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Iran, as an arid and semi-arid region, is facing with reduction of renewable water resources,
and the demand for water continues to increase. This has forced the decision makers to
preserve high quality water resources for drinking purposes and less quality water resources
(including reclaimed wastewaters) to be allocated for irrigation of agricultural lands. However,
the accumulation of heavy metals in crops irrigated with reclaimed wastewater is still unclear.
Therefore, the concentration of these metals in plants should be measured and monitored,
regularly due to their risk of diseases. In this research, the effects of irrigation with municipal
reclaimed wastewater on the accumulation of heavy metals in the roots and aerial parts of
coriander plant were investigated and compared to well water (control). Results showed that
the concentrations of proposed heavy metals in different parts of coriander plant irrigated with
reclaimed wastewater were significantly higher than those in the control treatment.
Fortunately, the concentrations of all these metals in all the plant tissues were lower than the
permissible limits. The highest concentrations of copper and zinc (25 and 51 mg/kg,
respectively) were observed in the aerial part of coriander. Therefore, in the current situation
of the shortage of water resources in Kermanshah, reclaimed wastewater provides a unique
and viable supply of water for the irrigation of large areas of coriander cultivation in such a
way that it does not pose any threat to human health in terms of the accumulation of heavy
metals in the plant.

Cite this article: Ghamarnia, H., Abbasi, M. R., & Farmanifard, M. (2024). Accumulation and distribution of heavy metals in
coriander plant (Coriandrum sativum L.) under the influence of irrigation with treated municipal wastewater, Iranian
Journal of Soil and Water Research, 55(5), 767-780. https://doi.org/10.22059/ijswr.2024.372329.669662

© The Author(s).
DOI: https://doi.org/10.22059/ijswr.2024.372329.669662

Publisher: The University of Tehran Press.
BY NC



https://ijswr.ut.ac.ir/issue_10582_11076.html
mailto:hghamarnia@razi.ac.ir
mailto:m.abasi@razi.ac.ir
mailto:milad.farmanifard@gmail.com
https://doi.org/10.22059/ijswr.2024.372329.669662
https://doi.org/10.22059/ijswr.2024.372329.669662
https://orcid.org/0000-0003-2106-1075
https://orcid.org/0000-0001-5537-4788
https://orcid.org/0000-0002-4667-9130
https://creativecommons.org/licenses/by-nc/4.0/

8 0,5lois B0 0,99 ¢yl PI S g ST Wliuions aloxo

Homepage: http://ijswr.ut.ac.ir

YAFY—YEYY b

Gy b 5, Wl w3U o (Coriandrum sativum L.) jwwiS ol ,5 cpioww 138 29397 9 Cuili]
S e DI Al
73,8 55l 8 3Wuo M7 cwslis Jgwwy doswo | VL ol Sigh
hghamarnia@razi.ac.ir :asbBLl, .|yl clisle,S gl olKuiily 65,9l 0Suily «ol owdige g pole 09,3 )

M.abasi @razi.ac.ir :asbll, .ol pl colisle S « ¢y ol ¢ ¢5y9lisS 0l ol oo g pole 093 ¢ Jgfume odiun g .Y
milad.farmanifard@gmail.com :4sbL1, . 1l olisle,S o g5, ol&iisly o g5y9lsS” 0aSily «ol wdige g pole 09,5 ¥

US>

4

o ol

e e gl gy phinios Of e Sl L e Slidaas 5 SUis ble Jl (o Gl oy
O Sorancd &5 sl 0sd s Ao ) Bl GBI 4 9y 498 0l 3 Ol & litos Lol
fu#bwl}ui é.gl.i.oab.)l.) uobml U)-“:’BLS)-Q(“’ d)l..m dl).: bwwmfbui é.:L.n ‘uT n\.o9>

g Ao il g4

AARAZARVAVARIY- PPN W TN

VEYIYIA 16 55950 & U
VEYIYINY 2 iy g )b

Zo0 Cumdyg Lol . uoha.’.‘&] L;)'”L.&f g\o'l)l d)Lﬁi Oed (Bylae ) (b..\mdM oMl UM)
Jses g el jaseiial (3 b e 0390 Gl b osd ()bl Y guame ciliso glapliil )d uKiw 313
Sy o Cnl D9 il 9 S 0jINl gy o Campgps Gl (2IIE 452 @ o I3l 399 slas
2oy (U8 slew) ol O b dunlio 5 (60 00 ddaa Ol b ()l Il gy Ban b 5L s
sy D390 pSous Gl dad e &S 0l LS guls b ploul S olS Llgn plul g ddyy o (S 318

VY ol e 1, LS & ,G

J9 292 0l Sl b ylol Jloss Sl it (6)bdine 0y 00d duial Ol b 0 ()Mol 3508 olS (slaplil 5 15lS sWrojly
Y gz G (gl ol duoy glad)lilinl I Sonl S olS slaplil sl o lils o) clale s o]
).'»""‘."..‘S/ A_;’|9m PI“Ul ) (P;?’LS » f)ful“" O 9 VO iy ‘\’) $9) 9 e clale O ki ,\,_))f dl’))l d})sl&f o @lie ol
2 Blg5 oo (6 048 el Oy colitilo S 53 Ol wlio 39008 S9iS al s )3 b oanliie Aty b duslie > @lE 3 opSis Slilh gass
e e . : ) S i A

o5 4S5 gk 3,5 51,8 ool 550 jidS S gy Sl (bl sl Ml g elae Ol mide G lgie SRS & & L::m
"\“’L" )l"")]a> uL»Jl w)’tm L;‘)" ol_:f 5 S/ ul)b © j

)bl 156 cos (Coriandrum sativum L.) jiiS obS 55 cpSiw ol x5 9 cslol (VFF) 3o 0,8 Sloyh g ¢ g, oo ¢ awlis (Kb i ped 3l

https://doi.org/10.22059/ijswr.2024.372329.669662 .YSV-YA- (8) 80 «5/p/ SB 5 of clisio dlxo o 6 yas odbaghias Olay b

Oyt ol )Ll Ao 1yl
DOI: https://doi.org/10.22059/ijswr.2024.372329.669662



mailto:hghamarnia@razi.ac.ir
mailto:m.abasi@razi.ac.ir
mailto:milad.farmanifard@gmail.com
https://doi.org/10.22059/ijswr.2024.372329.669662
https://doi.org/10.22059/ijswr.2024.372329.669662
https://creativecommons.org/licenses/by-nc/4.0/

VI e i 0LS 3 i 1308 @9 305 g Cilil 1,0 g L o (2931 - ole)

