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PREFACE 

 
         Prior to the starting of any Nuclear Power Station, it is very important to record the 
status of the environment with regard to its quality and the demographic features of the 
immediate neighbourhood. In the world scenario, India occupies the topmost slot as the 
initiator of this principle as far back as the sixties. This noble venture is termed as ‘Pre-
operational Environmental Baseline Studies’. Such surveillance is also mandatory to fulfill 
regulatory requirements before the commissioning of the plant. Pre-operational monitoring 
helps in assessing the impact of the facility during its operational phase. Hence, a systematic 
study is essential to establish the baseline data regarding natural and fallout (man-made) 
radioactivity in various environmental samples before the plant goes into operation. Such 
surveillance also includes measuring and monitoring conventional parameters in respect of 
air and water quality details in the surroundings of a nuclear facility. 
 

For this, periodic collection and analysis of various samples from atmospheric, 
terrestrial and aquatic domains within 30 km radius of any nuclear facility are required. This 
includes analysing dietary items such as water, cereals, pulses, meat, fish, milk, egg, etc. for 
their radioactivity contents. The sampling locations were selected taking into account such 
diverse factors as wind pattern, the local environment and the nature of the population around 
the facility. Potential pathways of radiological exposure were considered before any sample 
was selected for radiological evaluation. The pre-operational surveillance is normally started 
two to three years before the commissioning of the plant so that seasonal cycles and 
variations are covered and the data obtained are comprehensive and meaningful enough to be 
treated statistically to draw reliable and effective conclusions on baseline radiological data, 
air quality and water quality. 
 
 Industrial development and associated activity in any region can improve the 
economic condition of the residents either through direct employment or by indirect gains 
due to infrastructural development in the region. In addition, educational facilities, creation of 
health centres, availability of communication and other necessities like drinking water, etc. 
would ultimately bring about changes in lifestyle and demography in the area. Infrastructure 
developments can also influence migration pattern in the area. This positive change can alter 
the health of the residents. Health-related problems can vary depending on environmental 
changes, if any, due to the increased industrial activities. In order to assess the impact of such 
developments, baseline data on demography and health status around an upcoming plant are 
essential. This would help understand the background scenario and might form a benchmark 
for assessment of impacts in the future. In the long run, the changes with regard to social 
conditions, cultural aspects and economic development of the local inhabitants of the region 
can be effectively compared with the baseline data.  
 
 A well-equipped Environmental Survey Laboratory (ESL) has been set up at the 
Kudankulam Nuclear Power Project by Health Physics Division, BARC to carry out regular 
pre-operational environmental radiological surveillance around the site and to continue this 
during the operational phase of the unit. To augment and complement the baseline data 
generated by ESL, an independent environmental survey by different universities in the 
region was initiated in the year 2004 in the form of research projects as a part of Kudankulam 
Environment: Baseline Studies (KEBS). The research projects were carried out by the 
research group leaders of Manonmaniam Sundaranar University, Tirunelveli, Bharathiar 
University, Coimbatore, Madurai Kamarajar University, Madurai and Scott Christian 



 

College, Nagercoil. This volume combines the summary reports of different research projects 
comprising the Kudankulam Environment: Baseline Studies.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

EXECUTIVE SUMMARY  
 

AQUATIC RESOURCES AND THEIR CHARACTERIZATION 

Baseline data on aquatic resources around 30 km radius of the Kudankulam Nuclear 
Power Project (KKNPP) site were collected. The present study highlights the hydrochemical, 
pathological and radiological constituents of aquatic resources and their suitability for 
drinking and irrigational purposes. Water samples were collected in 52 villages from bore 
wells, open wells and pond water sources and analysed for their physico-chemical 
constituents, viz. temperature, turbidity, pH, electrical conductivity (EC), alkalinity, total 
hardness, Ca, Mg, Na, K, NH4-N, Cl, SO4, NO3, NO2, F, total organic nitrogen, PO3-P, SiO2, 

dissolved oxygen, biological oxygen demand (BOD), chemical oxygen demand (COD), Fe, 
Cu, Co, Cd, Cr, Pb, Mn, Ni, Sr, and Zn, pathological parameters such as total coliforms, 
Escherichia coli, faecal coliforms, Salmonella sp. and Shigella sp., and radiological 

parameters namely gross α and gross β values. Sampling and analyses were performed for 2 
years at monthly intervals in two zones at two stages. The two zones were: North and 
Northeast (1st zone) and West and Southwest (2nd zone). Each zone had 26 sampling 
locations. For each sampling location, two sampling stations were selected, namely a bore 
well, a rain-fed pond or an open well. The bore well stations were segregated into bore wells 
meant for drinking purposes and bore wells meant for domestic purposes, already identified 
by Panchayats and Tamil Nadu Water Supply and Drainage Board (TWAD). 

Altogether, sampling and analyses were performed in 80 sampling stations in which 
25 bore wells were meant for drinking purposes (drinking water samples) and 19 bore wells 
were meant for domestic purposes (bore well water samples); moreover, water samples 
collected from 13 open wells, 20 ponds, 1 dam, 1 river and 1 reverse osmosis plant were 
analysed. Totally, 910 water samples were collected and analysed. Sampling and analyses 
were performed using standard methods suggested by the American Public Health 
Association (APHA) and the Bureau of Indian Standards (BIS). 

The suitability of water samples for drinking was evaluated based on guideline values 
of BIS and World Health Organization (WHO) by using fuzzy synthetic evaluation (FSE). 
Water samples were analysed for their physico-chemical constituents by the FSE, which 
illustrates that about 60% of drinking water samples are ‘desirable’ and the remaining 40% of 
samples are ‘acceptable’ for drinking purposes in the absence of alternate water sources. 

The suitability of water samples from various sources for irrigational purposes was 
evaluated based on their sodium absorption ratio, sodium per cent and residual sodium 
carbonate by using US Salinity Laboratory (USSL) classification and Wilcox diagram. Based 
on these two methods, all the pond water samples were found to be suitable for irrigational 
purposes.  

AIR QUALITY ASSESSMENT 
 

The generation of reliable baseline data on ambient air quality in and around the 
Kudankulam Nuclear Power Plant area was the objective of this investigation. Air samples 
were collected once in a week at the sampling stations, Kudankulam (Nuclear Power Project), 
Tuticorin (near Thermal Power Plant) and Alwarkurichi (Paramakalyani Centre for 
Environmental Research) using respirable dust samplers from February 2005 to March 2008. 



 

The samples were analysed by adopting standard procedures, and the concentrations of SO2, 
NOx, suspended particulate matter (SPM) and respirable particulate matter (RPM) were 
estimated. In the case of carbon monoxide, in situ measurements were carried out 
simultaneously using a portable carbon monoxide monitor during the sampling of gaseous 
and particulate pollutants and both the 1- and 8-hour averages of the concentrations were 
calculated. The micro-meteorological parameters that could determine the degree of pollution 
such as temperature, relative humidity, wind speed and wind direction were also monitored 
simultaneously during sampling. The ambient concentrations of NOx were predicted at the 
Kudankulam sampling station and the SO2 levels were predicted at the Tuticorin sampling 
station by using the AERMOD model. For calculating the concentration seasonally, the 
seasons of the year were classified into ‘post-monsoon’ (January, February and March), 
‘summer’ (April, May and June), ‘pre-monsoon’ (July, August and September) and 
‘monsoon’ (October, November and December).  

 
The highest and lowest concentrations of all the pollutants were recorded at Tuticorin 

and Alwarkurichi, respectively, whereas concentrations in between these two extremes were 
recorded at Kudankulam. On the basis of the generated data on ambient air quality at the 
sampling stations, the following findings and conclusions were drawn: 
 

1. All the pollutant concentrations in all stations were within the permissible limits set 
by Central Pollution Control Board (CPCB), India. 

2. There were no significant variations between the annual average concentrations of 
SO2, CO, SPM and RPM, except NOx, during the study period. 

3. Wind speed, one of the major meteorological parameters, influenced pollutant 
dispersion at all the sampling stations. (This was revealed by the statistical tool, 
multiple regression analysis.) 

4. Decreasing trend of NOx concentrations during the study period was observed at the 
sampling stations, which might be attributed to atmospheric scavenging processes and 
relatively higher conversion rates of NOx. 

5. SO2 concentrations were found to be lower in the winter. This could be due to the 
higher relative humidity and lower mixing height, resulting in the catalytic oxidation 
of SO2 into SO4, particularly in Kudankulam and Tuticorin which are located in the 
proximity of sea that could supply catalysts for the rapid progress of oxidation. 

6. An increasing trend of CO concentrations was observed. As there were no significant 
variations in the source strength of this pollutant during the study period, the recorded 
increasing trend might be attributed to the lower conversion rates and unfavourable 
meteorological conditions. 

7. Relatively higher RPM concentrations were observed in the summer periods. This 
might be attributed to the weather conditions associated with the prolonged severe 
drought, high temperatures and long hours of intense sunlight which result in the 
occurrence of photochemical reactions, thereby producing photochemical oxidants to 
increase the concentration of respirable particulate matter (RPM) in the atmosphere. 

8. The suspended particulate matter (SPM) concentrations were found to be relatively 
lower in the monsoon and post-monsoon seasons during the study period. This was 
due to the presence of higher relative humidity in these seasons which could make the 
particulates coagulate and become heavier, thereby helping in quick settling. Besides 
this effect, sufficient moisture content could reduce airborne dust due to wind 
turbulences. 

9. As regards air quality, Alwarkurichi ranks first with less pollutant concentrations 
followed by Kudankulam and Tuticorin. In fact, Tuticorin recorded higher pollutant 



 

concentrations due to the operation of thermal power plant, major industries and other 
associated activities. Alwarkurichi has the lowest concentrations due to the presence 
of limited number of automobiles and lack of major industrial units. 

There were reasonable indices of agreement between predicted and observed concentrations, 
which were revealed by the model validation study conducted at Kudankulam and Tuticorin. 

DEMOGRAPHY AND HEALTH STATUS SURVEY 

A baseline demographic survey was conducted from November 2004 to November 
2007. This survey was conducted in 51 out of 88 villages situated within 30 km radius of the 
Kudankulam Nuclear Power Project site. Of the 51 settlements, nine are coastal villages 
engaged in fishing and allied activities. Of the total 37,220 households of these settlements, 
3007 households (8% of the total) were chosen at random. The total sample population is 
represented more by adults. The sex ratio (total number of females per 1000 males) of the 
sample population is 973, which is comparatively lesser than the sex ratio (987) at the state 
level and higher than the national level (933) according to the 2001 census. The average 
household size (5.7) in the sample settlements surveyed is higher than the average household 
size at the state level (4.3) and that at the national level (5.3). A considerable number of 
people in the sample settlements were casual labourers. Beedi making by women is an 
important secondary occupation in the households surveyed. In some households, women are 
the potential earners rather than men. The average monthly income of households is Rs. 
3653. The literacy rate of the sample population (92.4%) is significantly higher than the 
literacy rate at state level (73.5%) and that at the national level (64.8%). 

 
Rice is the staple food for the majority of the people. Of the 17,246 people surveyed, 

16,103 people belonging to 2891 households (96.1%) are non-vegetarians. Consumption of 
fish by fisherfolk is much higher than that of others, whereas others consume more mutton. 
The majority (65%) of the households use bore water, nearly one-fifth of them (18.3%) use 
river water, 9.8% of them use open well water and 6.9% of them use pond water. A 
significant proportion (40.7%) of them live in tiled houses. The sanitary condition is 
‘satisfactory’ in more than one-third (36.9%) of households, but is ‘poor’ in the same 
proportion (32.6%) of households. Around 30.5% of households have ‘good’ sanitary 
condition.    

 
A total of 49,783 people were surveyed for health status and found to be free from 

diseases. Screening in medical camps revealed that there were 20 Down’s syndrome patients, 
172 polio patients, 136 cancer patients, 48 goitre patients, 24 congenital anomaly patients, 
502 diabetic patients and 53 deaf-mute patients. Of 20,567 people, 17,264 (83.9%) prefer 
Allopathic treatment. The proportion of those preferring Ayurvedic (4.2%), Homeopathy 
(2.9%) and Siddha (3.3%) treatment is rather insignificant.  

 
More people in the age group of 41–60 than their counterparts in other age groups are 

affected by cancer. More than half the cancer patients (59.6%) are females. Especially, more 
men are affected by cheek cancer than women. The reason is that more men than women use 
betel leaves – at least four or five times a day. The major types of cancer observed in females 
are uterus cancer, cheek cancer and breast cancer. The proportions of cancer patients to the 
population of inland and coastal settlements are almost the same. It is therefore understood 
that the locations of human settlement have nothing to do with the development of cancer. 
Goitre patients are more in the age group of 26–40 than those in other age groups. However, 



 

women are more affected by this disease than men. The incidence is higher in coastal 
settlements than in inland settlements. Nearly half the mental retardation cases are in the 0–
14 age group. Men are more prone to this than women. The data also show that it is more 
prevalent in inland settlements than in coastal settlements. The number of cases with 
congenital anomalies in sample coastal settlements is equal to the number of such cases in 
inland settlements. Nevertheless, more men suffer from such anomalies than women.  
 

NATURAL RADIATION EXPOSURE AND ITS CHARACTERIZATION 

 
 The study has covered the following aspects in villages within 30 km radius of 

Kudankulam: 
 

1. Estimation of primordial radionuclides in sand samples collected along the beaches 
and measurement of external gamma radiation. 

2. Primordial radionuclides in soil samples collected from all the five taluks within 30 
km radius of KKNPP and the associated background gamma dose. 

3. Indoor gamma radiation measurement using thermoluminescent detectors (TLDs) in 
different types of dwellings spread throughout the five taluks. 

4. Measurement of the concentration of indoor radon, thoron and their progeny in 
different types of dwelling spread throughout the five taluks using solid-state nuclear 
track detectors (SSNTD)-based passive detection technique. 

5. Dissolved radon measurements in drinking water. 
 

 

Radioactivity in Soil  

 
Soil samples (470) were collected around the KKNPP site and activity levels of 

primordial radionuclides (
232

Th, 
238

U and 
40

K) measured using NaI (Tl) gamma ray 
spectrometer. In soil samples, 232Th activity varied between 18.4 and 2181.6 Bq kg-1 with a 
mean of 148.1 Bq kg-1 while 238U and 40K were found to be in the range of below detectable 
limit (BDL) (8.5 Bq kg

-1
)–453.7 Bq kg

-1
 and BDL (13.2 Bq kg

-1
)–1713.2 Bq kg

-1
 

respectively, with a mean of 29.9 and 238.8 Bq kg-1 respectively.  
 

Indoor Gamma Dose 
 
Throughout the surrounding areas of Kudankulam, 341 houses were surveyed for 

indoor gamma radiation estimation. CaSO4:Dy phosphor was used for the measurements. 
Indoor gamma radiation was monitored on a quarterly basis covering all the seasons of the 
year. Higher values of indoor gamma radiation were recorded in the seashore villages where 
the activity level of primordial radionuclides was found to be high. The annual effective dose 
due to indoor gamma radiation around KKNPP site was estimated to be 1.18 mSv.    

 

 

Radon, Thoron and their Progeny 
 
Two hundred and fifty houses were randomly selected for measuring the radon, 

thoron and their progeny concentration around the Kudankulam Nuclear Power Project site. 
222

Rn level was found to vary from BDL to 110.9 Bq m
-3

 in all seasons, with a mean of 26 Bq 
m-3. The 220Rn level was found to vary between BDL and 116 Bq m-3, with a mean of 17.6 Bq 
m-3. The equilibrium factor for 222Rn and its progeny varied from 0.01 to 0.71 while that for 



 

220Rn varied from 0.001 to 0.39. The estimated average effective dose rate due to these 
radionuclides using UNSCEAR 2000 conversion factors is 0.62 mSv yr-1.  

 

Dissolved Radon in Drinking Water 
 
One hundred and eighteen drinking water samples were collected from different 

sources such as open well, bore well, pond, river and tap around the KKNPP site. The overall 
dissolved 222Rn level estimated varied from BDL (<26 mBq L-1) to 13,740 mBq L-1. In 
general, drinking water samples collected from borewell water sources displayed 
significantly higher levels of dissolved 222Rn when compared to that from other sources. The 
highest concentration of 

222
Rn was found in the bore well sample collected from 

Dharmapuram in Agastheeswaram taluk. Only this sample was found to have higher 
dissolved 222Rn concentration than that of US EPA’s proposed maximum contaminant level 
of 11 Bq L

-1
. The maximum ingestion dose (annual effective dose) due to 

222
Rn dissolved in 

water in the study area was calculated to be 52.7 µSv year-1, considering that an average adult 
consumes 3 L of water per day. 

 

BASELINE RADIOACTIVITY AND TRACE ELEMENTS 
 
 Seawater, seafood and seaweed samples from coastal villages located within a radius 
of 30 km of KKNPP site were analysed for 

137
Cs, 

90
Sr and 

3
H. 

137
Cs activity ranged from 0.6 

to 1.67 mBq L-1 in sea water. In fishes, 137Cs level ranged from BDL (≤0.04) to 0.22 Bq kg-1 
fresh weight (f.w.). In general, pelagic fishes concentrated more 137Cs followed by demersal, 
bathypelagic and reef-associated ones. Carnivorous fishes concentrated more radioactive 
elements than herbivores and detritivores. In other seafood, the activity of 137Cs and 90Sr was 
below detectable limit (≤0.04 and ≤0.13 Bq kg-1 f.w. respectively). 3H and 90Sr were also 
BDL in all the seawater samples. Offshore samples collected up to 10 km from the KKNPP 
site showed 

137
Cs to be within the same range as that of coastline seawater samples. 

137
Cs and 

90Sr were BDL in all the seaweeds. The activity of the fallout nuclides 137Cs and 90Sr was 
BDL (≤0.4 and 1 mBq L-1) in samples collected from open well and bore well samples. 
  
 40K in fishes ranged from 34.2 to 360.7 Bq kg-1 f.w. The highest concentration was 
observed in the wolf herring, Chirocentrus dorab and Sphyraena barracuda followed by the 
Indian mackerel, Rastrelliger kanagurta. The benthic cat fish, Arius sp. was the lowest 
accumulator among all the species.

 228
Ra in fishes varied from BDL (≤0.12) to 2.72 Bq kg

-1 

f.w. In fin fishes, the highest activity was observed in the demersal lizard fish, Saurida tumbil. 
In the brown mussel, Perna indica the activity ranged from 1.96 to 6.42 Bq kg-1 f.w. In the 
three-spot crab, Portunus sanguinolentus it ranged from 0.52 to 0.72 Bq kg

-1
 f.w. in the soft 

tissue. In the prawn Fenneropenaeus indicus it ranged from BDL (≤ 0.12) to 0.63 Bq kg-1 f.w. 
in the soft tissue. The vast variation in radioactivity levels in a single species may be due to 
age, sex, reproductive stage and other environmental factors.

 226
Ra in the fishes around 

Kudankulam ranged from BDL (≤0.06) to 0.27 Bq kg
-1

 f.w. The highest activity was observed 
in the sting ray, Trygon sp. followed by the sardine, Sardinella longiceps. In most of the 
samples the activity was BDL. In Perna indica it ranged from 0.09 to 0.43 Bq kg-1 f.w. in the 
soft tissue. The difference in activity may be due to the variation in metabolic rate, feeding 
behaviour and other environmental parameters. 
 

In seawater, 
210

Po activity was 1.1 mBq L
-1

 in offshore and 1.2 mBq L
-1

 in coastline 
waters. In fishes and molluscs the 210Po concentration ranged from 1.2 to 63.3 and 0.87 to 
227.5 Bq kg-1 f.w. respectively. 



 

 In seaweeds 40K was found to be higher in the group Phaeophyta (brown algae) 
compared to Chlorophyta (green algae), Rhodophyta (red algae) and sea grass. The activity 
ranged from 2850.8 to 3370.9 Bq kg-1 dry weight (d.w.) for Gracilaria sp. and from 424.4 to 
2941.5 Bq kg

-1
 d.w. for Sargassum wightii. 

