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Abstract: Water  pollution  leads  to  the  degradation  of  our  wetlands  and   their   associated   flora  and
fauna. Mangrove trees survive harsh natural conditions, but threats from pollution and industry are an even
bigger problem. The present study mainly focused on the pollution stress on mangrove species such as
Sonneratia caseolaris and Cerbera odollam in Akkulam-Veli Lake, Thiruvananthapuram. The mangrove
ecosystem in this region is degrading due to anthropogenic pressures such as rapid urbanization, conversion
of mangrove area to coconut plantations and agriculture, ecotourism and pollution. The water and sediment
quality  analysis  in  pre-monsoon  season  revealed   that   most   of   the   selected   stations   are  polluted.
From the physio-biochemical analysis of plants, it is revealed  that  the  plants  are  under  stress  in  most  of
the selected stations. 
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INTRODUCTION unhealthy for the mangroves. The stress is generally

Water pollution is a major global problem which extreme environmental factors that depending on their
requires ongoing evaluation and monitoring. Most intensity and duration may cause significant changes in
polluting sources of water are city sewage and industrial the system [6]. There are diverse types of stressors that
waste discharge to the water bodies. Most of our that may affect plants. Stressors and stress factors are
wetlands are used as dumping sites of waste materials. defined as extreme environmental conditions that induce
Among the 217 wetland areas in Kerala, 157 of  them  are functional changes in plants to such an extent that stress
greater than 56.25 ha with an aerial extent of 127930 ha, in of the organisms develops, resulting in inhibited growth,
which 64 designed as ‘inland wetlands’ (area 34199.5 ha), reduced bio-production, physiological acclimatization and
whereas 93 are coastal wetlands (area 93730.5 ha) [1]. adaptation of species or some combination of these
Studies show that the mangrove cover in Kerala varied changes [7]. 
from 70,000 ha [2], 1671 ha [3], 1095 ha [4] to 800 ha [5]. Biotic stressors are those concern with the
The mangroves in the Akkulam-Veli estuarine region are mechanism of interaction between populations, some of
under serious threat of destruction and the mangrove area which (disease, herbivores) are of particular interest to
is decreasing as the year passes. forest and agricultural systems. Abiotic stressors may be

Mangrove areas are under heavy human pressures. of physical or chemical characters. Physical attributes of
Habitat destruction through human encroachment has the environment can affect physiological patterns in a
been the primary cause of mangrove loss. Mangrove positive or negative manner.  Many  chemical  attributes
habitat serves as dumping ground for solid wastes and for of the environment can act as stressors if they are not
discharging the effluents from various sources. Mangrove normally in the environment or if their levels are relatively
trees survive harsh natural conditions, but threats from high [8]. The major objective of the study was to assess
pollution and industry are an even bigger problem. the pollution stress induced physio-biochemical changes
Sewage, weed-killers and spilled oil are extremely in mangroves in Akkulam-Veli Lake of Kerala.

understood as the reaction of biological systems to
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Fig. 1: Location Map of the study area showing sampling stations

MATERIALS AND METHODS pre-monsoon (May) season of the year 2012. Water

Study Area: Akkulam-Veli Lake located 5 km north east of cleaned and dried plastic cans for the analysis of various
Thiruvananthapuram district, is partially divided into two physico-chemical parameters. Temperature of the water
by a bund formed lengthwise. It is about 75 ha (63.6 ha samples was determined at the collection point itself.
Akkulam  and  12  ha of Veli) and its depth ranges from Sediment samples (S1, S2, S3, S4 and S5) were collected
2.25 m to 3.75 m. The estuary is a thriving habitat for using grab sampler, in labeled polythene bags and
mangroves. The lake system has perennial inflow but brought to the laboratory. The mature leaves of
receives  run  off  from  a   small   catchment   of  about Sonneratia caseolaris and Cerbera odollam were
1089 sq.km on eastern side of the Lake. Ulloor canal and plucked  and  brought  to  the  laboratory  in  polythene
Parvathy Puthanar canal bring waste water from different bags enclosed with ice box. The leaves were washed with
sources, primarily domestic into the lake. Location of the distilled water and cut down into small pieces avoiding
study area is given in Fig. 1. veins for the analysis of various physio-biochemical

