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Characterized by high level of salinity, organic concentration and
biodegradability, mustard tuber wastewater was chosen to be treated by anaerobic
sequencing batch biofilm reactor (ASBBR) in this study. Previous researches have proved
that the treatment performance of ASBBR is temperature and salinity depended. Orthogonal
experiments were carried out to assay the more specific relationship of temperature,
salinity and effluent COD. High salinity showed inhibition towards the treatment effect
of microorganisms, while suitable temperature played a catalytic role. Under appropriate
condition, the COD removal rate could reach 95.1%. However, under adverse condition,
the COD removal efficiency could be as low as 42.2%. The linear regression equation of
temperature (T), salinity (ñ) and effluent COD was: COD=1515+ 0.072ñ-69.1T. The
expression could be a guide for engineering design and operation.
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Mustard, one of Chinese famous special
products, is a semi-dry-state non-fermented pickle.
The main mustard origin is the Chongqing city,
China. Large amount of wastewater generated from
the large-scale mustard production process is
discharged directly, which puts great pressure on
the environment. With the impoundment of Three
Gorges Dam and the increase of environmental
awareness, more and more attention is being paid
to the treatment of high salinity wastewater.
Currently the main treatment methods include: 1.
MBR treatment (Artiga et al., 2008); 2.Combination
of biological and chemical process (Ahn et al.,
1999); 3.SBR treatment (Lefebvrea et al., 2005);
4.Electrochemical method (Lin et al., 1998); 5.Ion
exchange treatment (Metcalf et al., 2003);

6.Electroflotation process (Bande et al., 2008), etc.
In recent years, researches on salt wastewater
treatment have made great progress, but most are
still limited to laboratory scale. That how to widely
use and popularize the findings into practical
engineering application needs deeply study and
explore.

Biological treatment of wastewater with
high salinity has become a difficult and hot spot in
the world research field, owing to the great impact
of salt on1 microorganisms. Researchers around
the world have conducted many experiments in
this regard, and the main conclusions are shown
as following: 1.High salinity leads to high cell
osmotic pressure, and causes cell dehydration and
protoplast isolation. Besides, it induces lack of
filamentous microorganisms and protozoa (Reid et
al., 2006; Jeison et al., 2008; Abou-Elela et al.,
2010); 2.Activated sludge readily floats upward
and run off. In addition, the flocculation activity
wanes (Bassin et al., 2011); 3.Nitrification and
denitrification activities abate, furthermore, the
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removal efficiency of organic matter and
phosphorus decreases (Fontenot et al.,2007;
Tsuneda et al., 2005; Uygur, 2006; Kartal et al.,
2006); 4. It is helpful to exploit halophilic bacteria
for the treatment of high salinity industrial
wastewater (Abou-Elela et al., 2010). Microbial
treatment has advantages such as low cost,
thorough clean, environmental protection and easy
operation. However, difference in water quality,
operating condition or microbe domestication
method may lead to distinct results.

Some studies show that high salinity has
inhibition on common microbiology. Ingram
(Ingram, 1939) found that the respiration rate of
microbiology decreased when the NaCl
concentration exceeded 10g/L. Rene (Rene et al.,
2008) confirmed that increasing the salt
concentration lowered the nitrogen removal
significantly, which was attributed to salt induced
stress (Rene et al., 2008). However, some other
studies showed that high salinity improved the
flocculation efficiency and removal rate, what’s
more, made the treatment system more stable.
Woolard (Woolard et al., 1995) indicated that the
remove rate of phenol was about 99% when the
NaCl concentration reached 15%. Hamoda
(Hamoda et al., 1995) held that microbial activity
and organic matter removal rate increased in high
salinity condition.

The organic concentration in mustard
wastewater is high (COD=3000-4000mg/L), and it
is the same with biodegradability (BOD/
CODH”0.5). It can greatly reduce the effluent COD
and the burden of follow-up treatment plants to
take ASBBR as a treatment unit. Also ASBBR is an
energy efficient treatment process. The starting
time can be greatly shortened by inoculating
efficient salt-tolerant bacteria filtered out from
high-salt mustard marinated wastewater into the
reactor.

It has been revealed that ASBBR is
temperature and salinity depended (Mohan et al.,
2007; Bergamo et al., 2009), whereas there are few
specific relationships in this direction. In this case,
orthogonal experiments were conducted to test the
comprehensive influence of salinity and
temperature on the reactor performance. The
regression equation of temperature, salinity and
effluent COD is then established. And it is helpful
for engineering design and operation.

MATERIALS AND METHODS

Experiment setting
The ASBBR test device is shown in Fig.1.

The effective volume of the reactor was 24L and
the size was 30.0cm×16.0cm×50.0cm (L×B×H). The
reactor was made of plastic, in which filled semi-
soft fiber filler. CH

4 
was collected by serum bottle

liquid replacement system. The volume of the serum
bottle was 2L, and the liquid used to replace biogas
was NaOH solution (1%).

