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Abstract
This study aims to investigate the toxicity of the plant to heavy elements (HMs). For this purpose,
the estimated daily intake (EDI) parameters of potentially toxic elements (PTE) per kilogram of
body weight, target hazard quotient (THQ) for non-carcinogenic disorders, total hazard index (HI),
and bioconcentration factor (BCF) are determined in the plant at different stages of growth. In this
study, the reaction of the plant to different electromagnetic waves at different stages of growth
(DSG) is also investigated and the relationship between the THQ values and electromagnetic
waves is prepared. The results show that Pb has the highest EDI value (5.97), Pb (74.67) and Cd
(9.75) have the highest THQ values, and Cd has the highest BCF value (30.44). Also, the results
show that HI values are higher than the threshold in the growth (69.98), flowering (71.38), and
fruiting (68.06) stages. Results of BCF indicate Pb, and Cd has absorption rate in Capsicum
towards. Contaminated capsicum plants submitted to electromagnetic waves showed a significant
relationship between Pb and the b490, and b560 spectra, Cd and Ni the b450 spectrum, and Zn the
b460 spectrum. This finding highlights the salience of employing electromagnetic waves in
assessing contamination in plants. Put differently, THQ can be estimated using electromagnetic

waves without any need for laboratory studies.

Keywords: heavy metals, plant contamination, Capsicum annuum L., Electromagnetic wave.

Introduction
Soil contamination by potentially toxic elements (PTES) is a global concern as they can cause
serious health problems to humans and ecosystems (Liu et al. 2019; Nawar et al. 2019; Zhou et al.

2019). Among them, eight PTEs, including lead (Pb), chromium (Cr), arsenic (As), zinc (Zn),
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cadmium (Cd), copper (Cu), mercury (Hg), and nickel (Ni) are considered as the most common
elements found in soils (Massadeh et al. 2009; Fan et al. 2020). Cd, Zn, and Ni are also among
the most mobile elements in the soil that can be easily absorbed by plants and find a trajectory to
aerial organs and accumulate at large quantities (Yang et al. 2010). Studies focusing on assessment
of contamination by heavy metals (HMs) through consumption of agricultural products grown in
the vicinity of the Dabushan Mine, Southern China, sought to determine the concentrations of Zn,
Pb, and Cd in soil and agricultural products, to assess the potential hazards of HMs for human
health. The results were suggestive of high rates of Cd, Pb, and Zn contamination in grown plants,
reaching beyond the maximum threshold in China (Ping et al. 2009).

The over-abundant accumulation of PTE in agricultural soils not only causes secondary
environmental pollution but also increases the risk of plant bioaccumulation and thereby
significantly affects the quality and safety of food supply and nutrition (Muchuweti et al. 2006;
Liang et al. 2018).

Absorption of PTE from soil transgressing the maximum allowed concentration cause also
significant reduction and at times cessation in the growth rate of the corresponding plant due to
changes in chlorophyll amount, and subsequent changes in the structure of the leaves and fruits
(Sridhar et al. 2007; Yang et al. 2009). These changes also affect directly or indirectly the spectral
characteristics of the leaves (Slonecker 2011) and reduce the absorption of red and blue waves for
the production of chlorophyll in plants and lead to disruption at different stages of plant growth
(Kabata-Pendias and Pendias 2011).

Spectral analysis of vegetation indices in conjunction with HMs from 1970-1980 was conducted
by Collins et al. (1984) and Milton et al. (1989), all of which succeeded in identifying a relationship

between contaminated vegetables and electromagnetic waves.
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On the other hand, to accurately predict plant, soil contamination by electromagnetic waves, it
is necessary to understand correctly the relationship between spectral activities (amount of
electromagnetic reflectance) and the amount of heavy elements in the plant and soil (Philippe et

al. 2008; Minasny and McBratney 2009).

