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Coolers per '000 population

Water Coolers — Growing Up

A “Powwow for Everyone”

 B250M for No.1 of No.Z2
! 40 Acquisitions in 8
! 220M Coolers

countries

POWWOW"

£ 18% Market Share

4 "ﬁ;“
A 10% Market Share EdQn
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UK Market — Healily 2006

& Rottied Water

I Aouarel versus Buxton

A NWPW
I B0% Market Share

! Break even business

f POU not core business.,

i1

i ) .4 * o
{1000 emplovees, 18 sites, 200K Coolers

UK Boitled Water Trends

A Supermarket Brands
{ Price (.5p/100ml}

& Spring Waler versus RO Waler
- I Acquarel versus Pure Life (3. 8{3;1()@5’?@5

New Brands |
! Belu (15.4p/100ml) and One
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The Divorce — 20067 —2008

h Danone decide not 1o buy joint venture
! Eden get private backing

Nestle Walters
I Integrate into Nestle Markets
/ LK business sold to Murray White in 2008

The Future
& Rise of PCU
! Entrepreneurs start the next phase
A Whal will reverse botlled waler
decline”
{ 1s the Home Market Real?
A Innovation
]/ New Formats & Qccasions
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% Cooler penstration of water

. wana Bottle Water Market Size

o Norway
(1) Netherlands

< Denmark

@] Finland
@ Sweden
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Water consumption (L per cap)
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Aix-les-bains

| Thermes de Marlioz(D[E2|22|= HE)

Aix-les-bains
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La Roche-Posay

La Roche-Posay
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Bad-Krozingen

JLIo|= o] whAkX|

HI= H|g|ASH

__56_



& $XB LMETYU MFZ X020 Ol

Bad Worishofen

Bad Worishofen

_5?_




HFEE MAZEY &

Austria

Au'—stria

- SEEE QUUES 2 FAZALR HYUSHHM AlF &

.13 0|AF SRS ZEIS AFRI0] OF 200t 0| 5N HIS SACE
Al XISI0IA 2 20| ChEE

- 22 X2H|Z X|E HEY

_58_




& FXE HUTVU HFZT X012 o1&

Austria

- 2HE 29U ST
- 37| 2 YU 40%E DS Wo WaSH E|Ax}Y

40CH 0| 42] SHHAS F 50LH, 40C) HHS0|
718 B2 8 A

- S0l o 0%} ZEEO| MY X|US BT S
- AIGARILE | A o 30%7F £l HIG REOS SHARS LS
- T2 2 olols AASE 018SHs HIB0| £

italy

._59_




HFEE MAZE &

Italy

- 199741 MEAROM ST 20| Lo SR X2EWI} UCHs NS
Hetxoz =98 & 2Hx=0) 28 H0| JHsHE
ZR[QI0] DEHE B F Y SHXI0IM Z2I80| IHE SHR MAl
- edx|Ee| Hey

- 2SI SHIYS SHOE 322 017D U= e

- SHSYNM SOl SHRYAIE $1 XN2E L i
. YR U4

- 1u0fl 18], 1215 12~18 B

- s, maA, 2fAlo} Sof Hls] F2 B

L]

Other Countries
In Europe

_60_




S FXE MEFYA MFT X0+ &

Other Countries in Europe

- HFE==2H7|0}
- H47E 708 2 O|M0| 2L X=E B
- 2R X2 "X

- - ﬁ.|:-|9‘||0|E _IEE§ EST-3
gaelel MY | = |:|{£ aum | 01-r BH/507)

- Eot2|
- 2 2HLQAXPI} B20 2R = HMYS I[P FE
- 2HAIA YR Z X2} SHX= A2 72
- RCi2EQ| AR £RAIY, E2XZAIMD 20| ¥Fsi1 U=
R M 2RQY SHO| US

]]lU

M= =2 MEes A ME

EXN=EeiC]

