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A B S T R AC T

In this study the physico-chemical composition reported on the label of 49 bottled still waters, 
22 bottled sparkling waters and 13 tap waters were used to carry out a characterization study 
by means of multivariate pattern recognition methods such as principal components analysis 
(PCA) and discriminant analysis. Also, analysis of variance was used to detect statistical dif-
ferences between the water types and different brands. The collected data consisted of nine 
major ions (calcium, magnesium, potassium, sodium, sulfate, bicarbonate, chloride, fl uoride 
and nitrate) and pH. The different water types were represented graphically in a Piper diagram. 
In this Piper diagram, most of the waters were situated on the left side of the diamond. For 
the anions, this means that large amounts of HCO3

− and small amounts of Cl−, F− and SO4
2−are 

present. The main cations are Ca2+ and Mg2+, rather than Na+ or K+. Further, it was noted that 
tap water had a higher chloride content, originating from chlorine dosing for disinfection. A 
one-way analysis of variance (ANOVA) test (with known standard deviation) confi rmed the dif-
ference among different water types and water brands. Principal components analysis revealed 
that the differences between water types are best characterized by components that indicate 
saltiness, hardness and pH. The component pH allowed discriminating between sparkling 
water and non-sparkling water. It was not possible to divide the different water types based 
on saltiness or hardness, but it could be demonstrated that different types of water exist (low-
mineral, oligomineral and mineral).

Keywords:  Water analysis; Satistical evaluation; Chemical water quality; Principal components 
analysis; Linear discriminant analysis; Analysis of variance

1. Introduction

There are two common types of drinking water: 
bottled water and tap water. Both tap water and bottled 
water can have many sources. Tap water in Flanders usu-
ally originates from ground water but surface water is 
also used. In other parts of the world also other types of 

water such sea water is used [1,2]. Drinking water is also 
derived from natural springs, where water from under-
ground aquifers meets the ground surface or drinking 
water originates from the ocean where it is pumped to 
the surface from depths of up to 200 m below the ocean 
surface layer [3]. Bottled water can also come from sur-
face waters, such as rivers or canals. Bottled water can 
be naturally still water (mineral water) or naturally spar-
kling water (containing gaseous CO2). Bottled sparkling 
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 water can also contain artifi cially added CO2 gas [4]. 
Bottled water consumption has grown steadily over the 
past few decades. In 2003, bottled water became the sec-
ond largest commercial beverage category by volume in 
the United States [3]. Also in other parts of the world the 
sale of bottled water is increasing [3,5,6]. Bottled water 
is considered to be a safe and readily available product 
and in several countries consumers prefer bottled water 
over tap water as drinking water [7,8]. However, bottled 
drinking water consumption is associated with a higher 
economic and ecological cost [9]. Furthermore, it can be 
demonstrated that the quality of tap water is not sig-
nifi cantly different from the quality of bottled water in 
some developed coutries [4].

In view of this debate on the use of tap water and 
bottled water a statistical analysis was performed on 
the chemical composition of these waters in order to 
determine the differences in major ion content. As such 
this statistical analysis aims at classifying the different 
types of water as their chemical composition may dif-
fer. Marine water for example needs to be desalinized 
before it is drinkable. Natural spring water and other 
drinking waters can be disinfected using ozone/UV, fi l-
tered with activated carbon or treated with other tech-
niques such as reverse osmosis [6]. These treatments 
change the composition of the water. Also, the different 
geological origins of water, the mineralogy of the soil in 
and around the aquifer or river from which the water is 
collected, the residence time of water in the aquifer, the 
degree of urbanization around the aquifers and the cli-
mate will introduce difference in the physico-chemical 
composition of the water [3,6].

The chemical composition of the waters was stud-
ied by means of one-way analysis of variance (ANOVA 
model with known standard deviation), principal com-
ponents analysis (PCA) and linear discriminant analysis 
(LDA). The main goal of this study is to verify if it is 
indeed possible to distinguish among the different types 
of water and different brands on the base of the ion com-
position reported on the labels.

2. Materials and methods

2.1. Water database

The physico-chemical parameters of 84 different 
water types were collected. For most of the bottled 
water types the physico-chemical parameters reported 
on the bottle label were used, although part of the data-
base was also obtained through the data provided [3]. 
The tap water composition was supplied by different 
Flemish water companies. The chemical parameters 
used in this study were calcium (Ca2+), magnesium 
(Mg2+), potassium (K+), sodium (Na+), sulfate (SO4

2−), 

bicarbonate (HCO3
−), chloride (Cl−), fl uoride (F−) and 

nitrate (NO3
−). The applied measurement method for 

obtaining the reported concentrations, as well as the 
accuracy and precision of the reported measurements 
was not questioned in this study in view of the legal 
requirements concerning tap and bottled water quality 
analysis. However, as an independent check on the qual-
ity of the chemical analyses in the database charge bal-
ance error was calculated [6,10]:

% charge balance error =
×
×

×∑ ∑× −

∑ ∑× +
× z m×
× z m×

a∑ z m×

a∑+ z m×
100

(1)

where
z = the absolute value of the ionic valence
mc = the molarity of cationic species
ma = the molarity of the anionic species

In accordance with Güler, only water types with a 
calculated charge balance error of less than ± 10% were 
accepted in this study [6].

