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Introduction
Heavy metals typically refer to a class of metal elements with a specific gravity greater than 5. There are approximately 45

heavy metals, such as lead, cadmium, copper, mercury, iron, and chromium that are present as contaminants in traditional

Chinese medicine. In recent years, excessive amounts of heavy metals in Chinese medicine have become a popular topic in
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the international pharmaceutical market, which has not only damaged the reputation of Chinese medicine but also affected
the export of Chinese herbs and Chinese patent medicine, causing great economic losses. After the British drug
administration issued a warning regarding the risk of toxicity of traditional Chinese medicine, it was reported that the British
FDA was planning a total ban on the sale of proprietary Chinese medicines in the UK starting at the beginning of 2014. The
United States, Canada, Japan, and other countries have also promulgated a series of regulations on the prohibition of the
import of Chinese medicine [1]. Excessive amounts of heavy metals have become a major factor restricting Chinese
traditional medicine enterprises into the international market. Therefore, the detection of the levels of heavy and transition
metal ion contamination in Chinese herbal medicines has become a significant and pressing issue due to the toxicity of metal
ions to human health.

Among various heavy metal ions, copper, cadmium, and lead are three important toxic heavy metal ions. Although copper
plays an essential role in many biological processes in humans, exposure to a high level of copper, even for a short period,
can cause gastrointestinal disturbance, while long-term exposure can cause liver or kidney damage and even serious
neurodegenerative diseases [2-4]. Cadmium is also an extremely toxic and carcinogenic metal, which is usually absorbed into
the body from dietary sources and cigarette smoking. A high exposure level of cadmium is associated with increased risks of
cardiovascular diseases, cancer mortality, and damage to the liver and kidneys [5]. Lead is one of the most toxic metals
associated with damage to humans and the environment because of its non-degradability and accumulation [6]. Even very
low levels of lead exposure can cause neurological, reproductive, cardiovascular, and developmental disorders, which
introduce particularly serious problems in children, including slowed motor responses, decreased 1Qs, and hypertension [7].
Lead pollution is a persisting problem and a long-lasting danger to human health and the environment, as the 300 million tons
of lead mined to date are still circulating mostly in soil and groundwater [8]. Because of the important roles of Cu®*, Cd*"
and Pb®* in human health and the environment, the development of a facile and rapid method for the detection of these three

metal ions in Chinese crude drugs has attracted a substantial amount of attention.

Currently, China has gradually improved the analysis methods and standards for Chinese herbal medicines and proprietary
Chinese medicines for determining and limiting the pesticides and heavy metal residues. However, the research on on-site
analysis methods to determine the drug safety and early warning events are insufficient, thus necessitating the further
development of sensitive, selective, and reliable analytical techniques for the determination of harmful residues in Chinese
medicine. Traditional methods rely on high-performance lab instruments, such as Atomic Absorption Spectrometry (AAS)
[9], inductively coupled plasma mass spectrometry (ICP-MS) [10] and other electrochemical and optic methods. However,
these traditional detection methods are less practical for rapid analysis because of the requirement of complex processes and
expensive instruments. Thus, the need remains for the development of rapid, sensitive, and highly selective Cu®*, Cd** and
Pb*" determination methods with relatively low costs. In contrast, the colorimetric determination based on color changes in
response to metal ions has been widely used in many fields due to its simple, observable and fast detection [11-14]. To date,

some rapid colorimetric methods of heavy metals using a test strip or a test kit have been reported, but these methods are
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mostly for the on-site detection of heavy metals in environmental water samples or vegetable agricultural products; there are
rarely any reports on these methods regarding Chinese herbs [15-17].

