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Introduction

In 2023, North Khorasan province hosted 188,000 bee colonies, producing over 2,900 tons of honey.
Approximately 20% of the honey in the province is produced in the Mane and Semelgan region, which is rich in
orchards and agricultural fields. To increase agricultural production, various pesticides are widely used in this area,
thereby increasing the potential for contamination of bees and their products, which are often located near these
fields. Pesticides residues have been reported to be toxic, carcinogenic, and capable of causing chromosomal
changes (Demirhan et al., 2019). They can also affect the endocrine, reproductive, and nervous systems (Brander,
Gabler, Fowler, Connon, & Schlenk, 2016; Watermann et al., 2016; Febvey, Schiiz, & Bailey, 2016). Diazinon,
an organophosphorus insecticide, is classified in the second category of the World Health Organization's
classification and is considered a relatively dangerous pesticide (Taghavi, Naghipour, Mohagheghyan, & Jamali,
2007). This study aims to investigate the residual levels of diazinon in honey produced in the Mane and Semelgan
region, including Buor Buor village (cotton flower honey), Chakhmaghloo village (kanar honey), Keshanak village
(spring honey), and Darkesh village (thyme honey), with the goal of evaluating the safety of honey produced in
this region.

Materials and Methods

Honey samples were collected in the spring (May) and winter (March) of 2023. To prepare the honey samples
for determining diazinon pesticide residue, the method of Jime'nez, Bernal, & Lorente, (2000) was used. A
standard dilution of diazinon was prepared at concentrations of 0.12, 0.06, 0.024, 0.012, and 0.006 ppm. The
absorption spectrum of the diluted solutions was then recorded using an ultraviolet-visible (UV-Vis) spectrometer
in the wavelength range of 200 to 400 nm. Based on the spectral results, the maximum absorption wavelength
(A_max) of diazinon was determined to be 292 nm. The best-fit equation with a correlation coefficient (R? =
0.9905) was calculated. Data were analyzed using a completely randomized design with five replicates for each
season (spring and winter) through the GLM procedure of SAS 9.1 statistical software (SAS, 2009).

Result and Discussion
The results showed that the amounts of diazinon in the honey samples from Buor Buor, Darkesh, Keshanak,
and Chakhmaghloo villages were 3.46, 2.73, 1.81, and 1.49 ppm, respectively. The diazinon residue in the honey
from Buor Buor (3.46 ppm) and Darkesh (2.37 ppm) villages was significantly higher than the diazinon residue in
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the honey from Chakhmaghloo (1.49 ppm) and Keshanak (1.81 ppm) villages (P < 0.001). Additionally, the
residual amount of diazinon in honey harvested in the spring was 4.23 ppm, significantly higher than in the winter
samples, which had 0.34 ppm (P< 0.001). Unfortunately, the residual amount of diazinon pesticide in all honey
samples from different regions of Mane and Semelgan exceeded the standard limit set by authorities in Iran and
Europe.

Conclusion

It can be concluded that the honey from Mane and Semelghan region contains higher levels of diazinon residue
compared to the standard limit, which can be attributed to the spraying of pesticides in orchrds and fields.
Additionally, the lower pesticide residue in the winter honey samples may be due to manual feeding of bees,
reduced agricultural activity during the winter season, and possibly the washing off of pesticide residues by
rainfall. Therefore, considering the higher levels of diazinon residue in the honey samples compared to the
permissible limit, and the higher amount in this residue during the spring season, it is recommended to strengthen
the monitoring of pesticide application in agricultural fields surrounding beekeeping areas, particularly in the
spring. Additionally, educating farmers on the proper use of pesticides, informing beekeepers about high-risk
areas, and regularly screening honey samples can help reduce the risks associated with pesticide residues.
Investigating safer alternatives to diazinon and establishing regional regulations are also among recommended
measures to improve food safety and protect consumer health.

Keywords: Calibration curve, Diazinon, Honey, Mane and Samalgan



olnl 2188 glus g pale Gltrgly 4 55
https://ifstrj.um.ac.ir

@ b A
&’%ﬁ)ﬁaiéb

B ol sS Jle
£0N—E1Y. o NErE OLT — e b o lad (YY) Ao

b Sl Ol 5 Ol 55 Slikoms 5 Lo ailain fs 55 053345 paw obilagdly s

Uv-Vis 3, 5l eslaial

N \ . *
°-")¢-,-<-" et I S e D)
VEY IS 5L 55 b

VECFYNS 5 g sl

LXVCCS

b sl (Jlos sl il )3 @Bl lilass 5 aile addaie 5 (a5 Gla s 53 (15231 o 0laBl (liee (e pokaiedr gl (o

ForbVer zse Jsb 5o sild p il oliee 5 oglaen VFV Jlo (atisl bsslgl) (o g (30,3 bl Jlar Juad 53 s (sladiges
(SS9 gry9 (Sliwgy (Sla s 505 1> g il pw polde 45 3l LS ol S gy )kl ot oy b UV-VIS o9y & yiegil
J—s 33 550 e 05lauBly Hlade aS 1> Lois zull Cpuoren W39 PPM V/FA 5 VAY FIVY &/FF 1 O )le s g lBloses 5 SSLLS
(P<e/oV) 2 YL (g3 xe ysbods (PPM «/¥F) i) Jumd 53 0 cuslyy (sladiged b duslie ;5 (DPM F/YY) Jlog Juab 10 odid cuslyy
1+0) Ol e 355l e b a3 (6L 55035 s 5Ll (3 (il 5 &l it slo s o8 513 L5 o5 IS gy
el 2929 Jolge S0l o Juse ()13 905 Bblio LI )3 g8 CSlS g5 g 0gun SIEL 3929 35" lsie Blgiee 95 cxl S el (PPM
Sgaisund Ylaisl o huad ol 53 ) g clS Sl o) (s 35 1 (b ailias) Juns cladiges ) oo (28I (b il b Jus

