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1. Introduction

Biogeochemical is a field where we study about the contribu-
tion of macromicroorganisms for the growth of soil plant and
environmental
researchers to study about the natural phenomenons, ie.,
the behavior of metalloproteins, artificial metallic com-
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The blending of the Food’s Waste Water Biosolid (FWWB) fertilizer with Food’s Cropping Soil (FsCS) results the absorption of
the toxic macromicroorganisms from FsCS (is known as absorbability index). It is observed that such as blending not only
increase the fertility and productivity of FsCS by neutralizing or absorbing the macromicroorganisms but also catering the
necessary nutrition to plants. The authors sensed that a few research works are conducted recently in the dimension of
evaluating the best FWWB among available FWWBs under O-(objective) FWWB’s parameter models. On potential analysis of
published research works, the authors claimed that there is yet no research document, which can evaluate the best FWWB
among available FWWBs or assess the best absorbability index of O-(objective) as well as S-(subjective) FWWB’s model
corresponding to evaluated FWWBs or alternative points. It is accepted as a first research challenge. On extensive review, the
authors determined that published FWWB’s parameter models are simulated by only single or nondynamic multivariable
optimization techniques, which is accepted as a second research challenge. To address both research challenges, preliminary,
the authors developed and proposed FWWB’s parameter model, consisted of physical, chemical, and biological parameters
corresponding to O and S in nature via auditing a real case of FWWB alternative points such as Narendr Rice Mill-P!, Liese
Mahamaya Rice Mill-P?, Vijay Rice Mill-P>, Mahim Rice Mill-P*, and Dhansingh Rice Mill-P° and their characteristics vs.
parameters. Next, the authors framed the FWWB parameter model by acquiring O and S information against O-physical,
chemical, and S-biological parameters corresponding to FWWB alternative points. To evaluate the results, the authors applied
the robust multiparameter optimization “RMPO” (crisp VIKOR “VIseKriterijumska Optimizacija I Kompromisno Resenje”
and FMF “Full Multiplicative Form technique with dominance theory”) approach on defuzzified S-data and O-data to evaluate
the best FWWB point among available based on absorbability index assessment. The results are described in summary part.

pounds, and macromicroorganisms/agents. WHO, US
Environmental Protection Agency (EPA), International
Standards  Organization (ISO), Water Environment
Federation (WEF), and National Biosolids Partnership
(NBP) stated that biogeochemical study deals with the for-
mation of macromicroorganisms, assisting for assessing the
soil-plant chemistry/interaction for controlling pollutants

ecosystem. Biogeochemical directs the


https://orcid.org/0000-0002-8081-6872
https://orcid.org/0000-0003-2740-3419
https://orcid.org/0000-0003-3534-5546
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/7945807

and pollution in the ecosystem. It is declared by WHO, EPA
Office of Wastewater Management, Biosolids Quality Stan-
dard (BQS), and Pathogen Equivalency Committee (PEC)
that healthy soil helps the farmers for the rapid food’s crop-
ping, provides the best quality of foods, does not emit the
toxic pollutants to ecosystem, and therefore contributes
towards controlling the pollution. Healthy soils not only pro-
duce the best quality of harvesting the foods but also make
the happiest life to plants. As per the Food and Agriculture
Organization of the United Nations (FAOUN), healthy soil
provides the hygiene environment to farmers. It is probed
via literature of recent research articles and observed from
various statements of US-EPA, ISO, NBP, and EPA Office
of BMS, BQS, and PEC that rich growth rate of archaea, bac-
teria, protozoa, algae, fungi, and oomycetes results in the rich
fertility of FsCS. Therefore, it is found that the FsCS fertility
can be improved by mixing the best biosolids (BS) and has
potential absorbability against phytophthora, fusarium,
verticillium, Pythium, and Rhizoctonia microorganisms
from FsCS.

Biosolids (BSs) are organic substance, which are
recovered by sewage treatment processes and employed as
fertilizers. Biosolids (BSs) are considered as a strong biogeo-
chemical agent, which has the capability to absorb/neutrali-
ze/deactivate the Phytophthora, Fusarium, Verticillium,
Pythium, and Rhizoctonia microorganisms existing in FsCS
as per FAOUN, NBP, and EPA Office of WM and BQS. As
per PEC, the farmers can utilize the animal’s manures as
BSs to hoist the high fertility of FsCS. It also improves the
fertility of waste soil fertilizers. BSs are spread over the soil
of agriculture fields to cater the fertility to FsCSs and
absorb/neutralize/deactivate the toxic microorganisms such
as Phytophthora, Fusarium, Verticillium, Pythium, and Rhi-
zoctonia from FsCS as per FAOUN and NBP. BSs fertilize
the FsCS with nitrogen (N), lime (L), and phosphorus (P),
which absorb/neutralize/deactivate the toxic FsCSs. BSs also
make the strong chemistry/interaction between FsCS and
foods producing plants as FsCSs provide many nutrition
such as sulfur (S), zinc (Zn), manganese (Mn), iron (Fe),
copper (Cu), molybdenum (Mo), and boron (B) to plants.
The farming community beliefs to use the animal manures
or restaurant waste water, rice mill wastewater, waste water,
and waste materials come from chemical treatment indus-
tries as fertilizer. The recent researches and scientists con-
firmed that these BSs encompass the strong nutrition for
FsCS than animal manures. All BSs, which are brought into
use as fertilizer by farming communities, are usually treated
to increase fertility and productivity of FsCS by absorbing/-
neutralizing/deactivating the toxic macromicroorganisms
of FsCS.

