J. Soil Groundw. Environ. Vol. 20(7), p. 43~52, 2015
< Research Paper >

http://dx.doi.org/10.7857/JSGE.2015.20.7.043
ISSN 1598-6438 (Print), ISSN 2287-8831 (Online)

B22(Raphanus sativus L.)2| M7s AL 28t H2|oiztHol
Fihs MA 7tsd 8ot

- ogl
A\7aatsa

lon

0|

#7013

ox

I*

o

El

Evaluation of Rhizofiltration for Uranium Removal with Calculation
of the Removal Capacity of Raphanus sativus L.

Yikyeong Han * Minhee Lee*

Department of Earth Environmental Sciences, Pukyong National University

ABSTRACT

The uranium removal capacity of radish sprouts (Raphanus sativus L.) in groundwater was calculated on the basis of the
amount of uranium accumulated in the radish sprouts rather than the concentration in solution, of which process was very
limited in previous studies. Continuous rhizofiltration clean-up system was designed to investigate the feasibility of radish
sprouts, applying for uranium contaminated groundwater (U concentration: 110 pg/L) taken at Bugogdong, Busan. Six
acrylic boxes (10 cm x 30 cm x 10 cm) were connected in a direct series for the continuous rhizofiltration system and
200 g of radish sprouts cultivars was placed in each box. The groundwater was flushed through the system for 48 hours at
the constant rate of 5 mL/min. The rhizofiltration system was operated in the phytotron, of which conditions were at 25°C
temperature, 70% of relative humidity, 4,000 Lux illumination (16 hours/day) and 600 mg/L of CO, concentration. While
14.4 L of contaminated groundwater was treated, the uranium removal efficiency of the radish sprouts (1,200 g in wet
weight) was 77.2% and their removal capacities ranged at 152.1 pg/g-239.7 ug/g (the average: 210.8 pg/g), suggesting
that the radish sprouts belong to the group of hyper-accumulation species. After the experiment, the sum of U amounts
accumulated in radish sprouts and remained in groundwater was 1,472.2 ug and the uranium recovery ratio of this
rhizofiltration experiment was 92.9%. From the results, it was investigated that the radish sprouts can remove large
amounts of uranium from contaminated groundwater in a short time (few days) because the fast growth rate and the high
U accumulation adsorption capacity.

Key words : Hyper-accumulation species, Phytoremediation, Radish sprouts, Raphanus sativus L., Removal capacity,
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2159] 715S o)gsle] 29H XFrE AH3lehe 2
EAPHS BAA oo 2187842 A3t whHo R oA
I THSchnoor et al., 1995; US EPA, 1999; Igwe and
Abia, 2006). 2=sPHE AE Ui} 715S o83t
EYG Y 2LH9ES AASE 252" (phytoextraction),
2150] s o] 83t Aekr Ul SEhee Sk B

2] o] 7Y (thizofiltration) (Gatliff, 1994; Macek et al.,
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2000; Reeves and Baker, 2000; Antonkiewicz and
Jasiewicz, 2002), 2= HeE EYT] 18AA 24
£ o]sAe Algksl] AE] o&d & fl=s s}
M7= 21E2Pd8PH (phytostabilization), E4381e < v
Ao o3 A (rhizodegradation) S2& UE
THGhosh and Singh, 2005; Simonich and Hites, 1995;
Schnoor, 1998). ©]2{&t AEASPH oA A& s
ol-gste] Aslrell EAlshE LAES AASH el

o] AA7IRRS A5} AE ¥ ZA, AEy JHn &
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3}7] wjiFo|ch(Beveridge and Murray, 1980; Suzuki et
al,, 2002). a5 AAE &) S 283k 4
S O 2Ee 3 AA S (hyper growth species)® I}
%2J%(hyper accumulation species)©- & FF3l=H|, 114
AFee APt Fa59 w57t Jrgts 7948
U o] F 2E=2A], B, siukEl], S 5ol
Uk AF2TL A=Y e S7|(HEF Fiol ¢
A EE ol FEE FHo] 7S AEEToE, HiS
ZEET 1000 olde] FEEs AEA Wl F3ska
=/30] U= FEE Uide] e AEEA, FAVEA oF
40001F, 455:20] AEE0] A52To Sohe Ao &
4 ATHChen and Cutright, 2001; Tlustos et al.,
2006). H=HFS AZXF(dry weight) 7102 21EA|
Woll 7l=F-29] A9 100 mgke, TE1E 1,000 mgkg, &
< 1,000 mg/kg, °FL 10,000 mgkg oY =3 4
I AEES dA=TBaker et al, 1998). FF&E =
20| =& HEAR] AEFS 7l=wY A5 Al
(Brassicaceae)?} 7}X#}(Solanaceae)dl] 3E3l= AE0],
J3} o}t 857 Gentianaceae), PFE}E3H(Polygonaceae),
AEETH(Cyperaceae) 50l 3fEskE 2lE0], 12]al H]A9]
739 AT (Pteridaceae)dl] &3 AEo] By
ATHJeong et al., 2010). YAl 3FA M, ~EEF,
S2ZF AAN F8e AEZE hlEy], 390, AR
7} ¥ QT Comish, 1995; Dushenkov et al., 1995;
Dushenkov et al, 1997, Willey and Collins, 1996).
ol AEEe] Be= kel tig F2dol vie- =
o} MEHS] 71=2E-27)(Co0N)e}t Agsle] He] FHo
F2 FHHE ZAoE BuHITtHWaite et al, 1994;
Langmuir, 1997).
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Fig. 1. Geological maps around of the groundwater sampling site (modified from Son et al., 1978).

