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Comparative Study on Heavy Metals  
Analysis in Mongolian Medicine Based 
on High Sensitivity X-ray Fluorescence 
Spectroscopy and ICP-MS

The contents of Pb, Hg, As, Cr, Fe, Cu, 
Ba, and Cd in five traditional Mongolian 
medicines (Garidi-5, Susi-7, Yihe-12, Zadi-
5, and Alatanaru-5) were determined by 
X-ray fluorescence (XRF) spectroscopy. 
The results were compared with those 
obtained by inductively coupled plasma–
mass spectrometry (ICP-MS). According 
to the fundamental parameter (FP) ap-
proach in XRF, the response signal value 
was converted into the element content 
value using computer software. The 
method was stable and fast, not requir-
ing pretreatment processes. When the 
content of metal elements was below 
2.0 mg/kg, the relative standard devia-
tion (RSD) of the precision test was be-
tween 5.49–20.0%. When the content 
was above 2.0 mg/kg, the RSD of the 
precision test was less than 4.96%. The 
limits of quantitation (LOQ) of As, Cd, and 
Pb were all below 0.1 ppm, the limits of 
quantitation of Cr, Cu, Ba, and Hg were 
below 1 ppm, and the limit of quantitation 
of Fe was 1.525 ppm. The standard ad-
dition method was used in the accuracy 
test, and the recoveries of the other seven 
elements were all within 85–130% except 
Hg. Because Hg was easy to volatilize, the 
recoveries were low but above 68.4%. 

Ling Gao, Donghua Di, Xiaojing Liu, and Fei Teng 

Mongolian medicine is the 
crystallization of Mongolian tra-
ditional nomadic culture, which 

was created, accumulated, and selected 
by the Mongolian people in the long-
term practice of fighting against nature 
and disease for thousands of years. As 
one of the four major minority medicine 
systems in China, Mongolian medicine 
has an unique style (1). Garidi-5, Susi-7, 
Yihehari-12, Zadi-5, and Alatanaru-5 are 
commonly used in Mongolian medicine. 
Garidi-5 (2) comes from what is known 
as the “Four Medical Classics.” It is com-
posed of musk, processed Radix aconiti 
kusnezoffii, Rhizoma calami, Aucklandia 
(Saussurea), and Terminalia chebula. 
Susi-7 (3) also comes from “Four Medi-
cal Classics,” which is comprised of bear 
gall, Forsythia, Processed wood turtle 
seed, Ophiopogon japonicus, Rhizoma 
cyperi, Akebia, and Salvia miltiorrhiza. 
Yihehari-12 (4) is comprised of 12 herbs, 
including black ice flakes, Digda, Ele-
campane (Inula helenium), Carthami 
flos, Picrorhizae rhizoma, toosendan 
fruit, myrobalan (Prunus cerasifera), 
jasmine (Jasminum officinale), Gyp-
sum fibrosum, Rhizoma nardostachyos 
(Nardostachys jatamansi), beef gall pow-

der, and calculus bovis (dried cattle gall-
stones). Zadi-5 (5) comes from the clas-
sic work Selected Edition of Mongolian 
Medicine. It is comprised of nutmeg, 
I. helenium, Aucklandia (Saussurea), 
Choerospondiatis fructus, and Piper 
longum. Alatanaru-5 (6) comes from the 
classic works of Mongolian medicine, 
such as Selected Edition of Mongolian 
Medicine, Encyclopedia of Mongolian 
Medicine, and Study of Mongolian 
Medicine Prescriptions. It is comprised 
of myrobalan (P. cerasifera), pomegran-
ate (Punica granatum), gac (Momordica 
cochinchinensis), trogopterori faces ex-
tract powder, and black ice flakes. Mon-
golian medicine is good at using animal 
medicine, mineral medicine or animal 
medicine and plant medicine after cal-
cination and processing, such as black 
ice flakes, trogopterori faces, Gypsum 
fibrosum, beef gall powder, bear gall, 
processed R. aconiti kusnezoffii, and 
processed wood turtle seed. These fac-
tors increase the chance of introducing 
heavy metal elements harmful to human 
body into the drugs. In recent years, the 
development of Mongolian medicine 
has been affected by many aspects, 
including the low quality standard of 
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Mongolian medicine, and its safety and 
effectiveness can not be guaranteed 
scientifically and systematically (7). The 
detection and quantitative analysis of 
heavy metals in Mongolian medicine is 
an important guarantee for medication 
safety. In modern Mongolian medicine 
production and processing, because of 
the production technology, processing 
technology, origin environment, and 
other factors, the heavy metal content is 
easy to exceed the standard. This study 
showed the difference between the 
XRF method and inductively coupled 
plasma–mass spectrometry (ICP-MS), 
with the results revealing that XRF spec-
troscopy was fast, accurate, and simple, 
making it the more effective method in 
controlling the limit of heavy metal ele-
ments in Mongolian medicine.

