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Much research work has been conducted in China on phytoremediation of heavy
metal-polluted soil by Elsholtzia splendens (Yang et al., 2002;Yang et al., 1998;
Jiang et al., 2002b, 2004ab). E. splendens, the dominant plant in the old copper
mining deposit, has evolved high tolerance to Cu over many years (Jiang et al.,
2002b; Tang et al., 1999, 2001; Yang et al., 1998; Yang et al., 2002). In the field
of the mined area, root and shoot Cu were 2,288 mg kg and 304 mg kg,
respectively. In solution culture, the stimulated plant growth was found at 50
pmol L™ Cu supplies, and shoot Cu of above 1,000 mg kg on a dry weight basis
can be achieved at 500 pmol L' Cu supplies (Yang ef al., 2002). Phytoextraction
by E. splendens can effectively reduce the plant-available Cu levels in the Polluted
soils (Jiang et al., 2004b), and its shoot biomass yield as high as 11 t ha™ can be
achieved when grown in the field with favorable water and nutrients supplies
(Jiang et al., 2004b).

To date, minimal information is available about the distribution and accumulation
of Cu, Pb, Zn and Cd contaminants in E. splendens grown in the metal-polluted
site in a field trial as affected by soil amendments. The multi-metal contaminated
site was located at Huanshan Village, Fuyang County, Zhejiang Province of China,
formerly as agricultural soil (an Alluvial loam, paddy soil). Soil amendments like
organic manure (M), furnace slag (F), and soil preparations like soil capping (S)
and discing (D) have been applied to the site (Jiang et al., 2004b). In this study, a
field trial of in situ phytoremediation of the site by E. splendens was conducted in
combination of soil amendments like M and F, to investigate plant growth
response, the accumulation and translocation of Cu, Pb, Zn and Cd contaminants
in different portions (roots, stems, leaves and flowers) of the plants before
flowering and at harvesting, for evaluating the phytoremediation potential by E.
splendens from the metal contaminated site as affected by soil amendments.

MATERIALS AND METHODS

The soil of metal contaminated site, located at Huanshan Village, Fuyang County,
Zhejiang Province of China, contained high levels of Cu, Pb, Zn and Cd in the
topsoil (0-15cm) due to metal smelting activities. The main agrochemical
properties of the tested soil were: pH (H,0) 7.5, organic matter 42.0 g kg'], cation
exchange capacity ( CEC ) 7.1 cmol kg, total N and P of 1.28 and 1.12 gkg’',
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available N, P, and K of 137.1, 37.2, and 24.6 mg kg'l, respectively. Total Cu, Pb,
Zn and Cd were 1,580, 1,500, 2,001 and 21.1 mg kg'l respectively, and NH4OAc
extractable Cu, Pb, Zn and Cd were 79.4, 49.0, 18.1 and 3.2 mg kg, respectively,
at the soil layer of 0-15 cm. Five soil treatments were adopted and some soil
properties after one-year treatments are shown in Table 1. In the field experiment,
the area of each plot was 15 m” with one-meter distance between the two
neighboring plots and the edges of each plot were separated by a plastic sheet to
prevent heavy metals movement between the plots. All the plots were randomly
arranged with four replications for each treatment. The five soil treatments were:
A. control; B. M (1,500 kg ha organic manure); C. MF (1,500 kg ha™ organic
manure plus 3,750 kg ha” furnace slag); D. S+MF (soil capping with 750,000 kg
ha™ red clay soil + C); and E. D+MF (soil discing by digging the topsoil (0-15cm)
and the plow soil (0-5cm), putting the topsoil at the bottom and plow soil at the
surface, respectively, + C).

Seeds of E. splendens were collected from mature plants grown on the copper
mined deposit (Zhuji County of Zhejiang Province, China), and germinated in the
substrate. The germinated seeds were supplied with nutrient solution until the
40-day-old plant seedlings were established, then the uniform plant seedlings were
selected to grow in each plot with a density of 20 cm x 20 cm in the field
experiment at the beginning of May, 2002. No fertilizers and pesticides were
applied, but weeding was made twice during the field experiment. The plant
samples were collected at the two physiological stages, before flowering and at
harvesting, thoroughly washed first with tap water and then distilled water, blotted
dried, and oven dried at 65°C. The dry weight (DW) were recorded and the dried
plant materials were ground to < 1 mm with a stainless steel mill. A sub-sample
was ashed at 550°C for 6h, and dissolved in 1:1(V:V) HNOj. The concentrations
of Cu, Pb, Zn and Cd in the plant digestions were measured using an Inductively
Coupled Plasma-Optical Emission Spectroscopy (ICP-OES, Model IRAS-AP,
TIA).

All data were presented as mean values of at least six replicates. SPSS statistical
software package (Version 11.0) was used. One-way ANOVA was employed to
evaluate whether the means were significantly different at p<0.05.

