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Abstract: Human induced impacts on the river systems result in decrease in water quality, 
which is generally reflected by an increase of particulate matter in rivers. Turbidity and suspended 
solids are part of physical and aesthetic parameters and good indicators of other pollutants that are 
carried as sediment in suspension.  
Study objectives were to define the relation between turbidity and total suspended solid (TSS) 
concentration in Gin river at Baddegama (6°11'23" N, 80°11'53" E) in developing an estimation 
technique for TSS load, and to reveal how turbidity and TSS load vary with the streamflow. Linear 
regression model developed between turbidity and TSS concentration showed strong positive 
correlation (R2 = 0.98). Results strongly suggest turbidity is a suitable monitoring parameter for TSS, 
where TSS evaluation is crucial when logistical and financial constraints make TSS sampling 
impractical. Mean daily TSS loads in the Gin river at Baddegama during 2000-2009 were modeled in 
the study using load-discharge rating curve for estimating constituent loads in rivers. Relatively 
strong relationship (R2 = 0.85) was observed between the rating curve estimated and observed TSS 
loads. Estimated TSS loads were having substantial temporal variation and generally peaked in May 
and October, coinciding with the high flows. Turbidity which ranged between 2.3 NTU 
(Nephelometric Turbidity Units) and 195 NTU significantly exceeded the maximum permissible limits 
of the water quality standards set for the potable water as well the inland waters of Sri Lanka. Since 
there was no specific water quality standards developed for TSS in Sri Lanka to compare with the 
present values, TSS concentrations were compared with the permissible total solid levels. TSS 
concentrations which ranged between 2.4 mg/l and 204 mg/l were well below the maximum 
permissible total solid level cited in the Sri Lanka standards for potable water. Understanding on this 
turbidity and TSS characteristics in Gin river flow might be useful for water managers and planners to 
adjust operations accordingly at water treatment plants. 
 
Keywords:     Linear regression, Load-discharge rating curve, Streamflow, Suspended solid, Turbidity 
 
 
1. Introduction 
 
Increasing population and industrialization 
have resulted in a variety of impacts on the 
river systems, while increasing the demand for 
higher quality water.  Increased sediment and 
nutrient loading in rivers adversely affect the 
river water quality. Water quality and river 
flows are correlated and this correlation varies 
spatially as well as temporally. Turbidity is an 
optical property of a liquid that causes light 
rays to scatter and absorb rather than transmit 
in straight lines through the sample. Turbid 
water results from the presence of suspended 
and dissolved matter such as clay, silt, finely 
divided organic matter, plankton, other 
microscopic organisms, organic acids, and dyes 
[1]. Suspended sediment and turbidity are 
thought to increase with increasing stream size, 
stream order, and drainage area because of the 
accumulation of sediment and nutrients from 
the watershed and stream banks [2]. The level 

of suspended solids in rivers changes rapidly 
and unpredictably with changing water depths 
and velocities related to anthropogenic causes 
or natural hydrologic events making the 
quantification of suspended solids critical. To 
capture these rapid changes in suspended 
solids, sampling must be conducted at a high 
temporal frequency that is usually impractical 
and expensive. A more practical method is to 
monitor a surrogate, some parameter that is 
closely related to the concentration of 
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suspended solid which can be continuously 
monitored [3, 4]. Turbidity measurements are 
theoretically well correlated to suspended solid 
concentration because turbidity represents a 
measure of water clarity that is directly 
influenced by suspended solids. As such 
turbidity based estimation models typically are 
effective tools for generating suspended solid 
concentration data [5].The use of turbidity as a 
surrogate for suspended solid concentration 
has become more common and shown by 
several river basin studies around the world [6, 
7, 8, 9, 10].  
 
Present study intends to assess the quality of 
water in Gin river because of its significance as 
the primary drinking water source for the Galle 
city. Gin river caters approximately 90 % of the 
drinking water to Galle, the capital city in 
Southern Sri Lanka. Human activities in the Gin 
river basin have increased substantially in the 
past few decades including alterations in 
landuse pattern; subsequent to the expansion of 
homesteads, cultivated area in the basin has 
been decreased by 10% between early 80s and 
late 90s [11]. These activities have been causing 
significant impacts on the quality and clarity of 
water in the river creating a need to monitor the 
quality of water. In spite of these activities, 
there remains a lack of comprehensive water 
quality analysis for the basin. Turbidity is a 
significant indicator of the quality of water. The 
correlation between TSS and turbidity is well 
documented for number of sites and turbidity 
has been utilized as less expensive and easiest 
to measure method enabling turbidity to serve 
as a surrogate for suspended solid. This study 
assessed how turbidity, as related to TSS, vary 
with Gin river flow at Baddegama. LOADEST, 
a load-discharge rating curve for estimating 
constituent loads in rivers is used in this study 
to develop regression model and estimate TSS 
load [12].  LOADEST is widely used to estimate 
constituent loads in rivers [13, 14, 15, 16, 17, 18]. 
  