Therefore, it is important to present the relationship between the measured values (heavy
elements in plant and soil) in the laboratory and the amount of reflection and use of results in future
studies without performing laboratory studies. Studies showed that with increasing distance from
contaminated sources, the rate of contamination of the plant decreases, and with increasing HMs
concentrations in soil decrease the amount of nutrients absorbed by the plant (Lu et al. 2019; Song
et al. 2019). Therefore, it is important to investigate the contamination rate in plants near to
contaminated sources (Li et al. 2019). Because these Cd, Zn, Pb, and Ni elements lead to
dangerous diseases when they enter the human body, they were selected in the study and their
potential toxic effects on plant and soil surrounding a petrochemical factory in Marvdasht County,
Fars Province, southern Iran was investigated. The toxic effects were determined based on the use
of different indices including the estimated daily intake (EDI) index, the target hazard quotient
(THQ) for non-carcinogenic disorders, and the bio-concentration factor (BCF).

This study provided the required base for this research to employ electromagnetic waves for
assessing plants contaminated by HMs. Around 40,000 hectares of agricultural land in Marvdasht
County (north of Fars province, Iran) are located around the Kor River. On the other hand, there
are several factories around the river, including petrochemicals whose effluent on the water quality
of the Kor River, and the other hand, any agricultural product by this water is contaminated
(Sheykhi and Moore 2012). Therefore, investigating the contamination of agricultural products in

these areas is important. Due to the many activities of factories around the Kor River in recent
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years, the Kor River has become more polluted than before leading to polluted agricultural lands.
Therefore, rapid and non-destructive studies are important for determining and predicting the
physicochemical and biological characteristics of the plant and soil. Traditional methods to
determine plant, soil, and water characterizations require a considerable amount of time and
expense so that the users generally do not tend to use the results of the laboratory. Spectroscopic
studies can be used as a suitable alternative method for estimating plant, soil, and water properties
(Lénio Soares et al. 2008).

Considering the properties of capsicum (Capsicum annuum L.) (reduce cancer, help the nervous
system, slow down the aging process, help the respiratory health and help maintain proper blood
flow) and its high consumption in Iran in recent years and cultivation of this plant in infected areas
and using chemical fertilizers, the target material of the investigation is plant Capsicum. Recently,
in Iran, this plant is cultivated in the contaminated area by elements Ni, Zn, Cd, and Pb. So the rate
of absorption of different HMs in samples of the capsicum (Capsicum annuum L.) is determined.
The study also investigated the sensitivity and bioaccumulation of the plant to different HMs using
electromagnetic waves. Among other proceedings include attempts at identifying a relationship
between reactions of contaminated plants to electromagnetic waves during different stages of
growth (DSG) (to study the process of absorption of these elements until fruit stage), to determine
appropriate relations for estimating THQ through the sole application of electromagnetic waves.
So, in the study, the relationship between the measured values (heavy elements in plant and soil)
in the laboratory and the amount of reflection of the electromagnetic waves were determined. So
that farmers can determine the amount of contamination in plants and soil using electromagnetic
waves. Therefore, the contaminated areas can be used as the results of the study to determine the

amount of contamination in the plant or soil.
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Materials and method

Study area

The case study is a small part of agricultural land located in the west of the Kor Watershed in
Marvdasht County, Iran, between 29°18'N - 30°48" N and 51°42°E - 53°24" E (Fig. S1).

The average annual rainfall is 300 mm in the southeastern parts, but reaches over 800 mm in
mountainous areas, with a mean value of 400 mm/year (Fars Regional Water Company,
Meteorological Station, 2010 to 2017). The average annual air temperature of the region is 16 °C,
with average annual evaporation of 2,252 mm. The primary soils in the region include aridisol,
antisol, and inceptisol soil types. About 55% and 30% of the region is covered by rangelands and
agricultural lands.

Current sources of contamination of the Kor River water that is used to irrigation of agricultural
lands include urban wastewater and effluents from the Petrochemical factory that is located in

western sectors of the study region.

Heavy metals analysis in soil and plant systems

Forty soil samples (10 soil samples with three repetitions for each HM and 10 soil samples for
control samples) were initially pounded and passed through 2mm filters to a powder. Before
planting, the content of the toxic elements (Cd, Ni, Zn, and Pb) was measured in the soil samples,

using AAS (Atomic Absorption Specrophometry-PERKIN ELMER 8000).

