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Jiyeong Lee - Jong-Sik Ryu®
Major of Environmental Geosciences, Division of Earth Environmental System Sciences, Pukyong National
University, Busan 48513, Republic of Korea

fo

o
21

I

22 2471e 9 AFEA79 T2 BdF HEEHEs A7 EESHA o]FojR|aL JAIRE A AlA
Hog ZE TAYRE B8R A ofF vHE AAoltt. ZES dFAZH2.3 wt.%), sjFAIZH0.16
wt.%), 8>(400 ppm) U} 8 A= EAsHH, 459 FF & F shutolth. A W 252 F2 14
ol EAstH & ZF 90% ool it B2 F3ol| 7103 A 3991412 2= 2w AT
A W= 1229 vpan} Fopapy F 280l dojub] PAITHa =+0.07%, 2sd) A2 A= JiH 2
252 290 dojdtia =+~1.3%, 2sd). WehA 25 SHYEE FAHE S3k A 7159 S78E o8t
£ ANAR E82 7 Qltk o] =HoAE ZE THEE 54, Z4 2 A BN dE Sode 2
< do7l= 8(LARFE &3, olxFg=E A 9 A= A3l Hsl 2lskaat gk

20: ZF YL, FH9 28, A2
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ABSTRACT: Although a recent development of mass spectrometers, such as multi-collector inductively coupled
mass spectrometer (MC-ICP-MS), has led to non-traditional stable isotopes in earth and environmental sciences,
potassium (K) isotopes are still in the incipient stage yet. Potassium is a major element in continental crust (2.3
wt.%), oceanic crust (0.16 wt.%), and seawater (400 ppm), and is one of major nutrients in the plants. Potassium
in the crust mostly exists in silicate minerals and therefore, over 90% of riverine K is derived from silicate weathering.
Although the fractionation of K isotopes with mass 39 and 41 is little during high-temperature magmatic
differentiation (0=+0.07%o, 2sd), it is significant during low-temperature processes, up to £1.3%o (2sd). Therefore
K isotopes can be used as a tracer for understanding silicate weathering, paleo-climate and paleo-environment.
This review introduces the characteristics of K isotopes, the analytical methods, and the major factors causing K
isotope fractionation in the surface environments, such as primary mineral dissolution, secondary mineral
formation and plant uptake.

Key words: potassium isotope, isotope fractionation, surficial process

LME2 2 A2EZE FHY2 u(VsSn), L8 B9
2 1|("M0s/%0s), EF T PG L) 7HAREE A

TFAE FEO et F3ke wiubd ©h9]o] 2] tHLi er al., 2019a). LU 400051 A A 3
AN FFRA Hh7]9] ol ibstgha FEek A A oF W) St/ Sr ¥] Tk A2 g0 ©hE Feke
A e458he 2SR A3 Sttk(Bemner, 1999). Z7KRaymo ef al., 1988)7} obd 3174 ) A=
Ad Aol 23 FAtE FBHE olFlish] As 0 WA W WA gafjel o3 Aom dE At
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(Blum et al., 1998; Jacobson and Blum, 2000). &=
gk A F2t SoF Ul M0s/'*0s 1]9] Z7}(Pegram
et al., 1992)= W5 &38| FFET= FAk 3
9F E]&E(anoxic marine sediments) U §7|& &
S(Ravizza and Esser, 1993; Peucker-Ehrenbrink
and Ravizza, 2000)0]|u 344 &3f|(Torres et al.,
2014)9] 7]1Ql5h= Aoz IRt} vpAfe 2 &
AA B AL §'Li 2 F3} 7} % (weathering in-
tensity)&] ZAAFZ ANEE 4= AT A A FA &
Ao] ot 2|g & EA(Peizhen et al., 2001) HHY
Sk SHAI7F ATt

