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Abstract

With the acceleration of urban industrialization, sewage discharge increases year by year. Among
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them, the treatment of nitrogenous wastewater is a problem that we need to pay attention to ur-
gently. In this study, a novel zeolite-filled polyurethane sponge biofilm carrier (MS1) was proposed
to treat ammonia wastewater in a sequencing batch biofilm reactor (MS1-SBBR), in order to obtain
better effect in wastewater treatment. The results showed that the modified biofilm carrier has a
good performance in wastewater nitrogen and phosphorus removal, and the average removal rates

of NH;-N and total phosphorus (TP) by MS1-SBBR were 4% and 8.9% higher than those of the

unmodified biofilm reactor (S1-SBBR). In terms of microbial immobilization, the new biofilm carrier
showed higher microbial adhesion, and after 10 days of operation, the microbial load on MS1 was
80.3% higher than that of the unmodified biofilm carrier (S1). At the same time, the analysis of the
microbial community found that Proteobacteria, Bacteroidetes and Actinobacteria were the main
functional bacteria, which played an important role in sewage treatment.
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1. 518

BT oA BERE RO INR, 5K AR SR N, Herh, SR BK AR B — N RATA VI 2%
TR NHG-N X MK AEEYA R[] d 2 AR SBIRR AR, S5 KAL) — Lk
M, SUEAKEAEDGE . Bk, BB PRESFAEIR, SEIE KSR, HEEMKEIT[2] [3].
R AMEFER . B, 9 T RERETEINATE . AIEERA B RUL K, B AR A AR R
BAT T Z MW RS H AT AR AER, R B4R I8 N ki KB T 2 s BN
Iz R AE A [4]

H RORMIT AR AT IR S R ok oo 5 B A 0 MR R T B BH B8 7 ARtk BE (A1 LA K AL 46 07 Tl gk
ATWETE, DSBS AEMI AL BERE /). 25 205 N[S]HE PU FHERAN T 440K SiO, ik 1 AE BB ART S =4
MRAITE . AL BPECL R AR E TE . (HRGURM B & B, RSP HA — 2 ARk Bt AW —
T R AR R A M R AFORHE V5 K AR B b B SRR o O 1 A X AN 1), i 55 N [6] AR = B SRURL
BEAR, BFEANUAS AR HL 5 315 (0 LS A BA 6 S8 O I AE MR AOR AR BRI K, 45 SRR W5 7K 1K)
COD A1 NH; -N [ B4 i 7 8% LA o M1 H HAt 273 [714E 56 b A L A RE T DA B T 5 7K TR
IR pH, 38 RS K BB , 7 AR AN R A ) R8O o T A 2 — A B 205 ROT I SLIR R 5 S 0
FVHE T RT 7 7ilid [8]. B RA Z LA, FTLLEVFZ AFRIHE T, i Na' K' Caj %%,
CAVR G 5K P & TR AR BN, 1T AU e M ais 4. JFH, WaBRaRRKE
AR Bl R e tE R TR, B LS S B A B i i 77, X5 ARS8 2 SLRPRHRALL, AT DU K
i S Ak B A AP B AT S AR 9]

AW T LR A4 B, 3R T — Mo e R AR A R B A M R A, PR s T
Fratt sQAE VI S 7 2 P AR BR A RUR K, DUERAS B4 HOTS /K A B R . S5 RR Y, Wb A SRS IR e 4
AR TRV, s 2 A 2R R BRBE T T, SO AR YRR th R I L B
S
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2. BRI A
2.1 #RFnH

SEHG E HURL ) SBBR K H WL CathayRIPE 35 T2 AR A E, FERAVLIBIEH R, TIERFN3
L, HEA~ 16cm, =N 25 em (B 1), B MNEVEARTIERN 3 x 3 x 3em. WAk EEg B+ E B
B hr TR A PR AR (R 98 FAR I AR BRI TR (L0 > 98%) X kI N . Fi &bl . & fbde. Wi —
U BRI A FRAT AN (A > 98%) h Hp ] I 245 4 AL 5 A BR A FIIE L. VR 2 HARRIR K1)
WA HTEE . BT KIS R 5256 = KL R 40(18.2 MQ em ™, Smart-S15UVF) FFE4E K il % .
[F] ) >R FH 49 4 LB (Sigma 300, Zeiss, & E) SR TITES, KHOEF B HlE (XSP-BM-3CB, BM) [10] W42
VIR AE K

