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Abstract
With the deveelopment of coaastal industriess, marine polluution has intenssified, and morre and more shhellfish in marine areas
have been pollluted to varyinng degrees. Peeople's health can be comproomised when eating contam
minated shellfish
h. In the
actual purificaation process of
o the shellfish purification plant project, thhere is no in-deepth exploratioon of the param
meters of
the purificationn pond. Basedd on supplemennting the basic research for thhe developmentt of the oyster purification in
ndustry at
different tempperatures, salinnities, pH, ultrraviolet lamp power, irradiaation time, andd water flow rate, we find the best
environmentall conditions aree a temperature of 30 °C, a ppH of 8, a salinnity of 32%, ann ultraviolet laamp illuminatio
on power
of 9w, an ultraaviolet lamp irrradiation timee of 12h, and a water body fflow rate of 0..5m/s. We suppplement basic research
related to bioeengineering in China.
C
We hoppe that our resuults can providee reference for further researcch and contribu
ute to the
sustainable devvelopment of the
t oyster puriffication industrry. Create econnomic benefits for society.
Keywords: oyysters, purificaation technologgy, environmental parameterrs
1. Introductioon
With the devvelopment of coastal indusstries, marine pollution hass intensified. Contaminatedd areas includ
de Italy's
Campania reggion (Giovannaa Fusco, 2017)), Spain's Galiccia rias region (David Polo, 22015), Xiamenn, China (Youq
qing Cai,
2002, Zhinan Guo, 2014), China's Lianyyungang Areaa (PengLi, 20119). Shellfish in these areas are contamiinated to
ople eat
varying degreees, accumulaating toxic suubstances, pootentially pathhogenic bacillli, and virusees. When peo
contaminated shellfish, theiir health is com
mpromised. Thhe transportatiion of aquatic products to thhe inland retail aquatic
products markket (Xiaoke Xu,
X 2016, Angeelo DePaola, 22010) will furrther expand thhe spread of ccontaminated shellfish.
s
Exposure to toxic substancces such as iinorganic arsenic, methylmeercury (PengL
Li, 2019), andd lead (Ye He
e, 2016)
increases the risk of cancerr. Potential patthogenic bacillli and viruses can cause ouutbreaks of fullminant gastroenteritis.
Norovirus (NV
Vs) (Changsuun Choi, 2016, Keleigh Provvost, 2011) haas become a m
major cause oof viral gastroenteritis.
Vibrio parahaeemolyticus (A
Anna Mottola, 22016) has increeased the inciddence of gastrooenteritis.
Many scholarrs have done reesearch on sheellfish, taking oysters as an example. Cercco (Cerco Carrl F., 2015) desscribes a
series of linkiing modules foor calculating benefits, incluuding Crassosttrea bioenergeetics, material ttransport throu
ugh tidal
prisms, and quuantification of
o benefits. Rassmussen (Rasm
mussen Lasse D
Dam, 2016) deemonstrated att a molecular level that
oysters can acct as a carrierr for Norovirus GII.P17-GIII. Mattarozzi ((Mattarozzi M
Monica, 2016) proposed a de
esorption
electrospray iionization-highh resolution m
mass spectromeetry (DESI-HR
RMS) for screeening for thee presence of paralytic
p
shellfish toxinns in sputum.. Schaeffer (S
Schaeffer Julieen, 2018) fouund that increeasing the effiiciency of wa
astewater
treatment can reduce noroviirus contaminaation in oysterss.
In fact, shellffish purificatioon plant enginneering has bbeen promotedd worldwide ((Qinglin Qiao,, 2000), including the
United States,, Australia, Neew Zealand, thhe Philippines, Thailand, Maalaysia, the Unnited Kingdom
m, Italy, Canada
a, Spain,
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France and so on. The United Kingdom was the first country to begin research and application of shellfish purification
technology, and its purification was mainly in the ultraviolet system (Hua Yang, 2004). In China, the shellfish
purification industry started late. In the 2015 support plan, the Ministry of Science and Technology of China explicitly
included the research and development of aquaculture economical shellfish purification technology (Qing Lin, 2018).
Actually, in China, the parameters in the purification pool are set according to the shellfish growth environment, and
there is no in-depth exploration of the setting of each parameter.
We tried to explore the effects of temperature, salinity, pH (pH), ultraviolet (UV) lamp power, irradiation time, purified
water flow rate and other variables on the purification effect of oysters, so as to find the optimal parameters for oyster
purification. We want to fill the gap in China's theoretical research on this aspect and supplement relevant basic research
for the oyster purification industry.
2. Method
2.1 Experimental Materials
Oysters used in the experiment are called Fujian oyster, which are taken from the Hengqin Oyster Breeding Base in
Zhuhai City, Guangdong Province. After selecting individual oyster samples with similar size, good appearance and
well health, we removed the shell attachments, washed them with sea water, and weighed the live weight with an
electronic balance to make an average of 75.0 ± 1.6g. Each set of experimental samples was processed within three to
four hours of sampling. The oysters were temporarily fed with chlorella in the experiment.
2.2 Experimental Method
Our work includes designing experimental devices, conducting experiments, acquiring data, and analyzing data in four
major parts.
2.2.1 Design of Experimental Device
The design of the experimental device includes designing the purification device in the preliminary filtration stage of
seawater, the device used to adjust various parameters in the pretreatment of seawater during the experiment, and the
device used in the purification process.
water pump
seawater