Results of the study could be useful in 
monitoring  turbidity levels to meet water 
quality standards, to prevent adverse effects on 
aquatic life, and to enhance aesthetic and 
recreational values. Moreover understanding 
on turbidity and TSS characteristics in river 
water assists in estimating real-time TSS based 
on automated turbidity record system. 
 
 
 

2. Study Area 
 
Gin river originates from the Gongala 
mountains in Deniyaya having an elevation of 
over 1300 m and flows to the Indian Ocean at 
Gintota in Galle district. Gin catchment is about 
932 km2 and the catchment area at Baddegama 
river gauging station is 780 km2. The catchment 
is located approximately between longitudes 
80°08" E and 80°40" E, and latitudes 6°04" N 
and 6°30" N and includes Galle (83% of the 
basin area), Matara (9% of the basin area), 
Rathnapura (7% of the basin area), and 
Kalutara (1% of the basin area) administrative 
districts. The catchment’s land is primarily used 
for human settlements, agriculture, natural 
forests and plantation forests [11]. Rainfall 
pattern in the catchment is of bi-modal, falling 
between May and September (Southwest 
monsoon, which is the major rainfall season), 
and again between November and February 
(Northeast monsoon) followed by the inter-
monsoon rains during the remaining months of 
the year. Rainfall varies with altitude with 
mean annual rainfall above 3500 mm in the 
upper reaches to less than 2500 mm in the 
lower reaches of the catchment. Gin river 
annually discharges about 1268 million cubic 
meters (MCM) of water to sea [19]. It is the 
primary drinking water source, from which 
pipe-borne water is supplied to Galle city, the 
capital of Southern Sri Lanka, averaging 0.7 
MCM per month. Gin river, its catchment 
location, and Baddegama river gauging station 
are shown in Figure 1. 
 

 
 
 
 

Figure 1- Gin river, its catchment location, and 
Baddegama river gauging station. 
 
 
 

Baddegama 
Gauging  
Station 

Sri Lanka 

Gin river’s 
Catchment Location 

Gin River 

ENGINEER 44



 

 3 ENGINEER 

3. Data and Analysis 
 
3.1 Turbidity and TSS Correlation 
Turbidity is influenced by color, temperature, 
and shape of the suspended particles. 
Turbidity-TSS relationships have been 
reported, on site by site basis, and the reliability 
varies due to water color and suspended 
particle composition [20]. A direct correlation 
between turbidity and suspended solid 
concentration has been documented in many 
studies conducted around the world. Moreover 
the magnitude of turbidity in streams, lakes, 
and estuaries is often proportional to 
suspended solid concentration and the 
turbidity-suspended solid concentration 
relation has been quantified through linear 
regression analysis  in number of studies [7, 8, 
21, 22, 23, 24]. In addition, as one of the least 
expensive and easiest to measure methods, 
turbidity has been utilized to determine TSS 
concentration in the present study.  
 
Turbidity was measured on more than 100 
samples collected over three months period at 
Baddegama (6°11'23" N, 80°11'53" E) and TSS 
concentration of the same samples were 
analyzed as per standard procedures [25]. This 
sampling effort over wide range of turbidity 
values, provided data for the development of 
regression equation to estimate TSS 
concentration from the turbidity. As a means of 
quality assurance, approximately 20% of the 
total number of samples were collected as 
duplicate samples and analyzed to determine 
the     precision     of      the      results.      Almost  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 - Linear regression of turbidity and 
TSS concentration including 95% prediction 
intervals (number of samples = 103). 

all duplicate TSS concentrations were within 
5% of the corresponding sample TSS 
concentrations. Relationship between turbidity 
and TSS concentration was assessed using the 
regression analysis with 95% prediction 
interval. Linear regression equation was 
developed using the least squares method. A 
strong (R2 = 0.98) highly significant (p < 0.0001) 
relationship existed between turbidity and TSS 
concentration (Figure 2). 
 
