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Abstract:

There are more than 522 towns and cities in Bangladesh, which generate thousands of tons of solid waste known as Municipal Solid Waste. Low collection
coverage and disposal facilities are responsible for unsatisfactory waste management. The composting technology is a good alternative method for
managing MSW. The present study was conducted to assess the quality of the MSW compost produced from the solid wastes of Mymensingh Pourashava.
For quality assessment physical, chemical and biological properties of prepared compost namelye bulk density, porosity, water-holding capacity, moisture
content, pH, organic matter content, C:N ratio, NPKS content, buffering capacity, soluble salts content, heavy metal content and the presence of harmful
organisms in the MSW compost were studied. The results indicated that the MSW compost was matured and stable having pH 7.3 and buffering capacity of
the MSW compost were good but the organic matter content and C : N (14.5) ratio were low. The N, P, K and S content of the MSW compost were 0.9, 0.3,
0.4 and 0.45 percent of the total volume. The soluble salts content and heavy metal content of the compost were found to be within the permissible limits.
The MSW compost contained no E. coli and Salmonella. From the results, it can be concluded that, the composting could produce acceptable quality of
compost, which can be used as fertilizer or soil amendment.
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1.0. Introduction:

The solid waste generated mainly consists of food waste, paper, polyethylene, cloth, rags, garden trimmings, construction debris, wood, leaves and branches,
ferrous/ non-ferrous metal, glass, shredded skins and leather, hospital waste, slag, animal waste, industrial waste, old appliances, and miscellaneous waste.
The waste generation rate of Bangladesh is 0.5 kg /capita/day [1]. A large amount of municipal solid wastes are generated daily in Dhaka. Dhaka
Metropolitan area generated more than 5000 tons per day or 1.96 million tons per annum in 2002-03. The waste generation was to grow at the rate of 5.6%
each year. By 2021, the daily waste generation in Dhaka will amount to 15.1 thousand tons and annual generation will be 5.52 million tons [2].

The total waste generation of Dhaka ,Chittagong, Khulna, Rajshahi, Barisal and Sylhet city corporation are 5340, 1315, 520, 170, 130 and 215 tons/day
respectively [3]. The Dhaka city contributed the major portion as measured as 5340 tons/day which is the 69% of total waste generated in the six cities.
The generation rates were ranged from 0.325 to 0.485 kg/cap/day, while the highest generation rate in Dhaka, lowest in Barisal and the average was 0.387
kg/capita/day for six major cities [3]. Amount of daily waste generation of Mymensingh municipal is about 100 tons [4].

Municipal solid waste comprises all the wastes arising from human and animal activities. Considering rapid expansion of the cities/towns with massive
migration of population from rural to urban centers, as well as considerable increases in per capita generation of wastes with each passing day, generation
of MSW has continuously been increasing. Majority (more than 90%) of these wastes are used for unscientific land filling or uncontrolled dumping on
outskirts of towns and cities, which have serious environmental implications in global warming (by green-house gases emission) [5,6]. In the tropical
countries like Bangladesh, the major portion of the total solid waste is biodegradable organic matter. The high content of these biodegradable organic
matter and other inert material, results in high waste density and high moisture content. Theses physical characteristics significantly influence the
feasibility of certain treatment options. Wastes with a high water or inert content will have low calorific value and thus may not be suitable for incineration
[7-9].

However, composting technology seems to be a good alternative method for managing MSW. Composting MSW is a method of diverting organic waste
materials from landfills and creating a product that is suitable for agricultural purposes, decreases the use of commercial fertilizers, increases the capacity
for household waste recycling and improves the quality of the soil [10-14]. Composting MSW reduces the volume of the waste, kills pathogens that may be
present, decreases germination of weeds in agricultural fields and destroys malodorous compounds [15]. A major concern associated with the use of MSW
compost remains the presence of heavy metals that can be toxic to plants, enter the food chain, contaminate water, and affect human health. The presence
of heavy metals in MSW composts can affect some microbiological characteristics of soil such as the structure of the soil micro-biota, which are responsible
for the transformations making nutrients available to plants. MSW compost prepared from the solid organic materials inevitably contains some heavy
metals like boron, zinc, copper, nickel, arsenic, cadmium, lead and mercury. The impact of metals on plants grown in compost amended soils depends not
only on the concentration of metals, but also on soil properties such as pH, organic matter content and CEC.

