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Distribution of survey stations in four cruises
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Tab.1 Index of geo-accumulation (lge0) of the heavy metals and the pollution degree
5 e LY REE S i v 9 G TS g (EREES G Y JeE G g

Poll :K dx cl ! Slight Lower moderate ~ Moderate Lower heavy Heavy Serious

otiution degree can pollution pollution pollution pollution pollution pollution

i EFFE AL l geo <0 0-1 1-2 2-3 3-4 4-5 >5

291 Grade 0 1 2 3 4 5 6

x2 MAYHEERENSERENERSEE
(X FEXRRAE, 2008)

Tab.2 Toxicity coefficients and reference values of heavy
metals in the sediments (Liu et al, 2008)

W H H 4 JEILE Heavy metal elements
Items Hg Cu Pb Cd Cr Zn As
T, 40 5 5 3 2 1 10
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Cl(x10% 005 2586 16.63 0.136 60 75 13
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Tab.3 Classification and evaluation of heavy metal pollution based on the potential ecological risk index

- AT 4 RS e 25 RS T B 432 . . 22 AR e S RIS R R 404
e Degree classification of ecological Ranges of RI Degree classification of the
Ranges of risk for single heavy metal & comprehensive potential ecological risk
E! <40 ik Low RI <130 fit Low
40< E! <80 h Moderate 130<RI <260 ' Moderate
80< E! <160 ##5 Considerable 260<RI<520 # 5 Considerable
160< E} <320 T High RI=520 & High

E =320 TR Very high

2 HER5iTR

21 RERBRYHESESESN

20062015 4 11 B 30T v 3 32 2 DR ) v B 4
SENTHESHSRLE 4. hFE 4 TR, 4 MK
A AR h &4 )8 Hg, Cu., Pb, Cd. Cr. Zn
A As B9 AR LTS 4304 (0.016-0.136)x107°°
(3.1-41.9)x10°°, (3.3-28.8)x10 . (0.062-0.343)x10°
(3.5-33.7)x10°°, (3.1-34.0)x10°® F1(2.0-21.5)x10°°,
4 WA RS R 2T E RN HH 0.056x107°,
17.3x10°,16.2x10°,0.134x10°°,21.6x10°°,22.2x10°°
Fi17.6x10°°, JEA IR ZVURY 48 & Rk
KA BARRGI SR BN, 5 QTR R
i) (GB18668-2002)H1 5 HKAxiE(EM L, B
2006 4EF1 2012 4FE0 514 1 AUEAIE Cu, 2011 454

1 AN As w5
JhrifiE s EBARUE LA Cu A
As FEREA 1 K hRiE
Mo S5 (2013) 8 A& T I )i LR Y 4
JEAT AL, AT AR R, 28 R IR LG s
DR E4JE Hg, Cu, Pb., Cd. Cr. Zn Hl As
(- Y8 43 51K 0.018x107°, 14.83x10°°, 18.93x10°°,
0.092x10°°, 45.02x10°, 45.25x10°° Fl 6.87x10°°, 74
95 4 MHRIAELSS RS Z M, K& EoR S
AL Tl — B HoKF-; H, Hg, Cu. Cd F1 As
TEME, Pb FHHEMS/N, M Cr Ml Zn & 8RR
N 4 Ja B a1 53 A0 A BE S AT, AN ) B 4 ) T
— AR T TH 53 AT A R 25 5, i ] — D o 4 e oA
[T VR V8 1 T 43 A A A 22 5% ARFSE LA TR 42 )
Hg F1 Cd N BIBEATHEAR . 2006 4FF0 2011 454 4 7 4o}
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Tab.4 Statistical characteristics of heavy metal contents in surface sediments of the survey area from 2006 to 2015

FAy Year i 11H Statistic Hg Cu Pb Cd Cr Zn As
2006 §t/ME Minimum (x10°°) 0.018 7.0 10.2 0.093 8.1 10.8 5.3
#x K{E Maximum (><1076) 0.075 36.5 28.8 0.343 20.4 26.0 8.6
Y18 Average (><1076) 0.051 15.4 17.6 0.158 12.0 16.4 7.0

