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Abstract Sewage treatment station in oilfield needs a new
process to meet the desired requirements. A new process
was proposed to meet the discharge standards, which
consisted of the following sub-processes: electrochemical
treatment — coagulation treatment — integrated bio-
chemical treatment of moving bed biofilm reactor and
membrane bio-reactor — combined treatment process of
macroporous adsorption resin. Electrochemical treatment
included 5 electrolytic cells, total volume of which was
10 L. The PFS was chosen as the coagulants in the coag-
ulation treatment, and the removal rate of COD could reach
66% when the dosage of PFS was 500 mg/L. The bio-
chemical treatment consisted of anoxic tank, aerobic tank
and membrane zone, and the removal rate of COD was
about 55-70% when HRT was 12 h. SD300 resin was
chosen as the best adsorbent in the treatment using
macroporous adsorption resin. In addition, the effluent
COD after coagulation treatment process becomes about
180 mg/L, the effluent COD after biological treatment
becomes about 50 mg/L, and the last effluent COD with the
macroporous adsorption resin becomes about 20 mg/L.
The three-dimensional fluorescence spectrum was used to
analyze the differences in types of organic matters in water
samples between the raw water and the treated one. The
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results demonstrated that the new process meets the needs
of wastewater treatment.
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Introduction

With the production of crude oil and natural gas, a large
amount of oil wastewater is usually produced in the process
of oil and gas exploration and development (Guo 2015).
According to the different oils, oil sewage can be divided
into heavy oil sewage, dilute oil sewage and high con-
densate oil sewage, etc. (Wang et al. 2005). Heavy oil, as
an important part of the energy supply, is being increas-
ingly exploited. Accordingly, a large amount of heavy oil
wastewater is produced from heavy oil process. Compared
with light oil wastewater, crude oil wastewater contains
more polar organics and complicated dissolved recalcitrant
compounds, such as naphthenic acid, heterocyclic com-
pounds, surfactants and heavy mineral oil (Tong et al.
2013). Most of those contaminants are poisonous and
macromolecular (Chen et al. 2014). How to economically
and effectively deal with the large amounts of oil
wastewater to reach the reinjection or back and efflux
required? The problem has important significance to the
economic development of the oil field.

The sewage wastewater in this paper which was from
the Liaoning sewage treatment plant was heavy oil
wastewater. The wastewater was weakly alkaline, with
large amount of colloid and asphaltene, high hardness and
great content of SiO, The main pollutants in the
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wastewater were the oil and the organic polymer, such as
emulsifier and emulsion breaker. The inlet was the
wastewater from the processes of deoiling, flotation,
desilication, backwashing filter and resin bed regeneration,
which contained reverse demulsifier, purifying agent,
flocculant aid, acid pickle, waste lye and other chemical
agents. The drainage of each kind of the wastewater was
random. The displacement and the time of drainage could
not be sure, with the deoiling sewage and the production
sewage deoiling generating almost every moment. The
temperature of mixed inflow was unstable, and oil content
and COD vary greatly. All above showed that the com-
plexity of the inflow made the water treatment more dif-
ficult in the station.

In recent years, the industrial wastewater treatment
methods include physical and chemical methods and bio-
chemical methods (Shanfa et al. 2003). Physical and
chemical methods include electrolysis, membrane separa-
tion, adsorption, coagulation treatment and chemical oxi-
dation. The coagulation method can be used to reduce the
turbidity and chroma of the wastewater, and remove the
high molecular substances, colloidal organic pollutants and
certain heavy metals (mercury, cadmium), which is widely
used in the treatment of oilfield wastewater. Biochemical
treatment methods mainly include activated sludge
method, biofilm method and the integrated biochemical
treatment methods. But this method requires that the
sewage has good biodegradability, the water quality and
color are stable, and water temperature change is small
(about 35 °C). However, the quality of heavy oil wastew-
ater in this paper is not biodegradable because of its poor
biodegradability. Therefore, the integrated processing sys-
tem was applied in the whole treatment.

