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UTAFSK , BEE L2855 B0 AN A R N1 AR 3
TN B PR T e 8 Tl R K R, R 1 4% 7 T Y
TS UM AR, AR A Tl if 2 A 35 AR
J SRR T T 75 QAR T VT A R A AR 2R PR R
BT E RIS, ACEYH XA AEHRS S 1
A v, HE ] i B8 T8 PR RS Gk s, R
AR B b B T AR B, (A Rl IR
TEI ) 75 Qe R — AP ] o BT AR RS2 By
LIV AN F AR TR 15K DL R SR A T AR Ik R
R, TS AR E R, FEUESH
5 H gt Al A1 EVIHE AR BEMZ AR 0, in
il 1 X9 ALK BRI,

2 FREREESMITE

AUFESREF BT B (110°21705.257°E,
21°0543.67"'N), & H 19.1 °C,pH K 6.23, FfLif
SR S -194.69, T 2017 4F 11 A RAE T UM
JZ 0~50 em Ff &, R E A IRR Ve d . H
A TR RAERIRE S L RS B IS IR LI BB N
TG SR NN R A BTG, T B 2 HE AR
W2, [l 5y AT 3 X TR — B e,
T A TARC, MEZ 5 A, B E R
P EISLIR VR R o VTV M ELA B K 2017 4R
VLU 1 BN

2112" A[N BUKX,

21°6'

21°0"

1012 110718’ 1024 11030
1 EITEHIBEAER 2017 FRIEHA

REE & i FH R 6 45 B 1R 5T 0% 43 BT vk
(ICP-MS)Ii; Ba,Cr A1 Mn i cEZ S EHER
% X BFTOEEE (XRF)E; Cd,Co,Cs,Cu,Ga,
Hf,Li,Nb HI Ni &R &8 ICP-MS ik, 7
YCIMRAE 35 AR 22 Ak ot 52 1, e 24
SRFHX R 22/ N T 2% , 2B EUARHT 45 R nT5E

3 fhEITEREHE

3.1 ®LEmE

TEVTTS 2 )Z VIR SREE R ALJ5 R 78.24~
102.41, FHME A 91.35 (& 1), VIR PEH +
SLREE =2 fbyu A 65.84~85.97, FX &N
76.84, T Hi + SHREE & & 28 1k 15 [l 14.99 ~
19.84, ¥y &k 17.52, SREE,SHREE Fl SLREE
= A AR ) A AR A A 3, AR
5 R T IRk 2 R — s r AR PRI AR AL
PE(E 2),

1 HIBRERRYBLITEEE ny ) REXSH

FE i 5 cm 9 cm 30 ¢cm 41 em  FIE
La 23.49 18.03 18.88 23.35 20.94
Ce 29.79 22.66 24.03 29.21 26.42
Pr 5.17 4.00 4.26 5.25 4.67
Nd 21.47 16.58 17.73 22.12 19.48
Sm 4.63 3.64 3.95 4.83 4.26
Eu 1.19 0.93 0.96 1.21 1.07
Gd 5.85 4.53 4.89 6.01 532
Th 0.89 0.70 0.74 0.91 0.81
Dy 5.10 3.96 4.25 5.27 4.65
Ho 1.07 0.86 0.91 1.13 0.99
Er 3.03 2.36 2.48 3.12 2.75
Tm 0.42 0.34 0.36 0.44 0.39
Yb 2.44 1.93 2.11 2.55 2.26
Lu 0.39 0.31 0.34 0.42 0.36

Y LREE 85.74 65.84 69.81 85.97 76.84
> HREE 19.19 14.99 16.06 19.84 17.52
Y REE 104.93 80.83 85.87  105.81 94.36

(La/Yb)y 6.83 6.61 6.35 6.49 6.57
(La/Sm)y 3.17 3.09 2.99 3.02 3.07
(Gd/Yb)y 1.94 1.90 1.88 1.91 1.91
dEu 0.68 0.68 0.64 0.66 0.67

. Y REE WFit+ B &8, SLREE NER LR RS,
Y HREE 3 HE i + 70 & B & 2, 8 Eu=2Euy (Sm+Gdy),
8 Ce=Cey/0.5(LaN+Pry)

