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Application of Multi-stage AO in the Treatment of Low Carbon and High
Nitrogen Domestic Sewage with High Discharge Standard
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Abstract: The design scale of a domestic sewage treatment plant in the economic development
zone of a coastal prefecture-level city in northern Shandong Province is 5 000 m*/d. The influent quality of
the sewage treatment plant is characterized by high TN and low BOD;. The COD, ammonia nitrogen and
TP in effluent is required to meet the class IV limits specified in Environmental Quality Standards for
Surface Water (GB 3838-2002), and the effluent TN should be less than 12 mg/L. The treatment process
of the project consists of multi-stage AO, magnetic coagulation, denitrification deep bed filter and ozone
catalytic oxidation, and the total investment is 50.55 million yuan. Since the official operation in August
2021, the sewage treatment plant has showed good operational performance. The average daily operating

cost is approximately 4.2 yuan/m’, and the effluent quality stably meets the discharge standard.
Key words: multi-stage AO;  high discharge standard; low carbon and high nitrogen;

domestic sewage; quasi class IV discharge standard
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Fig.1 Effect drawing of sewage treatment plant
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SR KRR AT I A2, 38 3 BORE 23 B DA S (i 7Kk HE
AIHEE T 7K B AR UE Y (GB/T 31962—2015) 254 1 7E
ARG T HE AR BT, [ EE AR A 4 b PR PR 2K oK
FEHEAR COD (TP 2 A 77 ik B K FREE T b
#fE) (GB 3838—2002) IV 2545 i , TN<12 mg/L, H 42
FE AR AT (s 15 7K Ab 335 e W HE RS ) (GB
18918—2002) — 2 A biiff . AR T AR K
KL 1,

F1 i&itEE HkKER
Tab.1 Design influent and effluent quality
i COD/ | BODy/ | SS/ [NH,-N/| TN/ TP/ ol
(mg-L7)(mg-L7")(mg- L7")(mg - L™")(mg- L.™")(mg- L")
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6.0 ~
K| <30 | <10 | <10 | <1.5 | <12 | <03 9.0
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Fig.2 Flow chart of sewage treatment plant
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3.2.1 FALFAG I (BN 1. 0x10* m*/d)
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WEJE AL FEAG S 1Y 1IE s A7 . Wk 1 8, B
i (Q,.=658. 3 m'/h, FER A N YL 700 mm 4%
25 mm W [ RS 2 &5, B H .
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Fig.3 Schematic diagram of comprehensive biochemical
tank
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Tab.2 Biochemical tank process parameters

il FETLSH FE R M Eh
T At/ HRT=2h, PEPEaR N=2.2 kW,
TRA&h, MLSS=5 000 mg/L 14
s HRT=6 h P PR N=2.2 kW,
__Y VB )
AL |\ 525000 mel. 34
‘ HRT=9.9 h »
gt ) Jot L = 1 .
PIFRH |\ sss 000 e/l EA R, 1288
. . HRT=2h PEREaE N=2.2 kW
Y = , ,
L Ty —_ 14
e HRT=2 h, R A
TR A MLSS=5 000 mg/L. EFNUSE
s HRT=4.1 h, T N=4.0 kKW,
AL |\ 5925 000 mel, 14
s HRT=4.1h, | HEHEN=40kW, 186
SR\ S9o5 000 ml, | TFRRIECEE 641
e SR A = AT A SR R P T A ARt ]
T A S 118 T S50 R A S S A R
A 1] o

TUU IR RS R 10 mx25 mx5. 8 m,
HRT=5. 6 h, i 717 4 0. 875 m*/(m>-h) , B £ Hi W
FHL1L G 75RE 1S ,0=105 m/h,N=3. 0 kW,

