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Effects of Soil Amendments on the Ealy Growth and Heavy Metal
Accumulation of Brassica campestris ssp. Chinensis Jusl. in Heavy
Metal-contaminated Soil
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There have been many studies about efficiency of amendments for heavy metal stabilization through chemical
assessment. The objective of this study was to evaluate the efficiency of several soil amendments (lime,
agric-lime, dolomite, steel slag, fly ash and acid mine drainage sludge) on heavy metals stabilization through
not only chemical but also biological assessments (phytotoxicity test) in abandoned mining area soil. In order
to achieve the goal, we conducted preliminary screening experiment targeting 12 types of crop plants such as
radish, young radish, chinese cabbage, winter grown cabbage, cabbage, bok choy, chicory, crown daisy, canot,
chives, spinach, and spring onion. The results of inhibition rates of ealy plant growth in metal-contaminated soil
against non-contaminated soil and the correlations between inhibitions items showed that the bok choy was
appropriate specie with respect to confirm the effect of several amendments. Several amendment treatments
on contaminated soil brought about the changes in the root and shoot elongation of bok choy after 1 week.
Agric-lime, dolomite and steel slag treatments showed the great efficiency of reducing on mobility of heavy
metals using chemical assessment. But in contrary, these treatments resulted in the reduction of root and shoot
elongation and only AMD sludge increased that of elongation, significantly. When considering both chemical
and biological assessments, AMD sludge could be recommended the compatible amendment for target
contaminated soil. In conclusion, biological assessment was also important aspect of decision of successful
soil remediation.
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Inhibitionrate =

(Plant growth € control soil— Plant growth contaminated soil )

X
Plant grwoth € control soil 100

Aitrlo] olstH L HESe tisl AshE o Hol vk
T8 1 ARE A UERA "ol AlFA9 A LHE
FollA 12 7He] FAF HF WotE]A] oo} Hopint ohy
2} oh2 R3O A= B 100% A8l B A o= e
Kim et al, (1978) W] Hole} Hufj7] Ago] o F=
2 (Cd, Cu, Cr, Ni, Co, Zn, Pb, Mo)o]] T}ofst =& 3
H S wof] Asf W= S Harsklal, Kim et al, (1998)
= B9 TAE Cu®t Znol| =EA|A 1 Hoks, Al

Table 1. Selected physicochemical properties and heavy metals concentration of soils and amendments.

pH EC’ T-C* As cd Cu Pb Zn

(1:5) ds m" % mg kg'1
E-soil’ 8.1 0.12 4.1 363 10 35 667 829
C-soil’ 8.1 0.18 4.1 4 2 18 13 86
Lime 9.1 0.07 0.1 N.D. N.D. 0 2 7
Agric-lime 12.0 6.24 9.9 3 1 7 3 22
Dolomite 9.0 0.08 0.2 N.D. N.D. 0 3 9
Steel slag 11.0 0.59 N.D. N.D. 23 20 8 264
Fly ash 10.1 1.16 13 21 2 17 11 52
AMD sludge 8.4 0.76 9.9 N.D. 30 N.D. 6 966

"Electrical conductivity; "Total carbon; *Not detective; 1‘Experimen’[ contaminated soil;

f Control soil
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Table 2. Inhibition rate of plant growth in contaminated soil against control soil.

Germination Total’ Root Shoot Fresh weight
ot
Radish 53 25 36 6 12
Young radish 26 30 29 30 36
Chinese cabbage 24 31 41 urt 28
Winter grown cabbage 44 47 52 36 41
Cabbage 77 12 25 Ul 7
Bok choy 33 48 51 37 43
Chicory 24 38 48 1 1
Crown daisy 57 1 Ul 31 22
Carrot 52 17 30 8 23
Chives 65 40 15 48 10
Spinach 100 100 100 100 100
Spring onion 76 42 12 63 38

(Plant grouwth € control soil — Plant growth € contaminated soil )

"Total = root + shoot; * Inhibitedrate =

(Plant growth € control soil )

%100 ; ‘Uninhibited

Table 3. Comrelation coefficients () between the inhibition factors from phytotoxicity test.

Germination Total’ Root Shoot Fresh weight
Germination 0.1388%** -0.0840** 0.5175%* 0.2548%*
Total 0.7543%* 0.6201** 0.6866**
Root 0.0951%** 0.5681%*
Shoot 0.7053**
Fresh weight *
"Total = root + shoot
p<0.05; “"p<0.01
e ko] Al e 2 Slsk), & Adel ARE- EfUA| o} (Graham et al., 2005). whebs] TAY AES
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E7 UERdT o] ffofl= A et AFE Afololl A=
OfRt AT e ALR YRt 271 Aa A%l
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gstoich. 7HE AeE g W T Hato = et o
< WF 2 FE olRler ol T2 o
off wsl 7t WAd712ke 2kt Y €

o] At} (Kim et al., 2009).

¢

:

Mo oX g o flo dot
N

N

4

ox Kx

OPESIA| AlE EA ME  oHgsAE o9 o
A2t 1 59 aging o] Fo] EFe] pHo} Ro2] WSS
8}el5}9ITh (Table 4), E9FO] pH thzo] Hlslo] #.e
A, b, AMD Z2j7) AeloA SejslA et
H3), 58413), ASAL A2lTol M ol 2716t
Ak, kg o AZo] 54 W ok o] oA A
| gateichis A4S mejeld oo wok AAle) pHYt &3k
7] wjio pH} Al ElR AlEe) opt SE s} o A
7E|0] G ABHAS WS A1) 9lof Wl o] Zw
oAl Aleksiel AMD i)/} o HEe Ao et
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Fig. 1. Effect of amendments on root and shoot elongation
of Bok choy (Brassica campestris ssp. Chinensis Jusl.) in
heavy metal contaminated soil (values are means of 3
replicates, ANOVA and Duncan test, p<0.05).

Table 4. Effects of soil amendments on pH, EC and treace elements concentrations in Bok choy (Brassica campestris ssp.
Chinensis Jusl.) exposed to soils. (values are means of 3 replicates, ANOVA and Duncan test, p<0.05).

pH EC As Cd Cu Pb Zn

(1:5) ds m" mg g’
Control 8.1 d 012 b 34 bd 10 abd 9 bd 62 bd 160 bd
Lime 84 ¢ 0.07 d 51 ab 11 abd 21 ad 90 ab 202 ab
Agric-ime 89 a 023 a 67 ad 11 add 21 ad 84 ab 259 ad
Dolomite 8le 0.07 d 59 ab 10 abc 7 bd 105 ab 234 ad
Steel slag 88 b 0.07 d 68 ad 8 bed 15 ab 110 ad 215 ab
Fly ash 79 f 0.10 ¢ 46 ab 9 abc 15 ab 75 ab 226 ad
AMD sludge 78 f 0.11 b 59 ab 7 cdd 10 bd 120 ad 208 ab

"Means within a column followed by the same letter are not significantly different (p<0.05) using Duncan’s multiple range test.



966 YuA - el 44

Aol Felol7] wiiZell 27] A dAllA= o wZdsHA
HESSta R XFHRETE BiejoA HgshA]| Aejars &
rg5] ghelek 4= ISt (Wang, 1987). -8-413] AJ2]toflA]
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Ao ol AA|H oz Flsllal £o] Ase 28f ol &
TRF Ao r Hol Tl ot Asie e it 7%
= oz HRlth Aso] A= AlstzzlolA E4e] pHrt
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