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Abstract : This study investigated the removal of a radioactive cesium (Cs’) in the water at the water treatment processes. Since
cesium is mostly present as the Cs’ ion state in water, it is not removed by sand filtration, and coagulation with polyaluminum
chloride (PACI), powdered activated carbon (PAC) and mixture of PACI and PAC. However, it is known that the removal rate of
cesium increases as the turbidity increases in raw water. As the turbidity was adjusted by 74 NTU and 103 NTU using the
surrounding solids near G-water intake and yellow soils, removal rate of cesium was about 56% and 51%, respectively. In case
of a GAC filtration with supernatants after jar-mixing/setting was conducted, 80% of cesium is approximately eliminated. The ex-
perimental results show that it is efficient to get rid of cesium when the turbidity of the raw water is more than 80 NTU. In case
of a GAC filtration, about 60% of cesium is removed and it is considered by the effect of adsorption. Cesium is not eliminated
by microfiltration membrane while about 75% of cesium is removed by reverse osmosis.

Key Words : Cesium, Granular Activated Carbon, Turbidity, Reverse Osmotic Membrane

of I & AT Bl 2R WA AlE(Cs)S B4 AAYHEE DASAT Al oA dqiRE ol
el Cs'2 EAjate] mefjoiat, X<§—’F‘-’$%(I’ACI) HLEARHPAC) B g 420FF(PACL+ PAC) EFF el o) AIA=A ¢
o} vt Frkekel wel Al AAEo] F7bske Ao2 YEhth G H4g FH 1F 8 FEZ o] gl HES
7—? 74 NTUS} 103 NTUR 24 ¢S o Al AAEL 727 oF 56%, 51%°1om 4445 GACRE ojakst 39, Al
o] oF 80%7} A AESATE wakd &H AlE AAE YeilME FE 5& o]E&5te] Y4 BEE 80 NTU o4 = 3fjof
st Aoz veidth GAC o3t Al AA A9, oF 60%7F AAEE & 4= slen oz HEo & 2o o
3 AAE oz dekdEch gof g Al AAA dolA Ao e AAHA ot AR s 75%7}
A A = e

EHOL ¢ A%, YHTAE, T, AT

Jﬁ $2 o o

1.ME A717F 149 wigtoln] fffE-S 17t H|gko]7] wj&o]
ok Cs-137 A HEKR) BHE AH AgpE 2

A|<5(cesium, Cs)S YA} 112~151 Apo]of 300]E2] & o Y Es) sk o we HEE(Ba) YAo g A3t
a7t EAghe Ao LA glon xpAMde ol =4 gt o] f BAEL uhE YA 95%L 2k T Abe)
ke M F91Eal] Cs-1335 A9 e F9dae 9] Ba-137 mo|t}. Ba-137 me H|wZ 738t Zul(y)AdLS
kg2 B3l AE ‘%W 4 FYEAE tiRE )7} &S HYE Ba-1370%2 En] ¥7|= 2.5580|t)
o Bk A Al SebEollY ERER] ¥ & Cs-134 QA HEKP) &3 & AupdS WEskal b
e o 714 E2EA A 2 =Y Al=(Xe)e AA 3t Ba-1342 A3stch> wheba] Cs-1349F Cs-1370] <J3t
A=, o]5 7|A EEL Higrolu gHite| o]3) o]F3t PAbA el F2 Algol e viEeR WY o WE
7] wiZoll AR Al 420 SR d Faola de g sl 7bst ZabAe] ot Aotk o]gt Aol gt okA
o]% oA = AR A FHAAE HELD Y4 & 93l *11741E7471?L(WH0)_ Cs-1348} Cs-1379] 3l
= s

=2
EoA 7H & HFE AT Cs-135 (6.9%) §H7] WLg £%7Z8 10 Bq /L u|vos At 9l
7F 230vbd o Al ve= AR S BETI7H 72 %l Lfos} Cs-1349} Cs-1379] Q3 A2 74

302W< Cs-13737} 2.06W Q1 Cs-1340] v]3)] @ AL ujjo 194595 E AR7kA] Ay Asnt 9A 2 sz A3
steh oheb Alge] 1R R AHEQ 1349k 2] AAS w3 AR AATH A e 7 o] Ale)E ]
Cs-1370] 2t YAbAd o F AES 9n|shy o] A Cs- o A 7]olet= Aoz oA k> 2011 3¢ AR o
1349} Cs-1372 A Qg Ale WA sHd4as B5F bt ARo7 w3 Aol ZaA|n}l tho|z] YA Zwro] uby

