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Abstract

Waste materials are one of the major components of solid organic waste that pollutes land.
Inappropriate disposal of municipal waste (solid) not only affects land but is also a source of danger to
inhabitants. The management of residue from incineration is an integral part of waste
disposal/management systems. This research provides a collection and bio-treatment technologies for
various types of waste paper such as office paper and newspaper as feedstock using two microorganisms:
Serratia and Rhizopus to convert them to reducing sugars. The percentages of reducing sugar present in
the samples before, during and after hydrolysis were determined using the dinitrosalicylic (DNS) acid test
method. The effect of temperature on the substrate was analyzed at 37, 40, and 45°C. This research shows
that waste paper can be converted into useful materials.
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I. INTRODUCTION

Researchers reported that about 95% of MSW
(municipal solid waste) is disposed of untreated in
landfills and open areas, causing several problems
to humans and the environment, which can lead to
shorter lifespans of land dwellers [1-2]. The
environmental pollution is highest in the
overcrowded industrial areas of the developed
countries [3]. There is major concern over the
effects of land/soil/water pollution over the past
three decades. Not only activity of man, but also
natural occurrences in the environment cause
pollution [4-7]. Inappropriate disposal of MSW is
one of the major causes of land/soil/water
contamination [4, 8]. The major environmental
catastrophe of our world today is land pollution [9].
Apart from waste papers, hydrocarbon also pollutes
the environment, which can be remediated using
microorganisms [10-13].

The deposition of excess quantities of SW (solid
waste) on land and the urgent need for clean energy
are topical national issues especially in Nigeria
[13]. Managing waste has helped reduce/limit and
control pollution in the environment by recycling it
into useful materials [14]. This waste occupies
appreciable parts of land and contributes
extensively to environmental pollution [15].

Waste, when not properly managed, turns into a
serious environmental challenge. Solid waste
materials, when properly treated and recycled, can
be very useful in society [13, 16-19]. However,
more awareness must be about waste paper
products and recycling to prevent them from being
dumped or burned (incineration and land filling),
which increases the rate of environmental pollution
[20]. The incineration of waste papers results in
many ailments that can lead to death, such as
neurobehavioral disorders [4, 21-23], asthma [24—
28], discomforts such as dizziness and headaches
[29], irritation of the sense organs, and affects the
lung [30, 31] in the form of respiratory diseases [32,
33]. While some persons see waste as a risk to
public health and land, some people see it as a
mere aesthetic inconvenience, and others see it as
an excellent source of generating income.

The organic materials present in waste materials
are exposed to both chemical and biological
treatments to break down the cellulose component

to fermentable sugars. The use of inorganic acids is
involved in the chemical procedures such as
sulfuric [34] and hydrochloric acid [35] in
hydrolyzing the cellulose composition. Apart from
the fact that the use of acid hydrolysis is expensive,
it is also not environmentally acceptable, acidic
solution resulting from the reaction is not reusable
on other cellulolytic waste materials [36, 37]. A
more affordable method for decomposing SW
material is the use of a multi-component enzyme
system such as Cellulase [38].

Materials with lignocellulose such as leaves or
other parts of plants are very rich in hemicellulose,
cellulose and lignin present as biomass in paper
[39]. The (primary) component of plant cell walls
that is made up of glucose long chains which are
linked by (b-1,4)-glucosidic bonds is known as
cellulose. It is reported that about 61% of cellulose
and 16% of hemicellulose are present in newspaper,
making it an excellent source of sugars [40]. The
decomposition of sugar into simpler substances by
yeast to produce bio-ethanol is known as
fermentable sugars, this is an alternative use to
fossil fuels, which are more environmentally
friendly, the burning of fuel leads to the emission
of greenhouse gases, which is a cause of global
warming [41, 42].

The literature reveals waste papers, kitchens,
and agricultural wastes as the major components of
organic solid waste materials that contribute to
solid waste generation [4, 42, 43].

The need to look for an alternative method to
dispose solid waste in order to safe land and our
environment cannot be over emphasized. The use
of waste paper as biomass and Cellulase
introduction to convert them to useful materials is
therefore required since it is environmentally
friendly and affordable [18, 44].

Serratia is a facultative anaerobic, Gram-
negative, rod-shaped bacterium related to
Yersiniaceae. They are 1-5 um long and non-
spore-forming microorganisms [45]. It was named
after the Italian physicist Serafino Serrati within
the Gamma proteo-bacteria. The only Serratia
species recognized in the eighth edition of
Bergey’s Manual was Serratia marcescens [46].
The Serratia species are ubiquitous and can be
found anywhere (including humans) [47].
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Rhizopus is a saprophytic fungus, which lives
on plants and specialized parasites. They are also
found in many organic substances such as bread,
leather, mature fruits [48]. Rhizopus reproduces by
vegetative, asexual and sexual means. It is found in
most parts of the world and under varied ecological

conditions. About 8-10 known species of Rhizopus
have been identified.

This research work describes the bioconversion
of SW papers into fermentable or reducing sugar
using the cellulose of two microorganisms,
Serratia and Rhizopus, at various temperatures.

ngm_mellulnsm Pre-treatment Enzymat;c Fermentable
biomass hydrolysis sugars

Figure 1. Bio-conversion process

Il. METHODOLOGY

A. Sources of Raw Materials

The paper materials (biomass) used for this
investigation were newspapers (NP) and office
papers (OP). The newspapers and office papers
were collected for the library and instructor offices
of Covenant University, Ota, Nigeria.