40
K was found to be a little higher in pelagic 

fishes when compared to others. 40K activity was less in other seafood compared to fishes. 

 Of the vegetables, bitter gourd concentrated more 40K followed by cluster beans, 
drumstick and chilly in the non-leafy category. Drumstick concentrated more 

228
Ra (0.37–

1.15 Bq kg-1 f.w.) when compared to other non-leafy vegetables. Of the leafy vegetables, 
spinach (Arai keerai) was found to accumulate more 228Ra (0.5–2.5 Bq kg-1 f.w.). Of the 
tubers, tapioca concentrated radium and potassium similar to gourds. In radish, the 
concentration of radium was very low. Of the fruits, banana was found to accumulate more 
40K and 228Ra, whereas in other fruits there was not much variation in the activity 
concentration. Palmyra concentrated more 

40
K, with an activity range of 61.3–158.6 Bq kg

-1
 

f.w., whereas in coconut it ranged from 16.8 to 107.4 Bq kg
-1

 f.w. 
228

Ra and 
226

Ra were found 
in similar concentrations in both coconut and palmyra cotyledon. Of the cereals, maize 
concentrated more 40K (92.0–126.7 Bq kg-1 f.w.) compared to ragi and rice. The activity level 
of 

40
K in rice was lower (27.07–94.7 Bq kg

-1
 f.w.).  

 Of the pulses, black gram concentrated more 40K followed by green gram, brown 
gram and groundnut. In eggs of country fowls, the activity concentration of 40K ranged from 
23.9 to 54 Bq kg

-1
 f.w., whereas in the eggs of leghorn fowls, the activity ranged from 30.16 

to 45.8 Bq kg-1 f.w. In milk, 40K activity ranged from 11.4 to 68.8 Bq L-1 whereas 228Ra and 
226Ra activities ranged from BDL (≤0.07) to 0.17 and BDL (≤0.04) to 0.2 Bq L-1, 
respectively. In mutton, higher 

40
K activity was observed (63.5–88.07 Bq kg

-1
 f.w.) whereas 

it was BDL (≤0.08) for 228Ra and from BDL (≤0.04) to 0.12 Bq kg-1 f.w. for 226Ra. In the 
meat of country chicken, 40K activity ranged between 52.0 and 73.9 Bq kg-1 f.w. In beef, 40K 
activity was lower when compared with that of other meat samples. In food items commonly 
consumed during breakfast and lunch, 

40
K activity was found to be a little higher than those 

used for whole-day meals. The activity concentrations of other natural radionuclides were at 
BDL. Of the grasses, rice straw registered the highest 40K activity (600.5–1294.9 Bq kg-1 
d.w.). Cattle grass showed high 

228
Ra (1.57–25 Bq kg

-1
 d.w.) and 

226
Ra activity (0.19–3.25 Bq 

kg-1 d.w.).  

 The major and trace elements considered in the study area were Ca, K, Mg, Cu, Zn, 
Mn, Ni, Cr, Co, Cd, Pb, Fe and Sr. The heavy metal Zn was concentrated in vegetables, 
fruits, milk and grass, whereas Pb and Cd were very low. Pb and Cd were within the limits 
prescribed by the European Union (EU) and the European Commission (EC). Concentrations 
of Pb and Cd were found to be comparatively higher in fin fish and shell fish samples 
compared with that in terrestrial food produce. Seaweeds concentrated more Fe, Mn, Pb and 
Cd. In fishes, Cu, Zn and Fe were found to be higher while Co and Pb were at very low 
levels. Crustaceans accumulated more Zn compared to fin fishes in the study area. In marine 
offshore sediments, Fe, Mn, Ni and Cr concentrations were higher when compared with that 
of other elements.   

 
 The level of stable elements in the environmental samples around Kudankulam is very 
low and within the limits prescribed by EU and EC. There is no risk at present in consuming 
all the edible items around Kudankulam, as there are no artificial inputs in the present area. 
Among the natural radionuclides, 210Po was found in slightly elevated levels in marine food 
items. It would be of interest to know whether exposure of organisms to high natural 



 

radiation doses would favour the development of radiation resistance in the longer term and 
whether a wide range in natural radiation regime implies a wide range of radiosensitivity. 
 

CONCLUDING REMARKS 
 

Before the start of the Kudankulam Nuclear Power Station, data regarding the 
population living in the neighbourhood of the Project Site and various environmental 
parameters have been recorded. Importantly, the radioactive elements present in the natural 
environment and the annual radiation dose received by the people due to natural radioactivity 
have been accurately measured. Baseline data on terrestrial and aquatic resources and air and 
their pollutants (including natural radionuclides) were collected. Details regarding the people 
of the region (their population structure, income and diseases prevalent) were gathered. 
Moreover, the status of coral reefs near the site was also studied. If any doubts arise that the 
population or environment might have been affected due to the operation of the nuclear 
power plant in the future, then the data can be compared with the baseline values and clear 
conclusions can be arrived at. That all these baseline data have been collected and collated by 
experts of various educational institutions situated in the region should be reassuring to the 
common man. 
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STUDIES OF AQUATIC RESOURCES 

Introduction  

Water, the most precious resource on the Earth, is essential for life. India is endowed 
with a network of rivers and other aquatic resources; unfortunately, there is a mismatch 
between the available natural resources and the population to be supported. Due to the rapid 
increase in the population of the country and the need to meet the increasing demand of 
irrigation, human and industrial consumption, the water resources in the country are getting 
depleted and the water quality has also deteriorated. As per international norms, our country 
is water-stressed (<1700 m3 per capita per year) and is likely to be water-scarce (<1000 m3 

per capita per year) by 2050. Quality of water is as important as its quantity. It is essential to 
determine the present status of groundwater on the basis of its quality and thus its suitability 
for two major purposes, viz. drinking and irrigation. Kudankulam Nuclear Power Project, an 
Indo-Russian joint venture, when completed, will become the largest nuclear power 
generation complex in the country. Hence the present study had the objective of evaluating 
the hydro-chemical constituents of aquatic resources; and the water samples were collected 
from 52 selected villages around the Kudankulam Nuclear Power Project area. 

Objectives 

� To study the physico-chemical, radiological and pathological quality of aquatic 
resources in 52 villages around KKNPP site covering 30 km radius. 

� To examine the suitability of water samples for drinking and irrigational purposes.  

Materials and Methods 

 

Description of the Study Area 
 

The study area covered around 30 km radius of KKNPP site, in which 52 sampling 
locations were selected for collecting water samples. The study area is of approximately 1350 

km2, lying between latitudes 8°5′ and 8°28′N and longitudes 77°28′ and 77°57′E. The 
sampling locations of the study area are shown in Fig. 1.1. 

 

Sampling 
 

The selected sampling locations were divided into two zones: North and Northeast (1st 
zone) and West and Southwest (2nd zone). At the first stage, 38 sampling stations from 26 
sampling locations of the 1

st
 zone were identified to collect water samples and analyses were 

performed from Feb. 2005 to Jan. 2006 at monthly intervals. At the second stage, 42 
sampling stations from 26 locations of 2nd zone were identified to collect water samples and 
analyses were performed from Feb. 2006 to Jan. 2007 at monthly intervals. Altogether, 



 

sampling and analyses were performed in 80 sampling stations around Kudankulam site 
covering 30 km radius involving 25 bore wells meant for drinking purposes (drinking water 
samples), 19 bore wells meant for domestic purposes (bore well water samples), besides 13 
open wells, 20 ponds, 1 dam water, 1 river water and 1 reverse osmosis plant. Totally, 910 
water samples were collected and analysed in the present study.  

 
Legends 

1. Vairavikinaru   14. Navvaladi            27.Nakkaneri  40.Kavalkinaru  

2. Idinthakarai  15. Samugarangapuram   28.Erukkenthurai  41.Kanyakumari 
3. Vijayapathi  16. Kundal              29.KKNPP Township 42.Kottaram 
4. Thomasmandapam 17. Kottaikarunkulam 30.Chettikulam  43.Agasteeswaram 

5. Sriranganarayanapuram 18. Kallikulam  31.Thanakkarkulam 44.Panagudi 
6. Arasankulam  19. Mittatharkulam 32.Ramalingapuram 45.Aralvoimozhi 

7. Parameshwarapuram 20. Nambiar Dam  33.Vadakkankulam 46.Thovalai 
8. Udhayathur  21. Madapuram  34.Levingipuram  47.Ethankadu 
9. Koothankuzhi  22. Tisayanvilai  35.Pazhavoor  48.Thamaraikulam 
10. Ulagaratchagapuram 23. Idayankudi  36.Anjugramam  49.Pazhaiyar 
11. Radhapuram  24. Uvari  37.Veppilankulam 50.Suchindrum 

12. Thiruvambalapuram 25. Valliyoor  38.Azhagappapuram 51.Vellamadam 
13. Murugananthapuram 26. Kuttam  39.Arogyapuram  52.Nagercoil 

  Fig 1.1. 



 

Analytical Methodology 

Sampling and analyses were performed using standard methods.  

 

 

Parameters     Method of Analysis 
Alkalinity Acid titration method 

Total Hardness and Calcium EDTA titration method 

Magnesium EDTA titration method (By calculation) 
Chloride Argentometric titration method 

Sulphate Turbidity spectrophotometric method 

Fluoride SPADNS spectrophotometric method 

Nitrate Brucine Sulphate spectrophotometric method 

Nitrite Diazotisation spectrophotometric method 
Phosphate Stannous chloride spectrophotometric method 
Silicate Molybdosilicate spectrophotometric method 

Ammonia and Total Organic Nitrogen Kjeldahl titration method 
Dissolved Oxygen and BOD Winkler’s method 

Chemical Oxygen Demand Reflux titration method 

Total and Faecal Coliforms Most Probable Number (MPN) method 

E. coli, Salmonella sp. and Shigella sp. Standard Plate Count Technique by specific media 

Sodium and Potassium Flame photometric method 

Trace elements (Fe, Cu, Mn, Ni, Zn, Pb, Co, 
Cr, Cd and Sr) 

Atomic Absorption Spectrophotometric method 

Gross α activity Chemical separation method and counted in alpha 
counter 

Gross β activity Chemical separation method and counted in Geiger-
Muller counter 

 

Accuracy of Analysis and Quality Assurance 

The analytical error of the experiment was checked by the Ionic Balance Error (IBE) 
method. Some of the analyses were cross-checked with Environmental Survey Laboratory, 

KKNPP for quality assurance, and the values were acceptable with a variation of ±10%. 

 

Evaluation of Hydro-chemical Facies 

The hydro-chemical facies of groundwater can be understood by plotting the 
concentrations of major cations and anions in the Piper tri-linear diagram.  

 

Drinking Water Suitability by Fuzzy Synthetic Evaluation (FSE) 

Fuzzy Synthetic Evaluation (FSE) is suited to make decisions in complex systems 
using fuzzy set theory when the context of the problem is often unclear. The concept of fuzzy 
sets describing imprecision or vagueness was introduced by Zadeh and has been applied 
throughout the world in decision-making and evaluation processes in imprecise 
environments. Eleven important parameters namely pH, electrical conductivity (EC), 
alkalinity, total hardness (TH), chloride, calcium, magnesium, sodium, sulphate, nitrate and 



 

fluoride were considered for the FSE approach. They were divided into three categories on 
the basis of expert perception of their importance with respect to drinking water 
classification: pH, EC, sodium and chloride were kept in the first group; calcium, 
magnesium, alkalinity and TH were categorized in the second group; and fluoride, sulphate 
and nitrate in the third group.  
 

Fuzzy set theory may be regarded as a generalization of classical set theory. FSE 
involves three important concepts: membership functions, logical operations, and inference 
if-then rules.  The membership functions represent the degree or weightage that the specified 
value belongs to the set. Based on expert judgment and limits prescribed by Bureau of Indian 
Standards and World Health Organization, fuzzy membership functions were designed for 11 
important parameters. The problem of water quality classification was approached by using a 
combination of designed fuzzy membership functions with fuzzy inference rules and fuzzy 
operations. In the FSE method, a total of 42 rules were framed to assess the drinking water 
quality of the groundwater samples in this study. A sample rule designed on the basis of 
expert knowledge for the physico-chemical water quality parameters in group one is given as 
follows: 

 
Rule 1: If pH is acceptable; EC is desirable; Chloride is desirable; Sodium is acceptable;  

Then: Groundwater sample quality is desirable for drinking purpose 

Results from all the three groups were aggregated to assess the final classification of 
water. A total of 12 rules were framed for the assessment of water quality using FSE on the 
output of the first, second and third groups. A sample rule is given as follows:  
 

Rule 1: If Group One quality is acceptable; Group Two quality is acceptable; Group Three 
quality is acceptable. Then: Groundwater quality is acceptable for drinking purpose 

 
Expert judgment-based rules were framed using the Mamdani implication of max.-

min. fuzzy operators and using Mean of Maximum (MOM) defuzzification method. While 
applying these rules in a max.-min. operator, the minimum value from each rule is taken and 
stored in a group using fuzzy min. operator. Choosing the maximum value from that group 
gives the belongingness of that water sample quality to the specific category. Finally, the 
values were defuzzified using the MOM defuzzification method. 

Irrigational Water Suitability 

The suitability of an aquatic resource for irrigational purpose depends upon its 
mineral constituents. The general criteria for judging quality are: (i) electrical conductivity 
(EC); (ii) relative proportion of sodium to other principal cations as expressed by sodium 
absorption ratio (SAR) and per cent sodium (Na%) and (iii) bicarbonate expressed as residual 
sodium carbonate (RSC). 

Sodium Absorption Ratio (SAR) and Electrical Conductance (EC) 

The US Salinity Laboratory (USSL) diagram was adopted for finding out the 
suitability of suitability of ground water for irrigation, based on SAR and EC. 
 

 

 
 



 

Sodium Percentage (Na%) and Electrical Conductance (EC) 

Wilcox classified groundwater for irrigational purposes based on EC and Na% using 
Wilcox diagram.  

 
 
 
 
 

 where the concentrations are reported in meq/l. 

 

Residual Sodium Carbonate (RSC) 

 
In addition to SAR and Na%, the excess sum of carbonate and bicarbonate in water 

over the sum of calcium and magnesium also makes aquatic resources unsuitable for 
irrigation, which is calculated as follows:  

   

 

 
where the concentrations are reported in meq/l. 

 

Statistical Analysis 

The analytical data were statistically analysed with the help of softwares such as MS 
Excel and SPSS (11

th
 version). Minimum, maximum, mean, standard deviation and 

correlation co-efficient values were calculated for each of the parameters. 

Results and Discussion 

Analytical Results 

The analytical results of physico-chemical constituents for drinking, bore well, open 
well, RO and pond water samples are summarized with statistical measures in Tables 1.1 and 
1.2.  

Physical Parameters 

Most of the water samples exhibited temperature in the range of 30–32°C. Based on 
the turbidity values, 16% of bore well water and 42% of pond water samples have high 
turbidity (5 to 100 NTU) and very high turbidity (100–1000 NTU) was also observed in 18% 
of pond water samples. The highly turbid water may pose health risk as excessive turbidity 
can protect pathogenic microorganisms from the effects of disinfectants and also stimulate 
the growth of bacteria during storage. Most of the water samples were alkaline in nature 
while some pond water samples were slightly acidic to more alkaline; 3.5% of samples 
exceeded the permissible limit as regards alkalinity/acidity. According to EC values, all the 
pond water samples and reverse osmosis (RO) water sample were ‘desirable’ (<1 mS cm

-1
) 

and about 20% of drinking water, 20% of bore well and 28% of open well water samples 
were ‘unsuitable’ for drinking purposes. High EC can impair the potability of water. 

 
Chemical Parameters 

Alkalinity data reveal that most of the water samples in the study area are ‘desirable’ 
for drinking and some of the samples were in the ‘acceptable’ range (200-600 mg L

-1
). 

 

 



 

Perusal of hardness values, 13% of drinking water, 21% of bore well water and 25% of open 
well water samples were ‘unacceptable’ for drinking which as they exceeded the maximum 
allowable drinking water guideline limit (>600 mg L-1). Higher total hardness does not cause 
any adverse effect on humans. In contrast, epidemiological studies suggest that higher total 
hardness in drinking water may protect humans against heart diseases. However, the available 
data are inadequate to prove any causal association. Based on the values of calcium and 
magnesium, 11% of drinking water, 15% of bore well water and 10% of open well water 
samples exceeded the maximum allowable limit of calcium (>200 mg L-1) and 6% of 
drinking water, 13% of bore well water and 11% open well water samples exceeded the 
maximum allowable limit of magnesium (>100 mg L-1). All pond water samples and the RO 
water sample were ‘desirable’ for drinking purpose. The higher concentrations of calcium 
and magnesium can only alter the taste of the water. 

The data on sodium values obtained in the study area revealed that about half of 
drinking, bore and open well water samples exceeded the permissible drinking water 
guideline limit (>200 mg L-1). Sodium concentration in excess of 200 mg L-1 may give rise to 
unacceptable taste. Potassium was also found in significant concentrations in the water 
samples of the study area (Tables 1.2 and 1.3). From the present investigation on chloride, 
44% of drinking water, 15% of bore well water samples and 28% of open well water samples 
were ‘unacceptable’ for drinking purposes (>1000 mg L-1). 

According to the fluoride profile of the water samples, about 28% of drinking water 
and 20% of bore well water samples were acceptable for drinking purposes (1-1.5 mg L-1) 
and 18% of drinking and 17% of bore well water samples were ‘unacceptable’ for drinking 
purposes (>1.5 mg L-1) and remaining water samples were ‘desirable’ for drinking purposes. 
From the present investigation, Pazhavoor and Vellamadam drinking water samples and 
Kavalkinaru bore water sample were found to have fluoride levels above ‘acceptable’ limits 
(annual mean values are 1.60, 1.72 and 1.69 mg L-1 respectively), implying that they are not 
acceptable for drinking purposes. Epidemiological evidences imply that fluoride 
concentrations in excess of 1.0 mg L-1 carry an increased risk of dental fluorosis and 
progressively higher concentrations (>1.5 mg L-1) lead to increased risk of skeletal fluorosis. 
This also correlates with the occurrence of fluorosis in these villages, as revealed from the 
epidemiological survey. From the data on sulphate profile we infer that all the water samples 
were ‘desirable’ (<250 mg L-1) for drinking. Based on nitrate-nitrogen and nitrite-nitrogen 
values, all the water samples were well within the permissible limit of drinking water 
guideline value.  

Ammoniacal nitrogen, total organic nitrogen and phosphate content in most of the 
water samples are found to be low and in some samples they were negligible in 
concentrations (Tables 1.1 and 1.2). The water samples in the study area have considerable 
concentrations of silica. The RO water sample showed low silicate content, with an annual 
mean of 2.46 mg L-1. 

With respect to DO values, only 23% of pond water samples were below the limit of 
4 mg L-1 for aquatic life. The data obtained revealed that Thamaraikulam and Suchindrum 
pond water samples had low dissolved oxygen level with annual mean of 2.09 and 2.12 mg L-

1
, respectively, possibly due to organic pollution; this may lead to hypoxic conditions, which 

will prove detrimental for aquatic life. 



