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Tab.1 Speciesof heavily attached coastal organismsin China”

T2 species ¥ South ChinaSea A i East ChinaSea i Yellow Sea  #)iff Boha Sea

Wi#F ¥ Entermorpha intestinalis *k .
rh AL TR Tubularia mesembryanthemum * *k .
15 I8 T. marina "k .
£ 54 1 Bugula neritina ok ok * "
HWZERE I B. stolonifera * o o
P§5 =M # i Tricellaria occidensalis "k o .
1636 4545 I Hydroides elegans ok " o .
PRI #5451 H. exonsi * . ,x
254k 46 14 % Brachidontes variabilis *% o
FRMR DL Pernaviridis *ox .
£2015 1 Mytilus galloprovincialis o -
% £ AE Balanus reticul atus *x *k
4U e B. amphitrite * ok . .
T IRV Styela canopus *k *

. *x

19 iR S, clava

TE xSRBS H LA

Note: “**” denotes dominant species; “*” denotes common species.
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T — 2 T R A gy 5 B S B (R 1)1 R A
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c SRR S

IR RMUE B YW, REEE. T
substrate condition- pioneer bacteria, diatom,
ing film  bacteria microalgae spores

JL#P sec JLEP~JL434h sec—min

B, WO, KRS,
JREEZ4) B
bacteria, microalgae, large algae,
protozoan larva
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Fig. 1 Development processes of biofouling
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Tab. 2 Process of biological colonization

TES KT Bt stage of colonization

i F ik process description

W4 E 5 primary colonization

K% 5EHH secondary colonization

%5 = {4l tertiary colonization

KPS e AR B s | R, JPR SRR T, T OB s n R S B (i A
ARJIFNFFL ), BT LUX RO AR 0 AY 0 T A E S R SR TR A A B I8 R AN R
VBRI AE L BT B, T e R T

Pioneer bacteria in seawater colonise and grow on the condition membrane to form a biofilm matrix,
which is reversible because only weak non-covalent bonds (such as van der Waals forces and electro-

static forces) are formed. Bacteria and other inhabitant microorganisms use flagella and their own se-
cretion of extracellular polymeric substances to adhere to the matrix to form a gel matrix.

HE I HE 0T Ry Wl B AL AR VE FRVE 2 3c e 9 3 00, oife DIRTR AV T | B S 4 AR Ik R 4T
MR BN, X e AN A YR W AE R A, TR RRIEZ, 8 R R R AE M o

The gel matrix provides enzyme interaction and nutrient exchange, and provides a good growth envi-
ronment for algae spores and protozoa larvae floating in the sea. These multicellular organisms con-
tinue to grow and reproduce, forming mucosal layer, which is often called micro-biological attachment.
LW RN B E T, 2 XA A SRR AR AL 2, REREGUR IR, TR I A S 2 AL
7/

After the primary and secondary colonization, the ecological environment in this region became more
complex, and the energy level increased continuously, and more large adsorbing organisms began to be

absorbed.

g Sl T — AR T i DL (Mytilus) B et FH i i
T Y R JE 22 AT R BRI 1Y, 19 (Diatom)
AT S M, R A A T T
BEAb, W PEIREE N X A W R RS L RO
SRR RN, RO X A6 IR | IR R
pH. /KFLEEE | B IR ER MW T KK IR . £
JI 45 BRSSO A B A KRR L i, e
(Lepas anatifera Linnaeus)id & 437 75 £t 1L 4
R, ZAEEGEIRE N 19~25 C, AEEMT
16 CEE T 30 C, BRI L E D $5RG
UL A5 TR Sy 9~35 °C, #h iy 35~3714; 40
N AEKRERE RN 20 C, AKRGEIREN
351", Anestis 2555 & B IG DL JCHEAE 26 °C
DL BRI S T KA, MK iR TR 2 30 C
f, HEDLAYFET R SR b TF; ok A A 5 % e
% 120 h JEREARSZ MR KE A 0.13 m/s, (%
2~3 J& 5 4R 5 %) 5.14 midt,

