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ABSTRACT: The ecosystem resilience has a greater influence on regulation of stream water quality where 
water quality is inter dependent on ecosystem characteristics (structural and functional form) of draining 
watershed. A conceptual model is proposed to study ecosystem characteristics in watersheds responsible for 
stream water quality where fluxes of constituents in different phases in the ecosystem determine their 
concentrations in stream water. The model considers natural forest ecosystem as the most resilient systems where 
fluxes of constituents occur at steady state equilibrium resulting best attainable water quality. Using this model 
the land use systems in seven sub watersheds of Polgolla watershed were analyzed, ranked and interpreted for 
anthropogenic influence on stream water quality impairment. The densely populated urban systems in the 
Polgolla watershed: Medaela , Gelioya and Pingaoya showed the highest deviation from the natural system with 
most impaired water quality. Among other watersheds, Mahaweli river- Rozella, Mahaweli river -Nawalapitiya, 
watersheds had high magnitude stressors from plantation and agriculture with intense fluxes of fertilizer; TN 
and TP. Atabage oya and Nilambe oya watersheds showed greater system resilience in the settlement land 
systems, but poor resilience; higher fluxes for agriculture and plantation land systems with intense fluxes of TP. 
The study has   a greater application potential in preparation of watershed based water quality management plans 
for upper watersheds of the country. 
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1 INTRODUCTION 

The ecosystem resilience has a greater influence on 
regulation of stream water quality where water 
quality is inter dependent on ecosystem 
characteristics (structural and functional form) of 
draining watershed. The stream water flow, and the 
dissolved, suspended and bed load of constituents in 
streams are determined by the flux of matter and 
energy within the system.  When the watershed 
ecosystem is at its most undisturbed state  the best 
attainable quality of water results. 

A model is proposed to study ecosystem 
characteristics in watersheds responsible for stream 
water quality where fluxes of matter in different 
phases (air, water, soil and Biota) in the ecosystem 
determine their concentration in water. 

The model considers natural forest ecosystem as 
the most resilient systems where fluxes of matter 
and energy occur under steady state equilibrium. 

The ecological resilience is defined as the amount 
of disturbance that an ecosystem could withstand 
without changing self-organized processes and 
structures: C. S. Holling; 1973 

1.1 The system resilience, dynamic 
equilibrium, and flux of water and constituents 
(Natural vs Disturbed) 

The Fig 1 and 2 show the conceptual models on 
impact of stressors on water quality of natural 
ecosystem and a disturbed system. 

In natural ecosystems the flux of matter 
(constituents) occur fully in line with the natural 
biogeochemical cycling inherent to the system. For 
example the forest ecosystems maintains highest 
state of resilience where the above ground biomass 
acts as a reserve for greater quantity of constituents 
thus making  labile fluxes low in soil-water solution. 
Therefore streams draining forest watersheds have 
good water quality (fig 1).  



 

 

Increased flux of constituents (ions) is observed in 
streams of forest systems in extreme conditions 
such as in heavy rainfall events, sudden death of 
plants and animals etc, but the resilience 
mechanisms returns the system back to steady state 
equilibrium within a shorter time. Therefore in 
forest streams the flux of water and the constituents 
do not show high magnitude sharp peaks; 
hydrographs or fluxes of matter.  

 
 Fig. 1 Conceptual system model for natural forest 

ecosystem 

In the disturbed systems the system resilience 
mechanisms are weak, stressors are high and the 
labile fluxes of matter are high resulting impaired 
water quality. The stressors are anthropogenic 
factors with the ability to interact with ecosystem in 
many ways and they weaken the system resilience 
altering the fluxes resulting high concentrations of 
constituents in stream water (Polluted stream water) 
(fig 2). 

Fig. 2 Conceptual system model for disturbed ecosystem 

2 METHODOLOGY  

The ecosystems structure and dynamics of different 
land use systems in Polgolla watershed water 
resources health were analyzed to study the 
influence of stressors on water quality impairment 
using a conceptual model, developed with the 
inclusion of three key elements that characterize 

impact of anthropogenic stressors on stream water 
quality. 

i) The stressors: This is the 1st  type of element and 
they either a) completely or partly eliminate 
structural and functional elements that regulates 
the natural system resilience responsible for 
water quality, b) Alter the natural structural 
/functional forms of system elements c) 
introduce new elements or materials (fluxes) to 
the system that destabilize system’s self-
regulation or d) increase /reduce mass flux of 
material in the system.  

ii) The multiple and complex mechanisms 
responsible for flux of matter represent the 2nd 
type of elements in the model which form 
different interactive processes responsible for 
system resilience and  stream water quality.  

iii) The 3rd elements is the fluxes of matter 
(constituents) in stream water which is 
determined by the interaction between stressors 
and   mechanisms responsible for (flux of 
matter) stream water quality. 
 