B. Microorganism

Serratia and Rhizopus clinical isolates were
obtained from the Department of Applied Biology,
Biotechnology, Covenant University, Ota, Ogun
State, Nigeria.

C. Preparation of Cellulase

Dextrose Agar (SDA) slants were used for the
two isolates. They were sub-cultured on dextrose
agar plate (sterile) and incubated at 27°C five days.
The isolates were adjusted to 0.5 McFarland for the
conversion process [49-51].

D. De-Inking and Alkaline Pre-Treatment
Sorted used paper was cut into 2 cm x 2 cm and

soaked in 5% Sodium hypochlorite for a day (24 h).

The paper was washed to neutralize it and was later
oven dried at 105°C for another 24 h using Genlab
Oven-18L/GLS. The paper samples were soaked in
50 ml of NaOH (2.0 M), alkali-treated substrate
was filtered with muslin cloth, washed with
distilled water until the neutralization point was
reached. Excess water was removed using muslin
cloth. De-inking is necessary since the ink particles
hinder effective hydrolysis, high ash content
embedded in it with inorganic fillers such as
calcium carbonate and clay which was added to
enhance the printing qualities [16, 17]. Only the
paper with ink was deinked.

E. Inoculation of Samples
Samples were steeped in 4% sodium
hypochlorite for two days; this was rinsed with

water until it reached pH of 7. The temperatures
used were selected because of the optimum
operating conditions for the two microorganisms.
Treated substrates were inoculated with 1-ml
microorganism, and the solution was incubated for
7 days at the selected range of 37, 40, and 45°C.
Samples were withdrawn daily and analyzed for
reducing sugar using the DNS acid method.

F. Proximate Analysis

The proximate analysis was performed using
the standard Association of Analytical Chemists
[AOAC] method 2000 [51, 52]. The anthrone
method was used for the determination of the
carbohydrate composition. The concentrations of
the sugars were determined by the DNS method,
which is popularly known as the dinitrosalicylic
acid method [16].

With the anthrone method [16], the glucose
calibration curve was plotted, and calculations
were done with Microsoft Excel 2018 with a linear
equation:

y = 1.323x - 0.0819 1)

where y - concentration in mg/ml;
X — absorbance.

G. Tests for Reducing Sugar
The DNS acid test
fermentable/reducing sugar [16].

determined

I11. RESULTS AND DISCUSSION

Table 1 reveals the proximate compositions of
the paper samples used. OP has the highest
moisture content percentage of 7.55%. This can be
due to the locations, where the paper was picked
from - offices and the university library, where air
conditions are always on. The crude ash
composition was found to be higher in the office
paper  with 2.17%; the  crude  ash
composition/content indicated minerals and sand in
the sample. The crude ash content also informs the


https://en.wikipedia.org/wiki/Saprophytic
https://en.wikipedia.org/wiki/Parasitism

Ojewumi et al. Land Remediation and Reclamation Techniques through the Biodegradation of Waste Papers, Vol. 57 No. 4 Aug.

31

2022

contamination of the samples with the soil. Ash is
higher in newspaper sample due to the materials
used in the production.

Table 1.
Proximate analysis of waste samples

Analysis Newspaper  Office paper
(NP) (OP)

Moisture content (%) 5.89 7.55

Ash content (%) 9.42 5.50

Crude fiber content 0.61 217

(%)

From Table 2, the carbohydrate composition of
the substrate using the anthrone method was
recorded and office paper has the highest
concentration of carbohydrate (45.325 g/L). The
anthrone method is a popular method used for the
analysis of carbohydrate content and cellulose
content  for  lignocellulosic ~ material, its
implementation is widely accepted even on an
industrial scale.

Table 2.
Concentration of carbohydrate in waste sample concentration
using anthrone method

Samples Absorbance  Concentration
(Abs.) (g/L)

Newspaper sample (NP)  30.320 40.032

Office paper sample 34.320 45.325

(GP)

For the analysis of fermentable sugar content in
the substrate, dinitrosalicylic (DNS) test method
was used as an alternative to high-performance
liquid chromatography (HPLC) and the Grohmann
method for analysis of total reducing sugar as used
in [53] using the concentrated sulfuric acid method
with modifications in the time of hydrolysis of
paper sample. Table 3 shows the sugar content in
all samples and it was observed that the office
paper had a higher concentration of 1.270 g/L.

Table 3.
Reducing the sugar content in waste paper samples

Waste Paper Samples Absorbance Concentration

(9/L)
Newspaper (NP) 0.028 0.507
Office Paper (OP) 0.084 1.270

Figures 2 to 7 show the 3D plots for the effect
of hydrolysis duration (days) on the concentration
of reducing sugar for OP and NP with Serratia and
Rhizopus at 37, 40, and 45°C, respectively.

20
Conc. of reducing sugar
in NP (g/L)

16
11 Conc. of reducing sugar
in OP (g/L)

Figure 2. Effect of hydrolysis duration (days) on concentration
of reducing sugar for OP and NP with Serratia at 37°C
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Figure 3. Hydrolysis duration (days) on concentration of
reducing sugar for OP and NP with Serratia at temperature

40°C
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Figure 4. Hydrolysis duration (days) on concentration of
reducing sugar for OP and NP with Serratia at 45°C
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Figure 5. Hydrolysis duration (days) on concentration of
reducing sugar for OP and NP with Rhizopus at temperature
37°C
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Figure 6. Hydrolysis duration (days) on concentration of
reducing sugar for OP and NP with Rhizopus at 40°C
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Figure 7. Hydrolysis duration (days) on concentration of
reducing sugar for OP and NP with Rhizopus at 45°C

These figures show similar trend in the
conversion of waste papers to reducing sugar at

various temperatures with an increase in the
production of reducing sugar with respect to time.
After enzymatic hydrolysis for 7 days (1 week) at
various 37, 40, 45°C, the concentration of
fermentable sugar was measured daily to observe
the trend. The general trend of the concentration of
the reducing sugar was on the increase from the
first day to the seventh day as shown in figures 2 to
9, although slight distortions occurred on certain
days, which could be due to reduced microbial
activities with the aqueous solution of the mixtures.
We observed that Serratia and Rhizopus after a
week at 37°C had the highest effect on the office
paper, which could be due to the high susceptibility
of it to yield high concentration of sugar after the
increase in time to 48 h of alkaline pretreatment
with NaOH compared to the analysis carried out by
[13] where the pretreatment was for 24 h.

