Medicinal Plant 2026, 17 (4): 4 -8, 13

DOI: 10.19600/j. cnki. issn2152 —3924.2026. 04. 002

Determination of Heavy Metal Content in Lapis Lazuli ( Complex

Processing )

Zhe LIU', Xiaoyao GONG®, Yuan LIU*"

1. School of Physical Education and Health, Chengdu College of Arts and Sciences, Chengdu 610401, China; 2. College of Pharmacy and Food, Southwest Minzu
University, Chengdu 610041, China; 3. College of Grassland Resources, Southwest Minzu University, Chengdu 610041, China

Abstract [ Objectives ] To determine the heavy metal content in lapis lazuli (complex processing) and provide a reference for establishing its
heavy metal limit standards. [ Methods] Seven batches of lapis lazuli (complex processing) samples were collected from Hongyuan County
Tibetan Medicine Hospital, Aba Tibetan and Qiang Autonomous Prefecture Tibetan Medicine Hospital, and Aba County Tibetan Medicine Hos-
pital. The contents of Hg, As, Pb, Cd, and Cu were determined using inductively coupled plasma mass spectrometry in accordance with Gen-
eral Rule 2321 of the Pharmacopoetia of the People’s Republic of China (2020 Edition ). Tests for heavy metal limits and arsenic salt limits were
conducted according to General Rules 0821 and 0822, respectively. [ Results] The Cu content in the seven batches of samples ranged from
8.49 to 21.41 mg/kg, As content ranged from 6.82 to 16.87 mg/kg, Hg content ranged from 0.03 to 0. 62 mg/kg, and Pb content ranged
from 3.66 to 26.98 mg/kg. Cd was not detected in any of the samples. The contents of heavy metals varied considerably among samples from
different origins. The heavy metal limit test yielded a result of <50 mg/kg, while the arsenic salt limit test produced a result of <40 mg/kg.
[ Conclusions | The heavy metal content in various processed lapis lazuli products varies significantly. Processing technology is an important
factor influencing the heavy metal content. This study provides fundamental data for the development of processing specifications and quality

standards for lapis lazuli.
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1 Introduction

Lapis lazuli, referred to as Qingjinshi in Pinyin, Lazurlite in
Latin, and &35 ( transliterated as Muman) in Tibetan, is a natu-
rally occurring deep blue gemstone'"’. This product is a silicate
mineral belonging to the sodalite group, primarily composed of sodi-
um-calcium aluminosilicate [ (Na,Ca), ( AlSiO, ), (SO,,S,Cl), ].
The medicinal material appears as irregular fragments exhibiting
blue or blue-purple coloration, a vitreous luster, a relatively
smooth surface, and a hard texture. It is traditionally attributed
with properties such as clearing heat and detoxification, alleviating
irritability and depression, refreshing the mind, and invigorating
the spirit. Its primary therapeutic applications include the treat-
ment of depression and restlessness, palpitations and shortness of
breath, flat warts, vitiligo, and persistent bleeding'”’.

Lapis lazuli is documented in several official standards, in-
cluding the Drug Standards of the Ministry of Health . Uygur Medi-
cine Volume"' , the Processing Specifications for Tibetan Medicinal
Materials of Qinghai Province'" | the Processing Specifications for
Chinese Medicinal and Uygur Medicinal Decoction Pieces of Xin-
jiangm , the Quality Standards for Local Tibetan Medicinal Materi-
als , and the Processing Specifications for Tibetan Medicinal Materi-
als of Tibet Autonomous Region'*'. However, the processing meth-
ods of lapis lazuli differ across regions. To date, there is a lack of
literature addressing whether the heavy metal content in lapis
lazuli exceeds standards under various processing methods. In our
series of studies on lapis lazuli, we observed that different process-

ing methods may influence the heavy metal composition of lapis la-
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zuli, which in turn could affect its clinical efficacy. For this
purpose, we employed inductively coupled plasma mass spectrome-
try in accordance with General Rule 2321 of the Pharmacopoeia of
the People’s Republic of China (2020 Edition) "' to determine heavy
metal content. This approach enabled a systematic comparison of the
variations in heavy metal contents in lapis lazuli subjected to com-
plex processing. The study addresses a research gap concerning the
impact of complex processing on the heavy metal content of lapis la-

zuli and provides valuable data for future related investigations.

