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Abstract

The number of pollution sources raises heavy metal contamination of the environment and become increasingly higher
in Kumaon hill. This problem particularly manifests itself around the petrol pump. The objective of our investigation
was to measure the pollution load of Pb, Zn, Cu and Cd in near by area of Kumaon hill. Keeping this in mind present
investigation was undertaken to study the adverse effect of intensity of these metal load on the ecology and human
population in near by area of respective study site. Moss sample were collected from pure and undisturbed habitat in
Mukteswar and were transplanted on four petrol pumps and one control site Analysis of harvested transplants shows a
significant seasonal increase in the metal in moss, which could be due to automobile exhaust and petroleum product
consumption.
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Introduction

The significance of heavy metal deposition in different cryptogam at petrol pump can be looked from
different viewpoint. Because their potential to bioaccumulate heavy metal from respective source varies
from species to species and also their contribution in environmental pollution rescue is increasing. Due
to no other source of transport, dangerously petroleum consumption and automobile exhaust are the
major source to put pollution load on the atmospheric condition in the near by area of petrol pumps
(Krishnayya & Bedi 1986; Huang et al. 1994; Xuolong et al. 1994; Saxena et al. 2000a).

Monitoring of air contaminant at petrol pumps is necessary to determine upon locality of the near by
population. Bryophytes have a long history to use as biological indicators of air quality. High deposition
of heavy metal through dry deposition is a specific biology of cryptogams in biomonitoring studies
(Saxena et al. 2000; Ruhling e al. 1987; Ferguson et al. 1984).Despite the large number of publication
dealing with interaction of cryptogam with heavy metal (Nash 1989; Meenk and Tuba 1992; Saxena and
Saxena 1998, 2000, 2001), detail knowledge on environmental condition of the petrol pump of Kumaon hill
is in need of more attention.

Indirect or transplant bag method is best-suited technique to study the atmospheric condition (i.e. heavy
metal) of petrol pumps (Saxena et al. 2000, Kirchoff and Rudolph 1989). The main objective of present
work was to gain understanding of the metal accumulation potential of three different experimental
species i.e. Racomitrium crispulum, Bryum cellulare and Plagiochasma appendiculatum and pollution
load at different petrol pumps of Kumaon hill.

Materials and methods

The area of our investigation is located on the Western Himalaya i.e. Kumaon hill. Catchment areas are
the four petrol pumps of Almora, Nainital, Ranikhet and Pithoragarh of Kumaon hill. The moss species
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Racomitrium crispulum, Plagiochasma appendiculatum, Bryum cellulare was applied in our
investigation. The seasonal and annual transplantation were started in year 2003 with the start of winter
season (i.e. in the month of November). Seasonal transplantation was carried out for the fixed period of
four months (i.e. 120 days, which represents the exposure of only one season and there is no intermittent
mixing of seasonal harvesting of transplant). Sampling and transplantation were carried out by the method
of Saxena and Saxena (2000). The catchment site of same height were chosen, to avoid the misleading of
data. Samples were digested and analyzed using HNO, and HCIO, (4:1 V/V) analysis by atomic absorption
spectrophotometer (Model no. E 4139) by following the method of Bengston (1982).

The percent heavy metal loading of each location in proportion to control were calculated using the
formula of Tuba and Csintalan (1993). Grodzinska et al. (1993) put forwarded the formula for PI (Pollution
Index ) value, on the basis of each metal, total number of metals, total amount of metals and number of
sampling stations. The analysis of experimental heavy metal (i.e. Pb, Zn, Cu and Cd) for every study area
were carried out in triplicate and data were presented with + S.E. Significance (*) differs from control site
(Pd”0.05).

Results

Table 1, 2 and 3 shows the result of metal analysis of three different species i.e. Plagiochasma
appendiculatum, Bryum cellulare and Racomitrium crispulum harvested periodically after a fixed period
of exposure in Kumaon hill. Experimental site i.e. petrol pumps of Almora, Nainital, Ranikhet and Pithoragarh,
are highly populated area of Kumaon hill. Data obtained after every seasonal exposure transplant shows
comparative variability in seasonal deposition as well as in interspecies variation in metal accumulation.
There is a high accumulation of lead observed i.e. 211 ppm in winter exposure in both bryophyte
Plagiochasma appendiculatum and Racomitrium crispulum in Nainital. Racomitrium crispulum shows
a significant high value of Cu i.e 142 ppm in Nainital under comparative study with Bryum cellulare and
Plagiochasma appendiculatum in winter season. There is no such significant variability in the Cd
content in any of the catchment area of the Kumaon hill and same is observed in all the experimental
species.