-

400
lcadgize o (6, 555,5 Ll (it ped @388 (65)9liS (gl (lsp 9 Of Sl ez 1y 3] el
g Suis bl 3 0hg 4 o bl I gyl > JSke ol (Ammeri et al., 2023) coul oad O wlie LialS cow (Ldl i
dguaS g ials” il b ablie (gly Hlal Sl G opl by (Abbasi and Sepaskhah, 2022) cuwl fus g Jbs 50 Sisaes
Ot 0y e Ol Blas (dly (6 00 el LB Ale GB)leial O wlie 1 Jguol (5 000 Sl oo oy o @lia
il el el 1 30 odlisl Lz 51 (MKhinini et al., 2020) sl jus (slis 5 el by jaus cehy; HolS o)l
O plie Wlgie eyl ) )b dgmg Canss Lo (gl 5 dubo Blanl el o] 5l Saoe edlitl g st 5 il mlie )
455k sa0m0 o3litl (gl bl doly O @lio tise 290 |y OF (6)ll 5 il 5 03,8 wal8 55 3)90 T el (sl (3ol
Ol o Jlastil il oad lojSas o8 oy ol Cilies (glopiu bausgs & (65 (slagl staio ML (g0 ML |
b ablis (s baylSal, 5 Sy alad, oyl o i (US EPA, 2022; Kristensen et al., 2018) _aub aibio 5 55,5l SUly, 5
olel sl (el 00 s NS (znem UBlaoyed O o 1 S50 (5 )b yro e Slgioe b ol @lie (il g 39508 il
b ol gaw 3 =l slaime) 31 SIS ke Y+ 290 o8 390 035 (30055 Ly adly o (slad 5 Il ol alS
N9y & 2355 L o5 (Goyal, 2016) am> oSSt |y L (59l slas 1 doys Ve Lyt oS 90 o)l OIS
NS ool (sl Sloa JUB S sladl > 4555 o G Ol ik BiS )3 e Ol glie S 93500
Ensink et al., 2002; Kiziloglu et) sb ial38] (65,9l Giso p O 5gseS e (sl Sl Jo ol SO lgie 4 oid dubuns
S o o3litol (65,5LEST 3 b (s)lol qie <o lgin oAb (s b OB I (o ol 53 (63L slaygiS (al., 2008
e (lpl (S (@dgmo e il ((JUd) (plandd dS; pol odoio VLT il g i epae « S350 ¢ J9 5 i
Pl eNSB o o ybe & an Ld Sl )5S Gy o 9 kB ad i 0l S e oaie Sl )]
2 caSe yio )lim FYY poo b olpl cad opl j> a5 (Scheierling et al., 2010) wlosls )15 oslisul 590 (65lol (gl (6559l
s oM b (6550li8” ol )bl (sble 51 55 (Jiménez and Asano, 2008) wsb o 1)y slas 55 1) wadsb 43, 54,
UialS (Asano et al., 2007) Cyi g (5B G)las (lyp 39390 CuiS b g oy O @lio bis 1wl 1) 70 4 ol dphuas
Eide Slgo (ool el 0 ahuas OMSB] S gike g 13, YU (Jiménez and Asano, 2008) oy o wlie (sl Lol
SB ksl 2540 (Piotrowska et al., 2006) [aes yials' 1) 8Ll slewd (sladsS & 5l blgs o a8 Cawl yaud ¢ 5955 Lo
5 oolizl U] asme o) Slpl g baizn Lials 5 (Qadir et al., 2010) sloj yg50 4 S 4 J slge 13,5 bl 5y )b ]
S5 ol 4 Bl o izmen b il b ol wlie 4 OB 455 Jame Canyj 3T eg)lol (sl 05 dnhias O
Lis gl g sdgy o0 ahuas OIS 5l ool yizman (Hashem and Q, 2021) [wS <SS boasly )5 5 bailssg, (534l 5|
oo & dte Jlo ylojlu &S 55k & (Mishraetal., 2023) wil o Siiddos o Siid bl )3 (55,5liS (gy90 02 02 YU
United ) ool o3,9] [Lid ln pulyw )3 0dd ashiad Gluo 1 odliiwl (clysl gl YoV Jlo b b dnwgs Slaal 4 ol
55 s 5,5l ol ool el o yad o0 agiuas IS ) same olil (38 005 S (gblse LS s (Nations, 2015
(S  ly Ssm Sl iz 5 S (59 il 3l & xSl (S 005 i Sl Sl ool Jlts (i a0l olymn
Jalge Jolbs Sl o &I oyl ¢ omizen .(World Health Organization, 2006) »55 oS ¢ S5 e ;> baosu¥T § (09,
Y gazea SIS Bpan 3 1) 2L ySb g (g g ST Slacsslon 4 Mol s g 3,138 oo 13b sl Caadlo 2 4 3L 06 o
098l pSiw I3l e emen ola LSS (ol ogMe (Hashem and Qi, 2021) sad o (il 1y Ol opl b osis (gLl
Santos, 2020; ) o)l 3935 pby 5 sl (oM (glys 0sall lylas lgim MBS J5 S 9)Sue 5 bounslSlg o ¢ comw
$5y9liS OV guave alizee slaplil 3 Wilgs o (D90 oww 9 (HBSL s & S @lils (e ol 45 (Langaas, 2020
Hasan et al., 2015; ) 15l 3439 4 Cannj bawmo g sl oDl (gl (g Slylas 5 Kgi atilsl (S5 Olaw b osds )bl
O 18 ob 4 diun OISyl 9 055 o Cygeo ady Byl 5l Udes olS )0 4 pSius I3l 59,9 .(Ghosh et al., 2012
S5 Jitio il g oge Jto (STygs slo i g 2lsm ol (ygzman oS slapliil Koo 4y 90,8 <8 > (a5 (slasigl > il oo
YU oS )0 gy 08 (gdne dlge o LialS Jlisl alS sl W Siw alils xeos o8, YL L (Younis et al., 2016)



(oioss — soke) VET sladl o 0 8)lows 00 8,93 ¢yl sl ST g O ligics YV

Oesus Ol3ls ez 5 Jb ol b J(Khan et al., 2016) 55 Joae cutsS ialS 4 oo g5 o dlune ol Coles 43 45 39, oo
59y Nl oS jolis 4 039l MBS Loges 5 SB 5 )bl O 3 cljls ol clale islg olS £oi 4 Siwg LS
Kb 5y b ol 05, gl polis oyl J) ol S &5 wile Sy 5 oy LS e 5iie copodlS cp] e
095 dgo 035)l3ys 13 85 S OMSB b 1 ke gbie J) Wlgi e S, S l3lé (Muchuweti et al., 2006)
) 55 bl (e 55580 s i 28l 5 il Y gas 5 035,80 S Ay (cloptigs (5395 5| 36 Sl
(5 o350 515 395 B ksl 9 lopl s daodle o st I3 4 009l gl 5395 s 13 88 (55 sl
Lo 25l 5 ngS” 3l oolitsl (yg2me (559l slacallab ¢ sixkio (lacS jaed g oIS S Gl ixbio 4,156 it (3w 315
@ OB L5 oaS eyl &le @Wl el o K (Sojlan wiyls 353 LSy o pSiaw Sl ang8 LB polie oS

(Aftab et al., 2023) siwn S o3l

g 3} M)
Sladllas opl )3 sl oas plosl (65,9UiS SV guame cuiS 5 2l oylol (ol o dbal Cluy I odlitnl (ggy (o3 lallas
9 ‘nw.)lf L)"i"“’ )15 9d ZeS u.»])m?); ) 04 o3lazwl J}.a.’xo g,u.a..f 9 S Lo noLS RV dgabes ‘5‘).5 0w dudun L.)l.u.\.’ )1
obis sl Liags eols (Hamoud et al., 2024) wsls j1,3 o)l 3590 Glaw b o (6ylol (659l Jaamo cpdiz ;3 |y oy
oS ol L andllas ol ¢ pmiome b odmlie )3 olS [d Gy g pguedlS ke oy g cOlun b osd (65lol kS o )3 48 3l
sl |y s oyt Gy g poredls (Sagl s 4y iy 59,15 (i lilb gaos Jlai Sl sl oMo (sl ) jls c3YL Sl
ol Ul slaadl 160> )8y 3590 gugn 1y bt dwinat OMSB b (s,ll ,5b Alhashimi et al. (2024) .5,ls blge
(Cd) poodls” > a5 B jobo a0 OB b oss (6,lol gugn (claaiuy colun b (o)l 5 o0 3, Slae il 8l oé e a8 3l
i )y Ml T L o)W 3G Ingole et al. (2024) ..ol oyl 3ylkiwl i I gy (PD) w9 (CO) LS ((NI) USG5
ORRgR gl 1B gy 3j90 llwgin ;oS 4l (o b andle bl 3 3950 3 )Slas g (pSiw Sl geaS (gie Dlge
Sl b onds (6ylol 5956 51yt OB Ol b ods ()bl 5956 ol 13 3456 3,Ses g mawlis 5 yhusd o590 1o a8 oy Lis Ll
D9 ol% uT

