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Sources Apportionment and Pollution Assessment of Heavy Metals

in the Sediments of the Northern Haizhou Bay in China
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Abstract: In this paper, concentrations of 7 heavy metals ( As, Hg, Cu,Pb,Zn, Cr,Cd) in 15 surface sediments of the
Northern Haizhou Bay were investigated to determine their spatial distribution, pollution and sources of heavy metals. The
results indicated the mean contents of Cd,Pb,Zn,Cu and As were 2.62,2.58,1.80,1.35 and 1.24 times of their respec-
tive background values of the coastal regions of Jiangsu Province, which indicated there were obvious accumulations of
these heavy metals. A multivariate analysis( PCA) indicated that Cr and Hg were mainly from natural contributions, while
Zn,As,Cd and Cu were influenced by industrial , agricultural and domestic pollution. Pb may be mainly derived from ship
pollution. The geoaccumulation index for Haizhou Bay indicated a slight to moderate pollution by Pb and Cd. The overall
ecological risk of study area was at low ecological risk level, Cd was the most important contaminating elemet with a
middle-level to high-level ecologicl risk while other elements had low ecologicl risk level.
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B A AT T 4 R TS Y B R 2o 2.1 7 0 RHEEIR B E EOK.

L) R VAR R 06 N a3 3103 b 0y X WL R s R IR B S U Bl | o U P A i N E R £
FRIA s FF 2 AN v T A FE B SR AR M s 11 A 2 8 AR AR DB 1 ol 05 ) AT S WP AR 2
B B R 7. XN S LRIk A 9, B X E 48 S A A R B g (H T
PNV A0V 358 T 4 He U A AT AT G AN ST 5 e DL R GE . 2012 A 12 F 57 IR M T L 1Y) S A v DX T
Wiz E W XS B TR IRV 58 B R4S (. A58 LU MV J B 8 Wt 53 X 3R, 32 FH 32 430 At
9% T 4 J R UERD B LR P 2, R UEA 795 Yo A AR S KU I, LASBI A BIF 5 IX R B Tl | IR 5545 B A £ 4
PRALAR .
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TN VS 2 T O TS B B 2 W T AR VU 5, J6 IR R Sk, i IR B PG A 1) 7R w7 1 2%
. RIS A T A —RD I 7 5 R IR R B R (A ST AL , I s TR oI 2. VN 7 o A A ol vk
AT R, 2010 A MVEILFE I 4R EE BB s X, S J5 AR By e b — B S Sk R B 4k 3 M 1A
TR WIS LRI RE S L e IR A X, OB 24 0 1 Tk X [R] s 4548 e 5 T S50 i HE TS Tl 4y 1)
Bl U505 Y 4. 2009 AFEVTIRUTIHETE A& 1Tt by 1R 5 RS | 45 1 PH VS 48 5 R JRets SI B S ML TR sk, i K 1 g v
WHEE .

1.2 HmREMLLIE

2014 4F 10 H 7EI NS AL T 1 MATR I R)Z DU 42 &8 (As Hg Cu Pb . Zn Cr Fl Cd) 4
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Fig.1 Location of sample sites
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ST (GB 17378.5—2007) FELE AT, Cu Pb . Zn Al Cr 2R IHE IR F WIS/ 66 BE R Cd SR FH G K A TR
T R RS 4 PinAAcle 900T 2Y I 43 BT As Fl Hg SR R 201, 43X
N XGY—1011A AU F9O0CEE T, 768 4 8 19 7 B i 78 v (i FH A R0 34 S A g4t , 52 56 FH K o i 2l
K IR AT L A T R T 44, 7 T2 AT RE M AR X R 22 /N T 5%.
1.3 FEFE

(1) b E PR

Hh 2RI FOEN 5 ( Geoaccumulation Index,1,,) S E R Miller! ™ T 1969 4F42 1 i) —Fh Ao L
B 4R w8t , T TS E S B S, iFE AN,

]gen = logz FB” ’

K€, BIEMICE n &1, B, MIZTCHE IR T 5E ;1.5 BBIE T S5 HA A 2 5 RS 5 A2 )
TR R AR b BB PbnifE W3R 1.

