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Abstract:Heavy metal pollution in aquatic ecosystem is a serious issue of concern. It can harm both aquatic organisms and biodiversity. Studies 

revealed that bryophytes especially mosses can effectively accumulate heavy metals Cd, Cu, Pb and Zn. These heavy metal accumulation inturn pose 

effect on chlorophyll content in them. This work  aimed at  the comparative study of bioaccumulation of heavy metals – Cd, Cu, Pb & Zn  in  two 
aquatic mosses Taxiphyllum barbieri ( Java moss) and Vesicularia montagnei  (Christmas moss )  and  their chlorophyll content variations in 

response to heavy metal build up. Plant materials were collected and grown in polluted water, from Eloor industrial area . Then the heavy metals are 

detected and quantified by standard test for water. Chlorophyll content in mosses were also quantified. It is observed that, mosses which were grown 

in polluted water get accumulated with Cd, Cu, Pb and Zn at different rates and  amount of chlorophyll content also varied  with respect to heavy 
metal deposition.. Heavy metal accumulation and chlorophyll content in both Java moss and Christmas moss are negatively correlated. This study 

will  pave the way for application of  T.barbieri and V. montagnei for effective removal of heavy metals from the polluted water. 

 Keywords: Bioaccumulation, Heavy metals , Taxiphyllum barbieri ,  Vesicularia montagnei 

1.INTRODUCTION 

Bryophytes are known as the amphibians of plant kingdom. They are the simplest and primitive group between algae and 

Pteridophytes. Bryophytes  are  green  land  plants  which  lack  a vascular  system  and  are  simple  both  morpho-logically and 

anatomically. Unlike other vascular plants , bryophytes ,which  have  the  capacity  to  absorb  and retain pollutants  in  quantities  

much higher than those absorbed  by  other  plant  groups  growing  in  the same  habitat.  These  plants  trap  and  prevent recycling  

of  such  pollutants  in  the  ecosystem for  different  periods  of time.Analysis  of such plants  gives  a  fair  idea  about  the  degree  of 

metal pollution  and they are  very sensitive to pollution and show visible symptoms of injury even in the presence of minute 

quantities of pollutants. This serve as good  indicators  of  the degree  of  pollution  and also of the nature of pollutant ( H. 

Govindapyari; et al , 2010).Taxiphyllum barbieri (Java moss) and  Vesicularia montagnei  (Christmas moss) are the two aquatic 

bryophytes used as study material 

Aquatic bryophytes play an important role in the freshwater ecosystems since they are primary producers, support periphyton and 

provide a refuge, and occasionally food, for macroinvertebrates, amphibian, and fish (BOWDEN, 1999). Freshwater 

ecosystemspollution reflects negatively aquatic biota. Photosynthetic organisms may be exposed to simultaneous heavy metals 

stresses, which would cause severe damage affecting basic metabolic processes. As a response to contaminations bryophytes 

immediately react on metabolic and physiological level since they lack roots and other similar systems (TYLER, 1990; YURUKOVA 

et al., 1996).Though growth and development are commonly used parameters for the assessment of the heavy metal toxicity in plants, 

negative effects of heavy metal pollution could be detected before the alteration of these two parameters become obvious (Wolterbeek 

2002). These effects include ultrastructural changes as well as the changes in the plant physiological processes and characteristics 

(Sun et al. 2009, Canivet et al. 2015).  

Taxiphyllum barbieri ( Java Moss ) is   popularly used as aquarium moss.  It have  root like rhizhoids and cushion or tuft of leaves on 

either side of stem.  Leaves are lanceolate in shape with acuted ends.  Numerous branches are arising from two sides of the  stem.  The 

entire plant body is thin and are  green in colour. Vesicularia montagnei or Christmas moss is also another aquarium moss.  It is easily 
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identified by its christmas tree like appearance.  Christmas moss is more brightly coloured  than Java moss.  Leaves are arranged on 

either side of stem with  wider base than Java moss .   