3 BFEEYMEMNELEENEE

RIS BB RSN HE S P
oy W TEAAN B AR 22 T, 0 ARALAT . AR 7
BT AN S, BEL A P Ml R 7K SR B 1Y
K,
31 EYMEXMHERMITHESE

TR L YRR A S 0 A2 T PR RS B2,

KAGATEH 1, SIRREH B M FE, SECHEX
PRRE RO, DR ikl AR Vg B A S 5 DA 2 1 24
AT kR EE N, i E PR R A%
T, AN AR RS 312 tHREL, T RS BRI
9.6 12 t — 4 fLER AT 900 J7 t —SEALHL, AL
(R PR AR B 3 P R, SRR REN 2 gk 23
T 40%18 19 A W5 £ B SR TR T A 0 2 O
T4 JE SR A I ik, BN AR R R R
B I P pH | T i S S EL b s i T B ke A
e i 1 IR o = N B i M 1
AP Il 3 2 A U R, DR AR A P 5 i RN
AR o
32 HYMENFEMNENEE

A Wy B 2 2 U2 5 OO A A TR R T A, g
J& | BRARZRAK IR N H 197 5 20T 15 5] 100%,
HRAAARTE . ARBGE /N, DA R AR 4 P9 2R B 7K
PRASH  EEFRA e | VA BRI B g 2
ULk, A=W I 2 0 0k 40 o R R AR B A K, fE
EA AR HE . TR DL AR S B AL
TSN A K B ) B T A A R T,
DR A A FH 5w AT, it T I D) 4 Al 284 o i
118 XU

Fitridge 2525 T A Wy I 25 % 1 K F 581
e, 7E DRt 2 b, BY 585 4 (Ciona
intestinalis) . 34 I 1 (Botryllus) %5 it & T W 46 2
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Ghae, AR S TR . 2N, 1
MR IR R b, BRI R S E R, WF
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Tab.3 Marine biofouling control methods—active control approach

24475 1% control method )i 45, advantage

Tl R A

s di
fik i disadvantage fishing equipment

HUI 3% % mechanical removal
I 4< B 4 net change

L fple2n

# A ultrasonic

H.fi# electrolytic

W87 14 biological control
ALY

JFE T, I RCHESR, AR 22T
J7 B, SR, TR MR e
RN immersion disinfection  J5 kAT AR, BPRCERE, AW Ak A R, B

TPCHESE, AP e A 4 0, A7 25
FHACHESR, I ERCR R, K A& FRIR, B2 A cage

FEmE. By, g e W% . Ml vessels, cage
PEAERRIE R, 1RELIEZBRIS2 R4 cage
W% . s vessels, cage

=3

P RCPESR, R FE I BOR AP FEREE R, SR, ZEW . Wl i vessels

PR 455 1 A W A (25280
Hafilt vessels

AP B A e

®4 BEFEEYHEERHAEF—HAEHATX

Tab.4 Marine biofouling control methods—passive control approach

¥l 75 ¥ control method

It 5. advantage

I Rl 3

A disadvant R ;
Bk Isecvartage fishing equipment

2Bl rEdRcR = TR A OEIR R A W B 3G 2 ) R BRI, Xkl H AR AR, RS A 7E X

s, RFE

chemically tributyltin self-polishing AR R, WERLPETR (2 5 4R)B8 K, R K T RS B O L vessels, cage
active coating  coating KGR L AER82D
T8 A PG RYIR R AP O BT, B AOME S P A R R H R . AR
tin-free self-polishing 5, A (2 5 4R YRR, A 0 S vessels, cage
coating PRSI T A 5 (pH, R,
AT B 1527
T fil iz R U kL A IBE R SCR BAE, BEA R A W B A O B R ] Y il vessels

contact leaching coating ATk 88

SEEBAER G IR

controlled depletion polymer i #5 |- (£ 3 4)11827

coating

AWM E R BRI, [ R B R A R — R i E

A, BEACHE A B (1-2
4R, W 5 B s

s, RFE

ok, faEapggien vessels, cage

(f#%% to be continued)
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Tab. 4 continued)

