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Abstract. This study investigated the micro area of cell tissue through synchrotron radiation X-ray 

fluorescence and high-performance liquid chromatography–atomic fluorescence spectrometry to indicate 

the effect of exogenous phosphorus (P) on the distribution of arsenic (As) absorption and the formation of 

As content in Panax notoginseng. Results showed that distributions of relative contents of As and P are 

the same in roots of P. notoginseng. Treatment with As50mg/l+P100mg/l resulted in the decrease of As 

content in P. notoginseng. From stems and leaves of arsenic fluorescence distribution can be seen that 

arsenic into P. notoginseng plant and part of the trend of the transport to the ground, therefore rise to 

arsenic in the blade also is relatively small, mainly concentrated in the stem. Exogenous P treatment can 

effectively reduce the root’s absorption and accumulation of As, thereby reducing the harmful effect of 

As on P. notoginseng. 

Keywords: Panax notoginseng, arsenic, synchrotron radiation X-ray fluorescence, exogenous 
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Introduction  

Panax notoginseng is a perennial herb that has been used in traditional Chinese 

medicine for more than 600 years (Zhao, 2015). It can be used to disperse blood stasis 

and homeostasis and can play a role in detumescence and analgesic therapy (Yan et al., 

2012). Wenshan Zhuang and Miao Autonomous Prefecture of China was origin country, 

in which P. notoginseng has planted more than 400 years, and accounts for 98% of the 

total production in China (Wang et al., 2004; Guo et al., 2010). However, arsenic (As) 

concentrations in the soils of this production area are elevated due to high background 

levels, frequent mining activities, and the large-scale use of As based pesticides and 

fertilizers (Ma, 2016).  

Arsenic (As) is a poisonous and carcinogenic metal element. Human activities have 

allowed the entry of arsenic into water, soil, and plant systems; arsenic inevitably 

contaminated the food chain and medicinal materials and reached human bodies, 

thereby endangering health directly (Deng et al., 2005; Fitz andWenzel, 2002). While 

the soil–plant transfer of As is one of the principal pathways of human exposure to As 

(Tong et al., 2014). Some previous studies in Wenshan Zhuang and Miao Autonomous 

Prefecture demonstrated that As pollution contribution rate was 52.1%, integrated 

pollution index was 0.67, close to cordon (Li, 2004), and As concentrations in P. 
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notoginseng exceed the national standard (＜2 mg·kg
−1

) (Yan et al., 2012). Our study 

has found arsenate (As(V)) was almost exclusively identified in the soil, while be 

absorbed of arsenite (As (V)) can occur reduction and methylation in high proportions 

in P. notoginseng tissues (Ma et al., 2016). But we do not know clearly the distribution 

of arsenic in P. notoginseng tissue. 

The aim of this study was to investigate the distribution arsenic of P. notoginseng’s 

roots, stems, leaves at the micro scale. The As spatial distribution was determined using 

synchrotron X-ray fluorescence spectroscopy (SRXRF). 

Materials and methods 

Plant cultivation 

We chose a testing area that has a good environment in which P. notoginseng plants 

had nearly similar plant height, stem diameter, and leaf area (stem diameter: 3-4mm; 

leaf width: 15-20mm; and root diameter: 7-8mm). The plants had been cultivated for 

one year and were adequately strong and healthy. In this study, seedlings were used for 

a solution culture test at different As densities. As was added as Na2HAsO4·12H2O. In 

the solution culture test, we used a complete nutrient solution that was adjusted 

according to the growth characteristic of P. notoginseng (Feng et al., 2003). All reagents 

of the solution were analytically pure format. Preculture treatments were performed 10d 

before adding As. During preculture, the solution was changed once every 3d. Then, the 

test was performed for 3d, and sampling commenced. Three treatments were applied as 

following: (1) high As concentration treatment (As50mg/l); (2) high As concentration 

with addition of exogenous superphosphate (P) (As50mg/l+P100mg/l). Each treatment 

was repeated three times, after that the plants were left in the dark. The plant needs to be 

cultivated in a place with ventilation and transmittance of 8%～12%, temperature of 

20℃～25℃, humidity of 30%. 

