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ABSTRACT

To understand the level of heavy metals (Cd, Co, CrRBuMn, Ni and Zn) in the ambient air of the
Kathmandu valley, active monitoring technique usingsses was performed. Common mosses like
Taxiphyllum giraldii(C. Muell.) Fleisch.Thuidium sparsifoliunfMitt.) Jaeg., and the leafy liverwort
Ptychanthus striatud_ehm. & Linderb.) Nees. collected from Phulchoy&kiclean natural area) were
transplanted at 25 different sites of the valley avere exposed for 3 months. These sites were
broadly divided into 3 categories on the basis afieular traffic: inside Ring Road (high traffic),
along Ring Road (high to moderate traffic) and o@sfte Ring Road (moderate to lax traffic). Three
sites - Shivapuri (North-east), Raniban (North-wesk) Phulchowki (South-east) were considered as
control sites. Contamination Factor (CF) value olstdirirom the heavy metal concentration in
exposed mosses indicated high contaminated sitesfiyraong and inside the ring road (except Zn
which was found to be higher outside the ring ro&x) the basis of the average concentrations of the
elements in the transplanted mosses, a generair@iof air quality of the studied area has been
ascertained. From this study, it can be made cettat ambient air of the Kathmandu valley is
severely contaminated with Pb, Cr and Zn and redbtilow with Co, Cu, Mn and Ni.

Key words:  Active monitoring, mosses, heavy metals, Kathnoavalley.

INTRODUCTION Fernandezt al. 2000, Shakyat al. 2004, Saxena
The idea of using mosses to measur&t al. 2008, Saxena and Arfeen 2010). These leafy

atmospheric heavy metal deposition was deveIopé)(fy(_)phyteS are _perennial With_OUt c_ieciduous
in the late 1960s in Sweden (Ruhling and Tylepenods and obtain most of their nutrients and
1968, Tyler 1970). Biomonitoring using moss is apollutants directly from precipitation and dry

well developed technique now employed in mang;position of atmospheric particles. Also, they
parts of the world to assess the concentration ve high cation exchange capacity that allows

trace element in the ambient air (Sawieis al. them to accumulate large amount of heavy metals
1993, Steinnes 1995, Loppi and Bonini 2000P€Ween the apoblast and symplast of
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compartments without damaging vital functions ofpecies) and everywhere without much preliminary
the cells (Vasque=zt al. 1999). Thus, they can preparation (Tuba and Csintalan 1993). The
capture, retain, and tolerate metals to a higappropriate length of exposure for the
degree. accumulation of most metals was determined by
Responses of plants, either living in orseveral criteria such as detectable accumulated
transplanted to the area studied can be used doncentrations, reliable values, and as exposure
obtain information on quality of the environmenttime with the limits of practical consideration
Mosses have often been used in passi@ailey and Lloyd 1986). So, even short term
biomonitoring, i.e. where native species are used exposures give reliable indication of heavy metal
the area under study (Steinnet al. 1992, pollution.
Fernandezt al. 1997, Shakyat al. 2004). When Rapid urbanization in the Kathmandu valley

there is an absence of native mosses, ransplaglgs resuited in a significant deterioration in air
Cf"m (?ften be usgd ar?d the_ bi(_)monit_oring of thiauality. Vehicular emissions, poor infrastructure,
kind is called active blom(?nltorlng (Vlskeert.al. re-suspension of street dust and litter, black smok
1997). Thus, transplantation is an experlmeméHlumes from brick kilns, fuel burning and stone

technique where study plants are transferred, alo%ginding factories are among the many sources
with their original substratum, from unpolluted I , . , .
contributing to increased air pollution in the

cor.1trol aregs 0 §uspected or known pollutgd Al athmandu valley (Shrestha 2000). The number of
This technique is very useful especially in such . . . . .
) ) vehicle registered in Bagmati Zone is ever
polluted areas where wild growing mosses are . . . . .
lacking (Makholm and Miadenoff 2005) Themcreasmg. While the number registered in this
effectg and responses of the transplants arZeone in 2000/01 was less than 27 thousand, it had
P . P . r?ached close to 50 thousand by 2009/10, with the
subsequently examined after a measured time scale .
total number now at 250 thousand, which amounts
and compared to the control areas. In terms o , . )
.to 56% of all vehicles registered in the country