Given that the water used to irrigate these agricultural lands by farmers is highly contaminated
with heavy elements that lead to soil contamination, this water was used to irrigate the soils. It is
worth mentioning that the amount of Cd, Ni, Pb, and Zn elements in the water of Kor River are

14, 6, 8, and 220 mg /I, respectively (Mokarram et al. 2020).



138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

To prevent plant stress due to lack of moisture and nutrients, sufficient fertilizer and water were
added to the samples at the right time. The plant samples (50 samples) were irrigated every 3 to 4
days. Leaves were then extracted from each vase at the DSG of the plant. The extracted leaves
were dried at 72°C for 48 h. After drying out, the leaves samples were pounded to a powder. The
samples are transferred to 100 ml containers and mixed with 15 ml of 70% pure nitric acid, 65%
pure perchloride, and 70% pure sulfuric acid. After the extractions, the samples were transferred
to an 80 ° oven. Finally, 50 ml of distilled water was added to the samples. The content of the
elements (Cd, Pb, Ni, and Zn) from the extract was measured using AASPE PG 990. It is worth
noting that the reflectance from each plant leaf was measured at three stages of growth in a spectral
range from 0.4 to 1.1 micrometers. The final data were then analyzed using a statistical program

(SPSS V.22).

Methodology of health risk assessment

At first, the amount of pollutant absorbed (Cd, Pb, Ni, and Zn) by the nutrient per kilogram of the

body per day (EDI), calculated accordance with Eq. (3) (USEPA 2000):

EDI=(CF *IR*FI *EF *ED) / (BW * AT) (3)
where EDI is the estimated daily intake (ug kgday™), CF: concentration of contaminants in

food (ug kgt) (HMs values in the plant), IR: intake per day (g day™) (325 g day™) (Miranzadeh

Mahabadiet al. 2020) that share of Capsicum annuum L. in the total vegetables consumed on day

3.25 g day* was considered, Fl: the amount of contaminants by bodies (a coefficient between 0.25-

0.4, which in the case of this study was set at 0.4 to account for the worst scenario), EF: estimated

frequency of consumption per year (days year 1) (365 days year 1), ED: exposure duration (70
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years for adults), BW: body weight (kg) (70 kg on average per adult), and AT (average time): the
product of ED and the number of days per year.

THQ was calculated from the ratio between the amount of HM to the maximum allowable
concentration according to Eq. (4) (USEPA 2011).
THQ=EDI / RfD (4)

where THQ is the target hazard quotient for non-carcinogenic disorders, RfD: the reference
dose (mg kg? day?) for Cd, Ni, Pb, and Zn are 0.2, 66.7, 0.3, and 60 mg/kg mg kg day?,
respectively (USEPA 1989, 2000 and 2011). The THQ value of higher than 1, demonstrates a
high risk of non-carcinogenic hazards (USEPA 1989).

Total HI was obtained as the sum of individual THQs for different metals. An HI value close
to 1 indicates a high risk of non-carcinogenic hazards, which can be obtained as shown in Eq. (5)

(Street et al. 1977):

HI = Zi;THQn 5)

BCF, indicating the ratio of HMs within the plant organs (leaves and fruits) to the concentration

of contaminants in soil was obtained using Eqg. (6) (Arnot and Gobas 2006):

C.. .
BCF __“Plant tissue (6)

Soil
Chiant tissue represents the measured concentration of contaminants in the plant tissue and Csoil
shows the concentration of HMs in soil. A BCF value close to 1 indicates higher accumulation of

contaminant mass and therefore greater contamination per mass unit.

The method of the spectrometer measurements of reflectance intensity
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Leaves of the Capsicum were placed under fiber optics working at a reflectance range of visible
and near-infrared using the spectrometer (MICS-D10, Germany) to assess the reaction of the plant
against electromagnetic waves. Twelve consecutive scans were taken from each sample (50
samplings) to improve accuracy and reduce the noise. The average of values was obtained and
presented. It should be mentioned that the main source of illumination is the halogen-W lamp was
used as the main source of illumination.