 

μ-SRXRF 

The middle part of the fresh root of P. notoginseng was chosen. An import-

embedding agent optimum cutting temperature compound was embedded in the middle 

part of the root. We used a freezing microtome LEICA CM1950 cryostat at −20℃ 

(Ager et al., 2002) with slice thickness of 10μm. The frozen section adhesion on a 

polyethylene film sample frame was freeze-dried at −80℃ for the μ-SRXRF scan. 

Micro-X-ray fluorescence (μ-SRXRF) microspectroscopy was performed at the 4W1B 

end station of Beijing Synchrotron Radiation Facility, which runs at 2.5GeV electron 

with 150～250mA current. The incident X-ray energy was monochromatized by 4WB1 

double multilayer monochromator at 15keV and was focused down to 50μm in diameter 

with polycapillary lens. 2D mapping was adopted by step mode. The sample was placed 

on a precision motor-driven stage, which scans 200μm stepwise. The Si(Li) solid state 

detector was used to detect X-ray fluorescence emission lines with a live time of 60s. 

Data reduction and processing were performed with PyMCA package (Solé et al., 2007). 

PyMCA fluorescence data processing software was used. OriginPro8.0 software was 

used to determine As distribution in the tap root. 
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Results 

Distribution As in P. notoginseng roots 

In the test, we used μ-SRXRF in a synchronic laboratory, as proposed by Institute of 

High Energy Physics Chinese Academy of Sciences. Then, the samples treated with 

high As concentration (As50mg/l), and high As concentration with exogenous P 

(As50mg/l+P100mg/l) were collected. The next step involved flake analysis. After data 

were subjected to a normalization process, spectrofluorimetry of the cross-section of 

three pairs of P. notoginseng samples was performed (Fig.1) illustrates that green and 

red represented fluorescence detection of low and high As concentrations, respectively. 

Meanwhile, synchrotron X-ray fluorescence spectroscopy spectrum of As distribution in 

roots. From top to bottom, As50mg/l and As50mg/l+P100mg/l were successively 

represented. Fig. 1A is the spectrofluorimetry of the As in the root, whereas the right 

part points to the same testing part of the corresponding spectrofluorimetry of P. The 

highest fluorescence level was equal to or lower than 15.63. Meanwhile, root samples 

treated with As50mg/l showed increased As fluorescence. The red part in the Figure 1 

represents the area of high As concentration, in which fluorescence level was more than 

8.49; fluorescence level in this area was obviously high. Most of the distributions of 

fluorescence levels in micro areas are at 7 ～ 10. Samples treated with high As 

concentration adding exogenous P(As50mg/l+P100mg/l) (Fig. 1B )reached the peak 

fluorescence only at the level of 6.66, and this value was much lower than that obtained 

in samples treated with only As50mg/l. Samples treated with As50mg/l showed an 

uneven distribution of P, according to spectrofluorimetry results. Some areas had high P 

levels, whereas other areas showed low P levels. Moreover, most of the areas with high 

As content had P spectrofluorimetry levels of more than 6. Addition of exogenous P 

along with As treatment (As50mg/l+P100mg/l) nearly maintained a P 

spectrofluorimetry level of 5.7～8. Combined vertical analyses on the distribution of 

fluorescent image from the roots treated with As and P showed that when roots were 

treated with As50mg/l, the As content increased. However, when roots were treated 

with As50mg/l+P100mg/l, As content decreased. Adding exogenous P would decrease 

As absorption into the roots. Using spectrofluorimetry results, the distribution patterns 

of As and P in the root were compared. Fig. 1 presents a horizontal comparison. The 

result indicates that increased As content would result in increased P content in the 

roots. This trend was obvious particularly when only high As concentration was 

supplied. 

 

Distribution As in P. notoginseng stems and leaves  

Different parts of P. notoginseng stems and leaves have different As contents (Fig. 

