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BEF3ERE 3D-RBC Bx& BCO TEZAMEFIEBiRE K
XNEE, % T BAk, B F, KEX, HEH, MEE

(HERH TR T 2B, EEK 400054)

OB APWIREEREKEE R, SRARUKFAE, SR S E R EN R E KR IE AT R R AL
(Heterotrophic Nitrification-Aerobic Denitrification, LA ##K HN-AD) BN JE 3 = 4 250 AL W i 2+ AR e 5 A e B2
% (3D-RBC+BCO) A& L EXHHBBHT AR . ZCHF7 T 3D-RBC+BCO & L2 BBt FHIE shid 8 K i5
YRR, BEAEE T IHME (Dissolved Oxygen, DO) RFEEF C/N Eb 2 ANICHER Z XA T 275 4t RO 1
o, [, fEBEIEENF AN DO A C/N WAt #2 HP i e BV 250 AR A EAT A bT . 25 SRR AE S
BT, R HN-AD WA EE 74, (U 12 A1 18 d i 205 58 B 3D-RBC #1 BCO J M gs eI B3, A4
HLENX COD. NH,-N Al TN f)EGZ ) HIFaEAE 94.8%. 95.7%A1 80.1%, /KL TAEG /K Hl—2% B brvE. 7E
%} 3D-RBC 2% DO A1 C/N LR AL FE A, 38 1% IR J5 CODWNH, N A1 TN 538452 B R 0 FI AR T 25.4%-15.4%
F115.5%. FEEINFERER, BINEEE 3D-RBC # A AW A 3 Y e SR /MIE R %, {2 HN-AD {355 & 1
MEHEEBERK, SBREER TR, WE I Acinetobacter, Pseudomonas T J& & 3D-RBC A LAt B S W = R
RIMIHE, $2m ON L B AR, s b R .
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JBORI A 28 1] JU >, B UE T B R SR TR AR )
WIEYAE IR, SR OREE B B0 RR SR R RIE D) 7 5K

SEFRM -1 4 iS4k (Heterotrophic Nitrification-
Aerobic Denitrification, HN-AD) J&$§—2% HN-AD ¥,
AIPESF SRS RO A AR (NOy-N) A
BE (NO-N) HAL RS, HEMUERELFEH
NO;-N Ml NO,-N Bl R LW a0 #2105
HN-AD RFIRABIIL, BN SR ILER 7 HN-AD B
A5 R 2R B . RIS R U TR ELS e B
R TSR AT, ORI AE AR EAR ON L
RIRMARAE 7Bl (B2, HElA < HN-AD BT+
FAE P E HN-AD 203 19 . 2 REA50E" 20 R AL R
FER L, it HN-AD B A2 N AR 7T 68 4108
FHJFEH, FEONEMRE R KAAEHEA R 2%, HN-AD
WAE TES R A E S F P A RRMS: EamERi5K
AEFRAR 2 R A SO R REMR U HN-AD B 7E R LA R
[ s R g SR R, TOVE TR A RAE D RE R AR A, 1
& PTAE BIBAET W, B R AE = 4RSS M AR R
( Three-Dimensional Rotating Biological Contactor ,
3D-RBC) #5281 HN-AD HME RS, JHZKR
L 25 7E SR 2 /N A O BEAD, i R B TRERK R I T R
I (R FUAL B AR, I 28 BT U IS 4 1 HN-AD B
# v R B ACR

AW FEAETTEARE AR el 2 b, #E T 3D-RBC Al
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AW fi A4k (Biological Contact Oxidation, BCO) 7
BHA T2, FIAN B A HN-AD W 1E7E FR= 544 T
e A B AR e N VR AT PR B, B ST BCO it —
S ALHE, SRR IR ARHER . A SCHFSE T 3D-RBC+BCO
HE T EAEBITRMRAT TR BT R S5 Jey 2B ik
B, HAERERE (DO WA C/N 2 AR R
X G 205 G 5 RO R 52, (R I B ey i =
JFHARXT DO F C/N BUARAL I F2 A i 2 W e 0 25 46 1 A
FEIEAT T 3N, LAA 3D-RBCHBCO 44 L2 1ESR
FE VAL 7K R 33 A (1) TR R A R 4 P v b ST LA