aerial metal monitoring using transplants, levals |d ind the 2006-2010 period (DoTM 2010
tissues rather than effects are measured before anlgmg € ) period (Do )

after the exposure period (Fernandgzal. 2000, The regular monitoring of the level of the
Saxenaet al. 2008). The main property of the hazardous metallic pollutants is necessary to
transplantation technique is the possibility toedet determine their impact upon the ecosystem. To
toxic effects of environmental pollutants on thenow the heavy metal contamination in ambient air
biomonitor, and use this information as a signal t6f the Kathmandu valley, both passive and active
the impact of the contaminant (Figuera and Ribeirgionitoring using lichens have been conducted
2005). Even dead moss tissues preserve théfehettriet al. 2001) and only passive monitoring
adsorption capacity (Sucharova and Suchara 20003s been conducted using native mosses (Steakya
which is evident from the work of Goodman andal. 2004), but active monitoring by moss
Roberts (1971). They transplanted logs witdransplantation technique has not been carried out
attached Hypnum cupressformento industrial so far. Hence, mosse3axiphyllum giraldii and
areas in Wales, the transplants died after somiéwidium sparsifoliufn and a leafy liverwort
weeks but it continued to accumulate metals evetychanthus striatyswith high bioaccumulation
after death. in the uptake experiment under laboratory

The transplantation technique, apart frontondition have been evaluated in the present study
being considerably cheaper, is readily applicabl® ascertain the level of heavy metal pollution in
every time of the year (with carefully selectednpla the ambient air of the Kathmandu valley.
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MATERIALS AND METHODS and leafy liverwort were also suspended to
different clean areas of the valley like Shivapuri
(North-east) and Raniban (North-west) and also
resuspended at Phulchowki (South-east), for

Sites, transplantation and sample preparation
Two epiphytic mosses Taxiphyllum

giraldii and Thuidium sparsifolium andh leafy

liverwort Ptychanthus striatus,found in clean control.

natural areas like Phulchowki 10 km SW fromS Thebmosseds were t:jandsplanted |r.1dtr|;)e m'dbOf
main Kathmandu city were collected along with eptember and suspended up to mi ecember,

branches. Branches of about 30-50 cm of Iengt|2”|006 for three months. At the end of the exposure

. eriod, the mosses with the twigs were collected in
with healthy cover of these mosses and Ieaﬁ/)I ic bag. & red 1o laborat I d and
liverwort were chosen. The branches from th& oot Pad. fransported to faboratory, cleaned an

clean area (Phulchowki) were transplanted to Z%epresentatwe sample of each species from each

different exposure sites (Fig. 1), which areSlte was prepared.

categorized into three different types based oMetal analysis

traffic flow 1) Inside the Ring Road (high traffic Metal analysis in mosses was done according
flow), 2) along the Ring Road (high to moderatdo Sawidis et al. (1993). 1 g oven-dry treated
traffic flow) and 3) outside the RingRoadsamples were digested with 10 ml concentrated
(moderate to lax traffic flow) . HNO, (analyzer grade - Merck) by warming for 2
hours at 50C and subsequent heating to %&@or

4 hours. The extract was filtered through ash less
filter paper (Whatman type 589/2 - blue ribbon)
and the filtrate was diluted to 25 ml with deionise
water.

The metal contents Cd, Co, Cr, Cu, Mn, Ni, Pb
and Zn in the filtrate were determined by Atomic
Absorption Spectrophotometry (Perkin Elmer
2380) using an air- acetylene flame. The analytical
wavelengths used were 228.8, 240.7, 357.9, 324.7,
279.5, 232.0, 283.3 and 213.9 nm for Cd, Co, Cr,
Cu, Mn, Ni, Pb and Zn, respectively (Welz 1985).

