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1. INTRODUCTION 
During the last 20 years, inductively coupled plasma mass spectrometry (ICP-MS) 
has become the method of choice for the analysis of water samples (Allen et al. 
1989, 1991, Moens et al. 1994, Giessmann et al. 1994, Hall et al. 1996, Reimann et 
al. 1996, Riondato et al. 1997, Banks et al. 1999, Gäbler et al. 2002). 
Double focusing sector field inductively coupled plasma-mass spectrometry (ICP-
SFMS) and quadrupole inductively coupled plasma-mass spectrometry (ICP-QMS) 
enable direct determination of elements of interest with no pre-concentration or 
separation required (Riondato et al. 1997). In addition to analyze many elements 
within the same sequence, ICP-QMS also offers high sensitivity over a wide linear 
range and low detection limits.  
 
Today it is thus possible to routinely analyse more than 60 chemical elements in a 
water sample with sufficiently low detection limits (for many elements in the ppt-
range) to obtain informative  results.  
 
Recently a large gold nugget (17.2 g) was panned in a river in the Oppdal area in 
central Norway (Kalseth-Iversen, 2015). This sparked renewed mineral exploration 
interest in the area. The Geological Survey of Norway was already conducting a 
geological mapping program in the surroundings of Oppdal. Thus it was decided to 
carry out an additional geochemical mapping program. The main project was based 
on soil sampling at a density of 1 site per 2.5 km2 during the summer of 2015. Figure 
1 provides a topographical overview of the area. All locations mentioned in the text 
are shown here in addition to the known metal occurrences. 
 
As an orientation survey to test whether detection limits are low enough to use water 
samples for gold exploration an additional orientation  geochemical mapping program 
based on stream water samples collected at a density of 1 site per approximately 10 
km2 (150-200 samples) from the same area where soil samples were taken was 
added on. Within the project two different methods of sample conservation, (a) field 
acidification with conc. HNO3 and (b) field acidification with conc. HCl, were also 
tested and thus all samples were taken in duplicate. Method (b) was expected to 
better stabilize Au in solution while method (a) is the standard procedure for water-
based geochemical surveys. In Norway with its long coastline it is often a general 
problem for surface water surveys that for several elements the results are swamped 
by the input of marine aerosols to a distance of well over 100 km from coast (e.g., 
Banks et al., 2001). The Oppdal area is well over 100 km from the nearest coast, so 
it was assumed that this will not be a problem in the survey area. 
 
Filtering and acidifying the samples in the field takes a considerable time at each 
sample site. Thus it was also tested whether it would be possible to take a large 
unfiltered and unacidfied sample in the field and carry out filtration and acidification in 
the evening in the hotel. Given the often adverse weather conditions in Norway and 
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many remote sample locations productivity of such a surface water based survey 
could be considerably increased following such an approach. 
 

 
Figure 1: Topographical overview of the survey area with known metal occurrences added from NGU’s 
ore deposit database (www.ngu.no). 

 
 
This report will thus answer several questions: 
(a) is it possible to use stream water samples for routine Au exploration in Norway? 
(b) is it necessary to use an own field conservation procedure to obtain reliable Au 
results? 
(c) is it possible to sample more efficiently by doing sample preparation under 
controlled conditions in the hotel? 
(d) how far inland do we detect an impact of the input of marine aerosols on stream 
water geochemistry? 
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1.1 Geology 
Figure 2 shows a simplified geological map of the area. The bedrock geology within 
the investigated area is dominated by Caledonian nappes belonging to several 
tectonostratigraphic levels. The area can be divided into three roughly north-south-
trending units.  

(1) West of a series of NNW-SSE-trending late- to post-Caledonian normal faults, several 
nappes consisting of Proterozoic acidic magmatic rocks, Neoproterozoic quartzitic 
rocks and Cambro-Ordovician volcanoclastic rocks are metamorphosed in 
amphibolite facies and folded into recumbent isoclinal folds, resulting in a complex 
map pattern (Fig. 2; Krill, 1980; Robinson et al., 2014). They are interpreted to 
represent remnants of the continental margin of Baltica telescoped during the 
Caledonian orogeny (Gee et al., 1985).  

(2) The central area east of the prominent normal faults is occupied by a higher tectonic 
level consisting of Cambro-Ordovician metabasalts, felsic volcanites, metacherts and 
volcanoclastic rocks, which are partly inverted and intruded by a series of Ordovician 
to Silurian mafic to acidic plutons (Fig. 2; Rohr-Torp, 1972; Krill, 1980; Nilsen et al., 
2003). These rocks probably developed in marginal oceanic basins and island-arcs 
during the closure of the Iapetus ocean (Gee et al., 1985).  

(3) The easternmost area consists of probably Proterozoic to Cambrian clastic 
metasedimentary rocks (in places calcareous), intercalated with ribbon chert, 
graphitic schist and metabasalts. The succession is intruded by Ordovician to Silurian 
mafic to acidic plutons (Nilsen 1978; Nilsen and Wolff, 1989; Nilsen et al. 2007). 
These rocks represent a fragment of a mainly continentally-derived Proterozoic to 
Paleozoic terrane, which is overprinted by island-arc and back-arc magmatism and 
was accreted to the Baltican margin during the Caledonian orogeny (Gee et al., 1985; 
McClellan, 1995; Nilsen et al., 2007). 

1.2 Metal occurrences 
VMS-type deposits, some with elevated gold values, e.g., the Garli/Gullvåg 
mineralization (with up to 0.6-0.9 ppm Au) occur in various greenstone units in the 
general area (Fig. 2). The correlation of these greenstone units is not well 
understood. Gold prospecting was carried out in the south-westernmost part of the 
area in the early 1990'ies, and gold mineralization in bedrock and gold anomalies in 
soil samples were detected in the Gråurdfjellet area (Livgard 1993, 1994a, 1994b) – 
see Figure 1 for location. The recent discovery of gold nuggets (up to 17.2 g) during 
gold panning in Gisna river, NE of Oppdal (Kalseth-Iversen 2015 – see Fig. 1) has 
further increased the interest in the area. 
 
A number of small sulfide occurrences are documented in NGUs ore deposit 
database (see www.ngu.no) throughout the area. Many are bound to the volcano-
sedimentary formation (compare Fig. 1 and 2). Three metal occurrences in the region 
have actually been mined in the past, though on a small scale. These are the 
Nyberget Zn deposit near Innset, the Undal Cu deposit right to the south of Berkåk 
and the St. Olaf Fe deposit right to the west of Berkåk (Fig. 1). All three are 
positioned such that they could not be found by this test survey focusing on smaller 
streams and trying to avoid the roads. 
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Figure 2: Geological map of the survey area. 
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2. METHODOLOGY 

2.1 Sampling 
Given the limitation that not more than max. 200 samples could be taken and 
analysed for this orientation survey, it was decided to focus on 2nd and 3rd order 
streams for the sampling campaign (see Fig. 3 for a typical 3rd order stream in the 
survey area). Originally it had been assumed that the focus on relatively large 
streams would guarantee easy and fast access to the sample locations. It turned out, 
however, that parts of the area are so remote that still a lot of walking was needed to 
reach some of the pre-planned sample locations. On average for one person it was 
possible to take 7 water samples/day. 
 
The field equipment consisted of: 
- A large 500 ml factory new clear PE-bottle 
- Two small 125 ml factory new clear PE bottles (Thermo scientific HDPE with PP cap) 
- A BD PlastipakTM 50 ml syringe 
- Sartorius NML Minisart cellulose acetat syringe filters 0.45 micron 
- Granberg soft nitrile powder free magic touch examination gloves 
- Merck nitric acid (HNO3) Rotipuran ultra quality 69% in a Teflon drip bottle 
- Merck hydrochloric acid (HCl) Rotipuran ultra quality 34% in a second Teflon drip 
 bottle 
- A GARMIN® Oregon 650 GPS 
- Camera 
- pH meter (IQ scientific instruments Model IQ 125 pH meter with silicon chip sensor) 
- Conductivity meter (WTW LF 92) 
- Merck Mcolortest alkalinity field test 
- Field sheet 
- A 1:50.000 map with the pre-planned sample locations 
- Pre-numbered adhesive plastic sample labels, indicating the treatment of the sample 
 (untreated -marked IC, acidified with HNO3, acidified with HCl) 
 
At each site the large 500 ml PE bottle was three times thoroughly rinsed with stream 
water and then filled to the top with unfiltered and unacidified stream water for the IC 
measurements (+ pH and EC)  in NGU’s laboratory.  
 
