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Effects of magnetic field of offshore wind farm on the survival and behavior of marine or-
ganisms. YUAN Jian-mei, BEN Cheng-kai, GAO Ji-xian, YU Wen-wen, ZHANG Hu", LIU
Pei-ting, WU Yang-ping ( Jiangsu Marine Fisheries Research Institute, Nantong 226007, Jiang-
su, China).

Abstract: Magnetic field of wind farm is mainly generated by the submarine cables in the opera-
tion of wind farm, and its effects on marine organisms have been less studied. In order to know
whether the marine organisms in adjacent sea areas and in aquaculture environment were affected
by magnetic field generated during the operation of wind farm, we took Rudong Longyuan wind-
power demonstration area as an example and selected 12 economic categories of marine organisms
along the coastal water of Jiangsu. Six intensities of magnetic field (Test I : 1.00 mT; Test I .
0 mT, (0.045+0.01) mT, (0.20+0.01) mT, (0.90+0.01) mT, (4.05+0.01) mT, and ambi-
ent magnetic field (CK) ) were installed to check their influence on the survival and behavior of
marine organisms. Significant difference (P<0.05) was detected on survival rate and behavior of
fish Acanthopagrus schlegeli between 1 mT magnetic field (21 days) group and control group, but
such effects disappeared 14 days after removal of the magnetic field. The survival rates of fish Ac-
anthopagrus schlegeli, Cynoglossus semilaevis and shellfish Meretrix meretrix in (4.05£0.01) mT
magnetic field group showed significant difference ( P<0.05) compared with control group. The
avoidance behaviors of shellfish Nassarius variciferus, fish Cynoglossus semilaevis and crab Helice
tientsinensis in (4.05+0.01) mT magnetic field had significant differences ( P<0.05) compared
with control group. The results indicated that magnetic field of wind farm had tangible impacts on
the survival and behavior of marine organisms in short term (21 days) but such effects disap-
peared after removal of the magnetic field.

Key words: magnetic field of wind farm; submarine cable; coastal water in Jiangsu Province;

marine organism.
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T 1 XL 32 2 i XL A B G Y T
FE sl A WG IS B0 A G ( Faria et al.
2006 ; Ohman et al.,2007)3 #FAF2H 8, IEAER , FEbE
A I R VR FE AR R SR - T
Bk 1 IXUFE it T 1 W Vg v AR AR BB 7 A S i
1 - X s 17 7= A i R R S s T —ME
15 B PR EE ]  ( Sigray et al.,2011; Andersson et
al.,2012) , A i b XU 37 IS HE 45 19 1 323 5500
[ N 7N EA A SE ( Bochert et al., 2006 ; Ohman et
al.,2007) , FA-HFREE R BN, FE LAY 2552
—E R VR RES I (B R R KU
Vb #8477 W Rl — 78 R A W A s AN
RS20 (Gill et al.,2010; Reubens et al.,2014) , M
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UK e 15 AR 7R 91 DX G FEL R AR S0k 3 008
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FEBS ) ( Bochert et al., 2004 ) 115 3k 15 BE 25 . 45
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Table 1 Magnetic field strength at different distances of
standard cable for 1200 A

AR (m) I HL 358 B (mT)

0.10 2.40

1.00 0.24

4.00 0.08

6.00 0.04

F2 REBHIGHE
Table 2 Magnetic field gradient of wind farm
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Fig.1 Sketch map of magnetic field gradient devices
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Table 3 Experimental organisms
A=) ¥4 Wit U
6y Acanthopagrus schlegeli 20~30 mm
80~ 100 mm
2 Cynoglossus semilaevis 60~80 mm
H R AR Palaemon carinicauda 40~51 mm
e Meretrix meretrix 0.25~0.60 g TLHAE MK IR A S A oo
£ NiEAEAE Nassarius variciferus
I EE DY S Clibanarius sp. B Uik
BRI Neomysis awatschensis
WYY Oratosquilla oratoria
=it Portunus trituberculatus
KR Helice tientsinensis
B2 il A b £ Acanthogobius ommaturus
Tl 25 Cereus sinensis

