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Harmful substances that are prohibited or strictly regulated
in Norway are now to be dispersed on Norwegian
agricultural soil. We must work to prevent them spreading
to groundwater and entering the food chain.
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Drinking water in Norway contains low concentrations of hazardous
environmental pollutants. Our drinking water is an invaluable resource that we
must manage well. The Norwegian Pollution Control Act aims to protect
groundwater from contamination, the main sources of which are agricultural
activities, waste landfill sites, industry, urbanisation and traffic. Norway
adheres to several international agreements, such as the 1992 UN Water
Convention and the Water Framework Directive (1).

In other parts of the world, drinking water is often heavily contaminated, which
is associated with serious health impacts, such as birth defects and cancer (2,
3). In Denmark, for example, recent studies found that the risk of congenital
heart disease increased with the amount of arsenic in maternal drinking water
(4). The odds ratio of congenital heart disease was 1.33 at arsenic
concentrations of 1.0—4.9 pg/L and 1.42 for > 5.0 pg/L. Some drinking water
sources in Norway have also been found to have high concentrations of arsenic,
with up to 14 pg/L (5).

Global problem

Environmental contamination with arsenic is a global problem (6). Many
countries, particularly in Asia, have high concentrations in their groundwater.
Arsenic is taken up in food crops such as rice (7). In Southeast Asia, large
portions of the population suffer from chronic arsenic poisoning, which can
lead to, for example, skin lesions, an increased incidence of diabetes and
cardiovascular disease, as well as a higher risk of cancer (8, 9).

«In many places, environmental pollutants and organic material
are gradually destroying life in the Norwegian fjords»
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Norway currently has substantial emissions of arsenic and heavy metals. In
2022, more than 2 million tons of fish feed (dry weight) were used to feed over
500 million farmed fish in the pens along the Norwegian coast (10). Data from
the Norwegian Food Safety Authority's monitoring programme show that the
fish feed used in the period 2003—2020 contained a total of 79 tons of arsenic,
1.7 tons of lead, 5.8 tons of cadmium and 0.7 tons of mercury (11). Arsenic and
heavy metals are elements and thus not subject to further decomposition. Many
organic pollutants that are resistant to degradation also accumulate in the
environment and pose serious adverse health risks (12). The fish feed used in
2022 was partly made up of 11 kg of DDT and 200 kg of glyphosate (13), which
is the active ingredient in Roundup weedkiller. Both DDT and glyphosate have
been shown to have epigenetic effects, which means they could also affect
future generations (14, 15). While some of the feed is digested by the fish,
nearly half remains uneaten and settles in the fjord along with the fish waste
(16).

In many places, environmental pollutants and organic material are gradually
destroying life in the Norwegian fjords (17). Residents near fish farms can
witness firsthand the fouling of the shoreline, the decline of local fishing and
the suffocation of life in the fjords.

Where do the fish go?

In 2023, 62.7 million farmed salmon in Norway died in the sea; a mortality rate
of 16.7 % (18). In other words, one in six salmon die in the pens from disease
and other stresses. Besides the fact that this is poor animal welfare, the
question arises of where the aquaculture industry has disposed of more than 60
million dead, inedible farmed fish. The Norwegian Broadcasting Corporation
(NRK) has revealed that some of the naturally deceased and severely injured
fish have been sold for human consumption (19), but what happened to the
rest? When dead fish are used in the production of fishmeal and fish oil, both
inorganic and organic toxins are carried over, and when these are added to
concentrate feed, the toxins ultimately end up in meat and eggs.

It has been claimed that it is now possible to collect around 334 000 tons of
fish sludge and use it for biogas and fertiliser production (20, 21). This method
of waste collection, it is argued, can increase fish production in existing fish
farms without increasing the environmental impact (22). This could
significantly boost fish farmers' revenues.

It would be better if this collection of fish sludge was used to reduce the
environmental impact rather than increase revenues. This type of waste is
problematic for several reasons (23). In 2009, Norway implemented a ban on
the disposal of biodegradable waste (24), largely on the justification that
degradable waste generates substantial emissions of the greenhouse gas
methane and environmentally harmful leachate from landfills.
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Fish sludge as fertiliser

By dispersing farmed fish sludge on agricultural soil, farmers in Norway can
save vast amounts of artificial fertiliser. However, this practice also leads to the
soil being contaminated with environmental pollutants.

