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In troduc tion
The groundwater may have dissolved mineral and
radioactive elements with different concentrations
due to the reactions of mineral with water in soils
and rocks. Concentrations of natural radionuclides
in water could be related to the physicochemical
and the geological formation of the area. Water is
an important element in the environmental research
because of its daily consumption by human and its
ability to transport pollutants. The occurrence of
radioactive in water causes human internal
exposure because of the decay
of radionuclide absorbed by the body through the
ingestion pathway. Exposure doses are correlated
with the amount of radioactive existed in water.
Thus, the measurement of the activity
concentration of naturally occurring radioactive in
groundwater is beneficial to the environmental and
public health research. It is crucial to know the
baseline value of dose level of both radioactive and
chemical metals. As a result, many studies on
natural radioactivity and metals concentrations in
water have been done in several countries.

Wak oya is one of the main tributaries of Kelani
river, starts from Labugama forest reserve and
important catchment areas in the western province.
Currently the catchment area changes rapidly with
the deforestation, industrialization, resource
exploitation and etc. Then ground water holding

areas lost their function and slow down the
groundwater discharge capacity. To identify the
ground water discharge ability of the area, a radon
technology can be use because of its excellent
tracer ability for recognizing areas of significant
groundwater discharge. Land use data and radon
data help to identify the ground water discharge
areas and protect the areas of high ground water
availability.

The main objective of this study is examining the
discharge difference between surface and ground
water in Wak Oya catchments area and there are
few specific objectives of identification of changes
in surface and ground water system in catchment
using land use pattern, using new Radon
technology and suggest the environmental
management systems to protect the catchment area.

Resea rch M e thod
To identify the ground water discharge and
difference between surface and ground water, nine
samples were selected from Wak oya and five
samples were selected from wells located near the
Wak oya using the area map and road map, and
coordinates of the locations were taken from
Global Positioning System GRAMIN GPS maps
78S. Land use/land cover (LU/LC) changes of
study area were analyzed using satellite images,
land use data from Survey Department of Sri
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Lanka and remote sensing applications. Also, to
analysis the changes of land use pattern during the
past few years, satellite images of 2003 and 2017
of study locations were taken using google earth
application.

To measure radon concentrations in surface and
ground water in the study area, a Durridge RAD7
RAD AQUA system was used. Before analyze the
samples all the tubbing’s and other parts were
connected as in Durridge RAD AQUA manual
2018.Finally, environmental management
strategies were identified and discussed to protect
the study area and in this, laws, regulations and
authorities which related to manage the catchment
areas were identified and discuss about their roles.

Resu lts and D iscu ss io n
This study was carried out to study the land use
changes in wak oya catchment area to identify
changes in ground and surface water system in the
area. Land use data from Survey Department of Sri
Lanka, Satellite images of 2003 and 2017 and GIS
data were used to identify the land use changes
around wak oya catchment area. According to land
use pattern classification of the Wak oya catchment
area in year 2003(Figure.1) and 2017 (Figure.2)
most of the cultivated areas were converted to
build up area and more than 50% of catchment area
were covered with constructions during last fifteen
years due to high urbanization and industrialization
of past ten years. But forest area was not change
rapidly due to high restrictions inside the
Labugama Kalatuwawa forest reserve.

F ig u re 1 : land use m ap W ak oya F ig u re 2 : lan d use m ap W ak oya
ca tchm en t a rea -2003 ca tchm en t a rea -2017

The industrialization and fast population growth of
catchment area were directly impact to hydrology
of the area by rapid use of surface and ground
water and finally affecting the groundwater
recharge and storage and end up with dried up
tributaries in the study area.

Other than the land use maps, nine satellite images
around the study locations in 2003 and 2007 were
analyzed to identify the changes in ground and
surface water system with land use changes and all
the images showed that the water area decreasing
and wak oya was narrowed in 2003 than 2017.

F ig u re :3 : R adon concen tra tio n a lo ng W ak oya sam p le loca tio ns w ith geog raph ic d is tr ibu tion
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F igure:4 : Sample locations w ith geograph ic d is tribu tion

To identify the ground water discharge in the
catchment area nine samples along the Wak oya
and five samples from nearest wells were analyzed
for Radon using RAD AQUA system during the
period of July to August 2015. Radon
concentrations varied from one location to another
as shown in Figure.3 with the lowest values of
1979 ± 150 Bqm-3 at location CC ,where
groundwater discharge assumed to be minimum
and highest value of 3260 ± 150 Bqm-3 at location
BB where groundwater discharge assumed to be
significanlty high. Changes of this higher and
lower radon levels directly linked with geology of

the area, environmental background and also
anthropogenic activities.

