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3% HNOs (4000 r* min~', 10 min) | 50 mL
3% HNOs 3, R 3%
HNOs . 4 C s
1.3
4 C , ,
63 Hm , , .
lg 50 mL , 10 mL 0.5mol* L' HCL (30r-*
min~ ') 16 h (4 000 r* min ', 10 min) , 50 mL , 0.5
mol* L''  HNOs 3, . 3% HNOs
4 C ,
1.4
2000 DV (ICRAES, PE )
GBPG-1 .
2
2.1
Cu,Zn,Ni, Cr,Mn, Co, Fe, V,Pb (w), 1 1 ,
Cu, Pb, Zn, Mn ol
Cu, Pb, Zn, Mn . Micaela Fe Mn Lol
1 ( 1107 9)
Tab.1 Heavy metal contents in the sediments where the samples of Spartina alternif lora were collected( unit: 10~ )
w ( Cu) w( Zn) w(N1i) w(Cr) w(Mn) w( Co) w(Fe) w(V) w(Pb)
8 21.19 66. 77 6.70 18. 49 937.52 3.70 7 505. 00 11.50 55.88
12# 23.89 71. 67 7.80 18. 89 689. 62 3.80 7171. 13 10.60  58.58
13# 56.21 81. 02 15.40 46. 71 1 048. 21 3.70 6 506. 30 9.60 63.01
144 36.19 86. 28 9.60 25. 89 1141.77 3.90 7 185. 56 10.00  69.99
16# 73.70 111. 20 19.32 59.91 623. 10 5.57 5 479. 60 40.30 57.01
18# 36.69 98. 68 10.20 31.29 891. 82 3.70 7 689. 46 11.40 71.79
204 26.08 72.32 10.45 16. 01 903. 86 4.99 8 653. 48 13.18 44.16
21# 71.18 128. 59 26.71 27. 56 605. 49 5.23 9 236. 84 13.02  46.57
224 61.66 115. 10 20.83 25. 41 766. 63 5.23 12 294. 47 16.07  48.39
13 18.00 69. 90 9.30 32.10 606. 00 4.90 34 300.00 42.60  37.60
) 2 2 )
Fe, Fe 559. 5~ 1 968, 180. 65~ 914.5,
3534.5~ 13 585 me, 1 420.72,407. 62, 8 062. 72 mg. Fe
2 ( 11079
Tah. 2 Heavy metals contents in the leaves, stems and roots of Spartina alternif lora(unit: 10~ )
w ( Cu) w( Zn) w (Ni) w(Cr) w( Mn) w( Co) w( Fe) w( V) w ( Pb)
3.75 17. 85 1.05 26. 25 244.25 0.20 559.50 0.70 0.55
8# 2.95 26. 35 2.05 29. 85 59.65 0.25 180.65 0. 05 1.45
9.50 91.30 11.80 29.35 296.85 11.35 13 585.00 4.35 16.25
6.70 37.85 2.20 28. 10 278.55 0.60 1986.00 2.95 1.80
12# 5.55 53.30 1.95 28. 60 109.70 0.25 250.75 0. 05 0.25
5.25 187. 25 7.85 29. 80 673.50 3.70 8 845.00 4. 40 15.20
10.15 44. 80 2.40 32.00 188.10 0.50 1595.50 2.55 5.15
13# 8.40 59. 50 2.25 29. 15 111.90 0.35 396.30 0.35 1.15
32.85 171. 40 5.85 29.55 161.85 2.50 3415.50 1. 05 6.95
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Continue table
w ( Cu) w( Zn) w (Ni) w(Cr) w( Mn) w( Co) w( Fe) w( V) w ( Pb)
4.40 44.55 1.50 28. 00 209.30 0.25 932.50 1. 50 0.75
144 11.85 141. 75 2.65 28. 65 143.65 0.25 308.25 0. 30 0.15
70.55 142. 20 8.50 31. 90 366.90 2.15 3534.50 4. 90 9.40
8.45 29.90 1.80 29. 80 257.35 0.40 1411.50 2.10 1.45
16# 6.85 30. 70 2.05 29.70 109.00 0.20 204.65 0. 10 0.00
64.20 89. 20 8.75 36. 20 831.00 2.75 11615.00 6. 10 23.15
8.65 30. 55 2.40 34.20 262.75 0.45 1612.00 2.35 2.95
18# 8.00 35.90 3.20 34.90 187.00 0.35 228.95 0. 45 1.20
65.90 94. 55 9.95 35. 15 789.50 2.95 10 875.00 5.20 24.05
7.55 46. 35 2.20 30. 75 239.20 0.35 1355.50 2.05 .35
204# 6.85 77.25 2.55 30. 95 156.95 0.25 481.05 0. 35 .80
71.25 136. 75 9.20 31. 00 390.80 1.95 6201.50 4.75 14.90
12.80 73. 60 3.80 44. 95 255.20 0.55 1476.00 1. 95 2.55
21# 11.05 133. 90 4.25 45. 30 262.10 0.40 703.50 0. 65 1.05
112.70 221.75 15.15 45. 65 413.15 2.35 6 308.00 4. 40 15.25
9.65 56. 60 2.75 34. 65 339.10 0.60 1 858.00 2.30 3.20
224 8.55 103. 05 3.35 34. 65 337.55 0.40 914.50 0.75 1.25
86.65 156. 80 11.45 34.75 587.00 2.20 8 185.00 5. 60 17.85
