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Soil Applications of Slaked Lime and Organic Fertilizer for
Reducing 9?Tc Transfer from Soil to Rice Seeds
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To see if slaked lime and organic fertilizer applications to soil are useful as countermeasures for reducing ?°Tc
concentrations in rice seeds after °Tc contamination of paddy fields, pot experiments were performed for
two different paddy soils in a greenhouse. The upper soils for a depth of about 20 cm were treated with the
agricultural materials and ?°Tc 15 d before transplanting. The effects were compared using the transfer factor
(TF) defined as the ratio of the plant concentration to the soil concentration. In the case of control plants,
TF values for brown rice in the two soils were 4.1 X104 and 4.3 x10-4. Of various types of the application,
only the application of slaked lime at a lower dose (about 0.6 kg m=2), which led to a 60% reduction in the
TF value for one soil, seemed to be worth using as a countermeasure. Little effect of the same application
was found in the other soil so it is important to determine the effect averaged for a number of soils. Organic
fertilizer applications at both of two different doses increased the TF value. It is considered necessary to
perform experiments for slake lime applications at doses lower than the above.
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Table 1. Physicochemical properties of the experimental soils
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ECC (cmol kg1)

Soil pH (1:5)  OM? (%) CEC? (cmol kg1) Sand(%) Silt(%) Clay(%) Texture
Ca Mg K
Gookil-ri 5.65 3.70 31.94 10.28 5.70 0.79 14.89 68.90 16.21 Silt loam
Eopcheon-ri 5.61 3.56 26.94 10.40 5.54 0.78 16.13 67.10 16.77 Silt loam
a Organic matter

b Cation exchange capacity
¢ Exchangeable cation
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Table 2. Types of slaked lime and organic fertilizer applications to soils

Code of . . Dosage
application types Applied material (2/pot)
SL-H 60
Slaked lime (SL)?

SL-L 30
OF-H Organic fertlhzer 600
OF-L (OF)° 300
S/O-H SL + OF 60 + 600

Control - -

a contammg about 46% Ca

b fermented compost containing more than 25% organic matter.
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Fig. 1. Rice plants at thenr post headmg stage.

2.3 ZEA §A4

Qlot ol HlE A TEC| sFH o] 2E 69 30
FE 12 )35 42)4 o] 2letgt), Hl2E |n| 2 Bk
EF Al LE T 2 g0 ¥FARE HIHE(N: P K =21%

S17% : 17%)E 715 ET F2H| 2 E B3| g2 S =3
3o AA 1-2 g¥ ] Ak

H o 55 vt =ik o] HAQl dlig Alekz
F(5.5 mm/d)O1E BA}E}7] 9)5te] w] ZEZRE 2 Fo
3.77 LA <] 7%#3 at7-o] ujFF-S Eaho] ujZaqiet.
Ao A w2 HAUE pgetaL Al tio] Sr)His =
SAA AW ex s iliﬁ]r Sl E} 3191 A&

l‘

590 20900 ARSI P, 18 5% F H7} Aok
2 me] Fa gtk

2.4 A% A2l L AS

HE =8517] 93] Zul7] 1374 (10€ 18Y)ol| A B =
FE ¢F 10 cm Folol|A o B 7] E Ho] FEAE AF
gk b 24olA 3 % Ao A Azedeh. 1z F 71
2 o2} B g Fejslal oAt o 2 HE 2GS wojujof
2RxpApEte]| Hol TE%ﬁl AT A HAN
A (Hr]) S AUk

AL ARE YAT7] TF olgste] B dHE
& Wigley S{1519] WHUl2 A=) A5 =Y
(B 0.88, A& 1 g & 3 ml H]&)E 7}kl 7431A|
500T (250 oA g AR B3 F XA 3] 2% 4F)
71204 12 AIZF 7 EEte] 3E Al EE At ©

=
o

-

(3
m\l l&[‘ﬂ
N,
O oy &

[

=)
gt



Yong-Ho Choi. et al : Soil Applications of Slaked Lime and Organic Fertilizer for Reducing 99Tc Transfer from Soil to Rice Seeds

