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W O IR TAT BRI K COD . SR PEaR | 2 I 1k 7R 22 5 S0 b BN [ A B0 TR) R, DL IS T AR
T AP R TR K S, ESE /NSRBI S T AN FE R R 2.0 m*d ! 1 SMAD-
BBR A& T.L ARG H TANBIZBE R IE K . 253 4 A BB HIKIE 4T, #1958 T SMAD-BBR H 4 T. 2 % BE KK
PR BRI . 25 R B . SMAD-BBR A& T. 2 AR5 7 &5 b & it 1 Ak T MW ve 7K, b COD & BR %2
99.1%. NH,;-N KFBRZFH 95.6%. TP KRZF N 82.5%; FEfaEd i WiMIK B shE Kut, Hokiaefaeibte, £
W4 4 12 B B0 (0 v A fF RE F7 5 2 B9 n BBR M2 IX P i MLSS, M 255 T4 48, i ¥e k% K7E
M A Ak B A 30 A 7™ B S DL B T A R AR D s 23T, SMAD-BBR 414 T 4 ANBEVE R IE K, RRAEN izl T
T 24 140x10° J6 . @it 23 BT AT %0, SMAD-BBR 44 T 778 A B 4% R /K 7 A K4 09 7 F R 5

KRR ERETRSE K RETEMEN; ARRRE NS (SMAD); F i 2U0E M5 Je ) #% (BBR); L FR#%

A TAT M 1 3 5 K e Sk 3% [0 s R 20 U k2 i IR s, R T 7= it o i ol R v 2R i R
JR KA A RE B IR A 24 0 b BRI 2 0 B0 15 N B 7 A PP BB AE T o A0 AR T i o i R R A
FURBEIEK, BT A RE RV T (LAS) B £ Az 7= I 4 78 43 ) 00 J 0 A 466 75 L 20 1l il
Oy R BETERR . KBTS KSR B RCR o IR KA N G AL BT B RS KA I, 20 b
TG K AL B 5 e R, LR KA T ARG . HAr, R KNG AR T
SRy AN S5 T S R AR A A 1) AR,

32 W A SR T VR B TR i AR AL DT TE HIH T LA S TR IR K, R R K K
COD<500mg-L™", i} LAS, TP IR /p ity 25 5e8, HHRR{E )y COD<120 mg' L™,
ZIRIEITE, R L2 AOK B AR HER . 3 0E 55 40 LA R+ A Ak AR S e A A TR K
FR A B BT, I R AR ] B B A B SR, S Ak B BRI SR K MR R AL+ R B AR AL PR R B
Ve IR K COD< 2000 mg-L™', 2% T Z A H 5 7K COD #4138 mg-L™' . X 63y Al # H T
Ab P COD A R BRI K, X T o e B e 4 IR K B A BB AR H R IF 52 e .
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AHEFE LA & oAb T 0 v BE PR R R K A X 4, LS s = /MR O SRl IR 25 A VRIS R KK
oM, WFFE IR LA “SMAD-BBR” 2y F2 448 F F A BZ R PR K I T2 . IR IR EUR b
7 (SMAD) & 45 & £ W Br A W e ol DR ST AL B AR (9 T X R W #%  NBB TC AR T ALAR S A4, il iR
G xt A B FS DA v ) T8 OB Ml B 1 2% R4 A1 IR A o SMAD AT B R A B B AT
hiti RE 1, HOWHE KR A (VS) B3 A a0 S O X MG U8 S 2% (BBR) SR — /)N
LA A — AR 5 K b B R 4R, LIU 260 88 F 2009 4F 78 3 5 25 I3 HLM 2 137 11 %) B K Ab BT
AT —MAFN 8.1 m?, AbFALRE N 37.9 mPd ' AY BBR % &, JF R HUH KK R EEFT T 1 AR R A
W, S5HEFH], BBR 0] LKW &4 COD, NH,-N, TP, SS & (5% m 2, Hal LI4Efi
R MLSS, 15 248 NPT s b di RE 3R . SMAD-BBR T. 2 @& 5¢ il , 43t 4 A wyiikia
17(2018-07-05—2018-10-31), H7k/AKFTHeRE LR (I5KHEAE T KEFRAE ) (GB/T 31962-2015)
H ) B Gbnif
1 AR
1.1 TR

