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Abstract. The combination between moving bed biofilter (MB&)d conventional activated
sludge (CAS) process was conducted to treat segfomobssing wastewater with high organic
concentration in Ha Long canned food factory. Tlhghhautomatic operation of pilot was
designed with treatment volume of Z/day. The capacity of organic removal loading was
investigated in the range of 1; 1.5; 2; 2.5 and) BODy/m°.d, respectively. The obtained results
indicate that the organic (B@Premoval efficiencies of the studied pilot and th-stages-
activated sludge being used in the factory are 98 9% and 45 — 50 %, respectively as at the
same organic loading. This highly application stuithgrefore, suggests that the combination of
moving bed biofilter with conventional activateduddfje process tends to be a promising
technology for wastewater treatment of seafoodg®sing industry in Vietnam.
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1. INTRODUCTION

The sea food processing industry (SFPI) thrivesomntries with large surface water. The
preliminary processing and processing activitiesegate a large amount of wastewater (catfish:
5 - 7 mitone, frozen shrimp: 4 - 6 ¥tone, and surimi: 20 - 25 ¥tone; and mixed frozen
seafood: 4 - 6 Aftone) with unstable flow based on seafood seakpmald the various types of
processed products. The components of the polkitané mainly decomposable organic
substances in small suspended particles (TSSkrdisp and colloidal matters (BOD and COD),
and nutrients (N, P). The seafood wastewater withdequate treatment and control methods
will cause pollution to coastal waters as recesmurces as well as odor pollution due to the
decomposition of organic matters [1, 2]. The impafcthe seafood processing industry on the
environment depends not only on the type of proesgsbut also on other factors such as
production scales, products, input materials, gsediies, production technology, level of
organization and management of production, etcwliich the engineering, technician, and
production management factors have a decisiveanfla on the environmental protection of
each enterprises.
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Some of the typical environmental impacts of tha&feed processing industry are listed as:
(1) Air pollution: odors arising from storage amfasolid wastes residual during the production
process, emissions from the boiler burning and ggoes; (2) Solid wastes: arising from
processing includes shellfish, cuttlefish, squidl dish, etc.; (3) Wastewater: the amount of
production wastewater in fishery processing is &lBdu— 90 % of total amounts of wastewater,
mainly from the processes of washing raw matepadcessing, finishing, washing equipment,
tools, and processing areas [3, 4]. Based on thétseof numerous studies during past time, the
US Environmental Protection Agency (US EPA) hasesssregulations and recommendations
for the use of treatment technologies in term$iefrhinimization of the amount of water used in
processing and controlling the effluents. The setggeseafood processing wastewater treatment
method is as following: (1) pre-treatment: remowglarge matters; (2) preliminary treatment
(Level 1) with processes: (i) mechanical (filtratiosettling) combined with physicochemical
processes (coagulation and flocculation) or (iichanical and anaerobic biochemistry to reduce
the concentration of TSS and organic compoundshi@pgical treatment (Level Il): aerobic
biochemistry to eliminate the organic and nutrieaiponents; and (4) final treatment (Level
III): aerobic biochemistry, rapid gravity filtratip wetland or biological lakes for completely
removal of organic and nutrient substances [2].

In fact, seafood wastewater treatment of smallgssitng scale and oscillated concentration
and loading is still obstacle now, due to the maaa processes could not remove the amount
of entire existed organic contents in wastewatehsas fats, oils and greasgdg. In order to
reduce the burden to treatment processes and enpamemoval capacity of organic
contaminant as well as the biochemical inhibittig, flotation techniqueas been applied after
mechanical, physical and chemical treatments simee 1990s. This technique has been
recommended by FAO as an effective method to eéitrithe fats, oils and greases prior to the
application of aerobic processes [1, 5, 6]. Inlds 20 years, Vietham has always been in the
top 10 of the seafood export countries. Along witisitive export achievements, Vietnam is
currently facing serious environmental problemsasing from seafood processing activity. The
major barriers of seafood wastewater treatmentigindm now are lack of proper investment
policies, application of adequate technologies @pmglopriate operation. Hence, finding out the
technique with high treatment efficiency, simpleigtion and low cost is an urgent requirement now.

2. EXPERIMENTAL

2.1. Wagtewater samples

Table 1. The specific concentration wastewater of Ha Loaig food factory.

No Parameter Specific value
1 pH 6-8

2 COD, mg/l 2500 - 6000
3 BODs, mg/l 1500 - 3200
4 TSS, mgl/l 1200 - 1500
5 T-N, mg/| 300 - 350
6 T-P, mg/l 30-50

7 T-oil, mg/l 150 - 200

735



Do Van Manh, et al.

The studied wastewater samples were collected ti@mequalization tank of Ha Long
wastewater treatment plant (WWTP), which is locatedanang seafood service industrial
zone, Danang, Vietnam. This factory processes dinh@ tan so that the wastewater (WW)
content is of high contamination, whose specificoemtration was tested and indicated in Table 1.