FEfh T SEu HAE 0.64~0.68 Z[H], F-H4{E N 0.67,
WRT Eu 5% . 8Ce fHASLM 0.67~0.69, F-H{H
0.68, [AIFE /R U o 5 SREE WAREHUEEFIL, 1
TLESRIZVTURY & Z IR+ & it SLREE FER
+ SHREE &HAE 20~40 cm Ab3/0, 7 5~20 cm 1
Jn, R T 2 RS S
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B 2 S REE, YHREE, S LREE, S LREE/Y HREE, 8Eu
T

Y LREE/Y, HREE F1(La/Yb)N J& 5z WLyt AR
% HW TR SRR NRHESE TS RE
UL SLREE/SHREE ZE AU I 7E 4.33~4.47, th
& 2 A0, SLREE/SHREE U AH 5 PRIZ Wi K ) 48
fe#a%, (La/Yb)y &b T 6.35~6.83 Z ], FHI{H N
6.57,

HEVTYSSTRARE By REE BB B bR e 4k 4 1
BN 3 Frow, oA 2 R A g e 2,
7 EM 05 R R B A =R
BHESE, [ Eu fl Ce TR H SRR

1000

100 - =

1

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

B3 ETERENRMKERARAEL REE 78R

32 ESREESERE

HAER AN 2 iR TS RZTTEY
H Zn F IR THAD 4 FocER , HUUE Cu 1 Cr,Pb
M Cd Fr ik RIS RIHA, Cu,Zn,Pb,Cd, Cr
BB 0¥ E S 5 R 56.31 mglkg,192.85 mglkg,
5.31 mg/kg,2.84 mg/kg Fl 17.46 mg/kg,Cu & &L
1 48.91~62.8 wg/e;Zn S EIL K 171.7~215.6 pgfe;
Pb & YL Bl 4.59~5.934 wgl/g;Cd & 0 Bl K
2.459~3.184 pg/g; Cr FHVE N 14.75~20 pglg. 5
2010 4F 5 H RJZ VTR E 4 8 SR L, s
FIZVUR) SR = RS, Cr, Ph IAEFR R AL, (H
Cu,Zn Fl Cd FHT15 .

TEN0S g g VIFY T

REE /em
Cr Cu Zn Cd Pb
5 20.00 62.80  215.60 3.18 5.81
19 15.22 51.44 174.50 2.53 4.59
30 14.75 4891 171.70 2.46 4.90
41 19.87 62.10 209.60 3.17 5.93

FHME 1746 5631
BAME 2000 6280
f/ME 1475 4891

192.85 2.84 5.31
215.60 3.18 5.93
171.70 2.46 4.59

4 M IooRKYBE T

REE B AT HE bk b2z, 4 — e
5 ANG 2 AT E T, -, — Bkl sk
VBRI R AW RE TR ASUBETE
M- Py sk, RSB E piR  RAr e R 7

VTS R ZUUY SREE BEHI{E A 91.35,
LR T REZRA SREE HEIH 58.649, brififk
REE 43 BC il £ 35 3% 30 AL A5 100 19 #4 # ,SLREE/
SHREE WAHR &, DI (La/Yh )y K F i i Bk
KB A PRI LGR (E 1.427, KR M o0 57 R
5 AR ER 1 B A K A AR
irE R EM 1, JF H REE S 24K0, [[IFf, Eu 1
SHOEME 0.67, 5 Kl 52 (UCC) (0.65) 3E # 1%
i, A ERHER BT A REIRUTRR YY) REE FAEY,

KB R, XL R Z TR Y
REE & &# 1 Ga,Co,Cd,Zn,Mn 25343 i 5 o R ik
PR (K 4), s %M, +ItE S Ga,
Cd,Pb,Cu,Rb FFAMNEITCR BT, AHICHER
U, Wi Sr,Mn S8 KRN IEITC R MR Z | %45
SPFRUGIE B TS RS £ 0 R B 2R TR
AIHE R A LR B A VS i 4l o

254
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5 HEEITRRE LI R

51 BESRTEZEPHEXES

R TWFIE S MESRZ KR, X Cu,Pb,
Zn,Cd F1 Cr 5 FiEE 48 JC 2 09 F- S HE AT AH G 1 43
B, FIHERIE IR Pearson AHICHET T i
T ATEs a3 3 s, 1R EKFEN
0.05 B 45T ,Cr 5 Pb,Zn 5 Pb LA K Cd 5 Pb #H
KePEE I 0.962,0.954 F10.962, FHXEHE K H 5%,
MAE 27K R 0.01 B 4F T ,Cr 5 Cu,Zn #1 Cd
A SEAE S 91K 0.997,0.996 F1 1.000, Cu 5 Zn, Cd
B A SEE S 0.993 F10.997,7Zn 5 Cd B EE N
0.996 , FHOCHEIIIH 1 25, 28 T, iR v 5 A
HEJEZ MR RIEE %Y, W el ief %—
(AR HLAZ 20 AR R A DT R AIL

