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Abstract 

The present study was undertaken to assess the status of the mangrove forest of Alibaug, Maharashtra, 

India with respect to different sixteen physicochemical parameters of water using Geographical 

Information System (GIS). The Base map of study area was prepared using topographic map and the 

remote sensing data of Landsat 2 ETM+ for spatial analysis. To delineate the distributions of water 

pollutants inverse distance weighted (IDW) GIS approach were used. . The results showed that the 

amounts of EC, COD, hardness, O&G, Cl-, Na+, Ca
2+, Mg

2+, NO3
- and PO4

3- are higher than the normal 

range due to natural processes and human activity, industrial and domestic wastewater disposal, oil 

spillage and agricultural runoff which  all eventually affect the water quality of mangrove forest of 

Alibaug.  Suitability map classified the water to six classes of suitability in order of moderate> moderate 

to high>low to moderate> high> low suitable. The result of the study proves the use of GIS as a powerful 

tools in addressing monitoring program of the water quality in the mangrove ecosystems. 

Keywords: mangrove Forest, RS and GIS, Water quality 

1. INTRODUCTION  

Consumption of natural resources resulting rapidly expanding human populations has caused huge impacts to 

ecosystems across the world. Mangrove forest ecosystem as a base of an elaborate and productive food web 

in the tropical and subtropical coastal marine environments is one of the most threatened tropical 

ecosystems. (Odim and et al, 1222) More than 353 of the world’s mangroves are already gone. The figure is as 

high as 503 in countries such as India, the Philippines, and Vietnam, while in the America they are being 

cleared at a rate faster than tropical rainforests. Several present studies reveal that following natural hazards 

and anthropogenic activities are the main cause of degradation of mangrove areas in India 

[http://envis.maharashtra.gov.in]. 

One of the major causes of pollution in the mangrove ecosystem is pollution from industrial and domestic 

effluents as well as oil spills and solid waste disposal. Sewage disposal under carefully managed conditions 

can enhance tree growth and productivity as a result of added nutrients, especially nitrogen and phosphorus 

(Twilley, 1221). However, if the rate of disposal is greater than the uptake rate, then significant changes can 

be seen. Mangrove trees act as sinks for various pollutants. Oil pollution from oil or gas exploration, 

petroleum production and accidental spills severely damage mangrove ecosystems (Mastaller, 1226). In 

effect, mangrove forests are under stress, which turns into more fragile ecosystems. Mangroves can also 

remove agrochemical and heavy metal pollutants from the water, since these contaminants adhere to 

sediment particles through phytoremediation. Mangroves also improve water quality by removing organic 

and inorganic nutrients from the water. These ecosystems also help in denitrification and lower nitrate and 

phosphorus concentrations from contaminated water, preventing downstream and coastal eutrophication 

(Ewel, 1221). But the potential of mangroves to “clean” water is limited and depends on the nature of the 

inputs, the surface area and nutrient loads in the mangrove forests. For last several years interferences in 

mangroves in India, under pressure of urbanization and industrialization along coastal ecosystem, have 

historically been favored sites for sewage disposal, industrial effluents which have contributed to soil, water 

and plant contamination. Oil from spills, transport, and refineries along the coastlines further contributes for 
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adverse impacts.  Due to these facts, India has taken positive steps to protect and conserve mangroves by 

way of coastal regulation zone (CRZ) rules. In order to develop sustainable approaches there is a need to 

understand sources and types of the pollutants responsible for changes in the ecosystem. Therefore, the 

present study was undertaken to understand the present status of the quality of water. Since extensive studies 

on physicochemical properties and persistence of pollutants in mangrove forest of Alibaug have not been 

carried out. The main objective of this study was to know the present status and to identify sources and type 

of contaminants in the Alibaug mangrove area. To achieve the objective, physicochemical parameters of 

water which were identified as a water quality indices (Sargaonkar and Deshpande, 2003) viz. pH, 

temperature, EC, TDS, DO, COD, salinity, hardness, SAR, TOG, Na
+
, Ca2+

, Mg2+,
 Cl

-
, NO3-

 and  PO4
3 were 

assessed and the results were interpreted using geographic information system which (GIS) are effective 

tools for land use/ land cover, water quality mapping for monitoring and detection of change in environment 