WAL T EEMNFRAE S R &, PRSI IE A MLA B A = i . B
G B ARG . TR R LD Re e E A MR, SR, A T AR e B R A R =
WP PR IR K B T T SR (CgHaOg, 95%). ABAE W RHE (C, HygO,) Fl K 26
TWEIEY B, VESKE K COD £ 20 000~30 000 mg-L™',

1.2 ITERE

SMAD-BBR @ & T. 22 Ab # @ i BE VR B K T2 3R AN 1 ios o sk BEVE IR IR K& X N4

TE IS AR HE M B R K A K, SR VTS AR T B AL A OV AR o R DR SR W

e PR K it A
2
T o R [
— B
SMADﬁ(EﬁBE%&&W%% @(fﬁﬁgdﬁfﬁél _>(%Ji%|3f J;—E%Y%E)
F i -
R AT ARG YR Ui TE
- - BBR75 {8
BBRF3 & V5 e R v 4

COD>450 mg - L!
17 T2 :
AR B CODT{%}

1A (@A Ny
AT COD<450 mg- L

I X AR AL B

K1 TZEunfE

Fig. 1 Technological process
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Xof ek BE SR H A T, AR IE SMAD PN I B A G AR W R R SR AR T R, [R5 SR R A o R B
WAEAE— e, R ARG RS, B &3S SMAD K UM . 76 P BEAL 24 )N 4 TR )
B3N, MBI WA KA T, BRSBTS SO TE R R
TRLAZE 4 B2 TRLEE S 40 C o

Yy A2 O A 7K AN SMAD JIEFRiE A, 2 B IR Gt R &5 et B X, AT IREKE . &
T 7= PR AN FRGE R, A DR AR T R DR AR B R RV TR, B K v R ME R A A DL e 46
AL A HGE . CO, BB I 4l i 4y o 10

SMAD Hi 7K 5 3 3 i A X5 TR 1 e, 4 5 9 Y b ) 4 P 32 R R R A K R R — BT
By BEK R . YR A b P K i TS R TE 2 BBR Y, BBR R T BT T B K i Y B
XL PR BRI ARIX . R BTSRRI X AUt o R K B e A TR A AR TR A e B A X TR A
PRt SRS Ak A TR AR SRR SR TR K T R A R A IR O T B N, B AR A B K EEA
BRI, TESKBBESIERT , A oK A B 78 5 B LB Ab 3RS e KR & Wi A TS
PR X, 15RAE S IT e o Uik, th s AR B 975 YR 28 101 3t 28 W< X 4B 5 MLSS, D83 AR BETIT
RISV RE K i A LT, TEADUMTIRE S, MR HEE 2 i A B AR T5 R UTTE M . 15 e fE A= fkis
YT vE T E S B b T B T O (R 2 Y B T, DA BE SMAD H KK BT . 230 H K
B FA T KT, i AR B 4R COD 7E LR W AR, SEEE W BBR H KK B, A5
7K COD>450 mg-L™", W H COD 7£ £& W il AY & 3% I A5 5 FF I FERG IR, 1 7Kk 4 308 Tl 9 2 2 Jo o]
o AEHE I IAAREE OL T, A A A R R R A

A BT B AL A SN A R e R JF I A, IR AL B R I E K B COD 2 150 000
mg-L™', i id Fenton /5 2 S Ak S A LA i A Ak M 1 B2 3k 1 i 36 ((OH). 83 A i SE A K
EXERE A U AT RO, (LA, N4 e K T AR At R e AR Al Ak B R R T
T H R TFEEK COD 254 20 000~30 000 mg-L™', H B/C>0.4, Ve K EA —E i E4btk, Rt
% JE B F N Fenton 17 23 5 N PE I E K B9 AL B AT, I 7= AR ek <gkie . ., B R R as R
N2 AAE R IR, T SMAD #E/K 8 pH. B, [RIEHA o] %K ih g v P i A T IR S UL .
1.3 ®itsH

ZT A A 2 2.0 m*-d™", R TR BRI K /K COD 29 150 000 mg-L™', H Ak &%
7K COD %3 20 000~30 000 mg-L™', NH,-N<100 mg-L"'. TP<20 mg-L"', pH~4.5. &KW ikitZ
BT .

