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Abstract

Background: Hypothyroidism, characterized by insufficient thyroid
hormone production by This study aims to assess the concentrations of six
heavy metals, lead (Pb), cadmium (Cd), chromium (Cr), Nickel (Ni),
Arsenic (As), and Selenium (Se), in samples of Indian basmati rice available
in Karbala markets, Iraq. The concentrations of (As, Cr, Se, Ni, Pb, and Cd)
were measured using atomic absorption spectroscopy (AAS), to evaluate
the potential human health risks associated with the consumption of this
rice, several health risk assessment parameters were calculated, including
the Estimated Daily Intake (EDI), Target Hazard Quotient (THQ), Hazard
Index (HI), and Cancer risk (CR). The average concentrations of As, Cr, Se,
Ni, Pb, and Cd in the analyzed rice samples were 94.77, 326.06, 132.58,
179.39, 164.42, and 156.90 ng/kg, respectively. The average value of the
Hazard Index (HI) was 4.242, which exceeded safe levels. The
corresponding average carcinogenic risk (CR) values for As, Cr, Ni, Pb, and
Cd were 8.21x10°%, 8.71x% 940x10, 8.05x107, and 5.70x10-%,
respectively. However, the concentrations of As and Cd in several samples
exceeded the maximum permissible limits set by European Union
regulations. The calculated health risk indicators (EDI, THQ, HI, and CR)
remained within internationally recognized safe exposure levels. In
conclusion, although specific heavy metal concentrations in Indian basmati
rice sold in Karbala exceed regulatory limits, the overall risk to human
health from regular consumption appears minimal under current dietary
exposure scenarios. Continuous monitoring and stricter import quality
control are recommended to ensure long-term food safety for the local
population.
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1. Introduction
Rice is a staple food consumed by the population of Iraq and many other countries worldwide. In Iraq, rice

is a key component of the daily diet, especially among. Families who rely on it as a primary source of
carbohydrates and energy. Among the types of rice available in the Iraqi market, imported rice, particularly
Indian rice, occupies a significant share due to its widespread availability, reasonable prices, and consumer
preference (Bhuiyan et al., 2024; Khan et al., 2015). Its long grains, texture, and cooking properties have
made it a staple in Iraqi kitchens. However, despite its nutritional and cultural importance, concern is growing
about the potential health risks associated with consuming rice that may be contaminated with toxic
substances, particularly heavy metals. Heavy metals are naturally occurring elements with high atomic
weights and densities. While the body requires some in small quantities for biological functions, others pose
significant health risks when consumed in high concentrations (Aggarwal et al., 2022; Tona et al., 2013).
Heavy metal contamination of rice can occur at various stages of production and supply, including absorption
from contaminated agricultural soil, the use of contaminated irrigation water, and even environmental
pollution resulting from industrial activities in the country of origin (Aggarwal et al., 2022; Alkufi et al.,
2024). In addition, heavy metals may accumulate during post-harvest processes, such as processing,
packaging, and storage. These factors raise concerns about the long-term safety of rice consumption,
especially if it is a major part of the daily diet (Almutairi et al., 2021). Among the most common and
dangerous heavy metals found in foods are lead (Pb), cadmium (Cd), arsenic (As), and mercury (Hg). These
elements are known for their toxicity, environmental persistence, and bioaccumulation ability in living
tissues. Chronic exposure to these metals, even at low concentrations, has been associated with a wide range
of serious health problems. For example, lead is a neurotoxicant that can negatively impact cognitive
development and mental function, especially in children (Djahed et al., 2018). Cadmium is classified as a
carcinogen, primarily affecting kidney and bone function. Arsenic, especially in its inorganic form, is one of
the most dangerous pollutants, linked to skin lesions, heart disease, and various types of cancer. Mercury can
cause neurological and developmental damage, especially in fetuses and young children (Benford et al., 2025;
Djahed et al., 2018). Another health risk of concern is the potential association of exposure to certain heavy
metals with bilirubin metabolism disorders. Bilirubin is a yellow pigment formed when red blood cells break
down, and elevated levels of it in the blood (known as jaundice or hyper bilirubinemia) may indicate liver
dysfunction or other metabolic disorders (Fu et al., 2008). Some studies suggest that long-term exposure to
metals such as cadmium and arsenic may affect liver enzyme activity, contributing to these disorders.
Although the direct relationship between heavy metal consumption through rice and the occurrence of these
disorders still needs further research, this possibility adds another dimension to the importance of food safety