Mainly the geology of the area consists with
Charnokitic Gneiss and small amount of Quartzite
and Hornblende Biotite Gneiss. According to
figure 3 & 5 location BB, highest radon level of the
study area was located within the Quartzite layer
with high amount of fracture openings and
therefore, ground water can flow outside speedily
within short period of time and decay ability was
very low and radon level was high. This showed
location BB had the higher ground water discharge
ability.

F igure 5: D iffe rences betw een Radon leve ls o f s tream s and wells
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Location CC, the lowest radon value and it located
in the area that consist of charnokite massive rocks
with low fracture openings and had lower ground
water discharge ability. TM, TM-1, and AA
showed higher values because they were located in
area with low man-made constructions, low human
disturbances and high vegetation cover. Therefore,
those locations had slightly high ground water
discharge ability. Figure 5 was clearly illustrated
that the well locations had high radon values than
the stream location and both lines were flow in a
same pattern. It clearly described that ground water
had higher radon values than surface water.

Conc lus ion
All the data illustrate that location BB & BBW had
higher values and the area had a significant ability
to discharge the ground water and radon values of
wells derive that ground water had higher radon
than surface water. Also, TM, TM-1 and AA had
higher potential of discharge ground water to the
environment and identified the management
strategies and regulations to protect these areas

Re fe rences
1. Andrews, J. & Wood, D., (1972). “Mechanism

of Radon Release in Rock Matrices and Entry
into Groundwater.” Inst. Min. Metall., Trans.,
Sect. B; v. 81 B198-B209, 4(12); 198-209.

2. Bertin, C. & Bourg, A., May (1994). “Radon-
222 and Chloride As Natural Tracers of the
Infiltration of River Water into An Alluvial
Aquifer in Which There Is Significant
River/Groundwater Mixing.” Environmental
Science and Technology, 28(5); 794-798.

3. Bhaduri, B., Harbor, J., Engel, B. & Grove, M.,
(2000). “Assessing watershed‐scale, long‐term
hydrologic impacts of land use change
using a GIS‐NPS model.” Environmental
Managment, 26(6); 643-658.

4. Britannica, T. E. O. E., (2019). “Groundwater
Hydrology.” Subsurface water, 22 January.

5. Bronstert, A., (2004). “Rainfall‐runoff
modeling for assessing impacts of climate
and land‐use change.” Hydrological Process,
18; 567-570.

6. Burnett, W., Aggarwal, P., Aureli, A. &
Bokuniewicz, H., (2006). “Quantifying
Submarine Groundwater Discharge in the
Coastal Zone via Multiple Methods.” Science
of the Total Environment, 367; 498-543.

7. Burnett, W., Aureli, A., Aggarwal, P. &
Povinec, P., (2006). “Characterisation of
submarine ground water discharge offshore of
south-eastern Sicily-SGD Collaboration.”
Journal of Environmental Radioactivity, 89(1);
81-101.

8. Burnett, W. C. & Dulaiova, H., (2003)
February. “Estimating the Dynamics of

Groundwater Input into the Coastal Zone via
Continuous Radon -222Mesurments.” Journal
of Environmental Radioactivity, 21-35.

9. Burnett, W., Peterson, R., Santos, I. & Hicks,
R., (2010). “Use of Automated Radon
Measurments for Rapid Assessment of
Groundwater Flow into Florida Streams.”
Journal of Hydrology, pp. 380, 298-304.

10. Cable, J. E., Bugna, G., Burnett, W. &
Chanton, J., (1996). “Application of 222Rn
and CH4 for assessment of groundwater
discharge to the coastal ocean.” Limnology
and Oceanography, 41(6); 1346-1353.

11. Calder, I., (1993). Hydrologic effects of
land‐use change, in Handbook of hydrology.
New York: McGraw‐Hill.

12. Cecil, L. D. & Gesell, T. F., (1992) January.
“Sampling and Analysis for Radon-222
Dissolved in Groundwater and Surface water.”
Environmental Monitoring and Assessment,
20(1); 55-66.