(Ferry et al., 2003) 

2. METHODOLOGY 

2.1.      DESCRIPTIONS OF THE STUDY AREA 

Alibaug is located at Latitudes 111 56' N to 111 22' N and Longitudes 22 1 50' E to 23  1  o4' E in the west coast of 

India and surrounded on its North East, North And Southern parts by Arabian sea. The temperature is 

between 31 °C to 1441C with a generally humid atmosphere which average relative humidity is over 103, and 

653 to 253 during the southwest monsoon season and rest of the year respectively, with an average annual 

rainfall of 2000 to 2200 mm. The inhabitant mangrove species are mainly Avicennia marina, Rhizophora 

mucronota, Ceriostagal, Acanthus illicifolius, Aegiceras cornicuatum, Excoecaria aggaacha and Brugeria 

cylindrical with the stature less than 245 m (Lotfinasabasl and et al, 2013).Figure shows the land cover map of 

the study area. 

. 

                               Fig.1. Land cover of Alibaug Mangrove forest and sampling points 

2.2.     COLLECTION OF SAMPLES 

The water samples were taken using systematic random sampling techniques and collected using sterile 

transparent plastic jars of five-liter capacity and usually from 10-15 cm depth from the water surface from 11 

sampling sites and the co-ordinates were noted down with the help of GPS (Global Positioning System).  

Raigad District 
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Considering that one of the ultimate landfall areas of the oil spill and pollution disposal would be shore 

environments, three stations were selected from the Akshi along the coastal area of Arabian Sea and the rest 

from mangrove forest of Alibaug, Maharashtra, India. 

2.3.     SAMPLE PREPARATION AND ANALYTICAL METHODS 

To investigate of the status and quality of surface water, sixteen parameters were assessed which were: pH, 

temperature, EC, TDS, DO, COD, salinity, hardness, SAR, TOG, Na
+
, Ca2+

, Mg2+,
 Cl

-
, NO3-

 and  PO4
3-
. 

These parameter were measured according to Standard Methods of American Public Health Association 

(APHA, 1221) 4All determinations were replicated thrice and the mean value was used to obtain a 

representation of each station. 

2.4.     STATISTICAL TECHNIQUE AND ANALYSIS 

The physicochemical parameter of water were compared with normal ranges of parameters in the mangrove 

ecosystems and seawater standard levels (Table.2) using T test statistical technique at significant level of 0405 

and Minitab professional 16 software.  

2.5.    MAPPING AND SPATIAL MODELING FOR DISTRIBUTION OF POLLUTANT USING GIS TECHNIQUES 

Geographical Information Systems (GIS) is being recognized as a powerful tool in addressing issues and 

managing geographical information in holistic manner without losing the spatio-temporal variability which 

are often critical in assessment and decision making (Mtetwa et al. 2003; ESRI 2005). GIS can act as a 

powerful tool for modeling water quality. Various Thematic maps which are helpful understanding and 

managing water resources can be prepared with the use of GIS (Verma and et all, 2013 ). The Base map of 

study area was prepared using topographic map and the remote sensing data of Landsat 2 for spatial analysis 

using GIS. The spatial and attribute database were generated for the water samples parameters and integrated 

for the generation of spatial variation maps of 16 studied parameters. GIS approach of inverse distance 

weighted (IDW) were used to delineate the distributions of water pollutants as a spatial interpolation 

technique according to the physicochemical parameter of water in which sample points on different locations 

are selected for estimating output grid value. It determines cell value using a linearly weighted combination 

of sample points and controls the significance of known points upon the interpolated values based upon their 

distance from the output point thus a surface grid is generated as thematic isolines (Asadi et al., 2002). 

Preparation of variation and Suitability maps was done using ArcGIS 243 software. 

