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ABSTRACT

Municipal solid waste management (M SWM) is one of the major environ-
mental problems of Indian cities. Improper management of municipal solid
waste (MSW) causes hazards to inhabitants. Various studies revea that
about 90% of MSW is disposed of unscientifically in open dumps and
landfills, creating problems to public health and the environment. In the
present study, an attempt has been made to provide a comprehensive re-
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view of the characteristics, generation and collection of MSW practiced in
Kolkata metropolitan area. The study is concluded with afew fruitful sug-
gestions, which may be beneficial to encourage the competent authorities/
researchers to work towards further improvement of the present system.
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INTRODUCTION

Solid waste has been produced sincethe beginning
of civilization. During theearliest periods, solid wastes
wereconveniently and unobtrusively disposed of inlarge
open land spaces, asthe density of the popul ation was
low. However, today, one of the consequences of glo-
bal urbanizationisanincreased amount of solid waste.
About 1.3 X 10°t of MSW was generated globally in
19901, and, at present, the annual generation is ap-
proximately 1.6 X 10°t. The urban populationinAsia
generates around 760 X 10°t of MSW per day, and
thisisexpectedtoincreaseto 1.8 X 10°t by 20258,
Thegateof theeconomy influenceswaste generation(9.
Usually, greater economic prosperity and alarger ur-

ban popul ation resultsin alarger amount of solidwaste
generation™, whichisacommon featurein developing
countries. Improper disposal of waste hashuge socia
costsdueto the spread of communi cablediseasesand
increased treatment costsfor pollutants, andisanissue
of increasing concernt®,

MSWM isthe mgor problem being faced by mu-
nicipalitiesbecauseit involvesahugeexpenditureand
receives scant attention™. Itisnot only atechnica prob-
lembut it dsoisstrongly influenced by political, legd,
socio-culturd, environmenta and economicfactors, as
well asavailableresources. Moreover, thesefactors
haveinterrdationshipsthat areusudly complex inwaste
management systems. Many citiesindevelopingAsan
countriesfaceseriousproblemsin managing their solid
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waste. Theannual waste generation increasesin pro-
portion to therisein popul ation and urbanization, and
issuesrelated to disposal have become challenging as
moreland isneeded for the ultimate disposal of these
solid wasted'@. MSW isnormally disposed of inan
open dump in many Indian citiesand towns, whichis
not the proper way of disposal because such crude
dumps pose environmental hazards caus ng ecol ogical
imbalanceswith respect to land, water and air pollu-
tioni*2, Increasing population levels, rapid economic
growth and risein community living standardswill ac-
celeratethefuture M SW generationratewithin Indian
cities. Thepresent annua quantity of solid waste gen-
eratedin Indian citieshasincreased from 6 milliontons
in1947to48 milliontonsin 1997 with anannua growth
rate of 4.25%, and it is expected to increase to 300
milliontonsby 2047,

Improper management of MSW condtitutesagrow-
ing concernfor citiesin devel oping nations. Proper man-
agement requiresthe construction and installation of
essential facilitiesand machinery, based onasuitable
management plan. Morethan 90% of MSW inIndiais
directly disposed of on theland in an unsatisfactory
manner’®. Theproblemisalready acutein citiesand
townsasthedisposal facilitieshave not been ableto
keep spacewith the quantum of wastes being gener-
ated. Itiscommon to find large heapsof garbagelying
in adisorganized manner at every nook and cornerin
the citied!. Therefore, the present study aims at to
determinethe quantitativeand quaitative characteris-
ticsof MSW aong with basicinformation, whichis
desirablefor MSWM, for KolkataMetropolitan area.

STUDY AREA

Kolkataisone of the four metropolitan cities of
Indiaandisthe capitd of the state of West Bengd. The
city iscentered on latitude 22° 34’ North and longitude
88° 24’ East, is approximately 30 km from the Bay of
Bengal, and theriver tidesat Kolkatarange over 4m.
In the absence of formalized waste segregation prac-
tices, recycling hasemerged only asan informal sector
using outdated technol ogy, which causes serioushedth
problemstowaste-pickers!*”). KolkataMunicipa Cor-
poration (KMC), thewaste managing authority, hasbe-
gunto analyzetheexisting waste management Situation
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with the goal of improvement along with the hel p of
financid assgancefrom different authorities. Intheyear
1998, thegovernment of Indiaasked theAsian Devel-
opment Bank (ADB) to providefinancia assistance
toamelioratetheenvironmenta conditionsin Kolkata.
Sincethen, variousimprovement schemeshavebeen
undertaken under theK olkataEnvironmenta Improve-
ment Project (KEIP)™*¥, of which solid waste manage-
ment isapart.

