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Biodegradation Under UV Irradiation and Microbial Community Changes

YAN Ning'?, XIA Si-qing', ZHU Jun’, ZHANG Yong-ming’

(1. College of Environmental Science and Engineering, Tongji University, Shanghai 200092, China; 2. Department of Environmental
Engineering, Shanghai Normal University,Shanghai 200234, China)

Abstract; Photolytic circulating-bed biofilm reactor ( PCBBR ) and internal loop photolytic-biological reactor ( ILPBR) were
respectively used for degradation of phenol, 2, 4, 6-trichlorophenol ( TCP) and sulfamethoxazole ( SMX ). Experimental results
indicated that the rates of phenol, TCP and SMX removal by coupled photolysis with biodegradation ( P&B) reached at 0. 65, 0. 11 and
0.17 mg+ (L-min) ~" which was clearly higher than that by photolysis alone ( P) ,biodegradation alone (B),except phenol removal
rate by B, which was similar to the rates by P&B. The COD removal percentages of phenol and TCP were 99. 5% and 72. 1% ,and TOC
removal percentage of SMX was 57. 3 ,which all were higher that by P and B. The biofilms under UV irradiation were taken as samples
for molecular biological analysis to get the significant results that microbial communities in biofilms took great change compared with
that without UV irradiation, but they still kept bioactivity degrading organic pollutants. That is significant results for technological

innovation on recalcitrant organic wastewater treatment.

Key words: biofilm; UV irradiation ; phenol;2, 4, 6-trichlorophnol ( TCP) ;sulfamethoxazole ( SMX)
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Fig. 1 Internal loop photolytic biological reactor (ILPBR)
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Fig. 2 Internal loop photolytic biological reactor (ILPBR)
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Fig. 3 Phenol degradation by P,B and P&B
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Fig. 6 Effect of different protocols on organics removal rate

2.2 AN[A|BE R T 6 A WL A ) B

X} e e R R 1R A ALY G, E &R VR R
FCHEAT B ff 1 I AR o, B e R A Oy — e ) e ).
B T R, AL LAk O T T I ) B X R A LR K
Kb B R H b, R — S AT LY G 1 ) PR A
30T Be X IR B3 s Rk R — o e H k. o T
filt HARvs G ) 0 A6 #2 B, vl BLAT COD Fi TOC X
I AT A

Bl 7 Bros iy s 3 MWLYo 5l 75 J5 i P.B Al
P&B {EH T, & 411 COD uk TOC 2 B (K5 i o,
KWy A1 TCP 4l je 483k 8 h F1 6 h 4b 3 J5 & 4] COD
(2 B =i SMX R 40) 8 h Ab B 5 £ TOC 1 % Bk

100 -
80
60
40
20 -

CODRITOC F: [ 3%/%

7 ANFEREETTERATHLY) COD 5 TOC % B 3 [ 54 W
Fig. 7 Effects of different to protocols on the COD

and TOC removal percentages



10 4y

V] 7 4 B AN ST T R W B AR R R A R R A

3063

HONELT o LU R U5 v P&BFE AR N, AT AL
Pyi¥) COD = TOC 1) 25 bk # 2 f ey, 30 02 & ATT 1)
WAL RE L foe e XS IR 45 SRR W IX L LTS B )
FEL A 2 )5, LSRR, AT B A AW
BE— D B
2.3 YR YRR AR A

SN 0 AR AN At B S R N STV
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AN K95 A s B B 5 RAR Y5 GenBank K4l % BEAT
BLAST Lt (http://blast. nchi. nlm. nih. gov/Blast. cgi).
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dir B ( Phenol ) i St A7 14 /S AH X & Fl HL
Beijerinckia . Thauera sp. MZ1T | Mesorhizobium sp. L\
J% Ralstonia eutropha 7 T B V& 41 B 1) K 2 40, 53 %)
A 26% , 16% , 16% A1 12% (£ 1). 125 5 i 41
A B B A i P&B (Phenol ) R I H 15
ANFHIR W PR, A Thauera sp. MZIT 7E 18 % 41 5
BN T 40% , 1 Beijerinckia F LL I ) % 3 4%
(1) XL R W] Beijerinckia 155 A 5 S g Y
Z AT BEAT B A A R R R I I B AT R R 0 T RE L H
XS B AR UK. T Thauera sp. MZ1T Jg& 2K 1y b 22 5
AH A e ) 2 RSy, DR 58 AR S AT AR 2 1 i
. SR H 22 LM 2 B4R b 28 0 I 1) B A, T DU
30 A0 Rl AT SR R 98 A5 1 £ 2B A