The authors investigated that evaluation and selection of
the best BS among available BSs to be mixed with FsCS in
purpose absorb the toxic macromicroorganisms or pollut-
ants from FsCS that is recently respected as a challenging
work as per Costa et al,, [1]; Koksal [2]; Barrett and Feng
[3]; Wirawan and Yan [4]. It is seen that the evaluated best
BS helps to improve the productivity and fertility of FsCS
Fozouni Ardekani et al.,, [5]; Ag Majid et al., [6]; Zhang
et al,, [7]. Said evaluation process is advised by researchers
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as the best and cheapest way to obtain rich quality of foods
with high production rate too as per Novita and Rowena
[8]; Thome et al., [9]; Aqueveque and Rodrigo [10].

It is prescribed by the US Clean Water Act of 1972 and
by real empirical survey as well as glancing the recent
research documents that the waste food water can be used
as BS or fertilizers. Waste food water comprises the liquid
with solid waste that is discharged by domestic residences,
commercial properties, agriculture facilities, industrial and
rice mill organizations, etc. Waste food water is a mixer of
dirty/byproduct or waste generated by rice mills and is
abbreviated as Food’s Waste Water Bio Solids (FWWBs),
which contains a large range of contaminants at different
concentrations. The discussed FWWBs exhibit the three
characteristics such as physical (turbidity, color, odor, total
solids, temperature), chemical (chemical oxygen demand,
total organic carbon, nitrogen, phosphorus, chlorides, sul-
fates, alkalinity, ph, heavy metals, trace elements, priority
pollutants), and biological (biochemical oxygen demand,
oxygen required for nitrification, microbial population).
The said prosperities make the discussed FWWBs to
absorb/deactivate the toxic microorganisms form FsCS and
make it pollutants free and also help to reduce the pollution
around the agriculture land, enable farmers to produce good
quality of foods with rich production rate.

Presently, multiparameter optimization (MPsO) field
has been vastly growing to tackle the problems for evaluating
the best FWWB among available FWWBs or stuffs or
options or alternatives. MPO field deals for assessing the
performance of FWWB options in the existence of individ-
ual O-(objective)/observed or S-(subjective)-fuzzy-expert
data). The parameters, which are dealing with measured or
mapped or observed data, are called as O-(objective) param-
eters, while the parameters cannot be mapped are called as S
-(subjective) parameters. S parameters can be framed math-
ematically by fuzzy or expert data. MPOs have become a one
of the significant and superlative growing fields today in the
context of assessing and evaluating the best FWWB option
among available FWWBs or BSs as per EPA office of WM
and BQS. MPO field is immortal since many decades and
dwelling in the heart of the FWWB alternative’s evaluators.
It is proved by mathematicians that MPO techniques are
vital for solving the evaluation problem of FWWB options
under different O-S (objective-subjective) data correspond-
ing to O-S parameters. It is investigated that the evaluation
of FWWB option plays a significant function in all farming
societies. The authors conducted the real case study for
framing the FWWB parameter model (to be used for asses-
sing the absorbing index of FWWBs option against toxic
micro organisms of FsCS) under O-S parameters. Moreover,
a few literature surveys are conducted to reconfirm the case
study model and frame the dynamic MPO technique and
can tackle mixed O-S data corresponding to O-S parameters.

2. Literature Review

Rashid et al. [11] presented an overview of the applications
of paper mill-based BSs to enhance the physical, chemical,
and biological characteristics of soil of agricultural land
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White et al. [12]. The authors stated that growing industries
produced the different types of wastes or by products to be
used as or BSs for agricultural land Arulrajah et al. [13].
The authors proposed the managerial as well as technical
suggestions to the road making companies to minimize the
green risks during the filling of BSs over the road embank-
ment Oleszkiewicz and Mavinic [14]. The authors said that
proper treatment of wastewater BSs diminishes the bioavail-
ability of heavy metals and also lead to efficient waste man-
agement Gerba and Pepper [15]. The authors described the
characteristics of modern treatment processes of land waste
water. The methods to be used for transforming land waste
water in to BSs are discussed. Furthermore, the quantity of
organic matters is required for biological treatment of land
waste water BSs that is examined.

