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ABSTRACT: Since expanding urbanization, industrialization an enormous amount of metropolitans’
municipal solid waste (MSW) is produced in the nations and disposal and segregation cost of MSW
increases, there are severe issues for developing and low-income countries, therefore very large space is
required for the disposal of MSW. Hence it can use in the cropland, whose fertility is reduced; MSW can be
used to increase the nutrient content in the soil. The collection of samples for the present study, at two MSW
dump area as Kundrapara site (KS) and Potiya site (PS). Samples had been collected from open windrow
method at the different depth of 0ft, 1ft, 2ft, 3ft, 4ft, and 5ft. The physical properties are the percentage of
moisture, pH, electrical conductance, salinity, and organic carbon and chemical parameters are
macronutrients (N, P, K, Ca, Mg) and micronutrients (Cu, Fe, Zn, Mn) have been determined by the Flame
photometer and Atomic absorption spectrophotometer. Other than this both sites of MSW (KS and PS) were
analyzed through Fourier Transform Infrared (FTIR) spectrophotometer and Gas Chromatography-Mass
Spectrometer (GCMS). It's compared to normal soil. Spectra of both sites of MSW have indicated that the
presence of complex organic compounds (humic acid) and the high concentration of total organic carbon
and micronutrients and macronutrients at depth of 5ft of MSW. So MSW can be used as a soil nutrients

booster.

Keywords: FTIR; GC-MS; humic acid; Municipal solid waste; nutrient; organic carbon.

Abbreviations: MSW, municipal solid waste: PS, Potiya site: KS, Kundrapara site: FTIR, Fourier Transform Infrared
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l. INTRODUCTION

At this time, the Earth planet generates concerning 1.3
billion tones of solid waste per annum. This volume is
predicted to extend to rise to 2.2 billion tones by 2025.
The value of the administration of solid waste can
increase from today's annual $205.4 billion regarding
375.5 billion in 2025. The cost increase for the
management of municipal solid waste is a severe issue
for developing and low-income countries [1, 2]. The
growing stage of Municipal Solid Waste (MSW) is a
critical problem in all residential areas of the world. A
high charge of the boom of the population and in the
increase per-capita profits have resulted in stable waste
an extreme pollutant to soil and water. This is
dangerous in the case of developing nations where big
quantities of MSW are dumped randomly [2, 3]. MSW is
ineffective, unnecessary, discharged as an outcome of
human activity. Most usually, they are solid, semi-solid
or drinks in packing containers thrown out of houses,
business or industrial premises. Any more research
gave by the poor supervision of waste has been
contaminating the world's seas, stopping up channels,
creating floods, and transmitting diseases, therefore
MSW can be utilized in agriculture land [4]. In the
prevailing duration of time, the massive quantity of MSW
creation has posed a hazard to the eco-friendly
ecosystem inside the city areas. In India, around three
lakh tons of stable waste is generated day by day from
the fundamental city center [5-7]. MSW management is
crucial trouble in the largest part of the urban cities in

India due to the production of its vast amount and non-
availability of appropriate and gainful technologies for
the treatment and disposal [8]. Srivastava et al., (2020)
investigated the MSW converted into vermicompost by
vermicomposting method, but in this paper established
has been that putrescible MSW can be used as a soll
nutrient [9]. There is a need to discover worth- a full and
beneficial alternative manner that may help in
maintaining the nutrient level in the soil through
recycling device, manage environmental pollutants and
particularly ideal to Indian Condition [10]. Municipal
solid waste (MSW) contains mainly kitchen and yard
waste and it has been adopted by many municipalities
[11]. In recent years, municipal solid waste has been
added to agricultural land to improve soil fertility [12]. In
the environment a lot of living being that can change
over MSW into significant plant supplements and natural
matter [13]. The constructive outcome of MSW on
numerous types of soils and plants has been regularly
revealed in the writing [4, 6, 7, 10, 12, 13, 15, 16]. This
can be done by adopting the technology of composting.
This degraded product, which appears like soil (humus)
which has excessive in N, P and K is a great medium for
growing plant and seed germination [14]. Municipal
Solid Waste could provide as a precious organic matter
resource given the shortage of organic nutrient sources
[15]. Consequently, the focal intent of this work is to
study the MSW of PS and KS waste as compared to
normal soil, to investigate the possibilities of conversion
of MSW into enriched humic acid and organic carbon to
evaluate their nutritional quality by Flame photometer,
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Atomic absorption spectrophotometer, FTIR and GC-
MS, techniques.

