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Abstract

With the continuous increase in global demand for high-quality protein, marine aquaculture, espe-
cially deep-sea cage culture, has become an important pillar in ensuring food security. However, the
netting, as a core component of the aquaculture facilities, inevitably accumulates a large number of
marine organisms on its surface, a phenomenon known as “biofouling.” This phenomenon signifi-
cantly affects the aquaculture water environment, facility safety, and economic benefits, and has be-
come a key bottleneck restricting the sustainable development of the industry. This article aims to
systematically review and evaluate the research status and progress of netting fouling removal
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technologies up to 2025, conduct a comprehensive analysis of recent research findings, and focus
on the principles, advantages and disadvantages, latest developments, and challenges of the three
main technical approaches—physical removal, chemical anti-fouling, and biological removal—while
also discussing the future development trends of these technologies.

Keywords

Net Fouling, Biological Anti-Fouling, Physical Removal, Chemical Anti-Fouling, Biological Removal,
Deep-Sea Aquaculture

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

IR X R B A BRI SR R B B, A I R SR I AT e B L IR A, A A R K
A 7= b R SR e WA R TR I AR R S A B e, L BT e A SR A M ORAIE Y
FEA SRR TE 73 284 [ 1] SRT, RKIIRIAEH AR R I RIAC, A re B R o T AR BB L
MR R  fEBE, PURMIAIBEE . fRan. DI, Hpiss, SMlEMARREEM. £, BRERK
AW R 2]

AIMEREERZTTMN. B, BRTEBENE, ESMAENINKES S, 580N R
SRR, B ERMBUR, BRI EE, BEM 5] A BRI SR o HR, KR M A AR R s
T A AR R ARSI I 8AT, ERRIERT, R SBNARAE . w8 MATHESL
Bk, MO E K L ARR2]. A, T R EYINE G, SRFE LA SN KRR A DA
W 3 AT SE AT i R A, XA 2N 118 AR (5 TR AT 15%~30%), BFEK 14
PERE[3]. 45 FAO Sitt, BRI AR R I B LLAE Y 8. 2% FE I K. (2018~2024), {HAEMITE T
FUHI P FE T KT T B AT A 7R A% B AIG 30%~50% [ 1] #I08 Aqua Optima 2 ] 3# SR, R i Ko
U YT A X AR e R AR R I 1 IRFR AR T 2 O, (HR S B T B A 148 12,000 FKIE H R )
RIS RIS N IE I AT B AR LRI AR BERCRIRTT 40%, CAE LA B2 i 3000 /N SE
PRIk, WA IF BT R R 2257 HLIA S AU I WA B VTR R S BE R, X T OR B IRz 1 77 B ™ M A
REAIAT R e A BR B B IR Lo A SCREALE T I AR MW FORR, X iZ AT K AR 3 i HEAT VR
T

2. PIRHIEWRBRRARNERLRS 57T

FT, SRR A M HO 7 S R BETT A =K I R R (L2715 BRI AL s b
HOR . ICHHORE N R AR RSB L5 T
2.1. YIRERERAR: EFFYMERNTEE

N Li&Fri%(Manual Cleaning), XZ&&AAEGM 7%, B BEEKAFERR . 975 TAEBAKT,
XA AT B SR ANE B3], X IERIPL S TR ORI, ST, o lomtach 2%
FANREN R TR RCRAIR N . SRE AR &, Hig KA B A A 2w )22 4 RS, A b B R0 Y6 e
ZRIBRHI[4]. FEFRHEMBH Y KSR, AN TIECHE DI L R, =R A 7 75 5K
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HLAkIE 172 (Mechanical Cleaning)’ N T W IR AN TiSWEHIA L, SPGB Migm 4. & EKS
WIEYE, ZBARRIH K I A 1 s K b o AR R T, RIS Y. X2 H TR EALE
FRZ o EHERMHT T E SR T IRTHEVERCR M BRACRERE, ] i itk s it ok SE 8. A AL
XF “PIEE - O RS AIBTHE 7 AT T BUE L, B ER] A OB AR R A e R S s P
YIRIREER 77, AT E SEAR R /0 N SR BB I8 Ve R . i KA BAIE R I “ BhRE LA ™ Tkt
REFEFRAIK 35% (fEAmiMEREAE N 8.2 kWh/m?, Xt )54 5.3 kWh/m?). #FE Marine Harvest A =] W H 1% 4%
ARG, MREFmMN 12 M HEKZE 18 MH5]. RERERKSRSER T AL, (HHEESRAMGEFERA
B, HLBROK MK IR R B X X PN ) 2 0 2R 3 i R SR N o BRI BIL/ R 15 4%, DR IPTLIEE 23
FBERAKTAENR. FERTEZER MRS KA TER, SRS, KT B eI A AR
R HESHR TR, ErLEK T A EB0EH ), R R RS AR T R EEERTRT
CHIEMNK R RIBENLES N7 BLAS R AR RS, nT AR B R E 30 R (0.5 N/em?~2.0 N/em?), {E
SRR RIS Ve R IL 92% [6]. R AR A Fritm, (HIX & W R G oA A E,
HAER AR T R E RS B BOR I R4 T B a W& & HALREAL 3 2~3 MrdEMAE(EAE 12 m x &
FE 6 m). [E PRI A SO R T IR S R A L [ R AT B, B . nTEER EFE R [4].

