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Ammonia Removal Rate and Microbial Community Structures in Different

Biofilters for Treating Aquaculture Wastewater

ZHOU Hong-yu'?, HAN Mei-lin', QIU Tian-lei'”, GAO Min', SUN Xing-bin>, WANG Xu-ming'"’

(1. Beijing Agro-Biotechnology Research Center, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097, China;
2. College of Forestry Science, Northeast Forestry University, Harbin 150040, China; 3. Key Laboratory of Urban Agriculture
(North) , Ministry of Agriculture, Beijing 100097, China)

Abstract: Three MBBRs and three curtain type trickling filters ( CTFs) with different carriers were operated in lab-scale simulated
RASs. The characteristics of biofilms, ammonia removal rates and microbial communities in six reactors were compared with each
other. Compared with the biofilms of MBBRs, the biofilms of CTFs were heavier and grew faster. The weight of biofilms on CTFs with
carbon fiber carriers was the maximum (45.97 g-m~?), and the ammonia nitrogen removal efficiency (86.76% ) of this CTFs was
higher than the other filters or reactors (61.96% ~78.76% ). In addition, the concentration of the accumulated nitrite in the carbon
fiber CTFs was the lowest in all the six reactors. The microbial communities of biofilms in the six biofilters were evaluated by the high-
throughput Illumina-MiSeq sequencing technology. The results showed that the microbial ( bacteria and eukaryote) community in
biofilms of CTFs was different from that in biofilms of MBBRs. At both bacteria and micro-eukaryote level, the species richness and
biological diversity of biofilms in the trickling filters were higher than those in the MBBRs. On the contrary, the Simpson index of
bacterial community in biofilms of MBBRs was higher than that in the trickling filters. In all the six biofilters, Nitrospira and
Nakamurella were the dominated bacterial genera. Saprospiraceae was more abundant in CTFs than in MBBRs, but Comamonadaceae
was enriched in the MBBRs. At the micro-eukaryote genus level, Rhabditida norank genus was more abundant in CTFs, while
Chlorophyceae norank genus was more abundant in the MBBRs. The results provide useful information about microbial ecology that can
be used for the application of CTFs in RAS.

Key words :recirculating aquaculture system; MBBR ; trickling filter; ammonia removal rate; Illumina-MiSeq sequencing technology
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Table 1  Basic parameters of the fillers

. . s WO R R
mm /mm /m”-m /g+cm
M1 K2 15 10 600 0.96 ~0.97
M2 P1 25 4 500 0.95
M3 K1 10 7 500 0.96 ~0.97

x2 HETRHHERSHY

Table 2 Basic parameters of the filter cloth

i 5 H R A/ m? em 3 HJE/gom 2
Fl AT Yt 1300 ~ 1500 220
F2 WYt 900 ~ 1 100 225
F3 Tk g4 700 ~900 160

1.2 SEEGREE

TRAL A ) 58 U8 R 45 4 S MBBR A7 XA
Yria g, K 1(a) i MBBR 3£ &R &, MRS A L
PEB, AR 13,7 em WYBEIREIAR, SRR 3 LA 5K
RN 2 L, HORHEFE R N 30% . & 1(b) MR X

, N e
’ X

A i 2 R B AR R A BT o A BB
M, R SR A D A, SRR 3 L, K 20 em, $E 10
em, = 15 em, AP EH N AR il A 4 5k3Ef. AT
BCKFEP AN A3 08 R g rh R R G PR A 3 AR T
I FRANE K NFEIKAR (AR 6 L) 0% 3h
RERNEYER G, & BV g RS
TR P EEIKAR , PRI R GE G AL HL.
1.3 STk

AR SR 7K S N AU IR K KB TN -
C,H,0, 33.3 mg-L™', NH,Cl 68.76 mg-L™",
NH, -N 18 mg-L™' ,NaHCO, 71. 4 mg-L"' Na,HPO,
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Fig. 1 Schematic diagram of experimental device
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18.85 mg-L ™' IR GHUIEICE 1 mg L.

