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Abstract

Soil cadmium (Cd) pollution is a critical environmental issue that requires urgent remediation. Sedum
alfredii, known for its high biomass, strong stress tolerance, and suitability for harvesting, serves as an
excellent hyperaccumulator. This study used field experiments to investigate the enhancement of Cd
phytoremediation in soil using three activators: citric acid (CA), malic acid (MA), and polyaspartic acid
(PASP). The results showed that the biomass of Sedum alfredii was increased by 8.95%-28.37% by the
addition of these activators, significantly boosting its Cd accumulation efficiency, with an average
removal rate increase of 12%. Among all activators, CA exhibited the most substantial enhancement
effect, with enrichment coefficients of 36.26% and 11.56% for the aboveground parts and roots of
Sedum alfredii, respectively, and a 21.15% increase in Cd removal rate. Although PASP had less
pronounced effect on biomass and Cd uptake, with decreases of 15.25% and 35.34% in the aboveground
parts and roots, respectively, it significantly impacted soil Cd speciation and increased the activation rate
by 20%.

Highlights
1. Cd remediation efficiency of Sedum alfredii up to 25.97% with CA treatment
2.The application of CA markedly increased both the biomass of Sedum alfredii and its cadmium uptake.

3.The activation rate increased by 20% under polyaspartic acid treatment.

Introduction

Cadmium(Cd) in soil may be accumulated in crops and plants through surface runoff, irrigation,
sediment deposition, etc., and transmitted through food chain, posing threats to human health(Wang et
al. 2021). Seeking economically effective methods for the remediation of cadmium-contaminated soil is
urgent. Among the Cd-contaminated soil remediation technologies, phytoremediation is the most
promising method for heavy metal pollution due to its low cost and environmental friendliness(Chi et al.
2024).

Phytoremediation is employed using hyperaccumulator plants to absorb heavy metals from the soil.
Heavy metals are taken up from the soil, water, or solid sediments into the plant with the assistance of
their root systems and associated microorganisms. Then they are transported to the above-ground parts
before being harvest and achieve the goal of heavy-metals removal (Mahar et al. 2016). Among these
plants, the annual or perennial succulent herb Sedum alfredii stands out as an excellent Cd
hyperaccumulator due to its high biomass, strong stress tolerance, and suitability for harvesting(Du et al.
2022). However, phytoremediation technology has the disadvantages of a long remediation and
treatment cycle and low efficiency(Jing et al. 2015). To address these limitations, phytoremediation
enhancement techniques have been developed, including chemical enhancement, microbial
enhancement measures, agronomic measures, and genetic modification engineering. The bioavailability
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of soil contaminants is improved or plant growth is effectively promoted through chemical enhancement
methods, significantly improving the performance of plants in soil remediation. It is made one of the
effective measures to overcome the inefficiency and time-consuming nature of phytoremediation.
Chemical enhancement remediation technology, through the addition of activators, is used to alter the
form and bioavailability of heavy metals in the soil, thereby increasing the ability of plants to extract
heavy metals from the soil.

Activators can be classified into three main types:1.Synthetic Aminopolycarboxylic Acids: These include
ethylenediaminetetraacetic acid (EDTA) and glutamic acid diacetic acid (GLDA);2.Natural
Aminopolycarboxylic Acids: These include ethylenediaminedisuccinic acid (EDDS) and nitrilotriacetic
acid (NTA);3.Natural Small-Molecule Organic Acids: These include citric acid (CA), malic acid (MA), and
tartaric acid (TA)(Lee &Sung 2014).Among these, synthetic aminopolycarboxylic acids like EDTA and
GLDA can enhance the dissolution of heavy metals in the soil, forming metal complexes that increase
mobility and improve metal transfer to the roots and above-ground parts of plants. However, the
permeability of plant root cell membranes can be disrupted by these synthetic activators, plant growth
can be inhibited, and they are difficult to degrade in the soil, causing toxicity to plants, soil animals, and
microorganisms, leading to secondary pollution(Zaier et al. 2010). For example, under EDTA treatment,
plant growth is limited, manifesting as low seed germination rates, wilting, chlorosis and necrosis of
leaves, and reduced transpiration(Barrutia et al. 2010, Guo et al. 2018, Jez &Lestan 2016).

