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ABSTRACT 

 

With the growth of economy in recent years, the water quality monitoring becomes a 

critical issue about water pollution. Water Quality Monitoring has a big influence on 

the aquaculture management, waste water treatment, drinking water and some other 

applications. There is a trend to build a wireless sensor network system for water 

quality monitoring. This system detects pH, conductivity, dissolved oxygen, turbidity, 

temperature, ORP (Oxidation-Reduction Potential), BOD (Biochemical Oxygen 

Demand), Flow and etc. Some important electrochemical parameters of water quality 

should also be detected, like Ca2+, Mg2+, Cl2, Cl-, NO3-, NH3+, CO2/CO32-, F-, 

BF4-, K+, Na+. The water quality monitoring system should guarantee the accuracy, 

security and reliability. In this paper, I research an integrated system model for water 

quality monitoring system which is based on chlorine analyzer, turbidity meter, pH 

meter, conductivity meter, dissolved oxygen meter and so on. I analyze the water 

quality monitoring program according to different physical environment. 
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CHARPTER I: Introduction 

 

In the thesis, I research the network lifetime, network topology, network deployment, 

network protocol and analyze the advantages and disadvantages of each network. I 

construct an integrated water system including Storage module, wireless module, data 

acquisition module, control module, pump module, channel module and etc. Take a 

list of the specific indicators & parameters of water quality and investigate the 

specific requirements for this system, like response time, temperature, chemistry 

corrosion, dimension, accuracy. 

 

In accordance with different application environment, put forward one best water 

quality monitoring program for each application. I describe an optimized program for 

Radio propagation model, node deployment, cost model, power model in details. 

Especially I specify the sensor deployment requirements including sensor density, 

coverage scale, sample interval, timeliness, power supply methods, and installation 

structures. Combine probe module, pump module, wireless module, sensor module 

with MCU, I choose two specific environment to describe my optimized monitoring 

system model. 

 

There is a general framework in water quality monitoring system.  At first, the 

real-time values of analytical instruments are sent to the wireless data acquisition 

terminal, the data are processed and packaged, and sent to the data center through 

wireless network. After decrypting, the system will do the data analysis, storage, 

display and alarm automatically by management information system (MIS) and 

geographic information system (GIS). Then publish data to the upper network control 

and management system Via TCP / IP protocol and exchange data with other control 

centers. At last, the center sends the command to the sub-stations and summary the 

feedback through GSM/GPRS communication. 

 

In short range, Zigbee and WiFi are frequently used in water monitoring area. For 

sensor network applications, Zigbee is a low data rate, low power consumption, low 

cost wireless networking protocol targeted towards automation. On the other hand, 

GSM/GPRS is applied on long range communication. 

 

There are one control center and several branch monitoring stations in the water 

quality monitoring system. In the data management center, the operators can use 

integrated software to do data processing, data collection and data analysis. The 
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branch monitoring stations include station house, water distribution & intake system, 

data acquisition unit, control module, Data Processing Module, communication unit 

and auxiliary system. 

 

 

 

                Fig.1 Water Quality Monitoring Application  

 

 

 
                Fig.2 Water Monitoring System Diagram 

 

 

 

 

 

 

 

 

 

 

 

Main application environment 

Sewage treatment  

River water monitoring  

Drinking water contamination 

Fish farming management 
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CHARPTER II : Background and Literature review 

2.1 Wireless protocol 

 Zigbee 

 

The applications of ZigBee over IEEE802.15.4 are mainly concentrated in: Industrial 

control, wireless sensor detection, personal monitoring equipment, low-power 

wireless medical device, high-end toy, electrical network control, wireless consumer 

devices and lighting control, etc. It has been used in system tracking, logistics 

management, intelligent lighting, remote control, medical care, and remote meter 

reading system. 

 

The IEEE 802.15.4 
[1]

 defines an optional MAC layer with superframe structure, 

including two parts: active and non-active. In non-active part, the device can be set at 

low power mode (sleep state). On the other side, the active part can be also divided 

into competition period and non-competition period. The competition period provides 

the CSMA-CA 
[4] 

to be accessed to the equipment. Non-competition period is 

composed of a number of protecting time slots, and it is available to some devices 

which need to retain certain data bandwidth
 [1]

. The superframe structure reflects 

low-power feature on IEEE 802.15.4. The application of non-active period limits the 

opening hours of the transceiver between two devices, and it makes devices dormant 

when there is no data transmission. Thus it obviously reduces the power consumption. 

 

Zigbee devices can be distributed into full-function devices and simplified-function 

devices, In comparison to full-function device, simplified-function devices own 

simpler protocol stack and smaller memory, and it can only interact with full-function 

devices. While full-function devices possess complete IEEE 802.15.4 protocol, they 

can interact with any node within the transmission range. Two devices could be 

combined with each other, and they form a mesh network, star network or tree 

network. 

 

Except for the consideration of transmission power consumption, Low-power 

system’s power consumption is also related to CPU and the other parts of system. For 

example, some SoCs can turn off the RF and run CPU part separately. It could close 

the on-chip ADC, serial port and other peripherals. The sleep mode can also keep 

RAM contents in order to quick start, use interrupt / comparator / Timer and only reset 

wake-up, so that the entire system can reach a reasonable balance of function and 

power 
[6]

. 
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The underlying layers of ZigBee use IEEE802.15.4, so that the physical bandwidth is 

the IEEE802.15.4 bandwidth, and it is 250kbps 
[1]

. However, the physical bandwidth 

is different from the effective data rate. For ZigBee communication, the data rate 

should also consider the network topology, data routing and the amount of network 

data. Practical applications must take full account of these factors. Firstly, the routing 

has a big influence on data rate. Each additional level of route increases time of 

100ms ~ 200ms, so ZigBee is not a real-time network 
[2]

. Secondly, the concurrent 

data also have a great influence on data rate. Overall, ZigBee is suitable for low-speed 

sensing applications, and the actual bandwidth should take consideration of actual 

network conditions. The Zigbee network has three typical technologies: mesh 

structure, automatic network, as well as dynamic routing. They ensure the reliability 

of the wireless transmission. In addition, ZigBee provides data integrity checking, the 

function of authentication and AES-128 bit 
[2]

 encrypting algorithm. 

 

 UWB 

 

UWB (Ultra Wide Band) is an emerging high-speed and short-range communication 

technology, and it has a great advantage over short distances (less than 13m), the 

maximum transmission speed is up to 1 Gb / s 
[3]

. Traditional narrowband technology 

are used in long-distance, low-speed transmission. The range of the spectrum covered 

by the UWB is from 3.1GHz to 10.6GHz, the spectral range is very wide, but transmit 

power is low 
[3]

. UWB fully meet the home entertainment applications’ demand, and it 

can transmit broadband video stream directly 
[3]

. 

 

Ultra Wide Band technology has the common features with ZigBee and Bluetooth, 

they are used in personal area network (PAN), and they all belong to the short-range 

transmission technology. UWB is a kind of wireless signal technology by using 

narrow pulse emission, and it is ideally suited for high-speed, short-range wireless 

personal communications. U.S. FCC makes UWB’s regulations: between 3.1GHz and 

10.6GHz frequency band 
[3]

, UWB occupies more than 500MHz bandwidth. The 

carrier-free communication technology is used by UWB, and UWB omits a lot of 

energy when transmitting continuous carrier, usually the power consumption of UWB 

wireless link is only one percent of the common wireless link, battery-powered 

devices are available for several months when using UWB 
[3]

. Because carrier signal 

modulation and demodulation are not required in UWB, it saves a large number of 

complex components, at the same time it is more easily integrated into CMOS circuits. 

UWB has a strong capability of anti-multipath interference, especially for high-speed 

transmission in complex indoor environment, and it can guarantee to provide users 

with a highly reliable wireless transmission environment. 

 

The low-power, low-rate features of UWB and ZigBee imply that they can build a 

Complementary network with Wi-Fi and other wireless technology. In addition, the 
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devices’ complexity of UWB and ZigBee are low, and in order to achieve low-cost, 

highly flexible network access, they can be connected with the existing mobile 

network and other communication networks.  

 

 Bluetooth 

 

Bluetooth is a kind of short-distance and low-cost wireless access technology which 

use 2.4GHz ISM public channel, the main applications are close voice and data 

transmission service. The working frequency of Bluetooth devices used around the 

world is 2.4GHz ISM band 
[7]

. The users are not required to apply for the usage. The 

channel applies 23 or 79 channel spacing of 1MHz which are time division duplex 

mode, and the channel also applies the Frequency-hopping rate of 1600 hop / sec 
[7]

, 

making the Bluetooth system has a sufficiently anti-interference ability, superior 

performance and simple equipment. According to different transmission power, the 

effective communication distance between the Bluetooth devices is approximately 

10-100m
[5]

.  

