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This research on Kalmadu tank aims to analyze the horizontal and vertical profiles of selected
water quality parameters. Twenty randomly selected sampling points on surface and
corresponding vertical depths of 30 cm and 60 cm were measured for temperature, pH, TDS, EC
and ORP using intended electronic probes. The measured values were statistically analyzed with
t-test, paired t-test and Pearson correlation. Kriging interpolation technique was used to visualize
the spatial distribution. Results revealed non-compliance of TDS and EC with existing
permissible limits for irrigable water. Except the temperature with pH, all the other measured
parameters resulted positive correlation and TDS trend resembled the spatial pattern of EC. The
mean values of pH at 30 cm & 60 cm depth significantly differed with surface, similarly surface
ORP varied from 30 cm depth. There are no significant vertical wise changes observed in the
other tested parameters. Significant spatial variations were observed in the selected parameters
from the kriging map. Reflection and shading of existing plants, microbial organic degradation,
anthropogenic water usage, and small water current movements may be some of the influencing
factors for this variation. This study suggests to policy makers and relevant management
authority, to pay more attention to irrigation tanks in terms of maintaining irrigable water.
In-depth investigation is imperative to identify the reason behind the changes in the tank water
quality and would also yield further information to initiate appropriate strategies for the
management of this tank.

Copyright © 2015 Akther et al. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

In Sri Lanka, there are 24,199 minor tanks while major tanks

With an estimated three hectare of water for every square  are nearly 542. Total command area under these tanks is

kilometer of the island, Sri Lanka is richly endowed with fresh
water resources (Murray and Little, 2000). Among the
freshwater ecosystem, irrigation tanks play a vital role serving
to store and regulate the flow of water for agricultural use
(Anuradha & Ambujam, 2012). The number of small natural
and man-made lakes, ponds and reservoirs are probably in the
millions. Although these small water bodies do not make a
significant contribution to the global surface area, offering the
same range of important services to nearby urban and rural
populations as large lakes. The scientific understanding of
these water bodies is being used in prescribing restoration
methods. Unfortunately these are more susceptible to pollution
than large lakes where ponds have been profoundly altered and
have lost much of their value (William, 2000).
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685,625 ha and represents 41.8% total land area of Sri Lanka
(National Environmental Action Plan, 1988-2001). There are
one major, 21 medium and 674 minor irrigation tanks
including 26 anicuts in Vavuniya district. The water resources
mainly depend on rainfall since there are no perennial rivers
(Statistical hand book of Vavuniya district, 2014). This district
has 3% of the minor tanks out of the total available tanks of
same category in Sri Lanka. A significant feature that can be
commonly observed in this district was that most of the tanks
were connected in a cascade system. This system ensures the
water availability in tanks throughout the year and helps
recharging the groundwater. Being an agricultural district,
more than 30,000 farm families are engaged in agriculture
related activities, are dependent on this ecosystem for their
economic livelihood (Somasiri, 1991). Most of the agriculture
ventures primarily dependent on adequate water supply of
irrigable quality.
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So it is important to protect this ecologically valuable resource
in order to sustain the benefits without exploiting the resource.
The quality of water used for irrigation is extremely important
for the success of agriculture. Thus assessment of water
quality parameters is inevitable. Especially in Vavuniya
district, studies on irrigation tank quality and management are
in infant level. Hence, the investigation focuses the tank water
quality; management should be addressed to the policy makers
and relevant authorities to make more attention on this regard.

Objectives of this research are (1) to assess the status of
measured water quality parameters with existing irrigation
standards (2) to analyze the correlation within the parameters
(3) to study the vertical and horizontal distribution of
measured water quality parameters and (4) to generate spatial
distribution maps.