Each sample was then placed horizontally within wooden containers to register the spectral
reflectance of the Capsicum. The wooden container was further placed in a small room to prevent
any disturbances from other light sources (Fig. S1). To access the level of the metal

bioaccumulation the following spectral ratios (Egs. (7) - (12)) were used (Broge et al. 2002).

NDVI = (NIR-R)/(NIR+R) (7
SAVI = [(NIR-R)/(NIR+R+0.5)]*1.5 (8)
RVI = NIR/R 9)
NRVI = (RVI-1)/(RVI+1) (10)
IPVI= NIR/(NIR+R) (11)
PD = (R-B)/(R+B) (12)

where NDVI. Normalized Difference Vegetation Index, SAVI: Soil-Adjusted Vegetation
Index, RVI: Ratio Vegetation Index, NRVI: Normalized Ratio Vegetation Index, IPVI: Infrared
percentage Vegetation Index, PD: Potential Different, NIR: Near-infrared (805 nm), B: blue (450

nm), G: green (548 nm) R: red. (655 nm).
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It is used to investigate results of the applied electromagnetic waves and biophysical
characteristics. The same method is used in different studies (Hansen et al. 2003; Ferwerda et al.
2005; Neesset et al. 2005).

Accordingly, the present study proceeded to employ multivariable regression as a means for
obtaining the most optimal wavelengths for assessing HM contamination in plants using
electromagnetic waves in conjunction with the THQ index in SPSS V.22 environment.

In the end, utilizing a regression model, the relationship between THQ and electromagnetic
waves for each HM was determined. The purpose of the regression model is to predict THQ values

using electromagnetic waves and use these results in future studies to avoid laboratory studies.

Results and Discussion
The concentration of heavy metals in soil

Descriptive statistics of chemical elements such as Ni, Pb, Zn, and Cd of the soil samples have
been listed in Table 1 for different samples. As evident, the studies samples are of a loam form
with an average electroconductivity of 0.04 ds/m and a pH level of 7.65, thus rendering the samples
as non-saline with appropriate acidity for the growth of vegetables. The average concentrations of
Cd, Ni, Pb, and Zn were obtained as 0.08, 14.50 19.50, and 210 mg/kg. It is worth that the toxicity
threshold value for Cd, Ni, Pb, and Zn in the soil is 1, 50, 60, and 200 mg/kg respectively that
according to Table 1, Zn is higher than the threshold value in the soil. As a result of pollution in
the Kor River and the use of contaminated water for irrigation of agricultural lands, soil is also
polluted (Mokarram et al. 2020). Therefore, industrial wastes in the Kor River are the source of

pollution in water and soil in the study area.

10
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The concentration of heavy metals in plant

The toxicity range for Cd has a threshold of 0.2 mg/kg (Joint 2010), that the concentration of Cd
in the leaves and fruits of the target species exceeds the maximum allowed concentrations in all
growth stages. The toxicity range for Ni has a maximum allowed concentration of 66. 7mg/Kkg.
The concentration of Ni in the capsicum plant had not breached the maximum threshold in any of
the growth stages. The maximum allowed concentration of Zn was reported at 60 mg/kg (Joint
2010), which as evident from Fig. 1, had reached beyond the threshold in the growth, flowering,
and fruiting stages. The maximum allowed concentration for Pb was reported as 0.3mg/kg. Fig. 1
showed that the concentration of Pb in the target samples had breached the maximum threshold in
all states except the first stage of growth, corresponding to a high bioconcentration factor.

The present study also indicated the amount of contamination by Zn, Cd, and Pb at DSG was
high. Studies conducted in Chung King, China also indicated large concentrations of Pb and Cd in
vegetables sold in stores, reaching rates higher than the maximum allowed concentrations reported
by WHO/FAO. An assessment of contamination by HMs in vegetables in the southern sectors of
Nigeria also showed transgression of the maximum allowed concentrations for Cd, Pb, and Ni,
which is also consistent with the result of this study (Orisakwe et al. 2012)

The findings of this study are indicative of the high sensitivity of the target plant against HMs,
warning of severe health hazards should the species be planted in regions with long-term

contamination.

