
Geological Survey of Finland 2022

Environmental risk assessment of the Krasny 
Bor hazardous waste landfill surroundings and 
recommendations for risk management

 
 
Vuokko Malk, Arto Sormunen, Kristiina Nuottimäki, Marianne Valkama, Juho Rajala, Merike 
Kangas, Jaana Jarva and Tarja Hatakka

GTK Open File Research Report 19/2022

The project was co-funded 
by the European Union.



GEOLOGICAL SURVEY OF FINLAND

Open File Research Report 19/2022

Vuokko Malk, Arto Sormunen, Kristiina Nuottimäki, Marianne Valkama, Juho Rajala,  
Merike Kangas, Jaana Jarva and Tarja Hatakka

Environmental impacts of the Krasny Bor hazardous waste landfill – EnviTox

Environmental risk assessment of the Krasny Bor hazardous waste  
landfill surroundings and recommendations for risk management

Unless otherwise indicated, the figures have been prepared by the authors of the report.

Front cover: Fig. 1. The main canal for sewage water discharging from the Krasny Bor hazardous 
waste landfill. Photo: Kristiina Nuottimäki, GTK. Fig. 2. Sediment from the canal surrounding the 
unauthorised abandoned Tosno landfill. Photo: Tarja Hatakka, GTK. Fig. 3. Stream sediment sam
pling in the EnviTox study area in August 2019. Photo: Tarja Hatakka, GTK. Fig. 4. Surface water 

sampling in the EnviTox study area in August 2019. Photo: Ekaterina Ivanova, IL RAS.

The project was 
co-funded by the 
European Union

Layout: Elvi Turtiainen Oy

Espoo 2022 



Malk, V., Sormunen, A., Nuottimäki, K., Valkama, M., Rajala, J., Kangas, M., Jarva, J. &  
Hatakka, T. 2022. Environmental risk assessment of the Krasny Bor hazardous waste landfill 
surroundings and recommendations for risk management. Geological Survey of Finland, Open 
File Research Report 19/2022, 126 pages, 69 figures, 19 tables and 8 appendices.

The project “Environmental impacts of the Krasny Bor toxic waste landfill (EnviTox)” carried 
out studies in the surroundings of the Krasny Bor landfill, which is located near the city of 
St. Petersburg, to gain an overview of its current environmental status. It introduced risk 
assessment methods that were applied to estimate the potential risks posed by the Krasny 
Bor hazardous waste landfill to people and the environment near the Krasny Bor area, as 
well as the potential threat to the water intake of St. Petersburg. Finally, recommendations 
for feasible risk management and mitigation measures were provided. This report supports 
the decision makers, environmental authorities and land use planners responsible for the 
environmental management of the Krasny Bor surroundings. The risk assessment was mainly 
carried out by the Finnish project partners, the South-Eastern Finland University of Applied 
Sciences (Xamk) and the Geological Survey of Finland (GTK), in accordance with Finnish 
practices. However, the Russian maximum permissible concentrations (MPCs) were used as 
target values in the risk assessment instead of the Finnish reference values.

The fieldwork and sampling were planned to obtain an overview of the environmental status 
of the Krasny Bor hazardous waste landfill surroundings and to collect the information needed 
for the environmental risk assessment. During the first sampling stage, samples were taken 
from surface waters, groundwater, stream sediments and soil. Together with basic chemi
cal parameters and physical characteristics, a wide range of contaminants were analysed 
from the samples. Fieldwork also included mapping of the study area, particularly to detect 
the abandoned landfills and dumpsites that were known to exist in the study area and to 
observe other potential contamination sources. The second sampling stage concentrated on 
more detailed studies at selected sites to elaborate the findings of the first study stage. The 
third sampling stage comprised ecotoxicological sampling and studies. In addition to three 
fieldwork campaigns, surface water monitoring was established during the first sampling 
stage. The monitoring was conducted to obtain information about the possible discharge of 
contaminated wastewater from the landfill and other potential sources of pollution entering 
the river network surrounding the study area, as well as to determine the seasonal variation 
in the discharge and water quality.

The risk assessment was based on the results of the project studies. Initially, conceptual 
models for the whole study area were established. Furthermore, for the risk assessment, 
the EnviTox study area was divided into four subareas based on the collected data and the 
main transport directions of contaminants along surface water from the landfill and the 
surrounding areas. The likely exposure pathways were individually defined in each subarea, 
as they have different land uses. Area 1 comprises the direct surroundings of the Krasny Bor 
landfill and the abandoned Tosno landfill, excluding the Krasny Bor landfill itself. Area 2 
consists of the areas likely to affect the Rivers Bolshaya Izhorka and Izhora on the western 
side of the study area, and Area 3 the areas likely to affect the River Tosna on the eastern 
side of the study area. Area 4 covers the northern part of the study area. The risk assessment 
was carried out separately for each subarea. The risk was assessed by comparing the results 
with the Russian MPC values and through calculations of risk quotients, an EPISuite™ model 
and the bio-met bioavailability tool, as well as modelling with the Risk-Based Corrective 
Action (RBCA) Tool Kit. 

