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Abstract

The goal of this study is to provide basic data to establish a foundation for the provision of safe drinkable water. The raw water

of natural mineral water was analyzed to determine the quantities of anions (F', CI', NO;-N’, and SO42') and cations (Ca2+, K
and Na") during the former and latter half of 2016. Analysis of the current quality of the raw water of natural mineral

Mg2+’

+
s

water among domestic manufacturers showed average anions contents of 0.46mg/L of fluorine, 8mg/L of chlorine ion, 1.5mg/L

of nitrate nitrogen, and 12mg/L of sulfate ion. While the fluorine content was greater than the water quality criterion of 2.0mg/L

at four points, the fluorine level was overall stable. The average cations contents included 21.3mg/L of calcium, 1.0mg/L of

potassium, 3.4mg/L of magnesium, and 9.6mg/L of sodium. The chemical characteristics were compared among the major ions,
and the results are presented in a piper diagram. The content ratio of cations was in the order of Ca*'> Na+>Mg2+>K+, whereas
that of anions was in the order of SO,”>CI>NO;-N>F. While the cations were slightly scattered, the anions were generally
concentrated except for at a few points. The Ca-Na-HCO; type was dominant overall in water sources from diorite, gneiss, and

granite, while the Na-Mg-Ca-HCOs-Cl type was dominant in basalt sources. Mineral water manufacturers source their water

under various conditions, including in-hole casing, excavation depth, and contact state of bedrock; even within the same rocky

area, some differences in the water quality type can occur. When the depth of the water source was taken into account, the mean
anions contents of F*, CI', NO3;-N", and SO were similar, with no significant differences according to depth. Of the cations, K~
and Na' showed no significant differences across all the tubular wells, whereas Ca” and Mg2+ decreased in content with depth.
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2. Materials and Methods
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Fig. 1. Location map of the sampling sites for natural mineral
water in Korea.
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Table 1. Number of suppliers and intake holes investigated in the research areas

Item Gyeonggi-do Gangwon-do Chungcheong-do Jeolla-do Gyeongsang-do Jeju-do Total
Number of First half 13 6 11 5 11 1 47
suppliers Second half 14 7 12 5 13 2 53
Number of First half 53 18 29 12 32 6 150
intake hole | Second half 60 20 32 12 40 6 170
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F 31MARE FEEY F 89MLY HFEFL AR > B9 o, FoldA Exste riuE FF ZF
wFo] 28] ZAMSHATH > UEF > nlavlg > 2F £22 A JeldtkFig. 2).
7_1'- @'%tg '@-E}:.Q AL_\,;]EH:] \:1)\ Od)\o]_g zb\]-@;ﬂ)\
23. EMEE 2 EMUY ol o] 47t BHE~2.39 mg/L(ﬁﬁ 0.46 mg/L), 1~63
rA=AE S9 727 724 9 FA7E A FEED mg/L (B 8 mg/l), EAE~65 mg/L (B 1.5 mgl), 1~
Al A2014-1015),° @ Z%, UYEE, "t2vlsE, Z2F2 61 mg/L (B 12 mgL)E Yepsth HFE dHodA e
0.45 pm WEFHQ JEZ AFHste FAS A7 T ICP EAE Xof 21747 #Ho] e A LZ(UNESCO, WHO,
(Jobin Horiba, ActivaS)E Al&3le] EX SR, HEE UN, 1996) €& A A+ E4E F27]F°] 2.0 mgLE A
AZZAE7IE Bt B4, 4ol FdA L, Fitel ZBH Qleh AA ZAAR F A71% 2AH A 239 mg/L,
22 020 pm BEHQA BEHE oFsta] IC (Metrohm 850) 212 mglL2 71EE R 2HsATh FAVES 299
2 259 77BNz AT 2 2 =R A= ARES dAZ B4 gFo] A4 dehd Aoz 4zl
Table 2%} Table 3o Yepll e A& = 0.003~0.124 349t Hnket A Z(Kim, 2005)9 $A1817] w&Ql AL
gL, AEIA= 0.011~039% pg/ll, == 860 %~ 1044 %, 2 AsdH BAE AT FEHES A ARHAA £32

BAYEE 07 %~9.1 %9 HATh 71ES 23FekA gkt
Fol2l 2+, ZF, tvilE YEFS 44 2.6~62.0 mg/L
3. Results and Discussion (B4 213 mgl), EHE~4.2 mg/L (Jé& 1.0 mg/L), B2
=~29.3 mg/L (B 3.4 mg/L), 1.7~46.6 mgL (B 9.6
1. M=o o|=2EtEdH & EN mg/L)E Yetsith ol Ade AFHoE AE9 TF
AE = So0]&e TS FAlo]L > PiolL > ANHAL ZAHE P9 Huh et al. (2014)9] 239} v 53 TS B

