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Abstract

The dramatic growth in urbanization and population in Riyadh, Saudi Arabia have brought some
environmental challenges that need to be efficiently dealt with. One of these challenges is finding
the proper management for hugely produced municipal solid wastes (MSW). Recycling of MSW via
composting is a possible option of its management and has recently received more attention, although
compost ability and chemical characteristics of resulting compost are not widely studied. Therefore,
the aim of this study was to evaluate the characterization of the municipal organic wastes fraction and
composting process. In this study, the organic fraction of MSW was composted alone or with a chemical
and/or organic additives using a windrows composting system for a period of 12 weeks. Changes in
temperature, EC, pH, C/N ratio, total contents of Zn, Fe, Mn, Cu, Cr, Cd, and Pb were monitored
over a regular interval throughout the composting process. All the measured parameters showed great
differences among types of compost. The results indicated that medium temperature range was 33-64°C,
EC was 2.85-4.50 dS m™, and pH was 7.50-8.50. Moreover, C/N ratio was found within the acceptable
average range (8.0-15). The produced composts contained a high level of total N (1.80 %), total P
(0.50 %), and total K (0.25 %). The total contents of Zn, Fe, Mn, Cu, Cd, Cr, and Pb were within the

permissible limits for compost.
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Introduction

Municipal solid wastes (MSW) are the most
complex solid wastes stream [1]. Riyadh, the capital of

*e-mail: aghoneim@ksu.edu.sa

the Kingdom of Saudi Arabia (KSA), is the country’s
largest city with an area of 1913 km? and population
of 33 million [2]. The city’s population has increased
rapidly, causing a higher generation rate of MSW
that contains both domestic and commercial waste.
The large amount of waste creates lots of problems
in daily life and for the environment. It requires
the application of some effective strategies for
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proper disposal of MSW/organic wastes. With rapid
urbanization, Riyadh is facing a massive MSW
management challenge. The dramatic urban growth of
Riyadh has resulted in a huge amount of MSW being
generated on a daily basis. Total MSW generation has
increased to more than 12 million tons per year and
the per capita MSW in KSA is 1.50-1.80 kg person’!
day!' [3]. The common method of MSW disposal in
the city is landfilling [4, 5], which can have negative
environmental impacts. In addition, the continual
rise in MSW generation will require more new landfills
to be constructed, and this will add extra cost that
could have been avoided if other options of MSW
management had been considered [6-8]. Sustainable
waste-management practices in KSA are lacking,
and documented information on the quality control
processes of waste management in KSA is limited
[9].

To sustain and recycle large amounts of MSW,
composting is an environmentally friendly option and
a good way to transform the municipal organic wastes
material into organic fertilizer that can be used in urban
and rural agriculture [10, 11]. Composting is one of the
best technologies to treat MSW in a more sustainable
way. For many decades composting has been used for
recycling solid waste organic matter as it improves soil
fertility and structure while maintaining the moisture
content of the soil [11]. Production of MSW continues
to rise, which causes loss of resources and increased
environmental risks [12]. Open dumping and landfilling
will cause environmental degradation and harmful
disecases. Composting MSW is an alternative to the
disposal of significant amounts of the waste stream
in sanitary landfills that has attracted the interest
of a growing number of communities in Riyadh.
Composting is gaining an increased interest due
to the high organic matter content (OM) in MSW.
Composting is a natural biological process that hastens
the decomposition of organic wastes under controlled
conditions. It reduces the volume of organic waste
materials, creating stable and soil-enriching humus
[13]. Furthermore, by transforming the municipal
organic wastes into organic fertilizers, composting
would complement the goal of sustainable agriculture.
[14] indicated that an unclassified residual stream of
MSW exists in Riyadh (organic fraction, 52.0 %; paper,
20.0%; plastic, 18.1%, textile, 2.0%; wood 1.30 %; glass
2.83%; metals, 2.80%; and other, 0.97%). The municipal
organic wastes residual stream that can be composted
means an average of about 52% of MSW. Serious
environmental problems appear if these municipal
organic wastes of MSW are not transformed into
compost. Therefore, the main aim of this study was to
evaluate the composting process and the characterization
of its municipal organic wastes as a treatment method
for the sustainable management and recycling of MSW
generated in Riyadh, Saudi Arabia.

Materials and Methods

Samples of raw MSW were collected from three
different districts of the city, varying in economic levels,
i.e.,, high, middle, and low socioeconomic areas. The
organic fraction of the MSW, which mainly constitutes
vegetable, fruit, and kitchen wastes, was composted
in a windrows composting system, in which piles are
mechanically turned to obtain the compost. Three
mixtures of composting piles were prepared:

— Pile 1: Mixture of one ton municipal organic wastes
without any accelerator as control.

— Pile 2: One ton municipal organic wastes and a
chemical accelerator composed of 50 kg (NH,),SO,

+ 6 kg Ca(HzPO,), +2.25 kg K, SO, + 40 kg CaCO, .
— Pile 3: One ton municipal organic wastes and organic

accelerator composed of 300 kg sewage sludge.

