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Abstract

Although pesticides help to raise agricultural production both quantitatively andqualitatively, their
use has become a major concern, given thepossibility of their presence in water, air and food, many
studies have demonstrated their dangerous toxic effects in the short and long term, so this study
aims to Show the farmers awareness of how to deal with pesticides and the precautions to be taken
into consideration during the spraying of pesticides, Estimate pesticide residues in three different
types of vegetables, which are considered the most cultivated within the Setif region in
greenhouses, in vitro and in vivo toxicity study of pesticides. Four different types of pesticides were
used during this study, three of which are insecticides (IMIDACLOPRID, ACETAMIPRID,
CYPERMETHRIN) and the other is a fungicide (ABAMECTIN). These pesticides are the most
used in agriculture in SETIF, while the three vegetables were represented in: Sweet pepper,
cucumber and courgette. The results of the statistical analysis of the questionnaire demonstrated a
complete absence of awareness on the part of the farmers regarding the negative effects of
pesticides, whether in the short or long term, as well as their non-compliance with hygiene and
safety conditions when dealing with pesticides and failure to respect the safety periods for each
pesticide. The process of estimating pesticide residues was carried out using the chromatography
apparatus, this analysis is made in the laboratory of the National Center for Biotechnology Research
- Constantine -. The results of the analysis demonstrated the presence of pesticides residues and at
concentrations exceeding the internationally recommended maximum. The concentrations detected
for IMIDACLOPRID and ABAMECTIN are considered the most dangerous to consumer health by

estimating the indicators of health safety, to prove the toxicity of these pesticides, we studied two

types of toxicity: In vitro and In vivo. The laboratory study of toxicity proved that there is a

correlation between the changes in the pesticide concentrations and the rates of hemolysis, as we
recorded that the occurrence of 50% of the hemolysis is from concentrations exceeding 400 pl/ml;
we also recorded a correlation between the phenomenon of lipid oxidation - is Estimated by
measuring the concentrations of -Malondialdehyde- and increasing concentrations of pesticides. A
study of in vivo toxicity was by using laboratory mice where we estimated two types of toxicity:
acute and sub-chronic; both types of toxicity demonstrated that exposure to these pesticides causes
an increase in concentrations of related biochemical indicators and liver activity (ASAT, ALAT,
ALP) and biochemical indicators of kidney activity (URE, CRE). This is explained by the
dysfunction that pesticides cause when they enter the body at the level of both the liver and the

kidneys.

Key words: pesticide residues, vegetables, lipid peroxide, in vitro toxicity, in vivo toxicity, sub-

chronic toxicity.




Résumé

Bien que les pesticides contribuent a augmenter la production agricole, qualitativement et
quantitativement, leur utilisation est devenue une préoccupation majeure, étant donné la possibilité
de leur présence dans les eaux, I’air et les aliments. De nombreuses études ont démontré leurs effets
toxiques dangereux a court et a long terme. Cette étude vise donc a montrer le niveau de conscience
des agriculteurs a la maniére de gérer les pesticides et les précautions prises en compte lors de la
pulvérisation de ces substances, estimer les résidus de pesticides chez les trois genres de légumes
les plus cultivés sous serre dans la région de Sétif, et étudier la toxicité in vitro et in vivo des
pesticides dont la présence de leurs résidus est confirmée dans les légumes. Quatre sortes de
pesticides dont trois insecticides (IMIDACLOPRID, ACETAMIPRID, CYPERMETHRIN) et un
fongicide (ABAMECTIN) ont été utilisées au cours de cette ¢tude. Ces pesticides sont les plus
employés dans notre région d’étude, alors que les trois légumes sont représentés en : poivron,
concombre et courgette. De manicre générale, les résultats de I'analyse statistique du questionnaire
ont démontré une absence totale de prise de conscience de la part des agriculteurs quant aux effets
négatifs des pesticides, que ce soit a court ou a long terme d'une part, ainsi que leur non-respect des
conditions d'hygiéne et de sécurité face aux pesticides et le non-respect des délais de sécurité pour
chaque pesticide. Le processus d'estimation des résidus de pesticides a été réalis¢ a l'aide de
l'appareil de chromatographie, et ce, au niveau du laboratoire du Centre national de Recherche en
Biotechnologie - Constantine -. Les résultats obtenus ont démontré la présence des résidus de
pesticides a des concentrations dépassant le maximum recommandé au niveau international. En
estimant les indicateurs de sécurité sanitaire, les concentrations révélées pour IMIDACLOPRID et
ABAMECTIN sont considérées les plus dangereuses pour la santé¢ du consommateur. Pour prouver
la toxicité de ces pesticides, nous avons étudi¢ deux types de toxicité : in vitro et in vivo. L'étude en
laboratoire (in vitro) de la toxicit¢ a démontré la présence d'une corrélation directe entre les
variations des concentrations de pesticides et les niveaux de dégradation des globules rouges. Nous
avons ¢également noté que l'occurrence de 50% de de I'hémolyse provient de concentrations
dépassant 400 pl/ml. De plus, nous avons enregistré une corrélation positive entre le phénomene
d'oxydation des lipides - estimé en mesurant les concentrations de malondialdéhyde - et
'augmentation des concentrations de pesticides. L’¢tude de toxicité in vivo a été faite sur des souris
de laboratoire ot nous avons estimé deux types de toxicité: aigué€ et semi-chronique. L’¢étude de la
toxicité in vivo a été faite sur des souris de laboratoire ot nous avons estimé deux types de toxicité :
aigué et semi-chronique ; les deux types de toxicité ont démontré que l'exposition a ces pesticides
entraine une augmentation des concentrations des indicateurs biochimiques et de l'activité hépatique
(ASAT, ALAT, ALP) et biochimiques de l'activité¢ rénale (URE, CRE). Ceci s'explique par le
dysfonctionnement que provoquent les pesticides lorsqu'ils pénétrent dans 1'organisme au niveau du
foie et des reins.

Mots clé : résidus de pesticides, légumes, peroxyde lipidique, toxicité in vitro, toxicité in vivo,
toxicité sub-chronique.
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alminall dail

ALP Alkaline Phosphatase

ALAT Alanine amino-Transferase

ASAT Aspartate Amino-Transferase

CRE Creatinine

URE Urea

LCs Lethal concentration (dose which killed 50% of the treated population)
LDs Lethal dose (dose which killed 50% of the treated population)

EDI Estimated Daily Intake

HRI Health Risk Index

RML Maximum Residue Limits

ADI Acceptable Daily Intake
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EDI: Estimated Daily Intake, ADI: Acceptable Daily Intake, HRI: Health Risk Index. *Australian Government (2017).
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RML: Maximum Residue Limits, *:GAIN (2014).
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(5550 0,00061) Sloadl & Al e 208 03 Lo gzn OF bl (55730 0.3) & ymcedd a8l
el ams @ J8Y 5 el o)) Jgastl e gzl O g5 5 Aadsun A
$i) A Jga (3 ACETAMIPRID ded) Slde 5 -2
oo Fasl 246 Bl sb die g Amendid) Ggb 231 (aalS ae LS M LE gLy SUI Sler e
Lol ) wSladl JBs e 2l g Gl Jild)l Slue (3 ACETAMIPRID dpe Sldie i

(25 JSal) Cugnl bl Sliae e wpt by QL) el sle sl S
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0,02398 0,00959 3.468 4.5711 3
/ 0,02313 0,00925 3,46450 4,32871 Jau gial)
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RML: Maximum Residue Limits, *:GAIN (2014).
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) aal) dsall AdadaS  aual) e S50 AalGY) e dadl) dale il e B
*(RML) 4 g gasal (&/&) (AY/&) (&d)  (mAU*S) A
0,27350 0,1094 3,52 52,10508 1
0,3 0,25820 0,1033 3,55  49,18053 2 EWPS]
0,26170 0,1047 3,51 49,83793 3
/ 0,26447 0,10578 3,52667 50,37451 b giall
/ 0,00802 0,00322 0,02082 1,53434 $ Sl il Ay

RML: Maximum Residue Limits, *:GAIN (2014)
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2% 5 Bl 8 ADL S msendl (S9adll 2edll BDI o b jald &)l Al Lol Slie yns
Sos S8 g Wadke pd Lo due & gl ot G HRI o8 23 U] a3 s
£ &) yadl slgl IS06 29 Jaldl (3 moge sa LS cllgnd) Bms o beily Lo
oo Mg ok )las 25 9 EDI b5l dside d B &bl anl ) s s LS
Jad Gladl sl YWY (3 Jasgie O ADL a3l 3 Lgs el 9 8 msend) (sqndl
& JIsd Js =y 059 'g/'c« 0,0013223 ¢0,0001157 ¢0,0000030 ekl &5 lhl 3w sSTI 5 gk
5 Rl 3 gt JSS Bl - o) ja TS 0.01 (ol a4 el A G
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*ADI EDI
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(mg/kg bw) (mg/kg bw)
0,0002750 0,0000028 1
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EDI: Estimated Daily Intake, ADI: Acceptable Daily Intake, HRI: Health Risk Index.