Various tests are conducted to assess the quantity of
organic matters such as biochemical oxygen demand
(BOD), chemical oxygen demand (COD), and total organic
carbon (TOC) involved in land waste water BSs. The physi-
cochemical parameters, namely, pH, temperature, turbidity,
BOD, COD, DO, TOC, conductivity, TDS, TSS, total alka-
linity, sulphate, nitrate, phosphate, and heavy metal concen-
trations (iron, copper, lead, nickel, and zinc) are described
by APHA (1992) and Guide Manual (Manivasakam N,
2011), ([16-18], Wanga et al.,, [19], [20], Djafarou, et al,
[21], Florencia et al, [22], Djafarou, et al, [21] Kumar
et al., [23]. The authors made effort for the treatment of bio-
solids or sewage sludge for making it more suitable and fea-
sible BS to be used for a real life application. Sharma et al.
[24] conducted an extensive investigation on utilization of
agricultural BSs and its potential upshots over soil and plant
growth. The research work tried to update the knowledge
about the characteristics of agricultural BSs.

Liu et al., [25] The authors proposed a novel Mg-Al
mixed oxide adsorbent technique to synthesize biosolid by
using the dip calcination such as Fluff of Chinar Tree
(FCT) over an Mg (II) and Al (III) chloride solution. Gonza-
lez et al., [26] the biosorption of Co (II) was studied for three
fungal biomasses. The results showed that concentration of
the biosorbent increases the removal of the metals. It is con-
cluded that Co (II) is present naturally in contaminated
waste water. WHO [27], AWWA [28], Sharma et al., [29],
Bahry et al.,, [30], BIS (Bureau of Indian Standards) 10500
[31], Biswas, et al., [32] explained that Co (II) contaminated
waste water is significant for fertility of biosolid, Odularu
and Ajibade [33]. The authors addressed the challenges,
which are experienced during the fusion of dithiocarbamate
and mechanisms. The precursors of dithiocarbamate used
for synthesize adducts, nanoparticles, and nanocomposites
are discussed and investigated, Ma et al.,, [34]. The authors
determined the concentration of heavy metals available in
the foods waste water samples along with its effects on envi-
ronment that is investigated. The physicochemical parame-
ters as well as levels of heavy metals of food waste water
are investigated in a case study by using the standard analyt-
ical process. Kannan et al. [35] applied a fuzzy-TOPSIS
(technique for order preference similar to ideal solution)
approach upon GSCM framework (included practices) for
obtaining the ranking orders the twelve supplier options.

The obtained result computed by fuzzy-TOPSIS is compared
with the ranks obtained by the geometric mean and the graded
mean methods for final selection of material supplier option.

Kannan et al. [36] developed a multicriteria decision-
making hierarchical model (consisted of the traditional as
well as environmental criteria) and implemented with an
intellectual approach to evaluate the best green supplier for
a Singapore-based plastic manufacturing company. Sahu
et al. [37] presented an efficient material supplier perfor-
mance assessment index with generalized trapezoidal fuzzy
numbers set. A fuzzy overall evaluation index is estimated
towards assessing the GSC performance of supplier options.
Valeris [38] displayed that environmental indices are key
factors in the evaluation, selection, and maintenance of any
supplier in the context of SCM. A case study of an autoin-
dustry is carried out to justify this assertion. [39] developed
an environmental concern material supplier model, which is
solved by application of artificial neural network (ANN)
with two more multiattribute judgment analyses (MAJA)
techniques such as data envelopment analysis (DEA) and
analytic network process (ANP). Mazzella 2007 said that
industry is a chief customer of natural resources and a major
contributor to the overall pollution. As per organization for
economic cooperation and development, one-third of energy
and about 10% of the total water consumption at global plat-
form are due to only industries. The industry is the major
contributor to the total pollution and pollutants, i.e., organic
substances, sulfur dioxide, particulates, and nutrients [40].
Waste water is used as fertilizer and can be treated for min-
imizing the industrial pollution.

3. Research Gaps and Objectives

After literature surve,y the authors found that a few research
documents are in the line of assessing the best absorbability
index of FWWBs under either O-(objective) or S-(subjec-
tive) FWWB parameter model. Therefore, authors had not
found any research document and can assess the best
absorbability index of FWWBs under dual or mixed O
-(objective)-S-(subjective) FWWB parameters. Moreover,
the authors found that there is still no research article, which
can deal with RMPO approach, and can tackle the both: O
-(objective)-observed and S-(subjective)-fuzzy-expert data
simultaneously for solving FWWB’s parameter model. To
address the said research gaps, the authors received motiva-
tion to (1) frame and propose a new FWWB’s parameter
model by addressing the physical, chemical, and biological
parameters of FWWB’s model and (2) to resolve the consti-
tuted model by designing the robust MPO approach (defuz-
zification based crisp VIKOR and FMF technique with
dominance theory) for assessing the best absorbability index
of FWWBs options.

