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ABSTRACT: Four evaluation approaches were used to
assess the environmental quality of eight soils at a
contaminated heavy metal industry. The entire index
model is more rational than the one-factor index method
to analysis outcomes. In contrast to the pollution index,
membership features have been utilized in fluctuating
mathematical approaches to identify the limits between
different pollution classes, and pollutant contributing
variables have been identified using weights. The
dominating feature was highlighted more in the single-
factor approach, with the effects of the other factors being
diminished. In the weighted average model, however, each
element contribution was thoroughly examined, and
weights were given according to contribution level. For
various mathematical methodologies, membership
functions were utilized to show the bounds between
various pollution levels, and various weights were taken
into account in the pollution contribution factor. The
inclusion of the membership level and the weight of the
different mathematical models in the evaluation of
environmental quality made methods conceivable.

Keywords: environmental quality, heavy metal, single-
factor approach, pollution levels

1. INTRODUCTION

Soil for human survival and development is one of the
most vital and necessary resources. Significant quantities
of heavy metals have been the problem in soil in India for
several years [1]. Heavy metal pollution, while non-ferrous
metals smelt, is part of its emissions from the metallurgical
sector. Potential hazardous elements are promoting
potential contamination of the food chain and endangering
human health and ecological safety in soil construction [2].
Pollutants and heavy metals contaminate the soil [3]. In
order to achieve resource-limited sustainable soil
development [2 & 3], the impact on soil from human
activities is required in addition to assessing the
environmental consequences of heavy metal contaminated
soil. The environmental quality of the ground was largely
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assessed by the Pollution Index. Methods are used to
identify and quantify scales of soil contamination [4].
However, there is ambiguity or fluidity in relation to the
environmental hazard in every environmental evaluation
due to the incoherence and features of each soil pollutant.
The usage of sharp borders is difficult to justify in
classification systems. This volatility has led to the creation
of advanced evaluation systems based on fuguous logic by
some environment researchers [8]. Fuzzy methods
thoroughly examine the contribution of the numerous
contaminants by default and limit the member's functions'
fluidity. A detailed study of the problem of the flight
frontier and the effect of supervision errors on the
evaluation findings were successful [5].

Emitting material from rapidly developing industries,
mining apparel, heavy metal disposal, combustion waste
and air deposition may harm heavy metals and soils,
fertilizers and animal fillings, waste water sludges,
pesticides, irrigation of waste water and air disposal [7 &
8].

In contaminating areas, pram (Pb), chrome (Cr), arsenic
(As), zn (Zn) (Cd), copper (Cu), mercury (Hg), and
nicellular were the most commonly identified group of
heavy metal compounds [5] (Ni). The land constitutes the
main sink of heavy metals which have been released in the
environment by previous human and organic pollution,
and reduces microbial carbon (IV) activity [6]. However,
several kinds of biological disposability and chemical
(species) may be present. Dangerous metals of the soil can
seriously inhibit the biological decomposition of organic
pollutants [11 & 12]. Soil and ecosystems can cause heavy
metal contamination to endanger humans and ecosystems,
lead to a direct intake or contact with polluted soils, feed
chains, the use of water as a result, the reduction in
toxicity of plants' quality of food, the reduction of the risk
of soil and the risk to humans and ecosystems caused by
food insecticides.
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Proper protection of the soil and re-establishment of heavy
metal soils must be measured and re-established [4 & 6].
The present environmental and public health protection
regulations at national and global levels give statistics
characterizing chemical characteristics for environmental
occurrences, particularly in our food chain [8]. Events to
correct heavy metal soil contaminated will include
knowledge on the source of the pollution, the essential
chemical substances and the risk of the sentimental and
the related health effect on these heavy metals. Although
earth characterization will provide insights into the
speciation and bioavailability of heavy metal [4]. Risk
assessment is a useful scientific method to manage sites
that are expensively contaminated and to ensure the
health of individuals and ecosystems [9].