In recent years, as more precision 
scientific instruments are used in the 
quality research of drugs, new meth-
ods for determining heavy metal con-
tent emerge. The most commonly 
used methods are ICP-MS (8–11) and 
atomic absorption spectrometry (AAS) 
(12–14). However, ICP-MS requires that 
the must be digested first, which may 
lead to incomplete digestion and error, 
and the digestion conditions need to 
be accurately controlled, so the opera-
tion is difficult. AAS cannot carry out 
multielement analysis at the same time, 
and the light source must be changed 
when determining specific elements, 
which greatly reduces the efficiency of 
analysis. The X-ray fluorescence (XRF) 
method is favored by analysts because 
of its nondestructive analysis, simple 
sample preparation, environmental 
friendliness, and fast analysis speed. It 
has a broad application prospect in the 
quality control of heavy metals in eth-
nic medicine. In this study, we used high 
sensitive XRF combined with FP basic 
parameter method to analyze eight 
heavy metal elements, such as lead, 
mercury, arsenic, chromium, iron, cop-
per, barium, and cadmium in five tra-
ditional Mongolian medicine prescrip-
tions, including Garidi-5 (GRD-5), Susi-7 
(SS-7), Yihe-12 (YH-12), Zadi-5 (ZD-5) and 
Alatanaru-5 (ALT-5). The results were 

ALT-5 ZD-5 GRD-5 SS-7 YH-12

FIGURE 1: Boric acid edge pressing of Mongolian medicine powder (sample 
designation shown).
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FIGURE 2: Energy spectrum of each element under different energy condi-
tions: (a) low-energy, (b) mid-energy, and (c) high-energy.
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compared with those obtained by ICP-
MS, and the applicability and feasibility 
of XRF method was verified.

Materials and Methods
Instruments and Reagents
A Phecda-He XRF spectrometer (Beijing 
Ancoren Technology Co, Ltd), an Angilent 
7900 ICP-MS instrument (Agilent Technol-
ogy Co., Ltd), a MARS6 microwave digester 
(CEM), a Milli-Q Ultrapure water machine 
(Millipore), and a tablet machine (Tianjin 
Keqi Hi Tech Co., Ltd) were used for this 
study. Boric acid was also used as the ana-
lytical reagent.

X-ray Fluorescence (XRF) Method
Sample Preparation 
The Boric acid edge pressing method was 
used by measuring approximately 4 g of 
the Mongolian medicine sample powder 
(all fine powder passing through 60 mesh 
sieve) into the grinding tool and press-

ing the tablet with the boric acid edging 
method. The pressure was set at 20 MPa, 
the pressure holding time was 60 s, and 
the sample diameter was 30 mm. Figure 1 
shows what the Mongolian sample powder 
looked like after sample preparation was 
completed.

Test Conditions
Because the excitation energy of different 
elements was different, three excitation 
conditions were used for the test. The test 
conditions are shown in Table I.

ICP-MS
Preparation of Standard Solution
The appropriate amount of arsenic, lead, 
copper, iron, cadmium, chromium, barium, 
and mercury reference materials were pre-
pared in a series of standard solutions of 
0.10, 0.50, 1.00, 2.50, 5.00, 10.0, 25.0, 50.0, 
and 100.0 ng/mL, respectively.

Sample Preparation
The sample preparation method was per-
formed as follows: 0.1 g of the sample was 
weighed accurately before 5 mL of nitric 
acid and 1 mL of hydrogen peroxide was 
added. The solution was allowed to soak 
overnight before being digested accord-
ing to the following digestion procedure: it 
was heated for 6 min, then held for 5 min at 
a temperature of 110 °C, heated for 6 min, 
held for 5 min at a temperature of 140 °C, 
heated for 6 min, held for 5 min at a tem-
perature of 180 °C, heated for 15 min,and 
finally held for 10 min at a temperature 
of 210 °C .