Table 1. Properties of groundwater for the experiment

Sample location U conc. (ng/L) pH

DO (mg/L) EC (uS/cm)

Bugokdong 110 6.86

158.67 11.67 987.01

, 59
o WA yepdtt oldele|Ex FeidES ek
FATES T 9 b A Yd| B, vl
F RS A, 0FF, BE 5ol A ExEa 9l
HLee et al., 2008). =AY A5}e] 2lg T
i st 7R ) EAlshes ST F=: 3
mgkg)d] FFOE =A Yehhs FoE BuEy lk
(NIER, 1999). A3 A5 Z¥K(Han et al., 2014), A3}
o 74 542 Sk Tl 110 pg/LE =31, pHe
6.868 FAjolar, A3l AL)7} 158.67 mVE AH3keH3
o siFEJ e, S TS 11.67 my/Lo|Aet. A7
S5(ECKE 987.01 puS/emE =4 Yeh} gl 8=
ol o] T2 Ao = ERITH Table 1).
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2.1.2. B ojypy AL 98 ALgx A
Fog o83k BEloypie] | H8AS HIEIH

S % A8 WA AFE e ABZHE(Han et al,
2014), S2HF AAEE] 82.8%= 7P =W ¥
ARESIATE. AEHHEEE 10em x 30 em x 10 cm 72
A okl ¥k fREER)E JNEE WEe FEs
AMSEle AERE AFshal, LEAEIE S mli/min =
2 7} Rhgxol] 09 LA FYs & the RhEE et
== AAIBIHTHSISHES-Z9] | pore volume: 5.4 L).
YFAZAAN 25 B4 A v Fde A7)
= 200 g8 7 wkEEo] o]l & 48A7F B9
144 L8] LAABIE FHHROH, 25 25°C, &
70%, CO, F% 600 mg/L, =% 4,000 LuxZs k=
2B Ak AR AAEIITHFig. 2). W
S 1821ZL, 36AI3E, 48A1F & L ARG T -
FEe} ool FHE fehe vEE A7 395, F
ool ost RESAIIPE ks AAEEY AATS Akt
slgith. £ AFe] AEds dF3lr] Slel agukex A
A ek I5ES AN
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Fig. 2. Schematic (left) and photograph (right) of the continuous reaction system for the rhizofiltration.

22. ks MAS MASE AlLt

sg|ojapiolA] F=o] ke AATS Ak 1918
z7] 2k F=7F 110 ug/L F2F 00A|Y A3lE
o FS o83 A&HkeE AYS A I &
252 U S49 S Ao E 531
ICP-MS(Perkin elmer, Elan 6100, FIMS 400)& $-2}F
TS SASITE FARAY e A REREH
23 o AEAIR 28 300ml Hlo]F ] ¥
ml Z2HHNOsYS 7kt 1083 BRAIZ o 2
A7PF B dob 2 wizhA] 1 ml ISR (HL0,)
Hal 180°C o3l 12} AFESlE AAIgE &, HF
Faf A2 ternary solution(HNO;: H,SO4: HCIO,=10: 1 :
4) 20mis 378t wgkdo|uy Falo] & wj7kA] 160
°C-200°ColX Ax13] 7188 T, 0.5% Ziks AMESIe
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40 AHAE 283l oFgt AHo] Pl FEE K
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A7, ¢= TS AT, M A=A W 5
ZhE T ue), My, A1E9] 1z D9l (g e
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doiF o Aol A HlE FHAAME @A AREo]
80|38} tH(Chen and Cutright, 2001). A3 I3 Az}
(Han et al, 2014), 58 T5&F2H Xl st
YS5HFo| &k A5 vlFe} ¥ SoleH, AA
T 2633 ng/g-289.7 pg/g WMol F3tilth. & ol
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Sehr F% Ao|2HH o 215 o83t Tt

c,-C
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282 ug/e), Ko 21 31 (sorption affinity)S LFE}
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A7} A L FERE A Alole] dmAlgo] &
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(a) Germination

