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Fig. 1 Location of the study area
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F1 REMRYIBRNOEIRSITER(ug/e)
Tab. 1 Statistical descriptives of water quality parameters (ng/g)
A Cu Pb Zn cd Cr Hg As iy APk HES
1 42.21 82.20  223.05 0.47 107.04 0.05 6.90 471.90 0.59 31.00
2 32.69 3942 186.00 0.42 82.80 0.04 7.50 255.90 0.68 36.00
3 10.01 32.28 83.55 0.16 29.04 0.07 10.20 17.10 0.45 26.00
4 4.90 32.40 53.55 0.07 5.76 0.08 11.00 13.80 0.03 32.50
5 23.70 76.62  121.05 0.43 20.00 0.06 7.90 117.00 0.61 36.00
6 8.86 47.22 91.05 0.19 12.24 0.08 9.50 48.30 0.24 21.00
7 33.99 60.18  172.05 0.47 31.28 0.09 10.30 795.00 1.14 18.00
8 23.00 36.00  126.00 0.20 39.44 0.06 10.50 137.10 0.88 25.00
9 21.32 46.20  120.00 0.18 47.84 0.07 8.10 140.10 1.20 24.00
10 24.40 2652 127.95 0.11 92.72 0.08 8.00 47.10 0.95 39.00
11 15.89 30.30 99.45 0.12 70.72 0.13 9.20 68.40 0.77 63.00
12 19.29 19.50 96.90 0.12 59.20 0.14 8.40 88.80 0.68 69.50
YA 21.69 44.07  125.05 0.25 49.84 0.08 8.96 183.38 0.69 35.08
P25 10.99 19.66 47.69 0.16 32.83 0.03 1.34 230.89 0.34 15.96
hOE 22.16 37.71 120.53 0.19 43.64 0.07 8.80 102.90 0.68 31.75

T 4 8 F5 b Z 1R R A OCHE, RATTAR Y & 4 )8
RIR AR AN 5 22
143 FEWRASHH

K FH 3 4343 B i (Principal Component Analy-
sis, PCA)/M T E 4@ ki . PCA i i 1E 38 ks —
1 AT BEAFTEAH S 1 28 1 e 4 Ry — ZH M AN AR OC 1Y
BB, R A S R A T TS AT AR IR A
JEA B fE B P,

AHF5E FIH Microsoft Excel 2010 Al SPSS Sta-
tistics 17.0 #4751 7o

15 3R R R LEN

it B R B (Geoaccumulation Index, Lyeo)S2: Hi
Miiller P 1) — T TR o 4 SR HEHE FY )y ik,
FEI TR R A B PP gz 20 e R
W T A S VR S AR Y LT HAR
o T R R BOE AT AR

Loeo =10g2(C, /1.5 X By)

Hrh, ¢, 2UTHY hE 4 )8 & = S0, B, U3
Yy o 4 JE 1 R, AT ST R AR A R
FHEABE T AN S AR, 1.5 R s M A
EFEE Muller™ X 50T 7 A Leo 00, MFHZYH
(Lgeo < OV BB IS B (Igeo™5), 70 3 7N RAT B (Lyeo <
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Fig. 2 Spatial variation of heavy metals in the surface sedi-
ment of JRE(ng/g)
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SEMRAEAT T B, ST Zn F1 As B9 57 S %R 42,
AT5E HBEHCT Cu. Pb, Cd. Cr fil Hg #4751 b
B, WNER 2 MK 3 iR, CufEiKEE LT, Pb.
Cd 25e L FE TREEHE, Cr Ml Hg 258 F A L7
A% . X A fEER 20 tHad 80 4F AR LUK JL B YT i 8
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Tab.2 Comparison of heavy metal concentrations of JRE with those of other estuaries (ng/g)

5 IX 35 Cu Pb Zn cd Cr Hg As E DU
JLIIT (1982 4F) 3.22 29.04 11.82 0.08 19.73 0.15 — —
JURIT (2005 4F)  20.32 49.15 — 0.53 17.70 0.04 6.83 —
JURIT (2010 4F)  19.17 52.57 146.06 0.41 14.25 0.05 3.31 —
T A EPE)  21.69 44.07 125.05 0.25 49.84 0.08 8.96 BN