TCorr(—;sponding author E-mail: jgj730@seoul.go.kr Tel: 02-3146-1761 Fax: 02-3146-1759



J. Korean Soc. Environ, Eng.

=50 PAYAF(ME) HHE o

ol
S

on o|& Qla] WS oo QlFYAMIFo
FEE ) AT & 3 Fo] HEE 3
HNZEO Cs-134, Cs-137, 1-131(REE7], 8.05Y) &
Zal & Cs-1349} Cs-1370] F54] }?54_ EFabA]
oA HEHAL 9A A F 3 o
Xlxe’wﬂ YAt EE4, FROE FeE ER)t]
B A O Moy, o) PR A Ao
A om}”s) EF B0 AlHolel AES9 54
of wet YA G240 2 Hlgo] th2u A7
o] w2 AALE X9 43 B4 uke golstA
UEhd 202 wdE. &, B 2Asts A4 *ﬂ%
o R2ASAYTAY T3-S WA A hRE A
AL} $24 AEe AALS 9 Fg Aow oqwﬂ
t}. Gafvert 579] oJFLoA 22> 7} 0.8 FNUE U
), Cs- 1374 AA &} E3-$Q-YAT T meoft

2 |o
2L o HU xR

I on nQ oo oy Moo I
oE ok W rl—N flo id

O

oA wj$- Hokow o] E&o £ sHs Cs-1370] o
e g24 Al Cs'2 E3L7] dolet Huglom”
Morton 572 AlFA 1me] AlF

=
oA Bo] Exfat
G724 Al Meos, Vos'e E8k-gR- 1AM A
AR ekechy Bugch £ Kosaka 578 2o ¢
2 e Exfsts Cs-1349} Cs-137= E3h-gR7Y 2
ol ol A GARE A|A vlg2 UH% a0z A5
o g24 Fyz 24sts Mos’, os'E A9 A7
54 orecha shih S-2lukete) o%, PA Al Al

AS Y3 FARE YAKER ¥ AFA] H5AE
A

SEA(RA D AAEA)E G279 FBH0.5~10 me/l),
BT SHA A FUCO-60 myl), Bugg

21(10-20 mg/L)& ek ek et olefe $7
YAl LA AR Aol AN 48 el
U §2A Aleel Aol autaoletn BeiwA ehich
wreba] WA Al R E ARA SERS A A4
AN 24 A AAS 918 28 AT &
T Ql A A7t Bastt

ol £ AL SN PAHEY L
I A HAE 2 QA AFTA] EEEo] B
Ashe G249 Aol el BAelsgel A Ags
3 gl okE, SR, ofpute] AARI AP AA
Sk el el AAPEE BEsus s

[_
N
1>

Kl

2

N D

WA Al(Cs-134, Cs-137)& AFAFef ol & sHA] ¢
oo FoYaR 3FekA Aol FARRE Cs-133% ARE-S}
of &4 Al AAES AESIITE Cs-1332 Cs-134, Cs-
1379} U4 824 AFe 2AFEHE ' (Vo
Mes', Vosh® BYste] B4oA 9] AT 4 ahy
oMY AAEE FAFE Aoz o ek

A 4=2F&Z(polyaluminum chloride, PACI), L&A e (pow-

dered activated carbon, PAC), A4~
(PACI+PAC) ol 9|3t AAE& 4
o
A

kyne) © 2 AX|BHT HHRAL LA Y-otel 5544l
B AAY SPRAT FAH s F wurEde
150 rpm (1 min), 65 rpm (5 min), 55 rpm (5 min), 40 rpm
(5 min) o2 F< 9 Ewuke AA|519 21 30 min A3
T AATE AFst] Ales S48k A2/ Hgra-

nular activated carbon, GAC)°f 9]
2l %Mgaw e &

ln} rgl_;
__);I:
J% s
i1
of ot
Mo
>
oo
o ofx

T ‘th el C‘?E

oﬂ 3o AAgen T votads
of g ofTH| oA A F TGt el 2Jgt A A
o 3 = WAL Ao Bak(microfiltration mem-