The electrochemical treatment and flocculation treat-
ment can be used to reduce the turbidity and chroma of the
wastewater, and also remove the macromolecule sub-
stances. The moving bed biofilm reactor and membrane
bio-reactor were combined to treat the heavy oil wastew-
ater. Its advantages are high separation efficiency and low
energy consumption. The effluent quality was good.
Finally, macroporous adsorption resin was used for com-
prehensive treatment. Adsorption is a surface phenomenon
in which the pollutants accumulate on any solid surface,
the compound (pollutant) that sticks or adheres to the solid
surface is called as adsorbate, and the solid surface is
known as adsorbent. The adsorption is affected by tem-
perature, nature of adsorbates and adsorbents, presence of
other pollutants, and other atmospheric and experimental
conditions. Adsorption is also considered as one of the best
wastewater treatment methods due to its wide range of
applications and ease of operation (Ali and Gupta 2006; Ali
et al. 2012; Ali 2014). The method is simple, and the COD
was removed easily to meet the requirements of standard.
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While the initial station could meet the national com-
prehensive discharge standard of sewage, with the
increasing of water and the aging of equipment, the current
treatment process was not suitable for the requirements of
the current environmental protection and the production of
oilfield. So the existing treatment process needed to be
improved as required. As an advanced treatment technol-
ogy, the effluent could meet the standards of discharge.

The study was conducted in the Liaoning Huansilian
Heavy Oil Wastewater Treatment Plant, China, from May
2, 2014, to October 6, 2014.

Materials and methods
Experimental wastewater

The experimental water was from the Huansilian sewage
treatment plant in Liaohe oilfield (hereinafter referred to as
raw water); its basic indicators are illustrated in Table 1.

Instrumentation
Three-dimensional fluorescence spectrometer

The datasets which indicated the components of wastew-
ater were obtained with a HORIBA MAX three-dimen-
sional fluorescence spectrometer.

Electrochemical treatment unit

The parameters of electrochemical device are set as fol-
lows: One group of electrode plate distance was 1 cm, the
first group of the electrode anode used iron mesh electrode
(12 cm x 6 cm), and the cathode used pure titanium
electrode (6 cm x 12 cm); the next two groups of elec-
trode anodes wused titanium-coated PbO, electrode
(6 cm x 12 cm), and the cathodes were made of pure
titanium electrode (6 cm x 12 cm); the final two groups of
anode and cathode both wused graphite electrode
(6 cm x 12 cm); each group of plates was separately
controlled by a DC power. The first group of electrodes
was mainly used as an electric flocculation unit, the next
two groups of electrodes were used as the electric catalytic
oxidation unit, and the last two sets of electrodes were used
as electrical floating units.

The total volume of the electrolytic cell was 10 L, the
volume of the first to the third group of electrolytic cell was
15L (12cm x 5.5 cm x 23 cm), the volume of the
fourth and the fifth groups electrolytic cell was 1.4 L
(12 cm x 6 cm x 12 cm), the volume of the next settling
basin was about 2.7 L, and the spacing of each group of
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Table 1 Basic indicators of the raw water
Parameters Parameter Parameters Parameter Parameters (mg/  Parameter
values values L) values
pH 8.05 Total alkalinity (mg/L,CaCOs5 to 454.7 PO~ 0.34
calculate)
Conductivity (ms/cm) 4.50 Silicon content (mg/L) 124.0 CODc¢, 212
Salinity (mg/L) 3500 Cl™ (mg/L) 1736.0 BOD; 40.8
Total hardness (mg/L,CaCO; to 870 NH;-N (mg/L) 28.0 Oil content 5.86
calculate)
Total iron (mg/L) 8.8 TN (mg/L) 343 TOC 68.0
IC (mg/L) 34.7 S0,*~ (mg/L) 128.5

plates was 5 mm. The first, the third, the fifth sets of
electrolyzer used triangular weir overflow independently,
and the height of overflow weir was 1 cm.

Coagulation treatment unit

Taiwan scholar Cheng (Cheng and Chi 2002) and other
scholars found that PFS will form Fe(OH); colloid particles
which were large and dense in the process of coagulation.
So PES is better than other coagulants, the removal rate of
turbidity, color and organic matter is higher, and the
residual fraction in the supernatant is lower. So PFS was
chosen for the experiment.