FEf A AL M0 R cHRT=2. 8 h, Bl &4 &4
fRIERE V=366 m’, ZFFLIE R 1 45, HFKERTR
BRI, Y AT B A KA BRI T HEA TR

Q@ RN R S T ¥ kK 5 25 R 5000
m*/d, F-H)#E K COD 24 300 mg/L.BOD, }y 120 mg/L,
#7K TN 24 110 mg/L, A fIAR I I 7127 25 5% 40 mg/L,
K IR 11 me/L 53, WA i 22 B% TN 244 59
mg/L, 25 58 4 IR AL, 75 i 2 BODy/TN=3, i
1 mg ZTREN 42 0. 52 mg BOD,, K 1 2 T2 4 4% il
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2970340 mg/L. AL R 30 mg/L,
29 AO WARIE BIS T8 S5 K T s 4T SE e, 1
R AR IR AR L L S 2: 11, I, FRAi S
FRENZ 1. 70 t/d, 5 25% B LRENAE W 6. 81 t/d.

@ G BI5 KT K i B A A D
Bl , W BB IR/ D LBIRE B s . SXUAIL
LU 115 ,0=30 m*/min, P=65 kPa, N=50 kW ; 5% X#/L
2HE 26,1 14, 0=58 m*/min, P=65 kPa, N=75
kW o ARl 2E Tk vl v 3 i Svk B2 7 SO i3 4T
B BRI KUt o Sk 7K I (R sl TN Ve B A AR
JA BB 1, 28545 i 5 >4 3K e BTN MR
EEEIE, R EhBAML 2, A
3.2.4 WREEALFEAIFY) (FLEL R 0. 5x10° m*/d)

O WEIR BEDTE I - A P8 B0 1 1 b, 38 5
ZERON, UIVE BBk B R Y A B . R R
1x10* m*/d FEE , 545 4% BRI 1 0. 5%10° m/d S
MURSF R 16. 4 mx8. 1 mx6. 30 m, 1 A2 244, H1 T1 3t
T2 3t T3 Jth v R0 I i AL . i T fr ¢, =8. 33
m¥/(m’~h). FCEBFEYL EIMIEHL =5 BT HL G 25
W

@ AR AR U8 it - 388 3 b ) R Ak B st
VEVER i — 2P EBR SSFI TN, &3 & 0,,.=208. 3
m'/h, SRSE A 15,9 mx14. 9 mx6. 70 m, 1 J35 3 4% , 5
KR ST R 5.8 mx2. 9 mx6. 70 mo JEMIE K % 7k
WA RS o A ERL R 92 m?, AR 1

UETH A 16. 82 m?, 5 o 8 T X 50. 46 m?, B T8
4. 13 m/h, 58 il 1€ 3 6. 20 m/h, il 25 R 25 B 0 fmf hy
0.81 kg/(m*-d).

B REAEMIAMM+IEIRE T A T LBWN
B 515K e R A R AR RS
15K A FR R A 3 2 R BROK ok R A
ML, BE it d5e 3 25 B COD W 10 mg/L, B R SF ol
16. 8 mx4. 35 mx7. 4 m, {5 FA HF[A] 2. 0 h, B4t A e
BB R AR 15 I 5 B 5 Q=60 m*/h
N=7.5 kW H=240 kPa (RN L HE 3G Q14
) o RABCHRNEy 14~28 mg/L.

@  RAKAN BRI SE A 19, 8 mx7 m,
P 5.50me R RAELER2E(H14), RE
P R 3 kg/h, N=25. 5 kW,

G FE il i+ O A L A K ST
L, PTG R . BRI 1. 0x10° m/d, 7
BRI E RSN . BORSFH 18,0 mx6. 5 mx4. 4
m, fF R A 0. 7 ho
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Z TFEF 201947 H 1 HIFT.,2021 456 H 18
H 5¢ R T80, 2021 4F 8 H JFUh 2 G iikiz 17 /1
P, R 24 hiESLiE T, 2021 4F—20224F , A& T.
RSy gk 5ok 4 200 m¥/d, 2021 4E 8 H —2022 4F
7 R KoK B I DL 2% 3.
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Tab.3 Monthly average influent and effluent quality