PR % Over-standard rate (%) 0 10 0 0 0 0 0
2011 #¢/]ME Minimum (><1076) 0.017 3.1 33 0.062 3.5 3.1 9.0
¢ KAH Maximum (><1076) 0.136 20.6 23.4 0.234 27.3 34.0 21.5
¥I{l Average (x107°) 0.062 14.7 15.6 0.137 20.3 22.7 11.9

#BFR % Over-standard rate (%) 0 0 0 0 0 0 5
2012 #¢/]ME Minimum (x 1076) 0.053 11.1 11.1 0.082 20.2 16.5 2.0
5 RAE Maximum (x107%) 0.116 41.9 24.6 0.147 33.7 30.0 5.8
PIfE Average (x10°%) 0.083 203 18.2 0.118 274 23.1 33

PR Z Over-standard rate (%) 0 5 0 0 0 0 0
2015 §2/ME Minimum (x107) 0.016 127 9.2 0.062 143 16.8 6.3
#x K{E Maximum (><1076) 0.027 23.7 17.8 0.227 28.3 30.2 9.9
Y18 Average (><1076) 0.022 17.8 13.7 0.136 21.5 24.0 8.0

#BFR# Over-standard rate (%) 0 0 0 0 0 0 0
Z4E-14] Multi-year average 0.056 17.3 16.2 0.134 21.6 22.2 7.6
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Fig.2 The inter-annual variations of the standard indices of
heavy metals in surface sediments of the survey area
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AL R — B A LY Cr B Zn 1 1 g B R BLAH
J& T IS M, 2 R AR 52 B3 2 Fh 4R T
RITEG . 0<lgeo <l FEBJRA : 2006 4F 1 Pufifi
) Pb Fil 2 Aulifify Cd. 2011 4F 6 Puifify He.
1N Cd A1 AL As. 2012 48 11 ANuhfr
i Hg A1 1 ANSUS AR Cu, 2015 4F 2 A2 Cd, X
Bl (375 G I8 TR BTG e G0 s HAU IR A 5 Y | g
P e, JB T BR 2012 4F Hg [ | g $I1H
KT 051, HARSATIE 7 FE 58 09 1 g BT/
T 0o BMRINE, JEATEEA SR ITRMN | o Z4F
SE-¥4{E A Hg>Cd>Pb>Cu> As>Cr>Zn,Hg i | geo =R,
JE L1 B S0 T 3 e 2 AR ) B Y R -
232 EF4&EBKEESKE TN 2006-2015 4F
A 4 MTRRZ VIR E S8 I EA SR
W M ED YRI5 A V7 2 7 KU 1 BRI W 9
£ 6. 4 WHE 7 MESENZETLEYE KN
Hg>Cd>As>Pb>Cu>Cr>Zn; H:H1, Hg [ E 2k 44.87
(>40), JE T EFEA B KT, 2 R L B v I 32
A SR R 75 oAt 6 Fh 42 B9 EL #59/8 T 40,
J& FARA S XU K .

2006 4F-JH 2 3k 60% k13 Hh Heg LA K 20%35 43 1
Cd MW TEA S XS AE T o &K, Hifth 5 FhE 4
Ja& BT AE AR A KU b TR K 52011 4F 8 A it 8 62%
iR Heg DB 10%36 457 th Cd 1 78 AR 28 AU 2 4k
F SR, Hofth 5 B EE 4 Ja i v e A A8 AU b TG
IR 5 2012 4E IR 100%355 7 He 19 E ¥k F
40, Ab T AR AR K-, HiAtl 6 il 4 JE BT AE
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Tab.5