1) /R v BE R KA Kt o 1 A, bR SRR BE B 4548 o K <T84 10 mx5.8 mx7 m(H =
05m), AMAEM3ITImM®, BE 1 5¥FEE (B-333, 0=24m’>h!, N=22kW, H=17m, U=380V),
1 Biait, A N BA WAL R

2) Wy BRAL A E S A o 1, Hb B R R RN A . K xS x i O 3.0 mx 1.8 mx3.4 m(# /& 0.5 m),
HA M 6.0m’, HRT=3 d, Bl ® 1 & HPEHL (BLD10-17-1.5 kW, U=380 V), 3 AR T 5 A1 fin #4 4%
(U=220V, N=1kW), 1 Ail&%E, 15 pH KL,

3)SMAD. 18, ki BB B 5 . RS 5e 28UAr (L CoD i) k12 kg-(m’-d) ™,
0=2.0m*d"'. HEXEN ¢2.0 mx7.7 m(HE & 0.7m), ARAM 20.0m?, HRT=10d, FEIFE. HIK
AN AR BESAE, BEfoK D R A, PRk AT A el . FE R AR 1 &, WA B
R1fH, BERERS | ELRRERG 1 E,

4) B, 1 e, R B ATR BE BB A5 . K xTExE R 4.0 mx3.6 mx6.0 m(E E 0.5 m),
AHRAEMR TS m’, BB BIGE 16 (B-333, 0=24m>h!, N=22kW, H=17m, U=380V), 1 Bk ifs
A
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5)BBR. 18, M XN B E . Wit FB G4 (UL COoD i) 2k 0.75 kg (m*d) ',
0=2.0m>d". KxTExE N 6.0 mx2.2 mx2.6 m(H & 0.5 m), AR 20.0m’, HRT=10d, A& 576
MmE 26, HHRE 1 &, A XIREAS RS 1E, CODEFELEMAS 1 £, ERML1H (V=22 kW,
U=220V), % FHAMNEXHL 1 4 (HG-4000S, N=4kW, U=380V),
14 DG E

BF 5 R P T A 125 0 KR P CODs - 44 ERAR R 20 D 6 BE 4 (HU 535-2009) 5 7K B vh 1 Uk
BE b B R A R AR B P4 O B B (GB 11893-1989) I 5 /K A% i i Wi e BF 5 B Rk I A MR AR IX IR
PETS VR BE 5 B 38 F AR VL T o 7K A 1Y pHL
2 IREITHR
21 BEIZEBITER

ZIL AT 2018 4F 7 AWa i s ik, JEikEir4 A, WMiE SR R ar, KK
PRERE, BMERERT (V5 KHEA RS T KIEFRHE ) (GB/T 31962-2015) H1 1Y B ZhnifE . Hp
COD EBRHE N 99.1%, AR EBEFRN 95.6%, BB LBREN 82.5%, A5 5 /K th Ak ) X N
BEICHE . HEAA A8k, 5 XAAEFREKIEFEAHEE, HRETKE, T2
K 5T K HEROAR o DL 2% 1

® 1 HEHKRREHMRE
Table1 Water quality of influent and effluent and discharge standards

KI5 S AR pH COD/(mg-L™) NH,-N/(mg'L™") TP/(mg-L™)
KK BT 45 22 560 57.1 15.5
KK B 8.0 194 2.5 2.7
Hefdobr i 6.5~9.5 500 45 8

2.2 SMAD BB ITIER

IR B E 0 4 B B O . KRBT B . R EERY B . PR B . 7 H e B B, o,
7R N pH SRR A ), AR AR TS pH 45 R 6.8~7.20 75 R B IR AU S @ ) H Be g m 1
FHmAbBE R T, HLi5 KBRS IG I X o e B A, Wik, Nig&siriidi, #
¥ SMAD 7K pH 2928 4.5, i TiliK pH 2@, 15 SMAD P i ™= H e B4 16 sl sz 2 ], g
LA E , RN g N R K . &

We. RN, RN, BRECKEFRART  seof A, K0P —dkcop "
DL K T A TR R AT LI S 000 i
N F S ALY, AT ~ so00f 17«
Ve, S A SR A A A L Doy 1° &
1 SMAD % f % B SRR . [ A4 S 2son 10 8
1110 2k 5K 99% KA LTSI, 4TS O 2000k Jao ©
VeI FAIKBT R, AN 1 d K R I S % 10000 130
BEATRI o ph P 2 RT, 7R IR A R 5 R et S P9
ATHIK BB, SMAD #EK COD £ F 1% % 53 000 LT e
mg L. HIHLITG, SMAD ik COD fi3E A 12 SMAD it K COD J % B 35
WrkEA, T 75 dfF Fe € 7E 20 000~30 000 mg-L™', Fig.2 Changes in COD of SMAD influent and effluent