KolkataMetropolitanArea (KMA) (Platel) is the
urban agglomeration of the city of Kolkata, West
Bengal, India. KMA consists of 3 Municipal corpora-
tions(KolkataMunicipa Corporation (KMC), Howrah
Municipa Corporation and Chandannagore Municipal
Corporation, asoit consistsof 38 Municipalities, 72
citiesand 527 townsand villagesAccording to the 2001
censusdata, thetotd population of KMA i1s13,216,546.
Thetotd areais1,026 kn?, making the population den-
Sity 12,883 per km?. According to a KMDA report of
2003, the approximate population s 14,000,000. The
areais 1785k, thus reducing the population density
to 7843 per km?. According to 2005 KMDA reports,
the popul ation hascrossed 15 million and theareacov-
ered by KMA now ismorethan 1854 km?. In KMA
the cleaning and collection processinvol vescollection
of MSW from the street inwheel barrows and thereaf -
ter, itisdumped into waste depots. M SW isthen |loaded
into thetrangportation vehides whichtrangport thewaste
to different disposal sites. Every year KMA spendson
average 18% of itstotal budget on solid waste man-

agemen.

METHODOLOGY

Inthefirgt phase of the study, aquestionnaire sur-
vey was carried out on 41 municipa towns in the
KolkataMetropolitanArea Thequestionnairewaspre-
testedinamunicipality for validation. Further, the per
capitageneration rate was evaluated from the popul a
tion takeninto account during survey work. Also popu-
lation density were carried out from the area of the
municipaity and population.

In the second phase of the study, samplesof MSW
from different municipal townswerecollected to deter-
mineitscharacteristics. The sampling and analysis of
MSW were carried out as per standard procedures.
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Five sampleswererandomly collected from different
municipal towns (onesample/ward), and two samples
werecollected fromthedisposd sites. Criticd andysis
of exisingM SWM systemscomprising collection, stor-
age, trangportation, processing, and disposal was per-
formed in keeping with the provisions made under
MSW (Management and Handling) Rules, 2000, and

shortcomingsinthesystemswereidentified. Withaview
to overcoming these shortcomings, indicativestrategies
and guidelinesfor action plan preparation wereformu-
lated. The methodol ogy adopted for the present study
isshowninFigurela
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Figurela: Flow chart adopted for thestudy
RESULTS

Assessment of wastegenerationisessentid for for-
mul ating the solid waste management system. While
per capitawastegenerationisastatistic, whichisnec-
essary for indicating trendsin consumption and pro-
duction, thetotal weight and volume of waste gener-
ated by thecommunity served by themanagement sys-
tem are of greater importancein planning and design.
Onthebasisof theinformation furnished by themunici-
pa townsin the given questionnaire and the surveys
conducted invariousmunicipa townsfromtimetotime
the per capitawaste generation rates have been calcu-
lated based on the various popul ationranges. TABLE-
| highlights quantity of solid wastegenerationinthe41
municipal townsunder Kolkatametropolitan area. In
most of themunicipa bodiesunder Kolkatametropoli-
tan area, collection of solid wasteislessthan genera-
tion of solid waste (Figure 1 - Figure 2), as aresult

Figurel: Wastegeneration v/scollection in different
municipal towns(Pupulation < 1 lakh)
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Figure2: Wastegeneration v/scollection in different
municipal towns(Pupulation 1 lakh—5lakh)
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Figure 3: Wastegeneration v/scollection in different
municipal towns(Pupulation > 5lakh)
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TABLE 1: Solid wastegener ation in different municipal townsunder KM A.