Research and Training ) aib e cuis’ Jb p» dahis oyl
4, .(Center of the Agricultural Jihad Organization, 2024
32 YA lias « Jleds Lol bl (6555l sk lojle 5155
ot 45 3 sy Jad luls gl )3 Jus 355 IS
g 3 Jes 5 VA e VT Jle 0bb b g3
Research and Training ) ses cusly bl glajbio)ss;
J(Center of the Agricultural Jihad Organization, 2024
29ty Jue g G 0dedy (S Jus (29)l3 9 (2l (55
ol 48y 0 )5 4 (g050 Slaslan 9 Lrigie Gloyd )3 03
» il g el Ghaslal el puih b due

3l 55, L 00 0138 T pyous

3kl gizmie ¢ylilans 5 ailo ¢ s cyg3bo SIS S5l

-

dodde
2 s gl il glaglu s oo > lilew 5 4l
5 S &l 3939 Judoay a8 atily oYL Cawg o)l S
el 005 (b o cpl ) (65)9US B9y cage lol S
x5 pS Jold adaie ol g (o) SV gae (nyodes
(s Wle Sbes iy J3IS g b, Kkl wsle a2, (cladil
OblS (B g g il @r oped SV gaze g gl g 395
olo omen (£l OV gaxe il glie; wmes 5 (29
5 #Bl 5 995 s (@5 U (Jild sl oglloy5 S
2 &Sl (Vg 03 5l (K)3aas5 5 )bs wlgiin (pien

s 5 o (s g (ot ol bl elilows (slidigd sl 858 S U5 e 5 olgd e sodhul )1 oSty oo g asly e e mlio 5 psle 09,5 —)

https://doi.org/10.22067/ifstrj.2025.89540.1368

Oyl (oo s
Oyl oyl g8 oMl Jl)'-l ol&uisly (a8 dnly o lis mlio g pols 09,5 Y
(Email: v.hakimzadeh@yah00.com : Jyzue s g —)


mailto:v.hakimzadeh@yahoo.com
https://doi.org/10.22067/ifstrj.2025.89540.1368
https://orcid.org/0009-0000-3385-6399
https://orcid.org/0000-0001-9765-5852
https://ifstrj.um.ac.ir/

VPeF oUT— po0 F olods ¥ il ool (3108 @obuo g pole Gliupgly 49 gt FOF

Gunat, Lekduhur, Eneji Ishaq, & Rufus, ) cul o (yi)l35

2021; Ben Mukiibi et al., 2021; Eissa, EI-Sawi, & Zidan,
2014; Berg et al., 2018; Sheldon, Pinion, Jr., Klyza, &

48" Bl o 0,2udgilS ) ows oLy LiSe i (Zimeri, 2019
sz g audh 18 Sl cullyg glojle ganail ¥ o0d)
Taghavi et al., ) g8 0 wuome Sbjas lws sl iScsl
(ASAS g GISWle (iSopds cew gjby (2007
sl 02 gl )| (ki g (D195« owloT ((§O98 Sy
5 Jssailo oSy Sl el ade sy i b a8
09 @le S 05 (oo )15 ool 3)50 (B g oAl
Cosil G5 bl by cal oy loged 4 bl )
V50 JgilS slaciseeVod b g T siks 5 T sdesi & SJg)ls
oo e pods e JSS A a0 fe o ¥ e fgdsel 57
whosd oo le > L(Eissa et al., 2014) 08 0 as s
oeS cdld 5l e 4 0j0ud oo Sl sladl oyl
(18hin S5 (grme soeed 38ke sl o e Syl
Ot Sl ol 4 a0 LS o il dgie ) s podes
23l o 0 b poass &y bgyye ISl bugi e 9 Spo e
Khazaei, Khorasani, Talebi Jahromi, & Ehtesham, )
Ly » Jue > b aScdl bl oby, jogas (2010
Pl ol 3 g6 (gl (ool g cul addy plsl plaing
Talebi Jahromi, ) hKer 5 (opn b .l o
ole.8l, (Ebadollahi, MirHadi, Madani, & Emami, 2001
503l y90 1y (s il Sl g8 Jus > (poodlagS
oo Y7 oxiledl (Eissa et al., 2014) ) San 5 (s 0 I3
On 2 @ls Bib & (o 418 655 0jlail )90 s 3 ) iz
b 8l aiges oS o > Jbses Seshil dyse pa
o ST 5l ol e Lol s (g pSoslul adiges )3 35 oygijbd
Barganska, ) o,ea o KL g siol ® aljy, jlxe
1y ilise w18 suilegdl (Slebioda, & Namiesnik, 2014
ol einlejl cladiges 3 a8 Wby JI3 g pSojlnl dyge e
G5 (nl > (ewip 3)90 & (Ggjld pgew oilasdly (pdiee
Al Naggar et al., ) 4,Ken 5 JBL JI .0 odnlive o Adb e
35 5 Jue 1 (OP) 0, l5 | i io VY oxlagdl (2015
oslean pao Slho il 851V Jlo (il 5 e (sladiges
L5390 (55505151 1 peans (sblis LOIMS-MS g, b o £35,5
gty Jols oad glulid pgew cppiin @l Bb

