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ABSTRACT

The development of new technologies in automation to increase labor productivity has been in-
creasingly enhanced in recent decades. The problem of cleaning water in shrimp ponds greatly
affects the quality as well as shrimp production. Environmental pollution of shrimp farming is a
matter of concern because the current waste treatment solutions are not yet thorough. A waste
remover of shrimp waste combined with pond bottom siphon method has been researched and
developed toincrease the ability to thoroughly handle waste generated in the culture environment.
This device helps to automate the manual cleaning of the pond bottom by farmers. The device per-
forms operations to clean waste, suck, filter and remove waste from the culture environment. This
device is self-propelled or manually controlled and operates in all weather conditions. This arti-
cle introduces the process of testing and evaluating the efficiency of waste extraction equipment
in shrimp ponds. The device was tested at a super intensive shrimp farm and evaluated for op-
erational efficiency. The experimental model consists of a shrimp pond operating a waste suction
device, a control pond, an automatic monitoring system of water quality parameters (DO, H,S, NH3,
pH and temperature). Experimental ponds operating waste disposal equipment, control ponds are
manually cleaned, other farming conditions of the two ponds are similar. The impacts of waste
on shrimp culture environment are determined through analyzing the results of measuring water
quality criteria in the pond, thereby assessing the efficiency of waste removal of the equipment.
The measurement results show that water quality parameters reach a value within the threshold if
operating a waste suction device once per day. The benefits of waste remover operate are to help

save the cost of labor to clean the pond bottom, protect workers' health.
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INTRODUCTION

Brackish water shrimp farming is an important eco-
nomic industry of Vietnam with current export in
amount of USD 3.85 billion and expected export in
2025 is USD 10 billion.

To increase productivity, high tech intensive and sup-
per intensive shrimp farming methods are imple-
mented to production practice with increasing pro-
portion.

The area of high-tech shrimp farming is planned to be
100,000 ha in 2020.

The main features of high-tech shrimp farming are us-
ing small ponds (less than 1000 m?) with bottom lined
by HDPE sheets to isolate the rearing environment
from negative factors such as: Acid sulfate soil, harm-
ful microorganisms from earthen pond bottoms.
Although HDPE line bottom eases solid waste collect-
ing in the center of the pond by paddle wheels ' (then
waste will be removed from pond), part of solid waste
is still settled on the bottom and stick to the HDPE
surface. This layer of the organic material also be-

comes the favorable environment for harmful bacte-
ria to grow. It is observed that there is a sticky, slip-
pery layer on the surface and it is not easy to be re-
moved just by water flow caused by paddle wheels.
Most of the waste is collected in the siphon pit, but
the rest need to be removed from the pond. Sig-
nificant sludge buildup may negatively affect the tar-
get crop by increasing biological oxygen demand, re-
ducing usable habitat, decreasing availability of natu-
ral prey organisms and releasing toxic compounds?.
Typically, effluents from aquaculture are character-
ized by increased nitrogen species (ammonia, nitrites,
and nitrates), organic carbon, phosphates, suspended
solids, and high biological oxygen demand (BOD)
and chemical oxygen demand (COD)?. Significant
issues can result in the release of nutrient rich efflu-
ents such as these including increased algal blooms,
degradation of benthic communities, oxygen deple-
tion, and overall degraded water quality®. Success-
ful shrimp aquaculture requires maintenance of wa-
ter quality conducive for the growth of shrimp. Com-
mon water quality concerns for shrimp aquaculture
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include inorganic suspended solids (ISS), total sus-
pended solids (TSS), biochemical oxygen demand
(BOD), chemical oxygen demand (COD), dissolved
oxygen (DO), and nitrogen>°. To remove this layer
from the HDPE surface, mechanical force should be
applied.

Currently, every day, workers in farm should get
down to the pond, with long handle cleaning brush
to rub the surface to remove waste stick to HDPE sur-
face of pond bottom. The waste removed from HDPE
line will be mixed with the pond water, and then col-
lected to the center of pond thank circle flow created
by paddle wheels.

This is not only hard and harmful work for worker
health, but also it becomes difficult to find workers
who agree to do this work. Development of an au-
tomated waste remover from HDPE pond bottom be-
comes indispensable. Some characteristics of HDPE
pond bottom are favorable to use machines to remove
waste on the surface are: a) having enough flatness for
mechanical equipment moving; b) having high stiff-
ness and not easy to be dug under impact of mechan-
ical force of cleaning and waste removing processes.
Based on above mentioned, an automated waste re-
mover is designed, developed and tested to evaluate
its performance and effectiveness for further develop-
ment and application.

