Advanced Technologies in Water Efficiency

homepage:https://atwe.razi.ac.ir Online ISSN:2783-4964 \'\/

Razi University

Effects of irrigation with Kermanshah municipal reclaimed wastewater on the
content and distribution of heavy metals in faba bean plant (Vicia faba L.)

Houshang Ghamarnia *® | Mohammad Rasoul Abbasi 22 2 Milad Farmanifard 3

! Professor, Department of Water Science and Engineering, Faculty of Agriculture, Razi University,
Kermanshah, Iran. E-mail: hghamarnia@razi.ac.ir

2 Corresponding Author, Postdoctoral fellowship, Department of Water Science and Engineering, Faculty
of Agriculture, Razi University, Kermanshah, Iran. E-mail: m.abasi@razi.ac.ir

*Ph.D. graduated of Irrigation and Drainage, Department of Water Science and Engineering, Faculty of
Agriculture, Razi University, Kermanshah, Iran. E-mail: milad.farmanifard@gmail.com

ABSTRACT

The reduction of renewable water resources in arid and semi-arid regions of the world and on the other hand, the increase in the demand for high-
quality water resources has forced the dicision makers to allocate water resources of higher quality for urban and drinking purposes and water
resources of lower quality (such as municipal reclaimed wastewater) to be allocated for purposes such as agriculture, industry and green spaces.
However, the situation of accumulation of heavy metals in various parts (tissues) of crops irrigated with wastewater is still unclear and due to the
risk of these metals entering the human food cycle, it should be measuered and monitored regularly. In this research, the effects of irrigation with
treated municipal wastewater on the accumulation of heavy metals in the roots, aerial parts and seeds of the faba bean plant (Vicia faba L.) were
investigated and compared with concentration of heavy metals in the faba bean plant irrigated with well water (as a control treatment).The results
showed that the concentration of all the heavy metals in different parts of the faba bean plant under the wastewater treatment was significantly
higher than the well water treatments, so that the concentration of iron and cadmium in the root (non-edible part) of the faba bean plant was higher
than the standards’ limits. The concentration of copper and manganese in different parts of faba beans was lower than the permissible limits. The
concentration of cadmium and zinc in the grain is higher than the standards’ limits, so measures should be taken to reduce the concentrations of
these metals in the effluent.
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1.Introduction

On the one hand, like the arid and semi-arid regions of the world, Iran is facing a decrease in renewable water resources and on the other hand an
increase in the demand for high-quality water. This has forced the dicision makers to preserve better quality water resources for urban and drinking
purposes and less quality water resources (such as municipal reclaimed wastewater) to be allocated for purposes such as irrigation of agricultural
crops, vegetables and green spaces. In the meantime, the situation of the accumulation of heavy metals in different parts of the crops and
vegetables 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 entering the human food cycle and bringing about diseases. Therefore, in this study, the effects of
irrigation with treated municipal wastewater on the accumulation of heavy metals in the roots, aerial parts and seeds of the faba bean plant (Vicia
faba L.) were investigated and compared with concentration of heavy metals in the faba bean plant irrigated with well water (as a control
treatment).

2. Methodology

2.1. Experimental site and Kermanshah municipal wastewater treatment plant

This research was conducted in Kermanshah city with a semi-arid-cold climate. The average long term annual temperature and precipitation of
this city is 14.3 degrees Celsius and 444 mm, respectively, where most of the precipitation occurs between the months of November and May.
Kermanshah municipal wastewater treatment plant is located in the southwest of the city with an area of 78 hectares. This treatment plant collects
waste water from a population of 400,000 people, so that its daily discharge capacity is 60,000 cubic meters. The treatment process in this waste
water treatment plant is a conventional activated sludge method, which includes primary, secondary and tertiary treatment stages. In this research,
the fields under faba bean cultivation were located at the downstream of the treatment plant, each with an area of nearly 5 hectares. The lands
under irrigation with treated waste water were always irrigated with the effluents of the treatment plant using the traditional surface irrigation
method for nearly 10 years, and the control treatments, were also irrigated with well water for many years.

2.2. Collecting and preparing plant samples
At the time of crop harvesting, a number of whole faba bean plants (roots, aerial parts and seeds) from different parts of each treatment (farm)
were randomly harvested in three replicates. Afterwards, the different parts of each plant were washed with "triple distilled water" in order to
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eliminate possible pollutants. After the washing process, the drying process of the plant samples was carried out in the vicinity of the open air.
Then, different parts of each plant, such as the seeds, aerial parts and roots were crushed and ground and packed in plastic bags as plant samples.

2.3. Measurement of heavy metal concentration
Plant samples were digested using the method described by Batarse et al. (2011). An atomic absorption device (Spectra AA 220 model) [made by
VARIAN factory in Australia] was used to measure the concentration of heavy metals in each sample.

2.4. Statistical Analysis Statistical Analysis

The statistical analysis was carried out in the form of a completely randomized design (CRD) with three replications and two irrigation treatments
viz, treated waste water and well water (as control). The measured parameters were analyzed and evaluated using MiniTab 17.0, SAS 9.1 and
MSTATC statistical softwares. After performing the test of normality of the data, comparison of means tests was performed at 1 and 5 percent of
probability levels using Duncan's method.

3. Results and discussion

The results showed that the concentration of all the heavy metals in different parts of the faba bean plant under the wastewater treatment was
significantly higher than the well water treatments, so that the concentration of iron and cadmium in the root (non-edible part) of the faba bean
plant was higher than the standards’ limits. The concentration of copper and manganese in different parts of faba beans was lower than the
permissible limits. The concentration of cadmium and zinc in the grain is higher than the standards’ limits, so measures should be taken to reduce
the concentrations of those metals in the effluent.

4. 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 with existing standards, potential risks can be identified and strategies can be developed to minimize the impact of
heavy metal pollution. This research is very important and necessary to maintain the health of the ecosystem and human well-being in the face of
increasing demand for the use of non-conventional water in arid and semi-arid regions due to successive droughts and the crisis of water
resources. Efforts to reduce the pollution of heavy metals cadmium and zinc in the effluent of treated wastewater, which in this research were
found to be hazardous to human health, include specific and additional treatment of these two metals from the effluent, implementation of
appropriate waste management practices, improvement of industrial processes, regulating the use of specific products and using effective
technologies for wastewater treatment. Supervisory and management measures are also necessary to control the release of heavy metals in water
resources.

5. References

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_lrrigation_Impact_on_Olive_Trees_Olea_Europaea_L_at_Al_Tafilah_J
ordan

6. Conflict of Interest
The authors have no conflicts of interest to declare.

7. Acknowledgments
The authors would like to thank Razi University for providing the facilities to carry out the lysimetric and laboratory experiments of this study.

Cite this article: 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, DOI: 10.22126/atwe.2024.10069.1070

Publisher: Razi University © The Author(s).




