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Fig. 1 The biofilm carriers used in this experiment (al-elastic filler, a2-fluidized bed packing materials, b-PHBV)
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Fig. 2 The experimental set-up for aquaculture wastewater treatment
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IR d5 e, FHBA S 7K T 07 18 HE 2 6 KA,
ZAIE H B AB TR L . & B HUKE
75 L, £EPERY BOKZE R T 24053 1R, REGIE S
3G NAEShIEFR 1K

T, TR KA B rh iy N iR IR R
K, B (25—30°C) %A AT B AR AV HEE,
3dFE e — - (W FR A IR K, BR R EUK AR A N H 5-N
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T AR W 347773 B, 49606 B SR VARI-
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dNTPs 2 pL, Forward Primer (5 pumol/L) 0.8 puL, Re-
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0.4 pL, Template DNA 10 ng, ¥+ 78ddH,0%220 uL.
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PE250, I 745 2| HIPE reads 15 JG AR it overlap o R it
1T PR, [EINE R 2 5T B AT B AL E, XA
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Fig. 3 Changes of aquaculture wastewater NHy-N, NO,-N, TN
and pH during cultivation of biofilm

140 ¢
120 t
100 t
80 = NO,-N |
60 | ]
40
20
0

ez
Concentration (mg/L)

O = N WAk WL o
pH

0 12 24 36 48 60 72 84 96
fif 1) Time (h)
B 4 R IR KNH,-N. NO,-N. TN K pHZE4k

Fig. 4 Changes of Chinese turtle aquaculture effluent NH,4-N,
NO,-N, TN and pH
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‘5150 - 83FL, Ha g 434 mmEFh, &4 H 7 5 5 i)
100 | P 92.10%. HALHEEE AN EHHREFH36.56%)-
u;*_i % -7 - -1 M EFH20.92%) # H BL(Clostridiaceae 1,
fas . T 15.06%)~ AT EFH3.64%) T ¥ i B R (Xantho-
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Fig. 6 Dilution curve of samples
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Tab. 1 Richness and diversity indexes of bio-film samples
(0=0.03)

Frk FEEH MRS WRRE

B 5
S Number Abundancel Shannon Coverage
ample ID . . .
sampled index index index
a 25327 155 2.40 0.999
b 25327 216 3.24 0.999
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Fig. 7 Bacterial communities at phylum level

P RIS AR . AR TR ] afibHh e EZE B ],
fEaft i HN93.26%, bHN65.68%. BTEE T,
B-7L T B AN 2 i K AL B AN, av b i BG4 4353
969.05%F157.99% . H IR o~ T 7 44 (a=23.60%,
b=2.59%). y-ZZ L M (a=0.40%, b=2.95%)~ 5-7%
TE B 44(2=0.20%, b=2.14%). HABPHAE 10K N:
JEREE ] SR AR TSR R ] B
X AR R AE VI IERE S A %, (HAEb T
bbizt i Fao (RSB I ]2 a5 I A FREE

TERF 3 K b, 24K s L 884N 4y K B
JOHE S, B dhasr B3R, HAhE 36 B aE R
AT B1196.32%. HAR B R B P
£H50.98%), ZLi2 T Fl(Rhodospirillaceae, 23.37%)+
LR RN(16.26%) T B £H(Flavobacteriaceae,

monadaceae, 2.67%)~ J8 B # £} (Ruminococcaceae,
2.24%). MR INE #H(Desulfovibrionaceae,
1.86%). ZIHZFEFH1.56%). W2 JigfAFH(Spirochaeta-
ceae, 1.39%). F 2R [KEKE Bl (Veillonellaceae,
0.98%). ¥ JE & FHCryomorphaceae, 0.96%). AE
RREER TIBRER IR ER L EATE R va.
DI IE F L S B R, I L 40 B 40 K 22 BN I S Bl
PEIRE W 7R M, A BoRpaE N, RER 3
HREAR W BEERER BRIE R e A
B FR KRR AR EBIN N Y b R
L T RE