Low molecular weight natural organic acid activators, such as citric acid (CA) and malic acid (MA), are
harmless to plants in practical applications and are easily degradable(Zhi-guo et al.). Moreover, soil
microbial activity can be enhanced and plant growth can be promoted by them. The mechanisms to
increase plant heavy-metals uptake include: (1)Lowering Soil pH, heavy metals that are in an insoluble
state or fixed in soil minerals are released(Turgut et al. 2004);2. Hydrogen ions dissociated from acidic
groups are adsorbed onto the cation adsorption sites on the surfaces of soil particles and minerals,
resulting in the displacement of metal ions (Alozie et al. 2018);3. Some heavy metals can be formed into
soil-chelating agent-heavy metal complexes with low molecular weight organic acids and be immobilized
in the soil, reducing the migration of heavy metals(Lin et al. 2021). Polyaspartic acid (PASP), a
biodegradable surfactant with multiple carboxyl and hydroxyl groups(Wang et al. 2021), is synthesized
from L-aspartic acid(Wu et al. 2021). It can be effectively used to form complexes with Cd2J, replacing
Cd in the soil, thereby reducing the toxicity of Cd to plants(Yifeng &Yuyang 2008) and improving the
extraction efficiency of heavy metals by rapeseed and black nightshade(Liu et al. 2023). Additionally, the
activity of antioxidant enzymes in plants can be increased by PASP, thereby enhancing their defense
against heavy metal stress(Li et al. 2023).

The enhancement of phytoremediation for heavy metal-contaminated soil using EDTA(Nawaz et al.
2023), PASP (Zhang et al. 2019), CA(Afshan et al. 2015), and MA(Stojanov et al. 2024) has been
validated in pot experiments. However, pot experiments are conducted under controlled conditions, and
it is impossible to fully simulate field application conditions such as climatic changes, soil background
conditions like moisture, nutrients, and microbial environment, and the rhizosphere environment resulting
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from the interaction between plant roots and field soil(R &2 2023). This study selected three natural
organic acid activators: citric acid (CA), malic acid (MA), and polyaspartic acid (PASP), and investigated
the enhancement effects of these activators, both individually and in combination, on the remediation of
soil Cd contamination by Sedum plumbizincicola through field experiments.

Materials and Methods
Plant material, soil properties and field profile

The test plants were obtained from Southeast Sedum Breeding Base, Qingyuan, China. The location of
the experimental field is shown in Fig. 1, which is located in Sanshui District, Foshan City (latitude
23°06'N, longitude 112°84'E), which belongs to the subtropical monsoon humid climate zone.
Agricultural soils in the area are contaminated by Cd from sewage irrigation, with an average pH of 7.23,
an organic matter (SOM) content of about 21.04 g/kg, and a cation exchange capacity (CEC) of 26.6
cmol/kg. Two rounds of Sedum plumbizincicola remediation experiments were conducted from
November 2018 to July 18, 2020. The first round was conducted from November 11, 2018, to April 2,
2019, without the addition of activators. The planting of Sedum plumbizincicola reduced the Cd
concentration in the soil from 0.98 mg/kg to 0.89 mg/kg, with a removal rate of 9.18%. From February 28,
2020, to July 18, 2020, this study further conducted a natural activator-enhanced remediation of Cd-
contaminated soil using Sedum plumbizincicola.

Field experiment

The experimental field was divided into 6 columns and 3 rows, with each plot measuring 8 meters in
length and 11 meters in width. There are 18 plots in total with a 20 cm gap between plots.. After ridge
division, plowing, and mulching, 42 kg/acre of potassium humate was added and evenly plowed into the
soil. The transplanting distance of Sedum plumbizincicola was approximately 20 cm. One month after
transplanting, activators were added. Six treatments were set up, including control check (CK), CA (42
kg/acre), MA (42 kg/acre), PASP (42 kg/acre), CA (21 kg/acre) + PASP (21 kg/acre), and MA (21
kg/acre) + PASP (21 kg/acre), with each treatment replicated three times.

Sample collection, preparation and analysis

Five spots of Southeastern Sedum were collected from each test plot as a mixed sample, for a total of
18 soil samples and 18 plant samples.