2.2. BV BRSO

AW U B AR T R AT 2ot BARSRIG D IR T

FREL 15 g N7, AN 1 mol/L HCI %53 100 mL, 29 24 h 5 {8 2 89530, B F 2588 1ok L
MWERE R, JBCE T 105 CHUF TR SRR AREUE B TS M3 AN NaCl bt F 150 rpm
N EIR R 24 h J5 3 A BRI, B g E b, [FIRETE 105°C, MEAE T 3 h, TSN
1, BEARAE, . NaCl ¥ EIKIE N 1.0 mol/L, [EE N 15:100, Sethitaly 24 he 7€ 40 mL
Atk KRR A SN e = R (HDTMA) R 2L OB, K 0.4 g A AP RN 0.5 g 1)
HDTMA H. B/57E 25°C1HiR, 150 rpm ¥ FRE% 24 ho 24 h J5, BIFAE 8000 rpm F &.0x 15 min,
FH 20 mL 2585 FKEUR il BRI =k, pH 2124 8. BiJ5, HDTMA St [ A7E 85°CHtAE
HTJE 24 h, TERCAEALECHERE A [11] [12] [13]. ANBSA HLE e B A T LS B B 1 FLBR S5 M, Sl A A
B IS A e, 3B NH, -N R K AR FE

WA S ARSI T TR S 1 R R R 4R R N R O W (PEN KA (1 mg/mL)H 10
min, X TKMUEILK, R AES 7 NRE(IPA) (50%)/H,0 ¥4 4 B (0.5 mg/mL) = A 10 min,
A Y BORGEE FACER 12 h, SRS 258 oK e A sk [14].
2.3. AREK

AR CA BT, S50 % gt S S 2B A0M 5 /K R e Bl U EE O 1101 [15]. SE58 %A R K 7K [16] COD
(LB A B TT) = 600 mg/Ls  NH-N I (BLRAL ) = 100 mg/L: TP RS (LARRAR — 2 #11iT) = 15 mg/L.
WP S ME TR FIKER 1 ml/L [17]. ETRFERARNE 1 [18]. H NaOH HI HCIl % 7ik
/K pH {E % 8.0,

Table 1. Laboratory simulated synthetic wastewater composition
1 LWERMUEKIEKERR

ZH C (mg/L) ZH C (mg/L)
coD 600 H3BO, 0.05
NH:-N 100 ZnCl, 0.05
TP 15 CuCl, 0.03
AICI, 0.05 MnSO,-H,0 0.05
CoCl,-6H,0 0.05 (NH)sM070,,4-4H,0 0.05
NiCl, 0.05
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24. FFitNEVIR R B2k R G R HRMEREF

3 AN SIS S ML) SBBR KN ESHEAT 31 K, AWRHAET RN 13.5%. G5 A g
FATLIX b A B A ml35 K AR B 3 . V5 Uil by 30%, W 3750 mg/L, {5 iefE%h 80.
KB ARy S 7 R BRI 45 AL W3 A ) SBBR fRi K MS1-SBBR, K G 4h R & ki 45 2L V% 4 SBBR
fEiFK S1-SBBR, LATE i5 e 7S X 1) SBBR f& X A2-SBBR.

[ B SR FH A P B BUR AN L HEAT T 2 Ik . AR K i A7AE 25 L fl/KaE, IR /K id ik 2h 32
FINR R, HEZKE R 12, AT SBBR 5 E NEA - LB B, 40508 6 h IRAMTEL. 14 h iF AT B
2 h TER B 1 h KB B 1 h HUKBYEE, 24 h h—JEI[19]. AR % i S (DO)4ERETE 5 mg/L
KA, BEKTEN 16.67 mLimin. —NERLSITE RS, UK, TFE NN E IR

’ cooling

air

pH

S1-SBBR MS1-SBBR A2-SBBR

cooling
water inter S8

cooling
water inter

outlet

Pump il

Figure 1. Experimental device diagram
1 XHRERE

25. DHFEE

AHIF TR BB K L2 5 S R (COD), & &(NH-N), FAZ(NO;-N), FMEE(NO,-N), &
FU(TN) LU i (TP) S badb A7 e, 249 i 1) S #E J792:(TN: GB 11894-89, TP: GB 11893-89, NH; -N :
HJ 535-2009 &) ATkl . BART7 a9 2 fros.