1-ASBBR reactor 2-bracket 3-intake 4-sampling ports
5-biogas collection device 6-biological filter media

Fig. 1. Experiment equipment of ASBBR

The commercial available semi-soft fiber
(Fig.2) was made of fiber and reinforcing material.
It was processed by simulating the form of nature
aquatic plants and then shaped into circular. The
diameter was 150mm and the specific surface area
was 25m2/m3. The porosity was 99% and the
specific gravity after biofilm formation was 40g/
m3. The installation distance was 100mm.

Fig. 2. Semi-soft filler

The microbe inoculated in ASBBR was
efficient salt-tolerant bacteria screened from
mustard marinated wastewater. Activated sludge
acclimation was achieved in a way of gradually
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increasing the salinity and organic load. Since
experimental water salinity was proportional to
COD, the decrease of the dilution factor would
increase the organic load. In the acclimation
process, salinity and COD were increased when
the COD removal rate reached 80% steadily. In
order to reduce the impact of salinity on the
anaerobic activated sludge, water salinity and COD
were respectively increased by 2000mg/L and
600mg/L every time when acclimation met the
intended demand. The water quality in the
domestication process is shown in Table.1

EXPERIMENTAL

In order to assay the comprehensive
influence of temperature and salinity on ASBBR
treating mustard tuber wastewater, orthogonal
experiments were carried out according to literature
(Geramita et al., 1979).

Salinity and temperature were selected as
the orthogonal experiment factors. The maximum
value of salinity was 20000 mg/L and the minimum
was 10000 mg/L. The maximum and the minimum
value of temperature were 30°C and 10°C,
respectively. The factors were showed (Table 3):
where Z

1
 expressed salinity ρ (mg/L) and Z

2

expressed temperature T (°C)

Table 1. Water quality during domestication process

Water quality COD salinity pH
stage   (mg/L) (Cl-)(mg/L)

Stage 1 600 2000 6.8-7.2
Stage 2 1200 4000 6.8-7.2
Stage 3 1800 6000 6.8-7.2
Stage 3 2400 8000 6.8-7.2
Stage 4 3000 10000 6.8-7.2

Four identical ASBBRs were used for
parallel trials.  The ASBBR worked in accord with
sequencing batch reactor. The reactors ran with
2d sequential cycles. In each cycle, feeding,
reacting and discharging last for 0.5h, 47h and 0.5h,
respectively. The excess activated sludge was
extracted by pump from the bottom regularly every
45 days. In each reactor, biofilm density was 50%,
drainage rate was 1/2. COD volume load is 0.5 Kg/
m3·d and influent COD is 4000mg/L.
Experiment water quality

In the mustard tuber production process,
waste liquid generated in the second and third
stage ([Cl-] =70-80g/L and [Cl-] =140-160g/L,
respectively) was used to produce mustard tuber
sauce owing to the high salinity and nutrient
concentration. Wastewater in the first stage ([Cl-

]=10-30g/L), difficult to reuse due to the impurity
and relatively low salinity, was usually collected
and treated uniformly before being discharged.
Experimental wastewater used in this work was the
synthetic wastewater from Fuling Mustard Tuber
Group Co., Ltd, Chongqing, China. The wastewater
composition is listed in Tab.2. Prior to the
experiments, influent pH was adjusted to 6.8 to 7.2
in order to reduce the impact of pH on anaerobic
process (Bergamo et al., 2009).

Table 2. Schedule of inspect results of wastewater

COD TN NH
4
-N pH Salinity

(mg/L) (mg/L) (mg/L) (mg/L)

4000 500 150 6.2±0.3 10000

Note: The salinity was metered in the concentration of
Cl-.

Table 3. Levels of factors

Studied parameters Z
1

Z
2

Zero Level Z
0j

15000 20
Constant Intervals ³%

j
5000 10

Maximum Value +1 20000 30
Minimum Value -1 10000 10

The two-factor and two-level linear
regression orthogonal table L4 (23) was chosen.
The experiment arrangement was shown in Tab.4.
The interaction between the two factors was taken
into account, and repeated experiments were carried
out. The experiments were repeated in the same
condition for three times, and the results were used
for orthogonal regression calculation. The four
reactors ran in a parallel way.

Table 4. Experiment arrangement

Reactor Salinity ρ Temperature Influent
number (mg/L) T (°C) COD (mg/L)

1 20000 30 4000
2 20000 10 4000
3 10000 30 4000
4 10000 10 4000
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In the regression orthogonal table, +1 and
-1 indicated the factor levels. Factor levels must
been encoded. Both factors were expressed by Z

ij
,

the level zero and the change interval could be
expressed as:

Factor values were used for the following

linear transformation: 

So, in the test:
X

1
= (Z

1
-15000)/5000= (ρ-15000)/5000 ...(1)

X
2
= (Z

2
-20)/10= (T-20)/10 ...(2)

Thus factors levels coding table was
obtained and showed in Table 5.