In 2022, the Norwegian Scientific Committee for Food and Environment
conducted a risk assessment of fertilisers and found that arsenic and heavy
metals in fertilisers accumulate in soil over time, resulting in increased
concentrations in crops. Thus, using fertilisers derived from aquaculture can
lead to higher concentrations of arsenic and heavy metals in the environment.
The committee states: 'The intake of arsenic, cadmium, mercury and lead from
food is already high relative to their toxicity, and any increase in intake of these
substances is undesirable' (author's translation) (25). Animals grazing in
contaminated areas will absorb these toxins, which will then continue to
circulate in the environment (26, 27).

Fish waste is therefore a significant and extensive problem. Elements do not
break down — no matter what is done with the waste, the arsenic and heavy
metals remain in the mix.

Fish sludge is not approved in the EU as fertiliser, nor is it approved as an
ingredient in organic fertiliser (28, 29). However, a new market has been found
for the sludge: it is dried, pelletised and shipped to Vietnam for sale as fertiliser
(30). Thus, it is being sent to a country already facing major problems with
contaminated drinking water (7). Some of the fish sludge also ends up in
agricultural soil in Norway.

«Dispersing the waste into the environment is contributing to the
distribution of harmful substances throughout the food chain and
contaminating the groundwater»

Slow poisoning

There is a global shortage of fertiliser. Meanwhile, life in our fjords is being
destroyed by over-fertilisation with waste from fish farms. It can therefore be
tempting to seek better ways to deal with fish waste. However, dispersing the
waste into the environment is contributing to the distribution of harmful
substances throughout the food chain and contaminating the groundwater.
Unfortunately, industry stakeholders seem to be ignoring the problem.
Furthermore, it is worth noting that the environmental toxins in fish waste
originate from the fish feed, most of which is imported. We are essentially
importing both an environmental problem and a potential public health risk,
and the volume of this import is increasing.
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Contamination from arsenic and heavy metals in fertilisers, and consequently
in groundwater, is a global problem (6, 9) that Norway also needs to take
seriously. However, as long as the focus remains on increasing fish production
rather than reducing the environmental impact, enormous volumes of waste
will continue to pollute our fjords, our nature and our food sources, slowly
poisoning us all.

The article was written on behalf of the Norwegian special interest group for
environmental pollutants and public health.

REFERENCES

1. Lovdata. Forskrift om rammer for vannforvaltningen.
https://lovdata.no/dokument/SF/forskrift/2006-12-15-1446 Accessed

13.5.2024.

2. Dolk H, Vrijheid M, Armstrong B et al. Risk of congenital anomalies near
hazardous-waste landfill sites in Europe: the EUROHAZCON study. Lancet
1998; 352: 423—7. [PubMed][CrossRef]

3. Senior K, Mazza A. Italian "Triangle of death" linked to waste crisis. Lancet
Oncol 2004; 5: 525—7. [PubMed][CrossRef]

4. Richter F, Kloster S, Wodschow K et al. Maternal exposure to arsenic in
drinking water and risk of congenital heart disease in the offspring. Environ
Int 2022; 160. doi: 10.1016/j.envint.2021.107051. [PubMed][CrossRef]

5. Abiyos B. Determination of trace elements in ground drinking water in
Norway. https://nmbu.brage.unit.no/nmbu-xmlui/handle/11250/2445386
Accessed 17.6.2024.

6. Naujokas MF, Anderson B, Ahsan H et al. The broad scope of health effects
from chronic arsenic exposure: update on a worldwide public health problem.
Environ Health Perspect 2013; 121: 295—302. [PubMed][CrossRef]

7. Mondal R, Majumdar A, Sarkar S et al. An extensive review of arsenic
dynamics and its distribution in soil-aqueous-rice plant systems in south and
Southeast Asia with bibliographic and meta-data analysis. Chemosphere
2024; 352. doi: 10.1016/j.chemosphere.2024.141460. [PubMed][CrossRef]

8. Sinha D, Prasad P. Health effects inflicted by chronic low-level arsenic
contamination in groundwater: A global public health challenge. J Appl
Toxicol 2020; 40: 87—131. [PubMed][CrossRef]

9. Khatun J, Intekhab A, Dhak D. Effect of uncontrolled fertilization and
heavy metal toxicity associated with arsenic(As), lead(Pb) and cadmium (Cd),
and possible remediation. Toxicology 2022; 477. doi:
10.1016/j.tox.2022.153274. [PubMed][CrossRef]

10. Fiskeridirektoratet. Statistiske publikasjoner - akvakultur.
https://www.fiskeridir.no/Akvakultur/Tall-og-analyse/Statistiske-