(Hu et al., 2023). To assess the potential health risks associated with rice contamination, the estimated daily
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intake (EDI) for these metals must be calculated based on the average amount of rice consumed and its metal
concentration. This intake is then compared to health guidelines, such as the recommended daily or weekly
intake, as determined by international bodies, such as the World Health Organization, the Food and
Agriculture Organization, and the Codex Alimentarius. Exceeding these limits is a potential public health
risk (Meng et al., 2022; Mohammadi et al., 2019). Since Iraq relies heavily on imported rice, particularly
from countries such as India, it is essential to monitor the quality of these products periodically. Although
many countries adopt strict standards for permissible limits for heavy metals in food, differences in
agricultural practices, environmental regulations, and control capabilities can lead to variations in
contamination levels (Jemii and Alharbi, 2018; Uwatse et al., 2015). Therefore, the present work aims to
measure six heavy metals (As, Cr, Se, Ni, Pb, and Cd) using the (AAS) technique in some Indian rice samples
consumed in Iraq. The present study also calculated non-carcinogenic and carcinogenic risks associated with
consuming heavy metals in rice (Dey et al., 2024; Gao et al., 2022). this current study aims to assess the
concentrations of six heavy metals, lead (Pb), cadmium (Cd), chromium (Cr), Nickel (Ni), Arsenic (As), and
Selenium (Se), in samples of Indian basmati rice available in Karbala markets, Iraq. The concentrations of
(As, Cr, Se, Ni, Pb, and Cd) were measured using atomic absorption spectroscopy (AAS), to evaluate the
potential human health risks associated with the consumption of this rice, several health risk assessment
parameters were calculated, including the Estimated Daily Intake (EDI), Target Hazard Quotient (THQ),
Hazard Index (HI), and Cancer risk (CR).
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2. Materials and Methods

2.1. Sample Collection
Ten different samples of Indian rice were collected from various existing sources in the different markets of

Karbala Governorate / Iraq. The samples were then prepared to examine the concentrations of heavy metals
within them at the University of Karbala in a laboratory, Faculty of Medicine, Chemistry, Branch. Tablel
represents the name of the rice samples used, the symbol for each sample, and the origin of each sample.

Tablel: Information of Rice Samples in The Present Study

No. | Sample name | Sample code | Origin
1 Shahrazad R1 India
2 Abo Ali R2 India
3 Almass R3 India
4 Lango R4 India
5 Aldaraj RS India
6 Binjaby R6 India
7 Alwalima R7 India
8 Aleayila R8 India
9 Mamlaka R9 India
10 Karbala R10 India

2.2. Samples Digestion
In this work, samples were digested by taking 5 grams of basmati rice for each type present and grinding

each sample separately using an electric grinder. It was weighed using a microbalance and added to 5 mL of
ionized water. It was mixed well using a vortex device, then 1 ml of the solution was taken, and 1 ml of
chemical digestion solution was added to the rice solution and left for 24 hours in a special tube at 50 OC.
Then the solution was shaken well through the vortex device again for 60 seconds. Then the solution was
filtered through a filter with a diameter of (45%) microns, then put an amount of (20) microns using a pipette,
then take the filtered solution and placed in an atomic absorption spectrometer, through which the
concentration of the following heavy elements (As, Cr, Se, Ni, Pb, and Cd) was measured for each type of
rice solution.

