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Abstract : Iodine-131, an artificial radionuclide, mostly exists as iodide ion ("*'I) and iodate ion (*'105) in the water, and
When a short time contacted, it could not be removed by poly aluminum chloride (PACI) and powdered activated carbon (PAC).
Although the removal rate of iodine-131 was not related with turbidity of raw water, it showed linear relationship with contact
time with PAC. With the mixture of PACI (24 mg/L or more) and PAC (40 mg/L or more), about 40% of iodine-131 could be
removed. lodine-131 could be removed little by sand filtration, but approximately 100% by granular activated carbon (GAC), both
virgin-GAC and spent-GAC. Microfiltration process could remove little iodine-131 while reverse osmosis process could remove about

92% of iodine-131.
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activated carbon, PAC)S ©]-83F A oA 1-1319] A
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30%~40% A AEH 2t 18 Morton £ W
WA e ALY A, SR eSS &
o= o] 2(°N)S Agsto] o] FojHon, 11319 AAE
2 A9d 4 EAO wet 24 JEr dE2EERE 99
= ol2("'Na} tt2A vekd 4= gtk Summer 5V
ot PACO] 93t 9.0 E o] (VN9 HA&L uje W
o} 1319 2 e =, $714 292 =R-"')= PAC
of oJs AAEE= AR Hustal gt o] o] Z49]
1-1319] AAE s 5 Foll EAst= 1319 &
AHF e et HE7L vff- Fashu olof wE Ae 9 A
& A7 dasich

ofo] £ ATeIHE WY L UH AT A WEEE 1131
off sl A&l U, Bl A e EAF et e 2ArE A
ABt A5A o] AHGE T Uk B4R, TAE, ojutut
o o3t AL ATE Fol Tl A AAGEE =St
A WA Aol A oAt st

H}

2. H=id

]

13

2.1 AZxE L My2

2012 295 E] 20139 1297h4) 29 52t 1-1319] A E
2ARE S8l Wi Al A ES 5, AL e A
& ) d 64, ofelAFAE R, AE, gAL T2,
==, 9F) A 64, e 1S AFEoA 111319
AAE A5 A% AR Y= ddzd Al wet of
FolRen, 131 E331AL Sl A9 A RE AEE
o2 ARgStGITh ES AR F 1319 & % YA
EAFEHE A3 fls] AT A RE 045 pm BHE
ol-gsto] 2 L& AFstith

*A-A Y AEA] e Kool obd

st A9

At

Aol

N

A

Curve

’7(0" Energy

8 Measured Calculated |

3000 |
2500 I

2000 |

1500 Order of the
e 1000 o~ pollynumial.

500 Peak:
0 |
0 1024 2048

<o~

3072 4096 5120 6144 7168 8192
Channel

Datasource: KIM

Energy =-2.127e-001 keV

FwHM = 1.134e+000 ke

Lo Tail = 5.2092-001 ke¥

+ 3.665e-001°Ch
+2.2542-002°E1/2
+2.925e-003°E

- 6.729e-008°Ch"2

Fig. 1. Energy calibration curve,
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Table 1. Characteristic of iodine-131

Element Mass number Energy (eV) MDA (Ba/L)
80.6,177.2,284 3,
131 3257, 364 .4, 5029, 0.10

6399, 6427, 7228

* MDA : minimum detectable activity

Table 2. Operating conditions of HPGe gamma-ray spectrometer

Parameter Setting/Type
HPGe Gamma-ray spectrometer Canberra GC4018
Multi channel analyzer DSA-1000
Detector voltage 3,000V
Detector HPGe
Relative efficiency 40%
Sample size 10L
Measurement time 80,000 sec
Nuclide [-131

Reference material (CRM) Am-241, Cd-109, C0-57, Ce-139, Cr-51,

Sn-113, Sr-85, Cs-137, C0-60, Y-88
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Fig. 2. Dual efficiency calibration curve,
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Fig. 3. Jar-Tester,

