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Abstract 

 

Nowadays, the role water quality played has become more and more important, 

especially in the industrial field, which can directly impact the cost and quality of the 

products. Similarly, the quality of wastewater directly impacts the efficiency of the reuse 

and discharge of wastewater. To monitor the parameters during the process of waste 

water treatment, an exited Wireless Sensor Network service is proposed. The object of 

this article is to investigate the methods of wireless sensor on the main nods of the WSN 

system. 

The set of water quality standards is depended on the different requirements in different 

specials. This article was concerned about PH, dissolved oxygen, turbidity and chlorine 

which are the key parameters of water quality for industrial. Generally, there are two 

ways to measure the indicators, electrochemical and optical. In this article, the 

investigation is based on these two ways. 

The most suitable way to sense the PH value is using PH sensitive electrode. Two ways 

to monitor the dissolved oxygen, optical methods and electrode method, are introduced 

and compared. This thesis also introduced how to measure the turbidity with optical 

components. Two most common principals for chlorine are introduced and compared; 

one is called DPD colorimetric detection which is based on N, N-Diethyl-p-

Phenylenediamine (DPD) reaction with active halogens, the other is called Amperometry 

which is en electrochemical technique that measures the change in current resulting from 

chemical reactions taking place as a function of the analytic concentration. 

Based on the principals introduced above, two experiments are proposed. One is for the 

PH measurement. The test circumstance consists of a relatively inexpensive PH electrode, 

a voltmeter and a reference PH meter. The other one is for the turbidity measurement 

which consists of two LEDs and a light-to-voltage sensor. 
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Introduction 

1.1 Background 
Nowadays, as the wireless technology getting more mature, the applications of wireless 

system can be implemented in many fields such as military, agriculture, environment 

monitoring, architecture, health monitoring, industrial, space exploration and smart home. 

In 2011, iPack Vinn Excellence Center developed a mobile and wide area deployable 

sensor system for networked service. This networked service is characterized by excellent 

mobile, deployment and capability of wireless sensors. In the system, both wireless WAN 

communication and wireless SAN communication are integrated in the sensor nods and 

fix-installed gateway was removed. All sensor nodes are mobile and remotely 

controllable. In the application example, a fresh food tracking service, high functionality 

is achieved with low power consumption and compact size by integrating various sensors, 

large local storage, on-site data compression, etc. [1]  

The existing Main Node has supported temperature, humidity, O2, CO2, and combustible 

gas concentration sensors. To implement this WSN service in more fields, it is necessary 

to develop more functions in the sensor nodes.  

1.2 Motivation 
Water covers 70.9% of the Earth's surface [2], and is vital for all known forms of life [3]. 

Obviously, the water quality is a crucial character for human beings. However, the range 

of water quality is so wide. It is the physical, chemical and biological characteristics of 

water [4]. It will cost too much time if we concern all fields of water quality. So I am 

asking myself which water quality is most suitable to investigate. The answer is industrial 

waste water. The reasons are illustrated below. 

First of all, industrial waste water treatment is always a concerned issue for those 

companies utilizes water in the production or process of goods and energy. In most 

modern industry, water is used for the cooling of devices or cleaning of pollutants within 

the production process. As is all known, it is illegal and immoral to release industrial 

waste water directly into river or ocean. Industry is a huge source of water pollution, it 

http://en.wikipedia.org/wiki/Earth
http://en.wikipedia.org/wiki/Water#cite_note-3
http://en.wikipedia.org/wiki/Life#Range_of_tolerance
http://en.wikipedia.org/wiki/Water#cite_note-4
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produces pollutants that are extremely harmful to people and the environment. It is 

obligatory to ensure the quality of industrial waste water is up to standard after sending it 

a treatment facility or treating the water on location. So water quality detectors are 

requisite instruments for industry and government.     

Secondly, the property of multipoint and real-time monitoring perfectly match the profile 

of waste water quality measurement. Generally, the process of industrial waste water 

turning into substandard water is complex and specific. The process is made up of many 

stages relating to comprehensive area and casts massive space. Multipoint detection is 

propitious for large acreage industrial waste water treatment system measuring 

parameters and transferring signal. And real-time monitoring is beneficial to monitor the 

state of each stage and automatic control. 

Lastly, there are plenty of measuring principals for each indicator. However, most of 

these principals are not suitable for our application. With the development of science and 

technology rapidly, some of methods are outdated. In the opposite side, some are put 

forward in the near future but without practices supporting. There are also some 

principals which are more suitable for laboratory compare with industry. In a word, it is 

very useful to investigate all the principals, summarize both the advantages and 

disadvantages of the principals and compare. 

1.3 Objectives 
This thesis work is about extending functionalities of the main node of our existing WSN 

platform. The following steps are required to achieve. 

1. Investigate what kinds of sensors are used in existing professional environment 

monitoring systems. Briefly introduce their working mechanism from the 

application point-of-view. 

2. Compare typical products from mainstream venders of the sensors and 

components which are found in step 1. 

3. Select the sensors and components which are suitable for WSN system from the 

products in step 2, and buy some samples. 

4. Design some basic experiment to verify and test the performance of the principals 

introduced in step 1. 
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1.4 Thesis organization 
 Chapter 1 Introduction  

In this section, the background, the motivation and the objectives of this thesis are 

described. 

 Chapter 2 The selection of water indicators 

After the investigation of standards of water quality, this chapter elaborates which 

indicators will be investigated and the reasons these indicators should be 

investigated. 

 Chapter 3 PH 

The method of detecting PH by a PH sensitive electrode is introduced in this 

chapter. A simple experiment is also proposed to test this method. 

 Chapter 4 Dissolved Oxygen 

This chapter introduces the methods to monitor dissolved oxygen from two ways, 

electrochemical and optical. The comparisons of these two ways are also 

introduced. 

 Chapter 5 Turbidity 

In this chapter, four common ways for turbidity measurement are introduced and 

compared. The optical method is elaborated with details. There is also a simple 

experiment for the test of optical method. 

 Chapter 6 Chlorine 

Two common methods of chlorine test are expounded, DPD colorimetric and 

Amperometry. The comparison between these two method is also made. 

 Chapter 7 Conclusion and future work 

This chapter summarizes the overall work and suggests some recommendations 

for the future work. 
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2 The selection of water indicators 

2.1 Standards investigation of water quality 
Water quality is the physical, chemical and biological characteristics of water [4]. It is a 

measure of the condition of water relative to the requirements of one or more biotic 

species and or to any human need or purpose [5]. In the setting of standards, agencies 

make political and technical/scientific decisions about how the water will be used [6]. 

There are plenty of standards in the world, the table 1 illustrated some famous regulations 

which will be helpful for the companies to set the level of water quality they use.  