Figure 2 shows the regression best fit line 
bounded by 95% prediction intervals. Data 
fairly fit around the regression line and the 
model provides reasonably accurate prediction; 
for Gin river’s long term mean turbidity value 
of 25.2 NTU, the measured TSS concentration is 
26 mg/l, and the model yields a TSS 
concentration of 26.4 mg/l with a 95% 
confidence interval from 25.7 mg/l to 27.0 
mg/l. 
 
Regression models developed between 
turbidity and TSS concentration in most of the 
previous studies have shown similarity to the 
present study, based on the fact that the 
regression line passing through the origin. 
Slope coefficients in the regression models 
developed previously have been ranging 
between 0.9 – 1.3, producing comparable results 
to the present study. Variability of the slope 
coefficient from one study to another is 
attributed to the characteristics of suspended 
sediments and their transport processes in the 
catchment;  high turbidity subsequent to fine 
suspended particles but low TSS concentration 
results in lower slope coefficient and vise versa. 
These acknowledge similar nature of the 
regression models that best describe turbidity 
TSS relationship though depend upon 
catchment land use and the associated 
hydrologic responses in the catchment. 
 
3.2 TSS Load Model Development 
Turbidity data of 116 water quality samples at 
Baddegama (6°11'23" N, 80°11'53" E) tested at 
monthly frequency between February 2000 and 
November 2009 were obtained from the 
National Water Supply and Drainage Board 
(Southern), Sri Lanka. Sampling location of 
Baddegama is located near the streamflow 
gauging station maintained by the Department 
of Irrigation, Sri Lanka. Daily streamflow data 
at the Baddegama gauging station for the same 
period were collected from the Department of 
Irrigation. Water quality and streamflow data 
collected on a particular day are representative 

 

Standard error of estimate       = 28.6 

Fit line; 
Y=1.0457 X 

Coeff. off determination (R
2
)   = 0.98 
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of average concentration and average flow on 
that day, respectively. 
  
Using the linear regression equation developed, 
the corresponding TSS concentrations were 
calculated for the 116 turbidity measurements. 
The calculated TSS concentrations were used to 
estimate daily and monthly suspended solid 
loads. Load-discharge rating curve [12] for 
estimating constituent loads in rivers 
incorporated into the LOADEST, a computer 
programme developed by the United States 
Geological Survey (USGS) was used in this 
study to develop multiple regression model 
and estimate TSS loads over the period 2000 - 
2009. LOADEST uses time series streamflow 
data and constituent concentrations to develop 
and calibrate regression model that describes 
constituent loads in terms of various functions 
of streamflow and time.  The calibrated model 
is then used to estimate constituent loads using 
daily streamflow observations over specified 
time period.  
 
The calibration and estimation procedures 
within LOADEST are based on three statistical 
methods; Adjusted Maximum Likelihood 
Estimation (AMLE), Maximum Likelihood 
Estimation (MLE), and Least Absolute 
Deviation (LAD). AMLE and MLE methods are 
appropriate when the calibration model 
residuals (errors) are normally distributed and 
AMLE is the method of choice when the 
calibration data set contains censored data 
(constituent concentrations that are less than 
the laboratory detection limit). LAD is an 
alternative method to maximum likelihood 
estimation when the residuals are not normally 
distributed. For the special case where the 
calibration data set is uncensored, the AMLE 
method converges to MLE, resulting in a 
minimum variance unbiased estimate of 

constituent loads [26]. Since all the data sets 
used  in this  study  were  uncensored,    model 
coefficients for the AMLE and MLE methods 
were identical and the AMLE was used to 
determine the model coefficients and estimate 
the log load. Two statistics, the Akaike 
Information Criterion (AIC) and the Schwarz 
Posterior Probability Criterion, were computed 
for the calibrated model [12, 27]. 
 
In this study, a regression model was 
developed and calibrated in estimating the TSS 
loads. TSS concentrations were used in 
conjunction with corresponding observed 
streamflow data to develop and calibrate the 
regression model using AMLE. The model with 
the lowest value of the AIC was then selected 
for use in load estimation. The regression 
model developed for TSS using LOADEST is 
shown in Table 1. 
 
