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5 min, 50 / 200 L
1#, 2#, 3#, 4#, 54#, 6#, O# ,
2 d, 1#, 2#, 3#, 44#, 5#, 6# , O# ,
, 2 (8:00, 17:00),
2% 3%,
) y 0.5
(%)=100X ( -
)/ , (%)=100X
/ , = /
1.3 EERIt
6 1 1
1 5 d 1
100%; , ,
, 100%
1
F1 LWHSHE
Tab. 1 Parameters of the experimental groups
© (kg) (m?)
1# 50 2.00 758
2# 100 2.00 758
3# 250 2.20 834
4# 500 2.40 909
5# 1000 2.60 985
6# 1500 2.10 796
14 AHpEiEH
1 (
) =25
/g) . CgH12,06, NaNO,, K,;HPO,,
Na,HPO4, MnSO, 5 mg/L,
0.20 mg/L, pH  8.0+0.5 , DO=5 mg/L,
18.0 C+x2.0 C 2 , ,
, 2d
16 /2011

NH; -N, NO; -N

1.5 KRRIGFFN E R EIEL 7 ik

(GB12763.4-2007), ,

SPSS16.0 (Statistical Package for
Social Sciences) (ANOVA),
(LSD)
, + (Means *

SD)

2 SLWEREHH
2.1 AYiReTF AR EBRBER

40d ,

, NHj -N
NH; -N
. 1w 2#
mg/L ; 1# )
(P 0.01),
(P 0.05)

0.17 mg/L,
0.1 mg/L ,

, 3, A#, S#, 6# 0.08
NHj -N

NHj -N

Rsy > Ry
2#, 3#, A#, S5#, 6#
(P>0.05), 1#
(P>0.05), NHj; -N
, NH; -N :
30%( 2)
2.2 AWk TR AR ROR
NO3 -N (
3), 1# NO; -N 0.06 mg/L
, NO; -N 0.028
mg/L, , (P>0.05);
4# ©o# )
(P>0.05)

NH,"-N ,
> Res > Ras > Ros > Ry,
NH; -N

NO;-N
NO; -N
.
(P>0.05); 5#

3% / 4



NO; -N

14.43%, NO; -N
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28.65%, 1# NO;-N

F2 MRAMLIEIH KD NH; -N RERETH(
Tab. 2 Ammonia-nitrogen concentration changes in the influent and effluent water between experimental groups and

the control group (Means + SD)

23% 28% ,

> Ray > Ras > Ryg

t )

Rsy > Res > Rax

NHZ -N (mg/L) R(%) p
1# 0.121+0.044 0.105+0.034 13.0+9.6% 0.175 8
24 0.115+0.041% 0.087+0.026° 22.7+8.8" 0.007 8**
3t 0.104+0.032% 0.077+0.018" 23.9+9.3° 0.000 9**
44 0.105+0.033% 0.07420.022" 27.7+13.8 0.000 5**
54 0.097+0.032" 0.067+0.019° 28.8+13.2° 0.000 5**
6# 0.102+0.037% 0.073+0.02° 26.1+11.7° 0.001 4**
o# 0.170+0.057°
‘R , R =[(Ci - C¢ )/Ci]x100% , C; , Ce
,** (P<0.01),
% 3 MTERAMAELIEHFH EHKF NO; -N REKELTU( + )

Tab. 3 Nitrite-nitrogen concentration changes in the influent and effluent water between experimental groups and the

control group (Means + SD)

NO5 -N (mg/L) R(%) p
1# 0.067+0.038% 0.060+0.039 14.4+0.2° 0.726
24 0.028+0.025° 0.023+0.020° 23.4+17.8° 0.465
3t 0.016+0.015° 0.011+0.010° 25.2+13.4° 0.377
4 0.010+0.003° 0.007+0.002° 25.4+11.5° 0.019%
5# 0.010+0.005° 0.007+0.004° 28.7+13.7° 0.153
6# 0.012+0.011° 0.008+0.003° 27.4+12.8° 0.039%
o# 0.014+0.003°
* (P<0.05)
K 0, 0, 0,
23 FBGBRHAK 76%  84% 2%
10 d , 1.74;
: (P<0.01), 1#,
G 2i#, 3#, 5#, 6 1.55,1.37,1.28,1.34
, * 1.26; 4# 1.16( 4)
(P<0.05),
(P<0.01), 3 l‘h‘n\

o Wy>Wea>Way>Wei>Wo i, >W 1> Wy,

La>Les> Lss>Lap>Llog>Lg>Los
4 1

(P<0.01),  4#  1#, 2#, 3#, 5#, 6#

(P<0.05), 4#
76% ,
(P<0.05),

[10-11]
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Fig. 1 Changes in body weight and body length of cultured Paralichthys olivaceus

