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ABSTRACT
In Gilgit-Baltistan, urbanization, transportation, unplanned small-scale industry, kitchen waste,
inorganic fertilizers, pesticides, insecticides, and weedicides contribute to agricultural field
contamination, creating severe health risks. This study aims to determine the health risks caused by
heavy metals found in various indigenous fresh fruits. To this end, we first assessed heavy metals
concentration using well-established experimental procedures. In addition, a survey of male and female

respondents in the Gilgit District of Pakistan was conducted to determine the daily intake pattern,
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finally we used the Fuzzy-TOPSIS technique to calculate each indigenous fresh fruit's health risk and
synergetic performance score. Results show the concentration order of heavy metals in indigenous fresh
fruits, such as, Mn >Pb>Cu>Cr>Ni>Cd. For both males and females, the order of estimated daily intake
(EDI) was Mn>Pb>Cu>Cr>Ni>Cd. Males estimated daily intake of Mn was highest in apricots,
whereas female's EDI of Cd was lowest in apples. The Content of heavy metals consumed by males and
females via fruits, for females, the sequence was cherry>apricot>pear>apple>grape, while for males it
was apricot>cherry>pear>apple>grape. Individual cancer risks varied from 1.513E-03 to 1.066E-01,
with cherries posing the highest risk for males and grapes posing the lowest risk for females. Non-
carcinogenic  risks in  fruits were cherry>apricot>pear>apple>grape for females and
apricot>cherry>pear>apple>grape  for  males, = whereas  carcinogenic  risks  exhibited
cherry>apricot>pear>apple>grape for both males and females. Although the estimated daily
consumption of Mn and Pb exceeded the WHO standards, the heavy metals were below permissible
levels. The Health Index (HI) revealed a ranking of cherry>apricot>pear>apple>grape for females and
apricot>cherry>pear>apple>grape for males. According to the ranking, the cumulative cancer risk for
both males and females followed the order of cherry>apricot>pear>apple>grape. The fuzzy-TOPSIS
results were consistent with the experiment, and it was established that a regular intake could
synergistically cause cancer. The study's findings can support policymakers and administrators in
improving food safety standards to ensure fruit quality.
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1. Introduction

Fruits are one of the most important components of the human diet, and it is widely recognised that
consuming these foods on a regular basis is one of the best ways to improve one's health. Furthermore,
people all over the world have recently become concerned about the benefits of nutrition more fresh

fruits rather than red meat for good health because they significantly reduce the incidence of chronic



diseases like diabetes, cancer, cardiovascular disease, and other age-related diseases (Prakash et al,,
2012).

Heavy metal contamination, which is induced by a variety of anthropogenic activities, poses a serious
threat to food safety (Cui et al., 2004). Agricultural foods are frequently contaminated with
contaminants, particularly heavy metals, as a result of direct and indirect industrial operations,
automotive pollution, excessive metal-based fertilisation, and pesticide use. Some heavy metals, such
as Cd and Pb, on the other hand, have no known positive role in human metabolism and are regarded
chemical carcinogens even at extremely low levels of exposure (Jarup, 2003).

Heavy metals that are present in very small amounts in the environment are biomagnified and become
part of various food chains, where their concentration rises to levels that are dangerous to humans and
other living things. However, eating is the main route of human exposure to heavy metals, which
constitute one of the potential risks linked with foodstuffs (Mart-Cid et al., 2008). The dietary intake of
lead, copper, and chromium through food has been observed to be higher than allowed limits in urban
areas, owing to plant origin fruits and vegetables (Yebpella et al., 2011).

Many factors contribute to heavy metal pollution in fruits, including irrigation water, industrial
pollutants, the harvesting process, storage, and/or at the point of sale (Huang et al. 2014). Furthermore,
food security is a key concern throughout the globe. During the previous eras, the growing response for
food security has stimulated explorations concerning risks related to the ingestion of food stuffs
adulterated by pesticides, heavy metals, and toxins. The expanding patterns in food contamination are
to a countless extent while farming, poor handling and taking care of food at the market, and utilization

of polluted wastewater for water systems (Guerra et al., 2012).

Consumption of heavy metal-polluted foods may result in the accumulation of these pollutants in
various tissues, resulting in both chronic and acute health effects (Jarup 2003). As a result, it is

plausible to believe that eating fruits containing heavy metals poses a health risk to consumers.



Therefore, determination of toxic metals, exposure assessment, and the risk characterization of the

contaminated food material are all the decisive components in the estimation of health risks.

To the best of authors’ knowledge, for the first time, this paper incorporated the determination of heavy
metal concentrations, daily consumption levels of fresh fruits in addition to cancer and non-cancer risks
via interviewing enough male and female respondents. For this purpose, experimental, theoretical, and
numerical approaches have been employed to get insight into the emerging environmental concern.
Standard experimental procedures were used for heavy metal analysis. Besides, the fuzzy TOPSIS,
multi-criteria decision-making techniques were used to determine the best appropriate options
concerning the concentrations of heavy metals, daily intake, and related health risk from selected fruits.
Thus, this study results will pave the way towards understanding and insights of the current fruit quality
status and risk associated with selected fruits posed to buyers in supporting the necessity of food safety
initiation by the administration.

2. Materials and methods

2.1 Samples collection and preparation

A total of fifty samples of five fresh fruits (apricot, apple, pear, peach, and grape), ten for each fruit
were acquired in their respective season from different selling points of the local market of Gilgit city
(Figure 1). Two grams of each fruit sample were digested with HNO3, and HCIOg, in 10:2 ratios until a
clear solution was gained as defined by (Commission and others, 2001; FAO/WHO, 2001). The fruit
abstracts were filtered and diluted with 25ml with deionized water. The heavy metals in the acid
extracts of fruit samples were investigated with Flame Atomic absorption spectrophotometer in
laboratories of Fatima Jinnah Women University Rawalpindi and Soil fertility laboratory National
Agriculture Research Center NARC Islamabad by following the methods used by researchers (Huang et

al., 2014; Ikechukwu et al., 2019).
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Figure 1. Study area map
2.2 Determination of Heavy Metal
The level of heavy metals was examined using a Flame Atomic Absorption spectrophotometer,
(FAAS). A double beam and deuterium hollow cathode lamps of Pb, Cd, Cr, Cu, Ni, and Mn were used
at specific wavelengths, where samples were run in triplicates (Ikechukwu et al., 2019; Sultana et al.,
2017).
2.3 Determination of Estimated Daily Intake of Heavy Metals (EDI)
The Estimated Daily Intake was measured by expanding the methods (Ikechukwu et al., 2019; Jan et

al., 2015; Sultana et al., 2017). EDI was designed using the following equation.