 

The construction of Bluetooth network is flexible, and it provides point-to-point and 

point-to-multipoint wireless connectivity which is based on TDMA (Time Division 

Multi-access) principle of networking. Except for using the Frequency-hopping 

extension technology, low transmit power and other conventional security technology, 

Bluetooth security also use the three-level safe mode for control. The only topology 

structure of Bluetooth network is Star, and the maximum number of connecting slave 

devices is 7 
[5]

. 

 

 Wi-Fi 

 

Wi-Fi (Wireless Fidelity) is one industry standard of wireless network communication 

(IEEE 802.11x), it defines the MAC layer and physical layer. The physical layer 

defines two wireless frequency modulation modes and one infrared transmission 

mode which work at the 2.4GHz ISM band 
[7]

. Wi-Fi communication between two 

devices is on the basis of self-organizing network (AdHoc), and it can be also carried 

out under the coordination of the base station or access point. Its biggest advantage is 

that a high transmission speed can reach 11Mbps, furthermore, its effective distance is 

long, and it can be compatible with the variety of 802.11 DSSS (Direct Sequence 

Spread Spectrum) devices.  

 

Some features of Wireless Fidelity are the same as Bluetooth, both of them belong to 

the short-range wireless technology used in the office and home. The Wi-Fi 

technology has its own merits, so it is widely used. The Wireless Fidelity uses the 

2.4GHz frequency band. It forms into some different variants like IEEE 802.11a/b/g/n 
[4]

. 

 

IEEE 802.11b wireless network specification is a variant of the specification of IEEE 
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802.11 network, 802.11b protocol mainly works at the Physical layer and data link 

layer of OSI (Open System Interconnect Reference Model), and it utilizes DSSS for 

Modulation and demodulation, in order to improve the transmission rate and 

anti-jamming capability. The maximum bandwidth is 11 Mbps 
[7]

, When the signal is 

weak or interfered, the bandwidth is adjustable for 5.5Mbps, 2Mbps and 1Mbps 
[3]

, 

the automatic bandwidth adjustment effectively guarantee the network stability and 

reliability. IEEE 802.11b’s main features are: high rate, high reliability. The 

communication distance is up to 305 meters in open spaces, on the contrary, the 

communication distance is from 76 m to 122 m in enclosed spaces 
[3]

, it is convenient 

to be integrated with existing wired Ethernet, and the cost of networking is lower. 

802.11b possess wired equivalent privacy to ensure the network security. 

 

 WiMAX 

 

WiMAX（Worldwide Interoperability for Microwave Access）is based on the 

standard of IEEE 802.16, WiMAX supports wireless broadband access under 

non-line-of-sight propagation conditions, and it provides low-latency, high-quality 

voIP and data services for wireless network. The recommended band of IEEE 802.16d 

is 2-11 GHz 
[8]

. It takes into account of the radio spectrum occupancy and 

communication needs of mobile and non-line-of-sight propagation all over the world. 

In order to support mobility, the recommended frequency range of 802.16e is below 

6GHz. IEEE 802.16 standard can support video and audio data streams in the same 

channel, at the same time, it also supports the sudden high-speed data transmission. 

MAC algorithm is assigned to single end-user’s resources, and it is from one slot to 

the entire frame, so that according to the requirements, WiMAX provides throughput 

of the wide dynamic range to a particular user at any time. 

 

In WiMAX system, the physical layer use OFDM (Orthogonal Frequency Division 

Multiplexing) technology, and there are two applications: OFDM physical layer and 

OFDMA physical layer. The physical layer of WiMAX uses the OFDM modulation 
[9]

. 

The set of OFDM orthogonal carrier is generated by single user, transmitting parallel 

data streams for a single user. It supports TDD and FDD duplex mode, the uplink uses 

TDMA multiple access mode and the downlink uses TDM multiplexing mode. 

Furthermore, OFDM of WiMAX can use the STC transmit diversity and the AAS 

adaptive antenna system
 [9]

. 

 

WiMAX’s OFDMA physical layer takes the method of OFDMA multiple access, it 

supports TDD and FDD duplex mode 
[8]

. The data streams can use a variety of 

modulation and coding modes, and the client can access to different channel 

characteristics by different signal power. The subchannel of upstream uses multiple 

access method, allocating subchannel to transmit upstream through the downlink 

medium access protocol (MAP).  
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WiMAX main applications: 

(1) Terminal access; 

(2) District return; 

(3) Enterprise network interconnection; 

(4) Wireless bridge. 

 

2.2 Main application environment 

 

 Wastewater treatment 

 

Automatic Instrumentation occupies an important place in modern sewage treatment 

industry. According to different design requirements of wastewater treatment process, 

the meters of sewage industry application can basically be divided into three series: (1) 

Level, including the level gauge, liquid level difference meter and mud meter 

(ultrasound, radar, static pressure); (2) Analytical instruments, including pH, DO, 

turbidity (SS), COD, residual chlorine, conductivity; (3) flow meter, including the 

electromagnetic flow meter, vortex flow meter and ultrasonic flow meter. 

 

Complementary to the rational utilization of the instruments, it is the strict control of 

processing parameters and equipment operation. Establishment of a comprehensive 

mechanisms of meters’ maintenance, technical archive system, improvement of staff 

operations, all the factors are important to effectively promote wastewater treatment 

plant’s energy saving, ensure the effluent discharge standards and progress into a 

benign development. 

 

 River water monitoring 

 

Monitoring of river water plays a vital role in water protection. Human activities and 

industry development should be responsible for the river pollution. Many polluted 

rivers are used for drinking water sources, and fish can accumulate heavy metals and 

toxic substances in river water, so good river water quality can guarantee the basic 

health of human beings. Because the water quality is related to regeneration, growth 

and survival of aquatic organisms, a good supply of river water is also essential to 

drinking water treatment and fish farming operation. Environmental Protection 

Agency addresses the problem of river water pollution. They formulate stringent 

regulatory standards, monitor river water on real-time, rapid identify pollution source, 

and remove pollution. The river water monitoring system is always combined with 

GIS and GPS, it helps the system integrate spatial information and attributing 

information of the drainage basin, and the Environmental Protection Agency can 

release intuitive information of river water indicators. 
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 Potable water treatment 

 

Drinking water contamination always happens, so it highlights the importance of 

potable water treatment. Except the detection of water indicators, the most widely 

applied area is the control of pumps and valves. 

 

There are eight main steps in potable water treatment 
[16]

. 

I. Natural water 

II. Coagulation(Alum)  

III. Settlement 

IV. Filtration  

V. Adsorption(Activated carbon)  

VI. Disinfection (Chlorine, bleach)  

VII. Net pond 

VIII. Distribution  

 

 Fish farming management 

 

With the progress of industrialization, the traditional fish ponds continue to be 

developed. In order to adapt to the development and utilization of different water 

ecological conditions, the new technology extend freshwater area and form factory 

fish farming, running water fish farming, circulating micro-water pond aquaculture. 

Furthermore, the other way of aquaculture is three networks fish culture in lake or 

reservoir.  

 

In the current there are two kinds of control systems in aquaculture. Firstly, it is the 

general-purpose control systems and it consists of computer input / output, data 

loggers and remote components. Secondly, it is industrial program control system, and 

this control network is composed of small-scale computer and control software with 

controllers. Both systems can monitor and dominate oxygen, pH, temperature, 

humidity, energy consumption, electrical conductivity and turbidity. In addition, we 

can control the feeding machine, oxygen machine, pump, valve, compressed air 

machine and etc. So it makes the whole system automatic. Sewage treatment facilities 

can also be used in fish farming by increasing the oxygen, biological purification, 

sedimentation, filtration, aeration, denitrification and other steps to improve the 

environment and recycle water 
[16]

. 
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CHARPTER III: Wastewater treatment 

3.1 Sewage treatment discharge standard & Requirement 

 

Major sewage sources: 

Municipal wastewater 

• Domestic sewage  

• Rainwater sewage 

Industrial wastewater 

• Breweries 

• Medical & Chemical & Petrochemicals 

• Dairies 

• Electroplating 

• Metal Industry 

• Paper Industry 

• Quarries & Cement Factories 

• Tanneries 

• Textile Industry 

Industrial wastewater needs special treatment process to remove chemicals like heavy 

metals. General urban sewage treatment plant influent ratio: domestic sewage 70%, 

industrial sewage 30% 

 

Table 1 

Reclaimed Water Quality Indicators, China (GB/T 18921-2002) 
[12]

                                                                            

                                                                      Unit: mg/L 

No. Item Ornamental landscape water Entertainment landscape water 

River Lake Waterscape River Lake Waterscape 

1 Basic Requirements No floating material, no unpleasant olfactory and taste 

2 pH                             6~9 

3 BOD             ≤ 10 6 6 

4 SS               ≤ 20 10 - 

5 NTU             ≤ - 5.0 

6 Dissolved oxygen   ≥ 1.5 2.0 

7 Total  P          ≤ 1.0 0.5 1.0 0.5 

8 Total N           ≤ 15 

9 Ammonia(N)      ≤ 5 

10 E. coli (Number/L)  ≤ 10000 2000 500 Not be detected 

11 I oxygen          ≥ 0.05 

12 Chroma           ≤ 30 
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13 Oil               ≤ 1.0 

14 Anionic surfactant  ≤ 0.5 

 

Table 2 

Water quality standards, China
[44] 

                                                          Unit: mg/L 

 COD BOD SS TN 3NH -N  TP 

Influent 500 250 350 55 38 6 

Effluent Standard 

(DB32) 

50 10 20 15 5(8) 0.5 

Effluent Standard 

(A) 

50 10 10 15 5(8) 0.5 

 

The water quality monitoring system should follow these water standards. The 

specific indicators are also sensors’ sensing targets and range. 

