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Geochemical Study on the Mobility of Dissolved Elements by Rocks-CO,-rich
waters Interaction in the Kangwon Province

Hyen-Su Choi!, Yong-Kwon Koh?, Seong-Taek Yun' and Chun-Soo Kim?

'Dept. Earth & Env. Sci., Korea University, Seoul 136-701, Korea
’Korea Atomic Energy Research Institute, Daejon 305-606, Korea

In order to investigate the relative mobility (RM) of dissolved elements during processes controlling major and
trace element content, the concentrations of major, minor and trace elements were reviewed from the previous data
of CO,-rich waters and granites from Kangwon Province. The relative mobility of elements dissolved in CQO,-rich
waters is calculated from CO,-rich water/granite ratio with normalizing by sodium. The results show that gaseous
input of magmatic volatile metals into the aquifer is negligible in this study area, being limited by cooling of the
rising fluids. Granite leaching by weakly acidic, CO,-charged water is the overwhelming source of metals. Poorly
mobile element (Al) is preferentially retained in the solid residue of weathering, while alkalis, alkaline earth and
oxo-hydroxo anion forming elements (especially As and U) are mobile and released to the aqueous system. Transi-
tion metals display an intermediate behavior and are strongly dependent on either the redox conditions (Fe and Mn)
or solid surface-related processes (adsorption or precipitation) (V, Zn and Cu).

Key words : mobility, geochemistry, CO,-rich water, water-rock interaction
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Table 1. Concentrations of major element in studied CO,-rich groundwaters from the Kangwon Province.

Eh EC

Concentration (mg/L)

Sample Sampling Temp. pH

Alka-

no. Date  (0) P mv) (uSem) Na K Mg Ca Si0, CI° SO NOy Jinity?
Na-HCO; type
KW-1' Jul-07-99 185 6.2 121 17348 4190 250 21 446 87.7 83 138 <01 77 1159
KW-1" Nov-28-00 6.5 64 91 2447 5651 120 15 661 944 97 269 <01 65 1595
KW-2' Jul-07-99 182 6.2 131 2220 5440 321 26 57.1 931 25 224 <01 7.1 1861
KW-2" Feb-17-00 27 6.1 -10 2,055 513.0 275 26 560 920 194 245 <01 100 2287
KW-3 Sep-01-98 158 59 109 864 2670 72 05 107 719 506 50 01 93 638
KW-4 Sep-01-98 134 59 125 1,956 4550 130 52 540 610 83 80 01 49 1233
KW-4" Feb-17-00 79 6.7 -15 1864 4600 100 49 517 586 130 123 <01 7.0 2470
Ca-(Na)-HCO; type
KW-8 Jul-01-98 145 55 45 725 714 45 73 761 325 67 161 03 24 488
KW-8 Jul-07-99 162 5.7 150 778 918 40 86 884 379 21 127 <01 26 519
KW-8" Feb-17-00 1.5 5.7 -27 577 646 28 59 583 287 108 141 <01 34 641
KW-8" Nov-28-00 7.9 6.1 124 776 869 33 54 844 248 56 109 <01 24 500
KW-9 Aug-01-98 176 59 154 1205 1130 3.8 213 152.0 381 209 132 651 16 670
KW-9' Nov-28-00 11.9 64 115 1075 932 22 114 1452 375 84 51 22 29 1617
Ca-HCO; type
KW-5 Oct-30-98 144 6.0 115 1,528 323 42 257 2938 761 29 211 01 09 988
KW-5' Nov-28-00 6.9 6.1 138 1475 381 29 259 3146 618 18 184 <0. 04 1055
KW-6 Oct-30-98 133 5.5 165 454 66 05 97 725 540 33 136 01 1.7 249
KW-7' Nov-28-00 6.1 59 107 878 203 2.6 140 1507 669 1.8 115 <01 1.7 452
KW-11' Nov-28-00 6.7 6.1 128 1,064 381 24 365 1683 255 19 40 <01 03 744
KW-12 Aug-01-98 162 58 135 873 14.8 1.6 36.1 140.0 35.1 2.1 9.2 0.1 0.2 598
KW-12' Jul-07-99 104 58 181 915 155 46 372 1400 392 23 78 <01 03 702
KW-13' Nov-28-00 7.6 59 107 846 114 3.1 504 991 556 16 69 <01 02 583
2Alkalinity=HCO;’
o9 Fob Bk ‘41 CO,8 71¢0] AR 714 A Cs, Sre Q48] 7V & %S Holx AlEE
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Table 2. Concentrations of minor and trace metals in analysed CO,-rich groundwaters from the Kangwon Province.
Sample Sampling Concentration (mg/L)