In surface water, many typical water quality indicators exceeded the Russian MPC values 
over the whole study area, but most indicators yielded the highest risk quotients in the sur
roundings of the landfill (Area 1) and along the route of the River Izhora (Area 2), especially 
at the beginning of the route. Based on the maximum values detected during the EnviTox 
project, the highest risk quotients were found for bromides and ammonium ions, as well 
as the biological and chemical oxygen demand. The sum of risk quotients for metals was 
highest in Area 1. Some halogenated volatile organic compounds, phenols, PCBs, anionic 
surfactants, formaldehyde, oil products and naphthalene exceeded the reference values for 
organic compounds in the study area. Most of these compounds were detected in Area 1. 
Only phenols, chloroform, PCBs and anionic surfactants were found in Areas 2 and 3. The 
highest risk quotients for organic compounds were identified in Areas 1 and 2 and at one 
point in Area 3. Considerable variation was observed in the risk quotients between different 
sampling times. The highest risk quotients were generally detected in August 2019. A sample 
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of water from a stream flowing in the direction of the River Izhora had a higher risk quotient 
than a sample from a stream flowing towards the River Tosna. This might indicate higher 
contaminant transport in the River Izhora direction. Three of the analysed water samples 
were classified as highly toxic, four moderately toxic and three, including a control sample, 
did not pose any significant toxicity to Paramecium caudatum. The toxicity index correlated 
strongly with pH, electric conductivity, water hardness and total dry residue.

The highest risk quotients for metals and organic compounds in sediments were found 
in Areas 1 and 2. Copper, nickel, lead and zinc exceeded the reference values at almost all 
sampling points in sediments, while cadmium and molybdenum, for example, were found 
more locally. In sediments, PCBs exceeded the reference values, especially near the Krasny 
Bor hazardous waste landfill and the abandoned Tosno landfill in Area 1. The highest con
centrations of PAHs were found further away from the landfill. The sum of risk quotients for 
different contaminants indicates that the contaminants pose a risk in sediments throughout 
the study area. High risk quotients were especially observed in the vicinity of the Krasny 
Bor and abandoned Tosno landfills, but also in the River Izhora near the Neva River, in the 
vicinity of the shooting range in Area 4, and even at the background sediment sampling 
point of the River Tosna. 

Many metals, especially copper, lead, nickel and zinc, and phenols exceeded the reference 
values in soil in the whole study area. The sum of risk quotients for different contaminants 
indicates that the contaminants pose a risk in soil throughout the study area. The highest 
risk quotients were especially observed in the abandoned Tosno landfill, but the average risk 
quotient values were lower in Area 1 than in other subareas. 

The bioavailable concentrations calculated using the bio-met model were considerably lower 
than the measured concentrations in the study area. Although the measured concentrations 
of copper and zinc exceeded the Russian MPC values for water bodies supporting fisheries 
at many sampling points, bioavailable concentrations were below the EU’s Environmental 
Quality Standard (EQS) values for bioavailable concentrations in almost all samples. 

According to the results of the EPISuite™ model, dioxins and PCBs and some of the PAHs 
and pesticides, such as DDT, are highly lipophilic and sparingly soluble in water. Soil and 
sediment are the main endpoints for these lipophilic compounds, and they are persistent in 
soils and sediments. Dioxins, PCBs and DDT also have the highest tendency to bio accumulate 
and bioconcentrate in organisms. From among the most water-soluble compounds  
modelled, especially chlorinated aliphatic hydrocarbons, trichloroethylene and chloroform 
tend to discharge mostly to water and air. However, there can be considerable variation in 
environmental behavior within groups of substances. The modelled results are indicative, 
and it is important and essential to identify the shortcomings of the model. 

Based on the results yielded by the RBCA tool kit, the highest risks in Area 1 are related to 
exposure to the identified contaminants through outdoor air exposure (inhalation of dust and 
gases) and groundwater exposure pathways (contaminants leaching from soils to ground - 
water and possible use as drinking water). The highest risks in Area 2 are from exposure to the 
identified contaminants through soil exposure (on-site ingestion, dermal contact, vegetable  
consumption) and groundwater exposure pathways. In Area 3, the highest risks are the car
cinogenic risk in the outdoor air exposure pathway and the soil exposure pathway in areas 
of residential use, and both the carcinogenic and non-carcinogenic risk for the groundwater 
exposure pathway. The carcinogenic risk level for the soil exposure pathway was exceeded 
in all the subareas. The same compounds or a combination of them were identified as the 
cause. The contaminants in question are arsenic, alpha-hexachlorocyclohexane, benzo(a)-
anthracene, benzo(a)pyrene, DDD, DDT, PCBs and hexachlorobenzene. Alpha-hexachloro
cyclohexane causes the highest risk level via inhalation in Area 3. In Area 1, mercury, which 
is widely spread in the whole study area, causes the highest risk via inhalation, but several 
other elements or compounds (Cr, Co, Mn, Ni, naphthalene) also elevate the risk. Because 
concentrations in air were not determined, health risks via inhalation or dust could not be 
verified. Measured data are needed to validate the modelled results.