JEE 11 VG Tk 44.00 50.00 139.00 0.33 75.00 — — [18]

SN 71.40 67.70 179.60 0.59 82.00 0.40 21.00 [13]

BRIT O 39.00 59.40 111.00 0.34 56.00 1.40 — [38]

HE] 16.50 16.00 21.00 — 17.40 0.05 6.50 [39]

KAL) 11.20 19.61 47.23 0.62 32.02 — 7.91 [26]

Kitn 25.51 24.18 84.91 0.15 87.17 0.05 9.96 [22]

W5 i H 6.50 6.89 58.65 0.50 — 0.01 — [40]

FARTE (G XIVAT 1) 11.90 41.70 67.80 0.05 20.20 0.05 5.47 [41]

LSk v R H) 48.52 51.63 153.28 0.67 53.56 — — [42]
W=7 PR R

22 RABYEEHG TR H X
PN I R RS = I e ORIV ALY R RO /Rl =

HEAT )RR RIS S3HT, 78 Wards B 25K 10 24 RAF 5
(20 4 JE(18 4), 220 23 8] 73 A el 5 s o
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Fig. 5 Four categories of monitoring station distribution
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Zn, Cr W& AR, WXEZRI0E . P9RARE %
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HETS e X ORI R AR, 55 SR F A AE
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Tab.3 Heavy metals and other pollutants in four categories

28 Bk ook =k EHUES
A 68.10+20.85 363.90+£152.74 78.90+59.29 795.00
TOC 0.80+0.14 0.64+0.06 0.57+0.43 1.14
Cu 19.86+4.28 37.45+6.73 15.30+8.29 33.99
Pb 25.44+5.48 60.81+30.25 45.12+16.78 60.18
Zn 108.10+17.24 204.53+26.20 99.20+28.37 172.05
cd 0.12+0.01 0.45+0.04 0.21+0.12 0.47
Cr 74.21£17.03 94.92+17.14 25.72+16.13 31.28
Hg 0.1240.03 0.04+0.01 0.07+0.01 0.09
Zn 8.53+0.61 7.20+£0.42 9.53+1.28 10.30
HHES 57.17+16.06 33.50+3.54 27.4245.66 18.00

2.3 BTG RBHH
231 HFEBRRARES

ABETEN, Lo TR T IR LRI 0 RIZDT
By 4w n BB, 4R MK 6 Fizn. Hg.

Cu. Pb. Zn. Cr. As &b ARG R BNZEETG YK, Cd
e BT e B RS YKo 7 FiE 4R, Zn, Cr,
Cd 1Y Lyeo T6BRIRTH 51, 5 2 FNEE DU ALY Lgeo
T B

36 HEVERLAE /2020 4E /55 44 34 /45 12 3



HRILX
3.0 M van )
25—
20 B2k
2k

K6 4 i Ly, TR L

Fig. 6 Variation of /4, index in four categories

x4 RENRYSRYIERAEXE

Tab. 4 Correlation of surface sediment pollutant indicators

) H@ART/CLE

2.3.2 IS RYIHEARAE R BT

¥R ZUURYTE e A8 bn 1T OCHE S B, 45
Rz 4 i, Y-S Cu, Zn, Cd EMRHER
=, Cuy Zn, Cd. CriEAHCHERGE, Pb 5 Zn, Cd
TEAHEMERSES, Zn 5 Cd. Cr IEAHCHER R, Hg 540
TR IEAR GRS . MO I R AGRAEY . Cu.
Pb. Zn. Cd Fl Cr WRIEAHMLL, T Hg 500k
TEAFARL
2.3.3 BHREST

R 5 KT 25 T 3 189 3 180 43 0 BT vk 6 L e vt 1

i TOC Cu Pb cd Cr Hg As A
ity 1.00 0.45 0.76**  0.57 0.75%*  0.78**  0.20 -0.13 -0.09 -0.34
TOC 0.45 1.00 0.56 0.06 0.22 0.39 0.07 —0.27 -0.03
Cu 0.76%*  0.56 1.00 0.58 0.97%*  0.79%%  0.674* —0.35 -0.62*  —0.10
Pb 0.57 0.06 0.58 1.00 0.61% 0.83**  0.03 —0.49 —0.37 —0.45
Zn 0.75%*  0.45 0.97**  0.61* 0.82%*  0.67*  —0.45 —0.61*  —0.21
cd 0.77%*  0.22 0.79%*  0.83%*  0.82*%*  1.00 0.20 —0.49 —0.41 —0.35
Cr 0.20 0.39 0.67* 0.03 0.67* 0.20 1.00 -0.05 —0.73** 037