F AR ER TV WOAT H WY, %7 R I8 I R A 43 Bl A R Fe AR 2 A, R WA gk R B
BB A . SE 7 SR AE E TR . B A, BURA AR, nl e AR BT, (R A e
KR B,  “HEREshBEE" stamd fan ik, LEE AR 5 TS M T,
MIE RN B 75 H 1. EK =R bR R B, R 6 /N E OGRS AT ik e b G = k2D 78%, fH
BB N R AN B R AR RS [3]. KR OEA SR AR, A B FE A LR  A T B
fiK 450~700 Cx b6 N T3 BE), (H32 RS EEMA R, H R BB HEALEE, Jo i SE I 8 AN I 46 (1) RV ESF A THI V7 3t o

2.2. ERBRAR: BREZEFH R

225 15 H AR ARAE A YT G AT B, Tl I 7 P A SR T Ak 2= 0, MU Sk b i B
BRI E AR, BHIEFFE . R T AR R 1) “ 5% iR )2 3@ oK G 18 5 1 (A) R
30 um~50 pm)Jik /D> 83% Bk 7 I # o %A L3RI ECOCERT AE, 1% 2026 478 M Hb i 4 4 £ [l ) 4
"o Bii5ieENZ(Antifouling Coatings), X&) 2 MALZERTE 1% RSP5RENEE A AN
B KRR B XL RhA S SRR T, CE AR T B — MO, AT PR AR
MiE. HPmROeREE, ARNEK. R, HIREAmEEmER, BB R E S8 5 T /K EA
PR N E AR, XHEVEAS RGIE NI, FEaTREREM/K ™ 22 4, DRI 52 21 AR B P A% 1R
FUBRHI[3] TR, BFFCH UL n TF R I B AU BB TS ik, WK IR A HLEE IR X RIREIA R
FEAE), T MO . ARBE JITE, AR Y AE KR s T M DL 2R ] B R B S T MR . (B
HRG A A m e, Hi AR R ) S @& M Rk 38 . 62 )8 & & M AK % (Metal Alloy Nets), #
R, BESREERSZIERNERE IR ERE BTG R .. fEEMRES G IR HRFA
BT i5TERE, SR 65%M) Cu-Ni A4 MA@ERE SeaGuard®7= i), [HIF T 12 AR 45 /et
FIT O SR B . RIMAHREE Ra (HECE 8 PE MG 62%, BEEERECT I 47%. SR, H—MHHRA
FAN i, RAEGR SR A s 2 s, BRI 7 H R R AL R (3] BeAh, kT HAC IR
TR 55 70 R AR A PR WS AE S, R L — R VTG o BRORINE K R R St T R I, AR RS T
WIE > 0.01 mg/L ML SRS R T 65% [7].

2.3. EYERRAR: REFRERKSFE
AR AR S AT T SIPER S KL, A SR R SR
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P& R, NI SO AR IR BT Tl o X PN VER N R AR BB I S s HoR (2] %071k
KAESRGETRYFAEIAEHRB ST RS, M “GEHE0E7 KT Jykaasl kg e 5 5L
Ko HERRBIETHE L, Aredtbszimys; FnS, en] DUSEE AR RREE . 318805, #ie bal
DL 2 0800 22 B AR G N TERNIMIE VAR, = — M IR TT %3] AEMDIE BB R I OC i
FORFEFF WAL 1. HFEHEIN OX 2 Fh 9575 87 34T TRFFCRIR A, A 2E 30 o e vt 7 il vh 2 Af
()5 8 e R P skt . FEFRIE, AN AR R E & A LR EI R RE G . 2024 4R E 2SR
7Ny PR A B AT A A B E AR K A 45 R(FE LR 20 R). BFFURPA, ${BEE T ffi(Siganus guttatus)
AT A 4 (Oplegnathus punctatus) 55 i ) AR _E R AN TG HESH W) BA RIS | RUR (7], B,
2019 40 PR S N BB VAR 1 AEIR I i ) 8 b R FH B R 3k AT AR 7 B B 28R RS T N
RTAT 2]

Table 1. Key technical indicators

= 1. KRR

Hi5AR BAHFERE@Q EEIKE(CC)
WP T 8~12 22~28
P 1 15~20 18~30

SRR, RS BRBOR AR ST 18 2 Phik . B, IRis mA R R O, W
RBIERE M ROE BRI EY), B XEA —E&FE, B T ALEFNGREP M. 2k, H5HEm
PO L. 5EFRMAIER R AEARF TG T RS CERSE, #HERE R TR ARHEN
AL . 2023 415 FE B IR R R B MR A S B TS B TR 60%. HAT, AHICHOR MR 7E 4
A AR A IR R3],

