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Abstract

A fluidized bed reactor with polyvinyl alcohol (PVA) gel beads as a biomass carrier was used for the degradation of p-
nitrophenol (PNP) in an artificial wastewater. PNP (200 mge/") was completely degraded at a hydraulic retention time
(HRT) of 6 hours in the presence of 10 mgel! glucose. However, PNP degradation became unstable at 250 mge/' PNP and
did not recover, which suggests that the decrease in the activity of PNP-degrading bacteria is due to the presence of glucose.
On the other hand, when only PNP was supplied to the reactor, PNP (360 mgel') was almost completely degraded at an
HRT of 6 hours, and the PNP removal rates per volume and total solids (TS) were determined as 54 mgef'eh! and 12.6
mgegsh”, respectively. From the PCR-DGGE result, two bacterial DNA sequences similar to those of Acidovorax and
Arthrobacter, which are known for their PNP degrading ability, were determined in the biomass attached to the PVA gel
beads; thus, we conclude that these bacteria mainly contribute to the PNP-degrading activity in the reactor.

Key words : p-nitrophenol, polyvinyl alcohol gel beads, biodegradation, wastewater treatment, p-nitrophenol-degrading
bacteria
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EEHRILEDIT. BEE, BEFIULDETIEA O
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HERFHURIRPEBERE L LTORABR»HL LB L MHREEIC,
Em~DOFEEE L., K. B, £HEBR~0OBE
NhBEEN, £ in vivo TIIEELIEATWHWE LD
O, BERERHEPERESMICOWT DN EHERREURE
ERERBRTHBEORENDH B 29,

{EZTHEHEASEIIEEND PNP ERBRELDEE
DKRMBTESBEINT, ABEPIHEHEIh L Z LI
25, FIEORMATORBEFII R, &R
EWELENZ E0b, FREKRECOBERIMEIC
fEREND L EZEHW, PNP OKBEY ~DOEHRE

PNP DA 43 fRIZ DWW T X, Pseudomonas & =2 Commamonas
BEOFIMEHBEICL 2EMHBBm b, KERKES
B HFAMRICE L CTRRRERIN TNAES 129 —%
PNP%& & TpdE/k AR EREE, MMERWREEHTIC B¢ A Fgeflizd
2, BICEBMHRMNG OESGAEICET SMREZ
LW 2 - &R 5 ORFFEEE TIRPNP OEEE 5y R AVER
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a—REEEML. PN B OBIE L EEEIT o RIC
PNPEB—RFIR L L TPVAY L B — XFHREERIC L 5455
MBEBREER Uz, £/, PAWILVE—XGEFR, 8
FUBBRNOBBHRAEDICE L THEEMTEITV,
PNPL RS SR I BT 2R3 B0 THET S,

2. EBMHEBIUAE

2.1 PNPEIESREBPVAY L E—XDEHH
EFRTIEHPIAFAAE—E LT ) 75 v8ns S
=V (CEXPRIAR (4mm, FLE1.03) BBV, BEERICIE,
HFREMT Tfill and drawiBiZ CBIZE L - TAMEEE
MBEREBWE, BEREPASAE—X L & $13500mg-
PO a—X e ing "OPNPE2E L EBESRTA
(20mg- I (NH,),S0,, 63mg- 1™ NaHCO, 100mg-I* KHPO,
25mg- 17 KH,PO,, 42mg- 1" CaCl,, 42mg-I? KCl, 30mg-1?
NaCl, 30mg- 17 MgSO,-7H,0, pH7.0) XA L., & HiF
KREMH T CFill and drawiBiZ & Y BIROPNP~DBIFE,
BLUPRFNE—X~DNEEELET o, ZOME,
BRTAEANEZ BEEICPNPBELTOCRRAIE L, B
2y AEIOBIZEBZICPNPIZEE L THMI NPT L E—
R~DERMBEPFER SN EMnD, ZHEPNPEIEE
RBAFPVAS N E— XL L TUBROERICH LI,

22 EBERE

Fig. WO EBREBOBEERRY, EBRPUWS AL E—X
WBIR &b L2 0, MBS = 8T, &
13101 (150 X 100X 750 mm) TH 5B, KPR RIITHE]
WREEY AT TRST L, 48RO L TFTEHS CAMESR
TExAHEL Lk, MBKSERD L X L—F
FRBLTANVE—-XOREZBWE, i, BBED
BENC, FEL1.5]1, REHE180en’ D IbE it % 32T T
HEEY (5 2HEL. SFici e,

