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ABSTRACT

Dhaka City produces tons of solid wastes everyday. Due to crude, unsanitary dumping
procedure these wastes in a disposal site have significant impacts on the soil, surface
water and ground water. In this study an attempt has been taken to analyze the
composition and leaching characteristics of solid waste at Matuail dumping site and to
assess the contamination of soil and surface water from this waste. Five types of samples
were collected to assess the contamination. These are (i) solid waste (ii) converted soil
(iii) natural soil (iv) leachate and (v) surface water. Solid waste samples collected
randomly from five different locations within the dumping site were analyzed for
parameters such as unit weight, moisture content, organic content, ash content and heavy
metals including Fe, Mn, Cd, Ni, Cu, Zn and Pb. Unit weight of solid waste varies within
the range of 667 kg!m3 to 750 kg!m3 and organic content varies from 26.98% to 44.36 %.
The average moisture content and ash content of the solid waste samples are in close
agreement with the results reported in the BCSIR, 1998. Among all the heavy metals
tested, the concentration of iron is the highest (9600 mg! kg), whereas cadmium
concentration is the lowest (0.804 mg! kg). The concentration of other heavy metal varies
as follows: iron > zinc > copper > lead > manganese > nickel > cadmium. Twelve
converted soil samples collected from four locations at the dumping site from different
depths (Le., at 0 ft, 1.5 ft, 3.0 ft) were analyzed for heavy metal concentration such as Fe,
Pb, Cu, Zn, Mn, Cd, and Ni. Three natural soil samples were collected from only one
location at different depths (i.e., 0 ft, 1.5 ft, 3.0 ft) to analyze the heavy metal
concentration and a comparison was made with the heavy metal concentration that found
in converted soil sample. It has been observed from the data that except for Fe,
concentration of all heavy metals in converted soil is significantly higher than that in
natural soils irrespective of depth. This finding shows that the converted soil, which is
formed due to dumping of wastes over the years, is highly contaminated with toxic
metals. Leachate collected from four points and the samples were analyzed to determine
the concentration of pH, color, TS, TSS, TDS, Fe, Pb, Cu, Zn, Mn, Cd and Ni. Leachate
from the dumping site flows into the surface water bodies around the dumping site and
then the surface water becomes polluted. Five surface water samples were collected from
the water bodies surrounding the dumping site and were analyzed for a wide range of
parameters such as pH, color, TS, TSS, IDS, DO, BOD5, COD, TC, FC, Fe, Pb, Cu, Zn,
Mn, Cd and Ni. Analyzed test results show surface water to be polluted from leachates
flowing into them. The concentrations of Color, DO, BOD5, COD, TC and FC found in
surface water show that this water is not suitable for any domestic purpose. TCLP tests
were carried out on five solid waste samples to study the leaching behavior of solid
wastes. The average concentration of heavy metals that leached during the TCLP tests
ranges from 6.74 mgIJ(134.86 mglkg) for zinc to O.oI mg!1(0.2018 mglkg) for cadmium.
According to TCLP results, maximum leaching was observed for manganese (about 33%)
and minimum for iron (about 1%). The high concentration of heavy metals in TCLP
extract only indicates that there is a great possibility of soil and ground water
contamination due to leaching of heavy metals from solid wastes. Matuail dumping site is
not properly designed to protect the environment from adverse impact of landfill gas and
leachate. Moreover, due to the unsanitary and crude dumping system, soil pollution,
surface water pollution etc. pose great threat to the public health. It may be cause of fire
explosions, vegetation damage, unpleasant odour and air pollution.
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CHAPTER-l

INTRODUCTION

1.1 GENERAL

Dhaka, the capital city has undergone a dynamic growth quite recently due to the

migration of rural people to the urban area. After the independence of Bangladesh

in1971, the role of Dhaka as the capital of a new nation simulated its growth as a

commercial and industrial center. The greater Dhaka today occupying an area about 558

Sq.Km. and includes several urban areas in the out skirts such as Narayangonj, Demra,

Uttara, Baridhara, Tongi, Mirpur and Savar out of which about 260 Sq.Km is in the

Dhaka City Corporation (DCC) area, (Bhuiyan et aI., 2002). The total population of

Dhaka city is nearly ten milIion (Bhuiyan et a!., 2002). The population of the city has

increased rapidly with a growth rate of 3.72 % per year (Salam, 2001). The population

density is very high with around 200 persons per acre. Recently, a number of newspapers

have reported that the old part of Dhaka city near Sutrapur is the most densely populated

area of the world (The Protom Alo, 2000). According to WB and BCAS 1998, the

estimated population of Dhaka City would be 25 million in 2020 (Salam, 2001). DMDP

predicts the population of Dhaka city to be around fifteen million in the year

2015(Chowdhury, 1998). There are more than 1000 small and large industries including

149 tanneries, and about 500 clinics and hospitals within Dhaka metropolitan area

(Islam, 2003). The huge population of Dhaka city directly or indirectly generates

thousands of tones of solid and liquid wastes everyday. This includes toxic, nontoxic and

hazardous wastes. Generally, four types of wastes are generated by the city dwellers.

These are residential waste, commercial waste, industrial waste and clinical waste.

According to a report of DMDP (1992) the total amount of solid wastes generated per

day in Dhaka City Corporation (DCC) area is about 4500 to 5000 tones although DCC
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estimates put this as 3500 tones (DeC, 2002). This waste comprises of 46.8% domestic,

21.8% street sweeping, 19.2%, commercial, 12.9% industrial, and 0.5% clinical wastes

(Salam, 2001). In DeC area the per capita rate of waste generation is 0.5 kg/d and

amount of residential waste is about half of total amount (Bhuiyan et aI., 2002). Solid

waste pollution causes vector borne diseases like typhoid, dengue, diarrhea etc. People of

waste dumping areas, the wastes pickers and the employees who work in landfill site

have four times more risk of developing bladder, lung and blood cancer or leukemia than

others (Huda, 2002). Effluents from industries like dying, chemicals, pharmaceutical and

paper and pulp are hazardous for health and environment. These effluents may leach into

the ground water to pollute it permanently. It may also bring about undesirable changes

in land use. The hospital and clinics of the city produce waste containing dangerous

elements. It is a mixture of toxic chemicals, radioactive elements and pathological

substances. A clinical waste that contains radioactive elements has volatile character with

high health hazard. Even after dumping the waste under soil, the hazardous volatile

organic compound may cause detrimental effects on health of the people living at around

the disposal site of the solid wastes. Plastic and polythene goods also cause problems

towards human health, environment and drainage system. Dec is responsible for

collection, transportation and final disposal of solid waste in Dhaka city area. Till now,

DeC has neither both any systematic waste management plan and the ordinance under

which it operates, nor has any provision for handling, collection, storage, transportation

and disposal of industrial, hazardous or clinical waste. For a long time, it is common

practice of Dee to dispose of solid waste to fill land in open low lying areas in Dhaka

but the whole process is executed in an unplanned and unscientific manner (Huda, 2002).

Due to high temperature and humid climate, this crude dumping goes under rapid

decomposition with the help of some microbial activities and causes odorous, obnoxious

environment and hazards in surrounding areas. DeC with its present capacity can collect

only half of the city's generated waste everyday and dumps at different designated areas

in an unplanned and unscientific manner (Huda, 2002). The dumping sites are located at
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Mirpur, Lalbag, and Matuail. Previously used dumping sites are Kulsi, Mirpur-chalkbari,

Mirpur-Gabtoli, Lalbag (Shoshan Ghat), Mugda para and Jatrabari. Proposed sites for

future dumping are located at Gazipur, Boliapur and Matuail extension (DCC, 2002).

Matuail is the largest one dumping site (The daily star, 2002).DCC does not adopt any

sanitary landfill technique for ultimate disposal of solid waste. The disposal operation at

the dumping sites is poorly organized, exposing the collection to crows as well

scavengers into direct contact with solid waste. Contamination of surface water and

passively groundwater by leachate produced at the dumping sites is a serious problem

due to this unplanned and unscientific disposal practice. Generation of potential toxic and

explosive gases within the dumping sites is another major concern. Liquid is present in

the waste and produced from the decomposition of the waste. Leachates typically contain

a wide range of dissolved organic and inorganic contaminants, including heavy metals. In

the absence of an impermeable layer beneath the landfill, leachates will flow both

horizontally and vertically downward direction and natural rainfall accelerates the

movement, resulting the contamination of both surface water and ground water.

Generation of leachate may continue for a long period of time, and thus the operating as

well as the old dumping sites can act as active sources of solid and ground water

contamination. Pollution of surface water bodies around the dumping sites from the

freely flowing leachates, especially during the rainy season, is another concern.

Around the dumping site a number of slums, small stalls are located. The inhabitant in

the region of dumping site use surface water, ground water for drinking, bathing and

other domestic purposes. The adjacent areas of the dumping site are also used as cropping

field by the local people. But they are not concerned about soil pollution, surface and

ground water pollution. Very limited works have been carried out to quantify the

contamination of soil, surface water and ground water due this dumping. In this present

study an attempt has been undertaken to investigate and quantify the soil, surface water

contamination around the solid waste dumping site.

3



1.2 OBJECTIVES OF THE STUDY

The overall objective of this research is to study the composition of solid waste at

Matuail dumping site and assess the contamination of soil (converted soil) and surface

water around the dumping site. Specific objectives of the research are as follows:

• Analysis of the composition of solid waste at the dumping site.

• Analysis of the surface water collected from around the dumping site to study the

probable contamination from leachate flowing into them.

• Study of leaching characteristics of solid waste at the dumping site.

o Analysis of the soil (converted soil) at the dumping site to study the presence of

heavy metals.

1.3 SCOPE OF THE WORK

Generally four types of wastes are generated by the city dwellers. These are produced

from residential, commercial, industrial and clinical activities. In Dee area the per.

capita rate of waste generation is 0.5 kg/d. For a long time it is common practice of the

city corporation to dispose solid wastes to fill land in open low lying areas in and around

Dhaka city. At present Dee use Mirpur, Lalbag, and Matuail site to dispose solid wastes.

Matuail is the only official landfill site (Dee, 2002). During land filling Dee does not

use sanitary landfill. Due to temperature, humid climate, these crude dumping go under

decomposition with the help of some microbial activities and causes obnoxious

environment and hazards in surrounding areas. As a result leachate produced by

infiltration of rainwater or surface water and creates pollution. In this study, Matuail has

been selected as the study area. Solid waste, leachate, soil sample and surface water

samples were collected from the site and analysed in the laboratory to assess the potential

contamination due to this dumping. This study would provide basic information such as
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characteristics of solid wastes, heavy metal concentration In solid wastes, leachate

characteristics of waste and pollution level in soil (converted soil), surface water in the

study area. This study would help to take decision for taking action plan to protect

environment and to save surrounding of dumping site considering pollution level using

these basic data from the study.

1.4 ORGANIZATION OF THESIS

The thesis consists of five chapters:

Chapter 1 includes general introduction, objective and scope of the study.

Chapter 2 includes literature review covenng types of solid waste, solid waste

management system, solid waste compositions, solid waste management in Dhaka City

and compositions, characteristics of leachate.

Chapter 3 titled "Methodology" provides information about study area, sample

collection procedure, and laboratory analysis of sample. This chapter also includes a brief

discussion about Toxicity Characteristics Leaching Procedure (TCLP).

Chapter 4 includes the analysis of the constituents of solid waste samples, soil samples,

leachate and surface water samples. The leachability of heavy metals from solid wastes is

also presented in this chapter.

Finally Chapter 5 provides a detail discussion on the result, summary of the findings and

recommendation for further study in this field.
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CHAPTER 2

LITERATURE REVIEW

2.1 INTRODUCTION

The increasing quantity of solid wastes in urban areas is a growmg environmental

problem in developing countries. A large volume of solid wastes are produced and poses

an enormous public health and environmental problem in most developing countries.

Unplanned and inadequate collection and disposal of solid wastes creates greatly to an

unhealthy environment. This chapter presents a detail description of composition of solid

waste, solid waste management system and leachate composition.

2.2 SOLID WASTES

Solid wastes are all the wastes arising from human and animal activities that are normally

solid and that are discarded as useless or unwanted. The common material of solid wastes

can be classified in several different ways. The point of origin is important in some cases,

therefore classification as domestic, institutional, commercial, industrial, and street,

demolition, or construction may be useful. The nature of material may be important, so

classification can be made on the basis of organic, inorganic, combustible,

noncombustible, putrescible, and nonputrescible fractions. But three general categories of

solid wastes are municipal solid wastes, industrial solid wastes and hazardous solid

wastes (peavy et aI., 1985).

2.2.1 Municipal solid wastes

Solid wastes that are generated in residential areas and commercial institutions are also

termed as municipal wastes. Classifications and general sources of materials comprising

municipal solid waste are given in the Table 2.1 and Table 2.2.
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Table 2.1: Classification of municipal solid waste (peavy et al., 1985).

Component Description

Food Wastes The animal, fruit, or vegetable residues (also called garbage)

resulting from the handling, preparation cooking and eating of

foods. Because food wastes are putrescible , they will

decompose rapidly, especially in warm weather

Rubbish Combustible and noncombustible solid wastes, excluding food

wastes or other putriscibe materials. Typically, combustible

rubbish consist of materials such as paper, cardboard, plastics,

textiles, rubber, leather, wood, furniture, and garden trimmings.

Noncombustible rubbish consists of items such as glass,

crockery, tin cans, aluminum cans, ferrous and nonferrous

metals, and dirt and construction wastes.

Ashes and residues Materials remaining from the burning of wood coal and other

combustible wastes. Residues from power plants normally are

not included in this category. Ashes and residues are normally

composed of fine, powdery materials, cinders, clinkers, and

small amounts of burned and partially burned materials.

Demolition and Wastes from raised buildings and other structures are classified

construction wastes as demolition wastes. Wastes from the construction,

remodeling and repairing of residential, commercial and

industrial buildings and similar structures are classified as

construction wastes. These wastes may include dirt, stones,

concrete, bricks, plaster, lumber, shingles, and plumbing,

heating, and electrical parts.

Special wastes Wastes such as street sweepings, roadside litter, catch-basin

debris, dead animals, and abandoned vehicles are classified as

special wastes.

Treatment plant The solid and semisolid wastes from water, wastes water and

wastes industrial waste treatment facilities are included 10 this

classification.
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Table 2.2: General sources of municipal solid wastes (Peavy et al., 1985).

Source Typical facilities , Types of solid wastes

activities, or locations

wastes are generated

Residential Single-family and Food wastes, rubbish,

multifamily dwellings, ashes, special wastes

low-medium and high-rise

apartments etc

Commercial Stores, restaurants, Food wastes, rubbish,

markets, office buildings, ashes, demolition and

hotels, motels, print shops, construction wastes,

auto repair shops, medical special wastes,

facilities and institutions, occasionally hazardous

etc. wastes

Open areas Streets, alleys, parks, Special wastes, rubbish

vacant lots, playgrounds,

beaches, highways,

recreational areas, etc

Treatment plant sites Water, wastewater and Treatment plant wastes,

industrial treatment principally composed of

processes, etc residual sludge.

2.2.2 Industrial Wastes

Industrial wastes are those wastes arising from industrial activities and typically include

rubbish, ashes, demolition and construction wastes, special wastes, and hazardous wastes.

Main sources of industrial wastes are factories, power plants etc. Composition of

industrial wastes is food-processing wastes, boiler house cinders, lumber scraps, metal

scraps, and shavings etc.

8



2.2.3 Hazardous Wastes

Wastes that pose a substantial danger immediately or over a period of time to a human,

plant, or animal life are classified as hazardous wastes. A waste is classified as hazardous

if it exhibits any of the following characteristics: (I) ignitability, (2) corrosivity, (3)

reactivity, or (4) toxicity.

Ignitability: Ignitability is that characteristics of waste that could cause it to cause it to

catch fire in the process of transport, storage, treatment, and disposal. Examples of this

type of waste are oil and solvents and flammable gases such as methane.

Corrosivity: The characteristic of corrosivity is given to a waste that has either a very

high pH or a very low pH. Substances and wastes of these pH levels are naturally

corrosive, hazardous, and dangerous. Specifically a waste of pH equal to or less than 2 or

equal to or greater than 12.5 has hazardous characteristics of corrosivity.

Reactivity: With respect to rate of reaction, a reactive waste is synonymous with

unstable waste. Due to its extreme rate of reaction, an unstable waste can create an

explosive condition at any stage of the management cycle of transport, storage, treatment

and disposal. Hence reactive wastes are hazardous waste.