RESULTS AND DISCUSSION

High levels of Cu, Pb, Zn and Cd accumulated in the topsoil (0-15cm) of the
metal contaminated site, located at Huanshan Village, Fuyang County, Zhejiang
Province of China, due to metal smelting activities (Table 1), resulted in the harsh
conditions that no crops can survive well. However, E. splendens can grow better
in this site with large vegetation area and high shoot biomass yield (Jiang et al.,
2004b).

As the soil treatment with control, M, MF, S+MF and D+MF, the levels of Cu, Pb,
Zn and Cd in the contaminated site decreased (Table 1). For both sampling times,
plant growth of E. splendens was slightly depressed with the increasing of metal
contaminants in soil (Fig.1). Before flowering, DW of E. splendens grown in each

1116



8

20
Before flowering At harvesting

2

Dry Weight (g plant™)
8 & 8 &

=

E= Root NN Stem ZZZ Leaf E=JRoot N Stem EZZLeaf ] Flower

Figure 1. Dry weight of roots, stems, leaves and flowers of E. splendens
grown in the multi-metal contaminated site at two sampling times (before
flowering and at harvesting). All the data are means of 6 replications.

treated soil was: stem > leaf > root; at harvesting, it was stem > flower > leaf >
root. Stem was the plant part with the greatest biomass (>50% of total weight of
plant). Soil treatments can affect the growth of E. splendens. Before flowering,
D+MF treatment caused the greatest biomass of E. splendens, while at harvesting,
it was noted at S+MF treatment, followed by MF treatment (Fig. 1). The reasons
may come from the significantly decreased levels of total and available Cu, Pb, Zn
and Cd in soil at S+MF and D+MF treatment, although the two soil treatments
significantly decreased the contents of NPK and organic matter in soil, so as to the
lower soil fertility, as compared to control (Table 1). Before flowering, DW of E.
splendens was 18-50 g plant”, while at harvesting, it was increased to 70-110 g
plant”, which was mainly attributed to the fast increased stem DW and flower
DW.

For both sampling times, Cu, Pb, Zn and Cd concentrations in the plant organs
(roots, stems, leaves and flowers) were increased with the rise of these heavy
metal levels in soil, this effect has been observed for several plants (Denny and
Wilkins, 1987; Poschenrieder et al., 2001). Zn is necessary as a micronutrient and
it is known that plant have special zinc transporters to absorb this metal (Guerinot,
1997). However, an excessive accumulation of Zn in living tissues leads to
toxicity symptoms (Marschner, 1985). In our experiment, leaf is the major organ
of Zn accumulation. Brune et al. (1994) showed that Zn accumulation in leaf
could be a mechanism to avoid toxic effects of Zn in stem. At both sampling times,
and with soil contamination levels, the maximum concentration of Pb and Cu in E.
splendens was found in root (Table 2), which was also observed by Poschenrieder
et al. (2001) for several plants. Copper is an essential micronutrient for plant life
but it is toxic at high concentration (Burzynski and Buczek, 1997). E. splendens
accumulated much more Cu in the root, escaping the high Cu toxicity on shoot
parts. Soil Pb especially soluble Pb is very toxic to plant growth. Pb concentration
in the ordinary plant is 0.02-3.0 mg kg, and most of plant can mobilize Pb to the

1117



I3)eul OTUESIO 0} SI9JAX NO OVOYHN T [OW] YHM PIJOBIXD AI9M S[EIOW AABIY JO SIUSIUOD J[QR[IBAY 44
‘paurioyrod a1om uonerpawaiolAyd jo [eLn

PIeY oY1 210J0q A1 pajnjjod [ejowr oy} 0} parjdde arom sjuoUIEaI) [10S JALJ JoYe JB9K SUO P2joNpuod a1om sasATeue pue Surjdures [10G ,

01T €¢I 6T TST 99T 961 180T €100 LTI 0S0 ¢TE0 680 €61 69¥ SL'L AN+d
ST 8%l 691 06 69¢ LOI T1L91 9100 95T #80 6£0 690 ¢€v'l 86¢ oL’L AN+S
0c 081 Svy ¥IL T1'Ie 9vC €LIE 0200 861 1 €T1 660 09C 665 Ly JN
e €81 005 T8L 86T ¥ST L9ZE 1200 661 L¥'1 eVl ¥60 SST 6SS yS'L W
e I'81 06y L9L GS6T TST LL6C 12000 00T OST ¢€v'1 II'l €¥CT LSS PS'L [onuo)
PO uz qd ©nd A d N PO uz qd no d N

A_.wx 8) (O'H) Sswuounean

(.83 8w) (,349) »NO  Hd [1os
%% SIUSJUOD J[qe[IBAY SJUIIUOD [BI0],

* el p[o1j 2y} ul [10s papuawre ay} Jo sanradoid [eITWSYd00IsAYd  °T IIqEL

*

1118



*G0°0> d e 9ourolyIUTIS
[eonsIiels 9JedIpul SIS JUSISPI(] ‘SJUSWIEAI} [I0S AL} U} USdMIS]Q SSOUSISPIP JUedHIUFIS 9y} MOYS @ puB p 0 ‘q ‘@ SN

