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Objective: Given that rice is one of the most important food sources for humans, monitoring
contaminants in this crop is essential to safeguarding consumer health. Due to the expansion of
vast rice cultivation areas across various parts of Ramhormoz, Iran, it is necessary to conduct a
health risk assessment of heavy metals in irrigation water sources and rice products.

Method: To determine the concentration of heavy metals, three composite samples were
collected from each of the irrigation water sources, including wells, springs, and rivers, as well
as from the rice products irrigated by each of the mentioned water resources separately.
Subsequently, all water samples were digested with 65% nitric acid and the rice samples were
digested with 70% perchloric acid, sulfuric acid, and 70% nitric acid, and analyzed by an atomic
absorption spectrometer. The health risk index was applied to determine the impact of heavy
metals on consumer health.

Results: The results showed that the highest average concentrations of heavy metals in river
water samples were as follows: cadmium (0.049 mg/L), lead (0.149 mg/L), zinc (0.304 mg/L),
and iron (76.150 mg/L). There was a significant difference at the 1% level between cadmium
levels in well water and river water samples compared to the WHO standard (0.01 mg/L). For
this metal, there was also a significant difference at the 5% level in spring and well water samples
compared to global standard levels. Also, there was a significant difference at the 1% level for
Lead in spring and river water samples compared to the global standard (0.05 mg/L) and for zinc
in well, spring, and river water samples compared to the global standard (5 mg/L). There is a
significant difference (p < 0.05) in the level of iron metal in the water of these three water sources
compared to the World Health Organization's standard.

Comparison of the water samples obtained from these three sources to the global standard
indicated that the highest average concentrations of these metals in rice irrigated with river water
were: cadmium (0.0030 mg/kg), lead (0.279 mg/kg), zinc (0.963 mg/kg), and iron (317.25
mg/kg). According to the results, the average daily intake of elements and the health risk index
indicated that in all samples, the health index for Lead for children was above one, which was
deemed hazardous for consumption.

Conclusions: According to the results of the present study, the main reason for the high
concentration of the heavy metals was found to be the discharge of wastewater from agricultural
lands and various surrounding industries into water resources in the region. Therefore, given the
presence of certain heavy metals in the rice crop and the high health risk index, its consumption,
particularly for children, should be restricted.
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Introduction

Rice is an essential food source for humans. Therefore, it is crucial to conduct extensive studies on the
contamination of this crop to ensure consumer health. Due to the expansion of vast rice cultivation areas across
various regions of Ramhormoz, Iran, it is necessary to conduct a health risk assessment of heavy metals in
irrigation water sources and rice products. Compared to other food products, rice has attracted special attention
from researchers due to its greater ability to absorb heavy metals. Due to specific cultivation conditions, this
plant allows heavy metals to be easily absorbed by the roots from water and soil, which will be eventually
stored in rice grains. Thus, the consumption of rice contaminated with these toxic metals is one of the sources
of risk to human health. Therefore, a high concentration of heavy metals and their compounds above the
maximum permissible limit in food and beverages has harmful effects on human health, and the toxic,
mutagenic, carcinogenic, and non-carcinogenic effects are related to the characteristics of the element. The
expected effects of these substances are evaluated through a health risk assessment. In general, the health risk
index is a model developed to estimate the potential risk of pollutants to human health.

With about 45,000 to 50,000 hectares of rice cultivation area, Khuzestan province of Iran is the hub for rice
production in the south of the country and ranks third nationally in rice production in terms of quality. Rice
cultivation in the mountainous areas of Khuzestan, including Midavood, Ramhormoz, and lzeh, is practiced
through seedling cultivation, while in the plains of the province, including Shushtar, Ahvaz, Shush,
Khorramshahr, and Dasht Azadegan, it is mainly carried out through direct sowing. The rice cultivation area
in Ramhormoz County is larger than in other regions of Khuzestan Province, and the main food for the people
in these areas is the Champa variety of rice. In the rice cultivation areas in this region, various water sources
including wells, springs, and rivers, are used for irrigation purposes, which should be investigated concerning
water resources and the relevant rice variety, with an emphasis on health risk assessment. Thus, the present
study aims to investigate the concentration status of heavy metals, including cadmium, lead, zinc, and iron, in
the irrigation water and Champa rice variety in selected areas of Ramhormoz County and conducting the
human health risk assessment on them.

Method

This study was carried out using a completely randomized design. In order to reduce errors in the research, all
sampling containers were washed with nitric acid and distilled water. Nitric acid was added to the water
samples to prevent hydrolysis, precipitation of heavy metals, and absorption of metals by the sampling
containers.

To determine the concentration of heavy metals, three composite samples were taken separately from each
irrigation water source (well, spring, and river) and from the corresponding rice product in the Ramhormoz
area. For sampling the irrigation water resources (including wells, springs, and rivers) in Ramhormoz, samples
were collected in polyethylene bottles, which had been previously washed with 1% nitric acid and distilled
water. Care was taken to prevent sediment from entering the sampling container during the collection from the
water inlet to the agricultural land. Subsequently, all water samples were digested with 10 milliliters of 65%
nitric acid and then analyzed using an atomic absorption device. Rice grain samples corresponding to each
station (farm) were collected in clusters from three points within the agricultural lands. After combining them,
a portion was separated, placed in a plastic bag, and sent to the laboratory for drying, husking (hand whitening),
and other testing stages. In total, to evaluate the concentration of heavy metals and compare them with the
World Standards Organization in irrigation water sources (wells, springs, and rivers) and rice irrigated from
these sources in Ramhormoz, 3 samples of well water, 3 samples of spring water, and 3 samples of river water
were taken separately from the irrigation water sources. For rice crop sampling, 3 composite samples of rice
irrigated by well water, 3 composite samples of rice irrigated by spring water, and 3 composite samples of rice
irrigated by river water were taken for testing. In order to digest the water samples, first 250 ml of each sample
was poured into the flask, and then 10 ml of 65% nitric acid was added to the sample. The next step was to
evaporate the water, and when its volume reached 15 to 20 ml, 5 ml of 65% nitric acid was added to the sample.
In the next stage, the solution was passed through Whatman 42 filter paper, and the volume was adjusted to 50
ml using distilled water. The resulting solution was kept in a dark and cold place (temperature 10-4 °C) until
the heavy metals was measured by atomic absorption. About one gram of each dry and sieved sample was
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prepared by dissolution with three acids (H2SO4: HNO3: HCIO4, 1:3:1), and the acidic digestion was
performed following the EPA 3050B guidelines. Finally, after the preparation of the mother solution and the
standards of cadmium, lead, zinc, and iron, the concentration of elements in the samples was determined in 3
replicates by atomic absorption spectrometry (AAS, Spectra 220 FS, Varian, Palo Alto, CA, USA). It should
be noted that all the standard solutions used were prepared from the mother standard (Merck) with a
concentration of 1000 ppm. In general, 18 samples in the study area from irrigation water sources and rice
crops irrigated by well, spring, and river water sources were analyzed. To determine the impact of heavy metals
on consumer health, the health risk index was utilized.

