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Table 1. Physical and chemical properties of the soils used in the pot experiments

Soil Sand Silt Clay Soil Organic Cation exchange
(%) (%) (%) texture carbon (%) capacity (cmolew)/kg)

Surface soil” (Baisa) 6.16 85 7 8 LS 1.68 10.4

Subsoil? (Baisa) 6.83 33 59 8 SL 1.65 5.16

Surface soil 706 61 9 30 SL 1.52 16.2

(Changhua)

Subsoil (Changhua) 6.82 59 11 30 SL 1.35 17.3

Y0-15 cm in depth.

2)50-70 cm in depth.

F T~ BRI 4 ;lfﬁa‘j’ﬁéiﬁﬁ? ATk 75 Fe

Table 2. Standardization and rank groups of soil heavy metal contents in Taiwan (ug/g)

Heavy metal Shortage Low Medium High Toxic
As? <4 4-15 16-60 >60
cd? <0.05 0.05-0.39 0.1-10 >10
crV <0.1 0.1-10 11-16 >16
cu? <1 1-11 12-20 21-100 >100
Hg? <0.1 0.1-0.39 0.4-20 >20
Ni® <2 2-10 11-100 >100
PbY <1 1-15 16-120 >120
Zn" <1.5 1.6-10 11-25 26-80 >80

0.1 M HCl extractable.
%) As and Hg are total contents.

PR T Y D 4 R & R
F’jéﬁ@fﬁ@w&ﬁa; iR (PR ) 01 M
HCI ' % ”Vf:[ & R BRE P
Bt 22 ] By11E1 £ 151 I
[ Hl [uf&*ﬂ“r ARz H101|v|
HCI f' 3 *ijﬁ ,F,b%?ﬂﬁ,r iy

‘J”,

ﬁqﬂ: “[li@@%j f1 0.1 M HCI Fr%‘f ElY
S 55 g OB T IR 2 R
gFJ, E‘Hxﬁ*** J[Alfg',ﬁE[fj,ﬁﬁ 21
Pfﬁ it 3.3 [ﬁ ) 8515 3.6 [ﬁ  FEET 6.7 [ﬁ ;
(AR ACE S N INE R A e S

fﬂﬁq o = 7' 3 2V (Aqua Reia extractable )



244 Fﬁ?ﬂfﬁﬂﬁ%ﬁﬁiﬁ 5T47%  3T3 ] 2005

VEE RS O SR 2 B HE Hg/g) ~ if (963 uglg) ~ &l (622 uglg) W&k

\

BN AR VI E 2 R LR o 4 (995 pg/g); B+ Hléﬁ (641 pg/g )~ &t (199
PRI R G 5 S S G glg) S5 (209 wglg) FrRLT TR ET
fﬁg SYRIES ¢ 3-8 » 75-100 » 60-125 » 100 - e YPARPR ST 4 B S S
100-400 7 250-400 pg/g"® (A4 [ -%ﬁW@@ﬂ%@’ﬁw%%iW%“%%

TWhIAS I (647 nglg) ~ 3 (314 pg/g) ~ SR [ = I/ 4 BRSSO =5 =
S1(199 pglg) ~ WEEEL (271 pglg) i i VIR I S 0 SEET SR [
P Gt 15 (425 pglg) ~ 55 (857 RV S YUl -

T R 2 A R

Table 3. Heavy metal contents of soils used in the experiments

Soil Heavy metal (ug/g)

As Cd Cr Cu Hg Ni Pb Zn
Baisa (surface soil)” 3,68 <0.10 235 222 0.16 51.2 49.5 79.5
Baisa (subsoil)l) 11.3 <0.10 <0.50 1.25 0.08 0.75 3.85 1438
Changhua (surface soil) Y10 3.91 503 737 0.58 186 32 535
Changhua (subsoil)” 9.95 <0.10 234 122 0.37 62 21 72
Baisa (surface soil)z) -- 0.70 647 314 -- 199 67 271
Baisa (subsoil)? - 050 320 455 - 1.40 8.05 34.3
Changhua (surface soil)z) -- 4.25 857 963 -- 622 98.3 995
Changhua (subsoil)® - 0.85 641 199 - 209 31 119

Ycd, Cr, Cu, Ni, Pb, Zn are 0.1 M HCI extractable, As and Hg are total contents.
2) Aqua Regia extractable.

