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Effect of oxygen on decolorization and degradation of azo dyes by
mixed flora
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1 School of Environment and Surveying Engineering, Suzhou University, Suzhou, Anhui 234000, China
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Abstract: [Background] Azo dyes and their degradation intermediates have certain environmental
toxicity. The application of mixed flora to degrade azo dyes is environmentally friendly, whereas the
presence of oxygen plays a vital role in the degradation process, which can promote or suppress the
biodegradation of azo dyes. [Objective] The effect of oxygen on the azo dye decolorizing solutions were
explored, and the influence of oxygen on the decolorization and degradation of azo dyes by mixed flora
were investigated. [Methods] Through the decolorization and degradation of seven azo dyes by mixed
flora DDMY1 under three culture conditions (aerobic, anaerobic and facultative), the response of their
decolorizing solutions to oxygen were discussed. Meanwhile, the degradation products were detected by
ultraviolet visible spectrophotometry (UV-vis) and Fourier transform infrared spectroscopy (FTIR).
[Results] After 48 h reaction under facultative and anaerobic conditions, several azo dye decolorizing
solutions were captured to have the remarkable color restoration after exposure to oxygen, such as
Reactive Black 5 and Direct Black 38. The results of UV-Vis analysis showed that the phenomenon of
color restoration was derived from the generation of the new substances produced after decolorizing
solutions contact with oxygen. In addition, the outcome of FTIR analysis indicated that the mixed flora
DDMY1 still had the decolorization and degradation effect on azo dyes despite of color restoration, but the
decolorization was not complete. [Conclusion] Under facultative and anaerobic conditions, oxygen had
obvious influence on partial azo dye decolorizing solutions, affecting the overall decolorization
performance of mixed flora DDMY1 on azo dyes. The study provides a theoretical basis for further
research on the complete biodegradation of azo dyes.

Keywords: Oxygen, Decolorization, Color restoration, Mixed flora, Azo dye
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Table 1 Chemical formula, structural formula, relative molecular weight and maximum absorption wavelength of seven azo dyes

Jukf TEZ PRIEN IR 5 T N AR
Dyes Chemical formula  Structural formula Relative molecular Maximum absorption
weight wavelength (nm)
N\ /T

[GlEE SN Ca2H22NeNa20gS, M}{ P 696.68 487
Congo Red NaO,S ‘ ™ SO,Na

O ‘NH, HN r ]

N

WH&LL S Ca2H12N4NasO13S, 0..ONa 760.57 530
Ponceau S 057_\ s ONa

—y = —

Na0, 52T NN+ )-§$ONa
aOS~ ol 7 o)
0"0

mRPERE 7 CiHuN:Na0,S H—OSOM 350.32 486
Acid Orange 7 I il oH
B | C1sH1N2NaO,S N=N—Os03Na 350.32 486
Orange |

OH
R PE 1 C22H14N6Naz0gS, @ NH,0OH = 616.49 605
Acid Black 1 O.N b @ AW

NaO" S“O dS\ONa

(ﬁﬂ:S CysH21NsNayO19Ss gZCH20S03Na gZCH2OSO3Na 091.82 597

2 2

Reactive Black 5

BEH 38 CasH2sNgNa;07S;

Direct Black 38

596
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10 000 r/min 5.0 10 min WEEBLEA 24 h (A BE A, HF
5 MiSeq 1y e (26 35 A W S 25 B HiAT BR
o), XA R T AR B A, 15 EE 4
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S t B 2GS RS T P AR DA
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Figure1 Community structure of DDMY1 at the level of genus taxonomy
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B2 H#&E. R&E. REBEFAXATESEAENBRARMIRE 48 h (IR AMRE

Figure 2 Decolorization effect picture of azo dyes decolorized by mixed flora under aerobic, anaerobic and facultative

conditions for 48 h
e 1-7: KISRZL. WHELLS. PRt 7. BT .

Mtk 1, {61 5. EHEMR 38

Note: 1-7: Congo Red, Ponceau S, Acid Orange 7, Orange I, Acid Black 1, Reactive Black 5, Direct Black 38.
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Figure 3 Decolorization rate of azo dyes decolorized by
mixed flora under aerobic and anaerobic conditions for 48 h
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Figure 4 Decolorization effect picture (A) and rate (B) of
azo dyes decolorized by mixed flora before and after
exposure to oxygen under anaerobic condition

W 1-7. WISRLL, WHRLL S, Bt 7. B T . R 1.
MR 5 HPER 38

Note: 1-7: Congo Red, Ponceau S, Acid Orange 7, Orange I, Acid
Black 1, Reactive Black 5, Direct Black 38.
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Figure 5 Decolorization effect picture of azo dyes
decolorized by mixed flora before and after exposure to
oxygen under facultative condition

e 1-7: WUERLL, WAL S, MRMERE 7. BB T . MRMER 1.
THPER 5. EER 38.

Note: 1-7: Congo Red, Ponceau S, Acid Orange 7, Orange |, Acid
Black 1, Reactive Black 5, Direct Black 38.
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Figure 6 Decolorization rate of seven azo dyes by mixed
flora and single strain under facultative condition
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Figure 7 UV-vis spectrum of seven azo dyes degraded by mixed flora under aerobic, anaerobic and facultative conditions
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Note: A: Congo Red; B: Ponceau S; C: Acid Orange 7; D: Orange |; E: Acid Black 1; F: Reactive Black 5; G: Direct Black 38.
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Figure 8 FTIR spectrum of dye solution (O h) and decolorizing solution (48 h) after exposure to oxygen under facultative
condition

W A: TRMEL; B: TEMES; C. HEEE 38
Note: A: Acid Black 1; B: Reactive Black 5; C: Direct Black 38.
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