(die iy dlge ¢ Il dlge ylade ialdl s 8L5L O 5l eslats] Bedbabis et al. (2015) buwgs o plboul addllas ywlul
g SIS 59y (JS5 535 ol (s g8 Cublil adllas Ll 0l ST ol 5 g9y S Jto (St I3lE 5 2ol
adual OMSB b oss o)l Sl > @ljls o) g &S 0 LS pw lredly g jlo (5,8 465 wile (STyes b o
) jloxe dintiy do 51 VL olS yo lils el Jlade 3,150 51 gyl 53 &S sl ol T L o)l Yoo 51 s (610 (gine yolo & 03
Iy oS @318 51 Ay cuslil (WYAR) o, Sen 5 5,8 Sl 3 .(Reynolds et al., 2009) 54 56 5 Slos cudligy ylojlu lawgs oud
Wy Dyge S o Lg)lf,ﬂ olisle S (6 4 0 dptual OB 5l odliiwl b &S (6502 5 droly «b)d o LS Calisee slaplul jo
)‘ L5‘>)’ clale 4\5\*)[> i hTY) ol> ui La ‘_S)LJT (JJwa) J)~5 )Lo.u )l )JJ-AMJ d)b 0 Gyguo A (awyy D90 ume LSLQ’P‘J"‘ PL""
Cuilsl e peioren (cubld H)8 b e slaolys lawgy ol duo gy (sladluilisl jlre 3g0s 3l YL aLS slapluil o S @l 36
21y oMol calise plie b gyl il il Khan et al. (2023) s i)55 1303 (laplsl 1 i dday 50 opSiw Sl3ls opl yid
M8 il 290 sl sl 1y s ogee nl Bpaae I (286 Jlossl Slilas g Slashy (S50 9 98 oSy e il il
ord (oylol SlusSL (S5,6 9 gy o) claoges (S|od (clacuend ;5 pgyS g K5 copm cpoamedls clale imgh oyl ,d b
ol d)b] c_;9)5 w)fa GLMSL’ u.ii)l) LSLD’"W 20 (W) D90 u])lﬂ Ao clale LG u,.ow JLIS «_j 9 ol:> A_)—l cL_:)'LclB A_)—l lJ
lrodgase y3 ls dan (glp oD ylas adls g i JUI Ol g ols Ol Lo (o)lol (cladiges b auslio ;> LML L
sladgle (LS o S Ols xeod polde b)) ol ccuwl sl (oM (gl (6)98 Jlad dgng pas sxadlis oS 3 oy



vy .. oS i5 DL; BL) ’,.M"’ u‘).‘ﬁ &)93 9 wlyl Zol)&.oab 9 L“u,.oj (u.w.bg)a - ‘soJ.C)

oS ) (i Ol s ez 5350 g (59) 3l e 4l oy DI Lo (g5l )3 olS 3 o0 bl (e Siw ljls e il
Ao 5 i weedlS g 5o g jlone d Sl ST (695 9w epg)S (JSS polhe ©)5 Mg Al 53 g e 3l de I iy )3
alils Hlade awslio (ol 295 sla jimg} ,> Jinadasa et al. (1997) 4 Angelova et al. (2004) .(VWAY ¢ J8,L) s 5,155 5lxe
gy oblS LUlg &5 i8S aoe (Jaee Cunj wlidie bl Cov (alS Cilitie sl lg g adigS )3 aiBl geod (S
(olee 0 5l el sl (FeS Limad 5D 0l deg 8 LS e (slaplul o Goles pl g ] Gglite pSiww Ol e
03g4oxe )3 &) 5t oS (g plul g ady ) Cilieo (slapliil )3 5o g il c(55) (o p3podlS polie Jols (i Sius Sjlb paw
ot Olgie ol O Hlos b dunlio )3 (500 00 4iiad Olaw slawi b (6)lul €O (39500 CuiS 03 G0 4 oy 3590
5 s el )lulinl b duglio Il L o bt & Cosl 0l Ly S5 dw 3 5 olas S b B s (wwls) S
P> 5 sl oMo Lais gl 5 528 olS (bl (sl (60 00 i Dby 3l o0l grioms Sy e ) 4135 sla Smgy

led Ao cnl )3 1) ety GBagR 53 S99 M Sl o g Cul Cumnl Bl s

X Y

Llile S o (5 e NS b dbual g (o) 2 390 dlllaie Olasuli

(o3 0l (Stinporns ol y2) 300 — StBas ol (gl 4Ly rdams ) 320 WYAY Lo £lis)l b oliiloyS” oy 5 adlllas
b oM b astias .l yio Juo FFF g 01,5 ol as 0 VF/Y i 5 4y jaed (ol a6Vl 551 g Lod (0o s plol il oo
s Fe wliey o0 cudyls b jeSie dlbdital .l ol @8l i ()8 g 0, YA dgas 0 sl b olisle S el
Wil oo Bylaie g8 Jld (o 09l 4 il Aul )8 Al il () )3 S o pglae ) 8 Jlie Frr Cuner OISL aSie e
el Sl (2155 Coled 3 9 490 9 adgl ¢ Slorde sraiar Jolpe Jolis &S

S35 4S5 Dy 0 Zlg guoyd dilBdg, (gow SO Hd 0l bl Claw b )bl cov sl gl cpl 50 X0 0dd KBly dlSdubuas
(S99 9 508 B39 1S3 (gm0 4> Gy & dald L3l)) g o)l (e g, & B ahaT (298 Olag b dden Jlo Ve 4,
el gy o9 0 okl gl gyl (sl ol Ol 5l atiam y95 (b 1 55 03,8 Bly 0ad diiad Gl b syl s o))
¥ Jgie g adlllae 3)90 (3l SB (So5b lasuie ) Jgde 85 Sy (55 Uhgy 4 2ByE )l gl 93 52 (sl
S o )1y el oy yeine (slod ) 5lid U L] delie g S5 (ol ol g o s o) ] 10 dgrg (e 3l cdale
5 (WHO) Sl cuslin glojlo (FAO) (55,5liS 5 skl (Slea plojlo bawgs ¥ gz )5 08 &)1 ol s (slaslslis
el 0 ) o] sl St l3lh il Bl ) Ol floxe kS b alaly ,5 (EPA) 1S4 8] G Lassma clolis Ll
Wl oa 031y L5 N SE )d Ly Dy90 (6ykl slaylows g oliile S pos a5l dshuai Cusbge

Al 3,90 (Loly] S (S5 Olasuin ) Jein
SB b W 9% Ks,mmh! | gemip emSBaY gl s

SL YOIAY YALY Vai S oY

SCL YV YENA VDA ¥.—5- 0l dyiual Gl
SL AAVALNENN v/ 084 VIVY Fo-a-

SL Y/ VAN VY- S-Y.

SL va/a- YV VA Ye—5. ol>

SL Yoy Ye[se g 5. -1,

(Sandy clay loam) i (ow) 09} 9 (Sandy loam) b o9} i, 43 SCL o SL
SK s
$2b pogase @52 bp
SB bl (SJg e Culaa Ks



(uwhs,.v— ‘:olﬁ) V€Y slodId o 0 D)Lowt! ©0 8,93 3l S 4 yi oludss  YYY

ize (53, il s Y dgu U duglio 5 g ylel (gl 4B, 0 S 5 Of 5o ylowi > cillisee I8 CBLE LY Jois
(mg kg') "SB > cdaké (mg 1) of ,» cdake
oAl ilan ol 51 U8

wio EU o e A0 TwHO Tepa SN owAlilam bl ol 1 08 i
e T e T

\es Ve YAy YUY YWY RVE -y I I ol A -/ o[y (CU) Lo

- NA®  va0d  Yaff  Y-F) YAV ) ) ) V-5 YEIY VIYY % (Fe) oyl

Yo Yeo o AAVTY WA Y Y ¥ ) Y I RN VYO (Zn) 9,

¥ YoME WVA LY VA R Y Y P T ooy oo Y (Cd) puedls

NA NA  via aas var ayy Al -y Al o[y W/ ofes \A (Mn) 5%

{FAO) (55,5145 9 3L 15 (Sl lojlws Lawgi ol i) 3 laitis! !
(WHO) 5l cuilige ylojl bawgs 0 41,1 5, luibian! ¥
(EPA) 5 ol Conns j bawo Cblis (il bawgi o 451, 3 it ™
(EU) Ly, a3l goms , dloxo
(NA) 3,105 iydgumme
S g piogiilo Ao—e ok 4> il (puile 1

