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above-mentioned Sinanodonta woodiana. High mortality was also observed among inva-
sive species of mussels from other species — Corbicula spp., Dreissena ssp.: zebra mussel
Dreissena polymorpha and the rarely reported in Poland, but perhaps only unrecognized,
quagga mussel D. rostriformis ssp. bugensis. However, it is too early to judge the future
fate of the population of these types of alien mussels.

Fig. 3. The ecological disaster in the Oder in 2022
Source: Wikipedia

Among the dead snails, there were gill-breathing species of: Bithynia ssp. (identified
to the genus), Viviparus viviparus; as well as freshwater genera of Pulmonata, first and
foremost, pond snails of family Lymnaeidae (identified to the family only) and great ram-
shorn (Planorbarius corneus) [Szlauer-Eukaszewska et al. 2024] (Fig. 4a, 4b).

The disastrous HAB of P. paroum confirmed in practice the validity of the legal-admin-
istrative protection of the Miedzyodrze. This vast area of oxbow lakes, feral canals and
holms on the Regalica and Western Oder acted as a gigantic, natural water treatment
plant and biological waste disposal plant. It has absorbed and decomposed hundreds of
tonnes of dead macroinvertebrates and fish. In doing so, it has retained almost all of its
own invertebrate biomass and biodiversity, remaining an important spawning ground
for fish, as well as feeding, moulting and resting sites for waterfowls and wetland birds
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[Szlauer-ELukaszewska et al. 2024]. This confirms the high assessment of ecosystem ser-
vices of the waters and wetlands of the Miedzyodrze, as well as the validity of efforts,
which have been ongoing since the late 1940s, aiming to increase the protection of this river
and wetlands by establishing a national park here, optionally a network of nature reserves
[Wodziczko et al. 1948; Wotejko 2015; Jasnowska (ed.) 2022; Wotejko et al. 2024] (Fig. 5).

Fig. 4a. Mussels died off in the Oder in 2022. Duck mussel (Anodonta anatina)
Source: Wikipedia

Fig. 4b. Mussels died off in the Oder in 2022. Chinese pond mussel (Sinanodonta woodiana)
Source: Wikipedia
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Fig. 5. Miedzyodrze - bird's-eye view

Source: Wikipedia

Media reports on massive die-off of birds and mammals, e.g. otters and beavers,
were not confirmed. Despite a thorough search, only the death of two specimens
of the Eurasian water shrew (Neomys fodiens) was confirmed. Adult specimens of skin-
and lung-breathing amphibians like frogs of genus Pelophylax also survived the bloom
[Szlauer-Lukaszewska et al. 2024].

Experimental removal of P. parvum
and prymnesins from the Gliwice Canal in 2023

Large-scale experiments conducted in the Gliwice Canal jointly by scientists (from the
Koszalin University of Technology, the University of Warmia and Mazury in Olsztyn and
the University of Warsaw), the Biopro company, the Polish Armed Forces, the State Water
Holding — Polish Waters, the Chief Inspectorate for Environmental Protection (GIOS) and
the State Fire Service in 2023 tested the effectiveness of three P. parvum neutralising agents:

1) commercially available, popular in Poland and neighbouring countries coagulant

PIX,,, based on iron(IlI) chloride — FeCl,,

2) innovative clay of class Phoslock containing lanthanum (La),
3) hydrogen peroxide (30% solution of hydrogen peroxide, H,0,).
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The commercial coagulant PIX, , performed well pointwise in sections with stag-
nant water, but — as expected — failed in flowing water. The phosphate concentration in
water dropped more markedly than after Phoslock administration. Decreases in nitro-
gen and total organic matter concentrations were more difficult to detect. Prymnesins
were only adsorbed by the coagulum formed after the application of the agent, rather
than precipitated immediately after reaction with iron(III) chloride. The number of “kill-
er algae” initially had decreased, but then increased. The concentration of free prym-
nesins also had decreased at first, but then increased. At the end of the experiment, it
reached a level higher than before the experiment with coagulant PIX , [Panek 2022,
2023; Szczepanski et al. 2023].