3. RESULTS AND DISCUSSIONS     

The statistical summary of physicochemical parameter of water during January to March 2010 and 

Comparison of studied parameters in water samples of the study area to normal ranges in mangrove forest 

and seawater are shown in Table1 and Table2 respectively. The Table2 shows the results of statistical 

analysis and indicate significant differences between the mean value of underlined studied parameters and 

their normal ranges in the mangrove ecosystem. 

 

Table1- Statistical summary of physicochemical parameter of water during January to March 

Serial No Parameter Max Min Mean 
Standard 

Deviation 
1  Temperature ˚C 36436 23424 22423 3424 

2 PH 1424 244 2425 0433 

3 EC 161424 110 136421 15414 

4 DO (mg/l) 2462 4402 5423 0424 

5 COD (mg/l) 12612442 2106421 2232431 301145 

6 TDS (mg/l) 41430 3645 42430 3405 

4 O&G (mg/l) 1461 0436 045 0456 

file:///D:/کامپيوتر%20موسسسه%20جنگلها-home/مقاله%20اب/IDW/اینه%20برای%20نوشتنSpatial%20Variation%20of%20Surface%20Water%20Quality%20of%20Vrishabhavathi%20Watershed%20Using%20GIS.pdf
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3 Cl
-
  (ppt) 32 22432 22436 3464 

9 Salinity (ppt) 66412 4045 4245 6452 

11 Na (mg/l) 6121442 5102433 5220415 462460 

11 Hardness(mg/l) 1515400 4242400 6250421 122412 

12 SAR 24 11432 21 1450 

13 Ca (mg/l) 2501414 221421 1350465 460420 

14 Mg (mg/l) 3112 1161402 2222 526.00 
15  NO3

-
 (mg/l) 2412 1412 241 2444 

16 PO4
-
 (mg/l) 0405 0401 0402 0401 

         Note: ppt = part per thousand, (1ppt = 1000 mg/l).SD: Standard Deviation  

 

 

Table 2- Comparison of studied parameters in water samples of study area to normal ranges in 

mangrove forest and seawater 

Serial  

No  

Parameter  

Study area 

*Seawater &Natural Mangrove 

Forest  

Significant difference at 

level of  55  

Mean  Min  Max  Mean  Yes  No  

1   Temperature ˚C  
22423 

2342  36  29.35  
 

* 

2  PH  2425 2461  141  4.39  
 

* 

3  EC(µs/cm)  136421 5545  6143  61.9  * 
 

4  DO (mg/l)  5423 442  641  5.35  
 

* 

5  COD (mg/l)  2232431 300  500  411  * 
 

6  TDS (g/l)  42430 40  40421  41.49  
 

* 

4  O&G (mg/l)  045 -  041  1.1  * 
 

3  Cl-  (ppt)  22436 1242  2141  19.5  * 
 

9  Salinity(ppt)  4245 35  50  42.5  * 
 

11  Na (mg/l)  5220415 -  11000  11111  * 
 

11  Hardness (mg/l)  
6250421 

-  500  511  * 
 

12  SAR  21 -  26  26  
 

* 

13  Ca (mg/l)  1350465 -  400  411  * 
 

14  Mg (mg/l)  2222 -  1300  1311  * 
 

15   NO3- (mg/l)  241 04005  04002  1.114  * 
 

16  PO4- (mg/l)  0402 04003  04006  1.1145  * 
 

 

3.1. TEMPERATURE 

The temperature of surface waters is influenced by latitude, altitude, season, time of day, air circulation, flow 

and depth of the water body. In turn, temperature affects physical, chemical and biological processes in water 

bodies4 If temperatures exceed 351C, root structures, seedling establishment and photosynthesis of the 

mangrove trees will be negatively affected (Kathiresan, 2001). Water temperature ranged between 23424 and 

36436 °C. The mean value of 22423 revealed a mesophilic to thermophilic temperature. The standard deviation 

of 3424 shows high variability in the temperature during the time of sampling. The variation map of 

temperature (Fig.2.a.) shows that the temperature in the study area mostly ranged between 11-311C in the time 

of sampling. Suitability map of temperature is shown in Fig.3.a. The suitability map shows that the majority 

of mangrove forest lies between the normal range. 
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3.2. PH 

The alkalinity of natural waters is controlled by the concentration of hydroxide and represented by a pH 

greater than 2. The normal range of pH in mangroves forest lie between 2461-141 which indicates alkaline 

water is present in mangrove forests. It can be attributed to salinity and high Na
+
 ion concentration in water.  