HuIRAL A SUERTE AR P S BT R IR & i, — MEFE R Z IS RN ITR & &, LI
Tl A 20 22 80 AFAR R WITF AR | PRIAS BT 52 5% 1980—1981 AR AR IR AT 95 ¥ ok - En R %
R .

(2) TR B R E0E

WAE AR 25 KBS 5 85 ( Potential Ecological Risk Index ) f&:Fi L FR15 % 5% Hakanson' "™ T~ 1980 4F42H | J
TPEM TR H 4 AR G . 207 ok E e 1 A AR PR RN B B IR R A, R
VBTEAESfaE. HatE ARl .

RI =Y (E),
E =T xC,
C=Cy/C,

PRI N GG WA AR SRR, E, B 7 TE AR S B . T B — 4 Jm Y 28 B R %, R
Hakanson i & M FR AL H 45 J8 B2 B R 4. Cd  As . Cu Pb. Cr.Zn Hl Hg 115 4 J& 7 B AR EURE 7351 30
10,5.5.2.1 F140. C} RAIRT5 YL AL, C) AT HE, ) Ry SCIE. e A 25 KUK AT 28 ORIV L8 KU 25
BB PARUEIL R 1.

1 RPN SRR TS g5 2

Table 1 Standards for geoaccumulation indices and potential ecological risk indices of heavy metals'>15]

Lo TGP TR E B TR AR S AU R RI AR AE S AR R
<0 P REE <40 i <150 ik
0~1 BT 40~80 &g 150~300 rhk
1~2 A H R Y 80~ 160 i 300~ 600 =
2~3 RS Yy 160 ~320 = =600 b=
3~4 (R =320 ]
4~5 Gt
>5 JeE G
(3) Beitsrtr

RAEFCPRGE T SPSS21.0 X TG E & e b AT R0, B2 08 2= Bl A SPSS 21.0 4+ A ¥
IIBTREAR AR TC ZE A P KMO XK T 0.6 il Bartlett BRIEALS P {EH/N T 0.05 H @ Bl & AT &
AT, F BB IEAR A =1 A1 R B 22 5k i o =80% HE I 3 il 47

2 giRk50Pr

21 EESEWHAMESIT
22 AT LA 1, BFSEIX 4% 3l 37 As \Hg Cu Pb.Zn Cr FI Cd & 28 (L35 FEl 43 314 5.56 ~ 11.31.,0.002 ~
0.009.3.23~30.69.21.22 ~43.28 . 15.6 ~ 122.1.,10.58 ~77.01 1 0.07 ~0.15 mg/kg, - & &350 9.18.
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0.005.20.23.29.46.84.92 .42.38 1 0.11 mg/kg. 48 ICE & m A M (P A A RN F1 B DU o
1) (GB 18668—2002 ) #L i 1Y —ZAmife , 2 WV M 5 b R Vg Sk T AR 4 B8 B R 54, {H Cd . Pb . Zn  Cu FI
As 55 5 PP 4B TR WS e I VL ONERIR TS Sl R VLIRS (E Y 2.62.2.58 ,1.80,1.35 Fil
1.24 £, KA 5 MOCREDTIRY R AAE —E N E S, B8R RREGEEN 19.90% ~43.85% , B HUH:AH
DO N 2 b D e [ 878 Sy = M ALY ERe b ve- S R S S o s B

%2 MRREXENRYESESES THEEazgna B THELR

Table 2 Comparison of heavy metals content in the study area and other typical areas in Jiangsu Province mg/kg
TiUE CRAE ) As Hg Cu Ph Zn Cr Cd E = DTN
— AAYEE 5.56~11.31 0.002~0.009 3.23~30.69 21.22~43.28 15.6~122.1 10.58~77.01 0.07~0.15
(2014-10) FHE 9.18 0.005 20.23 29.46 84.92 42.38 0.11 ABFSE
5 R A 21.33% 43.34% 36.37% 26.07% 37.65% 43.85% 19.90%

