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Fig.1

Surveyed areas and sampling stations
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WM 3.26. 3.04. 2.90 ug/L; FKEIEPERERREL & HAE
4.14-33.36 pg/L, F)2. 10 m EHE)Z & EEHE S
Bh 15.00, 13.52, 15.64 pg/L; XZiGTEMERREL &
oM 18.75-55.27 pg/L, EZ. 10 m EHAKEH 2F
YIE S0 33.85. 32.87. 32.63 ug/L(E 1),
2012-2014 4F AR T i i il R 2
10 m 2 FE 2 1E MR 5L & i E FISI AR 1,
2.1.2 EWER LG TN ST A3 AT A
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oo F VA IHRR R TG PE DRI L = & i X R 2L T
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Tab.1

Concentrations of active phosphate in the central Bohai Sea during 2012-2014

VAR ] Survey time

By [ DIP scope (ng/L)

)2 Surface 10 m /Z 10 m depth JIX)Z Bottom
2012 442 Spring, 2012 4.43-22.07 4.43-20.60 5.90-19.13
2013 442 Spring, 2013 5.93-18.56 4.52-18.59 4.52-19.96
2013 K 7% Summer, 2013 2.12-9.70 2.12-8.70 2.12-8.18
2013 4EEkZE Autumn, 2013 3.03-38.12 8.57-39.96 8.57-47.35
2013 442 Winter, 2013 14.11-36.27 8.57-32.57 8.57-38.12
2014 452 Spring, 2014 1.20-22.14 1.20-17.95 1.20-24.93
2014 -5 7% Summer, 2014 0.45-18.23 0.45-17.12 0.45-8.23
2014 4FFkZ= Autumn, 2014 4.14-33.36 4.14-24.59 7.06-23.13
2014 442 Winter, 2014 27.51-39.20 27.51-43.59 18.75-55.27
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Fig.2 Horizontal distribution of active phosphate concentration in the surface layer of the central Bohai Sea (ng/L)
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Tab.2 Variation of active phosphate concentration at
different depths in the central Bohai Sea

F#1E 1 Average of concentration/pg/L

o %2 0m 2 2
Surface 10 m depth Bottom

# 7% Spring 10.43 10.09 9.98

X 2% Summer 4.39 4.01 3.84

#ZE Autumn 19.29 19.29 20.90

&7 Winter 28.09 28.06 27.41

2.2 i AR EIE TEREER £ Y B (8) ZE AL 4 E

221 EMERLGES TR AR BN, i
T MR IR R T S R B AL e . &

2. 10 m EHRURZEPER IR LR & AR L B
[, 3B RHEERINFE LR > HE>FRE>H
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Fig.3 Seasonal variation of active phosphate concentration
in the central Bohai Sea
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Fig.4 Inter-annual variation of active phosphate
concentration in the central Bohai Sea

PEMNEE A R, 2012 4F 35 2= 16 v 350 O] £ v duf 4 ol
PG PR IREL B AT 65 58 — KoK BibsiEGGR 4),
oyl AT S — S AOK bR, FZ. 10 m ZA
JEZEBARRII A 28.57% . 19.05%F1 9.52% (5% 3).

2013 A ZE i) 1 v 0 o] A v 3 4l 6 T 1
PR & PTG 58 2 AOK BbRHE(R 4), #B5ruk
PSS — MoK FbR e, RZ. 10 m ZHAEE
PRI BN 14.63% . 14.63%H1 17.07% (£ 3).

2013 4F- 5 5l v 300 R A5 VA dnk 4 0 46 T P
Tk £ o B AT A S — KO AR U, TG AR B
(R 3 M 4),

2013 ARk R 1m0 o] A v S A3l o 1
AR Eh S B AT A 58 MK AR v, A3 o0 o 0
IR T RIGAOKTRRE, RZ. 10 m JZFURZEBiRE
3R 29.27% . 26.83%F1 29.27% (3 4); WA /D
o3l (67 % PR R AR 5 AT B 58— SR AOK B bR 1
Kb AR L 5 — AR T bR, F£JZ . 10 m 2
FIE 2 AR 514 82.93% .87.80%F1 92.68% (% 3).

