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Changes in Phytoavailability of Heavy Metals by Application of Limestone in the
Farmland Soil nearby Abandoned Metal Mine and the Accumulation of Heavy Metals in Crops
LR I
Yun, Sung Wook - Yu, Chan

ABSTRACT

As topographic characteristics of Korea where 64 % of the national land area is forest and only 17 % is being used as farmland,
remediation of farmland contaminated by heavy metals is a considerably important issue. In this study, as an alternative of practically
and effectively remediating farmland which was abandoned as its crop plants exceeded maximum residue limit of heavy metals due
to mining impact, applicability of stabilization method was examined through the pilot-scale field experiment. Three plots (LxWxD=
3 mx2 mx0.3 m) were installed at the selected farmland and in plot 1, only soil of the selected farmland was applied, in pilot 2,
soil of the selected farmland plus 3 % limestone (w/w) was applied and in pilot 3, soil of the selected farmland plus 3 % limestone
was applied and then uncontaminated soil was covered thereon (0.3 m). After that, seeds of radish, Korean cabbage and soybean of
which characteristics of edible portions are different were sowed on each plot and cultivated. Afterwards, at a proper harvesting time
(app. 80 days later), crop plants and soil were collected and phytoavailability (0.11 M HOAc extractable) of heavy metals in soil
and accumulated concentration of heavy metal in edible portion of crop plants were examined. As a result, it was revealed that
phytoavailability of heavy metals in soil added with limestone (plot 2) was clearly reduced compared with plot 1 (untreated) and
owing to this treatment, accumulated concentration of heavy metals in edible portion of crops was also clearly reduced compared
with plot 1. While radish cultivated in plot 1 had exceeded maximum residue limit of agricultural products, in particular, plot 2 using
limestone had shown concentration lower than maximum residue limit and this plot had shown little difference with 3 plot where
crop was cultivated in uncontaminated soil cover. Therefore, it was considered that for abandoned farmland like the selected farmland,
reducing mobility and phytoavailability of heavy metals and reducing crop uptake through stabilization method would be an effective
and practical alternative for producing safe agricultural products on a sustained basis.
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Table 1 pH and XRF® analysis results of the soil amendment
XRF analysis (%)

SiO2 | FesO3 | AlbOs | CaO | MgO | MnO | PoOs

LS 9.60 | 127 | 289 | 324 | 627 | 149 | 052 | 0.06

Amendment | pH

# X-ray fluorescence spectrometer.
b .
Limestone.
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Fig. 1 A diagram of the pilot—scale field experiment
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pHE B 2845 1152 319 pH meter (Orion 5504,
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HAINEY] 71 EAR, Batdk vl (ANOVA, Tukey HSD)
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Table 2 Physicochemical properties and total heavy—metal
contents of the soil used in this study

cH 3ol v o

et al.,, 1999; Janos et al.
IWSESS] 555 %Xﬂﬁéﬂé dohr7] flsf AR A&
= (BCR sequential extraction procedure) Z¥}= Table 39|
e Feit 1 HEAIRE YRRl FHERE P (residua
fraction) > F3 (oxidizable fraction)>F 1 (exchangeable fraction)
>F2 (reducible fraction) g== F4 > 3>F2>F1 28a ofd
= F4>F3>F2>F1 <0 &7 BEsh= 2o yepjrt
Fa40) ZAP Pl EPIR Eulo] F3elo] gl
B2 B} o]2of o3t A|¢ Ei= pH 59 Wzt wE W A
shels 5ol ol B3 i 484 e Holw) 48
gjo]7] wfjZoll Z=Aol A=A X]ﬂi‘r oo 8 agle
2 2831} AR U] o]S9] FHeke o4 e u|ws) B
kil 0}04 (8.13 mg kg™ > (1.69 mg kg™ H)>7}=F (0.55
g kg™ £ Table 2] ANE F54 & T2 +99t
S A0 elst, e ERAe 1 el el £

, 2010; Ok et al., 2011)

ottt

ofl

ol%

=
H o FFE E ‘Rl‘: =9 Afol7} An, 9] o¢f
71%2e R 4 mg kg !, @ 100 mg kg ! 2= ok 300

mg kg 'O% FHERS e Fa%o] Hls) o] njAle 9
2 uf¢ Aty & 4= Qi o]t WO R 47) fraction®] F
o] i3t F19] BZH|&2 u|wd] BY 78 (20.2 %) > o}