 

3.2 Case study & State of art  

I briefly review the state-of-the-art of WSN for water quality monitoring by practical 

application and literature. I visit and investigate Hua Yan Water Co., Ltd which is 

largest wastewater treatment plant in Jiangsu province, China. The processing 

capacity of Hua Yan plant is 35 million cubic meters per day. There are two branch 

plants and monitoring centers at different riverbanks. There is a bidirectional 

inertial-flow pumping station in the middle. When one of them gets in trouble, they 

can manage wastewater into the other plant immediately.  

 

The reclaimed water quality indicators are also sensing targets that will be measured 

in applications. In this case, because the downstream area is Suzhou River in 

Shanghai, the actual water indicators are more strict than national standards according 

to Environmental Protection Agency’s requirements.  
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                         Fig.3 Pumping Station 

 

Except pumping and valve system, there are five water quality analyzers to detect 

COD(chemical oxygen demand), BOD(biology oxygen demand),DO(dissolved 

oxygen), pH, SS(suspend solid)  in this pumping station. The valve switch on/off is 

controlled by water level. In this plant, the start level is 5 m, and the stop level is 3.2 

m. There are two alarm levels, highest level is 6.8 m and lowest level is 3 m 
[17]

.  

 

 
                 Fig.4 Sewage Network Deployment at Suzhou 

 

The Figure 4 illustrates that all the pump stations (pink point) are connected with 

control center (the star point) on real time, and it also shows that they use the 

hierarchical network topology at Suzhou Industry Park, and every pumping station 

transfer data through nearest GSM base station of China Mobile.  
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                  Fig.5 PLC at Sewage Treatment Plant 

 

 
             Fig.6 PLC Inputs/Outputs  

 

As shown in Figure 5&6, the green ports are analog inputs/outputs for water 

parameter transmission. On the other side, the blue and brown ports control pumping 

switch on/off by 0/1, and the yellow one controls alarm system, they are all digital 

inputs/outputs. They exchange data from PLC station to monitoring center via TCP / 

IP protocol, I think we can apply iPack WSN Platform in PLC input/output ports, and 

the data can be communicated with center directly, and simplify the PLC station. 

 

3.3 Proposal solution 

3.3.1 Network protocol 
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Table 3 

Comparison of Zigbee, Bluetooth, WiFi, UWB 
[11] 

 

 Zigbee Bluetooth WiFi UWB 

Frequency 2.4GHz 2.4GHz 2.4GHz 3.1GHz-10.6G

Hz 

Range 30m-1.6km 6m-62m 20m-200m 0.2m-40m 

Data rate 250 kbps 1 Mbps 11-54 Mbps 53-480Mbps 

Power consumption Low Medium High Low 

Cost Low Low High High 

Modulation/protocol DSSS, 

CSMA/CA 

FHSS DSSS/CCK, 

OFDM 

M-CSMA/ 

OFDM 

Security Medium High Low High 

Network type Star, tree, 

mesh 

Star(8 

nodes max) 

Star  

Max packet size 

(bytes) 

132 359 4096  

Stack size 8-60KB >100KB >100KB  

Wireless standard IEEE 

802.15.4 

 

IEEE 

802.15.1X 

IEEE 

802.11b 

IEEE 

802.11g 

IEEE 802.15.3 

Main application Industrial & 

medical 

sensor 

network, etc 

Phones, 

PDA, 

headsets 

Internet 

access, LAN 

connection  

Home 

entertainment, 

sound system, 

wireless hard 

drive 

 

After the comparison of network protocols merits and demerits in wastewater 

environment, it is better that we apply Zigbee protocol in internal sewage treatment 

plant and GSM/GPRS protocol in communication between pumping station and 

control center. 

 

There are three reasons why we choose Zigbee in wastewater treatment area. Firstly, 

because the sampling frequency is two hours per sample or longer time, and the 

amount of each sensor’s data is few, we do not need high data rate. When more 

serious water pollution happens, the alarm system will inform staffs immediately 

according to the warning indicators. Secondly, the wireless range should cover the 

whole sewage treatment plant, especially important treatment ponds and control 

center. Thirdly, we want to set energy harvesting module in our water quality 

monitoring system, so the lower power consumption is necessary. 
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3.3.2 Network topology 

 

 

Center

Router

End Device

End DeviceEnd Device

End Device

Router

Router

Router

End Device

                   
Fig. 7 Tree Topology 

 

 Center

End Device

End Device

End Device

End Device

   

                         Fig.8 Star Topology  

 

In big city, we should choose Tree network as wastewater treatment’s network 

topology. Tree networks use a master node as the main communication center. The 

center can be also considered as the system coordinator. The second layer is the router 

in the hierarchy. It is a small Star network on the lower layer. It can be said that the 

Tree network associates the Star topology with Peer to Peer network 
[10]

. In this figure, 

the router is “master pumping station”, and the end device is “sub-station”. 

 

In small town or village, because there are fewer pump stations and simpler 

connection, Star network is the best topology choice. Star networks are formed by one 
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centralized node and several end devices. The center has a better capability of data 

processing, wireless transmission, acquisition and data storage than the other nodes 
[10]

. Every end node cannot communicate directly with any other node, so all data 

must be transferred through the central node. Each node is a “pumping station” while 

the central node is the “control center”.  

 

3.3.3 Node deployment & Coverage scale 

 

 

 

                    Fig.9 Node Deploying Architecture 

 

This is a schematic diagram of Node deployment & layered. In accordance with the 

location of pumping station, the master node should be settled at the place where 

using large quantities of water, like hospital, factory, hotel, park, garden and etc. The 

sub-node can be settled at residential area. In our case study, There are 44 pumping 

station in Suzhou Industrial Park, the administrative area is approximately 288 sq km, 

It purifies the 900,000 tons wastewater from 1.5 million population every day 
[17]

. So 

the 44 GSM/GPRS nodes are needed in this area. 
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               Fig.10 Aeration Tank in Hua Yan Water company 

 

Inlet Water Detector

 

                   Fig.11 Treatment Pond 

 

Every treatment pond needs one iPack WSN Platform. We make Sha Tin Sewage 

Treatment Works as an example. It is a sewage treatment facility in Hong Kong. 

Shatin Sewage Treatment Works have 22 aeration tanks, the monomer size is 88x13x5 

m (effective volume 5,720 cubic meters) and 14 anaerobic sludge digestion tank 
[15]

. 

There are a total of 24 flow final settling tank (Diameter 27.5 m) and 20 rectangular 

final settling tank (42x12x5 m) in Shatin Sewage Treatment Works 
[15]

. Thence at least 

80 wireless nodes are needed in this sewage treatment plant. According to different 

treatment processes and capacities, the treatment pond area is also changed.  

 

http://en.wikipedia.org/wiki/Sewage_treatment
http://en.wikipedia.org/wiki/Hong_Kong
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3.3.4 Node power supply 
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Fig.12 Energy Harvesting Structure 

 

Energy harvesting module will be used in our sensor nodes. Main analyzers and the 

pump module should be supplied by 220VAC power. 

 

3.3.5 Sample interval 

In regular conditions, the sampling frequency is 2 hours per sample for all kinds of 

water quality indicators, If heavily pollution happening, the sampling interval can be 

down to 30 minutes between two different samples. That is to say, the sampling 

frequency can be modified by the control system automatically according to water 

quality risk control.  

 

 

3.3.6 Pump & Valve control 
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 Table 4 

Standard water level for pump on/off 

Highest level 
 

9.30 m 

Extra high level  7.30 m 

High level  6.80 m 

Start level  6 8.60 m 

   
5 8.50 m 

4 8.00 m 

3 6.00 m 

2 5.50 m 

1  
5.00 m 

Stop level 6 8.20 m 

 5 8.20 m 

 4 7.00 m 

 3 5.00 m 

 2 4.50 m 

 
1  

4.50 m 

Low level  3.00 m 

Extra low level  2.00 m 

Bottom level  0.00 m 

               

When encountering floods and heavy rain, the high level pumping system will be 

connected to alarm system and it will start the risk control in order to pump excess 

water out of treatment pond. 

 

 

                     Fig.13 COD Analyzer in pump station 
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                           Fig.14 TN TP analyzer 

 

 

                    Fig.15 Pumping monitoring meters 

 

 

I focus on the pump station study in this system, and the pumping monitoring meters 

includes motor current, diffuser and pre-rotation. Diffuser is used to mix new water 

with existing water and pre-rotation means pumping waste water from collecting 

system to the first treatment step. The pumping controller and water analyzers can be 

connected with the iPack WSN Platform through serial ports directly. The wireless 
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nodes can be settled in the analyzer. Some analyzer’s communication interface 

protocols are MODBUS/PROFIBUS/RS232. As needed protocols, we can add 

optional interfaces to WSN Platform. 