Summer is the season for the higher vehicular input in the tourist place i.e. in the present experimental
sites. A significant high value of Pb were observed in summer in Plagiochasma appendiculatum (335.84
ppm) in Nainital, while the highly populated area of Kumaon hill i.e. Almora shows maximum value of Pb
input, which were observed in all the three experimental cryptogams. There is no such significant difference
in Cd content all the three seasons; while it is striking that rain exposed experimental bryophytes transplant
impart Cd in non-detectable limit. There is a positive correlation between metal accumulation and vehicular
input in the catchment site (data not shown).

Significant variability in the metal content of annual transplant and summation of seasonal transplant,
treated as annual fall out data was observed only in the transplant of Plagiochasma appendiculatum
(Table-4,5,6).

Undertaken metals i.e. Pb, Zn, Cu and Cd accumulation are the index of vehicular pollution and were
useful to indices the vehicular input, in particular area. Percent metal loading at each location signifies
that the study area is highly loaded with experimental metal. While the inter species comparison implicit
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that Racomitrium crispulum is much better accumulator than Bryum cellular and Plagiochasma
appendiculatum respectively. It is in doubt that the undertaken control site Mukteswar forest is free from
metal load and need more attention in further studies. The site Almora which were observed to be highly
loaded with metal is justifiable through % loading value (Fig- 1,2, 3).

The percent decrease in the metal content in winter season with respect to summer in indirect biomonitoring
study, through experimental bryophytes imparts that Cu and Cd value decrease up to the range of 80-90
%. While there is no such significant difference in metal concentration observed in case of Pb and Zn in
all the three species of bryophytes in winter with respect to summer (Fig- 5). There is an up to 100 %
decrease in Cd were observed in rainy season under comparative study with summer (Fig- 6). We can not
over rule the role of rain in pollutant leaching. Same could be the reason for decrease in Pb, Zn and Cu
value up to 70-80 % in rainy season in all the three experimental cryptogams.

There is a statistically significant correlation found between metal accumulation, an increment in their
source type and intensity of source with respect to PI (pollution index) value. The PI value were observed
highly positive at Almora i.e. +4.965 in Bryum cellulare signifies that the pollutant intensity among other
petrol pump catchment area, while the site of Pithoragarh petrol pump shows negative value —2.4406, -2.48094,
-1.60022 in Racomitrium crispulum, Plagiochasma appendiculatum, Bryum cellulare respectively (Fig-4).

Discussion

We have seen that the study and comparison of the moss transplant of petrol pumps of different site in
Kumaon hills give more authentic picture of atmospheric surrounding of petrol pumps and near by areas.
The experimental data of seasonal and annual exposure demonstrate that all the three experimental
bryophytes have positive potential to accumulate and retain heavy metal pollutant of petrol pumps.
However, there efficiencies vary from species to species.

Present study also demonstrate that seasonal transplant of moss bag technique for liverwort is more
reliable than annual transplant one. Chlorosis, thallus degradation, ageing, and low surface area by mass
ratio could be the reason for lower metal input value in annual transplant of Plagiochasma
appendiculatum. Ranikhet is relatively clean site as compared to Almora and Nainital, though that the
catchment area is in the heart of the city. This further supported by lower % metal loading.

Cu industry in Kumaon region is also a probable additional reason for high metal input value in Almora.
Kerosene mixing is also one of the addition facts for increment in Cu in the petrol pump transplants, as
CuSO0, is mixed as an impurity in kerosene. Perhaps Cd is also present as a mining impurity in petrol. High
input of these two metals (i.e. Cu and Cd) in summer season in all the three experimental bryophytes were
reasonable.

The relative cleanness of control site i.e. Mukteswar is over ruled by the metal concentration observed in
respective transplant in all the three bryophytes. Though their concentration is low and comparable with
the other study areas. Increment in the use of Cu, Zn and Cd fertilizers could be the reason for this high
value of metal in Mukteswar. Percent loading value of Nainital and Almora signifies that there is an abrupt
increment of consumption of diesel and petrol. This is a matter of serious concern, as the ecosystem flora
may not be able to bear the burden of increasing metal level and other pollutant, released on the consumption
of petrol and diesel.
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Genetic constituent may be assumed to have considerable significance in respect to heavy metal uptake
and excretion. The different uptake capacity of heavy metal and retention / excretion by interspecies
survey shows variability (Ruhling ez al. 1987;Ross 1990; Birg et al. 1995). This need further harmonization
and research in Kumaon region. Research is in continuation by present authors in the survey area of
Kumaon hill. Accumulation of heavy metal especially lead through various cryptogams is well known
study and several authors described the moss capability to accumulate vehicular pollution (Ruhling and
Tyler, 1968; Onianwa and Eunyomi, 1983; Ferguson ez al. 1984; Makinen 1987; Ross, 1990; Steinnes et al.
1994; Saxena 1995).

