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Abstract: The contamination history of heavy metals and changes of the depositional environment of the West Harbour in
Xiamen for the last 70 years were studied by using high resolution records, the measurement of concentrations of heavy met-
als, organic matters and sulfide in its marine sediment core, grain-size analysis, and recent sedimentation rate of the sedi-
ment. The results indicate that Cu, Zn, Pb, and As can be considered as indicators of anthropogenic metal pollution. The
degree of enrichment is As>>Cu>>Zn>>Pb, whereas Cr, Cd and Hg are not enriched in the sediment of the area. The varia-
tion of the sediment composition and depositional environment in the site has been obvious in the last 70 years. There is di-
rect correlation among the vertical distribution characteristics of the heavy metals, hydrodynamic force and depositional envi-
ronment of the time. For the sediment, the more stable of the source, and the smaller of the grain size and the better of the
separation, the higher the content of heavy metals are in sediment. There is significant positive correlation between the con-
centrations of the most heavy metals and the concentrations of organic carbon and sulfide in all depth.
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Fig. 1 Map of the sampling site
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x1 MRYESEETRME(mg - kg™')

Table 1 Background values of heavy metals in sediments

[X 45§, Cu Zn Pb Cd Cr Hg As
MR X T E N R EO 4.73 54. 4 15. 6 0.18 39.3 0. 020 9.71
h EVR TR S RO 8. 1~22 49~86 18~24 0.048~0.09 47~72 0.018~0.04 5.2~10.7

O BBIN KA 2004, H [ AU BEE R AT ; @ B BE R IR FE AT ST 0T - 1985, F TR IX £85I A8 415 (2.
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Fig. 2 Vertical variations of average grain size (Mz,) , standard deviation (i) and kurtosis (Kg,) in the sedimentary col-

umn and profile of the sediments
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Fig. 3 Vertical distribution of heavy metals,organic matter and sulfide in the sedimentary column
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Table 2 Enrichment factor () of heavy metals in each layer

WiE(m Cu  Zn Pb Cd Cr Hg As  WE(m Cu Zn Pb Cd Cr Hg As
0~2 340 1.74 1.72 —0.13 —0.18 —0.40 3.83 120~130 4.94 2.65 1.69 —0.04 0.10 —0.30 4.87
2~5 3.31 1.71 1.74 —0.12 —0.16 —0.35 3.81 130~140 4.77 2.93 1.73 —0.02 0.19 —0.35 4.83
5~10  3.48 1.68 1.74 —0.13 —0.14 —0.45 3.88 140~150 5.38 2.83 1.76 —0.06 0.18 —0.25 4.36
10~15 3.46 1.72 1.65 —0.14 —0.17 —0.30 3.85 150~160 5.70 2.86 1.77 —0.07 0.15 —0.20 3.91
15~20 3.42 1.75 1.69 —0.14 —0.18 —0.15 3.79 160~170 5.47 3.09 1.82 —0.05 0.06 —0.30 3.84
20~25 3.50 1.77 1.72 —0.15 —0.04 —0.25 3.80 170~180 5.45 3.31 1.86 —0.01 0.03 —0.25 3.43
25~30 3.80 1.80 1.76 —0.10 0.05 —0.20 4.27 180~190 4.50 3.25 1.83 —0.25 0.07 —0.30 3.53
30~35 3.63 1.82 1.74 —0.11 —0.02 —0.25 4.18 190~200 3.42 3.21 1.78 —0.35 0.10 —0.35 3.54
35~40 3.55 1.94 1.73 —0.08 —0.02 —0.10 4.20 200~210 3.46 3.22 1.80 —0.21 0.07 —0.30 3.52
40~45 3.52 1.94 1.75 —0.10 0.02 —0.30 4.36 210~220 3.48 3.18 1.87 —0.13 0.05 —0.25 4.03
45~50 3,57 1.85 1.74 —0.15 0.09 —0.25 4.86 220~230 4.18 3.17 1.88 —0.19 0.08 —0.40 3.87
50~55 3.29 1.85 1.73 —0.14 —0.01 —0.35 4.47 230~240 5.07 3.20 1.89 —0.21 0.08 —0.45 3.86
55~60 3.19 1.96 1.70 —0.12 —0.02 —0.30 4.12 240~250 4.58 2.98 1.87 —0.27 —0.01 —0.35 4.25
60~65 3.76 1.97 1.72 —0.16 —0.02 —0.35 4.25 250~260 4.60 2.84 1.88 —0.33 —0.02 —0.40 4.48
65~70 3.95 1.98 1.74 —0.15 0.03 —0.20 4.40 260~270 4.58 2.83 1.79 —0.35 —0.09 —0.50 4.18
70~75 3.38 1.99 1.74 —0.11 0.05 —0.30 4.37 270~280 4.64 2.81 1.77 —0.38 —0.16 —0.52 4.02
75~80 2.85 2.01 1.75 —0.04 0.06 —0.35 4.98 280~290 4.31 1.95 1.76 —0.38 —0.13 —0.51 4.01
80~85 3.95 1.90 1.71 —0.06 0.05 —0.20 4.97 290~300 4.26 1.53 1.82 —0.37 —0.11 —0.50 4.25
85~90 4.39 1.89 1.69 —0.07 0.05 —0.25 4.83 300~310 3.44 1.13 1.71 —0.44 —0.15 —0.51 4.05
90~95 3.88 2.04 1.68 —0.07 0.03 —0.35 4.59 310~320 3.16 0.57 1.67 —0.66 —0.19 —0.53 3.69
95~100 3.82 2.17 1.67 —0.06 0.02 —0.30 4.48 320~330 2.70 0.60 1.66 —0.56 —0.18 —0.52 4.15
100~110 4.35 2.28 1.64 —0.05 0.02 —0.30 4.67 330~339 2.00 0.69 1.63 —0.64 —0.17 —0.51 4.12
110~120 5.26 2.40 1.63 —0.04 0.03 —0.20 4.89 ¥iE 3.97 2,20 1.75 —0.19 —0.01 —0.33 4.19