Beads separator

Reactor  Diffuser

Fig.1 Schematic diagram of PVA gel-beads fluidized bed
reactor system

23 PVAFILE—XTRBIERIZ& 5 PNP DR

B ICHL, EFE PNP BIFEIERAE PVA S E—X
AL T 10%225 X5 LKL, Fig.1 1277 X
S, =7 —RL AT 51-nin” TR T E L bICH
N CHERREZEY, YAV E—- X2 EBEBESEE, Zh
kb, HEBENEPOBRFRERETISISRTBREL
SV THERF AN D, PNP O fEERRIZ, PNP & L a—
20 2BEOREREIEFIEIBESL PP 2H—RE
e LEBEAIESWTTok, RUDIZ, Bt

40—

REWME LTI N a—Z ML, PNP OS5RNEL B
L7, EBRBEWBEOSA I —RB LU PNP OBEIXE
HBROBIZERELFE UL 500mg-17, 10mg- I TEKRTAE
THEL, fHE L., FO% 2 AL EICIES PNP DSFEETER
LA LM IV a— R BELZRD &, B
PNP OREEFER LR LEMNICBESY iz, ZZ
TELNLERBFERO SV E— X3, PN 2 E—RERE
LT5 PNP SEREERCH SN, YAE—XDOTE
R, BREGSREEET., &R TARPORERE PP
DI LT PNP BB 200mg- 17 THEBABBLE, F0O
%, PNP DARAFER LA S PNP BE % BFahisEm
g, £ERIMEEC T, KK TOABRZNHEE
FERE (HRT) % 6 M, BEEIX 32°C& L. MARUYEH
K> PNP BE., BEEBRERDRBRE (T00) | MEMERN
Bk (RBYIBE  MLSS) . PVA L —AfFBERE
EFREEICHIE L, . SERKTEORBEIKA SS
BIUPVA FAE—REEER L, PCR-DGGE &I X HHE
BT 21T o7,

24 HEAE

AR OFEH AP OTOCBE X, TOCA —# — (Shimadzu
Co., Model TOC-5050A) THIZE L 7=, PNPIREIX, pH7.4
IR U REFOWEE (401m) ZEIEL. BRESEID
BHLED, PASYALE—~XAHFBFEROBER.
Fluorescein Diacetate (FD) WU . UTOFET
Fotr, 20DOPVAF L E— %50 nld Y EBREEE
(60mM, pH7.6) (Z AL, BEFHEFESS (Nissei Co., Model
US150T) (2T150 W2 s U -Cf3551R % JilE, 1%
BEEE, ZOBRBEKIZ, Inldfluorescein diacetate
o7 P EE Cpgenl?) ZEBEML, 2ICHERETTCL
BERIRE: (90rpm) %, X HISmINTE Fr2ME TE
D5YEEL TEB LI ERIEDOWILE (490nm) ZEIE L7z,
— B CHRBIBERPIOMLSSIZ DWW T b RIED HiE THOE L T
MLSS LR E & DREBREERL., ZhEEIILVE—
A FBFEREFEL L, RBE COTCREREB LT
PNP 73 R BE 13 2 TRAK B EE L Ak PIREDZEL L
TR, TOCHRERY], PNPHRER HIXKEE, HRE
ERAKPRECRLTEN UL, 2BEMBERYEY
DPNP 4y iR B % LLPNP 45 fE SR [mg-PNP- g-solid™] & L.
(PNPArRTREE [meg- ) XFBERAE (10) / (FREIKA
2IETRIBEE [g-solid]) W THE Lk,

