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FEZE . R SBR-ASBR & T AL LPRAE WG T5 7K, SBR H 5 F8 B/ - 420 [1] L Kl B X8 43 S04 4k, ( partial nitritation, PN)
BYEH, ASBR HF5E COD/NO, -N( C/N) X IR 2 1k ( anaerobic ammonium oxidation, ANAMMOX ) 3 [7] J5 fil§ £k it 22 5 5%k 1)
s . DY B R 25°C , 7 B %0/ 4 400 8] L 30 min: 30 min, 5 S8 B35 8 3 YA, NO, -NFL B3R (NiAR) T4 22 d 4
98. 06%, LLIE Al 25 77 2 UK (SNIiPR, LA N/VSS 31) 7 0.28 g+ (g-d) =", R4k R il 4k 22 B B9 TN A1 COD 4351 2 12. 29
mg- L.~ 1 110. 36 mg-1.~" . @7EHRE/ I EHFA] FL R 30 min: 30 min T, 38R R 15°C HF, 2R B A i B0, 75 U 16 P AT e e A
255 WA 30°C BT, NH, -N#4 AL NO, -N LGy 86. 83%, 3 il i /K NH, -Ne BE 5 1%, AN g Ry IR AR 2 SR A B 0t 5 3l R Tk B
TELEE N 25°C it tH/KNH, -NFINO, -NU#kFE 3500 31. 58 mg-L ™' 135, 04 mg- L~ VERL IR A U AL HE IR HE. 414 TR AU
AERLAF, /K TN | NH; -NFll COD ¥ BE 43 BIRAGETE 13. 13, 4. 83 1 69. 96 mg-L~" , R 45 M 83. 10%. 93, .64“%.{11"75 11%.
Pa35 ASBR #E7K /N 2.5, 2.0 F1 1.5 A, C/N J2:0 HTBE%L%L%MUJ}H&W%HRM%&& Binc e, HIKNH, N NO, -N,

ARANLNERBELLEERTKE

123

3K§:£1,2,3, XU?‘Z‘;@ , # ”1 2,3 Igzj:ﬂ(#j\l,m*
7300705 2. Hl & KA S, =M 730070; 3. HwA 5K ik

12,3 ’ ﬁ.%;ﬂ,m

NO; -NFI COD 235147 0. 09, 0.25, 1. 04 F132.73 mg+L. ™" ‘ | & w4 i

1 ¥ 4
SR IR, R BAM AL FRALE AL ANAMMOX) ; JZAL; C/N o~ ¢ Sy
FESES . X703. 1 iﬁkmmﬂﬁiﬁ; A XERS. 0250-3301(2021)10-4853-11 DOI; 10. 13;,2‘7/j.hjkx. 202101229 _1s '

-~ o "..
i i = i
o i p - ’ i

p -

Partlal Nltntatlon and Anaerobwf Ammoma Ox1dat10n SyHEI)ngth Demtrlficatlon t0f

Remoyve Nltrogen and Carbon from omestic Sewage ,f
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7, MA Juan "7,

(1. School of Environfﬁent and Municipal Engineering, Lanzhou Jiaotong Univerﬁ'lfy-'-: Lanzhou 730070, China; 2. Key Laboratory of Yellow River Water Environment in Gansu
Province, Eanzhou 730070, .China; 3. Technical Center of Sewage Treatment Indusiry in Gansu, Lanzhou 730070, China)

