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Introduction

In northern Norway, a region remote from
English industrial smokestacks and with an
'ultraclean Arctic' image, the Geological Survey
of Norway (NGU) has initiated a one-year moni-
toring programme of 7 water sources in Nordland
county (Fig. 1), with sampling on a monthly
basis. The sampling procedure is in accordance
with the Norwegian legislation on sale of bottled
water (Sosialdep. 1977). Three of the sources
are near-coastal high-mountain lakes, remote
from human activity; two springs emerge from
Quaternary deposits; the remaining two are
Palaeozoic limestone karst springs. The field-
work was carried out from November 1992 to
February 1994, covering water sampling, field
investigation and continuous monitoring of water
discharge and temperature. At the Kattdalen
karst spring, electrical conductivity was also
continuously monitored.
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Fig. 1. Location of the sites of the water monitoring programme
in Nordland county.
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Fig. 2. Time-series for calcium concentrations (a) and dischar-
ge rate (b), Kattdalen spring (November 1992 to February
1994), Norway.

During spring 1993, it became clear that the
three sources from the coastal high-mountain
lake areas could not be recognised as 'natural
mineral water', due to lack of natural protection
(not groundwater). Because of this, the sampling
programme was terminated for these three sites
in August 1993, and site investigations were not
completed.

Results

The time-series water quality data from this stu-
dy show a strong negative correlation between
water discharge and the concentrations of Ca
and Mg, reflecting the interplay between water
residence time and mineral-water interaction and
dilution. For the karst spring at Kattdalen the Ca
concentration fluctuates between 48 and 55
mg/l, which in Norway is regarded as high (Fig.
2). The bacteriological quality is excellent at all
sites, including the high-mountain lakes. Table 1
shows summarised results of water quality moni-
toring.
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Ca*™
(100%),

Mg™ (100%)

1 ASHBOURNE (England)

2 SCHWEPPTIS MALVERN (liagland)
3 HIGIILAND SPRING (Scotland)

4 PITKEATHLY (Scotiand)

5 BALLYGOWAN (Iriand)

6 VOLVIC (France)

7 VICHY Celestins (France)

8 PERRIER (Prancc)

9 VITITL. Grande Sowrce (Prance)
10 VITTEL Hépar (France)

11 EVIAN (France)

12 ENSINGER SPORT (Germany)
13 FURST BISMARK QUELLE (Germany)
14 APOLLINARIS (Germasy)

15 BAR-LE-DUC (Netberiand)

16 SOLAN DE CABRAS (Spain)

17 SPA Reine (Belgium)

18 CLAVDIA (ltaly)

19 RADIN (Sloveaia)

20 BIRUTE (Lithuasia)

21 VYTAUTAS (Lithusnia)

2 THEODORA QUFLLE (Hungary)
23 MARISNSKF LAZNF: (Czech)

24 KARLOVY VARY (Czzch)

25 FRANTISKOVY LEZNE (Czech)
26 MATTONI (Czech)

27 NARZAN (Russia)

(Vinland)
31 TIARILDS KILDIIVANN (Deamark)
32 FARRIS (Norway)
33 KATTDALEN (Norway)
34 JORDELVHAY (Norway)
35 ISVANNET (Norway)
3 NORSK BREVANN )
37 SAINSBURY CAIIIDONIAN (Scottand)
3 BUXTON (Finglaod)
3 SKAUVOLL. (Norway)
40 VESTRE NOKKVANN (Norway)

41 STORVANNET (Norwzy)
42 GIERSKOGKJELEN (Norwsy)
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EXPANDED DUROV DIAGRAM

Fig. 3. Durov diagram showing cations (as percentages) along the top and anions along the side (modified after Misund & Banks,
1994). Total mineral content ([cations + anions]/2) is indicated by the symbol size. This diagram allows distinction between the 'end-
member' water types, i.e. calcium-bicarbonate (e.qg., from carbonate rocks, top left), sodium-calcium-bicarbonate (e.g., typical of gra-
nitic/acidic rocks, top right) and sodium-chloride (e.g. influenced by seawater, bottom right), and intermediate types. Data for the
more famous mineral water types are from Green & Green (1985). The Nordland waters described in this study are nos. 33, 34, 35,

39, 40, 41 and 42.