TEJ& 73 KF L, aff il tp LA 840 73 K Bt
BEERE, DR35S, 0 Al 51K 132.25%, K
B 1P A RE IE N O 508 (B e 43 i) AR 44 FR
BN uncultured.  norank. _unclassified K& 7R).
W 8T, 8N HA TR A (RH X 2 B2>0.5%) £ 5 L
751 1#186.87%, Wik N Comamonadaceae unclassi-
fied(50.36%)~ WiME 1% )& (23.35%) Rhodocyc-
laceae_unclassified (6.31%)~ I # )& (Flavobac-
terium, 2.16%) ZNLHE JE(1.72%) W& E b & (Hy-
drogenophaga, 1.09%). KFFIR B J& (Aquabacte-
rium, 0.96) THALIZE JE(0.92%). bFES 1261
Y RIPIUHE S, TR S6AN, I 5 AT AT
35.34%. &l 979 @ 73 ZSAKFORE il R0 5 1 A (RE DX
FJE>0.5%), 18MILHAHJEHEL 5 EF511184.74%.
b 5 A R JE 45 Comamonadaceae un-
classified(36.04%)~ Rhodocyclaceae unclassified
(12.47%). HREE(14.37%) S H)ES.05%) &
TEAT B (2.82%) WA IIER J (1.86%)  FA R Jf0 TR
JE(1.15%) AT EEE(0.81%) W& H JE(0.25%)-
BRI E(0.24%) it & 5. 1 J& (Dechloro-
monas, 0.14%), IX AN HFE & ST A1 501 78.2%

3 g

3 75 5 K R S O AR IR
Fa T 2 RE IS E K, RIS FI I PHBV A 9wl
B PR BRSO AL i B AL LT, T SEHUIRC/NEE
IKF=FEHE R K PR RS R m L bR . AR
KT 2 5 BB LA T B % 7K AT (0 i R Ak 2,
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Fig. 8 Bacterial communities of biofilm sample a at genus level
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Fig. 9 Bacterial communities of biofilm sample b at genus level
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Wik e ot £ —EREE L BRI 7 HAHET M. AL
SRR AE R, T R AT R I8 2 P AR, 2 i
FRIE— AN RGN AT, I8 I8 B IR 4 7 R
B RE (1) T+ 487, TC R B0 T pH.  RSLER R 1)
RE T LM B ok B K SR JH K K, JFER I T
PHBV &, TR R 1B RS E AR VR 450 . DRI,
X AN [ B AR AT () 77 58 R K 3 L e R 25 B AR
TR PV 2 A SRR} R T A B il A 25k
IR R A K LB v R & o AT AE Bh
Miseq iy 18 &0 F7 4 B 1 5 R} S a4 PR SEDRHAE
VIRERE it a MIPHBV A P A b 1) 28 B A V5 &5 44
DI E AR TE R TTHIB- o-v y-ZTEH
25 FOFF TR T T B AT B8 X (Flavobacteria) A1 2 BE AT
14 40 (Sphingobacteria), 1X 15 25 fk 25 41 () B ¢ A1
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ok HRAE A FOBE AT IRIE ", 2 5 Rk 7 o 4
B, W2 A4 41 B (Ammonia-oxidizing bacteria,
AOB) [ i fL 41l 1 (Nitrite-oxidizing bacteria, NOB),
DY S CE SR IR LT NE=R A2 N
PR R TARE 1. A4, arfid % e H 7
TRBE B, & 5 BAR T B AN 11 S0 A 1 B P T R A SR
KAk 3 A g DL R A T R TR A, 3 IR e R A A
B AHAS BB A SR, 7E A PIIERE i
a™ft, )R8 TR HE A AL 50 R B R R 0 R B 1) 3= B
T AR A B, FLFE R n] BE A2, 48K HE 2 Bl 2R
THACHTR B o L A e H R B, AR, ) 2
KA —Vhm, HX PRI A o BUK, P HARE
HI—ARAE10n DA I, AR K218,

