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Trace metal contents in Enteromorpha and Sargassum from South Yellow Sea China
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of Sciences Beijing 100049 China)

Abstract: In this research the contents of As Cd Cr Cu Mn Pb and Zn in Enteromorpha and Sargassum were deter—
mined by the Inductively Coupled Plasma Optical Emission Spectrometry ( ICP-OES) . The accumulation coefficients of
the metals were compared and the principal component analysis was performed. The results indicated that the average
contents of trace metals in Enteromorpha followed the order: Zn > Cu = Mn > As > Cr > Cd > Pb while in Sar-
gassum they followed the order: As > Zn > Cu > Mn > Cd > Cr > Pb. The accumulation coefficients in Entero—
morpha followed the order: Cu > Cr = Cd > Zn > Mn > As > Pb while in Sargassum they followed the order: As
> Cd > Cu > Zn > Cr > Pb = Mn. The recoveries of target metals in the two certified reference materials used in
this research 1i. e. Porphyra and Spirulina were 81.95% ~108.75% and 81.43% ~109.74% respectively; the re—
sults of spike recovery test on the two reference materials were 87.88% ~104.76% and 86.11% ~112.29% respec—
tively. The linear correlation coefficients of the standard working curves were all greater than 0. 999. The method has
high sensitivity and is easy to operate which is suitable for detecting the contents of trace metals in algae.

Key words: ICP-OES; trace metals; Enteromorpha; Sargassum; South Yellow Sea
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Fig. 1 The sampling locations in the South Yellow Sea
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1 x10°°C ) n=3
Tab. 1 The contents of metals in Porphyra and Spirulina  x 10 ~( dry weight) n =3
As Cd Cr Cu Mn Pbh Zn
27 £6 0.57+£0.05 2.4£0.04 12.2%1.1 68 +3 2.05+0.15 282
23.66 0.5 2.61 11.29 60. 12 1.68 26.09
(%) 87.63 87.72 108.75 92.54 88.41 81.95 93.18
RSD/( %) 3.61 2.37 1.13 1.21 3.24 4.73 1.57
0.22+0.03 0.37£0.03 1.5020.13 7.7+0.6 31.7=1.2 2.820.2 422
0.21 0.34 1.57 8.45 27.73 2.28 38.73
(%) 95.46 91.89 104. 67 109.74 87.48 81.43 92.21
RSD/( %) 2.75 3.06 3.13 2.89 1.75 4.26 1.66
2.2
87.88% ~104.76% 86.11% ~112.29%
NH=2 NH9
2, o
2 x107°C ) n=3
Tab. 2 The determination of recovery ~x 10 ~®( dry weight) n =3
As Cd Cr Cu Mn Pb Zn
NH=2 3.64 0.49 5.86 13.39 9.59 0.15 33.97
5.00 0.50 5.00 10.00 10.00 0.50 20.00
8.25 0.87 9.87 21.35 20.13 0.59 56.54
/(%) 95.49 87.88 90. 88 91.28 102.76 90.77 104.76
NH-9 136. 50 3.76 1.43 15.48 10.40 1.24 38.28
100. 00 5.00 2.00 20.00 10.00 2.00 30.00
205. 40 8.34 3.47 39.84 18.87 2.79 70.76
/(%) 86.85 95.21 101.17 112.29 92.50 86.11 103. 63
2.3
As.Cd.Cr-Cu-Mn.Pb Zn
7 3 2, o
3 x 10 ~%( ) n=3
Tab. 3 The contents of metals in Enteromorpha and Sargassum — x 10 ~%( dry weight) n =3
As Cd Cr Cu Mn Pb Zn
NHA4 3.73£0.127  0.27 £0.007 2.85+0.076 13.74 +0.397 10.27 £0.267 0.23 +0.005 51.38 +2.311
NH=2 3.64+0.095 0.49+0.012 5.86 +0.269 13.39 +0.596 9.59+0.112 0.15+0.003 33.97 +0.836
NH3 4.84+0.121  0.54 +0.026 5.27 £0.213 15.22£0.654 15.18 +0.616 0.22 +0.010 62.47 +1.758
NH-4 8.78 +0.319  0.53£0.022 3.26 +0.161 11.61 £0.492 19.67 £0.865 0.11 £0.004 44.76 +2.012
NH-5 8.91+0.389 1.3520.057 2.24+0.102 16.65+0.816 17.08 £0.795 0.26 +0.011 30.13 =1.213
NHA0 4.25+0.171  1.42+0.046 2.42 £0.096 25.50 £1.211 16.33 +0.748 0.84 +0.033 52.30 +1.985
5.69 0.77 3.65 16.02 14.69 0.3 45.84
NH-6 83.75+3.123  2.82%0.126 0.76 £0.029 5.51 £0.271  5.66+0.198 0.92 +0.041 25.24 +1.125
NHZ 124.31 £2.177 4.13 +0.156 1.01 £0.036 11.35=0.511 10.39 +0.423 0.27 +0.012 52.75 +1.984
NH-8 98.62 +2.020 3.08 +0.124 1.02£0.024 5.77 £0.271  4.31+0.199 0.39 +0.085 19.91 +0.873
NH9 136.50 £1.992  3.76 +0.113 1.43 £0.051 15.48 £0.511 10.40 +0.486 1.24 +0.057 38.28 +1.266
110.79 3.45 1.06 9.53 7.69 0.7 34.04
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Fig.2 The contents of metals in Enteromor—