C XD iti
EDI — metal fruit intake (1)

BWaverage

Where: C stands for metal concentration in fruit in mg/kg, D daily intake of fruit in grams, and BW the
average body weight in kg. For this purpose, total 600 questionnaires were distributed across Gilgit city
and its vicinity to gather the required data on daily fruit intake and body average weight of males and
females.

2.4 Target hazard quotient (THQ)



Non-carcinogenic risks for single heavy metals were assessed by calculating the target hazard quotient

(THQ) using the following equation (Nordberg et al., 2014; Sultana et al., 2017).
THQ = 1 (2)

Where EDI is the estimated daily heavy metal intake and RfD is the oral reference dose (mg/kg/day)
where, EPA mentioned RDf standards for Cr, Cu, Mn, Ni, Cd, and Pb were used in the above equation
(Dee et al., 2019; Di et al., 2014; Wei and Yang, 2010; Zhuang et al., 2009). If the THQ value is equal
to or >1, there is a possible health risk, and <1, the exposed residents are suspect of any adverse health
hazard (Wang et al., 2005).
2.5 Hazard index (HI)
To calculate cumulative health risk through more than one heavy metal, a chronic hazard index (HI)
was acquired from the addition of all-hazard quotients (THQ) (NFPCSP Nutrition Fact Sheet, 2011). It
was measured as follows:(Ikechukwu et al., 2019; Sultana et al., 2017).

HI = THQcq + THQ¢, + THQpp 4+ THQum, + THQu; + THQcy 3)
Where: HI = Hazard Index THQ = Target Hazard Quotient. The calculated HI is related to standard

levels: the inhabitant is predicted safe when HI < 1 and in a level of anxiety when 1 < HI <5 (Guerra et

al., 2012).

2.6 Determination of Cancer Risk (CR) Index
CR specifies the individual cancer risk over a lifetime due to exposure. Cancer risk over a lifetime
exposure to Cd, Cr, Cd, and Pb were developed by equation using cancer slope factor CSF (Cherfi et
al., 2014; lkechukwu et al., 2019).

Cancer Risk CR = CSF x EDI (4)
Where: CSF is the oral carcinogenic slope factor of 0.0085, 0.38, 0.5, and 1.7 (mg/kg/day) for Pb, Cd,

Cr, and Ni, respectively, and 1.5 (mg/kg/day) for asset by USEPA (2010). Acceptable risk levels for



carcinogens range from 10—4 to 10—6 (risk of developing cancer over a human lifetime is 1 in
1,000,000 (US EPA, 2011).

2.7 Determination of Total Cancer Risk
The cumulative cancer risk due to contact with numerous sources of carcinogenic heavy metals through

ingesting of a specific variety of fruits was measured, and the sum of each heavy metal increment risk
was determined by the following equation (Liu et al., 2013).
Total Cancer Risk TCR = ), CR or CR¢q + CR¢c, + CRp, + +CRy; (5)

Where CR is the cancer risk.

2.8 Fuzzy-TOPSIS method

The “Technique for Ordering Preference by Similarity to Ideal Solution (TOPSIS)” is one of the
classical decision-making methods for solving multi-criteria decision-making (MCDM) problems with
crisp numbers, which has a simple computation process, systematic procedure, and sound logic that
represent the rationale of human choice. Decision-making is the process of selecting the best option
from a set of options. Fuzzy-TOPSIS has achieved considerable success in several fields of practical
life due to its potentiality in handling hesitation and vagueness, such as aggregations, information
measures, remote sensing, data processing, identification of patterns, and multivariate data analysis and
decision making etc. This method has been widely used in different decision-making evaluations,
including health risk assessment. The best handling methods or postharvest technologies that can be
used to maintain the quality of citrus fruit in Selayar, South Sulawesi, Indonesia by using fuzzy
TOPSIS (Dirpan, 2018). Organic agriculture is expected to play a major role in a healthy world in the
future. Organic agriculture is healthier than inorganic agriculture and treatments are evaluated using
Fuzzy TOPSIS (Suder and Kahraman, 2018). The products produced using Apple Ber powder need to
be evaluated for their quality. Sensory evaluation plays a significant role in assessing the quality of the
product. This opinion is evaluated and ranked using Fuzzy TOPSIS a nine-point scale. It can be used to

assess the product's safety and reliability (Mathangi and Prakash Maran, 2021).



In this paper, we applied the TOPSIS method to deal effectively with the MCDM problems including

Fuzzy sets (FSs). The main contributions of this paper are summarized as follows;

Step 1: Construct the decision Matrix D; .

Step 2: Construct normalized decision matrix. The normalize decision matrix values D; where, i =

1,2, ..., m (criteria), j = 1,2, ..., n (alternative) is calculated as:

* Dij
Dij T, L (6)
z:]=1DlJ

Step 3: Calculate the criterion weights of the normalized decision matrix by using eq. (7) with the

performance values of the normalized decision matrix.

%

o =—2—  Where Zs:a)izl, o, € [0,1]. ()
k=1

n
*

>

i=1
Step 4: Calculated the weighted normalized matrix is estimated by using Eq. (8) with the help of

performance values of normalized decision matrix and criterion weights.

Dij = Dij X @ (8)
Step 5: Calculate the ideal best and ideal worst values from weighted normalized decision matrix,

respectively, as follows:

M* = Max(x;) for beneficial criteria and, M * = min(x;) for cost criteria Where j = 1,2, ...,n
M~ =min(x;) for beneficial criteria and, M~ = max(x;) for cost criteria Where j = 1,2,...,n

Step 6: Calculate the Euclidean distance from each alternative to the ideal best solution and ideal worst

solution is given under, respectively.

d’ = \/Zn:{(,&(x.)_,[‘(x.))z} ) i=12,..,n )

i=1



d; =\/Zn:{(,g(xi)—,g(xi))2} , i=12,..,n (10)

i=1
Step 7: Calculated the performance Score
d-
d"+d’
Where p; is performance score value and values of p; lies between zero and one.