At 37°C, the two enzymes produced high yield
of reducing sugar concentrations; observed from
figure 8 and 9 with a concentration of 21.991 g/L
for Serratia with newspaper and 21.391 mg/ml for
Rhizopus with office waste paper. At temperature
40°C, highest yield of reducing sugar was obtained
on the 6th day using Serratia while Rhizopus had
19.089 mg/ml reducing sugar on the 5th day. Low
yield of reducing sugar was recorded for both
microorganisms at temperature 45°C, this might be
due to the optimum operating temperature of the
microorganism. The comparative analysis in
Figures 8 and 9 presents the effect of varying
hydrolysis temperature on the yield of the reducing
sugar.

25
20

el

=15}

a 15

=15}

£

S =

3 -

TE 10

- T

o

c £

e’ 5

%8

-

o

S 0

S 1 2 3

Hydrolysis duration (days)
ENP37 EOP37 EWNP40 mOP40 EmNP45 mOP45

4 5 6 7

Figure 8. VVarious temperature effect on the concentration of reducing sugar obtained using Serratia
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Figure 9. Various temperatures effect on the concentration of reducing sugar obtained using Rhizopus
Notes: NP — newspaper at 37, 40, 47°C; OP — office paper at 37, 40, 47°C

The yield of reducing sugars decreased as the
temperature increased from 37°C to 40°C.
Microorganisms have a particular optimum
temperature whereby they function optimally. If
the temperature increases from optimum, their
function either decreases or they become inactive,
which may lead to death in most cases.

IV. CONCLUSIONS

The two microorganisms used (Serratia and
Rhizopus) can degrade waste papers into reducing
sugars. The bacterial metabolite Serratia produces
the highest concentration of reducing sugar on the
newspaper sample (21.991 g/L) that has the highest
susceptibility rate among the other waste paper
samples. 37°C is a better saccharification
temperature than 40°C, although both fall between
the optimum operating temperatures. The
enzymatic hydrolysis and alkaline pretreatment of
waste paper is of major importance since it could
be an alternative solution for solid waste
management and production of reducing sugar. The
produced reducing sugar can also be fermented to
ethanol. Waste papers can therefore be recycled
and used in the production of glucose syrups for
industrial  and commercial purposes. The
bioconversion process is environmentally friendly
as no harmful products are obtained during the
process and low energy is consumed during the
process.

ACKNOWLEDGMENTS
The authors are thankful to the Covenant

University for the partial sponsorship of the work.

REFERENCES

[1] SHARHOLY, M., AHMAD, K,
MAHMOOD, G., and TRIVEDI, R. (2008)
Municipal solid waste management in Indian
cities—A review. Waste Management, 28(2),
pp. 459-467
https://doi.org/10.1016/j.wasman.2007.02.008
[2] GHOSE, M., PAUL, R., and BANERJEE,
R. (2005) Assessment of the Status of Urban
Air pollution and its Impact on Human Health
in the City of Kolkata. Environmental
Monitoring and Assessment, 108, pp. 151-167,
https://doi.org/10.1007/s10661-005-3965-6.
[3] KROMM, D. (1973) Response to air
pollution in Ljubljana, Yugoslavia. Annals of
the association of American Geographers, 2,
pp. 208-217.

[4] KHAN M., and GHOURI, A. (2011)
Environmental pollution: its effects on life and
its remedies. Researchers World - Journal of
Arts, Science & Commerce, 2, pp. 276-85.

[5] KIMANI, N. (2007) Environmental
pollution and impact to public health:
Implication of the Dandora municipal dumping
site in Nairobi, Kenya. A United Nations
Environment Programme (UNEP) Pilot Study
Report.



https://doi.org/10.1016/j.wasman.2007.02.008
https://doi.org/10.1007/s10661-005-3965-6

34

http://www.kutokanet.com/Storage/UNEP_Da
ndora_Environmental_Pollutio
n_and_Impact_To_Public_Health_2007.pdfRe
trieved 11/02/2011.

[6] OJEWUMI M., ALAGBE E,
ABINUSAWA A., JOHN A., et al. (2021)
Moringa oleifera as natural coagulant in water
treatment and production of antifungal soap.
Proceedings of the 4™ IOP Conf. Series: Earth
and Environmental Science, 655, 012007.
https://doi.org/10.1088/1755-
1315/655/1/012007.

[7] FEREIDOUN H., NOURDDIN M.,
RREZA N., MOHSEN A, et al. (2007) The
effect of long-term exposure to particulate
pollution on the lung function of Teheranian
and Zanjanian students. Pakistan Journal of
Physiology, 3(2). Available from:
https://pjp.pps.org.pk/index.php/PJP/article/vie
w/637

[8] OJEWUMI, M., EZEOCHA, C., ALAGBE
E., OBANLA, O., & OMODARA, 0. (2021)
Optimization of bleaching of Crude Palm oil
using Activated Groundnut Hull. International
Conference on Engineering for Sustainable
World (ICESW 2020) IOP Conference Series:
Materials Science and Engineering 1107,
article ID 012142.
https://doi.org/10.1088/1757-
899X/1107/1/012142

[9] KHAN, S. (2010) Dumping of Solid
Waste: A Threat to Environment, 21.

