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The type of litter we generate and the approximate time it

takes to degenerate

Approximate time it takes to
degenerate the litter

Type of litter

Organic waste such as vegetable and fruit

A week or two.
peels, leftover foodstuff, etc week ortwo

Paper 10-30 days
Cotton cloth 2-5 months

Wood 10-15 years
Woolen items 1 year

Tin, alumi d oth tal it h
in, aluminum, and other metal items such as 100-500 years

cans
Plastic bags one million years
(lass hottles undetermined

Typical Waste Types of solid wastes
Generators

% Food wastes
» Paper
» Cardboard
« Plastics

1:Residential Single and multifamily
dwellings

« Textiles

« Leather

% Yard wastes
< Wood

« Glass

< Metals

< Ashes

« Special wastes

(e.g bulky items, consumer
electronics,  white  goods,
batteries, oil, tires), and
household hazardous wastes.)




Source

2: Industrial

3:Commercial

4: Institutional

Typical Waste
Generators

Light and heavy
manufacturing, fabrication,
construction sites, power and
chemical plants.

Stores,  hotels,
markets, office buildings, etc.

Schools,
government centers.

hospitals, prisons,

¢
restaurants,

RS
<
24
o

24
o

Packaging

Food wastes
Construction and
demolition materials
Hazardous wastes
Ashes

Special wastes.
Paper

cardboard
plastics

wood

food wastes

glass

metals

special wastes
hazardous wastes

Same as commercial.

rousekeepig wastes

TG IRAATRT IceoieT

HIEIHAT T FiuaTe [Femd Blgadres g |

T AT fAehe B HATH FHie:
FTS, F1S, FTE ale: 13%
Fad wE: 3%
Tt e, T 20 %

qrd: <%

TG, TATIRESF, AT FIET: 9%
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5:Construction and demolition

6:Municipal services

7:Process (manufacturing etc.)

8:Agriculture

New construction sites, road

repair, renovation sites,

demolition of buildings

Street cleaning, landscaping,

parks, beaches, other
recreational areas, water and

wastewater treatment plants.

Heavy and light manufacturing,
refineries, plants,
power mineral

chemical
plants,
extraction and processing.

Crops, orchards,

dairies, feedlots, farms.

vineyards,

Wood
steel
concrete
dirt etc.

Street sweepings

landscape and tree
trimmings

General wastes from parks
Beaches

Recreational areas; sludge.

Industrial process wastes
Scrap materials
Off-specification products.

Spoiled food wastes
Agricultural wastes
Hazardous wastes (e.g.,

pesticides).

g IAATRT ITEoIT

Composition of City Waste

Type of Wastes

» 60%

o 50% +

g 40%

T 30% -EI Series1

S 20% |

10% -

&0 = e ———
Paper, Garbage Ceramic, metals Rubber,
wood, glass plastics,

cardboard crokery discarded
textiles




E)EISIERIRIE RS
%) TATEAAT AT
el AT AT TUHT ATATALT G Terd g | ;
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TRIEE ST 1T, ATSTIETAT, TS, Wl T, FHATI, T ST T ATATAT S fere
el TATg e AT g g | al

T

4 R 4T

T 4 Rs AATA ThTT, T TART, I THT T
AR B |

Reduce
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IR ILHATHT I HAAEATAT I FILIEE
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{ Efficlent transfer and

A\ transportation
=S &I faqae FoewE:
é 3 Maximize composting | N .
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(" Apprapriate policy/
| law and enforcement
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Y TATHT TFAT
HTETAF Containers
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UHA/AG afar AT

ESLEXE

A=TRTF R HAT

Non process line, shipping, plant offices
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Landfill

ncineration Waste Compaction

Biagas Gereration

Vesrnicamposting
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higILHeT #a94 (Compaction)
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TSI U3aT TRt 21 stgt St qaryf forafeq wz @
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Market Hospitals Hotels Bio Sludge Forest Chn:ken Cattle Sheep

Pharmaceutical plants, paper plants, leather plants...etc. Organic wastes from gardens, vegetables, mushrooms,

forestry, livestock, fish farms and sheep farms.
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TLIEA T/ & Ty
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L st

werrere fafen 3=

TIITE G AT GOA: F6T AT FqHT

WG(QIEH:@?

AALTFATEE: I, T T T, T Air Exhaust
%%;;a'@"@:gla'rmw, &Y &, TR ToAHT I TG ¥ AR AT

e Prohibited to landfill without treatment in EU
(Council Directive on Landfill 1999/31/EC )




o werra farfer: frvefreor

o WSNE § 0 a9 3-€ Wi

o SfeaH IATE: ATETET T4 AA TR0

o AAAFRAT: &7 &, FTeaT T=/97 T a5
o TRITAMEE: T4 SIS, FAT &% T G494, Carbon lose

o T9Trer fafar: Anaerobic bacteria decompose

o TG g A qa: v-9% fa

o Ffeqw ITE: CH4 and Sludge (T7: T9TEA )

o AELIFAT: 37 Sealed TRUAT =TT, I¥ &AFHA

o THTIMEE: AT &% TG94, IF ANTA T I AHT @A
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o Feier e S e

o TG §F AT &9 < ¥-0 qUaT

o ST TR TART I a7 afger AigHt qveTor I+
o AEALTFATEE: HUSTI &, AT AR, FA I AR

o ARTIITEE: TIee A3, FAT &AHA, (T GIT

AT T Theory

Innovative —

-
Complete Use of e
Organic Waste ‘\ Biological
A

Microbiological

Speed, Safety,

Effeteness,
Harmlessness




FTaT HISTLIT

e Composting-free applies organic enzymes as
catalyst to “react” with organic wastes

o TLTe THT FHad 3-¢ HUT

o T FeeeaT g g

Composting-free
Treatment

Origanic Wastes
(Untreated)

Np\\i No Carbon Loss N P\i
Others ‘ » Others ‘
C C

Carbon Storage

o FTAT AU THAT ATLHISASTE FHTaT
ST |
o HTETA FHTHA FISTI T |

CO:

ESCIMASS AMD NUTRIENT STORAGE

ABDVE
GROUND

BELOW
GROUND

Minsslizatinn

Lasching Lrmitking
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Composting-free

Treatment
NPK

\

Others

c Release

Cco2
Release

Origanic Wastes

(Untreated)
NP K

others NP K
(H,0,5...
)
H2s

Release »

NO2

Traditional
Treatment

)

End Product After Treatment

Technigue Type ngfii;s S 7 ~\
Weight of Solid,  Content ol TotalWeight |Water Content
Material (kg) Water (ko) k) )
Original Waste
Beroie T aatmiant Untreated 20 &l 100 H0%
Traditional
Compost 60 Days o 5 15 33%
e 3 Days
e + 10 5 15 33%
Farmantation 30 Days
Composting-free
(No drying process 1 Hour 22 B0 102 7B%
wat fertilizer)
Composting-Tree
(Complete drying process 3~24 Hours 2% 1 33 33%
dry fertilizer) L




(>
JT= u VS. Wﬂ-ﬁ\_"ﬁ
Treatment Method | Composting-free Composting

Treatment Time 3~8 Hours 3~12 months
Space Requirement Small Large

Air Pollution No Smell Bad Smell
: High COD

Water Pollution Clean Water Waste Water
CO2 Emission 1~2% 40~60%

High Quality Organic Soil

el Organic Fertilizer Conditioner

TSI <h ST
oTHTE< aHT:

Batch Volume : 5000L or Customized
Batch Time : 3 (Reaction) to 8 (Drying) hours

TITees Bi4] 3T a1 SANETE THTAT g ZoAT Fqahr
ST IR HAT TLTET FraedTs ST g7 |

= Il BE & £ B B BES% A B2 8 X
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TR T &HAT

Decomposition
(Add enzyme)




v

Batch Volume : 250L, 500L, 1000L or Customized
Batch Time : 3 (Reaction) to 24 (Drying) hours

v

Shattering Transportation

o 3-¢ FUITHT F& TATX b

© TITTLTHT ATTTFHAT TIA
o TEQATS (78 ITANT T ¢
T '

The hazard -free process has.‘

f no air and water pollution

e

’Jt:treats orgamc wastes‘m
I3to8 hmt@
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. TR R STTEATA — JTSTAT qodT
SIERIN

Identify Needs )

[ Evaluate the Waste \ System1 Review Existing System
Implement the plan ¢ \ Review existing regulations
Education %
Public
articipation
Develop ISWM plan 2 2 [ Organize Decision making framework ]
F Outreach

Establish Objectives

HTaT 3 AT /S8

% TRIRICHATHT [UETCIAT T T FIATHT FLTTHT
FATRN &THT T FrATs/ggrsy Te<a o &7 |

% T@T T fHemET FET g AISIIO TH
HLTAHT FFCHT A HQ AT T AR T I |

% TISIRT RIZTTHATHT THTUFT AT TTRTTHRT GTAT,
FLHTL, FAGA, WG, 1T TIASIT T AT STeaqr
gfear wrgreaar arae s g |

% ?{@Tﬁ@rﬁﬂmg—«r FHOT AT-STAF ST — FT,

% 5T (Fwto F=em) T BT (sfe, aonfag
Fed, sirweft, T e, T arfere)
ERICATATATS AT/ T T |

S AT ATHATASTE &I FAATST grieret T+
i |

% FI AT T wATve el o F2TsT T AR

g ATt FEar fawg |
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Source Segregation
at Household level

. Secondary
Collection Feints

p Frimaey o
Daar Callaction

Street sweeping
and drain cleaning

Tertiary
Transportation

Bulk Waste from

Hotels
and function halls

v

Disposal Site

& FT/ATATE ATHAT 9 HTF GSHAT
FIAFATA SAT T A[-TFATaTe T
qFHg |

% Srar-TaaT ITT TOITeAt TR qTe 27

| FTEHT F@T T AR B EHATATS

FET Gg TSI T AT A g

|

< ggh Tare i Reragser Far
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ST I HH GEATHT T4 6
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Waste Receiving Platform
(Pre-engineered covered shed and
RCC Platform with drains for
collection of leachate)

Removal of tyre, boulders and
other bulk materials (6%)

Pre-Sorting Plant (100 mm
rotary screen)

(Pre-engineered covered shed and RCC
Platform with drains for collection of
leachate)

Refuse Derived Fuel (35%)

Compost (11.5%)

Refuse Derived Fuel

Combustibles from the
presorting shed (MSW particle
size more than 100 mm size)

[ Primary shredding
of Combustibles

Packing and p—
dispatch

Screening of

- ( Shredding

ey il Air Density

Secondary

$

Separator
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Monsoon Shed (15 days for

stabilization)

(Pre-engineered covered shed and RCC
Platform with drains for collection of

leachate

Fine Screening with 4mm
screen (Pre-engineered covered shed
and RCC Platform with drains for
collection of leachate

S.No. Parameters

1

Moisture Content %
Ash Content %
Volatile Matter %
Chloride %

Carbon C%
Hydrogen H %
Nitrogen as N %
Sulfur as S%

Fixed Carbon %

e R T N T V)

10 Net Calorific value Cal/g

11 Gross Calorific Value Cal/g

RDF Components %C
Paper 344
Plastic 564
Wood 412
Textile 37.2
Leather, rubber 43.1

Value

17.195

16.795

66.01

0.615

46.7

35

1.345

0.5025

0.725

3244

3848.5
%H %0 %N
4.72 324 0.16
7.79 8.05 0.85
5.03 345 0.02
5.02 27.1 3.1
537 11.6 1.34

%H20
21




I o e

Storage Tanks
External Pump To
Station Power
Grid
Stormwater

Leak

- . ar
Collection Pipes Combustion

X /
imary Groundwater Engine
eak \ " e Monitoring Gas
Detection Layers Geosynthetic Clay Layer Welle ~ Recovery

Secondary Liner

67

| aded et

Bottom Liner

Waste dump in thin
layers compacted

285 gsm geo-textile

300 mm thick drainage
media with 160/200 OD
HDPE pipes

285 gsm geo-textile

1.5 mm thick HDPE
liner

Compacted clay liner
900 mm thick with
permeability 1 x 107
cm/sec

Compacted

Gas vent to
atmosphere

450 mm soil with
grass beeding

150 mm drainage
media

500 mm thick clay
layer

100 mm thick soil
cover

Waste dumpin
thin layers
compacted
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BIRIAAT ScaS Toha Ig&: SR, TEAT, SATIETEF TS, ATa oA ags
TEHATRAIE: TAT T G aoFarg®/aeeT Fasaes

LRI, TALHTITRIHT FHATE, T FLHRIHT FHATL, HETSTH] FIAFATZE T
EEAUE R

AT FETES : FTEE, TV S, ST Gt T

THTISMR § HEATER: A% TChILT &eaT, RWAs and SHGs

FTITE THE AT TG B AAT SATIR, Th1T =291, T4 =507 79 T
HIEICHHT 4T T&TIh

g/ grmEET R

) LT AATHIT &, AT He, GHHATHT Ted G HT T [QUaHT

ATETAERT T4

9. 9%

2. AT q9g T HEATET
FTELTAT

. ST AT HEATEET] TG HAHT =L ST ATHAT T A5H




AT, TAETHT T TFR R TFAE, Teed/sML T TA/597
Rt (VsF)

qEATM:

9. T ATET T AigAT FaFHaTg®

3. 2 T AR TRTiaETEE

3. ¥ FEATL HEAT, THETAAT AT HeT (AT &7 T
STAATIAH & THEA T AT TFTATHT THT JTH)

. BITHIT & Fawg T FOeHaT AT et FHaw,

RSKISKISTE : A=A ATHATT
o) ATIETAS; TH, FATAT T 97T ZTEATEF TR 7 Zaamis
TEATHT THATAT To5F AGTAT (FFHLY, WX, I TEA, FIST THA, AT
TEA, T () | BIGRAAT SATEATIART AT STSTTHRATET FT Tt
ATATAATS, =T &7 &3 |

) GEART: Frerrers, weri==me™, seaar, gy
framTEs, srEeaT afoem, e | Jeamra
FIHTLATATEE TRThT J&a (FHATL, A=)

%) A1F BIETHAT SCEASTRAGE : 7T 79 Feares, Ffor mare, v,

HITHTHE SATTR, FIETCHAT (STl ATRT ST, THT AEATHEEHT TG THT

TYTTETET ATETEr
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RSKISKISTE L A=A ATHATT

) QTGS CAA/TIHE CAA: IT, T, Fet AT, Gl
&, TSTY &AFE &l AH(T | TZATSTATS Teael
it 9IS | ATIT=H FIAgE THT T
RHaT S2eA FaSdigeFT gl |

Please Don't
Litter

Help Keep Your
Community Clean
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b T aTreaT, R, Seeurdat (FIEET gersy Taa"

TeRT ATRI T GETEURT FIGLHATATS g HUSTIIT T+) &l
FEATHIATHT 5T AT STTHATT T

> TEHAT T AT

> FETTUHT RIEaATATS Hrqary e vHhrs ¥ 5

TATATAA 0T Fegr ¥ STFT T | T 0T

EATATAL & HTAATS 7T T |

» Tt T 5T st aeaa®, FTAIH, T T AThdigedrs
qTTHRT STaEAT T

FTITT T R ITHAT Processors:

HIE AT AT, FT Fhe AT, [H: Thorwal, T RIg AT TaT TaIFgs
. SRTTATGR SATIRIEEST T,
. FATI HATH TTBA

.+ FIER ATIE, FT Fohe [T, T T, T RIE AT HaT TETAGHATS
Sensitization TFeeY S5F TITAT |




AAATIHTHT FHATA T FTHal:

o TS FTATEIT SR ATRFITEEATS, SATARTE TS T
AEATTRT ATHY STt 1,

o TRCITITRT T, TELT T 37T ALhTLT (TRt =TT
STTRTEY T3,

Tt AT TIE S TTA I THTE AT TEAT T

9. TA-gfT

2. fodft =amer

3. =

¥, ZeaTAE G

STTRTAT FIEFA, AR AT T Q L\f%&%r INDIA
+ Hold Press Meets hi‘()r_l g@lh*nv

* Press Releases/Announcements
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RIEIAAT:

>RIRTEHAT T T T RURT a7 Teah aTariigs a1 9Td 1T g eere
IeaTfad aEq 2 |

> ft FEqEE 39, T, A ST AT T TTHT T g7 |

> ZT TELITHT, ATRURT SEATI T ITHEHT ATE Tader T I g
FHAT |

>FR T TEATEH FAATTHT GHAT STIHTY FIRICHAT SHAEATIT I T2l
ST W@ AT FHEAT LT ST |
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Most preferred

Least preferred

S-Sl &= s

>TTAST - fASTT & TR STl 816 QTS+ &rael T&T7 T8 ATTHT TH1 a7
FAT T FHT AT ATTF FTHT {1t AT S0 1 27 |

>THHT AT HaT T4Tg T foreaardy st ey sgafRiamT ge= |
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> IR HHT fAwTs/ggTe

> BIRICHET qgeher

> EIE AT G

> FRIg T T9Ter

AYTHT T T ST

> TITEH! AN HATHT g LHAT ATEATTT T 7 gl 2919 3 |

> T HFATE IS g Bl ThT ITITH SHAEATIT g Tohahl B |

> TEAgEHT THETH AU TEGETT TTEST AT ATATIR0NT G fRIeeT TRl
Z|

>TELT ST FAATH] aedigs 41 AHEATETe qat TATIET Tehl & |




SO Fr AT ST AYTAAT ATASTTIh-TAsit & areerdt (PPP)

> TELT ST IR AT STAEATIT H& FA AT ST T8 3 | Coordination and
> B STHT qEL EHT BIGITHAT STACATITRT ST HATZERT SAATT LT ] | partnership Tnevative
> i Saea o T eI AT AT T F |

approaches
> RIRICHAT FFaeell TEATTHH TA1E T | Local bodies

Cost effective

Challenges to services
municipalities

Private sectors Effective results

A
o
A
'm ﬁw—{ -------

> ARATTorRTT AT fSreRaTd averg > IR ICHAT GETS ST T T

> TEIEITHAT STTEATIT TATTHRIL ETAT LT g THE > TR STATHAT, SIS FAHT FT T et aAferg ey avareht FEH0 T8
> FIT T AHaTHT FHT > FSEHT STTATHAT

> TEATGHHT AT > TS geqarT

> =i, aTTed, FETATEFT sroataar
» Toft et ermramaT iy
» ATt T AT 8 =T s T

> ATITICTRTeRT FHATEIRT AT (ST ST 2X)
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» T SHATEATTAHT ATATHR T FTATTIT T

>‘hl§l{‘-l<1l He DT THT ‘>|”Hl¢|°hlf\{<‘ll del3
> TETAT F T AL/AL AZHAT T TATErRT Faahre T

AT @7 AR BT SawE T
AT T [l et

> F/ARATE B AT ggaad dar fa s |

>H R0 0 /T FELT ATATAL AT ATt UNDP T 3fefe agamman
AT (=TT & AT FTAFT T T TeATAT HEIEd STHT Tl
Lseall

> FEaTea T Iu-He TR dTToreRTe IiglT Tes RIgaeT sHaedTa=aT (st earers
T T |

> BT FATe R IeHT g IHaT SHae I ‘ATl ATRr Taresy T 9feq” a1+
TEITT FHTAT T T, |

> A0 TTET, SUTETEAHT AL FLATE B LHAT TFHAAA, TEF THTZ, ATA
TEHETE, HLHT TATIL Z2TS ¥ BTG RAAT SAGEATIT T4 FHATEHT 4T,
T T T aTfeaTars Tud arferd o et & (s g
EIETCHAT AT Y& I AT [ I2T3 T4 |

> 3T AT ATHT TA: FHTETE FTHTHIHT ITATEH, TS 7l IJTATaH, T Tare
EIRIERIEECIESY |
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REDUCE

REUSE
RECYCLE

[ 4/
W
REDUCE

REUSE
RECYCLE

FGIE AR T U ToR0T AEE EIGIERU
vﬁmmzw%ﬁ@ il

OIS SR ETHT FTHT I8 AT GETaT =Y, HEdqT, THA
ST T, ATAT T TEART T ATATALIT HLA T
g |
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FTATALOT FLEAT T, Fersaars a=r3i

? Put off and discourage people
from setting waste on fire!

[ )
o
REDUCE

REUSE
§| RECYCLE |§

R HAT SLATHT0T T I 0T I qE 4T 7 |

FTTHT T I THAT Frai |

ST STET thalwmla@‘i’rf EE ?ﬁ@mohl g7 | T4, R IHAT Zgrsad a1
FIEICHATATS T: FHIT T4 HIST g |

S Y

d‘l o I
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o ST TAT AT THEEeE
« Tgrferaw foraiis

o HATH TAT T

o IR FATH ITqe®

T Fhs (Tanning)

o ST TR

s wig T arawf 1 il Ramgs:
< e T sReT

. Sraries

< AT RERAAT TR Hawes
9. FATAIHT ATHRY TATE
3. AALTFATEE
3. srfvrerdtse T fqifés

% TAOT RIRHAT GaTH ol AT
9. AT I AwaT it a1
2. AATFATEE

80
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FTT FLE, SATTF F4qT T ATATa<on T FREATHT T a7
TqETET TR T

0,
°n
®,
0.0

- FTAHT AR
- O TE, T
SIS KINEIEE R
KIEERESICGH
- fatoe gered ffaes

o Tt ¥ ¥ 3 AUt S« 5 gt Tomee I 0w
R R eI ERIELS
- fEfae, f2umsH, Centrifugation, flotation,

adsorption, stripping and RO s1fz.




AT TLATE:
v FATE B RAATATS qoT €8T 9T U2 aqTse
LI PIEEAEIPELIR

v Neutralization, Precipitation, Oxidation and
Reduction.

v BIETEATHRT T FAOTETs 22.2,3% B2rs
v Tl IeaTEAgEAT CO2, Vapor T @+t

v’ Sulphur FTFT RIEHATATS FEHI0T T2t SO2, CO2,

H20 g

v’ & YETEERT TEEOT: Liquid Injection System ¥

Rotary Kilns.

82

> AT W s gered fafe Gl
&R SHATIERT TR

» Tests have been conducted to degrade PCBs using
pseudomonas & flavo bacterium.

» Psuedomonas Bacteria — Benzene, Phenol, cresol.

vV RIGHATATS ST, F2T TR HT a0 T
v 41 faferere fRererers arer = aafFT
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> Landfill need not be an engineered site when the waste is mostly
inert at final disposal. In rural area waste contain large proportion
of soil and dirt. The practice of disposal of such waste is called as

non—engineered disposal method.
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> TATISTRITSH S59T R LHATATS I AT TATTH
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MODERN LANDFILL

<] METHANE GAS
E RECCVERY LEACHATE
Pt SYSTEM TREATMENT
- =
= I CLy SYSTEM

LEACHATE
COLLECTION
SYSTEM




9. RIEHATATS Bele T ey T o anieeld sqam
FTUS (el TATT T |

2. %|§|<HM|mléaﬁratﬂﬁﬁQmﬁﬁﬁa |
. BIITHATATE e {3 Jreret oot |ife= |
¥. Most important feature of modern sanitary landfill

Py

design is the technology used to prevent GW pollution.

U ol TTehATRT AUl Tlg®
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9. qUF a7 @it =TAT Hydrological Isolation
2. o= Engineering @aT<Y

3. =T e

. ATSIATE G HIgITHAT Placement and Covering

At wrewr Fator @ a=EE
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| oS e

An environmental sound landfill comprises
>An appropriate liners for protection of GW
>Runoff controls

>Leachate collection and treatment system

> Monitoring wells

> Appropriate final cover design )

5 "
PMative Strato

Menitoring el
 ontoing

9. TVSTAT ASLHT FL:
= Freatae fEureaeht @iy e Hydro-geological T

Geo-technical site investigations |

-5 a
Dztive Strato

86

Camalaiai Lasdai Gilti

Landfill Cells

R. FAefor 5<or :
> TTor e 7 3, g2, gragr Fat (ATt o)




3. YT =0 (4-R0 ,—ﬂf) ¥. T AT (R0-%00 TAF)
~ Involves work at the front of the fill area ~It involves termination of actual filling to the time when
. . . envt. Installations need no longer to be operated.
>Qperation of env installations .

] o ) >~The emissions may have decreased to a level where they do
>Completion of finished sections not need any further treatment and can be discharged freely into
>Has a high traffic intensity the surroundings.

5) Final storage phase

>In this phase the landfill is integrated into the surroundings for
the further purpose, no longer needs special attention.

| AT REEEE

/ST UETHT FETT A | v ®T T AT A e e,
/ SITRTaRT T /i SR | eArve fheras /;ﬁrf?i-oﬁmmwa;{ail STETEAT I BT T AT TR
%gg??jﬁg T S HRT, T R AT ST v %U'TFWHT qfera %Tw%ﬁaa ai(?ﬂﬁw T FafFT | Leachate
AT TEUT FTRT e |
@;@fg;ﬁ M AT T AT ARG AR ST v raer i SeET SEe, 99T aeqe
v FERTRTO [Tt @f=ar T qaawars gF e fhaar T gL ‘Ff T |
fEraste g | /q‘g{lFaT,rr@ W%tleﬁwﬁmmww
/AT FIGITHATATS A AHT TF TR | /‘qﬁﬂ Gﬁﬁa;ﬁ A - + e T
T Ecosystem @1 & TS |
/FTHETY T Scavengerd T FATELT T LATHT 3¢ SAMTEH g |
/ 3F AT g |
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> Hydrology (GW flow) and olog (Rock type, son
permeability) =T FT¥oTer ﬂ'f%?ﬁ & 3TET

~ T Thel sratefa g w2 ¥ fa %W TIgaT |
IR THAT Tagehl T T AT TTATs TG00 T gad |
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o | T a1 @y I FRAT 9 € o e arar gq
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TATUE (sl A9 Th<uT

9. AT TIHT AT

3. e T o

3. AT AT R

Constituent

Typical Ranges!

alkalinity, as CaCO,
ammonia
arsenic
barium
benzene
BOD;
cadmium
chloride
chromium
DDT
dieldrin
iron

lead
manganese

21-5400 mg/L
0.01-1000 mg/L
0.011-10,000 mg/L
0.1-2000 mg/L
<1.1-7370 pug/L
42-10,900 mg/L
5-8200 pug/L
4-9920 mg/L
0.001-208 mg/L
4.28-14.26 pg/L
<2-4.5 ug/L
0.090-678 mg/L
1-19,000 pg/L
0.010-550 mg/L
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TS %<t Leachate
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, AT HEREAT ¥
FUTRT ATTRT =0T 27 1|
* JEAT IF SATaF Flad, 37
AT T T+ g |

SATUSTheTHT Leachate F1 I4Te

Constituent Typical Ranges!
pH 3-7.9
phenols <3-17,000 pg/L
phosphate <0.01-2.7 mg/L
selenium 3-590 pg/L

specific conductance
toluene

total organic carbon
vinyl chloride

1200-16,000 gmhos/cm
<5-100,000 pg/L
11-8700 mg/L
0.140-32.5 mg/L




° Component Percent (dry volume basis)
Methane Carbon 40-60%
Dioxide Nitrogen 40-60%
Ammonia 2-5%
0.1-1.0%

e Methane : a7 saaaefier T faemies g |
e Carbon Dioxide: aTATa¥oTaTs BT Tg |

+  Nitrogen: aTATATITATE FTTAEHTE g |

%rg%i?:mqﬁﬁmmw,m,aﬁwﬁﬁ

“..... T3ET el ATUSTRA STaF HIgRHATATS T
FRordiaeor 1 3R e agTierd gew sifas strary gt
BER Il
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Ground Water » Drainage Laye

CcCompacted Clay @ Soil Layer

Plastic Liner a» Old Cells

Leachate Collection Pipe & New Cells

Geotextile Mat & Leachate Pond
= .

T heTs Bioreactor &1 ®qHT fohet

ATAT TRw3?
© BIEHATATS HITHT T,

o Leachate TS WHUSTIUT T T9TT& T4,

o ZTET 9T I,
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*%f‘;wmw e These reactors had
g~ e diameter and
s, | = height of 0.30 and
O T F' . 1.25m, respectively
O = ] i e PVC leachate

h— Leachate recculanon line

collection pipe with
a diameter of 1.8
cm was installed at

| Compated
MEW

4 be— Tt halince presaure
{oser sail

olinpe - the center of the
- bottom of the
N reactor.

Tirasel
|6 m

e Leachate was

-+t ) : Bafaiiion collected in a
Lenchale sampimg pn.ﬂ 1 Hrflh\'." ,5 tra n S p a re nt
1 Lot container

Fig | Simulsted landi reactor

Experimental design and operation

eOne reactor was operated as a control
without leachate recirculation (RC).

e while the other two served as
experimental reactors, one with leachate
recirculation (R1)

eand the other with leachate recirculation
and supplemental water addition (R2).
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Las smghing port

Silicone b
\.

a

i;mmnﬁ- =

G enlliectinn pipe

(.30 m,
—
e Tap water addition port

Thermometer

Final cover
sl D& m

| Compacted|

liravel
|8 m

ke

Leachule conismer

Fig. | Simulated bndsl zeactor

-rn&:‘l: Badler ackitivn port
4
Flesink:

— Leachate recaculanon line

be—— o halance pressure

A leachate
sampling port was
installed in the
collection pipe.

A tap-water
addition port was
installed at the top
of the reactor.

A distribution pipe
was installed at
the top of the

reactor to add liquid

A

to
sa

to the waste mass.
1.8cm diameter

PVC pipe was used

construct a gas-
mpling port

The simulaied landfill reactors operation processes

Operational processes

RC

R1

Isr step
Dray O—199

Day 2040

2nd siep
Day 203329

Frd xrep
Doy 330364

Water addition
as simulated
rainfall (&1)

Buffer addition

Water added as
same gmount of
Rl's
recirculated
leachate

Water addition
as simulated
rainfall {61)

Buffer addition

Leachate
recirculation

Water addition as
simulated rainfall with
supplemental water
addition in an early
acid phase (day
T3-105) {(37.51)

Mo buffer addition

Leachate recirculation

Leachate from fresh waste was fed and increased OLR afie
the waste in the rectors stabilized
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FTHAT. & Flg THAT IcHS( < Tgaheld

e Waste Generation 0.3 kg/p/day
e Total domestic waste gen. App. 246 ton/day
Others

e Commercial waste (12%)app. 30 ton/day
e Street Waste (12%) app. 30 ton/day
e Waste from VDC (12%) 30 ton/day
e Total Generation 335 ton/day
e Collection 306 ton/day

About 70% waste are organic
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Inert Material
4.33%

Glass
Metal 2 50%
Textiles 0.92%

3.02%
Rubber

054%

| ]

Is

Leather
0.12%

Paper

8.51%

Pastc

9.18%

Organic
70.87%
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New vehicles

Newly Constructed by Japanese
government — direct loading
system 2005

Tractors

Tipper

BN \jini-Compactor _ Need to replace
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ermi-composting

TIHT ITAT 3

Weighing by weighbridge | Unloading Waste |

v

Spreading
Waste

Soil Covering




Komatsu Dozer
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( Efficient transler and
| transpartation

Maximize composting
and recycling

Sanitary landfilling af 1
n

i an-recyclables

T
| Effective collection |
b A

((Effective
L andimeitomg

— ~
Pubtic aducation

Environmentally sound, cost
effective, and efficlent
0 id waste
management system with
maximum community and
private participation

Appropriate policy/

| fawand tlﬂur«mmlj

_ " Special Hazardaws 7
waste management
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Reusable bottom ash is a useful
construction material. Using it

Scrap metals are now almost
systematically extracted from the
bottom ash. Metal quality is very
high and rising market prices mean

good income stream for operators

Worthwhile residues: part of a
resource-efficient society...
...and a revenue stream!

offsets the need to extract raw
materials, which has considerable
environmental impacts. It is
disposed of when no demand exists
or if waste contaminated it.




Composting

- Tertiary
Segregation,
Processing

and storage
. Unit

CO, Control
DXNs Control
Emission Control
Landfill Control

Environment

Cost Control

Economy o

Energy Recovery
High Efficiency
Utilization / Sale

Waste type
Waste quality
Waste content

Characteristics
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Excess
Oxygen

Proteatment

!

Farmentation
Transesterification

Heat Fuel Gases Char, gases, oeroscla ik CH4
{prooiu = f=yn gas| g
l fco+k Biodisssl

= HeatipowerlCHP
= Boder, steam furbine

= sTomefed wood for pellels, coal replacement
- Burn gas for hot wateristeam *Pyrolyzis oil for boilers and power (eary
{commercial} ' commercial)

= Use in IC engine for CHP | pre- * Specalty chamicals (commarcial |

* Co-fira with coal

commercial| - Further refining for transportation fuels
= Catalylic conversson 1o 1 (develop 1)

chemicals, synthetic dieasl

(development)

) é;j!l.e'l'l.illld: Crermany

amds

Date  afj19 1985
Issue ¢ I(LO90),
Half-
hour
ax
Gas 11% O dry | i 111% O4i7% CO2 [10% O, 10% CO | 10% €O, {11% D, {12% 11% O
Comection iy et ey s STP dry |€0;
dry
50 50 20 5 150 30
100 100 100 50 62 10
300 300 20
450 388
ol S = e
10 20
3 01 0. Moxic 0.1 temic 0.41 0. texic
(ng™¥m) NATCO equival equivale TORIC eguivale
equdvalent et ot equivale ot
1 nt

rundel (Blackwell Sci

Source: Sewage and Industri




Biomethanation

Landfill with Gas recover

Gasification

Compositing

Incineration

150, 350, 500 and 1000

100

500

NA

500

1

0.4

Tetin-lc;l;lé}t Evaluation Scores

- Technical Commercial Environmental Total | Ranking
o e0(0%) . 60(40%) . 30(20%) - 150(100%) |

A Biological Options

1. Biomethanation  40(27)  42.(28) L25(17) 107(71) i1

2 Landfll 40027 | 28(19) | 15(10) 'BGs) |2

3. Composting | 40(27) | 15.10) 15 (10) j?o (47) 4

'B. Thermal Options

4 Tncineration | 28.(19) 34 5(3) 67 (44) 5

'S, Gasification | 28(19) émz:u 15 (10) 80 (53) 3

criteria:

* System Configuration (0-30)
— Simplicity and operability (0-12), process flexibility (0-12) and scale-up potential (O-
6).

¢ System auxiliaries (0-30)
— Pre-treatment (0-20), post-treatment (0-10).

* Environmental Aspects (0-30)
¢ Resource Recovery (0-30)

* Commercial Aspects (0-30)
— Capital Cost (0-12), Operational Cost (0-12), Track Record (0-6).

WTE technology options have been analysed using a set of five main evaluation

Power generation

Efficiency 50 — 60% (based
on
volatiles)

Residue

Residue Disposal
Relative Capital
Cost

o&M

Commercial viability

Steam turbine

85-90% (based on
calorific value)

Ash

Landfill

Very High

High

Less viable owing to
costly downstream air
pollution control

Gas turbine

50 — 60% (based on
volatiles)

Digested slurry

Farm land

Medium

Low

Readily viable

Gas/Steam turbine

90-95% (based on
calorific value)

Ash, Char

Reuse possible, or as roading
material

Very High

Limited (few moving parts)

Varies considerably
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CRITERIA

Air Pollution Overall

Water Pollution

Solid/Hazardous
wastes

Environmental
impacts

Waste disposal

Waste Collection

Dust Collection, Gas
Scrubbing (Elaborate)

Minor

Ash to Landfill

Can be minimized
(costly)

Complete, except for ash
to landfill

Municipal/Agency

ANAEROBIC DIGESTION

H2S — Scrubbing
(Compact)

Down-stream aerobic

Stabilised sludge

Minimum

Complete except for
sludge stabilization

Municipal/Agency

GASIFICATION/

PYROLYSIS

Dust collection, Gas
scrubbing (Compact)

Low

Ash/Slag (Reuse)

Can be controlled

(additional costs)

Complete, except for ash

Municipal/Agency

TE =1

1.5
CO; from the combustion
1.0 of biomass as
an emisgion
€0 from the combustion
E 0.5 of plastics counted as an
emission
:” o0
-3
S 05
-1.0
-1.5 T T T

€02 from combustion
of MSW
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Introduction

At all levels of socioecopomic development, human bemngs
produce solid waste The production of waste is closely
linked 1o behaviour and attitudes, In the pasL hittle was
wasted, nlmost evervthing was reused, recyeled, or assimi-
loted into the seal Bven today, m small rural commumities,
nature usually lakes eare of the waste With a few leecalised
exceptions, the dumping of organic waste nround houses in
rural communities cpuses few problems; natural systems
are able to absorb it-and reeyvele its nutnents.

Concentration of people i urban oreas with very high
papulation densilies. wse of non-biodepradable materials,
new souwrces of wasle (shops. instiutions, and factories) and
the mamtmnance of traditional hobits and atutudes, appro-
prate o rural but not to wban living, have disturbed this
balonee  In towns, the dumping of waste around houses
resulls i an accumulation of health and environmental prob-
leimns,

The conceptl of waste manapement planning 1s frly
new fo Nepal Rapid wurbanisation smee 1930 has forced
many lowns 1o by and tackle the problem. The quality of the
urban covironment 15 2 matter of growing concern, and the
importance of clficient solid waste management is being
mcreasmaly recogmsed { Thapa, 1987) Nevertheless many
factors nel acanst effective sobid wasle management, n-
cluding tradhional values, religious behiefs, and the caste
system Waork sequanmy direel contact with wasles 15 strctly
For the lower classes: Techmeal and orgomisabional problems
and the absence of environmental cquality standards also
inhibut the development of an accepiable level of solid waste
management (Joska, 1987)

This paper sets oul to review avmlable information on
solid wasic and its management n the urban areas of Nepal
with specific focos on the nature and extent of the problem,
the mformation gaps. and the adverse environmental and
health impacts resulting from uncollected wastes. Strategics

114



[ ¥4

Solld Waste Management in Urbsn Nepal A Review

for more effective treatmeni of solid wasles 1n Nepal are
disenssed, parucularly those which stress the role of women
and children

Delimtions of solid waste and its constiluents vary
greatly from country to country For the purposes of this
study, matenal is waste when it is not considered useful by
its owner and for that reason 15 not of s or her concemn
“*Sohid Waste'" describes non-liquid waste malenals ltis a
relative term because sludees of certnin kinds {all within the
scope of sohd waste management.

As the solid waste problem 1s mamly related 1o urban
arcas, the next chapter will deal with the process of
urbarsaticn m Nepal
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The process of wbanisation has been slow in Nepal. pronn-
nly beeause of ils geographical remotencss. innccessibility
and rugoed topography. These [actors have ensured the
perpetuation of rurnl subsistence pocket econonues (ICIMOD,
1986)

Changes after 1950, however, had a significant impact
on the pace of urbarnisation. An anti-malaria cnmpmen and
the resulting avinlability of new land m the fertile valleys,
expansion of mfrastructure and waproved medical care, and
poverty and population pressure in the hills all encouraged
mugration and the concentration of people around trading
eentres. Expandmg trade with [odia, the wtroduction of
development plans, as well as mecreasing foreign assistomoe
spumred urban growth

Regronal differences in wibam growth cales are notable
The concentation of Nepal's wban population in the term
and inmer teral has sleadily wmereased (60 percent mx 1987 as
compared 1o around 17 per cent i 1932/54) duc to the
preductive resource base, along with w-mmgration and link-
ages with India since the 1930s The proporhion of wrban
population in the Kathmandu vallev. the capital and st
urban centre. has dechned from 83 per centin 1952/54 (o 29
per cent n 1987 (Banskota et al., 1990)

Although regional 1o character, whanisation wall be
the moest distinctive feature of socioeconomic development
m Nepal in futore decades. The urban population increased
from 2 9 per cent of the totalin 1952754 to 9 per cent in 1988
and is likely to be 14 per cent in 20040, with o growth rate of
6.5 per cent during the pered from 1988 to the vear 2000
(LUINDEP, 1990a; Sharma, 198%9) (Figure 1),

In terms of absolute populntion Katlmandu is snll the
largest town, and a recent study conducted by UNDE (1 990)
prediets that thus factor will remain constant for the next
decade. Kothmandu's prowth rate 15 currently estimated at
4.60 per cent (Thapa, 1989)
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Level and Growth of Urbanisation in Nepal
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Figure 1: Level and Growth of Urbanisation in Nepal

Urban development in Mepal has been chaotic and
unplanned ( Sharmao. 1987 and. along with increasing indus-
trial and commercial activities, has led o a deterteration i
the urban hiving envivonment (Joshi, 19871 The pressure on
the existing infrastructure: roads. sewerage, dronage, solid
waste management, and electnioity; 15 growing, with an n-
creasing mardence of overload and brenkdown. The demands
on solid waste management are particalarly serous (Banskota
etal. 1990).

In uwrban Nepal, the persistence of traditional attitudes
mnd traditional waste disposal habits in both residential and
industrial areas is hampering efforts by local authorties to
collecl and dispose of wasles safely and effectively. Minumal
communily awareness and concern mean, for example, that
the following prabilems have ansen
= People do nol perceive wasle heaps as problem areas.

o  Empty land, strects, footpaths, and sireams, are used as
dumping sites

» Sewerage systems become blocked and malfunction.

= Industries dispose of salid waste and untreated waste
water inlo rivers and open draimns,

s Riverwater ond groundwater, important sources of drink-
ing water, are conlaminated directly or indirectly by solid
wasic
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= Decomposibon and mellicient biwymng of solid waste
contributes to air pellution  The Kathmandu valley 15 cspe-
cially vulnerable to air pollution because of its bowl-like
topography, dense population, industiial development. and
the growing number of motor vehicles
= Land polluted with sohd waste cannot be used for other
purposes
« The proporton of non-iodegradables and hazardous
wasle 18 increasing

In the long term, progress in solid wastc management
will depend on greater community particapation and on bet-
ter urban management and planning (Sharma. 1987, UNDP.
1990} Imporiant imtatives have been taken to raise com-
mumty awareness and o improve the efficieney of solid
waste manngement in Nepal (Sharma, 1987; Devkota, | 988;
Bhauora, 1988, GTZ & SWMRMC, 1988, Nirola. 1990)
Observation of various urban arens m Nepal shows liow-
ever, that 4 lot still remains to be done
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Traditional Waste Management

Waste manngement in Nepal has always been considered the
responsibility of untouchable castes (Habitat, 1990). Trads-
tionally people from these castes were hired by town admin-
istrations to collect solid wastes; most often equipped with
primitive lools such as a buffale nb to Il waste and a
Eharpan (basket slung on the shoulder) to carry and dump
the collected waste in nearby open ficlds or on river banks
tArval, 1986, Thapa, 1989,

With growmg urbanisation imd higher population den-
sities and changing waste compositon and growth in the
amonnts of solid waste, traditionnl practices of waste man-
agement could not keep pace,

In the Kathmandu valley, numerous uncontrolled waste
dumps developed i close proximuty to dwellings. These
heaps transformed entire urban arcas into slums, marred the
historical beauty of the towns, and most significant. const-
tuted a massive threat to public health (Thapa, 1985 GTZ &
SWMRMC, 1988)

Thie inhabitants of Kathmandu allowed tlus process to
oceur aver time, without any eoncerned action to deal with
the waste nceumulating around them A negative impact,
however, wans evident in the lounsm sector: leading the
government to foeus on the problem. A towrism master plan
prepared for the Kathmandu valley i 1972 recommended
the need for improved samtary conditions in the valley (Aryal,
1986)

Although the local mumeipal bodics were responsible
for solid waste collection and dispasal, they gencrally lacked
adequate [ncilities and resources to provide such services in
more than the core areas (UNICEF, 1987, Joshi, 1987}
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Problems related to waste handling merensed. Following
twao studies of the problem. one by FlintofT (197 1) the ather
by Tabasaran (1976) from the Umversity of Stutlgart, the
governments of Nepal and Germany agreed jointly 1o de-
velop a waste disposal system in the Kathmandu valley

The pre-project phase (197 8-1980) comprised of Lwo
steps

STEP I: 1978
Evaluation of all legal, orgamsational, and other
refquirements necessany: for the establishment el on
executing apency, with recommendations to estab-
bish the “‘Sehd Waste: Monagpement Board"™'
CSWMEB) under the Mumstry of Works. Supplics
and Transport

STEP 2: 1979-1981

Based on the results of Step |, a bilatern] agreement
for Phose 1 of the Solid Waste Management Project
(EWMP) was coneluded bietween the government
of Nepal and the povernment of Germamy i De-
cember 1979 Subsequently. the execeouting agency
was founded. the Board estabhished, and o Nepalese
project manager nominated lo oversee the project
(GTZ & SWMREMC, 1988)

I'he Froject commenced in 1980 within the three main Z
erties of the valley: Kathmandu, Patan. and Bhaktapur

Solid Waste Management in the Kathmandu
Valley

With the reorgnmsation of solid waste management for the
Kathmando valley, the stalf and the advizers of the Sold
Waste Management Project had (o cope with a praject aven
that was m urgent need of sanitation facilities (GTZ &
SWMRMC, 1988} Wasle collection mnd sewape disposal
were totally inadaquate and toilets were few Salid waste oy
on the roadsides and piled up in the courtvards of the (hree
cities. Some 9.000 tonnes of solid waste had aceumulated in
300 courtyards of Kathmandu and 4,000 tonnes m 150
cowtyards of Palan The wasle collected: from vamous cily
areas was, ns before, bemg disposed of on rever banks and in
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open places without appropnate consideration of environ-
mental and sanitary effects (Thapa, 1986).