In this paper, we report a rapid, highly selective and sensitive method for Cu®*, Cd** and Pb®* determination based on the
chemical colorimetric reactions of metal chelate precipitation combined with the characteristics of Chinese medicinal
components. The chelate reagent was reacted with stock solutions of Cu?**, Cd*" and Pb®* in centrifuge tubes for five minutes,
and then, the reaction solutions were transferred using a pipette to the wells of a white spot plate, which was then placed into
a photography box to obtain images. The color changes in the well were captured by a cellular phone and then digitized into
the standard colorimetric cards. The sample solutions were transferred to a centrifuge tube. Buffered solutions, masking agent
solutions, and chromogenic agent solutions were subsequently added and shaken. Clear colors of the complex compound
could be observed with the naked eye. After comparing the colors with the standard colorimetric plates, we can easily
quantitatively determine the Cu?*, Cd*" and Pb*" levels in one to ten minutes simply based on the colorimetric analysis. The
method was successfully applied to Chinese crude drugs for detecting Cu®*, Cd*" and Pb®*. In addition, a variety of methods

was analyzed and compared to select the best procedure for the sample pretreatment in our study.

Materials and Methods

Plant materials

The eight types of Chinese herbal medicines used in the experiment were Paeoniae radix alba, Glycyrrhizae radix et
Rhizoma, Astragalus membranaceus, Salviae miltiorrhizae radix et rhizoma, Panacis quinque folii radix, Lycii fructus,
Crataegi fructus, and Lonicerae japonicae flos. These drugs were collected from different provinces of China, including
Anhui, Sichuang, Shangdong, Henan, and Hebei, and were authenticated by Professor Liming Gong of the Department of
Pharmacognosy, Hunan University of Chinese Medicine. The samples were powdered to a homogeneous size in a pulverizer

and then passed through a 60-mesh sieve.

Apparatus

The T-214 electronic analytical balance used in this study was obtained from Denver Instrument Company (USA). The KQ-
500DE ultrasonic cleaner was obtained from Kunshan Ultrasonic Instrument Co., Ltd. (China). The P20-Y-type ultrapure
water meter was from Colton Water Co. (China). The LED photography box was purchased from Saijue Electronics Co., Ltd.
(China). The DB-XB-type electric board was obtained from Bangxi Instrument Co., Ltd. (Shanghai, China), and the SZ-
500A-3-type pure powder machine was purchased from Shanzhu Trade Co., Ltd. (China). The TAS-990 atomic absorption

spectrophotometer was obtained from Beijing Purkinje General Instrument Co., Ltd. (Beijing, China).

Chemicals and reagents
Nitrate, lead powder, cadmium powder, copper powder, xylenol orange, cysteine, thiourea, sodium acetate, potassium

hydroxide, sodium citrate, perchloric acid, ammonia water, sodium fluoride, potassium sodium tartrate, Ethylene diamine
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Tetra-Acetic Acid (EDTA), sodium bicarbonate and sodium carbonate were obtained from Sinopharm Chemical Reagent Co.
Ltd. (Shanghai, China). Diethyl dithiocarbamate (DDTC, Copper Reagent) was from Jinshan Ting New Chemical Reagent
Factory (Shanghai, China). P-nitrophenyl diazonium amino azobenzene (Cadion) was purchased from Tianjin Guangfu Fine
Chemical Research Institute Co. Ltd. (Tianjin, China); ethanol was from Anhui Andrew Foods Co. Ltd. (Anhui, China).
Nitrate, perchloric acid, ammonia water, lead powder, cadmium powder, and copper powder were guaranteed reagents, and
all other reagents were of analytical grade and were used as received without further purification. Deionized water was

prepared using the P20-Y-type ultrapure water meter.

Preparation of sample solutions

Chinese herbal medicine (1.0 g powder) was weighed accurately, added to a 50-mL glass flask and soaked with HNO;-
HCIO, (4:1, viv) for 24 h. Then, the glass flask was placed on an electric hot plate for heated digestion; the solution was
maintained under a micro-boiling condition, and if the sample solution becomes brown-black, then an appropriate amount of
HNO3z-HCIO, (4:1, v/v) was added until the digestion solution became colorless or slightly yellow. The solution was then
cooled to room temperature. The pH of the solution was adjusted to 5 using strong ammonia water, and then it was filtered
through a 0.22-um organic membrane. The filtrate was transferred to a 10-mL capacity bottle, diluted with deionized water to
the calibration line and shaken.