2.5 PCR-DGGEI= & MBI f24T

DNADHIH 2 FE, FRODNAMH % » b (UltraClean So
il DNA Isolation kit, MO BIO) %M\ /=, 4{E®DPVAS
AE—X . BLU. 5l OFRBIRPNE A EOSBE (10, 000
gX5 min) LCHELNIMLSS (BRIBIEBTR) b, &
DNAZHRHE L7z, PCRIZ, 74U — K7 I A4 ~—& LTGC
7o 7RBAEMAMUEAEEMERD1I6S rDNAF=2 =1
— )T 5 A = —U341F~GC (5'-C6CCOGCCCCGCGCGGCGEGEEE
GGCGGGGGCACGGGGGGCCTACGGGAGGCAGCAG-3") & U R— R 7
% 4 = —DS907R (5’ ~CCCCGTCAATTCCTTTGAGTTI-3") 2%
FAV, VIEZSEIR A2 S 040600 bps DDNANT A % #IE L1z,
PCREC R, 36 1 IDMEREHKIT100 10Tag & Go rea
dy mix (Qbiogene) & & &1y lD25uNT 54 = —EFIKRIC
THML, y—~<AF A7 F— (FAFT v, Model PCT
08) % BV yTHot-start®™ & touchdowniE® IZ X VW LLF D
BIis%4F-7 . 95 °C (denaturation: 5 min) — 80 °C
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(hold: 2 u IDHHDNAZHM) — 65 °C (annealing: 1
min) — 72 °C (elongation: 3 min) — 95 °C (denatu
ration: 1 min) . Llffannealing IRE% 1 ¥4 Z VEIZ
1 °C 3-255 CETF, FRHFTELIZION A 7 VLR
L7, PCREMIE, 7 u—ABKKENC THRER®R., £
HEE AR S NV ESRIKE) (denaturing gradient gel ele
ctrophoresis: DGGE) (Z#& L CDNABTA % 47HEL 7=, DGGE
FEX, FDNAR Y RBAREIC KR T & AEMAIRESE
ERE L. BKHIZ20~60 %& Lz, BRKITIERA
7N BESIKBIEERE (ATT0, Model AE-62890E) #*
VY, 60 °CIEIR T T200V, 6 R TIT o7, HKEHRTHIZ
N %SYBR Greenl T304 R4 L TDNA/N Y N2 RER.
BRL, L7554 <—IC CHEBIE%., DNABIFIAEIIC
e U7z, DNABRFUARATIZ. DNAL —# ¥ — (CEQS000, Be
ckman) 12 T4Fo7=, DGGEDFNE, DNABZFUfEHTE D —#
OB IMES 228 L, SHERBOBETEICE
UCiTotz, B b 7DNABLSiiWeb D5 —F _—R [F
ASTAJ R T® TBLASTJ % ZFIM L TEE4NDNAKRFI & DA
PR, ERMEEREE L,