Soils that have been cropped for many years may be deficient in nutrients such as boron, zinc and copper, and MSW compost could mitigate such deficiencies
[16]. There has been a recent resurgence of interest in the municipal solid waste compost as other options for solid waste disposal such as land filling and
incineration become less publicly acceptable and increasingly costly. Composting is defined as the aerobic biological decomposition and stabilization of
organic substrates, under conditions that allow development of thermophilic temperature as a result of biologically produced heat. Compost prepared from
different organic wastes differ in their quality and stability, which further depends upon the composition of raw material used for the compost production
[17]. Therefore the prime objective of this study was quality assessment of MSW compost using municipal waste of Mymensingh pourashava.

2.0. Materials and Methods

Municipal solid wastes were collected from the city area of Mymensingh and brought to the field laboratory of the Department of Soil Science of Bangladesh
Agricultural University, Mymensingh. Then the wastes were spread out, separated for degradable and non degradable parts and their weights were
recorded. The non degradable materials were not used for composting.

2.1. Compost preparation

The composting materials were chopped into small pieces, mixed well and then the materials were placed into the compost pits. Each composting pit
consist of 6 to 7 successive layers of composting materials. The thickness of each layer was 7-8 inches. A thin layer of soil and decomposed cow dung and
small amount of urea were added in between two consecutive layers of composting materials to enhance the composting rate. After piling, the compost pits
were covered with a layer of banana leaves to reduce moisture loss. The compost piles were turned after 15 days interval up to 90 days of composting. The
finished compost samples were collected and the transported in sealed polythine to the laboratory of the department of Soil Science, BAU, Mymensingh,
oven dried at 70 °C and the compost is homogenized through a 2 mm sieve. The compost samples were stored in the dark bottles till further analysis.
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2.2. Compost maturity test
Compost maturity test included phytotoxicity test, colour test, jar test, germination test, respiration test and self-heating test. The tests were measured
following the methods described [18].

2.3. Phytotoxicity bioassay

A pot experiment was conducted in the net house of the Dept. of Soil Science, BAU Mymensingh to determine whether compost contains substances that
inhibit seed germination or growth of the radical. Fast growing radish seeds were used as test crop. Then the rate of germination and length of radical of
the seedlings in compost were calculated carefully.

2.4. Compost color or Bag test

A handful of compost sample was taken from the inside of the pile and was moistened it well. The compost was put in a plastic bag and it was sealed. The
bag sealed was kept at room temperature for five to seven days. Then the bag was opened and smelt the contents. It should have a pleasant, earthy, soil-
like smell; it is stable enough to be cured. If it smells is foul or rotten or a bit like ammonia, the compost is not completely finished, the composting process
should be continued.

2.5. Germination Test/ Plant germination in compost

For the germination test, two containers were filled with moist compost and two containers were filled with moist soil. Eight radish seeds were sawn each
of the four containers. The containers were covered with plastic wrap to keep the containers moist. After five to seven days, the number of seedlings in each
container is counted. If the compost germination rate and speed are significantly less than that of the plain soil, the compost is not yet mature and needs to
continue composting or curing.

2.6. ]Jar test or Sniff test
It was done by visiting the compost site or getting a sample from the compost pit and was checked for foul odors. Foul smelling compost is not be stable
and should not be used.

2.7. Respiration test (based on CO: production)

Compost stability was measured by CO2 evolution and trapping (in NaOH) method, where samples was incubated for 3 days at 50% moisture level
(preincubation) and subsequently CO2 evolution was measured daily in air-sealed flasks for 7 days. Average of 7 days measurement is taken as a measure
of compost stability. The microbes present in the compost produce CO2 which was absorbed by NaOH trap placed beside the compost jar in the air tight
plastic pot. This was accomplished by titrating with 1M HCl according to the procedure:

C02.C (mg)= HCl(b)-HCI(s)/1000ml/L x {HCl molarity (mol/L) x 1000 ml/L x 12g C/mol x 1000 mg/g }
Where:

HCl b= ml HCI used in the titration of blank

HCl s=ml HCI used in the titration of sample ( from jar containing compost)
CO02. C=mass of CO2- carbon generated (mg)

Which can be simplifies to :

C02.C (mg) = (HCI b- HCls)x12

Organic C (g) = (Wet wt of sample) ( 100-%moisture) %C

25gx50% x %C

12.5 x %C [ %C=%0M/1.73 ]

mg CO2.C/ g organic carbon /day

=mass of CO2 . C( mg/day)/organic carbon (g)

2.8. Self-heating test (based on heat production by microorganisms)

This method is simple but costly because it requires a Dewar flask. With the flask, various levels of compost stability can determined, from fresh to very
mature compost. A sample of compost was added to the flask and monitored for the highest rise in temperature. Higher rises in temperature indicate less
mature compost.