Hazardous substances going astray | Tidsskrift for Den norske legeforening


https://lovdata.no/dokument/SF/forskrift/2006-12-15-1446
http://dx.doi.org/10.1016%2FS0140-6736(98)01352-X
http://dx.doi.org/10.1016%2FS0140-6736(98)01352-X
http://dx.doi.org/10.1016%2FS0140-6736(98)01352-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9708749&dopt=Abstract
http://dx.doi.org/10.1016%2FS0140-6736(98)01352-X
http://dx.doi.org/10.1016%2FS1470-2045(04)01561-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15384216&dopt=Abstract
http://dx.doi.org/10.1016%2FS1470-2045(04)01561-X
http://dx.doi.org/10.1016%2Fj.envint.2021.107051
http://dx.doi.org/10.1016%2Fj.envint.2021.107051
http://dx.doi.org/10.1016%2Fj.envint.2021.107051
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34942407&dopt=Abstract
http://dx.doi.org/10.1016%2Fj.envint.2021.107051
https://nmbu.brage.unit.no/nmbu-xmlui/handle/11250/2445386
http://dx.doi.org/10.1289%2Fehp.1205875
http://dx.doi.org/10.1289%2Fehp.1205875
http://dx.doi.org/10.1289%2Fehp.1205875
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23458756&dopt=Abstract
http://dx.doi.org/10.1289%2Fehp.1205875
http://dx.doi.org/10.1016%2Fj.chemosphere.2024.141460
http://dx.doi.org/10.1016%2Fj.chemosphere.2024.141460
http://dx.doi.org/10.1016%2Fj.chemosphere.2024.141460
http://dx.doi.org/10.1016%2Fj.chemosphere.2024.141460
http://dx.doi.org/10.1016%2Fj.chemosphere.2024.141460
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38364927&dopt=Abstract
http://dx.doi.org/10.1016%2Fj.chemosphere.2024.141460
http://dx.doi.org/10.1002%2Fjat.3823
http://dx.doi.org/10.1002%2Fjat.3823
http://dx.doi.org/10.1002%2Fjat.3823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31273810&dopt=Abstract
http://dx.doi.org/10.1002%2Fjat.3823
http://dx.doi.org/10.1016%2Fj.tox.2022.153274
http://dx.doi.org/10.1016%2Fj.tox.2022.153274
http://dx.doi.org/10.1016%2Fj.tox.2022.153274
http://dx.doi.org/10.1016%2Fj.tox.2022.153274
http://dx.doi.org/10.1016%2Fj.tox.2022.153274
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35905945&dopt=Abstract
http://dx.doi.org/10.1016%2Fj.tox.2022.153274
https://www.fiskeridir.no/Akvakultur/Tall-og-analyse/Statistiske-publikasjoner

publikasjoner Accessed 3.5.2024.

11. Havforskningsinstituttet. Rapporter. https://www.hi.no/hi/nettrapporter
Accessed 24.5.2024.

12. Li QQ, Loganath A, Chong YS et al. Persistent organic pollutants and
adverse health effects in humans. J Toxicol Environ Health A 2006; 69:
1987—2005. [PubMed][CrossRef]

13. Mattilsynet. Overvikningsprogram for fiskefor.
https://www.mattilsynet.no/for/overvakningsprogram-for-fiskefor Accessed

3.5.2024.

14. Lorenz V, Rossetti MF, Dallegrave E et al. Editorial: Glyphosate Herbicide
as Endocrine Disruptor and Probable Human Carcinogen: Current
Knowledge and Future Direction. Front Endocrinol (Lausanne) 2021; 12. doi:
10.3389/fendo.2021.772911. [PubMed][CrossRef]

15. Cirillo PM, La Merrill MA, Krigbaum NY et al. Grandmaternal Perinatal
Serum DDT in Relation to Granddaughter Early Menarche and Adult Obesity:
Three Generations in the Child Health and Development Studies Cohort.
Cancer Epidemiol Biomarkers Prev 2021; 30: 1480—8. [PubMed][CrossRef]

16. Nofima. Verdt & vite om slam fra fiskeoppdrett.
https://nofima.no/fakta/verdt-a-vite-om-slam-fra-fiskeoppdrett/ Accessed

3.5.2024.
17. Seetre S, @stli K. Den nye fisken. Oslo: Spartacus Forlag, 2021.

18. Veterinarinstituttet. Rekordmange oppdrettslaks dade i sjgen i 2023.
https://www.vetinst.no/nyheter/rekordmange-oppdrettslaks-dode-i-sjoen
Accessed 7.5.2024.