Il. MATERIALS AND METHODS

A. A sampling of Municipal solid waste

The study was carried out in the dump field of 10 years
old Potiya site (PS) and 50 years old Kundrapara site
(KS). These sites are situated at district Durg in
Chhattisgarh state. Samples were taken out by an open
windrow pile system from each site of gradual depth are
Oft., 1ft., 2ft., 3ft., 4 ft., and 5ft [17, 20].

B. Reagents

Reagents are prepared in double distilled water and
stored in airtight glassware collected from three
repetitive zones. Samples had been solar-dried,
crushed, sieved and stored in an airtight bottle [17, 20].

C. Analysis of municipal solid waste

Municipal Solid Wastes were analyzed through various
spectrophotometers shown in Table 1. The
environmental temperature was measured on-site at
42°C in the summer season.

lll. RESULTS AND DISCUSSION

A. Physical Properties of municipal solid waste

The physical properties of MSW PS and KS are shown
in Table 2. At the time of sample collection, it was
observed that temperature extended from 32°C to 35°C
in PS, whereas 34°C to 35°C in KS. The increment of
temperature is because of the expansion of microbial
movement due to the high accessibility of supplements
[16]. Simultaneously starting moisture content in PS was
1.2 % at 0ft but 18.0% at 5ft. Similarly in KS was 0.46%
at 0 ft but 5.7% at 5ft. Moisture content is necessary for
the microbial decay of the MSW, which is reported by

Sharma et al., [7]. MSW-distilled (1:2) water suspension
was used for the measurement of the pH. The highest
pH values in PS and KS were 7.8 and 7.6 respectively,
which indicates MSW of both sites are neutral towards
minutely alkaline. Thus there is an increase in the depth
as well as an increase in the pH of both sites samples.
The role of pH values lies in the supply of soil nutrients,
the solubility of nutrients, the physical breakdown of root
cells and ion-exchange capability in the soil. Diverse
factors leaching action of waste, environmental
conditions may be responsible for pH [17]. The highest
electrical conductivity was 0.82 dS/m at 5ft in KS and
0.55 dS/m at 5ft in PS. This is a vital indicator of MSW
appropriateness; it affects crop yields, crop suitability,
plant nutrient availability and activity of soil
microorganisms, which influence key soil approach [15,
9]. Marta Dominguez studied the MSW has higher
salinity due to the salts cannot be leached from the
foundation region and collect at the surface [12].
Infiltration water also can interact with underlying
bedrock that weathers liberating salts which creates
salty seeps where it exists which is supported in this
paper because the highest value of salinity in PS was
1.1 dS/m at 5ft and on the other hand in KS was 1.3
dS/m at 5ft observed. The high concentration of total
organic carbon in MSW has many advantages, as it
discharges supplements for plant development,
improves the creation of chelates and other soluble
organic complexes and gives physical soundness to the
soil [18]. The highest value of total organic carbon in PS
was 2.0kg” at 5ft of MSW, whereas the total organic
carbon in KS was 2.7 kg at 5ft of MSW. The high
concentration of total organic carbon in PS, KS had a
due to 10 years and 50 years' oldest sites respectively.

Table 1: Instruments are used in various parameters.

Name of instrument Parameters
Portable soil testing kit and( model no.112) Physical properties of MSV;apIJiI:i,t)I,EIectncal Conductivity (EC),
Flame photometer (model no.-3L411), Macronutrient (N, P, K) and
EDTA titration method Ca and Mg

Atomic absorption spectrophotometer (model no.-VV2203)

Micronutrient (Zn, Fe, Cu, and Mn.)

