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Studies on Heavy Metals in Soils and Traditional Chinese
Materials of Ligusticum chuanxiong Hort. in the Bases of
Good Agricultural Practice

ABSTRACT

The purpose of this study was to understand the distribution behavior and elimination of
heavy metals in the soils of Chinese medical materials of Ligusticum chuanxiong Hort. A
sequential seven-step extraction procedure frequently used by agrochemists and
agroenvironmental protectors combined microwave digestion, GF-AAS/FAAS and HG-AFS
were adapted to research the species and vertical distributions of lead, cadmium, arsenic and
mercury in the good agricultural practice (GAP) bases of local Chinese medical materials of
Ligusticum chuanxiong Hort and the plants of this herb and the phytoaccumulator of
Nephroleps auriculata (L.) Triman in Dujiangyan City and Penzhou City, Sichuan province, P.
R. of China. Solutions presented in the monograph can be summarized as follows:

- A sensitive and interference-free procedure had been successfully established for the
arsenic speciation in the samples of natural water, soil and the Chinese herb using flowing
injection hydride generation atomic fluorescence spectrometry (FI-HG-AFES). It has been
observed that As(V) has an atomic emission to interfere the signals of As(IIl) in the 10% HCl
matrix. tlowever, interferes from heavy metals such as Pb(Il), Cu(Il) can cause severe
increase of the signals as compared to the insignificant effects caused by Zn(II), Mn(II), Cd(II)
and Fe(IIl). It is the first time to discover that the masking agent of 8-hydroxyquinoline was
found to be an efficient agent to eliminate interference of transition metals in the
determination of arsenic species, especially to eliminate As(V) emission with high selection in
the matrix of As(III) and As(V) coexisted solution.

- A sensitive and interference-free procedure for mercury species was then developed for
samples of natural water, soil and the Chinese herb using cold vapor hydride generation
atomic fluorescence spectrometry (CV-HG-AFS).

- The vertical distributions of the lead, cadmium, arsenic, mercury, iron and manganese



were carried out in the soils related to the GAP of Chinese medical materials of Ligusticum
chuanxiong Hort in the five regions corresponding to Xudu contriside and Minxing
countryside in Dujiangyan City, Aoping twon in Penzhou City, Shimo town in Wenchuan City,
and Bajiao town in Shifang County, Sichuan Province, China.

- Based on the Chinese national evaluation standard issued by The Bureau of National
Environmental Protect (GB15618-1995), the evaluation methods of pollution index both
single-factor and multi-factor were used to evaluate the soil quality in the mentioned five
places. It is found that: (D the soil quality in the two places of Xudu and Minxing belongs to
class 4 of the third grad because of the middle level pollution by cadmium and arsenic; @
the soil located in Aoping town was in class 3 of the third grad due to the lightly cadmium
pollution; @ In Wenchuan and Bajiao, the soil qualities in both places, which are well
answered for the request for national conditions of GAP are class 3 of the first grad and class
2 of the second grade, respectively.

- Based on research resluts, it is find that the plant of Glycine max (L.) Merr. has the
characters of lead, cadmium enrichment and absorption, which is not reported in the literature.
Using Glycine max (L.) Merr. alternate planting with Ligusticum chuanxiong Hort. is a
valuable recommended method to produce a high quality Chinese medical materials in order
to eliminate the barrier on the beyond the heavy metal limit for the import and export of
Ligusticum chuanxiong Hort. whereas the alternate planting of paddy with Ligusticum
chuanxiong Hort. is very inadvisable.

- The distributions of heavy metal of lead, cadmium, arsenic, and mercury in the plant of
Ligusticum chuanxiong Hort have been discovered in the first time. The distributive behaviors
of heavy metals are that: the concentration orders are that frondage and root > stem > rhizome
& root for lead, frondage > rhizome and root > stem for arsenic and mercury. The elemental
cadmium can not be absorbed and accumulated as high as the elemental arsenic by the
medicinal used plant.

- It is discovered in the first time that Nephroleps auriculata (L.) Triman has the
character of arsenic and mercury accumulation, which is not reported in the literature. It is an
ideal phytoremediator for its large flux and arsenic and mercury enrichment. Further studies
are found that: O mercury is mainly accumulated in the wall of the plant cells; @ the
distributions of arsenic in the cell compositions of phytoaccumulator are in the order of wall
of cells >> proteins > organic acid and other soluble composition >> plant fat, pigment,
waxiness and etc mainly with the speciation of arsenite, and its frondage is the main part and
apparatus other than stem and rhizome for arsenic accumulation, i.e. arsenic concentration in

the plant is in the order of frondage >> rhizome & root > stem.

- The mechanism of phytoremediation was disclosed in elementary.
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