Resulted of EDI

Fig. 2 illustrates the rate of absorption of contaminants through consumption per kg of body weight
per day. As can be observed, the third and fruiting stage is consonant with the highest rate of

absorption. It is also evident that the absorption Pb was highest. This indicates that regions with

11
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high degrees of Pb pollution are not suitable for the plantation of the target species. Alternatively
stated, Pb tends to be easily absorbed by plants at a rate reaching concentrations 100 times higher

than the maximum allowed concentrations (USEPA 2011).

Results of THQ and HI

According to Fig. 3(a), the THQ values of higher than 1 for each element, demonstrates a high risk
of non-carcinogenic hazards. As can be seen, plants reaching the second, third, and fruiting stages
are potentially hazardous in terms of non-carcinogenic disorders (THQ>1). Fig. 3(a) further
elucidates a higher risk of subsuming to disorders resulting plants contamination by Pb, Cd, and
Zn, which is consistent with findings proposed by Orisakwe (2012). This study showed that the
estimated amounts of contaminants in vegetables found in the southern regions of Nigeria
contaminated by Cd, Pb, Zn, mercury, and Ni were higher than the maximum allowed
concentrations. It should be noted that plants contaminated by Ni were rendered as non-hazardous
for non-carcinogenic disorders, i.e. the target plant can grow in regions contaminated by Ni without
absorbing the contaminant. Results from THQ analysis indicated high risks of illnesses resulting
from the use of such products among consumers. Exceeding the maximum allowed concentrations
for HMs, particularly Cd, causes severe damages to the kidneys, lungs, and bones (Al Jassir et al.
2005).

Total HI for the present study, obtained as the sum of individual THQs, has been shown in Fig.
3 (b). As evident, the plant samples show high values of HI during the growth, flowering, and

fruiting stages, indicative of the improper quality of the study region for planting said species.

Bioconcentration factor (BCF)

12
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Bioconcentration factor (BCF), as the most salient parameter for assessing contamination in plants,
represents a plant’s capacity for absorbing chemical elements from the environment in which they
are grown and can be obtained using Eqg. (6). In this study, the mean of HMs in different vegetative
stages in plant and soil for 50 sample points was measured and the ratios were calculated. Fig. 4
shows the results from BCF analysis at DSG. According to this figure, BCF was higher for plants
contaminated by Cd at both flowering and fruiting stages, suggesting a higher accumulation of
contaminant mass during these stages. Thus, the absorption rate of the target plant for Cd was
significantly higher compared to other HMs, even at rather insignificant doses (Llobet 2003).
Mahmood and Malik (2014) reported in their assessment of the risks of HM contamination in
vegetables containing Cd of the severe hazards accompanied by consumption of plants
contaminated by this HM. Cd generally enters agricultural products through contaminated soil and
irrigation by sewage sludge, atmospheric pollution, and the application of organic fertilizers, and
must thus be constantly monitored to prevent its introduction to agricultural products through

chemical fertilizers, most of which contain Cd.

Response of Leaf of Capsicum to Electromagnetic Waves
According to Figure 5, the change in the appearance of the plant is different according to the
amount of absorption at DSG, which has led to a change in the amount of reflection of
electromagnetic waves. So that in stage 3, when the amount of element absorption is higher, the
amount of reflections is very different than the control plant with no contamination. According to
Figure 5, the trend of changes in the control plant is the same for 4 elements, which indicates the
health of the plant at DSG.

The results, however, prove the efficiency of electromagnetic waves in assessing different

potential hazards and contamination as well as tensions introduced in plants (Dobrowski et al.
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2005; Eitel et al. 2006; Seelig et al. 2008; Cozzolino, 2014). HMs can significantly affect the
presence of chlorophyll in the leaves and the structure of leaves (Kabata-Pendias and Pendias
2011).

Plants contaminated by Cd show the highest reflectance in the 400-500 and 500-600 nm range
at the second stage of growth, indicative of the weak production of chlorophyll. The present study
also attempted at scrutinizing the reaction of the contaminated samples of the target plant at DSG
against electromagnetic waves, the results of which are shown in Fig. 5 for a spectral range of 400-
1050 nm for the plant leaves.

