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ABSTRACT

In recent years, the sales of bottled spring water (BSW) have been drastically increasing in Korea and other countries,
which accompanied great interests in conservation and reclamation of natural mineral water (NMW). In this study,
management and research activities on NMW in Europe, USA, and Codex Alimentarius were reviewed. In each region,
NMW is regulated with its own quality standards that differ from ordinary drinking water, and management actions are
strictly implemented to protect water resources and to secure quality of NMW. Many studies on NMW were carried out
for monitoring inorganic constituents including major and trace elements in national levels for bottled NMW, groundwater,
and tap water in other countries. In Korea, NMW became commercialized in 1995 when BSW was legally approved as a
drinking water. To further promote utilization of various types of NMW in Korea, regulations and policies for NMW need
to be revised in accordance with international NMW management trends. Further, studies of NMW that compile a
comprehensive set of physical and chemical parameters of NMW are also needed to properly understand occurrences,
hydrogeological and geochemical processes of NMW, as well as to evaluate its potential use as a natural resource.
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B 7o RS deiiE AR =
S pelE ek glovt 7 Ages AAH 5
54 2R} A7} olFolANE Raka glo] B
Ao} 7)ol disiafe 2 el 9 ekt
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et al, 2009; Lee et al., 2016). ol JH42] EF
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JTH(Nam, 1988; Lee and Ko, 2014).
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Fig. 1. Growth of bottled spring water (BSW) and sparkling water market in Korea. Data from MOE (1996 to 2014) and Korea Natural
Mineral Water Association for BMW and from MOFDS (2009 to 2017) for sparkling water.

Ho|tH(Impact, 2018).
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Hlgo] 133] el 1946001 6 Lol Exglovt
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2 ks s HHoR o] fAAFEd7ITet =A
7177t 350 E s FAINETAS Al
&lar Athwww.codexalimentarius.net). ©] FZl=
TS 2Fo=2 7HF3}3L Codex Standard for
Natural Mineral Waters(CODEX STAN 108-1981,
adopted 1981, amendment 2001, revisions 1997, 2008),
Recommended International Code of Hygienic Practice
for the Collecting, Processing and Marketing of
Natural Waters(CAC/RCP  33-1985,
2011), General Standard for Bottled/Packaged Drinking
Waters(other than Natural Mineral Waters) (CODEX
STAN 227-2001), Code
Bottled/Packaged Drinking Waters(other than Natural
Mineral Waters) (CAC/RCP 48-2001)& X3Isl= ] 7Y
o] #HE FAS T Uhhttp//www.icbwa.org/index.
php/standards/codex).
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EC, 2009} 20t 27I1EE tiAZ Eue A Jd4
A AZ FAKRY Ba, F, Mn E% 7104 ozt
o] 214 zto]7} UTH(Table 2).

FHA 78S CAC/RCP 33-1985241 A B39
AF, A2, v BE" A Dol tigk Aol
o] 7L kstar, A AEFS BASH] Sl A
BRATE A, BHFY A, B8y, 2, A, &9
HIRE, 21 AHE 9feh dniel dae A-st o8E W
S FHsla ok dEEE A3 Ak A o)
T HoEs 39 S oA, A Y A A
5 A3 HA BHe Aot B Foll sy
a3k ARk s Stk i Bos)h ddaii=

o] 714, FalelMe] AFTIRE, E2jsiety &
gk gdgt f2o] o] fojxjof sh, A FxS
&= 2 e BHE 7S A%

e A, AR, HF AFlM FFEolor & wA

B8Rl A7) AXE] ot AR Fe] Hd
FAFAN ANE HAESHQ FA7IET FASI
(Table 1).

Al 7R gk o714 gikee) d-E Al 7HA] ZREA O F Codex Alimentariuse 52 A B34
5= EU9 A9 33364 AFH(EU Directive 2009/54/ T FARH A B377E et HeEde 99
Table 1. Microbiological standards or criteria for natural mineral water

Parameters EU mineral water directive Codex Allmentar- Korea

1us

100/mL (20-22°C, 72 hrs), 20/mL
(37°C, 24 hrs) in bottled water, 20/
mL (20-22°C, 72 hrs), 5/mL (37°C,

Total colony counts

24 hrs) at the source

100CFU/mL (low temp.), 20 CFU/mL
(intermediate temp.) in bottled water
20 CFU/mL(low temp.), 5 CFU/mL
(intermediate temp.) at the source

Escherichia coli N.D. in 250 mL N.D. in 250 mL -

Total coliforms N.D. in 250 mL N.D. in 250 mL N.D. in 250 mL
Fecal streptococci N.D. in 250 mL - N.D. in 250 mL
Enterococci - N.D. in 250 mL -
Spore-forming sulphite-reducing anaerobes N.D. in 50 mL N.D. in 50 mL N.D. in 50 mL
Pseudomonas aeruginosa N.D. in 250 mL N.D. in 250 mL N.D. in 250 mL
Aerobic m hili nt / heterotrophi

plzt:bcz untesop ¢ count / heterotrophic ) 100 cfi/mL i
Salmonella - - N.D. in 250 mL
Shigella - - N.D. in 250 mL
J. Soil Groundwater Environ. Vol. 23(6), p. 9~27, 2018
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T ZrpAdie] E8ou S-8520E &5 ] 98l
A=rS AYsl= A7 I3 (Health tourism)©] 2331tk
7} 1841719} 194]7] E0] ] 8715 BV |= o,
164117101 olgejote] g x|oe] o] FXel] 513 X5
B} oAl 71EEY] IS AEE A BHFE o8-
e JAP} Zth(Petraccia et al, 2006). MES -8,
A&, FAF BHo= o|fse A2 ErpAdel 7]es
FAL Q)AL ofefgh Gi A wjFe R ojgEololls 2rlQl
S0l o5l JAE Tt 5449 FGTt SAskaL ok
dE B0, UZg 2Y Ferrarelle 35 ZrATH
0]7Z<Ql Oscian?} Etruscan AFEEAl €A L,
BC A7) B3 X8 a3} S Zo=z o4AXH
2ol AEE] gk Aol UAReH, o]F Plinio the
Old, Cicero, Horace 5 ErIA|H¢] 7] ®AlSo] o]
BRIl sl AFstAT). o] e FEdeE AF
H 7122E9) sl AFTAA frEfsh =2 Co, 3
&, Ca?} SiO, F=7} 574 °]thBono and Boni, 2001).