Toxicity: A toxic substances is a poisonous substance and a poisonous substance has to

be hazardous. Hence a waste that possesses the characteristics of toxicity is a hazardous

waste.

In the past, hazardous wastes were often grouped into the following categories (I)

radioactive substances, (2) Chemicals; (3) biological wastes (4) flammable wastes, and

(5) explosives. The chemical category includes wastes that are corrosive, reactive, or

toxic.
The principal sources of hazardous biological wastes are hospitals and biological research

facilities. Hazardous wastes are generated in limited amounts throughout most industrial

activities. In terms of generation, the concern in with the identification of the amounts

and types of hazardous wastes developed at each source, with emphasis on those sources
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where significant waste quantities are generated. Unfortunately very little information is

available on the quantities of hazardous wastes generated in various industries.

The spreading of hazardous wastes by spillage must also be considered. The quantities of

hazardous wastes that are involved in spillages usually are not known. After a spill, the

wastes requiring collection and disposal are often significantly greater than the amount of

spilled wastes, especially where an absorbing material, such as straw, is used to soak up

liquid hazardous wastes or where the soil into which a hazardous liquid wastes has

percolated must be excavated. Both the straw and the liquid and the soil and the liquid are

classified as hazardous wastes.

The hazardous waste is collected in sealed containers to deliver it to a treatment or

disposal facility. The processing of hazardous waste is undertaken for recovering useful

materials and for preparing the waste for disposal. The treatment of such waste can be

accomplished by physical, chemical, thermal or biological means depending upon the

nature of wastes. Most hazardous wastes are disposed of either near the surface or by

deep burial. In some cases, they are disposed into controlled sanitary landfill sites..

2.3 COMPOSmON OF SOLID WASTES

The general composition of solid wastes generated due to different activities is of critical

importance in the design and operation of solid waste management system. It is however,

difficult to obtain reliable data for composition of solid wastes generated at different

places. This is primarily because most data are based on measurements of wastes at the

disposal site. In most cases, only a fraction of wastes generated are collected, and

therefore data based on measurements of collected wastes only is not representative of

composition. The composition of solid waste was analyzed in various studies in different

locations and tried to give an acceptable composition. Waste composition may be

classified in two ways; these are physical composition and chemical composition.
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2.3.1 Physical Composition

Physical composition describes physical part of various components of solid wastes by

weight or by volume. Physical composition of solid wastes can be analyzed by

considering the following factors:

individual components that make up solid wastes;

particle sizes;

moisture content of wastes;

density of solid wastes.

These characteristics vary considerably from country to country and even from place to

place with a country depending upon standard of living urbanization, industrialization

and many other factors. A number of studies have been conducted [Ahmed (1993),

Rahman (1993), BeSIR (1998), Dee (1999) etc.] to determine the composition of solid

waste generated in Dhaka city. Be SIR (1998) collected solid waste samples from

residential, commercial and industrial areas as well as mixed samples from the dumping

locations in order to determine their composition. DeC (1999) concentrated its study on

residential solid waste and determined its composition for different income groups of

population. Typical composition of solid wastes from developing and industrialized

countries is shown in the Table 2.3.

Table 2.3: Composition of solid wastes from developing and industrialized countries

(Cairn cross and Feachem, 1993) "lFRD and Bcsm (1998)

Waste components India Bangladesh(Dhaka) Europe
(% by weight) (%by weight) (% by weight)

Food and vegetable wastes 75 70 30

Paper products 2 4 27

Plastics I 5 3

Rags 3 - 3

Metals 0.1 0.13 7

Glass and ceramics 0.2 0.25 11

Wood - 0.16 -
Garden wastes - 11 4-6

Others(stones, dirt etc.) 7 5 3

Moisture content 22-32 65 15-35
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Ahmed (1993) in his report showed that domestic waste mainly contains 84.37% food

waste in residential area and 79.49% in commercial area. The analysis of waste

composition is shown in Table 2.4..

Table 2.4: Physical analysis of waste composition in residential and commercial area

(Ahmed, 1993)

Constituents Residential area % by Commercial Area % by

drywt drywt

Food waste 84.37 79.49

Paper 5.68 9.22

Plastic 1.94 1.48

Cloths 1.83 1.59

Glass Metal and etc 0.38 10.22

Composition of solid waste also varies with income generation. Table 2.5 represents

physical composition of solid waste of different income group of Dhaka City.

Table 2.5: Physical composition of solid waste of different income group of Dhaka

City. (Rahman, 1993).

Constituents High Income Area Low and Medium Income

Area

Food waste 82.15 88.65

Paper 7.33 5.2

Tin can 1.87 -
Plastic Rubber 1.23 0.69

Glass and Ceramic 1.83 2.43

Metal and Wood 3.57 2.43

Textile and Leather 1.92 1.25
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Enayetullah et aI., (2000) also estimated physical composition of wastes of different area

and are given in Table 2.6. These results are comparable with those in other developing

countries as shown in Table 2.7(Rahman et aI., 2002).

Table 2.6: Physical composition of solid waste of different income group of Dhaka

City (Enayetullah et al., 2000).

Constituentffype of Waste Type (% by dry weight)

area

Mixed Residentia Commercial Industrial Waste from

area area area area disposal sites

Food and vegetable 70.12 59.91 62.05 26.37 66-82

waste

Paper 4.29 11.21 6.28 7.59 1-5

Plastics and rubber 4.71 17.67 4.62 6.01 1-6

Textiles 4.57 - 18.93 46.2 1-5

Metals 0.13 0.15 0.28 - 6-23

Glass and ceramics 0.25 - 0.37 -

Wood 0.16 - - -

Garden waste, tree, 10.76 8.76 2.86 4.32

trimmings, straw

Rocks, dirt and misc. 5.01 2.30 4.62 9.49
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Table 2.7: Comparison of physical composition of solid waste in developed and

developing countries. (Rahman et aI., 2002)

City/Country Organic! Paper Metal Glass Plastic! Textiles Miscellaneous

putriscible Rubber

Bangalore, 75.2 1.5 0.1 0.2 0.9 3.1 19.0
India

Kathmandu, 65.6 7. 2.2 3.1 5.4 1.7 -
Nepal

Manila, 45.5 14.5 4.9 2.7 8.6 1.3 27.5
Philippines

Abu Dhabi 49 6.0 8.0 9.0 12.0 - 16.0

Qatar 53.3 17 4.3 3.1 15.0 - 6.6

Thadan, 76 6.6 2.5 0.6 4.0 1.4 8.9
Nigeria

Asuncion, 60.8 12.2 2.3 4.6 4.4 2.5 13.2
Paraguay

Mexico city, 59.8 11.9 1.1 3.3 3.5 0.4 20.0
Mexico

United 28 37 9.0 9.0 2.0 3.0 12.0
Kingdom

United states 22.9 38.5 7.7 5.5 9.9 6.8 8.6

Japan 32 38 6.0 7.0 11.0 - 6.0

France 25 31 6.0 12.0 10.0 - 16.0

Switzerland 27 28 3.0 3.0 14.0 - 25.0
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BKH (1986) conducted a survey in old Dhaka city and analysed this domestic waste in

BCSIR lab and results found are sown in Table 2.8. From BKH results it is found that for

pucca house, food waste is 83%, paper and cardboard is 10.5%, and for kutcha house

food waste is 90.7%.

Table 2.8: Domestic waste analysis by BCSm (BKH, 1986)

Material Fraction of waste (% by weight)

Pucca Semi pucca Kutcha

Vegetable Material 83.0 - 90.7

Inert material 4.2 - 6.0

Paper and card 10.5 83.0 2.0

board

Glass 0.3 6.0 Nil

Metal 0.2 1.8 O.S

Plastic 0.2 Nil Nil

Textiles 1.1 1.8 0.6

Wood 0.1 0.2 0.1

Straw 0.3 0.6 0.1

Bone 0.1 0.1 0.1

Total 100 100 100

2.3.2 Chemical Composition

The chemical composition of solid wastes is important in evaluating alternative

processing and energy recovery options. The following are the properties that require

analyses if solid wastes are to be used as resources.

a) Proximity analysis:

moisture (loss at lOSoCfor I hour)

volatile matter (additional loss on ignition at 9S0°C)

ash (residue after burning)

fixed carbon(remainder)
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b) Ultimate analysis:

percent of carbon (C)

percent of hydrogen (H)

percent of oxygen (0)

percent of nitrogen (N)

percent of sulphur (8)

ash

c) Ash analysis:

-fusing point of ash

-ash residue

d) Energy value:

-as discarded basis

-dry basis

-ash-free basis

Rahman (1993) found from chemical composition analysis, 45.5% moisture content from

domestic refuses and 57.2% fixed residues. Chemical composition of wastes that was

found in various researches is shown in Table 2.9.

Table 2.9: Chemical composition of waste generated in Dhaka City

Constituents Refuse from Domesti Market Mixed Residential Commercial
disposal site refuse waste refnse waste waste
(Rahman, (Rahman (Rahman, by Islam (Rahman, (Rahman,

2002) 1993) 1993) in 1992 2002) 2002)
(BCSIR,
1998)

Moisture content 47-55 45.3 53.6 95.31 66.4 56.3

Fixed residue 52.2-59.2 57.2 55.6 83.37 44.8 46.3

Organic carbon - 22.6 25.7 21.84 23.9 24.9

Organic nitrogen N(%) 0.4-0.6 0.41 0.36 0.39 0.52 0.41

Phosphorus, P (%) 0.0-0.05 0.05 - 0.94 0.67 0.27

Potassium (K) 0.0 - - - - -
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2.4 SOLID WASTE MANAGEMENT

The increasing quantity of solid wastes is a growing environmental problem in

developing countries. Compared to cities and towns of industrialized countries, those of

developing countries generate less solid wastes per capita because, in developing

countries, people have less purchasing power and therefore consume less, there is less

industrial activity and there is a very high rate of reuse of solid wastes by the poorer

sections of the community (Cairn cross and Feachem, 1993). However unplanned and

inadequate collections of solid wastes and unsanitary disposal contribute greatly to an

unhealthy environment.

Solid waste management has so far been the most ignored and least studied area in

environmental sanitation in most developing countries, but recently the concerned

agencies have began to consider this area to be an inseparable component of improved

public health. Until recently collection and disposal of solid wastes was considered to be

the only technical and economic option in the management of these wastes. The

technology of resource recovery and recycling was not considered as a viable

management option (Lohani et aI., 1984). However in most developing countries the

possibility of integrating organized and hygienic scavenging for resource recovery and

recycling is now being considered for the following reasons:

• the present waste management systems are not appropriate for many developing

countries and also not adequate to prevent serious environmental pollution; and

• there is a need to conserve scarce and expensive resources.

There has been considerable concern expressed about energy, resources and pollution

crises, both in developed and developing countries. It is now recognized that energy

demands, resource limitations and environmental pollution are closely linked and.

recycling can make a contribution to the solution of all three problems (Barton, 1979).

The activities involved with the management of solid waste from the point of generation

to final disposal have been grouped into six functional elements namely (i) Waste

generation (ii) On-site handling, Storage and Processing, (iii) Collection, (iv) Transfer
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and Transport (v) Processing and Recovery, and (vi) Disposal. Fig 2. I represents the

relationship among six functional elements of solid waste management system.

Transfer and
Transport

Disposal

Processing and
Recovery

Fig 2.1: Functional element of solid waste management system (Peavy et al., 1985)

2.4.1 Waste Generation

Waste generation involves those activities in which materials are identified as no longer

being of value and are either thrown away or gathered together for disposal. The sources

of solid waste include (i) Residential (ii) Commercial (iii) Municipal (iv) Industrial (v)
Open areas (vi) Treatment plants and (vii) Agricultural, etc.

Factors that affect generation rate are (i) Geographic location (ii) Season of the year (iii)

Frequency of collection (iv) Use of home grinders (v) Characteristics of population (vi)

Extent of salvage and recycling (vii) legislation and (viii) Public attitudes (peavy et aI.,

1985). Solid waste is generated from various sources, like household activities,

commercial activities, industrial activities, clinical activities, street sweeping, and

treatment activities etc. but the primary sources of solid waste are (I) Residential (2)

commercial (3) Open areas, and (4) Treatment plants sites (peavy et aI., 1985).
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2.4.2 Onsite handling, storage and processing

The handling, storage and processing of solid wastes at the source before they are

collected is the second of the six functional elements in a solid -waste management

system. Those activities associated with the handling storage and processing of solid

waste at or near the point of generations.

Onsite handling

Onsite handling refers to the handling of solid wastes until they are placed in the

containers used for them storage before collection. Depending on the type of collection

service, handling may also be required to move loaded containers to the collection point

and to the return the empty containers to the point where they are stored between

collections. An important task that can be accomplished during this onsite handling is the

separation of different components of solid wastes. Solid waste component can be

separated either at the source by the producer of the wastes or at the disposal facility by

collection or disposal crews or by scavengers. Separation at the source has obvious

advantages both in terms of costs and resource recovery.

Domestic Solid waste: Typically, domestic wastes accumulated at several locations in

and around low and medium rise residential dwellings are placed in larger storage

containers to await removal by waste collection agency. Where curb collection is used the

resident is also responsible for placing the loaded larger containers at the curbs and for

returning the empty containers to the storage location next to or in the dwelling in high-

rise apartments wastes are (1) picked up by building maintenance personnel or porters

form each floor and taken to basement service area, (2) taken to the basement service area

by the tenants, or (3) bagged and placed by the tenants in specially designed chutes with

openings located at each floor.

Commercial and Industrial Solid Wastes: In most office, commercial and industrial

buildings , solid wastes that accumulate in the offices or work locations usually are

collected in relatively large containers mounted on rollers. Once filled, these containers
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are removed by means of service elevator, if there is one, and emptied into (I) large

storage containers (2) compactors used in conjunction with the storage containers (3)

Stationary compactors that can compress the material into bales or into specially designed

containers, or (4) other processing equipment such as incinerators.

Onsite storage

Factors that must be considered in the onsite storage of solid waste include (1) the type of

container to be used (2) the container location (3) public health and aesthetics and (4) the

collection method to be used.

Containers: To a large extent, the types and capacities of containers used depend on the

characteristics of the solid wastes to be collected, the collection frequency and the space

available for the placement of containers. The types and capacities of containers now

commonly used for on-site storage of solid wastes are small capacity plastic or metal or

galvanized metal. Barrel plastic or metal or aluminum or fibber disposal plastic bags

typical size-120L medium capacity side or top loading 0.25-9M3
, large capacity - open

top roll off debris box) used with stationery compactor equipped with self-contained

compactions mechanism; trailer mounted open top 27 m3
.

Container locations: In new residential areas, containers for solid waste usually are

placed by the side or rear of the house. In older residential areas containers are located in

alleys. In high-rise multifamily apartment large containers are often placed in specially

designed and designated enclosure. In high-rise apartments storage containers are located

in a basement or ground floor service area.

Onsite processing of solid wastes

On-site processing methods are used to recover usable materials from solid wastes to

reduce the volume, or to alter the physical form. The most common processing operations

include manual sorting compaction, and incineration.
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Fig 2.2: Large demountable steel containers placed at designated locations (Ahmed

et a!., 2000).

2.4.3 Collection

The term collection includes not only the gathering or picking up of solid waste from the

various sources, but also the hauling of these waste to the location where the content of

the collection vehicles are emptied.

Collection of solid wastes in urban areas is becoming a difficult and complex task. The

primary reason is that the generation of solid waste is a diffuse process that occurs in a

variety of places including individual homes, multi-storied apartment building,

commercial and industrial facilities, as well as streets, parks and even the vacant areas of

every community.

With the increase of the total quantity of solid wastes the collection yask becomes even

more critical because of the high cost of fuel and labour. It is estimated that 60-80% of

the total cost of solid waste management is spent on the collection phase alone. Hence, a
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small percentage improvement in the collection operation can lead to a significant saving

in the overall cost.

Method of collection of solid wastes

There are several methods used for collection of solid wastes: (1) communal collection

(2) block collection (3) curb-side collection (4) house-to-house collection

Community Collection

In this system, the householders carry their wastes to solid waste bins or similar facilities

situated at specific locations and deposit wastes there. Solid waste collection trucks visit

these locations at regular intervals and collect and haul the accumulated waste to

treatment or disposal sites. The principal advantage of this method of collection is that it

reduces considerably the number of collection points.

