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Tab.1 The statistical feature values of petroleum hydrocarbon concentration in eight voyages(mg/L)
Voyage number Mean Median Standard deviation - Range
sample pattern coefficient
201305 67 {72 Skew 0.031 0.025 0.013 0.42 0.014-0.076
2013-08 67 1FZ Normal 0.023 0.021 0.008 0.35 0.006-0.046
2013-10 58 75 Skew 0.037 0.027 0.029 0.78 0.006-0.098
2013-12 68 M7 Skew 0.037 0.031 0.016 0.43 0.017-0.107
201405 67 1EZS Normal 0.025 0.022 0.009 0.36 0.008-0.056
201408 63 {7 Skew 0.014 0.011 0.007 0.50 0.004-0.037
2014-10 64 4 Normal  0.023 0.021 0.008 0.35 0.008-0.053
2014-12 64 7 Skew 0.029 0.017 0.043 1.48 0.003-0.239
5 os] 22 KKREMANE S HHE
S ol 2013-2014 FI4FIFL, AL AW A2 bt
g - SRS RS- A 0.027(0.003-0.176) mg/L, &= T
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§ 0.15F Ry, 2 HE W35 4 ¢ (r=0.621, P<0.01), #*
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Fig.2 Changesin petroleum hydrocarbon concentration in
different voyages
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Fig.3 The plane distribution of petroleum hydrocarbon
concentration in surface seawater of Liaodong Bay in 2013
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Fig.4 The plane distribution of petroleum hydrocarbon
concentration in surface seawater of Liaodong Bay in 2014
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Fig.5 The superposition map of petroleum hydrocarbon

concentration, marine protected area and pollution source of
Liaodong Bay in recent two years
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27.0%, 4 43 A 76 3L AR VS D e A0V 00T R V3
AN, ANV R AR R A NI L A LRk
0.026-0.028 mg/L, )i X Ik 5880 km?, 5 iL
ARIBA R 22.8%, B P/ Aife bl ; Ak
FEALT 0.024 mg/L (1 IX S5 AN 2806 km?, (5
LRV AT ALY 10.9%, A X 5k 32 B4 Hh e G BiE
RIE R AR X LRI, AHE SRS T 0.032
mo/L, X3 ARRIAA 1170 km?, A 10 25 78 3 4 1
TR 4.5%, B2 o3 A0 AEIL AR S DUV s 11 DX

23 KEPFEMESTTELERZ S

WU ] A A B 2 1P AUk ol 2013 AR FK
(0.037 mg/L)=2013 4£44(0.037 mg/L)>2013 4F-#(0.031 mg/L)
> 2014 4£4(0.025 mg/L)>2014 4EFk (0.023 mg/L)=2013 &
(0.023 mg/L)>2014 44 (0.017 mg/L)>2014 4FH %
(0.014 mg/L), M 3TTLIFEH, &AL Bk IR
A AP R R 225, 2013 4ERk. &2
MRS ERm, HIKESE, A5REK; 2014 4F
HFREm, HRIKEMATE, SRR, £3
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Tab.2 Thedistribution area and area ratio of petroleum hydrocarbon contents average in seawater of the Liaodong Bay

L 0.024< 0.024-0.026  0.026-0.028  0.028-0.030  0.030-0.032 >0.032
Content range (mg/L)
MR Area (km?) 2806 4692 5880 4292 6960 1170
5 X 38k HE % Proportion (%) 10.9 18.2 22.8 16.6 27.0 4.5
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Tab.3 Statistics of petroleum hydrocarbon concentrations in different seasons

