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Abstract:  The paper presents methodology of accurate mobile measurements of water quality parameters such as 
temperature, dissolved oxygen, chlorophyll “a” concentration, ammonium ion concentration, conductivity, pH and 
blue-green algae content in water. The measurements (probe EXO 2, YSI, USA) were made on various depths of 
probe immersion (1.5, 2.5 and 3.5 m) and at different towing speeds of the probe (approx. 5.4 and 9.0 km/h). Static 
measurements carried out on the same route provided reference values for the measurements in motion to compare 
the repeatability of static and mobile methods. The tests were also evaluated by observation of probe behavior in 
motion, e.g. water disturbance intensity, access of light (sun rays) to the sensors. Statistical tests confirmed that the 
mean values of water quality parameters from mobile measurements with the speed of 5.4 km/h at the depth 1.5 m 
does not differ from the stationary measurements. Results of statistical analysis prove that water quality 
parameters can be measured accurately keeping established speed of towing the probe at the fixed depth. 
Methodology of mobile measurements elaborated in the frame of this work allows to collect vast number of data 
which can be used to obtain GIS point maps of water quality parameters in large water bodies. 
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Introduction 

Surface waters of rivers, lakes and artificial reservoirs are subject to anthropogenic 
impact [1]. For this reason, they should be placed under particular protection and all 
activities in their vicinity should be well considered, assessed and periodically controlled 
[2, 3]. Water in artificial reservoirs created by planned actions for various purposes, e.g. as 
drinking water storage or for tourism, recreation and sports should be of high quality.  

The Sulejow Reservoir was built in the early 1970s. The Reservoir functions are 
evolving; starting out as a place to store water to what is now an important place for 
recreation, water sports and a unique and very complex ecosystem with variety of plant and 
animal species. The Reservoir evolution strongly impacted the local economy, farming, 
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water retention and microclimatic conditions. The water condition is degrading due to 
unconstrained volumes of pollutants that are draining into the Reservoir, resulting in the 
excessive growth of blue-green algae [4-8]. This process as harmful and dangerous for 
every way of using the natural qualities of the reservoir must be assessed, predicted and 
minimized [9]. 

In the beginning of 2015, the MONSUL research project was started on the Faculty of 
Process and Environmental Engineering of the Lodz University of Technology 
(http://www.monsul.wipos.p.lodz.pl), implemented in collaboration with the Faculty of 
Geographical Sciences of the University of Lodz and the Norwegian Institute for Water 
Research (NIVA) of Oslo.  

A system of direct and continuous monitoring measurements covering virtually the 
entire surface area of the Sulejow Reservoir was developed. The monitoring programme 
launched within the framework of the MONSUL project based on a mobile, floating 
measuring system equipped with an EXO2 probe and GPS was carried out in following 
stages: measurements, modelling of water quality in the reservoir, sharing the results with 
regional and national institutions, controlling the water quality in the ecosystem of the 
Sulejow Reservoir. 

The main purpose of this paper is to present the results of mobile monitoring of 
selected water quality parameters using a multi-parameter probe which for such a big water 
body was performed for the first time in the literature.  

Test drives and measurements were performed to determine optimal conditions (depth 
of immersion of the probe and the speed of the motorboat) for the correct measurements of 
water quality parameters. Data collected during mobile measurements, after GIS 
processing, enabled to display map of water quality parameters in the Reservoir. 

Research method 

The measurements of water quality parameters were performed in two variants:  
1 - with stationary measurement in one, constant location point for the measurement probe 
(buoy anchored near the Reservoir’s dam); 2 - with a mobile instrument, during the flow of 
the probe attached to a boat driven along a planned route, over as large surface of the 
Reservoir as possible.  

The measurement set used for testing consisted of EXO 2 probe (YSI, USA) with the 
DT80 (TECHNIKA IT SA, Gliwice, Poland) - measurement data collection and 
transmission system [10, 11].  

The sensors of the probe provide continuous, automatic measurements of the following 
parameters of water: temperature, pH, dissolved oxygen concentration, conductivity, 
chlorophyll and blue green algae (BGA) concentration, ammonium ion concentration. The 
frequency of probe measurements and periods of data transmission to the operator's server 
were adjustable - measurements were set to be taken every two minutes, data transmission - 
every two hours.  