F=9] ti3EAQ FUAQ! Bathi= BC 8630 J=1<]
gk AlsHARl el o3 1 A|9e] At X sE ATt
U= Flo] A s TAE AL, 2ol E
W7t A] 4WA7F XA o2 o] 85 TtHRobins and
Smedley, 2013). AAIZCE & IH7 23 FUA2] A
9] Karlovy Vary= ©J0] AD 6A7]ol] 1 =|<e] 5
TollAl LA L 13489 Hav]ole] Fo|d J1=
Ao o8l EAE AR 2H5E A Ue &
HAE 7l HAdok 164]7] Zoll -8 23180] X5
B e AeE A ol o] 23 kst Hsgh
o] thal 23x|7e} HUFZ o] &l UTH(Viba, 1996).

depe] Sjs) Belsl AT B A 13

Folu} o] g FUAE oJrlshs Spatks Bel
&

al SHH(Aubin et al, 2004). ZF2~ FH2] Vergeze
e ATAle] 9X]3} Les Bouillens AE-2 BRAEHS
Perrier Y2l UA|E Source PerrierZ2 %= U4
Atk o] AE2 Adeldedls FEA-AA Co, 71327}
Histgon, 1adks FAE 2eRAiZA] Ase &
g7har, sy ozt o] 83tkal geA St 18639
off Y18 347} o] AENA Feli=le FH5E k&
o2 Ashs AL $R1819aL, 1906390 FH At
Agls]o] 1914d0)] 28iTHE | 1964 d00= 260 RHE o] A
A It (LaMoreaux, 2001). L9 % 194]7] o
FH7F 4 (medicinal water; Heilwasser)2A Hj| &)
AL, 194)7] FRkfl= F5Y ofe] Aol FHFE ¥
shke 3EC] AHEa, 59 2379 ok g
sk} EjRslstel] gk B At s 231 9l
Th(Birke et al., 2010). F5 2= A AJ8el] w2}
320 oPERt AR TOE ok e oo As
of SRR HA FH5e 74 7ES VA s A
T2 FHgol uigk dEo]l 2#;Eet fAEH ATk
(Fricke, 1993).
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3.2. fEHARNEU)S| M M 2|

o] AHole 191190 =Y Navheimell 4 7139
International Balneological CongressollA] &= w2k g}
o] 2 1000 mg/Le) E& BolHo] o] 8}3jo] A3t
BE Z7Ml o3l AgE Zlo] Hzolt}h, 18y o] =t
7HE FRdle WA AN dAE iR 35 71
2 oldx ZT=9] A$- 200 mg/Lo]THDiduch et al.,
2011). FHAe A B2 A oo} AAs)
o &M %S Boshal, AP e AS W
AepH, TS BAS] Al 1980del A Bz
(Natural mineral water)oll telk 5 7} R3S A3
JI(EU Directive 1980/777/EEC, 1980a; EU Directive
1980/778/EEC, 1980b), &Aje] o=z 7§45 TtHEU
Directive 2009/54/EC, 2009). ©] AHollx HA F
“A3Pl = FHOIG AFolA FEislal A
W 75 B3l =, vESRoE Y 9
dol gle 72 Aosia ok =3 dA Fee=
AREAQ] Hemd) vl ), v|Eda Fo) AR

3} 54wl os) S4siss st delel el
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o
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Fig. 2. Per capita consumption of bottled water by countries with highest consumption rate (www.bottledwater.org/economics/industry-

statistics).

Bl U85S & = UthFig. 2). B (Sparkling water)2t
HIER (St water)= THEat] B, 200090 &=
Hhof] ZAAIS] By shfjeoll A g7t AR ehe Bl
42 1/3 Y3 (Redondo, 2005), 201639 5 AHIAE
9] 39%7} RS Asshe Aoz JERdTHwww.
efbw.org). ©]23F HTRS M| HY FHgolA vlekike
7 AR = SHARE, Bk A HigE AR
U8 HojEh

AA F= A FEE VEe=E FAEvt
&Aoot B 54T HEE AR AR
o] 248 W7l fe WA 1) o, AT,
el AA 55 o83 H, 3 FE £, 2) 2=
ot A, W7k, 3 I3E, vlx T £, 3) B4
Holl 23t fg] ojitalebal AA T2 FEH T3k
ojpslere] Folut AFY olefelle EAY Hrk=
FE5A get &5 FE &4 ¢F 1| (activated
aluminapl] oJ$t F2o =2 Ak FAEle QL
ZJ(EU, 2010, COMMISSION REGULATION(EU) No
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115/2010)°1 ©j3 &{-8-3kar Ut

A Z8HHQl A 7|0 R agar-agar B F70l A
total colony count= Y54 100/mL(20-22°C, 72A]
7b), 20/mL(37°C, 24A13h), oAl 20/mL(20-22°C, 72
AIZh), 5/mL(37°C, 24 hE Z731A] ekolek 3lat, 7]
53 BLAZE glotok M, 250 mL AlFollA it
(Escherichia coli)e|u} T2 i, B34+t
(faecal streptococci), Pseudomonas aeruginosa, 50 mL
AlZoA sulphite-reducing anaerobes®] FAEEA] grolok
gth= 71l Stk

CO, 5ol o3l AFo] BAsk= HA B3 = il
= COSt B3e] dAll we} o Al 72 FEd

-AAHo R gRlslE dA 359 (Naturally carbonated
natural mineral water): A5t 29| CO, Fo] A
Fgell A E4E oY Y T 719 CoE
Ardehe 2e el Fddlxe] gt 2o &

Aol FEE ZIAE 7K dE 3334 (Natural
mineral water fortified with gas from the spring):
FdoA 9] FEjRT} COo, ol =2 &

-BhakalE A 3 <(Carbonated natural mineral
water): =°] Fe3 A5 HE 71€S 7= CO,
5 WRE
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Table 2. Indications and criteria in EU directive for the exploitation and marketing of natural mineral waters (2009/54/EC)

Indications

Criteria

Very low mineral content
Low mineral content
Intermediate mineral content”
Rich in mineral salts
Contains bicarbonate
Contains sulphate

Contains chloride

Contains calcium

Contains magnesium
Contains fluoride

Contains iron

Acidic

Contains sodium

Suitable for a low-sodium diet

fixed residue? <50 mg/L
fixed residue < 500 mg/L
fixed residue: 500 to 1,500 mg/L
fixed residue > 1,500 mg/L
HCO;™ > 600 mg/L