AMLE results are contingent upon the 
assumption that model residuals are normally 
distributed. Once the model formulation and 
calibration were done, AMLE residuals were 
examined to see whether this assumption was 
valid. Checks for normality included 
construction of a normal probability plot, a plot 
of model residuals versus their Z-scores, which 
should yield a normal probability plot [12, 
29].The linearity of the plot suggested that the 
residuals follow a normal distribution      
(Figure 3). This linearity was supported by the 
Probability Plot Correlation Coefficient (PPCC) 
of 0.97.  
 
Coefficient of determination (R2) of the 
regression model for TSS load which represents 
fraction of the variance explained by regression 
is shown in Table 1. The relatively high R2 
value indicated that the model successfully 
simulated the variability in constituent loads.

 
 
Table 1 - Regression model developed for TSS using LOADEST and the coefficient of 
determination (R2). 
 

Regression model Model Coefficients (a) R2  
a0 a1 a2 a3 a4 a5 a6  

 
Ln(L) = a0 + a1 LnQ + a2 LnQ2 + a3 Sin(2 π T) 
+ a4 Cos(2 π T) + a5 T + a6 T2 

 
10.88 
(0.1) 

 
1.69 
(0.07) 

 
-0.08   
(0.07) 

 
0.03 
(0.08) 

 
0.30 
(0.08) 

 
-0.02 
(0.02) 

 
0.02 
(0.01) 

  
0.85 
 

Notes: 
(a) Standard deviation of the model coefficients are shown in parentheses. 
L is the constituent load; Q is the streamflow; R2 is the coefficient of determination for the regression model. 
Relationships are considered to be significant at p < 0.05. 
LnQ = Ln(streamflow) - center of Ln(streamflow); T = decimal time - center of decimal time. 
Explanatory variables were centered to eliminate the colinearity [12, 28]. 
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Figure 3 - Normal probability plot for the 
model residuals of the AMLE regression. 
Notes:  
Model Residual [ln(L) - ln(ˆL)] is the difference 
between the observed and estimated values of log 
load  
L is in kilograms per day.   
* PPCC 
 
4. Results & Discussion 
 
4.1 Influence of Stream Flow on 
Turbidity 
Turbidity is an indicator of the amount of 
sediment and related constituents transported 
by a stream. According to Christensen et al. 
[30], turbidity and streamflow are related 
because streamflow can affect suspension of the 
sediment and related constituents. But the 
conditions between turbidity and streamflow 
affect this relation; Paustian & Beschta [31] have 
revealed that, first storm flow occurring after a 
dry period, results in higher turbidity than 
from subsequent larger flows due to an initial 
flush of suspended sediment. In Gin river, 
turbidity varies directly with the streamflow 
(Figure 4).  
 
A plot of turbidity vs. streamflow exceedance  
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Figure 4 - Variation in turbidity with the 
streamflow (2000-2009). 
 
probability shows that higher turbidity values 
are in the range of intermediate and higher 
flows (Figure 5). During all the flow regimes, 
turbidity levels indicated exceedance of the 
water quality standards set for the potable 
water as well the inland waters of Sri Lanka. In 
92% of the samples, turbidity level exceeded 5 
NTU, the maximum permissible limit for Class 
1 Waters; drinking water with simple 
treatment, in the proposed ambient water 
quality standard for inland waters of Sri Lanka 
[32]. 8 NTU, the maximum permissible limit for 
Sri Lanka standards for potable water [33] has 
been exceeded by 70% of the samples. 
Sediments from catchment runoff subsequent 
to higher rainfall, eroding stream banks, and 
sand mining activities might be attributable to 
the high levels of turbidity. 
 
4.2 TSS Load Estimation 
TSS concentration values derived from the 
turbidity based linear regression equation were 
used as the model input concentration data to 
develop TSS load-discharge multiple regression 
model using the LOADEST program. TSS mean 
load  estimates  were  developed  on  daily  and 
monthly basis from January 2000 to December 
2009.
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Model input TSS loads were plotted against the 
estimated TSS loads by the LOADEST to 
evaluate the fitness of the regression model 
developed (Figure 6). 1:1 line represents similar 
values for both model input and model 
estimated.  Points were moderately scattered 
near the 1:1 line over a wide range of loads. 
More points clustered slightly below the 1:1 line 
indicated slight underestimation of the model 
predicted loads.   
 
