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Preface 

Nature Tolerance Levels 

The programme on Tolerance Levels in Nature was started by the Norwegian 
Ministry of Environment in 1989. The programme aims to obtain background 
material for international agreements on reductions of emissions. Within the 
Convention on Long Range Transboundary Air Pollution the members have 
decided that new agreements on emission reduction will be based on the principle 
of critical load. 

A steering group with members from the Ministry of Environment has the overall 
responsibility of the programme. The following departments in the Ministry are 
represented in the steering group: 

• Department of Nature Conservation and Cultural Heritage 
• Department for International Co-operation, Air Management and Polar Affairs 
• Department for Water, Waste Management and Industry 

The administration of the programme has been given to a working group with 
representatives from the Directorate for Nature Management (DN), Norwegian 
Pollution Control Authority (SFf) and Norwegian Polar Institute (NP). 

The working group has the following representatives: 

Gunnar Futsæter - NP 
Tor Johannessen - SFT 
Else Løbersli - DN 
Steinar Sandøy - DN 

Questions regarding the programme may be given to: 

Directorate for Nature Management 
Tungasletta 2 
N-7005 Trondheim 
Norway 

Tel.: +47 73 58 05 00 
Telefax: +47 73 91 54 33 

or: 
Norwegian Pollution Control Authority 
P.O. Box 8100 Dep. 
N-0032 OSLO 

--------------+'1·'6·fWa"·~----------------------------- 

Tel.: 47 22 5734 00 
Telefax: +47 22 67 67 06 

Kjetil Tørseth 
Scientist 
Norwegian Institute for Air Research 
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Summary 

The total depositions of sulphur and nitrogen compounds in Norway have been 
estimated with a grid resolution of 50-50 kmz, based on available measurements 
of air and precipitation chemistry. The first estimate was covering the period 
1983-87 (Pedersen et al., 1990) while a later work gives results for the period 
1988-1992 (Terseth and Pedersen, 1994). In this report, estimates for the period 
1992-1996 are given and compared to the previous estimates. In addition, the 
depositions of sea-salts and non sea-salt potassium and calcium have been 
estimated. The results are. presented as tabulated values to the individual grid 
cells, and visualised on geographical maps. 

The average total deposition ( 1992-1996) of the non sea-salt compounds were 
highest in the south-western part of Norway with maximum sulphur deposition 
exceeding 1.1 g S/m2 in grid cell no. 4, and approx. 1.0 g S/m2 in the neighbouring 
cells (8 and 9). The lowest depositions were observed along the Swedish border 
from Finnmark in the north down to Oppland in central Norway with values 
approximately one order of magnitude lower than in the maximum areas. 
Similarly, deposition values for individual meteorological sites varied from at 
most 1.6 g S/m2 down to 0.07 g S/m2. The largest grid cell depositions of oxidised 
and reduced nitrogen were 1.0 and 0.77 g N/m2, whereas the lowest depositions 
were 0.06 and 0.05 g N/m2, respectively. Similarly, total nitrogen deposition for 
the individual sites varied from 0.11 to 2.28 g N/m2 

Estimated total yearly depositions were for the period 1992-96 approximately 114 
000 tonnes sulphur and 152 000 tonnes nitrogen. Compared with similar estimates 
for the period 1983-87 and 1988-1992, there has been a reduction in the sulphur 
deposition of 33% and 23%, respectively. For nitrogen deposition, corresponding 
reductions were 14% and 2% for oxidised nitrogen, and 23% and 6% for reduced 
nitrogen compounds. Also the amounts of precipitation varied significantly 
between the different periods with 11 % lower amounts during the period 1983-87 
and 13% higher amounts during 1988-92, compared to 1992-1996. However, 
changes in precipitation amounts can only to a small extent explain the observed 
changes in deposition of sulphur and nitrogen 

Although we emphasised to use the same methodology, there are some minor 
differences in the way depositions have been estimated compared to the previous 
estimates. In addition, the number of measurement sites increased significantly 
from 1983-87 to 1988-92. Compared to the period 1988-92 we assume that the 
results are readily comparable, whereas compared to 1983-87 some caution should 
be made. 

Estimates of depositions of sea-salt ions, non sea-salt potassium and non sea-salt 
calcium have been improved by using a larger number of sites, the application of 
ambient air concentrations compared to throughfall measurements to quantify dry 
deposition, and for sea-salts a model describing concentration levels in 
precipitation as a function of the distance to the coast. Still, however, considerable 
uncertainty in the estimates are expected. 
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Sammendrag 

De totale avsetninger av svovel og nitrogenforbindelser til Norge har vært 
estimert basert på målinger av luft- og nedbørkjemi. Det første estimatet 
omfattet perioden 1983-1987 (Pedersen et al., 1990) mens et senere arbeid 
dekket perioden 1988-1992 (Tørseth and Pedersen, 1994). I denne rapporten 
presenteres estimater for perioden 1992-1996 og disse er sammenlignet med de 
tidligere perioder. I tillegg er det beregnet avsetninger av sjøsalter og ikke 
marin kalium og kalsium. Resultatene er vist som tabulerte verdier til et 
landsdekkende rutenett på 50-50 km2, og visualisert på geografiske kart. 

Total avsetning av ikke-marine komponenter var størst i de sør-vestre deler av 
landet med maksimal svovel deposisjon over 1, 1 g/m2 i rute 4 (Vest-Agder), mens 
de laveste avsetninger ble registrert langs svenske-grensen fra Finnmark og til 
Oppland fylke. Tilførselen var omlag en tidel av tilførselen i maksimumsområdet. 
Fordelingsmønstret for nitrogen (totalt oksidert og redusert) er svært likt det for 
svovel, med tilsvarende avsetningstall fra 1,77 g/m> til 0,11 g/mz. Totale 
avsetninger for Norge er beregnet til 114 000 tonn svovel og 152 000 tonn 
nitrogen. Sammenlignet med periodene 1983-1987 og 1988-1992 har det vært en 
reduksjon i svovelavsetningen på hhv. 33% og 23%, mens det for 
nitrogenforbindelser var reduksjoner i størrelsesordenen 14% og 2% (oksiderte 
forbindelser) og 23% og 6% for reduserte forbindelser. Også mengdene nedbør 
varierte betydelig mellom de ulike periodene med hhv. 11 % mindre i 1983-1987 
og 13 % mer i perioden 1988-1992. Endringene i nedbørmengde vil bare til en viss 
grad kunne forklare de observerte variasjoner i tilførsel av svovel og nitrogen, og 
det antas at endrede utslippsmengder er den viktigste forklaringen til variasjonen 
mellom periodene. Små ulikheter i metodikken benyttet ved de ulike estimatene, 
og særlig sammenlignet med 1983-87, gjør imidlertid at direkte sammenligninger 
ikke kan gjøres ukritisk. De presenterte tilførselstall for sjøsalter og ikke-marin 
kalsium og kalium antas å inneholde en betydelig usikkerhet sammenlignet med 
estimatene for svovel og nitrogen. 