Hg —0.13 0.07 —0.35 —0.49 —0.45 —0.49 -0.05 1.00 0.23 0.72%*
As -0.09 -0.27 —-0.62* 037 —0.61*  —0.41 —0.73**  0.23 1.00 —0.27
0il —0.34 —0.03 —0.10 —0.45 -0.21 —0.35 0.37 0.72%%  —0.27 1.00

o R RIRTE 0.01 /K L EFEMSG,  “%7 FIRAE 0.05 KT L AL

RIZVORYT5 Y Fa bRt 17 o0 b, 45 2RWNER 5 s .
F R AR ICT 3 A FE 43 (Principal Compo-
nent, PC), 3 ™ F 43 7] LA FE 84.83% 10 B 2,

x5 EHANWER
Tab.5 The result of PCA analysis

LD PCl PC2 PC3
ALY 0.36 0.89 -0.01
TOC -0.18 0.76 0.19

Cu 0.37 0.70 0.58

Pb 0.78 0.32 0.16

Zn 0.49 0.63 0.58

cd 0.70 0.55 0.25

Cr -0.13 0.27 0.88

Hg -0.88 0.14 -0.15

As -0.17 -0.07 -0.92
Aih -0.77 -0.12 0.45

7 AR RE(%) 30.61 27.67 26.55
RITT ZEERE(%) 30.61 58.28 84.83

W E R REE T 30.61%1 407 2%, Hirh P,
Cd T ABKMET; M HTRD]: Pb, Zn, CdZ
[ 79 X AR DG M A s, BB A AT 25 AU DR U5 Cd
(75 ey RABUKT-Ab TR e B 1 Y 31 5 B 7 L KO,
LA NZRTE SRS 50— AR T T
ARV TG SRR sl R 75 G

HHEMFFEFRW, Pb, Zn, Cd ¥ A77E TR A
A 2 v B U VTR 2 A4l & 3k B TS 5L, AR
Mb 75 B X6 it S ] TS YR 2, T X
Al H Eb A7) e 3 38R EE TR e (B 7), R T
X ] BEXT UL AR Y 4w 15 oA S R ik, JLB YL
T A B XA Tk S S Ak B A R,
A F3AT T I T T T Tl R P e . AR
Z (3 6), M X HETEARE TG KA#T, 4
b oA 2 Ao B Bl 7 BALA B G TS K HE T2 B BG4S Y
Pk AT TR i A, AR M X T A A
FelWih . AR S, A4 Pb. Zn Wb E
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Tab. 6 Land use structure in Jiulong River Watershed

v mzﬁﬂ@;i&ﬂﬁﬁﬁ%ﬁth%(gm —
e Wk R {km é;ﬁ;lz
B 7.59 14.20 39.48
R 76.99 66.92 4.78
TKAK 0.97 2.49 4.30

B b 6.55 11.22 50.82

AR FH b 0.07 0.01 0.00
b 7.83 5.14 0.62

TE: 3R UG 28 i Landsat TM i@ B2 AR SR 33515

AHTAR ST AT 1 55 28055 2 Cd . Zn 1Y Lyeo
FEBORIRT R e, R A Il i 7 X I 5 5 — AR
SRR SCHER A B I T AR O LR YT R
B FEITRE VR U O, [RIATSZ B4R . PR
FERREIE, il b2 (3 6), HItEW %
) T A IS S R A Xk R A (E] 8)
TR — F R EE X B AR LRI X R
) K R IR BT, X5 R Hr s A 1 — 30 .

