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Distribution Patterns of Heavy Metals in Surficial Sediment and Their Influence

on the Environment Quality of the Intertidal Flat of Luoyuan Bay, Fujian Coast

GAO Wen-hua, DU Yong-fen, WANG Dan-dan, GAO Shu

(Key Laboratory of Coast and Island Development of Ministry of Education, School of Geographic and Oceanographic Sciences, Nanjing
University, Nanjing 210093, China)

Abstract ; Intertidal flats represent a typical environmentally fragile and sensitive zone. In order to investigate the environmental quality
of the intertidal zone in Luoyuan Bay, field survey was carried out in 2009. Contents of heavy metals (Co, Cr, Cu, Ni, Pb, V and
Zn) in the surficial sediment were measured using an inductively coupled plasma optical emission spectrometer (ICP-OES). Moreover,
the impact on the environment quality was evaluated with the potential ecological risk method. The average contents of the heavy metals
Co,Cr,Cu,Ni,Pb,V and Zn in the surficial sediment were 20. 48, 77.82, 23.24, 40.67, 36.25, 134.75 and 111.21 mg-kg™",
respectively. The heavy metal contents in the Spartina alterniflora salt-marsh were apparently higher than those in the bare flat.
Further, the heavy metal concentrations found in the present study were generally higher than the background values of the coastal
regions of Fujian Province, but lower than those associated with the Pearl River estuary. According to principal component and
correlation analyses, industrial wastewater, mineral exploration and degradation of organic matter were the main sources of heavy metals
in the area investigated. The results of potential ecological risk evaluation indicated that the intertidal zone as a whole can be ranked as
“moderate potential ecological risk”. Ni and Co were the major pollutants among the metals in consideration; the pollution related to
Pb was less significant. The level of potential ecological risk of the Spartina alterniflora slat-marsh was higher than that of the bare flat.
The sequence of potential ecological risk for the heavy metals was Ni >Co > Cu >Pb > Cr>V >Zn.

Key words:heavy metals; environment quality assessment; intertidal flats; Spartina alterniflora salt-marsh; Luoyuan Bay ( Fujian
coast)
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Table 1 Baseline values (¢! ) and toxicity coefficients (T°) of heavy metals in sediment

S8 Co Cr Cu Ni Pb A\ Zn
¢ /mg-kg ! 9.48 40.7 22.4 17.4 39 79.7 83.6
T 5 2 5 5 5 2 1

®2 ELEEEESXRIEHR (E)) MBELES
SENKIER (RI) SRKEEENXR
Table 2 Potential ecological risk coefficient (E) and risk index
(RI) of the heavy metals, and their relationships

with the associated risk level
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Table 3 Grain-size parameters of the surficial sediment at the intertidal flat of Luoyuan Bay, Fujian

. s L5 w b i+ SRR e
) 77 [X 3 i Mk FR = IS
i )7 X35 Y A % e % % b SERE W %
S1 1. 30 0.34 70. 33 29.33 7. 41 1.29 0. 88 1.74
N FRETIg S2 1.42 2.34 65. 83 26. 57 6.87 1.42 -0.15 2.00
HACKRERTA(S)
S3 1.40 2.33 71.12 26. 85 7.20 1.44 -0.06 2.01
Sl ~S3 1. 37 1.68 69. 11 27. 36 7.15 1.38 0.23 1.92
B1 1.14 1.83 70. 84 27.37 7.24 1.42 0.19 1.96
. B2 1.14 1. 14 74.03 24. 83 7.17 1.37 0. 46 1. 88
JERE(B)
B3 1.17 1.33 73. 10 25.87 7.21 1.35 0.49 1.85
Bl ~ B3 -1y 1.15 1.41 72.41 26. 18 7.22 1.38 0. 38 1.90
AN ) S1 ~ B3 -y 1.26 1.54 70.76 26.77 7.18 1.38 0. 30 1.91
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WRBVORY T E 48 SRV s T, T

AN HAEKEER A T ST 47 T 48 S AT R
(B Pb Fl Zn A1) ,S2 Sl {v 8 4 @ & 3k 41K, S3
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fIC, B1 3507 A1 B3 540 19 8 4@ 7 il 45 e, R
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Table 4 Heavy metal contents in the surficial sediments at the intertidal flat of Luoyuan Bay, Fujian

) e X 3 L

FEETE S E/ mg-kg ™!