2T PVl PSSl 207 PI'I POl qQey AN+A
P9l 2¥°C 20T 96 21T 20°C qQres ANA+S
dLT B6'C BCE B6'L BLY B6'C B8 AN |20)
BO'¢ qe 8'C QLT BL8 qT¢ BLT B8 A\
96¢C 9997 201°C B8 qT¢ 99yC 298 [0uon
36651 q6ee q 681 P 79¢ J8SP P S¥e P I8¢ AN+d
p €81 B 66¢ q 591 098¢ B OPS 966¢ 9 L6¢ AN+S
B G9C q epe BYIC B 98y B GES q9ty e 86¥ IN uz
920C B 0¥ BTIC q909¢ qe 91¢ BCILY qe 06¥ W
q8¢¢C q0ve B OLT qe 9% 29 16V qe 7Sy B £8y [onuoy
o€l 281 11 980¢ 20¢ 291 POIC AN+A
q0C q9¢ q8I P 88¢ q9¢ q9T 9L6C AN+S
BT BOS B 8C J L9V B 96 B Q¢ qCLS AN qd
qe LT BIS L1 q £¥S B S B ® 789 W
qe 8¢ B QS 89T B T6¥ B (S BEE qQILS [onuoy
219 S 1¢1 BIS q 668 q 201 q09 2TLS AN+A
219 qzel q9¥ q988 q9¢l 909 2968 AN+S
€88 B6SI B S BYIE] B L0T BGL B y8el AN no
q6L B 9] BHS B L6CI qe 1.1 BOL qS0€l W
qLL qsel ByS BZ0¢1 qe 691 BIL qCItl [onuo)
I9MO] ] Jeo] [ESTS 1004 Jeo] wals 10094
3unsaArey 3y Buromorj a1ojog sjuowjeal) [10S | [elow AABSH
A_.wx Sw) jueld ur uorrenuasU09 [e}OW AABIH

‘SunjsaAIey Je pue SULISMO[J 910Joq SuapuUajds 7 Ul SUOHEIIUIOUOD [E}oW AABSH T dIqEL

1119



3 Root Stem B2  Leaf Flower

Before flowering At harvesting

3 100
e

g 8o
s

-g 60
&

1z}

5 40
=

O 2F

]

120

Pb distribution (%)

120
100
80
60k

40

Zn distribution (%)

20

120

100

[~
=

Cd distribution (%)
8 2

[
>
T

0

Control M MF S+MF D+MF Control M MF S+MF D+MF

Soil treatments Soil treatments
Figure 2. Distribution of Cu, Pb, Zn and Cd in the roots, stems,
leaves and flowers of E. splendens grown in the multi-metal
contaminated site at two sampling times (before flowering and at
harvesting). All the data are means of 6 replications.

root, reducing its toxic to plant shoot. Shoot Pb in E. splendens was 11-33 mg kg'l,
but was much lower than root Pb. Cu and Pb in E. splendens were much more
difficult to translocate from root to shoot. The major organ of Cd concentrated in
E. splendens was the root. Studies of tobacco showed that the compartmentation
of Cd in vacuoles of roots was a physiological mechanism of Cd tolerance (Vogeli
and Wagner, 1990). For both sampling times, the concentration of Cd in stem, leaf
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Figure 3. Metal removal by the whole of E. splendens grown in the
multi-metal contaminated site at two sampling times (before flowering and
at harvesting). All the data are means of 6 replications, and the bar depicts
the least significant difference (LSDy os).

and flower of E. splendens were found at the same level (about 1.0-3.2 mg kg™).
At harvesting, Zn, Cu and Pb concentrations in E. splendens were decreased, as
compared to those collected before flowering, which was mainly attributed to the
dilution of heavy metals in plant because of the fast growth of plant. The faster
growth of stem resulted in the faster decreased concentrations of Zn, Cu and Pb in
stem of E. splendens.

The maximum accumulation of heavy metals in the aerial parts of plants makes it
the best candidate for the phytoremediation of metal contaminated soil (Saxena et
al., 1999). In our study, for both sampling times, accumulation much more Cu and
Pb in root than in shoot parts of E. splendens were noted, while the accumulation
of Zn and Cd was the contrary (Fig.2). The much greater biomass of E. splendens
at harvesting than before flowering showed that sampling at harvesting is the
optimum time that the maximum accumulation of heavy metals could be achieved,
and MF treatment resulted in the greatest Cu, Pb, Zn and Cd removal by the whole
plant of E. splendens when collected plant at harvesting (Fig.3). Before flowering,
about 8 mg Cu plant”, 3 mg Pb plant”, 15 mg Zn plant” and 0.14 mg Cd plant’
can be taken away from MF-treated soil by E. splendens. While at harvesting,
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E. splendens can remove about 17 mg Cu plant’, 6.8 mg Pb plant”, 27 mg Zn
plant” and 0.35 mg Cd plant” from MF-treated soil. E. splendens survive well at
this Cu, Pb, Zn and Cd contaminated site, but soil amendments with MF greatly
enhanced its phytoremediation effectiveness.
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