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ABSTRACT Land-based aquaculture is primary based on intensive farming due to limited water and land resources. With the
characteristic of high stocking density, it will also result in a huge amount of excretion wastes and sources of
infectious diseases. The deteriorated water environment will generate water bacteria and virus, thus causing reduced production volume of
fish and shrimps due to virus infection. Therefore, in this study the green product of water purification No. 1 disinfectant is added into the
pool water of aquaculture farm for sterilization efficacy assessment test. This is for the investigation of the impacts of different doses of
purifying agents on the elimination of corynebacterium under different conditions of aquaculture environments. The water purification
No.1 purifying agent is compared with common purifying agent to understand the pros and cons of the latest generation of disinfectant.
The experimental results indicate that the concentration of 0.3PPM will lead to the best sterilization performance. Another experiment is
conducted with the control group of BKC80% purifying agent under the same conditions of temperature, salinity, and concentration, and
the result proves that the sterilization performance of water purification No.1 purifying agent is better than the control group of BKC80%.
Thus we know that the addition of No.1 purifying agent can lead to effective reduction of virus and enhanced production volume.

INTRODUCTION

Management master Peter Drucker predicted in his book
“Managing in the Next Society” that “At the same time, new and
unexpected industries will no doubt emerge, and fast. One is
already here: biotechnology. And another: fish farming. Within the
next fifty years fish farming may change us from hunters and
gatherers on the seas into” marine pastoralists ” Therefore, fish
farming will be massive potentialities in the future. (Drucker, 2003)".
According the investigation of Food and Agriculture Organization
(F.A.O) of United Nation, the growth of capture fishery has been
gradually reduced in recent years. Currently marine fish has been
reduced by 1/3. There was a supply shortage of 37 million tons of
edible fish in the world in 2015 (Hwei-Zheng Lin, 2006). On the
contrary, according to the estimation of aquaculture supply volume
by Food and Agriculture Organization (FAO) in 2001, by 2010 the
share of total fishery production volume accounted for by
aquaculture would be increased from 20% to 40%, which would
gradually replace the capture fishery. The trend of aquaculture
becoming the source of human edible animal protein will be getting
more and more obvious.

Among various countries with aquaculture fisheries, the aquacultu
re industry in Taiwan has been ranked among the top. Taiwan is
surrounded by the sea and equipped with unique aquaculture
climate and environment, thus its aquaculture export trading has
been ranked among the top countries in the world. However, along
with climate change, aquaculture industry in Taiwan has adopted
profit-oriented management in response to cost competition,
which is based on intensive farming management with reduced
cost and enhanced efficiency. Even though it can create short-term
production profit, there will also be the long-term effects of high
stocking density, greater investment (more feed, energy, and
management investment), greater amount of excretion wastes, and
the tendency of disease spreading. With poor management and
deterioration of aquaculture environment, fresh water and sea
water for aquaculture often contain bacteria and viruses, thus
leading to frequent disease epidemic and high mortality rate of fish.
Therefore, in recent years the aquaculture technologies in Taiwan
have been heading towards green aquaculture with emphasis on
producing the healthy, safe, and pollution free aquaculture
products. However, water purification is the most important part of
production of green aquaculture. The primary cause of the severe
issue of drug residues of aquaculture nowadays is poor water
quality management, which has led to fish diseases thus leading to
even more usage of prohibited drugs. This vicious cycle has
dramatically affected the environmental ecology and aquatic food
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safety. The convention aquaculture water quality disinfection and
purification treatments are mostly based on the addition of
purifying agents such as benzalkonium chloride, chloride,
hydrogen peroxide or poridone iodine. However, these purifying
agents often come with certain side effects which can cause
significant environmental impact and safety hazards. Under current
trend of environmental protection and safety appeal, there must be
an alternative with green product feature in order to provide better
performance.