%1 F£ 5 B(phenol) fil P&B (phenol) 1 16S rDNA | J¥ 45 5 %: it

Table 1  Sequencing statistics of samples B( phenol) and P&B( phenol) based on 16S rDNA
B (phenol) P&B ( phenol)
Fi i/ % P L6/ %
Beijerinckia 26 Thauera sp. MZ1T 40
Mesorhizobium sp. 16 Acidovorax 6
Thauera sp. MZ1T 16 Cytophaga hutchinsonii 6
Ralstonia eutropha 12 Delftia acidovorans 6
Paracoccus denitrificans 8 Ralstonia eutropha 6
Methylibium petroleiphilum 4 Beijerinckia 4
X. autotrophicus 4 Candidatus 4
Actdimicrobium 2 Comamonas testosteroni 4
C. Desulforudis audaxviator 2 Flavobacterium johnsoniae 4
Chloroherpeton thalassium 2 Leptothrix cholodnii 4
P. carbinolicus 2 Mesorhizobium sp. 4
Sphingomonas wittichii 2 Methylibium petroleiphilum 4
Thioalkalivibrio sp. 2 X. autotrophicus 4
Variovorax paradoxus 2 Sphingomonas wittichii 2
Clostridium phytofermentans 2

fE TCP [ fif 5256, B8 b B (TCP) 1 5 3L A I
t 29 A 55 B AR 5 B0 M 9% B R B 2 BT B s AE
BAT A N 5 AR AW IR b (R B A W B
Burkholderia xenovorans 7 F M) I8 1) 1525 M0 v B 2 %
Pl TRORI LR, 404 35% (K 2), /T LLIA it
I 120k A ) A K A TCP R A v, 3 1 2 B4k
HI AR SR ARG 25 AN, A B R 3 oh ) B 2 W v
BERD S Bk b (LA 13 AN R . Zeit o Bk
Anoxybacillus flavithermus \Novosphingobium aromaticivorans
FH Enterobacter sp. 638 (545 T 5l A W) 1 K E 55, 43 5
IEF)39% | 25% 1 18% , W] LAIA Ay I I 3X 26 4 A 4
E R fif TCP [y B rbold E 2B R, U Burkholderia
xenovorans ) LG HE KW FEEZIZ 4 2% (£2) . X
U 2 B W 2R ) 90 A B b i A5 B 1R K 4 1 A
TCP 1) ok A= 40 B 0 58 A AR 1 BURR. gk 45 R ik B

7~ Anoxybacillus . Novosphingobium F1 Enterobacter %
SANE S AR 0 B, OF A8 AR W I v 4L
R Z A I, g5 A 3R TCP g 4 i 2 s 06, X
16S rDNA J5 B4 I Je ¢ v 1 4 3 3 W) B AR B %8 3¢
PR AL T R 2 0 M R R A 5 AR 5 A A TR LA R
AR AR R ) MR R B T4 TCP ) B i
.

TE B AR ) W iR SMX IR SEEBG b, 36 3 R FE
B(SMX) A i th & 3% 29 AN 55 B Af 5 g W M SR 1Y
W M. HoF Rhodopirellula baltica 1% W ¥ 53 A7 % F 5
(1) LA B e, A 26% . ML Ah , fE MTBE J L — 4855
Wy g b B RE b N T 2 ) Methylibium
petroleiphilum PM1 1 75 B ¥ 21 & o5 A1 8K L
fgi) 242 DRIt AT LA O E S A ) B AR SMX ) Jof
FEHP R. baltica FI M. petroleiphilum PM1 & 2 3 2 1Y
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#2 FE& B(TCP) il P&B(TCP) # 16S rDNA Il J5 &5 45 it
Table 2 Sequencing statistics of samples B(TCP) and P&B(TCP) based on 16S rDNA

B ( phenol) P&B (phenol)
[EEil Le 51/ % [ H 1/ %
Burkholderia xenovorans 35 Anoxybacillus flavithermus 39
Rhodopirellula baltica Novosphingobium aromaticivorans 25
Alkaliphilus metalliredigens Enterobacter sp. 638 18
Anaeromyxobacter dehalogenans Flavobacterium johnsoniae 3
Flavobacterium johnsoniae Pseudomonas fluorescens 3
Methylibium petroleiphilum Alkaliphilus metalliredigens 2
Novosphingobium aromaticivorans Burkholderia xenovorans 2
Mesorhizobium sp. BNC1 Erythrobacter litoralis 2
Pseudomonas fluorescens Paracoccus denitrificans 2
Acidimicrobium ferrooxidans Dehalococcoides sp. BAV1 1
Beijerinckia indica Kineococcus radiotolerans 1
Geobacter metallireducens Mycobacterium vanbaalenii 1
Kineococcus radiotolerans Pseudomonas putida 1

Thauera sp. MZ1T
Acidiphilium cryptum
Clostridium phytofermentans
Cytophaga hutchinsonii
Dehalococcoides
Desulfitobacterium hafniense
Gemmatimonas aurantiaca
Mycobacterium vanbaalenii
Nitrosococcus oceani
Nitrosospira multiformis
Oligotropha carboxidovorans
Pedobacter heparinus
Ralstonia eutropha