 

2.MATERIALS AND METHODS 

Java moss and Christmas  Moss were collected  from aquariums   and are  grown in  polluted water collected  from Eloor 

region, Ernakulam . After 5 days, they were analysed for heavy metal  accumulation rate and chlorophyll content using standard 

protocols. An invitro condition is made with known concentration of Cu(1.5g/100ml), Pb (1.5g/100ml), Zn(1.5g/100ml) and 

Cd(1.5g/100ml). The chlorophyll content were tested for 24hrs,48hrs,72hrsand96hrs 

2.1.Water sample  and plant materials analysis for heavy metal accumulation 

 Detection of Copper( IS-3025(P) 42- 1992 RA2014 

 Detection of Lead IS 3025(P) 47-1994 RA2014 

 Detection of Cadmium IS3025(P)41-1992 RA2014 

 Detection of Zinc IS 3025(P) 49- 1994RA2014 

One gram of finely cut/crushed fresh leaves was taken and ground the tissue to fine pulp with the addition of chilled 20ml 80% 

acetone. It was then centrifuged at 5000 rpm for 5mins.The supernatant was transferred to in a dry volumetric flask. The procedure 

was repeated till the residue becomes colourless. After washing the motor and pestle thoroughly with acetone and collected the 

washings in volumetric flask.The absorbance of the solution was read at 645nm and 663nm against the solvent (acetone) blank. 

3.RESULT AND DISCUSSION 

Java moss and Christmas moss were grown in polluted water for 5 days . Heavy metal analysis of water sample shows the 

presence of heavy metals Copper, Lead , Cadmium and Zinc at different rates. Taxiphyllum barbieri and Vesicularia montagnei were 

grown in  polluted water for one week and rate of heavy metals absorbed by two mosses were analysed.  Table 1  showed that both 

T.barbieri and V.montagnei have the ability to absorb heavy metals like Copper, Cadmium, Zinc and  Lead at different concentration.  

Taxiphyllum Sps have high rate of accumulation of Lead (9.339 mg/l ) compared to V. montagnei (0.13 mg/l).  Cadmium absorption 

rate  is more or less similar in both Taxiphyllum barbieri (0.7 mg/l ) and Vesicularia montagnei   (0.22 mg/l ) respectively.  Rate of 

absorption of Copper is about 9.88 mg/l in V. montagnei that of 0.46 mg/l in T. barbieri.  The heavy metal Zinc get more readily 

absorbed by V.montagnei (7.99 mg/l) than T.barbieri (0.13mg/l).  

Table:1. depicts the rate of heavy metals present in them 

Samples  Amount of heavy metals (mg/ml)   

Cu  Cd  Pb   Zn  

Water  12  2.7  11.56   88  

T.barbieri  0.46  0.74  9.39   0.13  

V.montagnei  9.88  0.233  0.13   7.99  

Table 2 shows the effect on chlorophyll content without  absorption of heavy metals by the two mosses. 

Sample material   Amount of  Chlorophyll 

content ((µg/ml)  

  

 

  Chl a  Chl b   Total chl 

T.barbieri  13.79  21.54  35.31  

V.montagnei  12.84  16.02  28.87  
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The concentration of chlorophyll a in T. barbeiri is 13.79µg/ml and 12.84µg/l  in V.montagnei.  Chlorophyll b content is 

higher in  T. barbeiri ( 21.54µg/l) to (16.02µg/l) V.montagnei.  Total chlorophyll content in T. barbeiri is found to be 35.31µg/l and 

28.87µg/l in V.montagneiWhen Java and Christmas  mosses are grown in known concentration of heavy metals, chlorophyll content 

becomes decreases as the rate of bioaccumulation of heavy metals increases. Both T. barbieri and V. montagnei have different  

heavymetal accumulation rate from 24 hrs to 96 hrs of period of time.  It also  indicate a marked decrease in chlorophyll content from 

day 1 to day 4. When Java moss treated with known concentrtion of Cadmium Chloride( ),  concentration of chlorophyll a 

changed gradually from  22.21 mg/g tissue, 17.2mg/g tissue, 10.03 mg/g tissue and 6.60 mg/g tissue at 24hrs, 48hrs, 72hrs and 96hrs 

respectively. Chlorophyll b also in the range from 38.81 mg/g tissue, 13.43mg/g tissue, 16mg/g tissue and 10.41 mg/gtissue and it is 

represented in table 3. It is found that the heavy metal Cu could induce  more reduction in the chlorophyll content in both T. barbieri 

and V.montagnei.   