The best way available to restore heavy metal
contaminated sites (DSLs) is often supplied on the basis of
property, soil purification and fit-restore methodologies.
Despite its economic efficiency and environmentally
benign applications, these technologies are only registered
in advanced countries [3 & 4]. These technologies are still
commercially available in most undeveloped countries,
perhaps because they are not aware of their own intrinsic

advantages and operating principles. The Scientific
Communities are increasingly trying to develop techniques
that heal contaminated sites by government and the public
with better knowledge of human and animal health [8 &
11].

In developing countries, which are highly densely
populated and limited in resources to restore the
environment, accessibility of land resources for
agricultural production, food safety improvement and the
more comprehensive treatment of land tenure problems
are low-cost and environmentally viable solutions [12].

This study collects dispersed literature to analyze possibly
polluted sources, fundamental chemistry and the
accompanying risks related to the use of heavy-metal
priority treatments and cures.

1.1. Process of environmental impact assessment

The EIA procedure steps depend on the country or the
demands of the donor. However, the majority of EIA
procedures have a shared structure; crucial phases are a
fundamental standard [28 & 30].
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Figure.1. EIA Process Overview
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The environmental impact assessment includes eight
steps, each of which is equally important to the overall
performance of the project [29]. The environmental impact
assessment is divided into two parts: the preliminary
phase and the final phase [26].

The EIA process normally begins with testing to ensure
that time and resources are spent on ecologically sound
concepts and concludes with some form of monitoring of
the report's contents and activities to ensure that they are
being followed up on [22].

1.2. Environmental quality assessment

As with other forms of environmental evaluations it is
necessary to define the particular objectives of the study
[31]. Therefore, its basic objectives have to be clearly
identified and stated from the beginning of the research,
since they will be utilized as proposals for the
development of all sampling and analytical processes [34].
For instance, testing for heavy metal in soil can be
permitted if the goal of the study is to determine whether
the soil is to be poisoned with heavy metals. Knowledge of
system sampling methodologies is yet essential to regional
heavy metal distribution in soles. The Internet should be
provided with early information on the soil type, the
parent, the region, and activities [35]. This information
contributes to the construction and interpretation of the
sampling procedure. It is also crucial that we draw up all
relevant legislation including soil regulatory requirements
during the preliminary evaluation and clean-up phase.
Sensitivity to the legal and regulatory principles allows an
adequate assessment of ground contamination and
conformity to purification requirements [31 & 32].

2. Aim of research work

~Ci
Pi

The Nemerow integrated index method's mathematical formula is:

P= \/(1/nz;;1 piyrz + MOy
Where Pi is the heavy metals pollution index, CI refers to
the genuine heavy metal monitoring data I (mgekg-1). If
the environmental quality criterion is reached, the data are
obtained from the grade a standards set out in Provisional
Soil Environmental Index (H]350-2007) [36].

The goal of the research is to gather information on heavy
metal sources, effects, and processes, such as arsenic,
penicillin, and mercury [32]. It also investigates in detail
the methodologies of plant remediation, including the
mechanisms of heavy metal absorption, and various
researches. In addition the benefits of this sort of
technology for decreasing, heavy metal absorption
processes, and elements that have an impact on the
absorption system are described by many sources and
their environmental impact. Several plants for the
phytoremediation of plants have also been described and
can minimize pollution [41].

2.1. Objectives of research work
The following were the research objectives:

1. Evaluate, using contamination indicators and
fluent, the environmental risk of heavy metal in
soils around a ferroalloy factory

2. Compare the evaluation outcomes in order to
determine how an evaluation process is feasible.

3. Exploring potential for metal-contaminated soils
spectral reflectance management.

3. PROPOSED METHODOLOGY
3.1. Pollution index techniques calculation formulas

Two distinct pollution index methodologies evaluated the
environment of eight polluted soils (single factor index
method and complete Nemerow Index method). The
format to calculate the one-factor index is as follows:

The single-factor index technique can be calculated as:

e (31)

