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ABSTRACT

Bryophytes play an important role as bioindicators of atmospheric
pollution. They exhibit remarkable response to it by showing visible
symptoms of injury and also by accumulating a large quantity of heavy
metal s from atmosphere owing to the absence of cuticlein their plant body
and due to the abundance of cation exchange sites on the cell walls. The
present study deals with assessment and accumulation of heavy metals
(Pb, Cu, Zn, Ni, and Mn) in two taxa viz., Plagiochasma appendiculatum
Lehm. et Lindb. and Mnium marginatum (With.) P. Beauv growing in the
area of frequent autovehicular movement i.e. Kempty Fall Taxi Stand and
also at the Company Garden, which is an area having restricted
auto-vehicular movement. Enhanced concentrations of metals have been
detected in the populations of these taxa growing in polluted areas. On the
basis of the results obtained in this study, we can conclude that
bryophytes are efficient accumulator of heavy metals.
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INTRODUCTION

Thewidespread distribution of bryophytesand tol-
erance of many of its speciesto certain environment
contaminants hasled to their use as bio-monitors of
pollution. Physiologicaly they aretotally dependent on
atmospheric deposition for the uptake of mineral ele-
mentsdueto lack of well devel oped root system. They
have evolved efficient uptake mechanismthrough their
general surfacedueto absenceof cuticle, whichfacili-
tates direct absorption of metalsand other nutrientsin
their tissue. These particul ar featuresaong with abun-
dant cation exchangesitesontheir cell wallsmakethem
more susceptibletoair pollution. Increasing auto-ve-

hicular movement in recent times and resulting com-
bustion of gasesfrom them are an important source of
atmaospheric pollution. Lead compoundsarethemain
atmospheric pollutantsin exhaust gaseswhich settle
down on plant and soil surfaces. Sincelast many years
bryophytes have been frequently studied asindicators
of heavy metal deposition*-356813, Thepresent study
dedl swith assessment and accumul ation of heavy met-
as (Pb, Cu, Zn, Ni & Mn) in athaloid liverwort
Plagiochasma appendiculatum and a moss Mnium
marginatumgrowing at different locationsof (Kempty
Fall, Company Garden, Camel’s Back Road and Lal
Tibba) Mussoorie, oneof themast tourist crowded hills
of the country. Hence, it needsapol lution monitoring
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study to protect its healthy environmental conditions.
EXPERIMENTAL

Collection of plantsand site selection

Thalloid liverwort Plagiochasma appendiculatum
Lehm. et Lindb. has been collected from the polluted
stesviz. Kempty Fall Taxi Stand (KT), Camel’s Back
Road (CB), Wood Stock College (WS) and less pol-
luted sitesviz. On way to Kempty Fall (KF-2), near
Kempty Fall (KF-1), Lal Tibba (LT) and Company
Garden (CG-1 & CG-2) of Mussoorie (30-27°N and
78.06°E), whereas, moss Mniummarginatum (With.)
P. Beauv. was collected from Company Garden (CG-
1 and CG-2) and Camel’s Back Road (CB). The
voucher specimensof the plantsinvestigated have been
deposited in Bryophyte Herbarium, N.B.R.I. (LWG)
Lucknow.

Plant samplingand analysis

At least three replicates of each plant sample of
different speciesweretaken. Plant sampleswerethor-
oughly washed with running tap water and rinsed with
deionized water to removeany soil particlesattached
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totheplant surfaces. The plant sampleswereovendried
at 80°Cfor 24 hrs. The dried materia swere grounded
to powder for metal concentration analysis, 0.25gm
(dry weight) of each samplewasweighed. Then plant
samplesweredigested by HNO,: HCIO, (3:1) until no
brown fumesof nitrogen dioxideweregiven off. The
digest, aclear paleydlow liquid wasalowed to coal,
filtered and the volume madeup to 15 ml with de-ion-
ized water. The concentrations of Pb, Cu, Zn, Mnand
Ni were determined by Atomic Absorption Spectro-
photometer (GBC AvantaX) and mean values were
caculated fromtriplicates.

Soil samplingand analysis

Soil sampleswerecompositemixturesof soilsfrom
therhizosphere of each thallus. The soil sampleswere
alr dried at room temperature, then grounded into the
powder and sieved through 0.25 mmsieve, 0.5gm soil
samples were digested by HNO,: HCIO, (3:1). The
digest wasalowed to cool, filtered and volume made
up to 15 ml with deionized water. The concentration of
Pb, Cu, Zn, Ni and Mn were determined by Atomic
Absorption spectrophotometer (GBC AvantaX) and
mean val ueswereca culated from triplicates.

