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Fig.1 Sampling stations in the Liusha Bay
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*1 BREBRETEMA2(mgky TE)

Tab.1 Heavy mental content in each marine macroalga (mg/kg dry wt.)

Hg As Cu Pb Zn Cd Cr Se Fe Mn Ba
1.80 482  18.77 557  40.08 0.45  39.79 1.65  5952.65 197.79  23.96  6287.33
0.74 5.11 7.51 361 2513 246 23.43 1.49 358319 83.88 7572  3812.27
1.01 6.28  10.23 2.01  49.78 271 29.63 0.94 699.29  39.34  66.23 907.45
1.38 539 2203 11.25  79.25 138  63.35 435 1161551 227.70  96.46 12128.05
6.90 530  10.89 6.69 4253 313 19.11 341  6011.04 132.41 63.34  6304.75
0.95 332 1352 449 2275 496  25.04 2.82  4099.97 248.25 7293 4499
2.89 890 3435 2426  63.31 2.00 6812  12.04 26777.20 400.16  37.73 27430.96
0.93 362 2200 6.66  277.37 498  18.96 512  6134.74 158.33 7173  6704.44
1.07 1.61 9.04 249  26.84 0.16 2552 1.23  3610.39 10445 37.81 382061
1.04 333  17.96 6.65  42.89 3.26  33.99 331  6054.67 152.11 127.02  6446.23
3.11 3.74 2358 9.39 3091 172 28.95 297  8526.38 256.00 29.74  8916.49
1.08 219  15.66 1.84 3577 032  27.62 0.70  3359.56 72.21  37.51  3554.46
0.17 454  11.42 5.85  31.29 228  20.23 3.02 358574 17115 37.20  3872.89
0.64 2.11 7.69 173 22.62 1.31 1.90 1.01 827.77 40.41  13.35 920.54
1.20 1.05 6.29 1.65  31.97 0.78 1.72 1.14 955.17 75.86  33.66  1110.49
0.22 2.90 5.06 219 21.36 6.77  13.94 1.78 131359 101.41  47.07  1516.29
0.32 3.17 7.43 248  43.97 0.40 5.89 1.86 240448 39.02 10.86  2519.88
0.49 7.10 3.65 1.81 8.23 052 12,11 0.32 72471 2829  25.39 812.62
0.83 169  13.96 357 5526 3.46 2.43 2.79 212.99 8652 4821 431.71
0.76 2.69 8.74 580  61.14 0.48  14.95 1.18  1657.79 63.13  80.94  1897.6
0.83 1.11 2.92 246 17.06 0.15 3.33 0.28 151.98 10.65 19.10 209.87
1.35 381  12.99 5.35  49.02 2.08  22.86 254  4678.99 128.05 50.28  4957.33
4.98mg/kg, , 4.96mg/kg, Ba , 127.02mg/kg,
, 0.15mg/kg, , 96.46mg/kg, ,
, , 45 ; Cr 80.94mg/kg, , 10.86mg/kg,
, 68.12mg/kg, ,
63.35mg/kg, , 39.79mg/kg, , Fe
, 1.72mg/kg, , Mn, Ba Zn,
, 40 ;Se Ho( 1),
, 12.04mg/kg, , ,
5.12mg/kg, , 4.35mg/kg, ,
, 0.28mg/kg, ,
2 , 43 ; Fe \
, 26 777.20mg/kg, , , ,
11 615.51mg/kg, : 8526.38mg/kg, (
, 151.98mg/kg, , 1996; , 1999)
2 , 176 , Fe 2.2
; Mn 2008
, 400.16mg/kg, , ( 2),
256.00mg/kg, , 248.25mg/kg, ;

