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Abstract

This study was conducted to investigate the effect of soil and groundwater environment changed by wildfire
on cesium adsorption and transport. Soil samples (A, B) used in the study were collected from Gangwon-do,
where wildfires frequently occur, and the adsorption and transport of cesium in the samples were evaluated
through batch and column experiments. As a result of the batch adsorption experiments with various
concentrations of cesium (Cy = 10~10° pg/L), the adsorption distribution coefficient (K;) of cesium was
higher in sample A for all observed concentrations. It means that the adsorption capacity of sample A was
higher to that of sample B, which was also confirmed through the parameters of adsorption isotherm models
(Freundlich and Langmuir model) applied to the experimental results. The fixed bed column experiments
simulated the actual soil and groundwater environment, and they showed that cesium was retarded
approximately 43 and 27 times than a nonreactive tracer in sample A and B, respectively. In particular, a
significant retardation occurred in the sample A. Although sample A contains little clays, total organic carbon
(TOC) contents were 3 times greater than sample B. These results imply that particulate organic matter
caused by wildfire might influence the adsorption and transport of cesium in the organic matter-rich soil and

groundwater environment.
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1. Introduction

Ay AEe A AARLRE g8, 49, 94 24, 4
T 5 9gF BopillA AREEH I Qth(Kanwar et al., 2021;
Rogers et al., 2012). 3tA T 71X £33 AbLR FE8 FAL
A aEe gn Al AL B ESAsS S0
FAEHA AR FH RS opy|dth AAZE AA A=xd
I FFA b A A Az dAA AlE U] #d
d BAg AES U7 o2 FEAZL FELE §UH
o] 4G YAl 2d3S doFth AT 247 H2
R FTFAIA AR DA ARLE AR A g7]2 gE
g gAY #Eo] v BA VA S AstA & 520 PBqE F
A 5 A th(Steinhauser et al., 2014). 2% WA Al(7Cs)<
ARAARL LA Al 71 Bol FEHE AF F SUE, 704
Z71(30.179)% =2 &=, ZEK)T sFgHoz FA1
AL 7R Q1o A AFoz g FF L ANA T}
Z S8t EZo|tk(Fan, Yamaguchi et al., 2014).
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22 111 2 21 FEFEZ FET F 93, JEFZEY
Age A BW A H(planer site, PS), &+ AH
(interlayer), WF2E 7FgAIE] 2 A (frayed edge site, FES)S.2
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al, 2016). ZRP 2 Jo|ES Zdtete B4 2:1 JEZE
o F2 37 goledd olend Wge 5 A% F
ek,

Jo whs| EGE FAse T2 78 BE T
E2 dutdez Aw9 §F38 dEddn gAd
Dumat et al. (1997)2 #71&9 &) 2l
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E9 EXo] A&HOoF Hlst= A9 THSantin et al.,
2008). 53] e 59 AA siAl= vho] LufX(biomass)<]
AAALE doA IS JAY f71ES B8 2 wE
sk, Ml Ed YA RVIEES HAH EFASHT E e

2 fYgEth o) IAE 712 0FY 20 Xt
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al., 2017).

olf g YAE FUIES FAE AEFHE A5 bkeS
She Aoz 43 A Q2 (Ballova et al.,, 2020; Hamilton et
al., 2016; Jeon et al., 2017; Pipiska et al., 2020), o]l w2k
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2. Materials and Methods
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o] 52 BA59 3, XRD B4 9 &2 A= EY
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HighScore Plus Z2If 02 A|59] FH HHE A3
wEFHoR 24 FES FHHAH

EY #71E &S FG312AF Walkley-Black¥ S AHE-3}
o] &-7] €2 (total organic carbon, TOC) & E4& I
st 2, FAFA A Z(SEM [ISM-6610LV, JEOL])S ©]-&
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Fig. 1. (a) Location of sampling site and (b) soil sample image (left: A, right: B).
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Fig. 2. Schematic diagram of fixed bed column used for
cesium transport study.