Contamination Factor (CF) using transplants
To know the different metal contamination in
the different transplanted sites of Kathamandu
valley, the metal concentration in control moss
n specimens from foot hill of Phulchowki, Shiva puri
Fig. 1. Transplanted sites for active and Raniban were considered as the background
monitoring using moss transplants in level. In the case of active monitoring, mean &f th
the Kathmandu valley. metal concentration recorded in suspended or re-
At each sites, five twigs were suspendeguspended moss and leafy liverworts at control
horizontally at the height of 1.5-2 m either orege Stations (located at non-contaminated sites of the
or on house fences (where trees were unavailablgyrvey area) has been considered as background
by the use of synthetic plastic cords. These mossteyel.
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The degree of contamination of each metal atoncentrations of Cd in transplantedr.
each sampling site was classified following thesparsifolium and T. giraldii were detected
calculation of contamination factor (CF) accordingelatively high along Ring Road (Table 2) as its
to Fernandez and Carballeira (2001). concentrations in transplanted mosses at Chababhil

CF=Cm/Cb, where Cm is the concentration odnd Gongabu has been recorded high, which must
an element measured in transplanted moss speciEsdue to more vehicular movement in those areas.

and Cb is the background level of the element in ) )
Cobalt: Mean concentrations of Co in transplanted

the moss. i N o )
The contamination factor was categorized a},—' _g|r§1_ld||, T sp_arsﬁo.hur_nand P. strlgtuswere
follows: insignificantly high inside the Ring Road.

Similarly, insignificant high Co accumulation was
observed inT. giraldii and T. sparsifolium
transplanted out side the Ring Road (Table 2).
Contamination of Co (> 7mg/kg) was noticed in
Kalimati, Lagankhel, Thamel, Maitidevi, and
Putalisadak inside Ring Road; Balaju, Balkhu,
Kalanki and Satdobato along the Ring Road;
Statistical analysis Bhaktapur Itapako, Chhaling VDC, Naya Thimi
Results of means of chemical analysis folnear village), Kirtipur and Bugmati outside the
transplanted and resuspended mosses wemhg Road (Table 1). Emission from different
evaluated with one way analysis of varianc@nthropogenic activities like burning of coal,
(ANOVA) followed by Duncan’s multiple range industries that make or use cutting or grinding
tests to compare metal concentrations in each @fols, turbines, metal industrial discharge,

the plants exposed in four different sites- insidgroduction of cobalt alloys, dye etc. might be the
Ring Road, along Ring Road, outside Ring Roagkason for its accumulation.

and control sites,

C1 = (CF 0-1) No contamination

C2 = (CF>1-2) Suspected contamination
C3 = (CF>2-3.5) Slight contamination

C4 = (CF>3.5-8) Moderate contamination
C5 = (CF>8-27) Severe contamination
C6 = (CF> 27) Extreme contamination

Chromium: Mean concentration of Cr in

RESULTS AND DISCUSSION transplantedT. girarldii and T. sparsifoliumwas

] ] higher thanP. striatus Accumulation of Cr was
Bioccumulation o  heavy — metals by o uhcaniy (P=0.05) high inT. giralldii inside
transplanted mossgs Ring Road and ifl. sparsifoliumalong the Ring

Th? concentratlon. of metals (Cd, Co, Cr, CuRoad (Table 2). Slightly high accumulation of Cr
Mn, NI'_ Pb and .Zn) .|n trarllsplanted MOSSes anFI>1O mg/kg) inT. girarldii and T. sparsifolium

leafy Ilver_wort IS _glven n Tat.)le_ L. Meah was noticed in Lagankhel, Pulchowk, Putalisadak,

concentrations of different metals inside the qu'hamel and Thapathali inside the Ring Road:

Road, along the Ring Road and outside the Rlngalaju, Chabhil, Gangabu, Kalanki, Koteshwor

Road megsurgd n 'Fransplanted mossgs and le%fXd Satdobato along Ring Road (Table 1) showed
liverwort is given in Table 2. Details about

) ) . relatively substantial amounts of Cr concentrations
accumulation of each airborne metal are described o . .

in the proximity of high vehicular flow. The
below. S : .