 

TABLE 1.1  
PHYSICO-CHEMICAL CONSTITUENTS OF DRINKING, BORE WELL AND OPEN WELL WATER SAMPLES AROUND KKNPP SITE 

No. Parameters Unit 
Drinking water samples (n = 299) Bore well water samples (n = 227) Open well water samples (n =155) 

Min. Max. GM GSD Min. Max. GM GSD Min. Max. GM GSD 

1 Temperature o C 27.00 36.00 31.28 1.06 27.00 36.00 31.38 1.06 26.00 34.00 30.42 1.06 

2 Turbidity NTU 0.05 14.69 0.57 2.47 0.07 90.80 1.37 4.95 0.14 8.07 0.55 2.17 

3 pH - 6.80 8.76 7.87 1.06 6.50 8.96 7.77 1.08 6.60 8.60 7.78 1.05 

4 EC  mS cm-

1 
0.18 5.74 1.37 2.39 0.27 19.86 1.41 2.56 0.35 9.48 1.96 2.35 

5 Alkalinity  mg l-1 10.40 328.00 92.71 1.80 7.60 342.04 104.78 1.75 15.00 206.40 83.24 1.46 

6 TH  mg l-1 13.73 1872.36 188.28 2.95 31.32 2390.59 242.82 2.79 44.74 1889.24 212.00 2.87 

7 Ca2+  mg l-1 1.96 389.12 32.53 3.06 6.24 598.72 56.19 2.85 6.34 486.08 47.87 2.98 

8 Mg2+ mg l-1 1.58 297.24 19.10 3.11 0.53 328.38 21.21 3.23 3.95 259.91 21.29 2.92 

9 Na+ mg l-1 14.20 1062.23 180.49 2.64 19.70 4881.00 168.60 2.99 27.02 1561.00 247.93 2.47 

10 K+ mg l-1 0.10 130.70 6.51 4.36 0.10 289.40 5.15 5.19 0.30 200.50 26.15 3.81 

11 Cl-  mg l-1 22.32 1922.81 317.97 2.91 56.72 9937.10 316.96 3.26 62.39 3340.00 540.73 2.70 

12 F- 
#
 mg l-1 0.11 2.51 0.87 1.82 0.10 2.05 0.74 1.93 0.31 1.24 0.81 0.22 

13 SO4
2-  mg l-1 0.15 239.67 46.03 2.96 8.77 201.63 55.05 2.10 7.30 191.77 55.39 2.08 

14 PO4
3--P mg l-1 0.002 0.981 0.067 3.26 0.003 0.337 0.046 3.00 0.004 0.690 0.136 2.85 

15 SiO2  mg l-1 0.35 162.34 61.56 1.80 10.91 163.76 63.43 1.66 21.82 160.95 86.39 29.08 

16 NO3
-- N mg l-1 0.04 5.86 1.22 2.63 0.01 5.70 0.82 3.17 0.04 5.86 1.23 2.22 

17 NO2
- -N µg l-1 0.10 96.25 9.50 3.83 0.12 381.00 7.94 5.90 1.42 158.30 28.05 2.61 

18 NH4
+-N  µg l-1 0.70 35.33 4.85 3.42 1.02 45.89 9.92 3.33 1.19 92.66 6.87 3.64 

19 TON  mg l-1 0.03 10.40 1.27 2.87 0.05 14.56 1.54 2.53 0.27 14.24 1.65 2.59 

20 DO  mg l-1 1.60 9.20 6.33 1.29 0.96 8.40 3.62 1.61 0.89 8.40 4.47 1.63 

21 BOD  mg l-1 0.21 5.26 1.09 1.89 0.13 7.59 1.11 2.07 0.32 10.25 1.94 2.01 

22 COD  mg l-1 0.40 20.80 4.40 1.84 0.40 23.20 4.54 2.03 1.20 28.28 8.13 1.90 

GM – Geometric Mean, GSD – Geometric Standard Deviation, # - No. of samples for fluoride – 132 for drinking and 143 for bore well water 



 

TABLE 1.2 
PHYSICO-CHEMICAL CONSTITUENTS OF POND AND RO WATER SAMPLES 

COLLECTED AROUND KKNPP SITE WITH STATISTICAL MEASURES 

 

 
No. 

Parameters Unit 
Pond water samples (n = 217) RO water sample (n = 12) 

Min. Max. GM GSD Min. Max. Mean SD 

1 Temperature o C 25.00 36.00 29.90 1.09 27.00 33.00 31.00 1.86 

2 Turbidity NTU 0.29 949.00 9.59 8.52 0.13 0.79 0.40 0.20 

3 pH - 6.32 9.80 8.17 1.07 7.54 8.13 7.78 0.16 

4 EC  mS cm-

1 

0.02 1.47 0.25 2.35 0.61 0.75 0.67 0.04 

5 Alkalinity  mg l-1 7.20 143.50 41.11 1.73 9.60 22.30 17.30 3.88 

6 TH  mg l-1 14.44 260.81 59.53 2.04 23.48 60.01 39.39 9.53 

7 Ca2+  mg l-1 2.16 52.80 14.21 2.20 7.68 14.56 10.33 2.05 

8 Mg2+ mg l-1 0.08 36.16 4.89 2.45 0.43 9.72 3.30 2.63 

9 Na+ mg l-1 2.00 230.80 25.22 2.82 142.05 182.40 158.98 10.42 

10 K+ mg l-1 0.30 52.50 3.24 2.92 2.00 6.70 3.72 1.65 

11 Cl-  mg l-1 5.38 303.32 59.15 2.24 224.04 296.98 258.02 22.92 

12 F- 
#
 mg l-1 0.02 1.33 0.34 2.14 0.07 0.29 0.11 0.06 

13 SO4
2-  mg l-1 0.12 97.23 9.10 3.21 0.13 3.01 0.90 0.80 

14 PO4
3--P mg l-1 0.004 4.012 0.161 2.79 0.02 0.39 0.06 0.10 

15 SiO2  mg l-1 3.13 262.84 18.90 2.27 0.81 10.53 2.46 2.64 

16 NO3
-- N mg l-1 0.005 2.19 0.19 3.84 0.01 0.51 0.09 0.13 

17 NO2
- -N µg l-1 0.24 310.75 15.51 4.41 0.02 6.77 1.71 1.75 

18 NH4
+-N  µg l-1 2.23 101.31 31.20 1.89 5.47 8.56 7.01 0.99 

19 TON  mg l-1 0.62 25.63 6.20 1.68 0.36 1.25 0.68 0.32 

20 DO  mg l-1 0.40 10.84 5.18 1.87 4.00 8.56 7.52 1.25 

21 BOD  mg l-1 0.35 22.08 2.85 1.95 0.40 2.63 1.17 0.65 

22 COD  mg l-1 2.00 57.73 9.96 1.82 2.00 9.60 5.61 2.73 

GM – Geometric Mean, GSD – Geometric Standard Deviation, # - No. of samples for fluoride  

The data on biological oxygen demand (BOD) and chemical oxygen demand (COD) 
levels reveal that the pond water samples exhibited high organic matter content, which got 
reflected in the high BOD and COD values which ranged from 0.35 to 22.08 mg L-1 and 2.00 
to 57.73 mg L

-1
, respectively. About 5% of drinking and bore well water samples exceeded 

the permissible limit of BOD and COD. About 54% pond water and 41% open well water 
samples exceeded the permissible limit of 10 mg L-1 COD. Among the pond water samples, 
Suchindrum pond exhibited high levels of organic load (8.45 mg L-1 of BOD and 22.83 mg L-

1
 of COD), possibly due to human activities like bathing and washing. This finding is also 

supported by the fact that this pond water samples showed very low dissolved oxygen value. 

Microbial Parameters 

The microbial results of this study indicate that 29% of drinking water samples, 90% 
of open well water samples and 74% of pond water samples have high level of coliforms, 



 

exceeding the acceptable limit (50 MPN/100 mL) for drinking water. Pond and open well 
water samples had high values of faecal coliforms and Escherichia coli followed by drinking, 
bore well and RO water samples. Salmonella sp. and Shigella sp. were also detected in most 
of the water samples in the study area. Improper management of aquatic systems and poor 
sanitary conditions may cause serious problems in microbial quality of water (Tables 1.3 and 
1.4). 

TABLE 1.3 

 MICROBIAL PARAMETERS OF DRINKING, BORE WELL AND OPEN WELL 
WATER SAMPLES COLLECTED AROUND KKNPP SITE COVERING 30 KM 

RADIUS WITH STATISTICAL MEASURES 

No. 
Para-
meters 

Unit 
Drinking water samples 

(n = 299) 
Bore well water samples 

(n = 227) 
Open well water samples 

(n =155) 
Min. Max. Mean SD Min. Max. Mean SD Min. Max. Mean SD 

1 T.coliforms MPN/100ml 0 588 75.18 118.3 0 93 8.68 13.46 9 1360 325.71 322.1 

2 F.coliforms MPN/100ml 0 460 53.61 96.88 0 43 2.46 4.09 0 1100 205.03 175.7 

3 E. coli CFU/ml 0 198 4.55 17.42 0 73 1.38 6.00 0 77 9.97 10.84 

4 Salmonella 

sp. 
CFU/ml 0 15 0.36 1.25 0 5 0.09 0.46 0 5 0.58 1.05 

5 Shigella sp. CFU/ml 0 110 12.13 15.31 0 103 6.40 12.46 0 184 25.73 30.89 

 

TABLE 1.4  

MICROBIAL PARAMETERS OF POND AND RO WATER SAMPLES COLLECTED 
AROUND KKNPP SITE COVERING 30 KM RADIUS WITH STATISTICAL 

MEASURES 

No. Parameters Unit 
Pond water samples (n = 217) RO water sample (n = 12) 

Min. Max. Mean SD Min. Max. Mean SD 

1 T. coliforms MPN/100ml 0 2400 421.81 544.76 0 4. 0.67 1.56 

2 F. coliforms MPN/100ml 0 1100 211.17 222.84 0 0 0.00 0.00 

3 E. coli CFU/ml 0 173 19.79 27.79 0 0 0.00 0.00 

4 Salmonella 

sp. 
CFU/ml 0 25 0.53 2.54 0 0 0.00 0.00 

5 Shigella sp. CFU/ml 0 188 16.01 22.23 0 1 0.08 0.29 

Trace Elemental Concentration 

In the study area, iron, manganese, zinc, lead and strontium were observed in ppm 
levels which are well within permissible limit of drinking water guideline value suggested by 
Bureau of Indian Standards and World Health Organization in all the water samples (Tables 
1.5 and 1.6). Nickel, copper, cadmium, chromium and cobalt concentrations were in ppb 
level which are also well within the permissible limits in all the water samples. Trace 



 

elemental concentrations in the study area indicated that the study area is free of industrial 
pollution. 

 

 

TABLE 1.5 
TRACE ELEMENTAL AND RADIOACTIVE CONCENTRATIONS OF POND AND RO 

WATER SAMPLES COLLECTED AROUND KKNPP SITE COVERING 30 KM 
RADIUS WITH STATISTICAL MEASURES 

 

No 
Para-

meters 
Unit MDL 

Pond water samples (n = 79) RO water sample (n = 4) 
% of 
BDL 

Min. Max. Mean SD % of 
BDL 

Min. Max. Mean SD 

1 Fe mg/l 0.02 0.00 0.021 3.894 0.216 3.926 0.00 0.05 0.13 0.08 0.034 

2 Mn  mg/l 0.003 8.86 < 0.003 0.298 0.057 0.063 100.00 - - - - 

3 Ni µg/l 0.16 13.92 < 0.160 17.660 1.454 3.158 0.00 0.36 0.67 0.55 0.138 

4 Cu µg/l 0.07 0.00 0.161 24.870 4.898 2.673 0.00 4.28 8.71 6.12 1.859 

5 Zn  mg/l 0.005 16.46 < 0.005 0.245 0.046 0.054 0.00 0.03 0.07 0.05 0.019 

6 Cd µg/l 0.18 16.46 < 0.180 1.492 0.207 4.732 0.00 0.266 1.229 0.674 0.479 

7 Cr  µg/l 0.19 12.66 < 0.190 3.665 0.693 8.995 0.00 0.566 1.233 0.834 0.291 

8 Co  µg/l 0.20 13.92 < 0.200 17.400 0.480 18.707 50.00 < 0.200 0.55 0.45 0.146 

9 Pb mg/l 0.008 46.84 < 0.008 0.054 0.009 0.008 0.00 0.031 0.035 0.034 0.0018 

10 Sr mg/l 0.12 12.66 < 0.012 1.376 0.277 0.326 0.00 0.01 0.31 0.14 0.144 

11 α Bq/l 0.01 96.20 < 0.01 0.013 - - 100.00 - - - - 

12 β Bq/l 0.1 100.00 - - - - 100.00 - - - - 

 

Radioactivity 

Gross α and gross β activity values were found to be below detection limit in most of 
the water samples and the remaining samples had these values within the desirable limit for 
drinking water purposes. 



 

TABLE 1.6  
TRACE ELEMENTAL AND RADIO ACTIVE CONCENTRATIONS OF DRINKING, BORE WELL AND OPEN WELL WATER 

SAMPLES COLLECTED AROUND KKNPP SITE COVERING 30 KM RADIUS WITH STATISTICAL MEASURES 

 

No. Parameters Unit MDL 
Drinking water samples (n = 100) Bore well water samples (n = 76) Open well water samples (52) 

% of 

BDL 

Min. Max. Mean SD % of 

BDL 

Min. Max. Mean SD % of 

BDL 

Min. Max. Mean SD 

1 Iron (Fe) mg/l 0.02 0.00 0.020 0.583 0.059 2.254 2.63 <0.020 1.024 0.180 0.250 3.85 <0.020 0.572 0.157 0.185 
2 Manganese 

(Mn) 

mg/l 0.003 13.00 <0.003 0.609 0.077 0.117 21.05 <0.003 0.678 0.059 0.124 23.08 <0.003 0.321 0.056 0.090 

3 Nickel (Ni) µg/l 0.16 13.00 <0.160 15.850 1.936 3.076 5.26 <0.160 12.590 2.186 2.699 9.62 <0.160 13.50 2.614 3.073 

4 Copper(Cu) µg/l 0.07 0.00 0.923 24.370 5.470 2.223 0.00 0.480 21.920 5.689 2.786 0.00 1.197 15.53 5.794 1.762 

5 Zinc (Zn) mg/l 0.005 14.00 <0.005 0.188 0.057 0.043 0.00 0.010 0.224 0.042 1.931 11.54 <0.005 0.078 0.029 0.020 

6 Cadmium 
(Cd) 

µg/l 0.18 2.00 <0.180 3.102 0.346 5.140 9.21 <0.180 2.972 0.449 5.916 0.00 0.210 3.288 0.865 1.968 

7 Chromium 
(Cr) 

µg/l 0.19 22.00 <0.190 9.734 0.403 19.953 21.05 <0.190 3.792 0.328 10.069 23.08 <0.190 4.916 0.671 30.13
0 

8 Cobalt (Co) µg/l 0.20 11.00 <0.200 1.995 0.150 4.887 10.53 <0.200 4.753 0.209 8.072 9.62 <0.200 3.680 0.407 7.482 

9 Lead (Pb)  mg/l 0.008 43.00 <0.008 0.048 0.012 0.011 48.68 <0.008 0.033 0.009 0.007 17.31 <0.008 0.039 0.014 0.007 

10 Strontium 
(Sr) 

mg/l 0.12 0.00 0.091 6.338 0.852 2.682 0.00 0.034 3.967 0.548 3.147 0.00 0.054 7.433 0.686 4.142 

11 Gross α Bq/l 0.01 92.00 <0.01 0.09 - - 100.00 - - - - 96.15 <0.010 0.014 - - 

12 Gross β Bq/l 0.1 96.00 <0.1 0.13 - - 100.00 - - - - 90.38 <0.100 0.131 - - 

 



 

 

Major Ion Chemistry  

Cation chemistry indicated that the abundance of cations in most of the water samples 
were in the following order: Na>Ca>Mg>K. While calcium and magnesium ion 
concentrations exceeded that of sodium ion in some samples, magnesium ion exceeded 
calcium ion concentration in some of the samples in the study area. Anion chemistry 
indicates that the abundance of the anions in most of the water samples are in the following 
order Cl>Alkalinity (HCO3+CO3)>SO4 and in some water samples sulphate exceeded 
alkalinity ions. Generally, Ca and HCO3 are the dominant ions in ground water. The 
dominance of sodium and chloride indicates the possibility of salt water intrusion and/or 
irrigation return flow in the study area. This is also supported by high values of Cl/Alkalinity 
and Na/Ca (Table 1.7) ratio in the most of the water samples. The ratio of Cl/Alkalinity and 
Na/Ca which was higher than 1 may be due to sea water intrusion or other external sources; a 
Cl/Alkalinity ratio of more than 2.8 indicates severe sea water intrusion. 

 

TABLE 1.7 
IONIC RATIOS OF WATER SAMPLES COLLECTED AROUND KKNPP 

Ionic ratio 
Drinking water Bore well water Open well water Pond water 

Min. Max. Min. Max. Min. Max. Min. Max. 
Cl/Alkalinity 0.31 78.32 0.75 449.69 1.23 94.63 0.47 19.94 

Na/Cl 0.29 2.08 0.21 1.72 0.18 1.52 0.10 3.00 
Mg/Ca 0.074 9.986 0.036 3.336 0.204 4.086 0.004 3.694 

Na/Ca 0.33 131.03 0.31 29.11 0.30 41.28 0.10 32.19 
Na/Mg 0.31 61.55 0.33 69.12 0.31 51.22 0.09 54.22 

Hydro-chemical Facies 

Analytical data of the water samples are plotted in Piper tri-linear diagram (Fig. 1.2). 
The plots show that most of the drinking, bore well and open well water samples fall in the 
field of Na–Cl facies (Table 1.8). Some samples also represented mixed Ca–Mg–Cl and Ca–
Cl types of facies. Most of the samples fell in the Na–Cl facies which indicates that sea water 
intrusion might be responsible for this type.  

TABLE 1.8  

HYDRO-CHEMICAL FACIES OF WATER SAMPLES BASED ON PIPER DIAGRAM 

 

Facies 

No. of Samples (%) 

Drinking  

(n = 25) 

Bore well  

(n = 19) 

Open well  

(n = 13) 

Na–Cl 18 (72) 11 (57.9) 10 (77) 

Mixed Ca–Mg–Cl 5 (20) 7 (36.8) 1 (8) 

Ca–Cl 2 (8) 1 (5.3) 2 (15) 

 
 
 
 
 
 
 
 
 



 

 

FIG. 1.2 
PIPER DIAGRAM SHOWING HYDROCHEMICAL FACIES OF DRINKING, BORE 

WELL AND OPEN WELL WATER SAMPLES COLLECTED AROUND KKNPP 
SITE COVERING 30 KM RADIUS 

 
 

Drinking Water Suitability by Fuzzy Synthetic Evaluation  

The results of the Fuzzy Synthetic Evaluation (FSE) method are summarized in Table 
1.9. The FSE method illustrates that about 60% of water samples are in the ‘desirable’ 
category, with a certainty level of 65–100% which are good for drinking purposes. The 
remaining 40% drinking water samples are in the ‘acceptable’ category with a certainty level 
of 66–100%. Drinking water samples from this ‘acceptable’ category can be used for 
drinking purposes in the absence of alternative water sources. But consumers identify 
‘detestable’ taste from ‘acceptable’ drinking water samples. Vellamadam and Pazhavoor 
drinking water samples have non-acceptable concentrations of fluoride (1.72 and 1.60 mg L-1, 
respectively) based on guideline values but FSE method revealed that these samples are in the 
‘acceptable’ category with certainty levels of 87% and 76%, respectively. This is due to the 
fact that one exclusive rule was framed on the membership function that if any sample has 
more than 3 mg L-1 of fluoride it will be considered as ‘non-acceptable’. Fluoride 
concentrations is one of the most important parameters, as its level in drinking water higher 
than 3 mg L

-1
 causes crippling fluorosis in addition to dental fluorosis. 

