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D ES (95% CI) Weight D ES (95% C) Weight
Iran : ran '

Shariatpanahi and Anderson . 0.78(0.58,0.98)  13.05 Shariatpanahi and Anderson o 0.70 (0.48, 0.92) 925
Behbahaninia et al. —_— 0.86(-1.26,298) 0.23 Behbahaninia et al * 2.03(0.52,3.54) 878
Aghayari and Hassanpour . 023(021,025) 2712 Aghayari and Hassanpour o 121(1.03,139) 926
Subtotal (I-squared = 93.0%, p = 0.000) o 051(000,1.03) 4039 Subtotal (-squared = 85.9%, p = 0.001) o 105(057,154)  27.29
India ' India !
Gupta, N. etal ! —— 1037 (839, 12.35) 0.26 Gupta, N. et al ! . 2159 (2072, 22.46)  9.10
Gupta, N, etal : e 1048(861,1235) 029 Sridhara Chary, N. et al. - 220(206,234) 926
Gupta N otal : - 030870, 1008) 197 Gupta, N. etal . 2217 (2040, 23.94) 861
Subtotal (I-squared = 0.0%, p = 0.410) 1 fed 9.60(899,1022) 252 Gupta, N. et al 20.92(19.95,21.89)  9.06
i Subtotal (-squared = 99.9%, p = 0.000) e 16.71(350,29.92)  36.03
Pakistan 5 pakistan H
. |
. pod A orze20m 270 s ; ozomom oz
N :”’ 0 otal = 01.9% b~ 0.000 o7 ( o 1‘99) 2001 Khan, M. U. et al, I . 32.77(31.78,33.76)  9.05
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NOTE: Weights are from randorneffects analysis N ; NOTE: Weights are from random effects analysis !
T T
124 4 124 484 0 484

Study % Study %

D ES (95% CI) Weight D ES (95% CI) Weight
o : tan ;

| PO
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Jan, F. A.etal. i 1:93(1.93,1.93) 1287 Subtotal (I-squared = %, p =) ! O 66.46 (64.61,68.31) 11.07
Khan, M. U. et al | | 2.83(0.13,5.53) 12.20 '

Subtotal (I-squared = 0.0%, p = 0.514) ( ; 1.93 (1,93, 1.93) 265.08 Afghanistan :

' Saf, Z. and Buerkert, A. . 1.10(9.12,1308)  1.06

Turkey i Subtotal (I-squared = %, p = ) [ 11.10(2.12,1308)  11.06
Avei, H. and Deved, . . : 4.00(3.38,4.62) 1283 '

Subtotal (i-squared = %, p =) | | 4.00(3.38, 4.62) 1283 Turkey |

i Avel, H.and Deveci, T. . 15.00 (1376, 16:24) 1.1
Overall (I-squared = 100.0%, p = 0.000) <> 2862(2447,3277) 10000 Subtotal (I-squared =%, p =) 0 ' 15.00(13.76, 16.24) 1.1
NOTE: Weights are from random effects analysis ' Overall (I-squared = 99.9%, p = 0.000) < 19.96 (12.35,27.58)  100.00
T T .
-39 o w9 NOTE: Weights are from random effects analysis .
T T
68.3 0 683

sudy % Study %

D €S (95% CI) Weight

n €5 (95% 1) Weight

' Iran |

India | Aghayari and Hassanpour - | 17.46 (11.23,23.69) 112

Gupta, N. etal ! - 5260 (4867,5878)  14.18 Subtotal (i-squared = %, p =) < 1 1746(11.23,2369) 1112

Sridhara Ghary, N. et al. . | 240(2.19,261) 1433 |

i India !

Gupta, N, atal ! - 5462(4980,5035) 1410 Avora, M. etal. . 4500(4291,4709) 1114

Gupta, N, atal ; . 5554(5468, 5640 1433 Gupta, N etal ' ® 1390113575, 14227) 1114

Subttal (Hsquared = 00.0%, p = 0.000) _———— umumnw 5 ridhara Chary, . tal g ! 650(6.08,6.92) s

; Gupta, N. etal ' * 137.42(13417,1067) 1114
| Gupta, N etal 1 * 13433(13235,13631) 1114

Pakistan ! Subtotal (1-squared = 100.0%, p = 0.000) —_— T ——— wapear 14 5570

Jan, F. A otal, . 2632 27.30,20.34) 1433 i

Knan, M. U.etal. . i 630 (468, 8.10) 1431 Pakistan i

Subota (+squared = 98.8%, p = 0,000 —_ o anaee 2864 dan, F. A otal. * 7255(7081,7429) 1114
bltl v squard = 59,86, = 0.000) - 57412300 20 Subirel (rsquared = %6 p=.) ) T2ss0stTa2e) 114

Turkey 1 Afghanistan

i 1 Do T . o5 s Saf, 2.and Buerkert, A — #776(912,6640) 1080

| Sublotal (-squared = %, p = ) < 4776 (29.12, 66.40) 1090

Sublotal (ksquared = %,p = ) ] : 470(283,557) 1438 '

| Turkey 1
Overall (squared = 100.0%, p = 0.000) - 2083 (1145.4721) 10000 Avci, H. and Deved, . s 3900(390,4210) 1114
: Subtotal (1saquares = %9 =) 0 ! 90050, 4210) 14

NOTE: Weighis are rom random effcts analysis ' .