NILU OR 67/97 
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Deposition of major inorganic compounds in 
Norway 1992-1996 

1. Introduction 
In order to evaluate the exceedance of critical loads to the ecosystems, quantified 
atmospheric input to the system is essential. The atmospheric input of pollutants 
can be determined from atmospheric dispersion models, by using emission data, 
meteorological data and parameters describing transformation and removal 
processes (Barrett et al., 1995). Under the Co-operative programme for the 
monitoring and evaluation of long-range transmissions of air pollutants in Europe 
(EMEP), concentration and deposition fields are calculated at two Meteorological 
Synthesising Centres for all European countries. So far one-layer Lagrangian 
models and a grid size of 150-150 1cm2 have been used, but the grid size has 
recently been reduced to 50-50 kmz. A multi-layer Eulerian model using a grid 
size of 50-50 1cm2 is also being developed. 

Atmospheric inputs may also be inferred from measurements of air and 
precipitation chemistry. Particularly in a country like Norway, where large 
topographical features cause large variations in depositions, use of measured 
concentrations an precipitation amounts makes it possible to determine the inputs 
by precipitation more directly and with more detailed spatial resolution than are 
available from models. Dry deposition may also be inferred from measured 
airborne concentrations. In this case it is essential to take into account seasonal 
variations and differences in ground cover. The heterogeneity of the surface 
characteristics are also reflected in the critical loads for specific receptor areas and 
ecosystems, which makes it desirable to determine atmospheric inputs with the 
same spatial resolution. 

In this work, estimates of the total depositions of all major inorganic compounds 
(sulphur, nitrogen, non sea-salt base cations (Kand Ca) and sea-salts (Na, Mg, Cl, 
K, Ca, S) of interest in the evaluation of critical loads for acidity and for nutrient 
nitrogen, are presented. The estimates are based on data available through the 
national air- and precipitation monitoring program, combined with information 
about precipitation amounts from the national meteorological network (DNMI). 
Estimates for the period 1992-1996 are presented and compared with similar 
estimates for the periods 1983-87 (Pedersen et al., 1990) and 1988-1992 (Tørseth 
and Pedersen, 1994). 

--------~2~.,-..,Depøsit4øB--pr-eeesses1--------------------- 

Sulphur and nitrogen compounds can be deposited either by precipitation (wet 
deposition) or by dry deposition. In precipitation, the major species are sulphate 
(SO4--), nitrate (NO3-), ammonium (NH/) chloride (Cl), sodium (Na), magnesium 
(Mg), potassium (K) and calcium (Ca). The major sulphur and nitrogen 
compounds in air are sulphur dioxide (SO2) and particulate sulphate (SO4--), 
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nitrogen monoxide (NO), nitrogen dioxide (NO2), nitric acid (HNO3), particulate 
nitrate (NO3-), ammonia (NH3) and particulate ammonium (NH/). 

Wet deposition is generally obtained from measured precipitation amounts and the 
concentration of chemical species in the precipitation samples. This procedure 
does not include deposition by fog or dew, since the usual precipitation sampler 
usually collects no precipitation sample from such events. 

When using measured concentrations in ambient air to infer dry deposition of 
sulphur and nitrogen, seasonal deposition velocities (Voldner and Sirois, 1986) 
may be used which summarise the transfer resistance's calculated from more 
detailed dry deposition models (e.g. Hicks et al., 1987). Such extrapolation from 
detailed modelling also requires knowledge of climatic conditions and ground 
cover characteristics. In view of the large uncertainties involved, particularly in 
connection with variation in ground cover and climatic conditions within Norway, 
a simplistic approach was chosen. The various dry deposition processes and 
deposition of fog droplets are described in the literature e.g. Lovblad et al. (1993). 
Only parts of this discussion will be repeated here. Instead a short description will 
be given for each component on how the dry deposition has been estimated from 
the measured concentration of each airborne component. The procedures are 
chosen to be as simple and straightforward as possible, taking into account 
differences in ground cover, climatic conditions and exposure to pollutants, which 
show a considerable geographical variation. 

Under dry conditions, the deposition of sulphur dioxide (SO2) is mainly regulated 
by stomata! resistance. However, absorption of sulphur dioxide on wetted foliage 
seems to be an important explanation for "dry deposition" under wintertime 
conditions. Because sulphur dioxide concentrations in ambient air are relatively 
high in winter, and because of enhanced frequency and duration of wetness, this 
may explain a relatively large part of the sulphur deposition as inferred from 
canopy throughfall measurements, particularly in coastal areas. Snow crystals, on 
the other hand, do not absorb sulphur dioxide. Therefore, the dry deposition of 
sulphur dioxide to snow surfaces depends on oxidation of absorbed sulphur 
dioxide in the liquid-films at the surface nucleated by impurities in the snow 
(Valdez et al., 1987). The result is a very small deposition of sulphur dioxide to 
snow surfaces as well as to snow-covered vegetation at temperatures below 0°C. 
Even nitric acid does not deposit onto snow surfaces at below -2°C (Johansson 
and Granat, 1987). 

From catchment mass balances and canopy experiments in southern Sweden, 
Hultberg and Grennfelt ( 1992) found that coniferous forest stands in southern 
Sweden collected 2-3 times more sulphur than adjoining clear-cut areas. It was 

-----al-se-sh0WH-tfl-at-1'"1e-clep0Si+i0H-ey--ihreughfa±l-was-mttch-targerat-the-forest-edge 
than inside a larger plot of homogenous forest. The interpretation of these results 
is somewhat ambiguous, since the excess sulphate in throughfall may be caused 
both by deposition of sulphur dioxide and by deposition of sulphate aerosol 
particles. In the former case, the results point to deposition of sulphur dioxide in 
situations with wet foliage, when aerodynamic resistance is controlling the 
deposition. The observations were made in areas with typically wet and windy 
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climate. In other areas it has been found that spruce stands will collect, on 
average, 30-70% more sulphur dioxide than stands of pine or deciduous trees. 
This is readily explainable on the basis of higher leaf area index for spruce (Ivens 
et al., 1990). For sulphur dioxide, therefore, deposition velocity of 0.4 emfs and 
0.8 emfs have been chosen for non-forested and forested areas, respectively. lt is 
implicated that, while stomata! uptake rate is reduced during the non-growing 
season, this is largely compensated because of a higher occurrence of wet surfaces 
under typical Norwegian winter conditions, if there is no frost or snow. The 
deposition rate for SO2 has been strongly reduced for all types of surface cover in 
the presence of a lasting snow cover. 

The deposition velocity for NO2 is not influenced by the presence of wet surfaces 
and has been shown to be mainly regulated by stomata! control. A generally low 
deposition velocity of 0.2 to 0.4 cm/ s serves to keep the dry deposition of this 
component relatively insignificant (Johansson, 1987). In winter, stomata! uptake 
is insignificant, and deposition velocities correspondingly low (0,02 emfs). 

Only the sum of nitric acid and nitrate (in aerosol particles), is available from the 
monitoring programme. Measurements at Birkenes and Lista have shown that the 
concentration of nitric acid is only 10-30% of the sum of nitric acid and 
particulate nitrate (Sorteberg et al, in press; Foltescu et al., 1996). Nitric acid is 
very reactive and only the aerodynamic transfer resistance is limiting the dry 
deposition velocity. Cascade impactor measurements indicate that the nitrate is 
mainly present in the form of particles larger than 2 µm (e.g. Hillamo et al., 1992). 
A relatively large deposition velocity has therefore been chosen for this 
component. 