Fig 2.3: Typical communal storage bin (Ahmed et aI., 2000).
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Block collection

In the block collection system, a collection vehicle travels over a selected route at a

specific time of the day, usually two or three days a week. The householders bring their

wastes and hand them over to the truck labourer, who collects the waste in the vehicle

and returns containers to the house holders. The success of this method depends on the

punctuality of vehicle and attitude of people. This method is not suitable for people who

will not be available when the vehicle comes.

Curb-side collection

In this system, the householders leave the wastes in containers or disposable bags on

kerb-side or on the foothfath on a preselected day according to a collection schedule. The

truck crews empty the wastes into the collection vehicle and return the container to the.

spot.

The method will only be successful only if relevant authorities can provide well-

organized regular service. Sometimes animals or rag pickers my scatter the waste kept on

the curb-side.

House-to--house collection

In this service, the householders store wastes in a bin, basket or bag within their house

premises. Waste collection workers collect the bin, basket or bag, empty it into the

collection vehicle and return containers to the premises. The collection vehicle may be a

haml/ push cart, rickshaw van or small trucks that may be used to transport wastes to a

contemporary storage site. This type of service is aesthetically and environmentally more

satisfactory but comparatively more expensive than other types of service.
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Fig 2.4: Manually driven rickshaw va us for house-ta-house waste collection (Ahmed

et al., 2000).

Collection systems equipment and labor requirements:

Types of collection system

Solid waste collection system may be classified from several points of view, such as the

mode of operation, the equipment, used and the types of waste collected. According to

the mode of operation into two categories (1) hauled container system (2) stationery

container system

Hauled container system (HeS)

These are collection system in which the container used for the storage of waste are

hauled to the disposal site, emptied and returned to either, their original location or some

other location. Hauled container system is ideally suited for removal of waste from

sources where the rate of generation is high because relatively large container is used.
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Another advantage of hauled container system IS their flexibility, containers of many

different sizes and shapes are available for collection of all types of

wastes.

Pickup loaded contalnor

Truck from dispatch
•\allon

j Haul empty containOf to
origInal pickup locaUon

Deposit empty containor

Tl'\Jck to
dispatch 5tatiOfl ..

Tran$fer atatlon. proees15ing station
or dIsposal z:dte (contonts of c;ontalner
empted, s)

Fig 2.5: Haul container system (Ahmed et al., 2000).

Stationary container system

These are collection system in which containers used for the storage of waste remain at

the point of generation, except for occasional short trips to the collection vehicle.

Stationary container system may be used for the collection of all types of wastes. The

systems vary according to the type and quantity of waste to be handled, as well as the

number of generation points. There are two main types (I) system in which self loading

compactors are used and (2) system in which manually loaded vehicles are used.

Orlve empty collocUon
t6hic1e to bringing ~
of next colledkm route
or retum 10 dispatch statlon

Solid wastes
pickup locatjO~

Empty collection
vehicle from dispatch
station. t,

Load contents nom container (s) at pickup
location into collection vehido uc
;; Dnve to noxt pickup location

I J 3 4

Collection route

Transfor station procossing
station or disposal site

Drive loaded cal1ecti,
vehicle to disposal si

Fig 2.6: Stationery container system (Ahmed et al., 2000).
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Collection system according to type of waste collected

The collection system may be classified according to type of waste collected as (1)

Residential collection service and (2) Commercial -industrial collection service and (3)

Communal collection services.

(1) Residential Collection Service

Low-rise Detached Dwellings -the most common Types of residential services used are

(1) curb (2) ailey (3) Set out-set back (4) set-out and (5) backyard carries.

-Where curb service is used, the homeowner is responsible for placing the containers to

be emptied at the curbs on collection day and for returning the empty containers to their

storage location until the next collection.

-Where alleys are part of the basic layout of a city or a given residential area alley storage

of containers are setout from homeowner property and

- set back service after being emptied by additional crews that work in conjunction with

the collection crews responsible for loading the collection vehicle.

-Set out service is essentially the same as set out-setback service except that the home

owner is responsible for returning the containers to their storage location.

-In backyard carry service, the collection crew is responsible for entering the

homeowner's property and removing the waste from the storage location.

Methods of loading the collection vehicle may be classified as either manual or

mechanical. Methods commonly used for residential wastes includes (1) the direct lifting

and carrying of containers. (2) the rolling ofloaded containers on their rim (3)the use of
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small lifts for rolling the containers to the collection vehicle, and (4) the use of large

containers ("tole") or drop cloths into which waster from small containers are emptied

before beings carried and or rolled to the collection vehicle.

Where collection vehicles with low loading heights are used wastes are transferred

directly from the contairiers in which they are stored or carried to the collection vehicle

by the collection crew. In some cases where open body are used crew members stationed

on the truck will lift the loaded container into the truck with the help of the collectors on

the ground, empty the container, and return it to the collectors on the ground.

(2) Commercial- industrial services

The collection service provides to large apartment buildings and commercial activities

typically are centered on the use of large moveable and stationary containers and large

stationary compactors.

(3) Communal collection services

In this system householders discharge their waste into the communal bin at specific

locations over a considerable distance and refuse collection vehicle collects the

accumulated waste at a frequent interval, usually once in a day. In most of the third world

countries this type of collection system is followed.

2.4.4 Transfer and transport

The functional element of transfer and transport refers to the means, facilities, and

appurtenances used to affect the transfer of wastes from relatively small collection

vehicle to large vehicles and to transport them over extended distance to either processing

centers as disposal sites. Transfer and transport operations become a necessity when haul

distances to available disposal sites or processing centers increase to the point that direct

hauling is no longer economically feasible. Factors that tend to make the use of transfer

27



operations attractive include (I) The presence of illegal dumps and large amounts oflitter

(2) The location of disposal site relatively far form collection routes (typically more than

10 mile) (3) The use of small - capacity collection trucks (generally under 20 yd3), the

existence of low density residential areas (4) the widespread use of use medium -sized

container for the collection of waste from commercial sources and (5) use of hydraulic or

pneumatic collection system. Transfer and transport operations became a necessity when

haul distance to available disposal site or processing centers increases to the point that

direct hauling is no longer economically feasible.

Transfer stations

Important factors that must be considered in the design of transfer stations include:

(1) Type of transfer operation to be used (2) capacity requirements (3) equipment and

accessory requirements and (4) environmental requirements.

Types of transfer station

Depending on the method used to the transport vehicles, transfer stations may be

classified into three types: (I) Direct discharge (2) Storage discharge (3) combined direct

and storage discharge.

Direct discharge

In the direct-discharge transfer station, wastes from the collection vehicles usually are

emptied directly into the vehicle to be used to transport them to a place of final

disposition. To accomplish this, these transfer stations usually are constructed in a two-

level arrangement. The unloading dock of platform from which wastes from collection

vehicles are discharged into the transport trailers is elevated, or the transport trailers are

located in a depressed ramp. Direct discharge transfer stations employing stationary

compactors are also popular.
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Storage discharge

In the storage-discharge transfer station, wastes are emptied either into a storage pit or

onto a platform from which they are loaded into transport from which they are loaded

into transport vehicles by various types of auxiliary equipment. In storage -discharge

transfer station, the storage volume varies from about one-half to two days' volume of

wastes.

Combined Direct and Storage Discharge

In some transfer stations, both direct-discharge and storage-discharge methods are used.

Usually, these are multipurpose facilities designed to service a broader range of users

than a single-purpose facility. In addition to serving a broader range of users, a

multipurpose transfer station can also house a materials salvage operation.

24.5 Processing and recovery

The main purposes of processing to improve the efficiency of operation, to recover

resources and to recover conversion products and energy. Important processmg

techniques used routinely in municipal solid-waste system includes: compaction, thermal

volume reduction (incineration) and manual separation of waste components.

2.4.6 Disposal

The solid wastes that are collected and have no further use must be disposed properly.

There are many alternative waste disposal methods which may be employed. Solid waste

for disposal can go directly to open dumps or sanitary landfills and indirectly to

incineration or composting. Composting or incineration usually but not always, involve

the use of high cost capital plant and equipment that needs skilled management and labor
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and is also costly to operate .Waste disposal on land has always been the lowest cost

disposal option. The sanitary landfill method is an engineered burial of refuse.

Rubber.Tired Front End
Loader

--~-
Crawler Tr.lclOT

-~

Front-End Loader - Tr.lcked
With Bull clam

Motor Grader

Drag Line

1::1ll1hMover (Scraper)

Sleel.\ .•••.hceled Com08clor

Fig 2.7: Sanitary landfill equipment (Davis et al., 1998).

The term sanitary landfill means an operation in which the waste to be disposed of are

compacted and covered with a layer of soil at the end of each days operation. The factor

that must be considered in evaluating potential solid waste disposal site includes (I)

available land area (2) impact of processing and resource recovery (3) haul distance (4)

soil condition and topography (5) Climatologically conditions (6) Surface water

hydrology (7) geologic and hydrologic condition (8) local environmental condition (9)

Potential ultimate use for the completed site.

There are generally two methods of sanitary landfilling: i) the area method and ii) the

trench method.
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The area method is used when it is impossible to excavate, especially when the ground

water table is high. In this method wastes are spread and compacted on the surface of the

ground. Cover material is then spread and compacted over the layer of waste. The area

method is suitable on flat and gently sloping land. This method is also applicable to

quarries, strip mines, ravines, valleys, canyons or other land depressions.

Porloble FfHIC.~ to
C •.ttc..;hHlu'lNioH

Papnr

Fig 2.8: Sanitary land filling; the area method (Davis et aI., 1998).

The trench method involves the excavation of a trench. The waste is then placed into the

trench, spread and compacted. The excavated soil serves as cover material. Trench

method is suitable for sites that have a flat or gently rolling surface, a low ground water

table, a thick soil layer.

&llffB'f.JH1,rIRlfiRRtm&
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Fig 2.9: Sanitary landfilling; the trench method (Davis et aI., 1998).
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All sanitary landfills consists of element known as 'cells' A cell is built by spreading and

compacting the solid waste into layers within a confined area. At the end of each working

day, or during the as well, the soil cover also is compacted. The compacted waste and its

daily soil cover make up a cell. A series of adjoining cells at the same elevation constitute

a 'lift'. A completed fill may consist of one or several lifts.

6 in, intcnncdialc
cover

3: 1 typical :slope

Cell.""idlh
variable

Landfill liner syslem

Cell

6 in, intennedi"lIe
cover

Final cell

Final
~ cover system

Bench (tCIT3cc)
as required

Fig 2.10: Typical sectional view of a sanitary landfill (Davis et al., 1998).

Basic Aspects in Landfill Implementation

Implementing the landfill method of disposing of solid wastes should consider five basic

aspects: site selection, leachate control, gas control, operation plan, and permit

application. (Sincero et aI., 1999)

Design of landfills

Two important factors In the design of landfills are lifespan and area. These are

determined by some parameters such as depth of the fill, quantity, rate of delivery, and

the characteristics of solid waste and operating practice. Determination of the size of the

site must include two elements such as gross area and useful fill area. Gross area is the

total area within the boundary of the landfill. Useful fill area excludes the area that will

be taken up by buffers, access road, and soil sock piles. Useful fill area may be in the
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range of 50-80% of the gross area. The cells are designed based on the quantity of waste

requiring disposal. The basic elements of a cell are height, length, width of working face,

slope of side walls, and thickness of daily cover. The height of a daily cell is a function of

the quantity of waste, thickness of daily cover, stability of slopes, and degree of

compaction. Typical heights vary between 2 and 4 meters. The minimum width of the

cell or minimum width of the working face depends upon the type of equipment used.

The minimum width of the cell is about 2 to 2.5 times the width of the blade used for

building the cell.

2.5 SOLID WASTE MANAGEMENT SYSTEM IN DHAKA CITY

People of various areas of Dhaka city lack many urban services, including solid waste

management and water supply. The adverse environmental impact of solid waste is a

major public concern, not only in Dhaka but also in other cities and municipalities. The

Dhaka metropolitan area (DSMA) of about 1,530 sq km includes Dhaka city Corporation

(DCC) and four other adjacent municipalities -Tongi, Gazipur, Savar and Narayanganj.

Dhaka city corporation is responsible for solid waste management within its jurisdiction,

an area about 360 sq km with an estimated population of about 7 million (DCC, 1999).

Dhaka City Corporation is functioning on the basis of Dhaka Municipal Corporation

Ordinance XL 1983. The relevant sections for removal, collection and disposal of refuse

collection are as follows;

• 78( I) The Corporation shall make adequate arrangement for removal of refuse

from all public streets; public latrines, drains, and all buildings and land vested in

the corporation and for the collection and proper disposal of such refuse.

• 78(2) the occupiers of all building and lands within the corporation shall be

responsible for removal of refuse from such buildings and lands subject to the

general control and supervision of the corporation.
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Fig 2.11: The existing organogram ofDCC (Salam, 2001)
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Table 2.10: Dhaka City Corporation (DCC) zones and areas under each zone (BCAS, 1998)

DCC Zone No. DCCward No. Area under zone

Zone No-l 30,75,76,77,80,81,8 Dayagonj, Dhalpur, Dholaikal, Gandaria, Golapbag,

2,83,84,85,86,87,88 Gopibag, Hatkhola, jatrabari, jurain, Postagola,

,89,90 Rahamatganj, Wari

Zone No-2 66,67,68,69,70,71,7 Banglabazaar, Chakbazaar, Green road, Kaptanbazaar,

2,73,74,78,79 Lalkuthi, Laxmibazaar, Mitford hospital, Nayabazaar,

Patuatuli, Sadarghat, Shyambazaar, Thataribazaar,

Wiseghat

Zone No-3 48,58,59,60,61,62,6 Azimpur, Bokshibazaar, Chankharpul, Hazaribag,

3,64,65 Jigatola, Lalbag, palashi

ZoneNo-4 22,23,24,25,26,27,2 Bashabo, Fokirerpul, Goran, Kamalapur, Mugda,

8,29,31,32,33,34,35 Khilgaon, Malibag, Motijheel, Muradpur, Rampura,

,36 Razarbag, Shahjanpur, Shantinagar

Zone No-5 49,50,51,52,53,54,5 Banglabazaar, DMCH, Dhanmondi, Eskaton, Elephant

5,56,57 road, Gulistan, Hatirpul, Kakrail, Paltan, Kalabagan,

Magbazaar, Nevnnarket, Shahbag

Zone No-6 39,40,42,43,44,45,4 Farmgate, Kallyanpur, Kaw ranbazaar, Lalmatia,

6,47 Mohammadpur, Nakalphara, Rayerbazaar, Razabazaar,

Shyamoli, Shangshad Bhaban

Zone No-7 9,10,11,12,13,14, Aminbazzar, Mirpur-lO, II, 12, Monipur, Ibrahampur,

16,41 Kachukhet, Paikpara, Senpara

Zone No-8 2,3,4,5,6,7,8,15 Mirpur-l,2,6,7,8

Zone No-9 17,18,19,20,21,37,3 Badda, Banani, Baridhara, Gulshan, Khilkhet,

8 Mohakhali, Tejgaon, Joarshahara

Zone No-1O 1 Dhakshin Khan, Uttara
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Fig 2.12: Administrative Zone of Dhaka City Corporation (Ban, 2003)

Dhaka City Corporation is responsible for collection, transportation and final disposal of

solid waste in Dhaka City. The collection and transportation system of DCC, however,

has serious limitations associated with planning, management, operation and maintenance

and resource constraints. As a result, large quantities of solid waste remain uncontrolled

for long periods of time, leading to public health concerns and environmental

degradation. The crude dumping of solid waste in low-lying areas also has serious

environmental consequences: air, surface, as well as possible ground water pollution.

2.5.1 Waste generation in Dhaka City

Reliable estimates of solid waste generation from different sources (e.g., residential,

commercial, industrial, hospital and clinical) are also important pieces of information that

could help in the development of good management system. Several consultants and

agencies have studied the amount of solid waste generation in DCC area in the period of

1986 to 1991. The comparison of various studies is shown in Table 2.11.
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Table: 2.1l.The comparison of various studies of waste generation. (DMDP, 1992)

(Typical 24 hours collection, disposal)

Year Data source Waste Waste landfill Assumed
generation (tons) collection
(tons) (%)

1985-96 BKH 1040 520 50%

1985 DCC 1776 888 50%

1990 LBl 2500 1250 50%

1990 WHO 2210 1105 50%

1991 MMI 1366 683 50%
1991 flCA 1540 770 50%

In DCC area the per capita rate of waste generation is 0.5kg/d (Bhuiyan et al. 2002) and

amount of residential waste is half of the total amount (Table 2.12 below).