Country Name of Standards Website 

Sweden Guideline Value (GV) http://www.kemi.se/templates/Page____2958.aspx 

Norway Environment Toxicity (IndexMFI)  

UK Environment Quality Standard (EQS) http://www.environment-

agency.gov.uk/research/planning/40295.aspx 

DE Quality Target (QT)  

EU Quality Standard (QS)  

 

USA Water Quality Standard (WQS)/ Water 

Quality Criteria (WQC) 

http://water.epa.gov/scitech/swguidance/standards/rev.cfm 

Canada Environment Quality Guideline (EQG)/ 

Water Quality Guideline (WQG) 

http://ceqg-rcqe.ccme.ca/ 

Table 2.1 Recommended standards 

2.2 Standards investigation of industrial water quality 
It is estimated that 22% of worldwide water use is industrial [7]. There are significantly 

differences in the water quality requirements for industry over the wide range of 

industrial fields. Such requirements usually depend on how water is to be used: for boiler 

feed water, cooling, processing or sanitary purposes. For example, a survey of an industry 

grouping comprised of fabricated metal products, machinery, electrical and transportation 

equipment indicated water usage at such plants: process water - 25%; boiler feed and 

sanitary - 34%; steam electric generation- 13%; and cooling, condensing and air 

conditioning - 28%. In many manufacturing plants, varying production processes and 

product mixes will entail the full spectrum of water use [8].  

General manufacturing plants usually have higher water quality requirements than do 

basic industrial operations (e.g., steel and petroleum refining) for most of their water 

needs. The amount of water needed for process purposes is substantially greater, as are 

recycling rates, in general manufacturing industries compared with other industry sectors, 

where cooling needs can be more important. As a general rule, higher product value 

translates into higher water quality requirements. Water quality conditions that can cause 

the most problems for manufacturing processes are turbidity, hardness, high or low pH 

and dissolved solids (minerals). 

http://www.kemi.se/templates/Page____2958.aspx
http://www.environment-agency.gov.uk/research/planning/40295.aspx
http://www.environment-agency.gov.uk/research/planning/40295.aspx
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Another industry sector where water use and high water quality requirements are 

important is food processing. With respect to canning, freezing and drying fruits and 

vegetables, water is involved at nearly all stages of production. Washing of the product 

and equipment, conveyance of product and inputs, incorporation into the product, cooling 

and boiler use are the major uses. Food processing brings about complex physical 

changes and chemical reactions in the product and therefore control of process water 

chemistry is very important. Various substances in process water can affect taste, texture, 

odor, color, vitamin content, shelf life and other product characteristics. Bacterial content 

is also a consideration and treatment for pathogens is essential for process water. Baby 

food manufacturers have special quality require dements for particular chemical 

substances - fluoride and nitrate levels must be lower than for other foods. 

The table 2.2, water quality standard of the recycled water for industrial, was published 

by Chinese government which defined the specifications for different use of water. It 

supported us a clue to select the sensor which should cover the range of the indicators. 

Indicators One-

through 

cooling 

water 

Recirculation 

Cooling Water 

System 

Make-up water 

Washing 

water 

Raw Water of Boiler 

Feed Water 

Raw Water of Process Water 

and Products Water 

PH 6.0-9.0 6.5-8.5 6.0-9.0 6.5-8.5 6.5-8.5 

Dissolved 

Solids (mg/L) 

1000 1000 1000 1000 1000 

Turbidity 

(NTU) 

- 3 - 3 3 

Hardness(Calcul

ate with CaCO3 

mg/L) 

450 450 450 450 450 

Table 2.2 Water quality standard of the recycled water for industrial [9] 

2.3 Standards investigation of waste water quality 
To measure the quality of industrial waste water, the possible indicators we need to 

concern can be divided into three parts: physical, chemical and biological characteristics. 

The physical characteristics are the solid materials which may be dissolved, suspended, 

or settleable in waste water. Corresponding to these three ways, TDS (Total dissolved 

solids), TSS (Total suspended solids) and settleable solids are measured to indicate the 

quality. Furthermore, turbidity is a measure of the light scattering ability of suspended 

matter in the water [10]. Salinity measures water density or conductivity changes caused 

by dissolved materials [11]. 

Turn to the chemical characteristics; the major tasks are measuring the amount of 

hydrogen, oxygen, nitrogen and chlorine. The concentration of ionized hydrogen (as 

prorogated water) is expressed as PH [12]. Minimum dissolved oxygen concentration was 

required by fish or other animals to survive. However, the amount of oxygen potentially 

required by other chemicals in the wastewater is termed an oxygen demand which 

include BOD (Biochemical oxygen demand) and COD (Chemical oxygen demand). 

http://en.wikipedia.org/wiki/Turbidity
http://en.wikipedia.org/wiki/Wastewater_quality_indicators#cite_note-2
http://en.wikipedia.org/wiki/Salinity
http://en.wikipedia.org/wiki/Density
http://en.wikipedia.org/wiki/Conductivity_(electrolytic)
http://en.wikipedia.org/wiki/Wastewater_quality_indicators#cite_note-3
http://en.wikipedia.org/wiki/Hydrogen
http://en.wikipedia.org/wiki/PH
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Nitrogen is an important nutrient for plant and animal growth. Atmospheric nitrogen is 

less biologically available than dissolved nitrogen in the form of ammonia and nitrates. 

Availability of dissolved nitrogen may contribute to algal blooms. Ammonia and organic 

forms of nitrogen are often measured as Total Kjeldahl Nitrogen, and analysis for 

inorganic forms of nitrogen may be performed for more accurate estimates of total 

nitrogen content [13]. Chlorine has been widely used for bleaching, as a disinfectant, and 

for befouling prevention in water cooling systems. Remaining concentrations of 

oxidizing hypochlorous acid and hypochlorite ions may be measured as chlorine 

residual to estimate effectiveness of disinfection or to demonstrate safety for discharge to 

aquatic ecosystems [14]. 

The last part is biological. In this field, Coliform index is the most crucial factor of water 

quality which measures the population of an organism commonly found in the intestines 

of warm-blooded animals as an indicator of the possible presence of other intestinal 

pathogens [15]. 

The table 3 showed below is wastewater and sludge disposal standard for municipal 

wastewater treatment plants issued by the Ministry of Construction of Republic of China. 

It specifies the standard of city’s and plant’s sewage treatment. The treatment was 

divided to the primary class and secondary class based on the process and level of 

treatment. 

Indicators Primary treatment 

mg/L 
Secondary treatment 

mg/L 
PH 6.5-8.5 6.5-8.5 

BOD (5d,20 'C) <150 <30 

COD <250 <120 

Turbidity (NTU) 3 3 

Aniline 
- <3 

Table 2.3 Wastewater and sludge disposal standard for municipal wastewater treatment 

plants [16] 

As a conclusion, the selection of indicators will follow the rules list below: 

1. The indicators need real time monitoring and will change significantly. 

2. The indicators are crucial factors of water quality and will affect wield spread 

damage. 

3. The indicators should cover as more industrial fields as possible. 

4. The test methods of these indicators should be convenient. 

file:///C:/wiki/Nitrogen
file:///C:/wiki/Ammonia
file:///C:/wiki/Nitrate
file:///C:/wiki/Algal_bloom
file:///C:/wiki/Total_Kjeldahl_Nitrogen
http://en.wikipedia.org/wiki/Chlorine
http://en.wikipedia.org/wiki/Bleach
http://en.wikipedia.org/wiki/Disinfectant
http://en.wikipedia.org/wiki/Water_cooling
http://en.wikipedia.org/wiki/Hypochlorous_acid
http://en.wikipedia.org/wiki/Hypochlorite
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3 PH 

3.1 Introduction 
In chemistry, PH is a measure of the activity of the (solvated) hydrogen ion. P[H], which 

measures the hydrogen ion concentration is closely related to, and is often written as, PH 

[17]. To be more exact, PH is the measurement of the hydrogen ion concentration, [H
+
]. 