#4177 7% control method

I 15, advantage

k15, disadvantage

T P A A
fishing equipment

HoA It
other coatings

VBRI

fouling release coatings

ZESTE

nano coatings

R TR

enzyme based coatings

KIR VR
natural coatings

SR

conductive coatings

IR R
bionic coatings

AW A OR R L IR
M. TR, TG, HEAEA
WOk, T A3 A (2~5 4881020

A RO A . e
Tl Y, BERUMER, PR AR
Wk, R BLF18252729
AT E ESOR R A JORE
T f.1182527]

A RO B L e
Ty, BRI, R TR RRAE
#&1’2@?[18,25,27]

A W ORI . e
T . 118.27-28.30)

A RO B L e
Tl g, BERUME R, PR ALY

AR IR, IR e
BEATER, (LR (>15 15) 5
TESPER L 1, 7%
M, IR0

AL T AT IEB B, AR B

H.[18,25,27-28]
oL

FaRE (<10 N H), WELH
Hugsl182521

WAL F AR B B, KRR EY
K5 31182527

%’[ﬁf@ (6"9 /I\JEJ )[18,27—28,30]

i Ak TRFE B B, BORLE 5

H.[18,25,27-28]
28

s vessels

?!]é jléjl_ [18,25,27-28]
ZN

421 BEYHRESBHER s s
TAJCH] 1500 4F(5% 5), FIIHEE FE AR K

SRR L U AR B RO R R H
il Tk A IR (R, 19 THZ0 T BRI A L A

®5 HREPFEYMERREREEL

Tab.5 Historical development of biological attachment prevention paints>®

A 1] 4l time line

% Ji& development

1500—300 BC

200 BC

1500—1700
1625

1758

1800—1900s
1800s &4~
1860s—1900s
1950s

1960s

1977

1987—1990

2000 &4

2001—2008

JHEJE He AT R BE K I . Wi . AR, AR AR AR R

Phoenicians and Carthaginians used wax, pitch, tar, and lead covering on the surfaces of their ships
7o I TN T N A 0 2 T 88 FH 405 1 R 7

Greeks and Romans used |ead coverings and copper nails on the signings of their ships

Yk fif FH 4% B2 continue to use lead sheeting

William Beale $i& {5 4 By 11 A= H) i 5

William Beale proposed using copper to prevent biological attachment

B 2K Alarm 55 U 5 B A0 23 i B

HMS Alarm was the first to cover her hull with copper

R I A R4 B (GR . T, 5K) adding heavy metals (copper, arsenic, mercury) to paint
Sl FH & 4R 4 % continue to use antifouling paint containing copper

P PAIB R I A T AR Ve 8RR change from hot plastic paint to cold plastic paint

B Y AT R RIS P 1R soluble and insoluble coatings containing tin

TBT %kl B8 58 F1)3 fH research and application of TBT coating

TBT H #ib )t 3L R ¥ £ R TBT self-polishing copolymer technol ogy

L S, JEE . g, WOKRE . BREE . TG 22 M0 H ARG SR 2 A A5 BN (<25 myBE S A TBT ik

France, the United Kingdom, the United States of America, Canada, Australia, the European Union, New Zealand and
Japan have issued laws and regulations to prohibit the use of coatings containing TBT on ships (< 25 m)

RIVF R AL R, KRR TBT MY

vigorously develop environment-friendly coating, looking for a substitute for TBT