1 639 0y 3 by G (9l

,\'\_/, YVAY-¥4¢¥f Iu,-{:i)jg‘ L https://atwe.razi.ac.ir '« i eli.:} U};,,{Z],

39 i O30 0358 3 SR 3 oo ¥ 5 365 SO ok s b 5T 1
Wb ol

"3l 8 3Yea 7B lee Jguwy tozme (11 503 Skiig
hghamarmia@razi.ac.ir :asbll, .yl wlisle,S g3y ol8uisls ¢(gjyslisS 018l o] iz g psls 05,5 slil |
m.abasi@razi.ac.ir :aebll, .yl oliile S ¢ ¢l oKl ¢ ¢ 5y9LiS 0aSuisly ol ouwrdinee 5 pole 09,5 ¢ 6y 3luy Tty ¢ Jgtmo 0din 95 '
milad.farmanifard@gmail.com :asbbl, .l ! colisle,S ¢y oSl «(55,5LiS 018l> ol i 5 pole 09,5 iS5 5 6 )lal (55> widgol yisly "

LS

-

53 G 3 Sl Ol 4y alitod (el Lol o 381 g gy ) Lo Siibass 9 St (3blio 3 pdgaios Of glie talS
hlize slaplil ) (S il gaod Cundg bl gl 4SS e (slad 5 o (sl men (Bilae Ul (erdabar
Db Gl (gl pludl (S 2 4 Sl (plg)0 jlas s a5 canl et Glames Glug b osd il (o5 @Y as
Pl ey )3 pSow Sl ety dald e lgisa ol Ol b dwlie ) (50 sddadual Olay b )bl @Il Jimgs ol
Oppods Clay o cod WL olS slaplal 3 (i Clils plos goos o ol (Lt ol A (g ML ol a5 (olon
el 1,5 il 5Vl ML (STye8 e pll) didy, 5 powedls’ g pal Cile > S 39y oy T (glayles j1 stk (53 sine

ety 81 Gl 53 38 93 ol GialS (gl lauged b log3) 5 0 alss Slojas 2oV (gl lasd] bawsgi ;S0 L5 puno

/uim 9 w.m.!lf “«59) ‘U’b’i Mo @DU cui @L.n u])?o cd)l.xmb dtmg.j RWEW. =Y u)’tols ‘C;w.u)]am ujbgﬂ :‘5.\.&15 ‘5&0)‘9
DL; )3

g5y dlis 1l £od
VEeY (000 oV 1 Suig pSIl ola V¥ 35008 Y 1 prdy VFY waul Ve iz Weol VF-Y (00 3T 1Bl 40 1l Ayl

ML ol > oS il @ g clale p oliile)S (¢ e NS oBaniiar Cluy b syl 51 (VFT) o 3 loyd g pp cowlis co diiyad L]
10.22126/atwe.2024.10069.1070 : Juous awls A-VA (V) F e/ (£y9000 0 Spitar (lagsyglis

kg © Sl 520
BY NC



https://orcid.org/0000-0003-2106-1075
https://orcid.org/0000-0001-5537-4788
https://orcid.org/0000-0002-4667-9130
https://orcid.org/0000-0003-2106-1075
https://orcid.org/0000-0001-5537-4788
https://orcid.org/0000-0002-4667-9130
https://orcid.org/0000-0003-2106-1075
https://orcid.org/0000-0001-5537-4788
https://orcid.org/0000-0002-4667-9130

-A c(\)i REXA ¥ ‘yid)gb%)b ww dud)gw/u‘)&w’bgly}os

douie

ol caonl e Sle Sl claculd § caio (65ygliS wiliste clapiamwsS] | coles g Ol bis gl op o Ol gbie
(Jocall ol (5)950 (S5 Jols Laio g (65) 0l die alg ecudlin (aeldl (sl Ol 15 85 0udlb (lgied |y e
ds0 e ol e g Cusl G b 3 dtugy soboa Ol (el Lo (alon 5 O St 5 (i nd gmaz 013 4 L
FNE Jlo )3 (Y0¥ lSen 5 oglo) ol osd s (23100« Lo 1 e o 51 ilan odlisel o g bty 18 o 3l Lt
(ol (VXY sy 5 o) 1 oslizal (S Bjlae 5 o «gysliS sl ooz e o plie ) S ie gub 5 ¥ g0
3ol 35be 35 Glnl Olee cpl ) 28b (b w005 £ 1 a8 Wb cnped O Sl (i (Sl wite ol S0k zolaw b (4
Ol G b et O @lie St by 5 il IS anex Gl U 4 plee SiSdag 5 Sis sble
(VoYY Jolgs ol 5 wlie) Conl 003 anlge (65,5058 &Y guamn ()bl (sl oy O molio S9s0S
Sy Com sl (sl g dde Blaal (gl o] 5 Sae o3lital g aial 5 ilise plte Sl O bk el (o 5l saoe odlizal oo
2y O gl aise gm0 |y O ()lil g Cutal 5 03,8 wal3 jlinyge O el (sl (il O el Sl sl cnl o)l
S enped] Glise lapian bug & 690 ol (e OB (s OB 5l Blojke i odlitel (gly Lulyd
g oiiyS 9 VY TGl Calasme cllis glojle) (b @lio 5 spsbiS Sy 5 ol o Jlaseial s olsjesies
el 31 e sibpope Hlgien cnped ol gl (28 5 390a8 Gl b Ablie (sl ba)lSal, (S ol ol AT (YOA S e
D9l dS Dgui oo 03] (pmedd Loy y&5 AL jew (glad o Clel (ely; LS o)lul gl (o y4d oaddbal OMSE eored GB)lxiio e O]
S 1y s T (55,5l slgymes ) os Ve Loy a5 39000 (sill OB b oo g )3 ooy sl U5 (gaee Y+
STl 3 58 npte Clgiie $inkiS G5 3 o o ple Gl G3gmo Sg) 4 g b oS (V1P JLsS) a3
9 Sipml) b 2l (550l i )3 OF 2geeS Gl (el sl U ol lgiedr sndadiar NSl osliul sl Sl JWI
Y game o)kl sly (KB oadahal ool j oslizel il £ ol b (Yood SoliKon o slighiS 5 YooY L) Kon
STz 8 (oo Iy G2l Cunl bl 0193 0 MSB (gilla, 51 (30 &S (o slac] pols Jlo (Sl eMSe 5l (g e (555588
SaS gt Ol e Lis 4 bisas a5 39 0 d5u, (Sdaw o] 9y 4 o slaeauVT g ML | cieS clale 4w
digias 45 (535S SN guazea gy St ((P) s 5 (N) (g Bdes) lg 13 gge (siho dlge | odlital lSal 4Ly 257 s
izt (V¥ & o)) 09,5) 35l s wilyd 1y 35 (Loslsesd slodgS 51 a8 odlitsl aeyss,s) o),5kiS (el co0lj oolatdl gilio 55
S g gy igm) catly wialgs 5028 LBl el Ty il bl Sy 3 35290 I Slse g B3l ko) Slge b
opusllySeo (Jloisl joa ozen 2o LS (55)sliS sl oadanhal U I eslial (sblje LS ) 03 (pgw j Ll (V-7
9 oV 8 ul) )5 2529 ol 5 il Ao (el 05l Jlad Sy lpiedr OIS 53 Sy San 5 gms 03l St Sl
Y guazen alise slaplii] )3 WilgS oo g o A3 LD (091 o 5 BNl L5 4 45 5uFKiw 3B ol ol 53 (VoY T LWISSY

