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Abstract : To optimize anoxic aerobic (A/Q) wastewater treatment process and improve effluent quality, the variations of solu-
ble microbial products(SMP)in the treatment process is investigated. The fluorescence characteristics of SMP in A/O process
are studied through ultraviolet-visible (UV-sis) spectra, fluorescence excitation-emission matrix (EEM), and the multivariate
statistical method. The liner relationships between FRI and COD and NHj -N are analyzed. The composition and metabolism of
the SMPs are studied. The results show that Pearson correlation indices between COD, ammonia nitrogen and normalized inte-
gral volumes of region [ and [[ are both higher than 0. 97, The humus-alike and the protein-like substances are the main fluo-

rescence substances of the process. And the concentration of humus-alike remains at 40 X 10° au « nm’ in the aerobic stage,
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which is not totally removed in the A/QO process. The concentration of the protein-like substances are reduced from 25, 43%
down to 2% by metabolism, and most of the protein-like substances are removed at the anoxic zone. The method could be used
for rapidly monitoring the concentration of COD and the composition of organic matter in water, which provides technique

reference for the improvement of A/O process parameters.

Keywords : water pollution control engineering;anoxic/oxic(A/Q) process;soluble microbial product; ultraviolet-visible (UV-

vis) ;fluorescence excitation-emission matrix spectra (EEM) ; correlation analysis

HE TR KA R L R A A B T2 ARE M AE Y R R B ILH K R B . YRR R
7R A BV AR PR AR T 4 (SMP) % R Bl B 4 K BB 5 S5 L COD ik AnHEMC . SMP 1k oy A= f AL 3 i 72 o
COD #1 TOC By EE R4, R IE T E W5 R 43 ff i 72 CUAP) F N VR PE IR i 72 (BAP)™, SMP ) £ 2
BLATh NE LR R B AR , 28U BOR R B 6 R A6 T R A B 2 5 2 B R OGE
o, B, SMP BB —ERAEYFRE, TMHMAEY AR, 5 B AR TR . B IZETS K E A
AP ER SMP & B HEE., BT, X T ol K A 44k 2 i 72 59 B4R 5 LR T COD, BOD, TN
TP 15 e85 , % Fk & KA VLR BB BRI RES HX T SMP #4445 A8 X & B REH
MAFRTERD.

=R HE AR (excitation-emission matrix, EEM) B H B ZE#E 5 454 , 38 RS B WL I R 75 fd 1 8 WL Y
FEOCRHE , [A) I BA T BB R R EEF 8 200 A IR AR T2 BL A 7K 5 s I 2 7K A W A B 1k RE P A 15 7K
A3 K R EE LY (DOMOIREFEY . HE5B¥F BN F RS A5, 78 BUK S Y R E
B Y TR B, 0 BB O 4 T b R VA SR MR WL LR Bk (5 B .

7% 3 F1) A 28 AP AT -0 et 1 Cultraviolet-visible, UV-vis) . = 4E 52 Y606 1% . [F] 25 % )% 06 1% (synchronous
fluorescence) 5 F Bt , 45 & KBB4 (FRD | £ 435301 (PCA) Xif 4b #1372 w15 % P 3 A= 90 7= ) (SMIP) 5 0
FHESHAT 0T, BE#w A A/O LB T H SMP i & 8 BUF HLE LA R BE 43 1 B T R A2 4k , TRl i 2%
ZH 5 COD,NH{ -N S5 #Li5 K FE bR B AH R A il A/O T 2R AR 5 HIIBIRIE .

1 #M#57F=%

1.1 HRFE
B URAE R B R K &R 15 000 m?*/d B L OTE
SACT T TU, Bk E A 3 AR | R | | T”‘

TR G R BT KK R A IG5 K,
HobAEBGEKENSEBEKER 8%, B EKRTEN
ZHWRE A/O TZ,#7Kk COD Hl NHI -N &% & s1 S2 S3 S4 S5 s6
435128 500 mg/L 1 450 mg/L, A fb it 15 Je it & W
N 4000 mg/L, & REESWME 1w, HAah 2 at | am | ow | ow | om | om
AIFEM 4 N KRS S1,82,83,54,55,S6, fiF &
SR 349 (0 AR CIURAT » T 24 K AT KR S B 4RI Sz | Q27 | 27
151 SMP,
1.2 kEMER SMP KRR Bl AHEEEFER