, 10.65mg/kg, ; ,
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Tab.2 Bioaccumulation coefficient of heavy mental in each alga
Hg As Cu Pb Zn Cd Cr Se Fe Mn Ba
(mg/L) 0.0005 0.0016 0.0123 0.0084 0.1094 0.0009 0.0240 0.0804 0.1307 0.0490 0.0161 0.4333
3600.00 3012.50 1526.02 663.10 366.36 500.00 1657.92 20.52 45544.38 4036.53 1488.20 62415.53
1480.00 3193.75 610.57 429.76  229.71 2733.33 976.25 1853 27415.38 1711.84 4703.11 43502.23
2020.00  3925.00 831.71 239.29  455.03 3011.11 123458 11.69 5350.34 802.86 4113.67 21995.28
2760.00 3368.75 1791.06 1339.29 724.41 1533.33 2639.58 54.10 88871.54 4646.94 5991.30 113720.30
13800.00 3312.50 885.37 796.43 388.76 3477.78 796.25 4241 45991.13 2702.24 3934.16 76127.03
1900.00 2075.00 1099.19 53452 207.95 5511.11 1043.33 35.07 31369.32 5066.33 4529.81 53371.63
5780.00 5562.50 2792.69 2888.10 578.70 2222.22 2838.33 149.75 204875.29 8166.53 2343.48 238197.59
1860.00 2262.50 1788.62 792.86 2535.37 5533.33 790.00 63.68 46937.57 3231.22 4455.28 70250.43
2140.00 1006.25 734.96 296.43  245.34 177.78 1063.33 15.30 27623.49 2131.63 2348.45 37782.96
2080.00 2081.25 1460.16 791.67 392.05 3622.22 1416.25 41.17 46324.94 3104.29 7889.44 69203.44
6220.00 2337.50 1917.07 1117.86 282.54 1911.11 1206.25 36.94 65236.27 5224.49 1847.20 87337.23
2160.00 1368.75 1273.17 219.05  326.97 355.56 1150.83 8.71 25704.36 1473.67 2329.81 36370.88
340.00 2837.50 928.46 696.43  286.01 2533.33 842.92 37.56 27434.89 3492.86 2310.56 41740.52
1280.00 1318.75 625.20 205.95 206.76 1455.56 79.17 1256 6333.36 824.69 829.19 13171.19
2400.00 656.25 511.38 196.43  292.23 866.67 71.67 1418 7308.11 1548.16 2090.68 15955.76
440.00 1812.50 411.38 260.71  195.25 7522.22 580.83 22.14 10050.42 2069.59 2923.60 26288.64
640.00 1981.25 604.07 295.24  401.92 44444 24542 23.13 18396.94 796.33 674.53 24503.27
980.00 4437.50 296.75 215.48 75.23 577.78 504.58 3.98 554484 577.35 1577.02 14790.51
1660.00 1056.25 1134.96 425.00 505.12 3844.44 101.25 34.70 1629.61 1765.71 2994.41 15151.45
1520.00 1681.25 710.57 690.48  558.87 533.33 622.92 14.68 12683.93 1288.37 5027.33 25331.73
1660.00 693.75 237.40 292.86  155.94 166.67 138.75 3.48 1162.82 217.35 1186.34  5915.36
. Fe
, 204875.29,
Se , 3.48 As Hg ,
Se Cu Pb Cr Fe Mn ; As ,
, Se Cu Cd Fe Mn ; Cu ,
: ; Pb :
: Zn :
> > > > > > Cr ,
> > > > ; Se :
> > > > > : Fe ,
> > > : ; Mn
Fe>Mn> ; Ba

Ba>Zn > Cr > Cu > Pb > As > Se > Cd > Hg,

Fe

( Fe
( Cu

Hg

Mn

3466

Ba Zn
Pb Cd Hg As

)

),
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Fig.2 The cluster tree of macroalgae
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TRACE ELEMENTS OF SPRING AND WINTER MACROALGAE IN LIUSHA BAY

ZHANG Cai-Xue, BAI Fu-Jin, SUN Xing-Li, CHEN Chun-Liang
(Ocean Resources and Environments Monitor Center, Gangdong Ocean University, Zhanjiang, 524088)

Abstract Concentrations of As, Se, Cu, Pb, Zn, Cd, Cr, Fe, Mn, and Ba in 21 macro-algae from Liusha Bay (the west
of Xuwen Country, Guangdong Province) in spring and winter 2008 were determined by Atomic Fluorescence Analyzer
(AFA) and Inductively Coupled Plasma Mass Spectrometer (ICP-MS). The results show that the concentration of heavy
metal was enriched in different algae. For example, Gracilaria conferuoides had the highest concentration of As, Cu, Pb,
Cr, Se, Fe, Mn, at 8.9, 34.35, 24.26, 68.12, 12.04, 26777.2, and 400.16mg/kg; and Nemacysti Decipientis, Sargassum
thunbergii, Gelidium amansii, Asparagopsis taxiformis for Hg, Zn, Cd, Ba at 6.9, 277.37, 6.77, 127.02mg/kg, respectively.
The order of heavy-metal bioaccumulation degree is: Gracilaria conferuoides > Cladophoropsis herpestica > Ectocarpus >
Nemacysti Decipientis > Sargassum thunbergii > Asparagopsis taxiformis > Enteromorpha clathrata > Corallina pilulifera
> Enteromopha intestinalis > Grateloupia filicina > Monostroma nitidum > Gelidium pacifieum Okam. > Gelidium amansii
> Padina sp. > Ulva stenophylla > Amphiroa anceps Lamouroux > Acanthophora spicifera > Turbinaria ornata > Plo-
camium telfairiae > Cladophora sp.. Moreover, the magnitude order of average concentration of heavy metals accumulated
in different algae is: Fe > Mn > Ba > Zn > Cr > Cu > Pb > As > Se > Cd > Hg, and the bio-enrichiable nutrients elements
are richer in the algae than toxic elements. Different algae are very different in the bioaccumulation coefficient varying
from several to hundreds of thousands of times, and so for each species for different heavy metals. The highest value was
found in Gracilaria conferuoides for Fe enrichment with bioaccumulation coefficient at 204875.29, followed by Nemacysti
decipientis for Hg at 13800.00; and the least one was Cladophora sp. for Se at only 3.48. No individual alga had strong
accumulation of every heavy metal. Cluster analysis showed that Gracilaria conferuoides was the strongest one capable of
bio-accumulation, and can be selected to treat heavy-metal polluted waters. However, to remedy large-area heavy-metal
contaminated waters, combination of several capable algae is recommended for better ecological restoration.

Key words Liusha Bay, Macro-algae, Heavy metals, Accumulation, Eco-remediation