Preparation of the other solutions

Stock solutions of lead, cadmium and copper (1000 mg.L™) were prepared in a nitrate solution (1:1, v/v). Stock solutions of
lead and copper were diluted with deionized water to eight different concentrations (0.1 mg.L™, 0.2 mg.L?, 0.5 mg.L™", 1
mg.L?, 2 mg.L?, 5 mg.L?, 10 mg.L™" and 100 mg.L™). Stock solutions of cadmium were diluted with deionized water to
eight different concentrations (0.01 mg.L™, 0.03 mg.L?, 0.05 mg.L?, 0.1 mg.L™, 0.2 mg.L™?, 0.5 mg.L?, 1 mg.L?, 5 mg.L?,
10 mg.L™* and 100 mg.L™?). Stock solutions were stored at 4°C in the dark.

The chromogenic agent solutions were xylenol orange (1 mg.mL™), 0.05% cadion and 0.5% copper reagent. Solutions of
xylenol orange (1mg.mL™") were prepared using 0.1 g of xylenol orange and 100 mL pH 5.5 acetate-sodium acetate buffer
solution. The 0.05% cadion solution was prepared using 0.5 g of cadion and 100 mL potassium hydroxide-ethanol solution
(0.2 mol.L™"). The 0.5% copper reagent solution was prepared by dissolving 0.5 g of copper reagent in a moderate amount of
anhydrous ethanol and then diluting to 100 mL using deionized water.

The masking agent solution of cadmium was prepared by mixing 20.0 g of sodium citrate, 2.0 g of sodium fluoride, 2.0 g of
potassium sodium tartrate, 1.0 g of thiourea and 100 mL deionized water. The masking agent solution of lead was prepared
by mixing 0.1 g of cysteine, 0.1 g of thiourea and 100 mL sodium acetate (0.2 mol.L™"). The masking agent solution of
cadmium was prepared by mixing 20.0g of sodium citrate, 5.0 g of EDTA and 100 mL deionized water. Buffer solutions of

pH 10 Na,CO5-NaHCO; (Cu** and Cd**) and pH 5.5 ~ 6 acetate-sodium acetate (Pb”") were used.
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The manufacturing methods of standard colorimetric plates

A series of standard concentrations of 1.0 mL Cu?*, Cd®* and Pb?" were prepared in 2-mL centrifuge tubes, respectively. The
pH was adjusted using 500 pL of a pH 10 Na,CO5;-NaHCO; (Cu®** and Cd?*) or pH 6 HAc-NaAc (Pb®") buffered solution
followed by the addition of 50 pL of 0.5% copper reagent and cadmium reagent or 100 uL of 1 mg.mL™ xylenol orange.
After reacting for 5 min, 80 pL of the reaction solutions was transferred using a pipette to the wells of a white spot plate,
which was then placed in a photography box to obtain images. The images were acquired by a cellular phone. Difference
maps were obtained by taking the difference of the average red, green, and blue (RGB) values from the center of each well
from the ‘‘before’” and ‘‘after’” images. Photoshop CS6 software was used to digitize this color difference to obtain AR, AG,

and AB values and to record each color RGB value into the standard colorimetric cards, as shown in FIG. 1.

A Blank  05mgl?! 1.0mgl! 2.0mgl! 5.0mgl?! 10.0mgL?

BBlank 0.1mgl?! 05mgl?! 1.0mgl?! 2.0mgL? 50mgL?

CeBlank 0.2mgl?! 0.5mgl? 1.0mglL! 2.0mgl? 5.0mgl? 10.0mgL?

FIG. 1. Copper (A), cadmium (B) and lead (C) standard colorimetric plates.

Procedures of operation

Taking 1mL sample solution for testing in a 2 mL centrifuge tube, 500 pL of a pH 10 Na,CO; -NaHCO; (Cu®** and Cd?**) or
pH 6 HAc-NaAc (Pb®") buffered solution was added. Then, 100 pL of the masking agent solution was added followed by the
addition of 50 pL xylenol orange (1 mg.mL™), 100 uL 0.05% cadion and 100 uL 0.5% copper reagent as chromogenic agent
solutions. After the reaction was performed at room temperature, the color of the solution was observed and compared with

the standard colorimetric plates; then, a judgment was made to determine the concentrations of Cu?*, Cd*" and Pb*".