When determining iron, precisely 
absorb 1.0 mL of the above solution 
was absorbed and placed in a 100 mL 
volumetric flask before being diluted 
with water. The volume was fixed to 
the scale, shaken, and then precisely 
absorbed 1.0 mL of the solution, which 
was then placed in a 10 mL volumetric 
flask. The solution is then diluted with 
water before being shaken, after which 
then there was a wait for determination.

Test Conditions
The testing conditions were as follows: 
the sample lifting rate was 0.4 mL/min. 
The radio frequency (RF) power was 1550 

TABLE I: Test conditions for different energy levels

Test Conditions Voltage Power Elements 
Determined

Low-energy 15 keV 5 w Cr, Fe

Mid-energy 30 keV 10 w Cu, As, Pb, Hg

High-energy 70 keV 12 w Cd, Ba

TABLE II: Table of precision for test results

Sample Measured Value (mg/kg)

Pb Hg As Cr Fe Cu Ba Cd

ALT-5
Ave. 3.567 0.500 2.903 16.44 9076.7 11.81 134.1 0.126

RSD 2.72% 14.4% 2.31% 3.89% 0.08% 3.05% 0.27% 19.0%

ZD-5
Ave. 0.280 0.723 0.359 0.867 410.7 12.79 23.37 0.157

RSD 17.3% 16.1% 10.8% 18.1% 0.19% 2.67% 0.96% 11.3%

GRD-5
Ave. 0.562 2.198 0.709 11.53 1516.2 29.67 26.58 0.242

RSD 9.17% 2.80% 5.49% 4.20% 0.11% 1.99% 1.02% 9.02%

SS-7
Ave. 0.43 0.834 0.387 1.909 801.7 8.539 13.60 0.138

RSD 20.0% 10.8% 16.9% 11.5% 0.19% 1.02% 1.21% 15.7%

YH-12
Ave. 3.146 2.069 4.890 32.19 9624 81.57 139.3 0.229

4.96% 10.4% 3.00% 3.76% 0.14% 0.63% 0.34% 19.0%

TABLE III: Limits of detection (LOD) and quantification (LOQ) of heavy metals

Cr (ppm) Fe (ppm) Cu (ppm) As (ppm) Cd (ppm) Ba (ppm) Hg (ppm) Pb (ppm)

LOD 0.154 0.508 0.099 0.013 0.017 0.146 0.045 0.025

LOQ 0.462 1.525 0.297 0.039 0.051 0.439 0.135 0.075
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TABLE IV: Accuracy test results

Sample Content Value (mg/kg)