 

 

Main detecting instruments in the pumping system: 

• Water Level Meter 

• Flow Velocity Meter 

• Pumping Pressure Meter 

• Analyzer (Reclaimed Water) 

      SS: 10  

      BOD: 0.3~10 

      COD: 0.3~50 

      TN: 15 

      TP: 0.5~1 

      (Maximum allowable discharge, daily average mg/L)  

• pH meter: 6~9 

• Temperature Meter 

• sampler 

• System components and recorders 

 

The detecting instruments’ functions: 

• Automatic cleaning function 

• Periodic and automatic calibration function 

• Sealed protective enclosure and waterproof 

• Two-way data and signal transmission 

• Time setting function 

• Power protection and automatic recovery 
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3.3.7 Treatment process & System facility 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

                         Fig.16 Main treatment steps 
[16] 

 

As shown in Figure 16&17, aeration is the key point in three processing stages. It can 

be defined as precipitation of water substances through the oxygen effect. When there 

are high suspended solids in some industry wastewater like Ink wastewater and 

refinery wastewater, we should add Activated carbon block in first stage. The WSN 
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platform can be used in pumping station, Biological treatment pond and Chemical 

treatment pond. 

 

 

                 Fig.17 Treatment system at control center  

 

3.3.8 Equipment Installation  

 

                     Fig.18 Node installation method 

 

There four installation methods in the Sewage Treatment Work: Meter installation in 
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place, Dashboard installation, Meter installation inside and Meter panel mounting. 

3.3.9 Optimized software operation flow 
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                      Fig.19 Software operation flow 

 

As shown in Figure 19, this is Optimized software operation flow for water quality 

monitoring nodes in Sewage treatment facilities.   
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3.4 Constructed wetlands for wastewater treatment 

3.4.1 Outline of constructed wetland sewage treatment 

 

Wetland-based sewage treatment is mainly used in the following five areas: 

 

1) Divert the treated effluent into the disposal of natural wetlands. 

 

2) Take advantage of natural wetlands for advanced Wastewater Treatment. 

 

3) Transform and establish a balanced wetland ecosystem by using processing 

effluent or partially treated sewage, and then restore the wetlands’ victims of 

birds and wildlife communities. 

 

4) Take advantage of constructed wetland for sewage treatment directly. 

 

5) For the purpose of protecting lakes and rivers, then use natural wetlands in flood 

and lake beach to purify the water. 

 

Constructed wetland is similar to a swamp which is artificial constructed and 

controlled. The monitoring system distributes sewage and sludge to the constructed 

wetlands. In the process of sewage and sludge flowing along a certain direction, it 

takes full advantage of soil, artificial media, plants, microorganisms’ physical, 

chemical and biological triple synergy 
[22]

. So it is a kind of sewage and sludge 

processing technology. Its mechanism of action includes adsorption, retention, 

filtration, oxidation, reduction, precipitation, microbial decomposition, transformation, 

plant shelter, residue accumulation, evaporation, nutrient uptake and the function of 

the various animals 
[20]

. 

 

There are a variety of constructed wetland processes, the currently used processes: (a) 

plug-flow; (b) reflux; (c) step feed; (d) integrated approach 
[21]

. The step feed can 

avoid treating bed clogging, so that the plants can grow up evenly, it is beneficial for 

nitrification and denitrification. The influent water are diluted in reflux mode, it 

increases the dissolved oxygen in water and reduce wastewater odor. Effluent recycle 

also promotes nitrification and denitrification in packed bed, and it makes use of low 

lift pumps, supply oxygen through water jet or water down. The integrated approach 

install effluent recycle, on the other hand, the water will be distributed to the middle 

of the packed bed, in order to reduce the load on the front of the packed bed 
[23]

. In 

practical design, the operation of the artificial wetlands adds multi-level series or 

necessary pretreatment, post-processing facilities according to the processing scale. 
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This kind of combination constitutes of several methods, such as single, parallel, 

series and integrated type. In practical application, constructed wetlands are often 

associated with the oxidation ponds serially. The place of wireless sensor node is 

based on different combinations, and the network topology and structure are also on 

the basis of combination. 

 

Wetland sewage treatment system generally includes pre-treatment and artificial 

wetlands two parts. The pre-treatment are typically composed of septic tanks, grill, 

grit chamber, sedimentation tank, anaerobic pond, facultative pond and etc 
[19]

. The 

Blockage always happen when the wastewater are pumped into the wetland without 

the sedimentation process, although there is a high COD, BOD and SS removal 

efficiency in the first level of constructed wetlands, it increases the maintenance cost 
[19]

. Therefore, it is necessary to settle sediment ponds or stabilization ponds as the 

pre-treatment of wetland sewage treatment system. 

 

 

          Fig.20 Constructed wetland process 
[21] 

 

 

    
     Barscreen

Sedimentation
Pre-treatment

     Wetland     
      process   

    Catchment

        Influent Effluent

                     Fig.21 Constructed wetland system 

 

3.4.2 Types and characteristics of the artificial wetlands 

 

From the point of engineering design, in accordance with the different manner of 

water system distribution or different flow way of sewage system, generally the 

artificial wetlands can be divided into the free water surface constructed wetlands and 

subsurface flow constructed wetlands, the latter can be also separated into the 

horizontal flow and vertical flow. 
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Free water surface constructed wetlands system is similar to the swamp, the waste 

water overflow on the wetland surface, the source of oxygen in the system mainly 

depends on the diffusion of the water surface, the transmission of plant roots and plant 

photosynthesis, most of the organic are removed by biofilms which grow on the stems 

of the underwater plant. When hydraulic retention time (HRT) is more than 2 days, 

the system can be operated efficiently and stably. When the hydraulic retention time is 

2 or 3 days, the system removal efficiency of Total Nitrogen can reach 84.9% and 

85.6% 
[25]

. The water level of free water surface constructed wetlands system is 

generally shallow, and it is mostly between 0.1m-0.6m
 [25]

. The merits of this system 

are less investment, simple operation, low operating costs, but it has the large area 

coverage, low water load and limited decontamination capability. However, the free 

water surface constructed wetlands system operation is affected by climate, summer 

breeding mosquitoes, the phenomenon of adverse odor and freeze in winter. Therefore, 

free water surface constructed wetlands system is more applicable in the mild climate 

place, and it is also more favorable for environment of large urban sewage treatment 

system.  

 

Horizontal subsurface flow constructed wetland system consists of one or several 

packed beds which are filled with the stromal bed, and there is impermeable layer on 

the bottom of bed. The wastewater flows from intake through the system matrix of 

sand and gravel, and the wastewater streams from one end of the horizontal line of the 

packed bed. With nearly horizontal flow mode, wastewater seepages below the system 

surface to the exit, and this system is not directly exposed to the air. This kind of 

artificial wetlands’ hydraulic load is heavier than free water surface constructed 

wetlands. In the process of wastewater flows through the wetland, the pollutants are 

degraded or removed. Water was saturated in the matrix, so the entire wetland system 

is generally in a hypoxic state 
[24]

. However, due to the presence of wetland plant, 

roots are under the aerobic state by the transmission function of the plant. This 

continuous state of hypoxia, aerobic and anaerobic is very important for the removal 

of pollutants 
[28]

. In general, the matrix usually selects the material of good water 

conductivity. Compared with free water surface artificial wetlands system, it has a 

better effect on the removal of some important pollution indicators, such as BOD, 

COD, suspended solids and heavy metal. Moreover, there are no odor and breeding 

mosquito phenomenon in the system. But the ability of removing nitrogen and 

phosphorus are not as good as Vertical subsurface flow constructed wetlands, in 

addition, it is prone to clogging and the control is relatively complex 
[23]

.  

 

The sewage of vertical subsurface flow constructed wetland flows vertically from the 

wetland surface to the bottom of the packed bed, and the main source of oxygen in the 

wetland system comes from atmospheric diffusion and plant transfer. The flow state 

of vertical subsurface flow constructed wetland is one significant element to maintain 

the normal operation of the system and make the system give full play to the purifying 

effect, so the flow state has a big influence on the purification efficiency 
[25]

. Vertical 
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subsurface flow constructed wetlands can take full advantage of the space of the 

wetland, and actively play a synergistic role among different systems. The wetlands 

greatly enhance the ability of pollutant removal, because the occupied area is 

relatively small, this type of sewage treatment process has been widely used. Vertical 

subsurface flow constructed wetlands have a good ability of removing organic 

pollutants in the wastewater, the removal efficiency of BOD and COD can reach 85% 

-95% and 80% respectively 
[24]

. In addition, Vertical subsurface flow constructed 

wetlands’ nitrification capacity is better than horizontal subsurface flow constructed 

wetlands, it can be used for treating wastewater containing high rate of ammonia 

nitrogen. Because the structure is more complex, its organic matter processing ability 

is worse than the horizontal subsurface flow artificial wetlands. Drying / flooding 

time is longer, control is relatively complex, it is prone to breed mosquitoes, and the 

suspended solids’ removal efficiency is not high. Thence in the practical application, 

vertical subsurface flow constructed wetland should be combined with horizontal 

subsurface flow constructed wetland. 