* Australian Government (2017).
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RML: Maximum Residue Limits, *:GAIN (2014)
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Jses ©lis (3 CYPERMETHRIN bl ik 2kl dad) >l o3 0L Jodl amigy LS
S 3 0,36278 = b bawgie xe <0,57980 5 0,18679 (e sl g L preo L
Sles 3 bl Oliae OleS 1)lhs @bl L3885 31,16 = S Ol (3 a=lY) e o sre
Slall @l e S o8 Lwge O (1550 02) @ sl a3Vl AL L Jpas
F3 Y ol olaas sl Jeadt s Jols 0L bl sda g0 it (35730 0,00593)
) i 3

1 Jld Jge (3 CYPERMETHRIN sl Sldis s -2

oo e Ses 20 g ask il o oMVl (a2 Led SU AL ok s e las)
Ls g Aomaiid) 3o axaY) (23l Jlanzel 9 WlESLy S Sler (3 g ikl ol jalsas
JAldll s &l e sgms s o sy o) e ells 5 egl 230 dasl Job
Ser g B S Sler 3 el il daly Mol e mas (30 JSC)
31 Jodl g Slaadl 3 Al e 1S5 9 BB ey el Bl e ST Wl LilEsileg S
Wu‘wwd‘w‘cb cadl A Sl 2ol ol 235 et o
0,485 5 )3 Lowgie & 0,5259 0,411 omle A 6@ Al L) dmlue gl 5 G (M
0,01087 = wgylll old L)l Jsao2 lue (3 CYPERMETHRIN ot e peS Jovvgze ;3
s I3ganl OF sn wo (35730 0,2) & sodl @3Y1 A o 5T 2l oin lST i)y 457/ s

Mgl i e ol Jsat
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Green Pepper

‘ Cypermethrin Pesticide Residues

-10 T T T T T T T -
15 20 25 30 35 min|

}U-\ J.a'lﬂ\ J}.ﬂ.ﬁ s ua.bw ‘a\jc}?uj; .30, &)

S Jald ol 3 CYPERMETHRINE bl s 3575 9 &)Y o) cAadl) dluns 319457

Y aad) Aaal) LA dseS dal) LABe 35 Aal Y o) Al dalaa
. . o cliall 2e AL g 6l
*(RML) 4 g gamal (&/&) (A& (A88)  (mAU*S)
0,00921 0,00368 31,20300 0,41128 1
0,2 0,01176 0,00471 31,06100 0,52551 2 Sshall Jatay
0,01163 0,00465 31,27700  0,51931 3
/ 0,01087 0,00435 31,18033 0,48536 Jas grial)
/ 0,00144 0,00058 0,10977  0,06424 S eal) Gl )

RML: Maximum Residue Limits, *:GAIN (2014)

duss5S3) J 922 3 CYPERMETHRIN k) Sldine 5 -3
Jlenzals 5 W25 S Sler 3 S ol ol o 13S0 20 > s o
den e dymy oo AU e el 230 skl Jsb die g Aeeedd)) B aasYl aalS
ANl e 58T 58 o8 e Gl aded) dslal) e sl 0387 085 10T 9 CYPERMETHRIN
Slige Of damain) Bb andY) (a8 Jlenzaly s s bl (31 Kl aad)) il

(32 Jpd) 8 msand) (ssnedll Aadll &)lis Az A Al
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Courgette

‘ Cypermethrin Pesticide Residues ‘

-—

DD
o 9 o B mmom @ P T~ G
=2 BHgg, BOEnD DU B ERE e 2E 3 8 55
i, B2 mnen e se oomecd pmeome 505 ER
i T D
-25
-54
751
-10 T T T T T T -
5 10 15 20 25 0 5 mir]

G SV g Dl alsiins ol Egilag S 31 IS

dwsSd Ol 3 CYPERMETHRINE ! (e 355 5 AN ey o)) dmlns 3290

a2 aal) Sal) e dpaS dnall Ade S5 Al ) Aadl) dabe il s £ 5l
*(RML) 4 g gasal (&/&) (/&) (488)  (mAU*S) =
0,18980 0,07592 31,09100 8,47869 1
0,2 0,11558 0,04623 31,10200 5,16290 2 A gl
0,13728 0,05491 31,09400 6,13256 3
/ 0,14755 0,05902 31,09566 6,59138 b giall
/ 0,03816 0,01527 0,00569 1,70485 S al) Gl )

RML: Maximum Residue Limits, *:GAIN (2014)

Ols 3 bewd Jto L) e 155 0T sm L lux o Ll il 36l el d L Lo gie
5 0,14755 — )6 bovgie ae 'g/'@ 0,18980 5 0,11558 (bl dadll iste 8eS” gl i S
i Jo b ol Ko ¥ Jgadtl e e Blgnal 06 a4 sl a3V AL 3l

RO IPTINY
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CYPERMETHRIN bl OLied doniall bl gl -4-4-2-V1
o (Health Risk Index) HRI s (Estimated Daily Intake) EDI (py& 5l oo |7 jum Wl 1SS LS
Sligs Bole Rdel Mgl o wal) dmeall bl oo ol e dhessd) ol sgll oy
o of (Ko ol oldsg Sl Lo slie Mg eall Sl e pudd ol
IMgza) 4.8 52 1 ADI -Acceptable Daily Intake-) ADI & EDI b~ I e Lgde Joall
26 Lodns 3 Al ol G HRI od e (lbedl lias Sl slall 4 #gadl asl

(33 Jodl) gzl i o busly Lwr s [Si5 g 45k

CYPERMETHRIN spd! vk ghs Oy o Igawt doeall bl ondi Ol pigs 33 905

*ADI

EDI

e s HR (mg/kgbw)  (mg/kgbw) =il e

0,0013139 0,0000263 1

Y 0,0023676 0,020 0,0000474 2 ol
0,0007628 0,0000153 3

/ 0,0014814 / 0,0000296 Jauy gial)

/ 0,0008155 / 0,0000163 g al) Gl )
0,0023019 0,0000460 1

Y 0,0029412 0,020 0,0000588 2 slal) Jataly
0,0029065 0,0000581 3

/ 0,0027165 / 0,0000543 Jauy gial)

/ 0,0003595 / 0,0000072 $Jeal) Ll )
0,0474504 0,0009490 1

Y 0,0288938 0,020 0,0005779 2 A o<l
0,0343204 0,0006864 3

/ 0,0368882 / 0,0007378 Jauy gial)

/ 0,0095411 / 0,0001908 S eal) Gl Y

EDI: Estimated Daily Intake, ADI: Acceptable Daily Intake, HRI: Health Risk Index.

* Australian Government (2017).
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ols (ADI 8 o5kl (S32d)l il &)lis 1 Adns OIS EDI pd OB J9idl w5l amogs LS
e b o IS Al ods D E @ G ol e DNl OF 0SB il
@1 25mg pds QWL 5 dorlgll s Gyl | (HRI) (el bl g0 o3 06 ells ) Caf

(gt ods Mgral sl o o s

CYPERMETHRIN s d8* -5-4-2-VI
dedl abelall Slgradl oda Dlgral el o o b (5T spmy pde bl ikl OF W,
an w2y Baw (SN s skl el il Ld al dze 5ol pual CYPERMETHRIN
S9led il O OIS A (3 LDsy o Of Sluhdl o ) cadl L 281 1A ) ol
&) Rl ) &bl (MacBen, 2013) &5 /fs 140 <)d8 438 018l (3 Law (55/ds 250
S ol bles 3 oblasl e Ll &ug CYPERMETHRIN dews OF 013,41 Lo of
.(Bhatti ef al., 2014) AST 3 ALT e a5baSendl Lo gl Jam 3 ol I w5 ity g
CHNEN R PPN R SR TP X R PC NV U CESUCT I R VG W SIS U [ 9P
3wz G e curl (2003) Yousef er al Joauly @l cxdl Gem sl
W cals gl mSlad) e gl ol bl Jd) g (god) BLudl o~ (3,28 CYPERMETHRIN
oda (2001) Elbeticha et al. AST LS. 0Ladl) )55 Je Dahamna er al. (2010) L <l &) 2l )
Sblgd) 1S5 3 ppUd) U] g Al 1A o) O ikl bl e Lede ol el

g gl
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IMIDACLOPRID 9 ABAMECTIN 4odl o I3 dgamd! dstyldl -3-VI

Yhorzwl dgis I 5 Olad) Slbes oo @};T i)l Olage plin Led Al le Lol WS
e Slypabl il 25 o AV Oy Ll g Cida At e el B pr 1S
o S Lai s Ggw Bl 1yl LYl 22 L S (St el Gy b
wlgbdl 3 ol wlize L2 ol OY ¢l> 5 IMIDACLOPRID 3 ABAMECTIN (s SU
R T K S URJV )\ FRPIEN IRV CIO” [ WRL OO CRPEIAN
lgad) o Lo s Sl sda Sldag 8l g sl OF cudl all bl ol s
(In vitro) 4yt domnd! duslyd -1-3-VI

slpedt ol S S UL days -1-1-3-VI

sl oS 4 Je IMIDACLOPRID 5 ABAMECTIN (pdedl 56 (s a5 |l e Litazel
DB ) ST 0T g el iled) il L) e Al 1T Ba g (neglane g e o)
Aleriad) SR (Rl (goime dor B8 29y i) Bl oo cledd sl 0L ST 8 S

(34 Jodl) anl,ull o I
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IMIDACLOPRID 3 ABAMECTIN o) 0 | 530 &g ¢l pad pll b S U s Sl pis 349

(%) ) ot (..U\ C)\_).;J.Lé =S
IMIDACLOPRID ABAMECTIN (J,/ (‘,9 ) chﬁ)

(c) 0,04 £2,92 (c) 0,24 £2,79 10
(c) 0,12 £3,23 () 0,06 + 3,01 25
(c) 0,28 + 3,52 (c) 0,68 +4,13 50
(c) 0,04 £3,95 (c) 0,22 £ 5,06 100
(c) 0,05 £4,51 (c) 0,19 £ 5,81 200
(b) 2,32 £ 51,73 (b) 5,83 £ 55,82 400
(a) 0,04 £ 100,00 (a) 0,18 = 100,00 500

2,69 6,75 LSD s,

@l Gl A Ja gial) (% 5 Adie die (5 sina (38 B :LSD ¢(P<0,001) s8I Cilida (s (s gina 3> (38 392 g *H*

SLS ME s g o) ST Gl o B4 g B DL Ee e g il bl
ST OF el gl Ll o el il 5 Ayl ol gils 38lss (32 JSCadl) shodl ol

.(Shrestha et al., 2016) slod sl U S” U s il U (635 ) o el 052l
Ly ol e e alasdl ol Cilae 530 o shedl plll 0ST W s
.Amin and Dannenfelser (2006) & 26 &) auid) sl e teby &5 58550 18 % 10 jolaes
gl e o pl,29,550 200 5 10 Crle 3ysast) ST OF 2l 00 sy el oxslil) o gbof
N QWU 5 ) S el s %10 o S JB1 cedd plll ol ST U
e 5815 e el sl GLST UL 0 %50 Bsi Lo Sl o (3 (i) ) e 555 n
AV chod) sl G4 ST S s a5 amte OF Glyl) gl (Jofpl,9, 550 400 <) Lo

(32 ) al Wls a8
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- IMIDACLOPRID o120 ABAMECTIN

- 4 100 - o
100 o v

- 3 80

2 2 60 i

= 07 HE)=2,17460007C] 1 H (%) = 2,379¢%407(C]