SO > 200 mg/L

CI” > 200 mg/L

Ca*" > 150 mg/L

Mg > 50 mg/L

F~ > 1mg/L

Fe** > 1 mg/L

COx(aq) > 250 mg/L

Na™ > 200 mg/L

Na* < 20 mg/L

1) not defined in the directive but suggested in this study considering the context (e.g., van der Aa, 2003)

2) dry residues at 180°C and 260°C

A BH59] FA (indication)?} WHT 7EE A
o] QUTH(Table 2). &8F317)| 3K (total dissolved solids;
TDS)Y|Ekal & 4= A= fixed residue ol w2} vy
AR T 55 sk d=Hl 500 mg/L oSk
low mineral content, 1500 mg/LEtF = rich in
mineral salts® ¥AIE = U= 3} o] B A
Aubzel B TDSE 500 mg/LolA 1500 mg/L
& AHSTa & = ok T8 v~ AR
tsliM= FEAIGY A2 Aekre] AEEE a1
sl 7S A8 AoE FAE F5e] TDS 7]
3 A-Esir %7] AF(EU Directive 1980/777/EEC,
1980a)°l4= mineral watere= TDS7} &4 150 mg/L&
Shf3lloF fal o)Xt H O spring waterZ T3S
Uvan der Aa, 2003) o3 7/HAE AZMe o] 71F
L 2HAEAY o] TDS7) Z7lole A BHFE
ARl HEET FEshe A3 HER ARSI oW
TDS AHARES 2 F9] 7IXE FEsh= Aol A7) 7]
mpoz SR,

EU= 17ke] 43 5249] 2o thdh s~2ol thell Eu
Directive 1998/83/EC(1998)2 +A71FS Al e
1, o|& EUS| H== 4271 (drinking water standards)
o7 E 4 gtk 9, A B disixe olet
T2 g B4 Wigk 3, s1E, 1 8 55
HA)3E EU Directive 2003/40/EC(2003)2 #1433 Th.
T ARAA AXE FAVE FA FIEEEES] T
FAE Table 3% 2t} F A3 Aololl 2|7} = &

J
o
rlo
=2
T
g
orl
ofl
:
¥
4
i)
r o
o
B\
T,
2
>
et
£
ol
rr
¥

A AA|&E(indicator parameter)>-Z A7 33 TH=
o] glom, IR FHE FF I 58 53 A
A BT S tEAl Wrlsle] ZIEA| e Apol
£ Holial o} T3 Ba2 YHHAQ] HeEERT A 3
ZoX] A= 7ol O ABE IRlRt VIS
=
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Table 3. Regulatory water quality standards of inorganic constituents established by EU directives and USA for drinking water and
mineral water, Codex Alimentarius for natural mineral water, and Korea for drinking mineral water

EU Directive" USA Codex Alimentarius ~ Korea
Constituents/ Drinking Mineral Drinking Mineral Natural mineral Drinking
Chemicals water water water water water mineral water
(98/83/EC)  (2003/40/EC) (EPA?) (FDA?Y) (CODEX STAN (2016)
108-1981)

Aluminum (pg/L) 2007 - 50 to 200” 200 - 200
Ammonium (ug/L) 5007 - - - - 500
Antimony (ug/L) 5 5 6 6 5 -
Arsenic (ug/L) 10 10 10 10 10 10
Barium (ug/L) - 1,000 2000 2000 700 -
Beryllium (ug/L) - - 4 4 - -
Boron (ug/L) 1,000 - - - - 1,000
Cadmium (pg/L) 5 3 5 5 3 5
Chloride (mg/L) 2507 - 250”7 - - 250
Chromium (ug/L) 50 50 1009 100 50 50
Copper (ug/L) 2,000 1,000 1,300” 1,000 1,000 1,000
Cyanide (ug/L) 50 70 200 200 70 10
Fluoride (ug/L) 1,500 5,000 4,000 1,400 to 2,400% 9 2,000
Iron (ug/L) 2007 - 0.3 - - 300
Lead (ug/L) 10 10 157 5 10 10
Manganese (ug/L) 507 500 507 - 400 300
Mercury (ug/L) 1 1 2 2 1 1
Nickel (ug/L) 20 20 - 100 20 -
Nitrates (mg/L) 50 50 443 443 50 443
Nitrites (ug/L) 500 100 3,300 3,300 100 -
Selenium (pg/L) 10 10 50 50 10 10
Silver (ug/L) - - 100° 100 - -
Sodium (mg/L) 2007 - - - - -
Sulfate (mg/L) 2507 - 2507 - - 250
Thallium (ug/L) - - 2 2 - -
Uranium (pg/L) - - 30 30 - 30
Zinc (png/L) - - 5000 - - 3,000
Hardness (mg/L) - - - - - 1,000
pH 6.5-9.5¢ - 6.5-8.5” - - 4595
Dissolved ozone (ug/L) - 50 - - - -
Bromates (ug/L) 10 3 10 10 - 10
Bromoforms (ug/L) - 1 - - - -
Chlorite (png/L) - - 1000 1000 - -
Haloacetic acids (HAAS) (ug/L) - - 60 60 - -

Total Trihalomethanes
(TTHMs) (ug/L)

1) Maximum limits, 2) Maximum contaminant levels (US-EPA, 2012), 3) Allowable levels (21CFR165.110 as of Apr. 1, 2017), 4) Indi-
cator parameters, 5) Secondary drinking water regulations (non-enforceable guidelines), 6) Total, 7) Treatment technique action levels, 8)
depending on air temperatures, 9) The following term “The product is not suitable for infants and children under the age of seven years”
should be included on the label where the product contains more than 1.5 mg/l fluorides.

- - 80 80 - -

J. Soil Groundwater Environ. Vol. 23(6), p. 9~27, 2018
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Fig. 3. Number of domestic trade names of natural mineral water on the market in Europe as of 2017.