Methodology: A detailed field survey was conducted and The physico-chemical characteristics of water
five stations in Akkulam-Veli Lake were selected for the samples (W1, W2, W3, W4 and W5) and sediment
study. The mangrove species diversity in the study area samples (S1, S2, S3, S4 and S5) were analyzed following
was also assessed. From the identified species, two the standard procedures described in APHA [9], by
species of mangroves (one true species, Sonneratia Trivedi and Goel [10] and Saxena [11]. The physio-
caseolaris and an associate species, Cerbera odollam) biochemical parameters of leaf samples were analyzed
which are very common in all the five study stations were following the standard procedures of Sadasivam and
selected for phsio-biochemical study. The water, sediment Manickam [12], Singh and Purohit [13], Buege and Aust
and plant samples were collected and analyzed during the [14] and Gupta [15]. The catalase activity is expressed as

samples (W1, W2, W3, W4 andW5) were collected in

parameters.
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Units/ml (Unit of catalase activity corresponds to the
amount of enzyme that decomposes one µ mole of
H O /min). Peroxidase activity is expressed as Units/L2 2

(Unit of peroxidase activity corresponds to the amount of
enzyme required to oxidize one µ mole of guaiacol by
H O /min). The heavy metals such as Cd, Cr and Fe in2 2

water, sediment and plant samples of selected stations
were analyzed using an Atomic Absorption
Spectrophotometer (Pinacle 900 H., Perkin Elmer). The 8 Cerbera odollam (Associate)

transfer factors (TF) of heavy metals such as Cd, Cr and
Fe from sediment to plant leaves were calculated
according to the equation suggested by Chojnacka et al.
[16].

TF = Metal concentration in plant tissue/metal
concentration in soils where the plants are grown.

RESULTS AND DISCUSSION

Diversity of Mangrove Species in Akkulam-Veli Lake:
The diversity of mangroves in Akkulam-Veli lake is shown
in Table 1. It was found that four true mangrove species
and fourteen mangrove associates were in the entire
stretch of Akkulam-Veli Lake. The mangrove species
Sonneratia caseolaris (true species) and Cerbera
odollam (associate species), are the two common species
identified in all the five study stations selected. 

Table 1: Diversity of Mangroves in Akkulam-Veli Lake

Sl. No. Mangrove Species

1 Acanthus ilicifolius (Associate)
2 Acrosticum aurium (Associate)
3 Ardisia littoralis (Associate)
4 Avicennia officinalis (True)
5 Barringtonia racimosa (Associate)
6 Bruguiera gymnorryza (True)
7 Caesalpinia crista (Associate)

9 Clerodendrum inerme (Associate)
10 Derris trifoliate (Associate)
11 Exocoeria agalloche (Associate)
12 Exocoeria indica (Associate)
13 Hibiscus tiliaceous (Associate)
14 Pandanus fascicularis (Associate)
15 Rhizophora apiculata (True)
16 Sonneratia casiolaris (True)
17 Stenochlaena palustre (Associate)
18 Thespasia populnia (Associate)

Physico-Chemical Characteristics of Akkulam-Veli
Lake Water: The results of physico-chemical parameters
of Akkulam-Veli Lake water are given in Table 2. The
organic load is very high in station 2. The Biological
Oxygen Demand (BOD) values indicate that the lake is
highly polluted  with  oxygen  demanding  organic  wastes
[17]. The water quality parameters such as Electrical
Conductivity (EC), Total Dissolved Solids (TDS),