Fig. 3 Sub watershed map of  Polgolla watershed and 

water quality sampling locations 

Using the conceptual model the land use systems 
under different stressors were analyzed and 
characterized in relation to their system naturalness 



 

 

and resilience, flux intensity of constituents and the 
magnitude of anthropogenic stressors. The system 
resembling most of natural ecosystem structure and 
function, lowest anthropogenic stress with highest 
resilience and flux of constituents having more 
steady state equilibrium were considered as the 
most resilient systems possessing highest stream 
water quality. The systems with extensive 
anthropogenic stressors were considered as the 
worst systems with low resilient disturbed systems 
where the quality of stream water is impaired. 

Using this characterization the selected sub 
watersheds were studied and ranked depending on 
the presence of different land use systems within 
each watershed. In ranking the sub watersheds 
having land use systems mostly of natural 
ecosystem structure and function, lowest 
anthropogenic stress with highest resilience and 
flux of constituents having more steady state 
equilibrium were given the highest rank while those 
having poor qualities were given the lowest rank. A 
relative ranking in the range of 10 for the best -1 for 
worst were considered except for attributes flux 
intensity and anthropogenic stressors. The flux 
intensity and stressor magnitude were ranked 
inversely with high stressor magnitude and flux 
intensity-10 and lowest stressor and flux intensity -
1. The ranks were average values of three 
professional judgments and the values were 
assigned by studying the, Google images on land 
systems, population density distribution graphs and 
by visiting the watersheds. 

The quality of water (the flux of constituents) in 
streams draining sub watersheds was measured for 
indicator parameters such as Total Nitrogen (TN), 
Total Phosphorus (TP), biodegradable organics 
(BOD), electrical Conductivity (EC), and Fecal 
coliforms (FC). The water quality measurement 
represent the different fluxes of constituents in 
stream waters in the watershed which are influenced 
by system resilience and stressors. 

The assigned ranks were compared with 
different water quality parameters in sub watersheds 
streams to relate the effect of anthropogenic 
stressors on system resilience and on flux intensities 
with respect to water quality impairment using a 
natural undisturbed watershed as a bench mark. For 
the benchmark, water quality in a stream from 
Horton plains in Kothmale watershed was used.  
 
 
 
 

2.1 The stressors and  its interaction with  land 
use systems 

2.1.1 The anthropogenic stressors in the watershed 

Fig. 4 The anthropogenic stressors in the watershed 

The sub watersheds of Polgolla is under the 
influence of different anthropogenic pressures (Fig 
4). Except the reserved forests and patches of 
natural vegetation un-habitable higher elevations 
the entire watershed is under heavy influence of 
anthropogenic pressures over decades. They include 
urbanization, clearance of natural vegetation for 
development, transformation of natural streams and 
riverine habitats to terrace paddy, plantation of tea, 
adding excessive loads of fertilizers, harmful 
pesticides, land disturbance with erosion and release 
of sediment to streams. Generation of solid waste,  
high density settlements, complete replacement of 
natural vegetation by urban cities, replacement of 
natural streams by storm water systems, 
replacement of foot paths with motorable road 
network are the other stressors in the watershed (Fig 
4). These stressors influence the watershed through 
multiple complex paths at different magnitudes and 
durations and depending on that the resultant 
impairment to water resources occur. 

2.1.2 The ecosystems structure, dynamics and flux 
of matter (constituents) in land use systems and 
influence of stressors  

The study recognized five land use systems under 
different anthropogenic stressors.  

 

 

 

 

 

 



 

 

2.1.3 Type 0 - The ecosystems structure, dynamics 
and flux of material in natural forest ecosystems 

The undisturbed ecosystems in the Polgolla 
watershed are midland humid forests and riverine 
forests. The development has swallowed much of 
the natural forests limiting their existence to few 
fragmented patches; Three patches of forests 
namely Udawattekele, Hantana and 
Dunumandalawa remain as protected reserves. And 
also, un-habitable higher elevations remain with 
natural forests vegetation. The riverine forests too 
remain as fragmented patches along the stream 
banks.  