#3 WIBRERRYEEETEN Pearson 1HXE4EMH

Cr Cu Zn Cd Pb
Cr 1 0.997**  0.996** 1.000%*  0.962%*
Cu 0.997%* 1 0.993%* (0.997**  (0.937

Zn 0.996%*  (0.993*%* 1 0.996%*  (0.954*
Cd 1.000%*  0.997** 0.996** 1 0.962*
Pb 0.962%* 0937  0.954*  0.962* 1

Tk ARFRTE 0.01 AF R, AIEE R 5+ AR3RTE 0.05 KF
T M
52 BEFIEHEEME
S — A5 PP 7 R B R AR RO X R
BT B — i G BE A T i, B A D B AR R R S
o SERE I T ARiE(E S R QR PR DT
it ) (GB 18668-2002)!MH = AR HERRE (% 4),
X AR R B LIS R Z IR T Cu, Zn & i
Bt 35 me/kg Fl 150 mg/kg, (HARMBILEE —2hn
HERRAEYE L, DU i T rp 45 Cd & 5 At
1.5 mgrkg, [HUEBA A = 2AniERR(EYE F, DT
W22  Cr A Ph 45207 7 8/ T 80 mg/kg
#1 60 mg/kg, TIFRY BT 4f .
F4 ERBENRYRBRAETESESBNITEE
(PN mg/kg)

iH Cr Cu /n Cd Pb
B—2 <800 <35 <150 <050 <60
BTK <1500 <100 <350 <150 <130
=K <2700 <200 <600 <500 <250

W AR R th HAUE R R RN 4
JE TS YRR HA R
r=(C~Cy)/C, (1)
2 es T b 43I AE i R 5t T SR
P E TR S A AR B, Cr 19
W {H R 50.5 mg/kg,Cu A 17 mgkg,Zn H 47.3
mg/kg,Cd “4 0.056 mg/kg,Pb & 36.0 mg/kg, VT
RIZVURYh 5 Ml &8 s £ RO TR R
TSPUR, #2100 Cd,Cu,Zn = HIWEERBIIK
T 1,00 Cd TTR WG R T 1, 52 NZE3 3l 152 i fi
K.Zn 5 CukZ, i Pb I Cr (& REE/NT
0, FEA R Z BN B 520
x5 NMBYHEESENEEREER

e R
WRIEE /em
Cr Cu 7Zn Cd Pb
5 -0.604 2694 3558 55857 -0.839
19 -0.699 2026  2.689 44125 -0.873
30 -0.708  1.877  2.630 42911 -0.864
41 -0.607 2.653 3431 55.607 -0.835
FIIE 0654 2313 3.077 49.625 -0.853
BAME  -0.604 2694 3558 55857 -0.835
B&/ME -0708 1.877  2.630 42911 -0.873

53 MIRAMBIEHE
5 AT AN O R AR R AR 02k (Index
of Geo—Accumulation)" A FR A Muller $5 %5, 1154
ITEWTT
1, =log,[C./(1.5xB, )] (2)

Kb C A B, A3 A b i 4 0 SEBRI
AT (B REL 15 &R T RIE RSSO BT |
BT FE2E o TSR TS YL S5 g n ke
Fs o

*xo6 L, FixERNER

1,<0 Jei5 Y
0<l,,<1 BTG
1<I,, <2 Pl R RE 5
2<1,,<3 VRG]
3<I,,<4 (EREE
4<l,, <5 H{5Y

1,>5 JEETG Y

FRAE 45 4 B SN N S A8, 1, AT TS,
MR 7 fim. 53R 6 XN A SEHAH BN, Cd 1) 1,
SR 5.066, KB T E G Cr 5 P 1, F
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PIE R -2.132 F1-3.355, & A AE, A JCT5 44 5 Cu
() I, EYME N 1134, 70 (1 1, E3(EH 1.435,Cu
5 Zn BiF AT 1~2 2Z[8), kb0 o BE TS YLyl
M ZOY L, [T LIEH, Cu G 1 ADENFA
BRI RS Y Zn 00T T BT
YesCd A 2 NRNCNE IS Y 2 AN E 0 E T
Yu;Cr 5 P AT RS TG Y . 48 LR, it
TLIEUTRY 4 ) T R 175 YRR o KIS Cd, e
YA Zn Fl Cu, 1 Cr 5 Ph 15 YRR RER/ N,