Results and Discussion

The colorimetric response of Cu®*, Cd** and Pb*

In an alkaline environment, Cu®" reacts with the copper reagent to form a brown and yellow product, and Cd®* reacts with
cadion to form an orange-red product, resulting in a color change in the solution, while the corresponding blank solution is
colorless, producing obvious color differences. Under the condition of pH 5~6, an orange-red or rose-red complex compound

was obtained with the reaction of Pb®* and xylenol orange, and the corresponding blank solution was orange-yellow, thus
5
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presenting different colors. With the increase in the concentration of Cu?*, Cd*" and Pb*, an excellent color gradation was
revealed after the reaction. The colorimetric response change between the sample image and the blank image was normally

expressed using the Euclidean Distance (ED), which is defined as the following formula:

ED=4/(AR)*"+(AaG)*"+(a B)"

R, G, and B represent the red, green and blue primary colors, respectively. In this experiment, the color change in the
colorimetric response of Cu?* is mainly caused by the blue (B) channel, and the effect of the other two color channels of red
(R) and green (G) is very small; thus, the above formula is simplified to ED=AB for optimization of the color reaction
conditions. However, in the colorimetric responses of Cd®* and Pb**, the red (R) and blue (B) channels showed no significant
color change, while the green (G) channel contributed most of the total color change. Therefore, the above formula can be

simplified to ED=AG and was used for the quantitative analyses throughout this experiment.

Sample pretreatment

The research object is Chinese crude drugs because Chinese herbs contain many pigments and complex chemical
components, there are serious interferences in the color reaction. Thus, the pretreatment method of Chinese herbal medicine
is very important. Six sample preparation methods [18,19] ultrasonic extraction [20,21], the active carbon enrichment method
[22-24], the cotton cellulose xanthate enrichment method [25-27], nano-TiO, enrichment [28-30], the cloud point extraction
method [31-33] and the HNO5-HCIO, digestion method [34,35] were analyzed and compared in this study. The first five
methods were unable to exclude the interference of the color reaction in the rapid detection of heavy metals in Chinese
medicine; therefore, they were not suitable for the rapid detection of heavy metals in these medicines. The HNO3;-HCIO,
digestion method is relatively complicated, but it can be prepared to obtain a colorless sample solution; thus, it was chosen as
the sample preparation method. This method can exclude the interference of pigment in the results of the color reaction. In
addition, in the digestion process of Chinese herbal medicines, the organic compounds are converted to inorganic
compounds, thus avoiding the interference between the complex chemical components in Chinese medicine and the

chromogenic agents.

The effect of pH

The pH value plays an essential role in colorimetric reactions. Reactions between 1 mg.L™ copper standard solution and
copper reagent were compared under different acid-base conditions at pH 2, 6, 8, 10 and 11. The change in the colorimetric
response in the blue channel (AB) at various pH values is shown in FIG. 2. No significant effects were found for the
colorimetric response of Cu?* at various pH values. The complex compound formed by Cu?* and the copper reagent was
stable, and considering the later use of masking agents, the pH of the solutions was adjusted to pH 10 for the colorimetric
reaction. The reactions between the 1 mg.L™ cadmium standard solution and cadion were compared under different acid-base

conditions at pH 3, 7, 9, 10 and 11. The change in the colorimetric response in the green channel (AG) at various pH values is
6
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shown in FIG. 2. The results indicate that there were no colorimetric reactions between Cd** and cadion under acidic and
neutral conditions, while in alkaline solutions, the AG values were increased as the pH increased. After the colorimetric
reagents were added to the cadmium standard solutions and blank solutions, respectively, the color differences were more
pronounced. The alkaline solution is too strong for the metal ions to form a hydroxide precipitate, which reduces the amount
of Cd* ions available to react with the color reagent, causing the deviation in the color reaction. In this regard, pH 10 was
selected as the suitable condition for the color reaction. The reactions between the 1 mg.L™ lead standard solution and
xylenol orange were compared at pH 4, 5, 6, 7 and 9. The change in the colorimetric response in the green channel (AG) at
various pH values, revealing that the AG value was at its maximum at pH 6. The colorimetric response reached its highest
level and the most obvious color difference occurred at a pH of approximately 5; these responses decreased as the pH
decreased. However, there was no color difference at pH 3, 4, 7 and 9, and the color of the lead standard solution and the