Phoslock with lanthanum reduced the numbers of live algal cells by 80%, as well as
bound prymnesins already secreted into the water. A decrease in the density of golden
algae cells occurred immediately after the administration of lanthanum clay, but after
only 2-3 days P. parvum started to proliferate again. Numbers not only had returned
to the initial state, but surpassed it after a few days of the experiment. It then began to de-
cline again. The concentration of free prymnesins in water also decreased [Panek 2022,
2023; Szczepanski et al. 2023]. The disadvantages of this method, however, will be
the under-researched side-effects of lanthanum administration, as well as its increas-
ing price and shortage on the market. Lanthanum is considered to have no role in the
human body as a micronutrient, is poorly absorbed and equally poorly expelled after
oral administration. It is sometimes a cofactor for enzymes in methanotrophic bacte-
ria, just like cerium, neodymium and praseodymium. It is included in the drug called

111

Fosrenal, which removes excess calcium in patients with severely diseased kidneys.
Lanthanum ions may substitute for zinc cations as an allosteric modulator of GABA
receptors in mammals, including humans. Injection of lanthanum solutions may relieve
pain (the mechanism of action at the cellular and molecular level remains unknown),
besides it causes hyperglycemia, lowers blood pressure and cholesterol level, but it also
harms the liver, lungs and spleen. Lanthanum is sometimes used as a substitute for
calcium ions in some medical research. Toxicity towards humans is giving rise to contro-
versy among people skilled in the art, and is sometimes assessed as low or moderately
high [Boldyreva 2005; Emsley 2011; Arjan et al. 2013] (Fig. 6).

Hydrogen peroxide H,O,, also referred to as “peroxide”, may effectively inhibit
the growth of golden algae. The scientific basis for the experiments with this sub-
stance were both literature data and numerous unpublished results and conclusions
on the mitigation of blue-green algae (Cyanobacteria) blooms. Prior to the field work
in the Gliwice Canal, studies were carried out on a smaller, laboratory scale in order
to choose the concentration of H,0, correctly. To this end, a control variant in the
form of water without any additives and three different experimental variants with
different concentrations of 40, 80 and 120 mg/1 of 35% hydrogen peroxide each were
used. During the in-camera work in the laboratory of Prof. Iwona Jasser’s body,
the following was monitored:
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— physical-chemical parameters of the water in situ by analysing changes in electri-
cal conductivity, salinity, pH, temperature, oxygen concentration and percentage
of oxygen saturation of water;

— composition, abundance and structure of phytoplankton.

Fig. 6. Tests of various methods of eliminating the golden algae bloom in the Gliwice Canal

Source: Wikipedia

At the same time, in Gdansk, in Prof. Hanna Mazur-Marzec’s laboratory, world-pio-
neering measurements of the concentration of prymnesins in P. parvum cells and in water
were taken. Laboratory analyses shown that hydrogen peroxide effectively reduces
P. parvum bloom, as well as removes golden algae themselves from the environment.
As a result, a large-scale application of hydrogen peroxide was proposed in the
Stawecice lock, in the Gliwice Canal. H,0, was applied analogously to iron(III) chloride,
i.e. after previously diluting 206 1 of hydrogen peroxide in 1 m® of water, using a hose
with holes at a depth of approx. 0.5-1 m, passing along the lock a couple of times. It was
advised that after adding hydrogen peroxide, the water in the lock should be stirred,
e.g. by motorboating.

During a field experiment in the Stawiecice lock, it was noted that the concentration
of hydrogen peroxide decreased markedly within 12 h. After 72 h, it could not be detect-
ed. Both prymnesins concentrations and phytoplankton biomass in water decreased
over 24 h. For the next 14 days, no golden algae and other eukaryotic algae bloom was
proved. However, brief but significant increase in phytoplankton biomass after 96 h
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observed at the time (admittedly without P. parvum, but perhaps with blue-green algae
(Cyanobacteria)?) was disturbing. Fish were fished out of the lock and then examined
for pathological features due to exposure to reactive oxygen species (ROS) after hydro-
gen peroxide treatment. Due to the fact that only one fish species was analysed in the
Stawiecice lock and the risk of interactions with other factors operating outside the lab-
oratory, a number of other fish, amphibian tadpoles and macroinvertebrates species
typical for the Oder basin should be examined.