R 1N E 6—1035 7] LAE H, AV)iEb B4
W, T2 FF AR, B2 2RO R
TAYIEa. b gl FEJE TRIRRI]. ERER
U1y JOAFER ] BRBER T TRNSREA 1], JLpE R 4 4
5 At 2 0 S R A SRR T e B2 22T 3T
FEAR—3. IR R AR T EE AR
%ﬁ[m, 17, 21—23, 27, 33, 37, 38]’ ﬁ%ﬁﬁﬁé@zﬂsuﬁﬁ
PHBV ¥ S i A4 B #5 A2 B- 78 1 1R 4N 1A R B, G o
MEEEREERE Y, X 5ARE A
JEERE bR A B S5 R R AR A, b AR TR T
(I EEA M 65.65%, A8 T 1 1] HL88.61% N B-2 T HH
M, NBBMEF BT BRI M63.24%. A
e U220 R e s oh 5 i AL
FERBEOFEAHMTEE. SREE. AERR
R AR BN SRS
B E . SRR RER. PR R E .
FEBE B S B R B B S . X SRR A fEb R £
BRI, GRS S 78.2%, KA R RS
W 2RI T1%E

BEAL, 1R R K L, 2R A YIRS S
RKEFINABRHANCFNE, athH67.75%, b H
64.66%, LA E B BRI B MR R £
XL 7 51 5 500 B R 22 R BT EE S, AR AR
B FE BE R, 758 1 RGO R, 4
1T} PhUnclassified#ric, W Comamonadaceae
unclassified Rhodocyclaceae unclassified, fEa+
b 78 B 4 15 50.36% . 36.04%16.31%-
12.47% . HEW 1] G A2 0 R %5 € BB 8, A o9t da
H 2, R T TR LR — TR B A ) BR  FR A
W, ATRETETS e i i R E B EH . X
S S T2 B RN KB VAL BE D R BG, A RE— 2D
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THE STUDY OF NATURAL BIOFILM FORMATION FOR NITROGEN
REMOVAL FROM AQUACULTURE WASTEWATER AND ANALYSIS
ON MICROBIAL COMMUNITY IN BIOFILM

LIN Ling-Yun, YIN Wen-Lin, PAN Xiao-Yi, YUAN Xue-Mei, YAO Jia-Yun, XU Yang,
WANG Chao and SHEN Jin-Yu

(Zhejiang Institute of Freshwater Fisheries, Huzhou 313001, China)

Abstract: This study was conducted to evaluate the applications of biological filter medias in low C/N ratio aquacul-
ture wastewater. Elastic filler and fluidized bed packing materials were used as biofilm of nitration and PHBV (poly-3-
hydroxybutyrate-co-3-hydroxyvalerate) were used as the carbon source and biofilm carrier of denitrification in this
study. The water quality and the bacterial community compositions were determined by the method of Miseq high-
throughput sequencing. The obtained results demonstrated that biofilm of the system formed after 4 weeks operation, at
the temperature of 25—30°C. Our results also showed that the two kinds of media had great effects on removing total
nitrogen (TN), ammonia nitrogen (NH;-N), nitrite (NO,-N). The removal rate of TN, NH5-N and NO,-N can reach up
90%. The sequencing results indicated that the predominant bacteria on the biofilm sample a coating onto elastic filler
and fluidized bed packing materials were Proteobacteria, Bacteroidetes and Firmicutes. While the major microorga-
nisms on the biofilm sample b attaching to the surface of PHBV granules were Proteobacteria, Firmicutes, Bacteroide-
tes, Spirochaetae and Chlorobi. The analysis revealed that both diversity index and abundance index of microbial com-
munity of biofilm sample b were far higher than the sample. Family of Comamonadaceae and Rhodocyclaceae belong-
ing to Betaproteobacteria were highly enriched in both biofilms samples. However, there was a distinctive difference in
phylotypes between the two biofilm samples at genus level, which was probably due to the diversities of biofilm carrier,
carbon source and dissolved oxygen. The genera of biofilm sample a was only two thirds of b. A total of 8 and 18 gene-
ra with a relative abundance greater than 0.5% were identified from a and b, respectively. Among them, the unknown
groups belonging to Comamonadaceae and Rhodocyclaceae accounted for 56.67% and 45.51% of the total sequence of
a and b. Organisms from the genus Magnetospirillum and Nitrospira were only detected in a, while the genus Clostri-
dium, Zoogloea, Cloacibacterium, Desulfovibro etc were identified in b, which probably contributed to denitrification
performance.

Key words: Biofilm carrier; PHBV; Aquaculture wastewater; Biofilm; Microbial community



