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Table 1 Potential ecological risk indices and classification
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Fig.2 Spatial distribution of heavy metals (Cu,Pb.Zn,Cd.Cr.Hg.As) in March 2013
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Table 2 Single-factor evaluation indices of heavy metals in the surface sediments
D VA Cu Pb Zn Cd Cr Hg As
13-1 0.31 0.12 1.38 0.12 0.22 0.23 0.40
13-2 0.40 0.15 0.47 0.34 0.29 0.33 0.54
13-3 0.15 0.08 3.31 0.09 0.27 0.24 0.56
13-4 1.48 0.08 2.70 0.15 0.25 0.26 0.47
13-5 0.41 0.15 0.30 0.13 0.31 0.33 0.63
13-6 0.27 0.14 0.70 0.10 0.36 0.27 0.38
13-7 0.11 0.06 0.93 0.02 0.10 0.09 0.46
13-8 0.19 0.14 0.05 0.34 0.17 0.16 0.42
13-9 0.20 0.26 1.71 0.06 0.08 0.14 0.54
13-10 0.21 0.11 0.57 0.10 0.19 0.28 0.99
13-11 0.49 0.26 0.35 0.28 0.63 0.39 0.70
13-12 0.29 0.18 1.78 0.28 0.32 0.20 0.73
13-13 0.34 0.14 0.49 0.22 0.31 0.29 0.54
13-14 0.52 0.28 0.78 0.12 0.32 0.41 0.71
13-15 0.57 0.26 0.09 0.34 0.62 0.39 0.76
13-16 0.45 0.30 0.09 0.17 0.31 0.46 0.83
13-17 0.34 0.19 0.15 0.13 0.21 0.28 0.67
13-18 0.23 0.10 0.34 0.42 0.36 0.21 0.43
13-19 0.40 0.31 0.85 0.12 0.22 0.23 0.63
FHE 0.39 0.17 0.90 0.18 0.29 0.27 0.60
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it A 5T 5 FRATTF 9 X AR — B AE WAV I FE A& . CusPb,Zn,Cd,Cr.Hg, As B
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Table 3 Enrichment coefficients of heavy metals (C%) in the surface sediments

i Cu Pb Zn Cd Cr Hg As
13-1 0.16 0.21 3.60 0.76 0.38 0.51 0.44
13-2 0.21 0.26 1.22 2.13 0.51 0.73 0.60
13-3 0.07 0.15 8.65 0.54 0.47 0.52 0.62
13-4 0.76 0.14 7.07 0.91 0.45 0.58 0.52
13-5 0.21 0.26 0.80 0.79 0.56 0.73 0.69
13-6 0.14 0.24 1.83 0.60 0.64 0.60 0.42
13-7 0.06 0.11 2.43 0.13 0.18 0.19 0.51
13-8 0.10 0.24 0.14 2.13 0.30 0.36 0.46
13-9 0.10 0.45 4.47 0.39 0.14 0.30 0.60
13-10 0.11 0.19 1.48 0.63 0.33 0.61 1.09
13-11 0.25 0.46 0.92 1.75 1.11 0.87 0.77
13-12 0.15 0.31 4.65 1.75 0.57 0.44 0.80
13-13 0.17 0.25 1.28 1.38 0.55 0.63 0.60
13-14 0.27 0.50 2.03 0.74 0.57 0.90 0.78
13-15 0.29 0.46 0.23 2.13 1.10 0.87 0.83
13-16 0.23 0.52 0.24 1.04 0.54 1.02 0.92
13-17 0.17 0.33 0.40 0.80 0.37 0.62 0.74
13-18 0.12 0.18 0.89 2.63 0.64 0.47 0.48
13-19 0.20 0.55 2.23 0.73 0.39 0.51 0.70

A 0.20 0.31 2.35 1.15 0.52 0.60 0.66
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Table 4 Potential ecological risk coefficients (E%) and risk indices (RI) of heavy metals in the surface sediments