no. Date Fe St Mn Al Li B Cr Cu Zn Ge As Rb Mo Cs Ba W U

Na-HCO; type
KW-1'  Jul-07-99 5220 412 103 270 509 164 57 <0.1 84 1.8 07 121.0 5.7 2242140 22 39
KW-1"  Nov-28-00 4,862 524 537 627 4722 5831174 0.8 273 3.0 84 2672 94 222 1118 27 223
KwW-2'  Jul-07-99 2,123 524 113 117 619 229 107 <0.1 83 2.1 14 1500 7.8 24.9 170.0 22 250
KW-2" Feb-17-00 8,832 532 891 843 3723 929 13 071481 3.9 12 206.0 13.5 16.5 5520 09 743
KWwW-3 Sep-01-98 3,752 62 469 308 3400 620 160 04 51.1 38 1.7 3340 (2.1 21.5 1050 44 100
Kw-4 Sep-01-98 1,342 480 221 14 475.0133.0 238 8.1 156 3.2 2.7 439.0 19.0 309 137.0 7.0 81.0
KWwW-4"  Feb-17-00 1,875 478 243 53 3915 97.8 740 03 245 23 1.6 109.0 16.1 229 128.0 33 525
Ca-(Na)-HCO; type
KWwW-8 Jul-01-98 6,267 1,032 635 167 105.0167.0 180 12 165 18 82 190 1.8 2.1 1067 05 0.7
KWwW-8'  Jul-07-99 6,702 1,263 329 95 41.7 355 84 03 81 08 7.7 128 1.7 261060 0.6 08
KW-8" Feb-17-00 5423 803 601 368 128.5 560 06 0.8 236 08 56 101 1.3 123340 04 04
KW-8" Nov-28-00 5,114 988 702 392 214.9 58.3 583 03 124 23 161 146 1.7 19 8.9 06 0.7
KW-9  Aug-01-98 1,574 2,270 436 54 303.0732.0 347 43 303 1.2 1.7 11.1 0.8 0.8 549.0<0.1 172
KW-9'  Nov-28-00 2,776 1,932 769 48 2904 92.1 470 04 166227 31 69 59 04 899.9<0.1 4.1
Ca-HCO; type
KW-§ Oct-30-98 16,309 1,733 857 25 60.8 4.7 567 1.0 59 15 175 81 02 08 1125 0.1 <01
KW-§'  Nov-28-00 14,653 1,531 1,213 42 80.7 47.11059 04 90 1.8 262 105 0.1 13 646<01 02
KW-6 Oct-30-98 6,641 364 656 525 583 2.8 425 51 596 07 12 21 03 06 758 01 0.7
KW-7" Nov-28-00 29,047 724 1,101 664 142.7 893 904 03 132 1.1 81 167<0.1 45 404<0.1 00
KW-11' Nov-28-00 7,465 1,670 850 19 163.7 182 758 23 234 64 34 43 06 04243.7<0.1 1.1
KW-12  Aug-01-98 15,231 1,580 391 28 41.7613.0 37.6 3.1 206 80 06 44<0.1 032170<0.1 03
KW-12' Nov-28-00 11,356 1,415 601 6 481 362 789 09 269 62 33 31<0.1 022293<0.1 02
KW-13' Nov-28-00 28275 650 623 28 80.8 82.6 856 041173 23 26 144<0.1 0.7 83.7<0. <0.1
2 52 e HolX SIthFig. 3). ol 42 ¥ Sul(Buat-Menard and Amold, 1978; Andres er dl.,
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Fig. 2. HCO; vs Na, Ca, K and pH binary diagram for the CO,-rich waters from the Kangwon Province. The fairly good
