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Effects of Soil Remediation Methods on the Biological Properties of Soils
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ABSTRACT

Various remediation methods have been applied to clean soils contaminated with pollutants. They remove contaminants
from the soils by utilizing physicochemical, biological, and thermal processes and can satisfy soil remediation standards
within a limited time; however, they also have an effect on the biological functions of soils by changing soil properties. In
this study, changes of the biological properties of soils before and after treatment with three frequently used remediation
methods-soil washing, land farming, and thermal desorption-were monitored to investigate the effects of remediation
methods on soil biological functions. Total microbial number and soil enzyme activities, germination rate and growth of
Brassica juncea, biomass change of Eisenia andrei were examined the effects on soil microorganisms, plant, and soil
organisms, respectively. After soil washing, the germination rate of Brassica juncea increased but the above-ground
growth and total microbial number decreased. Dehydrogenase activity, germination rate and above-ground growth
increased in both land farming and thermal desorption treated soil. Although the growth of Eisenia andrei in thermal
desorption treated soil was higher than any other treatment, it was still lower than that in non-contaminated soil. These
results show that the remediation processes used to clean contaminated soil also affect soil biological functions. To utilize
the cleaned soil for healthy and more value-added purposes, soil improvement and process development are needed.
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Table 1. Physical and chemical characteristics of soil used in the study

1

[}

75

Soil washing

Land farming

Thermal desorption

Parameters Unit NCS
Before After Before After Before After
Sand % 80.0 75.5 82.5 76.3 74.0 87.2 78.2
Silt % 13.5 5.6 11.7 15.6 16.5 4.1 142
Texture Clay % 6.5 18.9 5.8 8.1 9.5 8.7 7.6
Classification Sandy Sandy clay Sandy Sandy Sandy Loamy Sandy
loam loam loam loam loam sand loam
Pb mg/kg NA 650 62 NA NA NA NA
TPHs mg/kg NA NA NA 1000~3000 ND~50 > 5000 <400
pH 7.14+£0.04 631+0.03 635+£0.02 571£0.04 573£0.06 6.53+£0.07 6.80%0.03
EC dS/m  0.65+0.02 0.60+£0.04 049+0.03 628+0.03 2.06+0.02 1.55+0.09 0.87+0.01
Organic matter % 1.93£0.13 3.84+020 2.15+020 2.12+0.08 238+0.10 526+0.34 4.67+0.11
CEC cmolkg 5.13+£021 4.69+021 381+021 3.15+021 286+0.18 535+0.58 3.96+0.54
TN mg/kg 286.36 24321 119.93 749.82 317.75 230.32 222.48
Available P,Os mgkg 459+08 59.9+22 103.3+38 1985+18.7 61.1+23 388+22 60.7+2.2

(NCS: non contaminated soil, EC: electric conductivity, CEC: cation exchange capacity, TN : total nitrogen; NA: not applicable)

ZAAETH, ol 22 IN Acetic acid H,
Micro KjeldahI§(NIAST, 2000y o]-835}o] &
Ao, frIEse A, eI Bray
P2 HS AREsk] 293519 Jones, 2001).
At SRS Walete] A8 TH(Shepard, 1954). &
w59 TPH $5v EYLATHAIEH <A 4
BIITHMOE, 2009).

Ego] AESH B4 visle EYY T E 2
BAEAAT ¥isl 5o EY vAE 54, A=Y ot
& B AT 2 AEe miXle FF, A"l A
sle} e ERUEY vXe 9 55 ol8sle] Hrtst
a7} st B AL o] RS 7R zlgst
A, EFY F A= o wshe 3MARe] dkAl
& petrifilm HIX|E o]-&sle] EA8IHAL, a4 &
He @54 a8 % B-glucosidase, acid phosphatase,
arysulphatase= Methods of Soil AnalysisE 333}
o o] 48 SIIth(Weaver et al., 1994).

Ed U JAE & S8 FEES 18 Hd 24
g 9mLel gol & sl o AR Mg &
3MARS] UREMITE petrifilm HIX]OY] 1 mLA HESIATH
AT WA 350CelA vidR 5 4" FHH5E A
Falal salret B W) S aElel x E
% 1 g9 CFU(colony forming unit)2 YERNSITH

gragd e 58 EY 3¢9 CaCo; 0.03 g,
2,3,5-triphenlytetrazolium chloride (TTCY&<} 1 mLe} &
T 25mLE 9al 37°CollA v & megEE FE3)
o] 1 oS 485 nmollA] UV-spectrophotometer(UV-

p
L DL E I T
L

=2aT

U= AR

1700, Shimadzu, Japan)E ©|-83l9 §4=5 A3
TPF(triphenyl formazan) 8245 ©]83)] Th= 3EF=A0
ue} @A gASAATE ng TPF/g soil/day® 3H2151]
HER A