Wt Er RI
Cu Ph Zn Cd Cr Hg As
13-1 0.81 1.05 3.60 22.88 0.76 20.44 1.36 53.89
13-2 1.03 1.30 1.22 63.75 1.02 29.33 5.98 103.63
13-3 0.37 0.74 8.65 16.13 0.95 20.89 6.21 53.93
13-4 3.80 0.71 7.07 27.38 0.89 23.11 5.16 68.11
135 1.04 1.30 0.80 23.63 1.11 29.33 6.92 64.14
13-6 0.70 1.19 1.83 18.00 1.28 24.00 4.22 51.23
13-7 0.28 0.53 2.43 3.75 0.36 7.56 5.07 19.97
13-8 0.49 1.21 0.14 63.75 0.60 14.22 4.62 85.03
13-9 0.52 2.25 4.47 11.63 0.29 12.00 5.98 37.14
13-10 0.53 0.95 1.48 18.75 0.66 24.44 10.88 57.70
13-11 1.26 2.32 0.92 52.50 2.23 34.67 7.69 101.57
13-12 0.73 1.55 41.65 52.50 1.14 17.78 8.04 86.39
13-13 0.87 1.27 1.28 41.25 1.09 25.33 5.99 77.08
13-14 1.33 2.48 2.03 22.13 1.14 36.00 7.83 72.93
13-15 1.45 2.32 0.23 63.75 2.20 34.67 8.35 112.97
13-16 1.14 2.59 0.24 31.13 1.08 39.89 9.17 85.24
13-17 0.86 1.64 0.40 24.00 0.74 24.89 7.43 59.97
13-18 0.59 0.90 0.89 78.75 1.27 18.67 4.76 105.82
13-19 1.01 2.73 2.23 21.75 0.78 20.44 6.98 55.92
3 (E 0.99 1.53 2.35 34.60 1.03 24.14 6.61 71.19
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Fig.3 Spatial distribution of potential ecological risk of heavy metals in the surface sediments
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TR AT (PCA E T Z N TR IR h E & R i5 e W R gt . 3L 2013 4FE & 8
Cu,Pb,Zn,Cd,Cr,Hg Fl As 058 /3508 280, H Bartlett BRI IS8+ 0 58.32(P <<0.01) ,KMO K%
B R 0.67 5 2% B CHE (5] A7 A2 BRI A G OC R 38 B F2 4340 . 36T SPSS 13.0 for windows $#i 48 114K
4 26X i 0 P SCHE UH — AR AR A R Al b FAR IR A =1 09 bR E SR B 4 5 2R AR AR 3 A L4 PCL, PC2
H PC3, HET A 45 2 B4 10 7 22 STk AT A pr > . 3 A B Rty 228 77.88 %0, L T Ui h E 4
e VAR R ) 28U B FLARR AR ANy 22 STERTE LR 5.

PC1 W77 22 5Tk A 40.55% ,Pb,Cr, Hg, As (5 B9 208 & . Pb.Cr, Hg, As Jit i 40 $CH A 8 — W
23 [E] 43 A FEAE , FEAIF 5T X v i 3500 8 3 v o 78 LA DX Sk A X 4K, A WS R L P = Z 2 [ R HEVS O
238 HETG B RV AERZ R, Cr R BN W 1L FF SRR Tl 75 Y 4 25 Bl o] 300 i AU 3, Hg 32 20K U5 T i U5 ol 3
B IRAUIRESE 2 As 78 A AR INEE T AE AR 2D L 52 4R 25 ALK IE 1) il L B8 HE TS 2 4 k. F 5 X
{18 v 3 A R T A W A I X T A8 i A 2 T Al HETS T RESY P, Cr, Hg As Tt 40 8058 5 1) 8 22
JE R, PC2 W77 22 5Tk 18.91 %0, Cu I Zn 7 B 2 mr 58 /5 , W 3 78 32 2 0 A1 A0 g 1 3 70 BORE IR B e .
TR R, Cu il Zn FENUE— MRy Toll 5 4% Bl 2 A DL S 3 Ak = e . R A B I 3 VA R 2 D
JT i R AR i, L Cu A Zn B SO, KUAL = W2 Cu F1 Zn 9 E 2R, PC3 1Y 2Z 5Tk
18.42 % . Cd Al fr 28 A v o oo 801X =8 82 0 A o A9F 52 DX PG A O %) 4 P 8 g 8 T 3 8 11 6 YR 9 2 R i) L
OB AR E B R MAMIF A X 5 A A 22 S P AR AT S A VIR VL A6 AT KR
TEFN A TT AT, Bl P55 G B Bl 300 3 A T X 58 X 4% 00 28 o 0 B 7 2 T R

x5 ERMSSW(PCA)IHEER

Table 5 Calculation results of principal component analysis(PCA)

F 5 Cu Pb Zn Cd Cr Hg As HRAE J5 2% BTk ZR7 22 5Tk
PCl1 0.22 0.70 —0.58 0.47 0.79 0.88 0.61 2.84 10.55% 10.55%
PC2 0.69 0.13 0.62  —0.55 —0.03 0.27 0.26 1.32 18.91% 59.46 %
PC3 0.56 —0.39 0.21 0.57 0.41 0.01 —0.54 1.29 18.42% 77.88%