2 Ao g
FE tigt Ado] 3F AlEE A7 S5 cm planchet
o] 200 mg¥ HiL FFTE 718kl 21T A the H 94
%S 8lollA #AILA]F7| AL low-background alpha/beta coun-
ter (LB-5100, TENNELEC)Z o]-&-3} Aue} Aoz =
AEFATH16]. o714 PTc FEE H| QL HE FEO|A At
H 3% AlF 200 mgell ti3l] 2o o2 73k wERA <
background A& Wl FA SR ZEE AFESEAC. Al
= AZHE 1,800 ~ 3,600 3L AlS Q3b= ARl whet
5~ 10% FE=c},

2.5 Ao|ASG AL

EoF @ ZHEA] ] PTc FE2HE PTco] E-AE
A Ao A|Z=(TF, dimensionless)& o}gj2} Zo] Al4lal Ak
[7,16).
22 W 5% (Bq / kg-dry)

TF = (1)
ES U 5% (Bg/ kg-dry)

A (el AH2A ) s 58 4] e ) FEoln &
F Ul FEE g} Ao EF A FEE 4| 3
N0 B3 BT Aolch ofo] 2 E ) PTc B
= 701 kBq kg'-dry= 71 §7]2 9lste] EFEG Ao
AFol7k giek. 7t Aol that #Tee] Hol A4t 3wk
AR EEAAZ UL

3. 2% 5 1%

3.1 822 FHIM] ¥Tce BEF-2L Ao

A%

FEEd FH7F A B PTee] AA(@n]) dolAS
(TF) 3t Table 37} 2o}, F Bk TF -2 & #}o|7} ¢l
Atk oA F Efo] AZ FARE B - 5leh 54

Table 3. Transfer factors of *Tc for brown rice of the control plants

Soil Transfer factor (dimensionless)®

Gookil-ri 4.1x10-4+£9.6x10-5

Eopcheon-ri 4.3%10-4+4.8x10-5

@mean = standard deviation for 3 replications.
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Fig. 2. Soil-to-brown rice transfer factors of 9Tc for different applications of
slaked lime and organic fertilizer to a Gookil-ti paddy soil.
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Fig. 3. Soil-to-brown rice transfer factors of Tc for different applications of
slaked lime and organic fertilizer to an Eopcheon-ri paddy soil.

66 dJ. Korean Radioact. Waste Soc. Vol.11 No.1 p.63-68, March 2013



Yong-Ho Choi. et al : Soil Applications of Slaked Lime and Organic Fertilizer for Reducing 9°Tc Transfer from Soil to Rice Seeds

F 39 H7E A AL TF 3s A Hel T3 9l T

2] B = o3l 88 o] 2139l S-7] 2 v 7o H }
o M= TF Fro] A7 ol vl3)] 74314 gt} o)==

2 37l w2 Wl PTe =0 A aaprt gl

© AL gt} Wil §3 2] EellM= TF Fhol &

A 3] ef A H7HSL-DO S8l 60% B, 224 3] 9k
714 Hlg.e] I5FE FAIHZHS/O-H) ol <3 40% F= 7H

23k A0 2 Yeydt). 243 AE JAEe] g T

] Bl = g oW fde] b FvtEg

TF %M lﬁﬂ = OLg)cu} Table 13} 30| 4] B= u}s} g:}o]

& o]z} W\MQ-‘/]' TE&EZHe

Aol dhah 01%

oo 2 & uf, AR H7F 3 FellA= 243 A
T H7HSF 600 g m?)Rto] =ESFe] PTe 2 A A4 W
PTe F5 A7t Qo2 o] & 7hsAdo] s o=
ek, AR 600 g m? FE o] A 3] H7kel A

NA 2 ZAH EFel whet o] Heh & a7t gls

© 1 2 thpo] Bkl thek 714 A3E St H
A &5 FaA FAF Al A ol FEsheE Ao
S} shEo s mol BAs 243 W7} 2L g
{8to] 2k% thmo] Eokel thal 600 g m2ET} 3
A G o] 7 A % AT 97 ot Eof
ol& 9o} B2 ZA} 7:‘er £ ol 243 HUte] o] £
AT A ARG S B T EYME s %
Az A7 vERE AL *‘ﬂﬁ] EFox= 2371
A 75 vk 717t 7Fssh7] wlitolo, gk H7bEF
o] ALF5 A g v]&o] YolA= Ax Fa3 o] f7F €
o} fJollM 3 A vke Ao 7 3l Ao X35 v g 2 A
A3 BlEAL Al HolE 100 g m? AEE A& o gt
tHol= ] A3t k4 o= wekst ol