AP BB S S R e
Table 4. Standardization for pollution control of soil heavy metals from an EPA publication(3)

Heavy metal Pollution control standard (ng/g)
As 60
Cd 20 (5 for growing edible crops)
Cr 250
Cu 400 (200 for growing edible crops)
Hg 20 (5 for growing edible crops)
Ni 200
Pb 2000 (500 for growing edible crops)
Zn 2000 (600 for growing edible crops)
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Table 5. Biomass and water contents of plants grown on soil from Baisa

Surface soil Subsoil

- 0 ) - Growth

Plant Biomass H,0 Biomass H,0 )
period (days)

(g/day) (%) (g/day) (%)
Zoysia grass 0.06+0e” 8415 0.07+0.01e 80+4 70
Red amaranth 0.54+0.29bc 9016 1.25+0.33a 88+4 48
Edible amaranth 0.62+0.21bc 8619 1.55+0.22a 8045 48
Green amaranth 0.74+0.07b 8245 0.82+0.07b 82+1 48
Rape 0.15+0.06d 97+2 0.25+0.02c 96+2 50
Sword fern 0.01+0f 83+2 0.01+0.01f 84+2 90

Y The biomass of sword fern and Zoysia grass was calculated as: (weight of the plant after
harvesting — weight of the plant before planting) + growth period (days). The biomass of the
other plants was calculated as: weight of the plant after harvesting /growth period (days).

2 H,0 (%) = (fresh weight of the plant — dry weight of the plant) + fresh weight of the plant.

% Data are the mean =+ standard deviations of 5 replicates; values in the same column followed
by different letters significantly differ (p < 0.05) by Duncan’s multiple range test.
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Table 6. Biomass and water contents of plants grown on soil from Changhua

Surface soil Subsoil .

- - Growth period
Plant Biomass” H,0? Biomass H,0 (days)

(g9/day) (%) (9/day) (%)
Zoysia grass 0.02+0e¥ 81+2 0.02+0e 81+1 70
Red amaranth 0.12+0.06d 88+3 0.28+0.06bc 90+1 38
Edible amaranth  0.08+0.01d 86+2 0.09+0.03d 88+2 48
Green amaranth  0.06+0.03de 86+2 0.33£0.07b 85+4 48
Rape 0.28+0.12bc 96+1 0.46%0.09a 95+2 50
Sword fern 0.02+0.01e 82+3 0.02+0e 84+2 90

Y The biomass of sword fern and Zoysia grass was calculated as: (weight of the plant after
harvesting — weight of plant before planting) + growth period (days). The biomass of the
other plants was calculated as: weight of plant after harvesting /growth period (days).

2 H,0 (%) = (fresh weight of the plant — dry weight of the plant) + fresh weight of the plant.

% Data are the mean + standard deviations of 5 replicates; values in the same column followed

by different letters significantly differ (p < 0.05) by Duncan’s multiple range test.
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Table 7. Heavy metal content of plants grown on 50|I from Baisa (ug/g on the dry weight basis)

Plant Cd Cr Cu

sY Sb? S Sb S Sb
Z;’?;QS 0.56+0.22bcd® 0.50+0.13cd 27.1#2.9a  5.75+1.07de 31.5+5.3a 8.67+1.76cd
Red 0.70£0.13ab  0.56+0.04bcd 7.45+1.63cd 3.64+2.49¢f 15.6+3.5h 3.08+0.74e
amaranth
Edible 0.77+0.04a  0.43+0.07de 9.04+3.35¢  1.60+0.47f 12.0+2.7c 3.53+0.66e
amaranth
Green 0.7640.08a  0.28+0.16ef 7.93+0.43cd 6.05+1.08de 18.2+1.4b 4.08+0.55¢
amaranth
Rape 0.63+0.19abc 0.58+0.14bcd 16.7+2.7b  6.01+1.40de 30.1+4.5a 11.9+3.0c
S}’Z?rrld 0.1620.04fg 0.05:0.01g 16.8+3.1b  14.9+0.8b 28.9+4.0a 5.4420.42de

Ni Pb Zn

S Sh S Sh S Sb
Zgﬁ’:;: 31.247.1c  4.75+#1.29d  4.28+1.58b 2.82+0.66c 78.0£9.0c 17.4+4.1d
Red 50.1+15.5b 2.59+0.40d  4.24+0.72b 1.23+0.15d 78.049.0b 17.4+4.1e
amaranth
Edible 50.2428.5h 3.84+0.70d  4.43+0.77b  0.99+0.15d 82.5+4.8ab 16.4+1.2¢
amaranth
Green 78.2+411.6a 3.26+40.19d  3.18+0.72c 1.41+0.44d 88.5+10.5a 16.1+2.12¢
amaranth
Rape 81.0+7.6a 6.19+1.07d  5.40+0.47a 3.16+0.38c 79.2+2.8ab 24.3+4.4de
S}’Z‘r’gd 46.6+7.4b  6.3740.80d  3.29+0.65c 2.49+0.28c 58.5+7.2¢c 33.1%7.1d

Y Surface soil.

