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This report summarizes the results of monitoring carried out on the environment around the Grundartangi industrial area. The environmental monitoring is carried out according to an environmental monitoring plan approved by the Icelandic Environment and Energy Agency and valid until 2028. The companies involved in the environmental monitoring are Elkem Ísland ehf, Norðurál Grundartangi ehf, and Alur álvinnsla ehf.
The purpose of monitoring is to assess the environmental impact of activities in the Grundartangi industrial area.
The following factors were monitored during the year 2025: air quality (atmosphere and precipitation), fresh water, seawater by coastal flow pits, vegetation (grass, leaves, and pine needles), and herbivores (sheep and horses).
Results for air quality, freshwater, grass and sea reveal that all reference limits set in regulations and operating permits were met. Icelandic reference values for precipitation, vegetation (leaves and needles) and herbivores are not defined.
Fluoride concentrations in vegetation were in all cases below the tolerance limits for vegetation.
Although the average concentration of fluoride in the jaw bones of sheep has increased in comparison with 1997, it is unchanged compared to 2007. There does not appear to be a clear relationship between the dental health of slaughtering sheep and the concentration of fluoride in the jawbones. There were no detectable effects of fluoride on the teeth or joints of live sheep and horses.
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Environmental monitoring around the industrial area at Grundartangi is carried out according to an environmental monitoring schedule that is in effect until 2028. The purpose of the monitoring is to assess the impact of activities in the industrial area on the environment.  This year, measurements were made of air quality, fresh water, the environment of sea overflow pits, vegetation and herbivores.
The companies involved in the environmental monitoring are Alur álvinnsla ehf., Elkem Ísland ehf., and Norðurál Grundartangi ehf. They are all located in a planned industrial area in Grundartangi, where other activities also take place. In 2025, Alur recycled about 5,000 tons of aluminum from aluminum dross. Elkem's annual production was 104,800 tons of 75% silicon metal and 19,928 tons of silica dust, and Norðurál produced about 260,000 tons of aluminum.
This report summarizes the results of environmental studies in 2025 and other measurements that have been made since the beginning of monitoring. The results are compared with the reference limits in operating permits and regulations when available. A comparison is also made between years and with baseline measurements made in 1997, before the Norðurál smelter began operating, and in some cases compared to 2007, when all the smelter's pots were in operation.
Provisions on dilution zones have been repealed in the operating permits of Norðurál and Elkem, and therefore the limits stated in the operating permits of the companies apply outside the boundaries of the industrial area according to Hvalfjörður municipality's master plan.
Results for air quality, freshwater, grass and sea reveal that all reference limits set in regulations and operating permits were met. Icelandic reference values for precipitation, vegetation (leaves and needles) and herbivores are not defined. Fluoride concentrations in vegetation were in all cases below the tolerance limits for vegetation. The average concentration of fluoride in the jawbones of lambs has increased compared to 1997 but decreased compared to 2007. In adult sheep the average concentration of fluoride has increased compared to 1997 but remained unchanged compared to 2007. There does not appear to be a clear relationship between the dental health of livestock and the concentration of fluoride in the jawbone. There were no detectable effects of fluoride on the teeth or joints of live sheep and horses.

Air quality
In all cases, the measured concentrations of gaseous fluorine, total fluorine, sulfur dioxide, hydrogen sulfide, nitrogen oxides,  particulate matter and benzo(a)pyrene were below the environmental limits defined in regulations or operating permits.
There are no defined environmental limits for the concentration of dissolved substances and the acidity of precipitation.  The measured values were highly fluctuating, the concentrations of fluoride and sulfate were quite high, and the precipitation was rather acidic. The concentration of other substances was in line with measurements from previous years.

Freshwater
Overall, the results of the year do not indicate major changes in the pollution level of river surface water as compared with the outcome in recent years. The situation has been similar since 2006.
The mean value of fluoride in all the monitored rivers increases between years but is still in line with the average in 2016-2024. While the concentration of fluoride in Urriðaá river was in line with the average of measurements from 2016-2024, the concentration in Kalmansá was higher than the average over the same period. The acidity and average concentration of fluoride and sulfate in all monitored rivers were within the limits defined in the  Icelandic Drinking Water Regulation (IDWR). The fluoride concentration in the rivers Laxá, Fossá, Berjadalsá, and Kúludalsá was in line with the measuring values of previous years and was about one-fifth of the fluoride concentration in rivers Kalmansá and Urriðaá. The measurement results do not indicate major changes in the pollution level of the monitored rivers.

Seawater near overflow pits
The results from measurements in 2025 are similar to previous years and indicate that pollution is insignificant in the vicinity of the overflow pits. Samples showed that the fluoride concentration was below the concentration that is considered to have an impact on sensitive ecosystems and they are within the limits specified in Norðurál's operating license. Other substances that were found proved in most cases to be in similar concentrations to the reference samples.

Vegetation
Grass

In all cases, the value of fluoride in grass was below the estimated exposure limits for grass and below the regulatory limits for fluoride in feed. Fluoride concentration in grass in 2025 increased slightly from 2024. While there was an increase in the average fluoride concentration in leaves both north and south of Hvalfjörður fjord compared to 1997, there was no change compared to 2007.
Leaves

The fluoride concentration in leaves that was measured in 2025 proved on average to be higher than the previous year and yet, in all cases, below the tolerance limits for deciduous trees. There was an increase in the average fluoride concentration in leaves north and south of Hvalfjörður fjord compared to 1997, but no change compared to 2007.
Conifers

The average fluoride concentration in one-year and two-year-old conifers was lower in 2025 compared to 2024 and in all cases below the tolerance limits of conifers. There was no significant change in the average fluoride concentration in one-year or two-year-old conifers both north and south of the fjord compared to 1997 and 2007.

Herbivores (sheep and horses)
There are no defined reference limits in Icelandic regulations for the fluoride concentration in the jawbones of lambs or adult sheep.
Fluoride in lambs

There does not appear to be a clear relationship between the dental health of lambs and the concentration of fluoride in their jawbone. According to a Norwegian study, fluoride in deer was in all cases found to be below the limits where it may pose a risk for dental caries. The average fluoride concentration in 2025 in lambs from all monitoring areas was within the range that measurements have shown since 2008.
Whereas in 2025, there was an increase in the average fluoride concentration in leaves north and south of Hvalfjörður fjord compared to 1997, it was still lower than in 2007.
Fluoride in adult livestock

There does not appear to be a clear relationship between the dental health of adult sheep and the concentration of fluoride in their jawbone. The average concentration of fluoride in adult sheep from four farms was above the level considered to pose a risk of dental caries when it comes to deer. No animal turned out to have the concentration of fluoride considered to cause dental caries in deer.
The average fluoride concentration in 2025 was measured within the fluctuation that measurements have shown since 2008. In 2025, there was an increase in the average fluoride concentration in adult sheep north of Hvalfjörður compared to 1997, but no change compared to 2007. South of the fjord, there was a significant increase in the average fluoride concentration in adult sheep compared to 1997 and 2007.
Live sheep and horses
The results of a veterinarian’s examination of the teeth and foreleg joints of live herbivores (sheep and horses) indicated that there were no detectable effects on these caused by exposure to fluoride. The condition of the teeth and joints was within the limits that the veterinarian considered as normal.
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The scope of environmental monitoring in 2025 covered about 120 sampling points, where around 420 samples were collected and analyzed. Studies for environmental monitoring were carried out by the Marine Research Institute's Chemical Analysis Department, Iceland Food and Biotech R&D (Matís), the Mosfellsbær Veterinary Clinic and other independent parties. An overview of the results of the environmental monitoring of the industrial area in Grundartangi for the year 2025 is provided in the table below. Provisions in Icelandic regulations or in the companies' operating permits are in place for over 30 of the parameters measured. For those parameters where Icelandic environmental limits have not been defined, the results were compared with background values and results from previous years.

	Notes

	No reference values in Icelandic regulations or operating permits
	
Provisions in Icelandic regulations and operating permits met
	
Provisions in Icelandic regulations or operating permits not met



	
	Parameters
	Provisions in Icelandic regulations and operating permits

	Air quality
	
Atmosphere
	Gaseous fluoride in the atmosphere outside the industrial site
	
Norðurál’s operating permit

	
	
	Gaseous fluoride & fluoride in particulate matter outside the industrial site
	Norðurál’s operating permit

	
	
	
Sulphur dioxide in atmosphere and dust
	Annual average concentration - Vegetation protection limit cf. reg. No. 920/2016

	
	
	
	Daily mean value SO2- Health risk limits cf. reg. No.  920/2016

	
	
	
	Hourly mean value SO2 - Health risk limits cf. reg. No.  920/2016

	
	
	
Hydrogen sulphide
	Average annual concentration H2S - Health risk limits cf. reg. No.  514/2010

	
	
	
	Hourly mean value H2S - Health risk limits cf. reg. No.  514/2010

	
	
	
Nitrogen dioxide
	Average annual concentration NO2 - Health risk limits cf. reg. No.  920/2016

	
	
	
	Hourly mean value NO 2- Health risk limits cf. reg. No.  920/2016

	
	
	Nitrous oxide
	Annual average concentration NOX - Vegetation protection limit cf. reg. No.  920/2016

	
	
	
Particulate matter (PM10)
	Average annual concentration - Health risk limits cf. reg. No.  920/2016

	
	
	
	Hourly mean value - Health risk limits cf. reg. No.  920/2016

	
	
	Particulate matter (PM2,5)
	Average annual concentration - Health risk limits cf. reg. No.  920/2016.

	
	
	PAH16
	Environmental limits for benzo(a)pyrene cf. reg. No.  410/2008

	
	
Precipitation
	Chloride
	


Maximum value not set in Icelandic regulations

	
	
	Sodium
	

	
	
	Calcium
	

	
	
	Sulfate
	

	
	
	Fluoride
	

	
	
	pH
	

	

Freshwater
	Conductivity
	Maximum value not set in Icelandic regulations

	
	pH
	

The Icelandic Drinking Water Regulation, No. 536/2001

	
	Fluoride
	

	
	Chloride
	

	
	Sulfate
	




	
	Parameters
	Provisions in Icelandic regulations and operating permits

	

Sea near overflow pits
	Aluminum
	
Norðurál’s operating permit

	
	Fluoride
	

	
	Arsenic
	


Icelandic Regulation No. 796/1999 (with subsequent amendments) regarding the prevention of water pollution

	
	Lead
	

	
	Copper
	

	
	Chromium
	

	
	Nickel
	

	
	Zinc
	

	
	Iron
	
The Icelandic Drinking Water Regulation, No. 536/2001

	
	Cyanides
	

	
	Vanadium
	
Maximum value not set in Icelandic regulations

	
	Phosphorus
	

	

Vegetation
	Fluoride in grass used as fodder for sheep
	Icelandic Regulation No. 1206/2021 (which enacts EU Directive 2002/32/EC into Icelandic law) on undesirable substances in animal feed

	
	Fluoride in leaves
	
Maximum value not set in Icelandic regulations

	
	Fluoride in pine needles
	

	

Herbivores
	Fluoride in the jawbones of sheep
	





Maximum value not set in Icelandic regulations

	
	Condition examination of the teeth and jaws of slaughtering sheep
	

	
	Condition examination of the teeth of live sheep
	

	
	Condition examination of the joints of live sheep
	

	
	Condition examination of the teeth of live horses
	

	
	Condition of the joints in live horses
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Definitions:

Background values	Concentrations of substances that are considered to exhibit a    natural value. 
BaP	Benzo(a)pyrene, a component of PAH16.
Vegetation protection limit	 Limits aimed at protecting vegetation against harmful effects, according to Regulation No. 920/2016.
Health risk limits	Limits set to ensure human health in the long term.1 
pH		Acidity determined by the amount of hydrogen ions in an aqueous solution. 
Particulate matter (PM10)	Particulate matter in the air that is 10 µm or less in diameter.
Particulate matter (PM2,5)	Particulate matter in the air that is 2,5 µm or less in diameter.
Gaseous fluoride (HF)	The fraction of fluoride measured as gaseous matter and free dust 
Fluoride particulate (F)	The fraction of fluoride measured as bound dust
Total fluoride	Total gaseous and particulate fluoride
Environmental limits	Environmental limits are the maximum permissible level of contamination in a given receptor to prevent or mitigate harmful effects on human health and/or the environment. Environmental limits are set to protect the environment as a whole or specific components of it (such as health risk limits and vegetation protection limits for the protection of ecosystems).
Receptor	An area that receives pollution and dilutes or eliminates/neutralizes it.
Tolerance limits	The maximum concentration of a contaminant in the tissue of organisms that they are expected to tolerate without harm.
Regulations: 

920/2016	On sulfur dioxide, nitrogen dioxide and nitrogen oxides, benzene, carbon dioxide, particulate matter and lead in the atmosphere, the concentration of ozone at the earth's surface and information for the general public.
514/2010	On the concentration of hydrogen sulphide in the atmosphere.
265/2010	Sets maximum levels for certain contaminants in foodstuffs.
410/2008	On atmospheric arsenic, cadmium, mercury, nickel and polycyclic aromatic hydrocarbons (PAHs).
536/2001	On drinking water.
1206/2021	On undesirable substances in animal feed (which enacts EU Directive 2002/32/EC into Icelandic law)
796/1999	On the prevention of water pollution



1 Health risk limits in Regulation 920/2016 are different from the pollution limits stipulated in Regulation 390/2009 on pollution limits and measures to reduce pollution in the workplace, which is defined as the highest permissible average pollution (time-weighted average) in the atmosphere of employees [mean value or ceiling value].




1 [bookmark: _TOC_250024]Introduction

The companies Elkem Ísland ehf., Norðurál Grundartangi ehf. and Alur álvinnsla ehf. operate in a designated industrial area in Grundartangi, Western Iceland. The operations of these companies are subject to operating permits that stipulate regular monitoring of the environment in the vicinity of the industrial area.
The monitoring for the year 2025 was conducted according to an environmental monitoring plan that is valid until 2028 and is carried out according to the companies' operating permits and is confirmed by the Icelandic Environment and Energy Agency [1]. The objective of environmental monitoring is to assess the impact that the companies' operations have on the environment.
This report contains a summary of the results of monitoring studies in the vicinity of the industrial site, which were carried out for the most part in 2025. The results are compared with reference values, where applicable, as well as the results of previous years. The variability of measurements for freshwater, vegetation and sheep is also assessed using a statistical approach. All primary data on which the summary is based are published on the website of the Icelandic Environment and Energy Agency.
The report is divided into eight sections. Section 1 contains a short introduction describing the purpose of environmental monitoring. Section 2 entails a description of the local conditions and climate at the industrial site. Section 3 provides an overview of the scope and measurement parameters of the environmental monitoring Sections 4–8 summarize the measurements and results of monitoring for air quality, freshwater, seawater at the low pits, vegetation and herbivores. Finally, the appendices of the report provide detailed information and further information related to the measurements and results. Appendix A contains a list of previously published annual environmental monitoring reports. Appendix B contains additional information on atmospheric and precipitation monitoring. Results of freshwater measurements and statistical data can be found in Appendix C. Appendix D contains additional information on marine monitoring at flow pits.  Appendix E provides information on vegetation and statistical data, and Appendix F contains additional information and statistical analysis of herbivore examination results.
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2 [bookmark: _TOC_250023]Local conditions


2.1 [bookmark: _TOC_250022]Industrial area

The designated industrial area at Grundartangi is located on the northern side of the fjord Hvalfjörður, as Figure 2.1. shows.
[image: ]
FIGURE 2.1	Location of the industrial area at Grundartangi in Hvalfjörður County (in dark grey).

All provisions on dilution zones were repealed in 2020 with amendments to Regulation No. 787/1999 on air quality and Regulation No. 514/2010 on the concentration of hydrogen sulfide in the atmosphere. The Icelandic Environment and Energy Agency removed the dilution zone provisions from Elkem and Norðurál's operating licenses on 19 June 2025.
Norðurál's operating license includes limits for gaseous fluoride and total fluoride, which apply outside the boundaries of the industrial area defined in the Hvalfjörður Land use Plan 2020-2032. [2].
In Hvalfjörður County’s Land Use Plan, valid for the period 2020–2032, former dilution zones are defined as “caution zones”, which include restrictions on land use due to risks to public health and safety, as well as polluting industrial activities [2].

2.2 [bookmark: _TOC_250021]Operations

Elkem's silicon metal plant has been operating in Grundartangi since 1979. The plant's annual production capacity is 120,000 tons of silicon metal. Elkem in Grundartangi produces, among other things, a specialized silicon metal alloy that is important for the global electric vehicle market and the production of energy-efficient household appliances. In 2025, Elkem produced 104,800 tons of 75% silicon metal and 17,928 tons of silica powder. The fume treatment plant was in operation for 99.94% of the combined operating time of all the company’s furnaces. Elkem’s operating permit allows for the annual production of 190,000 tons of silicon metal and 45,000 tons of silica dust. During the production of silicon metal, emissions into the environment are mainly airborne, which can mostly be attributed to silicon metal dust, sulfur dioxide (SO2) and carbon dioxide (CO2).
In 2025, over 700 people worked at Norðurál in Grundartangi, in a variety of jobs, producing 260 thousand tons of aluminum. The product is pure aluminum and aluminum alloys. Norðurál emphasizes that the company's operations are in harmony with the environment and constantly endeavors to minimize environmental impact. Stability in operations and the use of renewable energy sources ensure that the carbon footprint of Icelandic aluminum is among the lowest in the world. In 2020, Norðurál received ASI certification (Aluminium Stewardship Initiative) for responsible and environmentally friendly production and was recertified according to the updated ASI Performance Standard in 2023. The certification confirms that the company's operations meet strict requirements for social and environmental responsibility, and good practices in aluminum production. In 2022, Norðurál received The Icelandic Business Environment Award, among other things for the production of aluminum with a low carbon footprint that has been traced from the beginning to the end of the production cycle in a life cycle analysis. In 2023, Norðurál received Fjörusteinninn, Faxaflóahafnir’s (Associated Icelandic Ports) environmental recognition, which is awarded to companies that demonstrate progress in environmental matters and are exemplary in terms of a clean environment. The Norðurál smelter in Grundartangi was commissioned in 1998 and has a permit to produce 350,000 tons of aluminium per year.
Alur álvinnsla ehf. is an aluminum recycling company in the Grundartangi Industrial Area. The company's core activity is the recycling of aluminium dross that is generated during the primary production of aluminum. Alur produces about 5,000 tons of aluminium annually, which is fed back into the production cycle of the smelters.