1 =7F FolA Fdellxe 2000 o HA B
) st o g AlLgEo] gom AAE Aachen, Bad
Bertich, Baden-Baden 2] & <&A FUAI= o] Y
o] ZrpAjtiel] AX|E F88o] Zldoltt. ol HA 3
g o8 AP 2ol i A% A ARolHRH
A1 T AAE 7L AR FYo] A FH
ol oisl o ApAle] AE Fart ok FUedlA A
A Fee 5 39 284 EAS TR =5
ou|sty HAH o 2= B (Mineralwasser; Mineral
water)®} 28 339 (Heilwasser; Medicinal water)= T+
BHh 2001 71202 650709] FH5e} 7070] ok

¢

Bz 2357)9] B GAVE 3, 199 104 LE A&
niglg o, =AU 370709 AW FA = 1607027}

Frge} oS AR H2O0F ARE3tH(Zaepke, 2003).
HZERoF Regulations for Natural Mineral
Spring Water and Table Water) (Mineral Und Tafelwas-

R P
BHre

serverordnung(MTVO) 1984, BGBI. 1, p. 1036, revised
on 29 October 2001, BGBL. 1, p. 2785 <J& #4849
o} olol whEw FHg= AAZR] Aol Bl A
FH= Bod AskrrRE feiEolof dkar, ApdH s
2 el eSS IRekA] golek s, o8-S ¢
e TAHoRE IFH 7 Aol BP0l =
Aol A o] = oloF gt sietrdHelN =9 F
fZ=30AFo] 1000 mg/LET ZAY #8 COo7t
250 mg/LE T} 7jof R I, 0|5 TSR] £
sk 735l BHrEA FRIoHH Al FIEA
o] 545 FHaloF it

k8 FHS= Definition of Terms: Quality Standards
for the Certification of Health Resorts and Mineral
Water Springs and Wells(Deutscher Heilb derverband
e.V. & Deutscher Tourismusverband e.V. 1998)°l AJA|
Hof o}, WA &L it o] Vel wEw A
okg Bz Aoyt I A FEHAQl &

Table 4. Minimum contents required to be classified as mineral water and medicinal water (modified from Zaepke, 2003)

Type

Criteria

> 1000 mg/L total dissolved solids

Mineral water

>250 mg/l free dissolved carbon dioxide (CO,)

- > 1000 mg/L total dissolved solids

iron-bearing water

fluoride-bearing water

iodide-bearing water
Medicinal water sulfur-bearing water
radon-bearing water
carbonated water for bathing
carbonated water for drinking

brine

>20 mg/L iron (Fe*")

> 1 mg/l fluoride (F)

> 1 mg/l iodide (I")

> 1 mg/l sulfide (S%)

> 666 Bg/l radon (Rn)

>500 mg/l free dissolved carbon dioxide (CO,)

> 1000 mg/l free dissolved carbon dioxide (CO,)

>5.5 g/l sodium (Na") and 8.5 g/l chloride (Cl") ~ 14 g/l NaCl

J. Soil Groundwater Environ. Vol. 23(6), p. 9~27, 2018
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o7 o|galrle] st apH, A= =Xl tigh &
PL st AR FHEoof slaL, F71HQ] AR
Heglolrt a5 Fslof shH, 5AAR AR s
20% ©oPd, CO, T2 50% oY WEskA| Zolot st
w3l o8 FHSFE TDS7F 1000 mg/L o]0 Avt
Table 40 ANE 7|FET &7} Aok 3pH, o] 7]
T2 USR] £ Aeolle ok EZol gk 23
< A7t By i Ajdel o8l FHE ook sfaL,

| Eo] HYHAY 54, o2 HAFEH 5Y
Al olekEol 7 7]7] A (Bundesinstitut fiir Arzneimittel
und Medizinprodukte(BfArM))oll &J3F 1A o] @4 HTH
(Fricke, 1993; Zaepke, 2003). ©|&]3} ¢Fr2] X7 av}=
54 85 AEE Tv a5 X3l 7IQlsita B
Tt A8 S8FA F=THvan der Aa, 2003).

TDS7} 1000 mg/LL& ‘Fojof Sthe 2712 3349}
oRg- Fxipol] BT A8Eet o] Ve TDSE B3+
2 e 7o E AREA @Al e EU 18 Bt
A 2ot 198400 #-go] HFERlort Sl F3
Froll gk 7 ds BAs o] 7 AEKHoRE uE
7H Ao Z FYEth(Bundesanstalt fiir Geowissenschaften
und Rohstoffe(BGR)2] Klaus Duscher®}2] 7)Q15A1,
2018).

o

3.4. FEo| Mol TS AFAR

RG] Bl WS A= FHGTE HeEER
wo] o]&H7] A2 1990 dtiRE s $3E 9]
o). Misund et al.(1999)y> 51 A Z7ollA] Tof=l=
A Z FARNZ A¥E sele] BH5 T 92hE, |, 8
EF 94 5 667/ 94E ICP-AES, ICP-MS, ICE ©]
f3lo] =43 Ayt H 10%)9] FH3 e HYS
e, o= A7 2-E] $739] zlolof] 7|91shH,
i 2o =4 A4 e ZelE ¥R GEHoA
O =t ®usigth Heg VRS gloy 540
ek AA4d] TRt B & USS AESa, A
HAAE Z9M As, Ba, Be, Br, F, Sr, TIo] A7l W
sk A1 flaid Sl S8 9AadS AASA
AA R ZARE BHG F 15705e] B4 EUg HeE
FA7ES Ve Z0=E Vet o|¢} o] B3
of gt AT}t HeEol vls| wulslaL, 53] wl=t
SoME FAVIESE] Jou f-ddle o Ve
o] AREA] ke el gk WPt %S AFsIA
t}. o]& Bertoldi et al.(2011)2 F5 237} =7}ollA]
iEl= 57170 B d SAEVIAER, pH, ¢

[‘
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2w, F294, EA B 5)2 AR 2 Se,
NO,, Mn, Ni, Ba, F, NO; % 3 &Zo|ie] srr}
EUS] Hex FAVRES 2she 3397t JA19] 2.8%
o], B, NO,, NO; T AAY 9%l 8 =715
o] HAAGR] o) dolgfal B3tk Table 5).