2.9. Physico-chemical analysis

The collected compost samples were analyzed for various physico-chemical characteristics such as Moisture content (drying at 105 OC to constant weight
by gravimetric method); Particle and Bulk densities (Pycnometric method); porosity, water-holding capacity, pH (1:5 water extract by pH meter); Electrical
conductivity (1:5 water extract, conductivity meter); buffering capacity were measured following the methods described [19]. Total organic carbon (wet
oxidation with potassium dichromate Walkey and Black method ); Organic matter (ashing; loss of ignition method); Total organic nitrogen (Kjeldhal
method); Phosphorus (tri acid mixture with a aqua digestion); potassium and sodium (1N ammonium acetate extract using flame photometer method),
Soluble sulphate (1:5 water extract for BaCl. method); The organic matter content, C:N ratio, N,P,K and S content and soluble salts of the MSW compost
were analyzed following the methods described [20-22].

2.10. Heavy metal analysis

The 1g of oven dried sample was transferred to 100 ml beaker. A tri acid mixture (10 ml) consisting of HNO3, H2S04 and HCl04 in the ratio 9:2:1 was added
to each of the flasks with 100 ml of distilled water and digested on hot plate until the dense fumes of HCl04 cease, to get a clear extract. The beakers were
then allowed to cool and the extracts were filtered with Whatman No.42 filter paper. The filtrates were diluted to 100 ml in standard flasks to have an
adequate volume of solution for analysis. The dilution factor was noted. The water soluble and acid digested extracts were analyzed for quantitative
estimation of heavy metals (copper, cadmium, lead, mercury and arsenic) using atomic absorption spectrophotometer [23].

2.11. Bacteriological analysis

The samples were collected in sterilized polythene bags for biological analysis and the media used for the bacteriological analysis of compost includes
Nutrient Agar (NA), Lactose Broth (LB) and Eosin Methylene Blue agar (EMB). All the media used were weighed and prepared according to the manufactures
specification, with respect to the given instructions and directions. 1 g of each compost samples was suspended into 10 ml of sterile saline solution and
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serial diluted further up to 10-*dilution aseptically. 0.1 ml of each diluted compost suspension was poured onto nutrient agar plate using spread plate
technique. Plates were incubated for 24 hr at 37 °C and bacterial colonies are isolates and further pure culture were subjected to determine the identity of
the bacteria isolates with reference to practical microbiology [24,25].

3.0. Results and Discussion

3.1. Composition of municipal solid wastes

The composition of the solid wastes collected from the Mymensingh Paurashava has been shown in the Table 1. The Mymensingh municipal solid wastes
contained 60% degradable and 40% non-degradable materials. The degradable materials included kitchen waste, market waste, leaves, grasses, twigs,
paper, clothes, cotton, gunny bag, woods, saw dust, slaughterhouse and some others wastes. Among the degradable material 14% was various market waste
where kitchen waste was 12%. The non-degradable group contains polythene, plastic, rubber, nylon, stones, bricks, glass, metals, battery, syringe, medicine
containers, bone, hair and others.

Tablel: Composition of Mymensingh municipal solid waste

Sr. no. Component of MSW Composition Composition
(%0) (kg/ton)
Organic/ degradable materials
1 Kitchen waste 12 120
2 Market ,, 14 140
3 Leaves, weed ,grass .. 11 110
4 paper 3 30
5 Cloths, cotton, gunny bags.. 2 20
6 Slaughter house waste 6 60
7 Wooden matter, saw dust 4 40
8 Others 8 80
Total 60 600
In organic/Non degradable
1 Polythene, plastic, rubber, nylon. 10 100
2 Rocks, stones, bricks, glass, sand, metal. 15 150
3 Battery, syringe, medicine cover, bottom . 7 70
4 Bone, teeth, hair ,seeds, fibers 4 40
5 Others 4 40
Total 40 400

The composition of municipal solid waste varies greatly with seasons and places, and also changes significantly with time. In summer various kinds of fruits
are available in market resulting a high moisture and nutrient content in the solid wastes. On the other hand, composition of MSW collected from residential
and commercial places differ widely. Thus, waste quantities as well as composition are inextricably linked to the vibrancy of economic activity and resource
consumption pattern of the society which generates the waste.