Furthermore, the buoy was additionally equipped with a meteorological sensor 
measuring air temperature and humidity (relative and absolute), wind speed and direction, 
atmospheric pressure and insolation.  

The ultimate assumption of the programme of mobile measurements with  
a multi-parameter probe was to drive the motorboat along the entire length of the Sulejow 
Reservoir - from the dam to the town of Barkowice - along the set route (“zig-zag”) in order 
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to obtain data from the main water flow course as well as form bays, marinas and river 
mouths.  

The measurement data of water parameters, together with the exact time and location 
(GPS system data), were collected in the memory cache of a mobile datalogger and 
transmitted to a PC computer. For the purpose of measurements in motion, a special 
extension boom was constructed and installed on the motorboat. The extension boom 
enabled the installation of the measurement probe with controlled immersion depth - 
adjusted for measurement requirements and access to the probe for observation and 
periodic cleaning purposes. The length of the extension boom amounted to approx. 0.8 m, 
which ensured the elimination of the impact of water waving and whirling created by the 
motorboat movement and drive on measurement sensors. Mobile measurements were taken 
with the system schematically presented in Figure 1a 12 kg metal weight was attached to 
the towing line, to which the 3.6 kg probe was fixed. During the drive, the hydrodynamic 
resistance of water resulted in lifting the probe; the weight compensated this effect and 
stabilized the position of the probe in water (eliminated whirling and waving). During the 
travel with the speed of approx. 5.4 km/h, this set provided a stable probe position with the 
measurement sensors at the depth of approx. 1.3 m under the water surface (Fig. 1b).  

 

 
Fig. 1. a) Diagram of the measurement probe with weight in stationary conditions (probe sensors 

immersion depth approx. 2.2 m) and in approx. 5.4 km/h travel (probe sensors immersion depth 
approx. 1.3 m); b) Photograph shows the mounting of the  probe on the motorboat moving at 
speed of approx. 5.4 km/h 

The testing involved driving the motorboat at a constant speed along the same route (of 
approx. 2 km) several times. Two speeds were taken into consideration: approx. 5.4 km/h 
and approx. 9 km/h. The probe, towed at a specific immersion depth made “on-line” 
measurements of seven water parameters: temperature, pH, dissolved oxygen 
concentration, conductivity, chlorophyll concentration, blue green algae (BGA) 
concentration, ammonium ion concentration and collected data regarding the time and 
location of the probe at the moment of measurement. During the flow the boat was stopped 
4-5 times for stationary measurements which provided reference values for the results of 
measurements in motion and stationary. The objective was to confirm the repeatability of 
results obtained with these two methods. The second variable parameter during the testing 
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drives was the immersion depth of the probe - 1.5 and 2.5 m depths were tested. The tests 
were also evaluated by observation of probe behavior in motion, e.g. water disturbance 
intensity, access of light to the sensors. A series of measurements of the water quality in the 
Sulejow Reservoir to assess accuracy the mobile methodology [12] were carried out in May 
2015 and September 2016. An example of a route for the motorboat measurements in one 
day tracked with a GPS system is presented in Figure 2. 

 

 
Fig. 2. An example of a route for the motorboat for mobile measurements in one day tracked with a GPS 

system 

Objective and scope of the analysis 

The objective of the analysis of data obtained during the preliminary testing was the 
evaluation of the effect of motorboat speed on the results of measurements of water quality 
parameters. The purpose was to determine whether the results of measurements in motion 
are significantly different from the measurements of the same parameters in stationary 
conditions, i.e. when the probe is immersed at the chosen depth and remains motionless.  

The evaluation of the effect of boat speed on the results of measurements requires the 
acceptance or rejection of the hypothesis that the results of stationary and mobile 
measurements belong to the same population, i.e. that the calculated mean values of 
selected parameters measured with the probe that was stationary or towed behind the boat 
are the same and do not differ in any significant manner. 
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Formally, the task involves the verification of the statistical hypothesis claiming that 
the results of measurements obtained during the motion and the results of stationary 
measurements results belong to the same population and the expected values of these 
populations are equal. The hypothesis can be written down as (1): 

 H0: µ1 = µ2  (1) 

where µ1, µ2 are mean values from stationary and mobile measurements of each, measured 
parameter. 

