364 HTH E7 A = Vol. 36, No. 7
2017 4E 7H ENVIRONMENTAL CHEMISTRY July 2017

DOI:10.7524/j.issn.0254- 6108.2017.07.2016112203

WA, BT, AU, N I R AR R R U B 4 S Y S A AR U RHIE [ )] BR B4 ,2017,36(7) 1 1516-1524.

SHEN Jiayu, LUO Xianxiang, ZHENG Hao, et al. Pollution and ecological risk characteristics of heavy metals in surface sediments in Xiaoqing
River Estuary and adjacent sea areas| J |.Environmental Chemistry,2017,36(7) :1516-1524.

INEFORSBIEBIERETIRY
BEEETRRESKEYFIE"
TAER T EAET A 2 BE®R A ' Tk 4B k!

AR ST A E N SR E , PIEIEAERS, T8, 2661005 2. BRI RICIEEETE TRMEN R, 75, 266061)

—~
—

W OE OARET 6 MR AS R WIS TSNS /INE T B SRR Z D0 5 fi 2 i & 255
A KA RS R AE. 25 SRR DA Cu Pb Zn . Cd Fl Hg S35 3 B 43 510 17.95,22.08.63.99 .0.15,
0.08 mg-kg™" , /N T GG FEITARYI B E— bRt I He 9 &5 ft e Figh i OB m) 1, B 8 AR T 6 )2
UURRY) He & 5. 48 Cu I Pb & 5 FER M) HE 0K 250 T i 5 AR 34, DX Bl 0] 22 e A g F 48 Zn .Cd FI
Hg F it 7E 2010 485 52 T Bt %, FLIT 1 D8 3% o ) Bl g 000 DA ( P<0.05) b RBUE R (1, ) PRI 45 SR 3R
B, TUARY) B 42 U8 V5 Y B AR EE R YCH  He>Pb>Zn>Cd>Cu, 28475 Ye kit B4 JE He 707118 FIiA) 1 X 375 Yy
SRR R DU BT i B (SQGs) PR 45 R R W, 428 Pb Il Cd EEARA 7= A AE W AN RN, Cu  Zn I
Hg 7R 7 A A AR -2 TURR) Bt R (m-ERM-Q) PRAT 25 2R s, B B WFSE XU B 4 ) )™
AR AR ZS B Y AT A A, Yol ) O X A o 4 TR AR A R RERRE N 21% , Hoh He MESEE A
5 G R DR AR AR AT Qe R R

KR NERA, TR, EAETSY, WEAES K, SN

Pollution and ecological risk characteristics of heavy metals in surface
sediments in Xiaoqing River Estuary and adjacent sea areas
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Abstract; Based on  the ecological survey of six cruises, the distribution and ecological risk
characteristics of 5 heavy metals in the surface sediments of the Xiaoqing River Estuary and adjacent
sea areas were investigated. The results showed that the mean concentrations of Cu,Pb,Zn,Cd and
Hg in the sediments were 17.95,22.08,63.99,0.15 and 0.08 mg-kg™", respectively, which were all
lower than the national marine sediment quality standards I . The concentration of Hg was higher
than other typical estuaries and even most of the bays in Bohai sea. The concentrations of Cu and Pb

increased firstly and then decreased with time,with no significant difference among the regions. The
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concentrations of Zn,Cd and Hg showed a downward trend after 2010, and the concentrations in the
estuaries were significantly higher than the adjacent sea areas (P < 0.05). The results of
geoaccumulation index (/,,,) showed that the cumulative degree of heavy metal pollution in the
sediments followed the order; Hg>Pb>Zn>Cd>Cu. The overall pollution was lighters. While the
cumulative pollution of Hg was higher in stream channel and estuary regions. The results of sediment
quality guidelines( SQGs) showed that Pb and Cd did not produce bio-adverse effects, and Cu,Zn
and Hg produced bio-adverse effects occasionally. The M-ERM-Q values indicated that the sediment
heavy metals had low potential of ecological toxicity in the whole study area. However,the possibility
of heavy metal ecological toxicity was 21% in stream channel and estuary, and Hg contributed
significanting to combined pollution risk.