In general, according to a study conducted by Thapa
(1986), solid waste disposal methods proctised before 1980
were charncterised by a lack of

« poliey and programmes relating to solid waste dis-
posnl,
trmned manpower;
capable institutions.
appropnate equipment,;
coordination among agencies concemed;
concepts relaung to solid waste,
public awareness and participation;
a central sanitary landfill site,
laws to deal with the problems socinted with solid
wasle, and
»  poor mobilisation of available resources, manpower,
and equipment

During the first phase (1980-1983), the project con-
centrated on developing an economic and locally suitable
cancepl of waste management, then the necessary infrastruc-
ture {Thapa, 1989, Pant. 1983} Tradinonal unhygiemic and
mmpractucal cleaning equipment, such as the shon brooms,
curved bones, and shoulder baskets, wiuch obliged the street
sweepers to work 1 a bent position, were changed for long
brooms, hand carts, ond shovels. Canerete bins were placed
in different parts of the city as strategic waste collection
points (Ablumanyu, 1985). Cleamng services were provided
in a limited number of wards (Josli, 1987) and a pilot
compost plant was established for recveling organic waste.
Phasc | was charactenised by inal and error and learming by
doing (Aryal, 1983; Thapa, 1985, 1986)

The second phase (1984-1986) 1s referved to as the
unplementation phase (Pant, [985). Cleaming activities were
expanded and rehabilitation of old courtyards commenced
(Joshi, 1987 Thapa. 1989). A [ull-scale composting plant
was established, nlong with a central sanitary Iandfill site. A
svslemn was developed to impose service charges and to lay
the basis for the project’s future self-relinnee (Pant, 1985).

During thas phasc, public utilities such as toilets, bath-
ing places, and slaughterhouses were constructed. Emphasis
was lmd on encouraging public awareness and responsibility
for cleanliness and for mamtaiming a healthy environment
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(Thapa. 1985) and on developing commumity participation
in samtation acuvitics (Thapa. 1984) Feasibility studies
coneermng dilferent aspeets ol waste managemenlt were cor-
ned out in major towns outside the Kathmandu valley
(Biratnagar, Birgan), Hetanda, Tanakpur, Bharatpur,
Nepalgun) and Siddharthanagar) (Thapa, 1985, 1989)

The third phase { 1987-1990) involved mobilisntion of
the resources necessany to implement poligics and
programmies developed in the first two phases The man
objective was to make the project financially self-reliant
through the sale of compost and the collection of service
charges {rom vanous sources, including from the use of
public torlets and conlamer services. Self-reliance was also a
goal in the areas of

» lechmcal planning and operation,

= public relations and community participation,

* flinancial planning and aceounting,

s management and organisation, and

» legal framework and fee collection

This phase mmed to merense the waste collection vol-
ume per working day by an average of 15 per cent per
annum, in order Lo make the sanitary landfill site fully opern-
tional and to increase compost production and marketing
(GTZ & SWMRMC, 1988)

A maor acluevement of this phase was the introduc-
tion of a Solid Waste (Management and Kesource
Mobilisation) Actin 1988 The Actincludes punitive clauses
to control the unmanaged and haphazard dumping of solid
wasle. It also provides elear direction for more effective and
efficient wastc management. The Act covers the three cilics
of the Kathmandu valley, but it can be extended to any part
of the Kingdom according to need and resources (Joshi,
1987, Thapa, 1989)

The assistance project ended on the 15th of July 1990
Although no official evaluation 1s available, it is evident that
the operation is not yet self-reliant. The achievements of the
project are nonetheless very encouraging and significant
especially considering the complexity of waste handling in
the old cities, the social constramts, and the faet that system-
atic waste management 1s new o Nepalese society (Furedy,
1986).

The fourth phase (1990-93) is mimung at a further
cxtension of collection ot reduced unit costs, a consalidation
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ol activities. and a reorgamisation of responsibilities i solid
waste management pohicy (natural level) and implementa-
tien (local level) levels

Solid Waste Responsibilities

The Solid Waste Act established the Sohd Waste Manage-
ment and Resource Mobilisation Centre (SWMRMC) with
all the responsibilinies and activities of the old project The
Centre 15 a statutory authonty with a status sumilar to a
government-owned corporation, although with more com-
mercial fexibility and less government contiol (GTZ &
SWMRMC, 1988). It 15 the only orgamsation m Mepal
responsible for solid waste management. It has a working
relationslup with three mumepahities (Kothmandw, Patan
and Bhaktapur) of the vallev. According to an agrecment
between the mumicipaliy and the Centre, the task of cleamng
the city 15 the responsibality of the mumecipalities, wath the
maxamum use of available resources, manpower, and equip-
ment, and with the necessary techmical assistance provided
bw the Centre (Joshy, 1987)

The munierpality of Kathmandu, for example, employs
700 street sweepers to work two hours in the moming and
two hours in the afterneon and for additional duty during
festival mes or when members of the royal fomily are
passing of visiting a certain place. Thew monthly wage is
NRs 800-900 with no difference between sex or age groups;
the level of experience is the only enterion. The mumnicipality
provides the sweepers wath equipment (baskéts, brooms,
and shovels) to collect the waste and throw it into contamers
which are provided and emptied by the Centre. Containers
are trucked to a transfer station and then to the site for final
disposal or to a compost plant for trentment. The Centre also
provides sweepers and cquipmient The salary of these sweep-
ers are on par with the salanes pmd by the mumcipalitics
These sweepers are paid on the basis of expernience, and are
required 1o work si1x hours o day over two shifis. In practice.
municipal and Cenlie sweepers tend o turm up only for one
shufl

For the purpose of waste management. Kathmandu's
city road network 15 divaded ito three eatagonies: the met-
alled wan roads. which are cleaned by the Centre, and the
unmietalled dit roads and roads i old and slum areas wineh
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GTZ: Deutohe Gesallstafl fur Technische Zusammenarbst

‘Figure 2: Solid Waste Management Organisational Structure 1990-91
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are cleaned by the municipahty -~ being too nmrow for the
Centre’s heovy equipment. Containers are available only on
man roads. Coordination between the well-equipped Centre
nnd the mumeipalitics 15 a prablem. The Centre tends (o
work independently, rather then strenghtenmg the munici-
pality mn samtation work, wluch has undermined the tradi-
uomal responsibilities of the local governments in this Geld,

The Centre s cpntrolled by the Mistry of Housing
and Physical Planning (MHPP) and admimistered by an 8
member Board This Board functions under the chamman-
ship of the Secretary of the Mimistry of Housing ane Physieal
Planming The Centre’s manager 15 member of the Board
Other members are the three elected municipal chammmen of
Kathmandu, Patan, and Bhoktapur, the joint secretary of the
Mimstry of Locnl Development (ML), an ofTicer from the
Mimstry of Finance. and an engineer (rom the Water Supply
Corporation

The Centre’s annual budget 1s approved by the Na-
tional Planmng Commsston, the Mimstry of Housing and
Phvsical Planning. and the Miustry of Finance and allocated
through the Mimstry of Housing and Physical Planning

Financtal and technical assistance are provided by the
Federnl Republic of Germany through the Deutsche
Gesellsehaft fur Techmsche Zusammenarbeit (GTZ). The
Centre's [inancial resources are nugmented by service fees
{for hotels, restnurants. and offices), compost sales, vehicle
fees (for wrucks leaving the Centre with reeyelables), and
fines and houschold contnbutions (for houscholds given
pravate services like scpuc anh clemnng) {Thapa, 1989).
Future mcome through taxes and the possibility of generat-
mg gas lrom waste could provide other inputs.

Every mumcipahty has its own city clemning umit; in
Kathmmandu it s the City Sanitation and Public Health Umt
The umt 15 supervized by an exeeutive secretary and assis-
tant exceutive afficer who ave both deputed by the Mimistry
of Local Development, the Mumstry ultimately responsible
for solid waste management in municipalities. The munici-
pal budget for solid waste management is dispersed through
this Mimistry, supplemented by local tax collection, and, in
the valley. by {he Centre for the local government contribu-
tion to waste disposal (GTZ & SWMRMC, 1988) Despite |
these mputs the financial situation of the municipalitics is
very wenk, They recerve a nommnal central budget and have
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Table 1: Saolid waste management In 33 municipalities for 1939

126

Mumbar of Unit Volume
of Waste  Disposal No, of
Municipality Garbage  Hand Tractor  Managed Site Staff
' Bins Carts Trailer {mday) {ha)
Banepa 2 2 1 250 0.25 22
Bhadrapur . 400 P
Bhaktapur 17 3 30,60 0.50 51
Bharatpur 2 800 050 16
Bicur 1.20 4
Blratnagar 5 3 400 0.10 75
Birendranagar 4 5
‘Birgan) 19 4 1 4.00 176
Butwal 5 1 1.00 57
Damnak 30 4 7
Dhangadi 10 3 1 8.00 12
Dharnkita 4
‘Dharan 4 12 1 14.00
Dhutikhel 12.80 8
Dipayal 0.00 0
Hetauda 16 1 4,00 0.30 45
'I'iIrI'I B 4 T
Inaruwa 15 2 8
Jaleshor 40 2 200 0.07 8
Janakpur 0 3 2 9.40 0.25 45
Kalaiya 1 1 200 200 12
Kathmandu 200 2 130.00 450 958
Lahan 2 1 550 14
Lalitpur 20 50 8 50.00 450 235
‘Mahendr: 2 1 7.00 16
15 4 0 1.50 2.00 3
' 2 16.00 0.50 92
1 300 0,60 40
20 4 1 9.00 16
g 16 1 600 025
2 1.00 0.50 17
8 800 0.00 g
4 1.00 0.25 12
Source: Ministry of Housing and Physical Planning {1989)
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to run all their affmirs on thewr own internial resources which
are almost nil (Banskota et al., 1990} This pomt will be
siressed in the next poragraph.

Despile the constraints, signilicant advances have been
made since 1988 in managing solid waste in all 33 urban
centres of Nepal {Table 1) Even municipalities with almost
no equipment sgem 1o manage considerable amounts of
waste per day. A shortcoming, however, 1s the absence of
figurcs on the amount of waste which is gencrated per day
The difference between the managed waste and the gener-
ated waste would give some 1dea about the amount of waste
whieh remnins uncollected

Information on disposal site 15 not available for some
mumeipalities. No official disposal site exists for Dhankuta,
Collected waste 15 thrown directly into the surtqunding for-
ests withoul treatment such as burmng or covering the waste
with soil There appears Lo be relation between the number
of staff and the volume of waste managed In Bhadrapur,
Biratnagor, and Birganj, for example, the same quantity of
waste 1s managed, but the number of staff members involved
differs considerably. Simularly, there i1s no clear rational for
the distribution of equipment. Bhadrapur has | tractor/trailor
while Birgany hos 19 bins, 4 handennts, and | tractor/trailor,

Problems of Solid Waste Management in Nepal

MNepal 15 one of the poorest countries in the world. Some 19
million people carn an average of USS 160 per capita cach
vear (UNDP, 1990b) Only 30 per cent of the country™s GNP
15 earmarked for social services (GTZ & SWMRMC, 1988)
of which solid waste management and dromnage systems
recerve the least nttentron (Banskota et al, 1990). When
money 1% senrce, covanments are reluctant to mvest in what
they consider to be non-productive sectors,

Underlving these economic constraints is a highly
centealised and uneoordinated admimstration which s re-
sponsible [or urban infrastrecture. In practice, mumcipali-
ties are unabile to operate without the substantial mvolve-
ment of and control from the central level, despite the wade-
ranging [unciions and power While institution bulding at
the central bevel has recetved some attention over the vears,
the wmumicipal level has been neglected Municipalities. for
example, have the power but not the capacity to colleet
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taxes, thus making them dependent on central government
funding (Banskota et al . 1990) The low priority given to
‘wasle management 15 most often a consequence of inad-
~equate resources within municipalities. In Dhankuta, for
example, only four containers are available for some 16,500
_residents who generate < tonnes of solid wasle per day. No
funds are available to increase the number of waste collec-
tors (four sweepers) nor (o invest in more equipment,
Yet the problems and constraints do not all he (local)
- government. Facilities provided by the munieipality are not
alwavs used by the residents in the way they should be used
(Manandhor et al | 1987).
¥ In Nepal, traditional rural habits of throwing wasie
outside the house sull exist in urban areas (UNICEF, 1990).
The perception of being and feeling responsible for the
waste one produces 1s somelimes in conflict with traditional
beliefs and practices. In traditional Hindu culture. only cer-
tain people, within a strict caste system. are responsible for
cleaning tasks and waste disposal. For other castes responsi-
- bility censes once waste 1s placed outside the home. Yet there
s evident eomcern and pride i having a clean personal
~environment. The iner space, particularly the hemth, must
' be kept clean while the outside spacc, being in the public
“domain, 15 of less concern (UNICEF/UNER, 1990) This
*“*Ghar Balura™ (outside the house) syndrome inhibits ef-
forts to creale an effective public, sohd waste management
aasm:
People, mostly women, who arc responsible for the
houschold duties, dispose of houschold garbage close to

~Table 2: Patterns of domestic waste disposal

; aaum Fleld Survey, UNDP, Jamuary 1960
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thewr dwelhings where 1t causes an unsamtary and smelly
living environment ( Table 23,

Deposits outside domestie dwellings sometimes are
made at cliweasa (dumping ploce with religious signifi-
cance) Pit disposal 15 either on the compound (seaga) or
under the stars mside the house on the ground floor (rauga)
(Chwaasa, saaga, and pougae arc lorms used m Newan
commumities). Both neuga and saaga continue to be impor-
tant in agrarnan hooscholds, and are more common 1n
Biratnagar, for example. which has a rural character, than m
Pokhara and Kathmandu

Not all the waste 15 disposed haphazardly outside the
house Baodegradable waste is oflen used as compost (stuck
1o walls) or thrown in a saaga on the compound. This saaga
1s emplied three or four tmes a vear (or when it is full) and
the contents used as fertiliser.

It 15 not this waste thal causes wasle management
problems, but rather the waste dumped outside the housc on
communally recopmsed dumps (inside the courtyvard o al
open ploces, strecteorners, or niverbanks) and the waste
thrown on the street, totalling 63 4 per cent of all waste
generated (UNEP/UNICEF, 1990).

Research conducted by UNICEF and UNDP in 1990
determined that containers provided by the mumeipality are
not popular among the people. These contmmers are either
oo [ar from the dwellings. unpublicised. or seen as smelly
meonveniences that should be banned. Regardless of thus
fact. people feel that the mumcipality should take more
imuative in cleamng up the environment (UNICEF. 19940,
UNDP. |1990a)

Table 2 shows that some of the houscholds hire private
sweepers o clean the house and compounds. although this is
nol o eommon fealure

The effects of rehgion on behaviour patterns often
overlooked in solving solid waste management problems,
For example, at certain places, usually at crossroads, waste
accumulates and is neglected by the ety cleaners These
places known as cliwaasa are genernlly viewed as "mauspi-
cions” Al these places daant 15 thrown. clothes, bedding,
meedicines, pottery. and other belongings of a deceased per-
son given away m the name of the dead person’s spint. This
15 a Mepal custom based on the belief that someone of a
Bralumin enste will be able to satsfy the spirit of the de-
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- ceased by taking these ilems. As it 1s very difficult these dovs
~ to find somcone to receive the daon (even for a fee), people

have begun depositing the daan at crossroads m the hope
 that the spint of the deceased will be able to colleet it Since
it is believed that these places are mhabited by evil spirits,
ple are reluctant to clean them: doing so will cause death
careas thus develop as dumping sites to satislv the

mts Tlu:sr: Eu:ups ire growing in di.fffm:ut places |.n Kath-

Another foctor alfecting waste disposal and cleaming
“activities 15 the important role of waste heaps m certain
religious festivals One of these festivals, *Chakandeo
Jatra™’, wakes place in March. During this festival

' Ythe image of Chakandeo is quictly and mysteriously
arried down a narrow dark lane to a garbage-dump arva
e the neighbouring people present rin with efferings,
and red tika powder The story has ir that once,
‘ago, Chakandeo, against all caste rules, accepred
ngs from a lowly woeman garbage collector, an act

ﬁwﬁﬁfpﬁut:x Now market possip maintains it was more
Hhen aﬂi‘ﬂﬂg which the garbage waman gave to Chakanden,
and this “secret” visit o the _g:;r&{mgﬂ ﬁ’ump fl'J'i.r'mlq.r hn

. 1988).
Not rclntud lo tradibon or culture. but a doy to day
practice discouraging sohd waste mmagement, 15 the pres-
ence of scavenging people and animals who mmmage through
w heaps and contamers in search of food or reeyelable
1als. In doing so, they throw aside things which are of
mierest to them, spreading waste and making collecthion
- more difficult.
 Cleanmg activities, in general, are looked upon as a
qur low status occupation. Renumeration 1s poor. with the
result that waste workers (sweepers) feel yustified m working
- one mstead of two shifts
The problem of lack of sanitation awareness s far
reaching. Traditional habits and attitudes will only change 1f
people feel that it 15 in theiwr interests to change them (GTZ &
m&c 1988}, Awareness concerung the thoeat 1o hv-
g environments and health beeause of uncollected waste is
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laekimg, UNDP (1990a) found that many people pereeive
that their living environment 15 dirty but do not relate lack of
proper wiste disposal to health problems  Palluted drinking
water 15 pereeived as the maun gause of health problems
(LNDP. 1990a% (Tablc 3)

As ooresull, people still throw waste at random and
swecpers; appointed to clean up the citics, sometimes throw
accurnulated waste in places where no collection takes place.
Cellection 15 often hophazard or incomplete and transport in
uneoversd contmuiers 16 wansfer or land [l sites:

Table 3: Percelved causes of health problems

Town Polluted  Unhygienic  Unhygienic:  Lackof |
Drinking Surround-  Food&  Proper
Water ings  Contaminated Disposal
Utenails
Pokhara 222 370 0.00 556 6867 185
Biratnagar 285 618 0.00 .19 3451 5044
[ Kathmandu 4BI07 215 1ire 4.29° 30,04 13.73 .

Source’ Figld Survay UNDP, January 1950
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‘Quantity Data

Urbanisation in Nepal has given nise to a serious wasie
| :pmhlm According to a study conducted by Thapa (198%)
~some 350,000 residents of Kathmandn now produce an esti-
- mated 140 tonnes of waste per day. of which about two-
th:dshyvulunle 15 deposited outside the compound One-
Ihrd is directly used by the population for composting and
: or kept in the countyards where 1t is impassible for the
d waste collection services toreach it (GTZ & SWMRMC,

~ Factors that influence the quantity of generated solid
e, in general, mclude geographic location, climate and
n, economtic factors, and social and religious customs
Er«.' ~ The amount of waste gencrated wall affect all stages of
- solid waste management, 1.¢ . collection, transpart, storage,
“disposal. Estimates for waste generation in Nepal are
ed mamnly on ligures from other developing countries
ough there are some common trends, waste generation
res are not directly comparable from country to country
There 15 a strong relationship between the standard of
(expressed in GNP} and the amount of sohd waste
d per capita per dav (Loham and Thanh. 1978,
s, 1984, Deelstra et al.. 1989. UNEP, 1990) Low
e countries (per capita income below $360 i 1978)
around 0 5 kg of waste per person per day; nuddle
me countries (US $360-3.500 per capita income) gener-
ite about 1 5 kg per person per dav: and high income coun-
ries (per capitn income higher than US $£3.500) genciate
nd 2.75 to 4 kg per person daily (UNER/UNICEF, 1990)
Lohani and Thanh (1978) compared waste production
s 1n five Asian low inconte countries and found o range of
0.42 kg per person per day {Table 4) Waste produc-
reapita in Nepal nnd Burma was about half that in Sri
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Table 4; Waste production per head for some Asian low income
countries

Country® Amount Per Head Per Day
(kg)

Nepal (Kathmandu) 0.25

Burma (Rangoon) 0.25

Bangladesh (Dhaka) 035

Indra {Bangalore) 0.4

Shri Lanka (Colomba) 042

Source: Lehani and Thanh, 1878
* Note . Waste production is estimated for man ciies and cannot be
generalisad for sach country as a whole.

Looking at the avalable figures for Mepal. based on
Kathmandu, a wend in the amount of waste produced is
evident. Loham and Thanh { 1978) determumed that the aver-
oge nmaint of waste generated in 1978 was 0.25 kg per head
per day. During the 1980s, this amount increased (o about
(140 kg per head per day (Sharma, 1985, GTZ & SWMEMC,
1988} Kathmandu currently praduces an average of about
01.365 kg per head per day (Raw, 1990) suggesting that waste
gencration has more than doubled in just over ten years.

There is continuing controversy, however, about which
of thesc figures should be used for solid waste planning and
management purposes. In practice none of the figures are
used Waste 15 collecied 1o the extent possible regardless of
scientilic measurements

Per capita wasle generation figures have been esti-
mated for different Nepalese municipahities. Waste genera-
tion rates vary from 0 25 to 00 45 kg per head per day. These
estmates nre based on total waste generated in each commu-
mitv and an 1990 population projections. Lattle research has
been cormed out on the rensons for these differences or on
vartations iy waste generation between different areas withun
acity { Thapa, 1989)

Waste generntion rates differ not only between coun-
tries and withim o countey but also withan a cily

Consumption patterns are a measure of the standard of
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living. and they are an important factor affecting the quantily
1 waste produced in a given commumity  Poor households
¢ few luxury goods packed m plastie, glass, tin, or paper
‘waste tends to be more biodceradable or recyelable
for example, arc used to make candlestands or oil
tms are used as building matenal and walercans;
ecome cloths or wall-lming, paper is used to light
close vent-holes, and plastic 1s used for waterproof-

Efforts have been made to project the growth in solid
for 33 municipalities over a five vear period. Thapa
) estimated that an increase mn production of sohd
waste in Kathmandu of 40 4 per cent can be cxpected from

90 10 1993, while the population 1s expected (o increase
by 25.2 per cent Compared to other mumicipalities, the
if] ce between the population growth and growth in the
int of waste for the five-vear period for Kathmandu is

h:gh With a few exeplions Thapa projecis thal the

on growth rates and those of waste are more or less

1 ilar. I'.Tn‘l:uie 5)
~ While Thapa is using 0.40 kg of waste generated per
d daily from 1990 to 1995 in Kathmandu, estimates have
bieen made using his method but using the previously men-
d 0.25 kg and 0.565 kg as a standard The results of
stimations for Kothmandu are shown i Figure 3 Thas
: indicates that waste management and planing for
ent and services arc strongly determined by the set of
that arc used Planming deals with projections, and,
reason, Lhe most accurale estimates should be used
- surveys and evaluation of municipal refuse on a
ptic and continual basis will assist planners in deter-
ing proper collection and storage requirements

Waste Figures and Their Limitation in Shaping

e varables mentioned previously (geograplie location,
economic status, chmate. season. and religious cus-
'cﬂmplmlnfﬂ analyses of total or avernge waste [ig-
for different areas are also compheated by differcnces in
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Table 5: Projection of dally production of solid waste in 33 municipalities for the period
199095

Projocied 1560 1991 102

8. Nagw Gizewdh Populatien Dajy  Fopulstion Deily Populstion Daiy
No.  Panchayat Rate Preduction Production Prescuation

(%) {farne) {tonne} {torne)
1. Rathmandii 460 352491 141 368705 147 2385667 154
2 Biralnagar 550 174792 &1 184405 65 1894548 &8
3. Birgunj B.00 124533 40 134495 44 145255 48
4. Labtpur 3:35 107450 35 111049 36 1147689 a7
5. Pokhara 550 B3352 Z7 arear 29 92773 30
B, Dharan 500 TRS04 26 B2430 27  B6551 28
7. Janakpur 1010 82826 27 81191 30 100402 33
8.  Bhaltapur 265 &1237 18 62062 18 B4631 18
8 Mahendranagar 350 59573 18 51658 1B 63616 19
10. Hetauda 500 55363 18 62331 18 G5448 20
11. Siddharthnagar 765 680415 18 B5037 20 70013 21
12. Nepaigunj 380 4B140 14 o7 15 51968 16
13. Bharatpur 570 47615 14 503289 10 53198 16
14. Rajbiraj 600 47438 14 50285 15 53302 16
15. Tribhwvannagar 6.05 44589 13 AT28T 14 50148 15
16, Butwal B.03 45840 14 49625 15 53614 16
17. Damak 5.80 40557 12 43358 13 46306 14
18. Lahan 4.50 29802 T 31143 8 32544 10
18. Dhangadhi 6.00 31027 9 a2889 10 34862 10
20. Inarvwa 300 27274 7 38093 ¥ 28935 7
21. Jaleshwor 300 24717 & 25458 6 26223 Fi
22 Tansen 517 26080 7 27408 7 28825 7
23, Biendranagar 505 25567 g 2658 728214 T
24 Kallays aoo 20930 5 21558 5 ZX205 &
25 Taulihawa 400 18218 5 199867 5 20787 5
26. Bidur 1.50 1FTTT 4 18043 5 18314 5
27. Dhankuta 325 16454 i 18989 4 17541 5
28, Bhadrapur 400 15838 4 16576 4 17239 4
29. Banepa B.15 15078 4 168006 4 16991 4
30. Dhublhiced 1.50 10580 a 11114 3 11311 a3
A1, liam 1.00 10525 - 10830 3 10738 a
32 Kalangawa 500 11576 3 12155 3 12763 3
33, Cipayal 5.00 10680 3 11224 3 11785 3
Total Population 1832570 2031681
Product waste( in tonne) 635 &658

18

Sources: Thapa, 15988
22
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1993 1904 1985 1550-95 1580-05
8. Magar Population  Dally Population  Dally Population DailyPopulation  Prod.
No. Panchayat Prod. Prod. Prod. Growth Growth
{lonna) (o) {lonna) ) (%)
1. Kathmandu 403407 181 421861 183 441374 1898 2521 4042
2. Bimtnagar 205248 72 216536 76 228445 B0 3063 31.14
3. Birgun] 156875 55 169425 53 182979 64 4593 60.00
4. Lalitpur 118614 33 122588 40 126694 31 1790 -
5 Pokhara gya7e 32 103258 34 108938 35 3069 2962
6. Dharan 90879 30 95423 31 100194 33 2762 2692
7. Janakpur 110542 36 121707 40 134000 44 6178 6298
8 Bhaktapur 66343 20 882 W 69906 21 1397 1666
9. Mahendranagar 66049 20 68380 20 70753 21 1B76 1658
10. Hetauda 68720 21 72156 22 7564 25 2762 3888
11, Siddharthnagar 75388 24 61134 26 B73d41 28 4456 5555
12, Nepalguni 538a5 16 561 17 58289 17 21.08 21.42
13, Bharatpur 56230 17 58435 18 62823 19 3183 3571
14. Ralhirgj S8500° - 17 59890 18 63483 19 3382 357
15 Trbhuvannagar 53182 18 56399 17 50811 18 3413 3846
s7e19 17 62570 18 67594 20 4713 4285
17. D 48455 15 52818 15 56410 17 3805 4166
8 L 34008 10 35539 1 37128 11 2461 5744
19, 36954 11 39171 12 41521 12 3382 3333
0. 20304 7 30698 g 31618 g 1553 2857
2, & 27008 7 27820 7 28654 7 1582 1666
227 3031 8 31882 10 3353 10 2866 4285
2, | 20839 7 311386 5 32708 10 2793 6666
24 22871 6 23567 6 24364 6 1592 20.00
gk 21628 6 22483 6 73382 6 2166 2000
.. 18586 5 18867 5 19150 5 772 2500
27 18111 5 18700 5 19308 § 1734 2500
(78, B 17928 5 18645 5 19391 5 2166 2500
25 B 18036 5 18145 g 20382 5 3477 2500
30, D 11481 3 11828 3 19828 3 772 00
10843 3 1106 3 11061 3 502 000
3z 13401 4 14755 4 14755 4 2746 3
33, Dipayal 12374 3 13843 4 13843 4 2948 3333
Total Population 2140185 2755179 2377095
‘Product waste (in tonne) 720 765 BOS
23
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the working defimtions adopted for solid waste

Another difficulty stems from variability in the method
used to estimate the total gquantity of waste produced per
head per dav. Most metheds are based on measures of
collected waste ot disposal sites. winch is seldom an aceurate
indication of waste gencrated beeause losses anse at vanous
stages on the way to disposal (Flintofl, 1976). (Figure 1)

Some losses have been analysed in Kathmandu, Pokhara
and Biratnagar Approxmmately 13 per cent, 35 per cent, and
65 per cent respectively of household waste stavs in places
{1n the house, ot the compound) where it cannot be collected
snd for that renson will not reach a disposal site (UNDP.
1990a). About § per cent of the waste is Loken [rom the
waste strenm by Kathmandu's streel scavengers (GTZ &
SWMRMC. 1988)

Sohd waste quanbtics ore expressed both i terms of
volume and weight. The use of volume as a measurcment of
quantity can, however, be misleading, Because of dilferent
levels of compression. a cubic vard of loose waste represents
adifferent quantity from a cubic yard of waste ina truck or at
a disposal site For this reason, weight seems to be a better
quantity measure, although this oo has limtations, 2.g.
weight merenses durng the rainy season due to water weight
In Nepal, both indicatens are used and, for this renson, eme
must be taken when makme compansons between different
studics (GTZ & SWMRMC. 1988; Banskota et al., 1994)

Estimates of Kathmandu's Daily Production
of Solid Waste (1290 - 1995)

B0 Dk Feencion
i R

T FEI 2 ¥] L] i b

Ler Exsiivasi 0.5 vigi sl Falesaie |0 42 450 rigyn Exarraie 12 588 b))

Figure 3: Estimates of Kathmandu's Dally Production of Sofid Waste (1990-1995)
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I GENERATED WASTE I

Salvaged by housaholds

Salvaged hy-mn_p_imfn_olle:;tam

- Salvaged by streel scavengers,
stray animals, birds, and rodents

Uncollected waste lying in open
spaces, drains, at stresicornerns
and on river banks

Salvaged by disposal staff and
scavengers from disposal sites

, Natural decay and volatility

| .~ DISPOSED WASTE I

 Figure 4: Loss of Waste in Management Process
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Waste Composition in Nepal

Tabie 6 shows a scheme developed by the Asian Institute of
Technology in B'ﬂngkok { 1983) which 15 useful lor deserib-
ing solid wastes i Nepal

In Kathmandu. 78 per cent of the solid waste 15 biode-
gradable, and 22 per cent non-biodegradable The waste
composition for Pokhara (78.5 per cent and 21 5 per cont
respectively) and Biratnagar (70.7 per cent and 23 .3 per cent
respectively) is similar (CEDA, 1989)

The biodegradable component consists of garbage,
rubbish, combustible material such as tree branches and
vard trimmings, dead ammals, rags and temple offering.
some industnal waste, and sewage waste

The non-biodegradable component consists of rub-
bish, including metals. feathers, ashes. some strect wasle,
certain industrial waste, such as old machine parts. demoli-
tion waste, consiruction waste, and special wastes such s
batterics

Industrialisation, urbamsation, and changing consump-
tion patterns in Nepal have rmsed the proportion of non-
biodegradable substances in solid waste These substances
are nol readily broken down by the natural processces but can
be reused or recveled Some of these wastes me already
collected and taken to India for recveling.

The Physical and Chemical Dimension

Solid waste hos physical and chemical dimensions  Both
dimensions are important 1o determining the most appropri-
ate disposal and treatment practices. The physical dimension
has three nvmn characteristies density, moisture content and
constituents

Data on the composition of solid waste in Nepal me
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&: Waste material by kind and compaosition

e

Wastes from preparation, cocking, and serving of food; market wastes;

‘branches, yard timmings, wood furniture, bedding rags, temple offer-
ings

Residue from fires used for cooking, heating, funsrals, and on-site
inzineratian

Sweepings, dirt, leaves, catch basin dirt. contents of litter receptacles
Cats, dogs, cows, goats, pigs, tc which die naturally or accidentally

Food-processing wastes, lumber and metal scrap, hides, old machine
parts, wasts from slaughterhouses. etc

7 wastes  Lumber scrap, pipes, bricks, and other construstion materials

Wi it R

sity data nre needed to assess the total volume of waste
must be managed  Loham and Thanh (1978) estimated
density of the municipal waste m Kathmandu to be 600
. These Npgures were used in o 1988 study (of refuse
llection vehicles for developmg countries) conducted by
d Nations Cenire for Human Settlements (UNCHS)
wred 1o other countries. Nepal's solid waste density
s high (Table 7)
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Table 7: Density of waste in different countries

Counfry Wasie Dansity
(kgfm?}
High-income counirias!
United States 100
United Kingdom 150
Mrddie-income countres:
Singapore 175
Tunisia 175
Nigena 250
Egypt 330
Low-income countries;
Thailand 250
Shri Lanka 400
indonesia 400
Indim 400-570
Buma 400
Pakistan 500
Bangiadesh 600
Mepal 600

Source, UNCHS, 1988

A stndy eamied out in | 988 by the Solid Waste Centre
in Kathmandu reported a solid waste densily of 390 ka/m?
(SWMEMC, 1988). This amount 15 stll comparatively hugh,
although considcrably less than the 1978 density, and sug-
gests that changes in the composibon of solid waste have
taken place over the last ten years

Waste i lugh income countnies 1s low i densitv mainly
becnuse of the use of packagmg mateninls. Aswith quantity,
density ehanges with location and tine of storage,

Solid Waste Moisture Content

The second important charactensanic of the physicat compo-
sition of wasie 1s moisture content. The moisture content of
solid waste is usually expressed as the weight of moisture
per umit weight of wel or drv matenial The moisture conlent
differs with the type of waste Food waste contains the
highest percentage of mosture. followed by garden toim-
mings, wood, and textiles: Plasties. rubiber, glass. and metals
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almost no moisture. For most solid waste in Asian
es. the maisture varies from 15 (o 40 per cent depend-
1 the composition of the waste, the season of the vear
on or dry season), and the humidity. The average

ure content for solid waste, in Kathmandu during May
8 was 45.8 per cent (SWMRMC. 1988),

Solid Waste Constituents

e components of solid waste are simular throughout the
|, but the proportions vary widely. Lohani and Thanh
) and Attarwala (1986) show the relationship between
rd of living and waste composition very clearly. As
ses, the paper, metal, and glass content increases.
e erganic conlent declines (Figure 3),

Por oasd Waste Constituents in Different Countries

-
el
0
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2 BAITAIN THAILAND (Barghok)
5 Vegetables B Motk
T Paper B Glass Sawres Lot and Tharn TRTE Anmnwsls 1588

 §: Waste Constituents in Different Countries

Typical components of Kathmandu’s waste and thew
proportions are shown m Table 8 The data are
ed from suveys completed between | 976 and 1988, By
armg the survey resulls over the vears, patterns of
in wasic composilion can be seen. but there arc
reservations concerming the results that should be
taken mlo consideration. These arc given below.

142




Solid Waste Management '+ Urkan Mapal A Review

s  The first one 12 the arbitrary nature of the classification,
Cartons, for example, are sometimes mcluded as paper waste
and sometimes excluded

¢ Asdiscussed n the previous chapter, the composition of
disposed waste 15 not the same as that of gencrated waste.
Reeyelable wastes such as glass, paper, plastic, mud metals,
for example, may be collected before they enter the disposal/
composl site. The data from 1981 are taken before scaveng-
ing. Diata for 1988 are taken after scavenging.

e The 1985 figures are the result of an analysis caried out
when the Solid Waste Project in Kathmandu was fully opera-
tionnl Because of the [act that the second phase of the
project (1984-1986) concentrated on the establishiment of a
compost plant, the waste was carefully selected for its or-
ganic contents.

o The mamn problem with Table 8. however, stems from
the fact that the swveys have been carned out by different
people probably usimg different methods and locations. Yet.
as no uniform data are given [or the difTevent ilems. 1115 not
possible to interpret the figures

Table 8: Composition of Kathmandu's waste from 1376 to 1988

YEAR
Component 1876 1881" 1885 1988
Inart materiale {sand. dust, ashes) - - - 2B8.5
Inert matenals (stones, ceramics) frg 34 15.0 2.4
Vegetable origin, leaves, garden'wastes - 206 . 569
Other organic matarials - ar.e B7:5 0.7 |
Metal 49 34 22 04 |
Paper - B 6.0 54
Cartons 6.5 19,3 0.0 0.8
Textile 6.5 5id 2.7 20 |
Glass 1.3 34 40 1.8
Plastic 0.3 36 26 2.0
Rubber, leather 0.0 0.0 0.0 0.4
Wood 2.7 1.6 0.0 285
Bones 02 1.8 0.0 0.3
Batteries 0.0 0.0 0.0 0.1
Density kgl 043 025 0.0 0,39

Data taken bafore scanvenging
Tata taken after scmienging

Source’ Solid Waste Management and Resaource Mabilisation Centre, 15988
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According to a survey carried out by Rai (1990) in
Kathmandu, recyclable matenals (7 per cent metal serap, 7
per cent plastic, 6 per cent paper. and 10 per cent glass)
_contain about 30 per cent of generated wastes. Since these
percentages are higher thar, those m Table 8, it appears that
metal, plastic and giass especially are being collected be-
tween the generation and disposal points. However, more
“information is needed to draw conclusions here because of
the uncertainty about where and under what conditions these
_samples have been taken. It is obvious that, as far as “‘com-
_ponent data’’ are concerned, records are poor.

Over the years it is likely that changes occur in the
composition of waste for reasons such as
= ansing standard of living and changes mn public taste
which particularly mfluence the proportion of non-
biodegradables,

* changes in technology (food processing and packaging)
that tend to increase the use of matenials such as plastic, tins,
metals, and paper,

= changes in domestic fucl, c.g, a reduction in the use of
solid fuel could cause falling ash content, and

» paving of roads which could cause a deeline in inert
-materiol,

Besides the physical dimension of solid waste, the
chemical dimension has also to be considered. Information
on the chemical composition of solid waste is important in
terms of treatment, composting, and possible hazards that
could be created by solid waste. The chemieal dimension has
charactenistics such as organic and morganic content. toxic
or non-toxic material

Data concerning the chemical composition are not
readily available. Some information exists, however, on the
organic content of solid waste. The organic content is the
most important factor in asscssig the value of waste for
compost production.

A comparatively recent survey conducted by Thapa
(1989) deals with differences in waste cormposition between
municipalities (Table 9). The differences in composition are
related to the relative size of the urban area. The reason
‘behind this is that smaller mumeipalities usually have n more
rural character; they have lower living standards, use o large
proportion of unpacked fresh food, use a smaller proportion
of luxury goods, and have hittle, if any, industrial and com-




Table 9: General composition of solld waste ranked according to size of municipality
(in percentage by weight)

5 Smed Glass&  Paper Plastic Maetal  Textle Vvood) Ash Organic Toial
No Municipaiity ~Ceramics Bones  Dirt matter in % by
(Compastable) weight
1 20000 0.01 0.01 001 002 020 020 1248 87.0 100
2 30000 om 0.01 020 003 020 030 1225 87.0 100
3 50000 0.10 0.20 020 010 030 030 1180 870 100
4 75000 0.40 0.60 050 010 030 030 1180 86.0 100
5 100000 0.50 1.40 180 1.20 030 060 1110 #3.0 100
6 150000 0.90 190 220 150 080 070 1020 820 100
7 200000 180 240 230 230 080 090 9.40 80.0 100
8 250000 210 270 310 260 0.80 1.20 840 79.0 100
9 300000 230 280 350 380 200 140 8.10 76.0 100
10 350000 2.40 3,00 380 420 210 180 7.90 75.0 100
11 400000 250 320 380 470 220 220 70, 7ae 100
12 450000 2.60 420 380 470 220 220 670 736 100

Sourca; Thapa, 1989
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mereial development. One outcome of this survey is notable
the organic content of waste declines with the growing size
of the wrban arca. With grewing urbamsation in Nepal, one
can expeet a growing wmount of inorganic and non-decom-
posable woste matter

The definition of urban areas m Nepal 15 restnicted by
the population size enterion and the pelitical/admimstrative
| process invelved i the designation of municipalines (Sharma,
1989) Consequently, no attentson 1s gven to the geographi-
enl location ol the municipality, climate, commercial and
industiial development, the occupational structure, nor the
stondard of living of the mhabitanis, factors imporiant in
relation to the composiion of solid waste genernted
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Source Classifications

Knowledge of the source of solid waste provides insights
mnto trends in waste production, the composition of waste,
and disposal practices. Yet specific imformation on the source
of wasle is seldom known The most comprehensive waste
records are those kept at landfills. transfer centres. or com-
post plants where it is dilTicult to identify the waste sources

MNepal's maun sohd waste sources are; (1) domestic. (2)
commereial, (3) mndustnal, {43 agniculoural, (3) institutional,
and (6) natural Some solid waste components arc not easy
to categorise, especially inert materials such as sand and
dust.

Damestic waste 1s produced by single family and mulu-
Tarmly dwellings, and it often accounts for about 75 per cent
of the total waste collected (Flintoff, 1976). Domestic waste
includes kitchen waste, paper and cartons, rings, some plas-
e, rubber, leather, bone, glass. crockery, pots, sweepings,
nned metals.

In poor neighbourhoods (on niver banks, squatter areas,
or older neighbourhoods). traditional cooking methods can
also produce ash. Where sanitation faeilities are limited, the
waste includes faeeal matter. In neighbouwrhovods populated
by ligher income groups, old fumiture, tins, and yvard trm-
mings are common waste products,

Commerciol waste comes from n vanety of sources
which include stores, 1ea stalls, business premises, godowns;
restaurants, markets, fruit vendors, office buildings, hotels.
gucsthouses, print shops. nutortkshaws, and molor rcparr

147




shops.

A lugh percentage of waste from these sources consist
of paper; packing materials: such as glass. carlons and plas-
tics, waste from food preparation; crockery, har; glass;
pots: ashes; spoiled and discarded goods, and sometimes
hazardous solids,

In urban MNepal, markels are an important source ol
waste. Much of this waste 15 arganic.

Indusirial waste is generaled by sources such as con-
struction sites, demolibion debns, food processing indus-
tries, slaughterhouses. manufacturing establishments and
brewenes, leather industiies, carpet Tactories, chemical plants
and tounst facilities, Service companies such as telephone,
eleetricity, water, road, and dramnage and sewernge are in-
cluded mn thrs category

Construction and demolition waste consisting of earth,
brickbats. stones, sand and weosd, packaging matenials; food
wastes, hides, discarded metal, plastic. rags. ashes, specinl
waste, bones, [eathers, hazardous waste, and old machine
parts are among the waste in this category),

Agricultural waste is produced by dmnes. chicken farms,
and livestock, for example Urban areas in Mepal still in-
clude some ogriculture activities within their city limits
Waste from this source 15 almost 100 per cent organic.

Waste from institutions 1s generaled by schools, banks,
offices. hospitals, commumity halls: and rehgmous places
Waste from this source usually contains paper, food wastes,
boxes. glass, plastic, crockery, hazardeus solids, and patho-
logical waste

Temple areas accumulate wastes associated with reli-
oious and communily activities and temple animals such as
monkevs. dags. and pigeans. Temples form an important
poart of Nepalese life and for that reason need special man-
agement attention The wastes found here include food. hair,
ashes, crockery, leaves, sweepings, and faccal matter.

Matural waste comes {rom trees and plants along road-
sides and parks ond stray ammals. Leaves, tree branches,
seeds, and carcasses of ammals are mmong the waste pro-
duced m this calegory

Table 10 shows the velationship between the different
Wpes of waste and the source classilication.
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Table 10° Solid waste types associated with various source clas-

sifications
Sources Types of Solid VWasls
Domestic garbage, rubbish, ashes; sewage, some upocial

wattn
Commarcial garbage, rubbish, ashes, sewage, some special
waste, srent wastos Y

Industries Construction, demolition waste, special wasto,
industrial waste, sewage, rubbish, stroet waste

Agriculture garbage, rubbish, special waste, rutbish,
sewnge, ashes

Institutions special waste, streel wastes,, sewage, garbags,
ashes

Nature sireed wasta, dead animals:

Disposal Practices of Solid Waste Sources

Knowledge aboul wasle sources and disposal practices is
impaortant 1 solid waste management  [hiferent categories
of waste sometumes require different handling, collection,
and disposal equipment. As previously mentioned, it seems
like domestic waste accounts for the bulk of waste that has to
be collected, followed by commereial waste and wasie from
institutions (Attarwala, 1986) Domestuc. commercial, and
““open arcas’ waste’ —waste that collects on streets. alleys;
courtvards. vacanl lots. plaverounds. and recreation sites —
nccounts for approxamately 90 per cemt of the tatal wiste
generated (UNCHS, 1988)

Data coneermuna the waste disposal practices of difler-
ent source communities are not abundant Domestic wasle is
reused, bumed, used as compast, and thrown mito a contamner
or an the street.

Some mformation s avalable on the disposal prac-
tices of certam industries mn the Kathmandu valley To date,
no specific efforts have been mode to-cantrol and rogulanise
the waste from industries. Survevs of some industnes reveal
that waste 15 rensed and/or sold but also dumped on lilltops
or on the bimks of nvers (Table 11)

The amounts of industrial waste in the Nepalese urban
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areas are cuwrrently not significant i comparison with res-
dential or commercial solid waste, although it 15 a lecahised
and growing problem. Research and aclion laken now can
avond an miractable and prohibitively expensive wasle man-
agement problem in the future.