automobile industry is a major user of Cr,
Cadmium: Accumulation of Cd in transplanted primarily as additive in unleaded gasoline, in
mosses and leafy liverworts were not in detectablecirculation cooling waters (antifreezers), as

amount in most sites (Table 1). Meanpaints on automobile bodies, as trims and alloys on
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automotive parts and in car metal plating (Wardransplanted moss by foliar leaching. In fact,dli
1988). Hence, the dispersion of Cr from thdeaching may be important for the Mn content of
vehicular activity to the adjacent environment isnoss (Schaugt al. 1990). The contents of Mn is
suspected. not a good indicator of pollution, as large amounts

. . . Gof this metal enter exchange reactions with other
Copper:Mean concentration of Cu in transplante o N .
elements occurring in large quantities (Steinnes

T. girarldii andT. sparsifoliumwere significantly

high (P=0.05) inside and along the Ring Road:.Lg89)'

Insignificant differences in Cu accumulation wereNickel: Accumulation of Ni in T. giraldii is
observed inside, along and outside the Ring Roaignificantly (P>0.05) high inside and along the
in transplanted P. striatus (Table 2). High Ring Road, but in other two species it is
accumulation (>25 mg/kg) of Cu im. girarldii insignificantly different (Table 2). High
and/or T. sparsifoliumwas noticed in Lagankhel, accumulation of Ni (>10 mg/kg) . giraldii
Thamel and Thapathali inside Ring Road; Balajuand/orT. sparsifoliumwas observed in Lagankhel,
Kalanki, Satdobato and Banasthali along RingPulchowk, Thapathali inside the Ring Road, which
Road; and Bungmati outside Ring Road (Table 1has been speculated due to high vehicular traffic
Copper contents of transplanted mosses and leanissions, refuse incineration of municipal waste
liverwort were mostly higher than that of theand welding iron works (Ward 1989). Ni can be
control. High Cu along Ring Road may be due tdound in brake, clutch discs and tyres.

high vehicular traffic. But transplants in BungmatlLead:AccumuIation of airborne Pb in transplanted

area, which is remote with very low traffic - .
. lso showed hiah Cu accumulation a 'I(; giraldii and T. sparsifoliumwas found to be
emission, a 9 r]ﬁlgher than in P. striatus Pb concentrations in

has been speculated due to emissions from ttEr%msplanted mosses were significantly (P=0.05)

(?ottage ir_1dustries mostly involved in smelter Work%igh inside and along the Ring Road (Table 2).
like m§ltlng metals.: copper, brass, .|ron etc ang_”gh accumulation of Pb (>50mg/kg) have been
preparing small antique items for tourists. recorded in mosse€B. giraldii andT. sparsifolium
ManganeseConcentrations of Mn in transplantedtransplanted at Kalimati, Lagankhel, Maitidevi,
T. sparsifoliumwere highest in most places amongPulchowk, Putalisadak, Thamel, Thapathali inside
three tested species. Mean concentrations of Mhe Ring Road; Balaju, Chabahil, Gongabu,
was significantly high (P=0.05) along Ring RoadKalanki, Maharajgunj, Satdobato, Banasthali along
in T. sparsifoliumand T. giraldii (Table 2). An the Ring Road; Sanothimi, Bhaktapur Itapako,
insignificant difference in Mn accumulation wasChhaling VDC, Naya Thimi (Near road) outside
observed inside, along and outside the Ring Roalle Ring Road (Table 1). Lead seemed to be main
in transplantedP. striatus High accumulation of important polluting element in most of the
Mn (>90mg/kg) was noticed in most transplantedransplanted sites. Its concentrations in the
mosses and leafy liverwort (Table 1), includingransplanted mosses and leafy liverwort were
control areas. Manganese accumulation imostly higher than that in the control areas. Along
transplanted mosses and leafy liverworts werand inside the Ring Road showed significantly high
mostly lower than that in control areas. Almostontents of Pb, which have been speculated due to
identical values were recorded in most of théigh vehicular movement. The main source of Pb
transplanted sites. Mn is a major mineral in highectontamination is motor vehicle traffic. The traffic
plants, and may be easily supplied to thelensity of the individual sites of the study areas
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considerably higher than that of the control sitedow grade coal and coal dusts are used in brick
The further local pollution source of Pb is the us&ilns (ENPHO 2001). During coal combustion,
of adulterated fuel. The use of the leaded petroheavy metals enter the environment either as fine
though band in 1995 is also affecting the aimetallic aerosols in the stack gases or as flysashe
quality of the valley. A spectacularly increasedClarke and Sloss 1992, Palmiest al. 1997).
number of vehicles in the narrow and congeste@ihus, the volatile trace elements like As, Be, Cd,
road move at the rate of 3-4 km/h and very often il and Zn are discharged directly into the
causing traffic jam. Possibly traffic jam at mo$t o atmosphere (Wilsonet al. 1986). Sometimes
these areas may be the reason for higheople even use waste tyre of vehicles, the
accumulation of Pb. combustion of which emits ultra-fine particles that
include different heavy metals like As, Cd, Cr, Hg,
Pb and Zn. Zinc contamination in some other areas
likes Thapathali inside the Ring Road; Balkhu,
striatus Zn accumulation was highest inside the Gongabu, Kalanki, Satdobato and Banasthali along