High Pb valuei.e. 600 - 800 mg/ L in petrol is a direct evidence of their high concentration in bryophyte
transplanted at petrol pumps. Study has also confirmed that the relationship between the environmental
quality and metal accumulation in bryophytes. Present investigation confirms that Bryum cellulare had
a lower potential to monitor the metal, while Racomitrium crispulum has the maximum capability to
absorb the vehicular pollution on petrol pumps and might be due to this they maintained their physiology
throughout the year of transplantation. This was confirmed by the non-significant difference in annual
transplant metal data and summation of the seasonal transplant metal data which were treated as annual
precipitation data.Seasonal and annual transplantation data of Plagiochasma appendiculatum further
recommends that biomonitoring by liverworts is better through seasonal way.

Acknowledgements

Present work is supported with financial assistance from Department of Biotechnology, (Ministry of
Science and Technology) Govt. of India. Our sincere thanks are also due to Principal, Bareilly College,
Bareilly, Prof S.C Srivastava, Professor and Head, Dept. of Botany, Lucknow University, Lucknow and
Prof. Zoltan Tuba, Szent Istvan University, Hungary. We express our sincere thanks to Prof. Pocs for
providing specimens for comparison and identification of bryophyte sample.

Reference

Bengston, C., Folkeson, L. and Goransson, A. 1982. Growth reduction and branching frequency in
Hylocomium splendens near a foundry emitting Cu & Zn. Lindergia 8: 129-138.

Birg, T., Royset, O. and Steinnes, E. 1995. Moss (Hylocomium splendens) used as biomonitor of atmospheric
trace element deposition. estimation of uptake efficiencies Atmos. Environ. 29A:353-360.

Ferguson, N.P., Robinson, R.N., Press, M.C. and Lee, J.A. 1984. Element concentration in five Sphagnum
species in relation to atmospheric pollution. Journ. of Bryology. 13 : 107-114.

Grodzinska, K., Godzik, B. and Sjarek, G. 1993. Heavy metals and sulphur in moss fromSouthern Spitsbergen.
Frogmenta Floristica Et Geobotanica 2 (2): 699-708.

Huang, X., Olmez, I, Aras, N. K. and Gordon, G. E. 1994. Emmision of trace elements from motor vehicles.
Atmospheric Environment28: 1385-1391.

Kirchhoff, M. and Rudolph, H. 1989. A sandwich technique for the continuous monitoring of air pollution
with the bryophyte Sphagnum. Journal of Hottori Botanical Laboratory 67:423-431.

Environment Conservation Journal

72



Biomonitoring and interspecies comparison

Krishnayya, N.S. and Bedi, S.J. 1986. Effect of automobile lead pollution on Cassia tora L. and Cassia
occidentalis L. Environmental pollution 40: 221-226.

Makinen, A. 1987. Sphagnum moss-bag in air pollution monitoring in the city of Helsinki, Sym. Biol. Hung.
35:755-776.

Meenks. J. L. and Do Tuba, Z. 1992. In: Biological Indicators in Environmental Protection, Kovacs,M.
(ed.). Budapest: Akademia Kiado: 65-75.

Nash, T. H. 1989. In: Metal Tolerance in Plants: Evolutionary Aspects: Shaw, J. (ed.), BocaRaton, Florida:
CRCPress: 119-131.

Onianwa, P. C. and Eunyomi, A. 1983. Trace metal levels in some Nigerian mosses used as indicators of
atmospheric pollution. Environment Pollution 5: 71-81.

Ruhling, A. and Tyler, G. 1968. An ecological approach to the lead problem. Bot Notiser. 122:248-259.

Ruhling, A., Rasmussen, L., Pilegaard, K., Makinen, A. and Steinnes, E. 1987. Survey of atmospheric
heavy metal deposition in the Nordic countries in 1985 - monitored by moss analyses. NORD 21:
144.

Ross, H.B. 1990. On the use of mosses (Hylocomium splendens and Pleurosium schreberi) for the
estimating atmospheric trace metal deposition. Water Air and Soil Pollution 50: 63-76.