#E7K COD K M F A B0y Jit PO i A T L and its removal rate
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VR 28 B VR VR B A PR AR, HL) DX T o et A 5 0 v BB /K 5 R A I /K A A B TP, AT
FEAR T #E7K B9 COD. HKHI I, SMAD H:F% 4 d 4255 10% WK &, T 40 dikB K, 2904
20m’-d. 4D H BT I ]G, COD 25 Bk 52 & 78 65%~75%, SMAD ifi 7K COD £ 4 6 000~
8000 mg-L™',
23 BBRAIREITER

- S8R 1 18 7K 7 3R] L4y o i o Xk A R sk i kK 2 AU 1) sk gk RS TR
Je ) - S B o A B A A b R T T K, RRTE e G R MK R VR PR IS, HR IR T K & 10% [ EE K R
HEZK RS A K K BT R P G S e A o A K OK B R B R A SR AT (R S PR
HIREE RN B . EAOIR A TS e R RAF AR, W Y ROm KoK &, HER IR
Btk 2) Ak Ak K R R W 7 3 Bl Ve O HLgb AT PRI R K B2 1 M S, 1 B SRR I A e
Al it oIl AL R PR K, B S AR R BRI K K . AT T BB TE iR AR B KK BT, Bl
[P HERS , K 2 2R Wi e 1 K 5

EF XA T2 A S PR 50, BBR MR CR A o Atk K 05 X P88 30, 13 BBR Wi 5 ¢ 75
53 TV T IRT 3 KAk 3T TR A R s e TS R AL, s KA R AR TN
MSBR — &b T2 . BHE 3T A, &7 ¥ M, T SMAD 5 BBR MK & 7 K [F 2 # 17,
SMAD i 1 /K W B2 3k /&, 1T 349 Jo 301 05 3t PN R A2 A R 08 18 T ZK R B SMAAD 7K, i 3 BBR i#f
KA AE R K B, K& Kl SMAD RIEMANLR > Fis ik ma fAa EY R, f§
7% BBR 915 1 3 (B 4(a)). TEMETS TR TP BRS04 W T 1 R A0 5 ol 2 8 A0 i - 50T e i

R, IMflERs Svy, Thi, 15U LATIRE , Bfd 3 000 2755k COD —o— il KCOD —a— coD i ]
HOKOKIRAE 2 . G, BRATIX (b BE A ) TR 2500 ] fwwf%
TR Bk SRR R SRS 1%
P R P2 A Kt 0 (1 R BRI X o 1o &
FJ7 4y, MR T A e, mws £ e
B of 05 Y B 26 6V VR T A BBR RS § 1] 108
(4 B B TP iR 4, (75 BBR B IX 75 YR WK 500 [, 120
FEH) 5600 mg- L fEZE 2320 mg- L', Ny H HK ob 110

2 BBR MR ACE, HAEK BBR IS, B 25 #1399 ol
BMTE Y E E. BBR W 3 R AT I LECLT

S 7 55 M T S Kb B K R 70% i1 B P33 BBR itk COD R LBt fe

Fig. 3 Changes in COD of BBR influent and effluent
and its removal rate

K5 (K 4(c))s

(a) BBR{5JE 1 (b) BEIX Ry VEER IR (c) W) Btk i5 e
Pl 4 BBR I i o) i
Fig.4 Problems in BBR debugging
BBR YA a1, 5 i e T K, T LUIR & M B SMAD KRB, IR RS
KT, LA Y4k BBR {5 ¢ b A 5 s BBR BEK B fir 19 H Y o i Sl o B R #
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25 0.6 t K598, 2 # BBR BE X P Y MLSS & 8 000 mg-L™' /£ 47 . % ¥ MLSS {ifi BBR fig 2 i
BBR R G4t 5 far i G F7, [ A UR AT Bh T 203 R K Fb ) 2 T 9 PR 9 R R R S P AR R IR
. BBR ZWJAsh)E, wil%aE 2 d4dm 10% MKk, A 2 d e 20% MKk, T 43dikF)
T T far 2E 7K