T T Overall (I-squared = 100.0%, p = 0.000) 71.07 (29.87, 112.26) 100.00
783 o 83

NOTE: Weights are from random effects analysis.

T
-158

158

b1l 31 Jol> s (Forest Plot) 50 5loge -Y JSCi

h 1MA Glio /o,lg2 ol /@39 6,95
- Qlisoj /g2 0 jl93 09

ui_)qlh.xzouw|)@awolzunx|uumgyunlcwhlms

ijhe.tums.ac.ir

FAO


https://ijhe.tums.ac.ir/article-1-6313-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-11]

=y BB cdlw ol 3l gl Byae 3o ,b Laoas Y]

Sl s 50e S S 09,5 (5l

So A jeyml e Lo o X SIS vg oy
O)lg calize glaol,y 5l 48 ol sod Joos b
b 5l eolawl Ly gLl a8 050,5 L (glallas
e sy omisbel amgs o 5o slajgiS o
5 ooliwl (YY) cewl ely; OVgame an LacanY]

e 33 S O3S jood w0

ol e pé s -
i S ol sy p a4y bs e el
loog S S 4 oas aslllas gla,p iS5 ales jo
Jleizlas Sise jo cewload asl)lY Jouz o g
Sl s ea ¥l sl G 51 VL (THQ) (6,3 s
Wl Cewsts )l S aS Sige 0 gamg JoB cwdlw
Gty 7ol 3odo (Ve V) Cns Jatiome Ol 51 o
Cd <Ni:jlos,be THQ s 5 &lils 3 5 cons]
TTHQ o 1,55 i raipon Zn < Cu <
Al < bl < Sl < lgais 5l o, le
(s 09,5 S8 4o TTHQ asle cgr a5 5 <

S b oy 55kl £lixi B pae il syl ylas Y Jgur

(THQ) spdysbs Jixl  (RfD)az e jo0  (EDI) 4iljy) i w000 Saw 06 Jwegys 29
o0 dumloe - feee¥ V/EO Pb
Y ey ceae¥ -/ay Cd
o/ o/ ¥ ofe e YIYA Cu  yLs,;
oo Al - RV YV Cr
ey " ofee¥ YY/O Zn Syl
o0 Al - oo V£ Pb
A [+ [+++9 -/av Cd
o[y /¥ ey YIYA Cu  5sys
o0 dumloe - oY YV Cr
RN A o]oY YY/O Zn
00 e = NRRYY YA/F Pb
Y/ f ofee [++Y Uy Cd
-V -/ ¥ SRRV YVIYY Cu B
o Ao - ooy AQ/YY o o2
AL ¥ oo ¥ VO-/FA Zn iguia
Y/ BN oY YEI¥A Ni
03 e - o[-Y YAF Pb
/A e [+ v Cd
gy o[+ ¥ “/o¥ YVIYY Cu oSsss
0 Aol - [+ A AQIYY Cr
iz Ax SN\ F V0. /FA Zn
FINY RN o|-f YEI¥A Ni
st sy B9 2 W
FAF Ol s bl gy ol (sl g ale dolibiad

ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6313-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-11]

Ol)Ser g (Sollas e

S b o (gLl £ G s (300l syl sl Y Jgaor aols!

ijhe.tums.ac.ir

(THQ) sy ks Jiol  (RfD)az o390 (EDI) ailjy) wd> w00 Swe 38 Jweg)S 295
00 e - o+ foO/q¥f Pb
- 1OA oo [o0+0 VIAA Cd
- 10 -/ ¥ [-Y IS Cu )
o dlore - [oo0 VIAY o OV
oeY iy [+ \BNg Zn
Ve AR oo Y5/ Ni obeshy
o0 dunslee - /¥ FO/F Pb
VIV e [+ VIAA Cd
/DY oo ¥ [-# SFIAQ Cu oSsss
00 deolre - [+ VIAY Cr
-IYY iy 4 Y- 108 Zn
YN [+ [Y Y&/a- Ni
oAt dumsloe - [++¥ Y/va Pb
-IfY “fe [+« ¥ VYA Cd B
.9 A% o o¥ \Y/EY cu R
ofo8 iy [\ IAVRYY Zn sl
A5 damloee = [++¥ /YA Pb
VYA e [+ VYA Cd
-I¥a A 1+ \Y/EY cu O
AL - [+ #Y/- A Zn
00 Aol - [+« ¥f VIOA Pb
[+ oA oo Jovons ¢ R Cd
-N\Y - ¥ [+-¥ VO/FY Cu B
oo dnlne - e /YA o OV
-/ ¥ iy [+ Y4/9A Zn
NIV AR oo BIYA Ni “55
00 Aol - ofe e VIOA Pb
ey e [oonsd R Cd
Nt .- f [+ VO/EY Cu 5oy
o Ao _ JJee¥ £I¥A Cr
“N\Y i [+¥ YA/A Zn
i SRR of+ ¥ BIYA Ni
9 Wi
Ol o bl gy ale ozl gy ale soliliad FAY