The reduced nitrogen species will mainly consist of submicron ammonium 
sulphates and gaseous ammonia. Several measurements have indicated that the 
concentration of gaseous ammonia is low (e.g. Tørseth and Semb, 1996). The only 
exception is in areas influenced by local emissions from farms in connection with 
animal husbandry and manure. Gaseous ammonia will have a relatively high 
deposition velocity. The deposition velocities chosen for sulphate and ammonium 
in aerosols also include deposition by deliquescenting sulphate droplets under 
conditions with high humidity and advection fogs. Particle growth in periods with 
high relative humidity (e.g. > 95%) may give significant deposition of sulphate 
particles, and to coniferous stands in particular. The latter processes are important 
at sites which are frequently exposed to advection fogs and low clouds. In 
mountainous regions cloud water deposition may be comparable to annual 
precipitation (Lovett, 1990; Dollard et al., 1983), but is usually less than 10%. 
Occult deposition may have a strong effect in the ecosystems because of the 
relatively high concentrations of pollutants found in cloud and fog water, but is 

----------tl:'~~eflanH-eF-eSttfftat-i-ttg-tlle-tetal--depesit-i.en-i-n-ea1et1±atiens-e>-hr:itiea-Hoade---- 
using a resolution of 50-50 kmz. The subject of exposure to pollutants in the 
mountainous areas of Norway has been discussed further by Lukewille and Semb 
(1997). 

Sea-salts generally occur in the coarse particulate mode (>2 µm). In coastal areas 
sea spray may generate particles larger than 10 µm. These will however be 
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deposited very fast and normally less than 1-5 km from the coast and will 
therefore not contribute to the deposition to larger areas. In addition, episodes with 
high concentration of sea-salts in air will normally be accompanied with large 
inputs as wet deposition, making the dry deposition of minor importance to the 
total deposition. Relatively high deposition velocities were chosen for all sea-salt 
compounds, corresponding well with the excess throughfall of sodium estimated 
from the Norwegian monitoring programme for forest damage (Solberg et al., 
1997), 

The larger fraction of calcium and potassium is not derived from sea-salts. For 
calcium, the main source is assumed to be long range transport of mineral matter 
(Semb et al., 1995). There are still large uncertainties with respect to emission, 
transport and deposition of these compounds. In addition, there may also be local 
sources by e.g. agricultural activities, soil dust, pollen and bird droppings. For 
potassium, domestic wood combustion may be of some importance locally during 
winter. 

Table 1 summarises the deposition velocities which have been used to infer dry 
deposition from measured concentrations of the various compounds in this work: 

Table 1: Applied deposition velocities ( cm/s) for different inorganic compounds 
to the different landscape types and seasons. 

Land use classification 
Compound Forest Other 

summer winter summer winter 
S02 0.8 0.1 0.4 0.02 
so4··, Sum (NH3+NH4+) 0.4 0.4 0.2 0.1 

N02 0.4 0.02 0.2 0.02 
Sum (HN03+N03) 2.0 2.0 1.0 0.25 
nss K 1 1 0.25 0.1 
nss Ca 2 2 1 0.25 
Na, Mg, Cl, ss K, ss Ca, ss S 2 2 1 0.25 

3. Data used for mapping 
NILU started routine sampling of precipitation and air in background areas on 
daily basis in 1971, with most sites located in the southernmost parts of Norway. 
In later years the measuring network has expanded to cover all regions in Norway. 
In 1996 the network consists of about 40 stations serving different monitoring 

-----~ro.gramm : 

• "Monitoring programme for long range transported polluted air and 
precipitation" financed by the Norwegian Pollution Control Authority (SFT). 
In 1996 this programme includes 12 stations, of which 7 are EMEP-stations 
(European Monitoring and Evaluation Programme). 
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• Since 1985 the "Monitoring programme for forest damage" has been financed 
by the Norwegian Pollution Control Authority (SFT) and the Ministry of 
Agriculture, which in 1996 included a total of 13 sites. 

• In the "Monitoring programme for Terrestrial Ecosystems" financed by the 
Directorate for Nature Management, NILU has since 1990 had measurements 
at 5 sites. 

The remaining sites are part of other projects, of which some are financed by 
NILU. In addition concentrations in precipitation from the Swedish national 
network and air concentrations at the Swedish EMEP-stations have been used in 
the statistical analysis (Karin Kindbom, IVL, pers. com.). The Swedish data on 
wet deposition consist mainly of monthly bulk precipitation chemistry from 
32 sites run by the Swedish Environmental Research Institute (IVL). Figure l 
shows the location of the background stations and the measuring programme. All 
sites are located in rural areas and are believed to generally give good estimates of 
long range transported pollutants. In regions with local sources such as emissions 
from industry, traffic or agriculture, pollutant levels may be significantly higher. 
In this work no corrections for local sources have been performed. Information 
about the sites and the results for the years used in this report has been published 
in SFT (1993), SFT (1994), SFT (1995), Tørseth (1996) and Tørseth and Manø 
(1997). 

Precipitation samples are collected in bulk-samplers on a daily or weekly basis. 
Precipitation amounts are measured by local observers and the samples are sent to 
NILU for analysis of all main compounds. Analysis results are tested for ion 
balance and the measured conductivity is compared with calculated conductivity. 
Filter-pack samples are analysed for SO2, SO4, HNO3+NO3 and NH3+NH4, while 
absorbing solutions or Nal-impregnated filters are analysed for NO2. All results 
are checked against expected values and results from neighbouring sites. 
Obviously contaminated samples are rejected. 

The monitoring of non sea-salt base-cations and of sea-salts in air is only included 
in the measurement programme at the two sites Birkenes and Nordmoen through 
the Monitoring programme for forest damage. To provide regional information, 
ion chromatograms from the ordinary filter sample analysis was investigated to 
determine ambient concentrations of these ions. These measurements were made 
available to this project through internal funding by NILU. 

The precipitation amount data used for the calculations of the wet deposition is 
taken from the national meteorological observation network (DNMI). There is 
generally very good agreement between the recorded sample volumes and the 
amounts recorded by the official precipilalion gfillge.Lup.e.rate.d.Jzy_DL.U..N ..... M.........,I.__....D ..... at . ..__ _ 
from 797 sites for the five-year period 1992-1996 have been applied (DNMI, 
1997). Figure 1.1 in Appendix shows the location of the meteorological sites. 
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EMEP 
/)_o 

Long range transported air pollutants 
0 

Forest Damage 

Q Terrestrial Ecosystems, 
other projects 

Haukelan 

Vikedal -t-<iiifmil,-- 

Njåskogen 

Prestebakke 

Norwegian background- 
stations 1992 

Praclp. 
Main comp. Trace OZDn so.zso, ~ sum"°1 sum NH,. 

Station daily week week kontin, dail or 2+2+3 da 
Birkenes X X X X X X X 
Tveitdalen X 
Risdalsheia X 
Sø . X X X X X X 
Usta X 
Skreådalen X X X X X 
Valle X X X X X 
Vatnedalen X 
Treungen X 
Solhorrt"Jell X X 
Langesund X 
Klyve X 
Møsvatn X X 
Prestebakke X X X X X X 
Lardal X X X X X 
Jeløya X 
uken X 
No,d moe n X X X X X X X 
Fagernes X 
Gulsvik X X X 
Kise X 
Ose n X X X X X X X 
Ualand X X 
Njåskogen X 
Vikedal X 
Haukeland X 
Voss X X 
Nausta X X X X 
Kårvatn X X X X X X X 
Kå<vatn2 X 
Årrd.sdalen X X 
Selbu X 
Høylandet X 
Namsvatn X X 
Tustervatn X X X X X X 
Ø\lerbygd X 
Jergul X X X X X X X 
Svanvik X X X X X X X 
Noalun X X 
Ka,pdalen X X 
Ny-Ålesund X 
Zeppelin X X X X X 
Tot.ai nun-ber g 29 13 14 15 14 15 13 

Figure 1: Norwegian background stations and measurement programme. 
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4. Interpolation 
The interpolation of the concentrations in precipitation and air from fixed sites to 
a regular grid is done by "kriging", which is a statistical method that can be used 
to estimate unknown data from neighbouring measurements. The method was 
originally developed for geostatistical purposes (Matheron, 1963; Journel and 
Huijbregts, 1981), but has also been used for the past 12 years in connection with 
environmental studies, e.g. on long range transported air pollutants in Europe 
(Simpson and Olsen, 1990; Schaug et al. 1993). 