I geo OF heavy metals in surface sediments of the survey area from 2006 to 2015

U B |

Ay Year 4511 Statistic
Hg Cu Pb Cd Cr Zn As
2006 H%/IMA Minimum -2.06 -2.46 -1.29 -1.13 -3.47 -3.38 -1.88
K AH Maximum 0 -0.09 0.21 0.75 -2.14 —2.11 ~1.18
YI{f Average -0.56 -1.33 -0.50 -0.37 -2.91 -2.78 ~1.48
2011 H/ME Minimum -2.15 -3.65 -2.92 -1.72 —4.68 -5.18 -1.12
& K{E Maximum 0.86 -0.91 -0.09 0.20 -1.72 -1.73 0.14
Y9{H Average -0.27 -1.40 —-0.68 -0.57 -2.15 -2.31 -0.71
2012 H/]ME Minimum -0.50 ~1.81 -1.17 -1.31 -2.16 -2.77 -3.29
B K AH Maximum 0.63 0.11 -0.02 -0.47 —1.42 -1.91 -1.75
YI{f Average 0.15 -0.93 -0.45 -0.79 -1.72 -2.28 -2.56
2015 H/ME Minimum —2.23 -1.61 —1.44 -1.72 -2.65 -2.74 -1.63
R AMH Maximum -1.47 -0.71 -0.49 0.15 -1.67 -1.90 -0.98
Y9{H Average -1.77 -1.12 -0.86 -0.58 -2.07 -2.23 -1.29
ZAF -3 Multi-year average —0.41 -1.17 -0.62 —-0.61 -2.06 -2.34 -1.36

% 6 20062015 FRAEFHRENBYESENBEESNE RS BEXEIEH

Tab.6  The potential ecological risk factor ( Ei ) and comprehensive potential ecological risk index (RI) of heavy metals in

surface sediments of the survey area from 2006 to 2015

Ffly Year 45 11H Statistic LS R A E; 2/%:;\%7%&%
Hg Cu Pb cd Cr Zn As W R4 RI
2006 #iz/IME Minimum 14.32 1.36 3.07 20.45 0.27 0.14 4.09 52.06
% KA Maximum 59.76 7.06 8.66 75.66 0.68 0.35 6.63 123.29
YI{E Average 41.01 2.99 5.28 34.75 0.40 0.22 5.39 90.04
2011 H/ME Minimum 13.52 0.60 1.00 13.63 0.12 0.04 6.92 48.10
B KM Maximum ~ 108.80 3.98 7.04 51.62 0.91 0.45 16.54 153.18
YI{E Average 49.71 2.85 4.69 30.31 0.68 0.30 9.14 97.67
2012 #iz/IMA Minimum 42.08 2.15 3.34 17.98 0.67 0.22 1.55 81.66
% KA Maximum 92.80 8.10 7.40 32.43 1.12 0.40 4.44 136.00
YI{E Average 65.00 3.97 5.58 26.30 0.93 0.31 2.59 104.68
2015 H/ME Minimum 12.96 2.46 2.77 13.59 0.48 0.22 4.85 44.26
B K{H Maximum 21.76 4.58 5.35 50.07 0.94 0.40 7.62 80.39
YI{E Average 17.99 3.44 4.11 29.97 0.72 0.32 6.19 62.74
Z 44 Multi-year average 44.87 3.31 4.90 30.03 0.69 0.29 5.83 89.92

2006-2015 A8 A 325 A V8 A0 AU 48 $(RDAF
PRASfb Gl 44.26-153.18, FHJME N 89.92, HiE
23 MLER WAL S KSR/, AR UL,
I ) 25 AV AE A A KU i AR AR A KU K 5
Hi, Hg 78 RI A FI5TRRA F] 50%. 2011 A0
2012 FREERER, AOBOREWAH R KT
130, /NT 260, J& T AR REKF-o MAEFRAE
bk E, 2012 4F RI iy, M 104.185 2015 4F
RI I, M 62.74; RIAEBRASLIEA TN Se T 5
RAAEG, 2 I ST 4 5K 1) 25 i 3k 3R )2 DU R 4 i 1 75 4

RO Pk . S5 BA, R AT AR
JRUIE 7K P 118 3 437 = B 43 A7 7 8 A 9 3k 1) VY g S 30
Mk ARYE LA TR DI RE X R (2011-2020) ), %
Ao Vg o, = PR ) 16 X 2R S O EE X AR il
X, X 0] RE 53 A iz DX T K HERC A IR
(RIS e S5 O, HEWE TS e v R o T 4 i
B DURESEIER | fbid B, YU TR, MR
Wi T2 AV 358 2 2 DU ) v 4 e A TR T A S UGS
4 A M B AR B0 A AR A KU 8 Bk 1Y
TN SR WoR, He 2 IR 200y &
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LRGSR T, WA S K R 1T Cd 7R 4R
TSR HRAESE 2 07, PR AR £ 22 %) Hg, Cd
X P E 53 B o PP PEAN 25 R 7 D 4 e Y
TSR HE P I A AN, 3 32 B2 Rl SR BRIR £ UYL
PN R W AR RO, M AR SR R B0k I 2
BHIE T R EY TN ZES, AREGEICRE
Az SR v AT AN [ Y STRR (B (TR 8 2655, 2014) .

