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15 YR Ak AR 2 V5 e L P9 AT AL R TR M 1 3R i i 1) 3220 K. s TR RO K i T A BT
FIB T Ak RO 25 6t Y5 e ) T T B A O S, TOUA LS T R A A ML R R 0 T R T
SIR IR AT AL W bt o HJE, V5 U8 Ak B s R T BRI ) ¥ M A ML T 8 & A i —2b A
N, AN SERAE R B, DTS B S MERE K5 A WL 0 A R G 3k 100 kD) XS R i A
PEA DL ME L) G A P R e R R, ) e 827 e DR AR A0 B B G Ot 7K 8 T 7 A 3L S5 A R AS A S )
R, oF— 4 B 75 8 76 0 Ak B 0 A v I 8 A M DL R TO O i itk — B B AR R, 456K —Fh 3 1
15 e A AL e Ak ) R S B YA B O] i e i U A B Ak R A G R, ARAE R, BRRAR A
MLl THEA AN, HilHEEEL (peroxodisulfate, PDS) id JHil Fl 1 IS THEAA S0 &, (Hi15
Fe T W R B 0 PR R Z B OGRS AR, Fe 161l w2 SR REA S8 TS Ve i i /K
PEREN, IF HoX 5 & B IR AR SEME . BeAh, b B R R AE Pe(IL) AR T A B AS [R]85 AL AE
T EA RS AR, H ) Fe(Il) i ¥4 7 76 A i AR £5 7 AE SR AR [l 2 A 3
H i EEAE B i L, A R R E A R AR TE AL A SRR EE A i SRR E AR AR AN, R
AR F XA ML B EARVE B — e ) vk, AT LA AN T R R Y B e A5 A A AL R AT
VEREE AL, IR B I B BB A (4N 05 A R AR 1 0 o s R L R AR, xR L O
FRAPY I I & RSB U S ARG R iR, i A ALY 2 o SO E R A 45
¥ 55 e ) aT AR YRR R . WK PERE L DR b ARG AR R, EREE e R,
Y AR e AR, HUOR SRR F W R, Forh (R AN 4 A R S AR 1 TR s
iR A B ) TR,

I A as i R 6 1) 22 b i AR R0 A ALY SR AR T I e e, f S BT Ve rh i i 1t A ALY
R B — 2 E AR N, e A B R L OUERE A HLY R . IR, A B T IR AGAIR
Hle T B B A LY B B Re AR . SRmT, DAk ok SO A VR T I b A B R XS
T4k B3 FR AT HLY B R CREAE S BEBEMEAE F e = DR, AN T R K A e o 3 A R R A AN (R 1 T
BTN, 15 Ve P A LY RETRURR M RN A o B i 0 22 57 Rt ARG R S ARk Fe(T1) il
MR 56 75 1 B¢ (Activated Carbon, ~AC) 3 Ak 2 B R £h T AL R X756, BF5E Fe( ) 16 P e 16 Ak 1 i
FRERANF =0T, X5 Ui i e LR R A A2 ), DL RO s Ve it A ML A o s e VE o
1 MBE5ERE
1.1 LI R

Pl 475 Ve L A A0 TG KA EL T i iE e, BURI S AE 4 °C R HARUI 24 h, BRI RIE
Wk 18 B B4, BT 4 CHRARH. 45154 6 000 rmin' &0 10 min, LIFRKZS
0.45 pum Y& BI85 43 AT U AR DG HE A, AR i5 e AR R PE AN 3R 1 TR o

=1 FRSROEREH

Table 1 Basic characteristics of excess sludge

pH H3%/(uSem™) TCOD/(mgL™') SCOD/(mgL™') TOC/(mgL™) TSS/(gL™') VSS/(gL') TS/% VS/% K%

6.93 1,002 544 49 29 30.22+0.1 20.3£0.1  3.14+0.03 2.09+0.02 96.86+0.03
S R AN B R 2 R L2, 7Tl ®2 EMRMILEHE
PE R BIFLAR BRI 38 2 s o 1 1 ik 0 8 B Table 2 Pore size characteristics of activated carbon