Linear kriging provides the best linear unbiased estimator for a variable. Non 
linear kriging (Armstrong and Matheron, 1986) would give more accurate 
estimates, but is far more complicated and requires much more statistical 
information. There are three levels of linear kriging: simple kriging where the 
expectations of the variable are known; ordinary kriging with unknown but 
stationary expectations, and universal kriging where there is a drift in the data. In 
universal kriging the expectations are neither stationary nor known, but their 
functional form has been identified. 

The kriging weights are computed from a variogram, which measures the degree 
of correlation among sample values in the area as a function of distance and 
direction of samples. All interpolations in this work were performed using 
universal linear kriging. A grid size of 50-50 km2 has been applied (EMEP sub 
grid). The applied grid is shown in figure 1.2 in Appendix. 

5. Data analysis 
Seasonal mean airborne concentrations during winter (Jan.-Apr., Nov.- Dec.) and 
summer (May-October) during 1993-1996 were calculated for SO2, non sea-salt 
(nss) so4--, NO2, sum NO3-+HNO3, sum NH4++NH3, Na, non sea-salt Kand non 
sea-salt Ca. For all compounds but nss K, a significant seasonal variation was 
evident whereas the inter annual variation was generally small. As a result of this 
the four year seasonal average concentration values measured at 15 Norwegian 
sites were interpolated to a 50-50 km2 grid using the kriging technique to obtain 
values for the individual grid cells. Concentration fields for Cl and Mg were 
estimated based on the ratio between these compounds and Na in sea water. In 
figure 1.4 in Appendix, the correlation between the sea-salt compounds at three 
selected sites is shown. 

The dry deposition of was estimated from the concentration fields and assessed 
dry deposition velocities for the two seasons, respectively. The dry deposition 
estimate was given for each meteorological site and for two land type categories; 
productive forests and other land use (e.g. unproductive land, rocks, agricultural 
land). When estimating the grid cell average dry deposition, deposition was 
weighted on the distribution of land use types in the individual grid cells. The 
applied statistics on percentage productive forest in each cell is shown in 
Figure 1.3 in Appendix. 
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The yearly averages of non sea-salt sulphate, nitrate, ammonium, non sea-salt 
potassium and non sea-salt calcium in precipitation measured at a total of 
39 Norwegian and 32 Swedish background stations have been used to calculate a 
concentration field for each year using the kriging interpolation. 

For the sea-salt derived ions, the number and the location of the sites are not 
sufficient to generate concentrations fields. However, concentrations may be 
described as a function of distance from the coast weighted by the wind speed and 
direction in the prevailing precipitation forming air masses. Based on annual 
median values of sodium concentration in precipitation at the background sites, a 
general function was fitted (Fig. 2). From this function, concentration values were 
given to each individual meteorological site as a function of distance from the 
coast and by climatic regions. Further, concentrations for the other sea-salt derived 
ions were estimated by their expected ratio to sodium based on the content in sea- 
water. 

5.0 

4.5 

4.0 • • 
3.5 - 

• 
3.0 

~ 
~ 2.5 
E 

2.0 

1.5 

l.O 

0.5 

0.0 
0 

y = 3.2899e-O.OI l9x 

so I 00 150 200 
adjusted distance to coast (km) 

250 300 

Figure 2: Sodium content in precipitation as a function of regionally adjusted 
distance to the coast. 

To provide annual wet deposition values for each meteorological site, the 
precipitation amount at the site was multiplied with the interpolated concentration 
in the respective grid cell. The average wet deposition to each grid cell was 
estimated as the average deposition to the meteorological sites within the grid cell. 
For grid cells with no meteorological sites, the value of a representative 
neighbouring cell was chosen. The average precipitation amounts in the individual 
grid cells are given in Table 1.1 in Appendix. 

The total deposition of the various inorganic compounds during 1992-1996 was 
calculated as the sum of the dry and wet deposition both for each meteorological 
site and for each grid cell. The results for the individual sites (deposition values to 
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forested areas) are visualised on maps in Figures 3-7 whereas land use area 
weighted results for individual grid cells are given in Table 1.1 in Appendix. The 
maps are produced using standard interpolation routines. 

This report gives only a summary of the results. Deposition estimates for 
individual years and for the different landscape types are stored in our database, 
and are available upon request. 

6. Results and discussion 
Annual average precipitation amounts measured at the DNMI-sites varied between 
251 and 3971 mm, with the lowest amounts along the Swedish border in northern 
Norway and in Oppland county, southern Norway (Table 2). Aggregated to grid 
cell averages, the amount varied from 329 mm ( cell no. 171) to 2803 mm ( cell 
no. 25). 

Table 2: Minimum, median and maximum deposition for individual sites and 
50-50 grid cells in the period 1992-96. 

Compound Deposition to individual sites Grid cell averaged deposition 
(n=797) (n=191) 

Units (mg/m2 yr) min. med. max. min. med. max. 
Precip. (mm) 251 940 3971 330 860 2804 
nss S 67 336 1568 106 270 1178 
N (oxi) 51 233 1283 67 150 997 
N (red) 50 217 993 52 170 767 
N (oxi- red) 110 451 2276 119 320 1764 
nss K 19 62 228 22 61 166 
nss Ca 27 111 302 34 101 220 
Na 97 1343 9788 107 1483 6885 
Mg 12 162 1179 13 179 829 
Cl 173 2398 17497 192 2648 12294 
ss s 8 112 819 9 124 576 
ss K 3 48 352 4 53 248 
ss Ca 4 51 370 4 56 261 

The total deposition of the non sea-salt compounds were highest in the south 
western part of Norway as a combination of relatively high concentrations and 
large precipitation amounts, whereas the lowest depositions were observed along 
the Swedish border from Finnmark in the north down to Oppland in central 
Norway. Maximum average annual de1.2ositions of non sea-salt sulphur exceed 
1.1 g S/m2 in grid cell no. 4, whereas the corresponding values in the neigh 
bouring grid cells (8 and 9) were approx. 1.0 g S/m2. These values are 
approximately one order of magnitude higher than the sulphur depositions in grid 
cells 65-66, and 155-162. Similarly, deposition values for individual DNMI-sites 
varied from at most 1.6 g S/m2 down to 0.07 g S/m2. 
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The pattern of nitrogen deposition is rather similar to the deposition of sulphur. 
This is partly due to the strong influence of the precipitation frequency and 
amounts on the deposition of both species. The largest grid cell depositions of 
oxidised- and reduced nitrogen were 1.0 and 0.77 g N/m2, whereas the lowest 
depositions were 0.06 and 0.05 g N/m2 , respectively. Total nitrogen deposition 
for the individual DNMI-sites varies from 0.11 to 2.28 g N/m2 as a yearly mean 
(1992-1996). 