https://ijhe.tums.ac.ir/article-1-6313-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-11]

dbal )3 60,215 65l (=B g Eg ams JLa]
ool wl b oS cul maly ol conal 35> 58 LS
&V b YL plenil L g o abal slaasls
G=iod So slaadl gdioe Jol> Sl Bas )
LS gl JUEI )l 5me oy 45 9 o 9SG
00t o Sl S 5l ol ul b glins 1o woyas § JSi
oanlie S5 dy oo YOIYO cod jo £l U
Sy STy s Y Coglite ol 0dle (V) ws 5
Ol aslgs e ll Soe Job g lads ol L8 o S
S g lal Vg ame o Ol s cclale i3Sl
L oe (SYeb s Ll o5 g Solis zols wlwly
25 Il YL pol 4 pomie algi oo OIS
YA-FYV) 00,5 Gl ld cn i Giol38l ases
slo,eiS o olils colale wael cowons poli 3b
b3S ol &y S 22 5525 5 009y gl a iz
58595 p9sS poeodlS vomw Sl bale op it Sl
Ol Bble (S jl asls sl adhaie ol S
Loz oed @l el ooy ) et a8 e
i ZdeS Ly Ol (6l Sl i lElog b oo el
S 5l ool 2 5 (55,5liS ol g SialS
GO 5l as,0 FY vga > cewl sui (55,9LaS o
aglie ;3 a5 Wis B e arhal adlaie (ol )3 0ad a g
Vb b ao 0 vy Lo )0 slajpis plw b
sazme solaiwl g Ol 8graS 1 ogdle (FY FY) ol
loyeaS o ol s Qi o Sglas ol (LS )
Iy 5 ol atle 55568 Lalse 4 plaisn | il
5 S Cemle (SLE o Sl ls ebile wse2 slat)b
5 odloyy le ) oS (Soemsy Ol ol Lo ls
il Loy 655l 10 liands (slnosS 3l ool
Llos s anlio 5l @l Laml oizen (£ FF)
Sl (S il (g byt 3 g ge Al
eble o wilgiee sl (o295 slas bl
ol (FF) 0il A 56 bt gla )y a8 o oIyl

FAN

e 33 S O3S jood w0

o LMol 85,5 Jlei! o] Jdo 4 oo
GAS sobay Grae Conl it slocblay
bt ) Jolo ol et lassS it
ol 5l Ol gl alas 5 Sl lawls
Al (FF) el SLS 5 05250 eKias Syl Lol
aiile (il Jalge 4 plalS o (S SIS pen
o S Sl s Slmgas Wl cla Sy
St S la Shy 5 Aol ole D558
S 0 e 4 oled Cly jo 05250 Ol 801
Gk (V) syl |y alS ol Gl glaciend
skine Jyled Gl ol clawss L3 olalas
sbcwd 5l S as)h e ol Qi 4
G d SBL g Dl Jdoay asls g oge a il aLS
e e I S e I
it S oS Sdedy (5 Sl a5 Jl o 05l
Ci ) Ol cdggw an Ll bl jo (S ol 6
ol il o glins oS G ol 5 4S5 A4S e
bpgr, oleS cnl )0 Geizren 5 <35 )18 (o) 29,90
Slids S ilagSs Jaisl 45 asls 5 S mhaw 4o
oylgpo an Iy dd g oo, S i |y sl aiy ) yo (i
Jite (s slodie B any y Cdzr i, gl ol
axlllas oyl (FF FO ) Wb o sl 0,025 0, 6
LS 5,15 as ols ylis o], Kea g Shakarami
Ol oizmen 9 S oS OIS Gl o2
a3 oo il s oS jo 1) poadlS g IS i s
ol sla Sy S o o)lea b Lol oS5 (1)
St g2 g JUESI i jo-bay 0l o0
SlaThs % b ey SVyam s ol
o 1S Gl e g 4 iy al e LG
XYY 4l e ool sl 50 dnieas o ilb g (30,8 L
O Ol 8 51 s glaMold S jadoay (YA
L a8 05,10 ,55 1 (6 4t OIS ay S (5 i
Sy e 4 (it ke jo ) Ll atly e