 
 



 

 

TABLE 1.9  
DETAILS OF WATER QUALITY OF DRINKING PURPOSES BY USING FUZZY SYNTHETIC EVALUATION 

 

S. 
No. 

Sampling Village 
Distanc
e from 
KKNPP 

Directio
n from 
KKNPP 

Decision using 
FSE method 

Level of 
certainty 
(%) 

Decision as per guideline values 

Desirable Acceptable 
Not 

acceptable 

1 Vairavi kinaru 2.73 NNE Acceptable 100 pH, Alkali, NO3, SO4, F TH, Ca, Mg EC, Na, Cl 

2 Vijayapathi 4.24 ENE Desirable 73 pH, EC, Alkali, TH, Ca, Mg, Na, Cl, F, NO3, SO4 -------- ---------- 

3 Nakkaneri  7.00 NW Desirable 65 pH, EC, Alkali, TH, Ca, Mg, Na, Cl, F, NO3, SO4 -------- ---------- 

4 Arsankulam 7.41 NNE Desirable 90 pH, EC, Alkali, TH, Ca, Mg, Na, Cl, F, NO3, SO4 -------- ---------- 

5 Parameshwarapuram 8.23 N Desirable 74 pH, EC, Alkali, TH, Ca, Mg, Na, Cl, F, NO3, SO4 -------- ---------- 

6 Ulagaratchagapuram 9.81 NE Desirable 74 pH, EC, Alkali, TH, Ca, Mg, Na, Cl, F, NO3, SO4 -------- ---------- 

7 Chettikulam  10.40 W Acceptable 100 pH, Alkali, NO3, SO4, F, Na EC, TH, Ca, Mg, Cl ---------- 

8 Tiruvambalapuram 11.60 NE Acceptable 74 pH, Alkali, NO3, SO4, F, TH, Ca, Mg EC, Cl Na 

9 Murugandhapuram 11.60 NE Desirable 80 pH, Alkali, NO3, SO4, F, TH, Ca, Mg, Na EC, Cl ---------- 

10 Ramalingapuram  12.50 NW Acceptable 70 pH, Alkali, NO3, SO4 EC, Na, Cl, Mg, F Ca, TH 

11 Pazhavoor 
15.70 WNW Acceptable 76 pH, Alkali, NO3, SO4 Cl 

EC, TH, Ca, 
Mg, Na, F 

12 Navaladi 16.20 NE Desirable 100 pH, Alkali, NO3, SO4, F, TH, Ca, Mg EC, Cl Na 

13 Veppilankulam 
17.20 NW Acceptable 84 pH, Alkali, NO3, SO4, F ---------- 

EC, TH, Ca, 
Mg, Na, Cl 

14 Samugarangapuram 18.50 N Acceptable 94 pH, Alkali, NO3, SO4, F EC, TH, Ca, Cl, Mg Na 

15 Kundal 18.90 ENE Desirable 74 pH, EC, Alkali, TH, Ca, Mg, Na, Cl, F, NO3, SO4 ---------- ---------- 

16 Kottaikarangulam 20.00 NNE Desirable 84 pH, Alkali, NO3, SO4, F, TH, Ca, Mg EC, Cl Na 

17 Kanyakumari  20.00 WSW Desirable 100 pH, EC, Alkali, TH, Ca, Mg, Na, Cl, F, NO3, SO4 ---------- ---------- 

18 Kallikulam 21.20 NNW Desirable 100 pH, Alkali, NO3, SO4, F, TH, Ca, Mg EC, Cl Na 

19 Mithatharakulam 21.60 NNE Desirable 76 pH, EC, Alkali, TH, Ca, Mg, Na, Cl, F, NO3, SO4 ---------- ---------- 

20 Panakudi 
22.10 NW Acceptable 66 pH, Alkali, NO3, SO4, F 

EC, TH, Ca, Mg, Na, 
Cl 

---------- 

21 Madapuram 23.40 NNW Desirable 75 pH, EC, Alkali, TH, Ca, Mg, Na, Cl, F, NO3, SO4 ---------- ---------- 

22 Thovalai  23.70 WNW Desirable 100 pH, EC, Alkali, TH, Ca, Mg, Na, Cl, F, NO3, SO4 ---------- ---------- 

23 Thamaraikulam 25.60 W Acceptable 83 pH, NO3, SO4, F, TH, Ca Alkali, Mg, Cl, EC Na 

24 Vellamadam 
27.90 WNW Acceptable 87 pH, Alkali, NO3, SO4, TH, Ca Mg 

EC, Na, Cl, 
F 

25 Nagercoil  30.00 W Desirable 100 pH, Alkali, NO3, SO4, TH, Ca, Mg, Na, Cl EC, F ---------- 

 
 



 

 

Irrigational Water Suitability 

 

Sodium Absorption Ratio (SAR) and EC–USSL Diagram 

 
Excessive sodium content relative to calcium and magnesium reduces soil 

permeability and thus inhibits supply of water needed for the crops. From the present 
investigation (Table 1.10 & Fig. 1.3), 28% of drinking water, 20% of bore well and 46% of 
open well water samples were grouped in C3S3, C4S3 and C4S4 which can be generally 
unsuitable for irrigational purposes. Application of gypsum and other amendments may 
render this water amenable for irrigation; adequate drainage, considerable leaching and 
selection of good salt-tolerant crops are the other solutions for using this type of water. 

 

TABLE 1.10  
IRRIGATIONAL SUITABILITY OF WATER SAMPLES BASED ON USSL DIAGRAM 

Category No. of Samples (%) 

Water suitability Drinking 

(n = 25) 

Bore well 

(n = 19) 

Open well 

(n = 13) 

Pond 

(n = 22) 

C1S1,C2S1 and C3S1 13 (52) 10(53) 4(31) 21(95) Suitable 

C4S1 2 (8) 2(11) 1 (8) - Satisfactory in specific 
conditions (moderate 
suitable) 

C3S2 and C4S2 3 (12) 3 (16) 2 (15) 1 (5) 

C3S3, C4S3 and C4S4 7 (28) 4 (20) 6 (46) - Unsuitable 

Sodium Percent (Na %) and Electrical Conductivity (EC)–Wilcox diagram 
 

The analytical data of the water samples are plotted in Wilcox diagram which 
illustrates (Tables 1.11 & Fig. 1.3) that 21% of bore well water and 31% of open well water 
samples fell in the unsuitable category. When the concentration of sodium is high in 
irrigation water, sodium ions tend to be absorbed by clay particles, displacing Mg2+ and Ca2+ 

ions. This exchange process of Na
+ 

in water for Mg
2+ 

and Ca
2+ 

in soil reduces its permeability 
and eventually results in soil with poor internal drainage. Hence, air and water circulation is 
restricted during wet conditions and such soils usually become hard and dry. 

 

TABLE 1.11  
IRRIGATIONAL SUITABILITY OF WATER SAMPLES BASED ON WILCOX 

DIAGRAM  

Water Class 

No. of Samples (% samples) 

Drinking 

(n = 25) 

Bore well 

(n = 19) 

Open well 

(n = 13) 

Pond 

water 

(n = 22) 

Very good to good 6 (24) 10(53) 2(15) 21(95) 

Good to permissible 2 (12) 0 1 (8) 0 

Permissible to doubtful 5 (20) 0 3 (23) 1 (5) 

Doubtful to unsuitable 7 (28) 5 (26) 3 (23) 0 

Unsuitable 4 (16) 4 (21) 4 (31) 0 

 

 
 



 

 

 
 

Residual Sodium Carbonate (RSC) 

 
The classification of irrigation water according to the RSC values is presented in 

Table 1.12, which reveal that all the water samples fell in the good category except 2 bore 
well water samples namely Agasteeswaram and Suchindrum which are under the doubtful 
category. An excess quantity of sodium bicarbonate is considered to be detrimental to the 
physical properties of soils as it causes dissolution of organic matter in the soil, which in turn 
leaves a black stain on the soil surface on drying. 

 

TABLE 1.12  
IRRIGATIONAL SUITABILITY OF WATER SAMPLES BASED ON RESIDUAL 

SODIUM 

RSC values 

(meq/l) 

No. of samples (%) 
Water 

quality 
Drinking 

water 

Bore well 

water 

Open well 

water 
Pond water 

< 1.25 25 (100) 17 (90) 13 (100) 22 (100) Good  

1.25 – 2.5 0 2 (10) 0 0 Doubtful 

> 2.5 0 0 0 0 Unsuitable 

Correlation Studies 

From Table 1.13, EC shows strong positive correlation with sodium chloride and 
sulphate and moderate positive correlation with calcium and magnesium which reflects 
mineralization of groundwater due to water-rock reactions. The strong correlation between 
sodium and chloride (r = 0.97) suggested that halite dissolution possibly contributes to the 
content of these two elements in the samples. Calcium shows strong correlation with 
magnesium (r = 0.75), which illustrates that both calcium and magnesium have the same 

FIG. 1.3 
USSL AND WILCOX DIAGRAM SHOWING SUITABILITY OF DRINKING, BORE 

WELL, OPEN WELL AND POND WATER SAMPLES FOR IRRIGATION PURPOSE 



 

 

source. There is a positive correlation between magnesium and alkalinity (r = 0.32), which 
illustrates that magnesite is one of the possible sources of magnesium in water. Weak 
correlations between potassium and other major ions suggest that K is mostly derived from 
the K-feldspars. 

TABLE 1.13 

CORRELATION MATRIX BETWEEN PHYSICO-CHEMICAL WATER QUALITY 

PARAMETERS 

  Turbi. pH EC Alka. TH Ca Mg Na K Cl SO4 
NO3-
N 

NO2-
N 

DO BOD COD 

Turbi. 1                

pH 0.06 1               

EC -0.11 -0.30 1              

Alka. -0.14 0.05 0.22 1             

TH -0.09 -0.21 0.65 0.26 1            

Ca -0.10 -0.22 0.61 0.18 0.95 1           

Mg -0.08 -0.18 0.61 0.33 0.92 0.75 1          

Na -0.09 -0.23 0.95 0.17 0.46 0.43 0.43 1         

K -0.04 -0.28 0.46 0.12 0.19 0.20 0.15 0.39 1        

Cl -0.08 -0.25 0.97 0.13 0.61 0.58 0.55 0.97 0.39 1       

SO4 -0.16 -0.23 0.63 0.49 0.62 0.58 0.57 0.52 0.40 0.53 1      

NO3-N -0.09 -0.12 0.28 0.51 0.32 0.29 0.31 0.18 0.21 0.18 0.37 1     

NO2-N 0.03 -0.04 0.39 -0.11 0.07 0.09 0.03 0.43 0.37 0.42 0.12 -0.01 1    

DO 0.09 0.21 -0.13 -0.20 -0.03 -0.03 -0.03 -0.14 -0.16 -0.12 -0.13 0.03 0.09 1   

BOD 0.20 0.00 -0.06 -0.21 -0.09 -0.09 -0.07 -0.05 0.02 -0.05 -0.16 -0.16 0.06 -0.15 1  

COD 0.21 -0.03 -0.03 -0.14 -0.06 -0.07 -0.03 -0.02 0.12 -0.02 -0.08 -0.15 0.04 -0.18 0.79 1 

 

Conclusion 
 
Hydro-chemical analyses reveal that most of the water samples in the study area are hard, 
fresh to brackish and alkaline in nature. The abundance of the major ions in the samples is in 
the following order: Na>Ca>Mg>K=Cl>Alkalinity>SO4. As is evident from the Piper 
diagram, 50–75% of water samples fell in the Na-Cl facies and others represent mixed Ca-
Mg-Cl and Ca-Cl facies. The hydro-chemical facies and ionic ratios of Cl/Alkalinity and 
Na/Ca illustrate possible sea water intrusion in some of the water samples especially in the 
northeastern side of the study area. Based on guideline values, the physico-chemical 
constituents such as electrical conductivity, total hardness, calcium, magnesium, sodium and 
chloride exceeded the limits in some of the drinking, bore well and open well water samples 
of the study area. From microbial results, 36% of drinking water samples, 92% of open well 
water samples and 95% of pond water samples have high level of coliforms which exceeded 
the acceptable limit for drinking purposes. In some water samples (Pazhavoor, Vellamadam 
and Kavalkinaru), fluoride level is slightly higher than the acceptable limit for drinking 
purposes. Consumption of these water samples may cause dental fluorosis. Turbidity and 
microbial contaminants are the problems in pond water samples pertaining to acceptability 
for drinking purpose. Other than microbial contaminants, any health based contaminants are 
not noticed in the present study. Fuzzy synthetic evaluation method illustrates that about 60% 
of drinking water samples are desirable for drinking purposes and the remaining 40% of 
samples are acceptable for drinking purposes in the absence of alternate water source without 
any health concern. Based on irrigational quality, all the pond water samples are suitable and 
20% of drinking and bore well and 35% of open well water samples of the study area are 



 

 

unsuitable for irrigational purpose. Hence, such areas need adequate drainage and salt 
tolerance cropping patterns to overcome suitability of problems for irrigational purpose. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

STUDY OF AIR QUALITY PARAMETERS  
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AIR QUALITY ASSESSMENT 

 

Introduction 
 
Environmental Impact Assessment (EIA) is essential to assess the environment prior 

to commissioning the project, and the likely impact of that project on the environment, when 
it starts commercial operation. Government of India is now constructing 2 × 1000 MWe 
power plants in Kudankulam, Tamil Nadu and impact assessment study has been carried out 
on various environmental matrices in and around Kudankulam Power Plant area. As part of 
the EIA study, air pollutants like SO2, NOx, CO, suspended particulate matter (SPM) and 
respirable particulate matter (RPM) were monitored in the vicinity of the project site. This 
study also included the evaluation of the present status of the air quality through the analysis 
of generated and collected baseline data.  

 

Study Area 

 

Kudankulam 
 
Kudankulam is situated in the southern part of Tamil Nadu. It is located at the latitude 

of 8°16´N and longitude of 77°71´E. Our sampling site was the Micro-meteorological 
Laboratory at the Kudankulam Nuclear Power Plant area. It is situated in the downwind 
direction.    

 

Tuticorin 
 
Tuticorin is one of the industrial areas in Tamil Nadu. It is geographically located in 

the Gulf of Mannar at the latitude of 8°48´N and longitude of 78°11´E. The sampling station 
was Kovil Pillai Nagar, located at a distance of about 5 km from the Thermal Power Station 
and 6 km from the Port of Tuticorin in the southwest direction. 

 

Alwarkurichi 
 
Alwarkurichi is located in Tirunelveli district on the bank of the River Tamiraparani 

and is 32 km away from Tirunelveli. It is located at the latitude of 8°43´N and longitude of 

77°29´E. The sampling station was the Sri Paramakalyani Centre for Environmental Studies. 

 

Sample Collection and Analysis 
 
The air samples were collected at the three sampling stations using a commercially 

available Respirable Dust Sampler (Envirotech APM 460 BL). The gaseous samples like 
sulphur dioxide (SO2), oxides of nitrogen (NOx), carbon monoxide (CO) and particulate 
samples like suspended particulate matter (SPM), respirable suspended particulate matter 



 

 

(RSPM) were collected on weekly basis for 24 hours at each sampling station from February 
2005. 

The pollutant concentrations were estimated by adopting standard methods 
recommended by the United States Environmental Protection Agency (US-EPA) as well as 
the Central Pollution Control Board (CPCB). Gaseous pollutants were estimated by 
colorimetric methods and particulate pollutants by gravimetric methods. The improved West 
and Gaeke method and modified Jacob and Hochheiser methods were used to estimate the 
concentrations of SO2 and NOx respectively. In the case of CO, in situ measurements were 
carried out using a portable carbon monoxide monitor during the sampling of other pollutants 
and both the 1- and 8-hour averages of the concentrations were calculated subsequently. 
Micro-meteorological parameters that could determine the degree of pollution such as 
temperature, relative humidity, wind speed and wind direction were also monitored 
simultaneously during sampling. 

For calculating the concentration seasonally, the seasons of the year were classified 
into three: ‘post-monsoon’ January, February and March; ‘summer’ April, May and June; 
‘pre-monsoon’ July, August and September; and ‘monsoon’ October, November and 
December.  

 

Results and Discussion 

 

Gaseous Pollutants  
 

Table 2.1 gives the pollutant concentrations of NOx, SO2 and CO in the years 2005–
2007 at Kudankulam, Tuticorin and Alwarkurichi. It may be observed from the table that the 
pollutant concentrations are very low and less than CPCB limits. The oxides of nitrogen are 
released into the atmosphere by both natural and anthropogenic sources. The natural sources 
are geothermal activities, bacterial action, etc. Anthropogenic sources are transportation, 
industrial processes, domestic and commercial combustion. It was found that there were no 
natural sources for the emissions of nitrogen oxides in Kudankulam region. But 
transportation, one of the major sources of anthropogenic activities, was found to be the main 
source of emissions of nitrogen oxides. In this connection, a traffic survey was conducted and 
it was noticed that heavy tonnage vehicles such as buses, lorries and trucks and the personal 
and commercial vehicles that were diesel driven were found to be operated frequently at this 
sampling station. In addition, diesel-powered generators were used for various applications in 
this study area. So, the recorded NOx concentrations may directly be correlated with the 
oxides of nitrogen emissions from these sources. 

SO2 is discharged into the atmosphere mainly by man-made sources like burning of 
fuel (coal and oil) in stationary sources, industrial processes and domestic combustion.  
Besides the industrial units, automobiles also contribute considerable quantities of SO2 to the 
atmosphere. The emission of SO2 could be substantially low from the automobiles when 
compared with industrial units. But, the emissions would be at low altitude nearby ground, 
which could be considered as the breathing zone. There were no industrial sources in the 
Kudankulam sampling area. Hence, the recorded concentrations might be attributed to the 
emissions from vehicles plying in the premises, local stationary combustions and the diesel 
fueled generator units. 

Tuticorin station was along the down wind direction of the thermal power station. 
This power station comprised of a stack of height 220 m and two stacks of height 120 m 
each. Coal was used as fuel to generate a power of 1050 MW. The sulfur content of the coal 
was found to be 0.05%. The coal composition was estimated and it had 29.99% of fixed 
carbon, 6.16% of moisture content and 19.66% of volatile matter. The caloric value of the 



 

 

coal was estimated to be 33.6%. This thermal power station used about 12,328.76 tons of coal 
per day to generate the proposed power and the source strength was calculated to be 142.7 g 
s-1.  So, the principal source of the recorded concentrations of these pollutants might be the 
emissions due to the combustion of coal from the thermal power station. In addition to that, 
this sampling station was situated nearby the thermal power plant and Port and so a large 
number of vehicles (approximately 2500 vehicles) were operated daily in connection with the 
thermal power plant and port activities in this region. So, the emissions from the automobiles 
especially diesel driven vehicles might be considered as the other major sources at this 
sampling station. The emissions from the automobiles especially diesel driven vehicles might 
be associated with the recorded nitrogen oxides concentrations in the ambient air of this 
sampling station. The carbon monoxide concentrations might be correlated with the 
emissions from petrol driven two wheelers, personal cars and transporting vehicles that were 
operated in this region. 

As Alwarkurichi is a commercial center for the surrounding villages, at least 200 
vehicles ply in this town daily that was found during the period of study. The emissions from 
the automobiles and small-scale industries like brick chambers may be the major reason for 
the recorded concentrations of gaseous pollutants at the control station, Alwarkurichi. Diesel 
fueled trains cross this sampling station six times per day, which could have also caused the 
recorded SO2 concentrations. It is worth mentioning that the combustion of conventional 
fuels in the domestic, commercial and small-scale industrial sectors might have also 
contributed to the existing concentrations. The carbon monoxide concentrations might be 
correlated with the emissions from petrol driven vehicles and combustion of wood and other 
fuels in domestic and commercial sectors of this region. 
 

Particulate Pollutants 

  
Table 2.2 gives the particulate pollutants at the three stations during the period 2005-

2007. The particulates are directly emitted in to the atmosphere through man made 
(anthropogenic) and natural processes including transportation, fuel combustion in stationary 
sources, industrial processes, land cleaning, wild fires and solid waste disposal introduce this 
pollutant. Therefore, the recorded particulate concentrations might be mainly ascribed to the 
construction activity in the plant and plying of automobiles in the premises of Kudankulam. It 
was found that fuel wood was used for cooking in the canteens of contract companies located 
inside the Kudankulam power station. The emission of particulate pollutants during the 
combustion of the fuel wood might have also contributed to the recorded concentrations.   
Processing of raw materials and combustion of fuels in the thermal power stations and 
transportation may be the major sources of these pollutants at Tuticorin and hence the 
recorded concentrations. In case of Alwarkurichi, The recorded particulate concentrations 
might be correlated with the combustion of conventional fuels such as fuel wood, kerosene, 
LPG, petrol and diesel in domestic, commercial and transportation sectors in this region. 
Figures 2.1-2.6 show the seasonal variations of the gaseous and particulate pollutants at the 
sampling stations. The highest and lowest concentrations of all the pollutants are recorded at 
Tuticorin and Alwarkurichi respectively, whereas the concentrations in between these two 
extremes are recorded at Kudankulam. But all the recorded concentrations are below the 
permissible limits set by CPCB, India.  
 