Adding up the values in Table 1.1 gives a total yearly mean deposition in Norway 
of approximately 114 000 tonnes sulphur and 152 000 tonnes nitrogen. Compared 
with similar estimates for the period 1983-87 (Pedersen et al., 1990) and 1988- 
1992 (Tørseth and Pedersen, 1994) there has been a reduction in sulphur 
deposition of 33% and 23%, respectively. In nitrogen deposition, corresponding 
reductions were 14% and 2% for oxidised nitrogen, and 23% and 6% for reduced 
nitrogen compounds. Also the amounts of precipitation varied significantly 
between the different periods with 11 % lower amounts during the period 1983-87 
and 13% higher amounts during 1988-92, compared to 1992-1996. However, 
changes in precipitation amounts can only to a small extent explain the observed 
changes in deposition of sulphur and nitrogen, since precipitation amounts are to 
large extent influenced by the distance from the coast and not by the distance to 
the emission sources of Sand N. 

Although we emphasised to use the same methodology, there are some minor 
differences in the way interpolations and extrapolations have been carried out. In 
addition, the number of measurement sites increased significantly from 1983-87 to 
1988-92. For this reason, the deposition estimates for the three periods may not be 
directly comparable. This is particularly the case for the period 1983-87, whereas 
between 1988-1992 and 1992-1996, changes in methodology a.re assumed to be of 
minor importance. However, the results from are generally compatible with 
changes in emissions in Northern Europe, with model estimates and with results 
from individual sites. 

Total depositions of sea-salt ions, non sea-salt potassium and non sea-salt calcium 
have not previously been estimated to Norway. For Sweden and Denmark, 
estimates for the period 1983-87 have been presented by Lovblad et al. (1992). In 
contrast to Lovblad et al. (1992), the estimates presented here are based the 
application of ambient air concentrations compared to throughfall measurements 
to estimate dry deposition, and for sea-salts a model describing concentration level 
in precipitation as a function of the distance to the coast. Though this will improve 
the estimates, still large uncertainties in the estimates are expected, both in terms 
of amounts and to what extent the inputs represent a net input to the ecosystems, 
compared to internal circulation within the ecosystems. Measurement data have 
indicmro-the input of non sea-salt potassrnm and non sea-salt calcrnm have 
decreased over last few years due to reduced emissions from industrial sources in 
Central- and Eastern Europe (Semb et al., 1995; Hedin et al., 1994; Tørseth and 
Manø, 1997). A reduced alkaline input may affect the exceedance of critical loads 
for acidity. However, this effect is assumed to be of minor importance compared 
to the changes in input of sulphur. 
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Yearly precipitation amount 
1988-92 

(mm/yr) 

Yearly precipitation amount 
1992-96 

(mm/yr) 

- ABOVE 3000 - 2800 · 3000 - ASOVE 2800 - 2800 · 2800 - 2800 · 2800 - 2400 • 2600 - 2400 • 2800 - 2200 · 2400 - 2200 · 2400 
D 2000 · 2200 ~ 2000 · 2200 
D 1800 · 2000 D 1800 · 2000 - 1800 · 1800 C'ZI 1800 · 1800 - 1400 · 1800 - 1400 - 1800 - 1200 - 1400 - 1200 - 1400 - 1000 - 1200 - 1000 · 1200 - 800 - 1000 - 800 - 1000 - 800 - 800 - 800 - 800 - 400 - 800 - 400 - 800 - BELOW 400 - BELOW 400 

Total sulphur deposition 
1988-92 

(mg-S/m2 yr) 

Total sulphur deposition 
1992-96 

(mg-S/m2 yr) 

- ABOVE 1400 - ASOVE 1400 - 1300 - 1400 - 1300 - 1400 - 1200 · 1300 - 1200 - 1300 - 1100 • 1200 - 1100 - 1200 
9 1000 · 1100 mi 1000 - 1100 
D 900 - 1000 D 900 • 1000 
CJ 800 - 1100 D BOO• 900 

700 - BOO - 600 - 700 - 600 - 700 - 500 - eoo - 500 - 600 - 400 - 500 - 400 - 500 - 300 - 400 - 300 - 400 - 200 - 300 - 200 - 300 - BELOW 200 - BELOW 200 

Figure 3: Average precipitation amount 1988-92 and 1992-96, and total nss 
sulphur deposition, 1988-92 and 1992-96. 
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Total nitrogen ( oxi) deposition 
1992-96 

(mg-N/m2 yr) 

Total nitrogen (red) deposition 
1992-96 

(mg-N/m2 yr) 

- ABOVE 1400 - ABOVE 1400 - 1300 • 1400 - 1300 · 1400 - 1200 · 1300 - 1200 · 1300 - 1100 · 1200 - 1100 - 1200 - 1000 · 1100 - 1000 · 1100 
D 900 · 1000 D 900 · 1000 
D BOO· 900 D BOO· 900 - 700 - BOO - 700 · BOO - 600 - 700 - 600 - 700 - 500 · 600 - 500 · 600 - 400 • 500 - 400 • 500 - 300 - 400 - 300 - 400 - 200 - 300 - 200 • 300 - 100 · 200 - 100 · 200 - BELOW 100 - BELOW 100 

Total nitrogen (oxi+red) deposition 
1992-96 

(mg-N/m2 yr} 

Total sodium deposition 
1992-96 

(mg-Na/m2 yr) 

- ABOVE 2400 - ABOVE 9000 - 2200 · 2400 - 8200 · 9000 - 2000 - 2200 - 7500 - 8200 - 1BOO · 2000 - 8800 · 7500 
lfil'fl 1600 · 1800 ~ 8100 · 8800 
D 1400 • 1800 D 6200 • 6100 

□ 1200 · 1400 Cl 4500 - 5200 
000--1200 3800 - 4600 - 800 · 1000 - 3100 · 3800 - 800 · BOO - 2400 · 3100 - 400 - 800 - 1700 - 2400 - 200 · 400 - 1000 • 1700 - 100 · 200 - 300 • 1000 - BELOW 100 - eaow 300 

Figure 4: Total deposition of oxidised nitrogen, reduced nitrogen, total nitrogen 
(oxi+red] (mg N/m2 year) and total sodium deposition (mg lm2 year), 
1992-1996. 
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T otol magnesium deposition 
1992-96 

(mg-Mg/m2 yr) 

T otol chloride deposition 
1992-96 

(mg-Cl/m2 yr) 

- ABOVE 1100 - ABOVE 15900 - 1010 • 1100 - 14600 · 15900 - 920 • 1010 - 13300 • 14600 - 830 · 920 - 12000 • 13300 
~ 740 • 830 ~ 10700 • 12000 
D 860 • 740 D 9400 • 10700 
D 580 • 650 CZ] 8100 • 9400 - 470 - 580 - 8800 • 8100 - 380 • 470 - 6500 • 6800 - 290 • 380 - 4200 • 5500 - 200 • 290 - 2900 - 4200 - 110 · 200 - 1800 - 2900 - 20 - 110 - 300 • 1600 - BELOW 20 - BELOW 300 

T otol ss Ca deposition 
1993-96 

(mg-Co/m2 yr) 

T otol ss K deposition 
1993-96 

(mg-K/m2 yr) 