VORI 2K 8 I3/ B B 38 58 50~ 71 em Ry # b
JEORY BRI PEAE (61 = 0. 96)  BR ]
LRIETEIEH (Kg, =1. 0), BLHIK 3 F1 K Ui FL 4 K R
AEXTFRE 5 71~83 em Sy — 3 2 D 52 #), 83~115 cm
SRR A S N FERE TR+ (o = 1. 42, Kg, = 1. 17),
115~240 cm Akl - — WA (6, = 1. 45, Kg, =
L 14 iz BT 4 B 350 B 3055 7K 8 J1 1k
HF s &l 785 B I il 240~292 em Ry % DL5eib
Bkt (o, = 2. 12, Kg, =1. 02),292~339 cm H»
kG AR 22 (o1, = 2. 64) BT 2RI 55 5
(Kg, =0. 71). SR b AR LU D BORS + R
F L UUAREREE AR AL i, 0~115 em AR 2H W28 Ak
BRI RESZ ASRE s k.
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Yy v EE 4 TR A (0] A3 AR RRIE 2 T A 5 T IR B AR
L EAKE. NE SR AP MELe 7e 5 17
WEHAR TR b i 2 ) 43 A (& 3) AT LA i, Cu,
Zn.Pb.Cd.Cr #l Hg 1) 5 AL & & 4B th BLAE A+ 1Y
JEEB. 7E 0~200 em R FEEJLHE A, Cu,Zn,Pb,Cd il
Cr A& R AR 7 DL R 6t 34 3h, He & iE e

FEAYEREIN LA T3 3 AUERZ R 2 A
JITREAR s As Pt (9 B = (B BRAE 80 em Ab. A #Lk
SN 1.52% ~2. 30%, 1F 0~40 cm PN il I B 1
I & » Z S5 AR R 120~220 em NS4 iR 2
BEE A e A s A i 8 5 185 iy % 5 220 ~ 339 em
DA it R T B A B A & A 0~80 em PR
NSNS TP = = ] (AW ¥ % o P = 0
g 40 FEAPE, EEJE A VLA B & =
DAEG Ik . Zn . Pb AT HLERLE 20 42 50 4F
AP (A , Cu, Cd Fil Cr 7£ 20 28 70 4R4CH
Ja iR I L 1 He As MR AL I7E 20 22 80
AERUE I 20 el 90 ARAH) I8 2 (A,

R T i 4 JE AR R I X B TE e REEE
i, A A B LN T (Adami ez al. , 2000) ;

r = (Cud — Cuack) / Craec 5 @D
KD, Coa WEE BB E AR, Cra N H 4R A
SofH. ANFEZOL r (03 2. CuZn . Pb 1 As [ r
HYR T 1, Mk e 0 28 M0 32 N 2T 3l 5% i 45 K
48 (Soto-Jiménez et al. » 2003) , FERFILIE X
(B AR FLE  : As™>Cu>>Zn>>Ph.
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Table 3 Correlation between the contents of heavy metals and organic carbon, sulfide and parameters of grain size

R Cu Zn Pb Cd Cr Hg As
AHHLK D) 0. 266 0.669** 0.605* * 0.521** 0.513** 0.415% % —0. 226
Ak (1076) 0.078 0. 031 —0.192 0. 485 * 0.612** 0.551** 0.514**
Mz, 0.434% * 0.778* 0.435 " 0.779% " 0. 660" * 0. 640" * 0.018
i —0. 258 —0. 277 0.172 —0.705% * —0.616** —0.752% " —0.438% "
Kg, 0.434%* 0.376* 0.015 0. 665%* 0.239 0.462%* —0. 030

* o RSB EERER/NT 0. 015« XUUAS 5 B EPERER /N T 0. 05.

