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Tab. 1 Typical concentration ranges of effluent indicators from
marine aquaculture in China
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Tab. 2 The properties of traditional inorganic carriers for biofilm
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Tab.3 The properties of traditional organic polymer carriers for biofilm
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Tab. 4 The properties of traditional natural carriers for biofilm
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Tab. 5 The properties of traditional biodegradable polymer-based carriers for biofilm

IS F A

Application example

e HEAN 2 LR TH AR FEREA (]
Materi;ftj: R Stacking d}ensity Specific sgrface Membrane-forming
P (g/cm’) area (m'/g) time (d)
PLA 0.75" 5521 4"
PHA 0.40™” 55.0°7 30—60""
PBS 0.70—0.85"" ~0.6”" 60°"
cs 0.15—0.30"" ~18.2% 7%

SA 0.70—1.00"” ~5.0% 57

AT {E AMBBRE A ACPP, FI TRASE & 515 A5
AT S SR A Tk R SR 2 WL IR BRI R K 57 )
FH T3 K A AR 7 5% T JRE K 12 b 2R 5 A o T e e AR
F T SA B A WLIS R AR 2R 4, 5 S5 TN g At ™
W T e e S R R s g
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gi LTk, B A AR 8 A BT AR A
ARG T R B A A A A FEMEL, 7T
DATE B — 34k b seBl 2 AL R RE . SR, X5,
PRI & T 200 % BRI, AR &, LK taE
PRI M IR TR B — B 7T .

2 HIAEMRLEEMREXTEE

2.1 ABKEITEE

TEAE PR E K AL BERIE 5 Hp, A R 8 R ) BR]
SERIRFIE S SRR 5 22 7, Wi AR e B AT N S
Y 2 SR AR B R B, FH SR T 3 i X
Eb S 56 #7334k 28 78 55 05 K 1 BE 2 TR) R PN 7 O
B SRS RGIRE T RN RA L T
VIR ARA B KRR N 2 57 S5 RER, AL
BT IR AR AE NO; -NAI TN 22 (5 77 T B AR AL T8
HLEAA, 2 BA = 4 45 W R e v i A R b 3 T R R
AR T LEWIIETE B S B B AL 2 (3R 6).
PPAI PEZ #& 75 TN 2 B % I 7] 1A 46.9%11 50.8%,
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KIS AT 5y R AE B ZE AL T2 IR, S8
CEE KRR AR — 8Tt

BEAR, AW SEEARTE 2 Fa b W [R] 22 Bk 7 THI R I
H— B, NO;-NFITN R R 5 515E £ 73.2% A1
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SRR R TR . SR, FENH, -NZ: R AR
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Tab. 6 Comparison of water purification efficiency of different types of biological membrane carrier materials

EMIIR B R R Fh AR R NH; -NZFRE NO; -NE[RHR CODLRR% TNZBRE SR
Type of bloﬁ_lm carrier Name of carrier NH; -N removal NOj; -N removal COD removal TN removal Reference
material material rate (%) rate (%) rate (%) rate (%)
JEHLZ Inorganic Bkt — 57.5 44.1 38.2 [112]
AWEG T RN HPP) — 76.3 40.7 50.8 [112]
Organic polymer 5 7. 45(PE) _ 74.7 426 46.9 [112]
RHMEPU) — 68.2 38.9 46.1 [112]
W) H 2 Biobased P 54.5 73.2 — 69.8 [113]
& £rZ5Composite PP-TiO,-SiC 95.0 — 85.0 — [110]
PU-PVA 92.0 — — 89.0 [99]
AW IR -FeC,0, 99.3 — — — [11]

T R Rk B LR =T, B DR R SR A I S B 2 (MBBR) L 2

Note: All the data in the table are from laboratory-level studies, and the process conditions are all MBBR processes
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Tab. 7 Comparison of engineering indicators of different types of commercial product biofilm carrier materials

= T

B b R feere Ik Hgy  TOUE EASelling e annual cost 2% it

Type of biofilm carrier material ~ Typical commercial carrier ~ Lifespan (4F) Annual loss price [USD/(mS-E)] Reference

yp yp P (%/4E)  (USD/m’)

JeHlZInorganic Filtralite-Nature P 0, 54 20—25 0—0.2 691 44—60 [114]
HHLE 7 FZO0rganic polymer AquaSust-MBBR19 >20 — 136—146 ~6.8—7.3 [115]
A ¥)#FBiobased Saltwater Aquarium-Bio Pellets ~1 ~100 ~36981 73963 [116]
2 &2 Composite Levapor 10—12 0.10—0.30 651 55—66 [117]
Mutag-Biochip 30 >15 <0.1 1350 90 [118]

T 1L AR LB RO KRR TR I R GERASH K FIMBBRIF T H 84 2. SRR v AR B0/ A dr+& M < E A FE %
Note: 1. This table compares commercial carriers used in the MBBR in large-scale RAS; 2. The formula for calculating the annual cost
is: Selling price/lifespan+selling pricexannual loss rate
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RESEARCH PROGRESS ON BIOFILM CARRIER MATERIALS IN AQUACUL-
TURE WASTEWATER TREATMENT

LU Yang', ZHAO Feng’, XIANG Kun"’, SUN Hao-Feng', TIAN Ye', HAN Zhi-Ying' and YE Zhang-Ying'

(1. College of Biosystems Engineering and Food Science, Zhejiang University, Hangzhou 310058, China; 2. Shandong Jinhong
Ecological Technology Co., Ltd., Zaozhuang 277000, China; 3. Qingdao Blue Valley Kunpeng Marine
Technology Co., Ltd., Qingdao 266000, China)

Abstract: With the development of aquaculture toward high density and intensification, the accumulation of ammonia
nitrogen, nitrate nitrogen, and organic matter in aquaculture effluent has become increasingly prominent. The biofilm
method, due to its advantages such as stable operation, resistance to shock loads, and low energy consumption, has
become an important technology for the treatment of aquaculture effluent. Among them, the biofilm carrier material
plays a key role in microbial adhesion, biofilm stability, and water purification efficiency. This paper systematically
reviews the research progress of biofilm carrier materials for aquaculture, focusing on comparing the differences in
structural characteristics, engineering adaptability, and pollutant removal performance among inorganic, organic poly-
mer, bio-based, and composite carriers. It also summarizes the typical performance of different carriers in the removal
of ammonia nitrogen, nitrate nitrogen, chemical oxygen demand, and total nitrogen. On this basis, the underlying mecha-
nisms through which surface and interface modification strategies such as coating, grafting, and etching in improving
hydrophilicity, enhancing microbial colonization, and shear resistance stability are analyzed. Finally, in combination
with the engineering characteristics of large water volume, strong load fluctuation and long-term operation of aquacul-
ture effluent, the development direction of biofilm carrier materials in multi-scale structure design, collaborative modi-
fication and low-cost large-scale application is prospected, providing a reference for efficient and stable aquaculture
effluent treatment.

Key words: Aquaculture; Biofilm carriers; Inorganic materials; Polymer materials; Composite materials; Surface modi-
fication
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