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Abstract

The contamination of soil with heavy metals is a severe problem due to adverse impact of heavy metals on environmental safety
and human health. It is essential to remediate soil contaminated with heavy metals. This study has evaluated the effects of pine
biochar, kaolin, and triple super phosphate (TSP) on multiple heavy metals (Ni, Zn, Cu, and Cd) in contaminated soil and
accumulation of heavy metals in plants. The amendments can reduce availability of heavy metals in soil by increasing pH,
adsorption, complexation, or co-precipitation. Different amendments have variable effects on accumulation of heavy metals in
plants and in soil due to its diverse mechanism of stability. The results showed that application of triple super phosphate (TSP) has
significant reduced soil Cd exchangeable (EXC) fraction from 58.59 to 21.30%. Bound to carbonates (CAR) fraction decreased
from 9.84 to 5.11%, and bound to Fe-Mn oxides (OX) fraction increased from 29.61 to 69.86%. The triple super phosphate (TSP)
has the ability to stabilize Cu and especially Cd. However, triple super phosphate (TSP) has enhanced ecological risk of Zn and
Ni. Application of pine biochar has significantly enhanced soil pH. The kaolin has significantly reduced EXC fraction of Cd and
increased OX fraction of Cu. The amendments and heavy metals have not caused significant effect on SPAD value of Buxus
microphylla Siebold & Zucc (B. microphylla). The triple super phosphate (TSP) has significant decreased biomass of B.
microphylla and bamboo-williow (Salix sp.) by 24.91 and 57.43%, respectively. Pine biochar and kaolin have increased the
accumulation of Zn and Cd in plants. It is concluded that triple super phosphate (TSP) was effective in remediation of Cd and
kaolin was effective in remediation of Cd and Cu. Pine biochar was effective in remediation of Cd, Cu, and Zn.

Keywords Heavy metals - Multiple heavy metal contamination - Fraction distribution - Stabilization

Introduction

The pollution of soils by heavy metals has seriously threatened
the ecological environment, food safety, and human health
(Huang et al. 2016; Kumpiene et al. 2008; Shirvani et al.
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2015). The improper management of metallurgical industrial
wastes, mining wastes, pesticides, and fertilizers have caused
contamination of soils with heavy metals, e.g., Pb, Cd, Cu, Zn,
Ni, etc. (Boyd and Rajakaruna 2013; Niazi et al. 2015). The
remediation technology of pollution due to heavy metals has
reduced the amount of heavy metals in soil or has reduced
biological availability of heavy metals in soil (Li et al. 2015;
Liu et al. 2015). Electrokinetic extraction, chemical stabiliza-
tion, and phytoremediation are at the development stage (Liu et
al. 2018). The application of stabilization material in soil has
adjusted or changed proportion of bioavailable fraction of
heavy metals, which has reduced biological availability and
mobility of heavy metals in soil environment (Cao and Dai
2011). Phytoremediation is green and cost-effective technology
in organic and inorganic pollutants (Rizwan et al. 2018).

The phosphate materials (Seshadri et al. 2017), clay min-
erals (Xu et al. 2017), and biochar (Marousek et al. 2017a;
Wang et al. 2018) etc. were usual used as soil amendments
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to stabilized heavy metals in soils. The cadmium leachable
concentration was reduced from 306 to 140, 34, and
12 mg kg ' after 60-day stabilization of contaminated soils
with the stabilization efficiency as triple super phosphate
(TSP) > diammonium phosphate (DAP) > phosphate rock
(PR) (Thawornchaisit and Polprasert 2009). Biochar is a solid
organic carbon compound obtained from incomplete combus-
tion of organic materials in an oxygen-limited environment
(Wang et al. 2014). The preparation and cost of biochar are
becoming friendly (Marousek et al. 2015a, b). Biochar is
widely advocated as a soil amendment (Liang et al. 2017,
Marousek et al. 2017b; Li et al. 2018a, b). The biochar has
large number of tiny pores, negative charge, high charge den-
sity, and larger specific surface area and its surface contains
rich oxygen which consist functional groups (Xu et al. 2014;
Lietal. 2018a, b). Wu et al. (2016) reported that limestone +
sepiolite is more suitable for long-term remediation of Cd-
polluted soil than Pb-polluted soil. Usman et al. (2005) re-
vealed that sodium base bentonite, calcium base bentonite,
and zeolite contain Zn, Cd, Cu, and Ni in heavy metal-
contaminated soil. Kaolin treatment increased stomatal con-
ductance, photosynthesis, and transpiration rates in all species
and water content was observed in treated plants than in con-
trol plants (Varela et al. 2015). These three kinds of clay min-
erals can reduce the contents of Zn, Cd, Cu, and Ni bioavail-
able fraction in soils contaminated with heavy metals.