This is also can be written in mathematical function below which is firstly defined by 

Danish biochemist, Soren Peter Lauritz in 1909 [18]. 

PH = -log [H
+
], [H

+
] is hydrogen ion concentration in mol/L 

Take an example, in a neutral solution, the [H
+
] = 1 * 10

-7
 mol/L which can also be 

presented as a PH of 7. 

PH= - log (1 * 10
-7

) = - (log 1 + log 10
-7

) = - (0 + (-7)) = 7.0 

PH ranges from 0 (very acidic) to 14 (very basic), with 7 being neutral. Most waters 

range from 5.5 to 8.5 [19].  PH is measured in many industries, including nearly all 

handling water. In fabric dyeing the permanence of the color and the speed of the process 

depend on PH. PH determines product quality in paper mills. A change in pH in a lake or 

river is an early indicator of pollution. And the correct pH is essential to ensure proper 

beer production. Changes in pH can affect how chemicals dissolve in the water and 

whether organisms are affected by them. High acidity (such as pH of less than 4) can be 

deadly to fish and other aquatic organisms. 

3.2 Methodology 
Nowadays, there are only two methods to detect the PH value which are glass electrode 

method and colorimetric method, while the second one is suit for determine the PH value 

if water in swimming pools, spas, cooling towers and boilers, as well as lake and river 

waters but not WSN system. 

In the first method, there are three primary parts: measuring electrode (usually glass), 

reference electrode, and a temperature element to provide a temperature signal to the 

meter. The base of this method is Nernst equation shown below which was described by 

Hermann Walther in the 19
th

 century [20, 21].    

E= E0 – (2.3RT/nf) log ai 

Where: 

E = total potential (in millivolts) between two electrodes 

E0 = standard potential of the ion 

http://en.wikipedia.org/wiki/Chemistry
http://en.wikipedia.org/wiki/Activity_(chemistry)
http://en.wikipedia.org/wiki/Hydronium_ion
http://en.wikipedia.org/wiki/Concentration_(chemistry)
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R = universal gas constant (in Joules/mol-Kelvin) 

T = absolute temperature (in Kelvin) 

n = charge of the ion 

F = Faraday constant (in Coulombs/mol) 

ai = activity of the ion 

The entire term “-2.3RT/nF” is called the Nernst factor, or slope factor. This term 

provides the amount of change in total potential for every ten-fold change in ion 

concentration. For hydrogen ion activity, where n = 1, the Nernst factor is -59.16mV for 

every ten-fold change in activity at 25℃. For easy understand, the total potential will 

change -59.16mV as every PH unit change [22]. The circuit of the PH sensor and the 

relation between PH and the voltage at the probe’s output are shown in the Figure 3.1 

below. The meter circuit is simple, just a voltmeter connected with operational amplifiers 

which are used in an inverting configuration, with a total voltage gain of about -17. The 

amplifiers convert the small voltage produced by the probe (+59.16mV/PH) into PH units. 

The input impedance of the meter must be very high since of the high resistance, 

approximately 20 to 1000M, of the glass electrode probes typically used with PH sensors 

[23]. 

 

Figure 3.1 The circuit of the PH sensor (up) and the relation between ph and the voltage 

at the probe’s output (down) 

Based upon the Nernst equation，at 25℃, the output of a PH measuring electrode is 

equal to 59.16mV per PH unit. At neutral PH (7), the voltage at the probe’s output should 

be 0mV for a perfect electrode. Normally, PH meter displays the output with a 7 V for 

reading on the PH scale. 

At basic PH, the voltage at the probe’s output range from -414.12 to -0mV (7 * -59.16 = -

414.12). So for a simple of PH 10 (3 PH units above neutral), the voltage at the probe’s 

output should be 3 * -59.16 = -177.48 mV. With the inverting amplifier, the output of the 

PH meter is    -0.18V * -17 + 7 = 10.  
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At acid PH, the voltage at the probe’s output ranges from +0 to +414.12mV. So for a 

simple of PH 4 (3 PH units below neutral), -3 * -59.16 = 177.48mV, the output of the PH 

meter is 0.18V * -17 + 7 = 4.  

Moreover, according to the Nernst equation, the result is influenced by temperature.  The 

following equation describes how the temperature changes affect the PH value: 

E = E0 – kT * PH 

The slope factor of the equation, "kT", will change when temperature changes. And that 

mean the mill volt (mV) output of the pH electrode will change with temperature (Figure 

3.2). 

  

Figure 3.2 PH versus temperature graphs [24] 

Theoretically, the value of mV/PH for different temperature is showed in the Figure 3.3 

below. 

 

Figure 3.3 PH temperature error table 

Values in light blue are less than 0.1 errors and may not require temperature 

compensation. Values in gray are temperature and pH in which there is no error in pH 

from temperature. 
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3.3 Experiment  
To test and estimate this method, a simple experiment is built with a PH electrode, a PH 

meter and a voltmeter. The PH meter was used to determine a reference PH value of the 

sample. At the same time, the PH electrode measured a voltage value related to the 

sample’s PH value. The details are illustrated below. 

The PH meter, HI98128 waterproof PH tester, is produced by Hanna instruments, a 

famous sensor supplier. The price of this PH meter is 582 SEK, a bit expensive, but with 

excellent performance. As shown in Figure 3.4, the LCD illustrates all the functions of 

this PH tester. It contains an ATC indicator to indicate the temperature compensation is 

processed. The stability indicator can make sure the reads are accurate. The value of PH 

and temperature are presented by the primary display secondary display respectively. The 

specifications of the HI98129 waterproof PH tester can be found in Appendix. 

 

Figure 3.4 Function description 

1. ATC (Automatic Temperature Compensation) indicator 

2. Stability indicator 

3. Battery life percentage indicator 

4. Low battery indicator 

5. Secondary display 

6. Primary display 

7. MEASURING UNIT FOR PRIMARY DISPLAY 

 

The PH electrode, Figure 3.5, is produced by Kunming Chuangze Technology, which 

only cost 90 SEK but provides reasonable performance. The specifications are listed in 

Appendix. The structure of this PH tester is typically combination electrode. And based 

on the cheap price, it also has several disadvantages. That’s also the reason why this type 

of electrode is chosen as the PH tester. If the least significant component can fulfill the 

requirements for the main nodes of WSN platform, it can prove that the methodology is 

suit for WSN system. Two main disadvantages are listed below: 

 Long preparation time 

The inside liquid of PH electrode will solidify it’s no used days. So it’s 

obligatory to dip the electrode bulb in the 3.3N KCL solution for 2 hours to 

activate the PH tester. 

 Long response time 
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It will cost a long time, about 3 to 4 minutes, to get a stead voltage. If it was 

measuring a basic PH solution after measured an acid PH solution, the time will 

get even longer, about 5 to 6 minutes.  

 

Figure 3.5 Test PH electrode 

To cover a wide range of PH value, several different solutions are chosen including acid, 

basic and neutral PH.  

