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3.8 Kathmandu

Situational Analysis and Urban Air Quality Trends

Kathmandu isthe capitd city of the Kingdom of Nepa
and had a population of 661,836 according to the last
censusin 1991. It islocated in the Kathmandu valley
asarefour other municipa towns, Lalitpur, Bhaktpur,
Kirtpur and Madhyapur-Thime which together
condtitute the main urban area of Nepal. This major
urban ares, otherwise known asthe’ Kathmandu urban
zon€e' , had apopulation of approximately 1.1 million
in 1991. Kathmandu valley is situated 1,350 m above
sea level and has an average rainfal of about 1300
mm. The Valley is surrounded al sdes by the hills
ranging from 2,100 m to 3,132 m in dtitude. Because
of this, the occurrence of cam or low wind-speed
conditions is common in the valey leading to low
dilution and dispersion of air pollutants (Devendra
Prasad Adhikari, persona communication). The
Valley’ stopography a so encouragesthe formation of
temperature inversons, especially in winter months,
which alow air pollutants to build up to high levels
(Shrestha, 2001). For these reasons Kathmandu Valley
is classfied as aHigh Air Pollution Potential Zone.
Most of Nepal’ s economic and business activities are
centred in the Valley which is becoming
environmentally stressed due to the high population
pressure, unmanaged industrial establishmentsand the
increasing number of vehicles.

Rapid urbanization, industrialization, poorly
maintained vehicles and a lack of public awareness
arecontributing toadeterioration inambient air quality
in Kathmandu Valley. Brick kilns, cement and marble
factories are the magjor air polluting industriesin the
Valley. In the early 1990s, there were over 300 brick
kilnsin the Valley (ENHPO, 1993a) ranging fromvery
small, manualy operated and seasond kilns to very
large semi-mechanized units with a year-round
operation (ENPHO, 1993b). There is dso a large
cement factory in the Valley. For these indudtrid
sources, particulate matter (PM) and sulphur dioxide
(SO,) are the mgjor air pollutants. Emissions of air
pollutantsfrom the trangport sector are dso of concern
in the Kathmandu urban zone. Of the total number of
vehicles registered in Nepa in 1998, 56 per cent
(goproximaely 122,400) wereintheKathmandu Valley.

About haf of the vehicles in 1998 had two-stroke
engines which emit much more PM than four-stroke
vehicles. Passenger vehicles such as buses, minibuses
and three-whedlers are relatively old compared to
private vehicles, and therefore tend to be the most
polluting. Another major source of air pollution in the
Kathmandu urban zone isopen- burning of refuse.

Air Quality Monitoring

Air quality monitoring has not been carried out
sysematically in Kahmandu Valley asno organization
has responsi bility for air quality management. However,
afew inditutions have been involved in recording air
quality from timeto time. A Kathmandu based non-
government organi zation (LEADERS Nepal) has been
monitoring roads de and ambient concentration of air
pollutantsin the Valley for about four yearsandalarge
amount of air quality-relatedinformation was generated
during theUrban Air (URBAIR) projed and Kathmandu
Valley Vehicular Emission Control Project (KVVECP).

Monitoring resultsfor PM, (particulate matter with
diameters £10 pm) showed air concentrations in the
Valley ranging from 230 pg/m?® to 3790 pg/m? (Otaki
et al., 1995). The Department of Hydrology and
Meteorology (DHM) hasbeen measuring the ambient
concentration of total suspended particulate matter
(TSP) in theKathmandu Ve ley since December 1993.
Table 3.8.1 shows the average TSP concentrationsin
the Kathmandu Valley over recent years. Meansfor all
four yearsexceaded theWHO (1979) guidd ine (annual
mean TSP (in conjunction with SO, 60-90 ug/m®) by
more than afactor of two.

Ambient concentrations of carbon monoxide (CO)
around 5.5 ppm have been measured during busy
office-hours and around 4.5 ppm during off- peak
hoursin heavy traffic areas (Devkota, 1993). ENPHO
(1993a) aso recorded CO concentrations in the
Kathmandu Valey which weredl below the WHO Air
Qudity Guiddine (AQG) vaue (10 mg/m?8-hour
mean).