1 REMRSEE

1.1 REKE

3D-RBC+BCO H & T2 ME 1 Frw, EAARRMN
B FUONE WL . 32 3D-RBC ik #A BCO 5 E
AEERPI RSx4 . 3D-RBC M [MIAE 2 2%, A R A K
24.0L, A3 HNLAY B =8 b B A e B e 8y,
FIZERA 40%; BCO NN #, A RAEF N
6.0L, A LAk B ok FRU - V5 PR IR A 4EE 9 IERL, BERHE
7% N 58.6%, 3D-RBC 5 BCO [z #% i #F3) A HikBE<
4% 'E .3D-RBC il BCO Jx ¥ #% N I A &35 10%.
2 JRSEER S A B B SR Ak B RN TR AU 5K
TREFRGIA DO 5378 2~3 Ml 4~6 mg/L.

7K Inflow

YRR A A SR A
3D-RBC Reactor BCO Reactor

Lt 208305 3. =4edhiaty ARE L SRR 6B
TR B SRR AT AE TR 8. K

1.Reception basin 2.Peristaltic pump 3.3D structure platter 4.Low speed
motor  5.Tundish  6.Aeration pump 7.Iron carbon microelectrolysis-activated
carbon fiber filler 8.Outlet sump

B 1 3D-RBC+BCO 44 L iiAzA
Fig.1 Process chart of the combination process of
3D-RBC and BCO

1.2 REAKSEMHEFT

PRI K E T R T R X R A IR VR TR
W, ZFREEE T AN TGS, RAKEE RER AL
FEHEAIB A . KBTFEFR AR 1, 3R 1 AT5, ZBRE T
AEEY. mAN. SERASEN ‘=57 KK, H
JEIKI C/N EEEAK (2008 3) o itk b i B s 44
ZBRBR R, BRI E T ARG ATHEAT
ZUBITIETIAR B, £ THUAR B 5 VA SS B B4 24 90 mg/L
Fikio

I8 BT FH B 7728 HN-AD &A1 55, B EFI
(BRI S CN201810209983.8) . = % A& i fi ¥ g i
(Pseudomonas) , FSP=WF I (Alcaligenes faecalis) »
A B A ( Acinetobacter ) 1 & [ #F TAC-2
(Ochrobactrum sp. TAC-2) %5 JLFh A& ZEC I - 1% 77
AR, 5T ER, HEAW&SRAR. FEFRNE
R fRVERE o

Fz 1 FHEBREKKR

Table 1 Characteristics of piggery biogas slurry wastewater
HiH  COD/ NH,'-N N TP SS pH {8
Item (mg-L'l) /(mg-L'l) /(mg~L’1) /(mg~L’1) /(mg'L’l) pH value
Vi 980~ - - - 500~800 _

Range 2 500 470~520 480~580 18.6~21.1 6.8~7.6
Rl 1740 495 532.5 19.8 630 7.2
Average

¥E: COD, Chemical Oxygen Demand; TN, Total Nitrogen; TP, Total Phosphorus;
SS, Suspended Solid.

1.3 WREHE
1.3.1 RLEBHEAT

3D-RBC Il BCO RMN.# RGMEF), £ EIE 5K
HN-AD B 1[5 52 R s 4, AN B 28 240K FH B B 20
B shid FER AR ok i R, Hok AN 48 h,
SE WIS R /K (1) COD NH, -N. TN A1 TP ¥}t{8i, 114 COD.
NH,-N. TN FI TP [ :pr%, il LFRRAR I DL & IR
RER T AE VIR R DL, SRHIWTE B2 75 76 i
1.3.2 BATAHMALHE

B I EE R R 3h 58 i, 78 25~30 C R, f#£F 3D-RBC
1 BCO R M2%HI7K 7145 B a] (HRT) S 24 h, DU%ESE
WizAT 7 A ERIE, W S AR iR E %] BCO &
NEEN DO FaEAE 4~6mg/L TN, FFiEid
3D-RBC [ 8% 41 1A A 2% 5 SR 3 A g s e
FEA R R R SE PR BN E A (BB R 257D
IR (2B 177 ORI KK R, T
B CN N 1. 3 R 6 =ANKF, %% DO KRR C/N
EU XI5 G 1) 25 B R DA S AR DR E VR S5 A R TR 52
1.4 WM EE
L4.1 wHAIEARME

