) & i) @ yedal JBY) ) Spil) ol 8 5 gaal s SN L3l e
A2ty dpa il Sy lld e 5 Al 4 5L 4l (SLED Ji Lelaaat die 5l 5 et s el 5Y)
Leiudat A sy Al Leilal g Lgtish g g Aaiaiall Lgaalkal | Sl 4y Al CilisaeS (LA Ji g godadl ) 038 (3 saia

Cilaall Gl A5 e (JaebsS 5l 5 ol 5850 )18) o silasill Clagal B gy ST Galiasal) & (mladiV) (S (VA
G IS el EiLEal) Cilasa g 1 silasil) Clanaad 4005 Jadlie & LS all 03 Ll 2 Ledie (5l 5 G sial)
L Coelal lld pay AN Tadlaally Al A ) S pall e pabiaad) 5,08 4le 5 dilal) 4, 5
Al adlaall s 4 jill 5 geall (8 LS all (ga S ALl 4 e ST Galiaas) 338 digdall

GS 1Y e Llaill (i gl Ny Al L (e JS B waal) e leb paliaaal 3508 ) shadll ekl (V4
gaband O (e a2 N e ) g sl pe ddlially lagal) paliaes) i | oudls e o Gudls Galiasay)
8 A Tadladd) 8 a5 ol (abiaal (das) celly ) Ayl laall 3 s s 150 S8 IS i 5dl)
Asle 5 dlall 4, 5

¥ s )

A8 gia 2l dlee iy edidall 2 il A lie Al 1 il 8 S ol IS8 5 il cilaall alast Caas (Y
s A A A8 a aa

Yooy ) dle )l Ay sl 8 Lgsa (Lasy VoY) dgudal) 4 il b J skl 5 sl Cilanall apead caaill jlee culs (Y)Y
Al e e 5il) IS 8 UGS JAY) (53U S L ¢ ST BLE (o Siaal el g (a s (Lase

16 ¢ )

48 il Clyinie CilS Eua o lagally 4 )lie Dy i) saeel e Ao jun ¢ BV el aadidl (gl Jue Q5 (YY
bl 3l e 7Y v e i Le gl il g Ala 15 Al 4y il (e JS A Alilie (BTCS)

dmy e Laad Jousll Cilyinia & jelal Le Glle 5 Al 25 51 8 4ie e )l 25l 8 g ud lanad) dase S (YT
gl 8 Gay 5 Silanal) (e daaS) il cilaaSl ) 5y Aidal) 5l & jalie Hseda s Juliasa s ae Aty
Al (s e ) Jaa o J cala IS5 o

Ll 8 Ot YT e s e A 0 edaaluS Y AT (oa laall Jausid 4y sllaall bl alaal (Y
LA G Ooss S YY1 YL0 5 e T Y0 cdaelu5Y Y pe Al ikl
Ao

Al el 4 i) (g JS (8 Jpussll e 200800 (5 35801 5 (a1 5 JealusSY 5 0 s 52 S ey (YO

< OshsS < gty < QS l 1 U saill e Jall slae (3 gl i) A s Slanall i i (S (Y1
A lie Agpdal) Al (e Jaall ST slae 2peS i ()8 5 KU UL il Cilanal) ey O il
3 all Jaeba5f by Ay Sl e 5 OIS A Agilia () s 0 S Jmsad e O slaal) e iS5 Aale ) 4 il
Ge AaaS JBY G a5 st s KU liial e egs 3 5 (e YL Al Lnadall A5l (e Jpeadl olaall (e
(s e dale 5 dandall 4 i) (e Jsedl oLaall

10 s 5l
b bl A5 A5y Alabeal) ey Alabeal) Ll Ay 1 b Slel 5lan il s e s yaens e S Bl S (YY
At 3l Sl aes