[10] OJEWUMI, M., EMETERE, M., D
BABATUNDE, D., OKENIYI, J. (2017) In
Situ Bioremediation of Crude Petroleum Oil
Polluted Soil Using Mathematical
Experimentation. International Journal of
Chemical Engineering, 2017, Article 1D
5184760, 11 pages
https://doi.org/10.1155/2017/5184760.

[11] OJEWUMI, M., ANENIH, E., TAIWO,
O., ADEKEYE, B., AWOLU, O., OJEWUMI,
E. (2018) A Bioremediation Study of Raw and
Treated Crude Petroleum Oil Polluted Soil
with  Aspergillus niger and Pseudomonas
aeruginosa. Journal of Ecological
Engineering, 19 (2), pp. 226-235,
https://doi.org/10.12911/22998993/83564.
[12] OJEWUMI, M., OKENIYI, J., IKOTUN,

J., OKENIYI, E., et al. (2018) Bioremediation:
Data on Pseudomonas aeruginosa effects on
the bioremediation of crude oil polluted soil.
Data in Brief, 19, pp. 101-113.
https://doi.org/10.1016/j.dib.2018.04.102.

[13] OJEWUMI, M. OKENIY1, J., OKENIYI,
E., IKOTUN, J., EJEMEN, V., & AKINLABI,
E. (2018) Bioremediation: Data on
Biologically-Mediated Remediation of Crude
Oil (Escravos Light) Polluted Soil using
Aspergillus niger. Chemical Data Collections,
17-18, pp. 196-204,
https://doi.org/10.1016/j.cdc.2018.09.002.

[14] KERR, R. (2007) Global warming is
changing the world. Science, 316(5822), pp.
188-190,
https://doi.org/10.1126/science.316.5822.188.
[15] MIEZAH, K., OBIRI-DANSO, K.,
KADAR, Z., FEI-BAFFOE, B., & MENSAH,
M.  (2015)  Municipal  solid  waste
characterization and quantification as a
measure towards effective waste management
in Ghana. Waste Management, 46, pp. 15-27.
https://doi.org/10.1016/j.wasman.2015.09.009.
[16] OJEWUMI, M., O KOLAWOLE, O.,
OYEKUNLE, D., O TAIWO, O, &
ADEYEMI, A. (2019) Bioconversion of Waste
Foolscap and Newspaper to Fermentable
Sugar. Journal of Ecological Engineering,
21(8), pp. 10-17,
https://doi.org/10.12911/22998993/102614.
[17] OQJEWUMI, M., AKWAYO, I., TAIWO,
O., OBANLA, O., et al. (2018) Bio-
Conversion of Sweet Potato Peel Waste to
BioEthanol Using Saccharomyces Cerevisiae.

International Journal of Phytopharmacy
Research, 3, pp. 46-54.
[18] OJEWUMI, M. OBANLA, O,

EKANEM, G., OGELE, P., & OJEWUMI, E.
(2020) Anaerobic Decomposition of Cattle
Manure Blended with Food Waste for Biogas
Production. International Journal of Recent
Technology and Engineering, 9(2), pp. 357-
365,
https://doi.org/10.35940/ijrte.A1504.079220
[19] OWOLABI, R., OSIYEMI, N., AMOSA,
M., & OJEWUMI, M. (2011) Biodiesel from
household/restaurant  waste  cooking oil
(WCO). Journal of Chemical Engineering &


https://doi.org/10.1016/j.wasman.2015.09.009

Ojewumi et al. Land Remediation and Reclamation Techniques through the Biodegradation of Waste Papers, Vol. 57 No. 4 Aug.

35

2022

Process Technology, 2(04), pp. 14
http://dx.doi.org/4172/2157-7048.1000112.
[20] VAROTKAR, P., TUMANE, P., &
WASNIK, D. (2016) Bioconversion of waste
paper into bioethanol by co-culture of fungi
isolated from lignocellulosic  waste.
International Journal of Pure and Applied
Bioscience, 4, pp. 206-215.

[21] BLAXILL, M. (2004) What’s going on?
The question of time trends in autism. Public
Health Reports, 6, pp. 536-51.

[22] LANDRIGAN, P., SCHECHTER, C.,
LIPTON, J., FAHS, M., & SCHWARTZ, J.
(2002) Environmental pollutants and disease in
American children: estimates of morbidity,
mortality, and costs for lead poisoning, asthma,
cancer, and developmental disabilities.
Environmental Health Perspectives, 110, pp.
721-728,
http://ehpnetl.niehs.nih.gov/docs/2002/110p72
1-728landrigan/abstract.html

[23] STEIN, J, SCHETTLER, T,
WALLINGA, D., & VALENTI, M. (2002) In
harm’s way: toxic threats to child
development. Journal of Developmental &
Behavioral Pediatrics, 23, pp. S13-S22.