3 #Hit

20062015 4% 75 L1 B v ek 3¢ 2 U AR W b B 4
JEIEAT ) 4 AMURIEAZS R B R, E4JE He, Cu.
Pb. Cd. Cr. Zn Hl As B ZAEF & 545N
0.056x10°, 17.3x10°°, 16.2x10°°, 0.134x10°, 21.6x
10°°, 22.2x10°° F1 7.6x10°, A F 2 U0
HEE S B AL BRI Cu 1 As
it

Hhpifi; BARUEAIE) Cu M As SRS
55 11 2hmife

20062015 4EJH A ISR B DI 7 Fh 6 R
AR eI A RE . HHdr, Cu. Pb, Cd 1 Zn
4 e 4 @ O AR XS LR E , T Hg M Cr i i3k
R e RIS K, As RSB SOR I . Bk
Uh, 3T 10 47k i 2 v 3 B LU R DX 3 N2 sl
Ko RIZIGEIRR)Z VIR 48 & B m g

i BRFRECGE N AR BN, 2006-2015 i
MR 7 PR AR CER M | g ZETHESF R He>
Cd>Pb>Cu>As>Cr>Zn, Hh, Cr f1 Zn ¥WE TIE
G, HALFE bR DB 2 BV BTG Y I TEAE SN
BAEH 45 o, 7 R 4 A A 25 KUK R B E)
ZAEEEHEF A Hg>Cd>As>Pb>Cu>Cr>Zn, Z5 &
WRTE RS HE 40 RT AFPRASALE R 44.26-153.18, °F
BIE N 89.92, J& FLAESNREL K- RIAFPRAE L
AR I A ST 5 AR R B, 22 W 3 AR R 8 A g 4k
RIZ VO 48 0015 YA ek o R FH L 2R TR 4L
RV AE A 25 U 48 RO A B PP 25 R A — 3L
P, BYPEM SR BN, Hg S5 LT e 32 20T
B EZTG YN T, RS RERK

Z £ X #

Chai XP, Hu BL, Wei N, et al. Distribution, sources and
assessment of heavy metals in surface sediments of the
Hangzhou Bay and its adjacent areas. Acta Scientiae
Circumstantiae, 2015, 35(12): 3906-3916 [4&/NF-, #1522,

B, A5 BUNE R AR R 2 ORI B 4R 1 0 A
IR FAEM. FREERL44R, 2015, 35(12): 3906-3916]
Chen Y, Xu ZZ, Hu YY, et al. Distribution and ecological risk
assessment of heavy metals in the surface sediments along
coast of Qinhuangdao. Marine Environmental Science, 2014,
33(1): 66-70 [Biale, VF A}, WHaEsE, 45 ZREDIEHNE
JE DU 43 ) 2 ek A0 AR B 2R A5 XU PEAY . VR BR

BRI, 2014, 33(1): 66-70]

Hakanson L. An ecological risk index for aquatic pollution
control. A sedimentological approach. Water Research, 1980,
14(8): 975-1001

He R, Liu Y. Investigation and assessment of heavy metal
pollution in the nearshore aquaculture area of northern
Tianjin City. Transactions of Oceanology and Limnology,
2015(4): 149-154 ]z, X, KHIL AL G TR X
SIRTGUTRE ST, RN ER, 2015(4): 149-154]

Hu NJ, Shi XF, Liu JH, et al. Distributions and impacts of heavy
metals in the surface sediments of the Laizhou Bay.
Advances in Marine Science, 2011, 29(1): 63-72 [#T i,
Aok, XZEAE, 5. SRNERZTORYhE &8 A ke
MEFIPREESEN. IPERLEIERE, 2011, 29(1): 63-72]