AFEdK(reverse osmosis membrane, RO)S

2.1. A& X F L M2

Al AA AP el A-AFE viAIRR A4l G-
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Al 242 $J3t ICP-MS (PerkinElmer, NexION 350D,
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min, auxiliary gas+= 1.2 L/min, nebulizer gas+= 0.99 L/min
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meter Q)+= 0.25 N/A, RF power+= 1,600 W, integration time
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-7.5 V, RPq (rejection para-

Table 1. Conditions and parameters of ICP-MS for cesium

analysis
Parameter Setting/Type
ICP-MS spectrometer PerkinElmer NexION 350D
RF power 1,600 W
Plasma Ar gas flow 18 L/min
Auxiliary Ar gas flow 1.2 L/min
Nebulizer Ar gas flow 0.99 L/min

Nebulizer Type A Quartz, 0.5 mL/min
Spray chamber Quartz cyclonic type
Interface cones Platinum

RPq 0.25 N/A

QD -75V

Dwell time 50 ms

Integration time 1,500 ms

Analytical mass m/z 133

Reaction cell gas flow none
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Table 2. Removal of cesium by mixed injection (PACI + PAC)

Jar-test PACI PAC Cs Removal
(Initial concentration)  (mg/L)  (mg/L)  (ng/L)  efficiency (%)

0 0 10.1 00

8 0 10.0 0.0

12 10 10.0 0.0
(10isg/L) 16 20 101 00

20 30 10.0 00

24 40 99 10

28 50 99 10

213 A3}, Table 29} Z-o] PACI 28 mg/L¥} PAC 50 mg/L
Ao B FYoRE Agol AARA e o] el
=)9leh oL Gafvert §70] U HEr} WL, Bdof
Ashs Aol HRE 824 Asoz AT v B3
A- A AT T ol ael 4 AAT A etk Fgu
25}t

1o oo rix
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Table 3. Removal of cesium by increment of turbidity with sur-
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Table 4. Removal of cesium by increment of turbidity with

Jar-test Turbidity Cs Removal
(Initial concentration) (NTU) (ng/L) efficiency (%)
4 10.0 0
11 8.6 14
Cs

24 76 24

(10 ug/L) '
35 6.5 35
74 44 56

yellow soil
Jar-test Turbidity Cs Removal
(Initial concentration) (NTU) (ng/L) efficiency (%)

6 20.0 0
28 16.8 16
c 37 151 25
20 u‘; " 55 134 33
70 1.2 44
92 106 47
103 98 51

,11
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Table 5. Removal of cesium by granular activated carbon

Sample Mi-Co- Removal
) GAC o
Jar-test (*Cs, Se (g/L) efficiency
o) o) " (9, avg)
Surround- e
ing soil at T;rf\"odl't_y{;riN/TLU 10 44 21 79
G-intake ' 9
Yellow soil WPy i TOSNTU 5 g5 45 78

PACI: 12 mg/L

*Cs : Initial concentration of cesium
Mi-Co-Se : mixture-coagulation-sedimentation
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Table 6. Removal of cesium by granular activated carbon, sand,
and membranes

Sample Materials Cs Removal efficiency
(Initial concentration) (ng/L) (%, avg.)
S-F 10.0 0
Cs MF 10.0 0
(10 no/L) RO 25 75
GAC 41 59

* S-F : sand filtration

N
uy
rhu

A olA &4 WAM Ao AASE dud 4
I}, B&o| A Aol o] A9l Cs'2 ZA3le] mafoiul,
40 (PACH), EIEHIENPAC) B A4=0FE(PACI + PAC)
Tl A AAHA = Aoz Yeyth e F
7holl whe Alo] AIA d@Aa, gert Skl wet Al

Ago] Frkete Aor e, G4 9
EE o]g3}e] BleE 7k7} 74 NTUS}F 103 NTU
bl 1]?3.‘-4 of 56%, 51%7} AA = Ak E3L
57 ol % HES] S8 =
7} 74 NTU(H 5% 9 wgg)sz} 103 NTU(ZE)