AR 1) 7K 5 AR 2 42 B RN R K W AT
20 BT BT KRS mE B0 (4 000 r/min) 550
Smin S5 EIEWME LR %S5 NHy-N SR8 IGIR
RorJ6a L COD fatbnfi H LH-16K BUbR#EA 2= 75 A
EHAR, K B ERAEN E; TN KA 1 6 R
TR AN BRI E s TP KRR L 70 e B ik
DO K& A HQ-30d {545 2 i S I e () B 34
1.4.2 ZAM5

TESHMNMFEBIE T B, DNA $HUR =y &
2% H MobioPowerSoil® DNA Isolation Kit $EEUIE R}
R EY B R A DNA. 5ERFEFIZ DNA #H3t)5,
FIFH 1%35 R B e r VARSI i R R B R 4H DNAL K3
R EEMER AR R A " #E4T llumina MiSeq 15
RN . e P X, &8 A barcode FFIRF R 5
Y5, PCR (ABI GeneAmp® 9700 %) K F TransGen
AP221-02: TransStart Fastpfu DNA Polymerase. 4= A
FHROE RIS AT, AR 3 ANEE, K F
A PCR PR EE T 2% IR e By R I, A 1)
AxyPrepDNA Bt EIWCRA & (AXYGEN A7) Y ]
I PCR 7=#), Tris HCl ¥fli; 2%3ENERE EIKA I K
PCR =¥ A QuantiFluor™ -ST H AR EE RS
(Promega ) HEATHLIE & . HRHE llumina MiSeq -
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£ (Illumina, San Diego, USA) #frifE#efE AL 2ifb 5
938 Fr B MiSeq SCFE

2 HR5R

2.1 HATEZHEHERES

3D-RBC H:E 5 S B &5 S 2 BriE L an &l 2a
Fim. HEMEEENRET 4 d, 3D-RBC W &5 4l 25 S HLER
TR S T B s, PR BT AR R R e
Pl AN T BRI S R, B, BRI
FUREN TIENE, SRl THE R A
%5 RIFUG, R AIEEE N TR ML, 555
LR EAW LT 175 12d )5, COD L%
REiFEEE 813%, NH,/ N ERFREIFEEE
86.1%, TP Hll TN Z:frFMARE 2 41.7%H 78.2%, [FIH}
AT i R E — EF B O AR, &8558
FBR 15 L AT HI T 3D-RBC 5 E 5 %) .

-=- k7K # /% Influent concentration
X N

Py 51500 9
=] on
e E1250- 75%4-
%23 £1000 i 60
72 £ 750§ N
5] (7]
£5 g 500- 308
zZ ~ 25000 Edagen 15
T a A
S ] DGAAY 7 il
g S 024681012141618°

i} A Time/d i 7] Time/d

—_—— D W
=

ol A4 |,
0246810121416182022
i 1) Time/d

NH,"-N ik ¥
NH,"-N concentration/(mg-L™")

i | B
02462810121416182022
i 7] Time/d

-o- 7K J% Enfluent concentration
£ =450
0 S|

y/f

TN K

COD removal efficienc

BCO HEME B B 2515 Je it bRt i an b 2b fir
7~, HIE 2b A1, BCO AR5 30HT 4d, HT 3D-RBC
HoKBEhEeR, S8 BCO %75 4 2 Bt sh th i
Ko B2, ME 5 KIFMG, S5 LBRIT a2 —
AW T RS, HEWET AR A2 WP 2R B B
FERL T BCO HIAEE, FRgn ik e A 35w i, fd
BANY LB R EVERe I = . 817 18d 5, &Ii5 4
Vsl fa e £, COD EBRFIEE] 91.6%, NH,-N £
MRZIAF] 97.1%, TP Al TN R HILF] 31.6%F
86.7%. A WL 5% B IE K} R A IR B EV IR T B, 45
AT RLHIWT, BCO e G 8. B, ZHE T 2K
COD. NH,"-N fF 45K HE— 2% B bpifk. #EC
BRIRIE, 7EECSLVEWAAM T, RIS YR A
I S5z N7 28 ()4 B I Bl 1) A 40 dP7, 5zt KT B 7 R
T 15~18d, XKW, BHEER AT 980V R
N2 6 JE Bl (]