R4 & JC & MnSO, - H,0 33.8 mg-L™',
H,BO, 49.4 mg-L~", ZnSO, - 7H,0 43.1 mg-L™",
FeSO, - 7H,0 97.3 mg-L™", CuSO, - 5H,0 25.0
mg-L~".

TN A8 sh )5 8 ¥ 6 mL W B IS VR % 1%0 (1A
FREL) R8I s N 25 rh, Bl B AL SRR 7K 6 L, pH
JWZET7.5~8.0,%#EHN0.5 L-min~' ,DO K 8 ~8.5
mg-L™" EFIZEAT 2 d, K15 Ve B 4 72 4= 0k}
KR AT TR HE I AN TS SR PR K AT
Ytk fEIHRIZ1T 2 JH.

P S 50 S W A8 AT S8 RN AR EE S 3h
Jei , HE 7K B 4 Ry LN TR SR R K K, pH E &
7.5 ~8.0,7# K 0.5 Lomin " ( BJ 2 #5 7K 77 15¢ B4
A4 4 min) ,DO 4 8 ~8.5 mg-L™", & A I Hn
PRI 7 25°C | SE56321T 40 h, R 3 ALK,
8 h WU i #5 t7K KB Kz I NH, -N . NO, -N Al
NO; -N ¥R .

1.4 ¥k

NH," N B ARG 7 325 . 9l AR B k|
R e 3 R A R A F]L NO, -NR B2 A I
Tk A A 46 E L (GB/T 5750.5-
2006). NO; -N#RER 512 AN etk
DO it FH %5 i 00 521X (W5 Ay LDO fE #5 EA%)
pH i 5 E WTW inoLab pH7310 &= pH &4,
1.5 feiE i e S E A ik
1.5.1 DNA $&H(HI PCR §3

B B 28 OB (60 d), W& A=W I, R
PowerSoil® DNA 2B 7] & (MO BIO Laboraterie,
Inc. , Carlsbad, CA, USA) #2£H(4IE DNA. PCR ¥"
HEANEE 16S K% BHIAR RNA JE R V3 a] 248 [X 45 B
DNA %33 A A #4T Hlumina MiSeq il 7. Fr 51
Y} 515F 5'-barcode-GTGCCAGCMGCCGCGG ) - 3’
F1907R 5 '-CCGTCAATTCMTTTRAGTTT-3', H &4
FEAT 5000 8 bp BYFRZE (barcode) 751, B AR
B S AR 2 WL SCHRk [ 12 ] 292 95°C A PE 2 min,
95°C 75 30 ,55°CIE & 30 s, 72°C & 30 5,25 4
PEIR, T 72°C HEMH S min. W ARZR R 20 pl, 195 4
wL i 5 x FastPfu Buffer,2 pL A9 2.5 mmol-L™'
dNTPs, 591 (5 pmol+L ") 4% 0. 8 wL,0.4 pL AY Fast
Pfu Polymerase H1 10 ng Fitlt DNA. &M 5 YY1
3K

PCR ¥4 B Y 18s RNA FE[R ) V4 n] A8

X, 51 %} 3NDF (5'-GGCAAGTCTGGTGCCAG-3")
AR ) 51 ¥ Vd-euk-R2 ( 5'-ACGGTATCTRATC
RTCTTCG-3") "> [95°C WA M: 2 min, #3730 M
,95°CA5E 30 5,55°C iR K 30 s,72°C EAH 30 s, B
J& 72°CHEAH 5 min. RWAKRZR N 20 pL, GG EF5]
0.2 wmol-L ™", 1 x PCR Buffer,2.5 U A Pfu DNA
Polymerase 1 10 ng f#z DNA''™*"!
1.5.2 Tllumina MiSeq il ¥