2.3 [bookmark: _TOC_250020]Climate

Meteorological measurements are taken at automatic weather monitoring stations at Kríuvarða, Gröf II and at Grundartangi Harbour. Figure 3.1. shows the location of the air quality monitoring stations. The Gröf II measuring station is located about 3 km southwest of Grundartangi, close to the farm Gröf II at an altitude of about 40 m above sea level. The measuring station at Kríuvarða is located about 700 meters north of the eastern end of the aluminum smelter at an altitude of about 15 m above sea level; the measuring station at Grundartangi Harbour is located at an altitude of about 25 m above sea level. Overall, the average temperature for the year 2025 was similar to previous years. The same applies to the average wind speed for the year.
Weather conditions were quite favorable in the winter of 2024-2025, with relatively calm weather. The temperature in the spring (April and May) was the highest since records began. Precipitation was below the average for the years 1991-2020; the spring was sunny and vegetation was thriving well. The summer was relatively warm. In Reykjavík, precipitation was close to average. The autumn and winter months were warm except for November. Overall, 2025 was the warmest year in Iceland since records began.
Spring was unusually mild. The annual precipitation was below the average for the last ten years, and it was a year of light snow. The year was generally mild with only a few severe storms.
Table 2.1 shows the average temperature for the year and the monitoring period, from April to October, and the average wind speed at all measuring stations [3]. Wind speed was highest at Grundartangi Harbour, and the coldest temperature at Gröf II.


TABLE 2.1    Average temperature and average wind speed at weather stations in Hvalfjörður in 2025 [3].

	Weather station
	January - December
	April - October

	
	Mean temperature
[°C]
	Average wind speed
[m/s]
	Mean temperature
[°C]
	Average wind speed
[m/s]

	Grundartangi Harbor
	6.2
	5.1
	8.4
	4.7

	Gröf II
	3.8
	4.6
	6.5
	4.3

	Kríuvarða
	7.1
	5.9
	9.2
	5.4



Figure 2.2 shows wind roses for the entire year 2025 and for the period April to October at all weather stations. While the most common wind directions at Gröf were north-northeast, they were easterly at Kríuvarða and in Grundartangi. The wind rose at Gröf II follows the mountain slope of Akrafjall, which obviously shapes the wind rose in a decisive way. There, easterly winds turn to northeasterly winds, and southerly winds turn to southwesterly winds due to the mountain's location. The wind roses for the monitoring period (April - October) and the wind roses for the entire year are very similar. Whereas at Gröf II, northeasterly winds are most common, easterly winds dominate in Grundartangi Harbour and at Kríuvarða [3].

[image: ]

FIGURE 2.2	Wind roses from Kríuvarða, Gröf II and Grundartangi Harbour for the period April - October 2025 and the entire year 2025.

3 [bookmark: _TOC_250019]Environmental monitoring implementation and measurement parameters

Environmental monitoring for the year 2025 was carried out in accordance with the environmental monitoring plan that is valid until 2028 and can be found on the Icelandic Environment and Energy Agency’s homepage [1]. Table 3.1 provides an overview of the parameters, monitoring points, research players and research periods.

3.1 [bookmark: _TOC_250018]Monitoring sites and parameters

In 2025, air quality, freshwater, seawater at flow pits, vegetation and herbivores (sheep and horses) were monitored. Figure 3.1. shows an overview of the monitoring sites. About 420 samples from about 120 sampling points were examined. Studies for environmental monitoring were carried out by the Marine Research Institute, Iceland Food and Biotech R&D (Matís), the Mosfellsbær Veterinary Clinic and other independent parties. Around 75 parameters were analyzed in the samples, see Table 3.1.
[image: ]
FIGURE 3.1	Overview of monitoring points for 2025 for air quality, freshwater, seawater at flow pits, vegetation and herbivores.

TABLE 3.1    Overview of environmental monitoring in Hvalfjörður in 2025.

	
	Parameters
	Location of monitoring points
	Monitoring period
	Research player

	


Air quality
	Atmosphere:  Fluoride in air and dust, sulfur dioxide in air and dust, particulate matter, PAHs in particulate matter, nitrous oxide and hydrogen sulfide
Precipitation: Chloride, nitrate, sulfate, fluoride, pH, sodium, and calcium
	

North of Hvalfjörður:  Kríuvarða, Gröf II, Melahverfi
	
Kríuvarða, Gröf II and Melahverfi: throughout the year
	

Sampling and chemical analysis: The Marine Research Institute and Matís (the Centre for Measurement, R&D for food production in Iceland)*

	
	
	
South of Hvalfjörður:  Hálsnes
	Every third year:  Not monitored in 2025
	

	
Freshwater
	PH, conductivity, fluoride, chlorine, sulfate, sodium and calcium
	Streams without glacial water Berjadalsá, Fossá, Laxá, Kúludalsá
Streams with sources in surface water:  Kalmansá, Urriðaá
	
13 April - 12 September
2025
	Sampling and chemical analysis: The Marine Research 
Institute and Matís 

	
Sea near flow pits
	Metals: arsenic, aluminum, lead, copper, chromium, nickel, iron, zinc, and vanadium
Cyanide, fluoride and phosphorus
	
Water samples taken at 10 locations near flow pits plus two reference sites
	
26 May, 15 July, and
28 July 2025
	Sampling and chemical analysis: The Marine Research Institute and Matís

	

Vegetation
	
Fluoride (in plant web and from the surface) in grass, leaves (birch, spruce) and conifers (spruce, mountain pine, lodgepole pine)
	North of Hvalfjörður: Stekkjarás, Fannahlíð, Fellsaxlarkot, Ferstikla, Hólabrú, Gröf II by the farmhouse and road, Hlíð, Kalastaðakot
South of Hvalfjörður:  Félagsgarður, Fossbrekka, Háls in Kjós, Reynivellir
Reference samples: Skorradalur
	Grass: 
5 June, 7 July, 1 
September 2025
Leaves: 5 June, 1 
September 2025
Pine needles:  19 
November 2025
	
Sampling and chemical analysis: The Marine Research Institute, Matís and Land and Forest Iceland

	







Herbivores (sheep and horses)
	

Fluoride in the jaws of slaughtering sheep and the condition of teeth and jaws







Condition of teeth and joints in live sheep


Condition of teeth and joints in live horses
	Slaughtering sheep: 
North of Hvalfjörður: Skorholt, Eystri Leirárgarðar, Hóll, Skipanes, Vogatunga, Eystra Miðfell, Hrafnabjörg, Vestri Reynir, Innri Hólmur
South of Hvalfjörður:  Kiðafell, Miðdalur, Fell
Reference samples:  Bjarnarhöfn in Snæfellsnes peninsula and Skjaldfönn in Ísafjarðardjúp.
Live sheep:
North of Hvalfjörður: Vogatunga, Eystra Miðfell, Hrafnabjörg
South of Hvalfjörður:  Kiðafell, Miðdalur, Fell
Live horses: 
North of Hvalfjörður: Litla Fellsöxl, Kalastaðakot, Ytri Hólmur
South of Hvalfjörður:  Miðdalur, Meðalfell
	



Slaughtering sheep:  Fall slaughtering 2025





Live sheep and horses: January and February 2026
	
Chemical analysis:  Matís (Centre for Measurement, R&D for food production in Iceland)

Examination of sheep:  The Veterinarian in Mosfellsbær

Examination of live herbivores: The Veterinarian in Mosfellsbær



3.2 [bookmark: _TOC_250017]Statistics

Since 1999, annual environmental monitoring of freshwater, vegetation and herbivores has been carried out. Baseline research was conducted in the area in 1997–1998. An assessment of the variability of the measurements is made on the basis of statistical analysis of the results compared to 1997, before the Norðurál smelter began operation, and in some cases compared to 2007, when all the smelter's pots were in operation. A statistical methodology is used to calculate a 95% safety margin for the averages of measurements. Appendices C, E and F show the results of the statistical analyses.

4 [bookmark: _TOC_250016]Air quality

Three air quality monitoring stations were in operation in 2025: at Kríuvarða, Gröf II and in Melahverfi (Figure 4.1). These monitoring stations, among other things, performed automatic measurements throughout the year for different parameters (Table 4.1). Continuous, automatic measurements are carried out at Kríuvarða, northeast of the industrial site at Grundartangi, and at Gröf, southwest of Grundartangi. Measurements of sulfur dioxide and hydrogen sulfide are conducted in Melahverfi. The air quality monitoring station at Hálsnes is operated every three years, according to the monitoring plan; the last one was in 2024, and the next will be in 2027.
[image: ]

FIGURE 4.1	Location of air quality monitoring stations.

Sampling and measurements were performed by Matís [3]. The results of chemical analyses were compared with the reference values stated in the operating permit.
TABLE 4.1	Measurement parameters at air quality monitoring stations that were in operation in Hvalfjörður in 2025. The results of measurements of SO2, H2S, NO2 and particulate matter (PM10, PM2,5), are published on www.loftgæði.is.

	Air quality measuring station
	Automatic measurements all year round
	Samples collected in filters throughout the year
	Precipitation

	Kríuvarða
	
Particulate matter (PM10, PM2,5), SO2, H2S, NO, NOx
	HF and F, S and PAH16 materials in particulate matter
	
NO3, Na, Ca, Cl, SO4,
F, pH, conductivity

	Gröf II
	
	HF and F and S in PM
	

	Melahverfi
	SO2, H2S
	
	

	Hálsnes (April-October)
	
	
	



There were a number of failures in measuring equipment during the year, including [3]: 

· Failure of automatic equipment that affected PM10 measurements at Kríuvarða. Consequently, PM10 measurement data is only available for the period January to April.  Data for PM2.5  is available for the period January to November.
· Automatic measurements of PM₁₀ and PM₂.₅ at Gröf were not carried out during the period April to June due to equipment failure.
· Automatic measurements of SO₂ and H₂ in Melahverfi were carried out from September to December due to technical difficulties earlier in the year.
· Equipment failures affected NOx measurements at Gröf, so data is only available for the period January to May and June to August.
· Due to technical difficulties, PAH measurements were not conducted at Kríuvarða in the period October to December.
· Fluoride deposition load at Kríuvarða and Gröf II is not available for the period March to May and for August.
· The deposition load for sulfate, sodium and chloride at Kríuvarða and Gröf II is not available for the period July to December.
· pH measurements of the acidity of precipitation are not available for April, May and July.
These measurement gaps must be considered when the measurement results for the year are reviewed and compared with previous years. The environmental monitoring operators in Hvalfjörður informed the Icelandic Environment and Energy Agency of the failures as soon as they were known. The operators have invested in new equipment to replace the failed one and the installation took place at Kríuvarða in late autumn 2025.

4.1 [bookmark: _TOC_250015]Results

A summary of the results of air quality measurements (atmosphere and precipitation) together with defined environmental limits can be found in sections 4.1.1 – 4.1.7. Appendix B shows more detailed results of air quality measurements. Tables B.1 - B.3 provide an overview of the regulations that stipulate the relevant limit values for each parameter, as well as the highest and lowest measured values. The graphs and charts relevant to air quality show the results for the last 10 years. They refer to annual environmental monitoring reports for the years 1998 to 2015, which can be accessed on the Icelandic Environment and Energy Agency’s website.

4.1.1 Fluoride in the atmosphere

Norðurál’s operating permit defines the environmental limit for gaseous fluorine (HF) as 0.30 μg/m³ and for total fluorine (F) as 0.40 μg/m³, based on the period 1 April to 30 September. These environmental limits apply outside the boundaries of the industrial area according to the Hvalfjörður Municipality Master Plan [2]. On 19 June 2025, the Icelandic Environment and Energy Agency repealed the dilution zone provisions from the operating permits of Elkem and Norðurál, which means that the environmental limits in Norðurál's operating permit do not apply to the monitoring station at Kríuvarða, which is located within the industrial area.
Although fluoride measurements are conducted throughout the year, this section of the report discusses fluoride measurements from April to September in accordance with the defined environmental limits in the operating permit. Appendix B shows the average concentration of fluoride (HF) for each month throughout 2025.  There are no environmental limits for fluoride that apply throughout the year.
Samples for fluoride measurements were collected in filters at Kríuvarða and Gröf II according to the monitoring plan. The concentration of gaseous fluorine at Kríuvarða was measured at an average of 0.38 µg HF/m3 from April to the end of September. The environmental limits (0.3 µg HF/m3 in the period April-September) defined in Norðurál's current operating permit do not apply to Kríuvarða, cf. Figure 4.2. This is the highest concentration of gaseous fluorine measured since 2021. Whereas the highest average monthly concentration of gaseous fluorine was in July at 0.56 μg/m³, the highest daily value was in May at 3.38 μg/m³. The average concentration of HF at Gröf II was 0.03 μg HF/m3, which is equal to the average of the last 10 years and well within environmental limits (Figure 4.2).
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FIGURE 4.2	Average concentration of gaseous fluoride (HF) in the atmosphere in the period April – September at Kríuvarða in the top image and Gröf II and Hálsnes in the bottom image. The operating permit limits do not apply to Kríuvarða as the provisions in Norðurál's operating permit apply outside the industrial area. Kríuvarða is located within an industrial area according to the Hvalfjörður Municipality's master plan 2020-2032.



Figure 4.3 shows the concentration of total fluoride (F) over the reference period, i.e. the combined concentration of gaseous fluoride (HF) in the atmosphere and fluoride bound in dust. The average concentration of total fluoride at Kríuvarða was 0.43 µg F/m3 in the period 1 April - 30 September. The environmental limits (0.4 µg HF/m3 over the period April-September) defined in Norðurál's current operating permit do not apply to Kríuvarða. At Gröf II, the average concentration of total fluoride was 0.04 µg F/m3, which is well within environmental limits (Figure 4.3) and equal to the average for the last 10 years.

Total fluoride in the atmosphere
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FIGURE 4.3	Average concentration of gaseous fluoride (HF) in the period April – September at Kríuvarða in the top image and Gröf II and Hálsnes in the bottom image. The operating permit limits do not apply to Kríuvarða as the provisions in Norðurál's operating permit apply outside the industrial area. Kríuvarða is located within the industrial area according to the Hvalfjörður municipality's master plan 2020-2032.



Wind directions have different effects on fluoride measurements at the stations. Fluoride concentrations were measured higher at Kríuvarða than at Gröf II, as before, which is due to the proximity and position to the industrial area. At Kríuvarða, high fluoride concentrations are most likely to occur in southwest and south-southwesterly winds. At Gröf, higher concentrations are measured in northeasterly winds. The highest total fluoride was measured at 3.38 µg F/m3, on May 9 at Kríuvarða in southwesterly winds. Figure 4.4 shows the distribution of measured values by wind direction for all measurement days  [3].

[image: ]

FIGURE 4.4	Total fluoride (F) concentrations by wind direction in 2025 at Gröf II and Kríuvarða. The graphs are not on the same scale.

4.1.2 Sulfur dioxide in the atmosphere over the year

Sulfur dioxide (SO2) was measured by automatic continuous measurements throughout the year at the measuring stations by Kríuvarða and Gröf II. In Melahverfi, a measuring device failed in mid-July 2024 and was out of service until September 2025 (Figure 4.5 in this report and Figure B.2 in Appendix B). The reference limits are based on the average value for each year.

SO2 in the atmosphere
25



EFLA
26

20
Vegetation protection limitsµg SO₂/m³


15


Kríuvarða	Gröf II	Melahverfi	Hálsnes


10

5


0
1997


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025





FIGURE 4.5	Average SO2 concentrations at Kríuvarða, Gröf II, Melahverfi and Hálsnes.

SO2 concentrations were well below the vegetation protection limit (20 μg SO₂/m³)  at all measuring stations. The average concentration at Kríuvarða and Melahverfi was lower than in recent years but at Gröf, it was like the previous years. For the first time since the beginning of measurements, the average concentration at Gröf was higher than at Kríuvarða (Figure 4.5).

The hourly health protection limit is 350 μg SO2/m3 and it is permissible to exceed that limit 24 times during the year. In total, there were 17 hourly measurements at Gröf that exceeded the limit in 2025, 16 of them on July 20-21, when a volcanic eruption was taking place in Reykjanes. During that period, the highest hourly values are also at Kríuvarða, with the highest being 160 µg SO2/m³ in the early morning of July 21st. At Melahverfi, the highest concentration was 17.1 µg SO₂/m³ on December 22. Therefore, health protection limits were not exceeded at those measurement points.
The health protection limit for the 24-hour average concentration of SO2 is 125 µg SO2/m3, but this limit can be exceeded three times in one year. Figure 4.6 shows the frequency of measurements for different concentrations of SO2 at Kríuvarða, Gröf II and Melahverfi in 2025. Measurements are recorded every day of the year, but sometimes some days are missed due to tending and maintenance, which is reflected in the fact that the total number of measurements is not the same as the number of days in the year. In 2025, two days were missing at Kríuvarða, eight days at Gröf II, and 253 days in Melahverfi due to a failure. The daily average SO2 concentration exceeded the health risk limit twice at Gröf, on 20 and 21 July 2025, in southwesterly winds.
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FIGURE 4.6	Number of measurements for different daily average SO2  concentrations at Kríuvarða, Gröf II and Melahverfi in 2025.

