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[7-81.
(NH -N) (AMO)
(HAO) (NOR)
5 (NO; _N)a
191
(Myriophyllum aquaticum)
1
11
111
(29°54'N, 121°38'E)
1.1.2
(GXZ , ) 28°C, 10*Ix
12 h, 1h , 14°C
11 h, ,7d
(12~15 cm) (15~19 cm)
1.1.3 1~1.5 cm,

Tab. 1

( 1x10* mYg) (1o}
, ( 1 cmx1 cm)
(2 cmx15 cmx17 cm),
450 g,
1.1.4
. Na,HPO, 1.6 g,
KH,PO, 1.0 g, KNO5 0.72 g, 2.04 g,
4.23 g, K;S04 0.06 g, MgCl,-2H,0 0.1 g,

CaCl,-2H,0 0.025 g, EDTA-Na, 0.015 g, MnSO4
0.001 g, FeSO4:7H,0 0.001 5 g, D-Biotin 0.015 g,
1L, pH7.0~7.5

[, 5.0 g,
10.0 g, NaC1 5.0 g, 1L, pH 7.2~7.4
(11: (NH4),S0;4 0.5 g, NaCl

0.3 g, K,HPO, 1 g, FeSO47H,0 0.03 g, MgSOy-
7H,0 0.03 g, CaCl, 7.5 g, 1L, pH

[1: NaNO, 1.0 g, K,HPO,
0.75g, Na,CO; 1.0 g, NaH,PO4 0.25 g MgSOy
7H,0 0.03g, MnSO44H,0 0.01g, 1 L, pH

1. KNO; 2.0 g, MgSOy-

7H,0 0.2 g, K,HPO,4 0.5 g, 20 g,
1L, pH7.2
1.1.5
(Bacillus megaterium) (B. flexus)
[10], 1
(ODgoo  0.4~0.5) 200 mL
, 7L )
,28°C
12 h 48 h ,

®1 BEEWEMEENLRMEAFE

Physiological and biochemical characteristic of immobilized bacteria”

heterotrophic nitrification
strains

anaerobic denitrification aerobic denitrification

nitrate reduction test nitrite reduction test

test test

B.megaterium

B. flexus

Note: “+”means positive reaction

; “-” means negative reaction.
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54,
1.2
(30 cmx20 cmx25 cm)
) 4 1 , 2

F2 FEAEEAAEREELMEN S KEEDRY LA
Tab.2 Immobilized bacteria and Myriophyllum aquaticum
ratio in different treatments

/g /g Y
treatment unloaded immobilized - &
. . M. aquaticum
model ceramsites bacteria
CK
ucC 450.5
I 450.5
M 250.6
+M 450.5 250.6
: 11 L.
Note: The volume of aquaculture wastewater in each treatment is
11L.
1.3
2011 4 5~30
28°C, 12 h
12 h ,
5d 1
pH DO
CODy, NH;-N NO;-N NO;-N TN TP
4 , (ammonifiers,
AB) (nitrosobacteria, NOB)

(nitrifiers, NB) (denitrifiers, DB)

131 1] pH pH (Mettler Toledo
FE20, ) ; (WGZ-1,
) :; NH;-N NO;-N NO;-N

(Smart Chem 200, France);

TN (Unico

UV-2000, ); CODwmy

( HH-6, )
1.3.2 —MpPN 28

20
(MPN) AB NOB NB
DB 4 , (14]
, (root surface, R)
(surface area of ceramics, C) (water, W)
AB NOB NB DB 4 MPN
MPN-mL™"'
(Vortex Genius 3, 1KA)
(AB) (NOB)
(NB) (DB) B
),
3 28 ,
15 d,
30d
[11]
Griess (i s
[11]
; Griess ,
mMpN [ MPN :1
mL = X 1
[11,13]
1.4
Origin&.0 ,
SPSS18.0
(One-way ANOVA),
Duncan
t (Independent-Samples t-test),
P<0.05