In general, transport via stream waters is probably the most important transport route for 
contaminants from the Krasny Bor landfill to the surrounding environment. The highest 
chemical concentrations and risk quotients in water and sediment, as well as general water 
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quality indicators, were usually detected in Areas 1 and 2, indicating that there is migration 
from the landfill, which especially occurs in the direction of the River Izhora. Some pollutants 
exceed the MPC values in the Rivers Tosna and Izhora, but distinguishing the effects of the 
Krasny Bor landfill from other pollution sources is challenging. Based on these results, the 
landfill surroundings do not appear to cause a clear contamination effect under the present 
environmental conditions on the Neva River or a threat to the water intake of St. Petersburg, 
which relies on water from the Neva River. However, in case of accidental leakages or over
flows, the migration of pollutants to the water intake may take place. There is a possibility 
of a severe leakage, especially from the open or temporarily covered hazardous waste pools, 
if an accident or overflow occurs. According to the flow model produced by the Institute of 
Limnology of the Russian Academy of Sciences (IL RAS), suspended contaminant matter can 
reach the water intake in as little as 17.8 hours in an extreme scenario via the Izhora route. 

Sources of uncertainty include the lack of background information, as well as uncertainties 
in sampling, laboratory analysis and the following risk assessment process, so the results of 
the risk assessment presented in this report should be considered indicative. It is recognised 
that for more detailed risk assessment and credible results, further investigation providing 
exact and dependable information is needed.

The EnviTox project has provided recommendations for feasible risk management and miti
gation measures, including suggestions for additional studies, environmental monitoring, 
preparedness plans for emergency situations, measurements for the abandoned landfill 
areas, and for public communication and awareness raising. 

Keywords: risk assessment, recommendations, soil, sediments, surface water, monitoring, 
organic compounds, metals
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The environmental impacts of the Krasny Bor toxic waste landfill (EnviTox) -projektissa  
on tutkittu Pietarin kaupungin lähistöllä sijaitsevan Krasny Borin vaarallisen jätteen kaa
topaikkaa ympäröivän alueen ympäristön tilaa. Tulosten pohjalta arvioitiin erilaisin riskin-
arviomenetelmin mahdollisia kaatopaikan aiheuttamia riskejä sen lähiympäristöön ja ihmi
sille sekä mahdollista uhkaa Pietarin vesihuollolle. Lopuksi on annettu suosituksia riskien 
vähentämis- ja hallintatoimenpiteisiin. Tämän raportin tuloksia voivat hyödyntää erityisesti 
Krasny Borin alueesta vastaavat päätöksentekijät, ympäristöviranomaiset sekä Krasny Borin 
ympäristön maankäytön suunnittelusta vastaavat tahot.  Riskinarvioinnin ovat tehneet 
pääosin Kaakkois-Suomen ammattikorkeakoulun (Xamk) ja Geologian tutkimuskeskuksen 
(GTK) tutkijat suomalaisten riskinarviokäytäntöjen mukaisesti. Riskin arviointiin käytet
tiin kuitenkin venäläisiä viitearvoja (Maximum Permissible Concentrations, MPC-arvoja) 
suomalaisten viitearvojen sijaan. 

Maastotöissä ja näytteenotolla kerättiin tarvittavaa tietoa ympäristöriskinarviointiin Kras
ny Borin vaarallisen jätteen kaatopaikan ympäristöstä. Näin saatiin kokonaiskuva alueen 
ympäristön tilasta. Ensimmäisessä näytteenottovaiheessa otettiin pintavesi-, pohjavesi-, 
sedimentti- ja maaperänäytteitä. Kemiallisten ja fysikaalisten perusparametrien lisäksi 
näytteistä analysoitiin laajasti haitallisia aineita. Lisäksi maastotöiden aikana tutkimus-
alueelta kartoitettiin erityisesti jo tiedossa olevien luvattomien kaatopaikkojen ja jätealueiden 
sijainti sekä havainnoitiin mahdollisia muita päästölähteitä. Toisessa näytteenottovaiheessa 
keskityttiin yksityiskohtaisempiin tutkimuksiin valituilla alueilla. Kolmanteen näytteen-
ottovaiheeseen sisältyi ekotoksisuusnäytteenottoa ja -tutkimusta. Kolmen näytteenotto-
vaiheen lisäksi alueella seurattiin pintaveden laatua tarkoituksena kerätä tietoa kaatopaikan 
sekä muiden mahdollisten päästölähteiden   vaikutuksista sekä havainnoida vuodenaikais
vaihteluita pintavesien virtaamassa ja laadussa.  

Riskinarviointi perustui projektin tutkimustuloksiin. Ensin laadittiin käsitteelliset mallit 
koko tutkimusalueelle. Myöhemmin tutkimusalue jaettiin riskinarviointia varten neljään 
osa-alueeseen kerätyn tiedon sekä pintavesien pääkulkeutumissuuntien perusteella. To
dennäköiset altistumisreitit määritettiin aluekohtaisesti, koska maankäyttö eri osa-alueilla 
vaihtelee. Alue 1 edustaa Krasny Borin kaatopaikan lähiympäristöä (mutta ei itse kaato
paikka-aluetta) ja luvattoman Tosno-kaatopaikan aluetta. Alue 2 edustaa alueita, jotka 
todennäköisesti vaikuttavat Bolshaya Izhorka- ja Izhora-jokiin tutkimusalueen länsipuo
lella, ja vastaavasti alue 3 vaikuttaa Tosna-jokeen tutkimusalueen itäpuolella. Alue 4 kattaa 
tutkimusalueen pohjoisosan. Riskinarviointi tehtiin erikseen jokaiselle neljälle alueelle. 
Riskiä arvioitiin vertaamalla projektin aikana analysoituja maksimipitoisuuksia venäläisiin 
MPC-arvoihin ja laskemalla näiden perusteella riskisuhteet. Lisäksi riskinarvioinnissa hyö
dynnettiin EPISuite™-mallia ja bio-met-biosaatavuustyökalua sekä Risk-Based Corrective 
Action (RBCA) Tool Kit -mallinnusohjelmaa. 