Fig. 5 Structural form in tropical humid forest ecosystem 

Both these natural habitats are the most stable 
ecosystems in the watershed with flux of matter in 
dynamic equilibrium and highest state of resilience.  

The structural elements for resilience in natural 
forest ecosystems are represented by several layers 
of tree canopies,  the humus layer, the underneath 
root zone, soil layer with active microflora and the 
soil-water solution. The soil-water solution form 
streamlets resulting larger forest streams. The above 
ground biomass holds the highest fraction of 
Carbon, nutrients (Nitrogen and Phosphorus) and 
other elements of which only a fraction is labile, 
eg:leaf fall and fine root litter. In forests the humus 
layer is formed from decomposing leaf fall and fine 
roots inhabited with active microflora (fig 5).  

Cycling of matter in forests occur internally in 
close loops with less extraction of element from 
weathered soils via unique biogeochemical cycles 
which interact with air, soil , water and biota. The 
soil micro flora performs a greater part of  
biogeochemical cyclizing of matter including  
decomposing organic matter in to CO2 and water, 
converting organic nitrogen to biologically 
available  inorganic forms (NO3, NO2, NH3) and a 
series of complex biochemical processes important 
for flux of constituents.  

 

As a result forest ecosystems are deficit of labile 
elemental sources and therefore much of the 
elements go through internal cycling releasing only 
a fraction into forest stream waters. As a result the 
fluxes of constituents in forest streams are low and 
poses the best water quality. 

2.1.4 Type 1 - The ecosystems structure, dynamics 
and flux of material in Kandyan forest gardens 

The Kandyan Forest Gardens (KFGs) are an ancient 
agroforestry ecosystem. Which is a human 
intervened settlement ecosystem in existence over 
centuries. Their plot size range from 0.1- 0.4ha 
consisting of high plant density. Bandara, 2013 has 
shown that KFG has on average of about 46 species 
per unit with 23 tree based species, The KFG land 
use resemble more or less to a natural rainforest in 
physiognomy (four canopy layers, > 70% canopy 
cover, non-regular horizontal distribution; Bandara 
T W M T(2013)). Hence, the ecosystem structure, 
function, flux of materials (water quality) and 
dynamics (resilience) are almost similar to a natural 
forest system. 

2.1.5 Type 2 - Flux of material and dynamics in 
mono culture plantation ecosystems 

The upper most sub watersheds are covered with 
mono culture tea plantations.  A centaury ago the 
forests and KFG were replaced with a monoculture 
plantation tea, a perennial crop grown 3-5 feet high.  
The single canopy although avoids direct hit of rain 
drops on the ground, as the above ground biomass 
is low water reaches ground within a short lag time. 
As productivity depends strongly on strict weed 
control the ground cover vegetation and plant litter 
based humus layer is absent. Both these reduces 
infiltration of water and increases overland flow 
resulting rill erosion. Rill erosion and sediment load 
in streams are severe in Tea with poor soil 
conservation.  

The plantation depend substantially on regular 
application of pesticides and fertilizer and much of 
it enters the streams in dissolved form or attached to 
sediments. The pesticide are new chemicals added 
to ecosystems and are extremely toxic to aquatic life 
even in low magnitude fluxes hence greater 
impairment to ecosystem and water quality results.  

 
Addition of new chemicals (pesticides) for 

which the necessary breakdown systems lacks get 
accumulated in sediments and tissues of organisms 
developing to harmful levels. Further the plantation 
systems are inhabited by workers who live in poor 
sanitary conditions make stream water 
contaminated with fecal pollution. But, due to low 
canopy density the litter load is low resulting low 
Carbon flux (BOD) in stream water. 

Emergents

Main canopy 

Under canopy 

Humus layer

Root zone



 

 

The monoculture tea plantations have poor 
resilience and stability as the ecosystem structure 
inherent for natural biogeochemical cycling of 
matter is replaced by monoculture plantation to a 
greater extent. 