B BURE Bh 2l 0. 45 pm F) TES PR & 4 i 1 OB Fig.1 Sampling points of an industry water
K BEIEFRINE . COD 2R A 8 4 FR 4 25 0 %8 s NHY -N treatment plant

KM R N EENE . SMP @ #2E: B 50 mL 15
RIRA W 3 000 r/min B0 5 min, ¥ VWA 0. 45 pum 19 BEBREF 4k U8 B0 U8 . UE IR D > SMPHY)
1.3 RiE=aHh

HIN IS B Rl GENESYS 108 #5036 1T (2 E Thermo Fisher ARIRED M E . K K
PRYEE N 190~700 nm, FHAFEEIFE R 1 nm, WEHRIA SMP £ 203,250 ,253 ,355 1 365 nm A& IR
B, BRI TE 355 nm FRIBOERE « (3550, HEARXLA (D
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a(355) = 2.303 X A(355)/1, QD)

FH :a(355) & 355 nm AR IR R EL,m ™5 A(355) 8 355 nm PR ICE ;1 MR ,0.01 m,

A226~250 ’A260~400%/j—:\‘ﬁ 2 /I\n&qk%:ﬁ%u&q&m%ﬁ R;E250/365 ’E253/203 %E‘m&%ﬁtbﬁ;i‘l‘ﬁ 275~295
nm Hl 350~400 nm LW IGEE B AX BINE B ELAE LA Sars—z05 T Sss0—s00 o

RIERER A F-7000 B IEEE T (H 4 Hitachi 23 B340 W %€ , BU& BIE K 150 W RIRLT , 56 [F
H AL R KK E, =300~600 nm, AA=30 nm, KK E,=200~450 nm, &5 KK E, =280~
520 nm, R MR G FEEFEE N 5 nm, FHFHEE B E N 12 000 nm/min, ZEREFAT , LA MiLi-Q MK
A GiE a8 B A B LA R BR DS B 59 2 m , [F] B4 3 A RO BT OIS R B T R A R O
.

WA CHEN 50048 /9 7 vk » vl 3 ot X 3 BB 4 MR 9 0 e 3% 1) K = 4 9 S e it R LRl 40k 5 4
X, i+ BB & XYOEE R E R BB E(TOD MAaE. %61 XEE:E,/E,=200~250 nm/280~325
nm; [[ KEEE,./E,,=200~250 nm/325~375 nm; [ K&l E,./E,,=200~250 nm/375~520 nm; [V X7
B :E./E,=>>250/280~375 nm; V XKoL :E,/E,,=>>250/375~520 nm, 5REHMHAYERICRE NI
X IXMNVX,KEXEAYRFREERBEAR ORI RECEYR =Y, 8l 7Y b FECE R
AR CERED, XMV XIOEY R 5 AEREHE AL

KA Z TGt A SPSS 17. 0 X £ #F i [F] 22 5 6 #E4T 3 543 43 B (PCAD Kok Bt 2 %) AH 2% BE K F

2 RS54

2.1 EIMBEXEESH

AHLYITE 254 nm 4k )5S RBCR B B9 I 3R B — A HLIR AL IS 35 F R AL & W0 FE 9 9 B A R R BR R
B AEYURBERERS FEIY . R 1 NEMEA VURBBOERE S8 AR, R EE A —E
REAR . S5 1 S6 LR B3 I, 7K o A TE M R K K 4 F A ALY G Bk R0t . — B A R A A R A R
NEHE RS —REARMMBBREN LAY . 16 260~400 nm AR FEZFEHER L ERERE W, K
W B AR 3R R PRI S B 4L S I 5 Ao oso 1 Assosoo FEANTE 2 AW MSCHT Ak B MR s e T AR LT
AR K/NRE S R B 4> TR IR WA E B o Exoses RRIEBIE N EEZSE, AN, TEY R
SFREBK o Essszo BB A HLRF5 5 30 1 A BUR ZEFPSIORAR B, BB AR /D, BOAR 3 o i 107 4 Lb 491 386
C—0,—OH,—COOH K &2 B 2 b )yl N7