Ring Road. High Zn accumulation (150 mglkg )he Ring Road might be due to increasing traffic

was observed at Thapathali inside Ring Roa éjensmes (Ward 1989). Particles ~emitted by

Balkhu, Gangabu, Kalanki, Satdobato anéxutomobne tyers are the major sources of Zn
Banast’hali along ,the Ring ' Road: Bhatktap particles (Christersen and Guim 1979, Counell

campus, Sanothimi Brick kin and Bhaktapur al. 2004). Not only tyres but also lubricating oils

ltapako outside the Ring Road (Table 1). Loc ?nd brake pads and galvanized automobile parts

gre also sources of Zn (Fytianetsal. 1985), which
source like emissions from a large number of bric

might have caused in the high content of this metal
kilns around these areas is primarily responsible

for the elevated level of contamination. Usually,In those areas.

Zinc: High accumulation of Zn was observed in
transplantedr. giraldii and T. sparsifoliumalong
the Ring Road and outside the Ring Road bi.in

Table 1. Concentrations of heavy metals (mg/kg) imosses and leafy liverwort transplanted at
different places (inside, along and outside Ring Ral) of Kathmandu valley and also
transplanted in clean areas (Raniban, Phulchowki ath Shivapuri National Park) for

control.

Transplanted sites Moss sp. Cd Co Cr Cu Mn Ni Pb Zn

Inside Ring Road

Kalimati T. giraldii 050 7.25 3.25 9.50 66.50 2.00 54.30 29.25
T. sparsifolium 0.25 7.75 5.00 12.50 89.50 1.50 42.65  44.00
P. striatus 0.25 11.00 3.00 17.00 77.25 3.25 26.50 65.50

Lagankhel T. giraldii 125 6.00 6.25 36.75 101.75 10.00 74.90 102.50
T. sparsifolium 200 7.75 11.25 33.50 123.25 12.50 82.50 90.00
P. striatus 0.23 525 8.25 42.00 99.75 8.75 37.50 100.00

Maitidevi T. giraldii 0.23  11.00 4.00 19.00 90.50 5.00 74.90 50.75
T. sparsifolium 0.23 7.75 5.00 17.50 83.50 3.75 62.40 64.75
P. striatus 0.23  9.00 5.00 17.00 94.75 ND 24.20 60.00

Pulchowk T. giraldii 0.54 250 10.25 20.00 50.00 10.00 70.20 75.00
T. sparsifolium 125 6.50 10.00 17.75 88.00 5.00 62.50 87.50
P. striatus 0.23 125 7.50 15.00 52.50 ND 25.40 105.00
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Putalisadak

Thamel (Campus)

Thapathali

Along Ring Road

Balaju

Balkhu

Chababhil

Gongabu Bus park

Kalanki

Koteshwor

Maharajgunj

Satdobato

Banasthali

v 4 4 v 4 4 v A A

v 4 4 v 4 4 v A4 41w d4 4 3w 4 A4 1v A4 47TV A4 4 1V A A W A o

. giraldii

. sparsifolium
. Striatus
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. sparsifolium
. striatus