The mean of pH value (2425) revealed that the water in all the study area was alkaline (2. 4 to 1424). Standard 

deviation of pH (043) in all the different sampling sites showed a rare variation. This can be due to integration 

of Na
+ 

with carbonate and bicarbonate and increase in chemical and biological processes, as a result of oil 

spill in October. The variation map (Fig.2.b.) shows that pH of the water in the study area mostly ranged 

between 242-243 in the time of sampling. The suitability map of pH (Fig.3.b.) shows that the majority of the 

Alibaug mangrove forest did not lie between the normal range (suitable) of pH in mangrove forest and 

mostly were higher than the normal range. 

 

 

3.3. ELECTRICAL CONDUCTIVITY 

Electrical conductivity (EC) in natural waters is the ability to conduct electric current. This is mostly 

influenced by dissolved salts such as sodium chloride and potassium chloride. Electrical conductivity of 

water range between 110 and 161424 μs/cm with a mean value of 136421 μs/cm. EC in all the water samples 

exceeds the normal range in mangrove forests it can attributed to, high concentration of organic matter, 

dissolved salts, anions and cations and low fresh water flow due to high temperature. Variation map of EC 

(Fig.2.c.) shows that EC values of water from the study area mostly ranged between 115-161 μs/cm which 

indicates high content of anions and cations present in the study area due to sewage disposal of domestic and 

industrial activities and agricultural runoff containing phosphate and nitrate fertilizer. Since the soil of the 

Alibaug mangrove forest is composed of lateritic soil which is poor in nutrient compounds, addition of 

fertilizers to improve the soil quality are unavoidable. Suitability map of EC ( Fig.3.c.) shows that EC values 

of the water in all the part of study area, in approximation, are not in the normal range but most were in the 

higher than the normal range. 

 

. 

3.4. DISSOLVED OXYGEN 

Dissolved oxygen (DO) is essential to all forms of aquatic life including the decomposer of materials. The 

concentration of DO in the majority of sampling site lies between the normal range and indicates that the 

mangrove forest due to biological  processes such as photosynthesis have compensated the depletion of DO. 

Dissolved oxygen in the water samples was in the range of 4.19 - 4.62 mg/l with a mean value of 5.43 mg/l. 

Variation map of DO (Fig.2.d.) shows that the concentration of DO mostly ranged between 5.2-6.5 mg/l and 

was increased toward waterway, which can be due to mixing of polluted water with higher water DO content 

during the high tidal phenomena. Suitability map of DO (Fig.3.d.) shows that the concentration of DO mostly 

(higher than 515) lies between the normal range and it had been increased toward water body branching 

Arabian Sea. 

3.5. CHEMICAL OXYGEN DEMAND  

A rapid indicator for indirect measurement of the amount of organic pollution and strength of waste such as 

sewage and industrial effluent which cannot be oxidized biologically is Chemical Oxygen Demand (COD). 

The COD concentration in different sites was detected between the range of 2166421 -12612442 mg/l and the 

mean value of COD was found to be 2232431 mg/l. The concentration of COD was observed 4 -24 times 

higher than the normal range in mangroves forest which indicates high load of waste. Variation map of COD 

(Fig.2.e.) reveals the increase of COD from up to downward of mangrove forest that is oriented to water way 

and the concentration of COD mostly ranged between 4250-1550 mg/l. Suitability map of COD (Fig.3.e) 

shows that the concentration of COD in the study area was exceeded the normal range (400 mg/l) indicating 

high pollution present. 