The main source of SO2 at Kríuvarða and Gröf II is the industrial area at Grundartangi, where SO2 reaches Kríuvarða in southwesterly winds and Gröf II in northerly winds (Figure 4.8). This year, it is likely that the volcanic eruption at Stóra-Skógarfell in Reykjanes peninsula in Southern Iceland may have affected the sulfur dioxide measurements over the year. In comparison, the sulfur dioxide concentration in this area is somewhat higher than that measured in the capital area, where averages in the range of <1-2 µg SO2/m³ are common [3].

4.1.3 Hydrogen sulfide in the atmosphere over the year

Automatic measurements were made of the concentration of hydrogen sulfide (H2S) in the atmosphere at Kríuvarða, Gröf II and Melahverfi throughout 2025. The average concentration of airborne H2S was measured below all defined environmental limits at all measuring points (Figure 4.7), i.e. health risk limits, 24-hour health risk limits and mandatory warning limits for the highest hourly average concentration, see tables B.1, B.2 and B.3 in Appendix B.

H2S in the atmosphere



Efla Engineering
28

5
Health risk limits
4


Kríuvarða	Gröf II	Melahverfi


3µg H₂S/m³


2

1


0
2016


2017


2018


2019


2020


2021


2022


2023


2024


2025



FIGURE 4.7	Average concentration of H2S at Kríuvarða, Gröf II and Melahverfi.

The source of H2S at Kríuvarða and Gröf II is the geothermal areas near the capital area, southeast of the industrial site. The results are similar to previous years at all three measuring points. It should be noted that wind directions in Melahverfi are not measured at the measuring station itself, but rather in a weather station at Grundartangi Harbour (Figure 4.8).

Kríuvarða
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Gröf II
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Melahverfi

FIGURE 4.8	SO2 and H2S concentrations in measured wind directions in 2025 at Kríuvarða, Gröf II and Melahverfi. The graphs are not on the same scale.
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4.1.4 Nitrous oxide in the atmosphere

Automatic measurements were made of the concentration of nitrous oxide (NOX) og and nitrous monoxide (NO) in the atmosphere at Kríuvarða throughout 2025, but due to a failure in the measuring equipment at Gröf II, measured values are only available for the period January to May and June to August. The difference between these substances is calculated as nitrous dioxide (NO2).
At both measuring stations, the average concentration of NO₂ was below the health risk limit (40 μg NO₂/m³) and the vegetation protection limit (30 μg NOx/m³), similar to that measured in 2024 (Figures 4.9 and 4.10)
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FIGURE 4.9	Average concentration of NO2 at Kríuvarða and Gröf II.
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FIGURE 4.10    Average concentration of NOx at Kríuvarða and Gröf II.

The NO2 results were below the average of the past 10 years at both measuring points. The average concentration of NOx at Kríuvarða was higher than the previous year and higher than the average of the last 10 years. At Gröf, NOx decreased between years and the average concentration was below the average of the last 10 years. The main sources of nitrous oxides are most likely car traffic and activities in the industrial area.  Gröf II is close to traffic on Highway 1 and therefore higher concentrations can be expected there than at Kríuvarða. The diurnal average concentration of NO2 never exceeded the health protection limits at the monitoring stations, and the same applies to the hourly average concentration, see Tables B.1 and B.2 in Appendix B.

4.1.5 Particulate matter in the atmosphere

Automatic measurements of the concentration of particulate matter (PM10 and PM2.5) were carried out at Kríuvarða and Gröf II in 2025. The measuring device for PM10 at Kríuvarða was out of order from 10 April to the end of the year, and there were no measurements at Gröf II between 2 April and 24 June. These failures affect the measurements of particulate matter in the atmosphere. The average concentration of PM10 and PM2.5 turned out to be below the health risk limits throughout the year. PM10 concentrations were in line with the average values of the past 10 years at both Kríuvarða and Gröf II, but PM2.5 was above the average at Kríuvarða in 2025 (Figures 4.11 and 4.12).

Particulate matter (PM10) in the atmosphere
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FIGURE 4.11	Average concentrations of particulate matter (PM10) in the atmosphere at Kríuvarða (from January – 10 April 2025), Gröf II and Hálsnes (not measured after 2018).).
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FIGURE 4.12	Average concentrations of particulate matter (PM2.5) in the atmosphere at Kríuvarða and Gröf II. No measurements were received from Gröf II in 2024 due to a failure of the measuring instrument.



At the monitoring stations, the concentration of particulate matter PM10 never exceeded the 24-hour health risk limit during the year, see tables B.1 and B.2 in Appendix B.
At Kríuvarða, the concentration of particulate matter PM2,5 never exceeded the 24-hour health risk limit during the year (50 μg/m³), but it happened twice at Gröf, on 20-21 July when a volcanic eruption was taking place on Reykjanes peninsula, see tables B.1 and B.2 in Appendix B.
Figure 4.13 shows dust roses from Kríuvarða and Gröf II for the year 2025. At both stations, the concentration of particulate matter was highest in westerly and southwesterly winds. The sources of PM2.5 og PM10 are not necessarily the same, as the source of PM2.5 is related to combustion processes in vehicles or industry and can be far away, while the sources of PM10 are more in the local environment, e.g. from road or soil dust. Therefore, the likely sources of particulate matter at Kríuvarða and Gröf II are vehicle traffic near the industrial area and the capital area. Other sources are gravel quarries at Stóra-Fellsöxl and Hólabrú east of Hvalfjörður Tunnel, as well as construction work at the industrial area (Leandro Pellegrini, 2026).
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FIGURE 4.4	Total particulate matter concentrations by wind direction in 2025 at Gröf II and Kríuvarða. Note that the wind roses are not on the same scale.



4.1.6 Polycyclic aromatic hydrocarbons (PAH) in the atmosphere

Measurements were made on the concentration of polycyclic aromatic hydrocarbons (PAH16) in particulate matter samples (PM10) collected on filters at Kríuvarða in early 2025. Due to technical difficulties, samples were not collected from October to December. There are no defined limits for the total concentration of PAH16 in the atmosphere. The concentration of PAH16 in August and September is higher than all other measured values since the beginning of measurements at Kríuvarða and the average concentration is almost three times higher than the average of the previous ten years (Figure 4.14).
Environmental limits have been defined for benzo(a)pyrene (1 ng BaP/m3), which is one of the seven PAH16 substances that are recommended to be measured. BaP was measured higher than in recent years, or 0.0018 ng/m³, but still far below environmental limits.

PAH substances in the atmosphere
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FIGURE 4.14	Concentration of PAH16 substances in particulate matter at Kríuvarða.

4.1.7 Dissolved substances and pH in precipitation

The concentration of sulphur, fluoride and pH in precipitation samples collected throughout the year at Gröf II and Kríuvarða, is measured. Over the years, these measured values have been fluctuating, as the sampling equipment is very simple and flies and pollen often get mixed up with the samples. The substances sodium, chlorine, calcium and nitrate [3] are also measured in the precipitation samples (see Appendix B.4). Results are calculated as the deposition load of pollutants per square meter per month at the location where the sample is taken, but pH is measured directly in precipitation samples. Results may reflect to some extent the amount of precipitation, as deposition load is higher in heavier precipitation.
In 2025, the heaviest rainfall occurred during southwesterly winds at Gröf II and southerly winds at Kríuvarða (Figure 4.15). Precipitation was quite uneven throughout the year and was not always the same at these two stations, although they are not far apart. The relative positions of the monitoring stations and the industrial area suggest that precipitation during easterly winds is more likely to result in elevated pollution levels at Gröf II, whereas precipitation during southwesterly winds is more likely to lead to increased pollution at Kríuvarða.

Kríuvarða	Gröf II

Precipitation mm/h Apr-Oct Precipitation mm/h Jan-Dec
FIGURE 4.15	Precipitation directions at Kríuvarða and Gröf II in the period April - October and the entire year 2025. The figures are not on the same scale.



Fluoride
No measurements of fluoride deposition load were recorded at either monitoring station during March–May or in August. The average fluoride deposition load in precipitation during April–October increased at both monitoring stations compared with the previous year and exceeded the average of recent years. The values measured fluctuated between years, as shown in Figure 4.16. The average value measured at Kríuvarða is similar to that observed in 2021, which represents the highest value within the reference period. No environmental limits have been defined for fluoride levels in precipitation.
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IMAGE 4.16	Deposition loads of fluoride in precipitation measured at Kríuvarða and Gröf II over the monitoring period (April–October).



Sulfate
There are no numerical observed values for sulfate deposition load after the month of July at both monitoring sites. The average sulfate deposition load in precipitation during the April–October monitoring period increased at both Kríuvarða and Gröf II compared with previous years and reached the highest average levels recorded in the past 10 years (Figure 4.17). The highest average monthly values were recorded at both sites in May and July. No environmental limits have been defined for sulfate in precipitation.
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IMAGE 4.17	Sulfate deposition load in precipitation at Kríuvarða, Gröf II, and Hálsnes during the monitoring period (April–October).



Acidity
No pH measurements are available for April, May, or July, all of which fall within the monitoring period. During the 2025 monitoring period, the pH measured at Gröf II was similar to the average for the preceding 10 years. In contrast, pH values at Kríuvarða were consistently lower than the 10-year average and showed little interannual variation, suggesting more acidic precipitation (Figure 4.18). No environmental limits have been defined for the acidity of precipitation. The Icelandic Meteorological Office monitors the acidity of unpolluted precipitation and monthly samples show a pH of 5.6. However, daily measurements of the same precipitation show an average of mild acidification (pH 5.4) [4].
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FIGURE 4.18	Average acidity of precipitation at Kríuvarða and Gröf II during the monitoring period (April – October).
Acidity (pH) in precipitation
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In 2025, six rivers were monitored for pH, conductivity, and the concentrations of fluoride, chloride, sulfate, sodium, and calcium. Five of these rivers—Laxá in Leirársveit (104-497-R), Urriðaá (104-138-R), Kalmansá (104-185-R), Berjadalsá above Akranes (104-179-R), and Kúludalsá (104-135-R)—are located north of Hvalfjörður. South of the fjord, samples were collected from Fossá below Eyrarfjall (Figure 5.1). The numbers following the river names refer to the corresponding water body identification numbers; Fossá has not been assigned a water body number. The sampling period extended from 13 April to 12 September 2025. Urriðaá and Kalmansá were sampled monthly, yielding a total of six samples from each river. Laxá and Fossá were sampled twice during the monitoring period, while three samples were collected from both Berjadalsá and Kúludalsá. Sampling and analyses were conducted by ha the Marine Research Institute and Matís [5]. Background data are available from 1997 for all monitored parameters in all rivers except Fossá, where measurements commenced in 2000, and Kúludalsá, where monitoring began in 2016.
Precipitation during the monitoring period was close to the long-term average, with September being the wettest month of the summer. Favourable water budgets may have contributed to somewhat lower concentrations of the measured parameters, particularly in rivers receiving water from the lakes Eiðisvatn and Hólmavatn. In 2025, tidal influence did not affect measurements in Urriðaá, Kalmansá, or Laxá. However, the sampling locations in these rivers may become inundated during exceptionally high tides. The effects of such events can persist for several days and are typically reflected in elevated sodium and chloride concentrations.
[image: ]
FIGURE 5.1	Freshwater monitoring points in Hvalfjörður in 2025.

Kalmansá and Urriðaá are rock springs whose headwaters originate from surface-water bodies, namely Hólmavatn and Eiðisvatn, respectively.  Laxá, Berjadalsá, Kúludalsá, and Fossá are spring-fed rivers that derive a substantial proportion of their flow from groundwater emerging from the surrounding foothills. Appendix C presents the results of a statistical analysis of chemical measurements from three monitored rivers covering the period 1997–2025. The analysis was conducted to assess whether significant long-term changes in pH and fluoride concentrations have occurred over this period.
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Overall, the results of the year do not indicate major changes in the pollution level of river surface water as compared with the outcome in recent years. The situation has been similar since 2006 [5].
Since monitoring began, all measured values have remained well below the limits established in the Drinking Water Regulation. However, since 2006, somewhat elevated concentrations have been observed in rivers originating from the lakes north of Grundartangi, Eiðisvatn and Hólmavatn.
Detailed freshwater monitoring results are presented in Appendix C. Results from 1998–2015 can be found in previous annual environmental monitoring reports, available from the Icelandic Environment and Energy Agency (in Icelandic).

5.1.1 Freshwater Conductivity

Figure 5.2 presents conductivity measurements from the monitored rivers for the period 2016–2025, together with background values from 1997 (and from 2000 for Fossá). Conductivity reflects the concentration of dissolved ions in the water; consequently, higher conductivity values are expected in Kalmansá and Urriðaá, both of which originate from surface-water bodies.
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FIGURE 5.2	Average conductivity in the monitored rivers during the last 10 years compared with background values from 1997 (2000 for Fossá).

In 2025, the mean conductivity across all six rivers was 128 µS/cm, the highest average value recorded since monitoring began in Kúludalsá in 2016. In Urriðaá and Kalmansá, conductivity ranged from 153 to 271 µS/cm, with an average of 197 µS/cm, representing the highest annual average measured in these rivers since 2019. In the remaining rivers, conductivity ranged from 80 to 120 µS/cm, with an average of 94 µS/cm. Measurements taken on 9 July 2025 yielded the highest conductivity values recorded since monitoring began in Fossá (120 µS/cm), Berjadalsá (103 µS/cm), and Kúludalsá (108 µS/cm).

5.1.2 Freshwater pH

The average pH measured in the monitored rivers during 2016–2025 is shown in Figure 5.3. Statistical analysis indicates no significant change in river pH relative to the baseline measurements from 1997 or 2007 (Appendix C).
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FIGURE 5.3	Average pH in the monitored rivers during 2016–2025 compared with baseline values from 1997 (2000 for Fossá).



As in previous years, all pH measurements recorded in 2025 were within the drinking water quality limits (pH 6.5–9.5) specified in Regulation No. 536/2001. In Kalmansá and Urriðaá, pH values ranged from 7.06 to 7.70, with an average of 7.35, consistent with the averages observed in recent years. In the remaining rivers, pH values ranged from 6.65 to 7.66, with an average of 7.38. A pH of 6.65 measured in Kúludalsá on 9 July 2025 was the lowest value recorded in that river since monitoring began and the lowest individual pH measurement observed across the monitoring program since 2000. The overall mean pH of all monitored rivers was 7.37, comparable to values recorded in recent years.
It should be noted that samples from Fossá and Laxá were collected only in mid-summer and late summer. As pH values generally increase as the summer progresses, the timing of sampling may influence the annual average values reported for these rivers.
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5.1.3 Fluoride in Freshwater

Urriðaá and Kalmansá originate from the lakes Eiðisvatn and Hólmavatn, respectively. These lakes are located relatively close to the industrial area at Grundartangi, which can influence fluoride concentrations in the rivers. The southern part of lake Eiðisvatn is situated closest to the industrial area and is therefore most likely to be affected by atmospheric inputs from that source. Fluoride concentrations are also influenced by hydrological conditions, including the water volume of both the rivers and their source lakes. Consequently, year-to-year variations in fluoride concentrations may result from differences in precipitation and runoff patterns, and do not necessarily indicate changes in emissions from the industrial area.
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FIGURE 5.4	Average fluoride concentrations in Urriðaá and Kalmansá during the last 10 years, compared with baseline values from 1997.



In 2025, the average fluoride concentration in Urriðaá was 147 µg F/L, which is consistent with the average recorded during 2016–2024. In Kalmansá, the average concentration was 167 µg F/L, exceeding the average for the same period (Figure 5.4). Fluoride concentrations showed greater variability in 2025 than in recent years, particularly in Kalmansá. Concentrations in this river ranged from a low of 99 µg F/L in April to a high of 220 µg F/L in July. Although fluoride concentrations in both Urriðaá and Kalmansá remain significantly higher than the baseline values measured in 1997, no statistically significant change has been observed relative to 2007. Further details of the statistical analysis are provided in Appendix C.
In the direct runoff streams, the average fluoride concentration was 31 µg F/L, with values ranging from 22 to 40 µg F/L. This corresponds to approximately 20% of the average concentration measured in Urriðaá and Kalmansá. Fluoride concentrations in these rivers are consistent with those observed in recent years.
No environmental quality standard has been established for fluoride concentrations in Icelandic rivers and lakes. However, Regulation No. 536/2001 sets a maximum fluoride concentration of 1,500 µg F/L for drinking water. Since monitoring began, fluoride concentrations in all rivers have remained below 300 µg F/L, and the annual average concentration in any individual monitoring river has never exceeded 200 µg F/L. Studies conducted in the Columbia River basin in North America have indicated that fluoride concentrations exceeding 200 µg F/L in freshwater may adversely affect the migratory behavior and spawning success of adult Pacific salmon [6].