A7 Yol EF A2 A% BE 4229 g 46 g A A E2
%, AF YoldlE 850 um(20 mesh) FA 2719 A Y

(Taemyong Scientific Co.)= 5 g& A ¢ go EHo] FL3}
A 58 F A=F FAHFig. 2). EF Ags 49 Ao 2
A &2 7AZ7](0F3-05W, Jeiotech)Z 40°Coll A 12A13F A
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Z8+7] 918 muffle furnace (Isotemp® Programmable Muffle
Furnace 750 Series, Fisher Scientific)o]14] 800°CZ 12A17F &
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E(pore water velocity)S AF3t7] ¢35t H¥hEAQ
SIES ARSI HEH "‘qu}(conservatlve trace)
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(Sigma-Aldrich) 0.0149 g& 04 10 g/l 52 &9

HESE A § 2858 3020 E2HEUY A8
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Z&5 1.6836 g9 A8t AFS =4 107 pg/LY xﬂ% 5
FA G AR o5 A5 F 3,000 mL (Co = 10° pg/L)
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gade 59 222 AEse] 32 A2 YAHIA AF
HXZ(MASTERFLEX® L/S® 8-Channel, 4-Roller Cartridge
Pump System, MASTERFLEX)E Al83l9 29 52 F
wForgon, FYEHE F¥S 5 mL/mineE - FUTh
g AZtuitk AT BESHE 2 Alg &F9LS PTFE
membrane A2 045 pm A1E XA FEZ AgF35195 3, AlF

839 BHS 9d &5 10009 3 F 53 ANe

A7,
A9e AFSE B AP L 23°CE FAFGL
H, Ao A8F BERED DELE §59L ol A=

HFE 2 Z(IC [Dionex ICS-5000, Thermo Scientific]))&, &
71 A& &4 Alg 5942 ICP-MS (XSERIES 2, Thermo
Scientific)& A3t i =& SH3ATh A4FS &3l
Ao HESET A5 breakthrough curve (BTC)= CXTFIT
IEE o] &3te] o] F-EA WG 2 (convection-dispersion

equation, CDE)(2 (4))] WAM+Z FSatech.

RE_ ozt .o )
9] A A R [[]& AAAS, D [em¥Ymin]E EAASE, v
[ecm/min]E FFF #5E 2.

31 EY AES =2|E EY

TOC &4 A3}, A A15(8.46 wt%)7} B A1 E(2.89 wt%):
o =2 f71es §FE BAFT (Table 1). ol B3
ARG A A ZAA f71E0] O FHA Exdvt= A
AA G A AlEE A0 FFAYE W B AR v
FE S T glom, AEY GFd gt dF BT
A F71ES X3 IS fU1EZ2 Y EAE

718o] FAHAIN(Fig. 3), A ABANA FuFez o
o JAY F71E0l XA AL A5 dEE
H 71852 Fig 3904 & F A dFE #4493
g M3 Jden, ol &uF 7149 BCY Aoz 7

i, S opd ot ox nd rlo 2 mo

Jeon et al., 2017).

EY A|2E9 XRD £4 ZIE Fig 49 EAI8ATH A,
B A& 25 AY(Quartz)¥} AFFA(Plagioclase) 2 324
(Orthoclase) 37} FZEHYOH, A &2o]E(Zeolite Y)<F
W& 52 (Muscovite) I 327 F7HH 02 FFEH AT Al &Tfol
E9} Mgumo 3k & B2 925 We) ZETF
T Zo] Y& P nyey ok T BE A4 =i}
FSE 9u|5lH(Wang, Yuan et al.,, 2017), °]& F&9 42
AFEE HY 5 2 FE vl§ Fstol Hks] gE
ALZ ARET F ARY 24 FE FFE HYH %Wo}
741 SASA GEsem, A A 59 A g FEFA49.5
Wt%)©] E2 ¥d B A 5= A9 FEH(52.5 wt%)o] i
Ao o A YErsth(Table 1). T3 F AlgelA #24

Table 1. Soil mineral composition and total organic carbon content

mineral composition(wt%)

Sample TOC(wt%)
Quartz Plagioclase Orthoclase Zeolite Y Muscovite
49.5 22.2 trace 12.1 8.46
B 323 22.2 trace 15.2 2.89
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Fig. 3. SEM images of (a) BC in A and (b) BC in B.
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Fig. 5. Adsorption distribution coefficients of cesium for
each soil sample (K at C, ~ 10~10° pg/L).
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T EG AR dg s=E AFY 3 AR 7+ HH
K, 35 Flg 59 Z=AISHATE AlMME K,y 32 A AlE7E B Al
BERT 2 3& /A E LR YEon, o= AdH 5
= H(C, = 10~10° pg/L)dlX A A179 &3 540 Ei
S BHoEth B AFE(C, = 10 pg/LydA Z+z
6,528 L/kg, 2,026 L/kg®] K, &< HAE A B A|lEE 5%
7V BT E Ky #kol ZAsATh ol EGCA Al
38 F dE AFo AFHeH, vEI}F £ETE 2}317}
w2A YA FAAF] 2 E7] WEo]tHBouzidi et al,
2010). 53] C, = 10° pg/LellA B A1 K, gk2 6 LikgS
2 ok 347w 72 ol whEl, A A& K, F2 8 Lkgo R
oF 820 & A3tk olF B3l A A|E7F B AR R
F3agel wma2A 2age & F Aok
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Fig. 4. XRD results for each soil sample (Q: Quartz; O: Orthoclase; P: Plagioclase;