MM (2009-12) 6.62 n.d. 19.41 18.23 73.29 74.18 0.17 SCHk[16]
FE =R D8 (2012-05) 8.43 0.014 5 11.97 18.50 39.91 65.92 0.11 SCHK[17]
R IR (2014-04) 15.49 0.1 24.98 22.54 71.84 63.63 0.25 SCHR[ 18]
P 3 30T 5 R (2012-10) 5.93 0.013 14.08 24.84 45.30 56.94 0.11 SCHR[19]
DU T i —JShr 20 0.2 35 60 150 80 0.5
FAINGY N E 7.38 0.023 15.02 11.40 47.15 60.11 0.042 SCHR[ 14]

n.d. R A

AREENOTF 2009 4 12 A 7AW R4 As Cu P Zn Cr Al Cd 3t 6 FpEE & JE U H & &
(#2). HARIE S HA AR EE F AT HT Al 0 Cr A1 Cd &5 5208/ N HY, Ph . As Zn Fl Cu &5 & 5L
JimEa#, Ph SRR A, WTREZ B XF HLYT A oA AR Y M VS IR As Cu Pb I Zn 7%
HETE R F L, Ph F Zn &5 5 T30S, As Cu P Fl Zn &5 1 5 T B 8 4k, 2 A
FEIX Ph Al Zn & HEFE E A4
2.2 ZESHEFE

NS AL R 2 DU 4 8 2 () Ay A AR AE—E 25 5 (K1 2) . As Hg,Cu . Zn Cr Fil Cd % 6 FoT
R MR AR R g 10 LB 08 AR ZWF5E CAIESE , 4 & & MUY R AR Z [ R < R sk
Jog 0 AR R R I R, PTG A R PR AR ROR , T A R AR AL X R AR
FHAKAT- 55 25 1 Fe g N 5 A 1 2 10F 5 3 WV P 32 30 2 2 OB s A PR Rl ) e 25 1 K, 3 15 7 4 I 45 i)
Sy Ak A — 2, UL RN VS I DU A R O s AR R AR 2 AP R . HEe R TR
DX AT 900 1 RS V3, 005 X AN T 5 T3] 11— 2900 130Tt Ve 4 X A 43 A 36 Il 1 T 485 47 A9
Bk Y55 e ) e H 4 J EE B A YS R IR, B AT S X AL T O A B B, A T R B 4 AT O —f
ST 3 TC I A B, AR A RUD DT A e O e AR X AR

Pb JTE & i im (DX 52 45y 00 A, 5B T S s DRI 11 90T 11 6 30 Vg . 3 s DXV A A 00
R A F AR 22 | L T3 ER] A 1 v K s AR s AR 2. Ph ST R 25 W] 43 A

SRR X A K
2.3 EERRIREMRR
DURY v E 4 SR IR AL A5 B AR (DURLEE ) ®3 WARRENNUESE I RERIHOAFE

F }\ ﬂ\] ﬂé{jﬁ i';(—; , rl_%, Fﬁ * ﬁi ﬁ:}’ ﬁj\fﬁ/zii %U ﬁg ﬂé/ﬁ [24-25] B JEH Table 3 Loading of each index on three principal components
N . . N of heavy metals in surface sediments of the study area
SPSS 21.0 #4748 TR /A 7, KMO 46 56 (8

— N . Ay
0.649>0.5, Bartlett BRIEAGH 45K 0 0.000<0.05, 2= W it TLH ol s e
WA RS T E . DU & 4 8 o Cr 0.937 ~0.005 0.122
F AR F RSP SIHT, 1 BOFAEAR K T 1 0 ok & i
SEN BFSEIX 7 AP E A TR OU R LRI T 3 A F R cd 0.561 0.576 ~0.257
Ny 0 o g s \ Zn 0.013 0.930 0.223
(3). EMS BB TA N 86.487% 7T LAk o o013 0030 0
SRR B ) G5 S Ph 0.067 0.057 0.974
R T AR f - AR AR 3.857 1.141 1.057
PCLCH 1 F0P) 5Tk Ay 55.099% KW PC1XS DTk 55.099% 16.293% 15.095%