Similar conditions hold for both mentioned spectral ranges at the third and first stages of growth
of plants contaminated by Cd, compared to control samples. A decrease in reflectance levels is
also evident from Fig. 5 for spectral ranges of 800 nm and above, pointing to the lack of the plants
yield. Trends for other HMs follow the same pattern, as maintained by Fig. 5, i.e. higher reflectance
in the chlorophyll production sectors (400-500nm and 600-700nm).

Reflectance is minimized in control samples in the blue (near-purple) (400-500nm) and red
(600-700nm) ranges, which include waves that are absorbed at high rates by the chlorophyll and
are quite effective in vegetation and formation of plant organs (Fig. 5).

The reflection of waves in the range of 700-750 nm in the control sample is less that the plant
needs these waves to germinate, accelerate fruiting, etc. Also, in the range of 850-940 and 500-
600 nm, more reflection indicates that the plant is healthier and greener, which in the control
sample is more in this range.

Spectral ratios were then employed to obtain a relationship between HMs values in
contaminated plants and the reflection rate of electromagnetic waves. Table 2 lists the values for

NDVI, SAVI, PD312, NRVI, RVI, and IPVI—among the most common vegetation indices—at

14
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three levels of growth for both contaminated and control samples. The highest value was observed
in the PVI index, wherein a higher value indicated lower contamination. The lowest value for all
HMs was observed in the PD312 index, for which a lower value suggests higher toxicity of HMs.
Overall, all indices, except for PD312, showed higher values in the case of lower contamination
of the target plant. One of the most frequently used indices for estimating vegetation and yield of
plants is the NDVI index, which was also investigated in this study as a means for assessing
contamination by HMs at different stages. Based on the findings, only the control samples appear
to have a good yield, whereas, yield in contaminated plants seems to diminish significantly.
Increases in NDVI are accompanied by a decrease in reflectance in the red spectral range—
required for chlorophyll production—, such that values closer to 1 indicate higher yield and
healthier, uncontaminated plants. These results are in line with findings of other studies that show
the reactivity of contaminated plants in both the infrared and near-infrared spectral ranges

(Slonecker et al. 2009; Slonecker 2011).

Results of regression

Tables 3 and 4 show the results for plants contaminated by Pb. model 1 with the highest R? has
been identified for estimating THQ values. Based on the results, the spectra bseo, baao, and baeo are
the most relevant spectra for estimating potential non-carcinogenic hazards of samples from the
Capsicum contaminated by Pb.

Table 4 shows the two selected THQ regression models along with the most relevant spectrums,
formulated in the following (Egs. (13) and (14)):

THQ,, =57.886- 43.967h;,, (13)

THQ ,,=28.681- 36.199b,, - 41.1678b,, (14)

15
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A total of two regression models with the highest R? value were also obtained for assessing
THQ in the case of contamination by Ni (Table 3). The most relevant bands for assessing non-
carcinogenic hazards in plants contaminated by Ni were baso and bz2o.

Table 4 shows the two selected THQ regression models formulated in Eq. (15):

THQ,, =0.005+0.022b,,, (15)

According to Table 3, the bsso and bseo spectrum appear as the most relevant spectrum for
assessing potential non-carcinogenic hazards in plants grown in soil contaminated by Cd and Zn
respectively.

Table 4 shows the most appropriate THQ regression model for samples contaminated by Cd
and Zn in Eq. (16) and (17) respectively:

THQ .,=- 4.859+13.783b,, (16)
THQ,, =-10.873+107.994b,,
(17)

Estimated THQ values were then compared with observed values for each element to assess the
accuracy of the results. The most optimal model for estimation of THQ is shown in Fig. 6 for
plants contaminated by Pb and can be formulated using Eqg. (14). The best models for
contamination by Cd, Ni, and Zn were obtained as Egs. (15), (16), and (17), respectively. Fig. 6
elucidates the capability of the application of remote sensing approaches to accurately estimate
THQ using electromagnetic waves.

Finally measured THQ and predicted THQ by electromagnetic waves for each metal were
statistically significant using t-Test at p< 0.05 (Table 6). The results of statistical tests (t-Test)
showed that all of the p-values were <0.05. Therefore, there is no significant difference between

measured THQ and predicted THQ and should utilize the results of electromagnetic waves to

16
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predict THQ value. The results of this study indicated a significant relationship between increases
in HM concentrations in soil and the Capsicum. Ping et al. (2011), reported a positive and

significant relationship between metals found in agricultural products and contaminated soil.