2 Materials
2.1 Instruments LabMS 3000 inductively coupled plasma
mass spectrometer ( Beijing LabTech Instruments Co., Lid. ),
MASTER 40 high-throughput closed microwave digestion/extrac-
tion workstation ( Shanghai Sineo Microwave Chemistry Technology
Co., Tid. ), TK20 vapor block ( Shanghai Sineo Microwave
Chemistry Technology Co., Ltd. ), ME204E electronic balance
(Mettler Toledo, Germany) , and Puxi GWB-1T/2T ultrapure wa-
ter purifier ( Beijing Purkinje General Instrument Co. , Lid. ) were
utilized in this study.

2.2 Test drugs and reagents Hg reference material ( No. ;
GSB 04-1729-2004, 1 000 pg/mL), As (No. : GSB (04-1714-2004,
1000 pg/mL), Pb (No. ; GSB 04-1742-2004, 1 000 pg/mL), Cu
(No. : GSB 04-1725-2004, 1 000 pg/mL), Cd (No. : GSB 04-
17212004, 1 000 wg/mL), Bi (No. : GSB 04-1719-2004, 1 000
pg/mL), In (No.: GSB 04-1731-2004, 1 000 pg/mL), Au
(No. ; GSB 04-1715-2004, 1 000 pg/mL), and Ge (No. : GSB
04-1728-2004, 1 000 pg/mL) were obtained from the National
Nonferrous Metals and Electronic Materials Analysis and Testing
Center. Nitric acid (batch No. ; 20200810) of superior purity was
procured from Chengdu Jinshan Chemical Reagent Co. , Lid. Ul-
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trapure water was used throughout the study.
2.3 Samples Lapis lazuli ( complex processing) decoction
pieces QJS-1 and QJS-2 were supplied by Hongyuan County Tibet-
an Medicine Hospital; QJS-3 and QJS4 were obtained from Aba
Tibetan and Qiang Autonomous Prefecture Tibetan Medicine Hos-
pital ; and QJS-5, QJS-6, and QJS-7 were provided by Aba County
Tibetan Medicine Hospital.

Based on the characteristics of the lapis lazuli ( complex pro-

QIs-1 QJs-2

Fig.1 Seven batches of lapis lazuli ( complex processing) samples

3 Results and analysis

Heavy metals and harmful elements were quantified using induc-
tively coupled plasma mass spectrometry in accordance with Gen-
eral Rule 2321 of the Pharmacopoeia of the People’s Republic of
China (2020 Edition) .

3.1 ICP-MS instrument parameters [CP-MS instrument was
operated under the following conditions; radio frequency power set
at 1 240 W; rectangular tube depth of 6.95 mm; plasma gas flow
rate of 13.0 L/min; atomization gas flow rate of 1.06 L/min; at-
omization chamber temperature maintained at 5 °C ; collision mode
utilizing helium gas; collision gas flow rate of 4.5 ml/min; peri-
staltic pump speed at 40 rpm; three measurement points or peaks;
and data acquisition performed using peak-jumping mode with
three repeated collections.

3.2 Preparation of test solution The lapis lazuli sample was
ground into powder, thoroughly mixed, and accurately weighed to
approximately 0.2 g. It was then placed in a microwave digestion
vessel resistant to high pressure and high temperature, to which 7
mL of nitric acid was added. The mixture was shaken well, the
vessel lid was securely closed, and the vessel was placed in the
microwave digestion instrument. Digestion was carried out accord-
ing to the procedure in Table 1. After complete digestion, the so-
lution was allowed to cool to below 60 C. The digestion solution
was then transferred to a 50 mL volumetric flask. The digestion

vessel was rinsed three times with small volumes of water, and the

cessing) sample, its properties are described as follows: the prod-
uct is an irregular, flat block exhibiting colors ranging from sky
blue to dark blue, with interspersed white spots. It possesses an
oily luster and varies from slightly transparent to opaque, featuring
white or light blue streaks. The material is brittle yet resistant to
breakage and displays a rough fracture surface. It is odorless and
tasteless. Fig. 1 presents seven batches of lapis lazuli ( complex

processing) samples.