2013 AF2& 7Rl v s R A Vi 3l K il 7 9%
R S AT A 5 I AOK BbR i, /03043 il (37 4
8 TR AOK bR ME, R)Z . 10 m ERKZE @R
BRI 7.32% . 9.76%F1 4.88% (3% 4); T HEIE/ D
SrubOn G PERRRRER O AT B — S AOK BRI, KER
Gyt 5 — 2RI AOK BibRE, RZ. 10 m JZHIE
JZHBFRZFS R 90.24% . 92.68%F11 87.80% (3 3).

2014 AF-F5 7 1l g v 30 R A5 VA dnk 43 0 46 T P
M kb O AT G50 2R KK TR IE (R 4) , F 4wl i
ML — I KOK FibRE, RZ. 10 m ZRUEEE
FRAFBAIHH 12.20% ., 12.20%7F1 14.63% (F3).

2014 AF X 2= i R U8 A vl 4 Ak 46r T 1
PR ER B T A5 2K KK bR e (6 4) , Bk o7
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Tab.3 Pollution index and exceeding limit rate of active phosphate in the central Bohai Sea during 2012-2014

22 Surface

10 m )2 10 m depth

Ji&JZ Bottom

Tl I 1]

Surveyed time

P ¥ HbRAR

P; scope Exceeding limit rate (%)

P 3t Fl
P; scope Exceeding limit rate (%) P; scope Exceeding limit rate (%)

HbRAR P ¥ HbRAR

2012 /2

. 0.30-1.47 28.57 0.30-1.37 19.05 0.39-1.28 9.52
Spring, 2012
2013 Z
. FHE 0.40-1.24 14.63 0.30-1.24 14.63 0.30-1.33 17.07
Spring, 2013
2013 Z
FHRE 0.14-0.65 0 0.14-0.58 0 0.14-0.55 0
Summer, 2013
2013
FRE 0.20-2.54 82.93 0.57-2.66 87.80 0.57-3.16 92.68
Autumn, 2013
2013 4E&Z
. 0.94-2.42 90.24 0.57-2.17 92.68 0.57-2.54 87.80
Winter, 2013
2014 4F
. A 0.08-1.48 12.20 0.08-1.20 12.20 0.08-1.66 14.63
Spring, 2014
2014
FRE 0.03-1.22 2.44 0.03-1.14 2.44 0.03-0.55 0
Summer, 2014
2014 Z5
FRCE 0.28-2.22 41.46 0.28-1.64 36.59 0.47-1.54 53.66
Autumn, 2014
2014 & Z=
1.83-2.61 100.00 1.83-2.91 100.00 1.25-3.68 100.00

Winter, 2014

T RIS — 2RI OR BbR T 5

Note: The P; value was calculated according to the first class limit of sea water quality standard

MR — 28 KOK FiArifE, RIZ . 10 m ZHAUEZH
PRIFBATNHR 2.44% . 2.44%F1 0 (£ 3),

2014 AR Z il mp 350 v 8 Vg 3 AGHS 4r il 2 90%
BETR £ & T 456 55 2R KK TR U , A 0] i o7
I I OKFARE, £Z . 10 m ERUKZBAR
R0 4.88% . 0. 0 (55 4); VR HEIGES S0 3 10 1%
PEBEIR EE 5 AT A 5 — S AROR AR , 385
W —RMOK AR E, F£2. 10 m ZHK)Z B
TN 41.46% . 36.59%. 53.66% (3 3).

2014 A4 Z i v 350 0 A Vi 3G HS 4 ali A8 90%
BETR £ & T 55 5 2R KK JTObR U, /D 3B il o7
5 I KOK BRRE, 2. 10 m EHEE @8R
RN 26.83% . 21.95%H1 17.07% (£ 4); JH4 i
38 4 R o 0 T T W R R A R A B — 2RI K K b
W, X2, 10 m ERKZEBRELN 100% (% 3).