"f.. 40 r=0,97%* < 10 r=0.98**

2 = A

& 204 e~ 2

0 50 100 150 200 250 300 350 400 450 500 550
(e p129,500) 257

0 50 100 150 200 250 300 350 400 450 500 550
(Mo pl g Sn) 555

ot e ddli2 1 S15 W6 AV ol e all Sl S M s Ol W.32J§.:J\
IMIDACLOPRID 9 ABAMECTIN

i DS (322)) Bygias a9 Al bLS) Be 392 9 LLYE SUDe dulps o b
SLS HE e i Ball Bl eds ped (cpdeld (ST il g sl a0 ST IS
3 g Ll amodll 5 lyadl 3 bus, ¢ ) ol olaee (ST5 e lely sledd a)

otereld Azl S STA AV shed) aud) ST U s olpad 2 V) Al Jlaszaly
IMIDACLOPRID 5 ABAMECTIN J cppoend! Slidin 5:S170 481k 1 pad) pulll U S S (o ks 1
M dhemill wlgadl (3 Ol Ol 1S5 s e% L lle dwoll wilidl e lely
SN ogie arsas M e 25 5 sl sl GLST JIE (i i s i) ol

(35 o) Ougnd) sl azslll a1 alslall (3 Jpas IS7(8 bl i ailesll
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IMIDACLOPRID § ABAMECTIN 3! &bl Aol ¢l pdt adll DL S S Cnd pudls 35943

IMIDACLOPRID ABAMECTIN el

Sl Jlat s e 38 i B gia Qb8 Jlat s e 35 B gia Uy
(%) )l ) (/&) 2l (%) $)aal) (/&) 3l

2,17 9,64 2,37 1,40 sl

ND ND 2,40 1,64 4 Sl

ND ND 2,39 0,77 shad) Jalal)

el Adial o e (ND

Ry (e 5515 06 ABAMECTIN J ol ol el 5 codlel Jgadd BB amss Ls”
5 Agr oo Mo w msend) @iV U el SIS ALl sl Y Aleand) BV ol 2
s ol (3w O S ol sda OF bl el b Slsge OB (5 A
Mo Yy shadd adll ST U2 (o i 2w Y Al e slazeYb 5 oS cllgzd) 2
G 5 s Y sy @ oliddl S5 we el sl oS JE (s O st
Ut o5 o) Al Zey ol iladl o dels G35 0% 10 ot § Lerd OY U3 5 (5201 5
M @3 s 39 2eSI sk e 0T U s il 3l 5 Amin and Dannenfelser (2006)
Lkl Sliae (o2 L gl pldl e 3550 i Y % 10 ol |ty g shedd a0 S
o IS Al pb Ol g L Jses (3 b O W) wldze A& O IMIDACLOPRID
M 5815 AV shadd sl S ST S s i 20 ) slazels S o Gl Laldl)
28 bl e e SR s em WL 5 % 10 jelns b S Adsie (o Ll gl L

RSNV >

93



waadi aglll o) gi83 dag ki Al cliisl) o bl clildl) B clagd) cldie Jdad (2020) 4l bl
- s (e cila  daala Blad) g dagdal) agle 408 il La gl

Sl 8unST G35 21l 3 cpted! 30 Lalys -2-1-3-VI

b Jonzl ) 2yl o Sladll 58T B b 2l Sgd Jo pdlll 136 a8 (3 Lotaze)
ST ey O el il cndl (Rubertoer al., 2000) Osadll jaaeS” ) Lo
Ble 555 3 e lely 0l & sl 5 ol salsT 3 ZWl & Gy A JHERPRWU
el 30ST e Il 1SS Ao il e e 3 5 (Malondialdehyde) e gl
LS™ . (Ramarathnamet al., 1995) Ol ) 1JS™ 3-:—"){3” 9l ub‘;‘j Lge uﬂ‘f&‘ o el
Ll S5 el oy Lo b Luls Sls O ABAMECTIN b bdll Wl 4l o (36 9dd) amgy
.MEWJ@U\MDAM}

okl o dili2 3815 56 £ Malondialdehyde 33b S5 i 36 Jgud!

IMIDACLOPRID 9 ABAMECTIN

(J+/Js29,554) Malondialdehyde 55ls ;S5 ST
IMIDACLOPRID ABAMECTIN (Lol pl89,5)
() 0,0170 + 0,0688 (d) 0,0037 + 0,0623 10
(e) 0,0260 + 0,0838 (d) 0,0170 + 0,0774 50
(d) 0,0268 + 0,3333 (d) 0,0134 + 0,0795 100
(c) 0,0388 + 0,4559 (c) 0,0260 + 0,5655 200
(c) 0,0599 + 0,5053 (c) 0,0409 + 0,6602 250
(b) 0,0378 + 0,7376 (b) 0,0037 + 0,9763 300
(b) 0,0318 + 0,7698 (a) 0,2668 + 1,1827 400
(a) 0,0368 + 0,8602 (b) 0,0366 + 0,8602 (0,07M) FeSO4
dkk ko 580 gl il
0,4768 0,5580 Lo il
0,0838 0,0623 Laiall Al
0,8602 1,1827 & sl Aol
0,0629 0,1680 LSD 5%
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Al o il 5 ST h e ol alSTE Adas e 32U MDA 208 08 gl
sl e 400 510 5SH o IS e G5 Jga/ 509 K0 1,1827 50,0623 (e ABAMECTIN
wsladl 5t e W 1S Ll e efaleg s 400 SR s AL MDA 38 @jold
Sladl de 5815 Gl gy sk Luls Lal Lle (/50950 0.8602) 15V
onle AL MDA 2eS” oyl G S W) ddes 0 224U MDA 48 5 IMIDACLOPRID
L) il FeS0s oY) dalell s dad ail o o ¢ o/ Jsns e 0,8602 50,0688
Gaz B g gl ity L) OB (3 )l ) 8 Oga) S5 OF Sl ll s
oo Ol LnSore oeadl o nix (Ruas ef al., 2008) (sosdl el 3 i Sl (1) el
< ,¢bl .(Mansour and Mossa, 2009) <ldweld o) L é-“ M‘ u'ﬂL—GT st g ol op
AZU MDA &aS” g cpanedd dhonsad) 5817 (il (a1 5 Bygine LLY) BMe 392y il

(33 el s W) ales

14 4 ABAMECTIN 09 IMIDACLOPRID
\3‘ 12 \3 038 -
= ;| MDA=0,0032[C] Jalps MDA =0.0019 [i]: 00601 < <
:3‘ r=0,98%%* =3‘ r=097
3 08 3 06
3 s k
— —_— 034 7
3 Vs
‘i‘: 0.2 3\‘ 02
:’3 0 i i ; i : i : i X :3 0,1
-53 0 50 100 150 200 250 300 350 400 450 —53 0 T T T T T T T T )
~ . . ~ 0 50 100 150 200 250 300 350 400 450
(J“/f"'}p})i") 55 [ 8 g L
(Lo ¢189,50) 555

ookl o Al 1815 Wb AV Sl UlSTE e AEWI MDA 35 Ol aoee. 33 SN

IMIDACLOPRID 9 ABAMECTIN
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bz ST5 50 VW ol ST e 24U MDA 28" wlpis 06 33 il amo gy LS
dis LSas S MDA 555 i dgall LY @5 Tood gl g Lsime SO )
3 5 Bl dmiogl) 5 wlgpadl 3 o) ¢ & wlid) olaze (815 3ilg ST Al o
it Al ST AN MDA S5 wlpad akd) dslal) Jleataly

IMIDACLOPRID 3 ABAMECTIN poboedl bz 38130 3315kl MDA 355 pis =1

Lad pdeel] ddlsd) ST 9 MDA 4aS” 0l O @) mogs & alad) dlolall e Iolaze
Jad) g a3 Bagrldl wilgpadl (3 eds) & ) Ll dze (ST 33 MDA 555
WS o 37

IMIDACLOPRID 9 ABAMECTIN  pobed! Sildicis 55170 33161 MDA ;S5 il L3793

IMIDACLOPRID ABAMECTIN Al

MDA s 5 e 58 5 s gia MDA s 5 Aia S 5l gla Jpend
Jafdsas 50 (J/ &) 2al) RYATYEC (J/&a) 1)

0,0784 9,64 0,0044 1,4 sl

ND ND 0,0052 1,64 SN

ND ND 0,0024 0,77 Slal) Jalal)

30 il 26 £ IND
¢ &) 5 ABAMECTIN ~ aoldl dl) ize 5817 2810 MDA 208 0B o3lel Jgud) amigy LS
i) ods 3,Lac ¢ ol U509, 500 0,0052 50,0024 Crls gl F gy dl) T g ) (3 Lako,
OB 3l el ias g5 (FeSOs, 0,07M) 3181 daled) 556 of 22U MDA 5555 o8 o
S Jsa 3 ods) & (Ul 5 IMIDACLOPRID — (oUh) Al e ;S a6kl MDA 28

L=kt g 2SI Jeold) (U 0B 37 Jpidl amoy LSy e/ 50,500 0,0784 (5ol
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Lo log aisue sgb 381 aaladl ae ade Lamll MDA 355 8)ls ool e 6 s Aoy
Sl g Ogasi ol 0ol g Jlaadl OF (2001) Praksam er al. s o6 ) Al ol
sda U weim Ll (505 WS (bl plad (3 aslin chad) bl deas Leelsl Caliss
(ST LYY 5 Opal) duSh g L) ol

(In vivo) &g dnomad! dslys -2-3-VI

DA o 2555 20 e e Jaedall Sl pcall Bl ke l) (gl ALY B
Mt o 3 & s (a8 Ol DY sl 1 el G g adledl BVl e desas
2LV s Lgme ezl Wy ol oty ISV 3 280 as (Ojlal Ol g anleY) 1L
I Wols i des S day LS5 o) od OF 5LaV) o Y Ly, asludl w3l sl
By i (3 Whentol o ciel) i Bandl g 53] dadl L2 g dad) o (re g dl, )l ods
ko CROIEE N N RCHT IR P12 KPS RCH NIRRT SEEWON | gL s SR SOV
S abls ae BYe ol ASLaSi o5 WG ((ALPALATASAT) ASJI ables
.(URE(CRE)

(Sgodd! i1 Ghos o dSlu 24 day) 83 dod! -1-2-3-VI

Fugeedl it ddes e dele 24 dr S0 Bl Al 3 LSl ola gl LuE Ades o5

il i Ades day ile 88T el ooVl et dasSe
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ABAMECTIN ! -1-1-2-3-VI