Biochemical treatment unit

The experimental equipment was made of methyl
methacrylate, the treatment ability was 120 L/days, the
residence time was 12 h, the water inlet was directly
extracted by the peristaltic pump, and the water flow
control was carried out by the rotameter. The reaction tank
was divided into anoxic tank, aerobic tank and membrane
zone (anoxic tank was put before aerobic tank; the volume
ratio was 1:1). The anoxic zone was 1.2 dm x 2.3 dm x
4.3 dm; aerobic zone was 1.8 dm x 2.3 dm x 3.9 dm,
and perforated aeration pipes were set up at the bottom of
the aerobic zone. The membrane zone was
1.0 dm x 2.3 dm x 4.3 dm. The ratio of the filtration time
to the ceasing time of the flat membrane was 8:2, the fil-
tration time was 8 min, and the ceasing time was 2 min.
The domestication of method was adopted that gradually
increased the proportion of the effluent from the air flota-
tion workshop in the domestication stage of biochemical
treatment, and mixed culture with pure culture medium, the
pure culture medium contained 245.25 mg/L sucrose,
285.6 mg/L. CH3COONa, 229.24 mg/LL NH4CI, 40 mg/L
KH,PO,, 354 mg/LL NaHCO;3, 20 mg/LL CaCl,, 20 mg/L

MgCl, and 20 mg/L AICl;. The inoculated sludge comes
from a sewage treatment plant in Panshan County of
Panjin. Domestication period included four stages. Pure
culture medium was put into the inlet in Stage I, which
culture 1-7 days; 2/3 pure culture medium and 1/3 air
flotation effluent mixture were put into the inlet in Stage II,
which culture 8—14 days; 1/2 pure culture medium and 1/2
air flotation effluent mixture were addition in Stage III,
which culture 14-20 days; 1/3 pure culture medium and 2/3
air flotation effluent mixture were addition in Stage IV,
which culture 20-24 days.

Treatment of macroporous adsorption resin unit

Three resins were selected for the experiment, which are
SD300, SD500 and SD730. The polarities of the resins
are nonpolar, weak polarity and polar, respectively.
SD300 is made of polystyrene. SD500 and SD730 are
both made of polyacrylic acid. The method of resin pre-
treatment from Dong et al. (2015) was referenced: All the
resins were first treated in absolute ethanol for 24 h and
then washed with deionized water (to complete removal
of ethanol), soaked in 5% (m/m) NaOH for 6 h, washed
with deionized water (until the pH of filtrate was 7),
soaked in 5% (v/v) HCl for 6 h, and washed with
deionized water (until the pH of filtrate was 7) in
sequence.

Each resin was accurately weighed (0.5 g) and carefully
transferred into a 250-mL flask, and filtered wastewater
samples (100 mL) were transferred into the three flasks,
respectively. Besides, filtered wastewater sample (100 mL)
was transferred into the other flask at the same time
(without resin). All these flasks were shaken in the ther-
mostatic oscillator at 25 °C with a shaking speed of
150 rpm for 12 h and let stand for 12 h. After resin
adsorption reached saturation, values of CODc, before and
after adsorption were determined and then calculated
equilibrium adsorption capacity g..
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The equilibrium adsorption capacity:

(C() — Ce) xV
Ge=""w (1)

In the equation, ¢, stood for the equilibrium adsorption
capacity (mg/g). Cy, C, stood for the initial concentration and
the equilibrium concentration (mg/L). V stood for the
volume of waste water (L). W stood for the dry weight
(g) of the resin used.

Then, biochemical treatment of effluent was treated by
SD300 resin, which was accurately weighed (0.2 g) and
carefully transferred into a 250-mL flask and the effluent
treated by biochemical process was transferred into the flask.

Experimental procedures

Experiments were carried out in the sewage treatment plant.
The defects of the original treatment from the characteristics
and the changes of macroscopic and microscopic indexes of
dissolved organic matters were analyzed which can guide

Electrochemical advanced
catalytic oxidation reactor

the transformation (Yin and Liu 2015). The experimental
process flow chart is shown in Fig. 1.