60~100 H, FIEBAKUEEZE FiEWICE (pH BETH# WAL SMHRE  aflas fLlsy Tl
b)), KA AE 105 °C T4 2h, Bl WIBVmte ) WRYm g ) BUm g") (emg") (em’g") f/nm

:F»J:;%%% [:F[ %)EH o 1438.82 790.49 647.33 0.73 0.32 2.70
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1.2 LWHE

1) PDS $ % 15 R AL B S2 00 . WF 58 A [A] PDS #4538 79 Ak B ik 7 o v i A AL
BB E ], 43R S A SCER AL . JRT5 Je Xt B4l . gl PDS SEBG X HEAL . Bl Fe( 1) 3% £k PDS 41 |
Bl ACTE AL PDS 2 . Fe(I1)+AC ififk. PDS 2., Hrr, Fe(ll):PDS=1:1(EE/KIt), AC:PDS=1:1(Jii &
Fb)o AR SRR R AR RS, BB RIS —4 1 h,

2) Fe(Il) B & A8 m 7y Xy mi . 24 PDS i & 4 2 mmol-g '(PA VSS 1)« PDS:AC=1:1(Ji
BB, BFSEARE R Fe(l) £t (0.6, 0.9, 1.2, 1.5, 1.8, 2.1 mmolg )y FI/FU £% 1 Fe( 1)K
0.6. 1.2, 1.8 mmol-g " ) Fe(Il) 4> HILE 0. 40 . 80 minsy 3 YK A) % V5 Y& Fkb 3 R il s, 4hi%

B7ALSR (R 3): SIS SRR R AL, D R =Wt
B ASLB A KR Fe(]])if& & 0.6. 09, Table 3 Design of experiments
12, 15, 1.8, 2.1 mmolgh)icd # B, C. D, seigay 5y, POSBOELL_ACBUNGL Fe(TyBtL/

(mmol-g ) (gL™ (mmol-g™")
E. F. G354,

WA 52 B H 4 250 mL B9 § T o AT AR\ ° °
e P M B B T 100 mL T5 0, 96 AR NN S e o
AT R . BB A L O XT ° 00
A5 S THEERSRZ AT, 7825 °C . 200 rmin’’! b E{}E : 1097 12
e, A R B 10 mL, B )
F 0.45 pm 19 3 i o L HCRCuE WL 41 fr e 2 0o

G JR e 2 10.97 2.1

2T, BOEHIE .
1.3 SWEE

75 U pH FlHL 5 %3 o pH i1 (FE20K,” Mettler Toledo) Fl H1 5 24X (Multi 3420) #4752 ; TS.
VS, TSS. VSS il 8 & 7L & . COD i i i 7 45 15 f# M DR2 800 4366 1T (HACH, USA) il
FE o VR ER B 208 4 BRI E IE (9 Lowry %P1 R DuBious™ 43 Y66 BE VA & o A HLIK R
FH A HLBR 23 BT (TOC-L, . Japan) Il & . % FHl = 4E5¢ 661451 (3D-EEMs, HITACHI, Japan) X} fif
A WL DOM HEAT = 4E 58 Y66 1% 438 o A2 0 3¢ 1K) FL AR 5 4 % D L 3 1 AR R LA A0 M ASGHE A7 00 22 o
2 FER5R
2.1 Fe(Il)-%EWTFRERE 35k DOM B 2RI 52 M