5.1.4 Sulfate in freshwater

The highest sulfate (SO4) concentration in freshwater recorded in 2025 was 12.3 mg SO4/L in Kalmansá. This value is well below the maximum concentration of 250 mg SO4/L specified for drinking water in Regulation No.  536/2001.
The average sulfate concentration in Urriðaá and Kalmansá was 7.6 mg SO4/L compared with 6.7 mg SO4/L in the previous year (Figure 5.5).  In the direct runoff streams, the average sulfate concentration was 2.8 SO4/L with individual measurements ranging from 1.5 to 6.3 mg SO4/L. Overall, sulfate concentrations in these rivers were slightly below the long-term average in 2025.
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FIGURE 5.5	Average sulfate concentrations in Urriðaá and Kalmansá during the last 10 years, compared with baseline values from 1997.

6 [bookmark: _TOC_250012]Seawater monitoring at the flow pits

Two flow pits are located within the harbor area adjacent to the industrial site, where industrial operators at Grundartangi are permitted to dispose of certain types of by-products. In 2025, Norðurál and Elkem, in cooperation with Faxaflóahafnir, constructed a new flow pit west of the existing one (Figure 6.2). The flow pits are used for by-products that cannot be reused or recycled, including spent pot lining, non-saleable metal scrap, refractory materials, and dust from carbon and alumina handling. To prevent solid waste from entering the marine environment, the pits are enclosed by rock embankments that allow seawater to flow through in response to tidal fluctuations. Crushed shell sand is mixed with spent pot lining to neutralize fluoride compounds and reduce the environmental impact of other potentially harmful substances. Faxaflóahafnir’s harbor security is responsible for controlling access to the flow pits and for their day-to-day supervision.
Monitoring of seawater quality forms part of the environmental surveillance program for the Grundartangi industrial area. During the summer of 2025, seawater samples were collected on three occasions at 10 locations along the shoreline and adjacent to the flow pits following high tide. The sampling locations are shown in Figure 6.1. At each location, samples were collected at a depth of approximately one meter and at distances ranging from one to four meters from the rock embankments. In addition, two reference samples were collected, one from the center of Hvalfjörður and the other from Kalastaðir. These reference samples are assumed to represent natural background concentrations of the monitored substances in seawater. Construction activities associated with the new flow pit had minimal impact on the sampling programme during the summer of 2025. Seawater samples were analyzed for arsenic (As), chromium (Cr), copper (Cu), nickel (Ni), lead (Pb), zinc (Zn), iron (Fe), aluminum (Al), phosphorus (P), and vanadium (V), as well as free and total cyanide (CN).
[image: ]
 FIGURE 6.1	Location of the seawater sampling stations (photograph by Emil Þór Sigurðsson; image courtesy of Faxaflóahafnir).
Seawater samples were collected on 26 May, 15 July, and 28 July 2025 [7].

All samples intended for fluoride analysis were lost during laboratory handling and could therefore not be analyzed. In addition, six samples collected on 28 July 2025 for other chemical analyses failed during processing. These samples were from stations 1, 6, 8, 9, and 10, as well as the reference station at Kalastaðir.
[image: ]
IMAGE 6.2	Location of the seawater sampling stations (photograph courtesy of Faxaflóahafnir).



6.1 [bookmark: _TOC_250011]Results

The monitoring results indicate that contamination outside the flow pits remains negligible. Measured concentrations in 2025 were generally comparable to those observed in recent years. In most cases, concentrations were below levels considered likely to affect sensitive ecosystems and below the limits specified in Norðurál’s operating permit. [7]

6.1.1 Metals and Other Elements in Seawater Samples

At elevated concentrations, arsenic, lead, copper, chromium, nickel, and zinc are considered undesirable in the marine environment. Environmental quality standards for these substances in surface waters, estuarine waters, and coastal waters are defined in Regulation No. 796/1999 on the Prevention of Water Pollution (Table 6.2). Concentrations of aluminum and fluoride were assessed against the effluent limits specified in Norðurál’s operating permit. No environmental limit values have been established for vanadium, iron, phosphorus, or cyanide in seawater. Average concentrations of all measured substances are presented in Table 6.1, while Appendix D contains average, minimum, and maximum values for all analyzed parameters.
Trace metal concentrations were generally similar to those recorded in recent years. Arsenic, lead, copper, chromium, nickel, and zinc were measured at all sampling stations within Environmental Quality Class II (low risk of environmental impact), indicating minimal leaching of these metals from the flow pits. The highest aluminum concentration was measured in the reference sample collected at Kalastaðir and exceeded the effluent limit of 20 mg/L specified in Norðurál’s operating permit. Iron concentrations were also highest at Kalastaðir. Elevated concentrations of iron and aluminum at this location are likely associated with the corrosion and breakdown of metallic debris present on the seabed near the sampling station. Phosphorus and vanadium concentrations were comparable to those measured at the reference stations.

6.1.2 Cyanide in seawater samples

Table 6.1 presents the average concentrations of cyanide and fluoride in seawater samples. Free cyanide concentrations were below the analytical detection limit at all sampling stations (<0.001 mg/L). Total cyanide concentrations were generally at or below the detection limit (<0.001 mg/L); however, two sampling locations, the eastern end of the 1 m section and the center of the 1 m section—showed concentrations slightly above the detection limit. The highest total cyanide concentration recorded was 0.011 mg/L at the eastern end of the 1 m section. No environmental quality standards have been established for cyanide in seawater. For reference, Regulation No. 536/2001 on Drinking Water specifies a limit value of 0.05 mg/L for free cyanide.
.
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TABLE 6.1	Average concentrations of substances measured in seawater samples in 2025. Colors indicate the applicable environmental quality classes No environmental quality standards have been established for parameters shown without color coding.

	
Monitoring site
	As

µg/L
	Cr

µg/L
	Cu

µg/L
	Ni

µg/L
	Pb

µg/L
	Zn

µg/L
	Al*

µg/L
	P

mg/L
	Fe**

µg/L
	P**

µg/L
	V**

µg/L
	Cyanide*** (Free) mg/L
	Cyanide*** (Total) mg/L

	1 Eastern end - 1 m
	1.75
	0.35
	<0.5
	<0.5
	<0.3
	<2
	14.0
	
Samples failed in treatment at the analysis agency
	27
	<40
	2.31
	<0.0010
	0.0040

	2 Eastern end - 4 m
	1.62
	0.51
	<0.5
	0.96
	<0.3
	<2
	11.3
	
	38
	<40
	2.27
	<0.0010
	<0.0010

	3 Eastern side - 1 m
	1.63
	0.35
	<0.5
	<0.5
	<0.3
	<2
	13.3
	
	50
	<40
	2.28
	<0.0010
	0.0015

	4 Eastern side - 4 m
	1.74
	0.27
	<0.5
	<0.5
	<0.3
	<2
	15.0
	
	48
	<40
	2.16
	<0.0010
	0.0013

	5 Center - 1 m
	1.72
	0.57
	0.65
	<0.5
	<0.3
	<2
	23.3
	
	65
	<40
	2.30
	<0.0010
	0.0067

	6 Center - 4 m
	1.83
	0.26
	0.60
	<0.5
	<0.3
	<2
	15.3
	
	36
	<40
	2.18
	<0.0010
	<0.0010

	3 Western side - 1 m
	2.06
	0.30
	0.77
	<0.5
	<0.3
	<2
	22.7
	
	77
	<40
	2.25
	<0.0010
	<0.0010

	8 Western side - 4 m
	0.72
	0.16
	0.80
	<0.5
	<0.3
	<2
	13.7
	
	38
	<40
	2.26
	<0.0010
	<0.0010

	9 Western end - 1 m
	1.70
	0.40
	0.80
	<0.5
	<0.3
	<2
	14.0
	
	44
	<40
	2.26
	<0.0010
	<0.0010

	10 Western end - 4 m
	1.98
	0.27
	0.75
	<0.5
	<0.3
	<2
	12.3
	
	39
	<40
	2.34
	<0.0010
	<0.0010

	Kalastaðir
	1.96
	0.28
	0.65
	<0.5
	<0.3
	3.11
	85.0
	
	179
	<40
	2.84
	<0.0010
	<0.0010

	Center of fjord
	1.89
	0.22
	<0.5
	<0.5
	<0.3
	<2
	6.7
	
	13
	<40
	2.34
	<0.0010
	<0.0010


*Limits specified in Norðurál’s operating permit for cooling water discharged to the sea: aluminum < 20 mg/L and fluoride ≤ 50 mg/L. Fluoride analyses could not be completed because the samples were compromised during laboratory processing.
*No environmental quality standard is available.
***For reference, the maximum permissible concentration of free cyanide in drinking water is 0.05 mg/L, as specified in Directive 98/83/EC and implemented in Iceland through Regulation No. 536/2001 on Drinking Water.

TABLE 6.2	Environmental quality standards for metals in surface freshwaters, transitional waters, and coastal waters according to Regulation No. 796/1999. Colors indicate Environmental Quality Classes I–V.
Very low or no risk of environmental impact Environmental limits for metals
Cf. Reg. No. 796/1999
I
µg/L
II
µg/L
III
µg/L
IV
µg/L
V
µg/L
Copper (Cu)
<0.5
0.5-3
3-9
9-45
>45
Zinc (Zn)
<5
5-20
20-60
60-300
>300
Lead (Pb)
<0.2
0.2-1
1-3
3-15
>15
Chromium (Cr)
<0.3
0.3-5
5-15
15-75
>75
Nickel (Ni)
<0.7
0.7-15
15-45
45-225
>225
Arsenic (As)
<0.4
0.4-5
5-15
15-75
>75


Low risk of environmental impact
Potential impact on sensitive ecosystems 
Environmental impacts expected
Water quality consistently unsuitable for aquatic ecosystems
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7 [bookmark: _TOC_250010]Vegetation

Vegetation monitoring in 2025 was conducted using the same methods as in previous years. Fluoride concentrations were measured both in plant tissue and in dust deposited on vegetation surfaces. Samples were collected from a range of vegetation types, including grasses, deciduous leaves (birch and rowan), and conifers (spruce and Lodgepole pine). The fluoride concentrations presented in this report represent the total fluoride content, including both fluoride accumulated within plant tissues and fluoride deposited on plant surfaces. Sampling was scheduled to coincide with the growing season, and efforts were made to collect samples following periods of dry weather to minimize the influence of recent rainfall. Vegetation samples were collected at 13 locations in Hvalfjörður (Figure 7.1), with additional reference samples obtained from Skorradalur. In 2025, rowan sampling was introduced at Kalastaðakot. At Gröf II, samples were collected from two locations: one adjacent to the road and another near the farmhouse.
[image: ]
FIGURE 7.1	Vegetation monitoring locations in Hvalfjörður in 2025.

Grass and leaf samples were collected on 5 June and 1 September 2025, while an additional grass sampling round was conducted on 7 July 2025. These sampling dates fall within the main growing season, when vegetation growth rates are highest. Conifer samples were collected on 19 November 2025. Sample collection and laboratory analyses were carried out by Matís [8]. A statistical analysis of fluoride concentrations in grass, leaves, and conifer needles was conducted to evaluate whether significant changes had occurred between years (Appendix E). As vegetation species vary in their sensitivity to fluoride exposure, appropriate reference values differ among vegetation types. The relevant assessment criteria are presented in Table 7.1.
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TABLE 7.1	Estimated tolerance of different vegetation types to atmospheric fluoride (HF) and fluoride accumulation in plant tissue [9]

	Concentration of fluoride in the atmosphere.
(µg HF/m3)
	Fluoride concentration in plant tissue (µg F/g)
	
Expected impact

	0 - 0.02
	0 - 10
	Low/background exposure — No observable effects; concentrations considered representative of background conditions.

	0.02 - 0.2
	10 - 30
	None.

	
0.2 - 0.6
	
30 - 100
	Decline of sensitive species, particularly mosses, lichens, and conifers [10]. An atmospheric HF concentration of approximately 0.3 µg F/m3 over a 5–6-month period may result in fluoride accumulation of about 30 µg F/g in plant tissue [9].

	0.6 - 1.2
	100 - 200
	Decline of moderately fluoride-tolerant species, including many grass species

	> 1.2
	200
	Decline of fluoride-tolerant species, including deciduous trees and heathland vegetation [11,12,13,10].



7.1 [bookmark: _TOC_250009]Results

Local weather conditions can influence the accumulation of fluoride in vegetation. For example, precipitation may reduce fluoride concentrations in vegetation located close to emission sources by washing deposited fluoride from plant surfaces, whereas prevailing wind patterns can increase fluoride accumulation in areas downwind of those sources. In contrast, temperature generally has a limited influence on fluoride uptake and accumulation in vegetation [8]. Detailed vegetation monitoring results are provided in Appendix E. Results from 1998–2015 are available in previous annual environmental monitoring reports (in Icelandic) published by the Icelandic Environment and Energy Agency.

7.1.1 Fluoride in grass

In 2025, fluoride concentrations in grass were below the maximum permissible fluoride concentration in animal feed (30 µg F/g) specified in Regulation No. 1206/2021 on undesirable substances in feed. Measured concentrations were also below the estimated fluoride tolerance thresholds for grazing animals [10] (Table 7.2; Figure E.1 in Appendix E).
The highest fluoride concentration in grass, 28.1 µg F/g, was measured at Stekkjarás in September (Table 7.2; Figure 7.2) [8]. By comparison, the highest concentration measured in the reference area at Skorradalur was 3.0 µg F/g.  Average fluoride concentrations in grass increased slightly compared with the previous year but remained well below all relevant guideline and tolerance values. Fluoride concentrations varied among sampling locations and between sampling periods (Table 7.2). Results for individual monitoring stations are presented in Appendix E.
Average fluoride concentrations in grass at monitoring sites both north and south of Hvalfjörður were higher in 2025 than the corresponding baseline values from 1997. However, statistical analysis showed no significant change relative to 2007 for either region. Throughout the monitoring period, fluoride concentrations have generally been higher in grass collected north of the fjord than in samples collected south of the fjord, although these differences have not always been statistically significant, including in 2025. Variability in measured concentrations was comparable on both sides of the fjord.


EFLA
46

TABLE 7.2	Results of fluoride measurements in grass from all monitoring stations in 2025, including tolerance thresholds, statistical evaluations, and weather conditions during sampling.

	Total fluoride concentration in grass 

	
	
Monitoring site
	June
(μg F/g
dry weight)
	July
(μg F/g
dry weight)
	September
(μg F/g
dry weight)
	Change in 2025
relative to 1997
	Change in 2025
relative to 2007

	
North of the fjord
	Stekkjarás
	7.7
	5.1
	28.1
	






Elevation
	






No Change

	
	Fannahlíð
	6.2
	3.2
	18.1
	
	

	
	Fellsaxlarkot
	5.5
	4.2
	14.0
	
	

	
	Kalastaðarkot
	2.9
	3.5
	6.4
	
	

	
	Ferstikla
	1.3
	3.1
	3.3
	
	

	
	Gröf II by the house
	6.1
	7.0
	9.6
	
	

	
	Hólabrú
	5.7
	13.4
	9.5
	
	

	
	Hlíð
	2.2
	9.7
	4.8
	
	

	
South of the fjord
	Félagsgarður
	10.3
	5.5
	12.9
	
	

	
	Fossbrekka
	7.7
	9.2
	4.0
	
	

	
	Háls in Kjós
	2.4
	6.8
	2.0
	
	

	
	Reynivellir
	3.2
	20.4
	2.0
	
	

	Reference site Skorradalur
	3.0
	-
	3.0
	
	

	Estimated tolerance threshold for grasses
Estimated tolerance threshold for grazing animals
Maximum fluoride concentration permitted in feed for sheep**
	100–200 µg F/g in plant tissue 
30 µg F/g in plant tissue
30 µg F/g for sheep


**According to Regulation No. 1206/2021 on undesirable substances in feed, the maximum fluoride concentration for herbivores is 50 µg/g in feed with a moisture content of 12%, and 30 µg/g for feed intended for lactating animals.

	Weather Conditions During Sampling

	
	June
	July
	September
	Explanation

	Date
	5
	7
	1
	Spring 2025 was exceptionally warm, and mean summer temperatures exceeded the long-term average. Total precipitation was close to normal. As is typically the case in Hvalfjörður, easterly and northeasterly winds predominated throughout the summer of 2025.
No precipitation occurred on any of the sampling dates, and weather conditions were generally dry during the days preceding sampling.

	Total precipitation during the five days preceding sampling (mm)
	
	
	
	

	
	6
	
	5
	

	
	
	
	
	

	Outside temperature (°C)
	5.9
	
	13.2
	

	Average wind speed (m/s)
	5
	
	2
	

	Wind direction
	NA, NV-
	
	A- winds
	

	
	direction
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FIGURE 7.2	Average fluoride concentration in grass from monitoring sites based on the location at Grundartangi, along with background values ​​from 1997, measurements from 2007, and from Skorradalur as a reference.

7.1.2 Fluoride in foliage

Fluoride concentrations in leaves were below the estimated tolerance threshold for deciduous trees (200 µg F/g) at all monitoring sites (Table 7.3; Figure E.2 in Appendix E). The highest fluoride concentration was measured at Stekkjarás in September, reaching 81.1 µg F/g.  By comparison, the average fluoride concentration in leaf samples collected from the reference site at Skorradalur in September was 7.0 µg F/g.
The average fluoride concentration in leaves in 2025 was similar to that recorded in 2024. However, a slight increase was observed at monitoring sites north of Grundartangi, likely reflecting the prevalence of easterly and southeasterly winds during the growing season. Fluoride concentrations also varied throughout the growing season (Table 7.3).
Results from individual monitoring sites are presented in Appendix E. Table 7.3 summarizes the average fluoride concentrations measured in 2025 and the results of the statistical analysis. The analysis showed that average fluoride concentrations in leaves at sites both north and south of Hvalfjörður were higher than the corresponding baseline values from 1997. However, no significant change was detected relative to 2007 (Figure E.3 in Appendix E). Figure 7.3 presents the average fluoride concentrations in leaves for monitoring sites located west, north, and east of Grundartangi, as well as south of Hvalfjörður. In general, greater variability in fluoride concentrations was observed at sites north and west of Grundartangi than at sites east of Grundartangi or south of the fjord.