When T .barbeiri treated with Copper Sulphate (CuSo4) , the total chlorophyll content vareird from 61.12mg/g tissue, 

30.63mg/g tissue, 26.03mg/g tissue and 17.01 mg/gtissue with 24hrs, 48hrs, 72hrs and 96hrs of exposure.  Whereas in V. montagnei, 

the total chlorophyll content declined from 34.79mg/g tissue, 26.5mg/g tissue. 25.8mg/gtissue and 16.3mg/gtissue. Total chlorophyll 

content in T. barbieri  get lessened  when treated with Lead chloride    ( ), in the range 39.0mg/g tissue, 29.67mg/g tissue, 

2.01mg/g tissue, and 20.9 mg/g tissue and in V. montagnei it has characteristic variation from 38.53 mg/g tissue, 25.79mg/gtissue, 

21.21 mg/g tissue and 25.78 mg/g tissue at 24hrs,48hrs, 72hrs and 96hrs. After exposed to known concentration of Zinc chloride, 

chlorophyll content value in T.barbieri changed to 41.68 mg/g tissue, 30.85 mg/g tissue, 26.02 mg/g tissue, and 12.191mg/g tissue.  

Simillarly, in the case of V.montagnei chlorophyll value get declined from 38.5 mg/g tissue,  28.5 mg/g tissue, 16.47 mg/g tissue and 

13.78 mg/g tissue. V.montagnei have effects on chlorophyll content which were grown in in vivo Copper sulphate solution, i.e, the 

value get descended from 26.5 mg/g tissue,25.72 mg/g tissue, 12.3mg/g tissue and 4.7.mg/gtissue.  

Table:3.indicates that heavy metal bioaccumulation and chlorophyll content are negatively  correlated  

Hours Heavy 

metals 

Java Moss 

mg/g tissue 

Christmas 

Moss mg/g 

tissue 

Chl a Chl b Chl a Chl b 

24 hrs 𝐶𝑑𝑐𝑙2 22.21 38.91 13.71 21.08 

𝑃𝑏𝑐𝑙2 15.23 23.80 16.63 21.9 

𝑍𝑛𝑐𝑙2 16.50 25.18 13.07 20.37 

𝐶𝑢𝑐𝑙2 11.64 21.06 9.39 19.9 

48hrs 𝐶𝑑𝑐𝑙2 17.2 13.43 12.7 13.8 

𝑃𝑏𝑐𝑙2 11.73 17.94 9.90 15.89 

𝑍𝑛𝑐𝑙2 12.35 18.542 11.40 17.122 

𝐶𝑢𝑐𝑙2 4.46 10.62 5.38 14.8 

72hrs 𝐶𝑑𝑐𝑙2 10.03 16.00 10.22 15.58 

𝑃𝑏𝑐𝑙2 9.67 13.34 9.31 11.9 

𝑍𝑛𝑐𝑙2 10.69 15.33 6.72 9.75 

𝐶𝑢𝑐𝑙2 4.18 11.3 3.19 9.11 

96hrs 𝐶𝑑𝑐𝑙2 6.60 10.41 6.00 10.30 

𝑃𝑏𝑐𝑙2 15.2 23.57 10.40 15.10 

𝑍𝑛𝑐𝑙2 5.37 6.821 5.91 7.87 

𝐶𝑢𝑐𝑙2 3.19 8.12 1.51 3.2 
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Fig:1.Scattered diagram depicting negative correlation between Cd accumulation and chlorophyll content T.barbieri 

 

 

Fig:2.Scattered diagram depicting negative correlation between Cadmium accumulation and chlorophyll content in V,montagnei 
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Fig:3. Showing  negative correlation between Pb accumulation and chlorophyll content in T.barbieri 

 

 

Fig:4. Showing  negative correlation between Pb accumulation and chlorophyll content in V.montagnei 
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Fig:5.showing negative correlation between Zn accumulation and chlorophyll content in T.barbieri 

