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Distribution Patterns of Heavy Metals in Surface Sediments of the Quanzhou

Bay and Environmental Quality Assessment
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Abstract:The concentrations of 7 heavy metals were determined in 48 surface sediments in the Quanzhou Bay by an inductively coupled
plasma mass spectroscopy (ICP-MS). The average contents of Cr Ni Cu Zn As Cd and Pb are 47.66 52.2 30.86 111.6
5.29 0.399 and 50.3 pg* g ' respectively. The Cd Pb Zn and As were mainly discharged into the Quanzhou Bay by Jinjiang
River while the materials near the Bay might supply a considerable amount of Cr Ni and Cu. The result of the multi-analysis
ecological risk index analyses revealed that Cr Ni Cu Zn Pb and As were moderately contaminated and presented low potential
ecological risk while Cd was heavily contaminated and raised high potential ecological risk. In general moderately contaminated and
potential ecological risk were occurred in whole Quanzhou Bay with the dominated polluted metals were Ni and Cd. The heavily
contaminated area was corresponded to the high potential ecological risk area which located at the confluent area of Jinjiang River and
Luoyangjiang River. From the results of this study we conclude that the Quanzhou Bay has been heavily polluted by heavy metals
therefore much environmental control should be continued and strengthen to Quanzhou Bay and its adjacent areas.
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Table 1  Statistics values of heavy metals contents in
1 surface sediments of investigated areas/pg * g
1.1 ( ( )
1 Cr 96.60 (L13 ) 7.61 (Z13 ) 47. 66
Ni 163.0 (L1 ) 24.3 (730 ) 52.2
2008 7 10~12 . 48
Cu 74.70 (I8 ) 5.11 (220 ) 30. 86
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Table 2 Concentrations of heavy metals in surface sediments of Fujian area/pg * g~
Cd As Pb Cr Ni Cu Zn
0.399 5.29 50.3 47. 66 52.2 30. 86 111.6
(2004) 0.332 9.69 64 52.3 22.9 30.8 121 22
(1989) — 52 4 21 220 27
1.67 — 31 — 16. 1 97.9 28 29
0.09 — 415 — — 17.5 76 30 31
0. 023 16.51 54.99 47.36 — 30. 95 168. 14 32
- 0. 165 — 52 — 27.9 100. 3 33
Cd 65 pg/g; <60 pg/g
L8 . Cu Ni 3 . Cu
Q1 Cd 0. 056
wglg L8  (2.260 pg/g) 1/40 L8 (>70 pg/g)
(01 L8 Cu <35 pg/g.
") (01 45 pglg.
L8 Ni >60 wg/g
) Cd 160 pg/g.
0.400 pg/g. 7
Pb.Zn As 3 3
Pb Cd.Pb.Zn As 4
L8 149 pgl/g
Pb
50 pg/g Pb Cr
7 « )
( Cu Ni
). 7Zn
L8
290 ng/g
<100 pg/g . As “ i
2 N N
L7 12.7 wngl/g; s »
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Table 3 Pollution indexes (C;") and integrated pollution extent (C,;) of heavy metals in the surface sediments