Table 3. Operating conditions of jar-test

Jar-tester Stirring speed Stirring time
150 rpm 1 min
SCJ-100 65 rpm 5 min
(Kynel, com)) 55 rpm 5 min
40 rpm 5 min
Settling time 30 min
= UEhith aenge FA 4 AP et
e AR GIFRAS Fob7] s A, 24
) ghak g4lo) ofs FahRl ghare] 97t BT +5% ]
wo2 o4d AEIAHS Uehf gt
2.4, M=
L1319 AAE Ade AT AEes A-AY ARE AR
ShaL, JoFE(PACH, S EYEH(PAC), FrofEdt &
TEdE ZHPACI+PAC) F¢, YA HGAC), o}
dgrofl ok 1-1319] AlAE AdHS AAISHA. AofE
THEATS o] 8T AAE HE S A H(ar-tes) &2
AAstden, dd=232 Y-ole|eAeAlE 2A-A1d &9
243} BUsH sl =, wkEA-L 150 pm (1 min)
65 rpm (5 min), 55 rpm (5 min), 40 rpm (5 min) &2 %
2 Q& WHFS AAE}Y 0, 30 min X T AYSE A
Hstol zobde Ssiorh YR o3t A7 S
AHE AR 59 dARAE R A & e vdE A
A T O 240 o7t FIFe st A"k Af
| 9, 270A sl s AAlskilen]
B2 Yol pAllE o AT oAt A A F st
Ak ol o3t AAE A AIEEIL Q= WAF o

I (microfiltration membrane, MF)¥} SAHE
mosis membrane, RO)S Lufjsto] A A8} T

YH(reverse os-

3. Zn Y o

3.1, 8 - HollAel MEHZAL

2012 29 5E 2013 12@7/%1 1-1310] thgh Aef At
2 918, oA H4a U 1387, ofel gAY A4
1387, 5% 238 5 % 29942 AF5ke] 1-1319] tjgt
Al ZAS A3 Aal= Table 49} 7).

Table 4. The results of iodine-131 analysis in water (unit: Ba/L)

Radionuclide Raw water Finished water Tap water

[-131 <0.10 <0.10 <0.10

*Bq : Becquerel

Table 5. The results of gamma-ray measurement for iodine-131

in pre and post filtration samples (unit: Bag/L)
Samples Pre-filtration Post-filtration
Sample - 1 0.98+0.03 0,93+0,03
-2 1.83+0.05 1.80+0.05
A-area -3 1.30+£0.05 1.21+£0.05
-4 1.25+0.04 1.22+0.04
-5 1.01+£0.08 0.97+0.03
-6 201005 1.94+0.05

Table 49} o], I-1318 2| A&7 Z3H7 0.10 Bg/L v]7te
2 =4E Hol AgAl o - Ae B eREol 1319 ok

@ Ao epi
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Sk 1-1319] 82 9 Ao 24P 2l AdS A4l
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THZO UHE 22 F(-02 bar)o® 27 F 045
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= e ot
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3.3. QAUBLALLEF(-131) MAHE
3.3.1. E2A4Z(PACH 23t ®A

PACI Z%‘Oﬂ 94 1131 A|7& 292 Table 33} Z-&
Ao A9 AABFATE PACIE e Uk
A QoA Hd FY 7Hse 30 mg/LE 7]
O& 4 mg/L {h# Z7HA 71 A 0~28 mg/L ] A]
131 Al7A& RgkE Wit ARSE A8 1-131
Eml 0,90 Bg/Lo|glom, Table 6ol PACI £ wsto| w}
£ 1319 AAE AdZ34E yehfslch

A9 A3}, Table 61} 7+o] PACIO] 23t I-1312] #|7&2
A9 Qe Aoz Uetith o)A AP Fofl A8t
L 1-1310] o] @A gl 2 9= o], 89541y o]
(P10 02 EA ] PACIO| oJ8) AAHA = Aoz
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Table 6. Removal of iodine-131 by poly aluminum chloride

Table 8. Removal of iodine-131 by powdered activated carbon

(unit: Ba/L) (unit: Ba/L)
Jar-test  PACI (mg/L) I-131 Removal efficiency (%) PACI PAC Removal efficiency
Jar-test 1-131 o
0 0.90+0.03 00 (mg/L)  (mg/L) (%)
8 085+003 56 0 1.40+0.05 00
1131 12 085+003 56 10 1.39+0.04 07
(0,90 16 0.85+-0,04 56 '(‘1‘ A 20 1.39+004 07
Ba/l) 20 0.85+0.03 56 Bo/L) 80 1.39+004 07
24 0.84+0.03 6.7 40 1.39+0.04 07
28 0.84+0,03 6.7 50 1.38+0.04 14

Table 7. Removal of iodine-131 for turbidity increment
(unit: Ba/L)

Jar-test  Turbidity (NTU) [-131 Removal efficiency (%)
101 1.67+0,04 0
1131 197 167+0.04 0
(1.67 346 167+0.04 0
Ba/L) 489 1.66+0.04 0
76.8 167+0.04 0