=7} EelAle olgEjolellA s 1587 AAll
A AERE 18682 MYl sl 697 AAE S
Ay} ECOl 0645 F3te] 3HAHSE TDS= 12 mg/L -
1900 mg/L(ES7% 250 mg/L)2] WH$]e]ch(Cicchella et al.,
2010). 8. o]0 oJgt 4 §32 TDY} & A4
© W Ca-HCOH, W9t 5 MgE X 54
UEo] E¥Sh= FHolME Ca-Mg-HCO; 30 Yehgdar,
TDS7} 53t <ol AW #2335y &= Na-Ca-
HCO;9} Ca-Na-Mg-HCO° ", ¢Ze] skl #3419
7} Bdo] 9L, Na-Cl-HCOs= ZzERtolu B21E)
ZEE Sfge] S ol FAEAAL, Ca-SO= ST
olut FshdE-S ke tigsolx U= 5 vl
5 gkt 438S HAFH(Dinelli et al., 2010). NOs=
<0.01 mg/LoA 35 mg/Le] HYo|H(FTY7k=2.8 mg/L),
IR Pro] A 10°vi7HA] = HSIE BoH, F
U 52 FA7IES 2931911, Akeo] A9 gls 2oz
FAE= BeS X3}, Co, Li, Mo, Sn, U 5°] &&
52 HYK(Cicchella et al., 2010). T3+ 2750
Hlgl] 43| w5t ol A7 SslE & 2 o
A9t PET 87194+ Sbv7}, frelyellA= Al Co, Cr,
Cu, Fe, Pb, Sn 5°] Ul =& o2 HEHS
HoJFRJt) Cidu et al2011)2 oJgg]ololl A )=
37789 WYrSt 1589 F5E TY 5789 & 5
S Basle] B4 949] Cr, Cd, Hg, Pboll s
olggjole} WHOS] HeE VTS wEsIglo), |
A2l 20% HEE Cl, SO, NO;, F, As, B, U &=
sht oPdo] 7Es 2Btk Baslgint. ol vie
o2 f3l v Tt A ylgl viEiMe A%
AFE aEsie] Al dY AHZS 2hdo)] HEs] A
g Fa7t S-S AN T olgE]ofollA] ThlE]
= 18709 WSt 15709 B uls] YA
xR elle] Yi FEE S A9, Eele Al
Cd, Cu, Fe, Ni, Pb, Zn2] &=} ¥l Hla] A3
©F 31, Be, Cs, Sb, Sn, TI] 5= HYSFT} =5
R0 AUFoE Tl =UTHDinelli et al., 2012).

=Y A5, 502709 LAY A ALkEE 908
7He] el disl 71709 fAE EA% A3, TDS=
25-4120 mg/LY] W(EYRE 570 mg/L)olaLl, 78 o]

A
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Table 5. Major and trace elements considered in national-level investigations of mineral water in EU countries

Elements

Occurrences, sources, and sinks

References

B, NO,, NO;, F, Mn, Ni, Ba,
As, Se, U

Be, Cs, Co, Li, Mo, Sn, Tl
Sb effect

Al, Cu, Pb, Sn effect

Exceeding drinking water standards in some samples

Detected at significant levels in some samples though they are
normally assumed to be negligible in natural water

Bertoldi et al. (2011)
Cidu et al. (2011)
Cicchella et al. (2010)
Dinelli et al. (2012)
Birke et al. (2010)

Released from PET containers at the level of negligible health Smedley (2010), Birke et al. (2010)

Cicchella et al. (2010)

Released from glass containers at the level of negligible health Smedley (2010), Birke et al. (2010)

Cicchella et al. (2010)

Can be significantly modified from natural compositions in situ

Al, Fe, Mn, Cd, Cu, Pb, Zn

due to aeration, settling, filtration resulting in co- and precip- Smedley (2010)

itation with adsorption to metal oxides

o oJ& 42 3L Ca-HCO,0] Ayt TS X R|ehH,
WHAE Ca-S0,, Na-HCOs, Na-Cl 5 ThoksHAl Yehst
t}. NOs= ZHESAI0T8IA 54 mg/L(FSd3k 0.74 mg/L)
o] WHejoln, ZAME WYPF F 70% Tro] Y7 Eu
HeE VRS TEARITAL Hastdar 1059 B¥Y
T P 5Y9 ek A 590 10 pyls 2393
tar Bk th(Birke et al,, 2010). oJg2]o} XY FA}
o} FAKH Be, Li, Co, Cs 5 HlwE =& 557}
AEHATE BYFY sk 24 A9y oz Hekst
ztolg B=tl, A3Y ties, Al tis, Aas £
et A5, Aokt 7t A9t <&l A8k
3 Jgo| FEHAh 7] AT FHsAE fEE
oAM= Pb, Al°] PETIIME Sb7} 9v] e o=
A=EE IR

B A9 67l AN il 85709 BT
of tist F-718kehd 2ol sk ZALE 53 TDSE 58
- 800 mg/L(&JFk 224 mg/L)e] W9lo)ar, 8 o]0 <]
3 72 §3L Ca-HCOs) 7F8 Bhil, Ca-Cl, Na-
HCO; 55 A}t NO:-NS AdollA] 1 mg/L ©]3}o]
U d¥ AEE Smglel @dhe RHOZ UEuT
(Smedley, 2010). Ba?} Uo] dF ARoN &2 FE=E
vehte=t Hdzke 22 1010 pg/Let 14 pg/L3Ack. &
71oll oAM= PETH-S Sb7t ovshAl =9kont Hol
14 pg/LZ F27IF0 vlsiME e ol f2W
2 Al Cu, Mn, Sn, Zn 5°] tAlsHA =& 02
ettt Bl Asks 495 vads w Al Cd,
Cu, Fe, Mn, Pb, Zn= B4V 4 ¥ 5% 552
HEom dR= (o) T 1008 A% ST, ol
B o]HAE 27, FH, o= T ol A

s FaskEel oled fase] 31 Ee F2E7)

:

o2 FAEAT

A Fdge] 4 547 Ast] fHe 78 g
A3lre] LA v WA, f71E 54, Ask
FAA Foll sl FAolar AAR R Faid A
Fug He7F QtEdmunds and Shand, 2008).
o] A= 7 & 7]1EAX(European Water Framework
Directive; WFD)2] €3ko 2 gl 2| thgt AlH-34
Q1 ARRS Fotalar Aalkre] 93 g BAs] 9
3 =9¥ A3 AF(Groundwater Directive; GD)S

f 2 o
i ol i

S ) sl AT g 0 Bt
g 9% NEARZN Askee) AuREae] 2HS
u

ol i 12709] 2970t tigSel oigk A
It olefgt AT e HA FHFE XFH A
3= 4 B4 BRIsl vlnl AlgEA &8 ot
(Dinelli, et al., 2010; Smedley, 2010).