According to contractors” assumptions hydrogen peroxide administered in the right
proportions should not harm the ecosystem. After being applied against golden algae, it
will decompose into water and oxygen within several hours. This distinguishes it from
ammonium sulphate and copper(Il) sulphate, as hydrogen peroxide will not leave any
traces in the environment [Jasser 2023; Szczepanski et al. 2023].

On the one hand, copper(Il) sulphate CuSO, contains copper which is for fish and
many invertebrates almost as toxic as mercury for people. Copper introduced into
the aquatic environment during the elimination of P. parvum bloom will accumulate
in the environment. It can therefore continue to poison organisms long after application,
leading to either acute or chronic poisoning. It is this long-term toxicity and accumula-
tion in the environment (and subsequent biomagnification in living organisms, highest
in apex predators, therefore not uncommon in humans) that has led many countries
and companies to ban the use of CuSO, for the decontamination of water, hydraulic
structures, boats, fishing gear and/or fish treatment. The decontamination of aquacul-
ture with CuSO, is unacceptable from a legal-administrative and ethical point of view,
although still illegally practised due to its cheapness, simplicity of application and
at least apparent effectiveness.

On the other hand, the use of ammonium sulphate (NH,),SO, fertilises the water by
introducing additional nitrogen. The use of this salt therefore accelerates eutrophication
(over-fertilisation of water and bottom sediments). Eutrophication, in turn, fosters the
growth of both P. parvum and other algae (blue-green algae (Cyanobacteria) and green algae
(Chlorophyceae)) in the long term. While a green algae bloom presents “only” an aesthetic
challenge, sometimes also a technical one, a blue-green algae (Cyanobacteria) bloom may
be a health and life threat not only to fish and mussels, but also to humans and livestock.

None of the methods characterised above for dealing with “killer algae” blooms is
ideal. Some may be more harmful in the long term than fish die-off itself. Others are
safer for living organisms, but bring only temporary improvements, neither fully elim-
inating P. paroum nor prymnesins already present in water and sediments. Therefore,
it is necessary to further experiment with their application on a small scale of: aquaria,
aquaculture and fishing ponds, as well as to test further innovative products based on
other rare-earth elements and/or other natural and artificial sorptive materials [Jasser
2023; Szczepanski et al. 2023].

However, modern anti-algal agents (algicides) are not suitable for use at larger
scales or in flowing waters. Suppressing the growth of “killer algae” in canals, rivers
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or flow-through lakes requires pointwise use of biostabilisers. Preferably natural, bio-
degradable, cheap and easy to produce. Therefore, in countries with warmer, tropical
climates, high hopes are pinned on the thermophilic reed — giant cane (Arundo donax).
In Poland —in the Gliwice Canal and in oxbow lakes of the Oder (Czernica, Januszkowice,
Lacha Jelcz) — nets and biostabilisers made of barley straw are being tested. Due to the
possible increase in flows, it is recommended to change their position, e.g. anchor them
in the middle of the reservoir in winter and spring, followed by marking them with
buoys [Panek 2022, 2023; Courseau 2023; Szczepanski et al. 2023].

Recommendations of the Ministry of Climate and governmental agencies

A massive fish, tadpoles and macroinvertebrates die-off in the mainstream of the
Oder was avoided in 2023 [Courseau 2023]. However, significant, potentially dan-
gerous for the environment and economy, abundances of P. parvum were recorded in
the Gliwice Canal, Czernica Reservoir (Dolnoslaskie Voivodeship) and Januszkowice
Reservoir (Opolskie Voivodeship). There was also quite a lot of it in the “Lacha Jelcz”
reserve. Golden algae were getting into the mainstream during periodic floods after
downpours. The Crisis Management Team of the Ministry of Climate and Environment
issued recommendations for the relevant services and all waters users. There were also
broader indications for further action created which were intended for all citizens and
subsequent governments.