Fourier Transform Infrared spectrophotometer (FTIR) model
no.-3L411
Perkin Elmer spectrum (Version 10.03.06)
The infrared area was (4000 - 400°™")

Organic functional groups.

Table 2: Physical properties of municipal solid waste.

PS (10 Years Old) | KS (50 Years Old)
Municipal solid waste sample Depth Normal soil
Physical properties >
Oft. 1ft. 2ft.  3ft. 4ft 5ft. Oft. 1ft. 2ft.  3ft. 4ft 5ft control
Temperature (2C) 3 32 33 33 34 35+ 34 33 33 33 34 35 30
Moisture % 12 1.9 11.5 14.6 17.2 18.0* 046 063 0.9 1.3 24 57 0.03
pH 72 73 75 76 78 7.8 6.8 6.9 7.3 7.3 7.5 7.6 6.2
EC(dS/m) 0.09 0.18 0.27 0.46 0.46 0.55* 0.26 0.30 0.32 0.35 0.49 0.82* 0.03
Salinity 0.2 05 05 08 1.0 1.1* 04 04 0.4 0.5 0.7 1.3* 0.04
Orgar('l'(‘; Qf‘rbon 14 17 18 19 19  20° 20 22 23 23 24 27 0.09

PS- (Potiya site), KS- (Kundrapara site). At the sampling time, the atmospheric temperature was- 42°C (summer season). Asterisk*
shows in depth of 5ft are the highest value of physical characteristics.
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B. Chemical Properties of municipal solid waste
Analysis of Macronutrients: The chemical properties
of MSW in PS and KS are shown in Table 3.
Macronutrients N, P, K and Ca, Mg are the fundamental
component for the development of green plants and can
be used as soil macronutrients. Nitrogen is a vital plant
supplement, which advances foliar development and
increment yield [20]. The highest value of Nitrogen was
501.8kg /ha. at 5ft in PS, whereas on the other hand,
Nitrogen was 250.8 kg /ha at 5ft in KS. Mineralization
and nitrification of organic Nitrogen can be explained by
an equation as mentioned below:

Nitrosomonas Nitrobacter

OrganicNitrogen Nitrite Nitrate
2NH;" +30, ———» 2NO:2 + 2H:0 + 4H*

2N02_ + 02 —> 2N03

Past writing examines [16] have reported that
Phosphorus is especially helpful in fortifying root
development. In the present study as the depth

increases, the concentration of Phosphorus increases
and the most elevated estimation of Phosphorus was
615.8kg/ha at 5ft in MSW of PS and for KS, it was found
635.5 kg/ha at 5ft. the process of mineralization of
Phosphorous shown as below-

RHPO4+ H:.O  —» ROH + HPOs + HY

Apart from all this, Potassium is also in high quantity.
Potassium was the most elevated estimation of about
919.8 kg/ha. in MSW of PS at 5ft and Potassium was
1079.8 kg/ha in MSW of KS at 5ft. Steps of
mineralization of Potassium [23, 16] is represented as
below-

fast

K" ions soil solution—=— readily exchangeable

K—> slowly exchangeable K—<2225 K |attice
Presence of Ca and Mg and the ratio of calcium to
magnesium is also an important factor in determining
the availability of a nutrient. Calcium stimulates root
development and influences the uptake of another
nutrient and the ratio of Ca and Mg is particularly
important in determining nutrient availability [18, 7]. The
highest value of Ca was 900 ppm at 5ft of MSW of PS
and 450 ppm at 5ft of MSW of KS. Magnesium
concentration also increases with depth. The highest
value of Mg is 330 ppm at 5ft of PS as well as 160 ppm
at 4 and 5ft of MSW of KS.