 

3.4.3 Pros and cons of constructed wetlands 

 

 Free water surface constructed wetland 

 

Start from the intake point, the sewage flows slowly under a certain depth of the 

artificial wetland surface, a part of the sewage evaporate or seep into wetlands, water 

flows out through the overflow weir. The aerobic layer is the part close to the surface 

of free water surface constructed wetland system, and the deep and the bottom part is 

usually anaerobic layer. The removal of most organic pollutants is completed by 

wetland plants and microbial communities in the matrix 
[26]

. This kind of artificial 

wetlands is suitable for the place which has rich land resource and mild climate, and it 

is also suitable for processing sewage which the pollutants concentration is not high. 

It is should be noted that the blockage of intake and drainage ditches in operation,  

and how to select the appropriate wetland plants based on the wastewater type and 

species of pollutants 
[28]

. 

 

Advantages: (1) Low construction and operation costs; (2) Construction, operation 

and maintenance are relatively easy; (3) It is suitable for sewage treatment of low 

water pollutants concentration region. 

 

Disadvantages 
[25]

: (1) When processing the same capability of wastewater, the area is 

greater than the horizontal and vertical subsurface flow constructed wetlands. (2) Easy 

breeding mosquitoes in summer; (3) Because the sewage directly exposed to the 

ground surface, there are some odor, it can be only constructed in the downwind 

region which is far away from residential areas; (4) hydraulic loading rate is small; (5) 

it is affected by climate, in the cold season water surface will ice up, it is not suitable 
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for cold climate regions. (5) It could not take full advantage of the filler and plant 

roots, and the decontamination capability is limited. 

 

 Horizontal subsurface flow constructed wetland  

 

In the horizontal subsurface flow constructed wetland, plant roots release and transfer 

oxygen to make the surrounding environment present aerobic, hypoxia and anaerobic 

states, it is it one of the important mechanisms of removing contaminants, especially 

nitrogen removal. The presence of fillers and plant roots supply the attached carrier 

for a variety of microorganisms, and it forms the micro-environment for the removal 

of organic pollutants. At the same time, it also provides a good hydraulic condition for 

the sewage seepage. The oxygen needed by aerobic biochemical reactions in the 

wetland come from the atmospheric oxygen, but the quantity is often inadequate, 

which also hampers the improvement of denitrification efficiency 
[24]

. It will greatly 

improve the efficiency of nitrogen removal after wetland sewage nitrification. This 

type of artificial wetlands is most widely used all over the world, and it can be also 

applied on cold climate areas and sewage treatment of high pollution load. The 

operation should pay attention to prevent clogging, eliminate short-circuiting and 

control water level
 [25]

. 

 

Advantages 
[25]

: (1) Make full use of wetlands space to collaborate the entire system 

(plants, microorganisms and matrix), so its processing capacity have been greatly 

improved compared with free water surface flow wetland system in the case of the 

same area; (2) Resistance to high hydraulic loading; (3) Small footprint, high sewage 

treatment efficiency; (4) The sewage flows under the ground, good insulation effect, 

the treatment effect cannot affected by temperature, it is suitable for cold regions; (5) 

no odor. 

 

Disadvantages: Higher cost of investment, construction and operation than free water 

surface flow constructed wetland, control is relatively complex. 

 

 Vertical subsurface flow constructed wetland  

 

Its main function is to improve the transfer efficiency of oxygen to the wastewater and 

the matrix. Its surface layer is usually the sand of good permeability, and it is 

intermittent water pumping. The sewage is distributed to the gravel bed and flood the 

entire surface, and then it seeps vertically to the bottom, gradually collected from the 

bottom of the drainage network. Between the next intake gap, allowing the bed of 

filler filled with air, so the next batch of wastewater can be fully contacted with air, in 

order to improve the oxygen transfer efficiency and increase removing ability of BOD 

and ammonia 
[28]

. The plants also transfer a part of oxygen to the root zone. This class 

of artificial wetlands is suitable for the regions which have warm climate, high 

Concentration of polluting effluent and constrained area of land resource. Take China  

for example, it is not suitable for China's northeast and northwest cold regions, it is 
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widely used in the south of the Yangtze River basin, where the coldest average 

temperature is above freezing point 
[27]

. The operation should note that sewage pipe 

pressure adjustment, appropriate space allocation, time allocation of intermittent 

water. 

 

Advantages: (1) High pollutant treatment efficiency; (2) Good capability to remove 

pollutants; (3) Fewer land resources. 

 

Disadvantages: (1) Construction cost is higher than horizontal subsurface flow 

constructed wetland; (2) Monitoring is relatively more difficult than free water surface 

flow constructed wetlands; the (3) It is generally suitable for warm areas, not suitable 

for cold regions. 

 

3.4.4 Water level control  

 

 

Water level control of wetland system is equally important to the traditional sewage 

treatment system. The water level control is an indispensable part of system operation, 

maintenance and regulation. System depth is apparently as deeper as possible for 

better treatment capability, but the depth of plant roots should be considered in 

practice 
[19]

. If water depth is too shallow, the roots cannot grow normally, it is 

difficult to form a favorable environment for the degradation; if water depth is too 

deep, the roots cannot transfer oxygen to the bottom, and it affects nitrification and 

reduce project efficiency 
[21]

.  

 

The surface flow wetland’s water level is 10 ~ 200cm which is recommended by the 

water treatment database of North American, the typical depth is l5 ~ 60cm, the 

operating depth varies from different plant species 
[19]

. In general, the emergent plants 

regional water depth is 60cm. At the same time, the submerged plants area’s water 

depth is 120cm 
[19]

.  

 

Subsurface Flow Constructed Wetlands system has three requirements for water level 

control. When the wastewater treatment system loads the maximum flow, there is no 

backwater in the influent, in order to prevent the occurrence of surface flow. On the 

other hand, when the wastewater treatment system loads the minimum flow, there is 

no submerged packed bed in the effluent, in order to avoid surface flow. The last 

requirement is to take into account of growth of plants. The water immersion depth of 

plant roots should be as average as possible in the wetland bed and the system should 

try to make the water slope is basically as the same as bottom slope 
[25]

. According to 

U.S. Environmental Protection Agency’s project experience, they maintain that 

subsurface flow constructed wetlands’ influent water depth is approximately 40cm 
[21]

. 

Stroma depth should be 10cm deeper than the water level 
[21]

. When floods occur, the 
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system water flow can be regulated through the valve or damper, the overflow and the 

emergency water level change should be monitored. 

 

3.4.5 Typical wetland cases 

 

 Rongcheng wetland sewage treatment plant 

 

Rongcheng wetland sewage treatment plant is located in the Shandong Peninsula of 

China. The annual average temperature is     , and the annual average rainfall is 

approximately       . Rongcheng wetland utilizes the reed wetland treatment 

process. The entire processing system covers an area of            , and the 

treatment capability is                . This sewage treatment plant loads the 

sewage of about 120,000 inhabitants and a small quantity of industrial waste water. 
[29] 

 

Influent water quality objectives 
[29]

: 

COD: 200-350 mg / L 

BOD: 80-120 mg / L 

SS: 150-200 mg / L 

TP: 2-4 mg / L 

     : 10-30 mg / L 

pH: 7-8 

 

Rongcheng wetland is the class of Leachate constructed wetland which is one kind of 

subsurface flow types. It is transformed from the original nature reed wetland, and the 

system makes the wetland to be unitization. It still uses the original soil, and the 

matrix does not be replaced 
[29]

. The constructed wetlands are built in the suburbs 

where is far away from residential area. Moreover, the wetland plant is adjacent to the 

seaside, and the processed effluent is directly pumped into the sea, in order to 

alleviate the sea water pollution. Rongcheng wetland has been operated normally 

about 10 years. The pretreatment portion adds the enhanced primary treatment of 

floating biological bed, so as to guarantee the long-term operation of wetland and the 

treatment effect of the whole system. 

 

Concentration of effluent indicators 
[29]

: 

SS: 27.8 6.7 mg / L 

COD: 91.0 13.7 mg / L 

BOD: 23.8 4.6 mg / L 

     : 11.3  2.6 mg / L 

TP: 2.00 0.28 mg / L 

 

The statistics illustrates that Rongcheng wetland sewage plant has a good efficiency 

of removing pollutants, especially for the removal of COD, BOD, SS, but Removal 
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effect of       and TP is relatively poor. Temperature and season changes can 

affect the Rongcheng constructed wetland sewage treatment system for removal of 

organic pollutants. There is a best removal efficiency of COD, BOD from April to 

June, the removal efficiency is worst in January and December. For the removal 

of       , July, August and September are best, and January, February are worst. 