blank solution was red at pH 5 and purple-red at pH 9. Therefore, pH 6 was selected as the suitable value for the experiment.
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FIG. 2. (a) Influence of pH on the colorimetric response in the blue channel of the diethyl dithiocarbamate-Cu**
complex compound; (b) influence of pH on the colorimetric response in the green channel of the cadion-Cd*" complex
compound; and (c) influence of pH on the colorimetric response in the green channel of the xylenol orange-Pb®*

complex compound.

The volume of chromogenic agents

To select an appropriate volume of chromogenic agents, calibration curves were obtained using the plot of colorimetric
response against the volume of chromogenic agents from 50 to 200 puL (FIG. 3). The results showed that the volume of
chromogenic agents had no significant effects on the reaction between copper standard solutions and copper reagent; thus, 50
pL was selected as an appropriate volume of the 0.5% copper reagent. The colorimetric response was enhanced with
increased AG values due to the increase in the volume of cadion, and the color differences between cadmium standard
solutions and blank solutions became more obvious. The AG value was at its maximum when using 100 pL of cadion, which
was readily detectable visually. Therefore, 100 uL was selected as an appropriate volume of 0.05% cadion. No obvious
changes in the AG values were observed with an increased volume of xylenol orange, but the color of the solution gradually

deepened; the dark color was not conducive to judgment. Thus, 100 uL was selected as an appropriate volume of xylenol

orange.
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FIG. 3. (a) Influence of the copper reagent volume on the colorimetric response in the blue channel of the diethyl
dithiocarbamate-Cu®* complex compound; (b) influence of the cadmium volume on the colorimetric response in the
green channel of the cadion-Cd*" complex compound; and (c) influence of the xylenol orange volume on the

colorimetric response in the green channel of the xylenol orange-Pb*" complex compound.

The effect of reaction time

In our experiment, 1 mg.L™ Cu?*, 1 mg.L™ Cd®* and 1 mg.L™* Pb?" standard solutions were used to evaluate the effect of
reaction duration on the chromogenic results. We obtained images in a photography box at 1 min, 5 min, 10 min, 20 min, 30
min and 60 min of reaction time. The changes in the AB or AG values for the complex compound colors at different reaction
times are displayed in FIG. 4. The results demonstrated that within 60 min, the color of the Cu®* and Pb®* solutions did not
change, which means that their reaction times have no effect on the chromogenic results. The color of the Cd** complex
compound was stable within 10 min; however, the color faded gradually, indicating that it is better to observe the Cd**

complex compound color within 10 min.
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FIG. 4 (a) Influence of reaction time on the colorimetric response in the blue channel of the diethyl dithiocarbamate-
Cu? complex compound; (b) influence of reaction time on the colorimetric response in the green channel of the
cadion-Cd?** complex compound; and (c) influence of reaction time on the colorimetric response in the green channel

of the xylenol orange-Pb** complex compound.
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The effect of reaction temperature

To study the temperature effect on the color reaction results, 1mg.mL™ copper standard solution, 1Img.mL-1 cadmium
standard solution, and 1mg.mL™ lead standard solution were reacted at temperatures of 25°C, 0°C, and 40°C for 5 min,
respectively, and then, the results were recorded using photography. The changes in the AB or AG values for the complex
compound colors at the different temperatures are displayed in FIG. 5. The results showed that in the range of 0-40°C,
different temperatures have no significant effect on Cu?*, Cd** and Pb?* color reactions. Therefore, the reaction could be
conducted at room temperature.
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FIG. 5. (a) Influence of reaction temperature on the colorimetric response in the blue channel of the
diethyldithiocarbamate-Cu?* complex compound; (b) influence of reaction temperature on the colorimetric response
in the green channel of the cadion-Cd** complex compound; and (c) influence of reaction temperature on the

colorimetric response in the green channel of the xylenol orange-Pb** complex compound.