4. Methods for Assessing the Best Absorbability
Index of FWWBs vs. Toxic Macro- and
Microorganisms of FsCS

4.1. Fuzzy Set towards Mathematical Framing of S-
Parameters. The fuzzy set theory was implemented by Zadeh



[41] to deal with the problems aligned with vagueness and
imprecise data. triangular fuzzy numbers (TFNs) were pre-
sented by [42] and are explored in the presented research
forum for assigning the appropriateness ratings and priority
weights against S-parameters of FWWB’s parameter and
priority weights against O-objective FWWB’s parameters.
Since a few years, the fuzzy logic was effectively applied in
the context of many practical applications. Fuzzy sets help
the decision-makers in undertaking imprecise data Zadeh
[43] and Zadeh [41]. It is observed as verdict support
models, which are brought into use to solve the issues,
expecting the fuzzy modeling. Fuzzy sets obviously reach
towards an adequate solution after passing through many
operations. A fuzzy set is respected as a mathematical based
language by the current researchers to approximate situa-
tions, dealing with contradictory parameters. The presented
work explores the operations of TFNs [44].

Definition 1. Zadeh [41] Fuzzy number. If a fuzzy set A on
the universe R of real numbers satisfies the following condi-
tions, we call it a fuzzy number.

(1) A is a convex fuzzy set
(2) There is only one x, that satisfies f,(x,) =1, and

(3) fa(x) is continuous in an interval

The numbers in fuzzy set is defined by [43, 45].

Definition TFNs are as follows:

Let B=(a, b, c), a< b <, be a fuzzy set on R = (00, 00).
It is known as TFN, if its membership function is

x—a’ ifa<x<b,
b-a
() =9 X ifb<xs<e (1)
c—
0, otherwise

Clearly, we can treat the TFN B = (a, b, ¢) as the trape-
zoid fuzzy numbers (a, b, b, ¢):

5%

a®b=(ay,a,,a;)® (b, b,,by)=(a, +by,a, +b,,a; +b3),

[
S

=(ay, ay a3 ~) = (by, by, by) = (a; — by, a, — by, a5 - b,),

a®b=(a,,a,a;)® (b, by, by)=a®b=(a, x by, a, x b, as x by),

(2)

&/I;(al, ay,a5)1(by, by, by) = ((a,/bs), (ay/b,), (a3/by)).

4.2. Dominance Technique towards Calculating Absorbability
Index of FWWBs under O-S-Parameters. It is investigated
that every decision in relation to assess and evaluate the best
FWWSB helps for reducing the pollutants and absorbing the
toxic macro and microorganisms from FsCSs, decreasing
emission of toxic pollution, improving the fertility, and also
assisting farmers to obtain the best quality of foods with
rapid production as discussed. Therefore, decision must be
reliable and robust in nature. For taking care of this matter,
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(Sahu et al., 2019) proposed the dominance technique,
which motivated the authors to apply in the current research
work. The authors proposed the defuzzification-based MPO
(crisp-VIKOR-FMF) technique. The dominance technique
is used by the authors to advise the reliable results as dis-
cussed by performing the comparative analysis.

Let E={k;, k;, -, k,} be the set of decision-makers in the
group decision-making process. Let P={P,P,,---,P,,} be
the set of options and ¢;= {c;, ¢;, -+, ¢, } be the set of parame-
ter attributes. Then, the TFNs aggregated fuzzy rating of
options with respect to each parameter can be defined as

f’ii = (a5 b ¢;), (3)

where

1 9
Cij = % Z Ci' (6)
k=1

Then, the aggregated fuzzy weight of each parameters can
be defined as

w; = (Wi, Wi, wys) (7)
where

1 q

wj = EZ Wy (8)
k=1
1 q

wjz = %Z wjz; (9)
k=1
1 q

wj = Ekz wjs- (10)
-1

4.3. Defuzzification. The defuzzification is the method, which
is utilized to transform the TFNs fuzzy elements into the crisp
or single value for determining and comparing the FWWB
options. [37, 42] explained the many approaches as the max
parameters, mean of maximum, and the center of area.

The center of gravity technique to transform the TFNs
(a, b; ¢) into the measured or crisp or single value is defined
by [42, 44]:

a+4b+c

. (11)

4.4. Crisp-VIKOR Technique. VIKOR 1is expressed as a
hybrid technique and defined by VIseKriterijumska Optimi-
zacija I Kompromisno Resenje Technique Mohanty and