ZEEK)S dAAET} 199 922 55 42
A} B Y] 28 942 ZAR) tE W 190-260
ppm (Lyubetskaya and Korenaga, 2007; Palme and
O’Neill, 2014), ThEX]2}F 1 2.3 wt.% (Rudnick, 2014),
kA2 W) 0.16 wt.% (White and Klein, 2014), 3f|
4= U] 400 ppm (Culkin and Cox, 1966; Riley and
Tongudai, 1967), 7+& 1] 0.2-20 ppm (Meybeck,
2003). 78] S K9] oF 90% FE= AV ¢HA
9] F3lof| A 23l (Meybeck, 1987; Berner and
Berner, 2012), 3]j%FollA] A& A]7H(residence time)
2 oF 79luRd o] thLi, 1982). ZH-2 2709) o1 &
AA2PK, 'K)ek 1719 A BHEA(K)E
Zrou] RGN olEe] EAfule k2t 932581%
6.7302%, 0.0117% o]tiBerglund and Wieser, 2011).
o], ¥Ka} 'K o] A= 5.13%0] 1 K2 1.25%10°
vo] uizr| & Zha &9 WieRs () E 53l “Ca
(88.8%)7t F9] HEFe () Ex FHe)XTS
E3) “Ar (11.2%) 02 3=tk Faure and Mensing,
1986; Li et al., 2019¢). & o235} ZZFEA)7](thermal
ionization mass spectrometer)Q} o]z} o]-2 ZTFHE
4]7](secondary ionization mass spectrometer)E- ©|
£ K SHALEK: o) 6"K)9) BARUEE
Z¥Z+ +1%o (Barnes et al., 1973; Garner et al., 1975)2}
+0.5%0 (Humayun and Clayton, 1995; Humayun and
Koeberl, 2004) 2 &9] E9F7} ZHe 1.2 370 A
FHoY 5= WAYSk= 8% o] FHHEa
S skt EAI7E AR A2 ol A
e 2R BH(<1%)& T2 5 JAUTHLI
etal.,2016).

T 27 1iss e =2 &

2}2n} A7) (multi-collector inductively coupled

=N

o

plasma mass spectrometer; MC-ICP-MS)2] 2=
239 K 5994 BAGYK = £0.05%o, 26)0] 7}
FolA A AT FopolA = P AAAZ
1 7sAdo] AA L YTKLi et al, 2019¢ and refer-
ences therein). 1-2-9] ul 1o} E3lal oA ABAHH
Aoty RS ARk 5K (-0.53 ~ -0.41%o;
Tuller-Ross ef al., 2019b)& 2FA|qt )&=, 7}, o)A}
FE 9 HEAE E3 A (bulk silicate earth;
BSE; §"'K = -0.48%0; Wang and Jacobsen, 2016) T
8] Y& §*'K (-1.67 ~ +1.15%0; Christensen et al.,
2018; Li et al., 2021¢)& ZH=t}. wabA | E 27
of| Xl o] ALt H-3-of 93t K F e HHS
ol A S BlehA F3ket ofof| whE Haeds
ol3ish= F-8&3 ZFA| 2] 7/ ol AltE UKL
etal.,2019b).

o] =B = MC-ICP-MSE &83F K 594
4 BAR A #eolA 8 K FH9s 28
f2lo s 715k}

M
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Strelow et al. (1970)0] A|20F 90| Wi
Z(AG50W-X8, 200-400 mesh)e} ZARS: o]-&3)
THAHE o EEAIEQI DTS-1 (BUo] E; dunite)
2} PCC-1 (S, peridotite)?] K E2jHE By
Tk ol %, ThekRE At ol 2 WA o] 83t &
o] UREJTHE 1). E3E MC-ICP-MSE 9]
$510] K 59194 B o2 T SASHBCATH’
2 YAr'H) T YAre] st 5 A S Ha
3ls17] 9lste] A& Eut=ut 7oy S5 7le
= AR88E] 0.3%0 +E2] F AU=7 HAEg]
THWang and Jaconbsen, 2016 and references there-
in). < 1835 MC-ICP-MS2] Bz Q3| 11
H&5(M/AM = ~4887; Hu et al., 2018) EEofA
0.1%0 ol5te] W7 HAU=E 2He 24U K 59¢
& Z40] ZhsaliAth ZF THEe AA A
o 2R 4= Q)= 7]7| ZEFH o (instrumental mass
biasyS HA5H7] fJslo] FHYE EEEES o183l
HEEAAR-HEEHO) o5 A (standard-sam-
ple bracketing method)& o]-&3tch EAE K 59
Az vl 2B o] Y3 DekE7] ¥ (3-notation)
o2 thea} o] Bagi
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41K
39
st 1 | x 1000