2.3. Analysis of The Heavy Metals
Instrumental analysis of As, Cr, Se, Ni, Pb, and Cd was conducted by an air-acetylene flame atomic

absorption Spectrophotometer (Shimadzu model AA-6300). The wavelengths in nm for As, Cr, Se, Ni, Pb,
and Cd were 193.7, 357.9, 196.03, 232.0, 217.00, and 228.80, respectively.
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2.4. Health Risk Assessment
The Estimation daily intake (EDI), Target Hazard Quotient (THQ), and Hazard Index (HI) of heavy metals

were calculated to appreciate the non-carcinogenic risks associated with the consumption of heavy metals in
rice, according to Egs. (1-3) (Aris et al., 2020; Mao et al., 2022).

n k.
CG*D(Gas)

1. EDI (ug/kg per day) = 5w (ca)

EDI (% per day)

2. THQ = RfD(%per day)

3. HI = THQ,+ THQ,+--+THQ, =X1THQ,
Where, C is the concentration of heavy metals in Rice (ng/kg), D is the daily rice consumption for each kg,
BW is the average body weight, and RfD is the oral reference dose in pg/kg per day. The value of D was
109.5 kg/year (Mohammadi et al., 2024). Moreover, the values of RfD for each heavy metal were As =
0.0003, Pb 0.0001, Cd = 0.001, Ni = 0.02, Cr = 0.003, and Se = 0.005. To appreciate the carcinogenic risks
associated with the consumption of heavy metals in rice, the Cancer risk (CR) over time of heavy metals was

calculated using Eq. (4) (Mohammadi et al., 2024; Naseri et al., 2015).

4. R=EDI (% per day) x CSF (%per day)™!

Where, CSF is the cancer slope factor. As and Cd had oral cancer slope factors of 8.21x10-4 and 5.70x103,
respectively (Rizzello, E.2021) . The cumulative cancer risk, from exposure to numerous carcinogenic heavy
metals through rice consumption, was considered the total of the individual heavy metal incremental hazards
(Total CR) and calculated using Eq. (5) (Mao et al., 2022).

5. Total cancer risks = CR; + CR, + -+ CR, = Y1 CR, (5)
6.

3. Results and Discussion
Table2 shows the results of six heavy metals: arsenic (As), chromium (Cr), selenium (Se), nickel (Ni), lead
(Pb), and cadmium (Cd), measured in ten samples of Indian rice of a sample of rice from R1 to R10. All
concentrations are reported in micrograms per kilogram (ug/kg), equivalent to parts per billion (ppb) of the
present study. Table 2 shows the values of concentrations for As, Cr, Se, Ni, Pb, and Cd in all samples in the
present study, and includes basic descriptive statistics: average (Avr.), minimum (Min.), and maximum
(Max.) values for each metal. Chromium (Cr) recorded the highest average concentration among all measured
elements, with a mean of 326.06ug/kg, ranging from 232.5ug/kg to 380.6ug/kg. This indicates significant
variation and possible local enrichment of chromium (Nurvan et al., 2023). Similarly, Nickel (Ni) and Lead

(Pb) showed relatively elevated concentrations, with an average of 179.39 pg/kg and 164.42 pg/kg,
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respectively. Arsenic (Ar) was present at a moderate level, with an average of 94.77ug/kg, while Cadmium

(Cd) was 156.9ug/kg and Selenium (Se) exhibited lower average concentrations of 132.58ug/kg. Arsenic

recorded the lowest observed concentration (86.6 pg/kg in R6), suggesting limited distribution in some sites

(Abtahi et al., 2017, Fakhri et al., 2018; Sharafati Chaleshtori et al., 2017). The maximum values were 99.8

pg/'kg, 380.6 ng/ke,148.8 png/ke,184.5 pg/kg, 188.8 pg/kg, and 170pg/kg, respectively. Moreover, according

to (Sharafi et al., 2019), the global average for the heavy metals As, Cr, Se, Ni, Pb, and Cd in unit’s ppb in
food is 200, 300-500, 300, 100-300, 200, and 150, respectively. So, it was noticed that. The results in Table

2 for the As, Cr, Se, Ni, Pb, and Cd concentrations for all samples were within the global average, while the

results of Pb and Cd concentrations for most samples were high. The lead and Cd concentration increases in

the rice samples under study can be attributed to lead absorption from the soil and the corresponding

fertilizers.