The water quality disinfection and purification of aquaculture
requires purifying agents based on recipes with strong sterilization
capability and weak side effect. This is an urgent and essential
demand of aquaculture industry under the current trend of
environmental protection and food safety. Therefore, in this study it
has been proposed to use water purification No.1 purifying agent as
the raw material for water purification. This is the latest generation
of disinfectant composed of peroxide with green product features
of strong sterilization capability, fewer side effects, and reduced
environmental hazards. It has been used in aquaculture for years,
yet there has not been a complete mechanism for the use of this
purifying agent No.1, especially the optimal addition, which is yet to
be investigated. This is one of the motivations for us to be dedicated
to this study. Figuring out the optimal addition of water purifying
No. 1isone of the directions to be investigated in this paper; another
motivation of this study is to find out whether or not there is specific
evidence proving water purifying No.1 performs better than the
common chemical purifying agent BKC80%, and this is also an issue
of concernamong companies which would like to use this product.

Experiment

(1) Material: water purifying No.1

(A): The disinfectant used in this experiment, “water purifying No.1’,
is provided by Lee Wang Company. It is composed of: peroxygen
compound, polyacetylated amino compound, stabillzers, catalyst,
sequestrant, and surfactant.

(B).BKC80%: another disinfectant used in this experiment,
“BKC80%", is provided by Shan Yong Hang Company. BKC80%:
Benzalkonium chloride is simply known as BKC; its Chinese name is
“Benzalkonium chloride”.

Table 1. Comparison of water purifying No.1 and BKC

Productitem Water purifying Benzalkonium
No.1 chloride (BKC)

High: 0.01/L

oxygenation It causes lack of oxygen
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Toxicity(LD 50) Rat 1800-4300mg/kg 300mg/kg
(ingestion)
Trace standard Food additive use Toxic, which

range and dosage
standard are based
on free effective

cannot be used by
equipment of
food factory.

chlorine residue in
drinking water <

0.05ppm °
Volatility Low High and pungent
Corrosiveness None Medium
Immediately Dangerous None 200PPM
to Life or Health
Concentration (IDLH)
Biodegradability Good Poor

(2) Experimental bacteria strain and its culture

The V. alginolyticus pathogen used in this experiment is isolated
from sick white shrimp (Liu et al., 2004). Pathogens were cultured in
TSB medium, and the salt concentration of this medium is 2.5%
NaCl. The temperature is set at 27°C during the 24-hour culture
period. After culture, it will be centrifuged for 20 minutes in the
centrifuge (HITACHI, CF16RX, Tokyo, Japan) at 8000 rpm and 4oC.
After centrifuge, the upper clear liquid is removed, and itis rinsed by
0.85% of sterilization NaCl solution before collecting pathogen
under the identical centrifuge condition to be used in the
subsequentexperiment.

(3) Sterilization design

The sterilization agents include the water purifying No.1/BKC80%
provided by (A) company, and the pre-determined sterilization
concentrations are 0 (control group), 0.1 and 0.3 ppm. The
sterilization testis conducted in a 1-liter flask to observe the impacts
of salinity and temperature on sterilization agents of water purifying
No.1/BKC80%. Flasks containing sterilized sea water with different
salinity (10 and 35 ppt) are placed in incubators of different
temperatures (20 and 300C). There are 3 repeated experiment
groups for each condition, so there are a total of 12 groupsincluding
the control group. As for BKC80%, there are 3 repeated experiment
groups for each condition, so there are a total of 12 groups including
the control group.

After all the experimental conditions are set up, the cultured V.
alginolyticus is added to each experimental group for the
concentration to be 106 cfu/ml. And then pre-determined water
purifying No.1 concentrations/BKC80% concentrations are added
into the flask of each experimental group. 2 hours later, water is
sampled from these groups for analysis of the number of bacteria.