Pb Hg As Cr Fe Cu Ba Cd

ALT-5

Test value after  
adding standard sample

1 5.374 1.210 4.928 22.60 10536 21.61 216.9 0.315

2 5.810 1.203 4.746 21.54 10525 23.11 217.2 0.333

3 5.506 1.137 4.774 20.55 10575 19.45 217.8 0.313

Average value 5.563 1.183 4.82 21.56 10545 21.39 217.3 0.32

Original value 3.567 0.500 2.90 16.44 9077 11.81 134.1 0.126

Amount of standard sample added 2.000 0.800 2.00 10.00 1000 10.00 100.0 0.200

Recovery (%) 99.9 76.7 97.0 70.3 105.2 96.4 87.5 95.8

ZD-5

Test value after  
adding standard sample

1 0.759 0.952 0.950 2.180 792.7 22.20 36.35 0.273

2 0.895 0.988 0.855 2.010 790.8 21.50 36.16 0.289

3 0.755 1.067 0.828 1.778 791.8 26.90 36.14 0.213

Average value 0.803 1.002 0.878 1.989 791.8 23.53 36.22 0.258

Original value 0.297 0.706 0.359 0.867 410.7 12.79 23.37 0.157

Amount of standard sample added 0.500 0.500 0.500 1.000 300.0 10.00 10.00 0.100

Recovery (%) 102.2 71.1 105.2 114.1 119.7 105.8 112.2 100.6

GRD-5

Test value after  
adding reference material

1 1.427 4.557 1.870 18.03 2252 66.56 36.51 0.323

2 1.629 4.367 1.890 21.86 2257 66.53 37.85 0.333

3 1.675 4.463 1.510 17.97 2254 66.79 34.96 0.300

Average value 1.577 4.462 1.757 19.29 2254 66.63 36.44 0.319

Original value 0.562 2.204 0.709 11.53 1516 29.67 26.58 0.242

Amount of standard sample added 1.000 2.000 1.000 10.00 1000 40.00 10.00 0.100

Recovery (%) 102.7 111.7 106.8 80.5 82.7 89.7 99.5 90.4

SS-7

Test value after  
adding standard sample

1 1.088 1.080 0.987 3.361 1483 18.70 22.93 0.209

2 0.988 1.069 0.921 3.657 1484 17.00 23.43 0.246

3 1.049 1.062 1.000 3.895 1482 18.70 22.87 0.269

Average value 1.042 1.070 0.969 3.638 1483 18.13 23.08 0.241

Original value 0.430 0.834 0.387 1.909 801.7 8.54 13.60 0.130

Amount of standard sample added 0.500 0.500 0.500 2.000 600.0 10.00 10.00 0.100

Recovery (%) 126.1 68.4 121.4 85.8 110.1 95.2 96.2 108.6

YH-12

Test value after  
adding reference material

1 5.153 4.418 7.776 56.32 10569 125.5 236.6 0.289

2 5.167 4.406 7.617 56.90 10580 125.3 236.5 0.275

3 5.278 4.252 7.597 57.47 10583 125.3 236.8 0.299

Average value 5.199 4.359 7.663 56.90 10577 125.4 236.6 0.288

Original value 3.146 2.069 4.890 32.19 9624 81.57 139.3 0.229

Amount of standard sample added 2.000 2.000 2.000 30.00 1000 40.00 100.0 0.100

Recovery (%) 101.7 114.0 115.8 83.6 99.5 104.7 98.1 82.0

W. The atomization chamber temperature 
was 2 °C. The helium velocity in collision 
reaction tank was 0.4 mL/min. The inter-
nal standard was a virtual reality system 
comprised of scandium, indium, lithium, 
and bismuth. The acquisition mode was 

a combination of quantitative and rapid 
scanning.

Results and Discussion
Basic Parameter Method
The basic parameter method is a com-

prehensive calculation of the X-ray gen-
eration, monochromation, sample exci-
tation, and detector reception process. 
From the X-ray generation, the filtering 
of the primary X-ray, and the interaction 
between the X-ray and the sample (fluo-
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rescence effect and scattering effect) to 
the response of X-ray detector, there were 
several parameters, such as X-ray param-
eters, monochromatic parameters, optical 
path parameters, interaction parameters 
between elements in the sample, and de-
tector parameters. The core content of the 
basic parameter method is to calculate the 
whole process from the X-ray incident to 
the sample at a certain incident angle to 
the X-ray emission from the sample at a 
certain exit angle to obtain accurate X-ray 
energy spectrum.

The single energy X-ray incident on 
the sample (uniform sample or multi-
layer coating sample) excites the pri-
mary and secondary fluorescence X-ray 
and scattering X-ray produced by the 
elements in the sample. According to 
the principle of X-ray and substance 
interaction and the basic parameter 

database of X-ray and substance inter-
action, the monochromatic X-ray inci-
dent on the sample can be calculated. 
The continuous spectrum of incident 
X-ray can be divided into many frac-
tions according to the energy, and each 
fraction can be calculated as mono-
chromatic X-rays, namely numerical 
integration. Because of the need for 
numerical integration of the continuous 
spectrum, the amount of calculation for 
multiple iterations is large when quan-
tifying unknown samples. Therefore, 
by optimizing the program design, the 
calculation time is significantly short-
ened. 

According to the parameters of each 
step, the theoretical calculation spec-
trum of the whole process of X-ray gen-
eration and reception is calculated. The 
element content (and coating thick-

ness) of the unknown sample is taken 
as the unknown parameters. The calcu-
lated spectrum is fitted with the actual 
spectrum collected by the detector, 
and the error between the calculated 
spectrum and the measured spectrum 
is minimized through iteration. During 
the fitting process, the content of each 
element changes continuously. When 
the fitting is complete, the content of 
each element does not change, which 
is the quantitative value. The obtained 
parameters are used as the element 
content (or coating thickness) of the 
unknown sample.