The ionic strength of the different water types was 
calculated as a summary of the different ions in the sam-
ple with the following equation:

I z mi
i

n

i
=
∑1

2
2

1  
(2)

where n is the number of different ions.
In case the pH was not mentioned on the bottle label, 

it was measured using a HI 9023, Prominent® – PHEX 
112 SE pH-electrode.

2.2. Piper diagram

The Piper diagram is a relatively old but still widely 
used method to graphically represent the composition 
of waters in a single diagram [11]. The Piper diagram 
only represents the presence of cations (Ca2+, Mg2+, Na+

and K+) and anions (HCO3
−, CO3

2−, SO4
2−, Cl− and F−) 

in waters. The Piper plot consists of two trilinear dia-
grams, one representing the relative concentrations of 
the cations, the other representing the relative concen-
trations of the anions. The two trilinear diagrams are 
then combined in a diamond shaped fi eld. This fi eld, 
commonly referred to as simply the “diamond,” allows 
to classify a water into different zones. For example a 
zone can be distinguished where the chloride + sul-
fate share is greater than 90%. These different zones 
can thus group different waters with the same proper-
ties together (Fig. 1) [12,13]. A template implemented 
in Excel supplied by the U.S. Geological Survey 
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(http://nevada.usgs.gov/tech/excelforhydrology) 
was used for the construction of the Piper diagram. In 
this study fl uoride was combined with chloride. Also, 
there was no data on the carbonate concentration avail-
able and only the bicarbonate concentration was taken 
into account. This will not strongly affect the accuracy 
of the study, as the amount of the carbonate ion (CO3

2−) 
is only relevant, with respect to the amount of bicar-
bonate ion (HCO3

−), in strong alkaline solution which 
is not the case for drinking waters.

2.3. Statistical analysis

Initially a one-way ANOVA test with known stan-
dard deviation was performed manually to demonstrate 
the possible differences in composition amongst the dif-
ferent types of water. For this calculation an analytical 

uncertainty of 5% on the measured values was assumed 
[3]. From this uncertainty, the standard deviation on an 
individual ion concentration measurement was calcu-
lated to be 5% of the measured value. Further, by defi -
nition, the variance on a measurement is the squared 
value of the standard deviation. With these variances, a 
mean of sample variances (MSV) can be calculated [14]. 
Further, the variance of the sample means (VSM) can be 
calculated as the variance on the individual ion concen-
tration measurements. The F-value in the ANOVA test 
can then be calculated as:

F
n= ∗ VSM

MSV  
(3)

where n is the number of measurements, arbitrarily cho-
sen to be 10.

Fig. 1. The sectors of the Piper diagram which represent a type of water, based on dominant presence of ions [13] (http://
nevada.usgs.gov/tech/excelforhydrology).
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 For further statistical analysis, the software program 
SPSS version 17 was used (www.spss.com). As an ini-
tial step PCA and LDA were used to select the most dis-
criminating parameters and to investigate the overall 
variation of the data. The pH was not measured for all 
the water types and therefore PCA and LDA were per-
formed considering the 57 water types for which the pH 
was known.

PCA was used as pattern recognition method and 
aims at reducing a large number of variables to a smaller 
number of representative variables (principal compo-
nents or PC’s) [6,15]. Varimax normalized rotation of 
principal components was carried out in order to reduce 
the contribution of variables with minor signifi cance 
and increase interpretability of the components [15]. 
The number of PCs extracted (to explain the underlying 
data structure) is defi ned by using the “Kaiser criterion” 
where only the PCs with eigenvalues greater than unity 
are retained [16].

Initially 10 factors (all ion concentrations and the pH) 
were used. A fi rst PCA analysis revealed that the corre-
lation of the NO3

− concentration with the other factors 
(i.e., concentrations) values is too low (<0.4) [15]. This 
can probably be explained by the fact that only about 
10% of all recorded NO3

− concentrations differ with at 
least 2 standard deviations from the average NO3

− con-
centration. As such the NO3

− concentration was not 
included in further statistical analysis and only 9 factors 
are considered further. The rule of thumb that the ratio 
“Cases to Factors” should be at least 5/1 is met with 57 
cases and 9 factors.

LDA was used to achieve maximum discrimination 
among known groups. Groups are forced to be as statis-
tically different as possible by forming a weighted linear 
combination of the discriminating variables (i.e., the ion 
concentrations and the pH), the weights or canonical dis-
criminant function coeffi cients (βi) are estimated so that 
they result in an optimal separation between the groups. 
Also, LDA provided better insight into the relationship 
between group membership and the variables used to 
predict group membership [17,18]. The Wilk’s Lambda 
was used to catch the importance of the discriminat-
ing function. The Wilk’s Lambda is an inverse measure 
of the functions discriminating power; the smaller the 
value of Wilk’s Lambda the better the discriminating 
power of the function [15].

As LDA gives unstable solutions when the variables 
are highly correlated and when the assumption of mul-
tivariate normal distribution is not met, we also per-
formed LDA using the PC-scores obtained by previous 
PCA instead of the original variables. As similar results 
were obtained with the PC-scores as with the original 
values, only the results from the original values will be 
discussed further.

3. Results and discussion

3.1. Collected data and Piper diagram

In Table 1, the collected data of 84 different water 
types is presented. Of these 84 different water types, 
4 are considered to be low mineral waters with a total 
mineral content lower than 50 mg l−1. Another 47 water 
types are considered to be oligomineral with a total min-
eral content between 50 and 500 mg l−1. The remaining 
37 water types are considered to be mineral (TDS > 500 
mg l−1).