Table 11: Disposal practices of some industries In the Kath-

Sold Wasw Sources

mandu valley

Name of Industry

Solid Wasts

Bansbari Leather and
Shoe Factory
Hartshiddi Brick and
Tile Factory
Kathmandu Milk Supply
Medern Slipper industry
Pan Himalaya' Carpet

Nepal Poultry
Nepal Foam Industry

Open durmping on hill top

Sold for reusa and as soil

‘cenditoner

Soid for reuse
Dumped on river banks
Sold for rewse to make

Dumped on hill tops
Burned

Royal Drugs
Phata Conaarn
Nepal Distillary
Nepal Battery

SWME tank

Burned

Sald for reuss

Sellinglon site holding and
‘dumping in the Bishnumati

er

Sowrce Banshota et &, 1530

Table 11 desenbes only a number of the larger mduos-
trice. Mo mformation 1s available on the waste management
proctices of Nepal's numerous small-scale (unregistered)
{actores/workshaps.

Towsm is a special kind of ndustry. In a span of
about 30 vears, between 1958 and 1988, the annual number
of recorded visitors ta Nepal hns nsen from 2.000 (o around
266,000 (Hosken, 1974, Banskota et al, 19900 These visi-
tors wenerate solid wastes in both rueal and wrban areas.

Trekking and mountamesring activities, the mam pur-
pose of 14 per cent of the visitors to Nepal, pose o threat 1o
the environment. The most [amous trehkimg voutes in Nepal
{Everest. Annopuma. and Langtang) lie m regions that are
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ecolomeally verv fragile and Mall parthv within a conservation
arca or national park (Banskotn et al.. 1990}, These routes
are [requently referred o ns the "'toilet paper trails™ { Luhan,
198y}

Magor mountasneering expeditions transport cansider-
abile quantities of food, fuel, dothing, and cquipment into
remole areas The quantity of material transported depends
upon the size of the expedition. For example, a 1972 Everesi
expedition transported 105 tonnes of mnterial and equip-
ment (Cullen, 19863 Packagms materinl, malfunctiomng
ciuipment, and olther wastes are rarely transported back to
the base camp and instend are lelt along the tratls:,

Some of the equipment that is left, such as tents, iee
screws, and ropes, which would be vahuable commodities in
Kathmandu, ore considered to be waste i the mountains
because of the cost and effort of removing them.

The need for food and nccommodation for wounsts, |
while ereating incorne eaming opportunities for villagers,
alse results in increased waste production

A special problem with waste in an alpine area is slow
natural decompesition Matenals that decompaose quickly in
o warmer climnte, such as paper, persist for vears n alpme
nrens. More persistant matenials, such as tun-and fuel con-
tainers, may remam unchanged for decades As 0 result,
popular camp sites along Himalavan treks now have large
and growmg solid waste heaps. Although chimbing permits
stipulate the appropnate disposal of garbage. enforcement
hias proved to be difficult and depends until now on local and
NGO cffon (¢leaning up campaten=).

Almost 80 per cent of the tourists amiving in Mepal
enter the country through Kathmandu. Kathmandu remamns
the central tounst attraction for those coming for pleasure
and sightseome (73 3 per cent of all tounsts). Pokhara 1s the
second urban area most visited by tounsts:

The mojonty of tounsis never leave urban areas
{Banskotn et al . 1990). Tour and trekking agencies, hotels,
lodges, shops, and restaurants are therefore the'mmn beneli-
cianes both in terms of employment and mcome. They are
also major contributors ta solid waste in urban areas.

According to Thapa ( 1989) there seems to be no prob-
lem with agncultural wastes but he considers that (urther
study on the nature and extent of waste from this souree 11
reqiared
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Mot much mformation 15 available on the disposal
practices of mstilutions A proper svstem of handling the
dmly output of hospitals (containing pathogens) does not
exisl. Only two of the Iarger hospitads hove their own inein-
crators. However, these are not used regularly as fuel s
expensive and there 1s no law enforcing the proper treatment
of sobd waste Hospital waste » thus either thrown o
vellow contamer or it 15 sumply dumiped outside the hospatal
premises on the assumption that it wall eventually be picked
up by the public waste collection services Some steps have
been taken to work together with SWMRMC and the Minis-
iy of Health to handle hospital waste (GTZ & SWMRMC,
19RRY,

The Everest Paper Mill has siened a contract with
Trnbhuvan University to collect the University 's used paper
Somc other schools give thew paper waste to seavengers or
burn it together with other waste on their compound. Most
offices and banks do the same, although paper can be found
dumped haphazardly on institutional compounds.

Waste found around temples ends up in the street or in
neamrby rivers. A good example 15 the area around
Pashupatnath. one of the most famous temples in Nepal
Here sweepings and temple offenngs are thrown into the
Bagmnti niver where people are bathing. brushing their teeth,
and washmg clothes

Natural waste, like leaves, ends up haphazardly in the
environment and 15 spread by the wind or vehicular traffic
Dead ammals hie rotting at the place of death or are collected
by the Centre or mumicipality. Sometimes they are eaten by
other amimals such as rats, crows, or street dogs.

Uncollected Solid Waste constitutes a masssve threat
to the enviromment and public bealth. The impacts of
uneollected solid waste are discussed m the next chapter.

152

Solid Waste Saurces



The Consequences of
Uncollected Solid Waste

Environmental Impacts

The nemative effects of uncollected waste in the wrhan envi-
ronment are given i the following passages
Land:

Waste dimps pollute land chemueally and mecham-
cally and can make it nseless for agneuliwre, living and
recreation. Land(ill areas can become a problem in the future
as they decompose over the decades producing toxic-and
flammable grses and efMuents
Water:

Surface water: Drans, streams, and rivers are blocked
and polluted by runofl from dump sites and the contents
diverted

(Groundwarer: 15 affected by scepoge from decompos-
ing wastes and hazardous matenals
Air:

Burming of aitv waste means spreading hemvy metals,
gascs. and soot as smoke over resrdential arcas Anothes
problem is the waste and dust picked up by the wind and the
gases formed during decomposition and putrefnction

The most obvious environmental damaye cansed by
solid waste 15 aesthetic: the dumping of waste results
unsanitary, unsighthy. and edour-producing conditions (Thapa
and Ringeltaube, 1981)

Solid Waste and Health

There are potential health nsks associated with the poor
management of sohd waste Children are particularly sus-
ceptible 1o respiratory problems eaused by dust from dump
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sites it also to charthoea, skin and eve infections, and other
diseases. The major child-killing diseases in developing coun-
tries are relnted to unsamitary conditions such as those nsso-
ciated with uncollected solid waste (UNEP/UNICEF. 199

At nsk also are the wasic workers (including women
and children} and the waste pichers or scnvengers. Typically
they work barefooled. barchanded, and without masks

For the general public, the mmin nsks o health are
indirect and arise from the breeding of vectors (e.g., Thes and
muosquitees) and the attraction of rodents and stray ammals
to waste These animals become infected with diseases that
are then passed on o humans. Tlas 1s especially tue for
chickens, pies, buffnloes and ducks winch are food sources
in Nepal Pigs, for example. ent faceal matter and can be-
come mfected with o parasite (cvst of the tapeworm). Hu-
mans who cat mfected pork run the msk of bran damage
from the parasite. which can prove fatal in the long mun

Buming waste can contnbute 1o ar pollution and res-
piratory mfections, windblown dirt and dust particles from
waste henps can have the smne effect (Forestry Serviee,
1983} Dust can contmp heavy metals such as lead, imercury,
cadmimm and arsemic which are harmful 1o human health
(Sharmn, 1987, Pandey, 1987)

Another serious problem. and an often unrecogmised
one, 15 the pellubion of drnkmg water, either directly by solid
waste dumping or indircctly via leachate This can couse
problems like dinthoea, gastroenteribis, cholera, typhoid
fever, and dysentery (Sharma, 1987}

In the case of the Gokama landfill site, 16 km east of
Kathmandu, it 1s clmmed that the site is equipped with all the
necessary technologizs and therelore snfe from leachate
(SWMRMC. 1987%) No dnta are available for other
dumpsites,

During the monsoon period drainnge systems clogged
with solid waste couse overllow or stognant water which
then forms breeding places for mosquitoes and disease or
créates smelly borders along roadsides,
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Conclusion

It 15 currently unrealistac to suggest that larger budpcts should
be allocated to solid waste management. The mam way to
extend solid waste seivices 1s to render these services more
effective and efficient.

Prabably the most commaon problem i all the urban
areas is a lack of cooparation from the inhabitants, who alten
pul then waste otit on the wrong times. in open piles or
mappropriate contmness such as plastic bags. The SWMRMC
in Kathmandu reports that strect-sweeping cosls are grow-
g every venr. Strcet-sweeping currently accounts for 27 per
eent of the current spending on the Centre's solid waste
management budget. largely the result of nadequate dis-
posal prociices

Peaple do not dispese of thew waste w2 proper man-
ner because they fail to sce uncollected waste az a problem,
Education is therefore important. The people’s imvelvement
15 essentinl in the complex task of cleaning urban arcas.

Generally speaking, the waste management system fune-
tions poorly, but the nmpact of the Solid Wasle Management
and Resource Mobihisation Centre in Kathmandu, Patan, and
Bhaktapur 1s appreciable and encouraging. An outstanding
Feature of its progranumne includes a vigorous public aware-
ness and education campaten without always the desired end
result: o clean eity

Proposal for Future Action

A sustainable urban development and the environment
must be firmly linked if Nepal is 1o meet the needs and
improve the gquality of urban hife of its present and future
generntions. Nepal faces, and will continue to face, an -
crease i ils urban population Itis, therefore, essential that
urban growth be managed i such a way that the conserva-
tion of a healthy living environmient can be guaranteed.

The National Conservation Strategy for Nepal pro-
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vides o framewark [or improving conscrvation activity. How-
ever, iL also suggesis thal for any conservation strategy to be
useful, it must be implemented and to be implemented it
miust be understood by and have the active support of the
people. This principle applies to sohid waste management
which will not be successful imless it has the understanding
and support of the people

One wav to gain that understanding and support 1s 1o
provide communities with relevant knowledge and skills to
unprove and protect their living environment through inten-
sive and long-term education progranmes

Target Groups

Given the state of urban areas i vegard to solid waste, it 15
apparent that the pubhic at large could benefit from more
knowledge and skills and a better undersianding of how 1o
dispase of waste 1n a proper wav. The ‘targets” for eduea-
nional programmes on wasle disposal can be divided nto
three categories. The first meludes nll those whose jobs are
to remove wasle, manage waste and waste-related problems;
mumeipal workers; solid waste workers, teachers; and com-
murity and health workers,

The second category 15 children of pnmary school age;
and the thard. and most important, target group is the com-
munity at large.

Each of these larget groups require an approach tm-
lored to their speeific needs but the basie mm remains the
same: to improve urban living conditions and reduce the
amount of waste.

Through edueation, people ean acguire appropriale
knowledge and skills to help them to adopt socially and
environmentally responsible lifestyles that do not endanger
other people or fiture generations and entnil people manag-
ing the disposal of waste in such a way that it does not
threaten the survival of other species or natural systems

Tt is essentinl to bring people to realise that it 18 10 their
own interesis to change habits and atuludes snd to partici-
pate m managing the growing and <hanging amounts of
waste,

Every member of a socicty, whether poor or wealthy,
voung or old, male or female needs to be involved and to be
aware thal managing waste results in personal benefits, helps
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solve existing problemms, and prevents new ones

Education programmes on waste disposal should nor
conceniraic onlv on the poor and illiterate 1t 1s also the
wealthy and Iterate members of society who have yet 1o
ndopt proper waste disposal practices,

Domestio waste accounts for up to 75 per cent of the
total waste collected Women and children need to be a
primmy focus of the community educational efTort, Women
are responsible for the clesnhingss of the house and for
digposing of wastes This 15 an activity passed on from
mothers to children and, m particular. to daughters. Young
children first lean o see and understand what is happening
around them throueh contact with their mother. Environ-
mental education starts i n child's home and jmmediate
neighbourhood.

Formal schooling can contribute much to incrcase
children’s cnvirommenial mvarencss (UNEP/UNICEF, 19909,
Lindoubtedlyv. in some [amhes, the demand for the assis-
tance of girls in household labour, particularly in childeare
and farming activities, reduces the hkelihood of their attend-
ing school. In other Tamilies it seems likely that gurls do not
attend school because parenis do not feel that edueation 1= a
necessary alribute for females Daughters maoster skills for
managing 4 houschold and s wastes ol home, skills which
they later apply in thewr husband’s home and hond down 1o
thewr children. especially dnughters Therefore community
edueation programmes should gel necessary primary atten-
tion,

The messape of waste management 1s closely lied to
decentralising the responsibilities of managimng solid waste
from the mumepalies (and the Solid Waste Centre) to the
local residents. [t has evervihing lo do with educating. pud-
ing, and mouvating local commumbics to help themselves. to
solve thewr own problems and not 10 depend enturely on the
mumicipality or Solid Waste Centre

Waste monagemen! should not. however, be consi-
dered a purely comumunity-level task Waste management
always meludes a certmn amount of public responsibility
The borderline between public and private responsibilitics 1s
variable Yel waste management cannat work without pubhe
facilities smd participation According lo Hosken ( 1974). the
mjority of the people of Nepal had, unul 1951, no expen-
ence wath pubhic msttutions providing public services. Re-
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search undertaken by CEDA m 1989 found that people.
especially in Kathmandu. sull fecl that the municipality was
mefTicient m sanitation activities Nepal's future waste man-
agement system. therefore. must nclude bringing muniei-
palitics and residents to create an efficient solid waste man-
aging svsterm.

Practical Principles

Waste management education should be guided by a few
pracucal pnnciples

The first is that it should have s community focus
Community problems, knowledge. and solutions are seldom
built into overall strateges, although such elements are often
very important m achieving successful implementation of
strategics.

Waste education should also be action-oriented. ad-
dressing waste-related problems, and wavs to overcome these
problems

The educational methods should be participatory and
interuetive so that people have a role to play in planming
their own solutions and in working together to give them a
pracical long-term effect. The prneiple of *“leaming by
doing'’ 1s inherent in effective waste educalion

In summary. waste education should be communty
focused, action-oriented, and participatory, mving particular
attention to the long-term <fTects

Two conservation motivalors mentioned in the Na-
tional Conservation Strategy for Nepal are to be given spe-
cinl focus in waste education - the local non-governmental
orgamsations and women’s organisations NGOs have an
mereasingly important role to plav in working towards rais-
ing awarcniess, improving living conditions, and providing
skills to communities. The role of women will need particu-
lar emphasis in waste management education. Their poten-
tial cantribution in effective waste management is of prime
umporiance
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B Preface

Central Bureau of Statistics (CBS) is pleased to publish the Report on Waste Management
Baseline Survey. Solid waste management is a crosscutting issue that affects and impacts
various areas of sustainable development in each of the three sustainability domains: en-
vironment, economy and society. The quantity of solid waste is increasing every year in all
the urban municipalities and in emerging rural municipalities mainly due to fast population
growth and changing livelihood.

CBS conducted the waste management baseline survey in 2019/20. The major objective of
the survey is to generate the baseline data and information on solid waste management in-
cluding the quantity and composition of municipal solid waste and other vital information
about the state of solid waste management in different urban municipalities of Nepal. Data
obtained from the survey is expected to be a milestone for the planning, monitoring and eval-
uation of the national development plans and programs related to solid waste management.

I would like to express my gratitude to all urban municipalities of Nepal for providing valu-
able data and supports to bring out this publication in its present form.

I am thankful to Mr. Hem Raj Regmi, Deputy Director General of the Bureau for his overall
guidance in bringing out this publication. Mr. Pramod Raj Regmi and Mr. Sushil Kumar
Sharma, Directors, Environment Statistics Section deserve special thanks for shouldering the
responsibility to accomplish the whole tasks of the data compilation and bringing out this
publication in time. Statistics Officer Mr. Tulasi Prasad Paudel and Statistics Assistant Mr.
Bhim Bahadur Shakha also deserve thanks for their sincere involvement in data collection
and management for the preparation of this report.

The Accelerating Implementation of the SDGs Nepal Project of UNDP/NPC deserves our spe-
cial appreciation for providing technical support for the data management of this survey and
publication. Similarly, I would like to express my sincere thanks to the data management and
analysis team of TEAC Consultancy led by Mr. Binod Chandra Devkota and reviewer Dr. Ra-
mesh Sapkota for their inputs in various stages of the survey and finalization of this report.

CBS always welcomes comments and suggestions from users, stakeholders and all well-wish-
ers for the implementation of similar surveys and publication in the future.

February, 2021
5:.:-»
[

Nebin Lal Shrestha
Director General
Central Bureau of Statistics
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I Executive Summary

The Central Bureau of Statistics (CBS) with the
main objective of deriving systematic and com-
prehensive data and information on state of
solid waste management (SWM), including the
categorization of quantity and composition of
the municipal solid waste (MSW) collected by
the municipalities, executed this waste manage-
ment baseline survey in the municipalities of
Nepal. The survey was conducted in 2019/20
and has covered 271 municipalities of Nepal.

The survey found the overall average human re-
source available in the municipalities to be 114
per municipality, with the higher number (477)
in the metropolitan cities and the lower (99) in
the municipalities. The average number of hu-
man resources assigned for waste management
was 118 per metropolitan city, followed by 59
and 12 in the sub-metropolitan cities and mu-
nicipalities, respectively. The survey revealed
very limited technical human resources in the
municipalities.

The survey revealed three broad categories of
wastes generated from the municipalities. These
were: organic waste, inorganic waste and oth-
er waste. The organic waste mainly consists of
paper, textile and agricultural waste; where-
as inorganic waste comprised of plastic, glass,
rubber, metals and minerals; and other wastes
composed of waste that were not included in ei-
ther of these two categories. The annual average
total waste collected per municipality amounted
to 2231.0 mt in 2073/74, 2164.4.0 mt in 2074/75
and 2232.7 mt in 2075/76. These figures convert
to an average daily waste collection per munic-
ipality equals to 6.1 mt, 5.9 mt and 6.1 mt, re-
spectively for the three years. By waste type, the
organic waste accounted for higher share com-
pared to the inorganic and other wastes. The
organic waste composition was highest (54.0%)
in 2075/76 compared to the inorganic waste
(33.3%) and other wastes (12.7%). The municipal
waste is generated from varied sources such as
households, institutions, business/commercial
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complex, hospitals, etc. Among the metropoli-
tan cities, the quantity of daily waste collection
was highest in the household (15900 kg/day),
followed by business complex (7700 kg/day)
and the educational institutes (4680 kg/day).
Similarly, the households remained the major
sources of waste generation in the sub-metro-
politan cities (3300 kg/day) and municipalities
(1440 kg/ day).

The waste collection of the municipalities var-
ied in terms of coverage. The highest coverage
was made by the metropolitan cities in terms
of wards, households and population cover-
age mainly because of their higher capacities
in all respects. The sub-metropolitan cities and
municipalities stood in second and third posi-
tion, respectively in terms of coverage of wards,
households and population. Considering cover-
age with respect to the ecological zones, munic-
ipalities of Terai region reported higher waste
collection coverage, followed by the hill and
mountain regions.

Among the municipalities, only 12 (4.4%) mu-
nicipalities (1 metropolitan city, 1 sub-metro-
politan city and 10 municipalities) were using
transfer stations for processing of municipal sol-
id waste. The size and capacity of the transfer
stations varied considerably among the munici-
palities with the higher among the metropolitan
cities and lower among the municipalities. The
capacity of waste transfer stations was 10000
cu. m for the metropolitan city and lower for
the sub-metropolitan cities and municipalities.
Among the municipalities, only 5 municipali-
ties (1 metropolitan city, 1 sub-metropolitan city
and 3 municipalities) were having weighing
machine for recording weight of waste at the
transfer station. Out of the total, only 15 munic-
ipalities were using different facilities/ methods
for managing the waste in their transfer stations.
Similarly, only 5 municipalities reported that
they have measures to prevent the foul smell of
the transfer stations.



A total of 232 (85.6%) municipalities reported at
least one or other type of means of transporta-
tion for transporting waste. The higher number
(70.7%) of the municipalities were having trac-
tor/power tiller, 61.6% municipalities were hav-
ing tippers/trucks and 23.7% of municipalities
were having dozer for mobilization of the solid
waste. Other waste means of transportation of
the municipalities were mini trucks/pick up,
loader, excavator, boomer, jet machine, rick-
shaw, etc. Among other, tractor/power tillers
and tripper/trucks were the major transporta-
tion means used commonly by the municipali-
ties. The municipalities, on average, were hav-
ing more than 1 tractor/ power tiller and most of
them were having one tripper/ truck.

The survey revealed different waste handling
practices adopted by the municipalities. The
three main methods of waste handling were, i)
piling up in landfill site by 48.6%, ii) burning by
32.1%, and iii) piling up in the river side by 27.4%.
Among the municipal categories, 60% each met-
ropolitan cities and sub-metropolitan cities and
47.7% of municipalities were adopting piling up
in the landfill sites. Out of the total municipali-
ties surveyed, 212 (78.2%) municipalities report-
ed one or other practices of handling waste. Out
of them, 30 (14.2%) municipalities were recycling
their waste, which included 2 metropolitan cities,
5 sub-metropolitan cities and 23 municipalities.
The recycling of waste was higher among met-
ropolitan cities (50%) and sub-metropolitan cities
(40%) as compared to the municipalities account-
ing only 11.7%. Although the municipalities were
involved in recycling of waste, the quantity used
for recycling was low. The recycled quantity of
waste averaged 4.1% of the total waste produced
which indicates a large potential of reuse and re-
source recovery for the municipalities.

Among the total municipalities surveyed, 114
(42.1%) municipalities were using the landfill
sites, whereas 117 (43.2%) municipalities were
not using landfill sites. Remaining 14.8 % munic-
ipalities did not respond their status about the
landfill sites. Among the municipalities using
the landfill sites, 85.1% reported to have their
own sites and 14.9% were using others” landfill

sites. The average area of the landfill sites of the
municipalities was 1.5 ha. However, the area
varied considerably by the categories of the mu-
nicipalities. The sub-metropolitan cities had the
higher land area of landfill sites (3 ha per landfill
site) in compared to 1.4 ha land area among the
municipalities and 0.3 ha among the metropol-
itan cities. Out of the total 66 municipalities re-
ported for the area of landfill sites, the average
capacity of the landfill site for the municipalities
was 29877 m3. The capacity, however, varied
from 22516 m3 for the municipalities to 115000
m3 for the metropolitan cities, and 68293 m3 for
the sub-metropolitan cities.

The survey revealed varied distances of landfill
sites with different categories of the municipali-
ties. The average distance of landfill sites was 4.3
km, with the higher average distance (17.5 km)
among the metropolitan cities as compared to 4.4
km among the sub-metropolitan cities and 4.0 km
among the municipalities. The average life span of
the landfill sites was 16.3 years with the lowest (6.5
years) among the metropolitan cities. The low life
span of the landfill sites in metropolitan cities is
due to lower land area and capacity against rela-
tively large volume of waste generation. The aver-
age life span of landfill sites of municipalities was
nearly 3 times higher than that of the metropolitan
cities. Out of the total 97 landfill sites under con-
sideration, only 7 sites were having one or other
type of treatment system. Very few landfill sites
were having leachate treatment facilities among
the municipalities suggesting need of activities of
the municipalities for the leachate management
for controlling further contamination of the sur-
rounding environment. Only 6 sites had leachate
control system, 5 had leachate drainage system
and 3 had leachate treatment system.

Among the total (271) municipalities surveyed,
149 (55%) municipalities have prepared their
plans which were the basis to implement the
waste management activities. Among the mu-
nicipalities, 109 municipalities had prepared an-
nual plans, 37 municipalities prepared shorter
plans for less than one-year period. Another 45
municipalities had periodic plans for the waste
management. The surveyed municipalities dif-
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fered in terms of having their plans and strate-
gies and their implementation. Out of the total,
99 (36.5%) municipalities reported for having
their plans and strategies on waste management
against 57.2% of the municipalities without hav-
ing such plans and strategies. Among the 271
municipalities, only 54 (19.9%) reported to have
prepared the procedures (guidelines) for waste
management.

In the present governance structure, waste man-
agement is largely the responsibility of the local
governments. For the solid waste management,
the local governments require adequate resourc-
es like human and financial resources. The sur-
vey revealed that 257 (94.8 %) municipalities were
expecting funds from the federal and provincial
governments indicating resource constraint with
municipalities. The surveyed municipalities re-
ported that they have considered waste manage-
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ment as a major challenge. Out of the total, 247
municipalities reported solid waste management
as the challenges. Among them, 147 (59.5%) mu-
nicipalities reported the municipal waste man-
agement as a major challenge, 122 (49.4%) munic-
ipalities reported low awareness to be the major
challenge, and 113 (45.8%) municipalities report-
ed lack of the landfill sites as the major challenge
of waste management.

It is expected that waste generation is likely to in-
crease in the years to come and Nepal might face
substantial challenge in managing these wastes
with the existing waste management mechanisms.
The government therefore needs to develop effec-
tive waste handling procedures and strengthen
institutional mechanisms to respond solid waste
management challenges. Moreover, there is also
need to strengthen the capacity of the municipali-
ties in waste data handling and management.
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[AINTRODUCTION

1.1 BACKGROUND

Solid Waste Management (SWM) is a crosscut-
ting issue that impacts various areas of sustain-
able development. The SWM strategies and ap-
proaches affect ecological, economic and societal
sustainability domains of each country (Rodic &
Wilson, 2017). The SWM may affect livelihood,
sanitation, public health, freshwater and ter-
restrial ecosystems, access to decent jobs and
sustainable use of natural resources which are
intricately linked with societal wellbeing. Thus,
Government of Nepal (GoN) has given high
priority in SWM. Accordingly, GoN has taken
various initiatives in devising appropriate poli-
cies, programmes, institutional and financial ar-
rangements to accelerate implementation of the
Sustainable Development Goals (SDGs) in Ne-
pal. The National Planning Commission (NPC)
is the focal institution for the SDG monitoring
for achieving the set goals and targets. GoN has
set number of goal and targets as well as key
milestones and achievements for the 2015-2030
period. It is expected that the public, private and
cooperative sectors will work together to en-
hance commitments to achieve social, economic
and environmental goals and targets set by the
SDGs in Nepal.

In Nepal, the local governments are facing se-
rious challenges to manage solid waste gener-
ated in the cities, and keep cities clean. Among
the 753 local governments, 293 are urban that
include metropolitan and sub-metropolitan cit-
ies, and municipalities, and rest 460 are rural
municipalities (CRISIL, 2020). Among other,
the SWM is one of the most prioritized respon-
sibilities of the local governments. The Sol-
id Waste Management Act, 2068 of Nepal has
made the local governments responsible for the
operation and management of infrastructure
for collection, treatment and final disposal of
the Municipal Solid Waste (MSW). Yet, it has
largely remained a socially complex and tech-
nically ever-challenging task for the municipal
authorities due to limited information on sol-
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id waste status, inadequate financial resources
and insufficient well-trained human resources
to address the issue. After state re-structuring,
the most of the newly constituted municipalities
are managing MSW on temporary basis due to
lack of engineered, well planned SWM facilities
to manage the wastes utilizing the sustainable
management options. Many municipalities still
lack integration of SWM issues in their periodic
plan, strategic plan and action plans. The quan-
tity of solid waste is increasing every year in all
municipalities as well as newly emerging cities
mainly due to rapid urban population growth,
market development and changing lifestyles.

The Central Bureau of Statistics (CBS), the central
authority for the collection, analysis, publication
and dissemination of statistics in Nepal, has exe-
cuted the waste management baseline survey in
293 municipalities (except rural municipalities)
of Nepal in 2019/20. The survey was carried out
with the major aim to derive systematic and com-
prehensive data and information on quantity and
composition of collected solid wastes, and solicit
other vital information on the state of SWM in the
municipalities of Nepal. The baseline assessment
is expected to provide support in finding appro-
priate low cost, locally appropriate, sustainable
waste management solutions and to provide
sustainable development benefits and ultimately
create transformational change towards low car-
bon, resource efficient and climate resilient, sus-
tainable cities. The present document briefly dis-
cusses the finding of the survey and also reviews
the current policies and legal frames pertaining
solid waste management.

1.2 POLICIES AND LEGISLATIVE
FRAMEWORKS

The GoN is fully committed for the manage-
ment of solid wastes in the country. The issue
of waste disposal and management has been a
major problem in most of the municipalities.
Though the municipalities have placed waste
disposal and management in high priority,
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many of them have not been able to handle their
waste effectively primarily due to inadequate
resources and technologies. Nevertheless, the
GoN has formulated several policies and legis-
lative frameworks for waste disposal and man-
agement which are briefly discussed in the fol-
lowing sections.

Solid Waste Management National Policy,
2053 (1996)

The national policy on solid waste management
provides broader framework for the govern-
ment including local government to manage the
solid waste at local level. The main objectives of
the policy are:

* To make solid waste management simple
and effective,

* Tominimize environmental pollution caused
by the solid wastes and adverse effect and
thereof to the public health,

¢ To mobilize the solid wastes as resources,

* Toprivatize the solid waste management, and

* To obtain public support by increasing pub-
lic awareness in sanitation works.

The national policy on solid waste management
is directed towards making the then local bodies
competent in wastes management and enhance-
ment of their capacity to provide more skilled hu-
man resources and effective sanitation services.

Clause 5.1 of the policy clearly spells out the in-
volvement of the local level institutions in solid
waste management. The policy stipulates that
there shall be a separate unit concerning sani-
tation works in each municipal corporation,
sub-municipal corporations, municipalities, and
town-oriented the then village development
committees where the solid wastes management
has become a problem. The local body shall
operate its works in close co-ordination with
the national level institutions concerning solid
waste management maintained by the then His
Majesty's Government (now named as Govern-
ment of Nepal). The responsibilities of those in-
stitutions include collection, preservation, mo-
bilization, site management, transportation and
final disposal of solid wastes in collaboration
with the private sector, if necessary.

Solid Waste Management Act, 2068 (2011)

The Solid Waste Management Act, 2068 is the
governing legislative statute that provides reg-
ulatory guidance for the solid waste manage-
ment in the country. The Act is explicit on var-
ious aspects of waste management with clearly
outlined roles and responsibilities on the solid
waste management from central to local level.
Chapter 1, Clause 2 (aa) defines the "Local Body"
as concerned municipality, sub-municipality,
city and the then Village Development Commit-
tee whose roles are critical in solid waste man-
agement. Chapter 3 of the Act charts out the re-
sponsibilities of local bodies in the solid waste
management as follows.

* The local body shall be responsible for the
management of solid waste by construction
and operation of infrastructure like transfer
station, landfill site, processing plant, com-
post plant, biogas-plant and also collection
of waste, final disposal and processing,

* The local body shall be responsible for the
arrangement of the solid waste collected in
the course of cleaning, throwing or placing
solid waste at the collection centre, transfer
station or processing site, or its use in other
ways.

Local Government Operation Act, 2074 (2018)
The waste management activities at the local
level are largely guided by the Local Govern-
ment Operation Act, 2074. The functions, roles
and responsibilities of local government have
been clearly spelled out in Section 3 of the Act.
Clause 1.1 of the Chapter specifies the roles and
responsibilities of the local governments. Sub-
clause “Jha” of the clause specifies fundamental
health and sanitation with particular focus on
the followings.

* Awareness raising on sanitation and waste
management,

* Collection, re-use, re-cycle and disposal of
waste and fixation of tariff and its regulation,

* Coordination, collaboration and partner-
ship with private sector and non-govern-
ment agencies for waste management.
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Clause 12 (Sub-clause 11) of the Act outlines that
the Ward Committee of the local government
about the collection and management of house-
hold level wastes, sanitation of Chowks and
Gallies, sewerage management, management
of dead animals, drainage of surface water and
conservation of water sources. Likewise, Clause
26 states about partnership and collaboration by
the municipalities for the disposal of wastes or
development and operation of waste manage-
ment system.

National Climate Change Policy, 2076 (2019)
The government of Nepal has issued the Na-
tional Climate Change Policy, 2076 with the ob-
jective of providing policy guidance to govern-
ment bodies for reducing the impact of climate
change and developing climate resilient society.
The goal of this policy is to make contribution
to socio-economic prosperity of the nation by
building climate resilient society. Section 8.7 of
the policy contains health, drinking water and
sanitation under which strategies and working
policies (C) specifies that emphasis will be giv-
en to the proper management of harmful and
hazardous waste and the use of biodegradable
waste for energy production by segregating the
wastes generated by households, hotels and
hospitals at their sources.

Environmental Protection Act, 2076 (2019)
Environmental Protection Act, 2076 came into
force recently by amending and consolidating
the prevailing laws on environmental protec-
tion. The Act envisages:

* To protect the fundamental right of each citi-
zen to live in a clean and healthy environment,

* To provide the victim with compensation by
the polluter for any damage resulting from
environmental pollution or degradation,

* To maintain a proper balance between envi-
ronment and development,

* To mitigate adverse environmental impacts
on environment and biodiversity, and

*  Toface the challenges posed by climate change.

Chapter-2 of the Act has provisioned for an
Environmental Study, including Initial Envi-
ronmental Examination (IEE) report and/or
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Environmental Impact Assessment (EIA) for a
development project which shall be submitted
and approved from the relevant authorities such
as the Investment Board and/or by the Ministry
of Forests and Environment of the GoN. Similar-
ly, Chapter-3 refers about “Pollution Control”
whereby the Government publishes notification
in the Nepal Gazette, may determine necessary
standards for the mitigation of the impacts of
vehicular pollution, and pollution from equip-
ment, industrial enterprises, hotels, restaurants
or other places or from the disposal or emission
of hazardous substances. According to sub-sec-
tion-2, no person shall create pollution in such a
manner as to cause significant adverse impacts
on the public life, public health and environ-
ment or commit any act contrary to the stan-
dards determined by the Government of Nepal
pursuant to sub-section-1.

Sustainable Development Goals (SDGs), 2016-
2030

The SDG-11, target 6 stipulates to reduce the
adverse per capita environmental impact of
cities by paying special attention to air quality,
and municipal and other waste management.
In accordance with SDG-11, target 6, Nepal has
set two targets and indicators in the municipal
waste management. These targets include i)
percentage of municipalities with sewerage ser-
vices reaching 100% by 2020, and ii) private hos-
pitals segregating waste attaining 100% by 2017.

1.3 SCOPE OF THE WORK

The present baseline survey of the solid waste
management in the different municipalities of
Nepal mainly consisted of two parts. The first
part includes survey management for 293 mu-
nicipalities and the second part includes data
entry and analysis on MSW quantity and com-
position.

1.3.1 Survey Management

CBS conducted the waste management base-
line survey in 2019/20 with the major aims of
generating the baseline data and information
on SWM including the quantity and composi-
tion of MSW, and other vital information about
the state of SWM in different municipalities of
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Fig 1.1: Distribution of the municipalities by their types
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Table 1.1: Summary of Participating and Not Participating Municipalities

Type of Municipalities Participating (%) Not Participating (%) Municipalities (No.)

Metropolitan City 5(83.3) 1(16.7) 6 (100)
Sub-metropolitan City 1(100.0) 0(0.0) 1 (100)
Municipality 255 (92.4) 21 (7.6) 276 (100)
Overall 271 (92.5) 12 (7.5) 293 (100)

Note: Figures in parenthesis indicate percentage.

Nepal. The study also aims to contribute in de-
veloping the SDG indicator 11.6.1 “Proportion
of municipal solid waste collected and managed
in controlled facilities out of the total municipal
waste generated by cities”, to develop the sta-
tistics on the solid waste sector in accordance
with the Framework for the Development of
Environment Statistics (FDES), and to provide
recommendation for appropriate low cost and
locally appropriate sustainable waste manage-
ment solutions and ultimately create transfor-
mational change towards low carbon, resource
efficient, climate resilient and sustainable cities.

During the course of survey, in the first phase,
CBS organized a consultation workshop with
the stakeholders for identifying the required
information and availability of data in munici-
palities. Then the questionnaire was drafted in
consultation with the experts working in the
waste sector. The questionnaire was then test-
ed in different places to collect the comments

and feedback for improvement. The major
contents of the questionnaire include: land use
information, organizational, managerial and
financial information, composition and collec-
tion of solid waste, information about transfer
station, landfill site and challenges/needs of the
municipal waste management. After finalizing
the questionnaire, training was organized for
supervisors and enumerators for making them
acquaint about survey protocols to be adapted
during field data collection. The field survey
was planned for 293 municipalities (6 were met-
ropolitan city, 11 were sub- metropolitan city
and 276 municipalities) of Nepal (Figure 1.1).
But of total, responses were not obtained from
22 municipalities, therefore only 271 municipal-
ities data were used to prepare this report (Table
1.1). In addition, though 271 municipalities par-
ticipated in the survey process, for some of the
questions, responses were not obtained from all
the municipalities.
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1.3.2 Data Entry

Data entry programme was developed in the
Census and Survey Processing System (CSPro).
The data entry was based on double entry meth-
od. The CSPro comparison facility was used to
ensure that the forms are entered correctly. Any
inconsistencies identified were verified with the
questionnaire filled by the municipalities.

1.3.3 Data Analysis

The data was analyzed by integrating the Visual
FoxPro and the Microsoft Excel to produce the
summary tables in the Microsoft Excel in an auto-
mated method. The data was tabulated with dis-
aggregated output data on the basis of ecological
zones (mountain, hill and Terai) and types of mu-
nicipality (Metropolitan City, Sub-Metropolitan
City and Municipality). All the charts presented
in the report were prepared in the R-software,
version 3.5.1 (R Core Team, 2016).
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1.3.4 Limitations of the Survey

The survey aimed to cover 293 municipalities of
Nepal. However, responses were not obtained
from some of the municipalities, therefore,
during data analysis only 271 municipalities
were considered. In addition, about 80% of the
municipalities formed after state re-structuring
in 2070 BS do not have enough physical infra-
structure and mechanisms for waste handling,
management and record keeping system. Thus,
from those municipalities, responses for some
key questions were not obtained. Moreover,
there was large variation in information among
municipalities; thus average values of waste
collections might have been overestimated or
underestimated when relating it to a particular
municipality’s data.
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IR SURVEY FINDINGS

2.1 GEOGRAPHICAL
CHARACTERISTICS

In the present federal structure, Nepal has a to-
tal of 753 local governments including metrop-
olis, sub-metropolis, municipalities and rural
municipalities. Among the total, the metropolis,
sub-metropolis and municipalities account to be
293 with 6 metropolitan cities, 11 sub-metropol-
itan cities and 276 municipalities. The six metro-
politan cities are Kathmandu, the federal capital
of the country, Lalitpur, Pokhara, Bharatpur,
Birgunj and Biratnagar.

2.1.1 Distribution of the Municipalities
Geographically, the municipalities of Nepal
are located in three different ecological zones,
namely mountains, hills and Terai. Among the
271 municipalities considered in this study, the
highest numbers (133) are located in Terai fol-
lowed by hills (112) and mountains (26). Pro-
vincially, the Province-2 include the highest (60)
number of municipalities followed by Province
1 (49) and Karnali Province (25).

In terms of area, the municipalities showed con-
siderable variation in their size. The average
area of 271 municipalities was 155.5 sq. km with
higher (231.2 sq. km) average area for the metro-
politan cities and lower average area (151.3 sq.
km) for the municipalities. The average area for
sub-metropolitan city was 219.7 sq. km. Among
the 5 metropolitan cities considered for the pres-
ent survey, 2 had land areas greater than 400 sq.
km. Area wise, the large number (114) account-
ing 42.1% of municipalities fall under the area
range of 200-300 sq. Km and only 1 sub-metro-
politan city and 4 municipalities were having
area above 500 sq. km. Among the 271 munic-
ipalities considered, 28 were established before
2051 BS, 24 municipalities were established in
between 2051 BS and 2070 BS, and 219 munici-
palities after 2070 BS.
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2.1.2 Land Use and Natural Resources
In terms of the land use, the lands within mu-
nicipalities were categorised under six different
types, viz. settlement, agriculture, forest, wa-
ter body, barren land, and others. The highest
(38.2%) proportion of municipal land is covered
by forest followed by agriculture (40.1%), set-
tlement (11.4%), other uses (3.6%), and water
bodies and barren land (3.3% each). Among
sub-metropolitan cities, metropolitan cities and
municipalities, the distribution of land under
settlement were 21.1%, 14.8% and 11.1%, re-
spectively. Agricultural land area is still higher
in metropolitan cities (53.2%), while the forest
coverage is higher among the municipalities
(38.7%).

Fig 2.1: Land Use Pattern of the Municipalities
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2.2 INSTITUTIONAL CAPACITY

The municipalities have important role in the
waste management of the urban areas. How-
ever, the different municipalities have varying
capabilities for waste handling and manage-
ment in terms of institutional frameworks and
settings. Among the surveyed municipali-
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Categories

Metropolitan City
Sub-Metropolitan City
Municipality

Overall

Note: Figures in parenthesis indicate percentage.

ties, only 103 (38.0%) municipalities reported
to have separate units/divisions to look after
waste management. Among them, 129 (47.6%)
municipalities reported lack of such units/di-
visions, whereas 39 (14.4%) municipalities did
not report about institutional capacity for the
waste management. Details of the institutional
features and capacities are presented in the fol-
lowing sub-sections.

2.2.1 Human Resources

The survey revealed that the average human re-
sources available with the municipalities were
114 (Table 2.2). The metropolitan cities hold
higher number of human resources (averaging
477 persons) compared to the sub-metropolitan
cities and the municipalities. In the municipal-
ities, 69.5% of the human resources available
represented males and the rest females. Out of
the total human resources, working in the waste
management sector was reported to bel6 per-

Table 2.2: Number of Total Municipal Human Resources of the Municipalities

Average Number of Human Resources

316.0 (66.2) 161.3 (33.8) 477.3 (100.0)
223.8(71.2) 90.5 (28.8) 314.3 (100.0)
68.8(69.5) 30.2 (30.5) 98.9 (100.0)
79.1 (69.5) 34.7 (30.5) 113.8 (100.0)

sons. The human resources working in waste
management largely represented males ac-
counting 76% (Table 2.3).

The average number of human resources as-
signed for waste management in the metro-
politan cities was 118, followed by 59 and 12 in
the sub-metropolitan cities and municipalities,
respectively (Figure 2.2). Gender wise, males
were higher than females in all the municipali-
ties (Table 2.3). Among the females, share of fe-
males working in waste management was high-
er (38%) in the metropolitan cities compared to
the sub-metropolitan cities and municipalities.

In the municipalities, the human resources hav-
ing engineering background recruited were en-
vironmental, civil and mechanical engineers.
The survey revealed limited technical human
resources in the municipalities. The average
numbers of environmental, civil and mechanical

Table 2.3: Human Resources Working in Waste Management

B N Y

Metropolitan City 38 118 100.0
Sub-Metropolitan City 47 80 12 20 59 100.0
Municipality 9 78 3 22 12 100.0
Overall 12 76 4 24 16 100.0

Table 2.4: Municipalities Reporting Human Resource Working on Waste Management by Positions

o Number of Municipalities Reporting Average Number of Human Resources
Positions

Environmental Engineer 11(73.3) 4(26.7) 15(5.5) 0.04(73.3) 0.01(26.7) 0.06 (100.0)
Civil Engineer 71 (100.0) 1(01.4) 71(26.2) 0.42 (96.6) 0.01 (3.4) 0.44 (100.0)
Mechanical Engineer 5(100.0) 5(1.9)  0.03(100.0) - 0.03 (100.0)
Environmental Officer 43 (93.5) 4(8.7) 46 (17.0) 0.17 (92.0) 0.01 (8.0) 0.18 (100.0)
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o Number of Municipalities Reporting Average Number of Human Resources
Positions

Sub-engineer 59 (93.7) 13 (20.6)
Supervisor 70 (95.9) 5(6.9)
Mechanics 12 (100.0)

Driver 197 (100.0) 1(0.5)
Helper 135 (97.8) 1(22.5)
Sweeper 134(83.2) 103 (64.0)
Municipal (Nagar) Police 69 (98.6) 40 (57.1)
Other 38(88.4) 22(51.2)
Overall 228 (98.3) 144 (62.1)

Note: Figures in parenthesis indicate percentage.

engineers available with the municipalities were
very low. These numbers account about 1 engi-
neer for 17 municipalities, less than 1 civil engi-
neer for 2 municipalities and about 1 mechan-
ical engineer for 34 municipalities. Similarly,
each municipality lacks Environmental Officers
which equates to about 1 environmental officer
for 6 municipalities. The numbers of sub-engi-
neer and supervisor were relatively high. Staffs
like driver, helper, sweeper, etc. were relative-
ly high in the municipalities. Among other, the
sweepers accounted highest figure in all the mu-
nicipalities with average ~ 7 per municipality
or more than one third among the total human
resources working in waste management sector

63 (23.3) 0.48 (86.6) 0.07 (13.4) 0.55 (100.0)
73 (26.9) 0.60 (97.0) 0.02 (3.0) 0.62 (100.0)
12(4.4) 0.07(100.0) = 0.07 (100.0)
197 (72.7) 2.29 (99.8) 0.00 (0.2) 2.30(100.0)
138 (50.9) 2.06(87.7) 0.29(12.3) 2.34(100.0)
161 (59.4) 4.55(66.5)  2.29(33.5) 6.85 (100.0)
70 (25.8) 1.72 (83.7) 0.34(16.3) 2.06 (100.0)
43 (15.9) 1.22(71.0)  0.50(29.0) 1.72 (100.0)
232 (85.6) 13.66(79.4)  3.55(20.7) 17.21 (100.0)

(Table 2.4). Female workers represented mostly
the lower level staff mainly working in city san-
itation such as sweeping and cleaning. Gender
wise, males were higher than females in all the
positions. In overall, female employees account-
ed for about 20% of the total human resources
working in waste management.