The season and temperature effects for TP are relatively small. 

 

 Hunnan constructed wetland 

 

Hunnan constructed wetland is located in Shenyang of China. The annual average 

temperature is      , and the annual average rainfall is approximately         . 

The rainfall of July and August takes 50%. The whole treatment plant covers an area 

of            , including rainwater wetland ecological project, sewage wetland 

ecological project and sludge mineralization bed wetlands project. Among the three 

parts, the sewage wetland project covers        , it processes about 1000 tons 

domestic water from 6000 inhabitants every day. The area of rainwater wetland is 

74,000   , it processes 2000 tons / day rainwater form 2     catchment area. The 

sludge mineralization bed wetland covers 21,000   , it treats 2000 tons wetland 

sludge every year. 
[30] 

 

Influent water quality objectives 
[30]

: 

COD: 300 mg / L 

BOD: 150 mg / L 

SS: 50 mg / L 

 

Hunnan constructed wetland is vertical subsurface flow constructed wetland. The 

wetland plant crops reed, the average depth is 1.5 m, and the matrix is composed of 

gravel, sand and planting soil. Hunnan constructed wetland is located near the 

residential area, the effluent water is used for the surrounding landscape construction 

and water reuse. 

 

The removal efficiency of COD, BOD,       and TP exceeds 90% in Hunnan 

constructed wetland, and removal efficiency of TN and SS is low 
[30]

. 

 

Concentration of effluent indicators 
[30]

: 

SS: 20 mg / L 

COD: 19.5 10.2 mg / L 

BOD: 2.66 0.84 mg / L 

     : 1.30  0.88 mg / L 

TP: 0.25 0.16 mg / L 

TN: 38.15 2.27 mg / L 

 

There is little change in the temperature of influent and effluent water of wetlands 

every year, generally the effluent water temperature is 1-2   lower than the inlet 



 

37 
 

water, the influent water temperature in winter is maintained at about 10   
[30]

. 

When the waste water pass through the wetland treatment, the dissolved oxygen in 

water has been improved, this is mainly due to the vertical subsurface flow 

constructed wetland’s good oxygen transmission capacity. The concentration of 

various pollutants in the effluent water indicates that Hunnan wetlands have good 

decontamination capacity, the increased dissolved oxygen also confirm a more 

thorough purification of the wastewater in the wetland. The main problem is that the 

TN concentration of effluent water is much higher than the requirement, because the 

effective conversion of nitrate cannot be achieved. The treatment effect of Hunnan 

wetlands affected by the the seasonal variability is relatively small, and this is mainly 

because there are upper layer and Lower layer in the replenishment device. The 

underlying water distribution device is started in the winter, and the system effectively 

ensures the water temperature is not too low. 

 

3.5 Other similar applications 

The above report can be used in both potable water treatment and water in fuel & oil 

treatment. Compared with Sewage treatment, the most significant difference is 

detecting parameters and standards.   

 

In regard to pumping station and treatment plant, the WSN modules in potable water 

treatment are the same as above statement in waste water treatment. Except pumping 

station and treatment plant, another important place in water treatment is water intake 

station. The water pressure in potable water treatment is an extremely focused point, 

because it is directly related to residential water. Regular indices of drinking water 

standards are shown in Table 5. 

 

 

     Fig.22 GPRS pressure system for water supply network 
[17] 



 

38 
 

 

 
                    Fig.23 Water intake station

[17] 

 

 

                   Fig.24 Water intake project structure 
[17] 

 

 

As illustrated in Figure 23, this is the water intake station in my case study. Water 

intake at Taihu Lake, with a capacity of 600,000 Cubic meter per day. Water intake 

extends 1.7 km into the lake, with a fence circumference of 3.2 km, covering a total 

area of 2.8 sq km 
[17]

. Because it is far away from the coast, we should set the WSN 

Platform in the intake tower to control the intake water’s quality.  
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                               Table 5 

            Regular indices of drinking water standards, China 
[18] 

 

                                                 Unit: mg/l 

 

Item Limits 

Chroma 15 

Turbidity (NTU-Nephelometric 

Turbidity Units) 

1 

Smell odorless, odor 

Visible matter None 

pH (pH units) 6.5-8.5 

Aluminum 0.2 

Iron 0.3 

Manganese 0.1 

Copper 1.0 

Zinc 1.0 

Chloride 250 

Sulfate 250 

Total Dissolved Solids 1000 

Total hardness (CaCO3) 450 

Oxygen consumption(COD) 3 

Volatile Phenols  0.002 

Anionic synthetic detergents 0.3 
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CHARPTER IV: Aquaculture management 

4.1 Fishery Water Quality standard & Requirement 

 

The water quality indicators of fish farm can refer to Table 6&7, and the water quality 

standard of shrimp can also refer to Table 6. The specific indicators are also sensors’ 

sensing targets and range. 

 

                                Table 6 

        Key parameters under Fishery Water Quality standard, China (GB 11607-89) 
[13] 

                                                             Unit: mg/l 

No. Item Standard value 

1 Color, smell fish, shrimp, shellfish and algae no harmonia, odor 

2 Floating material no obvious oil or floating foam 

3 Suspended material Artificially increasing amount no more than 10, and suspended material deposited on the 

bottom should not have harmful effects on fish, shrimp, shellfish 

4 pH Freshwater 6.5-8.5, seawater 7.0-8.5 

5 Dissolved oxygen Continuous 24hours, 16hours must be greater than 5, the others at any time should not be 

less than 3, for salmonids inhabiting the water of ice should not be less than 4 

6 Biochemical oxygen demand  (5 

days, 20 ° C) 

No more than 5, frozen period no more than 3 

7 Total coliforms No more than 5000 / L (shellfish aquaculture water quality no more than 500 / L) 

8 Mercury ≤0.0005  

9 Cadmium ≤0.005  

10 Lead ≤0.05  

11 Chromium ≤0.1  

12 Copper ≤0.01  

13 Sulfide ≤0.2  

14 Fluoride ≤1  

15 Non-ionic ammonia ≤0.02  

16 Kjeldahl nitrogen ≤0.05  

                              

 

The standard of Table 7 is proposed by the Ministry of Agriculture of the People's 

Republic of China, and it is mandatory Fishery Sea Water Quality Standard used for 

Guangdong province. The standard of is based on the current GB3097-1997《Sea 

Water Quality Standard》and GB 11607-1989《Fishery Water Quality Standard》. It 

refers to some relevant standards of other countries, and it combines with the 

domestic marine aquaculture environment, heavy metal residues, toxicity toxicology, 
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microbiology and other aspects of research. This standard ensures that marine 

aquaculture product is safe. It focuses on the control of heavy metals, pesticides and 

other nuisance substances in particular. 

                              

  Table 7 

Key parameters under Marine aquaculture water quality standard, China 
[14] 

                                                             Unit: mg/l 

No. Item Standard value 

1 Color, smell fish, shrimp, shellfish and algae no harmonia, odor 

2 Total coliform No more than 5000 / L (shellfish aquaculture water quality no more than 500 / L) 

3 Fecal coliform No more than 2000 / L (shellfish aquaculture water quality no more than 140 / L) 

4 Mercury ≤0.0002 

5 Cadmium ≤0.005  

6 Lead ≤0.05  

7 Hexavalent chromium ≤0.01 

8 Total chromium ≤0.1  

9 Copper ≤0.01  

10 Zinc ≤0.1  

11 Nickel ≤0.05  

12 Arsenic ≤0.03 

13 Selenium ≤0.02 

 

 

                                

 

4.2 Case study & State of art 

 

My case study is focused on “Digital integrated system of intensive aquaculture” 

Which is researched by CICTA 
[31]

. This system consists of water quality monitoring 

stations, aeration controllers, on-site and remote monitoring center subsystems. 

 

Water quality monitoring stations can be optional installed with dissolved oxygen 

sensor, pH sensor, water level sensor, salinity sensor, turbidity sensor and intelligent 

data acquisition. The main purpose is to collect, process and transmit environmental 

parameters of water quality on fish farming. 

 

The oxygen controller includes a wireless control terminals, distribution box, air 

compressor and aeration pipe (or aerator) 
[32]

. Wireless control terminal summary 

information collected by the Water Quality Monitoring Stations. According to 

dissolved oxygen demand of different cultured species, aerobic equipment is 

controlled by the algorithm model action. 
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On-site monitoring center includes WSN access points and on-site monitoring 

computer. The monitoring computer summaries the data through wireless control 

terminal. The user can check water quality parameters in the local area, while 

analyzing data, making control decision and sending control commands via a wireless 

access point to the distribution box 
[32]

.  

 

Remote monitoring center receives convergence of data from GPRS remote terminals. 

The users can not only remotely query water quality information through mobile 

phones, PDAs and computers, but also analyze, make control decisions, control 

oxygen equipment. 