3.2. Establishment of evaluation criteria

To evaluate eight polluted soils, the inorganic elements
(Zn, As, Ni, Cr, Cu, and Cd) have been selected [21]. Criteria
for the assessment were developed on the basis of the
national Chinese environmental quality and local context
standards [51 & 56]. The soil quality was categorized into
5 levels: Good I, Clear III, Slightly Vulnerable III,
Substantial IV and Grade V pollution. Soil quality
(Table.4.2).
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Table.3.1. Environmental quality standard for soil: (mg-kg-1)

S.No. Heavy metal In As Ni Cr Cu Cd
1. Evaluation 20001 | 20.00 5000 | 19001 | 63.03 1.00

standard

Table.3.2. Classification of environmental quality for soils affected by heavy metals

S.No. List of heavy | I (excellent) | II (clean) I (slightly | IV (moderately | V. (heavily
metal polluted) polluted) polluted)
1. Zn 100.00 200.01 250.05 300.09 500.00
2. As 12.03 17.00 20.00 25.02 30.00
3. Ni 40.00 50.01 65.03 80.053 200.20
4, Cr 78.09 150.09 250.07 350.31 400.06
5. Cu 35.4 50.00 100.00 150.09 400.067
6. Cd 0.21 0.32 0.46 0.61 1.04
7. Namerow P<0.71 0.710<P < | 1.01<P<1.71 1.71<P<2.81 P>2.81
comprehensive 1.01
index (p)
3.3. Pollution index methods assessment and findings 3.4. FUZZY MATHEMATICAL METHODOLOGY
Equations 1 and 2 from the actual Heavy Metal 3.4.1. Functions of fuzzy environmental quality
Surveillance (Ci) data for each of the eight soles examined
were used to calculate the individual factor index and the Membership functions are the degrees to which Fuzzy is a
global pollution index. Table 4.3[46] shows both the member [43]. With a set of membership formulas heavy
findings of Ci and the evaluation. metal membership grades at each level can be

quantitatively defined:

|’ 1=, (C,) e(m—1)< Ci < e(m)
| e(m+ )-C,])/[e(m+1)—e(m)], e(m) < Ci < e(m+1)
[ 0 Cize(m+1)

u. =

fm

e (323)

Where m is a Class I member, the present mgekg-1 heavy- function, a sample of soil fuzzy matrix was developed [57
metal monitoring data is ci and the mm grade is mgekg-1. & 59]. For instance, the fluid S1 (R1) soil matrix is:

After monitoring data and evaluation criteria for each

heavy metal location were replaced for the member's
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3.5. Weight determination for every heavy metal quality vary considerably between them. The quantity of a
certain heavy metal in each control zone shall be

Real weight is necessary for all components [60] since the determined [43].

effects of heavy metals on the integrated environmental

C,./S -
H:’r.:t :.HJ'I; Sr :lz Sg‘l
>C,/S s
< Ik i
e (48)
1.00 0 0 0 0
0 0.60 0.40 0 0
1.00 0 0 0 0
R =
1.00 0 0 0 0
1.00 0 0 0 0
1.00 0 0 0 0

Table.3.3. Eight polluted soils employing a single factor index and extensive index methodologies environmental
quality evaluation results