M: Muscovite; Z: Zeolite Y).
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A olsf Wslsts EUXIEG: BAOIMe] M& &2 W HSol oigt M2e A 15
1.E+07 £ &S 7 UASE BAFA Y
(a) .- EF FEHR AFY 45F8&E oslste A2 ELA S
8.E+06 .- - BN AE A &= o T3 242 (Park et
-7 e al, 2019), 7t £ EF 74 8 A2 Agel dg
o 6.E+06 s ,,—"‘ Ky gkol mi§ gof §3 whgo] A9 dojur] o g g
Fi APt B K ROl ~5 W Lkgo® WA 58 F3 54 B
cAb06 | s 7 o ZTHSsderlund et al,, 2016). oo H3] S2F BE 2 A
o e EZEE 2FUANRE AFS FA FHAE B 74
' oA EA 2 &3 A S H(Fan, Tanaka et al., 2014; McKinley et
0.E+00 f as al., 2004; Staunton et al., 2002), #IZF<Y MF(Cy < 10 pg/L)
0.E+00 4.E+05 8.6+05 1.E+06 o thate] F 1,000~60,000 LkgS) K, WS 7Hcha 2w
C.(ug/L) & ¥} AK(Cornell, 1993; Séderlund et al., 2016). ©1Z & 2
LE+07 2R FE Y AEFEES AME U2 §F45H S e o
(b) &F FFARAA S B/ e, I 5 FES+ 29 7H3
o Er06 == * - A BRI FHz 57 AP HA LR ovaw,
o - G2 EX HES EolA T Al tid] ddFoz e
% 6.E+06 ke eem T T & 345 e Aoz €3 A i Hwang et al., 2016; Koning
?:f s P and Comans, 2004; McKinley et al., 2004; Soderlund et al.,
a0 | ! 2016). £ A7 AHEH EF AR FF, A ASAAE A
.‘.'. 39 gFol =4 UEl, B AR = FA Y FFo] &
2.E+06 .’.A A Yetdt B Al59 §FE80] HuE & A2Z 7|U 3
f a0 e wa B AR Aol Weme] Gl 152 Wi
0.E+00 A ANBED £ HES AA Y A tote] ¥ §F
0.E+00 4 E+05 8.E+05 1.E+06 =89 714 Zig-i AASAA T Hua E3F AF 753}“5
Cotuer) olet e ABE HAFYT o= BB FF o] B
Fig. 6. The fitted isotherm using (a) Freundlich (dashed line) L A Qe o2 FHHE] IS nHSS 9GS
and (b) Langmuir (dash-single dotted line) adsorption E3] A2 o5 FALY 4 Q= YA B 9729 o
mode.l for cesium in soil sample A (dot symbol) and o] 2EG BQ} Yt To S50l BEe) FHAY
B (tiangle symbol) 2 A, A B2 3L Palss Qi f7183 ) BC
49 A% 9o B3 5o 5% BA9 485 Fig 9 "JXVJ_ 7182 2ol A=A gow MeEH A5
- == T == : A HbgE st AeZ g#A qUth Pipiska et al. (2020)°]
63 Table 291 YeElN ST &HEH Freundlich 2@ Langmuir BEd Q44 712 HEADoY FE B4 So] 2
2d] BYARR)E 27 007 1822 F 2L BT T g g0 gz gast goud BAL o, B¥ 487
Ades FH A9 AAS B UIAAR A B AR BT g o gam ogzel e S BBt 53 R
Fraundlich =% /200 el %042 1253 HE A& Wy o8 o pas 949 BW 4877 A% oo 3%
ol s AEd el B H SEH0D FEH T 452 g Aoz 2eA A Jeon et al Q017)E A%
74l et §3 450 Zaske vAaE 58 548 v A SE(400°C, 600°C)E ZElste] AxF YA G712
Wtk §3 8% #¥E KF #ol A AgA B AlRET o G A B SH BARAL A LE00°C)TA 3
L B S8 @& 7 AR BE MAG =10 ge gy 47189 A9 BU) 24E ETHE 487
~10° ug/L)olAd A A8 A& &7 EXo] ¢S Hy ) O B & glon, Le600°C)NA AREE QA4
T AT £ Langmuir LA A5 Ak FABO) o150 goo wue] c-H A7 Ak A Lol
oL A NS B ARAN A2 9317:10° nghe 7453100 gy oy go180) medd AHE A4 F71ERD
heke= A AE7E 125 gE A 2 @S HET . gapa0) eaann nagad. & a7 Aed
Freundlich 2€ 3} m37R2 A A|E7F B A|lEET &2
Table 2. Freundlich and Langmuir isotherm parameters
g Freundlich model Langmuir model
mple N[ KF [(aghkg/pgLN] R Q luglkel KL [Lig] R
0.356 60,851 0.998 9,317%103 1.013%10-5 0.987
B 0376 34,950 0.999 7,453%103 6.944%10-6 0.979
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Table 3. Parameters obtained by inverse modelling for the breakthrough curve