3.6. TOTAL DISSOLVED SOLIDS 

Total dissolved solids (TDS) is directly related to the purity of water. High TDS levels generally indicate 

hard water. Total dissolved solids in the water samples were found at a mean level of 42436 g/l between the 

http://www.businessdictionary.com/definition/measurement.html
http://www.investorwords.com/205/amount.html
http://www.businessdictionary.com/definition/pollution.html
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range of 3645 (g/l) to 41430 (g/l). The results show that TDS had a direct relationship with EC and that the high 

TDS concentration was due to more Na+, NO3- Ca2+, Mg2+, Cl- and PO43- ions present. Variation map of 

TDS ( Fig.2.f.) shows that TDS of water in the mangrove forest mostly lies between the range of 32- 43 mg/l 

and some patches in north and south of study area near to water body and downward of township area shows 

high content of TDS. It can be due to industrial and domestic sewage besides agriculture runoff. The 

suitability map of TDS (Fig.3.f.) indicate that  the majority of study area occupied with a water in which 

TDS is higher than the normal range (40 - 40461 g/l) and some small narrow areas in the mangrove forest lie 

between the normal range                                 

3.4. OIL AND GREASE (TOG) 

Any material recovered as a substance in the form of an organic solvent from soil and water samples is 

defined as Oil and grease (O&G). The concentration of oil and grease lies between 0436 -1461 mg/l with a 

mean level of 045 mg/l. Significant variation in the concentration of oil and grease in all the different 

sampling sites can be found through standard deviation (0456)  that shows petroleum pollution due to oil spill 

in the month of August 2010.Variation map of O&G (Fig.2.g.) shows that the concentration of O&G mostly 

ranged between 044 - 045 which indicates 4-5 times contamination more than the permissible limit (041 mg/l). 

The suitability map (Fig.3.g.) indicates that the mangrove forest occupied with water which is contaminated 

by petroleum hydrocarbons due to oil from spill. 

. 

 

3.3. CHLORIDE 

One of the major inorganic anions in saltwater and freshwater is chloride. Chloride at different sites areas 

was between 22432-32 ppt with a mean level of 22436 ppt. Increase in concentration of chloride was caused by 

pollution from seawater, brine, or industrial or domestic wastes as well as organophosphorous pesticides 

discharge due to the oil spill event (Mor et al., 2006). The results show that the chloride concentration 

exceeds the normal range (1242-2141 ppt) in the mangrove forest as well as in seawater composition (12 ppt). 

As mentioned, it can originate from sewage sources or agricultural runoff containing pesticides and pesticide 

discharge due to the oil spill event. Variation map of chloride (Fig.2.h.) shows that most of water containing 

chloride exceeds the normal range and lies in the range of 21-31 ppt. While chloride causes environmental 

harm at low levels, can be harmful to organisms living in water and soil of mangrove ecosystem. The 

suitability map of chloride (Fig.3.h.) displays only a small partial of the area is suitable for plant growth 

regarding to chloride concentration. 

3.9. SALINITY 

Salinity is defined as total concentration of dissolved salts present in aquatic ecosystems. The value of 

salinity ranged between 4045 and 66412 ppt and the mean value was found to be 4245 ppt. The standard 

deviation (6452) showed high variation in the concentration of salinity in study area. An increased level of 

salinity at all the sampling sites indicating  low freshwater flow rate in winter season (January to 

March),high concentration of ions including Ca
+2, Mg

+2 and Cl-, sewage from domestic and industrial and 

pesticide from agricultural runoff. Variation map of salinity (Fig.2.i.) indicates that the study area is occupied 

with saline to brine water and the salinity of the water in the mangrove forest, from upstream toward 

downstream, has been increased. Suitability map (Fig. 3.i.) indicates the majority of the study area is in the 

normal range of salinity and only some parts in the upstream section of the study area and downstream 

section, close to waterway, are not suitable to life of mangroves and associated. 

3.11. SODIUM 

Sodium is an essential element for living organisms. The mean level of sodium was found to be 5220415 mg/l 

ranged between 5102433 to 6121442 mg/l. Standard deviation (462460) showed there is no significant variation 

between the concentrations of sodium in 11 different sampling sites. These observations indicate that there is 

no sodium pollution in the water samples collected from the study area. The variation map (Fig.2.j.) 

illustrates that the concentration of sodium in majority of the study area ranged between 5400-6300 mg/l and 

decreased from upstream to downstream which was also observed in the case of salinity as well. The 
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suitability map (Fig.3.j.) shows that the concentration of sodium in the study area lies between the normal 

range and that the concentration of sodium in the study area is suitable for the growth of mangrove trees. 