R 1 R AU B AR

Tab.1 Parameters of absorption spectrum of water samples

Kk UV254(254 nm) Aszs~250 Az60~400 E350/365 E353/203 Sar5~295 S350~400
S1 0.972 5 63.690 70.098 4.062 0.372 —0.007 —0.014
S2 0.947 0 62.461 67.566 4.189 0.376 —0.008 —0.015
S3 0.777 5 61. 248 58. 828 3.883 0.319 —0.004 —0.015
S4 0.789 2 62.812 59. 392 4.057 0.322 —0.003 —0.015
S5 0.788 9 63.655 60. 494 3.985 0. 309 —0.002 —0.014
S6 0.816 2 64. 989 62.520 4.039 0.319 —0.001 —0.013

H1ZR 1 AT, Agssaso 1 Ao soo TE R S BEHE X 80 5 BIAS W U 5 B SR 5 W 00, M AP B R - ]
Wi g T AR AR 3R BT o A ) RO ARV T SMIP R BR S5 # Th R 5E R AR IR ER SN B £, B R AR B B X
R — e Ry R B A U EE (I —OH, —NH,) , Bt T SMP BRI A6 . Easosses Tl Eosynos [HAE L AT 18
A BT BT IR T B IR T B 3 m, C= O, —OH,—COOH } Fis 25 i 75 & 3 Ji§ 78
JRE L FIHEFE TR . SMP FoA HLE 45 1 G S B R B 22 AR SRR B b 07 7 BRI 6 08 i 0 i 19 3 SOk
YR REAYRK L, M EBEEHT LRI BRRE B, Bl LN FRE BERYE R £

R T I 22 A3 A4 IR ' BE B EG I s g T AR A, 38 2o D6 1 B AR X B 89 — I 5 (E SE BB RS T 3 B )
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JE& 58 IR 4 B 43 #A) 1 BHRSHE®RENHEY KA SMP G LY FHELRE . Susws &
Sss0s00 73 AN FTRNTE 275~295 nm Fl 350~400 nm Ky EIER R, GRFY,A/O TEFE B 55 B A HH
X K/NBERFETE » J5 B AR FF AR XS & BB Wi 0, 3X W] BB 2 N [F] L 20 B R R 2 S AR
2.2 SMP ZAHMESITie

ok B AR AT WOEIE XS A/O TZEWE SMP (#4347, /I 81 25 T f# 4 A= Wy AR 7= 9 B WL R A 28 4k A A
R T ERZUCE M E B E & W Bk SMP /Y 4 KB LR, AR A 456015 4 A X
AR 43 (FRD X SMP A ML 4 BB GG 8 8CGHEAT /0. Bl 2 2 S1—S6 R SR 5 55 SMP =4E5¢
Tt A .
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Fig. 2 EEM fluorescence spectra of the samples from SMP

HE 2 A0, RN FESHTE S X, SMP | =456 bk B FEA 4 56, A,B,C,D, 5354
F(E,/E,)225/335 nm,285/415 nm,345/415 nm 1 280/335 nm, A W FRIEXER T, R EERTEE;
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B g C BN FHRGXIV ,B g HA R IR E BRI 6, C 1§ 287 WX & B RR % I61%; D W F
THRBN B TREEAMREOTOCE. RMARMRBARIOCTRRET XEFEGK JEMM4EER
AR PR RS, WE A/O LA SMP 3t B F O AT 4, BRE BRR B AR EHE T
B ABEEAY R G REER, D BMREFABLKRNBELE S2 f1 3. 652 X 10° au » nm® 3 K F|
9.179X10° au « nm* , KRB EAMRFICIRE L AWE  RUARBEOYRE D SI MBEERER U AILEBEARY
B S4B D TR BB WIS 55, 7E S3 M BBy 3. 071X 10° au « nm?® , RUF H B AW 4 ff . KB ERY)
JR W KB T #E » [F] 78 R S B T a1 2045, i e i B AR O 280/355 nm, RAEA BRI S EEM A HE
HFERESERALA, THLARCEARBEOTRRE EBEE. S HERKMBOFER, FERRRERESR
W, TE I A BE S3—S6 B, 5OG B0l , B 16 . C 15 058 B TC B AR fk , SMP & i K A it 7 22 R 48/