The soil pH was measured using the electrode method. A soil-to-water ratio of 2.5:1 was oscillated for 5
minutes, allowed to stand for 30 minutes, and the supernatant was measured with a pH meter. The
absorbance of Cd in the test solution was measured using a graphite furnace atomic absorption
spectrometer, and the Cd content was calculated. The Tessier five-step extraction method was used to
measure the speciation of Cd in the soil(Li-wei &Hai-ying 2020).
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Sedum alfredii was thoroughly washed with tap water to remove impurities adhering to the entire plant,
followed by at least three rinses with deionized water. The plants were then drained, and surface
moisture was removed with filter paper. The plants were separated into aboveground and underground
parts, and their fresh weight was recorded before being dried in an oven at 75°C. The dried samples were
then ground, sieved, and prepared for analysis.

Statistical analysis of data

Mean and standard deviation of experimental data. One-way analysis of variance (ANOVA) was
performed using spss.

The removal rate of soil cadmium (Cd) was calculated using the following formula:

EXEFym= -2 *100% (1)

Where, EXEFy), represents the removal efficiency of soil cadmium,%;Cy is the initial cadmium content in
the soil;,Cqq is the cadmium content in the soil after remedi- ation,mg/kg;

The ratio of Cd taken up by plants to Cd in the exchangeable and carbonate-bou- nd morphological in the
soil as an activated part of total Cd is called the activation rate.

The activation rate of Cd is calculated as follows:

B Cy— Coq + C.

*100
Co %

Ui

2
n represents the activation rate of soil cadmium,%;C,, represents the sum of the concentrations of
exchangeable and carbonate-bound Cd in the soil after remediation, mg/kg;

The bioconcentration and transport of Cd by Southeast Sedum were estimated by transport factor (TF)
and bioconcentration factor (BCF).

The bioconcentration factor (BCF) is an index of the ability of plants to absorb Cd from the soil into their
above-ground and root systems. It is calculated as follows:

C,

Where Ca (mg/kg) indicates the Cd concentration in the dry branches at harvest and Cs is the initial soil
Cd concentration.

The translocation factor (TF) gives an indication of the plant's ability to translocate metals from roots to
above-ground parts. This parameter was calculated as follows:
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C,
TF= &+ (4)

where Ca (mg/kg) and Cr (mg/kg) represent the Cd concentrations in the plant aboveground and in the
roots, respectively.

Results and Discussion
Cadmium Removal

The removal of cadmium from soil through phytoremediation is influenced by factors such as the
geographical location of the experiment, soil physicochemical properties, plant type, and pollution load.
The removal rates of soil Cd are shown in Fig. 2. The removal rate of Cd by the CK group was 4.82%.
After activators were added, the soil Cd removal rates ranged between 9.27% and 25.97%, showing
considerable variation,with an average removal rate increase of 12%.The highest Cd removal rate was
achieved with the addition of CA, reaching 25.97%, which was 21.15% higher than that of the CK group.
The second highest removal rate was achieved with MA, which increased by 16.54%. The enhancement
effect of the activators PASP + MA and PASP + CA on the remediation of Cd by Sedum plumbizincicola
was not significant.

In this study, the enhanced Cd removal rate by Sedum alfredii using CA shows some differences
compared to related reports of CA-enhanced phytoremediation in the literature (Table 1). There may be
three main reasons for this:1. Plant Species Influence. Compared to Celosia argentea Linn(Chao et al.
2023), Sedum alfredii is identified as a hyperaccumulator plant with a strong potential to absorb and
accumulate heavy metals;2. Pollution Load. The accumulation of Cd by plants generally decreases with
an increase in soil heavy metal concentration(Nevel et al. 2007). Plant growth and biomass can be
affected by excessive Cd through reduced mineral nutrient uptake and disrupted biochemical metabolic
processes(Gill et al. 2011). Once heavy metals enter the plant, cell division, photosynthesis, respiration,
and mineral nutrient absorption can be adversely affected, leading to symptoms such as curled young
leaves, stunted growth, and significantly reduced biomass(Song et al. 2014).For example, when the initial
concentration was 20.09 mg/kg, the remediation effect of Sedum alfredii on Cd was not significant(Liu
et al. 2008); 3.Experimental Conditions:Compared to field experiments, smaller volumes and fewer
cultivated plants are involved in pot experiments, making the control of soil, fertilizer, and water
conditions easier.This facilitates the regulation of soil temperature and moisture content, promoting Cd
absorption by Sedum alfredii.The Cd content in the aboveground and root parts can reach several
hundred mg/kg(Liu et al. 2008), leading to significant differences in Cd accumulation by individual
Sedum alfredii plants between pot and field experiments(Sun et al. 2009). Compared to CA and MA,
weaker bonds with Cd are formed by PASP. When mixed with MA or CA, the rhizosphere environment of
Sedum alfredii can be affected by PASP, resulting in an insignificant enhancement effect of the PASP +
CA and PASP + MA combinations on the remediation by Sedum alfredii.
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Activation of Cd in Soil

