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Characterization of Selenium (Se) Distribution in Soils and Crops at Moi-san,
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Samples from soils and crops were collected and analyzed in order to investigate the interactions of selenium
among rocks, soils, and crops by hydrothermal alteration near epithermal mines in the region of Mio-san, Haenam.
Soil samples included 6 samples each from mountain and farm area and compositional minerals and their contents
were analyzed by water content, pH, ICP, XRD, XRF. Crop samples from onion and scallion were analyzed for
chemical composition to elucidate the relationship with soils. Results from XRD analysis for soil samples showed
that major compositional minerals are qualtz and feldspar, and illite, chlorite, hematite formed by hydrothermal
alteration were included on a small scale. The pH ranges of soil samples from mountain and farm were measured
at 4.6~4.9 and 5.2~6.7, respectively. The higher pH in farm soils may result from fertilization during agricultural
activities. Results from ICP analysis showed that, compared to soil samples from mountain area with no potassium
and calcium, significant amount of K and Ca were detected in soil samples from farms which is affected by fertili-
zation. In a similar manner, potassium and calcium were absorbed and detected in crop samples at relatively high
concentrations (116.89~169.79 ppm for K and 20.18~32.29 ppm for Ca). While the selenium contents in soil sam-
ples ranged from 18.35 ppb to 70.31 ppb which showed no significant difference, high concentrations of selenium
were detected in onion (119.48~179.50 ppb) and scallion (146.65 ppb). These difference in enrichment for each ele-
ment may result from the distinctive adsorption characteristics depending on crops.
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A AEZF freofv)et i}o = YehixE ko), %u(119.48~179.50 ppb)et tuk(146.65 ppb)ollrs B ko] Se
o] AEHU). ol& FEe ulel Z Yol tigk F5go] Aolsle TEE JA tEA Yt ZAoE AdEQlr).
F0] 1 g4 WA, *é!aﬂ , Gt AFsiekE ik

1. M 2 A3, v=e] B4, 5, 3 2 s} Qe &

AYEFSe)> A7 FEANA F5HA v 9&
Z shelH, Ade o] A & A, A
W3 AEAE dlelarl eshiR| e Fkakge] 53
7F okl de A glek(Rayman, 2000). AEe] 29
T FEA AAE8A30] AL (Kesham disease)
I ZEAN FAFEIA 7]-/\ HJIELB*(Kashin Beck
disease)o| s, AlE-S ArHeFsH ddlw &
L2 (selenosis) 2 Uiﬂﬂ—,, S —‘T'— o] YE
L‘rﬂ% wh277FxSHperipheral hypoesthesia), @eEx|z}
o]’d(acroparesthesia), }THiAH hyperreflexia)2} 732
2737l 7 @A SHCH(Plumlee and Ziegler 2003). A
dlFe Ho 583 400 ugolx, ZHHFE 40 pg vl
Trolw, FA|7|He) w1 ;ﬂo*éﬂ‘%h: 30-55 ug
o2 2, d=el EFA7IENM 4 e A
Eﬂ_.‘:_ 101 ix}ﬁ%a}:_o_ SOHgO]E]‘ /K]‘:'/H A]—L‘/] Al
i T EYY] Ay gl wet tefsiAl ¥
i‘ro}E_e_ Aol Aol T4 EEE e
845 o= zleo]l dFAoltk(Leny et al,
2012). B W A S 4 0.01 mgkgellA
A 105 mgkg © & = z}o]7} ¥]wZ =th(Dhillon
et al, 2003). BeFe THT EFe A@H A=
2ok} BAVE 93, 3] Table 101419} 7o) ﬁﬁ”
AL A, A3]e M= Aglge o) =
S, dRt, AltelMe Aelae] dhEel ‘)"jr(le
1996). 7} Uete] Edl e Ay gEs S3S

Table 1. Selenium content of Rocks (unit mg/kg)

Rocks Se contents
tuff (Cretaceous) 12.5 ~ 187
black shale 2.0 ~ 50
limestone 0.1 ~ 285
coal formation (China) 61.31
granites 0.14
basalts 0.04
sandstones 0.01
mudstones 0.58