. Namg of the Latitude (Zggl;ag%]l Area Wastg Wast_e Pe\:vgztrgta égpﬁrtggvs;s?(ra
No. M unicipal & Census) , Generation Collection generation  generation
Towns Longitude (Lakh) (km9) (MT/day) (MT/day) (gm/day) (gm/day)
Population lessthan 1 lakh
1 Pujali 22928 N & 88°09'E 0.34 8.50 15.0 10 441.1
2 Baruipur 22°21'N & 88°25'E 0.45 9.07 20.0 16 444.4
3 Gayeshpur 22°57'N & 88°29'E 0.55 30.00 20.0 15 363.6
4 Budge Budge 22°42 N & 88° 20' E 0.75 9.06 20.0 15 266.6
5 Konnagar  22°49N& 88°22E  0.72 4.33 30.0 25 416.6 3523
6 Garulia 2229 N & 88° 11' E 0.72 6.48 25.0 20 347.2
7 Kalyani 22958 N & 88° 26' E 0.82 21.91 31.0 30 378.0
8 ’L;:Iae\r?lackpore 22°45 N & 88° 22' E 0.83 17.17 215 17 259.0
Total 5.18 182.5
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_ Population Per capita Aver age
g Name of the Latitude (as per Area Waste_ Wast_e waste per capita
No. Municipal Towns & 2001 (km?) Generation Collection gener ation waste
Longitude Census) (MT/day) (MT/day) (gm/day) generation
(Lakh) (gm/day)
Population 1to 5 lakhs
1 Dum Dum 22°37'N & 88°25'E 1.01 8.81 26.0 20.0 257.4
2 Champdani 22°48 N & 88°20'E 1.03 6.47 75.0 70.0 728.1
3 Bansberia 22°57'N & 88°24'E 1.04 9.07 60.0 50.0 576.9
4  Bhadreswar 22°49' N & 88°20'E 1.06 6.48 24.7 24.7 245.3
5 Baidyabati 22°47'N & 88°19'E 1.08 9.06 35.0 30.0 324.0
6 Rishra 22°43 N & 88°20'E 1.13 6.48 57.0 50.0 504.4
7 Khardah 22°38' N & 88°22'E 1.16 6.87 75.0 68.0 646.5
8 Titagarh 22°38' N & 88°22'E 1.24 3.24 60.0 50.0 483.8
9 Halisshar 22°57'N & 88°25'E 1.24 8.28 35.0 30.0 282.2
10 North Barrackpore 22°45 N & 88°22'E 1.24 8.42 43.0 41.0 346.7
11 Kanchrapara 22°49' N & 88°30'E 1.26 9.07 70.0 65.0 555.5
12 Barrackpore 22°45' N & 88°22'E 1.44 11.65 85.0 75.0 590.2
13 Uttarpara-ortrung 23237'N & 88° 25'E 1.50 18.15 90.0 80.0 600.0
14 Madhyamgram  22°41' N & 88°27'E 1.56 21.32  100.0 85.0 641.0
15 Chandannagar MC 22°51'N & 88°22'E 1.62 22.03 455 36.4 280.8
16 Bidhannagar 22°40' N & 88°28'E 1.68 3350  110.0 110.0 654.7 4134
17 Hooghly-Chinsura 22°49'N & 88°26'E 1.70 2152  110.0 100.0 647.0 '
18 Serampore 22°45' N & 88°20'E 1.98 5.88 100.0 90.0 505.0
19 Uluberia 22°28 N & 88°06'E 2.02 3372 1150 100.0 569.3
20 Naihati 22°53 N & 88°25'E 2.15 11.55 80.0 60.0 372.0
21 NorthDumDum 22°37 N & 88°23'E 2.20 26.45  102.0 92.0 463.6
22 Barasat 22°42'N & 88°28'E 2.32 31.41 45.0 40.0 193.9
23 Baranagar 22°38 N & 88°22'E 2.50 7.12 140.0 130.0 560.0
24 Rajarhat Gopalpur 22°37 N & 88°25'E 2.71 28.00  100.0 90.0 369.0
25 Bally 22°38 N & 88°21'E 2.82 11.81  120.0 110.0 4255
26 Kamarhati 22°39N& 88 22E 314 1096  110.0 100.0 350.3
27 Rajpur-Sonarpur  22°28 N & 88°21'E 3.36 5790  117.0 75.0 348.2
28 Panihati 22°42’N & 88°22'E 3.48 19.40 70.0 60.0 201.1
29 Maheshtala 22°29 N & 88°15'E 3.89 44.17 90.5 70.8 232.6
30 South DumDum 22°35 N & 88°23' E 3.92 1549  120.0 100.0 306.1
31 Bhatpara 22°52'N & 88°24'E 4.42 34.49  230.0 200.0 520.3
Total 62.9 2600.3
Population > 5 lakh
1 Howrah MC 22°35N&8P°200E  10.09 51.74 600 550 654.8
2 KolkataMC 22°33 N& 8821'E 4581 19754 3000 2800 873.1 644
Total 55.9 3600
good amount of solid wastesare remaining accumu-  to public hedth and the environment.
|ated at various placesinthetowns creating problems Municipa solid waste generation may be depen-
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TABLE 2: Population density in different municipal towns
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Sl. No. Name of the Municipal Towns