correlations observed in the plots indicate that water acidity, resulting from CO, dissolution in the aquifer, is neutralized
through rock leaching and consequent element release to the solution.
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Table 3. Concentrations of major, minor and trace elements in analyzed rock samples. All units are mg/kg.
Sample Remarks Na Mg Al K Ca Fe Ti Mn Sr Ba Li V
R-1 Granite gneiss 30,000 685 75300 39,900 4200 9,000 256 886 131 532 182 1.8
R-2 Granite gneiss 25400 1,700 75,300 33,000 11,300 11,100 1,400 305 311 987 309 88
R-3 Granite gneiss 27,800 812 68,900 34,800 82800 10,700 425 428 237 1,110 30.8 24
R-4 Biotite granite gneiss 30,700 10,600 76,600 17,500 29,500 32,100 3,190 629 403 477 58.1 694
R-5 Biotite granite gneiss 28,000 631 72,900 42,300 7,100 10,800 1,350 153 298 1,120 453 5.2
R-6 Biotite granite gneiss 22,900 6,200 70,500 29,800 21,600 21,900 2,800 377 352 684 40.6 56.6
R-7 Gneiss 24300 4,780 70,500 37,600 15,100 17,600 2,410 253 371 1,170 309 30.0
R-8 Biotite gneiss 27,700 7,330 80,400 33,800 22,700 26,700 3,350 458 356 573 103.0 39.2
R-9 Biotite gneiss 23,600 3,800 76,200 32,100 13,400 15,600 1,900 261 293 638 82.1 214
R-10  Gneiss 19,200 8,500 63,000 19,600 8,500 29,300 2,100 373 241 1,041 84.8 52.0
R-11  Biotite granite 22,900 6,800 71,900 29,600 21,000 22,500 2,800 396 335 653 47.7 555
R-12  Biotite gneiss 27,200 2,380 70,300 44,900 7,300 10,900 2,280 204 244 698 147 8.8
Sample Remarks Cr Zn Co Ni Cu As Rb Cs Pb Th U
R-1 Granite gneiss 1.2 40.9 2.6 0.6 6.2 0.8 1790 16 293 107 14
R-2 Granite gneiss 5.2 63.1 35 12 10.5 <0.1 1100 14 230 106 19
R-3 Granite gneiss 0.5 335 25 0.6 7.4 09 1030 21 302 164 16
R4 Biotite granite gneiss 9.1 63.5 10.0 5.6 153 1.7 463 3.0 171 60 09
R-§ Biotite granite gneiss 3.6 18.8 2.9 6.7 9.9 1.1 1400 30 273 157 1.7
R-6 Biotite granite gneiss 8.8 57.3 6.8 35 163 <0.1 853 3.1 216 105 24
R-7 Gneiss 4.9 443 6.7 2.8 12.3 07 775 29 246 1211 15
R-8 Biotite gneiss 7.1 54.5 7.9 35 145 46 1330 79 251 153 25
R-9 Biotite gneiss 2.7 55.1 42 1.6 11.1 <01 1260 29 212 136 1.6
R-10  Gneiss 69.4 61.0 8.9 29.7 164 <0.1 979 52 148 207 16
R-11  Biotite granite 9.0 56.2 6.9 3.6 162 <0.1 111.0 26 214 159 3.7
R-12  Biotite gneiss 13.0 359 38 4.6 105 2.1 1470 20 356 13.7 26