Ce, Con Cyi Ce, Cp, C. Ceq Cy
71 1.46 1.39 5.24 2.25 0.99 0.55 3.50 15.38
72 1. 19 1.41 3.91 1.78 0.99 0.73 3.24 13.26
73 1.22 1.49 3.80 2.10 0.92 0.57 3.04 13.13
74 1.07 1.17 3.81 1.75 0.84 1. 14 3.43 13.21
75 1.11 1.29 3.09 1. 60 0.92 2.21 4.52 14. 74
76 1. 14 1.31 4.08 1.52 1.03 1.15 4.39 14. 62
77 2.23 2.03 4.27 2.56 1.31 2.07 6.09 20.55
78 1.57 1.50 3.20 1.89 0.93 1.18 4.78 15. 06
79 0.99 1.06 3.08 1.42 0.97 2.30 3.41 13.23
710 0.45 0.65 11.29 0.59 0.81 0. 62 4.57 18.97
711 0.79 0.82 4.45 1.04 0.76 0.72 3.39 11.98
712 0.79 0.92 4.40 1. 09 0. 81 0. 89 3.00 11.90
713 0.35 0.46 8. 40 0.24 0.75 0.82 1.39 12.41
714 0.63 0.82 6.54 0.52 0.96 0.94 2.93 13.35
715 1.61 1.37 4.46 1.78 1. 11 0. 89 5.37 16.59
716 1.38 1. 11 4.94 1.55 0.99 0.77 4.63 15.37
717 2.59 1. 60 4.33 2.85 1.12 1.05 5.96 19. 50
718 0.47 0.67 4.70 0.32 0.78 0.78 2.65 10. 38
719 1.51 1.65 5.56 1.59 1.44 1.18 7.30 20.23
720 0.28 0.39 8.15 0.25 0. 60 1.24 1.96 12. 87
721 0.32 0.45 5.84 0.32 0.73 1.26 1.50 10. 42
722 1.02 0.95 6.25 1.44 0. 89 0.97 3.35 14. 87
723 2.57 2.00 4.35 2.65 1.42 1.05 9.17 23.23
724 3.30 3.25 2.94 1.45 3.09 1. 01 34.13 49. 16
725 0.73 0.82 7.59 0.44 1.05 0.73 5.72 17.08
729 3.62 3.36 4.33 1.23 3.32 0.84 46.96 63. 66
730 3.44 2.79 2.61 1. 62 2.23 0.90 21.52 35.12
731 0.70 0.80 9.28 0.39 0.83 0. 62 4.76 17.39
L1 0.88 0.92 17.53 0.30 0.77 1. 11 3.26 24.76
L2 1.96 1.76 6.95 2.36 1.35 1.16 5.39 20.93
L3 1.93 1.69 7.14 1.49 1.36 1.05 7.63 22.30
14 2.97 2.43 5.72 1.50 1.97 0.90 14.98 30. 47
L5 0.72 0. 86 7.69 0.31 0.98 0.54 2.91 14.01
L6 3.90 2.90 6.13 1.53 2.17 0.79 22.39 39.81
L7 3.57 2.96 5.77 1. 60 2.30 1.99 18. 04 36.25
L8 4.15 4.15 5.37 1. 11 3.96 0. 67 49.13 68.54
Lo 3.23 2.60 3.25 1.67 2.18 0.57 17.22 30. 71
L10 2.86 2.76 3.72 2.23 2.19 0. 64 14.57 28.97
L11 2.36 2.12 4.52 1.82 1. 68 0.53 11.39 24. 41
L12 1. 66 1.62 4.78 2.29 1.09 0.85 4.93 17.21
L13 2.51 1.79 4.72 3.01 1.13 0. 88 4.72 18.75
T1 1.78 1.77 9.20 2.01 1.22 1.72 5.26 22.96
Q4 2.39 1.92 4.76 2.79 1.17 1.05 5.00 19. 08
Q5 1.87 1.73 5.06 2.31 1.36 0.70 5.35 18.38
Q6 0. 84 1.13 4.24 1. 47 0.98 0. 44 3.04 12.15
Q1 0.42 0.47 8.01 0.29 0. 67 0.20 1.22 11.29
Q2 2.57 2.32 5.68 2.14 1. 88 0.63 7.87 23.09
Q3 1.18 1.17 4.34 0.83 1.19 0.38 5.15 14.24
1.71 1. 60 5.61 1.48 1.34 0.96 8.67 21.37
1) 18 5 Ci< G, <5 ;1=<C/ <3.5C, <10 53<C' <6, 106, <29 1€ =6,C,=20
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Table 4 Potential ecological risk index (E,") and their risk level (RI) of heavy metals in the surface sediments