Population

Area

Population
Density

Waste Gener ation

(as per 2001 Census) (Lakh) (sg. Km) (no. of person/sq. km) (MT/day)
Population lessthan 1 lakh
1 Puydi 0.34 8.50 4000.0 15.0
2  Baruipur 0.45 9.07 4961.0 20.0
3  Gayeshpur 0.55 30.00 1833.3 20.0
4 Konnagar 0.72 4.33 16628.0 30.0
5 Garulia 0.72 6.48 11111.0 25.0
6 Budge Budge 0.75 9.06 8278.1 20.0
7  Kalyani 0.82 21.91 3742.5 31.0
8 New Barrackpore 0.83 17.17 4834.0 21.5
Population 1to 5 lakhs
1 DumDum 1.01 8.81 11464.2 26.0
2 Champdani 1.03 6.47 15919.6 75.0
3 Bansberia 1.04 9.07 11466.3 60.0
4  Bhadreswar 1.06 6.48 16358.0 24.7
5  Baidyabati 1.08 9.06 11920.5 35.0
6 Rishra 1.13 6.48 17348.0 57.0
7  Khardah 1.16 6.87 16885.0 75.0
8 Titagarh 124 3.24 38271.6 60.0
9 Halisshar 124 8.28 14975.8 35.0
10 North Barrackpore 1.24 8.42 14726.8 43.0
11 Kanchrapara 1.26 9.07 13891.0 70.0
12 Barrackpore 1.44 11.65 12360.5 85.0
13  Uttarpara-Kortrung 1.50 18.15 8264.4 90.0
14 Madhyamgram 1.56 21.32 7317.0 100.0
15 Chandannagar MC 1.62 22.03 7353.6 45.5
16 Bidhannagar 1.68 335 5014.9 110.0
17  Hooghly-Chinsura 1.70 21.52 7899.6 110.0
18 Sertampore 1.98 5.88 336734 100.0
19 Uluberia 2.02 33.72 5990.5 115.0
20 Naihati 215 11.55 18614.7 80.0
21 North Dum Dum 2.20 26.45 8317.5 102.0
22 Barasat 2.32 31.41 7386.1 45.0
23 Baranagar 2.50 7.12 35112.3 140.0
24 Rajarhat Gopalpur 271 28.00 9678.5 100.0
25 Baly 2.82 11.81 23878.0 120.0
26 Kamarhati 3.14 10.96 28649.6 110.0
27  Rajpur-Sonarpur 3.36 57.90 5803.1 117.0
28  Panihati 3.48 19.40 17938.1 70.0
29 Maheshtala 3.89 44.17 8806.8 90.5
30 South Dum Dum 3.92 15.49 25306.6 120.0
31 Bhatpara 4.42 34.49 12815.3 230.0
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- Population Area Populgtion Waste Generation
Sl. No. Name of the Municipal Towns (asper ZOOECensus) (Lakh) (sg. Km) (no. o E:rnsgo:])//sq, ) (MT/day)
Population > 5 lakh
1 Howrah MC 10.09 51.74 19501.3 600
2 KolkataMC 45.81 197.54 23190.2 3000

dent on the popul ation density. In order to assess de-
pendency of municipa solid waste generation on popu-
|ation dengity, dataandysiswere undertakenfor the41
municipa townsunder Kolkatametropolitanarea. The
outcome of the dataanalysis have been presentedin
TABLE 2. The study on popul ation density vis-a-vis
municipd waste generationindicatethefollowing:
Thefina component in the solid waste manage-
ment system(SWMYS) isdisposal. Today the disposal
of wastesby land filling or uncontrolled dumpingis