Table 2. Instrument operating conditions for cation and anion by ICP, IC

ICP-OES IC

Item Conditions Item Conditions
Instrument Horiba activaS Instrument IC Metrohm 850
Forward power 1000 W Column Metrosep A SUPP 5
Plasma flow 18.0 L/min Eluent 3.2 mM NayCO;, 1.0 mM NaHCO;
Auxiliary flow 1.2 L/min Sample loop 20 uL
Sample flow rate 1.2 mL/min Regeneration solution 100 mM sulfuric acid
Nebulizer type Meinhard Flow 0.7 mL/min

Table 3. Method detection limit,

limit of quantification, accuracy, and precision

NO. Items MDL (ug/L) LOQ (ug/L) Accuracy (%) Precision (%)
1 F 0.006 0.020 98.8 1.3
2 Cr 0.008 0.026 89.8 0.7
3 NO;-N 0.124 0.394 98.0 9.1
4 ol 0.019 0.059 94.4 0.2
5 Ca™ 0.010 0.032 86.0 3.7
6 Na® 0.003 0.011 87.4 1.1
7 Mg™ 0.007 0.021 101.9 25
8 K’ 0.007 0.022 104.4 22
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Fig. 2. Cation and anion concentration in source water for domestic natural mineral water.
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Table 4. Water quality standards for cation and anion substances unit: mg/L
Items Korea WHO U.K France Canada Germany
Ca’ - - 250 - - 400
Na" - - 150 150 200 150
Mg" - - 50 50 - 50
y - 200 12 12 12 12
F 2.0 1.5 1.5 0.7~1.5 1.5 1.5
Cr 250 250 400 200 250 250
NOs-N’ 10 (50) (50) 50 (45) 50
S04 200 250 250 250 500 240
Aok T HeAE mulg e 959 5Y, gL, d AS s FFolud Aske Lol flvke A& v
FlUth(Nova Scotia Environment, 2008)14 F3l Y= she Zlojth FiHdA A e AFEF HHHSZE 05 mglE
(Table 4) P& 7]E IA X PlA< Aoz Yebgth 7V SA UL, AFES AL A A9l B 1.0
~2.1 mg/Le AT AMgALE dd § /U1R2L
32 ME=2| X[9E & EY 7 dRYoHIA L, olAMYALE AX FFHoE A
U HeAdE 499 FEASHE A9EE 289 §A He 2224 F2 099e FVMHIE ARgolU HdER
BE, SoleRl AVE, AT, AdEoAL Fuole  BOE LA Ak AXFel Ju AMPArE AsE
> GAolL > ANPAL > B Fo|n, ZUES} AFE FFEA A=7E ZojHo meE dddFg o] wHE0iA]
AHE G20l > FHoL > AWHAL > Ba 2oz GE AF A5t okd oY AL TEER F
Gaolo] grlolrt w2 FFS B Ast71e ¥t 29 E4Y s £¥2 £ 9 &
Table 59 o] §E¥Ea By, B4t PJFFos Agde o] kol E EAVE flom AAdALd 9 Ae
oA 0.96 myLZ 7} ¥}A, AFEAAE 0.10 mgLE = Aoz dgdny 540 74 L gole F9 sl
7P 9A debgth syt AE oA FHListA & Fatol 22 Fergkol 22 mg/L2 M=V 7 =)L, Al
250] Qe HAFBOY, Ak A AN Ba FE 2 mglE b Yo
ABo] wo] F&Eo] gtk B (Doo et al., 2000)% L Fol29 HA HAd s5= ZHF > UHEF > s >
et AgE AN Bx gEel BA UBd A2E  2F «o Uuut 2¢ 33 dFFoz FFE
FALE SAYE AEY, HEG 2A A0 FAHY 305 mglE PG BRIAL AFEF 38 mgLE 1 WA
th olshe 2E AFEE Bi FFo| UA I Uetgth YEE 2 WAZ da 63~14.6 mg/Le W

R
9A et A 92 BYT, AFES 63 mglE g 2eith s
5

A s
o7 E Utk gaol2E ZdRdA Hi 15 mglE A GEES gAY &8 B g dFS He
713 Eoka theo R EFH TN 13 mgl, AAEAA 4 g Aded AAHLE YEFY U2 dF2 H=AE AT
mg/LZ 71 9A vegth o] ¢ oE A9 6~9 mglL ol @9 FHIFol gle A XL 7] WEA
% EEE Byt gholele Aoz H]ltt mlavlFE FHEAA F+ 5.7 mg/Ls U