DI ESERIE EE/EH. AN ESIEILRY  opwms 55.099% 71.392% 86.487%
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Fig.2 Spatial distribution of heavy metals and comprehensive potential ecological risk index
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HHIEAC. Hrf Cr A1 Heg 76 F1 L8 (55 , i85 0.937 1 0.886, BiH] PC1 L4 Cr Fl Hg K
Ji. Cr Al Hg JCEEX S AR T VLR T 500, R Z RSS2, il LI PCLARE R 2 A
SRIAZ ) EB M T YRR 4R S AU . Cu,Cd 1 As 7£ PC1 A &S IEZE M7, i PCI
WA ZHCE Cu Cd Fl As FIRIE.

PC2 (55 2 E4) SIHR A 16.293% , ¥ M HE LB ICE Zn As Cd I Cu 5 H R B3 A, 2 (i
W PC2 FHE LB Zn As . Cd Hl Cu HISRIE. Zn As Cd Fl Cu 4 FhICZ 1y & B VTR 15 S,
FEZ RN NKESNM. H Zn As Cd Fl Cu 255370 FRAE AT AT, % 4 B R & 4 XA T I8 139 H i
T3, PC2 W] 3R N e 3T A TS Y W HE O 42 TR JC 2 & B s ). 38 % IS A R A A, e
AL A A A 4 LR Tl Bl X D) e AR 224 LRI S . 4 1B Tl el DX 1 2 A BE Al 96 S A A A 72 AR
JNTEEr= . Je Em Ry X3 = HE S, 290 2 Tl Al A 1G5 K. ALIERE 4R Cd i EE R
U8, ATk EREAL T Cd A5 ik 0.6 me/kg IR Y Cd EZRIETHES . b ALAs i =
it I 2 S 3R R ) Cd S in > 8 8RR HESE)E Cu M Zn FEZDRIE. Cu M Zn HIENEE
TR IR 0 IR W8 B W, 2 95% L) b Bl 2 HE AR AR SE AR IR g R B Y
ZEFirh Cu M Zn SR E5IL 679~892 mg/kg 1 1 570~3 200 mg/kg. & & F&(E/E A HLIERE, Hoiti FH AR m
B Cu M Zn 2. BEANRE E R A AR HEKAS 2 8B Rk g 7 5 s i 4 s Zn JTTR R
. AR T AT RESAE S As M BB (R ALRRERER ) 10, Al A= 7= 3 i v 5 il A2 0 S 3% A 591 Bk
FF R A AR 24 i K il P 2 1 A As S Bin. AETE R A VER A & A As, VETRE T As SN
0.036 mg/kg, TP As SR E L 1.8 mg/kg™ . Fik Tolk A FIA: 1% 75 Y MR Zn  As. Cd il Cu
JUR , i AKIAR G B e I DR AE DR . G, PC2 W] iE— 2 378 Tl Ab FnAE 16 15 Y 58 0
SR UGS 4 S O I 52

PC3 (45 3 Fi43) TTlkE N 15.095% , ¥ KL E P SHOIEFE. Ph &R IT IR 1 514
() 2.58 5, KL 22 B ARSI E M. N Pb TR 25 [ 43 i K, & 4 XA T w5 A v DX A 11 7m] 11 B
VI, S INSE T X3 A A 5. AR AE Ph V5 G AR IR AL FE AT RSN R Z D15 3. Ph EHLah 4
BRINTS e ARk e 2R O YA 1 R A s DO A0 A 22, SR TS e K S 1 A Ph Y5 0
U AR T V5 A (8 AT ARSI & B, P 8 e 5 T AT R K 490 mg/kg. PRIUL, PC3 ATiE—25
TR R ARG Yt 42 B ) R
2.4 SFEIEM

