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Abstract

This work deals with the issue of operational environmental monitoring of
the urban water environment. The specified general provisions regarding the
functioning of monitoring methods and the monitoring programme of water
bodies. Maximum permissible concentrations of various water quality indica-
tors are set. The main sources of pollution and the main requirements for
water quality control systems are defined. On the basis of the above, an in-
dustrial parameter control system based on the principles of the Internet of
Things technology for remote monitoring and operator control was developed.
In the process of performing the work, structural and functional schemes of the
operational monitoring system were created and local and remote level work
algorithms were compiled. The analysis of measurements of a large number of
parameters of the water environment was carried out. The proposed approach
proved the possibility of ensuring high accuracy and reliability of measurement
results obtained using the developed computer monitoring system.
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Introduction. Under urbanization, the demand for water is continuously
rising, as are wastewater emissions.

This process is accompanied by a continual deterioration in water quality, wa-
ter sources, and the potential for their use in drinking, cultural, domestic, recre-
ational, aquaculture, irrigation, and even industrial applications [1–3]. Freshwater,
essential for human life, is heavily utilized by modern industry.

Currently, the urban water environment, namely the river, is, on the one
hand, a source of water consumption for economic and technical needs, and on
the other, a reservoir for dumping domestic and industrial effluents [4,5], of various
chemical compositions [6,7], as well as agricultural waste [8]. Currently, with the
rapid development of automation technologies using innovative microprocessor
systems, SCADA software and Internet of Things technologies, monitoring and
control systems are actively developing in such areas of environmental activities
as agriculture, industry, etc. [9–12]. These technologies are integral components
of Industry 4.0 [13–15].

Today, there are many types of water environment control systems [16, 17].
There is a growing need to simplify the control process through gradual au-
tomation of multi-sensor systems. The well-known foreign companies “HANNA”,
“NASN” and others operate among the water environment monitoring systems.
Imported automated laboratories (systems) based on flow-injection type mea-
suring devices also began to appear. Examples include the automated system
WATERLAB 2000 M/S: SERES 2000 (SERES, France), and the portable multi-
parameter water quality monitor Series 900 (SYRUS SYSTEMS), which can mea-
sure eight parameters. Known examples of the application of systems at the local
level are SCADA-like systems; with the presence of a cloud environment – IoT
systems. These systems are more universal and are mainly intended for real-time
analysis of the parameters of the urban water environment in order to detect the
fact and place of exceeding the maximum permissible concentration (MPC) as per
natural components (for example, dissolved iron, hardness salts, etc.), as well as
by anthropogenic pollution (primarily, artificially synthesized organic substances,
water-soluble forms of toxic heavy metals, etc.).

Therefore, the question of building a universal, highly efficient system with
decentralized control components remains open. This study aims to enhance mon-
itoring quality and adaptive ecological balance control in the urban water envi-
ronment through the development of a microprocessor-based system using ICP
DAS digital modules and IoT technology.

Regulation of water quality in reservoirs. Water quality standards of
water bodies include: general requirements for the composition and properties of
water in watercourses and reservoirs for various types of water use; the list of
MPCs of standardized substances in the water of water bodies, which are used
for economic and drinking and communal and household needs of the population;
the list of MPCs of standardized substances in the water of water bodies used for
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fishery purposes [18–20].
The sanitary condition of the reservoir meets the requirements of the norms

during the implementation of the unevenness:

(1)
n∑

i=1

Ci

MPCm
i

≤ 1,

where n is the number of harmful substances in the reservoir belonging, for ex-
ample, to the “sanitary-toxicological” group of harmful substances; Ci is the con-
centration of the i-th substance from this group of harmful substances; m is
the number of the group of harmful substances, for example, m = 1 – for the
“sanitary-toxicological” group of harmful substances, m = 2 – for the “general
sanitary” group of harmful substances, etc.