Keywords : Xiaoqing River Estuary, sediment, heavy metal pollution, potential ecological risk,
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Fig.1 Distribution of sampling sites in Xiaoging River Estuary and adjacent sea
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K, m-ERM-Q F-F Ui s 3R, €, N5 i FhE B AEVIR Y & &, ERM, K5 i FhE 48
AR5 L A R 4 AR RS,

I FEERER A 2 R : m-ERM-Q<0.1,9% 2 PE Al fig 145 0. 11 <m-ERM-Q < 0.5, 21% 75 1% 7] RE M
0.51<m-ERM-Q<1.5,49% 8P ] GETE ; m-ERM-Q >1.51,76% L n] REE"" .
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2 5 51718 (Results and discussion)

2.1 RIZVIRBRYHACD FA PR (TOC) & 0 i FE
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RIZVIRDEAL Y & R 2 RS KA L, AT 38 LA BT 11 DX sl Ak ) 7 394 53 31 R
576.03 mg-kg ' Fl 541.37 mg-ke™ ', o 355 T XA GRAL 0 % B 19 F-31E 78.03 mg - kg™ ( P<0.05).
FZUTR) TOC & s 38 AR R B B A R AIR A & #5.2008 4F- 5 A UTEW TOC & & & m FHE MR
(P<0.05) .30 1 [X 3, TOC &+ & 0 T X ( P<0.05) , HOF (AR T 5.47mg- o' . R Z VIR
LN TOC 4F-ZEFN X 3l o3 A0 FRAERCAR RN, — 8 S AR 35 1) IEAH 5CC R (P=0.568 , P<0.01,n=56) .
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Fig.2 Distribution of sulifide and TOC in surface sediment in Xiaoqing River Estuary and adjacent sea
('The bottom and top horizontal line of box plot indicate the minimal and maximal values; the box part indicates the 25th and 75th
percentiles; the middle solid line indicates mean value; the completely different letters above the box plot indicate significant

difference between each other,as well as no significant difference with the same letter)
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Table 1 Comparison of the heavy metal mean concentrations in surface sediments in Bohai (mg-kg™")

[X 35 Region Cu Pb Zn cd Hg %% HR Reference
/N 11 ( Xiaoging River Estuary) 17.95 22.08 63.99 0.15 0.08 EN S

Y[ 11 ( Yellow River Estuary) ) 16.50 16.00 21.00 — 0.04 [18]
11 (Luan River Estuary) ) 18.76 30.98 44.63 0.09 0.02 [19]

WA FH 1 ( Shuangtaizi River Estuary) 6.50 6.89 58.65 0.50 0.01 [20]

3 M ( Laizhou Bay) 10.99 13.37 50.63 0.19 0.04 [21]
#0767 ( Bohai Bay) 24.00 25.60 73.00 0.12 — [22]

# MY (Jinzhou Bay) 74.10 124.00 689.40 26.81 — [23]

i % ( Liaodong Bay) 19.40 31.80 71.70 — 0.04 [25]

#116 ( Bohai Sea) 24.34 30.69 79.91 0.14 [ N [25]

W — HdE. —:No data.

L3 SR/ IN AT 1 B S8 3 T 3R R )2 OB o 4 i () AT 2R X B 43 AR AiE. B &2 )& Cu  Pb AR ZEFIIX
O AR E AR, B ) ARk T B AT m S BRI, B T 2011 4F 5 HEETE Cu SR E & THEMK
(P<0.05),2010 4F 9 J 2011 4% 5 HE4JE Pb & & o 2 & T HEARIN P<0.05) , R)ZVIHY Cu Pb
Er AR ] O T X 25 R B (P>0.05)  H 4 @ Zn  Cd Al Hg 4 4F 75 1 X 38 43 A R E B AR M.
AEXTF 2010 42 HI,2010 475 B TR 22 U0 3 Rl & @ 10 75 i SR BT R34, ) 1 X 3R
JZUURY Zn .Cd 1 Hg & 12 B2 E T (P<0.05) S EAL YA TOC 43 A FAEAHBL. — 77 1 7] fE 2
TN AEFAEIR K TR A BT 1 X3, K AR 2% CpH FIER BE TH i 25 K AR AL A M R SR 7S A ) T B 77
R P B4 R TR ) — 7 T LA e TOC B GRS B A T 4 R W I ER AR AE DR
EPJ:DO}.

