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Abstract: Heavy metals are difficult to be biodegraded, meanwhile easy to form toxic environmental factors. The evolution of heavy
metals pollution in sediments is a common global ecological environmental problem since industrialization. To reveal the
relationship between human activities and heavy metals deposition in Sanduao Bay of Fujian Province, 6 sediment cores were
collected in the Bay for grain size testing, *'’Pb dating and assay of Cu, Pb, Zn, Cr, As, Cd and Hg contents. The results show that
over the past century, heavy metal contents in sediments of Sanduao Bay exhibit a significant increase trend. The top is 1.01—2.8
times higher than the bottom, and the evolution process can be divided into three stages, relatively stable period during 1900—1950s,
slowly increasing during 1950—2000s, and sharply increasing since the 2000s. Those changes are closely related to population and
economic development. The content of heavy metals in landward zone is generally higher than that in seaward zone, and the
evolution trend of sediments in landward zone has been different from the sediments in seaward zone since 2000s. The heavy metals
content of sediments in landward zone has decreased, while the heavy metals content of sediments in seaward zone has increased
sharply in Sanduao Bay. This spatial difference is closely related to the change of grain size and regional industry distribution.
Heavy metals have a great impact on the marine ecological environment of Sanduao Bay. As the increasing intensity of fish farming
in the Bay, enough attention should be paid to the rapid increase of heavy metal contents in the Bay in recent years, so as to improve

the management and remediation to avoid marine ecological damage.

Key words: heavy metals; marine sediments; ecological environment; human activities; environment geological survey engineering;
Sanduao Bay; Fujian Province

About the first author: PENG Bo, male, born in 1986, assistant researcher, engaged in hydrogeological engineering and
environmental geology; E—mail: pengbocc@163.com.

About the corresponding author: YU Junjie, male, born in 1983, senior engineer, engaged in Quaternary geology, hydrogeological
engineering and environmental geology; E—mail: yjunjie@mail.cgs.gov.cn.

Fund support: Supported by the project of China Geological Survey (No. DD20189505).

IR B2 AT (B RREE L 2002; F 2255 ,2002; XIF
BA,2003) NS P E 4R DU S Akt AR,
B H 5 N5 B0 R IR R M A WARGE , T 5200

1 5 &
T 4 JEAE LB I | LS5 B e 1

M ZBREHTENENE S, Yl — e RS R
R A AR G MR e I 4 w15
IR Tl A A R v 4 ok e [ T 11 1) o 22 AR AR PR
[f] 5 2 — (Mahler et al., 2006) . H TUIFRY) & HE 4
J& 15 G IR AL e, DI R A R s YD &
R A E SR EN N F 22—, R 2 3KiT
FHIRBET T (1) S8 PN 25 A 0] 5 ( Youssef et al.,
2015; Xu et al., 2017) . LIFEWFSE R BIBG I HE I 5%
B TR R A D R AR U Y) B 4R R
S (E AR AR, 2002; X L4, 2006; Du et al.,
2013; Lu et al., 2019),

AR TR TR R R AR K
T B 2H ) — NIRRT T i Ak 570 ki, 7K 85
LR, N 13K 200 207 (94K 4R, 2010), TR T
VORI L Bk , TR N A SCIR B EIRAR AR
S5 3 SR AR R B A i v T S P b — AR R E DA
SRR BTN AR K AR AR B AR AR
R AT T R oy (0 246 T i SR CRRAE

DX 35k P B 4 T V5 Y TR BRACR A S B TR TAERY
TFRE . ARGl R A = AR 6 AT
FrOJRIFRLEE P PRI E 48 I, 48 78 A3
4R SR O I B RRIE SRR, RS
WU 48 15 3 5 A8 3 A SR W AH |
K Z B o HL B S 2 | R S AR G AR BT
BRI ) VA A SR R A I R R R
TR LRI
2 FESCREE S
21 H#mRE