Heavy metal Environment quality
Soil Index Zn As Ni Cr Cu cd Singl]c-facto Com[_:-rchcnsh'c
r index index
Ci_ 76.60 1820 2620 67.00  21.10 0.01 o
s1 Pi 038 091 0.52 0.36 0.33 0.01 I
Class 1 11 I I I I (P=0.71)
Ci 77.10 7.40 35.60 88.10  29.10 0.02 :
s2 Pi 039 037 0.71 0.46 0.46 0.02 04
Class I I I I I I (P=0.58)
Ci 67.80 12.80 28.40 86.70  25.10 0.02 .
S3 Pi 034 064 0.57 0.46 0.40 0.02 I N
Class 1 II I II I I (P=0.53)
Ci 89.80 10.80 20.50 220.00 23.60 0.03 -
sS4 Pi 045 054 041 1.16 0.37 0.03 I
Class 1 1 1 11 1 I (P=0.89)
Ci 69.80 10.70 30.30 2340.00 39.60 0.02 v
S5 Pi 035 054 0.61 12.32 0.63 0.02 v
Class I I I v it I (P= 8.88)
Ci 4530 10.70 28.60 8640.00 36.00 0.02 v
S6 Pi 023 054 057 4547 0.57 0.02 v Pezn 63
Class I I I v I I (P=52.63)
Ci 9640 7.80 21.50 52500.00 109.00 0.03 v
S7 Pi 048 039 043 276.32 1.73  0.03 v -
Class I 1 I v v I (P=198.03)
Ci 76.50 10.10 28.50 90.20 30.40 0.01 :
S8 Pi 038 051 0.57 0.47 0.48 0.01 I (P=0.49)
Class 1 I I n i 1 :
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If k shows the heavy metal I of k, Ci, k is the one with heavy
metal contents I of mgekg-1 of k in soil, Si is average of
mgekg-1. Mgekg-1 and Si of mgekg-1 heavy metal test
requirements of I. The weights in this study have been
selected based on soil quality standards and real
monitoring data [49]. Here, Ci, k showed to what degree
the average evaluation criterion was exceeded as the
difference between pollutants and pollution levels had to
be added [37]. The weights of the six heavy metals were
collected in the eight soils and displayed as per Equation 4
in Table.4.4.

3.6. Results of fuzzy mathematical methods

We used two fuzzy mathematical methods to evaluate the
environmental characteristics of the eight polluted soils:
the lone factor decision and the weighted average model,
both of which are described below [35]. The following is
the procedure for calculating the decision based on the
one-factor model:

Table.3.4. Values of heavy-metal-concentrations in tested soils

S.No. List of | List of contaminated soils
tested Zn As Ni Cr Cu Cd
soils
1. S1 0.151 0.471 0.167 0.151 0.071 0.010
2. S2 0.171 0.223 0.256 0.221 0.125 0.023
3. S3 0.141 0.351 0.194 0.201 0.101 0.024
4, S4 0.151 0.245 0.112 0.412 0.076 0.032
5. S5 0.023 0.051 0.032 0.872 0.021 0.012
6. S6 0.0051 0.012 0.010 0.960 0.013 0.0054
7. S7 0.0023 0.0023 0.001 0.003 0.0034 0.0021
8. S8 0.170 0.298 0.190 0.228 0.125 0.0112

HZn

HAs

= Ni

mCr

mCu

Values of contaminated soil

List of tested soil

mCd

Figure.3.1. Values of heavy-metal-concentrations soils
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bj = Max {(W1lulj, W2u2j, ... .....

The weighted average model can therefore be written as follows:

n
bj = Z 101
i=1

If bj is a final class j evaluation, W1 is an index of the heavy
metal [ weight [43 & 47]. The single component model
vectors were standardized before the results were used to
evaluate the environmental quality of 8 contaminated
soils. The weighted average model needs to be evaluated
with consistency. Eqs.5 and 6 wused two separate
mathematical methodologies in the final evaluation of
solar samples (Table.5.1.).

4. RESULT AND DISCUSSION
4.1. Comparison of the two pollution index methods

For the eight soils, the results were established for Class
I, 11, II, 111, V, V, V and II according to the maximum
membership grading criteria. As shown in Table IL
Nonetheless, in classes II, I, I, II, V, V, V and I the
comprehensive indexing technique has detected the
environmental quality of eight soil areas [52]. In addition
to considering the maximum pollution index, the averaging
pollution index is also included in Nemerow
Comprehensive Index P. The foregoing results suggest that
soil quality is worse than the whole index model of a single
factor index approach. Value differences were based on the
difference in the evaluation principles of the two systems.
The single factor index technique only included the most
important aspects and excluded other factors. Factors of
high (extremely polluted) concentrations are likely to have
lethal repercussions in the final assessment findings
obtained by the one factor technique. Increased

e, WRUNGY e

e e o (4.5)

e (4:6)

environmental quality was, however, regarded the major
criterion and average contribution for both the thorough
indexing methodology utilized for existing research and
the evaluation outcomes [56]. The above described
differences in the two methods of the pollution index can
also be illustrated in an example of using Table 5 models.
Therefore, the entire index technique is more rational
compared to the single factor index method [45 & 49].