Saxena, D. K. 1995. “ Biomonitoring of lead with the help of bryophytes in Nainital. In: Proceeding of
National conference on bryology” NBRI Lucknow.

Steinnes, E., Hanssen, J.E., Rambacek, J.P. and Vogt, N.B. 1994. Atmospheric deposition of trace elements
in Norway; temporal and special trends studied by moss analysis. Water, Air Soil pollut. 74:121-140.

Saxena, D.K. and Saxena, A. 2000. Uptake of metals in Plagiochasma and their use in pollution monitoring.
Geophytology 28 (1&2): 129-137.

Saxena, D.K. 2001. Biomonitoring of Pb, Ni, Cr, Hg with the help of bryophytes in Nainital, Perspective in
Indian Bryology : 155-170.

Saxena, D.K., Saxena, Anuj and Kamakshee 1998. Use of Plagiochasma inregional mapping of metal fall
out. In: 4" International Symposium and Exhibition on Environmental contamination in Central
and Eastern Europe. Warsaw, Poland.

Saxena, D.K., Saxena, Anuj and Srivastava, H.S. 2000a. Biomonitoring of metal precipitation at petrol
pumps and their effect on moss Sphagnum cuspidatum Hoffm. J. of Env. Studies and Policy
3(2):95-102.

Tuba, Z. and Csintalan, Z. 1993. “The use of moss transplantation technique for biomonitoring of heavy
metal pollution”. Ed. Bernd Markert. VCH Publishers Inc., New York NY (USA)17:403-411.

Xuolong, H.I., Olmer, I., Aras, N.K. and Gordon, GE. 1994. Emission of trace elements from motor vehicles:
Potential marker elements and source composition profile. Atmospheric Envir ent.28:1385-1392.

Environment Conservation Journal

73



Saxena and Arfeen

anN 6°0F:G'GC an G'0F+8'CG | LO'OFE'0 9E'0FxP'CE G9'0Fxl'TL TT'0FC'LG|CO0F«CL'0 ST OFE€9C G'0FxL'C9 GE0FE'LY | HYVOVHOHLId S
SO'0F+6'L CT0F+0CE ¥8'0F+C VL CTOF+E'CE | 60°0FX9C 0 1F+CL'69 8'0FC6'09 G LFsP'GEE | TOFRP' T 85 0F«ZvY CT0F+L0'6G €0FG0'LLT IVLINIVN 14
aN G'0Fs9' LY GT0F«8'9€ L'0FxL'LE | SG0'0F+C'C GT'LF+b'E€8 86'07x9°99 ST LF:6'7SG| COFE'L 95 0FxL'C9 TE€0F«L'CV 29 0F:¥0'CH LIHAINVY €
aN €079 Ly TY'0Fxl'8l €'0F+6'CE | GO'0F«6'} 90F«EE0G 9'GFCELL GEF«P'86T | G00F«C9'0 € 0F+E6'9F G0'0F+C'GT $T0FG'8LE YHOWTY [
L0°0¥99'C ST'0F65'8 G9'0FS6'€6 ¥I'0FG Ly |CT0FCE9 PG 0FE0r 9'0F6¥' 0L ¥TOFST LY (LT 0FPCL’L GL'0FP'CC CO'0FSL'E CL'0FThTE I
183404
HYMSIINNN
|0 n uz ad o] ny uz ad ) n uz ad (VI¥VY LNIWHOLVY D
‘oN
FANSOdX3 NIVY FANSOdX3 ¥INWNNS FAUNSOdXI ¥ILNIM ETRE

*(S0°0 «.Pd) [013U0D WOIJ SIIFIP () IULIYIUSIS “q°S F $9)eda € Jo ULdUI ST IN[BA

yaeq ‘240njja> wind1g SSOW ul H(-€(0 18K Ul Ured pue JdWWNS “1d)uim ur uone)ididoad [ejow ur uoneLIBA [BUOSEIS 17 JqRL