£7 BIZRENRYT S HESEHHRRRISHER

HIE /em Lo,
Cr Cu Zn Cd Pb
5 -1.921 1.3 1.603 5244  -3216
19 -2.315 1.012 1.298 4911  -3.556
30 -2.361 0.94 1.275 4.872 -3.462
41 -1.931 1.284 1.563 5.238 -3.186

SEEE 2132 1.134 1435  5.066  -3.355
BARME  -1.921 1.3 1.603 5244  -3.186
w/ME 2361 0.94 1.275 4872  -3.556

54 MRMREREEE

VIR i FEUE (Sediment Quality Guideline,
SQG) 7 AR T BT AR 754 | BT PR 7 1200 = A
45 Jm BT ROIRBL , 1207 R B e T o0 Ts G ot
XK AEAE S FEE TR AT

m-ERM-Q=3.,_,[

CL
R /n] (3)

K m-ERM~-Q BI A S W3 35 R FE O S 40009
ERM, (B ) RIEEHELE (W ERM E, &%
Long & AOS ZARUE, Cr Y ERM {HHL 370 mg/kg,
Cu ) ERM {H B 270 mg/kg,Zn 1 ERM {8 HL 410
mg/kg,Cd A ERM {EHX 9.6 mg/kg,Pb F) ERM {HHL
218 mg/kg; C AR i 4 B ST s i 5E T
RIAEL AW 0 BUA S5, TSR N5E 8 s

8 FREARUREBLEER

REE fom m—ERM-Q {8
5 0.234
19 0.188
30 0.184
41 0.230
FEH 0.209

ERL R ARAE) A1 ERM RN TP E ) T3 %%
PR -FERENEESH. £48E0
ERM ETE L 245 1, 5% Long™"HEH ERL {E

ZHEZARUER] A, Cr, Cu,Zn, Cd, Pb AT i 19 ERL 14
4y 5 4 80 mg/kg,34 mg/kg,150 mg/kg,1.2 mg/kg
47 mg/kg.

HRAE R 9 &> 4 T o0 RN I Y 7 5 A 46
¢ Al F0,Cr A1 Pb & & 3 Bl I /N T 80 mgkg Fl
47meflkg, VB K PP IC 2GR A= Py 1 A7 6 A
ANy RERAIRY Cufl Zn HF Cd EHI KT ERL
B, FBERBAA B ERM E, A 20
Cu,Zn Fl Cd 3 FhonE Xk A A ERUNAR D &
A R AR A KGR TS, A DL AR & m—
ERM-Q V34184 0.209, i F 0.1~0.5 Z[H] , f 21%
Y EEHE AT e .

R 9 ERL, ERM, m-ERM-Q Fr3f R B9 2%

240 G AR

C.<ERL e/ VR
ERL<C,<ERM AR IR K
Ci>ERM RN 2 kA
m—-ERM-(<0.1 9% 1) 75 35 1l fig
0.1<m-ERM-0Q<0.5 219% 735 7 Rg bk
0.5<m-ERM-0<1.5 49% 1) AT BT
m—-ERM-(>1.5 76% I B F T RETE

5.5 BEESREIELRE

W AESEFERECE T 20 4 80 £ AW H
B LB} 2# 58 Hakanson $& i , iX B4 77 AT TS
LA SER, 255G T B B0 E
Jor AR SRR DL R U o e B R 0 A [R] s
HEEE SR RO D R A LA G L e
B TR PR A O 255 TP AN 4 X i A
BfeERE, THEARXT

i

RI=SLE=SLTxC=3,Tx%  (4)
C

2P R R VR S IR S8 B FmkE
ST AR TR A KU R T E AT
DUSAE T 5 ¢ BT T 450 R T 4R i IR
I B8, 2% 07 B BF s 45 5, Cr, Cu, Zn, Cd,
Ph B REAY T 850914 2,5,1,30,5, € A L ifE—
BERE C 5 C WA, W RRe h AR i 1
ST 5 2 AR 25 518

AR (4) % B B AT (3 10) , AR

ESFYETRT, Cd ok, B3k 1 518.75, kT Hith
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4 FOCER, 1 11 AT, Cd BA DR A TR AE A= S K
B, 1M Cr,Cu,Zn 5 Pb WEFIAKTF 40, # WA
BRI R AR S RS

