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F U3, KRR EAE, VSS ZBRFIR 68.24%; K55 R VA B R I VS A TR Y, 4
TR B TR I AN O 2R 8 A X A% G 1 M T e R 8 1 15 I Dt BN R 38 37.33% 5 ZOU 551V R ¥ 1 g 1
BB LB 410 A KBRS, 15 TRl i F EPS S5 MmN, MO Bk, MIAMERE A MZE
B3 A3 I T 118% F1 64% , Kb 35 0915 Je 7] EEAE 0 SO AL i o &1 X DA ML IR EE 2 =R T
BCHEKE W, R AE YRR SEAT A3, T LK AR A HL BB SR A W) EPS S5, f ik AT HL 43
F AR R AR RS, DGR A SE R SRR ee, H BRI 5 T P 0E S E AR R A .

T UL EWFSE, AR A Y B BAHEK S MUY, X R TR E A . o-TE R
filg . 2T 2 23 16 RN PR XS O RR WK S SR i se g, R B L iR LRI, S TR E . &
I BF ) L B Ui BE R pH A8 X DT RR M K S O g, IF AR 4l SN RIS OAR Y EPS. =4Stk
F1 SEM FRAELE R AT T HLEIR .
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S5 BT A TR B A R E T RN IX F1 EVEEARMR
Kos 3, HUW S B2 PR AT, Fa4C W Table 1. Basic properties of biological enzymes
VKA R . DU A HLIR & O EMIERRS BESTEA(U- ) GETIRE COETpH  EPRIA
(49.3742.64)%, pH=7.28+0.42; VLFIY) L WEW  hiEEmm - 2q0° 50~55  6.0~7.0 SIEHEEY
1 SCOD 1 4 (259.03+24.71) mg' L™, @A N . odckiil 4000 60~70  6.0~7.0 LHEEEY)
(23.02+2.14)mg-L™", ZHk (14.21£3.43)mg-L", LT U F 3000 30~60  4.5~65 ALHUERIEE
BN (0.08£0.01) mg-mL™, SZ56 BT F i il VTR 2x107 45~55  53~64 PHYGENE
RO ZE 15 HoAd Ak 23R 40 o pr 4, SE 3
FHIK R B K

SCI F LAY B HE SX-GO7103 T df i (Rt 3); YH-3BS i 21 40 28 6 i T 1 4 (R 365
TDL-40B ik 2.0 L (LI 2255 );  MY3 000-6B Vit #5E SE 00 B PEA RS @R DUE X 4%); 721 BIa] 0L 406
JCEETE (B RE); FY-1C-N E 25 5 (WYL Ki#); PHS-3E AU pH It (B #%); HH-4 HL HHE TR 7K V8 54
(GR245 ),

1.2 XBWHE

£ 250 mL HEPR A0 A 150 mL 250 U AR AL i, 1 O AR R 09%~10% (5T & A 43 b, il 5T
AU TR P EE B, V8 pH = 5~10, BB A KIS & B, GO ) H AR iR
(4~65 °C) J5 , W EEEI F BT, L 200 rmin ' ELE RS, RV 0~6h, WL HRE, —
R RE b FEAT A AL & A 5 — AR T 4000 rrmin! B0 15 min, BRI 4R 0.45 um
R U8 o AW SCOD |\ AR . 20, IFTERAER N ZME T, 4087 EPS. DIFRWIR IS5 HIE &
DL R WU AR AT B
1.3 Sk

i A 24 75 U (SCOD) K A 5B-1 51 COD Pl 52 A3 (22 JH 1% A2 IR R A5 BR 28 w1 470
s ZBEOERFEM-BRIREE (NY/T 1676-20); 24 & it R FHAN [ 40 6 06 BE v (HI535-2 009);
B &R R Lowry 755 pH SR A pH 3H & 5 DR 4549 22 b A 7610F B 451 4 Fi - 12 7k
B (H AR F PR at) W s EPS SR #R B 3 EPS & 284 o 248 Ak R H = 4E 9L i ik X
(ZEEEAS 1260) K0 , 8 & %K (Bx) h 220~450 nm, & 5 3% K (Em) &y 250~550 nm, Ex 49 4 18] f%
5nm, Em 3358 10 nm,