BT RN RRE T 27.67%M B0 %, Hoh ik
Y. TOC. Cu S HHKRMEAT, HXPrh R, 6
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WA B AR IR; Cu BIT5 9L BRUKEA T
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Fig. 8 Spatial distribution of PCs
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PP ST P 285 A1 . KR 8 R B RE A, R R AR AR,
R RRE S ZMATEMRAEA " . KRR H
RS B &L ol P2 Aok, ST EE AR
mn B R BT L DR AR TR YR S G SRR £
2.42 T EHEEH

Tl T Y 2] 1 3R JZ VTR Y H 4 Jm 1Y EE 2R R,
BT R i B M T Aalb 3 2, 0 HR A T 111X
(T T, A A TR N B IX e 22 o DRI 1 7 B
T XA Aol 75 G X IR A B o3 2. H i Bk
TR B X TG KA BT 8D RN, — Y
b T L X AT B B AR IS TS K, AL TR IX B AR A
FRI i Ml 75 7K — BB AR 28 A PR 32 HE i ke 28 ek 7 oAb
FRHETT, KPR K R AU W) v R A K R
M o PRI, Tl 95 G s il ) S A A3 X Tl 757K
ALBRT ) X DX Tl y5 K A T4 4R f AL p A B
2.4.3 FRFETG YA

AL X R AT B K SS e 25 e g XU 2% A
HORA KR FR B A 4 X, U YT T B K R 3R A
AR R 2, BT KR, MERIYIRAAN, TE
A1 1 ki 3l 4 A A K B ML S SR . K SR T
FZk H TR o B, iR S A r i
THE I A KRB TR, &5 YL - il K I 3R 4 5
T (18 3 B it s 2 it PE R A it AR, T R
F AR KR UEAT F7 50, o8 SR A 32 505 Yead 72 2 55
B HE K BT5 e, AT LA o R R R A K A I BR AL PR
TR R, Wl 3750 75 K HEL
2.4.4 HEREMRS TR

i b e N 3 A R W N L7 R S Ry NS - i
1E7K B 2R ) FE LR TR AE Fr b o LA AR A AT
TR BEAR, A7 R X A b ) O SO0 R K
VRN UT R R ) (2, YT Y X 3 ) A R o o e
G & ATIN W e S o S B A DD 9 1 R e i
A S AL HE, ARG R K Rk, b e
A7 1T 7K s M AR ) o i
245 IFRYERESKE

NI AT B Z W8 1L, H 08 1 TF
Kt B R RG2S, TR E
KT, Rk . w0 e K BT Y, HI,

) H@ART/CLE

BEAER 1 A2 5 SR i v TSR e 2R BUAE 25K 2 4
i, WK RO, R

3 i

AW Z it i S A B RREEG
GIHT T 32 N2 Bl R W 2 A S RG] 0 R 2 DU
WS Y s | or A . 5 S IX . BEVRRAE AT BB
KR, JFAR T — R ITG Y il R AR B T

PURYIH ) Cu, Pb. Zn H1 Cd 23 (8] 43 A AR ABL P
B, R X X o0 A 7E R IR TR RV 1] R iR i
IR BREIIE, Cr 5k 4 2 L Xt 400 6 B VR 11 BT Vi sk,
Hg Ml As 1 i {5 X A7 fir AN

RESIERIE RN 4 2K, B FE5)
A e AN, R EVIR R AR
TRFEFENGAERERBED, B . Zn B Cr 5
R R FES AR DX h I, 53
FEAL TR AR SRR R AR B R
W, Bk . TOC. Cu. Pb il Zn S HEH .

o B R B4 M s, Hg, Cu, Pb, Zn, Cr,
As Kb FARIG YR BTG YK, Cd R 5 Y3 &
JETG YKo TMESIET, Zn, Cr. Cd 1Y Ly, 165X
FEXTH s 50 2 RS DU 57 1) Lgeo 16 B i o

HHRTEW, FAYE Cu, Zn, Cd IEHSEME
B, Cug Zn, Cd. Cr IEMEMER T, Pb 5 Zn,
Cd IFM XM, Zn 5 Cd. Cr IEACMERE, Hg
S A e

F WA AT R, WOV E 4R A LT L
ASTTRESCIE: WA O T A& S HERE 5 3 iR
WoK WK . W H AR,

ORI IR 2L 7 I R - R SO . e W DG PCE
il 5 A B E T LR L Tl s Y i
b TG Yl . FRIE TS Y B AR B AR T
AL R S5 W LA S .