Results and discussion

The three-dimensional fluorescence spectra
of the raw water

Three-dimensional fluorescence spectra were divided into
five regions with horizontal and vertical lines by using the
same wavelength boundaries of excitation and emission in
each spectrum. Based on a number of references, the
excitation and emission boundaries were divided into five
regions in this paper. The peaks of the spectrums were
related to the humus, tyrosine or phenolic organics (Coble
1996). In general, the fluorescence peaks of the materials
which were in the short excitation wavelength (<250 nm)
and the short wavelength (<350 nm) were related to simple
aromatic proteins, such as tyrosine (region I, II) (Ahmad
and Reynolds 1999). Fluorescence peaks of the materials

Biological enhanced treatment unit
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Fig. 1 Flow chart of experiment
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which were in the medium excitation wavelength
(250-280 nm) and the short wavelength (<380 nm) were
related to the soluble microbial metabolites (region IV)
(Ismaili et al. 1998). Fluorescence peaks of the materials
which were in the long excitation wavelength (>280 nm)
and the long emission wavelength (>380 nm) were related
to the substance and humic substances (region V) (Artinger
et al. 2000). The data of three-dimensional fluorescence
spectra with the excitation wavelength which were less
than 250 nm have not been widely reported, but the reli-
able result could be provided by the latest technology
measurement in this wavelength range. The shortest exci-
tation wavelength of the three-dimensional fluorescence of
the fulvic acid was 250 nm (Coble et al. 1990, 1993,
McKnight et al. 2001; Sun et al. 2016; Zhou and Meng
2015).

The spectrum indicated that the center of the three-di-
mensional fluorescence spectrum peaks was located in the
short excitation wavelength. Fluorescence peaks of the
materials which were in the short excitation wavelength
(<250 nm) and the long emission wavelength (>380 nm)
were related to the fulvic acid (regional III).

The three-dimensional fluorescence spectrum of the raw
water is shown in Fig. 2. There is only one fluorescence
peak in the raw water, and its position is in the
255/375 nm, which belongs to the region of the fluores-
cence peak of microbial metabolites. Besides, there are
some organic compounds which mostly appear are tyrosine
and tryptophan in the region. These two compounds are
aromatic amino acids, so it could be concluded that the
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Fig. 2 Three-dimensional fluorescence spectra of the raw water

organic matters in raw water include structures of benzene
ring, amino and carboxyl group.

Electrochemical treatment unit
Effect of residence time on COD removal

In order to study the influence of residence time on the
effect of electrochemical treatment, the effluent could be
filled by large plastic barrel which is 250 L before the
experiment, and a peristaltic pump was used to supply
water continuously from the barrel to the electrochemical
device in the experiment, which could maintain the sta-
bility of the influent quality. The hydraulic retention time
(HRT) was controlled to 60, 50, 40, 30, 20 min, respec-
tively, which was adjusted by the flow rate of inflow. And
then the water was got after powering each stage of current
value and voltage value 1 h and measured its COD, and the
result is shown in Fig. 3.

As shown in Fig. 3, the residence time had a great
influence on the effect of effluent. With the prolongation of
residence time, the COD removal rate increased first and
then decreased. When the residence time was 40 min, the
COD removal rate was the best, which was 27.58%.
Because the reaction which could reach a certain extent
would stop, prolonging the residence time could increase
the speed of the electrode material consumption, so the cost
would increase.

The contribution of different electrodes on the removal
of organics

In order to study the effect of different electrodes on the
removal of organics, the effluent could be filled by large
plastic barrel which is 250 L before the experiment, and
kept stirring to maintain the stability of the influent quality.
Dynamic inflow was used in the experiment. A peristaltic
pump was used to supply water continuously from the
barrel to the electrochemical device, influent flow rate was
15 L/h, and HRT was 40 min. At the same time, the current
and voltage values of each group were kept constantly
during the experiment, took each unit of water (the first
unit of water is the next unit of water) and measured these
CODs. The trend of COD and the removal rate of each unit
are shown in Fig. 5.

As shown in Fig. 4, the COD removal rate of the pre-
cipitation area was very small, which means that the sus-
pended matter was little. To a certain extent, COD in the
electrocatalytic oxidation zone could be removed. This is
due to the concentration of ClI~ from the effluent reaching
1736 mg/L. The oxidation would occur to form Cl,, HOCI,
hypochlorite in the titanium-coated PbO, electrode [For-
mulas (2)—-(4)], and then the electrode surface and the
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surrounding solution of organic matter were oxidized
(Formula 5) (Scialdone et al. 2009).