4.3 Variation in TSS with Streamflow 
It is important in any suspended sediment 
estimation study to collect samples over several 
years and over a wide range of streamflows to 
more accurately depict the sediment flux under 
all  flow  regimes  [22].  Figure 7  illustrates  the  

 
Figure 6 - Relationship between model input 
TSS loads and model estimated TSS loads. 
Note: 
** R2 for the regression model.  
  

  

 
Figure 7 - Flow duration curve and concurrent turbidity sampling. 

 
relation of the streamflow, at which the 
turbidity samples were collected during 
February 2000 – November 2009, to flow 
duration, based on the streamflow data at 
Baddegama   station.   Distribution   of   sample 
collection over such a wide range in the 
streamflow hydrograph, particularly at the high 
flows, indicates that the TSS concentration data 
would characterize TSS load information for 
most flow and turbidity conditions. 
 
TSS concentrations were compared with the 
permissible total solid levels, since there was no 
specific water quality standards developed for 
TSS in Sri Lanka. TSS concentrations which 
ranged between 2.4 mg/l and 204 mg/l were 
well below the maximum permissible total 
solid level (2000 mg/l) cited in the Sri Lanka 
standards for potable water [33]. 
 
Concentration of TSS in rivers increases as a 
function of flow. TSS concentrations have been 
shown to be strongly correlated with the 
streamflow with most of the sediment load 

transported during peak flow events [34, 35, 
36]. The relationship between streamflow and 
TSS load is well established for Gin river 
(Figure 8). High TSS loads occur in May and 
October with the corresponding peak flows in 
the  Gin   river.   This   peak    constituent    load 
occurrence in Gin river in coinciding with the  
high flows is further supported by 
Wickramaarachchi et al. [18]. When considering 
annual    TSS  loads   in  Gin river,  there  was   a  
 

Figure 8 - Mean monthly TSS load estimate 
and mean monthly streamflow of Gin River at 
Baddegama during 2000-2009. 
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decreasing trend (0.02%) in annual TSS loads 
and the trend was statistically significant at the 
95% confidence level (p < 0.05). 
 
Figure 9 shows the model input and model 
estimated average daily TSS loads  during 
2000–2009. The estimated TSS loads closely 
resemble    the      model     input    TSS      loads, 
particularly at the moderate flows, although 
some estimated loads during extreme flow 
conditions have some deviations. On the 
descending limbs of the hydrograph, model 
input  loads  are  slightly  overestimated  by  the 
model. As Clark [37] pointed out, the reason 
might be that the samples collected during the 
ascending limb and near the peak of the 
hydrograph typically contained higher 
concentrations of solids than did samples 
collected during the descending limb at the 
same discharge. This is because material that 
had accumulated in the stream prior to storm 
runoff becomes mobile as stream velocities rise 
and the concentrations measured later at the 
same discharge were low because the stream 
had been flushed of accumulated solids. 
However, the model does not account for this 
and as a result, changes in load resulting from 
rapid changes in streamflow may not be 
modeled accurately. 
 
 
5. Conclusions 
 
Correlation established between the turbidity 
and TSS concentration in Gin river at 
Baddegama can be used to compute TSS 
concentrations beyond the period of record 
used in model development with proper 
sample  collection  and  analysis.  Moreover  the 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
understanding on turbidity and TSS 
characteristics in river water might be useful in 
exploring the potential to establish automated 
turbidity recording system that makes real-time 
sampling decisions to facilitate TSS estimation 
in Gin river at Baddegama. 
 
Due to the overall fitness reflected by the load-
discharge regression model developed for TSS 
load estimation, it could be utilized in inferring 
the TSS loads from the flow data, during un-
sampled periods. 
 
Results of the study could be used to better 
understand the fluctuation of turbidity and TSS 
under changing flow regimes and to assess 
quality of water in Gin river relative to the 
water quality standards in practice. This 
prevailing water quality conditions in Gin river 
provide necessary information for water 
managers and planners to adjust water 
treatment strategies accordingly.  
 
 
 Acknowledgements 
 
Authors gratefully acknowledge National 
Water Supply and Drainage Board (Southern), 
Sri Lanka for providing the water quality data 
of Gin river and facilitating the water quality 
testing. Sincere appreciation is extended to 
University of Yamanashi, Japan and JSPS 
(Japan Society for Promotion of Science) for the 
technical and financial support for the study. 
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