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WE RE20B F45F, EFMRERAFEREREBKESLBNAEERE, 2TV ZAE
X3 AKELERENFT LA, Iz A AHE T Nemerow)dd Bk Fn 45 4 iU & 48 2UE X2 B K
BT ERANHATT HA4 RN, £RER, AABHAEBEREREEATELRBREEZZRE,
Pb B — KB AKFARE, H Po WIEMBRER 66.67%, R XEEREFERKAEER
(National Oceanic and Atmospheric Administration, NOAA)IEH KT EL B EDEMLLKET
B, R Cu e MAISE LA K E B T NOAA HEW AN ER L2 RE TR, HeMATENRER X
B, TedANERTELREY . WEZHREEMESNERBEINERE R, AXRZALEE
BETHE-RTEER, XKAFELRBETHER-ATLI, E2BETERENRREEZA 34,

AR RERIEFEE ., ARBLHTOX ., EMEFEMNE LR B,

KR
FESES X822

ARE; RERE; E4E
XEERIREE A

BEEERBERE D EENTHERYZ —, "R
KL UUERY) . AR U U, R A A ) o R i A A
%, BARANRC KA E TGRS &R TR M
N RGBT BEATAE RN W fin, I ™ o gk 210 1
FEA W) A AR {8 (Islam et al, 2004; Bellos et al,
2005), H4JE TG YL O A — i E ) VR P () R
(Kumar et al, 2008) ., 7K 32 A Ay 5 el i fin 78 65 3 6
B EE— 22k, AR E SR TE S EY
BEE AR E R, ik, WKk EESRM SR 50
J VA 1 S5 b2 ) 2 B R V6 PR AR R 2R AF 9T i A
(Wu, 2005; Saager et al, 1992; Cotté-Krief et al, 2002),

TLZRVE AL Tl 2 AU, JR 320 30k T AT Tl i 458
2%, 1L AR 75 ¥ & /N B 4 (Pseudosciaena polyatis) | 47 ff
(Coilia spp.). X1 (Penacus orientalis)%: i) & % a7,
(R, i T KIS IR BT T Y St B 5 46 A\ 295 3
MR A (R R, 2003), BRI E 4R A IR
M , AT 4 (Rhopilema sp.) . B iR (Acetes sp.) .

XEHE  2095-9869(2016)03-0014-06

=M T (Portunus trituberculatus)ZF A4 7= (H [ /K
FERFEE S B BT IR S R A 5T 0, 2006) 0 AT, R
B P9 T 3 A S PR S 18 At B R T R T R R
(LRSS A RO, X TS B il R e & R A
FEEE LAELI, 2006; ££5455, 2013), ¥R
Z U AP L R 7Y, S Wl R R R Ah
FERERT, HRN R NSOGB X, HAE A
Vg IR sz NS TG Sh PR ST 7 B 520 2077 ) UL (Worm et
al, 2006; Lotze et al, 2006), B 275 T £l R85
FUGEUER ) 1 (4 BAT4E, 2015), PRI, X 28 5 0T
VR IR S AR A T W S P AR N

ZEHE (200 1)AFFE R, 1999 AFEIL ARVE TR IK X
IKIREE H 4 Jd 15 4% Pb B AR HL A ™ 5 ; 28 4E SC5F(2010)
W5 R, 2004-2008 4711 7R V5 7K J5T 8 42 Jm 075 YL
fESZE Cu H Pb A HFRIG . T BR R W I 4k 10
RIBKBTEE B YRO, AFFEARTE 2013 4F 3 4>
MUK B IL AR VST K 6 M E 48 (Cu. Pb. Zn,
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Fig.1 Sampling stations in the Liaodong Bay
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FE SRR I H AL 54T (Cu) . 5 (Pb). £ (Zn). HE(Cd).
K(Hg). fHi(As), FEmb IR . BLIALBE K o3 Hr O ik
Yy B CHFVE I ) (GB 17378.4-2007) 0 i i &
1 5 A T (o B A AR A L 45, 2007), Cu., Pb,
Cd R H A s i WGk (H 57 Z-2000)0 %€, Zn 2k
KPR s He o As R R Foetik
(GXY-1101A)MAE o i 4341 2R F IR RIS i) 7 vk ik
fimEdEdl, Cu, Pb, Zn, Cd. Hg. As R FEmes
PSR A58 95% ., 110% . 85%. 99% . 92% . 105%.