P = (11)

3. Step 8: Finally, the Ranking of each alternative is done on the basis of performance score
values.

Results and discussion
3.1 Heavy metals concentration

In the current study, the lowest detected concentration of heavy metal was for Cd while the highest
determined Mn concentration was in all the fruits as shown in Table 1 and

Table 2. All the heavy metals were within the recommended limits than the previously conducted

studies from a variety of soil and crops (Di et al., 2014) in China, (Roba et al., 2016) in Romania and

(Khan et al., 2013) in Pakistan. Excessive variation was recorded in heavy metal quantity between

samples due to climate variability in the studied location, the growth phase of plants having the ability

to accumulate the heavy metals depend upon the pollution of the area (Roba et al., 2016).

Table 1. Mean concentration of heavy metals in studied fruits as mg/kg

Fruits Cd Cr Pb Ni Cu Mn
Permissible

Limits 0.20 0.10 0.18 0.20 0.20 0.30

Cherry 0.0121+0. 0.0240+0. 0.1376+0. 0.0140+0. 0.0420+0. 0.1367+0.000

00003*  00009* 000074 00006 000074 08"
Apricot 0.0020+£0.  0.0240+0.  0.1223+0.  0.0039+0.  0.0737+0.  0.1819+0.000

00004° 00008* 00005° 0001° 00004° 18

Apple 0.0030+0.  0.0166+0. 0.0459+0. 0.0072+0. 0.0363+0.  0.0365+0.000
0001°¢ 00007° 0001¢ 00009° 0001°¢ 2¢

Grape 0.0121£0.  0.0143+0.  0.0153+£0. 0.0136+0. 0.0231+0.  0.1413+0.000
000074 0001° 0001° 0002° 0001° 1P

Pear 0.0072£0.  0.0107+0.  0.1070+£0.  0.0101+0.  0.0128+0.  0.0190:0.000
00008° 00008° 0001F 00004° 0001% 1

Note: Letters show significant differences among the fruits at P < 0.05.



Heavy metal concentration in different fruits
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Figure 2. Mean concentration of heavy metals in different fruits samples collected from Gilgit city
Figure 3. Principal component analysis of heavy metal concentration in different fruits collected

010

0.08

0.06

0.04

0.02

0.00

0.02

Second component 30.7% Variance

0.04

Pear

Apple

0050

0075

®
Cherry

Grape
®

0100 0.125 0150 0.175

First component 52.8% Variance

in Gilgit City

0200

Apricot
[ ]

0225

Second component 30.5% Variance

10

0.8

0.6

04

0.2

0.0

0.2

04

, Pb

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09

First component 66.4% Variance

Maximum of the heavy metals are the natural elements of earth’s crust and from there they are taken by

plants and thus transported to the food chain. Researchers consider that the major anthropogenic

sources of heavy metals in cultivated soils vegetables and fruits mostly arise from chemical fertilizers

and the use of pesticides (Semnani et al., 2010; Wei and Yang, 2010). Heavy metal concentration in

different fruits collected in Gilgit City was analyzed using principal component analysis Figure 3. The

PCA study found two significant components horizontal and vertical axis represents the variance. Both

components in vertical and horizontal were responsible 52.8%+30.7% =83.5% for fruits and

66.4%+30.5% =96.9% of the overall variance for heavy metals respectively. Component 1 was related

to grape and accounts for 52.8% of the overall variance. Component 2 was associated with apple, pear,



cherry, and apricot and accounted for 30.7% of the overall variance. The results showed that grapes had
a negative relationship with other fruits due to higher concentration of all the heavy metals and
increasing trend in grapes as compare to other fruits. For heavy metals, PCA analysis showed that
component 1 is correlated to Ni and Mn which was 66.4% of the total variance. Component 2
accounted for 30.5% of the overall variance and has high Pb loading. The association of metals in the
PCA study was verified the correlation results, which revealed that Ni and Mn were negatively
correlated with all other metals except.

3.2 Fuzzy TOPSIS method

The fuzzy-TOPSIS multi-criteria decision-making method was applied to find the best alternative
(metal) for heavy metal concentrations in different fruits. For this purpose, alternatives A =
{Cd, Cr, Pb, Ni, Cu, Mn} analyzed based on the five criteria; these are Cherry, Apricot, Apple, Grape
and Pear. Where all are beneficial criteria and calculated the criterion weights of estimated daily intake
of heavy metals of different fruits w; = 0.2771, 0.0349, 0.2071, 0.2693, 0.2118 respectively, and ideal
best and ideal worst values are presented in (

Table 2). It was observed the performance score values in terms of Fuzzy ideal solutions to each
alternative. From the table Mm > Pb > Cu > Cr > Ni > Cd order of ranking was established. Mn
Was closest from the positive ideal solution and furthest from the ideal worst and Cd explicit was
furthest from the positive ideal solution and closest from the ideal worst. It showed that Mn and Pb had
the highest concentration while Cd had the lowest heavy metal concentrations in different fruits of the
study area.

Table 2. Overall performance score values of heavy metal concentrations in different fruits

Metals d;} d; P; Rank
Cd 0.0245 0 0 6
Cr 0.0231 0.0021 0.0834 4
Pb 0.0153 0.0188 0.5514 2
Ni 0.0241 0.0006 0.0243 5
Cu 0.0207 0.0052 0.2008 3
Mn 0.0084 0.0224 0.7273 1




Note: df, d; are Euclidean distance from each alternative to the ideal best solution and ideal worst
solution, respectively. And p; is performance score value and values of p; lies between zero and
one. These have further explained in above material and methods section 2.8 steps 6 and 7.