MATERIALS AND METHODS

Geographical location

The Vavuniya district, located in the northern part of Sri
Lanka, covers an area about 1967 kmz, which is 10% of the
land area of the entire North-East Province and 3% of the
island. The district is categorized under the dry zone areas of
Sri Lanka. The mean temperature of this district is 28°C with
an annual rainfall of 1400 mm. The climatological conditions
are suitable for cultivation. Due to its strategic geographic
location, Vavuniya receives rainfall in a bi-modal pattern,
obtained during October to late January (maha season) and
from late April to late May (yala season). Geo-
morphologically, it is a flat plain having undulated topography
with broad valleys and small rock ridges forming cascade
based agriculture (Samarakoon, 2004).

Study tank

Kalmadutank (Figure 1) lies between 8°50°20.32-42.74”
latitude and 80°23°11.09-44.09” longitude. According to the
Department of Irrigation of Sri Lanka, this tank comes under
the medium tank category with an irrigable area of 161.87 ha.
Water capacity and full supply depth are 127.9 ha'm and 3 m
respectively.

Kalmadu tank
Figure 1: Geographical location of study tank (showing sampling points) in
Sri Lanka/Vavuniya district

Approximately 107 farm families are dependent on this tank
and which is significantly more comparing with other medium
tanks in the district (e.g. Vavuniya tank, Pampaimadu tank,
etc). In hydrological point of view, this is an important tank,

because considerable water level exists throughout the year
while most of the tanks dry out especially during dry season.
There are hardly any evidence of pollution input source found
in the adjacent area, therefore it is assumed that this tank is
free of heavy pollution.

Sampling

Altogether 20 sampling points were randomly selected
approximately proportionate to the tank shape from Kalmadu
tank using Google Earth Pro before the field investigation
(Figure 2). The sampling activity was conducted during
September of 2014 which is the dry season of this district. The
maximum tank water level measured was 1 m.

Sluice gate

Tank bund
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Figure 2: Kalmadu tank description and sample locations in drought season

Water sampler

In addition to the surface, samples were collected at vertical
depths of 30cm and 60 cm from the surface. Sampling
equipment was devised for the water sampling at Kalmadu is
shown in Figure 3.

T Handle
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Tron weight [ ]
Metal clamp
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Figure 3: Simple water sampler used at Kalmadu tank to sample at different depths

(a) actual photograph (b) line diagram

A water sampler was designed in a manner to lock the water at
required depth. The high density PVC bottles were used for
collecting water, while steel attachment serves as a handle.
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The equipment was marked with graduated scale in order to
ensure that the sample was collected at a set depth. The
functions of the each parts of the water sampler is briefly
described below.

PVC tube : Collect and holds the sample water
Tube end-cap : Used to seal the tube bottom

Metal base : It holds the PVC tube

Metal clamps : Helps to holds the PVC tube vertically

Tube cap or seal : Prevent the water penetration when

submerged

Iron ball/weight : Helps to seal the PVC tube when there
is no force on rope
Nylon rope : Used to connect to pull the tube cap

and iron ball
Upper metal stopper : Limits the further movement of tube
cap
. Stiffly support the sampler portion and
contains scale which helps to lower to
the desired depth.

Handle

Water quality parameter measurements

Selected water quality parameters were determined
considering the tank is free of heavy pollutants. Therefore
temperature, pH, TDS (Total Dissolved Solids), EC (Electrical
Conductivity) and ORP (Oxidation Redox Potential) were
selected as preliminary water quality parameters, and
measured from each location (on the spot) using intended
laboratory grade portable electronic probes.

Test for compliance

The measured data was compared with national permissible
limits for irrigable water to deduce the status of the tank water
quality. Measured values at various depths (i.e. Surface, 30
cm, and 60 cm depths individually) and pooled (combined)
data were tested with national standard. The Student’s t-test
was performed to compare with national standards.

Paired t-test

Samples obtained from surface and various depths were
considered as three groups and their mean values were tested
for statistical significance using paired t-test. The compared
pairs were surface vs. 30 cm, surface vs. 60 cm and 30 cm vs.
60 cm.