Monet yleiset vedenlaatuparametrit ylittivät venäläiset MPC-arvot pintavesissä koko tutki
musalueella, mutta useimpien indikaattorien korkeimmat riskisuhteet olivat Krasny Borin 
kaatopaikan lähiympäristössä (alue 1) sekä Izhora-joen reitillä (alue 2), erityisesti sen 
alkuosan näytteissä. Yleisistä vedenlaatuindikaattoreista korkeimmat riskisuhteet määritet
tiin bromidi- ja ammonium-ioneille sekä biologiselle ja kemialliselle hapenkulutukselle. 
Metallien riskisuhdesumma oli korkein alueella 1. Orgaanisista haitta-aineista joidenkin 
halogenoitujen haihtuvien orgaanisten yhdisteiden, fenolien, PCB-yhdisteiden, anionisten 
pinta-aktiivisten aineiden, formaldehydin, öljytuotteiden ja naftaleenin pitoisuudet ylit
tivät tutkimusalueella vertailuarvot.  Useimmiten näitä yhdisteitä havaittiin alueella 1 mutta 
fenoleita, kloroformia, PCB-yhdisteitä ja anionisia pinta-aktiivisia aineita löydettiin myös 
alueiden 2 ja 3 pintavesistä.

Riskisuhteissa oli merkittävää vaihtelua eri ajankohtina otetuissa näytteissä. Yleisesti ot
taen korkeimmat riskisuhteet olivat näytteissä, jotka otettiin elokuussa 2019. Izhora-joen 
suuntaan virtaavissa pintavesinäytteissä oli suuremmat riskisuhdearvot kuin Tosna-joen 
suuntaan virtaavissa vesinäytteissä. Tämä osoittanee suurempaa haitallisten aineiden 
kulkeutumista Izhora-joen suuntaan. Paramecium caudatum ekotoksisuustestissä kolme 
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analysoiduista vesinäytteistä osoittautui hyvin myrkyllisiksi, neljä kohtalaisen myrkyl
lisiksi ja kolme näytettä (kontrollinäyte mukaan lukien) eivät aiheuttaneet merkittävää 
myrkyllisyyttä. Myrkyllisyysindeksi oli tilastollisesti riippuvainen (n = 10) veden pH-arvon, 
sähkönjohtavuuden, veden kovuuden ja kiintoainespitoisuuden kanssa. 

Sedimenteissä suurimmat metallien ja orgaanisten yhdisteiden riskisuhdearvot olivat aluei-
den 1 ja 2 näytteissä. Kuparin, nikkelin, lyijyn ja sinkin pitoisuudet ylittivät vertailuarvot 
lähes kaikissa sedimenttien näytepisteissä koko tutkimusalueella, kun taas esimerkiksi 
kadmiumia ja molybdeeniä löydettiin sedimenteistä vain paikallisemmin. PCB-yhdisteiden 
pitoisuudet ylittivät vertailuarvon erityisesti lähellä Krasny Borin vaarallisten jätteiden 
kaatopaikkaa ja Tosno-kaatopaikalla alueella 1. Suurimmat PAH-pitoisuudet havaittiin 
kauempana kaatopaikasta. Eri haitta-aineiden summariskisuhteet osoittavat, että haitta-
aineet aiheuttavat riskiä sedimenteissä koko tutkimusalueella. Suuria riskisuhteita havait
tiin erityisesti Krasny Borin kaatopaikan ja Tosno-kaatopaikan ympäristössä, mutta myös 
Izhora-joessa lähellä Neva-jokea, alueen 4 ampumaradan läheisyydessä sekä Tosno-joessa 
sedimenttinäytteiden taustapitoisuuspisteessä. 

Maaperässä useat metallipitoisuudet, erityisesti kupari, lyijy, nikkeli ja sinkki, ylittivät 
vertailuarvot koko tutkimusalueella. Eri haitta-aineiden summariskiarvot osoittavat, että 
haitta-aineet voivat olla riski koko tutkimusalueen maaperässä. Suurimmat riskisuhteet 
havaittiin Tosnokaatopaikan alueella, mutta eri haittaaineiden keskimääräiset riski
suhdearvot olivat pienemmät alueella 1 kuin muilla alueilla. 

Bio-met-mallilla lasketut vesinäytteiden biosaatavat pitoisuudet olivat huomattavasti  
pienemmät kuin näytteistä analysoidut pitoisuudet. Vaikka kuparin ja sinkin pitoisuudet 
ylittivät venäläiset kalastusalueille annetut MPC-vertailuarvot monissa näytepisteissä, 
biosaatavat pitoisuudet olivat alle EU:n ympäristölaatunormissa (EQS) annettujen bio-
saatavuuden pitoisuusarvojen lähes kaikissa tutkituissa näytteissä. 