Adsorption Science & Technology 5
TaBLE 1: Developed and proposed FWWB’s parameter model.
Model Nature of information FWWB parameters Characteristics (concentration mg/I) Symbols
Total solids TS
Physical Dissolved solids TDS
sical
4 Suspended solids SS
O-data Phosphorus P
Alkalinity (as CACO,) ALK
FWWB’s parameter model Chemical COD COD
BOD BOD
Nutrition development ND
C i wth rat CGR
S-data Biological rOPplng gro . %‘a ¢
Toxic gases emission TGE
Cropping effectiveness CE
TaBLE 2: FWWB O-S-parameters and corresponding data.
FWWB O-S-parameters and data corresponding to their characteristics
FWWB points O-data S-data
TS TDS SS P ALK COD BOD ND CGR TGE CE
Pl 1200 850 320 20 200 1820 750 F _ assessment F _ assessment F _ assessment F _ assessment
P2 1100 840 350 18 189 1730 770 [ — assessment [ — assessment [ — assessment [ — assessment
P’ 1000 830 340 15 191 1630 710 [ — assessment [ — assessment [ — assessment [ — assessment
Pt 1150 820 300 18 175 1530 730 [ — assessment [ assessment [ — assessment [ — assessment
P 1200 750 310 16 170 1710 720 [ — assessment [ — assessment [ — assessment [ — assessment

Mahapatra [46], Sayadi et al., [47]. This technique is used to
rank the FWWB options/points and ascertain the compro-
mise solution that is the nearby to the ideal value. This tech-
nique was presented by Sahu et al. [42], which is brought
into the use in the presented research work for arriving to
the appropriate or best FWWB option/points. This tech-
nique takes into account of the decision-makers’ preferences.
This technique was recent introduced as a one of MPO
decision-making techniques for complex decision-making,
which decides the compromise rank solution under priority
weight concern. This technique forms the decision-making
problem pursued by normalization of data. This technique
formed the weighted matrix by evaluating the positive ideal
and negative ideal solution of the evaluated FWWB option-
s/points. This technique explores the equations for decision
evaluation perspectives.

The operational rules of the trapezoidal fuzzy numbers a

and b are shown as follows:

TaBLE 3: The scale for assigning weights for O-parameters and
rating and weights for S-parameter’s characteristics of FWWB’s
parameter model.

Linguistic =~ Rating variables Weight variables Rating/weights
Very poor VP ML (0, 0, 3)
Poor P M (0,3,5)
Fair F MH 2,5,8)
Good G H (5, 7, 10)
Very good VG VH (7, 10)
For nonbeneficial attributes,
v =[a] 7 =3 (14)
=|v R =|v ,
|: ‘1:| 1x72 |: J:| 1x72

o 2 (o0,,)

S,= Yy~ (15)
7=1 d(vJ-,vJ-)

R, =max d(i%’iz_l) > (16)
4 d(”z””;)

@L.:v((?:j,:) +(1-v) g":%:;, (17)
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TaBLE 4: Fuzzy ratings and aggregated fuzzy ratings vs. FWWB S-parameters.

FWWB points ~ S-parameters k-1 k-2 k-3 k-4 k-5 k-6 k-7 Aggregated fuzzy ratings

ND F-¢ f-Y» -V . V* g V° V.G (2.00, 2.70, 5.70)
o CGR F-V6 F-F F-F F-F F-F F-F F-VG (2.70, 5.70, 7.10)
TGE F-VP F-6 F-6 F-6 F-¢ F-Y6 Fp_VP (1.20, 3.00, 6.10)
CE F-Y» p_Y¥6 VG p VG g VG p_VP F-F (1.90, 4.20, 6.10)
ND F-F F-V» p_V» gV gV g VP p_VG (3.20, 5.20, 7.40)
P2 CGR F-V6 F-F F-F F-F F-F F-F F-V? (1.90, 3.90, 5.90)
TGE F-V*» p_V¢6 p_V¢6 V¢ g V6 p_G Fp_VG (1.40, 3.90, 6.30)
CE F-V*» p_V¢ p_V¢ p_ V¢ p_ V&6 p_ VG [p_GC (2.50, 4.90, 6.70)
ND F-F F-Y?* F-6 F-G F-6 F-G F-V6 (3.90, 6.60, 9.00)
. CGR F-6 F-F F-¥6 VG fp_VG p_VG p_VP (3.10, 4.80, 7.90)
TGE F-v¢6 p_Vv6¢ p_ VP p_ VP p_ VP p_VP F-F (3.50, 5.60, 6.90)
CE F-Y® p_VP F-F F-F F-F F-Y p-V@ (0.40, 3.40, 5.60)
ND F-f p-¥6 fp_¥6 V6 g VG g VG gV (2.00, 5.00, 8.00)
o CGR F-C F-V*» p_V» p_V° gV p_ VP p_VP (5.00, 7.00, 10.0)
TGE F-V6 F-F F-V6 F_V6 F_VG Ep_VG F-F (6.00, 10.0, 10.0)
CE F-V*» fp_V6 p_V6 p_ V6 g VG g VG p_VG (2.00, 0.00, 3.00)
ND F-Y* p_V6 p_V¥6 p_¥6 g V6 p_VG p_VG (2.00, 3.00, 5.00)
. CGR F-% p-V?" p_ VP p_VP p VP p_ VP p_VP (3.00, 5.00, 8.00)
TGE F-© F-F F-F F-F F-F F-F F-F (4.00, 7.00, 10.0)
CE F-V6 p_V6 p_ V6 p_ VG (VG R VG p_VG (2.00, 2.80, 5.80)
TaBLE 5: Fuzzy priority weight and aggregated fuzzy weights vs. FWWB O-S-parameters.
FWWB O-S-parameters k-1 k-2 k-3 k-4 k-5 k-6 k-7 Aggregated fuzzy weights
TS F-ML F-M F-M F-M F-M F-ML F-ML (2.70, 5.00, 7.20)
TDS F-H F-H F-H F-H F-H F-H F-H (3.00, 5.10, 7.70)
SS F-VH F-VH F-VH F-VH F-VH F-VH F-VH (3.70, 6.00, 7.60)
p F-M F-M F-M F-M F-M F-M F-M (2.40, 4.70, 7.30)
ALK F-M F-M F-M F-ML F-M F-M F-M (1.30, 3.40, 5.70)
COD - F-H F-H F-H -t -t F-H (2.80, 5.20, 7.70
BOD F-M F-M F-M F-M F-M F-M F-M (1.00, 1.80, 4.20)
ND F-M F-H F-H F-H F-H F-H F-H (1.00, 1.50, 4.00)
CGR F-VH F-VH F-VH F-VH F-VH F-VH F-VH (2.20, 6.80, 9.20)
TGE F-M F-M F-M F-M F-M F-M F-M (2.00, 1.80, 4.20)
CE F-M F-M F-M F-M F - ML F-ML F-M (2.00, 1.50, 4.00)