[e]
B, FEEE AT 2 AP 2.1~32 mg/LY B

99 A% el
i, T ARAA Grole FErt gAE UA g AS BRIk sl ASEA BeAolu waA, it

Table 5. Regional analytical results and statistical data for the samples in source water range

contents (mg/L)

area Item . - % i + o+ T

F Cl NOs;-N SO4 Ca K Mg Na

Ave. 0.53 15 1.7 7 24.0 0.7 32 8.6

Gangwon-do

range 0.10-1.72 1-63 0.4-4.6 1-21 6.4-61.9 0.3-1.6 0.3-10.7 3.9-23.8

. Ave. 0.46 6 2.1 11 18.9 1.0 3.1 8.2

Gyeonggi-do

range 0-2.39 1-31 0-5.7 1-43 3.6-50.8 0.2-2.5 0-29.3 1.9-46.6

Ave. 0.30 4 1.0 10 16.6 0.6 22 10.5

Gyeongsang-do

range 0-1.75 1-13 0-5.1 2-44 2.6-44.1 0-2.5 0-7.4 2.8-40.9

Ave. 0.96 9 1.0 22 27.6 1.0 24 14.6

Jeolla-do

range 0.22-1.36 6-14 0-2.3 11-33 13.7-62.0 0.2-4.2 0.1-5.9 10.3-24.1

. Ave. 0.11 7 0.5 2 3.8 2.5 32 6.3

Jeju-do

range 0.09-0.12 6-9 0.4-13 2-3 2.8-7.2 2.2-2.6 2.3-74 5.4-8.2

Ave. 0.46 13 1.4 16 30.5 1.4 5.7 10.5

Chungcheong-do

range 0-1.92 2-32 0.1-6.5 4-61 12.7-51.5 0.4-3.0 0-14.5 1.7-19.2
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Fig. 3. Comparison of total contents of cations and anions in the research area.
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AYol] 15.6 mgLE 7Fg A dehgth tiAFoz AF (Chilton, 1992; Kim, 1995). =]

BFe AAHew
=7F e AT g Sl FFE Hole A2 A 4 71E9] 20 mgLdll MAA &2 AAE & 5 A0
q9 Askre sKiRdE AF, AP, ¥, EF L A2 54 Faol22 AAHOR 6~10 mgLe] AR ole Y
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EE(200 ~ 750 mg/L), LEE(750 mg/L o] HE BRI HF mg/LET & $52 44 J3, $E7EL 10 mg/LE
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33 M= 2UME XI5t & /Y EY F& v Ao2 L A(Spalding and Exner, 1993) %1
& ANE7] 8 FAEE sd Fhe SSEEY EY 4718, Bk 59 o999

T 2AAGEY £4 53
F-gol2e £3 FFE ZARAL Table 61 AW 719 @ Froz BUET. BAolLL FASH A5l
298 BYAA SoleF A Fig 449k Zol B 12 mgl, WelT Aeio BF Tl 11 mgl, 13 mglL,

Table 6. Natural sources of groundwater components

Component Natural sources Component Natural sources
Fluoride |apatite, mica, fluorite, Amphiboles (hornblende) | Calcium |Amphiboles, Feldspars, calcite, pyroxenes, dolomite, aragonite
Nitrate |Animal excrement Magnesium | Amphiboles, olivine, pyroxenes, dolomite, calcite, clay minerals, micas
Chloride |Sedimentary rock, igneous rocks Sodium |NaCl, industrial wastes, clay minerals, Feldspars (albite, plagioclasd)

Sulphate |Oxidation of sulphide ores, gypsum, anhydrite | Potassium |Feldspars, micas, clay minerals

15 30
25! 1
_ 10 - . 20
i uF i mCa
£ mcl £ 15 mK
9 9
= =
3 NOz-N 3 Mg
5 1 o 10 -
ESO. mNa
5 -
0 - 0 -
Diorite Phyllite Alluvium Gneiss Basalt Granite Diorite Phyllite Alluvium  Gneiss Basalt Granite

Fig. 4. Concentrations of cations and anions according to the type of rock at the water source.
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sha<etol 9 mg/LE YERR, AFUA0] 2 mg/LE 429
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Environment, 2008)2 < Ut tF-&o] shate s o]Ffolxl
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Fig. 5. Piper diagram showing the types of groundwater.