The syringe (a new syringe each day) was then also thoroughly rinsed with stream 
water for three times. Then the filter was fitted to the syringe and the first 10 ml of 
filtered water were discarded. Afterwards the small 125 ml bottles were thoroughly 
rinsed three times with stream water and subsequently 3 times with 20 ml of filtered 
stream water. Afterwards the small bottles were almost filled with filtered stream 
water, then acidified with the respective number of drops of conc. HNO3 (first sample) 
and conc. HCl (second sample) according to the sample label on the bottle (see Fig. 
4), filled to the top with filtered water and closed. In case the filter had to be shifted, 
the first 10 ml of filtered water were discarded again. 
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Figure 3: The river Gisna (3rd order stream) at sample site 4547. A 17.2 g gold nugget was found a 
few hundred m upstream from this site. 

 

 
Figure 4: The three bottles filled at each sample site providing information on site number and sample 
treatment. 
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Figure 5:  Field sheet used for the Oppdal/Rennebu survey 

 
There have been long discussions in the literature about the type of sample bottles 
best used for such water surveys (high density polyethene (HDPE), polypropene 
(PP), fluorinated ethene propene copolymer (FEP) and perfluoroalkoxy polymer 
(PFA)) and the correct pre-treatment of these bottles prior to sampling (e.g., very 
elaborate acid washing procedures in the laboratory vs. “simple” washing of factory 
new bottles with water right in the field). Some of these bottles (e.g., FEP, PFA) are 
so expensive that they have to be re-used, others (e.g. HDPE) so cheap that they 
can be discarded after the samples have been analysed. Hall (1998) and Reimann et 
al. (1999) came independently to the conclusion that for water surveys with hundreds 
of samples to be taken cheap, factory new HDPE bottles, which are thoroughly 
rinsed in the field with the water to be sampled are quite sufficient if they have been 
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checked for possible contamination issues (elements like Ba, Sb, Zn may be an issue 
– see Reimann et al., 2007) before use or are controlled via a sufficient number of 
blind samples to detect any contamination issue during the survey. The “acid 
washing of sample bottles” debate must also be seen in connection with the fact that 
neither the syringes nor the filters can be acid-washed anyway. 
 
Electrical conductivity and pH were then measured in the field and recorded in the 
field sheet. Alkalinity was also measured and noted down in the field sheet. Figure 5 
shows the field sheet that had to be filled in at each location. 
 
At approximately every 20th site a duplicate sample was collected following the 
above described procedure. Furthermore 7 sites collected at the beginning of the 
survey were re-visited and re-sampled at the end of the sampling period 6 weeks 
later. 
 
At about 25 locations chosen at random instead of one three of the 500 ml bottles 
were filled with stream water. Two of these bottles were then used in the evening in 
the hotel to filter and acidify the small samples for the ICP-MS analyses. Using this 
procedure sampling in the field could be carried out considerably faster, which would 
be a great advantage especially under the frequent bad weather conditions in 
Norway. 
 
To test the whole procedure for blind values originating from either leaching from the 
bottles, syringe, filters or introduced via the acid a blind sample was prepared about 
twice a week and at latest when the drip bottles for the acid had to be re-filled. For 
this purpose the whole above procedure was carried out using de-ionized water (18.2 
MΩ) brought to the field in large (500 ml) bottles from NGU’s laboratory. 
 
In the evening all sample bottles filled during the day were stored in the hotels cold 
storage room at 4 °C. Once a week the samples were transported to NGU, stored in 
NGU’s cold storage room and analysed within a few days after arrival. 
 

2.2 Analysis 
Alkalinity was titrated in the field using the Merck Mcolortest alkalinity field test. 
Electrical conductivity and pH were measured in the field using a WTW LF 92 and an 
IQ scientific instruments Model IQ 125 pH meter with silicon chip sensor. In addition 
both parameters were once more measured in the laboratory of NGU using a CDM 
80 Conductivity Meter of Radiometer Copenhagen and a Seven Easy pH Meter S20 
from Mettler Toledo. 
 
Anions were analysed by ion-chromatography (IC) using an Ion Chromatography 
System Thermo Scientific Dionex ICS-1100 in NGU’s laboratory within 1-2 weeks 
after sampling. 
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Analyses of the cations were carried out on an Agilent ICP-QMS in the laboratory of 
Bundesanstalt für Geowissenschaften und Rohstoffe (BGR) in Hannover, Germany. 
The analytical program, isotopes measured and detection limits reached are 
summarized in Table 1. Major elements were also measured on an ICP-AES, results 
are, however, not used here because these results were so severely rounded (see 
below) that it was decided to rather use the values as received from the ICP-MS. 
 
Table 1: Analytical methods and detection limits, ICP-QMS and ICP-AES analyses, pH, EC and 
alkalinity measurements 

Parameter Unit Analytical method Isotop Used 
gases 

Instrument 
detection limit 
(IDL) 

Reported 
detection 
limit (RDL) 

       
pH  potentiometric     
EC µs/cm conductometric     
Alkalinity mmol/L titration   0.1 0.1 
Ag µg/L ICP-QMS Min: 107-109 He GM1) 0.001 0.001 
Al µg/L ICP-QMS 27 NGM2) 0.05 0.1 
As µg/L ICP-QMS 75 He GM1) 0.01 0.01 
Au µg/L ICP-QMS 197 He GM1) 0.0005 0.001 
B µg/L ICP-QMS 11 NGM2) 0.1 0.1 
Ba µg/L ICP-QMS 137 NGM2) 0.005 0.01 
Be µg/L ICP-QMS 9 NGM2) 0.001 0.001 
Bi µg/L ICP-QMS 209 NGM2) 0.0005 0.001 
Br µg/L ICP-QMS 79 NGM2) 0.1 1 
Ca mg/L ICP-AES  - 0.01 0.01 
Ca µg/L ICP-QMS 43 He GM1) 0.1 1 
Cd µg/L ICP-QMS 114_cor NGM2) 0.001 0.001 
Ce µg/L ICP-QMS 140 NGM2) 0.0005 0.001 
Co µg/L ICP-QMS 59 He GM1) 0.002 0.01 
Cr µg/L ICP-QMS 52 He GM1) 0.01 0.01 
Cs µg/L ICP-QMS 133 NGM2) 0.0005 0.001 
Cu µg/L ICP-QMS Min: 63-65 He GM1) 0.001 0.01 
Dy µg/L ICP-QMS 163 NGM2) 0.0005 0.001 
Er µg/L ICP-QMS 166 NGM2) 0.0005 0.001 
Eu µg/L ICP-QMS 151_kor NGM2) 0.0005 0.001 
Fe µg/L ICP-QMS 56 He GM1) 0.01 0.1 
Ga µg/L ICP-QMS 71 He GM1) 0.0005 0.001 
Gd µg/L ICP-QMS 157 NGM2) 0.0005 0.001 
Ge µg/L ICP-QMS 72 He GM1) 0.005 0.01 
Hf µg/L ICP-QMS 178 NGM2) 0.0005 0.001 
Hg µg/L ICP-QMS 201 NGM2) 0.005 0.01 
Ho µg/L ICP-QMS 165 NGM2) 0.0005 0.001 
I µg/L ICP-QMS 127 NGM2) 0.01 0.1 
In µg/L ICP-QMS 115 NGM2) 0.0001 0.001 
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Parameter Unit Analytical method Isotop Used 
gases 

Instrument 
detection limit 
(IDL) 

Reported 
detection 
limit (RDL) 

K µg/L ICP-QMS 39 He GM1) 0.1 1 
K mg/L ICP-AES  - 0.1 0.1 
La µg/L ICP-QMS 139 NGM2) 0.0005 0.001 
Li µg/L ICP-QMS 7 NGM2) 0.01 0.01 
Lu µg/L ICP-QMS 175 NGM2) 0.0005 0.001 
Mg µg/L ICP-QMS 25 He GM1) 0.1 1 
Mg mg/L ICP-AES  - 0.001 0.001 
Mn µg/L ICP-QMS 55 NGM2) 0.005 0.01 
Mo µg/L ICP-QMS 95 He GM1) 0.001 0.001 
Na µg/L ICP-QMS 23 He GM1) 0.1 1 
Na mg/L ICP-AES  - 0.1 0.1 
Nb µg/L ICP-QMS 93 NGM2) 0.001 0.001 
Nd µg/L ICP-QMS 146 NGM2) 0.0005 0.001 
Ni µg/L ICP-QMS 60 He GM1) 0.005 0.01 