pha and Sargassum
(1) As
5.69 x 10°°
110.79 x10°°%; Zn
45.84 x10°°  34.04 x107% Mn.Cu
Mn
7.69 x10°° Cu

9.53 x10°° Cd.Cr

14.69 x10°°
16.02 x107°
Cd
0.77 x10™®  3.45x10°° Cr
10°° 1.06 x10°°; Pb
0.30 x10°°
(2) Zn
30.13 x 107° ~62.47 x107°; Cu
Mn 11.61 x10°° ~25.50 x 10 ~°
9.59 x10°° ~19.67 x 10 %, As.Cr
3.64x10°° ~8.91 x107°.2.24 x10°° ~5. 86 x
107% Cd.Pb 0.27x107° ~1.42
x107°.0.11 x 10™° ~0.84 x 10 %, 7
Zn > Cu = Mn > As >
Cr > Cd > Pb Zn Pbh 153
o As
83.75 x107° ~136.50 x 10 ~°; Zn
19.91 x10°°~52.75x10 ™%, Cu  Mn
5.51x107°~15.48 x10™° 4.31x10°°

3.65 x

0.70 x10°°,

~10.40 x107°%; Cd 2.82x10°° ~4.13

x107% Cr.Pb 0.76 x10°° ~
1.43x107°% 0.27x10°°~1.24x10°°,
7 As > 7/n
> Cu >Mn > Cd > Cr > Pb As
Pb 158 .
40 5
Mn.Zn.As.Cu

As >7n > Mn > Cu > Cr = Cd

6

<)

As. Mn-.
Zn.Cu o
( ZnMn.Cu )
( CrPb )
As Farias
As
8
100 . ’

Cr'*.Pb**.Cd*"

Pb. As
(GB19643-2005 » Pb
<1x107° As( ) <1.5x107°%
Pb
o As As( III)
As( V)
As o
NH40
1 Cu.Pb
2016
149t " . NHT



2 181
4 x107%(C )
Tab. 4 The comparison of trace metal contents with other sea area  x 10 ~®( dry weigh)
As Cd Cr Cu Mn Pb Zn
5.69 0.77 3.65 16.02 14.69 0.3 45.84
110.79 3.45 1.02 9.53 7.69 0.7 34.04
9.87 0.54 0.44 6.21 21.03 — 16.91
86.49 0.49 0.5 4.89 6.49 — 16.13 i
141.5 2.83 8.53 3.68 138.5 0.86 32.6 6
3.87 2.12 21.88 13.41 122.73 4.25 40.16
3.62 4.98 18.96 22 158.33 6.66 277.37 14
— 1.1 — 2.4 233.5 2.8 15 15
— 0.05 1.45 0.28 38.33 0.10 73.32 16
As.Cd.Cr.Cu-Mn.Pb.Zn
. 2.27x107°.7.61 x107".3.41 x107"°.1.38
v 2015 5 x1077.3.95 x 10 7°.3.61 x 10 "°.6.06 x 107,
5.
o Davis (1) Cu
8 11607  Pb
836 Cu >
Cr = Cd >Zn > Mn > As > Pb, (2)
As 48805  Mn.Pb
4 ( NH-6.NHY.NH-8.NH-9) 1950.
o As >Cd > Cu > Zn > Cr >
2.4 Pb = Mn As.Cd

20

1. 025 g/cm’

5

5

Tab.5 Average accumulation coefficient of heavy mental in Enteromorpha and Sargassum

Pb\

As Cd Cr Cu Mn Pb Zn

NH-4 1643 3548 8358 9957 2600 637 8479
NH=2 1604 6439 17185 9703 2428 416 5606
NH3 2132 7096 15455 11029 3843 609 10309
NH4 3868 6965 9560 8413 4980 305 7386
NH-5 3925 17740 6569 12065 4324 720 4972
NH-0 1872 18660 7097 18478 4134 2327 8630

2507 10074 10704 11607 3718 836 7564
NH-6 36894 37057 2229 3993 1433 2548 4165
NHZ7 54758 54271 2962 8225 2630 748 8705
NH-8 43436 40473 2991 4181 1089 1080 3285
NH-9 60132 49409 4194 11217 2633 3435 6317

48805 45302 3094 6904 1946 1953 5618
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Fig. 3 Factor loadings of metal concentrations in En—

teromorpha and Sargassum
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