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The statistical cluster analysis of particulate matter
concentration, measured as PM;, in a network of air-
quality monitoring stations located in Kathmandu Val-
ley is presented. PM;, data for the period 2003-05 has
been analysed. Spatial classification was attempted on
the basis of ambient air-quality data. A hierarchical ag-
glomeration schedule using linkages between groups
by the Euclidean distance metric was used and Ward’s
strategy was followed to unite two clusters. Two distinct
clusters were formed irrespective of the season. The
pre-monsoon cluster of monitoring sites reflected similar
rural characteristics. The other cluster comprising air-
monitoring sites was typified in having urbanized areas
with densely populated commercial characteristics with
high motor vehicular traffic. The cluster characteristics
of monitoring sites during the monsoon, post-monsoon
and winter seasons reflected city-centric and distant
area characteristics. Cluster analysis reiterates the fact
that it is the nature of sources that matters, on the
overall air quality of the area. Results of both cluster
analysis and non-parametric tests suggest that in the
Kathmandu Valley there is difference in pollutant lev-
els across land-use types and topographical charac-
ters.

Keywords: Air-monitoring network, cluster analysis, emis-
sion source, particulate matter.

KATHMANDU Valley situated in the central part of the
Himalayan kingdom is the largest urban centre in Nepal
comprising three districts, namely Kathmandu, Lalitpur
and Bhaktapur. The valley is an oval-shaped, flat-bottomed
basin, improperly ventilated. It is influenced by the Indian
monsoon (Bay of Bengal). There are four climatic seasons:
March-May (pre-monsoon/spring), June—August (monsoon/
summer), September—November (post-monsoon/autumn)
and December—February (winter). The general pattern is
characterized by a windy, hot and humid climate in March—
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May, followed by a well-defined monsoon approximately
from June to the middle of September. Autumn is character-
ized by pleasant temperatures and occasional short bursts
of rain, while the period December to February is dry, but
can be cold, especially at night; winter temperatures drop
to below freezing point, with a high level of snowfall in
the mountains.

Due to rapid but uncontrolled urbanization and factors
such as traffic movement, emissions from brick-kilns, waste
disposal and biomass burning, environmental pollution
has been constantly increasing. This is adversely affecting
land, water, air and biological systems. Though long-term
data on pollution are lacking, available information reveals
that the nature and extent of air pollution has a serious
dimension in the Kathmandu Valley area.

Cluster analysis is a relatively reliable and simplest
among the available statistical methods for classification of
objects in a dataset. The aim was to establish a set of
clusters such that cases within a cluster are more similar to
each other than they are to cases in other clusters. The
present study deals with the particulate matter concentration
(PM,) observed during a period of three years at six air-
monitoring sites of the ambient air-quality network in
Kathmandu Valley.

The classification procedure involved delineation of
homogeneous clusters. The criterion of homogeneity was
observation of minimum and maximum cluster variance
within and between clusters. This was achieved with the
application of hierarchical clustering technique. A hierar-
chical agglomeration technique is the most common method
to form clusters. In agglomerative clustering, each object
is initially placed in its own group. The two ‘closest” groups
are combined into a single group. Each cycle of the process
combines two closest groups into a single group, thereby
reducing the number of groups by one. The purpose is to
form each possible number of groups n, n—1,..., 1,in a
manner to minimize the loss of information.

The first step was to combine two clusters whose fusion
yielded the least increase in the sum of squares within
clusters distance from each individual to the centroid of
its present cluster n, resulting in z — 1 groups. The next step
was to examine the n — 1 groups to determine if a third
member should be linked with the first pair or another pair
be made in order to secure the optimum value of the objec-
tive function for n — 2 groups. This process continued till
all the stations were clustered in one group. The underlying
mathematics of this method was relatively simple, but a
large number of computations were needed, which can
put a heavy demand on the computer.