4- Diazol
5- MRL

5 slads Slaal dly oy aliw 18 bg)lon I @xSsl>
5 s Cighe oloys el ol 3l plien 9 35 e 0l (g9
wlxo 135 ;0l5 g Ay yloyd (gl e S oolatul by
QA 0gd o odliiwl geuin slagylen 9 SE g D)) 05
u&mlf@)qLLA?o))f&f&}ébawngwsbdlfbﬁ
Sgion S8l (5855 g 53 yiae a3 5 3,Sbee Gl 5 e
Zacharis, Rotsias, Zachariadis, & Zotos, 2012; Kamkar )
.(& Khodabakhshiyan, 2017; Shakoori et al., 2024
255 )8 ame Sla Sogl (im0 > sty WG e Jus
A i el clmosladl a5le oo ;5 osu VT 5l oS polie >
3y a9l Jsb 13 g 0nd Jus y955 Sa)lsS olStud 3]s il oo
gl 5 (sjosliS g5l5e 5o ST @5 pgaws oS bl ) sigd Jus
395 0 03wl 03,23 jobdy aLS (claceloan g B S oy
39 sl g o il gl g g5l HUS 5 el laguiS 4
S oolitwl oS Jbpd il ol jluw Jus a0 g bbyed;

Sl o155 oozl Lol sl Ltalsdl S 5 o 287,06
Cusgine gloj Jl (28 OV game j3 (iSopis (lyica biac)
Ntow, 2008; ) cul 4Bl  gals cas 4 3% Jle Ll
0,5 JI elo 25 cdl cbli o b oyl L .(Darko & Akoto, 2008
(o9B e odlatol 5 luse o ule ply jd disxe Canglie Juoay
s > Sgd e lolid Ll Giliseo glgil )3 g Laseo )3 join
5 loojindgls)l egian (sloddgipg) looiSedl wae
s Lol it Sl Jol i (slosy 1S58 1 o3l00) &y (lacololy )8
s 3ble (B )3 0,hud gl )| o ISl (oYL by S
Darko ) caul sis cdl Sgdso 513k ls &5 3w s 5 hogse 5
Ll jl b 5 et o Lo 25l aon (& Akoto, 2008
cel Cwl (e > 9 )b @ligbyw gl @YU Jeily
{(McDougal & Safe, 1998) Wgs Lad 095909,5 lilyoul
Clplsl oy 953 226 YN b ailys o piomon njiS

Brander et ) asl awsly 30 uae plusw g 659,k (o Ao
al., 2016; Agbohessi et al., 2015; Febvey et al., 2016;
.(Sturza, Silver, & Xu, 2016

oilyl) dliske b iScdl a8 Wb ol oldlas

ol (Josed (gnjby (Jby DDT- DDT (o pieyow
55501350 1S3 1550 505 5155 eroglS il
ol ©¥gae g Juwe ;0 p,p’-DDD + DDT 4 a5Vl oylacd

1- Basudin
2- Sarulex
3- Neocidol



Yoo Sl (bl 3 bl jo liloww g dilo adlio Jome 50 (g5 3bd paw 005Lowdly (puuni 0]y s> 9 cou> )

Sobe 5 o ol 5 A e b a5 8 el o Cote
gy aigad I Sy o g )5 ol Bl 5 (e
& Mo B bl 3 g osd Blo eily Slo iclS
488 VO e 4y g Ll Blo yj osleudl Joloe &y ling IS
Wbl psboar oyl p Joloe b 03500 (cuiblize ()jon Lawgs
1556 9> g ya (clgie Fde 5l e B o, iulejl dgl 51
&> R 9 (s 5 ST bl Y 13 S) )5 wle (S &S
g 420555 3)5 @le iged o (sl D9 gl by 53 (lieg IS
4 g a8l3) Jloy liSe g B o 4 g 035 I (B st
Bl e adls pl b 0 b ;S lawgd Aldy Ve Gke
2 )8 1B B el > K5y 05 @le oV Jly Gl
Olieg)lS 63«55y 2)5 @l 4 g 225 b Jlop (55 4l
O Sl e 0 00l 1B 63U, oK jd g b a8l
2 b d8lal ol cliwl ww YO bdises 4 o)l 550 o
o Gl OB ey g ay, claded el g 9y bdiges sl
UV- o83 4 5 Ikl 13405 51 ool Cawds moujSlo zge Jobo o

(Jime'nez et al., 2000) ws Jaue Vis

3 lasbicyl yla gad acu

Diazinon, Sigma ) s, A (osls b et 5L e 51yl Jeo 0+
Lo Jobro il (gilo 88y (w3, anps (Aldrich, Germany
9 '/‘\Y "/‘Y\c s‘/‘; s‘/\Y LSLQC;‘S) Lﬁ W) Pl?ul (.5‘4"; 4.)
Siled) ol (oo b (o 298 a5 ppM +/- -7
(UV-ViS) Uj)p 9 ‘)M.QJ..) ;|)9Lo Wu&.‘o olKwd )] odléziw! Lv W)
S9) 3l A S yiegl ¥ B Ve lagge Jobo ojl
ol ooty 5993b (wSle 1Y) zge Job diniin Joobs slacals
Clo 4 g b e () JSS) 0y jiegl YAY L ply oS
2ol (godia) gmlyllS (oo yaglh VAY )3 (398 (sl Joloxe

(Y JS5) 2ol oy (R2=0.9905)  Sisen

UV-Vis (4 gy da ladd gad ya asu (sliadies
s yo 3 &) e slodiges (gl o3lol | day pols ddlllas )
ol J315 el vy (sla Joloeo (b 0,Lil ladiges (g5lw odLe]
(Beckman DU640 UV/Vis, Markham, Canada) _u.wcalb
Wb 8l egil YAY zae o )0 adiged e g L 02l
Jade g ad ooly )3 5 jluliw] cunly b oy iy dolee (0 Cls oyl