Source : Lim (1996)
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Fig. 1. Geological map of the research area and sampling locations (modified from Bowden, 2007). Numbers in map indicate
sampling sites of soils(S1-6; blue circles), farmland soils(F1-6; red circles) and crops(C1-4; X) of Moi-san area.
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1g sample + 5ml HNO:s for 10 hour

grinding sample |
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content pH ICP-OES
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heating at 70°C for 30min
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‘ ICP-MS/ICP-OES ‘

Fig. 2. Flow chart showing the procedures of preparation and analysis for soil and crop samples.
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Table 2. Properties of soils and farmland soils for the Moi-san area

soils farmland soils
S1 S2 S3 S4 S5 S6 F1 F2 F3 F4 F5 Fo
pH 4.8 4.4 4.6 4.9 4.8 4.7 53 5.2 6.5 6.7 5.5 6.3

water contents (wt%) 17.9 11.4 18.3 17.2 16.8 204 21.2 12.7 13.1 12.6 16.1 18.1

Ed A 025 gofl HNOsoF HCES 1:3¢] HIE= &
AL & 70°ColA] MR THEEL, SRTE O
% 10 mL A& 84S ARt 42 A8 d
A +93td duet g Alg 1go]l HNO,
5mLE 3l 10A7F B3 § U< (fuming) HNO,
15mLE ¥ 180TCelM ¢ 12Xtk 2 & 5M
°] HCl 2 mLE ¥ 70°ColM 3087+ 7HEsisict.
S5E AEe FRTE A7kl 2602 SHAA
g SINNEE EY. AEE EY AEY 5%
& AlE g sk FedAdEde] ICP-MS
(Elan 6100, PerkinElmer)e} ICP-OES(Optima 8300,
PerkinElmen)g ©]-&-ste] 34 skt

35 40 45 50

25 30
2 theta

3. 21 A E9|
Fig. 3. XRD analyses of soils(a) and farmland soils(b)
3.1, E29| pHel =& &2k from the Moi-san area. (Q: quartz, I: illite, Or: orthoclase,
_ Pl: plagioclase, Ch: chlorite, Do: dolomite, Py: pyroxene,
[eZ] k 2B 5}
A7 Edel pHeb e TaPle 2 v He: hematite, C: chalcocite)
ERHSITE EY 5 goll S/ 25 miE E36i] 14
b AR ¥ pHE ST 23, Boit B S1-6)9
pHE= 44~499] H9E HolH, vz} dukdel £ Mg, Fert 2= 344= % th(Fordham, 1990). S19]
43} iR R pH 202 7 AMESIS A Welde] BT ST molat ] Fa
AL, 23 T EHFL-6)9] pHE 52~6.7°  F4Fe F skl 3|e4o] #&H) Roih B

E

o

HAR kIS YRRl ole 4F Ao R HEH HHF1-6) B 4 FERE A, dolES} 4o
400 m ool $Ix18k W Eoke] pH7}F AF Eok] H] RIS, 2 F AP o] vlg =i, A7k
3 =4 Uehs RS 9SS vFAmle] g oMzl 348 Z3slal Qi) FloMe wlgido] &
o= ok B3 BEge] 7 e S A, =R, FeellMs F4o] FsA]A Yeld).
Folit EYS1-7)9] RS 11.4~204 wt%e] H A7l Roate] Al BES3|e A, A
A5 Ueilon, Rojit B2 i BE(FL-6)2] 835t A, Serel ko] shkbHAz gl w 4
Fe 12.7~212 wt%] WS YeRh A Bl o] 9, ¢ wE ARGl sl el E =4
Hjgl] W E9ke] i shao] A Yehe A 5 HAY), Aod-deto|E HAY, gy, A9-2%
ol o3t Aoz AlsHL} A WA E FEIHKang ef al, 2011). ES =
oto] B4, slsky Eslol| <& FAEH, o] X9
32, Ego| HEEN EYM AbESkE MEYlM = Bl o3l Mg, A4, Wl
Rolak Bk W BEoFS XRD #48 Ay}, ®olit A, 32 HE g o8 FAE SUA, dEfolE
EUS1-79 F A FES HY3) FHoln, Auko 2 FABEQ] 3B oxEER] HE o] A&t
djolE, A, WMo AHN =uMs HEAS E
shslar ok F FA3EES] AdL F3f) Aste] o 3.3. B¢kl =& Eo| X[FEEHY 54
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Table 3. Chemical composition of soils and farmland soils from the Moi-san area (wt %)
Si0, ALO; TiO, Fe,0;, MnO  MgO Ca0 NaO K0  P,0s
ST 8314 895 057 217 003 029 005 nd 147 006
2 8267 78 038 258 002 019 007  nd 160 0.04
S3 7964 1027 043 304 002 024 008 nd 208 005
soils S4 8394 873 024 213 002 015 005  nd 154 0.02
S5 8264 900 067 260 004 033 009  nd 154 003
S6 7868 941 081 298 007 053 026 032 154 003
mean 8179 904 052 258 003 029 0.0 032 163 004
FI 7434 917 065 331 005 046 035 016 169 032
F2 7735 992 060 320 006 043 045 004 180 024
F3 6949 1203 093 415 010 073 08 012 180 028
farm.lland F4 7503 1028 094 322 009 057 064 0.1 157 021
SO FS 8203 809 066 240 005 032 036 nd 113 016
F6 7127 1357 060 325 008 058 042 035 241  0.09
mean 7492 1051 073 326 007 052 051 016 173 022