Z=75 Reason # 2= Spring 2 Summer #kZ= Autumn A2 Winter
FE i A Amount of sample 134 130 122 132
JE Il Range (mg/L) 0.008-0.076 0.004-0.046 0.006-0.098 0.003-0.239
SEPEAFREZE (MeantSD) (mg/L) 0.028+£0.012 0.018+0.009 0.030£0.022 0.027£0.016
PR Exceed standard rate (%) 6.0 0 13.9 13.6
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Tab.4 The amout of petroleum hydrocarbon into the Liaodong Bay from river in recent five years (t)

i River 2010 4 2011 4F 2012 4F 2013 4 2014 4F
KAiLi Daliao River 219 240.9 186.1 144.3 19.9
iZ¥ Liao River 217 100.9 47.1 122.1 86.7
/Ng2 Xiaoling River 28 20.0 16.5 34.0 -
SR Liugu River - 19.2 0.7 21.4 12.9
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ia, 201) o 3L ARV b S T S5 A VAT 3 FH SR iy A 3K [
I ORI X, AR IS A R T K i R B
TG HE RV T = SC& A 5 T R R T K 1 o [
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Tab.5 The petroleum hydrocarbon concentrations in different seas

e . SRl ISR el e S
w8, Waters 15 Season Conte:t;gar{;ljmg/L) AveragfcgnTeﬁ(mg/L) BEFRIR References
it ¥ 1 #Z Spring 0.01-0.047 0.022
NortherntheYellow Sea  EZ Summer 0.043-0.154 0.099 e 2 7% (2011)
FkZ& Autumn 0.018-0.042 0.027
A7 winter 0.012-0.178 0.051
TR 47 Spring 0.008-0.076 0.028
Liaodong Bay B 7 Summer 0.004-0.046 0.018 I
#Z Autumn 0.006-0.098 0.030
£ 7% winter 0.003-0.239 0.027
KiTH % 2% Spring 0.070-0.130 0.095 5 45 2014
Yangtze River Estuary 57 % Summer 0.050-0.180 0.103 A (2014)
I # Z= Spring 0.042-0.279 0.101
Shenzhen Bay H 7% Summer 0.065-0.406 0.214 11355 (2010)
#Z Autumn 0.033-0.139 0.063
£ 7% winter 0.022-1.130 0.277
iR U # % Spring 0.041-1.930 0.219
Liusha Bay HZ= Summer 0.010-0.090 0.032 .
FkZ= Autumn ND-0.044 0.014 P01
& Z= winter 0.00-0.110 0.055
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Temporal and Spatial Distribution of Petroleum Hydrocarbon and
the Pollution in Seawater of the Liaodong Bay

WANG Zhaohui, WU Jinhao, HU Chaokui, LIU Guiying, WANG Nianbin,
L1 Ai, TIAN Jiashen, MA Zhigiang”

(Liaoning Marine and Fisheries Science Research Institute, Liaoning Marine Environment Monitoring Sation, Dalian  116023)

Abstract Here we studied the seasonal, temporal and spatial distribution of petroleum hydrocarbon in
the Liaoning Bay based on the all-year-around environmental monitoring data in 2013 and 2014. The
source and degree of pollution were also analyzed and discussed. The range of petroleum hydrocarbon
concentration in seawater was 0.003-0.239 mg/L with an average of 0.027 mg/L. The concentration
tended to decrease over time and exhibited seasonal fluctuation. Petroleum hydrocarbon concentrationsin
spring, autumn and winter exceeded the limit of the national benchmark with varying degrees. There was
a significant correlation between concentrations in the surface and bottom seawater. The petroleum
hydrocarbon concentration varied in seasons (autumn > winter > spring > summer), and gradually
decreased from inshore to offshore, and from open areas to protected areas. It could be concluded that
regions with petroleum hydrocarbon concentrations of 0.030-0.032 mg/L, < 0.024 mg/L, and > 0.032 mg/L
accounted for 27%, 10.9%, 4.5% of the tota investigated sea area respectively. The region with a
concentration of 0.030-0.032 mg/L had an region of 6960 km? and was mostly within the northern and
western coastal region of the Liaodong Bay. The area with petroleum hydrocarbon concentration below
0.024 mg/L was 2806 km? and was mainly located in the Dalian harbor seal nature reserve. The smallest
area was about 1170 km? in the western harbor area of the Liaodong Bay. Analysis also showed that
seasonal variation in petroleum hydrocarbon concentration was affected by the pollution from fishing
vessel operations, and that the major sources of petroleum hydrocarbon were the terrestrial inputs and
marine anthropogenic activities.

Key words Liaodong Bay; Petroleum hydrocarbon; Distribution characteristics; Change trend
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