P Removal efficiency

g 5 RS
2 B 3
§o) 5|3 { 5
S.yS 5
gEs g
X151 L E i)
= g
Feall |02
Sl e
E & 9 ﬁ ‘2’4 1) /) 7 &
0246 81012141618

Fif 7] Time/d
a. 3D-RBC /I3 BB BLS-T5 R i B 1

a. Removal situation of each pollutant during the start-up process of 3D-RBC biofilm culturing

Fif 7] Time/d

HHH‘} »:’igo é‘ :

TP L%
TP removal efficiency/%

02468101214161820
i 7] Time/d

0 ANAY ¢ 7 7
024681012141618202
i} i) Time/d

b. BCO H:M A BB B o35 Be i 2 BR 1 0L

b. Removal situation of each pollutant during the start-up process of BCO biofilm culturing

VE: a. b BIMNAEFAAKICN NH,-N. COD. TN. TP (L &HMR, THE.

Note: In Fig. a and Fig. b are removal Situation of NH;"-N COD. TN. TP from left to right, the same below.
B2 AETTHBEHNEET ReyEREL
Fig.2 Removal of pollutants during the start-up of the combined process

2.2 3D-RBC # DO JKEXHE T Z A B RAIF N

3 Fian A A T ZH 3D-RBC M NIRRT G R4
WS R BRI . R AT LR S|, RIG IR
BERT, 41L& T2 COD. NH,-N. TN Al TP /K V- fiE
I3 HIN 56.94 5.5, 30.0- 8.3 mg/L, Hig&HIKEULT (&
BIEETS YRR AE)  (GB 18596—2001) [RAE.
HHIZK COD T NH,-N i & (s K2 5 G2 HE
BARHE)  (GB 18918—2002) —%% B ki, RBC M
)5, DO FhE%t RBC [k COD A1 TP fIszmig/h, 1H
XF NH,-N F1 TN [ L BRm 53, NH,-N F1 TN [°F1)
BRI T7.4%H1 70.1% 5K 5] 58.5%H1 48.1%. A
HINJEHERT, 3D-RBC P DO KJE N 2~4 mg/L, {HTEHE
WIRHE S DO KT & 7~8mg/L, 45 & itKIBRE R
BRI RGN AU A IR EE, FI HN-AD B 7E B4
AR R E E AR KR 5 RBC N DO KEE IS &,
TR BESHPIRAS, ATREAETS HN-AD WAE 5 135

WA SR T 5%, LR A W E, Tk
RIEDNRE A 1 B 0, 3k 1T 5 ma e 8 s T 3G
BERTS, 44 L2 COD. NH,-N. TN #1 TP f~F5%
MmN, £ DO KA AR BCO HYJn 824k
PR . 8 BRTIA, #5HIK ON &R E KK, 3D-RBC
AT ERALBIAMNE S, (GRS B & 7 5% 30 & AU T P
W EBEXT DO [FEKR, HMES, DO R AU
FEAK TN M £BR, T H 2 S BRI AT A .
2.3 C/NEEXHAE T ZA MR AEM

4 Fizn N CN EEF 3D-RBC+BCO &4 {5
Pe) 2B A . BT CUE 1, 4K C/N R
1 F1 3 B, 3D-RBC % NH,'-N Fl TN )2 55 45 5 {55
1E 68.7%~78.7%%!| 54.6%~60.9%] [X [f], 15 B 3D-RBC
TE R R BAE CON L&A TR E B M E R EE R A
B . B2 C/N L3N E] 6 B, 3D-RBC *%f NH,'-N
TN 25 B30 T 55 48.1%F01 41.9%. A H R A,
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AIRERTENC CO/N LT, AR, WmE A, 58 XF NH,-N #1 TN 1 £Fr, R 2 inaiE e,

FEH HN-AD B 755 HAW A YR58 4 R L3 CON
g £l 6 B, HN-AD B ¥ 3% 0 38 0% i ok, S 8UB
BACR S EAL . 243K C/N EEA 1 #2538 3 FE3) 6 1
HREF, BT TN WP RBRFA/MER TR, HE
TZ%F COD. NH,'-N — B R FFm 2 L R, HiK
KL 5K HTbRE)  (GB 8978—1996)
— ki, XFHHEK C/N ELXF BCO HtMHETE
HISEma /N . g8 ERTIR, A& T 245K /N EiB i