Priorities for the coming seasons are:

- maintaining permanent monitoring of water quality in the Oder basin;

— monitoring of the Vistula, especially the upper Vistula, where conditions potentially
favourable to “killer algae” have also developed;

- maintaining and improving intelligent management of wastewater discharges,
primarily adjusting the amount of brine discharged to the current hydrological
conditions;

— if necessary: diluting wastewater by discharging clean water from retention res-
ervoirs during low flows/in situation in which it is not possible to store brine
and wastewater, particularly important for discharges from reservoirs: Mietkéw
on the Bystrzyca, Turawa on the Mata Panew and the cascade of reservoirs: Topola,
Otmuchéw and Nysa on the Nysa Ktodzka;

— continuous, increased controls over waters users;

— eliminating illegal wastewater outlets;

— restoring the Oder ecosystems, including restocking with genetic lines/species
native to the Oder basin;

— further tests performed by scientists and practitioners (State Fire Service, troops
of chemical defence, Chief Inspectorate for Environmental Protection (GIOS),
Voivodeship Inspectorate for Environmental Protection (WIOS), Regional Inspectorate
for Environmental Protection (RDOS), Institute of Environmental Protection-National
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Research Institute (IOS-PIB), Inland Fisheries Institute-National Research Institute
(IRS-PIB), State Water Holding-Polish Waters (PGW WP), companies engaged in bioman-
ipulation of lakes and remediation of fishery farms) on the neutralisation of golden algae
in flowing waters and vast bodies of water;

pointwise use of biostabilisers, at least until development of better methods;
investing in the desalination of mine water by mining plants;

further investing in water and wastewater economy;

creating new gene banks for fish in the Oder basin;

screening for P. parvum in Czechia and Germany’s waters;

for the Vistula basin for the winter period 2023 /24: continuing emergency monitor-
ing on the Pszczynka, monitoring of P. parvum presence by mining plants in tech-
nical reservoirs not only in the Pniéwek mine, and finally expanding the retention
capacity of municipal and industrial plants [Courseau 2023; Ministerstwo Klimatu
i Srodowiska 2023b, 2023c].

Recommendations of scientists and NGOs

Scientists and activists from social and environmental organisations, especially

the Polish Angling Association (PZW), Polish Hydrobiology Society (PTHydrobiol.),
Greenpeace, Greenmind, World Wide Fund for Nature (WWF) and Coalition “Save the
Rivers!” demand, in addition to the activities recommended by the authorities, many
further actions, i.e.:

to stop all construction and renovation work leading to the regulation of the river-
bed, its concreting; to create reservoirs;

to gradually remove the regulatory structures, transverse and longitudinal parti-
tions, or at least compensate their presence by new fish ladders, to move back flood
banks away from the river bed;

to decommission all wastewater and brine discharges, not only illegal ones, but also
those that have so far been operating legally;

to restore natural river and riverain ecosystems, especially riparian forests, reeds and
meadows on floodplains;

to implement other environmentally friendly and nature-based solutions (NBS),
e.g. to separate arable fields from the river with buffer zones with native or at least
non-invasive species in Poland and Germany, to turn grasslands back into bogs and
to convert agriculture to paludiculture;

to refrain from stocking until the fish and Cyclostomi feeding base has recovered,
to recreate spawning grounds for fish and create numerous new spawning grounds
for fish;

to enhance control over stocking, including not only the sanitary supervision of
equipment and the health status of fish, but also their provenance (genetics) accord-
ing to higher scientific and ethical standards (since, according to the latest research,
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not only golden loaches but also minnows from the Oder represent separate species,
or at least evolutionary lines, thus ecologically significant units (ESU) and manage-
ment units (MU));

to restore not only fish population, but first and foremost entire macroinvertebrate
communities, as well as aquatic and terrestrial-aquatic plant habitats, including the
creation of gene banks and refugia for invertebrates;

to reintroduce a number of umbrella and special concern species, not only of Atlantic
sturgeon, but also of allis shad, twait shad, European smelt, riffle minnow, Baltic
minnow, European sea sturgeon and /or lamprey;

to create refugia and gene banks not only for fish, but also for numerous other groups
of living organisms;

to strengthen legal-administrative protection of the Oder basin by enlarging the exist-
ing nature reserves and Natura 2000 areas, as well as to establish further national
parks (e.g. Lower Oder Valley, Middle Oder Valley, Bukowa Blackforest/Szczecinski
National Park, Dolnoslaski Coniferous Forest and Milickie Ponds) [Klub 2022; PZW
2022; Czerniawski 2023a, 2023b, 2023¢c; Kolada 2023; Stugocki, Czerniawski 2023;
Szlauer-L.ukaszewska et al. 2024].