Results

The results showed that the highest average concentrations of heavy metals were related to cadmium (0.049
mg/kg), lead (0.149 mg/kg), zinc (0.304 mg/kg), and iron (76.150 mg/kg), which were associated with river
water. There was a significant difference at the 1% level between the cadmium levels in well water and river
water compared to the WHO standard (0.01 mg/L). For this metal, there was also a significant difference at
the 5% level in spring and well water concerning global standard levels (exceeding permissible global
standards). A significant difference was found at the 1% significance level for lead in spring and river water
compared to the global standard (0.05 mg/L) and for zinc in well, spring, and river water compared to the
global standard (5 mg/L). A significant difference existed at the 5% level for iron in water from these three
sources compared to the global standard (2 mg/L), indicating that the highest average concentrations of these
metals in rice irrigated with river water were related to cadmium (0.0030 mg/kg), lead (0.279 mg/kg), zinc
(0.963 mg/kg), and iron (317.25 mg/kg). Meanwhile, the analysis indicated a significant difference at the 5%
level for cadmium in rice irrigated with water from well, spring, and river water compared to the global
standard (0.3-0.4 mg/kg). There was no significant difference for lead in rice from spring and river water versus
the global standard (0.3 mg/L); however, a significant difference at the 1% significance level existed for Pb in
rice product irrigated with water from wells. A significant difference was noted at the 1% level for zinc in rice
irrigated with water from well, spring, and river water compared to the global standard (50 mg/L), and for iron
in rice irrigated with water from well and river sources compared to the global standard (40 mg/L) at the 5%
level of significance, while for rice irrigated with water from spring, a significant difference at the 1% level
compared to global standards was also observed (exceeding permissible levels). According to the results, the
average daily intake of elements and the health risk index indicated that the health index of lead for children
was above 1 in all samples, indicating a hazardous level for consumption.

Khoorie, Arianfar and khoorie (2022) investigated the concentration of heavy metals and the health risk index
associated with consumption of various types of rice available in the Iranian market. In this study, based on
the daily estimation of toxic elements intake from rice consumption, it was concluded that the intake of all
heavy metals through the consumption of different rice crops was less than the ADI defined by the World
Health Organization. Therefore, according to the present investigation, the consumption of the rice under study
did not cause toxicity in the consumer, except for lead, which posed a health risk to children.

Conclusion

Considering the daily intake levels of zinc, cadmium, lead, and iron from rice consumption, the health risk
index in the present study was below 1 and within acceptable limits, indicating no risk for the general
population of rice consumers. However, the concentration of lead in the samples for the children’s health index
exceeded 1. According to these results, the consumption of this rice sample for children should be limited so
that the level of lead contamination in the samples is reduced to the permissible level. Otherwise, it will cause
negative consequences for children, as research has shown that children are more exposed to this risk than
adults, especially to lead, which is a serious threat to them. According to these results, the main reason for the
high concentration of these metals is the entry of wastewater from surrounding agricultural lands and various
industries into water resources in the region. Therefore, considering the presence of some heavy metals in the
rice product and the high health risk index, its consumption should be limited, especially for children.



Journal of Environmental Studies, Vol. 51, No .1, Spring 2025 62

Author Contributions

Abbas Kord Zanganeh: Conceptualization, Hamid Reza Pourkhabbaz: software and Data collections,
methodology, writing, review and editing; Ali Reza Pourkhabbaz: methodology, formal analysis and
supervision. All authors have read and agreed to the published version of the manuscript.

Data Availability Statement
Data available on request from the authors.

Acknowledgments

We sincerely thank all individuals and institutions who contributed to this article. Thanks to Behbahan Khatam
Alanbia University of Technology (Iran) for providing resources and facilities. We also acknowledge the
researchers and technicians involved in data collection and analysis.

Ethical considerations
The authors avoided data fabrication, falsification, plagiarism, and misconduct.

Funding
This research received no external funding.

Conflict of interest
The authors declare no conflict of interest.



b o 4 gid
1oYA—APY. il Sl 1FF slas o) o lod B 0,498
TYFO —FAYY 2 Sg psdl sLls

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

University of Tehran Press

Ol 21 30 5601y & 5130 T 3 Jgazo 38 i S 310 &ozxi 3 (Gl SN 09811 S 5 (U 3 5!

T3y Loydde FT5LS yoy Lo janen M aiSSj,S els

abbaskordzangenh@gmail.com :asbll, .l nl ¢ yleate (leate s VIesls iniuo sl ¢ anbplio 04Kl ey jlame (wdine g pole 09,5 )

:aabL)

Ol et et VIl o oSl abale 0D ailaste kit 5 pols 055 Jgtes odiwy Y

pourkhabbaz@yahoo.com
apourkhabbaz@yaho0.Com el .yl ein po iy o181 ¢ 65 )9liS 0SS ey jlasoe (i g pole 09,5 ¥

(XKWL

A4

WJlio ol

Caz Jpae ol 3 33250 G I3 Sl sl p5Y el sl gl are IS e @ip Sl 4 g b B
30 el iz 3blio )3 (6,7 gy (S B8 4 a2 g5 bl ol 055 g0 EAS B Codl Lais
Cusl (6950 g olS 5 ol 3 Fe 570 P L (S SIilé i gans | (b 231 Cuadlo Sy (b)) s
paine g 3 al3g) 5 dats aly Jalb (6l hin S o e SIS AL s sl So093 (509,
5O S5 ol Ly O (sladiges soled colsl 3 05 4B S (1S 5 Wigad s Wl g0 & e o 4 Aty 2
O 9 4B i 10yd Vo S0 5 Al 9 S8l sl o3 Ve S0, sl SWSTL 0sd (pglaer g2 9 2oy
opbls asls ) S G pas oMy et 316 4 i el S 15 5T 350wl s oS by
A edlatw] oM

g (IYF) gy +1VFR) Gy (+/+F) powedls pSiw wlild clale 1 Sike cp YL a8 b lis gols Al
il olojle 3)lkiwl (e 4 Coms Gl g9 ols T 53 pgaadls’ 13 sl g, T 4 bgyye (MG/L) (YS/1D-)
el )il oliee 4 Cond ol g dasia O 53 56 ol (gl g Josine GBI P<-/-N aws o (+/+) MO/L) e
Skl l5me dr s ABdg) g Aot Ol (D Gy B ol o dme MBI 15 P+ g (> Sl Cubligg
Sl cdligy lojl il (lise & Coms B33, 5 dniz ol o 13 59, 318 5 (/-0 MYIL) Slex cudlage lojls
Ikl a0 4 s o ko duo ol ST 55 ol 318 s piomon 3,13 3gang I3 ime BB P<<+/ Y pedaws 4> (O MGIL)
Jgame pd aljlé cpl cdale (1 She YL ol &5 4 bl oo Ho e OMBI P<o/od pdaw jd Slia cuslipy olojl
(Mglkg) (FIV/YD) ool g (+/APY) soy d+/YVA) Gy (+]+¥+) powedls fliue a4y 4539y Ul bawgs o0 ()bl zo 0
ol ) G 4l g paie Codls (adlis a5 b L Codle oyblie adls s | ol ls LA cps
ool [asis SUylad wbpas (gl g ol K 5l i dadiges

ol oluy 3959 «ljls cpl cdale 39 YU ol S Gimgh ol 53 odel s 4 ol wlal 55 a8 Ao
VU 5 g e 3 (S il 392 & 42 b 11 ol a5 ) s 4y L) cilbsn ol 5 (559l
g 2930 1l I8 el ofigas o B uadls 0 bl (s (09