Jiang HY, Liu XB, Zhang QF, et al. Distribution and risk analysis
of heavy matals and as in the surface sediment of Tianjin
offshore area. Marine Sciences, 2013, 37(9): 82-89 [YL.it A,
XITER, AKF, A KT RO o 4 Jm S o)
5B, \HERRE, 2013, 37(9): 82-89]

Lin MM, Zhang Y, Xue CT, et al. Distribution pattern of heavy
metals in the surface sediments of the area of circum-Bohai
Bay and ecological environment assessment. Marine
Geology & Quaternary Geology, 2013, 33(6): 41-46 [
2, K5, BT, S PRI Y AR A R
TE R A PRR VAN, MR b BT 55 DU 22 5T, 2013, 33(6):
41-46]

Liu C, Wang ZY, He Y, et al. Evaluation on the potential
ecological risk for the river mouths around Bohai Bay.
Research of Environmental Sciences, 2002, 15(5): 33-37
DX, EIRED, filhs, 55, PRI T L v AE A S KU
T, FREERI2ERFFT, 2002, 15(5): 33-37]

Liu HW, Du D, Ma Z, et al. Distribution pattern and
contamination assessment of heavy metals in surface
sediments of Beidaihe near-shore area. Marine Geology
Frontiers, 2015, 31(7): 47-51 [XIZ:Ah, #&, D%, %
AU I o i R S AR B 4 J o AT RAAIE S 5 G4
TFEEHB RS, 2015, 31(7): 47-51]

Liu M, Zhang AB, Fan DJ, et al. Environmental quality of heavy
metals in surface sediments in the central region of the
Bohai Sea. China Environmental Science, 2012, 32(2):
279-290 [XIBH, SR, JEAEIT, 45 @i bR BT
Y g mIAE pE. ThEFRERE, 2012, 32(2): 279-290]

Liu XB, Jiang ZP, Zhang GY, et al. Potential ecological risk
evaluation of heavy metals in the inter tidal zone sediments
of Tanggu, Tianjin. Journal of Agro-Environment Science,

2008, 27(2): 731-735 [XI5Exk, M8, OLE, S Kt



%3 [i

BRAE: LN BRI R 2 R RO G R B AR PR A A K35 YA 29

P R UURRY b R T E S S F M. ARl
FREERLEAR, 2008, 27(2): 731-735]

Luo XX, Zhang R, Yang JQ, et al. Distribution and pollution
assessment of heavy metals in surface sediment in Laizhou
Bay. Ecology and Environmental Sciences, 2010, 19(2):
262-269 [FAEAF, KR, iR, S5 SRINERIZTON
GBI R E S Y. AR ASIREE AR, 2010, 19(2):
262-269]

Ma DY, Wang JY. Evaluation on potential ecological risk of
sediment pollution in main estuaries of China. China
Environmental Science, 2003, 23(5): 521-525 [&{#%;, T
By, v IE F A TR TS G BB TR AR S XU T
h FE R, 2003, 23(5): 521-525]

Sun QB, Chen YZ, Sun LY, et al. Concentration distribution and
pollution assessment of heavy metals in surface sediments in
the western waters of Liaodong Bay. Journal of Applied
Oceanography, 2015, 34(1): 73-79 [FMXES, WRHEEs, Fhid
e, A5 ILARVE VYRR 2 DU Y B 4 R A A O A
51594, RFIERSAAR, 2015, 34(1): 73-79]

Wang XJ, Li L, Gao JJ, et al. Geochemical speciation and
environmental assessment of heavy metals in surface

sediments in functional zones of southwest Bohai sea, China.

Oceanaologia Et Limnologia Sinica, 2015, 46(3): 517-525
[E/NER, 2571, Wdiih, 55 b U R dlis R I REIX )2
UURY G JR B 2800 SR iR 519, 2015,
46(3): 517-525]

Wu B, Song JM, Li XG. Environmental characteristics of heavy
metals in surface sediments from the Huanghe estuary.
Environmental Science, 2013, 34(4): 1324-1332 [Zi, &
WY, RN B R 2 AR R Y PR K
FEEFARIE. BRERLE, 2013, 34(4): 1324-1332]

