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Sammendrag

Overvakingsprogrammet for langtransporterte luft forurensninger som presenteres i denne
rapporten omhandler malinger av svovel- og nitrogenforbindelser i luft og nedber,

elementaert og organisk karbon (EC/ OC) i partikler , bakkeneert ozon, partikkelmasse (PM,, og
PM:s) og starrelsesfordeling av partikkelantall pé 17 norske bakgrunnsstasjoner.

Hovedmalet er & kvantifisere nivdene og dokumentere eventuelle endringer i atmosfaerisk
tilfarsel , noe som er viktig for & kunne evaluere luftforurensningenes effekt pa gkosystem ,
helse, materialer og klima. Programmet startet i 1973 med malinger av svovel og
nitrogenforbindelser og ble senere utvidet med bakkeneert ozon (1985), partikler og EC/OC
(2000/1) og starrelsesfordeling av partikkelantall (2010).

Kjemisk sammensetning og geografisk fordeling

De hgyeste konsentrasjonene av svovel, nitrogen og PM males vanligvis ved Birlenes i Aust-
Agder. Dette skyldes neerhet til utslippsomradene pa kontinentet . Noen stasjoner i innlandet
pavirkes av regional landbruksaktivitet og kan ha noe hgyere ammoniumniva. De hgyeste
nivadene av EC, OC og N@observeres pa Hurdal i Akershus, sannsynligvis pa grunn avrelativt
tett befolket omrade i denne regionen inkludert mye veitrafikk. Karpbukt i Finnmark opplever
hvert haye nivaer av sulfat pa grunn av pavirkning fra neerliggende smelteverk pa Kola -
halvgyai Russland. Den hgyeste vatavsetningen av svovel og nitrogenskjer langs kysten fra
Aust-Agder til Hordaland.

Sekundaere uorganiske forbindelser (SIA: sulfat, nitrat og ammonium) utgjorde en stgrre andel
av PM, (44%) paBirkenes enn pa de to andre norske stasjonene, noe som reflekterer

omradets naerhet til store antropogene utslippsomrader pa det europeiske kontinentet, me ns
organisk karbon hadde en relativt stgrre andel pa Karvatn (48%) og Hurdal (40%).
Sjgsaltpartikler utgjorde en betydelig andel (23% av PM, pa Birkenes. Denne andelen var av
samme stgrrelse som andelen organisk karbon (29%).

Episoder

Det var bare noen fa episoder med hgye dggnverdier av svovel og nitrogenforbindelser i
2016, og nivaene var generelt lavere sammenlignet med tidligere ar. Kildeomradene for
episodene i SgrNorge er hovedsakelig fra kontinentet , mens de hgyeste episodene pa
Tustervatn i Nordland og Zeppelin pa Spitsbergen ofte skyldes forurenset luft fra Russland.

Det ble observert enkelte korte episoder med moderate ozonnivaer i 2016. | fgrste del av mai
ble det malt forhgy ede ozonnivaer pa nesten alle stasjonene, i siste del av juli pa de sgrlige
stasjonene, og i slutten av august en episode pa Prestebakke. Utover dette var ikke
veersituasjonen spesielt gunstig for fo tokjemiske ozonepisoder sommeren 2016 i Norge.

Overskridelser
Arsmiddelkonsentrasjoner av PMy, 0g PM 5 |& langt under nasjonale og internasjonale
grenseverdier (EUog WHO) og retningslinjer for luftkvalitet pa alle male stasjonene.

Né&r det gjelder bakkengert ozon, har ikke EUs grenseverdi for helse (180 Gy/m 3) blitt
overskredet i Norge de siste &rene. EUs langtidsméal (maks 8-timers verdi < 120 Gg/m 3) ble
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derimot overskredet pa de fleste stasjone ne. Dette | angtidsmalet ble overskredet 12 dager i
2016 (pa en eller flere stasjoner).

Luftkvalitetskriteriene  for ozon satt av WHO (maks 8h verdi < 100 Gg/m 3) og av
Folkehelseinstituttet (maks 8h verdi < 80 Gy/m 3) ble overskredet p& alle malestasjoner i 2016.
Hverken grenseverdien for planter (3 maneders AOT40 < 3000 ppb timer) eller grenseverdien
for skog (6 maneders AOT40 < 5000 ppb timer) ble derimot overskredet pa norske stasjoner i
2016.

Trender

Konsentrasjonene av nitrogen- og svovelkomponenter i luft og nedbgr i 2016 var noe hgyere
eller pa samme niva som nivdene i 2015 (sam var rekord lave), mens vatavsetningen av sulfat
var den laveste som har blitt observert i Sgr-Norge siden malingene startet i 1974.
Arsmiddelkonsentrasjonene av PMy, 0og PM si 2016 var de laveste som har veert observert pa
Birkenes og Hurdal. Ogsé EG og OCkonsentrasjonene var lave i 2016. De fleste
ozonparameterne var noe hgyere i 2016 sammenlignet med 2015, som var et ar med spesielt
lave ozonnivaer.