 

 

 

 



 

 

CONCLUSION 
 
On the basis of the generated database on ambient air quality at the sampling stations 

of present investigation, the following findings and conclusions are drawn: 
1. All the pollutant concentrations were within the permissible limits set by CPCB at 

all the sampling stations. 
2. There were no significant variations between the annual average concentrations of 

SO2, CO, SPM and RPM except NOx during the study period. 
3. Wind speed, one of the major meteorological parameters, influenced the pollutant 

concentrations in terms of dispersion at all the sampling stations (This was 
revealed from the statistical tool, Multiple regression analysis). 

4. Decreasing trend of NOx concentrations during the study period were observed at 
the sampling stations, which might be attributed to the atmospheric scavenging 
processes and relatively higher conversion rates of NOx. 

5. The SO2 concentrations were found to be lower in the winter seasons. This could 
be attributed to the higher relative humidity and lower mixing height resulting in 
the catalytic oxidation of SO2 into SO4, particularly in the Kudankulam and 
Tuticorin which were located in the proximity of sea that could supply catalysts 
for the rapid progress of oxidation. 

6. An increasing trend of CO concentrations was observed during the study period. 
As there were no significant variations in the source strength of this pollutant 
during the study period, the recorded increasing trend might be attributed to the 
lower conversion rates and unfavourable meteorological conditions. 

7. Relatively higher RPM concentrations were observed in the post monsoon and 
summer periods. This might be attributed to the weather conditions associated 
with the prolonged severe drought, high temperatures and long hours of intense 
sunlight which would result in the occurrence of photochemical reactions thereby 
producing the photochemical oxidants to increase the RPM concentration in the 
atmosphere. 

8. The SPM concentrations were found to be relatively lower in the monsoon 
seasons during the study period. This was due to the presence of higher relative 
humidity in these seasons which could make the particulates to coagulate and to 
become heavier thereby helping in quick settling. Besides this effect, sufficient 
moisture content could reduce the airborne dust due to wind turbulences. 

9. In air quality perspectives, Alwarkurichi ranked first with less pollutant 
concentrations followed by Kudankulam and Tuticorin. In fact, Tuticorin showed 
the higher pollutant concentrations due to the operation of thermal power plant, 
other major industries and their associated activities, whereas Alwarkurichi had 
the lower concentrations due to the presence of limited number of automobiles 
and no major industrial units. 

 

 

 

 

 

 

 

 

 

 



 

 

TABLE 2.1 
ANNUAL AVERAGES OF GASEOUS POLLUTANTS (2005-2007) 

 

TABLE 2.2 
ANNUAL AVERAGES OF THE PARTICULATE POLLUTANTS (2005-2007) 

 

 

Place 
No. of 

Samples 

NOx 

(µµµµg/m
3
) 

SO2 

(µµµµg/m
3
) 

CO 

(ppm) 

Range Mean SD Range Mean SD Range Mean SD 

Year 2005 

Kudankulam 41 4.5-26.6 11.9 5.3 1.4-10.8 4.1 2.1 0.2-1.1 0.5 0.2 

Tuticorin 41 11.9-62.2 20.2 8.5 1.5-18.1 6.7 9.1 0.2-1.7 0.7 0.3 

Alwarkurichi 41 2.8-26.7   9.3 5.6 0.8-7.2 3.2 1.6 0.1-0.4 0.2 0.09 

Year 2006 

Kudankulam 47 1.4-26.7 5.2 5.2 1.1-11.5 3.7 2.2 0.2-1.7 0.7 0.4 

Tuticorin 47 3.0-47.7 10.7 9.4 1.7-17.7 9.8 4.1 0.6-1.9 1.2 0.3 

Alwarkurichi 47 0.8-17.8 4.9 4.8 1.0-14.8 3.4 2.5 0.1-0.5 0.3 0.1 

Year 2007 

Kudankulam 24 0.9-17.1 5.2 3.5 1.1-4.7 2.6 1.1 0.3-1.6 0.7 0.3 

Tuticorin 24 6.4-15.6 9.9 2.7 7.4-17.3 10.9 2.5 0.7-2.2 1.4 0.4 

Alwarkurichi 24 1.1-5.3 2.9 1.1 0.9-5.3 2.4 1.1 0.2-0.6 0.4 0.1 

Place 
No. of 

Samples 

SPM 

(µµµµg/m
3
) 

RSPM 

(µµµµg/m
3
) 

Range Mean SD Range Mean SD 

Year 2005 

Kudankulam 41 29.2-165.6 81.4 33.6 7.9-73.5 31.6 14.7 

Tuticorin 41 56.5-333.3 128.6 69.0 20.9-198.2 51.2 29.4 

Alwarkurichi 41 30.3-170.6 64.8 29.7 8.1-49.2 30.8 10.7 

Year 2006 

Kudankulam 47 33.6-159.8 82.9 39.0 11.5-81.9 35.8 18.1 

Tuticorin 47 51.5-214.9 127.1 52.4 21.8-115.1 52.6 19.4 

Alwarkurichi 47 26.7-169.9 73.6 36.9 5.1-66.9 35.1 14.0 

Year 2007 

Kudankulam 24 52.4-127.0 80.9 21.5 22.4-58.1 39.2 8.2 

Tuticorin 24 82.9-212.8 149.6 38.0 34.3-115.4 59.8 18.9 

Alwarkurichi 24 45.9-116.0 74.0 20.9 18.4-72.6 33.8 11.0 



 

 

FIG. 2.1 
SEASONAL VARIATIONS OF GASEOUS POLLUTANT CONCENTRATIONS AT 

KUDANKULAM 
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The concentrations of NOx and SO2 are given in µg m-3 and CO is given in ppm 
 

 

FIG. 2.2 
SEASONAL VARIATIONS OF PARTICULATE POLLUTANT CONCENTRATIONS AT 

KUDANKULAM  
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FIG. 2.3 
SEASONAL VARIATIONS OF GASEOUS POLLUTANT CONCENTRATIONS AT 

TUTICORIN 
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The concentrations of NOx and SO2 are given in µg m-3 and CO is given in ppm 

 

 

FIG. 2.4 
SEASONAL VARIATIONS OF PARTICULATE POLLUTANT CONCENTRATIONS AT 

TUTICORIN 
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FIG. 2.5 
SEASONAL VARIATIONS OF GASEOUS POLLUTANT CONCENTRATIONS AT 

ALWARKURICHI 
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The concentrations of NOx and SO2 are given in µg m-3 and CO is given in ppm 

 

 

 

FIG. 2.6 
SEASONAL VARIATIONS OF PARTICULATE POLLUTANT CONCENTRATIONS AT 

ALWARKURICHI 
 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 
MAP 2.7. AIR SAMPLING STATIONS 
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DEMOGRAPHIC CHARACTERISTICS 
 

Introduction 
 
 The present report is the outcome a of demographic baseline survey conducted from 
November 2004 to November 2007. This survey is confined to a sample of 51 human 
settlements situated within 30 km radius of the Kudankulam Nuclear Power Plant site. From 
the sample settlements, a sample of 3007 households was selected randomly for the survey. 
 

Heads of households were interviewed to collect data pertaining to their income, 
occupation, household size, health status, dietary pattern, etc. Special attention was given to 
their dietary pattern so as to ascertain the approximate radioactivity intake through food. 
Since the Kudankulam Power Plant site is located at the coastal belt of Tirunelveli District, 
Tamil Nadu, representative coastal settlements were also included in the sample.  
 

Objectives of the Study 

  
 This survey had the following objectives: 
 

1. To obtain baseline demographic data around the Kudankulam site. 
2. To study the dietary pattern of the sample population. 
3. To give an account of their social life.  

 

Methodology  
 
 For this survey, data were collected from a sample of 51 settlements in inland as well 
as coastal areas. The total number of households in these settlements is 37,220. Of these 
settlements, 3007 (8%) households were surveyed systematically. Vital data on each sample 
settlement were obtained from National Informatics Centre/Village Administrative 
Office/Panchayat Office. The report on the health status of the population is based on Census 
Survey, whereas the Demographic Profile is based on Sample Survey. 
 

Tools for Data Collection 

  
 Interview Schedule was employed to collect data. In addition to this, Observation and 
Focus Group Discussion methods were also used to collect qualitative data to supplement 
quantitative data. Processing and analysis of data were done by using SPSS.  

 

 

 

 



 

 

Discussions and Findings 

 
Age  

 
A sample population of 17,246 from 3007 households was surveyed. The data show 

that over one-fourth of the population (27.1%) belong to the age group of 41-60. Nearly two-
thirds (64.3%) of the population are in the age group of 16-60. That is perhaps the reason 
why the average age of the sample population is 34 years. It is, therefore, evident that the 
total sample population represents adulthood. The sex ratio of the sample population (number 
of females per 1000 males) is 973 which is comparatively less than the sex ratio (987) at the 
state level and higher than the national level (933) according to the 2001 census. 

 

Household Size 
 

A majority (56.6%) of the sample population are distributed in households having 6-7 
members. Hence, the average household size is worked out to be 5.7. However, this average 
household size is higher than that at the state level (4.3) and the national level (5.3).   

 

Occupation 

 
Casual work is the primary occupation for a considerable number of households in the 

sample settlements. Most of those engaged in beedi making (locally made cheap cigarette) 
are women. In some households, women are the potential earners. The total number of 
women potential earners is 2859. 

 

Earning Dependents 

 
A majority (63.0%) of the households have one earning dependent in addition to one 

potential earner. Hence the average is worked out to be one, which means that each 
household has an average of one earning dependent. However, in coastal settlements, each 
household has an average of two earning dependents besides one potential earner. The reason 
is that in coastal households at least one person would assist the potential earner during 
fishing and allied activities. Besides, women in each household are engaged in fish 
processing and selling. There are no earning dependents in a significant proportion of 
households (37.2%).  

 

Potential Earners 

 
Over one-third of households have the heads of families (men) (35.9%) as potential 

earners. Nearly one-fifth of them (19.5%) have both fathers and sons as potential earners. A 
considerable number of women potential earners are beedi workers.               

 

Literacy 
 

The literacy rate of the sample population (92.4%) is significantly higher than the 
literacy rate at the state level (73.5%) and also at the national level (64.8%).  

 



 

 

Monthly Income 

 
Over three-fourths (81.8%) of the households have income below Rs. 6000 and nearly 

two-thirds (64.8%) of the population earn less than Rs. 4000. The average monthly income of 
households is Rs. 3653.     

 

Mortality 

 
Sex-wise variation in mortality is visible in the sample villages. For instance, the 

proportion of (67.5%) female child death in the age group of 0-5 is twice as much as that 
(32.5%) of their male counterparts. Nevertheless, this trend does not reflect in other age 
groups in which the proportion of male-female mortality varies in favour of males in certain 
age groups and in favour of females in other age groups. It is not possible to attribute reasons 
to this variation as the number of deaths in each age group is rather limited except for the 
number of deaths in age groups 41-60 and above 60. 

  

Reasons for Mortality 

 
Of the total sample households, 40 children in the age group of 0-5 died during 1990-

2005 and of them three-fourths of children (72.5%) died because of diseases. In a similar 
way, 34 children in the age group of 6-15 died in the same period and of them close to two-
thirds died due to diseases. Of 252 elderly people (above 60), a majority of them (59.9%) 
died owing to old age/unidentified diseases. Of the 71 who died in the age group of 41-60, 
nearly two-thirds (64.8%) died due to diseases. Altogether, 23 persons who died because of 
cancer are adults and the elderly. Death due to oral cancer was seen more among the middle-
aged and elderly persons. An oncologist of the region who attended all the medical camps 
reports that the habit of chewing betel and tobacco is the major cause of oral cancer. 

 

Causes of Abortion 

 
Weakness or anaemic condition of pregnant women is an important cause of abortion. 

Of the 301 cases reported, more than one-third of them (38.5%) had abortion due to 
malnutrition or under-nutrition. In most of the families, the gap between the first and the 
second child is less than a year. Lactation period also drastically decreased owing to maternal 
nutritional deficiency. Moreover, mothers are unaware of pre-natal care. Altogether, the trend 
indicates an unhealthy reproductive cycle.  

 

Types of Houses 
  

Most of the people (48.2%) live in tiled houses. One-third of the people (34.0%) have 
concrete houses. Huts constitute 17.8% of the houses. In the coastal areas, most of the 
fisherfolk live in concrete houses due to the efforts taken by the government and NGOs after 
the tsunami. 
   

Sanitation 
 

Of the 3007 sample households surveyed, only 18.2% have both toilet and bathroom 
facilities and one-third of them (33.5%) have toilet facility alone. Altogether, a majority 
(51.8%) of the households have toilet facility. But most of the toilets are not properly 



 

 

maintained and people prefer open defecation. Drainage and other sanitary facilities are not 
up to the mark. 

 

Dietary Habit 

 
 The data represent that 16,103 people from 2891 (96.1%) households are non-
vegetarians. Over two-thirds (67.3%) of them consume non-vegetarian food every day or at 
least thrice a week.  
 
 Data on quantity of food consumption (quantity of food grains consumed per day/per 
month) were collected from the members of each household. Individual consumption per day 
was derived by correlating it with the total consumers in every family.  

 
 
 

TABLE 3.1 
DIETARY PATTERN (CONSOLIDATED) 

(Average per capita consumption in grams per day) 

*Includes drumstick, carrot, beans and other root vegetables 
** Includes rice soup, millet soup, soft drinks and juices. 

                                                                                   
Item 

Fishing People Coolies Others 

Min. Max. Mean Min. Max. Mean Min. Max. Mean 

Rice 430.00 620.00 528.96 500 590 525.76 450.00 560.00 491.28 

Wheat 0.00 100.00 7.19 0 60 4.46 0.00 150.00 13.17 

Millet 0.00 110.00 3.61 0 100 6.35 0.00 25.00 3.10 

Green gram 0.00 25.00 3.18 0 45 6.66 0.00 20.00 4.16 

Black gram 0.00 50.00 10.25 0 50 7.16 0.00 75.00 20.68 

Dhal 0.00 20.00 7.50 0 25 6.09 4.00 30.00 13.40 

Leafy 4.00 25.00 9.29 5 25 11.09 5.00 30.00 15.90 

Potato 0.00 20.00 9.06 10 35 18.38 10.00 35.00 18.99 

Onion 5.00 30.00 10.76 10 35 20.61 10.00 35.00 21.29 

Fruit 10.00 250.00 95.34 25 250 90.47 50.00 250.00 157.00 

Tapioca 50.00 200.00 84.60 0 200 52.62 0.00 100.00 8.67 

Others* 50.00 150.00 108.03 50 200 112.97 75.00 250.00 137.48 

Coconut 0.00 30.00 15.70 0 25 8.15 0.00 25.00 15.67 

Sugar 4.00 15.00 8.24 0 30 16.46 5.00 35.00 22.41 

Salt 4.00 15.00 8.63 1 15 6.32 4.00 9.00 5.96 

Chilies 5.00 15.00 10.19 5 12 8.84 6.00 12.00 8.31 

Tamarind 8.00 12.00 10.08 5 15 9.19 0.00 15.00 9.20 

Milk 25.00 250.00 58.71 15 200 86.13 25.00 350.00 151.85 

Water 1.80 3.10 2.42 1 3.1 1.96 1.20 2.60 1.72 

Other 
liquids** 0.50 2.00 1.29 0.5 2 1.32 0.50 2.60 1.68 

Oil 20.00 50.00 31.49 20 50 28.36 20.00 50.00 34.04 

Mutton 0.00 80.00 6.72 0 80 7.87 0.00 75.00 17.27 

Chicken 0.00 90.00 37.53 0 100 30.88 0.00 100.00 34.95 

Fish 200.00 360.00 294.35 0 150 64.41 0.00 125.00 36.90 

Eggs 0.00 8.00 2.52 0 7 1.92 0.00 9.00 3.68 



 

 

Smoking 
 

A majority of household heads (50.8%) engaged in casual or agricultural work 
(64.6%) smoke cigarettes and beedis. Two women smokers have also been identified. A 
majority (59.6%) of the fishermen smoke. Smoking beedis rather than cigarettes is common.  

 

Drinking 
 

Over half the household heads (54.6%) of the fishing community consume alcoholic 
beverages and over one-fourth (26.5%) of the household heads engaged in agriculture and 
19.8% of those engaged in casual work also consume alcohol. There is no drinker among 
womenfolk. Most of the drinkers also smoke. 

 

Exposure to Gamma Radiation 
 

Although the fishermen and women spend long hours in the seashore, the latter spend 
more time (13.35 h) than the men. Normally, women are engaged in fish processing, whereas 
men are engaged in repairing boats, nets and other allied activities. But men alone spend an 
average of about 8.35 h fishing in deep sea. Men and women are away from the seashore for 
7.20 and 10.25 h respectively. On the contrary, those (mostly living in inland villages) 
engaged in various occupations other than fishing, have no chance of being at seashore 
except on certain occasions. Thus fisherfolk get more exposed to external gamma radiation 
from the seashore when compared to inland villagers.  

 

Summary 

 
The sample population is represented more by adulthood. The sex ratio is 973. The 

average household size is 5.7. Casual work is the primary occupation for a considerable 
number of households. In inland villages, each household has an average of one earning 
dependent besides one potential earner, whereas in coastal settlements, each household has an 
average of two earning dependents besides one potential earner. Over one-third (35.9%) of 
households have heads of households (men) as potential earners. Over one-fifth (21.7%) of 
them have both heads of households (men) and their sons as potential earners. A considerable 
number of women potential earners are beedi workers.    

The literacy rate is 92.4%. The average monthly income of the households is 
Rs. 3653. The proportion of (67.5%) female child death in the age group of 0-5 is twice as 
much as the proportion (32.5%) of their male counterparts. Twenty-three persons who died of 
cancer are adults and elderly persons. Death due to oral cancer is more among the middle-
aged and elderly persons. Of the 301 cases of abortions reported, more than one-third of them 
(38.5%) had the problem owing to anaemia caused by malnutrition or under-nutrition. 

Although a majority (51.8%) of the households have toilet facility, the people do not 
properly maintain them because they prefer open defecation. Drainage and other sanitary 
facilities are poor. A majority of household heads (50.8%) engaged in casual work and 
agricultural operations (64.6%) smoke cigarettes and beedis. Over half of the household 
heads (54.6%) in the fishing community consume alcoholic beverages. Unlike the inland 
villagers, the fisherfolk get exposed to external gamma radiation from the seashore for hours 
together. 



 

 

HEALTH STATUS SURVEY 

Introduction 

 
Epidemiology is a discipline that primarily investigates health problems of 

populations. It is therefore a science of epidemics. Epidemiology also deals with health-
related issues like alcoholism, drug addiction, smoking, injuries, disabilities and deaths. 
However, its primary focus is on diseases. It concentrates not on individuals, but on the social 
aggregates of people. Many studies have clearly shown that social environment is the primary 
cause for diseases. Hence proper planning at the societal level is needed for the effective 
control and treatment of diseases. 
 

Study Area 

 
 Kudankulam area in Tirunelveli District of Tamil Nadu was selected for the survey. 
Fifty-two villages were selected randomly within 30 km radius of the Kudankulam Nuclear 
Power Plant site, including inland and coastal villages of Tirunelveli District and its 
neighbouring Kanyakumari District.  
 

Objectives of the Study 

 

 The objectives were: 
1. To study the socio-demographic profile of the population in the sample villages. 
2. To find out the common diseases in those villages. 
3. To analyse the relationship between the diseases and environment of the villages. 
4. To study the types of treatment preferred by the sample population. 
 

Methodology 
  

This survey is based on the Descriptive Research Design. It is basically a Census 
Survey involving the enumeration of entire population from 52 sample villages. From them, 
the required data were collected by administering the Interview Schedule. By and large, the 
heads of household, either male or female, were interviewed to collect data pertaining to all 
the family members. In addition to this, Case Study and Observation methods were also used 
for collecting qualitative data. 
 

Discussions and Findings 
 

Age 

  

Nearly one-fourth of the population (23.2%) is represented by children (0-14 yr). 
Almost a similar proportion of them (23.7%) are youth (26-40 yr), 21.3% of them are middle-
aged (40-60 yr) and 11.8% of them are in the old age group (above 60 yr). The average age of 
the population is 34.3 yr.  