Fig. 3. The photograph of three plants cultivated in the phytotron.
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Fig. 4. The uranium removal capacity for root and shoot part of
radish sprouts in the continuous clean-up system.
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WL, i S71(GHEGHS] AATS HA 3.8 pg/eelA
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3} Z1dF(Phaseolus vulgaris L. var. vulgaris)®] A%
753 pg/g(Yang et al., 2015)HCF & ZAujolny 7z}
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al, 2003)7 ®IE=3iHct. 28]ar A3 S9N(Han et al,
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(b) 1 week afrer germination

(c) 2 week afrer germination

=
o
o

r 100

| MU concentration -@-Removal efficiency |

/%/H

I EPA Tolerancelimit |
. . 0
12 36 48

Rhizofiltration time (hours)

=]
o
L

-3
=]

@
o
(=]
=]

B
o
S
(=)

N
o

N
o
Removal efficiency (%)

U concentration in solution (pg/L)

o

Fig. 5. The uranium removal efficiency of radish sprouts in the
continuous clean-up system.
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487 B AEE R AFS e Ay 48R 5
F AEEEE BT 2AABKe 144 Lol disted]
1,200 g(wet weight)?] F-<=oll 2J3t ¢ebFg AAEEL
18A17F = 63.4%C]3L 48417 ST 77.2%= =2 AlA
T8-S JERNUTHFig. 5). A& A3 1882 A
5 AR I ke w5 38.1 pg/LE FES
|72 (30 pg/Lyell PIXIA] ZBtAARE, 36213 A &
FHe edxekre] 2 S2he T57F 292 pglE
AeE7IEA] olslE RO, 4847 Foll= A
o] 25 HF BEE 25.1 ng/LE YA FAEA =+
W ks w57 =2 AgkY ek % 97 86



<= (Raphanus sativus L.)°] A|71s Alktel] &gk frejolapi o] ey AlA 7Fs/d 7} 49

pg/L-171 pg/LY S 73l d(Han et al, 2014; Jeon,
2009), F<oe o-&st FEloIHS AXshes A, W
& 36AZT o] HHE U i LEAEkre] Sk
S EPA FEEE7IEA oBlE W 7 3lerE &
ol A thotie Brejolapy Asgx &8o] 7k A
° 2 yhent

o of o

o

EN

o

£

ﬁ
i
o
a
o
of
tlo
[N
o
2
o
>,
o
o
o
=
ok
EP
o

L)
5
=
X
%
o
5
E:
S
o
=

[i5)

b
u?i
‘_)'i";
N
AL
R
2

ol 23 a3 1,584.0 pgoll thaked 92.9%2]
FehEo] SFESRS & T A 35E 92.9%] §-
2 99 3FHA e 7.1%] SEFEHS B4S ¢
3 ANFA Al AEH, AT 7R B S S
ZF, AE gkl sl AW 58 4 o ARENE
E Ro= gaEnt olggl =& by e B
Ago] AXEe} AEA Alolox WA Sk
& ol IS HH3A wdstar 22 2w
AE 4877 3 ZF Wk YlollA] Fpol] 23E -

&S <o FEE Fig 60l YERIT. Z2e] whe-

TR

= WA
=
2
R
jﬂ
)i
4B
AU
Yo
N
L
2
:
=
Ao
)
e
o
¥
-

e 89.7 ug-118.6 pgelek. A WAl W2 ) F<&
o] Adjke] 7P =31 A HobxA miAe vz
<o) Aojge] 7P @A Yehve o=, FUE

120

100 -
80 A
60 1 M Leaf
40 A M Root
20 A

1 2 3 4 5 6

Tank number

Absolute accumulated amount (j1g)

Fig. 6. Accumulated uranium amount in root and shoot part of
radish sprouts for 48 hours of the continuous clean-up system.

g7t HRSEE AXEA Ao T el 27
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59.7 pg 2 E7|(AEFH HEjET & v, WX
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Fig. 7. Results of the Langmuir isotherm curve fitting for the rhizofiltration results.
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Fig. 8. Results of the Freundlich isotherm curve fitting for the rhizofiltration results.

Table 2. Langmuir and Freundlich sorption parameters derived from the isotherm curve fitting for rhizofiltration results

Langmuir sorption parameters

Freundlich sorption parameters

r G K » Kr 1n

Lettuce 0.85 163.9 0.01 0.94 288 0.72

Chinese cabbage 0.81 546.1 0.03 0.90 191 0.70

Radish sprouts 0.99 461.8 0.02 0.97 401 0.64

Buttercup 0.74 2113 0.02 0.88 142 0.66
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