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Abstract: The effect of high inorganic suspended solids shock loading on activated sludge characteristics, sludge activity, effluent quality and removal
efficiency of a full — scale municipal wastewater treatment plant was studied based on analysis of the influent water quality in a wastewater treatment plant
in south China. The experimental results showed that the water content of surplus sludge decreased under high inorganic suspended solids shock loading,
and the surplus sludge was the main parameter. Therefore, the discharge of surplus sludge volume should be reduced on the early stage of the shock
loading. The nitrification rate, denitrification rate, phosphorus release rate and phosphorus uptake rate decreased by 30. 5% , 36. 7% , 35. 0% and
28. 1% , respectively, comparing to normal conditions. The COD removal efficiency kept constant the SS, TN and NH, -N removal efficiency were
reduced, and the TP removal efficiency was improved under the same condition. The process and countermeasures including improving the gas/water
ratio, adjusting the SBR tank run model, reducing the sludge discharge volume and the sludge dewatering without coagulant could improve the removal
performances of the activated sludge system. The result of the study could be used as a basis for solving the problem of high inorganic suspended solids
shock loading.

Keywords: high inorganic suspended solids ;shock loading; modified sequencing batch reactor( MSBR) process; process countermeasures
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AEYIIT(RAKE,2010) 5575 Yey vhfi 71 fag XF Ak 2
RORBRZ I, T R (SS) it 1 far RO BF 9T AR
D IR R 4 22 3R 15 KA R A, PRI
15K K BB SS K COD R4 s (f57 /N4
2008 ). UL [A] B, B 3 AR ORI K, 15K
5 I3 L PN A T R S 3, — i T B g
FEGTHEK AU 4R K & A A R IE ALY
PR AR HE AT 15 K48 W, AN R T 3k i s
KA W3 2E i HL ™ S T TS K A IR
AT, T SEBRIG K ) A7 A TR PR HE | 2 A58 ik
Dk sk = AR FR M AE Ty 8 R A ((Puig et al.
2010) , K, A S JEHL SS B fur wh oy X 3 1T 95 /K
TR BEAGIR V5 e e S TR W AN B T A
3. FE T, ARSC LA SE BRI K T R AR 4
XHEA Tt R 2RSSR FE ST = i TEHIL SS w7
MRl DL R oAb S RE AR E Sy H A%, 1650 B = G
HL SS K FARAE 1 3L I, RGEAF I IZ A 5 Ve
IKPERE 5 IR I PE | H KK B R 2 BR AR A5 T TR
et e B AT, LA Sk SR RO RV 1) T 25 % 5 R
it S

2 LI B & ( Experimental apparatus and
methods)

2.1 ERFAKS

ZIRTTTE KT R 7 3t MSBR T4, KT AR
BB 1T R WL SCHR ( Deng et al. ,2012). 757K
REFEEAR A 12.0 x 10* m™d ™", 430 3 4H, 2K R R
il , L PRIE AT AL, 5 2 L2 Ab K S AE 2. 8 x
10* ~3.5 x 10" m™d ™" Z [A]. Bt Bk S5 B B 1e)
14.3 h, IR IR BT E A 5.6 h, 4F & i G
BUBRE F g (RS ) | HAh AL B s 5T i A
TR PR, Ab3EUS K BT EOR IR B — 2 B brifE e HE
ARSI KA. 1235 7K ) F 2011 4E 6 H A1 12 A 4351
HI R AL SS A far ik ] &, ZE 56 1 R GE AL SS
B fir it IRl A B AR SO A 2 s TS SS
fap vp ek A R E A TRIFSE
2.2 LRk

HRAE AR R 256 #E K s TEAL SS ¥R AR fL AN T
Py 1S 1 A IR N S S X s s e O W =
B HKHRG R ABRBEROCR I E (0 ~7d) ;5 2
BB, m oAl SS # 7K H R S Ab BRACR AR E (8 ~
23 d) ;55 3 BB, K T IEE B B H RS Ab 2
THUE (24 ~30 d) . IEH #HEKEHZT5K] H# A0
+SBR” FCig T, FE T LB SE0N W 4515