where v is defined as priority weight of the all considered ~ as minimization of utility functions, where overall utility of
parameters or the maximum group utility. Rank the options i, option is expressed as dimensionless number, and w) is
by sorting the values of @, in set as ascending orders. considered as priority weight:

4.5. Crisp-FMF Technique. 1t is full multiplicative form that Ulf: i (18)
was proposed by [44]. It combined the maximization as well B;
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TaBLE 6: Computed defuzzified crisp values for FWWB O-S-parameters vs. FWWB points.

FWWB O-S§-parameters

Defuzzified priority weights/weight’s

Defuzzified appropriateness ratings/rating’s crisp values

crisp values P! P2 P? Pt ps
TS 5.0 0.00 0.00 0.00 0.00 0.00
TDS 52 0.00 0.00 0.00 0.00 0.00
SS 59 0.00 0.00 0.00 0.00 0.00
P 4.8 0.00 0.00 0.00 0.00 0.00
ALK 3.5 0.00 0.00 0.00 0.00 0.00
COD 52 0.00 0.00 0.00 0.00 0.00
BOD 1.9 0.00 0.00 0.00 0.00 0.00
ND 1.7 2.2 3.9 4.5 0.5 32
CGR 6.8 4.5 2.9 33 2.8 5.5
TGE 1.9 3.2 5.0 4.0 4.0 3.2
CE 1.7 5.1 5.6 7.2 7.2 3.1

TaBLE 7: Computed normalized values of FWWB’s O-S-parameters
corresponding to FWWB points.

TaBLE 9: Computed weight stabilizes values of S; linking FWWB’s
O-S-parameters corresponding to FWWB points.

FWWB’s O-S-parameters P! P2 pP? Pt PS

FWWB’s O-S-parameters P! p? P Pt p5

TS 0.4800 0.5280 0.5220 0.3390 0.3220
TDS 0.4730 0.5140 0.5170 0.2960 0.3970
SS 0.4160 0.5030 0.4770 0.2770 0.5200
P 0.4800 0.4750 0.4700 0.3820 0.4210
ALK 0.3330 0.6250 0.3570 0.5480 0.2650
COD 0.3000 0.5810 0.0940 0.7500 0.0190
BOD 0.4170 0.3990 0.3790 0.6070 0.3930
ND 0.4800 0.4750 0.4700 0.3820 0.4800
CGR 0.3330 0.6250 0.3570 0.5480 0.3330
TGE 0.3000 0.5810 0.0940 0.7500 0.3000
CE 0.4170 0.3990 0.3790 0.6070 0.4170

TDS 0.2540 0.0000 0.0200 0.6060 0.6620
SS 0.1320 0.0100 1.0000 0.6680 0.3640
P 0.3870 0.7910 0.7000 0.0000 0.8520
ALK 0.0000 0.0360 0.0710 0.6010 0.4220
COD 0.0630 0.2300 0.0850 0.2620 0.0000
BOD 0.3060 0.6120 0.9000 0.7950 0.0000
ND 0.0730 0.0380 0.2500 0.4340 0.0270
CGR 0.1540 0.0000 0.0200 0.6060 0.6620
TGE 0.1320 0.0100 0.0000 0.5600 0.3640
CE 0.4870 0.7910 0.7000 0.0000 0.8520
TS 0.0000 0.0360 0.0710 0.7010 0.5220

TaBLE 8: Computed values of S; linking FWWB’s O-S-parameters
corresponding to FWWB points.