TABLE 3: Disposal OptionsintheMunicipalities.

theultimatefate of all solid wastes, whether they are
residential wastes collected and transported directly
toalandfill site, residual materialsfrom Materials
Recovery Facilities, residue from the combustion of
solid waste, rejects of composting, or other sub-
stancesfrom various solid waste-processing facili-
ties. A summarized form of the disposal optionsfol-
lowed by the different municipal townsaregivenin
TABLE 3.

During the study quantitative and qualitative as-
sessment of MSW were carried out for three munici-
pal towns, namely Bidhannagar (Adjacent to Kolkata;

No. of % of North 24 Parganas), Titagarh (North 24 Parganas)
Disposal Municipalities  Municipalities  and C_haqdannagar (I—_|oo_gh|y). In e_ach of thetowns
Options _ Wherethe _ Wherethe quantitative and qualitative analysis of MSW were
disposal options  disposal options . . . . . . .
are available are available carried out at fivedifferent locationsincluding thedis-
Uncontrolled i 100 posal grou_nd. Characteristics of thewastewere _s;t_ud-
open dumping ied a thefield as per standard method and quantifica
ﬁa?q”étﬁz ?Yn Sgecured Nil Nil tionswere assessed for garbage, ash, paper, plastic,
Composting 9 22 ceramic, glass, rags, etc. Theresultsof quantitative
TABLE 4: Physical characteristicsof solid waste samples
Components Name of the Municipal townsvisited
Sl. No. of the solid Bidhannagar  Titagarh ~ Chandannagar Averagein %
waste sample Per centage Composition

1 Garbage(Putrefactive part/organic) 68.93% 37.02% 40.99% 48.98

2 Ash/Earth(Inorganic) 3.5% 40.72% 21.50% 21.91

3 Paper/Cardboard box 4.96% 3.40% 9.16% 5.84

4 Plastic/PVC/HDPE 7.61% 2.70% 6.70% 5.67

5 Rags/Cotton/Textile 0.75% 1.10% 1.76% 1.20

6 Rubber 0.02% - 0.09% 0.06

7 Leather 0.22% - 0.002

8 Woaod - 0.15% 0.0015

9 Earthenware 3.80% 5.30% 3.12% 4.07

10 Ceramics 0.11% 0.11% 0.001

11 Glass 2.60% 0.68% 0.87% 1.38

12 Hay/Straw/Thermocol 0.10% 0.02% 0.10% 0.07

13 Leaves 0.27% 2.50% 12.50% 5.09

14 Metals 0.36% 0.09% 0.30% 0.25

15 Others 7.10% 6.15% 2.65% 5.30
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analysisasaverage assessment of three samples, have
been presented in TABLE 4.

DISCUSSION

Theexisting SWM S studied for the Kol katamet-
ropolitan areasindicatethe estimated wastegeneration
ratesin gm/day for various popul ation rangesasunder:
= Incities having population less than 1 lakh, the

waste generation ranges between 259 gm/capital/

day and 444.4 gm/capitalday. Average generation
of solid wasteistherefore, 352.3 gm/capita/day.

= Incitieshaving population between 11akh-51akhs,
thewaste generation ranges between 193.9.67 and

728.1 gm/capita/day. Average generation of solid

wasteistherefore, 444.56 gm/capita/day.
= Indtieswith populaionmorethan 51akhs, thewaste

generation ranges between 654.8 and 873.1 gm/

capitalday.
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Figure4: Correlation between population density and
waste generation
Wg=0.003Pd + 5.105 R2=0.723