_61_



HEE MAZE &

Podébrady, Czech

Pod&brady, Czech
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Heviz, Hungary
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Heviz, Hungary
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Welcalm Investment & Development

Tel. + 822 325 2818 Fax. + 822 325 2819
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interpretation of water—rock interaction)
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Korea University
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XE+ T2 WE =& ojH 98
SHMAD! B0 FBOIS S P oY
AOIOY XIREsEtS(E-2/4 BS)0/
OILBAN F(X6t+)8 pHE X
ZJ}541] Ehi= 2L 10 ZEH O/
2= 4 S0t 80"
Etg of) _
CaCoO, (Zall4d)+ H,CO5 —

Caz*+ 2HCO;~
CaMgSi,0p (#4l) + 4H,CO,5 +

2H,0 — Ca?* + Mg2*+

4HCO5™ + 2H,Si0,0q
2NaAIS;;0p (AHE &)+ H,CO, +

9H,0 — 2Na* + 2HCO,;™ +
4H,Si0, + Al,Si,05(0H), (REE)

5) Xigi==2] steh(#L) =Y

Table 3.3. Major, Minor, and Trace Constituents of Water

Major constituents

Minor constituents

Trace constituents

=5 mg/l 0.01-10 mg/l <0.1 mg/
Sodium Potassium Aluminum
Calcium Strontium Arsenic
Magnesium Iron Barium
Chloride Carbonate Bromide
Sulfate Fluoricla Cadmitim
Bicarbonato Nitrato Chromium
Silioa Coball
Coppor
[RIRIIS§}
| hied

Lithitai
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Rock Ty pe Minerals

Olivine
Pyroxene
Amphibole
Plagioclase
K-feldspar
Biotite
Muscovite
Quartz
Calcite
Dolomite

Silicates

Carbonates

Sulfides Pyrite

Evaporites Gypsum
Anhydrile
Halite

General. Formula

(Fe. Mg),Si,0,

(Ca, Mg, Fe)S1.0-

(Ca. M2)Si,0,,
CaAl,Siy0,
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(K.Fe,Mg)Si,0y,
(KADSIO;
Si0,

CaCO;
CaMg(CO;).

FeS-
CaS0, 2H,0

CaS0,
NaCl

Weathering Process

cong. dissol. by acids
cong. dissol. by acids
cong,. dissol. by acids
incong, dissol. by acids
incong, dissol. by acids
incong. dissol. by acids
incong. dissol. by acids
resistant to dissolution
cong. dissol. by acids
cong, dissol. by acids

oxidation of Fe and 8

cong. dissol. by H.O
cong. dissol. by H.O
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1) Congruent dissolution of (Fe-poor) olivine, amphibole, and
pyroxenes (rare) by carbonic acid:
Mg,Si0, + 4H,CO3 == 2Mg2+ + HCO3 + HySiO4eaqueous)
2H,0 + CaMgSi,0g + 4H,CO3 — Ca2*t + Mg2+ + 4HCO5"
+ ZHASiO&t(aquenus)

| 2) Incongruent dissolution of Na-feldspar (albite) by carbonic
acid:
2NaAlSi;0g + H,CO3 + 9H,0 —* 2Na* + 2HCO;™ + 4H,Si04
+ Al,Si,05(0H),
kaolinite

Under humid conditions:
Al,Si,05(0H)4 + 5H,0 ——2H,Si0, + 2AI(OH);

kaolinite gibbsite
3) Incongruent dissolution of Ca-feldspar (anorthite) by carbonic
acid: '

CaAlzsizos + 2H2C03 + Hzo — Caz+ + 2HCO3' +
AlL,Si;05(0H), kaolinite

or under humid conditions:

CaAl,Si,Og + 2H,CO; + H,0 — Ca?* + 2HCO5 + 2H,Si04 +
2AI(OH); gibbsite

EHAg gtadi) gatEEe] 8t

Chemical Weathering: Carbonates

Congruent dissolution of carbonates by carbonic acid:

CaCo, + H,CO; = Ca?* + 2HCOy’