b
39K std

A K 5994 EFEZZ NIST SRM 9857}
ARRE QA TH(Garner ef al., 1975), o= NIST
SRM 3141a (KNOs), SRM 999b, SRM 999¢ (KCI)
9 Suprapur KNO; (99.995%) 50| 2 AR}
Chen et al. (2019)2 NIST SRM 3141a®} Suprapur
KNO; (99.995%)2] K E9]94 u]7} 24903} 1
oA ZUFHE B 1EFFTHAYK = 0.00+0.04%0; 2sd).

541]((%0):

ool

At

VKK T E99h 7F 5% o|Ake] 2 AR
2 Qlsto] AAA oA ket F9lea Ho] uby
T 4 90, AR HE Aol 2o Ao

A

=
o

YK Q] 2po]i= ~2.82%0 2 19 13} Zc} W3 A
ABSE)1} 3l 7F~0.6%0 A}o](Morgan et al., 2018,;
Chen et al., 2020)= A28 oA R|5}ek4] vt
5ol 9t THYa EES A, o] Folx=
YA FEES Yol T2 835 1) YApPF
& &3}|(primary mineral dissolution), 2) ©|2F4&E
A A (secondary mineral formation) 2 3) 454 %
(plant uptake)©]] &J3t F9| €40 FH F=&} 7%
o thafx] 7Rt} o]F Fote] A EH Y K
FHEA Aol E olsfistaL, FF thFRt &ofo K
FTHELE AET 5 e 7S AlSskazAl gt

3.1 Yz}=E 235l (primary mineral dissolution)

AE2 T2 A (feldspar) ] THA| 2, WL
H(muscovite)L} Z-2-H(biotite)?] F7tol &A|5}
o(Xue et al., 2019), K'S Li'3} 7+o] T2 gwo]
U 27 Eae R 2ol4e) sskagibond)o] o
Z43td|(Glendening and Feller, 1995) &-3=2] gt

e S 2 plant

]1Land plant
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Fig. 1. Plot of 6*'K (%o) values of different geochemical reservoirs, major extraterrestrial and terrestrial reservoirs,
relative to NIST 3141a. The vertical line represents the average K isotopic composition of bulk silicate earth (6*'K
= -0.48%o; Wang and Jacobsen, 2016). Potassium isotopic data are from literatures: CI chondrites and HED
(howardite—eucrite-diogenite) meteorites (Tian et al., 2019); Moon (Tian et al., 2020), BABBs (back-arc basin ba-
salts), MORBs (mid-ocean ridge basalts), and OIBs (oceanic island basalts; Tuller-Ross et al., 2019a); altered oceanic
crust (Liu et al., 2021); granite (Huang et al., 2020); PAAS (post-Archean Australian shale) and upper continental
crust (Li et al., 2019b; Huang et al., 2020); marine sediments (Santiago Ramos et al., 2020); seawater (Li et al.,
2016; Hu et al., 2018); global river (Li et al., 2019a; Wang et al., 2021); land plants (Li ez al., 2016, 2021¢; Li, 2017,
Christensen et al., 2018) and sea plants (Li et al., 2017).
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-2(water-mineral interaction) I £ K 594
o] 2 k] tisfiA= & A AR GATHChen
et al., 2020).

Li et al. (2021a)2 F71AH AL H {71AHAIES
Ab gl 2AMhE o851 SFPIEGSP-2; Colorado
granodiorite) ¥} @ FHBHVO-2; Hawaiian basalt)
£l AHZ 13t ¥ T 24A17F o] jof] 7t
He K 59947t wM2A &5 vhs &4
A 7F K 5994 2o (A Kiiquiasolia)7F ZITH -1.01%0
o|glom, X} WP YR =it vk 27| 7t