LS Ebo iy A3) 13 AilaanS gt oy g0 -

i) LDso ded 0 % 75 950 25 (¢ odif aale ole > MW Wlaasa) dals Wil LSS LS
donel) oad)) 2d) Adas 0 dele 24 4900 day 9 G ((LDspABAMECTIN= 15 mg/kg) A 144
o B ol sl G s e )l Besag IS e 018 OV ik LS
@bl padl WL auls lds el B mon 38 Jotdl g iSleSedl Slagl) s =i
(p<0.001)dalill degastl g wle Al (ol (Ssinn dr B9, 292

dodb Al 01l de g 83U Aol Aol AlanSand! D1 pdi gl 0B i 3890

ABAMECTIN
4o | Slpdadd .
ALT (UIL) AST (UI/L) ALP (UI/L) CRE (mg/L) URE (g/L)
24854228 (d) 69,2242,04 (b) 211,52+12,04 (d) 2,22+0,12 (b) 0,2530,03 (c) 2 L)

30,7742,24 (c) 74,5£9,63 (b) 271,78+13,59 (c) 3,63+0,34 (a) 0,3030,005 (b) 25 % LDso
39,0742,60 (b) 74,27+6,71 (b) 322,68+8,94 (b) 3,78+0,56 (a) 0,363+0,015 (a) 50 % LDso
91,4142,70 (a) 197,1416,28 (a) 398,3426,24 (a) 4,33+0,34 (a) 0,383+0,015 (a) 75 % LDso

4,64 18,99 31,2 0,706 0,035 LSD 5%
ALAT (U/L)  ASAT (UIL) ALP (UI/L) CRE (mg/L) URE (g/L) ool (e )
46,53 (b) 103,77 (b) 301,07 (a) 3,49 (b) 0,325 (b) iclu 24
50,94 (a) 123,35 (a) 50,94 (a) 4,06 (a) 0,375 (a) a5 14
ok ok ns ok otk R0 );:fvtv

il
2,01 6,79 13,45 0,239 0,015 LSD 5%

Lugiall + (g jbaall il al)

U o) g 25V delall ol BleShdl OLasll o3 e B3] 5 odlel Joud) ils g LS

5553 Lok o del) walisl) wle A OF >S5 (ALAT, ASAT, ALP) U1 ablis, @
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2% L Ll s g bl dssed) ae BHEL wle ) GL on seme dx B 29xg
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o o5 Usine (il Lead <ol ) 5 % 75 J il ae b die e pasal) 55T ST s
&dd ABAMECTIN dedl e aili wle b o adl OF Glahldl e Ll cndl L dalzd) as godtd

ALAT, ASAT, 3lSell 1,380 515 3 U o bopa 5 ) 5 a0 bl 3 s

.(Eissa and Zidan, 2010; Khaldoun-Oularbi et al., 2013; El-Gendy et al., 2015) ALP

SN by B D13 EilaSend) 1l -0
iz 06 anh, ) Yl ileSeu) sl ST oy s URECCRE (edbeasSand) 8l jun
OB (38 Jgudl) il WUE s amiy LS S ablas Jeo clid) s L a5l STl sl
iblay dold WLyl oLagll o8 (3 Lswe dx o3 ABAMECTIN bl olepr (il
2% 3 URE 33l @)lie Sledl Lsms 2 6 CRE L350 OF bl bl e ( IS
ol e Of oty L 8 ole bl die a8l s o8 G (Spime 33 gy pde I e MU

o BUEL 5 ST B e g Jagl M e slaeYU IS ablas e adle ae ot
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Sler W il gl 5 01zl )83 e (2010) Eissa and Zidan 8 6 gl Al <l 9% 75
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LS db iy A3 13 AilenS gl <ty ght -

iolkl LDsy dad 10 % 75 9 50 25 & cdif daliz ole > OO Llamzal L) s 40 0@
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A3b S gpedll G Sler Olas AV ALAT 555 ol O il LlE 5l o b

i Sle s Gl Gy Syme G sy Jmeew 4 ALAT L3l OF ool Jpudt mils

100



waadi aglll o) gi83 dag ki Al cliisl) o bl clildl) B clagd) cldie Jdad (2020) 4l bl
- s (e cila  daala Blad) g dagdal) agle 408 il La gl

355 @ e &AL (25 % Lpso) Ao By Bleze ole b ada 1 OF Lo Juy oo &) (5504
B ol s U ol 175 % Lpso de el ud )l S e Ugas ikt Y ALAT
LIS e w3b p5 B Lad CASAT, ALP- (nleasSeed) 530 5815 O Sl o)
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S!S
ALAT (UI/L) ASAT (UI/L) ALP (UI/L) CRE (mg/L) URE (g/L)

is al)

24,8542.28 (b) 69,22+2,04 (b) 211,52+12,04 (d) 2,22+0,12 (c) 0,253%0,030 (b) aalal)

35,7843,37 (a) 78,546,52 (b) 271,11%17,18 (c) 3,46+0,29 (b) 0,336+0,040 (a) 25 % LDso
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ALAT (u/L)  ASAT (UI/L) ALP (UI/L) CRE (mg/L) URE (g/L) ol ()
33,99 (b) 102,10 (b) 303,98 (b) 3,49 (a) 0,328 (b) delu 24
4016 (a) 107,10 (a) 321,07 (a) 3,64 (a) 0,367 (a) e 14
sk sk * o s % 52 J:::'t'
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2,03 4,03 11,65 0,221 0,022 LSD 5%
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A I Ol &kl R
ALAT (UL)  ASAT (UIL) ALP (UIL) CRE (mg/L) URE (g/L)

28,52+1,81(d) 74,550£1,55 (d) 222,86+8,10(d) 2,74+0,02 (d) 0,28620,011 (c) L)

34,774£2,24(c) 85,830+3,75 (c) 285,44+7.34(c) 4,05+0,08 (c) 0,373£0,015(b) 25 % LDso
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4,12 8,74 27,19 0,21 0,031 LSD 5%
ALAT (UIL) ASAT (UI/L) ALP (UI/L) CRE (mg/L) URE (g/L) ol 3aa
46,53 (b) 103,77 (b) 301,07 (a) 3,49 (b) 0,325 (b) FEWEY
50,94 (a) 123,35 (a) 50,94 (a) 4,06 (a) 0,375 (a) ps: 14
o2l
2,01 6,79 13,45 0,239 0,015 LSD 5%

Bugiall + g baa) Gil o)
Shegll 1ST5 OF Ll Sl dy ) il e B 5 Lede Lhad gl i) cudl
G (Sodll AL Ole i Wl s LI5S -ALAT, ASAT, ALP- LS &bliy 2l Ll 45LS5.)
LS daladl s gattl &)las O wle bl 3 ALAT 5515 o8 (o Soime dr O] Uil
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Ay e wle ) 5t oF dlamnd)l SSIA G gmme B3 09my Jlam Y ol ddes ]
(ps 14 5 Bele 24) ol s0e Oy OF jd) [ wils ol L aalad) dogestl (3 Al
SuSTLALP a3l slimal a8 2blin 0 s 23laSed) OLagll o 3 sne
o2~ 84e OF (2015) EL-Gendy e al. s p6 &) auhld) Ly oo 5 28L SLahlll n dpall
G S8 5 Ve[S 3 38 555 derell o (590 i e 2 14 (S3led &) 5 el
ol ol S O3 558 5 ] i and S b Lis M) 13 ELaShl) 5
Amly SlpiS me CASAT, ALP- 355 (8 855 8345 U pse 28 5 14 50 5 Lo Oloo/357 30 13-2

.(Khaldoun-Oularbi ef al., 2013) 0134 ol S dampd) 220 3
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SN L bl B D13 dileSend! Ol -

O 40 Jsud! s a9 LS CURECCRE (3 IS Ablias oo s gl a5LaSedl i gl Joes
A Sler b cd GilaSed) i) 5815 Gl Gy (Sgme A B3 sy bl adl S
4,93 5 dalill dsgemall 20l 2,74 (ol URE 28l 5515 08 ol dalall degadl 5 (590l
G5 sgmy Lol JlamY) lod) 515 @bl (75 % Lpso @3ly ) msed)) A et andy
i a5l a5 Sl OB QWL 5 gsedll B Sl ki e
Lome s 58 CRE 201 55715 o8 06 o2lls ) ol L (gpadll (il o il 5 Lo
(75 % LD50) S3adll de Al ool o cdaladl desastl mo 3L (goadl) i) Slepr Slpan
3 35y pde i) cndl 06 51 o dalad) degedl B)lie SLeSedl al s 585 (3 83l )
A et el LWL 575 % LDs0 550 % LDs0 A5, 4 4 cf een) CRE 555 Cn (St
.CRE ;S; ol 3

ablas dhall ols Sl (815 Slas OB (40 Jadd) & Bmoshl il L ol cadl LS
ST o 14 o) s I ST STR CilS G dall opadl e b 8 )
S5 0b O3 e cd 5 Lg 15 80 cwls 3l 5 (2016) Fahim er al. L G &) aul,)
o ST 3 5L eda (oia cRygias S5l dgas S bl o Bl 3 ASLeSil ol sl
W Sstme Jo 2ag (o) L) ) (2010) Eissa and Zidan s a6 &) dnhld) Con gl
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SuST Al Slaldll e Laall il e LIASH 2nlylll sda Il e Litlys 3ls bl
LD50 oy 10/1 (Ssled ST (S30b (i A8 g oy 14 5cke SV 5 Ll W il 4 o i) O
.(Wayland and Hayer, 1982) Sdl &Ll <l a5l 58715 (35505 1) os

IMIDACLOPRID oyl -2-2-2-3-VI

LS dbo iy D31 13 AilaanS gl <ty g0 -

JSTG bsme T el ol sue O 41 Joudl (3 Bmolll glasY) ol il e
b Aadl) po 14 L LV B SO ) OV 29 (3 S5 ST e S sl
Ao O] Ul Wil (ggadl) AL Oler OMa| by AW ) e bolaze] (3
Fogedd 1l 58T sl csladl s skl g wle bl ST Calie y S ol asl) 3 s
o 8 A dalid) degest) e ) ST Ly 47,3 (75 % LDso) Syedl) ds ) die e ALT
pde BflamY) Anlll s il opebl L% 67 oled pS W Cm G Bl Bs 5187 28,19
5 ASAT a8l (3 Laty ¢smadll de ) 9 50 % LDso 4, 4) e ALAT 555 O (Ssime 83 252
G e S5 on g e SISy O wle ) e (Ssime B sgrg Ll AB ALP
5305 (3 Aot Al yd L ole Al OMes L Ll ol A b e O o e dalal) ds sedtd
5 % 97 5166 = alill dssest) ms (Soadll as A B)lic ALP 9 AST 280 (o IS (3 SH
O gras ol (2010) Kalender et al. \s ols @5\ S L o 5 byl e el el L;\jﬂ\