1.3 HENFIE
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J 15 PG L T LR BT (G AR, 2011), HAFCH
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AW 5T R 5 — JS U K K 5 A A A E A A o
(GB3097-1997) (I Z 5, 1997) AL K 5 4K
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Tab.1 Water pollution degrees based on Nemerow pollution index
VNS IR I 535 0 M 4275 34 IV s g VGG
Pollution degree Clean Relative clean Slightly polluted Moderately polluted Seriously polluted
P <0.6 0.6<P=<1.0 1.0<P=<2.6 2.6<P<5.0 >5.0

R2 GEGTRBUEREIRXR

Tab.2 Relationship between the comprehensive quality index and the environmental classfication

I3 K B 25 1R E(Q)
Classification Comprehensive quality index
5% Clean Q<023
Y5 74 Slight clean 0.3<Q<0.7
FVF Permit 0.7<Q<1.0
#¥59% Light pollution 1<Q<2

I3 KB i 25 A 4R BL(Q)
Classification Comprehensive quality index
V53¢ Pollution 2<Q<3
TEI54 Serious pollution 3<Q<5
MEMY5 Y More serious pollution Q=5
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2 #R5{Ti8
21 REBAKPEEERERR

URELREFRZKESBRE L 3, W& 3
LA, f£F. 2. B, HEEKRETHEY
N Zn>As>Cu>Pb>Cd>Hg, HEZERKE, B&
Cu. Pb, Zn, Cd. Hg. As FUHIEIME /54 (1.96+
0.39). (1.30+0.64). (11.96+3.12). (0.64+0.21). (0.05+
0.01). (3.24+1.12) pg/L, ¥ Pb 55— KK o
PR (FE ZiE R, 1997), H Pb AYuhifi s % K
66.67%, HATCEIEAMuEAW I T HARIE, Hg
B3 57 HEFR R H 38.89%, Cd ANFERSAL 9 HY B AR
%, HITH TR MR ¥ AR 1 26 B B K5 KA
&P J5)(National Oceanic and Atmospheric Administration,
NOAA)ERE A /K H 4 i A e M 28 Uk B (B e s
85, 2014), ANXTAEYAR A 3 5200 . Pb 7EH 2=
W BT AN AL AR ISR, AR RN
55.56%F1 11.11%, {H¥JARHEH NOAA M EYE 1%
UPE8.1 pg/L), FZE Cu FENIEE A AR EE(3.4 pg/L)
C 5 T NOAA (/g M2 AW (3.1 pg/L), R
SR
22 BKESEFTTWK

2013 LRSI R IR 2K R 48 Cu,
Cd. Hg EERINE ZF > ZFE>HKFZ; Pb. Zn. As
WHRERM A HE > 2> FE(# 2), AL, Cu, Pb,
Zn, Cd. Hg. As F¥IREMRRMEHHAER Z,

— R, K E A R R EE T REIRE A L K

*®3

UL RR IR M OB 2 (TR IR 28 45, 2014; B MG 55,
2008), [HEIL ARV T 75 ASAE 76 DRI BTG Sl 0 2 i
7RV =N Bk, AR, 5 YL HE RO K
Wi 2B, P B AL R IE R AR S, AL, XL
B KRB RN W5, SGDRhaEg 70T 4
HER 8 AT A Tk A AR 1657k, B &Rl S
FHEBRMKZE, 1HES H AL RIS B AL T %)
MK, ILTHEEYWER 6 A% 5 E 8 A% 6 1k,
F.H . KW R RAATRIIAERRZES, 2013 4F
LT HREK RSN 86 mm, HZFH 516 mm,
BFEH 157 mm(L THAIG A, 2014), A% (2011)
XL T 53 AF(1956-2008) 3K [ /K 2545 BTk 2 11
W RMH, FEN 149%, BN 64.1%, *KEH
18.0%, nJ UL LRI WNRIE AP S, R a5
B R (MR, 2007), R, Z35PERE RN 51 AY L 2%
23 T B AT Y B VR Y5 Y 3T 2R VS O VK 4 )R
WeEEHA N E RN, 5 Swarnalatha 55(2014) Fl#E %
ZE(2013) A FT 45 - — B TR AU R TE 4L,
[l A2 2 1 AR AR S M /s, X LRI .