2. EBERRUBER

31 TNa—RERFIEIEE0PNP HERE
PNP {344 500mg- I LA EDJREEC, PNP ofEHHEE O E%E
BHEXFTZENMmbNTNS B0 Ldo TIRBE
@ PNP ThHiviE PNP HfEME OB L AE TR DI DD
D, FETRELDEGOBEORER CHL I Va—R L
PNP %ML T PNP HEMEEZED, ToO®% I A
—ABEFED, PNP BEZ2 LR XEDZ LT PVA S
B X ~OFEFEBEELDORER X U PNP SAERFREDR
FERBZZ L E Ui, Fig. 212, TEAMKE HLEKFP D PNP
B LU TOC BEDORRIFE(L, Fig.3 & PNP /yfigsR (s
DrT77) . KIGENOKRBERE, PVA H5EFER, BX
UL PNP 43 fEEE ORIEE{LEFAbE TRT, S a—
AYBEE 500mg- I, PNP JBEE 10mg- 1™ &, PNP X4 575
ROBIZEL B CEERMECHBLLE Z A, 24 BER
W% 95%> PNP SRR b, T 0% 3 BREICHE
2T 99%LL - DEFE L= PNP HBRRMBE LT, £72.T0C
B 8% ETholZ b, KEFICHIGTE
B+47 PNP B{LHERSERESh b LML, &
Na—REEE 250mg- I IZB| & Tifl, TOBILIC
HMIROBIRYEERENORAI N -2 BES
100mg- I, 50mg- 17 L EXPEROICI U, Z DR, Fig.3
WWHBNE LS, V77 ¥—NORBRE (TS) {348
RWRFLERLIZDOD, PNP B LT TOC RERDE
ERETIIRD N o7 (Fig.2) , #Z T, FLAPNP
BER | X BPEICE & EiF 2 & Z A PNP 2 80mg
IV E T PNP D4R, TOC REE BICEELTRGR
RERIELN TV, 160mg 17 TR RIEE 12 4LEBHE  PNP
BEL TOC BEFLE (Fig.2 ) . 0K, &
BRELVETETLALD (Fig.3 W) . ZhixFig
BIETBTE (SS) DIETIC LB Z &b PNP BEDOAEA
FRICEABFROETEENMEEENE, ZZTLED
RS EHFELT PNP BLHEFBROBZEZ o & 2
A, HOMNITAERKT PNP BERUTOC IET L., 4AE
BORENED b, FO%—IENRRIEREDH D
BEbifziz) 10 AMOE., &M CEREE kL 2,
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ZHhiCR Y., RBERIIFELHITHEMU, PNP Bt
JEDEM, BEAS{LBHESh, D%, WA PN BE
% 200mg- I 125 & BT BRI ShR B R E
DET b H LR oTz,
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Fig.2 Time course of PNP concentration and TOC in the
reactor with glucose and PNP
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Fig.3 Time course of PNP degradation and solid volume in
the reactor with glucose and PNP
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BT (Fig.3 BEfH#l) Uiz, Z OB EEBRER
TR PVA BB RBERL., PNP ILLEEEREE
BEEESN, TOBRM1 »B0H., BEG*ERT S
ZETRBRERBSSHIEE LD D, PNP HER
W S EEIE T LAEEEThok, LENR-T, K
TR PNP BB IR TEA PNP 8O 50%I2h 73
9 120mg- I O PNP ZIEMLFIRERREE TER I
HEoTLEoRLOEHEIN, PNP OSRRICET
HIRPEEOBEEBIZ-OWT, Shmidt HiX PNP HAFHE
Pseudomonas sp. K $RiZ L5 PNP O4ofRICBIL, A
Pl LTOI N a—2AOEMITHEOBBEREDRITE
TAHHDO PNP DHEEMHICK L TIREEES, —FT
Phenol E#4MRMP &L +HZ LIk, PP NEHED
HFE RO PNP SREZR ESEEDL ELTHS 2,
¥z, Bhatti Hb., BIBOHEE CTO IV a—XFMiX
PNP B{LEBEROEHCED N L, BIRE PNP OHH
BRI RIES Thor T EERFLTWS 2 PNP D
BLAEVEOSRCBI DHRYWEORBICEHLT
RELRBMARHPMEESLONIN, KERICID
WTCE IV a—203ER X b s PNP pEEEOR L
WA TRARWEHBTL, PNP #BE—RERE LTPNP
SEEMREEOREEZRB L L LT,

32 PNP #B—HERE LI-EBADPNP HEIRE

PNP & 7'V — R DFFEREFT CHIGE - BRI N7 PVA
Fne—ZX& v, MEFHEA PNP BE% 200mg- It & L
T, PNP #B—RERE L-LUTOHBBRELREL
7. Fig.4 IZHAK &K P D PNP B LU T0C BED
REFZE(L, Fig.5 |2 PNP IREBLBREOREE(LER
T, Fig.4 LB LAk Hi, EERRLA3 A %I,
200mg- 1"t 0 PNP 1Z 99%LL EA343 M S, TOC BREZR 1 95%
BELNE, I CRKE COERSY 1 BRI %,
PNP JBEE A2 A BICERBEMICE & Lif, PNP RUF TOC
MREROELZ B Lz, TORE, PNP JBED 350mg-
N ECREE LEMEERELN, VT 7 ¥ —H0Di5R
BHMNTHZENRALLERoT, LLARMNE, PNP
BE® 400mg- I I BT ERICRERFROBD &4
HEOETALLIL, PNP I LB FROEBEEESEDS
MEENED LI, PNP IC X AMBEOBAEEEIZ W
Tk, PNP 43fiEfME Pseudomonas putida PNP1 %% 400mg-
I PNP BET TR 204D EFEHEETE5RL, 600ng-
P TABRATHS Z EBBEIN TS P, Bhatti
BIE. FEAICAE LIRA R PNP MIEEEIC IV C, HRT
2% 3.5 BERADBAITIT 300mg 17 @ PNP HFEETTE LY
PNP HERIET AR LNEL LTS O Zh bR
Mb, 300mge I LAE D PNP B EEC PNP o fEHIE O BEFEIE
EHNAR B AR HEE Shi, £ 2 T PNP BE% 300mg
IZBIE T, BROBEZRK -7, PNP BE% 300mg
THZERE LT CIIBIROEM (Fig. 5) &L, PNP,
TOC eERBEE Lz, 2 BRICEES 330ng- 1112
Bl& Eiffe, UL, PNPIBEE % 360mg- I Lin& 2 A,
1 BIC PNP & TOC BREBBLUOFRBECETEAL
N, =L, BREBEOK T PNP BE% 400mg- 17
WU BRI TR Th oo 2 & 035 PNP B it
BLAEEERTEAE, TO%, BREBERBSHICE
TLU., % 4g- 1" THER L7=, PNP, TOC BRERL HIZEIE
L. BMA9IT 90%LL oD PNP DRERERMBE Lk,