This inequality is used for each of the three (for water bodies of the second
type – for each of the five) groups of harmful substances, the MPCs of which
are set, respectively, according to the sanitary-toxicological limiting indicator of
harmfulness (LIH), the general sanitary LIH, the organoleptic LIH, and for fish
farms – also according to toxicological LIH and fish. At the same time, the
background concentrations of Cf of harmful substances contained in the water of
the reservoir before the discharge of wastewater should be taken into account. In
case of predominance of one harmful substance with a concentration of C of the
group of harmful substances of this LIH, the following requirement must be met:

(2) C + Cf ≤ MPC.

MPCs have been established for more than 400 harmful main substances in
water bodies for drinking and cultural and household purposes, as well as for
more than 100 harmful main substances in water bodies for fishing purposes. The
equation for the balance of dissolved impurities when they are discharged into
a watercourse (river) taking into account the initial dilution in the outlet is as
follows:

(3) Ccm = [npc(Cpc − Cf ) + Cf ],

where Ccm, Cpc, Cf represent the concentrations of impurities in wastewater be-
fore discharge into the reservoir, in the calculated structure and the background
concentration of impurities, respectively, mg/kg; n0 and npc – the dilution ratio of
wastewater in the outlet (initial dilution) and in the calculated outlet, respectively.

Initial dilution of wastewater at the point of its release:

(4) n0 =
Q0 + q

q
,

where Q0 = LHV is the part of the drain flow flowing over the dispersing outlet,
which has, for example, the form of a perforated pipe laid on the bottom, m3/s;
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q is the waste water consumption, m3/s; L is the length of the dispersing outlet
(perforated pipe), m; H, V are the average depth and velocity of flow above the
outlet, m and m/s.

(5) Ccm =
LHV + q

q
[npc(Cpc − Cf ) + Cf ]

at LHV � q

(6) Ccm =
LHV

q
[npc(Cpc − Cf ) + Cf ].

Software and hardware implementation of a computer system for
controlling water environment parameters based on Internet of Things
technology. The implementation of a computer system for controlling the pa-
rameters of the water environment with the details of the monitoring system and
operator control is presented in Fig. 1.

Fig. 1. The functional structure for controlling water
parameters based on the IoT technology

This system has two levels: local level and remote level. The system imple-
mentation involved various digital devices. Digital components of the ICP DAS
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company were used among software and hardware tools. ICP DAS I-7017 modules
are used as analogue data collection modules from sensors of voltage converters.
ICP DAS I-7017C modules with current input are used to collect information from
sensors with current output. Sensors, in turn, are analogue and digital. Analogue
sensors are convenient and easy to implement, while digital sensors offer high
accuracy but require additional equipment for converting analogue signals into
digital formats.

The ICP DAS I-7051 module with 16 inputs is used as a data acquisition mod-
ule for discrete input signals. The system is additionally equipped with the ICP

a)

b)

Fig. 2. Human machine interface: a) local level; b) remote level
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DAS I7520 interface converter module, which performs the functions of converting
RS485 bus signals into the RS232 interface. PLC ICP DAS WP-8131 is used in
the current control and measurement system as the main executive module.

Algorithms for measurement and calculation of operational parameters in
the PLC are implemented using tools provided by the TRACE MODE 6 SCADA
system, which is a universal and compact SCADA system (all system editors are
called from one program). The necessary data processing algorithms (for checking
the range, coefficient values, etc.) are implemented in SCADA TRACE MODE 6
in the “RTM_1” node using ST and FBD language programs.

A special TRACE MODE Data Center web server is used for remote moni-
toring of operational parameters of the aquatic environment from the shore post.
The TRACE MODE Data Center manages the SCADA system for monitoring
operational water environment parameters remotely. TRACE MODE Data Cen-
ter receives data in real time from a local system based on TRACE MODE 6 via
TCP/IP Internet and provides access to data for individual computers and mobile
devices (smartphones).

Results. The effectiveness of the computer system hardware and software
was confirmed by the results of its testing. All studies were conducted with
fully operational sensors and internal digital components, as verified through the
operator’s graphical interface. The study included monitoring data of surface
water of the river for the period of four quarters of 2021. Some results of the
experimental test are shown in Table 1. A more comprehensive list is presented in
Fig. 3, where the obtained indicators are compared to the MPC. Determination of
water quality was carried out on the basis of previously presented formulas, in the
case of meeting the quality requirements, a green LED was lit on the operator’s
screen, in the opposite case, a red light was illuminated.