O G518 CBE lomiaw 1y juiuiS (AL S diged gl a3kl g Codly
an) oIS 597 (601005 (el 0wy st 5o ¥o 1 Yo 4y niy Jgbo &S CablS ) Ly 5oy 5+ b ¥0) 5005 oL il loj
0d YT (13935 (6l ds cudld g Ol )5 aw 13 (Loyll Hlewi 1) ds e Caliseo slaciowsd I Bolal &g (2lgn pluil
A 03l guitnds " pulads )b dw e OI" L olS pa lgn pluil g sy g olS L wled 3 a8 (SB g Ol dgnge Jleisl cla
535 alom Al g Ay 5l el ol Cilisko (olcuansd (g g b S 311 (glgh yglona 33 BLS (sloiges cqubiond §

(Batarseh et al., 2011) 15,3 e3le] pSiw @l clale (6030l (clys g b lowo]

1 9 i 138 CLBIE (s 5 ALS slaigel ol
Ao ¥ e Ty g 5 450, 0,5 45 ol B0 Lol e S Y jlade ond Clsl digad o 5 (LS (gladiges pie (ol
> U osiliga |y Joloo (g 9 05 L) Lade S0 505 dl it oo Ve g Barde S pgdlgun sl jid o ¥ clade S0,18 sl
0S5 JS wol s ools lys 0)bgd g 395 o o gy U 03,8 adlsl jhade Ol jid due Vo o] 4 s dlsge 30,5 oS o S
Batarseh et al., ) 15 saslo, i o YO+ & jlafie OT b )] w9 b Bl peily Bl 3E 31 oalinl b Jolore yummo 3945



Yy .. oS i5 DL; BL) ’,.M"’ u‘).‘ﬁ &)93 9 wlyl Zol)&.oab 9 L“u,.oj (u.w.bg)a - ‘soJ.C)

b e o gl (Wil 5955 VARIAN &S cila) Spectra AA 220 Jus el Ll olfios 5 cules o (2011
o ool diged ya yd pSw 318

Soll o g 4500

Olgie ) ol ST L ()l g 0 adas Cluy L ()bl Lo 53 b (CRD) (8akas MelS ko S B 53 51,5 o o (oislejl )b
N3 ey ookl b s 9 45 (y (5392 Jlo b Woald) (39 Jloyi s I il oad yiocias slacdalé ad plosl (8 jlows
A plosl S o9y a1 o) 0 9 ) Jleasl zola 1 1Sike Gluslie g0l b Julos g 4355 Minitab 16.2.4 Ll

Sox) g g 3 slaadly

SaaisS 0LS i (eI 45 i W8 clale gl Julou gl

(595 ol i me (38 Sjlé Bl (gylol ciliseo sljloss 5 (sl 1) (ANOVA) il ly 3JUT Jgao 5 slaods ¥ Jgu
Pl a8 smd o lis el Cawds ol .ol 00uiS poal 4 ((olon ANl g ady,) uiS olS Calisee slaplil )3 jiSie g cpouedls
el 0395 o gxe 1o > N Jlain] pdaws ;3 35S oLS 55 pSi Gl den clale gg; p (ol O 5 Glaw) (oylol OT cusS Lo
pouesls St s e (LS ALl g OT i o) ole g ol Blite 5l el 1 opdle sl o391 oglisie ;50080 b (5
Golol O cuas iSany oS S il ol oyb] o Judos g (pmSile cluolie ;5 45 ol S5 ay p3Y s s xe 351K
S 15 ey 51 Jy s 8,5 L5 g dym el Sl 4 dogi o iy By ol o s ine LS plul

8okl Lo 61 oy piU Codd juriS cilisee @Il 53 i I8 CLLE ¢l (ANOVA) il ylg 30UT Jgua ao¥s ¥ Jgas
(Adj. MS) 20 Mol Wilas po (Silo

NHPTYS A JUVES I R
e poredls $9) o2l owe G e e
v SRR VEIY VY AIYY Y )Ss
Qaaq ofeeywE ayy YVOYOA** VPPV ) Sl ol gy
FovaEE IVERAL AT A R VN MYA YAV \ solS plul
YAy A ofee ¥ FIA TYYA YA/0A \ lS plul s
YA ofees WY/t AAAR) \YAYe 5 s

ol (S gy & dwoyd Y g dweyd 0 gl 43 (g lol Ja5 51,15 e Crgldd suwidd Wi a5 dvse g

Sjlos b v j1iS oS adllan 3)90 slaplul )5 5iSie g redls (S I Clale (gl |y (ke dulie ¥ Joa>
05 yS 030l paredls ydlie 3l YL (o) e g 4 &S 039 (p)S5LS g p S due o/ TR) jiS oS Ay )0 g 0l dstual
Khawla et al. (2019) zuls b ases ) b oo ols T b o (g)lo] 1S olS ciliste claplisl g Glaw Hlod olon pluil )
adsy ;0 ) poredls clale oy i 50 Khawla et al. (2019) .cusly callas (YYA0) o) 45,3 Sl,é o Ingole et al. (2024)
10l (p Sk 52 35 oo VVVIV) 35285 oS lom oIl )3 iSie il ey iy Lol tinges (55 S ool i o) 5 sy
5385l @l b o ot (l (¥ Jgia) 352 jtS olS a3 00d (655 oIl jiSie podlie I 5YL 6y sine & jg0 4 45 S
015 ()15 lalS cul alm plul 3 (gpier 5 )b (el jKie ClBlE i s 55 1031 Smgly )3 g lsdyen (VWAO) o Sen
Cowl
Joda ol el aaed o oyl (ol Ol 1) 56uiS olS jo 1y g5y 5 o (pSoww Sl3l8 clale ola 1 Slo duslio O o>
WITY 9 /30 5 Clag slog 53 (595 5 o Sl i 42 pSokS o p)5 o YYIRE s ¥AAY) 05 ()bl (sl oy o Sl eliel)



(u"”@s)"_ ‘sol&) V€Y bLob‘b,» «© b)w ©0 2,90 ‘G‘).ﬂ S 9 ui oluisy  YYE

lag p Sl ol clale (g ity Wl o o] i S g 0395 )Ll 51 90 aomi cnl (oly o Jleg el p S oS 1 25 Lo
o) 5 oM (Y Jsiz) 59 ool (el ons oolisl ol L )3 ysShe clilh cdale )l 55 cutS o) coylol el ons oolizl
o Yl ) Sy b gl lilel (208 BT o 4 Wl e Sl b kel Jlosi 3 (K 518 g0 ol clale g VL
I g5 ol csale 95 5 5 S Ly o 5] g lind gloos (51355 o3l ] iy Bpmn oo &b ST 3 i gl il
58,5 B eyt 0 does g SB Gl pl oyl e g Gl caw colpd o &S (M et al., 2022) sl sited S
clale 81030 a3l juiS olS LalS (Lled plil g ady)) cilisee clapli] )5 Lol oo Coles 55 5 b8 ddy) Lauwgs i el 316 o)
595 e Cutligy o ol b Loy (elodlgs 5 Wylojls Lawss 00 &6l 3 kil o 3935 51 alS (eloplyl 3 S il oy
Slegiagh @i b piagh ool @l 258 jl jld (oMo (lp Sl e il bawgs (S (ol diwgy Brae ©jgo > el
B g Gy oS g SS9y » Khan et al. (2023) zuls (s x5 dol o «)d (59 » (VW) ), 53,8 Sloyd
bl Clajloss )3 o0 (S 03luil pSiw cljls clale o0l S i dw y 1 &5 Cuily csllas 355 (¢4, , INgOle et al. (2024)
ol 035 )5S ol ol b g)lal sbolons ) iy 0 adeay Slug b

g eSS (i S sk 4 A5 0 ine IS 0LS 53 (59 5 e i I ge3S (LS Pl Lol 1 pionen
93,8 sleys g Khawla et al. (2019) zuls b 5 douis opl (O Jodo) A odmlive didu)y b duslie > jiiS olS olsa plusl 3 (g9,
(48lo g iy b duslie o) 0pd Sy 1y o clale ade oy i 35 Khawla et al. (2019) g Lwlpen (YA0) Ko
OO LSl (2lgm el > i g )3l ]y e ClAIE (e cp iyt 55 (WWRO) hlSen 53,5 5le S L3905 (65505l
RIS

