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4.21)x10°F7 (4.14 ~9.84)x10* # M #/g A ; m A2 AOBE ZF 5 ,AOA & T EAK, LA M A =
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Catalytic Ozonation/Biological Aerated Filter Combined Process for Advanced
Treatment of Effluent from High Sour Gas Field
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Abstract:  This paper explored the variation in water quality by monitoring the key water quality
indexes, investigated the characteristics of bacteria such as AOB and archaea such as AOA in biological
aerated filter (BAF) by high-throughput sequencing and fluorescence quantitative PCR, so as to reveal the
mechanism of a full-scale catalytic ozonation/BAF process for advanced treatment of hypersaline effluent
from a gas filed. When the chloride ion concentration, COD and ammonia nitrogen in influent were 9 912
mg/L, 223 mg/l. and 44.0 mg/L., respectively, the ozone dosage was in the range of 200-350 mg/L. and the
BAF aeration rate was between 150 m*/h and 300 m*/h, the COD removal rates of ozone catalytic oxidation
and BAF were 49.3% and 15.8%, respectively, and the removal rates of ammonia nitrogen were 38.2%

and 54.3%, respectively. The COD and ammonia nitrogen in effluent from BAF were 77.8 mg/L and 3.29
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mg/L, respectively, which met the influent requirements of downstream process. All ammonia nitrogen

was converted to nitrite nitrogen or nitrate nitrogen through nitrification, and there was no denitrification.

The dominant bacteria were Rhodobacter, Sphingobium, Azoarcus, Rhodocyclus and Planktosalinus. The

most dominant AOB genus was Nitrosomonas. The dominant AOA genera were Nitrososphaera and

Nitrosocosmicus, both of which belong to phylum of Thaumarchaeota. The contents of bacteria, AOB and
AOA were (0.63-1.33)x10” copies/g filler, (2.00-4.21)x10* copies/g filler and (4.14-9.84)x10* copies/g

filler, respectively. The content of bacteria and AOB was abundant, while the content of AOA was low,

indicating that bacteria and AOB played a major role in the degradation of organic contaminants and

ammonia nitrogen.
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B BFFE T COD BRAIE 1) AR FH ) B v A 22 LR A
Y BRI BB P (A LA TR AOB  Z A fL i 18 AOA)
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JZR b e & B A H R oK BT i & ik
(1500 ~3 500 mg/L) . %5 COD(1 200 ~ 3 000 mg/L) |
B A & A (150 ~ 500 mg/L) FlH 7 A B T (8 000 ~
15 000 mg/L) 4% 55 o R H K 7 F A B A 1k S A/
BAF T. 20 Z Wi, 7 S AT R AL 3 . | e R R4 -
b2z AL LB ALY 5 SR )5 R F NaOH-Na,CO, B
B i, il 515 29 - <50 mg/L 8K B ¥ <20 mg/L; firJ5 R
JH S/ G S - B8 A W) S e (A/O-MBR) #4742 4)
AP i COD<250 mg/L 2 A <50 mg/L. K 7K £
FLE AL A L/BAF TR EE AL B , 225K COD<100 mg/
L&A <10 mg/L, # AT iE RO-MVR RGEHEAT LR
AR B8R K AR ARG B K LA S B TR AL 1

BRI 5L SR A SR A 2 G R SR I b 2 AR
LR FRZ O 130 m?, i N B AR TE R R S 2
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m’, ACE T A AL i S | B4R A A R R AR
B . BAF BB ALKE N 2 4, B R N T
ALY R 90 m?, S g il 3 e 3R AR R if A EURL, 1
A BB R AR