. giraldii

. sparsifolium

. striatus

. giraldii

. sparsifolium
. Striatus

. giraldii

. sparsifolium
. Striatus

. giraldii

. sparsifolium

. striatus

giraldii

. sparsifolium
. Striatus

. giraldii

. sparsifolium
. Striatus

. giraldii

. sparsifolium
. Striatus

. giraldii

. sparsifolium
. Striatus

. giraldii

. sparsifolium
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. sparsifolium
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ND
2.50
2.00
2.50
1.75
ND
2.50
3.75
ND

ND
ND
ND
ND
ND
ND
2.50
2.50
0.50
1.75
2.25
1.63
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
0.5

7.50
7.50
8.00
7.50
6.25
10.75
5.00
1.25
0.75

6.50
7.50
1.25
3.75
7.25
8.50
1.75
1.50
1.50
2.25
2.00
2.25
6.00
7.50
5.00
2.50
5.25
3.75
3.25
5.25
1.50
5.75
8.00
5.25
2.50
3.75
2.25

20.00
15.00
7.50
21.25
10.00
12.50
25.00
37.50

5.75

12.50
12.50
10.00
7.50
3.25
5.25
11.25
19.50
5.25
25.00
37.50
4.50
20.50
22.50
8.25
6.50
15.00
10.00
5.50
9.75
7.00
2.50
12.50
17.50
8.75
7.25
6.50

21.25
20.00
16.00
25.75
13.75
23.50
25.00
20.00
15.00

12.50
31.25
27.25
14.75
22.50
16.25
15.00
15.50
11.00
20.00
18.75
11.75
24.75
30.00
21.00
19.00
20.00
16.00
14.25
16.75
13.50
37.50
21.75
23.75
32.25
31.00
25.75

61.25
88.50
96.50
125.00
109.50
100.00
79.00
127.00
113.25

87.75
125.00
ND
237.50
93.75
113.75
250.00
175.00
80.25
125.00
100.00
89.50
105.25
212.50
125.00
158.75
175.00
90.50
96.75
150.00
86.75
97.00
106.75
95.00
105.75
400.00
97.75

7.50
5.00
2.50
6.75
5.00
2.50
10.00
12.50

10.00

ND
5.00
8.50
7.50
8.75
4.75
8.75
5.50
3.00
6.25
9.50
4.25
7.50
8.75
ND
7.75
6.00
6.50
6.50
9.25
6.25
7.25
8.00
7.50
3.75
5.75
6.00

75.20
80.50
25.40
75.20
62.50
14.75
73.60
87.50
74.80

65.00
50.00
37.50
30.00
37.50
10.00
84.00
75.00
17.00
75.00
62.50
21.00
75.00
86.75
7.25
45.00
32.50
27.50
62.50
75.00
35.00
78.00
67.00
34.00
57.50
65.00
52.50

84.00
115.00
75.00
122.50
87.50
62.50
78.00
250.00
175.00

49.75
131.00
53.75
175.00
125.00
77.00
125.00
187.50
29.00
250.00
100.00
46.75
170.00
137.50
62.50
75.00
87.50
50.00
67.00
70.00
57.50
175.00
162.50
70.00
65.00
175.00
150.00

23



Outside Ring Road
T. sparsifolium ND 4.00 5.00 17.50 120.50 4.75 22.75 300.00

P. striatus ND 2.25 5.75 12.75 85.50 4.50 5.00 125.00
Sanothimi T. giraldii ND 4.25 6.75 16.00 97.75 6.50 82.00 221.75
(Brick kiln)
T. sparsifolium ND 4.50 5.50 13.25 100.00 6.25 95.00 287.50
P. striatus ND 3.75 6.00 13.25 86.00 5.25 32.00 65.75
Bhaktapur (Itapako) T. giraldii ND 2.75 4.75 9.25 80.25 4.50 85.00 300.00
T. sparsifolium ND 5.50 18.50 7.50 88.00 4.50 90.00 475.00
P. striatus ND 7.00 4.00 11.00 81.25 3.25 26.00 200.00
Chhaling VDC T. giraldii ND 7.50 5.00 11.25 92.25 4.75 54.00 53.00
T. sparsifolium ND 7.75 5.25 12.50 91.75 6.25 62.50 80.00
P. striatus ND 5.00 6.75 11.50 80.25 7.75 24.00 49.50
Nayathimi T. giraldii ND 5.50 4.25 13.25 103.50 4.00 54.00 44.25