En oversikt over de langsiktige trendene er vistitabell 1. Trendene gjenspeiler i stor grad
utslippsreduksjonene som har skjedd pa det europeiske kontinentet de siste tidarene, men
arlige variasjoner i meteorologi kan imidlertid skjule  noe av effekten av
utslippsreduksjonene, og det gjelder spesielt for ozon.
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Summary

The atmospheric monitoring programme presented in this report includes observations of
sulfur and nitrogen compounds in air and precipitation, elemental - and organic carbon
(EC/OC) in aerosols ground level ozone, particulate matter (PM,, and PM ) and aerosol size
distribution, at a total of 17 sites in the Norwegian rural background environment. The main
objective is to quantify the levels of these pollutants and to document any changes in
atmospheric pollution, which is important for s tudies on its influence on ecosystems, human
health, materials and climate change. The program started in 1973 with measurements of
sulfur and nitrogen compounds and was later extended with ozone (1985), particulate and
carbonaceous aerosols (2000/1), and aerosol size distribution (2010).

Chemical composition and geographical distribution

The highest concentrations of sulfur, nitrogen and PM are often measured at Birkenes in Aust-
Agder. However, some inland sites are influenced by regional agricultural ac tivities and
experience somewhat higher ammonium levels. The highest EC, OC and NQ levels are seen in
Hurdal in Akershus likely due to influence from the more densely populated region
surrounding this site, including road traffic. Karpbukt in Finnmark experiences high levels of
sulfate due to influence from the nearby smelters at the Kola Peninsula in Russia The highest
wet deposition of inorganic ions occurred along the coast from Aust -Agder to Hordaland.

Secondary inorganic aerosols (SIA: sulfate, nitrate and ammonium) is the most abundant

fraction of PMo( 44 %) at Birkenes, reflecting the sitefs pro
emission regions in continental Europe, whereas organic carbon was relatively more abundant

at Karvatn (48%) and Hurdal (40%). Sea salt constitutes a substantial part of PM,, at Birkenes

(23%) approaching that of organic carbon (29%).

Episodes

There were only a few episodes with elevated concentrations of sulfur and nitrogen
compounds caused by long-range transport in 2016, and the levels were generally lower
compared to previous years. Continental Europe was the source region for episodes
influencing southern Norway, whereas the highest episodes at Tustervatn in Nordland, and
Zeppelin at Spitsbergen in particular, can be attribut ed to polluted air from Russia.

A few shorter -term episodes with moderately elevated ozone levels were observed in 2016.
One in the first part of May affecting nearly all stations, one in the las t part of July at the
southern sites, and one in the la st part of August (Prestebakke). Except for these, the
weather conditions in the summer of 2016 were not particularly favourable for photochemical
ozone episodes in Norway.

Exceedances

For PM, and PM, 5, the observations at the three background PM sites were all well beyond
the EU limit values, the national limit values, the WHO and the National AQG on an annual
basis.

EUG6s target val upeotedion ofthantan tealtfiwas metlinéNorway with a very
clear margin. The EU long-term objective (i.e. max 8h value < 120 pg/m %) was violated at
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12 days in 2016 (at one or more sites) . The WHO guideline (max 8h value < 100 pg/m %) was
violated at all the sites. The updated national gui delines are stricter than the WHO
guidelines, and these were exceeded for long periods of the year in the entire country

(except on Zeppelin). Neither the limit value for agricultural crops (3 -months

AOT40< 3000 ppb hours) nor the limit value for forests (6-months AOT40 < 5000 ppb hours)
were exceeded at Norwegian sites in 2016.

Trends

The concentrations of nitrogen and sulfur components in air and precipitation in 2016 were
slightly higher than or similar to 2015 (which was record low), whereas the  sulfur wet
deposition was the lowest observed in southern Norway since the measurements started in
1974. The annual mean concentrations of PM;q and PM 5 were the lowest ever observed at
Birkenes and Hurdal. Also the EC and OC concentrationswere low in 20 16. Most ozone
parameters were somewhat higher in 2016 compared to 2015, which was a year with
particularly low ozone levels.

An overview of the long -term trends are shown in Table 1. The trends reflect to a large
extent the emission reductions which hav e taken place at the European continent the last
decades, although inter -annual variations in meteorology could mask the effect of the
emission reductions, particularly for ozone.

Tablel: Trends in annual levels using Mann-Kendall test and Sen slope estimates. Note that
trends are given for sites with significant change only.