Interference of coexisting ions

Experiments showed when measuring Cu®* at 0.5 mg.L™ using EDTA and sodium citrate as a mixed masking agent, the co-
existing ions of 1000 mg.L™ Na*, K*, Mg®*, AI*" and 100 mg.L™ Ag"*, Ca*", Ba**, Zn?*, Ni**, Cd**, Pb*, Hg** and 80 mg.L™
Fe®* were tolerated, revealing that this method is selective for Cu**. When measuring Cd?* at 0.1 mg.L™ and using sodium
citrate, sodium fluoride, potassium sodium tartrate and thiourea as a mixed masking agent, the co-existing ions of 1000 mg.L"
! Na*, K*, Ni* and 100 mg.L™ Ca?*, Ba%, Mg*, Zn**, Pb**, Cu®*, AI**, Mg®*, A** and 10 mg.L™ Ag", Hg®* were tolerated,
which illustrates that this method is selective for Cd®*. When measuring Pb®* at 0.2 m L™ and using cysteine and thiourea as a
mixed masking agent, the co-existing ions of 1000 mg.L™* Na* K*,Ca*, Ba®*, Mg®*, Hg*", Ag" and 10 mg.L™* Fe* and 1

mg.L? Zn®*, Ni¥*, A", Cu®*, Cd*" were tolerated. Therefore, this method shows good selectivity for Ph**.

Method application to Chinese crude drugs

The applicability of the proposed method was evaluated by the determination of Pb?*, Cu?* and Cd?* in eighty samples
including eight types of Chinese crude drugs. Meanwhile, 1.0 g powder of Paeoniae radix alba was weighed accurately, and
different amounts of standard Pb*, Cu?" and Cd®* solutions were added. Sample solutions were treated according to the
above procedure. We detected the Cu®*, Pb*" and Cd*" concentration by using the proposed method and confirmed them with
the AAS result.

From TABLE 1 to TABLE 4, the results showed that when the Pb?*, Cu®* and Cd®* concentration of the samples are above
the minimum detection limit of the methods, it can be detected, and then by comparing with the standard colorimetric plates,
the concentration range of Cu®*, Cd** and Pb** can be determined. However, if the concentrations of Cu®*, Cd** and Pb*" are

greater than the maximum detection limit of the standard colorimetric plates because the color is too deep, then it is difficult

12
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to distinguish the color gradation of the solutions, and there is no corresponding standard color as a reference; thus, it is

difficult to perform a semi-quantitative detection.

TABLE 1. Analysis results of Cu?*, Cd**, and Pb?* in 8 types of Chinese medicinal herbs (n=3, mg.L-1).

Samp|e Cu2+ Cd2+ Pb2+

Source
name RDM AAS RDM AAS RDM AAS
Paeoniae radix alba Anhui ND 0.048 ND 0.021 | 0~0.2 0.257
Glycyrrhizae radix et rhizoma | Neimeng 0.5~1.0 0.685 ND 0.018 | 0~0.2 0.259
Astragali radix Gansu 0~0.5 0.355 ND 0.015 | 0.2~05 | 0.295

Salviae miltiorrhizae radix et
Shandong 1.0~2.0 1.209 ND 0.027 0.5~1.0 0.549

rhizoma

Panacis quinque folii radix Jilin 1.0~2.0 1.077 ND 0.031 | 0.5~1.0 | 0.634
Lonicerae japonicae flos Heinan 1.0~2.0 1.914 ND 0.020 | 0~0.2 0.209
Crataegi fructus Shandong | 0.5~1.0 0.470 ND 0.019 | ND 0.115
Lycii fructus Ningxia 0.5~1.0 0.885 ND 0.023 | 0~0.2 0.225

Note : MAAS: Atomic absorption spectrophotometry; @RDM: Rapid detection method; @ND : Not detected

TABLE 2. Analysis results of Cu?* added to Chinese medicinal herbs.