F10 ARMELBBEESKREY

WETEE SR R E
RI
Cr Cu Zn Cd Pb

F/ME 0.584 14.385 3.630 1317.321 0.638 1 336.601
BRI 0.792 18.471 4.558 1705.714 0.824 1 730.342

FHME 0.691 16.563 4.077 1518.750 0.737 1 540.818

®11 MRNEEEBEESKEER

E, RI TR A A U
E <40 RI<150 T
40<FE <80 150<RI<300 g
80<E <160 300<RI<600 i
160<E <320 RI=600 TR
E =320 i

GEAF 11 AT, BT Cd AR A 2 XU
B, SECHRILE DU & BALR) REFME N
1 540, KT 600, IS & Z DU & 4w
R HA RS . 5 2004 47 12 AHEZ
OB 4 SR KR L, Ph & B IAIG, 11T Cd A9
FrRaa gt o WIS TR A T 3R S5 Al
W, VIR Cd FEARATRESR H TRk
TR 5K 14N, BT ABFFE R, 76X

SE 30k

FVERAERT, BEJEnT AR Cd FH7E DR Hh
AW, SEHGE a MUY Cd BR1EE
FETER T A DGR X R TR it & i Cd
R RE SN E B R ERG nA G,
VLTS B B SRR 2 Y T A e iy ) L, S 7
20 T4t 90 AR TCHLA & ik 4 it [ 5 koK
JERRUEPURARAER SR (A . WA-HE Cd AW AR H
FEAE T E A S KBS TS T, B 55 ZEAH S IR RE SR )
AR B AR SR T R 2 T L% R

6 %45 it

(1) TSR Z TR SREE S FRIFZ R
#,SLREE/SHREE F(La/Yb)y 5 HAEZ WA  E
Tor eI, A B R A LREE & 4R |
HREE # } V48, Eu I 17 55

(2) Wi+ TR FHE SE TR R T
R LS RIZVRRY R oo R E2oEAT
/L7 )5

(3) FIHZEA R TFIREGE . M SRR 80A
TFERTAL, SAREAE XS H , 26 RV 2 DT
Cd #BFR ™, KRN ZHEIG YR ;Cu 5 Zn D EH
b A TP AR AOT5 Y s Cr 5 Ph AR I ARVE( . 7T
T e S I R I 15 ey o ok A AR e A
R E MR RS AN, (EL7E AR 25 RURS: DA O I, AH Eb
HAhESRITER, Cd HA R EAES K, I
BFAFAER RIS X ] BB S5 MV TS sk M 9 T
I AT N ) & SRR AT G
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Analysis of Trace Element Characteristics and Ecological Risk Assessment in the

Surface of Sediments in the Zhanjiang Bay

CAO Han-sheng'?, DENG Yi-wen'?, CHEN Fa-jin'?, PU Xiao—qiang'?
1. College of Ocean and Meteorology, Guangdong Ocean University, Zhanjiang 524088, Guangdong Province, China;
2. Guangdong Province Key Laboratory for Coastal Ocean Variation and Disaster Prediction, Zhanjiang 524088, Guangdong Province,
China

Abstract: In this study, ICP-MS and XRF methods were used to test the abundance of rare earth elements (REE)
and heavy metal elements in the surface sediments in the Zhanjiang Bay, and five different evaluation methods
were used to conduct the pollution assessment of heavy metals, which can provide a reference for the industrial
layout in the Zhanjiang Bay. The total REE content is lower than those from the oceanic basalt. There are a
certain degree of differentiation between light rare earth elements (LREE) and high rare earth elements (HREE)
in sediment as well as negative anomalies of Eu and Ce. The REE in sediments of the Zhanjiang Bay probably
generated from terrestrial input. In this study, the single factor index evaluation method and the index of
geological accumulation method showed that a small amount of Cu and Zn in sediments exceeded the standard
and had a moderate degree of pollution, while Cd exceeded the standard and reached a severe degree of
pollution. The sediment quality guideline showed that the probability of Cu, Zn and Cd poisoning in aquatic
organisms of Zhanjiang Bay was approximately 21%. The assessment results of potential ecological risk indicate
that the ecological risk grade was as follows: Cd > Cu > Zn > Pb > Cr. Among them, Cr has a strong potential
ecological risk with an increasing trend, which must be taken by effective measures to improve it.
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