Component Sites 1980-2016 1990 2016 2000-2016
SQ 3-4 sites? -93 - -98% -76%- -91% -46%- -64%
SQ Zeppelin -87% -70% -57%
SQZin aerosols 3-4 sites? -83 - -88% -70%- -76% -45%- -62%
SQZ in aerosols Zeppelin -66% -40% -23%
SQ?Z in precipitation All (9 313 sites) -77 - -95% -49%- -88% -46%--74%?
\[e’} 4 sites? -39%- -77% -41%- -48%
NGy in precipitation Southern Norway -40 - -52% -29%- -49% -17%- -27%
HNQ+NQ in air 4 sites? 2 sites: ca +75% Not sign.trend

NH:" in precipitation Southern Norway -54 - -63% +100% -40% Not sign.trend

NHs+NH* in air 4 sites? 2 sites: +78%- -27% Not sign.trend

PMo Birkenes -29%
PMes Birkenes -42%
ocC Birkenes -32%- -43% (20012016)
EC Birkenes -43%- -50% (20012016)
TC Birkenes -38%- -42% (20012016)
03, 6-months AOT40 3 sites® -50%- 53%(1996-2016)
0z, 3-months AOT40 Karvatn® -629%1996-2016)
Os, 8h >100 pg/m?® 3 sites® -61%- -84%(1996-2016)

1) Birkenes, Nordmoen/Hurdal, Karvatn, Tustervatn. Nordmoen/Hurdal was not part of 1980 -2016
2) Karvatn and Tustervatn without significant trend in this period
3) Kéarvatn, Tustervatn and Prestebakke at 4Tustervatn and Prestabekke have no sign trend
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1. The monitoring programme, 201 6

The atmospheric monitoring programme presented in this report focuses on particulate and
gaseous phase inorganic constituents, particulate carbonaceous matter, ground level ozone
and particulat e matter in the Norwegian rural background environment. The main objective is
to quantify the levels of these pollutants and to document any changes in the supply of
atmospheric long-range transported pollution. An important goal in this respect is to measure
the effectiveness of the protocols , i.e. t he 1999 Gothenburg Protocol to Abate Acidification,
Eutrophication and Ground -level Ozone (UN/ECE, 1999)

The monitoring sites are located in areas where the influence of local sources are minimal,

and thus the site being representative for a wider region. Regular sampling of precipitation on
a daily basis in Southern Norway dates back to 1973. After that, the measurement program
and the monitoring network was expanded to provide improved information on atmospheric
contribution of air pollution for all of Norway.

After the conclusion of the SNSF( " aci d rainds ef f e pmjsctinl®79faor est and
national monitoring program organized by the Norwegian Environment Agency was initiated in

1980. Several changes in the content of the measurement programme, as well as in the

number and distribution of monitoring sites, has taken place during the 4 0 years life -time of

this monitoring programme, although only small changes since 2011.

The measurements presented in the current report are part of different national projects and
programmes:

1 The National monitoring programme on behalf of The Norwegian Environment Agency:

o Ozone at four sites (Birkenes, Tustervatn, Karvatn, Zeppelin)

o Daily measurements of NO, at four sites (Birkenes, Hurdal, Tustervatn, Karvatn)

0 Weekly measurements of particulate matter (PMy and PM,s) and EC/OC at three sites
(Birkenes, Hurdal, Kéarvatn)

0 High time-resolution measurements of particle number and size distribution at
Birkenes

o Daily measurements of particulate and gaseous inorganic compounds in air and
precipitation at two sites (Birkenes and Zeppelin ; weekly for precipitation at Ny -
Alesund)

0 Meteorology at three sites (Birkenes, Zeppelin and Hurdal)

1 Measurement programme to preserve long -time data series on behalf of the Ministry of
Climate and Environment, co -financed by NILUs internal monitoring programme:
o Daily measurements of particulate and gaseous inorganic compounds in air and
precipitation at three sites (Hurdal, Karvatn and Tustervatn)
0 Weekly measurements of main inorganic ions in precipitation at eight sites (Vikedal,
Treungen, Haukeland, Brekkebygda, Haylandet, Nausta, Vatnedalen, Laken)
o Ozone at three sites (Hurdal, Sandve and Prestebakke)

1 Norway-Russia programme on behalf of The Norwegian Environment Agency:
0 Weekly measurements of main inorganic ions in air and precipitation at Kar pbukt

