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Environmental elements such as B, Br, and Sr in groundwater from Bukahn-myeon, Yeongcheon, Gyeongbuk
Province, were investigated in order to know their origin with emphasis on hydrochemistry. pH ranges from 7.37 to
8.39. B content is 0.41~4.62 mg/L. with an average 1.74 mg/L and Br content is 0~3.24 mg/L. with an average
2.22 mg/L, and Sr content is 0.93~8.64 mg/L with an average 2.76 mg/L.. The water types plotted by the Piper dia-
gram are different but mostly Ca-HCO;. Some constituents contributing to EC are Na, SO, Cl with high determina-
tive coefficients(R%) of 0.85, 0.70, 0.90, respectively. The coefficients(R?) of Cl to Na, K, SO, are 0.54, 0.68, 0.53,
respectively. It should be noted that there are high coefficients(R?) of B-Sr and Sr-SO, with 0.65, 0.64, respectively.
The CU/Br ratios are 5.21~30.70 due to significant depletion of Cl. The SO,/Cl ratios are 1.32~27.24 with an aver-
age of 5.92, ascribed to abundant introduction of SO, or significant depletion of Cl. Chemical speciation calculated
shows that B exists mostly as H;BO; with less H,BO3 and Br exists as only Br™. Sr exists mostly as Sr* with less
SO,. Saturation index represents that goundwater is supersaturated with respect to barite, kaolinite, illite, K-mica,
and smectite while it is slightly undersaturated with respect to silica, gypsum, anhydrite, talc, chrysotile, feldspar,
kaolinite, illite, K-mica, and smectite. The saturation index of celestine is —2.23~—0.13 indicating more Sr can be
incorporated into groundwater. Groundwater is still much undersaturated to hatite. It is likely that the origin of S
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and Sr was related to the Yucheon volcanic rocks. Br might be originated from the local geological features with

introduction of anthropogenic matters.
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Fig. 1. Geology and sampling sites of groundwater and surface
water in Bukahn-myeon, Youngcheon, Gyeongbuk Province.
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Fig. 2. Water types plotted on Piper diagram. Diamond:
Songraedong formation, open circle: Chaeryaksan formation,
cross: pond water.
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Table 1. Physicochemical properties of groundwater and surface water. concentrations as mg/l.
Songracdong formation area Charyaksan forrmation area surface water
samples 1 2 3 4 4s 5 6 7 8 9 10 11 12 13 14 15 16
Depth(m) 160 40 120 120 80 160 80 100 105 304 97 100 150 150 100
pH 781 746 737 790 839 809 812 750 773 799 777 770 790 758 752 747 7.63
Eh(mV) 463 442 436 189 416 278 644 482 457 435 660 658 418 460 450 411 443
(ug/gm) 58 647 523 2360 790 922 614 600 425 1205 594 611 628 684 682 101 777
Temp(°C)y 53 115 135 133 7.8 140 107 145 157 144 142 123 133 158 150 7.0 95
Na 5255 36.99 34.49 422.80 32.58 124.20 39.60 65.54 16.14 142.60 17.58 19.13 30.08 21.54 24.67 431 1.65
K 1.78 127 167 1323 183 571 142 059 040 151 096 158 096 1.17 133 071 115
Ca 8334 71.77 55.18 6540 7024 2542 92.57 60.29 60.97 72.70 83.63 102.19 61.12 82.55 8235 9.11 4.54
Mg 2244 14.11 1278 34.07 4096 9.00 26.60 1.80 9.80 429 24.08 33.90 30.96 27.34 2945 235 1.57