QJS-3

rinses were combined in the volumetric flask. Subsequently, 200
pL of a gold single-element standard solution (1 pg/mL) was
added, and the volume was adjusted to the mark with water. The
solution was thoroughly mixed, resulting in the preparation of the
test solution. Reagent blank solutions were prepared using the
same procedure, except without the addition of the gold single-ele-

ment standard solution.

Table 1 Microwave digestion conditions

Step Control temperature // °C Constant temperature time // min
1 120 10
2 120 10
3 180 20

3.3 Preparation of internal standard solution An appropri-
ate volume of standard solutions of the single elements Ge, In,
and Bi was accurately measured and diluted with water to prepare
a mixed solution containing 1 pg of each element per mL. This so-
lution was used as the internal standard.

3.4 Preparation of reference substance stock solution Ap-
propriate volumes of single-element standard solutions of Pb, As,
Cd, Hg and Cu were accurately measured and subsequently dilu-
ted with a 10% nitric acid solution to prepare solutions containing
1 pg Pb, 0.5 ug As, 1 pg Cd, 1 pg Hg, and 10 pg Cu per mL,
respectively.

3.5 Standard curve plotting Preparation of standard solutions:
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appropriate volumes of Pb, As, Cd, and Cu standard stock solu-
tions were accurately measured and diluted with 10% nitric acid to
prepare a series of mixed solutions with concentrations of 0, 1, 5,

10, and 20 ng/mL for Pb and As; 0, 0.5, 2.5, 5, and 10 ng/mL

are presented in Table 2 and Fig. 2.

Table 2 Linear regression equations for five heavy metals and harmful
elements

.. Linear Detection
for Cd; and 0, 50, 100, 200, and 500 ng/mL for Cu. Additional- X . . o
No. Element  Regression equation r range limit
ly, an appropriate volume of Hg standard stock solution was accu- ng/ml. ng/ml.
r.ately meas.ulired and diluted with 10% nitric acid to prepare sl(])lu- ] He  y=0.0983x-0.027 09979 0-5 0.04
tlons.contalmng 0, 0. 2,. 0.5, .1 , 2, e%nd 5 ng/mL of Hg. T es.e 5 As  y=0.0088x+0.0002 0.9999  0-20 0.07
solutions were prepared immediately prior to use. Under the speci-
N , . 3 Pb y=0.624 1x+0.0389 0.999  0-20 0.09
fied instrumental parameters, the series of concentrations were
. 4 Cd y=0.030 2x +0.001 2 0.999 8 0-10 0.08
measured accordingly. Standard curves were constructed by plot-
. . . . 5 Cu y=0.0854x-0.0258 0.998 8 0 -500 0.12
ting the concentrations ( X-axis, ng/ml) against the correspond-
ing measured signal intensities ( Y-axis, 1 x 10° CPS). The results
Eoory, y=0. 098 3x-0.012 7 5020y ooz, K WL =0.64 1x+0.0389
=0 R=0.995 9 L T06 £=0.999 9 — R=0.999 9 .
204 £ 210
w % (.12 ZI ’
S 0.3 15} 5}
= = 0.08 ® R .
= = 0.04 o ® = "
ED 0.1 ‘. g; . gl) 2 v
'(,—') 0 L 2 1 1 L L J '(‘/_‘) 0 o 1 1 1 J 'c,'-') 0 - 1 L 1 J
1 2 3 4 5 5 10 15 20 5 10 15 20
Concentration Il ng/mL Concentration Il ng/mL Concentration Il ng/mL
E 035 y=0.030 2x0.001 2 . 50 e 0085 4x0.025 8
=il R=0.999 5 = w0 R=0.997 7
=025 =
2 (.20 z 30
2015 L =20
010 - 0 -
§0.05 | g et
) 0 & 1 1 1 1 ) & 0 &= 1 1 1 1 )
2 4 6 8 10 100 200 300 400 500
Concentration Il ng/mL Concentration Il ng/mL
NOTE a. Standard curve of Hg; b. Standard curve of As; c. Standard curve of Pb; d. Standard curve of Cd; e. Standard curve of Cu.