2 el kSU aa by 5 USU e Ju5 (ASAT, ALAT, ALP) S0 35l 3flaShd) ool 250
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comosl ASI s Sstae o iy s gl Je Ju ST aalll ol Sl
(Bhardwaj ef al., 2010) e Lhad gl bl 5 blen a9 S D (s5me o iy

Aol Al 012l e gastiio ) ad Bl -1 diliasSed) 1 p03M 0B Sl L4193

IMIDACLOPRID
aJ RS J-31Y) R
ALAT (UI/L)  ASAT (UI/L) ALP (UI/L) CRE (mg/L) URE (g/L)
28,19+1,27 (¢) 72,55+2,18 (d) 222,19+7,24 (d) 2,35+0,032 (d) 0,26+0,02 (c) aalal

41,4543,14 (b) 78,16£1,90 (¢) 277,78+5,91 (c) 3,42+0,055(c) 0,37+0,01 (b) 25 % LDso
43,7+1,39 (ab) 84,27+4,50 (b) 346,01+2,83 (b) 4,16+0,176 (b) 0,396+0,015 (b) 50 % LDso
473+2,69 (a) 193,43+1,78 (a) 438,3+12,56 (a) 4,63+0,045 (a) 0,443+0,032(a) 75 % LDso

gk fookok seokok Kokok Kokok 2&)93\ )._!_,"i:,
428 5,31 14,98 0,181 0,039 LSD 5%
ALAT (U/L)  ASAT (UIL) ALP (UI/L) CRE (mg/L) URE (g/L) o) e
33,99 (b) 102,10 (b) 303,98 (b) 3,49 (a) 0,328 (b) islu 24
4016 (a) 107,10 (a) 321,07 (a) 3,64 (a) 0,367 (a) a5 14
kK * kk ns % u-w ).:‘.':"u
o2l
2,03 4,03 11,65 0,221 0,022 LSD 5%

bugial) £ g baal) Gl ad)

SV by B D13 EilaSend) 13l -0
dr ol @bl B S ablin B s Sl 06 odel Joud) Zils amoy LS
Sl Ll Wl LS cdaladl s gast) o B)UlL (el i) Ole (il 16 o &g
bl il URE JLaSydl 3l Ly (CRE j35ed) 2l M5 5 0 ole ) o Lad 2y gems
Foned A8 .50 % LDso 9 25 % LDso 482 die 58T Cny (Sgimn Bb 3929 pds Sla>Y) L)
Aalall degastt (35S 5 75 % LDso de ) A pS B5laE URE 5 CRE i3l 555 ¢ 34

o 2l ey b aulay (ol el L OF ) layl e Y L L) e %69 5 97
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.(URE 5 CRE ) JSW byl LLady 5l ofs ailaSyd) ol a5l
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e lely (20 118) dubll a3 a2 n % 15 o (SO ) dike gl e
% 30 U (3 % 50 piies SjglE Eam Dlgpadl Al Osasd Rl die 31T (dans O L)
Olsbdl e Al dex Wad s gelgl Calis ) Al Osesty unl,dl dis S5 e
M5 e g (AW B jes Olay 5 BlLdze 5 Olbeedd Sl Sl il T e 2agll
i LAd 3 WU Je Ogtern Anlll die 53T e % 50 o)l e al s] Ol Y) b
BB bl Al e i 3 el o Ogitazm el 0 %30 Gt L - &t
& e B g Gl e b e Olh Slad) OF Ssede 8L 10T 55 62 OF DLy
3 Sp B ol bl oAl g Jleane¥l 0L 05l Ler ebT OLanY) OF V) ¢ o)l
Jod il il 19 60 (sald S pgale pims Il 1 SLEV) 2 3187y Lol jled

oo LY O 375 dgmg WS Osaln Y aul,ddl i 5150 0 %33 oyl L 4l Ola Y wllans
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JS" sls=) ABAMECTIN @bl nS” Caizy ) ol (o L o) wldes L2 sl
ot IS AT 410 5 1,93 35 0 Lasie Ulw G SlEA e Dl e gl
dmo e Bplas Al e e ko) @ ) ST e ¢ Q) e 2SO ) Jaldll (L
o OB ol bl ase e blasl 8 ol el sead) s WY cllgdl
o e ST e WY ledl s Lo Llas JS85 aulall sds (3 dlend) ol 0
IMIDACLOPRID 38 5 <l oo W) g5l (% Led CABAMECTIN &l badll de ol
cdl Wl olgadt a3 el Gl e Jemty sy il e w e Gitay s
JS @ Al pb Ole g Sl Jyas 3 et ST e Sl (el Wl B3l
Lr W Ja 3 g AU ads 3 Loy @ a8 e A SOl g S il
94 Gabes S G mall b age o3 0l ot by a4 mpendd Yl WAL 1lhe Ale
o o e (S5 5 e Sy el g e Al fyles ) il agl s W 3
@bl Lol & O CYPERMETHRIN 3 ACETAMIPRID cpbed) 2% Led .cllgnll
oty 4 maaed) a8Vl e SSTA ode BlEe 5 ) Dl r M R ST 25

Shge pdw ki do G STAOY He @t Gl g Dyl ada Ngral 5jgks aus
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lgndl B o s s pde c o) Bl OB g 3 (a2
oan Y e sy wleedl BU pE ol L o) sk land) e sl
£ U (In vivo) Rsed) aedl ol (In vitro) Gpsl) Bead) e o8 3 s Rl Q)
O g el o sl pde A1 oz @l g o) J2my (] o Ly D5 o G ladl
IMIDACLOPRID 35 ABAMECTIN  cpeldl oo S 597y bl wlid) Oldae b il

el e L () Bl Al L3 gyl (3 Al ST
Js) g shadl pll LS e e s e el Beldl paE T e i)
5 ehadl pll OUST E s Sl G B OF (ol londl il il (0l S
5 G ((r = 0,97%) Agime o Sl Ly B g ad Al o il ) ST el
i of (Ko gl shad) sl SLST U oty gl L i) A Wsles e slaze YU
L b (o 38T ods LS5 pie gl il colg ) (3 badoy ¢ ) ) Sl
e 3 &Y % 24 5 217 ple alF g R ) SIS g sk plll SLS 4 0k
PRCIIRWA Z\.U;Y\ e & il Sl W & OB Amin and Dannenfelser (2006) L& a5 du)>
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Pesticide Residues in Foods -Fast Extration (FaPEX)

1. Scope: This testing method is suitable for performing multiresidue analysis
for 373 types of pesticides in food samples ranging from fruits, vegetables,

cereals, dried beans, teas, spice plants, and other herbs or similar.

2. Test Methods: Samples are pre-treated using the FaPEx method (Fast
Pesticide Extraction) before analyzing with Liquid Chromatography/Tandem
Mass Spectrometry (LC/MS/MS) and Gas Chromatography/Tandem Mass
Spectrometery (GC/MS/MS).

3. Fast Pesticide Residue Extraction Kit | (Note 1): FaPEx-gen. Test solution

capacity 5 mL; suitable for fruit and vegetable samples with high water content.

4. Fast Pesticide Residue Extraction Kit Il (Note 1): FaPEx-chl. Test solution
capacity 5 mL; suitable for fruit and vegetable samples with high chlorophyli
content.

5. Sample pre-preparation:

6. Cut up and freeze pieces of fruit and vegetable samples, then add the
appropriate amount of dry ice and use a blender to homogenize. Do not allow
the sample to overheat during the homogenization process, and ensure that it is
thoroughly blended. Leave the homogenized sample in a well-ventilated area for
30 minutes before continuing. Cereals, dried beans, teas, spice plants, and other
dry herbs should be powderized with a grinder. After homogenization, an
appropriate amount of the sample should be used for the following extraction
and purification processes. If the analysis cannot be peformed on the same day,

store at -20°C for future use.
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7. Fruit and Vegetable Samples with High Water Content:
8. Take a homogenized sample of around 2 g, accurately weighed, place in a
centrifuge tube and add 10 mL (V) of 1% Acetic Acid in
9. Acetonitrile solution before closing the cap. After 30 seconds of oscillation,
transfer 5 mL extract by micropippet into the connected syringe of the Fast
Pesticide Extraction Kit I, push the syringe plunger by hand or constant speed
extracter, controlling the liquid flow rate at 1 drop/sec, and collect all of the
filtrate for use as the stock test solution. Take 1 mL of the stock test solution and
evaporate with nitrogen until dry, then dissolve the residue in a 0.4 mL 1%
Acetic Acid in Acetonitrile solution. Filter the re-dissolved solution with a 0.22
pum membrane for use as LC/MS/MS analysis test solution | (Note 2). Transfer
another 1 mL of the stock test solution and evaporate with nitrogen until dry,
then dissolve the residue in a 0.4 mL Acetone:n-Hexane (1:1, v/v) until
homgeneously mixed. Filter the re-dissolved solution with a 0.22 um membrane
for use as GC/MS/MS analysis test solution 1l (Note 3). 2.8.3. Fruit and
Vegetable Samples with High Chlorophyll Content:
10. Take a homogenized sample of around 2 g, accurately weighed, place in a
centrifuge tube and add 10 mL (V) of 1% Acetic Acid in Acetonitrile solution
before closing the cap. After 30 seconds of oscillation, transfer 5 mL extract by
micropippet into the connected syringe of the Fast Pesticide Extraction Kit I,
push the syringe plunger by hand or constant speed extracter, controlling the
liquid flow rate at 1 drop/sec, and collect all of the filtrate for use as the stock

test solution.
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Abstract

The objective of this study is to estimate the Abamectin residues pesticide in Green pepper and
Courgette growing under Greenhouse conditions. The HPLC-UV instrument is used and the
wavelength to determinate the pesticide residues in the vegetable samples is 210 nm. The results
showed high values in the Abamectin pesticide residues quantity; is varied from 4.11 to 1.78 mg/kg
for Courgettte and Green pepper, respectively. In addition, the results suggest that the estimated
daily intake (EDI) is much higher than the acceptable daily intake (ADI) level. Thus, the detected
levels signify that the EDI of the Abamectin residues in the both vegetable samples may lead to
serious public health problems for the consumers and the values of the Health risk index (HRI)
confirmed these results. Abamectin is a highly toxic material, however most formulated products
containing Abamectin are of low toxicity to mammals. Emulsifiable concentrate formulations may
cause moderate eye irritation and mild skin irritation. Symptoms of poisoning observed in laboratory
animals include pupil dilation, vomiting, convulsions and/or tremors, and coma. Overall, the results
of this study proved high human health risk for the consumers of these vegetables samples