3.2. Maturity of MSW compost

The observations and results of the maturity tests have been presented in the Table 2. In Phytotoxicity bioassay test seedlings are grown in a water extract
of compost, provides a means of measuring the combined toxicity of whatever contaminants may be present. Normal seedling growth was observed in the
present study. Immature compost may contain methane, ammonia, or acetic acid that are detrimental to plant growth. Jar test indicates the stage of organic
matter decomposition based on odor development in an enclosed sample. Earthy odor greeting from the compost after the Jar test confirmed the maturity
and stability of the compost. Undecomposed compost smells rotten after being moistened and enclosed for a few days because of development of noxious
compounds such as methane or organic acids under anaerobic condition.

Table.2: Compost maturity test

SLl.No. Tests Observations/results

1 Jar test Earthy odour was greeted .

2 Respiration test COz production rate was less than 1.23 mg/g/day.
4 Phytotoxicity test Normal seedling growth was observed.

5 Colour test Brown colour was found

6 Bag test Stable temperature was found

Respiration test also indicates the stage of organic waste decomposition based on CO2 production. Both heat and CO: are released by microbes as they
decompose organic matter. The result showed the low CO: production rate of the compost of 1.23 mg/g/day indicated the maturity of the compost. The
colour of the compost was dark brown when moist and became lighter when dried. It looked brown and crumby, and no recognizable traces of the initial
ingredients were observed. Self-heating test result showed that the stable temperature indicated the maturity of the compost.

3.3. Physical properties of MSW compost
The physical characteristics of the MSW compost have been presented in the Table 3. The moisture content (25%), water-holding capacity (840mg kg1),
bulk density (0.58 g/cc), particle density (1.17g/cc) and porosity (49.82%) of the MSW compost were within the acceptable limits (Table 3 ).

3.4. Moisture content
Moisture content of 25% provides some advantages of processing or storage conditions and also ease of volume of handling and transport. Moisture content
in the compost is desired to have 15-25% moisture in the finished product. Composts with less moisture contents may not have been fully stabilized or
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may have been stored for long periods leading to moisture loss. While excessively dry composts are often dusty and unpleasant to handle, compost with
too high moisture content become too clumpy and increase transportation cost. If the compost is too moist then the air spaces are filled with water limiting
the amount of oxygen that the organisms can obtain [26,27]. Moisture is a necessary prerequisite for microbial activity but excessive moisture will reduce
porosity and oxygen supply, which will result in an anaerobic decomposition and release of unpleasant odour.

3.5. Water holding capacity
Water-holding capacity of the compost was 84%. The water-holding capacity of the compost helps to retain moisture against drainage due to the force of
gravity and determines its ability to sustain plant life during dry periods.

3.6. Bulk and particle density

The bulk density of compost is defined as its weight per unit volume and The particle density of compost is defined as its weight per unit volume of solid
compost. The bulk density of MSW compost was 0.588 g/cc. and the particle density of the compost was found 1.17 g/cc. It measures how easily air and
water can move through a compost pile. Lower value means better flow and higher value means poorer flow. Composts with lower bulk and particle density
are desirable as these increases water holding capacity of soil when applied continuously for longer period of time [28].

3.7. The porosity
The porosity was calculated to measure the volume of pore space in the compost. It measures the proportion of a given volume of compost occupied by
pores containing air and water. The porosity of the MSW compost was 49.82%.