ol 4 g b amd o s (el Bl) (s)ll cilisee (slalos )3 34028 olS )3 1) ol cbale (claySibe dunlio & Joa>
oal L iy VIV oS 15 eaalie 00 4hi ol b ol Jlosi 3 (oS58 o5 e TPA) o] e iy Sy
2 ool clale o cal o 55 MBI el s (5 kS 3 2,5 e Vo) 392 0l Gl L (il Jlas o 3405 0l 00 (5,50l
o (Y Jga2) 292 bl (sl o odlisal oly Ol o ol I Sl iy sl 3005 S L] (bl el oudonlizl Gl
Khawla et al. (2019) .54 Ll jea Khan et al. (2023) 4 (Y¥20) ,Ken 53,8 slod Khawla et al. (2019) zls b aocs
Clal | iy (ol ne g 4 Sl b ol lal (S g Bl cay)) 05 ol (slaplail asn > ol ke &5 W )8 315
ol g (sl 1y oS ) al clale lie oy 35 (WYAD) o)) Ka 93,8 Sloyd ]y pid Ol b ot ()bl )3 (claplusl )3 oyl
oeruie o Khan etal. (2023) .S (5158 ol Ol b o)l loss b sl )3 00 ddiai Ol b ()l Jloss 0 (gyam g )3
bosd ()bl (sloaigad b anglio 5 OMSE L ord (g lo] sy (5,6 9 gf S 1315 p9)S 5 US wm oo pgradls’ clale
03,5 o)l JUS Ol g oy

ol lisee G jlowi iU o 52uiS oLS aslllae 390 (SEIN )3 JiSe 5 puedls (i WIS e (gla (il g lio £ Jgi>
(2 o1l jlowi 9 55kl ol S o2 )

(mg ke'!) 7% (mg kg) puodls’ LS pll &l o
a-/f-B FRTT ad,
VWAVA AR s ol 0l dphual Ol
AJAY< ARV ats, N
YV/5VR ofes¥P «_s"?""’ pl.\il o

P < +/40) W )la (g 15 gire GBS o2 U Wil S e By S JBlus 6110 &5 L piSilo (g 52 3

kol 1 31) 55005 0l )3 (59, 9 e e OIS Sl (5o Silo duu e 0 Jgor

(mgkg') 9, (mg kg) (o o
yy/a¥s FV/ANA ol dpha’ oluy }
o bl
\V/YYE a/a08 ols
ya/.qP VEIPA ady,
oS plul
NS AIAYS 2lon !

(Ui y8 3 g b ) Cawl 2o )3 B prdans (D b pSSleo S ime US| pie oimd (Ll i g >



Yvo .. oS 55 ols BL] ’,.M"’ u‘).‘ﬁ Ry 9 wlyl Zol)&.oab 9 L“u,.oj (u‘w“bﬁf - ‘soJ.C)

(k! 1 51) 6l cilizio g loni )3 S LS )3 ol GRS b el Aumglio 1 Jod
(mg kg') o2 Sl s
Yev/AA 0 dutual Gl
yeofsB N

ol 20y3 O e )3 41y pxe BB pie odizd (Li aylie gy

39290 (13,1l L dulio 3 520uS ol (ALS (Sl p3 (i G138 Sl (o) 2
oS Am3 e i (Y Jgier) o0b 4il,] (glas lial )3 jlxe WU 3gds b (5 90 F Jolis) sl g jl odel ol golts dulie
Rl e St lilé ) S g clale () SV s olitile)S b (s yped IS odd ksl Ol b 308 olS ()l
oS (P 5 1 5 o VYIRF) 558 oL (clacil ) o5y CLAlE Lk cand 005 3555 ol 53 e 29 §) 550 5 gl
wlge c9; 395 b oyl LS bios 45 casl o3 ol (Y Jsin) 15 00l Laweds EU (2008) 5kl jbrs o 51 5YY

s 0058 41,55 0L 5 g9b90 opl 1 9 (Hasheminasab et al., 2023) siws

Sl ond aghal Gy b )bl U g5y 20 o8 (VF0F) o an 5 Lijed imggy @l b (998 Shoiy @l dwalie
ol o o5 Moy olS (elmplil ;5 (3 I35 plas gazs 4 Wisls s 5 Lo s plosl Mol oS elmplai] 15 i 18
il Yol il (elaplil 3 550 g o Calé (pizman g1 ol ST L (bl Jlowd Sl s (5ol ime Oy 05 didial Ol |
21y 9 9 powedls Clale (ol Smggy (ol oSyl Lslian (G5iS Gimgd @l b LYl ) bl gl & 59 jlove 390 ]
poradlS g oyl cdale ¢ pioman 150 ] vty (6559liS SV guase (clandss CoM (gl old duog (sladluilinl 51 FYL MEL 4l
3,Slas 39 glite w4 g5 o gl ;D lacglis ol 45 Mol Cawds 3,5kl dgas 51 5YL ML olS ( STy pu pll) a) ,
Al (i I ga g ke 3 35S 5 Ml ol 53 Sl

(RS R yd i I3l CIE e YU 290 Y Jgua

(mgkg') 5%  (mgkg') modl  (mgkg') sy,  (mgkg') ool (mgkg') owe 3 1!
Do LY S = Veu 0O ¥. FAO/WHO (2007)
NL A Ve NL vy FAO/WHO (2001)

NL e — ¥ 5 Yo £ EU (2006)
NL Iy Voo NL Y. SEPA (2005)
Sl el lojle 9 aosie Jlo (65,98 ¢ 1dE (3ol S e dineS FAO/WHO
gyl 49! cowy dlomo EU
o (A Cunn j b 1 cblas 8,131 SEPA
.(Non limited) 5,5 35945 NL

S o dnd
Sl Lol poes iol38] g g SO 3l o ttane ol 51 ol & e Siiddass g Siid sblio )3 oigd Lass Ol gl ials
90.&3 Laos u.\wl.w] 9dM «_Q)L.m d]fﬁp@lﬁn u.&jbu] é»L..o &S ool 0l 90 )i).) S )] u...mSlJ A_j L Ls»L...M:.}
Oidre g s (cUad 5 (65,liS Y guas d)l:bfi Jud 5l (Bylan (gl odd dbal CMSB yoomen Seawlnl cuas gT &le
2 i Ol xes Candg lized (65,9l Ll ()bl (¢l oddaial Oluy I o3kl Syge p3 Jg 39 odlitul Caio
2 3 4 g Sl e 9 Aol (S Sl e ofag Slomges 9 Eh (o) OY gaze I )k sl ol il slaplal
5 Lo bLS (sloplil g S colun 3 Sl o) cdale Ll o ghblate & pgumy by el e 453 4 S5l w3650) 399
3l sl aald g lois 4 ol Ol b auglie )5 (0 00d dsiad Ol b (o)l I3l Gl el )3 9y ol 5109 ey
285 1B o 3,90 35S olS g plil g ) 53 5350 g peedlS g9 o] ¢ o Sk

oy 08 A Ol b 035 (5 )l] 5205 obS (slmplisl 13 (3 316 dan ganes 48 o s golis pls adllao 3
sloplul don 3 (S I3l Ko il g9y HB 1 @ Slidgs g og ol O b (bl aals Jlos 5l i (o)l (giaa



(oot — soke) YEY sladldpo (0 5)lows 00 8,95 oyl ! STé g o ligics YWY

oS sl Joys ol dls 5 650l SV g (glds oM gy otbinog slod il 5 5 el i8S ol LalS
s 929 ol b edled sl sl codls gl (6598 (5 ykad Wl o 5 8 ol Il dlge (69) 2908 L ol 0l SlaSE Legas
scdl » eomed g Clag b osd Lg)l,g] ol bababa o9 Ol » pSww Ol oo g,S ol OB LS b
SySol> gl g OLJ‘ Sy sladss 9 u_w:b..g(» (e G alyad 590 5l B asl asly asbl e 9 sloygs Oyguay (2L iz

g
oo LS o it O (6y0b 4 A8 > (dne Ju1dS 0lS )3 (59 5 e (1K Dl xeaS (LS plul Lol S e

Q‘)DQSJ?A.A; u"?"{ Ja.sl)w )Jslfﬁloa\.g.b}g ol%- ulbd)bi )WMMDS AW dﬂfo)‘l.\ﬂ &Tc;]éﬂéﬁle/VSM
LS‘)" )Lbl)ﬁ uiohou]éwo ggquly.c 4 ..\;‘yu;o cL,wLo)f).Q‘w 4)1><\M LS)'Q(" OAM’MK_)LAAA) coL.wLo)f uL.w‘ 5 u] éJLuO

Ol Bpan Cygo 33) i Sl Coans a1 il (S35 cedlw (sl (g5 2l g S S gy (31 )l
D35 )1)8 eolawl 5y50 (oS

"1 3929 (I Mnigh (mt Qlie (125l WS !