Table 2: Physico-chemical characteristics of water samples

Parameters W1 W2 W3 W4 W5 Maximum Minimum Average

T( C) 31.00 31.00 33.00 33.00 33.00 33.00 31.00 32.20

pH 7.37 7.02 7.32 7.36 7.22 7.37 7.02 7.24

EC (µS) 925.60 807.80 2230.00 2506.00 2780.00 2780.00 807.80 1833.89

TDS (ppm) 276.90 235.20 668.50 750.20 860.30 860.30 235.20 558.22

DO (mg/l) 0.41  0 5.00 8.33 8.75 8.75  0 4.50

BOD (mg/l) 0.41 N.D 7.92 4.17 6.67 7.92 0.41 4.79

Acidity (mg/l) 20.00 30.00 10.00 20.00 10.00 30.00 10.00 18.00

Alkalinity (mg/l) 320.00 300.00 320.00 300.00 320.00 320.00 300.00 312.00

Total Hardness(mg/l) 64.00 68.00 156.00 156.00 180.00 180.00 64.00 124.80

Calcium (mg/l) 17.64 17.64 25.65 20.84 24.05 25.65 17.64 21.16

Magnesium (mg/l) 4.87 5.85 22.42 25.34 29.24 29.24 4.87 17.54

Chloride (mg/l) 497.00 426.00 710.00 710.00 852.00 852.00 426.00 639.00

Salinity (mg/l) 897.12 768.96 1281.58 1281.58 1537.89 1537.89 768.96 1153.43

Sodium (ppm) 6.80 5.60 20.40 23.80 27.70 27.70 5.60 1153.43

Potassium(ppm) 13.30 13.20 17.10 18.30 19.70 19.70 13.20 16.32

Nitrate(mg/l) 1.47 2.87 4.26 3.46 3.97 4.26 1.47 3.21

In. phosphate (mg/l) 0.81 1.37 0.16 0.24 0.23 1.37 0.16 0.56

Sulphate (mg/l) 0.62 0.88 8.23 9.65 11.59 0.62 11.59 6.19

SAR 2.03 1.63 4.16 1.03 5.37 5.37 1.03 2.84

N.D: Not Detected, SAR: Sodium Absorption Ratio
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Table 3: Textural characteristics of Sediment samples
Textural Analysis

Stations Sand (%) Silt (%) Clay (%)
S1 90.855 8.831 0.314
S2 1.595 97.442 0.963
S3 30.182 69.581 0.237
S4 80.442 19.297 0.261
S5 90.928 8.95 0.122

Table 4: Physico-chemical characteristics of Sediment samples
Parameters S1 S2 S3 S4 S5 Max Min Average
pH 7.75 7.35 6.80 7.18 7.08 7.75 6.80 7.32
EC (µS) 229.50 1060.00 2478.00 1303.50 2866.00 2866.00 229.50 1800.50
Moisture Content (%) 2.89 13.96 12.95 3.50 2.59 13.96 2.59 8.31
Calcium (mg/g) 10.02 50.10 40.08 20.04 10.02 50.10 10.02 30.06
Magnesium (mg/g) 18.27 36.54 67.00 18.27 18.27 67.00 18.27 37.56
Total Nitrogen (mg/g) 15.45 41.12 17.08 10.06 8.49 41.12 8.49 22.22
Total Phosphorus(mg/g) 0.04 0.02 0.06 0.04 0.07 0.07 0.02 0.05
Organic Carbon (%) 0.44 4.55 2.50 0.28 0.17 4.55 0.17 2.08
Organic Matter (%) 0.77 7.84 4.30 0.48 0.29 7.84 0.29 3.59
Sodium (ppm) 14.23 16.70 8.90 20.70 10.60 20.70 8.90 15.30
Potassium (ppm) 5.13 5.60 13.30 1.30 0.30 13.30 0.30 6.49
SAR 3.78 2.54 1.22 4.73 2.82 4.73 1.22 3.02
SAR: Sodium Absorption Ratio

Table 5: Concentration of Heavy metals in water and sediment samples
        Cadmium(mg/l)       Chromium(mg/l)          Iron(mg/l)
----------------------------------------- ---------------------------------------- -----------------------------------------