E PR R 2UaE S ARS A 2y”, 251k TBT Ml SAfrfe

the International Maritime Organization has adopted the “AFS Convention” to prohibit the use and existence of TBT
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TBT At Ry soRhm B, R, %k
T A5 Hb 1) K S B XA R AR Lz A
H, FIHRIEE] 70%, $K1, HiE TBT HlLI:
RYRRHA T2 N, Rk RO AR S IR
F B O A 3 T | A SR 4% 3t T RO R
1987—1990 4E [k E , HE | £, InEX. W
KRN BR35GS0 A 3 4 2
1EMEIR (<25 m)fdi &4 TBT A3k, 2001 4F 11
F E R F 440K F AFS/A 297 25 |- 2003 4F L) 5
(0 BT A AR e TBT Wokh, Jf#E 2008 4F i 4 I
THBR TBT Uikl H AT i WL B A P b 5 vk
Y s o e NS B | LS N S U i LR | B N A
R s BB OB, o, A E R R i
iz, 25 B R 3 90960 43 14
422 B#XEEWRE 20 b4l 60 F18, A
I3 F N TR B 3 N R L R W & B T FE iR /K
5y TR EL eSS B o gk g
R SR AIAE A RNRAIE SR Z, g
AR R B AR R (B 2) . BEE R Z
B REAE WK R oK i, S BRI B 2R 1R R, ST AN
P S TG B HE S 1) 4 A TR AR IR )R
IR, WEME T Y5 PR I .

REH FHEH
biocides adhesive

k=951
substjr\ate\|~ . . ‘

YY)

Y

f5fE] time
B2 HICRY R E A K 0 it R

Fig. 2 Self-polishing coatings dissolution process in sea water

HAOEIE R D TR L MR P CR b . i
APESR . AR A B, &N . ER HRETT S L
WA R RA —E R 6), MIHEEAA TN

W NI, TReR @I R A A 1
T3 PR A TR0 B A P B TRBER R 9 A JE DT 1)
FUHT, PREEACHE Y B i 06 36 2R 9y vkt i I il

k6 BEVKEREPEEHRER
Tab.6 Main biocides used in biological attachment
prevention paints*”

ZH7 biocides /3+¥= molecular formula

#i copper Cu

/L4 cuprous oxide Cu,0

i &R 14 copper thiocyanate CuSCN
NEERR A copper pyrithione CsHsCuNOS

Nk WE &7 B 2% zine pyrithione C1oHsN20,S,Zn
R IR dichlofluanid CoH11CI,FNZ0,S,
P 2 Gt e tolylfluanid CioH13CI:FN,0,S,
SFEMEIRER DCOIT Cy1H1,CI,NOS
RAREE zineb C4H/N,S,Zn
BT & I irgarol 1051 CuHi1oNsS

MH I = 2 JE A CoaHoBN

triphenylboron pyridine complex
NI tralopyril

PRI capsaicin

ZEHEKE medetomidine

SRS A B VR P B LR Tian 4710
HE A —BK 5 4 JHHLAR AL B K 9, 3 3et o AP
P 1 AR R TOHE JEE R R, 9D G PR 9 R )
SEHG R I A AT T 1 R A AT AT
Sy, BT RAFIIEBER (K 3).Zhao 4514
ATF ] 1) 2R M R M SR e S e T R A R
(1 JEEREATS IR TERE, SCHeRE O FRECTT
(A A T 048 A Y T AN [R]) TR PR AR 30
AT, A A BGE 1 BB AR N TR KRBT R
6 A, LB Y7 (A ARE AR B
1: HIEYIMEEEHESCR e (B 4). BEH B
JCILIRYITRBL IR T AW AR, TRIZAPRL L R R
BRI 70 X PR B WA B/, R BR T i 4 A
By, XL Y T S AT REFE AR

5 BiEYIMERBEEFEWESE FRNA

5.1 BiEYMEREIEEEE AR L H R A
FURTAOBIETE b, SO A0 97 A 00 B Dot i)
A= ) B 5 A T IO 22 R P A i K R Al S 8 A 2
AR S o T A T K HE A S A X
FEAR B PPN AR 2 R R RS, i Bl
AR VR SR S B A 2 TR I AR R R AL
PEAT R R, AR BERMS AT ABEA T ROCR A
JEHETLRITEAER . AR MERER, WEIRE 2

ClesBrCI FgNz
CigH27NO;
CizHi6N>
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* TC4 3%

TC4 substratc

Bacillus sp. —*

TC4 &K
TC4 substrate

H-BREWZE

Cu-Ti composite coating 5 pm

B3 KMFF e A IR 2R 8 h A KAk LA S CEF AT B 7E AR R Uk J2 3 T 48 h 2R KA v 10
a JiRJZE; b. TCAHLE; c. M-BKIRGIR)Z; d. TCABLE; e H-BKIRGIRIE.
Fig. 3 Antifouling performance of different samples of E. coli 8 h growth and Bacillus 48 h growth!*®!
a. blank control; b. TC4 substrate; c. copper-titanium composite coating; d. TC4 substrate; e. copper-titanium composite coating.