1 Local air pollution program, co -financed by the municipalities in Porsgrunn, Skien and
Bamble:
0 Ozone at Haukenes
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Data and results from the national monitoring programme of air pollutants are also included
in various international regional programmes. Five of the sites are part of EMEP (European
Monitoring and Evaluation Programme) under the CLRTARConvention on Long-range
Transboundary Air Pollution, http://www.unece.or g/env/Irtap ). Data from several of the
sites are also being reported to CAMP (Comprehensive Atmospheric Monitoring Programme)
under OSPAR (the Convention for the Protection of the marine Environment of the North -East
Atlantic, http://www.ospar.org ); AMAP (Arctic Monitoring and Assessment
http://www.amap.no ) and WMO/GAW (The World Meteorological Organization, Global
Atmosphere Watch programme, http: //www.wmo.int ). A subset of the data are also reported
to EEA (European Environmental Agency,http://www.eea.europa.eu/ ) as required in the EU
air quality directive (EU, 2008) . Near real time data of ozone is repor ted continuously to both
Norwegian (http://www.luftkvalitet.info ) and European (EEA) air quality warning services).
All the data are open ly available at http://ebas.nilu.no

The present report is one of four reports, which cover the national monitoring of atmospheric
composition in the Norwegian rural background environment . The other three reports are
published separately, of which the first focuses on persistent organic pollutants and heavy
metals (Nizzetto et al., 201 7), the second covers the monitoring of the ozone layer and UV
(Svendby et al. 2016), whereas the third is on climate gases and aerosol particles influence on
climate (Myhre et al., 201 6). The site locations and key information on the monitoring
programme at the actual sites are illustrated in Figure 1.1. Detailed station information,
monitoring program and measurement frequencies are provided in Annex 2, whereas sampling
methods and chemical analysis are described in Annex 3. There were no changes in the
monitoring programme in 2016.

g
Zeppelin A
Ny-Alesund Karpbukt

Tustervatn

¥ EMEP

Haylandet Inorganics in air and precipitation
Particulate matter and EC/OC
Ozone

3¢ EMEP

Inorganics in air and precipitation
Ozone

O Ozone

Naust

e
Haukeland

@ Wet deposition
D Inorganic ions in precipitation

en .
Sandve ’ A Norway - Russia
enes™? Prestebakke Inorganic ions in precipitation

Birkenes

Figure 1.1: Norwegian background sites and their measurement programme 201 6. Details are found in  Annex 2.

Thecol our codes indicate the different regions/zones used
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2. The weather in Norway 2016

The variation in meteorological conditions from year to year is decisive for the observed
concentrations of pollutants in air and precipitation. The atmospheric state, i.e. the large -
scale synoptic situation with distribution of high - and low-pressure systems, temperature,
stability, humidity etc are controlling the pollutant levels in air as well as the surface dry
deposition and wash-out at the Norwegian monitoring stations.

On average, the annual average temperature was 1.5°C above the normal (all normals refer
to the 1961-1990 period) while the average precipitation was close to the normal (Met.
Institute, 2016). This makes 2016 the 10" warmest year on average since 1900. The annual
temperature anomaly was largest in Finnmark (2 - 3° above the normal) and southeast
Norway (1.5 - 2.0° above the normal). Some inland regions in Troms and Finnmark received
150 8175 % of the annual precipitation.

In the Norwegian Arctic, 2016 was an extreme year both with respect to temperature and

precipitation. The mean annual temperaturewas4.0 -6. 5A above the normal at
monitoring sites and the precipitation was 150 - 200 %of the normal, making 2016 the hottest

year ever. Ny-Alesund received record-breaking 749 mm precipitation in 2016, and 87 mm fell

on one single day, 8" November.

The year started with a January that was colder than average all over the country. The
southern part received more precipitation than the normal while the northern part (Trgndelag
and northwards) had dry conditions. In the end of January the extreme weather Tor gave
strong winds in western and northern parts, and a mean wind speed of 48.9 m/s was
registered, the highest mean wind speed ever measured in the country.

In the following months, February to May, most of the country experienced higher

temperatures than the normal. Monthly mean temperatures were up to 4 -6° above the normal
in the southeast and the far north (Finnmark). May 2016 was the 4 ™ warmest May measured in
Norway since 1900.

The precipitation was characterized by dryer conditions than normal in many areas in western
and northern Norway during March-May whereas areas in the southeast experienced more
precipitation than the normal, in some regions twice the monthly mean precipitation. The
mean precipitation in February was higher than the normal in many parts of the country
(except some areas in the southeast), with up to 3 -5 times the normal precipitation in the far
north.

June was characterized by warmer and drier conditions in the southern part and cooler and
wetter conditions in the north. July -August had higher precipitation than normal in most parts
of the country, and strong local variations were seen due to a prominence of unstable,
showery weather. The temperature was around (or somewhat above) the normal in the
southeast while higher than the normal in the north in July. In August the temperature was
close to the nor mal in most of the country.
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Following this somewhat wet and cool summer in many parts of the country, September was

on average the warmest September month ever measured in Norway, with a mean
temperature anomaly of +3.6 °. The month was drier than the nor mal in most areas.