JEJE R 0~5.00 mT, 38 12 715 2 A 2 B 1 Fi 3 R/
KA, et e A, 4 B T IR 4EHF 24 h R[]
Wi TR, i3 kA 2 8 L R, iR
X 0 H At R0 L b e A 2
1.3 XA Mok ik

AR XL 37 205 300 T 3 10 34 B VT 503030 V8 5 5
Pl A R I 5 PR AE M 22 T DL iR A Y
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RIS PR T, S — U g (1R 1) =20
R T KEREY (1.00 mT) XK £ (R4 K 20 ~
30 mm 3 VA7) F7EE AT N RYEEIR, T 2014 4F 5—
7 AIFE, ENEEKIERE 22.6~27.2 C K HLE
1.017~1.018 ,pH 8.02~8.31 A% 5.4~7.0 mg -
L' REATTIR IR 21 KRR, 4 22 ~35 K
WG R IRIE . B H O AR 2R B AT oA B
SRAERARTERL, B R GRS ) 78 2014 45
10—11 HITRE, =Nl KIRE 15.6~18.2 °C 1K
. 1.016~1.018 .pH 8.08 ~8.38 JA % 5.60 ~7.10
mg - L7 R T EEFET LR IJLIH A1) K
FLBS IR R PR A ) (SCUG 3 AT R 7 6 2
ASFAT PR 2 AT ) AENE RS AFSE (30 d) 52)
UL BEARE S X 3 i v A= ) (CF i % 5 R )R
8 YRNBSR) R T R B ST (1 d) 53) K
LSS 3 XoF B e AT B S | B R R pE £ R R
LINNIWE N I i 0 e 9 =Y L AN o s R <L B2t
LA T MY SR (6 d)
1.4 Fdiaaba

K H SPSS 19.0 il Excel #XA-HEA 8085 04, [l
R LR O 20, kR = (E-A) /(E+A) X

100% (229545 ,1993) , Ho E Rk A A SRR BT —ll
IEEIA R A SRR AERE S 22 83— N A A= AR
S SRR BB RSV € T E ANy R G a EX N P
(AV#SD) , K HI B & 7 224381 (ANOVA) 4% 4k
225 SRJG PR T 2 AR (1SD ) (IR 4%,
2013) ,

2 ERE5SH

2.1 FBERESAXT 3 P A YU AE TS SRR

1 mT @55 b | FRERAE G R N 2 W5
M (F4), KT 4R ER . 1~7 RAEER
FEARHA ., 275 8 ~ 14 RIFIRIKE , 1T 21 K WG % 7%
RIS 5 X R = B B AE TG SR A B E R
(P<0.05) ; WA RES G 14 K P 56 20 vt BR 46
WEMES (P>0.05),

W5 4521 B (3R 5) MR RE3758 BE F AN TA]
YRR S A 2E S, NBEEERRE, R
i 2 SO TERRE T T IS X B2 2 [a] 2y
WA B FTEZE S (P>0.05) , BB00 2 W5 65 7E B B
V 5%} A 2 M 25 5% (P<0.05)

F4 1 mTHEBHEETERANEETE( %)
Table 4 Survival rate of Acanthopagrus schlegeli in mag-
netic field exposure of 1 mT ( %)

R4 CK 1 mT

M7 E 98.19+1.12 a 75.76£0.98 b
M 14 K 98.44+1.38 a 92.50+0.61 b
M 21 K 98.45+1.23 a 99.87+0.23 b
N7 XK 99.97+0.03 a 99.96+0.07 a
N 14 % 99.72+0.49 a 99.93+0.12 a

M ik % 5, N RO L 1) — A7 A1 R IR 7 B R oR 25 5 B 3K
P<0.05,
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Table 5 Survival rate of marine organisms in magnetic field ( %)