Analysis of Micronutrients: Micronutrients such as Zn,
Fe, Cu, Mn. Zinc helps to make acetic acid in the root to
prevent rotting. It is used to control blight and allows
dead twig on trees to shed off. Perceived Zinc
deficiency is often only symptomatic [24]. lts value
increases with increasing depth in KS. The highest
value of Zn was 4.7 ppm at 5ft of MSW. While the PS
has, a Zn standard was 5.0 ppm at 1ft of MSW. Iron
plays an important role in photosynthesis, chlorosis,
unhealthy yellow shading to their leaves. Fe is
additionally vital for some enzyme function in numerous
plants [12]. The most elevated estimation of Fe was
36.9 ppm at 5ft of MSW in PS and as well as 24.6 ppm
at 5ft of MSW in KS. Copper is an essential fellow
component lack of it can cause hindrance in
development and decrease in trim yield. KS has a high
estimation of Cu it was 18.0 ppm at 5ft of MSW,
whereas 33.2ppm at 5ft of MSW of PS. Manganese
promotes germination and functions in the metabolism
of plant growth [12]. Its value increases with increasing
depth in PS. The highest value of Mn was 83.8 ppm at
5ft for PS while 55.9 ppm at 5ft of KS.

Table 3: Chemical properties of municipal solid waste.

PS (10 Years Old) | KS(50 Years Old)
Normal soil
—  » Depth
Macronutrient (k.g/ha)

+ 0ft. 1ft.  2ft. 3ft. 4ft 5ft. Oft. 1ft.  2ft. 3ft. 4t 5ft control
Nitrogen (N) 125.4 188.1 188.1 250.8 250.8 501.8* | 125.4 162.7 188.1 188.1 188.1 250.8* 37.5
Phosphorus(P) | 278.7 450.1 500.2 572.8 602.4 615.8* | 195.6 226.0 353.3 437.5 4554 635.5" 40.0
Potassium (K) 896.0896.6 917.6 9184 918.5 919.8* | 591.0 675.4 709 806.3 1046.1 1079.8* 60.0
Calcium (Ca) 230.0 320.0 330.0 470.0 630.0 900.0* | 150.0 200.0 200.0 240.0 280.0 450.0* 55.0
Magnesium 30.0 80.0 170.0 260.0 230.0 330.0* | 50.0 90.0 130.0 150.0 160.0 160.0* 25.0
(Mg)

Micronutrient 4.1 43 4.4 4.5 4.7 5.0* 4.1 4.2 4.4 4.4 4.5 4.7* 1.2
(ppm) ¢

Zinc (Zn)

Iron (Fe) 16.7 19.8 19.9 20.9 23.9 36.9* 11.9 16.9 21.9 23.0 234 24.6F 12.2
Copper (Cu) 8.18 14.8 1714 24.7 33.2 33.2" 5.9 9.3 9.8 10.1 10.2 18.0* 4.2
Manganese 10.6 115 36.2 36.7 49.2 83.8" 11.3 153 15.7 18.6 26.0 55.9* 8.7
(Mn)

PS - Potiya site, KS- Kundrapara site. Asterisk* shows in depth of 5ft is highest value of chemical characteristics.
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C. Fourier Transform Infrared (FTIR) spectra

The FTIR spectra of normal soils are shown in Fig.1 and
the FTIR spectra of MSW of PS and KS at Oft, 1ft,
2ft,3ft, 4ft, 5ft are simultaneously shown in Fig. 2-7
respectivel1y. The high intensity of peaks were
3622.4cm”~ (secondary and tertiary O-H alcohol
stretching) were obtain in normal soil, 3621.1 cm™ to
3621.6 cm” in MSW of PS(0ft-5ft) and 3621.3 cm™ to
3621.8 cm”  in MSW of KS (0ft-5ft).3420.7 cm
Hydroxy group of bonded O-H stretching present in
normal soil, similarly Hydroxy group of bonded O-H
stretching 3402.0 cm'to 2417.9 cm™ presents in MSW
of PS ( Oft-5ft) and 3408.0 cm™ to 3417.5 cm™ strong
peaks were obtained in MSW of KS (0ft-5ft). 3020.05
cm” O-H bond in the acid group and alkenes(C-H)
stretching are present in 5ft of MSW of PS, but absent in
MSW of KS and normal soil. In addition to this 2515.2
cm” to 2518.5cmCarboxylic acid and derivative are
present in MSW of PS(0ft-5ft) and 2516.5 cm™ to 2518.1
cm™ acid and derivative are present in MSW of KS (Oft-
5ft), but absent in normal soil .1871.5cm™ Aromatic
compounds were present in normal soil and 1871.6 cm”
to 1873.2 cm”Aromatic compounds were present in
MSW of PS (0ft-5ft), whereas 1871.5 cm™ to 1873.3
cm” Aromatic compounds were present in MSW of KS
(Oft-5ft). Whereas 1630.2 cm™ Quinone and conjugated
ketones were present in normal soil, 1628.2 cm™ to
1634.2 cm’'Quinone and conjugated ketones were