Sample | Cu®" added | Found (mg.L™)
NO- (9) (mg) RDM AAS
1 1.0011 0.006 0.5~1.0 0.627
2 1.0012 0.015 1.0~2.0 1514
3 1.0011 0.030 2.0~5.0 2.983
4 1.0011 0.060 5.0~10.0 5.896

TABLE 3. Analysis results of Cd** added to Chinese medicinal herbs.

REL0 Cd?* added (mg) | Found (mg.L™)
RDM | AAS
1 1.0010 0.002 0.1-05 | 0.216
2 1.0011 0.006 05-1.0 | 0.603
3 1.0010 0.020 1.0-50 | 1.987

13
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TABLE 4. Analysis results of Pb?* added to Chinese medicinal herbs.

Sample Found (mg.L*
ple (@) Pb?" added (mg) (mg.L")
NO.

RDM AAS
1 1.0012 0.002 0.2~0.5 0.391
2 1.0011 0.006 0.5~1.0 0.789
3 1.0010 0.015 1.0~2.0 1.663
4 1.0011 0.030 2.0~5.0 3.147
5 1.0011 0.060 5.0~10.0 5.975

Conclusions

In summary, we successfully created a convenient, sensitive and selective colorimetric method for the rapid discrimination
and quantification of Cu?*, Cd*" and Pb®" in Chinese crude drugs. To apply the chemical colorimetric method, xylenol
orange, cadmium reagent, and copper reagent were used as chromogenic agents to qualitatively and semi-quantitatively
detect Cu?*, Cd*" and Pb?*. The color change could be discriminated clearly by the naked eye, and the color was compared
with standard color plates to determine the concentration of the heavy metal ions. For the quantitative determination of Cu®",
Cd** and Pb*", the standard colorimetric plate exhibits a linear range of 0.5-10 mg.L™, 0.1-5 mg.L™ and 0.2-10 mg.L™,
respectively. The detection limit of lead is 0.2 mg.L™, which meets the Chinese Pharmacopoeia guideline for five parts per
million allowable lead levels in Chinese crude drugs. The detection limit of cadmium is 0.1 mg.L™, and there is a certain gap
compared with the Chinese Pharmacopoeia limit requirement for three parts per ten million for the cadmium level in Chinese
crude drugs. Further research is needed to optimize the method or to enrich the cadmium concentration in the sample
solutions. The detection limit of copper is 0.5 mg.L?, which is well below the Chinese Pharmacopoeia safe-exposure
standard for a level of twenty-millionths of copper in Chinese medicinal materials. This method supplies results that can be
directly observed with the naked eye without the use of expensive equipment, and the user does not require specialized

training. The method is simple and inexpensive and can be used in real-time for on-site rapid detection and monitoring.

In this study, we investigated the effects of different conditions on the colorimetric responses and the optimized conditions.
In addition, considering the characteristics of Chinese herbal medicine, six sample pre-treatment methods were analyzed and
compared, and the HNO;-HCIO, digestion method was chosen for the pre-processing of Chinese herbal medicines
throughout this experiment. Finally, the present method was applied to the detection of Cu**, Cd*" and Pb®* in 80 batches of
Chinese crude drugs. Moreover, the accuracy for detecting Cu?*, Cd** and Pb?* in Chinese herbal medicines was compared
with the traditional atomic absorption spectroscopy method to verify the results and to demonstrate the feasibility of the
method. However, because of the relatively low cadmium level in Chinese herbal medicine, which is below the detection
limit of the rapid detection method, this metal concentration is difficult to detect. With the increasing level of scientific
research, studies are expected regarding the synthesis of new, highly sensitive chromogenic reagents based on the original

coloring agents as well as the development of sample digestion techniques using micro-instruments to provide more
14
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development space for the rapid detection method. We hope to realize the on-site rapid detection of heavy metals in Chinese

herbal medicines and the effective screening and monitoring of heavy metal contamination in Chinese herbal medicines.
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