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Abstract— This paper brings together the information 

necessary to design and implement a water quality 

monitoring system and provides a basis for water quality 

assessments and studies. Various techniques for water quality 

monitoring are explained in this paper. Freshwater quality is 

addressed in a holistic way, considering both surface waters 

and ground waters. Emphasis is given to monitoring the 

natural environment and to detecting and monitoring trends 

in water quality. This report reviews present water quality 

data gathering efforts, recommends additional data efforts, 

and recommends and discusses a water quality model suitable 

to meet the objectives mentioned. Such implementation is 

suitable for large deployments enabling a sensor network 

approach for providing spatiotemporally rich data to water 

consumers, water companies and authorities. Based on 

selected parameters a sensor array can be developed along 

with several microsystems for analog signal conditioning, 

processing, logging, and remote presentation of data. Finally, 

an algorithm for fusing on-line multi sensor measurements is 

selected on the basis of review of various techniques to assess 

the water contamination risk. 
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I. INTRODUCTION 

Online drinking water quality monitoring technologies have 

made significant progress for source water surveillance and 

water treatment plant operation. The use of these 

technologies in the distribution system has not been favorable 

due to the high costs associated with installation, 

maintenance, and calibration of a large distributed array of 

monitoring sensors. This has led to a search for newer 

technologies that can be economically deployed on a large 

scale. This paper includes a brief description of important 

parameters for drinking water and current available 

technologies used in the field. The paper also provides a 

thorough review of the advances in sensor technology for 

measurement of common water quality parameters (pH, 

turbidity, free chlorine, dissolved oxygen, and conductivity) 

in drinking water distribution systems. Development of cost-

effective, durable and sensitive on-line water quality 

monitoring sensors that can be installed across water 

distribution networks has attracted attention to increase the 

frequency of monitoring and hence reduce the risk of 

accidental or deliberate contaminations or improve routine 

control of water quality. Before the planning of water 

sampling and analysis can be started, it is necessary to define 

clearly what information is needed and what is already 

available and to identify, as a major objective of the 

monitoring system, the gaps that need to be filled. It is useful 

to prepare a “study plan”, which describes in detail the 

objectives and possible limitations of the existing system. 

This paper shows that the recommended sensor such 

as pH, turbidity, conductivity and temperature sensors are as 

precise as the commercial sensors in both static and dynamic 

conditions. However, the cost of the sensors presented here is 

significantly lower than that of the commercial sensors. 

II. LITERATURE SURVEY 

Sensor networks in their initial phase of development were 

designed and deployed on the ground for operations. Now a 

day’s In-pipe, compact, reliable and wireless sensor networks 

are attracting increasing interest from the researchers. 

Various advanced and sophisticated sensors were deployed to 

measure and monitor the contamination in drinking water. In 

general, drinking water tone measures are determined by the 

system and ensure that the detected parameters were found 

within the range specified by World Health Organization for 

drinking water.  

At present, very few number of online and chemical 

reagent free water monitoring systems are available those can 

be use for commercial purpose. For example Hach HST, 

Guardian “Early Warning System Brochure”. [1]. This 

system gives an alert on real time basis. J-MAR, Biosentry 

“Contamination Warning System” [2], gives alert about 

contamination after performing statistical modeling over 

various parameters obtained from sensors. These are some of 

the techniques found useful for water contamination 

monitoring. But these techniques are too much expensive and 

can’t be afforded by small scale institutions for their 

laboratory experimentation. Along with high cost, sensors in 

these systems are so bulky and enclosed in close cabinets. So 

these systems are prone to haziness as time goes. Because of 

encapsulation they can’t be frequently opened and cleaned at 

regular intervals. Moreover set up of these systems are very 

large so system can take reading from limited number of 

spots. Contrary to these large scale systems, multi-parametric 

solid state sensors using semi-conductor ruthenium oxide 

nano structure were also developed for water quality 

monitoring. One of such technique is developed by M. 

Sophocleous, M. Glanc, Monika, J. Atkinson, and E. Garcia-

Breijo, “The effect on performance of fabrication parameter 

variations of thick-film screen printed silver/silver chloride 

potentiometric reference electrodes,”  Similarly various 

chemical composition based sensors were also developed 

using thick film technology [3]. 

In addition to all above systems, large number of 

other water monitoring technologies have been developed 

using wireless sensor networks (WSN) such as “A 

multisensor in thick-film technology for water quality 

control,” by R. Martinez-Manez, J. Soto, E. García-Breijo, L. 

Gil, J. Ibanez, and E. Gadea [4, 5]. For example a WSN and 

an energy efficient solar panel module for monitoring 

proportion of chlorine, ammonia, nitrates in rivers and lakes. 