Table2: Results of Heavy Metals Concentration in Rice Samples

N Sl aot Concentrations of heavy metals (ppb or pg/kg)
As Cr Se Ni Pb Cd
1 R1 93.5 232.5 132.6 184.5 141.3 138
2 R2 86.6 325.2 137.3 181.5 158.2 159
3 R3 92.8 341.6 130.7 180.3 170.1 165
4 R4 96.5 359.7 148.8 176.6 165.8 152
5 RS 87.3 374.1 137.3 182.6 150.4 149
6 R6 99.8 328.3 117.1 162.6 160.3 157
7 R7 98.5 380.6 129.7 182 188.8 170
8 RS 94.8 268.5 122.5 179.4 185.8 158
9 R9 98.5 292.5 133.7 182.1 161 160
10 R10 99.4 357.6 136.1 182.3 162.5 161

Average 94.77 | 326.06 | 132.58 | 179.39 | 164.42 | 156.90

Mini. Value 86.6 | 232.5 117.1 162.6 141.3 138
Max. value 99.8 380.6 148.8 184.5 188.8 170
Safe limit (;s)‘(‘)';;'ham etals 1 200 |300-500 | 300 | 100300 | 200 | 150

Fig.1 illustrates the average concentrations of heavy metals (As, Cr, Se, Ni, Pb, Cd) compared to their

respective safe limits. The concentration of cadmium (Cd) exceeds the safe limit, indicating a potential source
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of contamination that warrants further investigation. In contrast, the concentration of lead (Pb) is close to the
permissible threshold, suggesting the need for ongoing monitoring. The remaining elements, arsenic (As),
chromium (Cr), selenium (Se), and nickel (Ni), all exhibit concentrations below their respective safe limits,

reflecting relatively safe levels in the studied samples.

600 =
Bl Concentrations

500 — = Safe limil
400 =
300 = — _

200+

Average (ppb or yg/kg)

100 =

| 1 1 1 1 1
AsS Cr Se M FPb Cd

Heavy metals

Figurel: Concentrations for Heavy Metals and Safe Limit

3.1. Estimated Daily Intake (EDI) And Health Implications
The estimated daily intake (EDI) of six heavy metals in Table 3, arsenic (As), chromium (Cr), selenium (Se),

nickel (Ni), lead (Pb), and cadmium (Cd), was assessed in ten Indian basmati rice samples collected from.
Karbala markets. The results were compared with internationally established safety thresholds to evaluate
potential health risks associated with long-term dietary exposure. The average EDI for arsenic (As) was 0.406
ug/kg per day, exceeding the tolerable limit of 0.3 pg/kg per day. This suggests a potential health hazard,
particularly due to arsenic's recognized carcinogenic properties and cumulative toxicity in humans.
Chromium (Cr) exhibited an average intake of 1.398 pg/kg per day, which remains below the recommended
safety limit of 3.0 pg/kg per day. However, the lack of chromium speciation (Cr(IIl) vs Cr(VI)) limits the
precision of the health risk assessment, as Cr(VI) is significantly more toxic than Cr(III) (U.S. EPA 2021).
Selenium (Se) had an average intake of 0.568 pg/kg per day, well below the acceptable limit of 5.0 pg/kg

per day, indicating no health concern. These results also suggest that rice is not a primary dietary source of
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selenium in the studied samples. Nickel (Ni) showed an average EDI of 0.769 ng/kg per day, which is
considerably below the threshold of 13 pg/kg per day, confirming a negligible risk of toxicity from rice
consumption. In contrast, lead (Pb) demonstrated a concerning average EDI of 0.696 pg/kg per day, which
surpasses the reference level of 0.5 pg/kg per day. Given the well-established neurotoxicity of lead,
particularly in children and pregnant women, this finding underscores the importance of controlling Pb
contamination in food products. Cadmium (Cd) had an average daily intake of 0.672 pg/kg per day,
remaining within the provisional safe limit of 0.8 ug/kg per day. However, the proximity to the upper
threshold indicates a need for continued surveillance to prevent potential long-term exposure risks (U.S. EPA
2014).