seawater storage pool

salinity meter
activated carbon adsorption
UV disinfection
water temperature meter
river

pH adjustment electrode

aerator

shellfish purification pool

Figure 1. Figure title (This is an example of figure 1)
During the experiment, device is as shown above. As we can see, injecting seawater from the outside consists of three
different parts: preliminary filtration, pretreatment, and shellfish temporary purification. Preliminary filtration removes
a large amount of garbage and sediment in the seawater. Experimental pretreatment adjusts various parameters.
Shellfish temporary purification is the simulated reduction of the actual shellfish purification process.
During the experiment, we control variables and conduct interactive experiments. Each time we change one or two of
the variables, then perform multiple sets of controlled trial. Through the analysis of a large number of experimental
datas, the law is finally explored.
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In terms of data acquisition, in order to analyze the purification effect of oysters, the water filtration rate after sputum
purification is measured, which is an important reference index for the physiological state after sputum purification.
Playing an important role in the feeding behavior and energy science of shellfish, filtration rate is an important
parameter in evaluating the purification effect and is widely used as the total volume of filtered water in the
filter-feeding shellfish per unit time, which is an important indicator that reflects the physiological state of shellfish.
Shellfish, seawater and bait are placed in a water tank and samples are taken at intervals in order to measure the
concentration of bait in the water. The clear filter (CR) is calculated according to the following formula. When the
retention rate of shellfish to bait pellets reaches 100%, the filtration rate is equal to the clearance rate.

𝑉
𝐶0
𝐶𝑅 = ( ) × Ln( )
nt
C𝑡
Where:

𝐶0 = the concentration of the bait in the box at the beginning of the experiment;
C𝑡 = the concentration of the bait when the concentration of the bait in the tank reaches equilibrium after a period
of t.
The values of 𝐶0 and C𝑡 are determined by hemocyte plate counting method. The method is simple in operation,
requires less capital, and the obtained data is accurate.
2.2.2 Explore Impact of Salinity on Purification of Oysters
Method of regulating seawater salinity: The salinity of natural seawater is 31. Low-salinity seawater is prepared by
adding fully aerated tap water to natural seawater. High-salinity seawater is prepared by adding sea salt and performing
adequate aeration. The salinity is measured by a salinity meter.
Experimental specific steps: Experiments were carried out in a static water system with six groups of salinity gradients
of 24, 26, 28, 30, 32, and 34. The temperature of the system was maintained at 25 °C through a thermostat. After the
start of the test, we placed 3 Oyster individuals in each salinity gradient group. The water didn't be changed during the
experiment. After 24 hours, we collected the data and calculated the water filtration rate of each group of oysters by the
formula. We repeated the experiment several times and took the average.
2.3.3 Explore Impact of Temperature on Purification of Oysters
Method of regulating temperature: Heating by thermostat is used to adjust the seawater to the experimental conditions.
Experimental specific steps: Five sets of temperature gradients of 15 °C, 20 °C, 25 °C, 30 °C, and 35 °C were set in the
static water system. The salinity of the system was adjusted at about 32. After the start of the test, we placed 3 Oyster
individuals in each temperature gradient group. Water didn't be changed during the experiment. After 24 hours, we
collected the data and calculated the water filtration rate of each group of oysters by the formula. We repeated the
experiment several times and took the average.
2.3.4 Explore Impact of power Hydrogen (pH) on Purification of Oysters
Method of regulating pH: The pH adjustment is divided into coarse adjustment and fine adjustment. The coarse
adjustment uses the method of adding HCl solution (reduce pH) and adding NaOH solution (increase pH); The fine
adjustment uses the method of passing high-purity CO2 (reduce pH) and adding quick lime (increase pH).
Experimental specific steps: Experiments were carried out in a static water system with five groups of pH gradients of 5,
7, 8, 9, and 10. The salinity of the system is adjusted at about 32. After the start of the test, we placed 3 Oyster
individuals in each pH gradient group. The water didn't be changed during the experiment. After 24 hours, we collected
the data and calculated the water filtration rate of each group of oysters by the formula. We repeated the experiment
several times and took the average.
2.3.5 Explore Impact of Power and Exposure Time of Ultraviolet (UV) Lamp on Purification of Oysters
In this experiment, the power of the UV lamp and the duration of the irradiation were used as independent variables. We
adjusted the power of the light and the duration of the illumination by changing the type of the UV lamp and the time of
energization.
The different light power gradients and the illumination duration gradients were set separately, and the water filtration
rate of the oysters was measured under different gradient conditions.
1) UV Lamp Power Gradients Experiment
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In the static water system with the UV lamp irradiation condition, we set five UV lamp power gradients groups of 0, 5w,
7w, 9w, and 11w. The temperature of the system was adjusted at 30 °C. The pH was adjusted to about 8. The salinity
was adjusted to about 32. After the start of the test, we placed 3 Oyster individuals in each UV lamp power gradient
group. The water didn't be changed during the experiment. After irradiating the static water system with UV lamp for 6
hours and waiting for 24 hours, we collected data. Based on the data, we calculated the water filtration rate of each
group of oysters by the formula. We repeated the experiment several times and took the average.
2) UV Lamp Irradiation Time Gradients Experiment
In the static water system with the UV lamp irradiation condition, we set four illumination duration gradients groups of
0h, 6h, 12h, and 24h. The temperature of the system was adjusted at 30 °C. The pH was adjusted to about 8. The
salinity was adjusted to about 32. After the start of the test, we placed 3 Oyster individuals in each UV lamp power
gradient group. The water didn't be changed during the experiment. After irradiating the static water system with UV
lamp for different illumination duration gradients, we collected data. Based on the data, we calculated the water
filtration rate of each group of oysters by the formula. We repeated the experiment several times and took the average.
2.3.6 Explore Impact of Flow Velocity on Purification of Oysters
Method of regulating flow velocity: The flow velocity is controlled by adjusting the power of the pump and changing
the diameter of the water conduit. Before the test, we should establish a one-to-one mapping of the pump's power to the
water's flow velocity.
There are a great number of methods to calculation the filtration rate. Since the purification system is a dynamic system,
the clear filtration method is not easy to operate and the error is large. We use a running water tank method to measuring
the filtration rate of the experimental group.
Experimental specific steps: Flow conditions through an external water pump was added in the purification system. We
set five sets of flow gradients of 0t/h, 0.5 t/h, 1 t/h, 1.5 t/h, 2 t/h. The temperature of the group was adjusted at 30 °C,
the pH was adjusted at about 8, and the salinity was adjusted at about 32. Three individuals were placed in each
experimental group. After 24 hours, the data were measured, and the water filtration rate of each group was calculated
by the formula. We repeated the experiment several times and took the average.
3. Results
3.1 Impact of Salinity on Purification of Oysters
The oyster filtration rate of experiment group in different temperature is shown in Table 1 below.
Table 1. Oyster Filtration Rate of Experiment Group in Different Temperature
Temperature/℃
Filtration Rate/L/(per*h)