2.1.6 Type 3 - Flux of material and dynamics in 
terrace paddy and market agriculture systems 

The natural riverine habitats are extensively 
converted to terrace paddy. The terrace paddy is a 
monoculture cultivation. It is an annual crop. The 
crop is grown applying agrochemicals; pesticides 
and fertilizer. The terraces acts as an excellent 
sediment trap. But, a greater flux of sediments 
occurs during tillage which is done in the wet 
season.  

The terraced paddy systems are poor in resilience 
due to factors similar to any mono culture 
plantations and flux of matter is also same except 
the sediment.  

Market vegetable agriculture too is practiced in 
some areas, mostly with other major crops such as 
tea. They grow annuals with extensive application 
of agrochemicals and the system is extremely poor 
in resilience with intensified fluxes of fertilizer 
(nutrients), sediments, pesticides and other 
dissolved ions in stream water. The fecal pollution 
is also high as the system is associated with 
population with poverty and poor sanitary facilities. 

2.1.7 Type 4 - Material flux dynamics in urban 
systems 

The urban systems (cities and towns) occupy mostly 
the broad flood plains of lower watershed of 
Mahaweli river. As urban systems have completely 
removed most of the natural systems the natural 
pathways of biogeochemical cycling of constituents 
and related structurers and functions are greatly 
altered.   

In urban land use systems the concentrated high 
density clustered settlements and structures occupy 
most of the land and as the natural streams are 
absent the overland runoff is conveyed through 
highly disturbed streams or lined storm water 
network  eg: Medaela. Moreover the same network 
is used to convey other domestic wastewaters such 
as kitchen wastewater, bathing and laundry 
wastewater, and in certain ceases septic discharges 
and raw sewage.  

The high density of road network and other built 
up areas form an impervious land masses which 
increases the overland runoff flushing out all 
impurities in to streams and then to the main river.  
The storm water hydrographs of urban systems are 
characteristic with steep rising and falling limbs, a 

short lag time between the peak precipitation and 
peak discharge and high discharge levels with 
frequent river floods. Eg; Akurana, Poojapitiya, 
Kandy town, Katugatota, Gampola, Penideniya.  

The urban land use systems in Polgolla 
watershed have no proper waste disposal facilities 
despite its high population. Also, these cities are 
accompanied with nonresident population. The 
waste produced by them also poses an additional 
burden to the system. The waste is dumped in an 
open land where untreated leachate with very high 
pollution load enters the stream. The human waste 
disposal systems are septic systems. The settlements 
frequently suffer from overflowing sewage 
requiring removal by gully bowsers. Furthermore, a 
substantial population discharge untreated sewage 
in to storm water canals reaching their ultimate 
destination in natural streams.  

 Urban systems uses wide variety of new 
chemicals and some of them are persistent, do not 
decompose, and hence accumulates in tissues of 
organisms.   

The unplanned urban systems are posed with 
high magnitude stressors, extremely poor in 
resilience and stability and associated with intense 
fluxes of multiple constituents causing tremendous 
ecosystem damage and water quality impairment.  

3 ANALYSIS OF SYSTEM NATURALNESS, 
RESILIENCE, MATERIAL FLUXES, AND 
STRESSOR INTENSITY IN SUB 
WATERSHEDS  

3.1 Characterization and ranking sub watershed 
naturalness, system resilience, material flux 
intensity and stressor magnitude. 

The Table 1 presents characterization and ranking  
of seven sub watersheds in Polgolla watershed and 
the benchmark watershed in Horton plains for the 
system naturalness, resilience, material flux 
intensity and stressor magnitude.  

 

 

 

 

 



 

 

Table 1 Characterization of sub watershed naturalness, 
system resilience, intensity of fluxes in steam water and 
stressor and stressor magnitude 

Horton plains (benchmark system): Is an undisturbed 
natural forest and a grassland. The anthropogenic 
pressure is virtually zero. The system possesses 
highest naturalness and resilience with unique 
vegetation. Thick grass and forest protect the soil 
overburden from erosion, flux intensity of matter is 
completely natural and the measured concentration in 
streams are low.  

Nilambe oya: Watershed consist mainly of low 
density settlements and the density closer to roads are 
high, many of the settlements resemble land use type 
Kandyan forest gardens.  Shrub lands and isolated 
patches of natural forest also form a part of the land 
use. Tea is present, but their occupation is low.  