HCO; 6.10 256.20213.50 323.30 286.70292.80311.10113.00152.50170.80250.10311.10225.70225.70335.50 18.30 256.20

Cl 2.16 2835 1247 67.55 2338 30.93 31.07 10.75 11.36 14.34 17.82 32.08 2549 24.99 2439 2.16 62.70
SO,  5.59 37.87 45.88 1003.20 71.88 133.04 60.75 175.40 35.64 390.60 23.39 46.24 64.30 71.04 54.13 6.23 65.77
NO; nd 13.15 1154 nd 1569 nd 1.05 nd 841 0.66 2221 080 097 468 224 067 5.00
PO, nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
Br nd 198 324 220 256 261 1.67 220 218 201 223 240 240 096 240 062 253
B 041 042 070 332 044 194 070 3.69 081 416 069 056 462 232 125 029 023
Si 565 753 346 404 575 530 800 737 1063 9.06 874 465 1211 9.80 7.88 191 nd
Al nd 0.08 0.03 nd nd 008 007 nd nd =nd 006 006 0.18 0.06 015 044 0.10
Fe nd nd 002 035 nd nd nd nd nd nd nd nd nd nd nd 134 0.06
Mn 003 0.10 001 005 =nd 003 003 001 nd nd nd 004 001 00l =nd 035 0.08
Cu nd nd 060 nd nd nd nd nd nd nd nd 007 001 nd nd nd 0.07
Pb 006 nd 038 008 nd nd 008 nd nd nd nd nd 001 nd 021 =nd nd
Zn nd nd 18 008 nd nd nd nd nd nd nd nd 00! nd nd nd 0.17
Sr 214 093 283 864 1.71 229 093 384 052 482 122 158 641 250 1.04 008 0.04
Ba 013 0.13 0.08 0.02 006 003 010 004 004 003 011 0.09 008 0.15 012 002 001
Li 013 0.17 008 179 =nd 050 008 0.16 nd 047 004 004 000 0.04 0.04 001 0.06
Cr 0.03 003 003 002 0.02 002 001 0.02 002 002 002 003 nd 002 nd 001 0.02
Co nd nd nd nd nd nd nd nd od nd nd nd nd nd nd nd nd
Ni nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
Ag nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
Cd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
As nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
Na/CI" 34.34 1.84 390 884 197 567 861 180 201 1404 139 084 1.67 122 142 282 0.04
CyBr*” 1432 385 3070 9.3 11.85 4.89 1860 521 7.13 799 1337 10.62 26.03 1025 3.48 24.78
*; mole ratio, **; wt. ratio
¥E YFS Dol YolS& Na, Ca, MpolZ 80]  S4E 1oiFA] Sierh, iiwlel] Aaolee FHwst 2L
&£ S0,, HCO,, C, NO; Soltth. Si= 3.46~12.11 mg/L B 2143, SO0 SUEE Ad3ke Helt}, o=
Helold, A2 10mgL ol3HEA W& Helth Co,  ANENE 2FHA FUSE AR ol YEES
Ni, Ag, Cd, Ase AV RE a9} ARG A8 e Ax A Adse) Bl 1S HaFe
A 23 7AZEA Yeh Br B, AL Fe, Mn, Cu, Pb, el 739 AT ) RS Al
7n, S, Ba, L, Ciz R0l me) ofgie] o5 B3 UThd A} 284S ok} T A%E v
oXFE Hrf & mgl olate] nFo R g ol FAISES R ARATE 050V 3 skt
pH, Eh, EC= A3l Aol webd A3 sle T glorm FAwe) Al Rale] e EHsH] Stk
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Fig. 3. Relationships between Eh and Na, Ca, SO,, and NO,,
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Table 2. Saturation indices of groundwater calculated by PHREEQC.
1 2 3 4 4s 5 6 7 8 9 10 11 12 13 14
AlOH), -132 -062 -1.32 132 -148 2120 -1.13 -0.77 -101 -055
Albite -1.28 -122 -1.28 -1.28 -1.42 -1.71 250 -0.46 -1.48 -1.30
Alunite -3.52 -1.21 -3.52 -3.52 -5.68 -4.75 -3.60 -2.84 -2.58 -1.22
Anglesite -1.70 -2.71 -342 -2.04
Anhydrite  -2.11 -2.20 -211 -121 -201 -2.11 -195 -1.62 -226 -1.34 -238 205 -208 -1.92 -2.04
Anorthite -2.59 -1.75 259 -2.59 -1.83 -1.91 239 -076 -1.84 -1.23
Barite 0.19 038 019 039 020 020 032 057 -0.16 044 000 015 031 057 037
Ca-smectite  2.16 433 2.16 2,16 245 3.14 228 475 369 439
Celestite -1.21 -2.14 -121 -0.13 -1.67 -1.21 200 -0.85 -238 -057 -227 -191 -1.10 -1.49 -2.00
Chalcedony -037 -0.19 -037 -048 -034 -037 -021 -0.12 -0.06 -0.13 -0.17 044 -0.01 -012 -02t
Chilorite -1.76 -5.51 -1.76 -1.76 162 -131 -2.04 131 -250 -2.28
Fe(OH)y 3.12
Gibbsite 149 220 149 146 131 1.59 165 203 177 223
Goethite 8.57
Gypsum -1.86 -1.95 -1.86 -096 -1.75 -1.86 -1.70 -1.37 -201 -1.09 -2.13 -1.80 -1.82 -1.67 -1.79
Halite -6.96 -752 -6.96 -6.16 -7.67 -6.96 -746 -7.68 -726 -8.05 -71.77 -7.82 -1.77
Hematite 19.10 )
Iilite 1.95 3.16 1.95 1.95 191 221 149 392 267 336
Jarosite-K 0.39
K-feldspar  -0.13 -0.17 -0.13 -0.13 040 051 -1.12 053 028 -0.11
K-mica 839 977 8.39 839 7.77 822 7774 1013 882 991
Kaolinite 395 574 395 395 390 454 413 575 502 574
Quartz 010 029 010 -001 013 010 025 038 040 034 029 002 046 034 025
510y, -125 -1.07 -1.25 -1.36 -122 -125 -1.08 -1.03 -094 -1.01 -1.04 -132 -0.89 -0.99 -1.09
Tale -1.36 -4.04 -136 -191 257 -136 120 -742 -203 -227 -080 -192 063 -163 -225
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% (anhydrous borax, Na,B,0;) 21.1%B Bo] AH&-H&
4 o]lE2 Aot 2 F2 SH)X = mononerE
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7180l FAHA o, Hgag AAES AR
S Th(Fetter, 1993). 2% £1(2003)] w29 A%
GAelA ZARE 171704 A8l 42%% Br 0.08 mg/
Lold& Holed, Br:ClY] HIE AN A3, FUAH
of YA|gF A3k AENAA Bre] Faprt B2 v 9)
o} 53 A8 200500 wWEw A9 21649 A5t
T Brfere A7HEo] Eudl oo vlwz =
Al e Table 1914 B0l 2 2|&4=¢] 3¢ C/Br
H]= 521-30.70 9IR1Hl o= d4v) s A=
WS AAETE CUBr ratioZ} 2 79 Q17HdEq ¢
3k e 7Fsde] Stk o] B9 B vl 4
SHPE AR B E2AEY, ARIAA, FUWE, o
o] 83, Al AT WE To=RE fdct
(Davies et al., 2001). Yo AL 23] o
e ¥k A3le] Br: Cl e sley] Br: Cl 3
H]9} AALSH (Richter and Kreitler, 1993), 3l5FolA Bt
Clo] 3=l QB 290 5= Br/Cl BlE 347+ 10%=
U#HA UrhMorris and Riley, 1966). B|FHL} e A
BE QIZH & g Hhelee §Y F, slre]
ol ot C1o] #9 wZolth(Vengosh and Pankratov,
1998). @A Habdel 79 7o) A Jloly) miEe) x=2
A28 dAsbie ALl o8t Ayt s jitkL B
ofof gith. TeiEE A4 AR, T Bl F3}
AL TE 291eA Zlolo} T,