[24] M BRAUER, G HOEK, H SMIT, H., DE
JONGSTE J., et al. (2007) Air pollution and
development of asthma, allergy and infections
in a birth cohort. European Respiratory
Journal, 29, pp. 879-888.
https://doi.org/10.1183/09031936.00083406
[25] GEHRING, U., CYRYS, J., SEDLMEIR,
G., BRUNEKREEF, B., et al. (2002) Traffic-
related air pollution and respiratory health
during the first 2 yrs of life. European
Respiratory Journal, 19, pp. 690-698,
https://doi.org/10.1183/09031936.02.01182001
[26] JACQUEMIN, B., SUNYER, J,
FORSBERG, B., AGUILERA, 1., et al. (2009)
Home outdoor NO 2 and new onset of self-
reported asthma in adults. Epidemiology, 2009,
pp. 119-26.

[27] MANNINO, D., HOMA, D,
PERTOWSKI, C., ASHIZAWA, A, et al.
(1998) Surveillance for asthma—United
States, 1960-1995. MMWr CDC Surveillance
Summaries, 1, pp. 1-27.

[28] MCCONNELL, R., BERHANE, K,

YAO, L., JERRETT, M., et al. (2006) Traffic,
susceptibility, and  childhood  asthma.
Environmental Health Perspectives, 114(5),
pp. 766-772, https://doi.org/10.1289/ehp.8594
[29] ARYA, S. (1999) Air pollution
meteorology ~ and  dispersion.  Oxford
University Press New York.

[30] STERN, A. (1977) Air Pollution: The
effects of air pollution. Elsevier.

[31] GAUDERMAN, W. AVOL, E,
GILLILAND, F., VORA, H., et al. (2004) The
effect of air pollution on lung development
from 10 to 18 years of age. The New England
Journal of Medicine, 351, pp. 1057-1067.
https://doi.org/10.1056/NEJM0a040610

[32] VICHIT-VADAKAN, N., OSTRO, B,
CHESTNUT, L., MILLS, D., et al. (2001) Air
pollution and respiratory symptoms: results
from three panel studies in Bangkok, Thailand.
Environmental Health Perspectives, 109 (suppl
3), pp. 381-387.

[33] FIRKET, J. (1931) The cause of the
symptoms found in the Meuse Valley during
the fog of December, 1930. Bulletin de
[’Académie royale de médecine de Belgique,
11, pp. 683-741.

[34] GIRISUTA, B., JANSSEN, L., and
HEERES, H. (2007) Kinetic study on the acid-
catalyzed hydrolysis of cellulose to levulinic
acid. Industrial & Engineering Chemistry
Research, 46(6), pp. 1696-1708,
https://doi.org/10.1021/ie061186z.

[35] YONG, S., GANG, Y., ZHI-HUA, J.,
CHAO WE, W., and LIAN, Z. (2014) Acid
hydrolysis of corn stover using hydrochloric
acid:  kinetic modeling and statistical
optimization. Chemical Industry and Chemical
Engineering Quarterly, 20(4), pp. 531-539.
https://doi.org/10.2298/CICEQ130911035S.
[36] BENSAH, E., and MENSAH, M. (2013)
Chemical pretreatment methods for the
production of cellulosic ethanol: technologies
and innovations. International Journal of
Chemical Engineering, 2013, article ID
719607, https://doi.org/10.1155/2013/719607.
[377 CHIARAMONTI, D., PRUSSI, M,
FERRERO, S., ORIANI, L., et al. (2012)
Review of pretreatment processes for
lignocellulosic  ethanol  production, and



https://doi.org/10.1289/ehp.8594
https://doi.org/10.1155/2013/719607

36

development of an innovative method.
Biomass and Bioenergy, 46, pp. 25-35.
https://doi.org/10.1016/j.biombioe.2012.04.020
[38] BOITUMELDO, J., SIBIYA, M., and VAN
WYK, J. (2016) Bioconversion of waste
newspaper into fermentable sugars at different
temperatures with different Aspergillus niger
cellulase concentrations. Journal of Applied
Biology & Biotechnology, 4, pp. 69-74.
https://doi.org/10.7324/JABB.2016.40408
[39] CHANDEL, A., CHAN, E,
RUDRAVARAM, R., NARASU, M., et al.
(2007) Economics and environmental impact
of bioethanol production technologies: an
appraisal. Biotechnology and Molecular
Biology Reviews, 1, pp. 14-32.

[40] BAJPAI, P. (2010) Solving the problems
of recycled fiber processing with enzymes.
BioResources, 2, pp. 1311-1325.

[41] HANSEN, J.,, SATO, M., RUEDY, R,
LO, K, et al. (2006) Global temperature
change. Proceedings of the National Academy
of Sciences, 2006.
www.pnas.orgcgidoil0.1073pnas.0606291103
[42] WANI, K., and RAO, R. (2013)
Bioconversion of garden waste, kitchen waste
and cow dung into value-added products using
earthworm Eisenia fetida. Saudi Journal of
Biological Sciences, 20(2), pp. 149-154,
https://doi.org/10.1016/j.5jbs.2013.01.001.
[43] OJEWUMI, M., OGELE, P,
OYEKUNLE, D., OMOLEYE, J., et al. (2019)
Co-digestion of cow dung with organic kitchen
waste to produce biogas using Pseudomonas
aeruginosa. Journal of Physics Conf. Series,
https://doi.org/10.1088/1742-
6596/1299/1/012011

[44] OJEWUMI, M., OBIELUE, B,
EMETERE, M., AWOLU, 0., and OJEWUMI,
E. (2018) Alkaline Pre-Treatment and
Enzymatic Hydrolysis of Waste Papers to
Fermentable Sugar. Journal of Ecological
Engineering, 19(1), pp. 1-13.
https://doi.org/10.12911/22998993/79404.
[45] MADIGAN, M., and MARTINKO, J.
(2006) Brock Biology of Microorganisms. 11th
ed. Pearson Prentice Hall, New York, NY.