 

Education 
 

Rural people are educationally backward when compared to their urban counterparts. 
This is mainly due to their economic backwardness and lack of basic infrastructure in 
schools. Moreover, the parents in villages do not have enough education. The data show that 



 

 

14.8% of the population are illiterates, including the population of children below 5 years. 
Close to one-third of them (32.1%) are semi-literates as they have studied up to the Primary 
Level and more or less the same proportion of them (31.1%) are literates as their level of 
education ranges from Middle School to High School. Over one-fifth of them (21.9%) are 
educated as they have studied from the Higher Secondary to Postgraduate level. 

 

Marriage 
 

Of the population of 67,029, 45.1% are married, 40.3% are unmarried including 
children, 9.2% are widows and 5.4% are separated. The population is thus more or less 
balanced in relation to the proportion of married and unmarried people.  

 

Occupation 
 

Most of the people of the sample villages are unemployed. There is no employment 
opportunity in their settlements other than doing petty business, casual (coolie) or agricultural 
work and allied activities. Moreover, in the sample villages, at present, agriculture is not a 
profitable occupation due to lack of irrigation. Beedi rolling is an important secondary 
occupation for 13.7% of the total employed people in these villages.  

Of the population of 67,029, 39,291 (58.6%) are unemployed, housewives and retired 
people, and elderly people and children. Of 27,738 employed persons, over one-third (41.1%) 
are casual workers, 17.1% are self-employed, 11.8% are fishermen and 12.4% are engaged in 
various occupations. Only 6.4% of them are farmers and 6.2% beedi workers. It is thus 
evident that the proportion of those engaged in casual work in agriculture and allied activities 
is significantly higher than the proportion of their counterparts doing other jobs. 

 

Unhealthy Practices 
 

Unhealthy practices like smoking, drinking, betel and tobacco chewing and using 
snuff are common among the villagers. These habits cause certain serious health problems 
such as cancer, asthma, skin diseases, etc. In the sample villages, close to one-third (31.7%) 
of people have these practices.  

 

Food 
 

Of the total population, an overwhelming majority (88%) are non-vegetarians. Rice is 
their staple food, and consumption of wheat is very limited. Over three-fourths (79%) of the 
population use rice dishes for breakfast, lunch and dinner. A majority of them (56.1%) use 
only ordinary oil for cooking and 21% use only refined oil. Around 22.9% of them use both 
kinds of oil according to their convenience. 

 

Water  
 

Of the total population 65% use bore water, 18.3% use river water and the rest 
(16.7%) use water from open wells and ponds.  
 

 

Housing  

 

Of the total population, a significant proportion (40.7%) live in tiled houses. Of the 
remaining, over one-third (36.4%) live in concrete houses, 13.6% in thatched huts and 9.3% 



 

 

in huts covered with iron sheets. However, more people live in traditional tiled houses than in 
other types of houses. 

 

Sanitary Condition 

 
 The sanitary condition is ‘satisfactory’ in more than one-third (36.4%) of households 
and ‘poor’ in 32.7% of households. On the other hand, around 30.9% of households have 
good sanitary condition. 
 

Disease 

 
One hundred and thirty-six cancer patients were identified in the population in the 

sample settlements. Persons suffer from polio (172), congenital anomalies (24) and Down’s 
syndrome (20) due to ignorance and social practices like early marriage and marriage within 
close kinship groups. In some villages, people follow several socio-religious customs like 
fasting, self-inflicting, dressing like Gods and Goddesses during Dasara festival and a host of 
practices, hoping that they will be cured of their diseases. Over one-fourth (27%) of the 
people in the age group of 50-70 have arthritis due to old age. A majority (55%) of them 
suffer from fever, headache, common cold, etc. The proportion of those suffering from other 
diseases is rather insignificant. 

Moreover, poor sanitary condition, stagnation of sewage, animal excreta and open 
defecation are major factors causing mosquito breeding in some of the sample settlements. 
This has led to wide prevalence of Chickungunya in several parts of the region. Poor hygienic 
conditions in and around the villages is a major contributing factor for such transmitted 
diseases.  

The duration of health problems varies from person to person. For instance, 16.0% of 
people have been suffering from various health problems for less than a month; 15.4% for 2-6 
months; 6.4% for 7-12 months; 3.8% for 1-3 years; and 8.8% for more than 3 years.  

 

Treatment 
 
Negligence in taking timely treatment is common among patients of the sample 

villages. Moreover, the absence of Primary Health Centres or private hospitals in the villages 
also contributes to their lack of health awareness. One-third (34.7%) of the people have taken 
treatment for their health problems, whereas nearly two-thirds of them (65.3%) have not 
taken any treatment. An overwhelming majority (83.9%) of them prefer Allopathic treatment, 
whereas the proportion of those preferring Ayurveda (4.2%), Siddha (3.4%) and Homeopathy 
(2.9%) is rather negligible. 
 
Cancer 

 
In India, cancer is the third leading cause of death. There are 1.5-2 million people in 

India suffering from various types of cancer. The following table shows the distribution of 
cancer patients according to different types of cancer in the study area.  

 

 

 

 

 

 



 

 

TABLE 3.2 
POPULATION BY TYPES OF CANCER 

S.No Types of cancer No. of 

Persons 

Per cent 

1 Skin cancer 12 8.8 

2 Cheek cancer 37 27.2 

3 Tongue cancer 5 3.7 

4 Eye cancer 2 1.5 

5 Cervical cancer 6 4.4 

6 Throat cancer 6 4.4 

7 Uterus cancer 33 24.3 

8 Liver cancer 7 5.1 

9 Blood cancer 4 2.9 

10 Breast cancer 10 7.4 

11 Lip cancer 3 2.2 

12 Colon cancer 4 2.9 

13 Lung cancer 5 3.7 

14 Peripheral cancer 2 1.5 

Total 136 100 

 

It is evident from Table 3.2 that of the total number of cancer patients of the sample 
settlements, close to one-fourth suffer from uterus cancer (24.3%) and over one-fourth have 
cheek cancer (27.2%). The proportion of those having other types of cancer is not significant. 

Table 3.3 shows that the proportion of cancer patients in the coastal villages (0.3) is 
more or less similar to the proportion of their counterparts in inland villages (0.2). However, 
cheek cancer and uterus cancer are more prevalent in the coastal villages than in inland 
villages.  

 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

TABLE 3.3 
TYPES OF CANCER IN THE TWO TYPES OF SAMPLE SETTLEMENTS 

S.No Types of cancer No. of persons 

in coastal village 

No. of persons in 

inland village 

 

Total 

1 Skin cancer 4 (33.3) 8 (66.7) 12 (100) 

2 Cheek cancer 27 (73.0) 10 (27.0) 37 (100) 

3 Tongue cancer 1 (20)  4 (80) 5 (100) 

4 Eye cancer 1 (50) 1 (50) 2 (100) 

5 Cervical cancer 1 (16.7) 5 (83.3) 6 (100) 

6 Throat cancer 2 (40) 3 (60) 5 (100) 

7 Uterus cancer 17 (51.5) 16 (48.5) 33 (100) 

8 Liver cancer 3 (42.9) 4 (57.1) 7 (100) 

9 Blood cancer ___ 4 (100) 4 (100) 

10 Breast cancer 3 (30) 7 (70) 10 (100) 

11 Lip cancer 1 (33.3) 2 (66.7) 3 (100) 

12 Colon cancer 2 (50) 2 (50) 4 (100) 

13 Lung cancer 2 (40) 3 (60) 5 (100) 

14 Peripheral cancer 1 (50) 1 (50) 2 (100) 

Total  66 (48.5) 70 (51.5) 136 (100) 

 
Overall, there are more female (81) cancer patients than males (55). However, more 

males (25) than females (12) are affected by cheek cancer because of their habit of chewing 
betel and tobacco. Women suffer from uterus cancer (33) and breast cancer (10). Due to 
frequent drinking and smoking, more males (4) than females (2) have liver cancer. Mostly 
people of the age groups 26-40 (38.2%) and 41-60 (47.1%) are vulnerable to this disease.  

 
Mental Retardation 

 
The number of mental retardation cases is almost the same in inland (33) and coastal 

villages (32). But in terms of gender, males (38) significantly outnumber females (27) both in 
coastal and inland villages. Nearly half the mental retardation cases are in the 0-14 age group.  

 
 

Goitre 

 
The number of goitre patients is more in coastal villages (26) than in inland villages 

(22). The number of females who suffer from this disease is nearly six times higher than the 



 

 

number of males both in coastal and inland villages. These goitre are more in the age group 
of 26-40 than in other age groups.   

 
Congenital Anomalies 

 
Both coastal and inland villages are balanced in terms of the prevalence of congenital 

anomaly cases. However, males (13) outnumber females (11) with respect to such anomalies. 

 

Conclusion 

 
 The findings of the Census Survey disclose that the health status of the total 
population of all the 52 sample villages is not up to the standard due to their lack of health 
awareness, food habits, unhealthy practices, socio-religious customs, lack of access to 
Primary Health Centres and private hospitals, and poor sanitation in and around their 
settlements.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

MEASUREMENT OF NATURAL BACKGROUND RADIATION 

LEVELS  
 

Dr. S. Selvasekarapandian  

Department of Physics, Bharathiar University, Coimbatore, Tamil Nadu, India 

 

INTRODUCTION 

The sources of natural background radiation are primordial radionuclides in soil and 
sand such as potassium-40, thorium-232 and uranium-238. People will also get exposed to 
radiation from building materials, which results in indoor gamma exposure. Radon (

222
Rn) 

and thoron (220Rn) are radioactive gases that occur in the decay series of uranium and 
thorium, respectively, and are found inside homes and outdoors, contributing to internal 
exposure by inhalation. Radon, which decays from rocks, can easily dissolve in water and can 
deliver internal dose when this water is ingested.  

There are three main types of environmental radionuclides, classified on the basis of 
source, viz. those produced by cosmic rays, natural radionuclides of terrestrial (primordial) 
origin and man-made nuclides resulting from testing of nuclear weapons and the peaceful 
applications of nuclear technology such as nuclear reactors. Other sources include the use of 
radioisotopes and radiation sources in industry, medicine, agriculture and research.  

 

SCOPE AND OBJECTIVES OF THE PRESENT STUDY 

The Nuclear Power Corporation of India Limited, in collaboration with 
Atomstroyexport of the Russian Federation, is setting up 2 × 1000 MWe nuclear reactors of 
the Advanced Light Water Type in Kudankulam. Before the commencement of any nuclear 
power stations or industry, it is mandatory to carry out the measurement of existing natural 
background radiation levels around the project site. 

The purpose of this study was to estimate: (i) the concentrations of primordial 
radionuclides in soil and sand formations around Kudankulam Nuclear Power Project Site; 
(ii) indoor gamma dose rate in dwellings around the nuclear power plant; (iii) the 
concentrations of radon, thoron and their progeny inside the dwellings; and (iv) the 
concentration of dissolved radon in drinking water samples collected around the power 
project site. The second and more important objective was to create a baseline database and 
establish the background radiation levels in this area prior to start of the reactor operation. 
There are several areas in the world with elevated levels of natural radiation, where large 
population groups have been living for generations. Such areas are seen in India, China, 
Brazil, Iran, some countries of Africa, etc.   

The study covers major villages of the following 5 taluks of 3 districts within the 30 
km radial distance from KKNPP.   

• Radhapuram Taluk and Nanguneri Taluk of Tirunelveli District 

• Agastheeswaram Taluk and Thovalai Taluk of Kanyakumari District 

• Sattankulam Taluk of Thoothukudi District 
Maps 4.1 and 4.2 show the location of the study area in India and the study area within 30 

km radius in detail, respectively. 
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MAP 4.1. STUDY AREA MAP 



 

 

 

MAP 4.2. STUDY AREA MAP WITH 30 KM RADIUS 

The present work has been divided on the following lines: 
 
1 Estimation of primordial radionuclides in sand samples collected along the 

beaches and measurement of external gamma radiation. 
2 Estimation of primordial radionuclides in soil samples collected from all the five 

taluks and the associated background gamma dose. 
3 Indoor gamma radiation measurement using radio-thermoluminescent detectors 

(TLDs) in different types of dwellings spread throughout the five taluks. 
4 Measurement of the concentration of indoor radon, thoron and their progeny in 

different types of dwellings spread throughout the five taluks using solid-state 
nuclear track detector (SSNTD)-based passive detection technique. 

5 Measurement of dissolved radon in drinking water. 
6 To create awareness among the general public and allay their irrational fears about 

existing natural background radiation and its effects by measuring the radiation in 
their own houses which are situated around Kudankulam nuclear power project 
site. 

 

 

 

 

 

 



 

 

 

RESULTS AND DISCUSSION 

 

Radioactivity in Soil and Sand samples 

 

Soil 

 
Four hundred and seventy soil samples have been collected around the Kudankulam 

Nuclear Power Project Plant Site and activity levels of primordial radionuclides (232Th, 238U 
and 40K) have been measured using NaI (Tl) gamma ray spectrometer. In soil samples, 232Th 
activity varied between 18.4–2181.6 Bq kg

-1
 with a mean of 148.1 Bq kg

-1
 while the variation 

of 238U and 40K has been calculated as BDL (8.5 Bq kg-1)–453.7 Bq kg-1 and BDL (13.25 Bq 
kg-1 )–1713.2 Bq kg-1 respectively, with a mean of 29.9 Bq kg-1 and 238.8 Bq kg-1 
respectively. Using UNSCEAR conversion factors the estimated total dose due to the above 
three radionuclides has been found and it varied between 14.3 – 1552.8 nGy h-1. The activity 
level of 232Th is found to be high within 5-10 km region i.e., the Teri region situated around 
‘Thillaivanathoppu’. Teri structured soil is having high abundance of primordial 
radionuclides compared to other soil types existing in the Kudankulam environs. The annual 
effective dose due to three primordial radionuclides to the population living around the 
Kudankulam nuclear power plant is estimated to be 149 µSv yr-1. 

 

Sand 

 
Seventy-eight sand samples have been collected around the sea shores of the 

Kudankulam nuclear power plant site. The activity level of 232Th is found to be 24.3 times 
higher than that of the world average (45 Bq kg-1) reported in UNSCEAR 2000. The activity 
level of 238U series is found to be 2.8 times higher than the world average (35 Bq kg-1). The 
estimated average annual effective dose is found to be 993.5 µSv yr

-1
. A clear trend is 

observed in the 232Th concentration if one moves towards east from the Kanyakumari (Cape 
Comorin). The activity concentration is found to be high up to Kudankulam after which it 
decreases towards Thoothukudi district. Hence it is observed that the monazite deposition, 
which is responsible for the high activity of 232Th is more only in the Kanyakumari to 
Kudankulam shore. 

 

Indoor Gamma Dose 

 
Throughout the surrounding areas of Kudankulam, 341 houses have been surveyed for 

the indoor gamma radiation estimation. CaSO4:Dy phosphor has been used in the present 
measurements. Indoor gamma radiation has been monitored on a quarterly basis covering all 
the seasons of the entire year. GM value of indoor gamma radiation is found to be 278.2, 
255.2, 217.2, 202.1 nGy h

-1
 in summer, autumn, winter and spring seasons respectively. 

Higher values of indoor gamma radiation have been recorded in the sea shore villages where 
the activity level of primordial radionuclides is found to be high. High values of indoor 
gamma radiation have also been observed in summer season due to the very high temperature 
prevalent around the Kudankulam environs. The annual effective dose due to the indoor 
gamma radiation around Kudankulam Nuclear Power Plant site has been estimated to be 1.18 
mSv. 

    

 

 



 

 

 

Radon, Thoron and their Progeny 

 
Two hundred and fifty houses were randomly selected for measuring the radon, 

thoron and their progeny concentration around the Kudankulam Nuclear Power Project site. 
222Rn level was found to vary from BDL to 110.9 Bq m-3 in all seasons with a mean of 26 Bq 
m

-3
. The 

220
Rn level was found to vary between BDL to 116 Bq m

-3
 with a mean of 17.6 Bq 

m-3. The 222Rn progeny level estimated varied between BDL and 21.2 mWL with a mean 
value of 3.3 mWL. The 220Rn progeny level was found to vary between BDL and 165.2 mWL 
with a mean of 9.8 mWL. The equilibrium factor for 222Rn and its progeny varied from 0.01 
to 0.71 while that for 

220
Rn varied from 0.001 to 0.39. The estimated effective dose rate due 

to these radionuclides using UNSCEAR 2000 conversion factors varied from 0.05 to 22.2 
mSv yr-1 with mean of 0.62 mSv yr-1 for an indoor occupancy factor of 0.8 for 222Rn and 0.03 
for 

220
Rn. 

 

Dissolved Radon in Drinking Water 

 
One hundred and eighteen drinking water samples have been collected from different 

sources of water such as open well, bore well, pond, river and tap around the Kudankulam 
Nuclear Power Project Site. The overall dissolved 222Rn level estimated varied from BDL 
(<26 mBq L

-1
) and 13,740 mBq L

-1
. In general, drinking water samples collected from bore 

well water sources displayed significantly higher levels of dissolved 222Rn as compared to 
that from other sources. The overall highest concentration of 222Rn was found in bore well 
sample collected in Dharmapuram in Agastheeswaram taluk. Only this drinking water sample 
was found to have higher dissolved 222Rn concentration than that of US EPA’s proposed 
maximum contaminant level of 11 Bq L-1. 

 

CONCLUSION 
 
The study presented in this report has addressed the baseline studies carried out for 

natural background radiation around the upcoming Kudankulam Nuclear Power Plant, 
Tirunelveli District, Tamil Nadu, India in detail. Primordial radionuclides level in sand and 
soil samples have been measured and in some places along the coastal areas of Kanyakumari 
district, sparse distribution of monazite has been discovered. The annual effective dose due to 
three primordial radionuclides in soil samples to the population living around the 
Kudankulam nuclear power plant works out to be 0.15 mSv a-1. The average annual effective 
dose due to primordial radionuclides in sand samples is estimated to be 1.0 mSv a-1. The 
annual effective dose due to the indoor gamma radiation has been calculated as 1.18 mSv. 
The estimated effective dose rate due to indoor 222Rn, 220Rn and their progeny in dwellings 
varied from 0.05 to 22.2 mSv yr-1 with mean value of 0.62 mSv a-1. The overall dissolved 
222

Rn levels in drinking water samples varied between BDL (<26 mBq L
-1

) and 13,740 mBq 
L

-1
.  
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INTRODUCTION 
 

 In recent times, the measurement of natural radiation background levels has assumed 
significance mainly due to the recognition of the fact that nature constitutes the largest source 
of radiation exposure to the general public. Hence, measurement of the level of any man-
made radiological pollutant must be preferably made against the background of natural 
radiation exposure levels, since the magnitude of the doses delivered by the natural 
radionuclides can serve as a reference value for the calculation of doses from man-made 
radionuclides released to the environment.  This report presents a detailed summary of the 
pre-operational radioactivity measurements and stable elemental concentration in 
environmental matrices carried out by the Department of Zoology, Scott Christian College 
(Autonomous) in the surroundings of Kudankulam Nuclear Power Project (KKNPP) from 
2004 to 2008. A comprehensive monitoring for radionuclides and stable element content in 
various matrices from terrestrial and marine domains was undertaken. 
 

SCOPE AND OBJECTIVE OF THE WORK 

Extensive work has been done on radioactivity and trace metals aspects in the 
western and eastern coast of south India, leaving a gap in Kudankulam coast, Gulf of Mannar. 
Considerable literature is available on the global natural and fallout levels in marine and 
terrestrial ecosystems. This investigation is very helpful in evaluating the background natural 
radiation exposure in this environment. The objectives of the study were 

1. To establish the baseline concentration and distribution of fallout radionuclides like 
137

Cs and 
90

Sr in the terrestrial and aquatic matrices. 

2. To study the baseline concentration and distribution of natural radionuclides like 40K, 
226

Ra, 
228

Ra and 
210

Po in the terrestrial and aquatic matrices. 