42—

PNP conc., TOC conc. (mge/ ')

Time (d)
Fig.4 Time course of PNP concentration and TOC in the
reactor with PNP as a sole carbon source
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Bhatti BidAE#3ER0 PNP fEMEBIZ DWW T, b a—
ANFEF LEESITIE 100ng- 17 @ PNP 2 4MBRETS
DIZ 11 B HRT 2B & Lz Diosi L, PNP BIZE{ETR
12 & % PNP BAZM4LER CiX HRT 2% 3. 5 KSR T 250me- 171, 11
R TIL 500mg - I D PNP # DR E TE 2L LTWB D,
F7 Xing GRAEV O L Z UBOMADIBEEHWEY
T A—EERTDHI LT 100mg: I @ PNP 2% 24 BERELA
RICDEES L, BAREBNES LY & PNP HEEE MM
ELEELTWE ¥, Table 1 IV 727 Z—BREUHE
SIBTREE MY DK R PNP SFEEHEIL OV T, XHE
HLE Uk, A PNP BERL, Xing HOHSITIIEER
Eo PNP EFHKOSHEREELZENLE LELOTRAN
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FZOFA PNP BEIEL, BRELTI 77 ¥ —FHY
72D @ PNP BRI BIERS R ofedd, TS ¥z D PNP
AVEBERIY, REEAT ZHAKIZA VT Bhatti HOBRELD
BEhTW5, Zhid, PNP OSBIZBWTRAEBR R L
DERXEBEVEDRE, H5VITEDREPFFFERS
w®HHEELY &, BILEIC L BEVERERICHENEY
EMERER SN, POEPE~OBCEBZLBENE

LHAHEDOFAERTHEZLERLTWAE D EE
Zbhb,

MEMC L2 FEVHEOSERELEZ X ZHBEITIL.
—BCBBERERER VBV T 74— L bEELHK
EHERCZY T2 F—RELTWBR &IN5, Tl
EECMEDBERT DEDED 0 IBEHES VD
WHERYT—Lih BEDEOBEEEEMLITED
BRbr b, EEHAEDEMERTZ7AIFOLIK
WA TRE A BEF EICa— FERL TV BEARI
1T, MARLOBEERNEEYETIIEOBHNES
WY, BRELTUHEESMRBOEINEENRE S Z
LENEFOBEBRELTEZLNS, FHFEZBEVE
Bhatti & OBFFEIZBWTH, PNP fEICT B EHED
HHWEMRENTVEM, ELIEILEMHOBEDES
IZhk, HEERENDHANARICES ECRBEDCEEEIC
LABEEDEOBREDRNER ST, AROMEH~D
EMEMER I ADRN/HHETE D, Xing bbb, FHE
RIS LSO PNP EEIRBEMED I b
2MELU BN L HFEE L. PNP OLRRICBTAEILE
HEOHEMEEZH LI L TNDS 9,

Table 1 Comparative data on PNP removal by immobilized
biomass reactors

This study Bhatti etal® | Xingetal. ™
[Reactor Continuous Continuous Batch

fluidized bed | fixed bed fluidized bed
Carrier PVA gel Nonwovens Porous

beads polyurethanes
IReactor volume (7) 10 5 4
KCarrier volume percent (%) 10 15 20

i PNP cc ion (mg*T") 360 500 100

IPNP removal rate (mg#l'*h?) 54 67 83"
IPNP removal rate (mgeg-TS+h") 126 47" 7.5