EPISuite™ -mallin tulosten perusteella dioksiinit, PCB- ja jotkin PAH-yhdisteet sekä pes
tisidit, kuten DDT, ovat hyvin rasvaliukoisia ja veteen niukkaliukoisia. Nämä yhdisteet pää
tyvät ympäristössä pääosin maaperään ja sedimenttiin, joissa ne ovat myös pysyviä. Niillä 
on myös suurin taipumus kertyä eliöstöön ja ravintoverkkoon. Mallinnetuista yhdisteistä 
vesiliukoisimpia ovat klooratut alifaattiset hiilivedyt, trikloorietyleeni ja kloroformi, jotka 
päätyvät ympäristössä pääosin veteen ja ilmaan. Eri aineryhmien sisällä voi kuitenkin olla 
merkittävää vaihtelua niiden ympäristökäyttäytymisessä.  Mallinnetut tulokset ovat aina 
suuntaa antavia. 

RBCA-mallinnustyökalun tulosten perusteella suurin riski alueella 1 on haitta-aineille al
tistuminen ulkoilman (pölyn ja kaasujen hengitys) ja pohjaveden (haitta-aineiden liukene
minen maaperästä pohjaveteen ja mahdollisesti juomaveteen) kautta. Alueella 2 suurin riski 
puolestaan on haitta-aineille altistuminen maaperän (ravinto, ihokontakti, vihannekset) 
ja pohjaveden kautta. Alueilla 3 ja 4 suurimmat riskit ovat altistuminen karsinogeenisille 
haitta-aineille ulkoilman tai maaperän kautta (asutusalueet) sekä altistuminen karsi
nogeenisille tai ei-karsinogeenisille haitta-aineille pohjaveden kautta. Karsinogeeninen 
riskitaso maaperän kautta ylittyi koko tutkimusalueella. Aiheuttajiksi tunnistettiin seu
raavat yhdisteet ja yhdistekombinaatiot: arseeni, alfa-heksakloorisykloheksaani, bentso(a)
antraseeni, bentso(a)pyreeni, DDD, DDT, PCB-yhdisteet ja heksaklooribentseeni. Alfa-
heksakloorisykloheksaani aiheuttaa suurimman riskitason hengityksen kautta alueella 3. 
Alueella 1 elohopea, jota havaittiin kaikkialla tutkimusalueella, aiheuttaa suurimman riskin 
hengitettynä. Kuitenkin myös   useat muut aineet, kuten kromi, koboltti, mangaani, nik
keli ja naftaleeni, nostavat riskiä. RBCA-työkalulla mallinnettujen tulosten vahvistamiseen 
vaaditaan lisää tutkittua ja mitattua tietoa.

Yleisesti ottaen haittaaineiden kulkeutuminen pintavesien mukana on merkittävin kulkeu
tumisreitti Krasny Borin kaatopaikalta alueen ympäristöön. Suurimmat yleisten vedenlaatu-
indikaattoreiden sekä haittaaineiden pitoisuudet ja riskisuhteet vesissä ja sedimenteissä 
todettiin alueilla 1 ja 2. Tämä osoittaa, että kaatopaikalta kulkeutuu haitta-aineita erityisesti 
Izhora-joen suuntaan. Jotkin haitta-aineet ylittävät MPC-arvot Tosna- ja Izhora-joessa, 
mutta Krasny Borin kaatopaikka-alueen ja muiden mahdollisten päästölähteiden vaikutusten 
erottaminen toisistaan on haasteellista.   Tämän tutkimuksen tulosten perusteella ei voida 
selvästi todeta, että tämänhetkisissä olosuhteissa Krasny Borin kaatopaikalta kulkeutuisi 
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haittaaineita Nevajokeen tai että kaatopaikka olisi uhka Nevajoesta vetensä ottavalle 
Pietarin vedenottamolle. Onnettomuus- tai tulvatilanteessa mahdollista haitta-aineiden 
kulkeutumista Pietarin vedenottamolle ei kuitenkaan voida poissulkea. Onnettomuus- tai 
tulvatilanteessa vakava vuoto kaatopaikan avoimista tai väliaikaisesti peitetyistä jätealtaista 
on mahdollinen. Venäläisen Limnologian instituutin (IL-RAS) tekemän mallinnuksen mu
kaan veden mukana kulkeva saastunut kiintoaines voi saavuttaa vedenottamon pahimmassa 
tapauksessa jopa 17,8 tunnissa Izhora-joen reittiä pitkin. 

Riskinarvioinnin epävarmuustarkastelu osoitti puutteita taustatiedoissa sekä epävarmuuk
sia näytteenotossa, laboratorioanalyyseissä ja riskinarvioprosessissa, minkä vuoksi tässä 
raportissa esitetyn riskinarvioinnin tuloksia voidaan pitää ainoastaan suuntaa antavina. 
Yksityiskohtaisempaan riskinarviointiin vaaditaan tarkempia tutkimuksia. 

EnviToxprojekti antaa suosituksia riskinhallinta ja riskinvähentämistoimenpiteistä, kuten 
ehdotuksia lisätutkimuksiin ja ympäristön tilan seurantaan. Lisäksi annetaan suosituksia 
onnettomuustilanteisiin varautumiseen, hylättyjen kaatopaikka-alueiden kunnostamiseen 
sekä tutkimustiedon jakamiseen. 