- - ABOVE 215 
ABOVE 290 - 200 · 215 - 270 • 290 - 185 • 200 - 250 • 270 - 170 • 185 - 230 • 260 - 165 • 170 - 210 • 230 D 140 • 1156 

D 190 • 210 D 125 • 140 
D 170 • 190 - 110 • 125 - 150 · 170 96 • 110 

-i3Cr-"'1 80 · 95 - 110 • 130 - 85 • 80 - 90 • 110 - 60 · 1115 - 70 · 90 - 35 · 50 - 50 - 70 - 20 • 35 - 30 - 50 - BELOW 20 - BELOW 30 

Figure 5: Total deposition of magnesium, chloride, sea-salt calcium and sea-salt 
potassium, 1992-1996 (mg /m2 year). 
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Total nss K deposition 
1993-96 

(mg-K/m2 yr) 

Total nss Ca deposition 
1993-96 

(mg-Ca/m2 yr) 

- ABOVE 215 - ABOVE 290 - 200 - 215 - 270 • 290 - 185 • 200 - 250 • 270 - 170 • 186 - 230 • 260 - 155 - 170 - 210 • 230 
D 140 • 155 D 190 • 210 
CJ 125 • 140 CJ 170 • 190 - 110 - 125 - 150 - 170 - 96 - 110 - 130 - 160 - 80 - 95 - 110 - 130 - 65 - 80 - 90 • 110 - 50 - 85 - 70 - 90 - 35 - 50 - 50 - 70 - 20 - 35 - 30 - 50 - BELOW 20 - BELOW 30 

Totol sulphur deposition 
1992-96 

(mg-S/m2 yr) 

Percent ss S dep. to total S dep. 
1993-96 

(%) 

- ABOVE 1400 - 1300 • 1400 - 1200 • 1300 - 1100 • 1200 - 1000 • 1100 - ABOVE 90 
D 900 - 1000 - 80 - 90 
D 800 - 900 - 70 - 80 

80 - 70 - 600 - 700 CJ 50 - 60 - 500 • 800 - 40 - 50 - 400 - 500 - 30 • 40 - 300 - 400 - 20 - 30 - 200 - 300 - 10 • 20 - BELOW 200 - BELOW 10 

Figure 6: Total deposition of non sea-salt potassium, non sea-salt calcium, total 
sulphur (non sea-salt+ sea-salt) and percent sea-salt to total 
deposition of sulphur (forest), 1992-1996 (mg /m2 year). 

NILU OR 67/97 





27 

• Percent nss S dry dep. to total S dj 
1993-96 

Percent N dry dep. to total N dep. 
1993-96 

- ABOVE 90 - ABOVE 90 - 80 · 90 - 80 · 90 - 70 - 80 - 70 - 80 
CJ 80 - 70 D 80 - 70 
D 50 · 60 D 50 - 60 - 40 · 50 - 40 - 50 - 30 - 40 - 30 · 40 - 20 - 30 - 20 - 30 - 10 • 20 - 10 · 20 - BELOW 10 - BELOW 10 

Percent dry dep. to total nss K de 
1993-96 

(%) 

Percent dry dep. to total nss Ca de 
1993-96 

- ABOVE 90 ABOVE 90 - 80 · 90 80 · 90 - 70 - 80 70 - 80 

D 50 • 60 D 50 · 60 - 40 · 50 - 40 · 50 - 30 - 40 - 30 - 40 - 20 - 30 - 20 - 30 - 10 · 20 - 10 · 20 - BELOW 10 - BELOW 10 

Figure 7: Percent dry deposition to total deposition of sulphur, nitrogen, 
potassium and calcium (non sea-salt and to forests), 1992-1996 
(mg/m: year). 
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Precipitation amount to 50*50 km2 grid cells 
(tons/grid) 

8.00E+06 
• 

N 6.00E+06 
en 
en 

~ 
en ., 
[ 4.00E+06 ., 
> .. 

2.00E+06 

Precipitation amount to 50*50 km2 grid cells 
(tons/grid} 

• 

0.00E+00 ,-....----+---------<----+------+--~ 
0.00E+00 

4000 

3500 

3000 

N 
en 2500 ~ 
a, 
a, 

~ 2000 ., 
Cl 
E 

1500 ., 
> .. 

1000 

500 

0 
0 

2.00E+06 4.00E+06 6.00E+06 8.00E+06 

average 1992-1996 

Total nss S dep. to 50*50 km2 grid cells 
(tons/grid) 

• • 
• 

•• • • 
•• • 

500 1000 1500 2000 2500 3000 3500 4000 

average 1992-1996 

Total N dep. to 50*50 km2 grid cells 
(tons/grid} 

8.00E+06 

1;; 6.00E+06 
0) 

~ 
en ., 
[ 4.00E+06 

! 
2.00E+06 

0.00E+OO <l""'----+------t----+----+--...J 
0.00E+00 2.00E+06 

• • 
• • 

• • ••• 

4.00E+06 6.00E+06 8.00E+06 
average 1992-1996 

Total nss S dep. to 50*50 km2 grid cells 
(tons/grid) 

4000 
• 

3500 

• • • 3000 • • 
••♦

• .... • a, 

~ 2500 • •• 
.;, • ♦
a, • • ••• ~ 2000 . ·~ . ., 
Cl :• . • E 
Q) 1500 •• • > ... .,, • • ·•"#: • ... 1000 

500 

0 
0 500 1000 1500 2000 2500 3000 3500 4000 

average 1992-1996 

Total N dep. to 50*50 km2 grid cells 
(tons/grid) 

3000 

2500 

N 2000 
0) 

~ 
,;, 
a, 

~ 1500 ., 
Cl 
E 
Q) 

i; 1000 

500 

0 
0 

• • 
• • . ... . • • 

•• • 
•• • • .. • • •• • 

•• ♦• • •• • • • •• • 

• •• • 

500 1000 1500 2000 2500 3000 

3000 

2500 

.... 2000 a, 

~ 
.;, 
a, 

~ 1500 .. 
C, 
E .. 
i; 1000 

500 

0 
0 500 1000 1500 2000 2500 3000 

average 1992-1996 average 1992-1996 

Figure 8: Grid cell averaged precipitation amounts, non sea-salt sulphur and 
nitrogen deposition in 1992-1996 compared to 1988-1992 and to 
1983-87, respectively. 
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The deposition amounts of sea-salts will be dependent on the frequency of 
westerly winds, and in particular the frequency of winter storms. It is assumed that 
there are no other significant sources of sodium, magnesium or chloride than from 
sea-spray. Deposition of sea-salts are particularly large in the coastal zone 
(0-20 km from the coast) and decreasing exponentially with distance. This 
deposition pattern is not taken into account in the presented maps, and deposition 
estimates will be significantly underestimated to these areas. 
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Appendix A 

Figures 1.1-1.4 and Table 1.1 
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Figure 1.1: Location of the meteorological stations used in estimating deposition 
of major inorganic compounds. 
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Grid cell numbers 
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Figure 1.2: The 50-50 km2 grid and grid cell numbers (EMEP sub-grid) usedfor 
interpolating concentration fields. 
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Figure 1.3: Percent productive forest used in estimating dry deposition. 
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Figure 1.4: Correlation of sodium to magnesium and chloride in air at three 
selected sites, 1993-1996 (n=l462). 
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Nature Tolerance Levels (Naturens tålegrenser) 
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Naturens Tålegrenser - Oversikt over utgitte rapporter 

1 Nygaard, P. H., 1989. Forurensningers effekt på naturlig vegetasjon en 
litteraturstudie. Norsk institutt for skogforskning (NISK), Ås. 