Fl b 0.5, F¥ KN 4.8:1 (DO K 2 ~
4 mg-L™") V5 HE Hy 2200 ~ 2600 mg-L~", {57
#4410 d 2247, SBR e I« B4 40 min + B2/ 50
min + PRYTHE 30 min + H7K 120 min” 7 iz 47. 52
et A 7 d M L R B JOHL SS (IR K) K,
%510 d, Hi7K NH,; -N TN 1 SS Ft &5, MLVSS R
3 TR 5B 11 d XHET ST R R . ©
PRI AR KUK 4.8: 1 2R E 5.8:1;@
% MSBR T. 221y SBR {th 4% it “ 4 0 min + BEX 80
min + FPLE 40 min + H7K 120 min” B 5 28173
Il 4 1 PR HE A R s @ V5 Y B A BN TR 5 57
IR VR K T RT3 kA AL 5 23 d, kK SS #
TIEFHEK, B AKOK B A RS €, #F SBR It 1915 17
J7 Pk “ B4 30 min + BEX 50 min + TUTIE 40
min + H7K 12 Omin™ , {5 Y /K A9 1R 56 70 44 1E & 1%
O — BR8N, KRB S8R,

2.3 W&

FREUGE K B 24 h IR S RENE pH.,SS,
COD TN \NH, -N FlI TP 2535 b5 ; B K B 4803t (1) ik
IH5 JEREI 2 SV SV, \MLSS \MLVSS; & K Hti5 &
JE KRG JS A R B AR D 2 5 7K R AR ALY & 15 i K
TSR AR B i, A T B O R
FHE bR 7 5 (E R ER,2004) . R4 B2
T A5 v5 PR RS TP &, M v DL SCk (o
A B A 5. 2006)  BUES 515 F130 d 4F
AUt % 35 U R AT 4K, A OG5k vk L Sk
(Garc et al. ,2010). AH A HEK & ok & HETR
i MR R AR AT A

3 FHRKITiE(Results and discussion)

3.1 HEAKREFLE

PEAK IS Y 1 14 B gy AR Ak A 2H B 1 4 R TS
IR Rk B ZR 48 1 25 BR R0OR T AR A8 1 (Puig et al.
2010) . SEEH A1) 205 K T 32 7K K 5t 4 AIE R Ak I
#1.

H1 e 1 AT, R TR fe] Btk Kk v SS vk B AR TR AR
WA, T SS HEAKIIIE] (55 2 B BY) ,SS Mk B
(748.9 £499.9)mg- L™, i 4 it — eIk i v5 K T
SS By (150 ~300 mg-L~") , M IEH I SS ¥k
JE(147.2 +48.8 mg-L ™" ) AU 5. 1 1%, AT UL SS whifi £t
Ak H W . AN [ ) ] B i K B9 COD  NH, -N | TN
FLTP R AR AN, HARRH SS T i1 7 &, (R i
K RN ER B B SS e A, HLm s TR
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fH. IE# #E7K COD/TSS FAE M 1. 453, 5 Henze 55
(1987) WM FE S5 AT ; B = SS i AT5 KT,
COD/TSS Al R 0.419, H COD/TSS {5 ik
7K SS M JE A B & (r =0.83,p <0.01) , 754>
UERY 7K SS 1Y F ZE I3 R ALY (Puig et al.

2010). Be4b, A A a] Begk 7k COD/TN A1 COD/TP
FCAE 23 IAE 7.6 ~10.8 F155.1 ~69.1 Z[a] ,C: N: P
LL gl 2 E W i AR KRR (T 5 45,2011 ). &
PRI AT A% 15 K ) 2E K 78 (R B T 3k Tl
1K 2 THNG A = TOAIL SS g vk [R) L