 

3.11. SODIUM ADSORPTION RATIO (SAR) 

Elevated sodium in certain soil types can degrade soil structure and permeability thereby restricting water 

movement and affecting plant growth (Chapman, 1226). The relative concentrations of sodium, calcium, and 

magnesium in irrigation water regarding potential of soil structure damaging can be measured by SAR as a 

useful indicator. The mean level of SAR was found to be 21 between the range of 11432-24 with a standard 

deviation of 145. The variations of concentrations in Na
+
, Mg

+2 and Ca
+2 ions is a cause of lean variation in 

concentration  of SAR. Variation map (Fig.2.k.) indicates that the SAR content of surface water has been 

increased toward the downstream and the majority of the study area occupied with water in which the SAR 

content ranged between   1241-2341. Suitability map (Fig. 3.k.) shows that the SAR content of surface water 

lies below the permissible limit and is suitable for the growth of plants in the mangrove forest.  

3.12. HARDNESS 

Hardness of water is mostly ascribe to Ca2+
 and Mg2+

 ions present. Seawater has a hardness level of 500 mg/l. 

Water hardness increases with salinity in a mixing system between seawater and rainwater/river water. The 

mean value of hardness was found to be 6250426 mg/l and the standard deviation (122412) also showed that the 

high variation of hardness between 4242 to 1515 in the study area mainly due to high concentration of calcium 

and magnesium ions because of run of from agricultural activity. The variation map of hardness (Fig. 2.l.) 

shows the majority of hardness in study area ranged between 6000-1400 mg/l and three patches close to the 

township area and waterway have the highest concentration of hardness which can be due to human activity, 

agricultural runoff and natural accumulation of salts because of hydro-chemical process like basaltic host 

rock weathering which is composed of limestone and dolomite which are the major sources of Ca
+2 and 

Mg
+2. Suitability map (Fig. 3.l.) reveals that the entire study area has hardness content higher than the normal 

range which can create adverse effects on the mangrove ecosystem especially the growth of trees. 

 

 

3.13. CALCIUM 

One of the main reasons for the abundance of calcium in water is its natural occurrence in the earth's crust. 

The concentration of calcium in water ranged between 221421-2501414 mg/l with mean level of 1350465 mg/l. 

The standard deviation (46042) also showed high variation in the concentration of calcium in water samples. 

Variation map (Fig. 2.m.) shows that most of the calcium concentration in the study area ranged between 

1200-2000 mg/l and the area near the settlement and township area showed the highest concentrations. This 

observation showed that the high concentration of calcium in the entire study area can be attributed to 

basaltic host rock weathering and the high concentration (>2000 mg/l) of calcium near the settlement and 

township area can be attributed to human activities such as industrial and domestic sewage disposal. 

Suitability map of calcium (Fig.3.m.) shows the concentration of calcium in the majority of study area is 

more than the normal range. This can be the reason for extremely hard water in the study area resulting in 

calcium toxicity for plants and animals because water hardness influences aquatic organisms from metal 

toxicity.   

 

 

3.14. MAGNESIUM 

The mean level of magnesium was found to be 2222 mg/l and was in the range of 1161402 to 3112 mg/l. The 

variation map (Fig.2.n.) shows that the concentrations of magnesium in the study area mostly ranged between 

2000-3000 mg/l which can be attributed to natural processes and the higher concentrations of magnesium 

observed in the areas close to township, settlements and agricultural fields. The suitability map (Fig.3.n.) 

indicates the concentrations of magnesium are mostly higher than the normal range which caused extremely 

hard surface water along with high calcium concentrations in the study area.  