Co Cr Cu Ni Pb A% Zn

S1 21.33 80. 81 24.24 41.98 37.10 139.93 113.58

5 S2 20.91 79.12 23.71 41.26 36.65 136.33 109. 08
HAEAKRERE(S)
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B1 ~ B3 1y 19.86 75.73 22.57 39.81 34.88 131.47 110.07

HA ) [a) 7 S1 ~ B3 Py 20.48 77.82 23.24 40.67 36.25 134.75 111.21
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Table 5  Correlation coefficients between metals and mean grain size and clay content in the intertidal surface sediments of Luoyuan Bay, Fujian

o - LIPS
LR MARER Co Cr Cu Ni Pb v 7n
HAEKEELTA(S) TR -0.156 -0.020 0.023 0.093 -0.194 0.064 -0.283
o -0.284 -0.174 -0.168 0.008 -0.270 -0.068 -0.451
ek (B) FHRAR 0.358 0.334 0.234 0.655* -0.030 0.422 -0.159
Rt 0.215 0.144 -0.130 0.585" 0.208 0.297 -0.385
1) = FRIUBKIRLE 0. 05 /K P T AR B3
%6 EEFTESHEGFRENBEYEHEESERNBAYPFESELRSENtE
Table 6 Comparisons of heavy metal contents in the surficial intertidal sediments of Luoyuan Bay and other coastal areas
e EEEICE R/ mg kg ™! b b
WHFHF DS, Co Cr Cu Ni Pb v In Btk
H AR 21.10 79.91 23.91 41.52 37.63 138.03 112.36 ARWFF
e X 55, 19. 86 75.73 22.57 39. 81 34.88 131.47 110. 07 NG
e 2 R T ) 20. 48 77. 82 23.24 40. 67 36.25 134.75 111.21 N
i I R T o 9.48 40.7 22.4 17.4 39 79.7 83.6 [20]
BRyr o 24 118 64 50 56 — 150 [28]
Ko — 98.9 31.9 40.2 27 — 105. 6 [28]
R — 63.7 21.5 71.3 21.6 — 71.3 [28]
G RNESRE a2 ALY| 12 60 15 24 — — 65 [29]
WA=k 7 22 30 15 15 88 60 [30]
MARTUE 19 90 45 68 20 130 95 [30]

2.3 EHEITEREST

T 3R 2 P ] R R DU 45 4 T
AT E IR AT, KRBT h 7 R E &R (7
AER) TR REE B 3 A EMRS (H
H FRAEAG <3, 853 +1.247 + 1. 153 =6.253; Zit5T
Mk .89, 337% ) MARIL (F7) ot XT3 4~ E
JRAT B AT, A T RE A 52 B0 B T A 3 1) AT
GHE B AT

£7 ERHATOEFHENRIHE
Table 7 Factor loading and accumulated variance based

upon principal component analysis

i %x PC1 PC2 PC3

Co 0. 863 0. 260 0. 305
Cr 0. 893 0.352 0.185
Cu 0. 865 0.299 0.206
Ni 0. 796 -0.027 -0.152
Pb 0.112 0. 100 0. 966
s 0.925 0. 240 0.131
Zn 0. 248 0.947 0.105
AR 3.853 1.247 1.153
T2/ % 55. 046 17.814 16. 477
Rt h/% 55. 046 72. 860 89.337

1 Fr B TTRR N 55. 046% , 1F Co, Cr,
Cu., Ni Rl V 85 8 F R R 0 IE B, 5
JE B VP2 Toll il BATADER T | 4%,
Tl Al TS RS K HE A I, B U

ZUURYE SR S R ARG . REEE 1 F2 AR
AR T HETS A AR 1 V5 K TR ) 0 4 i T
Je. N8 S JE T =M XL R, i Al Co,
Cr, Cu, Ni FV 955 22 ) HAT B0 (0 A1 5, 26 B
Bl ERASFEREETRY T ESLE Co, Cr,
Cu, Ni Al V R UE. 55 2 F A0 0 5wk RN
17.814% ¥ Zn LI IE 855, © A W5 R4
HRIZVORY T B A 1Y Zn e E 0 3
GOV RS2 U I A /N R A R TR Y R
M. PSR 2 R FREERAE TR U h 4
JE SRR, 53 ER N TTERE N 16.477%
£ Pb b HAARRE M IEZ. T 5T Ph e e
TRAR, FEAETT YD, B . 5 5401
R, GRS 3 4y R AE T A LT R A
A= PN TS G X DURR P 4 T e W i S .
2.4 JRJTAE BRI

%ISR R RO 4% B 4 m TS YR
B, VA AR S RS BN 7 AR A 25 A R FR B
P 3% 9 FZ 10. B4 JE Ni, Co, Cr M1V 1Y
V5 PR B, 15 YA EOR/MIUF & Ni > Co > Cr >
V >7Zn>Cu >Pb,Ni fll Co & F BBV Ye A1, H
TGP KT 2, 8 T i Yk 15 R 5K
() HE 4 B G Z 2 Ph, Hys Y4853/ F 1, JR TIK5
YK, [aE, R 9 Fhal LUK IR, BAE K B AR VA X
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Table 8  Correlation coefficients among the heavy metals in the surficial intertidal sediments of Luoyuan Bay, Fujian