The trapezoidal piles are laid down in dimensions
of 25 m X 3.5 m x 1.5 m. The piles were moistened
with water to about 55% moisture content. The excess
water that leached from the piles was collected and
re-added to the respective piles. The surface of the
piles was covered with a thin layer of clay for 90 days.
During this period, the piles were turned over three
times at intervals of 15, 30, and 60 days from the start
of the experiment. Moisture content was checked during
the composting intervals using a Hydrosense moisture
meter (Campbell Scientific, Inc., USA). The initial C/N
ratios in piles 1, 2, and 3 were: 20.1, 18.4, and 16.8,
respectively. The temperature of the piles was measured
by inserting a thermometer into the center of the piles,
which were left for 12 weeks to mature. The composting
process was considered complete when the temperatures
of the piles were stable and close to that of the ambient
temperature.

Compost Samples and Analysis

Representative compost samples with three replicates
were taken from the piles at different composting
time intervals (initial, 4, 8, and 12 weeks). Changes in
temperature, pH, electrical conductivity (EC), total N,
total C, C/N ratio, total P, total K, DTPA-extractable
contents of micronutrient (Zn, Fe, Mn, and Cu), and
heavy metals (Cr, Pb, and Cd) were also measured. Total
N and C contents were measured using a Perkin-Elmer
CHNS/O Analyzer (Model 2400, Waltham, MA, USA).
Organic matter (OM) was analyzed by determining
the loss-on ignition at 430°C for 24 h. The pH and EC
values were measured in the 1:5 (w/v) suspension using
a pH and EC meters, respectively. Compost samples
were digested with concentrated HNO,-HCIO, acids
at a 3:2 (v/v) ratio and analyzed for total Zn, Fe, Mn,
Cu, Cr, Pb, and Cd contents using an induction-coupled
plasma-mass spectrometer (ICP-MS, Perkin-Elmer,
USA). In the acid extract of the HNO,-HCIO, digestion,
P was assessed colorimetrically by the molybdovanadate
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method, while K was determined by flame photometry
(Jenway PFP7 Flame Photometer, Jenway Ltd., Felsted,
Dunmow, Essex, UK). The germination index (GI)
was determined using seeds of Raphanus sativus
L., according to the method described by Bustaman
et al., 2008 [15].

Statistical Analysis

Data collected for all studied parameters were
analyzed for comparison of treatments means using
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Statistics 8.0 and were compared by contrast analysis at
5% probability level.

Results and Discussion
Temperature Evolution of the Composting Piles

Temperature changes were found to be higher
during the first 3-4 weeks of composting and
reaching a peak between 61°C and 64°C (Fig. la).
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Fig. 1. Changes of: a) temperature, b) EC, c) pH, d) carbon, ¢) nitrogen, and f) C/N ratio during the composting process; error bar

represents =+ standard error (SE, n = 4).
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After 6 weeks of composting, temperature decreased in
the different piles until the end of the experiment and
varied from 35°C to 50°C. The results indicated that
the temperature increased due to the oxidation of
C to CO, and subsequent generation of heat. After the
reduction in volatile solids, the temperature decreased.
Similar results were reported by Mitelut and Popa, 2011;
Wongwilawalin et al., 2011 [16, 17].

Changes in EC and pH

Fig. 1b shows that the EC (dS m™) trend increased
in composting piles with increased composting times.
The highest EC values were recorded in pile 3, possibly
due to the loss of weight and release of salts, such as
NH," and phosphate ions during the organic substances
decomposition [18, 19].

The pH changes are shown in (Fig. 1c) describing
that pH values consistently increased as the composting
process progressed up to 8 weeks of composting, and
then decreased toward the end of the experiment. The
pH value increased in piles 2 and 3, and ranged from
8.40 to 8.50 at 8 weeks after composting. This increase
in pH values during composting may be attributed to
the consumption of organic acids and the release of
NH," ions [20, 21].

Changes in C/N Ratio

Fig. 1d shows a faster rate of C decomposition
in piles up to 12 weeks from composting. These
results are supported by the findings of Mohmoud
and Ghoneim, 2016 [22]. The reduction of total
C was greater as compared to total N in all types
of composting processes because microorganisms
used C as a source of energy and N for building cell
structure in decomposition processes. Total N content
(Fig. le) increased up to week 8 in all different piles
and after that it remained stable up to week 12.
The increases in N content could be attributed to N
losses in the form of NH, gas [23, 24]. The C/N ratio
(Fig. 1f) decreased rapidly from an initial value ranged
from 16.8-20.1 to 9.30—11.3 after 8 weeks of composting
time, and after that it continued to decrease to a final
C/N value of 8.32-10.5. The decrease in the C/N ratio
may be attributed to the transformation of organic C to
CO, followed by a decrease in organic acid content [25,
26].