 Acid solution: Lemon squash, Vinegar, Er Guo Tou (Chinese white wine) 

 Basic solution: Soapy water 

 Neutral solution: Tap water, Detergent 

3.4 Result 
The table 3.1 below illustrates the relation of voltage and reference PH value. The 

theoretical PH value is based on the output voltage. Take the lemon squash as an example. 

The output voltage is 260.3mV, since the theoretical slope is 59.16, 260.3/59.16=4.4 

which is the difference value from 7, so the final PH value is 7-4.4=2.6. In this 

experiment, the temperature is from 18℃ to 21℃ which slightly influence the final result, 

so it is no need to do the temperature compensation. 
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 Reference  

PH 

Output 

Voltage 

(mV) 

Theoretical 

PH 

Temperature 

℃ 

lemon 

squash 

3.29 260.3 2.6 18.1 

vinegar 4.29 203 3.57 18.5 

Er Guo Tou 5.61 131.6 4.78 17.2 

Detergent 8.55 -23.3 7.39 15.9 

Tap water 8.9 -50.7 7.87 15.8 

Soapy water 10.75 -152.1 9.57 21.7 

Table 3.1 Experiment result 

 

From the table 1 above, it is easily to find out that the theoretical PH value does not 

match the reference PH value. It is needed to regulate the result. This is easy to 

implement with the function “Polyfit” in Matlab, the code is shown below: 

ph= [3.29 4.29 5.61 8.55 8.9 10.75]; 

V = [260.3 203 131.6 -23.3 -50.7 -152.1]; 

plot(ph,V); 

hold on; 

[p,S]=polyfit(ph,V,1); 

VV=polyval(p,ph); 

plot(ph,VV,'r');    

The result is illustrated in Figure 3.6.  
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Figure 3.6 The comparison of the theoretical and reference value 

3.5 Conclusion 
Regarding to the figure 6 above, it is easy to find out that the theoretical value is a 

paralleled line of reference value with about 50mv offset. This offset could be removed 

by microcontroller. By processing the output voltage of the cheap PH electrode, the result 

is in accord with the functions introduced in section 2.2. This experiment clearly 

approved it is feasible to measure the PH value with a simple, cheap PH electrode. 

However, it also reveals the disadvantages of this PH electrode, long preparation and 

response time. For specific request, there are also four tips for selecting PH sensors: 

 If you are working with aqueous solutions containing at least 5% water and your 

solutions doesn't contain any substances reacting with silver, look for general 

purpose electrodes. 

 If you work with solutions containing organic material, proteins, TRIS buffers, 

heavy metals, or with very low ionic strength solutions, look for calomel 

electrode. Listed substances can react with silver and clog the junction. Instead 

of using calomel electrode you may look for double junction electrode, as it will 

have similar properties. 

 If you are working with solutions that can clog normal electrode junction (like 

oils, foods or paints) look for Teflon junction electrode. Junction in these 

electrodes is made of porous Teflon, making it resistant to impurities. 

 Don't forget to check electrode pH range - some electrodes can't work in high 

pH, and electrode temperature range - especially if you are going to measure pH 

in solutions above 60°C. 
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4 Dissolved oxygen 

4.1 Background 
Dissolved oxygen analysis measures the amount of gaseous oxygen (O2) dissolved in an 

aqueous solution [25]. Oxygen gets into water by diffusion from the surrounding air, by 

aeration (rapid movement), and as a waste product of photosynthesis. 

 Total dissolved gas concentrations in water should not exceed 110 percent. 

Concentrations above this level can be harmful to aquatic life. Fish in waters containing 

excessive dissolved gases may suffer from "gas bubble disease"; however, this is a very 

rare occurrence. The bubbles or emboli block the flow of blood through blood vessels 

causing death. External bubbles (emphysema) can also occur and be seen on fins, on skin 

and on other tissue. Aquatic invertebrates are also affected by gas bubble disease but at 

levels higher than those lethal to fish. 

Adequate dissolved oxygen is necessary for good water quality. Oxygen is a necessary 

element to all forms of life. Natural stream purification processes require adequate 

oxygen levels in order to provide for aerobic life forms. As dissolved oxygen levels in 

water drop below 5.0 mg/l, aquatic life is put under stress. The lower the concentration, 

the greater the stress. Oxygen levels that remain below 1-2 mg/l for a few hours can 

result in large fish kills. 

To the degree that pollution contributes oxygen-demanding organic matter (like sewage, 

lawn clippings, soils from stream bank and lakeshore erosion, and from agricultural 

runoff) or nutrients that stimulate growth of organic matter, pollution causes a decrease in 

average DO concentrations. If the organic matter is formed in the lake, for example by 

algal growth, at least some oxygen is produced during growth to offset the eventual loss 

of oxygen during decomposition. However, in lakes where a large portion of the organic 

matter is brought in from outside the lake, oxygen production and oxygen consumption 

are not balanced and low DO may become even more of a problem. 

The development of anoxia in lakes is most pronounced in thermally stratified systems in 

summer and under the ice in winter when the water mass is cut-off from the atmosphere. 

Besides the direct effects on aerobic organisms, anoxia can lead to increased release of 

phosphorus from sediments that can fuel algal blooms when mixed into the upper 

euphotic (sunlit) zone. It also leads to the buildup of chemically reduced compounds such 

as ammonium and hydrogen sulfide (H2S, rotten egg gas) which can be toxic to bottom 

dwelling organisms. In extreme cases, sudden mixing of H2S into the upper water 

column can cause fish kills. 
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Dissolved oxygen concentrations are most often reported in units of milligrams of gas per 

liter of water - mg/L. (The unit mg/L is equivalent to parts per million = ppm). 

To measure this indicator, we should understand the processes will affect the DO 

concentration. Oxygen is produced during photosynthesis and consumed during 

respiration and decomposition. Because it requires light, photosynthesis occurs only 

during daylight hours. Respiration and decomposition, on the other hand, occur 24 hours 

a day. This difference alone can account for large daily variations in DO concentrations. 

During the night, when photosynthesis cannot counterbalance the loss of oxygen through 

respiration and decomposition, DO concentrations may steadily decline. It is lowest just 

before dawn, when photosynthesis resumes. 

Other sources of oxygen include the air and inflowing streams. Oxygen concentrations 

are much higher in air, which is about 21% oxygen, than in water, which is a tiny fraction 

of 1 percent oxygen. Where the air and water meet, this tremendous difference in 

concentration causes oxygen molecules in the air to dissolve into the water. More oxygen 

dissolves into water when wind stirs the water; as the waves create more surface area, 

more diffusion can occur. A similar process happens when you add sugar to a cup of 

coffee - the sugar dissolves. It dissolves more quickly, however, when you stir the coffee. 

Another physical process that affects DO concentrations is the relationship between water 

temperature and gas saturation. Cold water can hold more of any gas, in this case oxygen, 

than warmer water. Warmer water becomes "saturated" more easily with oxygen. As 

water becomes warmer it can hold less and less DO. So, during the summer months in the 

warmer top portion of a lake, the total amount of oxygen present may be limited by 

temperature. If the water becomes too warm, even if 100% saturated, O2 levels may be 

suboptimal for many species of trout. 