Atabage oya:  The major land uses are medium 
density settlements, Kandyan forest gardens and tea. 
Paddy and natural forest vegetation is comparatively 
low in the watershed.  

Mahaweli river headwater tributary Nawalapitiya 
watershed: Main land use is tea. An isolated clustered 
small town (Nawalapitiya) with concentrated 
settlements are present. Market vegetable gardens are 
also present in the tea lands, isolated natural 
vegetation patches are present at high un-habitable 
elevations. 

Mahaweli river - Rozella: This watershed drains 
Mahaweli river tributary where main land use is tea. 
Isolated clustered small towns with concentrated 
settlements are present. Market vegetable gardens are 
also present in the tea lands 

Pinga oya sub watershed- Consist mainly of high 
density settlement clusters at Poojapitiya, Akurana, 
Katugastota and KFG. Most of the riverine habitants 
are transformed to paddy. Patches of natural 
vegetation and tea are present. The natural vegetation 
and KFG has a little influence on the stream water 
quality as they are located upstream and the stressors 
from high density settlements, poorly planned urban 
centers and paddy occur in the downstream and 
therefore poses a greater impact on the overall quality 
of water in the Pinga oya.    

Gelioya watershed: Penideniya sub watershed. The 
distribution of land use is similar to that of Medaela 
however, with somewhat high naturalness and 
resilience, but the magnitude of the stressors and flux 
intensities are lower than the Medaela. The 
distribution of dense settlements are somewhat 
similar to Pinga oya. 

Medaela watershed: The watershed occupies lower 
flood plains of Mahaweli river. The Kandy city with 
high density settlements, commercial, services and 
other administrative buildings occupy majority of the 
lower half of the watershed. The city waste and storm 
water management system is overloaded and 
incapable of accommodating current waste load. 
Hence runoff with high levels of pollutant enter 
natural streams. The upland forest patches restricted 
at higher elevations have a lessor influence to 
assimilate the downstream pollution load. 

3.1.1 The sub watershed stress due to population 
density  

The Fig 6 presents the Grama Niladhari (GN) 
division based population density distribution in 
study watersheds. This is a stressor indicator and is 
a surrogate for impact of settlements on water 
quality. Higher the population density greater will 
be the stress and pollution flux intensity into the 
watershed.  

Fig. 6 Distribution of Population density  

The graph shows that population density 
distribution in Pinga oya, Gelioya and Medaela sub 
watersheds have broader inter quartile range(IQR) 
and median density over 1000/sqkm with maximum 
population densities around 12,000, 7,000 and 
20,000/sqkm respectively showing greater stressor 
impact. The Nilambe and Atabage watersheds show 
much low and uniform density distributions with 
75th percentile bellow 1000/sqkm indicating 
relatively low pressure from settlements. The 
Nawalapitiya and Rozella watershed have very 
much narrow IQR with 75th percentile and median  
densities   closer to each other with values less than 
1000/sqkm (but with  very high Maximum density 
9000/sqkm: Nawalapitiya). As the overall 
distribution of population densities within the 
watershed are low the impact from settlements is 
low except in the cases where density is high. 
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3.1.2 The sub watershed ranks for watershed 
naturalness, system resilience and material flux 
intensity and stressor magnitude. 

The Fig 7 shows the distribution of ranks assigned 
for seven watersheds in comparison to a natural 
undisturbed watershed; Horton plains. Accordingly, 
the land use systems in Pinga oya, Gelioya and 
Medaela have poorest naturalness, low resilience, 
high stressor magnitude and intense flux of 
constituents in stream water. 

 

Fig. 7 Distribution of ranks for system functions in seven 

sub watersheds 

The ranks assigned for overall system 
healthiness in sub watersheds with respect to stream 
water quality is given in fig 8. All watersheds show 
some degree of impaired healthiness in comparison 
to the natural watershed; the Horton plains. Gelioya, 
Pinga oya and Medaela were ranked with lowest 
healthiness. 

Fig. 8 Distribution of ranks for overall system health in 

seven sub watersheds 

3.2 Analysis on pollution fluxes in sub watersheds 
and stream water quality 

The figures bellow present the stream water quality 
in seven sub watersheds in Polgolla watershed in 
comparison to water quality of a stream in Horton 
Plains, measured in two monitoring events. The 
water quality is presented as concentration of 
chemical parameters in stream water. In other terms 
they are the fluxes of constituents in stream water.  