&b

ol b cov dilise Y g 1 S Ol geo dalllas (VYD) ks o S g ol ccolopm « SKidon i ped dMo 33 Sloyd
YEO-YFY (V)8 «oilof g of o o olislo S 6y o0 dyhal LS b

@ip g cbale  oliile)S (gyad BB o1l ahial Oluy b (gylel SIS FY) Vo 08 lod ¢ Jgm) oo (slie € Siign s pe
NI L) ] (y5 040 13 At (slo gysls ML olS > p S 318

Ol o8l 2l 85 x50 Wl £y5 Y geame plail 5 ol a2 (e 5 A larme ) redlS il lie oy (WWAY) ot BBk

REFERENCES

Abbasi, M. R., & Sepaskhah, A. R. (2022). Evaluation of saffron yield affected by intercropping with winter
wheat, soil fertilizers and irrigation regimes in a semi-arid region. International Journal of Plant
Production, 16(3), 511-529. https://doi.org/10.1007/s42106-022-00194-4

Aftab, K., Igbal, S., Khan, M. R., Busquets, R., Noreen, R., Ahmad, N., ... & Ouladsmane, M. (2023).
Wastewater-irrigated vegetables are a significant source of heavy metal contaminants: toxicity and health
risks. Molecules, 28(3), 1371. https://doi.org/10.3390/molecules28031371

Alhashimi, A., Abdelkareem, A., Amin, M. A., Nowwar, A. |., Fouda, A., Ismail, M. A., ... & Said, H. A.
(2024). Eco-friendly approach to decrease the harmful effects of untreated wastewater on growth, yield,
biochemical constituents, and heavy metal contents of carrot (Daucus carota L.). Environmental Science
and Pollution Research, 1-16. https://doi.org/10.1007/s11356-024-31869-2

Ammeri, R. W., Hidri, Y., Souid, F., Simeone, G. D. R., Hajjaji, F., Moussa, M., ... & Eturki, S. (2023).
Improvement of degraded agricultural soil in an arid zone following short-and long-term treated
municipal wastewater application: a case study of Gabes perimeter, Tunisia. Applied Soil Ecology, 182,
104685. https://doi.org/10.1016/j.apsoil.2022.104685

Angelova, V., Ivanova, R., Delibaltova, V., & Ivanov, K. (2004). Bio-accumulation and distribution of heavy
metals in fibre crops (flax, cotton and hemp). Ind. Crops. Prod., 19(3), 197-205.
https://doi.org/10.1016/j.indcrop.2003.10.001

Asano, T., Burton, F., Leverenz, H., Tsuchihashi, R., & Tchobanoglous, G. (2007). Water reuse: Issues,
technologies, and applications. United States of America: McGraw-Hill Professional Publishing.

Batarseh, M. I., Rawajfeh, A., loannis, K. K., & Prodromos, K. H. (2011). Treated municipal wastewater
irrigation impact on olive trees (Olea Europaea L.) at Al-Tafilah, Jordan. Water, Air, & Soil
Pollution, 217, 185-196.
https://www.academia.edu/6357678/Treated_Municipal_Wastewater_Irrigation_Impact_on_Olive_Tree
s Olea Europaea L _at Al Tafilah Jordan

Bedbabis, S., Trigui, D., Ahmed, C. B., Clodoveo, M. L., Camposeo, S., Vivaldi, G. A., & Rouina, B. B.
(2015). Long-terms effects of irrigation with treated municipal wastewater on soil, yield and olive oil


https://doi.org/10.1007/s42106-022-00194-4
https://doi.org/10.3390/molecules28031371
https://doi.org/10.1007/s11356-024-31869-2
https://doi.org/10.1016/j.apsoil.2022.104685
https://doi.org/10.1016/j.indcrop.2003.10.001
https://www.academia.edu/6357678/Treated_Municipal_Wastewater_Irrigation_Impact_on_Olive_Trees_Olea_Europaea_L_at_Al_Tafilah_Jordan
https://www.academia.edu/6357678/Treated_Municipal_Wastewater_Irrigation_Impact_on_Olive_Trees_Olea_Europaea_L_at_Al_Tafilah_Jordan

yvyy .. oS i5 DL; BL) ’,.M"’ u‘).‘ﬁ g,,.? 9 ML:J, Zol)&.oab 9 L“u,.oj (‘:w.bgf - ‘_@J&)

quality. Agricultural Water Management, 160, 14-21. https://doi.org/10.1016/j.agwat.2015.06.023

Ensink, J. H., Van Der Hoek, W., Matsuno, Y., Munir, S., & Aslam, M. R. (2002). Use of untreated wastewater
in  peri-urban agriculture in  Pakistan: Risks and opportunities (Vol. 64). IWMI.
https://www.iwmi.cgiar.org/Publications/IWMI_Research_Reports/PDF/pub064/Report64.pdf

EU, (2006). Commission regulation (EC) No. 1881/2006, setting maximum levels for certain contaminants in
foodstuffs. Official Journal of the European Union, 364: 5-24.

FAO/WHO, (2001). Codex Alimentarius Commission, Food additives and contaminants. Geneva: Joint
FAO/WHO Food Standards Program.

FAO/WHO, (2007). Joint FAO/WHO, Food Standard Programme Codex Alimentarius Commission, 13%"
Session. Report of the Thirty Eight Session of the Codex Committee on Food Hygiene. Houston, TX,
USA.

Farmanifard, M., Ghamarnia, H., Pir-saheb, M. & Fattahi, N. (2015). Study of the accumulation of heavy
metals in different crops under the influence of irrigation with Kermanshah municipal reclaimed
wastewater. Journal of Water and irrigation management, 6(2), 347-365. (In Persian).
https://sid.ir/paper/240087/fa

Ghamarnia, H., Abbasi, M. R., & Farmanifard, M. (2024). Effects of irrigation with Kermanshah municipal
reclaimed wastewater on the content and distribution of heavy metals in faba bean plant (Vicia faba L.).
Advanced Technologies in Water Efficiency, 4(1), 1-18. (In Persian)
https://doi.org/10.22126/atwe.2024.10069.1070

Ghosh, A. K., Bhatt, M. A., & Agrawal, H. P. (2012). Effect of long-term application of treated sewage water
on heavy metal accumulation in vegetables grown in Northern India. Environmental monitoring and
assessment, 184, 1025-1036. https://doi.org/10.1007/s10661-011-2018-6

Goyal, M. R. (Ed.). (2016). Wastewater management for irrigation: principles and practices. CRC Press.
https://doi.org/10.1201/b18967

Hamoud, Y. A., Shaghaleh, H., Zia-ur-Rehman, M., Rizwan, M., Umair, M., Usman, M., ... & Alghanem, S.
S. M. (2024). Cadmium and lead accumulation in important food crops due to wastewater irrigation:
Pollution index and health risks assessment. Heliyon, 10(3), e24712.
https://doi.org/10.1016/j.heliyon.2024.e24712

Hasan, H., Battikhi, A., & Qrunfleh, M. (2015). Impacts of treated wastewater reuse on some soil properties
and production of Gladiolus communis. Jordan Journal of Agricultural Sciences, 11(4).
https://archives.ju.edu.jo/index.php/jjas/article/view/11040