HAE0] F3H5et Nakch o] a4 og A9 F
siibEl & Bk HellA] AAFAL = 2
2 el gelgiths A& AAst) B BE 94
&2 AAHA A7sEry ATSEES Aluppa e al
20002yt AFE 94 IFEE AR}
AeplEt 20|28 45k A2(0xo-hydroxo anion
forming elements; OHA elements) : QW& 02 o] 1
59 Y4S0e Se, Mo, As, $be} Uol XE3eH
(Aiuppa et al., 2000a), ¥ GPolA= Se, Mo Sb
= RS AlgdA w27t AESA 08| AY =
u|golg} ol& ALEL2 FAISL Asy}t Udll thafagt
s nglct ol& YAEL 0.6~099 RM g R
o FEAANAM FFs] & F58E
UePdth(Table 5). o]F 4L &2 A= 6
7hellA 838144 3dE  oxohydroxo  complex-
esE& FAshe olF Y49 Hoh A ol §,
C, PAE ol 9459 £& o274 H(ionic potential)
<} 349 (polarizing power)e £3l4dUE 20l FA&
oF71eh= WiEFAQ] 7 = (exclusive ligand)ZA41 ©)&

Ade Ag

A27F 072
al., 2000a).
ZFA9 pHE A Atz o] Hpolld Ase FE
57Harsenate)?] ©)|2%FE(H,As0,", HAsO )2 A3}
© ¥, 237 Asled 392714 M 3
7Harsenite)2] ©] &F(H;As0,) 2.8 ) 3+ (Drever,
1997). Asol ¥ Eh-pH thololzlo] Fig. 6acll Al
AlHe ot AAE Aol Ao EEEkR] %A
g EREEAEEO] AHelEk HE e REstdntL
7S, arsenateZ} THF-E9] AEE0lA -4 51
, arsenite= UH FPXRAE Hole A|EEAT ¢
Fltke AE WA 4= UkFig. 6a). 3719} 571
As 25 AbskzAst gzl goloa] Lad9l
= 3IRES XS (Aiuppa er al, 2000a), AHAF
Wollx] HEZEo} dislE Yo 47 g=i=. &
bslEe] ot Ase] 2R AMJ9) pH 2NN o
A dojuir, wlebA Ase AH4ksE-9] xjdz el 3
Aol o3 Ao zRE AA7l 2 = A} Wk
ekde] pHE Hol & d kS Ad gk

olg3tthe A& 2inigti(Aiuppa e
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Table 4. Average metal concentrations in CO,-rich waters
(Cy pg/1) and rocks (C,, mg/kg).

Elements  Waters (C,, g/l Rocks (C,, pgkg)
Na 162,600 25,808
(6,000-565,100) (19,200-30,700)
Mg 14,800 4,518
(300-50,400) (631-10,600)
Ca 131,700 14,208
(10,700-361,800) (7,300-29,500)
K 6,900 32,908
(100-32,100) (17,500-44,900)
Sr 1,027 297.7
(26-2,270) (131-403)
Fe 11,046 18,183
(1,114-57,973) (9,000-32,100)
Mn 7324 3936
(95-2,525) (153-886)
Rb 914 113.0
(<0.1-932.0) (14.8-35.6)
Li 166.3 48.9
(71.2-543.9) (18.2-103.0)
Zn 27.1 48.7
(1.4-148.1) (18.8-63.5)
Ba 184.4 806.9
(<0.1-1,232.0) (477-1,170)
As 3.7 1.7
(<0.1-26.2) (<0.1-4.6)
U 11.6 1.9
(<0.1-81.0) 0.9-3.7)
Cu 3.7 122
(<0.1-44.4) (6.2-16.4)
Cr 331 112
(0.2-117.4) (0.5-69.4)
Al 3204 72,650
(3.0-1,270) (63,000-80,400)
Cs 8.1 3.1
(<0.1-30.9) (14-7.9)

Values in the parenthesis are ranges of metal contents.

(Table 1 and 2= A2 £2FHA vlEo] BileiE
A FHo)| shzrafe] AAEL FHbElH Aso] AA7L
HA dofd 5 ) @ikt ARelA AAEINS-E
I gGLd 5, 2000b; HES T, 2000), €A

HER
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Fig. 4. Relative mobility of metals in each types of CO,-
rich waters. RM values were normalized to sodium and
calculated from equation (1) (see text). Elements are
arranged in four groups characterized by increasing
average mobility (1. OHA elements; 2. alkalis and alkaline
earths; 3. transition metals; 4. immobile metals). Relation
metal mobilities in selected samples are compared to the
average trend (bold line).

Table 5. The relative mobility (RM) of elements calculated from water-rock concentration ratio (normalized to sodium).

K Mg Ca Fe Sr Mn Al

Li Cr Cu Zn As Rb Cs Ba U

Na type

0.029 0.032 0.185 0.011 0.075 0.049 0.0004 0.391 0.180 0.021 0.042 0.159 0.145 0.431 0.012 1.062

Ca-Na type 0.031 0.656 2.108 0.076 1.380 0.437 0.0008 1.097 0.739 0.029 0.109 2.122 0.033 0.141 0.128 0.609

Ca type

0.071 4.897 12.741 0.894 4.209 2.435 0.0038 1.453 2.895 0.280 0.495 3.306 0.057 0.320 0.183 0.109

Average

0.032 0.377 1.125 0.066 0.493 0.231 0.0090 0.558 0.406 0.036 0.076 0.632 0.122 0.379 0.039 0.941
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Fig. 5. Average relative mobility of metals in each types of
CO,-rich waters and also compared to the average trend