TABLE 1: Metal accumulation (ug g* dw) in P. appendiculatum at different sitesof M ussoorie

S. i Metals
Sites .
No. Pb Cu Zn Ni Mn

1. KT 55.63+4.28 28.86 + 0.084 63.53 + 0.50 55+ 0.56 177.06 + 3.39
2. KF-1 17.95+1.01 40.05+ 0.296 107.55+ 4.45 2.05+0.35 197.52+0.42
3. KF-2 26.19+2.41 29.22 + 2.46 84.30 + 3.81 6.61+0.82 142.38 + 2.88
4. WSC 24.44 + 0.95 18.75+ 1.06 318.75+ 8.27 19.1+1.13 351.82 + 3.36
5. LT 11.52 +2.20 20.55+0.04 116.70 £ 1.27 6.93+0.51 152.33+1.52
6. CG-1 12.86 + 0.73 17.32+0.30 76.65 + 3.60 1.26+0.11 116.15+ 3.32
7. CG-2 13.92+0.30 34.23+2.24 105.30 £ 1.27 19.95+ 0.63 200.49+ 6.6

8. CB 48.15+ 3.18 25.13+1.96 249.70+1.13 26.7+2.96 113.64 + 0.509

KT- Kempty Fall Taxi Stand; KF-1- Near Kempty Fall; KF-2-On way to Kempty Fall; WS- Wood Stock College; LT- Lal Tibba;
CG-1-Company Garden sitel; CG-2 Company Garden site2; CB — Camel’s Back Road
(All the values are mean of three replicates + SD)

TABLE 2: Metal accumulation (ug g dw) in M. marginatum at different sitesof M ussoorie

S. No. Sites Metals -
Pb Cu Zn Ni Mn
1. CG-1 19.62 +0.16 34.34 +157 239.70+0.42 17+14 256.90 + 7.67
2. CG-2 21.28+0.90 19.84 +0.62 239.84 + 0.622 17.75+0.35 239.54 +2.00
3 CB 58.68 + 2.96 27.92+1.49 353.66 + 1.52 13.65+1.21 276.36 £ 2.05

CG-1- Company Garden sitel; CG-2 Company Garden site 2; CB- Camel’s Back Road
(All the values are mean of three replicates £ SD)
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TABLE 3: Metal accumulation (ug g* dw) in soil of P. appendiculatum at different sitesof Mussoorie

. M etals
S. No. Sites -
Pb Cu Zn Ni M n
1. KT 7.19 +0.37 11.01 £ 0.45 50.41 +1.77 10.7 £ 0.26 229.20 £ 13.2
2. KF-1 11.41+1.28 18.94 + 0.84 80.79+7.2 12.2+0.92 262.99 + 2.46
3. KF-2 7.54 £ 0.39 17.92 + 0.47 71.46 £ 2.79 15+ 0.22 424.80 + 3.9
4. WSC 17.03+1.16 27.45 £ 0.89 263.89 £ 2.15 30.8+ 0.80 868.80 + 26.4
5. LT 8.37 £ 0.89 24.07 £ 0.27 79.08 £ 0.12 19.4+1.03 411.60 + 5.88
6. CG-1 11.06 £ 0.52 21.93+1.08 81.97 £1.35 13.2+1.15 413.19 + 24.6
7. CG-2 20.13 £ 0.80 42.49 + 0.86 424,14+ 1.49 29.34 £ 0.84 855.60 + 60.6
8. CB 44.82 + 2.04 71.32+4.11 366.09 £ 2.28 45.6 £ 2.06 1917.6 + 87

KT- Kempty Fall Taxi Stand; KF-1- Near Kempty Fall; KF-2-On way to Kempty Fall; WS- Wood Stock College; LT- Lal Tibba;
CG-1-Company Garden sitel; CG-2 Company Garden site2; CB — Camel’s Back Road
(All the values are mean of three replicates + SD)

TABLE 4: Metal accumulation (ug g* dw) in soil of M. marginatum at different sitesof M ussoorie

. M etals
S. No. Sites -
Pb Cu Zn Ni Mn
1. CG-1 15.72 + 0.13 36.31 + 2.64 251.46 £ 1.43 18.63 + 0.84 833.19 + 39.3
2. CG-2 10.20 + 0.51 18.58 + 0.96 181.44 + 0.64 69.15+ 0.24 634.39 + 3.9
3. CB 13.23+ 0.80 25.44 £ 0.70 157.74 + 0.57 20.29+ 0.16 691.80 £ 8.1

CG-1- Company Garden sitel; CG-2 Company Garden site 2; CB- Camel’s Back Road
( All the values are mean of three replicates + SD)