1 R AL A AL/BAF T 258470, 15K i il
25 ~ 35 m¥/h, BRI A 200 ~ 350 mg/L, BAF B
SR 150 ~ 300 m¥h, W JE A, HEOK pH A
8.26, 5 # F .COD FIZ A 7370 9 912,223 F144. 0
mg/L, i R AR A PR AR L85 B BE B T 4 i
2.75.8.34.36.5F116. 1 mg/L, /K&~ 25 ~ 40 °C.
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1.3 #HWNmBRA*
pH B E J512: 2 B OK BT pH (B E 3755 i
W) (GB 6920—1986) . K Jy R K & 7%
Tt 1, R B R R 5 — T I i 2 COD . 2
REME 7 kS BOK BT 2 Z 00 E 99 [R5 5
G RE ) (HJ 535—2009) . IF il Fi AR 01l iR 4 %
FH B a8 GHATIN E , Jr ik S BOK BT THL 25
F(F .CI".NO, ,Br \NO, .PO,” .SO,* .S0,* ) Il &
B %7k ) (H) 84—2016)
1.4 WMEWARSH

A E T E O, 435 F 2020 4F 11 H 15 H AT 12
H 15 HRAE T BAF KNt A 4 SE0RE, FH T2E 9
ECFR B DNA 3R EL. B2 0. 5 ¢ BAF SERL, BY %,
4K J5 {81 i PowerSoil DNA Tsolation Kit #2 B 40 1 3t
ZH DNATH HEAT BRI, 76 -20 “C R PR AE, T
38 P AN AE B PCR 43T -

ffi Fl 515F (5'-GTGCCAGCMGCCGCGGTAA-
3")/806R (5'-GGACTACHVGGGTWTCTAAT-3") 4~
HO AN 16S rDNA V3-V4 m A8 XS fifi F] amoA-1F
(5'-GGGGTTTCTACTGGTGGT-3")/amoA-2R ( 5'-
CCCCTCTGCAAAGCCTTCTTC-3") ¥ 15 AOB (¥
amoA FEHP' . i ] Arch—amoA26F(5'-GACTACAT-
MTTCTAYACWGAYTGGGC-3')/Arch-amoA417R(5'~
GGKGTCATRTATGGWGGYAAYGTTGG-3) HIAOA
B amoA JE [, §” 1 7= ¥ ff H Illumina MiSeq
PE300 =38 s, W5t IR AR s A= R A
PR W) 98 1
1.5 WEVEENH
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Arch—amoA26F/Arch-amoA417R JT B9 6 5E &= PCR
1 E BT AN AOB F1 AOA B & &, 43 il
FH & 4 280 bp 16S rDNA V4 H B 500 bp AOB-
amoA R Bt .415 bp AOA-amoA F Bt 1Y dsDNA ( X5
DNA) JBURiAE R An HE o1, il £ bn v it e o i FH 5
i} 96 5t 5E B PCRAY , 1% AceQ qPCR SYBR Green
Master Mix & F & (J2121-02, 7 ELA= ¥ #4796 6
&5 PCRY 9., H )5 {11/ Bio-Rad CFX Manager X
P BRI BE (CUE) , CoE 5 KRR & A B A5
DNA 46 % DU 0 BOAAFE L M OC R AT R A 7 o
30T -
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B 1. #E7K COD MR EE I shA K, 12 A W)ik 3 i
1518 336 mg/L. M 5L AU Ak S Ak 7K COD ik B2 £
Fifa e (A 3 UG id 150 mg/L. BAF Hi/K COD ¥
JE i — 25 BEAR, ATARRRAR T 100 me/L A3 2R
R R AL E AL KR BAF H 7K ) COD ¢
JESE(E 53 5100 223 (113 F1 77. 8 me/L, BAEEAL 4R
A6 BAF XF COD 1Y - 34 25 ) 2 43 531l iy 49. 3% il
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Fig.1 Change of COD concentration in catalytic