A=) CK I I i\ v \

R 97.00£1.41 a 97.01£2.83 a 97.02+1.41 a 95.70+2.83 a 91.40+1.98 b 87.00+2.83 b
1 91.70£1.27 a 89.60+2.55 ab 91.70£0.14 a 93.75£2.90 ac 87.55£1.20 ad 85.40+0.99 b
pe 96.11+0.96 ab 96.11+4.19 ab 96.11+3.47 ab 99.44+0.96 a 96.67+3.33 ab 93.90+3.47 b

A NEFREFRRA R 2253 2.3 (P<0.05) .
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IS fa, Vi A2 6L, R SRR AE B 345 1k 10
min J& , JROXUE R 3 8 8 e o R 4R 6 40 4ol =22 ]
TR,

RIS T AR RS R S A 25, it
5 255 BB AR B T T, V 5500 B 22 )
FETE R 22 5 (P<0.05) 5 P H 8 {UAEREE V
XF R Z AR 5 1 25 57 (P<0.05) 5 K HE S I A

X IR Z MIBEAE E M 25 5 (P<0.05) 33 A
) b2 () L WD AE AR BE V 5 0 IR 22 [e] 4 777 2 v 2
5 (P<0.05) (% 6)

2.3 KU EEZN Al 7 R 2R W AETE R 54T
HOFA ]

TR T BT A 7 R A W A B AT
SR L LR 7, WA ZRER T SAAR B (1 A7
TR R (B AR B 25 5 (P<0.05) , HAT
DA HA 6 b A= 0 004 TR R A HH A . 25 5+
3 3 i
3.1 R RES X A0 S AR I

1.00 mT 56 J3 77,37 % 55 ot S 08 (4 47355 SR FIAT A
H—E R 5 S mIE . 1.00 mT XU
WEERT R e h o e K ikrh 12 A4
AT KT R 1], BT 3RE A 5 At v £
BLIREBEES , XA T IE 8 AR 1T R WU #43% 10 min
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Fig.2 Behavior of Acanthopagrus schlegeli in 1 mT magnetic field

®6 REHIHHIM T EMAEEE (%)

Table 6 Avoidance behavior of marine organisms in magnetic field

AR CK 1 I 1 v \4
VIR 46.25+0.09 ac 43.25£0.11 a 32.00+0.13 ab 30.50+0.03 b 52.000.01 ¢ 33.00+0.10 ab
2 42.10£0.11 a 35.50+0.20 a 42.10£0.11 a 48.70+0.10 a 43.8020.13 a 23.80+0.09 b
PNy 33.30+0.06 a 64.40+0.15 b 52.20+0.08 ¢ 47.80+0.09 ¢ 21.70£0.07 d 47.80£0.12 ¢

ARG FRE RN R ) 22 57 8. 3 (P<0.05) ,
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Table 7 Influence of magnetic field on seven marine organisms
P TBEEY 4 HIFE bR A HAT W 22 55
fh2 B B2 AR A Acanthogobius ommaturus /AT R w5
ek LN Palaemon carinicauda /AT H w®/®™
LEv AP N Neomysts awatschensts s/ TR =/
1 0 gl Oratosquilla oratoria /TR w/B
IR T Portunus trituberculatus AW/ AT /5
A Clibanarius sp. G/ 110 w/H
e nshy SREFT(([F- A5 Cereus sinensis HE/ TR 5/5

X B AR A0.47 R 1 52 M 25 R (Y 38 3%, 2012) |, 4k
Ji PRI AT RS 7 1) 5 B A FH ) B3 X 52 i AN
[ PR R ZE R, 1.00 mT KB REZVE R T 2 Y
01 IR (SN A AT REXT (0 TP ph 28 il
GGG QVERLN , — TR BE S e £ Y 4
THALTIRESE 15 B FFAE T, 1.00 mT, I 55 JIE f
45 0.30 m AbREY , 29 12 A0 2 0E F A B K Sk 1 3 E
(14 100 15 , R AE 3 B G 3 5 W) 18368 7K £0. 28056
ST E R AR WAGE A 238 RGO G K ) A T R00E
AT, KR f g 3 A B (0.07 T) 7K 5758 ]
DI S 2 S L 2 A 40 A ) A= K v e (O
B 45,1991 ; 2 5 14,2004 AR5 E,2004) . 51t
[RIERE, 8 B A R L A A5, I T A7
G ROt A T R Pt JF AR 4
IRV AT BEAFAE 2 — 5 W I 1 (X128 5255, 1981
T AR 1987)