15 W A FLY AR T Y A i S A R A (BPS) W, AL BE A A% 4 it TS IR
LR A L IR R, A 1(a) Bk, PDS B R E ALV ARtk TS R TR E e A LYY
PR, T8 B 0 1 R R A Fe( ) 1S fb B RE E— 25 32 T PDS B E L RE 1, fESET5 R iy
21 it RN B A 3 A W A . Horp, B0l Fe( D) 3 £k PDS 4k B V5 Y Xt TOC R ik #2718 H 45 Ry
., 7E PDS W40 & A 2 mmol-g ' B, B4l Fe(1l) 7 /b PDS fifi 5 Y& TOC % jik & ik F 231.65
mg- L', JEH0 PDS WAL B Y5 U8 J5 TOC it & ¥k B (129.05 mg-L™") A9 1.8 f5. gl AC XF PDS i3 1k
[EFE 2 35 T #E 75 I H TOC B PE . {H 5 5l Fe( 1) 3 1k PDS ANIA], Bl AC i & PDS Xf 5
U TV A A P RS VR FE BE 25 PDS 0 8 A% 14 g S R v . 7 PDS S E AR T 1.2
mmol-g ! B, SR FH BRI P e T AR X S U8 HP S R A LA 0 R CVE A Gn Bl Fe( ) 1 46 7 H BH
5 524 PDS #m &K #] 1.2 mmol-g™ VA F, Ul M A 165 5l Fe( 1) 36 fb JE A< 3k 21 A4H [7] 19 42
G U T R L BRI AE o #E PDS 4 N5 o 2 mmol-g™ B, BB P e 3 Ak RN B
Fe(I1) TEALAEFH T 158 TOC By 5t 5 9 BE 43 ] g 224.6 Fl1 245.8 mg-L™", FEAR—F, 4R Fe(1l) FiG
P ok L[] 15 L PDS B, Bfi 5 PDS #nH i35 N, TOC J & ik B 521 B & T F% . 78 PDS £z /)
F 0.4 mmol-g '}, Fe( 1) Fli% o4 2% 2 [6] 1% £k PDS H A B 5if (9 B BUIA i A ML RE 715 (H2Y4 PDS %
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Fig. 1 Relationship between TOC mass concentration and TOC mass concentration increase of Fe(Il)-carbon activated PDS
pretreated sludge and PDS dosage

Jn 1 0.8 mmol-g 'HF, TOC BT Ay 45 FH W i 11 55 .

Fe( ) F1iE o4 ¢ 2[5 36 £k PDS X 41 i 15 e 5 i 14 A HL4 el VE I i 55, T g2 i T 3L )0
b UL B 55 5 1) PDS i, PDS 3 Ak s g Jask - 48 s 1] N = A K e AR R AR B e 3k . — D7 T
Wt (@) Fros, PV TS U T BRI A ALY, SRR I R A AL i — 2P R
b i, MIFEAK T TOC ik B ; 5 — i, Jihial oy o B AR AR E B 362 5 Fe( ) BlUA R
M A A AR RN, T3 A TR (A 2). AL e), Mkl s [ 575
RSN TR A W R W A M & A . AR AR R AR B P S S AR A P . Fe(TT) DL KBRR AR B
FE Jz I R, BRERAR Bt RS Fe(T) R0 HUR R, R H BGK 4.6x10° mol-(L-s) ', 5
A MY SN R B (2.35%107 mol-(L+s) ™', mol-L™ J& KT C M FBE /R = 2 8% . B Ti5
e rb (Vs A AL Mk B T Fe( D) MIGRIRAR Al 56, W 5 SR A ks kAR N . i,
S B 1) 9 3 S B R AR F H L 5 R A A AL 0 A A A RN, PT BB 3K Fe(TT) N 1 7%
L[] 35 £k PDS I i 15 U6 15 f A A LA B i A FH ) 559 179 F2 B2 SR