b

35. 01=9 s &2

ool ME QefHEE 173 #-sk] ap) e
Ao Az BRI A=A o] dEA AJTh New
York 2] Saratoga Springs= 13°Ce] ¥REE 283}
58807 FFro] gt QIdEe] LHFE o)
slal AL 1823 Wl &8E7] AFetnt
West Virginia 2] White Sulphur Springs= 17°C2]
S gelraold o] L BHFE ZTld=
FHAR o] 583 S-80F o]8FUaL, 1840
o ZREE HYTY 522 A=) ARFSITHLund,
1996). ol¢} Zo| mlx% 1947174 33 PRPEA]
2 F5Y o & 4ispt sl ont 194171
sHE)7] AR 2 918k, 190739 & E Pure Food
and Drug Act, 19203t71A] vl=k T=A]o)] =55 <bdg)
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A

20 A=

E 3w AlA 5oF lE B X5 B s
A7} iz oz YolHth(Back et al., 1995). 12t}
197090 FHHEE] WYt vl 48 wef 33
ol tigk WAilo] FA| F71eE] Al aitk(Studlick and
Bain, 1980). 2006 7]FOo =& ml=f) HMAF AH|HS
3209 L2 A 1089 Blsl) 3u) Srlsied, a7t
A MBS 90.5 L2 Al HAIAl Hi<l 24.2 L] oF

o}
gufjol] o]2rKSaleh et al., 2008). =7PH Ul Azt
WG 2HRRS B olggjo}, Wylol|, 5, ek &

2l To =750 v=S UMTHRodwan Jr., 2010).
ey HZ 1533 LRIF RS RS B 2015
o= vs® 4 T7F FEoE aHlEe] S7RIE
golHlRodwan Jr., 2016; Fig. 2).

vl A= B YU (bottled drinking water)= 21522k
=7(Food and Drug Administration; FDAYPIA, &8 9
= (tap water)S 74 E 5 % (Environmental Protection
Agency; EPAYIXA] FAISKAL itk ®{I9= PI= FDAS)
TFY(21CFR165.110 as of April 1, 2015)14 B9 &
A, AHH, Az wel 34 (artesian water), A3k
(ground water), 33d<(mineral water), *8}=(purified
water), XA WS (sparkling bottled water), A=
(spring water), g5 (well water) & TFISH HHo=Z
TSR kL St} o] T BF= TDS7F 250 ppm
Hop IAG 2o, AFskxoR E83oF HSH A
sle] & FFolA frEfstm, Tolu AlolA A=
E2 Aofstar k. B3 Fdg= vMlRdw vR
20 FEFTH A 24do] I e 13 =
7} FHEEojo) slar, wulE RS A7 4 glvkar o
slar Qlot. Fg 2hd A9 BAsE TDS7H 500
ppm ©]3PH low mineral content, 1,500 ppm}%.Ch =ZH
high mineral contentZ}al JFAIE 4= A2™, 500 - 1500
ppm Heo|H Hro] S & o} glokar g3kl
%o A= EUY A 3350 mu|g3d A 178
7} fAlit) BHge] 88 €Ot T Co2 A
2 diA S0l AAF o= wied wfo) 22 T F
d 71Y COE EFRIhH Wy yHisE WHd
Akl gsaL itk MYg= 33 wTAEY 5 0l
B3t AxE = =l o] B9 1 eSS
7IABE=E slar Qv Hubz o= W= FDAS] 7S
WATE S/, Ak, 1A B2e, A=, 3589 5
BE F39Y EE Axsk= 3E s8sh, 9 B
U AlEl gk Hxe] 78S Fal = EUske AlolE
Hola e} mEgh Fge] FAjg]ol] tigk HEe] Ae
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< 3k & U=t AR AR §8sk= EU
A5 AoIY o FAYE S8 Fe
=Ye] o8 FHF T GA] AolE Bl o]
w2} FDAYAE HWdsrel thall |4, 2F 59 A=A
AREOl| W2 R AmAlR} ASFLHE disiie 5
=7 T3 7S 83kl UTk(Table 2).

"=k FDATE 774 Slelds 7IeoR she BXTE
Z5kel Wl dlsl] EPAS] He=E 4271 (Maximum
contaminant level)@} A2 72 3]-8-7]F(Allowable
levelye AslaL glout, o 3ol tisixies oo
o] Holi vt 49 A9 EPAIAE 4mg/LE
A7)FEo = Aala glont, FDAYIME 219422l B4
7Pt Sl A5l EAwEe diEe X9 Y]
2o dAFTo] Wt 1424 mgl BY 71ES Al
Uem, QIfFoE FAE bk 9= 0.8-1.7mg/
L ¥919] 7IES Gslar slo] & AAFHTS 1S vkt
7S AA3t Ati(Table 2). T3F Aluminum}
Silverll thsiM= EPACIM= 73A1Ado] §& Secondary
drinking water regulationsS A3al 194 FDAdIA=
olgfgt M glo] o] AE=el M= 87 At
3 Ak Cust Phell TiEIME 2polE Hol=t] EPAS]
MCLAXE FA8] X7 AAISkL 004 FDAC
M olrT} w2 oA F87ES Akl UTh Ni
o] tisix= FDACIAYE 58715 Askal Ut

m O

4.1. S = 22| 7|1FE

A ShelMe A Bt B HE 7eol
glatAl AXEe] A k. 7P BEAe] =& HeE
deelre AN Aol Rl ¢kl A8}
e &35 5 Y S AE AT & 3
2 dee] AR E5 He 8= AR d5(R
K)E Gk, HeAlEeldt AES Bl Adel=sE &
gjHog sk o WHleE Axd B3 Il
gk Ao Jle], & FEH g AFe itk A8
ZollA Aol o]=f: FIEdo] Bol erEe] ol ¥
SAEY FFERR ol87RI7E 22 o] HEHo]
e AGe AERATHo R AP = vl sl
4 tisf AFaL glovt oy 249 dHE V)
o] A A Gtk ok, G T FEELATO
2000 mg/L oV fRIthrS ¢ke] AJelrma] 429 <t

A

WIS A% AN F A A el B w5
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T2 AT dee YeE Y A3z dAsE
Aojslar k. AREE B
2 AYske 59 WHoE AxS 5 Hedx s
3 gtk