In Fig. 2 the data from Table 1 is summarized in a 
Piper diagram. In the diamond of the Piper plot it can be 
seen that most of the waters are situated on the left side. 
For the anions, this means that large amounts of HCO3

− 
and small amounts of Cl−, F− and SO4

2− are present. The 
main cations are Ca2+ and Mg2+, rather than Na+ or K+. 
It is remarkable that the different tap waters are situ-
ated more in the center of the diamond than the other 
water types. This means that there is more Cl−, F− and 
SO4

2− and less HCO3
− present in the water. The anion tri-

angle reveals that mainly the Cl− concentration, rather 
than the SO4

2− concentration, is higher in tap water. This 
is probably because of Cl− is formed after the addition 
chlorine [19]. This chlorine is added to tap water to inac-
tivate micro-organisms and to prevent micro-organism 
regrowth during water fl ow in the pipes [9]. Most of 
the sparkling waters are situated in the left corner of 
the anion triangle. This indicates that (relative) large 
amounts of HCO3

− are present because of the addition 
of CO2 gas to sparkling water. The still waters are scat-
tered but in general most of the still waters are located in 
the Ca2+ + HCO3

− zone. The data presented in the Piper 
diagram are very similar to data originating from other 
studies as most of the waters are situated on the left side 
of the diamond in the Piper diagram [3,6]. Also, little dif-
ference can be seen between the different water types. 
As such, further statistical analyses are necessary.

3.2. ANOVA

As a fi rst step, the data was submitted to a one-way 
ANOVA test. The resulting calculated F-values for the 
effect of the different water type brands (i.e., the differ-
ent rows in Table 1) and the effect of ion composition 
(i.e., the different columns in Table 1) are compared to 
the tabulated critical F-value with a signifi cance level of 
0.05 in Table 2. The ANOVA test was performed on the 
total data set, as well as on the individual water types 
(bottled still water, bottled sparkling water and tap 
water). It can be seen that the calculated F-values are 
always larger than the critical F-values, indicating that 
there is a difference in ion composition between the dif-
ferent water types.



Ta
bl

e 
1

O
ve

rv
ie

w
 o

f d
if

fe
re

nt
 w

at
er

 d
at

a 
u

se
d

B
ot

tl
ed

 s
ti

ll 
w

at
er

Br
an

d
C

a2+

(m
g 

l−1
)

M
g2+

(m
g 

l−1
)

K
+

(m
g 

l−1
)

N
a+

(m
g 

l−1
)

SO
42−

(m
g 

l−1
)

H
C

O
3−

(m
g 

l−1
)

C
l−

(m
g 

l−1
)

F− (m
g 

l−1
)

N
O

3−

(m
g 

l−1
)

pH [−
]

Io
n

ic
 

st
re

ng
th

 
(e

q 
l−1

)

R
ef

er
en

ce
s

Ev
ia

n
80

26
1

6.
5

12
.6

36
0

6.
8

0
3.

7
7.

2
0.

00
96

w
w

w
.e

vi
an

.b
e

A
cq

u
a 

Pa
n

na
30

.2
6.

9
0.

9
6.

5
21

.4
10

0
7.1

0.
1

5.
7

8.
2

0.
00

36
w

w
w

.s
an

p
el

le
gr

in
o.

co
m

C
on

tr
ex

48
6

84
3.

2
9.

1
11

87
40

3
10

0
2.

7
nd

0.
05

96
w

w
w

.c
on

tr
ex

.c
om

Sa
in

t-A
m

an
d

17
6

46
5

28
37

2
31

2
37

1.
3

0
nd

0.
02

41
w

w
w

.s
ai

nt
-a

m
an

d.
co

m
Sp

a 
R

ei
ne

4.
5

1.
3

0.
5

3
4

15
5

0
1.

9
6

0.
00

07
w

w
w

.s
pa

.b
e

V
al

ve
rt

67
.6

2
0.

2
1.

9
18

20
4

4
0

3.
5

7.
7

0.
00

57
w

w
w

.v
al

ve
rt

.fr
C

ha
ud

fo
nt

ai
ne

65
18

2.
5

44
40

30
5

35
0.

4
0

7
0.

00
95

w
w

w
.c

ha
ud

fo
nt

ai
ne

.c
om

D
u

ke
10

6
0.

5
5

33
30

7
0

0
nd

0.
00

21
w

w
w

.in
be

v.
be

Sp
on

ti
n

38
15

2.
5

14
28

18
0

19
0

6.
5

7.
3

0.
00

58
w

w
w

.s
p

on
ti

n.
eu

To
p 

Br
on

ne
n

1.
3

0.
8

12
17

0
60

30
0

71
.5

0
0.

9
nd

0.
00

87
w

w
w

.to
pb

ro
n

ne
n.

be
R

om
y 

36
5

10
4

3.
7

0
3.

7
52

28
0

4
0

2
nd

0.
00

90
w

w
w

.r
om

an
.b

e
So

u
rc

e 
de

 C
is

ea
u

72
8

1.
6

4
20

24
2

5
0

0.
5

7.
3

0.
00

68
w

w
w

.s
of

td
ri

n
ks

in
te

rn
at

io
na

l.c
om

L
ou

is
e

11
0

19
11

32
79

37
9

32
0

2
nd

0.
01

31
w

w
w

.c
ri

st
al

in
e.

tm
.fr

L’
oi

se
lle

16
4

79
22

86
43

0
31

2
14

4
1

1
7.