I AT L, B AR R A T B A i s . A R T
B, ZREIRE YRR RN, (HAk . AR RS
WAL BTSRRI 55 AR AR U o 1R A X )
Skt e ) B A, AN AR TS TS KR R AR 7K ) K
HERON 12 S B0 P R R R F AR 0 B R 22— o

3 itig

T 7K HP I IR R VR VR U A ) A K B BT
IR TR 00, SRR 2 2L 1 A 00 00 i D A ok A o 22
JUE, I Ak DO 2 e e A VA R TR A ) 1 B AR A ST Y
FB B 53 o B AT F A 0 1) A A R R
PN FE ARG Y EEEH ., RN E
B, WK R R B RESEE IR KOE B A R
K M5 W 2 TR R 0 (R 0 A 7R KT B A 3SR B 4
FJ(Lagus et al, 2004), T XLETES 54 :mG
SRR, AT TE AR 5 4 A 32 B AE W i il
2y, [FE 2 B4k 2F | Hb RN K SO R B2 (kS 2
E,2011), B, BFSEEFRER I AT AR AL R XS T
WHASHERP A EZENE L,

31 EmHEFHEEBBRRTESTHEERS

S ) e Vg w5 A 3 T e R R R S 1 A3 A A TR R
NZ ML A LR A%, WY R AR IR IR A
TR A K B | K2 XIS . A
BT . BFGEIEI S 3N T | BRI ARVE LA B
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Tab.4 Pollution index and exceeding limit rate of active phosphate in the central Bohai Sea during 2012-2014
%%)Z Surface 10 m JZ 10 m depth Ji£JZ Bottom
P [l eh A S P; 11 FEE TR S P; 11 LEE TS

Pi scope Exceeding limit rate (%) P; scope Exceeding limit rate (%) P;scope Exceeding limit rate (%)

T A I (7]

Surveyed time

2012 /2

. 0.15-0.74 0 0.15-0.69 0 0.20-0.64 0
Spring, 2012
2013 4F
. RS 0.20-0.62 0 0.15-0.62 0 0.15-0.67 0
Spring, 2013
2013 4F
PR 0.07-0.32 0 0.07-0.29 0 0.07-0.27 0
Summer, 2013
2013 4F
RRSS 0.10-1.27 29.27 0.29-1.33 26.83 0.29-1.58 29.27
Autumn, 2013
2013 4E& 2
. 0.47-1.21 7.32 0.29-1.09 9.76 0.29-1.27 4.88
Winter, 2013
2014 4F
. A 0.04-0.74 0 0.04-0.60 0 0.04-0.83 0
Spring, 2014
2014 4F
PR 0.02-0.61 0 0.02-0.57 0 0.02-0.27 0
Summer, 2014
2014
FRCE 0.14-1.11 4.88 0.14-0.82 0 0.24-0.77 0
Autumn, 2014
2014 & Z=
0.92-1.31 26.83 0.92-1.45 21.95 0.62—1.84 17.07

Winter, 2014
e FRRREE 2 KK bR T 5

Note: The P; value was calculated according to the second class limit of sea water quality standard

AR FRER W A s KB T I F RIS ET R
TR DU 8 TR 38t A R A5 R R 1
X T P 38 2 A 1 1 T A 7 A s e (i ) R 48, 2011,
VLA, 2005; B, 1996),

) e T S VA S T 0 R A A A A A R A
SRR R AR K2 . EEXTRAEA . R
SR A E FH R K —TTFR ) 5 1 52 6 45 3R 152 )
WA MRS RENEIRRRAR, HEHT L2
WK, i E 2K s R R s . AR
il KZ ML Y, ZRZEN, ET2EKIER
AORBERLET , IR ER B iR 1 L E K LA H
ETZ, bR, EERIRE/N . RIZUTRYIHMELL
TR IE AR, A i K TR A T R 2K 2
KFREFRERAD, Hik, BElE. EFEREZKE
TR ER 1L Ik A AR fb ke H . SR ML, KRR
BIAMG I, KRR E R, IREIEH
TRUTER Y BB IR BE IR, JE A i K TR A AT
B2 KRB SR 2, ik, JE KT
PEREIR SR X PP EL 0 M8 SR o KR TR, RIZ
TR KB FE AR KR U0, WK 3 B A e, 5 m
AR KRR RS, KR R S B TR A R R F