 

Fig:6.showing  negative correlation between Zn acccumulation and chlorophyll content in V.montagnei 

 

 

Fig:7.showing negative correlation between Cu accumulation and chlorophyll content in T.barbieri 
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Fig:8.Showing negative correlation between Cu accumulation and Chlorophyll content in V.montagnei 

 

Both Taxiphyllum barbieri and Vesicularia montagnei  have shown wide response to heavy metal accumulation. As a result of the 

deposition of heavymetals like Cd, Cu, Pb and Zn ,the chlorophyll content get reduced. It indicate the inverse relationship between 

heavy metal bioaccumulation and chlorophyll content. When Mosses get exposed to polluted water, which contain 2 mg/l Cu, 2.7 

mg/l  Cd, 11.56 mg/l Pb and  88 mg/l Zn, in which Java can accumulate 9.88 Cu, 0.74 Cd, 9.33 Pb and 0.13 Zn and Christmas can 

accumulate 9.88 Cu, 0.22 Cd, 0.1 Pb ,7.99Zn respectively. The chlorophyll content also changed to 35.31 (Java) and 28.87 ( 

Christmas ) from 47.23 and 32.17mg/g tissue. 

It is obvious that when both Java and Christmas were grown in polluted water from Eloor region, there is a decrease in chlorophyll 

content. It is a positive sign of using T. barbieri and V.montagnei as biomonitors of heavy metal pollution in Eloor region. When 

mosses were treated with controlled concentrations of heavy metals, there is a gradually decline in chlorophyll content from 24 hrs to 

96 hrs. Correlation  analysis shows negative correlation between chlorophyll content and heavy metal uptake.  It is now clear that 

heavy metal  assemblage have effects on chlorophyll there is a decrease in chlorophyll content. It is a positive sign of using T. 

barbieri and V.montagnei as biomonitors of heavy metal pollution in Eloor region. When mosses were treated with controlled 

concentrations of heavy metals, there is a gradually decline in chlorophyll content from 24 hrs to 96 hrs. Correlation  analysis shows 

negative correlation between chlorophyll content and heavy metal uptake.  It is now clear that heavy metal  assemblage have effects 

on chlorophyll. 

The dominant effects of Copper, Cadmium and Lead toxicity in higher plants include chlorosis and reduced growth. Particularly, 

Cadmium can disrupt the water balance, damage the photosynthetic apparatus, lowers chlorophyll and carotenoid content.  It can also 

affects the activity of various enzymes through the substitution of other metal ions (Sanit A Di Toppi & Gabbrielli, 1999). The most 

important reason for the inhibition is due to its action on enzymes, which inturn affect all the metabolic processes of plants.  Heavy 

metal stress and degradation in  chlorophyll content are related to one another. This reduction is  as a result of inhibition of the 

enzymes responsible for chlorophyll biosynthesis .  There are many assumptions considering the  mechanisms which cause inhibition 

of enzymes e.g. protochlorophyllide reductase by  heavy metals (Stobart et al, 1985).It might represent a systematic distribution of 

heavy metal resistance which  manifests phenotypic  diversity of cells within a tissue.  But it may  be a clue, which direct towards an 

active stress response reaction of the plants and then these cells which acumulate heavy metals will die, but this proves the abidance 

of the remaining cells, which were maintained a  low intracellular heavy metal concentrations. 

 The most important reason for the inhibition is due to its action on enzymes, which inturn affect all the metabolic processes of plants.  

Heavy metal stress and degradation in  chlorophyll content are related to one another. This reduction is  as a result of inhibition of the 

enzymes responsible for chlorophyll biosynthesis .   