E! ;‘II.J

Y7 > Y6 > Yl > Y3 > Y9 > Y4 > Y8 > Y5 > Y2

Bl 4 RFBT N T I 6 4 rgh R
Fig. 4 Results of different formulations exposed to
artificial seawater for 6 months'*”!

F8 DL B A AS ] 8 T S AN A7 5256, A T30 1]
WESZBAREE W, A pH S Fh
R s 149

TR 2 3 R FH U K R AR T 25 b B A= P B o R
BT IR0, PR S, e T ER R
BB BT ST HEE (5 7), T Swain ZE 087 S s F5)
PNl U3 ol SO N A7 SN G TR =R By es i L7
WE . BIIREEERIZEM 2 Mk s SR RLE )
HEATRCRVEA, S B RE AR 9 7K 3l 07t RE A Fh =
B, SREBHARGZPCEMER YR £ E
%5 0%, Bellotti Z KBRS AW IS
FEFN(NERIR . WEFIR OG- TR ILRY))
RATSE] 2 FhAT AT, K AR SE 5 2R B 7K
K R S FNRS 7 130 1 8 6 700 2L 0 %0 0 2 00 R A
124~ H N AE I35 #4841 ; Baldissera s 1®hK Gy
REWVREI) S RALIERE, RHALIMGE .

HE N, SR JAEE . KERMEESE
SIS T B VR B B G 0 L B e A B
BRIV, R B ORI R T A 3
BT BRI S S, Stafslien Z50%) 8 s it
REOM YRR (i S e —2R 2R ) A Tk, R H SE 5
B 53 BT R 7K RO B A A P38 B (A R
B ORI PR g a7 ) RN AR ) B A 4 S SOR
TTVFMY, Horr & B R AT 3R — SRk AU e FORUE
A A1 R B 280 J0E 19 U8 2 AR W BN 4 RO B AE
Chen 217 %f 6 Fh AN [R] B B 13 20 R s R o 19 410G
LR AT RIS, RZUAMGE . iR
ik FIEE R I5 5 (008 55 F Be R AE, 76 154 HifgK
FEAR S50 v 55 2 TR R A T A | bk I A R 4] ) 235
B, BB B0 LR W P, A a8
RS . T WoKEERSE T, R
A VAT 356 AL AR e L R Wi B A P
PSR 520, 150 d K12 i 25 SR B Ak
] AR B4 T S5 R R ST X6 A W B o s i RO A
ERTF T H R T R A A 1 06 IR
(AT R B IR M BE0IE, SR 4 o 2R T ),
2t 36 N H BT K EESR R AR VR 2 5250, 150 X 5
JEHE . TCAMIE, BRI Y 3 R
B A= W It 2 TR (0O 7R 45 FE B ) A8 AN [A] 1)
TR IER R AT MR AR I, kg SR nT
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B A= W R TR B R R AR R I F R RIS
T 5% A 0 By A= 0 B TR OB A BF 5 R IR A
Hfﬁ‘[8'18-19'25-35'45-47'49-69], @?ﬁ @ ,{E ﬁé@ﬂkﬁﬁ EH /El ﬁ
BOPBON RSB BT A D MR TR, AR
T 2 U R I B A 7 B BB, T
Y00 D) 2R PP O A A R AT U e (&t B

FEREHTIMAF LG SR YR J5 & W
RELLGI O 1 28 1 3(RFRLL), (HG#EH —4F N HE
TEEERAG, KiEANTIERMESY, XM
sl USSR B, FRARA AR T i B4,