Wl £o5
gy Allie

AARAVARIAT G PR W PR

VXYY 16,5050 &b

VX[ VNN 1y G0
VX[ YY1 W) g U

o jlganls

oM Saasy 5]
ol

ol A

oK ilils

s @l

Bt Jyae ) S Sl3lh gazs 5 b Candlo 058l Sy sy (VFF) 5y Loy le 5 4l paren L sy bobis i) S 15 Ukus]
http//doi.org/10.22059/JES.2025.387054.1008558 Y ~08 (M BY ¢_selislagme & i .o seel, & ))50

—G)
@ Ev http//doi.org/10.22059/JES.2025.387054.1008558

Ol oSl e Lzl 2 a3l



mailto:abbaskordzangenh@gmail.com
mailto:pourkhabbaz@yahoo.com
mailto:pourkhabbaz@yahoo.com
http://jes.ut.ac.ir/

’f’f“j;/o)ln..ﬁ.,,.i"joledgojfd.wuw.b,«aodg)..&.f ¥

dodlo .

Sl s g SEg) ol (M alor | L13E lie Cyme Lo slay Sl glgil plp 5 ludl oD Lads s
Sl ol ¢ ) bae slaoau YT ol 4> (Sharma et al., 2016) cusl (gygpd 5yl (glodes idi allj, olde w25y ,> o
poradlS) Lo opSiw ljls (Yan etal, 2013) il o wheo sl iyl () @eSS g oS 45 bausee (3 a5l s 4 ows
2 @9l o lio bosd (o)le] 5 (6509l slage; lis SV gamo o Saeldl ol Bpas )b 5l (onl 5 sy oy
O BUD sy Gt gy oS Sl Sl Syl Jlisa 1) (oMl jlas g 03,8 3sk5 il (53 Bas slacély
st s 45 B Lol S oo Jos a5l 5 ety 0 659340018 9 (o)l s (sloJgSUse lgie & g St (590 g g0
Mondal ) 15,138 151 lusl ales 5l 055 Sldgzge (oM p g dish pudo 5 o Conl (Sow 15 Hlas slacdale (5 g, 0 o ]
(& Polya, 2008

03905 b 393y |y plie I (5)lur g5 (S e 03le (ol @y iliste Y gazme bawg cow polis (VL Cla e o
Jgasme ol &l 13 g 698 Ol Ol g SB35l oww @l3s a8 osds cuel ol o9 bl s 13 g olS S .(Park et al., 2011) ol
5 (Heetal, 2013) wl o yhas a4y 4BaS'G pne cod w39l g6y ol o b oyl plu (Khan et al., 2010) 1S iy zess
o sladely & @iliS  aie Ol Sl lusl codlw o lie alisie mlio jd o Sl i jlore s 3l i il38l i yeo s
slataly 10,15 (St polie dl3g) 0l ie g Sluogad 4 eguw Sl cpl & 2515 Ll ot g 2ol pw b alex |
1o el oMoy W Sagl gl o] il oS ol padls ol & osde 3 Codlu ol olyis 4 dbogyyo
.(Rodenbeck & Crellin, 2008)

solbimes 4 cplplo g 039 SB (6)0lo dlge (Hol)d Jold (anlo wlio o)k 5l (2138 @lio 4 I3l pl 399 (slaol, 51 (S
oS1ytn 5339l 55 J g A sl g S oS tne S 5 50 lic S o | kblyse n e
3959 e sle (Sl @lie 5l (6559liS > (pleond dlge g LadgS jloslital ofag 4y g Mlowy (il 02 (3Ll (NSB L (6l
(Yanetal., 2013) situd G jlases 4 K ol 3l

Codls bi> caz wb bl pludl @l e g pre 21 aie 8 ol 9 b Sogll elgl Qi s 4 ) SIS Jsame
Cuol (S )5 B+ S 5 o b) Gliwjos Gl 988 Cgix )3 g8 oS WP (23S )52 205 )3 (s )90 0T S pue
O3S )5 ol ol 3 9dee Pl (B35 o 5 1dsd )3) el CulS g (o] g s0 el )3) SUI CudS Bygo g3 & &S
ailato (l sla )5l )bl g 4l oyl (ol Loz 0)) SIS S o o (s b il @ 008 s
aghis ) jeSde ol mle &5 oyl & 4545 L (Kolahkaj & Battalebloie, 2018) >au oo odliiwl aildg) g deui> ol> ol ailis jl
Jyaze (Sagl el o6 & Abl o ko g (liog — syt D o5 )9liS ol alox ] il slooay ¥l 399 156 cow
335 plol 5ayaaly e iy Jpaina 33 uaSlr Sty S 3 xS Sl BIE 2y ol (535008 1) 99,5 o
Sz lie o o S5 & 5 s @ Jpamo 9 o)ll @i )3 Bl oo (S Sl (e o p3l> Beios laal
ol dalllae 3)50 ddlaie )3 g6 Bpuao | b coodla

dibaio gy gladigel )3 o g poredlS (i B idlagy Jlad gy 4 (Pl die) cnl )3 0ad plsl B Gl ]

WHO 5)lailin] sl jidiy Gy liee g ¢S pouedls” (l5ae aS 0 LS oy opl ol 0ged o)Ll liwjed bl dgglane
Mgy JS' (5023 (PTDI) Joos LB &li) 8 pume jlons d> 3 @2 Ba)bo Sl oy 5 powedls (S B e (il 2 09Me il oo
Cow Sy b))l adllas @ e o pizren (Kolahkaj & Battalebloie, 2018) 15,5 objs,l WHO/FAO alowg < ol

Sy Olio 3855 (mal ) )5 o)Ll ()8 bl 59,400l8" adlate )3 gy S 5 0y cpgedlS (S ljd 51 L