[46] BUDDINGH, G. (1975) Bergey’s Manual
of Determinative Bacteriology. American

Journal of Tropical Medicine and Hygiene, 3,
550.

[47] DE VLEESSCHAUWER, D., and
HOFTE, M. (2003) Using Serratia plymuthica
to control fungal pathogens of plants. CABI
Reviews. https://doi.org/
10.1079/PAVSNNR20072046.

[48] AINSWORTH, G. (2008) Ainsworth &
Bisby ’s dictionary of the fungi. Cabi.

[49] OJEWUMI, M., OYEKUNLE, D,
AMAEFULE, C., OMOLEYE, J, and
OGUNBIYI, A. (2019) Investigation into
Alternative Energy Sources from Waste Citrus
Peel (Orange): Approach to Environmental
Protection. Proceedings of the International
Conference on Engineering for Sustainable
World. Journal of Physics: Conference Series,

1378, article ID 022066,
https://doi.org/10.1088/1742-
6596/1378/2/022066.

[50] OJEWUMI, M., EMETERE, M,

AMAEFULE, C., DURODOLA, B., and
ADENIYI, O. (2018) Bioconversion of orange
peel waste by Escherichia coli and
Saccharomyces  cerevisiae to  ethanol.
International Journal of Pharmaceutical
Sciences and Research, 10(3), pp. 1246-1252
http://dx.doi.org/10.13040/1JPSR.0975-
8232.10(3).1246-52.

[51] OJEWUMI, M., OMOLEYE, J., and
AJAYI, A. (2017) Optimization of
Fermentation Conditions for the Production of
Protein Composition in Parkia biglobosa
Seeds using Response Surface Methodology.
International Journal of Applied Engineering
Research, 22, pp. 12852-12859.

[52] OJEWUMI, M. (2016) Optimizing the
Conditions and Processes for the Production of
Protein Nutrient from Parkia biglobosa Seeds.
Thesis submitted to the Department of
Chemical Engreiing, in partial fulfulmet of
Doctoral Degree [Ph.D] in Covenant
University, Nigeria.

[53] FOYLE, T., JENNINGS, L. and
MULCAHY, P. (2007) Compositional analysis
of lignocellulosic materials: Evaluation of
methods used for sugar analysis of waste paper
and straw. Bioresource Technology, 98(16),
pp. 3026-3036


https://doi.org/10.1016/j.biombioe.2012.04.020
https://doi.org/10.1016/j.sjbs.2013.01.001

Ojewumi et al. Land Remediation and Reclamation Techniques through the Biodegradation of Waste Papers, Vol. 57 No. 4 Aug.

37

2022

https://doi.org/10.1016/j.biortech.2006.10.013.

B

[1] SHARHOLY, M. . AHMAD, K. .

MAHMOOD, G. #1 TRIVEDI, R. (2008) ENE
AR EARY EE— R, RIYE
B, 2812 , 5 459467 I
https://doi.org/10.1016/j.wasman.2007.02.008

[2] GHOSE, M., PAUL, R. #1 BANERJEE,

R. (2005) I II/RBEHIRH =SSR
MREXS NSRRI M, HEEN, FOF
& , 108 , % 151167 T
https://doi.org/10.1007/s10661-005-3965-6,
[3] KROMM, D. (1973) RIXdrgHfiIk A7R/R
RIS RIS, EEMESERIDSFE
2, 85208-217 TQ,

[4] KHAN M. 1 GHOURI, A. (2011) 345
P EmRIE MR EANERE. ARAR
HER - 2K BESmldE& , 2, 5 276-
85 I,

[5] KIMANI, N. (2007) &5 ZRFITAHE T
AN 5INPT R S HI Bk
s, BXEEMRENRLZE FMEE)d R

R #z = o
http://www.kutokanet.com/Storage/UNEP_Da
ndora_Environmental_Pollutio

n_and_Impact_To_Public_Health_2007.pdf &
ETF2011F1182H.

[6] OJEWUMI M. . ALAGBE E. .
ABINUSAWA A.. JOHN A. &%, (2021)
AAVE KB INEEIB R EFFRIRA
BEH. BUERESNIENE. R

B 5 IF 15 Bl ¥ , 655 012007 .
https://doi.org/10.1088/1755-

1315/655/1/012007,

[7] FEREIDOUN H.. NOURDDIN M.,
RREZA N.. MOHSEN A. &2 (2007) ¥
HEE TR S EE =N E B>
HRPIhEERIS N, EEHMBARSZAE | 3

( 2 ) o g M ;
https://pjp.pps.org.pk/index.php/PJP/article/vie
w/637
[8] OJEWUMI, M., EZEOCHA, C., ALAGBE

E., OBANLA, O., 1 OMODARA, 0. (2021)
FRESEERNER B ER. R
TEREFRSIN(ICESW 2020) % 51| IR £ &Y
RA:HMERFEETIE 1107, XE ID

012142 https://doi.org/10.1088/1757-
899X/1107/1/012142

[9] KHAN, S. (2010) EAEHHE: XS IR

RORRED ; 21.
[10] OJEWUMI, M., EMETERE, M., D
BABATUNDE, D., OKENIYI, J. (2017) {#F8

HF LIRS R T IEHITRANENEE
., BfRtEIESRE, 2017, XE ID
5184760 , 11 bl

https://doi.org/10.1155/2017/5184760,

[11] OJEWUMI, M., ANENIH, E., TAIWO,
O., ADEKEYE, B., AWOLU, O., OJEWUMI,

E. (2018) AIEEHEXI[RIGFIAIEITRYIRIH
SRTIEFHITEYEERRARFEERE
. EBTRRIGE, 19 (2), &8 226-235 1T,
https://doi.org/10.12911/22998993/83564,