S KBt d7) 1?1H3—N/(mg-L’l) ‘ TN/(mg-L™") : COD/(mg-L™) ‘ TP/(mg-L™")

K HK K K i K K K

2021 4-8 H 3026 67.99 0.64 78.43 10.49 176.08 28.18 7.95 0.26
202149 A 3 888 42.88 0.56 49.51 5.43 112.29 26.15 5.11 0.07
2021410 A 4144 55.87 0.48 60.59 6.43 173.31 27.77 6.52 0.25
2021 4E 11 H 4201 66.45 0.48 73.74 11.32 205.77 27.88 8.04 0.10
2021412 A 3730 58.77 0.56 66.55 9.12 191.47 27.67 6.91 0.10
202241 H 4817 64.13 1.35 72.19 5.64 236.78 28.83 7.14 0.12
20224E2 A 5738 64.99 0.77 81.03 4.53 261.30 27.84 8.51 0.10
202243 A 5686 54.53 0.66 73.62 5.42 223.55 27.08 7.74 0.16
202244 H 4753 89.18 0.68 102.31 5.55 274.40 28.47 15.81 0.27
20224E5 H 3011 112.50 0.58 137.17 6.82 324.52 28.40 12.12 0.28
202246 H 3703 71.81 0.54 84.34 5.66 197.80 29.30 7.72 0.12
202247 H 4006 46.00 0.31 52.12 5.78 106.24 25.16 4.16 0.11
R RAE 5738 112.50 1.35 137.17 11.32 324.52 29.30 15.81 0.28
He/IME 3011 42.88 0.31 49.51 4.53 106.24 25.16 4.16 0.07
SHME 4225 66.26 0.63 77.63 6.85 206.96 27.73 8.14 0.16
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O WR3IAE,T5KT IR KK T R4,
COD  NH,-N TP & & F2 % i5 2| M =K IV 2 hn e,
TNAETE 12 mg/LLA T o HAH/KT B4t 12
BRI THR, A4S T RAF AL 230 as FERBEREs o

@ SRR A S5 KRR R A = L, 1E 7K TN
{53k 110 mg/L, Ifif BOD B . RN AR A i 1Y)
Z 9 A0 T2, ReRIE7E A Ab B e R B R AT B Al
A . BT RO A, A4k 1 7K TN S A
212 mg/L LA U2 T J5 U B A PG L 17 e,
T A= AR

@ VRIE BRI R F R IR B OV I, S AT 5CR
KF HAOK T R FERR A B K TP il it
FEBR IO T 300 o 3G 45 24 e S5 4 it ] AR IE H
K TP kb5 .

@ PR ESR ARG K HE K FE bR
¥ o DT —4E 157K s AT 8 R, RETRBEDTTE Hh
7K COD 2 30 mg/L, AN REFAE A b , 7 8 i SR A AL
AARAE PR — 2 B COD, ZE B T B A 1
BUF AT LAFSIE H 7K COD B2 5E ik br o

® KT IEK K K EAAE—E WD,
AR T AR A TR A P A ARSI B T A
2, ARG TG 0L R IG BERE . ML PRIBAT G Lok
B, 3K R Tl BRI TS K T REAE T 20 R AR K
ETEN
4.2 IEBERIZITER

TR ST 5 055 J100, B S KA 8. 7 J6/m®,
BN 2208 AR 7. 08 J6/m? (F2 BE S AN FBETFIK T
B, Hd2hw 3% 3,78 Jo/m’, L 2% 1. 3 Ji/m?, 5 YAk
FRFR0. 1 Jo/m’ B 1.9 Jum’s. A IERGETT
DLk, MR8 HE K K BT K B AR Ak, R iR R T2 S
B, A B R B YR R A B RO B AT ARG B
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5 #ik
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fiff TN 76 A= At S AT BRIk b, J5 22 B il 1h R i Ak 3
AR R PR B it , FEARAE AT AR .
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