B-glucosidase= EF 19 025mLY] toluene, 4 mL2]
modified universal buffer(pH 6.0)2} 1mL%] 0.025M
p-nitrophenyl-D-glucopyranoside(PNG)E- 713+ & vortex
£ ol&al & TFMFUCE olF midTIelA wig F
0.5M CaCl, 1mL®} 0.1M THAM-NaOH(122¢g
tris(hydroxymethl)aminomethane, 0.5M NaOH, pH 12.0)
E 9ol & 4L the, o738t FF% p-nitrophenols
FET8A tlEe] 400 nmollM SE=E ST

Acid phosphatase= E% 1go 02mL2] toluene, 4
mL2] modified universal buffer(pH 6.5)2} 1mL%]
0.025M p-nitrophenyl phosphate(p-NPP)YS 73t & vortex
£ ol&sf & TR ol vikTIelA IAZE wieF
£ 05M CaCl, 1 mL®} 0.5M NaOH 4mLE o] &
e v A3t} F=% p-nitrophenols ET-8-43}
C=o] 400 nmollA $855 A3

Arysulfatase= Y 1 g9 0.25mL9] toluene, 4 mLe]
0.5M acetate buffer®} 1mL2] 0.025M p-nitrophenyl
sulfates 713 & vortexE ©]83l & EF3NFAUL. o] %
37°C2] 7ol Bl & 0.5M CaCl, 1 mLe} 0.5M
NaOH 4 mLE go] & 438 v} oJusiy] F=3 p-
nitrophenotS: 3E-8-8¥ TJEC] 400 nmolA] SF=E S
ettt

Z7)e] RsgAol Eael A% wolel FAE 4%

[\

J. Soil & Groundwater Env. Vol. 18(3), p. 73~81, 2013



N
[*)
9
op
g

)

EN;
[0
§

} o RS XIsEth FE EF 45¢
Yol @1 HARK(Brassica juncea) RSt 10
25 23°C, FE 80%] o= )EH|
7](Hanbaek scientific Technology, Korea)ollA] ol
Tt Bl QARG ] Wokgo] 70% ol
153 8d $5 7IEoE R9E Y AsiEd] 3Fd
St & wWold Xoke] HlE-S ALFsITHDawson et
al., 2007). AAR] AP dole 8d & St e
ZARR] AP HolE S48t B gro s el

EQE dRists BEelr] flsle £ dqelxie
B2ZAH0|(Eisenia andrei)s ©183I4t}. B-2=X]70]
(Eisenia andrei)®] 73Hs= F1E EY 450 ¢= 574
o] 3= frElel "l H2EAHelE ey 77t
el B2 & WS Adst 23°Ce] g2l ](Dasol
scientific, Korea)oll Al Bttt 71491 Hole] 3
£ A eokom wiek - 14 7he) FESE 39 Wb
B 2480 2] 90 g@ Wses dEidd
(Robidoux et al., 2000; Shakir Hanna and Weaver,
2002; Wang et al., 2009).

= o o
il &

=
ol

Ol

2

o2

o

> o oo
N

2.3. AEEY

A3t d - F B T 251 AESH | Ao
7t A=A AAE] fdste] AT gEE A -5
Foll et ttests AAISHATHJo, 2008). FA 4]
SAS 9.2 T2 TS o] 83l 0.05% FelGEos B
st

fo kM

1%

3.3 ¢ nE

3.1. EY O|ME 54

T H QUEYNCS) F v¥E = 5.6x 10
CFU/g soil 02 VeI, F54 2 AEK(before
SW)& 5.0 x 10°CFU/g soils XSl wha A|F o] F
& T AASIHANE FUAESFSE 1.6 ¢ 10°CFU/g
soilE 7H23ItHp < 0.05) (Fig. 1). ol& ESAIHY A
A7 23k Feko 2 E) ESAMFe] e EY
AR e E9E 3T 2] EYAel AgEo]
= SEEAT AFHSe] vhES o] 8sle, LEEAS E
FoaRE FHEAA Ashks o] o] 8ETHLee et
al., 2006). olo W} AH FHoZ FEso] AAEH
A mAEE A AAREAY F71ET AA Fol T
shol] wE} 7|dolu} JFEe] HEo =z Qs vAE
T3 HAshs Aog g

rl

o

J. Soil & Groundwater Env. Vol. 18(3), p. 73~81, 2013

1.E+07 -

1.E+06 -

1.E+05

1.E+04 H

1.E+03 +

1.E+02 4

1.E+01 H

Total microbial number{CFU/g soil)

Control Before Before

NCS Soil Washing Land Farming | Thermal Desoption

Fig. 1. Changes of total microbial number in the non-
contaminated soil, before and after remidiated soils treated with
soil washing, land farming, and thermal desorption processes.
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Fig. 2. Changes of soil enzyme activity (a) Dehydrogenase (DHA), (b) B-glucosidase (c) Acid phosphatase (d) Arysulphatase in the non-
contaminated soil, before and after remidiated soils treated with soil washing, land farming, and thermal desorption processes.
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Fig. 3. Effects on (a) Germination rates at 4" and 8" day and (b)
aboveground length of Brassica juncea at 8" day after seeding in
the non-contaminated soil, before and after remidiated soils
treated with soil washing, land farming, and thermal desorption
processes. NCS is non contaminated soil used for control.
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thermal desorption processes. NCS is non contaminated soil used
for control.
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