© 2019 Belguet et al.

contaminated by Abamectin pesticides residues.
Keywords: abamectin, green pepper, courgette, health risk index, greenhouse, Algeria
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INTRODUCTION

Vegetables are necessary for human diets, which
contain a lot of materials with nutritional values. Peppers
are excellent sources of vitamins like A and C, and have
antioxidant phytonutrients. In addition, Courgette
contains a number of beneficial micronutrients such as
minerals, carotenoids, vitamin C, phenolic compounds,
etc; it has been used in traditional folk medicine to treat
colds and alleviate aches, due to its antioxidant/anti-
radical, anti-carcinogenic, anti-inflammatory, antiviral,
antimicrobial and analgesic activities (Menéndez et al.
2006, Shokrzadeh et al. 2010). Pesticides are among
the leading causes of death by self-poisoning,
particularly in low and middle-income countries as they
are highly toxic and can deliberately spread in the
environment causing both acute and chronic health
effects (WHO 2018).The agricultural products are
subject to contamination by pesticides used to control
pests and diseases. Abamectin are much used to control
greenhouse pests (e.g. whitefly, two-spotted spider mite,
aphids etc.); it's used to control insect and mite pests of
a range of vegetable crops. Abamectin is an insecticide;

it has many different trade names like Affirm, Agri-Mek,
Avermectin, Avid, MK936, Vertimic and Zephyr (EFSA
2016). Abamectin is made up of a mixture of
avermectins obtained through fermentation of a soil
actinomycete, Streptomyces avermitilis Burg (Fisher
and Mrozik 1989). Abamectin belongs to the family
Avermectins which are macro-cyclic lactones, it is a
mixture of Avermectin B1a (C4sH72014) containing > 80%
and Avermectin B1b (C47H70014) containing < 20%. The
effect of Abamectin on insects is by interfering with
neural and neuromuscular transmission with the widely
using (Hernandez-Borges et al. 2007). Abamectin is a
highly toxic material, and in concentrated formulations it
may causes eye irritation and mild skin irritation. Mild
poisonings led mainly to mild gastrointestinal symptoms
(nausea, vomiting and diarrhoea) or short-lasting central
nervous system depression (dizziness, drowsiness and
weakness) (Chung 1999) and neurological toxicity and
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Fig. 1. Chromatogram of Abamectin standard pesticide

respiratory failure (Bansod et al. 2013). The aim of this
work was to determine Abamectin residues in
greenhouse Green pepper and Courgette crops and to
assess public health risk of pesticide residues in
vegetables via daily intake of pesticides contaminated
vegetables.

MATERIALS AND METHODS

Chemicals and Reagents

Acetonitrile and Acetic acid is of analytical HPLC
grade; the concentration of Abamectin is high than 95 %.
Stock solution of the reference standard (Abamectin) is
dissolved in Acetonitrile and stored at 4 °C.

Pesticides Extraction and Clean-up

The aliquots of well blended samples were kept
frozen (-20 °C) until analysis. We use the FaPEx kits
(Fast Pesticide Extraction) for pesticide residue
extraction of vegetable samples. After the frozen
vegetable aliquot samples were thawed and left to room
temperature (25 °C); we take a homogenized sample of
around 2 g, accurately weighed, place in a centrifuge
tube and add 10 mL (V) of 1% Acetic Acid in Acetonitrile
solution before closing the cap. After 30 seconds of
oscillation by vortex, transfer 5 mL extract by
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micropippet into the connected syringe of the Fast
Pesticide Extraction Kit (Chuang et al. 2019).

HPLC Condition

Analytical Technologies Agilent 1200 series HPLC
having UV/visible detector was used for identification
and quantification of pesticide. Separation was
performed on C18 (4.6 x 250mm) column. Detector was
connected to the computer for data processing. The
working mobile phase was Acetonitrile: Water (70:30),
flow rate was 0.8ml/min, injection volume 20 pl, pressure
6-7 MPa and the wavelength of the detector was fixed at
210 nm as the preferred detection wavelength of
Abamectin.

Health Risk Index (HRI)

Health risk index (HRI) was calculated by using
estimated daily intake (EDI) and acceptable daily intake
(ADI). The value of acceptable daily intake for
Abamectin is 0.005 mg/Kg (Australian Government
2017). HRI was calculated using the formula:

HRI = EDI/ADI

If the value of HRI was less than one, the exposed
people were unlikely to experience obvious toxic effects.
An index more than 1 is considered as not safe for
human health (Darko and Akoto 2008).
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Fig. 2. Calibration curve of Abamectin standard pesticide
Table 1. Concentration of Abamectin pesticide residues detected in Courgette and green pepper samples
Vegetabl s I Area Retention Concentration Quantity of Pesticide RML*
egetables amples (mAU*S) Time (min) (ug/ml) residual (mg/kg) (mglkg)
Courgette 1 127.233 25.700 1.644 4.110 0.02
2 127.058 25.751 1.642 4.105 :
Mean 127.1455 25.726 1.64 4.11 /
SD 0.12 0.04 0.001 0.004 /
Green Pepper 1 55.258 25.780 0.714 1.785 0.02
2 64.229 25.653 0.830 2.075 )
Mean 59.74 25.72 0.77 1.93 /
SD 6.34 0.09 0.082 0.205 /

RML: Maximum Residue Limits, *: FAO (2016)

RESULTS AND DISCUSSION

Chromatogram and Calibration Curve of
Abamectin

Abamectin Standard was injected in to the HPLC-UV
using the conditions described in the previous section.
Retention time is found as follows: 25.5 (Fig. 1). To
determine the concentration of the pesticide in the
vegetables samples, a calibration curve was made by
analyzing the various solutions of pesticide (with
different concentrations). The resulting chromatograms
of the pesticide were recorded and the peak areas were
plotted versus concentration of that pesticide (in ppm),
and a linear fit was made. For the calibration curve, the
linearity equation y = m x + b (y: peak area, m: slope, x:
concentration in mg/L, b: intercept), as well as
correlation coefficient (r) were obtained using the
Openlab CDS Software (Agilent Technologies) (Fig. 2).
Based on the results illustrated in the Fig. 2, there is best
correlation between Abamectin standard pesticide
concentrations and the Peak area. The calibration curve
started from the Zero and the linearity equationis y = m
X, where: Y: Peak Area, X: pesticide standard
concentration in mg/L and m: slope (m= 77.37).

Quantification of Abamectin in the Vegetables
Samples

The pesticide residues present in the Green pepper
and Courgette samples were identified and quantified
with reference to standard pesticide. The calculation of
the amount of the pesticide present was carried out by
comparing the peak area for unknown samples with the
corresponding peak for standard, according to
established procedure. All of the extracted samples
were injected (20uL) separately into the HPLC-UV and
peak area of the pesticide (if detected) was recorded. To
calculate the pesticide residues in the vegetables
samples we use directly the linearity equation:
Peak area = 77.37 x [C]—>>[C mg/L] = Peak area/77.37

To quantify the pesticide residues in the vegetables
samples (mg/kg) we use the following equation:

Q (mg/kg) = C x VIM

C: Concentration (ug/mL) of the pesticide in the test
solution obtained/indexed from the corresponding
matrix-matched calibration curve.

V: Volume of extracted sample (5 mL) with 1% Acetic
Acid in an Acetonitrile solution.

M: Weight (g) of the analyzed sample (2 g).

The real sample analysis indicated contamination
with Abamectin pesticide with different concentration
values. As shown in Table 1, the concentration of
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Table 2. Health risk assessment of Abamectin pesticide residues in studied vegetables
Quantity of Pesticide EDI . ADI*
Vegetable Samples residual (mg/kg) (malkg bw) HRI Health risk (mglkg bw)
1 4.110 0.0411 8.22
Courgette 2 4.105 0.04105 8.21 Yes 0.005
Mean 4.1075 0.041075 8.215 / /
SD 0.003 0.00003 0.007 / /
1 1.785 0.01785 3.57
Green Pepper 2 2075 002075 215 Yes 0.005
Mean 1.93 0.0193 3.86 / /
SD 0.205 0.002 0.410 / /

EDI: Estimated Daily intake, HRI: Health risk index and ADI: Acceptable Daily Intake. * Australian Government (2017)

residues pesticide varied from 1.64 to 0.77 ug/mL for
Courgette and Green pepper respectively. Pesticide
residues of the present study were compared with the
maximum residue level (MRL) (Table 1) established by
FAO (2016). It was found that the detected pesticide
(Abamectin) was at higher levels than their
corresponding MRLs value in both vegetable samples.
Health risk estimations were done based on pesticide
residues detected in vegetables, the estimated daily
intake (EDI) was compared with the acceptable daily
intake (ADI) (Forkuoh et al. 2018). As shown in Table 2,
the values of EDI varied between 0.041 to 0.019 mg/Kg
bw for Courgette and Green pepper respectively. The
results suggest that the calculated EDI is much higher
than the ADI level. Thus, the detected levels signify that
the EDI of the Abamectin residues in the both vegetable
samples may lead to serious public health problems for
the consumers.

Human Health Risk Index

The next step in our evaluation was to assess the
health risk by considering the Human health risk index
(HRI). A concern can also be raised by considering the
values of HRI, as seen from Table 2. The values of HRI
varied from 8.215 to 3.860 for Courgette and Green
pepper respectively; if HRI is higher than 1, the pesticide
residues in vegetables samples can be considered a risk
to consumers (Darko and Akoto 2008). Results indicate
that there is high possibility of potential health risk
associated with exposure to detected pesticide through
vegetable samples to human beings.