(PRC)
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For Windows 4.5 R 6.7 NTU,
5 M +M 0.1 NTU( 1-B)
2.1.2 CODwn 2 s
21 CODMn B
211 pH 1-A , , I M I+M  CODy,
, pH CK UC (P<0.05), 1 CODy,
: pH ;  pH M (P<0.05)
, M M 25 I M I+M CODwn
(CK), ( 1-B) 4823 % 33.35% 6723 %
-+ CK -e-UC &1 M —kItM
851 150 B
8.0 1 135
75+ n=3; xtSD 2120 n=3; xtSD
7.0 2 105
65 2 90
] 2'(5) I 5 15
5:0 | 5 6.0
45t EI
40 = 3.0
35h 1.5
30 . . 0.0 . . .
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1 5 pH
CK UC I M I+M N 2.
Fig. 1 The variation of pH and Turbidity of aquaculture wastewater under different treatments as a function of time.
CK, UC, I, M and I+M mean different treatments, referring to tab.2 for details.
2.1.3 3 , I NO;j -N 88.74 %, M (87.65 %)
M I+M 3 15 R 1 15 d
I TN 14.78 mg-L™! , M +M
4.15 mg'L ™, 71.91 %; (P>0.05)
+M TN 87.15 %, I TN 2.2
15 ( 3-A) 2.2.1 4 , 4
NO; -N , 1 10 I M [+M3
48.09 %, M +M AB | AB
15 R 40.78 % 50.83 %, , [+M 1 M
( 3-B) 3C 3D I ( 4-A) M pH
M I+M 3 NH;-N  NOj;-N , pH 7.0~7.51"1  AB NOB
25 NB DB 47 2.1 14 2.0
, I M [+M 3 NHX -N , +M
52.83 % 57.57 % 63.70 %, I+M M 4-B 4-C s
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Fig. 2 The variation of CODy, of aquaculture wastewater
under different treatments as a function of time.
Different letters on columns denote significant difference in
concentration of CODy, among treatments at the same sam-
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Fig. 3 The variation of different nitrogen concentrations of aquaculture wastewater under different treatments as a function of time.
Different letters on columns denote significant difference in different nitrogen concentrations among treatment I, M and I+M at the
same sampling date (P<0.05).
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Fig. 4 The variation of the most probable number of four kinds of N-cycle bacteria in aquaculture wastewater under different

treatments as a function of time.
Different letters on columns denote significant difference in the most probable number of four kinds of N-cycle bacteria in wastewater

among treatments at the same sampling date (P<0.05).
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Fig. 5 The variation of the most probable number of four kinds of N-cycle bacteria on the surface of ceramsites under different

treatments as a function of time.
Different letters on columns denote significant difference in the most probable number of four kinds of N-cycle bacteria on the

surface of ceramsites among treatment UC, I and I+M at the same sampling date (P<0.05).
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Fig. 6 The most probable number of four kinds of N-cycle bacteria on surface of M. aquaticum roots
Asterisks on columns denote significant difference in the most probable number of four kinds of N-cycle bacteria on roots surface
between treatment M and I+M at the same sampling date (t-test, *P<0.05, ** P<0.01).

HEAL R ZR AL

7t
standardized canonical coeffcient

7

1.2

1.0

0.8

0.6

0.4

0.2

5 10 15
HffE)/d - days

4
B

25

02 NO,-N
/~ W-NOB
0097 TP
~__ W-DB
W-NB
— NH;N
" CODwn
057 pH
\ W-AB
-1.0 3 N
—— NO-N
~1.51
20¢ turbidity
(B
(PRC)

Fig. 7 Principal response curve (PRC) of microbial and chemical attributes evaluated at five sampling times as a function of time

under different treatments

By indicates the weight of different parameters measured in this experiment.
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Effectiveness of remediating aquaculture wastewater by
immobilized microorganisms and Myriophyllum aquaticum

WU Huawen', LU Kaihong', QIAN Wei’, ZHENG Zhongming', CHEN Huihuang', WAN Li'

1. Key Laboratory of Applied Marine Biotechnology, Ministry of Education, School of Marine Sciences, Ningbo University,
Ningbo 315211, China
2. Jiaxing Xiuzhou Fisheries Technology Extension Center, Jiaxing 314001, China

Abstract: This experiment was conducted by employing immobilized microorganisms (I) on ceramics and Myrio-
phyllum aquaticum (M) and unloaded ceramsite (UC) to purify aquaculture wastewater in the lab. Different nitro-
gen forms removed from aquaculture wastewater and the dynamic distribution of four groups of bacteria involved
in nitrogen cycling, ammonifiers (AB), nitrosobacteria (NOB), nitrifiers (NB) and denitrifiers (DB), were evalu-
ated. Our results revealed that the removal efficiency of nitrogen and chemical oxygen demand (CODy,) per-
formed by the combined treatment (I+M) was significantly higher than when used separately (P<0.05). By the end
of day 15, the nitrite and ammonium removal rate by the [+M treatment reached 50.83% and 62.38 %, respectively,
significantly higher than I (39.55% and 51.17%) or M (40.78% and 53.31%) separately (P<0.05). At the end of the
experiment, CODyy, removal by the [+M treatment was significantly higher (67.23%) than that of treatment I
(48.23%) or M (33.35%) (P<0.05); the nitrate removal rate (88.74%) was also significantly higher than I (67.85%),
but there was a significant difference between [+M and M (P<0.05). In addition, four groups of bacteria on the
roots surface increased in certain extent compared with treatment M, and during the last period four groups of
bacteria on the ceramic surfaces showed an overall downward trend, e.g. AB in treatment [+M were 1.8~2.6 mag-
nitudes lower than in treatment 1. Principal response curve analysis (PRC) showed that turbidity, NO; -N, TN con-
tribute great to total difference, during the early and middle stages of this experiment the combined treatment was
more efficient at removing nitrogen than treatment I or M, but the overall differences between I and UC decreased
greatly in the later stage with differences between I+M and I becoming small. This purifying method has some
drawbacks and therefore requires further optimization to ensure its effects are long lasting.

Key words: immobilized microorganism; Myriophyllum aquaticum; aquaculture wastewater; N-cycle bacteria;

removal rate; sewage purification
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