aN 6°07+5'GC aN G'0F+8'CG | LO'0F+E'0 9E'0F«V'CE G9'0Fxl'CL CT0FC'LG | C00FCL'0 GCOFE'OC G'0FxL'C9 GEORE'LY | HUVOVHOHLId S
GO0'0F«6'L C'0F0CE V80TVl COT6CE | 60°079'C 01 F+CL'69 8'0FE6'09 G LFP'GEC | T0FxCY'C 8G0FC VY T0FxL06S €0FG0'LLIT IVLINIVN 4
aN S0F9' LY GC'0F8'9E L'0FxL'LE |GO0F«C'C GC'LF+b'C8 86'07x99G GC'LF6'VG| TOFE'L 9G0F«L'C9 CE0FLCY G 0FP0Ch 13HMINVYS €
aN €0R9 LY V0Tl '8l €0FB'CE | G006 L 90FEE0G 9'GFCELL GEFP'B6C | SO0F«ZI0 €0F4E6'Y GO'0F+C'GC YT OFGBLE VHONTY 4
10°0799'C G2'0765'8 S9°0+7G6'€6 ¥L'0FG LY (2C0Fece’9 ¥G'0FE0F 90¥6¥'0L ¥C'0FGC Ly|LeOFpel’L GL'0FF' e ¢0'0FGl'e cl'0Feree I
183404
HYMSTINNN

4o n uz ad ) n uz ad P n uz ad [VI¥V LNIWHOLYD

“0|
FAUNSOdX3 NIVY FHNSOdX3 ¥3INNNS FUNSOdX3 YALNIM m._.zw

*(S0°0.Pd) 10130 W01 SIIPIP (5) ULIPIUSIS *°S F $9)edI[da1 € Jo uvdua st dneA Yoy ‘wnvinoipuaddn
DUISDYIO013D]J SSOW Ul ()-€ (0 184 Ul ure.d pue Jwmns I)uim ui uone)rddaad [ejouwr ur UOHBLIEA [BUOSEIS : ] QB

Environment Conservation Journal

74



Biomonitoring and interspecies comparison

00680 959517968 CCI0986 PEFI-ICEE)] S00WP0 SIVECY8 S9LnCPel ChatelSh]  HUVOVEORLM g
CGOROYY SEORYE Ll TTRIE6 SOCTHOLOIY| T90REL SUCT.LESH) SETIEIEL G767 085 TVLINIVN y
OE0RLT  SITTLI6SE STHIO0L SEVTIE 0| SCORGE SOCHEIEEl SETTICCEl CTriotel|  LIHMINYY B
£O0REEE SOVTIIE6 THTOL ZESTMOCIY| SCOREST SELTGERC) THOTII T 9'67.98'059 VEOWTY z
ZEOFLL SOTIYOTS STETLOBL SIOTLLGE | STLTLLI0L  SETIBI ML ZTLIESLON TOFLLGLL ;
153404
NYMSILINN
PO ng uz ad PO ng uz dd | v3uV LNAWHOLYD

v1va NOILYLIdIOTdd TYNNNY SY GILYIAL ON3LIS

7YL3W SOV SSOW 40 34NSOdX3 TYNNNY | VL¥aLNYIdSNYHL TYNOSYIS 40 NOILIWNNS

*(S0°0 ««Pd) [013U0D WO1J SIIFHP () duedYIUTY

A°S F saedn[dau ¢ Jo uedw s1anjeA yaey “wnvnoipuaddp vuisvyr013v)g ssou
Ul $()-€( (7 1BIA Ul SUOSEIS 1Y) JO In[eA uonewruns pue juedsue.) [enuue urdnjea uonedad [ejown ur HoNBLIBA :p QBT

aN - GOoRE8l AN GIREEP|T0RI60 GIFIVGT ¥8'0FC8L T 0F:L LG | 90°0%GT0 VT 0RO CTORIT09 1P OFFITY| HUVOVHOHLA | G
99076 L GORFLTE CCORBTE GORITL|FL 0FLY Y ORPL Y8 607:E6'89 TTHIGEE | 7000FL0 G6F:87'€9 G0F:L06G ¥G0F0LTT TVLINIVN 14
av  9ORELTy AN GORBGE|S00R6T YGO0TH88 60ROCEG GOORYEG|S00RI0) ELORERY SHHIVEY GGO0RCEDY|  LIHAINVY £
v GORIB0G PTOR6L8 VOREGE|CE0RIE Y ORITEE GORCELL EGHYYTT| S00FLGT GG 0REYS GrO8HLIVE SCERGBIE VHIONTY ¢
aN  ¥20%zke N C0%¢96€|c00¥0Y 0 ¥C'0¥G9CE 8C0T6Y'9 G '0FGC19|vG0FLCE0 GC0¥G€C €00TGLE 1 0Fey GE b
153404
HYMSIINNIN
P n uz 1 P n uz ad 8] n uz a
FUNSOdX3 NIVY 34NSOdX3 IWNNS F4NSOdX3 YILNIM V34V LNJWHOLYI| ON
aLis