2C1~ — Cly + 2e” (2)
Cl, + H,0 — HOCl + H* 4 CI~ (3)
HOCIl < H* 4 OCI~ (4)
R+ 0ClI~ — R — CO, +CI” +H,0 (5)

Besides, the removal rate of COD was not high in the
electrocatalytic oxidation zone, because the titanium-
coated PbO, electrode could produce hydroxyl radical
(-OH), and CI™ would react with -OH to generate chlorine
radical which had lower activity (Formula 6). It would

w @ Springer
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Electrochemical treatment

reduce the hydroxyl radical of oxidation of organic matters
that had the highest activity, which reduced the removal
rate of COD (Grebel et al. 2010; Polcaro et al. 2009).

ClI” + -OH — Cl- +OH" (6)

As shown in Fig. 5, the removal rate of organic matters
was low in the electro-flotation unit. That is because the
electrocatalytic oxidation unit used a lot of C1~ which was
highly conductive. The solution conductivity in the electro-
flotation unit was poor (the TDS of electrocatalytic
oxidation unit was 4056 mg/L; the TDS of electro-
flotation unit was 2348 mg/L). So that fewer bubbles
were generated at both ends of the graphite electrode,
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Fig. 5 Zeta potential of supernatant when adding different dosages of
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suspended matters could not be effectively carried to the
liquid surface.

Coagulation treatment unit
The effect of the dosage of PFS

The coagulation effect of different dosage of PFS was
investigated. Results showed that the removal rate of COD
was on the increase when the dosage of PFS was lower than
200 mg/L. The removal rate of COD reached the highest
level when the dosage reached 200 mg/L. With the increase
in the dosage, the removal rate of COD was decreased when
the dosage of PFS was more than 200 mg/L. This is due to
the phenomenon of the stability of the colloid in the sewage
after the dosage was excess. The Zeta potential of the
supernatant was changed from positive to negative with the
increase in dosage of PFS from Fig. 5. The reason is as
follows: PFS produced electrical neutralization on the DOM
of the effluent. When the dosage was more than 200 mg/L,
the absolute value of the Zeta potential was increased,
which increased the repulsion between one charged col-
loidal particle and other. The dosage of PFS reached
500 mg/L, which would make the colloidal particles in
unstable state. The varying tendency of COD was consistent
with the change trend of the Zeta potential.

Effect of pH on the coagulation properties of PFS

The result shows the effect of different pH on the coagu-
lation performance of PFS. When pH was 6.00, COD¢, was
80.2 mg/L; when pH was 7.00, COD¢, was 96.4 mg/L;
when pH was 8.00, COD¢, was 88.6 mg/L.

According to Cheng et al., their findings about the
coagulation of PFS being used to remove dissolved organic
matter (DOM) show that the hydrolysis of the component

of PFS and the complexation reaction between the com-
ponent of PFS and the DOM with negative charge would
occur simultaneously, and two kinds of reactions would
compete with the component of PFS in the solution. The
specific reaction is as follows:

Hydrolysis reaction:

3m—x)nt (Bm—x—y/n)n+

[Fe,,(OH),]¢ +yOH™ — [Fem(OH)H), /n}

n

R, =k, { [Fem(OH)x] i3m—x)n+}{OH— }y (7)

Complexation reaction:
(Bm—x)n+

[Fe, (OH),] ™" 4R* — [Fe,,(OH), — R\ "~*
R; = kz{ [Fe,,(OH), ] f3m7x>"+}{Rz-} (8)

4

By combining with the changes of the Zeta potential of
flocs and the Formulas (7) and (8), it can be inferred that
the organic matters from the water were treated by
coagulation when pH of water was 6, the coagulation
mechanism is electric neutralization; PFS was hydrolyzed
rapidly in the neutral or alkaline conditions, and then, it
formed colloidal particles precipitated, and the electrical
neutralization ability of PFS decreased. But adsorption
complexation and sweeping became the main coagulation
mechanism, which ensured the effect of removal of DOM
in the neutral or alkaline conditions.