Co Cr Cu Ni Pb v Zn
Co 1
Cr 0.930" " 1
Cu 0.880" " 0.909 " * 1
Ni 0. 508 0.628" " 0.560 " * 1
Pb 0.367 0.298 0. 294 0. 063 1
\ 0.932"" 0.933" " 0.888 " " 0.617"" 0.225 1
Zn 0.459 " 0.558 " " 0.490 * 0.256 0. 260 0.448 " 1
1) %« FARURKRTE 0. 01 KT FHIKHE B F; » Jom WURK KT 0. 05 AT T HIEH B %
F9 PEHFRERRYPEESENTLIER(C)
Table 9 Contaminated index ( C}) of heavy metals in the intertidal sediments
— R
i fi .
Co Cr Cu Ni Pb v Zn
S1 2.25 1.99 1.08 2.41 0.95 1.76 1.36
S2 2.21 1.94 1. 06 2.37 0. 94 1.71 1.30
S3 2.22 1.96 1. 06 2.37 1.00 1.73 1.37
Bl 2.11 1.87 1.01 2.35 0.90 1.67 1.28
B2 2.05 1. 81 0.98 2.17 0. 86 1. 61 1.31
B3 2.13 1.90 1.03 2.35 0.93 1. 67 1.37
Z 12. 96 11.47 6.23 14.02 5.58 10. 14 7.98
£10 BEASREARGAEBERORELSRRIEN (B ) FHEE S5 AFRI (RD)
Table 10 Potential ecological risk coefficients (E’) and risk indices (RI) of heavy metals in intertidal sediments
— BT B R
L RI
Co Cr Cu Ni Pb A% Zn
S1 11.25 3.97 5.41 12. 06 4.76 3.51 1. 36 42.32
S2 11.03 3.89 5.29 11. 86 4.70 3.42 1. 30 41.49
S3 11. 11 3.92 5.31 11.87 5.02 3.46 1.37 42.06
B1 10. 54 3.74 5.04 11.73 4.49 3.34 1.28 40. 16
B2 10. 26 3.63 4.91 10. 84 4.30 3.22 1.31 38.46
B3 10. 63 3.80 5.16 11.75 4.63 3.34 1.37 40. 68
Z 64. 82 22.94 31.13 70. 11 27.89 20.29 7.98 245. 16

F 45 Y I o 5 T OEMELX | 450l 57 15 Y i 7 F 15T
J¥ 4 S1>S3>S2>B3 >Bl >B2. £ 10 s, fmd%
TR R R 2 DU h i 4 @ XN EAE R R AW
ARG ERTHERE. S0 ESEMEAEL
BSGERBENIF A Ni > Co >Cu>Pb >Cr>V >Zn,Ni
JE B ARSI T [FRE, HAEK BRI Y
TRE AR S ARG 3 T GME X, 45 b A v A A 2 XU
BRI Sy S1 >3 >S2 > B3 >B1 >B2.

3 it

(1) B ) R 20U ) 22 Wi F A
SRR D, BN R R BV E SR TR
Co, Cr, Cu, Ni, Pb, V. Zn HJF3 3 25 518 .
20.48 ., 77.82, 23.24, 40.67, 36.25, 134.75,
111.21 mg-kg ™' EEBITEEZK/NIUFH .V >

Zn>Cr>Ni>Pb>Cu > Co. HALKFILTH X EIZUT
TR 4 Jm D0 2 & e MU PILT & 6 B 5 T O
X. B ALKFEXZ X B A Py sk A 220G i il 1 —
FE B RZ .

(2) SHEMX VIR ESE S &ML, PR
5 R RIZ DU 4R Ju 2R % 5 s T
TRl IS SO AL R A M, (R TR A
A JRICE S, RIS R Y DR R

(3) FHGT 3T LSS M s, Tolk HETS
FAE TG AKOR IR X T 4 S 15 e i) 2R IR, R,
KA VLS AT WU R 7 A 1 IR TS G X% X R 20T
TR v o 4 R Y 5 it B — R R ).

(4) SRR 25 KBS DA Xt 20 5 V) [ vy 1k
TR BT A, 45 2R 3R I AR X L A R B I T A
AL, Ni Al Co J& R E IR TS YL N+, Pb (75
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W X, 25l e 45 Ja (0 TS T AR 2 e R IUT 4 Ni
>Co>Cu>Pb>Cr>V>Zn.
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