The autumn months of October and November was colder than the normal in southern Norway
and warmer than normal in the north. Very dry conditions were seen in most of the country in
October. December was again very mild with a mean tempe rature of 4.6 ° above the normal
for the country as a whole. Except for the sout heast region, the precipitation well above the
average was seen, in some regions up to 3 times the normal. The southeast areas had very dry
conditions in December.

To concluding, the weather conditions in the summer of 2016 were not particularly favourable
for photoch emical ozone episodes in Norway as discussed in Chapter 6. Thetotal precipitation
amount is close to normal and thus not influencing the wet deposition on average, but there
are regional- and temporal variations as discussed in Chapter 3.

10



Monitoring of long -range transported air pollutants in Norway M-780 | 2017

3. Inorganic components
3.10bservations in 2016

3.1.1 Chemical composition in precipitation

All sulfate values given in the present report are adjusted for the contribution  of sulfate
associated with sea salt. The sea-salt sulfate content is calculated based onthe ratio of
sodium, or magnesium and chloride, to sulfate in seawater, and is according to the
procedures suggested by EMEP (EMEECC, 2013). From 2013, measurements of precipitation
on a daily basis, as recommended by EMEP and WMO/GAW, is conducted at thefour EMEP
sites on the Norwegian main land, the other sites with weekly sampling.

Monthly and annual concentration s and wet deposition s for all sites are listed in Annex A.1.1-
A.1.19, and all years in A.1.21, while Table 3.1 lists the annual mean concentrations and
depositions at all stations for 2016.

Regional distribution of mean concentrations and wet deposition s are shownin Figure 3.1 and
Figure 3.2. Table 3.1, Figure 3.1 and Figure 3.2 show that the ion content decreases along a
South to North transect (when excluding the county of Finnmark ). Except for the site in
Finnmark, t he highest concentrations of sulfate, nitrate and ammonium are seen in south and
southeast while the wet depositions are highest in southwest, correlated to the high
precipitation amount on the west coast. The site in Finnmark is influence d by emissions from
Russia and the content of sulfate is particularly high.

Table 3.1 shows that all regions, except the most continental parts of southern Norway and
Finnmark, observed significant amounts of sea salts. At most sites there was an excess of
cations, which probably is due to the content of bicarbonate or other anions of weak acids
that are not determined.

As seen for previous years, the highest annual mean concentrations for the sulfate and nitrate
were observed at the Birkenes site (Table 3.1); except for sulfate at Karpbukt, which was
higher due to the influence of emissions from smelters at the Kola Peninsula in Russia. Being
situated only 20 km from the Skagerrak coastline, Birkenes is the site in Norwa y being the
most influenced by long -range transport of air pollution from the European Continent and UK,
hence this finding is to be expected. However, some inland sites are influence by regional
agricultural activit ies and experience somewhat higher ammonium concentrations, i.e.
Treungen, Hurdal and Lgken. The highest wet deposition loads of sulfate, nitrogen
components and strong acid occurred along the coast from Aust -Agder to Hordaland.

11
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Table 3.1: Annual volume weighted mean concentrations and total wet deposition of inorganic ions at Norwegian background stations, 2016.
*: Corrected for contribution from sea salt.

Volume weighted annual mean concentrations (mg/L) Wet deposition (mg/m 2, H*: pekv/m ?) Volume Weightgd annual mean concentrations in lon
Site NG N NG equivalence units (pekv/ L) bal.