(F 9 JS) dol Cawnds dige5 y2 )d g jbd

Darko, ) ohSan 5 55505 392 G923k 5 9 Vle g 2yl
(AddaiTabi, Kodwo Adjaloo, & Sheringham, 2017
sy Oye0 e pd 0l Aos (sl fuue )0 1) Caliste poous odilaydly
3o 115 §) 5 s o olesil ol 5 oS il 5
Dy byl adlsl bl onds pMel (gdils; jlore

2558 )3 Jus 53 pyos odilandly Jlade (o) dine > Slalllas
Sl il 53 sl allas oty 45 b b g Sgame sl Lo
sokitods Limgh ol 1) .l o plonl claalllan g e
ailaie ;3 01 Mg s 53 (153b5 wao 08ledly (liee (o) 2
Jus) o9 sg sligy Jold Jlod plulp gl 5 lilows 5 ile
(o)lee Juue) SOLIS (sliwg ((HUS” Juus) glBlosix (Sliws 4y JS
Codlo ool Ban by (gl Jue) 83 sliog)
Cae Jypae ol (S S e dlml g LB (BTG pae
35 oy Sladns > a8 UV-VIiS  oriwcals gy 4 «lplo
P58 JB coo g 0B )y 5 a8, S 53k (s pSejlul sl
8y plosl o3y,

W g, 9 S0

iy ul}).uc JL..; 2 LY u_o.loL,o c‘_’JLS.].o..w 9 alo ul-w)-?(:’ 5
Sigr sliwgy Jold adbipe Jus 955 5945 (3L Hlewn
2y bliug) o '&b\ﬂ 055 b, dioly > aBly LIS ¢ 1Sy
292 09 (Sliwg) 9 395 )95 058 Al aleld ) @ly glilader o (luwls
ol 3 golaws Bl e lalews g ile g (lacudd g £5l30 40 #dlg
9 PLl diged sy (9 Jpogll oew 9 (S35 bl 2 3blie
A plos] bagaiS 5l s (6500 p1di005

Syl ds gas

Jols (ble Sl gl ol 5 okl )90 Jus sladiges
QS Jus) gloser sliwg) ety J5° Jus) g2 s9r sl
(el Jos) G20 sbiosy g (e Juus) SOLEST sliss,
(Bl g0y aigai B ailate 1o 5l a5 sba WS (55laer
Jhad) ol 3 bawlgl 13 s gty Jo 50 Cog ¥ g g calisee (slaguis
oo 035Ladly 3BT Can g g (i) o) sl Lalgl 5 (sl
8,5 )8 (e 390 g3k

Lads gad (5 jlaoulol
B0 s sladiged )3 30k pw obledl e jglaten
8oy Gl S )5 g (g 9ily Al 4 diged ya ) )T
)l s a8lol Byl ya a ylade Ol o g Voo L 8,5
aolS sl ax 3 B JI0e clod o jbhSis Of ples S 3D



VPP UT— s F 0 ylosds FY sl (ol ! (108 a9l g pole GldiR gy 4 ot

Yor

Gl

Absorbtion

(PpM) e

Absorbtion (PPM)

0.5
0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

S,k Cib
Standard wavelength

0/35
0/3
°
0/25 °
® o
0/2 f | og
[ ]
0/15 e
0/1 S
0/05 [}
°
0 °
0 50 100 150 200 250 300 350 400 450 500
(o) gon dob
(nm) wavelength
3 laibin! b -y S
Fig. 1. Standard spectrum wavelength
09l S Jlages
Calibration Curve
.".
y =3.5769x + 0.0273
R?=10.9905 .
e &
0.02 0.04 0.06 0.08 0.1 0.12

Diazinon concentration (ppm)

5 lilu] cygaw! il 5 oo - Y IS
Fig. 2. Standard calibration curve

0.14



Yov

éJlo.u QLM:'P uLu»' )° uh-‘-o.w 9 alo adlaio J-uﬁ J° O’.’H}bb o oilouwdl Oy soé') w& 9 ™)
mn_mnhmmm - = erienne s
T ::s'::mﬂllll —— rae=ren e
‘ &) Overtad Sompiespec

I3

640 S F0am22 0y M..
G

o

Is.--m

IR IP d‘iﬂ’a)
Buor Buor

LS sl
Keshanak

U5 (sl

Darkesh

Blose (sl
Chakhmaghloo
Ollow g dile iliseo 3ble Juuws ;3 (yoh 3D paw 8lewdl Cda b - IS
Fig. 3. Wavelength of residual diazinon in honey from different regions of Mane and Samalaqan

Fe fdt Method Mesnwr Instrament Matn Veew Mode Conby Melp

e
|t 13 [ V5 P

e |
4

Spring

Winter

Ol g sl Juad 10 00 Cdld 1 Jans 43 (490 513 o 8ilondl rds b £ IS
Fig. 4. Wavelength of residual diazinon in honey harvested in spring and winter