Abstract; A sequencing batch reactor-anaerobic sequencing batch reactor (SBR-ASBR) process was used to treat domestic sewage. In the SBR, the effects of the anoxic/
aerobic time ratio and temperature on the realization of partial nitritation ( PN) were investigated. In the ASBR, the effects of different COD/NO, -N( C/N) ratios on the
removal of nitrogen and carbon using anaerobic ammonia oxidation( ANAMMOX ) and denitrification were studied. The results illustrated that; (D) After three single cycles and
on the 22" day, the NO, -N accumulation rate ( NiAR ) was 98.06%, and the nitrate nitrogen generation rate (SNiPR, calculated as N/VSS) was 0.28 g+ (g-d) ™', and
simultaneous nitrification and denitrification removal the TN and COD were 12.29 and 110. 36 mg-1,™"
230 min)
Furthermore, the conversion rate of NH,” -N to NO, -N was 86. 83%, indicating that the effluent NH,” -N concentration was too low to provide suitable matrix concentrations
for ANAMMOX at 30°C. The effluent concentrations of NH," -N and NO, -N were 31. 58 mg-L ™" and 35. 04 mg-L ™", respectively, matching the ratio of the ANAMMOX
substrate at 25°C. ) The SBR-ASBR combined process showed good denitrification performance; the effluent TN, NH," -N, and COD concentrations were stable at 13. 13,
4.83, and 69.96 mg-L ™", respectively, and the removal rates were 83. 10%, 93. 64%, and 75. 11%, respectively. When the influent C/N of the ASBR was 2.5, 2.0, and
1.5, respectively, anaerobic ammonia oxidation and denitrification showed the best performance with respect to nitrogen and carbon removal with a C/N of 2. 0. The effluent
NH," -N, NO, -N, NO, -N, and COD were 0.09, 0.25, 1.04, and 32.73 mg-L~
Key words: intermitient aeration; temperature; partial nitritation; anaerobic ammonium oxidation( ANAMMOX) ; denitrification; C/N

, respectively (temperature =25 , anoxic/aerobic time ratio = 30 min
. @ At an anoxic/aerobic time ratio of 30 min:30 min, the filamentous sludge bulked, the sludge activity decreased, and sludge settleability was poor at 15C.
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WA T 2 BARE S | REFERANS Ue ) LA
s, Z BN K" PN/A T8R4
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0.113NO; + 1.435H,0

AR PN/A T AR SR v T
FER KD I B A R B e S
NH, -N( >500 mg-L~") FIffk C/N( <0.5) KA H
AR T A A BRI T A 36 5 K Oy TS R R
BRSBTS K T NH, -N 3R, INH, -N
SRATF T MR LA i U B 4 (FA) IR B S AH R (FNA)
FEARFHNE G T8 NOB &4, i PN BLHUKAS IR SR
B, MELL ANAMMOX #2684 € N0, -N 5 5 4h
T AR TS KK RS2 AT MR AR KT NOB M L
AOB XTI B SR B 58 . AnAOB T PERE IR JE T F%
P B S, PR R AR R G el B0 NOB 2

AnAOB 1142 PN/A T AR s et il
AL BIE 9 5% BB 4 A Ak B R R B AT

=24
Al

ANAMMOX FZ M0 4 K5 Miao %57 M BF ¥ 7E (30 +
1) C R S WAL R S8 ; Yuan 250 E’Jﬁfﬁi
RIHHEAKNH, N A 50 mg- L7, eﬁﬁiﬁﬁ%
ﬁﬁﬂﬁﬁzﬂ%ﬁfk(smgle -stage of partlal nltrlflcatlon
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L)i“fjJHﬂﬁHw" BITA
b A o e e L SR X R S 10 w1 T
PN/ATL S ARLF b ke T TR AL F ANAMMOX 75 Ji¢
W Z R G R T s T S8, B S
1o e SR e A SR e T S Ak Al R
H PN Br ok ipey A &5 8 Al COD fifi 5 37 1A F
A=A €O, , 3% ANAMMOX 4[a] )52 fil§ £k A
RBRBRARAE T AR, Rk, AR 56 LA 3ok 7 A5 95 75 7K
jML}EXT% AR FARIR S AF T B S/ 4 s [a]
. 3SR TR EF C/N 25 E X PN/A T 253

IRaSE | e Yt R e %ﬂﬁu-rf"

ARSI RS & 52 B AT ANAMMOX P[] 52 it 4k 7] 25
I USSR BR B2, LAY R i T2 R S o o B AL
wE%.