322 R /NI 1 e SR R AR 5 R A JE BRI A HLAR (TOC ) 2Z 8] ) AH G 52 B0 .
FKEVURY Cu Al Pb 2B E HIEAA R (P<0.01) , 3% 5 P I0 K MIAE 2 A DX 0 A 5 AE B AR AL S —
0y, UL 35 Z 18] AT BE A ARRLEY A= P sk Ak 27 AT o DT 4 8 Zn  Cd R He St 2 A B i
FIEAR R, X 3FuR S5 IR T i mi b A AL 19 & 5 2 el B B 8 I IEAH R (P<
0.01) ./NE W G LY )% A TR B2 i 7K 57 58 00 33 A K 3 0 AR AT RE 2 3 30T 1 DX A Ak ) & i 3
Y R ALY YT AR S v A RIS TR A R T 48 Zn  Cd R He 7RI T X OB A e
JE X35, A2 DR S i) S B A R ARHARL A 43 A A1

|2 /NG S AR R Z UURR Y S50 B IR MR O R B

Table 2 Pearson correlation matrix for the sediment components in Xiaoging River Estuary and adjacent sea

Cu Pb Zn cd Hg ALYy (Sulfide) A Bk (TOC)
Cu 1 0.643 " 0.072 0.464 " 0.116 -0.057 -0.021
Pb 1 0.154 0.314* 0.266 * 0.048 -0.092
Zn 1 0.568 ** 0.749 ** 0.643** 0.610**
Cd 1 0.661 ** 0.490 ** 0.667 **
Hg 1 0.519"" 0.646"*

W o# 76 0.05 KF L BEMIE; « = 7£0.01 /KF LB FEMI;n=56. * Correlated significantly at P<0.05; * * Correlated significantly at
P<0.01
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Fig.3 Distribution of heavy metal in surface sediment in Xiaoging River Estuary and adjacent sea
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Fig.4 Geoaccumulation index of the heavy metals in surface sediment in Xiaoging River Estuary and adjacent sea

2.3.2 UL SR

3 N E SR TR F R FEUE (SQGs) Ik PR 25 S o IX PL A Fi 42 )8 Ph il Cd 1) 7 2570
F ERLs ff, X WA E 4 @ 7= A AR F A P800 T LERAR D Tl Cu Zn AT Hg 7830 H1 IXHVR A F ERLs M
ERMs {1 [ 22 [8] 257 A= A SR AS R A= B 280ns AR it L 2853 310°R 5.6 % 1061 % Fil 38.9% , FE1RT 18 N IR LE 3
539K 8.3% 0% 1 25.0%. H T 4 J& He 15 427 A= IR FI AR 8800y 1 T3 LB s, e 31 Tl 3 RN ] 11 X
B U KA A 35 T — T e RS

&3 EEEIRYBTEILE(SQGCs) J7 LIPS

Table 3 Comparison between heavy metals concentration and sediment quality guidelines (SQGs) with percentage of samples

TR itk e 15 AT EE W00 S R it 1 L]
T4)s Sediment quality guidelines Sample in ERL-ERM rank/%
Heavy metal ERL N <ERL ERL-ERM >ERM
A3 /0 1 /30T 1A [ /Y] 11/ 30 1 A3 /0 1 /30 1A
Cu 34 270 91.7/94.4/96.2 8.3/5.6/3.8 0/0/0
Pb 47 218 100/100/100 0/0/0 0/0/0
Zn 150 410 100/88.9/100 0/11.1/0 0/0/0
Cd 1.2 9.6 100/100/100 0/0/0 0/0/0
Hg 0.15 0.71 75.0/61.1/92.3 25.0/38.9/7.7 0/0/0

. <ERL FRRA & A (Rarely) ; ERL-ERMg /™ /R & A (Occasionally) ; >ERM /R4 H & /E (Frequently) .