3.3 Estimated daily intake of heavy metal

The results of daily intake of heavy metal in different fruits are presented in Table 3. According to the
study, Cd exhibited the highest EDI levels in Grape 0.0257 mg/day from males as compared to other
fruits which were within the limits of 0.06 mg/kg (WHO, 2021). Cd is harmful to our health even intake
in lesser amount. Food is the main source of Cd exposure, besides cigarette smoking (Hussain et al.,
2021a). Regular Cd intake damage the respiratory system, lung cancer, Parkinson’s and Wilson’s
diseases, and breast cancer in postmenopausal women (Hussain et al., 2021a, 2021b; Nordberg and
Nordberg, 2016), In Japan, ingestion of Cd polluted rice causes bone disease and kidney failure to the
local inhabitants (Wuana and Okieimen, 2011). The highest daily intake of Cr metal based on average
concentration level was 0.0448 mg/day from Apricot in males of this study. This level was within the
recommended standard of 0.2 mg/day (WHO, 2021). This EDI value indicated that consumers in Gilgit
town were not at health risk due to the uptake of Cr levels in fruits. It was reported that Cr was a heavy
metal of concern in food crops as it is the most bio-available element in soil uptake and subsequent
deposition to plant parts including fruits (Chamannejadian et al., 2013; Kumar and Chopra, 2015).

The highest daily intake value of Pb 0.2552 mg/day from cherry in Females has exceeded the
recommended level 0.18 mg/day (WHO, 2021). Consumers in Gilgit town are at health risk due to
elevated levels of Pb in terms of concentration levels in the fresh fruits under study. (NG, 2000)
reported that the level of Pb in fruits ranged from 0.63 to 8.71 mg/ kg in mango. In the top 20 most
lethal heavy metals, Pb is the number second after As. It is very detrimental even in slight quantity
(Assi et al., 2016; Jaishankar et al., 2014). There are several ways of Pb exposures, but inhalation and
ingestion through an adulterated diet are found to be the most common route (Jan et al., 2015). Extreme
Pb uptake damage to the intelligence of children such as mental and behavioral issues (Canfield et al.,

2005; Wani et al., 2015). This is because the brain development and central nervous system of children



are vulnerable to destruction (Wani et al., 2015; WHO, 2019). Continuously intake of Pb through
polluted diet can stored metal in bones, leading to Kidney, liver, cardiovascular, cancer, and
reproductive system weakness (Assi et al., 2016).

Ni exhibits a maximum concentration of 0.0289 mg/kg from Grapes in males. This level was within the
recommended standard of 0.2 mg/day (WHO, 2021). Consumers in Gilgit town are not at health risk
due to low concentration levels in the fresh fruits under study. Mahmood and Malik (2014) reported
contradicted results and observed high Ni concentrations in carrot irrigated with groundwater and
wastewater. (Sobukola et al., 2010) studied watermelon and orange recorded range 0.083 to 0.119
mg/kg and orange level between 0.039 to 0.043 mg/kg they observed that all the levels recorded lower
the level in Sudan. The highest daily intake of the Cu level was 0.1376 mg/day from Apricot in males
of this study. This level was within the recommended standard of 0.2 mg/day (WHO, 2021). This EDI
value indicated that consumers in Gilgit town were not at health risk due to the uptake of Cu in fruits.
Cu is a vital metal for living organisms which initiate enzyme to function accurately and supports
enzymes to transfer energy into the cells in humans (Chitturi et al., 2015). The shellfish is the best
source of Cu for human necessity (Olmedo et al., 2013). But, intake of Cu higher than needed level can
lead to adverse effects (Tvrda et al., 2015). The effects comprised headache, vomiting, liver and kidney
failure, and Wilson’s disease (Hussain et al., 2021a; Jaishankar et al., 2014). (Sobukola et al., 2010)
reported that Cu content in watermelon, orange, and banana was in the range of 0.002-0.006mg/kg,
0.001-0.003 mg/kg in orange 0.007-0.35 mg/kg respectively.

The highest daily intake of Mn (0.3396mg/day) from apricot in males has exceeded the recommended
level of 0.30 mg/day (WHO, 2021). Consumers in Gilgit town are at health risk due to elevated levels
of Mn in terms of concentration levels in the fresh fruits under study. Mn is a crucial metal for living
organisms. Little quantity of Mn is essential to form strong bones, control the blood sugar level,
sustain, and boost digestion, and increase vitamin absorption (Horning et al., 2015). Exceeded Intake of

Mn from nutrition sources is common (Mitchell et al., 2021). When Mn intake exceeds the



recommended limits, it has adverse effects on the human body comprising weakness, muscle pain, and
clumsy movement of the limbs, and neurological diseases (Guilarte and Gonzales, 2015; WHO, 2019).

Table 3. Estimated daily Intake of heavy metal of different fruits of Gilgit Market in mg/kg

Fruits Genders Cd Cr Pb Ni Cu Mn
Cherry Male 0.0175 0.0347 0.1987 0.0202 0.0607 0.1974
Female 0.0224 0.0445 0.2552 0.0260 0.0779 0.2535
Apricot Male 0.0037 0.0448 0.2283 0.0073 0.1376 0.3396
Female 0.0036 0.0437 0.2225 0.0071 0.1341 0.3309
Apple Male 0.0055 0.0304 0.0841 0.0132 0.0665 0.0669
Female 0.0058 0.0321 0.0888 0.0139 0.0702 0.0706
Grape Male 0.0257 0.0304 0.0325 0.0289 0.0491 0.3006
Female 0.0228 0.0270 0.0289 0.0257 0.0436 0.2666
Pear Male 0.0106 0.0158 0.1583 0.0149 0.0189 0.0281
Female 0.0127 0.0189 0.1889 0.0178 0.0226 0.0335

3.4 Fuzzy TOPSIS method for estimated daily intake of heavy metal of different fruits of Gilgit market
in mg/kg

In this section, the fuzzy TOPSIS multi-criteria decision-making method was employed to select the
best alternative (metal) estimated daily Intake of heavy metal of different fruits of Gilgit market in
mg/kg. For this, alternatives A = {Cd, Cr, Pb, Ni, Cu, Mn}, and analyzed based on the five criteria i.e.
cherry, apricot, apple, grape and pear called them all beneficial criteria. The criterion weights of
estimated daily intake of heavy metals of different fruits w; = 0.2771, 0.0349, 0.2071, 0.2693, 0.2118
were calculated respectively.