Fig.2 Standard curve of elements

3.6 Methodological verification

3.6.1 Precision test. The sample solution (batch No. : QJS-1)
was collected and injected consecutively six times. The relative
standard deviation (RSD) of the content for each element ranged
from 0.87% to 2.68% , all below 3% , indicating that, under the
selected conditions, the instrument demonstrated good precision.
3.6.2 Repeatability test. Six copies of sample powder ( batch
No. : QJS-1) were prepared into test solutions following the proce-
dure described in Section 3.2. These solutions were then injected
and analyzed under the ICP-MS conditions in Section 3. 1 to deter-
mine and quantify the contents of five heavy metals and harmful
elements. The results from six replicate analyses of the same batch
demonstrated RSDs ranging from 1. 76% to 3. 33% , indicating
that the method exhibited good repeatability.

3.6.3 Stability test. An appropriate quantity of sample powder
(batch No. :

following the procedure in Section 3. 2. Measurements were con-

QJS-1) was taken and prepared into the test solution

ducted once at 0, 1, 2, 4, and 8 h, resulting in a total of five
measurements. The RSD of the response values for the five heavy

metals and harmful elements ranged from 2. 16% to 3.78% , all

below 5% , indicating that the test solution remained stable within
8 h.

3.6.4 Detection limit. The detection limits were established at
concentrations of the five heavy metals and harmful elements cor-
responding to three times the baseline signal of the blank solution
(1. e. , a signal-to-noise ratio of 3 : 1). The results indicated that
the detection limits for these five heavy metals and harmful ele-
ments ranged from 0.04 to 0. 12 ng/mlL.

3.7 Determination results of heavy metal content in lapis la-
The

aforementioned method was employed to accurately weigh seven la-

zuli ( complex processing) from different manufacturers

pis lazuli ( complex processing) samples obtained from various
manufacturers. The concentrations of five heavy metals and harm-
ful elements, namely Hg, As, Pb, Cd, and Cu, were individually
measured. The results of these determinations are presented in
Table 3.

Based on the above results of heavy metal analysis, tests were
conducted to determine the limits of heavy metals and arsenic salts

in lapis lazuli.
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Table 3 Contents of heavy metals and harmful elements in different bat-
ches of lapis lazuli (n =3, mg/kg)

No.  Batch No. Cu As Cd Hg Pb
1 QJs-1 18.44 14.65 - 0.19 26.98
2 QJS-2 21.41 16.87 - 0.62 16.13
3 QJS-3 9.12 12.96 - 0.22 22.85
4 QJs4 18.05 11.42 - 0.23 15.46
5 QJS-5 9.91 13.60 - 0.10 7.83
6 QJS-6 9.19 16.79 - 0.11 38.81
7 QJS-7 8.49 6.82 - 0.03 3.66
NOTE " -" denotes that the element was not detected.