pH SO*S* N N C# K Mg N& CF |mm H SO*S* N NH'N C& K Mg Na CF | H So?* SO* NOf NH' C&° K Mg* Na© cf | Uan
Birkenes 491 0.17 0.35 0.29 0.15 0.12 0.16 1.32 2.27|1414 17528 245 489 414 206 169 231 1867 3204|112 11 17 25 21 7 3 13 57 64 1.07
Vatnedalen |5.30 0.09 0.08 0.11 0.14 0.17 0.17 1.83 2.72| 814 4072 70 64 93 113 136 140 1489 2215| 5 6 13 6 8 7 4 14 80 77 | 122
Treungen |4.98 0.16 0.27 0.30 0.09 0.09 0.07 0.47 0.77|957 10136 150 263 284 89 85 64 452 735|10 10 12 19 21 4 2 20 22 | 121
Loken 503 0.17 0.30 0.31 0.12 0.12 0.06 0.37 0.61| 692 6432 117 210 217 82 81 40 258 424 | 9 11 12 21 22 6 3 16 17 1.20
Hurdal 5.01 0.18 0.31 0.32 0.13 0.13 0.04 0.29 0.45|866 8369 159 272 281 111 113 36 255 393 |10 11 13 22 23 6 3 13 13 | 1.22
Brekkebygda5.01 0.15 0.23 0.24 0.10 0.10 0.03 0.21 0.33|892 8789 136 209 217 93 85 28 191 292 |10 9 11 16 17 5 3 9 9 1.27
Vikedal 5.14 0.10 0.18 0.25 0.15 0.18 0.33 2.69 4.66 (2487 18165 258 439 615 367 458 808 6703 11595 7 6 21 13 18 7 5 27 117 131| 1.10
Haukeland [5.14 0.06 0.08 0.11 0.13 0.17 0.32 2.71 4.76 (323023542 207 267 350 431 554 1033 8755 15366 7 4 18 6 8 6 4 26 118 134 | 1.08
Nausta 5.13 0.07 0.09 0.15 0.13 0.16 0.29 2.39 4.15|1477 10888 104 136 227 186 243 423 3533 6125| 7 4 17 6 11 6 4 24 104 117 | 1.11
Karvatn 519 0.07 0.10 0.11 0.10 0.12 0.16 1.30 2.29|1543 9854 107 157 163 158 179 247 2001 3525| 6 4 11 7 8 5 3 13 57 65 1.11
Hgylandet |[5.47 0.05 0.05 0.17 0.14 0.13 0.27 2.24 3.90|1283 4322 67 69 213 174 169 350 2871 5007| 3 3 15 4 12 7 3 22 97 110| 113
Tustervatn |5.24 0.05 0.07 0.09 0.09 0.11 0.13 1.06 1.88|1031 5914 55 73 93 91 118 136 1092 1936| 6 3 9 5 4 3 11 46 53 | 114
Karpbukt 4.87 0.27 0.07 0.12 0.13 0.13 0.25 2.01 3.59|693 9271 185 51 84 88 92 174 1392 249213 17 27 5 9 6 3 21 87 101| 1.05
Ny-Alesund |5.49 0.07 0.06 0.08 0.30 0.17 0.48 3.66 6.53| 490 1589 36 28 38 146 83 235 1795 3201| 3 4 24 4 6 15 4 39 159 184 | 1.07
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Figure 3.1: Annual volume weighted mean concentrations and total wet deposition of sulfate (sea salt corrected)
and strong acid (pH), 2016.
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Figure 3.2: Annual volume weighted mean concentrations of nitrate, ammonium, chloride and total wet deposition
of nitrogen (nitrate + ammonium), 201 6.
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Figure 3.3 shows monthly volume weighted mean concentrations and wet deposition of

sulfate, nitrate and, ammonium in d ifferent parts of Norway, 201 6. All the monthly data are
given in the tables in Annex 1. There are quite large differences between the months, though

it is not a general pattern common for all regions and components. In 201 6, the highest
concentrations were for most ions seenduring March to May. East Norway alsoexperienced
high concentrations in September. For wet deposition, the highest levels were often observed
during spring and early summer. Also in December, high loads of wet deposition were seen in
many regions, especially for ammonium , reflecting the high precipitation amount that month.
The sites in eastern Norway were an exception to this since . December was a dry month there
(see table A1.10), as also discussed above in Chapter 2. Table A1.20 shows that between 25%
and 35%of the total annual sulfate deposition arrive d during ten peak dayswhen looking at
the four sites with daily measurements through the whole year .

a) b)
- @n S SW et em—h— NW N - am S S\ e—p— e—— W N
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02 4 20 |
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c) d)
- e 5 SW b e NW N - = 5 SW ——F —i—NW N
0.6 60
wet dep NO3™
04
E t
=2 ~
w @
[ ~
£ & 4 N o==-
02 A
A
. A A %
4 ‘\‘/ \ A=A ’/
e _ o
0.0 0 T T T T T T T T T T T
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7
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Figure 3.3: Monthly volume weighted mean concentrations (left : a),c),e) ) and wet deposition (right : b),d),f) ) of sea
salt corrected sulfate (top) nitrate (middle), ammonium (bottom) in different parts of Norway, 201 6, S, SW: South
and South west is the average of the sites Birkenes, Vatnedalen, Treungen and Vikedal; E: East (Lgken, Hurdal,
Brekkebygda); NW: Northwest (Haukeland, Nausta and Karvatn); N: North (Hgylandet and Tustervatn).
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3.1.2 Chemical composition in air
Daily measurements of inorganic components in air was measured at five sites in 201 6.
All sites are EMEP sitesas shown in Figure 1.1. Table 3.2 shows the annual mean
concentrations while the monthly data are givenin  A.1.22-A.1.33. The monthly means of the
sulfur and nitrogen components are illustrated in Figure 3.4. The maximum and percentile

concentrations of SO,, SO, sum of (NOs- + HNQ), NH,* and sum of (NH; + NH,*) are given in

Table 3.3 to Table 3.8.

