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Fig.1 Schematic diagram of the probiotic-biofilm
shrimp culture system
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Tab.1 Four probiotic-biofilm treatments and a control group
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(a) NH3-N concentration of 3 mg/L; (b)NH3-N concentration of 6 mg/L; (¢)NH3-N concentration of 9 mg/L

Fig.2 Nitrogen conversion for each treatment with different initial concentrations of NH;-N
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Fig.3 Variation of nitrification capacity in each treatment

with different initial concentrations of NH;-N
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T 0.15 mg/LIFHEREBIRRG (3 5.4 %) WA
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Fig.4 Variation of NH;-N, NO;-N and NO;-N in each system during the shrimp culture period
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Fig.5 Microbial community composition at the phylum

level for each culture system
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1998) ; £F A B ERBLAR 22 AL, Mo R ALK, 5 2 1 AR X
DG 1A B AL R Ll B AT S 8 I B BB RS X K
T o T i 5 L WL A e HE AU B R B i A
Jey EB DR AR 410 A Ak 20 T B BE (] 3 4L 2003) . )
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Fig.6 Microbial community composition at the genus level for each culture system
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S A6 1) A A 2 R0 2 0 B AT A R X R R A
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W) SR T WL AN (B 45, 2012)
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FE T WA A3 5 B8 T8 TR 40 42 % k31 R /K B U Ak
PSR v I TR AW Bl A W e R W TR A /N o3 1 AR
PEA ALY 3 B A TR L S5 R BRI X ) B B AT
e 4E F (Naganuma et al,2000) ,

AT BAT WAH R #h E AL T BERY Nitrospi-
ra moscoviensis M Nitrospira lenta @& T 5 1612 fiE
PR TTT SRR P IRAE (2015) 38 4 5 38 2 W0 ) 43 X R
PR 37 58 2% 48 A5 W ik 4 v 200 T R s B, HL il A6 MR
TR B T TARRT = FEA R 0.3 %0, X 5 A I I o 58 45 A A
JIT AN TRY o U565 00 6 P 248 T i 570 7 — 8 R R ko
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20105 T H145,2004) , MIBAKFRE & R LA
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WHAEEZAEM, WA, 15 RE W Bacillus ther-
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TrEgEH;3 5 &8 H Adhaeribacter aerolatus
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RETE 52 2% PR35 v 77 A o 41 Tl R U8 3 i G A %) B
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B AT B TR 2 R 18 52 3R SR K 1A T T I T 5T

4 g
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FRHH F G0 s A A R A i o ) 4 A
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RSy <E A
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Water Purification by Probiotic Biofilms in Shrimp Culture Systems
LIU Yang, SONG Zhi-wen, LI Ling-zhi, XU Ai-ling

(School of Environmental and Municipal Engineering, Qingdao University
of Technology, Qingdao 266033,P.R.China)

Abstract: Intensive shrimp culture has developed rapidly and become one of the leading food production
sectors in China. However, large scale expansion of intensive shrimp culture faces challenges, including
the deterioration of aquaculture water quality that threatens the aquatic environment. Probiotics, an eco-
friendly and cost-effective supplement, have been widely applied in intensive shrimp culture to regulate the
microecological balance of the culture system, improve culture water quality, boost the immune system of
shrimp and control pathogenic bacteria and viruses. In this study, four shrimp (Penaeus vannamei) cul-
ture systems were established using different combinations of three probiotics (Bacillus, nitrifying bacteri-
a, photosynthetic bacteria) and two biofilm carriers (ceramsite, fiber hair ball). Ammonia nitrogen (NH;-
N) was added at different initial concentrations (3, 6, 9 mg/L) to intensify nitrification in the culture sys-
tem before shrimp were released into the culture pond. Healthy shrimp [ body length, (0.840.15) cm;
body weight, (0.009+0.001) g] were selected for the test at a density of 1 666 ind/m?®. During the test,
the probiotics and biofilm carriers for each treatment were added daily and water was not changed for
30 days. The water temperature, pH, DO, ammonia nitrogen (NH;-N) and nitrite nitrogen (NO3-N)
were determined daily and nitrate nitrogen (NO3-N) was determined at 72 h intervals. The nitrification
process and purification capacity toward NH;-N and NO3-N in the four different culture systems and con-
trol (no probiotics or biofilm carriers) were compared and the structure of the bacterial community was an-
alyzed using high-throughput sequencing technology. After nitrification was established, the NH;-N re-
moval rates in the four treatment groups were higher than the control by 12.47%, 13.95%, 17.25% and
17.65%. Under the same probiotic treatment, NH;-N and NO;-N oxidation capacities in the fiber hair ball
system were higher than with ceramsite. After 24 hr, the NH;-N removal rates in the fiber hair ball sys-
tem were 9. 03% and 9. 06 % higher than in the ceramsite system. During shrimp culturing, the concentra-
tions of NH;-N and NO3;-N in each system remained under 0.20 mg/L and 0.15 mg/L, respectively, while
the concentration of NO3-N slowly increased. Analysis of the bacterial community shows that Proteobacte-
ria was the dominant taxa in the biofilm, accounting for 40% of the total, with a-Proteobacteria, B-Pro-
teobacteria and y-Proteobacteria as the dominant classes. In addition, Nitrosomonas, Nitrospira and Ni-
trococcus were identified in the bacterial community and were involved in water purification. Algisphaera ,
Gemmatimonas and Paucibacter were involved in the decomposition of organic matter and improved shrimp
growth. This study provides a reference for reducing aquaculture waste discharge and the risks posed by a-
quatic pollution.

Key words: Penaeus vannamei ; probiotics; biofilm; water purification control; bacterial community struc-

ture