[12] OJEWUMI , M. , OKENIYI , J. ,
IKOTUN , J., OKENIYI, E., %5, (2018)
EMEE ARRERENRETRIEE
MESEZMNEIE. BEHIE , 19, F
101-113 m o
https://doi.org/10.1016/j.dib.2018.04.102,


https://doi.org/10.1016/j.biortech.2006.10.013

38

[13] OJEWUMI, M. OKENIYI, J., OKENIY]I,
E., IKOTUN, J., EJEMEN, V., 1 AKINLABI,
E. (2018) &=MES [RBEMIN SIESHUE(
RERTERLRERAT ) R B SR TR,
WEHIESE , 17-18 , 55 196-204 T ,
https://doi.org/10.1016/j.cdc.2018.09.002,
[14] KERR, R. (2007) £k IFEXETtH
B, B%, 316(5822) , 55 188-190 T ,
https://doi.org/10.1126/science.316.5822.188
[15] MIEZAH, K., OBIRI-DANSO, K.,
KADAR, Z., FEI-BAFFOE, B., 1 MENSAH,
M. (2015) i EAEYIRIEFIEMAE/N
NENEMEENERE EYEE , 46, 5
15-27 b o
https://doi.org/10.1016/j.wasman.2015.09.009

[16] OJEWUMI, M., O KOLAWOLE, O.,
OYEKUNLE, D., O TAIWO, O. 0
ADEYEMI, A. (2019) [ERBHIRERT A
BEEREM L, £EXTERE , 219),
2] 10-17 b ,
https://doi.org/10.12911/22998993/102614.
[17] OJEWUMI , M. , AKWAYO , I. ,
TAIWO , O., OBANLA , O., &%, (2018)
BRI EESE H SRR IED
OE., EfrEMAFHREE , 3, F 46-
54 TQ,

[18] OJEWUMI, M. OBANLA, O., EKANEM,
G., OGELE, P. #1 OJEWUMI, E. (2020) 43
SEYIRESRATASEFNRED R,
EirRFRAEIERE , 92) , 5§ 357-
365 by .

https://doi.org/10.35940/ijrte.A1504.079220
[19] OWOLABI, R., OSIYEMI, N., AMOSA,

M., 1 OJEWUMI, M. (2011) SRERREET

REERIB(HAEXHL)EMSEH. 4
FTRESTZERATE , 2(04), B 14 T
http://dx.doi.org/4172/2157-7048.1000112,
[20] VAROTKAR, P., TUMNE, P., #
WASNIK, D. (2016) @I HiZF MR 4
RENH D BHIREERSRREYEE N EY
o2, EfrfERrSNAEYMRIZESNE , 4,
25 206-215 T,

[21] BLAXILL, M. (2004) RETHALEB
ARERIBTEESE (AR, AHDERS 6,
25 536-51 T4,

[22] LANDRIGAN, P., SCHECHTER, C.,
LIPTON, J., FAHS, M., 1 SCHWARTZ, J.
(2002) Z=E) LERIMES R FIERR:XIH
hEIARE. FERMAANGETT. Bk
. EEARBES. RNEREREZE , 110,
£ 721-728 m ,
http://ehpnetl.niehs.nih.gov/docs/2002/110p72

1-728landrigan/abstract.html
[23] STEIN, J., SCHETTLER, T,

WALLINGA, D., 1 VALENTI, M. (2002) L\
GEWNARXWILELROEER. 48
BT HIILEELE | 23, /NG 13-1h5 22
.

[24] M BRAUER , G HOEK , H SMIT , H.
, DE JONGSTE J. , &%, (2007) H4RAT!
PSSR NE R, IBFIRRNARE.
KRG I IR Ze & , 29 , 55 879-888 I,

https://doi.org/10.1183/09031936.00083406
[25] GEHRING, U., CYRYS, J., SEDLMEIR,

G., BRUNEKREEF, B. , &%, (2002) H4&
a3k 2 EERBEERNTHSIFFIR RS
1@%0 Bﬂﬁ"‘l”?”&zlt&%:\ I} 19 I} % 690-698 F__I [}

https://doi.org/10.1183/09031936.02.01182001
[26] JACQUEMIN, B., SUNYER, 1,



Ojewumi et al. Land Remediation and Reclamation Techniques through the Biodegradation of Waste Papers, Vol. 57 No. 4 Aug.

39

2022

FORSBERG, B., AGUILERA, |. , &%,
(2009) KEFIMNER 2 kA BEIR S E
BT ARIE. FITE , 2009 , 58 119-26 I,
[277 MANNINO, D. HOMA, D,
PERTOWSKI, C., ASHIZAWA, A. , &5
(1998) EEMmial—2£[F,1960-1995, iz

OISR, 1, 58 1-27 T,
[28] MCCONNELL, R., BERHANE, K.