L5 Ay /INVE AT 121 B 0830 if 358 22 2 OB ) 7 4 i 1) o o M 7 m-ERM-Q B 19 /3 A, i 8 B e T
5 FhE 4RI E S A ST Y RN AEPFFE X, m-ERM-Q {728 1675 Bl 0.04—0.20, “F21{H M 0.09, 3
BT 7 X 3 A AR U AR ) 4 e A F A IG5 M vl BEME. 2008 4 5 H 2009 4F 8 H K& 2011 4F
5 AWK, 5 X R E DR H 48 1) m-ERM-Q ~F-3{H 7351k 0.10.,0.14 F10.10, FRIIX 3 MTUGZIX
BEUURRY) B 4 VTR AR AT XU W] BB IR B B2 219% 1, JCHUE: 2009 4F 8 H TR H 42 J AU 4
K, m-ERM-Q B4 & K T HE MK (P<0.05) .25 [a] 434 b, Il 38 5300 T m-ERM-Q B i 25 K T 3 g X 5
(P<0.05) , {73 AN 153055145 50.0% F1 55.5% FAF f m-ERM-Q (B AT 0.11, #7754 e A 25 KUK i 2o Xof
TATTE AT T DX ISR A= Py 2SR A A B, % DX IR RS A sh 4 AR B N AL Z BRI B o &=,
i H BT — b A S B UL X SR IR B A% 8] T —E M5, v RE S X
XK AR FUTER A PLTE Y B4 BT YA A K.

3 3 1t SRBUE AR 1, DU BB (SQGs ) MR 3R v 7 m-ERM-Q {19 PEAN 45 3 & 31, Ui
4T He LERFFE DXIATTE FIIAT T R B 1m0 1475 G BB, L7 A (R R I AR W 358007 P AR 5 B 6 Tl 3 AT
F X =ik 25.0% F138.9% , HXT IR 8 4 Ja 2 A5 e AU DR R. AR BT &)@ Cd 77 A A F A9
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Fig.5 m-ERM-Q of the heavy metals in surface sediment in Xiaoging River Estuary and adjacent sea

3 %5 ( Conclusion)

(1) /N 1 S 2R i3 3R A DR E 4 )& Cu Zn Pb Cd Fl Hg -3 &3/ T B Kl IR
[ — AR, 5 D URE] T VS AR L, Cu Pb Al Zn & B B a0 B Ty 1 I T S X
CGEMIBBRAN) , Cd ST LG T 1 ST A M T i L eI, 1 He & b die .

(2) RZVIURYESLE Ca Al Ph AR A X AGAFIEBARRL, X853 A #0135 25 5% (P>0.05) ,
P Z 0] 0 3 B AR (P<0.01) , AT BEELA AR A M Bk Ak 24474 ; Zn . Cd FI Hg 4F- 2 1 X 3k 43 A R iR
AL, S B AT 11 DX v T X ( P<0.05) | H 55 k& TOC &1 S B & i A ¢
KR (P<0.01).

(3) M RAIEHL 1, 45 R R, WF 58 IR o 45 J 75 Y F2 BE MR Hg (0.21) >Ph (-0.78) >
Zn(-0.82)>Cd(-0.96) >Cu(-1.23) , Hg &b T #2505 Y ARAS oA 45 T 4 5 Y i B R O i 1, Tl 1
5T X3k He 754 SRFRR B ™ .

(4)SQGs PEMZ5 R Ph Al Cd AR 7= A= A F B AE B3N, Cu  Zn F1 He A8 R 7= A AN ) 19 A 030
I 3 m-ERM-Q {EL 5 7% VT30 -5 0] DXk — 2 DL A S 7 2 4 i AL RVE R AR AE 21 %38 7e 9 AR S B vT R
P He X5 8 G5 G AU 51 kg A, PRI I 2 o s oy 8 ] 111X 46k B 45 J8 75 e B9 483, U HOR X He 15 4%
SOPEBLN

5 2% 3Lk ( References)

[1] GAOXL,ZHOU F X,CHEN C T A. Pollution status of the Bohai Sea: An overview of the environmental quality assessment related trace
metals[ J]. Environment International ,2014,62. 12-30.

[ 2] PAN K,WANG W X. Trace metal contamination in estuarine and coastal environments in China[ J]. Science of the Total Environment,
2012,421 . 3-16.

[ 3] ROBERTS D A. Causes and ecological effects of resuspended contaminated sediments (RCS) in marine environments[ J]. Environment
International ,2012,40; 230-243.