=5 47
2 2T 5 4SS AHFstel GACE o3t 2 Al
o] oF 80%7} A7 = AﬂgJ 80% olAF A7 S 9EA =

PE E DHEL o] 83to] Y2 BFEE 80 NTU o|Aro s
ol sH= o L}Ewu} GACe] oJst Al A7)
AL 1% u
390l ola) AL Aoz gerEc v ol Al A
Hojatate] o4 A7 EA] ekoron] o4 s}
oA 75%7F A7 et
ek WA Al R E ARLAL 1) SRR 2 Aol
re mageAelolA A& mukEel A7g
5 19Ee E%IS}O% #: SHE 80 NTU

2 Hoyat

A
o
i
=2 R
s o
f5is
o o rfo o
Eg > % > o
ﬁ Z T o
£l > ﬁ HE 4>
o o il 2
rﬂ __>t‘_‘ lO 0 _m
B R o
IR
S C o 2
) ;lgr
:
o >
8 e,
o 10 oX H“
o ojfl
X, ok o

References

1. Zhang, C. P., Gu, P., Zhao, J., Zhang, D. and Deng, Y.,
“Research on the treatment of liquid waste containing cesium
by an adsorption-microfiltration process with potassium zinc
hexacyanoferrate,” J. Hazard. Mater., 167(1), 1057~1062
(2009).

2. Gaur, S.,
by ion-exchange chromatography,” J. Chromatogr., A 733
(1), 57~71(1996).

3. Wong, C. T. and Mullins, J. W., “Part 7000, Radioactivity,”
Am. Water Works Assoc., 21st Ed., 7-24~7-29(2005).

4.  Goossens, R., Delville, A., Genot, J., Halleux, R. and Mass-
chelein, W. J., “Removal of the typical isotopes of the cher-

“Determination of Cs-137 in environmental water

nobyl fall-out by conventional water treatment,” Water Res.,
23(6), 693~697(1989).
5. Kosaka, K., Asami, M., Kobashigawa, N. and Ohkubo, K.,

Journal of KSEE | Vol.38, No.1 | January, 2016



J. Korean Soc. Environ, Eng.
SEO| HAIMEE(M|E) M2 o7

“Removal of radioactive iodine and cesium in water purifi-
cation processes after an explosion at a nuclear power plant
due to the great japan Earthquake,” Water Res., 46(14),
4397~4404(2012).

Shakir, K., Sohsah, M. and Soliman, M., “Removal of cesium
from aqueous solutions and radioactive waste simulants by
coprecipitate flotation,” Sep. Purific. Technol., 54(3), 373~
381(2007).

Morton, R. J. and Straub, C. P., “Removal of radionuclides
from water by water treatment processes,” J. Am. Water Works
Assoc., 48(5), 545~558(1956).

Kozai, N., Suzuki, S., Aoyagi, N., Sakamoto, F. and Ohnuki,
T., “Radioactive fallout cesium in sewage sludge ash pro-
duced after the Fukushima Daiichi nuclear accident,” Water
Res., 68, 616~626(2015).

Gafvert, T., Ellmark, C. and Holm, E., “Removal of radio-
nuclides at a waterworks,” J. Environ. Radioact., 63(2), 105~
115(2002).

10.

11.

12.

13.

14.

Soliman, M. A., Rashad, G. M. and Mahmoudb, M. R.,
“Fast and efficient cesium removal from simulated radioac-
tive liquid waste by an isotope dilution-precipitate flotation
process,” Chem. Eng. J., 275, 342~350(2015).

Kamaraj, R. and Vasudevan, S., “Evaluation of electro-coa-
gulation process for the removal of strontium and cesium from
aqueous solution,” Chem. Eng. Res. Design, 93, 522~530
(2015).

Cornell, R. M., “Adsorption of cesium on minerals : a re-
view,” J. Radio-analytical and Nuclear Chem., 171(2), 483~
500(1993).

Staunton, S., “Adsorption of radio-cesium on various soils :
interpretation and consequences of the effects of soil: solu-
tion ratio and solution composition on the distribution coeffi-
cient,” Eur. J. Soil Sci., 45, 409~418(1994).

Kobayashi, U., Ohzeki, S., Souda, H. and Yamamoto, H.,
“Basic experiment on removal of radionuclides in water,” J.
Jpn. Water Works Assoc., 417, 389~395(1969).

CHEtEtd S st3|R| | #1382 M 1] 20164 18

,13