FIVER RIr A r=>1 I EE &8 25BN - (R
B R /INAT LATTAR 5 45 J8 0 R 15 Y2 B (Adamo et
al. s 2005). FEFRIRVTFRA) AN [F)J2 051 R B 1) R
(EW NGRS T €% N Al e DR Y N

R=(Cr)/n. (2)

H 2 2 AT, TV s V5 e 48R e R A CulZn,
Pb.As,n=4. R 1£ &[]V #5455 )2 (6 45 B B8 23 A 4n
Bl 4 FroR. B 1935 4Fb5, 34 & 1 75 JL 38 s o,
1955—1967 a [a] R 1B H BL—AIKAF , 1 3 B A] 1F &
AR VR R R N T s I sh i A
4 30 o RV S AR S 2 B 25, 1993) , B A2
TE SRR S R 52 i 4 K. PRt VAR &, 20
2 40 AR 2 20 20 80 AR EE T TPH s
IRAARTS e ™ A B L 3K PT fiR Y E  oll IkT
A= W TS K ) BLEEHE RO s 1 N80 3 (B $6 Z290)
A, D\ 20 28 90 AR LK | Bl iRl 1 &
Ji& VR 22T e RN B T 5 PN S Ttk Bt
ARG K B AR FR T BE N K, T 4 Jm VS YL R R A Ok
2.

222 EERAENESHBRAON HLEETE
TE 216 R RFLFZ AT L4836 B (& 2 FE
3).1935—1955 a, iz M B LA W5 i AR 4, 7K 3 71 748
55 ULRR) o0 e AF 25 , Cu, Zn, Cd, Cr. Hg 54 LBk
FEIRHTHER. 1955—1995 a, B UM RLEE 2 L&
THE A TR BITE— Y [ N I Bl SV SR AR
(1957 a) 7 » PG XA B 8 B 11 2 3 ATV TS A
TR e, 7K 3 F1 7855 ORI R AR 41 XU

H 4 B AR A Bk 1995—2005 a, YU 2H AT
ARA A4S TCER o i AN R BE ARG, B 53X 10 4F[R) 7K
PRIREE ()32 A A .

XPHERE th H 4 8 T R 5 R E S (Mz, Loy
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Fig. 4 Enrichment of heavy metals in West Harbour, Xiamen
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JER R EZE K & (Mackey and Mackay, 1996; Yuan
etal. . 2004). @it 216 FETURY) T 4 )8 S A L
AR AL 1Y AH 5C 23 By (% 3) & B, Zn, Pb, Cd, Cr,
Hg 56Uk & 1EAHIC, Cd, Cr.Hg As 5k i
FIEADC U 2 4B TR Z s Yy b 72
CRTAWZ FFT  PH S 54 s g 5 B i) S5 A AL e (32
BN TERE D sk b 4h-4 (Di Toro et al. , 1990). [F]
i, Cu As i 54 HLEK & 2 Z 8], BL & Cu.Zn. Pb
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(1)1935 a LU, I TP s DU EE FUK 30 1 A
R AR Z B B, o A = A
PREN (1957 ) J5 M3 P DT RN FR B BH B AN [] L TR
YKL RS 2H AR RS AE K Bl 3722 585, DURR) AR IR AR XS
gerp. I, GO 4 U ER 3 P Y K
R 4w TS YRR

(OFELBICRAEE TS HRITRY ) E
FEHF r IR : As(4. 19)>Cu(3. 97)>Zn(2. 20)
>Pb(1. 75) >Cr(—0. 01) >Cd(—0. 19) > Hg
(—0.33), 54«38 /x5t & K : Cu, Zn, Pb, As. L)
FATRERT AR IX 6 28 8 e L i, Cr, Cd il Hg 7EHF
HRGHNKASENLR DR RE E&BE
1947—1990 alf]i5 Yedn ™5, )k 1990 a LA, 15 YL f

(AR E A B ICRIEE 1P U TR
B 4340 5 24 15 i K 8l 1 TR 2 A O L FF ] AR
oK 3N 1 R DU AR s 8 4 Jm oo 2 ) R AR
530 3B B DUAR W R IR S R , U R b A2
AN prinicc 3 s NI Ry Cin e A= il O S
HEBEICR SA MY 2 5 E EAHXCR,
AT R R 32 15 YL U5 1 52 e 55 47 BILER BB Ak 4 (1]
ARG R AN .
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