Thegraphicd presentation (Figure5) of population
density and solid waste generationfor different munici-
pditiesindicated astraight linerelationship. Thegraph
depi cted increasing generation of solid wastewith the
increasein population density in themunicipal towns.
Theincreasein population density inacity or town nor-
mally resultswith lesser vacant areas. Theresidentsin
densdy popul ated areaswill have no other alternative
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but to keep al solid wastesin the household or com-
munity containers. So, chances of wastethrowninva
cant plotswill get reduced cons derably indensdly popu-
lated areas. Further in densely populated towns the
socio-economic conditionsarecomparatively better and
accordingly generation of solid wasteare comparatively
higher. The present study hasreflected the above phe-
nomenon. Weknow that population density cannot be
maintained but waste generation can be maintained
through source minimization of the K olkatametropoli-
tan area

Uncontrolled dumping of MSW ispracticedin ma-
jority of themunicipa bodies. Thispractice causesaes-
thetic pollution and al so degrades the environmental
quaity. Composting, an environmentaly friendly way
of disposd ispracticedinahandful of ULBs, foreg. a
Kalyani, Chandannagar, KM C(Kolkata Municipal
Corporation) New Barrackpore, Bhadreswar, Titagarh,
Kanchrapara, North Dum Dum, Maheshtala, etc.
TABLE 3indicatesthat out of the41 municipal bodies
taken asstudy area, each of them practice uncontrolled
dumping and only nineof them employ composting. Al-
though theareaavailablefor uncontrolled dumpingis
limited inmost of thecasesbut till itisthemost widdy
used disposal option.

Thequantitativeanalyssof MSW (TABLE 4) re-
ved ed that 48.98% waste was comprised of garbage
I.e., organic part. Around 21.91 % of MSW consisted
ash/earth/silt (inert matter). Therest 29.031% wastes
were found to bethe mixture of several components
I.e., paper, plastic, rags, cotton, leather, rubber, glass
etc. Thestudy alsoindicated the organic part of MSW
ranged between 37.02% and 68.93%. The ash con-
tentsof M SW have been foundto bein higher propor-
tion (40.72%t0 21.50%) except inonemunicipa town
(Bidhannagar) wherethe ash content wasfound to be
3.5 %. Such lower quantum of ash in MSW in
Bidhannagar townwasrel evant because thetown was
found to befree from slum and residents mostly use
L PG for domestic cooking purpose. The percentage of
recyclable materials(glass, paper, plastic, metals) has
been found to be very low. This may be due to rag
pickers, who collect and segregate recyclable materi-
a sfrom collection pointsand disposd sites.
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CONCLUSION

The generation of large quantities of MSW in
Kolkatametropolitan areas hasbecome aserious en-
vironmentd issue. Urbanloca bodies, though commit-
ted totheir services, arefinding thisissuedifficult to
manage properly dueto the growing magnitude of prob-
lems.

Themgor problemsin M SW managementat KMA
are due to lack of waste segregation at source, low
percentage of house-to house collection, large number
of openvats, low operationd efficiency of wastetrans-
port sysemwith old vehicles, low collection efficiency
innewly added areas, and aninefficient informal recy-
clingsystem.

Moreover, house-to-house collection of MSW
should beorganized through methodslikecollectionon
regular pre-informed timing and scheduling. The col-
lection binsmust be appropriately designed with fea-
tureslike metallic containerswith lids, andto havea
large enough capacity to accommodate 20% morethan
the expected waste generation in the area, with ade-
sgnfor mechanica loading and un-loading, placement
at appropriate locations, etc. Municipal authorities
should maintain the storagefacilitiesin such amanner
that they do not create unhygienic and unsanitary con-
ditions. Proper maintenance of the M SW transporta-
tion vehiclesmust be conducted, and the Dumper Placer
should replacetheold trangportation vehiclesin aphased
manner.

Recyclables could bestraightway transported to re-
cycling unitsthat inturn would pay acertain amount to
the corporations, thereby adding to theirincome. This
would hdpinformdizingtheexistinginforma set up of
recycling units. Recycling of solid wasteneedsto been-
couraged by the UL Bs. Rag pickersand scavengersin-
volvedinsavaging recydableinorganic solidwastecould
beinvolvedintheorganized processof recyclingof solid
waste. Suchinvolvement wouldimprovethe socio-eco-
nomic conditionsof the scavengers/rag pickers.