2.2. Experimental set-up

The experimental pilot was designed with treatnuamiacity of 2 rffday, which is located
next to the existed Ha Long WWTP. This compactaeystvas manufactured and equipped by
Hiyoshi Company, Shiga Prefecture, Japan. The layr&@VA gel was supplied by Kuraray
Company, Osaka, Japan. The scheme diagram is shdvig. 1.

pH, DO
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Figure 1. Scheme diagram of moving bed biofilter and cotiesal activated sludge.

The WW is pumped from the existed plant's equatimatiank, passed through the primary
filter, and then transferred to the oil separaksom the oil separator, the WW was continued
pumping into the Gel tank, where biofilter mateaalthe polyvinyl alcohol (PVA) was filled in
20 % volume. The specification of PVA particlesnmnufactured diameter of4 mm and

porous size less than 2tn (Fig. 2). Entire of pH, DO, ORP, water level, ay$tem operation
were controlled by sensors and camera.
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Figure 2. PVA particles and pore size.
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The WW was further transferred to the aeroten tamkere the remained organic
component is continually eliminated. Mixed liquarspended solids (MLSS) in the aeroten tank
was kept about 2000 mg/L. Finally, the WW was tfamed to the secondary clarifier tank, here
activated sludge. (AS) was partly returned to temtn tank to maintain the microorganism
density of the system.

The whole system was fully automated and controllad a programmable logic
controller( PLC) device and monitored by a direct camera. All peaid were timelgontrolled
in an effective manner to enhance the reliabilftgxperimental results.

The operational parameters and experimental conditin the work were shown in Table
2. Each experimental mode was controlled in theriatl of 30 days and the total experimental
period lasted for 5 months.

Table 2. Experimental conditions.

No. Parameters Experimental conditions

1  Loading capacity md 08 12 16 2 4

2 BOD (influent) mg/L 2000-3000

3 BOD loading rate (input) kg/d 2 3 4 5 10

4  Volume (Gel tank) m 2 2 2 2 2

5 BOD loading (Gel tank) kgfitd 1 1.5 2 2.5 5

6 BOD loading (Aeroten tank)kg/d 0.5 075 1 1.25 2.5

7 pH (Gel and Aeroten tanks) 7.5 7.5 7.5 7.5 7.5

8 DO (Gel va Aeroten tank) mg/lL 45-5 45-5 4%545-5 45-5

9 Sampling site After fats separator, Gel tank asdcondar
clarifier tank

10 Evaluation parameter B@D

2.3. Analysismethod

The collected WW samples were kept in cold boxes)sferred to laboratory, and then
stored at 4 °C in the refrigerator. BQDvas determined by dilution and allylthiourea
implantation according tdCVN 6001-1:2008and then incubated in BOD cabinet (FOC225lI,
Velp, Italy) for 5 days.

2.4. Statistical analysis

Entire of results in this work were expressed asaterage of triplicate experiments. Data

in tables and figures were present as meastandard deviation via Microsoft Offic2010
software.

3. RESULTSAND DISCUSSION

3.1. Progress evaluation of microbial growth

The microbial growth rate in the PVA at the Gel tankswevaluated by the BOD removal
efficiency in the first 30 days operation until #alde condition was satisfied, all the
experimental conditions were shown in Table 3. rdeo to have attaching microorganism, the
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1.6 n? of AS from the Ha Long WWTP was pumped into thé taek; subsequently the PVA
particles were added and the BOD removal processolvserved at the effluent of the Gel tank
during 30 days.

Table 3. Experimental conditions on the evaluation of wial growth.

No. Parameters Unit Values

1  Capacity load fid 0.8

2 BOD (input) mg/I 2500-3000
3 BOD loading rate (input) kg/d 2

4 Volume of Gel Tank m 2

5 BOD loading rate at Gel Tank kg 1

6 pH 7.5-7.8
7 DO mg/I 4.5-5.0
8 Experimental time d 30

The illustration values in Figure 3 indicated tkfa¢ adaptation of microorganisms in the
PVA particles requires approximately of 30 daystHe first 7 days of experiment, the BOD
values at the effluent of the Gel tank were not Imabanged corresponding to the removal
efficiencies of 32 - 40 %. This parameter was diteésaly reduced from the initial concentration
(2500 — 2800 mg/L) to 1600 and 650 mg/L in thé” Hhd 2% day of the experiment,
respectively. From the 36to 30" experimental day, BOD values were gradually redumed
reached to the average concentration of 500 mdikes@& results indicated that the adaptations of
microorganisms in the PVA particles were clearlyrked from the 19 to 25" day in the period
of 30 days.
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Figure 3. The BOD removal capacity in the start-up operatibthe Gel tank.
q - - s . ¥ B ) A 4 ."4

Figure 4. The PVA particles observed before and after 3&.da
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In addition, the difference color betwetdre PVA particles observed before and after 30
days of experiment also improved the presenaaiofoorganisms that had attached in, thus the
color was turned from white to yellow brown andtjzde size was increased by 1.5 times versus
the initial (as shown in Fig. 4). The obvious rag microorganism living insidéhe PVA
particles promoted BOD removal efficiency in thiep Our results are in good agreement with
a previous research by Nguyen Van Loi et al. [8].