ozonation/BAF process

2.2 MEANEBRIR

R AL A AL/BAF R G0 & 2R JE ARk
2 fi7R. v LA, SR A A AL BTk K A
KB B R B AR AR R AT, 150 BH B A L SR AL
JCPRFE T AR R E M 2 A Z5BRAE T . BAF ik h
RAWEERE T, 111 H—s H, ZA KT
M I 20 mg/L PR R BEZ 5 mg/L LA, BEW] B
B BAF XA AWK fe 1z digam . 11 H 6 H—
12 HJE, K AR B AR e AR AE 5 mg/
L UL BT A T <10 me/L 9B E3R . i3
K R EAL AL K AT BAF H K 1) 2 /U
YA 50 44.0.27. 2 F1 3. 29 mg/L, R E 1L Ak
F1BAF XF 24 Al 1Y 7 ¥ & B 2 53 51 R 38.2% Al
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Fig.2 Change of ammonia nitrogen concentration in
catalytic ozonation/BAF process
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Fig.3 Change of NO, and NO, concentrations
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FH &1 4 AT, 2 R85 A 1S i i
AL M 2 BEA B S, ] R 1) R A R A T
il 2 MR S i AR O A A A RS AR , e i Ak
R 3B (LINIE) , Al E 58 341
mg/L, 1117 S 2 AR R PR AR 3 I =2 F1F-340°4 39. 5
mg/L, 7= 47 o W 5 T AR B A AR
AR S b, — 2 RS S A BT K
A A HLE TS Gk e A o s A
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FEF YN 1) 16S rDNA ,AOB FIl AOA ) amoA %
L, %11 H 15 H (BAF1D) #1112 H 15 H (BAF2) k4
i BAF SERLEAT Mumina i3 500 7, 25 58 an & s pr
7N o ATHL, O6F AN ) s TR R AR B RE i, 20 TR A 2
SRR/, BT BAF SEUR} rp AR ) 5 i) 400 T 2H AR A
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Fig.5 Bacterial community of biofilm in BAF filler
oS (b) AT, e & i - E 1 o= B R ]
SRSt SACEARREIN CYIT o S AN R
ZLAT WL NR T 2 5. 07% ~ 5. 56% Fil
1.91% ~ 2. 14% , F Al 7 £9 = BE 7E 0. 98% ~ 1. 85%
TLHIN . Giebel 85 A A5 Yeitg K rh 73 B 2
A LA AT M B LT T, O 2 — 20 T i 1 I 4
WP A AT AR LB . Raina 8 N R, 7215 YL
F18) S v {9 R R TT LA RS SR C R AR )
Wfi o DL, Z0AT TR RIS IR T AT RETE BAF A L A=

BAF2

BAF1

Yok fi i fe b R4 T AR

115 (o) TR, B8 JEE TR ] v ] 40 5 T 75 i i
B, EE N 4. 14% ~ 4. 67%; LLIN B MRAT B A 58 S
TR RN P R AT 2 = BEVE A 2. 00% ~ 3. 11%.
A /IN B T 11 S BERAR (1. 17% ~ 1. 18%) o T3 51,
B AT I i P B T N B I T R R A
(0.519% ~0.90%) o [# %05 B 2 [ B U,
PATE BAF iz 17 3 A vh b A7 25 ] 20, HHE DB ik - S 2
RIS AR T Wy R B T2 53 5h,
A SCHRHIE ™, T T AT LR R DT R TS e
Tancsics 5 NE B, LR 1] LAREf# 2K ; Jayamani
A5 N v e I R R K RLL IR T TE &R B
fip et B R TR AT UL [ RS ROMZLER
T 7E BAF /Y 5 k75 e Wy e i s R vh R 4% 17
YEH.

&5 (d) AT AL, TR T o Planktosalinus - Ji
T, R 1L 72% ~ 11, 44%; W LT o B I FF 7
Cryomorpha . Wi V% T8 Fl Balneola = £ A1 24 | J& AR 7
1.02% ~ 2. 88%. 350N =55 N WP FE Ak BB I 5 0
WY SBR 15 YR 1 A= W 2 iUt & PR, Planktosalinus -
JE R 3K 16. 84% , Ui B K T BEAE “Tolb IR /K A ok 72
R PE T HEEAER . B, X T BAF ORI 40 B 2H
B, AT RE B S L0AF T AR L I AL LB
T A1 Planktosalinus , B 15& BAF Hi 7K COD ¥ £ fiE %
PRAFRRE A