! Santos et al

2 Ritchie and Roser

% Abbasi and Sepaskhah
*US EPA

® Kristensen et al

® Goyal

" Ensink et al

8 Kiziloglu et al

® European Comission
10 pjotrowska et al

1 santos

12| angaas



Yl oS 3 orfios 13 5 9 L il S (5 pted S o avioad ol b 5l 1,51 [

ColSen 5 ) 25l 3929 4 Camjlasne g ludl cdl lp (s s 5 S0 aull (KB Ol b otd (oll (55l
Conl Gl Hloms Conjlame g lusl codlo bis cax 4 b Olao b (655l OY g (65lo] o Copite sl U (V4D
Db byl 5 pomi olS 58 sl e sl siagh

dbl.’)' .)IJ.Z} d.§ w] k:J)AA) 9 M“’ )T cCaJL:.{ c).g 5;&/. ‘MAJK 50%1 5&9) cu,wo OM &w 9 )JB )A&t.c 4{ D.)?ﬂ L:)M.thlé S’?AM
ol o e R Z. w (A ¥ . . . Z o . .
4lo>)| UJJ.W é’l.uc )] .\J]yksp u)’t.olﬁ 2 u&m) ul)b .(Y“; ¢ ul)K.on 9 L5’99>9‘”) Al (LYo gus DL:S Ay dl).g ).«oL& L)"‘ )1
Cblgy wanl (il g (oiul)] GV game g 0dgwyd iSdg) (clapiumw (5365 5| (SL (bli w0iugd dlge (gols a8 S5 OB
A5 0dges joue 3985 blE e polaw plo g lapbcudy dmodls Jio puSiw I3l 4y 039l wlie jl 393 poume )3 &S o> Vg5 5 b
C;\)'lé UP?J’LQ )g)lblo PLe l.mu“fuﬁi 9 Lm9f )‘1 ool O d)'”L:’:S sbedlsd o dUzJ).e(JB 9 [FPHENLY uLu.u (S0
(YT ‘YOl)IS\o.a 5 osl) 5,5, Lo Slad il clacyld g K (535lsn )lgs bS5 55 i

wabats ¢ mio slaan]yd deuy oy Copte canlie slrogud slal Jols OMLB jd (uSiw clils (Sogll zals ol oD
Al gilulay S gy 5 Supde 5 ()l Gloll .ol ML abnl Fho (slag)sld (605 Ka 5 Jold GV pame i ool
3 plite jolie gz g il 4y oeie Wil ikl (el bl Dluy Do Y5k (0 ) 4 sl (gy908 o e 53 (S
o) SYeb Gpne syl Ll LlAe oyods 4 s pl ad 3)ly g 3 dS 20d LS laplul g S S @l
g i 355 bBpe 0 50 boan ¥l cpl &S 1y (VoY c\cd‘)m 5 Uied) Llod aps 1y Coodlu Canl Sen (5555l Y guasco
(VVE e 5 g ) 1 Maled o ylow sbul el b )3 byl xess

2l slois] )3 Wlgiice (S 318 5 & ity S ol g 0,5 0 Do Ay G 5l Bdas olS (9,3 4 (St I 29
L (Y- fol)lfw.m 5 o) Lad Jite iy 5 oo Jio (SThed sla ity 5 olen plil ammen ol slaplul Sod a4y 5005 S >
e . . e e. P IR S v 2. V < - . he 3 .
‘AQ)\? wlS Ep 4 (SN ‘_’JLM,S 2 e ul)ls ZoS F Jb&glb .(Y~\f’ ‘ Ol)&‘""’ 9 Ol>) S J9...a.'>m CuS u.u.mlf 4 oo
D SB g gylol T s alils ol clale
ol ol o b duglio )3 (5 yd oaBasal Sl Yl b )lul o (3950 CulS gy ooty () 23y90 dilale )3 45) M oS
g siligy (ol lilinl b duslie 5 o o gols &5 ol oddb gy p B3l Mels b LB g )1,SS aw o (JS) wals o lgieay
Cuol Cuonl b jlaw ply g ludl oD baas (gl MBL olS ol el s Ol ) ool Tuuo Copde jD Oy sla yingh

Aoled pdaly ol 0 1) b o piagh )3 3590 MS Wlg e

! Hasan et al

2 Muchuweti et al
3 Aftab et al

4 Ghosh et al

® Christou et al

& Younis et al

" Khan et al



VVA {V)E VEY o (599 0500 3 438 pby 510 (59U /] \Sd 5 i po |

AR 3 A 9 (6 (Jlw

Gy ordada; Olay 5l Sldllas oyl ) el srdplosl (65,98 wol)) oylol (lp (8L3L O 5l enlatuly e 53 (oaxie Slallas
D oyad 5 el b oaSplonl ddllas B led,S odlitul ol Jgaze kS 5 SB Lain o) 5 Jsame L) deie
S 55 (F& 5 ZN M) oo ol SI3ls 5 lacSis esiio by Slga o slgo sl s PH il ceely il ol 5l eslizal (Y+10)
izl &8 oo lon 3,85 oo i > bawgs onbal) jlome (sladlubinl Il g g9y 5Kte (S I3 i (Jloipll 29 o0
9 oS adlas Ad Sy SB )98 GRIBIL o g ey Oloj (MBS )3 5290 (gohe (IS polie S 4 8
I3l ol il oS 3 oLt sl g s lmedl ((KiBarsS gman (Ssd Gl 32 e 5 SIS sy (JSG e iS00 (2l
3 YL olS p> @l eyl polie 3)lge 5l (il 3 & sl ol Ol Jlass 1 S )3 e yobots OMSB L oad (o)lul (slasim
oo (WR0) ohlSes 5 28 o (V0 Tlien 5 5ls)) g0 96 5 Sler cutlige lojlo Lawgs oasall) jlowe atuiy ke
bl olitilo S’ 1o (b odbasiuas M I odlital b &1y (gyimr g aly o2 ) ol Cilisee (glaplil )3 ) Sis lle
Y gae slaplleles ) @uadls g (59, @l (S Gl geod Gl b (ol S48 ob (Ll @l L3S ooy S0S(
3 VL alS eloplul )3 (S Slilh Sl (5 clale ke 52 oly o b o)le] sald o 51 ey ()b stme Oygods (390
OhlSad 5 B ad 5155 K00 slaplil i adyy 0 n S Gl xesd pl g 0gMe cusld )8 addansgs (gladliilinl jlore dgas
il e Sls 5 Sy S 5 Sl (Kb sladiges ;5 i I3l geas p OB dilie e b gylul Sl (Yo3Y) T
015 (5)lel (Sl 5 Sg a5 (Shd clacuand > US55 pgredls g oo Clale adlllas ppl )3 08 gy ) o] B pas ||
Cand M L oad (o)l S90S 5 (S50 ogre )3 aalllandjgo ljlh plos ke b (Sojll JUIS Ol g ol ST oMl T
oguo (sldiges ;5 p,SolS 1 p)S Lo /AVE L +/o¥Y o3gamme )3 oy cdale 3g ity JUI Ol gols ST b osd ()bl cladiges 4
3 pguadls 3gae gy yike (63 93y ogpe (Sladiged 3 Sk p)S e VAV L o/ 0¥ 5l pg)S 0dgute AD (S 05 9 o
2 pSkS 55 5 Lo VEYO U </oVA 5l S5 dleld g puiiio b8y 90 sb ogee (sladiges 4 p)SelS 5 p)S e <AYY L /4NY
4o glp (oM jlad el polie g 3l ailjg) by gilo it HFSE () CBlE o pd g e 08y 93 b oge (sladigel
Cuslsl polie wyp guls (sl Wogro (pl CBpas b lage 2odw (698 lylas pac sdiad jlis a5 dgr jlne (sbrodgizes 4o wiljld
s Sy Ky > il pazs (ySia il e &S 2l i s s > WMSE L ord (6yll sdsle alS )3 K il
sl O3 g il plo sl 38 g (g9 el ol O b osd (bl @3 By plp VO OMSB L ()bl e
Sl 3kl s 5l piey uedlS 5 35U g slore 3l d I a8 (55 5 JK oy poyS Mo )3 g il )3 5 jlne 3l
i s ke awslis (gl 395 cldllas )3 (18AY) CliKen 5 Libli 5 (Yeo¥) ToliKon 5 Isbal(VRAY (LB) 83 L)l
Sl3lh 235 g i 5 LS bl & AS doet awimacin; e bl s alS Gilise sla atyly 5 bais 5 ond sl
20 0939 50 LS calises (glaplil oy pl g Cunl Ciglaie pSw