Table 2.12.Total solid waste generation per day (DCC, 2002)

Types Amount (tons)

Residential 1718
Commercial 722
Industrial 835

Hospital and Clinical 255

Total 3500

In 1986 the BKH (BKH, 1986) carried out a survey from April to July in old Dhaka city.

Survey was carried out in 130050 houses. According to their survey result the amount of

waste per day was 100.96 tons. Therefore, waste generation rate was 0.776 kg/house.

Survey result showed that pucca houses generated 6.25 kg/week, semi pucca house5.83

kg/week and kutcha house 3.79 kg/week. BKH (1986) also carried out a survey at the

disposal site and found 450 tons of waste delivered in a day. This delivered waste is the

total collected waste from the Dhaka city. In 1990 the data produced by Bhide (1990)

shows that during two days survey 360 trip/day wastes was found and assumed on truck

density were 500 kg/mJ ofloaded truck. Calculated waste quantity was 1105 tons/day. At

that time they assumed a population of 6 million. The estimated waste collected was
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0.1916 kg/capita/day. Dee estimated collection of solid waste in Dhaka to be 888 tons/

In 1991 Mott Macdonald International Ltd. (MMI) carried out field survey in daytime

and nighttime on May 8th and 12th'MMI (1991) reported that 560 m
3
(one truck volume)

was delivered to the waste disposal site during daytime. At an average "one truck"

density of 550 kg!m3 and total 308 tons were delivered. Nighttime survey result shows

614 m3 (one truck volume) was delivered at nighttime to the waste disposal site during

the nighttime. At an average "one truck" density at 661 kglm
3
, total 375 tones were

delivered. MMI (1991) found total 683 tons/day delivered at disposal site. MMI (1991)

estimated that the waste generation for the year 1991 and found 1500 tons/day. It was

reported that waste stream fraction of Dhaka city was 46.8% domestic, 22.6% street

sweeping, 17.2% commercial, 12.9% industrial and 0.5% clinical. Table 2.13 presents the

waste generation rate in some selected Asian Cities along with Dhaka. Here it is shown

that the estimated waste generation rate in Dhaka is 0.47 kg! capita/day.

Table 2.13: Waste generations in selected Asian Cities (MMI, 1991).

City Area KmL population in Waste Kg/CapitalDay

thousand generation in

thousand

tons/year

Bombay 466 8,243(1981) 1,150 0.38

Manila 636 7,561(1988) 1,380 0.50

Bangkok 1,569 5,609(1987) 1,800 0.88

Kuala Lumpur 43 1,306(1980) 730 1.53

Singapore 618 2,613(1987) 1,873 1.96

Beijing 16,807 9,880(19870 3,580 0.99

Shanghai 6,341 12,323(1987) 2,250 0.50

Tokyo 600 8,554(1987) 441 0.14

Dhaka 344 3,397(1991) 580 0.47
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2.5.2 On site storage

Dhaka City Corporation provides concrete and C.I. sheet bins at different places mainly

along roadside. In some areas demountable containers are used for onsite storage of

municipal solid waste.

MMI (1991) reported that in DCC area 2450 C.r. sheet and 1595 pucca dustbin is

provided by DCC for storage of municipal waste. C.1. sheet bins are 900 mm dia and 900

mm height and masonry / RCC bins are 1m X 1mX 2m (average) size. DMDP report, 92

also estimated the percentages of population using the existing bins and enclosures as

means of disposal. The report mentioned:

50% of population using waste enclosure 0 bins, 20% of population using roads to

dispose of waste, 20% of population using drains to dispose of waste, 10% of population

using open ground to dispose of waste. Enayetullah (1995) conducted a field survey in

Dhanmondi and Kathalbagan area, it was observed that 35.17% of household

of household disposing waste on dustbin, 41.38%of household disposing waste on road

or drain, 13.10% of household disposing waste on open plots, 6.90% of household

disposing waste in own premise.

The main reasons for not using the community bins are identified by the respondents

absents of dustbin and lack access to community bins.

2.5.3 Collection

Dhaka City Corporation collects municipal wastes that are accumulated in DCC's bins or

containers. DCC employed cleaners for street sweeping and collecting waste by hand

trolley. These wastes are found in places other than dustbin side, road side, open spaces,

ditches etc. DCC has 1595 of three-ton concrete bins and 2450 of one- ton CI sheet bins

for collection of waste at different location (Table 2.14). Pushcarts are also used to

transfer and transport refuses from dustbins especially in densely populated congested

areas.
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Table 2.14: Collection facilities of DCC (Conservancy Division of DCC)

Items DCC

Number of Dustbins 1595 of 3 ton concrete bins

2450 of 1 ton Cl Sheet bins

Container 410 nos; 10 are of 5 and 400 are of 3 ton

Solid Waste Collection Manual

Frequency of Solid Waste collection Collected daily before 8 A.M. at dawn

Amount of Collected Solid Waste (Total) Approximately 4500 ton daily

Mott Macdonald in 1991 conducted a survey on waste collection performance of DCC.

According to that study, an open truck system:

• The basket used to load the open truck is the wrong shape. It shaped like a

shallow saucer. It should be shaped like a wide mouthed bucket. Only 42

litter of waste is loaded on to the basket.

• Body, head and shoulders of the man lifting the basket has direct contact

with waste that is disease redden and contaminated with urine and animal

and human excreta. This grave danger to his health, safety and well being.

• Both smaller and larger basket took longer time, manually unloading too

about 4.5 minlm3. This compares with 14.6 minutes for a five-man team

1m3 of waste into a normal size truck in Dhaka and 6.8 per m3 to unload

it.

Mohit (1995) stated in his paper described the community based organization (CBO)

approach as better suited than other alternative from respective of cost effectiveness

among the three alternatives.

• Increase the number of community based organization cleaners and other

associated staff of conservancy divisions.

• Involve private, enterprises in the collection of solid waste.

• Encourage neighborhood organization in the collection of solid waste.
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An increase in the number of CBO in congested area where narrow roads exists is

unwanted by the residents because it aggravates the traffic condition. Moreover, the

additional cleaners and staff employed by the DCC would increase the cost of collection

of solid waste in Dhaka city.

Mohit (1995) mentioned that house-to-house collection of domestic waste by North and

South Kalabagan Samaj Kallayn Parishad (CBO) is very effective from the viewpoint of

cost and overall improvement of environment.

Yousuf (1996) in his study evaluated and assessed the expenditure of existing primary

collection street sweeping and alternative of system. He mentioned that existing

expenditure of zone 1 of DCC in primary collection system was Tk. 741m3 He also

evaluated the private collection system expenditure of North Kalabagan and South

Kalabagan covering 700 and 375 households respectively for house to house collection

and found Tk. 941m3 by rickshaw van. He opined that, if the neighborhood communities

are encouraged to form community based organization (CBO's) to organize the work of

domestic solid waste, collection would be better and it would be highly cost effective.

Table 2.15 highlights the comparison of cost and efficiencies of the system of collection.

Table 2.15: Comparison of cost and efficiency of the collection systems. (Yousuf,

1996)

System Capacity Cost of collection (Tk/m')

Conventional handcart 0.13 cum! handcart Tk.74

and communal bin

systems

CBO approach of 0.92curnlRickshaw Van Tk.94

Rickshaw Van System

Platform Rickshaw 0.92cum!platform Tk.136

carrymg cans Rickshaw.
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Yousuf (1996) in his study mentioned that intention of introducing demountable

container was to containerize the waste with a view to reduce the number of manual

handling as reducing the chances of littering and human contact. But in practice it is seen

that waste spilling outside the container. It creates health risk to workers. He also

suggested that the system could be workable through the improvement of community

based primary collection system which could assure of containerize the waste.

Salam (2001) mentioned in his study that house-to-house waste collection by rickshaw

van is engaged in a predefined route. Collection frequency should be once per day. There

should be one controller as driver in each van. One van should be operated for two shifts

per day. Rickshaw van should deposit waste to the loading platform, for separations of

waste incase of composting plant within the collection area. House to house collection

service should be lease out the private agencies. There should be separate collection vans

for 'clinical' and hospital wastes. Clinical waste should be collected in special garbage

bags and kitchen or food waste from clinic and hospital should be separated from harmful

clinical wastes. Commercial or market wastes should be collected from one location of

the market area. The internal shop to shop collection should be done by the respective

market authority. There should be specification, schedule, standard, safety procedure,

penalty provision, collection procedures, and methodology for the private agencies,

contractors and CBO's for waste collection. There should be committee for monitoring

and supervision of "House to House" collection service. There should be a system of

collection of "services return" from each household for each month prescribed form and

no payment shall be made without any service return (Salam, 2001).

Salam (2001) shows in his study, for urban Model town, Banani, Gulshan, Baridhara,

estimated waste generation is 43 tons/day; required number of rickshaw van is 87 and

unit cost of collection Tk 188/ton or Tk. 77/m3 Calculation has been made included with

contractor's profit, vat, income tax etc.

2.5.4 Transfers and Transport

In DMDP (1992) report it is found that in 1991 DeC had a fleet of 159 trucks of 5 ton

and 1.5 ton capacities. During physical verification it was found 63 numbers (40%) are
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off road due to technical fault. At that time no demountable container was running.

UNCH project no. I54 strongly recommended demountable container for the collection of

waste in Old Dhaka at night in 1991. The cost studies by sturdy (1991) showed that the

demountable container system would reduce the cost of the collection waste in the

nighttime collection area.

MMI (1991) survey result shows that small truck (less then 5 ton) capacity delivered

more waste at disposal site than the large truck. They recommended a 3.0 ton payload

truck as the best cost effective option.

Yousuf (1996) reported that DCC introduced demountable container trucks in some areas

in 1995. Transport list supplied by DCC's transport department in 1995 showed that

about 19 demountable container trucks (10 number 5 ton capacity and 9 number 3 ton

pay load capacity) were carrying waste from Zones 4,5,6,8 and 9 only. Yousuf (1996)

also mentioned that out of 204 truck 30% to 40% were out of order due to technical

problem. Each truck was carrying waste on an average of 2 trips per day. He calculated

primary collection cost (by hand cart) for Zone-l and estimated open truck transportation

cost to be Tk.74/m3 and Tk.35m3, respectively. Result shows that primary collection

through handcart is 2 times than that of transportation cost.

MMl (1991) developed a computer based cost model to compare existing and alternative

system for waste collection. From the model result it was found that transportation cost

by (3 ton pay load) open truck and demountable container are Tk. 31/ cum and

Tk.25/cum respectively.

MMl (1991) from physical observation reported that the oval shape covered body makes

it difficult for men to stand inside the body. Loading is done from out side but manual

unloading requires men to enter the body "rake out" waste. Unloading time the

excessively higher. Since the entire body is rarely filled effective use of the payload

capacity is unachievable. It creates liter in street. Trucks stand still for 75% the working

shift when waste is loaded. This results in high operational cost.
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Salam (200 I) reported that transportation cost for the eXlstmg system of Dee is

Tk.73.27/m3
, or Tk.132/ton, when 4 containers carried per truck and other values and

procedure of calculation will remain as Yousuf From this study, the time required to

collect waste from stationary bins into it truck is approximately 30 minutes. This reduces
the total volume of waste transported in a day. Analysis of the transportation cost showed

that for open trucks the cost was about Tk.148.31/m3,and Tk.170.95/m3, for Gulshan and

Uttara respectively. The same for demountable container was Tk.141.21/m3 and

Tk.158/m3 respectively. Table 2.16 shows the transportation cost of different zone of
Dec.

Table 2.16: Transportation cost of different zone ofDCC (Salam, 2001)

Collection Round Open truck collection system Demountable container

area/zone trip collection system (3 ton)
distance Number of Cost/m' (Tk)
(Km) trip/vehicle/day

3 ton 5 ton No. of Cost/m3(Tk.)

trip/vehicle/day

Zone-l 14 2 124.50 94.70 4 101

Zone-2,4 18 2 139.80 104 4 116
Zone- 22 2 145.33 109 4 121.80
3,5,6

Zone-9 35 2 148.31 122.83 3 141.21

Zone-7,S 44 2 158.14 127.23 3 144.20

Zone-l0 60 2 170.95 136 3 158

2.5.5 Disposal

The total population of greater Dhaka nearly 10million of which 6 to 7 million live in the

Dhaka city corporation area. The huge people directly or indirectly dispose thousands of

tons of solid and liquid wastes everyday. Dee disposes 3500 tons of solid and liquid
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wastes everyday. Dee disposes 3500 tons of domestic refuges everyday in open low-
lying locations and swampy areas within the city limits (Dee, 2002). The locations and
status of solid waste disposal sites maintained by Dee is given in Fig 2.13 and

Table2.17.
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Fig 2.13: Location of waste disposal sites (Bhuiyan et aI.,2002)
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Table 2.17: Solid waste disposal sites (DCC, 2002)

Classification of dumping sites Sites
Abandon (previously Used) Kulsi, Mirpur-Chalkbari, Mirpur-Gabtoli,

Lalbag (Shoshan Ghat), Mugdapara,

Jatrabari

Existing Mirpur, Lalbag, Matuail

Proposed Gazipur, Boliapur, Matuail extension

Bhide (1990) reported that DCC had waste disposal site at Mirpur with an area of 25

acres and average depth of 5 m (40% full) and at Jatrabari with 25 acres area and with an

average depth of 5 m. Small sites are located at Islambagh, Hazaribag, Mukti Sarani,

Dayaganj, Mugdha, Alimgula and Balugath.

MMI (1991) study reported that wastes were deposited in a large depression on the north

of the main Dhaka-Chittagong road at Jatrabari. The empty area was about 25hactor with

an average depth of 5 meter. A decision was taken by DCC to develop a 50 acre (20ha)

site at South-East of Dhaka at Matuail having an average depth of 3 m. It was intended

that 13 acres would be reserved for low cost housing while the reminder would be used

for waste disposal. MMI (1991) estimated the service life of disposal sites at Jatrabari to

be 5.5 years and Matuail to be 3.2 years.

Enayetullah (1995) reported that in 1994 the Jatrabari site was filled up to approximately

70%. Recently, DCC had purchased a new sanitary landfill site at Matuail of 20 hactor

area of which 5 hactor would be reserved for DCC's low cost housing. The estimated
lifetime of the site was 3 years.

Yousuf (1996) reported that DCC had been disposing waste at Matuail along the Dhaka-

demra road and 3 Kilometer out side the corporation jurisdiction. Dee had purchased 52

acres ofland out of which 13 acres had been developed for parking /platform and rest 39

acres for land filling. The life time of the site was 4.5 years. The operation cost of

Collection, Transfer and Disposal to the site is shown in Table 2.18. Cost fraction found

from the table showed collection cost 45%, transfer cost 35% and disposal cost 20%.
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Table 2.18: Collection, Transfer and Disposal cost (UDPR, 1981).

Item Cost

Collection cost by Rickshaw Van cost Tk.58rrons

Collection cost by hand trolleys Tk.55rrons

Transfer cost by 5-7 ton Truck Tk.27rrons

When disposal site distance more than 4 mile up to 10 mile

Disposal site cost-Bulldozer Tk.21rrons

Disposal site cost-loader Tk.3rrons

2.6 LEACHATE AND IT'S FORMATION MECHANISM

Liquid that passes through the landfill and that has extracted dissolved and suspended

matters from it, is called leachate. The liquid waste enters the landfill from external

sources such as rainfall, surface drainage and decomposition of solid wastes.

Leachate is formed when the refuse moisture content exceeds its field capacity, which is

defined as maximum moisture that is retained in a porous medium without producing

downward percolation. Moisture retention is attributed primarily to the holding forces of

surface tension and capillary pressure. Percolation occurs when the magnitude of the

gravitational forces exceeds the holding forces. This process is influenced by many

factors which can be divided into those that contribute directly to landfill moisture

(rainfall, snowmelt, groundwater intrusion , initial moisture content, irrigation,

recirculation, liquid waste co-disposal, and refuse decomposition) and those that affect

leachate or moisture distribution within the landfill( refuse age pre-treatment ,

compaction, permeability, particle size, density, settlement, vegetation, cover, sidewall

and liner material, gas and heat generation and transport). While increased moisture

content is the major contributor to leachate formation, it is also commonly associated

with enhancing biodegradation processes in landfills. As a result, it has been suggested

that there are benefits in designing cover to capture water to enhance biodegradation thus

promoting rapid stabilization and thus promoting rapid stabilization and reducing the

time required for the return of the land fill to beneficial land use.
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2.7 LEACHATE QUALITY

Landfill leachate characterization is a critical factor in establishing a corresponding

effective management strategy or treatment process. However it is often difficult to

forecast leachate quality because of variety of influencing factors such as waste

composition and landfill operations. Leachate is formed when the refuse moisture content

exceeds its ficld capacity, which is defined as the maximum moisture that is retained in a

porous mcdium without producing downward pcrcolation.