The analysis of the number of bacteria is based on the plate count
method. The properly diluted water sample is evenly spread onto
the vibrio selective medium TCBS agar (thiosulfate-citrate-bile
salts-sucrose). It is placed in the constant temperature (27 oC)
incubator for 24 hours before the colonies are counted, and then it
can be converted to the actual number of bacteria in the water
sample to evaluate the sterilization effectiveness.

Experimental results and discussions

I. Collection of experimental data:

The results of sterilization by sterilization agents water purifying
No.1/ BKC80% with respect to Vibrio alginolyticus under different
salinities and temperatures are as shown in Table 1 and Table 2. The
sterilization effectiveness is presented by sterilization rate based on
one-hour and two-hour observations as shown in the equation
below:

Sterilization rate=[(Original colony count-colony count after
experiment)/ Original colony count]*100% Original colony count:
the colony count obtained before the experiment Colony count
after experiment: the colony counts observed after one-hour and
two-hour experiments. The higher sterilization rate indicates better

performance of water purifying agent.

The results of sterilization of sterilization agent water purifying No.1
with respect to V. alginolyticus are as shown in Figure 1~4. The
results of experiments indicate good and significant sterilization
effectiveness of water purifying No.1 with respect to V. alginolyticu.
With temperatures at 20 oC or 30 oG, or salinity at 10 ppt or 35 ppt,
the treatment by 0.1 or 0.3ppm are all leading to significant decline
of number of bacteria in the water. This result indicates that water
purifying No.1 used under aforementioned conditions can achieve
the expected sterilization effectiveness

Table 1. Observed statistics of sterliziation rate of water purif
ying No.1

Tem SaliniConcentr|Original|1 hour| 1hour |2hour|2hour
pera| ty | ation | colony |colony/sterilizatio|colony|steriliz
ture|(ppt)| (ppm) | count [count| nrate |count|ation
(oC) rate
30 | 10 0 33 33 0% 33 0%
0.1 3 0.8 73% 05 | 83%
0.3 5.8 0.4 93% 0.23 | 96%
35 0 11.4 11.4 0% 11.4 0%
0.1 10.5 0.7 93% 0.4 96%
0.3 11 0.2 98% 0.1 99%

Table 2. Observed statistics of sterliziation rate of BKC80%
Temp|Salinit|Concent|Original| 1 hour | 1 hour |2 hour |2 hour

eratu|y (ppt)| ration | colony |colony |steriliz| colony |steriliz
re (ppm) | count | count | ation | count | ation
(oC) rate rate
30 10 0 33 33 0% 33 0%
0.1 3 2.8 7% 2.7 10%

0.3(ppm)| 5.8 53 9% 52 10%
35 | O(ppm) | 114 11.4 0% 11.4 0%
0.1(ppm)| 10.5 10 5% 9.8 7%
0.3(ppm)[ 11 10.6 4% 10.4 5%

The preset conditions of this experiment are rather restricted.
Especially the highest concentration of water purifying No.1 is only
0.3 ppm. The experimental results indicate that the water purifying
No.1 with concentration at 0.3 ppm is the one with the best
sterilization effectiveness which can truly effectively inhibit the
growth of V. alginolyticus. In addition, this experiment is only
targeting the V. alginolyticus isolated by this laboratory, and it
obviously indicates that the sterilization agent water purifying No.1
is also effective against other bacteria strains. The statistical analyses
of data of both 1-hour and 2-hour experiments indicate that the
sterilization performance of water purifying No.1 is the best when
the concentrationisat 0.03PPM.
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The preset conditions of this experiment are rather restricted.
Especially the highest concentration of water purifying No.1 is only
0.3 ppm. The experimental results indicate that the water purifying
No.1 with concentration at 0.3 ppm is the one with the best
sterilization effectiveness which can truly effectively inhibit the
growth of V. alginolyticus. In addition, this experiment is only
targeting the V. alginolyticus isolated by this laboratory, and it
obviously indicates that the sterilization agent water purifying No.1
isalso effective against other bacteria strains. The statistical analyses
of data of both 1-hour and 2-hour experiments indicate that the
sterilization performance of water purifying No.1 is the best when
the concentrationisat0.03PPM.