2.2.2 Annual Expenses

The annual average expenditures of the munici-
palities for three consecutive years amounted to
Rs 363.1 million in 2074/75, which increased to
Rs 691.8 million in 2075/76 and Rs 702.8 million
in 2076/77 (Table 2.5). The information obtained
regarding the annual expenditures made on en-

Table 2.5: Annual Expenditure of the Municipalities and Expenditure on Environment Sector

. Average Annual Expenditure (Rs)
Categories
FY 2074/75 FY 2075/76 FY 2076/77 (Provisional)

Metropolitan City 3,541,894,360 5,535,409,971 5,494,277,346
Sub-Metropolitan City 500,320,043 1,237,202,831 1,379,133,620
Municipality 294,875,694 573,292,802 579,770,661
Overall 363,122,857 691,793,157 702,890,683
Average Annual Expenditure on Environment Sector (Rs)
Metropolitan City 249,123,000 309,275,700 256,641,000
Sub-Metropolitan City 5,783,008 14,053,747 18,682,944
Municipality 1,658,411 4,732,922 4,803,750
Overall 6,426,788 10,774,717 10,052,290
Budget on Environment as % of Total Municipal Budget
Metropolitan City 7.03 5.59 4.67
Sub-Metropolitan City 1.16 1.14 1.35
Municipality 0.56 0.83 0.83
Overall 1.77 1.56 1.43
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Table 2.6: No. and Percentage of Municipalities Collecting Waste Collection Charge from the
Waste Producers

: Office/ Hotel/ Business ho'use/ I-!eal'th Other Tota!

Categories Households . Commercial Institutions/ ) Reporting

Institutions | Restaurant ) specify

complex Hospitals (N)

Metropolitan City 80.0 60.0 80.0 60.0 60.0 20.0
Sub-Metropolitan City 87.5 87.5 100.0 87.5 75.0 25.0 8
Municipality 94.3 70.0 91.4 829 65.7 243 70
Total/ Overall 92.8 71.1 91.6 81.9 66.3 241 83

vironmental sector were from 187, 239 and 252
municipalities for the year 2074/75, 2075/76
and 2076/77, respectively. The annual expendi-
tures of the municipalities increased consider-
ably over three years. The substantial increment
in the expenditure in 2075/76 and 2076/77 re-
flect increased budgetary allocations after the
execution of federal system under which local
governments (municipalities) have increased
roles in resource generation, budget allocation
and utilization from their own sources.

The municipality’s expenditure on the environ-
ment sector as percentage of the total expendi-
ture varied markedly across the three types of
municipalities. The expenditures of metropoli-
tan cities on environmental sector were in the
range of 4.7% to 7.0% of the total budget during
the last three years. The corresponding values
for sub-metropolitan cities were in the range of
1.1% to 1.4%, while that of municipalities was
less than 1% for the years.

2.2.3 Sources of Revenue

In order to manage their wastes, the municipalities
generated their resources through different sourc-
es. The large share of the municipalities’ resources
was obtained from the federal government, while

Table 2.7: Average Amount of Service Charge Collected

limited revenue was generated from other sourc-
es. Out of the total, only 83 (30.6%) municipalities
collected fees locally for waste management (Ta-
ble 2.6). These included 5 metropolitan cities, 8
sub-metropolitan cities and 70 municipalities. The
survey revealed that 112 (41.3%) municipalities
were not collecting any fees, whereas 152 (56.1%)
municipalities did not report about fee collection.
The information indicates the possibility of reve-
nue generation at local level by the municipalities
for waste management.

The municipalities collected fees or charges against
waste collection from various sources such as
households, office/ institutions, hotel / restaurants,
business/commercial entities, health institutions,
etc. Among the municipalities surveyed, all met-
ropolitan cities (100%) collected fees from one or
other sources, whereas 72.7% sub-metropolitan
cities and only 27.5% municipalities collected fees
from the above mentioned sources.

The monthly waste collection charges or service
charges varied among three categories of the
municipalities and also by sources. In general,
the waste collection charges ranged from NRs
30/month per household to NRs 317 /month for
health institution. The waste collection charges

Households Office/ Hotel/ Business house/ Health Institutions/
Categories (Rs/Month) Institutions | Restaurant | Commercial complex Hospitals
(Rs/Month) | (Rs/Month) (Rs/Month) (Rs/Month)
Metropolitan City 138 200 780 180 1128 300
Sub-Metropolitan City 106 764 986 2,500 909 91
Municipality 25 35 84 49 275 97
Overall 30 68 134 151 317 100
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Table 2.8: Annual Revenue from Waste Collection Charge

. Number of Municipalities Reporting
Categories

FY 2074/75 FY 2075/76 FY 2076/77

Metropolitan City 2 (40.0) 2 (40.0) 2 (40.0)
Sub-Metropolitan City 3(27.3) 4 (36.4) 4 (36.4)
Municipality 31(12.2) 55 (21.6) 59 (23.1)
Total 36 (13.3) 61 (22.5) 65 (24.0)
Average Annual Revenue (Rs)
Metropolitan City 1,075,088 9,478,181 7,661,095
Sub-Metropolitan City 2,443,548 1,815,419 1,929,227
Municipality 835,488 930,273 940,071
Overall 964,394 1,360,198 1,335,481

Note: Figures in parenthesis indicate percentage.

in the metropolitan cities were higher (NRs 138)
for households, NRs 1128 for health institu-
tions/hospitals and NRs 300 for others; where-
as sub-metropolitan cities charged higher (NRs
764) fees for the office/institutions, NRs 986 for
hotels/restaurants, and NRs 151 for business/
commercial complex (Table 2.7). In compared to
the metropolis and sub-metropolis, the munici-
palities were charging less for all the sectors.

The overall annual revenue generated by the
municipalities from waste collection amounted
to NRs 0.96 million in 2074/75 which rose to
NRs 1.36 million in 2075/76 (Table 2.8). How-
ever, this (provisional) amount decreased mar-
ginally to NRs 1.34 million in 2076/77. By the
type of the municipalities, the annual revenues
generated were higher among the metropolitan
cities followed by the sub-metropolitan cities
and the municipalities, including the provision-
al amount estimated for 2076/77.

The municipalities, although very small, also
generated some revenue from fines and penalties

charged against violation of the waste collection
and management practices. The overall revenue
collected under the fine and penalty was NRs
10362 in 2074 /75 which increased marginally to
over NRs 11000 in 2075/76 and fell down again
to an estimated NRs 9582 in 2076/77 (Table 2.9).
The amounts were higher for metropolitan cit-
ies for all the three years as compared to the
sub-metropolitan cities and the municipalities.

At present, for the municipalities, grants from
the federal and provincial governments are the
major sources of revenue. However, there is
limited information about the budget/revenue
that municipalities have received from the fed-
eral and provincial governments. The survey
showed information not available on the grants
received by the metropolitan cities; whereas the
provisional grant amount to a sub-metropolitan
city was NRs 2.58 million for the year 2076/77
(Table 2.10). The average grant provided to the
municipalities ranged from NRs 0.3 million to
nearly NRs 0.6 million.

Table 2.9: Annual Revenue from Fine and Penalty

Number of Municipalities Reporting Average Annual Revenue (NRs)
Categories

FY 2074/75 FY 2075/76 FY 2076/77 ARV A S e
Actual Actual Provisional
2 (40.0)

Metropolitan City 2 (40.0) 2 (40.0) 91,200 124,613 132,875
Sub-Metropolitan City 2(18.2) 1(9.1) - 35,833 16,667
Municipality 4(1.6) 7(2.8) 7(2.8) 4,648 3,286 2,244
Overall 6(2.2) 11(4.1) 10(3.7) 10,362 11,054 9,582

Note: Figures in parenthesis indicate percentage
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Table 2.10: Annual Revenue from Federal/Provincial Grant

Number of Municipalities Reporting Average Annual Revenue (NRs)
Categories

FY 2074/75 FY 2075/76 FY 2076/77 A PRI | R AT A AL
Actual Actual Provisional

Metropolitan City
Sub-Metropolitan City
Municipality

Overall

Note: Figures in parenthesis indicate percentage.

6(2.2)

In addition to the federal and provincial govern-
ment’s support, foreign grant was also reported
as a source of revenue for the municipalities.
The survey showed that only one metropolitan
city received grant amounting NRs 10.9 million
in 2076/77 (Table 2.11). In case of the munici-
palities, very few have received the grant av-
eraging NRs 0.26 million in 2074/75, Rs 0.05
million in 2075/76 and Rs 0.22 million (provi-
sional) in 2076/77 (Figure 2.3). The average rev-
enue equivalent to NRs 1.7 million in the year
2074/75, increased marginally to Rs 1.97 million
in 2075/76 which substantially increased to 2.79
million (provisional) in 2076/77.

During the survey, the overall average revenues
showed marginal increment over the last 3 years.
However, these figures showed fluctuations among

6(2.4) 8(3.1)
8 (3.0

1(9.1) = = 2,577,415
9(3.5) 354,852 443,984 430,137
10(3.7) 305,338 388,486 564,632

different types of municipalities. The metropolitan
cities reported much higher share of revenue, com-
pared to other two categories, with significant rise
over 3 years which jumped from NRs 1.17 million
in 2074/75 to NRs 18.7 million (provisional) in
2076/77 (Table 2.12). In case of sub-metropolitan
cities, the revenues decreased in the second year
and again rose in the third year, though by a much
lower proportion. Similarly, the municipalities also
reported increment in their revenue during the
three years period, by lower growth rate in com-
pared to the metropolitan cities.

2.3 TYPE OF WASTE

The wastes generated by the municipalities were
broadly categorized in to three types, namely
the organic waste, inorganic waste and other
waste. Although different categories of solid

Table 2.11: Annual Revenue from Foreign Grant

Number of Municipalities Reporting Average Annual Revenue (NRs)
Categories

FY 2074/75 | FY 2075/76 | FY 2076/77 FY 2074/75 FY 2075/76 FY 2076/77
Actual Actual Provisional
Metropolitan City (20.0)

= 10,915,313
Sub-Metropolitan City - - -
4(1.6) 5(2.0) 255,960 49,063 219,014
4(1.5) 6(2.2) 220,244 42,930 718,666

Municipality 4(1.6)
Overall 4(1.5)

Note: Figures in parenthesis indicate percentage.

Table 2.12: Annual Revenue from Waste Related Activities - Combined of all the Sources

Number of Municipalities Reporting Average Annual Revenue (Rs)
Categories

FY 2074/75 FY 2075/76 FY 2076/77 R AV REe A A
Actual Actual Provisional

Metropolitan City 3(60.0) 3 (60.0) 4(80.0) 1,166,288 9,602,794 18,709,283
Sub-Metropolitan City 3(27.3) 6 (54.6) 6 (54.6) 3,643,548 2,451,253 5,123,308
Municipality 37 (14.5) 63 (24.7) 73 (28.6) 1,657,362 1,562,848 1,731,638
Overall 43 (15.9) 72 (26.6) 83 (30.6) 1,761,672 1,971,880 2,795,018

Note: Figures in parenthesis indicate percentage.
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Table 2.13: Number of Municipalities Reporting Different Types of Organic Waste Collected

A Itural/Gard Total
Categories Textile Leather Paper gricultural/Garden ot
Management Reporting

Metropolitan City 2(100.0) 2 (100.0) 2(100.0) 2 (100.0) 2(100.0) 2 (40.0)
Sub-Metropolitan City 5(71.4) 4 (57.1) 5(71.4) 4 (57.1) 4 (57.1) 7 (63.6)
Municipality 98 (64.5) 68 (44.7) 96 (63.2) 85 (55.9) 77 (50.7) 152 (59.6)
Overall 105 (65.2) 74 (46.0) 103 (64.0) 91 (56.5) 83 (51.6) 161 (59.4)

Note: Figures in parenthesis indicate percentage.

waste could be created, municipal solid wastes
have been categorized in these three groups
due to readily identifiable fractions, and ease of
making consistent with categories cited in most
researches and applications (Tchobanoglous et
al., 1993). A total of 161, 164 and 140 municipali-
ties reported organic waste, inorganic waste and
other waste, respectively.

2.3.1 Organic Waste

The survey revealed organic waste as one of the
major categories of waste generated from the
municipalities. These categories include agricul-
tural/garden waste, paper, textile, leather and
other organic wastes (Figure 2.2). Among the
161 municipalities who reported qualitative in-
formation about the organic waste, 105 (65.2%)
municipalities reported textile waste, 103
(64.0%) municipalities reported paper waste,
91(56.5%) municipalities reported agricultural/
garden waste, 74 (44.7%) municipalities report-
ed leather waste and 83 (51.6%) municipalities
reported other categories (Table 2.13).

Among the different municipalities, some dif-
ferences were noted on the organic waste col-
lection. The overall annual collection of textile
waste among the municipality and sub-metro-
politan city averaged in the range of 106 mt to
about 162 mt from 2073/74 to 2075/76 (Table
2.14). However, the average figures were con-

Fig 2.2: Overall Composition of Organic Waste
in the Municipalities (2075/76)
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siderably higher among the metropolitan cities
in compared to the sub-metropolitan cities and
municipalities. For instance, the average quan-
tity of textile waste collection in the metropoli-
tan cities stood at 2,514.5 mt in 2075/76 against
146.8 mt in the sub-metropolitan cities and only
124.2 mt among the municipalities.

Similarly, the average quantity of leather waste
collection per municipality ranged from 114.2 mt
in 2073 /74 to 86.3 mt in 2075/76 (Table 2.15). The
average quantity was higher among the metro-
politan cities and lower among the sub-metro-
politan cities during the three years period.

Table 2.14: Annual Organic Waste Collection - Textile

o . Number of Municipalities Reporting Average Annual Collection of Textile (mt)
ategories
J FY 2073/74 FY 2074/75 FY 2075/76 FY 2073/74 | FY 2074/75 | FY 2075/76

Metropolitan City 1(20.0) (20.0)
Sub-Metropolitan City 3(27.3) 3(27.3)
Municipality 53(20.8) 73 (28.6)
Overall 57 (21.0) 77 (28.4)

Note: Figures in parenthesis indicate percentage.
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2 (40.0) 3,811.0 4,034.0 2,514.5
5 (45.5) 141.3 162.0 146.8
93 (36.5) 117.0 106.3 124.2
100 (36.9) 183.1 159.5 1731
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Table2.15: Annual Organic Waste Collection -

Leather

Categories
FY 2073/74

Number of Municipalities Reporting Average Annual Collection of Leather (mt)
FY 2074/75 FY 2075/76 FY 2073/74 | FY 2074/75 | FY 2075/76
1(20.0) 2(40.0)

Metropolitan City 1(20.0) 20.0 40.0 2,018.0 2,136.0 1,342.0
Sub-Metropolitan City 3(27.3) 3(27.3) 4 (36.4) 16.3 20.3 19.8
Municipality 31(12.2) 44 (17.3) 62 (24.3) 62.3 553 50.0
Overall 35(12.9) 48 (17.7) 68 (25.1) 114.2 96.5 86.3

The survey revealed paper waste as one of the ma-
jor constituents of waste material reported by the
municipalities. The quantity of paper waste collect-
ed by the municipalities was increasing for the last
3 years (Table 2.16). The quantity of paper waste in
the metropolitan cities was higher than that of the
sub-metropolitan cities and municipalities. The
survey revealed the agricultural/garden waste
comprised an important fraction of waste with an
average of 472.8 mt per municipality in 2073/74
which increased to 558.8 mt in 2074 /75 and 506.3

Table 2.16: Annual Organic Waste Collection -

o . Number of Municipalities Reporting Average Annual Collection of Paper (mt)
ategories
J FY 2073/74 FY 2074/75 FY 2075/76 | FY 2073/74 | FY 2074/75 | FY 2075/76

mt in 2075/76 (Table 2.17). Agricultural/garden
waste in this survey includes all the food related
wastes from kitchen, vegetable wastes generated
from vegetable markets and also the fraction of
garden wastes collected from the households.

The organic waste other than paper, textile
waste, agricultural waste and leather has been
categorized as the other organic waste. The sur-
vey revealed that the quantity of other organic
waste was higher in the range from 1243.5mt to

Paper

Metropolitan City 1(20.0) 1(20.0) 2 (40.0) 4,708.0 4,983.0 3,494.0
Sub-Metropolitan City 3(27.3) 3(27.3) 5 (45.5) 169.0 202.3 7354
Municipality 48 (18.8) 69 (27.1) 92 (36.1) 131.7 137.9 107.1
Overall 52(19.2) 73 (26.9) 99 (36.5) 221.8 207.0 207.3

Note: Figures in parenthesis indicate percentage.

Number of Municipalities Reporting

Categories

Table 2.17: Annual Organic Waste Collection -

Agricultural/Garden Management

Average Annual Collection of
Agricultural/Garden Waste (mt)

FY 2073/74 FY 2074/75 FY 2075/76 | FY 2073/74 | FY 2074/75 | FY 2075/76

Metropolitan City 1(20.0) 1(20.0) 2 (40.0) 1,076.0 1,139.0 2,343.0
Sub-Metropolitan City 3(27.3) 3(27.3) 4 (36.4) 699.7 836.0 1,808.0
Municipality 45(17.7) 63 (24.7) 79 (31.0) 4442 536.4 393.9
Overall 49 (18.1) 67 (24.7) 85(31.4) 472.8 558.8 506.3

Note: Figures in parenthesis indicate percentage.

Table 2.18: Annual Organic Waste Collection -

Other Organic Waste

o . Number of Municipalities Reporting | Average Annual Collection of Other Organic Waste (mt)
ategories
J FY 2073/74 | FY 2074/75 | FY 2075/76 FY 2073/74 FY 2074/75 FY 2075/76

Metropolitan City 1(20.0) 1(20.0) 2 (40.0) 1,121.0 1,186.0 976.0
Sub-Metropolitan City 2(18.2) 2(18.2) 4(36.4) 1,243.5 1,823.5 1,378.3
Municipality 36 (14.1) 54(21.2) 72 (28.2) 74.7 114.0 148.9
Overall 39 (14.4) 57 (21.0) 78 (28.8) 161.5 192.8 233.2

Note: Figures in parenthesis indicate percentage.
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Table 2.19: Annual Average Organic Waste Collection per Municipality by Years

Waste Type Metropolitan City | Sub-Metropolitan City | Municipality

FY 2073/74
FY 2074/75
FY 2075/76
FY 2073/74
FY 2074/75
FY 2075/76
FY 2073/74
FY 2074/75
FY 2075/76
FY 2073/74
FY 2074/75
FY 2075/76
FY 2073/74
FY 2074/75
FY 2075/76

1 Textile (mt)

2 Leather (mt)

3 Paper (mt)

Agricultural/Garden
management (mt)

5 Other Organic (mt)

Total of Organic Waste (mt)

FY 2073/74
FY 2074/75
FY 2075/76

1823.5 mt per sub-metropolitan cities in com-
pared to the metropolitan cities (Table 2.18). The
average quantity of other organic waste in the
municipalities was in between 74.7 mt and 148.9
mt for the last 3 years.

The aggregated data pertaining different types
of organic waste collected by the municipali-
ties for the last 3 years revealed that the organic
waste was increasing consistently over the last 3
years with higher quantity among the metropol-
itan cities in compared to the sub-metropolitan

3,811.0 141.3 117.0 183.1
4,034.0 162.0 106.3 159.5
2,514.5 146.8 124.2 1731
2,018.0 16.3 62.3 114.2
2,136.0 20.3 553 96.5
1,342.0 19.8 50.0 86.3
4,708.0 169.0 131.7 221.8
4,983.0 202.3 137.9 207.0
3,494.0 7354 107.1 207.3
1,076.0 699.7 444.2 472.8
1,139.0 836.0 536.4 558.8
2,343.0 1,808.0 393.9 506.3
1,121.0 1,243.5 74.7 161.5
1,186.0 1,823.5 114.0 192.8
976.0 1,378.3 148.9 233.2
12,734.0 2,269.8 829.8 1,153.3
13,478.0 3,044.2 950.0 1,214.6
10,669.5 4,088.2 824.2 1,206.1

cities and the municipalities (Table 2.19). Among
the five categories of wastes, paper, textile waste
and agricultural/garden wastes were prominent
in the metropolitan cities. For instance, paper and
textile wastes were the major two organic wastes
in the metropolitan cities amounting 3494 mt and
2515 mt, respectively in 2075/76. In sub-metropol-
itan cities and municipalities, agricultural / garden
waste was the major waste that accounted 1808 mt
and 394 mt, respectively in 2075/76. These data in-
dicate difference in organic waste composition in
different categories of the urban areas (Figure 2.3).

Fig 2.3: Composition of Organic Waste in the Municipalities (2075/76)
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Fig 2.4: Average Annual Quantity of Organic Waste Collected by the Municipalities
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The combined average quantity of organic
waste varied considerably with the municipal-
ities accounting higher share of the metropoli-
tan cities in compared to the sub-metropolis and
municipalities. The average quantity of organic
waste per municipality amounted to 1153 mt in
2073 /74 which increased to 1215 mt in 2074 /75
and 1206 mt in 2075/76 (Figure 2.4).

2.3.2 Inorganic Waste

The survey revealed inorganic waste collected
by the municipalities include plastic, glass, rub-
ber, metals and minerals, and other inorganic
waste. Among the surveyed municipalities,

164 municipalities reported about inorganic
waste and these include 2 metropolitan cities, 7
sub-metropolitan cities and 155 municipalities
(Table 2.20).

Among other, plastic was one of the major in-
organic wastes in all the municipalities (Table
2.21). The average quantity of plastic waste was
higher among the metropolitan cities as com-
pared to the municipalities.

Like other waste components, the average quan-
tity of glass was higher for the metropolitan cities
in compared to the municipalities (Table 2.22).

Table 2.20: Number ofMunicipalities Reporting Different Types of Inorganic Wastes

Total Reporting

Metropolitan City 2(100.0) 2(100.0)
Sub-Metropolitan City 5(71.4) 5(71.4)
Municipality 104 (67.1) 101 (65.2)
Overall 111 (67.7) 108 (65.9)

Note: Figures in parenthesis indicate percentage.

2(100.0) 2(100.0) 2(100.0) 2 (40.0)

5(71.4) 4(57.1) 4(57.1) 7 (63.6)
88 (56.8) 87 (56.1) 68 (43.9) 155 (60.8)
95 (57.9) 93 (56.7) 74 (45.1) 164 (60.5)

Table 2.21: Annual Inorganic Waste Collection - Plastic

e Number of Municipalities Reporting Average Annual Collection of Plastic (mt)
ategories
E FY 2073/74 FY 2074/75 FY 2075/76 | FY 2073/74 | FY 2074/75 | FY 2075/76

Metropolitan City 1(20.0) 1(20.0) 2 (40.0) 3,950.0 4,182.0 3,172.0
Sub-Metropolitan City 3(27.3) 3(27.3) 5 (45.5) 716.0 930.0 803.2
Municipality 55(21.6) 76 (29.8) 97 (38.0) 194.0 201.5 270.7
Overall 59 (21.8) 80 (29.5) 104 (38.4) 284.2 278.6 352.1

Note: Figures in parenthesis indicate percentage.
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Table 2.22: Annual Inorganic Waste Collection - Glass

Number of Municipalities Reporting Average Annual Collection of Glass (mt)

Metropolitan City 1(20.0) 1(20.0)
Sub-Metropolitan City 3(27.3) 3(27.3)
Municipality 53(20.8) 73 (28.6)
Overall 57 (21.0) 77 (28.4)

Note: Figures in parenthesis indicate percentage.

FY 2073/74 FY 2074/75 FY 2075/76 | FY 2073/74 | FY 2074/75 | FY 2075/76

2 (40.0) 2,205.0 2,334.0 1,551.0
5(45.5) 110.3 162.3 135.6

93 (36.5) 98.4 97.4 90.4

100 (36.9) 136.0 129.0 121.8

Table 2.23: Annual Inorganic Waste Collection - Rubber

Metropolitan City (20.0) (20.0)
Sub-Metropolitan City 3(27.3) 3(27.3)
Municipality 42 (16.5) 58 (22.8)
Overall 46 (17.0) 62 (22.9)

Note: Figures in parenthesis indicate percentage.

The municipalities also reported rubber as one
of the major inorganic wastes. The average
quantity of rubber waste was higher for the
metropolitan cities ranging from 1746 mt/year
in 2073/74 to 1848 mt/year in 2074/75 with a
substantial fall to 1281 mt/ year (Table 2.23). The
amount of rubber waste was lower among the
sub-metropolitan cities and municipalities as
compared to the metropolitan cities.

Like other, the metals and minerals are other
type of waste reported by the municipalities.

Number of Municipalities Reporting Average Annual Collection of Rubber (mt)
FY 2073/74 FY 2074/75 FY 2075/76 FY 2073/74 | FY 2074/75 | FY 2075/76

2 (40.0) 1,746.0 1,848.0 1,281.0
5(45.5) 54.7 75.7 67.8
77 (30.2) 46.8 47.9 62.2
84 (31.0) 84.2 783 91.5

The higher quantity of metals and minerals
waste was collected by the metropolitan cities
in compared to the sub-metropolitan cities and
municipalities (Table 2.24).

The municipalities also reported other inorganic
wastes. The average quantity of this waste ranged
from 96.8 mt/day in 2073/74 to 90.5 mt/day in
2075/76 (Table 2.25). Like other types of wastes,
this type of wastes was higher among the metro-
politan cities in compared to the municipalities.

Table 2.24: Annual Inorganic Waste Collection —Metals and Minerals

Metropolitan City 1(20.0) 1(20.0)
Sub-Metropolitan City 3(27.3) 3(27.3)
Municipality 39(15.3) 54 (21.2)
Overall 43 (15.9) 58 (21.4)

Note: Figures in parenthesis indicate percentage.

Table 2.25: Annual Inorganic Waste Collection - Other Inorganic Waste

Number of Municipalities Reporting | Average Annual Collection of Other Inorganic Waste (mt)
FY 2073/74 | FY 2074/75 | FY 2075/76 FY 2073/74 FY 2074/75 FY 2075/76

Metropolitan City 1(20.0) 1(20.0) 2 (40.0)
Sub-Metropolitan City 3(27.3) 3(27.3) 4 (36.4)
Municipality 30(11.8) 43 (16.9) 60 (23.5)
Overall 34(12.6) 47 (17.3) 6 (24.4)

Note: Figures in parenthesis indicate percentage.

195

Number of Municipalities Reporting Average Annual Collection (mt)
FY 2073/74 FY 2074/75 FY 2075/76 | FY 2073/74 | FY 2074/75 | FY 2075/76

2 (40.0) 427.0 875.0 656.0
4 (36.4) 61.0 82.7 102.0
75 (29.4) 91.1 78.7 71.6
81(29.9) 96.8 92.6 87.6

459.0 486.0 440.0
63.7 88.0 417.3
88.0 79.1 57.1
96.8 884 90.5
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Fig 2.5: Average Annual Quantity of Inorganic Waste Collected by the Municipalities
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The combined quantity of inorganic waste aver-
aged to 698 mt in 2073/74 which was 666.8 mt
in 2074/75 and about 743.5 mt in 2075/76 (Fig-
ure 2.5; Table 2.26). The figures showed higher
growth rate among the metropolitan cities.

2.3.3 Other Waste

The waste like hospital waste, electronic and elec-
trical waste (e-waste), toxic waste, other chemical
waste and other wastes which are not included on
the above two categories were considered as the
other waste. In this survey, 140 (51.7%) municipal-
ities reported one or other types of such wastes.

2074/75

2075/2076

Fiscal Year

The hospital waste was reported by 56% and toxic
waste by 35% of the municipalities (Table 2.27).

The average quantity of wastes comprising hos-
pital waste, e-waste, toxic and others wastes col-
lection amounted to 380 mt in 2073/74, 283 mt in
2074/75 and 283 mt in 2075/76 (Figure 2.6). The
quantity of waste collected by metropolitan cities
was more than 20 times higher than the quantity
collected by the municipalities. Managing these
wastes poses further challenge to the respective
municipalities as these wastes are riskier and
more hazardous for people and the environment.

Table 2.26: Annual Inorganic Waste Collection of All Types

. Average Annual Collection of Inorganic Waste (mt)
Categories
FY 2073/74 FY 2074/75 FY 2075/76

Metropolitan City
Sub-Metropolitan City
Municipality

Overall

8,787.0 9,725.0 7,100.0
1,005.7 1,338.7 1,525.9
518.3 504.6 551.9
698.0 666.8 743.5

Table 2.27: Number of Municipalities Reporting Different Types of Other Waste Collected

Hospital Electronicand | Other Chemical Total
Categories Toxic Other
Waste Electrical Waste WENG Reporting

Metropolitan City 1(33.3) (33.3)
Sub-Metropolitan City 2(33.3) 2(33.3)
Municipality 46 (35.1) 75 (57.3)
Overall 49 (35.0) 78 (55.7)

Note: Figures in parenthesis indicate percentage.

(33.3) 2(66.7) 2(66.7) 3(60.0)
3(50.0) 2(33.3) 5(83.3) 6 (54.6)
63 (48.1) 52(39.7) 119 (90.8) 131(51.4)
67 (47.9) 56 (40.0) 126 (90.0) 140 (51.7)
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Fig 2.6: Other Wastes Collection by the Municipalities

Categories

Metropolitan B Sub-metropolitan B Municipality M Average

6200

6000

5145
5000

4000

3000

2000

1000
228 194.8 3728

Quanty of other waste (mt/municipality

2073/74

2074/75

2135

2297 1775283

2075/76

Fiscal Year

2.3.4 Total Annual Waste Collection

Table 2.28, and Figures 2.7, 2.8 and 2.9 presents
comprehensive picture on waste collection by
their type in the municipalities for the last three
years. The data indicate that for all municipali-
ties organic waste was higher than inorganic and
other types of waste. The annual average total
waste collected per municipality amounted to
2231.0 mt in 2073 /74, 2164.4.0 mt in 2074/75 and
2232.7 mt in 2075/76. These figures convert to an
average daily waste collection per municipality
equals to 6.1 mt, 5.9 mt and 6.1 mt, respectively

for the three years. By waste type, organic waste
accounted higher share as compared to inorgan-
ic and other type of waste. For instance, organic
waste constitutes 54.0% in 2075/76 against 33.3%
inorganic waste and 12.7% other waste. ADB
(2012) reported the percentage of organic waste
to be 56% (excluding agriculture waste).

In terms of per capita waste generation, the
Asian Development Bank reported 317 g/cap-
ita/day solid waste generation in 2012. Based
on this per capita waste and the population data

Table 2.28: Annual Average Waste Collection per Municipality by Waste Types and Categories

Waste

FY City

Metropolitan Sub-
Metropolitan

Annual Average of
Municipalities (mt/
Year/Municipality)

Daily Average of
Municipalities (mt/
Day/Municipality)

Municipality
(mt/Year)

Type (mt/Year) City (mt/Year)

FY 2073/74 12,734.0 2,269.8

1. Organic FY 2074/75 13,478.0 3,044.2
FY 2075/76 10,669.5 4,088.2

FY 2073/74 8,787.0 1,005.7

2. Inorganic FY 2074/75 9,725.0 1,338.7
FY 2075/76 7,100.0 1,525.9

FY 2073/74 5,145.0 228.0

3. Other FY 2074/75 5,446.0 2135
FY 2075/76 6,200.0 229.7

FY 2073/74 26,666.0 3,503.5

4. Total FY 2074/75 28,649.0 4,596.3
FY 2075/76 23,969.5 5,843.7

197

829.8 1,153.3 3.2
950.0 1,214.6 33
824.2 1,206.1 33
518.3 698.0 1.9
504.6 666.8 1.8
551.9 743.5 2.0
194.8 379.6 1.0
155.6 283.0 0.8
177.5 283.0 0.8
1,543.0 2,231.0 6.1
1,610.2 2,164.4 59
1,553.6 2,232.7 6.1
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Fig 2.7: Composition of Collected Waste for the Metropolitan Cities with Years
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Fig 2.8: Composition of Collected Waste for the Sub-metropolitan City with Years
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Fig 2.9: Composition of Collected Waste for the Municipality with Years
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Categories

Household waste
Business house/
Commercial
Complex waste

Metropolitan City 3(100.0
7 (87.5
131 (94.2

141 (94.0

Note: Figures in parenthesis indicate percentage.

3(100.0
8(100.0
132(95.0
143 (95.3

Sub-Metropolitan City

) )
) )
Municipality ) )
) )

Overall

of 2011 census, the total municipal solid waste
generation of the 58 municipalities was estimat-
ed to be 1,435 tons/day which equals to 24.7 mt
per day per municipality or 9030 mt per year per
municipality (ADB, 2013).

2.4 SOURCES OF WASTE

The municipal wastes are generated from differ-
ent sources. Out of the surveyed municipalities,
3 (60%) metropolitan cities, 8 (72.7%) sub-met-
ropolitan cities and 139 (54.5%) municipalities
categorized the municipal wastes into six differ-
ent categories based on the waste sources (Table
2.29). These categories include household waste,
business/commercial waste, industrial waste,
waste produced from educational institutions

Table 2.29: Number of Municipalities Categorizing Waste

Industrial House

3(100.0) 3(100.0) (100.0) 3(60.0)

5(62.5) 8(100.0) 6(75.00 6(75.0) 8(72.7)
67 (48.2) 99 (71.2) 107 (77.0) 49(35.3) 139(54.5)
75 (50.0) 110 (73.3) 116 (77.3) 55(36.7) 150(55.4)

Educational
Institutes waste
(Wl Health institutions/
Hospitals waste
Total Reporting

and waste from health institutions and from
other sources.

The waste collected from the different municipal-
ities varied considerably. The quantity of waste
collected was higher among the metropolitan
cities accounting 37300 kg/day per metropolitan
city (Table 2.30). The corresponding figures were
lower that account 11000 kg/day for sub-metro-
politan cities and 3700 kg/ day for the municipal-
ities. Among the metropolitan cities, the quan-
tity of daily waste collection was higher in the
household (15920 kg/ day), followed by business
complex (7720 kg/day) and the educational in-
stitutes (4680 kg/day). Similarly, the households
were the major sources of waste generation in the

Fig 2.10: Average Total Waste Collection by the Municipalities
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Table 2.30: Average Quantity of Waste Collected from Different Sources and Municipal Categories

Categories

Household waste
Complex waste (kg/day)

Business House/Commercial
Industrial House/ District

Metropolitan City 15920 (42.6) 7720(20.7) 4460(11.9) 4680 (12.5) 4560 (12.2) - 37340(100.0)
Sub-Metropolitan City 3316 (30.2) 3025 (27.6) 1544 (14.1) 1322 (12.1) 594 (5.4) 1171(10.7) 10973 (100.0)
Municipality 1441 (38.9) 932(25.2) 310(8.4) 358(9.7) 381(10.3) 282(7.6) 3704 (100.0)
Overall 1784 (38.6) 1142 (24.7) 436 (9.5) 477(10.3) 467 (10.1) 313(6.8) 4619 (100.0)

Note: Figures in parenthesis indicate percentage.

sub-metropolitan cities (3316 kg/day) and the
municipalities (1441 kg/ day).

The quantity of daily waste collected from all
sources was higher for the metropolitan cities,
and the higher amount waste was originated
from the households. From all sources, the dai-
ly waste collection was higher for metropolitan
cities in compared to the sub-metropolitan cities
and municipalities.

In terms of ecological zones, the municipalities
of the Terai region were collecting the larger
quantity of daily waste (5267 kg/day) followed
by the hill region municipalities (4424 kg/day)
and the mountain region municipalities (2147
kg/day) (Table 2.31). It is notable that munici-
palities in the Terai region collected more waste

Educational Institutes waste
Health Institutions/
Hospitals waste (kg/day)
Total Quantity (kg/day)

from the sources like business complex, indus-
trial areas and health institutions. Among the
hill region municipalities, the first and second
major sources of waste were reported to be
come from households (1775 kg/day) and from
business house/commercial complex (1203 kg/
day), respectively.

The survey findings indicate households as the
first major source of waste generation which ac-
counting 38.6% (Table 2.31). This figure howev-
er varied with the ecological regions. According
to ADB (2012), the household wastes in general
contribute 50% to 75% of the total MSW.

2.5 CLEANING PRACTICES

In connection to cleaning the public areas within
the municipalities, 175 (64.6%) of the municipal-

Table 2.31: Average Quantity of Different Waste by Sources in Different Ecological Belts
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Mountain 884 (41.2) 825 (38.4)
Hill 1775 (40.1) 1203 (27.2)
Terai 1967 (37.4) 1153 (21.9)
Overall 1784 (38.6) 1142 (24.7)

Note: Figures in parenthesis indicate percentage.
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028 (1.3) 109 (5.1) 132(6.2) 170(7.9) 2147 (100.0)
419 (9.5) 264 (6.0) 370(8.4) 393(8.9) 4424 (100.0)
531(10.1) 729(13.8) 613(11.6) 274(5.2) 5267 (100.0)
436 (9.5) 477(10.3) 467(10.1) 313(6.8) 4619 (100.0)
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Table 2.32: Number of Municipalities Cleaning Roads and Public Places

Metropolitan City 5(100.0) 5(100.0) 336
Sub-Metropolitan City 1(100.0) 1(100.0) 36.9
Municipality 159 (62.4) 60 (23.5) 36 (14.1) 255 (100.0) 229
Overall 175 (64.6) 60 (22.1) 36 (13.3) 271 (100.0) 24.0

Note: Figures in parenthesis indicate percentage.

Table 2.33: Number of Municipalities Reporting the Coverage (Wards and Population)

Ward Coverage Household Coverage Population Coverage
Categories

Number Number of Number Number HHs Number Population
Reporting | Wards Covered | Reporting Covered Reporting Covered

Ecological Zones

Mountain 22 (84.6) 2.8 21(80.8) 1,399.5 20(76.9) 9,864
Hill 91 (81.3) 59 85 (75.9) 4,592.4 80(71.4) 25,703
Terai 112 (84.2) 8.0 89 (66.9) 7,047.1 91 (68.4) 33,375
Overall 225 (83.0) 6.6 195 (72.0) 5,368.9 191 (70.5) 27,700
Type of Municipalities
Metropolitan City 5(100.0) 29.0 2 (40.0) 40,517.5 3(60.0) 275,867
Sub-Metropolitan City 11 (100.0) 15.6 9(81.8) 18,673.8 9(81.8) 86,374
Municipality 209 (82.0) 5.6 184 (72.2) 4,336.0 179 (70.2) 20,590
Overall 225 (83.0) 6.6 195 (72.0) 5,368.9 191 (70.5) 27,700

Note: Figures in parenthesis indicate percentage.

ities were cleaning their roads and public plac-
es, which is an important indicator revealing
the practices of cleanliness of the cities (Table
2.32). Among the municipalities which were in-
volved in cleaning the roads and public places,
only 24% municipalities were cleaning, leaving
the large percentage of the municipal areas un-
cleaned, reflecting poor level cleanliness.

Regarding the scope of waste collection, 225
(83%) municipalities reported ward level collec-
tion, 195 (72%) municipalities reported house-
hold level coverage and 191 (70.5%) municipality
reported population level coverage (Table 2.33).
The higher coverage was made by the metropoli-
tan cities in terms of wards, households and pop-
ulation mainly because of their better capacities
in all the aspects. The sub-metropolitan cities and
municipalities stood in second and third posi-
tion, respectively in terms of wards, households
and population level coverage. By ecological
regions, municipalities of Terai region reported
higher waste collection coverage followed by hill
and mountain regions municipalities.

201

In terms of waste collection by the municipali-
ty categories, higher number (60%) of the met-
ropolitan and sub-metropolitan cities (63.6%)
were collecting 61% - 80% of their waste; where-
as 25.5% of the municipalities reported no waste
collection at all. The average waste collection
was higher among the sub-metropolitan cities
(67.8%) and less (48.4%) among the municipal-
ities (Table 2.34).

2.6 TRANSFER OPERATIONS

Waste management of the cities depends large-
ly on the available facilities and also their ca-
pacities and practices. Use of waste transfer
station helps in reducing and segregating
waste before reaching landfill sites. Among the
surveyed municipalities, only 15 (5.5%) munic-
ipalities were using transfer stations; whereas a
large majority (82.3%) of the municipalities did
not have such facility and 12.2% of the munic-
ipalities did not respond about whether they
are having this facility.
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Table 2.34: Distribution of Municipalities by Percentage of Waste Collected

Not at Total A % of
Categories Otat 1 1209 | 21-40% | 41-60% | 61-80% | 81-100% | _ O HEEIR
All Reporting | Waste Collected

Metropolitan City 2 (40.0) 3(60.0) 5(100.0) 60.0
Sub-Metropolitan City 1(9.1) 1(9.1) 7(63.6) 2(18.2)  11(100.0) 67.8
Municipality 65(25.5) 39(15.3) 48(18.8) 41(16.1) 62(24.3) 22(8.6) 255(100.0) 48.4
Overall 65(24.0) 40(14.8) 51(18.8) 41(15.1) 72(26.6) 24(8.9) 271(100.0) 49.7

Note: Figures in parenthesis indicate percentage.

Table 2.35: Number of Municipalities Managing Transfer Stations

. Area of Transfer Station Capacity of Transfer Station
Categories

Number Reportlng Size of Station (m2) | Number Reportlng Capacity (m3)

Metropolitan City (20.0)
Sub-Metropolitan City 1(9.1)
Municipality 10 (3.9)
Overall 12 (4.4)

Note: Figures in parenthesis indicate percentage.

2.6.1 Facilities Available in the Transfer
Stations

The survey revealed 12 (4.4%) municipalities
were using transfer stations for processing of
municipal solid waste (Table 2.35). These in-
cluded 1 metropolitan city, 1 sub-metropolitan
city and 10 municipalities. The size and capacity
of the transfer stations varied considerably with
municipalities showing better position for the
metropolitan cities in compared to the munici-
palities. The capacity of waste transfer stations

20,000 (20.0) 10,000
2,000 1(9.1) 200
3,169 4(1.6) 1,517
4,474 6(2.2) 2,711

was 10,000 m3 for the metropolitan and less
than 1517 for sub-metropolitan cities and mu-
nicipalities (Table 2.35).

2.6.2 Activities in the Transfer Stations
Out of the total, only 15 municipalities were us-
ing different facilities/methods for managing
their waste in the transfer station. Among them,
5 municipalities were having compaction facili-
ties, 4 were having segregation facilities, 3 were
having sorting facilities and 2 municipalities

Table 2.36: Number of Municipalities with Waste Weighing Facility in Transfer Centre

--

Metropolitan City (100.0)
Sub-Metropolitan City 1(100.0)
Municipality 3(17.7) 14 (82.4)
Overall 5(26.3) 14 (73.7)

Note: Figures in parenthesis indicate percentage.

Daily Waste Transported from Transfer
Centre to Waste Management Centre

Number Reporting | Quantity (Ton/ Day)

(100.0) 1(100.0) 150.00
1(100.0) 1(100.0) 6.00
17 (100.0) 3(17.7) 9.10
19 (100.0) 5(26.3) 36.66

Table 2.37: Number of Municipalities Reporting Different Facilities in the Transfer Centre

Reporting at Total Using
Cat @ ti S ti Sorti Oth
ategories ompaction egregation orting LeastOne | Transfer Centre

Metropolitan City (100.0)

Sub-Metropolitan City 1(100.0)
Municipality 4 (100.0) 3(75.0)
Overall 5(83.3) 4 (66.7)

Note: Figures in parenthesis indicate percentage.

(100.0) 1(20.0)

1(100.0) 1(100.0) 1(9.1)

3(75.0) 1(25.0) 4(30.8) 13 (5.1)
3(50.0) 2(33.3) 6 (40.0) 15 (5.5)
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Table 2.38: Number of Municipalities Taking Measures to Prevent Foul Smell at the Transfer Station

Metropolitan City (100.0
Sub-Metropolitan City 1(100.0
Municipality 3(23.1

Overall 5(33.3

Note: Figures in parenthesis indicate percentage.

were having other facilities to reduce the vol-
ume of wastes (Table 2.37). The limited facilities
available with the municipalities are an indica-
tion of inadequate waste management practices
of the municipalities.

In order to control the foul smell of the wastes,
transfer stations are essential in waste man-
agement as these are located close to the settle-
ments, market centres, roads, health facilities
(hospitals, health centres, clinics), educational
institutes, etc. In this survey, only 5 municipal-
ities reported that they are having the transfer
stations for controlling the foul odour indicat-
ing large number of municipalities not having
transfer stations for controlling bad smells of the
wastes (Table 2.38).

In solid waste management, other necessary
equipment/facilities include front end loaders,
cranes, conveyor, walking floors, compactors,
etc. But these equipment were available for very
few municipalities, i.e. only 2 municipalities re-
ported to have front end loaders, 2 were having
conveyors, 3 were having walking floors and 3
were having compactors. Among the municipal-
ities, 8 municipalities were adopting measures
to prevent negative effects in the environment
while transporting the waste from transfer sites.
These included 1 metropolitan city, 1 sub-met-
ropolitan city and 6 municipalities.

2.6.3 Waste to Energy

Waste to energy is a process to covert the waste
into energy which is becoming popular globally.
But, this process requires use of effective tech-
nological processes. Among the surveyed mu-
nicipalities, only 3 municipalities were produc-
ing energy from waste. These were Kathmandu

203

(100.0)

1(100.0)

8(61.5) 2(15.4) 13 (100.0)
8(53.3) 2(13.3) 15 (100.0)

and Lalitpur Metropolitan cities from Bagmati
Province, and Pokhara Metropolitan City from
Gandaki Province.