. %ﬁ yﬂy
1A Glimsj /o,lg2 o lods /pasjlgsojgs |
-

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6313-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-11]

ol)5ed 5 (Shollas  Je

S yae 5l (B0 Cdlw o agzrlge Jslse o yiegs |
ol slaassly (OA) cl OB Ly o 5, gloss
00 6,kT Sl s B e 45 wms o s aelllae
Lol gl cadw gl (5 smags o Db L
asle e D18 L agrlye S0 e JLo
oot gl 59,8 il 8 s eos T Ol ardgs
s (OS2 51,) 518 4y 05T S ol 5 sty
Slooris Llod aalllas ) jo Lgsl ded a5 o)l 59>

ellllie 5 Silatnn j550 o Boybo 5l gl aalllas yo
b b oo g bl glini oS )0 (peis S5l o bale
lo,5-i8 5l (B )3 ey () 285 5B () 0500
slo,e-iS 0 5 (Ol g Gl (Sl Al 51>
Sl3ds as Jole 85 ol 5 4S5 5 pligiin
Gilisee gloysiS s glin oS o Siglice clacalé L
Slopas ooinio 0y Joid 5l iline Jolse Jols
S imen owl g Lyl Sogll oS g S 5 o]
s 09,5 93,0 2ol ot o () 5l o>
glms B yae aS coul 15l Sl 5055 5 YLLS 5
an O35S (S 09,5 Sl (g 2B Sl ol S
wilizs sla )9S )0 09 oo dosi (il )00 ol o
OHgods) Nl g SLe o alils clblé ecis ) iy
DS S ey 9y5e (00niS dhal g o0l Ahal
Sy oD Sl a4z gl b oy B o0 dogs (riaren
52l odle jains &y5oas il (ol elS o S ls

2565 il 55 lals o S5

NS ol
PP U JUVIPR W DY B = A L W L L VIS
Al ol o1, g5lwosls g Lassls cay o ailSgo L]
IR.SBMU.RETECH. 31 o5 aslbs S cole,

<! REC.1397.956

%ﬁ yﬂ/
h 1FAA glino ] /o lg2 6 ladhs /3135 6593

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

FAQ

R 5 ol Jalse 51 S i (g i
GBS am a5 L .ocul lalS ;o Ol 8 xaxd
Ol s o Sl ol e o e Cd s
) rizmes el Sgliie (9B lalSs )oK
sole PH o iile S Jolse Jdoas el oy S,
S o5 (S PH il ool e, S glemoe g I
(FY) 2o oo uolS g B ol an | ol 18
Al ool Liolidl as alesls s calisee sla il
Ssm 38 slepn b adlgiee oy Sl il g
Aol |y plalS sl (G (s 9 0S5
I edale p i g9, 78 ol asdlas (o (FA) ano
Shol ol JLast 5 ol ol aes e a5 095 )l

9y o oS ] (Ko Dlalllas 5l 5 50
o fd gea a e 45 Sl ot (35S s
(BY) 29,5 oo S PH 53U e e o comd (59,
&8 =Y 5l e (o e Sl G i )
glaadlas 1o (OF) coul Glals o Lyl coslys, 2
G e S oLea o Behbahaninia
058, )35 (+IAeE mE/kg) sliw o |, paeols
6,8, slacglys Jdsay (355 5 (YL, 5 (VF)
dwd oo Lt |y (Sslite (Sdlw ;S (Sojelsd
s Fakhri Ly sas sl clallas L 4l (OF)
(OF DO ¥ N) K g Atamaleki 4 K on
el &l 31 glin B yae 3,k 5l Laoss YT TTHQ
aS ol Glis (B0gS G 09,5 Sl vz B
s s 5 OV) ail il oy 55 Jdoas alys oo
3,5 a4z OlsSee B85 Rl ) (G 09,5 =l 3 VL
e 4 Gltiny (559 4 (=8b )0 Slomy e Glie S
3 00 cnlply il 1503 (dw sloog 551 tn
=5y Sodhasle 8 gt (dlw S by
ol clale g Sl e il OB pae (Dl jaw (lad
Sl s 6 ko] gz 0 ooliual LS 5 SLs o


https://ijhe.tums.ac.ir/article-1-6313-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-11]

N L‘;;LA)'D [Ea— ‘.\.Q) Slevs 9 X ,)_, pe—lc o S 5ls
L S wa YYAY/_olSAPYY a8 LAY o, i

Sloyo smdlagy Slea 5 g Siyy pole oS iils Cules

M‘OM‘)}‘MW

References

1. Khan MU, Malik RN, Muhammad S. Human health
risk from heavy metal via food crops consumption
with wastewater irrigation practices in Pakistan.
Chemosphere. 2013;93(10):2230-38.