Nitrogen dioxide (NO,) and SO, concentrations
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Table 3.8.1 Average ambient concentration of TSP
(ug/m3) in Kathmandu Valley

Year Maximum Minimum Mean
1997 269 139 200
1996 381 31 186
1995 727 70 226
1994 467 54 202

are below WHO guidelines representing little risk at
present (Shrestha, 2001). In one study, a24-hour NO,
concentration of 18 pg/m® was determined for a
regiona background stein Kirtipur with the highest
concentration (38 pg/m?) being recorded for theHimal
Cement Company site (Devkota, 1993). LEADERS
Nepa measured 24-hour average NO, concentrations
in different locations within the Valey in June 1998
and found they varied from 0.02 ppm to 0.04 ppm
with an average of 0.027 ppm (LEADERS, 1999).
Devkota (1993) found 24-hour SO, concentrations
ranging from 17 pg/m3to 77 pg/m?in the Valey with
a value of 38 pg/m? recorded for the regional
background sitein Kirtipur. Thesevauesaredl below
the WHO 24-hour SO, concentration guideline of 125
pg/mée.

ENPHO (19934) reported that the average 24-
hourslead (Pb) concentration in the Valey was 0.32
pg/m?® and ranged from 0.18 pg/m? to 0.53 pg/m?.

Impacts of Air Pollution

Information regarding the health impacts of air
pollution in Nepal is very limited. LEADERS Nepa
(1998) stated that the number of urban children
reporting respiratory-related cases in the Children
Hogita was higher thanthe equivaent number of rura
children in the Kathmandu Valley. The same
organisation aso found that respiratory infections
increased from 10.9 per cent of the tota out-patient
vidtsin 1996 to 11.6 per cent in 1998 (LEADERS,
1999).

Enforcement and Control
Strategies

Thereisno strategic air quaity monitoring policy in
Nepd and there are no ambient air quality sandards.
Severd different agencieshave responsbilitiesrelated
to the prevention and control of air pollution but
coordination betwean tham islacking (Devendra Prasad
Adhikari, persona communication). Thereis ds0 a
lack of commitment to the enforcement of existing

rules, regulaions, guidelinesand sandards. I n addition,
no ocoherent legidativeframework exidsto control air
pollution as it is spread over variousstatutes in aout
16 different actsand by-laws (including the Industria
EnterpriseAct (1992) and the Environment Protection
Act (1996)). No single organization has overall
regponsible for air quaity monitoring although
monitoring capabilitieshave been devel opedinthe privae
sector and non-governmental organisations have also
been actively involved in generating air quality
information.

Regul ations governing the testing of vehicular
emissonsare limitedto three- andfour- whedlersinthe
Kathmandu Valey. The Government hasalready passed
reguations for monitoring two-wheelers but no such
action has been teken to date (2002) because of
inadequate infrastructure for testing facilities and lack
of procedura arrangements(Devendra Prasad Adhikai,
persona communication). Unleaded gasoline was
introducedintheKahmandu Valey in 1997 ontria bads
and has been digtributed al over the country since
January 2000.

However, in 2001, the government took the bold
sep of completely banning diesel-operated three-
wheders from operating within the Valey. This has
resulted in theremoval of about 800 diesdl three-whede's
from the sreets and their replacement with dectric- or
liquefied petrdeun gas- (LPG) powered three-whed ers.
Credit with subsdized interest has been channelled
through the banking sector to encourage people making
theinvestment in dectric vehicles In December 1999,
thegovernment a sointroduced theNepal VehicleMass
Emisson Standards for newly registered vehicles,
equivalent to Euro | sandards. The government has
a 0 banned theregidration of two-stroke two-wheders
and has been providing tax exemptions for the
importation of cleaner vehides.