3. RBEAREERMARSE

LREKE, WARMIEVIBRBORIITIA A — DML GO [ . iR, St RREZLFEAR
FIocsE . W S M BT RERGKTIRES. AL EGIRBIN B shis i, WSEalE
W R R > 15%I E Sl A B UERE 7 s BEFERUE SRR 60%; BLA ST E HER I 92% [6]. 4Tl
THI I R AZ O R AR AE T U AT B [RS8 “IBRAER 7 © “RBFRAR” o IR R “ AR AEEENE” X YA
YERE o e BRI U B B0 % A5G BE A B 15 AORMEAT WS 5 53 O RTINS0 T 7R 2 vh /N SRGE P T
FARVTERTH . TRRMA BN TIEMRCRART , Bl MR A /5K . S siRp R 53,
EHIAGACH & o TR ORI A W30 AN B2 AR R AR e P b R E BB AR S . H Al 2 BBk A7
& IRk BRI B R R S SRR R AR WARKE T SR SRR AT S R S
BRRENARGET 6. ENERRESSMARGYER A w24 L[4].

T IX EE B, AR AR FT 2L BUR JUAS WL B Q0B 5 1] . — B TE B sl O B ReAL 5 it .
ARREHUE T A N BE . B, EAOK TGRS, A% B TR 90 5 DR AT H
THE VRIS N s DAL — 2B IR SR S S5 e R BE . (RRERETS VENLER B TE 5 AT, T Hox
FRIHAEVIREEN . X AR DR A B R TE e B & (1] AHIRH “ BB P0/K T s R & F e ki) 5 LA
AT WIH MR, LR SRR N R C1R EHRER]. MG R ERKIR L ShsELL: &
YRENCR TIRE, ARRIIFIFURED T (1) IR A EmAA GG aA; 2) B A mAeS
ST, MACTE TS BB A B, LRI R SRR (3) IR R
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12245 FA U5 35 (o 334 B Pk UGS e ) A 45 5 B0 D ) S AR 3. =R PR R B Vo A R SR8 W e 4
ToBE FREFA MBI IR E AR A SR R . B T A HUREARL, i R 1R R
URAEATy Yot B2 OO )« B EAE AE )  Wh B AR B 1S W RT3 R P B B R SR AL 22 P
TohoR. R RS EREME: RREEBDRZZMEARBEILEG[3]. B, RAKFESTCE
RIS PR E SR 37, R MR A KR, 45 &R REVE LA NEAT € ISR I 4Ed 135
Y, BAE PR TR IR A B IS AT H RIS IR “ RERRBTT + B YR (b RIS, A3 AR AR
BRI R Z R B i P

4. GitERE

Table 2. Differentiated technical solutions recommendations

=2 ERUBARBREN

FrREERE EEERAE FRASZ%
I N TR IR AT HWE + ek N L 500~800/ [ 44 4F:
TRz KB HEEMR + FREEMILEA 2200~3500/ 5 4F
A R R TR PEASRIRTE + iR TSR 1500~2200/1% 4 4E

DX A A ) B 5 A 4 ROV K= FR BRI THT I R S [ . 20 2 R i T 5 sk ik, A @ KR )
H, AL A= KETER SIS EARR R . WHE. AR RO . AR R AT
BEZEFLE 2). HE 2025 F, BAAT— R —HARGED 56 LR PTG 0 8. YL E A R
AT TR, WEEREEAEE B AR AR R AT RRe:, (EHOR BB AR e 4R
Be BHEAK, MAKMEMIERBAKRBEGZILL @R etk RIEHL k™ kA 20t
IKPE S A R R B T, KRS R TR . IS YT MR B o A3 Bk A BUSR AR B F5 44
Eol BRI E D 2 . BReth: BEENLE AR WEER o T)RIA T8 BE(AD IR B, A S
T W SRR HE AL BE T OB RETE VEML B N N B0, SEBLE AL A RAERIMAR LS. FEdEfL S5
Flfh: RORMIMED T AT “— IV, i TR IR e . F% 9 BRI B A TR 1) 2 1 Ak B
(7 SR o A S SO T PR RS, AR R A G T TR, SEULTIR S iE B A 4 A RS T
L, RGN BRRBIS BRI R A SN I, o BRI S MM e . KR,
KR (A AR AR, RS SR EE TG, B2, MR A I 5 1) B — 15 2 2
MRS TR, TEWES. MR, A HU TG BRARS L 2RI G S R e0% . i
AR W IR BE, BATE B HAE, KRB ERTEINE. 25 RPN LETHEARER,
NAEBRGOE IR R . AT REER AR AR IR SR . TR 2030 4E, ABRIMK I T MR A
18.6 1276, Frp o KHLIX (&5 ERF BT 45%. FRE “A+DUH 7 ol & AT < BRepii &R
HIRE GIOTT ), 2024 A OB AE L 2.1 1270 THGHE AR KR [6].
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