Pb µg/L ICP-QMS Sum: 
206+207+208 NGM2) 0.001 0.001 

Pr µg/L ICP-QMS 141 NGM2) 0.0005 0.001 
Rb µg/L ICP-QMS 85 NGM2) 0.001 0.001 
Sb µg/L ICP-QMS 121 NGM2) 0.001 0.001 
Sc µg/L ICP-QMS 45 He GM1) 0.001 0.01 
Se µg/L ICP-QMS 78 H2 GM3) 0.005 0.01 
Sm µg/L ICP-QMS 147 NGM2) 0.0005 0.001 
Sn µg/L ICP-QMS 118 NGM2) 0.001 0.001 
Sr µg/L ICP-QMS 86 NGM2) 0.01 0.1 
Sr mg/L ICP-AES  NGM2) 0.001 0.001 
Ta µg/L ICP-QMS 181 NGM2) 0.0005 0.001 
Tb µg/L ICP-QMS 159 NGM2) 0.0005 0.001 
Te µg/L ICP-QMS 126 NGM2) 0.001 0.001 
Th µg/L ICP-QMS 232 NGM2) 0.0001 0.001 
Ti µg/L ICP-QMS Min: 47-49 He GM1) 0.005 0.01 
Tl µg/L ICP-QMS 205 NGM2) 0.0005 0.001 
Tm µg/L ICP-QMS 169 NGM2) 0.0005 0.001 
U µg/L ICP-QMS 238 NGM2) 0.0001 0.001 
V µg/L ICP-QMS 51 NGM2) 0.01 0.01 
W µg/L ICP-QMS 182 NGM2) 0.001 0.001 
Y µg/L ICP-QMS 89 NGM2) 0.0005 0.001 
Yb µg/L ICP-QMS 172 NGM2) 0.0005 0.001 
Zn µg/L ICP-QMS Min: 66-68 He GM1) 0.01 0.1 
Zr µg/L ICP-QMS 90 NGM2) 0.0005 0.001 
SiO2 mg/L ICP-AES  - 0.05 0.05 

1) He gas mode, 2) no gas mode, 3) H2 gas mode  
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2.3 Quality control 
Quality control consisted of taking duplicate samples in the field (N=8), the analysis 
of a number of analytical duplicates (N=10), the production and insertion of blind 
samples during field work (N=9), and the insertion and frequent analysis of three 
international reference materials during analysis of the samples. 
 

2.3.1 Blind samples 
Table 2 compares the results obtained for the blind samples with the statistics 
(minimum, median, maximum value observed) obtained for the true samples. For Br, 
F, NO2 and PO4 all results were below the detection limit. The elements Bi, Cd, Hg, 
In, Pb, Sc, Se, Te and Zn show some high values among the blind samples and 
should thus probably not be mapped. The elements Ag, Au, B, Ge, Hf, Li, Nb, NO3, 
Sn, Ta and Tl can probably be used with care. All other elements (Al, As, Ba, Be, Br, 
Ca, Ce, Cl, Co, Cr, Cs, Cu, Dy, Er, Eu, Fe, Ga, Gd, Ho, I, K, La, Lu, Mg, Mn, Mo, Na, 
Nd, Ni, Pr, Rb, Sb, Si, Sm, SO4, Sr, Tb, Th, Ti, Tm, U, V, W, Y, Yb, Zr) show no 
indications of procedural problems. 
 
Table 2: Analytical results for the blind samples in relation to the concentration range of the elements 
reported here. Highlight red: all results below detection, highlight orange: analytical results in the same 
range as the blind samples, the map cannot be trusted, highlight yellow: the maps should be treated 
with care, no highlight: the results are not affected by the values and variation observed for the blind 
samples. 

  
BLIND SAMPLES (N=9) TRUE SAMPLES 

  ELEMENT DL MIN MED MAX MIN MED MAX 
 

Remarks 
Ag 0.001 <0.001 <0.001 0.001 <0.001 0.001 0.0028 ? map is OK 
Al 0.1 0.4 0.8 1.2 3 22 228 OK 

 Al_AES 3 <3 <3 3 3 27 282 OK 
 As 0.01 <0.01 0.01 0.02 0.018 0.056 1.34 OK 
 Au 0.001 0.001 0.003 0.006 <0.001 <0.001 0.0060 ? map is OK 

B 0.1 <0.1 1.8 2.1 0.47 0.98 2.9 ? map is OK 
Ba 0.01 <0.01 0.07 0.80 0.73 3.6 19 OK 

 Ba_AES 1 <1 <1 1 1 4 21 OK 
 Be 0.001 0.001 0.002 0.004 <0.001 0.0055 0.014 OK 
 Bi 0.001 <0.001 <0.001 0.002 <0.001 0.0010 0.0021 ?? map noisy 

Br_IC 100 <100 <100 <100 <100 <100 <100 DL all <DL 
Br 1 <1 1.3 1.6 4.0 8.3 31 OK 

 Ca 1 1.0 2.4 8.7 255 4125 30433 OK 
 Ca_AES 10 <10 10 10 300 4610 31700 OK 
 Cd 0.001 <0.001 0.002 0.006 <0.001 0.0027 0.0070 ?? map noisy 

Ce 0.001 <0.001 0.002 0.004 0.0079 0.076 1.5 OK 
 Cl 100 <100 <100 <100 247 1050 4880 OK 
 Cl_AES 100 <100 <100 100 300 1200 5200 OK 
 Co 0.01 <0.01 <0.01 <0.01 <0.01 0.024 0.11 OK 
 Cr 0.01 <0.01 <0.01 0.06 0.013 0.12 0.70 OK 
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Cs 0.001 <0.001 <0.001 0.001 <0.001 0.019 0.12 OK 
 Cu 0.01 <0.01 0.01 0.05 0.12 0.45 2.1 OK 
 Dy 0.001 <0.001 0.002 0.003 0.0024 0.014 0.11 OK 
 Er 0.001 <0.001 0.001 0.002 0.0016 0.0090 0.054 OK 
 Eu 0.001 <0.001 <0.001 0.001 <0.001 0.0043 0.038 OK 
 F 500 <500 <500 <500 <500 <500 <500 DL all <DL 

Fe 0.1 0.3 1.3 2.0 0.96 13 436 OK 
 Fe_AES 3 <3 <3 3 <3 14 467 OK 
 Ga 0.001 <0.001 0.001 0.003 <0.001 0.0045 0.020 OK 
 Gd 0.001 0.001 0.002 0.003 0.0032 0.019 0.16 OK 
 Ge 0.01 0.01 0.02 0.04 <0.01 0.027 0.078 ? map noisy 

Hf 0.001 <0.001 0.001 0.002 <0.001 0.0024 0.0099 ? map noisy 
Hg 0.01 <0.01 0.01 0.01 <0.01 0.01 0.033 ? map very noisy 
Ho 0.001 <0.001 <0.001 <0.001 <0.001 0.0027 0.018 OK 

 I 0.1 <0.1 <0.1 0.1 0.17 0.53 1.43 OK 
 In 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.0013 ?? map very noisy 

K 1 9 13 22 49 319 1689 OK 
 K_AES 100 <100 <100 <100 <100 350 1900 OK 
 La 0.001 <0.001 0.002 0.002 0.0076 0.100 1.5 OK 
 Li 0.01 <0.01 <0.01 <0.01 0.014 0.11 0.60 OK map noisy 

Lu 0.001 <0.001 <0.001 0.001 <0.001 0.0017 0.0074 OK 
 Mg 1 <1 <1 1 52 415 2341 OK 
 Mg_AES 1 <1 <1 2 53 447 2620 OK 
 Mn 0.01 <0.01 0.03 0.09 0.036 0.48 8.6 OK 
 Mo 0.001 <0.001 0.002 0.005 0.0013 0.058 0.88 OK 
 Na 1 <1 2.2 4.0 327 1116 2983 OK 
 Na_AES 100 <100 <100 <100 400 1200 3100 OK 
 Nb 0.001 <0.001 <0.001 0.003 <0.001 0.0025 0.010 ? map OK 

Nd 0.001 0.002 0.003 0.004 0.0082 0.10 1.2 OK 
 Ni 0.01 <0.01 0.01 0.05 0.022 0.25 2.5 OK 
 NO2 100 <100 <100 <100 <100 <100 <100 DL all <DL 

NO3 250 <250 <250 346 <250 310 340 ??? map OK 
Pb 0.001 0.004 0.011 0.036 <0.001 0.018 0.088 ?? map very noisy 
PO4 500 <500 <500 <500 <400 <400 <400 DL all <DL 
Pr 0.001 <0.001 <0.001 0.001 0.0019 0.026 0.34 OK 

 Rb 0.001 0.004 0.011 0.021 0.18 1.1 6.1 OK 
 Sb 0.001 <0.001 0.002 0.005 0.0016 0.0075 0.072 OK 
 Sc 0.01 <0.01 0.01 0.02 <0.01 0.028 0.081 ? map very noisy 