Table3: Results of Estimation. Daily Intake Indian Rice Samples

Estimation daily intake (ng/kg per day)
N Sample
As Cr Se Ni Pb Cd
1 R1 0.401 1.0 | 0.569 | 0.792 | 0.605 | 0.591
2 R2 0.371 | 1.39 | 0.588 | 0.778 | 0.677 | 0.681
3 R3 0.398 | 1.47 | 0.561 | 0.774 | 0.728 | 0.709
4 R4 0.414 | 1.54 | 0.639 | 0.758 | 0.71 | 0.652
5 RS 0374 | 1.6 | 0.588 | 0.783 | 0.644 | 0.638
6 R6 0.427 | 1.41 | 0.502 | 0.697 | 0.689 | 0.672
7 R7 0.422 | 1.64 | 0.556 | 0.78 | 0.722 | 0.729
8 RS 0.406 | 1.15 | 0.525 | 0.77 | 0.798 | 0.676
9 R9 0.422 | 1.25 | 0.573 | 0.781 | 0.692 | 0.686
10 R10 0.426 | 1.53 | 0.584 | 0.781 | 0.696 | 0.692
Average 0.406 | 1.398 | 0.568 | 0.769 | 0.696 | 0.672
Safe limit (Administration,
(2022) 0.3 3.0 5.0 13 0.5 0.8

Overall, the EDI values for most metals fall within internationally acceptable ranges, except arsenic and lead,
which exceeded or approached their respective limits. Fig.2 shows that arsenic (As) and lead (Pb) exceeded
the safe daily intake limit, indicating a potential health risk from chronic exposure. In contrast, the other
elements (Cr, Se, Ni, Cd) were within safe limits. These findings highlight the necessity of implementing
routine monitoring and stricter import regulations to minimize potential health risks associated with chronic

exposure to toxic elements through dietary intake.
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Figure2: Estimation Daily Intake for Heavy Metals and Safe Limit

3.2. Non-Carcinogenic Health Risk Assessment
To evaluate, the potential non-carcinogenic health risks associated with the consumption of Indian basmati,

rice in Table 4, the Target Hazard Quotient (THQ) for six heavy metals (As, Cr, Se, Ni, Pb, Cd) and the
overall Hazard Index (HI) were calculated for ten rice, samples collected from the Karbala market. The THQ
values for arsenic (As) across all samples ranged from 1.23 to 1.42, with an average of 1.30, clearly exceeding
the safe threshold of 1.0. This indicates a potential non-carcinogenic health risk due to chronic exposure to
arsenic through rice consumption. Given arsenic’s known systemic toxicity, particularly its association with
skin lesions, cardiovascular diseases, and developmental effects, this finding warrants particular concern.
Chromium (Cr) showed THQ values between 0.33 and 0.54, with an average of 0.40, which is within the
acceptable limit of 1.0. This suggests that chromium does not pose a significant non-carcinogenic risk based
on current exposure levels. The THQ values for selenium (Se) ranged from 0.100 to 0.27, with a. mean value
of 0.113. These values are well below the safe limit of 1.0, indicating that selenium intake via rice
consumption is not associated with adverse effects in the studied population. Nickel (Ni) presented THQ
values between 0.053 and 0.060, averaging 0.059, also far below the hazard threshold of 1.0. Therefore,
nickel exposure through rice consumption appears to be negligible in terms of non-carcinogenic risk. Lead

