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ABSTRACT

The bench scale sequencing batch biofilm reactor (SBBR) has been applied for treatment of
wastewater of a local slaughterhouse in Mansoura. Six slaughterhouse wastewater samples were
placed in the reactor and aerated and examined. The BOD (biochemical oxygen demand) and
COD (chemical oxygen demand) and pH and temperature were determined. Experiments were
performed to study the relationships between pH, and COD and BOD and biofilm carrier’'s area
in six slaughterhouse wastewater samples. Influent BOD ranged from 1500 to 3000 mg/ % and
effluent BOD concentration was generally about 50 mg/$ in most cases. The sequencing batch
biofilm reactor represents an efficient system for treatment of slaughterhouse wastewater.
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INTRODUCTION Slaughterhouse wastewater is very harmful
The quantity of slaughterhouse wastewater to the environment. (Masse’ and Masse 2000).
mainly depends on the design, location ,area , Effluent discharge from slaughterhouses has
operation practices, and the cleaning methods caused the deoxygenation of rivers (Quinn
used or blood disposal method . and Farlane 1989) and the contamination of
groundwater (Sangodoyin and Agbawhe

Slaughterhouse effluent contains high lev- 1992).

els of organic matter due to the presence of

manure, blood and fat. It contains high levels For large-scale slaughterhouses, on-site bi-
of total organic carbon (TOC) ,suspended sol- ological treatment is recommended to remove
ids, phosphorus is originated due to the pres- organic carbon and nutrients before the
ence of manure and stomach contents in the wastewater is discharged to surface waters or
effluent and the presence of blood in wastewa- local wastewater treatment plants (EC, 2005) .

ter, contribute to higher level organic contam-
inants.( Hossaini et al., 2013 ). The selection of wastewater treatment
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process is based on the qualities of effluent
and influent volume and type of influent, in-
vestment and operating costs and so on (Ruiz
et al., 1997).

Sequencing batch reactor (SBR) is a fill-
and-draw activated sludge treatment system
that could be applied for treating organic
wastewater (Keller et al., 1997; Carucci et al.,
1999; Laughlin ef al., 1999).

The sequential batch reactors (SBR), are
distinguished by their adaptability to varying
conditions, since individual treatment phases
can be easily modified, exchanged, added or
removed. They are able to remove carbon, ni-
trogen and phosphorus in one single unit un-
der properly controlled conditions (Brito et al.,
2006; Rodrigues et al., 2001; Wilderer et al.,
2001).

The SBR system still has some disadvan-
tages such as high excess sludge produced
and high sludge volume index (Burnett et al.,
1997) .

The SBR can be combined with biofilm
growth on the surface of a support material,
originating the sequencing batch biofilm reac-
tor (SBBR). In SBBR systems, high concentra-
tions of biomass can be maintained indepen-
dently by settling characteristics of the
biological aggregates and hydraulic retention
time of the reactor (Nicolella et al., 2000) .

As the SBBR system was operated under
relatively high concentration of biomass
(3000-7000 mg/p ), therefore in addition to bi-
ological activity of the sludge, its physical
characteristic was of high significance. Many
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researchers recognize SVI (Sludge Volume In-
dex) as the best parameter characterizing
sludge settling properties. SVI is also a good
indicator of sludge bulking. A proper SVI val-
ue, especially below 100 mg/1, is of major im-
portance in the activated sludge systems (Tya-
gi, 1990).

Sirianuntapilboon et al. (2005)
that a SBBR system could increase COD re-

reported

moval efficiency, improve sludge quality, re-
duce the amount of excess bio-sludge, and
also reduce acclimatization period of the sys-
tem. Startup of the SBBR system was 2-3
days faster than the SBR system in reaching
steady state.

The SBBR was a successful, reliable and
promising biological treatment system to
achieve high COD removal efficiency (Zinatiza-
deh et al., 2011) . The biofilm grown on a car-
rier material suspended in an aeration tank
has several advantages over other convention-
al systems: the reactor does not need sludge
or a water recirculation system to reach high
microorganisms concentration (Qdegaard et

al., 1994) .

Aerobic treatment involves the degradation
of organics by microorganisms in the pres-
ence of oxygen. The systems require daily
maintenance by a trained technician and dai-
ly drainage of accumulated sludge (Masse’
and Masse 2000). Microorganisms require free
dissolved oxygen to reduce the biomass in the
wastewater. The biological sludge must be
treated before disposal (Johns, 1995). Aerobic
treatments are very effective at reducing
odours and pathogens (Skjelhaugen and Do-
nantoni, 1998).
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EXPERIMENTAL SETUP