DU A HL & B e SR e N R LA A AT bR v ) (C/T96-1 999) H A ML
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S S e B 1% (% B 4 E0) 1 o-TE R R
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S FULRY , E 25 °C . pH=T [ 4 1 ~ tooo| SHEE
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Fig. 1. Variation of sediment hydrolysis efficiency by different

—M, MR EARSFEREY RS enzymes with time
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{45 O 1 2 W R 9 P o o o FR T RR W rh R AR E R B K R RS L TR R D, S ERIER
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PR R G S AT R KR ACRAE S h A2 AR, PR AR K SRR A, A 3~6h
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MR R P R LS LA K R RO S A . fE pH=T7. ROVETIE] 3 h . R 25 C 1Y
ZAETR, WIS 7 AR E AR N 0% . 1% . 2%. 5%. 8% F1 10%(JF & 1 43 %0) B4 W TR
AL . SCOD . M S5 A M (& 2). WK 2(a) AT, HEFHIN G 0 B2 5% B, £ b
1 SCOD 735l N 1214 mg-L™" 1 253.20 mg-L™" 3 M%) 2 970.23 mg-L™' F13 52030 mg' L™ ; /5, KA
B s — 22, SCOD H1 2 05 g i, >4 rb P 88 AR O & D 10% I, 9 0l ik #
8009.16.mg-L™" 19 070.60 mg-L', iXJ& i Tz B M ELHE N, & MITERY b A LR & & KT
filf &, ARAEBEAR R B 1T A, YR YR B O v TR R, B B R B A TR, RO
M LT, SRR R R, RN —F ", Kl 2(a) 7T UL, SCOD H1 2 b5 35 b i
B RN R L AER N, JE T RN, XN LA B R=0.984, 1A AL i A AR fk
5 SCOD. ZMEAIE (B 2(a)), HiBl P28 g4 0 & 1Y 3G 2 22 PERRAR, XTI Ry =0.992, 4%
Jne 2 10% W, A HLET S 5 IR I 50.42% B R 47.79%

H & 2(b) AT I, AR S v R RN Z M AN AR R . 7R F R
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Fig. 2 Effect of neutral protease dosage on the effect of sediment hydrolysis
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W 114 A S0 AR T G O i A8l SRR W 3 C AR Ay A R T, T 2 M B R AR, SCOD R
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Fig. 3 Effect of reaction time on the effect of sediment hydrolysis by neutral protease
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24 REIMRYKEY RGN

K4 SRy ARGk 8% . pH=7. KNSR 3 h (5T, TRBE X PP B K R DA
YWsgm ., fE 4 TLUE S, SCOD. b, A KR E T & Wit &, 7655 °C B ik 8 fefE
&, HeiF WP SCOD., £k . 2 A 204 6 803.20., 4 195.54 F1 68.18 mg-L-"; ifii A HILJ5 i1 25 1k
B EYE, HEETH SRR, 55 CHE, AP E B 54.67% F R S5115%. Sl
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Fig. 4 Effect of temperature on the effect of sediment hydrolysis by neutral protease

LR RFY, BEEAMHEAM KGR D - ZmEE. RIEEIERW
Arrhenius A2 (p(T)=p(20 C)0"2Y), FEMFIE BRI Y, BT 10 °C, R R AT 1~2 f51
T RSN FN B K R VE R T XA A L o R R 2 0 . A A SR R E A MLy, SCOD 1Y
T EIFAS 2 0 B B R R R N AR A, X R TR EER FEE AR O — R AR T, AR R
KA EARE S RAAR AT WS PR JTE, - f Ak RE p U, SR, M AE Bl IR R A Re
KRR B B K HAERS B TRL 2k (25 C) R, ZHE. SCOD. HA T+ H]3467.93 . 6717.5
M 62.64 mg- L™, AHLTFFER 51.76%, A5AE k241 R
2.5 pH SHRFRHI7K fE R B9 2 M