4.2 Methodology 
Following the US EPA (Environmental Protection Agency) standard methods, there are 

three ways to detect dissolved oxygen: winkler titration (US EPA method 360.2), 

electrochemical (US EPA method 360.1) and Luminescent (US EP method 360.3). The 

principle of winkler titration is chemical reaction with dissolved oxygen in solution 

followed by a titration to endpoint. So it is not suitable for WSN system. The other two 

ways will be introduced in the following parts. 

4.2.1 Electrochemical  

The principal of electrochemical method is based on the electrochemical reaction of 

dissolved oxygen in an electrochemical cell causing a current or voltage which is 

measured by a sensitive amp/volt meter. It requires a cathode, anode, electrolyte solution 

and a gas permeable membrane. The material of the membrane is specially selected to 

permit oxygen to pass through. Oxygen is consumed by the cathode which will create a 

http://www.waterontheweb.org/resources/glossary.html
http://www.waterontheweb.org/resources/glossary.html
http://www.waterontheweb.org/resources/glossary.html
http://www.epa.gov/
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partial pressure across the membrane. Oxygen will then diffuse into the electrolyte 

solution. 

There are two types of common electrochemical systems: galvanic and poloragraphic. 

The major difference of these two types of electrochemical systems is a small voltage is 

applied across the electrodes in polorgraphic system. In the case of no applied voltage, 

the system is called galvanic.  

Dr. Clark first discovered the cell to measure oxygen in 1956. This is basically an 

amperometric (polarographic) cell that is polarized around 800 mV. This cell, named 

after Dr. Clark, is built around the popular Ag/AgCl half-cell and a noble metal such as 

gold, platinum or palladium. Reduction of oxygen is achieved between 400 to 1200 mV, 

hence a need for a voltage of around 800 mV. This is provided externally by a battery 

source. The structure of this type of dissolved oxygen detect system is shown below in 

Figure 4.1. Normally electrolyte is KCl or KBr. 

 

Figure 4.1 The structure of polarographic cell 

As oxygen permeates the membrane, it is reduced at the cathode with the following 

function. 

2e- + ½ O2 + H2O → 2 OH- 

While, at the point of anode, the reaction function is shown below: 

2Ag + 2Cl- → 2AgCl + 2e- 

From the above reaction, every time oxygen is reduced at the cathode, 4 electrons or 

current is generated directly proportional to the oxygen consumed (reduced) at the 

cathode. In short, the resulting current flow from the anode to the cathode is directly 

proportional to the dissolved oxygen content in the electrolyte. 

The galvanic probe principle was introduced by Macreth in 1964 and has gone through a 

few changes. The main advantage of a galvanic probe is that is does not need an external 

power supply to provide polarization as required by the Clark Cell. This is achieved by 

using two dissimilar metals. In the presence of an electrolyte, there is an electromotive 
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voltage produced between the two metals. At approximately 800 mV, this is large enough 

to reduce the oxygen at the cathode. If lead and gold or lead and silver are used, the 

differential voltage is approximately 800 mV. The structure of this type of dissolved 

oxygen detect system is shown below in Figure 4.2. Normally electrolyte is KCl or KBr. 

 

Figure 4.2 The structure of galvanic cell 

Oxygen enters the cell through a membrane and is reduced to hydroxide at the cathode 

with the following function. 

2e- + ½ O2 + H2O → 2OH- 

While, at the point of anode, the reaction function is shown below: 

Fe → Fe2+ + 2e- 

Hence one molecule of oxygen produces 4 electrons and a current is the generated from 

the anode to the cathode proportional to the amount of oxygen in the sample. 

4.2.2 Luminescent (optical) 

The luminescent-sensor method involves the measurement of light-emission 

characteristics of a luminescent-based reaction at the sensor-water interface. The 

luminescent sensor employs a light-emitting diode (LED) to provide incident light, which 

excites the oxygen-sensitive luminescent-dye molecule substrate (luminophore) of the 

sensor, Figure 4.3. After dissipation of the excitation energy, longer-wavelength light is 

emitted (luminescence). The magnitude of steady-state luminescence (intensity)—that is, 

the average luminescent lifetime (the phase difference between the excitation light and 

the returned light)—is measured by the sensor and is inversely proportional to the DO 

concentration in the water [26].  
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Figure 4.3 How the oxygen impact the fluorescence light 

To take an easy understands the product HachLDO is introduced as an example. As 

shown in Figure 4.4 left, the sensor is coated with a luminescent material. As the blue 

light from an LED strikes the luminescent chemical on the sensor, the luminescent 

chemical instantly becomes excited. 

   
Figure 4.4 The process of Hachldo work 

As the excited chemical relaxes, it releases red light, Fig 4 middle. The red light will be 

detected by a photo diode. The time (lfietime) it takes for the chemical to return to a 

relaxed state is measured. 

In Figure 4.4 right, oxygen contacts the luminescent chemical which will cause a 

decrease on the intensity of the red light. This process reduces the amount of time it takes 

for the material to relax. 

4.3 Comparisons of common methods 
In this sector, two comparisons are made: galvanic cell vs. poloragraphic cell and 

electrochemical vs. Luminescent. 

4.3.1 Galvanic cell vs. poloragraphic cell 

To compare these two principles, firstly, the functions of total reaction are illustrated 

below: 

Poloragraphic: 2e- + ½ O2 + H2O + 2Ag + 2Cl- → 2 OH- + 2AgCl + 2e- 
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Galvanic: Fe + 2e- + ½ O2 + H2O → Fe2+ + 2e- + 2OH- 

           Fe + ½ O2 + H2O → Fe (OH) 2 → FeO (white precipitate) + H2O  

Or: Fe + ½ O2 → FeO 

According to the net result, there are four major problems associated with the type of 

poloragraphic cell.  

 Isolation of Anode 

Since the net result of the chemical reaction is AgCl, over time, a buildup of AgCl will 

coat the anode. Once the whole anode is covered, reaction stops and the oxygen probe 

stops working. The probe can be reactivated by cleaning the anode to remove the 

AgCl deposit which can be a time-consuming procedure. 

 Zero shift 

The result of the above reaction produced more OH- ions which will move the PH value 

of the electrolyte. The electrolyte, which is around neutral pH value, will moves into the 

alkaline range. This causes a zero shift, and over time, the electrolyte will need to be 

changed. 

 Depletion of Chloride 

The net reaction also consumes Cl- ions. Over time, the chloride ions will be consumed 

and the electrolyte needs to be replaced. 

 Warm-up Time 

The major disadvantage is the need for an external power source of approximately 800 

mV to be applied to the electrode. As soon as the probe is disconnected, power supply is 

cut off. On connecting the probe again, the user must wait for the probe to be polarized, 

that is, for the current loop to be stabilized. This warm-up time is approximately 10 

minutes. Any measurement taken before this warm-up time period will be normally a 

higher value and will result in wrong readings. 

Appears in contradiction, a galvanic probe is really a self-polarizing amperometric cell. 

The single biggest advantage is the fact that the cell is now always ready and there is no 

warm up time. The net result of the chemical reaction is simply FeO which is reasonably 

stable and does not coat the anode. Water is recreated and the electrolyte is not consumed. 

Theoretically, the electrolyte will go on forever without replenishment. 