In higher plants and green algae, the  mechanism of heavy metal-induced damage that cause inhibition of photosynthesis, was 

evaluated  under naturally applicable metal concentrations  down to the sub-micromolar range (Küpper et al., 1996),  which involves 

the in vivo substitution of Mg2+ in the Chlorophyll molecule by heavy metal ions; that is, [Hms]Chl formation(Küpper et al., 1996, 

1998, 2002b). It was observed  that the substitution of the central atom magnesium of chlorophyll, by heavy metals (mercury, copper, 

cadmium, nickel, zinc, lead) in vivo is a  chief damage mechanism in stressed plants.  This substitution prevents photosynthetic light 

harvesting system  in the affected chlorophyll molecules, which inturn cause breakdown of photosynthesis. This reaction depends on 

light intensity.  In low light irradiance all the central atoms of the chlorophylls are attracted  to heavy metals and  heavy metal -  

chlorophylls being formed, some of which are more stable towards irradiance than Mg-chlorophyll.  Consequently, plants remain as 
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green even when they are dead.  In high light, almost all chlorophyll decays and under such conditions most of the chlorophylls are 

inaccessible to heavy metal ions (Hendrik Kupper et al.,1995).   

Cadmium is a noxious transition metal. It have negative effects on plant’s health, at  morphological, (ultra) structural, molecular and 

functional level.  Its competition with other divalent metals may lead  to binding ligands that can bind other metals.  The 

photosynthetic  system also get damaged.In actual fact, it is well known that cadmium, (Cd2+) can  substitute magnesium (Mg2+) both 

in the RuBisco catalytic center and in chlorophyll (Chl) porphyrin ring (Kupper and Andresen, 2016).  In the last, cadmium  binding 

induces bleaching and subsequent degradation, thereby causing decreases in photosynthetic activity, which leads to serious 

impairments (Grimm et al., 2007). Heavy metals Cadmium and Lead together afflicted  the chlorophyll content of T.barbieri than 

V.montagnei.   As the bioaccumulation of Zinc and Copper in the thallus of V.montagnei elevated,  chlorophyll content get narrowed  

than T. barbieri.   Eventually it is clear that there exist a negative corelation between chlorophyll content and bioaccumulation 

capacity of heavymetals in aquatic  bryophytes Taxiphyllum barbieri and Vesicularia montagnei.  It also suggest the potential of using 

both T.barbieri and V.montagnei as biomonitoring agents. 

4.CONCLUSION 

It can be deduced that heavy metal bioaccumulation can negatively affects the chlorophyll content of aquatic mosses 

Taxiphyllum barbieri and Vesicularia montagnei. This confirms that use of photosynthetic parameters provide helpful information on 

plant response to mixed heavy metal exposure.(Romika chandra and Hoduck Kang(2016). The potential application is both Java Moss 

and Christmas moss can effectively used as moss bags for successful biomonitoring of heavy metals. The significance of exploring 

the heavy metal effects in bryophytes goes beyond their use in environmental studies, since it could also give the insights into the 

evolu tion of plant defence mechanisms to this type of pollution (Degola et al. 2014). 

ACKNOWLEDEMENT 

I am grateful to my guide Dr.Elsam Joseph miss who guided and encouraged me to do this project . 

I thank my husband, Mr.Prince and my parents especially my mother who consistently supported me to do my work. 

REFERENCES 

Aron D,. Copper enzymes isolated chloroplasts, polyphenoloxidase in Beta vulgaris. Plant Physiology, (1949) 24: 1-15 

Ayari F., Hamdi H., Jedidi N., Gharbi N. and Kossai R. Int. J. Environ. Sci. Tech., 7(3), (2010) 465-472. 

Bowden W.B. Roles of bryophytes in stream ecosystems. – Journal North American Benthological Society, v.18, 2: (1999)151-184.  

Canivet, L., Dubot, P., Garcon, G., Denayer, F. O., Effects of engineered iron nanoparticles on the bryophyte Physcomitrella patens 

(Hedw.) Bruch & Schimp., after foliar exposure. Ecotoxicology and Environmental Safety 113, (2015)499–505. 

Choudhury, S., Panda S. K.,: Toxic effects, oxidative stress and ultrastructural changes in moss Taxithelium nepalense(Schwaegr.) 

Broth. under chromium and lead phytotoxicity. Water, Air, Soil Pollution 167,( 2005)73–90. 

Degola, F., De Benedictis, M., Petraglia, A., Massimi, A., Fattorini, L., Sorbo, S., Basile, A., di Toppi L. S., A Cd/Fe/Znresponsive 

phytochelatin synthase is constitutively present in the ancient liverwort Lunularia cruciata (L.) Dumort. Plant and Cell Physiology 55, 

(2014)1884–1891. 

