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Abstract: It is important to study the trace element contents and transference characteristics and element
speciation in the extract of Ganoderma atrum for the quality control and reasonable exploitation. In this experiment
the contents and speciation of more than ten elements in Ganoderma atrum were simult aneously determined with
microwave assisted digestion of sample combined with inductively coupled plasma mass-spectrometry (ICE-MS) .
The dissolution percentage of trace element in different solvents were also studied and the veracity of the analytical
results were validated with CRMs under the same conditions. The results indicated that the dissolution percentage of
most elements in solvents were increased with its polarities. In the aqueous solution of the Ganoderma atrum, the
extraction percentage of Cu, Mn, Fe, Zn were all lower than 40% . The recoveries of the elements were ranged from
88.2% to 110. 6% .
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Tab. 1 Instrumental parameters of ICE-MS
Parameters Value Parameters Value
1350 W 16 L * min-!
1.0 mm 0.4mm
7.5 mm 3
IL* min~' 0.8 amu
1.2L* min~' 0.1s
1.0 mL* min-! 0.3s
1.4
1-4- 1 IS 45”‘/\.» %n—ﬁ]_/”/\.» é’fjlfj\%ﬂ?ﬁ/ﬁji
, 0.45 Em

1
HRaA
‘ 200 mL ESEK, FHE L K FRE 40min
S C Rt B
W TR 100wl BFE4/5
; ¥ 200mL ﬂﬂﬂ;ﬁﬁ&ﬁ 30 min
ZRRAE B¥D

WEEA100mL

SRRY, o045 um BR
(R mol-L™' HNO, %MD

AEEF BRBHEG
1

Fig. 1 Course of operation of dissolved species and

suspension species

A~ G, , 50 mL,
ICEMS , ,
1.4.2 AMEFH L &N T
D101 s 24h
(1+ 99) 50 mL ,
F D101
, (1+99) 5 mL* min' ,
50 mL ,
1.4.3 ARRMMEEMNGEE Tk
1.000 0 g s
15 mL,
24 h, s 3,
, 70°7TC , ,
1.4.4 RO TE
0.2000 g,
T eflon s 5 mL,
, Mk
, 15 MPa 5 min
s , 30% I mL,
10 MPa , 3 min R
50 mL , 50 mL
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Tab. 3 Detection limits (P/nge L-1)
Flement Detection Flem ent Detection ] ement Detection
limit limit limit
A% 0. 006 Mn 0. 06 Cr 11.6
Pb 0.23 Ni 0.43 Zn 13.97
Cu 0.72 Co 0.008 5 Se 145.7
Sr 0. 065 Mo 2.40 Fe 360. 4
Cd 0.2 As 2.03

Pb 0.67, Mn 46.57,Ni 0.89,As 0.080, Mo 0. 081

?

3
s 5 mL
2
2.1
GBW 07603 GB 07605, 2,
s 88.2%
~ 110. 6%
2 (n=3,p/Hge g 1)
Tab. 2 Analyt. results of the CRMS
GBW 07603 and GBW 07605
GBW 07603 GBW 07605
Busah GBW07603 Tea GBWO07605
Elem ent b b
Standard Determin ed Standare Determ ined
value value value value
\% 2.4%0.2 1.7%0.1 0.8 0.74%0.05
Cr 2.6X0.1 2.7210.1 0.80%0.02 0.93%0.1
Mn 61%3 58+3 1240140 1148 +60
Fe 1070%40 994+10 264110 247120
Co 0.41%0.03 0.43%0.09 0.18%0.02 0.16%0.01
Ni 1.7%0.2 1.4%0.2 4.6%0.3 4.0%0.2
Cu 6.6X0.4 6.1%0.4 17.31x1.0 16.9%0.16
Zn 5512 492 26.3%0.9 24.7%2.5
As 1.25%£0.10 1.47%0.05 0.28%0.03 0.29%0.2
Se  0.12%0.02 0.20%0.07 0.072 0.056%0. 1
Sr 246110 234130 15.2%0.5 12.1%1.0
cd 0.38 0.46%0.02 0.05730.008 0.071%0. 008
Pb 47%2 43%2 4.4%0.2 4.1%0.2
) Xx(s/Jn)
Note: Determined values are calculated by the for mula X £
(S/Jn).
2.2
10, 20, 40, 80, 100, 150, 200 Hg * L
HNOs3(2+ 98),
0.999
, HNOs(2+ 98)
11 30 3
2.3
2
o
ICE-MS , (Mg
g ') V 0.12,Fe75.74, Cu 11. 13, Se 0. 013,

Cd 0. 30, Cr 3.00,Co 0.06376,Zn 19.31,Sr 4.77,
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(%) = szloo
,C (Mge g ), C
(Hg* g )
4 2 o
40% ,
2.5
1.4.3 ,
A 2.5010g,B 21895g,C 100 mL,
D 1.6420gE 100mL G 0.0133 g,
5
2.6
2 5 2 lSJ,
CTV(%) = gt X 100
T2 %) = Wﬂ.gExloo
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Tab. 4 The extraction percentage of trace element in different solvents