 

There are four advantages about this system. Firstly, it is provided with 

self-identification, self-correction, self-compensation and universal digital serial, so 

this water monitoring system has good interchangeability. Secondly, wireless sensor 

networks are developed with flexible networking and ultra-low power consumption. 

The distance of wireless single-hop communication is not less than 500m. Through a 

wireless relay and caching technology, the system can cover 10 square kilometers of 

the fish farming range. Thirdly, wireless network devices are 3.0V battery-powered 

and it is solar power supply. The features are low voltage, exempt cabling, lower 

equipment costs, low power consumption and easy installation on site. It is suitable 

for long-term field monitoring. Fourthly, the system provides the SMS remote control 

functions, and provide 3G, 4G mobile video surveillance interface. 
[31] [32] 

 

There are several typical aquaculture water quality monitoring cases by CICTA. 

 

• Yixing crab farming environment intelligent monitoring system 

 

Yixing Agriculture and Forestry Bureau used this system for crab culture in intensive, 

high-yield, efficient, ecological and safe developing needs, and developed a set of 

intelligent sensing technology, intelligent data processing technology and intelligent 

control of things data, real-time image acquisition, wireless transmission, intelligent 

processing and prediction of warning information, assisting decision and other 

functions which is integrated in modern aquaculture monitoring and control system 
[31]

. This system achieved the scientific feeding and management of aquaculture by 

detecting water quality parameters, reliable data transmission, the intelligent 

mechanisms of control. Ultimately it achieved energy saving, environmental 

protection, the goal of increasing production and income. The detailed scheme is 

shown in appendix C. 
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• Dongying digital aquaculture system 

 

Dongying Marine Fisheries Agency deployed a set of water quality wireless 

monitoring system in the Dongying sea fishery science and technology center, in 

order to meet the demand for water quality of sea cucumber aquaculture. The system 

can monitor five extremely important indicators of sea cucumber growth and 

development: water temperature, pH, DO, EC, water level. This system achieved the 

long-time measurement of water quality. The data can be real-time displayed through 

a wireless transmission network, and it can also be viewed on a computer, PDA and 

other remote terminals via GPRS or M2M platforms. It achieved the automatic 

monitoring and remote monitoring water environment of sea cucumber farming. The 

detailed scheme is also shown in appendix C. 

 

 

The Table 8 is an example of shrimp ponds at harvest from South America. 

 

 

Table 8 

Effluent load of shrimp ponds at harvest 
[33] 

 

Variable Shrimp Shrimp-Tilapia 

Kg/ha (%)last  

25% 

Kg/ha (%)last 

25% 

Total nitrogen 26.4+/－6.3 29 23.3+/－1.8 25 

Total ammonia N 3.8+/－1.1  2.8+/－0.3  

Total phosphorous 4.4+/－0.9 28 16.8+/－2.3 19 

5-day BOD 100.5+/－34.1 38 231.6+/－18.7 25 

Total suspended 

solids 

2,441+/－1,319 51 7,047+/－1,392 42 

ChlorophyⅡa 0.7+/－0.2 13 3.1+/－0.5 22 

 

Table.6 Mean content of selected water quality variables at harvest and percentage of mass content in 

25% of pond effluent at harvest (Shrimp: 4 ponds, 6-8 shrimp/square meters & Shrimp-Tilapia: 4 ponds, 

2-3 shrimp/square meters + 7,000-120g Tilapia/ha) 

Source: S.sonnenholzner and J. Cruz. Global Aquaculture Advocate, June 2003 
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4.3 Proposal solution 

4.3.1 Network protocol & topology 

Extended Star Star

 

   Fig.25 Star Topology for aquaculture 

 

 

Taking into account of aquaculture environment and associating with the 

characteristics of Star Topology which are introduced in Chapter 3, Star Topology is 

the best choice for WSN platform used in fish farming. For large-scale aquaculture, 

we could use an extended Star Network Topology. Set up several master monitoring 

nodes around the center node. GPRS data communication could be combined with 

Zigbee network in aquaculture area. The same reason as wastewater treatment area: 

most indicators’ sampling frequency is twice or three times per day and the amount of 

each sensor’s data is few.  
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4.3.2 Node deployment & Coverage scale 

 

 

             Fig.26 Fish Farming Node Deploying Architecture 

 

Figure 26 is a schematic diagram of Node deployment & layered architecture 

including fish pond aquaculture, mariculture and river water aquaculture. In 

accordance with the location of mariculture and river water aquaculture, the control 

system should be settled at the place on land. The master node could be settled in the 

center of aquaculture area, and the sub-node can be settled at buoy. The number of 

nodes should be on the basis of aquaculture density, environment and method. In my 

case study, Jinshan shrimp base of Shanghai Ocean University has built 20 GPRS 

nodes, covering the six farming workshops (each workshop 5,000 square meters) and 

16 fish farming ponds 
[35]

.  

 

For fish pond aquaculture, it is simpler than sea and river fish farming, every fish 

pond usually needs one WSN Platform. According to different fish farming processes 

and capacities, the fish pond area is also changed, but it is enough to install one or two 

WSN platforms for every fish pond. 
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4.3.3 Sample interval 

Under normal situation, the fish and shrimp should be feed at least two times per day. 

The most important indicators are temperature, pH, dissolved oxygen and salinity, so 

they should be detected on real-time. Then the other indicators could be detected 

every 12 hours. The frequency of changing water is determined by feeding frequency 

and the real situation of water quality, the 50% water in the fish pond should be 

changed every one week normally. 

 

4.3.4 Feeding management 

 

In fish farming area, except water quality system, there is also an automatic feeding 

system for fish pond, it can feed 2~6 times 
[36]

 per day according to different kinds of 

fish. The automatic feeding unit can be also combined with our water monitoring 

system through wireless node. 

 

 

4.3.5 System instruments 

 

Main detecting instruments in the pumping system: 

 

• Water level meter 

• pH meter 

• Water temperature meter 

• Dissolved oxygen analyzer 

• COD, BOD analyzer 

• Ammonia analyzer 

• Salinity meter 

• Nitrite analyzer 

• Turbidity meter 

• Hydrogen sulfide meter 

• Aerator automatic controller 

• sampler 

• System components and recorders 
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Some Marine fish farming indicators of American standard 
[40]

:  

 

pH: 7.0 - 8.5 

Dissolved Oxygen:  7.0 mg/l  

Temperature: 18 ℃ - 26 ℃ 

Cadmium:  0.003 mg/l (hard water) /  0.0004 mg/l (soft water)   

Chromium:    0.01 mg/l 

 

 

The detecting instruments’ functions: 

 

• 24-hour real-time monitoring 

• Wireless remote monitoring - staff can monitor the breeding environment by 

mobile, they do not have to visit the site 

• Automatic alarm - alarm through SMS or the central control software 

• Monitoring data management, analysis and statistics; generate a monitoring 

report regularly 

• Internet access - Users can browse real-time monitoring data and monitoring 

reports 

• Remote control - the user can control the terminal device through the Internet, 

SMS and etc. For example, set time, conditions or the user commands to 

control the oxygen equipment or the water temperature regulating devices 
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4.3.6 Aquaculture control system & Water level control 

Water quality 
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Fig.27 Aquaculture water control system  

 

Different mariculturists use variety water level standard due to different fish farming 

methods. Start from fry or fingerlings period, some fish farmers has maintained a 

deep water level in the pond about 15~25 m 
[37]

. It is suitable for the breeding species 

in Large-scale range. Under normal circumstances, When early fry or small - sized 

species under pond, fish ponds should maintain a low water level generally, preferably 

in the 6~8 m. As larger as the fish grow up, the deeper the water level should be lately. 

Deepening water level method: When fry under small-scale fish pond about 10 days, 

intake water to the depth of 2~3 meters once per week, until the water reach 25 meters 

deep 
[37]

. In the adult fish farming stage, according to the pond water quality and 

dissolved oxygen in the pond, intake water into the pond approximately 7~10 times, 

so that the water transparency is maintained at 3 meters.  

 

For shrimp farming, normally the water level is maintained at about 0.5~1.5 m 
[38]

. 

With the growth of shrimp, add water gradually and Pump fresh water once in 10~15 

days 
[39]

. 
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4.3.7 Optimized software operation flow 
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                        Fig.28 Software operation flow 

 

 

As illustrated in Figure 28, this is Optimized software operation flow for water quality 

monitoring nodes in fish farming. The “fish pond water change” module can be 

defined as fresh water intake and drain the same amount of waste water.  
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4.4 Other similar applications  

 

 

              Fig.29 River & sea water quality monitoring system 

 

The river & sea water detecting system is a little similar to the mariculture and river 

water aquaculture. There are three ways to settle wireless node and sensors: (1) Install 

the WSN platform directly at the detecting shore station; (2) Fix the WSN platform on 

the buoy; (3) Put the WSN platform inside of one probe on the detecting ship. Most of 

the detecting modules are the same as aquaculture monitoring system. 