Asiasanat: riskinarviointi, suositukset, maaperä, sedimentti, pintavesi, seuranta, orgaaniset 
yhdisteet, metallit 
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1  INTRODUCTION 

Environmental degradation is a global challenge and 
the right to a safe, clean, healthy and sustainable 
environment is considered as a human right (UN 
Human Rights Council 2021). Improper handling 
of waste poses a threat to public health and the 
environment. When wastes are dumped or burned 
as such in open air, there will be adverse impacts 
on air, freshwater resources, soil and the environ
ment, and finally on human health. The Global 
Waste Management Outlook (UNEP 2015) highlights 
that former dumpsites, particularly those that have 
received hazardous waste, are a major category of 
contaminated site. Thus, one of the primary pro
posed global waste management goals is to “ensure 
the sustainable and environmentally sound manage-
ment of all wastes, particularly hazardous wastes.” 
This goal, in turn, is tightly related to the United 
Nation’s Sustainable Development Goals (United 
Nations N.d.), of which goal number 3, “Ensure 
health lives and promote well-being for all at all ages,” 
and its target 3.9, “By 2030, substantially reduce the 
number of deaths and illnesses from hazardous chemi-
cals and air, water and soil pollution and contamina-
tion,” deal among other matters with the proper 
management of toxic and hazardous wastes. 

The European Union’s (EU) waste policy aims 
at improving waste management throughout 
the Union, limiting landfilling as well as helping 
EU Member States in the transition to a circu
lar economy, which includes treating waste as a 
resource, stimulating innovation in recycling and 
developing autonomous waste elimination sys
tems. The key elements of the EU’s waste policy 
are managing waste in an environmentally sound 
manner and making use of the secondary materi
als contained in the waste. EU waste legislation is 
complex and consists of several laws. The Waste 
Framework Directive (2008/98/EC) is the EU’s main 
legal framework for treating and managing waste 
(European Commission N.d.).

In environmental studies, risk assessment is used 
to characterize the nature and magnitude of adverse 
effects on the environment that may originate from 

different sources. Often, risk assessment is divided 
into human health and ecological risk assessment. 
Assessment can be conducted qualitatively or it can 
be quantitative. Risk assessment typically has three 
phases, which are risk (or hazard) identification, 
exposure assessment and risk characterization.

Hazard identification concerns the mapping of 
potential harmful elements or compounds in the 
study area. Together with overall site description, 
it includes studies on the concentration, overall 
amounts, properties and location of harmful sub
stances in soil, water, sediments or air. In addition, 
pathways and potential receptors are identified. 
Thus, hazard identification follows the chain Source 
– Pathway – Receptor, which is described and illus
trated with a conceptual model. 

Exposure assessment determines the risk. Based 
on hazard identification, the contaminants that are 
the most severe ones are selected for further risk 
assessment. Estimates of migration, exposure and 
effects are made to understand the risk effects and 
ultimately to characterize whether the estimated 
risks are considered significant or acceptable. If 
the identified risks are significant and not accept
able, risk management or mitigation measures are 
planned (Reinikainen 2021). 

The EnviTox (Environmental impacts of the 
Krasny Bor toxic waste landfill) project was con
ducted under the thematic objective “Environmental 
protection, climate change mitigation and disasters 
prevention/management” of the South-East Finland 
– Russia Cross-border Cooperation Programme 
(CBC Programme 2014–2020), which was imple
mented in the border regions between Finland 
and Russia under the European Neighbourhood 
Instrument (ENI). EnviTox was a co-operative 
project between the State Geological Unitary 
Company «Mineral» (SC Mineral), the Institute 
of Limnology, Russian Academy of Sciences (IL 
RAS), the Institute of Precambrian Geology and 
Geochronology, Russian Academy of Science (IPGG 
RAS), the Geological Survey of Finland (GTK) and 
the South-Eastern Finland University of Applied 
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Sciences (Xamk). From 4 March 2022, the EnviTox 
project was implemented as a national project in 
Finland by a decision of the European Council. The 
project was co-funded by the European Union.

The EnviTox project developed recommendations 
and tools for ensuring good quality environment 
in the surroundings of the Krasny Bor hazardous 
waste landfill. The project provided up-to-date 
information on the state of the environment in 
the area around the Krasny Bor hazardous waste 
landfill, conducted a risk analysis and suggested 
feasible measures for the management or mitiga
tion of the identified risks.

Since 1993, the Krasny Bor hazardous waste 
landfill has been identified by the Baltic Marine 
Environment Protection Commission (HELCOM) as a 
major pollution hot spot of the Baltic Sea Region due 
to its inadequate handling of hazardous wastes and 
the associated environmental risks of toxic chemi
cals leaching into the Baltic Sea (HELCOM N.d.). 
In October 2016, HELCOM raised concerns that 
weather conditions could cause flooding and the 
leakage of harmful substances from the Krasny Bor 
site to the surrounding environment and ultimately 
to the Neva River and the Baltic Sea (Littfass 2016). 
It has also been pointed out by HELCOM and the 
city of St. Petersburg that potential leakages may 
threaten the water supply of the city, as the rivers 
collecting their water from the surroundings of the 
Krasny Bor hazardous landfill discharge to the Neva 
River, upstream of the potable water intake of the 
city of St. Petersburg. According to the State Unitary 
Enterprise SUE “Vodokanal of St. Petersburg”, 
around 98% of the water for waterworks is taken 
from the Neva River (Vodokanal N.d.). Thus, the 
transport of hazardous substances to the Neva River 
and further to the Baltic Sea is a major concern that 
needs to be investigated in more detail.