TABLE 7.3	Results of fluoride measurements in grass from all monitoring stations in 2025, including tolerance thresholds, statistical evaluations, and weather conditions during sampling. Weather conditions during sampling are presented in Table 7.2.

	Total fluoride concentration in leaves

	
	
Monitoring site
	Average concentration in June (µg F/g dry weight)
	Average concentration in August
(µg F/g dry weight)
	Change in 2025
relative to 1997
	Change in 2025
relative to 2007

	
North of the fjord
	Stekkjarás
	19.4
	81.1
	





Elevation
	





No Change

	
	Fannahlíð
	23.6
	63.4
	
	

	
	Fellsaxlarkot
	17.4
	43.2
	
	

	
	Kalastaðakot
	5.4
	16.3
	
	

	
	Ferstikla
	4.7
	6.8
	
	

	
	Gröf II by the house
	9.5
	16.9
	
	

	
	Hólabrú
	7.6
	27.7
	
	

	
	Hlíð
	7.0
	18.4
	
	

	
South of the fjord
	Félagsgarður
	10.4
	23.5
	
	

	
	Fossbrekka
	5.5
	9.0
	
	

	
	Háls in Kjós
	6.5
	14.0
	
	

	
	Reynivellir
	14.3
	22.5
	
	

	Reference site
Skorradalur
	2.5
	7.0
	
	

	Estimated tolerance threshold for deciduous trees
	200 µg F/g in plant tissue
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FIGURE 7.3	Average fluoride concentrations in leaves at monitoring sites grouped by their location relative to Grundartangi in 2025, together with baseline values from 1997, measurements from 2007, and values from the reference site at Skorradalur.

7.1.3 Fluoride in pine needles

The average fluoride concentration in one-year-old conifer needles remained below the estimated tolerance threshold for coniferous trees, which ranges from 30 to 100 µg F/g (Table 7.4). Apart from the monitoring site at Kalastaðakot, average fluoride concentrations were higher in two-year-old needles than in one-year-old needles. Figure 7.4 presents the average fluoride concentrations measured in one- and two-year-old needles across all monitoring sites.
TABLE 7.4	Results of fluoride measurements in conifer needles from all monitoring sites in 2025, together with tolerance thresholds, summaries of the statistical analyses, and weather conditions during sampling.

	Fluoride in conifer needles

	
	
Monitoring site
	Average concentration in one-year-old needles (µg F/g
dry weight)
	Average concentration in two-year-old needles
(µg F/g dry weight)
	
Changes in 2025 relative to
1997
	
Changes in 2025 relative to
2007

	
North of the fjord
	Stekkjarás
	12.5
	24.5
	





No Change
	





No Change

	
	Fannahlíð
	14.5
	21.7
	
	

	
	Fellsaxlarkot
	5.7
	6.8
	
	

	
	Kalastaðakot*
	1.3
	0.8
	
	

	
	Ferstikla*
	0
	0
	
	

	
	Gröf II by road*
	3.7
	7.3
	
	

	
	Hlíð*
	2.6
	3.9
	
	

	
	Hólabrú*
	4.8
	10.2
	
	

	South of the fjord
	Félagsgarður
	0.8
	1.8
	
	

	
	Fossbrekka
	0.5
	0.8
	
	

	
	Háls in Kjós*
	1.4
	2.4
	
	

	
	Reynivellir
	2.3
	4.2
	
	

	Reference site
Skorradalur
	0.5
	1.5
	
	

	Estimated tolerance threshold for coniferous trees
	30-100 µg F/g in plant tissue


* Monitoring began at Hlíð in 2009, at Gröf II (near the house) in 2010, and at Ferstikla and Háls in Kjós in 2011. Monitoring at Hólabrú commenced in 2018 and at Kalastaðakot in 2022.

	Weather Conditions During Sampling

	
	November
	Explanation

	
Date
	
19
	During the days preceding sampling, average temperatures were approximately 0.5°C, and easterly winds predominated. Weather conditions were relatively dry before sampling; however, precipitation occurred on the sampling day, falling as snow during the morning and rain later in the afternoon.
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FIGURE 7.4	Average fluoride concentrations in one- and two-year-old conifer needles at monitoring sites west, north, and east of Grundartangi, and south of Hvalfjörður, compared with baseline values from 1997 and 2007.

No significant changes in average fluoride concentrations were detected in either one- or two-year-old needles north or south of Hvalfjörður in 2025 relative to the baseline years 1997 or 2007 (Figure 7.4). Fluoride concentrations generally remained higher in conifer needles collected north of the fjord than in those collected south of the fjord. Although this difference was not statistically significant in 2025, significant differences have been observed in some previous years (Figures E.5 and E.6, Appendix E).
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8 [bookmark: _TOC_250008]Herbivores (sheep and horses)

Fluoride concentrations are monitored in the jawbones of slaughtered grazing animals, including lambs and adult sheep, from farms located both north and south of Hvalfjörður (Figure 8.1). The jaws are also examined for signs of fluoride-related damage [14]. A veterinarian from the Mosfellsbær Veterinary Clinic conducted examinations of the sheep jaws, while Matís analyzed fluoride concentrations in jawbone ash. In addition, veterinarians inspected live sheep and horses for evidence of fluoride-related dental damage and assessed the condition of the joints in the forelimbs [15].
Grazing animals are exposed to fluoride primarily through feed and drinking water. Fluoride accumulates in bone tissue over time, and concentrations are therefore generally higher in older animals. As part of the monitoring programme, four jawbones from lambs and four jawbones from adult animals (six years of age or older) are collected and analyzed from each participating farm whenever possible [1]. Information on the age of the animals is obtained from farm records.
[image: ]

FIGURE 8.1	Monitoring farms for sheep and horses in 2025.

Jawbone samples from lambs and/or adult sheep slaughtered in autumn 2025 were obtained from 12 farms participating in the monitoring programme (Figure 8.1). Reference samples were collected from Bjarnarhöfn on Snæfellsnes, where sheep are partially grazed on coastal pasture, and from Skjaldfönn in Ísafjarðardjúp. Fluoride concentrations were determined in a total of 95 jawbone ash samples, comprising 49 lambs and 46 adult sheep. No lamb samples meeting the sampling protocol were obtained from Eystra-Miðfell because of collection failures at the slaughterhouse, and no adult sheep samples were received from Vestri-Reynir. South of Hvalfjörður, samples were collected from Miðdalur for the first time, while samples from Fell were included again after last being analyzed in 2007.
Fluoride can accumulate in the bones and teeth of grazing animals through several pathways, including emissions from aluminum smelters, coastal grazing, and the application of fluoride-rich fertilizers [14]. Natural sources of fluoride include volcanic activity, geothermal systems, forest fires, biomass burning, and sea spray [9]. The fluoride tolerance of sheep is not fully understood, as it depends on several factors, including age, diet, productivity, reproductive status, and the chemical form of fluoride involved. Because no specific assessment criteria have been established for fluoride-related dental effects in sheep, the monitoring programme continues to refer to thresholds developed from studies of young Norwegian deer. The criteria originally published in 1996 [16] were subsequently refined through the ESPIAL (Ensuring Sustainable Production of Primary Aluminium) project [17]. The fluoride concentrations in jawbone ash associated with varying levels of risk for dental fluorosis in deer are presented in Table 8.1 [13,17]. Studies indicate that sheep and goats generally exhibit fewer and milder symptoms of fluoride toxicity than many other grazing animals, both in areas with high and low fluoride concentrations in drinking water. This suggests a relatively high tolerance or reduced sensitivity to fluoride exposure, although further research is needed to confirm these findings and identify the underlying causes [18]. Consequently, the fluoride thresholds derived from deer studies are considered conservative when applied to sheep.

TABLE 8.1	Estimated effects of accumulated fluoride in the jaws and teeth of grazing animals, based on studies of 1.5-year-old Norwegian deer [13,17].

	Fluoride concentration in jawbone ash (µg F/g) 
	Impact

	< 900
	No impact

	900 – 2,000
	Considered capable of causing dental fluorosis in deer

	> 2,000
	Associated with dental fluorosis in deer          



For context, fluoride concentrations of approximately 180–200 µg F/g have been measured in the jawbone ash of 4–5-month-old Icelandic lambs that had not been exposed to elevated fluoride concentrations during the grazing season [19]. Furthermore, measurements conducted between 1968 and 1971 on 25 adult sheep from several regions of Iceland (Gullbringu, Árnes, Borgarfjarðar, and Snæfellsnes counties) yielded an average fluoride concentration of 1,150 µg F/g in jawbone ash, with concentrations ranging from 780 to 2,400 µg F/g \[19]. A British study reported typical fluoride concentrations in the bones of ruminants between 1,000 and 1,500 µg F/g \ [20]. A recent Icelandic study demonstrated a statistically significant relationship between fluoride accumulation in the jawbones of sheep and horses and proximity to an aluminum smelter. The study also showed that fluoride accumulation increases with age until reaching a peak at approximately eight years of age in sheep and eighteen years of age in horses, after which concentrations gradually decline. In both species, the highest rates of accumulation occur during periods of rapid bone and cartilage growth, generally up to three to four years of age. Fluoride uptake into skeletal tissue is greatest while bones are actively growing [21].
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Previous studies have further indicated that when fluoride concentrations in grass exceed approximately 30 µg F/g during the growing season, the risk of excessive fluoride accumulation in bones, including the jawbones of sheep, increases, particularly under prolonged exposure conditions [9].
A veterinarian examined the teeth and limb joints of live sheep from six farms located both north and south of Hvalfjörður—Hrafnabjörg, Eystra-Miðfell, Vogatunga, Kiðafell, Miðdalur, and Fell. A total of 59 sheep, ranging in age from one to eight years, were assessed for signs of fluoride-related dental and skeletal effects.
Similarly, 29 horses from five farms—Litla-Fellsöxl, Kalastaðakot, Ytri-Hólmur, Miðdalur, and Meðalfell—were examined for evidence of fluoride-related changes in teeth and joints. Both young and older horses were included, with ages ranging from 3 to 31 years. Preference was given to horses that had spent most of their lives on the monitored farms and were therefore suitable for repeated long-term assessments. Clinical examinations of teeth and joints of live sheep and horses were conducted during January and February 2026.
The severity of fluoride-related dental changes in live grazing animals (sheep and horses) was assessed using the scoring system presented in Table 8.2.

TABLE 8.2    Scoring System for Dental Changes in Live Livestock [15].

	Score
	Description

	0
	Normal

	1
	Uncertain effect (e.g. minor staining of the enamel may be visible).                                                                                               

	2
	Minor effect. Slight enamel staining or streaking without abnormal wear.                                          Mild discoloration may be present.

	3
	Moderate effect. Noticeable staining, widespread enamel dullness, and small pits in the enamel. Increased tooth wear and discoloration may be evident.

	4
	Significant effect. Extensive enamel dullness, some underdevelopment of teeth resulting in smaller teeth, enamel pitting, increased wear, and likely staining. 

	5
	Severe effect. Marked tooth underdevelopment, advanced wear, enamel pitting and erosion, and pronounced staining.





8.1 [bookmark: _TOC_250007]Results
The average fluoride concentrations measured on monitoring farms around Hvalfjörður, together with estimated tolerance thresholds for herbivores, are summarized in Table 8.3. The table also presents changes in fluoride concentrations in 2025 relative to 1997, when monitoring began, and to 2007, when all smelter production lines were fully operational.

TABLE 8.3	Monitoring results for sheep and estimated tolerance levels of herbivores for fluoride concentration in bones, as well as statistical analysis results.

	
Monitored farms
	Average fluoride concentration in jawbone (µg F/g dry matter)
	Changes in 2025
relative to 1997
	Changes in 2025
relative to 2007

	Lambs

	Farms north of Hvalfjörður
	

	Farm east of the industrial area (Hrafnabjörg)
	124
	
	

	Farms west/southwest of the industrial area (Vestri Reynir, Innri Hólmur)
	237
	
	

	Farms north/northwest of the industrial area 
(Vogatunga, Eystri Leirárgarðar, Skipanes, Skorholt, Hóll)
	
113
	
	

	Alls farms north of Hvalfjörður
	136
	Elevation
	Decrease

	Farms south of Hvalfjörður (Kiðafell, Miðdalur, Fell)
	130
	Elevation
	Decrease




EFLA
53

	Adult sheep

	Farms north of Hvalfjörður
	

	Farm east of the industrial area (Hrafnabjörg)
	861
	
	

	Farm west/southwest of the industrial area 
(Innri Hólmur)
	1,186
	
	

	Farms north/northwest of the industrial area 
(Vogatunga, Eystri Leirárgarðar, Skipanes, Skorholt, Hóll, Eystra Miðfell)
	
925
	
	

	All farms north of Hvalfjörður
	925
	Elevation
	No Change

	Farms south of Hvalfjörður (Kiðafell, Miðdalur, Fell)
	803
	Elevation
	Elevation

	Criteria

	Considered risk of dental fluorosis in deer
	900 - 2,000
	
	

	Associated with dental fluorosis in deer          
	>2,000
	
	



Appendix F presents average fluoride concentrations in the jawbones of adult sheep and lambs from all monitoring farms, together with detailed monitoring results, statistical analyses, and summaries of veterinary examinations of teeth and joints in live horses and sheep. Results from earlier monitoring years (1998–2015) are reported in previous annual environmental monitoring reports, which are available from the Icelandic Environment and Energy Agency (in Icelandic).

8.1.1 Fluoride in Lambs

Fluoride concentrations in the jawbones of lambs were below the threshold associated with a risk of dental fluorosis in deer (900 μg F/g dry weight) at all monitoring locations (Appendix F.1). The highest average concentration was measured in lambs from Innri Hólmur (275 μg F/g), while the lowest concentrations were recorded in lambs from Eystri Leirárgarðar and Kiðafell (89 μg F/g).
The overall average fluoride concentration in lamb jawbones across all monitoring farms was 134 μg F/g, comparable to levels measured in recent years. Average concentrations were similar on farms north of Hvalfjörður (136 μg F/g) and south of the fjord (130 μg F/g) (Figure 8.2). For comparison, fluoride concentrations measured in reference samples were 102 μg F/g at Skjaldfönn and 60 μg F/g at Bjarnarhöfn. Statistical analysis showed a significant increase in average fluoride concentrations compared with 1997. However, concentrations were lower than those measured in 2007 (Appendix F.2).
In 2025, average fluoride concentrations in lambs from areas east, north, northwest, and south of the industrial area remained within the range observed since 2008.
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Skjaldfönn, N-Ísafjörður county	Bjarnarhöfn, Snæfellsnes

 FIGURE 8.2	Average fluoride concentration in the jawbones of lambs from farms north and south of the fjord, plus reference samples from 1997 and 2007.



8.1.2 Fluoride in adult livestock

Because fluoride accumulates in bone over time, direct year-to-year comparisons of fluoride concentrations in adult sheep are complicated by differences in age structure. Icelandic studies have demonstrated a positive relationship between age and fluoride accumulation in the jawbone, although accumulation generally slows after approximately eight years of age [21]. The monitoring program aims to sample sheep aged six years or older, although this target has not always been achieved. In 2025, the average age of sampled sheep was approximately 6.2 years, ranging from 3 to 9 years.
No animal exceeded the fluoride concentration considered capable of causing dental fluorosis in deer (2,000 μg F/g). The highest average fluoride concentration was measured in sheep from Eystra Meðalfell (1,336 μg F/g; range 862–1,740 μg F/g). Average concentrations also exceeded the deer fluorosis risk threshold of 900 μg F/g (see Appendix F) at several farms, including: Skipanes: 1,075 μg F/g (960–1,205 μg F/g), Innri Hólmur: 1,186 μg F/g (single animal), Vogatunga: 1,040 μg F/g (805–1,296 μg F/g), Skorholt: 946 μg F/g (774–1,114 μg F/g). The lowest average fluoride concentration was measured at Eystri Leirárgarðar (602 μg F/g). Reference samples contained substantially lower concentrations, averaging 256 μg F/g at Skjaldfönn (animals aged 7–9 years) and 112 μg F/g at Bjarnarhöfn (animals aged 4–7 years).
Across all monitoring farms, the average fluoride concentration in adult sheep jawbones was 893 μg F/g.  Average concentrations were 925 μg F/g on farms north of the fjord and 803 μg F/g on farms south of the fjord (Figure 8.3). The average concentration measured in 2025 fell within the range observed since 2008.
Since monitoring began in 1997, fluoride concentrations have generally been higher in adult sheep north of Hvalfjörður than south of the fjord. In 2025, however, the difference was not statistically significant, although significant differences have been observed in some previous years (Appendix F.2).

Compared with 2007, no significant change was detected in average fluoride concentrations in adult sheep north of Hvalfjörður. However, concentrations were significantly higher than in 1997. South of the fjord, average fluoride concentrations were significantly higher than those measured in both 1997 and 2007.
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FIGURE 8.3	Average fluoride concentration in the jawbones of adult sheep from farms north and south of Hvalfjörður, plus reference samples from 1997 and 2007.