Samples Water Sediment Water Sediment Water Sediment
1 BDL 3.60 0.07 83.80 0.26 2877.00
3 BDL 2.00 0.13 123.00 0.13 13850.00
5 BDL 1.20 0.11 26.60 0.42 2389.00
BDL-Below Detectable Limit

hardness, salinity, sodium etc. are controlled by the sea Heavy Metal Concentration in Water and Sediment
water influx to the lake. The water quality of the Akkulam- Samples: The concentrations of heavy metals such as
Veli Lake becomes poor due to the discharge of large cadmium,   chromium   and   iron   were   determined  in the
amount of waste water from industries, hospitals, tourism water  and  sediment  samples  collected from three
activities, different developmental activities etc. The stations  1,  3  and  5.  The  results  are  given  in  Table  5.
existence of sand barrier in Veli, causes the accumulation The  heavy  metal  concentration   of   the  sediment
of large quantity of sewage in the lake. samples  is  higher  than  that   of   water  samples.

Physico-Chemical Characteristics of Akkulam-Veli station  1.  Cadmium  is  naturally  present in the soils and
Lake Sediments: The textural characteristics of the sediments. It can be noted that the concentrations of
sediment samples are given in Table 3. S1, S4 and S5 show chromium and iron are higher in samples of station 3 and
sandy nature. S2 and S3 are silty in nature. This may be this may be due to the sewage discharged to Parvathy
due to mixing up of great amount of sewage and low Puthanar canal through different anthropogenic activities.
energy  condition  allowing  the  settling  of  fine  particles Similar studies by Swarnalatha et al. [18] also showed that
favored  the enrichment  of  silt.  The  clay  content is the heavy metal pollution load is high in different stations
higher in S2. In all sediment samples clay fraction were of Akkulam-Veli Lake and it causes the progressive
found to be very low. The results of physico-chemical deterioration of sediment quality of the lake. Heavy metals
characteristics of sediment samples are given in  Table  4. are enriched in the mangrove sediments, indicating their
The nutrients concentration was detected highest in unique chemical behavior and the existence of trapping
station 2 compared to other stations studied. mechanisms [19].

Cadmium  concentration  is  higher  in   samples of
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Fig. 2: Concentration of Chlorophyll-a, Chlorophyll- b Fig. 7: Activity of Peroxidase 
and Total Chlorophyll in Sonneratia casiolaris

Fig. 3: Concentration of Chlorophyll-a, Chlorophyll b and Fig. 8: Concentration of Malondialdehyde 
Total Chlorophyll in Cerbera odollum

Fig. 4: Concentration of Caroteniods

Fig. 5: Concentration of Pheophytin Fig. 10:Concentration of Proline 

Fig. 6: Activity of Catalase Fig. 11: Concentration of Ascorbic acid 

Fig. 9: Concentration of Glutathione (GSH)
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Fig. 12: Concentration of Phenols Fig. 17: Concentration of Sodium