WRAE OB WAL [20] 34T T AR P e AR50 . — AN AL R, A IRV 2% 18— AN A O A T
PEAPRE, AR EE 8. AT

IRM = m, /m, x100% 1)

Ax=m, —m, 2

Hort IRM ORI E AL L (%), Ax DA 5 AL R R 1B 22 4B (g), mo AT my 7335
DA T R A i R R B AR K

Table 2. Test methods of each parameter

+ 2. BRI A

BAR I RWaRsS
CcoD SRV
NH;-N PR e IE
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Continued
NO;-N IO EE
NO,-N Vawliv i A~
™ Lo ;mﬁﬁ%ﬁiﬁﬁﬁ%ﬁl‘ﬁ%ﬁ‘ﬁ
273
TP B O REE
Turbidity AL
pH pH it
Temperature AT
DO VAR S8 E A

2.6. WEMETES

BATHEPIA LD IR S B2 AN [ BE (B8 15 RANES 31 R)UEE A WIS AR, FFid it v i 0 7 6475
VR BT M7 S REEFE LT APIR: 1) PRERES ) DNA 11 2) RA MU M 3) PCR =411
EEAMIG; 4) MiSeq Hdl i %; 5) MiSeq WllJ¥. i 514%F 338F(5'-actcctacgggaggceageag-3') il
806R(5-GGACTACHVGGGTWTCTAAT-3)H HE4H B 16S FZHEARAZHEAZ IR (rRNA) R 1 = 42 X (V3-V4) .
WF5ERE, FRAMEH UPARSE 3, *F OTU #EAT R AP Ko tr. BEVEF 5 B850 ACE.
Chao. Shannon. Simpson %5, ¥JHi motherur #1145 [21]. DA ESEES, FRATILEH E L5 VAR
AF T T AT
3. BRS®
3.1. WEYIEE S

N T BB IR G A AP B RS BAT O, BRATAERT -+ REEAT TR EEE NN, A FRIEAT
I 6] FAE S1 AT MSL AW EAE EEE AR WA 2 fim. MSL APIEALE BT A RAE I (8] A (1 G0 Bt

300 T T T T T T T T T T
—4 14
- Microbial immobilization ratio of S1
250 - Microbial immobilization ratio of MS1
—»— Quality difference of S1 1.2
—&— Quality difference of MS1
200 1.0
~
g 0.8
: 150
& 1 2
=~ 0.6
100 1
0.4
50 |
0.2
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Time (d)

Figure 2. The immobilization and quality difference of S1 and MS1
2. S1FIMS1 I EMEESREE
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HRBET S1AYE M. 55 KEEE MSL ERAEYEST 10 KEETE S1 LA E. ok, MS1
£ 2 REFHY IRM Ak 2] 148.41%, 1 S1 T5% 6 KA REIABIMIE. 217 10 K5, KREMMEDME
7E MSL AWk I, b S AWnaiik e 80.3%, fl A4 & 22 IR BAIE W 10X o X BRI A 1)
HAFHE, WL 3 s (SEM) T LUK, WhA SfE AR VIR AR 3R, BiA R ASKRE, XA
FIT ARG, i AR M Y B [22] -

v e %
B T A EET I [T S .bl"d-\illl=.| L‘al‘lxl

1.0kV 8.0mm x250 LM(UL) 200um ~ 50.00e &

Figure 3. SEM images of S1 (a) and MS1 (b)
3.51 (a) 1 MS1 (b) B9 SEM El&

3.2. ZMFHtNE MR R R 2F A9 X BRI RE

3.2.1. COD Hy£k

HEAFEEHATE], X & RBLAS R G AT COD Wailll, AN [FIE [a] B COD HiZKHFE ] 4 Fiiz » S1-SBBR.
MS1-SBBR #l1 A2-SBBR 7k COD “F-¥J#k &y 166.99 mg/L, 132.51 mg/L 1 179.84 mg/L; “F¥)EEHE
43994 78.58%, 83.01%F1 76.94% ., MS1-SBBR % COD V¥ Z: %tk S1-SBBR 5 A2-SBBR 5 4.43%l1