Table 3.2: Annual mean concentrations of inorganic components in air at

Norwegian background stations, 2016.

sSQ SO NG  sum NQ NG sum NH NH Mg Ca K cl Na
ug-S/m®  pg-S/m® pg-N/m?3 pg-N/m® pg-N/m3  pg-N/m2 pg-N/m?2 pug/m?® pg/m?® pg/m?2 pg/m? pg/m?e
Birkenes Il 0.05 0.20 0.30 0.25 0.21 0.40 0.23 0.05 0.04 0.06 0.53 0.42
Hurdal 0.03 0.17 0.61 0.16 0.13 0.30 0.15 0.02 0.03 0.06 0.14 0.16
Karvatn 0.03 0.11 0.15 0.07 0.04 0.44 0.06 0.02 0.02 0.03 0.17 0.15
Tustervatn 0.04 0.13 0.11 0.07 0.05 0.43 0.07 0.03 0.02 0.03 0.34 0.25
Zeppelin 0.06 0.11 0.05 0.03 0.17 0.03 0.04 0.02 0.05 0.33 0.23

The annual mean concentrations of sulfur dioxide in air are generally very low in Norway.

In 2016 the highest concentrations were seen at the most northern site , Zeppelin, and the
most southern site, Birkenes, with 0. 06 and 0.05 ng S/m?3 respectively. The Zeppelin site is
mainly influence d by emissions in Russia while Birkenes is mainly influence d by emissions on
the European continent. The highest daily average concentration in 2016 was, however, seen
at Tustervatn with 2.1 mg S/m®on 7 January. | nspecti ons

back trajectories arriving at these sites , indicate that at this day the air came from northeast

o f -dayd alr-ddss

and passea over the Kola Peninsula. The highest episode at Zeppelin (3 February) was
probably also caused by emissionsfrom the same smelters at the Kola Peninsula.

The highest annual mean particulate sulfate concentration was measured at Birkenes

(0.20 ng S/m?3), although Hurdal experienced the highest one-day episode level (1.96 ng S/m?)

19 February with air masses coming from the continent , as indicated by the trajectories.

The highest NG, levels were observed in Hurdal with an annual mean concentration of
0.6 ng N/m 3. This station is influenced by the relatively high traffic emissions in th e region.
The highest daily mean concentration of NO, was also measured at Hurdal with 5.2 grN/m?3

on 7 December. The concentrations of NO, show a temporal pattern with a winter maxima
and summer minima (Figure 3.5) which is to be expected . During winter, there is reduced
vertical mixing and the atmospheric residence time is longer due to

activity.

low photochemically

The highest annual mean level of sum of nitrate (NO 5~ + HNQ), and NH,* were observed at
Birkenes with 0. 25 ng N/m 2 and 0.23 ng N/m 3 respectively. The highest annual mean level of

sum of ammonium (NH; + NH;*) was observed at Karvatn and Tustervatn, probably due to

influence of agricultural activity in the

summer showing the influence of ammonia from r egional agricultural activitie.

region. The ammonium (NH;*) and sum of nitrate
(NG; + HNQ) show very similar seasonal distribution s (Figure 3.4), with indication of elevated
levels during winter. Sum ammonium (NH; + NH;*) on the other hand peaks in spring and

16
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Table 3.3: Number of daily, observations 50 -, 75-, 90-percentile concentrations, max and annual mean
concentrations for SO: in air at Norwegian background station in 2016.

SO (g S/m?)
. No. of )
Site ) Percentile conc. Max
observations ) Date Annual mean concentration
50% 75% 90% | concentration
Birkenes Il 335 0.01 0.06 0.14 1.04 15.09.2016 0.05
Karvatn 320 0.01 0.01 0.05 0.49 20.08.2016 0.03
Tustervatn 341 0.01 0.01 0.05 2.09 07.01.2016 0.04
Zeppelin 347 0.01 0.01 0.09 1.36 03.02.2016 0.06
Hurdal 304 0.01 0.03 0.06 0.67 08.11.2016 0.03

Table 3.4: Number of daily, observations 50 -, 75-, 90-percentile concentrations, max - and annual mean
concentrations for SO4 in aerosols at Norwegian background station in 201 6.

SQ? (ug S/Im)
No. of
Site . Percentile conc. Max
observations ) Date Annual mean concentration
50% 75% 90% | concentration
Birkenes II 365 0.16 0.29 0.46 1.03 21.10.2016 0.20
Karvatn 352 0.07 0.14 0.25 1.03 16.09.2016 0.11
Tustervatn 356 0.1 0.17 0.29 0.81 17.09.2016 0.13
Zeppelin 366 0.06 0.13 0.29 0.85 25.03.2016 0.11
Hurdal 329 0.11 0.23 041 1.96 19.02.2016 0.17

Table 3.5: Number of daily, observations 50-, 75-, 90-percentile concentrations, max and annual mean
concentrations for NO 2 in air at Norwegian background station in 201 6.