13. Clark , I. & Fritz, P., (1997). “Environmental
Isotopes In Hydrogeology.” CRC Press,New
York, 325-328.

14. Cooray, P., (1984). “The Geology in Sri
Lanka.”, Colombo: The Geology in Sri Lanka.

15. De Mel, M. et al., (2009). “Judges &
Environmental Low.” Colombo:
Environmental Foundation LTD.

16. Dulaiova, H., Peterson, R., Burnett, W. &
Lane-Smith, D., January (2005). “A Multi-
detector Continous Monitor for Assessment of
222Rn in the Coastal Ocean.” Journal of
Radioanalytical and Nuclear Chemistry,
263(2); 361-363.

17. Durrance, E., (1986). “Radioactivity in
Geology. Principles and Applications.” Ellis
Horwood Series in Geology, 125(3); 200-225.

18. Durridge, (2018). “Rad Aqua - Continuous
Radon in Water Accessory for the RAD7-
User Manual”, s.l.: s.n.

19. Dwivedi, R., Sreenivas, K. & Ramana, K.,
(2005) April. “Land-use/land-cover change
analysis in part of Ethiopia using Landsat
Thematic Mapper data.” International Journal
of Remote Sensing, 26(7); 1285-1287.

20. Harbor, (1994). “A Practical Method for
Estimating the Impact of Land‐Use Change
on Surface Runoff, Groundwater Recharge
and Wetland Hydrology.” Journal of the
American Planning Association, 60(1); 95-108

21. Hoehn, E. & Gunten, H. V., (1989). “Radon in
groundwater: A tool to assess infiltration from
surface waters to aquifers.” Water Resources
Research , 25(8); 1795-1803.

22. Johannes, R., (1980). "The ecological
significance of the submarine discharge of
groundwater.". Marine Ecology Progress
Series , 3; 365-373.



35

23. Johannes, R. E., (1980). “The ecological
significance of the submarine discharge of
groundwater.” Marine Ecology Progress Series,
365-373.

24. Islam, Mohammad Samiul, Salehin,Fayjus
and Nayee, Abdur Rakib Nayee, (2020).
Cauliflower Cultivation Productivity and
Resource Utilization of Agro- Economics: A
Study on Selected Areas of Jamalpur District
In Bangladesh. Globus An International
Journal of Management & IT, 11(2); 10-16.

25. Kendall, C. & McDonnell, J., (1998). “Isotope
Tracers in Catchment Hydrology.” 1st Edition
ed. Amsterdam: Elsevier.

26. Kumar, Devender, (2020). The Affects of
Environment Pollution in The Perspective of
Air Pollution, Water and Land/Soil Waste
Pollution. Globus An International Journal of
Management & IT, 11(2); 6-9.

27. Lee, R. & Hollyday, E., (1987). “Radon
measurement in streams to determine location
and magnitude of ground-water seepage, in
Graves, Barbara.” Chelsea,Michigan, Lewis
Publisher.

28. Maktav, D., Erbek, F. & Jürgens, C., (2005).
“Remote sensing of urban areas.” International
Journal of Remote Sensing, 26(4); 655-659.

29. Mallawatantri , A., Rodrigo , A. & De Silva,
K., (2016). “Medium to Long-term Multi-
Stakeholder Strategy and Action Plan for
Management and Conservation of the Kelani
River Basin, 2016-2020,” Natural Resource
Management and Monitoring Unit Central
Environment Authority.

30. Mas, J., (2004). “Mapping land use/cover in a
tropical coastal area using. Estuarine”, Coastal
and Shelf Science, 219-230.

31. Miller, D. & Ullman, W., (2004). “Ecological
Consequences of Estuarine Groundwater
Discharge at Cape Henlopen”, Delaware Bay,
U.S.A.. Ground Water, 42; 959-970.

32. Mulligan, A. E. & Matthew, C. A., (2006).
“Intercomparison of Submarine Groundwater
Discharge Estimates from a Sandy Unconfined
Aquifer.” Journal of Hydrology, 327(3); 411-
425.

33. Mullinger, N., Pates, J., Binley, A. & Cook, N.,
(2009). “Controls on the Spatial and Temporal
Variability of 222Rn in Riparian Groundwater
in a Lowland Chalk Catchment.” Journal of
Hydrology, 376(1-2); 58-69.