23 BAESETERTITEH

K FH N A 38 B0 3 T ARV R R R K AT
AT, SRR, BEH 1.2, 14,15, 16 5
UK SR A M, A TFRIEYoKE, HAHA
ST K T A R T 2, AbFRE T K B 1,
2.4.5.6. 8., 11, 12, 14 SufK g Mk,
W FERIG YK, 18 SRR ER N T %, &b F
KT, HARMAMNKRERI N T, bF
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Tab.3 Heavy metal concentrations in the offshore surface seawater of the Liaodong Bay

& Concentration (ug/L)

Z= Season f545 Indices

Cu Pb Zn Cd Hg As

% 7% Spring JGE Range 1.01-3.40 0.38-3.21 7.57-22.13 0.14-0.96 0.03-0.05 2.01-3.51
SEH{H Average 1.71 1.16 11.70 0.44 0.04 2.59
FruEZ  Standard deviation 0.51 0.64 3.18 0.25 0.01 0.43

H 75 Summer JLFE Range 1.20-2.58 0.41-2.69 6.46-19.80 0.21-1.02 0.04-0.07 1.87-5.75
I Average 1.96 1.30 11.96 0.64 0.05 3.24
FR#fEZE  Standard deviation 0.39 0.64 3.12 0.21 0.01 1.12

#kZ Autumn JiEl Range 1.09-2.85 0.18-1.66 6.70-19.73 0.22-0.90 0.04-0.06 1.74-3.98
SEH4{H Average 1.82 0.56 10.34 0.62 0.05 2.57
bRt Standard deviation 0.45 0.42 3.50 0.18 0.01 0.73

oK o

ll:ilrﬁ c]&%ﬁiiﬁif{iﬁiﬁifiﬁg}; iti?l?ards =30 <10 <20 <10 <0.05 <20

EPIIB L A2 T E (NOAA) (R IBEZE 55, 2014) - oy - 81.0 293 - 0.94 - 36.0

Chronic safe concentration of organisms
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Fig.2 Seasonal variation in the heavy metal concentrations
in the Liaodong Bay

BOH K BKESE 12, 13 Sui K EER N
M4, 4b T35 YK, HAp R Aol K S5 24 R
2%, AbFHRIGEHKF-(GR 4) B 138545 3 7
WHEZ TRBCTFEIE LB, FZFH 0.98, KITFERIN
2%, WbFHIEEART; EEHR 1.10, KIFTFERN
M, wbTREGEAKN; #FH 0.83, KEFEL N
2%, Wb FHEEAT- R, IREERERZ
K YR B P B R IR IO E 2 > B >
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H. HE. B SR E TS Qe EOE T FE TR
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PLAE T, FEEERUAL 2 f1 5 TS5 YR B0E Bl
0.7-1.0 Z[u], /KETHEESHE T RGIOs, Ha
S TS YR B T 0.3-0.7 Z 18], JKRFREE 432
MG HRE 2. 4. 5. 8. 11, 12 S UK
IBE RN ARVFPON, HAR O Ry W I s BRFRAL
55 12 Sl LK BUAREE 0GR SR VRO, i 6 3
HiEE . M2, IR R REZKZELS RGN
TGN E T > T > TR, AR S F AL
Z5(2010) X 1L AR 5 7K Jo1 i 4 i 75 GLRRAE I 3 Al 4 SR 26
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Tab.4 Nemerow pollution index and the degree of each sampling station in the Liaodong Bay
s %2 Spring H 7% Summer Xz Autumn
ol 5 i 4% VA i 4% VA 452K
Pollution index  Pollution degree  Pollution index Pollution degree  Pollution index  Pollution degree