Se 0.01 <0.01 <0.01 0.01 0.010 0.040 0.15 ? map noisy 
Si_AES 50 <50 <50 <50 <50 1262 3085 OK 

 Sm 0.001 <0.001 <0.001 0.003 0.0023 0.020 0.22 OK 
 Sn 0.001 0.002 0.009 0.016 <0.001 0.0051 0.018 ??? map OK 

SO4 200 <200 <200 <200 <200 1145 23200 OK 
 SO4_AES 50 <50 <50 <50 340 1420 24300 OK 
 Sr 0.1 <0.1 <0.1 <0.1 1.7 13 71 OK 
 Sr_AES 1 <1 <1 <1 2 15 78 OK 
 Ta 0.001 <0.001 0.001 0.002 <0.001 0.0015 0.0050 ?? map OK? 
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Tb 0.001 <0.001 <0.001 <0.001 <0.001 0.0028 0.022 ? 
 Te 0.001 0.003 0.015 0.021 <0.001 0.015 0.031 ??? map noisy 

Th 0.001 <0.001 <0.001 0.001 <0.001 0.012 0.12 OK 
 Ti 0.01 <0.01 <0.01 0.08 <0.01 0.14 1.5 OK map very noisy 

Tl 0.001 0.004 0.008 0.024 0.0024 0.012 0.029 ??? map quite OK 
Tm 0.001 <0.001 <0.001 <0.001 <0.001 0.0014 0.0065 OK 

 U 0.001 <0.001 <0.001 <0.001 0.0066 0.035 0.69 OK 
 V 0.01 <0.01 0.02 0.03 0.031 0.086 0.30 OK 
 W 0.001 0.001 0.005 0.016 <0.001 0.011 0.051 ?? map quite OK 

Y 0.001 <0.001 <0.001 0.001 0.012 0.080 0.55 OK 
 Yb 0.001 <0.001 0.001 0.002 0.0011 0.0092 0.047 OK 
 Zn 0.1 <0.1 3 6 0.49 1.90 17 ??? map very noisy 

Zr 0.001 <0.001 <0.001 0.004 0.0020 0.024 0.15 OK 
  

2.3.2 Field duplicates 
At 8 sample sites true field duplicates were taken (a second sample collected, filtered 
and acidified following the collection of the first sample). The results were plotted in 
XY-diagrams (XY diagrams for all parameters/elements can be found in Appendix VI 
and allow the following conclusions: 
General detection limit problem (all values below DL): Br_IC, F_IC, NO2_IC, PO4_IC 
Not reproducible: Cd 
Most results below DL: Ag, Bi 
Poor to very poor reproducibility: Au, Co, Ge, Hg, Ga, In, NO3, Pb, Sc, Se, Te, Ti, W, 
Zn (in addition 1 outlier) 
Problems with single samples: Cl_AES, Cu, Na_AES, Sn, Ta 
OK to good reproducibility: alkalinity, pH, pH_lab, Be, Br, Gd, Hf, Lu, Mn, Nb, Tl, Tm, 
V 
Excellent reproducibility: conductivity, conductivity_lab, Al, Al_AES, As, B, Ba, 
Ba_AES, Ce, Cl, Ca, Ca_AES, Cr, Cs, Dy, Er, Eu, Fe, Fe_AES, Ho, I, K, K_AES, La, 
Li, Mg, Mg_AES, Mo, Na, Nd, Ni, Pr, Rb, Sb, SO4_IC, SO4_AES, Sr, Sr_AES, 
Si_AES, Sm, Tb, Th, U, Y, Yb, Zr. 
 

2.3.3 Analytical duplicates 
Table 3 shows the results of a precision calculation based on 10 analytical duplicates 
as measured on the ICP-MS. For the majority of elements precision is quite good. 
Two thirds of the elements show a precision that is better than +/- 20%. The very 
poor precision for Ti is due to the low concentrations of the element in the Oppdal 
samples. Results for the international reference materials (presented below) show 
that Ti at higher concentrations is reported within the expected range. 
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Table 3: Precision as calculated for the 10 analytical duplicates that were measured on the ICP-MS. 

Precision < +/- 5% Precision +/- 5-10% Precision +/- 10-20% 

Element 
Precision +/-

% Element 
Precision +/-

% Element 
Precision +/-

% 
Ba 1.4 I 5.5 Mn 10.4 
Rb 1.4 U 5.7 Sm 10.5 
Ca 1.5 Zn 5.8 Zr 10.5 
Al 1.7 Gd 7 Er 10.9 
Sr 1.7 Cs 7.1 Mo 11 
La 1.9 Nd 7.6 Eu 11.8 
K 2 Ni 7.7 Tb 12.9 
Pr 2.1 Br 7.9 Dy 14.4 
Na 2.5 Th 7.9 Ho 15.5 
Y 2.5 Cr 8.5 Yb 16.7 

Ce 2.6 V 8.9 Sb 17.2 
Mg 3.5     Au 17.4 
Fe 3.6     Co 17.6 
B 4     As 18.2 
Li 4.2     Lu 18.3 
Cu 4.7     Tm 18.3 

  
    W 19.3 

        Se 19.4 
Precision +/- 20-30% Precision > +/- 30% 

  
Element 

Precision +/-
% Element 

Precision +/-
% 

  Hg 22.6 In 34.2 
  Nb 23.5 Pb 34.6 
  Hf 25.1 Bi 35.5 
  Ta 25.2 Ge 53.2 
  Ga 25.9 Ag 57.6 
  Sn 26.8 Te 57.7 
  Be 27.1 Cd 58.8 
  Sc 27.2 Tl 77.6 
      Ti 104.1 
   

2.3.4 Standards 
A problem with the multi-element analysis of water samples is the fact that there are 
no international reference materials with published and accepted values for all the 
elements that can be analysed. Table 4 summarizes the analytical results for four 
international reference materials that were measured while the Oppdal samples were 
analysed. With few exceptions at low concentrations (e.g., Cd, Tl)  the results 
obtained are very well in agreement with the published reference values. 
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Table 4:Analytical results for four international reference samples analysed repeatedly together with the samples in relation to the certified values. 
Standard   SLSR-5 (N=212)   TM-23.4 (N=115)   TMDA-51.4 (N=69) TMDA-52.3 (N=113) 
Element unit certified MW SDEV % certified MW SDEV % certified MW SDEV % certified MW SDEV % 

Ag µg/L 
 

0.00070 0.000635   4.77 4.81 0.376 101 12.3 11.9 1.119 97 20.6 18.3 1.45 89 
Al µg/l 49.5 50.7 3.372 102 94.5 93.9 10.36 99 95.1 91.7 10.33 96 310 305 20.8 98 

As µg/L 0.413 0.391 0.0302   8.15 8.01 0.626 98 16.4 15.2 1.5005 93 25.4 24.2 1.67 95 
B µg/L 

 
7.6 1.39   18.1 20.3 7.39 112 47.7 48.2 5.16 101 10.7 12.0 1.32 113 

Ba µg/L 14 15 0.679 109 14.3 14.7 0.972 103 73.1 74.6 6.59 102 148 152 8.59 103 
Be µg/L 0.005 0.0056 0.00178 112 2.02 2.03 0.157 100 10 9.4 1.13 94 17.6 16.8 1.43 95 
Bi µg/L 

 
0.0019 0.00311   3.4 3.6 0.349 107 11 12.7 1.27 115 12.3 14.7 1.24 119 

(Br) µg/L 
 

18 5.77   
 

29.5 8.16     27.7 3.23   
 

15.7 2.95   
(Ca) µg/l 10500 10440 616 99   21543 1653     20537 1974   

 
13802 924   

Cd µg/L 0.006 0.0079 0.00115 131 2.9 2.97 0.202 102 25.7 25.2 2.193 98 90.9 90.5 5.14 100 
Ce µg/L 

 
0.265 0.0156   

 
0.00211 0.00184     0.00323 0.00461   

 
0.00242 0.00178   

Co µg/L 0.05 0.05 0.00538 108 7.09 7.28 0.519 103 70.6 71.9 6.69 102 136 137 8.41 101 
Cr µg/L 0.208 0.232 0.0303 111 6.8 6.7 0.487 98 66.2 64.8 6.24 98 165 163 10.7 99 
Cs µg/L 

 
0.0050 0.000941   

 
0.016 0.00462     0.00783 0.00122   

 
0.00439 0.00184   

Cu µg/L 17.4 18.5 1.101 106 8.52 8.76 0.6412 103 80.7 83.1 8.23 103 197 199 12.6 101 
Dy µg/L 