MATERIALS AND METHODS

Working principle and equipment structure

The completely manufacturing waste remover was
tested at a shrimp farm in Can Gio District, Ho Chi
Minh City (Figure 1).

The device moves on the bottom of the pond, with two
operating modes: self-propelled and manually con-
trolled via a remote control. During operation, the
axial pump has a suction tube diameter of up to 120
mm and a suction flow of 40 m3/h is arranged to draw
waste on the bottom pond according to water stream
into the filter bag. Axial pump has a three blades im-
peller, powered by a 170 W motor. The device travels
at a maximum speed of 15 m/s through the friction
between the tooth belt outer surface and the lining of
the pond bottom. Two power 47 W servo DC mo-
tors are used to transmit motion to the two drive axles
and are independently controlled. The brush shaft is
arranged horizontally in front of and behind the de-
vice received drive from the two passive shafts via the
transmission gear has ratio 2.15. The two brushing
shafts are coated with soft bristles to brush the waste
on the bottom of the pond, swirled them into under
device and be sucked into the filter bag. The operating
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Figure 1: The waste remover during operation.

parameters of device: speed: 15 m/min; total power:
500 W; flow: 40 m3/h.

The schematic diagram (Figure 2) illustrates the ar-
rangement of main components and the motions
when the equipment is operating.

The control system of the waste remover (Figure 3)
uses two microcontrollers on the central control
board and the control board communicates with each
other and receives control information from the user
and executes control commands for three motors.

Trial run and evaluation

Experiment is carried out in 2 shrimp pond in Can
Gio District of Ho Chi Minh City; from these 2 ponds,
Ist is experimental pond, and 2nd pond is controlled
pond.

The experiment is implemented during 15 days, from
April 10, 2018 to April 25, 2018.

Experimental conditions are listed in Table 1.

RESULTS AND DISCUSSION

Water quality

During testing period, water quality parameters, such
as dissolved oxygen (DO), temperature, pH, and con-
centration of H,S, NH3 are measured”.

The condition of measurement such as: equipment,
sensors, and frequency are listed in Table 2.

There is no temperature adjustment equipment then
water temperature depends on the environment tem-
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Figure 2: The schematic diagram of the waste remover”

@1-Active shaft; 2-Shaft coupling; 3-Motor; 4-Passive shaft; 5-Transmission belt; 6-Passive gear; 7-Intermediate gear; 8-Active gear;
9-Belt; 10-Pump; 11-Brushing shaft; 12-Suction pipe; 13-Filter bags; 14-Body cavity; 15-Outlet pipe; 16-Impeller.
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Figure 3: The control system of the waste remover.
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Table 1: Experimental conditions

Parameter

Size of the pond
Bottom

Rearing animals
Density

Crop starting day

Cleaning method from Feb 23 to April 10, 2018

Cleaning from April 10 (age of shrimp 46 days) to April 25, 2018

Average time for daily pond cleaning

Cleaning after April 25, 2018

Experimental pond Controlled pond

1000 m? 1000 m?
HDPE lined
White leg shrimp
200 post / m?
February 23, 2018
Manual
By waste remover Manual

180 minutes

90 minutes

Manual

perature. Water temperature during experiment var-
ied from 28°C to 32°C, and is the same in both ponds.
Dissolved oxygen is adjusted by aeration equipment
and it is kept the same in both ponds, in level from
4.0 ppm to 6.8 ppm.

pH is adjusted by adding calcium oxide (CaO) and
molasses to keep this value the same in both ponds
and in level from 7.5 - 8.0. Adding calcium oxide
(Ca0) and molasses is carried out twice a day, at 6:00
am and 17:00 pm.

Probiotics are added to the both ponds in the same
scheme.

Siphon and water change is the same for both ponds
during testing period.

The results of H)S measurement during 15 days show
that water does not contain HjS. This is explained by
fact that there is very little sludge accumulation at the
bottom because bottom is cleaned daily manually or
by waste remover.

The NH3 measuring results (ppm) during 15 days are
presented in Figure 4.

Statistical data of NH*+ measurement results is listed
in Table 3.

The test results show that water quality in both ponds
are the same and waste remover can ensure quality of
bottom as the same as manual cleaning, or another
ways speaking, manual cleaning totally can be replace
by cleaning using waste remover.

Social and economic effectiveness

The most valuable benefit of waste remover is to pro-
tect the health of workers and ensure the daily clean-
ing of pond bottom even in case cleaner is not avail-
able for keeping pond bottom in good condition.
Monthly expenses for 1 worker are about USD 400,
and 1 worker can clean 2 ponds a day.
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Waste remover can clean 6 ponds with one worker.
Then, the monthly saving is expenses for 2 workers
in amount of 800 USD. That means yearly manpower
saving is USD 9,600.