3.8. Chemical properties
The chemical properties of the MSW compost have been presented in Table 3.

3.9. ThepH

pH is a measure of acidic or alkaline nature of the compost. The pH value of the MSW compost was 7.3. The preferred range of pH of the matured compost
is 6.5 and 7.5. The pH of the compost is important, since applying compost to the soil can alter the soil pH which in turn can affect the availability of nutrients
to plants [29]. Microorganisms tend to modify their environment and the products of decomposition may alter pH over time. Near-neutral pH is preferred
for most efficient microbial activity. The range of pH values suitable for bacterial development is 6.0-7.5, while fungi prefer an environment in the range of
pH 5.5-8.0. Averagely, mature composts have pH between 6 and 8 indicating maturity of the compost.

Table 3: Physical and chemical characteristics of the MSW compost

Parameter Value Nutrient Value
Colour and odour Brown and earthy smell Total N (%) 0.896+0.03
Moisture content (%) 25+1.56 K (%) 0.45+0.02
Water holding capacity (ml/kg) 840+ P (%) 0.30+0.01
Bulk density (g/cc) 0.587+0.02 S (%) 0.46+0.02
Particle density (g/cc) 1.17+£0.05 Ca (mg/kg) 13636 +85.50
Porosity (%) 49.82+2.60 Fe (mg/kg) 8939+55.5
pH 7.3+0.30 Mg 2386.78+22.15
(compost : water =1: 2.5)

(mg/kg)
EC (dS/m) 2.60+0.49
Organic matter (%) 22.5+1.75

C:N ratio 14.50+1.12

3.10. The electrical conductivity (EC)

The electrical conductivity of the MSW compost was found 2.4 dS/m. EC is measure of soluble salt content. Undesired salt levels can be harmful to
germinating seeds and plants when compost is applied as growing medium. The desired ranges may not apply when compost is used as an amendment
because of the diluting effect of mixing the compost with soils. EC reflects the degree of salinity in the composting product, which indicates its possible
phytotoxic /phyto-inhibitory effects (e.g. low germination rate, withering) on the growth of plants. A low electric conductivity could be an indicator of
complex nutrients and therefore desirable. The decrease of EC in the composting process is the direct consequence of the increased concentration of
nutrients, such as nitrate and nitrite. Due to high initial microbial activity and mineralization, soluble salt content will be high and hence, high EC in initial
stages. In later stages, as humiliation proceeds, the humic fractions may become complexes with the soluble salts decreasing the amount of mobile free ions
[30].

3.11. The C:N ratio

The C:N ratio of the MSW compost was 14.5. The C:N ratio determines the extent of composting and degree of compost maturity. The C:N ratio narrow
down as nitrogen remains in the system, while some of the carbon is released as CO2. A C:N ratio of >25 likely indicated stable compost. It is a general
indicator of whether a compost will rob plant root’s nitrogen. The ideal finished compost should have a C:N ratio between 15:1 and 25:1. High C:N ratio
(>30:1) indicates non stability of the compost and low C:N ratio indicates the low organic matter or high N content in compost. Ideal compost feedstock
mixtures should have an initial C:N ratio of about 30. During the compost process the C/N ratio decreases and the rate of decrease is dependent on the ratio
in the beginning process and on the composting materials. Maintaining the correct C: N ratio is important to obtain good quality compost. The C:N ratio
during composting of municipal solid waste might be narrowed down from 40:1 to 16:1. The C:N ratio should be between 25:1 and 35:1 for most compost
organisms to thrive and have a high degree of efficiency of N assimilation into microbial biomass. When the C:N ratio is too low, N is lost through ammonia
volatilization [31]. A C:N ratio greater than 40:1 promotes immobilization of plant-available nitrogen and slows the decomposition process because of
limited N.

3.12. The organic matter content
Organic matter is the measure of carbon based materials in the compost. Organic matter is an important ingredient in all soils and has an important role to
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play in maintaining soil structure, nutrient availability and water holding capacity. The organic matter content of the MSW compost was 22.5%. The
preferred organic matter content of compost is within 30 to 60%. If the organic matter level is over 60%, then the compost is not yet matured, and it could
temporality inhibit plant growth when mixed with soil. If the level of organic matter is low, then the compost simply would not improve the soil well a
better-quality product would.