3. To study the distribution and concentration of stable heavy metals Cu, Zn, Cd, Co, Ni, 
Cr, Pb, Mn, Fe and major elements K, Ca, Mg in the terrestrial and aquatic matrices. 

4.  To evaluate the concentration factors and to identify the indicator species. 

SAMPLING LOCATIONS 

The selected study area covers a radius of 30 km from the KKNPP site as regards the 
terrestrial environment and 10 km in the marine zone. The selected stations, direction and 
sectors are shown in Table 5.1. Sampling villages were selected based on the population, 
cultivation status and availability of samples. For marine offshore sampling, three sampling 
stations were fixed on the shore, one being the Kudankulam site water-intake point and the 
others (Panchal and Vijayapathi) on either side of the project site at 1 km distance. From each 
point towards the sea, five sampling stations were fixed at 1, 3, 5 7 and 10 km distance. 
Sampling was done at 1, 3 and 5 thrice a year and at 7 and 10 km twice a year. All the 
sampling coordinates were fixed with the Global Positioning System (GPS). The sampling 



 

 

programme is shown in Table 5.2. Fig 5.1 and Fig 5.2 give the inland terrestrial sampling 
points and marine offshore sampling points respectively. 

SAMPLE ANALYSIS 

All the samples were analysed for 137Cs, 90Sr, 40K, 228Ra and 226Ra and selected 
matrices for 210Po. Stable elements such as Cu, Zn, Mn, Ni, Co, Cr, Cd, Pb, Ca, K, Mg and Fe 
were analysed in samples of biological interest. Following sampling, the samples were 
processed and analysed for specific radionuclides in accordance with standard radioanalytical 
procedures being followed in the Environmental Survey Laboratories of Health Physics 
division, BARC.  

 

RESULTS AND DISCUSSION 

Fallout Radioactivity in Environmental Matrices 
 
Seawater, seafood and seaweeds from coastal villages up to 30 km of KKNPP site 

were analysed for 
137

Cs, 
90

Sr and 
3
H. Seventy coastline seawater samples and 42 offshore 

seawater samples were analysed for 137Cs, 90Sr and 3H. The 137Cs activity of Kudankulam 
waters ranged from 0.60 to 1.67 mBq L-1 with a geometric mean (GM) activity of 0.99 mBq 
L

-1
 with GSD of 1.27 (Table 5.3) . The 

137
Cs concentration in Arabian Sea ranged from 1.4 to 

1.7 mBq L-1, which is within the range of Kudankulam waters. The data appeared log-normal 
at 5% significance level (L < 0.106), when tested using the Lilliefor’s test. Levene’s test was 
applied to find the variation between stations for 

137
Cs and the results revealed no significant 

variations (p < 0.05). In offshore water samples the data fitted log-normal at the 5% 
significance level, and were tested using the Shapiro-Wilk test statistic (w > 0.945). The GM 
activity was 0.88 mBq L-1 with GSD of 1.20. It was also observed that 137Cs activity 
decreased mainly due to radioactive decay and transport processes in the absence of new 
significant inputs. The reduced concentration of 137Cs in sea water may also be due to its 
removal by grazing pelagic zooplankton or adsorption on sedimentary particles. There was no 
considerable variation in 

137
Cs between surface and bottom waters of Kudankulam. 

90
Sr and 

3H concentrations were found to be BDL in all the analysed samples.  
Marine macrophytes belonging to three groups namely Chlorophyta, Phaeophyta and 

Rhodophyta and one species of sea grass were analysed for 137Cs and 90Sr. The results 
showed a below detectable concentration for both the radionuclides in all the samples. 

About 107 fish samples were analysed for 137Cs and 90Sr. 90Sr activity was BDL 
(≤0.13 Bq kg-1) in all the samples analysed. The 137Cs concentration ranged from BDL 
(≤0.04) to 0.22 Bq kg

-1 
fresh weight (f.w.) (Table 5.4). The data appeared normal at 5% 

significance level when Lilliefor’s test was applied (L < 0.085). In general, pelagic fishes 
concentrated more 137Cs followed by demersal, bathypelagic and reef-associated ones. This 
may be due to the different feeding habits and other metabolic processes of the fishes. 
Carnivorous fishes concentrated more 

137
Cs activity than herbivores and detritivores. In 

crustaceans and molluscs, the activity of 137Cs and 90Sr was below detectable concentrations. 

 

Natural Radioactivity in Environmental Matrices 

 

Terrestrial Matrices – Plant Origin 
 

In general, rice straw concentrated more 40K with the activity range 600.5 to 1294.9 
Bq kg-1 dry weight (d.w.) followed by cattle grass (453.6–905.5 Bq kg-1 d.w.). In field grass, 



 

 

the concentration was found to be half that of cattle grass. But it was opposite in the case of 
radium radionuclides. 

Fodder like cattle grass, field grass and rice straw was analysed for natural 
radioactivity. 

40
K appeared to have a normal (w > 0.938) distribution with an activity range of 

146.8-1294.9 Bq kg-1 d.w. 
In cereals, 40K activity ranged from 27.1 to 126.7 Bq kg-1 f.w. The lowest range of 40K 

was observed in rice (27.1 – 94.7 Bq kg
-1 

f.w.) and the highest content in maize (92.0–126.7 
Bq kg-1 f.w.). 228Ra activity in cereals ranged from BDL (≤0.07) to 1.57 Bq kg-1 f.w. 

Higher range was observed for black gram followed by horse gram and brown gram. 
228Ra in pulses ranged from BDL (≤0.16) to 4.15 Bq kg-1 f.w. The general range of 40K 
activity in pulses varied from 87.3 to 380.6 Bq kg

-1 
f.w. Black gram accumulated more 

40
K 

(87.3–380.6 Bq kg-1 f.w.) followed by horse gram, brown gram and groundnut  
The 40K activity in vegetables varied from 9.39 to 247.6 Bq kg-1 f.w. Among the 

different varieties of vegetables, the leafy ones accumulated more compared to non-leafy 
vegetables and tubers. In other leafy vegetables, Arai keerai registered an activity range 
179.4–247.6 Bq kg-1 f.w. followed by Thandan keerai (132.8–171.4 Bq kg-1 f.w.).  Of the 
tubers, tapioca showed an activity range of 51.5–129.2 Bq kg

-1 
f.w. In non-leafy vegetables, 

cluster beans registered an activity range of 100.6–245.6 Bq kg
-1 

f.w. followed by bitter gourd 
(80.3–195.2 Bq kg-1 f.w.), drumstick (94.5–113.3 Bq kg-1 f.w.) and chilies (95.3–105.9 Bq kg-

1 f.w.). The lowest accumulator was the snake gourd (25.1–33.9 Bq kg-1f.w.). For 226Ra, the 
activity was found to be BDL in most of the samples, whereas arai keerai showed an activity 
range of 0.1–0.21 Bq kg-1 f.w. This revealed that the species agathi specifically concentrates 
radium. 

40
K activity in fruits varied from 36.2 to 300.9 Bq kg

-1 
f.w. Banana concentrated more, 

with an activity range of 77.8–300.9 Bq kg-1 f.w. The lowest concentration was observed in a 
sample of water melon (36.2 Bq kg -1fresh). 228Ra in fruits ranged between BDL (≤0.03) and 
0.42 Bq kg-1 f.w.  

The concentration of 
40

K in coconut and palmyra ranged from 16.8 to 158.6 Bq kg
-1 

f.w. The palmyra cotyledon concentrated more 40K than the coconut kernel, with an activity 
range of 61.3–158.6 Bq kg-1 f.w. 228Ra was higher in coconut with a value between 0.032 and 
0.69 Bq kg

-1 
f.w. 

226
Ra followed a log-normal distribution (w > 0.803), with 23.1% non-

detects. The activity ranged between 0.014 and 0.059 Bq kg-1 f.w. for palmyra and from 0.02 
to 0.08 Bq kg-1 f.w. for coconut. 
 

Terrestrial Matrices – Animal Origin 
 

40K activity in milk ranged from 11.35 to 68.8 Bq L-1. 226Ra activity in milk was at 
BDL in most of the samples with higher percentage non-detect (84.6) and the fuzzy range 
was between BDL (≤0.04) and 0.2 Bq L-1.  228Ra in milk appeared log normally distributed at 
5% significance level (w > 0.92) with detected values. 

In meat samples, the total 
40

K activity ranged from 19.4 to 88.1 Bq kg
-1 

f.w. 
226

Ra 
activity ranged from BDL (≤0.04) to 0.12 Bq kg

-1 
f.w. The activity range for mutton was the 

highest (63.5 to 88.1 Bq kg-1 f.w.) followed by that for chicken (52.0–73.9 Bq kg-1 f.w.) and 
that for beef (19.4–42.3 Bq kg-1 f.w.). The total data appeared normal at 5% significance 
level, when tested using the Shapiro-Wilk w-test (w > 0.86). 

228
Ra in meat samples ranged 

from BDL (≤0.08) to 0.19 Bq kg-1 f.w.  
40K in egg samples appeared normally distributed at 5% significance level, when 

tested using the Shapiro-Wilk w-test (w>0.866).  The activity ranged from 23.9 to 54 Bq kg
-1 

f.w. The eggs of leghorn fowls concentrated more 40K and 228Ra when compared with the 
eggs of country fowls.  



 

 

40K in diet samples appeared normally distributed at 5% significance level, when 
tested using the Shapiro-Wilk w-test. The activities ranged from 12.9 to 38.7 Bq per meal in 
food items commonly consumed during breakfast and lunch and from 11 to 34.6 Bq per meal 
in whole-day meal samples.

228
Ra and 

226
Ra were at BDL in common breakfast and lunch 

items. 
 

Marine Samples 
 

 The mean 210Po activity in sea water around Kudankulam coast was 1 mBq L-1. In 
marine macrophytes, the level of 40K varied between 49.2 and 3370.9 Bq kg -1dry. Among the 
different groups of macrophytes, the Gracilaria sp. belonging to group Rhodophyta (Red 
algae) accumulated more 40K, with an activity range of 2850.8 – 3370.9 Bq kg-1 d.w. and 
from 424.4 to 2941.5 Bq kg-1 d.w. for Sargassum sp. (Brown algae). In the group 
Rhodophyta, the species Amphiroa showed an activity range of 49.2 – 145.7 Bq kg

-1 
d.w., 

whereas in the group Chlorophyta, the dominant species Ulva reticulata had an activity range 
from 347.9 to 2093.5 Bq kg-1 d.w. Sea grass showed an activity concentration between 229.7 
and 2418.7 Bq kg

-1 
d.w.  

228
Ra activity was higher in sea grass and brown weeds. 

210
Po activity concentration ranged from 11.6 to 136.3 Bq kg

-1
  d.w.  Shapiro-Wilk w-

test statistics, showed that the data did not follow any discernable distribution at the 5% level 
(w < 0.93). Amphiroa sp. accumulated the minimum polonium (11.6 Bq kg-1 dry) and the 
species Caulerpa scalpelliformis concentrated the maximum (136.3 Bq kg

-1
 dry). Activity 

levels in the group Chlorophyta ranged from 31.0 to 136.3 Bq kg-1 dry. In the group 
Phaeophyta, Sargassum wightii registered an activity of 65.1 Bq kg-1 dry and in the group 
Rhodophyta, it was from 11.6 to 135.5 Bq kg

-1
 dry. In general, Rhodophyta accumulated 

more polonium followed by Chlorophyta and Phaeophyta. The biological concentration 
factor (BCF) in different sea weeds was calculated on the basis of activity of 210Po in sea 
water measured during this study. The BCF for sea weeds ranged from 0.8 × 103 to 1.2 × 104, 
which is slightly higher than the value (1 × 10

3
) by IAEA (2004). The BCF was the 

maximum in Polysiphonia sp. II and minimum in Kappaphycus alvarezii. 
40K in fishes ranged from 34.2 to 360.7 Bq kg -1fresh. The highest concentration was 

observed in Chirocentrus dorab and Sphyraena barracuda followed by the Indian mackerel, 
Rastrelliger kanagurta. The benthic cat fish Arius sp was the lowest accumulator among all 
the species. In this study, 40K activity in the brown mussel Perna indica of the Kudankulam 
coast ranged from 15.6 to 18.8 Bq kg-1 f.w. in the soft tissue. The patterns of accumulation of 
radionuclides may vary from species to species and from region to region. 

228Ra in fishes varied from BDL (≤0.12) to 2.72 Bq kg-1 f.w. The data appeared log-
normal at 5% significance level, when tested using the Lilliefor’s test statistic (L < 0.107). In 
fin fishes, the highest activity was observed in the demersal Saurida tumbil. In the brown 
mussel Perna indica the activity ranged from 1.96 to 6.42 Bq kg-1 f.w. In the crab Portunus 

sanguinolentus it ranged from 0.52 to 0.72 Bq kg-1 f.w. in the soft tissue. In the prawn 
Fenneropenaeus indicus it ranged from BDL (≤0.12) to 0.63 Bq kg

-1
 f.w. in the soft tissue. 

The vast variation in a single species may be due to age, sex, reproductive stage and other 
environmental factors. 

226Ra in the fishes around Kudankulam ranged from BDL (≤0.06) to 0.27 Bq kg-1 f.w. 
The highest activity was observed in Trygon sp. followed by the sardine Sardinella longiceps. 
In most of the samples the activity was BDL. In Perna indica it ranged from 0.09 to 0.43 Bq 
kg-1 f.w. in the soft tissue. Fishes and molluscs collected from the Kudankulam coast showed 
the 

210
Po concentration ranging from 1.2 to 63.3 and 0.87 to 227.5 Bq kg

-1 
f.w. respectively. 

Among the demersal fish species analysed, 210Po was higher in Katsuwonus sp. (63.3 Bq kg-1 



 

 

f.w.) and lower in sparids (1.2 Bq kg-1 f.w.). The difference in activity may be due to the 
variation in metabolic rate, feeding behaviour and other environmental parameters. 
 

Stable Elements in Environmental Matrices 
 

Terrestrial Matrices 
 

A total of 26 cow’s milk samples were analysed for major (K, Mg and Ca) and trace 
elements (Zn, Cu and Sr). The concentration of major and trace elements was in the order 
Ca>K>Mg and Zn>Sr>Cu respectively.  

A total of 25 grass samples were analysed for major (K, Mg, Ca) and trace (Cu, Zn, 
Sr) elements. The concentration of major elements was in the order of K>Ca>Mg and trace 
elements in the order of Zn>Sr>Cu. 

A total of 14 varieties of commonly grown and consumed vegetables were 
investigated for major and trace elements such as K, Mg and Ca and Cr, Mn, Fe, Co, Ni, Cu, 
Zn, Sr, Cd and Pb. The metal content of the studied samples followed the normal distribution 
for Cu, Pb and Zn and log-normal distribution for Mn, Ni, Sr, Cd and Mg. Higher 
concentration of Mn was registered in all types of vegetables. Among the major elements K 
was the highest contributor followed by Ca and Mg. Fe accumulated many fold higher in 
lady’s finger and all other elements were detected at very low levels.  The concentrations of 
major and trace elements were in the order K>Ca>Mg and 
Fe>Mn>Zn>Sr>Cu>Ni>Co>Cr>Co>Pb>Cd respectively. 

Papaya, banana and guava were analysed for the major (K, Mg and Ca) and trace 
elements (Cr, Mn, Fe, Co, Ni, Cu, Zn, Sr, Cd and Pb). The concentrations of the element 
were in the order of K>Ca >Mg for major elements and 
Fe>Mn>Zn>Sr>Cu>Pb>Ni>Cd>Co>Cr for trace metals. 
 

Marine Matrices 
 

The concentrations of major and trace elements in the edible tissues of commonly 
available fish species like Trichurus sp., Drepane sp., Scomberomorus sp., Elagattis 
bipinnatus, Acanthurus sp., Leiognathus sp., Sardinella sp., Arius sp., parrot fish, Lethrinus 
sp., Megalops cyprinoids, caranginids, Lutjanus sp. and Lactarius sp. were analysed.  
Concentration follows the order of Zn>Fe>Sr>Cu>Mn>Cr>Cd=Pb=Ni>Co for trace elements 
and Ca>K>Mg for major elements.  

A total of 27 crustaceans samples belonging to five different species of crabs and two 
species of prawns were analysed for major and minor elements. The results revealed that, Zn 
was accumulated more by crabs followed by Co and Fe. Higher concentration of Cu and Zn 
was registered in Charybdis natator. Metal accumulation levels in crabs were high in all 
cases, except Pb and Ni. Lead concentration was in non-detectable level in some cases. 
Among the different species of crabs, Portunus species accumulated higher level of strontium 
and iron than Charybdis species. 

A total of 101 macroalgae including 25 different species of red, brown and green 
algae were analysed for trace elements. Of the red algae, Gracilaria corticata exhibited 
higher concentration levels of Fe, Mn, Cr, Ni and Co. Similarly, among the brown algae, the 
highest concentration of Zn, Cu, Fe, Mn, Ni and Pb was observed in Stocheospermum 

marginatum. Gracilaria edulis accumulated higher levels of Cd (5.15 µg g-1 d.w.). In some 
seaweed species, the levels of Cr were non-detectable and the maximum concentration was 
found in Enteromopha compressa (5.72 µg g-1 d.w.). Detectable level of Co was observed in 
all the classes of seaweeds with the maximum concentration in Valoniopsis pachynema. 



 

 

Sediments were collected from the bottom of the sea from nine different locations and 
analysed for trace elements. The range and average concentrations (mg-1 kg dry wt.) were 
1.09-10.49 µg g-1 (2.79) for Cu, 4.47-31.96 µg g-1 (12.3) for Zn, 3.43-10.51 µg g-1 (3.43) for 
Pb, 38.59-186.2 µg g

-1 
(99.09) for Mn, 19.4-21231 µg g

-1 
(10822) for Fe, 0.18-2.06 µg g

-1 

(1.03) for Cd, 0.57-14.74 µg g-1 (4.75) for Ni, 0.4-3.68 µg g-1 (2.13) for Co and 5.97-44.23 µg 
g-1 (12.84) for Cr. Concentration of lead was at very low levels in all the stations. The Mn 
concentration was more than 100 µg g

-1 
in most of the stations. Fe concentration was greater 

in all the stations. 
 

CONCLUSION 
 

Cs-137 activity was detected only in sea water and fish. It was of the order of global 
fall out level. Sr-90 was not detected in any matrices. H-3 was also not detected in fresh 
waters and sea waters. Among the natural radionuclides, 

210
Po showed slightly elevated levels 

in marine food items. It would be of interest to know whether exposure of organisms to high 
natural radiation doses on the evolutionary time scale would favour the development of 
radiation resistance and whether a wide range in natural radiation regime implies a wide 
range of radio sensitivity. The level of stable elements in the environmental matrices around 
Kudankulam is very low and within the limits prescribed by EU and EC. There is no risk at 
present in consuming all the edible items around Kudankulam, indicating no artificial inputs 
in the present area. 
 