TABLES5: Correation coefficient (r) between Plagiochasma

appendiculatum and their respectivesoil (n =3) : N
S.N Sites Pb Cu Zn Ni Mn ¢ \'*“kx
L ~
1. KT +0.28 +0.85 -0.54 +0.54 +0.82 @%* 5 M b
2. KF-1 -065 -040 +0.07 +0.72 +0.68 {L;Jr Vgt B
3. KF-2 +0.42 -0.031 -0.22 -0.99** -0.41 .j’ UTTARANCHAL /'_)
4. WSC +0.29 +0.99** +0.81 -0.35 -0.34 r/ ‘ "’\/A“\K ¢
5. LT  -1**  .0.97** -0.046 +0.99** +0.78 e % 5"
6. CG-1 -0.98** -0.16 +0.24 +0.95* +0.029 L5 B ’
7. CG-2 +0.70 +0.72 +0.36 +0.68 -0.22 '!'“‘"‘vf
8. CB -0.5 +0.93* +0.74 +0.67 +0.73 —— g
TABLE 6 : Correlation coefficient (r) between Mnium i ¥
marginatum and their respective soil (n=3) i i ._'“"\\
S.N Sites Pb Cu Zn Ni Mn
1. CG-1 -055 -0.50 +0.57 -0.90* -0.93* Q e R \
2. CG-2 -0.96** +0.31 -0.69 +0.5 -0.86 j O Kempty Fall (KT, KE-1, KF-2) \(— . ]
3. CB +0.5 -0.14 +0.90* -0.98** +0.80 7 ) B ,_—-‘3 Wead Stack College \\.'-u“_""a"
Significant at the level P<0.05* /;J / i ey, T e ]
P<0.01** ( Py B
\rnmum (.nudu'- 7—-\ < Y “id,
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> | _ \ ) i - N
2 230 ® Fiagiochasma & /k ,f_ )
g i B Miniun — —= ===
$ 200 Initm -\\‘ cj“ ¥, - (\I
g 150 ) E i
£ 1004 "‘0_\ o —12 <
501 e : —
0 Bigp= AT e S )
Pb cu zn Ni Mn ap nat ta Seale 3'{__ ™

Metals

Compar ativemetal accumulation M ap showing sampling sitesat M ussoorie (Uttar anchal)
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RESULTSAND DISCUSSION

Among the two taxa P. appendiculatum and M.
marginatum, former hasbeen found widely growing
a nearly dl thestessurveyed, however, latter wasfound
growing at two sitesin Company Gardenand at Camdl’s
Back Road. The luxuriant growth of these plants at
polluted stesexhibitsthe r efficiency to serveasexcel-
lent accumulator of atmospheric pollutants. A prelimi-
narily heavy meta anadysisshowing therange of accu-
mulation hasbeen provided (TABLES 1 and 2).

Theaccumulation of Pbin P. appendiculatumhas
beenfound high (55.63 pg g* dw) inthe popul ations of
Kempty fall Taxi Stand (KT) and Camel’s Back Road
(CB) smilarly it hasa so been found in comparatively
higher concentration (58.68 pg g* dw in M.
marginatumat Camel’s Back Road. The main reason
for thisisthat abovelocditiesaremost polluted by auto
vehicular exhaust and someanthropogenic activities. A
prominent declineinthelevel of Pb concentration has
been found in the popul ation growing at less polluted
sitesviz. near Kempty fall, Lal Tibba, Wood Stock
Collegeand Company Garden (TABLES 1and 2).

Theaccumulation of Cuin P. appendiculatumand
M. margintamshowed adight variationinthe popul a
tions sampled from all thesites(TABLES 1 and 2),
however, anincreasein Cu concentration hasbeen no-
ticed at comparatively lesspolluted sites (near Kempty
Fall) in P. appendiculatumand at Company Garden
(stel) in M. marginatum.

M. marginatum has been found as a good accu-
mulator of Zn as compared to P. appendiculatum, a
fair amount of Zn has been detected in the samples of
Camel’s Back Road, Wood Stock College, Company
Garden (Site 1and 2), respectively. Assuch Znisan
essential element for the growth of theplants, butin
higher concentration, it causestoxic effects. Tyreburn-
ing and fuel combustion arethereasonsfor suspension
of higher concentration of Znin atmosphere. Inan ex-
periment carried out by Ghate and Chaphekarl”, it has
been found that P. appendiculatumisresistant to lead,
Zincand Chromium.

Nickel (Ni) ispresentin comparatively low con-
centrationin both thetaxaat nearly al thesites, which
ranged from 10.7 to 45.6 pg g* dw in P.
appendiculatumand 13.65t0 69.15 pg g* dwin M.
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marginatum.

Manganese (Mn) accumulation in P.
appendiculatumis comparatively at higher level at
Wood Stock College and Company Garden (Site 2),
while M. marginatum showed afair and nearly uni-
form level of Mn accumulation in the popul ations of
Company Garden (sites 1 and 2) and Camel’s Back
Road. Therock bed isthe possible source of accumu-
lation of Mninthe abovetaxa?.