Private sector hasso far not been attracted inthis
important areaof municipa service. However, private
sector participationisbeing attempted by afew loca
bodiesin the country for the past few years, which has
remained restricted intheareaof awarding contract for
trangportati on of wastefrom waste storage depots'road
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sidevatstothedisposa ground.

M anagement of solid wastein ULBsdependson
jointinitiativesof Municipa Authority and citizens. The
ward committees could play avital rolefor effective
Segregation, containerized collection and efficient trans-
portation system. A cons derablefund could be gener-
ated from citizen’s contribution for house to house col-
lection services, sale of inorganic recyclables, saleof
compost and other by-products.

REFERENCES

[1] M.Aakeson, PNilsson; International Conferenceon

SWM and Technology, vol. 1. Widener University,

Chester, USA, (1994).

ADB (Asian Development Bank), Kolkata Envi-

ronmental Improvement Project, Vol. 1. Kolkata

Municipal Corporation, India, (2005a.).

T.W.Assmuth, T.Strandberg; Water Air and Soil

Pollution., 69(1/2), 179-199 (1993).

D.N.Beede, D.E.Bloom; World Bank Research

Observer 10(2), (1995).

A.D.Bhide, A.V.Shekdar; International Solid Waste

Association Times (ISWA) (1), 26-28 (1998).

J.K.Bhattacharyya, S.Kumar, S.Devotta; Waste

Management., 28(1), 164-169 (2008).

A.D.Bhide, B.B.Sundersan; Indian National Scien-

tific Documentation Centre, New Delhi, India

(1983).

CPCB, Central Pollution Control Board. Manage-

ment of Municipa Solid Wastes, New Delhi, India,

(2004).

D.Das, M.Srinivasu, M.Bandyopadhyay; Indian

Journal of Environmental Health., 40(4), 333-342

(1998).

[10] A.ldris, B.Inane, M.N.Hassan; Material Cyclesand
Waste Management., 16, 104-110 (2004).

[11] A.Kansal; Indian Journal of Environmental Protec-
tion., 22(4), 444-448 (2002).

[12] A.Kansal, R.K.Prasad, S.Gupta, Indian Journal of
Environmental Protection., 18(2), 123-128 (1998).

[13] KEIP (Kolkata Environmental |mprovement
Project), Rapid Environmental Impact A ssessment
Report and Environmental Management Plan of
Engineered Landfill at Dhapa. Kolkata Municipal
Corporation, India, (2005).

[14] Municipa Solid Wastes(M anagement and Handling)
Rules, Ministry of Environment and Forests, Gov-
ernment of India, New Delhi, (2000).

[2]

(3]
[4]
[5]
[6]
[7]

8]

[9]

e Snoivonmental Science
A ndian ﬂowumé



256 Municipal solid waste management in kolkata metropolitan areas - a case study ESAIJ, 6(5), 2011

Current Research Paper
[15] NEERI (National Environmental Engineering Re-  [18] D.Pokhrd, T.Viraraghavan; Municipal Solid Waste

search Institute), Comprehensive Characterization Management in Nepal: Practices and Challenges,
of Municipal SolidWasteat Calcutta., India, (2005). Waste Management 25(5), 555-562 (2005).

[16] J.Petts, GEdulijee; Environmental Impact Assess- [19] Subhasish Chattopadhyay, Amit Dutta, Subhabrata
ment for Waste Treatment and Disposal Facilities, Ray; Waste Management 29, 1449-1458 (2009).
John Wiley and Sons (1994). [20] Sunil Kumar, J.K.Bhattacharyya, A.N.Vaidya,

[17] Pastindia, End-to-End Solutionsfor Integrated Solid Tapan Chakrabarti, Sukumar Devotta, A.B.Akolkar;

Waste Management. News and Events, Plastindia. Waste Management., 29, 883-895 (2009).
Sintex Industries Ltd. <http://www.sintexplastics. [21] WBPCB (West Bengal Pollution Control Board),
com/PRODUCT S/environment/solidwaste. HTM >, Annual Report 2005-2006. West Bengal, India,

(2006). (2006).

Snoivonmental Science (=
A Jndian ﬂo«/md