Fig. 13:Concentration of Carbohydrates Fig. 18: Concentration of Potassium

Fig. 14:Concentration of Proteins Fig. 19: Concentration of Cadmium

Fig. 15: Concentration of Nitrogen Fig. 20:Concentration of Chromium

Fig. 16: Concentration of Phosphorus Fig. 21: Concentration of Iron
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Physio-Biochemical Changes in Mangroves: The results major and minor nutrients to the mangrove ecosystem.
of physio-biochemical analysis of the leaf samples of The present study shows the accumulation of cadmium,
Sonneratia caseolaris and Cerbera odollam are given in chromium and iron in Mangrove plants in the study area
Fig. 2 to Fig. 21. From the physio-biochemical studies in and it may be due to the severe heavy  metal  pollution
mangrove plants, it was found that the plants in stations load in different stations of the study area. The
3, 4 and 5 are subjected to more abiotic stress. The accumulation of heavy metals causes physio-biochemical
mangrove plants in the Veli region recorded reduction in changes in mangrove plants as shown in the present
leaf pigment concentration and the decrease in study. Heavy metal stress also induces senescence
chlorophyll concentration recorded may be due to the through enhancement of catabolism of the key
higher salinity in this area [20]. The decrease in metabolites including chlorophylls and proteins [25].
chlorophyll content might possibly due to changes in the
lipid protein ratio of pigment–protein complexes or Transfer Factor of Heavy Metals from Sediment to
increased chlorophyllase activity [21]. The activities of Plants: Transfer factor is one of the key components of
enzymatic and non- enzymatic anti-oxidants were human exposure to metals through food chain. The
comparatively  high  in  samples  of  stations  3,  4  and  5. transfer factor values of heavy metals from sediments to
This is an indication of tolerance of plants in stressed plants were calculated and are given in Table 6.
condition. The concentration of lipid peroxidation The  higher  transfer  factor  value of heavy metals
product, malondialdehyde was also found high in the was observed in plants of station 5. There is no much
Sonneratia casiolaris and Cerbera odollum. Higher more difference in the transfer factor values in the two
degree of lipid peroxidation is correlated with more plant species studied in different stations except in plants
production  of  free  radicals  under  heavy  metal  stress of first station. The higher transfer factor values indicate
[22, 23]. The concentration of non-enzymatic antioxidants the higher accumulation of heavy metals in plants. The
and MDA were recorded higher values in Sonneratia study reveals that both mangrove plants have similar
casiolaris  compared  to   that   of   Cerbera  odollam. heavy metal accumulation capacity in all the selected
The  concentration  of bio-molecules such as stations.
carbohydrate and protein showed maximum values in the
plants of first two stations and the Cerbera odollam CONCLUSION
showed comparatively higher concentrations of these bio-
molecules. The reduction in soluble protein content of the From the present study it was concluded that the
leaves may be correlated with decline in the growth of the pollution of water and sediment is a major problem as far
plants [24]. as the Akkulam-Veli Lake is concerned. There are wide

The concentration of the nutrients likes sodium, fluctuations in the physiological and biochemical
potassium, nitrogen and phosphorous were recorded parameters of mangrove plants due to severe pollution
higher values in the plant leaves of the stations, S1 and stress and accumulation of heavy metals in mangroves.
S2. Maximum concentration of nutrients was recorded in This may eventually lead to the destruction of mangrove
Sonneratia casiolaris. The heavy metal, chromium ecosystem in the study area. It is recommended to
showed maximum value in leaf samples of plants in station implement stringent measures to avoid the discharge of
3 while the cadmium and iron content was found higher in untreated waste water to the Akkulam-Veli Lake and to
leaf samples of plants in station 1. The sediments  provide conserve the mangrove ecosystem in this area. 

Table 6: Transfer factor of Heavy metals

                         S1                          S3                          S5

------------------------------------------------------ ------------------------------------------------------- --------------------------------------------------

Heavy metal Sonneratia caseolaris Cerbera odollam Sonneratia caseolaris Cerbera odollam Sonneratia caseolaris Cerbera odollam

Cadmium 0.8333 0.5555  0.75  0.80 0.9551 0.9166

Chromium 0.1524 0.2677 0.2406 0.2195 0.9887 1.0075

Iron 0.1503 0.1162 0.0142 0.0194 0.1407 0.0111



Global J. Environ. Res., 7 (2): 26-33, 2013

33

ACKNOWLEDGEMENT 14. Buege and Aust, 1978. Microsomal lipid

The authors are gratefully acknowledging the Press Inc., New York, 52: 302-310.
financial  support  from  the  Directorate  of  Environment 15. Gupta,  P.K.,   1999.   Soil,   plant,   water   and
and Climate  change,   Govt.  of  Kerala for  this  study. fertilizer analysis., Agrobotanica Publishers and
Also thank the Head, Dept. of Environmental Sciences, Distributors., Bikaner, India, pp: 438.
University of Kerala for the facilities provided for this 16. Chojnacka, K., A. Chojnacki and H. Gorecka, 2005.
work. Bioavailability of potentially toxic metals from

REFERENCES 337: 175-182.