(Pb) recorded relatively high THQ values, ranging from 1.211 to 1.618, with a mean of 1.409, exceeding the
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reference value of 1.0 in all samples. This result indicates a potentially significant health concern, mainly

due to the neurotoxic and hematologic effects of lead, particularly among children and vulnerable

populations. Cadmium (Cd) THQ values ranged from 0.739 to 0.910, averaging 0.840. Although these values

are below the hazard threshold of 1.0, they approach it closely, suggesting a moderate risk that merits

attention in the context of cumulative dietary exposure. The Hazard Index (HI), representing the cumulative

risk from all six metals, ranged from 3.792 to 4.651, averaging 4.242. Since the HI exceeds the safe limit of

1.0 in all samples, this indicates a significant cumulative non-carcinogenic health risk for consumers regularly

ingesting Indian basmati rice from the tested market. These findings highlight arsenic and lead as the primary

contributors to non-carcinogenic risk, with cadmium also representing a moderate concern. The consistently

elevated HI values underscore the urgent need for regulatory interventions, continuous monitoring, and

source quality verification to minimize long-term health risks associated with rice consumption in the region.

Table4: Results of Target Hazard. Quotient and Hazard Index in Indian Rice Samples

N Sample code Target Hazard Quotient Hazard Index
As Cr Se Ni Pb Cd

1 R1 1.33 1 0.33 | 0.113 | 0.060 | 1.211 | 0.739 3.792
2 R2 1.23 | 0.46 | 0.117 | 0.059 | 1.356 | 0.851 4.087
3 R3 1.32 | 0.48 | 0.112 | 0.059 | 1.458 | 0.883 4.327
4 R4 1.37 | 0.51 | 0.127 | 0.058 | 1.421 | 0.814 4313
5 RS 1.24 | 0.53 | 0.117 | 0.060 | 1.289 | 0.798 4.046
6 R6 1.42 | 0.46 | 0.100 | 0.053 | 1.374 | 0.841 4.263
7 R7 1.40 | 0.54 | 0.111 | 0.060 | 1.618 | 0.910 4.651
8 R8 1.35 | 0.38 | 0.105 | 0.059 | 1.592 | 0.846 4.341
9 R9 1.40 | 0.41 | 0.114 | 0.060 | 1.380 | 0.857 4.236
10 R10 1.42 | 0.51 | 0.116 | 0.060 | 1.392 | 0.862 4.363

Average 1.30 | 0.40 | 0.113 | 0.059 | 1.409 | 0.840 4.242

Safe limit (Zakaria et
al., 2(021) 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Fig.3 shows that arsenic (As) and cadmium (Cd) recorded Target Hazard Quotient (THQ) values exceeding

the safe limit, indicating potential chronic health risks. In contrast, chromium (Cr), selenium (Se), nickel

(Ni), and lead (Pb) remained within or below the globally accepted safe limit, suggesting relatively lower

health risks.
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Fig.4 shows that the average Hazard Index (HI) for Indian Basmati rice samples reached 4.3, exceeding the
globally accepted safe limit of 1.0. This indicates potential cumulative health risks associated with the

consumption of these samples.

4.3

Hazard Index Safe limit

Figured4: Average for Hazard Index and Safe Limit
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3.3. Carcinogenic Risk Assessment
Table5 presents the estimated carcinogenic risk values for five heavy metals—arsenic (As), chromium (Cr),

nickel (Ni), lead (Pb), and cadmium (Cd)—in Indian rice samples collected from the Karbala market. The
cumulative cancer risk. (Total CR) for each sample was also calculated to evaluate the overall carcinogenic
potential associated with rice consumption. The average cancer risk (CR) values for individual metals across
the ten samples were as: Arsenic (As): 8.21x107, Chromium (Cr): 8.71x107%, Nickel (Ni): 9.40x107*, Lead
(Pb): 8.05%107¢, and Cadmium (Cd): 5.70x1073. The total cancer risk (Total CR) for the rice samples ranged
from 7.40%1072 to 9.01x1073, with an average of 8.29x1073, which significantly exceeds the acceptable risk
limit of 1.0x10~* recommended by the U.S. Environmental Protection Agency (EPA). According to EPA
guidelines, cancer risks in the range of 107° to 10* are generally considered acceptable; values above this
range indicate potential carcinogenic concern (Zhao et al., 2023, 2022). Among the assessed metals, cadmium
contributed the most to the total cancer risk, followed by nickel, chromium, and arsenic. Although lead
showed the lowest cancer risk value, its presence remains notable, especially due to its cumulative
toxicological effects over time. The elevated Total CR values suggest that long-term dietary exposure to
Indian rice contaminated with these metals may pose a considerable carcinogenic risk to consumers. These
findings underscore the critical need for rigorous monitoring of heavy metals in imported rice and stricter
regulatory enforcement to safeguard public health. The carcinogenic risk assessment highlights cadmium and
nickel as the primary contributors to potential cancer development associated with rice consumption. The
consistently high Total CR values across all samples indicate an urgent need for intervention and public
awareness to minimize dietary exposure to these toxic elements (Zhao et al., 2022).