M 2% BB HEE I v [ e 4™ 38 AR BR AxyPrep
DNA Gel Extraction Kit i B 45 #4746 {k ( Axygen
Union City, CA, U. S.), f H
QuantiF luor™-ST (Promega, U.S.)#t17x &=, K4l
LI Y 8 T R G SRS AR 1lumina MiSeq il
JPF 6 00 bR o O B2 E AT A (2 x 250 bp B 2 x
300bp ) 7.
1.5.3  BdEodr LEE

FH QIIME ( version 1. 17 ) 84X J5 4 SC {4k 47
A3 H UPARSE ( version 7.1 http://drive5. com/
uparse/ ) B4 3 25 A4 w58 4E 43 25 PR JC (operational
units, OTUs ) , ML FE A 97% . 43 22 Lu Xt i,
silva (SSU115) 16S # B 1A RNA 4 &, 5k
RDP Classifier (http://rdp. cme. msu. edu/) , B{5 &
fER 70% . A RIEF (WA 3.1.0) LKA
pheatmap A4, TEBCHIXT 3= BE R 20 19 J& , R AHXT
JEHL 10 0 JiS (9 X 4%, HIAE SR FIH R 1B
preomp FAFAB T BL53 3 B

2 HFR5ITE

2.1 ORHERACR AT L

FE R RE B BB RS R) P, 3 o 5 =X A 9 i 06 it
() AR IR AR SR B4 3 F MBBR, H: R4S 10 d, 35
BRI ZHAE NG 4 40 d BF M1, M2, M3 3% 3
P ORI BA R i AR RO AL, IS M2
FHLLHS, M1 R M3 PN &R 50 JE 4 A= 4, DA A= 40
THEMEFRW (F3), BARFR M1 BURH A Y
JEE R (11.9 g-L7") 5 M2(6 g-L™") F1 M3 (9.1
g L) M M1 AL B AW, 50 M1 20
HA RGOSR, FL, F2, 13 £mE A KA
PR, BRAr T BB 2T A F0RE (45,97 gom 7)) 5L
TeZ5 4 (41.24 g-m ) ATV IELR (6. 34 g-m 7 ) A
R SEIE AN} W I Y AN L R
YIRS 8K X 5 Zhang %7 WFST 45 R,
Ui B A B R P 38 2% 1 AR 1Y) JEURE 4 S ) 2 B
MBBR Hi 7 Uk 23 Bl 5 g SR K T R 4280,

Biosciences,
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TEZK B i T S BUS FR O L A U E Y A 5
Wi v , T A 0 DB SECRE AR O [, S AN
ASCRRY 5 7 O T, 2 B2 7 DA EORE AP s 6
TR TR H T AL R B b i e v, A 2R
Wy U A 25 R B T AR M R R S AR A
THERNH, -NFINO, -NAYLBRACK.

#3 ERAENBTEL

Table 3 Dry weights of biofilms on carriers

ERTE BT E

%' o , AR
g /g
M1 K2 23.3 20. 8 11.9 g-L~!
M2 P1 23.7 22.5 6 gL'
M3 K1 29.6 27.8 9.1 gL'
Fl T4t 36.15 28.978  45.97 g'm~?
F2 I 43.9 37.26  41.24 g-m 2
F3 Toll 4% 17.07 16.1 6.34 gom >

2.2 RUEBITRY BN FIEEL S N #2 1 TRCR T H

FERE S | A R 3EOR 8 R 48 2 BRI R A
JEAKFPNH, -NAYTEBL AN 2, DI LANH, -NIR 18
mg- L~ W I R GE B2 1T, NH, -N e B 1% i [
i, 255 16 h A9ALFE 6 K a4 INH, -N ¥k & 25 %
30 Z245. {H8 h i BRAF 2L A5 =0 A Wi g it A
NH," -N¥& B f A%, HNH, -N £ bR % (86. 76% ) 7 T
Hofth 2 )3 88 (61.96% ~78.76% ). 8 h IRl 4 +E
A A Y e b LA T R AU NH, N BB H R
TR, BEAE A A 0 11 B A B8 A3 B R ) 4 ) A |
UFR AT IREE  XUR A5 AR 2 ooy 1 AL B 5 1
VIR RS 2 A BT NH, N PR R
it , T 52 22 ) I S 3 23R AR