Bt XU H 3750 FE 1 3 (0~ 4.05 mT) | 26 2
TR B 1) £ 15 5 32 W S e i R (2 BB AR Y
#4);0.20 mT(HEESHEIR LS 1.20 m Ah) B AE 2
T BRAE T A2 G . 1230 B 2 R B I vk A
I A TG DX, DS I 35 R R A0 A 4 i PR 6~ o
BAE I R RE S T 323 L, O 4 A 2 78 123 1
(BPEE B HL A 1.20 m M) By TV #2552 KU HL 7
Vg R BE375R T 4.05 mT X SEAR 2 05
By A7 SR B I 32 W 1 RS v T I IS L 4
EH BT A WG58 B R R S BORAS T
L, TG 730 PR R Ao Vi 35 A0 2T 37 R W 37 Y T s R
T RN, R AR A v L XU H A 1 S
Jita il 7 B S %
3.2 JRUHL RS R AT DL S5

ISR 1 REA T A 32 R R e W . 24 h
ZP,4.05 F110.90 mT 58 414 T MG\ 4LE802 43
WA 8.30% Fil 3.30% 36 2§ T il gu i, F 42 5 43 34 43
PRI RT N, HRbh I & B Al

B5), REARBE ML, %S5 Bochert 45 (2004)
K Gill(2005) WF 5% 45 FAH L, Bochert %5 (2004) %
B, 7E 2.70 mT {1 HL G 3 h Je S 2 5% IR 2B ) 25
B A BRI I R 1 (R KO R B | A X
ANRESH I TE ], LA P AT DT 57— 2 5 Y R N
IR 7, i B A R iR B 1 4 2 i AR ) 1k ik
(Gill,2005) .

SCIAST R T SRR, iR g A R R
Yyl 520 A 0.90 mT ( 45 [ J#EY ) , SCIATETE
RAVIEREE V (4.05 mT) % —5E 50, 5 AR 10
A U B BCIR SR 3 S 1 OCIR A IG R T
K, 1 AU EE S T 38 A7 g IS H 4 7™ AR I R 3 %)
SCHA ARG A RZ I, KRR TR 1
YEPEICHE S 4 AT ATE 3.70 mT B3 LRG3 h A= 17 28
d LA L 1 LA R 58 30 4 BRI R O G
H2E53.70 mT LGS T A IR 8 fa i A KR 2
S0 ( Bochert et al.,2004) | 755 % H 45 B w5 3 15
AR A Sh 4 i B |32 sh AN AR B8 I i
i 17, AR5 485 55 2 ML, LI PRl XU R i 2 2 15
Xt E A DL S (NSt ) BRI % B = AR R, T F
—B IR UE . Y & B, 2 T A G
VAR 3 3 AR R A 22 0 T O IR IR I & B
R (Levin et al.,1997) .

3.3 XU R 7 %o PG A 1 25 ) 52 i)

TG 7 5 T SAAB TR AR A 17 15 AT T A1,
JEV (4.05 mT) RIS, 5% B L, A7
RIPEEACEAL T 10.53%) . R AER 1 R,
SRR T AT A A 4 RPN R IR R R A2
WEGysem A [R) 28 A 1) X6 14 3 B Tt 32 PR A% 25
S BARFOREAT H W SR B KR E B, 2% Wik
R TS G B A AR B FE R AR (X I R A,
1979) , BARIA 6 AF 3 B 1 B 3 0 LR LR B &
PESBERN , 1HH X i 1 (%) 5 07 2 W A8 28 v d5 S A
TR —Fh | 84358 . T IR BRI SE I A W ) A
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