2. Salmasi R, Behbahaninia A, Ostadrahimi A. Com-
parison of different inorganic amendments on de-
creasing of Cd, Pb, Ni, Cu, and Zn sorption by waste-
water-irrigated plants. Iranian Journal of Health
Environment. 2019;12(2):247-56 (in Persian).

3. Arora M, Kiran B, Rani S, Rani A, Kaur B, Mittal
N. Heavy metal accumulation in vegetables irrigated
with water from different sources. Food Chemistry.
2008;111(4):811-15.

4. Avci H, Deveci T. Assessment of trace element con-
centrations in soil and plants from cropland irrigated
with wastewater. Ecotoxicology and Environmental
Safety. 2013;98:283-91.

5. Ben Hassena A, Zouari M, Trabelsi L, Khabou W,
Zouari N. Physiological improvements of young ol-
ive tree (Olea europaea L. cv. Chetoui) under short
term irrigation with treated wastewater. Agricultural
Water Management. 2018;207:53-58.

6. Jan FA, Ishag M, Khan S, Thsanullah I, Ahmad I,
Shakirullah M. A comparative study of human health
risks via consumption of food crops grown on waste-
water irrigated soil (Peshawar) and relatively clean
water irrigated soil (lower Dir). Journal of Hazard-
ous Materials. 2010;179(1-3):612-21.

7. Sridhara Chary N, Kamala CT, Samuel Suman Raj
D. Assessing risk of heavy metals from consuming
food grown on sewage irrigated soils and food chain
transfer. Ecotoxicology and Environmental Safety.
2008;69(3):513-24.

8. Ng KT, Herrero P, Hatt B, Farrelly M, McCarthy
D. Biofilters for urban agriculture: Metal uptake of
vegetables irrigated with stormwater. Ecological En-
gineering. 2018;122:177-86.

£4.

e 33 S O3S jood w0

1098 g S
Olye b (Slidios gk gl (ide Jol> adlis o
2 oS Sl e STl g aepllis o) "
wgas ! Sl LB Gl Lo o)Ll Sl j

9. Tom M, Fletcher TD, McCarthy DT. Heavy met-
al contamination of vegetables irrigated by ur-
ban stormwater: a matter of time? PloS One.
2014;9(11):e112441.

10. Shakarami M, Maroufi S. Wastewater and sewage
sludge effects on the absorption of some heavy met-
als in soil and mint. Journal of Environmental Stud-
ies. 2019;45(1):1-15 (in Persian).

11. Yang J, Guo H, Ma Y, Wang L, Wei D, Hua L. Ge-
notypic variations in the accumulation of Cd exhibit-
ed by different vegetables. Journal of Environmental
Sciences. 2010;22(8):1246-52.

12. Mohammadi J, editor Cadmium concentration in
vegetable crops grown in polluted soils of Kempen
region (Belgium). 4th National Conference on Envi-
ronmental Health; 2001; Belgium.

13. Gupta N, Khan D, Santra S. Heavy metal ac-
cumulation in vegetables grown in a long-term
wastewater-irrigated agricultural land of tropical
India. Environmental Monitoring and Assessment.
2012;184(11):6673-82.

14. Sergey G, Svetlana S, editors. Heavy metals as
contaminants of agricultural lands of Belarus. 17th
World Congress of Soil Science; 14-21 Aug 2002;
Bangkok, Thailand.

15. Farahbakhsh Z, Akbarzadeh A, Amiri P, Naji A.
Potential health risk assessment of heavy metals
(Cu, Zn, Ni) via the consumption of the prevail-
ing bony fish Liza auratas (Risso, 1810) of Caspian
Sea. Iranian Journal of Health and Environment.
2019;12(2):193-202 (in Persian).

16. Mikaili P, Mojaverrostami S, Moloudizargari M,
Aghajanshakeri S. Pharmacological and therapeu-
tic effects of Mentha Longifolia L. and its main
constituent, menthol. Ancient Science of Life.
2013;33(2):131-38.

17. Anwar S, Nawaz MF, Gul S, Rizwan M, Ali S,

. }fg yﬂy
1A Glimsj /o,lg2 o lods /pasjlgsojgs |
-

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6313-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-11]

ol)5ed 5 (Shollas  Je

Kareem A. Uptake and distribution of minerals and
heavy metals in commonly grown leafy vegetable
species irrigated with sewage water. Environmental
Monitoring and Assessment. 2016;188(9):541.

18. Tabande L, Taheri M. Evaluation of exposure to
heavy metals Cu, Zn, Cd and Pb in vegetables grown
in the olericultures of Zanjan Province’s fields. Irani-
an Journal of Health and Environment. 2016;9(1):41-
56 (in Persian).