2.7 RESOURCES AVAILABLE
FOR WASTE MANAGEMENT

The survey revealed that the most of the mu-
nicipalities own one or other types of vehicles
for transporting the wastes. Out of the total
surveyed municipalities, 232 (85.6%) were hav-
ing at least one or other type of transportation
means. The higher numbers of municipalities
(70.7%) were having tractor/power tiller fol-
lowed by 61.6% municipalities were having
tippers/trucks and (23.7%) municipalities were
having dozer. Other means of waste transpor-
tation pose by the municipalities include mini
trucks/pick-ups, loaders, excavators, boom-
ers, jet machines, rickshaw, etc. Among others,
tractor/power tillers and tripper/trucks were
the major means of transportation commonly
used in the municipalities. In average, most of
the municipalities were having more than 1.0
tractor/power tiller and 1 tripper/truck. The
limited waste transportation facilities with the
municipalities clearly suggest their constraint in
the solid waste management.

2.8 WASTE MANAGEMENT
METHODS

The survey revealed different waste manage-
ment practices adopted by the municipalities.
Most of the municipalities were adopting one or
more methods of waste management. The three
main methods of waste management adopted
by all the municipalities were: i) piling up in
landfill site by 48.6% municipalities, ii) burning
by 32.1% municipalities, and iii) piling up in the
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Table 2.39: Percentage of Municipalities Reporting the Management of Waste Collected

Percentage of Municipalities Reporting

v o~
o 9z
9 < — = o

5 = - 9 o ©
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Metropolitan City 40.0 60.0 20.0 40.0 40.0 5
Sub-Metropolitan City 20.0 60.0 20.0 30.0 30.0 50.0 10.0 10
Municipality 8.6 47.7 27.9 208 320 11.7 10.2 197
Overall 9.9 48.6 274 20.8 32.1 14.2 9.9 212

(Due to multiple responses, total may not add-up to 100)

river side by 27.4% municipalities (Table 2.39).
Among the municipal categories, the 60% of the
metropolitan cities and sub-metropolitan cities
and 47.7% of municipalities were adopting pile
up of the wastes in the landfill sites.

2.9 RECYCLE AND REUSE OF
WASTE

Among the total municipalities surveyed, 212
(78.2%) municipalities reported handling wastes
in different ways. Out of them, 30 (14.2%) mu-
nicipalities were recycling their waste and those
included 2 metropolitan cities, 5 sub-metropol-
itan cities and 23 municipalities. By munici-
pality categories, 50% metropolitan cities, 40%
sub-metropolitan cities and 11.7% municipali-
ties were recycling their wastes. Although, the
municipalities were involved in recycling of
waste, the quantity used for recycling was low.
The recycled quantity of the waste account only
4.1% of the total waste collected. In the present
context of involvement of less number of the
municipalities in recycling of waste using fewer
amounts of waste materials, there is a good op-
portunity to scale up the waste recycling in the
municipalities. Similarly, manure making was
also low among all the municipalities with an
average of 9.9%. The practice of manure making
was higher among the metropolitan cities (40%)
followed by the sub-metropolitan cities (20%)
and the municipalities (8.6%).

2.10 LANDFILL SITES

Among the total municipalities surveyed, 114
(42.0%) municipalities were using the landfill-
ing practices, 117 (43.2%) municipalities were

not practicing the approaches and remaining
40 (14.8 %) municipalities did not respond about
the landfill sites. In this connection, 60% of the
metropolitan cities, 63.3% of sub-metropolitan
cities and 40.8% of the municipalities were us-
ing landfilling practices. Among the municipal-
ities using the landfilling practices, 85.1% were
having their own landfilling sites against 14.9%
who were using others’ landfilling sites.

Among 117 municipalities reporting landfilling
practices, only 88 municipalities further report-
ed about nature of landfilling they were practic-
ing (i.e., landfill sites and open dumping). Out
of them, 72 municipalities (6 sub-metropolitan
and 66 municipalities) were using open dump-
ing, whereas 16 municipalities (2 metropolises,
1 sub-metropolis and 13 municipalities) were
practicing sanitary landfill (Figure 2.11). Out
of the total (5), 40% metropolitan cities report-
ed that they are using sanitary landfill, 9.1%
sub-metropolitan and 5.1% municipalities were
using the sanitary landfills. The less reporting
of landfill sites and their use by the municipali-
ties is a clear reflection of need of increasing the
practice of sanitary landfill for wastes and their
proper management in the municipalities.

In the sanitary landfills, for the municipalities,
adequate area for landfill sites is critically im-
portant for waste management. Among the mu-
nicipalities which reported the information, the
average area of their landfill sites was 1.5 ha (Ta-
ble 2.40). However, the area varied with the type
of municipalities. The sub-metropolitan cities
showed the higher land area (3 ha per landfill
site) followed by the municipalities with hav-

204



27

Waste Management Baseline Survey of Nepal 2020

Fig 2.11: Use of Landfill Sites by the Municipalities

Categories .None .Open .Sanitary

100%

75%

50%

Waste disposal practice(%)

25%

0%

Metropolitain

ing 1.4 ha and metropolitan cities with having
0.3 ha. These data suggest that the metropolitan
cities have been greatly constrained by limited
land area available for landfill sites.

In terms of capacity of landfill sites, the capacity
varied from 22516 m3 for the municipalities to
115000 m3 for the metropolitan cities and 68293
m3 for the sub-metropolitan cities. The average
capacity of the landfill site for the municipalities

Table 2.40: Number of Municipalities Reporting the Area of Landfill Site and their Capacity

Municipalities Reporting Area of Landfill Site Average Area of | Average Capacity of
Reporting Area | Not Reporting Area | Total Reporting | Landfill Site (ha) | Landfill Site (m3)
0.3

Sub-metropolitain

Municipality

Municipality type

was 29877 m3. Among the surveyed municipal-
ities, only 66 municipalities reported about the
area of landfill sites.

In terms of land(fill sites capacity, it also varied
with the municipalities located in different eco-
logical zones. In terms of their waste disposal
capacities, the landfill sites of Terai revealed
higher capacity in compared to the municipal-
ities of the mountains (Table 2.41).

Metropolitan City 2(100.0) 2(100.0) 115,000
Sub-Metropolitan City 5(71.4) 2 (28.6) 7 (100.0) 3.0 68,293
Municipality 59 (67.1) 29 (33.0) 88 (100.0) 1.4 22,516
Overall 66 (68.0) 31(32.0) 97 (100.0) 1.5 29,877

Note: Figures in parenthesis indicate percentage.

Table 2.41: Number of Municipalities Reporting the Area of Landfill Site in Different Ecological Zones

. Municipalities Reporting Area of Landfill Site Average Area of | Average Capacity
Categories

Reporting Area | Not Reporting Area | Total Reporting | Landfill Site (ha) | of Landfill Site (m3)
1.9

Mountain 6 (54.6) 5(45.5) 11 (100.0) 18,586
Hill 39 (78.0) 11 (22.0) 50(100.0) 14 25,630
Terai 21 (58.3) 15 (41.7) 36 (100.0) 1.7 43,817
Overall 66 (68.0) 31(32.0) 97 (100.0) 1.5 29,877

Note: Figures in parenthesis indicate percentage.
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Table 2.42: Distribution of Landfill Sites by Distance from Main City

Distance from Main City (km

Cateqories _ Average Distance
J Upto 1 km WS Ueiz! from Main City (km)
5km Reportlng Reporting

Metropolitan City

Sub-Metropolitan City 1(14.3) 3(42.9)
Municipality 13 (14.8) 53 (60.2)
Overall 14 (14.4) 56 (57.7)

Note: Figures in parenthesis indicate percentage.

Among other, location of landfill sites is very im-
portant for the municipalities. The landfill sites
close to the city areas and settlements are often
problematic in many ways. The survey revealed
varied distances of landfill sites with different
categories of the municipalities. The average dis-
tance of landfill sites was 4.3 km with the higher
average distance (17.5 km) for the metropolitan
cities as compared to the sub-metropolitan cities
(4.4 km) and the municipalities (4.0 km) (Table
2.42). Out of the total landfill sites, the higher
numbers (57.7%) of landfills were 1-5 km away,
whereas 20.6% of the landfill sites were located
more than 5 km away from the main city areas.

The landfill sites of the municipalities were es-
tablished in different periods. In this connec-
tion, 86 municipalities could specify the years
of establishment of landfill site. As a whole, the
average year of landfill site establishment was
5.7. However, the corresponding figure for the
metropolitan city was higher (15.5 years) as
compared to the sub-metropolitan cities and
municipalities. It is to be noted that maximum
numbers (71) of landfill sites of the municipali-
ties were established after 2070 BS.

Similarly, the survey revealed the average life
span of the land(fill sites to be 16.3 years with the

Average Depth of Waste (m3)

Municipality
Overall

3(42.9)

Table 2.43: Distribution of Landfill Sites by Average Depth of Waste

2(100.0) 2(100.0) 17.5

7 (100.0) 44

15(17.1) 7 (8.0) 88(100.0) 4.0
20 (20.6) 7(7.2) 97 (100.0) 4.3

lower value (6.5 years) for the metropolitan cities
which has been attributed to the lower land area
and capacity against relatively large volume of
waste generation. The average life span of landfill
sites of municipalities was nearly 3 times higher
than that of the metropolitan cities. The capaci-
ty of the landfill sites is normally determined by
their land size as well as the depth that holds the
waste. In case of the considered landfill sites, the
average depth was 14.2 m (Table 2.43).

The landfill sites of the municipalities were lo-
cated at varied distance from the permanent
settlements. The average distance of the landfill
sites was 1.7 km from the main settlements (Ta-
ble 2.44). About 41% landfill sites were located
more than 1 km away from the main settlements.

Considering the facilities available in the landfill
sites, very few landfill sites consisted of leach-
ate treatment facility. Out of the total 97 landfill
sites under operation, only 7 sites were having
treatment facilities (Table 2.45). Only 6 sites were
having leachate control system, 5 were having
leachate drainage system and 3 were having
leachate treatment system. The few landfill sites
with leachate treatment facilities with the mu-
nicipalities reflect the need of activities for the

Average Tentative

Categories U 10 111020 More than Total Life Span of Landfill
e © Reportlng Reporting Sites (Year)

Metropolitan City

Sub-Metropolitan City 2(28.6) 1(14.3)
22 (25.0) 2(2.3)
24 (24.7) 3(3.1)

Note: Figures in parenthesis indicate percentage.

2(100.0) 2(100.0) =

4(57.1) 7 (100.0) 11.2

6 (6.8) 58 (65.9) 88(100.0) 14.5
6(6.2) 64 (66.0) 97 (100.0) 14.2
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Table 2.44: Distribution of Landfill Sites by Distance from Permanent Settlement

Distance from Permanent Settlement (km) Average Distance

Categories

Up to0.5 | 05 to 1. More than Total from Permanent
1.0 km Reportlng Reporting Settlement (km)

Metropolitan City (50.0) 1(50.0) 2 (100.0) 0.75
Sub-Metropolitan City 3(42.9) 3(42.9) 1(14.3) 7 (100.0) 0.81
Municipality 16 (18.2) 24 (27.3) 39 (44.3) 9(10.2) 88 (100.0) 1.79
Overall 20 (20.6) 28 (28.9) 40 (41.2) 9(9.3) 97 (100.0) 1.69

Note: Figures in parenthesis indicate percentage.

Table 2.45: Number of Municipalities Reporting Leachate Control, Leachate Drainage and
Leachate Treatment System

Leachate Leachate Leachate Reporting at | Total Operating
Categories
Control System Drainage System | Treatment system Least One Landfill Sites

Metropolitan City (50.0) 1(50.0) (50.0) (50.0)

Sub-Metropolitan City 1(14.3) 1(14.3) 1(14.3) 7
Municipality 4 (4.6) 3(34) 2(2.3) 5(5.7) 88
Overall 6(6.2) 5(5.2) 3(3.1) 7(7.2) 97

Note: Figures in parenthesis indicate percentage.

leachate management and control further con-
tamination of the surrounding environment.

The survey also provided important information
about the future planning of the municipalities on
establishing landfill sites and waste management.
Out of the total (271) municipalities surveyed, 102
(37.6%) municipalities reported their plans to con-
struct landfill sites. Among the 102 municipali-
ties, 42.2% were planning to construct the landfill
sites in the existing sites; whereas 57.8% munici-
palities were planning to construct the landfill
sites in new area. Only 10 (9.8%) municipalities
reported that they were planning to have 2 land-
fill sites in future. The planned landfill sites of the
municipalities were estimated to have an average
area of 0.5 ha and will be at 3.3 km average dis-
tance from the main city. Among the 102 munici-
palities, 41.2% have plans to complete the landfill

Table 2.46: Number of Municipalities Reporting the Type of Waste Management Plan

sites by 2078 BS; whereas remaining municipali-
ties reported to complete the sites in or after 2079
BS. The estimated lifetimes of the planned landfill
sites vary substantially. Among the total planned
landfill sites, 26.5% will have the lifespan less than
10 years, 30.4% will have 11 to 20 years and 22.6%
will have more than 20 years lifespan.

211 WASTE MANAGEMENT

PLANS

2.11.1 Waste Management Planning
and Monitoring

The survey revealed that municipalities have
formulated various plans for the solid waste
management. These plans are important tools
in providing guidance for waste management.
In total, 149 (55%) municipalities have prepared
their plans which were the basis to implement
the waste management activities (Table 2.46).

. Short (less than a Reportingat | Total Operating
t A I Pl Periodi
(Cegelies year) Plan finuatetan eriodic Least One Landfill Sites

Metropolitan City 2 (40.0) 3(60.0) 4 (80.0)

Sub-Metropolitan City 2(33.3) 4(66.7) 3(50.0) 6 (100.0) 6
Municipality 33(23.9) 102 (73.9) 42 (30.4) 131 (94.9) 138
Overall 37 (24.8) 109 (73.2) 45 (30.2) 141 (94.6) 149

Note: Figures in parenthesis indicate percentage.
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Table 2.47: Training and Awareness Campaign on Waste Management Conducted by

Municipalities During 2075/76

Metropolitan City 13.67
Sub-Metropolitan City 6.43
Municipality 4.63
Overall 4.96

The majority (109) of the municipalities showed
annual plans, 37 municipalities reported shorter
plans of less than one-year period and 45 munic-
ipalities reported to have periodic plans.

In waste management, monitoring is crucial as it
provides feedback to the decision makers of the
municipalities on various aspects of waste man-
agement. In this connection, 177 (65.3 %) munici-
palities were monitoring of waste management.
All the metropolitan and sub-metropolitan cit-
ies were performing monitoring; however only
63.1% of the municipalities reported their en-
gagement in waste monitoring activities. The
municipalities were monitoring and supervis-
ing different activities related to waste manage-
ment including the employee performance and
transportation of waste materials.

2.11.2 Awareness Raising for Waste
Management

The survey found many municipalities conduct-
ing training to enhance the skills and capacity
of the staff for waste management. In total, 182
(67.2%) municipalities were conducting training
program for their staff. On average, the munici-
palities conducted about 5 training programs to
their staff in 2075/76 with higher number (about
14) by the municipalities (Table 2.47). The aver-
age numbers of persons trained were 332 per

Cateqories Average Number of Average Number Average Number of Awareness
9 Trainings Conducted | of Persons Trained Campaigns Conducted

221
322
332

11.2
18.8
18.1

municipality. In 2075/76, each municipality or-
ganized on average 18.1 awareness campaigns.

2.11.3 Waste Management Plans and
Strategies

The waste management plans and strategies are
important for day to day operations of waste
management activities. The surveyed munic-
ipalities varied in terms of availability of their
plans and provisions and their implementa-
tion. Among the surveyed municipalities, only
99 (36.5%) municipalities reported their plans
and strategies on waste management. However,
higher (57.2%) proportion of the municipalities
showed lack of such plans and strategies (Table
2.48) and 6.3 % municipalities did not respond in
this aspect.

In the solid waste management, having strate-
gies in place are not enough to implement the
activities effectively. The provisions need to
be supported by operational level regulations
and procedures. Among 271 surveyed munici-
palities, only 54 (19.9%) of municipalities were
having the procedures (guidelines) on waste
management. Among the municipal catego-
ries, only 1 metropolitan city, 3 sub-metropoli-
tan cities and 50 municipalities were managing
their solid waste based on the guidelines. The
survey showed the lack of municipal level mea-

Table 2.48: Number of Municipalities Formulating Solid Waste Management Related Plans

and Strategies

Metropolitan City (100.0)
Sub-Metropolitan City 6 (54.6)
Municipality 88 (34.5)
Overall 99 (36.5)

Note: Figures in parenthesis indicate percentage.

(100.0)

5 (45.5) 1 (100.0)
150 (58.8) 17 (6.7) 255 (100.0)
155 (57.2) 17 (6.3) 271 (100.0)
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Table 2.49: Number and Percentage of Municipalities Imposing Punishment against Violators
of Solid Waste Related Laws by Type of Beneficiary

Municipalities Reporting Average Number Fined
x x

Categories

Business House/
Commercial Comple
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Metropolitan City 2 (40.0) 2(40.0) 1(20.0) 2(40.0) 4(80.0) 31.0 = 520 1.0
Sub-Metropolitan City 2(18.2) 2(182) 3(27.3) 1(9.1) 2(18.2) 5(45.5) 75 45 1370 11.0
Municipality 12(5.1) 6(2.6) 9(3.8) 2(09) 12(5.1) 26(11.1) 479 87 430 125
Overall 16(64) 8(3.2) 14(56) 4(1.6) 16(64) 35(13.9) 408 7.6 644 93

Note: Figures in parenthesis indicate percentage.

sures and guidelines as a major issue prevailing
among the majority of the municipalities.

The survey revealed that some of the munici-
palities have punitive measures in place and im-
plementing; but numbers of such municipalities
were few. For instance, 35 (12.9%) municipalities
were found to impose fines/punishments for
the violation of the rules, whereas nearly 80% of
the municipalities did not enforce any measures
and 7.4% of the municipalities did not respond
this aspect. In total, 4 (80%) metropolitan cities
imposed fines/punishments to the violators of
their rules and laws. These corresponding fig-
ures were comparatively low 5 (45.5%) among
the sub-metropolitan cities and only 26 (11.1%)
among municipalities (Table 2.49). The survey
revealed that lack of effective rules and their en-

forcement as the fundamental issue among the
municipalities for the poor waste management.
The municipalities impose fines to households,
institutions and business house/commercial
complex. The numbers of violators included 41
households, 8 institutions, 64 business house/
commercial complex and 9 others (Table 2.49).

2.11.4 Expectations from Federal and
Provincial Governments

Waste management is largely the responsibility
of the local governments. For the proper deliv-
ery of the responsibility, it requires adequate
resources, including human and financial re-
sources. The survey revealed, 257 (94.8 %) munic-
ipalities were expecting funds from the federal
and provincial governments indicating resource
constraint situation with them (Table 2.50; Table

Table 2.50: Number of Municipalities Reporting First to Sixth Priority Support from Federal

Government

% of Municipalities Reporting

Need Assessment

Total

C t H . .

ategories Pohcyn Technical on Waste Infrastructure Budget | Coordination | Other | Reporting (N)

Formulation | Expert | Managementand | Development
Basic Monitoring

Flr.St . 25.0 16.3 11.9 28.2 51.2 9.9 2.4 252
Priority
Se.co.n d 6.0 19.8 83 424 21.2 2.8 0.5 217
Priority
Th.lrd. 13.9 26.7 154 173 15.4 1.4 0.5 202
Priority
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% of Municipalities Reporting

Need Assessment

Categories Policy Technical on Waste
Formulation | Expert

Basic Monitoring
Fourth 204 204 16.0
Priority
Fifth

I .t . 18.2 18.9 27.0

Priority
Sixth 220 5.0 24.1
Priority

2.51). It implies that in absence of funds from the
federal and provincial governments, the munic-
ipalities would be facing difficulty in bringing
desirable improvement in waste management.
The municipalities expecting funds from the
federal and provincial governments included
all the metropolitan and sub-metropolitan cities
and 94.5% of the municipalities.

The survey showed that the municipalities have
placed their priorities for different supports from
the federal government. The majority (51.2%) of
the municipalities reported their first priority on
budget support from the federal government,
42.4% of the municipalities showed their pri-
ority on infrastructure development and 26.7%
expressed their priority on technical expertise
services (policy formulation, need assessment,
coordination, etc.).

Infrastructure
Managementand | Development

Total
Budget | Coordination | Other | Reporting (N)

17.7 6.1 18.8 0.6 181
6.3 6.9 226 159
2.8 3.6 42.6 141

Regarding the priorities for supports from the
provincial government, 52.5% of the municipal-
ities expressed their first priority on budget sup-
port from the provincial government, followed
by infrastructural development from provincial
government (Table 2.51).

In terms of establishing collaboration, only 84
(31%) municipalities were coordinating with
other agencies for waste management (Table
2.52). The higher (59.5%) of the municipali-
ties were coordinating with other agencies for
waste collection and management. Other areas
of municipal coordination were policy formu-
lation, need assessment, financial support and
infrastructure development. The municipalities
reported that thought coordination has been es-
tablished; they were not as effective as expected.

Table 2.51: Number of Municipalities Reporting First to Sixth Priority Support from

Provincial Government

% of Municipalities Reporting

Need Assessment

Categories Policy | Technical on Waste
Formulation | Expert

Basic Monitoring
F"tSt . 24.2 17.9 13.8
Priority
Se.coh d 58 15.9 6.8
Priority
Th.lrd. 124 23.2 21.1
Priority
Fourth 14.4 253 17.8
Priority

Infrastructure
Management and | Development

Total

Reporting
Budget | Coordination (N)

24.2 525 12.1 2.1 240
425 21.7 7.7 207
17.8 14.6 11.4 185
17.8 10.3 14.9 0.6 174
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% of Municipalities Reporting

Need Assessment Total

Categories Policy Technical on Waste Infrastructure Reporting

Budget | Coordinati Oth
Formulation | Expert | Managementand | Development vaget | Loordination =t (N)

Basic Monitoring

Fifth

o 184 21.5 26.0 5.1 5.1 24.7 158
Priority
Sixth
D.( . 29.5 58 18.7 5.0 14 39.6 139
Priority

Table 2.52: Number of Municipalities Reporting Various Coordinating Activities for Waste
Management

% of Municipalities Reporting

Total

Categories Reporting (N)

Infrastructure

-
c
]
S
(9]
o)
©
c
©

=

Policy Formulation
Technical Expert
Need Assessment on
Waste Management
and Basic Monitoring
Financial Support
Development
Capital Equipment

ge]
c
©
c
o
=
(o}
9
©
()
U
L
(%)
2

Metropolitan City 50.0 50.0 50.0 50.0 50.0

Sub-Metropolitan City 625 125 625 125 250 50.0 375 125 8
Municipality 59.5 284 419 324 29.7 284 176 189 74
Overall 595 262 441 29.8 29.8 31.0 202 179 84
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Il CHALLENGES AND NEEDS

3.1 CHALLENGES OF THE
WASTE MANAGEMENT

Urban areas of Nepal are facing several chal-
lenges in waste management. Currently, only
45% municipalities have sewerage services and
9.4% households are connected with the un-
derground drainage systems indicating limited
sanitation facilities. The present increasing pace
of urbanization and urban population growth
are putting immense pressure on utility services
like water and sanitation services. In the context
of increasing challenges in waste management,
the initiatives made addressing these issues are,
however, limited. Issues related to municipal
waste management need further improvement
under the present federal structure in which
the roles and responsibilities of waste manage-
ment and sanitation lies with the municipalities.
Apart from these, lack of adequate institutional
structures and legislative measures along with

inadequate coordinating mechanism among the
three levels of governments (federal, provincial
and local) yet remains as a major issue.

The survey provided crucial data that the mu-
nicipalities have considered waste management
as a major challenge. Among the 247 municipal-
ities who reported the challenges, 147 (59.5%)
municipalities reported municipal waste man-
agement as a major challenge, 122 (49.4%) mu-
nicipalities reported low level of awareness
and 113 (45.8%) municipalities regarded lack
of landfill sites as the major challenge of waste
management (Table 3.1).

3.2 NEEDS OF THE
MUNICIPALITIES

The survey revealed various needs and supports
expected by the municipalities. The higher num-
ber (121) of municipalities expressed the need of

Table 3.1: Number of Municipalities Reporting Challenges in Waste Management

Metropolitan City | Sub-Metropolitan City Municipality

Low Awareness 2 (40.0)
Insufficient Budget
2 (40.0)

3 (60.0)

Lack of Resources
Landfill Site Problem
Human Resources Shortages

Planning

Waste Management (80.0)

Appropriate Technology
Inadequate Infrastructure
Law/ Regulations

Geographical Difficulties/

Scattered Settlements 1(20.0)
Policies and Guidelines

Collaboration with Private
Organizations/CBOs
Coordination Among 3 Level
of Governments

Reporting at Least One 5(100.0)
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7 (63.6) 113 (48.9) 122 (49.4)
1(9.1) 61 (26.4) 62 (25.1)
4(36.4) 51 (22.1) 57 (23.1)

3(27.3) 107 (46.3) 113 (45.8)
55 (23.8) 55 (22.3)

11 (4.8) 11 (4.5)

5 (45.5) 138 (59.7) 147 (59.5)
1(9.1) 6 (2.6) 7 (2.8)
1(9.1) 25(10.8) 26 (10.5)
1(9.1) 1(0.4) 2(0.8)
2(18.2) 31(13.4) 34 (13.8)
30 (13.0) 30(12.2)

1(9.1) 15 (6.5) 16 (6.5)
12 (5.2) 12 (4.9)

1(100.0) 231 (90.6) 247 (91.1)
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trained human resource and 120 municipalities ported need of sufficient budget for waste man-
reported need of constructing landfill sites (Ta- agement. The municipalities expressed further

ble 3.2). Likewise, 105 (43.4%) municipalities re- needs for the MSW (Table 3.2).

Table 3.2: Number of Municipalities Reporting the Current Need in Waste Management Sector

Metropolitan City | Sub-Metropolitan City Municipality

Allocate Enough Budget 4 (36.4) 101 (44.7) 105 (43.4)
Build Landfill Sit lit

ulld Landfll Site (Quality/ 3(60.0) 5 (45.5) 112 (49.6) 120 (49.6)
Sufficiency)
Increase Awareness 4 (80.0) 2(18.2) 76 (33.6) 82(33.9)
Increase/Train Human Resources 2 (40.0) 4 (36.4) 115 (50.9) 121 (50.0)
Increase Machines/ Tools/Other 1(20.0) 8(72) 93 (41.2) 102 (42.2)
Resources
Infraétructure (Build/Improve 30273) 41(18.1) 44(182)
Quality)
P Plan for W.

repare Plan for Waste 8(3.5) 8(33)
Management
Formulate Law/ Policies and 2(182) 37 (16.4) 39(16.1)
Implement
Sort/ Dispose/ Recycle Waste 4 (80.0) 6(54.6) 48(21.2) 58 (24.0)
Beneficiary (People)
Mobilization 104 104
Coordination Among 3 Level of 23(102) 23 (9.5)
Governments
Increase P.rlvate Public 2(182) 12 (5.3) 14.(5.8)
Partnership
Apply Fine/ Punishment 1(20.0) 4(1.8) 5(2.1)
Other 1(0.4) 1(0.4)
Reporting at Least One 5(100.0) 11 (100.0) 226 (88.6) 242 (89.3)
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WAWASTE SECTOR BASELINE
WITH NATIONAL SDG

INDICATORS

4.1 SDGS FRAMEWORK ON

WASTE MANAGEMENT

The SDGs framework provides a broader guide-
line on the targets and potential areas of inter-
ventions to attain the set goals in specific areas
of development. The SDG-11 articulates about
the municipal and other wastes management
and also outlines interventions that contribute
to effective waste management and attain SDGs
goals both globally and country levels. The
SDG-11, target 6 proclaims that “By 2030, reduce
the adverse per capita environmental impact of
cities, including by paying special attention to
air quality and municipal and other waste man-
agement”. In consistent with the SDG-11, target
6, Nepal has set two targets and indicators in the
municipal waste management (Table 4.1).

Currently, about 45% municipalities have sew-
erage services and almost all (98%) hospitals
segregate their waste. The SDGs aspires to at-
tain 100% in municipal sewerage services by
2022. Similarly, it also envisions achieving 100%
hospital waste segregation by 2022.

4.2 SURVEY FINDINGS VIS
A VIS SDGS GOALS AND
TARGETS

The survey has generated some important facts
on the waste generation and waste management
in different categories of municipalities. These
data not only provide baseline status for the

many parameters related to different types of
waste in the municipalities, but also give ade-
quate insights for future planning and strategies
for the municipal waste management. The key
findings in relation to future waste management
and the attainment of SDG goals and targets
have been analyzed briefly hereunder.

Waste collection: Nepal has limited literatures
on the waste collection and management sector.
The waste generation of Kathmandu City was
estimated to be 0.23 kg/capita/day and was
compared with the figures of other cities of the
neighbouring countries. The figures for some of
the cities were: Gazipur city of Bangladesh - 0.25
kg/capita/day, Thimpu of Bhutan - 0.54 kg/
capita/day, Lahore of Pakistan - 0.84 kg/capi-
ta/day and Doddaballapura of India - 0.28 kg/
capita/day (Rijal & Adhikari, 2015).

Based on the waste generation and waste collec-
tion data, Table 4.2 presents the SDG indicator
11.6.1 “proportion of municipal solid waste col-
lected and managed in controlled facilities out
of total municipal waste generated, by cities”
for the municipalities. The overall value of the
indicator was 0.50. The highest value (0.60) was
observed for the metropolitan cities and lowest
value (0.48) for the municipalities (Table 4.2).
The indicator was however, not considered for
wastes collected and managed in controlled fa-
cilities, as most of the municipalities do not have
such arrangements.

Table 4.1: SDG Targets and Indicators on Municipalities’ Waste and Sanitation

Municipalities with sewerage services (%)

2 Private hospitals segregating waste (%)
Source: NPC (2015)
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SDG Indicator 11.6.1

Hazardous waste: The inorganic and toxic
waste generated in the cities is likely to cause
adverse impacts to the environment and the
people. Inorganic waste generated by the met-
ropolitan cities amounted to 7100 mt in 2075/76
with lower figures (1526 mt) for the sub-metro-
politan cities and 552 mt for the municipalities.

The overall average quantity of other waste
comprising hospital waste, e-waste, toxic and
others amounted to 380 mt in 2074/75, 283 mt
in 2075/76 and 283 mt in 2076/77. The quanti-
ty of waste collected by metropolitan cities was
about 20 times higher than the quantity col-
lected by the municipalities. Managing these
wastes, although small, pose further challenge
to the respective municipalities as these wastes
are riskier and hazardous for people and the
surrounding environment. The limited institu-
tional experience and capacity of the municipal-
ities, as most of which are established after state
restructuring in federal structure, further add
challenges in the municipal waste management.

Waste generated from the health care facilities
(hospitals, clinics, medical research centres, and
laboratories) is known as the healthcare waste.
About 80% of such waste is normally non-haz-
ardous in nature, about 20% of them are hazard-
ous (infectious waste, pathological waste, chem-
ical waste and sharps). It is important to think
that although only about 20% of the healthcare
waste is hazardous, if all the fractions of the
wastes are mixed together, all of the waste be-
comes hazardous.

Intermediate facilities: The municipalities pos-
sessed very limited waste handling facilities
which constrained them to manage the waste
efficiently. Among the surveyed municipalities,
only few (15) municipalities were using differ-

Table 4.2: Annual Waste Collection to Generation Ratio in the Municipalities

Year Metropolitan Cities (mt) | Sub-Metropolitan | Municipalities (mt) | Average (mt Municipality)
2075/76 Cities (mt)
0.68 0.48 0.50

ent facilities to manage the waste in the transfer
station and 5 municipalities were having com-
paction facilities, 4 were having segregation
facilities, 3 were having sorting facilities and 2
were having other facilities to reduce the vol-
ume of wastes. The limited facility is an indica-
tion of inadequate waste management practices
of the municipalities. Thus, concerned govern-
ment agencies should emphasize in making the
basic facilities available to the municipalities to
handle the waste efficiently.

Waste treatment plants: Waste treatment facili-
ties are available in limited municipalities which
is an underlying factor for poor waste manage-
ment. Among the surveyed municipalities, only
8 municipalities responded about the manage-
ment of treatment plants with no further details.
There is an urgent need to set up treatment facil-
ities in the municipalities.

Leachate treatment facility: Out of the total
97 landfill sites under operation, only 7 sites
reported as least one or other type of leachate
treatment system. Among the landfill sites, 6
sites had leachate control system, 5 had leachate
drainage system and 3 had leachate treatment
system. The existence of few landfill sites with
leachate treatment facilities confirms poor treat-
ment facilities among the many municipalities.

Waste recycling: the survey showed 30 (14.2%)
municipalities were recycling the waste indicat-
ing the poor waste management in the urban
areas. These included 30 municipalities (2 met-
ropolitan cities, 5 sub-metropolitan cities and 23
municipalities). Similarly, only 9.9% municipal-
ities were using waste to produce manure. Thus,
additional efforts need to be paid for recycling/
reusing the municipal waste.
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Low level of awareness: Awareness raising
among the stakeholders is key to make munici-
pal waste management efficient and functional.
However, the low level of awareness was found
in the present conditions.

Revenue generation: Revenue generation of

the municipalities was very low in most cas-
es. Among the surveyed municipality, only 83

217

(30.6%) municipalities were collecting fees for
waste management. The large shares of the mu-
nicipalities” resources were generated from the
federal government. Among the municipalities,
129 (51.2%) municipalities showed their expec-
tation of budget from the federal government
which clearly indicates weak financial position
of the municipalities for investing in the munic-
ipal waste management.
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CONCLUSIONS

Waste collection and management is an integral
part for the sustainable development of the mu-
nicipalities. The first step of scientific and effective
waste management starts from the categorization
and collection of waste from the primary sources
where they are generated. However, this remains
as a major issue for most of the municipalities as
many of them are newly established with limited
institutional experience and capacity. The limited
waste handling, collection, transport, resource re-
covery and safe disposal capacity of the many mu-
nicipalities appear as the major constraints for the
municipalities. The specific waste management
issues of the municipalities include- limited waste
handling equipment, lack of adequate internal
revenue, high dependency on the federal govern-
ment for budget, very few waste transfer stations,
lack of adequate and appropriate landfill sites, etc.
In addition, lack of long term and holistic waste
management plans of the municipalities and their
effective implementation further elevates the chal-
lenges of the waste management.

It is expected that waste generation is likely to
increase further in the years to come. The in-
creasing consumption and production activities
in all the subsectors of economy along with the
population growth, settlements, urbanization,
industrialization, etc. will contribute increased
waste generation. In the context of increasing
waste generation, effective measures to respond
the challenges have to be planned. Among all,
the local governments have to play vital role in
planning and implementation specific activities
for waste management, remaining within the
national framework of waste management plans
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and policies. The holistic and integrated waste
management plan needs to be developed for the
municipal waste management. This plan should
especially focus in strengthening in-house ca-
pacity in handling waste through human re-
source development, database management
and effective training and skill enhancement of
the municipalities” staff. The survey also neces-
sitates the need of developing waste treatment
plants, locating effective landfill sites, including
waste transfer stations with adequate space and
capacity to handle and manage the waste for the
medium and long runs. Procurement and oper-
ation of efficient intermediate facilities for waste
transportation, sorting/grading, compaction
and management also helps in SWM. The mu-
nicipalities can also develop efficient measures
to convert waste to energy including recycling,
reusing of waste and production of manure for
use in farming. More scientific and inclusive
basis of tariff collection can be initiated against
waste collection and management to increase in-
ternal resource generation of the municipalities.

Increased programs on public participation and
awareness raising among the citizens, and roles
and responsibilities of other agencies (private
and public sectors) are crucial in the manage-
ment of solid wastes. Effective coordination
with concerned local level stakeholders helps
in managing the wastes efficiently. Similarly,
strengthening data management systems, de-
veloping effective waste handling procedures
and establishing strong institutional mecha-
nisms help to respond solid waste management
challenges.
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Phone : 4-262534, Fax : 4-262565
Government of Nepal

j Population

plapdu, Nepal

Hon'ble Khaga Raj Adhikari
“‘#‘" Minister for Health and Population
B At Bl B st .

Message

It is my great pleasure to present the Health Care Waste Management Guideline 2014. In Nepal
health-care waste typically generates from different sources: health-care facilities, health
campaigns and emergency relief assistance. Health-care services in a clean environment always
aim to reduce health problems and to prevent potential health hazards. In doing so, however,
waste is often generated that is potentially harmful to public health and the environment. Some
categories of waste are very hazardous in nature and can impose risk on health-care workers,
waste transport staff, patients and their attendants too, if they are not managed properly. Poor
waste management and poor sanitation in health-care facilitics can promote other unforeseen
health risks such as hospital-acquired infections, sharp injuries to anybody or even further spread
of communicable diseases in the communities. Hence proper management of health-care waste
poses a great challenge in the health sector, especially health care providing facilitities.

In developing countries like Nepal, where many health concerns often compete for very limited
resources, the management of health-care waste must be given priority. Although some of the
national level hospitals in this country have started very encouraging initiatives towards the safe
management of health-care wastes, in majority of health-care facilities hazardous wastes are still
being dumped haphazardly. In this scenario, 1 hope this health care waste management guideline
will help to raise awareness among the all stakeholders about the importance of safe management
of health care waste. This guideline will be very useful to understand the various types of health
care wastes and practical ways to assess and improve health care waste management at every
step from generation to disposal in a variety of settings.

Lastly, I would like to extend my sincere thanks to Dr. Senendra Raj Uprety, Director General,
Department of Health Services for his dynamic leadership during the preparation of this
guideline. | would also like to thank all those involved in preparing this guideline.

Khaga Raj Adhikari
Minister
30 July 2014
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21 July 2014

Foreword

Health care waste management is the responsibility of all health care facilities or the ones who produce
waste. Various fatal infections such as HIV/AIDS, hepatitis B can spread as the result of the
mismanagement of health care waste. Health care institutions in Nepal are lacking organized and
systematic health care waste management practices. Many of these facilities have not adopted proper
segregation, collection, transportation, treatment and disposal of health care waste till date. Currently, it
is the common phenomena that the general wastes are being mixed with the highly infectious waste and
are being disposed at municipality containers.

It is my immense pleasure to know that the present painstaking initiative has focused on the health care
waste management issues in our country. | envisage that the present guideline for health care waste
management will definitely bring some positive vibes towards the proper and scientific management of
health care waste. | believe that this guideline will beacon the strategies to adopt the best available
technique and the best environmental practice in terms of available resources for the proper management
of health care waste

I would like to thank most sincerely Ms. Shrijana Shrestha, Senior. Public Health Administrator
(DoHS), Mr. Terrence Thompson, Senior Environmental Health Advisor (WHO) and Dr. Sudan Raj
Panthi, NPO (WHO) for their untiring efforts in bringing out this guideline. I also thank all those
personnel who contributed to the guideline. This guideline will encourage the use of appropriate, safe
and cost-effective methods and techniques for the segregation, collection, transportation, storage,
treatment and final disposal of health care wastes.

Finally, I wish to request all the concerned stakeholders to be united in ensuring consistent and
persistent support for the successful implementation of this guideline in all health care facilities in our

Dr. Praveen Mishra
Secretary
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Government of Nepal Tel. 4261436
Ministry of Health & Population 4261712

DEPARTMENT OF HEALTH SERVICES

- Pachali, Teku
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Ref. No. i&tf- ’ ; Date Fiiainisiisiss
Foreword

Health care waste management is one of the major public health problems and burning issues
in the present context. Health care sector is expanding and generating large quantities of
health care wastes and there is lack of proper health care waste management system in these
health care facilities. Health care wastes are either dumped alor.g with household wastes in
the landfill site or burned openly.

Health care wastes are hazardous in nature and therefore requires special precautions and
arrangements for the proper management which is different from other household wastes.
Systematic and coordinated approach is important for the proper and safe segregation,
collection, storage, treatment and final disposal of health care wastes.

Solid Waste Management Act 2011, indicates that it is the prime responsibility of the waste
producers to manage wastes properly. The present health care waste management guideline is
remarkable step for the proper management of health care wastes. This guideline provides
practical information regarding safe, efficient and environment-friendly waste management
options in the context of Nepal.

I offer special thanks to Ms. Shrijana Shrestha, Senior Public Health Administrator (DoHS),
Mr. Terrence Thompson, Senior Environmental Health Advisor (WHO) and Dr. Sudan Raj
Panthi, NPO (WHO) for their hard work and dedication in bringing out this guideline. I
express my sincere thanks to all the contributors including Civil Service Hospital HCWM
team and other organizations involved in the preparation of this guideline. I am particularly
grateful for the support provided by WHO Nepal.

(Dr. Senendra Raj Upreti)
Director General
22 July 2014
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Acknowledgement

Government of Nepal, Ministry of Health and Population has been providing different health
services; preventive, curative, promotive and rehabilitative services to people of Nepal. It is
Government's commitment to provide quality health services. Recent Health Policy 2014 of
Nepal focuses on good quality health services. As we know, infection prevention is one of
the important aspects of quality health services and it is important at all levels; primary,
secondary and tertiary levels of health facilities. Proper management of health care wastes
can contribute to reduce infection prevention.

Management of health care wastes in different health care facilities is still seen as a big
challenge in resource constraint setting like Nepal. Different diseases are being transmitted in
health care facilities due to improper management of health care wastes. Health care facilities
are emerging and expanding day by day and generating huge quantities of wastes including
hazardous wastes. The majority of health care facilities dispose wases in a haphazard way
causing human and environment in danger. Therefore, health care wastes should be managed
properly. | am hopeful that this guideline will help users to practice general and hazardous
wastes in a proper and safe way, which is need of the country.

I would like to offer my sincere appreciation to Ms. Shrijana Shrestha, Senior Public Health
Administrator (DoHS), Mr. Terrence Thompson, Senior Environmental Health Advisor
(WHO) and Mr. Sudan Raj Panthi, NPO (WHO) for their tireless efforts in bringing out this
guideline. I would also like to extend my sincere appreciation to all the contributors from
Government and non Government organizations including Civil Service Hospital and Bir
Hospital who helped to bring this guideline.

Finally, I hope this guideline will be helpful in the proper management of health care wastes
in health care facilities and will improve the current situation in Nepal.

Dr. Bhim Acharya
Director
26 July 2014
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1.1

1.2

1. Introduction
Background

The goal of ‘Health for all’ through primary health care approach was set by World Health Assembly.
The Interim Constitution of Nepal 2063 has given emphasis that every citizen has right to a clean
environment and right to basic health care. Government of Nepal has a major concern in providing
good quality of health services to all the people in the country. Different types of diseases and problems
that the country is facing are being solved through different programs by governmental and non-
governmental organizations. One of the major problems the country is facing is proper management of
health care waste (HCW). Poor management of HCW causes high risk of infection and environmental
pollution. Health care wastes not only affect the waste generators but also the waste handlers and
general public. One of the manifested impacts of mismanagement of HCW is the alarming incidence
of hospital acquired infection.

HCW includes all the wastes generated by health-care establishments, research facilities, and
laboratories (WHO, 1999). According to Solid Waste Management Act 2011, medical waste means
the hazardous waste produced and discharged from hospitals, clinics, pharmacies, dispensaries,
blood banks, pathology laboratories, veterinary institutions and health research centers. Health care
facilities (HCF) generate large amount of diverse wastes, which require proper treatment and disposal
to protect the persons handling it and the environment. Accroding to UNEP/SBC/WHO, 2004 waste
from the HCFs includes following categories of wastes:

¢  Non-risk HCW

*  HCW requiring special attention

* Infectious and highly infectious waste
*  Other hazardous waste

* Radioactive waste

Wastes in HCFs are around 20% hazardous and 80% general wastes (WHO, 1999). Improper
management of HCWs in the HCFs is mainly responsible for producing a high volume of hazardous
wastes. Thus, proper management i.e. proper minimization, segregation, storage, transportation,
treatment and disposal of infectious and hazardous wastes will greatly reduce the risks to public health.
Early recovery of the patient and health of clinical staff directly depends on infection prevention
practices used in HCFs. Health care waste management (HCWM) is considered as one of the essential
components of good infection prevention practices.

Objective of the Guideline

This guideline provides HCFs a minimum standard for safe and efficient HCWM in Nepal. HCF has
the prime responsibility of ensuring that there are no adverse health and environmental consequences
on handling, storage, treatment and disposal of HCWs. Though this guideline does not provide any
details about the proper management of liquid and gaseous waste, through this guideline, HCFs will
be able to install appropriate waste management system that can provide other benefits such as:
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* Protection of public health by reducing the exposure of employees, patients, attendents, and
entire community to hazardous HCWs in the work environment

» Facilitate compliance with regulatory requirements

* Enhance community relation by demonstrating a commitment to environmental protection

* Reduce waste handling and disposal volumes along with costs without compromising the
quality of health care

» Increase employee morale resulting from a healthier and safer working environment

1.3 Health care waste and its management in Nepal
Ministry of Health (MoH) report (2003) revealed that the HCW generation is 1.7 Kg/person/day. Out
of the generated waste of HCFs, 26 % of the waste is hazardous. Table 1 shows the amount of health

care waste generated by the HCFs with bed and corresponding waste generation.