3.13. Nutrients content

The nitrogen, phosphorus, potassium and sulphur content the MSW compost were 0.896%, 0.30%, 0.45% and 0.46%, respectively. Concentration of
nutrients in MSW compost depends on the feed stock used and stage of maturity. The nutrient content of most of the composts is relatively low as compared
to most commercial fertilizers. Although composts are relatively low in macronutrients (NPK), they generally are excellent source of micronutrients (Fe,
Zn, Mn). They release nutrients slowly and are considered more environmental friendly. The content of S, Ca, Fe and Mg were 0.46%, 1.33%, 0.89% and
0.24%, respectively. The concentration of Mn and Mo in compost were found 281 ppm and 0.40 ppm , respectively. The concentration of micronutrients
such as Cu, Zn and Si were found 39.68, 141.64 and 174.98 ppm, respectively.

3.14. Heavy metal concentration
Heavy metal content is considered another important quality parameter necessary for protecting the soil and water resource from pollution.

Table 4: Heavy metals concentrations of the MSW compost

Heavy metal Value Heavy metal Value Ohai EPA Standards
(mg/kg) (mg/kg) (mg/kg)

Mn 281.98+6.85 Cd 0.39+0.025 35

Mo 0.40+0.02 As 2.27+0.241 41

Si 174.98+4.72 Cu 39.68+2.52 1500

Zn 141.64+3.58 Pb 48.88+2.67 300

Cr 17.15+1.38 Hg trace 7.8

Co 0.61+0037 Ni (mg/kg) 9.01+0.68 420

Municipal solid wastes contain heavy metals at variable concentrations. The elements boron, zinc, copper, and nickel are essential in small amounts, but in
higher amount they may decrease plant growth. Other trace elements like arsenic, cadmium, lead, and mercury are of concern primarily because of their
potential to harm soil organisms and animals and human who may eat contaminated plants or soil. The concentration of Cd, Co, As, Cr, Cuand Pb of MSW
compost were 0.39, 0.61, 2.27, 17.15, 39.68, and 48.88 mg/ kg respectively and trace amount Hg was found and were below the permissible limits of
Ohai EPA Standards ( Annexed-1 ). The heavy metals in MSW composts of Mymensingh city were considerably lower at the critical level and compared to
the contents found in the samples from USA and European countries [32].

3.15. Bacteriological study in compost

MSW compost samples were tested for the presence of E. coli and Salmonella. The harmful pathogens like Salmonella and Coliform and E. coli were not
found in the MSW compost (Table 5). This might be due to that the population of pathogens in MSW compost destroyed during the thermophilic stage due
to high temperature. The total number of microbial population in dry compost was measured and the range was 35000 to 90000 per gram compost. When
the temperature rises up to 65 0C during composting period, these pathogens are usually destroyed as they reach their thermal death point [33]. Total
faecal coliforms, and specifically E. coli, faecal Streptococci, Staphylococci, Salmonella and Shigella decrease greatly in numbers in MSW compost after the
compost reached temperatures above 55°C [34].

Table 5: Microbial Characteristics of compost

Parameter Value

1 Presence of E. coli Nil

2 presence of Salmonella Nil

3 Microbial population ( number/g air dry compost) 35000 - 90000

4.0. Conclusion

In the present study a complete characterization of municipal solid waste compost (MSWC) was done and compared with the standard values before using
for soil improvement and plant growth. The maturity tests confirmed that the MSW compost prepared from the solid wastes was matured, stable and good
for soil amendment. Physico-chemical analysis of compost from the point of view moisture content, pH, EC, organic matter, calcium, magnesium, total
phosphorus, total nitrogen, C/N ratio, sodium, potassium agreed with recommended standards The data presented in Tables 1 to 5 showed that MSW
compost prepared at the BAU field laboratory, Mymensingh by the solid wastes collected from Mymensingh pourashava was matured and stable, medium-
grade quality and the pathogens E. coli and Salmonella were absent in the compost which can be used as fertilizer or soil amendment without the risk of
soluble salts and heavy metal contamination, if the quality is maintained properly.

Annexed 1: Typical ranges of test parameters in quality compost

Test Parameter Range

pH 6.8-7.3

Soluble salts 0.35 - 0.64 dS m'! (mmhos cm?) (1:5v/v method)
Nitrogen 1.0-2.0%

Phosphorus 0.6 -0.9 %

potassium 0.2-0.5%

Moisture content 45-50%

Organic Matter 35-45%

Particle size passes 3/8” screen

Bulk density 900 -1,000 lbs/yd 3
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Source: Ohio State University fact Sheet; http://ohioline.osu.edu/anr-fact/0015.html
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