Prior to this project, most of the studies concern
ing the concentrations, overall amounts and prop
erties of hazardous substances had been conducted 
inside the Krasny Bor hazardous waste landfill area 
and its nearby neighbourhood within the so-called 
sanitary protection zone. By extending the stud
ies to the surrounding environment, the sources 
and transport routes of hazardous substances could 
be mapped and the most important flow routes 
towards the Neva River could be identified. This 
would enable recognition of the key areas where 
actions and risk management measures are most 
urgently needed.

This report, “Environmental risk assessment of 
the Krasny Bor hazardous waste landfill surround
ings and recommendations for risk management,” 
summarizes the studies that were carried out by 
the EnviTox project in the surroundings of Krasny 
Bor to gain an overview of its current environmen
tal status. It introduces risk assessment methods 
that were applied to estimate the potential risks 
posed by the Krasny Bor hazardous waste landfill 
to people and the environment of the area sur
rounding Krasny Bor, as well as the potential threat 
to the water intake of St. Petersburg and to the 
Baltic Sea. Finally, recommendations for feasible 
risk management and mitigation measures are pro
vided. This report supports the decision makers, 
environmental authorities and land use planners 
responsible for the environmental management of 
the Krasny Bor surroundings. The risk assessment 
was mainly carried out by the Finnish project part
ners, Xamk and GTK, in accordance with Finnish 
practices. However, the Russian maximum permis
sible concentrations (MPCs) were used as target 
values in the risk assessment instead of the Finnish  
reference values.

2 STUDY AREA

2.1 The Krasny Bor hazardous waste landfill

The Krasny Bor hazardous waste landfill is located 
in the Leningrad region, about 30 kilometres to the 
southeast of the city of St. Petersburg (Fig. 1). The 
size of the actual landfill area is about 70 hectares. 
The landfill is surrounded by a 1,000-metre-wide 
‘sanitary protection zone’. Since 1969, altogether 2 
million tons of different types of liquid hazardous 

waste have been deposited into 70 pools directly 
excavated into the Cambrian clay (Fig. 2). The thick
ness of the underlying clay layer is several tens of 
metres. The landfill stopped accepting hazardous 
waste in 2014, and since 2016, measures to elimi
nate the accumulated environmental damage have 
been carried out. These actions are planned to be 
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completed by the end of 2024 (e.g., Trutnev 2016, 
Panteleimonov 2021). In addition, large amounts 
of hazardous waste have been dumped in several 
unauthorized, abandoned dumpsites located in close 
proximity to the actual landfill area, as well as in 
the surroundings.

Fig. 1. Location of the Krasny Bor hazardous waste 
landfill. Base map © Esri data and maps; small image 
from Google Earth, image © Maxar Technologies 2022.

2.1.1 Measures for closing the Krasny Bor  
hazardous waste landfill

Since accepting hazardous waste was stopped, a 
number of measures have been taken at the Krasny 
Bor hazardous waste landfill to improve its envi
ronmental status. Altogether, 65 hazardous waste 
pools out of 70 have been covered with a 2-metre-
thick layer of clay and fertile soil and sown with 
grass. This is to prevent overfilling of the liquid 
waste pools due to rain and snowmelt, as well as 
to reduce evaporation and the risk of fire. Five of 
the pools containing about 700,000 m3 of hazardous 
liquid waste remained uncovered when the landfill  
was closed in 2014. In 2017, two of these pools 
were temporarily covered by pontoons with a geo - 
membrane coating (white, square patterns on the 
left in Fig. 2) (Panteleimonov 2021). The latest 
emerging situation took place in February 2016, 
when at that time still open hazardous waste pools 
overflowed due to the early melting of snow. The 
overflooding and collapse of the embankments 
caused a rise in the water levels in both the inner 
and bypass sewage channels of the landfill (Trutnev 
2016). There have also been at least eight fires since 
the closing of the landfill (Smirnova 2020). 

The sewage water collection and treatment sys
tems were put into operation in 2015. Before this, 
sewage from the landfill area was directly dis
charged without any treatment into the canals and 
ditches discharging to the Rivers Izhora and Tosna. 
The accumulated rainwater on the surface of the 
temporarily covered two liquid waste pools is also 
collected and pumped to a water treatment plant 
(Panteleimonov 2021).  

Fig. 2. The Krasny Bor hazardous waste landfill (Romanov et al. 2021b). The temporarily covered (68 and 64) 
and open (59, 66 and 67) hazardous waste pools are identified with numbers. Image from Google Earth, image 
© Maxar Technologies 2022.

13



Geological Survey of Finland, Open File Research Report 19/2022
Vuokko Malk, Arto Sormunen, Kristiina Nuottimäki, Marianne Valkama, Juho Rajala, Merike Kangas, Jaana Jarva and Tarja Hatakka

The Krasny Bor hazardous waste landfill is 
planned to be reclaimed within the framework of 
the national project “Ecology” and its federal pro
ject “Clean Country”. In accordance with the order 
of the Government of the Russian Federation No. 
289-r (dated 14 February 2020), the Federal State 
Unitary Enterprise Federal Environmental Operator 
(FSUE FEO), which is an enterprise of the State 
Atomic Energy Corporation Rosatom, was appointed 
to carry out the national project “Ecology” (Rosatom 
2021a).