4 OKas g 40,8 lee / ... 40 Ko OIS raxi’ jI ol Codlw 090l K5 5,/

{(Cheraghi et al., 2024) 15,5 3,9l adhaio p3y0 Slb puo yue

28,5 )y aalllas 350 (e )9S 1 0 Jganme > Sian)] g poredls il cale bl Sl 58U (6,500 G5 )
Slate oldlie oS Sy aSele Lial3El o oo 1> YU oo B Jlad )3 ol oo 1 pomedls’ cdalé oS sl s gl
Chen et ) wsl e o IS ygbds ciliee _olilyin slaiye 5 dbdiges oles 1> Syl il Blio )3 g oo inles |y
Sobs S londs a8 )T cladiged dad oS 2l L win Gl g6y Jaaze ) i @l 3l uf"?ﬂ suilige lyles (al., 2018
Sharmaetal.,) A b w9 p9)S 5l oYLty (g6 p Y guame jl o a8\ sladiged 0 aS° Jbs ;5 idg LS g paredls
25 (2 Slilllas digel I oy Sg5ole 1oed I 5 bl gy bome Sllad g (S I3lE res 51 (2018
5 35,5 d93g adhaie (lSK 3 anb job w69y 5 Sy o ol slrosu YT S 3g o 5l Sk s wl 4 o)l
FYL (oS @y slaails > Sl ol bgio (lgiome 4 Cand 9 Y plodls 5 S o0 4 a0 b Sl 5 pgsadls jlade (puieen
(Xiao et al., 2019) 34 jlxo ailias] I

OB 95 (gl yiig Y
axlllao 390 3905 V-V

a0 B aadd YV g ¥ g Jlod (5,0 ddBd ¥ 5as d VY U ddds V& a0 VY slélss Cuxdae b jo ypoly oyliw o
w2l bl cas wlise u’l bo by s ool sl oad Z8ly buwjed bl (Byd cas jd Bpb Job alds YA
il e (043 yi ool 5 (b sladaiin 0> albog)) (55)5liS

S pdiges bo V-V

Gl ol mlie 5l obdige (i Sl e (¢ pSojlul cagn ol 0ad bl Laakas Mols b B 53 imed )
abis dw ol bwg odd gl gy olS g wling, ol mie 5l il 3,8 cuilyy eyl ddhaie ) ) @ Jgaxe b olyen
ol (ol i 31 (oo paiges Lol 3 5 plosl T 4 bgypo iy oS g dair (ol st Sl 5l pdig0d ugs 35 ploxdl (61 gl
o (e Al g (Su35 3 3 5503 Al g g (g Yoo Loy Slgal 33,5 spore (Soo5 5o Ul i) alais 4w 53 iy olS
b,

S0 pdiged (g, Y'Y
.(Zhang et al., 2015) 395 (¢ S ols S 318 Ggwy 516 03,5 Al G i dal (O] clbdiges 4y g g 1505

& @bo 3l 5,15 paiges F-Y
bo 3l (shaie O g doyd S5 HNOg ol b o atns) (sl b Bgbs )3 (oylol JUIS 4 Ol (6395 Joro 5 diges cuibly
32y 0855 Oldgnge by 3l (6 pSols (cly g 05,5 odle] S 5 A S ygods oad Culldp sladiges b plou] adllas 590 Calisee
{(Zhang et al., 2015) 1 (Y 5 PH) (sawl dadiges olod  olows bl 0lSiolojl 4 Jl s )3 ladiges Lol oS 5 baas

& 513:1431.3 Lg)b).g&}oi H-Y
Cavgy 9 908 S 5l L g b ABlIE Saodl J31 )3 uS 5 Gjge 4 diged dw (SIS ac)ie ya zp Jgae
A5 Jaue oli»ib”lp)’] QS



’f’f“j;/o)ln..ﬁ.,,.i"joledgojfd.wuw.b,«aodg)..&.f 144

Sygo 4 ol ddlaio gy g Ol lbdiges 3 S Sl e b pegad 0 ol Y el iy cales

31 pdiges (sl miomed b 4,5 B3y Ol 5l diges ¥ g deudis Ol diges ¥ eols Ol diges ¥ bl O wlie 5 48Tus

525 5 903 ¥ g dadiy Ol bawsgi 0nd (o)l @2 | S5 903 ¥ eoly o bawsgi 0 ()l @2 ) S 5 Gg0d ¥ it sl
A sl B39y Ol buwgs odd o)l gy

ol Ldiged i S-Y

Sl Vo Ml ol &y g 0l o3l H1,3 JL 31 1) (YO M) osds (gyglaes sladiges 5| (6ylabe ol (sladiges (gjluodlel s
@ dges w45 Sloj Uyl g s g 1] hes 4 pal)l 4 B odldy <yl s gq, ) diged e 23,5 43Lsl HNO3 65%
o pad g Blads diges a5 Sloj U cdiges 4y HNO3 65% sl & Ml 139381 b )l Jos bl sl cdyy i Lo Yo (JIVO
Lol dw alsyo )3 5 (Slo 2Bl digad joe 098 SlS 1l5 Bged quuan o Jsb )0 45 350 dag5 Sl andlad plol g
oS Sl3s cbale s gl g 635 3 il a ¥ =V e glod (3 Jalme cpl by 00 M 4 Joloe poe ¢plate Ul 3905
Radojevec & Baskin,) .o Jate oKisle ;! 45 (AAS, Spectra 220 FS, Varian, Palo Alto, CA, USA) il wds oK) lawes
(1999

Ty sl o Y-Y
3 e o St sl S ke 31T il de 3 100 slod b gl 53 adiges e T b zuy (sladiges s |
s koo VYA S5l g Ol (s 0 Sl sladigos A ol ladiged o9 45 Sloj B 5,5 (6 )laa5 5,5 5l a3 VY (slod
15 (¢ 5lwodlel (H2S04: HNO3: HCIO4, 1:3:1) ol dww bawsgs Mol yg, s iy diges p 5l p)3 <S5 D9 yuasaw -5 03> jgue
005 Alal b bl jd mad Blad 5 Ky 0 gu )b ladiged &S (gsbds 8 )5 ploul (gam! puin EPA 3050B Joslygiws b g

13,5 Blo Lalbl 465 8 Gls caa FY yelly Slo 16l oS b g 1 osby O Ml &y Joloo o>y Jbgd Hhade
.(Mansouri et al., 2015)

O O3 Clale o A-Y
o5l Ol oKy buwgs s odlel (cla Joloxe y3 S s liie uaws g as Fe g ZN P Cd @l s 5 )lasbusl Joloeo il
sl Jolowe solod cunl S5 4y p3Y L000,5 (6,505l 1SS 5L 4w b (AAS, Spectra 220 FS, Varian, Palo Alto, CA, USA)
&bio) Hlaid g0 (baolSiu] j> diges VA dlawi ¢ IS )0l 4 s ags Voo v ppm cldale L (Merk) (oo 5 lubiwl 1 3 pas )bl

8)5 )15 Jolosea ;o5 590 (g5 €150 9 5ol

C’—qum &Mﬂ-’“) uﬂ&lﬂ# "MM 3 .ﬂ—‘ﬂ

23,5 oMl 25 Laly) SoS b oMl Senny a3l Sl jojraly )lje @8 Bpan | ol (i @l (8T omis caa
.(Apau et al., 2014; Zhao et al., 2014)
CxF
WxD