VPeF oUT— po0 F olods FY il ool (3108 @obuo g pole Glidsly 49 pii  FOA

2 9 Coilly 08 ook plgylS (g Vle (gjbs dile agew
yioS e oyl aSud ¢y S03lul w8 L o/ ) M/KG 4>y Slgie
OhKer 5 (6,8l lwy (dladlas 3 g jbre s Sl
29 Jume ) 53l e 08ledl Jlade (Bagheri et al., 2019)
@l 5 g pSojlul bt 5 s piiy ddlate )3 s 5945
2955 39 9> 092 jbd e oxiloxdly 42 )51 &8 3l (LS (e ()l
D PPM /v g /WY (i s b puSiiio 9 olisj 0 3> s
Qg'l 9 Cublas 39> e Jaazwe ;3 e odiledl 5l d)i'l =2 Lol
Gpan Llod 1 ol Mol Je 5 1y gblio ol s o i
3 sy s ol 3] Sllas Lulul 5 05,5 5l sl
4 i y35 (slaguiS 4 S (65,5l glje sl o pisedl
Jdoa 3l o oS Canl osds Jue > (ESC] pgens (sble d93g
@l el Jus Sdo SYeb Bpas g Jue 4 (Sdgl ol Jlasl
sl 4zl el codes y1 ooy wile Sbjkas 5 g @yl

(Ashraf et al., 2023)

S8 g (5o pas o3asbly o 32

9o Jad 3 odledl pu (lise bl p5l adllae b
by s 3 93k o 0kilogdly Jlaie a3l LS (i
Cladigel b duslio ;5 (31,5 Lawlsl) ppm ¥/VY oy Juad 3 ol
sebay (Lawl lawlsl) ppm /Y lie; Jad 50 odd cudldy
P e e a2 S1LF JSE) (P<eTeY) g VL ()l gime
s Sladiged Sl 1S (> gne yobas () Juad (sladiges
5 iyl sl S5 & S b 3L Jlo ) b g g b
Dy i ol (e 3 bl

V¥ oxiledl (Al Naggar et al., 2015) l,\Ken 4,50 JI
ADIS ) Joue 1955 5.93)5 Jue 131y (OP) syiadls | iS' i
2y s a5 sla IS (olp Ll ogall s ¢ (melli-fera L
VW Jlo Gl 5 5k 53 aiges 25315 515 qwy 2 3)90 pae
bles LCIMS-MS ss, b 5 505 ¢ y5lqns pano sleo sl O
015 (ololid pgans cpyide @l Bab 03,8 (S ojlul ]y pges
2 bl g Ggiaibd 9 GesVle cush pb)lS (pusdeiden Jols
a5 ololid (guSlughy pbylS gugilesS (g g pgil ( blhe
Jnad 3 [0 B efoN 5l e 3 o sdalie pgow 085leudl 500
stiwly 3 03,5 G5 Glias Jad 3 ppm /Y B 1Y Sl g e
3 yudy b ESCEl &S W0, )5 cpdicme oyl pols asllas
WSS piomen A odalie liwl ) edd (gyglaes (sladiges
pdle oy 5l o35 4 39y o Cpbie oyl addlae avg B

Silol Judodi g 4505

JuosS6 oysesl 5l ez ol slmosly o g 4o pslaton;
awlio 5 a3 odlatwl JS5 aw b dolai WSzl B
SIS y90)9) dilaie o ¥ 53 o 0ledly Gline slanSke
S Jad 93 )3 o soloudly (je (imen 5 (loser 5 (45,
Jsole 5 5l ookl b Y Jleis! gdaw ;5 LSD (051 bawgs lusli
Ll Oyee (Office 2019) Excel

S Bl o (55 s ouiasily e

0823l e polie (W Ske a8 Db Gl il gadlles pls

P sl 5 SIS (I Gam Sliwg) s dged
VER g VIAY SINY XI5 Jols oy b oppiin ) ol gy
(Y/¥5 PPM) )92)92 (sLiasgy s 3 (502 3b> puw 25l .92 PPM
3 05 e 08ledl I (gl xe ysbody (V/YY ppM) S ,5 4
g1 YL (VAY ppm) SSLiS™ 5 (V¥ ppm) glileses bl s
5 05l o oBlagdl e 1o iy (b JS) P+ o)
ppM lyl S s lasbiol g +/+) ppm L)l aslos] WSuS” ol
Pl 0 suils e olegdl e aliwlie &S cul /40
Dy b s 3l iy lilews g wle calisee gl Jus sladiges
Ashraf et al., ) o)Ken 5 Byil ()90 addllas Liwly ypod )
05 Jue 53 533 oo olasily i 45 Cnl 23,5 ol (2023
4 s 85 0392 p)S oS 3 )5 o ++AL /0D (G pae 3 aky
Blasco et ) ;0 o) )Ken 5 oSl lalllas )5 g YL e as
by T ol il (gla (5Sdl pgans oulagdly s (al., 2004
gy Jus 33 e ey 505, 151550 o350 51S g 81350 LS
25 ) 4 351 YL ol aoloss] s 31 bl cilises 3bolie jl ous
A 5 2lals adlate ol 3 b Sl Grae ialS 4y oliin
ouledly ;o (Talebi Jahromi et al., 2001) l,\Se § (o>
S50l )90 1) (5 el (sl 955 Juws 3 (po58lagS o
Jume sladiges olos 1 ol lis sl Sldllas guls 48 xls )3
OhlSen 5 Buils)l g sxSojlul LB jefde mu oxiledl
Juwe 50 1y Gl paw VA ouleudl (Barganska et al., 2014)
opbise cpl iolojl sladiges p> ol LB g, Seslul 3y90
(ogbsin ¢ podlosS cilygdenlS GISVT igls poans esiledly
) OSe g 551> ad osalio pluSlingss 5 (ws85idy «isuilinie
Mo sl fuue ;5 1) caliseo pgows oxleydl (Darko et al., 2017
085las8l ¢ piizme pl guls o W00l )8 )y dy90 U Hd ol