The forms of heavy metals in soil are important factors affecting their mobility and bioavailability. Heavy
metals in soil are classified into five forms by the Tessier five-step extraction method: exchangeable,
carbonate-bound, Fe-Mn oxide-bound, organically bound, and residual forms. Most plants can only
absorb heavy metals that are in dissolved form in the soil solution, weakly bound to soil particles
(exchangeable form), and partially in the carbonate form, while those bound to the soil solid phase are
difficult for plants to absorb(zhu, et al. 2008). In this study, the sum of the exchangeable, carbonate-
bound, and the Cd extracted by Sedum alfredii in the remediated soil is considered the available form of
soil Cd. The Fe-Mn oxide-bound and organically bound forms, which can transform into available forms
under certain environmental conditions(Na et al. 2021), are defined as potentially available forms.
Chemical activators promote the transformation of potentially available forms into available forms
through processes such as acidification, complexation, precipitation, and redox reactions, thereby
facilitating the phytoremediation of contaminated soil(Yang et al. 2021).

After enhanced remediation, the distribution of Cd forms in the soil is shown in Fig. 3. In the soil, Cd is
mainly found in available and residual forms. Compared to the control group, the exchangeable and
carbonate-bound forms of Cd were increased to varying degrees after treatment with activators. Under
dynamic equilibrium, other forms of heavy metals gradually decreased. As shown in Fig. 2, the activation
rate of Cd in the soil was increased by 19% and 20% under CA and PASP treatments, respectively. The
carboxyl groups of PASP can be coordinated with Cd to form metal chelates(Fu et al. 2017), thereby
rapidly and significantly increasing the availability of metals in contaminated soil. Small molecule
organic acids like CA can introduce H* into the soil, altering the bioavailability of heavy metals, and can
also form soluble chelates with heavy metal ions in the soil, promoting the adsorption of metal ions to
soil particles and enhancing their activity and mobility(Kan-qgi et al. 2023). Compared to CA, MA has a
lower metal chelation ability(Hong-li, et al. 2008), but its activation effect on soil Cd was still notably
observed.

Organic acids, in addition to promoting the transformation of Fe-Mn oxide-bound and organically bound
forms into exchangeable forms, can also reduce Cd toxicity by enhancing the expression of enzymatic
and non-enzymatic antioxidants and certain tolerance genes within plants. This helps maintain normal
cell morphology(Zhang et al. 2020). As a result, the absorption of Cd ions and complexes by plants is
enhanced, improving the phytoremediation capacity of plants for Cd-contaminated soil. This study found
that both CA and MA not only increased the available Cd content in the soil but also promoted the
growth of Sedum alfredii.

Absorption and remediation effect of Sedum alfredii on Cd

As shown in Fig. 4, the Cd content in the aboveground parts and roots of Sedum alfredii under different
treatments were ranged from 6.61 to 10.63 mg/kg and 8.36 to 14.43 mg/kg, respectively. The Cd
concentration in the aboveground parts was increased by 36.32% and 11.6% by the CA treatment,
followed by the MA treatment, which respectively increased it by 7.69% and 11%.The hydroxyl or carboxyl
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groups in CA and MA can form stable compounds with Cd, facilitating the absorption and accumulation
of Cd by Sedum alfredii, further increased the Cd concentration in the stems and roots(Farid et al. 2018).
However, under PASP treatment, the Cd content in the aboveground parts and roots of Sedum alfredii
decreased by 15.25% and 35.34%, respectively, which was the lowest among all activator combinations.
PASP did not significantly affect the Cd absorption capacity of Sedum alfredii, showing a marked
difference from the results of pot experiments reported in the literature(Jiang et al. 2022). The reason
might be that PASP, being an alkaline activator, increases soil pH and reduces H*, which decreases the
exchange of heavy metal cations adsorbed on the surface of soil particles with H*, thereby slowing down
the desorption of Cd from the surface of soil particles.