F A =456 618 MR ER BE (TOT) F & 52 % F 43 X 38 BE #E AT A DX 38R 43 % 7K 44 o B L 50 19 4 Bl ik
T BAHT LR 2 Mk 307 ,SMP A LR & BB E N S2 BB, S8k S1, AHLR & B4R 7E 30. 249 X
10°~73.432X10° au » nm® Z[A], HREB S1 1 S2 EBEINY A RB AR LR AR, RIE TIEM Tk
TR R RAEGK,SMP 1 T KKEEAR, [ KWK OEARY RESHAEMRBERECERGEEEDY
FEAREREFEYF, BB 3. 279X 10°,4. 413X 10° au  nm® 4 BIFEZE S2 BBy 0. 452 X 10°,1. 123 X
10° au » nm’, H HRBEARWHERHERE. MVEKARBORBER REREADRGE, XUHHE
BB/ T R IR A G0 P9 AR e AR R, AR M R E R ARSI R R, R
B 9.539X10° au  nm® HK F| 45. 584 X10° au » nm”, YLBH 23 F L4514 T BE & A E HE, 78 B A NI R 3L 7 1
SERIGIN . 43 (AR A D RRAR SRR EERE N . M AT R BE . & X IOGY R ¥ A N R R B AR, Fp, VI
XRBE &R . (O J PR I R A U2, il BRAECBL Y 20. 654 X10° au « nm?® FEARH] 10. 028 X 10° au » nm?, [l IX fir
REMBEEBRZET S2 MAYRB B INE BRETRE, TS SANRS BT HERRE 8 399 AL
Ao BOES M EHBRY R EH S3 ARG, & 2188k 42. 682X 10° au « nm® If H I 38/, iR H
BHURGE W E 44 7B %R A/O T LG M LAG A W M iR AR . Bk B , SMP & S2 By Bt Z 4Rl
WK BT A, DL A W T e SR FLIE N BE T, T FE S4,S5,S6 B BY B AT E , B SR Y R B i BN M AR
7 B PR A PR 2R, 4 T A AR R AU T A W AR IRAR TS

k2 SMPH &= 4% bk i#RRRS
Tab.2 Volume integral of different area in EEM spectra of SMP

DX IR S R BUBUME X 1076/ (au « nm®)

£l
S1 S2 S3 S4 S5 S6
1 3.279 0. 452 0. 200 0.187 0. 159 0.154
I 4.413 1.123 0.714 0. 655 0.578 0.566
Il 4.001 5.619 4.965 4.670 4.394 4.374
N 9.017 20. 654 10. 028 9.063 8.208 8. 284
v 9.539 45,584 42.682 40. 265 39.042 40. 095
TOT 30. 249 73.432 58.589 54. 840 52.381 53.473
& 3 SMP # & = % 3% X A WA AR5 %
Tab. 3 Percentage of organic matter in EEM spectra of SMP
B %
£l
S1 S2 S3 S4 S5 S6
1 10. 84 0.62 0. 34 0. 34 0. 30 0. 29
I 14.59 1.53 1.22 1.19 1.10 1. 06
I 13.23 7.65 8. 47 8.52 8. 39 8.18
N 29.81 28.13 17.12 16.53 15. 67 15. 49
v 31.54 62. 08 72.85 73.42 74.53 74.98
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R0 22 0 0 0 7 19 = 4 92 06 6 o
X IR HEAT AT, 45 L 3, '
P 3 R LS5 B S6 AN — %K. A5 0al”
S3,S4 2= FEAHXF 8/ » B AT 48 B A i AR LR =
HRERZE BB, BEYREELR 2 o
A/O TE AL AL, B B & R SMP % o
FARNE. T S1 A S2 5IF B R S5 1 S6 2% ol | |
SRk, LR ST S2 LB R B k. S A
B8 Ik, 22 T A oL PR A8 I, R D IR 4 T 2 ST Bk
KWEAR, KEOEARFAIR KB FEM, A B3 SMPRESATER
S S 3 B B T At , BB TS Kk A S2 B, JL Fig.3 Cluster analysis result of SMP
A RE S U B IR R R R L
oo i BT A BURES 0 69. 3% . W ZAETEH M 5% 8
Y ) %% 5 At FT E 9, S4, S5, S6 W # 78 E,/E, = 6ﬁ RN
345/415 nm 1 E,/E,=285/415 nm [ftif . R \ 366
2.3 SMP BARISIE £ | A\
BT BP SMP SURSHE B EMAME & o Y
(PCA) f# #f B 18 89 I8 28 % & (synchronous fluorescence) i ‘\ // \@2\
HOHBET . PC T84 S0 K AR B 60770k 7T K R T AN
RIEMA R ER IR B. X 6 fHRER SMP #fFPCA 2
AT, REH 1 AT, HARIEE &5 B 21 88.55%, 300 350 400 450 500 550
WK /mm

RS T B 9 B R E B .