! Bedbabhis et al
2 Reynolds et al
8 Khan et al

* Angelova et al
% Jinadasa et al



YBL oLS' 3 (i 151 22595 9 CBUE 1 0llilo S (6 p4end OIS 0l aniead Sl U (55l 151

R399,
oLiilo,S (g s WS Aildapbini g g 90 ablaie Olasuivn

sl 3y — Suidass 5] ol 05 puel (s bbyoms bl 48 L3 g 31 e VYR) Laungie £lisy) L olisleyS’ o yo gl o
b o] clbelo cy byl it 45 ol so s FFF 5 515 5o doryd VEIY i s ol Vo Uil 5 bod (eSilio 05 plosi
Job 4 Slaiw 5 )lSa YA sois ;0 olue b il 0y s )0 olisle S b (6y4d ML Al diand aad o &) Culgud)l
Soglaon 1y 585 4l5m Feo ly imens OB il aiar oyl .ol ondgdly ¥YO AT VAT Lldlss o0 9 YFO VAT YV Lol
Gl Bjlate g5 5 Jlub o2 gy 4 Wlbahial ol 5 ddiad Al 8l carSoio Jlim £ il (3 by 4S5k ilei o0
13 gl Voo e ol odbasiad OO o> asl ol I35 bl 93 5 4l 5 gl Slodie sladias Jolye el &
And e i 1y oliile S ailauhal sdabual Ol (29)5 9 (6yglaen JUI (V) S5 sl j9y )0 cxSayin i 5o b agl

(4als) ol O b (ylol sy o Sl b gylol o )3 a0 Mol cusS cos sl 0 plool (8ly Laulpd 3 & gl opl
g B B39 (50 )3 Sl b )bl o8 Bl npnl)s g2 00bly Bl ahial Casdinly 3 LS 0 4 S5 s Sy o
(J55) sals 3l g ol (o 5 (s ) & Wb aial (298 Ol b adpon Jlo Vo 4 K055 Slojse & &S 2 oaddly
ol ol b adan 93 (sl 51 3 03,5 Bly Olay b syl o8 3] (g Cunyd 5 oS wlidg, o> sl o > o5
duglio g ol Ol 5 Cluy OF )3 3250 (S il8 ke 5 (1) Jgar )3 adlllaedyge (il S (K58 Slasie g 0ad il
5 bosls ler olojlo & bsye (¥) g 3 o1l les (slndlias ol 0150 (Y) gt 55 pine (slod ilil Sgi0r L ]
clale Bodjl Gl jlxe il ) 53 (EPA) 1 yal g jlame cbslis (uili] 5 (WHO) Sl cudlage lojls (FAO) (5,58
e s |y 5350 (sl et 5 aghans oo (V) JS el ()l (6l ey l3lo

A3, 90 glajles 5 Al asial Cuadye Y IS



- c(\)i REXA ¥ &;jid)’b,{a’)b ww dud)gw/u‘)MSly}os

addllans s po )l St K5 laasile N Jgdr

Secil oY % Ksmmhl o pygem® oMk oY bl s

Yo/AY YA/ Y

Sandy Loam VAL - .
L
YV/\ YA Y
Sandy Clay Loam \/0A o E
;
Y4 ¥/
Sandy Loam \ VY e — Qe .
YV/ee YA/NQ
Sandy Loam \/Ve RN
Y4/4- YV £
Sandy Loam V/As I ‘(7
Yo/VY Yo/
Sandy Loam \Tas LT

ine glas bzl oYU 3 g b avalie 5 okl (gl 4, LIS OF (glajleg s Ciles 3l clals Y J g

mg 1™t i s ke

EAO WHO' AT Sl AT 5l sy Sl sl 5l g3 e
ol e ol Sl
Al Y Al o/ AN o/ oY Cu) s
0 0 0 v/ VY VY YoV (Fe) ol
\ Y | Y 1 /oA V/Ye @n) ss,
o/ A o/ oer /Y AR VY (Cd) qeesls
/Y Y Y /Y \ATA e Y/ Mn) ;%

(FAO) 3,5LS 5 sl Slex Oleslu Lau g sdiadl )l 55kl
WHO) ler coilig Ol bav g5 sadashy) s lulenl
(EPA) ol G 3 Laen cBlim 15T Jane g5 sdsatll 5ol

(s D38 CBIE (505011 (61 (AL gladiged (g5Lwodkel g (5 5lc0

st (o y2) deze po cilie (slaciond I (&l 5 (olgn plul ady)) Jol5 &gr (3o Jpae cutlyy g (dumsy loj
gl Jsl g Gl ladns 0 gl ) 5 (LS (ladiges yglaen | Gy 1 iy 5 OBl S5 4w 53 5 (ol
13 45 Sagol 5 sevse Jloin] clmor VT ssg 51 B 0 0305 guid paba )l dus oo LI L olS ya cilise (claplil lKutyloj]
~Cand (3l 4 45 Pl B3] (glom yglme 1> (LS biged (3,5 S Aulh g Sl Sl g g 03935 0352 oS b el
4 oSt Sl gy Sejlil dlp SasS Sl GlacSamodly 53 5 15 Cluol 505 atyy g 2lsm plul il Sl pel oS il (gl
(Vo0 & K 5 d)Bl) w5 e olKiylej]

! Batarseh et al



YBL oLS 53 (i 138 2395 9 S 8Ll S (6 e WS 2l Al Sl b (5l 1,31

oS 138 CBLE (65051051 g (AL cladiges paid
Sl il ¥ i o & g g 45 2.8 & Gl S 1) end bl diged a1 S Y ke alS (sladiges muan (ol
oS Ol J5 o B ouilign 1) glore (s 9 05 Lol Lol S0 sl il ie Vo g Lagle Sl 2 oo ¥ clale 408
Joloeo s 33,5 o5 IS az b s 001> &)l base g g o lguy 03,8 adlsl Jlade O yid uo Yo ) & sy s po 55 1395
(VY o Kan g duybl) 0 aaily il o Y0+ & Jlate LT L ] oo sl 13 5 a8 Gl iy FY o)led 3l i1 ) oolisul |
(Wil ;528 VARIAN &b,S caLy) Spectra AA 220 Jao osl Gls olSiwd 5| diges o 53 518 o clale jioxw (ly bl
23,5 oolatuwl
S lol Juloxigay o0
aw » (CRD) ook Wals” g )lel b S B )3 MLy ol Ciliseo (slapls) (3 5K 3l pans dalllas &y bgyyo g)lel Julocisdy o5
dh)l}élfa)ﬁ» 51 oolazwl b ons d).,fo)']x»] syl )l as [plzdl (.\ml.w e Ol}l.c:tg) ol> ;j 5 oddbdbal Clu b d)lf::‘T o 99 " )lji'i
Tobw > pSke duglio yg0jl Wbodls 39 oy s plol 5l e W8S bl 5 Julos MSTATC 4 SAS 9.1 MiniTab 17.0s,b]
A plosl SOl ey 4y o3 B 5 ) Jleis]