Grimm .B., Porra. R.J, RudijerW;and Scheer.H.Chlorophyllsand Bacteriochlorophylls:Biochemistry, Biophysics, Functions and 

Applications ; (Springer Science & Business Media :Berlin/Heidelberg, Germany), 2007;ISBN 978-14020-4516-5. 

Gupta K., Gaumat S. and Mishra KJ. Environ. Biol., 32,  (2011)  591-597 

Hendrik Kupper1 ,. Frithjof Kiipper and Martin Spiller Oderbruchstrasse ,Journal of Experimental Botany Environmental relevance of 

heavy metal-substituted chlorophylls using the example of water plants Journal of Experimental Botany, Vol. 47, No. 295, (1996)  

259-266. 

Kupper , Hand Andresen, E. Mechanisms of metal toxicityin plants. Metallomics 8, (2016)269-285.  

Küpper H, Küpper F and Spiller M Environmental relevance of heavy metal substituted chlorophylls using the example of water 

plants. J Exp Bot 47: (1996) 259–266  

Küpper H, Küpper F and Spiller M In situ detection of heavy metal substituted chlorophylls in water plants. Photosynth Res 58: 

(1998) 123–133  

http://www.ijnrd.org/


© 2022 IJNRD | Volume 7, Issue 10 October 2022 | ISSN: 2456-4184 | IJNRD.ORG   
 

IJNRD2210072 International Journal of Novel Research and Development (www.ijnrd.org)  

 

a582 

Küpper H, Lombi E, Zhao FJ and McGrath SP Cellular compartmentation of cadmium and zinc in relation to other elements in the 

hyperaccumulator Arabidopsis halleri. Planta (2000b) 212: 75–84 

Küpper H, Spiller M and Küpper F Photometric method for the quantification of chlorophylls and their derivat ives in complex 

mixtures: Fitting with gauss-peak-spectra. Anal Biochem 286: (2000a)  247–256  

Romika chandra and Hoduck Kang Mixed heavy metal stress on photosynthesis, Transpiration rate, and chlorophyll content in poplar 

hybrids, Forest Science and Technology, 12:2, (2016) 55-61.  

Sanit`A DI Toppi L., R. GabbriellI. Response to cadmium in higher plants. - Environ. Exp. Bot, 41: (1999)  105–130. 

 

Stobart AK, Griffiths WT, Ameen-Bukhari I, Sherwood RP. The effect of Cd2+ on the biosynthesis of chlorophyll in leaves of barley. 

Physiologia Plantarum 63, (1985) 293-8. 

Sun, S. Q., He, M., Cao, T., Zhang, Y. C., Han, W., Response mechanisms of antioxidants in bryophyte (Hypnum plumaeforme) 

under the stress of single or combined Pb and/or Ni. Environmental Monitoring and Assessment 149, (2009) 291–302. 

T., Loppi S., Heavy metal deposition in the Italian “triangle of death” determined with the moss Scorpiurum circinatum. (2009). 

Tremper, A. H., Agneta, M., Burton, S., Higgs, D. E., Field and laboratory exposures of two moss species to low level metal 

pollution. Journal of Atmospheric Chemistry 49, (2004)111–120 

Tyler G. Bryophytes and heavy metals: a literature review. – Botanical Journal of the Linnean Society, 104:( 1990)231-253. 

Wolterbeek, B.,: Biomonitoring of trace element air pollution: principles, possibilities and perspectives. Environmental Pollution 120, 

(2002) 11–21 

Yurukova L., A. Ganeva, A. Damyanova.. Aquatic bryophytes as bioconcentrators of macro- and microelements. - In: Observatorie de 

montagne de Moussala, OM2, (Eds. J.P. Calbonnel, J.N. Stamenov), Sofia, 4: (1996)127-136.  

Zengin F.K. and Munzuroglu O. Acta Biologica Cracoviensia Series Botanica, 47(2), (2005)  157-164.  

http://www.ijnrd.org/

