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Decolorization and detoxification of the azo dyes by thermophilic microflora
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Abstract Recently, the environmental pollution caused by azo dyes has become an urgent problem. Based
on our previous study regarding the degradation of constructed azo dyes by thermophilic microflora, the
decolorization characteristics of the azo dyes under different initial pH, temperature, dye concentration, and
structures were explored by kinetic analyses. Specifically, the biodegradation of azo dyes were analyzed using
a scanning ultraviolet-visible spectrophotometer, an infrared spectral scanner, and enzyme activity changes. In
addition, the detoxification of the azo dye was verified by plant toxicity experiments. We found that the optimal
decolorization and degradation conditions of the thermophilic microflora were at an initial pH of 8, a temperature
of 55 C, and a decolorization rate of 400 mg/L, in which the Direct Black G dye reached 100% after 48 h.
Furthermore, the thermophilic microflora had a high tolerance to Direct Black G, despite the decolorization rate
reaching 70% at a Direct Black G concentration of 3 000 mg/L. In addition, the thermophilic microflora showed
a better decolorization performance when using different structures of the azo dyes. Furthermore, the kinetic
analysis revealed that the optimal decolorization rate and concentration were 40.597 3 mg g” h™ and 484.337 6 mg/
L, respectively. Through the scanning ultraviolet-visible spectrophotometer and the infrared spectral scanning
analysis, the chemical bonds and the surface functional group of the azo dyes were shown to have changed
significantly before and after degradation, while the enzyme activity analysis showed that the azo dye-degrading
enzyme significantly increased after degradation. Finally, the plant toxicity experiment proved that the toxicity of
azo dye metabolites was greatly reduced in plants after being degraded by the thermophilic microflora, which
may be due to their transformation into other low-toxic substances. Hence, this work demonstrated that this
microflora improved the decolorization and degradation performance of the dye, which can act as a theoretical
foundation for the non-polluting treatment of azo dyes.

Keywords thermophilic microflora; azo dyes; decolorization characteristics; detoxification effect

ks H 1 Received: 2019-10-29  #:52 H ] Accepted: 2019-12-19

X B AR I ETH (31860025, 31660024) LA A A M HFHENA ZH Il RIBIH (20171BCB23044) L4 A ARl 243k & Wi H
(20151BAB204001) %) Supported by the National Natural Science Foundation of China (31860025 and 31660024), the Outstanding

Youth Talent Funding Program of Jiangxi Province, China (20171BCB23044) and the Natural Science Foundation of Jiangxi Province
(20151BAB204001)

Ui IMEH Corresponding author (E-mail: zgh_net@163.com)



s T T A X AR AR A M £ 12 e L P

Vol. 26 No.4 Aug 2020

Bt 4 D G B AR R T ) R R, R AN [ 2 1 A i e el
ez BT AT S B A 7= 2, TERPZR B 2 i ekl Ll
TR AR %, HRE AL ER80%". fHAE U
FHEMPHRE - EZMHEIL (—N=N—) 7 FRUE
W, X YR B A P R R AR A 5T A TR
FaE gL Mk RE T AR A, T2 R TR iR Aotk
fh B AN 2554 T L YR B BURR PR B,
PURCAEY) SR, R P A I MAN RE B B 2, MK H
MR fRA NS M Z—. R PR 2 BBUKEAER RS
W, SR g, (BBt e 7K e R A A A £ 2 7 A
FAEF. Ak, BE GRS R SUR . S, SR =80 E
FH AT 8 HE T 2R 358 2 56k A 288 6 el 9 3 ol 7™ 0 Al .
DAL, T v 2000 A 20 20 % b IR /KR I T A 22 2 3 DRV 11
R HHEA = RHIE TR X

HAT, oAb 2R G RE K K 1 3% 32 B Y3k
P ik Ak =R B B I B BRI
i PUUEVE RGN 85 R oy R 5 A3 F BRI
RS LR, AL SIESE. R TB AL  FiERE
AT AR BERER, & MVEAR . FCRAR. B AR 17 1E
TR G J AR R DA Y R A e 2 s, AT BR il
Tz R T AR I R B A A B AR AR R R, S
PGB Gk KR B, H AT AR AR AR SR AR
TCi5 e B TR BLAR AR 05, DRIk A vk Ak B A SR R IR AR
AR AR, EERENIRZ S AR T2
18 S0 R € BB AR RO S 2B, IR AN T . R Mk
L RO € 3 ) R P, R B € R R AR, K 22 B T AT
T T A T B Sk AT B, S 1 R L o P A
it 8 1 955 245 T £ 6 R ARk A € o AR L L O R o R AR I
B, EURCEE N TS, AR RS KA AR,
T 6 5 B P Al 88 i S 1% 7 40 B 3= B 3o 40 Tk 22 ol il
SRR ARG 0, I S T 0 B Ak, HL 400 T LA T B 3R
i Iy, BT I PR gtz .