25 EEERTENRETENES

A3 BTNV e 30 T 1 2011-11,2012-09 1 2013-03 22 U AR I8 A5 B4, e O Va5 i 50 V3 3 22 DT L
o G Jm W I ] A2 Al S agE AT 9T (3R 6) . da T 70 AE 25 1 5 48 B0 X0 I A Hiodls kAT b B 43 00 45 3 A oY X
SO TR A 2 AR HO A RHAE (4D
F6 2011203 FEEERED A EEHFME (mg - kg™')
Table 6 Temporal characteristics of heavy metals in 2011—2013(mg * kg™ ')

2011 4F 2012 4F 2013 4E
15 Y

Jo 4 B ¥iE S 4 B ¥iH S B0 ¥ifH
Cu 0.32~14.47 7.68 6.80~26.10 16.52 3.78~51.96 13.54
Pb 2.80~20.68 10.13 9.60~32.20 17.39 3.65~18.65 10.45
Zn 17.66~66.09 43.99 24.60~82.50 56.01 8.01~496.65 134.62
Cd 0.02~0.26 0.12 0.06~0.47 0.18 0.01~0.21 0.09
Cr 1.44~9.12 3.95 / / 6.48~50.41 23.34
Hg 0.011~0.074 0.035 0.018~0.081 0.047 0.017~0.092 0.054

As 5.07~29.15 13.18 12.86~22.25 16.84 7.64~19.70 11.97
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SRR AL, 1) Cu Jit & 3 0AE 2011 — 2012 4F 3 M AR K, P 2 i & /0 B 7,68 mg/kg ¥ m =
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PN, BE W 2 27 %60, B IS AE 2012— 2013 4F H IR M 3 1, B MR =5 38 140 %6540 Cd it i 40 B0E 2011 —
2012 47 H 3 50 %6 MY HE IR . 7 2012— 2013 4 3 H B K 191 9% L B i 3% 50 %6 :5) Cr i /- 307 2012 4 H 45 vh
AR T AR IX 3 a BEIKG T 7 A% 560 Hg JoT ik 43 5505 B0 HH 320 A7 1 0 B 34, 384 0 2 301 o 37 26 R 159657
As JFUR AT EUE 2011 — 2012 4 1 30/ NIE B I, B0 R 2890 A Z 5 2 a SCH B/ BR AR, PR IR 29 9%, Cu,
Zn,Hg Fl Pb 1£ 2012 4E M1 2013 4E it 3 503 0 T 2011 4F, 8% 5 8 B H5 22 % LA e J 340 7 4l 2 5 5
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Fig.4 Distribution characteristics of risk indices(RI) in 2011—2013
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18 T R R 0 X g (T 4a) s 2012 4F F R AR B2 R XU 1 25 5 A 285 e 3 e 8 ) i DX vy (T 4b)
2013 AFEBIESE X VY R R L AR A8 T R BE AR 0 X0 (8] do) o AR ZR A AR AR A T 48 B0 0 X i B 422 Bl A
o EE G T IR s 1B I b S R TS Ak
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Distribution Characteristics and Ecological Risk Assessment of Heavy
Metals in the Surface Sediments in Southern Waters of Qinzhou Bay

WAGN En-kang', SUN Yong-gen', XIA Peng', TONG Zhi-cheng®, JIN Yu-xiu',
XU Yan-dong®, YAN Wen-wen', WANG Jing'
(1.The First Institute of Oceanography» SOA » Qingdao 266061, Chinas
2.Qinzhou Marine Environmental Monitoring and Forecasting Center » Qinzhou 535000, Chinas

3.Shandong Marine Resource and Environment Research Institute s Yantai 264006, China)

Abstract: Based on the survey data of surface sediments obtained from the southern waters of Qinzhou Bay
in March 2013, this study analyzed the spatial characteristics of seven heavy metals. By means of the meth-
ods of single factor contaminant index and the potential ecological risk index, an assessment research was
carried out to examine the contamination level of the surface sediments. Then, compared with the survey
data in November 2011 and September 2012, we studied the temporal trend of heavy metals. The results
showed that, 1) the contents of Pb, Cr, Hg and As were higher in the central south region of the study ar-
ea, and those of Cu and Zn were higher in the adjacent waters of Xiniujiao. Meanwhile, the content of Cd
was higher in the northwest region of the study area, i.e., the south of Qinzhou Port. The ecological risk
of Cd reached a medium hazard level, and yet the other six heavy metals (Cu, Pb, Zn, Cr, Hg, As) had
relatively low values; 2) the potential sources of heavy metals were mainly the marine traffic pollution,
harbor dredging and terrestrial pollution via rivers; 3) the contents of Zn and Hg in 2013 were obviously
higher than those in 2011 and 2012.

Key words: Qinzhou Bay; surface sediment; heavy metals; temporal-spatial distribution; ecological risk
Received: April 28, 2016