EADI =

(V) aly
oyl oyl 5o
(392 23 0 Qs PS5k 3 P05 o) I3 &ilig) (a5 ol (:SLe =EADI
(P55 1 S ko) adlllae 3)90 (2138 03le 3 puaic jo clale (1 SiLe = C
(39, Y#0) Jus sljg, sluas =D
5,8y lawgs olde odle AVle B pns (WSSl = F



144 OKas g 40,8 lee / ... 40 Ko OIS raxi’ jI ol Codlw 090l K5 5,/

(08395 sln sk V0 5 VLS )0 slp p)SokS Ve i &) % B9 (Sl = W
{(Kolahkaj and Battalebloie, 2018) 1ib o 595 ;0,5 V) (F) 3,8 1 lawgs (z5,) (2l oolo diljg) Bras ko l5a0

rais o ailig) oo 5:Ske 3505 G &S bl g ceodls 0)blixe (a3 Ls (5SS (i gy a0 pre LRSS
V5l 5SS stel Cand 4y CaoMas 0yble (adls (ST (Y abasly) 395 g0 dmoliee (Jgud BB ailig, s pU a4 ()S0n jadls 4
EADI

HI =00 (V) ety

barly ol
(59 2 0% 039 PSS 2 p)S ee) yaie s dlig) (o5 Ll (ke = EADI
{(Kolahkaj and Battalebloie, 2018) (59, ;> b (59 S 5kS p £.5 Juo) paic o Jod LB wljg, ©is = ADI

Sl Julosi g i Y oY

Joy 2555 Bgh pransl =595 90158”9031 SIS Ly b plol Y5 15 )9 SPSSlama 13 ladigal (i lilh om0 (ko 301
Snsy 23L5 ales 1 b duglie WHO 3g0im, by i i clale 5 8ke ¢ cldigal S5 Cans 5 090)] b 5 cymes odls
W35 dewbre jeSde baslgy b BUiS 8 pas oMl

ubqath&é‘g‘ .f
oS 3 G oy 20355 s N —F

g S IS 5051 (S8 L ol cilika 3bolio 3 ddllas 3,90 sladigas 3 Fe 2N Ph L s Sila oo oo ] e
() Josa) g o s aoald

(o sloaidly sxie) dalllas 3y50 (sladiged ;> (pSiw Sl3lE e 1WSlo 5l Juols (slaodls Julos Y Jg.\:-

JJeYY AV VA posedls
Y- e VA oy
ol>
e -/AYY VA 9 '
/¥ V/OVA YA onl
<JAYA I5YF VA pasedls
"..
I +[YAY YA &9, )
AL VY. YA ool
-vas ISEV YA posedls
4515.)5)
Jovs oJA<D \A <5
-/oYa AIAY- VA ool

1. Health Index



’f’f“j;/o)ln..ﬁ.,,.i"joledgojfd.wuw.b,«aodg)..&.f ZA

polis pilie g o 2bo ),y;U o Y-F
ol a5 3] caalllan 390 I3l il fimn r chlisea ] polie yoil &S 05 asiie (¥ Jpin) by 4o Jos KaS L
s HId ze P<o/+0 Jlazsl b

(Bt sloassly i) uibly 4 o5 oS b ol palie  ciliseo (ol gl 1Y Jga

Ob.’,o Egoo -
- - a5l a3 (7 JUVeS g 919
Fe Zn Pb Cd ST i
ART AR ¥v/-a" -y Y Je il
ardl s -[ovs ofeey . 5 Xl
VIVEY VEYY VAR VY- - Ol i >

P<e/e0 gdaw )3 5 sime W] 3929 pac™
T r SBaiged y3 (i I (i 2 oo @l U s Y-F
39"" (_)W (\N JS») 45)-“’& u“l’)lg ‘_}A—bo l.: i u’—l @k.n )l )JLQ oy LngcU}aJ 2 adlao dy90 ul)ls )mhu L)&}LA

(G5 ol sais) g5y Seiged 1> i 3l lin 1 o @lio 1l 48, b il ly i @ls ¥ Jgaa

Fe ‘-sz:;o = Pb cd il | Sl gl
TRAi -fon-" Y/\AA™S - [Ya¥™ Y Joeo il
VFRAFA/SY o[+ AA AT . s U s
A% <Y -/V¥o V) - CHIE SN

P</o maw j3 55 e M5 342 pac™

Cailuge olojlw 3,biw! yl5ae U 30500ly i 9 O (R Ag0d i OI38 Clilé uSibe duulio F-F
(WHO) ke

ol 1 )3 popedls 18 oy 45 amd o L3 (F) Jgaz 5 jopaely dibaie (gl lio 1> Ghiges S s S gel 5l ool @l
Cons oly g dcds Ol )0 8 pl (ly g ls dme GBI P<o/e) alaw ,5 (+/+) MG/L) WHO 3,5kl 5l5u0 4 Cnns 43839,
2 oy 8 o 0l 3 (Slhe Cublige 3 kil jbress 1 i) s sxe BMSI P<+/+d) daw > WHO 5 jlulisl ol 4
3,85kl oyl ol a0 4 Capass a333g, g et ol T 5D (g 316 g (+/- O MYIL) JLass g0 3ylkil )l jxe ) Cms A51539 5 dais
Codlig lojlo 3,1kl e 4 Cans ol guie dw cpl O 43 el 18 o )1 dgmg I gme MBI P<+/+ ) pdaws ;> (0 Mg/L)
D5 3959 (dogy o 3 ylliwl lreds i) Jbo gme MBS P<+/+0 xlaw ;3 (Y MO/L) Sk

cdaw 53 (+/Y=+/¥ mg/kg) WHO 5,5kl lje 4 s 45339, ¢ douti ols ol lio gy 50 posedls 38 cpo 3,k 5
e 4 s 61539, g douin ol wlio g8 )3 G 8 3yl0 3939 (Abgape 3,15kl jlress I yieS) Iy dme BMBIP<+/+0
P<+/+0 maw yol> ol auie gy 1> Cpw 38 oy Lol 00,05 3439 I3 me WS (+/¥ MY/KG) Slas cudline lojle 3kl
e 4 Camd S5, g dadr oy ol @l @ ) 95 B o 2 2929 (Slar 2kl jlress Sl a8 o ine BN
3 onl 38 g 9 3 39 (Slae )kl jless I jeS) s dme MBI P<o/+) mhaw , (B+ mg/kg) WHO ,lsilul
4 G daiier (o @iio gy ) 9 P<+/+0 o 3 (F+ Mg/kg) WHO 3kl (lje 4 Cops w539, g ol (] wlio g