ConcentrationFigure 1 Sterilization effectiveness of water purifying
No.1 at different temperatures and different concentrations after 1
hour of experiment
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Figure 2 Sterilization effectiveness of water purifying No.1 at
different salinities and different concentrations after 1 hour of
experiment
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Figure 3 Sterilization effectiveness of water purifying No.1 at
different temperatures and different concentrations after 2 hours of
experiment
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Figure 4 Sterilization effectiveness of water purifying No.1 at
different salinities and different concentrations after 2 hours of
experiment

II: Statistical analysis of comparison between water purifying No.1
and BKC80%

Based on the sterilization result of sterilization agent water purifying
No.T with respect to V. alginolyticus in this experiment, a control
group of BKC80% is also set up under the same conditions of
temperature, salinity and concentration. The preset conditions of
this experiment are rather restricted. The highest concentration is
only 0.3 ppm. The experimental results are as shown in Figure 4-10,
which shows that under all kinds of conditions, the sterilization
agent water purifying No.1 performs better against V. alginolyticu
than BKC80%.
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Figure 5 Sterilization effectiveness of water purifying No.1 (A1) and
BKC% (A2) at different temperatures after 1 hour of experiment
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Figure 6 Sterilization effectiveness of water purifying No.1 (A1) and
BKC% (A2) at different salinities after 1 hour of experiment
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Figure 7 Sterilization effectiveness of water purifying No.1 (A1) and
BKC% (A2) at different concentrationsafter 1 hour of experiment
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Figure 8 Sterilization effectiveness of water purifying No.1 (A1) and
BKC% (A2) at different temperatures after 2 hours of experiment
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Figure 9 Sterilization effectiveness of water purifying No.1 (A1) and
BKC% (A2) at different salinities after 2 hours of experiment
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Figure 10 Sterilization effectiveness of water purifying No.1 (A1)
and BKC% (A2) at different concentrations after 2 hours of
experiment

I.Water purifying No.1 and BKC80%

CONCLUSIONS

In densely populated Taiwan with limited water and land resources,
aquaculture industry has adopted profit-oriented management in
response to cost competition, which is based on intensive farming
management with reduced cost and enhanced efficiency.
Companies in this industry failed to properly handle the
aquaculture system, water quality condition, feed ingredient,
stocking density, and drug feed control, thus leading to deteriorati
on of land-based aquaculture farm, and increased usage of drugs
against worsening bacteria and viruses in fish. The government also
failed on market control, thus resulting in issues of drug residues in
aquaculture products. The solution of this problem will rely on
promotion of green aquaculture by cooperation between
governmentand industry.

The water quality management of green aquaculture emphasizes
on zero toxicity and zero pollution. Therefore, environmental
friendly water purifying agents in coordination with other water
purifying circulation system have been the essential part of green
aquaculture. The utilization of revitalized water quality method to
promote fish health to allow them to grown in a natural
environment will result in reduction of bacteria and viruses in fish
body, thus leading to reduced drug usage and residual drug in fish
body. This is how we can improve environmental protection and
food safety.

As the research subject of this paper, water purifying No.1 is a green
product which is harmless to the environment, so it should be
promoted in green aquaculture. Its environmental friendly appeal
of zero toxicity and zero pollution is an important requirement of
water quality purifying agent for green aquaculture. Our study and
experiments have led to the following specific conclusions.

The experiments under different conditions of aquaculture
environment have revealed that the water purifying No.1 with
concentration at 0.3 ppm is the one with the best sterilization
performance, which can indeed effectively inhibit the growth of V.
alginolyticus.

Targeting the features and performance of water purifying No.1, the
comparison has been made with common purifying agent BKC80%
under the same conditions of temperature, salinity and
concentration. And the result indicates the significant performance
of water purifying No.1 when it comes to eliminating coryneba
cterium.
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