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Abstract

Objective: To study wholesome elements and heavy metals in red soybean of
Heilongjiang Province. Methods: Samples preparation with hydrodigestion,
and twenty-four elements quantitative analysis in red soybean by inductively
coupled plasma mass spectrometry technique (ICP-MS) with indium, plati-
num, ruthenium as internal standard. Results: The red soybean contained
many elements necessary to human health, the sequence of elements (higher
than mg/kg) was K > Mg > Ca > Fe = Zn > Na > Mn > Ti > Cu > Sr = Ni >
Ba > Mo. Besides the trace elements, the contents of heavy metals were very
low than National standard. With reference standard substance and added
standard recovery for the quality control of analytical method, the results
were credibility, recovery 85% - 114%, the detect limit 0.2 - 20 ng/g, linearity
range 0 - 200 pg/g (r > 0.999), RSD (n = 6) < 9%. Conclusion: The estab-
lished method could be applied to the element quantitative analysis in food,
simple and high sensitivity.

Keywords
ICP-MS, Red Soybean, Wholesome Elements, Heavy Metals

1. Introduction

Red bean has been considered as the world’s healthiest food for its pharmaco-

logical effects [1] [2]. It contains high protein, fat, vitamin, microelement and

thick fibre. Red soybean is rich in microelement such as zinc, copper, magne-

sium, selenium and phosphorus [3] [4] [5].

Various beneficial trace elements are

involved in the normal metabolism and healthy development of human body

[6]. In the past, the research on the trace elements of red bean was mostly li-
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mited to several elements, but the research on its total elements contents was
rarely reported. In this paper, ICP-MS/AAS was used to determine the content
of 24 elements in red bean, providing basic data for scientific use of its medicinal
value, development of drugs, food, health products and analysis of local soil and

other environmental problems.

2. Experimental Procedure

2.1. Materials and Reagents

Dried seeds of red bean were collected from Heilongjiang provinces of the
People’s Republic of China (PRC). After collection, the beans were rinsed 3 - 5
times with deionized water and dried in an oven to obtain constant weight. The
seeds were then crushed to powder with the help of a Micro plant sample pulve-
rizer (TEST FZ102, Tianjin of China). The powder was sieved using 100 mesh to
facilitate digestion.

Multi element mixed standard samples of Ag, As, Ba, Ca, Cd, Co, Cr, Cu, Fe,
K, Mg, Mn, Mo, Na, Ni, Pb, Sb, Se, Sn, Sr, Ti, Tl, V and Zn were bought from
SPEX of USA (100 mg/l). Internal standards (10 mg/l) In, Pt and Ru were also
bought from SPEX of USA. Standard of boron (100 mg/1) was bought from Na-
tional standard material center. Standard substances of poplar leaves GBW07604
(GSV-3) and tea GBW07605 (GSV-4), nitrate (GR, Jing Rui company of Suz-
hou), perchloric acid (GR, Shanghai Jinlu Chemical Co. Ltd.), liquid argon
(>99.99%) and purified water (>18 M(Q)) were also used.

2.2. Instrumentation

Parameters of Inductively Coupled Plasma Mass Spectrometry (ICP-MS) (X-7,
Thermo Electron Corporation of USA): Hoisting speed of sample 1.0 ml/min,
atomizer cooling temperature 3°C, Argon gas pressure 0.6 MPa. The other main
parameters of ICP-MS have been presented in Table 1.

Parameters of Avanta atomic absorption spectrophotometer (GBC Co., Aus-

trilia) have been presented in Table 2.

2.3. Preparation of Samples

By using an electronic balance (Ohaus AR1140, USA, +0.0001 g) 1.0 g of red
bean sample was accurately weighed. 10 ml of HNO; was added to it and digested

Table 1. Other prameters of ICP-MS.

Item Parameter Item Parameter
Forward power 1200.00 Analogue Detector 2260
Cool 13.00 PC Detector 3685
Nebuliser 0.88 Focus 19.60
Auxiliary 0.75 Horizontal 3.00
Sampling Depth 25.00 Vertical 311.00
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Table 2. The main parameters of AAS.

Elements W?X;/lzlgth Currirll)t /::::nsity slit/nm Fuel/l/min

K 766.5 5 0.5 1.9
Mg 285.2 4 0.5 1.6

Ca 422.7 6 0.5 2.0

Fe 248.3 8 0.2 2.0

Cu 324.7 3 0.5 1.8
Mn 279.5 5 0.4 1.9

Na 589.0 6 0.5 1.6

Zn 213.9 4 0.5 2.0

on a temperature controlled electric heating plate (Lab Tech, EG35B). PTEF
(polytetrafluoroethylene) was carried out at 120°C for 2 h by adding 10 ml H,O,,
and digesting at 190°C continuously (Graphite cover heating digestion instru-
ment, Lab Tech, EHD36 with glass digestion tube).

After digestion 10 ml purified water was added and the liquor changed to yel-
low or colorless. Heating was continued until a volume of approx. 2 ml reached
for removing acids, cooling and setting the volume to 10 ml with purified water

for determination.

2.4. Linearity

The standard solution of mixed elements with equal concentration was diluted
into 0, 1, 5, 10, 50, 100 and 200 ug/L standard series with 1% nitric acid solution.
The internal standard elements In, Pt and Ru were prepared into 20 ug/L. Under
the optimized instrument conditions, 22 elements have linear regression over

0.999 in the concentration range of 0 - 200 ug/L.

2.5. Recovery and Repeatability

The recoveries of standard tea were investigated. The standard added samples
were treated in parallel with the experimental samples, The results show that the
recovery of each element is in the range of 85% - 114%. Six parallel samples were
detected simultaneously, and the RSD was less than 9%. The results are shown in
Table 3.