Uten nr. Jaworovski, Z., 1989. Pollution of the Norwegian Arctic: A review. 
Norsk polarinstitutt (NP), rapportserie nr. 55. Oslo. 

2 Henriksen, A., Lien, L. & Traaen, T.S. 1990. Tålegrenser for overflatevann. 
Kjemiske kriterier for tilførsler av sterke syrer. Norsk institutt for 
vannforskning (NIVA), 0-89210. 

3 Lien, L., Henriksen, A., Raddum ,G. & Fjellheim, A. 1989. Tålegrenser for 
overflatevann. Fisk og evertebrater. Foreløpige vurderinger og videre planer. 
Norsk institutt for vannforskning (NIVA), 0-89185. 

4 Bølviken, B. & medarbeidere, 1990. Jordforsuringsstatus og forsuringsføl 
somhet i naturlig jord i Norge. Norges geologiske undersøkelse (NGU), 
NGU-rapport 90.156. 2 bind (Bind I: Tekst, Bind 11:Vedlegg og bilag). 

5 Pedersen, H. C. & Nybø, S. 1990. Effekter av langtransporterte forurens 
ninger på terrestriske dyr i Norge. En statusrapport med vekt på SO2, NOx og 
tungmetaller. Norsk institutt for naturforskning (NINA), Utredning 005. 

6 Frisvoll, A. A., 1990. Moseskader i skog i Sør-Norge. Norsk institutt for 
naturforskning (NINA), Oppdragsmelding 018. 

7 Muniz, I. P. & Aagaard, K. 1990. Effekter av langtransportert forurensning 
på ferskvannsdyr i Norge - virkninger av en del sporelementer og aluminium. 
Norsk institutt for naturforskning (NINA), Utredning 013. 

8 Hesthagen, T., Berger, H. M. & Kvenild, L. 1992. Piskestatus i relasjon til 
forsuring av innsjøer. Norsk institutt for naturforskning (NINA), 
Forskningsrapport 032. 

9 Pedersen, U., Walker, S.E. & Kibsgaard, A. 1990. Kart over atmosfærisk 
avsetning av svovel- og nitrogenforbindelser i Norge. Norsk institutt for 
luftforskning (NILU), OR 28/90. 

10 Pedersen, U. 1990. Ozonkonsentrasjoner 
luftforskning (NILU), OR 28/90. 

Norge. Norsk institutt for 

11 Wrfgnt~tuanes, A.Reuss, J.O. & Flaten, M.B. 1990. Cnhcal loads 
for soils in Norway. Preliminary assessment based on data from 9 calibrated 
catchments. Norsk institutt for vannforskning (NIVA), 0-89153. 

llb Reuss, J. 0., 1990. Critical loads for soils in Norway. Analysis of soils data 
from eight Norwegian catchments. Norsk institutt for vannforskning (NIVA), 
0-89153. 
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12 Amundsen, C. E., 1990. Bufferprosent som parameter for kartlegging av for 
suringsfølsornhet i naturlig jord. Universitetet i Trondheim, A VH (stensil). 

13 Flatberg, K.I, Foss, B., Løken.A. & Saastad, S.M. 1990. Moseskader i 
barskog. Direktoratet for naturforvaltning (DN), notat. 

14 Frisvoll, A.A., & Flatberg, K.I., 1990. Moseskader i Sør-Varanger. Norsk 
institutt for naturforskning (NINA) , Oppdragsmelding 55. 

15 Flatberg, K.I., Bakken, S., Frisvoll, A.A., & Odasz, A.M. 1990. Moser og 
luftforurensninger. Norsk institutt for naturforskning (NINA) 
Oppdragsmelding 69. 

16 Mortensen, L.M. 1991. Ozonforurensning og effekter på vegetasjonen 1 

Norge. Norsk landbruksforsk. 5:235-264. 

17 Wright, R.F., Stuanes, A.O. & Frogner, T. 1991. Critical Loads for Soils in 
Norway Nordmoen. Norsk institutt for vannforskning (NIVA), 0-89153. 

18 Pedersen, H.C., Nygård, T., Myklebust, I. og Sæther, M. 1991. 
Metallbelastninger i lirype. Norsk institutt for naturforskning (NINA), 
Oppdragsmelding 71. 

19 Lien, L., Raddum, G.G. & Fjellheim, A. 1991. Tålegrenser for overflatevann - 
evertebrater og fisk. Norsk institutt for vannforskning (NIVA), Rapport 0- 
89185,2. 

20 Amundsen, C.E. 1992. Sammenlingning av parametre for å bestemme 
forsuringsfølsomhet i jord. NGU-rapport 91.265. 

21 Bølviken, B., R. Nilsen, J. Romundstad & 0. Wolden. 1992. Surhet, 
forsuringsfølsomhet og lettløselige basekationer i naturlig jord fra Nord 
Trøndelag og sammenligning med tilsvarende data fra Sør Norge. NGU 
rapport 91.250. 

22 Sivertsen, T. & medarbeidere. 1992. Opptak av tungmetaller i dyr i Sør 
Varanger. Direktoratet for naturforvaltning, DN-notat 1991-15. 

23 Lien, L., Raddum, G.G. & A. Fjellheim. 1992. Critical loads of acidity to 
freshwater. Fish and invertebrates. Norwegian Institute for Water Research 
(NIVA), Rapport 0-89185,3. 

-----2+<4-Fremstad, E. 199-27-¥-irkninger av nitrogen på heivegetasjun. En 
litteraturstudie. Norsk institutt for naturforskning (NINA), Oppdragsmelding 
124. 

25 Fremstad, E. 1992. Heivegetasjon i Norge, utbredelseskart. Norsk institutt for 
naturforskning (NINA), Oppdragsmelding 188. 

NILU OR 67/97 



49 

26 Flatberg, K.I. & Frisvoll, A. 1992. Undersøkelser av skader hos to sigdmoser 
i Agder. Norsk institutt for naturforskning (NINA), Oppdragsmelding 134. 

27 Lindstrøm, E.A.1992. Tålegrenser for overflatevann. Fastsittende alger. 
Norsk institutt for vannforskning (NlVA), O-90137/E-90440, rapport-2. 

28 Brettum, P. 1992. Tålegrenser for overflatevann. Planteplankton. Norsk 
institutt for vannforskning (NIVA), O-90137/E-90440, rapport-3. 

29 Brandrud, T.E., Mjelde, M. 1992. Tålegrenser for overflatevann. 
Makrovegetasjon. Norsk institutt for vannforskning (NIVA), O-90137/E- 
90440, rapport- I. 

30 Mortensen, L.M. & Nilsen, J. 1992. Effects of ozone and temperature on 
growth of several wild plant species. Norwegian Journal of Agricultural 
Sciences 6: 195-204. 

31 Pedersen, H.C., Myklebust, I., Nygård, T. & Sæther, M. 1992. Akkumulering 
og effekter av kadmium i lirype. Norsk institutt for naturforskning (NINA), 
Oppdragsmelding 152. 

32 Amundsen, C.E. 1992. Sammenligning av relativ forsuringsfølsornhet med 
tålegrenser beregnet med modeller, i jord. Norges geologiske undersøkelse. 
NGU-rapport 92.294. 

