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ABSTRACT

Germination tests were conducted to determine the practical concentration levels at which plants can reproduce naturally
during the phytoremediation of soils contaminated with a high concentration of petroleum hydrocarbons and heavy metals.
The effects of humic acids on plant growth and soil physicochemical properties were also investigated. The results show
that phytoremediation can be applied in soils contaminated by multiple contaminants at the former soil contamination
potential level of Korean soil quality standards considering successful natural reproduction. It was observed that
germination rates of Helianthus annuus and Festuca arundinacea were high after all treatments, and transplantation was
more appropriate for Phragmites communis in phytoremediation. Humic acids had a positive effect on the growth of both
aboveground and belowground biomass of herbaceous plants. Growth inhibition by multiple contaminants is more severe
in the case of aboveground biomass. Germination and growth tests suggest that Helianthus annuus is a suitable
phytoremediation plant for soils contaminated with a high concentration of petroleum hydrocarbons and heavy metals. The
addition of humic acids also caused changes in the physicochemical properties of contaminated soils. An increase in the
carbon and nitrogen content due to the addition of humic acids and a correlation between cation exchange capacity(CEC)
and the organic matter content were observed.
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Table 1. Physicochemical properties of soil used in this study
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Fig. 1. Average germination number at 4 different treatments of (a) Brassica campestris (b) Medicago sativa (c) Brassica juncea (d)
Festuca arundinacea (e) Helianthus annuus and (f) Phragmites communis.

At Wold AEe] 7= U2 > AEE 1> A2)E
© 2 %02 Wopt o] ool A AOZ Leht A8
21Ee] ol vt QAL Fr ol FES vk
S & = ok o= Fig 2014 YeRd 7F 289 o}
& A9E HE 9s & & F Yk B oannuus®t F
arundinacea® LolEo] BE FEZNA TS A2

=3 vlasle] A JERTE M sativas OIETETE 2

J. Soil & Groundwater Env. Vol. 16(1), p. 51~61, 2011

3l HEle® 1 oA o w2 dole-S RSt B.
Juncea®] 745 HelEE 29 2 EYRE s doprt
HA] o} 1FEE 29H EFeAEYl= AFsHA
B HAFAY P communis®] 735 Holgo] wig-
S U} FAPHolHtE of2lo] O A3s WY
Ao BTt

AMAHE =2




o] Aol WA PAe] 55

o
= .§
e

R
15535

2
R
5

25
%

222

2%

.
o
2
5
5
2%

.
5
525
5

.
=
22222

A.
==

Germinaton (%)

TOTeeTes
SR25%
25339583
SeTeTeses
28288
e
S
vy

—
20
9
252
o3

=
353
3

Ssenes

%=
ool
R

22
oS
=
25

25

3
0253

%5%
%
o2et
va%s
2

22
RR
%3
R

TR
3
2

£
s
ks

5%
&=

—
25

ve!

s
S

39
RS

: g
o oot | R

Control

level1 level2 level3

Treatments

]

e

B

3
X
&é;;

Germinaton (%)
w
B

e

TITTITTITTTS
5

Control Treatment Treatment Treatment
level1 level2 level3

Treatments

(a)

(b)

Germinaton (%)

Control Treatment Treatment Treatment
level1 level2 level3

Treatments

Germinaton (%)
"
2

Control Treatment Treatment Treatment
level1 level2 level3

Treatments

)

(D

Germinaton (%)

Control

level1 level2 level3

Treatments

Germinaton (%)
w
E

10
Control Treatment Treatment Treatment

level1 level2 level3

Treatments

(e)

(€9)

Fig. 2. Germination rate at four different contamination level of (a) Brassica campestris (b) Medicago sativa (c) Brassica juncea (d)
Festuca arundinacea (€) Helianthus annuus and (f) Phragmites communis.
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Fig. 3. Effects of contamination and humic acid on temporal change of shoot growth (a) Brassica campestris (b) Festuca arundinacea (c)

Helianthus annuus and (d) Phragmites communis.
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Fig. 4. Effects of contamination and humic acid on dry weight change of (a) Brassica campestris (b) Festuca arundinacea (c) Helianthus
annuus and (d) Phragmites communis after 60 days (UCS: uncontaminated soil, UCS+HA: uncontaminated soil with humic acid, CS:

contaminated soil, CS+HA: contaminated soil with humic acid).
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