15

20

25

30

35

0.096

0.331

0.310

0.396

0.047

Drawing the data as a line chart, which is as shown in Figure 1 below.
Line Diagram of Filtration Rate Varies with Temperature Gradient
0.45

Filtration Rate/L/(per*h)

0.4
0.35
0.3

0.25
0.2

0.15
0.1

0.05
0
15

20

25

Temperature/℃

30

35

Figure 1. Line Diagram of Filtration Rate Varies with Temperature Gradient
We studied the effect of salinity change on the filtration rate of shellfish. In order to study the influence of salinity
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single factor, we used a hydrostatic system, which effectively eliminates the interference of flow rate, power pH,
temperature and other factors. The results show that when salinity is between 26 and 34, with the increase of salinity,
the filtration rate of oysters increases first and then decreases. The filtration rate of oyster peaks at a salinity of 32, but
the change of the filtration rate remains relatively stable at a salinity between 24 and 34.
Salinity has an extremely important influence on the physiological activities such as feeding, breathing and excretion of
oysters, which is related to the ability of osmotic pressure regulation of oysters (Huayang Guo, 2012). When the salt is
low, the osmotic pressure changes to cause the oysters to close the inlet and outlet pipes or shells to protect the body
from low salt. When the salinity is suitable, the oysters are regulated by osmotic pressure to maintain the stability of the
body environment to keep the activity of various enzymes in the body. When the environmental salinity exceeds their
tolerance range, oysters cannot maintain the stability of the body environment by regulating the osmotic pressure,
eventually leading to death. When the low salt causes the oysters to close the inlet, outlet or shell, the exchange capacity
of the oysters and the outside water is reduced, causing the feeding activity to stop, and the filtration rate is
correspondingly reduced, thereby reducing the purification effect of the oysters; in the suitable range of salinity, the
filtration rate increases with the increase of salinity. After reaching the maximum value, the filtration rate decreases with
the increase of salinity. At this time, the exchange channel between the oysters and the outside is weakened or even
closed, which also causes the purification effect of oysters to decrease, which is a physiological protective response
produced by oysters for a long time to adapt to the natural living environment.
After the regression analysis, the relationship between the salinity (χ) and the filtration rate (y) can be fitted as follows:

𝑦 = −0.0041𝑥 2 + 0.0618𝑥 − 0.0181
(𝑟 2 = 0.9893)
which is possible to find the filtration rate corresponding to different salinities within the salinity range between 22 and
34.
3.2 Impact of Temperature on Purification of Oysters
The oyster filtration rate of experiment group in different salinity is shown in Table 2 below.
Table 2. Oyster Filtration Rate of Experiment Group in Different Salinity
Salinity/%
Filtration Rate/L/(per*h)

24

26

28

30

32

0.216

0.224

0.248

0.254

0.266

Drawing the data as a line chart, which is as shown in Figure 2 below.
Line Diagram of Filtration Rate Varies with Salinity Gradient

Filtration Rate/L/(per*h)