, . Co, Co
0. 20~ 0.60,0.20~ 0. 40,0.20~ 11. 35 mg, 0.43,0. 30, 3. 54 mg. Co
, . Cr Cr
26.25~ 44.95,28. 60~ 45.30,29. 35~ 45.65 mg, 32.08,32.42,33.71 mg.
s : Fe> Mn> Zn> Cu> Cr> Pb> Ni> V> Co.
,Fe,Mn, Co, V,Pb ,
2.2
) o
3 3 ,
3
Tab.3 Heavy metals enrichment factors in the leaves, stems and roots of Spariina alterniflora
Cu Zn Ni Cr
8# 0. 18 0. 14 0. 45 0.27 0.34 1.37 0.16 0.31 1.76 1.42 1. 61 1. 59
12# 0. 28 0.23 0.22 0.53 0.74 2.61 0.28 0.25 1.01 1.49 1. 51 1. 58
13# 0. 18 0. 15 0. 58 5.53 7.34  21.16 0.16 0.15 0.38 0.69 0. 62 0. 63
144 0. 12 0.33 1.95 0.52 1.64 1.65 0.16 0.28 0.89 1.08 1. 11 1.23
16# 0. 11 0. 09 0. 87 0.27 0.28 0.80 0.09 0.11 0.45 0.50 0. 50 0. 60
18# 0.24 0.22 1. 80 0.31 0.36 0.96 0.24 0.31 0.98 1.09 1. 12 1. 12
20# 0.29 0. 26 2.73 0.64 1.07 1.89 0.21 0.24 0.88 1.92 1. 93 1. 94
21# 0. 18 0. 16 1. 58 0.57 1.04 1.72 0.14 0.16 0.57 1.63 1. 64 1. 65
224 0. 16 0. 14 1. 41 0.49 0.90 1.36 0.13 0.16 0.55 1.36 1. 36 1. 37
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Continue table
Mn Co v Pb
8# 0.26 0.06 0.32 0.05 0.07 3.07 0.06 0 0.38  0.01 0.03 0.29
124 0.40 016 0.98 0.16 0.07 0.97 0.28 0 0.42  0.03 0 0. 26
13 018 011 015 0.14 0.09 0.68 0.27 0.04 0.11 008 002 0.1l
144 0.18 0.13 0.32 0.06 0.06 0.55 0.15 0.03 0.49 0.0l 0 0.13
164 0.4 0.17 1.33 0.07 0.04 0.49 0.05 0 0.15  0.03 0 0. 41
18 0.29 021 0.8  0.12 0.09 0.80 0.21 0.04 0.46  0.04 0.02  0.34
206 0.26 0.17 0.43 0.07 0.05 0.39 0.16 0.03 0.36 005 0.02 034
21# 0.4 0.43 068 0.1 0.08 0.45 0.15 0.05 0.34 005 0.02 0.33
226 0.4 0.4 077 0.1  0.08 0.42 0.14 0.05 0.35 0.07 0.03 0.37
. Cu 0.22~ 2.73 s 1, Cu
0. 3. Cu s
Cu. Zn 1, 7Zn 1,
Zn . Ni 1, Ni 0.31 0.24,
Ni
Cr , Cr ,
1, Cr Mn Ni
Co 1, 0.2, Fe
1, s Fe v
Pb 0.5,
, : Cr> Zn> Mn> Cu> Fe> Ni> V > Co> Pb;
: Cr> Zn> Ni> Mn> Cu> Co> Fe> V> Pb;
:Zn> Cr> Cu> Fe> Co> Ni> Mn> V> Pbh. Ni, Mn, Cr, Cu, Fe
1. Cr 1. , Cu,
Zn, Ni, Cr > > ;  Mn,Co,Fe, V,Pb > >
2.3 -
9 )
L 4 4
ro.ot= 0. 798, roos= 0. 666. 4 (r) 5
(1) Cu r - =0.755, Cu ,
Cu Cu Cu R
, Cu .r- =0.749 , Cu
. Cu Cu.
(2)  Zn - =0.819" ,r- =0.831"", Zn ,
Zn Zn , Zn
, Zn , Zn
(3) Ni r- =0.89",r - =0.740" , Ni ,
Ni - =0.672",r =0.766 , Ni
Ni , Ni
Ni.
(4 Cr - =095 ",r- =089 ,r- =00911", Cr
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4
T ab. 4 Correlation coefficients of heavy metals contents among
the leaves, stems, roots in Sp artina alterniflora and the sediments
Cu Zn
1.000 1. 000
0.446 1.000 0.819°"  1.000
0.609 0.749 1.000 0.831"" 0.641 1. 000
0.755° 0.493 0.622 1.000 0. 337 0. 330 0. 002 1.000
Ni Cr
1.000 1. 000
0.809" *  1.000 0. 956" " 1. 000
0.458 0.740 1.000 0.890° " 0.911 1. 000
0.766" 0.672 0.49%4 1.000 0.057 - 0.106 0. 187 1.000
Mn Co
1.000 1. 000
0.642 1.000 0. 600 1. 000
0.599 0.175 1.000 -0.526 - 0.283 1. 000
-0.618 -0.324 - 0.598 1.000 0. 26 0.083 - 0.402 1.000
Fe A%
1.000 1. 000
0.397 1.000 0. 192 1. 000
-0.186 - 0.377 1.000 - 0.170 0. 048 1. 000
0.283 0.885 " - 0.098 1.000 0.029 - 0.218 0. 510 1.000
Pb
1.000
0.419 1.000
-0.24 - 0.005 1.000
-0.029 -0.201 - 0.037 1.000
) Cr
(5 Fe .r - =0.885" Fe.
2.4
( ) 10. 27~ 28.48 g, 82. 79% ~ 93. 98%.
Ma, M, 5 5 s
43.45% , 89. 43% ,
5