Slaughterhouse wastewater was collected
from Mansoura local slaughterhouse in Man-
soura in 104 plastic containers. The samples
were collected in the morning or early after-
noon. The untreated (raw) wastewater was
sampled after the screening or settling of
coarser solids. The laboratory-scale SBBR was
constructed at the Sanitary Engineering La-
(Figurel)
shows the experimental setup of the present

boratory, Mansoura University,

study. The reactor was made up as a rectan-
gular shaped from plexyglas material of vol-
ume 1504,. The configuration of the laborato-
ry-scale sequencing batch biofilm reactor
(SBBR) system was the same as that of SBR
system, but only seven steel biofilm carriers
were added in the reactor. The biofilm carriers
have a nominal diameter 30 cm and each bio-
film carrier has a steel frame supporting a
steel net plain with a plastic arm. The biofilm
carriers were fixed using a steel bar inside the
reactor. The effective surface area of the bio-
film carriers that is available for biofilm
growth is 1.0 m?. The system was equipped
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with three air bubble diffuser systems (model,
JAD U9900) during the treatment transferred
about 0.2 liters of oxygen per minute. The re-
actor was seeded by bacteria from a local wa-
ter treatment plant. The system was run for
about 30 days with synthetic wastewater to
complete the formation of biofilm on the car-
riers. The synthetic wastewater has been used
in the present experiment in which one litre of
this waste consisted of 300 mg/ ¢ of molasses
and 100 mg/1 of glucose a source of carbon,
as well as some traces of (NH 4)ZSO 4(30 mg/
€ as NH,-N), NaH,PO,(31 mg/ & asPO,-P), 50
mg/% yeast extract, NaHCO, (1,075 mg/¢ as
CaCO3 alkalinity) as source of nutrient (Mo-
harram and Renu 2005a, b & c; 2012). The
synthetic wastewater was prepared once every
week and stored at 4°C in a refrigerator and
used along the week. The slaughterhouse
wastewater was added in the sequencing
batch biofilm reactor of 120 £ and each sam-
ple was observed for a day time and samples
(4,8,12,
18,24 hrs). The different samples were exam-
ined (COD , BOD , pH and temperature).

taken at different retention times
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RESULTS AND DISCUSSION
Blood is rich in BOD, chlorides, and nitro-
gen. It has an ultimate BOD of 405,000
mg/§ and a BOD5 between 150,000 and
200,000 mg/ ¢ (Waste education series, 2012).

However in slaughterhouses, blood is mixed
with large amount of washing water so the
BOD may decrease to 1500 - 3000 mg /£
The composition of six slaughterhouse waste-
water samples is given in Table 1.

Table (1) : 1 Charateristics of wastewater samples from a local slaughterhouse at Mansoura.

SAMPLE COD mg/ BOD mg/ PH temp°C
No.

1 3422 1556 6.7 29.5

2 5467 2485 7.2 31.0

3 4982 2265 5.9 31.0

4 6570 2986 5.5 33.0

5 4980 2264 8.0 30.0

6 8000 3636 5.9 35.0

Treatment under constant biofilm carri-
er’s area :

Effect of retention time on COD:

Figure 2 shows the relationship between
COD in mg / £ and retention time (R.T.) in
hours under constant biofilm carrier’s area
(85 cm? / & wastewater ) and different initial
BOD values ( 2485 ,2265 ,1555 ,2986 ,2264
,3636 mg/ ¢ ).
that for wastewater treatments, an ultimate

The present study indicates

COD degradation of approximately 75.5%
occurred at approximately 10 hours reten-
tion time. Generally, the 12 hours retention
time showed the best removal performance
following COD values
not experienced a significant change. COD is

because the have
the total measurement of all chemicals (or-
ganics & in-organics) in the water / wastewa-
ter which the bacteria dissolve by the time.
So the COD decreases by the time pas-
sage.
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Effect of retention time on pH and tem-
perature:

Figure 3 shows the relationship between
pH and retention time (R.T.) in hours under
constant biofilm carrier's area (85 sz/ 2
wastewater) and different initial BOD values
(2485, 2265, 1555, 2986, 2264, 3636 mg/ ¢ ).
It was observed that the wastewater became
more acidic as the retention time passage be-
cause of the formation of some acids as a re-
sult of the aerobic treatment interactions.

Effect of retention time on COD removal
efficiency:

Figure 4 shows the relationship between
COD removal efficiency percent and retention
time (R.T.) in hours under constant biofilm
carrier’s area (85 cm? /9 wastewater) and dif-
ferent initial BOD values (2485, 2265, 1555,
2986, 2264, 3636 mg/p ). After 12 hrs R.T.
the best removal efficiency value of the treat-
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ment was observed. COD is the total meas-
urement of all chemicals (organics & in-
organics) in the water / wastewater which the
bacteria dissolve by the time . So the COD de-
creases by the time , also the COD removal ef-
ficiency increases by the time .