Cluster analysis has been used to design and analyse air-
quality monitoring networks. The most common application
of cluster analysis for aerometric data relates to source
identification. The characteristics of acid precipitation
collected in Taipei by performing cluster analysis using
the Euclidean distance and Ward’s method to link clus-
ters has been reported. Three potential sources of water-
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soluble ions in rainwater were identified'. Cluster analysis
was applied to identify contributing sources in the metro-
politan area of Mexico City, by taking samples of atmos-
pheric aerosol in three sites and analysed with particle
induced X-ray emission”. The principal component and clus-
ter analysis were used in order to establish whether air-
quality affinity areas existed for Birmingham, UK, on a
spatio-temporal dataset comprising daily sulphur dioxide
concentrations for a 571-day period and a 17-station net-
work. The result revealed the existence of four air-quality
affinity areas, which reflected the nature of land use in
these areas. In addition to considering only pollutant
data, many studies have also incorporated meteorological
data for cluster analysis. The use of cluster analysis for
better elucidation of the dependence of air quality on me-
teorology has been reported”. The climatic classification
of Saudi Arabia with an application of factor and cluster
analysis by using Ward’s method of clustering is studied’.

One of the first requirements in the understanding of
pollution is the state of pollution itself. This requires
elaborate data over a long period of time covering different
hours of the day and different seasons. In Kathmandu
Valley, PM,, was monitored using ambient low volume
air samplers (LVS) installed at six sampling sites within the
valley area by the Ministry of Population and Environ-
ment, Government of Nepal. To obtain better spatial rep-
resentation of the valley, air-monitoring stations were
located in all directions representing all predominant urban
areas associated with high, medium and low human ac-
tivities (Figure 1).

Daily 24-h continuous air monitoring was carried out at
each monitoring site. Air monitoring sites were character-
ized by urban traffic (Putalisadak), urban hospital (Patan
Hospital), city core residential (Thamel), urban back-
ground (Bhaktapur, Tribhuvan University) and valley
background location (Matsyagaon). A similar establishment
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Figure 1. Map showing air-monitoring sites in Kathmandu Valley.
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of air-monitoring sites and PM;, monitoring conducted
between 1994 and 1999 from the network of air-sampling
stations in Taiwan has been reported®.

An LVS sampler, M/S Instrumatic Model 85-02 de-
signed specifically for the Kathmandu Air Quality Moni-
toring Programme, capable of sampling fine particulates
PM;, and PM, 5 continuously for 24 h without pneumatic
movement of filters was used. The particulate samples,
collected and stored on daily basis, were shifted for stan-
dard gravimetric analysis on weekly basis from the moni-
toring sites.

The PM,, data available for three years, 2003 through
2005 in all the monitoring sites on a particular day were
considered for analysis. To perform cluster analysis, only
those data that were recorded at the same point of time in
all monitoring stations were considered. The day/days during
which PM;, data were missing in any of the sites were not
considered.

In this study, Euclidean distance was chosen to measure
the similarity between two sites and Ward’s strategy was
followed to unite two clusters. A feature of the Euclidean
distance was that it is a weighted measurement; the higher
the absolute value of the variable the higher will be its
weight.

Ward’s technique produced spherical clusters which
were roughly of the same size. The aim was to join objects
together into ever-increasing sizes of clusters using a meas-
ure of similarity of distance. This was a bottom-up approach,
starting with n groups, each containing one object. Two
of the cases were then combined into a single cluster. At
the next stage, either a third case was added to the cluster
containing two cases or two other cases were merged into
a new cluster. This process continued until all cases be-
longed to one cluster. Once a cluster was formed it could
not be split, but only be combined with other clusters. In
addition to choosing the similarity or dissimilarity measure
for comparing two observations, there was also the choice
of what should be compared between groups that contain
more than one observation. This is referred to as the link-
age method. Ward’s method joined the two groups that
minimized the error sum of the squares (i.e. the within-
cluster sum of squares). This procedure linked the pair of
groups that produce the smallest variance in the merged
group. So for each pair of groups, they were tentatively
linked and the centroid determined. The average squared
distance to the centroid (variance) was calculated and the
pair that produced the smallest variance in the merged
groups was linked. Due to the agglomerative nature of
Ward’s method, the cluster means changed as new cases
were added.