present in MSW of PS (Oft-5ft) and 1628.9 cm™ to
1631.0 cm’'Quinone and conjugated ketones were
present in MSW of KS (0ft-5ft), as well as1526.8 cm”
Secondary amine (N-H) bend and Aromatic nitro
compounds were present in normal soil,1578.68 cm™ to
1522.81 cm” Secondary amine (N-H) bend and
Aromatic nitro compounds were present in MSW of PS
(Oft-5ft) and 1573.97 cm™ Secondary amine (N-H) bend
and Aromatic nitro compounds were present in MSW of
KS (0ft-5ft).1368.5 cm™  Phenol was present in normal
soil, 1385.74 cm™  Phenol was present in MSW of PS
at 5ft. And 1385.56 cm™  Phenol was present in MSW
of KS at 5ft. Apart from all this, Primary amine(C-N
stretch), Pol}/saccharides were present in normal soil,
1019.44cm™  to 1036.9 cm™, similar functional groups
were present in MSW of PS at Oft to 5ft. 695.4cm™
alcohol was present in normal soil, 627.13 to 695.7
alcohols were present in MSW of PS (0ft-5ft). And 641.6
to 695.4 alcohols were present in MSW of KS at 0ft to
5ft [22]. The strong peaks were present in MSW of KS
as well as MSW of PS. simultaneously has been
compared from normal soil. The spectra clearly show a
high proportion of-OH, -COOH and Quinone and
conjugated Ketones groups which are the maximum
character and capabilities of soil humic material.
Previous little literature according to the author [25]
found functional groups of complex organic compounds
(humic acid) present in MSW.

|
|

Fig. 1. Structure of Humic acid.
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Fig. 2. Fourier transforms infrared (FTIR) spectra at 0ft of MSW PS (a) and KS (b).
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Fig. 3. Fourier transforms infrared (FTIR) spectra at 1ft of MSW PS (a) and KS (b).
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Fig. 4. Fourier transforms infrared (FTIR) spectra at 2ft of MSW PS (a) and KS(b).
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Fig. 6. Fourier transforms infrared (FTIR) spectra at 4ft of MSW PS (a) and KS (b).
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Fig. 7. Fourier transforms infrared (FTIR) spectra at 5ft of MSW PS (a) and KS (b).

The result has the strong peaks of functional groups of
complex organic compounds (humic acid) present in
MSW. The equivalent data is supported in the present
study. According to the reported study the structure of
humic acid shown in 1.

D. Gas chromatography and Mass Spectroscopy (GC-
MS)

The outcome of FTIR was additionally confirmed with
the help of GC-MS spectroscopy. GC-MS information
indicates that the presence of greater relative molecular
mass substances in MSW of PS and KS with compare
to normal soil has been shown in Table 4. In the same
way, GC-MS spectra of normal soil, PS and KS have

been shown in Fig. 8, 9, 10 respectively. The 4+Santanol
acetate has present in both MSW but not present in
normal soil. The molecular formula of a<Santanol
acetate is Ci7H2602 and molar mass is 262. The
probability of this compound in MSW of PS and KS was
26.37, 32.65 respectively, values indicate that the higher
probability of MSW of KS than MSW of PS. However,
most of the various organic compounds were different in
both MSW. Data from GC-MS spectra concluded that
humic-like substances have been present in MSW, so
MSW of both sites can be used as a soil supplement
[24, 25].

Table 4: List of Compounds identified in GC-MS spectra by NIST Database including Compound Name,
Molecular Formula, Molar mass (g/mol) in the MSW of PS, KS and normal soil.