5 7] W&o th(Nesbitt and Young, 1984). E3F 714
£ g7 ARl ZEH YEFO] &3F8ol o5 23l
Hol & HEZEY f7148 E2o)=YAel ZEel YE
FEO A5 FFFIAY FEY 7= U X#H &
Az ¢ e °lFol7l= FATtHChoo, 1998). 13 W&
FF2 hite] AAA Koy ey FEel wE zbo]
7F YEbg 4 thal AlsE T
Fa ol2dRe 5 E4g 4 vasty] ¢I8 Fig. 5
o Piper diagram©.Z WENJ T Piper diagram X434l
T FFE AWEY, Fol2Fe Y AAE FEHA
2 2 ARE Astae dAZ L2 e
E g Uk FAAQ] $5H8 4 K82 Table 73
Zol A& Huk, AL Ca-Na-HCO;Zol A3t
W, 2 ggoz: Aoz oo BA &L Ca-HCO;
fPo2 Uegth Ca-Na-HCO; #F380] 9413 AL Chilton
(1992)0l| 41 ¢} Zo] HAmtgtol} 49t o] FHe 2
EMete AR &3 A&l Ji ZE JYEE, Z
BEsted 71908 Aoz 9 $ otk Ange 433
]l A&t FEA Ca-HCO;FF Ca-Na-HCO;, Ca-Mg-HCO;
o FHE FAHAT TE Ca-Mg-HCO; FEI7 Holx
ARES o2 AFETG gy EZuto|E9 &%}
{02 Q3 Aog FGAL} 3

o
o e
to

2l

of F%(Jeong, 2011)2 < Utk ZEY FFL AAFHo= THSH ASAE vIRSHA
05~24 mglLe WA= IUF FEolen, A A3 Ca-Na-HCO;3°] 718 gkl dF2 & Na-Mg-Ca-
A AR EXE BT ZES ZEd JYEF H& & HCO»-CIZL 2 FEES € & don, 22 44 A9
e BES Ui o= Ao AZAd Ha) g%  oE H=AZ AzFAEE 2y Addoly 2RAE, ¢
b g, F5e] ZEe, AEGE S 98 44 §F w9 g53d 59 a5 v=nz £4 §3
Table 7. Water types of groundwater
Item Ca-Na-HCOs3 Ca-HCOs3 Ca-Mg-HCO; Na-Mg-Ca-HCO;-Cl etc. Total
Diorite 4 - - - 5 9
Phyllite 2 4 3 - - 9
Alluvium 5 - 1 - 2 8
Gneiss 13 7 4 - 14 38
Basalt - - - 5 1 6
Granite 27 1 - - 13 41
Total 51 12 8 5 35 111
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9] o7t & F vk JZHTh T gol2FY 72 FF 55 AFEY, Sol2F Fol
A BEFog B2l 046 mgL, @40lL0] § mg/L, 2
34. MEQ MEYH & EM EM A A7 1.5 mg/L, E4tol0] 12 mg/LE YERRIL, ©]
U FAR DS FF PoEE 47 EXNS Foluy) ZA B4 $EA7FE 20 mgLes 233 AFGo] 4xH ]
el 150 m o]ske] HE AskE, 150~200 mAkele =7t Rem, ol F A FHELS 7|FX 27 glo] AAZFL
AT A5, 200 mole] AR stz TR AHR 2 dFFUT. Fol2F FAA ZES 21 mgl, TF

$%th ZF= the Fig. 63 Zo] Sol2F FolA Ei:
Z7zt Bd 0.48 mg/L, 0.56 mg/L, 0.40 mg/LE Zold =}
o] glo] "% FHE YERH L, Fhol22 77 B
8 mg/L, 10 mg/L, 8 mg/LE Z Xol= Ho|x ¢gkeh &
AHAL BEFHE RRVIRE 47 1.3 mg/ll, 1.7 mg/l,
13 mgLZ & 5A¢] glglen, Fitol22 AA Hiol
5T 11 mgLE Sol2fFE B Zold 9T 2 &
2 AR & F Utk Fo|F FAAMe Zwol 747 H
239 mg/L, 21.2 mg/L, 193 mg/LEZ AF A5F=Z Z&
FE ZFY %t FAEA U tadles 47 3
@ 4.8 mg/L, 32 mg/L, 2.2 mgLE Z&F uIrA R 4
5 AR 24E 942 FHg BT Qi ZE2
B 1.1 mgL, 09 mg/L, 0.9 mg/lLE 2 ol7} glgemn,
UYEEL 89 mg/l, 9.6 mg/ll, 7.6 mg/LY HFFo=E A
B2 245 R Yol gs BRAFUY UEE,
Z, vtavlsE, ZE, G40, Fitol9 ko] B
olo #Aglol A9 dFF EHES EAth= Hwang and
Park (2003)9] ATAFHS} H|&LstA T, 2, vtavlgS &
o7} A&FE o] ol A &

4 3

H| a7}

o>
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Fig. 6. Concentrations of cations and anions according to the depth of water.
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