FWWB’s O-S-parameters P! P? p? pt ps

TS 0.132 0.140 0.031 0.915 1.000
TDS 0.197 0.015 0.140 1.000 0.544
SS 0.730 0.930 0.823 0.110 1.001
P 0.220 0.051 0.101 1.000 0.601
ALK 0.190 0.150 0.256 0.785 0.200
COD 0.384 0.769 0.102 1.000 0.200
BOD 0.168 0.088 0.200 1.001 0.061
ND 0.015 0.220 1.000 0.015 0.480
CGR 0.930 0.823 0.230 0.930 0.333
TGE 0.051 0.101 1.000 0.051 0.300
CE 0.417 0.399 0379 0.607 0.417

Here, A, = H]gzlxij ;i=1,2,---,m denotes the multifica-
tion of positive parameters of the i,, option to be maximized
with g=1,2,--,n being the number of parameters to be

maximized, and B;= H;‘:gﬂxij ;i=1,2,---,m denotes the

multification of negitive parameters of the i,, option to be
minimized with n — g being the number of parameters to
be minimized.

5. FWWB Parameter Model Development

The proposed FWWB’s parameter model is developed on
investigation of a real case study of a group of farmers.
The case study is conducted in Mungali, Bilaspur, (200
Acres), Chhattisgarh, India, and was not compared with
the cases of other countries. The scientific problem with jus-
tification is detailed below:

An experienced group of farmers was facing a problem
related to evaluate the best FWWB fertilizer point among
available FWWB fertilizer points such as Narendr Rice
Mill-P!, Liese Mahamaya Rice Mill-P?, Vijay Rice Mill-P?,
Mahim Rice Mill-P*, and Dhansingh Rice Mill-P°. The
motive for evaluating the best FWWB fertilizer is to mix
the evaluated FWWB with FsCSs for absorbing the toxic
macro and microorganisms or pollutants from FsCS, reduc-
ing emission of toxic pollution from FsCS and serve the
superior life to food’s cropping land.
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TaBLE 10: Tabulated cumulative values corresponding to FWWB points.

Absorbability index of FWWB

Absorbability index of

FWWB points ~ §; R; points (v=0.5) Ranking FWWB points Ranking CS?HP;?;ZEZ: ?ﬁl;lysis
Crisp-VIKOR technique Crisp-FMF technique Y

P! 1.82 0.691 0.4786 0.0013 3 3

p? 0.758 0.712 0.2817 0.0015 2 2

p? 1.004 0.487 0.2235 0.0018 1 1

p 3.365 0.795 0.8128 0.0011 5 5

pe 2.225 0.752 0.7227 0.0012 4 4

Crisp-VIKOR technique application for evaluating
absorbability index of FWWB points

0.6

W P1 P4
m P2 B P5
P3

()

Crisp-VIKOR technique application for evaluating
absorbability index of FWWB points

0.4786

0.4

VIKOE—Technique

(®)

F1Gurek 1: Crisp-VIKOR application for evaluating absorbability index of respective FWWB points vs. FsCS, shown by (a) pie and (b) bar

chart.

The farmers proposed the objective (O), i.e., physical,
chemical, and S-parameters, i.e., biological parameters corre-
sponding to their characteristics, which was executed for
constituting FWWB’s parameter model. Next, the Objective
(O) and Subjective (S) information were proposed by same
group of farmers against FWWB points or fertilizers such
as P'-P5. The concluded FWWB parameter model is
depicted in Table 1.

6. Procedure to Solve the Framed FWWDB’s
Parameter Model: Real Case Research

The further steps are depicted here to solve the framed
model:

Step 1. An experienced group of seven farmers, located
at Mungali, Bilaspur, Chhattisgarh, India, as discussed in
Section 6 willingly participated in the context of evaluating
the best FWWB fertilizer or points. The farmers were pro-
posed the five FWWB fertilizer points (P'-P°) such as
Narendr Rice Mill-P!, Liese Mahamaya Rice Mill-P?, Vijay
Rice Mill-P?, Mahim Rice Mill-P*, and Dhansingh Rice

Mill-P° along with O-S parameters and their characteristics.
The proposed FWWB’s parameter model is shown in
Table 1.

Step 2. The same farmers proposed the O-data against
characteristics of O-parameters, i.e., physical and chemical
for P'-P° that are shown in Table 2.

Step 3. To assign the appropriateness rating against char-
acteristics of S-parameter, i.e., biological for P'-P°, and the
authors assisted the farmers with a five-point TFN scale
and is shown in Table 3.