ARSI T W . Gty M EAS [E) o
BEGHAT 1128 2 U R 5 4 T 1 15 Y R IR 64T T 4%
Br, SRt Gl U5 R TS Yt 8 B T 1) o (AN
i A JE kR, W B — A, W X
Sl R T A A W L AT R S R
W, 25 A A AR LLRT P15 W 46

& 3CHk:

[1] Matthiessen P, Law R J. Contaminants and their effects
on estuarine and coastal organisms in the United King-

Marine Sciences / Vol. 44, No. 12 /2020 39



[11]

[12]

[13]

40

it

dom in the late twentieth century[J]. Environmental
Pollution, 2002, 120(3): 739-757.

Abrahim G M S, Parker R J. Assessment of heavy metal
enrichment factors and the degree of contamination in
marine sediments from Tamaki Estuary, Auckland, New
Zealand[J]. Environmental Monitoring and Assessment,
2008, 136(1-3): 227-238

Harikumar P S, Jisha T S. Distribution pattern of trace
metal pollutants in the sediments of an urban wetland in
the southwest coast of India[J]. International Journal of
Engineering Science and Technology, 2010, 2(5): 840-
850.

Sin S N, Chua H, Lo W, et al. Assessment of heavy metal
cations in sediments of Shing Mun River, Hong Kong[J].
Environment International, 2001, 26(5): 297-301.

Ip C CM, Li X D, Zhang G, et al. Trace metal distribu-
tion in sediments of the Pearl River estuary and the
surrounding coastal area, South China[J]. Environ-
mental Pollution, 2007, 147(2): 311-323.

TR, BRI, SR, & KOG B N LR i
1] 11 H 4 S 5 () O3 A Sl e B (7], BREERES:, 2014,
35(9): 3336-3345.

Zhang Lei, Qin Yanwen, Ma Yingqun, et al. Spatial
distribution and pollution assessment of heavy metals
in the Tidal Reach and its adjacent sea estuary of Da-
liaohe Area, China[J]. Environmental Science, 2014,
35(9): 3336-3345.

Li X, Wai O W H, Li Y, et al. Heavy metal distribution
in sediment profiles of the Pearl River estuary South
China[J]. Applied Geochemistry, 2000, 15: 567-581.
Tessier A, Turner D R. Metal speciation and bioavail-
ability in aquatic systems[M]. Wiley: Chichester, 1995:
363-406.

Monterroso P, Abreu S N, Pereira E, et al. Estimation of
Cu, Cd and Hg transported by plankton from a con-
taminated area (Ria de Aveiro)[J]. Acta Oecologica,
2003, 24: S351-S357.

Meylan S, Behra R, Sigg L. Influence of metal speci-
ation in natural fresh-water on accumulation of copper
and zinc in periphyton: A microcosm study[J]. Environ-
mental Science and Technology, 2004, 38: 3104-3111.
Valdés J, Vargas G, Sifeddine A, et al. Distribution and
enrichment evaluation of heavy metals in Mejillones
Bay (23 S), Northern Chile: Geochemical and statistical
approach[J]. Marine Pollution Bulletin, 2005, 50(12):
1558-1568.

Hill N A, Simpson S L, Johnston E L. Beyond the bed:
Effects of metal contamination on recruitment to bed-
ded sediments and overlying substrata[J]. Environ-
mental Pollution, 2013, 173: 182-191.

Yu R, Yuan X, Zhao Y, et al. Heavy metal pollution in

[14]

[16]

[17]

[20]

[21]

[22]

[24]

) H@ART/CLE

intertidal sediments from Quanzhou Bay, China[J].
Journal of Environmental Sciences, 2008, 20: 664-669.
Wei C, Wang C, Yang L. Characterizing spatial distri-
bution and sources of heavy metals in the soils from
mining-smelting activities in Shuikoushan, Hunan Pro-
vince, China[J]. Journal of Environmental Sciences,
2009, 21: 1230-1236.

Chen B, Liang X, Xu W, et al. The changes in heavy
metal contamination over the last decade in surface
sediments of the Pearl River Estuary South China[J].
Science of Total Environment, 2012, 439: 141-149.
Chandrasekaran A, Mukesh M V, Chidambaram S, et al.
Assessment of heavy metal distribution pattern in the
sediments of Tamirabarani river and estuary, east coast
of Tamil Nadu, India[J]. Environmental Earth Sciences,
2015, 73: 2441-2452.