1 BRI

IR

PN/A T2 & 1 fzs, SBR A HLBEEES i il
HAR 15 em, 5 40 cm , HRUCEFLS L EESEURE T,
Bo A P Bl it PLC P #8480 pH . ORP K
IR, TR E] 2k L SC BR [ KRS, ; ASBR 4k
IR SBR, A 8RS L, s m <, s e
S MK BRI F HE, 53 & v AT pH, 4b
B P B 4R A 2 R

1.1

3] 1 PN/IA IEZRERE

l*lg 1§ Schematic dlagram of PN/A process device

1.2 BRI :

SBR #FP5 6 2K F 5550 = FoE M AN Ak 15 e,
MLSS #3450 mg-L~', MLVSS/MLSS (f {H) h
0.59, SV, 42% ; ASBR #EFhi5 8K A k& 4T
FIPR A & B AL B #% , MLSS 43321 mg-L~", VSS
H}2 514 mg-L~" A PERE K4
1.3 G AR K 5 ARG I

RIS KR 22 380 K22 588 IX SEPR A 16 15
7K, SBR K JBtdEHR a3 1, il # SBR S0 w35 AR A2
B4 Al 1k J 38 2 i A NaNO, ¥ 5 ASBR i
C/N, BAKRPEIK K B W3 2.

P

HE K

&1 SBR kKR / mg-1.7!
Table 1  Qualities of influent in the SBR/mg-L ™!

HH NH, -N NO; -N NO; -N COD
bR 49.47 ~101.22 0.01 ~0. 89 0.08 ~2.95 130. 94 ~351.62
¥ifE 75.96 0.51 1.21 281. 07
%2 ASBR #KKER(HE)
Table 2 Average quantities of influent in the ASBR
- COD/NO; -N(C/N)
3. 0( A& NaNO, ) 2.5 2.0 1.5
COD/mg-L~! 112.43 115. 40 112.76 111. 62
NO; -N/mg-L~! 37.48 46.16 56.38 74. 41
NH,' -N/mg-L~! 36.47 38.57 37. 64 40. 81
NO; -N/mg-L"! 0. 86 1.06 0.94 0.91
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TR TR AE - IR AU A A DI ) B Ak B 355 75 7K SRR e 4855

IKBEZE 0.45 wm LA 1 8 40 5 vk e AR U
APHA FrifE 7 vE "I, COD ., Pk I 43 ot
Pes NH, -N. GG B NO, -N: N-(1-

ZRH) - O s NOy AN, BRA H I 40
JEEEVL ; MLSS Ml VSS: E 7k ; SV, Ml SVI: 30 min
DU s W . pH A1 DO, i #5052 L.
1.4 BT

SBR R BIEIEAT, 1 diE1T 6 )R, 5 1
240 min, AP #E7K 5 min — i 180 min —JLIE 30
min —FE7K 5 min — & 20 min, FTEESE N 100
Leh™' JHEK EE S 75% . SR A 2 B 0L, T80 T #E
25°C T, R HEE /G5Bl A 30 min: 60 min | 45
min: 45 min, 30 min: 30 min, /A3 2. 2. 3 s
T IR A kA 450 1] EE A7 30 min: 30 min 388
3K, IR EE 3 15, 25 F130°C. ASBR R JH
[ BG21T, HRT 2 24 h, 7K HO 70%, 2 iR 52
25°C , P85 C/N }2.5,2.0 M 1.5,3547 80 d
1.5 JETE

NH, -NZERH(ARE) | NO; Ni,\E%K(NlAR)
th%ﬁ’fﬂh@%ﬁ(smm
<mmmﬁmwﬁﬁF¢szMﬂn%W%ﬁ%
SCHR[20 ] E’J/AJQ ASBR W%ﬂfir‘ﬁﬁﬁf@kKﬁ
;%;f%%jciﬁk[m A : J

ﬁwﬁm%ﬁﬁf%ﬁfmzﬁ% |
i a4 1.32a -0. 26a: "

A 3 a+b-c ('l)

PNL 4 4+ 2.06 x (0.515a — 0.486b +0.485¢)

.32 x(a+b-c)
(2)
PD = A + 2.06 x (a —0.758b) (3)
a+b-c
D = (0.26a —c) + (b —1.32a) (4)
a+b+c

A4, PN, PD F1 D 43512k . ANAMMOX | #8731
fE-ANAMMOX | #8453 K i fb-ANAMMOX  F1 52 fif§ 1k
J R AR TTHR, % 5 a . b Fl e 439028 . NH, -NH
Feit |, NO, -NTHFERFINO, -N/™=/E & mg-L~".
1.6 YR E BT