2
0.

03
04

w
w

w
.s

ai
nt

-a
m

an
d.

co
m

Fi
ji

17
13

5
18

2
14

0
9

0
0.

2
nd

0.
00

37
w

w
w

.fi 
jiw

at
er

.c
om

1 
lit

re
52

16
0.

04
2

20
.5

17
6

2
0.

1
0.

2
nd

0.
00

59
w

w
w

.1
lit

re
.c

om
A

u
re

le
10

6
3.

8
1.

8
3.

5
58

.9
27

2
3.

8
0.

9
2

7.
2

0.
00

92
w

w
w

.c
ri

st
al

in
e.

tm
.fr

O
ré

e 
du

 B
oi

s
23

4
70

9
43

63
5

29
2

62
1.

3
1

7.
2

0.
03

50
w

w
w

.s
ai

nt
-a

m
an

d.
co

m
Fr

eu
 H

é
17

3.
5

1
11

18
70

5
0

0.
2

nd
0.

00
24

w
w

w
.d

el
ha

iz
e.

be
L

éb
er

g
12

0
14

4
11

80
30

0
50

0
0

nd
0.

01
23

w
w

w
.le

be
rg

.b
e

O
rd

al
14

3
7

5
17

91
31

7
42

0.
1

1
nd

0.
01

32
w

w
w

.o
rd

al
.b

e
H

ép
ar

54
9

11
9

0
14

.2
15

30
38

3.
7

0
0.

1
4.

3
7.

2
0.

07
25

w
w

w
.m

on
t-

ro
uc

ou
s.

co
m

E
xt

re
m

e 
H

2O
96

.5
6.

5
1

10
25

.5
23

0
24

.5
0

2.
9

nd
0.

00
84

w
w

w
.s

pr
in

gw
at

er
.n

l
Fi

né
9.

7
4.

7
1.

7
8.

7
5.

7
52

.8
5.

3
0

0
7.

8
0.

00
17

w
w

w
.fi 

ne
ja

p
on

.c
om

M
on

tc
al

m
3

0.
6

0.
4

1.
5

8.
7

5.
2

0.
6

0
0.

9
nd

0.
00

05
w

w
w

.s
ai

nt
-a

m
an

d.
co

m
Se

rr
a 

de
 e

st
re

ll
a

2.
71

0
0

5.
5

0
8.

7
7.9

0
0

6.
2

0.
00

04
w

w
w

.a
gu

as
er

ra
d

ae
st

re
la

.p
t

E
ar

th
 w

at
er

58
.7

6.
3

6.
5

1.
9

48
14

5
13

.6
0.

09
0.

3
nd

0.
00

60
w

w
w

.e
ar

th
-w

at
er

.o
rg

N
es

tl
é 

A
qu

ar
el

70
2.

1
0

2
0

21
0

0
0

4
nd

0.
00

55
w

w
w

.n
es

tl
e.

co
m

Sw
is

s 
A

lp
in

a
15

9.
7

48
.7

4.
4

65
.5

90
.4

77
0.

1
9.

3
0.

23
1.

3
nd

0.
02

18
w

w
w

.c
oo

p.
n

l
Sa

n 
B

en
ed

et
to

12
8.

9
17

.9
2.

4
11

.7
43

.3
35

9.
9

35
.3

0
0.

1
7.

52
0.

01
25

w
w

w
.s

an
be

ne
de

tt
o.

it
R

oc
he

 d
es

 E
cr

in
s

63
10

.2
0.

4
1.

4
51

.3
17

3.
2

1
0

2
7.

6
0.

00
65

w
w

w
.c

ar
re

fo
u

r.e
u

(C
on

ti
nu

ed
)



V
au

ba
n

23
0

66
8

40
62

0
28

0
58

1.
3

1
7.

2
0.

03
39

w
w

w
.s

ai
nt

-a
m

an
d.

co
m

E
m

m
a 

(P
ie

rv
al

)
38

15
15

11
32

19
0

10
.4

0.
15

2
7.

2
0.

00
60

w
w

w
.c

ar
re

fo
u

r.e
u

M
on

tf
ra

s
96

6.
1

3.
7

10
.6

9.
3

29
7

22
.6

0
2

7.
2

0.
00

85
w

w
w

.s
pr

in
gw

at
er

.n
l

K
ild

ev
æ

ld
76

14
5.

9
30

39
24

4
52

0
1

nd
0.

00
92

w
w

w
.c

ar
ls

be
rg

d
an

m
ar

k.
d

k
A

lb
er

t H
ei

jn
10

2
13

2.
7

5
32

36
0

5
0.

2
0

7.
5

0.
01

00
w

w
w

.a
h.

n
l

W
at

er
li

ne
22

.9
7

4.
86

0.
91

4.
3

10
.3

7
95

.8
3.

72
0

4.
72

7.
33

0.
00

27
B

on
g 

et
 a

l. 
(2

00
9)

So
on

so
o

21
.2

4
0.

74
0.

25
13

.2
29

.2
66

.6
9

5.
57

0
1.

18
7.

45
0.