 
0.0197 0.00174   

 
0.00075 0.000460     0.000730 0.000518   

 
0.00071 0.00044   

Er µg/L 
 

0.0113 0.00128   
 

0.000621 0.000284     0.00068 0.00031   
 

0.00060 0.00026   
Eu µg/L 

 
0.0062 0.000792   

 
0.00042 0.000281     0.00120 0.00111   

 
0.00161 0.00357   

(Fe) µg/l 91.2 93.6 6.38 103 14.5 15.3 1.323 105 118 128 14.4 108 412 409 32.6 99 
Ga µg/L 

 
0.0148 0.00248   2.1 2.1 0.152 102 9.3 8.9 0.863 96 13.6 13.2 0.880 97 

Gd µg/L 
 

0.0276 0.00567   
 

0.00118 0.000545     0.00194 0.00080   
 

0.00234 0.00090   
(Ge) µg/L 

 
0.0128 0.01004   

 
0.0114 0.03303     0.00638 0.00575   

 
0.02876 0.05749   

Hf µg/L 
 

0.0017 0.00148   
 

0.00151 0.00191     0.00200 0.00198   
 

0.00249 0.00282   
(Hg) µg/L 

 
0.0059 0.00383   

 
0.00607 0.00631     0.00331 0.00569   

 
0.00472 0.00761   

Ho µg/L 
 

0.0039 0.000439   
 

0.00019 1E-04     0.00021 0.00015   
 

0.00019 0.00011   
(I) µg/L 

 
1.27 0.372   

 
1.31 0.2434     1.57 0.357   

 
0.749 0.2869   

(K) µg/l 839 763 74 91 
 

990 89.1     932 115   
 

573 52.8   
La µg/L 

 
0.2154 0.0111   

 
0.0018 0.000575     0.00383 0.00234   

 
0.0057 0.00118   

Li µg/L 
 

0.5123 0.1144   2.04 2.12 0.1989 104 18 19 2.10 103 13.9 14.2 1.10 102 
Lu µg/L 

 
0.0018 0.000475   

 
0.00027 0.000198     0.00031 0.00028   

 
0.00026 0.00016   

(Mg) µg/l 2540 2462 171 97   5208 403     5095 530   
 

3266 224   
Mn µg/L 4.33 4.30 0.317 99 8.74 8.81 0.559 101 84.3 86.0 9.3 102 198 197 13.7 99 
Mo µg/L 0.27 0.23 0.0678 85 4.24 4.09 0.326 96 57.6 53.6 5.139 93 207 199 16.3 96 

(Na) µg/l 5380 5104 379 95 
 

9726 786     8826 959   
 

5934 433   
Nb µg/L 

 
0.00341 0.000846   

 
0.00266 0.00549     0.00361 0.00890   

 
0.00315 0.00267   

Nd µg/L 
 

0.198 0.0128   
 

0.00163 0.000916     0.00225 0.00270   
 

0.00196 0.00112   
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Standard   SLSR-5 (N=212)   TM-23.4 (N=115)   TMDA-51.4 (N=69) TMDA-52.3 (N=113) 
Element unit certified MW SDEV % certified MW SDEV % certified MW SDEV % certified MW SDEV % 

Ni µg/L 0.476 0.466 0.0351 98 4.95 5.05 0.365 102 65.7 66.4 6.133 101 274 275 17.6 100 
Pb µg/L 0.081 0.088 0.0151 108 2.97 3.26 0.276 110 69.3 71.9 4.42 104 358 367 20.9 102 
Pr µg/L 

 
0.0511 0.00291   

 
0.00036 0.000158     0.00050 0.00064   

 
0.00044 0.00028   

Rb µg/L 
 

1.27 0.0737   0.75 0.79 0.106 106 15.5 15.2 1.52 98 15.6 15.5 1.02 99 
Sb µg/L 0.3 0.30 0.0195 100 3.27 3.19 0.279 98 15 14.4 1.38 96 16.4 15.6 1.38 95 
Sc µg/L 

 
0.020 0.0112   

 
0.0153 0.0102     0.0138 0.0178   

 
0.01528 0.0200   

(Se) µg/L 
 

0.083 0.0112   4.6 4.6 0.3486 99 13.8 13.0 1.123 94 21.4 20.2 1.42 94 
Sm µg/L 

 
0.035 0.00306   

 
0.00113 0.000686     0.00190 0.00114   

 
0.00227 0.00089   

Sn µg/L 
 

0.020 0.0302   2.81 2.67 0.276 95 16.5 16 1.39 97 19.8 18.4 1.72 93 
Sr µg/L 53.6 54.9 2.83 102 111 115 8.45 103 116 118 10.6 102 286 287 17.5 100 
Ta µg/L 

 
0.0005 0.000625   

 
0.000839 0.00111     0.00109 0.00134   

 
0.00097 0.00153   

Tb µg/L 
 

0.0036 0.000437   
 

0.00017 0.000126     0.00021 0.00027   
 

0.000180148 0.00013   
Te µg/L 

 
0.0077 0.0195   

 
0.00549 0.0130     0.00533 0.00842   

 
0.00674 0.0056   

Th µg/L 
 

0.0092 0.00347   
 

0.00148 0.00401     0.00403 0.00544   
 

0.00379 0.00535   
(Ti) µg/l 

 
1.69 0.1720   3.18 2.90 0.392 91 14.2 13.0 1.29 91 120 110 10.8 92 

Tl µg/L 
 

0.0078 0.00574   3.98 4.81 0.593 121 20.4 24.0 4.03 118 18.3 21.5 3.071 117 

Tm µg/L 

 
0.0016 0.00037   

 
0.000166 

9.785E-
05     0.00019 0.00013   

 
0.00016 0.00009   

U µg/L 0.093 0.096 0.00756 103 5.01 5.25 0.395 105 29.1 30.1 2.30 103 22.7 23.5 1.72 104 
V µg/L 0.317 0.329 0.0351 104 1.93 1.94 0.315 100 48 47.2 4.88 98 145 140 9.8 97 
W µg/L 

 
0.045 0.0239   4.8 5.1 0.768 107   13.2 3.30   9.9 9.98 0.822 101 

Y µg/L 
 

0.114 0.00621   
 

0.00326 0.000948     0.00438 0.00200   
 

0.00541 0.00130   
Yb µg/L 

 
0.011 0.00130   

 
0.00109 0.000799     0.00117 0.00050   

 
0.00108 0.00057   

Zn µg/L 0.845 0.910 0.1233 108 2.46 3.76 0.935 153 140 141 13.8 100 263 265 17.8 101 
Zr µg/L   0.023 0.00755     0.0120 0.0377     0.0120 0.0126     0.0394 0.0105   
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3. RESULTS 
Table 4 summarises the results of the Oppdal survey and compares the results with 
those obtained from some other surface water and ground water surveys in Norway. 
For a few elements (Br, F, NO2, PO4 – all measured by IC) all values were reported 
as below detection. For Br the results from the ICP-MS are available. For two further 
elements (Au, In) even the median value is “below detection”. Table 5 shows the 
“relative abundance” of the elements in the dataset. 
 
Table 5: Statistical summary of the Oppdal surface water samples and comparison with the median 
values observed for three other surface water sets (Oslo: Reimann et al., 2009; NTR: Nord-Trøndelag: 
Banks et al.., 2001 and Europe: FOREGS atlas: Salminen et al., 2005). 