The key to increase accumulation of heavy metals in plants and enhanced phytoremediation with
activators is to promote the dissolution of heavy metals in the soil and their translocation from plant
roots to shoots. The Bioconcentration Factor (BCF) represents the ability of plants to accumulate heavy
metals, while the Transport Factor (TF) indicates the translocation of heavy metals from the soil into the
plant. The BCF and TF for each treatment group are shown in Table 2. Except for PASP, the Cd
bioconcentration factor of Sedum alfredii was increased by all activator combinations. The BCF for Cd in
the shoots and roots ranged from 7.43 to 11.95 and 9.4 to 16.21, respectively. The physicochemical
conditions of the soil are altered by CA, being a weak acid, when applied, transforming the chemical
forms of Cd from less absorbable to more absorbable by plants, thereby enhancing Cd uptake(Hui &Jing-
jing 2021). CA increased the BCF of Cd in the shoots and roots of Sedum alfredii by 36.26% and 11.56%,
reaching 11.95 and 16.21, respectively, the highest among all activator combinations.

The Transport Factor (TF) of plants is another crucial factor in phytoremediation (Li et al. 2020).
Activators can increase the bioavailability of heavy metals and the permeability of root cell membranes,
facilitating the entry of metal-chemical reagent complexes into the plant(Li et al. 2020). Compared to
free metal ions, metal-chemical reagent complexes are more easily transported through the cortex to the
xylem vessels because they do not bind to groups on the surface of root cortex cells, such as carboxyl
groups or polysaccharides (Shahid et al. 2014). The TF values for each group showed no significant
differences, ranging between 0.6 and 0.8, and were not significantly different from other field
experiments(Chao et al. 2023). This indicated that the translocation of Cd from the roots to the shoots of
Sedum alfredii was not significantly enhanced by the activators used in this study.

Page 8/22



Table 2

Bioconcentration and translocation factors of Southeast
Sedum after the activators addition

Treatment  BCF TF

Shoots Roots Shoots
CK 8.77+2.8 14.53+6.56 0.6+0.04
CA 11.95+3.57 16.21+1.43 0.73+0.14
MA 0.44+2727 16.21+2.03 0.6+0.18
PASP 7.43+0.79 9.4+1.14 0.8+0.14
CA+PASP 9.2+0.39 17.23+3.76 0.6+0.08
MA +PASP 9.14+0.87 15.44+491 0.66+0.03
Values shown are the mean + SD (n = 3)

Biomass of Sedum alfredii

The biomass of plants is a key factor in determining the efficiency of phytoremediation(Xin-yu et al.
2023). Under the same conditions, plants with greater biomass can accumulate more heavy metals
within their tissues(Xiaojuan et al. 2015). Biomass is influenced by a variety of complex factors,
including soil heavy metal concentration, the type and concentration of chemical additives, climate
change, and soil background conditions such as moisture, nutrients, and microbial environment. As
shown in Fig. 5, activators increased the biomass of Sedum alfredii, with individual dry weights ranging
from 17.02 g to 20 g, representing an increase of 8.95-28.37%. The addition of CA resulted in the
greatest increases in both shoot and root dry weights, with increases of 28.35% and 30.3%, respectively.

The biomass of Sedum alfredii in this study was found to be higher than that reported in pot experiments
(Table 1). A larger growth space is provided by field planting, allowing plant roots to be freely extended
and water and nutrients to be absorbed. In contrast, root growth and, consequently, biomass
accumulation are limited by container size in pot-grown plants. Additionally, more natural sunlight is
received by field-grown plants, enhancing photosynthesis and promoting growth and biomass
accumulation. Another reason is that a relatively low level of Cd contamination was present in the soil in
the study area, resulting in less stress on the plants. When soil heavy metal concentrations are below the
critical level that affects plant growth, no significant impact on plant development is observed. However,
when soil heavy metal concentrations reach the critical threshold, plant growth can be severely
inhibited(Hui &Jing-jing 2021). Excessive Cd can affect plant growth and biomass by reducing nutrient
uptake and disrupting biochemical metabolic processes(Gill et al. 2011).