KR AOB AT AOA LRI 73T 45 2R, K BN T
R AR SCHE D RE T AOB R, 208 %) P 34 T 2 M A Ak
BT, X T BAFL A1 BAF2, F2 550514 97. 69% il
98.92%, 22 AN K s F 4 ik AT D B ALIR R,
JE 4301 2. 31% F1 1. 08%. BRSNS 40 7 118
WA AOB YA AL, & B 3 22 A AL IR TR
FEAS AL ER TR o PR, ARBFSE i 3 AOB J2 I fiFd
A B TR

X F AOA, K& B Nitrososphaera "N . # & , 7£
BAF1 #1 BAF2 f 425051 0% 63. 14% F1 68. 46%, —
F2= R AN N BT T Nitrosocosmicus , - JE 4y
R 14.23% F123.91% , BAF1 . Z % T BAF2, &
M %} F Nitrosopumilus, =F & 43 5 b 22.6% Fi
7.63%,BAF1 &3 5 F BAF2, X — 340 Al
AE 5 BAF R it A AL I L e B Be R Rl A E & o
Nitrososphaera , Nitrosocosmicus 1 Nitrosopumilus Y5 3

JE T AR T, X EDESE RS T R v SR

+ 110 -



www. cnww 1985. com

FEE LA EA/BAR IR E A S AR W L K

%395 % 17H

RIZVIBY) AOA M ZFENE , R 28R 8 T4
WA SR, B IR A AN R IR, S LG T
FHALPR AR S b AOA TS 1 AR B i SR & T 5l
Wile I, A5 AOA BZH B Nitrososphaera F11
Nitrosocosmicus NLHVH o

2.4 WEMESENHE

fdi 2L 5E it PCR J3 M 1 BAF SRR ) 5 h
YHTE AOB FIAOA [ it , 85 5 R 11 H 15 H AT 12
H 15 43 HER SR BAF1 I BAF2 £ fh 22 54580/, iX
J&= BAF DIRERRE M LAl . 3BT 25 R R A bl & i
h6.29x10° ~ 1. 33x10° $5 DL /g AL, AOB & i
(2.00~4. 21)x10° ¥ DIEyg SEREL AOA it hy (4. 14 ~
9.84)x10* #5 DL E/g 10k} . FIMIEAE N 4387 T
TLIR 7 NSWIADIRR Y AOB FI AOA Iy & 12, 45 SR %
W] AOB Fl AOA 1Y 75 52431l 2 (3. 82 ~ 6. 07) x10° Fll
3.91x10° ~ 1. 30x107 ¥4 D1 $k/g JIKJé , AOB 7 A8 A%
WFSE AR 2 AN BCR%, TTT AOA T 5 2 /N 4, i ]
fE R K A 53 v g R R K S AR B 3 v, BT LA
AOB F it IR o Mg s i R LLE , 7F
BAF R 4B A1 AOB & £ &, AOA 4 1IK,
UL HHTE BAF [ A WL A R R v, 40 912 40 R
FAOB 4% F J11EH .

3 %

O  RAEMILEA/BAF A T LR E sl
i 2 B v A R R R K W 2 A WL, T
SR A R A R WA R AR, - — 2 Ak A A
Mo BAF H 7KK BT Al 20 2 T il TP 20K .

@ BAF BB LA R R0 L0 1 8
B8R 5 B ZLIR B AN Planktosalinus , B 112 BAF
K COD MR B FF2E R LAl . BAF SERL 1 AOB
P4 2t o A 3 TR S AL B TR . AOA Y P 345 14T S
Nitrososphaera 1 Nitrosocosmicus , 5 J& T &7 #1] o
BAF R P 4 T8 AT AOB % i £ & , AOA K,
Y & A AOB 764 ML) Az AR it B2 v 4% T &
JI1ER .
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