A technology with very less cost has been developed which 
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consist of sensors such as Endetec KAPTA 3000-AC4 for 

detection of residual chlorine and conductivity of water. One 

more promising but not fully developed technology is Lab On 

Chip (LOC). Lab on Chip technology makes use of micro 

fluids and sensing capabilities and produces results of 

contamination on the go (OTG). This technology expands the 

range of remote location parameter analysis capabilities in 

near future time and eliminates certain analysis done in 

laboratories. 

Along with the R&D in the field of sensor 

technologies another aspect is also getting popular. This 

includes use of software and algorithm for detection of water 

quality anomalies. For example Hach event monitor [6], Blue 

box algorithm [7] etc. However these are very costly due to 

their initial phase of development. Most popular and widely 

used software is CANARY. This software is free ware and so 

free of cost. CANARY produces results on mathematical and 

statistical modeling. One more method by J. Atkinson, J. M. 

Glanc, M. Prakorbjanya, M. Sophocleous, R. Sion, and E. 

Garcia-Breijo, “Thick film screen printed environmental and 

chemical sensor array reference electrodes suitable for 

subterranean and subaqueous deployments,”[8] gives 

information on real time basis. This system is compact but 

costlier. 

Traditional and promising water quality monitoring 

technology is given in next section of this paper with 

particular emphasis on low cost and innovative sensor 

technologies. 

III. SYSTEM MODELLING 

A. Modeling and Prediction of Surface Water 

Contamination Using On-Line Sensor Data: 

The water quality parameters sensed are Temperature, 

Conductivity, Dissolved oxygen, pH, Ammonium and 

Turbidity. This paper present initial finding for designing 

such a predictive system based on relation of the parameters 

with seasonal and daily variations. This model depends on a 

thorough understanding of the relevant water quality 

relationships. The aim of this model is to differentiate the 

trends from spurious noise using either parametric or 

nonparametric statistical method. Information derived from 

these trends or extracted from noise provides a basis for water 

contamination prediction. Whereas trends refer to the 

permanent changes in the level of any particular water quality 

variable, seasonal cycles are the oscillating patterns caused 

primarily by periodic changes in weather. Changes in natural 

biological activities and any managed activities influence 

concentrations of water quality patterns resulting in certain 

seasonal patterns. In evaluating changes in the water quality 

data, these seasonal effects should be considered and multiple 

regressions with periodic function would be a good way to 

describe the seasonal variations in parametric conditions.  

Correlation analysis has been performed to establish 

the relationships between two continuous variables. This is a 

systematic calculation for rapid water quality monitoring. 

The probability of linear relationship between X and Y is 

shown by the coefficient of correlation value near +1 and -1. 

Large values of correlation coefficient between two variables 

imply that they are highly correlated and this might be in the 

positive or negative direction. Karl Pearson’s correlation 

coefficient and spearman’s coefficient were used to examine 

the water quality sensor data in order to identify the highly 

correlated and inter related water quality parameters. To 

calculate the correlation coefficients for these parameters, 

correlation matrix was developed through the calculation of 

the coefficients for the different parameters measured. They 

are tested for significance using the p value where p<0.05, 

p<0.01 and non-significant when p>0.05. We considered the 

strong correlations when the value is greater than 0.5 and seen 

as a weak correlation when the value is less than 0.5. 

 
Fig. 1: correlation between different variables over one year 

- October 2012 to September 2013 

 
Fig. 2: August 2013 Correlation data with contamination 

threats 

For every unit increase in temperature, -0.443 unit 

decrease in dissolved oxygen is predicted where all other 

variables are constant. Also for every unit of increase in pH, 

a 7.814 unit increase in dissolved oxygen is predicted with all 

other variables constant. There is a -0.855 unit decrease in 

dissolved oxygen for every unit increase of ammonia. Unit 

increase of conductivity does not affect the dissolved oxygen 

predicted value where other variables are held constant.  

The regression equation for the entire acquired 

sensor data is given as:  

Dissolved oxygen = -45.819 -0.443Temperature + 

0Conductivity +7.814pH -0.855Ammonia +0.002Turbidity + 

1.755036 + ε     ………… (1) 

From the equation 1, it is noticed that pH and 

turbidity have a positive effect on the predicted dissolved 

oxygen while temperature and ammonia have a negative 

effect which gives an indication of various sources of 
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pollution. All the parameters exhibit a significant level based 

on the p-values which are less than 0.05. 

Advantages: 

1) This system is compact. 

2) continuous analysis is achieved in short time. 

3) Can be used for commercial purpose. 

Disadvantages 

1) Statistical analysis is too much complex. 

2) Too much complex code has to be designed for analysis. 

B. Real Time Water Quality Measurement System      Based 

On GSM: 

 
Fig. 3: GSM Based water quality monitoring system 

Real time system for water quality measuring based 

on GSM is associate economical system that uses numerous 

water detection device and GSM network. The system is 

incredibly versatile and economical. It's real time system that 

measures numerous parameters present within the water with 

the assistance of device and send them to the watching centre 

mechanically. 

