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Abstract

	 The aims of this study were to apply the Geo-information technology for coastal vulnerability assessment of 
Phetchaburi coast, which depended on seasonal changed (by influence of Southwest monsoon and Northeast monsoon). 
The assessment uses a coastal vulnerability index (CVI), consists of a physical environment vulnerability index (PVI) and 
the socio-economic vulnerability index (SVI) with 9 variables; coastal slope, mean tidal ranges, average wave height, rates 
of coastal erosion, population density, land use, built-up, transportation and coastal protection measures. The results showed, 
the different during monsoon had an indecisive difference effect on mean tidal ranges, average wave height, and changes in 
the coastline. However, the monsoon had effected to sand sediment of the beach. That increased in the Southwest monsoon 
and decreased in the Northeast monsoon. The level of vulnerability of the coastal area was shown by a map of CVI, with 
high coastal vulnerability areas having a size of 4.6 square kilometers (10.89% of the coastal surveillance area), mainly in 
Pak-Thale, Bang-Keaw and Chao-Samran. The moderate and the low coastal vulnerability areas have size of 31.29 square 
kilometers and 6.97 square kilometers, respectively. The variables that influence the vulnerability are land use, slope, 
erosion rate and population density.
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Abstract

The aim of the present study was to standardize and to assess the predictive value of the cytogenetic analysis
by Micronucleus (MN) test in fish erythrocytes as a biomarker for marine environmental contamination. Micronucleus
frequency baseline in erythrocytes was evaluated in and genotoxic potential of a common chemical was determined
in fish experimentally exposed in aquarium under controlled conditions. Fish (Therapon jaruba) were exposed for 96
hrs to a single heavy metal (mercuric chloride). Chromosomal damage was determined as micronuclei frequency in
fish erythrocytes. Significant increase in MN frequency was observed in erythrocytes of fish exposed to mercuric
chloride. Concentration of 0.25 ppm induced the highest MN frequency (2.95 micronucleated cells/1000 cells compared
to 1 MNcell/1000 cells in control animals). The study revealed that micronucleus test, as an index of cumulative
exposure, appears to be a sensitive model to evaluate genotoxic compounds in fish under controlled conditions.
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1. Introduction

In India, about 200 tons of mercury and its
compounds are introduced into the environment
annually as effluents from industries (Saffi, 1981).
Mercuric chloride has been used in agriculture as a
fungicide, in medicine as a topical antiseptic and
disinfectant, and in chemistry as an intermediate in
the production of other mercury compounds. The
contamination of aquatic ecosystems by heavy
metals and pesticides has gained increasing attention
in recent decades. Chronic exposure to and
accumulation of these chemicals in aquatic biota
can result in tissue burdens that produce adverse
effects not only in the directly exposed organisms,
but also in human beings.

Fish provides a suitable model for monitoring
aquatic genotoxicity and wastewater quality
because of its ability to metabolize xenobiotics and
accumulated pollutants. A micronucleus assay has
been used successfully in several species (De Flora,
et al., 1993, Al-Sabti and Metcalfe, 1995). The
micronucleus (MN) test has been developed
together with DNA-unwinding assays as
perspective methods for mass monitoring of
clastogenicity and genotoxicity in fish and mussels
(Dailianis et al., 2003).

The MN tests have been successfully used as
a measure of genotoxic stress in fish, under both

laboratory and field conditions. In 2006 Soumendra
et al., made an attempt to detect genetic biomarkers
in two fish species, Labeo bata and Oreochromis
mossambica, by MN and binucleate (BN)
erythrocytes in the gill and kidney erythrocytes
exposed to thermal power plant discharge at
Titagarh Thermal Power Plant, Kolkata, India.

The present study was conducted to determine
the acute genotoxicity of the heavy metal compound
HgCl2 in static systems. Mercuric chloride is toxic,
solvable in water hence it can penetrate the aquatic
animals. Mutagenic studies with native fish species
represent an important effort in determining the
potential effects of toxic agents. This study was
carried out to evaluate the use of the micronucleus
test (MN) for the estimation of aquatic pollution
using marine edible fish under lab conditions.