2 Subsoil.

% Data are the mean + standard deviations of 5 replicates; values in the same column followed

by different letters significantly differ (p < 0.05) by Duncan’s multiple range test.
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Table 8. The heavy metal content of plants grown on the soil from Changhua (ug/g on the dry
weight basis)

Cd Cr Cu
s R S Sh S Sh
Zoysia grass 1.25+0.22def? 0.87+0.15efg 80.0+5.6a 35.0+3.3cd 114+8b 26.9+4.1e
Red

Plant

5.96+1.09a 1.72+0.30c  39.5+3.8c 14.6+2.0e 68.0£5.7c 26.1+2.6e

amaranth
Edible

3.80+0.08b 1.68+0.25¢ 37.3+2.0c 5.40+0.38f 66.0+6.2c 17.3+1.9¢e
amaranth
Green

3.44+0.74b 1.45+0.56cde 47.3x9.5b 13.1+1.1e 263+4la 49.9+6.6d
amaranth
Rape 1.68+0.28cd  0.98+0.18def 30.7+4.6d 7.73x0.79f 68.7+6.0c 29.5+6.2¢
Sword fern  0.63+0.08f 0.36+0.04g 495+3.2b 15.4+2.2e 98.6%6.7b 24.5+2.3e

Ni Pb Zn
S Sb S Sb S Sb

Zoysia grass 80.2 £2.0bc 27.5+6.59  10.8+0.7c  7.91+1.80d 123+11b  51.0+8.7d

Red 252+35a 70.0+9.0cde 14.5%+1.5a 12.8+1.2b 244%122a 76.9+3.5bcd

amaranth
Edible

233+13e 56.3+8.7def 3.84+0.48f 1.391+0.42g 288+36a  86.2+5.3bcd
amaranth
Green

245+46a 46.4+2.2efg 8.04+1.47d 1.52+0.26g 254+13a  65.4+7.7cd
amaranth
Rape 104+10b 44,9+8.4fg 7.61+1.15d 5.47+1.61e 268%34e 108+20bc

Sword fern 90.1+11.1bc  40.5+6.0fg 8.81+0.58d 5.44+0.48e 123+18b  55.8+9.0cd

Y surface soil.

2 Subsoil.

% Data are the mean =+ standard deviations of 5 replicates; values in the same column followed
by different letters significantly differ (p < 0.05) by Duncan’s multiple range test.
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ABSTRACT

Lin, H. T.*, Chen, S. W., Shen, C. J., and Wong, S. S. 2005. Phytoremediation of
heavy metal-contaminated soil with local plants. Plant Prot. Bull. 47: 241-250.
(Taiwan Agricultural Chemicals and Toxic Substances Research Institute, Wufeng,
Taichung 41358, Taiwan (ROC))

Eight plants that commonly grow in the heavy metal-polluted fields including,
fireweed (Crassocephalum crepidioides (Benth.) S. Moore), black nightshade
(Solanum nigrum L.), sword fern (Nephrolepis auriculata (L.). Trimen), Zoysia grass
(Zoysia tenuifolia Willd.), rape (Brassica campestris L.), green amaranth
(Amaranthus viridis L.), red amaranth (Amaranthus caudatus L.) and edible amaranth
(Amaranthusmangostanus L.), were studied to evaluate their phytoremediation
potential by seed germination and growth experiments with heavy metal-polluted
soils. The results indicated that sword fern, Zoysia grass, rape, green amaranth, red
amaranth and edible amaranth survived on high polluted soil with high concentrations
of Cd (4.25 pg/g), Cr (857 pg/g), Cu (963 ug/g), Ni (622 ug/g) and Zn (995 ug/g).
Furthermore, these plants can concentrate the heavy metals in the soil. Zoysia grass
contained 80 pg/g of Cr and green amaranth contained 263 pg/g of Cu in the dry
matter. The Ni contents of green amaranth, red amaranth and edible amaranth were
245, 252 and 233 ug/g, respectively. Red amaranth, green amaranth, edible amaranth,
and rape contained as high as >200 pg/g Zn in the dry matter. Based on the high
biomass and the ability to accumulate heavy metals, red amaranth, green amaranth,
edible amaranth, and rape have the potential as hyperaccumulation plants.

(Key words: heavy metal, phytoremediation, hyperaccumulation plants, amaranth)
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