0.5 CaMa(COs), + H,CO3 = Ca?* + Mg2* + 2HCO5’

Chemical Weathering: Sulfides

Oxidation of sulfides:

4FeS, + 150, + 8H0 — 2Fe,03 + 8H,S0,

HZSO4—'—" 2H+ -+ 5042-

- 88 -
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Hk0} Ca-Cl(-NO,) R

&5 2 XSt 28l
1) &2 Na(-Ca)-HCO, 3
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4 Ralnwaler = -f Low = = =
.9? *ﬁ% w Pathof modeling ) b Hm é! E}E ‘53})0" III"C
8 i g4l /8 BHSH SIh0l
Gb Hm Mx tZ pH, 88 RE,
] | os 2X1AH REO| BIBH|
5o & | Ka Hmmx 2B Qe Jut
2 7.3 (Sung, Yun et al,, in
S Ka Hm prepl)
/ Mx il
o T 7.9 2
B "‘-;l’tj-. 33 Cenmettt 8.0 %
® "%fﬁ‘fgﬁ?-&%- %8 Sbmeoee .. ¢ 8.1 s
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A AR YL AL 80
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loading
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{Chae, Yun et al., 2006,
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Table 107 Chemical Composition of Igneous and Sedimentary Rocks (in paris per million
" unless otherwise indicated)
High-Ca  Low-Ca Corbonate  Deepgea
Element, T |Ulramafis | Basalt® | gronites®  granites® | Shele®  Sondstone® rocks* elay*
i 0.3 16 24 an 66 15 5 57
4 Be 02 0.7 2 3 3 —_ — 26
5B i I 5 9 10 100 35 20 230
9F 100 385 520 850 74 Z70 330 1300
11 Ma (%) Q.48 187 284 2.58 096 0.33 0.04 4
faMglee) | 12 455 094 .16 150 0.10 470 210
13 Al (%) 1.2 028 B20 7.0 8 .50 (.42 240
14 Si (%) 198 135 3140 3470 7.30 3630 2.40 25
5P 195 1130 920 600 700 170 400 1500
%S 200 300 100 300 2400 240 1200 1300
17a 45 55 130 200 180 10 150 21000
19K (%) 0017 0.83 251 4,20 2.66 1.07 0.27 2150
20 Ca (%) 1.6 12 253 st 22 391 30.23 2%
1] Bc 10 7 i4 T 13 H 1 1§ I
27 300 | 11400 | 3400 1200 4600 1500 a0 4600
BV 40 225 .U 44 130 20 20 120
4 Cr 1800 HEL 2 4.1 9w 35 1 %
25 Mo 1560 1750 340 390 830 — 1100 6700
26 Fe (A) 9.64 £.60 2596 1.42 472 0.98 0.33 6.50
17 Co 175 41 7 1 19 03 0.1 %
28 Ni 2000 145 15 a5 €3 2 20 225
30Zn 0 118 60 39 98 16 20 165

Table 1. Natural inorganic constituenis commonly dissolved in water that are most likely to aftect use of the water

Substance

Major natural sourees

Filet on water use

Concentratinns of
synificance (mgyLi!

Bacarbonate (HCOy) and corlxmane (CO3 -—

Caleium (Ca) and magnesium (Mg ——--—--

Clibgriddy (Cl e e e e e

[T (LT | P ————sp—

Tresn (Fed and manganese (MRS -+ omme e

Sondim N3] e e e

Suifave (500

Producis of the solutio of carbonate rocks,
mainly limestone {CaCt;) and dolomil
(CangCOoy), by water containing.
carbon dienide.

Soils and rocks containing imestone,
dolomite, ard gypsum (Cas0.).
Small amounts from i s
ared metamorphic roc

In inland areqs, primanly from scawater
trapped 1n sediments a1 time of depositan;
sition; in coaastal amas, from scawaler in conlac
with freshwater in productive aguiiers.

- Buth ﬁtf.l_l'mcmm and igneous rocks.