#4 OKas g 40,8 lee / ... 40 Ko OIS raxi’ jI ol Codlw 090l K5 5,/

Dy 35 g (Sl 2yl jlreds i) Jb gme GBI P<+/+) mdaw ;3 WHO 5)libuwl 500

(325 el sia) WHO 5,5l 30 b 520l (MGIKY) 552 9 (ML) O (sladigas (i lilé clale S0ks dumlio F Jgoan

ol i 9 3 O 7 popedl | (g1 paiged Jxe Wigod
Yoy o* [YAVF* AN el o[- ¥YE* ol

OA/SYO* Adn tale AT ofox5* Aol o
\CZAY- Xl AR el VAN sSaed ofo¥F* &g,

YV AF NINT il - IYVO** ofeey** ol

FAVEX AT aiad TAnnd of s Y** Aol 2
IV/vO* A S el -/Yva™ of s ¥FF FERY

Comd Y gime MBI 00,5 O o ;D I xo BB # duo > V prdas ) 4> ime M| s

53 Laoss Spme (liosd (51358 53558 130 pans 5 o] (ST 4 (i 8 o 5 aosis¥T 935 o 3 Snte
Sl o s ol xie lgisds g6 Gl cpl j3 Db o IS 0150 40 ) (2leiS 3 el &S (Street, 2012) Cuwl ddlais
657318 (slocobuy  oslitl el pgdge ol 5 0 ploml 5oy b 53 o8 ()l o 4 3l (Biios ] Clus 4 ] 20
(Buragohain et al., 2010) iz bl Cluw emed (6,500 Jolge (ol p ogMe wul 03g) g6y &)l30 (6ylol Cas Cand by
lyests > & i (1835 oizes g slo] o 39 YU i (6lodgS g o Sl J oolital sl oo 4 05
A S5 g oliwgy 9 opd Olaw @85 o Ko (Sd5 ol plio 4 ilisee slaslus 5w, (Hou et al., 2013) oloa 9 O
Al e S i i 4 g eilie (ST o 68 & 5 o o (ol 3 s o 225 slaodle

ale g ol 9 S 4 69y 9 oy polie 39)9 ol gin |y Sladl lacdld o pliime Slllle gli b pols (30 gl
Sl &S imgs gl b piomen g ausly cidllae ((Likuku et al., 2013) wlatwsly S5 5 o wlbo > ol dg3g Jus 1) b
(8598 il sl 3959 S5 41 1) 595 5 o e pssedls polis & Cd) b )3 @ sladised 5 e ol e
O b (65500 Gaid p dieus )b Slgsren (Khaledian et al., 2014) sy 0yaud 35 30)5 5 (o @lie 4 lis 5 (S
clale (9 YU e o W) @i ol 4 lijod liel 3 Shadl Gl e il Bblie Laz a8 3 i Sl (e
dblio oyl gl ud 0agll ol 5uis” > odiy ¥ g ol zesd ¢ sixuo adils ey g)l50 (S35 20 cbaaily jo ljls -yl
&S o b 1) pols suis guls a5 (Moradi et al., 2022) il o g)l50 5o b il 5l oalitul o byl 4y azaoly slacMsb
olils clale i oS ol (i jols Guiod diled )b liwl jg,u00lS dilaio gy Jaamwe it Clalllas gols colgs )
.(Cheraghi et al., 2024) cusl Sl 5)lall ol xS WSiw

& r LU Collw Sy el (s O-F

03,51 (8) gz )3 jo el dilato g 2 olS (gladisas ;> CoMlus 0 )bl (Sl ol 5 ol § s (59 pgredls’ polis clale
Ol ey yiaS g AilBgy (o)l pdiges Jome jd /e ¥ MOIKG Dy poredls clale . Slo oy yiidis &S A2 o i gulS Cuwl oud
sl i &Sl V| 35S sS pawedls 8 ol Cwodlw o)blowe (adli yeus ;D bl o ol> diged Jowo j3 o/« -+ Y mg/kg
bl oo @ oS 3 yats (pl 4 S (395 9 (VWS 3) 02T B pae sl Do sl pse



1FeF ‘leo)ln.‘:' :,o.(jj 01&%{ 099 ‘wwh‘-«m 4,!).&.;

(G5 sl zpiia) joypaly dilato )3 (i I3l ot Juwily Lulul p g6y olS Gyne Codls asls 5 aebale W Jgas

el CooVlw 0yble yad i g diljg, swedd Cda wibe Tt
ADI ’ = )J’ 9“9, E;\D| > OV d)":'!' c.glm
(mg/kg) rolis - - s i
(mg/kg) o> OYLS,5 B> OYLS)5 i
o[+ ofeeny o[o¥F o[+ A N Vi) o powadls’
of-evs AN V/OYD -/¥YAa RN RN Oy -
¥ AV /-0 AT AJ-yva R <5 "
A AARVRN -I¥FYY -[-Y¥¥ FIY O« V/¥Ya oal
o[+ of+¥Y -[~F¥A o[+-a8 F/FARY AUsVa) 7 posadls’
ofeeys I¥YY Y /ADA /YA R o[eNY G
n':.'..
Y <Ad. of5Y JJAYE AL ofs ¥ &9 '
VA YAV +/YOYA +/+YOA FIYEAA VIYFE oal
o[ ofeey Y o[-y A VYY) powadls’
ofoeys -/yva V/OOA TARAR o/ e0F ofs Ny Oy .
4l
Ax -[asy o[5¥ [ VYA -[+ay o[+ ¥\ $9)
YA TAV/YO - [YOFA e FIYAY VIYEA onl

MO/KY odel Cawd 1 oy Hldhe (' yiaS g douis (650 pdiges oo 10 +/YYY MYIKY g6 )3 Oy puaie 1S5ko Hlabe (o yid
0a3ld (355 sl dadiges (oo p3 (Il el oMl 0)ble (aSls gl & drgi L il oo ol Wigad oo 3 +/YVD
Gl Jl oy 851 3 (a9l ao)d ity (LS psb 4 b 00l parts SUjkas oaiSBpan (gl 5092 )l e cedls
Bl ol 3 031 & o 399 31 (BB CBlge 5 Cnngonnn dinsd sl 008 35l 203 Vo BV oy (138 5 ) (o8)l5S e
(Synzynys et al., 2004) cusl gSUlas o sauly 5545 )0 a8 wiay sl

Gga3 by gl @it 3 ol Juisar g 8lg; o qie & bgipe <[P MYIKG @2 55 59y 518 e Sk VL pien
9 2 Sly baiged Ceodl Sy padld Glise g9y 8 (sl ol andly |y (+JAVDY mlkg) 38 oyl clale Glise o oS
oYl s @ dged lddg) @iie )3 b o3y asuls jlad o eMSBpan gl & 39 ) 5l ieS 395 5 (VLS5 095
g VIV -AMGIKG 16 oyl lise oS Shld g6 diges ol (gylol @ito 3 WSe g VIVIAVE m/kg ool 1 clale (Sile
oAS Byme (gl &S 03 ) | a8 lndiged (poled )3 ol e (gl Codls o)l (aS s &S 395 e (5D ot cnlple
Al it o paie cpl a5l

858 swp 390 Ol Hlik 3 (Bras g el Bras I (A6 Cedle obole adld g St Il clale dos )
Gy Gl 3l S Sl plod o 4505 (asitio @iy Bpas Go)b Jl o polie Gl wlig) 39l elusly (Bais
pol 3uind Gillas oyl b (Khoorie et al., 2022) 55 Sl cuiligy lojl bawg 0ud iy y23 ADI I eSS ilises (slag y
Cuods 0ybolre (5365 (gl pol> BuioS )3 &S oy I8 slistnl &) 9 0l 0AUS B a0 )3 Curauw il )2 3y90 @y B ypuae
Cadldy y