Soluble organic and inorganic compounds are encountered in the refuse at emplacement

or are formed as a result of chemical and biological process within the landfill. Leachate

formation creates a non-uniform and intermittent percolation of moisture through the

refuse mass, which results in the removal of these soluble compounds from the refuse and

their dissolution and suspension in the leachate. Leachate formation is indicative of

increased moisture content, which is associated with enhancing biochemical process in

landfills. The by-products of this process contribute significantly to the concentration of

organics in leachate particularly in the early stages of organic matter decomposition aftcr
,

refuse emplacement.

The composition of landfill leachate can exhibit considerable spatial and temporal

variations depending upon site operations and management practices refuse

characteristics, and internal landfill processes.

Factors influencing leachate formation in landfills

Factors that are commonly known to affect landfullieachate formation are :

• Climatic and Hydro geologic parameters that include temperature,

humidity, rainfall, snowmelt, ground water intrusion etc.

• Site operations and Management that include refuse pretreatment,

compaction, vegetation, covcr, sidewalls and liner material, irrigation,

recirculation, liquid waste co disposal etc.

• Refuse characteristics that include permeability, age particle size, density,

initial moisture content.
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• Internal processes that include refuse settlement, organIc material

decomposition, gas and heat generation and transport.

Factors influencing leachate composition in landfills

Factors that are commonly known to affect landfill leachate composition are

• Site Operations and Management that include refuse pretreatment,

irrigation, recirculation, liquid waste co disposal.

• Refuse characteristics that include composition age

• Internal Processes that includes hydrolysis, adsorption, biodegdration,

speciation, dissolution, dilution, ion exchange, re-dox, contact time,

portioning, precipitation, gas and heat generation and transport.

The quality oflandfill leachate is highly dependent upon the stage of fermentation in the

landfill, waste decomposition, operational procedures and co-disposal of industrial wastes

(pohland et aI., 1983). Many chemicals (e.g. metals, aliphatics, acyclics, terpenes and

aromatics) have been have been detected in landfill leachate from domestic, commercial,

industrial, and co-disposal sites. Table 2.19 shows the range of composition for a variety

of leachate from landfill whereby reportedly, only municipal solid wastes were buried. As

the solid waste in Bangladesh is contaminated with industrial and clinical waste, the

composition may differ substantially. Although it is difficult to generalize concerning the

particular chemical concentration that a leachate will have, the trend of continual!y

decreasing concentration is a generally observed phenomenon (Pohland et aI., 1986).
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Table 2.19: Chemical composition of leachate from municipal solid waste (Pohland

et al., 1986»

Parameter Concentration Parameter Concentration

Range, mgIL Range, mgIL

Alkalinity (as CaC03) 0-20850 Nitrogen (Ammonia) 0-1250

Aluminum 0.5-85.0 Nitrogen (Nitrate) 0-9.8

Antimony 0-3.19 Nitrogen (Nitrite) 0-1.46 .

Arsenic 0-70.2 Nitrogen (Organic) 0-1000

Barium 0-12.5 Nitrogen (Kjeldah) 3320

Beryllium 0-0.36 Nickel 0-7.5

BODs 0-195000 Phenol 0.17-6.6

Boron 0-413 Phosphorous (Total) 0-234

Cadmium 0-1.16 Phosphate 0.01-154

Calcium 5-4080 pH 1.5-9.5

Chloride 11375 Potassium 0.16-3370

Chromium 0.22.5 Selenium 0-1.85

COD 0-89520 Silver 0-1.96

Conductivity (llmho/cm) 480-72500 Sodium 0-8000

Copper 0-9.9 Thallium 0-0.32

Cyanide 0-6 Tin 0-6

Fluoride 0.1-1.3 IDS 0-0.16

Hardness (as CaC03) 0.1-225000 TSS 584-55000

Iron 0-42000 TOC 335000

Lead 0-14.2 TVA (as Acetic Acid) 0-19000

Magnesium 115600 Turbidity 40-500

Manganese 0.05-1400 Sulphate 0-1850

Mercury 0-3 Zinc 0-1000
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Table 2.20 shows the test result of leachate samples collected by drilling bores at five

dumping sites (BUET, 2000). The test result showed that the samples have potential of

contaminating ground water.

Table 2.20 Characteristics of leachate samples collected from different landfill Sites

(BUET, 2000).

Parameter Unit Range of Concentration

p" mg/I 7.0-8.5

Color Pt-Co. 4,150-40,000

Total Dissolved Solids (IDS) mg/l 500-10,600

Chloride mg/l 800-36,000

Ammonia Nitrogen mg/l 976-2,245

Phosphate mg/l 27.5-86.0

BODs mg/I 980-10,000

COD (KMn04) mg/l 1,300-12,200

Feacal Coliform (FC) #/IOOml 200,000-1,500,000

Iron (Fe) mg/l 4.13-208.6

Manganese mg/l 1.28-12.02

Chromium (Cr) mg/l 0.18-51.04

Lead (Pb) mg/l 1.58-13.51

Cadmium mg/l 0.016-0.15

Nickel (Ni) mg/l 0.019-0.926

Copper (Cu) mg/l 0.70-18.5

Zinc (Zn) mg/I 7.66-34.7

Present landfills in Bangladesh are not properly designed to protect the environment and

society from adverse impacts of landfill gas and leachate. Besides potential health

hazards these include fires and explosions, vegetation damage, unpleasant odours, landfill

settlement, soil pollution, surface water pollution, ground water pollution, air pollution

and global warming.

52



CHAPTER 3

METHODOLOGY

3.1 INTRODUCTION

Dhaka City produces tons of solid wastes everyday. These wastes are not homogenous

and contained different hazardous materials. These wastes dumped in a disposal site

have significant impact on the soil, surface water and ground water. The soil becomes

contaminated by the toxicity of the constituents of wastes and as a result the natural

composition of soil is disturbed. Again if the water source is mixed with the leachate, it

becomes polluted and injurious to health. In this study an attempt has been undertaken to

analyze the chemical composition of solid wastes in the dumping site and to assess the

contamination of soil (converted soil) and surface water due to this waste. Among all the

dumping sites within Dhaka City, only the largest dumping site, Matuail is selected as the

study area and samples are collected for laboratory analysis in this study. This chapter

presents the description of the study area, sampling type, location and collection

procedure and laboratory setup and procedure for analysis of various parameters of

different types of collected samples.

3.2 THE STUDY AREA

DCC claimed Matuaillandfill as a sanitary landfill site. This landfill site is approximately

five kilometer in South-East direction from zero point of Dhaka City (Fig 2.13). This

landfill covers about 52 acres of land out of which 13 acres had been developed for

parking and rest 39 acres for land filling. It started dumping of solid waste since 1993.It

is basically a low-lying agricultural land. It is enclosed by earthen dyke to isolate the

dumpsite. The cost of acquiring and construction of this area under the Environment
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Improvement Project of DCC was financed by World Bank. At present 75% of the

landfill area had already been filled up and rest 25% is expected to be filled up in next

two years. Almost everyday approximately 2000 tons waste is dumped here. The dozer,

chain dozer and scraper are being used to spread the waste indiscriminately (Fig 3.1).

Although DCC claims Matuail as a sanitary landfill site, it adopts crude dumping

procedure instead of sanitary landfill technique.

Fig 3.1: Present dumping position ofsolid waste at the Matuail site.

3.3 TYPES OF SAMPLE AND SAMPLING LOCATIONS

Five types of samples (Table 3.1) were collected to assess the contamination in the

present study. These are (i) solid waste samples, (ii) soil samples that have been formed

from solid wastes (solid wastes converted to soil), (iii) existing natural soil, (iv) leachate

samples and (v) surface water samples from adjacent surface water body. Table 3.1

shows the locations and sampling types from the site. This section presents a detail

description of the samples and sampling locations.
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Table 3.1: Location and types of samples.

Sample No of No of Sample Variation with Remarks

Type Sample sample Designation Depth

location

in site

Solid WS-l,WS-2, Randomly collected
5 5 No variation with

Waste WS-3, from fifteen to twenty
depth

(WS) WS-4, WS-5 feet apart

Sample collected from n=1 to 4 for

Soil (S) 12 4 So~, SIrLS,Sn-3 surface (50-0), 105ft successive sample

~epth (Sn-U) and 3.0 ft location

depth (So-3).

Existing Sample collected from Collected from
NSo,NS'5 and

Natural 3 1 surface, l.5ft depth constructed isle
NS3•

Soil (NS) and 3.OOftdepth. adjacent to site.

Leachate
Collected along the

Waste WI, WZ,W3 No variation with
4 4 periphery of the

Water and W. depth

(W)
dumping site

Collected from the
Surface SWh SW2,

No variation with surrounding surface
Water SW3, SW..,and

5 5 depth water bodies such as
(SW) SWs.

pond.

55



(i) Solid waste samples: Solid wastes contain different types of materials (Sec 2.3).

These include vegetable material, paper, cardboard, glass, metal, plastic, textiles, woods,

bone, straw etc. Solid waste samples from five different locations approximately fifteen

Demraroad

1SW.5

SW-4

Surface
wal ••.1

!

S. from
this used
dumping
site

WS.I,2,3,4,5

Previously used site for dumping.
SIS20S) from along this site

Fig 3.2: Sample location in Matuail dumping Site (Study area).

to twenty feet apart within the present dumping site (Fig 3.1) were collected randomly.

These samples are designated as WS-I to WS-5 and sampling locations are shown in Fig

3.2.

(ii) Converted Soil Samples: Matuail Dumping site has been used as dumping site for

more than ten years. In this site solid waste that dumped long ago has been converted to

soil and local people use a portion of this site for agriculture. Four converted soil samples

have been collected along the periphery of the site. At each location, sample has been

collected from three different depths i.e., 0 ft, 1.5 ft and 3 ft. These samples are

designated as So.(),So.u, So.3where n=1 for sample one, 2 for sample two, 3 for sample
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three and 4 for sample four. Therefore altogether 12(twelve) converted soil samples were

collected.

(iii) Natural Soil Sample: Natural soil samples were collected from only one location at

three different depths i.e., Oft, 1.5ft, 3ft. Samples are designated as NSo, NSLS and NS3.

These samples were collected from constructed dyke with natural soil enclosed

dumping site.

Fig 3.3: Periphery of the Matuail dumping site. People use portion of this site for

cropping.

iv) Leachate sample: Leachate is the liquid that percolate through solid waste and has

extracted dissolved and suspended materials from it. The liquid portion of leachate is

produced from decomposition of water and also comes from external sources such as

rainfall, ground water, etc. The generation of leachate is a long term process and leachate

is usually collected by drilling borehole in the vicinity of the dumping site. In the present

study leachate could not be collected following the standard practice. Instead, the liquid

secreted from the solid waste was considered as leachate and was collected from the
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drainage channel along the periphery of the dumping site. Therefore, the term leachate

used in the present study does not represent the ideal leachate. However in the present

study, the leachate is the liquid portion produced from decomposition of wastes and has

been collected from four points along the periphery of the dumping site (Fig 3.3, Fig 3.4,

Fig 3.5). These are designated as WI, W2, W3 and W4.

Fig 3.4: Leachate at the Matuail dumping site.

Fig 3.5: Flow of leachate towards the surface water body through drainage.
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Fig 3.6: Surface water body around the Matuail Dumping site

v) Surface water sample: Leachate from dumping site flows into the surface water (Fig

3.5) and sometimes wastes are directly thrown into surface water and surface water

becomes polluted. Local slum people use this water for different purposes. This water is

also used for different purposes in adjacent hotels, restaurants, tea stalls etc (Fig 3.6) .In

this study five surface water samples were collected from five points of the surrounding

water bodies of the dumping site. These are designated as SW1, SW2, SW3, SW4, and

SWs.

3.3.1 Method of Sample Collection

Samples have been collected in August 2003, during summer time. Five types of samples

were collected to analyze the composition of solid wastes. Solid waste samples were

collected in a container and surface water were collected in a one liter container and then

was sealed using tape and was carried to BUET Environmental Engineering Laboratory.
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Fig 3.7: Collection of surface water from surface water body.

Required temperature was maintained during carrying and in laboratory before and

during test. Leachate samples were collected in a container from drainage channel along

the periphery of the site instead drilling boreholes and the container was sealed.

Converted soil samples and natural soil samples had been collected upto 3ft depth from

the ground surface using two-inch dia PVC pipe.

3.4 LABORATORY ANALYSIS

Collected converted soil samples, natural soil samples, waste samples, leachate and

surface water samples were analysed in the laboratory to determine the composition of

the samples and leaching characteristics of the wastes. Various parameters of different

types (converted soil, natural soil, leachate, surface water, solid waste) of samples were

determined following the Standard Method (APHA, AWWA and WEF, 1998). The

following sections present the laboratory procedures for carrying out different tests for

different samples in detail.
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3.4.1 Analysis of Solid Waste Sample

Five solid waste samples were analyzed for parameters such as unit weight, moisture

content, organic content, ash content, and heavy metals like Fe, Mn, Cd, Ni, Cu, Zn and

Pb.

Unit Weight: Unit weight (loose condition) was determined in field condition. Weight of

empty bucket of known volume was determined and then filled with solid waste and then

weight was measured. Then weight of empty bucket was deducted from weight of filled

bucket and then deducted weight was divided by volume of bucket to determine unit

weight of solid waste sample.

Moisture content: Mass of solid waste samples, A was determined. After recording mass

(A), solid waste samples were dried for at least 16h at 10SoC (until there was no change

in mass of the sample). Dried samples were removed from oven and were cooled in a

desicator and then mass, B was recorded and the moisture content was determined.

Moisture content, %= [(A-B) x100]/A

Organic Content: Mass of a covered porcelain dish was determined. Solid waste

samples were dried for at least 16h at 10SoC (until there was no change in mass of the

sample). Oven dried waste sample was placed in the porcelain dish and the mass of the

dish and the solid waste specimen was determined. The cover was then removed and the

dish was placed in a muffle furnace. The temperature in the furnace gradually was

brought to 4400C and the specimen was held until the specimen was completely ashed

(no change of mass occurs after a further period of heating) and after removing from the
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furnace, the dish was cooled in a desicrator and then the mass was determined and

percentage of ash content was calculated.

Ash content %, D = CxlOOIB

Where C= wt of ash, and

B= wt of oven dried test specimen in gm.

The amount of organic matter as follows:

Organic matter, % = 100.00 - D

where D= ash content, %

Heavy Metal Analysis: To analyze the concentration of heavy metals in solid waste,

samples were digested in order to convert all the metallic forms into ionic state following

the standard procedure. For digestion, sample was first dried in an oven at 105°C for 24

hours and then grinded to get a uniform mixture. Portion of samples such as cardboard,

plastic, wood etc was not possible to grind and this portion were excluded from sample

and remaining grinded samples were used for test purpose. Then nitric acid (2.5ml) and

hydrochloric acid (7.5ml) were mixed in a ratio of one to three and was then added to 5

grams of oven dried grinded sample. The sample was kept overnight and then it was

digested for two hours under reflux conditions. Afterward cooled sample was filtered and

the filtrate was made up to the mark of sao mt with de-ionized water. The sample was

then ready for analysis using AAS (Atomic Adsorption Spectrometer). The prepared

samples were anal~sed to determine the concentration of following parameters such as

Fe, Mn, Cd, Ni, Cu, Zn and Pb using Atomic Absorption Spectrophotometer (AAS) (Fig

3.8) following the Standard Method (APHA, AWWA and WEF, 1998).
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Fig 3.8: Atomic Absorption Spectrometer (Flame)

The metal content of the solid waste sample in mglkg of dry weight was then calculated

according to the following relationship:

Where, Mws= Metal concentration in mglkg in solid waste sample

C"" =Metal concentration in ppm (or mg/I) found using AAS

Lws =Volume of sample in liter (0.5 liter in this case)

Wws= Mass of solid waste sample in gm ( 5.0 gm in this case)

3.4.2 Analysis of Converted Soil Sample

Twelve converted soil samples from four locations at varying depth (i.e. at 0 ft, 1.5 ft and

3.0 ft) were analyzed for heavy metal concentration of Fe, Pb, Cu, Zn, Mn, Cd, and Ni.
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Fig 3.9: A portion of Matuail dumping site. People use it as cropping field.