Liu J, Yin P, Chen B, et al. Distribution and contamina-
tion assessment of heavy metals in surface sediments of
the Luanhe River Estuary, northwest of the Bohai
Sea[J]. Marine Pollution Bulletin, 2016, 109: 633-639.
Zhang L, Ye X, Feng H, et al. Heavy metal contamina-
tion in western Xiamen Bay sediments and its vicinity,
China[J]. Marine Pollution Bulletin, 2007, 54: 974-982.
Zhu L, Xu J, Wang F, et al. An assessment of selected
heavy metal contamination in the surface sediments
from the South China Sea before 1998[J]. Journal of
Geochemical Exploration, 2011, 108: 1-14.

Bindu K R, Deepulal P M, Gireeshkumar T R, et al.
Evaluation of heavy metal enrichment in Cochin estu-
ary and its adjacent coast: Multivariate statistical ap-
proach[J]. Environmental Monitoring and Assessment,
2015, 187(8): 1-23.

Yin S, Feng C, Li Y, et al. Heavy metal pollution in the
surface water of the Yangtze Estuary: A 5-year fol-
low-up study[J]. Chemosphere, 2015, 138: 718-725.
Liu R, Men C, Liu Y, et al. Spatial distribution and
pollution evaluation of heavy metals in Yangtze estuary
sediment[J]. Marine Pollution Bulletin, 2016, 110: 564-
571.

Bindu K R, Deepulal P M, Gireeshkumar T R, et al.
Evaluation of heavy metal enrichment in Cochin estu-
ary and its adjacent coast: Multivariate statistical ap-
proach[J]. Environmental Monitoring and Assessment,
2015, 187(8): 1-23.

EU, BT, THEGE, S JURIL O RZETIRY
o G & 15 Y AN SORTR[I]. BREE RS, 2014,
27(10): 1110-1118.

Wang Shuai, Hu Gongren, Yu Ruilian, et al. Pollution
assessment and source analysis of heavy metals in sur-
face sediments from Jiulong River Estuary[J]. Research
of Environmental Sciences, 2014, 27(10): 1110-1118.

TEPERL 12020 4F /26 44 45/ 45 12 3]



[25]

[27]

[28]

[31]

[32]

[33]

[34]

it

Liu Z, Pan S, Sun Z, et al. Heavy metal spatial vari-
ability and historical changes in the Yangtze River es-
tuary and North Jiangsu tidal flat[J]. Marine Pollution
Bulletin, 2015, 98: 115-129.

Ma'Y, Qin Y, Zheng B, et al. Seasonal variation of enrich-
ment, accumulation and sources of heavy metals in sus-
pended particulate matter and surface sediments in the Da-
liao river and Daliao river estuary, Northeast China[J].
Environmental Earth Sciences, 2015, 73: 5107-5117.
Yang X, Yuan X, Zhang A, et al. Spatial distribution and
sources of heavy metals and petroleum hydrocarbon in
the sand flats of Shuangtaizi Estuary, Bohai Sea of
China[J]. Marine Pollution Bulletin, 2015, 95: 503-512.
Kibria G, Hossain M M, Mallick D, et al. Trace/heavy
metal pollution monitoring in estuary and coastal area of
Bay of Bengal, Bangladesh and implicated impacts[J].
Marine Pollution Bulletin, 2016, 105: 393-402.

Huang J, Li Q, Pontius R G J, et al. Detecting the dynamic
linkage between landscape characteristics and water qua-
lity in a subtropical coastal watershed, Southeast China[J].
Environmental Management, 2011, 51(1): 32-44.

GB 17378.5-2007 3¢ Wl KL 2 5 30 LA 2>
BrS]. dbmt: rrAe AR AE [ 55 i B A 00 A
BERR, b E SR AL AR B B 23, 2007.

GB 17378.5-2007 The specification for marine monito-
ring-part 5: Sediment analysis[S]. Beijing: General
Administration of Quality Supervision, Inspection and
Quarantine of the People’s Republic of China, Standar-
dization Administration of the People’s Republic of
China, 2007.

KiE, ER, T, % 208 a i ARIEK R
Womi A R T, HE 2k HEK, 2010, 26(11): 120-
126.