Health Risk of Abamectin

Many reports on health records of manufacturing
plant personnel, no adverse health effects were noted.
A number of reports on intentional poisoning in humans
available in the literature showed low susceptibility of
humans to abamectin, with variable dose-related
neurological signs and symptoms. The EFSA (2015)

concluded that abamectin has no carcinogenic potential.
Celik-Ozenci et al. (2012) reported potential negative
reproductive effects from abamectin exposure when
used in crop protection. In addition, Abamectin at a dose
of 2—13 mg/animal/day for 14, 28 and 42 days was found
to cause a significant increase in the glucose count and
levels of AST and ALT in the liver of male and female
albino rats (Khaldoun-Oularbi et al. 2013).
Histopathological evaluation of the testes of albino rats
which were ingesting abamectin at a dose of 1.19, 1.87
and 2.13 mg/animal/day for six weeks revealed several
abnormalities including infiltration with congested blood
vessels with marked hemorrhage and a significant
accumulation of connective tissue surrounding the
seminiferous tubules (Elbetieha and Da’as 2003).

CONCLUSION

The results of the analysis by HPLC-UV of
Abamectin pesticide residues in vegetables samples
proved the presence of this pesticide with high values
were compared with the maximum residue level (MRL).
The assessing of health risk associated with vegetables
samples contamination by Abamectin pesticide residues
based on the estimation of the estimated daily intake
(EDI) and Human health risk index (HRI) suggest higher
possibility of potential health risk. Many studies
concluded that Abamectin has no carcinogenic potential,
but emulsifiable concentrate formulations may cause
moderate eye irritation and mild skin irritation. Many
symptoms of poisoning observed in laboratory animals
include pupil dilation, vomiting, convulsions and/or
tremors, and coma.
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Imidacloprid is a neurotoxic insecticide, which belongs to the class of the neonicotinoid pesticides. The aim of this
study is to quantify the imidacloprid residual in cucumber growing under greenhouse conditions. The extraction of
pesticide residual based on the FaPEx kits. Agilent Technologies 1260 infinity high performance liquid chromatog-
raphy having UV-visible detector was used for the identification and quantification of pesticide. The results of the
analysis showed a high quantity of pesticide residue (24.09 mg/kg). The estimation of daily intake indicates the
possibility of potential health risk associated with exposure to detected pesticide and the highest mean values of
hazard quotient (HQ) of 4.01 suggest clearly the greatest health risk for the consumer. Many studies have shown
high clinical toxicity of imidacloprid in human suicidal attempts. In fact, the principal toxicological finding by
imidacloprid in sub-chronic and chronic oral testing was the reduction in body weight. It is concluded that the high
quantity of imidacloprid detected in cucumber has the highest human health risk for the consumer.

KEYWORDS

Pesticides, Imidacloprid, High performance liquid chro-
matography, Estimated daily intake, Acceptable daily
intake, Algeria

1. INTRODUCTION

Pesticides are chemicals manufactured specifically to
be toxic to living species and are released deliberately
in the environment [1]. Pesticides contain different
active reagents, on the basis of which the pesticides
are classified. These active reagents possess differ-
ent types of action on pests that their action is not
specific for pests. If it enters in unintended individual,
then it can also attack them same as pests. Pollution
due to pesticides is a daily and rowing problem, closely
related to the intensification of agricultural activities
devoted to the satisfaction of human needs in terms
of food; pesticides are widely used to control pests in
crops [2]. Synthetic pesticides are man-made chemi-
cals and do not occur in nature. They are categorized

into various classes depending on their needs. There
is three most popular method of pesticides classifica-
tion suggested by Drum [3]. These three popular meth-
ods of pesticides classes comprise : (i) classification
based on the mode of entry, (ii) classification based on
pesticide function and the pest organism they kill and
(iii) classification based on the chemical composition
of the pesticide [3]. In recent years, carbamate,
neonicotinoid, macrocyclic lactone and organophospho-
rus pesticides have become increasingly important due
to their broad spectrum of activity, their relatively low
persistence and their generally low mammalian toxic-
ity when compared to organochlorine pesticides.

Imidacloprid is a neurotoxic insecticide, which belongs
to the class of the neonicotinoid pesticides. Imidacloprid
is registered to control insect pests on agricultural and
nursery crops, structural pests and parasites on com-
panion animals. One of the most important aspects in
pollutant studies is the toxicity of the compound on
non-target organism [4]. This risk assessment ad-
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Figure 1. Structure of imidacloprid pesticide

dresses the potential human health effects arising from
exposure to imidacloprid in the food and drinking wa-
ter. Controls on pesticide residues in crops are gener-
ally based on maximum residue limits (MRL’s) which
are set using field trial data for a particular pesticide
to arrive at the highest residue levels expected
underuse according to Good Agricultural Practice. In
many vegetables and fruits the MRL’s ranging from
0.01-3 mg/kg [5]. Several analytical techniques have
been used for the analysis of pesticides, which include
fluorimetry, capillary electrophoresis, spectrophotom-
etry, mass spectroscopy and mainly gas or liquid chro-
matography [6,7,8,9,10]. In this research, we would
like to study the pesticide residue of imidacloprid in
cucumber growing under greenhouse conditions. The
method for determining pesticides was by preparing
an extract of the previous vegetable and analyse these
samples by high performance liquid chromatography
(HPLC) and UV-visible spectrophotometer to compare
results with the maximum residues levels (MRLs).

2. MATERIAL AND METHOD
2.1 Pesticide used

Imidacloprid is a member of the neonicotinoid insecti-
cides class which was first introduced by Bayer Agri-
cultural Product [11]. It was first registered for use in
the United States in 1994 and is currently one of the
best-selling insecticides globally. Imidacloprid has the
molecular formula of C,;H, |CIN,O, with the molecular

weight of 255.7 g/mol (Figure 1).
2.2 Sample pre-preparation

Cut up and frozen pieces of vegetable samples were
used and blended to homogenize. Do not allow the
sample to overheat during the homogenization process
and ensure that it is thoroughly blended. The aliquots
of well blended samples were kept frozen (-20°C) until

analysis. The frozen vegetable aliquot samples were
thawed and left at room temperature (25°C) before
analysis.

2.3 Pesticides extraction and clean-up

The FaPEx kits (fast pesticide extraction) for pesticide
residue extraction of vegetable samples were used
[12]. This technique was researched and developed by
Taiwan Agricultural Chemicals and Toxic Substances
Research Institute (TACTRI). Great Engineering Tech-
nology Corp (GETECH) was authorized to develop and
produce this product from Taiwan TACTRI [10]. A ho-
mogenized sample of 2 g, accurately weighed placed
in a centrifuge tube and 10 mL (V) of 1% acetic acid in
acetonitrile solution was added to it. After 30 sec of
oscillation by vortex, 5 mL of extract was transferred
by micropipette into the connected syringe of the fast
pesticide extraction kit [13].

2.4 High performance liquid chromatography systems

The pesticide residue analyses were conducted in the
Laboratory of Physical and Chemical Analysis of the
Biotechnology Research Center (CRBt), Constantine,
Algeria. The sample was filtered through a 0.22 pm
membrane filter prior to injection. The HPLC analysis
was performed using a liquid chromatography (Agilent
1200 series), equipped with a diode array detector
(DAD), Openlab CDS Software (Agilent Technologies),
a quaternary pump, an online vacuum degasser, an
autosampler and a thermostat column compartment,
on an Agilent Eclipse plus C18, 5 um (ID), 4.6 x 250
mm column. The separation of compounds was per-
formed by isocratic elution. The mobile phases were
composed of solvent A (acetonitrile) and solvent B
(water) (70:30), the flow rate was 0.8 mL/min and the
injection volume was 20 puL. Detection was carried out
using 270 nm as the preferred detection wavelength
of imidacloprid.

2.5 Chemicals and reagents

Acetonitrile is of analytical HPLC grade; the concen-
tration of imidacloprid is higher than 95%. A stock
solution of the reference standard is dissolved in ac-
etonitrile and stored at 4°C.

2.6 Human health risk assessment

Quantity of each pesticide in a sample was calculated
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Figure 3. Chromatogram of imidacloprid residual in cucumber
sample

using the following equation:
Q (mg/kg) = CxV/M

Where C is the concentration (ug/mL) of the pesticide
in the test solution obtained/indexed from the corre-
sponding matrix-matched calibration curve, V is the
volume of the extracted sample (5 mL) with 1% acetic
acid in an acetonitrile solution, M is weight (g) of the
analyzed sample (2 g). Assessment of chronic dietary
consumer exposure was done considering both aver-
age and high pesticide residue results obtained in the
analysed samples, whereas the assessment of the
acute consumer dietary exposure was done only for
samples containing pesticide residues above the MRLs.

Table 1. Concentration of imidacloprid pesticide residue de-
tected in cucumber sample

Vegetable |Sample |Area Retention | Concentration

(mAU*S) |time (min) | (ug/mL)
Cucumber |1 9.35 3.438 9.78

2 9.12 3.437 9.41

9.31 3.437 9.72
Mean 9.26 3.437 9.64
Standard 0.12 0.00058 [0.20
deviation

The estimated daily intake (EDI) was calculated using
the following equation :

EDI = QxF/'W

Where Q is the quantity of pesticide residues in veg-
etables (mg/kg), F is the mean daily intake of food per
person per day (0.3 g for the cucumber), W is the mean
body weight (60 kg) [14]. The calculated estimated daily
intake (EDI) was compared with an acceptable daily
intake (ADI). The hazard quotient (HQ) was considered
as the potential risk of adverse health effects was
calculated by dividing the EDI by the relevant ADI. The
ADI values are given by the European Commission and
the European Food Safety Authority. HQ was calcu-
lated using the formula:

HQ = EDI/ADI

If the value of HQ was less than one, the exposed
people were unlikely to experience obvious toxic ef-
fects. If it exceeded one, there was a possibility of
obvious toxic effects, with the probability of an increas-
ing effect as the value of HQ increased [15].