Table 1. Total health care facilities with bed and corresponding waste generation

Hospital with beds (Public+ Private+ No. of Total Bed HCW I_(I](,i) l;:/v
Mission+Teaching) Hospitals (Tons/Year)

Year)
Government Hospital including Teachin
under MoHP) ’ : ‘ 92 6601
Government Hospital including under other
Ministry 3 1036
Government Total 95 7637 3080.19 905.94
Private Hospitals 157 9207
Private Teaching Hospitals 14 8626
Private Total 171 17833 7192.49 2115.44
Mission Hospitals 8 612 246.83 72.60
Country Hospital 274 26082 10519.51 3093.98

Source: MoHP Poster Presentation in first HCWM International Workshop, Nepal; 2012

Recent publication revealed that the total health care waste from Nepal is estimated at 0.533 kg/bed-
day. Out of which 0.256 kg/bed-day is general, non-hazardous, and non-biodegradable waste, 0.147
kg/bed-day is biodegradable waste, 0.120 kg/bed-day is infectious waste including sharps and 0.009
kg/bed-day is hazardous chemical/pharmaceutical waste. (UNEP, 2012)

Average HCW generation rate per bed in Pokhara city is estimated at 1.22 kg and per patient waste
generation in outdoor facility is estimated at 0.34 kg per day (Enayetullah et al., 2011). All hospitals
and outdoor facilities in Pokhara city are generating 2.8 ton waste per day. Out of the total waste
generated, 22% HCWs is hazardous and infectious and the rest (78%) is harmless general waste. The
study also revealed that different categories of waste remain un-segregated due to lack of proper in-
house waste segregation activity inside the HCFs. These wastes remain untreated and later disposed
as such. Table 2 shows the HCWs generated at different hospitals of Pokhara city.

Assessment study at Civil Service Hospital in Minbhawan, Kathmandu shows that waste generation
of the hospital is 64.58 kg per day with an occupancy rate of 55.86% with waste generation rate
of 1.73 kg per bed per day. The report has compared the waste generated from the hospital as risk
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and non-risk waste in cases of pre-separation and post-separation conditions. Pre-separation scenario
showed that 71% of the waste is risk waste and 29% of the waste is non-risk. Post-separation scenario
shows that the risk HCW is around 25% and non-risk health care waste is around 75% (CSH, 2011).

Table 2. Average waste generation per bed in different hospitals of Pokhara

Name of the Hospital Total no of beds Average Waste Generation Per Bed (kg)
Manipal Teaching Hospital 858

Kaski Model Hospital 25

Western Regional Hospital 450 122

Padma Nursing Home 51

Source: Enayetullah et al, 2011

A study by Bhatta, 2013 revealed that almost all of the study that covered HCFs was focussing only
on solid waste management mostly by method of incineration. Seventy percent of the incinerators
were found not working properly as planned due to the lack of skilled manpower, spare parts, high
fuel consumption, cultural and public objection and lack of management commitment. Secondly, most
of the HCFs mainly district and below level, are managing their solid waste by adopting very poor
method of waste disposal such as drum incinerator, pit burning, earthen pit disposal and open burning.
Further many institutions are dumping or throwing waste on the back yard, ditches, rivers, open field,
corners of hospital buildings, nearby ponds or anywhere around the premises. The third scenario is use
of municipal waste container. About 60% of the big hospitals in different parts of the country are using
municipal waste disposal system for final disposal of the HCW.

The study conducted at hospitals of Nepal by MoHP with support from WHO (MoHP, 2012) concluded
that the waste management system is poor and 38.7% hospitals adopted correct segregation of HCWs.
In Kathmandu, municipal vehicles collect waste and the collected waste including medical waste is
disposed at Okharpauwa dumping site without any pre-treatment. Most of the rag pickers are often
seen collecting plastic bottles, plastic bags, syringes, needles, and iron materials in and around hospital
areas and at the waste disposal sites. These are the common practices, which put rag pickers and
the community people at the greatest risk of infection and injury. According to a study conducted in
Western region of Nepal (DoHS, 2013), 70% of clinical staff and 63% of non-clinical staff reported a
needle stick injury (NSI) or other sharps injury at some time.

A study (CEPHED, 2012) showed that 90.32% hospitals do not practise environment sound waste
treatment system at all, 61.29% hospitals have very poor source separation including complete absence
of such practices in 6.45% hospitals. Among them, 80.65% hospitals do not practise appropriate and
separate waste collection; 67.42% hospitals have very poor transportation, however, the criteria for
determining the presented data are not so clear.

Above scenario shows the very poor management of HCWs and need to be taken seriously. Liquid
wastes including hazardous chemicals and laboratory wastes have not been addressed in almost all
institutions. Recently some HCFs in Nepal such as Western Regional Hospital, Bir Hospital, Civil
Service Hospital, Manipal Teaching Hospital, Shahid Gangalal National Heart Centre and some other
HCFs are practising HCWM systems, which are very encouraging initiatives towards the proper
management of HCWs.
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2. Policy, Legal Provisions and Commitments

2.1 International Agreements and Underlying Legislative and Regulatory
Principles

International agreements have been reached on a number of underlying principles, which govern either
public health or safe management of hazardous waste. Nepal is signatory on number of international
conventions. Some of the conventions and guiding principles outlined here should be taken into
consideration while making plans for the HCWM.

2.1.1

2.1.2

2.1.3

Basel convention 1989

The Basel Convention on the control of trans-boundary movements of hazardous wastes
and their disposal was adopted in 1989 and entered into force in 1992. This convention is a
global agreement, ratified by 178 member countries to address the problems and challenges
posed by hazardous waste. The central goal of the Basel Convention is “environmentally
sound management” (ESM), the aim of which is to protect human health and the environment
by minimizing hazardous waste production whenever possible. ESM means addressing
the issue through an “integrated life-cycle approach”, which involves strong controls from
the generation of a hazardous waste to its storage, transport, treatment, reuse, recycling,
recovery and final disposal. HCW is one of the categories of hazardous wastes covered by the
convention.

The stockholm convention on persistent organic pollutants 2001

This Convention is a global treaty to protect human health and the environment from persistent
organic pollutants (POPs). POPs are chemicals that remain intact in the environment for long
periods, become widely distributed geographically and accumulate in the fatty tissue of living
organisms. POPs are toxic to humans and wild life and have adverse effects on human health
and the environment. Exposure to POPs can lead serious health effects including cancers,
birth defects, dysfunctional immune and reproductive systems, increased susceptibility to
disease and even diminished intelligence. POPs circulate globally and can cause damage
wherever they travel. To response these problems, the Stockholm Convention, was adopted
in 2001 and entered into force in 2004. The convention requires the concerned parties to take
measures to eliminate or reduce the release of POPs into the environment. POPs listed under
Stockholm Convention are given in the table 3.

Tort law and principles

a. Duty of care principle

This principle stipulates that any organization that generates waste has a duty to dispose
the waste safely. Therefore, it is the HCF that has ultimate responsibility for how waste is
containerized, handled on-site and off-site and finally treated and disposed of.

b. Polluter pays principle

According to this principle, all waste producers are legally and financially responsible for
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the safe handling and environmentally sound disposal of the waste they produce. In case of
an accidental pollution, the organization is liable for the costs of cleaning it. Therefore, if
pollution results from poor management of HCW then the HCF is responsible. However,
if the pollution results because of poor standards at the treatment facility then the HCF is
likely to be held jointly accountable for the pollution with the treatment facility. Likewise,
this could happen with the service provider. The fact that the polluters should pay for the
costs they impose on the environment is seen as an efficient incentive to produce less and
segregate well.

c. Precautionary principle

This is a key principle governing health and safety protection. When the magnitude of a
particular risk is uncertain, it should be assumed that this risk is significant, and the measures
to protect health and safety should be designed accordingly. Following this principle one must
always assume that waste is hazardous until it is proved to be safe. This means that where it
is unknown what the hazard may be, it is important to take all the necessary precautions.

Table 3. POPs listed under Stockholm Convention

Stockholm

Chemical Convention Annex Use
Aldrin A Insecticide
Chlordane A Insecticide, termicide
DDT B Insecticide
Dieldrin A Insecticide
Endrin A Insecticide, rodenticide
Heptachlor A Insecticide, termicide
Hexachlorobenzene A Fungicide
Mirex, A Insecticide, termicide
Toxaphene A Insecticide
Polychlorinated Biphenyls A Industry manufacture; co-planar PCBs are

by-product of combustion

By-product of manufacture (chlorinated sol-
vents, pesticides), application of

Hexachlorobenzene A pesticides, incineration of HCB
containing wastes

Dioxins C By product

Furans C By product

Alpha hexachlorocyclohexane A By product

Beta hexachlorocyclohexane A By product, pesticides

Chlordecone A By product, pesticides

Hexabromobiphenyl A Industrial chemical

Hotromedphon e e

Pentachlorobenzene Aand C Pesticide, Industrial chemical, By-product

Lindane A Pesticide

Tetrabromodiphenyl ether and A Industrial chemical

pentabromodiphenyl ether

Perfluorooctane sulfonic acid,

its salts and perfluorooctane B Industrial chemical

sulfonyl fluoride

Endosulfan A Pesticides

Note : A = Parties must take measure to eliminate the production in use
B = Parties must take measure to restrict the production in use.
C = Parties must take measure to reduce the unintentional releases.
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d. Proximity principle

This principle recommends that treatment and disposal of hazardous waste take place at
the closest possible location to its source to minimize the risks involved in its transport.
According to a similar principle, any community should recycle or dispose of the waste it
produces, inside its own territorial limits.

2.2 Existing National Acts, Rules and Regulation related to HCWM

Considering that waste producers, HCFs have a legal and financial responsibility (“polluter pays
principle”) for managing HCW safely (“duty of care principle”), taking all necessary measures to
minimize risks (“precautionary principle”). Nepal has endorsed policy, acts, rules and regulations,
some of them which help to achieve these goals in the most cost-effective and sustainable way as
possible are described below.

2.2.1 Solid waste management Act 2011

Solid Waste Management (SWM) Act 2011- provides legal basis and regulation for HCWM.
The main objectives of the acts are:

* To make arrangement for the systematic and effective management of solid waste by
minimizing the solid waste at source, re-using, processing or disposing of the solid
waste, and

* To maintain the clean and healthy environment by minimizing the adverse effects of the
solid waste in the public health and environment.

Section 2 of the act has defined medical waste and hazardous waste. According to this act,
“medical waste” means the hazardous waste produced and discharged from hospitals, clinics,
pharmacies, dispensaries, blood banks, pathology labs, veterinary institutions and health
research centers and “hazardous waste” means the goods, substances and radioactive rays
discharged in different forms which cause to degrade the natural environment and harm
human health and the life of other animals.

Section 4 sub-section 1, 2 and 3 has made provisions for the responsibility of the management
of the solid waste as given below:

1. The responsibility to manage or cause to manage solid waste shall rest with the local
body.

2. Notwithstanding anything contained in sub-section 1, the responsibility for processing
and management of hazardous waste, medical waste, chemical waste or industrial waste
under the prescribed standards shall rest with the person or institution that has generated
the solid waste.

3. If any industry or medical institution requests for the management of solid waste
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remained after processing of hazardous waste, medical waste, chemical waste and
industrial waste or other solid waste, or for using a sanitary landfill site constructed by
the local body, the local body may manage the solid waste or allow the institution to use
the sanitary landfill site by levying fees as determined by the local body.

Section 5 of the act has spelled the reduction in production of solid waste and states that
it shall be the duty of every person, institution or entity to reduce the quantum of the solid
waste by making arrangements to dispose the disposable solid waste within their own area or
making arrangement for the reuse and discharging the remaining solid waste thereafter.

Section 6 of the act on segregation of the solid waste states that:

(1) The local body shall have to prescribe for segregation of solid waste at source by dividing
the solid waste into different categories including at least organic and inorganic.

(2) The responsibility to segregate solid waste at source as prescribed by the local body
pursuant to sub-section 1 and carrying them into the collection center shall rest with the
person, institution or entity who produces the solid waste, and for this purpose the local
body may provide necessary technology, goods, equipment, containers, etc. to them.

Section 7 sub-section 2 and 3 of the act on discharge of solid waste states that the person,
organization and entity that produce hazardous waste or chemical waste shall have to manage
such solid waste as prescribed; and the hazardous waste and chemical waste shall not be
discharged in the solid waste collection center or transfer station.

Section 39 sub-section 8 of the act on punishment states the local body may impose a fine from
fifty thousand to one hundred thousand rupees on anyone who commits offence as mentioned
below:

* To throw, keep, discharge or cause to discharge chemical waste, industrial waste,
medical waste or hazardous waste haphazardly;

* To throw, keep, discharge or cause to discharge hazardous waste produced by any
industrial enterprise or health institution haphazardly; And if the same offence is
committed again, it may also punish with a double fine as was imposed earlier and
recommend to the concerned authority for cancellation of the license.

Section 43 sub-section 1 and 2 of the act on Management of Medical Waste states that the
authority that grants license to establish a health institution as per the prevalent law shall, before
granting license for establishment and operation of the health institution, confirm whether
appropriate management has been made for solid waste management or not and it shall have
to grant license only if appropriate arrangement is made. While granting license pursuant to
sub-section 1, the special conditions to be abided by or the standards to be maintained by the
health institution regarding solid waste management may also be prescribed.
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2.2.2

2.2.3

224

2.2.5

The town development act 1989

The Town Development Act 1989 was promulgated in order to provide necessary services
and facilities to the residents of the town by reconstructing, expanding and to develop existing
towns and by constructing new towns and to maintain health, convenience and economic
interest of general public. Section 9 of this act empowers the Town Development Committee
to regulate, control or prohibit to do any act and activity which causes adverse effect on
natural beauty, tourism site and public health or which causes environmental pollution.

The local self-governance act 1999

The Local Self-Governance Act 1999 has empowered the local body to fine anyone up to
Rs.15,000 for haphazard dumping of solid waste. The act has made provisions for managing
domestic solid waste; however, the act does not require the local governments to manage
hazardous waste. According to the act, municipalities are supposed to preserve water bodies
such as lakes and rivers and assist in controlling water, air and noise pollution.

The environmental protection act 1997 and environmental protection rules 1997

The Environmental Protection Act 1997 and Environmental Protection Rules 1997
were formulated to reduce adverse impacts on the environment likely to be caused from
environmental degradation on human beings and ensure the proper use of natural resources
for environmental conservation. Section 2 and sub-section (h) of the act defined waste as
the liquid, solid, gas, slurry, smoke, dust, radiated element or substance or similar other
materials disposed in a manner to degrade the environment. The act and the rule have made
compulsory provisions for Initial Environmental Examination (IEE) and Environmental
Impact Assessment (EIA), depnding upon the size of the project. Chapter 2 of the rule states
that a proponent shall be required to carry out the IEE of the proposals for final disposal
management of biological lethal substances emitted from health center, hospital, or nursing
home with at least twenty five beds (The schedule 2 subsection H point 4 (c) of the rule and
for operation of hospitals or nursing homes with more than twenty five beds (The schedule 2
subsection J point 1). Amendment of the rule has made provisions for the EIA for operation
of Health Care Facility with more than hundred beds. Section 7 and sub-section 1 of act states
that “Nobody shall create pollution in such a manner as to cause significant adverse impacts
on the environment or likely to be hazardous to public life and people’s health, or dispose or
cause to be disposed sound, heat radioactive rays and wastes from any mechanical devices,
industrial enterprises, or other places contrary to the prescribed standards.” It is important to
note that IEE for the health-care facilities has been administrated by MoHP whereas EIA has
been administrated by Ministry of Science, Technology and Environment (MoSTE).

Solid waste management policy 1996

Solid Waste Management Policy is formulated relating to the management of solid wastes.
The objectives of this policy are:

Health Care Waste Management Guideline
245



* To make management work of the solid wastes simple and effective.

* To minimize environmental pollution caused by the solid wastes and adverse effect
thereof to the public health.

+ To mobilize the solid wastes as resources.

* To privatize the management work of the solid wastes.

* To obtain public support by increasing public awareness in the sanitation works.

The policy has made a provision for the establishment of a separate unit concerning sanitation
works in each municipal corporation, sub-municipal corporations, municipality and town-
oriented village development committees where the management works of solid wastes
has become a problem and such unit shall operate its works in close co-ordination with the
national level institution concerning solid wastes management. The responsibilities of such
an institution shall be as follows:

* To carry out collection, preservation, movement, site management, transportation and
final disposal works of solid wastes by the local bodies having involved the private
sector also, if necessary.

* To mobilize the human resources and other means available in the local body at the
maximum.

* To introduce the concept and criteria of sanitation accepted by Government of Nepal.

* To involve non-governmental social organization in the sanitation works.

* To collect service charges from the person or organization generating solid wastes on
the basis of volume and nature of the solid wastes.

* To punish or impose fine to a person who generates solid wastes in an unmanageable
way and to use such amount in the sanitation works.

2.2.6 The industrial enterprises act 1992

The Industrial Enterprises Act 1992 was promulgated to facilitate the employment opportunities
by creating an environment of industrial investment. The act states that for the establishment
of a industy affecting safety, public health and environment permission from the concerned
department is required. The act also has provisions to make arrangements for controlling
environment by establishment of the industrial promotion board. The act gives priority to
industries which manufacture pollution control devices. The act has also empowered the
concerned authority to punish those who do not comply with the conditions mentioned in the
license or registration certificate.

2.2.7 The labour act 1992

The Labour Act 1992, administrated by the Ministry of Labor, is the main regulation governing
the working environment by making provisions for the rights, interests, facilities and safety of
workers and employees working in enterprises of various sectors. Chapter 5 Section 27 of the
act is related with the health and safety and some of the points included on this section are as
follows:

* Tomake arrangements of removal and disposal of solid waste during production process.
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2.2.8

* To make arrangements of prevention of accumulation of dust, fume, vapor and other
impure materials in working rooms which would adversely affect the health.

* To make arrangements of necessary preventive personal devices for protection of health
from adverse effects from any other source, and make provisions that this would produce
less noise during the work process.

* To cause to conduct compulsory health check-ups of the workers or employees once
every year in the enterprises where the nature of works is likely to affect the health
adversely.

Section 28 sub-section 1 and 2 have the provisions of necessary protective devices for the
protection of the eyes of the workers and employees from injuries likely to be caused by
dust or pieces of glass, mercury, magnet, lime, stone, explosive substances and harmful
rays. Section 29 has made provisions from chemical substance. The proprietor shall have to
make provisions for necessary personal protective devices for the protection of workers or
employees.

Guideline for health institutions establishment, operation and upgrade standard
2070

This guideline contains the code of conducts required for the operation of health institution.
This guideline deals with the infrastructure and standards required for the operation of health
institutions like emergency services, OPD and in-patient services, pharmacy, emergency
preparedness, waste disposal and management and all other prerequisites.

In addition to the above mentioned national and international legislations and commitments,
there are also other legal provisions and commitments, some of them are as follows:

* UN Minamata Convention on Mercury, adopted on October 2013 in Japan

*  Second Long Term Health Plan 1997-2017

*  Nepal Health Sector Program Implementation Plan 2010-2015

* National Guidelines on Clinical Trials with the use of Pharmaceutical Products 2005

* Standards for medical college and hospital as per the Ministry of Health and Population
(MoHP) and Medical Council

+ Standards of Medical College as per the university to be affiliated

Certain standards have also been endorsed which also need to be maintained for managing the
sound environmental conditions of HCFs. Some of the standards are as follows:

*  Waste water/effluent standards 2060
* National Drinking Water Quality Standard 2062
» National air quality standard 2069
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3. Categorization

3.1 Definition

Actually HCW embraces all the wastes generated through all the medical activities. Medical activities
include the activities of:

» Diagnosis, preventive, curative and palliative treatments for human beings
» Research pertaining to the above activities and
*  Production or testing of biologicals

Some examples of sources of HCWs are:

* Hospitals

» Primary health care centers, health post, sub-health posts, immunization (EPI clinic), primary
health care outreach clinics (PHC ORC)

* Clinics (medical, primary health care, alternative medicines, dental, maternity homes, dialysis
centers, physician offices)

* Laboratories and research centers (medical and biomedical laboratories, medical research
centers and institutions, blood banks and blood collection centers, biotechnology laboratories,
pathological laboratories, microbiological laboratories)

* Pharmacy and medical store

* Institutions (medical, nursing home, dental, nursing, paramedics, drug rehabilitation centers)

* Mortuary and autopsy centers

* Ambulance and emergency care

3.2 Categorization based on the UNEP/SBC/WHO

Health care wastes have been classified into different categories by different organizations. Below
provided HCW categorization is based on the Technical Guidelines on Environmentally Sound
Management of Biomedical and Health care waste provided by the Conference of the Parties to
the Basel Convention on the Control of Trans-boundary Movements of Hazardous Waste and their
Disposal. (UNEP/SBC/WHO, 2004) According to this, HCW is basically divided into five categories.

3.2.1 Non-risk health care waste

Non-risk HCWs are those wastes generated from the HCFs which have not been infected.
This type of waste does not pose any problem or hazard to human health or to the environment
and are comparable to the domestic waste. It is usually generated from the administrative
and house-keeping services of HCFs. Examples of such wastes includes: general office waste,
garden/yard waste, packaging or left over food. These wastes can be composted to make
manure or can be recycled or can be managed by the municipal waste services. Researches
have shown that non-risk HCWs constitute about 75% to 90% of the total amount of HCWs
generated by HCFs. Non-risk HCWs are again classified as follows:
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3.2.2

i. Recyclable HCW
It includes paper, card board, non-contaminated plastic or metal, cans or glass which
can be recycled. These can be sold to the recycling company to generate money.

ii. Biodegradable HCW
This category of waste consists of the waste that can be composted. Examples are left
over food scraps or gardens. Food scraps can provide most of the nitrogen while bulking
agents such as wooden chips could provide carbon. The composting techniques range
from the simple anaerobic to vermin-composting. The resulting rich compost can be used
as manure by the community people or it can be used for plants around the HCF.

iii. Other non-risk HCW
This category of non-risk waste includes all the non-risk waste that does not belong to
categories of recyclable HCW and biodegradable HCW.

Health care waste requiring special attention

This category of HCW constitutes the biomedical HCW which needs special attention for
disposal and it includes five types of wastes namely; human anatomical waste, sharp waste,
pharmaceutical waste, cytotoxic pharmaceutical waste and blood and body fluids, as described
below:

i. Human anatomical waste
Human anatomical waste consists of human body parts, organs and tissues. Examples of
such wastes are: tissue waste, removed organs, amputated body parts, placentas, blood,
body fluids, human fetus, animal and carcasses obtained through medical procedures.

ii. Sharp Waste

Sharps are all objects and materials capable of cutting or penetrating skins. These wastes
pose a potential risk of injury and infection due to their puncture or cut property. For this
reason, sharps are considered as one of the most hazardous waste generated in the HCFs
and they must be managed with utmost care. Sharp waste may be contaminated with
blood, body fluid, microbiological materials and toxic or cytotoxic substances. Examples
of such wastes include: all types of needles, broken glass ware, ampoules, scalpel blades,
lancets, cover slips, glass slides, vials without content, various plastic items such as
amniotic membrane perforators and broken plastic pipettes.

iii. Pharmaceutical waste
Pharmaceuticals include a multitude of active ingredients and types of preparations.
Pharmaceuticals range from heavy metal containing disinfectants to highly specific
medicines. This category of waste also comprises pharmaceuticals that have passed their
recommended shelf life or pharmaceuticals that are unusable. Pharmaceutical wastes are
again divided into three classes.

e  Non-hazardous pharmaceutical waste
This class includes pharmaceuticals such as camomile tea, normal saline, dextrin
or cough syrup, which pose no hazard during collection, intermediate storage
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and waste management. They are not considered hazardous wastes and should be
managed as non-risk HCW.

e Potentially hazardous pharmaceutical waste
This class of pharmaceutical waste poses a potential hazard when used improperly
by un-authorized persons. They are considered as hazardous wastes and their
management must take place in an appropriate way.

e Hazardous pharmaceutical waste
This pharmaceutical waste comprises heavy metal containing unidentifiable
pharmaceuticals as well as heavy metal containing disinfectants, which owing
to their composition require special management. They must be considered as
hazardous wastes and their management must take place in an appropriate way.

iv. Cytotoxic pharmaceutical waste
Cytotoxic pharmaceutical wastes are HCWs that can arise by use (administration to
patients), manufacture and preparation of pharmaceuticals with a cytotoxic (antineoplastic)
effect. These chemical substances can be sub-divided into six main groups: alkylated
substances, antimetabolites, antibiotics, plant alkaloids, hormones, and others.

« Alkylating agents cause alkylation of DNA nucleotides, which leads to cross-
linking and miscoding of the genetic stock.

» Anti-metabolites inhibit the biosynthesis of nucleic acids in the cell; mitotic
inhibitor; prevent cell replication.

Persons who handle cytotoxic pharmaceuticals are exposed to potential health risk from
the mutagenic, carcinogenic and teratogenic properties of these substances. Special
measures and precaution must be taken to handle such pharmaceuticals for occupational
health and safety provisions. Cytotoxic drugs are being increasingly used in HCFs to treat
various malignant and non-malignant conditions such as cancer, rheumatoid arthritis,
multiple sclerosis, psoriasis, systemic lupus erythematosus (SLE) and some ophthalmic
conditions. Examples of such wastes include: discernible liquid residues of cytotoxic
concentrates, post-expiration-date cytotoxic pharmaceuticals and contaminated materials
from drug preparation and administration such as syringes, needles, gauges, vials; urine,
feces and vomit from patients which may contain potentially hazardous amounts of the
administered cytotoxic drugs or of their metabolites and these should be considered
genotoxic for at least 48 hours and sometimes up to 1 week after drug administration
and these must be disposed of as cytotoxic pharmaceutical waste. It is recommended
to prepare separate guideline for management of cytotoxic pharmaceuticals by HCFs
handling cytotoxic drugs.

v. Blood and body fluids waste
It includes wastes that are not categorized as infectious waste but are contaminated with
human or animal blood, secretions and excretions. These wastes might be contaminated
with pathogens. Examples of such wastes include: dressing material, swabs, syringes
without needle, infusion equipment without spike, bandages.
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3.2.3 Infectious and highly infectious waste

These wastes consist of the pathogen and its contamination cause the spread of the diseases.
These wastes must be imposed whenever waste is known or expected to be contaminated
by causative agents of diseases. This category of waste has been divided into two groups
depending on the degree of infectiousness that is expected.

i. Infectious waste

This category of HCW comprises of those kinds of infectious waste, which is known
or clinically assessed by a medical practitioner or surgeon to have the potential of
transmitting infectious agents to humans or animals. Waste of this kind is typically
generated in the following places: isolation wards of hospitals; dialysis wards or
centers caring for patients infected with hepatitis viruses (yellow dialysis); pathology
departments; operating theatres; medical practices and laboratories which mainly treat
patients suffering from the diseases specified above. It includes following wastes:

» Discarded materials or equipment contaminated with blood and its derivatives,
other body fluids or excreta from clinically confirmed infected patients or animals
with hazardous communicable diseases. Contaminated waste from patients known
to have blood-borne infections undergoing hemodialysis (e.g. dialysis equipment
such as tubing and filters, disposable sheets, linen, aprons, gloves or laboratory
coats contaminated with blood).

e Carcasses as well as litter and animal feces from animal test laboratories, if
transmission of the above-mentioned diseases is to be expected.

Blood from patients contaminated with HIV, viral hepatitis, brucellosis, Q fever, feces from
patients infected with typhoid fever, enteritis, cholera and respiratory tract secretions from
patients infected with TB, anthrax, rabies, poliomyelitis are also considered as infectious
waste.

ii. Highly infectious waste
This category of HCW includes:

*  All microbiological cultures in which a multiplication of pathogens of any kind
has occurred. They are generated in institutes working in the fields of hygiene,
microbiology and virology as well as in medical laboratories, medical practices
and similar establishments.

» Laboratory waste (cultures and stocks with any viable biological agents artificially
cultivated to significantly elevated numbers, including dishes and devices used
to transfer, inoculate and mix cultures of infectious agents and infected animals
from laboratories). Examples of such wastes: sputum cultures of TB laboratories,
contaminated blood clots and glassware material generated in the medical analysis
laboratories, highly concentrated microbiological cultures carried out in medical
analysis laboratories.
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3.2.4 Other hazardous waste

This category of HCW include waste chemicals, waste with high contents of heavy metals
such as batteries, pressurized containers, etc. Chemical waste consists of discarded gaseous,
liquid and solid chemicals that are generated during diagnostic and experimental work and
from disinfecting procedures, cleaning processes and house-keeping. Not all of them are
hazardous and chemical waste is considered hazardous if it has at least one of the following
properties:

e Toxic,

* Corrosive (acids of pH <2 and bases of pH >12),

*  Flammable,

* Reactive, (explosive, water-reactive, shock sensitive)
«  Cytotoxic or genotoxic properties.

They must be used and disposed of according to the specifications provided with each type
of chemical. Waste with high contents of heavy metals and their derivatives are potentially
highly toxic. They are considered as a sub-group of hazardous chemical waste and are usually
highly toxic; should be treated specifically. Mercury wastes are usually generated by spillage
from broken clinical equipment (thermometer, blood pressure gauges, etc). Residues from
dentistry have high mercury content. Cadmium waste comes from the discarded battery.
Many types of gases used in HCFs are often stored in pressurized cylinders. Pressurized
containers either full or emptied should be handled with care these containers may explode if
incinerated or accidently punctured. Examples of such wastes: thermometers, blood-pressure
gauges, photographic fixing and developing solutions in X-ray departments, halogenated or
non-halogenated solvents, organic and in-organic chemicals, containers or aerosol cans with
pressurized liquids, gas or powdered materials.

3.2.5 Radioactive waste

Radioactive wastes include materials contaminated with radio-nuclides, which arise from the
medical or research use of radio-nuclides. It includes disused sealed radiation source, liquid
and gaseous material contaminated with radionuclide, excreta of patients who underwent
radionuclide diagnostic and therapeutic applications, paper cups, straws, needles syringes,
test tubes and tap water washing of such paraphernalia. These wastes are generated from in-
vitro analysis of body tissue and fluid, in-vivo body organ imaging and tumor localization,
and investigative and therapeutic procedures. These wastes with ionizing radiations have
genotoxic effects. It is produced during nuclear medicine, radio-immuno assay (RIA) and
bacteriological procedures. The ionizing radiations in medicine include X-rays and y-rays as
well as a- particles and - particles. It concerns mainly therapeutic and imaging investigation
activities where Cobalt (60Co), Technetium (99mTc), lodine (1311) and Iridium (192Ir) are
most commonly used. Certain radionuclide e.g. C-14 contaminated wastes have much longer
half-life more than a thousand years, this needs special management, if possible in a centralized
treatment facility (CTF) for radioactive wastes. Similar treatment is recommended for the
management of disused radiation sources used for cancer treatment. In case of unavailability
of CTF, it should be stored safely till it decays.

Health Care Waste Management Guideline @
252



3.3 Categorization at nepalese context

At the present context, HCFs in Nepal are still at infancy in the HCWM practices. Proper management
of above categorized HCWs is a big challenge for Nepal. Wherever possible, the above classification
by UNEP/SBC/WHO is recommended for the segregation of HCWs. Considering the geographic and
climatic variation of the country, the categorization should entirely depend on the nature of the HCFs
generating wastes and the available techniques of their treatment and disposal. Based on the amount
and categories of generated HCWs, the number and types of HCWs can be decreased or increased.
However, it is recommended that the non-risk HCW should not be mixed with other types of HCWs.
Non-risk HCW should at least be separated into:

* Bio-degradable
* Non-biodegradable

Risk health care wastes should at least be separated into six categories as mentioned below:

» Pathological Waste

* Infectious waste

*  Sharp waste

* Cytotoxic waste

* Pharmaceutical waste
*  Other hazardous waste
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4.1

4. Possible Environmental and Health Impacts

In Nepal, health care sector is expanding enormously and this has resulted in generation of large
quantities of HCWs. HCWs are either being dumped by the river bank or go to the landfill site along
with domestic waste. In many cases HCWs are burned in metal drums or just openly. This results in
the emissions of by-products and toxic substances into the environment. Improper disposal of HCWs
pollute environment either due to the contamination of ground water, soil or by releasing several
toxic gases like dioxin and furan along with the heavy toxic metals like lead, mercury and cadmium.
All individuals exposed to HCWs are potentially at risk of being injured or infected specially due to
infectious and sharp waste.

Occupational and public health risks

All individuals, who are exposed to hazardous HCWs are potentially at risk of being injured or
infected. They include:

*  Medical staff: doctors, pharmacists, laboratory technologists, nurses, paramedics, sanitary staff
and hospital maintenance personnel

* In and out patients: receiving treatment in HCFs as well as their visitors

*  Workers in support services: linked to HCFs such as laundries, waste handling and transportation
services

*  Workers in waste disposal facilities: including scavengers

* The general public: mostly the children playing with the items they can find in the waste outside
the HCFs when it is directly accessible to them.

During handling of wastes (especially infectious and sharps), the medical and auxiliary staff as well as
the sanitary staffs can be infected and injured if the waste has not been packed safely. Many injuries
occur because syringes, needles or other sharps have not been collected in safety boxes or because
these have been over filled. The unsafe disposal of HCWs (for example, contaminated syringes and
needles) poses health risks to medical personnel or the public. One cross-sectional study carried
out in Gandaki Medical College Teaching Hospital showed that 70.79% health care workers had
experienced Niddle Stick Injury (NSI) among them 52.5% suffered from NSI with unused needles
and 47.5% health care workers suffered NSI from used needles; 68.42% of NSI sufferer of used
needles reported the incident. (Gurung, et al, 2010)

Contaminated needles and syringes creat a big threat if we failure to dispose them safely. Contaminated
injections and equipments may be scavenged from waste areas and dump sites and are either reused
or sold keeping the public at risks. Experts working on health care and solid waste management
expressed that the recycling practices, particularly the reuse of syringes, is certainly the most serious
problem in Nepal. WHO estimates that over 20 million infections of hepatitis B, C and HIV occur
yearly due to unsafe injection practices (reuse of syringes and needles in the absence of sterilization)
and transmits via HCWs. Generally, these viruses are transmitted through injuries from syringe
needles contaminated by human blood. WHO estimated that, in 2000, contaminated injections with
contaminated syringes caused:
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* 21 million hepatitis B virus (HBV) infections (32% of all new infections);

* 2 million hepatitis C virus (HCV) infections (40% of all new infections); and
* atleast 260000 HIV infections (5% of all new infections).

Sharps not only cause cuts and punctures but may also infect these wounds if they are contaminated
with pathogens. Because of this double risk of injury and disease transmission, sharps are considered
as one of the most dangerous categories of HCWs. The general public can be infected by HCWs either

directly or indirectly through several routes of contamination.

Infectious waste may contain variety of pathogenic microorganisms. Pathogens in infectious waste
may enter the human body through a puncture, abrasion, cut in the skin; mucous membranes; inhalation
or by ingestion and can have major adverse effects to the community. Examples of infection caused
by the HCWs are given in 4.

Table 4. Infection caused by the HCWs

Type of infection

Examples of causative
organisms

Transmission vehicles

Gastroenteric infections

Enterobacteria (Salmonella,
Shigella spp.); Vibrio
cholerae; helminthes

Feces and/or vomit

Respiratory infections

Mycobacterium
tuberculosis; measles virus;
Streptococcus pneumoniae

Inhaled secretions; saliva

Ocular infection

Herpes virus

Eye secretions

Genital infections

Neisseria gonorrheae;
herpes virus

Genital secretions

Skin infections

Streptococcus spp.

Pus

virus (HIV)

Anthrax Bacillus anthracis Skin secretions
Meningitis Neisseria meningitides Cerebrospinal fluid (CSF)
HIV/AIDS Human immunodeficiency Blood, sexual secretions

Hemorrhagic fevers

Junin, Lassa, Ebola,
Marburg viruses

All bloody products and secretions

Coagulase-negative
Staphylococcus spp.;
Staphylococcus aureus;

Bacteremia Enterobacter, Enterococcus,
Klebsiella, Streptococcus
spp-
Candidemia Candida albicans Blood
Viral hepatitis A Hepatitis A virus Feces
Viral hepatitis B and C Hepatitis B and C viruses | Blood and body fluids

Source: WHO, 1999
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4.2

In addition, the existence of bacteria resistant to antibiotics and chemical disinfectants in HCFs may
also contribute to the hazards created by poor management of HCWs. It has been demonstrated that
plasmids from laboratory strains contained in HCWs were transferred to indigenous bacteria via
the waste disposal system. (WHO, 1999) Moreover, antibiotic-resistant Escherichia coli survive in
an activated sludge plant, although there is no significant transfer of this organism under normal
conditions of waste water disposal and treatment.

Indirect risks via the environment

Besides patients and health care personnel, consideration must be given to the impact of HCWs to
the general public and environment. Care must also be paid to the possible pollution of air, water
and soil including the aesthetic beauty. The dumping of HCWs in uncontrolled areas can have a
direct environmental effect by contaminating the surroundings including the ground water. Obsolete
pesticides (especially DDT used for the treatment of malaria in HCF), stored in leaking drums or torn
bags, can directly or indirectly affect the health of anyone who comes into contact with them. Poisoning
can occur through direct contact with the product, inhalation of vapors, drinking of contaminated
water, or consuming of contaminated food. Other hazards may include the possibility of fire as a result
of inefficient disposal such as burning. Pharmaceutical residues, which may include antibiotics and
other drugs, heavy metals such as mercury, phenols and derivatives, and disinfectants and antiseptics
may have toxic effects on the natural ecosystems.

Mercury has been used over centuries in the HCFs. The mercury exposed to the environment due to
broken thermometers, sphygmomanometer, due to accidental spills and emissions from the incineration
of HCWs increase the risk of various hazards resulting due to acute and chronic exposures. The most
common potential mode of occupational exposure to mercury is via inhalation of metallic liquid
mercury vapors. Mercury, due to its potent neurotoxic nature, can affect brain, spinal cord, kidneys
and the development of children. Due to the growing awareness on mercury related hazards on the
public health and environment, Nepal has recently banned the purchase and use of mercury containing
devices in all the HCFs. Mercury based medical devices are being slowly replaced with mercury-free
alternative devices in the HCFs.

Inefficient incineration and open burning of HCWs are the main sources of dioxins, furans, and are
major sources of mercury pollution in HCFs. In the last few years, there has been growing controversy
over the incineration of HCWs. Under some circumstances, including when wastes are incinerated at
low temperatures or when plastics that contain polyvinyl chloride (some plastics, some blood bags
and fluid bags) are incinerated, dioxins, furans and other toxic air pollutants may be produced as
emissions and/or in bottom or fly ash. Dioxins, furans and co-planar polychlorobiphenyls (PCBs) are
persistent organic substances that do not readily break down in the environment and bio-accumulate
in the food chain. Most human exposure to dioxins, furans and co-planar PCBs is through the intake
of food. Long-term, low-level exposure of humans to dioxins and furans may lead to the impairment
of the immune system, nervous system, endocrine system and reproductive functions. Short-term,
high-level exposure may result in skin lesions and altered liver function. WHO has established a
Provisional Tolerable Monthly Intake (PTMI) for dioxins, furans, and polychlorinated biphenyls
(PCBs) of 70 picograms (10-12 g) per kilogram of body weight. The PTMI is an estimate of the
amount of chemical per month that can be ingested over a life time without appreciable health risk.
(WHO, 1999)
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National Implementation Plan for Stockholm Convention on POPs has estimated the annual release
of dioxin and furan at about 335.97 gTEQ. Out of which 12 gTEQ is coming from medical waste
incinerators and 159 gTEQ is coming from uncontrolled burning of biomass including waste. (MoEST,
2007)

Thus, dioxins, furan and mercury emissions from HCFs are a major environmental and health
challenges. Substantive steps need to be taken to reduce these emissions by waste minimization,
environmentally safe alternatives and in-house management of waste in the HCFs.
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5.1

5. Organizational Issues

Government of Nepal has been conducting various programs and activities on HCWM including
awareness raising, orientation, training to health care workers; however, HCWM is not so effective
due to following reasons:

» Lack of specific policy and legislation on HCWM

*  Weak implementation of existing policy, acts, rules and guidelines

* Inadequate coordination with the concerned stake holders

* Low priority to HCWM.

* Inadequate awareness regarding the impacts of HCWs to the public health and environment
* Inadequate monitoring and evaluation

* Lengthy procurement procedure

Experts’ opinion and experiences show that installation of individual treatment facilities by small HCFs
requires comparatively high capital investment. Furthermore, it requires separate human resource and
infrastructure development for proper operation and maintenance. Thus concept of Central Treatment
Facility (CTF) for HCWs addresses such problems. This concept of CTF can be one of the options
for the proper HCWM. In such a scenario, individual HCFs should manage their HCWs on their
own efforts. Some HCFs such as Civil Service Hospital and Bir Hospital are managing their HCWs
by applying ‘zero waste concept’ for HCWs generated from wards and operation theater and are the
encouraging model of the HCWM practices in Nepal.

Whether the generated HCWs are treated and disposed in CTF or in the hospital premises or in
the municipal landfill site, HCF shall be responsible for the proper treatment and disposal of the
generated HCWs. In this context, HCF itself can manage the HCWs or can contract the civil society
organization/private organization for the proper management of HCWs. Each HCF shall be responsible
for the development of waste management plan for their HCF, outlining the accountabilities and
responsibilities of managers, employees and staffs. The HCF shall comply with guidelines, to ensure
proper HCWM 1i.e. proper classification, segregation, collection, transportation, treatment, and
disposal. Options for HCWM plan depend entirely on the local context. Additionally, locally available
technology and maintenance is an important consideration while making HCWM plan. Generally, a
HCWM plan should be implemented from the onset of planning a HCF. So, every HCF must develop
its HCWM Plan. Certain basic steps are needed for the development of proper HCWM plan, which
are discussed in the next heading.

Planning and organization

Efficient and appropriate HCWM practices depend entirely on the administration and management
of the organization. This requires adequate legislative and financial support along with the active
participation by trained, skilled and dedicated staff. The entire organizational structure and service of
HCF must be responsible for the proper management of HCW; however, certain units and individual
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have more responsibility. Thus, particular services/units within the HCF must be identified to have
major role on HCWM. The functions of the administrations are provided in the paragraph below.

5.1.1 Function of the administration office

Form a health care waste management committee (HCWMC) to develop a written
waste management plan for the HCF.

Designate a waste management officer to supervise and coordinate the waste
management plan.

Keep an up-to-date waste management plan.

Ensure that monitoring procedure is incorporated in the plan. The efficiency and
effectiveness of the waste management system should be monitored in such a way
that the system can be updated and revised whenever necessary.

Ensure adequate training for the key staff members and designate the staff
responsible for coordinating and implementing the training course.

Establish good working relationship with related organizations concerning HCWM.
Establish good community relationship through the awareness raising activities to the
community people.

5.1.2 Health care waste management committee (HCWMC)

As mentioned above, every HCF should have HCWMC and the committee should constitute
at least following members:

Chief/Director of the HCF

Department Heads

Matron

Waste Management Officer

Representative from support staff (sweeper)

For other smaller HCF, the waste management committee must have the following members:

Chief of the HCF
Technical staff
Support staff (sweepers/worker)

The functions of HCWMC will be as follows:

Promulgate a strategy formalizing the commitment of HCF to proper HCWM with the
prime goal of protecting health and environment.

Establish baseline data and develop the HCWM plan which must include, training and
written guidelines on waste management from waste generation to waste treatment and
final disposal.

Implement the HCWM plan and review and update the plans and guidelines in an annual
basis.

Ensure adequate financial and human resources for the implementation of HCWM plan
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(to support this, the authorized body can recommend the formulation of strategy to
allocate certain percentage of total budget for HCWM).
*  Assign responsibility to each member of the committee.

5.1.3 Health care waste management plan

A comprehensive waste management plan is essential for safe and efficient waste management
in a HCF. While developing the waste management plan, first step is the assessment of the
generation of waste within the facility. The assessment begins with establishing a baseline
of how much and what kind of waste is being generated by whom in each department/ward.
This involves gathering data regarding the waste streams, processes and operations, types
of practices, information on input materials and economic information. Waste audit is an
important tool for the assessment phase, providing data on the source of waste, compositions,
generation rates and waste flow within the HCF. Data can be collected in-house using self-
audit forms and questionnaires. Data collected for few days provides a snapshot of the
waste flow and data collected for continuous seven days provides a clear picture of waste
generation, as the waste generation pattern differs from day to day. Through this data the
HCF can establish the flow of waste and generation rates from every unit/department of the
HCF. Waste composition data can be used to determine segregation practice. Data from the
waste generation survey should form the basis while developing HCWM plan. Following
procedures should be taken into consideration while developing HCWM plan:

»  Existing policies, laws, regulations and guidelines related to HCWM
* Review and assess the current waste management stream within HCF before drafting or
revising HCWM plan, some of the issues to be addressed are:

Where waste is generated

What types of wastes are being generated

How the waste are being categorized

How the waste are being segregated

How and where the waste are being collected, stored and transported
How the waste are being treated and disposed

The cost effectiveness of the current handling process

Personal safety of the waste handlers.

©c © © © © © O ©o

* Design the plan taking in consideration the existing and future needs of the HCF. Care
must be taken such that the plan is capable of handling the current waste stream properly
and efficiently.

*  Comprehensive training and orientation on how the plan is to be implemented and each
of the staff should know their individual roles and responsibility.

»  The plan should be regularly reviewed and updated based on the recommendations of
the implementation and monitoring and evaluation teams.

5.2 Implementation

Implementation of the HCWM plan includes the following activities:
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* Interim measures to be introduced to complete implementation of the new waste management
system according to the HCWM plan.

* Appoint personnel responsible for waste management.

* Organize and supervise training program to all staffs.

* Launch educational and communication program.

» Install necessary new equipment and ensure that the waste management operation is put in place
as per waste management plan.