TR AR K AL, B PR R R 25 AT PR 3E N
VOB TG A, AR AEERR, HRE—EE— A
RET R O SEFIFTIF, AN — DA AR =43 — 2D B A,
SRR FRAR Y, {5 SR AR G T R K R
i H A — R RR B5 97 48 hE X EL 32 B2 38 (400 mg/L) Ffii e
FAUN60% LA, AT B —F bR &, AR
22 PG AR A 22 T 1 W ) P S A S e ) e KR T B i
514k, 100 75 S0 M5 e A BT 68k T R
HIF 50 R DA% S 6 P B — B AR B AT BUR I B Be /0, Bt
3R I595.68% [y T SR S H) T 1A VR A TR B P LA iR )
B hE 71, J3:24 hiEh ik 9200 mg/Lik i P B 5 4Ll i i ¢
HEIK94.8% UL K, K E A TR A BB G R KR
A BT i R R

Dt FRATTCAHT SR I T A B RN O B R
N BBy SRINY RN S P S iR Bt = Eir
T 20 A0 R I S G 1 3 BT A 2 S A A B AR
U Ah, 34 3 o A A P I 50 ok 58 F A G R B A 11 Bt
BRI, DA A S G ) (0 TG 5 G A B4R (A 9 1 B 1
Till.

1 MRS %
1.1 SEIEHR

1A BERORIE AT TR AT YA G v AR R S R
Fefp 2o, ZEGWRET55 CER 748 hja il 5%

A 400 mg/Li B3 BGY R, B BRI M Ak g
HiZE &5 H B 4APCR-DGGES M & )5, R HAE K
¥ B A H Anoxybacillus flavithermus strain 52-1A.
Bacillus thermoamylovorans strain DKP. Brevibacillus
aydinogluensis strain PDF25. Geobacillus thermoleovorans
strain NP1. Tepidiphilus thermophilus strain JHK30%&",
1.1.2 %GR AR AR (CyHN;NaO,S.
327.33) . W4 (ChoH1N,Na;0,,S,. 604.47) .
Ml 4 (CyH,,NgNa,04S,. 696.68) . H % E38
(C34H,sNgNa,0,S,. 781.73) « H 2 G (CyyH, N 5Na,04.
839.77) BT L AR FE WAL = e B R AT, FHoar T 451
5 R AT e 5 0 2R 5 H DL 3.

11.3 BEtEns HEMR2.0 g. # & FE5.0 g« ZFPIES.0
g. MgS0, 0.2 g. KH,PO, 1.8 g. NaH,PO, 3.5 g. FeCl, 0.01
g~ MnS0O,0.02 g, pH 7.2.

11.4 UFRE UV-9000*55h 73 e L it g ix
BAHRAR; REHEER R - RS H R A
R ZLAM G SRR A IR AF]; PHS-3CALpH
it LR BT R BRI AT B EOHL:
ARG RIS G IR AT

1.2 LWHE

1.21 NEEZ 3B LR &S0 P05 T T R
#%10% (VIV) M EEMm AR5 (EH# 26 600
mg/L) H, 7E A % A R — U B L R PR pH (4. 5. 6.
7. 8.9.10), i&J¥ (35, 45, 55, 65.75 C) , ANFAYRIKE
(400. 600. 800. 1 000. 1500, 3 000 mg/L) LA K A[F] 45 ¥
PR GURE CFREERE, B, NI, T3S, HiEEG)
PG TR ER T, B E A, M E A [R5 IR I T
SR RN

1.2.2 FEIMBREEZEZECHBamNHE S EC R AN
THE10% (VIV) IR 3P o 4 It 60 3 32 kv, 7E A 5% 1
PrAF — BRSO T IR TEARAL S5 A GYRE AT Uh VA 55 565 I £ 3 26
[RIEEI, YR )% Y FE 1001 500 mg/L, [81F52 hEUFE/>Hr.
1.2.3 BEaXRMNE HUAS [F) B 7% I8 [R) (R B A (4 hy 8
h.12 h. 24 h. 36 h. 48 h) T-10 000 r/minF &.(>15 min, H
FoRE, RGO R R A AL RO AE B, AR
gL R 75 BE I WO AVE AT R, IR S Lt e, it
AT SRA R R

fita % = (A-B)IA x 100% 1)

1.2.4 A[E)35 7r B (6] B AR MR 9 2R 50 - AT 0 e i F3 48 His
WIF IR A E B IL10% (VIV) [ fh & e\ & it i 7 v
(E#:HG 600 mg/L) , THI4hpH 7.2, I 55 CH %1+
TEE IR A BEEIE0 h. 6 h. 24 h, 48 h)5 (HEE BT
10 000 r/minF #5015 min, B FiE, R -7 W5
JEREVHEAT A K R, FHEEFEI25200-900 nm.