F1 HEKKBRARFIFHE
Table 1  Influential characteristics and composition
, ss CoD NH,-N ™ TP Bk AP
HEKBB » » ! . . N 1 .. COD/TSS COD/IN  COD/TP
/(mg:L™") /(mg-L™") /(mg-L~1) /(mg-L™")  /(mg:L™") /(mg:L™") /(mg-L7")
%1 BB 147.2 £48.8 226.4+37.8 21.6+1.6  28.3+2.9  3.55%0.71 0.56 1.32 1.453 7.6 60.2
F2MBE 748.9£499.9 313.5+80.6 22.2+1.7  28.9%3.2  5.69£2.03 2.60 13.8 0.419 10.8 55.1
FIMB 306.1:61.3 349.8+49.4 23.9:1.3 32.4+2.1  5.06+0.70 - — 0.963 10.8 69.1
T+ 20K 3 YOKRERFIME; -« - " FoRRIZE.
3.2 B AL SS i f v i XTI Y B 3.2.1 MmRKEATEERGEE K145

Sl 5 7K Ak B G B 3 8 R R M S K
IKJFUA 5, HAERESF VR 5 22 B b BRACR iz 47 A
S5 TS VR T B AL S U vk B | TR TR RE AN K
REEFEAR, o DUREPERE AT AR SVIL, R, 151
TP T P e R A T R | SO A 2 | DR SR e
AR AR A R AR R AL
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MLSS, MLVSS and MLVSS/MLSS, d. excess sludge and SRT)
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MLVSS V5 ( SRT) 5 HEJE & 5548 b 19 A8 L FL A
FERTCHL SS ffar ki &, 15 YR 1Y SV, H IE# A 45
mL-g VPR TFEE 15 mL-g ' (KFl 1a). ®IR TG
Jii K G 15 U 5 KR B H98. 5% F178. 4% T =

nEAIGIE A BUKETIR
IEH K i SS K T IEH K
100% Ei%llll.|llllll.l.......*......|
90% fe— : :
80% EAAAAAAAIKA '
70% 1 } Al
- 14 A A
60% - : A, AAA f AAA
B A
50% |- i atan 4
- 1 A
40% 1 1
- 1 1
0% : :
20% - | |
10% |- ! '
oL [ L L
0 5 10 15 20 25 30
b ik] /d
®SRT @ #REFUei —a— HERAR
IEHHEK B SS ik BT IER K
50 - d. 1 1 = 1400
E e t *
g 4L | lmxﬁwmsm | - 1200
%40 ' o
—~ 1
L.U 35 | oo -1 10001E
230 i . 800 &
S 25 - : . : ° ﬁg
= F ! . ! 4600 2
o ! =
3 15 F " ean ' - -
= - ! . ! u 400
i [3%ea. a ) u" = LR T
10 as mgm ]
2 fei %20 a"s . - 200
T 5 n 1 1
0 [ ! L [ 0
0 5 10 15 20 25 30
iy /d

AE SS #HKEGHTTRFETUER (a. SV, b. 15T /KE  c. MLSS \MLVSS K MLVSS/MLSS, d. HEJ& i Fli5 e i )

Variation of sludge characteristics under different SS loadings (a. SVIy,, b. water content of before and after sludge dewatering, c.
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97.4% F157. 4% ( KNNIREEF]) , H MLSS = ) 4%
158 MK 5 15 e 2 K BRI (&1 1b) . MLSS SEg
/IR JE PR B T T MLVSS i 1E 5 B 4 1300
mg- L~ W/NE &= TEAL SS it w141 A9 580 mg- L7,
T RBEREAZETE 1500 mg - L' £ 47,
MLVSS/MLSS FIE# Y 0. 45 T2 =oAL SS
TR 0. 21 (B 1e). IEHHEIK (1 ~7 d) FIfE SS
iR (8 ~ 10 d) , 4T3 R HEBUA R 7E 1000
m’ A7, HEVE TR 540 5k 10. 4 x 107 kg-d ™' Al
17.9x10° kg+d ™', RE W5 R H 9. 8 d /M E
6.5 d(El 1d). AT WL Em oAl SS ffmg opii T, 50
DU RE bR, R 46 DUIE 3, A T3 U8 1 & [ R
AR K B 4 A A T SRS 4 o e 4% 45 U8 HE
AT, &y MLVSS #HEH , 1 L R 4019 MLSS 1R
T MLVSS AR AR 9 #% 9 175 &5 ( MLVSS/MLSS #%
/N BE, S TEAL SS ey ol A E T, Wfer i A T
IR BT 1E MLVSS/MLSS A /Iy B # s 175 2
FH B, HEVE 2 B T 4 SR RN
TCHL SS i fug i A0 H0 5 B A o 4 o e 4 15 U 1)
B, 75 0] 23 ¥ B MLVSS KA, 3 17 5% mi 4b 33
LS