Mot widespread in oCcurrence,

Iron pre<ent in most sals and rocks
less widely distributed,

Sarve as fur chiodice. In wome sedimentary
rocks, a fow hundred milligrams per
liter may coour in froshwater o a
resarlt of exchange of dissohed colcium
ardd magnesium for sodivm in the
anuider materils,

Gypsum, pyrite (FeS), and other rocks
coniining sulfur (5 compounds,

Control the capacity of water to new-
tralize simny; acids. Bicarbonates of
caliiure and magnesivm decompase in
sieam bellers and water heaters 1o
i scale and release comesive carhon
dioxide gas. In combination with
colcium and magnedum, couse car-
bonate hardres.

Frincipal cause of hardness and off
bailer szale and deposits in hot-
water heaters.,

In large amounts, increases conmosiveness
of water and, in combination with
soddium, ghves water a saliy tase.

Tr venan concentrations, reduces tooth
recay; at highes concentrations, causes
mottling of 1ooth enamel,

Stain launcdry and are obijectionable in
food processng, dyeing. blraching e
manudacuring. brewing. and cerain
other indusiial processes,

See chlonde. In lrge concentrations, may
persons with cardioe difiuulbes,
hypenenson, and cenain other medical
condilivns. Deperding on the concen
irations of calcium and magnesivm also
prosent in the water, sodium may be
detrimental to cerain imgated crops

In cerain concoimrations, gves waler a
bitter taste and, at higher concentra-
tions, has a laxzive ofiect. In
combinatiun with caldum, farms a hard
caltium carbunate seale in stieam boilers.

150-200

25-50

250

0.7-1.24

Fo(L.3, Mn> 005

B9 lirrigation),
20-170 theakis*

J00--400 ftamel,
001,000 Raxarhe]

b pange dn concontrtion is istended o indicate 1he genoral Ievel ot which the efea on water use migh become signifm,
Ui tange delermined by the ULS, Puble Healtk Senace, depending on water imtake.
Howser pncer sz apshias U dRRLIRE wier foe pimons on 3 srict diet: highar coneersmtion is or hese on a modente del,
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(Chae, Yun et al., 2007, Sci. Total Environ.)

No. of
cxmplon Mean Median Min. Max.
Well depth m 364 624 649 120 3,373
Temp. T 304 32.3 31.0 22.8 51.0
pH - as6 8.6 B.8 5.1 10.2
EC pS/em 351 909 269 60.0 31,653
Alkalinity | meq/L 376 3.0 1.4 0.1 65.9
Nat mg/L 377 151 44.6 2.2 5,490
K* mg/L 377 2.6 0.9 0.1 68.4
ca® ma/L 377 52.9 8.4 0.9 2,000
Mg ma/L 377 8.2 0.5 0.0 678
cl- ma/L 377 170 13.0 1.1 11,850
$0,* mg/L 377 103 12.3 0.0 4,160
HCO,~ mg/L 376 174 78.3 9.1 4,018.7
CO,* mag/L 376 4.2 2.4 0.0 30.3
Fr mag/L 377 5.7 4.4 0.0 40.8
Si0y mg/L 377 25.6 20.9 0.8 122
Total Fe 1} | mg/L as3 o.c4 0.02 0.0 0.2
PO ma/L 10 N.D.2) N.D. N.D. N.D.
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& X|O}4:0] £QUHSE)SEH0 THUY : E-YMES
B
Y W YU zosy
450 ~ 970 m -
Depth (680 m) - Depth & W2t temp. ¥ pH Z2t
o (=] A A
Temn. 23‘(:3“‘;1 T |- pepth =710 vzl I A5 e X 5t(28 =)
== Ol LIEILIE 424 &t 85t
pH ez | Desth@ioleia ZE (848 5, Dig)
o 102 = 2,300 gs/cm |- TDS &1 vl
5 (239) (TDS & 0.66+EC)
. 66~ 2420mefl | oo .
s (239) EC =7 ¥ Depthtd tj
K* 021~ 285 me/l | o cat, Na HCHHEE
{1.08)
S 134 ~ 460 mg/!l |- HCOy", F, CI- S #12F S7194 vi2l
(79.8) (incongruent dissolution of plagioclase)
o - 106 |-Avess @RS
(0.69) {(Mg-bearing mineralse] A% &)
. T 1540 |
50,2 fion) AS0| IE 55 HE HE
i 225~ 199 |- Na* @& S10) vl
(9.4) (OH-bearing minerzls25E 7| #4?)
= tr = 40.8 - pH, HCO,", Na*, Depth2} Hj2i|
(7.23) - Caz 42 W] W2} Oty
e 210 T 1,463 |- AROIM &Y =8
i (69.7) - Na~ &2 B9t vl2l
$i0 1.08 ~ 850 - &S0 e =S
Bt (17.0) - Na* @ Solet vl