F2e] whant, B sRREEN 7 Fa%
g &, 3, olitslelh, gRAldlolt) B3] B
9 G rirplMETRE sl o] i Er)
(Auppa et al., 2009). ©157 (20050 W=H =) o)
A TN LA(11712)e] AS Bro] dees
0~86mg/Lo] W, §o] T2 Wet7|sl73ek Barx]9l LM
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Ca, SO,= &L ©]2 B wf sl 28 & ¢
A T e A B e B Rl S i eI R )
Fenet FAgEe] ks HsATIER kA A
HollMs 38 FEAEW, Cu, o 83), o4 Az
£-2 o1l (Yardley, 2005), B FAY A|515lA
= olE9 e v @AV iR HEER etk
FilolZo] 1,000 mg/l oo Z v A dHEE A
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% gl Bk, S B Ao Bre F A2
3 BREY ABE 2 o 9 298 F0) I

A% o & 5 gtk

Sre| Mol

St& ks MY dEEe FEEE SrEhiEol
47.7%21 A28 (celestine, SISO, FEREEAIG )
A&l S FH&F 59.35%9] AEZEJORIO) E (strontianite,
SrCO5)0) 7FE tlEA el FEold|, =AFEE3IMA)
of FUH SiE FEES F 16wl o8k SeBE
& FE PEER VA, A M, B4
A TAEE EHQE Aol A, 013 YHmarl), ARl
A= g}, ool ERIA Eo, IAHE
|0l QIAHAHIE AMgol FHETh 2EEF-S AT
B Faa-g Bl Aslru ARFE KA
W, A7 E2RE A WEHo ey sRFE &
ZHTHUS Dept. Health and Human Services, 2004).

Sr& Caoll MIsle] ATt =7] w2 CaE X8
aP7] #2d £ A3 A9 Cadt Srof S 2
A gR] ehr), e FARE 9491 Ca, Ml ASTAE
ReolA] o eth Sr/C1) Yi(mass ratioy= 3H4(0.000413)
™| W3, £ 2 Zskee e 0.19, 0.03~0.99%
4 E0H(Table 1). ol G5, LG5, A= 543
EXoz ool 3t} 1 Hrhs XFEANA 2 U
S 2 F Utk A8 BH AE A5 Gl
olZ2& ARisiatete] dhEHATUY Sre] FHEFS
194~1667 ppmO 2 thir #A JERITHAEAE, 1998).
oA IAYelA SsrEFol Fe dEZA FHAo}
Khibiny massif®] 28714 dZe|golre Sratol =
o B3] F3HuEY A dedse B g2 Sr
o] &) € tHMalinovskii, 2002).

=] AslolMT Sr dElE A9t St ofs 9
005p] whER 2] Al 7oA 2R
73, SriE 003~503 mgLH 91013l ImgLoldS 374,
0.5 °J31Q0 35 ThARlH 53] B=rladg B9
aA)ske L4l e th(5.03 mgL)yS v FEsk] T
(3. 74 mglL), EN(1.10mg/L), mIke] mlEAt 082 mglso R
=} 2R gl ELAe) 49 Sr 136 mg/lLelth.
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