The electrical conductivity (EC) (fig 9) and 
Fecal coliform (FC) (fig 10) distributions show high 
intensity fluxes (concentrations) and greater 
differences between two monitoring events in the 
watersheds where population and settlement density 
are high. Both EC and FC are characteristic of 
unplanned urbanization with poor waste 
management systems. At site visits it was revealed 
that the urbanized dense settlement clusters occupy 
the river flood plains where waste management is 
highly unsatisfactory; Pinga oya, Gelioya and 
Medaela. The flux intensities and variation of EC 
and FC were very much low in all other watersheds 
which have low population density with relatively 
higher naturalness and resilience. 

Fig. 9 Distribution of Electrical Conductivity 

Fig. 10 Distribution of Feacal Coliforms 
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The figures 11, 12 and 13 show the distribution 
Total Nitrogen (TN), Total Phosphorus (TP) and 
Biological Oxygen Demand (BOD) in the stream 
water of seven sub watersheds and in the benchmark 
watershed. The TN sources are multiple and can be 
from fertilizer, human settlements, and wild fauna. 
Whereas P comes mainly from fertilizer in 
agricultural land systems and from various 
detergents in urban land systems. All watersheds 
except Medaela show values corresponding to 
natural baselines levels for TN. This shows that all 
the sub watersheds except Medaela possess a better 
resilience for TN even though the flux of N is high 
in some sub watersheds. But for TP, many sub 
watersheds have shown greater deviation from the 
natural levels.  The reason can be intense influx of 
TP from above stated multiple sources with poor 
system resilience to assimilate P within the system. 

Fig. 11 Distribution of Total Nitrogen 

Fig. 12 Distribution of Total Phosphorus 

The Distribution of biodegradable C is shown in fig 
13. The BOD, an indicator of biodegradable C flux 
is almost 1mg/L in all watersheds where population 
densities are low. But, watersheds with high 

population densities have shown high BOD values 
with greater difference between two sets of 
measurements. This indicates that high population 
density urban settlements have high C fluxes with 
low resilience to assimilate the fluxes. 

Fig. 13 Distribution of Biochemical Oxygen Demand  

4    CONCLUSION AND RECOMMENDATIONS 

The analysis has shown that Pinga Oya, Gelioya 
and Meda Ela watersheds have low ecosystem 
stability and poor state of equilibrium due to low 
naturalness, resilience, intense fluxe of pollutants 
and high magnitude of multiple stressors mainly due 
to unplanned urban and settlement development. 
The densely populated urban systems in the 
Polgolla watershed: Medaela, Gelioya and Pinga 
oya showed the highest deviation from the natural 
system with most impaired water quality.  

In Medaela sub watershed the system 
naturalness, structural and functional elements such 
as natural vegetation cover and natural streams 
important for resilience had been greatly altered. 
Hence high fluxes of constituents enters directly 
into streams causing more impairment to water 
quality.  

The other sub watersheds, Rozella, 
Nawalapitiya, Nilambe and Atabage oya 
watersheds had high magnitude stressors from 
plantation and agriculture with intense fluxes of 
fertilizer (TP). But, showed greater system 
resilience in the settlement land systems. However, 
poor resilience and higher fluxes for agriculture and 
plantation pollutants, (intense fluxes of TN, TP) 
have made stream water impaired. 

The outcomes emphasize two fold management 
approach in archiving healthy stream water quality 
in Polgolla watershed; a) by lowering the fluxes of 
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constituents in stream water and b) by increasing the 
system resilience.   

This can be achieved by planning and 
development of high resilient urban systems that 
can assimilate pollutants within the system and can 
reduce pollutant fluxes within healthy water quality 
norms, and also by introducing measure to control 
nutrient pollutant fluxes (N and P) in other 
watersheds; Rozella and Nawalapitiya, Nilambe 
and Atabage oya by introducing land management 
and control on application of agrochemicals. 

The paper is an outcome of a qualitative analysis 
of preliminary findings of a three year research 
study on water quality impairment of Polgolla 
watershed due to anthropogenic stressors. This 
project intend to develop watershed based water 
quality management criteria for management of 
water resources.  

 
The study has a greater application potential in 

preparation of watershed based water quality 
management criteria and application of currently 
used proposed use based inland water quality 
standards especially for upper watersheds in the 
country. 
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