H BRI M A R R (R 4) , EEJR TR M BRI EHT Pb>Cd>Zn>Cu>As>Cr>Hg. Pb Fil Cd
(1, AAAE 0~2 ZJ8] V5 Y B A B~ P VS . Zn  Cu FT As T5 YRR B R i - 15 U He B Cr V5
PR NG, JCTs Y. AR R, P REURMINTE YA, Cd Jo R EZk [ E i A5 G
Y. PRI AT G A T TR B 75 G DX 3 B ) A

F4 MREEXENRYESEHRRIEHAEEESRRIEY

Table 4 Geoaccumulation index and potential ecological risk index of heavy metals in surface sediments of the study area

i H As Hg Cu Pb Zn Cr Cd
A -0.30 -2.86 -0.31 0.74 0.11 -1.24 0.71
] /M -0.99 -4.10 -2.80 0.31 -2.18 -3.09 0.04
geo TN 0.03 -1.93 0.45 1.34 0.79 -0.23 1.22
EYREE WL W BERERER BE—WPEEE BEREEY EE RE s
S 12.51 9.16 6.73 12.92 1.80 1.41 75.29
B fre/IME 7.53 3.48 1.08 9.31 0.33 0.35 46.43
’ R 15.33 15.65 10.22 18.98 2.59 2.56 105.00
A SRR i i i i fi% fi% rh—
SEHE 119.82
RI il 70.66~155.53
HEAS XU f—

B FIRAE AR S XS E BHEF i Cd>Pb>As>Cu>Hg>7Zn>Cr, T4 JE Cd AUV AE A= 5 XS H5 50 T
46.43 ~105.00 Z [A] , SR AL T Hp—55 i A A KU K, H R 609% vl 437 b F H 48 A= 285 KU 7K F-, 40% vl 47 b
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FREASRE AT HAAE 4SS TR TSR KT 2 Cd J& X8 A 25 U 32 22 51 ik [
T GEIRTEA S KRB M R, &AL RI BT T 70.66 ~155.53 Z 0] ~F-24{E Ry 119.82, SR ALE TIK
AR, AU 1 A S AL T A8 AR S RS KT, i Bl 67 501 6.6% , FHoar sl 67 ¥4 40 TR XU
K NERBTETEA S RIS TR E s B (B 2) T LAE e 00 1R 3 v B 2 5 08 70 A 28 U i B0
&, LB 5 FEE YT Cd W28 (B 20 AR R AEARALL (18 2) . AT DR 90T 1 i a2 A A KU 5
P X 38, I 45 EE A

3 &k

(1)H5EIX As, Hg.Cu.Pb, Zn, Cr fil Cd “F-¥ 553514 9.18.0.005,20.23,29.46 ,84.92 42.38 Fl
0.11 mg/kg. HAJE T A 1T (A A RS E AT i i) (GB 18668—2002 ) i i) — 25 Ar
#E {1 As Cu.Pb.Zn Fl Cd 5 FhE 4 8 TR 1P & M VLR RE SUEH, A —EBREMNESE
B,

(2)WF5EIX As Hg Cu.Zn Cr Fl Cd 6 FPEE 4@ B4R ZS () 70 A7 e iE g a1 B 20870 TE R & 4 X
A8 0] 1B, AR B XA T 5B 1 —f S 2 (V3. Ph T 2R & 4 XA T 84 s DXOR s 11 9]
FTRRF I, 55 A A v X 434 K

(3) WP DX B 4 A SR U T URR BE BT e 3R] A V5 G ) ( Tb HET AR A 36 75 4% ) I An TS 4y, oF
BTk R 55.099% ,16.293%F1 15.095%. Cr Fl Hg 22 PR BEEE ], S AR IR ; Zn  As  Cd FI
Cu TG T e T0] 1 B VETE Y HER , 46 Tl i5 5 ARk A 1675 4% s Ph SRR TS Y.
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