 

 

 

3.15. NITRATE 

http://www.ozcoasts.org.au/indicators/salinity.jsp
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Contamination with nitrogen-containing fertilizers (e.g., potassium nitrate and ammonium nitrate) or animal 

or human organic waste can raise the concentration of nitrate in water. Nitrate levels were found to be vary 

between 1412 and 2412 mg/l. Variation map of nitrate which is shown in Fig.2.o. shows that the concentration 

of nitrate has been increased from upstream to downstream and the highest concentration was observed close 

to the settlements and agricultural field. Suitability map of nitrate (Fig. 3.o.) reveals that the study area is 

occupied with water in which the concentration of nitrate exceeds the normal range. 

 

 

3.16. PHOSPHATE 

Phosphorus is an essential nutrient for living organisms and exists in water bodies as both dissolved and 

particulate species. The phosphate concentrations were found to be vary in the range of 0401 and 0405 mg/L 

with an average of 0402 mg/l. The standard deviation (0401) shows a significant variation between the 

concentrations of Phosphate in the different sampling sites. It can also be observed that the concentration of 

PO4
3-
 in sites which are close to settlements and downward of the township area and a small industrial unit is 

higher than the other parts of the study area which can be attributed to domestic sewage, industrial 

wastewater and fertilizer runoff. Since the type of soil in the study area is mostly lateritic soil which is poor 

in nutrients such as nitrogen and phosphorous, it can be cultivated with the help and use of fertilizers. 

Variation map (Fig. 2.p.) shows that the phosphate concentration mostly ranged between 04005-04001 mg/l and 

that some parts of the study area have phosphate concentrations higher than the normal range due to their 

proximity to waterways, settlements and a small industrial unit. Suitability of phosphate is illustrated in Fig. 

3.p. shows that the concentration of phosphate in the study area exceed the normal range and only in a small 

part of the study area, the concentration lies in the normal range. 

 

3.14. INTEGRATION OF DATA USING GIS 

All the spatial variation maps of 16 physicochemical parameters of water were overlaid and integrated using 

GIS software. According to the prepared suitability map of each parameter and the normal ranges of each 

physicochemical parameter in the natural habitats of mangrove forest, the suitability map of surface water of 

the study area in the Alibaug mangrove forest was prepared which is shown in Fig .4. 

 
Fig 4. Suitability map of the physicochemical parameters of the surface water of   Alibaug mangrove forest 

 

According to prepared suitability the study area is categorized to six classes  of suitability which shows that 

most of the study area lies in the class of three indicating moderate suitability of the natural features of water 

quality in the mangrove forest and the others followed by class2>  class4> class1>  class 5 . This figure also 

shows the area that lies in the class of zero, indicating an unsuitable area of natural features of water quality, 

which is located under the normal range of each parameter.  
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Fig 2. Variation maps of physicochemical parameters of water 
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c: EC d: DO 
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Fig 3. Suitability maps of physicochemical parameters of water 

4. CONCLUSIONS 

The results of physicochemical parameters study of water showed that the amounts of EC, COD, hardness, 

O&G, Cl
-
, Na

+
, Ca2+

, Mg2+
, NO3

-
 and PO4

3-
 are higher than the normal range and the mean of that in the 

natural habitat of mangrove forests. The hydrochemical study of the Alibaug mangrove ecosystem also 

indicated that the surface water of study area was saline to brine water. This observation, in the Alibaug 

mangrove forest at the time of sampling, indicated high concentrations of anion and cations due to natural 

processes and human activity, high organic matter, due to industrial and domestic wastewater disposal, oil 

spillage and agricultural runoff containing fertilizer, which all eventually affect the water quality of 

mangrove forest of Alibaug. Suitability map of water which were prepared according to the integration of 

suitability map of each parameter classified the water of the study area to six class of suitability in order of 

class3 (moderate)> class2 (moderate to high)> class4 (low to moderate)> class1 (high)> class 5(low). This 

study helps to understand the water quality of Alibaug mangrove forest. The present study gives important 

information about natural features of mangroves ecosystem of Alibaug along with impact of human activity. 

This detailed study will be useful to develop suitable and proper management practices and protection 

measures of the mangroves with the help of Geographic Information System (GIS) and Remote Sensing 

(RS).  
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