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Denitrification of Iron Oxide Red Wastewater with High Ammonia Nitrogen by
Zeolite Sequencing Batch Reactor Combined with Anoxic Up-flow Sludge
Blanket Reactor
,  CHEN Yong-xing', CHEN Zhen-guo'*”, WANG Xiao-jun'",
WANG Yong-qing', ZHOU Song-wei'"
(1. School of Environment and Energy, South China University of Technology, Guangzhou 510006,

ZHENG Xu-wen'

China; 2. School of Chemistry and Chemical Engineering, South China University of Technology,
Guangzhou 510641, China; 3. Hua An Biotech Co. Lid., Foshan 528300, China)
Abstract; The combined process of zeolite sequencing batch reactor (ZSBR) and anoxic up-flow
sludge blanket reactor ( A-USB) was applied to treat iron oxide red wastewater with high ammonia
nitrogen. The characteristics of stable nitritation of ZSBR as well as nitrogen removal performance of
combined process were investigated. Results showed that based on inhibition on nitrite oxidation bacteria

(NOB) by free ammonia (FA), ZSBR could successfully achieve stable and sufficient full nitritation of
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iron oxide red wastewater. when NH,” — N concentration in the influent was about 700 mg/L, the effluent
NH,” =N in ZSBR could be lower than 30 mg/L., with nitrite accumulation rate( NAR) higher than 95%
and a maximum average nitrite production rate( NPR)of 0. 68 kg/(m’ + d). The alkalinity produced by
A-USB denitrification could be effectively utilized and the amount of NaHCO; of ZSBR could be reduced
by increasing the external reflux ratio. The denitrification was carried out with glucose as the external
carbon source. After denitrification in A-USB, total nitrogen removal efficiency ( NRE ) could be
maintained above 85% and the maximum total nitrogen removal loading rate could be up to 5. 10
kg/(m’ + d). It was demonstrated by high-throughput sequencing analysis that the relative abundance of
AOB ( Nitrosomonas) was 50.93% and no NOB was detected, while the total relative abundance ratio of
Paracoccus, Comamonas and Pseudoxanthomonas mexicana with denitrification function was up to

7.05% , which further demonstrated the efficient and stable denitrification performance of the combined
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Tab.1 Characteristics of iron oxide red wastewater
5 pH SS/ f@pE/ |NH =N/ | Fe**/
) fH [(mg-L7") fi5 (mg-L_')(mg'L_l)
WRZT KB ~ 4| 250 ~500 {600 ~700[900 ~1 100| 500 ~ 700
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1 4 ~ 1
ok |84 5 0 650 ~750 0
1.3 KA *E
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L& (NAR) A3 90% L) L IIA A 25 B8 sh .
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Tab.2 Experimental design for ZSBR and A-USB process

g | B R i 0
MEeL | 1~11 509 12 0:1 3
MrEell |12 ~17 576 10 0:1 3
MrEcll | 18 ~29 669 6.7 0:1 3
MBIV | 30 ~42 731 4 0:1 |2~3.5
MrEtV |43 ~52 696 0:1 2.5
MrBVI | 53 ~67 350 1.5~3] 1:1 2.5
FrBEVI | 68 ~84 213 [1.3~1.7] 2:1 2.5
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Fig.2  Performance of ZSBR by nitritation
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VD), AiEfb 26 (NAR ) G A BB IS R 454 95% L) | {H
S B AEER L 77 % (NPR) BB T ~ V1Y 0. 68
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SO~ JEARFE—Fh, 0 % B SR BB 4 5% T
2, K TN #e B A8 € T 100 mg/L, 7ERr B ~
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6.7.4.3 h, &4 A[H0BREYELV Ab, 7K TN B4
AEASE 7 7229 50 mg/L, TN, COD 2 Bx 11 fif 73 J31]
FHBEE T 90.60 F11.28 kg/(m’ - d)# ez 4. 11
F18.01 kg/(m’ + d) . fHLEHELV , HK IN ETH5
TR 300 mg/L, TN KBR i fif (NRR) 1 F ¥ 2
3.74 kg/(m® - ), Wi )5 hy itk — 25 48 R Gl Ak sk R
XFC/N FI NGB0 LG 4 2 B0 AT IR 3% (B3 T K
BB FEIZ A N BRI PE R R S HRT, H &b
A 0 HRT BV 4 b, Hoffe =y NRR 3% 1 5. 10
kg/(m’ + d) . 7EBYEEVI ~ VI, A - USB #E 7K TN 43
K% 2224 350 F1 200 mg/L, 7K TN FEAF E 7E 50
mg/L 7-47, TN, COD 2[5 4 faf 43 il B o 7E 3. 28 Al
7.76 kg/(m’ - d),