3. RESULT AND DISCUSSION

3.1 High performance liquid chromatography determi-
nation of pesticide standards

The imidacloprid was characterized according to the
UV, retention time and comparison with the authentic
standard when available. The identified imidacloprid in
samples was quantified by comparison of the area of
its peak recorded at 270 nm with calibration curves
obtained from the commercial standard of the com-
pound. The preparation of calibration curves of
imidacloprid standard was based on injections of a se-
ries of concentration standard (10, 20, 40 and 100 ug/
mL) diluted in HPLC grade acetonitrile. Standard cali-
bration curve of imidacloprid was constructed by plot-
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Table 2. Quantity of residual pesticide, EDI, ADI, HQ and RML for imidacloprid pesticide residue in cucumber

Vegetable Sample Quantity of residual EDI (mg/kg bw) HQ ADI (mg/kg bw) RML (mg/kg)
pesticide (mg/kg)
Cucumber | 1 24.450 0.245 4.083 0.06 0.05
2 23.525 0.235 3.910
3 24.300 0.243 4.050
Mean 24.09 0.24 4.01
Standard deviation 0.496 0.005 0.092

EDI - Estimated daily intake, HQ - Hazard quotient, ADI - Acceptable daily intake, RML - Maximum residue level

ting analyte concentrations against peak areas (Figure
2). The standard curve equation was:

Y = 6.177 [X] + 3.314, with correlation coefficient
() = 0.99

Where Y is the peak area and X is the concentration
(ug/mL) of the pesticide standard. Based on the infor-
mation extracted from the figure 2B, the retention time
of the standard imidacloprid is 3.44 min.

3.2 Determination of pesticide standard in cucumber
sample

As shown in figure 3 and based on the retention time,
the areas and the concentrations of imidacloprid re-
sidual in the samples of cucumber are presented in
table 1. The concentrations of imidacloprid residual in
cucumber samples calculated based on the standard
curve equation. The mean retention time of all samples
is 3.437 with a low value of the standard deviation of
0.0005. The concentration of imidacloprid residual in
cucumber varied from 9.41-9.78 ug/mL, with a stan-
dard deviation equal to 0.20.

3.3 Exposure and health risk assessment of imidacloprid
residual

Chronic risk assessment requires the determination of
the estimate of daily exposure. Two factors need to
be considered: pesticide residue concentrations on food
and the rate of consumption. As shown in table 2, the
mean estimated daily intake (EDI) (0.241 mg/kg) was
obtained for imidacloprid higher than the correspond-
ing ADI value (0.06 mg/kg). Estimation of exposure lev-
els and risk assessment is recommended by the World
Health Organization as an important activity, as it pro-
vides reliable estimates of dietary intakes of contami-

nants. According to the toxicological profiles,
imidacloprid can give a non-carcinogenic health risk in
which the health effects due to chronic exposure to
imidacloprid were observed on the liver, thyroid and
reduction of body weight [16]. Non-carcinogenic health
risks to adolescent and children through vegetable con-
sumption because the hazard quotient (HQ) value was
below than 1. As shown in table 2, the values of HQ in
all samples are very high and the mean of values equal
4.01, the results indicate that there is the possibility
of potential health risk associated with exposure to
the detected pesticide.

3.4 Imidacloprid pesticide toxicity

Recently, several studies showed a positive associa-
tion between mothers’ imidacloprid exposure during
pregnancy and adverse birth outcomes. In addition, a
study conducted on female rats observed significant
pathomorphological changes in follicles, antral follicles
and atretic follicles alongwith ovarian weight decrease
in the group treated with a dietary concentration of 20
mg/kg/day of imidacloprid with significant alterations
in the levels of LH, FSH and progesterone [17]. Sev-
eral side effects were reported after feeding rats with
imidacloprid mixed with the diet for three months at
doses of 14, 61 and 300 mg/kg/day for males and 20,
83 and 420 mg/kg/day for females. Effects included
reductions in body weight, liver damage and reduced
blood clotting function and platelet counts at the doses
of 61 mg/kg/day in males and 420 mg/kg/day in fe-
males and the estimated NOAEL was 14 mg/kg/day
[18]. Moreover, imidacloprid caused hypoglycaemia at
both the dose levels (20 and 40 mg/kg/day) [19]. EI-
Gendy observed a marked increase in the activities of
the antioxidant enzymes SOD and CAT after
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imidacloprid treatments in adult mice [20]. Since these
enzymes are the first lines of defence against the oxy-
gen free radicals, such increase in the activities has
been attributed to the defence mechanisms against
oxidative stress in the process of attempted cellular
repair.

4. CONCLUSION

The analysis of imidacloprid residual by HPLC in cu-
cumber proved the presence of this pesticide with high
values. The estimation of estimated daily intake (EDI)
and hazard quotient (HQ) demonstrate that there is a
high health risk on the consumer of this vegetable.
Many studies proved the toxicity of the imidacloprid,
neuronal cell model cytotoxicity demonstrated an oxi-
dative stress cellular pattern due to imidacloprid ac-
tion. Imidacloprid transformation product should be
considered on its own in order to recognise additional
imidacloprid toxicity effects and it is reasonable to test
these products for hazard identification purposes.
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Abstract

Although pesticides help to raise agricultural production both quantitatively and qualitatively, their use has become a major concern, given the possibility
of their presence in water, air and food, many studies have demonstrated their dangerous toxic effects in the short and long term, so this study aims to
Show the farmers awareness of how to deal with pesticides and the precautions to be taken into consideration during the spraying of pesticides, Estimate
pesticide residues in three different types of vegetables, which are considered the most cultivated within the Setif region in greenhouses, in vitro and in
vivo toxicity study of pesticides. Four different types of pesticides were used during this study, three of which are insecticides (IMIDACLOPRID,
ACETAMIPRID, CYPERMETHRIN) and the other is a fungicide (ABAMECTIN). These pesticides are the most used in agriculture in SETIF, while the
three vegetables were represented in: Sweet pepper, cucumber and courgette. The results of the statistical analysis of the questionnaire demonstrated a
complete absence of awareness on the part of the farmers regarding the negative effects of pesticides, whether in the short or long term, as well as their
non-compliance with hygiene and safety conditions when dealing with pesticides and failure to respect the safety periods for each pesticide. The process
of estimating pesticide residues was carried out using the chromatography apparatus, this analysis is made in the laboratory of the National Center for
Biotechnology Research - Constantine -. The results of the analysis demonstrated the presence of pesticides residues and at concentrations exceeding the
internationally recommended maximum. The concentrations detected for IMIDACLOPRID and ABAMECTIN are considered the most dangerous to
consumer health by estimating the indicators of health safety, to prove the toxicity of these pesticides, we studied two types of toxicity: In vitro and In
vivo. The laboratory study of toxicity proved that there is a correlation between the changes in the pesticide concentrations and the rates of hemolysis, as
we recorded that the occurrence of 50% of the hemolysis is from concentrations exceeding 400 pl/ml; we also recorded a correlation between the
phenomenon of lipid oxidation - is Estimated by measuring the concentrations of -Malondialdehyde- and increasing concentrations of pesticides. A study
of in vivo toxicity was by using laboratory mice where we estimated two types of toxicity: acute and sub-chronic; both types of toxicity demonstrated that
exposure to these pesticides causes an increase in concentrations of related biochemical indicators and liver activity (ASAT, ALAT, ALP) and
biochemical indicators of kidney activity (URE, CRE). This is explained by the dysfunction that pesticides cause when they enter the body at the level of
both the liver and the kidneys.

Key words: pesticide residues, vegetables, lipid peroxide, in vitro toxicity, in vivo toxicity, sub-chronic toxicity.

Résumé

Bien que les pesticides contribuent a augmenter la production agricole, qualitativement et quantitativement, leur utilisation est devenue une préoccupation
majeure, étant donné la possibilité de leur présence dans les eaux, I’air et les aliments. De nombreuses études ont démontré leurs effets toxiques dangereux
a court et a long terme. Cette étude vise donc @ montrer le niveau de conscience des agriculteurs a la maniére de gérer les pesticides et les précautions
prises en compte lors de la pulvérisation de ces substances, estimer les résidus de pesticides chez les trois genres de légumes les plus cultivés sous serre
dans la région de Sétif, et étudier la toxicité in vitro et in vivo des pesticides dont la présence de leurs résidus est confirmée dans les 1égumes. Quatre sortes
de pesticides dont trois insecticides (IMIDACLOPRID, ACETAMIPRID, CYPERMETHRIN) et un fongicide (ABAMECTIN) ont été utilisés au cours de
cette étude. Ces pesticides sont les plus employés dans notre région d’étude, alors que les trois légumes sont représentés en : poivron, concombre et
courgette. De maniere générale, les résultats de I'analyse statistique du questionnaire ont démontré une absence totale de prise de conscience de la part des
agriculteurs quant aux effets négatifs des pesticides, que ce soit a court ou a long terme d'une part, ainsi que leur non-respect des conditions d'hygiéne et
de sécurité face aux pesticides et le non-respect des délais de sécurité pour chaque pesticide. Le processus d'estimation des résidus de pesticides a été
réalisé a 1'aide de 1'appareil de chromatographie, et ce, au niveau du laboratoire du Centre national de Recherche en Biotechnologie - Constantine -. Les
résultats obtenus ont démontré la présence des résidus de pesticides a des concentrations dépassant le maximum recommandé au niveau international. En
estimant les indicateurs de sécurité sanitaire, les concentrations révélées pour IMIDACLOPRID et ABAMECTIN sont considérées les plus dangereuses
pour la santé du consommateur. Pour prouver la toxicité de ces pesticides, nous avons étudié deux types de toxicité : in vitro et in vivo. L'étude en
laboratoire (in vitro) de la toxicité a démontré la présence d'une corrélation directe entre les variations des concentrations de pesticides et les niveaux de
dégradation des globules rouges. Nous avons également noté que l'occurrence de 50% de de I'hémolyse provient de concentrations dépassant 400 pl/ml.
De plus, nous avons enregistré une corrélation positive entre le phénomeéne d'oxydation des lipides - estimé en mesurant les concentrations de
malondialdéhyde - et I'augmentation des concentrations de pesticides. L’étude de toxicité in vivo a été faite sur des souris de laboratoire ou nous avons
estimé deux types de toxicité: aigué et semi-chronique. L’étude de la toxicité in vivo a été faite sur des souris de laboratoire oul nous avons estimé deux
types de toxicité : aigué et semi-chronique ; les deux types de toxicité ont démontré que l'exposition a ces pesticides entraine une augmentation des
concentrations des indicateurs biochimiques et de l'activité hépatique (ASAT, ALAT, ALP) et biochimiques de l'activité¢ rénale (URE, CRE). Ceci
s'explique par le dysfonctionnement que provoquent les pesticides lorsqu'ils pénétrent dans l'organisme au niveau du foie et des reins.

Mots clé : résidus de pesticides, 1égumes, peroxyde lipidique, toxicité in vitro, toxicité in vivo, toxicité sub-chronique.
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