] VA 7 Y A AR 2 T PR A s R AR AL LR LU
R il A= W

FR7 BRBNERR
Tab. 7 Effect of coating test

k% author 5845 5 test result
Swain %[
AR
rosin/oleic acid rosin/styrene
Bellotti %%

Baldissera £

(%% to be continued)
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(£:38 7 Tab. 7 continued)

fE# author 5625 test result
Stafslien %1%
HIL9TA
Zhanjiang
9 mouths
Chen %167
HH15MA
Qingdao
15 mouths
X} #8 control 1138 1142 1143 1150 1144 1145 1146
EIE
HFH364A =W364H I A
Qingdao 36 mouths Sanya 36 mouths Oceanic 36 mouths
T
BE1 wE2
coating 1 coating 2
TRIE e F

52 BHEYMERBESENERNKREZHH
N7 FA

B A= W1 B0 A TR TV A A R 458 5 R
B A A S X, AR 2 e R R LA
kA 2 P T i T BT, e AT SE B P 52
WkEsh 2o RN, e T BRI, BT A

TR 7 AL P TR T BT — S IR

DR RIS 3 P9 A ) 7 A 0 A R, T
I B AT T R o R AL A i S
Tt A IR LRI R JRIEG, 5 24K BRI 71 (S M A AR
T AR . AL IRG15 5] 3 FiRkl, 2
BERAT L LA SRS Tk, TR B By
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% 28 %

W L R A W B A AR
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Research progress of biofouling prevention techniques for marine
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Abstract: Marine biofouling has always been one of the major problems in world fishery development. Fishery
equipment has been immersed in seawater environment for a long time, and biofouling will reduce its service life
and affect the normal use. Marine fishery equipment is the special equipment used for production operations in the
marine environment, mainly including aquaculture equipment, fishing equipment, aquatic processing equipment,
etc. Among them, marine fishing vessels, offshore cage netting and fishing equipment are the important basic
equipment for the development of marine fishery economy. However, due to long-term overall or partial contact
with the sea water, biological attachment phenomenon appears, which seriously affects the normal use of fishery
equipment, thus causing different degrees of economic losses. Furthermore, biological attachment is a unique
function of natural organisms. Many animals or plants have an attachment mechanism through which they carry
out various biological functions. When the organisms with the habit of attachment use marine fishery equipment as
the substrate, the phenomenon of biological attachment is caused. The biological attachment on the equipment of
marine fishing vessels leads to the decrease of ship speed, the increase of fuel consumption, and the increase of
operation cost. The biological attachment on the offshore cage netting will reduce the life of the net and cause
clogging of the net mouth, thus reducing the survival rate of the cultured fish. At present, domestic anti-fouling
coatings combined with manual removal are adopted to deal with biofouling in offshore cage netting, but the effect
is not satisfactory. Some cages located in the South China Sea were once broken due to improper manual removal,
and a large number of fish escaped, resulting in serious economic losses. Similarly, the use of diluted foreign
antifouling coating combined with a small amount of TBT method to remove organic matter adhering to the sur-
face of marine fishing vessels, the ocean-going fishing vessels located in Guangxi need to dock every 6 months for
repairs and are less effective in preventing fouling. The commonly used biofouling prevention techniques in China
has some disadvantages such as toxic, time-consuming, laborious, weak timeliness and easy to damage equipment,
etc., so it cannot effectively control biological contamination. Therefore, it is of great significance to further study
the biological attachment phenomenon, take reasonable and effective measures to restrain or reduce the marine
biofouling, and achieve the long-term use of marine fishery equipment to improve the economic benefits of marine
fishery. This paper provides an overview of the hazards and attachment mechanisms of marine biological attach-
ment and the biological attachment situation of Chinese coastal fishery equipment, and summarizes current world
biological attachment control technology, with emphasis on the application of self-polishing copolymers and anti-
fouling coatings in marine fishery vessels and marine netting systems.
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