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Abstract—We are developing a wireless sensor network 
system for the lake water quality monitoring, which consists of 
sensor module, wireless transceiver module, control IC’s and 
power module. In the sensor module, sensors to monitor the 
water quality such as pH sensor, turbidity sensor, chlorophyll 
concentration sensor and dissolved oxygen concentration sensor, 
will be integrated as a microfluidic device. The power module of 
a sensor node of the wireless sensor network system will be 
implemented with solar cells and thermoelectric effect based 
energy harvesting devices utilizing temperature difference 
between the surface and the bottom water layer. In this paper, we 
report the feasibility study results of a turbidity sensor that will 
be integrated into the sensor module for the lake water quality 
monitoring. Our turbidity sensor has been achieved by a simple 
optical setup, which consists of LED and photodiode. The 
turbidity is determined by measuring the transmittance of 
scattered LED light by the particles in the water sample. As a 
result of experiments with the lake water sample, we could verify 
that our simple optical measurement setup can be a useful tool in 
turbidity sensing. 

Keywords—water quality monitoring; turbidity; optical setup 

I.  INTRODUCTION 
In these days, environmental monitoring system is an 

important research and development topic in terms of the 
preservation of environmental systems [1-6]. The targets of 
the environment monitoring system are very wide. For 
instance, it will be air pollution, soil pollution, water pollution, 
noise pollution, radiation pollution and so on. Especially, we 
focus on water pollution monitoring in this paper, which is one 
of important issues in worldwide because the water quality 
monitoring is closely related to the quality of drinking water, 
and water for fishery and agriculture. In typical water quality 
monitoring systems, physical and chemical quantities, such as 
pH, turbidity, dissolved oxygen concentration, chlorophyll 
concentration, temperature and so on, have been monitored.  

However, a commercially available conventional water 
quality monitoring system has generally high cost and large 
size. The high cost of the monitoring systems prevents real 
time and continuous monitoring of a large area. In other words, 
the sufficient numbers of water quality monitoring system are 
not able to be established in the large natural resources like the 

lake due to the high cost of monitoring system. It also causes 
low monitoring accuracy. 

In order to obtain a low cost water quality monitoring 
system, we have proposed a wireless sensor network system for 
the high accuracy water quality monitoring. Our wireless 
sensor network system consists of sensor module, wireless 
transceiver module, control IC’s for sensors, communication 
and power management, and power module. In the sensor 
module, various sensors to monitor water quality such as pH 
sensor, turbidity sensor, chlorophyll concentration sensor and 
dissolved oxygen concentration sensor will be integrated as a 
microfluidic device. Among those sensors, we have developed 
a pH sensor. Our pH sensor measures pH with three electrodes 
which are working, counter and reference electrode. We have 
integrated three electrodes into the microfluidic channel even 
including reference electrode. It can be applicable to not only 
water quality monitoring but also other fields like nanoparticle 
synthesis monitoring [7]. Moreover, we are developing a 
turbidity sensor, which measures the turbidity by measuring the 
transmittance of scattered light by the particles in the water 
sample. In this paper, we report the feasibility study results of 
the turbidity sensor implemented with a simple optical setup. 

II. EXPERIMENT 

A. Optical Setup for Turbidity Sensing 
In order to detect turbidity rapidly and accurately, we 

adopted optical detection method. A schematic view of our 
optical measurement setup for the turbidity detection is shown 
in Fig. 1. The optical measurement setup consists of LED light 
source, photodiode and socket. The turbidity is obtained by 
measuring photovoltage of photodiode, which is correlated to 
the transmittance of scattered LED light by particles in water 
sample. In other words, the higher turbidity is, the larger 
photovoltage is due to higher scattering by many small 
particles. The experiment is performed in the dark box to 
prevent the effect of environmental light exposure. The 
measurement optical setup shown in Fig. 1 is for verification of 
the turbidity sensing principle, and the LED light source and 
photodiode will be integrated into the microfluidic device 
based pH sensor. Furthermore, in near future, we are going to 
implement them by thin film layers, which give more compact 
sized sensor module for water quality monitoring. In Fig. 2, 



 

 

 

 

 

 

 

 

 

 

 
Fig. 1. Schematic view of our optical measurement setup. 

 

 

 

 

 

 

 

 

 
 

Fig. 2. Photograph of our optical measurement setup. 

the photographs of optical measurement setup are shown. In 
the measurement setup, a blue LED (OSUB5111A-ST, 
OptoSupply) is used for the light source, whose central 
wavelength is 470 nm. The photodiode (S7183, Hamamatsu 
Photonics) for the scattered light detection has sensitivity range 
from 300 to 1000 nm. The socket to fix the light source, 
photodiode and water sample is fabricated by 3D printing 
technique. When we measured the turbidity with the 
measurement setup shown in Fig. 2, it was put into the dark 
box likely shown in Fig. 1. The equivalent circuit diagram of 
the measurement setup is shown in Fig. 3. The power supply 
voltage (Vcc), current control resistor (R1) for LED, and bias 
resistor (R2) for photovoltage measurement are 5 V, 0.984 kΩ, 
and 9.89 kΩ, respectively. 

B. Turbidity Mesurments 
In order to confirm the feasibility of our optical 

measurement setup before performing integration of turbidity 
sensor into microfluidic based pH sensor, we have performed 
experiments with the lake water samples. 