Table 4. Concentration of major and trace elements in soils, farmland soils and crops from the Moi-san area (unit mg/kg)

Si Al Fe Ca Na K Mg S Z/Zn Mn As Cu Pb Cr v

S1 1578 116.73 33220 224 026 1257 3.75 425 nd. nd. 031 023 1045 nd. 0.35

S2 747 5992 35549 148 nd. 1261 432 7.66 nd. 031 038 065 142 nd 025

S3 7.80 82.19 44039 327 nd. 18.09 7.63 897 044 077 0.60 1.33 3.67 0.00 0.34

soils S4 9.78 123.59 39519 1.19 nd. 14.07 259 217 nd. nd. 058 033 1.66 nd. 024

S5 9.88 11036 361.80 3.61 nd. 16.66 13.13 225 nd. 268 022 021 197 nd. 0.56

S6 7.66 17876 355.13 3.11 nd. 1745 2330 389 nd. 685 024 0.16 192 0.0l 0.60

mean 9.73 11193 37337 248 0.26 1524 9.12 487 044 265 039 049 352 0.01 0.39

F1  10.09 24222 461.15 2927 nd. 7628 3127 25.17 1.68 5.15 024 0.76 143 0.10 0.74

F2 975 12597 387.07 60.66 0.44 4524 1838 32.06 2.74 6.74 036 097 219 nd. 0.55

farm- F3  7.99 171.87 490.12 11633 0.12 79.47 3527 7.10 1.61 14.78 0.18 0.42 058 nd. 0.85
land F4 10.08 164.74 420.35 9551 0.25 3822 28.86 536 036 1512 037 036 0.58 0.07 0.72

soils F5 9.85 13331 34271 4453 nd. 2481 17.03 4.09 004 635 038 039 198 nd. 0.54

F6 840 19468 37533 3648 1.61 63.49 3517 323 0.60 11.67 025 053 0.52 nd. 0.65

mean 936 172.13 412.79 63.80 0.61 54.59 27.66 12.84 1.17 997 030 057 121 0.09 0.68

Cl  3.64 121 0.78 22.09 130 116.89 492 172 1.17 0.14 nd. 0.03 001 0.01 0.01

crops C2 1976 9.35 443 26.83 0.43 12969 457 160 0.08 0.17 nd. 0.04 0.00 0.04 0.02
C3 19.09 46.65 2332 20.18 1.66 154.19 7.12 190 0.13 058 0.00 0.10 0.02 0.05 0.08

C4 1655 12746 4891 3229 4.66 169.79 1385 1.60 029 129 0.01 0.12 0.04 0.09 0.13

4 S Table 39 YERSITE Rojit Eda R 2HE e, BEg AAd B ol vk
o] FAE Pa3 Si0, ALO, K00 SHFHsh= gl whE} F2Ee] Adgo] F-E Tk Bowen, 1979).
£ Ao)7t filent, Ca0z Py0s2] 73 4t Bl A 25 EUY] ATAAE Golnr] st EY
= Z7F et 010 wt%et Bt 0.04 wt%e= W F 3 FFEY] FAAR P mEdd g BMAnE
FE Holn, Wk B9k A Z47h Het 051wt%et  Table 49 AASIATE Folik EFSI-7)olMHL) F
B 022 wt%= o 3 Yehldeh ol 2y 2 2 EYFL-6)F 52 (C14)904 Ca, K 5ol
o og FIHTh= Fue S vEA Y] dFo g HuAoz § Eokow WwEYH FaE 7k A4
yhetETh 3tepo] AT AANE K, Na2 Edolxe] shgnct
TEEL 4] Fash iR FUES B SEEAA Y FEo] T =& ubdo), Al Fe, Ca,
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Table 5. Concentration of Se in soils, farmland soils and crops from the Moi-san area (unit pg/kg)