Synechococcus

e e e e e e e e e L S° B S N G R G T G IR USTR VS R SNV, BN I e N e e o]

Syntrophus aciditrophicus
Thioalkalivibrio

P W A A T AE SR A S A A TR AT O/ B )
By [ B SMX I R B BOAS A i P&B (SMX) -+, il
FE R Y 23 AN AH G B Bl Micrococeus luteus | Delftia
acidovorans UL}t Oligotropha carboxidovorans & & 7
W R, ) s T 25% . 19% T 19% . i
R. baltica [ LE B W) R BE 2] 7% (£ 3). B T R
baltica 755 AR T AT A 9 19 38 DA AR, 38 )
6 15 5% f {1 SMX {6 % B, 10 48 R. balsica
KW AREH jﬁ“ﬁ]. M. luteus. D. acidovorans Hl
0. carboxidovorans {F fb P SMX H f) 5 25 ITh e b 45 ¢
A T2 b Y s R E D IR S E T kA

I T A R g R A e Al B
AN ICIF R L, BV SO 5 F T L AR P R Rl R
WIRE R L T AR R A, — B 20 B 2R W AE T %6 4
IR I RS 2 A A A LA B 2 AR T i R AR A
I, T S R VR B SR BE S T A2 5 AN R S I
A WU RE T I AR X — 45 R WA A AR 5 T
P T B TR B — € 1K A ) B S PE. O HLIE

R ANE L AP IR B R A R, TR A L &

B R R L.

3 4

(1) RRAMCE BB gt & 1k, AT 6

15 7 ) % ik 1 [ o g8 X 5 fift 25 1 TCP R SMX. 254
LA, w DAB 2 32 v X S LA i A RE L, JE 3L
SR T B AT AR RN A 0 ) AT BLA TCP
A SMX, B — [ A= 4y o fff 3 R ARG, 10 0 2 5 A1 Ot
i L5 FE IR S A WY R PR e T LR R AR T
EATHLY TOC A1 COD 12 B, iy HL 76 58 A 48 4 %
PETR AR BT DR 435 A7 050 vt 1) A 0 I A 1

(2) T XS 2 AR 2 AT 1 A AT 2
TN T, OF S AN R AT A R I R B AT
PLA I AT R W], A R AE SR AN R A T SRR R v
SRAEBCORI A A, 3 Bl A A A LR 9 A 4 Ak
BLOU S B, AR SR ANE N TR SRR T B AR A B
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Table 3 Sequencing statistics of samples B(SMX) and P&B(SMX) based on 16S rDNA
B ( phenol) P&B (phenol)

[EEil Le 51/ % [ 6/ %
Rhodopirellula baltica 26 Micrococcus luteus 25
Methylibium petroleiphilum PM1 14 Delftia acidovorans 19
Stenotrophomonas maltophilia 10 Oligotropha carboxidovorans 19
Acidovorax ebreus 7 Rhodopirellula baltica 7
Mesorhizobium 6 Beijerinckia indica 4
Aromatoleum aromaticum 4 Acidovorax ebreus 2
Cytophaga huichinsonii 4 Arthrobacter aurescens 2
Flavobacterium johnsoniae 4 Mesorhizobium 2
Candidatus Accumulibacter phosphatis 2 Nitrosospira multiformis 2
Candidatus Nitrospira defluvii 2 Ralstonia eutropha 2
Gemmatimonas aurantiaca 2 Sphingobium japonicum 2
Xanthobacter autotrophicus 2 Sphingomonas wittichii 2
Acidiphilium cryptum 1 Burkholderia 2
Beijerinckia indica 1 Candidatus Accumulibacter phosphatis 2
Burkholderia 1 Caulobacter segnis 1
Caulobacter segnis 1 Comamonas testosteroni 1
Dehalococcoides 1 Desulfatibacillum alkenivorans 1
Geobacter 1 Herbaspirillum seropedicae 1
Hyphomicrobium denitrificans 1 Klebstella varticola 1
Nitrosospira multiformis 1 Leptothrix cholodnii 1
Oligotropha carboxidovorans 1 Nitrobacter hamburgensis 1
Paracoccus deniirificans 1 Stenotrophomonas maltophilia 1
Pedobacter heparinus 1

Pelobacter carbinolicus 1

Pirellula staleyi 1

Pseudomonas fluorescens 1

Rhodopseudomonas palustris 1

Sphingobium japonicum 1

Thauera sp. MZ1T 1

Thauera sp. MZ1T TR A4 55 F FF+ 3] 40% , 1431
HH X 58 A B 0 iR 52 RN O R R A, S At A 4 A B
(0 # BT A 249 W 408 52 810 5% 0 i S ) 0 o 2 A R A
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