HEAE AEX9} B ol HeEe]
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CO, ) FaiMe HeEdgadrle Al
A20z00| A “AZFHNA TR IE AASAY 71
T Atk vk, SRERE Frlsle Aeelle 95 Sl
21 R sl e g Ure 3 ()
alod ARgstedof gioharl o] Slof 271 Co,
A7k= &83lal e EUY 82k Afel7t k. &g,
HeAE] e BMPERY HF w2 03AE
(CO, EE=1000mg/L, 25°Coll*] CO, #3+=0.667 atm)
njRte] EE5 skl Qlo] BRPR: FEO Al o
g 7g0] Yl EUSE 9A] Zfol7t Qdoh. Bk HE o=
B 2] oRERIA Y] AR A o=
ERPIAE skl e EolAY HeEdl EhbieE
7Fete] RabzbAgto] 1.0 kg/em*(CO, E94=0.968 atm;
25°ColA CO, F5E=1450 mg/L) o3 B & FAslaL
ol HedEde ¥rg FAEEar ok 74 gk
o] A= kARl HEES 3183 AR A3k ¥t
712~9] 719 HARBHA] %2 A2 EU9t wl=re] #d 5
A} 2fol7t ot 53], gl AeEA] HeES A
S AL SR} AR A B3Ge] 7R EA9=
A7} Aok HZ J53] 7RI AR e Tl Bt
T AEE 1T o AFE BAISK ARt A 3
HAFEA Y] RIFE 98 5 AsE & Javt ot
(Kim and Jang, 2015). 3+ AM8shs g27io] 719
o] A Fxgel FUIA oPdAE FHESt A|A|St
BRe] A B olEl CO0l 71eAel tigh AR E
2R A e8] AlEE dart

S, sligre] &8 ARSI Sl 3
ol A3 HE ApFolA ST 9 4

e

=

:

3te] nit}el] EAYSIHA 29 BdS Ag AT
U= HIEEA 5 ATVl ARk Anes Ao
o] St} AYATTE Aol FHoE HE 5 3l
5 AgdelA Alx == 7heet 24 SA% FA7|E
A3t AL HesFlEgear st
AR, Hes Tl teik= ¥
5 FAVE 2 A Sl B A AlxollN A%
G Avd FEFEda dusty] HeEe 27
A} o] T LRk¥o g wdlEAdREe] A
A= BE, pH, SEFRE, diole, &
Jbole B4, Hol] U3t A3k 7IFX= Table 63 2t}
w3 FxRE 7] Adelgt FU1EE & tEsik=
AAEI AT Flle Fgold vl=a g2 Ay e
M2 FEEo] flou= AFoy HeEsEe sl He
o] 7IFS FAY FL3HA] et oA 23S T

2 Mo

15

Ir
i
o
)
rr

_—

T HedES] FAVIES SAH] A B3

H|wald Egte] xjolzt des] =t
(Table 3). T3+ 537 wToMe @Y 7S 72
= ¥, gyldiae At ARl 48 BF 4
A7) S8 ME deMgY] F /A 2 VIeEe T
I o] EZS A AAE 7K e 53] ok
(Table 6). & 0 7] 79l AEAAME FfAlSkaL
AA] o} HEMEAME 03 mg/Ly 7IEXE 283
o} 2715 =S AHEYE QL Fe, SO, Zm= A O
2 AIBHA Al =t FujellAe AnA FEFEEd
A3 71E3E0 24 Cl, SO, Zne AEY HEANE &
T, Fee HeAEdA FAIRIE Tl Atk F<jellx
= FA7REAA Y FEPE -l tiEiMe HA
TEERI e TARE FARE, AvE FERFEdoly

4 PGB AT FRES WA TEAL T A %

L

Tolth. AEE Catt Mg v59] oz RdAF = Ca
7 Mge A ZHplA 2o F98 7Fsd0] =
A vulE FEEZ IHA A O™ (Edmunds and
Smedley, 1996; WHO, 2009), F3<e} Bdsie] =4
TAE 3k 21 Ioollx fAksE AlElE 7] ofHoth
ES Fe HeAEdA FRERTE 52 7SS 71
Ao =9 7lERT AAS VIS A8skar o
HHH | Sh, Ni, Ba, Be, Tl 59 &5 Fe|o= 4=
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Table 6. Selected Korean drinking water standards of various types of water including natural mineral water as of Oct 31, 2016

Constituents Tap water Spring water Drinking spring Saline Drinking saline Drinking deep
water groundwater groundwater seawater

Fluoride (mg/L) 1.5 2.0 2.0 2.0 2.0 1.5
Arsenic (pg/L) 10 50 10 50 10 10
Selenium (pg/L) 10 10 10 50 10 10
Boron (mg/L) 1.0 1.0 1.0 - 1.0 1.0
Strontium (mg/L) - - - - 4 4
Uranium (pg/L) - 30 30 - 30 -
Hardness (mg/L) 300 - 1000 - 1200 1200
pH 58-85 45-95 45-95 58-85 5.8-85 5.8-8.5
Evaporation residue (mg/L) 500 - - - 500 500
Chloride (mg/L) 250 250 250 - 250 250
Sulfate (mg/L) 200 250 250 - 200 200
Iron (mg/L) 0.3 - 0.3 - 0.3 0.3
Manganese (mg/L) 0.05 - 0.3 - 0.3 0.3
Bromate 0.01 - 0.01 0.01 0.01 0.01
A71ES Fa o Idelle Aoy Hedls 2 gint ope} Hojahg @ ES o83 31k A= <l
FolA ZIEAE FaL A &tk ot She HeatEol g3}

3

ATt 71 el A Bzl gk AAkElolA N,
Ba2 AFAIFAN 9] FAVIEAE 23] AlEl7E
3L, Be, TR Aol Utz og oids)s =Rt
= AEHE 297 ASeS A wi(Table 5) =W
A FglA o]Hdk Yase] AEEAES AL
AR 7IEAE ARt Belsieior skeAls Wk
ga7F A

ke teire Illdlie FH 2ol HeAl
& Azt dsl] LS S8R E oF vt
dE BEakdel theiMrt +271ES A8skaL ok 1
2 FFeEolu HEREe 7IEAE FaL 2

Aed Hedee] ok s ridls
e Aelshd 1 A B TIe 2 2
2] e}, Azt 52 FIE 7IEAE FaL o] o

A= PBESAR] FAPELE I9] 7 e U d4s)
A BEslaL YTh(Table 1). e}, B4 odx) #:A
4=

sl 24 AT, & tPdte] VIeAE A
o] o, T o g U4 LGAARKRI it
Tt (Escherichia coliy2 7I&ol §h=dl olol disix=
7} Has Held.