Xue B, He YN, Hu HM, et al. Research on the distribution
characteristic and potential ecological risks of heavy metal
pollution in the surface sediments of Jintang Islands. Journal
of Zhejiang Ocean University (Natural Science), 2015,
34(3): 238-243 [R¥MS, TARHE, WHLLSE, 55, BIE 8
RIZUURY) 8 AR5 TR S KU AT 5. Wi
M BEse Al (A SRR, 2015, 34(3): 238-243]

Zhang XJ, Yu HY, Ding L, et al. Pollution of heavy metals in the
surface sediments and potential ecological risk from Shihe
Rivers in Qinhuangdao. Environmental Monitoring in China,
2014, 30(1): 1-5 [5Kke2E, T, T, %5 Z2EH 00
AR o5 R T e S AR S KU PPN, [ PR
M, 2014, 30(1): 1-5]

Zhang XR, Zhang Y, Ye Q, et al. Environment quality of
Liaodong Bay and pollution evolution of heavy metals.
Marine Geology & Quaternary Geology, 2012, 32(2): 21-29
[(BRILZR, 5K5, i, 4. IRISACARIEHRITRRY 2 )E
PRI O A0S S Al e B S SR T D M i, 2012,
32(2): 21-29]

Zheng YM, Gao MS, Liu S, et al. Distribution patterns and
ecological assessment on heavy metals in the surface
sediments of Laizhou Bay. Marine Environmental Science,
2015, 34(3): 354-360 [XETEHS, mkd:, Xk, 55, I
RIZUURYE R AR S SRR IAN . I PEER IR
B2, 2015, 34(3): 354-360]

Zhou XB, Mei PW, Peng LL, et al. Contents and potential
ecological risk assessment of selected heavy metals in the
surface sediments of Bohai Bay. Ecology and Environmental
Sciences, 2015, 24(3): 452-456 [ A, MilsRT, &,
S SR Z VUMY E SR i TR S S PR
HASIRBEAEAR, 2015, 24(3): 452-456]

(4 L)



30

woor B o

-
el

Inter-Annual Concentration Variations and Pollution Assessment
of Heavy Metalsin the Surface Sedimentsin the
Adjacent Sea Water of Tangshan in Spring

HU Qin1®, GUO Jingl, YIN Xiaona', QU Liangz, CAO Jing1

(1. China National Offshore Qil Corporation Research Institute, Beijing 100028;
2. North China Sea Environmental Monitoring Center, Sate Oceanic Administration, Qingdao 266033)

Abstract Current study surveyed 70 sampling stations through four cruises in the adjacent seawater
near Tangshan between 2006 and 2015. The contents and inter-annual variation characteristics of seven
heavy metals: Hg, Cu, Pb, Cd, Cr, Zn and As in the surface sediment were analyzed. The single-factor
exceeding rate, geo-accumulation index (| ¢, ) and the comprehensive potential ecological risk index (RI)
were used to evaluate the pollution degree. The results showed that the overall levels of the heavy metal
contents in the surface sediment were low in the survey areas. Specifically, Cu and As contents in several
stations exceeded the first class standard value, whereas the contents of other heavy metals accorded with
the first class standard. The inter-annual content variations of the surveyed heavy metal were fluctuant
slightly between 2006 and 2015. The contents of Cu, Pb, Cd, and Zn were relatively stable throughout the
years, but the inter-annual variation of Hg and Cr increased initially followed by decrease. There was no
significant change in As contents between the years. The |y, evaluation results showed that the
multi-year average of |y, for the seven heavy metals was Hg>Cd>Pb>Cu>As>Cr>Zn, while the
potential ecological risk assessment results showed that the multi-year average of the potential ecological
risk factor E: for the seven heavy metals was Hg>Cd>As>Pb>Cu>Cr>Zn. Hg was the main pollution
factor in surface sediments in the adjacent sea water of Tangshan based on the consistent results from two
pollution evaluation methods, indicating that it has the highest ecological risk level. The inter-annual
variations of RI ranged from 44.26 to 153.18 and the inter-annual average value was 89.92, belonging to
the low ecological risk level. The trend of the inter-annual variations of RI was increasing and then
decreasing, suggesting that the heavy metal pollution in surface sediments has been reduced in recent
years.

Key words Tangshan; Surface sediments; Heavy metals; Inter-annual variations; Pollution assessment
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