A (3.96 %)> (1.91 %) <22 7I=g0] th2 Fa<of v

Parameter Value® & deHow l,__}” —,—:7;6]‘_1__ 9\1__ Ao Uehd}

Exch. Cation (cmol ™ kg™ ')° TE7h E o]%/\(—)]_‘oj 7]'5%> o}o‘j> ‘é’> T+ —(v_\—_& lgr:]—_]_
2 1394027 Bt E3 Ullrich et al. (1999)3} Pueyo et al. (2003)
M2t 0.4620.08 = FF429 EF Y exchangeable fraction®] HEH]E-S
K* 0.1240.01

Soil texture (%) Table 3 Distribution of the heavy-metal fractions in the soil
Sand 56 used
Silt 41 Heavy metals (mg kg~ )°

Step
Clay 3 Cd Pb 7n

Metals (mg kg™ )° FI* 0.5510.07 (20.2) 1.69+0.06 (1.91) 8.1320.74 (3.96)
Cd 1.90£0.32 F2° 0.5310.04 (19.5) 15.5+1.25 (17.6) 9.31£0.51 (4.53)
Pb 80.745.64 F3* 0.6010.07 (22.0) 29.2£1.74 (33.1) 38.3£2.75 (18.6)
n 17548.25 Fq 1.04£0.18 (38.3) 41.914.57 (47.4) 14945.82 (72.9)

* Available phosphate.

® Exchangeable cation.

¢ Heavy metal total contents were digested by aqua regia according to Korean
standard method. Regulatory limits of Cd, Pb and Zn are 4, 200 and 300 mg kg !
in Korea, respectively.

¢ Figures are averages and standard deviations of three replication.

# Exchangeable fraction.

® Reducible fraction (bound to Fe/Mn oxides).

¢ Oxidizable fraction (bound to organic matter).

4 Residual fraction (Aqua regia).

¢ Figures are averages and standard deviations of three replication. Figures in
parentheses are ratio of each fraction to the sum of the individual fractions (%).
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7t 7R Hil B U] S84 ARe2 B &
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Fig. 2 pH values in the soils [plot 1 (control), plot 2 (3 %
limestone), and plot 3 (3 % limestone+ soil cover)].

The error bars represent the standard deviation (n
=3).
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et al, 2009). wetr] 718t pHE 29} 3A2)T EY W 534
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2 (0.11 M HOAcOl| oJ3t H&) 8-S B4t oA 7t

XJEH“H E pH Zol|A Gﬂ*Pw ufe} Zro] whg Fd4
o] Hsh= M3|Me At 2 Aot 3 Mt BE 1 A
gl tof vjsf FEsH Th, W el ofdle] Frt 7hAdt
ot} (P<0.05) (Table 4). 752 1 2T 0.57 mg kg™,
2 A2 0.33 mg kg~ ', 3 AT 0.31 mg kg~ '0& Vet
oo 1 Hee] FEE 7|E0R HeE AHest 2 Azt
3 ATt B5F <k 45.6 % o] A& Bk H> 1 A
T 1.86 mg kg !, 2 AT 1.26 mg kg 1AL 3 At
1.17 mg kg~ '0& 2 A|79} 3 AT BE 1 A2TE 7|FE
o7 oF 31.2 % ol AfEE YetITh (Table 4). 12l
ofde | AT 8.84 mg kg™ ', 2 HETte} 3 At Zzt
5.26 mg kg~ 'T} 5.42 mg kg™ '0& | HYLE 7|FRoE oF
38.6 %9 A7ES Bt (Table 4).

olAo] AMES HES| HH M3|49] A2 <lsf B pH
£ U&7 2o Bl Sk, wdhd $94 RS F
S At o] F aQlof disf AFRHEAS AR At
WS FF4E0 B9 pHiE 48 29 AAIE e
(rCd= —0.912, rPb= —0.924 and rZn= — 0.955 with P
<0.05 and n=19). Wang et al. (2009)2] ¢gG-A1}o| A= pH
oF e FE&Ie] AT | r=— 0523 L ofdd
r=—0.562%.21 Ullrich et al. (1999)2 4 r=—0.818 1

of

Table 4 Exchangeable-heavy-metal (0.11M HOAc—-extractable)
concentrations (mg kg )* from the soils in the
pilot—scale field experiment

Soil treatment”
Metal
1 plot 2 plot 3 plot
Cd 0.57£0.05 0.33£0.02 0.31£0.03
Pb 1.86£0.07 1.26£0.04 1.1740.12
7n 8.84%0.17 5.26%0.12 5.42+0.06

* Figures are averages and standard deviations of three replication.
> 1 plot (control), 2 plot (3 % limestone), and 3 plot (3 % limestone + soil cover).
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OA o] A FPeRe] Frl g279l 1 Ao} vlws}
o Halae A3t 2 H2)Te} KM BEAE & 3 A2
T 25 Felsl] gashs 202 YeRdtt (P<0.05) (Table
5). 2 Ao} 3 Ml £-929l Ho| glo] 3 Hel1rt 2
AR b e B g et JEE FEE Al
Bl 1 A, 2 At 2Ea 3 A=t 22 0.113, 0.034
723 0.020 mg kg & 1 HZE TEE] HARE () 3