1 1.12 I 1.30 I 0.85 I
2 2.37 ] 1.77 I 0.81 I
3 0.73 I 0.70 I 0.62 I
4 0.80 Il 1.33 I 0.82 |
5 0.95 I 1.30 ] 0.97 |
6 0.80 Il 1.01 I 0.87 Il
7 0.72 Il 0.94 Il 0.82 Il
8 0.83 I 1.12 I 0.82 I
9 0.92 Il 0.88 Il 0.64 Il
10 0.61 Il 0.73 | 0.66 I
11 0.87 I 2.02 I 0.76 I
12 0.78 Il 1.58 I 1.28 I
13 0.92 Il 0.93 Il 1.26 I
14 1.39 I 1.23 I 0.64 I
15 1.23 II} 0.80 Il 0.80 Il
16 1.15 I 0.98 | 0.74 |
17 0.67 I 0.66 I 0.73 I
18 0.82 Il 0.43 I 0.80 Il
YJ{E Average 0.98 I 1.10 I 0.83 I
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Tab.5 Comprehensive quality index of each sampling
station in the Liaodong Bay

AT Z75 Season
Station %2 Spring K2 Summer FkZE Autumn

1 0.60 0.68 0.56
2 0.97 0.86 0.51
3 0.53 0.53 0.46
4 0.53 0.83 0.57
5 0.75 0.92 0.56
6 0.56 0.68 0.55
7 0.50 0.69 0.52
8 0.58 0.71 0.56
9 0.68 0.68 0.45
10 0.41 0.55 0.48
11 0.56 0.95 0.47
12 0.50 0.80 0.71
13 0.52 0.60 0.63
14 0.67 0.69 0.46
15 0.62 0.61 0.54
16 0.64 0.56 0.44
17 0.39 0.54 0.55
18 0.54 0.39 0.43
{8 Average 0.59 0.68 0.53

NV ST o VAR A3 AT D DR 2 v S I T g R 2 B vh
SRR Y. BT, AR IERIG KIS
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Evaluation of Heavy Metal Pollution in the Offshore
Surface Seawater of the Liaodong Bay

SONG Yonggang, WU Jinhao, SHAO Zewei, YU Caifen, ZHANG Yufeng,
DU Jing, JIANG Bing, SONG Lun", WANG Nianbin

(Liaoning Ocean and Fishery Science Research Institute, Liaoning Ocean Environment Monitoring Sation, Dalian  116023)

Abstract

Human activities have aggravated the offshore ecologic environment in the Liaodong Bay

and endangered aquatic bioresources in these areas. The Liaodong Bay used to be an important fishing
ground and the habitat of a variety of fish species such as Larimichthys polyactis, Trichiurus lepturus, and
Fenneropenaeus chinensis. However, in recent years the fish resources have been diminishing because of

water pollution, over-fishing and other human activities. Sustainable development is the key to healthy

marine economy, which depends on good marine ecological environment. In this study we evaluated the
offshore surface water quality of the Liaodong Bay by analyzing 18 samples collected in three
consecutive seasons in 2013 including May (spring), August (summer), and October (autumn). We

monitored the concentrations of six typical metallic pollutants (Cu, Pb, Zn, Cd, Hg, As) and employed the

Nemerow Pollution Index and the Comprehensive Quality Index to evaluate the degree of heavy metal

pollution. The concentrations of these heavy metals were highest in summer. The concentration of Pb did

not meet the first-class seawater standard, which was 66.67% higher than the limit, however, all others
complied with the first-class seawater standard. Concentrations of all heavy metals were below chronic
safe concentration of organisms recommended by National Oceanic and Atmospheric Administration
(NOAA) except for Cu. The Nemerow Pollution Index of the offshore surface seawater of the Liaodong

Bay was in the range of 0.43-2.37, which was lower than 2.6, thus the pollution degree in 2013 was

determined to be clean to slightly polluted. The Comprehensive Quality Index was between 0.39-0.97,

which was lower than 1.0, therefore the water environment was acceptable and ranked as clean to slight
clean. There were three areas that were relatively heavily polluted, including the Suizhong offshore area,
north of the Liaodong Bay estuary area, and the Fuzhou Bay and Jinzhou Bay offshore areas.
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