700 T T T T T T T 100%
A cox® L REX a oD%
X0 -
600 | by E X §¥DR ;XXEOO o 1 o
X WR K 20 BLbC 1 80%
X » d
500 H x; = > 3 > > 70%
—_ 'Hl &°©  EEMS1-SBBR effluent >Xo© By =
<, 400+ I MS1-SBBR effluent > i€ 160% &
g I A2-SBBR effluent  © lee, ©
=y I o S1-SBBR removal -150% S
300 H X MS1-SBBR removal 1
8 | > A2-SBBR removal 140% &
200 - H 30%
| - 20%
100 H ]
L + 10%
0 0%
0 4 8 12 16 20 24 28 32
Time (d)
Figure 4. Removal performances of COD in S1-SBBR, MS1-SBBR and
A2-SBBR

[& 4. S1-SBBR. MS1-SBBR %1 A2-SBBR %} COD BB EE
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6.1%, X} COD )RR RIFHIT % . MS1-SBBR 1k COD ¥ ¥ A 132.51 mg/L, ifii S1-SBBR 1k
1N 166.99 mg/L, #HZ% T 34.48 mg/L. AiFLK, S1-SBBR 5 MS1-SBBR H /A4 thigiA K, COD k&
SRITRE, 5~19 K, MEMZEAK, EVEE TN, BRGEfE, HE 20 Rz EHimREEK,
COD ¥R FEZWT TR MEIH AT MR 2 HE H, MS1-SBBR AEW AR AE A IZ 1T IS AR PRI H
RAFH S, DIEPR s R S o ha dEN TORALER I FLIE 30 1 R AL L R R R
NI 3 i AR VDR A ALK 2B, {673 COD BRI sE k.

3.2.2. N ByEB

ANFIIZAT IS 6] R % S B2 2 NH  -N £ BRI BE4n ] 5 T . S1-SBBR.MS1-SBB Al A2-SBBR 7K NH, -N
[T 34094 &£ v 18.55 mg/L, 14.56 mg/L 1 15.76 mg/L, T35 F# A % N 81.44%, 85.44%F1 84.23%.MS1-SBBR
9 NH;-N K FEf# L S1-SBBR 5 1 4%, {HAF —$HEHI2& MS1-SBBR Hi/K NH;-NIKEIA® | GB
18918-2002 1B #rifi. MS1-SBBR H' NH,-N H7K ALK N 8.477 mg/L, 1 S1-SBBR {4 11.76 mg/L,
A2 T 3.283mg/L. 5 1 KA 19 K, S1-SBBR Al MS1-SBBR H' NH; -N ¥ & 437l 1 36.89 mg/L, 31.92
mg/L T F%Z 18.456 mg/L 1 10.934 mg/L. NH;-N F#E7ERTEAHAFRE, 1T AEA L i AL B (1 A K
AR, BEENAIMER, A EEET SIS, AR E. S1-SBBR, MS1-SBBR 45 A2-SBBR
HK TN [P A 26.37 mg/L, 22.71 mg/L F1 24.30 mg/L, “F-YI[&f# %N 73.62%, 77.28%F1 75.69%.
MS1-SBBR 7K TN [ f# 3R b S1-SBBR 1 1 3.66%. ANEITH B /KRB K, tigkasE, W
A —H ERANIZITIEFEF, MS1-SBBR MAHAZ —H L S1-SBBR fik, S1-SBBR f77E 5 i I IH A &L
AR A, B MS1-SBBR HIFRL WYL S i 1k (SND)AE 1 4F . RSB A AL S A Ak T2 AT LUK faifb A=
VILA IR, BT 7 B R R AR S S 28 (A IE SR Y, 38 AR ROBL AR TS AN, FE RS N
TR PRAEBMITE R SND o [FIIF H T-280H)9 BOR BRI, 7RG AR AN A I A T B DO R BE A6 2
18 B AR AR A A RSB R s, DL R B O s FEAE R AR N, SR 2
BH DL AR KB RE, TER T BAIX, OB TR 5 OE 34, TR A )20 il A S Al A A 4 Pt i
F2.S1-SBBR H' TN 2 B AR 1 Ji PR 1 7T BE A2 R A CIN A, 1B A FEL 752 1) NO5-N A A2 1% BRI,
TR A IMRREAT, AR EBCR . Wb IR GE T IXANRE, AR 5 1B 7 A0 ke M 2%
K CIN, (RN B 7 APRHK R AR, (2 T EII RGN, 1R T AR . 18
RERRE, WA R T2 RIKRE, SRS PR A S R [22]