FYVELD

YBL oLS cilliseo (gLl 13 cpfiow 318 Clale g ,lo] Juloei el
oS i sLaplal 5 (S I3 ey b s slafos 5 (o 1y (ANOVA) by 5001 Jpi ] shaadls ¥y
cbile g9y p (ol o g Slay) (ool Ol cuS o 51 a8 s o b5 odalewmdas zols ! 0108 pguas 4y (4l g olgn plal iy )) Ml
lapll S clp s clble a S d ey o i Jode cpl isren sl 039 j3 e Ao g3 Y Jlein] prdaws j3 ML ol > s l5la
= (23 Il g Of cutS o) ole 93 ol iliie 3l el o ogMe sl 0391 cglio ,SuSG b (P=0.01) (o)l sxe o ygu0ds oS oyl Ciliseo

b me S l3ls clale

! Batarseh



- c(\)i REXA ¥ &;jid)’b,{a’)b ww dud)gw/u‘)MSly}os

Slasles 5l o il Cilisun g1 53 (s S5l e (sl (ANOVA) il 50T s bt ¥ Jgar

Solal Calises
(Adj. MS) e.,\.irc’}’w1 Sla e Sl &350 a5 Sled

e £ 5238 S ol e
voove” ayad” e snan)T gave” \ o

\A/g s RNy A 080t YYXA ¢ st
U0 A2V U TS T ¢/ \A\ S 1 O Y S el

LA CANRVIL VA /) SRR CYA (O A Y LS el T
Vi) s \Y/AL oVt AOY) A Uas

Ve A0 Vs VE/TY 4/3A - (1) sy

el (S5 sy 4 s S g 53 (T i s e sl siasolis T

telie gl obol y Am3 e s 1y Bl LS ilises (slaplil 5 1) Gl S il cile (sla oy Silie duglio (F) Jpis
Ml ol sloplilelas ) (53500 5 p9adlS sy o] s o) (eSos I3l Sl Sy jo ke ol l (el odelcusday slaSilie
odnlie (F) Jodo 4 dogi b ol 030 ols O o o 6 olea clale I i (P=0.01) ol sime @ ygots Olay (65l Hlows v
i 4 SoS oS e +IAT 5 AA) paradls g al i Shs Slilh clale oty (ol Of 5 ) bl e 93 0 ) 4 35
L oS (g ooy sl 03] 3lis] MBL LS 4y 53 (ol o Jlag sl pySokS 3 oS alee <150 5 WF 5l 13 posadls 5 2 (sl
((F) Jsiz) s 42 dergi Lol ((0) Jgio) 29290 (sl slisl S9a> 51 sty slonws ol b o (o)ll (oYL oS ) 5o 56 90
Slp o5 eSS oS shee Mg /FF) cunl (0) Jgan) )bl I 5VL s 53 g9y 5 poradls clale S 3505 odaliio g5 0
95 9 powedls

Gl 4 p )OS oS e WP 5 YY) s samlie Bl alon Cuand > )l Jlagi 9 g 3 jSie g e il e ity
9 0 5 e ke (a8 g (ol Ol Yl )3 38ie g e lp i 4 p)SELS 2 S e VF 5 YR g Gl o 50 5 e 4l
jlos (sly e o cale pyiaS g (ol Ol g Cluy (slajles sl i 4 p)S5hS 2 p)S e Vg YA) DBL Wy (gylol e
ol ool Csdd MBL aity) 13 9 p S oS 2 p S ko YIF 5 VY i aroly O g by



Maly oS )3 (yeins 158 399 9 IS 1 oLl 5 (6 b VS 0045 b g 5, ] S 51

ol e (lajleg 36 o B olS andllan 350 (slaphtil 53 (Ko Sl e (5o Sle anglin £ J g

Mmgkg") ;% MOKgh wesls Mg kgh g5, (MOkgH el (MOKGY) e LS el Gl les
VevP s N0/MP AAAN? YT iy,
o s AN YvenP VYAV silso gl N
Y4/¥.© VAN AW qy/ov Yo/Nr? s
Natls e® W WY Aty i,
Yo/or* e Vary? Vo4 YAV s ol o
W Vit yaved A Vesord s

(P </00) LG (gl me S o b 3l S pie B S Bl gl S ol pSSlbe Dt o 5+

39290 (3, lailiul b duolio )3 (2L (S )3 (S O3 oS (ow) 2

N ol el bl g3 g0 (gl ol gt g Lad bl b ML olS (slacdly jd (pKiw il cdale auwolie (iagly 5l Cuand oyl 5l Bua
s inlS el 5ol dmngs sl y (il 5 3905 53 sy Sl ol 3 (St s ole gVl g b o a5l s 5o
Sao gesl 3l olisebsl g lasme cuiliny Jbs)) (gl (2LS (glacdl WS clils cublil Sy g ylla a8 145 9,8 sbul Slilh ! e
5 o) lslial (Mol g (Jo calises (glalojlo ¢ LS (glacdl » (K Glils xeos Jloisl @lylas obj) gl sl mro jlos (ol
o Ol clale el ) jlre slacudgaoms g jlae g lus] Codls Lais Baal Vgono s Juilil opl bles S sl 1y ola fasllygius
Ol yRaimg s ad bl pl b alS clacdl 1 S 3l clale duslio b .S o s olS g Ol (S alosjl cilizee (slalase 1 ol
olild clale yiagh cpl s pbul Ggllasl il gl ials gl 1) culio lalidl g 03905 b)) 1) Jein! Clylad wilg o oS sl 4
sl 4853118 dulie )90 O Jodo> 50zt (slod lailiasl b Bl olS (glaplusl 51 S5y j0 0 (650310l (K



-A c(\)i REXA ¥ ‘yid)gb%)b ww dud)gw/u‘)MSly}os

AL Glacil 5o 3 e (gl slee (glas bkl YU 550 .0 J g

mgkg") ;% Mgkgh) wess  MkghH g5, (MgkgH el (Mg kg s 5 st
0ns oY T £0s §e FAO/WHO (2007)
NL o Yoo NL v FAO/WHO (2001)
NL h0— Y 1 £Y0 §e EU (2006)
NL oY Yoo NL Y. SEPA (2005)

Sl Silg Ol 5 e e (55,58 5 108 Dlejle S 22s 42eS FAO/WHO
Lsl a3l ey ale EU
or Y s lams 3 Cli o 5 SEPA
(Not limited) 5,6 5 5= NL

e cale zolaw a5 amd o L () Jgdo) endasly] (el bl )3 jlre dgas b ((F) Jgio) pols Limgh ) odelcuwnndy guls dunlio
skl 1 YL MBL lem plil 3 36 ) pezs e g g 039 FAOMHO (golgiiy ,Shis polis 51 5oyl M8l ciliseo (claplsl o
cwl EU 9 SEPA

