






2.2. UV…visible spectroscopy

From Appendix A Fig. S2, it can be observed that the raw
water appeared brownish black, the Fenton effluent was light
brown, and the other water samples were colorless. As can
be seen from Fig. 4, an absorption peak at 490 nm was present
in the raw water and Fenton effluent, but was not detected
after BAF treatment, which was consistent with the differ-
ences in color. In addition, absorption peaks at wavelengths
of 280 nm and 254 nm, which are related to organic matter
containing � –� conjugated double bonds, such as C _C and
C_O, were detected in the raw water and Fenton-treated
water. These characteristic peaks indicated the possible
presence of benzenes and phenols in the water samples.
After BAF treatment, the absorption peaks at 280 nm and
254 nm decreased and finally disappeared, revealing that the
benzenes and phenols were gradually removed. In addition, it
was observed that the intensity of the absorption peak at
210 nm decreased gradually during the integrated treatment
process. This characteristic peak is generally associated with
C\OH, which was present in most of the organic compounds,

illustrating that the organic concentration in the wastewater
was gradually lowered „ an observation that was in agreement
with the COD analysis. Additionally, it was noted that the
absorbance at the wavelength of 225 nm, which is associated
with protein-like substances, was clearly present in the BAF
effluent and was significantly lower after ozonation, demon-
strating that protein-like substances were gradually removed
after ozonation treatment. These protein-like compounds
mainly originated from bacterial metabolism in the BAF,
but also were produced in the A/O and MBR processes with
significantly lower absorbance, indicating they were gradually
removed and almost disappeared in subsequent treatment
steps.

2.3. FT-IR spectroscopic analysis

The characteristic functional groups and specific molecular
structures of organic compounds in water samples can be
identified via infrared spectroscopic analysis. As shown in
Fig. 5, there were seven absorption peaks in all the water
samples, and the characteristic functional groups correspond-
ing to different wavelengths are summarized in Table 2,
according to the literature (He et al., 2008; Bu et al., 2010).

The chemical composition of the raw wastewater was very
complicated. Six absorption peaks were detected, i.e., peaks 1,
2, 4, 5, 6, and 7, indicating that the functional groups of
phenols, BTEX, aromatic hydrocarbon, aliphatic acids, alde-
hydes, and esters, respectively, were present in the raw
wastewater. Most of these organics likely originated from
the pyrolysis of coal. It was observed that peak intensity in
the range 3300 –3600 cm � 1 for the MBR effluent was obviously
weakened. This characteristic peak is related to phenols and
alcohols, revealing that MBR treatment performed well in the
removal of phenols and alcohols. After Fenton treatment, the
peak 7 intensity was enhanced, revealing that the raw organic
matter had been oxidized into small molecules, such as
aldehyde and/or ketone. C _C stretching (peak 6) of aromatic
hydrocarbons was found in the raw water and Fenton effluent,
but disappeared after BAF treatment. Aromatic hydrocarbons
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Fig. 3 – DOM distribution in water samples from different
processes.
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Fig. 4 – UV–visible spectroscopic characteristics of water
samples.
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Fig. 5 – Fourier transform infrared spectra of the different
water samples.

210 J O U R N A L O F E N V I R O N M E N T A L S C I E N C E S 7 0 ( 2 0 1 8 ) 2 0 6 – 2 1 6