56

T T T T T
e >
_ o S1-SBBR =] b o S1-SBBR
= ° ] P L o S
R e (a) x)‘; N ikAZSé:::R 50-84 (b) . . X MS1-SBBR
= = 4 o
z 81" 9 e X R B o " o] o056 5 S o o A2-SBER |
BOx 2y XxRoXxg pPpppl ) > Boo Q8 x o %0 . »p
v ga?xx i ﬂgogggx 08 b p OUX X o b P> “bpp>
" x B X e . > oxX>§§5>D>>°k>>” 030515%52
Do O R x x B g~
0 1 1 1 1 1 1 1 000 OXX| 1 bI R>l(>< 1
=
% a0f ©° o S1-SBBR = o s1-SBBR x
£ &k X MS1-SBBR Eo 151 X MS1-SBBR JEXD>
z 301X > AD- E > A2 X ox
% o e 02 A2-SBBR = 0l A2-SBBR X s )°<><‘>l> > 5]
zZ 20t o o By EEPSS 1 g B xXpg0>  ° > 4
> g = > Dy DB ° BROo, xX
X DQ?(XX)‘ 28 Xxxgg8§§g§‘§358_ sl >g65§ ég > > SR
10—D X b [ XK RX)O( X
0 1 1 1 1 1 1 1 0 8 o| 1 1 1 1 1 1
0 4 8 12 16 20 24 28 32 0 4 8 12 16 20 24 28 32
Time (d) Time (d)

Figure 5. Removal performances of nitrogen in S1-SBBR, MS1-SBBR and A2-SBBR (a: TN and NH;-N; b: NO;-N
and NO,-N)
[ 5. S1-SBBR, MS1-SBBR and A2-SBBR MR HI AR 4AE(a: BEMER; b: MSEMIMHESH)
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3.2.3. BHER

N T RIS SRR BB 7 T A A R, FRATDIUE I T — T AN [ B[R] BB FE A . AN [RIE
6] NAN[F] e 2 TP LRk REAnA] 6(a)fTn. S1-SBBR. MS1-SBBR Fil A2-SBBR 17K TP I P393 iy
5.77 mg/L, 4.24 mg/L F1 4.77 mg/L, “V-¥IFFRZN 62.81%, 71.71%F/1 68.18%. MS1-SBBR (] TP “F#4H
K B2 L S1-SBBR 1 1 8.9%.MS1-SBBR ' TP Hi 7K IG5 > 0.339 mg/L, 7] LLik %] GB 18918-2002
1A brdfE, 1f7 S1-SBBR H /K TP iRl 1.554 mg/L, AHZ T 1.215mg/L. fRHIE, MS1-SBBR 44
B AR R il RS B Ao TP 1R 22 B R A2 TR Wl 2 W (PAOS) FI SR A A= W 55 4 IR S0 o ZE VAR SR KT 2 mgl/L
I, SREEE AN B KRR, BRI R A IR ATP, — 850 T SC B SR W v (1 19 5
—HB 5 TR K B IR L R BIR SR TS K TR RS B AR A i rh DLSR B IR SR R U AR AR AN A
XA b AR SR P 7 e T PR AR BRSO 1) &, R HE R B TR R SRR . AR R ERE K,
BRI 2, MRSt 7RISR, 255K, MS1-SBBR 7E Mt Z SRS 77 12 I H AU 35

RS (AR A R AR DA A2 V5 7K R S AR I, ASHI FENRASE ) 1 25 S B 2% R ik FE AR A, dn ¥
6(b)F7~. S1-SBBR. MS1-SBBR Fl1 A2-SBBR [1J-F-¥3h B 4 220.25 NTU. 120.18 NTU #i1 238.622 NTU.
MS1-SBBR )it B B I, AR RS 3 [ e R B b, b T B4, RN, BiEyiEid
PRI — 50 7 22 B AR MR . TR A AR R v 2 A B AN SR B WI(EPS),  HE— 30 SUEERI B IR 15 ),
{8 MS1-SBBR 3 B FEA, AR s W 4 BE A e

ul @ 0r b) I 51-SBBR
I 51-SBBR 400 [ MS1-SBBR
- [ ms1-SBBR B A2-SBER
I ~2-5BBR 350}
10 = 300
3 = 250+
28 z
- o -
= .l : 200
2 150}
4 -
10+
2rF 50+
0 0
0 4 8 12 16 20 24 28 32 0 4 8 12 16 20 24 28 32