3.2.2 MR EESN T Y SR (Gare et al. |

2010) P2 I ASTR] SS #EK ST (35 1 BrBe) 151
TEPESBONRI LI et Wk 2. iR 2 AT, IE
WK A N IR K SR S8
SCHRAA ( 13155 ,2003 ; L E 45,2009 ) 42230, Ui W]
TSURIETEIEH . = JCHL SS ffar i 44 R (56 2 By
B B Ak R AL | TR B IR S 3 0 i) B I
MRFET 30.5% .36.7% 35. 0% F128. 1% , 7] W,
e JCHIL SS B far ety X 15 U8 A T PR AT R ) TR
M. SRR T BB A PR A O T T2 8% B2 MLVSS
BAK, AED AR A S R A T BRI MR ; @ik
K& KENRET (R LI mmRE Tk 82. 8
mg- L) XHHCE W 7 AE MR A Clark %5 (1997)
A Liu 58 (2011 ) DA A58 B XF il Ak R A Ak S 0 A
IRIEH] , BLBEE 552 & 1 nY 3G n i 3 m, JF: bl
PR EE [) F A2 R A0 ) A FH 34 5 45 b B 25 R
TEALAE AT BIRAZ , ASF 52 (0 il Ak S Al A ik S5 A
s (£ 2) fF 5 X — A m L SS ffia vpiy
T, BB S R R T BT AR S K A A K
BB T X, de Hess 25 (2001) BF5EIA N, 4058 143
Xof A A B R 67 TR RS . AT L T G SS
OF S A LA 1 K RN AR R

®2 AESSHAFZGHTEREESHMEBEESR

Table 2 Parameters of the sludge activity and phosphorus content of sludge under different SS loadings

A o A v o o
I Sl ettt ek ey MRS
91 HE 0. 141 0.031 0.040 0.032 1.78%
%2 Mkt 0.098 0.019 0.026 0.023 0.15%
553 Mk 0.112 0.025 0.032 0.028 1.47%
SCHRAE 0.169 ~0. 196 0.017 ~0.022 0.053 0.046 2% ~4%
A, 30.50% 36.70% 35.00% 28.10% 91.60%
Ay 20.60% 16.70% 20.00% 12.50% 17.40%

LR U4 kg VSS A NH,! -N 3, A3 LA kg VSS HHK NO; -N 3, Bl i SR B i 5 34 LA kg VSS HFAY PO3~ -P it 3C
HRIELVR T SCAR ( F 315 ,2003 5 LIS ,2009) 5 A, 055 2 BrBESEE 1 BrBER 25556 | BRBOHRIEZ 0, A, MEE 3 M BES 28 | hBtR 258

55 1 B BORNL(EZ LE.

3.3 B LML SS ko At AR R B
v

B2 g5 T AR SS #E K 4514 F 45 B is Y 1)
HE KR R FBRakR. i T kK SS AR, ANTH
SS fifar 414 F , HiK SS 2 BRaUR I A B B 78
A6 TEE TEHL SS ffaf iy T, 7K SS 1 S mg-L™!
Pk - FHE] 30 mg- L™ 247 (fers M 38 mg- L") 8k
Ja TR 15 mg-L ' (K 2a) , iAANE—2% B fpufER 2
K. AERTCAIL SS B far ik ) 191 B AR5 e B TR