(5 5 oS .0
i Sl CBle (Sl (el e aptel i e iliss 3l g Jpazee g O e Sl (lised 59y 2 30 53
Olosle 3 liliel jlre s 5l dadiges den 0 ZN . Ske oS A asuidie cilaio (pl 260 B pas 3l 8L Sy 9 Fe 9 Zn Pb Cd
OSle (WHO) Sler caligy glojls (slodylaslial b gy )50 Cl3lh clale duglio )3 (pizman 5392 Jomb Sl cuili



A4 OKas g 40,8 lee / ... 40 Ko OIS raxi’ jI ol Codlw 090l K5 5,/

3 st el @lio 3 Pb clale (ke g lojls ol basgs 00 (e jlome s> )y e 9 ol Slodiged oles o Fe clale
ol WHO e s 5l i o plie 3 Cd cdale ke ¢l 1 ogdle 3gp s opl 5| 268 @iy (sladiges ;> g WHO jlxe s>
S g jlome do 05 ) | a8 Codls Sy (a3l @ Bpo 1 0] g s poradls g9y SI3lb wligy ol liee 4 g L
O39S sy oMo (a3LS dadiges )3 oy CLlE e 4 a2 g5 b Jg bl oo @iy (AT B pas (sl 0)bolre pas oximd Ll
oy U o dalge oolaiwl (500 50 olacudgiome b guol (8368 (gly goy diged (pl Byuae @uls cpl & dogi b o ) jl i
Les 03,5 0 0l 55 2 (st sladaly sl Spgonl b 3 i by el jlreds & oy B 4 ladiges (Sogll e oS
S S & Bl Gy B 4 Cund ofgh pdplad pl (o 3 VLS ) il 5368 &S 0ol (i Cliis

ol ] el

M Ol Mo

o953 YT Jgol 51 59w

el o] dad gl 350 £550 ] g Wlodgad Cole Lale imgl ol il 5 plool 5 |y SMS] Jgol 5 sy
O@M’ “93 w,lﬂ&&

I3l s g 03l (g yglaen iS558 e

&8le o)l

)5 gdlie ol Alis ) Bkt ol by

b o>

sl 0395 313,95y Jlo Colos wigSgun 5l Giaggy ol

S 5 Fwlps
g )Rl (ale 5 o)l slajlas il LS 4y e (ol Sl

&l

O ol cdale L3U . (WWAY) ey diSle g & puse «hlo gud 0,8 £ aitre ¢ olo) ey Medte caiize £LSjdase ¢ LAl
FAO-YVO (F) VY (S 4 of cblis slo jingiy oale i o))l S 6535” » ‘_g)l,ﬂ ol calise le

Gl ) odliel b gy s cladiged 1> (S 3 Gl )y (VF4)) dd 0y 5 e ST B0l s gyt
YOO-YYY (WY) VA /) lic mlio g pole dlxo . o3

uL.M:I ;.)99‘).3_«0 dakrio Py Lgl.hd.:?.oa POy fb%o.)ls )1J§A 9 u.u»l.kq(v /Ja> ) (\\“ﬂa) Ady Jo qu9LJUaJ 9 Sdpo po cél:%

‘_;’LAASL PRELN LSLQC’)" 5 P9)59 P%ADK oy u‘)lﬁ clale =y (\\NQ\C) M‘) cszLé) 9 ‘ul:wl.w cd)lﬂ f.oh’bﬁ (Sypaio
FA-FY (¥) V& o lwn s S pole olKiily 550 (K iy pale dloro .giiiw s 1> 00 x1595 Sl

O Sl e g Cu Sl aliond 9038 S Shg ez (Ve r) (el (IS 9 LB e (R Bk sl
N0 AT (V) VY o e o )l 5 (595 tlmo Lo 52 (o2l 5 o)


https://jwsc.gau.ac.ir/article_2020_482d5018d41d6fc92eff0fdc6e1807c6.pdf
https://jwsc.gau.ac.ir/article_2020_482d5018d41d6fc92eff0fdc6e1807c6.pdf
https://jwsc.gau.ac.ir/article_2020_482d5018d41d6fc92eff0fdc6e1807c6.pdf

’f’f;J;/o;an.,,&;oledg o);.ﬁlwuw.b‘.«mdgﬂﬁj vy

References

Apau, J., Acheampong, A., Appiah, J. A. & Ansong, E. (2014). Levels and health risk assessment of heavy metals in
tubers from markets in the Kumasi metropolis, Ghana. Int J Sci Technol, 3 (9): 534-539. https://www.researchgate.
net/publication/280232308

Buragohain, M., Bhuyan, B. & Sarma, H. P. (2010). Seasonal variations of lead, arsenic, cadmium and aluminium
contamination of groundwater in Dhemaji district, Assam, India. Environmental monitoring and assessment, 170
(1-4): 345-51. https://doi.org/10.1007/s10661-009-1237-6

Chen, H., Tang, Z., Wang, P. & Zhao, F. J. (2018). Geographical variations of cadmium and arsenic concentrations and
arsenic speciation in Chinese rice. Envi Poll, 238 (12): 482-490. https://doi.org/10.1016/j.envpol.2018.03.048

Cheraghi, M., Abdeshahi, A. & Mehrab, N. (2024). Health Risk Assessment of Heavy Metals (Cd, Pb, and Cr) in
Cultivated Rice of Kor River Basin in Kamfiruz District, Fars Province, Iran. Journal of Food and Bioprocess
Engineering, 7 (1): 79-86. http://dx.doi.org/10.2139/ssrn.5015037

He, B., Yun, Z., Shi, J. & Jiang, G. (2013). Research progress of heavy metal pollution in China: sources, analytical
methods, status, and toxicity. Chi Sci Bu, 58 (2): 134-140. https://doi.org/10.1007/s11434-012-5541-0

Hou, D., He, J., Lu, C., Ren, L., Fan, Q. &Wang, J. (2013). Distribution characteristics and potential ecological risk
assessment of heavy metals (Cu, Pb, Zn, Cd) in water and sediments from Lake Dalinouer, China. Ecotoxicology
and environmental safety, 93:135-44. https://doi.org/10.1016/j.ecoenv.2013.03.012

Khaledian, M. R., Motamed, M. K., Rezaei, M., Ghareh Sheikh Bayat, M. & Maleknia, B. (2014). Effects of heavy metals
concentration of irrigation water from different sources on the contamination of paddy field soil. Journal of Water
and Soil Conservation, 21 (4): 275-285. https://jwsc.gau.ac.ir/article_2020.html [In Persian]

Khan, S., Rehman, S., Khan, A. Z., Khan, M. A. & Shah, M.T. (2010). Soil and vegetables enrichment with heavy metals
from geological sources in Gilgit, northern Pakistan. Eco envi saf, 73 (7): 1820-1827. https://doi.org/10.1016/
j.ecoenv.2010.08.016