[ 4] BASTAMI K D,BAGHERI H,KHEIRABADI V et al. Distribution and ecological risk assessment of heavy metals in surface sediments along
southeast coast of the Caspian Sea[ J]. Marine Pollution Bulletin,2014,81(1) : 262-267.

[5] W ERLR A S RS KBTS G )5 SR XS 5 40T [ 1], T R A K FIZK B, 2003 (8) @ 53-54.
MA J G,GUO H X,MEI Z B, et al. Water quality pollution reason and countermeasure analysis in Xiaoqing River in Shandong Province[]J].
China Rural Water and Hydropower,2003 (8) : 53-54(in Chinese) .

[ 6] THAHE, AR R AN e A R R[] KRS, 2004,25(5) « 47-51.
MA S S,XIN F Y,CUI Y,et al. Assessment of main pollution matter volume into the sea from Yellow River and Xiaoqing River[ J]. Marine
Fisheries Research,2004,25(5) : 47-51(in Chinese).

[7] HEHZEWE VEJR. b U R PR R 4 A iR ,2008 [ EB/OL]. [2009-02-17]. http://www. soa. gov. cn/zwgk/hygb/ zghyhjzlgh/ hyhjzlghml/
2008ml/201212/t20121208_21660.html



1524 B2 5% 1k

pS

36 &

State Oceanic Administration People’s Republic of China. Marine Environment Quality Bulletin of China,2008[ EB/OL]. [ 2009-02-17].
http ; //www.soa.gov.cn/zwgk/ hygb/ zghyhjzlgb/ hyhjzlghml/2008ml/201212/120121208_21660.html (in Chinese)

[8] FUFTE R, b M IR A AN 47,2011 [ EB/OL]. [ 2012-06-29 . http://www. soa. gov. cn/zwgk/hygh/ zghyhjzlgh/hyhjzlgbml/
2011ml/201212/t20121206_21276.html
State Oceanic Administration People’s Republic of China. Marine Environment Quality Bulletin of China,2011[ EB/OL]. [ 2012-06-29 ].
http ; //www.soa.gov.cn/zwgk/ hygb/ zghyhjzlgb/ hyhjzlghml/2011ml/201212/120121206_21276.html (in Chinese)

[ 9] Bk, 0%, PAr 30, 2. /N F BV SR V0 iz SRR XS XU iz i s e [ J ] . WS4, 2000,31(2) ¢ 104-112.
CHEN B,HUANG H J,YAN L W et al. Sediment movement and the effect of wind to sediment transport near Xiaoqing River Estuary[J].
Acta Oceanologica Sinica,2009,31(2) ; 104-112(in Chinese) .

[10]  HE4&i, BEse s, /NI O BoK BB E SR [T ], R B TR 22440, 1994 (1) : 70-74.
MU J B,HOU K F. A study of water quality models of the tidal mouth of xiaoqing river and their application to Xiaoqing River[ J]. Journal
of Nanjing University of Science And Technology,1994 (1) : 70-74(in Chinese).

[11] ZHUANG W,GAO X L. Assessment of heavy metal impact on sediment quality of the Xiaoginghe estuary in the coastal Laizhou Bay, Bohai
Sea: Inconsistency between two commonly used criterial J ]. Marine Pollution Bulletin,2014,83(1) : 352-357.

[12] BAIJH,ZHAO Q Q,LU Q Q,et al. Effects of freshwater input on trace element pollution in salt marsh soils of a typical coastal estuary,
China[ J]. Journal of Hydrology,2015,520; 186-192.

[13] MULLER G. Index of geoaccumulation in sediments of the Rhine River[ J].Geo Journal,1969,2:108-118.

[14] TAYLOR S R,MCLENNAN S M. The continental crust; Its composition and evolution[ M]. Blackwell Scientific Pub; 1985.

[15]  BVGR, FIHE, MUK, 4F. /NI SR AT [ R ] (R M R A5 52,2009 10.
ZHAO X Q,WANG Z H,JI S L, et al. Soil Environment quality research at the Xiaoging River Bank[ R ]. Shandong Institute of Geological
Survey,2009:10( in Chinese).

[16] LONG E R,MACDONALD D D,SMITH S L,et al. Incidence of adverse biological effects within ranges of chemical concentrations in marine
and estuarine sediments| J|. Environmental Management,1995,19(1) ; 81-97.