soils

farmland soils

crops

S1 S2 S3 S4 S5 S6 F1 F2

F3 F4 F5 F6 Cl C2 C3 C4

Se 2834 4135 7031 39.27 2423 39.88 29.61 36.76 22.43 22.74 40.75 1835

179.52 119.48 133.75 146.65

*C1~C3; onion, C4; green onion

Mge: Eoie] gamrt A8oie] gao) o v
A Ut ole BesRE fie duA F4
G ol HaE Yo =
F5 Bl A3, ¥4 490 2Uae Qa9
o] 4k AREY) W Aoz AzkEo) A,

5 wgAse) AeEe] A5, A7 o) el

Sk nlwd wke 0,05 ppmol AT H& x| ol 77
L) A

PR, o] Fiol| wEl 2 ghke] Apel7h A,
ofo]o R Wety] 3| e dEge TS
12.5~187 ppme| L, AR} o] d#lEe] -2 0.01
ppme|THHubert, 2009). E<F U] Aalwe e
22 0.001 ppmellA 't 105 ppmO 2 Z}o)7} 31,
& ShERe o mr) whe 10 ppbelth(Dhillon et al,
2003). Bolik AEF B T o EG T BEY
o] Ay g BAAINA, A BER] Al T
£ 28.34~70.31 ppho] L, W EFe] AFe] TS
18.35~40.75 ppb=, E%¢] Hi FFrvieE 4w
hgo] wom, 58] W EGHT A EGA AHg
o] E=Uth(Table 5). ol Rol4k F¥e| AWz
Z-gol 23 Aoz Azt T3 F2E ) AdE
o] Hg gL 0.1ppm ©l&teH, 53] wlsd} Udut
Ae B2 g dago] diEo] Aok g4 A
tHWorld Health Organization, 1999). Diaz-Alarcn
et al (1994)2] A7 Aol oJslH, Fatolaje] A
9] =2 3.29~6.56 ppbel™, rl=ollAe] Ao
S}ke 5.75~24.69 pph= LFERSIT]. HE3H, Reilly(2006)
off o3t Ut Bkl AujE <zt vio] daEe
Shake 2~10 ppbo] X5, o] F5-8 Bl A
HjEl Futo A= 96 ppme] AHlEo] FHiElo] ATk
Btk A7 Al Rolik HI: B FHe
EgollA ApufE Fmtel digtelae] dulge] TS

X3 A, S(Cl, C2, C3)plAel Adlwe 3%
Z}z} 179.52 ppb, 119.48 ppb, 133.75 ppbold, o
IHCAOIAE 146.65 ppbe] Aol E3t=] Urh
ol duk Bkl AuiE FupEc) A7x|Gela] A
HjE ofmollx AlEe] FHeol =S & F Utk
S Jute) tiglellae] Al o] tE AL

ole. o] ool Adjiro] ol

T

rlo

AEA B S YA 549 Aol A

4.2 E
AL g F0e] =gt w2k 7o 54 da
o ok A7skehs waks vietsl] flsle] sg =
ot B g o] i B, aeal i Bl A
W SR (G, i) RS tideR B 7R
st pH, BEFe e, B sl dad
ol

<]
Ca, Pe} Ke| ghgo] 4t =gl

| Bj3l] BlwA @l HE:
HRow, MEY g ko] Ui ] Ao
AeA= K, Na2 EFelA 9] FHFHT} FahEodAe
Shgo] o] &8 whHdl, Al Fe, Ca, MgS Eo|A¢]

Fuct FAEAe) G0l o A etk 5
Seo] A%, Qi B} sAERTE A7 Ao 2HS
E95} sago 2o Fe wglom, o2 %4
A Eoe] G el W BaE & kel 3
e atgo] Ale moel AR B oz} slkol
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