S ZogAvlgdloZ w2 EE AL 3t
(diffusion)®} o] & fuliSKion solvation)o] &]sf
T 554 5994 A kinetic isotope effect)
o 7115k, BFFE o]F & gafiofl o7t mpA
7 A Kmasking effect)@} 'Ko| TE3 T2 23
of &J3f T4 FEHo] UEhA] 23 A%shad
o} 3, A7l whet S AR K 9
2 & o] fAlSHA Y=t Kol F53t
FAolup $HF ZE FEY TPl K 3L
2 Ao YIS vAA| gerhar A ST

3.2 O|z12+=Z A/ (secondary mineral formation)

3.2.1 At 8 (terrestrial environment)

3514 £312 AL 7)4Iek] K= -0.69 ~ -0.08%o0
(Li et al., 2019b)2] H2IZ 711, 7-E 0.38+0.04%o
(Wang et al., 2021)2 H3 FAE (" Kgge = -0.4
$%) T+ Aol Welth ol AN BEe) skt
25} 3 A4 ol g hule K 5 UAL(K)
£ Agzoz ey £AL K 5994("K)E= %
2 8598 XARKL, S. et al., 2019a; Li, W.
et al., 2019b; Chen et al., 2020; Huang et al., 2020;
Teng et al., 2020; Wang et al., 2021).

Teng et al. (2020)2 K A4|(K-feldspar)o| F+
gt 3pterel 33k A5 S8l K A4 23} &
3fj(congruent dissolution)+= 3}7}¢to] 51t 3}
£ 243D Basdr K A4S ek Fa)
£ 5o WA Yeol=g, ofF detol=t 14
(kaolinite) 2. 2 HA Fc}:

a) 3KAISi;05 + 2H" + 12H,0

— KALS#:0,0(0H), + 6H,Si0, + 2K

b) 2KALSi;0,0(0H), + 2H" + 3H,0

= 3A1,Si,05(OH); + 2K*

o (2 ZE SPEL2E 383

Sje] B3} FHoA K EAL B (1) 82
K9t K 3+ & 71 Q) A2 g2 FE 7L 182
[EL (3) 2940l F2E Ko} dejol= BE U K
RolollA] Qlofer 4= 9lek. B3] Folele 2 /)%
(3)2 vl 78] H ofd Z2 IR S E e
2 AIESHME & T4 BHE gor|xet
(Moynier et al., 2017; Teng et al., 2017), o] X ¥
o] P S8 (saprolite)ofl= AFAHTE K &
A1t deto| BVt o FR8E] o] £ 712 (3)
Hehs (D3 (2)2 Q8 K 5994 &80] dojut
= o= Holrh 3, 3 S3E W K A
dato]EZE §Y'K ZN(A M Kigpiie) = 2F -0.3%0=,
ol 33 Y 5 FAE sHdEAT AR er
|EEA 7L FHYee dEfolEgF 22 o]%}
FE Woll 2H73817] wiiZoletar AAstact E3L,
Teng et al. (2020)2 A4St 3 E(diabase)T} 3
g2z F3E AU K FHYa v E F5t
of sl=gt Bl ofFt K F9Iea wlo] vlulgh
(A" Kresh rock-weathered rock = 0.068%0) H. 15} Th.
Y, o]et At FA9 K el weEk K
9194 B A= 9] xJo)7) QIth=Li ef al. (2021a)
o] Aq-Autel ARbeEnt

Li et al. (2021b)= ©|XFE<] 95t K 594
28 A= 7132 olsfslr] st HEFECL
=T Ho|ES} AHELO|E)S KCI g3} 15Ut
HESAIZITE ¥hg- 3 1247 f 3= T Sk
2 7hE T4 YK AEE Filbof o)gt 2
34 5994 E¥(kinetic isotopic fractionation)
o] AIFHH(A* Kagsorbed-aqueous = 0.50 ~ 0.61%), 0|
F 2AL 949 K| F3HE Fe FZAH)
FY YL FErH(equilibrium isotopic fractionation)
o] BRITHA* Kagsorbed-aqueous = 0.72 ~ 0.82%0)S A
AlBFATE SHAR, Li et al. (20210)9) A& F&E &
2 k= 33 Qe o)AREE A HE
FEo] K& b K2 §E4os gEHny
BuE o)A AZLZAMNE(Li ef al., 2019a; Chen et
al., 2020; Santiago Ramo et al., 2020; Teng et al.,
2020; Wang et al., 2021)3} A=l =], Ag 27]
o HE FEO| A%} o g 7L Ko] H2E=
Hhdo]l, 1247t o] o= K3} =9 2742 4
o] opd 7] &l Q1of s HE HH| F
AL Ko] = 87| wiizol2tar s A sttt
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3.2.2 % 37J(marine environment)