8.1.3 Examination of jaws and teeth in slaughtered sheep

A veterinarian examined jaw samples from slaughtered sheep to assess visible signs of fluoride-related effects on teeth and bone. Jaws from both lambs and adult sheep collected at monitoring farms and reference sites were assessed for
enamel condition, tooth wear, tooth loss, discoloration, enamel defects, and jawbone condition. An overview of the veterinary assessment criteria is presented in Table 8.4. Detailed inspection records and summaries of the findings are provided in Appendix F.3 [14].

TABLE 8.4    Overview of a veterinarian's assessment of the dental health of slaughter animals.

	
Dental health of lambs*
	Farms by Hvalfjörður
Number of animals /
average concentration (μg F/g dry material)
	Reference farms
Number of animals /
average concentration (μg F/g dry material)

	Good
	41 / 134
	8 / 81

	Fair
	0
	0

	Poor
	0
	0

	
Dental health of adult sheep*
	Farms by Hvalfjörður
Number of animals /
average concentration (μg F/g dry material)
	Reference farms
Number of animals /
average concentration (μg F/g dry material)

	Good
	11 / 910
	1 / 94

	Fair
	6 / 1,010
	0

	Poor
	21 / 851
	6 / 197

	Average age (years)
	6.2
	6.6


* Good: Teeth show no signs of abnormalities or damage. Fair: Minor imperfections are present but are unlikely to affect the animal's health or wellbeing during its lifetime. Poor: Dental condition is compromised and may adversely affect the animal's health or function.

All lambs examined were assessed as having good dental health. In contrast, poor dental health was relatively common among adult sheep. The highest fluoride concentration measured in a lamb was 279 μg F/g in an animal from Innri Hólmur. Sixteen adult sheep had fluoride concentrations above the threshold associated with an increased risk of dental fluorosis in deer (900 μg F/g), compared with twelve animals in 2024. Despite these elevated fluoride concentrations, affected animals were classified across all categories of dental health—good, fair, and poor. Changes in tooth enamel were observed in three lambs and one adult sheep.

Although dental condition generally declined with age, the results did not indicate a clear relationship between fluoride concentration in the jawbone and poor dental health [14].



8.1.4 Inspection of teeth and joints in live sheep and horses

A veterinarian examined the teeth and forelimb joints of live sheep and horses to assess potential effects of fluoride exposure. The results indicated no detectable fluoride-related effects. Dental condition was generally within the range considered normal by the examining veterinarian, and no fluoride-associated changes were identified in the joints of either species.
Appendix F.3 provides a detailed summary of the examinations of teeth and forelimb joints in live sheep and horses, based on the scoring system presented in Table 8.2. Overall, scores for both dental and joint conditions were low, indicating little evidence of abnormalities. One horse received a dental score of 3, corresponding to a moderate effect, due to visible pitting or erosion of the enamel. However, it could not be determined whether these changes were caused by fluoride exposure, and similar findings were not observed in any other horse. Alternative causes, such as tartar accumulation, may also contribute to tooth and gum damage. The highest average dental condition score was recorded in horses from Litla Fellsöxl (0.26), while the lowest was recorded in horses from Kalastaðakot (0.07). No abnormalities were observed in the joints of any horses examined.
Among the sheep, a small number of missing or loose incisor teeth were observed. Osteoarthritis of the jaw was identified in two animals, likely originating from the molar region. No abnormalities were detected in sheep joints, although a minor swelling was noted in the knee of one sheep from Eystra Miðfell [15].
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[bookmark: _TOC_250005]Appendix A	Older environmental monitoring reports


Joint environmental monitoring of the Grundartangi industrial area has been conducted since 1999. Previously published annual environmental monitoring reports are as follows and contain information on the results of the monitoring since its inception (all in Icelandic):
1) Environmental Monitoring Plan for the Grundartangi Industrial Area Results of the Year 2024. May 2025.
2) Environmental Monitoring Plan for the Grundartangi Industrial Area Results of the Year 2023. May 2024.
3) Environmental Monitoring Plan for the Grundartangi Industrial Area Results of the Year 2022. May 2023.
4) Environmental Monitoring Plan for the Grundartangi Industrial Area Results of the Year 2021. June 2022.
5) Environmental Monitoring Plan for the Grundartangi Industrial Area Results of the Year 2020. April 2021.
6) Environmental Monitoring Plan for the Grundartangi Industrial Area Results of the Year 2019. April 2020.
7) Environmental Monitoring Plan for the Grundartangi Industrial Area Results of the Year 2018. May 2019.
8) Environmental Monitoring Plan for the Grundartangi Industrial Area Results of the Year 2017. April 2018.
9) Environmental Monitoring Plan for the Grundartangi Industrial Area Results of the Year 2016. April 2017.
10) Environmental Monitoring Plan for the Grundartangi Industrial Area Results of the Year 2015. April 2016.
11) Environmental Monitoring Plan for the Grundartangi Industrial Area Results of the Year 2014. April 2015.
12) Environmental Monitoring Plan for the Grundartangi Industrial Area Results of the Year 2013. April 2014.
13) Environmental Monitoring Plan for the Grundartangi Industrial Area Results of the Year 2012. April 2013.
14) Environmental Monitoring Plan for the Grundartangi Industrial Area Results of the Year 2011. April 2012.
15) Environmental monitoring of the industrial plants at Grundartangi. Results of the Year 2010. April 2011.
16) The Industrial Area at Grundartangi. Environmental monitoring results for the 2009 operating year. April 2010.
17) The Industrial Area at Grundartangi. Environmental monitoring results for the 2008 operating year. April 2009.
18) The Industrial Area at Grundartangi. Environmental monitoring results for the 2007 operating year. May 2008.
19) The Industrial Area at Grundartangi. Environmental monitoring results for the 2006 operating year. October 2007.
20) The Industrial Area at Grundartangi and its Vicinity. Environmental monitoring results for 2005. November 2006.
21) The Industrial Area at Grundartangi and its Vicinity. Environmental monitoring results for 2004. Final report. April 2005.
22) The Industrial Area at Grundartangi and its Vicinity. Environmental monitoring results for 2003. Final report. April 2004.
23) The Industrial Area at Grundartangi and its Vicinity. Environmental monitoring results for 2002. Final report. March 2003.
APPENDIX A - OLDER ENVIRONMENTAL MONITORING REPORTS


EFLA
60


[bookmark: _TOC_250004]Appendix B	Air quality

TABLE B.1  Results of weather and air quality measurements at Kríuvarða in 2025, average concentration and highest and lowest daily and hourly values ​​of the year, along with defined environmental limits that apply outside the industrial area.

	Parameters
	Concentration (µg/m3)
	Reference value (µg/m3)
	Explanation

	F (filters, Apríl - October)

	Average HF concentration
	0.36
	
	

	Average HF concentration (April - September)
	0.38
	
	Within the Industrial Area at Grundartangi.

	Highest measured average HF concentration
	2.87
	
	Measured 9 May in south-south-western wind

	Lowest measured average HF concentration
	0.00
	
	

	Average total HF concentration
	0.41
	
	

	Average total HF concentration (April - September)
	0.43
	
	Within the Industrial Area at Grundartangi.

	Highest measured average total HF concentration
	3.38
	
	Measured 9 May in south-south-western wind

	Lowest measured average total HF concentration
	0.00
	
	

	F (filters, throughout the year)

	Average HF concentration
	0.27
	
	

	Highest measured average HF concentration
	2.87
	
	Measured 9 May in south-south-westerly wind

	Lowest measured average HF concentration
	0.00
	
	

	Average total HF concentration
	0.31
	
	

	Highest measured average total HF concentration
	3.38
	
	Measured 9 May in south-south-westerly wind

	Lowest measured average total HF concentration
	0.00
	
	

	SO2

	Average annual concentration (gaseous, in filters)
	3.35
	
	

	Annual average (automatic
measurements)
	4.30
	20
	Vegetation protection limit cf. Regulation 920/2016.

	
Highest daily mean value of the year
	
82
	
125
	Vegetation protection limit cf. Regulation 920/2016.
Allowed to exceed 3x over the year. Measured 15 January in south-south-westerly wind

	Lowest daily mean value of the year
	0.0
	
	

	Highest hourly mean value of the year
	160
	350
	Vegetation protection limit cf. Regulation 920/2016.
Allowed to exceed 24x over the year. Measured 21 July in northwesterly wind

	H2S

	Average concentration over the year
	0.4
	5
	Vegetation protection limit cf. Regulation 514/2010.

	
Highest daily mean value of the year
	
2.2
	
50
	Vegetation protection limit cf. Regulation 514/2010.
Allowed to exceed 5x over the year. Measured 21 August in east-southeasterly wind

	Lowest daily mean value of the year
	0.0
	
	

	NO2

	Average concentration over the year
	0.79
	40
	Vegetation protection limit cf. Regulation 920/2016.

	Highest daily mean value of the year
	12.9
	75
	Vegetation protection limit cf. Regulation 920/2016.
Allowed to exceed 7x over the year. Measured 30 August in easterly wind

	Lowest daily mean value of the year
	0.0
	
	

	Highest hourly mean value of the year
	30.1
	200
	Vegetation protection limit cf. Regulation 920/2016. Measured 30 August in northerly wind

	NOx

	Average concentration over the year
	1.46
	30
	Vegetation protection limit cf. Regulation 920/2016.

	Highest daily mean value of the year
	49
	
	Measured 30 August in easterly wind

	Lowest daily mean value of the year
	0.0
	
	

	Particulate matter (PM10)

	Average concentration over the year
	5.8
	40
	Vegetation protection limit cf. Regulation 920/2016.

	
Highest daily mean value of the year
	
15.9
	
50
	Vegetation protection limit cf. Regulation 920/2016. Allowed to exceed 35x over the year.
Measured 15 January in south-south-westerly wind

	Lowest daily mean value of the year
	1.7
	
	

	Particulate matter (PM2.5)

	Average concentration over the year
	7.7
	20
	Vegetation protection limit cf. Regulation 920/2016.

	PAHs - Benzo(a)pyrene

	Measured concentration April – October (filters)
	<210-6
	110-3
	Environmental limits cf. Regulation 410/2008.
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TABLE B.2  Results of weather and air quality measurements at Gröf II in 2025, average concentration and highest and lowest daily and hourly values ​​of the year, along with defined environmental limits that apply outside the industrial area.

	Parameters
	Concentration (µg/m3)
	Reference value (µg/m3)
	Explanation

	F (filters, Apríl - October)

	Average HF concentration
	0.03
	
	

	Average HF concentration (April - September)
	0.03
	0.3
	Norðurál Grundartangi’s operation permit

	Highest measured average HF concentration
	0.88
	
	Measured 21 July in southerly wind

	Lowest measured average HF concentration
	0.0
	
	

	Average total HF concentration
	0.04
	
	

	Average total HF concentration (April - September)
	0.04
	0.4
	Norðurál Grundartangi’s operation permit

	Highest measured average total HF concentration
	0.88
	
	Measured 21 July in southerly wind

	Lowest measured average total HF concentration
	0.0
	
	

	F (filters, throughout the year)

	Average HF concentration
	0.07
	
	

	Highest measured average HF concentration
	3.08
	
	Measured 14 January in west-south-westerly wind

	Lowest measured average HF concentration
	0.0
	
	

	Average total HF concentration
	0.09
	
	

	Highest measured average total HF concentration
	3.79
	
	Measured 14 January in west-south-westerly wind

	Lowest measured average total HF concentration
	0.0
	
	

	SO2

	Average annual concentration (gaseous, in filters)
	3.51
	
	

	Annual average (automatic
measurements)
	5.22
	20
	Vegetation protection limit cf. Regulation 920/2016.

	
Highest daily mean value of the year
	
465.2
	
125
	Vegetation protection limit cf. Regulation 920/2016. Allowed to exceed 3x over the year.
Measured 21 July in southerly wind

	Lowest daily mean value of the year
	0.0
	
	

	
Highest hourly mean value of the year
	
1667.3
	
350
	Vegetation protection limit cf. Regulation 920/2016. Allowed to exceed 24x over the year.
Measured 21 July in east-south-easterly wind

	H2S

	Average concentration over the year
	0.6
	5
	Vegetation protection limit cf. Regulation 514/2010.

	
Highest daily mean value of the year
	
3.9
	
50
	Vegetation protection limit cf. Regulation 514/2010. Allowed to exceed 5x over the year.
Measured 6 April in northerly wind

	Lowest daily mean value of the year
	0.0
	
	

	NO2

	Average concentration over the year
	1.70
	40
	Vegetation protection limit cf. Regulation 920/2016.

	
Highest daily mean value of the year
	
15.9
	
75
	Vegetation protection limit cf. Regulation 920/2016. Allowed to exceed 7x over the year.
Measured 8 January in north-north-eastely wind

	Lowest daily mean value of the year
	0.2
	
	

	Highest hourly mean value of the year
	57.7
	200
	Vegetation protection limit cf. Regulation 920/2016. Measured 8 January in north-north-eastely wind

	NOx

	Average concentration over the year
	1.85
	30
	Vegetation protection limit cf. Regulation 920/2016.

	Highest daily mean value of the year
	18.3
	
	Measured 8 January in north-northeasterly wind

	Lowest daily mean value of the year
	0.2
	
	

	Particulate matter (PM10)

	Average concentration over the year
	6.50
	40
	Vegetation protection limit cf. Regulation 920/2016.

	
Highest daily mean value of the year
	
59.6
	
50
	Vegetation protection limit cf. Regulation 920/2016. Allowed to exceed 35x over the year.
Measured 20 July in south-southeasterly wind

	Lowest daily mean value of the year
	1.1
	
	

	Particulate matter (PM2.5)

	Average concentration over the year
	3.24
	20
	Vegetation protection limit cf. Regulation 920/2016.



TABLE B.3  Results of air quality measurements at Melahverfi in 2025, average concentration and highest and lowest daily and hourly values ​​of the year, along with defined environmental limits that apply outside the industrial area.

	Parameters
	Concentration (µg/m3)
	Reference value (µg/m3)
	Explanation

	SO2

	Average concentration over the year
	0.4
	20
	Vegetation protection limit cf. Regulation 920/2016.

	
Highest daily mean value of the year
	
5.9
	
125
	Vegetation protection limit cf. Regulation 920/2016. Allowed to exceed 3x over the year.
Measured 23 September in east-southeasterly wind.

	Lowest daily mean value of the year
	0.0
	
	

	
Highest hourly mean value of the year
	
17.1
	
350
	Vegetation protection limit cf. Regulation 920/2016. Allowed to exceed 24x over the year.
Measured 17 December in easterly wind.

	H2S

	Average concentration over the year
	0.63
	5
	Vegetation protection limit cf. Regulation 514/2010.

	
Highest daily mean value of the year
	
3.2
	
50
	Vegetation protection limit cf. Regulation 514/2010. Allowed to exceed 5x over the year.
Measured 14 November in east-southeasterly wind.

	Lowest daily mean value of the year
	0.0
	
	



B.1 Fluoride in the atmosphere

Figure B.1 shows the average concentration of gaseous fluorine (HF) in the atmosphere each month at Kríuvarða and Gröf II in 2025 and for comparison in 2024. The concentration fluctuates somewhat between months, but the average concentration was higher than the previous year at Kríuvarða and at Gröf II.
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FIGURE B.1	The average concentration of gaseous fluoride (HF) in the atmosphere at the monitoring stations Kríuvarða and Gröf II during 2025

B.2 Sulphur in dust and the atmosphere

Figure B.2 shows sulphur concentrations measured in dust samples collected on filters at the monitoring stations.  Sulphur in airborne dust originates from a variety of natural sources, including sea spray and windblown soil and road dust. Consequently, sulphur concentrations in dust are not considered a direct indicator of industrial pollution in Hvalfjörður. In 2025, sulphur concentrations were lower than in previous years and remained below the average recorded over the past decade.
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FIGURE B.2	Average sulphur concentration in dust samples collected on filters at Kríuvarða and Gröf II during 2025.

Figure B.3 presents the results of automatic sulphur dioxide (SO2 measurements using fluorescence-based monitoring systems. Monthly average concentrations are shown for Kríuvarða, Gröf II, and Melahverfi in 2025, together with corresponding results from 2024.  At Kríuvarða, average SO2 concentrations were generally lower in 2025 than in the previous year, although some month-to-month variability was observed. At Gröf II, concentrations were somewhat higher than in 2024 and showed considerable seasonal variation.
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FIGURE B.3	Average monthly sulphur dioxide (SO₂) concentrations measured automatically at Kríuvarða, Gröf II, and Melahverfi in 2024 and 2025.

B.3 Particulate matter in air

Figures B.4 and B.5 show average monthly concentrations of particulate matter, PM10 og PM2.5, measured at Kríuvarða and Gröf II. At Kríuvarða, concentrations of both PM10 and PM2,5 were higher in 2025 than in 2024 for all months except January. At Gröf II, PM10 PM₁₀ concentrations varied considerably between months and years.
Particulate matter (PM10) in the atmosphere each month.
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FIGURE B.4	Average monthly concentrations of particulate matter (PM10) at Kríuvarða and Gröf II during 2024 and 2025.

Particulate matter (PM2.5) in the atmosphere each month.
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FIGURE B.5	Average monthly concentrations of particulate matter (PM2,5) at Kríuvarða and Gröf II during 2024 and 2025. No measurements were received from Gröf II in 2024 due to a failure.