FYO o Y0+ (odlpid d9un iy & EU g FAOIWHO L .ol osiis 555 v ol (clp o (oYL ol (clisolas ol (ol
39 {(0) Jgs) Wloagads &yl 36 ol (el (550905 jSa> slad il g oo Sl LS (cloplil o ol ki el p 5ok 25 e
90980 spal) ool ol oSS 9 o5 e Ve S 38 ol ] LA by s 4365 oy oS 23 5 3
Sy b osd bl (Bl ay) )3 518 () goors ko a5 s o ot B olS )5 0ud g pSoslail ol ke (i awlie pob gl
Ol 213 0y 3 a8 olS oyl (p,50kS 0 £, e AF) il 13 ) Jlde 39 b 4 oy b Lol fuol b luilinl jlre s YL oSauhuas
D)8 099 pold IS5 0)b i
1348 sl Jo 13 gl ) EU 3yl oo 813 5 5YL ol b (syll Sl s oMl ol s g ity 3yt ) cdile Lol s
803 85 50 L pyn ) 4 (VT S 5 i ) i ol 535 395 b ) oS

S oSyl 5 53K clale Jlade 4S5 jokay Cand MBL olS (slaplsil g3 318yl clale I uslie byl s sdimd (LS oS 30 3Kie 3y90
2 e 6 clale gy jbre dgan pusi pie (gl S o Sere Ll de STl (V4 - V) FAO/WHOS bl lawss (golpiuds do 3l S
il (2SSl ) gead Gygo 3 3 (ul (g adeS () GlalS

9 SB ol Ul paie oyl clale 39 YU .l pgredls aid 3 15 anlllaedjgo (S 3 g e D paic oy yiade pol> il
L;me,‘]élé 20 (89) oM (5D La:(j )'| d)l.\a}' u‘i"“’ C.J)‘lé Ox 615)91949 Lol o.\;.:fol)is gmhf dbapl.\jl el (JT é‘ou 9 u.\> LE VR

! Alloway
2 Hasheminasab et al
3 Adriano



| Maly oS )3 (yeins 158 399 9 IS 1 oLl 5 (6 b VS 0045 b g 5, ] S 51

50 9 Yer) bt 5 GobabUS) win o 5 SRS Sl LS 5 Sl daglad] sl G g S ] oandls” gen (5
Eloplloles 3 posedlS gas lime 45 Amd oo s Mol iliss (glaplil 3 s cublol posadls’ clalé g, Soill gl Y+ ¥ o Kan
clale 4 johar unl ondolpiiiy syl )3 jlxe 395 51yt ol Ol > Ml Ay > > g oadddiia Clay b odd ()bl les
s poredls &8 15 Cusl SToad 5 0aiS S5 (p)55kS" 3 5 e +/F7 9 AT L ply o5 a0) SBL il g Ay 13 56 cul Vb e
Sl y> IS ele oy o a5y g (Yoo¥ Ko g egaS g5 o Voot T LuSTo) ol ondainlis ] cuodl 3 by Jole

LAV 8 o g juigedl) 28 35 053 lib 9 By g B Slacslow

058 5 pwed )l (S olS 9 S 0 318 pl Qo bl 5 S1B 40 39550 pgrdlS” JS e &y olS lawgs sddds pgredlS ik
Wy aSymo > Ny claplul (D paedlS xesd g Cla a4 (o0bj blod WIS g glitwl als ¢ b S aST ol ol (VAAL) ;w\
S o Cublol 295 3 paredlS’ oS Jlade Ll 3550 g Lugd ¢ s jasmw

Ol %03 g g G Uttns ] 51 ) )9S &S L SUiSTa g St bl )3 okigdinios o glle (el | s

O plio g ondcblis oy 5 b ylan sly siae CariaSh O] wlio 4 ool 005 o CariaSly T 4 olitiod (sl Lol o
Clay jlosliiel ©ygo 5 Lol 1259 48)5 IS o (SUaS g Contior (55,9laS Wile (Bylae (gl (oadasiual OIS o) Sl CudsSL
bosd (oolal (£l g (o)) Y gamo ciliseo (glaplul > (1 Shs SIjlb 1o Cundy (lizzen (55ysltS ) o)l (gl orbahias
Gl pl polie Ll b pludl (2l3e b 2y SIS (pl 39,9 jlas s 4y 5 ails )13 plool ) gldlla )5 9 asetial lizes Cluy
b dunglio ) ()b oudahal ol b )kl Slpl gy Bl (imgly cnl 05 Gl 5 oy (LS s slaplisl § SB by
Slilh e ingss ol ol sl 1105 plocl YL oL &l 5 _olom plil ety 3 (i S35 goo 2 36l ot lyieds ol
olilo S jod ML lahial Cuwd 5 odbCutS (3])) 53 oS MBl olS Cilises (slaplul > (5350 5 poredlS (59 pml (yme) (i
ol il (glapliil ) 4Bl goord (i il il b g (5 pS0jll Ad o (o)l Wbahal nl edddhal Clay Lo g Cb I8
2l & g Lo )5 dnlis 2y cuil 8 Sile aliadhal Cup) ) g ailale led 3 5 29 01d (lol ol Ol L &S ML
Sl bl 3l i (e g0t Clu Hlos Cos Ml olS (slaTplil )3 (St Slilh plad 0ud (6, So3lul cbalé cosolcundey
oly Ol aljls ol cdale I i b (o)l (ol oadoslitnl Glu j> @l ol clale aS 15 0390 (423 5l 593 ot pl 45 dgs ol>
Sl (o8 Bl > @ Slgie lag o ) S il Clale (g0 VL Grizmen (V) Jsi2) 5 ole] sl eadesliza]
g9 0ol g lagas o8 land 5 53] olioss SladsS ol s Bpume e @y b S 3 il (ol e oo 53,V )3 Clag b S
B oo 3 a0y g S a0 Sl ol 208 055 5 (58 Vb o Toled 85 0l (YoVY S 5 CSU) it (s 3
2 s b Clle o )0 11 adl (LS claplil o gl ges Colei g olS ady) by (Ad la lp I3l oyl 35 15
AL laplsl pl Bpae S5 Goge > led 9l dbgpe Syl 5 glejles bawgs oadall )kl jlre 290> 5l (aLS slapll
Sy 9 4l g D)3 (59 3 (VR0) iS5 B Sleyd slasinghs golis b cuond ol golis 229 jlujad (e (gl Wl oo (sl Lawgs