Table 5 Accumulated heavy—metal concentrations in the edible
portion of radish in the pilot—scale field experiment

Soil treatment”
Metal
1 plot 2 plot 3 plot
Cd 0.113+0.011 0.034£0.003 0.020£0.005
Pb 0.05610.025 0.03110.004 0.020£0.002
7n 62.3£1.00 56.0£1.05 51.6+6.89

“ Figures are averages and standard deviations of three replication.
> 1 plot (control), 2 plot (3 % limestone), and 3 plot (3 % limestone + soil cover).

87]1232)21 0.10 mg kg~ ' (KFDA, 2011a)& Z3}s5)aL vl
2 Aot 3 Al 318715 uvke R 1 A2t Ko} 2
R w s eIt o) gkt A AujEls fo] Bt
7P T 0.049 mg kg ' (KFDA, 2006)RCHE W&
=9tk Je] s 2 AR B AR 587184 0.1
mg kg~ ' oJ3I= SAK FoJ3t 29 Afoli= HolA| okgitt
(Table 5). &4 1 A= ShoflA] Aufsh= o] Hdt
g2kl 0.011 mg kg~ ! (KFDA, 2006)5c} 58] A= =2 0,056
mg kg™ 'o] AEEIE vkd 2 Hejrel 3 AT 22k 0.031
123 0.020 mg kg™ '2 1 ARt W HEE YeRfgl
o H|QAES BEZA 5 Aulgt 3 M7t 2 At
B} ohd W s YERf9Ich oldle] sk 1 A2l 62.3
mg kg~ !, 2 A= 56.0 mg ke !, 3 HTE= 51.6 mg
kg "2 1 AT} vluste] 3 AT GO gasie
™ (P<0.05) (Table 5), 2 A= gt 2fol7} glo] 1 A
gt Bop W2 =S YERGIT (P> 0.05).

i 20] H$ 7lERe] Sk 1 A, 2 At 2ela 34
277 ZHE 0.039, 0.026 123 0.018 mg kg & FANE
(%) 3187134 0.2 mg ke~ ' (KFDA, 2011a)5 2% 215}
A oxokt ey 1 At vluste] 2 AEret 3 AJET
HE 7IEgY] Fe7t FEsH| A4stylon (P<0.05) (Table
6), 2 Aot 3 Al AR FoZQl ol Ytz ¢
At (P>0.05). Ho s%= 1 A2t 2 A2+t 12fal 34
F7F ZH2F 0176, 0.107 283 0.061 mg kg ‘2 1 A2t
Hjsf 2 Aot 3 At BE Flah fhasks AoE et
Jon (P<0.05) (Table 6), 2 AL} 3 Y= AR &
el zfo] glo] 3 At thh W FEE Hth (P>
0.05). ot9] sie= 1 A, 2 A= 22 3 A2t 7
7} 41.3, 38.7 183 41.9 mg kg ‘B ZF HE|HE A2 &
OJ3t 2joj= Ho|z] gIgkon Fel Fro| Ajolw 79| gl A
o2 Uehdt} (P> 0.05) (Table 6).

a3 iR A 7heEe] s 1 ATl vjg) 2 Az
7ot 3 AHejtela] FElskA 7hastglon (P<0.05) (Table 7),
2 Aol 3 Al MR fofdt Aol Holx] gttt (P>

e =)
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Table 6 Accumulated heavy—metal concentrations in the edible
portion of Korean cabbage in the pilot—scale field

experiment
Soil treatment”
Metal
1 plot 2 plot 3 plot
Cd 0.03940.06 0.0260.003 0.01840.006
Pb 0.176£0.010 0.108%0.005 0.061+0.028
Zn 41.312.65 38.740.87 41.945.58

* Figures are averages and standard deviations of three replication.
> 1 plot (control), 2 plot (3 % limestone), and 3 plot (3 % limestone + soil cover).

Table 7 Accumulated heavy—metal concentrations in the edible
portion of soybean in the pilot—scale field experiment

Soil treatment”
Metal
1 plot 2 plot 3 plot
Cd 0.047£0.004 0.024£0.003 0.021£0.003
Pb 0.03710.005 0.02910.001 0.02210.001
7n 47.840.83 46.5+1.07 38.544.57

 Figures are averages and standard deviations of three replication.
"1 plot (control), 2 plot (3 % limestone), and 3 plot (3 % limestone + soil cover).