Zhang Xuan, Wang Qishan, Yu Miao, et al. Application
of multivariate statistical techniques to water quality
monitoring[J]. China Water & Wastewater, 2010, 26(11):
120-126.

Zhou F, Huang G H, Guo H, et al. Spatio-temporal pat-
terns and source apportionment of coastal water pollu-
tion in eastern Hong Kong[J]. Water Research, 2007,
41(15): 3429-3439.

AR, HF, A, S JIEUK RS oA R
fiE S JL5g i R R A B 0], I EEREE, 2012, 33(4):
1098-1107.

Huang Jinliang, Huang Yaling, Li Qingsheng, et al. Pre-
liminary analysis of spatiotemporal variation of water
quality and its influencing factors in the Jiulong River
watershed[J]. Environmental Science, 2012, 33(4): 1098-
1107.

Huang J, Ho M, Du P. Assessment of temporal and spatial

variation of coastal water quality and source identification

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[44]

[45]

[46]

) H@ART/CLE

along Macau Peninsula[J]. Stochastic Environmental Re-
search and Risk Assessment, 2011, 25(3): 353-361.
Muller G. Index of geoaccumulation in sediments of the
Rhine River[J]. Journal of Geology, 1969, 2(3): 108-118.
XV . AR A I Al e SRR B (B AT 5T B HE
HI]. R ETRL2E, 1995, 14(2): 68-73.

Liu Yongqing. Study and application of the soil envi-
ronmental background values in Fujian Costal Zone[J].
Marine Environmental Science, 1995, 14(2): 68-73.
Muller G. The heavy metal pollution of the sediments
of Neckars and its tributary: A stocktaking[J]. Chemi-
ker Zeitung, 1981, 105: 157-164.

X5, B, EICF, G BRI ATURY E SRS
Qe Je FOB A A2 A5G FH VRN (0], MR RREE R A, 2002,
21(3): 34-38.

Liu Fangwen, Yan Wen, Wang Wenzhi, et al. Pollution
of heavy metals in the Pearl River Estuary and its as-
sessment of potential ecological risk[J]. Marine Envi-
ronmental Science, 2002, 21(3): 34-38.

Wu B, Song J, Li X. Environmental characteristics of
heavy metals in surface sediments from the Huanghe
Estuary, China[J]. Journal of Environmental Sciences,
2013, 34(4): 1324-1332.

Li C, Song C, Yin Y, et al. Spatial distribution and risk
assessment of heavy metals in sediments of Shuangtaizi
Estuary, China[J]. Marine Pollution Bulletin, 2015, 98:
358-364.

Wang Z, Feng J, Jiang T, et al. Assessment of metal con-
tamination in surface sediments from Zhelin Bay, the
South China Sea[J]. Marine Pollution Bulletin, 2013,
76(1-2): 383-388.

Qiao Y, Yang Y, Gu J, et al. Distribution and geo-
chemical speciation of heavy metals in sediments from
coastal area suffered rapid urbanization, a case study of
Shantou Bay, China[J]. Marine Pollution Bulletin, 2013,
68: 140-146.

Gray C W, Mclaren R G, Roberts A H C. The effect of
long-term phosphoic fertilizer applications on the amou-
nts and forms of cadmium in soils under pasture in New
Zealand[J]. Nutrient Cycling in Agroecosystems, 1999,
54(3): 267-277.

Lv J, Liu Y, Zhang Z, et al. Identifying the origins and
spatial distributions of heavy metals in soils of Ju
country (Eastern China) using multivariate and geosta-
tistical approach[J]. Journal of Soils and Sediments,
2015, 15(1): 163-178.

Chen T, Liu X, Zhu M, et al. Identification of trace ele-
ment sources and associated risk assessment in vegetable
soils of the urban-rural transitional area of Hangzhou,
China[J]. Environmental Pollution, 2008, 151(1): 67-78.
NG R, ERGEHREME A L. 2014 4EE M

Marine Sciences / Vol. 44, No. 12 / 2020 41



[47]

[48]

42

it

WHIHERM]. deat: PESEH R, 2014: 221,
Zhangzhou Bureau of Statistics, Zhangzhou investiga-
tion team of National Bureau of Statistics. Zhangzhou
statistical yearbook 2014 [M]. Beijing: China Statistical
Press, 2014: 221.