P ZHK = ~1,600 ppm) 3} B HHE(K =
18,350 ppm)-2 WE(K = 260 ppm)Er}t © T K
2 S35 (Hu ef al., 2020 and references there-
in), AUTHE Bo B2 SYslo] PE| st} =
A1t Fha 24 FFE EHHu er al,, 2021
Wang et al., 2022). AFA4A x|ZHo] A& g4 ¥
A E= Y HAE W AFE A SR
| ~5,000 ppm ] Ko =5, s 2|22 A1
3t =9k 35 AFA(Mid-ocean ridge basalts; 829
ppm; White and Klein, 2014) Rt} 1= 0] K& g+
G514 Elth(Parendo ef al., 2017; Hu et al., 2020
and references therein). 3, Seyfried and Bischoff
(1979)= @F-3ll4= vhg- Ag 23}, 150°C o)A+
9] =4 39 K F=& F718k= ¥H, 70°C
o]5te] oA d4=2] K F=7} At gttt
HOsHHATH K & 9949 29 gkl disfix=
e R R] gkth(Parendo et al., 2017).

348K = +0.12+0.07%0)= BSE (8"'K = -0.48+
0.03%0)2} AL o) & X|Z(upper continental crust,
YK = -0.4420.05%0)°] B8l A& K 59 L427}
ZHFTHWang ef al., 2021). 3|40 BAL K &
a7t BHEE AUSE o} F FeiA U]
A, BoFo R fl == A AA 76K = -0.59+
0.04%o0; Wang et al., 2021)2] FFFRT}= Sf|oF 7
9 siA E2E sl Alo] o] A3 ARg A= a4
HiLi ef al., 2019a; Hu et al., 2020; Santiago Ramos
et al., 2020; Wang et al., 2020, 2021).

Parendo et al. (2017)2 A oA AFeF L
2fo] = (ophiolite) Toje] WU e @ whaet
2 AR Ao mlgl AR FHHart Rk
(A% Krocknse = ~ 0.68%0)& R3] 2™, A%
Zro] sljg=o] 93 A2 HAEE= 5 K FHEL
Z/Jo] FAKAH 24 2o AARZ K 59
YTt AME 713 Ao = AFSISInt Santiago
Ramos et al. (2020)2 Troodos L322} EL} ODP
Hole 801cof|x] 53t EFE ¢4 K 5914
24 A= Sl sfiell s A2HEA"E FFAY
K %‘ﬂ%—/ﬁ 5*6‘% 5% ]\ﬂ:'l‘?‘]gl %l‘(AMchk-BSE =
-0.53 ~ +0.58%0) zr=r}1 R ustgct ¢ = ¢
9] At A3k= Parendo et al. (2017)7} A5t
L ulgato]E Foj7t HAH AR7) opd At e

=N

o

2 A1A% 3HY(<400 m) S A= 670 T
o2 31497] WEo|H(Hu et al., 2020; Santiago
Ramos et al., 2020), sf-e}t GARGE 2 90| E
9] §K (+0.19£0.029%0) = W AZH o] A2o] of
d 3720|388 YAIBHHLiu et al., 2021). E3L,
Liu et al. (2021)9] Ao mp= A2 HAH 7
oo o W o]o] §*K (-0.76 ~ -0.17%0) S 2+,
HZH-0.4020.33%0)-2 A1AIFF HFLOK-0.44+0.17%0)
Tk H]SBLA|TE 342(+0.120.07%0) T} Abds] v
2 = etk wEhA sl s AL HAR
T4 S22 RE 9 323 K AR2(sink)o]H,
352 K T91¥a 245 734 tt=s 82lozt
I A AHR T