Conclusion

Cd concentrations in leaf and fruit exceeded the maximum allowed concentration (0.2 mg/kg) in
all stages except for the first stage of growth, indicating the higher absorption of the plant for Cd.
Ni concentration remained below the maximum allowed concentrations (66.7 mg/kg) for all
growth stages. Zn concentrations transgressed the maximum allowed concentration (60 mg/kg) in
the growth, flowering, and fruiting stages, while Pb content in the leaves had exceeded the
maximum threshold (0.3 mg/kg) in all stages, excluding the first stage of growth, suggestive of the
high bioconcentration factor of the target plant. The results of EDI evident that the absorption Pb
was highest. While the results of THQ showed that the higher risk of subsuming to disorders
resulting from plants contaminated by Pb, Cd, and Zn and plants contaminated by Ni was also
rendered as non-hazardous for non-carcinogenic disorders, i.e. the target plant could grow in
regions contaminated by Ni without absorbing the contaminant. The results of HI showed that the
high values of HI during the growth, flowering, and fruiting stages, indicative of the improper
quality of the study region for planting said species. Overall, metals such as Pb, Zn, and Cd were
abundant in the target plant, rendering it highly hazardous to human health, even at small
percentages. In addition to assessing concentrations of HMs during DSG, the present study also
proceeded to analyze the reaction of contaminated plants to electromagnetic waves at various
growth phases. As maintained by the findings, increases in HM contents in plants cause a decrease

in the amount of reflectance in the 400-500 and 600-700nm range, which is essential to the
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production of chlorophyll. Reflectance in the 500-600nm range which generally corresponds to
the highest reflectance decreased for contaminated samples. This points to the feasibility of
employing remote sensing approaches as an alternative to laboratory researches for the assessment
of contamination and potential risks of non-carcinogenic hazards in plants. It can be the
prospective, initial phase of an investigation of the level of contamination of edible plants by toxic

elements.
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Figures caption

Fig. 1 HM concentrations in Capsicum during DSG.

Fig. 2 Rate of absorption of contaminants by the Capsicum at DSG.

Fig. 3 (a): Potential risk of non-carcinogenic hazards, (b): HI values at DSG of the Capsicum.
Fig. 4 Absorption rate of HMs in the leaves and fruits of the Capsicum.

Fig. 5 Reaction of the leaves of the Capsicum at DSG to various HM contamination treatments.

Fig. 6 Estimated and observed THQ values for plants contaminated by HMs.
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Fig. 1 Heavy metal concentrations in Capsicum during different stages of growth.
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Fig. 2 Rate of absorption of contaminants by the Capsicum at different stages of growth.
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Fig. 3 (a): Potential risk of non-carcinogenic hazards, (b): HI values at different stages of growth

of the Capsicum.
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Fig. 4 Absorption rate of heavy metals in the leaves and fruits of the Capsicum.
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Fig. 6 Estimated and observed THQ values for plants contaminated by heavy metals.
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Table 1 Statistics on the physical and chemical characteristics of soil samples

Parameter Unit  Minimum Maximum Average =*

value value STDEV
pH - 7.1 8.2 7.3 £0.77
EC! ds/m 0.01 0.07 0.03+0.04
cd mg/kg 0.05 0.12 0.1+0.04
Pb mg/kg 14 25 22 +7.77
Ni mg/kg 9 20 15 +7.77
Zn mg/kg 180 240 221 +41.40

! Electrical Conductivity
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Table 2 Results of vegetation indices for different treatments at different stages of growth

Cd Pb

Vegetation index Stagel Stage?2 Stage3 Controlsample Stagel Stage2 Stage3 Control sample