Effect of retention time on BOD:

Figure 5 shows the relationship between
BOD in mg /£ and retention time (R.T.) in
hours under constant biofilm carrier’s area
(85 cm? /¢ wastewater) and different initial
BOD values (2485, 2265, 1555, 2986, 2264,
3636 mg/¢ ). It was observed that BOD de-
ceases by time. Maximum decrease was ob-
tained at 12 hrs R.T. The BOD values de-
pends on the dissolved organic matter in
the wastewater samples. The BOD is a meas-
ure of, the amount of oxygen that require for
the bacteria to degrade the organic compo-
nents present in water / wastewater so by
time the bacteria needs more oxygen to dis-
solve the organic matter in wastewater so

BOD decreases.

Treatment under variable carrier’s areas:

Effect of retention time on COD:

Figure 6 shows the relationship between
COD in mg /§ and retention time (R.T.) in
hours under variable biofilm carrier’s area
(0, 35, 60, 85 cm? /£ wastewater) and con-
stant initial BOD (3000 mg /£ ). As the bio-
film carrier's area decreases, the COD de-
creases for the same retention time. COD is
the total measurement of all chemicals (or-
ganics & in-organics) in the water / waste-
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water which the bacteria dissolve by the
So the COD decreases by the time
passage.

time.

Effect of retention time on COD removal
efficiency:

Figure 7 shows the relationship between
COD removal efficiency percent and R.T. in
hours under variable biofilm carrier’s area (O,
35, 60, 85 cm2 / € wastewater) and constant
initial BOD (3000 mg /¢ ). As the biofilm car-
rier's area decreases, the COD removal effi-
ciency decreases for the same retention time.
COD is the total measurement of all chemi-
cals (organics & in-organics) in the water /
wastewater which the bacteria dissolve by the
time . So the COD decreases by the time , also
the COD removal efficiency increases by the
time passage.

Effect of retention time on BOD:

Figure 8 shows the relationship between
BOD in mg /£ and retention time (R.T.) in
hours under variable biofilm carrier’s area (O,
35, 60, 85 cm? / § wastewater) and constant
initial BOD (3000 mg /4 ). As the biofilm car-
rier's area decreases, the BOD decreases for
the same retention time. The BOD values de-
pends on the dissolved organic matter in the
wastewater samples. The BOD is a measure
of, the amount of oxygen that require for the
bacteria to degrade the organic components
present in water / wastewater so by time the
bacteria needs more oxygen to dissolve the
wastewater so BOD de-

organic matter in

Creases.
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Fig. (2) : The relationship between COD and R.T. under constant biofilm
carrier’s area (85 cm2 / § wastewater) and different initial BOD

values.
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Fig. (3) : The relationship between COD removal efficiency percent and

R.T. in hours under constant biofilm carrier’s area (85 cm2 /

¢ wastewater) and different initial BOD.
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Fig. (4) : The relationship between BOD in mg /¢ and R.T. in hours un-

der constant biofilm carrier’s area (85 cm2 / § wastewater) and
different initial BOD values.
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Fig. (5) : The relationship between pH and R.T. in hours under constant

biofilm carrier’s area (85 cm2 / ¢ wastewater) and different ini-
tial BOD values.
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Fig. (6) : The relationship between COD in milligram / liter and R.T. in

hours with variable biofilm carrier’s area (cm2 / § wastewater)
and constant initial BOD value 3000 mg/ g
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Fig. (7) : The relationship between COD removal efficiency percent and

R.T in hours with variable biofilm carrier’s area (cm2 / & waste-
water) and constant initial BOD value 3000 mg/ ¢ .
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Fig. (8) : The relationship between BOD in milligram / liter and R.T. in

hours with variable biofilm carrier’s area (cm2 / § wastewater)
and constant initial BOD value 3000 mg/ g, .

CONCLUSION:

It was found that under constant biofilm
carrier’s area, maximum degradation of COD
and maximum decrease in BOD occur after
12 hours retention time. It was also observed
that wastewater become more acidic as the re-
tention time increases. Under constant reten-
tion time, both COD and BOD decrease as the
biofilm carrier’s area increases.

The SBBR proved to be a very flexible tool,
and was particularly suitable for the treat-
ment of slaughterhouse wastewater; charac-
terized by high nutrient content and by fre-
quent changes in composition and therefore
affecting process conditions.

Experiments were performed to study the
relationships between pH, and COD and BOD
and biofilm carrier’'s area in six slaughter-
house wastewater samples. Influent BOD
ranged from 1500 to 3000 mg/ € and effluent
BOD concentration was generally about 50
mg/f in most cases.
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Sequencing biofilm batch reactors repre-
sent efficient system of wastewater treatment
in slaughterhouse and meet environmental
standards. The system requires a daily main-
tenance by a trained technician and daily
drainage of accumulated sludge. Water used
in slaughterhouse must be sterilized to avoid
infection by harmful viruses and bacteria.

This study established that systemizing
and standardizing a model-based optimization
of SBBRs. (Sequencing batch biofilm reactor)
is important to ensure an objective and de-
tailed search for an optimal optimal operating
operating strategy and for internal quality
check also to compare different optimization
studies.
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