This study presents the result of PM;, measurement
conducted at six sampling sites within the Kathmandu
Valley area during 2003-05. The objective was to identify
air-monitoring sites with similar pollutant behaviour
characteristics by means of cluster analysis and to explore
pollutant sources in such clusters. From Figure 2, it can
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Table 1. Inter-station correlation
Station Matsyagaon  Tribhuvan University = Bhaktapur Thamel Patan Hospital ~ Putalisadak
Matsyagaon 1
Tribhuvan University 0.891 1
Bhaktapur 0.823 0.923 1
Thamel 0.751 0.876 0.890 1
Patan Hospital 0.683 0.783 0.777 0.781 1
Putalisadak 0.652 0.773 0.793 0.846 0.785 1
Rescaled Distance Cluster Combine blow in the valley in a southwesterly direction’, such a
CASE 0 5 10 1s 20 25 positioning of the new air-monitoring station would be
Label Num +--------- Fmmmmm e e m e B fmmmmm + A
more meaningful.
;‘ISTSYAGA i T Performing cluster analysis of PM, data for different
BHAKTAPU 3 ] seasons observed in six air-monitoring sites of Kath-
THAMEL 4 — mandu Valley, two distinct clusters were observed irre-
PRTANHOS 3 ] spective of the season. Figure 3 a depicts the nature of
PUTALISA 6 e

Figure 2. Dendrogram using Ward’s method for the study period.

be observed that two distinct clusters based on average
24 h PM,, concentration were observed during the study
period 2003-05. Matsyagaon and Tribhuvan University
(TU) together with Bhaktapur and Thamel representing
the valley and urban background areas were merged to
form one cluster, whereas Patan Hospital and Putalisadak
representing city core area associated with high commercial
and vehicular activities formed another cluster. The fact
that the groups were the same for PM;, pollutants suggested
that the concentration was dependent on emission from
local sources of area and land-use pattern in question, and
not influenced by the existence of meteorological or
topographical conditions of the area.

Mann-Whitney test indicated significant difference
(P < 0.05) in mean PM concentration between two distinct
clusters.

Pearson coefficients of correlation for PM,, concentra-
tion, as calculated between the monitoring sites during
the study period, are displayed in Table 1. All correla-
tions were found significant (P < 0.01).

Although the concentration levels exhibited significant
spatial variability, the strength of the Pearson’s coeffi-
cient correlation between Bhaktapur and TU was highest
(0.923) compared to other air-monitoring stations. This
could be because both these stations are located outside
the ring road area, referred to as urban background areas
in the Kathmandu Valley air-monitoring network. This
finding suggested that continuing air monitoring at both
stations was not essential. Instead either one of the two
sites could be retained. This will not hamper the quality
of representation of air-monitoring stations. Alternatively,
another site, preferably in the northeastern region of
Kathmandu Valley, beyond Putalisadak area, in the outskirts
could be located. It has been reported that the since winds
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cluster formation with respect to the pre-monsoon season
in Kathmandu Valley. It can be observed that TU and
Matsyagaon grouped up in one distinct cluster and the
remaining monitoring stations of the network grouped in
another cluster. Cluster analysis indicated that the chief
pollutant sources prevalent in these two air-monitoring
stations had some commonality. It is relevant to indicate
that Matysagaon and TU are at relatively elevated places
having higher altitudes compared to other air-monitoring
sites of the network. Secondly, the nature of land-use pat-
tern, topographical characteristics of the area and local
emission sources predominantly influence the PMjglevels
here than meteorological parameters.