4.2. Comparison between two fuzzy mathematical
methods

Table 5.1 shows the findings of the environmental
evaluation by both approaches of heavy metal pollution.
Since the level of membership of each pollution class
varies accordingly, the weighted choice quality in the
average model is higher than the decision in the individual
components. The evaluation outcomes differed depending
on the various evaluation goals and ideas [57]. In reality,
the single components that determine a model are only the
most important aspect. The impact on the outcomes of the
evaluation therefore largely reflects greater relative
contents and severe pollution in the case study [25]. The
assessment findings are derived by individual competitors'
indexes, while weighted average models take the
importance of each component fully into consideration and
distribute the contribution by weight [51]. As in S4, due to
the interference of a substantial relative Cr concentration,
the assessment of the single-factor model decision is III,
but I pick the weighted average model.

Table.4.1. Fuzzy mathematical membership levels at five levels for eight contaminated soils

S.No. Level of soil Single factor deciding model
S1 S2 S3 S4 S5 S6 S7 S8
1. I 0.261 0.891 0.842 0.371 0.052 0.011 0.011 0.891
2. 11 0.451 0.110 0.165 0.190 0.011 0.00 0.00 0.112
3. 111 0.291 0.00 0.00 0.441 0.00 0.00 0.00 0.00
4. I\ 0.00 0.00 0.00 0.00 0.00 0.001 0..00 0.00
5. \Y% 0.00 0.00 0.00 0.00 0.941 0.990 0.991 0.00
Environmental I1 [ [ [11 Vv \% \% I
quality
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Single factor deciding models
1 (0891 . 0.891
_ 0.9 OFZ -
Los
207
é’ 0.6
c—g 0.5
0.4
o
— 03
Uo) 0.2
0.1 0000000Q0 0O0O0O
0
| Il 1] v Vv
mS1 0.261 0.451 0.291 0 0
mS2 0.891 0.11 0 0 0
mS3 0.842 0.165 0 0 0
mS4 0.371 0.19 0.441 0 0
ms5 0.052 0.011 0 0 0.941
mS6 0.011 0 0 0.001 0.99
mSs7 0.011 0 0 0 0.991
m S8 0.891 0.112 0 0 0
Figure.4.1. Single factor deciding model
Table.4.2. Weighted average model
S.No. Level of soil Weighted average soil model
S1 S2 S3 S4 S5 N S7 S8
1. I 0.541 0.970 0.921 0.591 0.123 0.043 0.010 0.960
2. 11 0.280 0.032 0.083 0.121 0.010 0.00 0.00 0.041
3. 111 0.181 0.00 0.00 0.290 0.00 0.00 0.00 0.00
4. IV 0.00 0.00 0.00 0.00 0.00 0.00 0..00 0.00
5. \ 0.00 0.00 0.00 0.00 0.870 0.962 0.990 0.00
Environmental I I I I \ \ \' I
quality
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Weighted average model
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msl 0.541 0.28 0.181 0 0
us2 0.97 0.032 0 0 0
s3 0.921 0.083 0 0 0
sS4 0.591 0.121 0.29 0 0
mss 0.123 0.01 0 0 0.87
" S6 0.043 0 0 0 0.962
57 0.01 0 0 0 0.99
S8 0.96 0.041 0 0 0

Figure.4.2. Weighted average soil model

The environmental characteristics of the weighted average
model were somewhat better than the one-factor
technique, such as the link between the two contamination
index methodologies. The application offers a further proof
of the two hectic mathematical procedures (Table.5.1. and
5.2.). The results differed based on the diverse evaluation
objectives and the principle [40 & 49]. The results differ. In
a factor paradigm, the dominant element became more
evident and its impact was reduced. However, every
component was appropriately assessed as a contributing
element to the weighted average model and its weights
were mostly impacted by its overall effect on all
components' weighted average model.