23] o] 14 HIHSL-H) A= F ESF X5 TF 3k
o] S7F3t3ltt. o= pHO| H=gt Aol ogh A e
o] 715 Wsht $HdE PTeo] EGFE Tae e A3
I AoR FAHAYA] 7142 v5e A% Ay H7
(OF-H) A& 7 BEF 57 TF gho| 2 vl o] % %— }O}Oio
U A HA7HOF-D oM = agsol| vl TF Fhol =7
Frasto] 3 7rek & abol7) it 71 o= %E] 71
A 5o H7tol| ofaf TF gkol Fe3g 22 F24Hhumic
acid)o]u F1]2k(fulvic acid)?} 22 71843 71E9 5
7}oll W2 chelation 2H8-2] Zx10 2 337 PTce] 83
w7} Eolxly) wjEel Aoz =AFCHI5,19,20], wekA
7148 vlge H7t2 a95 1Y) JEiME 48 7715

l:o_lkiigjzk

[e]
<
—
X
Tt
=
5

]_

ol

A35}7]
v Ax

PEON

—_

_4

o] Tt %‘H A& So| Hgafof 3 oz At} F
FH]4ko] obd HZFgA o] F7] & Ol PTert &
7h A o o] A3t 2AUt s A
;lgiz‘;l_ EXI.QA _Z.y]_}\]i’l 2= o]% Hc}"jé oﬂ
el A7 derk dvkar B, 9ok 22 771 v 5 ¢
HA7F Al A F20 e d Teo] HEAI7E Gy
o gol3tA F23FAthE Kumar 1319 A3 Adele=
AAEHA] = Ao R & 4 vk =g f71E H5e] A
Fhepol AAFE 2ANUE TFe L AT F ik, 89
g Te, §712, A BEe| AAAFE of /A BY @
73 aqlge] BEe As e os) 1 4ws) 299 A
o2 AlgHY
A 39k 714 vR 9 agFE FARTHS/O-H) Y A
T F EgoA] B ol T EA ] 17FE HUMEY TR
Frol vz ZA vkl §3l 2] EqFolx = T3 7ol Bl
TF gro] Zash7| = st el o] AL 7+ B4 Fs a8
E AHEA T 717l thafi A g <s] A st
U RiEA 0 2= frEd s B ¢ St &4
o] A& AR AtH, = hF5o FHE M3 o3t
pHe| 5ol EshE o] 22 3] pF H7be] T TF 449
dsol i AAEHAS AR FA & 5 AUTHISL o]
s 2o B nE9 FANL Ale) Ao} ¥ 2 2
Zhe] AZ9] A7k Al 29 A7kell vla) TF gho] Bigkhe
AHE B FAIATY PR B2 E0] FAI T o3
Hlx# Z 335 7|t e # dok= 21L& AAkekaL vt

T 7bA) RS 239} 714 W2 A elha B o)
Wre FHARE AT A3 2430 A5F H7H0.6 kg

ro] A9k U] PTc 1 AZEE ) 02 o] § 7}
540 Qe Ao Vehslth, Bl nebAl 248 A%
F W) Bk gl & glom AF thpe] Bl o)
2t

[e)
of gle] znTt 3 ) de 5 47}
o el 24K W art 9lg Aow Farslch 71 v
291 B9 /Y 71 ol BT 5 e AL 4

Ei’i‘:‘r.

J. Korean Radioact. Waste Soc. Vol.11 No.1 p.63-68, March 2013 67



Yong-Ho Choi. et al : Soil Applications of Slaked Lime and Organic Fertilizer for Reducing 99Tc Transfer from Soil to Rice Seeds

o] EE-e WIS £ R Al G A FH] A7)

REFERENCES

[1] S.H. Sung, Y.Y. Jeong and K.H. Kim, “Radwaste
characteristics and disposal facility waste acceptance
criteria”, J. Kor. Radioactive Waste Society, 6(4), pp.
347-356 (2008).