Time (d) Time (d)

Figure 6. Removal performances of TP in S1-SBBR, MS1-SBBR and A2-SBBR (a); Removal performances of turbidity in
S1-SBBR, MS1-SBBR and A2-SBBR (b)
6. S1-SBBR, MS1-SBBR and A2-SBBR ¥ TP BJ&PR 14 HE(a); S1-SBBR, MS1-SBBR and A2-SBBR Xf;H & AR 4 AE(b)

3.3. WEMEESW

AP AR A R G A AR AE I SN B AT M e b o E RN, N[ (R AR R RO} 2 5 T A P i) 2
FEAR[23] AR FE MNP ASEIIN (R BE (15 KA 31 R)MIAEDD IR s B 2% Rk B AE D IRFE A, 5 X 70
S1(d15A, d31A)F1 MS1(d15B, d31B), K] 16SrRNA /il & 7 H AR BT b . 03 3 s, FRATILER
3 4 ANBEAR, 435 54886, 58467, 55222, 58958 N A FA, RUTHE #ARHIT 97%. LEREW, A
FEAR R EAFAEAG KRB (40 B 16SIRNA 751, BT g 1) 5 41 e ] DA et A= M aeve i 2 it . BT
RO E, IRATWELS] [ 310, 468, 519, 537 4 OTUs, JfX} Alpha £ #£1%(Shannon, Chaol, Simpson &
BORAT T Gt o b, DAVEAh AN A VA 0 N AR 2 4 . Shannon 482508 ¥ B F SR PR b 1 — Mk
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M REE, EREY, MS1 KAEMZHYEST S1. ACE A1 Chaol T 4l FH RIEAL A=Y 1 2 5
% 15 K, MSL AVIREAEE S ACE Fa40f1 Chaol 18405372 454 F1 451, FHRiHE, 7E S1 1437 425
446, IXEREE FEAOR SRS IN T R A BRI AR A S A AR RV 2 R R AR T =
FFERANEE . ERGIBITHE MR 31 K), S1F1 MS1 ) Simpson $& %1435 0.060 1 0.159. iX
HEURE MS1 KR ZREMEREE S . Shannon. Chaol A1 Simpson 1848 Eor, AWIEEE LAY 2 REdE
MEE 15 RIGINEEE 31 K, XE5RPMHEARGATE K.

Table 3. Biodiversity evaluation of S1 and MS1 at different time points (A: S1; B: MS1)
3. TREIREEREY S1 F1 MS1 VM E S HMITF N (R A R S1, B K%k MS1)

Sample  Sequence number OTU number  Shannon index ACE Sample  Sequence number OTU number

d15A 54,886 310 2.913 425.236  446.682 0.998 0.097
di5B 58,467 468 3.269 454,200 451.553 0.998 0.081
d31A 55,222 519 2.470 439.472  457.921 0.998 0.060
d31B 58,958 537 3.326 458.806 462.684 0.998 0.159

3.3.1 K ESHMSH

BALET KX S1 R MSY AT IRETS 730 o 2 N IR ISEER 43 A S1 AT MSL (¥ 4 ANV IR
p Y E 5 ANTIAT 25 NE (K 7). Hih, AT ] (Proteobacteria), ML [ J(Bacteroidetes), £k R
I"](Actinobacteria) & 2 5 R N % REUSAT I EEAE, XAEVFZ B P HA KIN[24] [25]0 1% =Fh & b 41
5 RN G BT SRR ARG EE o AT AR A 2 R AL LS e . DR,
EATCH G RN ZAAAE T KA B . AT BT B35 0 e == IR MR R, e 13R T E 2Lt IR 2 0
WL, RZ 5 WA TEAE IR R T [26] . BRIbZ A1, AR L R LA JERE B 1] (Firmicutes) 14775 .
S1 HARTETET T 73 A A 156 RITARE5 31 K, 2 T FEHEH(d15A: 42.27%, d31A: 11.14%). TIHUHT
BT 1(d15A: 2.77%, d31A: 49.36%)F1J £k 14 | 1(d15A: 27.51%, d31A: 29.50%) I & FAH f a3 . MS1 g
JEH 11(d15B: 36.51%, d31B: 30.75%) A1t £k 14 11(d15B: 25.57%, d31B: 26.70%) M 56 15 K #5531 K2 F
Bekadh, LA B 1(d15B: 3.99%, d31B: 28.10%)F1E AL [ ]1(d15B: 11.73%, d31B: 14.09%) M 2 4H & ¥4
Fia. AT 1A MSL )20 A B I 2 25 7 T S1(d15A: 42.27%, d15B: 36.51%; d31A: 11.14%, d31B:
30.75%), %5 15 KF1 30 Ko HIkHZE 5.76%M1 19.61%, B 14042 5 S8 MS1 IR ERCR R iF. 1k
Ah, BEEYHTE ] (Patescibacteria) (d15A: 16.01%, d15B: 19.44%) () H B A 2 o 8 22 Ge 1075 K AL B4R AL T
RIS 3o B3 A — X BR AR WU K AL T2 b i RO A o SOURT 1 1 TR e e o o A
REJT, NIGAKBEAR—ANEES 5%, ERASEPRKEREIEN . R 8RB EEH 0§
1, ETEMAEY RS R S EEER, B R BT KA B R T AT SRS