2. Materials and methods

2.1. Sample Collection

The fish species selected for the present study
was collected from Pudhumadam coast of Gulf of
Mannar, Southeast Coast of India. Therapon
jarbua belongs to the order Perciformes of the
family Theraponidae. The fish species, Therapon
jarbua (6-6.3 cm in length and 4-4.25 g in weight)
was selected for the detection of genotoxic effect
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1. Introduction

	 Climate change caused by global warming results 
in high risks to severe and frequent natural disasters 
(IPCC, 2012). In addition to, the development leads to 
the deterioration of natural resources and the cumulative 
long shore sediments. All of this speeds up the process 
of erosion and flooding along the coast (McFadden 
et al., 2007). The erosion causes Thailand’s coast to 
lose 16,760 Rai or 26.816 km2 (Department of Marine 
and Coastal Resources: DMCR, 2009). The prediction 
in the next 40-100 years, the sea level will be a meter 
higher, which will impact 2 million Rai or 3,200 km2 
(Office of Natural Resources and Environmental Policy 
and Planning: ONEP, 2009). Phetchaburi is one coastal  
province of Thailand which has abundant natural re-
sources. They are seen as crisis areas that require active 
surveillance (DMCR, 2011). The solution of the erosion 
problem needs the study of a natural process occurring 
in monsoon season because the Oceanography as the 
main factor of coastline changed (Armah, 2011). 
	 Therefore, in order to implement effective coastal 
area management, it is important to study coastal 
vulnerability assessment (CVA) and focus on the change 
in coastal areas, which will lead to the analysis of 

actual vulnerability of the areas. Moreover, it is crucial 
to support the planning and decision-making of the 
development which may cause some adverse effects.  
By doing this, the solution both long-term and 
short-term to the problem of coastal erosion would 
become more effective.

2. Materials and Methods

	 This study has applied to use Geographic 
Information System (GIS) and remote sensing for 
assessing coastal vulnerability in Phetchaburi, includes 
13 sub-districts adjacent to shoreline which covers 
shoreline about 91.2 kilometers (Fig. 1). To study 
shoreline changing during 2001-2011 has been focused 
on the impact of season change, includes two periods: 
the Southwest monsoon (May-September) and the 
Northeast monsoon (October-February). The coastal 
vulnerable index has been developed and adapted to 
be proper to characteristic and data collecting of each 
area. Then, this study adapted from Clauio (2005), used 
socio-economic aspects to be factors to assessed coastal 
vulnerability with physical environment, applied from 
Thieler and Hammar-Klose (2000), McLauglin et al. 
(2002) and Cutter (2008). The variation consists of  
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weighting of physical environment vulnerability 
index as well. X(SV)i is the score of socio-economic 
vulnerability index and W(SV)i is the weighting of 
socio-economic vulnerability index (Adapted from 
Clauio, 2005).

3. Results

3.1. Coastal Vulnerability Assessment (CVA) 

	 CVA use application GIS to indicate CVI from 
2 indices, there are PVI and SVI. The results of PVI 
factors are as follow: 1) Coastal Slope - There are 
several areas in upper zone from Bang Tabun to Hat 
Chao Samran that slope is below than 0.025% that has 
very high PVI. On the contrary, slope of most of lower 
zone is higher than 0.070%, this area has very low 
PVI. 2) Mean Tide Range - At Ban-Laem station and 
Hua-Hin station (Fig. 3), the results are in the same 
trend and mean tidal ranges of both monsoons are 

coastal slope, mean tidal range, mean wave height, 
erosion rate, population density, land use, type of 
built-up, transportation and coastal protection measures. 

2.1. Data organization and verification

	 The formats of collected data are spatial data and 
non-spatial data. Spatial data refers to satellite images 
and topography map that are verified by using GPS 
data of field surveys. Non-spatial data had no specific 
location in space such as population, and protection 
measures. The whole data have implemented to organize 
in order to ready and be available in GIS analysis.
 
2.2. Data classification and processing

	 After data verification, the study has classified 
data into each class. It has also applied the level of 
coastal vulnerability and weighting of each variable. 
Moreover, they use the weight from the research of 
Duriyapong and Nakhapakorn (2011) and ONEP (2003) 
due to the weight from experts in Thailand, which has a 
understanding of the physical and socio-economy as 
well. The classification details are as follow in Table 1. 
	 All data have been evaluated by the overlay 
technique (Fig. 2) and the score of each variable 
would be incorporated into the Physical Environment 
Vulnerability Index: PVI and the Socio-Economic 
Vulnerability Index: SVI by using this equation 
as follow. When X(PV)i is the score of physical 
environment vulnerability index and W(PV)i is the 