HNIZAT AR o

R BT, TERESHAWAIET, SR HN-AD Bl
FERR RS B0, AN 12 A1 18 d w4 il 5 B 3D-RBC Al
BCO Jx v 28 (FHE M 3 3, [B I 4H A T 2% COD NH4+-N
TN 5B R 0 Bk EE 94.8%. 95.7%41 80.1%,
KT 3RS KT HE— 2% B ks . 7E5%F 3D-RBC J 3
#% DO Al O/N byt it fErf, KBS COD.
NH,"-N Fl TN 558 b5 10 2 B R 40 BB T 25.4%415.4%

AR AR, 2 C/N LA 3D-RBC .6 M 15.5%.

o
-o- J#7KInfluence -»RBCH/KRBC enfluent -+ BCO!7K BCO enfluent mm RBCZ:f{:# RBC removal efficiency — i 4: 4 % Total removal efficiency

N N N e
g g 000 g g o S
o ) .:]D.a S S 4 60 <
g 2 22500 g ¢ g wis i itfiiso 2
(g Pl ill! 7535 2500 g & i 345
% 2 222 0007 e c0EE B 5 T " i 4052
zE Kz 2 E1500 i 55 BE Sxg wpg
o s as [ R
=8 %288 00 SEEE = SE
ES - i “ 303E g 89 IH HHHHl ‘ m ” 2052
= = o o
e “z A H “Hh 15 a 15 2 S |H | H ||\ i 10 &
£ 3 .n.. i o S Eo o £ & | IMniinsAshmmihi ), -
£ 4550556065 707 & 45 50 55 60 65 70 75 80 85 4550 55 60 65 70 75 8

i ) Time/d

) IﬂTlme/d i ) Time/d

fif [ Time/d
B3 ¥EhRBEATES AL T LK RGT R
Fig.3 Effect of adding bottom exposure before and after combination process treatment

— -o-j#7KInfluence = RBC:i 7J<RBC enfluent -x-BCOH{7K BCO enfluent mmRBCZ:[3% RBC removal efficiency —1&J:[f % Total removal efficiency
w2900 1R l7ss#8 % i Lrs e 5 2soorf " 21 Alifiso &
= gooor L4 4 453; 8% 3z 2 'l . e gl | | “ 0%
2w W|||||H||\I\H|V|||||h|||u||||||m||||u|\ﬂ\ i ""IIll""lmlullllll‘| - el WH | HHWN |E
, 2
" o [ = 5 | uu....,.mu....|...mmlw|\|||\|\||U|H||u c 5 2 MR - < !'!!N!lu"wmw!'wlmlwnlI\HNIHI\INI\HI\|u||||||\|ll\|\ﬂ|||\| ) E
% 45 50 55 60 65 70 75 80 85 & 45 50 55 60 65 70 75 80 85 45 50 55 60 65 70 75 80 85 85

i 7] Time/d i} 7] Time/d

A 4

i 1) Time/d

HHHJTlme/d

T F) C/N b T4 % %7 4 T BRI E

Fig.4 Performance of nitrogen removal in combination process under different C/N ratio during the whole process

2.4 AREYEE I EWEBEEME M

XTHGIMEHE (R BUHKEE (R2) MEAE C/N L
N6 (R3) . 3 (R4) . 1 (RS AFEBITSHFHEY
JEERE b AT SRE R T, 7900 3k 56 277,44 848.61 521,
50 891 Ml 61 723 HRUTHI (WK 2) , KA BT HIE 97%
PARAIESR S, 5 /MRS 7 5 B (coverage) ¥ITE 99%
DL L, BEWRE A IS S A 0% S AR MR B R A
FIEL S L. AR %G ACE AT Chao TR LUK IR, 14
JNJEKER J5 3D-RBC H i J& s I — 2 AR I T F%,
MHEmE C/N ELidfEd, 3D-RBC H i e 1 £ & ) £ 80
NI T BESR 5 PROE TR 3