(near road)

T. sparsifolium ND 6.50 5.50 13.25 92,50 5.50 62.50  75.00

P. striatus ND 6.00 4.75 12.00 91.25 8.00 20.00 67.50
Nayathimi (vilage)  T. giraldii ND 7.25 3.50 11.25  96.50 3.50 24.00 41.00

P. striatus ND 0.00 3.50 1425  93.25 4.75 5.00 47.75
Kirtipur (CDB) T. giraldii ND 7.25 4.00 15.00 100.25 5.00 1250 125.00

T. sparsifolium ND 8.25 3.25 11.75  91.25 5.25 16.25 137.00
Transplanted sites Mossp. Cd Co Cr Cu Mn Ni Pb Zn

P. striatus ND 6.50 3.25 9.75 72.25 3.75 4.50 35.00
Bungmati T. giraldii ND 9.50 5.50 17.25  98.00 2.50 1750 97.50

T. sparsifolium ND 8.00 4.25 33.00 84.25 ND 14.00 60.00

P. striatus ND 8.75 6.25 2550 50.00 2.00 4.50 70.75
Control areas
Raniban T. giraldii ND 9.00 7.00 17.25  103.25 2.50 1450 50.00
T. sparsifolium ND 8.50 3.50 10.00 92.50 ND 10.00 33.25
P. striatus ND 7.75 2.00 11.75  91.00 ND 5.00 78.25
Shivapuri T. giraldii ND 3.00 4.00 9.00 102.00 5.50 8.25 45.00
T. sparsifolium ND 2.00 2.00 8.50 109.00 6.00 5.00 40.50
P. striatus ND 2.00 3.50 12.00 95.00 2.00 5.00 46.00
Phulchowki T. giraldii ND 3.00 5.00 11.25  112.25 5.00 8.75 50.00
T. sparsifolium ND 2.50 4.25 9.50 135.00 4.50 3.75 45.00
P. striatus ND ND 5.25 20.00 91.50 4.00 11.25  75.00

ND = Not detectable
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Table 2.

Mean and SD of metal concentrations in meses and leafy liverwort transplanted for 3
months at different places inside, along, outside iRg Road and in clean areas like
Raniban, Phulchowki and Shivapuri National park corsidered as control.

Inside Ring Road Along Ring Road Outside Ring Road Control area

Mean+SD Mean+SD Mean+SD Mean+SD
Taxiphyllum giraldii
Cd 1.25+£1.02 2.13+0.53 ND ND
Co 6.68 £2.62 a 3.81+1.81a 6.28+2.10 a 5.00+3.46 a
Cr 12.86 £9.04 b 11.11+7.32 ab 5.00£1.12 a 5.33£4.53
Cu 22.46+8.26 C 21.11+8.74 bc 13.78+2.99 ab 12.508-4.
Mn 82.00 + 25.87a 140.42+62.26 b 96.28+7.33 ab 105 5®+ab
Ni 7.32+3.04b 6.91+1.49 b 447118 a 4.33£1.61a
Pb 71.19+7.66¢C 63.56+17.32 bc 43.63£29.26 b 10.5043
Zn 77.43 +30.94 ab 127.97+68.64 ab 141.56+102.07 b .3342.89 a
Thuidium sparsifolium
Cd 1.68+1.25 2.3840.18 ND ND
Co 6.39+2.35 a 5.33x2.46 a 6.53x1.71a 4.33+3.62 a
Cr 13.39+11.20 bc 15.53+10.11 ¢ 4.59+0.90 ab 3.25+4.15
Cu 19.29+6.90 b 23.06+6.18 b 12.63+£3.06 a 9.33+0.76 a
Mn 101.32+18.29 a 170.89+94.80 b 96.44+10.32 a 1121728 ab
Ni 6.46+4.31 a 7.39+£1.80 a 5.43+0.67 a 5.25+1.06 a
Pb 68.65+15.70 b 61.25+10.01 b 47.25+34.47 b 6.25+3a.31
Zn 105.54+67.46 ab 130.67+39.96 ab 179.97+157.56 b 5838.93 a
Ptychanthus striatus
Cd 0.59+0.79 0.88+£0.65 ND ND
Co 6.57+4.26 a 347241 a 491+281a 4.88+4.07 a
Cr 7.07+£3.00 ab 8.25+4.01 b 6.84+4.88 ab 3.58+1.63 a
Cu 20.79+9.80 a 18.47+6.13 a 13.75+4.95 a 14.58+4.69 a
Mn 90.57+19.86 a 97.31+14.89 a 79.97+13.78 a 92.5@2.1
Ni 5.40+3.67 a 5.84+1.78 a 4.91+2.09 a 5.63#5.13 a
Pb 32.65+19.73 ¢ 26.86+14.53 bc 15.13+11.57 ab 7.0813.
Zn 91.86+40.84 a 66.28+34.32 a 82.66+54.52 a 66.47614d.