The H0 hypothesis was formulated as follows: “The expected (mean) value calculated 
from the results of stationary measurements at the depth h = 1.5 m is not significantly 
different from the mean value calculated from measurements in motion with the speed of  
v = 5.4 km/h”. Indicated depth was selected due to the fact that the probe when towed by 
boat at the speed of v = 5.4 km/h is also immersed at the depth of approx. 1.5 m.   

The following test function (2) was used to verify the hypothesis H0: 

 � = �������������
�	��
��	�

�

�

 (2) 

where: �
, �� - average values of measured parameters, �
�, ��� - variances of measured 
parameters, n1, n2 - number of observations. 

After the calculation of the value of the test function u, the H0 hypothesis was tested 
and compared to the alternative hypothesis H
: �
	≠	�� . In this case, we need to take into 
account the bilateral critical area, i.e. we discard H0 if the calculated value of u is higher 
than uk = 2.04 (with the assumed confidence level α = 0.05). 

Results and discussion 

First, the verification was made whether the towing of the probe with the speed of boat 
approx. 5.4 km/h can significantly impact on the measurements parameters. For this 
purpose, the authors tested the statistical hypothesis on the level of significance of α = 0.05 
stating that the results of measurement obtained during motorboat drive with the speed of 
5.4 km/h are not significantly different from the results of stationary measurements with  
a motionless probe immersed to the depth of h = 1.5 m.  

Data from Tables 1-3 were used to verify the H0 and H1 hypothesis. For each of the 
measured water quality parameters, the value of test function u described with the equation 
(2) was calculated and compared with the critical value of ukr read from t-Student tables. 
For the assumed level of confidence α = 0.05 and n1 + n2 – 2 degrees of freedom, the 
critical value of test (2) is ukr = 2.04. The variances of measured parameters presented in 
Table 1 were determined by the independent measurements that were performed on the 
studied area. 

Table 4 presents the results of calculations and values of the test function u determined 
for each of the measured water quality parameters. 

The data presented in Table 4 show that for all measured water quality parameters, the 
calculated value of the test function u is lower than the critical value ukr = 2.04. This means 
that there are no reasons to reject the hypothesis that the mean values calculated from the 
results of stationary measurements at the depth h = 1.5 m are not significantly different 
from the mean values calculated from the measurements in motion with the speed of  
v = 5.4 km/h.  
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Based on this result, a conclusion can be drawn that towing the probe with the 
established speed of v = 5.4 km/h does not distort the results of measurements. 

 
Table 1 

Results of the measurements of water quality parameters with a motionless probe immersed at the depth h = 1.5 m 

No. 
Temp.  
[°°°°C] 

BGA  
[µµµµg/dm3] 

Chlorophyll 
[µµµµg/dm3] 

NH4
+ 

[mg/dm3] 
Conduct. 
[µµµµS/cm] 

pH  
[-] 

Oxygen 
[mg/dm3] 

1 22.2 1.53 1.28 0.20 273.7 9.35 11.83 
2 22.2 0.92 1.38 0.19 273.7 9.37 11.85 
3 22.2 1.10 1.31 0.19 273.7 9.37 11.85 
4 22.2 0.99 1.36 0.19 273.7 9.37 11.85 
5 22.2 0.76 0.94 0.23 273.4 9.31 11.86 
6 22.2 1.03 1.90 0.23 273.5 9.30 11.85 
7 22.2 1.01 1.57 0.23 273.5 9.30 11.85 
8 22.2 1.16 1.58 0.21 273.5 9.30 11.85 
9 22.2 0.74 1.58 0.18 273.5 9.37 11.84 
10 22.2 0.73 1.61 0.19 273.5 9.37 11.86 
11 22.2 1.00 1.62 0.19 273.5 9.37 11.85 
12 22.2 0.82 1.38 0.23 273.6 9.30 11.86 
13 22.2 0.83 1.62 0.22 273.4 9.32 11.87 
14 22.2 0.58 1.63 0.21 273.4 9.34 11.87 
15 22.2 0.56 1.57 0.19 273.4 9.38 11.87 
16 22.2 0.79 1.58 0.19 273.4 9.39 11.87 
17 22.2 1.51 1.52 0.19 273.4 9.39 11.87 