Table5: Results of Cancer Risk and Total Cancer Risk In Indian Rice Samples

N Sample As Cr Canc;ri' risk Pb cd Total CR
1 R1 8.01x0* | 6.64x04 | 9.59x0 | 6.86x0° | 497x0 | 740x
2 R2 7.42x04 | 9 29x-04 | 9 44x 04 | 7 68x706 | 572x03 | §35x03
3 R3 7.95x04 | 9 76x04 | 938x 04 | 826x00 | 594x 0 | 8 66x03
4 R4 8.27x04 | 1.03x°03 | 9.18x 0 | 8.05x00 | 547x | 825x03
5 R5 7.48x04 | 1.07x03 | 9.50x 0 | 7.31x06 | 536x0 | 8 14x0
6 R6 8.55x04 | 9 38x04 | 8 46x0 | 7.79x06 | 565x0 | §30x03
7 R7 8.44x-04 | 1.09x | 9.46x04 | 9.17x0 | 612x:083 | 90]x03
8 R8 8.13x°04 | 7.67x% | 933x:04 | 9 02x0 | 569x-03 | §2]x03
9 R9 8.44x-04 | 836X | 947x-04 | 782x06 | 576x-03 | §39x03
10 R10 8.52x°04 | 1.02x | 9.48x-04 | 7.89x0 | 580x-03 | §63x03
Average 8.21x°04 | 8.71x% | 9.40x-04 | 8.05x0 | 570x-03 | §29x03
Safe limit
(Administration, 1.0 1.0 1.0 1.0 1.0 104-10°
2022)
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Fig.5 illustrates the calculated average of the total cancer risk, which reached 8.29x1072. This value is
significantly higher than the internationally accepted safe limit of 1.00x107*, indicating an elevated health
risk associated with exposure to the studied rice samples. This necessitates further monitoring and assessment

measures to reduce exposure and minimize potential adverse health effects.
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Figure5: Average for Total Cancer Risk and Safe Limit

Fig.6 presents the box plot for the concentrations of the studied heavy metals. Chromium (Cr) exhibited the
highest concentration range compared to the other elements, with significant dispersion and the presence of
outliers, indicating considerable variability in its levels. In contrast, other elements such as As, Se, Ni, Pb,
and Cd showed lower concentrations with relatively narrower ranges, reflecting a more stable distribution in

the analyzed samples.
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Figure6: Box Plot for Heavy Metals 378
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Fig.7, consisting of six histograms, illustrate the distribution of the studied heavy metal concentrations (As,
Cr, Se, Ni, Pb, Cd). Arsenic (As) and Chromium (Cr) showed wide distributions with deviations from the
normal distribution and relatively high concentrations. In contrast, Selenium (Se), Nickel (Ni), Lead (Pb),
and Cadmium (Cd) exhibited distributions closer to normal with less variation in concentrations, indicating
a relatively stable level of these metals compared to As and Cr. This may reflect differences in pollution
sources or the environmental accumulation behavior of each metal in the studied rice samples. Table6
demonstrates varying strengths and directions of correlation among the concentrations of the studied heavy
metals. A moderate and statistically significant positive correlation was observed between lead (Pb) and
cadmium (Cd) (r = 0.774, p = 0.009), suggesting a potential common source of contamination for these two
elements. In contrast, the remaining correlations among the metals were weak and statistically insignificant
(p > 0.05), such as the correlation between arsenic (As) and chromium (Cr) (r = 0.014), and the negative
correlation between arsenic and nickel (Ni) (r = -0.391). These findings indicate the absence of a consistent
pattern of association among most of the metals, which may reflect differences in contamination sources or

the geochemical behavior of each element in the local environment. Correlation is significant at the 0.01 level
(2-tailed). ] s