NDVI 0.38 0.10 0.15 0.61 0.51 -0.26 0.08 0.61

SAVI 0.33 0.09 0.14 0.65 0.52 -0.28 0.08 0.65

PD312 -0.53 -0.31 -0.55 -0.33 -0.09 -0.05 -0.02 -0.33

PVI 2.23 1.22 1.36 4.15 3.04 0.59 117 4.15

DVI 0.26 0.08 0.11 0.75 0.55 -0.33 0.09 0.75

IPVI 0.69 0.55 0.58 0.81 0.75 0.37 0.54 0.81
Ni Zn

Vegetation index Stagel Stage2 Stage3 Control sample Stagel Stage2 Stage3 Control sample

NDVI -0.20 -0.08 0.03 0.61 0.07 -0.13 0.02 0.61
SAVI -0.21 -0.07 0.02 0.65 0.06 -0.15 0.02 0.65
PD312 0.14 -0.42 -0.11 -0.33 -0.11 0.08 0.01 -0.33
PVI 0.67 0.86 1.06 4.15 1.15 0.76 1.04 4.15
DVI -0.23 -0.05 0.02 0.75 0.06 -0.18 0.02 0.75
IPVI 0.40 0.46 0.52 0.81 0.53 0.43 0.51 0.81
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Table 3 THQ estimation model for assessment of heavy metal contamination in the target plant

Change Statistics

Model R R Adjusted R Std. Error of the -
Square Square Estimate R Square FChange dfl df2 Sig. F
Change Change
Pb
1 .8072 .651 .626 16.16338 .651 26.137 1 14 .000
2 .973b .947 .939 6.51295 .296 73.226 1 13 .000
Cd
1 .897¢ .804 .788 1.4793 .804 49.263 1 12 .000
Ni
1 .8204 .673 .637 .002937 .673 18.512 1 9 .002
Zn
1 773¢ .598 .554 18.87561 .598 13.399 1 9 .005

a. Predictors: (Constant), bseo, b. Predictors: (Constant), bseo, bago, . Predictors: (Constant), byso, d. Predictors: (Constant),
bsso, €. Predictors: (Constant), baeo
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Table 4 Significance levels of parameters for the THQ regression model using Pearson’s

Coefficient in plants contaminated by heavy metal

Unstandardized Coefficients Standardized Coefficients

Model Sig.
B Std. Error Beta
Pb
L (Constant) 57.886 7.046 - 0.00
b560 -43.967 8.600 -.807 0.00
(Constant) 28.681 4.439 - 0.00
2 b560 -36.199 3.582 -.664 0.00
b490 41.167 4811 563 0.00
cd
(Constant) -4.859 1.527 - 0.05
1 b450 13.783 1.964 897 0.02
Ni
(Constant) .005 .001 - 0.008
L b450 022 .005 820 0.034
Zn
(Constant)  -10.873 11.034 - 0.5
! b460 107.994 29.502 773 0.1
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Table 5. Heavy metal contamination different studies (mg/kg)

Region Pb Ni Zn Cd Reference

Iran 16.8 0.0563 27 2.74 This research

Yangtze River Delta, China 15 7.8 56 1.10 Hu et al., 2017

Mojo River, Oromia Regional State 7.56 4.13 23.53 1.56 Gebeyehu and Bayissa, 2020
Temeke district, Tanzania 2.92 - 11.11 - Kacholi and Sahu, 2018
China 2.84 0.74 0.58 0.68 Yuetal., 2017
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1 Table 6. Comparative between THQ measured and predicted by electromagnetic waves

One-sample t-Test

95% Confidence Interval of the

THQ Mean .
t df p-value . Difference
Difference
Lower Upper
THQ pp (Measured) 7.693 19 .001 43.42650 31.6114 55.2416
THOQ pp (predicted) 7.693 19 .001 43.86077 31.9276 55.7940
THQ ni(measured)  18.889 19 .002 .00134 .0012 .0015
THQ i (predicted) 18.879 19 .002 .00148 .0013 .0016
THQ zn (measured) 5.248 19 .000 1.92683 1.1583 2.6954
THQ z» (predicted) 5.235 19 .000 2.11927 1.2720 2.9665
THQ cq (measured) 4.304 19 .001 5.39900 2.7736 8.0244
THQ cd (predicted) 4431 19 .001 6.15284 3.2463 9.0594
2
3
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