 
Table 2 

Results of the measurements of water quality parameters with a probe towed with the speed v = 5.4 km/h 

No. 
Temp.  
[°°°°C] 

BGA  
[µµµµg/dm3] 

Chlorophyll 
[µµµµg/dm3] 

NH4
+ 

[mg/dm3] 
Conduct. 
[µµµµS/cm] 

pH  
[-] 

Oxygen 
[mg/dm3] 

1 22.3 1.14 1.30 0.22 273.8 9.29 11.48 
2 22.3 1.14 1.30 0.22 273.8 9.29 11.48 
3 22.3 1.03 1.37 0.23 275.4 9.29 11.47 
4 22.3 2.04 1.28 0.19 275.4 9.35 11.50 
5 22.3 1.07 1.36 0.19 275.4 9.36 11.52 
6 22.3 1.11 1.36 0.19 275.4 9.35 11.54 
7 22.3 1.39 1.25 0.22 273.8 9.27 11.61 
8 22.3 1.86 1.32 0.23 273.1 9.27 11.61 
9 22.3 1.84 1.32 0.23 273.1 9.28 11.61 
10 22.3 1.75 1.42 0.23 273.1 9.27 11.61 
11 22.3 1.76 1.43 0.20 273.1 9.35 11.61 
12 22.3 1.82 1.40 0.20 273.1 9.34 11.62 
13 22.3 1.86 1.43 0.20 273.1 9.34 11.64 
14 22.3 1.45 1.37 0.23 273.0 9.26 11.67 
15 22.3 1.49 1.42 0.22 272.7 9.29 11.66 
16 22.3 1.45 1.36 0.21 272.7 9.31 11.67 
17 22.3 1.30 1.41 0.19 272.7 9.36 11.68 
18 22.3 1.35 1.41 0.19 272.7 9.36 11.68 
19 22.2 1.44 1.40 0.19 272.7 9.36 11.68 
20 22.2 1.41 1.45 0.19 272.7 9.35 11.67 
21 22.2 1.05 1.33 0.23 275.1 9.27 11.71 
22 22.2 1.06 1.37 0.22 275.0 9.30 11.71 
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Table 3 
Results of the measurements of water quality parameters with a probe towed with the speed v = 9 km/h 

No. 
Temp.  
[°°°°C] 

BGA  
[µµµµg/dm3] 

Chlorophyll 
[µµµµg/dm3] 

NH4
+ 

[mg/dm3] 
Conduct. 
[µµµµS/cm] 

pH  
[-] 

Oxygen 
[mg/dm3] 

1 22.3 2.84 1.21 0.18 273.2 9.37 22.3 
2 22.3 2.87 1.21 0.18 273.2 9.37 22.3 
3 22.3 2.94 1.24 0.19 273.2 9.37 22.3 
4 22.3 1.67 1.33 0.23 273.1 9.28 22.3 
5 22.3 1.93 1.34 0.22 273.1 9.31 22.3 
6 22.3 1.87 1.27 0.20 273.1 9.36 22.3 
7 22.3 2.07 1.32 0.19 273.1 9.36 22.3 
8 22.3 1.95 1.42 0.19 273.1 9.36 22.3 
9 22.3 1.94 1.34 0.19 273.1 9.37 22.3 
10 22.2 1.53 1.23 0.22 273.9 9.29 22.2 
11 22.2 0.94 1.24 0.23 275.4 9.28 22.2 
12 22.2 0.95 1.23 0.23 275.4 9.28 22.2 
13 22.2 0.95 1.24 0.23 275.4 9.28 22.2 
14 22.2 1.03 1.22 0.20 275.4 9.35 22.2 
15 22.2 1.31 1.22 0.20 275.4 9.35 22.2 
16 22.2 1.15 1.29 0.20 275.4 9.35 22.2 
17 22.2 1.70 1.42 0.23 273.8 9.28 22.2 
18 22.2 1.90 1.51 0.22 274.0 9.30 22.2 
19 22.2 1.96 1.50 0.21 274.0 9.32 22.2 
20 22.2 2.17 1.49 0.19 274.0 9.37 22.2 