3.3.2. Et= = 7t0]l 2|5t M AH

A g Z717F 1131 AAL vA = 9% HESH
7] 9)&ll, A-x A]E(2.9 NTU) 20 Lo}
= AHSHAT A-A Y ARE HIFAER 1PES 7T
slo] BF=E 10.1, 19.7, 34.6, 48.9, 76.8 NTUR Z7}A| 7,
o g 24T Almo] PACI(H;oFE, SHADE 12
mg/L(Y-otg]=g=AlE PACI & H+ FY&k) FH8L,
Table 30 YepH A8 Z-AF-S AAISHITE Table 7]
g Z7te] W 1319 AAE HstE JERf oI
Staunton} Cornellef] &Js}H E%=7} 0, 5, 10, 30%=(°) &
) Cs-1349] AAEEL 5%, 56%, 67%, 92%°]il Cs-137-&
6%, 60%, 73%, 91%= A|2 Zo] g% AHo| Zyleir=
Algo] YRRl F2hElo] £31-33-3d oA Al
AALo] F7tete Ao ®Busta ok T2y 1131
o] A% Table 73} 7Ho| Bl 7} 10.1, 19.7, 34.6, 48.9, 76.8
NTUR Z718 uf 111312 A9 AAEA 4= Aoz
EFTH(1° = 1.8 NTU). o]A-& & EAst= 1-1319]
chat o2 E, & 205 o] 2(PT), ROEAY o]
("105) T Aol A(CsHT A HE AR &

57 o A BAT S AUk

R
K
oflh
i
S
W
~
aQ

3.3.3. 2LUEMEHPAC)0] 25t |7

131 A7A& Agol] A4 PACE FaY7 0] 0.35-0.4
umel AetAel BeA(RA)E 112 EEe SR
TS ALESIYTh AP SR 131 HEE 1.40 Bo/lL
o]glom, PACI 12 mg/LS FY3%t & PACE 10 mg/L 7t
Ho 2 50 me/L7kA| F71A|7| A Table 33k 2 Ap-A%
2402 11319 AAEL At dutEel P4

2

T4 eolA F9 7Het BUBAEY A FbEt

()]

=

g Alde] wep tha Zol= glou oF 40~50 mg/L
o|t}. Table 80 PAC F=9] Hz}o] w2 1-131 A A& AHZ
75 YeRR Ao

A3 A3}, Table 80 Urep wkel Zro] PACe] ]t 11131
AAELS A gl Aoz yepyth o] 22 Koji Kosaka
0] I-131:2 PACe| 9Jaf UF A& A J3kaL oF 30%-~
40% AAHH= AFdatet o2 ZiE YeRYth o]t
T2 A4 AFRAESAIE, PAC BYF 5) &
oo oJgt PACS} A& Fof EAate -131349] HHa &
zpol 2 o S qlet. wheka] PACS} 1-13132H9] HHAIZE &
7} 9 PAC FF Z7tl w2 AAE WHstgs 1%s)
oh AEAE A EE Y AL Al Y-obg] =g 424l
E] 2] PAC £ XHQl 2teAo] ofd H4% Ees =
SR A PACSE PACI 99 A5 7Hdste] Hdf 3
AZEo 2 AFste o, Table 82 Az}t FUsHA
AR-A RS AAFE 40 pmO 2 2 h 52
31913, 30 min X F AAFE A FH 8t 1-13
< 573k9lch. Table 9] PAC FI=F W JEA|7H

2 131 AAL ¥k Jehy it

Table 9o LFeRd I} Zho], PAC F¢i=ko] 10, 20, 30, 40,
50, 100 mg/Lo. 2 Z7}3to] uwhel 1-1312] A ALE 27%,
53%, 53%, 60%, 63%, 68%= Z7}E= Zl o2 ek} PAC
FA HEAZE 7171 131 AAR] 93 F= A
I3 4= ek wheba] EEAFA oA HAMIEE &
A AR Al 1-1319] 60% o AAE $I8lAlE <F 50 mg/L
9] PAC =3} 3AZE o]4ke] HEAIHES-S)o] Hagh
S & 9%lom, 1318 70% ol4ke] AAE faliAlE 100
mg/L ©]/4+2] PAC EQlo] Haghs Sl 4= Ql9ith 18

2 o

Table 9. Removal of iodine-131 by powdered activated carbon

after contact time increment (unit: Ba/L)

