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Pollutants Removal Performance and Operation Regulation of Urban

Wastewater Treatment Plant under Low Temperature Condition
RU Chun', ZHANG Shuang', LU Hui®, ZHOU Jia-zhong’, SU Dan-dan’,
YUAN Guang-yao>, WU Di’

(1. Northwest Engineering Corporation Limited of PowerChina, Xi’ an 710065, China; 2. Qingdao
Spring Water Treatment Co. Lid., Qingdao 266555, China)

Abstract: Design capacity of a newly-built wastewater treatment plant ( WWTP) in Northeast
China is 3 x 10" m’/d, and the combined process is modified Bardenpho-MBBR + magnetic loading
precipitation. When the temperature was as low as 8.7 C, NH; =N, SS, TN and TP in the effluent were
(0.23 £0.13) mg/L, (0.69 +£0.85) mg/L, (7.99 +1.73) mg/L and (0.15 +0.05) mg/L,
respectively, and the effluent quality was stable and superior to the limitations of the discharge standard.
The MBBR process enhanced the nitrification performance of the system at low temperature, and the
magnetic loading precipitation process strengthened the ability of the advanced treatment system to deal
with SS shock. By adjusting carbon source dosing points of the modified Bardenpho process and adopting
multi-point feeding and multi-point reflux of the system, efficient usage of the external carbon source and

high-efficiency denitrification and phosphorus removal of the biochemical system were realized. The
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appearance of simultaneous nitrification and denitrification (SND) in the aerobic MBBR zone helped to

save the dosage of external carbon source.
MBBR;

removal of nitrogen and phosphorus
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i TN R TP K bR, s 17 A o 1 %
K BIREARBTTRERE R ZRE . B8 DA AR LR B et iy
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) | = AT M W € o (11 B S L B D TS o
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TR TS % |
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T 5 K AL L TR IR, K
o3 x10* m*/d, 5 P, REALRLRE O 1.5 x
10* m’/d, JE7K 3B R A 155 K, BTt L H KK R
R PR, w7k R 9 Co HKER TN 2R
F 12 mg/L.SS $47 GB 18918—2002 [j—2% A hnifE
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3838—2002 ) iy IV 27K Fibmife
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Tab.1 Designed influent and effluent quality
mg - L™
TiH | COD | BOD; SS NH, - N TN TP
K | <450 <200 | <250 <50 <65 | <4
Hok | <30 <6 <10 | <1.5(2.5) | <12 | <0.3

H: S NIRRT 12 CRPATIRE
1.2 IZkKE

TKEB T2 WA 1 PR, BRI
F MBBR 2 B Bardenpho T. 75, 15 7KAK IR &8 15 Tl
B X R X B4R X G ARUX R R X RS 4T
X R X BN SPR — AR kA, Hhi%it
2 JREAE ARV b, BALRE AT AR A A 13 391.9 m®, %
THEERECN 1.1, BRI E Y 19.47 h, MLSS

modified Bardenpho process;

magnetic loading precipitation;  low
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Fig. 1  Flow chart of wastewater treatment process
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R EIFRMAIATTR N 30% G ETG R RS TS
PeHJE A 5 000 mg/L, L MBBR [X it 5% 85 B[R] 7
LN A] KRR 8 ~9 C o sl 4s
Sl A Re R E R 3 EBCFAE,
2.1.2  AEfe/INK

IR G VE AR AL E X TN 25 BRSCR B 52
3 BUHT S 4 DX A i i 4R DX R TR 2K TR A5 T, T TR VR
JEY R 5 000 mg/L, 7EAH [A] R EE T #4740 58 10 mg/L
IBBIE , 42 HRT 43 53] S i sk 4 DX i ke 41X 1 52
A= BE i a], KR 8 ~9 °C . MR W R IS B RS A
R HT TN LBRACR i A 3 IRECFH{E.
2.2 MBBR XiFIETN 447
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1) 6 KFE SRR A, AR E TN YR
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Fig.2 Removal effect of NH, — N
HEK NH, - N Jy(28.58 +7.35) mg/L, HK
NH, =N J7(0.23 0. 13) mg/L, Z4i%} NH, - N f

TR EBRF IR 99. 13% , 7K NH, - N R ERUE
T FRIK IV 2ebnfE . FE%B B, KRR 12 Ty
Bl EREEE 3 4 R oK IR R 8.7 °C, ol
R E RIS ETE 0.5 mg/L LI