To analyze these parameters, converted soil samples were digested following standard

procedure (Sec. 3.4.1). Then the prepared samples were analyzed to determine the

concentration of following parameters such as Fe, Mn, Cd, Ni, Cu, Zn and Pb using

Atomic Absorption Spectrophotometer (AAS) (Fig 3.8) following the Standard Method

(APHA, AWWA and WEF, 1998). The metal content of converted soil sample in mglkg

of dry weight was then calculated according to the following relationship:

M,= C,x(LJW,) xlOOO

Where,

M,= Metal concentration in mglkg in converted soil sample

C, =Metal concentration in ppm (or mg/I) found by AAS

L. = Volume of sample in liter (0.5 liter in this case)

W,= Mass of converted soil sample in gm (5.0 gm in this case).

3.4.3 Analysis of Natural Soil Sample

Natural soil samples were collected from adjacent earthen dyke (constructed with natural

soil) enclosed the dumping site. Natural Soil samples were collected to analyze for heavy

metal concentration and a comparison was made with the heavy metal concentration that
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found in converted soil sample. The natural soil samples (NSo -NSJ) were collected from

three different depths i.e. 0 ft (from surface), I.S ft and 3.0 ft. These samples were

analyzed for the following heavy metals such as Fe, Pb, Cu, Zn, Mn, Cd and Ni. To

analyze heavy metal, soil samples were digested following the standard procedure. The

sample was then ready for analysis using AAS (Atomic Absorption Spectrometer). The

metal content of the natural soil sample in mg/kg of dry weight was then calculated

according to the following relationship:

M ns=C n,x(L nslWns)xI000

Where, M",= Metal concentration in mglkg in natural soil sample

C os= Metal concentration in ppm (or mg/I) found by AAS

Los= Volume of sample in liter (O.Sliter in this case)

Wn,= Mass of natural soil sample in gm (S.Ogm in this case)

3.4.4 Analysis of Leachate sample

Leachate sample was collected from four points and four samples (WI to W4) were

analysed to determine the concentration of pH, Color, TS, IDS, TSS, Fe, Pb, Cu, Zn,

Mn, Cd, and Ni. In this study, pH was measured using pH paper. Color was determined

using a spectrophotometer (HACH, DR4000U). Total solids (TS) refer to the matter that

remains as residue upon evaporation and drying at 103 to IOSoC. Total solids (TS)

include total suspended solids (TSS) (the portion of total solids retained by filter) and

total dissolved solids (TDS) (the portion that passes through the filter). TS were

determined following the standard procedure. TDS was also determined following the

Standard Method.

After determining Total Solids (TS) and Total Dissolved Solids (IDS), Total Suspended

Solids (TSS) was determined using the following relationship:

Total Suspended Solids, TSS (mg/I) = TS (mg/l) -IDS (mg/I)
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To analyze heavy metals (Fe, Pb, Cu, Zn, Mn, Cd, and Ni), leachate wastewater samples

were digested in order to convert all the metallic forms into dissolved ionic state. For

digesting, 2.5 ml of dilute nitric (1:3) and 7.5 ml of diluted hydrochloric acid (1:3) were

added to 100 ml of sample. The acidified samples were kept overnight and then digested

for two hours under reflux conditions. Afterwards the cooled samples were filtered, and

the volume of the filtrate was adjusted to 100mi with de-ionized water. The sample was

then ready for analysis using AAS (Atomic Adsorption Spectrometer).

Lead, Copper, Cadmium, Nickel concentration were measured with an atomic absorption

(flame) spectrometer (Shimadzu Model No.AA680). Manganese and Zinc concentration

were measured using the PAN method using a spectrometer (HACH, DR4000U), and

Iron concentration was measured using the thiocyanate colorimetric method.

3.4.5 Analysis of Surface water sample

Collected surface water samples (SW1 to SW3) adjacent to the dumping sites were

undergone chemical analysis in the laboratory to determine different parameters such as

pH, DO, BOD~,COD (KMn04), Total Colliform (TC), Feacal Colliform (FC), Turbidity,

Color, TS, IDS, TSS, Fe, Pb, Cu, Zn, Mn, Cd, and Ni. In this study, pH was measured

using pH paper. Color was determined with a spectrophotometer (HACH, DR4000U).

Turbidity was determined using DR Lange Turbidimeter. DO, BOD~, COD (KMn04),

Total Colliform (TC), Feacal Colliform (FC) were determined following laboratory

standard method. TS, TDS, TSS were determined as described in previous 3.4.4. To

analyze the heavy metals such as Fe, Pb, Cu, Zn, Mn, Cd, and Ni, Surface water samples

were digested in order to convert all the metallic forms into dissolved ionic state. For

digesting, 2.5 ml of dilute nitric (1:3) and 7.5 ml of diluted hydrochloric acid (1:3) were

added to 100 ml of sample. The acidified samples were kept overnight and then digested

for two hours under reflux conditions. Afterwards the cooled samples were filtered, and

the volume of the filtrate was adjusted to 100mi with de-ionized water. The sample was

then ready for analysis using AAS (Atomic Absorption Spectrometer).
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3.4.6 TCLP Test

The leaching tests of five solid waste samples were carried out following the USEPA

standard method EPA 1311(USEPA, 1992) known as Toxicity Characteristics Leaching

Procedure or TCLP to assess the leaching behavior of solid wastes. Among the five

samples collected; two TCLP tests were performed for each sample. These are designated

as TCLP 1(1) where I stands for sample no and J stands for test no. The Toxicity

Characteristics Leaching Procedure described in EPA 1311 is a versatile procedure

covering a wide range of waste. The procedure consists of the following steps:

I. Initial evaluation of solid waste sample is the first step, which includes

determination of percent of solids and reduction of particle size if necessary to

meet the maximum size limit set by TCLP. If the percent of solid exceeds 0.5%

separation of solid and liquid phase is necessary for separate analysis. The liquid

phase is filtered through a 0.6 to 0.8 J.lIll glass fiber filter and considered the

extract. The solid phase undergoes extraction.

Evaluation of total metal concentration within the waste is performed to assess

whether the waste is likely to leach significantly or whether the regulatory limits

can be exceeded. The USEPA recommended formula (EPA, 2002) for assessing

maximum theoretical concentration in TCLP leachate from waste is following

equation.

[(AxB) + (CxD)]+ [B+ (20(Llkg) x D}] =E

Where,

(eq.3.1)

A = Concentration of the analyte in liquid portion of the sample (mglL),

B = Volume of the liquid portion of the sample (L),

C = Concentration of the analyte in solid portion of the sample (mglkg),

D = Weight of the solid portion of the sample (kg), and

E =Maximum theoretical concentration in leachate (mgIL).
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In this study the samples consisted of \ 00% solid as per TCLP. The only extract

of concern was the extract from solid phase. Particle size reduction had to be

performed for the samples.

2. Determination of the appropriate extraction fluid for non-volatile solids is the next

step. There is two type of extraction fluid, namely, type-I and type-II. The

extraction fluid type-I (EF-I) has a pH of 4.93:100.05 and Type-II (EF-I1) has a pH

of 2.88:100.05. The extraction fluid employed is a function of the alkalinity of the

liquid phase of the waste. For this TCLP involves a system for pH evaluation

specific to TCLP only. Steps of pH evaluation are discussed below:

a) 5.0 gram of sample having particle size<\ mm (reduced) is taken and

mixed thoroughly with 96.5ml of de-ionized (01) water and stirred

vigorously for 5 minutes with a magnetic stirrer and allowed to settle. The

pH is then measured and recorded.

b) If pH <5.0, extraction fluid -I (EF-I) is selected immediately and step 3 is

followed.

c) If pH> 5.0, 3.5 ml of I(N) HCL is added, slurry is briefly mixed and

covered with a watch glass. Then is heated to 50°C and kept at 50°C for 10

minutes. The sample is then allowed to cool and pH is measured.

d) If final pH<5.0 then EH-I is selected otherwise, EF-II is selected.

3. The solid phase is extracted with an amount of extraction fluid to 20 times the

weight of the solid phase. For the present case the extraction vessels permit 25gm

of solid waste with 500 ml of extraction fluid. The vessels are then subject to
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continuous rotation end-over-end fashion at (30 0102) rpm for (18010 2) hours

(Fig3.1O).

.' ,..1

D
Fig 3.10: Agitation apparatus used in TCLP.

4. Following the extraction, the liquid is separated from the solid by positive

pressure filtration through 0.6 to 0.8 11mglass fiver filter. The pH of the extract is

maintained at less than 2.0 for metal analysis. The procedure only discussed

briefly here. The complete procedure could be found in EPA method

1311(USEPA, 1992) and (Hossain, M.A. et aI. 2003)

3.5 SUMMARY

To assess the contamination of converted soil and surface water source due to crude

dumping technique of solid wastes in Matuail Dumping Site, various types of samples

(solid waste, natural soil, converted soil, leachate and surface water) were collected and

analyzed in the laboratory. The different parameters and name of tests for each sample

have been listed in a tabular form (Table 3.2) to present a clear view of the experimental

works, which were conducted in the present research.
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Table 3.2: List of parameters and name of tests for collected samples in this study.

Sample Type No. of Name of Test Method Tested Parameters

Samples (Total No.)

Analysis of Physical and Ash content, Unit weight, Moisture

Chemical Parameters content, Organic content, Inorganic

Solid Waste 5 following Standard content, Heavy metals such as Fe, Pb,

(WS) Method (APHA,AWWA Cu, Zn, Mn, Cd, Ni (12)

and WEF, 1998)

TCLP Test (USEPA, Fe, Pb, Cu, Zn, Mn, Cd, Ni (7)

1992)

Converted Analysis of heavy meta

Soil 12 !concentration followinE Fe, Pb, Cu, Zn, Mo, Cd, Ni (7)

(S) Standard Method. (APHA,

AWWAand WEF, 1998)

Natural Soil Analysis of heavy meta

(NS) 3 oncentration followinE Fe, Pb, Cu, Zn, Mn, Cd, Ni (7)

Standard Method (APHA

AWWAand WEF, 1998)

Leachate Analysis of Physical and

Sample(W) 4 Chemical Parameters pH, Color, TSS, TS, IDS, Fe, Pb, Cu,

following Standard Zn, Mn, Cd, Ni (12)

Method (APHA, AWWA

and WEF, 1998)

Surface Analysis of Physical and pH, DO, BODs, COD (KMn04), TC,

Water 5 Chemical Parameters FC, Color, TSS, TS, IDS, Turbidity,

Sample (SW) following Standard Fe, Pb, Cu, Zn, Mn, Cd, Ni (18)

Method (APHA, AWWA

and WEF, 1998)
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CHAPTER 4

EXPERIMENTAL RESULTS

4.1 INTRODUCTION

In order to assess the contamination of soils (converted soil) around the dumping site and

to understand the leaching characteristics of solid waste, samples were collected and a

series of tests were performed (chapter 3). The results of these tests and a detail

discussion on the results have been presented in the following sections of this chapter.

4.2 SOLID WASTE SAMPLE

The composition of solid waste samples collected from five different locations of the

study area is presented in Table 4.1. Although samples were collected from five different

places, their individual concentrations of the tested parameter vary within a significant

range. The cause of these variations of concentration occurs due to non-homogeneity of

the waste. The maximum concentration of Fe was found 18000 mg/kg and minimum was

7000 mg/kg. The variation of copper concentration was also significant. The maximum

copper concentration was 1678.70 mglkg whereas minimum concentration was 161.74

mg/kg. The concentrations of other parameters vary within different ranges. The variation

oflead concentration ranges from 638.3 mg/kg to 145.9 mg/kg, zinc concentration 2332

mg/kg to 1104 mglkg, manganese concentration 224 mg/kg to 144 mglkg, cadmium

concentration 0.48 mg/kg to 1.24 mg/kg, and nickel concentration 29.47 mg/kg to 18.23

mg/kg. The concentration of iron is the highest (9600 mglkg) whereas cadmium

concentration is the lowest (0.804 mg/kg) among all the heavy metals tested. There was

also a variation of unit weight, moisture content, and organic content for different solid

waste samples. Unit wt varies within the range of 667 kg/m3 to 750 kg/m3 and organic

content varies from 26.98% to 44.36%. The average moisture content of solid waste was

observed 54.12% that is in close agreement with a previous study (BCSIR, 1998) result
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(moisture content 59%). Ash content was found higher (average 67.36 %) in this study

than the previous study (22%) (BCSIR, 1998).

Table 4.1 Composition of solid waste sample
Concentration present in the collected samples

Parameters Sample 1 Sample 2 Sample 3 Sample 4 Sample 5

Ws-I Ws-2 Ws-3 Ws-4 Ws-S
Mean :t Standard

Deviation

Unit wt (kglm') 700 750 683 667 700 7000<31.14

Moisture Content (%
57.72 67.87 52.51 37.13 55.37 54.12:1:11.12

w.r.t. wet wt)

Ash Content (%) 55.64 68.23 67.57 72.33 73.02 67.3&.i6.98

Organic Content (%) 44.36 }J.77 32.43 27."67 26.98 32.64:1:7.39

Inorganic
55.64 68.23 67.57 72.33 73.02 67.36:1:6.98

Content (%)

Fe (mg/kg) 8000 18000 8000 7000 7000 96000<4722.28

Pb (mg/kg) 638.3 145.9 273.5 145.9 437.7 328.26:1:210.72

Cu (mgfkg) 190.54 161.74 1624.70 775.64 1678.7 886.264:1:740.68

Zn (mg/kg) 1126 1552 1104 1592 2332 1541.2:1:497.89

Mn (mg/kg) 144 144 186 224 152 1700<34.81

Cd(m~k~ 0.48 0.62 1.03 0.65 1.24 0.804:1:0.31

Ni (m~k2) 19.60 27.69 18.23 21.66 29.47 23.33:1:4.98
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Fig 4.1: Representation of average heavy metal concentration in solid waste

samples.

Fig 4.1 represents average heavy metal concentration in solid waste samples. This figure

shows that in solid wastes among the heavy metals, the iron content is maximum and the

concentration of other heavy metal follows a decreasing trend such as concentration of

iron> zinc> copper> lead > manganese> nickel > cadmium. Solid waste contains

higher amount of iron, lead, zinc and copper because residential, industrial, municipal

solid waste contains different types of materials that are the source of iron, zinc, copper

and lead. The concentration of heavy metals in solid waste was found to be very high

which could be potentially hazardous and pose a serious threat to soil and water.

4.3 NATURAL SOIL SAMPLE

Presence of heavy metals in natural soil is usually common. In same areas, the contents

of these elements in natural soil are higher than maximum concentration, which has a

beneficent or harmless effect on vegetation. The content of heavy metals in natural soil

can reach levels that inhibit the normal growth and development process of plants and

cause disturbance in other environmental component. In order to interpret the level of

heavy metals in converted soils, values of heavy metals were determined both in natural

soils not affected by entropic impact and affected soils (converted soil). Natural soil
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sample collected from three different depths- from top surface, from depth of 1.5 ft and

from depth of 3ft were analyzed for heavy metals such as Iron, Lead, Copper, Zinc,

Manganese, Cadmium and Nickel. Three samples are designated as NSo, NSu, NS3 and

the result of the analysis is shown in Table 4.2.

Table 4.2: The concentration of heavy metals in natural soil at varying depth.

Designation NSo NS1.5 NS3

Deptb(ft) 0 1.5 3.0

Parameter

Fe (mglkg) 24000 28000 40000

Pb (mglkg) 109.4 91.2 72.9

Cu (mglkg) 51.36 42.76 37.92

Zn (mglkg) 932 450 1360

Mn(mglkg) 64 145 175

Cd (mglkg) <M.D.L <M.D.L 0.21

Ni (mglkg) 21.93 24.67 27.41

Note: Minimum Detection Limit (M.D.L) for Cd: 0.02 ppb

Pb: J.OOppb

From Table 4.2 it is observed that iron, manganese, cadmium and nickel concentration

increase with depth whereas lead and copper concentration decrease with increase in

depth. The concentration of zinc does not follow any such pattern.

74



3

3.5

o
o

0.5

1c
.5 1.5
.c
1i. 2
~ 25

Concentration of Fe .nd Zn In mg/kg

5000 10000 15000 20000 25000 30000 35000 40000 45000

"\
\
\.

~
~

\ ~

~
~

Fig 4.2 Variation of iron and zinc concentration in natural soil sample with depth.