Santiago Ramos et al. (2018)+= E|Z&0] At
oz wWE 2 H(8-51.6 cm/ky) 2] 739 Zlolo] W
F25=9] §*'K (-0.22%0 ~ +0.27%0) X}o]7} 22| &
A5, EFEo] AthE oz =7 X]H(0.13-2.6 crovky)
o] Z$ EHEo| Zo|7t AojAeE FI52 5K
7+ 2|t 1.8%071A] Zradt= A2 SRlst i) E3t,
1-D Eik-o]&-H1g- HEl(diffusion-advection-reaction
models)& F3 F 2F2 §''Kxfol= SAh 24y
(authigenic) Al-7FAMH 29 4, 123l o]
2 3 K FHE4Y £y BHE Aol &
et Ao Ag Autetar A EHT Y E A EY
S T EHAE WK 5= T2 3EUKF
A ol 2 P WA 5K} K- T o]
ARFE el AdE 4] ¢rk(Santiago Ramos
et al., 2020). o|= E|AF U= ¢3f Ui A50]
o|FollAl EHito 2 HAEHA 7L T el
YK7F o wEA 335 53 EXkE ATz 4
HHBourg et al., 2010; Santiago Ramos et al.,
2018). SoF HHE S42HG Bt o] R FAA
K 9949 2482 #Ye] 28 (Rayleigh frac-
tionation)S w2 £ Al(0)+= 0.9980~1.0000
(Santiago Ramos et al., 2018)0]1 o]&= &F-¢}o|
A2of|A B4 HES HEE 7o = 0.9995+0.0003;
Liu et al., 2021)&} t)& E3Ha = 0.99985; Teng et
al., 2020) TG4 9] K F9 ¥4 2EollA S
A3} )55t}

3.3 A8 Hz|(plant uptake)

AE2 8N Ul 8 F¥da(Es, niadls 9)
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oF v)FF LU, ofd 5)E sk Bl
A 7HE S EAE AEA o g Fah, A EA
Yol A A o2 e BTt 2718 B
SEEREL EREEEEE PR P
2 ¥ T2t Bolou-Bi et al., 2010; Caldelas
etal., 2011; Jouvin et al., 2012; Li et al., 2021c¢).

FAAY7IR] R {4 A9 §''K ZHE -1.67%0
(F; Christensen ef al., 2018) ~ +1.15%. (T}7}c}u]
OF U Li et al., 2021¢)2 A|&2of uhet & H$j 9
K 994 24 *Jolg Holv, 3¢ A152] §'K

2 +0.57%o (7; Li, 2017) ~ +1.11%0 (TFA|0}; Li,
20172 SRt e s w2 g& 2=tk &
2 A= K 994 240] st velute
olf= tatt Ak () A= BEE T8 B E
3t SE Kol A& AEE T3l HeolA
UO R olFdhe I A 7HH& FHda A
A F5 9 FAL Y e W Fow
QIgt 9| ¥4 ExH(Christensen et al., 2018; Li et
al., 2021c), (2) 3= SEH 71€Q 2+ vIE 9 AL
|22 Qs AEo] FAR K TH9e 24 %
= BE%LE T48H(L, 2017).

Li 2017)= K 5ol weh 4= Al27F 42 o
£ m\AYSE ARE8l K& S5 (uptake)RTkar #|
ABlgiTh. K B W-e(<40ppm) BHGIHE 4]
AT KS BRHO2 W] U3 iR &
H] o]-2 3§ X (energy-consuming ion pumps)E At
St} ouix] M 8-S Zolv] 9o A We) A
o) FuFQloA] 7h e K FULE SMHom
ek, Li (2017)7F 243 6712 54 A& 55
N A=Y K L 240] st ¥ 8
YK 2 2 =itk Akt B, K =
7F E2(>40ppm) BN SFAEL HlHA] &
H] 0]-2 2J'd(non-energy-consuming ion channels)
& Apgalo, 480 ol UL o iy
K& §3h 59K E9lela 21o] A9] dofut
A eechn Askgich S Li 2017)7F A7
3 ZF(algac)®) K 994 24 sjrct o
o, Al22ekE 53 Sty ool wek S
3 7HHE K 947t sz ez oz 854
2 2H g A= FAE K Y7 s5H0
I AABFAT