Khoorie, E., Arianfar, A. & khoorie, M. (2022). Assessment of heavy metals in different rice samples by atomic
absorption. Iranian Journal of Food Science and Technology, 19 (122): 247-255. https://doi.org/10.52547/
fsct.19.122. 247 [In Persian]

Kolahkaj, M., & Battalebloie, S. (2018). Health Risk of Cadmium and Lead in the Rice Cultivated in Meydavood,
Khoozestan Province, Iran. J Health Res Commun, 4 (2): 39-46. https://dorl.net/dor/20.1001.1.24236772.
1397.4.2.5.2 [In Persian]

Likuku, A. S., Mmolawa, K. B. & Gaboutloeloe, G. K. (2013). Assessment of heavy metal enrichment and degree of
contamination around the copper-nickel mine in the Selebi Phikwe Region, Easten Botswana. Environment and
Ecology Research, 1 (2): 32-40. https://doi.org/10.13189/eer.2013.010202

Mansouri, B., Azadi, N. A. & Rezaei, Z. (2015). Survey of Pb, Cd, and Cr concentrations in imported Indian and Pakistan
rice distributed in Sanandaj city. J Med Sci, 16 (49): 44-49. http://zanko.muk.ac.ir/article-1-78-fa.html [In Persian]

Mondal, D. & Polya, D. A. (2008). Rice is a major exposure route for arsenic in Chakdaha block, Nadia district, West
Bengal, India: A probabilistic risk assessment. App Geo, 23 (11): 2987- 2998. https://doi.org/10.1016/j.apgeochem.
2008.06.025

Moradi, Z., Tadayoni, M. & Gilani, A. A. (2022). Evaluation of physicochemical properties, cooking quality and heavy
metals (lead and cadmium) of Champa rice. Journal of Food Processing and Preservation, 13 (3), 133-150. DOI:
10.22069/ejfpp.2022.16216.1524 [In Persian]

Park, B. J., Lee, J. H. & Kim, W. I. (2011). Influence of soil characteristics and arsenic, cadmium, and lead contamination
on their accumulation levels in rice and human health risk through intake of rice grown nearby abandoned mines.
Jou Kor Soc for App Bio Chem, 54 (4): 575-582. http://dx.doi.org/10.3839/jksabc.2011.087

Radojevec, M., & Baskin, V. N. (1999). Practical environmental analysis (457 p.). Science Park, Cambridge, UK: Royal
School of Chemistry, Thomas Graham House. https://www.scirp.org/reference/referencespapers?referenceid=
2668677

Rodenbeck, S. E. & Crellin, J. R. (2008). Public Health Assessment, Agency for Toxic Substances and Disease Registry.
Publ of Mis, 96 (2): 14-28. http://www.atsdr.cdc.gov

Sharma, S., Nagpal, A. K. & Kaur, 1. (2018). Heavy metal contamination in soil, food crops and associated health risks
for residents of Ropar wetland, Punjab, India and its environs. Food chem, 255, 15-22. https://doi.org/10.1016/
j.foodchem.2018.02.037

Synzynys, B. I., Tjantova, E. N., Melehova, O. P. & Pavlova, N. N. (2004). Ecological risk, the manual at the rate,
Ecology and safety of ability to live. Under G.V. Koz'min's edition — Obninsk, IATE; P. 81. https://doi.org/10.3390/
ijerph2005020003


https://doi.org/10.1016/j.envpol.2018.03.048
https://dx.doi.org/10.2139/ssrn.5015037
https://doi.org/10.1007/s11434-012-5541-
https://doi.org/10.1016/%20j.ecoenv.2010.08.016
https://doi.org/10.1016/%20j.ecoenv.2010.08.016
https://doi.org/10.52547/%20fsct.19.122
https://doi.org/10.52547/%20fsct.19.122
http://jhc.mazums.ac.ir/article-1-298-en.pdf
http://jhc.mazums.ac.ir/article-1-298-en.pdf
https://dorl.net/dor/20.1001.1.24236772
http://zanko.muk.ac.ir/article-1-78-fa.html
https://doi.org/10.1016/j.apgeochem.%202008.06.025
https://doi.org/10.1016/j.apgeochem.%202008.06.025
https://doi.org/10.22069/ejfpp.2022.16216.1524
https://www.scirp.org/reference/referencespapers?referenceid
https://doi.org/10.1016/%20j.foodchem.2018.02.037
https://doi.org/10.1016/%20j.foodchem.2018.02.037
https://doi.org/10.3390/%20ijerph2005020003
https://doi.org/10.3390/%20ijerph2005020003

Ve OlylKa 5 4iSijo,S olas / e 33 i S3S o (il oMo 090l Sy (2

Sharma, S., Kaur, J., Nagpal, A. K. & Kaur, 1. (2016). Quantitative assessment of possible human health risk associated
with consumption of arsenic contaminated groundwater and wheat grains from Ropar Wetand and its environs. Envi
Mon Ass, 188 (9):506-8. https://doi.org/10.1007/s10661-016-5507-9

Street, R. A. (2012). Heavy metals in medicinal plant products—An African perspective. South African Journal of Botany,
82, 67—74. https://doi.org/10.1016/j.sajb.2012.07.013

Xiao, R., Guo, D., Ali, A., Mi, S., Liu, T., Ren, C. & Zhang, Z. (2019). Accumulation, ecological-health risks assessment,
and source apportionment of heavy metals in paddy soils: A case study in Hanzhong, Shaanxi, China. Environmental
Pollution, 248 (16): 349-357. https://doi.org/10.1016/j.envpol.2019.02.045

Yan, X., Gao, D., Zhang, F., Zeng, C., Xiang, W. & Zhang, M. (2013). Relationships between heavy metal concentrations
in roadside topsoil and distance to road edge based on field observations in the Qinghai-Tibet Plateau, China. Int j
of env res pub hea, 10 (3): 762-775. https://doi.org/10.3390/ijerph10030762

Zhang, L. E., Mo, Z., Qin, J., Li, Q., Wei, Y., Ma, S. & Yang, X. (2015). Change of water sources reduces health risks
from heavy metals via ingestion of water, soil, and rice in a riverine area, South China. Scie Total Envi, 530 (26):163-
170. https://doi.org/10.1016/j.scitotenv.2015.05.100

Zhao, Q., Wang, Y., Cao, Y., Chen, A., Ren, M., Ge, Y. & Ruan, L. (2014). Potential health risks of heavy metals in
cultivated topsoil and grain, including correlations with human primary liver, lung and gastric cancer, in Anhui
province, Eastern China. Sci Envi, 470 (25): 340-347. https://doi.org/10.1016/j.scitotenv.2013.09.086



https://doi.org/10.1016/j.sajb.2012.07.013
https://doi.org/10.3390/ijerph10030762
https://doi.org/10.1016/j.scitotenv.2015.05.100
https://doi.org/10.1016/j.scitotenv.2013.09.086