«  HCWMC should review the plan annually and initiate change to upgrade the system, interim
revisions may also be made if and when necessary.

* Prepare an annual report for the disposal of HCW, providing data on waste generation, equipment
requirement and costs.

5.3 Monitoring and Evaluation

Regular monitoring and evaluation of the plan in each HCF should be performed. It helps to find out
the loop holes, bottle necks and reveal the new issues which have come in managing the HCWs. It
helps to have recommendations and shortcoming of the programs and also provides an opportunity to
educate staff and reinforce good practices. Three types of monitoring mechanism need to be enforced
for the progressive improvement and sustainability of the HCWM system. They are:

* Baseline monitoring
* Compliance monitoring
* Impact monitoring

Baseline and compliance monitoring should be performed by the person(s)/authority designated by
existing HCWMC. Impact monitoring and evaluation should be conducted through a third party
i.e. externally. A comprehensive list of indicators for compliance and impact monitoring must be
developed for effective implementation of HCWM plan.

Baseline monitoring identifies the changes in basic environmental conditions whereas compliance
monitoring identifies whether the concerned parties follow the rules and guidelines or not. Compliance
monitoring should be done at two stages, one during construction of treatment unit/facility and another
during the operation of entire plan. At the construction phase, it is important to check out whether
the appropriate equipment is being installed properly. During operation, it has to be ensured that
infectious and hazardous wastes are being handled properly and the equipment is being operated as
per the Sanderd Operating Procedure (SOP). The monitoring should be in compliance with EIA and
IEE requirements along with the HCF requirements.

Impact monitoring pinpoints the positive and negative changes that have been brought about by the
establishment of HCWM system. Impact evaluation should thoroughly analyze:

* Impact

* Relevance

» Effectiveness and efficiency
+ Sustainability
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* Replicability

During impact evaluation, the recommendation and major lesson learnt should also be provided
through opinion survey, consultation and secondary data analysis.
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6.1

6. Waste Management

Health care waste includes a large component of general waste and a smaller proportion of hazardous
waste. According to the WHO estimation, among the total amount of HCW generated, 80% is
general HCW, 15% is pathological waste and infectious waste, 1% is sharp waste, 3% is chemical
or pharmaceutical waste and less than 1% special waste such as radioactive or cytotoxic waste,
pressurized container or broken thermometer and used batteries. Thus, very less amount of HCWs is
hazardous if it is properly managed.

Solid Waste Management Act 2011 has clearly indicated that processing and management of hazardous
waste, medical waste, chemical waste or industrial waste under the prescribed standards shall rest
with the person or institution that has generated the waste. The Stockholm Convention is related with
the reduction and total elimination of unintentional production of persistent organic pollutants (POPs)
and has given priority for Best Available Technique (BAT) and Best Environmental Practice (BEP).
In our context, following basic steps are considered essential for the proper waste management:

*  Waste minimization

*  Waste segregation

*  Waste collection and storage
*  Waste transportation

*  Waste treatment and disposal

Waste Minimization

Waste minimization is defined as the prevention of waste production and/or its reduction. Waste
minimization usually benefits the waste producer by reducing the costs for the purchase of goods. It
involves specific strategies of changes in management and behavioral change. At the top of the waste
minimization options is waste avoidance strategy. Achieving this goal means changing work practices.
How we choose to go about our work often dictates how much waste we generate, for example what is
our behavior? do we use disposable or reusable equipment? do we send paper memos or e-mails? do
we bring our own cup or use a disposable one? Thus, methods of waste reduction include modification
of purchasing procedures, control of inventory, and production of less toxic materials when discarded
as wastes. However, no actions should be taken that would impact on the quality and limit the access
to health care. Waste minimization can be achieved through:

*  Waste reduction at source (product substitution, product change, procedural change)
* Giving preference to recyclable and reusable items

6.1.1 Waste reduction at source

Reduction involves measures that either completely eliminate use of a material or generate
less waste. Examples are improving house-keeping, reviewing purchasing policies without
compromising work standards or environmental outcomes. Reduction can also be achieved
through product substitutions, and modifications. While purchasing the product, it should
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be carefully assessed in terms of its potential to generate problematic waste, result in toxic
emissions, or be detrimental to the operation and maintenance of treatment facilities in the
long turn. Some of the examples are: mercury thermometer should be replaced with electronic/
digital thermometer, work with supplier to reduce packaging of the products. Simple changes
to patient care procedures can also be made to minimize the wastes generated. Some of the
examples are as follows:

*  When preparing for dressing, cleaning and sterile procedures, practitioners should
critically assess material required. Unwanted extra materials should be removed for re-
sterilization or reuse. This should occur prior to the commencement of the procedure,
which minimize the potential of contamination.

* Review frequency of waste collection, size and location of containers and bags.

Some of the reduction policies include:

*  Purchasing reductions: selection of supplies, which are less wasteful or less hazardous

* Use of physical rather than chemical cleaning methods (e.g. steam disinfection instead
of chemical disinfection)

* Prevention of wastage of products, e.g. in nursing and cleaning activities.

6.1.2 Giving preference to reusable and recyclable items

Product recycling and reuse can minimize the volume of HCWs, though a high standard of
patient care and worker safety may preclude reuse of some items. Plastic syringe, catheters and
waste contaminated with radioactive substances such as plastic, disposable gloves, syringes
and needles can not be recycled or reused. Medical and other equipments used in HCF may be
reused provided that it is designed for the purpose and will withstand the sterilization process;
some examples are scalpels, glass bottles and containers. After use, reusable items should
be collected separately from non-reusable items, carefully washed and sterilized by one of
the available processes; however, infectious waste should not be washed before sterilization.
Instead, washing is recommended after sterilization before sending it into recycling. HCFs
should critically examine current waste streams and determine what product can be separated
out at the point of generation to be effectively recycled. Some of the materials which can be
recycled are given below:

* Glass

* Plastics

*  Aluminium cans

»  Paper and card board
e Iron

Before beginning any reclamation/recycling program, it is recommended to review the
possible uses for these products.
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6.2 Waste Segregation

Waste segregation refers to the process of separation of waste at the point of generation and keeping
them apart during handling, collection, interim storage and transportation. Segregation of the waste
at source is the key principle of successful and safe waste minimization and is the most important
step for a successful management of HCW. In fact, it reduces the quantity of that wastes, which are
hazardous and require special attention and treatment. It is highly recommended that segregation of
HCW occurs on-site at the time the waste is generated, for example, when an injection is given, needle
and syringe are placed in a different waste container, or when packaging is removed from supplies
and equipment and kept separately. Thus, segregation must take place at the bed site, at the operation
theater, at ward, at laboratory, wherever it is generated. Non-risk waste (e.g. paper, glass, plastic,
iron) can be recycled. Non-risk biodegradable organic wastes (i.e. food waste, garden waste) can be
composted. Infectious waste must never be mixed with non-infectious waste to keep the volume of
infectious waste as low as possible.

Segregation of waste (Source, MD-DoHS)

Given the fact that only about 10-25% of the HCW is hazardous, treatment and disposal costs can
be greatly reduced if a proper segregation is performed. Segregating risk wastes from non-risk waste
greatly reduces the risks of infecting workers handling HCWs. Based on the hazardous properties
of the waste, the type of treatment and disposal practices that are applied to the waste generated.
A recommended way of identifying HCW categories is by sorting the waste into color-coded and
well-labeled bags or containers. Sturdy (rigid walled) containers should be used and container should
be selected according to the following criteria:

* The opening must be wide enough to allow disposable materials to be dropped into the container
by a single hand operation. Depending on the bulk of the disposable material for which the
particular container is designed, the aperture should, under normal conditions of use, inhibit
removal of the contents.

» Ifretractable lids are incorporated, they should be designed or long forceps should be provided
so that there is never need to push material into the container by hand.

* Container should be designed to minimize the possibility of external surface being contaminated
when disposing of a used item.

* The container wall must be impermeable to fluids and non-readily penetrable. Hance, card
board containers are never acceptable for this purpose.
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* After being sealed, all types of containers must be leak-proof.
* The container must be capable of being securely sealed and remaining sealed during transport.
* The container must be safe and easy to handle.

All the specific procedures of HCW segregation, packaging and labeling should be explained to the
medical and auxiliary staff and displayed in each department/ward on charts located on the walls
nearby the HCW containers that should be specifically suited for each category of waste. Segregation

should:

Always take place at the source, 1.e. at the ward, bed side, operation theater, medical laboratory,
pharmacy or any other room or ward in the HCF, where the waste is generated.

Be simple to implement for the medical and auxiliary staff and applied uniformly.

Be safe and guarantee the absence of infectious HCWs in the domestic waste flow.

Be well understood and well known by the medical and ancillary staff of the HCFs.

Be regularly monitored to ensure that the procedures are followed strictly.

Apart from these, following should also be followed:

All sharps should be collected together, regardless of whether they are contaminated or not.
Container should be puncture proof made of either metal or high density plastic and fitted
with covers. It should be rigid and impermeable to contain not only sharps but any residual
liquids from syringes. To discourage abuse, containers should be tamper proof and needles and
syringes should be rendered unusable.

Bags and containers for infectious and highly infectious waste should be marked with the
internationally approved symbol for infectious waste.

Waste with high content of heavy metals (e.g. cadmium or mercury) should be collected
separately.

The recommended color-coding of the containers for different categories of the wastes is provided in

Table 5.

Table 5. Recommended color-code for the container, labeling and international signs for

segregation of HCW
Waste Categor).r, symbol and Color Co.de for Examples of wastes
labeling Container
Non-risk waste Green Left over stuft foods, gardens, fruits
Biodegradables peels, flowers etc.
Non-risk waste Dark Blue Non-biodegradable, which can be
Recyclable recycled: plastic bottles, cans, metals,
Non-risk glass, plastics, papers, rubber etc.
AL T
Other non-risk HCW | Light Blue Other HCW, that do not belong to
bio-degradable and
recyclable.
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Pathological waste Red Human body parts, organs, human
tissues, removed organs, amputated
@ parts, bone marrow.
Danger! Pathological
waste
Hazardous Red Needles, glass syringes with fixed nee-
Sharps dles, scalpels, blades, glass, etc. which
W may cause puncture and cuts.
HCW Danger! contaminated
requiring sharps Do not open
special
attention
Pharmaceuticals Red Unused and date expired drugs
Cytotoxic pharmaceuti- | Red Waste with anti-neoplastic effect such
cal waste as: alkylated substances, anti-me-
tabolites, antibiotics, plant alkaloids,
. hormones, etc.
Danger! Hazardous
Infectious waste
Danger! Hazardous In- | Brown Discarded items contaminated with
fectious waste blood and body fluids from clinically
confirmed infected patients including
/ cotton, dressings materials, soiled
 intections D plaster, linen, bedding, swabs, gloves,
/ syringes without needle, infusion
equipment without spike, bandages,
other materials contaminated with
Infectious blood, d%alysis ‘ equipmen’F, blood
d Hiehl from patients infected with HIV,
and tughly . ., . .
infectious viral hepatitis, brucellosis, respiratory
waste tract  secretion from  patients
infected with TB, anthrax, rabies.
Danger! Highly infec- | Brown Waste generated from the microbi-

tious waste .

&

ological cultures, laboratory waste,
such as sputum cultures of TB labora-
tories, highly concentrated microbio-
logical cultures
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Danger! To be discarded by au- | Yellow Wastewithhigh contentofheavymetals,
thorized staft only such asbatteries, pressurized container,
organic and inorganic chemicals
Other g g
hazardous @ )
waste po——
Danger! Radioactive waste Black Waste includes solid, liquid and
gaseous waste contaminated with
A radionuclides such as Cobalt, Techne-
Radioactive tium, Iodine, Iridium, generated from
Waste or in-vitro analysis of body tissue and
‘.‘ fluid, in-vivo body organ imaging and
&y tumor localization

Note: If the container with the recommended color is not available, any colored container can be used to
segregate wastes with proper labeling and hazardous sign as shown in the above table.

6.3

Since categorization of the waste entirely depends on the types of the waste generated, available
technology for the treatment and disposal, and the local environmental conditions of HCFs. If possible,
HCFs should categorize and segregate the HCWs as mentioned above. However, it is recommended
that HCFs should at least categorize and segregate the HCWs into non-risk HCW and risk HCW as
mentioned in section 3.3.

Waste Collection and Storage

In order to avoid accumulation of the waste, it must be collected and transported to a central storage
area within the HCF on a regular basis before being treated or removed. All the collected HCWs should
be stored in waste storage area until transported to a designated off-site treatment facility. This area
must be marked with warning sign. Storage facilities for waste should be suitably established within
the HCF; however, these areas should be located away from patient rooms, laboratories, hospital
function/operation rooms or any public access area. The storage facility should be lockable, hygienic
and appropriately sign-posted. They must be kept secured at all the times. HCFs are responsible for
providing:

* Designated storage areas with adequate lighting, ventilation and provision for the containment
of spills within the storage area.

»  Water supply for cleaning purposes.

* Waste security and restriction of access to authorized persons.

» Easy access for waste collection vehicle.

* Protection from sun, rain, strong winds and floods.

+ Storage areas designed so that routine cleaning, maintenance to hygienic standards and post-
spill decontamination are all easy to undertake.

* Supply of cleaning equipment, protective clothing and waste bags or container should be located
conveniently close to the storage area.
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* Bio-degradable general and hazardous waste should not be stored longer and should be removed
within 24 hours to minimize microbial growth, putrefaction and odors.
* Segregation should be well maintained in the storage area.

For small waste generators, the requirement for a designated storage area may be achieved by the use
of suitable rigid-walled container. The container should be kept in secure area and measures should be
taken to prevent obnoxious odors or nuisance. Appropriate labeling for any forms of waste stored in
the area should be included.

6.4 Waste Transportation

Health care waste collection and transportation practices should be designed to achieve an efficient
movement of waste from point of generation to storage or treatment. A program for collection of
HCW should be established as part of the HCWM plan. Certain recommendations should be followed
by the auxiliary worker in-charge of waste collection:

* Suggested collection frequency on room to room basis is once every shift. Time of collection
regardless of category should be at the start of every shift. In case of difficulty in the collection
of waste in every shift, waste should be collected on daily basis (or as frequently as required)
and transported to the designated central storage site of HCF.

* No bags should be removed unless they are labeled with their point of production (hospital and
ward or department) and contents.

* The bags or containers should be replaced immediately with new ones of the same type.

*  Asupply of fresh collection bags or containers should be readily available at all locations where
waste is produced.

Transport of infectious waste (Source: Katy Thompson, 2012)

6.4.1 On-site transport

The waste disposal plan of HCF should include procedures for on-site and off-site transport
of wastes. During movement of wastes segregation must be maintained and the batch of
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waste should be managed according to the component with the highest level of risks. On-
site transport of waste from the point of generation to an assembly storage or treatment area
should be carried by wheeled trolleys, containers or carts. Wherever possible, the transport of
clinical waste should be separate from general traffic. Hazardous/infectious HCW and non-
risk HCW should be transported on separate trolleys. The transportation must follow specific
routes through the HCF to reduce the passage of loaded carts through wards and other clean
areas. The carts or trolleys should be:

* Easy to load and unload.

* Have no sharp edges that could damage waste bags or containers during loading and
unloading.

* Easy to clean.

The on-site collection vehicle must be cleaned and disinfected daily using chlorine
solution, phenolic compounds and persons transporting the waste should be equipped
with appropriate protective equipment.

6.4.2 Off-site transport

The HCW producer is responsible for safe packaging and appropriate labeling to the waste to
be transported off-site and for authorization of its destination i.e. either at the CTF or at the
landfill site. Vehicles used for transporting clinical and related waste should be reserved for
this purpose wherever possible. They must be easy to load, unload and clean, and should be
equipped with spillage collection sumps or other suitable spill controls. The vehicle should be
marked with the name and address of the waste carrier. The hazardous/infectious sign should
be displayed on the vehicle container.

HCFs are responsible for small clinical and related waste spills that may accidently occur
both on-site and off-site transportation areas. HCF must include a spill management plan with
well defined procedures for handling spills safely in its HCWM plan. Personnel responsible
for spill management must receive education and training in emergency procedures and
handling requirements and should be fully aware of how, when and which emergency service
should be called for advice and assistance. Spill kits should be made easily accessible and
should contain absorbents, disinfectants, buckets, shovel, broom, gloves, disposable overalls,
facemasks/shield, torch, disposable containers, plastic waste bags with appropriate labeling.

6.5 Waste Treatment and Disposal

The methods for treatment and disposal of HCWs depend on specific factors applicable to the HCF,
relevant legislation and environmental aspects affecting the public. The bulk of HCW falls into the
category of non-risk HCW, much of which can be recycled or reused. With correct segregation, low
amount of waste can be categorized as risk HCW requiring specific attention and are hazardous waste.
The hazardous waste and infectious waste must be managed by approved treatment methods. Once
treated, the waste may be re-classified accordingly for disposal. Currently available waste treatment
options have various capabilities and limitations. As technology changes, HCFs should evaluate
treatment alternatives for their safety, effectiveness, environmental impacts, costs and compliance
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with country requirements. Any treatment option for HCWs should:

Render sharps incapable of causing penetration injury.

Achieve a significant volume reduction with no hazardous by-products.

Result in residues being suitable for approved landfill disposal without harmful leaching to the
environment.

Result in minimum levels of hazardous or toxic by-products including POPs such as polychloro
biphenyls.

Reduce the potential for the transmission of infection.

Be verifiable for the treated wastes.

Have automatic controls and built-in safe mechanism.

Have continuous automatic monitoring and recording.

Ensure that the waste cannot bypass the treatment process.

Meet occupational health and safety standard.

Have safe alternative treatment and disposal in case of emergency.

In case of autoclave, be tested at least annually to ensure that optimal performance is maintained.

HCW can be treated and disposed through the following techniques:

—

SR oe a0 oD

Biological procedure
Autoclave

Chemical disinfection
Encapsulation
Sanitary landfill
Burial

Septic/concrete vault
Incineration
Inertization

a. Biological Procedure

Biological process uses an enzyme mixture to decontaminate HCW and the resulting by-
product is put through an extruder to remove water for sewage disposal. The technology
requires regulation of temperature, pH, enzyme level and other variables. Presently,
biological procedure is getting popularity for the disposal of non-risk HCW. Composting
(aerobic and anerobic composting) of the biodegradable waste is one of the options for
the disposal of HCWs.

i. Composting
Composting technique is recommended for non-risk HCWs. Composting is the
natural, biological decomposition of organic matter by fungi, bacteria, insects,
worms and other organisms. Successful composting entails the management of the
decomposition process so that it is relatively quick, safe and clean. Poorly managed
composting may produce offensive odors, encourage pests and vermin, spread plant
and animal pathogens, cause environmental contamination and generate a product
of inferior quality through extended processing times that will be inefficient and
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inappropriate in a commercial composting operation. Organisms that decompose
organic matter require the following basic inputs and conditions to maximize their
processes and efficiency:

e A suitable food source;

* A suitable temperature;

*  Water; and

*  Oxygen (if decomposing aerobically)

b. Autoclave

Autoclave is a process of steam sterilization under pressure. It is a low heat process in
which steam is brought into direct contact with the waste material for duration sufficient
to disinfect the material. Typically, autoclaves are used in hospitals for the sterilization
of medical equipments to render waste harmless. This technique has been used for long
time in HCFs for sterilization of reusable medical equipment. Autoclaves are commonly
used for the treatment of highly infectious waste, such as microbial cultures or sharps.
It has been reported that the effective inactivation of all vegetative micro-organisms and
most bacterial spores in a small amount of waste (about 5-8kg) requires a 60 minute
cycle at 121°C (minimum) and 1 bar (100kPa); this allows for full steam penetration
of the waste material (WHO, 1999); however, the effective penetration of steam and
moist heat depends on many factors including time, temperature, pressure, load size,
stacking, configuration and packing density, types and integrity of bags or containers
used, physical properties of the materials in the waste (such as bulk density, heat capacity
and thermal conductivity), amount of residual air and the moisture content in the waste.
(UNEP, 2012) Validation of the autoclave should be conducted and standard operating

Autoclave (Source: Katy Thompson, 2012)

procedure (SOP) should be followed while operation of the autoclave. The microbial
inactivation efficacy of autoclaves should be checked periodically. For autoclaves that
do not shred waste during steam disinfection, color-changing indicator strips may be
inserted inside the yellow bag in the middle of each load and that the strip shall be
checked to ensure that steam penetration has occurred. In addition, a microbiological
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test (using commercially available validation kits containing Bacillus stearothermophilus
spore strips, vials or packs) shall be conducted periodically or as per the requirements. It
is recommended that all general hospitals, even those with limited resources, be equipped
with autoclaves.

Chemical disinfection

Chemical disinfections are usually applied for the treatment of infectious and highly
infectious HCW. Aldehydes, chlorine compounds, phenolic compounds are added to
HCW to kill or inactivate pathogens. It is the preferred treatment for liquid infectious
wastes, but can also be used in treating solid waste too. This technique is most suitable
in treating blood, urine, stools and sewage. Some chemical systems use heated alkali
to destroy tissues, organs, body parts and other anatomical waste. Chemotherapy waste
(including bulk cytotoxic agents) can be treated by chemical decomposition. Examples
are: reaction with 5% sodium hypochlorite; acid hydrolysis followed by alkaline
hydrolysis; reduction using zinc powder, degradation using 30% hydrogen peroxide; and
destruction using heated alkali. Micro-organism types, degree of contamination, type of
disinfectant, contact time; and other relevant factors such as temperature, pH, mixing
requirements and the biology of the micro-organism should be considered when using
chemical disinfections. Occupational health and safety should be taken in consideration
while using chemical disinfection. Ultimate disposal of chemically treated waste should
be in accordance with national and local requirements.

Encapsulation

Encapsulation involves the filling of the containers with waste, adding an immobilizing
material and sealing the container. The process uses either cubic boxes made of high-
density polyethylene or metallic drums. When containers are three quarters filled with
sharps, pharmaceuticals and chemical waste, an immobilizing agent such as plastic foam,
bituminous sand, cement mortar or clay is poured into it. Material is allowed to be dried
and the container is sealed and disposed safely. Encapsulation is effective in reducing the
risk of scavengers gaining access to the hazardous waste. It is particularly suitable for
sharps and pharmaceutical waste.

Sanitary landfill

Sanitary landfill is an engineered method, designed and constructed to keep the waste
isolated from the environment. So, it shuuldn’t contaminate the soil, surface, and ground
water and should limit air pollution, smells and direct contact with public. Disposing of
certain types of HCW (infectious waste and small quantities of pharmaceutical waste) in
sanitary landfills is acceptable. Some essential features of sanitary landfills are:

» Easy access to the site and working areas for waste delivery.

* Personnel should be available on-site for effectively controlling the daily operation.

» The site should be planned appropriately and divided into manageable phases,
before starting the landfill.
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* Lining of the base and sides of the sites must be adequately sealed to minimize the
movement of waste water. Landfill site should be at least 50 meter away from water
sources.

» There must be landfill gas control measures, environmental monitoring points and
bore holes (for monitoring air and ground water quality).

* There must be adequate and efficient mechanism of leachate collection and
treatment.

* The site must be well organized in a small area, i.e. proper spreading, compaction,
and daily covering the waste with soil.

» The landfill site must be protected with wire bar/fence to prevent from unauthorized
persons, animals and birds.

* Final cover must be constructed to prevent/minimize rain water infiltration when
each phase of the landfill is completed.

f. Burial

Hazardous waste can be buried in a special pit. Burial is recommended in those HCFs that
have minimal programs for HCWM, especially in remote locations, in temporary refugee
encampments, or in areas experiencing exceptional hardship and in those cases where
the safe burial of waste on hospital premises may be the only feasible option available at
the time. For the purpose, the pit should be 2-5 m deep and 1-2 m wide. The bottom of
the pit should be at least 2 m above the water table. After each waste load, it should be
covered with a 10-30 cm thik soil layer. If coverage with soil is not possible, lime may
be deposited over the waste. In case of outbreak of an especially virulent infection (such
as Ebola virus), both lime and soil cover may be added. When the level of the waste
reaches 30 to 50 cm to the surface of the ground, fill the pit with dirt, seal with concrete
and dig another pit. Certain rules need to be established for proper HCWM in burial pit,
as follows:

* Access to this dedicated disposal area should be restricted to authorized person
only.

* Theuseofapit would make supervision by landfill staff and thus prevent scavenging.
The water deposition around the burial pit should be prevented.

* The burial site should be lined with a material of low permeability, such as clay, to
prevent pollution of ground water.

» Large quantities (higher than 1 kg) of chemical/pharmaceutical wastes should not
be buried.

* The burial site should be managed as a landfill, with each layer of waste covered
with a layer of earth to prevent from rodents and insects and odor as well.

* Burial site should not be located in flood prone areas.

* The burial site should be fenced with warning signs.

* The location of waste burial pit should be down-hill or down-gradient from any
nearby wells and about 50 meters away from any water body such as rivers or lakes.

* HCF should keep a record of the size and location of the existing burial pits to
prevent construction works.
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g. Septic/concrete vault

This method can be used for the disposal of used sharps and syringes. In this technique,
the following process is applied.

* Digapit (Imx Im x 1.8m depth), enough to accommodate sharps and syringes for
certain period without reaching the ground water level. The site must be isolated
and at least 500 feet away from the ground water sources and dwelling units.

» Construct concrete walls and slabs of the pit. Provide slab with opening or manhole
for easy deposition of collected sharps and syringes. The manhole should be
extended a few centimeters above the soil surface to overcome infiltration of the
surface water.

* Deposit the collected safety boxes filled with used sharps and needles inside the
septic/concrete vault.

» Install a security fence around the site.

h. Incineration

Incineration converts combustible materials into non-combustible residue or ash.
Incinerators can be oil-fired or electrically powered or a combination of both. Broadly,
three types of incinerators are used for treatment of HCWs: multiple hearth, rotary kiln
and controlled air type. All the three types can have primary and secondary combustion
chambers to ensure optimal combustion. Gases are ventilated through the incinerator
stacks, and the residue or ash is disposed in a sanitary landfill. Wastes containing mercury
or cadmium should never be burned or incinerated because of the risk of atmospheric
pollution with toxic vapors. When wastes are incinerated at low temperatures or when
plastics that contain polyvinyl chloride (PVC) are incinerated, dioxins, furans and other
toxic gases may be produced as emissions and/or in bottom or fly ash (ash that is carried
by air and exhaust gases up the incinerator stack). This happens particularly when wastes
are incinerated at temperatures lower than 800°C or when the wastes are not completely
incinerated. Even in high temperature incinerators (>800°C), temperatures are not
uniform and dioxins and furans can form in cooler pockets or during start-up or shut-
down periods.

Where incineration is used, two chambered incinerator should be used and must follow
the standard operating procedure (SOP). HCF must utilize emission limits and other
requirements to ensure effective waste treatment, minimize emissions and decrease
exposure and risks to workers and the community. This should include the use of
approved incinerator designs that can achieve appropriate combustion conditions (e.g.,
proper temperature, required chimney heights); appropriate location (e.g., away from
populated areas or where food is grown); adequate training to the operator (including
both class room and practical training); appropriate waste segregation, storage and ash
disposal facilities; adequate equipment maintenance; managerial support, supervision;
and sufficient budgeting. The temperature must be at least of 850°C to ensure minimal
emission of toxic gases at the primary chamber. High chimney is also required (higher
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than nearby roofs) and following wastes should never be incinerated:

* Pressurized gas containers

» Large amounts of reactive chemical waste
* Radioactive waste

» Silver salts or radiographic wastes

» Halogenated plastics (e.g. PVC)

*  Mercury or cadmium

* Ampoules of heavy metals

i. Inertization

Inertization is usually suitable disposal method for the pharmaceuticals and incinerated
ash with heavy metal content. (WHO, 1999) In this technique, the HCW is mixed with
cement and other substances in a composition of 65% waste, 15% lime, 15% cement
and 5% water. The formed mixture is allowed to set into cubes or pellets and then these
are transported to suitable storage site. For proper setting of the mixtures into cubes and
pellets, the waste must be grinded. In an alternative procedure, the formed homogeneous
mixture in liquid state can be transported to a landfill and poured safely. This technique
helps to minimize the risk of contamination of toxic substances migrating to surface
water or ground water and prevent scavenging.
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7.1

7. Health and Safety Practices

Management of HCW is an integral part of hospital hygiene and infection control. HCW should be
considered as a reservoir of pathogenic micro-organisms, which can cause contamination and give
rise to infection. If waste is inadequately managed, these micro-organisms can be transmitted by
direct contact, in the air, or by a variety of vectors. Infectious waste may lead to the risk of nosocomial
infections, putting the health of hospital personnel and patients at risk. It has to be emphasized here
that other environmental health considerations, such as adequate water supply and sanitation facilities
for patients, visitors, and health care staff are of prime importance. HCWM plans should include
provision for the continuous monitoring of workers’ health and safety to ensure that correct handling,
treatment, storage and disposal procedures are being followed. Essential occupational health and
safety measures include the following basic measures:

* Proper training of workers (no training/no hiring policy should be instituted; immunization at
the first day of the work).

* Provision of equipment and clothing for personal protection.

* Establishment of an effective occupational health program that includes immunization,
post-exposure prophylaxis (PEP) treatment and continuous medical surveillance.

* Information, Education and Communication (IEC) activities.

Training on health and safety should ensure that workers know and understand the potential risks
associated with HCW, value of immunization against viral hepatitis B and the importance of consistent
use of personal protection equipment (PPE). Workers at risk include health care providers, hospital
cleaners, maintenance workers, operators of waste treatment equipment, and all operators involved in
waste handling and disposal within and outside health care establishments.

Infection Prevention

Everyone who works at, receives care at or visits a HCF is at risk of infections. Thus, infection
prevention is the responsibility of everyone. As a result of being at a HCF, staff, clients and visitors
may be exposed to infectious diseases that others at the facility have. We can, however, prevent
transmission of infections in many cases. The only way to prevent infections is to stop the transmission
of micro-organisms that cause infections. The best way to prevent infection is by following standard
precautions, which include the following:

*  Wash hands.

*  Wear PPE such as gloves, eye protection, face-shields, and gowns.

* Follow appropriate respiratory hygiene/cough etiquette.

* Prevent injuries with sharps.

* Correctly process instruments and client-care equipment.

* Maintain correct environmental cleanliness and waste-disposal practices.
* Handle, transport and process used/soiled linens correctly.
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7.2

7.3

7.4

Personal hygiene and hand hygiene

Basic personal hygiene is important for reducing the risks from handling HCW, and convenient
washing facilities (with warm water and soap) should be available for personnel involved in the task.
As the hands of health care workers are the most frequent vehicle of nosocomial infections; hand
hygiene including both hand washing and hand disinfection is the primary preventive measure. An
antimicrobial soap will reduce the transient flora, only if the standard procedure for hand washing is
applied. Hand washing with non-medicated soap is essential when hands are dirty and should be routine
after physical contact with a patient. Killing all transient flora with all contaminants within a short
time (few seconds) necessitates hygienic hand disinfection: only alcohol or alcoholic preparations act
sufficiently fast. Hands should be disinfected with alcohol when an infected tissue or body fluid is
touched without gloves.

Workers’ protection

The generation, segregation, collection, transportation, treatment, and disposal of HCWs involve
the handling of potentially hazardous and infectious material. Protection against personal injury is,
therefore, essential for all workers who are directly involved in handling potentially hazardous and
infectious HCWs. The individuals responsible for management of HCW should ensure that all risks are
identified and that suitable protection from those risks is provided. A comprehensive risk assessment of
all activities involved in HCWM should be carried out during preparation of the HCWM plan, which
will allow the identification of necessary protection measures. These measures should be designed to
prevent exposure to hazardous materials or other risks, or at least to keep exposure within safe limits.
(WHO, 1999) Suitable training should be provided to the related personnel on this aspect.

Protective clothing

The type of protective clothing usage will depend to an extent upon the risk associated with the HCW,
but the following should be made available to all personnel who are directly involved to collect and
handle HCWs:

* Helmets/cap with or without visors: depending on the operation

* Face masks: depending on operation

* Disposable gloves (medical staff) or utility gloves or heavy-duty gloves (waste workers):
obligatory

* Eye protectors (safety goggles): depending on operation

* Overalls (coveralls): obligatory

* Aprons: obligatory

» Leg protectors and/or boots: obligatory

Boots and heavy-duty gloves are particularly important for waste workers. The thick soles of the
boots offer protection in the storage area, as a precaution from spilled sharps, and where floors are
slippery. If segregation is inadequate, needles or other sharp items may have been placed in plastic
bags; such items may also pierce thin-walled or weak plastic containers. If it is likely that HCW bags
will come into contact with workers’ legs during handling, leg protectors may also need to be worn.

Health Care Waste Management Guideline ¢

278



7.5 Immunization

Viral hepatitis B infections have been reported among health care personnel and waste handlers,
and immunization against the disease is; therefore, recommended. Tetanus immunization is also
recommended for all personnel handling waste.

7.6 Injection Safety

Medical professionals and health care workers must be made aware on the injection safety. Injections
are most commonly used among health care procedure worldwide. In developing and transitional
countries alone, some 16 thousand million injections are administered each year. Most injections,
more than 90%, are given for therapeutic purposes while 5 to 10% are given for preventive services,
including immunization and family planning. (WHO, Guiding principle to ensure injection safety
devices) A safe injection does not harm the recipient, does not expose the health care worker to any
avoidable risk and does not result in waste that is dangerous for the community. Unsafe injection
practices (reuse of syringes and needles in the absence of sterilization) have to be discouraged. The
disposable needle and syringe should be rendered useless after use. The needle from the syringe
should be cut/crushed and disposed safely.

7.7 Response to injury and exposure

Health care facility should establish program that prescribes the actions to be taken in the event of
injury or exposure to a hazardous substance. All staffs who handle HCW should be trained to deal
with injuries and exposures. The program should include the following elements:

* Immediate first-aid measures, such as cleansing of wounds and skin, and irrigation (splashing)
of eyes with clean water.

* An immediate report of the incident to a designated responsible person.

* Retention, if possible, of the item involved in the incident; details of its source for identification
of possible infection.

* Additional medical attention in an accident and emergency or occupational health department,
as soon as possible; such as availability of post-exposure prophylaxis (PEP).

* Medical surveillance

* Blood or other tests if indicated.

* Recording of the incident;

+ Investigation of the incident, and identification and implementation of remedial action to prevent
similar incidents in the future.

The purpose of incident reporting should not be seen as punitive; active support by managers should
encourage prompt and accurate reporting.

7.8 Special precautions for clearing up spillages of potentially hazardous
substances

Spillage usually requires clean-up of the only contaminated area. For clearing up spillages of body
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7.9

fluids or other potentially hazardous substances, particularly if there is any risk of splashing, eye
protectors and masks should be worn, in addition to gloves and overalls. Respirators (gas masks) are
also needed if an activity is particularly dangerous, for e.g., if it involves toxic dusts, the clearance
of incinerator residues, or the cleaning of contaminated equipment. Residues should be recovered
as completely as possible using hand tools (e.g. a shovel), and then packed safely. It is especially
important to recover spilled droplets of metallic mercury. If a leakage or spillage involves infectious
material, the floor should be cleaned and disinfected after most of the waste has been recovered.

Safe Use of Cytotoxic Drugs and Radioactive Materials

Health care facilities, which use cytotoxic products and radioactive materials, should develop specific
guidelines on their safe handling for the protection of personnel and the environment. It is difficult
to ensure safe use of cytotoxic and radioactive material, it is recommended that the use of these
substances be limited to specialized (e.g., oncological) HCFs, which are better able to implement
safety measures. The guidelines handling cytotoxic products should include rules on the following
waste handling procedures:

» Separate collection of waste in leak proof bags or containers, and labeling for identification

* Return of date expired drugs to suppliers. Take back policy should be applied for these kinds of
materials. Agreement should be signed while purchasing the cytotoxic and radioactive materials
and these materials should be collected back by the suppliers after usage.

» Safe storage separately from other HCW

* Provisions for the disposal of contaminated material, for the decontamination of reusable
equipment, and for the treatment of spillages.

» Provisions for the treatment of infectious waste contaminated with cytotoxic products, including
excreta from patients and disposable linen used for patients.

Hospital staffs should ensure that the families of patients undergoing chemotherapy are aware of the
risks and know how they can be minimized or avoided. Minimal protective measures for all waste
workers who handle cytotoxic waste should include protective clothing, gloves, goggles and masks.

7.10 Emergency Response in case of spillage

Spillage is the most common type of emergency involving infectious and other hazardous materials.
Spills are inadvertent discharges that occur at different place of HCF. Spills include accidental tipping
over containers, dropping and breaking of containers. It may also occur during manual transfer,
overfilling and leaks in the process. The response process for the spillage includes:

» Contaminated area cleaned and disinfected.

* Exposure of workers is limited as much as possible during the cleaning process.

» Impacts have to be limited on patients, medical, other personnel and environment.

* Spillage of mercury should be properly handled.

* Procedures for dealing with spillage should specify safe handling operation and appropriate
protective clothing.

* In case of skin and eye contact with hazardous substance, there should be immediate
decontamination and in case of eye contact with corrosive chemicals, the eye should be irrigated
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continuously with clean water for 10-30 minutes; the entire face should be in basin with eyes
being continuously opened and closed.

7.11 Management practices

Many of the management practices recommended in Chapters 6 contribute to a reduction in risk for
personnel who handle health care waste; these are summarized as follows:

»  Waste segregation: careful separation of different types of waste into different distinct containers
or bags, which defines the risk linked to each waste package.

* Appropriate packaging: prevents spillage of waste and protects workers from contact with
waste.

*  Waste identification (through distinct packaging and labeling): allows for easy recognition of
the class of waste and of its source.

* Appropriate waste storage: limits the access to authorized individuals only, protects against
infestation by insects and rodents, and prevents contamination of surrounding areas.

* Appropriate transportation: reduces risks of workers being exposed to.
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8. Methods of Health Care Waste Management at Different Levels
of Health Care Facilities

According to Solid Waste Management Act 2011, the responsibility for processing and management of
hazardous waste, medical waste, chemical waste and industrial waste under the prescribed standards
goes to the person or institution that has generated the waste. Thus, the responsibility of management
of HCWs of the HCF is the responsibility of chief of a HCF is of the facility itself. This chapter
provides the basic guidance for the management of HCWs at different levels of HCF; however, HCFs
can plan for the classification, segregation and management of the HCWs based on the local context
and environment. The following tables (Table 6 to 13) show the HCWM at different levels of HCFs:

Table 6. Health Care Waste Management at Hospitals

Types and Categories of HCW Methods of management Responsibility
Bio-degradable The waste can be composted to
(Compostable) produce compost manure and
can also be used for production
of bio-gas.
' Recyclable Recyclable items should be
Non-risk HCW (Non-biodegradable) |recycled and reused.

Other non-risk waste | If waste cannot be composted
or recycled, contact the local
authority for disposal.

Human anatomical Dispose in placenta pit/safe

wastes such as burial/controlled incineration as

placenta, human per standard operating Chief of HCF,
tissue procedure (SOP). concerned health
Sharps such as Mutilate/cut the tip of the worker‘s and the
injections, blades syringe and the needle with authorized person

needle and hub cutter, then
autoclave and dispose properly.
OR

HCW. requiring special Wastes are first disinfected with
attention 0.5% chlorine solution and then
subjected to deep burial/
encapsulation/septic vault.
Pharmaceutical waste | Apply return back policy; return
such as waste the waste to the store and from
comprising of date the store to the supplier.
expired, OR
contaminated and Dispose in secured landfill after
discarded medicines | encapsulation.
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Types and Categories of HCW Methods of management Responsibility

Cytotoxic pharmaceutical | Apply return back policy; return the

waste such as waste to the store and from the store | Chief of HCF
post- expiration date to the supplier. concerned ’
cytotoxic pharmaceuticals, OR health workers
discernable liquid residues | Sanitary landfill with encapsulation and the au-

of cytotoxic concentrates thorized person
etc.

Infectious wastes such as | Sterilization with autoclave/ steam
blood bags, gloves, syringe | sterilization and dispose safely.
etc. Always mutilate/cut before disposal/
recycling.

OR
Mutilate/cut gloves, syringes, blood
Infectious and bags and then disinfect with 0.5%
highly infectious chlorine solution and dispose it
waste properly (e.g. deep burial).

Infectious waste such as Autoclave and then dispose properly.
bandage, cotton etc. OR

These wastes are first disinfected with
0.5% chorine solution and safe disposal
through burial/ sanitary landfill.

Sealed radiation source, Apply return back policy; return the
liquid and gaseous, waste to the store and from the store
material contaminated to the supplier; it should be agreed at | cpief of HCF,
with radionuclide, such as | the purchasing phase. concerned
paper cups, straws, needles OR health workers
syringes, test tubes etc. Radioactive isotope should be and the au-
Radioactive collected, packaged, inventoried thorized person
waste and securely stored for time period
suitable for complete radioactive
decay. In case of mixed radioactive
and infectious waste, the radioactive
component is addressed first and later
suitable treatment for the infectious
component should be carried out.
Heavy metal such as mer- | Should be collected and stored
cury . separately in glass bottle with water
and well labeled and stored in secured
place.
Other hazardous
waste Chemical waste (chemicals | Chemical treatment and discharge
used in production into drains after massive dilution with
of biological toxins, plain water
chemicals used in
disinfection, insecticides)
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Table 7. Health Care Waste Management at Primary Health Care Centre

Cytotoxic pharmaceutical
waste such as post-
expiration date cytotoxic
pharmaceuticals,
discernable liquid residues
of cytotoxic concentrates

Apply return back policy; return the
waste to the store and from the store
to the supplier.

OR
Sanitary landfill after encapsulation.

waste

Infectious and
highly infectious

Infectious wastes such as
blood bags, gloves, syringe

Sterilization with autoclave/ steam
sterilization and dispose properly.
Mutilate before disposal.

OR
Mutilate/cut gloves, syringes and
blood bags and disinfect wastes with
0.5% chlorine solution and dispose it

properly.

Infectious waste such as
bandage, cotton

Autoclave and dispose properly.
OR

These wastes are first disinfected

with 0.5% chorine solution and safe

disposal through burial/ sanitary

landfill.

Types and Categories of HCW Methods of management Responsibility
Bio-degradable The waste can be composted to
(Compostable) produce compost manure and can also
be used for production of bio-gas.
. Recyclable Recyclable items should be recycled
Non-risk HCW (Nozil—biodegradable) and};eused. !
Other non-risk waste If waste cannot be composted or
recycled, contact the local authority
for disposal.
Human anatomical wastes | Dispose in placenta pit/safe
such as placenta, human burial/controlled incineration as per
tissue standard operating
procedure (SOP).
Sharps such as injections, | Mutilate/cut the tip of the syringe and
blades the needle with needle and hub cutter,
then autoclave and dispose properly.
OR
Wastes are at first disinfected with
0.5% chlorine solution and deep
HCW requiring ‘ burial/encapsulation/ s‘eptic vault. Chief of _—
special attention Pharmaceutical waste such | Apply return back policy; return the | primary healt
as waste comprising of waste to the store and from the store | care centre,
date expired, contaminated | to the supplier. concerned
and discarded medicines OR health workers
Dispose in secured landfill after and the
encapsulation. authorized
person
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special attention

0.5% chlorine solution and deep
burial/encapsulation/septic vault.

Pharmaceutical waste such
as waste comprising of
date expired, contaminated
and discarded medicines

Apply return back policy; return the
waste to the store and from the store
to the supplier.

OR
Dispose in secured landfill after
encapsulation.

Infectious and
highly infectious
waste

Infectious wastes such as
gloves, syringe

Sterilization with autoclave/ steam
sterilization. Always mutilate/cut
before disposal/ recycling.

OR
Mutilate/cut gloves syringes, blood
bags and then disinfect with 0.5%
chlorine solution and dispose safely.

Infectious waste such as
bandage, cotton

Autoclave and dispose properly.

OR
These wastes are first disinfected with
0.5% chorine solution and safe
disposal through burial/ sanitary
landfill.

Heavy metal such as Should be collected and stored Chief of
mercury separately in glass bottle with water | primary health
and well labeled and stored in secured | care centre,
Other hazardous place. concerned
waste Chemical waste Chemical treatment and discharge health workers
(chemicals used in into drains after massive dilution with |and th?
disinfection, insecticides) | plain water authorized
person
Table 8. Health Care Waste Management at Health Post
Types and Categories of HCW Methods of management Responsibility
Bio-degradable The waste can be composted to
(Compostable) produce compost manure and can also
be used for production of bio-gas.
, Recyclable Recyclable items should be recycled
Non-risk HCW (Non-biodegradable) and reused.
Other non-risk waste If waste cannot be composted or
recycled, contact the local authority
for disposal.
Human anatomical wastes | Dispose in placenta pit/safe burial.
such as placenta, human
tissue
Sharps such as injections, | Mutilate/cut and autoclave then
blades dispose properly.
OR
.. Wastes are at first disinfected with
HCW requiring Chief of Health

post, concerned
health workers
and the
authorized
person
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Other hazardous

Heavy metal such as
mercury

Should be collected and stored
separately in glass bottle with water
and well labeled and stored in
secured place.