 
Table 4 

The value of the test function u, used to verify the hypothesis that the results obtained with stationary 
measurements at the depth of h = 1.5 m are not significantly different from the values obtained during towing the 

probe with the average speed of v = 5.4 km/h (ukr = 2.04) 

No. Measured parameter 
h = 1.5 m v = 5.4 km/h Value of function u ��� σσσσ    ��� σσσσ    [-] 

1 Temperature [°C] 22.23 0.55 22.26 0.46 0.17 
2 BGA [µg/dm3] 0.94 0.20 1.45 1.35 1.72 
3 Chlorophyll [µg/dm3] 1.50 0.24 1.37 0.63 0.88 
4 Ammonia ion [mg/dm3] 0.201 0.004 0.212 0.026 1.15 
5 Conductivity [µS/cm] 273.5 8.0 273.7 5.5 0.06 
6 pH [-] 9.35 0.11 9.31 0.08 1.03 
7 Oxygen conc. [mg/dm3] 11.86 0.72 11.6 1.2 0.796 

 
Another hypothesis, stating that towing the probe with higher speed, i.e. 9 km/h does 

not significantly affect the results of measurements was also verified. For this purpose, the 
authors tested the statistical hypothesis on the level of significance of α = 0.05 checking if 
results of measurement obtained during motorboat drive with the speed of 9 km/h are 
significantly different from the results of stationary measurements with a motionless probe 
immersed to the depth of h = 1.5 m. 

Table 5 shows the results of calculations and values of the test function u determined 
for each of the measured water quality parameters. 

The data in Table 5 show that in the case of the BGA concentration, the test function u 
exceed the critical value. We should therefore conclude that the BGA concentrations 
measured at the speed of v = 9 km/h are not the same as in the case of a motionless probe. 
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In the case of the remaining water quality parameters, the calculated values of the test 
function u are less than the critical value ukr = 2.04.  

 
Table 5 

The values of the test function u, used to verify the hypothesis that the results obtained with stationary 
measurements at the depth of h = 1.5 m are not significantly different from the values obtained during towing the 

probe with the speed of v = 9 km/h (ukr = 2.04) 

No. Measured parameter 
h = 1.5 m v = 9 km/h Value of function u ��� σσσσ    ��� σσσσ    [-] 

1 Temperature [°C] 22.23 0.55 22.24 0.094 0.065 
2 BGA [µg/dm3] 0.94 0.20 1.78 0.67 5.38 
3 Chlorophyll [µg/dm3] 1.50 0.24 1.31 0.85 0.92 
4 Ammonia ion [mg/dm3] 0.20 0.004 0.21 0.026 0.86 
5 Conductivity [µS/cm] 273.5 8.0 274.0 4.3 0.22 
6 pH [-] 9.35 0.11 9.33 0.07 0.55 
7 Oxygen conc. [mg/dm3] 11.86 0.72 11.80 0.13 0.32 

 
However, obtained results show that towing the probe at speed v = 9 km/h has  

a significant effect on the results of measurements of BGA and distorts them and the results 
obtained at this speed can be encumbered with errors.  

The two water quality parameters measured by the EXO-2 probe (chlorophyll 
concentration and BGA concentration) are based on the measurement of the intensity of 
fluorescence of organic matter particles, illuminated with a beam of light with specific 
wavelength [13]. This measurement can be disturbed by sunlight penetrating the water layer 
and entering the sensors measuring the intensity of fluorescence which means that reducing 
the depth of immersion of the EXO-2 probe can result in significant measurement errors. In 
order to determine the appropriate conditions for taking chlorophyll and algae concentration 
measurements, a series of stationary tests were performed at the depths of 1.5, 2.5 and  
3.5 m. The results of these measurements are presented in Table 6. 