0.3
0.25
0.2
0.15
0.1
0.05
0
24

26

28

30

32

34

Salinity/%
Figure 2. Line Diagram of Filtration Rate Varies with Salinity Gradient
The results show that temperature is also an important environmental factor which affects the filtration rate of oysters.
The filtration rate of oysters has a suitable temperature range, that is, the optimal temperature range of shellfish, and the
maximum filtration rate also appears at a certain temperature in this interval. In the range of 20 to 30 °C, as shown in
the results, the filtration rate of oysters is much higher than other temperature gradients, and the optimum temperature
of oysters in the experimental group is about 30℃.
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The reason for this may be as follows (Youqing Xu, 2012). When oysters live outside the suitable temperature range,
they need to consume more energy to adapt to the environment, which reduces the vitality of the feeding organs and the
filtration rate. In turn, the purification effect of the oysters is reduced. Besides, when the shellfish is outside the suitable
temperature, the living state will change greatly. For example, the heart rate is slowed down and the strength is reduced,
resulting the decreases in frequency of gill cilia oscillation, filtration rate, exchange between external environment, and
purification effect.
3.3 Impact of pH on Purification of Oysters
The oyster filtration rate of experiment group in different pH is shown in Table 3 below.
Table 3. Oyster Filtration Rate of Experiment Group in Different pH
pH
Filtration Rate/L/(per*h)

6

7

8

9

10

0.351

0.336

0.362

0.284

0.243

Drawing the data as a line chart, which is as shown in Figure 3 below.
Line Diagram of Filtration Rate Varies with pH
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0.4
0.35
0.3
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0
6
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8

9
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pH

Figure 3. Line Diagram of Filtration Rate Varies with pH
The results show that pH is also an important environmental factor affecting the water filtration rate of oysters. The
change law is shown in Figure 3. In the range of pH 6.0~10.0, the water filtration rate of oysters appears like a wave.
When the pH is 6 and 8, the water filtration rate of oysters gradually increases, but the change is not significant. When
the pH is higher than 8, the water filtration rate of oysters decreases significantly with the increase of pH. In this
experiment, the filtration rate reaches the maximum when pH is 8.0.
Related studies have shown (Zhihua Liu, 2012) that low pH has an obvious negative effect on the physiological
metabolism of oysters. Edible oysters, long oysters and mussels are in a near paralyzed state if pH is lower than 6，
extremely inactive，eventually leading to a decline in shell growth rate, weight gain rate, and an increase in mortality.
High pH also has an adverse effect on the physiological metabolism of oysters. Some shellfish have a mortality rate of
20% and 40% at pH 9 and 10, respectively, which seriously affects the purification effect of oysters.
3.4 Impact of Power and Exposure Time of Ultraviolet (UV) Lamp on Purification of Oysters
The oyster filtration rate of experiment group in different UV lamp irradiation power gradient is shown in Table 4
below.
Table 4. Oyster Filtration Rate of Experiment Group in Different UV Lamp Irradiation Power Gradient
Power/W
Filtration Rate/L/(per*h)

0

5

7

9

11

0.354

0.403

0.467

0.483

0.472

Drawing the data as a line chart, which is as shown in Figure 4 below.
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Line Diagram of Filtration Rate Varies with UV Lamp Irradiation
Power Gradient

Filtration Rate/L/(per*h)

0.6
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0.4
0.3
0.2
0.1
0
0

2

4

6

8

10

12

Power/W

Figure 4. Line Diagram of Filtration Rate Varies with UV Lamp Irradiation Power Gradient
The results show that the UV lamp irradiation has a significant effect on the purification of oysters, and within a certain
range, the filtration rate of oysters increases with the increase of the irradiation power, and tends to be stable after
increasing to a certain value. In the experiment, the water filtration rate of the oysters reached a maximum at an
irradiation power of 9W, and then stabilized.
After the UV lamp irradiation, there is a significant increase in the water filtration rate of the oysters. This may be due
to the presence of a large number of parasitic strains in the oysters during the growth process, such as Escherichia coli,
Sstreptococcus and so on. After being killed by UV lamp, the activity of oyster is increased, thereby improving the
purification effect of the shellfish. After 6 hours of UV light irradiation with different powers, there is a tendency for the
germination rate to rise. Among them, there may be problems in whether UV lamps of different powers will kill most of
the bacteria in the oyster body (Qinglin Qiao, 2004). With the increase of the power of the UV lamp, the ultraviolet
penetrating power is enhanced and the sterilization effect is also superior. Finally, the oyster filtration rate tends to be
stable because the bacteria in the oyster body have been mostly killed, and the increase in power can not improve the
purification effect of oysters.
The oyster filtration rate of experiment group in different UV lamp irradiation time is shown in Table 5 below.
Table 5. Oyster Filtration Rate of Experiment Group in Different UV Lamp Irradiation Time
Time/s
Filtration Rate/L/(per*h)