Jar-test (Eg/cl_') (;’Q/CL) 131 Remova(llo/oe)ﬁiciency
10 0.27+0,02 270
20 0.27+0,02 526
'(012’; Y 30  027+002 526
Ba/L) 40 023+0,02 596
50 0.21+0,02 63.2
100 0.18+0.02 68.4
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Table 10. Removal of iodine-131 by mixed injection (PACI+PAC)

(unit: Bg/L)
PACI PAC Removal efficiency
Jar-test (mg/L) (mg/L) [-131 %)
0 0 1.83+0.05 00
8 0 1.68+0.04 8.2
I-131 12 10 1.57+0,04 142
(1.83 16 20 154+004 158
Ba/l) 20 30  133+004 273
24 40 110+0.04 399
28 50 1.09+0.04 44 4
1 AN GO mglL o4 PAC e 21
A4 9 PAC §EI e A4AE £G4 BAS W5
B2 e S5 2wl Al Bt 29 A
S5 AT LEE PAC e AFEH) 23 Aow W

e

3.3.4. HokE(PACHt 2EXEMEHPAC) =&IFTHof 2
5t &7

mEASA L TAHNAN AA ERFYo] 2 1131

A7 7S =] 918 WA PACE 0~50 mg/LolA] 10
=

Xl:-%7]°ﬂ 2015}1 150 rpmoi 3H

OlN OPH

gihs} % Table 3] A4l 240
Z PACIE 0~28 mg/L HYoA 4 mg/L 7tA o2 Z71A]
ZQshuA L1319 AAS WekE makstch oju A
5l golo] 131 = 1.83 Bg/Lo|git}. Table 100] &3
Qo mE L1319] AAE WIS Lhehpoich
A A3}, Table 103} Zo] 1-1319] 40% oA AAZE ¢
3| A= PACI 24 mg/L ©]Ak, PAC 40 mg/L o]AS =33}
ook she Ao Uehgch e 1EH4A )
EYHA e FEATA YA 131E 50% o] AlA
al7] 98- &4 PACI 30 mg/L ©]4TF PAC 50 mg/L
ol EFA7t Hagh Ao vty

: HEHGAC),
QAREHEr] oJ3t L1319] AAE
o] LA TR 59 dFE Defsiol e e,
BeE AEdct A 43T A

SH(MF, ROJoj| |3t X
o Ag F9 YT

FH7150) )3t AUAAE BAsy] g8 Y-olesgsale
el T o] weh S AHste] ol AL AT o
o o 1-1319] AA&L WAL AUATIRHME)T} J4H%
uHRO)S AHE5FYLTL, 0.5 kW(SF 30 L/min) HZE AMg-5}o]

Fig. 4. Pilot plant for GAC test.

Table 11. Removal of iodine-131 by granular activated carbon,

sand, and membranes (unit: Bg/L)
Sample Membrane I-131 Removal efficiency (%)
S-F 1.30+0.,04 0.0
MF 1.30+£0.04 0.0
' 3'(; %L/L) RO 010+001 923
V-GAC (0.10 100
S-GAC (0.10 100

* S-F : sand filtration, V-GAC : virgin-GAC, S-GAC : spent-GAC

A|52% el ZQl5itt. Table 110 mal, B %5 9 GAC
o o3t 1-1319] A7e AWANE vehy ek

A9 A3}, Table 113} 2o mefo]aHS-F)o] oJst 11312
A9 AARA e Ao Uehgeh o2 AW g

TASHE 1-1310] titg o] e 2 EAfste] e oo
o8] AAEA = Ao =HECE GACY| 23 AAL
O] 7 1312 Algh gl Fheh mmoll A Mg &7 0.10

Bo/L njgkoz 7o) 100% AAHon, o|e 29 %
Aol ©15F GACS} 11319k9] 1% 5i&o] PACe] H3] A4
ofThaThs FARe] Fao) ol e AAEES e
Aos gk vl og 1131 A7 9] A%, Huojzhat
o o8} 7o) AAEA e Ao Lrehgron oyl
ot 1-1319] AIARL oF 0%z ettt

= o) A EE 1-1319] tfal] A2A] A -
5l SEoao] Az U AAL AFS AAS)
ok AejzAr A3k 1312 2 AlRefA MDA 0.10 Bg/L
o g BAE o] A& Y- A U SEEL 113]
9 o2 yehgth 131 AA ) HE, Bl A
29 012", 2254 0]&("'105) 5 YRR o]
e el mefofal, H4oFE(PACH W Rureds
(PAC)e] 2&f AAFA e Roz vhepytch :LEM 2
ahg} et Zw 2 HEA7 57}011 2 11319 AAL
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