I 3 a1, WS Bl 29~61d, BBR ¥E/K COD & Fh i iy a#y, himw 471 mg- L' 7Hi
%2140 mg'L™'s X J&F S SMAD HK it AXIE A I 5t . (45 COD AW = . Bl BBR il K
HEYe B ), [0 &5 45 J5 R Y b A B SMAD K B9 E Y8 LI ROK I K, 61 d KRR I sl
K, {HF-¥ COD #5°4 1380mg-L ™', BBR Hi/K COD 7 29~39 d #[b)4 e, FCOD H 168mg- L',
TE 41~47d, JKJEAE2Z, H7K COD i 363 mg- L' JHiE £ 796 mg-L™', HJFHE EZH 24Jr . 1)/l
HIHER B A GE U0 IS AR HE R AT VR A B A 0 A5 & AR RS AR RO B E L A R KOK
A%, 2) FEBH 1 WA Zhit BT BBR #F AOK AR SE G4, A B ORI e h B S AL, R
2 WK e ol B T A A o 2 K OK 8 B K ffar, {H T BBR A MLSS i, Rl T ek A2 TE
T E KA AU B RAR, A E SR TN, B0t b A U OR R SR AR, A 3 00 i S bk
A RAE A SRR, SRS IR S &1, T ST R, oK,

ety Ar)a, & T BBRiEK COD 5t /KK, WMEEMAR, HHEEAR2.5~3.5mgL™,
[l s S T HEVR IS ] . 28 BBR HKTESS 69 K kB HER bR e, iAbR)E T 7K COD 24 299 mg-L™',
24 TIREFDH

ZT LR AZBITE, TGRS 2B R =1 W RX KR, TR g 7
ANFEZEN R TAERBIRE, EEFETAE6h, 4FTAE24h, K KN L AR Bl 275 A8 10 i 15
BT, $EH 2 0.8 7 -(kWh) ' T, AN B OKIH FEF 9% 43 R 49.5 Tt FE). 63.9 T (K ),
ZAL T PR K SR A B SO K R K Ak AR B, BEAK AR 2000 UG-t X T AR S, 2
ANHERAYTIHI A, AR 2 140x10° JG .
3 #ig

1) KR 45 %, SMAD-BBR 41 & T 2 %HZ ISR K AL B P AT, BERS E 3k 2 HE ROk
e MBS, ZAA TEXNEK TG EYA R &SRR, Hri COD ABRZFEH 99.1% . NH-N 2
BRF R 95.6% . TP ZBRFN 82.5%; Fa @ T MM /K R sh RGN T, SMAD-BBR 414 T4 H
KABREERE, B T ZHA PR b 68 R . F— BRI &0 5 A0 AR 1 el
VEfT, FERIEAL B R S AR 1 JE R XA T 25 R8s 5 s 1 2 Bt fr e A Ak

2) FE#E KK BT A AL YE R VRS 0T, W BRAK 7 S 8% AN #E AT Fenton N, AU A i 75 v fif
L, T2z 250080 B Aa Ik 7= A, #6198 A I R B 3R /0 T X SR ) ks e, TRIE TS
DeorAT e SRR, % T2 AR 14y 140%10° IC..

2 % X M
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Application of SMAD-BBR combined system in high concentration washing

wastewater treatment

XIAO Chuanjing, MIAO Qun, GOU Tianshuo, ZHANG Haogqing, LIU Chao"

School of Environmental and Municipal Engineering, Qingdao University of Technology, Qingdao 266033, China
*Corresponding author, E-mail: liuchao.hy@163.com

Abstract Nowadays, wastewater from chemical industry is characterized as high COD, toxicity and surfactant
content, which leads to the difficulty in its treatment and degradation. In this study, the equipment washing
wastewater in a chemical plant of Qingdao was taken as treating object, a SMAD-BBR combined process with
2 m’-d"' wastewater treatment scale was designed and built based on the lab test. Its treatment effect was tested
during 4 month-debugging and operation of this combined process. The results show that the SMAD-BBR
combined process could effectively degrade the equipment washing wastewater in this chemical plant, of which
the removal rates of COD, NH;-N and TP were 99.1%, 95.6% and 82.5%, respectively. When the water quality
fluctuates greatly during stable operation, the effluent can still reach the standard stably, indicating that the
combined process has strong impact load resistance. The biomass in the BBR was increased by enhancing
MLSS in aeration zone, the serious foaming problems produced during aeration treatment of washing
wastewater could be effectively solved. After economic estimation, treating washing wastewater with SMAD-
BBR combined process could save about 1 400 000 yuan cost per year for the chemical plant. The analysis
indicates that SMAD-BBR based system has a good application prospect in treating washing wastewater.
Keywords high concentration washing wastewater; surfactant; self-mixing anaerobic digester (SMAD);
baffled bioreactor (BBR); removal rate
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