Ee, E,, Ey, Ee, Ep, E,. Ec, RI
71 7.28 1.39 26.18 4.50 4.97 5.49 105. 00 154. 81
72 5.94 1.41 19. 57 3.56 4.96 7.34 97.17 139. 96
73 6.08 1.49 18.98 4.19 4.60 5.72 91.30 132.37
74 5.33 1.17 19.03 3.50 4.19 11.43 103. 04 147.71
75 5.56 1.29 15. 43 3.19 4.61 22.10 135. 65 187. 83
76 5.72 1.31 20.38 3.03 5.13 11.52 131. 74 178. 84
VA 11. 14 2.03 21.34 5.12 6.56 20. 65 182. 61 249.45
78 7.86 1.50 16. 02 3.78 4.67 11.76 143. 48 189. 06
9 4.94 1.06 15.38 2.85 4.85 23.01 102. 39 154. 48
710 2.23 0.65 56.45 1.18 4.03 6.23 136. 96 207.72
711 3.97 0.82 22.26 2.09 3.82 7.16 101.74 141. 85
712 3.97 0.92 21.99 2.17 4.07 8.93 90. 00 132. 05
713 1.75 0.46 41.99 0.47 3.74 8.22 41.74 98.37
714 3.17 0.82 32.69 1.03 4.81 9.40 88. 04 139. 97
715 8.06 1.37 22.31 3.56 5.56 8.88 161. 09 210. 82
716 6.89 111 24.68 3.10 4.96 7.72 138.91 187. 37
Z17 12.94 1.60 21.67 5.69 5.61 10. 47 178.70 236. 69
718 2.36 0.67 23.49 0. 64 3.91 7.79 79.57 118. 43
719 7.53 1. 65 27.80 3.18 7.22 11.78 219. 13 278.28
720 1.42 0.39 40.75 0.50 2.99 12. 43 58.70 117. 18
721 1.62 0.45 29.19 0.65 3.63 12.55 45.00 93.10
722 5.11 0.95 31.24 2.87 4.44 9.73 100. 43 154. 78
723 12. 86 2.00 21.77 5.31 7.09 10. 53 275.22 334.78
724 16. 50 3.25 14. 68 2.91 15. 43 10. 05 1023.91 1086. 73
725 3.67 0.82 37.96 0.87 5.24 7.32 171. 52 227. 40
729 18. 08 3.36 21.67 2.45 16. 62 8.37 1 408. 70 1479.25
730 17.19 2.79 13.06 3.25 11.16 9.02 645. 65 702. 13
731 3.50 0.80 46. 40 0.79 4.15 6.21 142. 83 204. 67
L1 4.42 0.92 87.63 0.59 3.83 11.05 97.83 206. 27
12 9.81 1.76 34.73 4.72 6.74 11.59 161.74 231.09
13 9.67 1.69 35.70 2.98 6.82 10. 54 228.91 296. 31
14 14. 86 2.43 28. 60 3.00 9.83 9.02 449.35 517.10
L5 3.61 0.86 38. 44 0.61 4.89 5.42 87.39 141.23
L6 19.50 2.90 30. 65 3.06 10. 85 7.88 671.74 746. 58
L7 17. 86 2.96 28.87 3.21 11.49 19.93 541.30 625. 62
L8 20.75 4.15 26.83 2.21 19. 81 6.72 1473.91 1554.39
L9 16. 14 2.60 16. 24 3.34 10. 88 5.71 516. 52 571.42
L10 14.28 2.76 18. 60 4.47 10. 94 6.43 436. 96 494, 44
L11 11.78 2.12 22.58 3,64 8.39 5.31 341,74 395.55
L2 8.28 1.62 23.92 4.57 5.43 8.46 148.04 200. 32
L13 12.53 1.79 23.60 6.02 5.65 8.82 141. 52 199. 93
T1 8.89 1.77 46. 02 4.02 6.09 17.19 157. 83 241.81
04 11.94 1.92 23.82 5.58 5.86 10. 53 150. 00 209. 64
Q5 9.33 1.73 25.32 4.61 6.82 6.97 160. 43 215.23
06 4.22 1.13 21.18 2.94 4.88 4.42 91.30 130. 08
01 2.11 0.47 40. 05 0.57 3.36 2.03 36.52 85.13
Q2 12. 86 2.32 28.39 4.29 9.40 6.34 236. 09 299. 68
Q3 5.92 1.17 21.72 1.65 5.94 3.77 154.57 194. 74