The purpose of this study was to compare remediation effect
of pine biochar, kaolin, and triple super phosphate on heavy
metal-contaminated soil with from heavy metal fraction distri-
bution. This study has investigated the effects of three amend-
ments (i.e., pine biochar, kaolin, and triple super phosphate) on
heavy metal accumulation in landscape and fast-growing plants.

Materials and methods
Soil collection and preparation

The soil sampling was collected from a crop land in the
vicinity of a galvanized factory in Fuyang district,
Hangzhou city, Zhejiang province. The soil samples were
collected from surface up to depth of 20 cm. The soil sam-
ples were air-dried, sieved to 5 mm, and packed in plastic
sealed bag for physical, chemical characterization, and anal-
ysis of heavy metals. The physical and chemical properties
of soil are presented in Table 1.

The amendment of pine biochar was acquired from
Liaoning new energy technology Co. Ltd. Pine biochar was
produced at approximately 550 °C with abatch pyrolysis fa-
cility. The kaolin was acquired from Shanxi hengyuan kaolin
Co. Ltd. The triple super phosphate (TSP) was obtained from
Yunnan three circles chemical Co. Ltd. The characteristics of
amendments are presented in Table 2. The experiment was
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Table 1 Basic soil characteristics and total heavy metals in the soil
Item Soil

pH 7.86
Organic matter (g kg ") 81.61
Alkali-hydrolyzale N (mg kg ") 78.76

Available P (mg kg ") 6.29

Available K (mg kg ") 70.73
Total Zn (mg kg ") 1258.23
Total Ni (mg kg™ 97.48
Total Cu (mg kg ") 53.08
Total Cd (mg kg ") 3.19

conducted in greenhouse. There were four treatments (i.e.,
control/CK (no amendment applied to compound contaminat-
ed soil), pine biochar, kaolin, and TSP treatment) in this ex-
periment. Each stabilization test included 2 kg soil, 100 g
amendment (5% weight of the soil) (Kang et al. 2015), having
six replicates for each treatment, with stabilization period of
5 days. Each treatment had three pots planted with Buxus
microphylla, and other three pots were planted with Slaix
sp., with three plants in each pot.

Collection of soil and plant samples

The plant and soil samples were collected after 60 days of
stabilization. The soil samples were air-dried sieved to
2 mm for analysis of chemical parameters and sieved to
0.149 mm (100 mesh sieve) for analysis of elements of
heavy metals. The plant samples were soaked in
20 mmol L™! EDTANa, for 20 min, and heavy metals were
removed from surface of underground part of plants. The
plants were washed three times thoroughly with deionized
water. Plants were separated in shoot and root parts and
placed in kraft paper envelope, 105 °C for 30 min, then
oven-dried to a constant weight at 65 °C, and its dry weight
was recorded (Li et al. 2014). These tissues were passed
through 0.149 mm sieve for analysis of heavy metals.

Soil analysis

Soil pH was determined in 1:2.5 soil/water suspensions using
pH electrode. The soil sample was performed by soil heavy
metal speciation analysis according to method of Table 3
(Tessier et al. 1979).

Plant elemental analysis

The heavy metal concentrations in plants were measured ac-
cording to methods of Liu et al. (2014). The 0.3 g dried plant
samples (sieved to 0.1 mm) were collected in glass tube and
extracted with HNO3/HClO,4 solution. The constant volume



Environ Sci Pollut Res (2018) 25:28695-28704 28697
Table 2 Characteristics of
amendments Materials pH Ni (mg kgﬁl) Zn (mg kg 71) Cu (mg kg 71) Cd (mg kg 71)
Pine biochar 9.07 6.87 61.27 8.78 1.73
Kaolin 451 531 30.38 10.88 0.81
TSP 2.49 3.87 21.27 5.14 2.67

was extracted 2 h at 145 °C. The heavy metal content was
analyzed by ICP-MS (Agilent 7500a, Japan).