Tab.5 T he contents comparison of heavy metals in an individual Spartina alternif lora

and in the over ground part of Spartina al ternif lora

Cu Zn Ni

m,/Hg 177. 82 1351.10 56. 40
m,/Hg 343.77 1705.30 83. 30

Cr
747. 87
836.28

Mn Co
4722. 55 7. 71
6 179. 54 17.25

Fe

1 7943. 85
41296. 79

\
22.39
35.69

Pb
30.26
76.81

B )

1.33 kg* m >,

191

7.21kgs m .
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s Cu, Zn, Ni, Cr, Mn, Co,Fe, V 14.
256, 32. 054, 11. 298, 27. 055, 144. 518, 10.395,726.163,11.214 mg * m~ 2

2

) (1) Cu, Zn, Ni, Mn, Co, Fe,
V,Pb,Cr . Cu, Pb, Mn
, (2 Mn, Cr, Cu, Fe, Ni
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The Study on Heavy Metal Contents and Enrichment in
Spartina anglica in Quanzhou Bay

HU Gongren, YU Rurlian

(College of Material Science and Engineering, Huaqiao University, Quanzhou 362021, China)

Abstract: The concentrations of heavy metals in the sediments and Spartina anglica developing in the Quanzhou Bay
were analysed by using ICP AES. The extent and ability to different heavy metals enrichment in the leaves, stems and
roots were investigated. The effect of mutual metals on the enrichment of other metal was analyzed simultaneously. The
result show ed that metals such as Cu, Zn, Ni, Mn, Co, Fe, V, Pb, Cr were detected in the leaves, stems and roots. The
beach of Quanzhou Bay was polluted by Cu, Pb,Zn, Cr to some extent, and the Sp artinaanglica plant was also contamr
nated by heavy metals, not worth of its original economic value. The enrichment coefficient were larger than or near to 1
for roots adsorbing metals such as Mn, Cr, Cu, Fe and Ni. The cexistence of some heavy metals could enhance the enrich-
ment of other metals in the plant or sediments, and reduce the total quantity of metals in the environment. The quantity of
heavy metal enrichment in an individual Sp artina anglica was significant. H arvesting the over ground part of Spartina
anglica could decrease the total quantity of heavy metals in the Quanzhou Bay to a great extent.

Keywords: Spariina anglica; Quanzhou Bay; tidal flat sediment; heavy metal; enrichment