3.2. BOD removal efficiency at the Gel tank.

As shown in the Fig. 5, the BQRoncentrations were evaluated at the different BOD
loading rates varied from 1 to 5 kg B@B.day. The efficiency of BOR removal was quite
high when the BOD loading rates varied from 1 - &BODs/m>.day. In this range, the BOD
effluent values were of about of 500 - 1000 mg/Lewtihe BOR influent values were from
2500 to 2800 mg/L. However, when the BOD loadings veantinued increasing up to 5 kg
BODs/m®.day, the BOD concentration of Gel tag#luent fluctuated irl300 - 1500nmg/L, thus
the BOD removal efficiency was decreased. In aiptevstudies by Le Hoang Viet et al. [9],
and Osorio et al. [10], the maximum BOD loadingsatvere 1.91 and 4.78 BODs/m’.day,
respectively.The relationship between the efficiency of BOD osal and BOD loading rates in
the Gel tank was clearly presented in the Fig. 6.

As illustrated in the Fig. 6when increasing the BOD loading rates from 1 to &5
BOD5/m3.day, the BOR removal efficiency of the Gel tank decreased f&0rfo to 60 %, and
maintaining at 50% when increasing to 5 kg B@i.day. These results indicated that the Gel
tank was working properly with the BOD loading satep to 5 kg BOB nr’.day.
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Figure 5. The relationship between the BOD input and outpiliies and BOD loading rates
in the Gel tank.

According to Trinh Xuan Lai et al. [11], the maximuoading rates are in the range of
0.32 - 0.64 kg BOPm®.day for a regular activated sludge tank (aercaeR)t As the reported of
Duong Gia Duc et al., that applied the combinatbmnaerobic and aerobic process [12], the
organic loading rates were also lower than 5 tirmesipared to our results. Based on the
achievement data from this work, it could assunag tie addition of PVA particles to a regular
activated sludge tank such as the aeroten tankeoéxisted plant in Ha Long WWTP will be
able to increase its organic removal loading ratéolb times.
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Figure 6. The relationship between the efficiency of BOD real@nd BOD loading rates in the Gel tank.

3.3. Theoverall BOD removal efficiency of the pilot

After Gel tank, the WW was pumped to aeroten tamkfdrther treatment. The evaluation
of total pilot system’s efficiency was presentedha Fig. 7. The combination between Gel tank
and aeroten tank is shown a great effect on B@boval.
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Figure 7. The relationship between the BOD removal efficieang BOD loading rates in the pilot plant.
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Figure 8. The scheme diagram of WWTP in Ha Long can foadany.
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As shown in the Fig. 7, the BOD removal efficienreached an average value of 95 %
when the BOD loading rates ranging from 1-2 kg B@D.day. Increasing the BOD loading
rate to 2.5 and &g BODy/m®.day, the BOD removal efficiencies were decreaseti® and 20
%, corresponding 90 and 80 %, respectively. Theselts indicated that the pilot plant was
working properly with the BOD loading rates up t&dgBODy/ m®.day. The efficiency of pilot
system was compared to that of existed system ih.dtgy WWTP (as shown in Fig. 8). The
dramatically differences were observed betweengtiity of the effluent wastewater in the
pilot plant and the existed plant in Ha Long WWTRen BOD loading rate was fixed at 0.7 kg
BODs/ m®.day as shown in Fig. 9.

The data collected in 10 days (Fig. 9) indicateel mfiore effective treatment of the pilot
plant compared to that of the existed plant in ldad- WWTP.
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Figure 9. The different BOD removal concentration betwedatgilant and the existed Ha Long WWTP.
4. CONCLUSIONS

The conducted study deduced the following remarks:

The proper time for microorganism attached insideRVA particles is around 20 days and
stabilization operation system.

The moving bed biofilter technique combined welthwconventional activated sludge
which was applied for removing of high organic veagter such as seafood processing. The
removal capacity of the system satisfied the BOdliog rates of 2.5 kg BQfn®.day.

Comparing to the conventionattivated sludge treatment system of the existadtph Ha
Long WWTP, the pilot plant has a greater efficiemdyich is up to 90 — 95 %, whereas that of
the two-stages activatetidge system is only 45 — 50 % removal efficiency

Based on this achievement, the appropriate suggegti enhance removal efficiency of
conventional activated sludge by implementing mgwed biofilter before aerobic tank.
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