The picture with respect to the nature of the existing
pollutant sources as brought out by cluster analysis in the
monsoon season with respect to Patan Hospital and Puta-
lisadak air-monitoring sites is characteristic. These two
sites emerged as a one distinct cluster and the remaining
four monitoring sites in network formed into another
cluster (Figure 3 5). The reason for this was the tendency
of areas associated with parameters like anthropogenic
activities getting concentrated over a limited area of the
city core. Normally monsoon rain exerts a cleansing effect
on ambient dust particulate levels at least during and soon
after the spell of rainfall. However, in places where vehi-
cular traffic and associated commercial nature of the area
predominate, the extent of the cleansing effect is nullified
considerably. The level of PM, therefore remained con-
sistently higher even through the area was experiencing
rainfall. This fact was observed from the set of data on
PM,, obtained from Putalisadak and Patan Hospital areas.
The fact that the nature of the monitoring sites in the
groups was similar for PM;, pollutant levels, suggests
that the concentration was mostly governed by the land-use
pattern of the area, and not by meteorological or topog-
raphical characteristics. The distinction is marked as con-
firmed by Mann—Whitney test of significance (P < 0.05)
with respect to PMj. The test revealed that significant
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Figure 3.
d, Winter season.

difference in the mean PM;q was observed between the
two clusters during both pre-monsoon and monsoon sea-
sons.

During the post-monsoon and winter seasons, air-moni-
toring sites representing valley background and urban
background merged to form one cluster, whereas urban
areas of Kathmandu Valley formed another cluster (Figure
3 ¢ and d). For the post-monsoon season Matsyagaon and
TU as well as Patan Hospital and Putalisadak formed the
initial clusters. Later, Bhaktapur was incorporated into the
first cluster along with Matsyagaon and TU; Thamel en-
tered into the second cluster along with Patan Hospital
and Putalisadak. During winter, Matsyagaon and TU as
well as Thamel and Patan Hospital formed the initial
clusters. Later, Bhaktapur and Putalisadak were merged
respectively in the two clusters. Significant difference in
the means with respect to PM;, was observed using the
Mann-Whitney test between clusters classified as urban
valley background and core city area during the post-
monsoon and winter seasons.

Cluster analysis also confirmed that sites associated
with heavy traffic and densely populated areas exhibited
similar characteristics during post-monsoon and winter
seasons of the year, a fact repeatedly observed based on
PM,, levels during the study period of three consecutive
years. Thus cluster analysis has confirmed that it is a reliable
method to identify the sources of air pollution. The analy-
sis could facilitate city-planners as well as air-quality man-
agers to take the necessary steps towards control
measures.

The purpose of this study was to understand the spatial
patterns of air pollution in Kathmandu Valley over a
short period using cluster analysis based on the criteria of
PM;, pollutants. The dataset was subjected to cluster
analysis to identify the nature of sources of air pollutants
in the valley.
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Dendrogram using Ward’s method for the study period: a, Pre-monsoon season; b, Monsoon season; ¢, Post-monsoon season, and

Cluster analysis indicated that annual seasons had a defi-
nitive role in the formation of clusters, justifying observa-
tion in variation of PM;y concentration in the respective
areas monitored. The analysis confirmed the influence of
seasonal effects, and their extent and limitations on the
observed PM;q variations.

The monsoon season was expected to reduce ambient
dust concentration. While this is true in some areas, the
findings of the present study and cluster analysis indi-
cated that rainfall had minimum effect in the reduction of
PM,, concentration in city core areas. This suggests that
particulate levels were dependent more on commercial
activities, level of urbanization, distance of air-monitoring
sites with respect to city core areas and topo-geographical
effects rather than rainfall during monsoon season.

Formation of cluster pattern is the same in Kathmandu
Valley with respect to winter and post-monsoon seasons.
Formation of the two clusters during pre-monsoon and
monsoon was different, again indicating inter-grouping of
air-monitoring stations with similar characteristics.