[17] LONG E R,MACDONALD D D. Recommended uses of empirically derived ,sediment quality guidelines for marine and estuarine ecosystems
[J]. Human and Ecological Risk Assessment,1998,4(5): 1019-1039.

(18] et RAxH 22, il 11 3R B UTRY) b 8 4 8 A SR BE H BRAL A R E [ ] FREERLA% 2013,34(4) : 1324-1332.
WU B,SONG J M, LI X G. Environmental geochemistry characteristicsrof heavy metals in surface sediment in Yellow River Estuary[ J].
Environmental Science,2013,34(4) : 1324-1332(in Chinese).

[19]  Bele sy ENye, X4 P, 45, i I 0 3R)Z TURR Y h B 4w FZ 0I5 S i 40 1, R I8 S XU AR [ J]. b R BB R 2%, 2016, 36 (4) -
1198-1206.
DUAN X Y, YIN P, LIU J Q, et al. Heavy metals and polyeyeli¢ aromatic hydrocarbons in surface sediments of Luan River estuary:
Distributions, sources and ecological risk assessments[J]. China Environmental Science,2016,36 (4); 1198-1206(in Chinese) .

[20] LIC,SONG C W,YIN Y Y,et al. Spatial distribution and risk assessment of heavy metals in sediments of Shuangtaizi estuary, China[ J].
Marine Pollution Bulletin,2015,98( 1) : 358-364.

[21] ZHANG J F,GAO X L. Heavy metals/in surface sediments of the intertidal Laizhou Bay, Bohai Sea, China; Distributions, sources and
contamination assessment[ J]. Marine Pollution Bulletin,2015,98(1) : 320-327.

[22] GAO X L,LI P M. Concentration and fractionation of trace metals in surface sediments of intertidal Bohai Bay,China[ J]. Marine Pollution
Bulletin,2012,64(8) : 1529-1536.

[23] LIXY,LIU L J,WANG Y Gjet al. Integrated assessment of heavy metal contamination in sediments from a coastal industrial basin, NE
China[ J]. PloS One,2012,7(6) +1-10.

[24] HUB Q,LLJ,ZHAOJ T,et al. Heavy metal in surface sediments of the Liaodong Bay, Bohai Sea: Distribution , contamination, and sources
[J]. Environmental Monitoring and Assessment,2013,185(6) : 5071-5083.

[25] LIU M,ZHANG A B,LIAO"Y J,et al. The environment quality of heavy metals in sediments from the central Bohai Sea[ J]. Marine
Pollution Bulletin,2015,100( 1) : 534-543.

[26] EZEBEAYER. GB18668—2002 MEFIIARY FR[ S]. Jbat, i EFRMEH it ,2002.
State Bureau of Technical Supervision. GB18668-2002 Marine Sediment Quality[ S]. Beijing: Standards Press of China,2002(in Chinese).

[27]  ESZWIZEpE, FiE 5. NT TR & SRS AR M R RS R U 20 [ 1] A FRE AR 22441, 2011,30(5)
986-992.
WANG L G,LI H,WANG Y C,et al. Changes in livestock operation systems and their contributions to manure nitrogen pollution loading in
Xiaoginghe Watershed , China[ J]. Journal of Agro-Environment Science,2011,30(5) : 986-992.

(28] WIAREWHEGEX B, (ARG BRI M]. JUAT M iRt , 2004 11,
Editorial Group for Marine Functional Zoning of Shandong Province. Marine functional zoning of Shandong Province[ M]. Beijing: China
Ocean Press,2004:11(in Chinese).

[29] BEHRENS D K, BOMBARDELLI F A, LARGIER J L. Landward propagation of saline waters following closure of a bar-built estuary;
Russian River ( California, USA)[J]. Estuaries and Coasts,2016,39(3) : 621-638.

[30] HOODA P S,ALLOWAY B J. Cadmium and lead sorption behaviour of selected English and Indian soils[ J]. Geoderma,1998,84(1)
121-134.

[31] LUO X X,ZHANG S S,YANG J Q,et al. Macrobenthic community in the Xiaoqing River Estuary in Laizhou Bay, China[ J]. Journal of
Ocean University of China,2013,12(3) : 366-372.