It was found the performance score values in terms of Fuzzy ideal solutions to each alternative, and
finally, ranked each alternative for the purpose of the relative nearest degree.

Table 4. Overall performance score values of daily intake of heavy metal concentration of
different fruits of Gilgit district in mg/kg

Metals d* d- P; Rank
cd 0.0442 0 0 6
Cr 0.0419 0.0036 0.0792 4
Pb 0.0306 0.0311 0.5041 2
Ni 0.0435 0.0011 0.0247 5
Cu 0.0377 0.0092 0.1962 3
Mn 0.0137 0.0411 0.75 1




The order ranking of Mn>Pb>Cu>Cr>Ni>Cd was found Table 4 and was obvious that Mn closest to the
positive ideal solution and forest from the ideal worst and Cd was farthest away from the positive ideal
solution and closest from the ideal worst. Thus, the Mn had the highest concentration while Cd had the
lowest level in daily intake of heavy metals of different fruits.

3.5 Non-carcinogenic health risks

THQ via intake of fruits and vegetables is an actual degree of chemical pollutants. It cannot calculate
the exact risk but specifies a level of an alarm condition (Bhatti et al., 2020; Wang et al., 2005)
described that the maximum THQ value poses a higher possible health risk to humans. In the current
study, there is no THQ of heavy metals of fruits vended at the Gilgit market. Cd, Cr, Pb, Ni, Cu, and
Mn perceived THQ in all fruits which were <1 Table 35. The maximum values of THQ were observed
in Pb 0.1823 from the cherry in females and 0.1631 from apricot in males. (Dee et al., 2019) reported
THQ of all the heavy metals were less than 1 as recommended THQ, depicted no hazard. (Sultana et
al., 2017) observed THQ > 1 for Pb, As, Mn, and Fe in vegetables, for adults and children. It specifies
that the intake of these heavy metals through the ingestion of vegetables poses a considerable non-
cancer risk. On the other hand, the intake of single heavy metal Cr, Co, Cd, Cu, Zn, and Ni via intake of
vegetables and fruits in this area is harmless THQ < 1 for the citizens, and similar results were also
described in other researches (Khan et al., 2010; WHO, 2021). HI of heavy metals of fruits vended at
the Gilgit market. It was perceived that no fruits had HI > 1. All fruits had HI <1, which varies from
0.0567-0.2246. The HI of all fruits specifies no harmful effect to health because the HI is <1. (Dee et
al., 2019) so, the calculated HI was 0.61, less than 1. This suggested that there was no risk to human
health-related with the intake of heavy metals via diet. But, health risks end users depend on the
quantity of estimated weekly intake of heavy metals. A contradictory study was reported by Sultana et
al. (2017) in vegetables and fruits indicated the risk level HI > 1 with the maximum 15.89 where all the
vegetables and fruits showed a non-cancer risk HI > 1. Ikechukwu et al. (2019) studied the evaluation

heavy metals and associated health risk to human from slected fruits of Nigeria, all the fruit indicated



that the HI < 1 showed there is no any non carcinogenic health risk via consumption of selected fruits.
Gupta et al, (2022) invistigated a study on accumulation of heavy metals and related health risk via
intake of vegetables, HI shows that coriander, onion, and tomato consumption in the research area is
risk-free.

Table 5. Non-carcinogenic human health risks posed by heavy metals in different fruits

Target Hazard Quotient (THQ) Health Index
Fruits Genders Cd Cr Pb Ni Cu Mn (H1)
Cherry Male  0.0175 0.0116 0.1419 0.0010 0.0015 0.0014 0.1749
Female 0.0224 0.0148 0.1823 0.0013 0.0019 0.0018 0.2246
Apricot  Male  0.0037 0.0149 0.1631 0.0004 0.0034 0.0024 0.1880
Female 0.0036 0.0146 0.1589 0.0004 0.0034 0.0024 0.1832
Apple Male  0.0055 0.0101 0.0601 0.0007 0.0017 0.0005 0.0786
Female 0.0058 0.0107 0.0634 0.0007 0.0018 0.0005 0.0829
Grape Male  0.0257 0.0101 0.0232 0.0014 0.0012 0.0021 0.0640
Female 0.0228 0.0090 0.0206 0.0013 0.0011 0.0019 0.0567
Pear Male  0.0106 0.0053 0.1130 0.0007 0.0005 0.0002 0.1304
Female 0.0127 0.0063 0.1349 0.0009 0.0006 0.0002 0.1556

3.6 Fuzzy TOPSIS method for non-carcinogenic human health risks posed by heavy metals in different
fruits.

For this section, the fuzzy TOPSIS multi-criteria decision-making method was used to choose the best
alternative (Fruits) for non-carcinogenic human health risks posed by heavy metals in different fruits.
So, the four alternatives such as cherry, apricot, apple, grape, and pear and further analyzed based on
the above criteria. It was found that the performance score result in terms of Fuzzy ideal solutions to
each alternative Table 6. Then, ranked each alternative A; to the relative nearest degree. The order
cherry>apricot>pear>apple>grape for females and apricot>cherry>pear>apple>grape for males
clarified the maximum non-carcinogenic human health risks posed by heavy metals in different fruits
that observed in cherry while the lowest was in grapes for females and the maximum was detected in
apricot while the lowest was examined in grapes for males respectively.