00
27

B
on

g 
et

 a
l. 

(2
00

9)
Se

ok
su

22
.3

2
2.

82
1.

25
3.

93
6.

8
79

.9
3

5.
35

0
6.

76
7.

23
0.

00
24

B
on

g 
et

 a
l. 

(2
00

9)
Ic

is
12

.4
6

4.
69

0.
63

1.
51

4.
55

58
.8

8
2.

71
0

2.
05

7.
08

0.
00

17
B

on
g 

et
 a

l. 
(2

00
9)

V
ol

vi
c

13
.3

9
9.

21
5.

67
12

.4
4

8.
61

82
.5

15
.6

7
0

7.
44

7.
78

0.
00

29
w

w
w

.v
ol

vi
c.

fr
Ya

ks
an

12
.0

2
1.

34
0.

31
5.

82
3.

74
48

.9
4

2.
17

0
4.

03
6.

98
0.

00
14

B
on

g 
et

 a
l. 

(2
00

9)
D

on
gw

on
31

.3
8

3.
79

1.
18

6.
3

34
.3

9
80

.4
2

5.
32

0
2.

93
7.

33
0.

00
35

B
on

g 
et

 a
l. 

(2
00

9)
E

lu
m

go
l

7.
78

0.
71

0.
63

23
.3

8
12

.3
59

.9
8

6.
52

0
5.

59
7.

37
0.

00
18

B
on

g 
et

 a
l. 

(2
00

9)
Sa

m
m

oo
l

13
.4

3
5.

11
0.

63
1.

54
4.

74
60

.5
9

2.
84

0
1.

78
7.

3
0.

00
18

B
on

g 
et

 a
l. 

(2
00

9)
Sa

m
d

as
oo

3.
04

2.
55

1.
71

5.
63

1.
92

28
.6

2
6.

06
0

1.
76

6.
89

0.
00

09
B

on
g 

et
 a

l. 
(2

00
9)

Po
w

er
 O

2
43

.6
1

31
.3

1
1.

11
12

.6
2

26
.9

9
27

9.
15

22
.4

8
0

1.
93

7.
54

0.
00

82
B

on
g 

et
 a

l. 
(2

00
9)

W
h

is
tl

er
12

.4
6

1.
31

0.
57

2.
51

7.
08

33
.9

3
5.

89
0

0.
84

7.
01

0.
00

13
B

on
g 

et
 a

l. 
(2

00
9)

Ty
na

nt
23

.4
9

13
.4

4
0.

9
21

.3
6

7.
32

16
5.

05
13

.9
3

0
0.

73
7.

41
0.

00
45

B
on

g 
et

 a
l. 

(2
00

9)

A
ve

ra
ge

82
.0

5
17

.4
5

3.
20

17
.4

0
12

1.
54

20
0.

80
18

.4
7

0.
15

2.
01

6.
99

1
0.

01
04

 

B
ot

tl
ed

 s
pa

rk
li

ng
 w

at
er

Br
an

d
C

a2+

(m
g 

l−1
)

M
g2+

(m
g 

l−1
)

K
+

(m
g 

l−1
)

N
a+

(m
g 

l−1
)

SO
42−

(m
g 

l−1
)

H
C

O
3−

(m
g 

l−1
)

C
l−

(m
g 

l−1
)

F− (m
g 

l−1
)

N
O

3−

(m
g 

l−1
)

pH
 [−

]
Io

n
ic

st
re

ng
th

(e
q 

l−1
)

R
ef

er
en

ce

K
on

in
gs

br
on

ne
n

2.
8

0.
1

8.
7

18
0

50
33

5
71

4.
5

1
nd

0.
00

91
w

w
w

.to
pb

ro
n

ne
n.

be
SP

A
 B

ar
is

ar
t

5.
5

1.
5

0.
5

5
7.

5
18

5.
5

0
1.

5
nd

0.
00

09
w

w
w

.s
pa

.b
e

O
rd

al
14

3
7

5
17

91
31

7
42

0.
1

1
4.

98
0.

01
32

w
w

w
.o

rd
al

.b
e

Tö
n

is
st

ei
ne

r
15

7
12

6
16

.1
10

6
30

13
12

31
.3

26
0

nd
0.

03
32

w
w

w
.to

en
is

st
ei

ne
r.d

e
Sa

n 
Pe

lle
gr

in
o

18
5.

6
52

.5
0

35
44

3.
8

23
8

59
0

0
6.

08
0.

02
64

w
w

w
.s

an
p

el
le

gr
in

o.
co

m
A

pp
ol

in
ar

is
 c

la
ss

ic
90

12
0

30
47

0
10

0
18

00
13

0
0

0
5.

8
0.

04
36

w
w

w
.a

p
ol

li
na

ri
s.

de
V

ic
hy

10
3

10
66

11
72

13
8

29
89

23
5

5
0

6.
8

0.
06

31
w

w
w

.v
ic

hy
-c

el
es

ti
n

s.
co

m
R

og
as

ka
 D

on
at

 M
g

39
3

10
70

15
15

44
22

50
77

50
80

0.
17

0.
9

nd
0.

25
29

w
w

w
.d

on
at

m
g.

ne
t

R
am

lö
sa

3
0.