Chief of Health
post, concerned
health workers

- - - and the
Chemical waste Chemical treatment and discharge authorized
(chemicals used in into drains after massive dilution with person
disinfection, insecticides) | plain water
Table 9. Health Care Waste Management at Sub Health Post
Types and Categories of HCW Methods of management Responsibility
Bio-degradable The waste can be composted to
(Compostable) produce compost manure and can
also be used for production of bio-gas.
<k Recyclable Recyclable items should be recycled
Non-risk HCW (Non-biodegradable) and reused.
Other non-risk waste If waste cannot be composted or
recycled, contact the local authority
for disposal.
Human anatomical wastes | Dispose in placenta pit/safe burial.
such as placenta, human
tissue
Sharps such as injections, | Mutilate/cut and autoclave then
blades dispose properly.
OR
HCW . Wastes are at first disinfected with
) lre?:ur}[l,lg 0.5% chlorine solution and deep Chief of
spectal attention burial/encapsulation/septic vault. Sub-Health

Pharmaceutical waste such
as waste comprising of
date expired, contaminated
and discarded medicines

Apply return back policy; return the
waste to the store and from the store
to the supplier.

OR
Dispose in secured landfill or burial
pit/ after encapsulation.

Infectious and
highly infectious
waste

Infectious wastes such as,
gloves, syringe

Sterilization with autoclave/ steam
sterilization and dispose safely. Always
mutilate/cut before disposal.

OR
Mutilate/cut gloves, syringes, blood
bags and disinfect wastes with 0.5%
chlorine solution and dispose safely
(deep burial).

Infectious waste such as
bandage, cotton

Autoclave and dispose properly.

OR
These wastes are first disinfected with
0.5% chorine solution and safe
disposal through burial/ sanitary
landfill.

post, concerned
health workers
and the
authorized
person
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Heavy metal such as mer- | Should be collected and stored Chief of

cury separately in glass bottle with water Sub-Health
Other hazardous and well labeled and stored in secured | post, concerned
waste place. health workers

Chemical waste Chemical treatment and discharge and the

(chemicals used in into drains, after massive dilution with | authorized

disinfection, insecticides) | plain water. person

Table 10. Health Care Waste Management at Primary Health Care Out-reach
Clinic (PHCORC)/Out-reach Immunization Post/Session

Types and Categories of HCW Methods of management Responsibility
Bio-degradable These wastes can be put in pit for
(Compostable) Composting. (Discuss with the local

authority for disposal).

Recyclable Recyclable items can be disposed by
(Non-biodegradable) contacting the local authority.
OR

Bring back to the health care facility

Non-risk HCW .
for proper disposal.

Other non-risk waste If waste cannot be composted or
recycled, contact the local authority
for disposal.

OR
Bring back to the health care facility
and dispose properly.

Sharps such as needles Mutilate/cut and Dispose in safety | Concerned
Box. The box can be carried to the | health workers
nearby HCFs and dispose (Autoclave

and dispose).
o . OR
HCW requiring These wastes are at first disinfected
special attention with 0.5% chlorine solution and deep

burial/ encapsulation/septic vault.
(Discuss with local authority before
disposal whether it is possible in the
local area or not.)

Wastes such as cotton It can be carried to the nearby HCFs,
swabs autoclave and dispose properly.
_ OR
Infectious waste First disinfect with 0.5% chlorine
solution and safe disposal through
deep burial.
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Table 11. Health Care Waste Management at Private/Public Teaching Hospitals
and Nursing Homes/Research Institute

Types and Categories of HCW Methods of management Responsibility
Bio-degradable The waste can be composted to
(Compostable) produce compost manure and can

also be used for production of bio-gas.

. Recyclable Recyclable items should be recycled
Non-risk HCW 4 Y ¥
(Non-biodegradable) and reused.
Other non-risk waste If the waste cannot be composted or

recycled, contact the local authority
for disposal.

Human anatomical wastes | Dispose in placenta pit/safe burial/
such as placenta, human | controlled incineration as per standard

tissue operating procedure (SOP).
Sharps such as injections, | Mutilate/cut the tip of the syringe and
blades the needle with needle and hub cutter,
then autoclave and dispose properly.
OR

Wastes are at first disinfected with
chlorine solution and deep burial/
encapsulation/septic vault.

HCW requiring | Pharmaceutical waste such | Apply return back policy; return the ?;;i(;gré d
special attention | a5 waste comprising of waste to the store and from the store |} 10
date expired, contaminated | to the supplier. and the
and discarded medicines OR authority
Dispose in secured landfill after assigned
encapsulation.
‘ ‘ person
Cytotoxic pharmaceutical | Apply return back policy; return the
waste such as post- waste to the store and from the store
expiration date cytotoxic | to the supplier.
pharmaceuticals, OR
discernable liquid residues | Sanitary landfill after encapsulation.
of cytotoxic concentrates
Infectious wastes such as | Sterilization with autoclave and
blood bags, gloves, dispose safely. Always mutilate/ cut
syringe before disposal/recycling.
OR
Mutilate/cut gloves, syringe, blood
Infectious and bags and then disinfect with 0.5%
highly infectious chlorine solution and dispose safely.
waste Infectious waste such as Autoclave and then dispose properly.
bandage, cotton OR
These wastes are first disinfected
with 0.5% chorine solution and safe
disposal through burial/ sanitary
landfill.
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Radioactive
waste

Sealed radiation source,
liquid and gaseous,
material contaminated
with radionuclide, such as
paper cups, straws, needles
syringes, test tubes

Apply return back policy; return the
waste to the store and from the store
to the supplier; it should be agreed at
the purchasing phase.

OR
Radioactive isotope should be
collected, packaged, inventoried
and securely stored for time period
suitable for complete radioactive
decay. In the case of mixed radioactive
and infectious waste, the radioactive
component is addressed first and later
suitable treatment for the infectious
component should be carried out.

Other hazardous
waste

Heavy metal such as
mercury

Should be collected and stored
separately in glass bottle with water
and well labeled and stored in secured
place.

Chemical waste
(chemicals used in
production of biological
toxins, chemicals used in
disinfection, insecticides)

Chemical treatment and discharge
into drains after massive dilution with
plain water.

Director,
concerned
health workers
and the
authority
assigned
person

Table 12. Health Care Waste Management at Clinic/Pathology lab clinic

HCW requiring
special attention

tissue

operating procedure (SOP).

Sharps such as injections,
blades

Mutilate/cut the tip of the syringe and

the needle with needle and hub cutter,

then autoclave and dispose properly.
OR

Disinfect with 0.5% chlorine solution

and dispose safely.

Types and Categories of HCW Methods of management Responsibility

Bio-degradable The waste can be composted to

(Compostable) produce compost manure and can
also be used for production of bio-gas.

. Recyclable Recyclable items should be recycled
Non-risk HCW (Non-biodegradable) and reused.

Other non-risk waste If the waste cannot be composted or
recycled, contact the local authority Chief of the
for disposal. clinic and the

Human anatomical wastes | Dispose in placenta pit/safe burial/ authorized

such as placenta, human | controlled incineration as per standard | person

Health Care Waste Management Guideline

289




HCW requiring
special attention

Pharmaceutical waste such
as waste comprising of
date expired, contaminated
and discarded medicines

Apply return back policy; return the
waste to the store and from the store to
the supplier.

OR
Disposal in secured landfill with
encapsulation.

Cytotoxic pharmaceutical
waste such as post-
expiration date cytotoxic
pharmaceuticals,
discernable liquid residues
of cytotoxic concentrates

Apply return back policy; return the
waste to the store and from the store to
the supplier.

OR
Sanitary landfill with encapsulation.

Infectious and
highly infectious
waste

Infectious wastes such as
blood bags, gloves, syringe

Autoclave the waste and then dispose
properly. Mutilate/cut before disposal.
OR
Mutilate/cut gloves, syringes, blood
bags and disinfect with 0.5% chlorine
solution and dispose safely (deep
burial).

Infectious waste such as
bandage, cotton

Autoclave the waste and then dispose
properly.

OR
Disinfect wastes with 0.5% chlorine
solution and dispose safely.

Radioactive waste

Sealed radiation source,
liquid and gaseous,
material contaminated
with radionuclide, such as
paper cups, straws, needles
syringes, test tubes

Apply return back policy; return the
waste to the store and from the store to
the supplier; it should be agreed at the
purchasing phase.

OR
Radioactive isotope should be collected,
packaged, inventoried and securely
stored for time period suitable for
complete radioactive decay. In the case
of mixed radioactive and infectious
waste, the radioactive component
is addressed first and later suitable
treatment for the infectious component
should be carried out.

Other hazardous
waste

Heavy metal such as mer-
cury

Should be collected and stored
separately in glass bottle with water and
well labeled and stored in secured place.

Chemical waste (chemicals
used in production

of biological toxins,
chemicals used in
disinfection, insecticides)

Chemical treatment and discharge into
drains after massive dilution with plain
water

Chief of the
clinic/
concerned
staffs
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Table 13. Health Care Waste Management at Pharmacy/Medical Stores

Types and Categories of HCW Methods of management Responsibility
Bio-degradable The waste can be composted to
(Compostable) produce compost manure and can

also be used for production of bio-gas.

Recyclable (Non- Recyclable items should be recycled
Non-risk HCW | biodegradable) and reused.
Other non-risk waste If waste cannot be composted or

recycled, contact the local authority
for disposal.

Sharps such as injections, |In case of used needles and

blades syringes, wastes are first autoclaved
and if autoclave is not available,
disinfect with 0.5% chlorine solution
and dispose safely.

Pharmaceutical waste such | Apply return back policy; return the

as waste comprising of waste to the store and from the store | Storekeeper
date expired, contaminated | to the supplier. and authorized
HCW requiring | and discarded medicines OR person
special attention Disposal in secured landfill after
encapsulation

Cytotoxic pharmaceutical | Apply return back policy; return the

waste such as post- waste to the store and from the store
expiration date cytotoxic | to the supplier.
pharmaceuticals, OR

discernable liquid residues | Sanitary landfill with encapsulation.
of cytotoxic concentrates

Heavy metal such as mer- | Should be collected and stored

cury separately in glass bottle with water
and well labeled.
Other hazardous | Chemical waste (chemicals | Chemical treatment and discharge
waste used in production into drains after massive dilution with
of biological toxins, plain water

chemicals used in
disinfection, insecticides)

@ Health Care Waste Management Guideline
291



Note:

It is recommended to have central treatment facility (CTF) for the treatment and
disposal of HCWs based on the public-private partnership (PPP) approach however,
where these facilities are not available, HCF shall have to manage their HCWs using
the BAT and BEP techniques so as to have ‘zero waste concept’ as being practiced in
different hospitals of Nepal such as Civil Service Hospital and Bir Hospital.

Open burning should not be considered as an option because of the risk it creates for
staffs, communities and the environment.

If autoclave is not available in the HCF then disinfect wastes with 0.5% chlorine
solution or 1% bleaching powder solution.

Chemical treatment using at least 0.5% chlorine solution for at least 30 minutes. If
it is not available then disinfect wastes with 1% bleaching powder solution for at
least one hour.

Unusable blood and laboratory reagents should be safely disposed after proper
chemical treatment.
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9.1

9.2

9. Training and Raising Awareness

Promotion of the appropriate handling and disposal of HCW is important for public health and hence
every member of the community has the right of information about the potential health hazards. The
objectives of public education on HCWs are as follows:

* To prevent exposure to HCW and related health hazards;

* To create awareness and foster responsibility among hospital patients and visitors to HCFs
regarding hygiene and HCWM.

* To inform the public about the risks linked to HCW.

In order to develop proper training modules, training need assessment should be carried out at the
first. Training need assessment has been defined as the process to establish a clear understanding of
who requires what types of training.

Employees to be trained

All hospital personnel, including senior medical doctors, should be convinced of the need for a
comprehensive HCWM plan and the related training. Separate training activities should be designed
for the following personnel:

* Hospital managers and administrative staff responsible for implementing regulations on
HCWM.

* Medical doctors

* Nurses and Paramedicals Staff

* Cleaners, porters, staff and waste handlers

Content
Training programs should include:

» Information on, and justification for, all aspects of the health care waste plan

+ Information on the role and responsibilities of each hospital staff member in implementing the
plan

» Technical instructions, relevant for the target group, on the application of waste management
practices.

These should be periodically reviewed and updated. Periodic repetition of courses will provide
refreshment training as well as orientation for new employees and for existing employees with new
responsibilities; it will also update knowledge in line with policy changes. In general, the training
should include the following information:

* Concept of health care waste and basic steps for health care waste management
* Legal provisions, policies and international commitments
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9.3

9.4

9.5

* Impact of HCW on health and environment

* Health care waste management

* Management of mercury spill

* Injection safety

* Health and safety

* Health care waste management at different levels of HCF
» Field visit and action plan

Training responsibility

The administration/management section should be given responsibility for all training related to
HCWM. The section should ensure that staffs at all levels of HCFs are aware of the HCWM plan,
their own responsibilities and obligations in this regard. The record of all training sessions and the
content of training programs should be documented. The content of the training programs should be
periodically reviewed and updated as per requirements.

Training package

The training package can be developed by the national government responsible for the HCWM. The
package should be suitable for various types of HCFs, including government, private, teaching and
dental hospitals, polyclinics, health centre, health care research institutions and clinical laboratories.
It would also be useful for more general educational establishments and for organizations that provide
services for HCW disposal. The package should be liberally illustrated with drawings, diagrams,
photographs, slides or overhead transparencies. These should reflect the environments in which
trainees work and provide examples of measures that have been (or will be) implemented. Where
it is likely that waste handlers and other workers are illiterate, all procedures should be carefully
represented in diagrams and photographs.

Selection of participants

The ideal number of participants in a training course is 15-20. Courses should be aimed at all categories
of personnel; discussions may be easier and more useful if the group is composed of trainees from
various disciplines (e.g. supervisors, medical and nursing staff, laboratory staff, engineers, auxilliary
staff) or at least contains one or two medical assistants and nurses. It may also be valuable to include
senior administration staff and heads of departments in certain training groups to demonstrate their
commitment to the waste management policy and to show the relevance of the policy to all personnel
of health care establishments.
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Abstract

Financing municipal solid waste (MSW) services is one of the key challenges faced by cities
in developing countries. This study used plastic waste, a constituent of MSW, to explore the
possibility of generating revenue for financing MSW management in the municipalities of
Nepal. The results of this study suggest that plastic material recovery could generate reve-
nue, which is equivalent to 1.38 times of the plastic-waste-related management cost when
collection efficiency reaches 66.7%. An increase in 1% of recovery rate and collection effi-
ciency could cover an additional 4.64% and 2.06% of the costs of managing plastic waste,
respectively. In addition, an increase in tax on imported plastic materials could also motivate
recovery of plastic waste for recycle and reuse. An additional 1% tax on plastic imports
would be sufficient to cover plastic-related waste management when plastic waste recovery
and collection efficiency rates are low. This plastic recovery- revenue exercise could be
expanded to other materials such as paper and metal to fully understand the possibility of
sustainable financing of MSW management and reducing environmental harm in developing
countries like Nepal.

Background

There has been a steady increase in the urban population worldwide over the years. According
to a report published by the Department of Economic and Social Affairs of the United Nations,
the world’s urban population was 55% of the total population in 2018 but is expected to
increase up to 68% by 2050 [1]. According to the Report, more than 90% of this growth would
take place in Asia and Africa. The increase in urban population, coupled with economic
growth and improved living standards, has resulted in the generation of enormous amounts of
waste already in cities in developing countries [2]. But municipal solid waste (MSW), if not
managed properly, produces negative externalities and contributes to flooding and waterlog-
ging during extreme climatic events such as excessive rainfall [3-6].
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Municipal authorities are working to make their cities resilient and smart. Smartness aims
to improve the welfare of citizens by making cities liveable [7]. Although MSW management
is one of the major components of making cities resilient and smart [8,9], it remains a major
challenge for municipal authorities, particularly in developing countries [10]. Unplanned set-
tlements, poor infrastructure, inadequate resources and capacities, and low level of awareness
among municipal residents are making MSW management all the more complex [11,12]. For
many municipal authorities in developing countries, solid waste management is a high cost
activity, which may command up to 50% of the total municipal budget [13,14].

Additional infrastructure, mainly physical, to manage MSW may not seem an attractive
option to municipal authorities under severe resource constraints. But there is a growing
demand for better solid waste management services by residents who are also ready to pay
increased waste collection tariffs for improved services [9,15]. Compounding the problems are
the shortening life-spans of landfill sites due to the percentage increase in plastic waste which
takes a longer period of time to decay [16]. The demand for more landfill sites is expected to
increase in future because of the growing consumption of processed food products that are
packaged in plastic (among them, bottles, food wraps, bags, etc.) and the use of electronic
appliances which take a long time to decompose. In the absence of a mechanism for proper
recycling of plastic and electronic waste (e-waste), the demand for landfills sites is bound to
increase steadily, which would only add to conflicts between municipal authorities and com-
munities close to the landfills, as landfill sites generate disamenities to nearby residents [17].

Dumping of plastic waste in rivers and canals, in addition to drainage systems, results in
flooding and water logging in low-lying areas. In such situations, structural interventions can
provide only a short-term solution in the absence of MSW management [6]. Similarly, impos-
ing a ban on plastic use without strict enforcement may not work properly [18]. Hence, reduc-
tion of plastic waste at source is critical for preventing water logging and flooding in cities and
low-lying areas. Several cities have, in fact, enforced a levy on the use of plastic bags to reduce
its release to the environment [1] and studies show that a levy on disposable plastic bags
reduces its use [2]. Some European countries have introduced policies on recyclable packaging
standards to increase recyclable waste [4]. While the management of electronic waste is chal-
lenging, discussions already are underway in developed countries to implement extended pro-
ducer responsibilities [5].

In this context, the present study attempts to answer how to make MSW cost-effective and
financially sustainable. Although many studies have explored the financial contribution of
households, businesses and institutions to MSW management [9,19], they have not been of
much use to policy makers and municipal authorities in developing countries who seek infor-
mation on a national-scale sustainable financing mechanism for managing MSW. Sustainable
financing, as understood in the present case, is one where MSW management activities would
not require additional funding from other sources but one where material recovery and recy-
cling alone would generate sufficient resources.

This study examines both sides of the financing mechanism-costs and revenues—for prop-
erly managing plastic waste. It also estimates the additional tax that needs to be imposed at
national level on the import of plastic materials when material recovery and collection effi-
ciency rates are low. This study hypothesizes that the additional revenue could be used for
managing plastic waste so that municipalities would not need to overly rely on the voluntary
subscriptions of households to carry out solid waste management services. The current prac-
tice in Nepal is one where households have the option of subscribing to the MSW collection
service by paying a pre-specified tariff. In comparison, the proposed imposition of additional
tariffs on the import of plastic materials or the recovery of plastic waste for recycling would be
more inclusive while ensuring distributional justice vis-a-vis the poor and vulnerable groups
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living in urban slums and other areas, who are unable to afford the service charge in the exist-
ing pay-as-you-use waste management service.

Methods
Theoretical framework

Since MSW management is a complex process involving a series of steps with multifaceted
effects on human life, its improvement requires the participation of diverse stakeholders and
treatment of waste as a resource while taking into consideration cross-cutting issues like sus-
tainability, inclusion, gender and governance. This can be achieved through a careful study of
the different components and contextualization of standard practices.

An integrated and sustainable solid waste management (ISSWM) approach views solid
waste management as a system which engages all stakeholders by adopting the principles of
equity, effectiveness, efficiency and sustainability. This approach basically considers three fac-
tors—(i) stakeholders, (ii) elements, and (iii) aspects—in order to design the MSW management
system focusing on reduce, reuse and recycle [20]. This concept, often called the 3Rs, is predi-
cated upon the belief that solid waste comprises several types of materials with different values
and impacts. The analysis in this study mainly focuses on plastic waste, which is considered
one of the most challenging categories of waste [18].

As most of the plastic waste could be recycled, the ISSWM promotes a circular economy
which would be able to generate enough resources to pay off the management costs [21]. But,
in order to be feasible economically and technically, MSW management should factor in social
acceptance, cost effectiveness and technical feasibility.

Fig 1 depicts the framework for sustainable financing of MSW management services. The
framework indicates that sustainable financing of MSW management has two components: (i)
financing and (ii) management of waste. Financing depends on costs of management and reve-
nues from recycling and reusing. Management costs can be minimized by reducing the use of
plastics, increasing the reuse of waste materials, and generating lower volumes of waste.

Similarly, management of wast has two aspects: material recovery and collection efficiency.
Material recovery is the percentage of total recyclable material recovered from collected solid
waste. Collection efficiency which is the percentage of recyclable waste material collected out
of the total waste, influences the cost of MSW management while revenue relies on material
recovery, collection efficiency, and price of recovered materials. In Nepal, very few households
practice separation at source; even if households segregate waste at source, service providers
generally do not have a separate pick-up service [9]. Some households practice separation of
saleable materials such as metal, plastic and paper from the waste. Generally, materials that are
recovered for reuse or for sale by households are not included in total waste estimates in this
study. Hence, this study only considers recovered items from the landfill sites.

The financial component (revenue and cost) is market driven. Therefore, in this analysis,
revenue and costs are taken from the existing waste management practices in Nepal. As for the
management component, government policies in addition to efforts of municipal authorities
could improve it. For instance, the quantity of recycled materials depends on the quality of
plastic materials used in packaging [22], which highlights the role that the government can
play in imposing restrictions on the quality of plastic used in packaging. Similarly, provision of
incentives to households to segregate waste at household level would contribute to improving
collection efficiency.

The deficit in the cost of plastic waste management could then be made up by imposing an
additional tariff on the import of plastic materials that are mainly disposable and thus end up
in landfills and drainage systems. The additional tariff would make the use of such plastics
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relatively expensive, which would help thereby to: a) promote substitutes, b) reduce the use of
plastics, and ¢) increase the price of recycled plastic, which would increase revenues. Since
plastic waste will become expensive with the additional tariff, it would help promote recycling
as well as reduce the use of plastics.

Data collection

This study used both qualitative and quantitative approaches to collect data. A total of 83
respondents from different stakeholder groups were interviewed to explore existing MSW
management and financing. Of them, 20 were collectors of recyclable materials, 23 were local
government officials, 15 were environmental activists, and 25 were policy makers. These
respondents were chosen using different approaches, based on the category. For example, the
collectors of recyclables were surveyed from the selected municipalities. These collectors gen-
erally gather in local tea-shops in the morning for tea. The research enumerators approached
them and obtained their consent to answer the relevant questions. This process was continued
in the different municipalities until 20 respondents were interviewed. Other categories of
respondents, such as local government officials, environmental activists and policy makers,
were easier to identify. We prepared the list of potential respondents and discussed with them
first their availability for an interview as well as interest in providing information voluntarily.
The questionnaire, which is in two parts, has been submitted to the journal for public
access. The first part aimed at collecting data on existing MSW management, which was the
same for all respondents. The second part sought to collect information on the involvement of
particular stakeholders in MSW management and the supply chain of recovered material. The
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information provided by private companies that collect and dispose of MSW was used to
determine the material recovery rate (MRR).

So far, there is no institutional review board or national ethical guidelines for social science
research in Nepal. Therefore, the study adhered to established standards in research ethics
such as obtaining verbal consent for participation in research, keeping personal informal con-
fidential, and allowing participants to quit the discussion at any point withdrawing their con-
sent if they so desired. Furthermore, no personal information of the key informants or other
individuals, who provided information related to solid waste generation and import of plastics
or related information, were used in this research. Average values of the collected information
were used for developing different scenarios for simulation.

For this research, the material recovery rate is estimated using a series of Eqs (1)-(5) based
on the SWM baseline data of municipalities taken from the report published by the Asian
Development Bank (ADB) in 2013 to assess the current situation of SWM in municipalities of
Nepal [23]. The Tables in Appendix 4-7 were used to estimate the efficiency of waste collec-
tion, weight of the solid waste estimates in municipalities, and the contribution of plastic waste
in the total waste. The Table in Appendix 9 of the ADB 2013 Report was used to calculate the
expenditure incurred by a municipality to manage a ton of solid waste. Missing data were
excluded while calculating the average value of the relevant variables across the municipalities.
The data collection process with the major findings of the baseline survey can be accessed
from the Asian Development Bank’s website [3].

CW = TW x ACE (1)

where,
CW is weight of waste collected by municipality
TW is total weight of solid waste produced in the municipality
ACE is average collection efficiency

MRP = RPM x CW (2)

where,
MRP is weight of the material recovery potential waste
RPM is percentage of recoverable potential material in CW

MR = MRP*MRR (3)

where,
Material Recovered (MR) = weight of material recovered (for this study plastic) from MRP
MRR is material recovery rate which is the percentage of particular material that can be
recovered from the MRP.

PTWR = MR/TW (4)

where,
PTWR is proportion of recovered waste to TW

TMR = PTWR«PCWxUP (5)

where,
TMR is total material recovered
PCW is weight of waste produced per capita
UP is population living in municipalities
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The amount of solid waste materials was estimated for commercial, institutional and resi-
dential waste separately as the material composition varies by source of waste [23]. MRR
affects overall calculation of material recovered, and costs and revenue from recycling. There-
fore, we cautiously selected the MRR. We first reviewed the material recovery rates for differ-
ent countries and compared them with local rate. in different municipalities in Nepal. The
material recovery rates in some of the municipalities in Nepal were similar to those observed
in developed countries. An example would be Dhankuta Municipality, where solid waste man-
agement has been practiced for the past several years, the rate of which is comparable to that
reported in Australia for 2012 [24].

The cost of and revenue from MSW management were estimated using material recovery
information and the results were simulated using two additional items of information: a) aver-
age price of recyclable materials and b) MSW management cost. The potential revenue gap
was then estimated, which was followed by the estimation of the levy to be imposed on
imported plastics to cover the resource gap (cost-revenue).

Plastic import data for Nepal were obtained from the Department of Customs under ‘Plastic
and article there-of, which was classified under HS code 39 for the years 2010-2016. This
information was used to analyse the import values of plastic-related materials and the taxes
collected under different headings. The additional levy on plastic imports based on the
resource gap was estimated thereafter. In doing so, we expect the top-up levy to increase the
price of plastic materials reducing in turn the demand. The price mechanism would provide
some incentive for using alternative materials in place of plastics while also reducing the
demand for disposable plastics as the price goes up, thus curbing the increasing per capita con-
sumption of disposable plastic items. Already, there have been instances reported in Nepal
where large retail stores have stopped providing plastic bags to their customers while some res-
taurants have started using local materials such as bamboo utensils and dried-leaf plates as sub-
stitutes for plastics. With an additional import duty on plastic materials, the trend in using
substitutes is bound to increase with time.

Analysis

The analysis determines the different components of sustainable financing (see Table 1). It
uses information for 58 municipalities as Nepal had only 58 municipalities till 2013 while the
rest were village development committees [23]. After the promulgation of the new Constitu-
tion in 2015, there has been a drastic change in the number of local administrative units in
Nepal with, currently, more than 750 local administrative units across the country. For our
analysis, we considered the earlier administrative structure and have thus included 58 munici-
palities in the study.

Table 1. Levels of different components of sustainable financing.

Revenue

« R1- NPR 30/kg
« R2- NPR 15/kg
« R3-NPR 12/kg

NPR is Nepalese Rupees; USD1 = NPR 85 in 2012

https://doi.org/10.1371/journal.pone.0231933.t001

Management
Cost (per ton of waste collected) Material recovery Collection efficiency
« C1- NPR 2,347/ton e Low-12% o Least efficient—20%
» C2- NPR 4,673/ton o Medium -15% « Existing—33.7%
« High—30% o Medium—50%

» High—66.7%
¢ Maximum—90%
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In the analysis, two types of MSW management costs were identified: (i) lowest cost (C1)
and (ii) average cost (C2). The lowest cost (C1) is the cost of MSW management practiced by
Dhankuta Municipality, which has one of the best MSW management practices in Nepal. The
average cost (C2) is the average cost of MSW management practiced by the other municipali-
ties in Nepal. Similarly, three revenue scenarios were determined based on the price of recy-
cled/reused plastic materials: (i) average price received by collectors (R1), (ii) price received by
segregators in Dhankuta municipality (R2), and (iii) average price received by households
(R3). The prices for R1, R2 and R3 were elicited, respectively, from the collectors’ survey, a
manager of the solid waste management company contracted by Dhankuta Municipality, and
the website of Khalisisi—a social enterprise engaged in door-to-door collection of recyclable
material [25].

Based on the costs and revenues in Table 1, six scenarios were developed to assess the costs
and benefits from solid waste management. These scenarios are R1C1, R1C2, R2C1, R2C2,
R3Cl1 and R3C2. Of these scenarios, R1C1 is the best with the best selling price for recovered
plastic materials with the least management cost. In contrast, R3C2 is the worst scenario with
regard to the average MSW management cost; it also has the lowest price for recovered plastic.

These scenarios were assessed using different material recovery rates and collection effi-
ciencies as reported in Table 1 (columns 3-4). The estimated collection efficiency for Nepal is
33.7%, which is the weighted average of collection efficiency of the 58 municipalities in 2012.
As communicated by the environment officer of the municipality, the plastic recovery rate is
between 12% and 15% in Dhankuta municipality minus the segregation of plastics and other
waste at source. It is expected that segregation at source will increase the recovery rate up to
30% [26]. Based on these findings, three different scenarios of plastic recovery rates are identi-
fied: 12%, 15% and 30%. Similarly, collection efficiency is categorized into five groups: (i)
Least efficient-below average, (ii) Existing—equivalent to the average of the disposed waste in
landfills, (iii) Medium-the performance of smaller towns with better management, (iv) High—
the lower bound of major cities, and (v) Maximum-the higher bound of major cities.

Results

Material recovery potential

In 2012, Nepal imported 0.4 million tons of plastic while the estimated plastic waste generated
was 0.23 million tons [27]. On average, the 58 municipalities generally produced 1,281 tons of
waste per day of which 769 tons were household waste, 447 tons commercial waste and 65 tons
institutional waste [23]. Organic waste exceeded 66% of the total waste volume generated at
the household level while it was 40% and 20%, respectively, in the case of commercial and
institutional waste [23].

The average MSW collection efficiency of all municipalities is 33.7% in Nepal [28]. Based
on the collection efficiency, the daily quantity of materials that can be processed for material
recovery is 432 tons. The daily material recovery potential is thus 196 tons, which is around
half of the collected waste. Organic material is recoverable or reducible and many households
use organic waste as animal feed or, once processed, as compost for their farm or kitchen gar-
den. However, organic waste in big cities is becoming unmanageable since, in big cities like
Kathmandu, plot sizes are smaller, kitchen gardens are absent, and many families live in rented
apartments, limiting the scope for composting the organic waste in their backyards.

Another recoverable material is paper. On average, 48.7 tons of paper can be recovered on
a daily basis from these municipalities. There is a wide variation in the price and quality of
paper. Khalisisi, an organization working on waste recycling in Nepal, pays NPR 17/kg for
notebooks, NPR 9/kg for cardboard, NPR 11/kg for used books, and NPR 14/kg for
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newspapers [25]. As there is a chain of collectors, an increased volume of collection can be
sold to big collectors which could bring in a better price for the sellers.

Plastic is a dominant material in waste. At present, on average, 6.05 tons of plastic waste
can be recovered daily from the 50.4 tons of plastic waste produced each day. According to col-
lectors, the rate of recovery varies with the type of the plastic product. For example, while the
recovery rate of plastic bags is 58%, for bottles it is 61% and for utensils it is 62%. These recov-
ery rates can go up higher when waste is managed more efficiently. But there are technological
constraints to recycling since some plastic items are not recyclable while many items do not
have enough volume. Low volume is not profitable as the marginal cost of recycling exceeds
the marginal benefits from recycling.

The quantity of recoverable materials changes with a change in collection efficiency (Fig 2).
Based on the existing collection efficiency and the 12% plastic MRR, only 0.61% of the total
waste produced can be recovered as plastic. The maximum plastic recovery would thus be
1.62% of the total waste produced at 90% collection efficiency with 12% MRR. Given this data,
a 1% increase in plastic MRR would increase recovery by 0.04% of plastic waste and 0.02% of
total solid waste.

Financing

Table 2 reports the costs and revenues at 12% MRR in different collection efficiencies for the
best and worst case scenarios. The results suggest that, at the existing collection efficiency, the
revenue generated from recovered plastic could cover 1.6% and 7.8% of the total solid waste
management costs, respectively, in the worst and best case scenarios. Similarly, it could cover
11.2% and 55.7% of the plastic-related MSW management costs in the worst and best case sce-
narios, respectively. As such, the management would require additional finances to cover the
plastic-waste-related cost, which is equivalent to 0.2% and 0.7% of the total plastic import
value, in the best and worst case scenarios, respectively.

The results indicate that if collection efficiency increases to 66.7%, then the revenue gener-
ated from the recovered plastic at 12% MRR would outweigh the plastic-related MSW
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Table 2. Cost and revenue in best case (R1C1) and worst case (R3C2) scenarios at 12% recovery rate.

Criteria

% of overall MSW management cost
% of plastic-related MSW management cost

Revenue (NPR in million)

Collection efficiency
Least efficient | Existing (33.7%) | Medium (50%) High (66.7%) Maximum (90%)
(20%)
R1C1 R3C2 R1C1 R3C2 R1C1 R3C2 R1C1 R3C2 R1C1 R3C2
4.6 0.9 7.8 1.6 11.6 2.3 154 3.1 20.8 4.2
33.0 6.6 55.7 11.2 82.6 16.5 110.0 22.1 149.0 29.8

30.0 12.0 51.0 20.0 76.0 30.0 102.0 41.0 137.0 55.0

Top-up to cover plastic waste related cost (% of import value) 0.3 0.8 0.2 0.7 0.1 0.7 0.0 0.6 -0.2 0.6

Simulation results using primary and secondary sources of data discussed under data section.

https://doi.org/10.1371/journal.pone.0231933.t002

Table 3. Results of optimistic scenario.

management costs in the best case scenario while it would cover only 22% of the costs in the
worst case scenario. Even if collection efficiency improves to 90% in the worst case scenario,
the revenue from the recovered plastic would cover a mere 30% of the plastic-related MSW
management cost.

Sensitivity analysis

An optimistic scenario is defined as a case where the plastic MRR is 15% and the collection
efficiency is high (at 66.7%). This scenario was set up after a series of discussions with the rele-
vant stakeholders and officials of municipalities assuming that it would be achievable in the
Nepalese context. The results of the optimistic scenario for best and worst cases are reported in
Table 3. The results suggest that the best case scenario generates 1.38 times more revenue than
the plastic-related MSW management cost earning NPR 35 million whereas the revenue gener-
ated from recovered plastic in the worst case scenario can cover only 27.6% of the plastic-
related MSW management cost. The optimistic condition will prevent 4,220 tons of plastic
from entering the environment annually while reducing 1.5% of total waste from the waste
stream.

In addition, two analyses were carried out to examine how much the revenue from recov-
ered plastic is sensitive to collection efficiency and recovery rate (see Table 4). The effect of
recovery rate on plastic revenue is calculated at existing collection efficiency (33.7%) and the
effects of collection efficiency on the 15% recovery rate. The results show that a 1% increase in
recovery rate and a 1% increase in collection efficiency would recover an additional 4.64% and

Criteria Unit Best Case Scenario (R1C1) Worst Case Scenario (R3C2)
MSW management cost (per year)
Total cost (A) NPR Million 659.0 1312.0
Plastic proportionate (B) NPR Million 92.0 184.0
Plastic revenue (C) NPR Million 127.0 51.0
Deficit (D) for managing plastic waste = [B-C] NPR Million -35.0 133.0
Cost recovered from recovered plastic revenue
Total MSW management cost (C/A) percentage 19.3 3.9
Plastic proportionate (C/B) percentage 138.0 27.7
Top-up (D/total value of import) ratio -0.16 No top-up required
Weight of recovered plastic proportionate to total waste percentage 1.50
Simulation.
https://doi.org/10.1371/journal.pone.0231933.t003
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Table 4. Plastic-related cost recovery for the best case scenario (R1C1).

Existing collection efficiency (33.7%) 15% recovery rate
Recovery rate (%) Cost recovery (%) Plastic recycled (ton) Collection efficiency (%) Cost recovery (%) Plastic recycled (ton)
12 55.7 1,707 20.0 41.3 1,266
13 60.3 1,849 33.7 69.6 2,134
14 65.0 1,991 50.0 103.3 3,165
15 69.6 2,134 66.7 137.7 4,220
30 139.2 4,267 90.0 185.9 5,698

Simulation.

https://doi.org/10.1371/journal.pone.0231933.t004

2.06% of the plastic-related MSW management cost, respectively. Similarly, recycled plastic
waste would increase by 142 and 63 tons, respectively, with a 1% increase in both recovery rate
and collection efficiency.

The results also suggest that a 30% recovery rate generates 39% more revenue compared to
the plastic-related MSW cost when recycling 4,267 tons of plastic per year. Similarly, revenue
generated from recovered plastic at collection efficiency more than 50% can cover the plastic-
related MSW management cost by reducing at least 3,165 tons of plastic in the waste stream.
Table 4 suggests that with a 30% recovery rate under the existing collection efficiency rate, the
plastic recycling program would generate enough revenue to finance the costs of plastic waste
management. On the other hand, with a 15% recovery rate, a 50% collection efficiency would
be needed to generate enough revenue to finance the plastic waste management costs.

Discussion

The volume of MSW is showing an increasing trend in Nepal as the economy undergoes a
transition from a farm-based rural economy to an industry- and service-based urban economy
[29,30]. With this transition, consumption of processed foods packaged in plastic covers/con-
tainers has been on the rise. Furthermore, the use of plastic bags has been rampant as these
bags are mainly provided at no additional cost at groceries and shopping centres. In urban
Nepal, on average, a household uses over 10 plastic bags per week for groceries which trans-
lates into roughly 28,000 tons of plastic bags in the environment per year if not recycled prop-
erly [18]. For this estimate, a conservative weight of 1 plastic bag equals 10 grams had been
used whereas a plastic bag used in homes could weighbetween 8 and 32 grams.

The local municipal authorities have been facing challenges in managing solid waste
effectively because of poor planning, a low level of awareness among residents, and lack of
resources. But the increased volume of waste is likely to increase the cost of MSW manage-
ment. Household waste collection is one of the most expensive MSW management activities in
Nepal. Sweeping and waste collection comprise around 60-70% of the total MSW manage-
ment cost of municipalities [23]. In addition, a challenge arises relating to the management of
land-fill sites with increasing waste production. In such a scenario, municipal authorities need
to develop a strategy that would minimize the MSW management cost while increasing the
longevity of landfill sites.

There has been a growing interest in converting waste to energy, a popular idea in South
Asia [31]. Another way to reduce the use of plastics bags is to impose a ban and enforce the
ban with significant fines. But without strict enforcement of the ban with sufficient fines, such
a ban would fail miserably [18]. The ban would also increase the administrative costs of the cit-
ies as strict enforcement of the ban requires constant monitoring. This study discusses an
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alternative option, i.e., material recovery and recycling of plastic waste with additional tariffs
on the import of plastic materials.

Recycling and reusing plastic would contribute to the following: reduce the volume of waste
to be collected and disposed of in landfills while generating revenue. However, it requires an
integrated approach involving all stakeholders-from members of households who segregate
waste at source to collectors and recyclers. Usually, incentives motivate stakeholders to partici-
pate in environmental management programs [32,33]. In plastic waste management, a house-
hold could earn extra income from plastic waste if they segregate waste at the source. Similarly,
waste pickers could also earn more once improved recycling activities are in place [34].

The results suggest that ISSWM not only collects, transfers and disposes of the waste but
also minimizes the cost of MSW management by generating revenue from recovered waste
material [26]. This could offset some portion of the MSW management cost, which is one of
the more expensive activities of municipal authorities. This study suggests that revenue gener-
ated from recovered plastic could recover up to 20% of the MSW management cost. But the
analysis excludes the indirect benefits of plastic recycling such as reduction in oil usage and
carbon dioxide emissions as well as lowering the quantities of plastic waste dumped ensuring
thereby the longevity of landfill sites [22]. In addition, recycling can also reduce the demand
for virgin raw materials for the production of plastic items, reducing thereby the volume of
plastic imports and the trade deficit. Accounting for these indirect benefits will increase
the financial as well as the environmental contribution of recovered plastic waste in MSW
management.

Even in conservative estimates that include only direct benefits, the generated revenue out-
weighs the plastic-related solid waste management cost in the given material recovery rate and
collection efficiency. This corroborates the findings of another study according to which the
financial benefits generated from properly managed construction waste offsets the manage-
ment cost of the particular waste [21].

The results suggest that improving the material recovery rate would be more effective than
increasing collection efficiency. However, both should be improved simultaneously to enhance
the efficiency of MSW management. These inputs could be improved through appropriate
infrastructure or policy instruments [35,36]. For instance, revenue could be increased through
additional collection and recovery of high-value materials [35]. Improvement in the material
recovery rate would require the introduction and enforcement of packaging standards and at-
source waste segregation strategies [22,37]. Recovery and recycling of material from waste,
however, is a complicated process. ISSWM requires several complementary policies and a sup-
portive environment [7]. The experience of MSW management in Japanese municipalities sug-
gests that the cost of MSW management depends on scale, segregation at household level,
cooperation of adjacent municipalities in integrated management, and the manner in which
the service is being provided [8]. Private sector engagement reduces cost and increases effec-
tiveness [8,9]. An important aspect of increasing recovered material is segregation of waste
at household level. It is hard to recover plastic from mixed waste as households pack mixed
waste in plastic bags, making it almost impossible to segregate. In such a situation, promoting
kitchen gardens or scaling up waste-to-energy-type biogas could consume the organic house-
hold waste so that easy-to-segregate waste enters the collection channel [10]. Enforcing recy-
clable packaging material could help circulate the same material and reduce the release of
plastic waste into the environment [4]. However it would only work if segregation-at-source
and recycling are practiced [11].

The quality of plastics and packaging materials could also be controlled by setting standards
for those importing such materials with proper tax incentives. Additional import tariffs would
have three benefits: i) it would immediately discourage the unnecessary use of plastics as
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plastic-related goods will become relatively expensive; ii) it would provide additional revenue
to fill in the revenue gap in managing MSW properly; and iii) it would encourage promotion
of substitutes for plastic in the medium to long term, which will help in achieving the goal of
reducing plastic waste in the environment. According to the analysis in this paper, less than
1% of additional import duty on the import of plastic-related goods would generate sufficient
revenue to bridge the resource gap in managing plastic waste if it were to coincide with the
current collection efficiency and recovery rates of plastic waste.

Generally, a change in efficiency in collection and material recovery carries cost implica-
tions. However, changing the collection efficiency is difficult in the context of Nepal as munici-
palities are heterogeneous in terms of population density, waste production and accessibility.
This heterogeneity compounds the difficulty of estimating the marginal cost of collection effi-
ciency. For instance, some municipalities are characterized by sparsely populated suburban
areas that may result in a high collection cost whereas some other municipalities would be able
to improve the collection efficiency through predictable services [9]. Therefore, this study uses
the average cost of per ton of MSW with a collection efficiency of up to 94%.

However, accounting for indirect effects of proper MSW management [38] as well as recov-
ery of other waste materials such as paper and metals would assist in the recovery of such costs
because segregation of plastic would also result in the segregation of other materials. It is also
important to understand how the management cost changes with a change in the per unit mar-
ginal recovery rate and collection efficiency. While the expense associated with improving the
material recovery rate through improved standards will be borne, in particular, by the con-
sumer of the commodities, the expenditure incurred in improving collection efficiency will be
shouldered by the waste management actors.

The financial component of the sustainable financing of MSW management is market-
driven. Hence, the price of recovered materials is another determinant of revenue. This price
may fluctuate due to volatile scrap market prices as requirements of scrap buyers could change
over time [39]. If this were to happen, government interventions would be required to main-
tain the market price of scrap materials. Otherwise, households would be demotivated from
segregating recyclable material at their homes and selling it to collectors; similarly, waste pick-
ers may change occupations. Thus, one way to provide incentives for better recovery of plastic
waste is to increase the import duty on plastic raw materials. In the short run, this would, in
addition, generate revenue to finance plastic waste management. At the same time, it would
encourage users to look for alternatives to plastics. The analysis suggests that less than 1% of
import duty on the value of imported plastics materials would help finance the cost of manag-
ing plastic waste in Nepal.

Conclusion

Sustainable financing hinges on both the financial and management components of waste
management. Promoting a circular economy (i.e., reduce, reuse and recycle) would create
opportunities for generating the much-needed resources for MSW management. The recovery
of waste materials would produce several direct and indirect benefits. For instance, the esti-
mated revenue generated from recovered plastic waste would come to 1.38 times the cost of
managing plastic-related waste. In addition, it would prevent 4,220 tons of plastic waste from
entering the environment annually, which would have additional environmental benefits. In
low-performing cases where the collection cost is high and revenue is low, i.e., the revenue col-
lected from recovered and recycled material is only 22% of the plastic-related waste manage-
ment costs, which would require in turn additional resources, the cost could be met by
imposing an additional 1% tax on the value of imported plastic-related material.
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Nevertheless, sustainable MSW would require an integrated approach to designing and
implementing management activities from source to landfill site that would link and engage all
stakeholders. This study indicates that the financing of MSW management would depend on
the effective management of municipal waste. Increased collection efficiency of waste material
and material recovery rate would reduce the financial burden on municipal authorities. For
example, collecting half of the MSW and recovering 15% of plastic material from the collected
MSW would cover the cost of managing plastic-related waste. However, there is a possibility
that the flow of financial resources could fluctuate based on recovery rate, collection efficiency,
and price of recovered plastic. Thus, in the long term, additional policy interventions such as
standardising of packaging materials and infrastructure development would help in managing
MSW better.

This study only covers the financial and management aspects of ISSWM in Nepal. Future
studies could focus on other aspects, particularly, stakeholder interests, policy coherence, and
household behaviour in developing an ISSWM framework for Nepalese municipalities.
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