Determination of plant SPAD value

The SPAD value of plants was determined by SPAD 502
relative chlorophyll content detector (KONICA MINOLTA.
Inc., Tokyo). The relative chlorophyll content was measured
at two-third of fresh leaves from leaf margin and three leaves
were randomly determined for each plant. The SPAD param-
eters were measured in vitro leaves of plants. Each leaf was
repeated for three readings, and their average was calculated.
The determination of SPAD value was determined according
to method of Jia et al. (2007).

Determination of plant MDA value

The plant leaf sample of 1 g was grinded with quartz sand and
tri-chloroacetic acid until homogenized. The homogenate was
centrifuged for 20 min at 4000 revolutions per minute (r/min)
and supernatant was used for next chromogenic reaction with
thiobarbituric acid (Liu et al. 2008).

Table 3  Sequential extraction procedures for heavy metals
Extraction Fraction Extraction condition ~ Extraction reagent
order

I Exchangeable 25 °C, oscillation 20 mL 1 mol
(EXC) for2 h,pH=7.0 L™ MgCl,

I Bound to 25 °C, oscillation 20 mL 1 mol
carbonates of2 h,pH=5.0 L 'NaOAc
(CAR)

111 Bound to 96 °C, water bath 20 mL 0.04
Fe-Mn oscillationfor 6 h, mol L
oxides pH=2 NH,OH-HCI,
(0X) 25% HOAc

v Bound to (1) 85 °C, water bath (1) 3 mL
organic intermittent 0.02 mol L'
matter oscillation for 2 h, HNO3, 5 mL
(OM) pH=2.0 (2) 85 °C, 30% H,0,

water bath 2)3 mL
intermittent 30% H,0,
oscillation for 3 h, (3)5 mL
pH=2.0(3)25°C, 32molL"’
oscillation for 0.5 h CH;COONH,4
(20% HNOs)

\% Residual Digest HNO;-HF-HCIO,4

(RES)

Statistical analysis

The statistical analysis was conducted with SPSS statistical
package (version 21.0). All values reported are means of at
least three independent replications. Data were tested at sig-
nificant levels of p <0.05 by one-way ANOVA. Graphical
work was carried out using Origin software pro v.9.0.

Results
Effect of amendments on soil pH

Figure 1 reveals that different amendments have variable af-
fect on soil pH. Application of pine biochar has significantly
enhanced soil pH (8.28) than soil pH of control (7.90). The
treatment of kaolin has reduced soil pH by 1.01% compared
with control (CK). Application of TSP has significantly de-
creased soil pH to 6.21 than control (7.90) which indicated
21.39% reduction in soil pH.

Effect of different amendments on distribution
fraction of heavy metals

The distribution of Zn, Ni, Cu, and Cd fraction in soil is
presented in Fig. 2. The Zn, Ni, and Cu in soil were predom-
inantly distributed in OX fraction. The OX fraction comprised

8.5

a
8.0 b b
7.5
I
a
7.0
6.5
C
6.0 T T T T T T %
CK pine biochar kaolin TSP
Treatment

Fig. 1 Effect of amendments on soil pH. Error bars are standard
deviations (n =3). Different letters indicate significant differences (p <
0.05) between treatment and control (CK)
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Fig. 2 Effect of different amendments on relative content on distribution fraction of Ni, Zn, Cu, and Cd in soil

67.73 t0 92.19% of all treatments. The Cd was predominantly =~ RES and OM fraction than control (CK). The RES and OM
distributed in EXC fraction of soil. The EXC fraction was  fraction was primarily transformed by OX fraction, which
ranged from 21.30 to 58.59%. increased from 4.63 to 7.32%, and 4.92 to 7.29%, respective-
Application of TSP has significantly increased EXC frac-  ly. Application of kaolin has significantly decreased EXC
tion of Ni in soil, and proportion of Ni EXC fraction was  fraction of Cu by 2.7% and has significantly decreased OX
enhanced by 13.60%. Figure 2a revealed that application of  fraction of Cu by 4.71%.
TSP has transformed OX fraction to EXC fraction. Pine bio- Figure 2d indicates that application of TSP and kaolin has
char has decreased OX fraction and has increased OM fraction  significant effect on EXC, CAR, and OX fraction of Cd
of Ni compared with control (CK). The kaolin has reduced  compared with control (CK). Application of TSP has sig-
total EXC and CAR fraction of Ni. However, there was non-  nificantly decreased soil ECX fraction of Cd from 58.59 to
significant different with control (CK). 21.30%. The CAR fraction of Cd was significantly de-
Application of TSP has changed the distribution of soil Zn  creased from 9.84 to 5.11%. The OX fraction was signifi-
fraction which has significantly increased EXC fraction, and  cantly increased from 29.61 to 69.86%. Application of ka-
transformed CAR to EXC fraction. The EXC fraction was  olin has significantly decreased EXC fraction of Cd by
increased from 0.54 to 2.0% compared with control (CK).  7.79%, CAR fraction was significantly increased by
The pine biochar has significantly decreased OX fraction  2.19%, and OX fraction was significantly increased from
and increased OM fraction. The kaolin has non-significant ~ 29.61 to 35.32%. The pine biochar has significantly de-
different compared with control (CK) (Fig. 2b). creased EXC fraction of Cd compared with control (CK).
The EXC fraction of Cu was not detected after application
of amendments (Fig. 2¢). Application of TSP has significantly ~ Effect of amendments on plant biomass
reduced the soil CAR fraction of Cu than control (CK). The
CAR fraction was decreased from 17.68 to 7.00%.  Figure 3 shows that application of amendments had an ad-
Application of pine biochar has significantly increased Cu  verse effect on plant growth. Application of pine biochar
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Fig. 3 Effect of different amendments on plant dry weight. Error bars are
standard deviations (n =3). Different letters indicate significant
differences (p < 0.05) between treatment and control (CK)