0.05). B H=S AgEE 1 AT 0.047 mg kg™, 2 A
T 0.024 mg kg™ ! 123 3 AT 0.021 mg kgT 102 2 A
2o} 3 AP A Aol7t gl ACRE Yeith Je] &
T 1, 2 a2lx 3 A7t 42 0.037, 0.029 183 0.022
mg kg™ 'OR 1 A2)To] vjsf A3l4 4 BE A2}E 3 A2
T BE ool ftasks AoE YeREeH (P<0.05) (Table
7), 2 Aol 3 Al & Aol Hol| gkt (P> 0.05).
ofddo] =rl | HEt 47.8 mg kg !, 2 AT 46.5 mg
kg™, 3 A2 385 mg kg™ '2 1 AT} 2 A= 5
Zol 2pol7h Qiglem (P> 0.05), 3 A= 1 A2l B3|
Folet S Btk (P<0.05) (Table 7).

oo AMEE W gy W B2l 1 AEte} v]
ato] M3l4 9l BE AEjeh 2 Aol 3 AetolA] iR
o 7hhdhe A& yepitt e ofde 7 Al
2 AR FOHRI ZpolE HolA] o= AR YErton] Egt
1 FEE OE Fad AR ve] 2 =2 AoE Yepit
YNt 02 ofd 2 ZHEO] S F= ugFEeYsolH i
2 7IEE 32 A 5A4E 7H ARoltt (Bowie and
Thornton, 1984). EYORHE] T4El= YAsd 2] A%
o e FAN FEAAE dYeE7A] Ae 58Ol 9l
3ot AR-E2] 55 Algt gkt (Bowie and Thornton, 1984).
njFgegart ofd Fu49 A9 YAHoE Helg
A AEAR FUENS o AE2 o] 7PgAtEet 7+ A
ol

Z 5ol A= g FHR ofse] Al (Kim

4

41 K

Jo

ol

3
7o)

b ol m

Ml
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et al, 2010). weba] olfgt Ag2 EA HAHo] thE &
T4 ARSI i) ofde 7 Helrda folH9l Aozt ¢l
Qom, ot 1 FeE 7MY w2 A 0E Wt il A
Hjgt R ZEAY o}d9] %= Kabata-Pendias and Pendias
(1984)7} AN dubz oz Q@ AE|x] ok A[Eo| wjZgk WY
(27-150 mg kg~ ') el 2= Ao vepd),

ghE 7IE R} o] 4= gizte] vig| A8Ae At A
gtof|A F=EleHA Hadke ACR Yepigon 53] 1o -
L gjztollA] hERY] HEUk 0.113 mg ke B A4S (F)
3847122191 0.10 mg ke~ ' (KFDA, 2011a)& ZI}sl= Ao
2 yehgtt o) E diEYY FH4 F 7M=L 01FA0)
T2 E0PEe FHiE 7P wo] skl ¢lal (Table 3), =
AEA RN 3l S AR Hol7h Mg 3 At
7] A Ao s FaHol YEE Fev 7HARS ST
ol A TAE & Ao WAEQT), il A& a5
Bt 340 79 429 Fo vl 24 gerd 5 9l
(Stoltz and Greger, 2002). $t=rollA] AujE &, wiZ 2|1
oio] ZRAIR W et ZEEE SRR 0.049, 0.005 18)aT 0.029
mg kg~ ! (KFDA, 2006)2.2 57} the 522 njs) 1 g
o] 3| =2 AL 18l & uf, F= oE =0l vl 7t
Two] o] mje- & AEY AR AAEH. Ty 2 A
gt} 3 Aelts AR Sl87IEA] Bt e W FER
Ao FRAR | $E459 28 S gAEg o=
Aoy QHYsHA|o] 8o gt BEGF Y FE&9] AEREE
o] 71916 Ao & iy, Sk ohuet tiE ]| A3
AE Agsto] Bfet QHYISolA AES Aligt 2 Aejatet
SRS AR H e BEZAN AES Auet 3 A=

220 Su5 SASEIE AR 2 Aol gle AR YERsth
v. 24 E

B R o] F34 ¥ YL WOt FABY 37
o 5 Hsh] vl gEY] HEHHE

34 YL Wolmel At Ege] 23 9 Mgzom
L Bl AL ug P ERA ZH

AV} e Aow Wk, 547 B 290 14
e A% QbR FAB X442

of % Fake OUH A HAZo| 1 Fahe G B
chel obel ofulsh gickn & 4 Stk ole] & Aol @R
UFABS Bol AR R PHS B W) ABFARE F
A gaAIZom, B3t olo] 7]elste] B (hY 2

H]3) E3iehA gk o Ut
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