Table 1. Classification of vulnerability variables 

Variable
Level of coastal vulnerability

Weight
Very low 1 Low 2 Moderate 3 High 4 Very High 5

Coastal Slope (%) > 0.200 0.200 - 0.070 0.070 - 0.040 0.040 - 0.025 < 0.025 0.35
Mean Tide Range (m) > 6.00 4.10 -  6.00 2.00 - 4.00 1.00 - 1.90 < 1.00 0.11
Mean Wave Height (m) < 0.55 0.55 - 0.85 0.85 - 1.05 1.05 - 1.25 > 1.25 0.29
Erosion Rate (m/yr) <  1.0 1.0 - 1.9 2.0 - 2.9 3.0 - 3.9 > 4.0 0.25
Population Density 1 - 100 101- 200 201 - 400 401 - 600 > 600 0.24

Landuse
Abandoned 

area, Swamp,
Water bodies

Grass, Scrub
Forest,

Mangrove
forest

Agriculture,
Aquaculture,

Salt-farm

Town, Factory 
Commercia,
Tourist zone

0.42

Built-up Absent - Essentiality 
place - Culture 

heritage 0.27

Transportation Absent - Street - Main road,
Railway 0.07

Coastal Protection
Measure No erosion -

Erosion; 
Present 
measure

-
Erosion; 
Without
measure

0.10

Source: Adapted from Thieler and Hammar-Klose (1999), McLaughlin, McKenna and Cooper (2002), Cutter (2008), 
Duriyapong and Nakhapakorn (2011) and ONEP (2003)

adapted from Clauio (2005), used socio-economic aspects to be factors to assessed coastal 
vulnerability with physical environment, applied from Thieler and Hammar-Klose (2000), McLauglin 
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Figure 1. Study areaFigure 1. Study area 
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similarly. Upper zone is defined moderate PVI and 
Lower zone is defined as high PVI. 3) Mean Wave 
Height - It is calculated from wind speed data to monthly 
mean wave height from Phetchaburi meteorological 
station during 2001-2011 (Fig. 4), Mean wave height 
of both monsoons is similarly and defined low PVI. 4) 
Erosion rate - The result of coastline analysis by DSAS 
is erosion rate of both monsoons, which is similar and 
can be defined PVI as in Fig 5. It respectively indicates 
that upper zone, most is mud flat and mangrove forest, 
there are not any changes in each monsoon while the 
lower zone, most is the sandy beaches, has changes 

in each monsoon obviously. The Southwest monsoon 
contributes to accumulate sandy sediments onshore and 
the Northeast monsoon play a role in blowing sandy 
sediments to offshore.
	 As the vulnerability maps in each monsoon are 
similarly because the vulnerability scores of 3 factors 
which are supposed to be reflected factor to variance 
vulnerability of each monsoons, mean tide range, mean 
wave height and erosion rate, are classified in the same 
vulnerability level. For this reason the map of physical 
environment vulnerability of each monsoon shows the 
same results as Fig. 6(a). High vulnerability area has 

Figure 2. Step of coastal vulnerability assessment
Figure 2. Step of coastal vulnerability assessment 

Figure 3. Graph of the monthly average tidal range, 2001-2011 

Figure 2. Step of coastal vulnerability assessment 

Figure 3. Graph of the monthly average tidal range, 2001-2011 
Figure 3. Graph of the monthly average tidal range, 2001-2011
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total area 2.53 square kilometers (km3), most area is in 
Pak Thale, Bang Kao and Hat Chao Samran. 
	 The results of SVI factors as follow: 1) Population 
density-Coastal area which have high vulnerability 
are fishery community at Ban-Laem and tourist attrac-
tion areas at Hat-Chao-Samran and Cha-am beach. 
2) Landuse-52.8% of study area is agricultural area 
and high vulnerability, community area has 16.78%. 
In the upper zone, it located canal side or river to the 
mouth of river. While the lower zone, it located near 
the beach. 3) Type of Built-up-high vulnerability is the 
Mrigadayavan Palace in Cha-am and there are 39 
religious places in every sub-district 4) Transportation-
There is 5 kilometers concrete road along the beach 
leads to high vulnerability because it blocks sediment 
that cannot move to the beach (ONEP, 2003). 5) Coastal 
Protection Measure-The area has high vulnerability is 
Pak-Thale because problems still occurs continually. 
Though related sector did the map for built up protective 
infrastructure, it lacks of budget for doing concrete plan. 
The result can show as a map of SVI as Fig. 6(b). The 
high vulnerability total area is 8.5 and most area is in 
Laem-Pak-Bia.
	 CVI using GIS program for mapping from PVI 
and SVI by overlaying method and mapping coastal 
vulnerability of each monsoons, index of PVI in each 
monsoons are the same level, therefore, maps are 
shown in the same format as Fig. 6(c). High coastal 
vulnerability has total area 4.68 square kilometers. It’s 
10.89% of the coastal surveillance area that buffered 
offshore to the ground 500 meters.
 