*2 (AR TZ3D-RBC EnhEMSHMER TSR
Table 2  Analysis of microbial diversity index in 3D-RBC reactor

A7k 13

26 iy
P b Sequence ACE  Chao  Shanno i1
Number of samples umber Coverage/(%)
RUCHIM®O 50007 814 806 43 99.6
(Increase aeration)
R2 (EX‘]#]E%’.%) 44 848 925 935 43 99.4
(Cancel aeration)
R3(C/N=6) 61 521 1118 1137 5.3 99.6
R4(C/N=3) 50 891 847 852 33 99.5
R5(C/N=1) 61723 960 969 4.5 99.5
AR AP SR JE KT B St A an & 5 fi
e HMEKKEE, 3D-RBC #4iH1J& T HN-AD W# 1/ LI

WJE (Thauera) PFIRIRKAEH B (Diaphorobacter)
FRIREL RS = 2 23 i) A 16 T JEC PR IR ) 1.8% A1 1.5% B 5]
0.8% F1 0.2%, ifi Atk ¥l 15 )8 ( Nitrosomonas) B
(2.1%) FIH S E BT B 8 (Novosphingobium) PY (1.2%)
2 i HN-AD #7534 0 JiCHE 5 U B8 M 3D-RBC R4 HH
KR KIEE IS RBC P DO WK H 3~4 mg/L Fhim & 7~
8 mg/L, TERGTEESHPIRA . Sun Fl Ma 1A/ 5T R,
= 1) DO {&E%@ﬁl]ﬁﬁﬁ%ﬁ‘]j{%%ﬁ, TEAHER 25 1 2R
TH—J7 230 HN-AD B AK, 57— 2™ H i
AR, T S8 TN £ R %D, X 5 A
TR —3, MIKERS, RBC RM# P LAREJE K
FE AURKRFFB R A A 5 6 T 8 0T 3 2 AT B
J& AR B S TR AL - U U A AL B I = B PR 2 . [
i, 254 3 KR 5 3D-RBC X TN (1 2 i i 2%
NF%, HE—PAESE T HN-AD B J& Fh 2R 3 B i FR AR T
J 320 3D-RBC JBLAUSCR T B 3 2 i R R4

P S5 ATAnL 2 C/N A 1, RGH ) HN-AD B
JE ATY AR B A B AR O S R, R ARG L R
(Halomonas) * (3.1%) . WA H )& (Hydrogenophaga) %
(2.9%) « BHHHEIE (Pseudomonas) P7 (2.4%) HIM
BHIEHE B (Comamonas ¥ (1.1%), Herh Pseudomonas
NFUEFME, HoAh 3 R ESBIR A RE, W
TR C/N EEP28 Y Rl LAHEN,  Pseudomonas
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B 3D-RBC B4 BCO L2 A BEF=RE VAR 2 7K 53

J@ /2RI 3D-RBC 1£ C/N LLA | ISEE IR &M TIRA
e B BRI OGS BUB s 24 C/N BB 3 1), 3D-RBC
R+ HIE HN-AD B @ 3 B35 H LR, B T —Fh
B MY EESIE 53% HN-AD W& - A sl W
(Acinetobacter) ™, H. Acinetobacter )& [FIFE B S
FERAKEREN, GEAE 4 aTLHEN, C/N=3 I EKFi5
P R R B m R E B K2 Acinetobacter # J& WAL
Pt s E R T AR, I CON A6 I, REG
H HAFAE Halomonas (0.5%) F1 Hydrogenophaga (1.1%)
2 M HN-AD W g, HAXFEHREK.  HN-AD F )& ff
KEFERZRRIERC, "THEFE 3D-RBC RS A%
IR RE, X—HEMSE 4 R R —3 24 ON g
F+#] 6 i, 3D-RBC Xf NH,-N 1 TN [ & H 8L 7 B &
I FEAK