(MIpk SCEE, 2004), L TFEWKFTEMRE, R4S
I T S e T MR W R L A T B A Ak
BRI R 2011; BXFELE 2004),

32 hEEdhiIlEESBRtHETANEERE

S W VA v TG P W R SR B T ARk )
N2 6 52 2R B AR TR R K
BRI K T IR A E SR E R, 3, MEL
RSB A B, K IR LT, VR AR 0 6 A VR T
W TR T HRBIFIFR Y K SIS, K
B EEFE. 8 THES, KPS RS
B ERAL, ZJEBEE KR T BRG] 46, 77 Ui
MY SR 0SS, PN BRI AR T, RS
FRERKEZ A I TR L, 2004; BASE5E, 2002), &
ZE, KIRFEE AP ERAE, LI, AR TR
TP A K ZhE, XEFRERTHFE R IR, der s
TR B P AAN R O S (IR TS B AR, 2011), (AR
i SR PR AR o IR B R o BLAR A Rl
PRAR A BB SRR, (HUR ) Pk 17 0 R 31
K, K- IUR ) AR R I K P 7 SRR I
WL SRR T 5 FRER A s DR R R 5 B AR
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M, 2013 4R, K. Bk, &FEig it iy
WAL R, RIHED MG R Z (67 F),
ZERZ(63 Ty, FAFEHE =(59 Fly, &FmH/D48 Fl; 77
WA B LA 2 5% =5(200.14 x 10 cell/m?®), HZR 2
(16.32 x 10* cell/m®), FAZEHE = (12.77 x 10* cell/m’),
AR K(7.43 X 10* cell/m?), 825 15 B0 77 e A 4 A 45
HT=E B B 3P 22 AR b f IR 52 T PR ITEA A A K
FA S A G TR Eh T A E N R Z —

T I VAR T v U M W R R S B AR PR AR IR Y
JRHAR LR 2%, TR R AR AR . TR ) T R AR
. FTFRIEAR AL . R0 L IR R pH
{BLAR T S X5 X T 5 300 M B R kA1 AR b 7= A 5 i
(2013 4AEH EFFHEARTER AW ) (HRIEER,
2014) 1 2014 4 EREE PR BDIR LA ) (EZ
Jay, 2015) (LA i FRAHR) s, 2013 4EEhE FEA
TR ECTA] . /NG L AL AL TR AR T A
TR R 3708 t, 1 2014 4F iR 4 &R T
PR AT Y Sl 2842 t, [k 2013 4E T % 866 t,
FEMR IR H] 23.35%. 2014 4 i ifg s i Jak 0 1 e R £k
TEALT 2013 4, SRR BB AW A
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Abstract

The Bohai Sea is a semi-closed gulf with weak hydrodynamic condition and self-purification

capacity. Therefore its eco-system is more sensitive and fragile than open seas. A serious oil spill accident

occurred in the Penglai 19-3 oil field located in the central Bohai Sea in 2011, which severely affected the

marine ecological environment and fishery resources. To determine the aftermath in fishery ecological

environment, nine surveys were carried out in the central Bohai Sea in 2012-2014. Based on part of the

survey data, we analyzed the temporal and spatial variation in active phosphate and the corresponding

factors in the central Bohai Sea. The results showed that the levels of active phosphate met the second

class of sea water quality standard in spring and summer from 2012 to 2014, but the pollution caused by

active phosphate was observed in part of the survey in autumn and winter; the horizontal and vertical

distribution of active phosphate varied in different seasons, and in spring and summer the concentration of

active phosphate gradually decreased along with the increase in depth, while in autumn and winter it was

almost constant from the surface to the bottom; the seasonal mean concentration of active phosphate

followed the order winter>autumn>spring>summer, and it was obviously higher in winter than in summer,

plus the mean concentration was lower in 2014 than in 2013; The distribution and variation of active

phosphate in the central Bohai Sea was affected by many factors, and key ones included exogenous

supplement, endogenous release of nutrients, and biological consumption.
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