0

6

12

24

0.360

0.501

0.514

0.509

Drawing the data as a line chart, which is as shown in Figure 5 below.
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Line Diagram of Filtration Rate Varies with UV Lamp Irradiation
Power Gradient
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Figure 5. Line Diagram of Filtration Rate Varies with UV Lamp Irradiation Time
The results show that the UV lamp irradiation has a significant effect on the purification of oysters, and the regularity is
consistent with different irradiation powers. Within a certain range, the filtration rate of oysters increases with the
increase of irradiation time, and increases to a certain value. It tends to be stable. In the experiment, the water filtration
rate of the oysters reached a maximum at an irradiation time of 12h, and then stabilized. After the UV lamp of the same
power is irradiated for different time, the trend of the germination rate increases, which may be consistent with the
different power irradiation for 6h.
There may also be the problem of whether the UV lamp irradiation at different times wil kill most of the bacteria in the
oyster body. As the UV lamp irradiation time increases, the ultraviolet sterilization effect is more complete. Finally, the
sputum filtration rate tends to be stable because the bacteria in the oyster body have been mostly killed, and the increase
of the irradiation time cannot improve the purification effect of oysters.
3.5 Impact of Flow Velocity on Purification of Oysters
The oyster filtration rate of experiment group in different flow velocities is shown in Table 6 below.
Table 6. Oyster Filtration Rate of Experiment Group in Different Flow Velocities
Flow Velocity/m/s
Filtration Rate/L/(per*h)

0

8

12

24

0.360

0.501

0.514

0.509

Drawing the data as a line chart, which is as shown in Figure 6 below.

85

Studies in Engineering and Technology

Vol. 6, No. 1; 2019

Line Diagram of Filtration Rate Varies with Different Flow Velocities
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Figure 6. Line Diagram of Filtration Rate Varies with Different Flow Velocities
The results show that the flow rate has no significant effect on the water filtration rate of oysters, but the filtration rate
of oysters has a certain regularity with the change of flow rate. The filtration rate of oysters increases first and then
decreases with the increase of flow rate. The segment changes more significantly. In the experiment, the oysters
achieved the best purification effect at a flow rate of 0.5 t/h.
This situation may be related to the exchange of oysters and aquaculture water. Due to the continuous pollution of the
nearby water bodies during the oyster filter purification process, when the oysters are in a still water state, the nearby
water bodies are quickly fouled. There is a saturation value for the effect. When the oysters are in a state of flowing
water, since the water body is constantly being renewed, some of the sputum and microorganisms are easily entangled
by the water body, so the water filtration rate of the oysters is increased. However, as the water flow rate increases, the
filter-feeding effect of oysters is hindered, and oysters are in a state of stress protection, which will weaken or even
close the exchange channels with the outside world, thereby reducing the purification effect of oysters.
4. Discussion
We are based on the basic research for the development of the oyster purification industry, so the entry point is very fine.
We explored the best parameters for purifying oysters in the project purification system among various variables such as
temperature, salinity, pH, UV lamp power, irradiation time, and water flow rate.
The best environmental conditions are a temperature of 30°C, a pH of 8, a salinity of 32%, an UV lamp illumination
power of 9w, an UV lamp irradiation time of 12h, and a water body flow rate of 0.5m/s. We supplement basic research
related to bioengineering in China.
Through the above experimental analysis and summary, we believe that there are still many gray areas in the field of
oyster purification that require scientific research, such as the stress mechanism of oysters in different environments.
With the new generation of industrial transformation and consumption upgrading, the oyster purification industry will
create more economic benefits. We hope that our results can provide reference for further research and contribute to the
sustainable development of the oyster purification industry.Then indirectly create economic benefits for society.
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