 

 

    

 
 

FIG. 5.1  
MAP SHOWING THE TERRESTRIAL SAMPLING LOCATIONS AROUND 

KUDANKULAM 
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FIG. 5.2  
OFFSHORE MARINE SAMPLING POINTS AROUND KUDANKULAM 

 
 



 

 

 

TABLE 5.1 

SAMPLING STATIONS 

None and Area Latitude Longitude Distance Direction Sector 

Zone 1 (0-2 km)      

KK Site 8˚10´7.52˝ 77˚42´44.8˝ 0.0   

Zone II (2-5 km)      
First Barrier 8˚11´7.74˝ 77˚41´54.2˝ 2.4 NW O 
Kudankulam 8˚11´34.1˝ 77˚42´25.5˝ 2.6 NNW P 
Idinthakarai 8˚10´37.1˝ 77˚44´38.8˝ 3.4 ENE D 
Shiva  Subramaniapuram 8˚11´40.9˝ 77˚41´32.1˝ 4.5 NW O 

Zone III (5-10 km)      
Vijayapathi 8˚11´27.2˝ 77˚44´51.2˝ 5.1 ENE D 

Nakkaneri 8 ˚13´3.1˝ 77˚40´21.4˝ 7.0 NW O 
Perumanal 8˚09´32.1˝ 77˚38´48.0˝ 7.3 W M 
Erukkanthurai 8˚11´19.1˝ 77˚38´48.0˝ 7.3 WNW N 
Parameswarapuram 8˚14´54.7˝ 77˚43´17.4˝ 8.2 NNW P 

Kutankuzhi 8˚12´59.2˝ 77˚46´56.3˝ 9.2 NE C 
Uralvaimozhi 8˚12´35.5˝ 77˚38´8.50˝ 9.6 WNW N 

Zone IV (10-15 km)      
Chettikulam 8˚09´36.6˝ 77˚37´0.23˝ 10.7 W M 

Radhapuram 8˚15´52.4˝ 77˚41´2.42˝ 10.8 NNW P 
Dhankarkulam 8˚14´40.9˝ 77˚38´58.3˝ 11.0 NW O 
Murugandhapuram 8˚14´32.8˝ 77˚47´19.8˝ 11.7 NE C 
Kootapuli 8˚08´45.3˝ 77˚36´3.71˝ 12.8 WSW L 
Attinkarai Pallivasal 8˚15´44.3˝ 77˚48´1.39˝ 14.2 NE C 

Zone V (15-30 km)      
Chinnamuttom 8˚05´45.9˝ 77˚33´32.0˝ 17.0 WSW L 
Azhakappapuram 8˚08´54.1˝ 77˚32´23.6˝ 19.1 W M 
Kanyakumari 8˚05´17.1˝ 77˚32´49.2˝ 20.7 WSW L 
Panagudi 8˚19´24.7˝ 77˚34´45.3˝ 22.0 NW O 
Uvari 8˚16´33.0˝ 77˚53´26.6˝ 22.9 ENE D 
Vallioor 8˚23´22.3˝ 77˚36´34.2˝ 26.8 NNW P 

Nagercoil 8˚10´17.2˝ 77˚26´21.2˝ 31.2 W M 

 

GPS CO-ORDINATES FOR OFF-SHORE MARINE SAMPLING POINTS 

 

 

 

 

 

 

Station 1 km 3 km 5 km 7 km 10 km 

Vijayapathi 
N 08˚10´579˝ 
E 077˚45´302˝ 

N 08˚09´524˝ 
E 077˚45´573˝ 

 
N 08˚08´22˝ 

E 077˚45´581˝ 

N 08˚07´328˝ 

E 077˚41´581˝ 

N 08˚04´223˝ 

E 077˚41´131˝ 

KK site 
N 08˚09´532˝ 
E 077˚42´840˝ 

N 08˚09´524˝ 
E 077˚45´573˝ 

N 08˚07´382˝ 
E077˚42´879˝ 

N 08˚06´316˝ 

E077˚43´000 

N 08˚04´750˝ 

E077˚43´255˝ 

Panchal 
N 08˚08´991˝ 
E 077˚40´185˝ 

N 08˚07´943˝ 
E 077˚40´229˝ 

N 08˚08´835˝ 
E077˚40´871˝ 

N 08˚05´677˝ 

E 077˚40´48 

N 08˚04´868˝ 

E 077˚45´428˝ 



 

 

TABLE 5.2  
MONITORING PROGRAMME 

 

 

S.No. Environmental 
matrix Description 

Sampling 
frequency 

Radionuclides monitored 

1 Grass 
Collective samples representing 
farms producing milk, 
fields within 30 km radius 

Quarterly Gamma emitters fallout 137Cs, Natural 40K, 228Ra, 
226Ra 
Beta emitters Fallout 90Sr, 
Alpha emitters natural 210Po. 

2 Milk Samples representing farms 
producing milk and samples 
representing the whole production 
of the local diary. 

Quarterly Gamma emitters fallout 137Cs, Natural 40K, 228Ra, 
226Ra 
Beta emitters Fallout 90Sr, 
Alpha emitters natural 210Po. 

3 Vegetables Vegetables grown in local areas 
and collected from farm 
lands which includes fresh leafy, 
non-leafy and tubers based on  
availability 

Quarterly Gamma emitters fallout 137Cs, Natural 40K, 228Ra, 
226Ra 
Beta emitters Fallout 90Sr, 
Alpha emitters natural 210Po. 

4 Fruits 
  Fruits grown in local areas and 
collected from farm 
lands and houses based on availability 

Quarterly Gamma emitters fallout 137Cs, Natural 40K, 228Ra, 
226Ra 
Beta emitters Fallout 90Sr, 
Alpha emitters natural 210Po. 

5 Grains Rice, ragi and maize and pulses 
collected seasonally 
within 30 km radius. 

Seasonally Gamma emitters fallout 137Cs, Natural 40K, 228Ra, 
226Ra 
Beta emitters Fallout 90Sr, 

6 Meat Beef, mutton and chicken 
samples from 
the animals raised 
within 30 km radius 

Twice a year Gamma emitters fallout 137Cs, Natural 40K, 228Ra, 
226Ra 
Beta emitters Fallout 90Sr, 
Alpha emitters natural 210Po. 

7 Fresh 
Water 

Representative samples of drinking 
water or raw water from open well 
and bore well around the site 
and from nearby villages 

Quarterly Gamma emitters fallout 137Cs, 3H 
Beta emitters Fallout 90Sr, 
Alpha emitters natural 210Po, 2 - 4 times a year. 

8 Sea 
Water 

 
Samples from 8 stations from the 
surrounding 
sea areas for shoreline waters 
and from offshore up to 10 km radius 

3 - 4 times a year Gamma emitters fallout 137Cs, 3H 
Beta emitters Fallout 90Sr, 
Alpha emitters natural 210Po, 3 - 4 times a year. 

9 Bottom 
sediments 

 
Sinking matter collected by sediment 
grabs from offshore region 
with in 10 km radius. 

3 - 4 times a year Gamma emitters fallout 137Cs, Natural 40K, 228Ra, 
226Ra 
Alpha emitters natural 210Po. 

10 Marine 
macrophytes 

 
Green algae, red algae, brown algae 
and sea grass collected 
from intertidal rocks and 
from shoreline (drifted) 

Quarterly Gamma emitters fallout 137Cs, Natural 40K, 228Ra, 
226Ra 
Beta emitters Fallout 90Sr, 
Alpha emitters natural 210Po. 

11 Fishes Different groups of fishes based on 
habitat 
and feeding habits 
from the fish landing centers 
and by trawl from the offshore waters 

Monthly Gamma emitters fallout 137Cs, Natural 40K, 228Ra, 
226Ra 
Beta emitters Fallout 90Sr, 
Alpha emitters natural 210Po. 

12 Seafoods 
Crustaceans and  molluscs collected 
from fish landing centres, 
and from intertidal region 

Seasonally Gamma emitters fallout 137Cs, Natural 40K, 228Ra, 
226Ra 
Beta emitters Fallout 90Sr, 
Alpha emitters natural 210Po. 

13 Diet From local hotels and houses Quarterly Gamma emitters fallout 137Cs, Natural 40K, 228Ra, 
226Ra 
Beta emitters Fallout 90Sr, 
Alpha emitters natural 210Po. 



 

 

TABLE 5.3  
FALLOUT 3H, 90Sr AND 137Cs IN COASTLINE AND OFFSHORE WATER SAMPLES 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
S. No. 

 

 
Station 

 

 
No. of 
Samples 

 

 

3H 
(Bq L-1) 

 

90Sr 
(mBq L-1) 

137Cs 
(mBq L-1) 

Min Max 

Coastline waters 

1 Kanyakumari 10 BDL (≤7) BDL (≤0.5) 0.67 1.23 

2 Chinnamuttom 7 BDL (≤7) BDL (≤0.5) 0.75 1.3 

3 Kootapuli 10 BDL (≤7) BDL (≤0.5) 0.71 1.27 

4 Perumanal 8 BDL (≤7) BDL (≤0.5) 0.6 1.5 

5 Idinthakarai 10 BDL (≤7) BDL (≤0.5) 0.93 1.38 

6 KK site 9 BDL (≤7) BDL (≤0.5) 0.72 1.24 

7 Kuthankuzhi 8 BDL (≤7) BDL (≤0.5) 0.67 1.40 

8 Uvari 8 BDL (≤7) BDL (≤0.5) 0.6 1.67 

Offshore waters 

1 1 km 9 BDL (≤7) BDL (≤0.5) 0.63 1.12 

2 3 km 9 BDL (≤7) BDL (≤0.5) 0.87 1.30 

3 5 km 9 BDL (≤7) BDL (≤0.5) 0.69 1.32 

4 7 & 10 km 8 BDL (≤7) BDL (≤0.5) 0.60 0.98 

5 7 & 10 km 
 (Bottom  
waters) 

7 BDL (≤7) BDL (≤0.5) 0.60 1.16 



 

 

TABLE 5.4 
137Cs AND 90Sr IN MARINE FISHES, CRUSTACEANS AND MOLLUSCS 

 

S.No No of 

samples 

Sample 
137

Cs (Bq kg
-1

 fresh wt.) 
90

Sr (Bq kg
-1

 fresh 

wt.) 

 

 

1 42 Pelagic fishes BDL (≤0.04)-0.22 
 

BDL (≤0.13) 
 

2 16 Bathypelagic fishes BDL (≤0.04)-0.06 
 

BDL (≤0.13) 
 

3 21 Demersal fishes BDL (≤0.04)-0.10 
 

BDL (≤0.13) 
 

4 21 Reef-associated fishes BDL (≤0.04)-0.09 
 

BDL (≤0.13) 
 

5 13 Crustaceans & Molluscs BDL (≤0.04) 
 

BDL (≤0.13) 
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Introduction 

Preamble 

  

 Coral reefs are important indicators of health of the marine environment. They are 
marine equivalent of rainforests in terms of composition of the biodiversity of species. Coral 
reefs provide suitable habitats for a variety of ornamental and food fishes and act as breeding 
and feeding grounds for them. Corals are marine animals which belong to Cnidarians 
(Phylum: Cnidaria; Class: Anthozoa) and exist as small sea anemone like polyps, typically 
forming colonies of hundreds of individuals. The group includes important reef builders 
known as hermatypic corals, found in tropical oceans, and belongs to the Subclass Zoantharia 
of the Order Scleractinia (formerly Madreporaria). These scleractinian corals are also known 
as stony corals and the thin living tissue is covered by a skeleton composed of calcium 
carbonate. A large colony of corals is actually formed of many individual polyps, up to a few 
millimeters in diameter, which are individual organisms.  
 In spite of being the most biologically diverse of all ecosystems in the world, 
coral reefs have been rapidly deteriorating because of a variety of environmental and 
anthropogenic pressures, such as elevated sea water temperature, sedimentation, organic and 
inorganic wastes from sewage, agricultural and industrial discharge, and land run-off. Besides 
those threats, sedimentation originating from harbor dredging, coral mining, deforestation 
and coastal development also pose a constant threat to corals by retarding their growth, by 
decreasing the penetration of light and changing the dynamics of the reef fishes. Prolonged 
sedimentation leads to change of composition of marine fauna and resilient species alone 
thrive at the end. 

Scope and Objective of the Work  

Corals are also widely used as environmental indicators, as they are sensitive to 
physical and chemical changes in the marine environment. This is reflected in the health and 
physiology of coral polyps. In recent years, coral reefs are under threat from anthropogenic 
pressures due to population growth, urbanization and development in the coastal areas. 
Although 80 km away from the region of Kudankulam Nuclear Power Project, Kundupadu 
(Mullukampi-near Tuticorin Harbour) and Vaan Island (Gulf of Mannar) are the only coral 
reef habitats closer to the project. Hence, these locations were monitored to assess the bio-
physical health status of corals. 

Objectives 

 
1. To assess the biophysical status of corals in Kundupadu (Mullukampi) near Tuticorin 

Harbour and around Vaan Island in the Gulf of Mannar. 
2. To study the physico-chemical parameters of water Samples collected at the sites where 

corals are monitored. 
3. To collect sediment samples from the sites where corals are monitored.  
4. To measure silt in suspension at the study sites where corals are monitored. 



 

 

Study Area 

 
Kundupadu (Mullukampi) is located near Tuticorin Harbour along the coastal area 

opposite to SPIC industrial complex in Tuticorin. Vaan Island is located approximately 6 km 
east of Tuticorin in the Gulf of Mannar. The maximum length, breadth and circumference of 
the island are approximately 1,025 m, 450 m and 2,510 m respectively. The total surface area 
of the island is about 137,000 m2. Altogether six sites were chosen for the study, with three 
sites each from each of the two locations 

Material and Methods 

 The sessile benthic community of corals was assessed using Line Intercept Transects. 
The community characterization was done using life-form categories, which provided a 
morphological description of the reef community.  An Underwater measuring tape of 20 m 
was stretched out roughly parallel to the reef crest at depths of 2-4 meters. The tape was 
pegged on the benthic substratum making a good contour of benthos for exact measurement 
and their categories were recorded on data sheets.   

 

Estimation of Physico-Chemical Parameters 

 
Physico-chemical parameters such as Atmospheric Temperature, Surface water 

temperature, pH, Dissolved Oxygen and Salinity were estimated using standard methods of 
seawater analysis. Sediment traps were used for the collection of settlelable sediments near 
the coral reefs using the standard methods. A Silt Meter was used to monitor the silt in 
suspension, directly in the water column, at the depth where the corals were found in the 
study sites. 

 

Results and Discussion 
 

 Bio-physical status of corals was monitored from February 2005 to December 2007 
in the study sites of Kundupadu and Vaan island and the highest mean percentage live coral 
cover for the first year of the study was observed during February 2005 in Site-1 of 
Kundupadu region (54.5) and the lowest live coral cover of 8.6% was recorded in Site-3 of 
the Sampling Station 2, Vaan island.  

 
 However, during the summer (May 2005), the overall mean percentage of live coral 
cover decreased to 22.3% in Kundupadu (Station 1) and 11.7% in Vaan island (Station 2) and 
it could be attributed to the elevation in sea surface water temperature that might have 
resulted in a stress condition known as bleaching in corals. During the subsequent monsoon 
period (November 2005) the live coral cover increased to 33.2% in Station 1 Kundupadu and 
29.4% in Vaan island. During the post monsoon season of January 2006 the live coral covers 
were 32.9% and 29.3% in Kundupadu and Vaan island respectively. Figures 6.1 and 6.2 give 
monthly average live coral cover in Station 1 and Station 2. 

 



 

 

Fig. 1  Monthly Average Live Coral Cover in Station 1
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Fig 2 Monthly Average Live Coral Cover in Station 2
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The overall mean percentage cover of bleached corals was found to be the highest in 

Station 2 Vaan island with 24.1, followed by 22.6 in Station 1 Kundupadu during May 2005. 
The overall bleached coral cover was recorded as 21.6% in Station 1 as the thermal anomaly 
continued during June 2005. However, Vaan island showed lesser bleached coral cover of 
17.6% during June 2005 and a corresponding increase in the overall live coral cover to an 
extent of 14.4% at the same time.  

 
The overall mean percentage cover of bleached corals was reduced to 15.1 and 3.8 

during July and August 2005 respectively in Station 1 Kundupadu. Similarly the average live 
coral cover increased to 24.8%, 31.1% and 32.3% during July, August and September 2005 
respectively in Station 1. The same trend was observed in Station 2 Vaan island during the 
pre-monsoon season and the overall mean percentage cover of bleached corals decreased. 
The recovery of corals from the bleaching phenomenon resulted in the increase in mean 
percentage cover of live corals during July which continued till September 2005. 

 
During the second year of the study the highest mean percentage (33.6) cover of live 

corals was recorded around Station 1 Kundupadu during the post-monsoon (March 2006) and 
the same was 31.5% for Station 2 Vaan island during the monsoon season (December 2006). 
However, mean live coral covers were recorded in Station 1 and Station 2 as 27.4% and 
25.4% respectively during May 2006 and this could be attributed to the mild bleaching of 
corals in the study sites. 

Mild bleaching in corals was recorded during the summer season of 2006 and the 
overall mean percentage cover of bleached corals was found to be the highest in Station 1 
Kundupadu with 5.1, followed by 4.7 in Station 2 Vaan island during May 2006. However, 



 

 

Vaan island showed lesser-bleached coral cover of 4.7% during June 2006 and a 
corresponding increase in the overall live coral cover to an extent of 25.4% during June 2006. 
The overall mean percentage covers of bleached corals reduced to 0.7 and 0.9 during July 
2006 in Station 1 Kundupadu and Station 2 Vaan island respectively. Similarly the average 
live coral cover increased to 31.9% and 29.4% during July 2006 in Station 1 and Station 2 
respectively. 

  
The highest mean percentage (35.2) cover of live corals was recorded around Station 

1 Kundupadu during the monsoon period of the third year of the study (December 2007) and 
the same was 32.6% in Station 2 Vaan Island. The coral cover has increased after the 
successive bleaching phenomena in both the stations viz., Kundupadu and Vaan island after 
the bleaching events of 2005 and 2006.  

  
The physicochemical parameters showed significant differences between the months 

in both the stations during the three year period of the study. A rise in atmospheric and 
surface water temperature during the summer season was noticed which coincided with the 
coral bleaching during the first year of the study. However, the bleaching that occurred 
during the second year of the study (2006) was not associated with any thermal anomaly in 
the surface waters. Figures 6.3 and 6.4 show the variation of atmospheric temperature with 
sea surface water temperature at both the stations respectively. 

 

Fig 3 Atmospheric Temperature (AT) & Sea Surface Temerature(SST)  in 

Station 1
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Fig 4 Atmospheric Temperature (AT) & Sea Surface Temerature(SST)  in 

Station 2
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High pH values (8.43 in Station 2) were observed during the monsoon season and low 
values (7.8 in Station 2) were recorded during the pre-monsoon season of the first year of the 
study (2005).  

  
 The salinity values of both the stations showed an increasing trend during summer, 

pre-monsoon and post-monsoon seasons and decreasing trend during the monsoon season 
during the study period. The highest (35.4 ppt) and the lowest (32.3 ppt) salinity values were 
recorded during September and June 2005 in Station 2 and Station 1 respectively. An 
increasing trend in the concentration of dissolved oxygen values were noticed during the 
monsoon and post-monsoon seasons and a decline of the same was noticed during the 
summer and pre-monsoon seasons in both the stations during the study period. The highest 
(5.6 mg L

-1
) and the lowest (4 mg L

-1
) concentrations of dissolved oxygen were recorded at 

Station 1 during February and August 2005. 
  

Silt load in both the stations showed an increasing trend during the post-monsoon, and 
summer seasons. The highest silt load was observed during the pre-monsoon season. 
However, the silt load decreased during the monsoon season in both the stations during the 
study. The highest (18 g L

-1
) and the lowest (4.7 g L

-1
) silt loads were recorded September 

2006 and March 2005 in Station 1 and Station 2 respectively. 
  

An increase in the rate of sedimentation was noticed during the summer season and 
the highest rate of sedimentation was recorded during the pre-monsoon season in both the 
stations. A fall in the rate of sedimentation was seen during the monsoon season and it 
continued till the end of post-monsoon season in both the stations. The highest (153.1 mg cm-

2
 day

-1
) and the lowest (38.2 mg cm

-2
 day

-1
) rates of sedimentation were recorded during 

September 2006 and March 2005 in Station 2 and Station 1 respectively during the study 
period. 
 

 

 

 

 

 



 

 

Conclusion 
 

The baseline data collected during the study revealed that Coral bleaching 
phenomenon occurred during the first and the second year of the study. However, coral 
bleaching that occurred during May 2005 affected all the species of corals and was caused by 
the elevation in SWT (Surface Water Temperature) and post-bleaching coral mortality was 
recorded. Coral recovery was rapid in the two sampling stations with the recession in the 
Surface Water Temperature (SWT). However, Coral bleaching that occurred during the 
second year was not associated with the SST elevation and was restricted only to a few 
genera. However, the recovery in the coral species was slow.  Rate of sedimentation and silt 
load were high during the pre-monsoon season in both the stations and pose a constant stress 
to corals.  

 

 
 

FIG. 6.4. MAP SHOWING CORAL MONITORING STATIONS   
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