Step 4. The farmers assigned fuzzy appropriateness rat-
ings against characteristics of S-biological parameter corre-
sponding to P'-P5 and fuzzy priority weights against
characteristics of both O-S parameters. After evaluating
information against characteristic of O-S parameters for
P'-P°, Equations (4) and (8) were employed to aggregate
the TFNs and formulated FWWB evaluation problem. The
fuzzy ratings, priority weight and aggregated fuzzy ratings,
and weights vs. FWWB O-S-parameters are shown in
Table 4 and Table 5.

Step 5. Later, the aggregated ratings in the forms of TFNs
against characteristics of S-parameters and aggregated
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Crisp-FMF technique application for evaluating
absorbability index of FWWB points

4p

16%
26%
H Pl P4
= P2 B P5
P3

(a)

Crisp-FMF technique application for evaluating
absorbability index of FWWB points

© FMF-Technique

(®)

F1GURE 2: Crisp-FMF application for evaluating absorbability index of respective FWWB points vs. FsCS, shown by (a) pie and (b) bar chart.

Dominance results for comparing absorbability index of
FWWB points

Ficure 3: Dominance

application for
absorbability index of respective FWWB points vs. FsCS, shown
by bar chart.

theory evaluating

priority weights in the forms of TENs against characteristics
of O-§ parameters is converted into crisp value or defuzzified
by exploring Equation (11), shown in Table 6.

Step 6. After obtaining (Table 6), the authors carried out
the normalization of crisp values against O-S characteristics
of parameters by employing Equation (12). The calculated
values are exhibited in Table 7. Next, the values of S linking
O-S§ characteristics of parameters are computed by using
Equations (13)-(15), revealed in Table 8, and Q; is calculated
by using Equations (16) and (17), shown in Table 9.

Step 7. Next, the FMF technique (Equation (18)) is
brought into use, and the normalized values of O-§ charac-
teristics of parameters (shown Table 7) are multiplied with
its crisp weights. Then, the normalized weighted values are
multiplied with respect to beneficial and non eneficial
characteristics of parameters corresponding to P! — P°. The
results are revealed in Table 10. The dominance theory was
applied to robustly evaluate results that are shown in
Table 10.

7. Summary

The absorbability index of respective FWWB fertilizer points
is calculated by using crisp-VIKOR. The results are summa-
rized in Table 10. The crisp-VIKOR ranks the FWWBs in
prioritizing the minimum value (is better). The results are
graphically represented by Figure 1(a)-pie and bar charts.

Later, the absorbability index is computed by using crisp-
FME. The results are summarized in Table 10. The crisp-
FMF used to rank the FWWBs in prioritizing the maximum
value (is better). The results are graphically represented by
Figure 2(a)-pie and bar charts. As discussed that reliability
and consistency of calibrated results were the highly concern
by farmers, therefore, the authors eventually applied domi-
nance approach to conduct the comparative analysis
between the results, gathered by crisp-VIKOR and FMF
techniques, and are shown by Figure 3-bar chart. The P?
(Vijay Rice Mill) is determined as the best FWWB fertilizer
point on application of the dominance technique. All the
results are shown in Table 10. The farmers are advised by
authors to prioritize the Vijay Rice Mill FWWB fertilizer
point under FWWB’s parameter model. The suggested point
aids the farmers to improve the fertility of FsCS.

8. Conclusions

The assessment and evaluation of productive, ecooriented,
and effective FWWB fertilizer alternative among many alter-
natives for improving the fertility of FsCS under O-S param-
eters became the complicated task for current researchers. It
is determined that the best FWWB acts as a potential fertil-
izer for rapid growth of FsCS and high food’s production. In
the presented research work, the authors developed and pro-
posed the FWWB parameter model (combined O-physical,
chemical, and S-biological parameters) corresponding to
case studied FWWB points, i.e., P! — P°. The model is simu-
lated by executing the MPO (crisp-VIKOR and FMF) tech-
nique for evaluating the best and effective FWWB fertilizer
among many FWWB alternatives. The results, obtained by
application of MPO technique, are revaluated by applying
the dominance theory. The Vijay Rice Mill P* is found as
the best FWWB fertilizer, and farmers are advised to choose
P3 FWWB fertilizer point as it encompasses the rich absorb-
ability index than others. The evaluated P? fertilizer aids the
farmers to absorb the toxic macro and microorganisms from
FsCS, decreasing emission of toxic pollutants, help for the
fast growth of good quality of foods, and build the healthy
ecosystem etc.
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Furthermore, the model is acceptable by global
researchers to resolve aforesaid problem; however, the
FWWB parameter model is found flexible in nature. It can
solve many problems such as evaluation of important fertil-
ity elements of soil, evaluation of suitable BS pant location,
soil evaluation under different soil O-S-parameters, and BS
option or choice evaluation. The model has no access to
solve the single and multivariable linear programming prob-
lem of FWWBs under boundary conditions.

Data Availability

The data used to support the findings of this study are
available in Table 10.
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