[2] C.W. Lee, K.H. Chung, Y.H. Cho, M.J. Kang, W. Lee,
H.R. Kim and G.S. Choi, “Analysis of *Tc and its
activity level in the Korean soil”, J. Kor. Radioactive
Waste Society, 7(1), pp. 25-31 (2009).

[3] S. Kumar, N. Rawat, A.S. Kar, B.S. Tomar and VK.
Manchanda, “Effect of humic acid on sorption of
technetium by alumina”, J. Hazardous Materials,
192, pp. 1040-1045 (2011).

[4] Q.H. Hu, J.Q. Weng and J.S. Wang, “Sources of
anthropogenic radionuclides in the environment: a
review”, d. Environ. Radioactivity, 101, pp. 426-437
(2010).

[5] S. Uchida, K. Tagami, E. Wirth, W. Ruehm,
“Concentration levels of technetium-99 in forest
soils collected within the 30-km zone around the
Chernobuyl reactor”, Environ. Pollution 105, pp. 75-
77 (1999).

[6] K. Tagami and S. Uchida, “Concentration of global
fallout 99Tc in rice paddy soils collected in Japan”,
Environ. Pollution, 95, pp. 151-154 (1997).

[7] J.E. Tilland H.R. Meyer (Eds.), Radiological Assessment.
U.S. Nuclear Regulatory Commission. NUREG/CR-
3332, ORNL-5968 (1983).

[8] Ministry for Food, Agriculture, Forestry and Fisheries,
Korea, Food, Agriculture, Forestry and Fisheries Statistical
Yearbook, 11-1541000-000078-10 (2011).

[9] EW. Lee, Rice Culture, Hyangmoon Press, Seoul
(1996).

[10] H. Marschner, Mineral Nutrition in Higher Plants,
Academic Press, London (1986).

[11] R. Bennett and N. Willey, “Soil availability, plant up-

take and soil to plant transfer of PTc - A review”, J.
Environ. Radioactivity, 65, pp. 215-231 (2003).

[12] K. Tagami and S. Uchida, “Chemical transformation
of technetium in soil during the change of soil water
conditions”, Chemosphere, 38, pp. 963-971 (1999).

[13] N. Ishii, H. Koiso, H. Takeda and S. Uchida,
“Environmental conditions for the formation of
insoluble Tc in water ponds located above paddy
fields”, J. Environ. Radioactivity, 99, pp. 965-972
(2008).

[14] J.D.C. Begg, I.T. Burke and K. Moriis, “The behaviour
of technetium during microbial reduction in amended
soils from Dounreay, UK”, Science of the Total
Environment, 373, pp. 297-304 (2007).

[15] S.J. Cho, C.S. Park and D.I. Uhm, Soil Science,
Hyangmoon Press, Seoul (1997).

[16] E Wigley, PE. Warwick, .W. Croudace, J. Caborn
and A.L. Sanchez, “Optimised method of the routine
determination of technetium-99 in environmental
samples by liquid scintillation counting”, Analytica
Chimica Acta, 380, pp. 73-82 (1999).

[17] YH. Choi, KM. Lim, I. Jun, D.W. Park, D.K. Keum
and M.H. Han, “Soil-to-rice seeds transfer factors of
radioiodine and technetium for paddy fields around
the radioactive-waste disposal site in Gyeongju”, J.
Kor. Radioactive Waste Society, 8(4), pp. 329-337
(2010).

[18] W. Schimmack, U. Gerstmann, W. Schultz, M. Sommer,
V. Tschopp and G. Zimmermann, “Intra-cultivar vari-
ability of the soil-to-grain transfer of fallout 137Cs and
90Sr for winter wheat”, J. Environ. Radioactivity, 94,
pp. 16-30 (2007).

[19] . Wu, L.J. West and D.I. Stewart, “Effect of humic
substances on Cu(Il) solubility in kaolin-sand soil”, J.
Hazardous Materials, B94, pp. 223-238 (2002).

[20] K. Geraedts and A. Maes, “The lanthanum precipitation
method. Part 1: A new method for technetium(IV)
speciation in humic rich natural groundwater”,
Chemosphere, 73, pp. 484-490 (2008).

68 dJ. Korean Radioact. Waste Soc. Vol.11 No.1 p.63-68, March 2013