19. Omvik OR. Mattilsynet mener syk og selvded laks skulle selges som fersk
matfisk. NRK 11.11.2023. https://www.nrk.no/norge/mattilsynet-mener-syk-
og-selvdod-laks-skulle-selges-som-fersk-matfisk-1.16588744 Accessed
6.5.2024.

20. Ahuja I, Dauksas E, Remme JF et al. Fish and fish waste-based fertilizers
in organic farming - With status in Norway: A review. Waste Manag 2020;
115: 95—112. [PubMed][CrossRef]

21. Gulden KT. Fiskeslam har variabel effekt som nitrogengjaedsel.
https://www.nibio.no/nyheter/fiskeslam-har-variabel-effekt-som-
nitrogengjodsel Accessed 23.2.2022.

22. Klgvstad A. Potensialet for oppdrettsslam betydelig storre enn hittil kjent.
https://kretslopet.no/gjenvinning/potensialet-for-oppdrettsslam-betydelig-
storre-enn-hittil-kjent/ Accessed 6.5.2024.

23. Kayastha V, Patel J, Kathrani N et al. New Insights in factors affecting
ground water quality with focus on health risk assessment and remediation

Hazardous substances going astray | Tidsskrift for Den norske legeforening


https://www.fiskeridir.no/Akvakultur/Tall-og-analyse/Statistiske-publikasjoner
https://www.hi.no/hi/nettrapporter
http://dx.doi.org/10.1080%2F15287390600751447
http://dx.doi.org/10.1080%2F15287390600751447
http://dx.doi.org/10.1080%2F15287390600751447
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16982537&dopt=Abstract
http://dx.doi.org/10.1080%2F15287390600751447
https://www.mattilsynet.no/for/overvakningsprogram-for-fiskefor
http://dx.doi.org/10.3389%2Ffendo.2021.772911
http://dx.doi.org/10.3389%2Ffendo.2021.772911
http://dx.doi.org/10.3389%2Ffendo.2021.772911
http://dx.doi.org/10.3389%2Ffendo.2021.772911
http://dx.doi.org/10.3389%2Ffendo.2021.772911
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34675889&dopt=Abstract
http://dx.doi.org/10.3389%2Ffendo.2021.772911
http://dx.doi.org/10.1158%2F1055-9965.EPI-20-1456
http://dx.doi.org/10.1158%2F1055-9965.EPI-20-1456
http://dx.doi.org/10.1158%2F1055-9965.EPI-20-1456
http://dx.doi.org/10.1158%2F1055-9965.EPI-20-1456
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33853850&dopt=Abstract
http://dx.doi.org/10.1158%2F1055-9965.EPI-20-1456
https://nofima.no/fakta/verdt-a-vite-om-slam-fra-fiskeoppdrett/
https://www.vetinst.no/nyheter/rekordmange-oppdrettslaks-dode-i-sjoen
https://www.nrk.no/norge/mattilsynet-mener-syk-og-selvdod-laks-skulle-selges-som-fersk-matfisk-1.16588744
https://www.nrk.no/norge/mattilsynet-mener-syk-og-selvdod-laks-skulle-selges-som-fersk-matfisk-1.16588744
http://dx.doi.org/10.1016%2Fj.wasman.2020.07.025
http://dx.doi.org/10.1016%2Fj.wasman.2020.07.025
http://dx.doi.org/10.1016%2Fj.wasman.2020.07.025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32736033&dopt=Abstract
http://dx.doi.org/10.1016%2Fj.wasman.2020.07.025
https://www.nibio.no/nyheter/fiskeslam-har-variabel-effekt-som-nitrogengjodsel
https://www.nibio.no/nyheter/fiskeslam-har-variabel-effekt-som-nitrogengjodsel
https://kretslopet.no/gjenvinning/potensialet-for-oppdrettsslam-betydelig-storre-enn-hittil-kjent/
https://kretslopet.no/gjenvinning/potensialet-for-oppdrettsslam-betydelig-storre-enn-hittil-kjent/
http://dx.doi.org/10.1016%2Fj.envres.2022.113171
http://dx.doi.org/10.1016%2Fj.envres.2022.113171
http://dx.doi.org/10.1016%2Fj.envres.2022.113171
http://dx.doi.org/10.1016%2Fj.envres.2022.113171

techniques. Environ Res 2022; 212 (Pt A). doi: 10.1016/j.envres.2022.113171.
[PubMed][CrossRef]

24. Folkehelseinstituttet. Deponering og forbrenning - rad og foringer.
https://www.thi.no/kl/avfall-og-soppel/info-kommune-og-naring/rad-til-
kommunen-om-avfall/ Accessed 6.5.2024.