Piper plots of water chemistry data (N=377)
(Chae, Yun et al., 2007 in Scl. Total Environ.)

50+4B
4‘0_ -]
30 4
]

20 - 8 :
104
0-

Na-

HCO,
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Statistical Interpretation of Water Chemistry Data: Kohonen

SOM (Self-Organizing Map) analysis (Kim, Yun et al., in prep.)

SO0 -rich’| NSRS

FA e

| W T L

aH !" eIﬁ:b
W el

* Samples = 355
wy W Coml]OII?llts
(variahlag) =16

4

B. Clustering (grouping) of hot spring waters

Cluster A

Clus

K-ineans clusters

ter B Cluster C

Gr = graunites,
Mix = mixed,
Val = valcanic|

Met =metamorphic rx, |
bed = Sedimentary rx, |
Ix,

Hierarchical clusters Geologic labels

Cluster A

— 104 weight vectors and 3 major clusters: i
- Cluster A: Alkaline (Ca-HCO; and Na-HCO,) type |

+ Mixed type

- Cluster B: Acidic, CO,-rich type ,
- Cluster C: High TDS, Na(-Ca)-C1 fype _ ‘
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C. PCA analysis: Relationships betvwween components

Variables Coeff. (p<0.05) Summary of the

Cluster A (Alkaline type) Pearson's correlation
-GN
- i 3 & 0. - .
Na® - Ca?* (F) -0.65(0.85) hydro-chemlc-al variables,
pH - Ca?* (Mg?) 093(086)  implying major
pH -CO;Z' {H;CO;} 0.84 {_085] hydrOCh_emiCal pI‘OCESSES
F - S0 (CI) -0.84{0.80) responsible for the
Cluster B (Acidic, COzrich type) generation of
TDS - Acidity (H,COq) 0.96 (0.82) hydrochemistry of each
TDS - Na* {Ca?") 0.83(0.96) cluster
Na*- F~(SiO;) 0.88(0.77) . "
pH - H2C 03 {CO3?) -0.88(0.80) | .l
H,CO;- Ca?* (Mg?) 093(0.84) - s Example for Cluster A
F -804 (C1) 0.81(0.85) L_ﬂ@,J A
Cluster C (High-TDS (saline) type) l __._f
TDS - CI- {CO?) 1.00{-093) =
TDS - Na' (Ca*') 0.96(0.95) | .&'” ,g |
CF - Na* (Mg?) 0.95(0.96) =—
CI -COs* (F) 0.93(-0.69) | %!l
CO5? - Ca?* (Mg?") -094(-094) [ [+
Si0; - HCO5 (Temp.) 093(0.77) =l

l‘-‘\

#4._.

| D. Summary of KSOM analysis

| 1) Three major types of thermal groundwaters (ot springs) occur in
South Korea. These are:

- Alkaline, Na(-Ca)-HCO, type water

- Acidic, CO,-rich water

- High TDS, Na(-Ca)-Cl typc water

L[ 2) Among these types, the “Alkaline Na(-Ca)-HCO, tvpe water” is

. predominant. They dominantly occur within granitic rocks.