Bl 4 N ERS RS MR PR B RPN 286
nm Al 266 nm 4& B 2 A B KA I, 7E 350 nm K
402 nm4b H BN B I FI R 18, B CHEN M2 1 JIN
SRR, 286 nm 4b TR AEE AR, M 366 nm 4t

B4 SMP R ¥ RAZRE ST
Fig. 4 Principal component analysis of the synchronous-

scan excitation spectra of SMP

R AR , 350 nm 4 F BN S MEFE TR 43,402 nm LR E BER. X 3 518 4 B R B AR AE 14 Tl
FLTERIGKH H SMP B AREAY R CRBABD T - EBNXBHERCRE BRMEY

WL .
2.4 BRBESKRERXYE

3 %9 XIS i SMP s i85 COD, NHY -N #E 47 AH 36t i (W3R 3D, AT BB %05 7K 3 R

RIS KRS EA NI R,

A3 BRARBRSEARRALE

Tab.3 Results of FRI and the variation of water quality

E 3 COD NHi -N I I Ili v N
COD 1 0.993* * 0.994** 0.988* * —0.416 —0.01 —0.935**
NH{ -N 0.993** 1 0.976* * 0.984** —0.332 0.052 —0.897

1 0.994** 0.976* * 1 0.999* * —0.509 —0.099 —0.966**
I 0.988* * 0.984* * 0.999** 1 —0. 467 —0.055 —0.953**
| —0.416 —0.332 —0.509 —0. 467 1 0.816* 0.712
v —0.010 0.052 —0.099 —0.055 0.816 1 0. 345
Vv —0.935"* —0.897 —0.966* —0.953** 0.712 0. 345 1

e FIRTE 0. 05 KO | WA ; * * FIARTE 0. 01 K R 1A% S AR

MFE3SAH, ] XKAI XS CODtHEREER 0.98 KL E., {H NH-N 5436 KB X REARM
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M, T XA X5 NHf -NWRER/RFHEXEREGEH 097 UL, TR VX, VX ABEHLEZE AL,
ITRAMIRFOEM R EEZARBEARMKCEAR, ERABRESMAE. & LR, ZmZTlkiEk
SMP & BB R R N EB AR ML CER.

B3 3 A, @ X FRIF T X, 1T X K& i57K) 5268 COD W BE#HITLMEME UG ERN y=43. 432+
75.73, 595K ) SChr NHY -N R ERAGER N y=45. 442 +41. 66, PBFE SMP # [ X [ K&K R B B
ZM®5 COD,NH/ -N 8 RIF &R MK R, BB B 0 HER M3 COD,NHY -N EA R A/O T2k
O SEFR & B AR AL, RIYE A PEM %287 A/O T.% COD,NH{ -N b H g RiEZz—., BRI\ I XS VRMEXR
Bk —0.966, % HITREMEGAE y=—10.2521+43. 77, TV RN WX KBHEBR T, WiKKE
7K H 3 R AR ) 5, BB R R X COD, NHY -N IEARSE#E 3R E] 0. 97 PAE, ik —2b 82 % SMP AR, #i
Foad oW, FTARIE 1006 2> A% PO U 0 2R s IR W) 5 » LA RS i FH PR ¥k B2 » AT $2 % COD, NH -N 4b 3
&

3 & i

D) il i AR O 5 = PO BB & T KB, A/O TEMAEMBE =W+ . s & BoA HLR B K
FEERIKF 73.432X10° au » nm?®, JF 5 5 S BT R 0, B 4% BOAC 2R R 40 o T R B IO B BOAG (i
—OH,—NH,) . R EEMEZ S . #Ek SMP AR TO6E EB N REQY R ITRREATOLRER
W ARG T 5 SR B, SR 3R W) T W O 7 o R e A ) R P LR

2) P X AR R G (FRD 455 I 7 Bl k23 M X SMP K B 73 & A HLBU 7 #4723 1T » 45 2R
BN, KEARMIE B AR, HIOERE 5 SMP A COD,NH{ -N RIE L, MR R EOY7E 0. 97 KL E. BI7k
T HRSE AN TR AN B I Tl 75 7k o COD ¥ EE .

DTG AKAL T T Z WK S4,S5,56 Bty MBR L7, R A IE K, & B TR\ X R F ALY E
BREIR .
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