Correlation

A pair-wise correlation analysis was performed for the pooled
data to understand the changes in one variable with others. The
same technique was used to find out the depth wise changes
within each variable. For the statistical analysis, platforms like
Minitab 16, SPSS 16 and Ms Excel were exploited, and all the
statistical analysis were tested at 5% significance level
(0=0.05).

Spatial distribution analysis and mapping

The sample points were mapped digitally using intended shape
files (Grid No.1625 in Sri Lanka) using ArcGIS 10.2. Among
the existing interpolation techniques such as Kriging, Inverse

Distance Weighting (IDW), Spline, Natural neighbor etc., to
visualize the spatial distribution of parameters, kriging
interpolation technique was exploited. Different techniques
may be fit for various situations as no method is uniquely
optimal. For water quality analysis, the kriging interpolation
provides best results than the other well-known techniques
(Maghami, et al., 2011; Murphy, et al., 2010). Kriging can be
defined as a weighted, moving-average estimation technique
based on geostatistics that uses the spatial correlation of point
measurements to estimate value at adjacent, unmeasured
points. Further, it is a technique where a set of weights
assigned to samples and locations of the samples relative to
each other, and to the point or block being estimated (Ranjith
Premalal De Silva & Gunasena, 2006).

RESULTS AND DISCUSSION

Statistical summary of the measured parameters were
tabulated and shown as pooled, surface, 30cm and 60cm water
depth (Table 1).

Table 1. Min, Max and Average values of water quality
parameters at different location/depth in Kalmadu tank

Location/depth Water quality Minimum Maximum Average
parameters

Pooled data Temperature (°C) 28.0 30.9 29.0
pH 7.78 8.09 8.00
TDS (ppm) 416 586 528
ORP (mV) 112 182 153
EC (uS cm™) 896 1180 1059

Surface Temperature (°C) 28.0 30.9 29.2
pH 7.78 8.08 7.96
TDS (ppm) 483 586 528
ORP (mV) 112 181 155
EC (uS cm™) 966 1180 1059

At 30cm depth Temperature (°C) 28.0 30.7 29.0
pH 7.85 8.09 8.00
TDS (ppm) 487 581 534
ORP (mV) 120 181 152
EC (uS cm™) 896 1165 1051

At 60 cm depth Temperature (°C) 28.0 30.7 29.1
pH 7.87 8.08 8.01
TDS (ppm) 416 576 522
ORP (mV) 121 182 153
EC (uS cm™) 920 1164 1066

EC and TDS

EC is the measure of ions present in water as the conductivity
increases with the number of ions. It is also effectively a
surrogate for total dissolved solids (TDS) and is important for
irrigation because it is a measure of the salinity of the water
(Metcalf & Eddy, 2003). Salinity level of irrigation water
should always be considered as an important parameter
because it affects crop, soil as well as water quality.

Based on Ayers & Westcot (1994), slight to moderate
restrictions should be made to control the TDS and EC on the
use of irrigation water from Kalmadu tank. At the same time,
the proposed irrigation water quality standards for inland
waters in Sri Lanka (max.) for EC and TDS are 0.7 dS m™
(700 uS cm™) and 500 mg L™ respectively (CEA, 2001). The
range of TDS and EC for Kalmadu tank observed were well
above the Sri Lankan standards (Table 2).