physical properties of column

cesium

Sample

L [cm] D [cm’/min] v |em/min] R R [-] R
10 1.248 1.692 0.982 43 0.957
B 10 0.976 1.871 0.994 27 0.947
1 e B Ao tate] 2 & AATT} UEbE AL A A7
0s RN A 3 A48 Aol A = Y DAY $7189 JTL
5 06 Jao gom, 444 47189 LT AEH A4 N2 5
S o v A EFAes dolA A% ol5e ABE 5 At
./ oA
0.2 e AB
0 4. Conclusion
0 20 40 60 80 100
pore volumes 2 AFE dHEo] BT XA WItE EFAST 83
Fig. 7. The fitted Dbreakthrough curve by CDE for o] YAHE AlEe FAI ATl viA= dFE LotHi}

experimental result of cesium adsorption on soil
sample A (dot symbol) and B (triangle symbol) (fitted
by CXTFIT code).

EG AEE2 dHEo] ot AGedA AHT Al52A 4
Jouj o] Bobd Ak FHFolA A
AR fF7180] S7bsck(Santin et al.,
2015). €¥3 o2 BC 59 9448 7152 EY ga
9 4~9%F AA st EFAS FG E5HA EA5HH
(Cornelissen et al., 2005), S}A17} A5 TATF EGo A= &
71 E9 Ho 45%7HA 7T & Joha Bag vk gl
(Schmidt et al., 1999). 53] F&& &°] ¥4 Ut A A&
9] A% EZAM AFATE FUo=2 YAY /UIES TS

o £/ £ 40T ¢ Yo, ToC B 2
HE e e Bel 48 #7129 TS AT Ak

el
o
9,
>
(¢
=,
)
1o
v
oft
X
re,
J
ox,

HP-EH e BEStE §9oz 9 F A5 o ZH
Alz=gle] Bgd E4 o] FEot AE9 BTCE 9%
gt ZFE Table 39 Fig. 7°1 Yefli it d &9 RdE9]
R 350l 0.90 o] o2 ¥ kg Hol vuA & ZHUS
S ¢ F Utk Bd g 53 42 AFY NAAFR) A, B
ANEANAN 22 43, 272 Y9t T A5 BF J)1EXR = D
Hle) m$ L ZES R Ov(Table 3), 53] A A|SolA Al
woll disl 433 Aol LA AA=Z 22 Al of
st BESEF AlgY §599 527 27] =Y 50%
2 A& & pore volume (PV)S] +& AALISIAS o F Al
3 EF BHESES 1 PV UL, ¥hHe A& A, B Al
8 247} 40 PV, 25 PVOlA AEH AT A ARAA FA 9
CEF 359 FFE B ARET 42 FE& Hola A
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FHH YT AR FA AGAA AH MR TE F AR
EY AR A, B oSt 54 4 27 A AlBA= 99
v go] 3 EEF FEQ WEE/t B ARET AA YE
won TOC 3 I Jelgtth dhd B Al8olME 4
7 Wewol Hgo Uebytth £33 B 2129 TOC 3
Fol A AEHT 38 = I e AE Ao Yehy
T AR EXo] gddt xpolE HAYTh

E4o] g2 F A5 tdte =™, = 10~10° pg/l)
Aol diet S8 §2 498 I35, *EF FEY
ol Mg FFol AUt FFE vATHE S e £
ATl Fde F2 A 2% Herne FFo] 2 A
oA 2 2388 By Aoz J|UsATh X% 4
e OE2A AFE ZE 55 194 tiste Bz 3
Fo] JulF oz A3 TOC FFo] T2 A ABoA Aw

=S YuisiH, Ad Aol A& FF 249 mird
€ FAAME oF AT F AJUTh

AR EGA st FFAAM AEY As A §4& gods)
BE(Co = 10° pg/L) Aol thake] A

BEEE
AFe BAG 14% 29 AQL ANRAT, WESH
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