 

Because the GSM/GPRS signal may not be received in some remote areas, we should 

add Iridium SBD (Short Burst Data) Module into WSN platform. The Iridium SBD is 

the commonly used satellite communication technology. On the ground, we can use 

E-mail protocol or Direct IP link to obtain data. E-mail protocol process: transfer data 

between the ground Iridium gateway and the user application through e-mail, then the 

Iridium SBD use Iridium network to receive and transfer data between SBD module 

and Iridium gateway. So it achieves bi-directional data transmission between user and 

the Iridium SBD, and Iridium SBD communication provides a reliable channel for 

river and marine data transmission. 
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CHARPTER V: System platform based on iPack-WSN 

GPS antenna

GPRS antenna

SAN antenna

 

               Fig.30 iPack WSN platform 

 

 
              Fig.31 iPack WSN node settled in the analyzer 

 

 

Take the sewage treatment environment as an example, the electrical Specifications of 

vast majority of water analyzers are as follows, Output signal: 4~20 mA, Power: 

220V 50Hz, Response time: ≤ 30 seconds. As illustrated in the Figure 31, iPack 

WSN node can be directly connected to the analyzer through analyzer’s 

communication interface protocols, such as MODBUS/PROFIBUS/JBUS/RS 232/RS 

485. As requirements, the optional interfaces can be added to iPack WSN Platform.  
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On the other hand, iPack WSN node could be combined with several sensor units 

through serial port link, different from the analyzer can take water sample by itself, 

the sampler must be integrated into the monitoring system. The operating voltage and 

output signal of basic water sensors are various. The former analyzer is used for 

accurate detection of TN, TP, BOD, COD and other important indicators, and it can be 

used in effluent detection or pump station. The latter system can be used in treatment 

pond, random water inspection or rapid detection. 

 

As shown in Figure 30, this is manufactured iPack wireless sensor nodes (2nd 

generation), and SAN stands for Sensor Area Network. A main node consists of four 

PCB boards: main board, interface board, sensor board and SAN board. A sub node 

includes one PCB board and a set of 500mAh Li-      coin batteries 
[41]

. The main 

node is encapsulated with a 4000mAh rechargeable Li-ion battery inside a water proof 

188mm*65mm* 26mm aluminum case. The sub node is packaged in a water proof 

86mm*54mm* 6.0mm engineering plastic case 
[42]

. MCU of both main node and sub 

node make use of MSP430 from TI Inc 
[43]

. The sensors inside the main node are as 

follows: Temperature, Humidity,     ,    , Ethylene, 3-axis Accelerometer, GPS 
[41]

. 

The water quality monitoring system could also take advantage of the 3D-GIS 

technology which has been developed in a previous iPack User Interface. 3D-GIS are 

really useful for the river water detection and water pipeline network management. 

The used 3D-position GPS occupies 24 bytes per sample 
[42]

. In order to extend 

battery life, the V4 main node utilizes an internal 40Ah onetime or 20 Ah 

rechargeable battery. The communication between main node and server use SMS 

link and IP link. SAN Link is the wireless communication between main node and sub 

node, SAN Link could choose Zigbee protocol in water environment 
[43]

. The above 

details are a part of important specifications on iPack WSN system. 
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CHARPTER VI: Conclusion & Future Work 

5.1 Conclusion 

 

There are four water environments in my thesis study, and the research and 

investigation are focused on the sewage treatment and the aquaculture management. 

The potable water treatment is similar to the wastewater treatment, the same as 

aquaculture and river water environment. The thesis work consists of seven main 

parts: wireless network, sensing target, deployment requirement, environment scene, 

typical application, treatment process, control system. 

 

First of all, wireless network study is composed of wireless cover range, frequency, 

lifetime, topology, network deployment, merits and demerits of each wireless protocol, 

like UWB, Bluetooth, WiFi and WiMAX. The Network protocol section is 

concentrated on physical layer and MAC layer. Then the system architecture is built 

including Zigbee module, GPRS module, data storage module, control module, pump 

module, sampling module and etc. The specific indicators of water quality are listed 

and the specific requirements for this system are investigated, like power, network 

range, temperature, climate, security, node coverage, location, installation, dimension 

and other influencing factors. Moreover, the system deployment and operation flow 

are optimized. Finally, on the basis of different water environment, an optimized 

water quality monitoring program is put forward for each application. In terms of 

extra applications for control system, such as water level control and automatic 

feeding, in associated with wireless sensor network, they can monitor and control the 

entire water network system. 

 

5.2 Future work 

 

Based on the architecture proposed in the above chapters, test and simulate the 

optimized monitoring system model by integrating our iPack WSN Platform with 

pump, sampler, water quality sensors, backend software and etc. Evaluate it by 

comparing with the specific environmental indicators and requirements. Except for 

water supply and treatment, this WSN platform can be also expanded to oil and gas 

industry. 
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APPENDIX A 

                             Table 9 

          Fishery Water Quality standard, China (GB 11607-89) 
[13]

 

                                                            Unit: mg/l 

No. Item Standard value 

1 Color, smell fish, shrimp, shellfish and algae no harmonia, odor 

2 Floating material no obvious oil or floating foam 

3 Suspended material Artificially increasing amount no more than 10, and suspended material deposited on the 

bottom should not have harmful effects on fish, shrimp, shellfish 

4 pH Freshwater 6.5-8.5, seawater 7.0-8.5 

5 Dissolved oxygen Continuous 24hours, 16hours must be greater than 5, the others at any time should not be 

less than 3, for salmonids inhabiting the water of ice should not be less than 4 

6 Biochemical oxygen demand  (5 

days, 20 ° C) 

No more than 5, frozen period no more than 3 

7 Total coliforms No more than 5000 / L (shellfish aquaculture water quality no more than 500 / L) 

8 Mercury ≤0.0005  

9 Cadmium ≤0.005  

10 Lead ≤0.05  

11 Chromium ≤0.1  

12 Copper ≤0.01  

13 Zinc ≤0.1  

14 Nickel ≤0.05  

15 Arsenic ≤0.05  

16 Cyanide ≤0.005  

17 Sulfide ≤0.2  

18 Fluoride ≤1  

19 Non-ionic ammonia ≤0.02  

20 Kjeldahl nitrogen ≤0.05  

21 Volatile phenols ≤0.005  

22 Yellow phosphorus ≤0.001  

23 Oil ≤0.05  

24 Acrylonitrile ≤0.5  

25 Acrolein ≤0.02  

26 BHC (C body) ≤0.002  

27 DDT ≤0.001  

28 Malathion ≤0.005  

29 PCP-Na ≤0.01  

30 Rogor ≤0.1  

31 Methamidophos ≤1  

32 Methyl parathion ≤0.0005  

33 Carbofuran ≤0.01  
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APPENDIX B 

Table 10 

Marine aquaculture water quality standard, China 
[14]

 

                                                      Unit: mg/l 

No. Item Standard value 

1 Color, smell fish, shrimp, shellfish and algae no harmonia, odor 

2 Total coliform No more than 5000 / L (shellfish aquaculture water quality no more than 500 / L) 

3 Fecal coliform No more than 2000 / L (shellfish aquaculture water quality no more than 140 / L) 

4 Mercury ≤0.0002 

5 Cadmium ≤0.005  

6 Lead ≤0.05  

7 Hexavalent chromium ≤0.01 

8 Total chromium ≤0.1  

9 Copper ≤0.01  

10 Zinc ≤0.1  

11 Nickel ≤0.05  

12 Arsenic ≤0.03 

13 Selenium ≤0.02 

14 Cyanide ≤0.005  

15 Volatile phenols ≤0.005  

16 Oil ≤0.05  

17 BHC (C body) ≤0.001  

18 DDT ≤0.000 05 

19 Malathion ≤0.0005  

20 Rogor ≤0.1  

21 Methyl parathion ≤0.0005  

22 PCBs ≤0.000 02  
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APPENDIX C 

 

 
Fig.33 Crab farming monitoring system 

[31]
 

                              (Source: CICTA) 

 

 

 

                        

Fig.34 Digital aquaculture system 
[31]

 

(Source: CICTA) 
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APPENDIX D 

 

 

Table 11 

Wide-ranging concentrations of shrimp farm effluents 
[34]

 

 

 

 Median Minimum 

(mg/L) 

Maximum 

Total nitrogen 2.04 0.02 2,600 

Nitrite-nitrogen 0.05 0.00 0.91 

Nitrate-nitrogen 0.30 0.001 7.00 

Total ammonia nitrogen 0.38 0.01 7.87 

Total phosphorous 0.26 0.01 110 

Soluble reactive P 0.09 0.00 11.2 

Dissolved oxygen 5.6 0.4 9.6 

pH (standard units) 8.2 6.3 9.2 

5-day BOD 8.9 1.3 50.7 

Total suspended solids 108 10 3,671 

Volatile suspended solids 43 8 713 

ChlorophyⅡa 0.067 0.001 0.69 

 

(Source: C.E. Boyd and D. Gautier., Effluent Composition and Water Quality Standards Global Aquaculture 

Advocate, vol. 3, Issue 5 pp. 61-66, October 2000) 

 