YAO, L., JERRETT, M. , &=, (2006) 3Zi@.
SRR L EE IR, INEREREE
2] 766-772 b )
https://doi.org/10.1289/ehp.8594

[29] ARYA, S. (1999) =55

8. HERFHRTEAN,

[30] STERN, A. (1977) 55
2, ZRMER,

[31] GAUDERMAN, W. AVOL, E,
GILLILAND, F., VORA, H. , &%, (2004)
TSR 10 E 18 SHABRIFN, #E

BE=EF3E , 351, 55 1057-1067 |,
https://doi.org/10.1056/NEJM0a040610
[32] VICHIT-VADAKAN, N., OSTRO, B.,

CHESTNUT, L., MILLS, D., &%, (2001) 53
SISZRFPEREER ZEESA =TVNAH
RHER. NERRERE
55 381-387 I,

[33] FIRKET, J. (1931) 1930 £ 12 B ZH[H]
B2 BUEIRIE A » EEFIR 2525}
=N, 11, 55 683-741 T,

[34] GIRISUTA, B.. JANSSEN, L.
HEERES, H. (2007) fF4EEBREN KBRS
AERIEIHZERR. T STREAERR
46(6) . 5 1696-1708 W

https://doi.org/10.1021/ie061186z,
[35] YONG, S., GANG, Y., ZHI-HUA, J.,

SKREFYT

)

R M=l R |

, 114(5) ,

, 109 (¥EF 3)

CHAO WE, W., 0 LIAN, Z. (2014) {sEFAEhER
AR BRKER sh D FEERFITHLL. (
HETWSWKFETREST]) , 204) , 5
531-539 DY o

https://doi.org/10.2298/CICEQ130911035S,

[36] BENSAH, E. 1 MENSAH, M. (2013) £F
RSB EF R Z TR TS % AR
#. EfRtEIESE, 2013, XE ID

719607 , https://doi.org/10.1155/2013/719607,
[37] CHIARAMONTI, D., PRUSSI, M,

FERRERO, S., ORIANI, L., £%, (2012) [A]
MARRAEREBEEFNAGET S, FFHF
R—MOIFGEE. EVIRFEIRER

£ 25-35 b .
https://doi.org/10.1016/j.biombioe.2012.04.020
[38] BOITUMELO, J., SIBIYA, M. #] VAN
WYK, J. (2016) FEAEIEE MERARER
BAERINKRESRIREEN L el AR
. EMZESEMRARE , 4, 5 69-74
by

https://doi.org/10.7324/JABB.2016.40408
[39] CHANDEL, A., CHAN, E,

RUDRAVARAM, R., NARASU, M. , &,
(2007) AW 2 BBEFRIARBE FFFIFE S/
T, EYRATND FEYWFITFES , 1, 5

14-32 Tiq,

[40] BAJPAI, P. (2010) FIF4F4EfRIRBBALT
WL, £MRIR, 2, 5 1311-1325
T,

[41] HANSEN, J., SATO, M., RUEDY, R,

LO, K., %5, (2006) £BEEZW. XE
B x & 2 &k &k I , 2006 ,

www.pnas.orgcgidoil0.1073pnas.0606291103
[42] WANI, K. F1 RAO, R. (2013) {5 F34ma|

o



40

TR EE R, FERRIRFI4ESE
WA IEEF R PEEYRIZERE
202) ., = 149-154 T
https://doi.org/10.1016/j.sjbs.2013.01.001,

[43] OJEWUMI , M. , OGELE , P. ,
OYEKUNLE , D., OMOLEYE, J., &%,
(2019) AEFRREEGHESBIERI

WERBUEFBSR, YEFFERS,
https://doi.org/10.1088/1742-
6596/1299/1/012011

[44] OJEWUMI, M., OBIELUE, B,

EMETERE, M., AWOLU, O. 1 OJEWUMI,
E. (2018) [RZRAVHRLI4 TR IRFNES /K fR BRI
KEENE, £E8TREHRE , 19(1), 5 1-113 I,
https://doi.org/10.12911/22998993/79404,,
[45] MADIGAN, M. #1 MARTINKO, J.
(2006) R RMEMEYE, B 11 iR, K
I EAC TR KT, 412, 44,

[46] BUDDINGH, G. (1975) (BN AREEF
fit. EERFEFZSR4RE , 3,550,
[47] DE VLEESSCHAUWER, D. #] HOFTE,
M. (2003) 5 E REEHIEYIRNERR

R K . = t ¥ & .
https://doi.org/10.1079/PAVSNNR20072046

[48] AINSWORTH, G. (2008) & ;X B0tk

HreEREIRSE, KL,
[49] OJEWUMI, M. OYEKUNLE, D,

AMAEFULE, C., OMOLEYE, J. #0
OGUNBIYI, A. (2019) XEFIHBE (1E)E
REERIAE INRRIPTT A, AFSHR
TREERENIENE. MEFRAEINR
5] , 1378 , X E ID 022066 |,
https://doi.org/10.1088/1742-

6596/1378/2/022066,

[50] OJEWUMI, M., EMETERE, M,
AMAEFULE, C., DURODOLA, B. #
ADENIYI, O. (2018) KiZHTEFIERER IS
BRI AZE. Erdrlzs
MRZE , 108) , 5B 1246-1252 ™
http://dx.doi.org/10.13040/1JPSR.0975-
8232.10(3).1246-52,

[51] OJEWUMI, M., OMOLEYE, J.
AJAYI, A. (2017) {ERIMRIEL AR K
HEMFHREERR D EFRIARE SR,
PR TFEfARZvE | 22, 55 12852-12859
T,

[52] OJEWUMI, M. (2016) fiit M ANHEFEE
MFPEFERRERRFINLZ. B3R
BUFTRERBO T TBEMTEAX
FROE L.

[53] FOYLE, T. JENNNINGS, L. #0
MULCAHY, P. (2007) KRERFEZARIBIRL
Do RENTEEED 2T EREE.
HEYIRIEFAR |, 98(16) , 55 3026-3036 IH.
https://doi.org/10.1016/j.biortech.2006.10.013 ,