¥oA G’Lo.& oLw‘P ol}.w‘ BT om.o..w 9 alo dikiwo J.w.: 39 u,&)bé o od}wlg Oy w-)‘} ﬂa&, 9 (o>

b Jead )3 Jus (5 o zScdl bl polie a5 wisly LS e
& Slgion & 39 Gl g sl Jiad Juus 1 5VL sl s

3.5 1

085leuBly 5500 5bd pa HlAde

Residual amount of Diazinon (ppm)

22U b cnl b idgs J10y95 0 Jue 393 &) Capnd 0,indgilS yol o
M 5 295 Cldllas ) 150 (Nasser et al, 2024) -, 4

O bl 5 biSedl 5l g ik b5y 9y <0l ySed @l
lite (2l 53 Jus 903)5 pge Jold Juus j985 &Y e (5

SEM: 0.289

P-Value: < 0.001

b

2.5 A

2 A c

c

1.5 4

1 A
0.5 1

0

25092 s gl
Chakhmaghloo

Bour Bour

Oy Silss
Darkesh Keshanak

Jrs 5y wiges 3bolie
Honey sampling Area

Ollow g dile Blisee Bble Juus ;3 (49313 v silondl cdale -0 JSUS
Fig. 5. Concentration of residual diazinon in honey from different regions of Mane and Samalagan

e glie A a8 g gy culld LialS july Juad o Lol
9 Ol g 5ler Jguad & Comd (65)9l3S 13 pgews Bpme ialS
988 )3 pgew By odile Bl (¥ gajes el loj CuddS
s )3 osleBl ()85 pRalS 4 e (Sob & 395
S a5 ool wlio | et ysss o Sype )3 Ll agd e
il @ s ol e Lol ciloy (3L ol (S pgous 3l (g lake
@35 395 Jue S I Bdee ayos; Gliwe )3 boe ialS
pyows 0393 (ol 53 1500 gl by bl b (65508 poled 9 LS o
5 03lo Bl pgows ()N 40 g 29 D)y gMS 4 s>
395 2 50l 3 o 05leBl Vgano 43l o Gl pgo 5 Juus
ol 35 s Mea) 39ll e grme 35 &Sl Ko )l 41
9 02ltl (pyew sLlE:

o Jolos & s 10 poow 0bilasBl i o Juad ]
(2loma] Ll da 1Sl Gpms (oo Jolis a8 3l St
RY> Cul lazee 53 poss 325 (lise 5 e Clld 45>
Collsd gyl 4 Slgioe e Jad Jus )3 pgens (Sl 38l
3 i edl 103,58 odlil (blS 5l ags (gyglaes g o ygs;
Sl 1S5 A je iy (b ()l BT 58 (sl (559U
byl wlosss b o3 a8 ol 5 L byss; wles Jein! o
555 35 liwsl ;0 &S ol L Sladllae puismen b 4Ll
S o wiw iz sla 5l g s cdlad zol o ylicren
P oo )1 o)lgﬁé uLClJ 9 &)])A 2 e J)ug le)‘f ul))9l““§ Lf&)é
B a0 b o e Canl (Sen YU (glod S o ooliul
Olise 1V alo o (BL Hlub poows (S Lol iy isl3al 1y poems
4 005 bguiS” ST osds cil Lyinl 38l ol San pgow o8ileudly
Bl (65)5LiS (sl e



VPP UT— po0 F oylods FY aler (ol (2108 @oluo g pole Gltpgfs 4 o TP

] SEM: 0.267
e
2 25 - a P-Value: < 0.001
3§
BRI~ 2
(3]
L3
28 5.
]
e~}
>
S
é 0.5 b
) .
g Olise
Spring Winter

Js )y wiges Jad
Honey sampling Area

Obmoj 9 )l ad 13 duud Cudild y s )3 (390 5U o dilonBly Clas -1 JSUS
Fig. 6. Concentration of residual diazinon in honey harvested in spring and winter

Sl Wy iy sbadus plate NL)E 5 (01985
lacn Rl oy p 28k oo pgew oxile Bl 5l (8L Ol bl
Sloladl 553 1 55 gladlaio Ol yio (2995 5 9223k Sl Jrlas S
oM bas 5 ol aal W) bl o eolpiig

sl S NS b

o el @lio 9 5, Uko 130
@ olagd Bl oKl 3 031 S W g 55 plaal) cos
ol € e VEYIN/V e o )b ASYMS AF 0 o o
Sladied Gobs cSub ol b gl aMIS b 5 ludmghy

References

& 25 s
13 i2jled oo o8lesdly carllan ol 5l Jols ol 4 dag b
Lol 45l jloxe s 51 VL lilews g aile s e iliseo (3blie
Sl OS50 9 )929)9 Slaliwg) )3 oxlexdly Hlade 5 oanlie
2 o 08losdl Jlide e Dy o Blese 5 SSLEST clalivg,
3 0l Cudldy Jue 4 Cand Hlog uad ;0 osds cdb p (sl fuus
2 Py 49505t 03kl 010235 &S 3gr SV Jls (Jlinej Juad
@ g b onlply ol o Juad )3 baddgSil 5 (1) (b
oMby s fus 53 (9l w oxledl Glie (390 YL
ok Jad > e cnl DRl edaliie 55 g Slre do a4y s
Slbl gyl5e 0 b iScdl Gpae p o)las 298 o dloiii
Ohigel comzman S9d M5 oy Jad )3 ofigar gl s
4 bty 3ble pMel (pgow guomo Bpas (ogad ;3 (lj)slis

1. Agbohessi, P.T., Toko, I.I., Atchou, V., Tonato, R., Mandiki, S.N., & Kestemont, P. (2015). Pesticides used in cotton
production affect reproductive development, endocrine regulation, liver status and offspring fitness in African catfish
Clarias gariepinus (Burchell, 1822). Comparative Biochemistry and Physiology Part - C: Toxicology and
Pharmacology, 167, 157-172. https://doi.org/10.1016/j.cbpc.2014.10.002