33.2. BKESHMEDH

BAWEJE KT EXAE IR — 5 b 4 NMEYIIERE S L5 e i 25 FiE . 4l 8 FoR. AEYHE
FE P T B R O A R A 45 1A JE (Propioniciclava) (d15A: 20.40%, d15B: 20.14%; d31A: 9.45%, d31B:
0.57%), F% /K JE(Raoultella) (d15A: 28.48%, d15B: 17.43%; d31A: 0.79%, d31B: 0.87%), A7 HBEEEE
J& (unclassified Saccharimonadales) (d15A: 15.39%, d15B: 17.47%; d31A: 7.24%), FL¥KE )& (Lactococcus)
(d15A: 6.679%, d15B: 6.31%; d31A: 0.59%, d31B: 13.05%), & JE& %4 # & (Raineyella) (d15A: 6.679%, d15B:
6.31%; d31A: 0.59%, d31B: 13.05%), Hr#HfE & (Novosphingobium) (d15A: 8.00%, d15B: 12.91%; d31B:
0.54%), K ZkTH & (Actinomyces) (d15A: 0.60%, d15B: 0.15%; d31A: 8.45%, d31B: 9.19%), ‘B TFELE KK i &
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Figure 7. Relative abundance at the phylum level

7. WEEEIIK TSRS

Rt A b B B E A . H SR TR 8 P DA e A BN A B AR, R BA R g S N, 1R Bl
teEEF1[27]. HEIER BT LAZ 5 LB COD %, FLERE BT AE =M FLER B B i Ak 71, Jaftb
HEP, WE PR R 28] EA RS, MSLIMAEYHEBERMBSRHEEL . £ 31 Kif, MS1
A=W LA W 5 PR SUBRT R (Bifidobacterium) (d31A: 0.82%, d31B: 3.36%), # i i J&(Flavobacterium)
(d31A: 0.00%, d31B: 4.24%) 175 BT 1% J& (Propionibacterium) (d31A: 0.29%, d31B: 2.40%)%%, iX £ S1 43 #i
HAHE . XEFEREAEY SRR EZEH . TEMEYTE MSL HR K& /i fif MS1-SBBR H1iH
K TN REERUK, X5 A3 2145 R —8.
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Figure 8. Main functional microorganisms at genus level
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T T R A P P %o AN A AR A 5 P ) LU AG AT AR S5 R LE AN [RRE A o (9 23 A BB AT T 402K 45 R
9 Fin, ANFEHE AT, TRZH (Actinobacteria) (d15A: 25%, d15B: 23%; d31A: 27%, d31B: 24%),
FUUFT 1% (Bacteroidetes) (d15A: 3.3%, d15B: 4.7%; d31A: 59%, d31B: 33%), 1l 45 % (Gamma Proteobac-
teria) (d15A: 36%, d15B: 27%; d31A: 2.9%, d31B: 34%), #T i (Bacilli) (d15A: 25%, d15B: 24%; d31A: 2.3%,
d31B: 49%), o-“FTEAT B (Alpha Proteobacterales) (d15A: 32%, d15B: 37%; d31A: 23%, d31B: 7.4%). ixit
B E M O AE AR E AR, MSL o AT 3G 2 MUY G ok, T e AR A IR fifl
AR TT T HAT EERE . NSRRI B AT LAEAT I BRI BR T, e OGS A FH FR AT LI R AR FR D 30
B MUK, WERE T MAHEEEERN, J5KEEAHERIH[29] [30]. bhas R R BHEATG 45 R
—F, SREW], MSLBEMAEYEZ, AR T S AT .