NO, -Nfg: i f5F Rz P2 17 3] fo (A fifi 2 4k i 21
TG, iR 48 S R D ag , K A AR ik N
BRI S EOET, BT LATE A B % 5 0 K B O
BENO, NS F. P35 P No, NIk 2
SeTHER , NO, -NIE(E AR 4. 18 mg-L~", i AH HL4%
T A =X A 3% 3t 25 B NO, -N T Ay Ul (]
2),16 h BIEAFE R 0.5 me- L' LLR. o TAHFS
FFINH, -N— PRI, B LRG99 A9 55 NH, -N R £
FIHENO, -NFRZR 3% 5 7 45 O IF B NH, -N
W = 5 I EENO, -NFL R A2, NO, -NZE
JHLAEE 6 A KN A PR RE— B, B AN B R i AR
NO; -NAUIEE FEAZAENO, -NHR B 35 B Fe AR A
B, UEANO, -NE AR L ANO, -N.

MBBR £ 7050 B S S5 E T, 277 SR B 37 7K
Pesh RSl R A R A R T A% b 40 B X

L2 —— Ml —o—M2 —&— M3
%" 15 (# —=—F1 ——F2 ——F3
= 10}
>
Z st -
= 0 — M Y 0 il
e

0 8 16 24 32 40 48
T, S
= 4
£ 3
zZ 2
a1
S o
z 0t

40 48

- 12
] 5
B9 &
> 6
T3
S
z 0 -

0 8 16 24 32 40 48

t’h
2 F#RAFTWHNH; -N, NO; -N, NO; -NiKREZ{L
Fig. 2 NH, -N, NO, -N,NO; -N concentration changes

in the batch experiments

FRPA K AT AL B, HEAF A i 08 b LA g A D 31
BEFEAKERVE R, F2 58 2 /K B 50 AE D8R I
FIFA A AL UEAT HURE I 0 GAE M 0] SR 2 7K A 7
fife B FEI AT EMRR. AT DB A SR S
by 5 Fe SECRIAH b ELA T g 0 R MRS | A B
AR Y £ HRGSE 2T A 5 =X o ot 2L
B AF TS A 0% X NH, -NAG 347 14 b P A R
JEHNO; -NFUBRBEML. MHATEELE T PR
BRSSO IR, AL T 2R E B 4 T a2
FTIUAS 38 B AR 7K 7 S 5 S AP 260 b I A 8 0 e
IR
2.3 OR[AIRVE a8 AR T AR PR IE S R A AT
o ZAEPES AT AT DA B X R R IR Y R
JE VAN AR W ETR B0 25 R R AE B R . R
SV A B A MU DNA e i 4R B, B 386 0 g 3
JPor T, KB ARG P9 B R 656 bp, &3
H—AbJ5 , B RE A 20 998 55751 AR/ T
97% FIFESN AR 1 A4 OTU, I 04T o ZHREME T,
JFAG RE S B 25 % (coverage ) VoI I ¥ 5 g % 7
T 99% WA FIZS. TCig el i & M A Y,
HAT AWM (95 F1 ~ F3) th R AR Fh = i
%) Chaol | ACE S RAEMF I 45 ZHPE Y Shannon
SRR, Y5 T MBBR (4’5 M1 ~ M3) | W3 4 Fisk
5, Simpson FERC o n] LR FE S Y SRR,
FUAE MR FRIIRE BBV Z AR TR RIS, S5 R+
AF XA P U AR P b S O R R,
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Table 4  Comparison of phylotype coverage and diversity estimators in the bacterial communities

E RS P3N OTU ACE Chaol HER Shannon $§%% Simpson 5%
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Table 5  Comparison of phylotype coverage and diversity estimators in the microeukaryote communities
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Fig. 3 Phylogenetic classification of bacterial communities and microeukaryote communities
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