5
2

21
0

6
52

0
21

2.
7

0
nd

0.
00

95
w

w
w

.r
am

lo
sa

.s
e

Ta
bl

e 
1 

(C
on

ti
nu

ed
)

Br
an

d
C

a2+

(m
g 

l−1
)

M
g2+

(m
g 

l−1
)

K
+

(m
g 

l−1
)

N
a+

(m
g 

l−1
)

SO
42−

(m
g 

l−1
)

H
C

O
3−

(m
g 

l−1
)

C
l−

(m
g 

l−1
)

F− (m
g 

l−1
)

N
O

3−

(m
g 

l−1
)

pH [−
]

Io
n

ic
 

st
re

ng
th

 
(e

q 
l−1

)

R
ef

er
en

ce



K
ai

se
rb

ru
n

ne
n

62
9

69
12

95
27

7
87

6
14

86
0

0
nd

0.
06

68
w

w
w

.k
ai

se
rb

ru
n

ne
n.

co
m

B
ad

io
t

19
0

85
10

15
0

40
13

00
40

0
0

6
0.

03
19

w
w

w
.b

ad
oi

t.b
e

R
iv

er
2.

8
0.

1
8.

7
18

0
50

33
5

71
4.

5
1

nd
0.

00
91

w
w

w
.to

pb
ro

n
ne

n.
be

So
u

rc
e 

de
 C

is
ea

u
72

8
1.

6
4

20
24

2
5

0
0.

5
nd

0.
00

68
w

w
w

.s
of

td
ri

n
ks

in
te

rn
at

io
na

l.c
om

Sa
in

t-
L

ég
er

-d
u-

N
or

d
64

26
21

93
70

47
8

32
0

2
nd

0.
01

35
w

w
w

.a
ld

i.b
e

G
er

ol
st

ei
ne

r
32

6.
9

98
.6

17
.3

2
99

.0
39

.1
17

28
37

.5
0

5.
38

6.
63

0.
04

24
w

w
w

.g
er

ol
st

ei
ne

r.d
e

So
lé

11
2.

2
33

.6
2

0.
43

3.
51

16
.8

6
44

5.
8

4.
64

0
10

.9
4

6.
31

0.
01

26
B

on
g 

et
 a

l. 
(2

00
9)

M
on

te
s

11
4.

8
54

.9
4.

11
29

.5
4

30
6.

7
20

2.
6

18
.4

7
0

0.
73

5.
98

0.
01

93
B

on
g 

et
 a

l. 
(2

00
9)

Pe
rr

ie
r

18
1.

9
6.

18
1.

07
12

.3
40

.7
3

43
5.

3
26

.4
8

0
6.

39
6.

12
0.

01
47

B
on

g 
et

 a
l. 

(2
00

9)
H

ei
d

il
an

d
11

7.9
39

.9
2

0.
56

4.
35

25
7.

6
85

.7
3

1.
5

0
2.

07
5.

65
0.

01
54

B
on

g 
et

 a
l. 

(2
00

9)
Sa

n 
B

en
ed

et
to

53
.4

7
31

.9
2

1.
04

7.
47

4.
76

29
3.

8
3.

24
0

8.
62

6.
16

0.
00

81
B

on
g 

et
 a

l. 
(2

00
9)

Ty
na

nt
 B

ru
is

24
.0

9
13

.4
0.

85
21

.7
9

7.
22

12
4.

0
13

.8
3

0
0

5.
81

0.
00

42
B

on
g 

et
 a

l. 
(2

00
9)

Ta
u

23
.4

1
13

.1
5

0.
85

21
.9

8
6.

93
12

5.
8

13
.6

5
0

0
5.

86
0.

00
41

B
on

g 
et

 a
l. 

(2
00

9)

A
ve

ra
ge

11
.3

8
82

.1
5

12
.7

2
25

7.
32

19
3.

33
99

7.
77

11
0.

37
1.

95
1.

91
5.

76
0.

03
19

 

Ta
p 

w
at

er

Br
an

d
C

a2+

(m
g 

l−1
)

M
g2+

(m
g 

l−1
)

K
+

(m
g 

l−1
)

N
a+

(m
g 

l−1
)

SO
42−

(m
g 

l−1
)

H
C

O
3−

 
(m

g 
l−1

)
C

l−

(m
g 

l−1
)

F− (m
g 

l−1
)

N
O

3−

(m
g 

l−1
)

pH [−
]

Io
n

ic
 

st
re

ng
th

 
(e

q 
l−1

]

R
ef

er
en

ce

W
PC

 K
oo

ig
em

11
8.

92
35

.5
11

.6
1

33
.1

5
10

9.
44

44
1.

53
35

0.
82

3
nd

0.
01

62
w

w
w

.v
m

w
.b

e
W

PC
 Z

il
le

be
ke

59
.3

8
11

.9
1

12
.4

6
42

.9
4

67
.8

5
13

9.
54

82
.9

5
0.

25
4.

77
nd

0.
00

88
w

w
w

.p
id

pa
.b

e
G

he
nt

 a
re

a
77

8.
4

2.
8

24
.8

62
.1

19
0.

31
35

.7
0.

22
15

.7
7.

8
0.

00
86

w
w

w
.v

m
w

.b
e

W
PC

 D
e 

G
av

er
s

84
.4

7
12

.1
2

11
.0

6
45

.6
1

93
.9

5
18

0.
97

85
.5

8
0.

25
8.