AR (HZRREER AL, 40/ TCHL ORI ME DTTE
I, KR SS ANWTTH . BEE T2 IR A SS 7 fof
/1N, MLVSS/MLSS 34K, 15 ¢ 22 AR A5 15 %5 52, 76 #
R B XA 41 25 45 T AP T, il /N B 7 Bk
REMBUTVE , /K AY SS TR

ANl SS i &40 T, iKY COD Fn 2B %
AR (B 2b)  BIREE B — 2 A FRIERE
. AEETCHL SS fifarvps T, COD Ffarfic KA 1. 38
kg-kg~'-d ™" (L MLVSS 3t) {0 R Gt 1Y L BroK J7 4%
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BAEFEIN 19.6 h. B4, i H &5 coD, 5 e ik N
1 ~3 d #En] U R Giind B 45 ,2011) . R, &
TCHL SS B far i3, B AR SRR MLVSS ¥ {H

m Kk SS Ak SS —o— EHfEEK
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Fig.2 Removal characteristics of SS (a), COD(b), TN,NH, -N(c¢), and TP (d) under different SS loadings

= TSl SS fafar vpii A4, 17K TN NH, -N
9 Hr 11, 48.0. 91 mg - L™ ek | 7F 5] 15,95
mg-L ™" (5~ 18.9 mg-L™") 4.97 mg-L ™' (&5
F7.37 mg- L") (K 2¢) , REEFNIAF]—Z A brif.
PR, %6 7K TN i NH, -N iﬁﬁ%ﬂ%ﬁ%&ﬁ%i@ﬁﬁ

T TSI 55 3 7 v g 4 St P 37 e BRI L =0 2 155 0
DL 3, IEH K 5 E JeHL SS i far i o 39 18] 4 4t
BIREA R, HIE A 1.8 ~4.2 mg- L' Z
[i] , PRIt , A T HE B3 b o A S R A B0 b 28R
ZEJE A . 3 TN FNH, -N 3 B T i JE D 32 3
PAR LA QO el i 43 A1 o] 0, 26K B A K i 4R
BT IS A A R A Ak N R HEA T s @ JEAL SS
farvhti w1 0, a2 HE VR T 30 MLVSS ¥ B2 ARAIR
(K 1a) ,75RIBHRA 6.5 d( 1d) RAEERE RS 1L
L 1 e /N5 R (CRETL 2 55,2011 ) s B JEHIL SS 1
fr b 5 8 4R T MILSS He K s, Bl SR B S
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& 2d AT, 76 IE % R JGHL SS T S5 1F T,
7K TP 1 0.98 mg- L' F#fKZ 0. 80 mg-L~", fHA
B2 71.5% THE & 85.9% , Al WL, B JCHL SS
fufeg oA AT TP A9 PR, & RO A W R A
PIAN 5T - D i B for 93 K 1 HER, S BUR SE)
MLVSS #AKA FI| T A= Wy Bl ; @ 5 JEHL SS 7K
B R BORIER B85 (52 Sk AR B 43
2.6 mg-L™'F113.8 mg-L~", W 1), AW B AL
FERBEE.

4 £5i2(Conclusions)

D) 7Efm JCHL SS frfi o iy T, 15 Y8 TR 2 B2 fin
P, AR TTVE B3, T 4375 e i 7 BR300 , HEJe &
S BT SE, WS ) b ) R kT
HER AR AR, 5 ffi MLVSS 8 HE 1 & i R 48 19 MLSS
AR MLVSS AR AR ) 4 3 17 5 ( MLVSS/MLSS 1
AINIEBL) 32 1 5 0 b AL

2)TERTCHL SS fhg vhds T, B T R B ek e
FIVER B A FH 2 0 35 U %) T P 0 557, AR F 5
ZRAF T RAAL BB A | TR B AR 9 3 AR 40 gl b TR
TEW R T 30.5% 36.7% 35.0% F128.1%.

3) Al SS fifmr op i T A HL RGN COD £
FRAFFZMAN K, XSS TN Fl NH,' -N L FRBA B K
F A2, (RS S &5 TP Y 2 BRALCR.
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