and kaolin has decreased biomass of B.microphylla and Sliax
sp. compared with control (CK). However, reduction in bio-
mass was non-significant compared with control (CK).
Application of TSP has significantly decreased biomass of
B. microphylla from 8.08 g to 6.15 g and biomass of Sliax
sp. was reduced from 6.79 to 2.89 g, respectively. Application
of TSP has significantly affected biomass of Sliax sp. and B.
microphylla.

Effect of amendments on MDA value of plants

The malondialdehyde (MDA) is the final decomposition prod-
uct of cell membrane lipid peroxidation. MDA content reflects
the extent of plant damage caused by adversity (Asai et al.
2009). Figure 4 exhibits that effects of pine biochar and kaolin
on MDA value of B. microphylla were not significant com-
pared with control (CK). Our results indicated that pine bio-
char and kaolin have caused less damage to cell membrane in
leaves of B. microphylla. The MDA content of B. microphylla
was significantly higher than control (CK) which was in-
creased by 39.57% with application of TSP. All treatments
have significantly increased MDA content of Salix sp. MDA
content was significantly higher in treatments of TSP than
pine biochar and kaolin compared with control (CK) which
was increased by 63.46%. It was observed that TSP amend-
ment has caused maximum damage to cell membrane in
leaves of Salix sp. and B. microphalla.

Effect of amendments on plant SPAD value

The chlorophyll fluorescence kinetics parameters can be used
to describe optical system in the process of photosynthesis to
light energy absorption, transfer, dissipation, and distribution.

i B.microphylla
I salix sp. a
0.05
~—~ 0.04 be b a
2 c
o
b
g 0.03 b
<
Q2
§ 0.02
< c
o
= 0014
0.00 T T T
CK pine biochar kaolin TSP

Treatment

Fig. 4 Effect of different amendments on plant MDA content. Error bars
are standard deviations (n=3). Different letters indicate significant
differences (p < 0.05) between treatment and control (CK)

The chlorophyll reflects the “inner” characteristics, which is
of great significance in the study of plant resistance (Shao et
al. 2017). Pine biochar, kaolin, and TSP treatments have non-
significant different SPAD value compared with control (CK).
However, all amendments have non-significantly decreased
SPAD value of Salix sp. (Fig. 5).

Effect of amendments on accumulation of heavy
metal in plants

The effects of amendments on heavy metal accumulation
and uptake in plants of B. microphylla and Salix sp. are
presented in Figs. 6 and 7, respectively. Application of
pine biochar and kaolin shows non-significantly increased