Conclusions and recommendations of the Supreme Audit Office (NIK)

The Supreme Audit Office requested the Prime Minister to:

review and evaluate water management arrangements to ensure effective protection
of water and its monitoring;

involve the Governmental Bureau of Analyses in the development of proposals to
reduce salinity of waters caused by mining activities;

implement a nationwide system supporting crisis management.

For the Minister of Infrastructure, in turn, the office formulated a series of conclu-

sions on legislative work to:

ensure that the cumulative impact of wastewater discharges is assessed by the rele-
vant authorities issuing and prolonging water-legal permits;

amend the regulations so as to limit the possibility of an increase in the salinity of
freshwater;

improve information flow on: research conclusions and measurements of water,
research conclusions on discharged wastewater and actions taken during the imple-
mentation of Water Management Plans;

clarify the regulations and procedures regarding the information transfer between:
the Ministry of Infrastructure, State Water Holding — Polish Waters, Inspectorates
for Environmental Protection and other environmental protection-related authorities
[NIK 2023].
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American experience in restoring mussels and fish biodiversity after
golden algae blooms

For the Oder, the restoration experience of the Dunkard Creek, one of the tributaries
of the Ohio River in Pennsylvania and West Virginia, affected by a massive gill-breath-
ing animals die-off following the golden algae bloom, as a result of mine water dis-
charge, may be useful to some extent. The climate and biota of the Ohio River basin are
more similar to those of the rivers and reservoirs of Texas. Most species of fish recolo-
nised the Dunkard Creek after just one year, but some species still has not reached their
former abundance, i.e. 10 years after the ecological disaster. In the case of mussels of
family Unionidae (so with a biology similar to our mussels of genera Unio and Anodonta,
with glochidia parasitising fish), the situation was worse. A decision was made to move
mature mussel specimens of 10 species to areas ravaged by algae, while stocking the
stream with the species theoretically most resistant to the glochidia of these molluscs.
Restoration monitoring in 2011, 2015 and 2018 confirmed the presence of only increas-
ingly older, translocated specimen, but did not show the presence of their offspring.
This was probably due to the still too poor quality of water [Hartman et al. 2021] (Fig. 7).

Fig. 7. Fish and invertebrate die-off in Dunkard Creek

Source: Wikipedia
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British experience of the Norfolk Broads protected area

Golden algae blooms are causing massive fish die-off in the Norfolk Broads (Suffolk
Broads, the Broads), an English wetland protected area with a legal status similar to
national parks. A network of canals and rivers and more than 60 water bodies, gener-
ally former broads, have been preserved there. It is a well-known fishing, boating and
birding centre, visited by millions of tourists every year. Increasingly frequent P. parvum
blooms are threatening local tourism and biodiversity. After the ecological disaster in
2015, research on golden algae was intensified. The results indicate the role of increasing
summer temperatures for algal blooms formation and Prymnesium parvum DNA virus
BW1 (PpDNAV-BW1) in ending blooms. The administration of hydrogen peroxide is
being tested here as a method of mitigating HABs in broads and canals, which is rela-
tively safe for the unique flora and fauna. However, the most effective method of rescu-
ing fish, molluscs and crustaceans remains to harvest them quickly and then move them
to safe places [Wagstaff et al. 2021] (Fig. 8).

Fig. 8. Massive fish and invertebrates die-off in the Norfolk Broads. Saving fish

Source: Wikipedia
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General conclusions

We people are to some extent to blame for the massive golden algae bloom. If it were
not for climate change, contamination of the waters with brine from mines and heat
from power stations, this mainly marine, thermophilic algae would not have found such
excellent conditions in the Oder, as well as in the reservoir of the Pniéwek mine in the
Vistula basin.

If it were not for biogenes from fertilizers, antibiotics from household and agri-
cultural wastewater, and finally the poisons, which still need to be tested, from thou-
sands of illegal sewage outlets, the prymnesins micelles might not have been activated
[Majewski 2023; Marchowski, Lawicki 2023; Marchowski et al. 2023; Sobieraj, Metelski
2023; Szlauer-Lukaszewska et al. 2024].