! Kabata-Pendias and Pendias
ZLinetal

% Waalkes

* Tiirkdogan et al

® Edmunds and Smedley

® Daivis and Carlton-Smith
"Tang



-A c(\)i REXA ¥ ‘yid)gb%)b ww dud)gw/u‘)&w’bgly}os

slojlosd 5 i I3l e j5STn gy 9 3 oS 392 lyen S S g Sl (S g9y 2 (VYY) o iSen 5 o s
ol 0055155 ol T (gl o 5l ity oddashual Olaw b (g5l

ol 038l Gl B ol aty; 5 poedls’ 5 ol i Sl CllE ity (b o 5 Clay) el Sl 90 2 3 ul o
a4l Jg s (D) sde) grg0 slod ) lid 393> 5] i o olusy b 015 ool (oML oS ity 55 315 3 oyl e oS g ooty
SdeoligS (> dday > oyl g posadls 3y g Wb oS sy ol a4y s Wld gl wliKilosle oS K >ty 0 sl 435 B e o
Cuow 4 S pl Canl (Ken law b Jlgie (slaceylol 51 0 e 5Ysb 15 Jg il sl St ladl (el (glndis B pan a3l Wilg5 oo
bl oo il (gl DBl oS ST,55 claplil (b o 1S5 g 53 &S 395 ulal Il )3 5 03,5y Jlisl il g ulon (slapls

doy oo sl G385 B yune 4 Louina Ml ails &Souljl g 39y obduogs slod uiliwl I 5L 35 4y (g9, g pawedls clale oyl ogMe
e Moo 3 Olay (3l b )l )55 g0 3 o 1y a0 ol OBl 13 385 53 (ol 208 (sl e b Loy
e Sl o] Gyne oy 3 sl oo (el (st s sl g ol gl 4l Sygs plal & e ) sty Jlis) g il o]
ol i o (Slnstl 8 33 eblocy e casbio slaoged bl b LS 3 (S SIS gl Sl 250
2 i D3l iluley S gl 3 (e 9 () Slebdl iren Cal OB 4ia e slaisylid 65 4 g ol Y g
sl (3950 o o

13 sl 35390 (o3 Il 51 208 s 5f e g 1 oalit DBl _old Caand )3 (ol Jlagi g0 b 5 3o e e ity
A8 o Sl el s (sl Ty (stoes S My kS (slaplil o o by g0 50 3 ) gacrs

005,53 3gn S 5y Ol Hlowd )3 )] Jlae 48 0 saalie ML led cuond D (olol Sl 93 y2 )3 35 e ciale e oy
P oS gl s Pl S Ghgep Jy el sl Bpae & i Sygody Wl ol olgn plil dizpa sl 390 (gl sl
Ol &S sl oais )| dlate ! p3 35l Jlas a1y ol oDl g o sl HlAE d > 3)lg WileS o D B yums ply is (gl de Yol
S 3w ol (gl il it SB b o Gl pl clale dy i g Canl oy BLLI S alS b ey 4 i 3l 3959 (ol aio
(A by g Ik (63) d95c0 FVL ol ay) auwgi oy Gl Jlazs] g 0395 o 3

et g S 3zl 11 i 5350 (s, g5 51 YL My ol (lmplloles 53 pgradls’ ke cbu b syl Jloss
t 4y 45 305 oo M8l ol (slaplil )3 s 35 ol Loy donjl s 02 & ot MBl S oyl (ol (el olila S s (s oIS
J S5k b g 09995 sl (oSS sladial men cuslie olaoly 5 Slinged altuse cpl (sl inlioo g 4Nl Jlad @) el cedls
2352 gl s lind g G (plhend (sladgS Bpan Cupdo (e g Blbadal | (29 Ol (19)0 4 pale (pl 399

ol al oS (claplil a5 ((STygb s pl) Ay st g0 usdhes (sl bl plas 3oy oS 55 ] e calé e s
Olise Cpiin 38 ol Suidgdy oyl il casllae (VWAQ) oh)lSen 5 5,8 Jloyd ol b aoeas oS cudld J)3 jloee o3gaoe 3 ot cuiilill Ry
505 ) LS ol diy Ll ) (g 5 sl 2 D)3 |y onl el

T 13,5 sl slog) ISk sl (gl Coodls 12551 45 5301 o 3905 51 5yl Togas Mol cilisks (glmplisl 55 355 (g9, calé
raie ol ol 4 olS (YL blos 5 S o 56 Gl (VL S w5 aaimalis Mol olS o 58 S clale (lE 4 58 Gl bl Lk
2 bean YT clale 1 i Sl oyme 53 obS 65,5 lojde 5 BLS 4 £g 45wl i (1220) | oy Ken 5 )T wcaul
S35 o ) yolie oyl alS sl Lasls  aoes)s 5 39 ISl ol

YKhan et al
2 Dj Paolo & Rinaldi
3 Allen et al



Maly oS )3 (yeins 158 399 9 IS 1 oLl 5 (6 b VS 0045 b g 5, ] S 51

Y gaso 1> g Jite 500 laore 4y zie S 5l Alel o S ljls oS cadly Hlas o 1y aisS pl b Julod g ey ol 5o
by 5l IS gl sl b lslinl jle edgae yiSTus 5 (Bpas Jaame jd cljls cpl cdale 31 o 1l zes (gjy0liS
PR S 5 litlan) ool (53555 5 p3Y (B N2 clia JS 51 I8l )

S 35 o
bl ael i (ob oy 5 ol sl JlecSis wures ]38l s & e Siiddes 9 S Bblo jl (gylow w5k oyl
O bl (sl oylSal, 51 (S sl o else (65)5liS SV g )l slp et o @lie 29005 5 (20l (e b e
u‘.mLf d)Lj ‘_5‘).) E RS oAb oMl O d)‘.xmb u] é:Lm )‘ Y d)‘J)ga).Q‘J. ..\J‘yL;o O3y u] Q;L..o u,m\S 9 .)9445

Al jew slad 5 clely ‘u.cl))'

959 s o 4 5wl astiiol lisren Glus b onds ‘5)1,9.] s O pame Gl slapliil 3 1S GlE zezd Cunsg Lol
D9 Lol g oy (s pS0jl alS laplil 5 srdadal Olay > lmoau YT clale jlide Lsls il sl plie a8 s lile ol
cble awlio b .cal Sl olie dlse dal 5 (Jawelom) o S1S5 & Sauw) glp alS o col o (1K alils cuslil Sy
s Sogll 15t b, Sl a4 lp olaespliwl g 03,5 slolis |y ol @lyas g o dgzge (sbadyluibinl b uSiw oljls
3 Gylaial sla] I ool (ol Lol i3l b agalge y3 sl old) 5 wiawwsST codl bais cly Limgh cpl 903 sl i
L (5)[,..31 ll adllas cpl 0 1 sl (6)908 9 pro Yl c,j rle ol s ol b JSis b 4 Sisdas 5 Sis bl
Pl diny )3 S OlHE oot (Jp5S) 2ali e loicds ols T b duglio p3 oliile)S paus ailbdsiund (o odddsbunl Gluw
oddasia; Oluy b (6ylol jlas cod sl olS (claplusl 5 pSiw 3l plod oo a8 oy lis ol s gy MBL olS &l 5 olen
YL Ml oS (SThgs s plul) ay) o pgredls g ol e > & 3g ol Ol b )l Jleg ) it (oo ine ©pson;
Sl poml Ml calises glaplil (o 380 5 (e clale cdly HI8 (6555liS Y qame ((lais Codw lp sdddusgs (lad,lslul
Sloyd oM gl sl bws §)Se GBpae Gygo ;0 &S gy 3Lkl I SYL &ildyd (69, g paredls clale yiten g jloee dgds
et bl Ol 5 518 95 ol SialS el Sluped 1L Logyl 9 05 nles