19. Fakhri Y, Abtahi M, Atamaleki A, Raoofi A, Ataba-
ti H, Asadi A, et al. The concentration of potentially
toxic elements (PTEs) in honey: A global system-
atic review and meta-analysis and risk assessment.
Trends in Food Science & Technology. 2019;91:498-
506.

20. USEPA. Exposure Factors Handbook: 2011 Edi-
tion. Washington DC: US Environmental Protection
Agency, Office of Research and Development; 2011.

21. Atamaleki A, Yazdanbakhsh A, Fakhri Y, Mah-
dipour F, Khodakarim S, Mousavi Khaneghah A.
The concentration of potentially toxic elements
(PTEs) in the onion and tomato irrigated by waste-
water: A systematic review; meta-analysis and
health risk assessment. Food Research International.
2019;125:108518.

22. USEPA. Risk assessment guidance for superfund.
Washington DC: US Environmental Protection
Agency; 1989.

23. Shariatpanahi M, Anderson AC. Accumulation of
cadmium, mercury and lead by vegetables following
long-term land application of wastewater. Science of
The Total Environment. 1986;52(1):41-47.

24. Gupta N, Khan DK, Santra SC. An assessment of
heavy metal contamination in vegetables grown in
wastewater-irrigated areas of Titagarh, West Bengal,
India. Bulletin of Environmental Contamination and
Toxicology. 2008;80(2):115-18.

25. Gupta N, Khan D, Santra S. Determination of pub-
lic health hazard potential of wastewater reuse in
crop production. World Review of Science, Technol-
ogy and Sustainable Development. 2010;7(4):328-
40.

26. Behbahaninia A, Azadi A, Sadeghian S. Effect
of irrigation with wastewater treatment plan on
heavy metals content of some vegetables in Roude-

%ﬁ yﬂ/
h 1FAA glino ] /o lg2 6 ladhs /3135 6593

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

£

hen region. Journal of Crop Production Research.
2010;2(2):165-73 (in Persian).

27. Safi Z, Buerkert A. Heavy metal and microbial
loads in sewage irrigated vegetables of Kabul, Af-
ghanistan. Journal of Agriculture Rural Develop-
ment in the Tropics Subtropics. 2011;112(1):29-36.

28. Aghayari F, Hassanpour Darvishi H. Consideration
of irrigation influence with domestic wastewater in
mint. Iranian Journal of Agronomy and Plant Breed-
ing. 2013;9(2):35-43 (in Persian).

29. Dadar M, Adel M, Nasrollahzadeh Saravi H,
Fakhri Y. Trace element concentration and its risk as-
sessment in common kilka (Clupeonella cultriventris
caspia Bordin, 1904) from southern basin of Caspian
Sea. Toxin Reviews. 2017;36(3):222-27.

30. Fakhri Y, Mohseni-Bandpei A, Oliveri Conti G,
Ferrante M, Cristaldi A, Jeihooni AK, et al. System-
atic review and health risk assessment of arsenic and
lead in the fished shrimps from the Persian Gulf.
Food and Chemical Toxicology. 2018;113:278-86.

31. Vaghar SA, SOLGI E. Investigation of the effect of
irrigation with wastewater on accumulation of cad-
mum and lead in the soil and cultivated vegetables
(Case study: Hamedan city). Journal of Environmen-
tal Science and Technology. 2019;20(6):139-50.

32. Rai PK, Lee SS, Zhang M, Tsang YF, Kim K-H.
Heavy metals in food crops: Health risks, fate, mech-
anisms, and management. Environment Internation-
al. 2019;125:365-85.

33. Chaney RL, Malik M, Li YM, Brown SL, Brewer
EP, Angle JS, et al. Phytoremediation of soil metals.
Current Opinion in Biotechnology. 1997;8(3):279-
84.

34. Lone M, Saleem S, Mahmood T, Saifullah K, Hus-
sain G. Heavy metal contents of vegetables irrigated
by sewage/tubewell water. International Journal of
Agriculture and Biology. 2003;5(4):533-35.

35. Patel A, Pandey V, Patra D. Metal absorption prop-
erties of Mentha spicata grown under tannery sludge
amended soil-its effect on antioxidant system and oil
quality. Chemosphere. 2016;147:67-73.

36. Tandi N, Nyamangara J, Bangira C. Environmental
and potential health effects of growing leafy vegeta-
bles on soil irrigated using sewage sludge and efflu-
ent: a case of Zn and Cu. Journal of Environmental


https://ijhe.tums.ac.ir/article-1-6313-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-11]

Science and Health, Part B. 2004;39(3):461-71.