34. Pan, & Tian, S., (2001). “The Water Resources
of Heihe River Basin.” Zhengzhou: Yellow
River Science, 39-128.

35. Panabokke, C., (2007). “Groundwater
Conditions In Sri Lanka”. Colombo: National
Science Foundation of Sri Lanka.

36. Panabokke, C. & Perera, A., (2005).
“Groundwater Resources of Sri Lanka.”

Government of Sri Lanka Water Resources
Board Report.

37. Pereira, H., (1989). “Policy and Practice in the
Management of Tropical Watersheds”,
Westview Press: Boulder, CO.

38. Perera, P. a., (2005). “Groundwater Resources
of Sri Lanka.” Goverment of Sri lanka Water
Resources Board Repot.

39. Prenzel, B., (2004). “Remote Sensing-Based
Quantification of Land-Cover and Land-Use
Change for Planning.” Progress in Planning,
61(4); 281-299.

40. Przylibski, T., (2007). “Radon as a natural
radioactive tracer for studying crystalline rock
aquifers–a few usage concepts.”
Hydrogeologia, 30(41); 125-142.

41. Ranasinghe, A. & Wijesekara, R., (1990).
“Effective geophysical prospecting for
location of irrigation wells.” Irrigation and
water resources, 158-172.

42. Roberts , D., Keller, M. & Soares, J., (2003).
“Studies of land-cover, land-use, and
biophysical properties of vegetation in the
Large Scale Biosphere Atmosphere
experiment in Amazonia.” Remote Sensing of
Environment, 87; 377-388.

43. Roo, et al., (2001). “Assessing the Effects of
Land Use Changes on Floods In The Meuse
And Oder Catchment.” Italy: European
Commission, DG Joint Research Centre.

44. Schmidt, A. & Schubert, M., (2008). “Using
radon-222 for tracing groundwater discharge
into an open-pit lignite mining lake - A case
study.” Isotopes in Environmental and Health
Studies, 43(4); 387-400.

45. Senarath, D., (1990). “Some management
aspects in the use of groundwater. . In:
Irrigation and water resources.” Kandy:
Department of Agricultural Engineering,
Faculty of Agriculture, University of
Peradeniya, 173-177.

46. Seto, K. et al., (2002). “Monitoring land-use
change in the Pearl River Delta using Landsat
TM.” International Journal of Remote Sensing,
23(10); 1985-2004.

47. Singh, Singh, D. & Kumar, A., (2010).
“Groundwater Situation in India: Problems
and Perspective.”International Journal of
Water Resources Development, 563-580.

48. Skeppström, K., (2005). “Radon in
Groundwater- Influencing Factors and
Prediction Methodology for A Swedish
Environment”, Swedish: KTH Land and Water
Resource Engineering.

49. Tianming, H. & Zhonghe, P., (2010).
“Estimating groundwater recharge following
land‐use change using chloride mass balance
of soil profiles: a case study at Guyuan and
Xifeng in the Loess Plateau of China.”
Hydrogeology Journal.



36

50. Turner, M., Bolliger, J. & Wagner, H., (2007).
“Identifying and Quantifying Landscape
Patterns in Space and Time-Research Gate.”
Available at: https://www.researchgate.net/
publication/226333676 [Accessed 20.02.2018].

51. Tziztiki, J., Jean, F. & Everett, A., (2012).
“Land cover mapping applications with
MODIS: a literature review”, International
Journal of Digital Earth, 5(1); 63-87.

52. Webster, I. T., Hancock, G. J. & Murray, S. A.,
(1995). “Modelling the effect of salinity on
radium desorption from sediments.”

Geochimica et Cosmochimica Acta
(ELSEVIER), 59(12); 2469-2476.

53. Wilson, J. & Rocha, C., (2012). “Regional
Scale Assessment of Submarine Groundwater
Discharge in Ireland Combining Medium
Resolution Satellite Imagery and Geochemical
Tracing Techniques. Remote Sensing of
Environment,” 119; 21-34.

54. Yun, P. et al., (2011). Impact of Land Use
Change on Groundwater Recharge in Guish
ui River Basin, China. China Geography
and Science, 21(6); 734-743.


	Introduction
	Results and Discussion
	            Figure 1: land use map Wak oya        
	                     catchment area -2003         

	Conclusion
	References