3) Careful examination of the inter-relationships between 16 variables
suggests that hydrochemical characteristics (quality) of hot spring
waters in Korea are controlled by several processes which include:
A) Water-rock interaction (represented by the enrichment of I)
B) Mixing with gaseous CO, at depths (for the CO,-rich water) or
diluted shallow groundwater and/or surface water (vepresented by
the enrichment of NO, ion; for peripheral waters)

| ) Seawater mixing (for the “saline Na(-Ca)-CI type” water).
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-0 X8, 7d S

-0l: S8 S

-0: 225

2) CO,-rich, Ca(-Na)-type

3) Saline Na-Cl type
-0fl: D24, 24t SeH/20 S
4) Na(-Ca)-SO, type (sulfate-rich)

1) Alkaline Na(-Ca)-HCO; type

Teble 1-Summary statistica of trace {ug/L) and major (mg/L) element data in 132 brands of bottled watar from 28 countries

Element Min Mix Median Spread Guidelines WHO" EPA
Major dements (my'l}

Ca po3 508 @E 16,560

My o:u07 96,1 134 14,200

Mo 003 1370 517 51,100

Sr 0.001 1.7 017 17,500

Trage slemants (ua/l)

Ag 60004 2220 aco2 5200 100
Al 019 108 160 560 50-200
Ba o.c2 557 210 22,000 700 2000
Be 0.80004 nao ©.005 801,000 4
cd 0006 0.265 0,008 470 3 5

Ca 00005 23 Loz4 e 1300
or LR 4 0 12 noey wir i

Cu 0.025 196 017 770 2000 1000
Fe p.07a 104 [+ 1480 el
Ge <0001 13 0o1s 119.000

Li 0.057 5450 480 96,200

Mn o028 10 L5 125,000 400 50
Mo 0.006 125 0,30 2030 o]

P 0,001 Lo, Lo 760 1 1%
Rb 0,005 840 osr 162,000

sb¥ 0.001 57 [Hek 1858 W &

sc 0.0005 0.3 o002 630

Te 0.5008 (RT3 004 2eD

13 200004 om Lo TRAD 2
Th £.00002 o2 00002 11,550

u £.0002 9.5 oz 147,700 15 a0

v £.0006 531 4126 164,700 _
Zn 0.043 442 64 10,270 5000

*This study does not indude glass bottles which may leach Fb (Sholyk und Krachler, 200713

#ntural value perhaps 1% of this value, due to lenching of Sb from FET containers (Shotyk and Frachler, 2007a).
* Refers to drinking water.
& Refers to drinking and ground water,

AIA 13201 H=dEe = R DAL 48 S
(after Klachler and Shotyk, 2009 (STOTEN)
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Figure 212, A Piper plot of European bottled minerai waters and their rolation o the rock type fram
which the water hias boen extrasted (modified from Zuwrdeeg and Vao der Weiden, 1985).

I

3. 2<F & HA

o 1) Jls+ 5HOR g Kol

~HEINAE 20 S St RIISEY S0 420

OlXle ‘S22 I(IYSAZ M0 Ul ZAS 21D

£ 28 aclsta U '
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8 -SECB0IU ZH3AS AR = HSISZEREH RISES
5 AS AFED Y (2AUete F2 HE=YE)Y
S>3 2 A5t AUCH

2)“FES 2" e L HEE FASt NA

-J|EEOZ ‘LU B0 Kot SH2 SR SH0l
ololl 1 stetd(sa)0l 20

-mMetA, ‘&2 Xelo £'2 &1 HPWSH| FAE
%=Xl 738 (hydrogeochemistry) Ol CH &t 222 O[5l JF 2 =l 0f OF
BiC} =, 0I12i8t H=E 2 HZ ollOF 2H0I XISt~ X[&£Its8t
e o122 S8 2SR 22 (8 018X SO0t Ot &L
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