H AT UL, ZSBR K 2848 A - USB b3 5, 3
K TN AR NFE . BBt IRtk TN Wi, Hox
% NRR A 355 5. 10 kg/(m® - d), &5 F NRR
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Z R 2 ke 2 ERT B VI I Tk s
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7K TN JEAS RE G AE € #2575 50 mg/L LAY, -1y
NRE /35 93.7% , %3 NRR 4. 11 kg/(m’ - d),
FERT B VIR R LR A 1 1, BB %o 34 7K e g i
7T R B (JE7K TN 254 350 mg/L) , 16 4E 15 B i
HRT 34 2.5 h /K COD/TN K 2.5 (50T, 4
NRE #784.2% ,"F-# NRR H3.58 kg/(m’ - d), 7F
BrEcVImlmbe oy 2+ 1 iF, 7K TN g B3 1T 2924
200 mg/L, fE4E i F23E HRT 7 1.5 h 37K COD/TN
H2.5 IELLT -1 NRE 2y 83% ,°F-14 NRR [ 2
2.74 kg/(m® « d), pydt ] L, $2 FF A0 A AT FE
A3 R SR A A R = A B BRUEE , T #1548 ZSBR
AR $ i, {H 5 e [A] At S 80 T A - USB 4 i
RECREI—E R TR
2.5 WREFEKC/NEIFA - USB RFEK IR NG

RIS T 3 a5 —301 A - USB A fk
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g, B ZSBR 28 [n] i i B () LA Akt KAy
FAEAEHEK 53 B LA 4 SRl SBRENTE N A1
Tneg PR AT E IR, B AR A - USB ASA A
W . RIeUEK NO, — N 7300 mg/L HRT Jy4 h,
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Fig.5 Effect of different carbon sources and C/N ratio on
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TEBIN A AR A SO A B IR, > C/N By
3 2.5 B, Hik NO, - N #aERE K T 30 mg/L,
AL KPR 45 COD 35124 190 #1135 mg/LL,
AOL C/N AN 3 fHELTF 2.5 B, H K e 4x COD
B2, MAE C/NAER 2 B, 7K NO, - N kB 5 T
60 mg/L, A RBIH 2 I B KK R BER . 25 ]
PLUAH AL G TR RO At R LA A 0V R SN i
TR, B ER AL 2.5, Z5G 1S [RIBEAT 0, 7E4%
TN CRRENAE g S0 I U5 B, e A L L 3 oy
2 R TF LA A R AN IR IR B Y 2.5 st A
M5 .3 PR AE A3 ik A L T ¥ RE Ik B AT 1)
SR R o

A Sk He i TS AT AL AL T A, R
F AR A AR, BAG 15 e 7= RGBT R
T RIE T B> B IR fE NS L H
HAFAE B FIABAT 2 P, L RRENYE R I Btk
T 5 B AR B s 1A SR AL 2808, (H LA S5 18
PRI R AR SR R N AR D T A AR S A1
TR B 75 08 77 56 R B T L RE RN R4, (RLAE
WEAEAE R AL T2 i Y8 7= 2R hy 45 A, HLHOR R
J7LBIMSAAR o A i 50 35 5 AR A R4 R S
T R R A AR, 7K SR C/N Sl 2.5 1 i 1]

4 ZHr Al 1 A — USB SEBRI#ERY COD/TN K 1.75 ~
2.5, HAESRAHRCIF I I RSCR
3 RAEMBE MDA

SR FH e A AR 3 3 % e e LA S G2 A
50 d [y ZSBR \A -~ USB Sz H A9 4F b tb AT R
RERLR 0T . 363 DB BHIH T & R Al 1 AH

X
*®3 #EMTIRES ZSBRA-USB R et miEE K TE L
By AR F
Tab.3 Relative abundance at genus level for seed sludge and
samples of ZSBR and A-USB %
o H P58 | ZSBR | A - USB
Nitrosococcus 4.58 — —
AOB
Nitrosomonas 0.83 50.93 —
Nitrobacter 0.21 — —
NOB
Nitrospira 0.20 — —
Paracoccus 2.35 — 0.71
. Comamonas 0.80 — 4.30
’}f:i Desulfomicrobium — — 5.33
Pseudoxa?thomonas . o 2 04
mexicana

B #0506 h )@ T AOB By WA 4k Bk W )8
Nitrosococcus F\V AL ML B & Nitrosomonas AT 3=
JE 53 A 4. 58% F1 0. 83% , {3 NOB (i fb T 1
J& Nitrobacter FITHALIRTE J& Nitrospira BIAH R 33
58 0.21% #1 0. 20% , i 7E ZSBR A3 AOB 1
Nitrosomonas F1X F 5 E] T 50.93% ,f{,3% NOB 11
PP GE AL a8 2 ok At X B TR ZSBR B
H1 AOB 1581 K& 4, 1M NOB bl IS il , M i fff
15 ZSBR SCBL T AR E B EA AL . 7E A - USB 2
Mg, AR B R AR R WO AR W R
Desulfomicrobium 5351 5.33% WAHXT F R, X 14 B
S AR i S G 2 R AR T RIRER IR SR Y .
Sh,A - USB w & T e i Ak & /Y R Bk s
Paracoccus I\NTE AN JE Comamonas FR AN &
Pseudoxanthomonas mexicana [ A1 % £ B 70 5 N
0.71% 4.30% f12.04% , o 5 b3 T 7.05% |, 3t
—HAEH] T A - USB @280 S e i ZSCR o
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