3.2. Verifying coastal vulnerability assessment

	 The results will be verified by field survey that 
focuses on coastal surveillance area and have high of 

PVI and CVI. The results are corresponding to reality 
in area as following: The upper zone coast at Pak-Thale 
(Fig. 7(a)) that intense eroded and high of PVI because 
of low slope and no mangrove forest or protection 
structures, but it is aquaculture, moderate of SVI. This 
affect to its CVI is same level as community area of 
Bang-Kaeo coast (Fig. 7(b), (c)), it has SVI higher, and 
they are different from Laem-Pakbia coast (Fig. 7(d)), 
it has low PVI and SVI because it has mangrove forest 
to protect the erosion and there are not communities. 
The lower zone coast at Hat-Chao-Samran (Fig. 8(c)), 
it has very high of SVI because of tourist attraction 
areas, community area, high population density, which 
has religious place and road near the beach.

4. Discussions and Conclusion

4.1. The sediment balance in the beach system

	 Although Phetchaburi coastal characteristics are 
different, the upper area from Bang-Tabun estuary to 
Laem-Luang beach that are mud beach has occurred 
from river sediment. The lower areas are sand beach 
that followed from geological structure. However, 
the study from satellite image and survey in study 
area, sand sediment swept into the upper area. It has 
impacted to mangrove degradation because the 
ecosystem of mangrove forest changed (Sinsakul et al., 
2002). Therefore, the term of sediment balance or beach 
balance is considering. Sediments are moved from one 
to replace another that lost sediment (Pornpinatepong 
et al., 2001).  It could be observe that sand sediment 
from the lower area is swept to the upper area. Since, 
the sediments have been lack in the upper area. The 
causes may be effect from dam construction or sand 
dredging on canals or estuaries. 

Figure 4. Graph of the monthly average wave height, 2001-2012 

As the vulnerability maps in each monsoon are similarly because the vulnerability scores of 3 
factors which are supposed to be reflected factor to variance vulnerability of each monsoons, mean 
tide range, mean wave height and erosion rate, are classified in the same vulnerability level. For this 
reason the map of physical environment vulnerability of each monsoon shows the same results as         
Fig. 6(a). High vulnerability area has total area 2.53 square kilometers (km3), most area is in Pak 
Thale, Bang Kao and Hat Chao Samran.  

The results of SVI factors as follow: 1) Population density-Coastal area which have high 
vulnerability are fishery community at Ban-Laem and tourist attraction areas at Hat-Chao-Samran and 
Cha-am beach. 2) Landuse-52.8% of study area is agricultural area and high vulnerability, community 
area has 16.78%. In the upper zone, it located canal side or river to the mouth of river. While the lower 
zone, it located near the beach. 3) Type of Built-up-high vulnerability is the Mrigadayavan Palace in 
Cha-am and there are 39 religious places in every sub-district 4) Transportation-There is 5 kilometers 
concrete road along the beach leads to high vulnerability because it blocks sediment that cannot move 
to the beach (ONEP, 2003). 5) Coastal Protection Measure-The area has high vulnerability is Pak-
Thale because problems still occurs continually. Though related sector did the map for built up 
protective infrastructure, it lacks of budget for doing concrete plan. The result can show as a map of 
SVI as Fig. 6(b). The high vulnerability total area is 8.5 and most area is in Laem-Pak-Bia. 
 CVI using GIS program for mapping from PVI and SVI by overlaying method and mapping 
coastal vulnerability of each monsoons, index of PVI in each monsoons are the same level, therefore, 
maps are shown in the same format as Fig. 6(c). High coastal vulnerability has total area 4.68 square 
kilometers. It’s 10.89% of the coastal surveillance area that buffered offshore to the ground 500 
meters. 