Table 6. Overall performance score and ranking of non-carcinogenic human health risks
Gender Fruits d* d- P; Rank




Male Cherry 0.0076 0.0342 0.8182 2
Apricot 0.0056 0.0409 0.8796 1
Apple 0.0298 0.012 0.2871 4
Grape 0.0395 0.0083 0.1737 5
Pear 0.0189 0.0251 0.5705 3
Female Cherry 0.0004 0.0466 0.9915 1
Apricot 0.0082 0.04 0.8299 2
Apple 0.0339 0.0132 0.2803 4
Grape 0.0457 0.006 0.1161 5
Pear 0.0172 0.032 0.6505 3

3.7 Carcinogenic health risks

USEPA, (1989) states that 10-6 to 10-4 signify a range of permitted projected lifetime risks for
carcinogens. The substance which the risk factor recorded under 10-6 may be eradicated from more
consideration. The current study depicts that the intake of Cd for all analyzed samples fruits fluctuated
from 6.496E-05 to1.066E-01, all were within recommended limits except intake of cherry for males
recorded as 1.066E-01 has exceeded the permissible limits. This finding indicated that Cd might be a
cancer-causing agent owing to the daily lifetime intake of Cd by cherry. Whereas the intake of Pb
exhibited a variation from 2.454E-04 to 1.345E-03 in all the samples. These values exceed the
projected allowable lifetime risks excluding pear and apricot for both males and females. These results
may purpose that Pb may also cause cancer due to lethal daily lifetime intake of Pb from all the fruits
that excluding pear and apricot. Long-term exposure to little amounts of Cd and Pb might outcome in
several kinds of cancers (Jarup., 2003; Mohammadi et al., 2019). Chukwuemeka and Hephzibah,
(2018) investigated a study on leafy vegetables in Nigeria Cr exhibits higher than the permissible
limits. This may specify that Cr might be a concern that could result in cancer due to the ingestion of
Cr. In a current study Cr vacillated from 6.488E-04 to 1.106E-03 in all the samples were above the

predicted lifetime risks excluding pear which was within the limits, this result purposed that Cr could



cause cancer due to chronic daily lifetime intake of Cr from all fruits excluding Pear. Similarly, in
current research the ingestion of Ni fluctuated from 5.960E-06 to 1.109E-05 in all the samples were
within the projected acceptable lifetime risks, the results suggest that Ni may not leads to cancer due to
the intake of fruits while heavy metals Pb, Cr Cd, and Ni can possibly increase the risk of cancer in
humans (Tani and Barrington., 2005; Cao et al., 2014). Total cancer risk was ranged from 1.513E-03 to
1.097E-01. The cumulative risk of all the heavy metals in all fruits was exceeded the permissible limits
Table 7. Thus, all the heavy metals could lead to cancer due to the consumption of fruits (Ikechukwu et
al., 2019) described that ingesting Gongronema latifolium might pose a cancer risk to human health
based on the exceeded level of Cu, Ni, Cr, Cd, and Mn. Among the calculated heavy metals, Cr has the
maximum chance of cancer risks of 6.54E-03 and Ni has the minimum chance of cancer risk of 9.16E-
05 (Mohammadi et al., 2019). A contradicted study was reported by (Dee et al., 2019) showed that the
ingesting of C. D fluminea in the studied area, at the amount of 75 g/day/person with the rate of three
times per week most possibly does not pose cancer to citizens. Chukwuemeka and Hephzibah, (2018)
showed 1.35E-03 the highest value of Cr in leafy vegetables, exceeded the predicted permissible
lifetime risks, and significant carcinogenic health risks related to the intake of vegetables.

Table 7. Carcinogenic human health risks posed by heavy metals in different fruits

Cancer Risk (CR) TCR
Fruits  Gender Cd Cr Pb Ni
Cherry Male 1.066E-01 1.421E-03 1.689E-03 1.698E-05 1.097E-01
Female 1.369E-04 1.825E-03 2.169E-03 2.181E-05 4.153E-03
Apricot Male 2.278E-05 1.837E-03 1.941E-03 6.116E-06 3.807E-03
Female 2.220E-05 1.790E-03 1.891E-03 5.960E-06 3.710E-03
Apple Male 3.355E-05 1.248E-03 7.153E-04 1.109E-05 2.008E-03
Female 3.539E-05 1.316E-03 7.545E-04 1.170E-05 2.118E-03
Grape Male 1.570E-04 1.247E-03 2.767E-04 2.430E-05 1.705E-03
Female 1.393E-04 1.106E-03 2.454E-04 2.156E-05 1.513E-03
Pear Male 6.496E-05 6.488E-04 1.345E-03 1.255E-05 2.071E-03
Female 7.753E-05 7.744E-04 1.605E-03 1.498E-05 2.472E-03

Note: TCR is Total Cancer Risk

3.8 Fuzzy TOPSIS method for carcinogenic human health risks posed by heavy metals in different

fruits.



The Fuzzy-TOPSIS, four alternatives A_i cherry, apricot, apple, grape, and pear including the five
criteria as beneficial criteria were analyzed. Where the performance score values in terms of Fuzzy
ideal solutions to each alternative is shown in Table-8 and ranking for each alternative Ai to the relative
nearest degree.

Table 8. Overall performance score and ranking of carcinogenic human health risks in different

fruits
Fruits d* d- P; Rank
Cherry 0.0003 0.0334 0.9911 1
Apricot 0.0333 0.0019 0.054 2
Apple 0.0334 0.0008 0.0234 4
Grape 0.0333 0.0006 0.0177 5
Pear 0.0334 0.0008 0.0234 3

The ranking order showed a cumulative or total cancer risk in decline pattern
cherry>apricot>pear>apple>grape. It elucidated the maximum carcinogenic human health risks posed
by heavy metals in different fruits found in cherry while the lowest was perceived in grapes for male
and females respectively.

4. Conclusion

The results of the present study revealed that the level of all heavy metals was within recommended
limits, whereas the estimated daily intake of heavy metals was within the suggested concentrations
except Pb and Mn. Furthermore, cherry and apricot showed higher levels of Pb, although Mn exceeded
in Apricot. Thus, there were no promising non-carcinogenic health risk concerns for all analyzed heavy
metals owing to the estimated daily intake of metal values from the consumption fruits. Nevertheless,
the results further confirmed the potential carcinogenic health risk a profound connection with the
intake of fruits. In this regard, more research is required to examine the soil where fruits grow to further
designing a robust bio-monitoring mechanism as developed countries undertake for ultimate food
safety assurance.

Acknowledgments



For laboratory facilitation, the authors are highly indebted to Fatima Jinnah Women University
Rawalpindi and Soil fertility laboratory National Agriculture Research Center (NARC), Islamabad. The
authors also offer great thanks and deep gratitude to the researchers of NARC for their valuable

contributions and helpful feedback that improved this manuscript.