1C, D, E, F). As50mg/l test process of notoginseng arsenic stem appeared high 

fluorescence detection value, the highest is about 35.31, far higher than the root of the 

readings. Previous studies have found that there are a large number of stem in P. 

notoginseng arsenic reduction, methylation reaction such As much As (Ⅲ) and MMA 

(Ma et al., 2016), it should be fluorescent values of the main causes of high stem. 

As50mg/l + P100mg/l values is low, only 5.88. Shows that added exogenous 

phosphorus removal can significantly reduce the arsenic content in the stem, and a drop 

of about 35.1%. Blade As50mg/l and As50mg/l + P100mg/l treatment of arsenic 

fluorescence values are lower, show the arsenic content in P. notoginseng leaf is low. 

From stems and leaves of arsenic fluorescence distribution can be seen that arsenic into 
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notoginseng plant and part of the trend of the transport to the ground, but as a result of 

arsenic is not nutrients, therefore rise to arsenic in the blade also is relatively small, 

mainly concentrated in the stem.  

 

Figure 1. Synchrotron X-ray fluorescence spectrum of As distribution in roots of P. notoginseng 

(Note: A, C, E: As50mg/l; B, D, F: As50mg/l+P100mg/l; A, B: roots; C,D: stems; E, F: leaves) 

Discussion 

We have performed our study using exogenous P on characteristics of absorption of 

As in micro areas of Panax notoginseng and As distribution formation in unique Panax 

notoginseng production Yunnan province in southwest China. According to previous 

studies on plant–soil system, P inhibits absorption and accumulation of As (Koseki, 

1988). Under high P conditions, PO4
3− 

and AsO4
3− 

compete for the membrane 

transporter. P and As show antagonism effects on each other (Sharples et al., 1998). The 

As resistance of rice (Meharg and MacNair, 1990), barley (Asher and Reay, 1979), 

alfalfa (Khattak et al., 1991), and Holcus lanatus L. (Meharg et al, 1994a,b; Meharg and 
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MacNair, 1992)
 
under high P conditions resulted in the reduction of As content in roots, 

stems, and seeds. When Pteris vittata was exposed to high As concentration, P and As 

were synergistic, i.e., adding P promoted the absorption and accumulation of As in the 

plant (Chen et al., 2002). This study investigated the characteristics of As distribution in 

the micro area of plants treated with high As concentration and high As concentration 

adding exogenous P. The results of this study are consistant with previous studies which 

indicated that P and As absorption and accumulation occur in the same plant system 

(Meharg et al., 1994b; Buolo et al., 1999; Sharples et al., 2000). When exogenous P was 

added, P and As showed antagonistic effects. Exogenous P treatment inhibited the 

absorption and accumulation of As by P. notoginseng root. 

Many studies have shown that the inhibitory effect on As(Ⅲ) was significantly 

higher than that on As(Ⅴ) (Carbonell-Barraehina et al., 1998; Sachs and Michael, 1971). 

This phenomenon occurred possibly because As and P have the same absorption point, 

i.e., the plant simultaneously absorbed As and P (Lei et al., 2003; Wang and Duan, 

2009). As(Ⅲ) is not affected by the damaging effects of P oxide acidification, unlike 

As(Ⅴ) (Marin et al., 1992). However, some researchers believe that the transformation 

of As(Ⅴ) to As(Ⅲ) in the plant is related to of the presence of reducing thiol glutathione 

in the plant (Tu et al., 2004). This material would transform As(Ⅴ) into As(Ⅲ) through 

desulfurization (Pickering et al., 2002; Delnomdedieu et al., 1993). In a previous study 

(Chen et al., 2014) on P. notoginseng, the author found that As(Ⅴ) would be 

transformed into As(Ⅲ) during the plant’s absorption and transport of the element, 

thereby indicating the presence of reducing enzyme or thiol materials in P. notoginseng. 

The exact mechanism should be further investigated in our next study. 
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