The Polish Hydrobiology Society (PTHydrobiol.) was one of the first scientific soci-
eties to speak out on the causes of the ecological disaster in the Oder. It formulated
and published recommendations to avoid further golden algae blooms and other dis-
astrous phenomena, caused or exacerbated by the current management of Polish rivers
and canals [http://www.pth.home.pl/pobierz/StanowiskoPTHwsprawieOdry.pdf],
and adopted a resolution available to the public [http:/ /www.pth.home.pl/portal/].

This is why actions of government and society, at all levels (international, national,
regional, local), a clear division of tasks and the rapid information circulation between
different government agencies and society are so important. This will allow for the
continued, efficient elimination of illegal sources of pollution, increased monitoring of
legally discharged wastewater, prevention of low flows, and now comprehensive res-
toration of the Oder’s ecosystems in cooperation with other entities. The first benefits
of emergency monitoring and measures reducing the abundance of “killer algae” and
the concentration of free prymnesins in water could already be seen in 2023 when stop-
ping the infiltration of golden algae into the mainstream of the Oder. While more than
249 tonnes of fish died off in the mainstream of the Oder in 2022, in the following year
only five tonnes of fish died off in the oxbow lakes and the Gliwice Canal [https:/ /m.
facebook.com /PGWWodyPolskie / photos/a.1522580467837421/5154154018013363/ ;
https:/ / www.wody.gov.pl/ aktu-alnosci/2924-wyniki-kontroli-nielegalnych-wylotow-
do-rzek-w-calej-polsce; Courseau 2023; Wody Polskie 2022; NIK 2023].

Following the change of government in 2023, work on establishing a new national
park has begun — Lower Oder Valley or Miedzyodrze. This should be an important step
towards the full revitalisation of the Oder environments after the “killer algae” bloom.
Subjecting disaster-ravaged ecosystems to the highest form of protection may seem
like an absurd idea, driven by the current political struggle. Nevertheless, Kampinoski
National Park was established in an area heavily altered by man, where fauna and flora
had yet to be reconstructed, including the reintroduction of elk and lynx, as well as mas-
sive removal of invasive alien tree species and planting native ones. The new national
park is proposed to cover the area of current-day Lower Oder Valley Landscape Park.
Analogously, Wigierski National Park was created on a basis of a landscape park or Ujscie
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Warty National Park on a basis of “Storisk” Nature Reserve as protected areas with sim-
ilar boundaries and statutory tasks. The Kotbaskowo authorities themselves proposed
that Lower Oder Valley National Park (Miedzyodrze) should cover larger area, including
forests on the western bank of the Oder, hills and slopes with xerothermic grasslands
and spring areas [https:/ / pnddo.pl/; Kojzar 2023; Swierszczyriska 2023].

The Achilles” heel of all practical attempts to restock populations of amphibians, fish,
macroinvertebrates, macroalgae and aquatic vascular plants remains the lack of gene
banks for these organisms, as well as the shortcomings of practical knowledge on their
translocation, quarantine and restoration in the target reservoir or river [Kapler 2024].
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Ziote glony (algi-zaboéjcy) jako zagrozenie dla gospodarki i przyrody Polski
STRESZCZENIE

Bezprecedensowy zakwit,ztotych alg” Prymnesium parvum w Odrze w 2022 r. byt najgorsza kleska ekolo-
giczng w Polsce i Niemczech od dekad. W 2023 r. udato sie powstrzymac¢ przenikanie ,glonéw-zabojcéw”
z Kanatu Gliwickiego, jak réwniez zbiornikéw Czernica i Januszkowice do gtéwnego nurtu Odry. Artykut
przedstawia aktualny stan wiedzy o tej katastrofie oraz wnioski z przeprowadzonych w Polsce, pionier-
skich testbw metod wygaszania zakwitéw w wodach ptynacych. Ponadto w niniejszej pracy zebrano
i przedstawiono zagraniczne sposoby zwalczania, ztotych alg” w stawach rybnych, na obszarach cennych
dla przyrody, zeglarstwa i wedkarstwa, jak réwniez restytucji fauny (w tym matzy skojkowatych, istotnych
tak dla gospodarki, jak dla ochrony przyrody) po masowym zakwicie P. parvum.

Stowa kluczowe: ztote glony, Prymnesium parvum, prymnezyny, zakwit, HAB, kleska ekologiczna, Odra,

starorzecza, CuSO,, H,0,, Phoslock, La, PIX,,, biostabilizator jeczmienny
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