« I [

v [

Acineobncter
Sacclharianonadales
Burkholderaceae

Fuepen
Chitiophugacene
Saprospiraceat
Thauera

Novosplhingobium
NS9 marine_group
Mohcibacter
Proteiniclusticur
Counrarntonas
Hydrogenophnga
Prolicibac heraceae
Thiopscudomnanas
Diaphorobuncter
Nitrosomonas
JMCC26207
Soebogenia
Ortowta
Churistensen//nceae_RT_yroup
WS6 Dgjhkabectenia
Halomonas
Tissienella
Canmaproteobatteria
Bacieroideres vadinlAIT
Declourobactes
Limnobactes
Aquabacterium

her

~
W

FEA Samples

=
=~

{HHIEE 1 I
0 0.2 0.4 0.6 0.8 1.0
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Treatment of pig biogas slurry wastewater by microbial inoculum
3D-RBC combined with BCO process

Liu Xiangyang, Zhang Qian™, Luo Wandong, Chen Xue, Zhang Zhengyi, Guo Qingsong, Zhao Tiantao
(School of Chemical Engineering, Chongqing University of Technology, Chongqing 400054, China)

Abstract: Discharge of aquaculture wastewater from large-scale pig farms has become one of the major pollution sources for
agricultural non-point sources in China. After the treatment of anaerobic fermentation for aquaculture wastewater, most of the
COD is removed, but the concentration of NH,"-N is still very high, leading to the production of biogas slurry with the low
ratio of C/N and high strength of ammonia nitrogen. If the concentration of NH,-N was high beyond the threshold of
conventional denitrification microorganisms, the enrichment difficulty with the seriously unbalanced C/N ratio can occur,
while, the low organic matter also affects the removal of total nitrogen. Therefore, it is highly demanding to explore a new
biological treatment technology that suitable for this kind of biogas slurry, in order to ensure the sustainable development of
industrial aquaculture in animal husbandry. In view of the water quality characteristics of oligotrophic and high ammonia
nitrogen, a novel process was proposed to combine three-dimensional rotating biological contactor (3D-RBC) and biological
contact oxidation (BCO) reactor using the oligotrophic heterotrophic nitrification-aerobic denitrification (HN-AD) mixed
bacteria with high tolerance of ammonia nitrogen as microbial inoculants for the treatment of piggery biogas slurry wastewater.
The removal efficiency of pollutants was also evaluated in the combination process under the condition of actual biogas slurry.
An emphasis was put on the effects of concentration of dissolved oxygen (DO) and C/N ratio on the removal of pollutant
during the treatment. A high-throughput sequencing technology was selected to analyze the change of microbial community
structure in optimization process of DO and C/N ratio. The results showed that: (1) In the case of actual biogas slurry, the
start-up of 3D-RBC and BCO reactors can be completed in 12d and 18d, respectively, when using the HN-AD mixed bacteria
as microbial inoculants for the biofilm formation. The removal efficiency of COD, NH,"-N, and TN in the combined process
were 94.8%, 95.7% and 80.1%, respectively, and the effluent water quality can reach the level of Class I-B according the
national standard GB 18918-2002. (2) During the optimization of DO and C/N ratios in the 3D-RBC reactor, the removal rates
of COD, NH,"-N, and TN were reduced by 25.4%, 15.4%, and 15.5%, respectively, particularly after the addition of the
bottom exposure. There was no significantly increase in the removal efficiency of COD, NH,-N, TN, and TP, whereas, the
energy consumption of aeration increased in the combination process. The combined process can be especially suitable to treat
the biogas slurry with the low C/N ratio and high concentration of nitrogen. The improved C/N ratio can lead to the decrease in
the removal rate of TN , while, increase the cost of carbon in the treatment of 3D-RBC. (3) The biodiversity in the 3D-RBC
disc biofilm decreased slightly after the addition of bottom exposure, but the variety and abundance of the dominant genus
HN-AD decreased significantly, leading to a decrease in the removal efficiency of nitrogen. When C/N=1 and C/N=3,
Pseudomonas and Acinetobacter have relatively high abundance, whereas, its abundance decreased significantly while the
nitrogen removal efficiency decreased, when C/N increased to 6. The oligotrophic Acinetobacter and Pseudomonas bacteria
can serve as the key materials for the efficient removal of nitrogen from actual biogas slurry in the 3D-RBC. It infers that the
decrease of C/N ratio can significantly enhance its abundance, and thereby improve the nitrogen removal.

Keywords: films; bacterias; high ammonia nitrogen; biological nitrogen removal process; piggery biogas slurry wastewater;
microbial community structure
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