4573

Akther, M. S. R et al., Preliminary assessment and spatial distribution of selected water quality parameters at Kalmadu tank in Vavuniya

District of Sri Lanka

Table 2. t-test results for EC and TDS with existing water quality

standards
. Maximum
Location Water quality Permissible Average  p value
parameters limits*
Pooled EC (uS cm™) 700 1059 0.000
TDS (ppm) 500 528 0.000
Surface EC (uS cm™) 700 1059 0.000
TDS (ppm) 500 528 0.002
30 cm depth EC (uS cm™) 700 1051 0.000
TDS (ppm) 500 534 0.000
60 cm depth EC (uS cm™) 700 1066 0.000
TDS (ppm) 500 522 0.084

*existing standards obtained from CEA (Central Environmental Authority), 2001
Temperature

Temperature affects chemical reactions and reaction rates
within the waste water, thereby influencing its suitability for
beneficial use such as irrigation (Metcalf & Eddy, 2003). In
Kalmadu tank, the temperature ranged from 28.0 to 30.9°C.

pPH

The suitable pH range for the existence of most biological life
is quite narrow and critical (Metcalf & Eddy, 2003). The
resulted pH range was 7.78-8.09 and lies within the values of
Sri Lankan guideline for irrigation water (CEA, 2001).

ORP

The acquired ORP range was 112 to 182 mV. Measurement of
ORP is a very straight forward measurement of the sanitizing
power of irrigation water (Newman, 2004). Thus it can be
assumed that the value of ORP could not significantly affect
the irrigation quality.

Pair-wise correlation

A correlation analysis was performed as a preliminary
descriptive technique to understand the systematic changes in
the value of one variable accompanied by systematic changes
in the other (Wijesekara, et al., 2014). Figure 4 shows the
graphical representation of pair-wise Pearson correlation
between the measured parameters.

Temp ('C)
pH
TDS (ppm)
ORP (mV)
EC (uS/cm) |

It was found that except Temperature with pH, all the other
measured parameters have positive correlation in between
them. At the same time the matrix implies a negative
correlation between temperature and pH. From Figure 5, it is
possible to presume there are changes in individual water
quality parameters along the depth. Also the relationship was
found to be positive ranging from 0.12 to 0.98 (Pearson
correlation coefficient (r)). Especially it was found TDS and
EC were same in terms of trend, but both values decreasing
with depth. EC is an indirect measure of TDS in water bodies
and usually the conversion factor ranges between 0.48 and
0.86 depending on the unique mixture of materials dissolved
in the water medium (Niekerk, et al., 2014). The conversion
factor was calculated by dividing the TDS (mg L") by EC (uS
cm™) and it was found to be 0.50 for the Kalmadu tank. This
value lies within the ranges mentioned in various literatures
for fresh water (Ali, et al., 2012; Atekwana, et al., 2004;
Niekerk, et al., 2014).

Depth-wise changes

In order to find out the significant changes along the vertical
depth of tank water statistically, a paired t-test was performed
since three samples were tested at a single point (i.e. Surface,
30 cm and 60 cm depths).

Table 3. Summarized p-values of paired t-test to compare means
at different depths

p-values of paired t-test at different depths

Water quality

parameters Surface vs. 30 cm  Surface vs. 60 cm 30 cm vs.

60 cm

Temp. 0.134 0.251 0.331
pH 0.009 0.006 0.583
TDS (ppm) 0.573 0.519 0.231
ORP (mV) 0.041 0.326 0.422
EC (uS cm™) 0.611 0.602 0.294

p-values in bold indicate the significant difference at 0=0.05

Results (Table 3) clearly indicate there were differences only
in the mean values of pH at 30 cm & 60 cm depth comparing
with the surface samples. While, surface ORP samples showed
significant difference with 30 cm depth and it is obviously
clear that there is no significant vertical wise changes in the
other tested parameters.

[ - 1.000
0.500
0.000
-0.500
-1.000

ORP (mV)

EC (nS/em)
TDS (ppm)

Figure 4: Pair-wise correlation coefficient plot for the measured water quality parameters
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Figure 5: Individual pair-wise correlation coefficient plot for Temp., pH, TDS, EC and ORP
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Spatial analysis

Along all the depths, relatively lower temperature was
observed near the landing site. The same trend is prominent
with considered depths (Figure 6). The observed temperature
profile may be due to the reflection and shade of floating and
submerged aquatic plants exist at Kalmadu tank. Adjacent to
the mixing region on the surface (just after the feeding
stream), the observed pH was relatively low when comparing
with other regions. Same pattern was observed throughout the
measured depths too (Figure 7).