Fe** +5,02 = Fe™ + S0 +S0; (k=3x10"mol-(L-s)™") (1)
Fe’* +S0; — Fe’" +S0;™ (k=4.6x 10" mol - (L-s)™") ()
SO; +S0; — S,0; (k=8.1x10° mol-(L-s)™) 3)
SO, +DOM — F=#) (k = 2.35x 10" mol - (L-s)™") 4)
I Ve T 4K [ TOC i 2 ¥k %2 B PDS 2 in # 4 Fe(I)-ZIE PDS AL IS TOC R 8RE
TN A Y o, i Bk PDS . Fe(Il) Al (Cro) S PDS R INE (x) X F
Fe(1l)+AC 1% fb PDS X 75 Je i ff 1 A ALY B L Table 4 Relationship between TOC mass concentration (Crqc)
A e O R T (i'% 4), PDS 2 5% of Fe( Il )-carbon activated PDS pretreatment
TS A TV A BLT O R . e 1 (b) 7 Pludee and PDS dosage ()
N, BRI M IE fL PDS 4b, TOC Jii ik i 38 Tl el K
Lr 2 PDS 43 I 45 2 S0 Y R ek, 1E PDS Croc = 33.3+126.29%(1-exp(-(x -0.04)/1.43)) 0.981
X PDS #hn& T, 124 TOC Bt m/E &N Fe(IDIEFLPDS  Cpoe = 39.4+126.29x(1-exp(-(x -0.04)/1.31)) 0.988
B . aniEl 1) Fias, Fe(Il) &4k 7€ PDS $n ACIfifLPDS Croc = 38.25+95.33x 0.994
4 2.7 mmol-g !, TOC Jk &t e Ji 4 1 [ {5 5 F{ ;_(;KSSC Croc = 40.3+128.67x(1-exp(-(x +0.02)/0.69)) 0.999

10 mg-L™", i Fe(Il)+AC i L 7E PDS # fin & K
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1.6 mmol-g ' i}, TOC Jifi & ¥ B 16 (B FE AR 2] 10 mg- L. XM, Fe(Il)+AC i fk PDS {2 # TOC F¢
JCE FH SR el ek BH I o BRI P A T Ak PDS XA A A AL RS RS i BH B A [R], HE TOC it i vk
H8 5t B PDS B0 & i JLF AR o 3 6 B B I 1 e 76 R [R] PDS AL T S AR A N RRGE R TS
e b s i e AL 0 BRI . 3 T BB SR R S I P e I b A B R R A E B SRR AR SL B
EAME RN, %L At AR R GEAE B 24 A 7K 3L T b R R R 5 e ) SR AR R 2L

7 PDS i 4 1.6 mmol-g ' B}, 3833 X b 800 Fe( 1) 164k . B I& P 5% fk LA 2 Fe( D)+
% Ak PDS HiAb B {5 e 1) TOC Bl sh g 27 it 72 (&1 2), w] #f— 2540k B Fe( I1) 36 Ak it i B2 h & AL P
PR R, G PR TG AL PDS (9 3E [ B 3R AR W R N BN B 18 . AR, Hpl Fe( ) 3 1k PDS 7£
SN AT 40 min JE AR 3K 2] TOC /Y e KT & W B 5 Fe(11)+AC i 4k PDS M£E 20 min i i 2] £ K
TOC Jiz &t ¥R B 5 1 B 3% 1 ik 1 fk PDS E 222 1%, 7E 90 min ik B % & TOC Ji & ¥ & . Fe(Il) XF
PDS 1% fLAE ] F Z R AR B Fe(1) 5 PDS BL# K AMEH, JB TIHIA R SAEWHIK R,

AR 2R ELAT B I A A B) A% S BH B4, DR fig 300 L N

i ST BB ) RN R R SR, T M e Rt —e—Fe-PDS

PDS 3% (L HLERARAT 5 7%, JF L PDS i L7 I D asof N

(1) L A% 356 o R 2 A T Ik e Y A4 3R T b g

17, AW E WA A SR, 8 TR 5:( 200 -

F, RBIHEERNE N EE . GHREN, & e

Fe( I1) ¥ f 3o B /46 B R A 47 2 BB, 8 S\ aso |

PO By BeAE MG B PR EE, H

BEAE PR, 03 s N R R, T RE R ik 100 s s s s s s
= . . 0 20 40 60 80 100 120
7, BT Fe(Il) BYTHFE, A M A Bl i 22 % Rzl /min

R IR AE ST AL PDS 9 5 R RS 2 Fe(Il)-% &L PDS 7L 5 TOC FF i
g, AR NG M i A B Fe( 1) %6 4k PDS 11 {4 R

2, g T Fe( 1 )iG4Li%E 3, G i [H] Fig.2 TOC release process of Fe( I )-carbon activated PDS
WA R i A RS A LY R A O pretreatment sludge