Analysis of three-dimensional fluorescence spectra
of the supernatant of coagulation treatment

By comparison, it is found that the fluorescence peak
positions of the coagulation supernatant were basically
consistent at the three pH conditions. The organics in the
water sample were mainly fulvic-like substance which was
in the UV range and a little protein (Rodriguez et al. 2014).
The fluorescence spectrum of supernatant at pH 6.00 was
weaker than that at pH 8.00. That is because the humus is a
kind of porous polymer with flexible structure that contains
carboxy group, phenolic group and other acidic groups. In
general, with the changes of the pH value, the acidic groups
of organic macromolecular structure and the structure of
the molecule itself would be changed. The study shows that
the humus molecules have a linear stretch structure in
neutral or alkaline conditions, while the humus molecules
are in a state of curl in acidic conditions. The humus would
make more fluorescent groups to be exposed in the solution
when they have a linear stretch structure, so that the fluo-
rescence intensity is enhanced (Royer et al. 2002). While
the humus is in a state of curl, the fluorescence intensity is
weakened.
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Biochemical treatment unit
Domestication of biochemical treatment

The changes of concentration of COD and the removal
rates of the inlet and outlet water in each stage are shown in
Fig. 6. Because the materials of the pure culture medium
are biodegradable, after the microorganism added to the
system gradually adapted the environment, the removal
rate of COD gradually increased in the Stage I. In the Stage
I, the removal rate of COD is also gradually increased. In
the Stage III and the Stage IV, the removal rate of COD
gradually reduced after gradually increasing the proportion
of air flotation effluent. On the one hand, this is because the
proportion of air flotation effluent no less than 1/2 may
suppress the microbial activity. On the other hand, it may
be that the biochemical degradability of air flotation
effluent was poor, the proportion of non-biodegradable
organic matter increased after gradually increasing the
proportion of air flotation effluent, and then the COD of
effluent increased.

The removal of COD in the biochemical treatment

Biochemical treatment system began to enter the
operational phase after domesticating for 24 days, the
inlet is 100% of air flotation effluent, and run for 58
days. The changes of concentration of COD and the

Fig. 6 Changes of
concentration of COD and the

removal rate of the inlet and outlet water are shown in
Fig. 7.

The CODc; of inlet fluctuated between 250 and 450 mg/
L (average value was 353.6 mg/L); the quality of
inlet was unstable. The CODc;, of effluent was relatively
stable, which fluctuated between 100 and 150 mg/L (the
average value was 135.5 mg/L), and the removal rate of
CODg; fluctuated between 55 and 70%. The results showed
that the instability of influent directly affected the removal
efficiency of the organic matter in the biochemical treat-
ment system.

Analysis of the three-dimensional fluorescence spectrum

In order to study the changes of dissolved organic com-
pounds in each unit of biochemical reactor, inlet, effluent
of the anoxic zone, effluent of the aerobic zone and effluent
of the MBR zone from biochemical reaction equipment
were taken to flow through 0.45-m membranes, respec-
tively, and the three-dimensional fluorescence spectra were
created.

The three-dimensional fluorescence spectra of DOM in
different units contained two major fluorescence peaks A
and fluorescence peaks B. The excitation/emission wave-
length of the fluorescence peak A was 250-255/375. The
excitation/emission wavelength of the fluorescence peak B
was 290/350-390. They belong to the fluorescence peak of
plastein, the fluorescence peak A had relations with tyr-
osine, and the fluorescence peak B was related to
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tryptophan. There was a fluorescent peak C which was
related to humic acid in the samples, and its peak (exci-
tation/emission wavelength) is 260/420-440.

The contour lines of the three-dimensional fluorescence
spectra showed the fluorescence intensity, and the thicker
contour lines showed the higher fluorescence intensity.
Compared to the inlet, the fluorescence intensity of fluo-
rescent peaks (A and B) of DOM declined in the anoxic
zone. But the fluorescence intensity of the fluorescence
peak C changed little, because the fluorescence peak C was
related to humic acid, the biochemical degradation ability
is poor, and the kind of material was more stable in the
biochemical treatment process. The position of the peak
was another parameter which indicates the characteristics
of DOM. Compared to the influent, the position of the
fluorescence peak A of DOM in the anoxic tank was found
that red-shifted by 5 nm along the excitation axis and the
fluorescence peak B red-shifted by 20 nm along the
emission axis. The position of fluorescence peak C was
invariable. The positions of fluorescence peak A and B of
DOM had no change in the aerobic pool. The fluorescence
peak C blue-shifted by 15 nm along the emission axis. The
positions of fluorescence peaks of DOM were no change in
the MBR process. The positions of fluorescence peaks (A
and B) of DOM from the final effluent unchanged. The
fluorescence peak C blue-shifted by 5 nm along the emis-
sion axis. The redshift indicated that DOM contained car-
boxyl substituent group, hydroxyl group, alkyl group,
amino group and carboxyl group (Swietlik et al. 2004). The

blueshift which was observed showed that polycyclic aro-
matic hydrocarbon was decomposed and macromolecules
were broken into simple molecules (Swietlik and Sikorska
2004). The changes of the positions of fluorescence peaks
(A, B and C) showed that not only the concentration
changed, but also the structure of DOM changed in the
biochemical treatment system.