33 Frogner, T., Wright, R.F., Cosby, B.J., Esser, J.M., Håøya, A.-O. & Rudi, G. 
1992. Map of critical loads for coniferous forest soils in Norway. Norsk 
institutt for vannforskning (NIVA), 0-91147. 

34 Henriksen, A., Lien, L., Traaen, T.S. & Taubøll, S. 1992. Tålegrenser for 
overflatevann - Kartlegging av tålegrenser og overskridelser av tålegrenser for 
tilførsler av sterke syrer. Norsk institutt for vannforskning (NIVA), 0-89210. 

35 Lien, L. Henriksen, A. & Traaen, T.S. 1993. Tålegrenser for sterke syrer på 
overflatevann -Svalbard. Norsk institutt for vannforskning (NIVA), 0-90102. 

36 Henriksen, A., Hesthagen, T., Berger, H.M., Kvenild, L., Taubøll, S. 1993. 
Tålegrenser for overflatevann - Sammenheng mellom kjemisk kriterier og 
fiskestatus. Norsk institutt for vannforskning (NIVA), 0-92122. 

37 Odasz, A.M., Øiesvold, S., & Vange, V. 1993. Nitrate nutrition m 
Racomitrium lanuginosum (Hedw.)Brd., a bioindicator of nitrogen 

-------------1-t- ef)eStt-ten-ifl~er-way:-Bi-releteratet--fur-nattl'rforvattning:-Btrednirrg for-B-J'l.i-~ ----- 
1993-2. 

38 Espelien, LS. 1993. Genetiske effekter av tungmetaller på pattedyr. En 
kunnskapsoversikt. Norsk institutt for naturforskning (NINA), Utredning 
051. 
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39 Økland, J. & Økland, K.A. 1993. Database for bioindikatorer i ferskvann - et 
forprosjekt . Laboratorium for ferskvannsøkologi og innlandsfiske (LFI), 
Zoologisk Museum, Oslo, Rapport 144, 1993. 

40 Aamlid, D. & Skogheim, I. 1993. Nikkel, kopper og andre metaller i multer 
og blåbær fra Sør- Varanger, 1992. Rapport Gkogforsk 14/93. 14/93. 

41 Kålås, J.A., Ringsby, T.H. & Lierhagen, S. 1993. Metals and radiocesium in 
wild animals from the Sør-Varanger area, north Norway. Norsk institutt for 
naturforskning (NINA), Oppdragsmelding 212. 

42 Fløisand, I. & Løbersli, E. (red.) 1993. Tilførsler og virkninger av 
lufttransporterte forurensninger (TVLF) og Naturens tålegrenser. 
Sammendrag av foredrag og postere fra møte i Stjørdal, 15.-17.februar 1993. 
Norsk institutt for luftforskning (NILU), OR 17 /93. 

43 Henriksen, A. & Hesthagen, T. 1993. Critical load exceedance and damage to 
fish populations. Norsk institutt for vannforskning (NIVA), 0- 
89210. 

44 Lien, L., Henriksen, A. & Traaen, T.S. 1993. Critical loads of acidity to 
surface waters, Svalbard. Norsk institutt for vannforskning (NIVA), 0- 
90102. 

45 Løbersli, E., Johannessen, T. & Olsen, K.V (red.) 1993. Naturens tålegrenser. 
Referat fra seminar i 1991 og 1992. Direktoratet for 
naturforvaltning, DN-notat 1993-6. 

46 Bakken, S. 1993. Nitrogenforurensning og variasjon i nitrogen, protein og 
klo ro fyllinnhold hos barskogsmosen blanksigd 
(Dicranum majus). Direktoratet for naturforvaltning (DN). Utredning for DN 
1994-1. 

47 Krøkje, Å. 1993. Genotoksisk belastning i jord . Effektstudier, med mål å 
komme fram til akseptable grenser for genotoksisk belastning fra 
langtransportert luftforurensning. Direktoratet for naturforvaltning (DN). 
Utredning for DN 1994-2. 

48 Fremstad, E. 1993. Heigråmose (Racomitrium lanuginosum) som indikator på 
nitrogenbelastning. Norsk 1 nstitutt for naturforskning (NINA) 
Oppdragsmelding 239. 

----"'"+'~y-g-,Htfd;--P.~deg-aard, T.H:-1-9-9~ffekt~egengj~cl-s+i·ng-p!'>-0 

------- 

vegetasjon og jord i skog. Rapport Skogforsk 26/93. 

50 Fløisand, I. og Johannessen, T. (red.) 1994. Langtransporterte 
luftforurensninger. Tilførsler, virkninger og tålegrenser. Sammendrag av 
foredrag og postere fra møte i Grimstad, 7.-9.3.94. Norsk institutt for 
luftforskning NILU OR: 17/94 
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51 Kleivane, L. Skåre, J.U. & Wiig, Ø. 1994. Klorerte organiske miljøgifter i 
isbjørn. Forekomst, nivå og mulige effekter. Norsk Polarinstitutt Meddelelse 
nr. 132. 

52 Lydersen, .E., Fjeld, .E. & Andersen, T. 1994. Fiskestatus og vannkjemi 
norske innsjøer. Norsk institutt for vannforskning (NIVA) 0-93172 

53 Schartau, A.K.L. (red.) 1994. Effekter av lavtlose kadmium-belastning på 
littorale ferskvanns-populasjoner og -samfunn. Norsk institutt for 
naturforskning (NINA) Forskningsrapport 055. 

54 Mortensen, L. (1994). Variation in ozone sensitivity of Betula pubescens Erh. 
from different sites in South Norway. Direktoratet for naturforvaltning (DN). 
Utredning for DN, Nr. 1994-6. 

55 Mortensen, L. (1994). Ozone sensitivity of Phleum alpinum L. from different 
locations in South Norway. Direktoratet for naturforvaltning (DN). Utredning 
for DN, Nr. 1994-7. 

56 Frogner, T., Wright, R.F., Cosby, J.B. and Esser, J.M. (1994). Maps of 
critical loads and exceedance for sulfur and nitrogen to forest soils in Norway. 
Norsk institutt for vannforskning (NIVA) 0-91147. 

57 Flatberg, K.I. & Frisvoll, A.A. 1994. Moseskader i Agder 1989-92 (1994). 
Norsk institutt for naturforskning (NINA), Oppdragsmelding 298. 

58 Hesthagen, T. & Henriksen, A. (1994). En analyse av sammenhengen mellom 
overskridelser av tålegrenser for overflatevann og skader på fiskebestander. 
Norsk institutt for naturforskning (NINA), Oppdragsmelding 288. 

59 Skåre, J.U., Wiig, 0. & Bernhoft, A. (1994). Klorerte organiske miljøgifter; 
nivåer og effekter på isbjørn. Norsk Polarinstitutt Rapport nr. 86 - 1994. 

60 Tørseth, K. & Pedersen, U. 1994. Deposition of sulphur and nitrogen 
components in Norway. 1988-1992. Norsk institutt for luftforskning (NILU): 
OR 16/94. 

61 Nygaard, P.H. 1994. Virkning av ozon på blåbær (Vaccinium myrtillus), 
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62 Henriksen, A. & Lien, L. 1994. Tålegrenser for overflatevann: Metode og 
----------H·'s-i-iclre-rhete r:-Ne1'Sk-inst-ittttt-f-or-vannforsknirrgi:Nf\'-A-t,-&94-t2- . 
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