8.57 1.60 28.07 2.97 6. 69 9.58 260. 08 317.55

1) 18 E,'<40.RI<]135 T40<E,' <80. 135 <RI <265 1 80<E, <160, 265 <RI <525 ; 160<E,' <320, RI=525

; E.1=320



937

* 2Cu+Zn.Ni. Cr.Pb. As Cd
18.0.69.9.9.3.32.1.37.6.5.52 0.046 pg/g.
C, E'

T

18
Hankanson

:Zn(1) <Cr(2) < Cu(5) = Ni(5) =Pb
(5) <As(10) <Cd(30).RI

Cd .
:As(0.96 ) <
Ph(1. 34 ) <Cr(1.48 ) <Zn(1.60
) <Cu(l.71 ) <Ni(5.61 )
< Cd(8. 67 ).
Cd

:Zn(1.60 ) <
Cr(2.97 ) < Pb(6.69 ) < Cu(8.57
) < As(9.58 ) < Ni(28.07 ) <Cd

(260. 08 ); @

Ni Cd

Ni Cd ;®

2007
2008 2122008
Cu+Zn.Ni.Cr Pb
As Cd Cd
2007
Cd
0.046 pg/g ™
0.5 ng/g " 10

11

)

Cd.

Cd.Pb.Zn As
;Cr
;N1
3)
Ni
TalauE-McManus L. Smith S V  Buddemeier R W et al.

Biophysical and socio-economic assessments of the coastal zone:
the LOICZ approach ]
2003 46(3-4):323-333.
Martinol M Turner A Nimmo M

Ocean and Coastal Management

et al. Resuspension

reactivity and recycling of trace metals in the Mersey Estuary UK
J . Marine Chemistry 2002 77: 171-86.

Huang KM Lin S. Consequences and implication of heavy metal

spatial variations in sediments of the Keelung River drainage

basin Taiwan J . Chemosphere 2003 53: 11134121.

Adamo P Arienzo M Imperato M et al. Distribution and

partition of heavy metals in surface and sub-surface sediments of
Naples city port J . Chemosphere 2005 61: 800-809.

Caplat C Texier H Barillier D et al. Heavy metals mobility in

harbour contaminated sediments: The case of Port-en-Bessin

J . Marine Pollution Bulletin 2005 50(5): 504-511.

Fukue M Yanai M Sato Y et al. Background values for

evaluation of heavy metal contamination in sediments J . Journal

of Hazardous Materials 2006 136: 111419.

Attrill M J  Thomesm R M. Heavy metal concentrations in

sediment from the Thames estuary UK J . Marine Pollution

Bulletin 1995 30 (11): 742944.

Mackey A P Hodgkinson M C. Concentrations and spatial

distribution of trace metals in mangrove sediments from the

Brisbane River Australia J . Environmental Pollution 1995

90 (2): 18186.

Emmerson R H C O’ reilly-Wiese S B Macleod C L et al. A

multivariate assessment of metal distribution in inter—tidal

sediments of the Blackwater estuary UK J . Marine Pollution
1997 34(11): 960-968.

Rubio B Nombela M A Vilas F. Geochemistry of Major and

Bulletin

Trace Elements in Sediments of the Ria de Vigo (NW Spain) : an
Assessment of Metal Pollution J . Marine Pollution Bulletin

2000 40 (11):968-980.

Turner A. Trace Metal Contamination in Sediments from U. K.
Estuaries:, An Empirical Evaluation of, the Role of Hydrous Iron
Coastal and Shelf

and Manganese Oxides ] Estuarine



938 31
Science 2000 50: 355-371. 23 J.
12 Balachandran K K Lalu-Raj C M Nair M e al. Heavy metal 2002 19(6) : 4546.
accumulation in a flow restricted tropical estuary ] 24 I .
Estuarine Coastal and Shelf Science 2005 65: 361-370. 2003 22(1): 1448.
13 Osher L] Leclerc L Wiersma G B et al. Heavy metal 25 .Cr(VI)
contamination from historic mining in upland soil and estuarine J. ( ) 2006 27(1) :47-49.
sediments of Egypt Bay Maine USA ] . Estuarine Coastal 26 Cu (1)
and Shelf Science 2006 70: 169479. J . 2005 33(1):93-96.
14 27
J. 2008 21(6):110417. J. 1989 8(4): 383-388.
15 28 N
] 2008 30(4) :7179. ] 2000 19(1):
16 52-57.
J ( ) 29
2008 47(4):535-540. J. 2006 29(5) :4-6.
17 Liu W X LiX D ShenZ G et al. Multivariant statistical study 30
of heavy metal enrichment in sediment of the pearl River Estuary J .
J . Environmental Pollution 2003 121:377-388. 2004 23(1): 3336.
18  Hakanson L. An ecological risk index for aquatic pollution 31
control - a sediment toxicological approach J . Water Research I . 2004 27(6):25-27.
1980 14(8):975-4001. 32
19 M. ( ) D . : 2007.
1993. 49-92. 33 HongLY HongHS Chen W Q et al. Heavy metals in
20 J . 2007 9:1044. surface sediments from Minjiang Estuary-Mazu and Xiamen-
21 Jinmen sea areas J . Journal of Environmental Sciences 2003
] ( ) 2008 29(3):419-423. 15(1): 116422.
22 34

] 2007 30(1) :2729.

I 2004 35(5):639-642.