Calculated from the data in paper
™ Calculated from the result of 100 mgel-1 PNP removal for HRT 12 hours

PVA #' & — X EHAEGM B RECH OV EKAED
BREEHCix, PVA S ABETEENRESFOBERE
CHEBEEFMAL TRV BRELERVNELTARE -
BANOEFSHEABRLTENE L bONE W 79, K5F
EIZBWTH, RLEHLEBRMEEZB VW Xing 5OBE
XD LEW PNP SAEEE (B TS %729) KEbhi
B, ZNTHEENB~OBZBRLEECERANEEL T
WAHEBREMNRH B, ZTHIWEDWTIE PVA AL E—X%
WA LSO TS B ORMBELE Lizw,

33 PVASLE—XHGBEDERYSS OMEERR

PCR-DGGE MEER% Fig. 6 I25RT, PVA F L b —XftE
BRAE T4 AR, BEBBIETIX3ARDBHEL DNA N
YFBRLN, TOW. 248D DNA N F (Fig.6 k| 4
L 5@ DNA ARV E) KOWTRRBEUMEICH T2, 0T
NORBRBVWTEH, BHNE DNA Ry FEuI b ehofz
B, ZHIRRFEIRDS PNP DL T, D>OFOREM 360mg-
P MBI L TEEERBRIT ALV THEZ Eb,
5F, XETEIMEOBERBBRLALLZDEEZ LN
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Do THBE 7ADDNA N FOEFIZ TR, No. 4
& No.5 OEFIN—H LI, KK 5EED DNA
BEFUZ >V THEIMEREZITV, Table 2 ORRNEL
N, ThbHd DNA BEFDOFTRLAAVTRERLTHSH
ARV EHBTI NS 9%l LD EE SR RIS
biEdiE, Noo4 & No.5 @ DNA R FThY, £4
Acidovorax sp. Cl (99.7%) . Arthrobacter sp. AD25
(99.6%) &7got,
INETIRPNPLBESDONLTVEME IR,
Pseudomonas &> '%'® | Comamonas/B'® . Moraxellag™® %
BHb, SE, PVAFLE—Zh b - #iES s DNA
Ny R TR A9 E 2% WO Ne. 413 Acidovorax /& D HR
BTHY ., AcidovoraxBlzoWTik, =rua 7= /)—1
X7 ) —NBREEEETZHORMBA TS, X
HiZ, No. 5MDDNA/SN Y FIEEELS] & EVvEEHENRE O
ArthrobacterBiZ DWW T & PNPARRELZ B+ HHER R H
ERTWEY, ZTNLDOFERNL, KUY T 7 HIZBNT
1X. Z i b Acidovorax/B I X UMArthrobacter & O #IE 3
PAFNE—XNEFRFTTESLTEY, PNPOSREIC
FELTWALDEHRESINE,

20% &

Denaturing
reagent gradient

60%

Fig.6 DGGE results of PVA-attached biomass and suspended
(planktonic) biomass

Table 2 Bacteria closely related to DNA sequence of bands

on DGGE
Band no. | Closest relative % Similarity Acces. no.
1 Cytophaga sp. D2 92.1 AF250407
2 Flexibacter sp. CF-1 944 AF361187
3 Unclassified  Sphingobacteriales 93.6 AY 124340
bacterium CS57
4 Acidovorax sp. Cl1 99.7 AJ457191
5 Arthrobacter sp. AD2S 99.6 AY 628691
4. FEH

PVA NV — XFRBIERIZ KL B PNP 4y fRALEE 51k D RESL
Z BRI REORET, B L UMREEEBRITEITV, L
TomENELNTE,

DN a—REHRBRFFEL LTV T 7 ZIHEBFRN
L7z LT PNP ORREBREZRNLABR, 7 La—X
50mg* I DEMET T, 200mg- 1™ £TOH PNP % HRT 6 B
THREMEBAETH -, LxL, IAa—2AnEEL
£ % b5 PNP HERROMEIITRR I T,

2)PNP % B—RFIRE LIoHBA 21, 360mg- 17 @ PNP
% HRT 6 B CEE L CHOMOEARETH D Z L HMh
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