COD removal rate was highest (95.1%). When
temperature was 10°C and salinity was 20000 mg/
L, COD removal efficiency was lowest (42.2%).

According to the calculation result, the
influence of salinity and temperature on effluent
COD was highly significant, but the interaction
could be neglected. Thus the linear regression
equation was COD=1208.75+358.75X

1
-691.25X

2
 (3).

Based on equation(1), (2) and (3), the
linear regression equation was COD=1515.00+0.072
ρ-69.1T               ...(4)

DISCUSSION

Temperature and salinity affect biological
treatment system significantly. The reasons may
be as following: (i) within the general environmental
temperature range, when the temperature rises, the
activity of microorganism enzymes enhances. The
metabolic activity of microorganisms enhances,
which causes greater consumption of organic
matter. (ii) When salinity increases, microbial
activities are inhibited, and even excess Cl- shows
toxicity towards the microorganisms; the increase
of wastewater density leads to the decrease of
activated sludge settleability. After being treated
by ASBBR, most organic matters have been
removed, but the concentration of the remaining
organic matters in the wastewater is still high
(Fig.3). In addition, combinations of ASBBR and
aerobic reactors or physic-chemical units would
be necessary to meet stricter emission standards
or to remove nutrients such as nitrogen and
phosphorus (Sarti et al., 2007). Mustard tuber
wastewater treated by ASBBR cannot be
discharged into water body directly. It needs to be
discharged into sewer followed by wastewater
treatment plants. If there are no municipal pipe
networks near the high salinity wastewater
production enterprises, the ASBBR effluent needs
further treating before being discharged.

In terms of ASBBR treating high salinity
wastewater, when two parameters among
temperature, salinity and effluent COD are given,
expression (4) can be used to predict the left one.
Two applications are shown as following:

When ASBBR is designed as a
pretreatment plant for high salinity wastewater,
expression (4) is useful to calculate the influent
salinity in different temperature conditions

Table 5. Coding of factors levels

X
j

Z
i1

Z
i2

1 20000 30
0 15000 20
-1 10000 10

RESULTS AND DISCUSSION

Results and analysis
The results were shown in Fig. 3. When

salinity was a constant value, with the rise of
temperature, COD removal rate was higher. When
temperature was a definite value and salinity was
lower, COD removal efficiency was higher. When
temperature was 30°C and salinity was 10000mg/L,

Fig. 3. Effluent COD of the four reactors
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according to the effluent COD based on different
follow-up treatment processes.

If the effluent is to be treated after being
discharged into sewer, the COD must be less than
500 mg/L. According to expression (4), the design
salinity of the reactor running in summer (30°C),
spring or autumn (20°C) is 14.6kg/m3 and 5.09kg/
m3, respectively. While the design salinity is less
than 0 in winter (10°C), which means ASBBR
effluent cannot meet the standard and must be
further treated by aerobic process.

ii. If the effluent is discharged directly
into natural water body, it needs to be further
treated by aerobic process. In order to protect the
receiving waters, nitrogen and phosphorus and
other organic compounds should be removed. The
total phosphorus content is too high, and it can be
removed by chemical process (Tran et al., 2012).
While total nitrogen can be remove through aerobic
biological process (Casellas et al., 2006). From
Tab.2, the total nitrogen content is 500 mg/L. In
order to meet the C/N ratio of biological nitrogen
removal, the effluent COD should be about 1500
mg/L. From expression(4), the design salinity in
summer (30°C), spring and autumn (20°C) and
winter (10°C) are 28.58kg/m3, 18.99kg/m3 and 9.39kg/
m3, respectively.

When ASBBR is used to pretreat high
salinity wastewater, expression (4) is helpful to
direct the engineering operation. When the reactor
is running in a certain temperature condition:
i. The effluent COD can be predicted according

to the influent salinity so the engineering
operation can be adjusted timely.

ii. According to the follow-up processes, the
effluent COD is determined. From equation
(4), the influent salinity of the ASBBR is
identified. Thus the wastewater can be
desalinated appropriately.

CONCLUSIONS

When using ASBBR to treat mustard tuber
wastewater, both temperature and salinity have a
significant impact on the treatment effect, and their
interaction is not significant. In appropriate
circumstances, the COD removal efficiency can
reach more than 95%. While under adverse case,
the COD removal rate could be as low as 42.2%.
Linear regression equation of temperature T,

salinity ñ and effluent COD is: COD=1515+ 0.072ñ-
69.1T. This equation can be used to predict the
effluence COD in different temperature and salinity
conditions, so it can be used to direct engineering
operation, also it can be used to guide engineering
design according to the treatment effect that meets
the desired requirements.
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