WA, A5, LR, SF. E IR LR Z
TR o 6 Jm B M BR AL 2 AR AR (D], B 1T R 4k
(FARBLEIR), 2001, 40(3): 758-763.

Xu Maoquan, Li Chao, Pei Hongna, et al. Geochemical
characteristics of heavy metals in surface sediments
along the coast surrounding Haicang, Xiamen[J]. Journal
of Xiamen University (Natural Science), 2001, 40(3):
758-763.

Mayer T, Ptacek C, Zanini L. Sediments as a source of
nutrients to hypereu trophic marches of Pellee, Ontario,

[49]

[50]

[51]

) H@ART/CLE

Canada [J]. Water Research, 1999, 33(6): 1460-1470.
Lechler P J, Miller J R, Laccrda L D, et al. Elevated
mercury concentrations in soils, sediments, water, and
fish of the Madeira River basin, Brazilian Amazon: a
function of natural enrichments?[J]. Science of Total
Environment, 2000, 260: 87-96.

Bilali L E, Rasmussen P E, Hall G E M, et al. Role of
sediment composition in trace metal distribution in lake
sediments[J]. Aplied Gochemistry, 2002, 17: 1171-1181.
Nath B N, Kunzendorf H, luger W L. Influence of pro-
venance, weathering and sedimentary processes on the
elemental ratio of the fine grained fraction of the bed
load sediments from the Vembanad lake and the adjoi-
ning continental shelf, southwest coast of India[J].
Journal of Sedimentary Research, 2000, 70: 1081-1094.

TEPERL 12020 4F /26 44 45/ 45 12 3]



HRRTL » |7
H@A RTICLE

Pollution characteristics and source apportionment of heavy
metals in the surface sediments of the Jiulong River Estuary

LI Qing-sheng® ?, WANG Cui" 2, JIANG Jin-long" 2, HUANG Jin-liang®,

WU Yao-jian™ 2

(1. Third Institute of Oceanography, Ministry of Natural Resources, Xiamen 361005, China; 2. Third Institute
of Oceanography, Ministry of Natural Resources, Fujian Provincial Key Laboratory of Marine Ecological
Conservation and Restoration, Xiamen 361005, China; 3. Xiamen University, Fujian Key Laboratory of
Coastal Pollution Prevention and Control, Xiamen 361102, China)

Received: Feb. 19, 2020
Key words: heavy metal; surface sediment; pollution characteristics; source apportionment; Jiulong River Estuary

Abstract: In September 2013, we conducted a surface sediment sampling survey in the Jiulong River Estuary to
explore the pollution characteristics and sources of heavy metals in the surface sediments. The results showed that
the spatial distribution of Cu, Pb, Zn, and Cd in sediment was similar. The high-value areas were distributed in the
Nanxi Estuary and the lower reaches of Haimen Island. The high-value areas of Cr were distributed near the Nanxi
Estuary. We divided the sampling points into four categories based on the hierarchical clustering analysis. The first
category was distributed outside the estuary area with higher oil content in the sediment. The second category was
mainly distributed in the Nanxi Estuary with higher sulfide, Zn, and Cr contents. The third category was distributed
in the middle and northern parts of the Jiulong River Estuary, with medium content of pollutants. The fourth cate-
gory was mainly distributed in the downstream of Haimen Island with high sulfide, total organic carbon, Cu, Pb,
and Zn contents. The geoaccumulation index showed that Hg, Cu, Pb, Zn, Cr, and As were at unpolluted to moder-
ately unpolluted levels, whereas Cd was at a moderate to strongly polluted level. The /,, indices of Zn, Cr, and Cd
along with the /,, indices of the second and fourth categories of stations were relatively higher. The correlation
analysis showed that sulfide has a positive correlation with Cu, Zn, and Cd. Cu has a positive correlation with Zn,
Cd, and Cr. Pb has a positive correlation with Zn and Cd. Zn has a positive correlation with Cd and Cr. The princi-
pal component analysis showed that there are three possible pollution sources of heavy metals in the surface sedi-
ments: industrial, agricultural, and mining activities in the river basin; soil erosion; and natural weathering. The
following measures are needed and recommended for pollution control and ecological restoration: industrial pollu-
tion control, agricultural pollution control, aquaculture pollution control, afforestation and riparian greening, and

mine ecological restoration.
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