T 7% e A LA o3 Ak
2.2 Fe(Il) & E Fng 77 3N X358 1 1T R £ 7 40 32 55 SR FE 7 DOM 4R 43 RO 52 i

Sk B LY Fe( 11)+AC 1% 16 PDS i 8 K it [ 8 4R B2 FEAIL TOC Bk i o s vk &, i —
PR T Fe( ) 8 hn&: A1 43t vk 3% m 7 2% TOC B i) Ji & vk FE 2 i . W8] 3(a) fif s, Fe(T)+
AC 1% 1k PDS(PDS # i+ 4 2 mmol-g™' . AC:PDS=1:1(ffi f& [L)) Fi AL 3598, BEE Fe(Il) £+ M
0.6 mmol-g " 175 £ 2.1 mmol-g', TOC JF ¥ ¥ 1 263.8 mg-L ™' K% 193.8 mgL ™!, X —EfEE L
YL T Fe(dl ) sk 2 45 2 1t 5 BORE IO it VA AL RO ™ Ak o0 A o T 7 3% Ak B iy oo A e, o A i A
2519 Fe(11) 29 4E 0. 40, 80 min 4> 3 KA A, TOC Jfi ¥k FE 15 2] T #2755 (& 3(b)). 7E Fe(Il) $¥m
oA 1.8 mmolg ! B, Atk BB 7 2 AE TOC BT & vk B 1 204.05 mg L' #2713 24425 mg L',
VICENTE % 7 SR B 2 R gk 8 0 7 38, W e 9l S A A b ) e R 41 i . e A, 78 38 30 W] Y
TOC Jii & W B, 1 M e W B RE 45 K AR Fe( 1) 9B &= o W&l 3(a) s, #F Fe( )+ i & PDS
T, 24 Fe(Il) A I 7€ 0.6 mmol-g ™' Af , B TOC [t ¥& & A 263.8 mg- L™, 1 Bk Fe( 1) 7
1k PDS, £ Fe(Il) #hME ik 2 mmol-g™', TOC (i e FE 4y 245.8 mg-L ',

£ PDS &Ml & 2 2 mmol-g™' . AC: PDS=1:1(i& tb) B, Bl Fe(Il) #ms a3 in, 50 LG
W B R AT . SRR WRE AW E 4R . Hob, W20 T
Fe( 1) £t 34 w8 m, 5 85 TOC it it vk 2 (4 A8 Ak R 5O [R] 5 T B8 50 1) 37 Mot 2 2 1 ol it vk
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Fig. 3 Influence of Fe( Il ) dosage and batch dosage method on TOC release concentration
of activated persulfate pretreatment sludge

JEREE Fe(I) B &30 i B T 5 T B i R

Bt , 15 TOC I ik e i 78 fb i 38 2 hy B2 0T ,240-%& 1%
BCBET, Fe(T)+AC I fL PDS BU B X i 2 20 % ” _/ 1“5
AR IR 415 7 R E I Fe(I) 38 #0220 7 £
PDS A IR AR F AT (2 e Al % 0 &
WAL TAE A, EAEmE 2 ] / {10 =
WS AT UL RSB, (K RS p sk b 8] % Jio &
5 I VR B A B R ol Teo
GUO 45 ) J11 i i Fe® 19 77 X 3% AL i % 12 26 T S
(PMS) FLAb 375 2 % 30 B AR 13 il 3 0] Bl % RS540

He X 1 Y R ARAVE R T 22 BEAE &l 4 Fe(ll) % ME Xt PDS FALIE S RBHGAR M
BE5% . WEI %09 F Fe( 11 ) 7 ko iof B0 0 ) £ thy SRMEERREOZMW