In the process of testing, the spec-
tra of each element under different en-
ergy conditions are shown in Figure 2.

Precision Test
To conduct the precision test, the 
right amount of Mongolian medicine 
powder was taken and the sample was 
pressed according to the “boric acid 
edge pressing method,” before test-
ing it on the XRF spectrometer. Each 
sample was determined six times. The 
results after fitting by the basic param-
eter method are shown in Table II. The 
results show that the precision was be-
tween 5.49–20.0% when the content of 
the metal elements was less than 2.0 
mg/kg, and less than 4.96% when the 
content is more than 2.0 mg/kg. The 
precision of this method can meet the 
analysis requirements.

TABLE V: Results of element standard curve and linear range

Element Standard Curve
Linear 
Range 

(ng/mL)

Precision 
(RSD)

Accuracy 
(Recovery)

Cr Y = 17462X -917.34, r = 0.9999 0.1–100.0 2.67% 110.5%

Fe Y = 14065X +6741.9, r = 0.9993 0.1–100.0 2.66% 103.4%

Cu Y = 18397X -2398.7, r = 0.9999 0.1–100.0 2.12% 91.2%

As Y = 2196.3X -791.78, r = 0.9996 0.1–100.0 2.27% 124.1%

Cd Y = 3989.8X -1153.5, r = 0.9999 0.1–100.0 2.41% 87.2%

Ba Y = 3626.4X -391.79, r = 0.9996 0.1–100.0 1.70% 104.3%

Pb Y = 25276X -2677, r = 0.9996 0.1–100.0 2.57% 124.5%

Hg Y = 8275.5X -12737, r = 0.9990 0.1–100.0 2.29% 129.4%

TABLE VI: Comparison of results between XRF method and ICP-MS method (mg/kg)

Pb Hg As Cr Fe Cu Ba Cd

ALT-5
XRF 4.039 0.993 2.841 15.98 6290.0 13.69 125.22 0.153

ICP-MS 3.267 1.079 2.624 15.29 6259.6 15.60 135.11 0.148

ZD-5
XRF 1.393 0.825 0.311 1.393 309.9 11.49 28.49 0.124*

ICP-MS 1.426 0.947 0.320 1.426 311.9 10.20 26.68 0.210*

GRD-5
XRF 0.569 2.004 0.638 11.55 1005.0 26.94 24.92 0.154

ICP-MS 0.611 2.464 0.552 13.39 1015.3 28.81 24.62 0.149

SS-7
XRF 0.469 0.631 0.341 1.649 613.3 7.760 15.46 0.092

ICP-MS 0.452 0.734 0.313 1.620 670.4 8.844 18.67 0.077

YH-12
XRF 3.59 3.05* 5.22 29.98 6786.2 89.05 144.4 0.146

ICP-MS 3.40 1.35* 4.60 32.95 6376.9 88.85 167.7 0.105

* The difference between the two methods is statistically significant
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LOD and LOQ
There were two methods for determin-
ing the LOD and LOQ—the background 
method and the repeated method. The 
LOD is usually determined by repeated 
determination. The LOD was calculated 
as LOD = 3×. For the RSD of the blank 
signal, the LOQ was calculated as LOQ = 
10×. The RSD of the blank signal was calcu-
lated as the RSD of 11 repeated determina-
tions of the blank sample. The results were 
shown in Table III. The results showed that 
the high sensitive XRF method had a low 
LOQ for heavy metals, which could meet 
the requirements of limit control analysis 
of heavy metals in drug quality standards.

Accuracy Test
Mongolian medicine samples with known 
contents of heavy metal elements were 
taken. Eight types of element reference 
materials were added to the samples, and 
the results were tested on the XRF spec-
trometer. The recovery rate was calculated, 
by which the accuracy of the method was 
expressed. The results are shown in Table 
IV. Because mercury was easy to volatil-
ize, the recovery rate was less than 70% 
but more than 68.4%. The recovery rates 
of the other seven elements were within 
85–130%. The results show that the accu-
racy of the method is optimal. 