3.8 Determination of heavy metal limits The limits of heavy
metals were determined in accordance with Method 1 of General
Rule 0821 from the Pharmacopoeia of the People’s Republic of
China (2020 Edition)". For the preparation of the test sample,
0.2 g of the product was dissolved in 7 mL of nitric acid, followed
by the addition of water to a final volume of 50 mL. To prepare the
standard Pb solution, 0.159 g of lead nitrate was accurately
weighed and transferred into a 1 000 mL volumetric flask. Subse-
quently, 5 mL of nitric acid and 50 mL of water were added to dis-
solve the compound, and the solution was then diluted to the mark
with water, mixed thoroughly, and used as the stock solution.
10 mL of the stock solution were accurately measured and trans-
ferred into a 100 mL volumetric flask. The solution was then dilu-
ted to the mark with water and mixed thoroughly to obtain the
standard Pb solution, wherein each mL corresponds to 10 pg of
Pb. The determination procedure involved the use of three 25 mL
Nessler colorimetric tubes. In tube A, a specified volume of
standard Pb solution and 2 mL of acetate buffer solution (pH 3.5)
were added, followed by dilution with water to a final volume of
25 mL. Tube B contained 25 mL of the test solution prepared ac-
cording to the prescribed method. In tube C, an amount of the test
solution equivalent in weight to that in tube B was introduced, af-
ter which an appropriate volume of the solvent used for preparing
the test solution was added to dissolve it. Subsequently, 2 mL of
the same standard Pb solution and acetate buffer (pH 3.5) as in
tube A were added, and the mixture was diluted with the solvent
to 25 mL. If the test solution exhibited coloration, a small quantity
of dilute caramel solution could be added to tube A to ensure con-
sistency in color with tubes B and C. Thereafter, 2 mL of thioacet-
amide solution was added to each of tubes A, B, and C, followed
by thorough mixing and a standing period of 2 min. The tubes
were then placed on white paper and observed vertically. The cri-
terion for evaluation was that when the color intensity in tube C
was not lighter than that in tube A, the color in tube B should not
be darker than that in tube A.

As shown in Fig. 3, the color of tube C was not lighter than
that of tube A, and the color of tube B was not darker than that of
tube A. This observation suggested that the concentration of heavy
metals in lapis lazuli did not exceed 50 mg/kg.

3.9 Determination of arsenic salt limits The arsenic salt

limit was determined in accordance with Method 1 of General Rule
0822 from the Pharmacopoeia of the People’s Republic of China
(2020 Edition)"’. For the preparation of the test sample, 0.2 g
of the product was dissolved in 7 mL of nitric acid, followed by di-
lution with water to a final volume of 50 mL. To prepare the stand-
ard As solution, 0. 132 g of arsenic trioxide was accurately
weighed and transferred into a 1 000 mL volumetric flask. Subse-
quently, 5 mL of 20% sodium hydroxide solution was added to
dissolve the arsenic trioxide, after which the solution was neutral-
ized with an appropriate amount of dilute sulfuric acid. An addi-
tional 10 mL of dilute sulfuric acid was then added, and the solu-
tion was diluted to the mark with water, mixed thoroughly, and
used as the stock solution. Prior to use, 50 mL of the stock solu-
tion was accurately measured and transferred into a 100 mL volu-
metric flask. Subsequently, 10 mL of dilute sulfuric acid was add-
ed, and the volume was adjusted to the mark with water. The mix-
ture was then thoroughly shaken to prepare the standard As solu-
tion, with each mL corresponding to 50 pg of As. For the prepara-
tion of standard As spots, 2 mL of standard As solution were accu-
rately measured and transferred into bottle A. Then, 5 mL of hy-
drochloric acid and 21 mL of water were added, followed by the
addition of 5 mL of potassium iodide solution and five drops of
acidic stannous chloride solution. After allowing the mixture to
stand at room temperature for 10 min, 2 g of Zn granules were in-
troduced. Immediately thereafter, the gas guide tube C, prepared
as described above, was securely attached to bottle A. Bottle A
was then placed in a water bath maintained at 25 to 40 °C and al-
lowed to react for 45 min. Finally, the mercury bromide test strip
was taken out to obtain the standard As spots. The inspection
method involved preparing the test solution according to the pre-
scribed sample preparation procedure. The solution was placed in
bottle A and subjected to the standard As spot preparation proce-
dure, beginning with " the addition of 5 mL of potassium iodide so-
lution".

As illustrated in Fig. 4, the color intensity of the As spot on
the sample was not darker than that of the standard As spot, sug-
gesting that the arsenic salt content in the lapis lazuli did not ex-
ceed 40 mg/kg.