RIS A SR A Tt s L) dos ocomomion bl
FEOKAMER BB s FER IR . IRl 22 o vk
JE Bl Fe( 1) 7 & Y32 W 3 It Ak B T TOC Jit i Wk B i B (IO 3F = 2208 F AR AR A fh £ 5 Fe(1) #l
H B R kA S BRAE o 8 0T 0T o Tk R A AR AL U IE B« B Fe( 1) FE & (38, Bsf i) ™
A B R EE B R AR 1 PR B 4 2 BT A0 Ak A . ZETE Y Fe(IDEOMES , i T5 e 24K Fi
A ) 230 LR S A L e, R TS %) VS i e £ 1 B AT AR Tk A fR R R 0 i Y AR B A
I I R IO A P A 1 VAR B SR (11 3(a)) -

gh G = 5Ot (3D-EEM) XA i M A AL AL 34T T R AE (B 5). an (K 5(a) s, KAk
G Je i IO A MUY T EALIE ] PR YR ) (0 A, Ex=280, Em=310) Fl {4 2 2 2 4 1 i
(1% B, Ex=230, Em=350)"""", ZifWiAbI)5, XLETOCIEE A A o B b, X5
IAFSE — 3. Blan, BIAN 45 P RE R 00 A mi i Sh AL FRV5 08, A BLGRIR AR A i 5L B e Bk b
H5H®HEBIE . AARBEARRN, BEZEAIY S T4l . CAMERNN, SRR RS
VISR GER G (B RERB . WAL . B8 2RI S B SRR
ARJRER . BKVEEEERR . AN AR HE ) S0 SRR B B, B 450 . HAh, Bl
& Fe(Il) BOmE B, 30T — g 25 A LY R 2 B IR I W) it (K (f) g C, Ex=210,
Em=400), ZJEA P8 5 ORI TFE TG W0 o0 e 7 AR R R B0, R B R W A0 R e SR A i 2
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Fig. 5 Three-dimensional fluorescence spectrum of Fe(Il) dosage bovine serum albumin in the PDS pretreated sludge

Fe( 1) 4% fin 2t (38 i 5 3500 2 09 3R W At i 288, BT Tz A il . IRk, 2O A LY ke
FEE AR ERAR A R A LY, Fe( D) #0093 2 XH iz KA LY S AL E R, ol
T30 TOC BEHOH 5 I REAIR

Rt UF B SR A5 R B HERR . DRy . AR 00V FVER R B Y OB, At PDS i
6 P 15 4k PDS(AC:PDS=1:1) %} H AT A A b B (PR AL FE 120 min), 45, KiG1LH PDS XA
ML B B8 A P A 55, TG 2ok Pk i A TG Ak =22 i, R A B RN A I3 P 3R 1 RS VR B &, (A 2
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Influence on DOM release from sewage sludge by Fe(II)-AC activating
persulfate
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Abstract Control of the release and components of dissolved organic matter (DOM) in sludge by pretreatment
is important to improve the efficiency of subsequent anaerobic digestion and sludge dewatering. Therefore,
Fe(II) and activated carbon’/(AC) activating persulfate (PDS) were used to pretreat sludge, thus to investigate
the release and changes of organic components of DOM from sludge under different PDS oxidation pathways.
Results showed that when the dosage of PDS in Fe(Il) activation was 2.7 mmol-g™', the increment of TOC
release decreased to 10 mg-L™". While the activated carbon activation increased the TOC release linearly with the
increase of the PDS dosage. The release of DOM from sludge under AC activation was slow but stable, and the
release rate of DOM under Fe(Il) activation was very fast. In the meantime, protein and aromatic substances
within fluorescent groups in DOM were easily oxidized and decomposed by the activated persulfate, but
carbohydrates could not be oxidized. Therefore, through the combination of Fe(Il) and AC and its dosage, the
release rate and organic composition of DOM from sludge could be selectively adjusted. The results of this study
can provide a reference for selectively regulating the sludge pretreatment process for strengthening anaerobic
digestion and deep dewatering of sludge.

Keywords persulfate; sludge pretreatment; dissolved organic matter; advanced oxidation; Fe(1I)-AC
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