2018 4F 6—7 H , B 5 M T8 A v L 7R FH )16 1
A H IR A TR H X = AR AT T LA A
SKHE B ) BRUORE 76 = IR P R B 6 AR FEoR
b (75 : 230,226 231 .210. 206 F1Z21) , Ho
B 4154 53 em. 113 cm .49 cm .94 cm . 111 cm 1
125 cm. ARHE 6 ARAEIR A O RAE I A7 AN TIEA =
HBIRAY 3 2% BRI A TAT 1A 8 A I 9T X &

http://geochina.cgs.gov.cn 1 EMLTT, 2021, 48(6)



484 o

AR NI SR T A AR AR OR FE G R U RIC 3 B HO A 2SR B A R 1761

43R e DX RIE e DX A DX, AR e i Y T AR
PR K iz B AR K (1) o 7R AN
B U 0% A PVC 45 rp 25 daf | B AT (] 512 56
%, FHEI L em [FIRR AR . ARPE A PEPRE R 730
FEM AT RIAE P I E 42 B 70 %K (Cu . Pb . Zn,
Cr.As.CdfIHg) &k, R 2P AR A 4
Ja& 5 R A B 2 0 o 183 4 73 1 R 217 4
2.2 KIEi
L RE I B ST IR A 15 BUE 80 mg

ZeAy CHLABURL 150 mg A2 A7) B A T4 100 mL 4
R A 10% B4R K 20 mL , Bt H 76 43 s o LA
5 L R A R A AL 5 S PRI AR 2 5 1 10%
(AR TR , 300 Mo L 70 40 I I DA Bk 25 6 i v ) Bk PR
R R 4l K 24 h SR RAR B 10~20
mL, DA BREE B R R s A 10 mL 1) 10% 7 f i i
VAT, M IR % 10~20 min; B, X B AL B
YA it A PO GAT SRPREE 23 AT AL (LS 13 320 F471))
DT 2 o i AR R I 7 A 2 D 3 R 23T 11 96
o R L I E AT

PB4 - *OPh s — PP IO 22.3 a Y R AR
SR, O8I H T OIS  DTRE R AT
FEGE A I (MR B4 L 2009; /NI %5, 2011; X

119° 30’

119° 40’

N

26° 30’

26° 40’

26° 30’

KA, 2012; ekt a7 %, 2013; KPEE4E , 2016; il
45,2018), ARAETIRRELE A TR — B0k A R
YR S B INAREBER B 6 MR AR A TR
FERE 731 AR SRS T BRI 100 H i
I3 RS g AR, JER T 1 B b B, Tk
B3 N e A BT . S AR SR E
[ Rk 2 Bt R o b PS5 A T 55 L R R = 2l - 28
B 2% (Ortec HPGe GWL) y 3% X #E 471 % . H:
Hh 2P BRI il R S R R 2R B, P RadsifE
FE R R BRI B

A RN R AR, AT AR DL5E
AP, S 2 o0 R T3 200 H G 17T
B AL AR PR F Y AFS—9600 J5iF
% 66 B 114> M As Fil Hg, 20 87 77 2 2 B8 DZ/
T0279.13-2016 .DZ/T0279.17-2016 ; ffi JT1 FE 2k K24
A Ieap Q HLJEHE A 45 25 IR BT {53 H Cu . Pb .,
Zn.Cr Ml Cd, 431 77 % 2 B8 GB/T14506.30-2010,
A2 AT A BEALR A A B rh, 25 R R
BB i AR TG TS G, T A o A ) R X s v Al 2 4T
INF10%. Pr A 4w A AE [ SRR e AR m™
PR IR BRI A T

AR 234 - F1) ] SPSS 43 A A AR DLFR M 5 0

120° 00’ 120° 10" E

1 =R S TR 5 o3 AT 14
Fig.1 Map of the sampling stations in Sanduao Bay
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Fig.2 Changes of the particle sizes and *'°Pb.. of the sediment cores
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Fig.3 Heavy metals deposition records of cores in seaward zone of Sanduao Bay
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Table 1 Differences in heavy metals average contents (mg/kg)from cores in landward zone and cores in seaward zone