This study determined the heavy metal content in seven sam-
ples of lapis lazuli ( complex processing). The concentrations of
Cu ranged from 8. 49 to 21.41 mg/kg; As ranged from 6. 82 to
16. 87 mg/kg; Hg ranged from 0. 03 to 0. 62 mg/kg; and Pb
ranged from 3. 66 to 26.98 mg/kg. Cd was not detected in any of
the samples. Among the samples, QJS-2 exhibited the highest
concentrations of Cu, As, and Hg, whereas QJS-7 showed the
lowest levels of these metals. The Pb content was highest in QJS-1
and lowest in QJS-7. According to heavy metal limit standards,
the total heavy metal content in lapis lazuli should not exceed
50 mg/kg. Additionally, arsenic salt content must not exceed

40 mg/kg according to the arsenic salt limit test results.
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NOTE 1. 50 mg/kg Pb standard solution; 2 —8. Tube B samples; 9 —15. Tube C samples.

Fig.3 Inspection chart of heavy metals

1 2 3 4
NOTE 1. 40 mg/kg As standard solution; 2 —8. Samples.
Fig.4 Inspection chart of arsenic salt

4 Conclusions and discussion

The heavy metal content in mineral medicinal materials directly in-
fluences their quality. Complex processing significantly impacts
the quality of these materials, thereby affecting their clinical effi-

cacym.

In this study, the heavy metal content of lapis lazuli
(complex processing) was determined using inductively coupled
plasma mass spectrometry, following the General Rule 2321 of the
Pharmacopoeia of the People’s Republic of China (2020 Edition) .
This method offers advantages such as simplicity, rapidity, and
accuracy, enabling precise quantification of heavy metal content.
After reviewing the Pharmacopoeia of the People’s Republic of
China and the current local standards for medicinal materials, in-
cluding those pertaining to Tibetan, Mongolian, and Uighur medi-
cine, it was determined that the relevant heavy metal limit values
for lapis lazuli were not specified. Consequently, this study refer-
enced the heavy metal limit standards established for botanical me-
dicinal materials and decoction pieces in General Rule 0212 of the
Pharmacopoeia of the People’s Republic of China (2020 Edi-

>7' The results indicated that, among the seven samples

tion) "
analyzed, the Hg content in three samples exceeded 0.2 mg/kg,
whereas the Hg levels in the remaining samples complied with the

current limit standard for Hg in botanical medicines ( <0.2 mg/kg). Cd

was undetectable in all seven samples, consistent with the existing

standard for Cd content in botanical medicines ( <1 mg/kg). Cu
concentrations in six samples adhered to the limit standard for Cu
in botanical medicines ( <20 mg/kg). As content in one sample
conformed to the established limit for As in botanical medicines
(<2 mg/kg). Additionally, one sample exhibited Pb levels with-
in the acceptable range for Pb in botanical medicines ( <5 mg/kg).
In summary, given that lapis lazuli is a mineral-based medicine,
its natural metal element content is much higher than that typically
found in botanical medicines. Therefore, the general limits estab-
lished for botanical medicines serve only as a reference and should
not be directly applied as evaluative criteria for mineral medicines
such as lapis lazuli.

Currently, neither the Pharmacopoeia of the People’s Republic
of China nor existing local standards for medicinal materials speci-
fy heavy metal limit values for processed lapis lazuli products.
Furthermore, there are no standardized quality control criteria for
its complex processing techniques. This study offers a methodolog-
ical reference for the quality evaluation of lapis lazuli ( complex
processing) and addresses the research gap concerning the impact
of such processing on its heavy metal content. The findings pro-
vide valuable data to inform future investigations. Lapis lazuli is a
mineral used in medicinal applications, and its heavy metal con-

(To page 13)
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[7] WU JC, ZHOU CZ, WANG JX, et al. Effect and correlation analysis of

the quality of traditional Chinese medicine plain tablets on the cracking
rate of film-coating[ J]. China Pharmaceuticals, 2024, 33 (15); 48 —
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[10] YANG H, LI XF, YIN BL, et al. Application of film coating technology

in moisture-proof of solid traditional Chinese medicine preparations[ J].
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tent is influenced by various factors. This article offers a founda-
tional reference for further research on the processing techniques
of the mineral medicine lapis lazuli.
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