As a conclusion, the principle of galvanic is far better than the principle of poloragraphic 

due to the reasons introduced above. 

http://www.eutechinst.com/techtips/tech-tips15.htm
http://www.eutechinst.com/techtips/tech-tips15.htm
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4.3.2 Electrochemical vs. Luminescent 

The luminescent Dissolved Oxygen Sensor has many advantages over traditional DO 

sensors.  Unlike conventional galvanic and poloragraphic dissolved oxygen sensors, 

luminescent dissolved oxygen sensors have no consumable cathodes or anodes that 

require replacement, minimizing servicing requirements.  Neither do the luminescent 

dissolved oxygen sensors consume oxygen.  Consequently the measurement of dissolved 

oxygen by the luminescent dissolved oxygen sensor is unaffected by water flow.  The 

luminescent dissolved oxygen sensors can even be deployed in stagnate groundwater 

bores.  The   luminescent dissolved oxygen sensors have extremely stable electronics 

calibration interval of 1 year is typical. 

The measuring and reference path optical components are identically designed inside the 

luminescent dissolved oxygen sensor.  Natural aging processes of the luminescent 

dissolved oxygen sensor's optical components can therefore be compensated by the 

reference path and accordingly compensated in the measuring path.  As a result, the 

luminescent dissolved oxygen sensor provides accurate dissolved oxygen measurements 

over long periods of time without the need for re-calibration.  Additionally by stimulating 

the fluorescent reaction in the membrane with low energetic green-light, the fluorescent 

dye in the sensor membrane won't be bleached out. 

The luminescent dissolved oxygen sensors can be used to monitor dissolved oxygen in 

almost any liquid, including wines, beer, and milk.  The luminescent dissolved oxygen 

sensors are not affected by color of the liquid.  With the beveled membrane design 

bubbles or aeration do not affect the luminescent dissolved oxygen sensor's 

measurements.  There is no chemical interference from typical wastewater chemicals and 

the luminescent dissolved oxygen sensors can withstand harsh wastewater applications. 

The luminescent dissolved oxygen sensor is more accurate compared with other 

principals of detecting dissolved oxygen, Figure 4.5. 
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Figure 4.5 Comparison to theoretical values 

 

As a conclusion, the luminescent dissolved oxygen sensor is extremely suitable for 

detecting dissolved oxygen in water. The only drawback is the price of luminescent 

sensor is much higher than electrochemical sensor. 
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5 Turbidity 

5.1 Introduction 
Water can contain solid matter of different sizes. Finer solids will remain in water and are 

called turbidity. Turbidity usually appears as a cloudiness or haziness in the water. It is a 

critical parameter in e.g. drinking water, since waterborne bacteria and viruses can be 

embedded in, or attached to the particles. The turbidity of water is also an important 

quality characteristic for waste water. 

5.2 Comparisons between common methods 
Historically, turbidity was measured using the Jackson candle turbid meter. This is a 

visual method, where the sample is poured into a calibrated tube and the turbidity is read 

when the flame of a candle under the bottom of the tube disappears from view, show as 

the Figure 5.1 below. However, this method is no longer in standard use as turbidities 

lower than 25 units cannot measure directly using this instrument. Turbidity units read 

from the Jackson candle turbid meter are JTU (Jackson turbidity units).  

 

Figure 5.1 The Jackson candle method for measuring turbidity 

Nowadays, turbidity is normally measured using a nephelometer, which is a meter that 

measure the intensity of light scattered at 90 degrees as a beam of light passes through a 

water sample, show as the Figure 5.2. The unit of this method is so called NTU 

(nephelometer turbidity unit). Nephelometer are calibrated using standards containing 

formazin which is a polymer which is similar to milk in appearance, so the unit can also 

be called FNU (Formazine Nephelometric Unit),depending on the calibration different 

units are used for the turbidity. The standard calibration solution is formazine but Silicate 

dioxide is also used. 
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Figure 5.2 Basic Nephelometer operation 

Many countries, including Australia, Canada, and the United States, have networks of 

thousands of volunteers who use secchi disk to monitor the quality of rivers, lakes, and 

streams [27]. A Secchi disk, shown in Figure 5.3, is a device typically used to measure 

the turbidity of larger bodies of water, such as lakes. A checkered disk is lowered into the 

water until it can no longer be seen, and the distance of the disk below the surface is 

converted to an approximate turbidity. This uses the same principle as the turbidity tube, 

but instead of pouring the water over the disk like in a turbidity tube and measuring the 

height of non-visibility, the Secchi disk method lowers the disc below the surface to the 

depth of non-visibility. 

 

Figure 5.3 Secchi disck 

There is also a common tool to moniter the quality of water by volunteers which is so 

called turbidity tube. The turbidity tube, shown in figure 5.4, is the combination of 

Jackson candle and secchi disk methods. It uses the correlation between visibility and 

turbidity to approximate a turbidity level. A marker is placed at the bottom of the 

turbidity tube until it can no longer be seen from above due to the “cloudiness” of the 

water. This height from which the marker can no longer be seen correlates to a known 

turbidity value. Although this correlation is less accurate than what would be obtained 

from other methods, it is almost certainly accurate enough for most applications in the 

developing world. Generally, the cost savings of using a turbidity tube outweigh this loss 

of accuracy. 
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Figure 5.4 Key Turbidity Tube Components and Viewing Disk Placement 

All the methods to test turbidity in water are summarized in Table 5.1 

Methods Advantages Disadvantage 

Jackson Candle Turbid meter (Historical method) No longer a standard method. 

Can’t measure < 25 JTU (25 NTU) 

Turbid meter (Nephelometer) Extremely accurate 

Some are portable 

Can measure very low 

turbidity 

Expensive 

Easily damaged 

Require power source 

Requires calibration 

Secchi Disk Low cost 

Portable 

No consumables 

Easy to learn 

Less accurate 

Can’t be used in shallow water or swift currents 

Not applicable to small sample size 

Turbidity Tube (Transparency Tube) Low cost 

Portable 

No consumable 

Easy to learn 

Suitable for all water 

sources 

Less accurate 

Can’t measure < 5 NTU 

Table 5.1 Turbidity measurement methods 

5.3 Building a nephelometer 
In our application, the suitable method to measure the turbidity in WSN system is 

measuring the amount of light passed through water sample by light detector. Building a 

simple turbidity sensor, this can be described by three basic types: transmissive, 

scattering and ratio. 

5.3.1 Transmissive sensor 

The transmissive sensor configuration is low in cost, requiring only a light source and a 

detector. This sensor is usually placed so that it looks through the sides of a transparent 

tube through which the media under analysis flows. An example of the basic 

configuration is shown in Figure 5.5. While fairly easy to deploy, there are several 

critical design factors which can contribute to errors in the sensor output:  

 Intensity of the source  
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 Sensitivity of the detector  

 Component alignment  

 Optical path  

 Sensor-to-sensor repeatability  

The characteristic output of this configuration is a signal which decreases monotonically 

with increasing turbidity.  