Hashem, M. S., & Qi, X. (2021). Treated wastewater irrigation—A review. Water, 13(11), 1527.
https://doi.org/10.3390/w13111527

Hasheminasab, K. S., Shahbazi, K., Marzi, M., Zare, A., Yeganeh, M., Bazargan, K., & Kharazmi, R. (2023).
A study on wheat grain zinc, iron, copper, and manganese concentrations and their relationship with grain
yield in major wheat production areas of Iran. Journal of Agriculture and Food Research, 100913.
https://doi.org/10.1016/j.jafr.2023.100913

Ingole, M. N., Babhulkar, V. P., & Mairan, N. R. (2024). Impact of sewage water irrigation on nutrient
contents, heavy metal accumulation and yield of chickpea in peri urban areas of Nagpur district.
International Journal of  Statistics and  Applied Mathematics, 9(1): 48-50.
https://www.mathsjournal.com/pdf/2024/vol9issuelS/PartA/S-9-1-9-189.pdf

Jimenez, B., & Asano, T. (2008). Water reclamation and reuse around the world. Water Reuse: an international
survey of current practice, issues and needs, 14, 3-26. https://doi.org/10.2166/9781780401881

Jinadasa, K.B.P.N., Milham, P.J., Hawkins, C.A., Cornish, P.S., Williams, P.A. & Kaldor, C.J. (1997). Survey
of cadmium levels in vegetables and soils of Greater Sydney, Australia. J. Environ. Qual., 26(4), 924—
933. https://doi.org/10.2134/jeq1997.00472425002600040002x

Khan, A., Khan, S., Alam, M., Khan, M. A., Aamir, M., Qamar, Z., ... & Perveen, S. (2016). Toxic metal
interactions affect the bioaccumulation and dietary intake of macro-and micro-nutrients. Chemosphere,
146, 121-128. https://doi.org/10.1016/j.chemosphere.2015.12.014

Khan, Z. I., Haider, R., Ahmad, K., Alrefaei, A. F., Mehmood, N., Memona, H., ... & Ugulu, I. (2023). The
Effects of Irrigation with Diverse Wastewater sources on Heavy Metal Accumulation in Kinnow and
Grapefruit  samples and  Health  Risks  from  Consumption. Water, 15(19),  3480.
https://doi.org/10.3390/w15193480

Khawla, K., Besma, K., Enrique, M., & Mohamed, H. (2019). Accumulation of trace elements by corn (Zea
mays) under irrigation with treated wastewater using different irrigation methods. Ecotoxicology and
Environmental Safety, 170, 530-537. https://doi.org/10.1016/j.ecoenv.2018.12.025


https://doi.org/10.1016/j.agwat.2015.06.023
https://www.iwmi.cgiar.org/Publications/IWMI_Research_Reports/PDF/pub064/Report64.pdf
https://doi.org/10.22126/atwe.2024.10069.1070
https://doi.org/10.1007/s10661-011-2018-6
https://doi.org/10.1201/b18967
https://doi.org/10.1016/j.heliyon.2024.e24712
https://archives.ju.edu.jo/index.php/jjas/article/view/11040
https://doi.org/10.3390/w13111527
https://doi.org/10.1016/j.jafr.2023.100913
https://www.mathsjournal.com/pdf/2024/vol9issue1S/PartA/S-9-1-9-189.pdf
https://doi.org/10.2166/9781780401881
https://doi.org/10.2134/jeq1997.00472425002600040002x
https://doi.org/10.1016/j.chemosphere.2015.12.014
https://doi.org/10.3390/w15193480
https://doi.org/10.1016/j.ecoenv.2018.12.025

(oot — soke) YET sladldpo (0 8)lows 00 8,95 ¢yl yal STé g o ligics VYA

Kiziloglu, F.M., Turan M., Sahin U., Kuslu Y. & Dursun A. 2008. Effects of untreated and treated wastewater
irrigation on some chemical properties of cauliflower (Brassica olerecea L. var. botrytis) and red cabbage
(Brassica olerecea L. var. rubra) grown on calcareous soil in Turkey. Agricultural Water Management,
95:716 -724. https://doi.org/10.1016/j.agwat.2008.01.008

Kristensen, P., Whalley, C., Zal, F. N. N., & Christiansen, T. (2018). European waters assessment of status
and pressures 2018. EEA Report, (7/2018). https://www.eea.europa.eu/publications/state-of-water

Langaas, S. Microplastics (MP) in Sewage Sludge and Agriculture. ISSN 1977-8449 Available
online: https://phosphorusplatform.eu/images/download/ESPP-meeting-sludge-2018/ESPP-4-12-2018-
Langaas.pdf (accessed on 8 November 2020).

Mishra, S., Kumar, R., & Kumar, M. (2023). Use of Treated Sewage or wastewater as an Irrigation Water for
Agricultural Purposes-Environmental, Health, and Economic Impacts. Total Environment Research
Themes, 100051. https://doi.org/10.1016/j.totert.2023.100051

Mkhinini, M., Boughattas, 1., Alphonse, V., Livet, A., Grusti-Miller, S., Banni, M., & Bousserrhine, N. (2020).
Heavy metal accumulation and changes in soil enzymes activities and bacterial functional diversity under
long-term treated wastewater irrigation in East Central region of Tunisia (Monastir governorate).
Agricultural Water Management, 235, 106150. https://doi.org/10.1016/j.agwat.2020.106150

Muchuweti, M., Birkett, J. W., Chinyanga, E., Zvauya, R., Scrimshaw, M. D., & Lester, J. N. (2006). Heavy
metal content of vegetables irrigated with mixtures of wastewater and sewage sludge in Zimbabwe:
implications for human health. Agriculture, ecosystems & environment, 112(1), 41-48.
https://doi.org/10.1016/j.agee.2005.04.028

Piotrowska, A., lamarino, G., Rao, M.A. & Gianfreda L. (2006). Short-term effects of olive mill waste water
(OMW) on chemical and biochemical properties of semi-arid Mediterranean soil. Soil Biology and
Biochemistry, 38: 600-610. https://doi.org/10.1016/j.s0ilbio.2005.06.012

Qadir, M., Wichelns, D., Raschid-Sally, L., McCornick, P. G., Drechsel, P., Bahri, A., & Minhas, P. S. (2010).
The challenges of wastewater irrigation in developing countries. Agricultural water management, 97(4),
561-568. https://doi.org/10.1016/j.agwat.2008.11.004

Reynolds, W. D., Drury, C. F.,, Tan, C. S,, Fox, C. A., & Yang, X. M. (2009). Use of indicators and pore
volume-function characteristics to quantify soil physical quality. Geoderma, 152(3-4), 252-263.
https://doi.org/10.1016/j.geoderma.2009.06.009

Santos, A.F.; Santos, C.P.; Matos, A.M.; Cardoso, O.; Quina, M.J. (2020). Effect of Thermal Drying and
Chemical Treatments with Wastes on Microbiological Contamination Indicators in Sewage
Sludge. Microorganisms, 8(3), 376. https://doi.org/10.3390/microorganisms8030376

Scheierling, S. M., Bartone, C., Mara, D. D., & Drechsel, P. (2010). Improving wastewater use in agriculture:
An emerging priority. World Bank Policy Research  Working Paper, (5412).
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=1673052

SEPA, (2005). The limits of pollutants in food. China: State Environmental Protection Administration.
GB2762-2005.

Tang, G., Zhang, X., Qi, L., Li, L., Guo, J., Zhong, H., ... & Huang, J. (2022). Nitrogen and Phosphorus
Fertilizer Increases the Uptake of Soil Heavy Metal Pollutants by Plant Community. Bulletin of
Environmental Contamination and Toxicology, 109(6), 1059-1066. https://doi.org/10.1007/s00128-022-
03628-x

United Nations (2015). General Assembly Resolution 70/1: Transforming Our World: The 2030 Agenda for
Sustainable Development. UN Doc A/RES/ 70/1 (September 25, 2015). https://www.itu.int/en/ITU-
T/Workshops-and-Seminars/2022/0808/Documents/Shailendra%20Kumar%20Mishra%20.pdf

US EPA. Basic Information about Water Reuse. Available online: https://www.epa.gov/waterreuse/basic-
information-about-water-reuse (accessed on 12 September 2022).