*(S0°0 «.Pd) [013U0D U101} SIIFIP A%v RuedyruSIS S F $33edda ¢ Jo uedus st IN[eA ydey ‘uinjndsiio

WNLINIOIDY SSOW UT ()-€( (T 1EIA UT UTR.I PUE JIWWNS 1)U ur uone)rdidaad [2)ou Ul UOBLIBA [BUOSEIS 1€ AqEL

Environment Conservation Journal

75



Saxena and Arfeen

€00760 SVH08LL SORL6YL CECHPZO0L |SCO0RB0 L CH08 VL  GECHBL65L CVaec 60l HUVOVEOHLI S
VOOFLOL ZLSORY0ZE SOFYGEL THRLYB8Y [SEOFLLL SEORO0LTE  STETHBYBEL O'LF6Y 005 TVLINIVN v
SOORET SETHOVOZC EGHLTO6 SSORVYGTL | ETORET ST O0ROVSIC  SEVFITTOL TERVSES) 13HMINVY €
SOOFBY L SOFZLOSH €TFLBIS Q96TBLSSL [C00FZEQ STORTLESE SEORLELES O8F6Z00L VIONTY z
200%6T)L  TTLFLLEL SEVFSYPL LTOFLYYTL |Z00FBO0  VETFOL'SL  SOTFYLL  €0FLLT D
1S3404
HYMSIINNN
P no uz ad P no uz ad
VLVa 113N SOvE NOLLVLIdIOFdd TYNNNY VIuY INFWHOLVOON 3LIS
SSOW 40 FUNSOdX3 TYANNY SV 031V3ML V1VA INVIdSNVAL TYNOSVIS 40 NOLLIWNNS

*(S0°0 «Pd) 1013U0D WO.I) SIPJIP () PUIYIUSIS *H"S F AL € Jo uedu s IN[eA Yory “wnjndsiid winri1uodIny sSow
Ul $()-€0 (7 1BIA Ul SUOSEIS 1Y) JO dn[eA uonewruns pue juedsue.) [enuue urdnjea uonedard [ejown ur HoneLIBA :9 QB

€00RVE L  GE0TLEBS 9OV GEL GO ORVLGEL| GO0TLL)  PSCOFOE Y9 VG 0TOV 8EL L OFVLEVI HIVOVHOH LId S
CE0TGL'9 GE'0T«86'C6L € 0F«6'89) VGCT«GC69 | GC0T«GC'9 PG 0Tx86'00C €L07x06'09) G'0F~GC0L IVLINIVN 4
€0T06'C CCPTPG Bl 90TxC0'G6 GC'ET«CG0EL| 860°07«96'C B9 0™EB00C LG 0FxCV 96 G'0FxLG'GEL 13HMINVY €
YO'0FVC'S €ECTLLLLL  C0FL'0CS GC'GRPCCLG| GE0TLLLQ LG0FLLGLL G0F807CS €0F«V.'8LG YHONTVY 4
L00'0F«L'0 €€C0FECCY ¢E0FV6'8 L'oFrelel €€°07¢L0 vL'0Ter's9  ve 096  €0¥6C9El 3
153404
HVYMSIINNIN
PO no uz ad [320] no uz ad
V.1va V13N sOvVE SSOW 40 3¥NS0dX3 TVNNNY NOILV1IdIO3¥dd TVANNY SV Q3L1v3yl V3YV LNIJINHOLVOON 3lIS|
V.1Vd LNVIdSNVYL TYNOSVIS 40 NOLLIWNNS

*(S0°0 «.Pd) [013U0D WOy SIPP () RduedYIuSIS “q°S F $9)edn[da ¢ Jo urdw ST IN[EA YOR 240]1]}22 uind1g sSow
Ul $()-£0(7 1834 UI SUOSEIS I} JO dn[eA uoneuruns pue juejdsue.) [enuue urdnjea uoneydoard [ejour ur uoneLIeA :g dqeL,

Environment Conservation Journal

76



Biomonitoring and inter

% LOADING OF METAL POLLUTION INPlagiochasima

Percent loading of
experimental metal
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the experimental catchment area in year 2003-04

TREND OF PERCEN T DECREASE IN METAL PRECIPITATION IN RAIN WITH
RESPECT TO SUMMER IN EXPERIMENTAL BRYOPHYTE IN “E AR 2003-04.
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Fig 6: Trend of percent decrease in metal precipitation in
rain with respect to summer in experimental catchment
areas in experimental bryophytes in year 2003-04
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