1. Nair, A.S.K., G. Sankar and K.J. Mathew, 2001. 1997.   Central   Pollution    Control   Board, New
Estimation of wetlands in Kerala using IRS data., Pro. Delhi.
13  Kerala Science Congress., KSCSTE., Govt. of 18. Swarnalatha,  K.,  J.  Latha  and  S.  Ayoob,  2013. Anth

Kerala, pp: 60-61. investigation  into  the  heavy   metal   burden of
2. Blasco, F., 1975. The Mangroves of India, French Akkulam-Veli lake in South India, Environ. Earth. Sci.,

Institute of Pondicherry, Pondicherry. pp: 1-175. 68(3): 795-806.
3. Basha, S.C., 1992. Mangroves of Kerala-a fast 19. Ramanathan,  A.L.,  V.,  Subramanian,  R. Ramesh, S.

disappearing asset, Indian Forester, 10: 175-189. Chidambaram  and  A., James,  1999. Environmental
4. Kurien,  N.,  M.  Samsuddin,  K.K.  Ramachandran Geochemistry of the Pichavaram mangrove

and Salim, 1994. Resource evaluation using remote ecosystem (tropical), south east coast if India.,
sensing for aquaculture site selection., Proceedings Environ. Geol., 37(3): 223-233.
of 6  Kerala Science Congress, pp: 23-25. 20. Parida, A.K., A.B. Das and P. Mohanty, 2004.th

5. State of Forest Report, FSI, 2003. Dehradun, India. Defense potentials to NaCl in a mangrove, Bruguiera
6. Nilsen, E.T. and D.M. Orcutt, 1996. The Physiology parviflora: differential changes of isoforms of some

of Plants under Stress: Abiotic Factors., New York., antioxidative enzymes. J. Plant Physiol., pp: 161.
John Wiley & Sons,. pp: 689. 21. Iyengar, E.R.R and M.P. Reddy, 1996.

7. Schubert, R. (Ed.), 1985. Bioindikation in Photosynthesis in high salt-tolerant plants. In:
terrestrischen Ökosystemen. Jena, Gustav Fischer Pesserkali, M. (Ed.), Hand Book of Photosynthesis.
Verlag., pp: 327. Marshal Dekar, Baten Rose, USA, pp: 56-65.

8. Mandre, M., 2002. Stress concepts and plants- 22. Luna, C.M., V.S. Gonzalez and V.S. Trippi, 1994.
Forestry Studies / Metsanduslikud uurimused Oxidative damage caused by excess copper in oat
XXXVI, lk. 9–16. ISSN 1406-9954. leaves. Plant Cell Physiol., 35: 11-15.

9. APHA, 1998. Standard methods for the examination 23. Chaoui,  A.,   S.   Mazhoudi,   M.H.   Ghorbal   and
of water and waste water 20  Ed. American Public E.E. Ferlani, 1997. Cadmium and zinc induction ofth

Health Association, Washington D.C., pp: 1268. lipid peroxidation and effects on antioxidant enzyme
10. Trivedi, R.K. and P.K. Goel, 1984. Chemical and activities in bean (Phaseolus vulgaris L.). Plant Sci.,

biological methods for water pollution studies. 127: 139-147.
Environmental publication, India, pp: 109-145. 24. Khudsar,  T.,  M.  Iqbal  and  R.K.  Sairam,  2004.

11. Saxena, M.M., 1998. Environmental analysis. Air, Zinc-induced  changes in morpho-physiological and
Water and soil, Agrobotanica, Bikaner, pp: 184. biochemical parameters in Artemisia annua. Biol.

12. Sadasivam, S. and Manickam, 1996. Biochemical Planta., 48(2): 255-260.
methods.,   New     age     International    Publishers, 25. Sharma, R.K., M. Agarwal and S.B. Agarwal, 2010.
pp: 45-110. Physiological, Biochemical and Growth Response of

13. Singh, V.P. and S. Purohit, 2003. Research Lady’s Finger (Abelmoschus esculentus L.) Plants as
methodology in Plant Sciences., Scientific Publishers, affected by Cd contaminated soil., Bull. Environ.
India., pp: 13. Contam. Toxicol., 84: 765-770.

peroxidation., Methods of Enzymology, Academic

polluted soils   to   plants.   Sci.   Total.  Environ.,

17. CPCB, 1999. Water quality status and statistics 1996-