37. Leblebici Z, Kar M. Heavy metals accumulation in
vegetables irrigated with different water sources and
their human daily intake in Nevsehir. Journal of Ag-
ricultural Science and Technology. 2018;20(2):401-
15.

38. Khawla K, Besma K, Enrique M, Mohamed H.
Accumulation of trace elements by corn (Zea mays)
under irrigation with treated wastewater using differ-
ent irrigation methods. Ecotoxicology and Environ-
mental Safety. 2019;170:530-37.

39. Mahmood A, Malik RN. Human health risk as-
sessment of heavy metals via consumption of con-
taminated vegetables collected from different irriga-
tion sources in Lahore, Pakistan. Arabian Journal of
Chemistry. 2014;7(1):91-99.

40. Solis C, Andrade E, Mireles A, Reyes-Solis IE,
Garcia-Calderon N, Lagunas-Solar MC, et al. Dis-
tribution of heavy metals in plants cultivated with
wastewater irrigated soils during different periods of
time. Nuclear Instruments and Methods in Physics
Research Section B: Beam Interactions with Materi-
als and Atoms. 2005;241(1):351-55.

41. Inyinbor AA, Bello OS, Oluyori AP, Inyinbor HE,
Fadiji AE. Wastewater conservation and reuse in
quality vegetable cultivation: Overview, challenges
and future prospects. Food Control. 2019;98:489-
500.

42. Qadir M, Bahri A, Sato T, Al-Karadsheh E. Waste-
water production, treatment, and irrigation in Middle
East and North Africa. Irrigation and Drainage Sys-
tems. 2010;24(1-2):37-51.

43. Drechsel P, Scott CA, Raschid-Sally L, Redwood
M, Bahri A. Wastewater Irrigation and Health: As-
sessing and Mitigating Risk in Low-Income Coun-
tries. United Kingdom: Earthscan; 2010.

44, Lake D, Kirk P, Lester J. Fractionation, character-
ization, and speciation of heavy metals in sewage
sludge and sludge-amended soils: A review. Journal
of Environmental Quality. 1984;13(2):175-83.

45. Ali MH, Al-Qahtani KM. Assessment of some
heavy metals in vegetables, cereals and fruits in
Saudi Arabian markets. Egyptian Journal of Aquatic
Research. 2012;38(1):31-37.

46. Khanna P. Assessment of heavy metal contamina-

FAY

e 33 S O3S jood w0

tion in different vegetables grown in and around ur-
ban areas. Research Journal of Environmental Toxi-
cology. 2011;5(3):162-79.

47. Hussain A, Alamzeb S, Begum S. Accumulation of
heavy metals in edible parts of vegetables irrigated
with waste water and their daily intake to adults and
children, District Mardan, Pakistan. Food Chemistry.
2013;136(3-4):1515-23.

48. Kumar A, Seema. Accumulation of heavy Metals
in Soil and Green Leafy Vegetables, Irrigated with
Wastewater. IOSR Journal of Environmental Science,
Toxicology and Food Technology. 2016;10(10):8-19.

49. Nazir R, Khan M, Masab M, Rehman HU, Rauf
NU, Shahab S, et al. Accumulation of heavy metals
(Ni, Cu, Cd, Cr, Pb, Zn, Fe) in the soil, water and
plants and analysis of physico-chemical parameters
of soil and water collected from Tanda Dam Kohat.
Journal of Pharmaceutical Sciences and Research.
2015;7(3):89-97.

50. Salgueiro MJ, Zubillaga M, Lysionek A, Sara-
bia MI, Caro R, De Paoli T, et al. Zinc as an es-
sential micronutrient: a review. Nutrition Research.
2000;20(5):737-55.

51. Chaoua S, Boussaa S, El Gharmali A, Boumez-
zough A. Impact of irrigation with wastewater on ac-
cumulation of heavy metals in soil and crops in the
region of Marrakech in Morocco. Journal of the Sau-
di Society of Agricultural Sciences. 2019;18(4):429-
36.

52. Chaudhry F, Sharif M, Latif A, Qureshi R. Zinc-
copper antagonism in the nutrition of rice (Oryza sa-
tiva L.). Plant and Soil. 1973;38(3):573-80.

53. Nayek S, Gupta S, Saha R. Metal accumulation
and its effects in relation to biochemical response of
vegetables irrigated with metal contaminated water
and wastewater. Journal of Hazardous Materials.
2010;178(1-3):588-95.

54. Kamunda C, Mathuthu M, Madhuku M. Health
risk assessment of heavy metals in soils from Wit-
watersrand gold mining basin, South Africa. Interna-
tional Journal of Environmental Research and Public
Health. 2016;13(7):663.