303



Sara Mohamed Mohamed Heikal

Al o Lasy T 2y caanla dd il shae ) 5l lll 5 s g g ol dle el aand Ay (YA
3 JS b Js Il 4 jlie 5iliusdy Gaie 5 phes Aadil € IS cJaaleS ol oliiuly cclapd) maea e (Y4
Agla M5 Aiadal) 4 i) (g JS 8 o ) i ol JaalusS 5l ol 285 Asia )
Al A Sl G gl A o ) 48 55 ga 0l e RS Gl ill 5 Staa 5 ygad il i) padind o Sy (Y
sesb La o pgdal 3B Al ) il o J 68N (S Ale sy
Cabaasyl Gl 5y & Glasal) il 5,8 clie Jilatl 4l 24K diaidie il leally (el 43,k
LS b€ all il o lail o) g el Aaaly i€l 5 483 SISV LC-MS/MS Jles 485k o cpn 3 «Jaills
zasa O LS dle 48y GaliaadVI A ya 3lSkae oy ool il 73 g g CASI AN A ) 23 g o) gl &yl
Akl L Ga S (4 Slanal pead @l Alle Allady el 5 abiasa¥) slSlae Gluuly (oullb 35y &l 8
ST Ay 05 31 (aed) Lay dgilall 458 8 el )ty JB aliaes) aaally ¢ s 5o JSU OIS S5 Ak M1
< ookl ) il e Gabiasa¥) dus e GUS all G 5 &85 Ale 1) 4 il 45 jlae dall 4 3l (8 )5S
o Dlaall pabiaadl (i yaill el Cusi i) pe call < i il a5l < 85 ASI < yinal
Sl e cilanall gl Al ja Gl (Al Alaiadl W phalie s Lgiall (e 35 e 6l all Cila o las )
Al e Cpe sil) OIS (8 el Gabiaad) a8 () %0 dawais 4l Jaaas (sal 385 Apaa) @l el ddlide ol 5a g
Caban) (aidily Al e Ll 5 Latiiall LSl dals 5 Jlad LA iy grdall ) 58 (§saase o JS OIS Can
58 G e S el 3 S el il Apaallys sl ) sion ) e Aadlially 3 i (Al Talaall 8 cilasdl)
< Qb sl G dla )l Ayl 8 g ad lanal) Jpu IS5 WL JBY) (gl OIS gus B B YT S )
Glaall mran & jelal 85 didall 45 1) e Jawadl oLl e 3l JaaloS o Callaty 5 o sl < O 58 90 SIS < 5
Llii S IS8 a5l liiuly eclapall maen <jin WS Al (g gpe il SIS 8 e Jpe 1S4 5 sl
o A S 3 g 3 o 8 Jaala 91 Al sl im 5l 5 Siem 5 530 (s 3
sk L a5 (S clgale Juaaial) il e sl
Oe pedy dApilal) Gland) JBs claall iy cJaslly o patlly pabian¥l dabidl coladl ed o
Llaall 4 51 o) 5l (8 Gl )l o3 o) o) rains laall ) 5l el el J S5 50 8 dadaill Gl
pail Gaday J oS5 ) 13 Jias s AY) Al 3 Al caglall Jla b S ¢ emn dald iyl Jla B
Ul Vgl s lannall Jamast) G Ua ) 055 of g g8l caly IS0 A8y lansall il &l Ll
2l A Lay sl e 3 3l ) st Adiand) c¥laal) (e apaad) ol <) 340
Al 8 Ll (20 s Dlanall il s Bl Gl dlslu g juan e izl @
A3 Jeadl s clamal) Gabacsl e RIS it daald) sall alasiuly Ayl clieas Ll 498 s @
el Laplil) Glilee A e Dlanal) paliaas (S8l Gl ) 38 (3§ sanse dddlad 3505 13 Jadi s i slall
EB BN
olaall 5 A il (& Clapall liiia e a el RSN Bk 5kt @
Al e Lgtiadlae s colanad) ciliaal 4) 5] 5k CaliSiul @
ol A e 35 ae il 5y Lol Clasal abassl e 5 all cla s plinl il AnS aui @
Apalid)

304