Before the measurement, first of all, we have calibrated the 
turbidity sensor with standard solutions to clarify the 
correlation between the turbidity and the photovoltage. 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3. The equivalent circuit diagram of our experiment setup.  

In international standard ISO 7027 for measuring turbidity 
by the scattered light method, formazine solution is 
recommended for the turbidity standard solution. However the 
formazine is difficult to handle because the formazine 
hydrazine sulfate is necessary during synthesis process that is 
carcinogenic agent. 

On the other hand, kaolin is prevalently utilized as a 
turbidity standard solution for a long time. Since kaolin is clay 
mineral, it is completely free of anything harmful, easy to 
handle and low cost material. However, kaolin solution is easy 
to settle down. It causes a problem that the turbidity is varied 
during the measurement. In order to resolve the problem, the 
styrene microbeads are proposed as the turbidity standard 
solution. However, the styrene microbeads turbidity standard 
solution is much expensive than other turbidity standard 
solutions. 

In the calibration, firstly we utilized 100 NTU 
(Nephelometric Turbidity Unit) styrene microbeads standard 
solution as the reference. Furthermore, in order to obtain 
accurate calibration curve, we also calibrated with 100 NTU 
kaolin standard solution and the calibration result was 
compared with that by the 100 NTU styrene microbeads 
standard solution. After the confirmation of calibration results 
with 100 NTU two different standard solutions, we established 
calibration curve with kaolin standard solutions having various 
NTU values. The calibration result is shown in Fig. 4. We 
measured photovolatages 4 times for each kaolin standard 
solution and the mean values are shown in Fig. 4. We were 
able to confirm the high linearity in case of under the 80 NTU, 
which is sufficient to measure the turbidity for usual lake water. 

Next, we performed the measurement with the water of the 
Lake Koyama. The Lake Koyama is a brackish lake and 
located nearby our university campus at Tottori prefecture in 
Japan. The Lake Koyama has an area of about 7 km2 and its 
maximum water depth is 6.5 m. The location of the Lake 
Koyama and sampling places in it are indicated in Fig. 5. We 
measured the turbidity of 9 places. Among them, the sampling 
places No. 2 and No. 3 are near the inlets and the place No. 8 is 
near the outlet for the lake water. 
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Fig. 4. The calibration curve of our turbidity sensor for kaolin standard 
solutions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 5. Sampling points of the Lake Koyama. 

Fig. 6 shows the photographs of the sampling places of No. 
1 to No. 3 and water samples at those places. The water 
samples were obtained from the lakesides at each sampling 
point on January 2015. At each sampling point, the lake water 
was clear when inspected by the naked eyes. Moreover, we 
could not distinguish the turbidity of each water sample by the 
naked eyes. 

The water samples were set into the socket in the laboratory 
as shown in Fig. 1 and Fig. 2. In the turbidity measurement, we 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 

Fig. 6. The photographs of (a), (c) and (e) show the sampling pleces in the 
Lake Koyama of No.1, No. 2 and No. 3 in Fig. 5, respectively. Moreover, the 
photorgraphs of (b), (d) and (f) show the water samples obtained at the places 
of No. 1, No. 2 and No. 3 in Fig. 5, respectively.  

measured 10 samples in total, which are 9 water samples 
obtained from the Lake Koyama and 1 purified water sample 
for comparison. The turbidity measurement results are 
summarized in Fig. 7, which calibrated by the results shown in 
Fig. 4. 

By the turbidity measurement with our simple optical setup, 
we were able to distinguish clearly the turbidity of the water 
samples although they were seen similarly by the naked eyes. 
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Fig. 7. The turbidity measurement results of the lake water samples obtained 
from the Lake Koyama. The sample numbers are corresponding to those in 
Fig. 5. 

In Fig. 7, the turbidity of the sample No. 3 is 4.5 NTU, which 
is the largest value. It seems that the inflow of clay due to some 
works near the sampling place No. 3 around the sampling date 
is caused to increase of the turbidity.  

III. CONCLUSIONS AND FUTURE WORKS 
We have proposed the turbidity sensor implemented with a 

simple optical measurement setup for the lake water quality 
monitoring. The turbidity sensor has been developed as a 
sensor of the sensor module for wireless sensor network 
environmental monitoring system. We have also developed the 
microfluidic device based pH sensor, which is also a 
component of the sensor module. Before the integrating the 
turbidity sensor with the pH sensor, we have performed 
feasibility study with the lake water samples.  In the 
measurement, the lake water samples were utilized and we 
could successfully achieve the quantification of the turbidity 
although we could not distinguish the turbidity of the lake 
water samples with only naked eyes. As a result, we could 
confirm the feasibility of our turbidity sensor implemented 

 

 

 

 

 

 

 

 

with a simple optical measurement setup. 

In near future, our turbidity sensor will be integrated with 
the microfluidic device based pH sensor. Moreover, we are 
going to develop other sensors for water quality monitoring 
such as chlorophyll concentration sensor and dissolved oxygen 
concentration sensor. Besides the sensors, the power generation 
devices and the control circuits will be also developed and 
integrated to realize the wireless sensor network system for the 
water quality monitoring.  
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