        OPPDAL OSLO NTR EUROPE 
Parameter Unit Method DL MIN MED MAX MED   MED 
pH 

  
  5.4 6.7 7.8 7.5 6.4 7.7 

pH_lab 
  

  5.2 7.2 7.9       
COND µS/cm 

 
  5 35 183       

COND_lab µS/cm 
 

  5 34 175 16.7 34 30 
ALK mmol/L 

 
  0.05 0.3 1.4 1.05 0.11 na 

TEMP oC     5.8 10.9 16.9       
Ag µg/L ICP-MS 0.001 <0.001 0.001 0.0028 na   na 
Al µg/L ICP-MS 0.1 3 22 228 28 110 17.7 
Al_AES µg/L ICP-AES 3 3 27 282       
As µg/L ICP-MS 0.01 0.018 0.056 1.34 <0.5   0.6 
Au µg/L ICP-MS 0.001 <0.001 <0.001 0.0065 na   na 
B µg/L ICP-MS 0.1 0.47 0.98 2.9 <20   15.6 
Ba µg/L ICP-MS 0.01 0.73 3.6 19       
Ba_AES µg/L ICP-AES 1 1 4 21   <25   
Be µg/L ICP-MS 0.001 <0.001 0.0055 0.014 <0.05 <1 0.009 
Bi µg/L ICP-MS 0.001 <0.001 0.0010 0.0021 <0.05   0.002 
Br µg/L IC 100 <100 <100 <100       
Br µg/L ICP-MS 1 4.0 8.3 31 25   <10 
Ca µg/L ICP-MS 1 255 4125 30433       
Ca_AES µg/L ICP-AES 10 300 4610 31700 26200 1900 40200 
Cd µg/L ICP-MS 0.001 <0.001 0.0027 0.0070 <0.05 <6 0.01 
Ce µg/L ICP-MS 0.001 0.0079 0.076 1.5 0.13   0.06 
Cl µg/L IC 100 247 1050 4880 7830   8800 
Cl_AES µg/L ICP-AES 100 300 1200 5200       
Co µg/L ICP-MS 0.01 <0.01 0.024 0.11 0.08 <20 0.16 
Cr µg/L ICP-MS 0.01 0.013 0.12 0.70 <0.5   0.4 
Cs µg/L ICP-MS 0.001 <0.001 0.019 0.12 0.01   0.006 
Cu µg/L ICP-MS 0.01 0.12 0.45 2.1 0.9 <1 0.88 
Dy µg/L ICP-MS 0.001 0.0024 0.014 0.11 0.02   0.008 
Er µg/L ICP-MS 0.001 0.0016 0.0090 0.054 0.01   0.006 
Eu µg/L ICP-MS 0.001 <0.001 0.0043 0.038 0.02   0.005 
F µg/L IC 500 <500 <500 <500 150   100 
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        OPPDAL OSLO NTR EUROPE 
Parameter Unit Method DL MIN MED MAX MED   MED 
Fe µg/L ICP-MS 0.1 0.96 13 436       
Fe_AES µg/L ICP-AES 3 <3 14 467 40 130 70 
Ga µg/L ICP-MS 0.001 <0.001 0.0045 0.020 <0.05   na 
Gd µg/L ICP-MS 0.001 0.0032 0.019 0.16 0.04   0.01 
Ge µg/L ICP-MS 0.01 <0.01 0.027 0.078 <0.05   0.009 
Hf µg/L ICP-MS 0.001 <0.001 0.0024 0.0099 <0.02   0.004 
Hg µg/L ICP-MS 0.01 <0.01 0.01 0.033 na   na 
Ho µg/L ICP-MS 0.001 <0.001 0.0027 0.018 <0.01   0.002 
I µg/L ICP-MS 0.1 0.17 0.53 1.43 na   na 
In µg/L ICP-MS 0.001 <0.001 <0.001 0.0013 <0.01   na 
K µg/L ICP-MS 1 49 319 1689       
K_AES µg/L ICP-AES 100 <100 350 1900 1240 <500 1600 
La µg/L ICP-MS 0.001 0.0076 0.100 1.5 0.15   0.034 
Li µg/L ICP-MS 0.01 0.014 0.11 0.60 0.6 <5 2.1 
Lu µg/L ICP-MS 0.001 <0.001 0.0017 0.0074 <0.01   <0.002 
Mg µg/L ICP-MS 1 52 415 2341       
Mg_AES µg/L ICP-AES 1 53 447 2620 2770 550 6020 
Mn µg/L ICP-MS 0.01 0.036 0.48 8.6 27.6 <50 15.9 
Mo µg/L ICP-MS 0.001 0.0013 0.058 0.88 0.9 <10 0.22 
Na µg/L ICP-MS 1 327 1116 2983       
Na_AES µg/L ICP-AES 100 400 1200 3100 4600 2600 6600 
Nb µg/L ICP-MS 0.001 <0.001 0.0025 0.010 0.02   0.004 
Nd µg/L ICP-MS 0.001 0.0082 0.10 1.2 0.15   0.04 
Ni µg/L ICP-MS 0.01 0.022 0.25 2.5 <0.2 <40 1.91 
NO2 µg/L IC 100 <100 <100 <100 <50   na 
NO3 µg/L IC 250 <250 310 340 2540 200 2800 
Pb µg/L ICP-MS 0.001 <0.001 0.018 0.088 <0.1 <90 0.093 
PO4 µg/L IC 499 <400 <400 <400 <200   na 
Pr µg/L ICP-MS 0.001 0.0019 0.026 0.34 0.03   0.009 
Rb µg/L ICP-MS 0.001 0.18 1.1 6.1 1.62   1.3 
Sb µg/L ICP-MS 0.001 0.0016 0.0075 0.072 0.07   0.07 
Sc µg/L ICP-MS 0.01 <0.01 0.028 0.081 <1   na 
Se µg/L ICP-MS 0.01 0.010 0.040 0.15 <0.5   0.34 
Si_AES µg/L ICP-AES 50 <50 1262 3085 2200 530 8030 
Sm µg/L ICP-MS 0.001 0.0023 0.020 0.22 0.03   0.009 
Sn µg/L ICP-MS 0.001 <0.001 0.0051 0.018 <0.05   na 
SO4 µg/L IC 200 <200 1145 23200 12800   16100 
SO4_AES µg/L ICP-AES 50 340 1420 24300   1600   
Sr µg/L ICP-MS 0.1 1.7 13 71 106   110 
Sr_AES µg/L ICP-AES 1 2 15 78   8.3   
Ta µg/L ICP-MS 0.001 <0.001 0.0015 0.0050 <0.02   na 
Tb µg/L ICP-MS 0.001 <0.001 0.0028 0.022 <0.01   0.002 
Te µg/L ICP-MS 0.001 <0.001 0.015 0.031 <0.05   na 
Th µg/L ICP-MS 0.001 <0.001 0.012 0.12 <0.05   0.009 
Ti µg/L ICP-MS 0.01 <0.01 0.14 1.5 <10 <4 na 
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        OPPDAL OSLO NTR EUROPE 
Parameter Unit Method DL MIN MED MAX MED   MED 
Tl µg/L ICP-MS 0.001 0.0024 0.012 0.029 0.01   0.005 
Tm µg/L ICP-MS 0.001 <0.001 0.0014 0.0065 <0.01   <0.002 
U µg/L ICP-MS 0.001 0.0066 0.035 0.69 0.59   0.32 
V µg/L ICP-MS 0.01 0.031 0.086 0.30 0.7 <7 0.46 
W µg/L ICP-MS 0.001 <0.001 0.011 0.051 <0.02   0.007 
Y µg/L ICP-MS 0.001 0.012 0.080 0.55 0.13   0.064 
Yb µg/L ICP-MS 0.001 0.0011 0.0092 0.047 0.01   0.006 
Zn µg/L ICP-MS 0.1 0.49 1.90 17   <6   
Zr µg/L ICP-MS 0.001 0.0020 0.024 0.15 0.08   0.053 

 
 
Table 6: Relative abundance (median value) of elements in the Oppdal surface water samples in 
decreasing order. 

µg/L Elements 
>1000 Ca, SO4, Si, Cl, Na 

>100-1000 Mg, K, NO3 
>1-100 Al, Sr, Fe, Br, Ba, Zn, Rb 
>0.1 - 1 B, I, Mn, Cu, Ni, Ti, Cr, Li 

>0.01 - 0.1 
Nd, La, V, Y, Ce, Mo, As, Se, U, Sc, Ge, Pr, Co, Zr, Sm, Cs, Gd, Pb, Te, Dy, Tl, 
Th, W 

>0.001 - 0.01 Hg, Yb, Er, Sb, Be, Sn, Ga, Eu, Tb, Ho, Cd, Nb, Hf, Lu, Ta, Tm 
0.001 Bi, Ag 

<0.001 Au, In 
<DL F, PO4, NO2 

 
Compared to the other datasets (see Tab. 4) the following elements/parameters fall 
into the expected range: EC, pH, alkalinity, Al, Bi, Ca, Ce, Cr, Cu, Dy, Er, Eu, Gd, Hf, 
Ho, La, Lu, Mg, Nb, Nd, Ni, NO3, Pr, Rb, Si, Sm, SO4, Tb, Th, Tl, W, Y, Yb, Zr. 
Unusually high concentrations are reported for Cs and Ge. The two elements show a 
different regional distribution, a joint source (e.g., enhanced weathering, presence of 
clay in the catchments) can thus be excluded – see maps below and in the 
attachments). The elements As, B, Br, Cd, Cl, Co, Fe, K, Li, Mn, Mo, Na, Pb, Sb, Se, 
U, V, Zn show in contrast all very low concentrations in the Oppdal samples. 
 

3.1 Methodological tests 

3.1.1 Field vs. laboratory measurements, pH and electrical conductivity (EC) 
Figure 6 compares the results of the EC and pH measurements in the field and in the 
laboratory. The EC measurements show a perfect comparability. The pH values are 
in general comparable, however there exists quite a deviation between field and 
laboratory measurements with a tendency towards higher pH values for the 
laboratory results. The instrument used in the laboratory is far superior to the simple 
field instrument thus the laboratory values should rather be used here though the 
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generally higher pH values measured in the lab may point towards a degassing effect 
during sample storage, which indicates that pH should really be measured right in the 
field. 
 