Fig 4.2 represents variation of iron and zinc concentration in natural soil sample with

depth. Iron concentration increase with depth but zinc concentration does not follow such

pattern. Fig 4.2 shows concentration of zinc at 1.5 ft depth is lower than that of at surface

and at 3.000 depth and at 3.00 ft depth concentration of zinc is higher than that of at

surface and 1.50 ft depth. Fig 4.3 shows Pb and Cu concentration decreases with depth

whereas concentration ofMn & Ni increases with depth.
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Fig 4.3 Variation of Pb, Cu, Mn, Ni concentrations in natural soil with depth.

Fig 4.4 shows variation of concentration of Cd in natural soil sample with depth. It shows

concentration of Cd at surface and 1.50 ft depth is zero and increases with depth below

1.5ft.
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Fig 4.4 Variation of cadmium concentration in natural soil with depth.

4.4 CONVERTED SOIL SAMPLE

Matuail dumping site has been used for dumping of solid waste of Dhaka city for more

than ten years. In this site solid wastes that dumped long ago have been converted to soil

and local people use some portion of this site as cropping field. From this site, four soil

(converted soil) samples were collected along the periphery of the site from top surface,

from 1.5 ft depth and from 3.0 ft depth. Samples are designated as Sn-O,Sn.U and Sn.3

where n=I, 2, 3, 4 for successive sample location. Each sample was analyzed for heavy

metal concentration such as Iron, Lead, Copper, Zinc, Manganese, Cadmium and Nickel.

Table 4.3 (a): Concentration of heavy metals in converted soil at different depth.

Sample 1

Designation 81".0 81-1.5 81-:J

Depth (ft) 0.0 1.5 3.0
Parameter
Fe (mg/kg) 16000 16000 14000

Pb (mg/kg) 565.3 328.2 164.1

Cll (mg/kg) 465.56 496.04 394.76

Zn (mglkg) 1616 1896 1662

Mn(mg/kg) 261 228 232

Cd (mg/kg) 1.72 0.96 OAI

Ni (mg/kg) 40.30 38.51 49.62
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Table 4.3 (b): Concentration of heavy metals in converted soil at different depth.

Sample 2

Designation Sro SrI.5 ~-:J

Depth (ft) 0.0 1.5 3.0

Parameter

Fe (mglkg) 15200 15600 16000

Pb (mglkg) 255.3 693.0 364.7

Cn (mglkg) 495.80 476.60 309.34

Zn (mglkg) 2176.00 3264.00 1942.00

Mn(mglkg) 201.00 180.00 331.00

Cd (mg/kg) 1.17 2.27 1.51

Ni (mg/kg) 32.62 65.79 32.62

Table 4.3 (c): Concentration of heavy metals in converted soil at different depth.

Sample 3

Designation S)-. S)-1.5 Sn

Depth (ft) 0.0 1.5 3.0

Parameter

Fe (mglkg) 16000 18000 16000

Pb (mglkg) 538.00 1185.30 930.00

Cn (mglkg) 497.72 609.32 582.68

Zn (mg/kg) 1896.00 1982.00 1880.00

Mn(mglkg) 207.00 194.00 207.00

Cd (mglkg) 0.86 2.06 2.37

Ni (mglkg) 23.03 25.22 35.09
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Table 4.3 (d): Concentration of heavy metals in converted soil at different depth.

Sample 4

Designation S.-. S.-'.5 S.-,

Depth (ft) 0.0 1.5 3.0

Parameter

Fe (mglkg) 18800 18000 18800

Pb (mglkg) 911.80 1057.70 10394.60

Cu (mglkg) 620.60 604.76 671.48

Zn (mglkg) 2284 1834 2868

Mn(mglkg) 205 158 206

Cd (mglkg) 2.20 1.54 2.20

Ni (mglkg) 39.61 42.49 22.07

Table4.3 (e): Comparison between concentration of heavy metal in converted soil

and in natural soil at different depth.

At surface At 1.50 ft depth At 3.00 ft depth

Designation 8'Vl~ NSo 8.v&-l.5 N81.5 8,vr-J N8:J
(Connrttd soil

(N.lund oolI)
Convrrnd oolI) (Notund >OiJ) (Connrt~ soD)

(Notund oolI)

Parameter

Fe (mglkg) 16500 24000 16900 28000 16200 40000

Pb (mglkg) 567.6 109.4 816.05 91.2 2963.35 72.9

Cu (mglkg) 519.92 51.36 546.68 42.76 489.565 37.92

Zn (mg/kg) 1993 932 2244 450 2088 1360

Mn(mglkg) 218.5 64 190 145 244 175

Cd (mglkg) 1.487 <M.D.L 1.707 <M.D.L 1.622 0.21

Ni (mglkg) 33.89 21.93 43.00 24.67 34.85 27.41
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Fig 4.5: Comparison of between iron concentration in converted soil samples and

iron concentration in natural soil sample

In Fig 4.5 average iron (Fe) concentration of four converted soil samples is compared

with iron (Fe) concentration of natural soil sample at different depth. Converted soil

sample are designated as Savg. and natural soil sample is designated as NS. From the

figure it is observed that iron content of converted soil sample is less than that of natural

soil sample.
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Fig 4.6: Comparison of average lead concentration in converted soil samples with

lead concentration in natural soil sample

In Fig 4.6 average lead (Ph) concentration of four converted soil samples is compared

with lead (Pb) concentration of natural soil sample at different depth. Converted soil

sample are designated as Savg and natural soil sample is designated as NS. The figure

shows that lead content of converted soil sample is higher than that of natural soil sample
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and at 3.00 ft depth Pb concentration of converted soil sample is significantly higher than

that of natural soil sample
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Fig 4.7: Comparison of average copper concentration in converted soil samples with

copper concentration in natural soil sample

In Fig 4.7 copper (Cn) concentration of converted soil sample is compared with copper

(Cu) concentration of natural soil sample. Converted soil samples are designated as Savg

and natural soil sample is designated as NS. Figure shows that Copper content of

converted soil sample is significantly higher than Copper content of natural soil sample.
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Fig 4.8: Comparison of average zinc concentration m converted soil samples with zinc

concentration in natural soil sample

In Fig 4.8 it is observed that zinc (Zn) concentration of converted soil sample is higher

than that of natural soil sample. Concentration difference at depth 1.50 ft is significantly

higher than other two depths i.e. at surface and 3.00 ft depth.
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Fig 4.9: Comparison of average manganese concentration of converted soil samples

with manganese concentration of natural soil sample

In Fig 4.9 average manganese (Mn) concentration of converted soil samples is compared

with manganese (Mn) concentration of natural soil sample at different depth. Converted

soil sample are designated as Savg and natural soil sample is designated as NS. From the

figure it is observed that Manganese concentration in converted soil sample is higher than

that of natural soil sample. The difference at surface is significantly higher.
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Fig 4.10 Comparison of average cadmium concentration of converted soil sample

with cadmium concentration of natural soil sample
In Fig 4.10 cadmium (Cd) concentration of converted soil sample is (Savg) compared

with cadmium (Cd) concentration of natural soil sample (NS). From the figure it is

observed that cadmium (Cd) concentration in converted soil sample is higher than that of
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in natural soil sample. At surface and 1.50 ft depth cadmium concentration is less than

detection level.
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Fig 4.11 Comparison of average nickel concentration of converted soil sample with

nickel concentration of natural soil sample

In Fig 4.11 nickel (Ni) concentration of converted soil sample is compared with nickel

(Ni) concentration of natural soil sample. Converted soil samples are designated as Savg

and natural soil sample is designated as NS. From the figure it is observed that nickel

(Ni) concentration of converted soil sample is higher than of in natural soil sample the

difference of concentration at depth 1.50 ft is higher than that of two other depths.

From Fig 4.5 to Fig 4. I I, it has been observed that heavy metal concentration 10

converted soil is significantly higher irrespective of depth than that of natural soil for

every parameter (Pb, Cu, Zn, Mn, Cd and Ni) except Fe.

4.5 LEACHATE SAMPLE

Possible contamination of ground water by leachates at the dumping site is a major

concern, particularly in view of the fact that DCC dumping sites have not been designed

as sanitary landfill sites. Heavy rainfall during the monsoon is very conducive to

generation of leachates at the dumping site. Leachates have the potential of slowly

moving downwards and eventually reaching the aquifer, thus contaminating this precious

resource. Analysis of leachate samples collected from four points along the periphery
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(Table 3.1) of the site shows that these have potential of contaminating the groundwater

(Table 4.4). This shows that the leachate samples have very high concentration of a

number of heavy metals such as Fe, Zn, Ni, Pb and Cu.

Table 4.4: Concentration of different parameter in leachate sample.

Sample No Sample 1 Sample 2 Sample 3 Sample 4 Range of Range of

concentration in concentration in

Sample present study previous study

Designation WI W, WJ W. I (BUET,2000)

Parameter

pH 7.85 7.75 8.5 7.75 7.75-8.5 7-8.55

Color(Pt-Co) 5340 6400 15600 9180 5340-15600 4150-40000

TS (mgll) 6315 9451 14387 8275 6315-14387 --
TDS (mgll) 5282 5226 7620 6403 5226-7620 500-10600

TSS (mg/l) 1033 4225 6767 1872 1033-6767 --

Fe (mg/l) 6.00 16.00 16.00 4.00 4 -16 4.13 - 208.6

Pb (mg/l) 1.2948 0.3282 0.5470 0.5015 0.3282-1.2948 1.58 -13.51

Cn (mg/l) 0.1632 0.5304 0.1776 0.2160 0.1632- 0.5304 0.70-18.5

Zn (mgll) 2.525 1.507 0.711 0.688 0.688-2.525 7.66-34.7

Mn (mgll) 0.40 0.80 0.42 0.39 0.39-0.80 1.28-12.02

Cd (mg/l) 0.0034 0.0045 0.0027 <M.D.L <M.D.L- 0.016-0.15

0.0045

Ni (mg/l) 0.2220 0.2440 0.2508 0.2083 0.2083-0.2508 0.019-0.926

Note: 1.Minimllm Detection Limit (M.D.L) for Cd: 0.02 ppb

2. Leachate sample have been collected from drainage channel along the periphery of

the site withollt drilling boreholes. So it does lIOtrepresent idealleacahte.

83



From Table 4.4 it is observed that iron concentration (range 4 mg/I -16mg/l) in leachate

sample is significantly higher than other heavy metal and cadmium (range bellow M.D.L

- 0.0027 mgll) is the lowest than other heavy metal in leachate sample. From Table 4.4 it

is observed that concentrating of different parameter in present study is less than that of

in previous study (BUET, 2000). This may be due to that leachate sample collected in

present study does not represent ideal leachate as it was collected from drainage channel

along the periphery (Fig 3.4, Fig 3.5) without drilling boreholes. Another reason may be

due to mixing of rainwater with leachate sample and leachate sample have become

diluted, as sample was collected during monsoon period.

4.6 SURFACE WATER SAMPLE

Leachate from dumping site flows into surface water body surrounding the dumping site

and sometimes waste is directly thrown into surface water body and surface water

becomes polluted. Local slum people use this water for various domestic purposes. This

water is also used for different purposes in adjacent hotels, restaurants, tea stall etc. In

this study five surface water samples were collected from five different points along the

periphery and from a distant place of the dumping site. These are designated as SW1,

SW2, SW3, SW4 and SWs. The test result of surface water samples collected from

locations around the dumping site shows that surface water source has become

contaminated from leachates flowing into them (Table 4.5).
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Table4.5: Concentration of different parameter in surface water sample.

Sample No Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Range of

Sample SW, SWz SWJ SW. SWs concentration
Designation

Parameter

pH 7.42 7.44 7.40 7.18 7.40 7.18-7.44

DO (mgIL) 2.4 2.8 2.0 3.0 3.0 2.0-3.0

BODs (mgIL) 18.4 18.4 12.8 8.00 12.00 8.0-18.4

COD(KMnO.) 30 24.4 19.2 12.8 17.2 12.8-30.0

(mgIL)

TC (no/lOOml) TNTC TNTC TNTC TNTC TNTC --
FC (no/lOOml) TNTC TNTC TNTC TNTC TNTC --
Color (Pt-Co) 118 164 164 138 157 118.0-164.0

Turbidity (NTU) 13.5 22 23 12 12 12.0-23.0

TS (mgll) 323 348 341 348 348 323.0-348.0

TDS (mgll) 301 284 296 329 333 296.0-333.0

TSS (mgll) 22 64 45 19 15 15.0-64.0

Fe (mgll) 1.00 1.00 3.00 1.00 0.50 0.50-3.0

Pb (mgll) <M.D.L 0.1824 0.9428 <M.D.L <M.D.L <M.D.L-

0.9428

Cu (mgll) 0.0792 0.0504 0.0012 <M.D.L 0.0168 <M.D.L-

0.0792

Zn (mgll) 0.402 0.336 0.3595 0.307 0.6335 0.307-0.6335

Mn (mgll) 0.066 0.070 0.522 0.226 0.046 0.046-0.552

Cd (mgll) 0.0014 0.0048 <M.D.L <M.D.L <M.D.L < M.D.L-0.0048

Ni (mgll) <M.D.L <M.D.L <M.D.L <M.D.L <M.D.L <M.D.L

(Note: TNTC stands for "Too Numerous To Count"

Minimum Detection Limit (M.D.L) for Cd: 0.02 ppb and for Pb: 1.00 ppb)
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From Table 4.5 it is observed that iron concentration (range 0.5 mg/I - 3.0 mg/I) in

surface water sample is significantly higher than other heavy metal, Nickel is less than

detectable level and Pb, Mn, Zn is significantly higher than Cu, Cd. Iron concentration in

both leachate and surface water sample is significantly higher than other heavy metal

concentration. Pb, Mn, Zn concentration is significantly higher than Cu, Cd concentration

in both leachate and surface water sample. So from this data it is remarkable that leachate

flows into the surface water body and surface water has become polluted.

4.7 RESULTS OF TCLP TESTS

Five solid waste samples (Table 3.2) were tested to study the leaching behavior of solid

waste. For each sample, two TCLP tests were performed. These are designated as

TCLPiG) where i stands for sample no and j stands for test no. The test results of TCLP

test (in both mg/I and mglkg) are presented in Table 4.6. Then for each sample average

value is calculated and is designated as TCLP i (avg.) presented in Table 4.7. Using

TCLPi (avg.) value in mglkg, percentage of leaching for each sample is calculated and

presented in Table 4.8.
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Table 4.6 Concentration of heavy metals in TCLP extract.

Desilmation TCLP l(l) I TCLP 2(1) I TCLP 3(1) I TCLP 4(1) I TCLP5m
Parameter I Unit
Fe mgll 3.00 1.60 3.00 3.00 1.60

mg/kg 60.00 32.00 60.00 60.00 32.00

Pb mgll 0.5106 0.4742 0.5471 0.9847 1.1489

mg/kg 10.212 9.848 10.942 19.694 22.978

Cn mgll 0.186 0.144 0.0276 0.5076 4.1536

mg/kg 3.72 2.88 0.552 10.152 83.072

Zn mgll 3.17 3.186 2.556 5.05 20.615

mg/kg 63.4 63.72 51.12 101 412.3

Mn mgll 2.095 2.33 3.37 2.96 2.655

mglkg 41.9 46.6 67.4 59.2 53.1

Cd mgll 0.0069 0.0072 0.0069 0.0137 0.0151

mg/kg 0.138 0.144 0.138 0.274 0.302

Ni mgll 0.1549 0.0822 0.0685 0.1891 0.4386

mg/kg 3.098 1.644 1.37 3.782 8.772

Designation TCLP 1(2) TCLP 2(2) TCLP 3(2) TCLP 4(2) TCLP 5(2)

Parameter I Unit
Fe mgll 1.60 1.00 9.00 3.40 7.50

mg/kg 32.00 20.00 180.00 68.00 150.00

Pb mgll 0.1459 0.0912 0.0729 0.1459 0.2188

mg/kg 2.918 1.824 1.458 2.918 4.376

Cn mgll 0.054 0.1716 0.0192 0.5496 3.3573

mg/kg 1.08 3.432 0.384 10.992 67.146
Zn mgll 1.818 3.404 2.144 4.568 20.92

mg/kg 36.36 68.08 42.88 91.36 418.4
Mn mgll 2.21 2.71 3.815 3.085 3.065

mg/kg 44.2 54.2 76.3 61.7 61.3

Cd mgll 0.013 0.011 0.0048 0.113 0.011

mg/kg 0.26 0.22 0.096 0.226 0.22

Ni mgll 0.1412 0.1014 0.0822 0.1384 0.3728

mglkg 2.824 2.028 1.644 2.768 7.456
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Table 4.7 Average value of heavy metal concentration of each TCLP extract,

TCLPi(avg).