2. Al Naggar, Y., Codling, G., Vogt, A., Naiem, E., Mona, M., Seif, A., & Giesy, J.P. (2015). Organ phosphorus
insecticides in honey, pollen and bees (Apis mellifera L.) and their potential hazard to bee colonies in Egypt.
Ecotoxicology and Environmental Safety, 114, 1-8. https://doi.org/10.1007/s10646-017-1876-2


https://doi.org/10.1016/j.cbpc.2014.10.002
https://doi.org/10.1007/s10646-017-1876-2

A\l

Sl (bl 3 bl jo liloww g dilo adlio Jome 50 (g5 3bd paw 005Lowdly (puuni 0]y s> 9 cou> )

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Ashraf, S.A., Mahmood, D., Elkhalifa, A.E.O., Siddiqui, A.J., Khan, M.I., Ashfaq, F., Patel, M., Snoussi, M.,
Kieliszek, M., & Adnan, M. (2023). Exposure to pesticide residues in honey and its potential cancer risk assessment.
Food and Chemical Toxicology, 180, 1-10. https://doi.org/10.1016/j.fct.2023.114014

Bagheri, F., Vatandoost, M., Shayeghi, M., Rassi, Y., Hanafi-Bojd, A.A., Rahimi-Foroushani, A., Razavi,
A., & Nikpour, F. (2019). Detection of diazinon residue in honey and honey bee (Apis mellifera) in Bandar-Abbas
and Meshkinshahr, Iran. Journal of Arthropod-Borne Diseases, 13(2), 185-190.
https://doi.org/10.18502/jad.v13i2.1244

Barganska, 7., Slebioda, M., & Namiesnik, J. (2014). Determination of pesticide residues in honeybees using
modified QUEChERS sample work-up and liquid chromatography-tandem mass spectrometry. Molecules, 19, 2911-
2924, https://doi.org/10.3390/molecules19032911

Ben Mukiibi, S., Nyanzi, S.A., Kwetegyeka, J., Olisah, C., Taiwo, A.M., Mubiru, E., Tebandeke, E., Matovu, H.,
Odongo, S., Abayi, J.J.M., Chelangat Ngeno, E., Sillanpa4, M., & Ssebugere, P. (2021). Organochlorine pesticide
residues in Uganda’s honey as a bioindicator of environmental contamination and reproductive health implications
to consumers. Ecotoxicology and Environmental Safety, 214, 112094. https://doi.org/10.1016/j.ecoenv.2021.112094
Berg, C.J., King, H.P., Delenstarr, G., Kumar, R., Rubio, F., & Glaze, T. (2018). Glyphosate residue concentrations
in honey attributed through geospatial analysis to proximity of large-scale agriculture and transfer off-site by bees.
PL0S One, 13(7), e0198876. https://doi.org/10.1371/journal.pone.0198876

Blasco, C., Lino, C.M., Pico, Y., Pena, A., Font, G., & Silveira, M.I.N. (2004). Determination of organochlorine
pesticide residues in honey from the central zone of Portugal and the Valencian community of Spain. Journal of
Chromatography A, 1049, 155-160. https://doi.org/10.1016/j.chroma.2004.07.049

Brander, S.M., Gabler, M.K., Fowler, N.L., Connon, R.E., & Schlenk, D. (2016). Pyrethroid pesticides as endocrine
disruptors: Molecular mechanisms in vertebrates with a focus on fishes. Environmental Science Technology, 50,
8977-8992. https://doi.org/10.1021/acs.est.6b02253

Darko, G, & Akoto, O. (2008). Dietary intake of organophosphorus pesticide residues through vegetables from
Kumasi, Ghana. Food and Chemical Toxicology, 46(12), 3703-3706. https://doi.org/10.1016/j.fct.2008.09.049
Darko, G., AddaiTabi, J., Kodwo Adjaloo, M., & Sheringham, B.L. (2017). Pesticide residues in honey from the
major honey producing forest belts in Ghana. Journal of Environmental and Public Health, 20(17), 1-6.
https://doi.org/10.1155/2017/7957431

Demirhan, O., Muhsin, A., Saliha, C., Nur, U., Hetinel, N., Tun¢, E., & Demirhan, O.F. (2019). Chromosomal
Aberrations in agricultural farmers exposed to pesticides. Advances in Toxicology and Toxic Effects, 3, 15-22.
https://doi.org/10.17352/atte.000005

Eissa, F., EI-Sawi, S., & Zidan, N.E. (2014). Determining pesticide residues in honey and their potential risk to
consumers. Polish Journal of Environmental Studies, 23(5), 1573-1580.

Febvey, O., Schiiz, J., & Bailey, H.D. (2016). Risk of central nervous system tumors in children related to parental
occupational pesticide exposures in three European case-control studies. Journal of Occupational and Environmental
Medicine, 58(10), 1046-1052. https://doi.org/10.1097/JOM.0000000000000852

Jime'nez, J.J., Bernal, J., & Lorente, J. (2000). Determination of rotenone residues in raw honey by solid-phase
extraction and highperformance liquid chromatography. Journal of Chromatography A, 871, 67-73.
https://doi.org/10.1016/S0021-9673(99)01063-8

Gunat, J., Lekduhur, P.O.0O., Eneji Ishaq, S., & Rufus, S.A. (2021). Analysis of selected pesticide residues and heavy
metals in honey obtained from plateau state, Nigeria. Journal of Analytical Sciences, Methods and Instrumentation,
11, 1-13. https://doi.org/10.4236/jasmi.2021.111001

Kamkar, A., & Khodabakhshiyan, S. (2017). Determination of the total phenolic, flavonoid and antioxidant activity
of Sabalan Honey. Journal of Veterinary Research, 72(1), 61-53. (In Persian).