Methodology Test of ICP-MS
According to the test conditions under 
“1.3.3,” the response values of each metal 
element series standard solution were de-
termined one at a time, and the standard 
curve of each element was fitted by the 
least square method. The results are shown 
in Table V. The results revealed that there 
was a good linear relationship between the 
response value and the concentration of 
eight metal elements, including arsenic, 
lead, copper, iron, cadmium, chromium, 
barium, and mercury. The RSD of the inter-
mediate concentration standard solution 
was less than 2.67% after repeated deter-
mination was performed five times, which 
showed that the precision of the method 
was optimal. The digestion solution with 
the known content was then taken, and an 
appropriate amount of each element stan-
dard material solution was added. The re-

covery rate of the method was calculated, 
which was between 85–130%, and that 
indicated that the accuracy of the method 
was good. In addition, the stability of the 
sample was also investigated. When the 
digested solution was placed at room tem-
perature for 24 hr, the response value did 
not change significantly, which indicated 
that the digested solution was stable at 
room temperature.
 
Comparison of XRF and ICP-MS Results
The contents of eight heavy metals in Mon-
golian medicine were determined by ICP-
MS method. The results were compared 
with those by XRF method, and the dif-
ferences between the two methods were 
tested. The results are shown in Table VI. In 
addition, the results of cadmium in Zadi-5 
and mercury in Yihe-12 are significantly 
different in the two methods; the other 
results were in the acceptable range. The 
results showed that both methods could 
determine the contents of the eight metal 
elements in question accurately. On the 
premise of ensuring the accuracy and 
precision of the determination, the XRF 
method is more rapid, simple, and non-
destructive than ICP-MS, which makes it 
the more ideal method for analyzing heavy 
metals.

Conclusion
XRF spectroscopy has been widely used in 
the field of inorganic analysis, such as art 
identification, archaeology, agricultural 
product safety, environment, energy, min-
eral exploration, and electronic materials 
(15–20). In recent years, the XRF method 
has been widely used in analyzing and 
evaluating elements in traditional Chinese 
medicine because of its fast, convenient, 
and online analysis (21–25). In the past 
decade, the breakthrough of several core 
technologies has led to the rapid develop-
ment of energy dispersive XRF (ED-XRF) 
spectroscopy, including silicon drift detec-
tor (SDD) technology with a high resolution 
and count rate. Monochromatic focusing 
excitation technology can greatly reduce 
the background interference and improve 
the intensity of element fluorescence 
signal. The new X-ray tube can greatly 
improve the focal spot size, radiation flux 

and stability. The breakthrough and devel-
opment of these hardware core technolo-
gies extend the ability of XRF to analyze el-
ements from the previous major elements 
to trace elements, and meet the require-
ments of many heavy metal limit detec-
tion specified in the quality standards of 
traditional Chinese medicine.

The single wavelength excitation 
ED-XRF spectrometer uses hyperbo-
loid curved crystal focusing technol-
ogy, high-resolution detector, micro 
focal spot end window X-ray tube and 
other core technologies. In this study, 
this technology was first applied to the 
analysis of metal elements in ethnic 
compound pharmaceutical prepara-
tions. The detection limit and quantita-
tion limit reached sub-ppm levels, and 
the quantitation limits of arsenic, cad-
mium, mercury, and lead in the most 
stringent drug limits reached 0.039, 
0.051, 0.135, and 0.075 mg/kg levels. 

Traditional Chinese medicine and 
ethnic medicine have the character-
istics of wide distribution and variety. 
For XRF quantitative analysis of trace 
heavy metal elements, in addition to 
the detection limit of hardware, a soft-
ware quantitative algorithm also has 
challenges. If the traditional influence 
coefficient method is used to make the 
standard curve, it cannot deal with the 
fact that the matrix of various types 
of traditional Chinese medicine and 
national medicine is inconsistent, and 
the quantitative deviation caused by 
the matrix effect is bound to exist. In 
this experiment, the complete basic 
parameter method was used to inves-
tigate the quantitative accuracy and its 
adaptability. Based on the theoretical 
calculation of XRF from the genera-
tion of X-ray tube to the detection of 
detector, the basic parameter method 
eliminates the influence of matrix ef-
fect and the absorption enhancement 
effect between elements. The system-
atic error correction can be carried out 
by a small number of standard samples 
to achieve the purpose of quantifying 
unknown elements and adapting to all 
types of samples. With the increasing 
demand for sensitive, trace, real-time 
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and efficient information data, high-
sensitivity XRF spectroscopy with its 
unique advantages will occupy an im-
portant position in the quality control 
and the research and development of 
Mongolian medicine.
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