Relative Frequency

Relative Frequency

M5 1 25 10 135 40 W5 10 165 1 75 180 %
Concentrations Concentrations

Ery 130 150 170 130 130 W M5 B0 5 W@ B T 15
Concentrations Concentrations

Figure7: Histogram for Heavy Metals. Histograms showing the frequency distribution of
arsenic (As), chromium (Cr), selenium (Se), nickel (Ni), lead (Pb), and cadmium (Cd)
concentrations in the analyzed samples. The red curves represent the fitted normal (Gaussian)
distribution, illustrating the overall trend and variability of each metal concentration. The x-
axis indicates concentration levels, while the y-axis represents frequency.
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Variables As Cr Se Ni Pb Cd
As Pearson Correlation 1 0.014 -0.297 -0.391 .0362 0.317
Sig. (2-tailed) 0.970 0.405 0.264 0.304 0.372
Cr Pearson Correlation 0.014 1 0.320 -0.111 0.283 0.525
Sig. (2-tailed) 0.970 0.368 0.761 0.429 0.119
Se Pearson Correlation -0.297 0.320 1 0.499 -0.281 -0.223
Sig. (2-tailed) 0.405 0.368 0.142 0.432 0.535
Ni Pearson Correlation -0.391 -0.111- 0.499 1 -0.069 -0.087
Sig. (2-tailed) 0.264 0.761 0.142 0.849 0.812
Pb Pearson Correlation 0.362 0.283 -0.281 -.0069 1 0.774™
Sig. (2-tailed) 0.304 0.429 0.432 0.849 0.009
cd Pearson Correlation 0.317 0.525 -0.223 -0.087 0.774™ 1
Sig. (2-tailed) 0.372 0.119 0.535 0.812 0.009

4. Conclusion
This study comprehensively assessed the concentrations of selected heavy metals, arsenic (As), chromium

(Cr), selenium (Se), nickel (Ni), lead (Pb), and cadmium (Cd) in Indian rice samples collected from the
Karbala market in Iraq. The analytical results revealed that while most heavy metal concentrations were
within, or near, internationally accepted safety limits, certain metals, particularly lead and cadmium,
approached or slightly exceeded these thresholds in some samples, raising concerns about potential health
risks. The estimated daily intake (EDI) values indicated that exposure to these metals through rice
consumption generally remained below the established safe limits, except for arsenic, which neared the upper
allowable intake. This suggests that chronic consumption may pose a health concern if not monitored. Health
risk assessments, including the Target Hazard Quotient (THQ) and Hazard Index (HI), showed that the
cumulative exposure to arsenic, lead, and cadmium could exceed safe levels, indicating possible non-
carcinogenic health risks for consumers relying heavily on these rice products. Furthermore, the calculated
carcinogenic risk (CR) values revealed that the total cancer risk from heavy metal exposure in the analyzed
rice samples surpasses the acceptable limit (1x107%), with arsenic and cadmium being the predominant
contributors. These findings underscore the potential adverse health implications for consumers, particularly
with prolonged or high-level consumption of contaminated rice. Consequently, it is imperative to implement
strict regulatory controls and continuous monitoring of heavy metal concentrations in foodstuffs to protect
public health. In conclusion, this study highlights the urgent need for ongoing surveillance and public
awareness regarding heavy metal contamination in staple foods. Future research should focus on these metals'
bioavailability and long-term health effects, and expand the scope to include other food items and wider

geographic regions to ensure comprehensive risk assessment in Iraq.
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