s =
z 2
o 90- ) Q.
S T m =
S a2
[ <.
® 2
=
]
7

Figure 9. Relationship between samples and species in S1 and MS1
[ 9. S1 #1 MS1 #aa 5HFRI X &
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3.4. NEEMERERISKATERE X RERTEE

PERE LR, AN FADII SBR AE K M AERAT T2 05F 90 A T ook i
{9 MBBR SUBHS SUAAE B UR A LR 7 A T3S, JRATE B T ISR, 7RI MR AE Pk
HETEL OSP4 4 TR

Table 4. Application of different biofilm fillers in wastewater treatment

4. FRIEMRBERESKAIEFHIN R

; S HEARFR ; N
=] K 1) | o iﬁ\"l?’é 1 = K A Y R
JEIKER T T2 it PR R LRRE
N o _ BODs = 95%,
%}i ﬁi]% 80 L (SBBR) B'Zﬁgge B o mg//t COD =98%,
T TP = 85%
N ol COD = 300 mg/L, -
ZAEN 20 L (SBBR) mﬂiﬁ% =3 g COD_ 92%,
K32 oo NH:-N =28.5 mg/L TN = 84%
. COD = 300 mg/L COD = 92%
4 \A K| . ’ ’
;15‘] 20 L (SBBR) o4 TN =30 mg/L, TN = 819%,
RK[33] TP = 5 mg/L TP = 97%
COD =500 mg/L, COD = 92%,
42 A i
%;‘kﬁ 13 L (SBBR) mfﬁéﬁ NH:-N =50 mg/L, NH:-N = 82%,
o TP =7.4 mg/L TP = 90%
COD = 40 mglL, COD = 66.52%,
ZrEEW 3 - NH;-N = 10 mgl/L, NH;-N = 72.10%,
Bk [35] 0.35 m*/day (IVCW) e TN = 12 mg/L, TN = 56.53%,
TP = 1.6 mg/L TP = 91.55%

; s COD = 300 mg/L, COD = 87%,
j”%ﬁ%f 4.6 L (SBBR) @f‘fé% NH,-N = 30 mg/L, NHg-N = 88%,
157K [36] it TP = 25 mg/L TN = 80%

e e COD = 600 mg/L, COD = 93.11%,
ﬁg{j;j 60 L (MUCT) g zg TN =50 mg/L, TN = 39.43%,

K[37] e TP = 11.6-18.7 mg/L TP = 84.63%
COD = 600 mg/L, COD = 83.01%,
HAEIK 25 L (SBBR) *MS1 NH;-N =100 mg/L, NH;-N = 85.44%,

TP =15 mg/L

TP=7171%

MR TS B AT LR R, SR L, P ot R AR T K A B AOR B, S
[FI SRR SEORLAE LU S50 F5, 0 EEAN [R) 2R R BEORHB A AR O ROR

4, Z5ig

LEEPTIR, AR A AARAE HLESCE b A AR SR A BRI 4R AL B NH, -N 7K. $Fili 7 SBBR X COD.
NH;-N . TN. NO,-N 1 NO;-N BG4 PlE e b Al LBtk R . S5 HFR0, Ok 5 i A= P L A4 7E 1 7K it
R 7 EA AP, MS1-SBBR X NH; -N FHLE i (TP) (T 15) 2 3 LA 78 & B M 3R I A4
I 2 )87 45 (S1-SBBR) = | 4% 8.9% . 1E 5 A=) il 5 A4 77 T , i 28 A ) B el Ak 2 AL L B v RO A A e B 1
1847 10 KJF, MSL AR S E A VIR AR (S1) 5 80.3%.  [RIINX A M REv& HEAT 70, RN
AFJ¥ B (Proteobacteria) . FIMF 14 (Bacteroidetes) LA & i 28 B (Actinobacteria) . 3= ZDh g 18 g, 7R3 /Kb EE
e EEEH . AR E A £ 8 A 2 HrE, BB G EZ MR . S E 2
ARy RS 78 R R 47 BE 08 A R M B K I BRI e .
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