Desitmation TCLP l(av2) I TCLP 2(av2) rI'CLP 3(avl!) ITCLP 4lavl!) TCLPSlav2
Parameter I Unit
Fe mgll 2.30 1.30 6.00 3.20 4.55

mglkg 46 26 120 64 91
Pb mgll 0.3283 0.2918 0.29 0.5653 0.5838

mglkg 6.565 5.836 5.80 11.306 13.677
Co mg/l 0.12 0.1578 0.0234 0.5286 3.7544

mglkg 2.40 3.156 0.468 10.572 75.089
Zn mg/l 2.494 3.295 2.35 4.809 20.76

mglkg 49.88 65.90 47 96.18 415.35
Mn mg/l 2.1525 2.52 3.5925 3.0225 2.86

mglkg 43.05 50.40 71.85 60.45 57.20
Cd mgll 0.00995 0.0091 0.00585 0.0125 0.0131

mglkg 0.199 0.182 0.117 0.25 0.261
Ni mg/l 0.1479 0.0918 0.0754 0.1637 0.4057

mg/kg 2.9585 1.836 1.507 3.275 8.114

Table 4.8 Leachinl! nercenta2es of heavy metals in solid waste comDosition.
Sample Parameter

Designation Fe Pb CD Zn Mn Cd Ni
(mglkg) (mglkg) (mglkg) (mglkg) (mglkg) (mglkg) (mglkg)

WS1 8000 638.3 190.54 1126 144 0.48 19.60
TCLPI (avg.) 46 6.565 2.4 49.88 43.05 0.199 2.9585
% Of leaching 0.575 1.02 1.25 4.42 29.89 41.45 15.09

W~ 18000 145.9 161.74 1552 144 0.62 27.69
TCLP2 (avg.) 26 5.836 3.156 65.9 50.4 0.182 1.836
% Of leaching 0.14 4 1.95 4.24 35 29.35 6.63

WS3 8000 273.5 1624.70 1104 186 1.03 18.23
TCLP3 (avg.) 120 5.80 0.468 47 71.85 0.117 1.507

% Of leaching 1.5 2.12 0.0288 4.25 38.62 11.35 8.266
WS4 7000 145.9 775.64 1592 224 0.65 21.66

TCLP4 (avg.) 64 11.306 10.572 96.18 60.45 0.25 3.275
% Ofleaching 0.91 7.74 1.36 6.04 26.98 38.46 15.12

WSs 7000 437.7 1678.7 2332 152 1.24 29.47
TCLP5 (avg.) 91 13.677 75.089 415.35 57.2 0.261 8.114
% Of leaching 1.3 3.12 4.47 17.81 37.63 21.04 27.53
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Table 4.9 Leaching % of heavy metals with respect to avg. heavy metal concentration

(mg/kg) in solid waste.

Heavy Average TCLP (avg.) % Of leaching

Metal Concentration (mglkg) mg/l mglkg

Fe 9600 3.46 69.2 0.72

Pb 328.26 0.43 8.64 2.63

CD 886.26 0.916 18.33 2.06

Zn 1541.2 6.74 134.86 8.75

Mn 170 2.829 56.59 33.28

Cd 0.804 0.010 0.2018 25.09

Ni 23.33 0.176 3.538 IS.16

Again from test results presented in Table 4.7, average value of heavy metal

concentration (in both mg/kg and mgtl) in TCLP extract have been calculated and are

presented in Table 4.9. Using average heavy metal concentration (mg/kg) in solid waste

(Table 4. I) and average heavy metal concentration (mg/kg) in TCLP extract, percentage

of leaching of heavy metals are calculated and presented in Table 4.9. From Table 4.9 it

is observed that leaching of Manganese (33.28%) is higher than that of other metal that

are tested. Leaching value minimum for metal Fe and the value is 0.72%.
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Fig 4.12: Leaching % of heavy metals with respect to avg. heavy metal

concentration in solid waste.

Fig 4.12 shows leaching percentage of heavy metal. It shows peak value for Mn and then

for Cd. In descending order Mn (33.28%»Cd (25.09"/0) >Ni (15.16%»Zn (8.75%» Pb

(2.63%» Cu (2.06%» Fe (0.72%).
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CHAPTERS

DISCUSSION AND CONCLUSION

5.1 DISCUSSION

People of Dhaka City lack many urban services among which solid waste management is

one of them. DCC does not have any sanitary landfill for ultimate disposal of solid waste

and the crude dumping of solid waste in low-lying areas has serious environmental

consequences; air, soil, surface as well as possible groundwater pollution. The disposal

operation of the dumping site at Matuail is poorly organized exposing the collection

crews as well as scavengers in to direct contact with solid waste, which is highly

contaminated with toxic and hazardous heavy metals (Table 4.1). The characterization of

solid wastes dumped at Matuail dumping site (Table 4.1) shows that the concentration of

different parameters varies within a wide range. The reason for this variation may be due

to non-homogeneity of wastes. The moisture content was reportcd as 54.12 %, which is

in close agreement with a previous study (BCSIR, 1998) result (moisture content 59"10).

High concentrations ofa number of heavy metals (e.g. Fe, Pb, Cu, Zn, etc) in solid waste

(Table 4.1) suggest that it may be potentially hazardous, and may pose a serious threat to

public health. Natural soil samples and converted soil, which has been formed from solid

wastes due to dumping for a long period of time, were analyzed to investigate the

possible contamination. The presence of heavy metals such as Pb, Cu, Zn, Fe, Mn, Cd

and Ni were determined at varying depth (0 ft, 1.5 ft and 3.0 ft). The concentration of

such heavy metals in converted soil sample with depth does not follow any specific trend

[Table 4.2 and Table 4.3 (a), (b), (c) and (d)]. The concentration of some parameters

increases with increasing depth and other parameters decreases with depth. Since the

concentration does not follow any regular trend, therefore no correlation between the

concentrations and depth can be established and hence the average concentration is

shown as the representative concentration of a particular metal in both the natural soil and

converted soil (Table 5.1).
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Table 5.1: Representative concentration of metal in natural soil and converted soil

(From Table 4.3e).

Parameter Converted soil (S) Natural soil (NS)

(mg/kg) (mg/kg)

Fe 16533.33:1:351.18 30666.67:1:8326.66

Pb 1449:1:1306. 73 91.17:1:18.25

Cu 518.72:1:28.57 44.01X6.80

Zn 2108.33:1:126.72 914.00:1:455.26

Mn 217.50:1:27.01 128.00:1:57.41

Cd 1.6H:O.lI 0:1:0

Ni 37.25:1:5.76 24.67:1:2.74

A comparison of heavy metal concentration was made between the natural soil and

converted soil in the dumping site (Table 5.1). It has been observed from the data that

heavy metal concentration in converted soil is significantly higher irrespective of depth

than that of natural soil for every parameter (Pb, Cu, Zn, MIl, Cd, and Ni) except Fe.

This finding shows that the converted soil, which formed due to dumping of wastes over

the years, is highly contaminated with toxic metals. The concentration of Fe is higher in

natural soil than converted soil and the reason may be due to high concentration of

naturally occurring iron in that area. The high concentration of heavy metals in converted

soil shows that there may be a possible contamination of hazardous heavy metals, which

in future may lead to ground water contamination. According to Chilton and Kinniburgh

(2003), the baseline concentration of the heavy metals is usually in the range of O.I-200

mg/kg. Heavy metals such as Zn, Cd, Cu, Pb, Ni and Cr are present in all natural soils but

are usually found at low concentration (Table 5.2). Higher concentration usually occurs

in soils below or near landfills and agricultural lands that have been irrigated with

contaminated water. This sayings support the findings of present study. Table 5.3 shows

an indication of probable soil contamination with respect to maximum allowable limits

for heavy metals in soil in different countries.
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Table5.2: Normal content intervals and maximum allowable limits of heavy metals

in soils (after Kloke, 1980)

Chemical Normal content interval Maximum allowable limits(M.A.L)

Element (mg/kg) (mg/kg)

Cd 0.1-1.0 3

Co 1-10 50
Cr 2-50 100
Cu 1-20 100

Ni 2-5 50

Pb 0.1-20 100

Zn 3-50 300
..

Table 5.3: Values of maximum allowable limits (M.A.L) for heavy metals in soil

(mglkg) used in different countries (in KABATA-PENDIAS, 1995, USEPA, 1983)

Chemical Austria Canada Poland Japan Great Germany U.S.A Concentration

element Britain (1983) found in

present study

Cd 5 8 3 - 3 - 0.7 1.61
Co 50 25 50 50 - - 40 -

Cr 100 75 100 - 50 200 1000 -

Cu 100 100 100 125 100 50 100 519

Ni 100 100 100 100 50 100 500 37.25
Pb 100 200 100 400 100 500 200 1449
Zn 300 400 300 250 300 300 300 2108
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Table 5.3 shows that the concentration of Cd and Ni found in present study is less than

the maximum allowable limit whereas concentration of Cu, Pb and Zn found in present

study are much higher than the maximum allowable limit used in different countries.

Since household, commercial, industrial and a significant portion of hospital waste

(Table 2.2, Chap 2) are being dumped everyday in disposal site without any segregation

and without any sanitary land filling practice, this mixed waste rich in hazardous toxic

metals is a severe concern of environmental pollution which the data obtained from the

present study indicates. This finding indicates that indiscriminate disposal of mixed solid

waste (household, commercial, industrial and a significant portion of hospital waste)

without any segregation and without any sanitary land filling practice, pollution of soil

around the disposal site has already been started and eventually it may pollute the

groundwater resource if no measures would taken in the solid waste management

(especially collection, disposal) system.

Liquid that passes through the landfill and that has extracted dissolved and suspended

matters from it, is called leacahte. The liquid enters the landfill from external sources

such as rainfall, surface drainage etc.; liquid is also present in the waste and produced

from the decomposition of the waste. Leachate typically contains a wide range of

dissolved organic and inorganic contaminants, including heavy metals. Analysis of

leachate samples collected from dumping site shows that, these have the potential of

contaminating the groundwater. The test result (Table 4.4) shows that leachate have a

high concentration of Fe, Pb, and Zn. Another previous study carried out in BUET, 2000

also showed very high concentration of BODs, COD, chloride, Pb, and Cr (Table 2.20).
The concentration of heavy metals found in the present study is less than the

concentration found in previous study (BUET, 2000). The reason may be due to the

mixing of rainwater with leachate since the sample was collected during monsoon period

in August, 2003. Again the leachate samples collected in this study do not represent the

real leachate generated in the dumping site. The generation of leachate is a long term

process and regular monitoring to track movement of leachates and quality of

groundwater is needed for early detection of possible contamination of groundwater.
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However this data suggest that the liquid waste generated from the disposed solid waste

is contaminated and proper attention should be given in the design oflandfill site in order

to protect soil and groundwater.

Surface water samples collected around the dumping site have been found to be polluted

from the leachates flowing into them (Table 4.5). The concentration of color, DO, BOD~,

COD, T.C, F.C found in surface water shows that this water is not suitable for domestic

purposes although the surrounding people use this surface water for different purposes in

household works, nearby hotels, restaurants etc.

Finally an attempt was made to investigate the leaching characteristics of solid waste in

the site. From the TCLP test results (Table 4.9), it is observed that there is a high

potential of leaching of heavy metals from solid wastes. Comparison of concentration

(mg/I) of heavy metal in TCLP extract (Table 4.9) with maximum theoretical

concentration (mg/I) in leachate (Sec 3.4.6) is shown in Table 5.4. In Table 5.4 values of

fifth column is same with the values in last (7th) column for corresponding heavy metal,

which represents theoretical leaching as the 100% leaching tendency of heavy metal. This

similarity of fifth column and last (7th) column of Table 5.4 supports the results of TCLP

test (% ofleaching of heavy metal).

Table 5.4: Comparison of concentration of heavy metal in TCLP extract with

maximum theoretical concentration in leachate using equation in the sec 3.4.6.

Heavy Avg. Avg. %of Maximum % of concentration (mgll)

Metal Concentration Concentration leaching theoretical in TCLP extract w.r.t

in Solid waste in TCLP extract of heavy concentration theoretical
metal in leachate concentration (mgll)

mglkg mglkg mgll - mgll -
Fe 9600 69.2 3.46 0.72 480 0.72

Pb 328.26 8.636 0.43 2.63 16.41 2.63

Cu 886.264 18.33 0.916 2.06 44.31 2.06

Zn 1541.2 134.86 6.74 8.75 77.06 8.75

Mn 170 56.59 2.829 33.28 8.5 33.28

Cd 0.804 0.2018 0.01 25.09 0.0402 24.87

Ni 23.33 3.538 0.176 15.16 1.166 15.09
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USEPA (1992) sets toxicity characteristics regulatory standards covering some major

heavy metals (Table 5.5).

Table 5.5: Toxicity Characteristic regulatory standards set forth by the USEPA

(1992)

Heavy Metal Concentration in TCLP leachate (mg/l)

Pb 5.00

Cr 5.00

Cd 1.00

Hg 0.20

USEPA (1997) has set a restriction for land disposal of wastes (Table 5.6).

Table 5.6: Land Disposal Restriction- Universal Treatment Standards set forth by

the USEPA (USEPA, 1997)

Heavy metal Concentration in Concentration in TCLP

TCLP Leachate (USEPA,1997) Leachate found in the

(mg/l) present study (mg/l)

Pb 0.75 0.43

Cr 0.60 -

Cd 0.11 0.01

Hg 0.20 -
Fe -- 3.46

CD - 0.916

Mn - 2.829

Zn - 6.74

Ni - 0.176

The data reported in Table 5.6 indicates that the concentration in TCLP extract found in

the present study is still within the standard limit set by the USEPA (1997). This single
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data from this study may not strengthen the above saying but obviously may help in

future researches. However extensive research work on TCLP should be carried out to

establish the fact that the leachate from solid waste at Matuail dumping site may not a

serious threat to groundwater.

5.2 CONCLUSION

The principal conclusions drawn from the study are as follows:

~ The solid waste disposed in the Matuail dumping site contains significant amount

of heavy metals such as iron, manganese, copper, zinc and nickel. The presence of

such hazardous toxic metals is a great concern of public health and the

surrounding environment (soil, groundwater, surface water).

~ The concentration of heavy metals in converted soil is much higher than the

natural soil in the dumping site. This result shows that the converted soil, which is

formed due to dumping of wastes over the years, is highly contaminated with

toxic metals. The concentration of heavy metals such as cadmium, lead,copper

and zinc in converted soil are significantly higher than the maximum allowable

limits of the concentration of those heavy metals used in different countries. The

high concentration of heavy metals in converted soil may lead to groundwater

pollution in future.

~ The concentration of heavy metals in the converted soil samples does not follow

any specific trend with depth.

~ The high concentration of color, TS, ms, Pb, Zn, Cu and Ni in leachates shows

that it is highly contaminated and has the potential of polluting groundwater and

surface water.

~ Surface water around the disposal site has been found to be polluted from

leachates flowing into them indicates an unhealthy environment for aquatic life.
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The high concentration of color, BOD, COD, TC, FC (TNTC), Pb, Cu, Zn etc.

shows that this surface water is not suitable for domestic purposes.

>- The concentration of lead and cadmium in TCLP extract was compared with the

limits set by USEPA (1997) and were found within the tolerable limit. However

the high concentration of other parameters such as Fe, Cu, Mn and Zn etc.

indicates that there is a great possibility of soil and ground water contamination

due to leaching of solid waste. The average concentration of heavy metals in

TCLP extracts ranges from 134.86 mg/kg for Zinc (Zn) to 0.208 mg/kg for

cadmium (Cd). Among the heavy metals tested in TCLP extract, manganese

shows the maximum leaching tendency (about 33%) whereas iron shows

minimum leaching behavior (about 1%).

5.3 RECOMMENDATIONS FOR FURTHER STUDIES

>- In the present study, the leachate sample does not represent the ideal leachate

generated in the dumping site. Extensive study on the leachate property can be

carried out by collecting leachate from boreholes in the disposal site throughout a

year.

>- Further study may be conducted to assess the groundwater contamination by

boring up to the water table and collecting groundwater samples.

>- Further study may be carried out to study the leaching characteristics of solid

waste to stren!,>thenthe findings of the present study.
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