1.2.5 ZRGERERHOILERRE BiE i = A
HREZ10% (VIV) (I f s N B ARk (HHEG
600 mg/L) , T-HltapH 7.2, T 55 CHIZ T #i B 577
1% 9%48 i (IR #8110 000 r/min 0215 min, B B,

801/



\.802

26% #4H] 2020488 PRI 4
1 BREMNSY TEHE. RARBESBREHE
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Fig. 1 Effect of different culture conditions on the decolorization of strains.
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Fig. 2 Decolorization of microflora with different initial dye concentrations.
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Fig. 3 Fitted curve of kinetics equation of decolorization model by microflora.
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Table 2 Parameter and equation of kinetics of decolorization of azo dye by microflora

Ykl Dye concentration (o/mg L) 7)) 1% 77 #2 Kinetic equation J B i8R 5 # Reaction rate constant r
100 y =-0.6586x + 4.8103 0.6586 0.9835
200 y =-0.5418x + 5.9441 0.5418 0.9343
300 y =-0.5198x + 6.4949 0.5198 0.9213
400 y=-0.4676x + 6.7865 0.4676 0.9151
600 y=-0.2198x + 6.6643 0.2198 0.9619
800 y=-0.1819x + 6.9223 0.1819 0.9557
1000 y=-0.1485x + 71098 0.1485 0.9574
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Fig. 4 UV-visible spectra before and after dye degradation. A: Direct Black G; B: Direct Black 38; C: Amaranth; D: Methyl orange; E: Congo red.
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Fig. 5 Infrared spectra before and after dye degradation.
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Table 3 Changes in enzyme activity before and after Direct Black G degradation

fifg Xt Control (0 h) A2 Test (24 h)
Enzyme WP Int fash Ext TP Int 4k Ext
&L R E Azo reductase ® 1.5064 + 0.0018 0.9374 + 0.0037 5.1037 + 3.0023 1.4763 + 1.0368"

0.0043 + 0.0002
0.0035 £ 0.0036
0.0025 + 0.0001

KR % i A ALY Lignin peroxidase ®
i E LY Manganese peroxidase ©
% Laccase °

0.0231+0.0025
0.0268 + 0.0075"
0.0023 + 0.0001

0.0036 + 0.0012 0.0195 + 0.0003.
0.0039 + 0.0049 0.0219 + 0.0023"
BDL 0.0712 + 0.0006

a: WA 21 mUR SRR mind 51 pmol L 41 75 B 5 s b Bl P07 AL 4 20 B8 1 umol 327 s 45 RUTT 76 B s o0 Ml P07 A 20 481 umol Mn®
AL MY T B R s B0 L AR 2 B A1 pmol ABTSA: 5t pmol i 6 T i B &, % [ 0t Bt ok R o A i ATT L 25 R L 38 (P < 0.01) 5

BDL: fi& T /KT

a: The enzyme unit is required to reduce 1 pmol of methyl red in 1 mL for 1 min; b: The enzyme unit is the amount of enzyme required to
synthesize 1 pymol veratrol per minute; c: The enzyme unit is the amount of enzyme required to convert 1 umol of Mn** to Mn®* per minute; d: The
enzyme unit is the enzyme required to oxidize 1 pmol of ABTS per minute to produce 1 pmol of free radicals. *: Enzyme activity after degradation
was significantly different from control at the 0.01 level. BDL: Below detectable level.
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Table 4 Root length, shoot length and germination rate of mung bean seeds

I 18] Time (t/h) #1& Root length (//cm)

%K Shoot length (//cm) K2 E Germination (r/%)

758K Distilled water 4.49 +0.37
Ykl Dye 0.91+0.12
12 219+0.13"
24 3.45+0.217
36 3.98+0.18"
48 4.05+0.09"

10.12 + 0.03 100
1.36+0.29° 63
3.82+0.94" 85
716 +0.46" 87
8.98+0.26" 93
9.12+0.69" 95

* FEY R PR B R 75 7 AR TR K R R AR A L 22 SR (P < 0.01) 5 **: 78 YR A V30 i R 10015 78 kb v B R (K B T L 22 S b

(P<0.0D.

*: Seeds germinated in dye are significantly different from the seeds germinated in distilled water at the 0.01 level; **: The seeds germinated in
degradation products are significantly different from the seeds germinated in DBG at the 0.01 level.
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Fig. 6 Effect of azo dyes and degradation products on the growth of mung bean.
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