25. VKM. Tungmetaller og arsen i gjodselvarer og jord — effekt pa helse og
miljo i Norge.
https://vkm.no/risikovurderinger/allevurderinger/tungmetallerogarsenigjod
selvarerogjordeffektpahelseogmiljoinorge.4.6efooa6c15feaaftfef171ddg.html
Accessed 6.5.2024.

26. Stephens RD, Petreas MX, Hayward DG. Biotransfer and bioaccumulation
of dioxins and furans from soil: chickens as a model for foraging animals. Sci
Total Environ 1995; 175: 253—73. [PubMed][CrossRef]

27. Nawab J, Khan S, Shah MT et al. Quantification of Heavy Metals in
Mining Affected Soil and Their Bioaccumulation in Native Plant Species. Int J
Phytoremediation 2015; 17: 801—13. [PubMed][CrossRef]

28. Brod E, Ogaard AF. Fiskeslam.
https://www.nibio.no/tema/jord/organisk-avfall-som-gjodsel /fiskeslam
Accessed 7.5.2024.

29. Mathisen G. Norsk fiskeslam kan hjelpe pa matmangel, men EU vil ikke
gjodsle med det. https://www.forskning.no/fisk-landbrukmat/norsk-
fiskeslam-kan-hjelpe-pa-matmangel-men-eu-vil-ikke-gjodsle-med-
det/1991742 Accessed 6.5.2024.

30. Bioretur. Khoa Nguyen i Vietnam vil ha mer fiskegjodsel fra Bioretur og

Norge. https://bioretur.no/bioretur/aktuelt/merfiskegjodsel/ Accessed
6.5.2024.

Publisert: 25. September 2024. Tidsskr Nor Legeforen. DOI: 10.4045/tidsskr.24.0295
Received 24.5.2024, first revision submitted 20.6.2024, accepted 24.6.2024.
Copyright: © Tidsskriftet 2026 Downloaded from tidsskriftet.no 3 July 2026.

Hazardous substances going astray | Tidsskrift for Den norske legeforening


http://dx.doi.org/10.1016%2Fj.envres.2022.113171
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35364042&dopt=Abstract
http://dx.doi.org/10.1016%2Fj.envres.2022.113171
https://www.fhi.no/kl/avfall-og-soppel/info-kommune-og-naring/rad-til-kommunen-om-avfall/
https://www.fhi.no/kl/avfall-og-soppel/info-kommune-og-naring/rad-til-kommunen-om-avfall/
https://vkm.no/risikovurderinger/allevurderinger/tungmetallerogarsenigjodselvarerogjordeffektpahelseogmiljoinorge.4.6ef00a6c15feaaffcf171dd9.html
https://vkm.no/risikovurderinger/allevurderinger/tungmetallerogarsenigjodselvarerogjordeffektpahelseogmiljoinorge.4.6ef00a6c15feaaffcf171dd9.html
http://dx.doi.org/10.1016%2F0048-9697(95)04925-8
http://dx.doi.org/10.1016%2F0048-9697(95)04925-8
http://dx.doi.org/10.1016%2F0048-9697(95)04925-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8578308&dopt=Abstract
http://dx.doi.org/10.1016%2F0048-9697(95)04925-8
http://dx.doi.org/10.1080%2F15226514.2014.981246
http://dx.doi.org/10.1080%2F15226514.2014.981246
http://dx.doi.org/10.1080%2F15226514.2014.981246
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26079739&dopt=Abstract
http://dx.doi.org/10.1080%2F15226514.2014.981246
https://www.nibio.no/tema/jord/organisk-avfall-som-gjodsel/fiskeslam
https://www.forskning.no/fisk-landbrukmat/norsk-fiskeslam-kan-hjelpe-pa-matmangel-men-eu-vil-ikke-gjodsle-med-det/1991742
https://www.forskning.no/fisk-landbrukmat/norsk-fiskeslam-kan-hjelpe-pa-matmangel-men-eu-vil-ikke-gjodsle-med-det/1991742
https://www.forskning.no/fisk-landbrukmat/norsk-fiskeslam-kan-hjelpe-pa-matmangel-men-eu-vil-ikke-gjodsle-med-det/1991742
https://bioretur.no/bioretur/aktuelt/merfiskegjodsel/