T e B T A5 K [ [R] @RS SBR #6543
AL A AR Y UG (ATN, mg-L~") | Bt 2k
(ACOD, mg-L~") [ 25 il £k S i £k ik & L 41
(ACOD/ATN) 1%,
¢,(TN). = ¢, (TN), + ATN, (5)
¢,(TN),, = ¢,.;(TN) (1 —=w) +¢,(TN) yw (6)

ACOD = ¢, ,(COD) (1 —w) +
c,(COD), w —¢,(COD) (7)

e 7 7 45 A F‘éE.,tE%‘?-"

w_mﬁﬁmNmm@@i%@cﬁﬁ%

K, e, (TN) , Fl e, (TN) (o0 3R 5 n JEIE .
JKTINHIE e, ((TN) N5 n -1 A HIZK TN ¥
B, BN mg- L' ¢, (COD),, Fl ¢, (COD) 534
M n FIRE . K COD #eE ¢, (COD) A% n
-1 7K COD ¥R, B 4 A mg- L1 5 w M4k
K EE.

2 HR5ITE

2.1 R/ G SRR T BE X S 0 S Ak Y S i)
2.1.1  BREE/ AR EE FNH, -N A SAOR ZRfLARE
i 2, ks G SR E] HE A 30 min: 60 min (A
*ﬁiﬁ) . 45 min: 45 min(B *ﬁiﬁ) 130 min: 30 min(C
B v #EKNH, -NIR BE B4R R TE 49. 47 ~101. 22
mg -L7", ARE 200 T4 42, 39 K 25 Ak F F
tH7J<NH+-N/M“63\%IJﬁ 15. 85, 34.26 ﬂ%n 38 35
me-L"", ARE 22314 72. 55% . 54. 46% 1 58.552%,
3 Wjﬂcfﬁﬂjﬁéiﬂiﬁﬁxﬁéﬁiﬁﬁﬂﬁﬁﬁc AT A
NO; -NFE ke )?lﬁﬁt%&ﬁwd%ﬁ%ﬂ&
fisfbis5ve, /Ay Bf”ﬂ‘ﬁtt ﬁ%ﬂ&ﬁflﬂaﬁ/'%ﬂ?
NH, Néﬁzrﬁﬁ,ﬁkﬁ&ﬁﬂﬂi‘ﬁn@m NWUJ?E,
o, *HXTL&TNO N AR B 1 Bl B @%x
A A BRI MR AL C BERAT Hen T A
IR AR KA ) T 075 6t A R R R ) AOB K
TE B AL
SEPLINEE]. DN SAOR 2K, AOB A4 46 i &
WIS B/ A E A S A R T AOB $i i H B 7%
ZHCE I A K 5512 SAOR 43 IHE 45, 36 116
JAIART IR RS, Horh C B UG 4 M B P g
45 9 mF SAOR 43 % o4 0.30, 0.31 F1 0.43
g (god) " HRZEP RGBT AR L, AR50 58 i 1K
M S 3y oS RS R 8 43 S ke 1) B () B G
;é\‘\b
2.1.2 ﬁ%aﬂ/ﬁ?ﬂﬁﬂﬂ L FNO, -NFLE J SNaPR |
SNiPR ZE{LHFAE
wmE 3, 3 Ak kK NO, N R E ) 7E 1
mg-L7'LAF, HIZKNO, -NV BE AT NiAR Y5 - FH#
#ONIAR 43 5 T 45 39, 38 f1 22 MR & =
97. 87%. 94.01% F1 98. 06%, 111 /K NO, -N ¥ & 43 5]
435 24.00, 19. 82 f125.92 mg-L~"; SNiPR 5%
EZE0.16,0.18 F10.28 g+ (g- d)’l HIKNO, -Nfk
JEFIRE NOB /0 It B ALK, 21 45 SRS SNaPR 43-Jil]
}0.001, 0.007 #10.002 g-(g-d) ™', Hi/KNO; -N
WSy IR 22 0.22 100 F10.20 mg-L~".
SRR AR ST I NiAR 7E 50% L 1 A#
SEEL T AL, K20 IS SR FH A B 4
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