HeAEe] Al ddside HAeEEE A0
, He=EP Al A2 2 OESE soll HAlE
ok A, A}, 7] e AReAS o83 B8k 4k

Zj'

QM ) [e]
e fARS A 13 B3 5ol 22

32 N

Jas I T T =
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a1 Aok Hredael A-aiaE AR §8etar
UA ot EegElE d8skal et ol
A2E P tiie] wMEo] AlAE
BOItKKozisek, 2005). TeL} LR=ZE @A) =gz
g S AR TR AT & ATHKouti,
et al,, 2004). AR AJPH M= o]t & s}
of Fo F71ES e, FLVFE, pHO ®iEPE 20%
offfelofol Fttar srgslaL ot CO, 7ok wHshA
= 597199 COE F7kehe AL sl8shd 27l
o] CO, H7k= 3838k &L Sk REFS o83 4
e BAARI HE AART ohel A4 AEA] A
3t 4= Ql= trihalomethanes WAJo] Zof de] o]&%aL
AT Ty @F A TjRRE AR AT
7] A5HAHEE = aldehydes, ketones, ketoaldehydes
Fol Ui, 77 AEPEEE BHEAY (bromate),
hypobromite, #2384 5©] ATthRichardson et al.,
1999). £3] HEAYS Br 57} &8 7450 2t
T St ol aEsle] HeAlEols FET 2ol B
221 $£A71FS 001 mg/LE A3kl TH(Table 6).
=W 18] 8S EUS Blushd, EUAE 713
o7 PHFY EAS Ueie IS Hs7IA|
HelellA AElE s8-8k o, Aepiae o
k= sl8skA @al, o Age 8L s rIAE Al
ARTh= 4, &, HlA 5 s AAE 520 583}
= 5 B2 HollA zelE Holal itk
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4.2. TLH M1 = BE oAl

Zule] M FHG AT ARl HeaEo] dhlsl
7] oJHelle T2 Bk, o Ak Al tigk iR
At FE)ATsEl 994 24 Sl g AEE A
T7F o]Fo]RA AHZo]ai(Koh et al., 1999; Yoon and
Kim, 2000 &), U] 334 #3xu 5490 tigh 394,
AAA A oA FEER] KEkar ok T3 H
AR dutslE 1995 ool HEAE U] o
U gl g FoYAE SO 3 RFs)
A, FeATEE A7t T2 FYEAKCho et al.,
1998; Doo et al., 2000 5). L2t} =af) HeEHEL n)
v o] vl 4 AR ThelsiA] ot =l 3
ol ot iztAde] Eoar & 4 gloh 523k eix)ts}
ol e S A7 T8
AR 8 COE tPeZ 3i9lom wEgdA, Co, ©]
Qo] 8 7|, TRt 94 5 TR gl =l
A FHpe] AR FEATslEy 5490 A =
Aol st A5 A7 433 F=3)ct.

YA AEEE 2GR AxE WG] AT
3}stA B3} #A#Hsle] Bong et al(2009y= tiEAQd
12%2] vghlrE HEAE AEFE A8, TDS
= 60-150mg/Le] HHoIHET 95 mg/L)e|H ol
I} FoldZ tiEAQ] o9 i T Ca’l 152
mg/L, Na= 6.9 mg/L, HCO;7} 64.6, SO,7} 8.6 mg/L
ola, F8 ol2d gt 4 {FHL UFE Ca-HCO;
oItk o] A=F I WUFS tiEgte s 7Pgeiar
FEAYGY A F5 BY5e) vlaskE TDS 7S
2 HAge AR Tda ARk 3ds] sl A
1Rl TDS F<r0] Sl 315k 549 tiME virfar
g 4 ot

Il Fxige] 54 B 715 Nam(1988)°] <
3 kol A HESEE 7K Xak Wdoll oish
54 A A7, 78 o], €O, 3, pH, TDS =
NaClE 7IEe 2 X319 g X5 Ot Tk,
A, A, WA, vighldd, nige s SR
slo] AREAQI 2lol= WEs] RS AT A
2= olEfd BRrIEe JAEE S4les Al
sty HEst T ARSHA @gkar, JR-aE] o

M= 7IEAE QL FHEeE Hrkslal it oE =

o
5
I
x
e
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>,
X
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600 mg/LE ZIshd wHle] $k3} B= olw5A4e] Utk
I 3o A7 ANEA] ekstar, frelekik(free CO,)
o] 250 mg/L(25°ColA9] CO, #94=0.167 71hHE
e BRI E RSO 9A] L AV B
S3kA] gt

ol Fzdaee] el et dsiA 7P de
o] &%= 715S Hashimoto et al. (1987014 A€ at
AE B AHE(O index)?t 1A E AXEK index)olth.
O index= mg/L & ©9E thea} o] AHojwq, o]
ol 2.0 ool BRlE B2 BRI

O Index = (Ca + K + Si0,) / (Mg + SOy) (1)

K index= mg/L % 9= T2 o] AHowar,
o] gro] 5.2 oPdolH A B2 ERIIAh

K Index=Ca—0.87 + Na 2

Hashimoto(1988)0llA1= ¢ A5 THE
ABFL Atk K indexE 1947 - 195053¢] 43 Sk U=
Ao AFH oz PRl HEF 79 AIES &
& 24 Wt 27k AdRAds #4581 Ca-
0.87 Nag A= AL, 71 AFdEo] B 299
S 2491 528 A% B9 HAAE A
O index= EHlo| =& k3
T AJRoE RSl =EIINAL, ol tIRAQ] A5
o} BHgol] Hgsle] HRlE B3 2R o Bo] A
AZ 22 A3

o] A¥E we Y Ao B9 ul ARAS &
Fole 7Ee® E8HAHKIm et al, 1999; Song et
al., 2006). Lee et al(2011)E O index?} K index®]
TZ ZA7} HE Hashimoto(1987)2] 2 #29} A=}
59 dAE BFAA o] 85 AR vt U5 A
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slod 4% M indexE AABAL, ©] A47F O indext.
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g Al S EdiE A=A Juliy e ST A5
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