Treatment of macroporous adsorption resin unit
The selection of macroporous adsorption resin

After static adsorption of three kinds of resins, the equi-
librium adsorption capacity was calculated. The equilib-
rium adsorption capacity of SD300, SD500 and SD730 was
21.96, 14.12 and 14.90 mg/g, respectively.

The order of equilibrium adsorption capacity of these
macroporous  adsorption  resins is as  follows:
SD300 > SD500 > D730. Therefore, SD300 resin with the
best adsorption capacity was chosen as the best adsorbent.

Biochemical treatment of effluent by macroporous
adsorption resin

The experiment was carried out for two periods, and the
changes of COD are observed in the periods (see Fig. 8).

From Fig. 8, the resin absorption capacity of organic
matter in the two periods was not high when the water just
entered the resin. The reason may be that the operation of
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Table 2 Percentage distribution of all kinds of materials and volume
of the fluorescence which were calculated by FRI algorithm

@y, the percentage distribution (%) Dr, (X 1079)
(AU-nm?)
PI,n PII,n PIII,n l:’IV,n PV,n
Inlet 6.29 3823 16.63 2556 1329 17.73
Effluent 7.11 2481 18.77 32.00 17.32 1.97

the resin was not stable. After running the system for some
time, the COD of effluent by treatment of resin in the two
periods was about 20 mg/L, which has met the require-
ments of the National Planning of Water Pollution Control
in Major River Valleys (2011-2015), Integrated Wastew-
ater Discharge Standard (GB 8978-1996) and Syntheti-
cal Sewage Discharge Standard (DB21/ 1627-2008) in
Liaoning Province. The COD meets the standard of no
more than 50 mg/L that needs to be controlled within
50 mg/L.

Analysis of three-dimensional fluorescence spectrum

The main fluorescence peak (245/370 nm) (belongs to flu-
orescence peak of plastein) disappeared after the raw water
through SD300 resin. The effluent showed a weak fluores-
cence peak (305/395 nm), which belongs to fluorescence
peak of humic-like. It indicated that the inlet mainly con-
tained plastein, which were adsorbed after flowing through
macroporous adsorption resin, a part of humic substances
retained in the solution and were not adsorbed.

’r @ Springer

The fluorescence intensity of each area was calculated
by the FRI algorithm and determined the proportion of the
volume of each area accounted for the total volume of five
areas. The results are shown in Table 2.

After the inlet was adsorbed by the SD300 resin, the rel-
ative percentage content of aromatic protein (P, Pyn)
decreased from 44.52 to 31.92%, which showed that the
aromatic protein substances were adsorbed by macroporous
adsorption resin. The relative percentage content of humic
substances increased, which indicated that the humic sub-
stances were not adsorbed by macroporous adsorption resin.

Conclusion

According to the water quality and the original treatment
process, the existing treatment process was improved as
required to solve the major problem that the effluent from
the sewage treatment could not meet the discharge standard
under current conditions. The proposed process would treat
raw sewage by the flocculation firstly and then by the
MBBR + MBR integrated biochemical treatment, and the
macroporous adsorption resin and the final effluent meet
the standard.

In the treatment of flocculation and electrochemical, PFS
was chosen as the best flocculant because of the best effect of
treatment. And the removal rate of COD could reach 66%
when the dosage of PFS is 500 mg/L, which can be prepared
for the subsequent treatment process. For the integrated
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biochemical treatment process of MBBR + MBR, when
HRT was 12 h, the removal rate of COD was about 55-70%.
The biochemical treatment system was prepared for the final
resin treatment. Adsorption of macroporous adsorption resin
would further improve the quality of effluent, and COD of
final effluent was about 20 mg/L, which improve and meet
the standard of discharge.
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