Christensen et al. (2018)2 =7 AT S §

o (2 ZE SPEL

2 385

HL

8 3, &, 1O A 71728 Bt #ie, 71,
Ao Ae] K F9¥a B Tasiort. et 9
9] H YK FH ZFz} -0.55+0.24%0, -0.97+0.4%o
oln F9] £7]= 71 W& ZHEV'K = -1.31+0.40%o)
< Holm AEAAY F2t AE YollA K FH¥a
o] TS Sl Al T79 A& 2R
Bt 919] 5K o] o W2 AL HoAT &
719] 7% 39 E7|9 E4st9.0H 4% 7171
w2 7+ B9]9] K F9Ya 2o dAsH 7t
E= st Aol ERIEAE §skth vH,
Li et al. (2021c)2 5}9}o]o] EoF W A2 22 U]
K 994 B4& 53l A& 279 §'K 39
H Q& -1.06+£0.06%0 (RFZFchu|o} LR 2] ~ 1.15+
0.09%o (MF7Fctu|of LR A ) = H sttt E3,
4% AY A1EQl £33 (Pennisetum setaceum)2]
YK ZHe AH(-0.43%0) > AJBH(-0.46%0) > T
(-0.5%0) > Z71(-0.6%0) > Z(-0.62%0) > R SH-0.7
4%0) > TF(-1.03%0) 208 Zrasin, AR X
o A1 &< ¥¥ T1akA(Cenchrus ciliaris)] §*'K Zk
& PA+0.41%0) > APH+0.35%0) > B2](+0.25%0)
> Z7](+0.13%0) > TB(-0.35%0) =02 7HAFHe
B 3tHT} E35 Li er al. (2021¢)L =31} vj#
TEtA BEE IM gAkE o] -8 (leaching) A
B3, 429 AYKroorsowee B -0.40 ~ -0.3
6%o, -0.29 ~ -0.26%02 H I3}t o= Egfoz
Re K7 AEF oz B fE gtog FaET
YK #a) o) F&EY ojn K FH U4 By
o] YojFS oJu|tH(Christensen ef al., 2018; Li
etal.,202lc). A& W K 94 80| dojub=
o]f= K-HEAFA((CsHsOp)n) 0] FH-31 B ]9} A
Foll FAL K T9927F F=57] gzolw, 2]
E AIEZ Y K 5HY4 240 K-H8ityd 529 oF
9] AFA|(R*=0.71)2 SRS KL ef al., 2021c).
E3E Lief al. (2021c)= A& U ®a], 9, &7] 7+
AR Zro] UE(+0.82 ~ +2.17%0)2F E(+0.60 ~
+0.82%0) Atolol ZA| Zpo|7t Y= o= A& W
oA o] F k= A7t Afolof| whE o] 2w 3HES A7
o} FHo| S AoletaL A AT

4.

Y

A

AESANN K FU4 BEL dosjt Fa
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Q91E: 1) YXFE 23l(primary mineral dissolution),
2) o|xF& AJA(secondary mineral formation), 3)
A& A F(plant uptake)&} Z}2}+0] @15 93 &
o= Foa 2o Y E AT ET BuE
AFEATEoNA HRol K T ea &8 ke 4
Q9 npt} g2, 2| 83A oA §*'K: BSE (-0.4
8%0), A TF R|ZH(-0.47 ~ -0.35%0), FAZH-0.66
~ 20.25%0), 7H-0.59 ~ -0.08%), FHZ+0.12%0), &
A} AE(-1.67 ~ +1.15%0), 3F A1 &E(+0.57 ~ +1.1
1%0)0]l Wt 4t K 394 20| dojd=
el o= ok wEhA A FEF oA K FHes
ATZ A dA 9 BtekE F3}, oA EE A
9 F71E0] &gt o] e AT

ALl =

o] =2 AR EFTATY AU
2 = ATA ] 21 ¥(No. 2019R1A2C2085973)
202138 w5 Aoz 7] 2a5kA] Y
AT F7FAFA DG RS E O] A4S o}
435 A1Y(2021R1A6C101A415).
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