Most studies reported that the application of chemical reagents increased leaf necrosis and reduced
plant biomass(Teng et al. 2022), while a few studies indicated that chemical reagent treatments did not
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cause biomass loss and might even improve plant growth(He et al. 2019). In our study, plant shoot
biomass, the amount of extracted Cd, and phytoextraction efficiency were significantly increased by the
addition of CA relative to the control soil, suggesting that a beneficial effect on the growth of Sedum
alfredii was provided by CA. This might be related to the structure of CA, which has three carboxyl
groups, a special molecular structure, and charged properties that can participate in plant growth and
development processes. Plant growth was promoted by CA by providing available phosphorus and iron
compounds(Hawrylak-Nowak et al. 2015), decomposing humic substances, activating auxins, and
mitigating stress damage to photosynthetic organs(Nardi et al. 2000, Zaheer et al. 2015). PASP was
reported to enhance plant nutrient absorption and extend fertilizer utilization efficiency to improve plant
nutrient levels(Yang et al. 2019). It was also believed to be capable of promoting seedling stem growth,
root activity, chlorophyll content, and plant biomass(Hu et al. 2019). However, in this study, significant
changes in the biomass of Sedum alfredii were not observed with the addition of PASP. This could be
related to the active hydrothermal conditions in the study area, which promoted soil microbial activity
and affected the effectiveness of PASP.

The biomass of phytoremediation plants is also related to the concentration of activators. If the
concentration of activators is too high, it can adversely affect plant growth, leading to lower remediation
efficiency(Xiaojuan et al. 2015). For example, EDTA has been shown to reduce the aboveground biomass
of ramie(Jin et al. 2015) and inhibit the growth of ryegrass.

Correlation Analysis

A correlation analysis was conducted on soil pH, Sedum alfredii biomass, activation rate, Cd content in
Sedum alfredii, and Cd removal rate. The correlation heatmap and linear relationship graph (Fig. 6)
showed that the removal rate was significantly positively correlated with both the activation rate and
biomass (P < 0.05), with correlation coefficients of 0.6 and 0.84, respectively. This indicated that the
available Cd and the biomass of Sedum alfredii were important factors in improving the
phytoremediation efficiency using activators. The bioavailability of soil heavy metals was determined to
be a crucial factor in the amount of heavy metals absorbed by plants. Plants with larger biomass were
found to accumulate more heavy metals in their roots and stems, thereby increasing the soil Cd removal
rate. A correlation analysis was conducted on soil pH, Sedum alfredii biomass, activation rate, Cd
content in Sedum alfredii, and Cd removal rate. The correlation heatmap and linear relationship graph
(Fig. 6) showed that the removal rate was significantly positively correlated with both the activation rate
and biomass (P < 0.05), with correlation coefficients of 0.6 and 0.84, respectively. This indicated that the
available Cd and the biomass of Sedum alfredii were important factors in improving the
phytoremediation efficiency using activators. The bioavailability of soil heavy metals was determined to
be a crucial factor in the amount of heavy metals absorbed by plants(Xueying et al. 2019). Plants with
larger biomass were found to accumulate more heavy metals in their roots and stems, thereby
increasing the soil Cd removal rate.
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The initial pH of the test soil was 7.63, and after applying different combinations of chemical reagents,
the pH of the treated soils ranged from 7.40 to 7.70, showing no significant changes. It could be
attributed to the soil used in the experiment as it was alkaline with inherent buffering capacity Besides,
soil pH could be influenced not only by potassium fertilizers and organic acids but also by other
environmental factors in the farmland, such as microorganisms, flora, and fauna. The pH had no
significant impact on Cd removal and the growth of Sedum alfredii, with correlation coefficients of 0.25
and 0.15.

Conclusion

The available Cd content in the soil and the biomass of Sedum alfredii were increased by the addition of
activators, raising the average Cd removal rate from 4.82-16.82%. The biomass of Sedum alfredii and its
Cd removal rate were significantly increased by the application of organic acids CA and MA alone, with
CA and MA enhancing the Cd removal rate to 25.98% and 21.36%, respectively, which was higher than
previously reported in pot experiments. The remediation effect in Cd-contaminated soil by Sedum alfredii
was greatly enhanced by CA and MA. PASP was found to be the most effective activator, increasing the
available Cd by 14% without affecting the mobility and accumulation of Cd in the soil. Although the
application of activators showed great potential in phytoremediation, it might increase the risk of heavy
metals migrating into groundwater(Chen &Cutright 2001). Therefore, it is important to balance the
remediation effect and preserving groundwater when choosing activators.
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Morphological distribution of Cd after treatment
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Cd concentration in the shoots and roots of Sedum alfredii
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Figure 5

Biomass of shoots and roots of Sedum alfredii
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Correlation Relationship Diagram
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