References

Assi M.A., Hezmee M.N.M., Haron A.\W., Sabri M.Y.M. and Rajion M.A. (2016), The detrimental
effects of lead on human and animal health. Veternary World, 9, 660-671.

Bhatti S.S., Kumar V., Kumar A., Kirby J.K., Gouzos J., Correll R., Singh J., Sambyal V.and Nagpal,
A.K. (2020), Potential carcinogenic and non-carcinogenic health hazards of metal(loid)s in food
grains. Environmental Science and Pollution Research, 27, 17032-17042.

Canfield R.L., Jusko T.A. and Kordas K. (2005), Environmental lead exposure and children’s cognitive
function. Italian Journal of Pediatrics, 31, 293-300.

Chamannejadian A., Sayyad G., Moezzi A. and Jahangiri A. (2013), Evaluation of estimated daily
intake (EDI) of cadmium and lead for rice (Oryza sativa L.) in calcareous soils. Iranian Journal of
Environmental Health Science and Engineering, 10, 28.

Cherfi A., Abdoun S. and Gaci O. (2014), Food survey: Levels and potential health risks of chromium,
lead, zinc and copper content in fruits and vegetables consumed in Algeria. Food and Chemical
Toxicolology, 70, 48-53.

Cherfi A., Cherfi M., Maache-Rezzoug Z. and Rezzoug S.-A. (2016), Risk assessment of heavy metals
via consumption of vegetables collected from different supermarkets in La Rochelle, France.

Environmental Monitoring and Assessment, 188, 136.



Chitturi R., Baddam V.R., Prasad L., Prashanth L. and Kattapagari K. (2015), A review on role of
essential trace elements in health and disease. Journal of NTR Universtity of health Sciences, 4, 75.

Commission F.C.A., et.al. (2001), Food Additives and Contaminants. Joint FAO/WHO Food Standards
Programme; ALINORM 01/12A, 1-289.

Cui, Y. J, Zhu, Y. G,, Zhai, R. H., Chen, D. Y., Huang, Y. Z., Qiu, Y and Liang, J. Z. (2004). Transfer
of metals from soil to vegetables in an area near a smelter in Nanning, China. Environment
international, 30(6), 785-791.Dee K.H., Abdullah F., Md Nasir S.N.A., Appalasamy S., Mohd
Ghazi R. and Eh Rak A. (2019), Health Risk Assessment of Heavy Metals from Smoked
Corbicula fluminea Collected on Roadside Vendors at Kelantan, Malaysia. BioMed Research
International, 9596810.

Di S., LanBao Z., Dan W. and others. (2014), Heavy metals pollution and health risk alert evaluation of
fruits in Bengbu city, Anhui Province. Journal of Southwest University(Natural Science), 40, 837—
842.

Dirpan A. (2018), Combining an Analytic Hierarchy Process and {TOPSIS} for Selecting Postharvest
Technology Method for Selayar Citrus in Indonesia. Conference Series Earth and Environmental
Science, 156, 12031.

Gupta, N., Yadav, K. K., Kumar, V., Prasad, S., Cabral-Pinto, M., Jeon, B. H and Alsukaibia, A. K. D.
(2022). Investigation of Heavy Metal Accumulation in Vegetables and Health Risk to Humans
from Their Consumption. Frontiers in Environmental Science, 10: 791052.

Dutta P.K., Gupta S., Kumari S. and Vinayak A. (2022), A Fuzzy Goal Programming Model for
Quality Monitoring of Fruits during Shipment Overseas, in: Design and Development of Efficient
Energy Systems. John Wiley & Sons, Ltd, 265-284.

Guerra F., Ricardo TrevizamA., Muraoka T., Chaves Marcante N. and Guidolin Canniatti-Brazaca S.
(2012), Heavy Metals in Food Chain Heavy Metals in Vegetables and Potential Risk for Human

Health. Scientia Agricola, 69, 54-60.



Guilarte T.R. and Gonzales K.K. (2015), Manganese-induced parkinsonism is not idiopathic
Parkinson’s disease: Environmental and genetic evidence. Toxicological Sciences, 146, 204-212.

Huang Z., Pan X.D., Wu P.G., Han J.L. and Chen Q. (2014), Heavy metals in vegetables and the health
risk to population in Zhejiang, China. Food Control, 36, 248-252.

Hussain B., Ashraf M.N., Shafeeg-ur-Rahman, Abbas A., Li, J. and Farooq, M. (2021a), Cadmium
stress in paddy fields: Effects of soil conditions and remediation strategies. Science of the Total
Environment, 754, 142188.

Hussain B., Umer M.J., Li J.,, Ma Y., Abbas Y., Ashraf M.N., Tahir N., Ullah A., Gogoi N. and Farooq
M. (2021b), Strategies for reducing cadmium accumulation in rice grains. Journal of Cleaner
Production, 286, 125557.

Ikechukwu U.R., Okpashi V.E., Oluomachi U.N., Paulinus N.C., Obiageli N.F. and Precious O. (2019),
Evaluation of heavy metals in selected fruits in umuahia market, Nigeria: Associating toxicity to
effect for improved metal risk assessment. Journal of Applied Biology and Biotechnology, 7, 39—
45,

Jaishankar M., Tseten T., Anbalagan N., Mathew B.B. and Beeregowda K.N. (2014), Toxicity,
mechanism and health effects of some heavy metals. Interdisciplinary Toxicology, 7, 60.

Jan A.T., Azam M., Siddiqui K., Ali A., Choi I. and Haq Q.M.R. (2015), Heavy Metals and Human
Health: Mechanistic Insight into Toxicity and Counter Defense System of Antioxida.
International Journal of Molecular Sciences, 16, 29592-29630.

Khan K., Lu Y., Khan H., Ishtiag M., Khan S., Wagas M., Wei L. and Wang T. (2013), Heavy metals
in agricultural soils and crops and their health risks in Swat District, northern Pakistan. Food and
Chemical Toxicolology, 58, 449-458.

Khan S., Rehman S., Zeb Khan A., Amjad Khan M. and Tahir Shah M. (2010), Soil and vegetables
enrichment with heavy metals from geological sources in Gilgit, northern Pakistan. Ecotoxicology

and Environmental Safety, 73, 1820-1827.