(bold line). Arranged mobility orders are also the same in
Fig. 4.
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AE Aol opdell B3t BRkpalla AAEE
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o]t Aluppa et al., 2000a). As O] 2FE FolA 4t
3t el arsenate(As® )= arsenite(As*HETH B]A
ol A Ee F&o] AR © ZF dojudd
(Pierce and Moore, 1982). wl2br] t}ke] Fe $HkS
D BTt NBIXZ {531 Alsiekd@ado)
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6bye FUZAL Ueple AFEEC] FUF @+, 5o
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Fig. 6. Eh-pH diagrams for selected elements (data from
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FEEE AU AL UOKCO;), 3 UOHCON 2
£ 31420 uranyl-carbonate complex2] 4 wlF-o]
= RS ArlsiET 9 A EgESR0] 'Rl 4
Ho| FlzAdolM HY-Z {E38l] de Absksky

k

zzZe] duEes Ezne= v Ax AR
9] CO, 7129} sigjet E-gAuksol o) 718 &
22 BHE WellA uranyl-carbonate complex 3
B2 U9 §549¢ ¥4+ Atk TS Ca-HCO; 73
gkl Hl?‘sﬂ Na-HCO; 3 &l 7F Jdides =
2 U %S HAF=d(Table 2), ol @47 &
T2 'rr%o}‘q A} AslddzA S ‘/}E}Lﬂﬂ %A
7+ Na-HCO, 58 ¥k Aidez of 4% 2k
oINS Fo AlgHct. 22w o] 2L Bt
42¢] 270} Na-HCO; #-30) Ca-HCO; FFHT}
Y ARz, a2 FAHAGE L&
(2000b)9] AL 7HdHom FuEY FE 5 vk
Fhekd)

OHA 942 e A4E FolA As, Set Mo=
748 %% A (chalcophile affinity)& A3 o
(Aiuppa et al., 2000), 413t FAZAZNA ol A
29 A¢stery {542 E849 %sE(insoluble
sulfides)e] Aol 2lsf 247 Frk(vink, 1996). 7
A= A gitees giiE He 50, S Holx
o™ (Table 1), T F(2000r> £ F4rdol
3 e BT 3007 B e B
Fo] ARe FUzAA Fikd ghelghgo] dojut
LE SO 7t ¥l RE A Aoz dHsisle
o, W] A7) Bge BAE 4 S AeE wud
Ao} AT eeERE 49 HAEA Saby
Bo] Aoz EAsheAl digh FEHl 4
o] o]FojA|R] Phom, weta] 4FoA F3HHEF
et #5U2(chalcophile element)oll 213+ o|E HAE
] A)#(Jean and Bancroft, 1986; Renders and
Seward, 19897} deiul] eatrh wsh 4= glvt

oizia| ¥ P EZ%(Alkali and alkaline earth
elements) : 422 3 4He BEFS ULES Atype
o) #4EE EFE " (Stumm and Morgan, 1996), &
o JollAl E8Ad712 Fele] A28 vlE (inert gas-
type electronic configuration) TZell Yol-g At
), 2ol (OH)F ¢ 22 FA4stHAiuppa
et al., 2000a). 3t o5 YAEL Yo FA ujio
2N oA Afrole o B E)EH, wEbA e
7] 217¥=(inorganic ligand)EW.oF {7 £l £3)7
Ho] 2 54 Adth

M;‘i

Iﬂ

4>
K o

4 - A
Qe BRetel FaheEet wHel ¥ By
Easel fEAe] Ba A7EC] o7 vl .

Gislason et al.(1996)2 ofol&W;= x| lHM =

s YaBe] f5Ae el a2 Al7lek 2| A
719] QS §5E W MR d2ve U AP
Atk & e €M B9 AP F3v A
Cat Sr& P2 |dHo] ZV1ETE f540] F7ist
7] wjio|t}, 3t Gislason and Eugster(1987)x> &
ot galagella gy B T EESY] 454