Discussion and conclusions

The EEC Mineral Water Directive emphasizes
that: "The composition, temperature and other
essential characteristics of natural mineral water
must remain stable at source within the limits of
natural fluctuation; in particular, they must not be
affected by possible variations in the rate of
flow." This Directive is mainly concerned with
bacterial pollution. The values of the major cati-
ons, for which no upper limits are stipulated, may
far exceed the standards enshrined in the
Drinking Water Directive (80/778/EEC). For the
Kattdalen spring, the fluctuation in discharge
throughout the year varies from 1 I/sec to 25
I/sec. In arctic Norway, in contrast to most tem-
perate lands, groundwater recharge (and thus
groundwater levels and discharges) often rea-
ches a minimum in winter due to the frozen

ground and accumulation of precipitation as
snow cover (Kirkhusmo 1986, Haldorsen et al.
1992). A seasonal variation of the chemical para-
meters is also observed, and whether these vari-
ations are within the limits of the term 'stable' of
the Mineral Water Directive is an open question.
These variations are, in any event, effected by
"the rate of flow".

The monitoring programme has shown that all
the analysed springs meet the standards set by
the EEC Drinking Water Directive. Taking into
consideration water quality, location and flow
rate, the Jordelvhav spring stands out as the
most promising candidate for commercial pro-
duction of bottled water. The Kattdalen spring is
very well investigated (e.g. Misund et al. 1994),
but has a low flow rate in winter and is not so
favourably located from a logistical point of view.
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Table 1. Major components at the monitored sources in Nordland county, sampled between 15 February 1993 and 15 February 1994
(all values in mg/L, except discharge in I/sec, conductivity in uS/cm and alkalinity in mmol/l). Q = Quaternary, K = Karst, L = Lake. For

the first four sites n (no. of samples) =14, for the last three n=8.

Jordelvhav Kattdalen Skauvoll Gjerskog- Isvannet Vestre Stor-
) ) ) kjelen ) Nekkvann vannet
min max min max min max min max min max min max min max
Type Q K K Q L L L
Discharge 6.7 40 1 24 >10 1 30
Conductiv.  38.3 99.2 315 386 94.8 159 799 104 16.3 23.2 35.7 61.4 43.5 635
pH 75 7.8 7.7 8.4 7.7 841 69 7.6 64 6.9 56 6.4 54 538
Alkalinity 03 0.6 26 3.1 05 1.2 03 0.5 0.06 0.08 0.01 0.03 0 0.02
Ca2+ 3.5 10.7 48.8 54.8 11.6 239 77 114 12 12 1.0 1.2 09 1.8
Mg2+ 11 35 83 152 02 1.7 1.1 14 02 04 05 1.1 0.7 1.0
Na+ 1.7 46 41 6.9 49 114 50 59 09 15 43 8.6 55 85
K+ <0.2 06 <02 1.9 <02 11 <02 1.8 <0.2 0.7 <0.2 <0.2 <0.2<0.2
HCOy" 16.5 37.8 160 191 30.5 75.6 17.7 317 3.7 49 06 1.8 0 1.2
cr 21 174 6.8 20.9 7.1 26.9 9.1 16.8 13 33 6.2 159 8.2 16.8
SO,2" 12 25 7.8 505 3.0 47 35 54 13 15 22 33 24 35
NOy 0.1 05 0.1 0.4 0.1 0.5 02 05 02 04 01 1.8 05 0.6
Generally speaking, the waters that have been Acknowledgements

monitored in Nordland county have very low total
mineral contents. This is not necessarily a disad-
vantage; different water types suit different cultu-
res. While East Europeans are used to drinking
semi-seawater, low salinity waters, such as tho-
se from Nordland, are preferred by the
Japanese. Kattdalen and Jordelvhav spring
waters are classified as calcium-bicarbonate
waters with low mineral content, and many
Scandinavians may find it preferable to the more
mineral-rich Norwegian mineral water, Farris.
For a sodium-chloride type of water with a lower
mineral content than Farris, possible candidates
are the Vestre Nokkvann water or the Storvannet
water (nos. 40 and 41 in Fig. 3).

The three sources from coastal high-mountain
lakes are not to be recognised as natural mineral
water, thus there is no need for raw water quality
documentation. Water from these lakes can be
commercialised as 'packaged water' or 'general
water'. Indeed, the EEC Drinking Water Directive
allows the packaging and marketing of water
“from any source, including water which is known
to be bacterologically unsafe in its raw state and
which has a significant proportion of waste water
in its make-up, as long as it can satisfy the che-
mical and bacteriological standards after treat-
ment" (Finlayson 1992). The analyses of these
lake waters indicate a very high quality, although
the pH is somewhat low.

This study in Nordland county has been funded by the
‘Nordlandsprogrammet' at the Geological Survey of Norway
(NGU). Thanks are due to Stein-Erik Lauritzen, Bergen
University, who has been involved in the work at Kattdalen
spring.
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