T a b l e 1

Results of the experimental test
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degree ◦C cm*100 (mg/dm3) points (mg/dm3) %*100 (mg О2/dm3) (mg/dm3)

4.00 40.00 0.71 1.0 0.00 122.92 3.85 0.58
23.00 40.00 0.99 1.0 19.20 127.06 1.97 0.36
24.00 40.00 1.54 1.0 11.60 97.05 2.16 1.00
11.00 40.00 1.38 1.0 0.00 83.32 2.31 0.86

Measured and calculated data (Table 1) in the process of researching the ur-
ban water environment are combined into a database stored on the server. This
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Fig. 3. City river monitoring indicators for 2021: a – Ph units, рН; b – colour, degrees*102; c
– ammonium salt, (mg/dm3); d – nitrite, (mg/dm3); e – nitrate, (mg/dm3)*102; f – dissolved
oxygen, (mgO2/dm3)*102; g – chemical oxygen consumption, (mgO2/dm3)*102; h – alkalinity,
(mg-eq/dm3); i – rigidity is general, (mg-eq/dm3); j – dry residue, (mg/dm3)*102; k – sulphates,
(mg/dm3)*102; l – chlorides, (mg/dm3)*102; m – calcium, (mg/dm3)*102; n – magnesium,
(mg/dm3)*102; o – sodium, (mg/dm3)*102; p – potassium, (mg/dm3)*102; q – common iron,
(mg/dm3); r – chrome (VI), (mg/dm3); s – chrome (III), (mg/dm3); t – copper (mg/dm3); u –
zinc, (mg/dm3); v – nickel, (mg/dm3); w – manganese, (mg/dm3); x – oil products, (mg/dm3)

database provides users with the ability to create, save, update, search for infor-
mation, and control access to data.

Thus, the data recorded every day formed a database for months, which in
turn were combined into quarters and years. Fluctuations in the parameters of
the urban water environment are presented in Fig. 3.

After analyzing the results of the study of the ecological state of the river, it
was confirmed that the main polluter of open water bodies are sewage discharges.
From a scientific point of view, it is useful to search for the existence and assess-
ment of the closeness of relationships between the content of certain hydrochemical
characteristics in water. This makes it possible to select analytical calculation de-
pendencies, to carry out an operational assessment and forecast of water quality,
to automate the calculation of the flow of dissolved chemicals. These relationships
do not always exist, which depends on the complexity of the conditions for the
formation of the chemical composition of river waters in catchments, the degree
of influence of a high level of anthropogenic load, which together can change the
natural hydrochemical regime of rivers.

Conclusions. The developed information and measurement system for the
control of the water environment measures indicators and summarizes the obtained
data into a tabular database, which makes it possible to determine the ecological
state of the water body, the nature of the processes of pollution, sedimentation,
self-cleaning, coagulation of polluted water-disperse media, etc., and can be used
for environmental monitoring of the urban water environment.
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Determining the quality of river water is of great importance for assessing
the ecological state of the city, the main directions of water protection activities
for the improvement of the ecological state of each water body, and establishing
ecological water quality standards. Assessment based on hydrochemical indicators
revealed that surface water quality in the city’s river basin falls significantly below
the MPC for most parameters.
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[14] Iordache G. V., B. Ţigǎnoaia, C. Negru, F. Pop (2020) Implementing SLA
Constraints in Multi-Cloud Environments, Control Eng. Appl. Inf. (CEAI), 22(4),
71–81.

[15] Ajith J. B., R. Manimegalai, V. Ilayaraja (2020) An IoT based smart wa-
ter quality monitoring system using cloud. In: 2020 International conference on
emerging trends in information technology and engineering (ic-ETITE), IEEE, 1–7,
https://doi.org/10.1109/ic-ETITE47903.2020.450.
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