< #2E JENa>K>Ca, Mg)°1]1\19]- AR QB
(Na>» K>Ca>Mgplr o7t $8 BoiFgr},

Table 59} Fig. 4 and 5o Zb f-59 gHbee] &
ZH] 2 ¢z EgEAEd WE Hy f85Adol

zbzb AAl ® EAEHo] tiCa>Na = Li>Sr>
Cs = Mg>Rb = Ba = K). Zt 39 gikeiel] 4
tlHo2 RM A E &ol& HolAWt, 7} fE=
“rrs“"q wAlE 2 alels HEFA °L“E‘ﬂ(F1g 4 and
) ol 2w A el ek sFEREA AL (Tuble
3)7} A2 Holg HolA] % A APl Ca
1.1252] RM @& BojFo] gk oM Naktt =
< FEEE AL I&E L REEE R
%S 1 Na-HCO; 30| the 6301] la] AR A0
2 EE Qo tigk RM gkl WAl vebdkElFig.
4 and 5), o€ EAS Na-HCO; F&olM Nao] &
HO12E F OPRs AN slen), /LS Na
o2 Agk7] wliEelth Ca-HCO; frde] 79}
AiEA =& RM #& RHAFEd, o Ca
HCO; #39) gk ol 718 dAZ 4H- Na &
o] g ol hE Y£ES fHEAol HFHoR
=2 Aol RAA A A
Naol| vlsll Ao sr, Li 2 Cs Yage] AH
Heol AAE dogje oAFEELS 71?7t calcite®}
zeolites, magnesian minerals ¥ amorphous silica®]c}
. Gislason and Eugster(1987)¢] A&Ax}el] wpad, o]
JJE__ & Roka] x{%ﬁ/gﬂgzsl-s_oﬂx—] BhAT)
911:} L= Ao ghakgolla] Ba gz ¥ 4z
X

E%ﬁ ] Z ol o §54 8 LR, o)F
EAL Bagl & ol CsHE HEZE 3
= Agdom e 4 Qlrh Edk Bao 1xFRE

E(witherite, BaCO;; barite, BaSO,)°| ¥hihgolla] 7
o] Bxshlels HojFar o] &9 yddla] ARgAlL
P o) 93] Bac] T3V A ol nfEnt
a7 & ok oy Cadt B 2EEE W Bad
Z ol2ukde srAlde) uigk o 2 2sMdut o &
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ATHCa > Sr> Ba). JAe] H-gzhpidslaol] og
Ba®] & F&HAHE-F<Qr Badl AFHE fF5AdE A

W& & UthMurray, 1975).

0] 3% (Transition metals) : o) FE£E 2 Mn,
Cu, Zn& W72 E3453 544 94 RM
<0.01)9] F7F 9IR1(0.03 <RM < 0.2l siBaict. o]
FEHE F Feu B84 da@Aang A 85498
A= ol Fert 3A)9] Falka el BfEvhks
A& vepdtt

TERE-ET olegEe] ATEEHE A5 ferro-
magnesian minerals®] &3] F= o|FE3A ot
(Aluppa er al., 2000). ZEHa} F4e P AH
koAl Ae] BESMIEE AT Qlo] 4
2 nZdAES WEste WHdd, dFHEE
(magnetite, ilmenite-hematite solid-solution)2 F8}ol|
ek A3kdo] 713 4 o Fe, Cr So] #AFaA
Ho, wEA ol A9 fE5Aol AgHA €k
(Aiuppa et al., 2000a). 7HEEIRES B bslE
A B 92 4ol Ho|FgEe] #
AE 71 £33 wkgoltkBaes and Mesmer, 1976;
Stumm and Morgan, 1996). %fo]2-9] 7}Ea&|= o]
2970 el Hate] Frlol o Tk S45¢
A9 7hEsNE 059 AskE B lelEl
3wl Fo A ERE7] wEel Holg
£59] f54L B&A B A o AtE
Al "k

ol FE&EL o2 JsdHE Ad = o), o
= s el dshs oM FHolgEEe] »
T 8498 A ofF Fag J¥e ¢
the g onjsled, 39E T 1leEo] EsfAdol
Sle=A], ¥ ke Fejvt gsidel AsAE t

rr

S
gLl

P

i

o 53] Fasich tiF-Eel HolFHES (53] Feot
Mn2| 73-%) &o2] Eh gl sl 523 &4 A
gt Fig. 6c #9278 vehlls d% &34 A

Sito] S3AUE Fe Tl Hool TAEE b,

5 BARAIE S-S A (goethite)2] QFEE )
EAEE BT Qo)

Vanadium(V)2] 73-%-, vanadyl ion(VO?**)2] Atg}g0]
HerkslEAoll 3ol 28 24 Z7iduiy did
v}l SJch(Wehrli and Stumm, 1989). HAkstEo]
o) oJgt ve] A|A7} Fe o] o gl 7%

=

e e V BHS BAS drks AL A%E £

RS XY g 73 OlFR AlREelA
vol E4gHAIR] olstE HEEN o, wEix ol| W
L v e ) wrmE Ao Alggdh w=d
Hgol olsf SRR RE A
A7b dofd & lem, A ek dlellX g of
A2 wrk(Table 2).
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