pH SR~ 6 A YK g AR 2 LR RS, e P MR IR O 8%, IR 25 °C,
FVEEFE] 3 h B2, BF5E T pH A 5~10 BEXF LRI K S s il sz e, DLIEL S o B S(a) FT LR
, A pH=5~7 i}, Ffi pH Jt 5, ZWE5 SCOD #4in; #F pH=7 i}, ZH%. SCOD ¥k IE(E, 435
34 83928 mg- L™ Fl 6 191.50 mg-L™'; £ pH=7~9 i}, pHI& I, ¥, SCOD F[E, XM T
b B A pH=7 B 36 M fe iy, A F 80 m S R pH RS T, 7Kl o R 4 27 B — S B 0 I o
SRIM, 2 pH=10 B}, SCOD 5 Z W34 ir [l 7t X v BB 2 th F ot A& 14 F . [EAH T A AL & AR
B, AN RE, BB R UEARA, SCOD EFT. HIE S(b) nT UL, & AR P R AR
1k 5 Z B F1 SCOD ANJAl . Hirr, 78 pH Ny 5~9 I, 2 A e 5 bl pH 84 2818 F 1%, Y4 pH 7% 9~10 B
I T BERE . X ATREE R M AESME AT, YA AR B e B, TR, — R
F1OH & A= B i AR B A R 2R B A0ME AT S 30 1Y, A LT AE pH o 5~7 BF & T R, JF
16 pH=7 I PR AR A5, hy 51.74%, 3R EA1H 53.41% AR T 1.67%; 4 pH Ny 8~9 i}, T rik%%
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MG, EA U E BEAF—R RE R R NN TE pH=10 I}, &5IERESWAREL, K
AT, RO T YRR, JF AR pH T, WA P8 AR RRIR, MR PR e R, R
A WL R A 1) A1 e Al RGP A LT, AT A LS BRI . 28 LTI, MR K R R
P8 7K St S8R T B Rl B A pH BRIEE, T R A RV R T I AR K K R
SR, 78 pH=7 IR DT R B
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Fig. 5 Effect of pH on the effect of sediment hydrolysis by neutral protease
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Fig. 6 Effect of neutral protease on EPS of sediment



%5 BRSCRESE PR KR HE KA RO 1701

M 6 (a) AT L, Bl PR (B I A3 £, S-EPS. LB-EPS il TB-EPS H it 2 4 it fl &2 B 1
AAFFREMIE M, Erh 2 meiREiE K TEAR, ERMNEN 10% 86, 205 53
1528 mgmL™", | 5N KRB, ZWEAE EPS Y 5 Ll 40%~90% , IR A
19%~60%. L, EPS H¥ 0 208 b4l = b, sbol, rEAB KK S FEAR, A0
RER U 1 B0 o0 R BRI P k. 25 EER, REARRTENNEAR SRR
ik o I 6(b) T WL, EPS Gl i fifl 4% Jin & 34 hnof 384, H S-EPS . LB-EPS . TB-EPS & & h S-
EPS>TB-EPS>LB-EPS ., iX f] GE/& H1 T EPS 7t th R 45 1 i/ T T 45 A gl IR, 2 3 EPS %1 75 3
AWAH, Horh LB-EPS A] g £ 76 M & B 0 AE FH T #F— 2P 4% 4k S-EPS, DA fif 45 LB-EPS 1Y
HEINAS Qn PR A A
27 ZHRAXESHENYIIHEITH

= HESE O P DL BE B M AR A R A ALY, RRR SO BB ORTR X 2R BE AR
TGy ot SAH N MR FE o &1 7 SN 8% vV 2 11 i Ak BT /5 48 I AR ) IS W EPS 1Y = 4EO0
ik, mE 7 AL, DURY LIRS AN BN, I~V KU IR B R (Ex/Em R 220~250n/
280~300 nm). {48 (Ex/Em & 220~250 nm/330~380 nm) . & H R (Ex/Em 4 220~250 nm/380~500 nm) ,
T AL W B P2 ) (Ex/Em SN 250~400 nm/280~380 nm)™! L) Az J8 5 iR (Ex>300 nm /Em>380 nm)™!,