Conclusions

Air pdlution problemsareincread ng inthe Kathmandu
Vdley with high levels of suspended particulate matter
(SPM) currently posing the greatest threat to human
hedth. The sources of thisair pollution are varied and
include emissonsfromindudrid fadlities(alargecament
factory and numerousbrick kilnslocated in the Vdley),
vehicuar exhaust and refuse burning. At the sametime,
air quality management capadty in Nepd is somewhat
limited. Thisisduetothelack of coordination amongst
thevariousagenciesrespongbleand thelack of acoherent
legislative or policy framework. However recent
initidives, notably the banning of diesd-operated three-
wheelers, sgnd amorepos tivemovein themanagement
of air quality within the Kathmandu urban zone.
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3.9 Mumbai

Situational Analysis and Urban Air Quality Trends

Mumbai islocated on India s west coast and consgts
of a peninsula origindly composed of seven idets
Drainageand reclamation have caused theidestojoin
and form the present — day Mumbai (Mumbai) 1dand,
with theArabian Seato thewest, and Mumba harbour
and the inlet of Thanecreek totheeast. Mumbai hasa
mean eevation of 11 metres above sea level and
conggts of saverd idands on the Konkan coadt. It has
a tropica savannah climate. The annua average
temperatureis 25.3 °C, with a maximum of 34.5°C
in Juneand minimum of 14.3°C inJanuary. Average
annual precipitationis2,078 mm with July having the
maximum rainfal. High pollution concentrations
usually occur in the winter when adverse
meteorological g tuationswithweak windsmay preval.
Mumba harbour isIndia sbusest, handing morethan
40 per cent of India s maritime trade. Besides being
India s financia and commercia centre, Mumbai is
also oneof themost indudtrialized Indian cities. There
are approximately 40,000 small and big indudtriesin
the city, of which 32 have been classified ashazardous.
Industriesin the air-polluting category include textile
mills, chemical, pharmaceutical, engineering and
foundry units. Process emissions and those from fuel
consumption, congitute the man sources of air
pollution. Major air pollution sources include a giant
fertilizer/chemica complex; two oil refineries and a
thermal power plart, all based in CHEMBUR, asuburb
on the eastern coast of Mumbai (World Bank, 1997).
Mumbai’ s popul ationwas 16.4 million in 2001 (www.
censusindia net/results/million_plus.html)

Heavy industry on the idand tendsto create most
of the pollution, which is often blown by weserly
winds over mainland Mumbai. The natural wind
movements cause aventilation effed and help mairntain
thequality of ambient air over the coastd city. Thus,
the annual average concentrations of SO, and NO, in
Mumbai are lower than that of the inland Del hi
megacity. However, 24 hour averages of SO, and
NO, do show occasional violeions of national air quality
gandards. (CPCB, 2001)

Mumbai is the only Indian city to have good

environmental padllution datacovering thelast 25 years.
There hasheen adeclining trend of SO, over theyears,
and besidesa few aberrations, theannua mean levels
have been below the WHO guideline vaue of 50 pg/
m®. Thismay be because of the low usage of furnace
0il and theuse of low-sul phur coal for heating purposes
in thetextilesmills. Moreover, anumber of them were
closed in theinner city area and relocated el sawhere.
Thisisthemain reason for the declining trends of SO,
in the atmosphere. The chemical industry accounts
for nearly al SO, emissonsin Mumbal, estimated to
be around 157,000 tonnes per annum. The levelling
off in emissonsis dueto the introduction of natura
gas asamajor fuel source from the newly opened gas
fieldslocated off the west coast. Monitoring conducted
intheAir Pollution Survey of Greater Mumbai indi cates
that SO, levels probably started to decrease as aresult
of planning measuressuch asthe rel ocation of industry
and increased stack height.

In 1978, the annual level of NO, was around 13
pg/m?, which was lessthan the WHO guiddine value
of 40 pg/me but from 1978 onwards up to 1982 there
was a seep growth in the levels of NO, reaching 50
pg/miin 1991, well over the WHO guiddine value.
Thisincreasein the levels of NO, is probably due to
the tremendous growth in the number of petrol and
diesdl vehiclesinthe city.

Of greater concern are the levels of suspended
particulate matter (SPM) as annual concentrations
always exceeded the WHO guideline range (60-90 g/
m?®) reaching apesk of 385 pg/m?3in 1987. After 1987,
the annual average came down to 285 pg/me by 1991
andit moreor lessmaintained thesamelevel until 1999.
However, SPM emissonshave increased sgnificantly
in recent years and are projected to continue risng.
Domedtic emissionshaveremained relatively congtant
in the past and are forecast to remain gable despite
the projected increase in population. Thisis in part
through the switch from biofuels (such as wood
charcoa and anima dung) and codl, to lessdirty fuels
such asliquid petroleum gas(L PG) and kerosene. SPM
emissions attributable to transport have increased
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