05
nd

0.
01

11
w

w
w

.v
m

w
.b

e
W

PC
 S

t-
le

ge
r

13
9.

46
30

.5
4

8.
48

35
.1

5
16

4.
5

37
8.

45
53

.6
3

0.
55

3
nd

0.
01

77
w

w
w

.v
m

w
.b

e
W

PC
 D

e 
Bl

an
ka

ar
t

12
4.

94
16

.2
5

24
.4

7
74

19
0.

53
17

2.
66

15
1.

45
0.

25
20

.7
3

nd
0.

01
72

w
w

w
.v

m
w

.b
e

W
PC

 L
om

m
el

34
.9

1
3.

46
2.

29
6.

91
3.

22
12

1.
06

9.
78

0.
2

3
nd

0.
00

34
w

w
w

.v
m

w
.b

e
W

PC
 H

er
en

t
15

2.
9

12
.7

9
2.

27
46

.4
9

13
1.

33
30

2.
09

10
7

0.
2

3
nd

0.
01

65
w

w
w

.v
m

w
.b

e
W

PC
 H

ol
sb

ee
k

58
.7

8
4.

95
4.

76
8.

94
39

.4
3

13
9.

74
24

.1
4

0.
2

3
nd

0.
00

59
w

w
w

.v
m

w
.b

e
W

uu
st

w
ez

el
 a

re
a

92
6.

2
10

.5
12

.7
81

.6
21

6
18

.4
0.

16
2

7.
47

0.
00

93
w

w
w

.p
id

pa
.b

e
W

PC
 k

lu
iz

en
93

.1
10

.8
4

11
.7

9
50

.5
1

81
.9

4
21

9.
66

91
.7

8
0.

2
8.

11
nd

0.
01

17
w

w
w

.v
m

w
.b

e
W

PC
 H

as
se

lt
68

.6
4

6.
6

3.
2

34
.2

5
70

.1
7

16
9.

64
30

.8
0.

2
26

7.
83

0.
00

83
w

w
w

.v
m

w
.b

e
M

ol
 a

re
a

18
.3

2.
6

3.
2

22
.2

7.1
10

8
10

.1
0.

08
6

1.
3

8.
38

0.
00

28
w

w
w

.p
id

pa
.b

e

A
ve

ra
ge

86
.3

7
12

.4
7

8.
38

33
.6

7
84

.8
6

21
3.

82
56

.6
4

0.
28

7.
82

7.
77

0.
01

06
 

nd
, n

ot
 d

et
er

m
in

ed
; W

P
C

, W
at

er
 P

ro
du

ct
io

n 
C

en
tr

e.
1 D

et
er

m
in

ed
 b

as
ed

 o
n 

th
e 

av
er

ag
e 

pr
ot

on
 c

on
ce

nt
ra

ti
on

.



S.W.H. Van Hulle and M.C. Ciocci / Desalination and Water Treatment 40 (2012) 183–193190

 

Fig. 2. Piper plot for bottled still waters ( ), bottled sparkling water (+) and tap water ( ).

Table 2
Resulting F-values for the one-way ANOVA test without replication investigating the effect of water type brands and the 
effect of ion composition

Brand Tabulated
F value

Ca2+ Mg2+ K+ Na+ SO4
2− HCO3

− Cl− F− NO3
− pH Ionic

strength

Complete dataset 1.29 2202 3741 3050 3653 3466 3368 3719 3864 2774 1805 3150

Bottled still
waters only

1.39 2578 2764 2636 2928 3483 1400 2676 3472 1973 1425 2644

Bottled sparkling
water only

1.61 1877 3673 2899 3142 3570 3056 3704 3721 2984 1922 3031

Tap water only 1.84 711 1613 1497 976 1208 742 1530 1362 2120 3334 759

3.3. Principal components analysis of water data

In Table 3 the resulting rotated pattern of princi-
pal components (after varimax rotation) is presented. 
It was decided to use the three principal components 
with an eigenvalue larger than 1 (Kaiser criterion [16]) 
for further analysis. These three principal components 

can explain 84.8 % of the total variance (Table 3). Fur-
ther, the screeplot (not shown here) had a clear elbow 
justifying retaining the fi rst three components.

The Kaiser–Meyer–Olkim (KMO) criterium for 
sampling adequacy (KMO = 0.358) was not taken into 
account. However, visual inspection of the correlation 
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matrix and the Barlett’s test of sphericity (χ²(36) ≈ 6.48; 
p < 0.05), both indicated that correlations between items 
were suffi ciently large for PCA [17].

The fi rst principal component explains 48.1% of the 
total variance and contains most of the information on 
the monovalent ions K+, Na+, HCO3

−, Cl− and F−. The 
fi rst principal component (PC1) can therefore be consid-
ered as a measure for the water saltiness [4]. The second 
principal component (PC2) explains 25.6% of the total 
variance and contains most of the information on the 
bivalent ions Ca2+, Mg2+, and SO4

2−. As such, this prin-
cipal component can be considered as a measure of the 
water hardness. The third principal component (PC3) 
explains 11% of the total variance and mostly contains 
information on the pH. As such, the following relation 
can be derived between the three principal components 
and the original variables:

PC1 [K ] 961 [Na ] 853 [HCO ]+ +] 961 [Na 3= +
+

−0 096 [ ]0 962 [K+] +962 [K ]+] 0
0++0

.0962 [K ] +962 [K ] .
][C ][Cl878 [Cl878 [Cl− . ]785 [F−785 [F

PCPP 2 4 [Ca ] 9 [Mg ] 865 [SO ]
PC3 pH

2 29 [Mg 4
2= +

⎧

⎨
⎪
⎧⎧
⎪
⎨⎨
⎪⎪

⎩
⎪
⎨⎨

⎪⎩⎩
⎪⎪

+2] 9 [Mg0 0946 [Ca ] +946 [Ca ]]]] 0.0946 [Ca ] +946 [Ca ] .
(4)

In Fig. 3 the resulting score plots are presented. It can 
be seen that bottled sparkling water can be distinguished 
from bottled still water and tap water by its pH value 
(PC3). Saltiness (PC1) and hardness (PC2) cannot be used 
to discriminate between different water types as all points 
in Fig. 2 (top) are situated near the origin. This is remark-
able as PC3 only explains 11% of the variance and should 
therefore be not as discriminating as PC1 and PC2.

It should further be noted that saltiness (PC1) and 
hardness (PC2) are two factors that can be used to dis-
criminate between different brands of the same water 
type, as also suggested by Versari et al. [2]. A separation 
can be made between low-mineral, oligomineral and 
mineral still waters as it can be seen in Fig. 4 where the 
saltiness (PC1) and hardness (PC2) of bottled still water 
are represented. It can be seen that a positive linear cor-
relation exists between saltiness and hardness.

Table 3
The resulting rotated patterns of factors after varimax 
rotation

Variable Factor   

1 2 3

Ca2+ 0.425 0.845* .094

Mg2+ 0.507 0.748* −0.102

K+ 0.920* −0.267 0.131

Na+ 0.902* −0.343 0.019

SO4
2− 0.321 0.826* 0.173

HCO3
− 0.897* −0.086 −0.058

Cl− 0.866* −0.176 0.129

F− 0.715* −0.339 0.003

pH −0.256 −0.091 0.951*

Eigenvalue 4.33 2.31 1

% of explained
variance

48.1 25.6 11.0

*Signifi cant loadings.

Fig. 3. Score plots of the PCA analysis with the water data 
(top: PC1 vs. PC2; middle: PC1 vs. PC3; bottom: PC2 vs. 
PC3): bottled still waters ( ), bottled sparkling water (+) and 
tap water ( ).
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 It can also be noted that on average (see Table 1) bot-
tled sparkling water has a higher mineral content than 
non-sparkling water.

3.4. Discriminant analysis of water data

In Table 4 the canonical discriminant function coef-
fi cients for the different original variables are presented 
for the performed discriminant analysis. The eigenval-
ues of the discriminant functions are presented as well. 
In total 57 different water types (with measured pH) 
were used. In Fig. 5 the canonical discriminant functions 
for the different water types are presented.

It can be seen that there are two discriminant func-
tions. Both discriminating functions are discriminat-
ing as the Wilk’s Lambda is statistically signifi cant for 
both functions at a signifi cance level α = 0.05. The fi rst 
discriminant function (DF1) accounts for 94.5% of the 
differences among the three groups, while the second 
discriminant function (DF2) accounts for 5.5%. Note that 
DF2 differentiates between bottled still water and tap 
water. The variable pH is strongly correlated with DF1, 
while DF2 is mainly correlated with the chloride ion, 
confi rming previous fi ndings: chloride and pH are the 
main discriminating factors between the types of water.

In total 52 out of 57 water types were classifi ed cor-
rectly. This corresponds with 91.2% of the water types. 
This indicates that a considerable amount of discrimina-
tory information is accounted for by the discriminatory 
variables.

Fig. 5. The canonical discriminant functions for the different 
water types): bottled still waters ( ), bottled sparkling water 
(+) and tap water ( ).
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Table 4
Canonical discriminant function coeffi cients (βi) for 
the different original variables and eigenvalues of the 
discriminant functions

Variable Function  

1 2

Ca2+ 0.077 0.063

Mg2+ 0.144 0.070

K+ −0.056 0.057

Na+ 0.068 0.040

SO4
2− −0.034 −0.025

HCO3
− −0.022 −0.017

Cl− −0.054 0.000

F− 0.512 0.002

pH −2.242 0.335

Constant value 14.86 −3.480

Eigenvalue 6.9 0.4

% of explained variance 94.5 5.5

4. Conclusions

This study attempted at separating different water 
types (bottled still water, bottled sparkling water and 
tap water) based on their chemical composition. Dif-
ferent techniques such as ANOVA, hierarchical cluster 
analysis, PCA and discriminant analysis were used.

Based on the ANOVA it could be concluded that 
there exists a difference between the different water 
types and that there also is exists a difference between 
different water brands. Principal component analysis 
revealed that the three main differences between differ-
ent water types are saltiness, hardness and pH. Based 
on pH it was possible to discriminate between sparkling 
water and non-sparkling water, although only 11% of 
the variance is explained by this component. It was not 
possible to divide the different water types based on 
saltiness or hardness, but it could be demonstrated that 
different types of water exist (low-mineral, oligomineral 
and mineral).

The Piper diagram and discriminant analysis 
revealed that the main discriminating factor for tap 
water is the slightly increased chloride content. It was 
otherwise not possible to differentiate tap water from 
bottled still water, indicating the fact that the chemical 
composition is not statistically different.
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