Figure 4. Graph of the monthly average wave height, 2001-2012
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Figure 5. Map of the erosion rate vulnerabilityFigure 5. Map of the erosion rate vulnerability
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Figure 7. Ground survey in upper zone coast Figure 8. Ground survey in lower zone coast

3.2. Verifying coastal vulnerability assessment 

The results will be verified by field survey that focuses on coastal surveillance area and have 
high of PVI and CVI. The results are corresponding to reality in area as following: The upper zone 
coast at Pak-Thale (Fig. 7(a)) that intense eroded and high of PVI because of low slope and no 
mangrove forest or protection structures, but it is aquaculture, moderate of SVI. This affect to its CVI 
is same level as community area of Bang-Kaeo coast (Fig. 7(b), (c)), it has SVI higher, and they are 
different from Laem-Pakbia coast (Fig. 7(d)), it has low PVI and SVI because it has mangrove forest 
to protect the erosion and there are not communities. The lower zone coast at Hat-Chao-Samran             
(Fig. 8(c)), it has very high of SVI because of tourist attraction areas, community area, high population 
density, which has religious place and road near the beach. 

Figure 7. Ground survey in upper zone coast 

4. Discussions and Conclusion 

4.1. The sediment balance in the beach system 

Although Phetchaburi coastal characteristics are different, the upper area from Bang-Tabun 
estuary to Laem-Luang beach that are mud beach has occurred from river sediment. The lower areas 
are sand beach that followed from geological structure. However, the study from satellite image and 
survey in study area, sand sediment swept into the upper area. It has impacted to mangrove 
degradation because the ecosystem of mangrove forest changed (Sinsakul et al., 2002). Therefore, the 
term of sediment balance or beach balance is considering. Sediments are moved from one to replace 
another that lost sediment (Pornpinatepong et al., 2001).  It could be observe that sand sediment from 

the lower area is swept to the upper area. Since, the sediments have been lack in the upper area. The 
causes may be effect from dam construction or sand dredging on canals or estuaries.  

Figure 8. Ground survey in lower zone coast 

4.2. Impact of engineering structures along the coast 

In this study coastal erosion is high at Pak-Thale sub-district. The result has been compared 
with the report of Phetchaburi coastal erosion in 1967-1995 by Department of Mineral Resources 
(ONEP, 2003). From the report recorded that coastal erosion at Pak-Thale sub-district was moderate. 
The erosion rate was 1-5 meters per year, that less than the rate of coastal erosion Bang-Kaew sub-
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	 In this study coastal erosion is high at Pak-Thale 
sub-district. The result has been compared with the 
report of Phetchaburi coastal erosion in 1967-1995 by 
Department of Mineral Resources (ONEP, 2003). From 
the report recorded that coastal erosion at Pak-Thale 
sub-district was moderate. The erosion rate was 1-5 
meters per year, that less than the rate of coastal erosion 
Bang-Kaew sub-district, more than 10 meters per year. 
But this study has found coastal areas of the Pak-Thale 
sub-district, which above the rock revetment of Bang-
Kaew sub-district. There were high erosion problem 
that increased 10.19 meters per year. It has shown 
the engineering structures, built for protecting coastal 
erosion affect to coastal areas above those structures, 
have been intensified eroded (Pornpinatepong et al., 
2001). Including the building extending to the sea such 
as the harbor, and breakwater, the coastal had been 
eroded above the building. Moreover, breakwaters that 
built near the coastline for stabilization affect to loss 
sand sediment in front of them because of no sediment 
to accumulate on the beach.

4.3. The importance of socio-economic factors

	 From the coastal vulnerability assessment 
(CVA) that considered factors including the physical 
environment and the social economy. There has shown 
that the rate of coastal erosion has been very high 
which occurred from arising of influence of nature, 
unnecessary to very high level of the coastal 
vulnerability index (CVI). For example, Pakthale 
district found severely eroded but coastal areas had 
coastal vulnerability equal with coastal areas in 
Chaosamran that are not found the erosion. Because of, 
Pakthale district had aquaculture and less population.  
The people were affected and damaged by coastal 
erosion that were less than Chaosamran district, which 
was a community, touring area, high population density, 
a place of culture, and beach road. The both of coastal 
areas had similar in level of importance in management 
and prevention. They were show the important factor 
of social and economic to assess with environmental 
factors. The results of the assessment were reality 
and suitable to use as supporting data in coastal area 
management. 
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	 Although, the assessment of vulnerable coastal 
areas (CVA) was not show in worth of damage or 
expected in the future. Besides, the selection of the 
data was collected that helped easily to plan a budget 
and coastal area management. Demonstration in the 
accuracy of the image at each point of the vulnerable 
coastal areas as well. The information in a map was 
not complicated. It was easier to communicate with the 
community and relevant agencies informed of the level 
of vulnerability of the area that approach to participate in 
preparing to deal with the problem. The both of coastal 
areas had similar in level of importance in management 
and prevention. They were show the important factor of 
social-economic to assess with environmental factors. 
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