B.microphylla
70 | Salix sp. a
| a
a a T

60 T
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40
=) a
£ 2 a ;
7] 30

20

10

0 T T
CK pine kaolin TSP
Treatment

Fig. 5 Effect of different amendments on plant SPAD value. Error bars
are standard deviations (n=3). Different letters indicate significant
differences (p < 0.05) between treatment and control (CK)
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in Ni content of shoot and roots of B. microphylla com-
pared with control (CK). The treatment of TSP has sig-
nificantly decreased Ni content of shoot in plants of B.
microphylla (Fig. 6a). Application of pine biochar and
kaolin has significantly increased Zn content in shoot
and root of B. microphylla (Fig. 6b). The application of
TSP has significantly reduced content of Cu in roots of B.
microphylla (Fig. 6¢). The pine biochar and kaolin have
significantly increased content of Cd in roots of B.
microphylla. Application of TSP has significantly de-
creased Cd content of roots in B. microphylla (Fig. 6d).
The pine biochar has significantly increased Cd and Zn
content in shoot of Salix sp. compared with control (CK).
The application of pine biochar has significantly increased
Zn, Cu, and Cd content in roots of Salix sp. The applica-
tion of kaolin has highly enhanced Zn and Cd content in
shoot of Salix sp. The Zn and Cd content in shoot was
significantly increased from 358.89 to 606.74 mg kg '
and 6.425 to 15.16 mg kg ', respectively. The kaolin
has significantly increased Ni, Zn, Cu, and Cd content
in roots of Salix sp. Application of TSP has significantly
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increased Zn and Ni content in shoot of Salix sp. by 62.18
and 240.10%, respectively (Fig. 7).

Discussion

Different kinds of amendments have variable reaction mech-
anism in soil polluted with heavy metals. Biochar has high
carbon content (Zhang et al. 2017), large specific surface area,
stable physical and chemical properties, etc. with good ad-
sorption capacity for ions of heavy metal. The biochar can
reduce the mobility of heavy metals ions and its biological
effectiveness (Chen et al. 2013; Jin et al. 2011). The biochar
from wood materials can fasten Cd from soil mainly through
ion exchange function (Gomez-Eyles et al. 2011). In this ex-
periment, distribution of heavy metals fraction has provided
important information about their mobility in soil. The treat-
ment of pine biochar has significantly increased soil pH value.
The soil pH has the strong effects on solubility and mobility of
metals, so pH is viewed as the most important factor for metal
in environment (Wang et al. 2015a; Lin et al. 2018). The
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Fig.6 Effect of different amendments on heavy metal accumulation in B.microphylla. Error bars are standard deviations (n = 3). Different letters indicate

significant differences (p < 0.05) between treatment and control (CK)
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Fig. 7 Effect of different amendments on heavy metal accumulation in Salix sp. Error bars are standard deviations (n = 3). Different letters indicate

significant differences (p < 0.05) between treatment and control (CK)

biochar alkalinity was associated with surface organic func-
tional groups, soluble organic compounds, carbonates, and
other inorganic alkali in the biochar, among which the func-
tional groups such as phenolic, hydroxyl, and carboxyl groups
might contribute to the alkalinity of biochar (Fidel et al. 2017;
Liang et al. 2017; Li et al. 2018a, b). Biochar can change soil
properties such as increasing soil pH and cation exchange
capacity, and thus could indirectly reduce metal mobility
(Yin et al. 2016). The treatment of pine biochar has decreased
Zn, Cu, and Cd OX fraction proportion. Pine biochar has
significantly decreased OX fraction of Cu and increased OM
fraction. Other study observed that Cu was easy to be com-
bined with organic matter and its mobility could be improved
by dissolved organic carbon (Zhao et al. 2013). Biochar re-
duced metal mobility in contaminated soils, which was attrib-
uted to the substantial decreases in the acid-soluble fractions
of Cr, Mn, Cu, and Zn (72.20, 70.38, 50.43, and 29.78%,
respectively) (Zhou et al. 2017). The acid-soluble state of Cu
in soils was significantly decreased with application of differ-
ent kind of crop straw biochars (Jiang and Xu 2013). The
content of exchange fraction was highly reduced with maxi-
mum application of biochar. The fraction of NH4OAc

extraction and weak acid extraction Cd content decreased sig-
nificantly by 17.9 and 10.4% respectively with application of
25 gkg ! content of rice husk biochar compared with control
(CK) (Wang et al. 2015b).

The clay mineral particles with large specific surface and
mineral rich negative surface have strong ability of adsorption
and ion exchange (Mcgowen et al. 2001). The kaolin treat-
ment has reduced total of EXC and CAR fraction in Zn, Ni,
Cu, and Cd. Application of kaolin has decreased EXC fraction
of Cu by 2.7% and enhanced OX fraction of Cu by 4.71%.
The treatment of kaolin has reduced EXC fraction of Cd by
7.79%, CAR fraction was boost up by 2.19%, and OX fraction
enhanced from 29.61 to 35.32%. The release of elements due
to application of both zeolite and bentonite followed the order
Cd** > Cu®* > Ni** (Wahba et al. 2016). Soil fraction of EXC
Cu content was decreased by 8.6% and fraction of CAR Cu
was reduced by 36.6% compared with treatment of non-ben-
tonite. Fraction of OX, OM, and RES was enhanced by 8.9%,
31.5 and 14.5%, respectively (Jia et al. 2013).