Total Micronutrient Analysis

Total and DTPA-extractable micronutrient contents
measured in the study are presented in (Tables 1
and 2). A similar increase in total micronutrient
contents was observed in all of the piles during the
composting experience. The increases in total Zn, Fe,
Mn, Cu, Cr, Cd, and Pb contents could be attributed
to decreases in piles mass due to organic matter
decomposition [27-29].

Table 1. Means of total heavy metals content in the three compost piles (mg kg!) & standard deviation values of three replicates.
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Table 2. Total DTPA-extractable heavy metal contents in the three compost piles (mg kg!) at different composting times.
Composting Pile 1 Pile 2 Pile 3
time Cr Pb cd Cr Pb cd Cr Pb cd
Initial 5.35£0.32 32+0.96 0.00 4.92+0.30 | 32+1.92 0.00 | 31.8+1.91 | 86.0+5.16 2+0.12
4 weeks 6.90£0.41 48+0.87 0.00 7.20+0.36 | 44+1.76 0.00 | 35.9+1.08 | 89.0+5.34 2+0.12
8 weeks 7.70£0.31 51+2.04 0.00 8.5040.34 | 55+2.75 0.00 | 43.8+2.19 | 96.0+3.26 2+0.07
12 weeks 6.96+0.38 67+1.68 0.00 7.1340.29 | 7442.96 0.00 | 48.5+2.18 | 107+4.82 2+0.09
Average 6.73 49.5 0.00 6.94 51.3 0.00 40.0 94.5 2.00

Results are expressed as mean + standard deviation of three replicates.

Quality of the Matured Compost

Table 3 presents the main properties of the final
composts. After the curing process, the compost was
dark brown in colour and had an earthy smell. The
C/N ratio, which indicates the maturity of composts,
always varied between 8.40 to 10.4, being less than 15
and 20, the threshold set by [30, 31]. pH values averaged
7.90, 792, and 7.89 in piles 1, 2, and 3, respectively.
According to [32], the typical pH range of the produced
compost fell within the range. The final pH range of
matured compost is adequate for most of the crops.

The EC of the current study ranged between 3.53
to 4.50 dS m™ — more or less similar to standard values
[33, 34]. The EC values were medium as compared with
the values observed in compost obtained from MSW in
previous works [35] and with compost from agricultural
by-products [36]. All the compost piles showed notable
contents of organic matter percentage (OM percentage

Table 3. Means of elemental analysis of mature compost piles
compared to standard values

Parameters Matured compost Standard

Pile 1 | Pile2 | Pile3 | Values
EC (1:5dSm™) 3.53 | 430 | 4.50 4.50
pH (1:5) 790 | 792 | 7.84 7.40
OM (%) 329 | 33.1 322 35.0

C/N ratio 104 | 9.90 | 8.40 8.0-15
Total N (%) 1.82 | 1.94 | 225 1.80
Total P (%) 046 | 048 | 0.50 0.50
Total K (%) 0.21 023 | 0.26 0.25
Total Zn (mg kg™") 425 472 581 550
Total Fe (mg kg') | 2285 | 2526 | 3159 5200
Total Cu (mg kg™) 123 133 186 310

GI (%) 95 90 90 -

EC: Electrical conductivity, OM: Organic matter,
GI: Germination index. Results are expressed
as mean of three replicates.

average 32.7%) comparable to other compost derived
from MSW [37]. Increasing OM percentage in the
produced compost is considered one of the positive
features because a higher OM percentage enhances
the physical properties of soil [38]. According to
the average total N content (1.80%), total P (0.50%),
and total K (0.25 %), the produced compost falls
within the range of values found in compost produced
from vegetables and manure [39]. The average
of micronutrient contents (Zn, Fe, Mn, and Cu)
was below the standard values suitable for
compositing. The levels of heavy metal contents were:
Cr (6.73-18.0 mg kg'), Pb (49.0-65.1 mg kg'), and
Cd (0.66 mg kg') within the acceptable limits for
composting [40]. Regarding the maturity parameters,
almost all the types of studied composts satisfied
the criterion that indicates the disappearance of
phytotoxicity in compost [41] as shown by GI values
obtained, compared to a control with distilled water.

Conclusions

Riyadh in the Kingdom of Saudi Arabia faces major
environmental challenges associated with municipal
waste generation and inadequate waste collection,
transport, treatment, and disposal. The MSW stream in
Riyadh is diverse and contains a variety of organic and
inorganic materials. Composting is the most appropriate
economical solution to overcome the problem due to
MSW. The results indicated that municipal organic
fraction collected can be properly composted due to its
high content of organic matter and lack of microbial
decomposition suppressants. Overall, the resulting
composts here showed good quality parameters that are
in line with other high-standard marketed composts.
Based on the results of this study, it can be conclude
that composting is the best way to reduced or recycle
the MSW and it causes less pollution and more benefit
to the environment as well as to the economy when
compared to current methods of MSW disposal into
open dumps. Further studies are required to determine
nutrient release and decomposition rates from this
compost when applied under arid soil conditions.
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