Kumar V. and Chopra, A.K. (2015), Toxicity of chromium in agricultural crops with respect to its
chemical speciation-A review. World Appllied Sciences, 33, 944-969.

Liu X., Song Q., Tang Y., Li W., Xu J., Wu J., Wang F. and Brookes P.C. (2013), Human health risk
assessment of heavy metals in soil-vegetable system: A multi-medium analysis. Science of the
Total Environment, 463464, 530-540.

Mathangi S. and Prakash Maran J. (2021), Sensory evaluation of apple ber using fuzzy TOPSIS.
Materials Today: Proceedings, 45, 2982-2986.

Marti-Cid, R., Llobet, J. M., Castell, V and Domingo, J. L. (2008). Dietary intake of arsenic, cadmium,
mercury, and lead by the population of Catalonia, Spain. Biological trace element
research, 125(2), 120-132.Mitchell E.J., Frisbie S.H., Roudeau S., Carmona A. and Ortega R.
(2021), How much manganese is safe for infants? A review of the scientific basis of intake
guidelines and regulations relevant to the manganese content of infant formulas. Journal of Trace
Elements in Medicine and Biology, 65, 126710.

NG L.H.A. and L.T. (2000), Trace Element Concentration in Mango (Mangifera indica L.), Seedless
Guava (Psidium guajava L.) and Papaya (Carica papaya L.) Grown on Agricultural and Ex-mining
Lands of Bidor, Pertanika Journal of Tropical Agricultural Science, 23, 15-22.

Nordberg G.F., Fowler B.A. and Nordberg M. (2014), Handbook on the Toxicology of Metals,
Academic press.

Nordberg M. and Nordberg G.F. (2016), Trace element research-historical and future aspects. Journal
of Trace Elements in Medicine and Biology, 38, 46-52.

Olmedo P., Pla, A., Hernandez A.F., Barbier F., Ayouni L. and Gil F. (2013), Determination of toxic
elements (mercury, cadmium, lead, tin and arsenic) in fish and shellfish samples. Risk assessment
for the consumers. Environmental International, 59, 63-72.

Prakash, D., Upadhyay, G., Gupta, C., Pushpangadan, P and Singh, K. K. (2012). Antioxidant and free

radical scavenging activities of some promising wild edible fruits. International Food Research



Journal, 19(3):11009.

Roba C., Rosu C., Pistea 1., OzunuA., Baciu C. (2016), Heavy metal content in vegetables and fruits
cultivated in Baia Mare mining area (Romania) and health risk assessment. Environmental Science
and Pollut Research, 23, 6062—-6073.

Semnani S., Roshandel G., Zendehbad A., Keshtkar A., Rahimzadeh H., Abdolahi N., Besharat S.,
Moradi A., Mirkarimi H. and Hasheminasab S. (2010), Soils selenium level and esophageal
cancer: An ecological study in a high risk area for esophageal cancer. Journal of Trace Elements
in Medicine and Biology, 24, 174-177.

Singh K.R., Dutta R., Kalamdhad A.S., Kumar B., (2018), Risk characterization and surface water
quality assessment of Manas River, Assam (India) with an emphasis on the TOPSIS method of
multi-objective decision making. Environmental Earth Sciences, 77, 780.

Sobukola O.P., Adeniran O.M., Odedairo A.A.and Kajihausa O.E., (2010), Heavy metal levels of some
fruits and leafy vegetables from selected markets in Lagos, Nigeria. African Journal of Food
Sciences, 4, 389-393.

Suder A. and Kahraman C. (2018), Multiattribute evaluation of organic and inorganic agricultural food
investments using fuzzy TOPSIS. Technological and Economic Development of Economy, 24,
844-858.

Sultana M.S., Rana S., Yamazaki S., Aono T. and Yoshida S. (2017), Health risk assessment for
carcinogenic and non-carcinogenic heavy metal exposures from vegetables and fruits of
Bangladesh. Cogent Environmental Science, 3, 1291107.

Tvrda E., Peer R., Sikka S.C.and Agarwal A. (2015), Iron and copper in male reproduction: a double-
edged sword. Journal of Assisted Reproduction and Genetics, 32, 3-16.

Wang X., Sato T., Xing B. and Tao S. (2005), Health risks of heavy metals to the general public in
Tianjin, China via consumption of vegetables and fish. Science of the Total Environment, 350,

28-37.



Wani, A.L., Ara, A. and Usmani, J.A. (2015), Lead toxicity: A review. Interdisciplinary Toxicology, 8,
55-64.

Wei B., Yang L. (2010), A review of heavy metal contaminations in urban soils, urban road dusts and
agricultural soils from China. Microchemical Journal, 94, 99-107.

WHO. 2021. The Global Health Observatory: World Health Organizatio, 2021.

WHO. 2019. Exposure to Lead: A major public health concern (2019 revision), World Healh
Organization.

Williams P.N., Islam M.R., Adomako E.E., Raab A., Hossain S.A., Zhu Y.G., Feldmann J. and
Meharg, A.A. (2006). Increase in Rice Grain Arsenic for Regions of Bangladesh Irrigating Paddies
with Elevated Arsenic in Groundwaters. Environmental Science and Technolology, 40, 4903-
4908.

Wouana R.A. and Okieimen F.E. (2011), Heavy Metals in Contaminated Soils: A Review of Sources,
Chemistry, Risks and Best Available Strategies for Remediation. ISRN Ecolollgy, 2011, 1-20.
Yebpella, G. G., Magomya, A. M., Udiba, U. U., Gandu, I., Amana, S. M., Ugboaja, V. C., and Usman,

N. L. (2011). Assessment of Cd, Cu, Mn and Zn levels in soil, water and vegetable grown in

irrigated farm along river Kubani, Zaria, Nigeria. J. Appl. Environ. Biol. Sci, 1(5), 84-89.

Zhuang P., McBride M.B., Xia H., Li N. and Li, Z. (2009), Health risk from heavy metals via
consumption of food crops in the vicinity of Dabaoshan mine, South China. Science of the Total

Environment, 407, 1551-1561.