 
Table 6 

Results of chlorophyll and BGA concentration measurements [µg/dm3] with a motionless probe immersed  
at different depths 

 Chlorophyll [ µµµµg/dm3] Blue Green Algae [µµµµg/dm3] 
No. h = 1.5 m h = 2.5 m h = 3.5 m h = 1.5 m h = 2.5 m h = 3.5 m 
1 3.60 5.27 3.51 0.12 0.25 0.05 
2 3.31 5.57 8.31 0.18 0.19 0.25 
3 9.15 4.74 4.75 0.34 0.21 0.19 
4 5.59 7.65 5.67 0.23 0.38 0.18 
5 8.14 5.76 6.63 0.30 0.24 0.27 
6 5.27 6.60 8.54 0.21 0.27 0.45 
7 5.16 6.00 6.77 0.21 0.29 0.24 
8 4.27 6.14 7.49 0.16 0.20 0.37 
9 3.60 3.60 3.60 0.10 0.10 0.10 
10 7.10 7.10 6.30 0.30 0.20 0.20 
11 4.40 9.20 5.60 0.20 0.40 0.20 
12 4.70 5.70 4.80 0.20 0.20 0.20 
13 5.10 8.10 5.80 0.30 0.30 0.20 
14 5.80 8.50 6.60 0.30 0.50 0.30 
15 5.30 5.20 6.60 0.30 0.20 0.30 
16 5.00 7.50 6.80 0.20 0.40 0.30 
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The evaluation of the significance of the effect of probe immersion depths on the 
results of measurements of chlorophyll and BGA concentrations in the Sulejow Reservoir 
requires the acceptance (or rejection) of the hypothesis that the results of measurements at 
different depths belong to the same population, i.e. that the calculated mean values of 
parameters measured with the probe immersed at the depth h = 1.5 m, 2.5 m and 3.5 m do 
not differ in any significant manner. 

In order to verify hypothesis H0 about the equivalence of mean values, described with 
equation (1), the test function (2) and methodology described above was be applied. The 
calculations use data sets obtained during stationary measurements made with a motionless 
probe, immersed at the depth of h = 1.5 m, h = 2.5 m and h = 3.5 m (Table 6). 

The H0 hypothesis was formulated as follows: “The expected (mean) value calculated 
from the results of stationary measurements at the depth h = 1.5 m is not significantly 
different from the mean value calculated from measurements made at the depth of  
h = 2.5 m, i.e. �
�ℎ1.5� = ��	�ℎ2.5�. The hypothesis alternative to H0 is H1 is defined as: 
H1: x
�h1.5� ≠ x�	�h2.5�. 

Data from Table 6 were used to verify the H0 hypothesis. For each of the measured 
chlorophyll and BGA concentrations, the value of test function u described with the 
equation (2) was calculated and compared with the critical value of ukr read from t-Student 
tables. For the assumed level of confidence α = 0.05 and n1 + n2 – 2 degrees of freedom, 
the critical value of test (2) is ukr = 2.04. Table 7 shows the results of calculations and 
values of the test function u determined for chlorophyll and BGA concentration 
measurements made at the depths of h = 1.5 m and h = 2.5 m. 

 
Table 7 

The values of the test function u, used to verify the hypothesis that the results obtained with stationary 
measurements at the depth of h = 1.5 m are not significantly different from the values obtained at the depth of     

h = 2.5 m (ukr = 2.04) 

No. Measured parameter 
h = 1.5 m h = 2.5 m Value of function u ��� σσσσ    ��� σσσσ    u 

1 Chlorophyll [µg/dm3] 5.3 1.5 6.4 1.4 2.02 
2 BGA [µg/dm3] 0.23 0.07 0.27 0.10 1.40 

 
The data presented in Table 7 show that in the case of the measured chlorophyll and 

BGA concentrations, the calculated value of the test function u is lower than the critical 
value ukr = 2.04 which means that we cannot reject the hypothesis that the mean values 
calculated from the results of stationary measurements at the depth h = 1.5 m are not 
significantly different from the mean values calculated from the set of measurements made 
at the depth of h = 2.5 m. The resulting conclusion is that decreasing the depth of 
immersion of the EXO-2 probe from the value of h = 2.5 m to h = 1.5 m does not 
significantly affect the results of measurements. 