55. Fakhri Y, Saha N, Ghanbari S, Rasouli M, Miri
A, Avazpour M, et al. Carcinogenic and non-car-
cinogenic health risks of metal (oid) s in tap water

. }fg yﬂy
1A Glimsj /o,lg2 o lods /pasjlgsojgs |
-

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6313-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-11]

ol)5ed 5 (Shollas  Je

from Ilam city, Iran. Food and Chemical Toxicology.
2018;118:204-11.

56. Fakhri Y, Ghorbani R, Taghavi M, Keramati H,
Amanidaz N, Moradi B, et al. Concentration and
prevalence of aflatoxin M1 in human breast milk in
Iran: Systematic review, meta-analysis, and carci-
nogenic risk assessment: A review. Journal of Food
Protection. 2019;82(5):785-95.

57. Igbal HH, Taseer R, Anwar S, Mumtaz M, Shahid
N. Human health risk assessment: Heavy metal con-
tamination of vegetables in Bahawalpur, Pakistan.
Bulletin of Environmental Studies. 2016;1(1):10-17.

58. Fakhri Y, Khaneghah AM, Conti GO, Ferrante M,
Khezri A, Darvishi A, et al. Probabilistic risk as-
sessment (Monte Carlo simulation method) of Pb
and Cd in the onion bulb (Allium cepa) and soil of
Iran. Environmental Science and Pollution Research.
2018;25(31):30894-906.

%ﬁ yﬂ/
h 1FAA glino ] /o lg2 6 ladhs /3135 6593

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

Fav


https://ijhe.tums.ac.ir/article-1-6313-en.html

[ Downloaded from ijhe.tums.ac.ir on 2026-06-11]

£
£

AN
@ ;
\ £

m|
PR
7
%,
R &
gy \@

%, &
" of Environ®™®

Available online: http://ijhe.tums.ac.ir

Iran. J. Health & Environ., 2020, Vol. 12, No. 4

&

e

)

HETH AND EXVIRONMENT

Original Article

Investigation of heavy metals in mint plants irrigated by wastewater:
a systematic review and meta-analysis

A Atamaleki', N Naimi?®, Y Fakhri®, H Sharifi Maleksari', H Nosrati*, S Fallah"*

1- Student Research Committee, Department of Environmental Health Engineering, School of Public Health and Safety, Shahid
Beheshti University of Medical Sciences, Tehran, Iran

2- Department of Environmental Health Engineering, School of Public Health, North Khorasan University of Medical Sciences,

Bojnurd, Iran

3- Food Health Research Center, Hormozgan University of Medical Sciences, Bandar Abbas, Iran
4- Department of Public Health, School of Public Health, North Khorasan University of Medical Sciences, Bojnurd, Iran

ARTICLE INFORMATION:

ABSTRACT

Received: 23 November 2019
Revised: 12 February 2020
Accepted: 19 February 2020
Published: 18 March 2020

Keywords: Heavy metals, Mint,
Wastewater, Meta-analysis, Sys-
tematic review

*Corresponding Author:
Fallah.sevda@yahoo.com

Background and Objective: Nowadays, water shortage crisis leads to wastewater
reuse in agriculture sector. The presence of pollutants such as heavy metal in
wastewater results in the accumulation of them in vegetables, and it will finally
be transferred to consumers and will have irreversible effects on their health.
Therefore, the present study was performed to do a systematic review along with
meta-analysis on heavy metal accumulation in mint plant that is irrigated with
wastewater.

Materials and Methods: Related articles were collected from databases like
SID, Magiran, Iranmedex, IranDoc, Embase, Medline, PubMed, Web of Science,
Scopus, and Google scholar between 1982 and 2019 and the required data were
extracted. Then, due to the heterogeneity of studies entered in the research, a
random effect model was applied to analyze them using STATA 14 software.
Non-carcinogenic risk was assessed for children and adults.

Results: According to the search results, 1693 articles were entered in the review
process until the beginning of 2019 and finally only 12 articles were included
in the research. According to the results of the meta-analysis, the order of the
metals based on concentration (mg/kg) were: Zn > Ni > Cr > Cu > Pb > Cd. Also,
based on the non-carcinogenic risk assessment results, mint consumption showed
a significant health effects on children age group compared to adults, especially
in India and Pakistan.

Conclusion: wastewater reuse in agriculture sector leads to increase concentration
of metals in vegetables like mint. This increased the risk of non-carcinogenicity in
the age groups, especially children. Therefore, it is recommended that continuous
monitoring of irrigation sources, soils, and vegetables is done to prevent the
transmission of these pollutants to the human food cycle.

Please cite this article as: Atamaleki A, Naimi N, Fakhri Y, Sharifi Maleksari H, Nosrati H, Fallah S. Investigation of heavy metals in mint plants ir-
rigated by wastewater: a systematic review and meta-analysis. Iranian Journal of Health and Environment. 2020;12(4):679-94.
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