Soil sampleandysisof dl siteshasshownthat the
concentration of Pbwashigher in plant sampleascom-
pared to the soil samplewhile concentration of Ni and
Mn was higher in soil sample. Cu concentration was
higher at Kempty fall Taxi stand, Kempty fall ste-1and
Kempty fall site-2in plant sample. Inthecase of Com-
pany Garden site-1, Company Garden site-2 and
Camel’s back road concentration of Zn was higher in
s0il sampleascompared to plant sample.

In the present study, Correlation analysis(r) was
performed in order to investigate therelationship be-
tween the soil samplesand accumulation of metalsin
both the plants. (TABLES5 and 6). Significant accu-
mulation (P<0.01) of Pb, Cuand Ni wasrecordedin
P. appendiculatumat La Tibbasite. Correlation data
closdy indicatethat theaccumulation of Ni and Cuwas
found significant. Accumul ation of toxic meta (Pb) was
significantly (P<0.01) foundin Lal Tibbaand Com-
pany Garden. However, Cuwassgnificantly (P<0.01)
observed a Wood Stock College. Significant (P<0.05)
correlation of Cu metal was found in P.
appendiculatumat Camel’s back road site. In the case
of M. marginatumsignificant (P<0.05) correlation was
found in Ni and Mnmetal at Company Garden Site 1
whilePb wassignificantly (P<0.01) observed & Com-
pany Garden Site-2. Significant (P <0.05) accumula-
tion of Znwasrecorded at Camel’s back road. Corre-
|ation dataindicate that the accumul ation of Pb was
sgnificantly found in Company Garden Site 2.

CONCLUSION

The present study and dataanalysishasrevealed
that M. marginatumisan efficient accumul ator of heavy
metal s as compared to the P. appendiculatum. Posi-
tiveand negative Correlation of dl heavy metasshows
that theaccumulation of metal swasfound significantin
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somelocditiesin both the plant samples.
Excessveauto exhaust from increas ng movement
of tourist vehiclesat Kempty fall taxi stand seemstobe
most probabl e reason for the high accumulation of Pb
inthe atmosphere. However, at Camel’s Back Road
the high Pb depositionispossibly caused by low tem-
peratureand heavy precipitationinthevalley.

ACKNOWLEDGEMENT

Authorsaregrateful to the Director, National Bo-
tanical Research Indtitute, Lucknow for encouragement
and providingfadilities.

REFERENCES

[1] A.Ruhling, GTyler; Botaniska Notiser. 121, 321-
342 (1968).

[2] A.Ruhling, GTyler; Focus. 1, 311- 323 (2001).

[3] C.D.Vincet,A.J.Lawlor, E.Tipping; Environmenta
Pollution. 114, 93-100 (2001).

[4] D.K.Saxena; Biomonitoring of Pb, Ni, Cr, Hg, with
help of bryophytes in Nainital, in V.Nath,
A.K.Asthana Eds. ‘Perspectives in Indian Bryol-
ogy’, Bishen Singh and Mahendra Pal Singh pub-
lishers, Dehradun, India, 155-170 (2001).

Virendra Nath et al.

367

== Qurrent Ressarch Paper

[5] FLeblanc, D.N.Rao; Effect of Air pollution on Li-
chens and Bryophytes, in J.B.Mudd,
T.T.Kozelowski, Eds. ‘Responses of Plants to air
pollution’, Academic Press, New York, (1975).

[6] F.Leblanc; The Journal of Hattori Botanical Soci-
ety. 38, 405 (1974).

[7] Ghate, S.Chaphekar; Environmental Pollution. 108,
173-181 (2000).

[8] L.Folkeson; Water, Air and Soil pollution. 11, 253-
260 (1979).

[9] M.Kirchhoff, H.Rudolph, C.Struck, H.Deising;
Heavy metal analysis of Sohagnum, in J.M.Glime
Ed.’ Methodsin Bryology’, Hattori Botanical Labo-
ratory, Nichinan, 221-226 (1988).

[10] M.Singh, V.Nath, A.Kumar; Geophytology.
35(1& 2), 75-83 (2005a).

[11] M.Singh, V.Nath, A.Kumar; Proc.Nat.Acad.Sci.
India. 75(B)(1), 41-50 (2005b).

[12] M.A.S.Burton; Bot.Journ.Linn.Soc. 104, 267-280
(1990).

[13] V.Nath, A.K.Asthana, S.Sharma; Environmental
studies on bryophytes of Mussoorie (Western
Himalayas) in Tripathi et al, Eds. ‘Plant response
to Environmental stress’, International Book Dis-
tributing Co. Lucknow, 173-178 (2006).

e Snoivonmental Science
A ndian ﬂowumé