 
Figure 6: Comparison between field and laboratory measurements for EC and pH. The line marks a 
1:1 relation. 

 

3.1.2 ICP-QMS vs. ICP-AES, major elements 
A total of 27 elements (Al, As, Ba, Be, B, Ca, Cd, Cl, Co, Cr, Cu, Fe, K, Li, Mg, Mn, 
Na, Ni, Pb, PO4, Sc, Si, SO4, Sr, Ti, V and Zn) were also measured on an ICP-AES, 
which has principally considerably higher detection limits than the ICP-MS. However, 
a few elements can either not be determined by ICP-MS or have so high 
concentrations that the measurements on the ICP-AES become more reliable. In 
addition these results can again be used as an independent quality control of the 
ICP-MS results. Figure 7 shows as an example XY plots for two elements as 
analysed with the two different techniques. 
 

 
Figure 7: Comparison of analytical results for two elements (Ca, Ba) as received from the ICP-AES 
and the ICP-MS. The line indicates a 1:1 relation. Results for Ca are excellent. The Ba results are 
plagued by discretisation of the ICP-AES results. 

 
Figure 7 indicated some problems with the results for Ba from the ICP-AES. This was 
investigated in more detail by plotting the data distribution for the Ba results from the 
two techniques in CP diagrams (Fig. 8). Here the discretisation of the Ba results from 
the ICP-AES becomes more clearly visible. When looking at the other elements in 
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the form of such CP diagrams it turned out that such a discretisation of the values 
could be observed for most of the analytical results reported from the ICP-AES. The 
reason is that the results from the ICP-AES were originally reported in mg/l, while all 
results from the ICP-MS were reported in µg/l. Reporting in mg/l led to an excessive 
rounding of all ICP-AES values. The dataset was practically destroyed via the 
rounding,  good data were sacrificed for good looking numbers. 
 

 
Figure 8: CP diagrams for Ba as reported from the ICP-MS (left) and the ICP-AES (right). The strong 
dicretisation of values that becomes visible in the right hand diagram is due to the fact that Ba from the 
ICP-AES was originally reported in mg/l and that the values were excessively rounded. 

The original instrument readings from the ICP-AES were unfortunately no longer 
available when the problem was detected. Thus it was decided to rather us the ICP-
MS values even for those elements where one would usually rather  tend to use the 
ICP-AES results.  

3.1.3 Hotel duplicates 
At 24 sites a second untreated sample was taken in three 0.5 litre PE bottles in the 
field. These samples were filtered and acidified in the evening in the hotel. If 
unacidifed and unfiltered samples could be taken in the field and prepared under 
controlled conditions in the evening it would become possible to take more samples 
per day in addition to being able to avoid carrying splits of the ultrapure acids along in 
the field. Especially on rainy days this would minimize the danger of contamination of 
the samples during field work. It would also be easier to have several sample teams 
in parallel in the field. The risk is that adsorption/desorption processes might occur on 
the walls of the large preliminary sample bottles or that elements might form or bind 
to colloids during transport to the hotel. A further risk is leaching of elements (e.g. Ba, 
Sb, Zn) from the bottle material into the water. The results of the two samples were 
again plotted in XY diagrams (Fig. 9 shows four examples all results are available in 
Appendix IV and the conclusions are as follows: 

General detection limit problem (all values below DL): Br_IC, F_IC, NO2_IC, PO4_IC 

Leaching from bottle material: Zn 

Not reproducible: Cd, Ge, Pb 
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Poor to very poor reproducibility: pH, Ag (DL!), Hg, In, NO3, Sb, Sc, Sn, Ta, Te, Zn 

Problems with single samples: Cl_AES 

OK to good reproducibility: alkalinity, Au, B, Be, Bi, Co, Ga, Hf, Nb, Se, Th, Ti, Tl, Tm, 
V, W, Yb  

Excellent reproducibility: pH_lab, conductivity, conductivity_lab, Al, Al_AES, As, Ba, 
Ba_AES,  Br, Ca, Ca_AES, Ce, Cl, Cr, Cs, Cu, Dy, Er, Eu, Fe, Fe_AES, Gd, Ho, I, K, 
K_AES, La, Li, Lu, Mg, Mg_AES, Mn, Mo, Na, Na_AES, Nd, Ni, Pr, Rb, Si_AES, Sm, 
SO4_IC, SO4_AES, Tb, U, Y, Zr. 

 

 
Figure 9: Results of the routine field samples (filtered and acidified at the sample site) plotted against 
the results of the “hotelduplicates” (filtered and acidified in the evening in the hotel). 

In general it can be concluded that taking unfiltered and unacidified samples in the 
field and to filter and acidify them the same evening in the hotel is a viable approach 
under Norwegian field conditions. Even for gold at extremely low concentrations and 
thus plagued with a high variation the diagram indicates that there are no additional 
artefacts from the procedure; no trend towards higher or lower values in one of the 
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two samples is discernible (Fig. 9, lower left). For Zn, however, as the only element a 
bottle related effect is visible (Fig. 9, lower right), the analytical results of the samples 
that were first stored in the large bottles are all (with the exception of 2 samples) 
higher than the results for the field filtered and acidified samples. This points at a 
certain amount of Zn leaching from the large bottles into the samples, even given 
less than one full day of storage in these bottles. Whether the results for Ge, Pb, Sb 
and Sn are really an effect of differences in sampling procedure can not be assessed 
due to the very low concentration levels near the detection limits of these elements. 

3.1.4 Acidification: HNO3 vs. HCl 
In order to hold all elements in solution water samples usually are field acidified to a 
pH of about 2 by adding a defined number of drops of ultrapure HNO3 to the sample 
containers. Gold is known for its tendency to adsorb to the bottle walls. To keep gold 
in solution a number of special techniques are suggested in the literature. A simple 
and easy procedure appeared to be to acidify the samples with ultrapure HCl instead 
of HNO3. Because Au was the main element for which the survey was carried out it 
was decided to take 2 samples at each location, one according to the standard 
procedure (filtered and acidified with HNO3) and a second one which was also filtered 
but acidified with ultrapure HCl instead of HNO3. This meant that two bottles of 
ultrapure concentrated acid had to be carried around in the field. To compare results 
XY plots were produced for all elements analysed on the ICP-MS. The following 
results were obtained. 
Well to very well comparable: Al, As, B (in general somewhat higher in HCl), Ba, Br 
(clearly higher in HCl), Co, Cr, Cs (somewhat higher values in HCl),Ca, Ce, Gd, Dy, 
Er, Eu, Fe, K, Ho, I, La, Li, Lu, Nd, Ni, Mg, Mn, Mo, Na, Pr, Rb, Sb, Sm, Sr, Tb, Th, 
Tm, U, V (but generally higher in HCl), Y, Yb, Zr. 
Poor, but still comparable: Ag, Be, Cu, Hf (higher in HNO3), Se, Ti, W. 
Incomparable: Au (in general higher in HNO3), Bi (in general higher in HNO3), Cd, Ga 
(much higher in HCl), Ge, Hg, In (higher in HCl), Nb (in general higher in HCl), Pb 
(much higher in HNO3), Sn, Sc, Tl (much higher in HNO3), Ta, Te (higher in HNO3), 
Zn (in general higher in HNO3). 
 
Figure 10 shows a few examples: As with a good reproducibility for both samples, Au 
with the clearly higher results for the HNO3-acidified samples, Pb, where almost all 
results for the HNO3 acidified samples are higher and a correlation between the two 
results is not even indicated and V where all results are clearly higher for the HCL-
acidified samples but a general correlation between the two results still exists. Plots 
for all elements are shown in the attachments. 
 
In conclusion it did not pay to acidify the samples with HCl. Gold results were actually 
slightly higher and, according to the resulting map and the duplicate analyses, more 
reliable in the HNO3-acidified samples. Probably it would have been more interesting 
to compare filtered to unfiltered samples than to test the two different acids. 
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Figure 10:  XY plots showing the analytical results of the duplicate samples acidified with HNO3 and 
HCl 

3.2 Regional distribution – geochemical maps 
Figure 11 shows maps for nine selected elements, all maps are available in the 
Appendix. When studying the maps in the appendix the overall quality of the results 
for each element should be considered, e.g., the blind values as presented in Table 
2, the precision shown in Table 3 and the results obtained for the international 
reference materials in Table 4. 