This may be due to the microbial organic degradation process
(which releases acidic chemicals) and presence of aquatic
plants. Adjacent to the tank bund, relatively higher TDS was
observed near the surface (Figure 8). It may be due to the
anthropogenic usage of water. In addition to this 60cm depth
samples were detected with higher TDS values in mixing
region (Figure 8(d)). It could be due to the small currents
movements towards the tank from feeding stream which may
have disturbed the bottom of the tank.

Max.

Min.

() (b)

© (d)

Figure 6: Temperature profile (a) Overall (b) surface (c) at 30 cm depth (d) at 60 cm depth

. Max.
ey _,I- = y Min
() @
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Figure 8: TDS distribution (a) Overall (b) surface (c) at 30 cm depth (d) at 60 cm depth

Max.
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(b) © (d)
Figure 9: EC profile (a) Overall (b) surface (c) at 30 cm depth (d) at 60 cm depth
Max.
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(a) (b)

(c) (d)

Figure 10: ORP profile (a) Overall (b) surface (c) at 30 cm depth (d) at 60 cm depth
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Depth wise changes of EC values nearly resembles the TDS
profile (Figure 9), i.e. higher EC values were observed near
the tank bund for surface samples and near the mixing region
for 60 cm samples (Figure 9(d)). In the mixing region where
the shallow water exists, ORP was observed to be high than
the other regions (Figure 10). It may be due to the higher DO
(Dissolved Oxygen) level thus increase aerobic microbial
organic degradation (Drever, 1982). It also should be noted,
the regions in which ORP was high, it is possible to observe
the acidic pH.

Conclusion and Recommendations

Since agriculture is the foremost source of livelihood of the
study area, the assessment of water quality parameters and
proper maintenance of tanks in terms of irrigation is essential.
Based on the analysis carried out in the Kalmadu tank, TDS
and EC statistically does not comply with the national and
international standards among the other water quality
parameters except to TDS measurements at 60 cm depth.
Correlation analysis reveals, all the other measured parameters
show positive correlation except the temperature with pH. In
addition to this, in all individual parameters along the depth,
revealed a positive relationship ranged from 0.12 to 0.98.TDS
and EC followed the same trend, but both values decreased
with depth, the conversion factor being 0.50 for Kalmadu tank.
Measured values of individual parameters with the depth
revealed that, only the mean values of pH at 30 cm and 60 cm
depth with the surface samples statistically differ. While there
are no significant vertical wise changes in the other tested
parameters, surface ORP samples showed significant
difference with 30 cm depth.

From the kriging interpolation technique the spatial
distribution pattern of the measured parameters were
visualized. The temperature profile showed relatively lower
temperature near the landing site because of the reflection and
shading of existing plants at Kalmadu tank. Just after the
feeding stream, the observed pH was relatively low due to the
microbial organic degradation process and presence of aquatic
plants. Adjacent to the tank bund, relatively higher TDS was
observed near the surface may be due to the anthropogenic
usage of water. Especially in mixing region, 60 cm depth
samples were detected with higher TDS values due to the
small water current movements. Depth wise changes of EC
values nearly resemble the TDS profile. In the mixing region
where the shallow water exists, ORP was observed to be high.
It may be due to the higher DO which increases aerobic
microbial organic degradation. This investigation suggests
policy makers and relevant management authority, to pay
more attention to irrigation tanks in terms of maintaining
irrigable water. Documentation and mapping using ArcGIS
would be helpful for planning to provide effective and
efficient management. This assessment may provide some
understanding about status and behavior of tank water quality
for future researchers. Further an in-depth investigation is
necessary to identify the reason for the changes in the tank
water quality could provide more information to initiate
appropriate strategies for tank management.
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