Molar
Compound name Molecular mass Probability Structure
Formula
(g/mol)
Organic compounds of Normal soil
5-Chloroheptadecanoic acid, <l L
methyl ester CieHasCIO: 318 23.24 \/\/\/W\/I\/\)J\o”
O
8-Tetadecen-1-ol acetate C16H3002 254 11.98 W\/’N )k
\N(Sx\//\/ICEN/
Glutaricacid,diamide,N,N’dimethyl I I
N,N’dibenzyl C21H2N202 338 6.14 u L
2-Bromopropionic acid,tetraadecvl T
prop ester C17HQQBI'02 348 5.18 /\(O\/\/\/\\/\/\/\\/
(&)
Organic compounds of MSW of PS
o
Fumaric acid,3,4-dimethoxy ConHarO, 364 33.55 /@/O\HA\/’\o/\/\/\/\
phenyl octyl ester i : T ¢ ©
N
Santalol acetate(Z) C1H205 262 26.37 @ﬂAV/J«V-o—E/
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Fumaric acid,2,6-dimethoxyphenyl N S Ny
dodec-2-en-1-yl ester CasHaiOs 418 18.61 @[Ow
I
Sebacic acid, di(2,6-dimethoxy T -
ohenyl) ester CasHs40s 474 4.28 \/3;0\ —
Organic compounds of MSW of KS
Santalol acetate (Z Ci7H260
) 17H20 262 32.65 o
. 0
7,10, 13,16-Docosatetraenoic
acid, methyl ester Ca3H3s02 346 8.19 2 = & 2 O/
Butylated hydroxytoluene CisH240 220 6.27 /K(:j/‘\
P —
4-Butybenzoic acid, decyl ester C21H3402 318 6.03 \E;‘\W/O\/\/\/\/\/
CazHgsO >
Ibuprofen, nonyl ester 22tiser2 332 4.74 mw

MSW-(Municipal solid waste), PS —(Potiya site),

Relative Abundance
o
3

2621 3081

KS- (Kundrapara site). Structure draw by Chem draws JS sample page software.

PN #512 RT. 1
AM#385 RT 134 AV:1 AV:5 SB 12378-383 387-302 NL 71327
T: + ¢ El Full ms [50.000-600.000] 1004
701

100+ 911

- S

80 a0

70+ 7

81

Relative Abundance
o

3832

3863 42863 4805 5350 5802
600 o
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GC-MS spectra of normal soil
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Fig. 9. GC-MS spectra of MSW Potiya site (PS).
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Fig. 10. GC-MS spectra of MSW Kundrapara site (KS).
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IV. CONCLUSION

In the FTIR spectra of MSW, intensities of peaks range
are which strongly confirms the presence of humic acid
and its functional groups. Comparative analysis of GC-
MS spectra of MSW of Potiya, Kundrapara, and normal
soil results that MSW has high molecular weight organic
substances and higher presence of the total organic
carbon, which is one of the parameters for good MSW.
Interpretation of physical and chemical properties of
MSW and presence of N, P, K, Ca, Mg, Cu, Fe, Zn, and
Mn at high concentration level indicates the presence of
rich nutrient quality in MSW. Humic acid, micro, and
macronutrients play a vital role to increases the soil's
capability to hold water and make the soil appropriate
for cultivation. Based on the above statements, it may
be concluded that MSW can be used as organic
fertilizer as a whole or in the form of additive in soil. It
can be a better replacement for chemical fertilizers for
agriculture purposes.

V. FUTURE SCOPE

— Complex organic compound present in municipal solid
waste gets stabilized and converted into a simple
compound. The use of mature solid waste composed
gives a less economic option of fertilizer in place of
costly chemical fertilizers.

— Aerial and groundwater
prevented.

— When composted municipal solid waste will be applied
to the soil, it will help to counteract the gradual depletion
of soil organic matter due to cropping.

— Literature shows that huge accumulation of municipal
solid waste in the environment occupied large useless
land areas and ultimately it degrades soil quality through
leachates of it. The proposed technique may be able to
minimize the above problem.

Thus proposed methodology gives an alternative
utilization of municipal solid waste in an environmentally
safe way.
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