KGR, RGHY MLSS 4E4577E(5 £0.5) ¢/L,
WS BR B R A E 5 e 7.5 ~8.5 d, iAok
FHAETE PTG I, WA TS et 2= /0 2k 10,73 d (&
BRBON2.0) . BIREARMGIA AL T RS
GRS o HIRFARIR A N AL R SN E R
AEYIERTEE G Ve R R AL R 7, 23 i AT TR TR
T AR P BRI ¥ U ) i Ak S0, 245 2R AL
3, TUUBH, 8 ~9 CHMELANT, dili R
S R = TS e RS . A T &
TF AR A Py RSN 35 P 75 U A i A 25 AR 07 far 29 i) oA
0.114 0.060 kgNH, - N/(m’ « d) , Hrp g s Ve 4k
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Fig.3 Removal effect of ammonia nitrogen by pure biofilm

system and activated sludge system
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U SR A R R R D0, e R MR
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Bt SS M BRACR AN 4 iR . Uitk SS A
(18.45 +2.76) mg/L, i N TTIE T2 B /K SS
7(0.69 £0.85) mg/L, BefAXf SS By-F-35 LR ik
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Fig.4 Removal of SS by magnetic loading precipitation process

T UtH K SS BEARE ERE , YITE 30 mg/L LA
T AHH T KSR 5, o H AR (R 5 s R A 2]
100 mg/L DA b sl #E N UivE R4, e m 1R
SEFRAGENXT SS whi (I RE ST, LB T M A AR g 1Y
SS Kbt . #EMEUTVE T2 B M £ i 4
3 ~4 mg/L, I EIEE] 99. 6% , it AL L7,
KU T #EA R AR T REMIsTT 98 .

3.3 TN EBRR AR EIFER AL
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Fig.5 Removal effect of TN
IR SEbRiEK C/NAAHIEARTE 2.5 A4, i
IR AR T B 5 R i, T o AP b YR o
16 TN 9 LBR . Bt 90, At RGEIL T 2 Mk
TR s, RIS 4 X S 4 X, S SE B TN 1
T R 2B LA B e 5 1) e RSOR) L X6 Al 5 4% m i A T
TARARES] PR LS R AN SR 2 R, Bk
00 3 BB, Br eI 25% B S TREN, -
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Tab.2  Carbon source dosing points and TN removal effect

giog | VRS | BB | K/ | TN/(mg- L) |COD/(mg - LT | o | BRIESEIIR | TN 2

[Hl/d Ji s T | bk | ok | oabk | ik (m* -d") | BR/%
%1 B 58 BiB4AIX | 8~111 34.94 | 9.36 |173.10 | 14.55 2.57 0.85 73.21
52 BrEs 60 JEBEX | 11 ~14 | 33.45 | 8.09 | 131.31 | 13.35 2.32 0.85 75.81
%53 B EE 62 KA | 14~19 | 33.04 | 6.40 | 152.51 | 15.57 2.31 0 80.63

XFECSE LB BOAISS 2 B B, i IR & 2 0
0.85 m’/d, BN 43 AL T i e 4 X A0 B ARUIXC
TN EBRBCRAKTE , ok TN SFEI{E 505 9. 36 |
8.09 mg/L, TN L[R50 73. 21% F175. 81% ,
552 BrBef TN EBRZCRIE T2 1 BB, RIE )5
SEDXBOMBRIEIS , TN LBRFCREAF . 26 1 B BOres
2 BBk C/N G250 2. 57 A1 2. 32, 728
FHIA) A IR 22 ), B3 R G0 C/N (B3 il 1 i 22
2.87H12.69, MRIGHEH K TN DI B PRI A, 55
PIABT BE S PRI #E C/N B 20514 7. 35 F16. 53,
AT RAZE R BRIEESIN T ot 4 DR R SR g

SHEI 32 22 K IR R e 2 . el TS
IKT KBRS JE 0 THM e IR AR PR, 325
RN PR 2O S A X R 7K DO NI G JBE o XoF EE A
e R A DX AR 1AL PO AT, 17 TR AP i S A
AR — B D L S O o ATk 4 X3 T el
TR A S TR 7 —F, B 1 K Al AR #h
WL, T tfe S DX PR e JSE R W B, B M T )
A HI AN R R o it — AP Bk b IR, 9531 B
HIT S DX A i ot SR IX 8 /K TR B B AR ] 2 fr) e
U AT R A R, 45 R B, 7E8 ~9 THY
AR AT, i 4 D ok S0 DX 1) S i Pl 6 5
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512k 0.004 .0.012 kgNO; - N/ (kgMLSS - d) ., 7E4H
IR B B IR B0 JiE A X B S 5 BR 2 Y TN,
HE T4 5 0 e I AR R BT DX TR
Bardenpho T2 I BRIRBL N7 B, WAL S 5 7
Jr R Rt L XN S 73 1 P DK B R A7 S A
PG, AT 3BE G I K 8 DO TR 9% , I8 i J5K
BRI A M IR