Same letters after mean + SD along rows do noerdgfgnificantly (P=0.05) according to Duncan's dpé range
test followed after ANOVA.
ND = Not detectable
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Table 3. Categorization of different study sites oKathmandu valley on the basis of contamination

factor.
Study Sites Co Cr Cu Mn Ni Pb Zn
Inside Ring Road
Kalimati 1.84 0.93 1.07 0.75 0.45 5.18* 0.90
Lagankhel 1.35 2.12 3.08 1.05 2.10 8.18* 1.90
Maitidevi 1.97 1.15 1.47 0.87 0.88 6.78* 1.14
Pulchowk 0.73 2.28 1.45 0.61 1.51 6.63* 1.73
Putalisadak 1.63 3.49* 1.57 0.79 1.01 7.60* 1.78
Thamel (Campus) 1.74 3.60* 1.73 1.08 0.96 6.40* 717
Thapathali 0.50 5.60* 1.65 1.03 2.18 9.90** 3.26
Along Ring Road
Balaju 1.08 2.88 1.95 1.03 1.36 6.40* 1.52
Balkhu 1.38 1.32 1.47 1.43 1.41 3.25 2.44
Chabahil 0.34 2.96 1.14 1.63 1.16 7.38* 221
Gongabu Bus park 0.46 5.51* 1.39 1.01 1.34 6.65* 572.
Kalanki 1.31 4.21* 2.08 1.01 1.34 7.09* 2.40
Koteshwor 0.82 2.59 1.51 1.37 1.36 4.40* 1.38
Maharajgunj 0.71 1.83 1.22 1.07 1.48 7.24*% 1.26
Satdobato 1.35 2.67 2.28 0.96 1.53 7.51* 2.64
Banasthali 0.60 1.85 2.45 1.94 1.04 7.34*% 2.53
Outside Ring Road
Bhaktapur campus 0.89 1.40 1.30 0.99 0.96 2.00 *4.37
Bhaktapur-ltapako 1.08 2.24 0.76 0.80 0.82 8.44* 316
Bungmati 1.86 1.32 2.08 0.75 0.45 1.51 1.48
Chhaling VDC 1.44 1.40 0.97 0.85 1.26 5.89* 1.18
Kirtipur (CDB) 1.56 0.86 1.00 0.85 0.94 1.40 1.92
Nayathimi -near road 1.28 1.19 1.06 0.93 1.18 5.73 1.21
Nayathimi (village) 1.03 0.97 1.12 0.92 0.92 2.02 0.91
Sanothimi 0.89 1.50 1.17 0.91 1.21 8.77* 3.72*

C1 = (CF 0-1) No contamination C4 = (CF>3.5-8) Modecatetamination, C2 = (CF>1-2) Suspected contamination
C5 = (CF>8-27) Severe contamination, C3 = (CF>2-3.ihStontamination C6 = (CF>27) Extreme contamination

Contamination Factor (CF) using transplanted indicating their least presence in the air.

mosses Concentrations of Cd in most places were not
On the basis of contamination factor Co andletected, hence were not included to calculate

Mn contamination in air was negligible (C1-C2)contamination factor.

but that of Pb was very high (C1-C5). Co and Mn  Slight contamination of Ni was observed at

showed no contamination or suspectedagankhel and Thapathali and of Cu at Lagankhel,

contamination in all the transplanted sitesKalanki, Satdobato, Banasthali and Bugmati.
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