B.4 Dissolved constituents in precipitation

From January to July, precipitation samples were collected at Kríuvarða and Gröf II and analyzed for sodium, chloride, calcium, and nitrate. Results are expressed as deposition loads per square meter per month at each monitoring location. Figures B.6 and B.7 show average concentrations of sodium and chloride in precipitation at Kríuvarða and Gröf II, together with comparative results from Hálsnes, where monitoring is conducted every third year. At Gröf II, sodium and chloride concentrations were broadly consistent with the average values recorded during the past decade. In contrast, measurements at Kríuvarða were substantially higher than long-term averages.
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FIGURE B.6	Average sodium concentration in precipitation at Kríuvarða and Gröf II.
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FIGURE B.7	Average chloride concentration in precipitation at Kríuvarða and Gröf II.
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C.1 Monitoring results

Table C.1 summarizes the average concentrations of all monitored parameters during 2025 and compares them, where applicable, with maximum concentrations specified in Icelandic Drinking Water Regulation No. 536/2001. The table also presents the minimum and maximum values recorded for each parameter during the monitoring period.

TABLE C.1	Summary of monitoring results for freshwater in 2025, including average, minimum, and maximum concentrations of all measured parameters, together with applicable drinking-water quality standards.

	Measurement location
(number of samples)
	Fluoride
	Chloride
	Sulfate
	Acidity
	Conductivity

	
	(µg/L)
	mg/L
	mg/L
	pH
	(µS/cm)

	
Kalmansá river (6)
	167
Min 99
Max 220
	31.4
Min 26.4
Max 37.6
	8.8
Min 5.0
Max 12.3
	7.36
Min 7.06
Max 7.70
	210
Min 120
Max 271

	
Urriðaá river (6)
	147
Min 105
Max 180
	29.6
Min 25.6
Max 37.6
	6.4
Min 4.0
Max 8.1
	7.35
Min 7.18
Max 7.64
	184
Min 153
Max 209

	
Berjadalsá river (3)
	25
Min 22
Max 30
	16.4
Min 12.1
Max 20.0
	2.9
Min 2.1
Max 3.9
	7.34
Min 7.15
Max 7.60
	96
Min 83
Max 103

	
Fossá river (2)
	33
Min 26
Max 40
	11.7
Min 11.6
Max 11.8
	1.9
Min 1.5
Max 2.4
	7.54
Min 7.48
Max 7.60
	103
Min 85
Max 120

	
Laxá river (2)
	32
Min 30
Max 34
	9.5
Min 8.3
Max 10.6
	2.0
Min 1.5
Max 2.4
	7.52
Min 7.37
Max 7.66
	85
Min 80
Max 89

	
Kúludalsá river (3)
	35
Min 29
Max 40
	19.9
Min 15.7
Max 25.5
	4.6
Min 3.3
Max 6.3
	7.13
Min 6.65
Max 7.56
	94
Min 83
Max 108

	Maximum limit cf. Reg. 536/2001
	1,500
	250
	250
	6.5 – 9.5
	N/A
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C.2 Influence of marine inputs on water quality measurements

Chloride is routinely measured in freshwater monitoring samples as an indicator of marine influence. Throughout the monitoring period, chloride concentrations in all rivers have remained well below the maximum concentration for drinking water specified in Icelandic Regulation No. 536/2001 (250 mg Cl/L). To evaluate the influence of seawater on river chemistry, the fluoride-to-chloride (F/Cl) ratio and sulfate-to-chloride (SO₄/Cl) ratio are calculated for samples collected from Urriðaá river (Figures C.1 and C.2). In 2025, fluoride concentrations in the Urriðaá river were comparable to the average values recorded over the past decade, whereas chloride concentrations were elevated relative to the long-term average. As a result, the fluoride-to-chloride ratio was lower than in most previous years and was the lowest recorded since 2017, when fluoride concentrations were also relatively low. Fluoride concentrations showed little change between 2024 and 2025, while chloride concentrations increased noticeably.
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FIGURE C.1	Average fluoride-to-chloride ratio in the Urriðaá River, including background values from 1997 for reference.

The sulfate-to-chloride ratio was also used to assess the influence of marine inputs. As shown in Figure C.2, the sulfate-to-chloride ratio in 2025 was similar to the average recorded over the past ten years. Sulfate concentrations were considerably below the long-term average and have only been lower once since 2006. Sulfate in the river may be influenced, in part, by emissions from the industrial area at Grundartangi.
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FIGURE C.2	Average sulfate-to-chloride ratio in Urriðaá river, including background values from 1997 for reference.

C.3 Statistical analysis of freshwater monitoring data

Freshwater environmental monitoring has been conducted annually since 1997. To evaluate long-term trends and variability in water quality, statistical analyses were performed on monitoring data from Kalmansá, Urriðaá, and Berjadalsá for the period 1997–2025. For each parameter, 95% confidence intervals around the annual mean concentrations were calculated using the t-distribution. Figures C.3–C.5 present the results of the statistical analysis of pH measurements in Kalmansá, Urriðaá and Berjadalsá, for the period 1997–2025, respectively. As the number of observations increases over time, the statistical uncertainty decreases, which is reflected in narrower confidence intervals.
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FIGURE C.3	Mean pH in Kalmansá with 95% confidence intervals.
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FIGURE C.4	Mean pH in Urriðaá river with 95% confidence intervals.
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FIGURE C.5	Mean pH in Berjadalsá with 95% confidence intervals.

Figures C.6–C.11 present the statistical analyses of fluoride concentrations and fluoride-to-chloride ratios in the three monitored rivers, Kalmansá, Urriðaá and Berjadalsá.
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FIGURE C.6	Mean fluoride-to-chloride ratio in Kalmansá with 95% confidence intervals.
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FIGURE C.7	Mean fluoride concentration in Kalmansá with 95% confidence intervals.
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FIGURE C.8	Mean fluoride concentration in Kalmansá with 95% confidence intervals.
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FIGURE C.9	Mean fluoride concentration in Urriðaá with 95% confidence intervals.
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FIGURE C.10	Mean fluoride-to-chloride ratio in Berjadalsá with 95% confidence intervals.
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FIGURE C.11	Mean fluoride concentration in Berjadalsá with 95% confidence intervals.
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TABLE D.1   Average, maximum, and minimum concentrations of constituents measured in seawater samples collected in May and July 2025, together with average concentrations measured at the corresponding reference locations during 2021–2025, where available. Environmental quality standards have not been established for parameters marked with an asterisk (*). Fluoride analyses could not be reported because the samples were mishandled during laboratory processing.

	
	
	
	
	
	
	

	Monitoring site
	Cyanide*** (Free) mg/L
	Min Max
	Average 2021-2025
	Cyanide*** (Total) mg/L
	Min Max
	Average 2021-2025

	
1 Eastern end - 1 m
	
<0.0010
	<0.0010
	
0.002
	
0.004
	<0.0010
	
0.003

	
	
	0.0017
	
	
	0.011
	

	
2 Eastern end - 4 m
	
<0.0010
	<0.0010
	
0.002
	
<0.0010
	<0.0010
	
0.002

	
	
	<0.0010
	
	
	0.0014
	

	
3 Eastern side - 1 m
	
<0.0010
	<0.0010
	
0.003
	
0.0015
	<0.0010
	
0.004

	
	
	0.0019
	
	
	0.0034
	

	
4 Eastern side - 4 m
	
<0.0010
	<0.0010
	
0.002
	
0.0013
	<0.0010
	
0.002

	
	
	<0.0010
	
	
	0.0028
	

	
5 Center - 1 m
	
<0.0010
	<0.0010
	
0.002
	
0.0067
	<0.0010
	
0.003

	
	
	<0.0010
	
	
	0.019
	

	
6 Center - 4 m
	
<0.0010
	<0.0010
	
0.002
	
<0.0010
	<0.0010
	
0.003

	
	
	<0.0010
	
	
	0.004
	

	
3 Western side - 1 m
	
<0.0010
	<0.0010
	
0.002
	
<0.0010
	<0.0010
	
0.002

	
	
	<0.0010
	
	
	<0.0010
	

	
8 Western side - 4 m
	
<0.0010
	<0.0010
	
0.002
	
<0.0010
	0.0016
	
0.002

	
	
	<0.0010
	
	
	<0.0010
	

	
9 Western end - 1 m
	
<0.0010
	<0.0010
	
0.002
	
<0.0010
	<0.0010
	
0.002

	
	
	<0.0010
	
	
	<0.0010
	

	
10 Western end - 4 m
	
<0.0010
	<0.0010
	
0.002
	
<0.0010
	<0.0010
	
0.002

	
	
	<0.0010
	
	
	<0.0010
	

	
Kalastaðir
	
<0.0010
	<0.0010
	
0.002
	
<0.0010
	<0.0010
	
0.002

	
	
	<0.0010
	
	
	0.0013
	

	
Center of fjord
	
<0.0010
	<0.0010
	
0.002
	
<0.0010
	0.001
	
0.002

	
	
	<0.0010
	
	
	<0.0010
	


APPENDIX D – SEAWATER BY FLOW PITS


EFLA
73

APPENDIX D – SEAWATER BY FLOW PITS


TABLE D.2	Average, maximum, and minimum concentrations of constituents measured in seawater samples collected in May and July 2025, together with average concentrations measured at the corresponding reference locations during 2021–2025, where available. Environmental quality standards have not been established for parameters marked with an asterisk (*).
	Monitoring site
	As	Min
µg/L	Max
	Cr	Min
µg/L	Max
	Cu	Min
µg/L	Max
	Ni	Min
µg/L	Max
	Pb	Min
µg/L	Max
	Zn	Min
µg/L	Max
	Al	Min
µg/L	Max
	Fe*	Min
µg/L	Max
	P*	Min
µg/L	Max
	V*	Min
µg/L	Max

	1 Eastern end - 1 m
	1.75
	1.49
2.01
	0.35
	0.20
0.50
	<0.5
	<0.5
0.8
	<0.5
	<0.5
0.81
	<0.3
	<0.3
<0.3
	<2.0
	<2
<2
	14
	8
18
	27
	9
18
	<40
	<40
<40
	2.31
	2.19
2.4

	2 Eastern end - 4 m
	1.62
	1.42
1.93
	0.51
	0,21
0.95
	<0.5
	<0.5
0.5
	0.96
	<0.5
2.37
	<0.3
	<0.3
<0.3
	<2,0
	<2
<2
	11
	8
13
	38
	10
16
	<40
	<40
<40
	2.27
	2.12
2.53

	3 Eastern side - 1 m
	1.63
	1.42
1.9
	0.35
	0.27
0.44
	<0.5
	<0.5
0.8
	<0.5
	<0.5
0.72
	<0.3
	<0.3
<0.3
	<2.0
	<2
<2
	13
	9
19
	50
	12
23
	<40
	<40
<40
	2.28
	2.16
2.46

	4 Eastern side - 4 m
	1.74
	1.48
2.21
	0.27
	0.13
0.36
	<0.5
	<0.5
0.6
	<0.5
	<0.5
<0.5
	<0.3
	<0.3
<0.3
	<2.0
	<2
<2
	15
	8
23
	48
	11
25
	<40
	<40
53
	2.16
	2.02
2.36

	5 Center - 1 m
	1.72
	1.49
2.1
	0.57
	0.28
1.1
	0.65
	0,7
1
	<0.5
	<0.5
<0.5
	<0.3
	<0.3
<0.3
	<2.0
	<2
2.64
	23
	20
29
	65
	16
31
	<40
	<40
<40
	2.30
	2.02
2.46

	6 Center - 4 m
	1.83
	1.39
2.27
	0.26
	0.22
0.30
	0.60
	0.5
0.7
	<0.5
	<0.5
<0.5
	<0.3
	<0.3
<0.3
	<2.0
	<2
2.28
	15
	6
23
	36
	7
29
	<40
	<40
<40
	2.18
	2.07
2.3

	3 Western side - 1 m
	2.06
	1.35
2.33
	0.30
	0.30
0.44
	0.77
	0.5
0.9
	<0.5
	<0.5
<0.5
	<0.3
	<0.3
<0.3
	<2.0
	<2
<2
	23
	9
40
	77
	12
42
	<40
	<40
<40
	2.25
	2.07
2.44

	8 Western side - 4 m
	0.72
	1.43
2.05
	0.16
	0.13
0.32
	0.80
	0.6
1
	<0.5
	<0.5
<0.5
	<0.3
	<0.3
<0.3
	<2.0
	<2
<2
	14
	9
22
	38
	13
25
	<40
	<40
<40
	2.26
	2.1
2.54

	9 Western end - 1 m
	1.70
	1.45
1.94
	0.40
	0.18
0.61
	0.80
	0.7
0.9
	<0.5
	<0.5
0.53
	<0.3
	<0.3
<0.3
	<2.0
	<2
<2
	14
	7
25
	44
	14
30
	<40
	<40
<40
	2.26
	2.09
2.46

	10 Western end - 4 m
	1.98
	1.5
2.45
	0.27
	0.16
0.37
	0.75
	0.7
0.8
	<0.5
	<0.5
0.52
	<0.3
	<0.3
<0.3
	<2.0
	<2
2.8
	12
	7
17
	39
	18
21
	<40
	<40
<40
	2.34
	2.16
2.49

	Kalastaðir
	1.96
	1.56
2.36
	0.28
	0.16
0.39
	0.65
	0.6
0.7
	<0.5
	<0.5
0.6
	<0.3
	<0.3
<0.3
	3.11
	3.12
3.11
	85
	7
210
	179
	12
471
	44
	<40
<40
	2.84
	2.2
3.65

	Center of fjord
	1.89
	1.51
2.22
	0.22
	0.17
0.28
	<0.5
	<0.5
0.5
	<0.5
	<0.5
<0.5
	<0.3
	<0.3
0.3
	<2.0
	<2
<2
	7
	2
10
	13
	<4
24
	<40
	<40
<40
	2.34
	2.21
2.48

	Kalastaðir
Average 2021-2025
	1.89
	
	0.89
	
	1.1
	
	1.0
	
	0.5
	
	3.31
	
	66
	
	120
	
	68
	
	2.55
	

	Center of fjord Average 2021-2025
	1.65
	
	0.46
	
	0.7
	
	0.5
	
	0.3
	
	2.24
	
	23
	
	33
	
	39
	
	2.24
	


Samples collected on 28 July 2025 from monitoring stations 1, 6, 8, 9, and 10, as well as from Kalastaðir, were compromised during laboratory handling and could not be included in the assessment.
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Very low or no risk of ecological impact


Low risk of ecological impact

Potential impact on sensitive ecosystems


Likely ecological impact


Consistently unsuitable water quality for ecosystem health
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Results from vegetation monitoring conducted north and south of Hvalfjörður are presented in Sections E.1 and E.2. Statistical analyses of vegetation monitoring data collected between 1997 and 2025 are provided in Section E.3. Vegetation samples are collected at different times during the growing season. June sampling reflects the period of rapid plant growth, while September sampling represents conditions near the end of the growing season. Additional grass samples were collected in July. In total, 14 monitoring locations were sampled in 2025, including sites on both sides of Hvalfjörður and reference sites in Skorradalur.

E.1 Fluoride in grass

Figure E.1 presents fluoride concentrations in grass measured in 2007, when all smelter production lines were operational, and annually during 2016–2025. Reference measurements for 1997 are included where available. Monitoring began at Hlíð in 2009 and at Gröf II (near the farmhouse) in 2010. Sampling commenced at Ferstikla and Háls í Kjós in 2011, at Hólabrú in 2018, and at Kalastaðarkot in 2022. Reference samples were collected in Skorradalur. The estimated fluoride tolerance threshold for herbivores in forage is 30 µg F/g [10], while the estimated tolerance range for grasses is 100–200 µg F/g dry weight [9]. Results from earlier monitoring years (1998–2015) are available in previous annual environmental monitoring reports published by the Icelandic Environment and Energy Agency (available online, only in Icelandic).
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FIGURE E.1	Fluoride concentrations in grass and corresponding 1997 baseline values, where available.



Fluoride in grass (continued)
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FIGURE E.1	(continued) Fluoride concentrations in grass and corresponding 1997 baseline values.



Fluoride in grass (continued)
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FIGURE E.1	(continued) Fluoride concentrations in grass and corresponding 1997 baseline values, where applicable.



Fluoride in grass (continued)
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FIGURE E.1	(continued) Fluoride concentrations in grass and corresponding 1997 baseline values.



E.2 Fluoride in leaves

Figure E.2 shows average fluoride concentrations in leaves from thirteen monitoring locations for 2007 (when all pots were in operation) and for the period 2016–2025, together with reference measurements from 1997 where applicable. Monitoring of fluoride in leaves began at Gröf II and Hlíð in 2009. Additional monitoring sites were added over time, including Ferstikla and Háls in Kjós in 2011, Hólabrú in 2018, and Kalastaðarkot in 2022. Measurements in Skorradalur were undertaken in 2013 and subsequently on an annual basis from 2016 onward. The estimated fluoride tolerance threshold for deciduous trees is 200 µg F/g dry weight [9]. Results from earlier monitoring years (1998–2015) are available in previous annual environmental monitoring reports published by the Icelandic Environment and Energy Agency (available online, only in Icelandic).
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FIGURE E.2	Average fluoride concentrations in leaves during spring and autumn, together with 1997 baseline values where available.
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FIGURE E.2	(continued) Average fluoride concentrations in leaves during spring and autumn, together with 1997 baseline values for reference.
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FIGURE E.2	(continued) Average fluoride concentrations in leaves during spring and autumn, together with 1997 baseline values for reference.
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FIGURE E.2	(continued) Average fluoride concentrations in leaves during spring and autumn, together with 1997 baseline values for reference.