WHO. (2006). Guidelines for the safe use of wastewater, excreta and greywater. WHO Policy and Regulatory
Aspects, 1.
https://scholar.google.com/scholar_lookup?title=WHO+Guidelines+for+the+Safe+Use+of+Wasterwate
r+Excreta+and+Greywater&author=WHO&publication_year=2006

World Health Organization. (2006). WHO guidelines for the safe use of wasterwater excreta and greywater
(Vol. 1). World Health Organization.
https://books.google.com/books?hl=en&lr=&id=uJJ3UIPGtFIC&oi=fnd&pg=PR9&o0ts=wS4l_Ygf6h&
sig=C8_Xy8egbkuVcQLBXnRqUJDOhfQ#v=0nepage&q&f=false

Yargholi, B. (2007). Investigating the amount of cadmium absorption from the root environment and its
accumulation in the different parts of the crops. Doctoral Dissertation. Tehran: University of Tehran. (In


https://doi.org/10.1016/j.agwat.2008.01.008
https://www.eea.europa.eu/publications/state-of-water
https://phosphorusplatform.eu/images/download/ESPP-meeting-sludge-2018/ESPP-4-12-2018-Langaas.pdf
https://phosphorusplatform.eu/images/download/ESPP-meeting-sludge-2018/ESPP-4-12-2018-Langaas.pdf
https://doi.org/10.1016/j.totert.2023.100051
https://doi.org/10.1016/j.agwat.2020.106150
https://doi.org/10.1016/j.agee.2005.04.028
https://doi.org/10.1016/j.soilbio.2005.06.012
https://doi.org/10.1016/j.agwat.2008.11.004
https://doi.org/10.1016/j.geoderma.2009.06.009
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=1673052
https://doi.org/10.1007/s00128-022-03628-x
https://doi.org/10.1007/s00128-022-03628-x
https://www.itu.int/en/ITU-T/Workshops-and-Seminars/2022/0808/Documents/Shailendra%20Kumar%20Mishra%20.pdf
https://www.itu.int/en/ITU-T/Workshops-and-Seminars/2022/0808/Documents/Shailendra%20Kumar%20Mishra%20.pdf
https://www.epa.gov/waterreuse/basic-information-about-water-reuse
https://www.epa.gov/waterreuse/basic-information-about-water-reuse
https://scholar.google.com/scholar_lookup?title=WHO+Guidelines+for+the+Safe+Use+of+Wasterwater+Excreta+and+Greywater&author=WHO&publication_year=2006
https://scholar.google.com/scholar_lookup?title=WHO+Guidelines+for+the+Safe+Use+of+Wasterwater+Excreta+and+Greywater&author=WHO&publication_year=2006
https://books.google.com/books?hl=en&lr=&id=uJJ3UIPGtFIC&oi=fnd&pg=PR9&ots=wS4l_Ygf6h&sig=C8_Xy8egbkuVcQLBXnRqUJD0hfQ#v=onepage&q&f=false
https://books.google.com/books?hl=en&lr=&id=uJJ3UIPGtFIC&oi=fnd&pg=PR9&ots=wS4l_Ygf6h&sig=C8_Xy8egbkuVcQLBXnRqUJD0hfQ#v=onepage&q&f=false

yva .. oS 55 ols BL) St u‘).‘ﬁ Ry 9 ML:J, Zol)&.oab 9 L“u,.oj (‘:w.bgf . ‘_@J&)

Persian).

Younis, U., Malik, S. A., Rizwan, M., Qayyum, M. F., Ok, Y. S., Shah, M. H. R., ... & Ahmad, N. (2016).
Biochar enhances the cadmium tolerance in spinach (Spinacia oleracea) through modification of Cd
uptake and physiological and biochemical attributes. Environmental Science and Pollution Research, 23,
21385-21394. https://doi.org/10.1007/s11356-016-7344-3


https://doi.org/10.1007/s11356-016-7344-3

(oio3s — soke) VEY pladl o 0 8)lows 00 8,93 oyl sl ST g o ligics YA+

Accumulation and distribution of heavy metals in coriander plant (Coriandrum
sativum L.) under the influence of irrigation with treated municipal wastewater

EXTENDED ABSTRACT

Introduction

Iran, as one of the arid and semi-arid regions of the world, is facing a drastic decrease in renewable water
resources, and the demand for high-quality water in this country is expected to increase. This has forced the decision
makers to preserve better quality water resources for urban and drinking purposes and less quality water resources
(such as reclaimed wastewater) to be allocated for purposes such as irrigation of crops, vegetables and green spaces.
In the meantime, the accumulation of heavy metals within different tissues of the crops and vegetables (especially
leafy ones) irrigated with reclaimed wastewater, is still unclear. Therefore, the concentration of these metals in the
plants should be measured and monitored, regularly due to their risk of entering the human food cycle and bringing
about diseases. Hence, in this study, the effects of irrigation with treated municipal wastewater on the accumulation
of heavy metals in the roots and aerial parts of the coriander plant (Coriandrum sativum L.) were investigated and
compared with that in coriander irrigated with well water (control treatment).

Materials and Methods

This research was conducted in Kermanshah city with a semi-arid-cold climate. Kermanshah municipal
wastewater treatment plant is located in the southwest of the city with an area of 78 hectares. This treatment plant
collects wastewater from a population of 400,000 people, so its daily discharge capacity is 60,000 cubic meters. The
treatment process in this wastewater treatment plant is a conventional activated sludge method. In this research, the
fields under coriander cultivation were located at the downstream of the treatment plant, each with an area of nearly
5 hectares. The lands under irrigation with treated wastewater were always irrigated with the effluents of the
treatment for nearly 20 years, and the control treatments, were also irrigated with well water for many years. At the
time of harvesting, a number of whole coriander plants (roots and aerial parts) from different parts of each treatment
were randomly harvested in three replicates. The different parts of each plant were washed to eliminate possible
pollutants. Then, the drying process of the plant samples was carried out. Finally, different parts of each plant,
including aerial parts and roots were crushed and ground. Plant samples were digested using the method described
by Batarse et al. (2011). An atomic absorption device (Spectra AA 220 model) was used to measure the
concentration of heavy metals in samples. The experimental design was carried out in three replications in a
completely randomized design (CRD) arrangement with two irrigation treatments including irrigation with
reclaimed wastewater and irrigation with well water. Data were analyzed using Minitab 16.2.4. The mean
comparison test was performed at 1 and 5% of probability levels using Tukey's method.

Results and discussion

The results showed that the concentration of all investigated heavy metals in different parts (roots and aerial
parts) of coriander plant irrigated with reclaimed wastewater was significantly higher than that of the control
treatment (irrigated with well water). However, fortunately, the concentration of all these metals within all the plant
parts of the coriander plant was evaluated to be lower than the permissible levels for heavy metals in vegetables.
Therefore, in the current situation of the shortage of water resources in Kermanshah province, reclaimed wastewater
provides a unique and viable supply of water for the irrigation of vast areas of coriander cultivation in such a way
that it does not pose any threat to human health in terms of the accumulation of heavy metals in the plant.

Conclusions

Understanding the accumulation of heavy metals in plant tissues is critical to address environmental and food
safety concerns. By comparing the concentration of heavy metals in plant tissues with permissible levels, potential
risks can be identified and strategies can be developed to minimize the impact of heavy metals pollution. This
research is important and necessary to maintain the health of the ecosystem and human beings in the face of
increasing demand for the use of non-conventional water in arid and semi-arid regions due to successive droughts
and water resources crises. In this research, the concentrations of heavy metals in plant tissues were found to be
non-hazardous to human health. However, regularly measurement of heavy metals in the effluent and within the
plant tissues should not be stopped.

Keywords: Accumulation of Heavy Metals in Plants, Kermanshah Municipal Wastewater Treatment Plant, Unconventional
Waters, Uptake, Water Resources Crisis.