3.2.1 Indications for mineralisation 
Although the gold values are very low (see Table 5) the map (Fig. 11, Au) shows an 
interpretable regional distribution. Both, the river Gisna (for location see Fig. 1), 
where the gold nugget was found, and the occurrence at Kells Creek (Gråurdfjellet – 
for location see Fig. 1) are indicated by Au anomalies. Furthermore a quite 
substantial region in the south eastern corner of the survey area (Sissihøa/ 
Orkelsjøen) is indicated by no less than five streams with enhanced Au values. Along 
the same geological unit but further to the north quite a number of small mineral 
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occurrences (not all verified) are reported in NGU’s ore occurrences database (see 
Fig. 1) – the area is clearly indicated in the SO4 map. The Garli showing is not visible 
on the Au map, the reason is that it occurs close to a larger river that was not 
sampled. 
 
A distinct Ag, Cu, REE, (Te, Th, V) marks the general area of Gråurdfjellet / 
Trondfjellet / Soløyfjellet between Dinsdalen and Åmotdalen in the south of the 
survey area (see Cu-map in Fig. 11). The Au anomaly in the upper reaches of 
Tronddalen lies in the centre of the indicated area. The Au showing at Gråurdfjellet 
has associated Cu, Ag and locally Te mineralisation (Livgard, 1993). 
 
The Blåøret area directly to the north of Oppdal is marked by a distinct As, Mo, Sb 
and V anomaly (see As and Mo-maps in Fig. 11, the maps for the other elements are 
available in the appendix). This is an unusual element association for any geogenic 
source of these elements and one could speculate whether the values are related to 
the extensive use of the area for skiing. Some further investigations appear justified. 
Elevated As, Mo and Sb values do also mark the adjacent Innset massif directly to 
the north of Oppdal (compare Fig. 2 and Fig. 11). Here As, Mo and Sb are 
accompanied by numerous high values of Al, Cr, REEs, Li, Mn, Ta, Th, U and Zr. 
A further  As and Sb anomaly occurs to the north of Berkåk (see Fig. 11). All other 
anomalies rather indicate geology than possible mineralisation. 

3.2.2 Geology 
High SO4-values mark the rock units at the eastern border of the survey area (see 
Fig. 11 – Orkelsjøen - Innerdalsvatnet – Skaumsjøen, see Fig. 1 for locations). In 
contrast the area around Gråurdfjellet / Trondfjellet / Soløyfjellet between Dinsdalen 
and Åmotsdalen is marked by exceptionally low SO4-concentrations. Further 
elements that show low concentrations in this area are As, Ca, Cs, Mg, Mo, Na, Ni, 
Sn, and Sr. In contrast all REEs (see Fig. 11, Ce as an example) show high 
concentrations in this area. 
 
A sizable anomaly of Ca, K, Rb and Sr (see Fig. 11,  Ca) marks the area from 
Orkelsjøen to Innerdalsvatnet (in part coinciding with the Au anomalies – see above) 
and in general the eastern border of the survey area. This is an area where both, 
calcareous micaschists as well as black schists are known to occur. 
 
In general the maps for many elements reflect geological features as visible in Figure 
2 surprisingly well. A high density surface water map could definitely aid geological 
mapping. Interesting for geological mapping and interpretation may be the difference 
in concentration levels for many elements (see, for example, Ca in Fig. 11) in the 
middle part of the north-south running units of volcanoclastic and clastic rocks at the 
eastern survey border. 
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Figure 11: Geochemical maps for 9 selected elements (As, Au, Ca, Ce, Cu, and Mo as analysed by 
ICP-MS and Cl, NO3 and SO4 as analysed by IC), for all maps see Appendix. 

3.2.3 Seaspray 
The Oppdal area is far inland from the North-Atlantic ocean. With an average 
distance of over 100 km from the coast it was not expected that marine aerosols will 
still dominated the surface water geochemistry. In the North-Trøndelag data (Banks 
et al., 2001) the input of marine aerosol was the dominating factor for several 
elements and a very strong coast-inland gradient was observed for the first 100 km 
from coast. However, even in the Oppdal area the regional distribution of a number of 
elements is still visibly influenced by the input of marine aerosols: B, Br, Cl, I, Na (see 
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Fig. 11 for Cl and all other elements the maps in the Appendix) are all strongly 
affected. 
 
The elements Mg and Sr are only slightly (still detectable in an XY diagram of Mg or 
Sr against Cl), the element Se is not affected. When comparing the concentrations in 
the Oppdal stream waters to the Nord-Trøndelag surface water results (Banks et al., 
2001- see Table 5) the median values for Cl and Na in Nord-Trøndelag, with its long 
coast line, are by a factor of 2-4 higher than those in the Oppdal area. 

3.2.4 Human impact 
The map for NO3 looks almost like one of the “seaspray” maps (Cl, B, Br, Na): low 
values in the southern half of the area, high values in the northern half (see Figure 
11). However, here the high values of NO3 are an “artefact” of altitude – at lower 
altitudes there are more human activities (farming, cows instead of sheep) and this is 
what becomes visible on the map – an increased impact of agriculture and grazing 
animals at the low altitudes. 
 
The distinct As, Mo, Sb marking the streams draining the main skiing area near 
Oppdal (see Fig. 11 the maps for As and Mo, Sb map in the Appendix) is puzzling, 
there is no obvious geological explanation and the anomalies cut several established 
geological boundaries. It is thus a question whether these anomalies might  be 
related to the land use (skiing arena) in the area. Further investigations appear 
justified. 

4. CONCLUSIONS 
A number of important conclusions can be drawn from this test survey using 
predominantly water samples collected from 2nd and 3rd order streams: 
(1) Water is a well suited sample material for geochemical mapping and mineral 
exploration in Norway provided that very low detection limits for the most interesting 
elements are reached and blind values can be kept low. Geology (lithology) is very 
well reflected in surface water geochemistry. 
(2) Under Norwegian field conditions and given the very low values of electrical 
conductivity in the collected surface waters it would probably have been possible to 
collect unfiltered water samples. This would allow for a much more effective sample 
collection program. The test with the hotel duplicates also indicates that it should be 
sufficient if the samples are acidified each evening in the hotel. 
(3) The use of factory new HDPE bottles did not result in any obvious contamination 
or adsorption/desorption problems for most elements. This reduces the cost for such 
a survey considerably. The large 0.5 l bottles used for the hotel duplicates did leach 
some Zn. A leaching test of any new brand of bottles before use is advisable. 
(4) Acidification with HCl (in addition to the traditional HNO3) did not provide any 
advantages (e.g., the expected superior stabilisation of Au). 
 
In general the Oppdal water samples show very low background values for most 
elements. Several interesting anomalies (Orkelsjøen area, 
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Trondfjell/Gråurdfjell/Soløyfjell area) were found and the areas with known gold 
mineralisation (Gisnadal, Gråurdfjell) were reliably detected. 
 
Slightly higher NO3 concentrations in the streams at an altitude < 500 m indicate the 
impact of farming and human activities. An As, Mo, Sb, V anomaly is found directly to 
the north of Oppdal in streams draining the main skiing areas. Here it can not be 
decided whether this may be an indication of the anthropogenic activities in the area 
or whether this is a mineralisation related anomaly. 
 
A higher density water survey, collecting samples from all first order streams and 
taking unfiltered and hotel-acidified samples appears justified. Collecting unfiltered 
samples that are acidified in the evening in the hotel would allow for fast and effective 
sampling. 
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Appendix I: CP diagram for all elements (HNO3, ICP-MS) 
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Appendix II: EDA-plots for all elements 

Combination of density trace, histogram, one-dimensional scattergram and 
boxplot for all elements. 
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Appendix III: ICP-AES vs. ICP-MS/IC  

Comparison of analytical results as received from the ICP-AES and the ICP-MS/IC.  
The line indicates a 1:1 relation. 
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Appendix IV: XY plots for samples acidified in field and in the evening  

Comparison of the analytical results of the field filtered and acidified samples to those 
filtered and acidified in the evening in the hotel (“hotellduplicate”). 
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Appendix V:  HNO3 vs. HCl 

Comparison of analytical results of the HNO3 vs. the HCl acidified samples. 
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Appendix VI: XY plots of the field duplicates versus the original samples. 
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Appendix VII:  XY plots for the analytical duplicates (ICP-MS analyses only) 
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Appendix VIII: Maps for all elements.  

Note that these maps should be studied keeping the results of quality control in mind. 
For reasons of a complete documentation,  maps for all elements/ parameters with 
results above detection are shown here, independent of overall quality. 
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Appendix IX: Maps for the physical parameters 

 pH, conductivity, alkalinity and temperature. 
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Appendix X: Field sheets 
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