4.3. Comparison between pollution indexes vs. Fuzzy
mathematical methods

In the wild mathematical models, results for
environmental assessments were assessed in line with the
results of Tables II and 1V, and results compounded by the

pollution index techniques. A single number was displayed
as a limit to distinguish between two different pollution
degrees as follows [56]. S2 heavy metal Cr is 86.7 mgekg-
1, with 78 (Class I) and 150 mgekg-1 as closest
environmental criterion (class II). However, it has been
established that the S2 soil quality has been class II by
means of the pollution index approach, with 86.7 being
close to 78 instead of 150. The use of sharp criteria is
difficult in fluidity techniques to justify [34]. The
boundaries between different levels of contamination
were defined with membership features. The components
86.7 between 86.7 and 78 are 0.86 and 150 are 1.14, In
other words class I is not more environmentally friendly
than class II pollution. Metal Cu also cannot be categorized
as a class I compatible with the degree of class II that is
now measured by S6.

Moreover, many mathematical methods have also been
detected with greater emphasis on contributing to
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integrated pollution of all components, which are different
from the pollution index approaches [32]. The weight and
the contribution potential for each element are varied. For
example, in the sequence Cr>As>Zn>Ni>Cu>Cd the
contaminants were listed in S4 according to contribution
levels: (Table4.4.). Fluid mathematical tools that give
environmental assessment significance are more sensitive
than the environmental quality assessment models of the
Pollution Index [47]. If the evaluation factor is beyond
evidence and this estimation aims to outsource the
principle of the unifying factor, the individual factor is
applicable (including the index of one factor and the model
choice models). The entire method (even though the
content is equality with the assessment factors and the
assessment aims at externalizing the impact of each
element's soil quality, including the Nemerow Pollution
Index and the weighted average model) shall nevertheless
be used [53]. Therefore in practical work to ensure
practical and realistic evaluation results, an appropriate
model based on data monitoring and evaluation objectives
is important [39 & 60].

5. CONCLUSION AND FUTURE SCOPES
5.1. Conclusions

A pollution index and liquid mathematical approaches on
environmental parameters have been used to study 8
heavy-metal soils (S1-S8). The complete index model for
soil S1-S8 has been examined for Classes III, II, II, I, V, V, V
and II. The overall index model was the dominant
parameter and the average contribution for integral
environmental quality for all factors I, I, I, I, V, V, V and I
compared to a single factor index technique. The two
methods of fluid mathematics (average single-factor
modeling and model weighted) had identified the
environmental features of the single factor method for
categories 1II, I, I, I1II, V, V, V and I respectively and the
weighted average model for categories I, I, [, V, V, V, and L.
The assessment aims and principles of the two fluid
techniques differed. The pollution index technique
incorporates multiple degrees of environmental quality
with distinct borders; however finding the stringent
limitations of the criterion with the frantic mathematical
approach is difficult. Member functions were used to
define the limit between different degrees of pollution and
to provide varying weights in the fuzzy mathematical
method with the pollution contribution of elements. Each
factor's membership and weight were incorporated into
environmental risk assessment models; the mathematical
model was shifted in comparison to present processes.

5.2. Future scopes

This research has proposed that the current metal
concentration on soil be used in conjunction with
authorized values in order to calculate soil pollution
indices following remediation in order to achieve the legal
aims of soil remediation, as determined by the results of
this research. An indicator of soil contamination was also
developed based on the magnitude and stability of the soil
metal, as well as other factors [18]. The amount of soil
metal pollution has been determined. Specific metals are
described in the IR in terms of contamination and soil
stability, respectively. Following remediation, the ground
quality indices revealed a significant difference. Therefore,
the assessment of soil remediation by multiple
environmental impact assessments (EIAs) may be
relevant. There is a need for additional verification in the
treatment of diverse soil types that are polluted with
different metals and/or levels of metal contamination [39].
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