X e 25 v M B P AL B AT S DAY L WA TB-EPS Rl LIWLER 2, 22 ad hork R AL PR
IVOA B DR =)« VOB FERR) 58 BE A3, Hor IV 5 GoR B N o W i, IRl 1
2 GIE Ex/Em 24 270/310 nm,  HA& HZRP 0 (1000 WA 300, 53X Al BEJE EPS M 44 5 i3 A= 4 2
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Fig. 7 Changes in EPS fluorescence spectra of sediments before and after neutral protease treatment

A A9 . A LE LB-EPS B, 1-V W i (95 St 2R AL R TB-EPS #3422 fgAk B
Ja, 1AL IV, VB BER I, TV HEsREOh B3, Wi NL9SLIR A BT T M. X T S-EPS K it
WAL B A AR R (D R ELGAE BRL P (V) JE IR (V) A SN, GER (D) S R
MR (10 i B, $E = ILITIH R o & HLIRIH SR W EPS S5 M Bl IR, A7 ) T it 1l 551 15 e 400
Fefil, A LB A T B B R S P S R IRE A B B A B Bk, XA RE KR
EPS 7& P8 1 B K i LA W ik R v dly b 1] RO A, EPS Z5ABEIR , 3X AT RE A /K 48 19 vh STLER ]
AOREPE T R, AE R SE KA SR T 3 5wl il R ARRHRAK A I 94 3 4wl e P
2.8 SEM Tk

SR PR 358 1 40 R B3 ok WL ¢ o P 3 1 AL B T S DO AR W R T ROWL S R Rk o A IAT 8(a) FT LA
IR R DT R, S5 E R 9. LrpvEE F AL BES A IS5 M SR TE (18] 8(b)) B A
Ky, DU R JZ S5 R 28 A3 0 AN, HA AL, okt U B IR e 7 K ik i A b S A B IR, RO AT
WL & 1 % 728 S nl i P e s B WP B0 LY & B RO T T AR AR S AT e R
TS F AL, AT RRARDTAR I I RGP (4 O TTORR W) B 5 Bl R, DT 98/ o T A5 o 9 3 1) Jo 30

(a) IR NS (b) i R RORAs 1
8 PMEAMLEFEARYIREMILLEH (5000 %)
Fig. 8 SEM images of sediment surface before and after neutral protease treatment (5 000 %)

3 g

D FEP PR A N5 8%, pH A 7, KW HETE 3 h, SN 25 °C 41T . SCOD i i
e HY 259.03 mg- L' FFHE] 671540 mg- L', £k 1421 mg- L' FHEE) 5 797.27 mg L', & A i 23.02
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Hydrolysis of drainage network sediment by neutral protease
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Abstract  Neutral protease was used to hydrolyze the sediment of drainage pipe network and alleviate the
problem of blockage. The effects of enzyme dosage, reaction time, pH and temperature on sediment hydrolysis
were investigated, and the mechanism was explored through EPS, 3D EEMs and SEM characterization.The
results showed that at enzyme dosage of 8% (w/w), pH=7, 25 °C and 3h reaction, good sediment hydrolysis was
achieved. The SCOD increased from 259.03 mg-L™" to 6 715.40 mg-L™, polysaccharide increased from 14.21
mg-L™" to 5 797.27 mg-L™', NH,-N increased from 23.02 mg-L™" to 47.89 mg-L™", and organic matter content
decreased from 50.42% to 48.24%. This results promoted the migration of organic matters from the solid phase
to the liquid phase. After hydrolyzed by neutral protease, the structure of sediment and EPS were destroyed, then
the internal substances dissolved out, of which the dissolved amount of polysaccharide dominated, and the
varying trend of EPS contents were S-EPS>TB-EPS>LB-EPS. After hydrolysis, the microbial metabolites and
humic substances in the supernatant increased, and protein (tyrosine, tryptophan) and fulvic acid substances
decreased. The results of this study provides a new method for alleviation of sediment blockage of pipe
networks.

Keywords neutral protease; drainage network; sediment; hydrolysis
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