It doesn't need individuals on duty. Its versatile 

system as a result of simply by replacement the sensors and 

by creating some changes within the computer code the 

system will be created to measure completely different 

parameters of water. The system is reliable and easy and it 

will be extended to measure water pollution so on. It's a 

widespread application. Microcontroller accepts the values 

measured by numerous sensors via ADC and send these 

values to the watching centre by SMS via GSM module. This 

is all carried out with the help of coding. The code is written 

in Embedded C and for simulation RIDE Software is used. 

Advantages: 

1) This system is simple and easy to use. 

2) Range of network is good because of GSM module. 

3) Can monitor the parameters continuously. 

Disadvantages: 

1) GSM required continuous network for its operation. 

2) Working cost is high. 

3) Can’t be used in rural areas where Infrastructural 

network unavailable. 

C. Monitoring Water Quality Through A Telematic Sensor 

Network And A Fuzzy Expert System: 

This paper present an expert system that monitors sea water 

quality and pollution in reservoir, through a sensor network 

called "Andromeda". The expert system monitors sensor data 

collected by Local Monitoring Stations and reasons about the 

current level of water suitability for various aquatic uses, such 

as swimming and piscicultures. The aim of the expert system 

is to help the authorities in the "decision making" process in 

the battle against the pollution of the aquatic environment, 

which is very vital for the public health and the economy of 

Nation. The expert system determines, using fuzzy logic, 

when certain environmental parameters exceed certain 

“pollution" limits, which are specified either by the 

authorities or by environmental scientists, and flags out 

appropriate alerts. 

 
Fig. 4: Architecture of the Andromeda network. 

The LMS incorporates sensors, batteries, solar cells, 

electronics and the PLC. The necessary power is provided by 

the batteries and solar cells to the sensors and the electronics. 

The PLC is responsible for the LMS operation and storage of 

the measurements to the local memory. In predetermined 

time intervals, it transmits this data to the Main Station (MS), 

over a wireless network. The sensors measure the following 

hydrological parameters: water temperature, pH, amount of 

dissolved oxygen (DO), percentage of dissolved oxygen (DO 

%), conductance, turbidity, sea currents, and salinity. 

Collected data is then interpreted and processed with the help 

of MATLAB to produce analytical results. 

Advantages: 

1) This system equipped with highly advanced sensors. 

Hence gives accurate results with high resolution. 

2) range of system is extremely large as INTERNET is used 

to transmit data. 

Disadvantages: 

1) Since infrastructural networks are used, this system is 

costly.  

2) In the absence of network system fails to send value to 

remote location. Hence continuous network connectivity 

required.  

3) Analysis part is so complex and expert required each 

time to get results. 

D. ARM Based Real Time Monitoring  

The proposed model is divided into two parts. Namely control 

room and transmitter section. Transmitter section is second 

part that transmitting data to control room from actual 

working site.  

3.1 Control Room: At the control room we need to 

regulate the whole system in proper way and also to ensure 

that each device in the system is working properly. At the 

control room we are getting the continuous updates of water 

contents such as pH value, Turbidity values etc. In this part 

of our system we having two main components those are 

Zigbee receiver and Terminal computer which will display 
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the data using terminal window. 3.2Transmitter Section: The 

block diagram of the Transmitter section is shown in figure . 

Arduino controller will collect the data from three sensors. 

Then this Zigbee module will transmit collected data to 

control room for display. Zigbee module operates in 2.4GHz 

ISM band. 

 
Fig. 5: Block Diagram of the Transmitter Section 

3.3 Receiver Section: The block diagram of the 

Receiver section is shown in figure 5. At the working site the 

main operating elements are Zigbee receiver and Computer. 

Zigbee receiver will receive the data from microcontroller 

and feed it to the computer. We have installed the terminal 

software so as to display digital data in readable form. We 

can analyze the data for further consideration to take 

appropriate action. 

 
Fig. 6: The Block Diagram of the Receiver Side 

In this way this system is functioning.  

Advantages: 

1) ARM controller shows good compatibility with various 

sensors. 

2) RISC instruction set makes programming less complex. 

3) ARM controller is advanced controller which operate at 

very low power and operates at high speed. 

Disadvantage: 

 Only disadvantage of this model is that it is just a 

prototype version and can’t be used for commercial 

purpose. 

IV.  CONCLUSION 

In this article we have studied various methods for 

monitoring the water quality such as turbidity, pH, 

conductivity and temperature. Out of the four methods 

discussed first three are costlier and requires infrastructure 

network. Fourth system is simple and do not requires any 

infrastructure network and operate on Ad Hoc network. So 

this system is cost free and easy to use. We found ARM based 

real time monitoring system useful for our project hence we 

choose it for our project. 
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