The tests also verified whether the decrease of probe immersion depth from h = 3.5 m 
to 2.5 m can distort the results of measurements. Table 8 displays the results of calculations 
and values of the test function u determined for chlorophyll and BGA concentration 
measurements made at the depths of h = 2.5 m and h = 3.5 m. 

The data presented in Table 8 show that the measured values of the test function u used 
to verify the hypothesis regarding the equivalency of the mean chlorophyll and BGA 
concentrations at the depths of h = 2.5 m and h = 3.5 m are lower than the critical value. 
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This means that there is no reason to reject the hypothesis that the mean values from 
stationary measurements at the depth h = 2.5 m are not significantly different from the 
mean values from the measurements made at the depth of h = 3.5 m. We can conclude that 
decreasing the depth of immersion of the EXO-2 probe from the value of h = 3.5 m to  
h = 2.5 m does not significantly affect the results of measurements.  

 
Table 8 

The values of the test function u, used to verify the hypothesis that the results obtained with stationary 
measurements at the depth of h = 2.5 m are not significantly different from the values obtained at the depth of     

h = 3.5 m (ukr = 2.04) 

No. Measured parameter 
h = 2.5 m h = 3.5 m Value of function u ��� σσσσ    ��� σσσσ    u 

1 Chlorophyll [µg/dm3] 6.4 1.4 6.1 1.4 0.60 
2 BGA [µg/dm3] 0.27 0.10 0.24 0.09 0.97 

 

 
Fig. 3. Distribution of chlorophyll “a” in the Sulejow Reservoir (2015.07.22) 

The probe with the data recording system enabled the measurement and recording the 
values together with the time and location (GPS) of measurement with the frequency of two 
minutes. Therefore, during one cruise, information regarding the quality of water on the day 
of measurement were collected in 650-700 points located across the entire Reservoir. In the 
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summer season of 2015, 12 cruises were completed, providing results from several 
thousand measurement points for further analysis.  

The measured values were then processed at the Faculty of Geographical Sciences of 
the University of Lodz, using modern GIS database processing systems (ESRI ArcGIS) to 
transform each of the results into a spatial datum located on the surface of the Reservoir. 
The local data were interpolated using the ArcMap and Spatial Analyst software and 
visualized as maps [14]. The results are point maps presenting the values of each of the 
measured parameters along the route of the motorboat with the probe. Example of the 
results showing distribution of chlorophyll “a” in the Sulejow Reservoir is shown  
in Figure 3. 

Conclusions 

The main objective of a monitoring measurements was to develop an auxiliary tool for 
the monitoring and prediction of surface water quality that can be applied to improve 
management of the large water bodies like e.g.  Sulejow Reservoir.  

Water management and controlling the conditions in the ecosystem of the large 
reservoirs requires acquisition of vast number of data which cannot be collected only from 
stationary measurements.  

In the paper, the most appropriate conditions for mobile measurements - i.e. estimation 
of the optimal motorboat speed and depth of probe immersion to obtain similar accuracy as 
within stationary measurements were found. Statistical analysis confirmed that the results 
of mobile measurements at the depth h = 1.5 m with towing speed of the probe 5.4 km/h do 
not differ from stationary measurements.  

We also found that decreasing the depth of immersion of the EXO-2 probe from the 
value of h = 3.5 m to h = 2.5 m and to h = 1.5 m does not affect the results of the 
measurements of water quality parameters. 

Final conclusion is, that speed of the motorboat during measurements of water quality 
parameters cannot be higher than around 5 km/h to obtain similar results for stationary and 
mobile measurements. Application of this speed allows to collect 650-700 measuring points 
(7 water quality parameters together with the time and GPS location) across the entire 
reservoir during one day cruise.  

Data collected during mobile measurements, after application of GIS processing 
systems (ESRI ArcGIS) transformed into a spatial datum located on the surface of the 
reservoir allow to make a map of water quality parameters in the water body. 

The methodology of mobile monitoring measurements of water quality parameters 
with multiparameter probe which is compliant with the standards used in surface water 
monitoring studies is reported first time in the literature. 
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