The phosphate materials can be induced to generate pre-
cipitation of heavy metals, and its surface adsorption of
heavy metals or minerals (Cao and Dai 2011). Phosphorus
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materials can fix Cd from soil through reaction of surface
complexation (Basta et al. 2001). The treatment of TSP has
significantly decreased the pH value. This is due to the
phosphoric acid released by TSP which composition con-
sists mostly of Ca(H,PO,4):2H,O (Thawornchaisit and
Polprasert 2009). The treatment of TSP has increased total
of EXC and CAR fraction in Zn and Ni. This may be due to
TSP decreased pH. It is indicated that use TSP to remediate
multiple heavy metal-contaminated soil should be consid-
ered carefully especially soil contaminated with Zn and Ni.
It is reported that the application of P source as monobasic
calcium phosphate was found to reduce mobility of Pb and
Cd. However, Zn was slightly mobilized (Theodoratos et al.
2002), which enhanced the risk of Zn ecological environ-
ment. In Pb-Cu-Zn ternary system, competitive metal sorp-
tion occurred with sorption capacity reduction of 15.2,48.3,
and 75.6% for Pb, Cu, and Zn, respectively, compared to
mono-metal system (Cao et al. 2004). The treatment of TSP
has decreased proportion of Cd EXC fraction by 37.29%,
proportion of OX fraction was increased by 40.25%, and
proportion of RES fraction was enhanced from 0.65 to
2.56%. Application of TSP has reduced concentration of
Cd by 31.3%. The treatment of calcium-magnesia phos-
phate fertilizer in contaminated soil has declined soil effec-
tive fraction Cd content from 10.37 to 0.19%. The sub-
stances such as calcium phosphate can be directed through
the surface adsorption at the same time which has reduced
soil cadmium mobility and biological effectiveness. Other
study has investigated that PO,*",HPO,*", and H,PO, can
be generated with Cd** (Cao and Dai 2011). A dissolution—
precipitation mechanism via the formation of pyromorphite-
like mineral was used to explain the decrease in Pb availability
in previous studies suggested that Cd immobilization could be
associated with the ion exchange (Guo et al. 2017).

The Salix sp. has showed high transfer ability of heavy
metals which indicated highest shoot content than root
content. The highest Zn and Cd content were
606.74 mg kg ' and 15.16 mg kg ', respectively. Other
studies revealed the same results, such as content of Zn
and Cd in Salix sp. has reached 61.4 and 1940 mg kg ',
respectively. The TF of Zn and Cd were greater than 0.8
(Chen et al. 2017).

Pine biochar and kaolin have increased Zn and Cd accu-
mulation of Salix sp. Both shoot and root were significantly
improved. It is possible that pine biochar and kaolin im-
proves water retention decrease soil density and increase
soil microbe (Marousek et al. 2017a; Marousek et al.
2018; Varela et al. 2015). The TSP has reduced heavy metal
accumulation of Salix sp. and B. microphylla. However,
TSP has significantly decreased biomass of B. microphylla
and Salix sp. and enhanced MDA content. It is possible that
the TSP was increased bioavailability of Zn and Ni which
has caused poisonous effect on plant.
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Conclusion

The treatment of pine biochar has significantly enhanced soil
pH. The pine biochar has positively affected at decreased mo-
bility of Cd, Cu, and Zn in soil. The kaolin has positively
affected at decreased mobility of Cd and Cu in soil. Pine
biochar and kaolin can be grown for phytoremediation which
remediate heavy metal-contaminated soils. The TSP trans-
formed Cu from CAR to OX fraction and Cd from EXC to
OX fraction which indicated that the TSP can improve Cu and
Cd stability in soil. However, TSP has significantly decreased
soil pH and increased Zn and Ni EXC fraction which en-
hanced Zn and Ni ecological risk. This indicated the complex-
ity of multiple heavy metal contamination of soil due to mul-
tiple heavy metals could not remediate by single amendment.
The amendments have not caused significant effect on SPAD
value of plant in this study. Salix sp. as a fast-growing plant
has great potential in remediation of heavy metal pollution due
to its large biomass and high Cd and Zn adsorption quantity.
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