The study shows that the cluster analysis method is
useful in identifying sources of air pollutants. This could
help in air-quality management in urban areas. The study
has also provided a methodology for researchers, practi-
tioners and regulatory authorities to investigate spatial
patterns of air pollution in the Kathmandu Valley.
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Comparative assessment of REMAP
and ISSR marker assays for genetic
polymorphism studies in Magnaporthe
grisea
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Retrotransposon microsatellite polymorphism (REMAP)
and inter simple sequence repeat (ISSR) are simple
PCR-based assays targeting retrotransposon and/or
microsatellite regions (variable regions) of the genome.
In fungi, ISSR has been applied for genetic variation
studies, whereas REMAP was recently shown as a DNA
fingerprinting assay. However, these techniques have
not been compared for their utility in genetic polymor-
phism studies. In this study, comparative evaluation of
ISSR and REMAP assays for percentage polymorphism,
polymorphic information content, marker index, ge-
netic similarity values and cost per polymorphic
markers generated demonstrated REMAP as a marker
of choice for genetic variability studies in Magnaporthe
grisea. The results suggest a faster rate of evolution of
these elements in M. grisea, thereby leading to its di-
versification. The growing number of reports on the
presence of dispersed families of LTR-retrotransposon
in fungi suggests wider application of REMAP assay
in fungi.

Keywords: Genetic variation, inter simple sequence re-
peat, Magnaporthe grisea, retrotransposon microsatellite
polymorphism.

MAGNAPORTHE grisea, a causative agent of rice blast dis-
ease, exhibits a high degree of genetic variability'. In M.
grisea several repetitive sequences are reported’, whose
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genetic rearrangement leads to race and pathogenic varia-
tions’. Long terminal repeat (LTR)-retrotransposon MAGGY,
is a functional element present in M. grisea’. Nakayashiki
et al.’ demonstrated transpositional activity of MAGGY in
various fungi and suggested it as a candidate for a gene-
tagging tool in filamentous fungi, especially in ascomycete.

Microsatellite or simple sequence repeat (SSR) regions
consisting of tandemly repeated short DNA sequences
(1-6 base pairs) are abundant in the eukaryotic genome®.
Although analyses of SSRs provide a codominant, highly
reproducible and genetically informative marker system,
development of SSRs is time-consuming and laborious’.
Inter simple sequence repeat (ISSR), a variant of the SSR
approach amplifies the DNA sequence between two SSR
loci®. ISSR primers are based on di-, tri-, tetra- or penta-
nucleotide repeats with 5" or 3" anchored base(s). ISSR
technique has been employed for the characterization of
genetic variations within fungi’. Another PCR-based
DNA fingerprinting assay REMAP (REtrotransposon Mi-
crosatellite Amplified Polymorphism) detects retrotrans-
posons inserted near the SSRs'?. The assay involves use of
an ISSR primer in combination with a primer based on the
LTR region of the retrotransposon to generate multilocus
profiles. There are various reports of REMAP in plants'"'*.
In an earlier report, we used the REMAP technique based
on MAGGY to generate multilocus DNA profile'’. The
simplicity, rapidity, reproducibility and cost-effectiveness
of REMAP and ISSR make these assays an ideal tool to
study population genetics, genome stability and evolu-
tionary aspects in fungi. However, before application of
any technique on a larger scale, various factors have to be
evaluated to decide the suitability of the technique'®. In
this study, REMAP and ISSR assays were compared for
their utility in generating polymorphic DNA profiles, ge-
netic variation studies in M. grisea isolates and to under-
stand the degree of congruency between the two marker
systems.

M. grisea isolates used in the study (Table 1) were sub-
cultured on potato dextrose agar (PDA, Hi Media, India)

Table 1. Indian Magnaporthe grisea isolates used in
the study
SI. no. Isolate name State
1 LUN 8.3 Mabharashtra
2 KVL 7.3 Mabharashtra
3 Karjat CV11 Maharashtra
4 Karjat 184 Maharashtra
5 KN 1.6.1 Kerala
6 KN 4.6.3 Kerala
7 KN 1.4.4.5 Kerala
8 KN 1.2.1 Kerala
9 Warangal Andhra Pradesh
10 Maruteru Andhra Pradesh
11 Pondicherry Puducherry
12 Nawagam P203 Gujarat
13 Nawagam SV/CV102 Gujarat
14 Titabar Assam
15 Chiplima Orissa
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