Khazaei, S.H., Khorasani, N., Talebi Jahromi, K., & Ehtesham, M. (2010). Investigation of the groundwater
contamination due to the use of diazinon insecticide in Mazandaran province (Case Study: Mahmoud Abad City).
Journal of Natural Environment, 63(1), 23-32. (In Persian)

McDougal, A., & Safe, S. (1998). Induction of 16a-/2-hydroxyestrone metabolite ratios in MCF-7 cells by pesticides,
carcinogens, and antiestrogens does not predict mammary carcinogens. Environ Health Perspect, 106, 203-206.
https://doi.org/10.1289/ehp.98106203

Ntow, W.J. (2008). The use and fate of pesticides in vegetable-based agroecosystems in Ghana, Taylor and Francis/
Balkema. The Netherlands. p. 120. https://doi.org/10.18174/1586

Research and Training Center of the Agricultural Jihad Organization, (2024).
https://nkhorasan.areeo.ac.ir/falR/nkhorasan.areeo.ac

SAS Institute. (2009). SAS/STAT Users Guide. SAS Inst., Inc., Cary, NC.


https://doi.org/10.1016/j.fct.2023.114014
https://pubmed.ncbi.nlm.nih.gov/?term=Shayeghi%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Rassi%20Y%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Hanafi-Bojd%20AA%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Rahimi-Foroushani%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Razavi%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Nikpour%20F%5BAuthor%5D
https://doi.org/10.18502/jad.v13i2.1244
https://doi.org/10.3390/molecules19032911
https://doi.org/10.1016/j.ecoenv.2021.112094
https://doi.org/10.1371/journal.pone.0198876
https://doi.org/10.1016/j.chroma.2004.07.049
https://doi.org/10.1021/acs.est.6b02253
https://doi.org/10.1016/j.fct.2008.09.049
https://doi.org/10.1155/2017/7957431
https://doi.org/10.17352/atte.000005
https://doi.org/10.1097/JOM.0000000000000852
https://doi.org/10.1016/S0021-9673(99)01063-8
https://doi.org/10.4236/jasmi.2021.111001
https://doi.org/10.1289/ehp.98106203
https://doi.org/10.18174/1586
https://nkhorasan.areeo.ac.ir/faIR/nkhorasan.areeo.ac

VPP UT— o0 F oylosds FY s> (ol ! (2108 @l g pole GltiRgfs 4 o FFY

23.

24,

25.

26.

217.

28.

29.

Shakoori, Z., Salaseh, E., Mehrabian, A.R., Minai Tehrani, D., Famil Dardashti, N., & Salmanpour, F. (2024). The
amount of antioxidants in honey has a strong relationship with the plants selected by honey bees. Scientific Reports—
Nature, 14, 351. https://doi.org/10.1038/s41598-023-51099-9

Sheldon, M., Pinion C. Jr., Klyza, J., & Zimeri, A.M. (2019). Pesticide contamination in central Kentucky urban
honey: a pilot study. Journal of Environmental Health, 82(1), 8-13. W0OS:000473553900001

Sturza, J., Silver, M.K., & Xu, L. (2016). Prenatal exposure to multiple pesticides is associated with auditory
brainstem response at 9 months in a cohort study of Chinese infants. Environment International, 92, 478-485.
https://doi.org/10.1016/j.envint.2016.04.035

Taghavi, K., Naghipour, D., Mohagheghyan, A., & Jamali, M. (2007). Determine the amount of three pesticides in
the Sefid Rood River and drinking water in Rasht in 2006. 12th National Conference on Environmental Health.
Shahid Beheshti University of Medical Sciences. (In Persian)

Talebi Jahromi, K., Ebadollahi, A.R., MirHadi, S.A., Madani, R., & Emami, B. (2001). Determination of Coumaphos
residue in honey from some apiaries in Tehran province. Applied Entomology and Phytopathology, 6(8), 73-83.
Watermann, B.T., Albanis, T.A., Galassi, S., Gnass, K., Kusk, K.O., Sakkas, V.A., & Wollenberger, L. (2016).
Effects of anti-androgens cyproterone acetate, linuron, vinclozolin, and p,p'-DDE on the reproductive organs of the
copepod Acartia tonsa. Journal of Environmental Science and Health, Part A. 51(13), 1111-1120.
https://doi.org/10.1080/10934529.2016.1199769

Zacharis, C.K., Rotsias, |., Zachariadis, P.G., & Zotos, A. (2012). Dispersive liquid-liquid microextraction for the
determination of organochlorine pesticides residues in honey by gas chromatography-electron capture and ion trap
mass spectrometric detection. Food Chemistry, 134, 1665-1672. https://doi.org/10.1016/j.foodchem.2012.03.073


https://pubmed.ncbi.nlm.nih.gov/?term=Tehrani+DM&cauthor_id=38172229
https://pubmed.ncbi.nlm.nih.gov/?term=Dardashti+NF&cauthor_id=38172229
https://pubmed.ncbi.nlm.nih.gov/?term=Salmanpour+F&cauthor_id=38172229
https://doi.org/10.1038/s41598-023-51099-9
https://doi.org/10.1016/j.envint.2016.04.035
https://doi.org/10.1080/10934529.2016.1199769
https://doi.org/10.1016/j.foodchem.2012.03.073