E.3 Statistical Analysis of Vegetation Monitoring Data

Vegetation monitoring has been conducted annually since 1997. To evaluate long-term variability and trends in fluoride concentrations, statistical analyses were performed using data collected during 1997–2025. For each parameter, 95% confidence intervals around the annual mean concentrations were calculated using the t-distribution. These analyses provide an indication of both temporal trends and the uncertainty associated with the measurements. Figures E.3–E.6 summarize the statistical analyses of fluoride concentrations in different vegetation types.
Figure E.3 presents average fluoride concentrations in grass north and south of Hvalfjörður, while Figure E.4 presents corresponding results for deciduous tree leaves.  Figures E.5 and E.6 show fluoride concentrations in one-year-old and two-year-old conifer needles, respectively.
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FIGURE E.3	Average fluoride concentrations in grass north and south of Hvalfjörður with 95% confidence intervals.
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FIGURE E.4	Average fluoride concentrations in deciduous tree leaves north and south of Hvalfjörður with 95% confidence intervals.
APPENDIX E – VEGETATION


EFLA
84






100





[image: ]Estimated tolerance limit of coniferous trees (30 - 100 µg/g)
1 
year conifer needles


80

[image: ]60µg F/g


40

20

01997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025



[image: ][image: ]North of Hvalfjörður	South of Hvalfjörður

FIGURE E.5	Average fluoride concentrations in one-year-old conifer needles north and south of Hvalfjörður with 95% confidence intervals.
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FIGURE E.6	Average fluoride concentrations in two-year-old conifer needles north and south of Hvalfjörður with 95% confidence intervals.




[bookmark: _TOC_250000]Appendix F	Herbivores (sheep and horses)

Fluoride concentrations were measured in bone ash from the jawbones of 95 lambs and adult sheep. In addition, the heads and teeth were examined by a veterinarian for signs of fluorosis and other dental abnormalities. Assessments included tooth wear, enamel condition, discoloration, tooth morphology, tooth loss, loose or broken teeth, jaw osteomyelitis, gum recession, and tartar accumulation. Table F.1 provides an overview of the monitoring farms that supplied sheep heads for analysis and inspection, while Table F.2 summarizes fluoride concentrations in jawbone ash. All fluoride concentrations are reported on a dry-weight basis [14]. Sheep head samples collected for fluoride analysis and veterinary examination.

TABLE F.1    Overview of monitoring farms.

	
	

Received samples
	
Number of samples
	Condition of the enamel on the front teeth

	
	
	
	Normal
	With changes

	
	
	Lambs
	Adult sheep
	Lambs
	Adult sheep
	Lambs
	Adult sheep

	
North of Hvalfjörður
	Eystra Miðfell
	0
	3
	
	3
	
	

	
	Eystri Leirárgarðar
	4
	4
	4
	32)
	
	

	
	Hóll
	4
	4
	4
	4
	
	

	
	Hrafnabjörg
	4
	4
	3
	4
	1
	

	
	Innri Hólmur
	3
	1
	3
	1
	
	

	
	Skipanes
	4
	4
	3
	4
	1
	

	
	Skorholt
	4
	4
	3
	32)
	
	

	
	Vestri Reynir
	2
	0
	2
	
	
	

	
	Vogatunga
	4
	4
	4
	3
	
	1

	South of Hvalfjörður
	Kiðafell
	4
	2
	4
	2
	
	

	
	Miðdalur1)
	4
	4
	4
	4
	
	

	
	Fell1)
	4
	4
	4
	4
	
	

	Reference samples – sheep

	
	Bjarnarhöfn (Snæfellsnes)
	4
	4
	
	
	
	

	
	Skjaldfönn (N-Ísafjörður)
	4
	4
	
	
	
	

	Total
	49
	46
	

	1) A new farm
2) All front teeth were missing in one sheep
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TABLE F.2  Summary of fluoride concentrations in the jawbone ash of lambs and adult sheep, including mean, minimum, and maximum values recorded at each monitoring farm. Based on Norwegian studies, fluoride concentrations exceeding 900 μg F/g dry weight are considered indicative of a potential risk of dental fluorosis in young deer [13,17]. Values above this threshold are highlighted in yellow. Concentrations exceeding 2,000 μg F/g dry weight, which have been associated with dental fluorosis in deer, are highlighted in red.

	Farm
	Lambs
	Adult sheep

	
	Fluoride (µg F/g dry weight)
	Fluoride (µg F/g dry weight)
	Age

	North of Hvalfjörður

	

Eystra Miðfell
	-
	892
	3

	
	-
	1,377
	4

	
	-
	1,740
	5

	
	-
	-
	

	Average concentration / (Min-Max)
	No sample-
	1,336 / (892-1,740)
	

	

Eystri Leirárgarðar
	95
	590
	8

	
	81
	687
	8

	
	104
	493
	7

	
	75
	639
	8

	Average concentration / (Min-Max)
	89 / (75-104)
	602 / (493-639)
	

	

Hóll
	126
	695
	7

	
	104
	695
	4

	
	107
	681
	7

	
	73
	548
	6

	Average concentration / (Min-Max)
	103 / (73-126)
	655 / (548-695)
	

	

Hrafnabjörg
	197
	894
	5

	
	136
	808
	5

	
	101
	955
	6

	
	61
	786
	5

	Average concentration / (Min-Max)
	124 / (61-197)
	860/ (786-955)
	

	

Innri Hólmur
	268
	1,186
	5

	
	278
	-
	

	
	279
	-
	

	
	-
	-
	

	Average concentration / (Min-Max)
	275 / (268-279)
	1,186
	

	

Skipanes
	45
	1.149
	6

	
	64
	986
	6

	
	68
	960
	4

	
	70
	1,205
	6

	Average concentration / (Min-Max)
	125 / (70-216)
	1,075 / (960 – 1,205)
	

	

Skorholt
	135
	774
	6

	
	163
	1,061
	5

	
	149
	833
	7

	
	110
	1,114
	7

	Average concentration / (Min-Max)
	139 / (110-163)
	946 / (774-1.114)
	

	

Vestri Reynir
	164
	-
	

	
	200
	-
	

	
	-
	-
	

	
	-
	-
	

	Average concentration / (Min-Max)
	182 / (164-200)
	No sample
	

	

Vogatunga
	94
	1,296
	8

	
	117
	805
	9

	
	122
	1,076
	7

	
	116
	984
	8

	Average concentration / (Min-Max)
	112 / (94-122)
	1,040 / (805-1,296)
	

	
	
	
	





	Farm
	Lambs
	Adult sheep

	
	Fluoride (µg F/g dry weight)
	Fluoride (µg F/g dry weight)
	Age

	
South of Hvalfjörður

	

Kiðafell
	76
	644
	7

	
	70
	530
	8

	
	141
	-
	

	
	69
	-
	

	Average concentration / (Min-Max)
	89 / (69-141)
	587 / (530-644)
	

	

Miðdalur
	125
	719
	4

	
	118
	785
	8

	
	117
	884
	4

	
	157
	921
	5

	Average concentration / (Min-Max)
	129 / (117-157)
	827 / (719-921)
	

	

Fell
	202
	965
	6

	
	176
	1,011
	6

	
	148
	808
	6

	
	162
	760
	6

	Average concentration / (Min-Max)
	172 / (148-202)
	886 / (760-1,011)
	

	
Reference sites

	

Bjarnarhöfn
	48
	94
	4

	
	59
	117
	5

	
	72
	122
	7

	
	61
	116
	5

	Average concentration / (Min-Max)
	60 / (48-72)
	112 / (94-122)
	

	

Skjaldfönn
	97
	209
	8

	
	147
	314
	9

	
	89
	209
	8

	
	74
	293
	7

	Average concentration / (Min-Max)
	102 / (94-147)
	256 / (209-314)
	






F.1 Fluoride in lambs and adult sheep by area

Fluoride in the jawbone of lambs by area
Figure E.1 presents fluoride concentrations in grass measured in 2007, when all smelter production lines were operational, and annually during 2016–2025. Reference measurements for 1997 are included where available. Results from earlier monitoring years (1998–2015) are available in previous annual environmental monitoring reports published by the Icelandic Environment and Energy Agency (available online, only in Icelandic).
This area is considered the least affected by fluoride emissions because of prevailing wind patterns. Monitoring in recent years has been limited to a single farm in this area, see Figure F.1. Although no baseline data are available from 1997 for this area, the average fluoride concentration measured in 2025 was significantly lower than the corresponding values recorded in both 1999 and 2007 (Figure F.11).
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FIGURE F.1	Average fluoride concentrations in the jawbones of lambs from farms located east of the industrial area.

Figure F.2 presents fluoride concentrations measured in the jawbones of lambs from monitoring farms located southwest of Akrafjall. Owing to the prevailing wind direction, this area is expected to experience the greatest influence from fluoride emissions originating from the aluminium smelter. The average fluoride concentration measured in lamb jawbones from this area in 2025 was significantly higher than the corresponding concentration measured in 1997. However, concentrations were significantly lower than those recorded in 2007, when all smelter potlines were in operation (Figure F.12).
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FIGURE F.2	Average fluoride concentrations in lamb jawbones from farms southwest and west of the industrial area, including reference values from 1997



Figure F.3 presents fluoride concentrations in lamb jawbones from farms located north and northwest of the industrial area. No suitable lamb samples were obtained from Eystra Miðfell in 2025 because collection was unsuccessful at the slaughterhouse. The average fluoride concentration measured in 2025 did not differ significantly from levels recorded in either 1997 or 2007 (Figure F.13).
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FIGURE F.3	Average fluoride concentration in the jawbones of lambs from farms north and northwest of the industrial area, together with reference values from 1997.



Figure F.4 shows fluoride concentrations in lamb jawbones from farms south of Hvalfjörður. Miðdalur was included as a new monitoring farm in this area, while Fell was reintroduced after last being sampled in 2007. The average fluoride concentration in the jawbones of lambs from this area in 2025 was significantly higher than in 1997 but significantly lower than in 2007 (Figure F.14).
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FIGURE F.2	Average fluoride concentration in the jawbones of lambs from farms south of Hvalfjörður, including reference values from 1997.



Fluoride in adult sheep by region
Monitoring east of the industrial area is conducted at Hrafnabjörg (Figure F.5). In 2025, the average fluoride concentration measured in adult sheep from this farm was not significantly different from levels observed in either 1997 or 2007 (Figure F.17).
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FIGURE F.5	Average fluoride concentration in the jawbones of adult sheep from farms east of the industrial area, together with reference values from 1997. No samples were received in 2019.

Figure F.6 presents average fluoride concentrations in the jawbones of adult sheep from monitoring farms southwest of the industrial area. No adult sheep samples were received from Vestri Reynir in 2025, and only one sample was obtained from Innri Hólmur. The average fluoride concentration in this region did not differ significantly from that measured in 2007 (Figure F.18).
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FIGURE F.6	Average fluoride concentration in the jawbones of adult sheep from farms southwest and west of the industrial area.

Figure F.7 shows average fluoride concentrations in adult sheep from farms north and northwest of the industrial area. No significant differences were detected between the 2025 results for average fluoride in the jawbones of adult sheep and those recorded in either 1997 or 2007 (Figure F.19).
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FIGURE F.7	Average fluoride concentration in the jawbones of adult sheep from farms north and northwest of the industrial area, including reference values from 1997.

Figure F.8 presents average fluoride concentrations in adult sheep from farms south of Hvalfjörður, an area also influenced by emissions from the aluminium smelter. Fell and Miðdalur were included as new monitoring sites in 2025, while no samples were obtained from Meðalfell. The average fluoride concentration in adult sheep from this region was significantly higher in 2025 than in both 1997 and 2007 (Figure F.20).
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 FIGURE F.8	Average fluoride concentration in the jawbones of adult sheep from farms south of Hvalfjörður, including reference values from 1997.
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F.2 Examination of teeth and joints in live grazing animals (sheep and horses)

Tables F.3 and F.4 summarize the veterinary examination of teeth and forelimb joints in live sheep and horses.

TABLE F.3	Summary of dental and forelimb joint examinations in sheep. Dental assessments were conducted using the scoring system developed in 1974 [22] and described in Table 8.2. in Section 8.

	
Farm
	
Date
	
n
	
Age
	Front teeth on the bottom right side
	Front teeth on the bottom left side
	
Average
	Molars
	
Joints

	
	
	
	
	ilr4
	ilr3
	ilr2
	ilr1
	ill1
	ill2
	ill3
	ill4
	
	mr
	ml
	

	Fell
	27 Jan. 2026
	9
	3.6
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Miðdalur
	31 Jan. 2026
	10
	3.7
	0
	0
	0
	0.11
	0.10
	0.10
	0.10
	0
	0.05
	0
	0
	0

	Hrafnabjörg
	27 Jan. 2026
	10
	4.4
	0
	0
	0
	0
	0.10
	0
	0
	0
	0.01
	0
	0
	0

	Vogatunga
	27 Jan. 2026
	10
	4.3
	0
	0
	0
	0.13
	0
	0
	0
	0.10
	0.03
	0.10
	0.10
	0

	Eystra Miðfell
	27 Jan 2026
	10
	4.4
	0.17
	0
	0
	0
	0
	0
	0
	0
	0.02
	0
	0
	0.10

	Kiðafell
	31 Jan 2026
	10
	4.1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0


Abbreviations: n = number; iur = incisor upper right; iul = incisor upper left; mr = molars right; ml = molars left

TABLE F.4	Summary of dental and forelimb joint examinations in horses. Dental assessments were conducted using the scoring system developed in 1974 [22] and described in Table 8.2. in Section 8.

	
Farm
	
Date
	
n
	
Age
	Front teeth upper right
	Front teeth upper left
	Front teeth bottom right
	Front teeth bottom left
	
Average
	
Joints

	
	
	
	
	iur3
	iur2
	iur1
	iul1
	iul2
	iul3
	ilr3
	ilr2
	ilr1
	ill1
	ill2
	ill3
	
	

	Ytri-Hólmur
	31 Jan 2026
	6
	14
	0
	0
	0.67
	0.33
	0
	0
	0
	0
	0
	0
	0
	0
	0.08
	0

	Litla Fellsöxl
	27 Jan 2026
	6
	22
	0.17
	0.67
	0.67
	0.67
	0.73
	0.17
	0
	0
	0
	0
	0
	0
	0.26
	0

	Miðdalur
	31 Jan 2026
	6
	13
	0
	0
	0.83
	0.50
	0.33
	0
	0
	0
	0
	0
	0
	0
	0.14
	0

	Kalastaðakot
	31 Jan 2026
	5
	14
	0
	0
	0.40
	0.20
	0.20
	0
	0
	0
	0
	0
	0
	0
	0.07
	0

	Meðalfell
	14.02.2026
	6
	15
	0
	0
	0.67
	0.67
	0
	0
	0
	0
	0
	0
	0
	0
	0.11
	0


Abbreviations: n = number; iur = incisor upper right; iul = incisor upper left; ilr: incisor lower right; ill = incisor lower left.
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F.3 Statistical Analysis of Fluoride in Sheep

Fluoride concentrations in sheep jawbone ash have been monitored annually since 1997. To assess long-term trends and variability in the data, statistical analyses were performed using monitoring results collected between 1997 and 2025.  Mean concentrations and associated 95% confidence intervals were calculated using a t-distribution.
Results of the statistical analyses are presented in Figures F.9–F.14 for lambs and Figures F.15–F.20 for adult sheep. For lambs, average fluoride concentrations in 2025 remained higher than those measured at the start of monitoring in 1997 but lower than concentrations recorded in 2007, when all smelter furnaces were operational. No meaningful change was observed between 2024 and 2025.
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FIGURE F.9	Mean fluoride concentration in lamb jawbones from all monitoring farms with 95% confidence intervals.
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FIGURE F.10	Comparison of mean fluoride concentrations in lamb jawbones from farms north and south of Hvalfjörður, with 95% confidence intervals.
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FIGURE F.11	Mean fluoride concentration in lambs from the area east of Grundartangi, shown with 95% confidence intervals and total annual fluoride emissions from the smelter.
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FIGURE F.12	Mean fluoride concentration in lambs from the area southwest of Akrafjall, shown with 95% confidence intervals and total annual fluoride emissions from the smelter.
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FIGURE F.13	Mean fluoride concentration in lambs from farms north and northwest of Grundartangi, shown with 95% confidence intervals and total annual fluoride emissions from the smelter.
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FIGURE F.14	Mean fluoride concentration in lambs from farms south of Hvalfjörður, shown with 95% confidence intervals and total annual fluoride emissions from the smelter.

Adult sheep
Average fluoride concentrations in adult sheep were higher in 2025 than at the start of monitoring in 1997, but similar to levels measured in 2007, when all the smelter’s furnaces were in operation. No substantial change was observed between 2024 and 2025.
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FIGURE F.15	Mean fluoride concentration in adult sheep from all monitoring farms, with 95% confidence intervals.
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FIGURE F.16	Comparison of fluoride concentrations in jawbone ash from adult sheep north and south of Hvalfjörður.
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FIGURE F.17	Mean fluoride concentration in adult sheep east of Grundartangi, shown with 95% confidence intervals and total annual fluoride emissions from the smelter.
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FIGURE F.18	Mean fluoride concentration in adult sheep southwest of Akrafjall, shown with 95% confidence intervals and total annual fluoride emissions from the smelter.
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FIGURE F.19	Mean fluoride concentration in adult sheep from farms north and northwest of Grundartangi, shown with 95% confidence intervals and total annual fluoride emissions from the smelter.
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FIGURE F.20	Mean fluoride concentration in adult sheep from farms south of Hvalfjörður, shown with 95% confidence intervals and total annual fluoride emissions from the smelter.
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