 

Figure 5.5 Basic transmissive sensor configuration 

 

5.3.2 Scattering sensor  

Scattering sensors are also low in cost because they only require a light source and a 

detector. The scattering sensor differs from the transmissive sensor in that the alignment 

of the components is less critical. Various angles can be used to locate the detector 

depending on the desired sensitivity. Like the transmissive sensor, this sensor may be 

used to look through the sides of a transparent tube carrying the media under analysis, or 

it may be configured to look through the bottom of a vessel containing the media. Figure 

5.6 illustrates a flow-tube application. Here too, several factors are critical to the sensor 

design:  

 Intensity of the source  

 Sensitivity of the detector  

 Optical path  

 Sensor-to-sensor repeatability  

The characteristic output of this sensor is an increased signal for increased turbidity 

which demonstrates high sensitivity to low turbidity conditions. Geometry is important 

because as the turbidity of the media increases, a point can be reached where the 

scattering phenomenon is overcome by the absorption of the media. This event causes 

fold back in the output. 
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Figure 5.6 Basic scattering sensor operation 

5.3.3 Ratio sensor  

The ratio sensor shows the best overall performance by combining the better low 

sensitivity characteristics of a scattering sensor with the high turbidity capabilities of a 

transmissive sensor. The ratio sensor also benefits from the reduced sensitivity to 

common mode effects. A ratio may be determined from the simultaneous outputs of the 

direct and scattered sensor readings. As illustrated in Figure 5.7, the ratio helps to 

eliminate degrading effects from temperature, source intensity, and minor aberrations to 

the optical path because the two readings are similarly affected by these variables, so the 

effects of these variables are canceled. This sensor type yields a wide dynamic range but 

does require more components and is therefore typically higher in cost than the others. 

Again, several factors are critical to the sensor design: 

 Intensity of the source 

 Difference in sensitivity of the detectors 

 Optical path 

 Sensor-to-sensor repeatability 

The characteristic output of the ratio sensor is a monotonically increased signal for 

increased turbidity if used within the design range. Sensor output is typically specified by 

a table showing the relationship between sensor output and NTUs. 
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Figure 5.7 Basic Ratio sensor configuration 

5.4 Experiment 
The major object of this experiment is to verify the principal explained above and 

confirm the type of component suit for the turbidity sensor. 

  Firstly, I need to decide which kind of components should be bought. The rules to 

choose components are illustrated below: 

 Different intensity of LED  

 Light path, small view angle 

 Sensitive light detector  

 The wavelength of both the LED and detector should be located in the range of 

460 nm to 860 nm 

Then, based on the rules above, the list of LEDs should be bought is shown in table 5.2: 

 

Number Shape Intensity 

(mcd) 

Wavelength 

(nm) 

View angle 

(degres) 

1 10mm red 1820 624 6 

2 5mm orange 8000 615 10 

3 10mm yellow 250 590 8 

Table 5.2 The list of LEDs 

Two light-to-voltage optical sensors, TSL250R, are also purchased. This type of sensors 

is produced by TAOS, Texas Advanced Optoelectronics Solutions. I also listed several 

important characters of TSL250R below. 

 High irradiance responsively, typically 137 mV/(uW/cm
2
) at λp=635 nm 

 Low dark (offset) voltage, 10 mV Max 
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 Low supply current, 1.1 mA typical 

 Wide supply voltage range, 2.7 V to 5.5 V 

 Monolithic silicon IC containing Photodiode, Operational Amplifier, and 

Feedback Components, shown in Figure 5.8 

 

Figure 5.8 Functional block diagram of TSL250R 

 After purchasing all the components, based on the principal of transmissive sensor, the 

circuit diagram is designed as Figure 5.9. The part surrounded by broken line is the light-

to-voltage sensor. The number 1 to 3 indicates three pins of light-to-voltage sensor. Pin 1 

indicates ground，pin 2 connects to voltage supply and we can get the output voltage 

from pin 3. We also have a rheostat connected with the LED. It can protect the diode and 

also adjust the intensity. 

 

Figure 5.9 Schematic diagram 

The next step is to confirm the LED and the resistance of the rheostat, Figure 5.10. The 

maximum output voltage of the sensor is 2.289 V when I supply it with 3.3 V. however, 

the number 2 LED is too bright. Even I adjust the rheostat to the largest resistance; the 

sensor still outputs the maximal voltage. Contrarily, the number 3 LED is too dark. The 
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maximum of the sensor is only 0.65 V. While number 1 LED is appropriate, with dark 

surrounded, it can gain the maximal output when the rheostat is adjusted to 2.65 KΩ.   

 

Figure 5.10 Confirm the LED and the resistance of the rheostat 

 After confirming the components, I put the LED and the sensors on a small board. Since 

the object sensor is to measure the turbidity of water, water proof is obligatory. 

Components are fixed by silica gel and adhesive tape, shown in Figure 5.11. 

 

Figure 5.11 Turbidity sensor “probe” 

  The whole turbidity sensor test circumstance is shown in Figure 5.12. 
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Figure 5.12 Turbidity sensor test circumstance 

5.5 Result 
Based on the process in the section above, the turbidity sensor is done. The only work left 

is the calibration. With the naked eye, an average person can begin to see turbidity levels 

starting at around 5 NTU and greater. Lakes that are considered relatively clear in the 

United States can have a turbidity up to 25 NTU [28]. If water appears muddy, its 

turbidity has reached at least 100 NTU. At 2,000 NTU, water is completely opaque 

[29].Figure 5.13 shows turbidities of <10 NTU, 200 NTU and 1,500 NTU. 

 
Figure 5.13 Standard solutions 

So three solutions, shown in Figure 5.14, are used to be the reference substance, the first 

one is a cup of chocolate which indicates the cloudiest, the second one is a cup of clean 

water which indicates the most limpid, the last one is cup of water mixed with little 

coffee. 
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Figure 5.14 The three solutions 

The final result is illustrated in table 5.3 

Resistance 

of rheostat 

(KΩ) 

The voltage of the front sensor (V) The voltage of the lateral sensor (V) 

 water Mixed chocolate water  mixed chocolate 

2.65 0.512 0.153 0.004 0.031 0.009 0.002 

2.5 0.579 0.168 0.008 0.064 0.013 0.005 

2 0.835 0.335 0.012 0.108 0.045 0.008 

1.5 1.574 0.875 0.041 0.202 0.088 0.018 

1.35 1.998 0.911 0.070 0.238 0.103 0.035 

1.159 2.289 1.017 0.102 0.318 0.157 0.046 

1.1 2.289 1.364 0.111 0.395 0.227 0.053 

Table 5.3 Final result of turbidity test 

5.6 Conclusion 
According to the table 10, the voltage of the front sensor is decreased as the turbidity 

increasing. This result is in accord with the curve introduced in figure 13. However, the 

change of the lateral sensor is the same the front sensor. It reveals two defects in this 

experiment, the view angle of the LED and the three test solutions. The view angle is still 

too big which causes the lateral sensor is covered by the light pass. Turn to the three test 

solutions, the chocolate is liquid which can be dissolved in water. The reflected light is 

too small to infect the result. These two defects will be processed in the future work. At 



 

41 

 

last, there is still another defect of this experiment. It is not possible to determine the 

accuracy. It can be solved with purchasing the standard turbidity solution in future. 
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6 Chlorine 

6.1 Background 
Chlorine exists in water as two forms: “combined chlorine” and “free chlorine”. The term 

free chlorine forms two chemical species, hypochlorous acid (HOCl) and hypochlorite 

ion (OCl-). HOCl is a weak acid. It will disassociate to OCl- and H+. However, in waters 

with PH between 6.5 and 8.5, this dissociation is incomplete, both the HOCl and OCl- 

will coexist. Turn to the other term combined chlorine, normally, chlorine is compounded 

with nitrogenous such as NH2Cl、NHCl2、NCl3 [30-33]. Mostly, to monitor chlorine 

means to measure the free chlorine or total chlorine. 