QYM)bgk}&:;a)i{JJapm@&A@)‘lA;jlfuo&im&\)'lé&u;db)hl)ﬂ)a\xﬁj&l.xﬂhLan:bdsw))gL‘x\))
by 5l IS 59l sl b uslinl jle edgume yiSTus 5 (Bpas Joame jd @ljls cpl cdale 31 o 1l gxes (ojyeliS
ool (52978 9 p3Y (Bran N e S5 Jl Il ol &l

cble dulio b .cuwl Sle olie dlae bl g (Jesrecum) sl G, 4 (Sawy lp LS b cél o S alils culil Sy
ol i I3l Sagl b sy i 0 (sl olaes il g 03,8 ololi |y ogilly s giia g0 (slod il b (St il
g Sets gblo 3 Gl s ) eslizal (gl Lo I3l b agalye 5 il o) 5 russs] cudls L (gl gy cul 3900
895 9 poredlS (St jle (Sogll [1als’ (gl (M sl (6908 5 o Sl o lio (i 5 il Sl JoSis s 4 Stsass
90 Ol (oSS g (polad] adal Jols il ooy et jlslas pluil ool (imoh cnl )3 o5 eddadhal ONSB 295 5
x5 5 ol Y gasms jl odlital i ¢ ixto SBAL]E S0 oy Copde culie slaoged sl2l (298 A I 58
el (3900 A @lin y3 S Il (3lolay S8 sl 35 o pde g ()5 Olelidl sl OB i S50 (slans y5lid

P g gy

25 o (&)l Fusls Simggy cnl Pl (gl Y Lyl g SISl (505 ol (e (6, oKl Ol sige 095 ]

*Esmaeili et al



-A c(\)i REXA ¥ ‘yid)gb%)b ww dhd)gw/u‘)&&gbﬁs

FaL%)

https://sid.ir/paper/240087/fa X¥Y-Y50 ( Y « )kl 5 ©f Copie olislo S oy o asuas LML L (¢,

ol oKy (6585 Ay . ely; Y guamo plul ) C)T 2035 e g iy baoro | peedlS Cla l5ae oy (IVAY) L opanes A8 )L
Ol
o

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

Adriano, D.C. (2001). Bioavailability of Trace Metals. Trace Elements in Terrestrial Environments. 61-89.
https://doi.org/10.1007/978-0-387-21510-5_3

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

Allen, H.E., Huang, C.P., Bailey, G.W., & Bowers, A.R. (1995). Metal Speciation and Contamination of
Soil. Lewis Publishers, USA.
https://books.google.com/books?hl=en&Ir=&id=7uGkJ5APOrkC&oi=fnd&pg=I1A7&dg=Allen,+H.E.,+Huang,+
C.P.,+Bailey,+G.W.+and+Bowers,+A.R.+(1995).+Metal+Speciation+and+Contamination+of+Soil.+Lewis+Pub
lishers,+USA.&ots=LY2STEdLZF&sig=0_XbgV7fIWHE4YvD9S1S8qBmEKKk#v=0nepage&q=doi&f=false

Alloway, B. J. (1995). Heavy metals in soils. Blackie Academic and Professional. An Imprint of
Chapman & Hall, Glasgow. https://www.scirp.org/reference/referencespapers?referenceid=1984896

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

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

Christou, A., Maratheftis, G., Eliadou, E., Michael, C., Hapeshi, E., & Fatta-Kassinos, D. (2014). Impact
assessment of the reuse of two discrete treated wastewaters for the irrigation of tomato crop on the soil
geochemical properties, fruit safety and crop productivity. Agriculture, ecosystems & environment,
192, 105-114. https://doi.org/10.1016/j.agee.2014.04.007

Di Paolo, E., & Rinaldi, M. (2008). Yield response of corn to irrigation and nitrogen fertilization in a
Mediterranean environment. Field Crops Research, 105(3), 202-210.
https://doi.org/10.1016/j.fcr.2007.10.004

Edmunds, W.M., & Smedley, P.L. (1996). Environmental Geochemistry and Health. London: Geological
Society, 113, 91-105. https://people.wou.edu/~taylors/es420_med_geo/med_geo/edmunds_smedley_1996.pdf

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. IWMI, 64.
https://www.iwmi.cgiar.org/Publications/IWMI_Research_Reports/PDF/pub064/Report64.pdf



YL olS )3 (i G151 qa 595 9 CBLE 1 0liilo S (6 piead OIS 0l anioal Dl L (5Ll 151

Esmaeili, A., Moore, F., Keshavarzi, B., Jaafarzadeh, N., & Kermani, M. (2014). A geochemical survey
of heavy metals in agricultural and background soils of the Isfahan industrial zone, Iran. Catena, 121,
88-98. https://doi.org/10.1016/j.catena.2014.05.003

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.
https://www.scirp.org/reference/referencespapers?referenceid=1115775

European Comission. (2020). Regulation (EU) 2020/741 of the European Parliament and of the Council
of 25 May 2020 on Minimum Requirements for Water Reuse. Awvailable online: https://eur-
lex.europa.eu/legal-content/EN/T XT/PDF/?uri=CELEX:32020R0741

FAO/WHO, (2001). Codex Alimentarius Commission, Food additives and contaminants. Geneva: Joint
FAO/WHO Food Standards Program. https://www.fao.org/input/download/report/27/Al0112Ae.pdf

FAO/WHO, (2007). Joint FAO/WHO, Food Standard Programme Codex Alimentarius Commission, 13th
Session. Report of the Thirty Eight Session of the Codex Committee on Food Hygiene. Houston, TX,
USA. https://www.fao.org/input/download/report/116/al03_13e.pdf

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. https://sid.ir/paper/240087/fa [In
Persian]

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

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

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

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

Kabata-Pendias, A., & Pendias, H. (2001). Trace elements in soils and plants. 3rd ed., CRC Press, Boca

Raton, FL. https://www.scirp.org/reference/referencespapers?referenceid=1544363

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

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



-A c(\)i REXA ¥ ‘yid)gb%)b ww dl&d)gw/u‘)&«ﬁghy}é

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

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

Lin, C., Shacahr, Y., & Banin, A. (2004). Heavy metal retention and partitioning in a large-scale soil-
aquifer treatment (SAT) system used for wastewater reclamation. Chemosphere, 57(9), 1047-1058.
https://doi.org/10.1016/j.chemosphere.2004.08.049

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

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

Ritchie, H., & Roser, M. (2022). Water Use and Stress. Available online:
https://ourworldindata.org/water-use-stress

Santos, A. F., Alvarenga, P., Gando-Ferreira, L. M., & Quina, M. J. (2023). Urban wastewater as a source
of reclaimed water for irrigation: barriers and future possibilities. Environments, 10(2), 17.
https://doi.org/10.3390/environments10020017

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

SEPA, (2005). The limits of pollutants in food. China: State Environmental Protection Administration.
GB2762-2005. https://www.codeofchina.com/standard/GB2762-2005.html

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

Tirkdogan, M. K., Kilicel, F., Kara, K., Tuncer, 1., & Uygan, 1. (2003). Heavy metals in soil, vegetables
and fruits in the endemic upper gastrointestinal cancer region of Turkey. Environmental toxicology
and pharmacology, 13(3), 175-179. https://doi.org/10.1016/S1382-6689(02)00156-4

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

Waalkes, M. P. (2003). Cadmium carcinogenesis. Mutation Research/Fundamental and Molecular
Mechanisms of Mutagenesis, 533(1-2), 107-120. https://doi.org/10.1016/j.mrfmmm.2003.07.011

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, University of Tehran, Iran. [in
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