X35 HOGS Zn Pb Cr Cu As Cd Hg
730 127.35 63.16 63.25 22.99 10.70 0.14 0.07

pliy=d 726 152.59 86.38 53.68 27.88 10.72 0.31 0.10
731 113.47 47.89 77.80 24.95 12.41 0.07 0.08

710 109.00 34.95 85.23 22.50 6.68 0.06 0.05

BN z6 96.06 42.90 64.39 17.28 8.12 0.07 0.05
721 115.30 49.60 66.92 19.37 7.78 0.09 0.06

1P HE 131.14 65.81 64.91 25.27 11.28 0.17 0.09

5 PP 3E 106.78 42.48 72.18 19.72 7.53 0.07 0.05
55 1.23 1.55 0.90 1.28 1.50 235 1.59
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Table 2 Correlation coefficient of the heavy metals
contents in sediment cores and the median grain sizes
from Sanduao Bay
4 R S RLIE S G B AN SR
706 731 721 710 726 730

Zn -0.644%*  -0.192  0.060  0.448* 0.021 -0.412
Pb -0.674%*  -0.588* -0.071 0.821*%* 0.127 0.189
Cr -0.647**  -0.274  0.295 -0.784** -0.081 -0.239
Cu -0.650%*  -0.550  0.222  0.832** -0.092 -0.217
As -0.450%  -0.742%* 0.394** 0.839** -0.162 0.072
Cd -0.653**  0.001 -0.145  0.817** -0.003 -0.185
Hg -0.583**  -0.073  -0.066 0.859** -0.051 -0.404

TE*AE0.01 ZU3 (RUR ) , MSEPE R *7£0.05 ZU3 (RUR ),
LIPS E

FEPRE O

£ 143 HT, 2000 4F LRI 2 X 42 A A i 22U
BN T AR SN2 B A e i bR & R TR,
AT 4 A Bl D (4 DR 32 2R AR LAY
SEM TS, AR A8 = 5 A T HE R G T 2
AR U 4 S A RS
4.3 NESHENRBEREIN

482 HAj R b )iz A7 i A 1 R A
PETHLTS Gy, AR 2 fE AR RN E
R RTEUE B8  BOE SRR RO, 7 — A
T, H RS 5 F O LY K A BN R A B
HRIER-AILE AT Y ([ EE %, 2016) .
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PIRBE )Y 2 AN A R G W 45 K 72 A AN T 3 1 il
IAERT, U R AR g PR A A A B AL R, it
PR RGP AT W IR BRR O, 4
JEV5 YL E BN IR AR R — Bl kAT
KVEFIF A SRR RS T 0 5 Yy iR K
AR EEE BRI (UL 2255, 2019 SR 9L TLA%
2020),

T PEUTRAE R S A W A 306 1) 2 B35 o, e
T4 A TG Y W o L s 4 X I R A A
A wE M, O B2l it A Y B Y BE E 4 (Luo et al.,
2018) o ARG H A S EDR DA R s,
] ) g I R Y o S YA B 4 A= AR P Cd L Pb
1 As BR BRK T35, R AT f02% B VA I (I K
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N BRI ] [ 5% o W B A 0 A 8 R ) L 2002)
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R3I =ZHBENA

HLTHEEESE (mg/kg) REER

Table 3 The quality grade of the heavy metals contents (mg/kg)at the top of sediment cores in Sanduao Bay

Cu Pb Zn Cr cd As Hg R (F5 GB18668-2002)
B bR 35 60 150 80 0.5 20 0.2
706 29.6 50.4 117 83.3 0.086 13.4 0.087 it
Z10 | 314 402 116 812 0.082 10.7 0.082 e
Hil 721 17.2 47.7 110 61.8 0.082 8.37 0.209 ok
T 726 31.9 79.3 131 63.4 021 11.6 0.078 e S
730 236 586 126  68.6 0.14 11.6 0.069 Bk
731 233 44.6 105 70.7 0.058 12.6 0.085 Bk
K, & 2018 4E 15 5] T 43733 hm® 1 920599 t, 2 Ky
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