2.6. Detection Limit

The blank response values of 24 target elements on ICP-MS were used to deter-
mine their detection limits. The detection limit was 0.2 - 20 ng/g, which indi-
cated that the detection limit met the requirement of accurate quantification of

target elements in red beans. The results were shown in Table 3.
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Table 3. Contents of 24 kinds of elements in standard substances and red soybean
(mg/kg).

oropes lowes  Recovery RsD% S0E
»Na 39.8 44+ 4 211 200 = 10 90.5 8.6 20 12.5
*Mg 1684 1700 +£100 6513 6500 + 300 99.0 8.3 20 1755
¥K 16,596 16,600 £ 600 13,916 13,800 + 400 99.9 7.9 20 13,112
“Ca 4332 4300+200 18,330 18,100 + 700 100 5.6 20 415
Ti 26.2 24+3 21.2 204 +1.7 109 4.3 20 8.61
2Cr 0.83  0.80 +0.02 0.55 0.55 £ 0.05 99.7 4.0 20 0.058
“Mn 1284 1240 +40 45.0 45+2 103 3.8 20 11.7
*Fe 252 264 + 10 255 274 £ 10 91.6 6.1 20 25.6
¥Co 0.19  0.18 £0.02 0.46 0.42 +0.02 96.5 3.1 2 0.069
Ni 5.03 46+0.3 2.01 1.9+0.2 112 4.6 10 3.85
Cu 20.3 173 +1.0 9.66 9.3+05 111 3.7 10 5.72
“Zn 30.8 26.3+0.9 40.0 37+1 114 4.6 10 24.1
7As 024  0.28 £0.03 0.32 0.37 £ 0.06 85.7 5.4 2 0.011
88e  0.065 0.072 0.13 0.14 £ 0.01 89.3 5.0 20 0.015
Sy 13.5 152 +0.5 158 154 5 91.8 3.0 2 4.74
“Mo  0.035 0.038 £0.006 0.17 0.18 £0.01 92.1 2.8 2 1.68
7Ag  0.016 0.018 0.012 0.013 88.8 1.9 10 <0.004
MCd  0.048 0.057 £0.008 0.32 0.32 £0.05 90.1 2.3 2 0.0059
18Sn - - - - 93.4 3.2 10 0.025
2ISb  0.051 0.056 +0.005 0.044  0.045 + 0.005 91.1 2.9 1 0.013
37Ba 59.2 58+3 27.0 26%2 102 1.7 10 2.75
Sy 0.85 0.86 0.58 0.64 98.8 4.8 20 0.019
20571 - - - - 94.9 2.1 1 0.0057
208pp 4.11 4402 1.45 1.5+£0.2 93.4 3.2 1 0.025
Note: “-” in the table indicates that there is no quantitative value.

3. Discussion
3.1. Elemental Analysis Interference

ICP-MS can detect elements by mass spectrometry after ionization, and there is
interference of compound ions with the same mass-charge ratio and other iso-
topes. Moreover, the presence of nitric acid, phosphoric acid or sulfuric acid can
also produce interference ions. Nitric acid is better, so the excess acid should be
removed as far as possible after sample digestion. The interference can be re-
duced by choosing other isotopes of the elements to be measured, using instru-
ment collision pool technology and adjusting the position of sampling cone. The

existence of high concentration of Na, K and other ionizable elements will
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greatly increase the number of electrons, which will lead to plasma equilibrium
transition and matrix interference. The content of Na and K in the experimental

system is high, so it is necessary to dilute the sample properly.

3.2. Internal Standard Elements and Selection of Digestion System

It is easy to cause large systematic error as the matrix of sample solution is com-
plex. Elements In, Pt and Ru were used as internal standard correction to ana-
lyze all samples, and their response values were between 80% and 90%. This in-
dicated that the interference changes were stable and the data correction was
credible. Internal standard can select elements with similar quality which are not
contained in the sample. The existence of internal standard elements with large
mass in solution can easily lead to errors in correction results. At present, the
main pretreatment methods for element determination are wet digestion, mi-
crowave digestion and dry ashing. Dry ashing method is complex, time-consu-
ming and has a large loss of elements. However, the wet digestion method is rel-
atively simple and has little loss of elements. Two kinds of devices, electrother-
mal plate-PTFE cup and graphite electrothermal digestion instrument-glass
tube, were compared. The results show that in nitric acid-perchloric acid (3:1)
system, the blank of electrothermal plate-PTFE cup digestion is 4 - 5 times lower
than that of glass digestion tube. As glass digestion tube has stronger ability to
absorb elements than PTFE cup, the recovery rate of elements becomes worse
after deducting the blank of experimental data. Therefore, the electrothermal
plate-PTFE cup device is the best choice for digestion, and the cup capping can

achieve better reflux effect.

3.3. Trace Elements in Red Bean

Concentration of 24 elements present in red bean have been presented in Table
3. The results showed red beans contained many beneficial trace elements for
human health, the descending order of trace elements in red beans are K > Mg >
Ca >Fe = Zn > Na > Mn > Ti > Cu > Sr = Ni > Ba > Mo, and other elements
were all lower than 1.0 mg/kg, especially the contents of heavy metals such as As,
Pb, Cd, Cr and Se were very lower than National standard (National Standard of
the People’s Republic of China 2005).

4. Conclusion

The results obtained in the present research shows that red beans contain many
beneficial trace elements for human health. Heavy metals such as As, Pb, Cd, Cr
and Se in red beans are much lower than National standard, which proved that
red bean is a safe food. The quality of red beans from Heilongjiang provinces
shows that the soil and other environments of Heilongjiang are relatively good

and agricultural products were relatively green.
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