6.2 Methodology 
There are a lot of methods to measure chlorine in waters: DPD chlorimetric method, DPD 

titration method, iodometric titration method, amperometric titration method, 

orthotolidine, sysringaldazine (FACTS) and electrode [34].  

Turn to the wireless sensor field. Two classes of principle are suitable: optical and 

electrochemical. These two classes are introduced below separately.  

Mostly, the optical method is called DPD colorimetric detection which is based on N, N-

Diethyl-p-Phenylenediamine (DPD) reaction with active halogens. The DPD method for 

residual chlorine was first introduced by Palin in 1957 [35]. Nowadays, this method has 

become the most common method to monitor the free and total chlorine. The DPD-

Chlorine reaction is illustrated in Figure 6.1. In waters with PH around 7, the DPD amine 

can be oxidized by chlorine and produce two species. One is called Würster dye which is 

the primary oxidation product. It is stable and appears as magenta color. The other one, 

Imine, is the product by further oxidizes Würster dye. It is unstable and colorless. At 

lower oxidant levels, the main product is Würster dye. It is opposite at higher oxidant 

levels which express “fading” of the color. The DPD Wü rster dye color has been 

measured photometrically at wavelength ranging from 490 to 555 nm. The absorption 

spectrum is shown in Figure 6.2. 
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Figure 6.1 DPD-Chlorine reaction products 

 
 

Figure 6.2 The absorption spectrum-DPD Würster compound 

In the class of optical method, there is another kind of chlorine sensor which is based on 

the ultraviolet spectrophotometer method to detect the residential chlorine in the wasted 

water after treatment. 

The basic theory of this method is to detect the absorption effect in light in a certain 

solution. The solution is mixed according to the principle of light absorption in visible 

wavelength range. In 2010, Zhang Liying proposed a design for residential chlorine in 

medical waste water with this theory [36]. The detect head of his design is shown in 

Figure 6.3. 
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Figure 6.3 Residential chlorine detector head 

The other method is called Amperometry which is an electrochemical technique that 

applies a small electrical voltage across two electrodes and measures the change in 

current resulting from chemical reactions taking place. 

A typical amperometric sensor consists of two dissimilar electrodes, an anode and a 

cathode. These two electrodes can be made of silver/platinum or copper/gold. The anode 

acts as working electrode and anode  normally can be split into two parts, reference and 

auxiliary (or counter) which can make the measurement more stable. Two functions 

below show the actions on each electrode. [37] 

Cathode: HOCl + H + 2e → Cl
-
 + H2O (reduction of hypochlorous acid)  

Anode: Cl
- 
+ Me → MeCl + e (oxidation of chloride ions)  

6.3 Comparisons of common methods 
Table 6.1 lists the three methods introduced above for the measurement of free or total 

chlorine concentration in water. 

Method Range 

(mg/L) 

DL
1
 

(mg/L) 

Estimated 

Precision 

(% RSD
2
) 

Application Typical application
 

DPD Colorimetric 0-5 0.005 1-2% Free and 

total 

 

Ultraviolet 

spectrophotometer 

b 0.01 5-6% Free  Chlorine detector by 

ultraviolet 

spectrophotometry[7] 

Amperometric Up to 0.0012 1-2% Free and Hach company’s 
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10 total AutoCAT 9000 

Amperometric 

Titrator 

1 Minimum or estimated detection level 

2 Relative standard deviation 

Table 6.1 The comparison of common methods 

Since the method of detecting chlorine by ultraviolet spectrophotometer can just measure 

the free chlorine. The part of comparison between DPD colorimetric and amperometric 

should be concerned more. Which one is better for chlorine detect in the WSN system. 

Currently, no “ideal” method exists for chlorine detect in water. All common methods 

have some lack of specificity and are not adequately selective to be completely free of 

interferences. By using the DPD colorimetric method, there are three major limitations, 

calibration linearity, regent stability and reaction product stability. However, more 

interferences are identified when amperometric sensors are used. Some of the more noted 

variables providing interference are based on sample and sampling environments with 

changing chlorine concentration, pH, temperature, sample flow, and pressure. 

Additionally, in DPD analysis, the presence of certain iron and manganese species is the 

well-known sensitivity. Chemically, the amperometric method is free of this interference, 

but amperometric sensors are more prone to fouling with the presence of iron or 

manganese in the sample. This will result in the presence if high turbidity and increase 

the cleaning and calibration frequency. 

Amperometric sensors designed for process control may work well in applications where 

chlorine concentration, sample flow, pressure, temperature and pH are stable. In view of 

the relative instability of chlorine and chloramines in aqueous solutions, especially in 

many process applications, as well as associated dynamic water conditions of these 

processes, using DPD is preferable for most applications. 
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7 Conclusion and future work 

7.1 Conclusion 
In this thesis, four indicators are chose to investigate. In the part of PH, the method to 

monitor PH with a PH sensitive electrode is proved to be feasible. Since the structure of 

the electrode is passive circuit. This PH monitor system requires ultra-low power 

consumption. There are different price levels for the PH sensitive electrode. Even the 

cheapest one fulfills the requirements. 

Turn to the part of dissolved oxygen. Based on the net result of the total function, the 

principle of galvanic is far better than the principle of poloragraphic due to the four major 

problems associated with the type of poloragraphic cell, isolation of anode, zero shift, 

depletion of chloride and warm-up time. 

However, the performance of electrochemical dissolved oxygen sensor can’t compare 

with luminescent dissolved oxygen sensor. The luminescent dissolved oxygen sensor has 

higher accuracy and speed. Since there is no membrane, electrolyte and anode or cathode 

in the luminescent dissolved oxygen sensor. It is much easier for luminescent dissolved 

oxygen sensor of maintenance. The only disadvantage of luminescent dissolved oxygen 

sensor is the much higher price compared with electrochemical dissolved oxygen sensor. 

The experiment in chapter 5 proves the feasibility of the optical turbidity sensor. The 

components are cheap and consume low power. 

In the investigation of last indicator, chlorine, there are more restrictions for the 

amperometric sensors compared with DPD colorimetric sensor. The method of detecting 

chlorine by ultraviolet spectrophotometer can just measure the free chlorine. 

7.2 Future work 
For the future work, there are still some important indicators for water quality, such as 

nitrogen, coliform and COD, needed to be investigated. 

It is also necessary to set experiments to verify the performance of the methods to 

measure dissolved oxygen and chlorine. 

In the part of the turbidity test experiment, there are still some defects which are needed 

to be improved. It is necessary to purchase new LEDs with smaller view angle for a more 

concentrated light path and standard turbidity solutions for the calibration of turbidity 

sensor. 

At last, all the test applications should be integrated into the exiting WSN system.  
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