Fz 4 TULAFAXTBBLA OF 6T I FE R A9 bR EL( + )
Tab. 4 Comparison of the effects of culture between experimental groups and the control group of Paralichthys olivaceu
(Means = SD)

/
9 ) (%) (%)
o# 10.5+0.5° 21.3+ 1.2% 10.6 + 1.2° 104+12? 72 1.74
1# 10.5 + 0.5° 24.6+ 0.9° 14.2 £0.9° 135+9° 78 1.55
24 10.5+0.5° 26.5+ 0.5° 16.0 + 0.5° 153+5° 83 1.37
3 10.5 + 0.5° 27.7+ 0.4% 17.2+ 0.4% 164+4% 80 1.28
4 10.5+0.5° 29.5+ 0.6° 19.0 + 0.6° 182+5° 80 1.16
5 10.5 + 0.5° 26.9+ 0.3% 16.4+ 0.3 156+3% 76 1.34
6# 10.5 + 0.5° 28.0+0.5¢ 17.5+ 0.5¢ 167+5° 84 1.26
(P < 0.05)
, (P>0.05),
(P>0.05),
; ; NH; N, NO3;-N
(2 | 4#, SH, 6
[13] ’ ’
NH;-N  NO3-N ., NH;-N ,
20% 40%, NO3-N 40% a0, :
(Epinephelus malabaricus) ; ;
50g/( -d) ,
, , NH; -N,
] NOE'N ]
, 40 d : , NHz -N
.
1# NH; -N (P>0.05) 0.07 mg/L  , NO;-N 0.022
NH; -N mg/L, (NH*-N<0.05
(P<0.05); 4% 6% NOz-N mg/L, NO,-N<0.02 mg/L)1*"*%), ,
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The effect of microbial ecological agent assisted bio-film for-
mation and the growth of Paralichthys olivaceus

FU Xue-jun*?, MA Shao-sai’, QU Ke-ming?®, ZHOU Yong'*

(1. College of Aqua-life Science & Technology, Shanghai Ocean University, Shanghai 201313, China; 2. Key
Laboratory for Sustainable Utilization of Marine Fisheries Resources, Ministry of Agriculture, Yellow Sea
Fisheries Research Institute, Chinese Academy of Fishery Science, Qingdao 266071, China)

Received: Jul., 23, 2009

Key words: re-circulating aquaculture; bio-film formation; microbial ecological agent; Paralichthys olivaceus

Abstract: To solve the core issue of removal of harmful pollutants in bio-filter of industrial re-circulating aqua-
culture system, by a single factor gradient design, artificially bio-film formation was conducted on the biological
carrier packing by adding 50(1#), 100(2#), 250(3#), 500(4#), 1000(5#) and 1500(6#) g microbial ecological agent to
assist natural microbe. After two weeks bio-film formation, simulation experiment that Paralichthys olivaceus were
reared in re-circulating water to examine the removal of ammonia-nitrogen and nitrite-nitrogen by culturing
bio-film were carried out for forty days. The results showed that different concentrations of microbial ecological
agent were beneficial to the bio-film formed by natural microbes, leading to more efficient removal of mmo-
nia-nitrogen and nitrite-nitrogen concentrations; except that the mean removal rates of ammonia-nitrogen and ni-
trite-nitrogen in group 1# were 13.0% and 14.4%, respectively, the other experimental groups were more than 20%,
but no significant difference between their removal effect being seen (P > 0.05); compared with control group, the
mean body weight, body length, weight gain rate, and feed conversion rate of P. olivaceus were significantly dif-
ference in experimental groups, the effect of weight gain being obviously significant (P<0.05) for group 4#, with
the mean body weight of P. olivaceus increased by 76% over than control group, and the lowest feed conversion
rate being 1.16 in experimental groups; the control group’s survival rate of P. olivaceus was 72% ,and the experi-
mental groups were between 76% and 84%. The better water quality was associated with 4# bio-filter, which effec-
tively conversed ammonia-nitrogen and nitrite-nitrogen into nitrate-nitrogen, leading to better farming. The 4# sys-
tem can be used as a reference of bio-film formation aided the addition of microbial ecological agent in industrial
re-circulating aquaculture system.
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