Additional expenses are electricity and maintenance
cost is about USD 1,600/ year.

The planned sale price is USD 8000 and then equip-
ment is paid back after one year.

Using waste remover twice daily to improve water
quality requires additional study.

CONCLUSION

- Waste remover can work well on HDPE shrimp pond
bottom.

- 1 time per day cleaning by waste remover gives the
same water quality in comparison with manual clean-
ing.

- Waste remover can save worker’s health and help to
solve the manpower shortage.

- Waste remover expected to be paid back after 1 year.
- Additional study is required for 2 times cleaning us-
ing waste remover to improve water quality and elec-
tricity saving.

ABBREVIATIONS

HDPE: High-density polyethylene
BOD: Biochemical Oxygen Demand
COD: Chemical Oxygen Demand
TSS: Total Suspended Solids

DO: Dissolved Oxygen

ISS: Inorganic Suspended Solids
DC: Direct Current
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Table 2: Conditions of water quality measurement

Parameter Measuring method
Dissolved oxygen Automatic
Temperature Automatic

pH Automatic

H,S Manual

NH; Manual

Sensor/ Equipment Frequency
Sensorex DO6442TC/T 1 time/ 1 hr.

Vernier EasyTemp EZ-  1time/1hr
TMP

HANNA HI6100805 1 time/ 1 hr.

HI 83200 Multiparame- 1 time/ day at 15:00 pm
ter Bench

Photometer for Labora-
tories

NH; measurementresults

0,6
0,4

0,2

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

W Experimental

# Controlled

Figure 4: NH; measuring results during testing period.

Table 3: Statistical data of NH" measurement

Parameters Experimental pond Controlled pond
Average NH3 concentration, ppm 0.41 0.46
Standard deviation, % 7.7 7.3
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TOM TAT

Sy phat trién clia cac cong nghé mdi trong tu dong héa nham tang hiéu sudt lao dong ngay cang
dugc tang cudng trong nhing thap ky gan day. Van dé lam sach nudc trong ao nudi tdm anh
hudng rat I6n dén chat lugng cling nhu san luong tdm. O nhiém méi trudng nudi tém dang la van
dé dugc quan tam vi cac gidi phap xr ly chat thai hién nay van chua triét dé. Mot thiét bi hat chat
thai nudi tom két hop vai phuong phéap siphon day ao da dugc nghién clu va phat trién dé tang
kha nang xt ly triét d€ chat thai phat sinh trong mai trudng nudi. Thiét bi nay gidp tu dong hoa
qua trinh vé sinh day ao thi cong clia ngudi ndng dan. Thiét bi thuc hién cac hoat dong chai sach
chét thai, hit, loc va loai bo chat thai ra khdi méi trudng nudi. Thiét bi nay cé thé tu hanh hodc
dugc diéu khién bang tay va hoat dong trong moi diéu kién thdi tiét. Bai bdo nay gidi thiéu qué
trinh van hanh thir nghiém va danh gia hiéu qua thiét bi hit chat thai trong ao nudi tom. Thiét bj
dugc thir nghiém tai mot trang trai nudi tom siéu tham canh va danh gid hiéu qud van hanh. Mo
hinh thit nghiém gom maét ao nudi tdm van hanh thiét bj hit chat thai, mét ao déi ching, mot
hé théng gidm sét tu dong cac thong sé chat lugng nudc (DO, Ha S, NH3, pH va nhiét do). Ao thi
nghiém van hanh thiét bi hat chat thai, ao déi ching dugc vé sinh thi cong, cac diéu kién nudi
trong khac clia 2 ao la tuong tu nhau. Cac tdc dong clia chat thai téi mai truong nudi tom dugc
xé&c dinh théng qua phan tich két qua do cac chi tiéu chat lugng nuéc trong ao nudi, tir dé cé thé
danh gia hiéu qua loai bd chat thai ctia thiét bj. Cac két qua do cho thay cac thong s6 chat lugng
nudc dat gia tri trong ngudng cho phép néu van hanh thiét bi hit chat thai mot lan mai ngay. Lo
ich mang lai cia viéc van hanh thiét bi hit chat thai la gitip tiét kiém chi phi nhan cong vé sinh day
ao, bao vé suic khde ngudi lao dong.

Tuwkhoa: Ao nudi thlly san, Chét lugng nudc, Siphon, Thiét bi hit chat thai

Trich dan bai bao nay: Truyén L T, Long L T. VAn hanh thit nghiém va danh gia hiéu qua van hanh thiét
bi hut chat thai trong cac ao nudi thay san. Sci. Tech. Dev. J. - Eng. Tech.; 2(S11):51120-S1126.
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