NO, (ug N/m?)
. No. of
Site ) Percentile conc. Max Annual mean
observations Date

50% 75% 90% | concentration concentration
Birkenes I 361 0.22 0.34 0.67 2.89 2016-12-07 0.30
Karvatn 365 0.12 0.16 0.27 1.06 2016-01-20 0.15
Tustervatn 360 0.09 0.13 0.19 0.69 2016-02-18 0.11
Hurdal 364 0.36 0.66 1.30 5.23 2016-01-25 0.61

17




Monitoring of long -range transported air pollutants in Norway M-780 | 2017

Table 3.6: Number of daily, observations 50 -, 75-, 90-percentile concentrations, max - and annual mean

concentrations of the sum of nitrate and nitric acid in air at Norwegian background station in 201

NGO +HNQ (ug N/m3)

No. of
Site ) Percentile conc. Max Annual mean
observations ) Date .
50% 75% 90% | concentration concentration
Birkenes I
312 0.11 0.26 0.65 3.56 06.02.2016 0.25
Karvatn
318 0.05 0.08 0.12 0.55 05.05.2016 0.07
Tustervatn
333 0.04 0.08 0.14 1.22 11.03.2016 0.07
Zeppelin
314 0.03 0.06 0.09 1.12 31.12.2015 0.05
Hurdal
292 0.08 0.17 043 1.4 03.04.2016 0.16

Table 3.7: Number of daily, observations 50 -, 75-, 90-percentile concentrations, max - and annual mean
concentrations of ammonium in aerosols at Norwegian background station in 201 6.

NHs" +NH; (ug N/m3)
) No. of
Site . Percentile conc. Max Annual mean
observations ) Date .

50% 75% 90% | concentration concentration
Birkenes Il 342 008 025 065 3.41 06.02.2016 0.23
Karvatn 353 003 007 017 0.78 16.09.2016 0.06
Tustervatn 348 002 007 0.18 1.31 11.03.2016 0.07
Zeppelin 334 001 0.03 0.08 0.25 31.12.2015 0.03
Hurdal 319 0.05 0.17 0.48 1.6 03.04.2016 0.15

Table 3.8: Number of daily, observations 50 -, 75-, 90-percentile concentrations, max - and annual mean
concentrations of the sum of ammonium and ammonia in air at Norwegian background station in 201 6.

NH;* (ug N/m3)
. No. of
Site . Percentile conc. Max Annual mean
observations Date

50% 75% 90% | concentration concentration
Birkenes Il 312 0.22 05 0.99 3.55 06.02.2016 0.40
Karvatn 320 0.35 0.56 0.91 2.51 25.09.2016 0.44
Tustervatn 333 0.36 0.59 0.91 1.73 11.03.2016 0.43
Zeppelin 314 0.15 0.22 0.3 2.43 03.07.2016 0.17
Hurdal 293 0.21 0.37 0.69 1.85 03.04.2016 0.30
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Figure 3.4: Monthly mean concentrations of sulfur - and nitrogen components in air at the five EMEP sites in Norway
in 2016. Unit: ng(S or N)/m3.

3.1.3 Total deposition of sulfur and nitrogen

Table 3.9 and Figure 3.5 present estimates of the total dry deposition of  sulfur and nitrogen
compounds and measured wet deposition in the growing season from May to October
(summer) and the winter seasm defined as January to April and November to December.

Dry deposition is calculated on the basis of the mean concentrations of SO ,, SO, NO,, sum
of nitrate (NO 3 + HNQ), and sum of ammonium (NH3; + NH;*) and deposition velocities given in

the table te xt (Dovland and Eliassen, 1976; Dollard and Vitols, 1980; Fowler, 1980; Garland,
1978; Voldner and Sirois, 1986; Hicks et al., 1987).

For the sum of nitrate (NO 3~ + HNQ), it is that HNO 3 contributes with 25% and NOs™ by 75%o0f
the air concentration . For the sum of ammonium (NH;z + NH,*), NH; is assumedto contribute
with 8% and NH," by 92% (Ferm, 1988)to the air concentration . The dry deposition velocities
of gases and patrticles are highly variable and uncertain quantities. The deposition of particles
(SO42-, NOyz, and NH,") increases with wind speed and with the ground's roughness (forest

coverage etc.). The deposition of gases (SO,, NO,, HNG;, and NHs) depends on the biological

activity of the vegetation and on the surface type (water, mountains, etc.) . The deposition is
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