CHCl; extract

Ethyl acetate extract

Acetone extract

Ethanol extract

Water extract

G. Atrum
Element total Am t E xtraction Am t Extraction Am' t Extraction Am't Ex traction Am t Extraction
(P/Bge g=1)  remained rate rem ained rate remained rate rem ain ed rate remained rate
(AMgs g ) (%) (PMgs g ) (%) (AHg= g ) (%) (Plg* g ) (%) (PMgs g ) (%)
Cr 3.00 0.8951 70. 16 0.980 3 67.32 0.474 7 84. 18 0.868 7 71.04 0.425 6 85. 81
Mn 46. 57 40. 03 14.04  41.92 9.98  39.2572 15.70  40.305 2 13.45 33.2313 28. 64
Fe 75.74 50. 46 33.38 60.19 20.53 45.469 4 39.97 33.438 6 55.85 46.874 8 38. 11
Co 0.063 76 0.054 31 14. 82 0.035 3 44. 64 - - 0. 061 7 3.23 - -
Ni 0. 89 0.6850 23.03 0.461 2 4818 0.435 3 51.09 0.535 5 39. 83 0.603 0 32.25
Cu 11. 13 10.585 1 4.90 10. 847 6 2.54 10. 647 6 4.33 10.329 0 7.20 10.453 9 32.25
Zn 19. 31 16. 37 15.23 6.02 68. 82 19.01 1.55 16.424 0 14.95 15.54 19.52
Sr 4.71 4.25 10. 90 4.181 1 12.35 4.184 0 12.29 3.79%5 0 20. 44 3.687 3 22.70
Cd 0.300 3 0.2055 31.50 0.212 1 29.30 0.208 4 30. 53 0.208 1 30. 63 0.200 5 33.17
Pb 0. 67 0.3971 40.73 0.422 7 36.91 0.478 8 28.54 0.457 4 31.73 0.370 5 44.70
5
Tab. 5 'The resut of speciation analyss of trace elements in G. Atrum
A B C D E G
Element (FHge 1) (mge L) (Mg &) (mge Loh)  (Pge oy RN T wbon
(Amge+ L-1)
Cr 3.00 2.249 0. 001 2.46 0.004 3 2.6425 0. 006 689 0. 048 92
Mn 46.57 28. 448 0.2139 28.47 0.037 71 2.2836 0.002 91 0. 002 029
Fe 75.74 50. 809 0.2129 94.73 0.2852 31.500 0. 068 48 0.695 4
Co 0. 063 76 - 0. 000 1 - 8.82x 10-5 - - -
Ni 0.89 0.616 0.0155 0.45 0. 008 66 2.0423 0.009 197 0.009 834
Cu 11.13 9.588 0.0425 10. 56 0.063 67 7.2276 0.004 117 0.006 218
Zn 19. 31 18. 365 0.189 2 19.74 0.149 3 28.3309 0. 048 08 0.131 6
Sr 4.71 3,111 0.0273 2.88 0.012 49 - 0.001 311 0. 000 569
Cd 0.300 3 0. 199 0. 000 2 0. 206 - - 5.86x 10-© -
Pb 0.67 0. 607 0. 006 2 0.32 0.007 6 2.324 1 0. 002 558 0.015 02
cQi= T/Li= —%:IIZE Lila Q@ 0Q ’
P 5
We ¢ Px
Q2= T2/L2 = Woo Po X 100 > .
T T+ T
0= L.~ L2 - 3
Wce Pc+ We* Px
Wnpoe Po ,
W 3 P
s
5
6 ) )
T, T- T )
P D
, Ti> T,
T , (T 4% 466 M)
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2 3 4 10
BY 18] ¢ / min
1 (a) 80% (b)

Fig. 1 Electropherograms of standard mixture (a) and
80% (V/V) ethanol extract of Chrysanthem indicum L(b)
1. ( Acacetin) 2. (Luteolin)

3. (Quercetin)

97. 9% ~ 102. 4%
94. 7%~ 105.3% 96.5% ~ 103 8%
2.7

1 (n=15)
Tab. 1 Analyt. resuts of sample

Content RSD

Components (%)
(Amg* g~ 1)

3.05 3.30

0.85 3. 66

2.22 3.42
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Tab. 6 The analytical parameters of primary speciation of trace elements in G. Atrum
T T T L L
Element (%]) (%2) (%) (%1) (%2) 3 e ¢
Cr 1.33 5.73 7.06 65. 63 53.84 17 49.24 17.9.39 17 7.62
Mn 18. 36 3.24 21. 60 53.48 40. 14 17 2.91 17 12.40 17 1. 86
Fe 11.24 15. 06 26. 30 58.73 82.11 17 5.23 17 5.45 10 3.12
Co 6.27 5.53 11. 80 1.37 2.06 17.0.22 17 .0.37 1. 0.17
Ni 69. 64 38.91 108. 54 . 59 33.20 10 0.87 1. 0.85 1. 0.31
Cu 15.27 22.87 38. 14 75.42 62.29 10 4.94 10 2.72 17 1.63
Zn 39.18 30.91 70. 09 83.26 67.12 10 2.13 10 2.17 1: 0.96
Sr 22.88 10. 47 33.35 57.10 39. 64 17 2.50 17 3.79 17 1.19
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