XFEEER 2 BrBeAns 3 BB, 75 M B etk C/N
(AT TN ¥R EERA—BRYTEOL T, K TN W 50531
4 8.09.6.40 me/L, 7E55 3 B BRSO I 15§ O
AR T AL ARECR o AT BRI AT RERE A B
T A A Wy B 1 T T FSLAR, FE U 56 MBBR X KA T
[l AL R AL (SND) i &, i — 2 Ak 1T TN Y
ZBke JBIE SND 178, 735 B MBBR X3 H 7K i
Fri e TN 2pffro S5 R R, 47 % MBBR X Al DA%
iK1 ~3 mg/L &) TN, 520G N ROCR — 8, R wf
FEEERFWT ALV & MBBR TR 5 h,
SND TTfkR 2R A & AR LY IR, AW 2
OI AR ZE AL X — 1 FEBEE T kAl . SND i FE Y
BT SEBE TN 1) 8% 25 B - R AR AN BRI A, 1Y
AT 2R BOM T . R 3 BrBUEPRifARR) C/N
{EALR 5. 65, H17F SND Y8 45 OR , RORAE w5 1
TR IR

MK S BRI B RGP is 17
25, K TN W B2 AP AR, 7E PR Bt 1 7K TN 9 J3E ik
HAAR A [R]F , QLA T SNSRI 2%
3.4 TP EBRHRSEIEARMML

ARG TP EBRBOR K6 BT . ATLUE Y,

EZK TP ¥k 47 (2.95 £0.78) mg/L, Hi7k TP ¥k i
J9(0.15 £0.05) mg/L, —yiith /K TP #k fEhy
(0.57 £0.17) mg/L, RG A} TP {yF 14 LR FE N
94.92% , Horp A= Wy R 58y 80. 68% , B U1 Bk 32
iKF) T 85%

=ik e TPl K -k — EERE

Z Rk

TE_ B EK ‘$,‘5\EUIXL Z il 1100

g 1Y WISy, /»/\mww«;w aalting S P
~ Ll 180 &
] st 2 Thtan 170 &
g ) 150 1
=080 0288 0ele o - {40 o
= 0.6& : 2 130 =

0.4t ' 120

0.2F Ay odPu0 Bt atupransAtihfisd {10

0 20 40 60 80 100 120 140 160 180 0

t/d

6 Zgxt TP HEBRIME
Fig.6  Removal effect of TP
X DA Y i A0 ) T, R AT Rl
RIS T T 58 A P BR BRI, 34 1T AR AP IS B Ak
oAb 2 R B 25 0 9k . iR W, R
Bardenpho T.25353% 2 N gE/K SR 2 N5 IR B S,
LT fil 2 3 3 B A TR 4, DX R 4L X IR R K B
81 LA B R4 DX R g0 420 DX 1 5 18 T 3 48 e o
18 T X RAAREE AR 52 o 38 % AE L Btk
K RS U LI s AT Ak, TR 9 i K A T R AR
DX 0K 42 X 1 H A9 351 A 80% A1 209% 5375 ¢ 0] 9 itk
TR DX AT R R 4R DX A B A8 43 1) ok 0% F1 30%
BT T BB K RS IR R R £ S K R
Rl A M BR B SR I R, 25 N3 3 TR .

3 HiREI A K R B ALE X &Y R B R
Tab.3  Effect of sludge return point and influent point on biological phosphorus removal
e . AR | U
gioB | B mrE ks BRI Smsms | ke |02
J[K/d (mg'L ) =il -1 $/%
(mg-L") | (mg-L"")
SRR RS | 135 Pl AEIX R X 2.80 3~5 0.65 76.78
ZRK Zrln | 45 | B ORI ET AR X | BRI | 3.41 0-~2 0.34 90.03
MIE 6 Fie 3 al AR, 2 2 S0tk 2 il aexh TP g8k, fRI 7 {5 K AL B K TP e i
AR, Ui K TP W BB AR, th 0.65  AYRE LR,
mg/L [EAKE 0.34 mg/L, AEWBEHER ) 76. 78% & 4 46

5 2290. 03% , A=W BRSO B4R o 20 IR 3=
SRS TR, FEAR T HE AP X A SR
Y EE U/ T A5 R R SRR IR S i [ I
i Bk A e 7RI ) BOD/TP i, 358 1K
SERRSCR . R AL PE S AL 2 DUREAE T, E— 2

@ AEARACH X B mAR 5 KA BT R
“ I Bardenpho - MBBR + f N8 i 3€ " T.20, &b
BITRCR R, R G K NH; - N SS TN Hil TP 73
H9(0.23 £0.13) ,(0.69 +0.85) ((7.99 =1.73)
(0.15 £0.05) mg/L, /KK Bk e imi LA T HEK
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FRUE of MBBR applied in upgrading and reconstruction of a
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