In June 2020, the Federal State Institution 
“Directorate for the Safety of Hydraulic Structures 
of the Krasny Bor Landfill” and FSUE FEO signed a 
state contract for the design of the required meas
ures to eliminate the environmental damage caused 
by the Krasny Bor hazardous waste landfill, includ
ing all the necessary examinations and surveys. 
This work is envisaged to include two stages. In 
the first stage, the dams of the open liquid waste 
pools will be strengthened. In addition, an imper
meable curtain around the pools with drainage col
lection will be constructed. In the second stage, the 
infrastructure for the treatment of the liquid waste 
within the open pools will be developed. This will 
include improvement of the facilities for the treat
ment of stormwater and drainage water from the 
waste pools, pumping out of the liquid waste for 
treatment, backfilling of the pools and finally the 
installation of a multi-layer coating throughout the 
landfill (Rosatom 2021b, Panteleimonov 2021).

2.1.2 Environmental monitoring

Environmental monitoring in the Krasny Bor haz
ardous waste landfill and its sanitary protection 
zone was resumed in 2016. Today, the monitoring 
includes ambient air, soil, groundwater, surface 
water and sewage. In addition, visual observation 
of vegetation and fauna within the sanitary protec
tion zone is carried out. 

Samples to monitor ambient air quality are taken 
once a month from four points located in the outer 
border of the sanitary protection zone from all quar
ters. Altogether, 15 parameters, indicating ambient 
air quality, are analysed from the samples. Once a 
year, samples are also taken inside the landfill area 
beside the five open waste pools, drainage ditches 
and the treatment facilities. Typical indicators for 
each of the emission sources are analysed. During 
2019–2020, the maximum permissible concentra

tion (MPC) values of analysed pollutants were not 
exceeded in the sanitary protection zone and con
centration levels measured in the landfill area were 
within acceptable limits (Panteleimonov 2021).

Soil monitoring is conducted once a year from 
four points that are located at the outer corners 
of the landfill area. The samples are taken from a 
depth of 0–0.2 metres and 16 parameters are ana
lysed from the samples. In 2020, the detected con
centrations did not exceed the Russian MPC values 
(Panteleimonov 2021). 

Groundwater quality is monitored from 15 
groundwater monitoring wells. All the wells are 
located inside the sanitary protection zone and 
they represent the uppermost Ordovician aquifer. 
Three wells are installed in the landfill area (sam
pled twice a year), five wells at a distance of 50 
metres from the landfill (sampled monthly) and 
five wells are located 350 metres from the landfill 
(sampled every second month). Two wells represent 
background levels (sampled twice a year). A total of 
40 parameters are analysed from the groundwa
ter samples. The water quality in the groundwater 
wells located inside the landfill area differs from 
the background level, and pollutants such as oil 
products and trichloroethylene exceed the Russian 
MPC values. However, the concentration levels are 
already significantly lower in monitoring wells 
at a distance of 50 metres from the landfill and 
do not exceed the MPC values. In 2021, the lower 
Lomonosov aquifer at the depth of 95 m was sam
pled from an observation well near the landfill and 
no difference compared to background concentra
tions was found there (Panteleimonov 2021).

Surface water and sewage are monitored from 
eight sampling points. Two of them are located in 
the main canal discharging from the landfill, one 
on the southern side of the landfill and six in the 
streams discharging to the Rivers Izhora or Tosna. 
The samples are taken once a month and 26 param
eters are analysed from them. The adverse impacts 
of the landfill on surface water quality are evident at 
a distance of 1.5 km and heightened concentrations 
of pollutants, such as phenols and oil products, have 
been detected. The River Bolshaya Izhorka, in par
ticular, is also affected by other pollution sources, 
such as the abandoned Tosno landfill and agricul
ture (Panteleimonov 2021).

Information on previous environmental studies 
conducted in the Krasny Bor landfill and its sur
roundings is summarized in Appendix 1. These 
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studies have been carried out by external observ
ers or the landfill operator inside the landfill area 

and its immediate surroundings, mainly within the 
sanitary protection zone (SPZ). 

2.2. The EnviTox study area

The EnviTox study area covers about 65 km2. It is 
bordered by the River Izhora to the west, the River 
Tosna to the east and the Neva River to the north. 

Some studies were also carried out to the south of 
the Krasny Bor hazardous waste landfill (Fig. 3).

Fig. 3. The study area of the EnviTox project. Image from Google Earth, image © Maxar Technologies 2022. 
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2.2.1 Land use

Mixed forest surrounds the landfill on the east, 
north, west and southwest at a distance of 10–50 
metres. The nearest cultivated areas are located 0.2 
km to the south and 2.5 km to the northwest from 
the landfill. The nearest settlements are the villages 
of Feklistovo and Mishkino (1.2 km to the south), 
the settlement of Krasny Bor (2.5 km to the south
east) and the town of Nikolsky (2.5 km to the east). 

The abandoned Tosno landfill is located about 
800 metres north of the Krasny Bor hazardous 
waste landfill, with a total area of about 12 hec
tares (Fig. 4). The height of the landfill is about 5 
metres. The landfill is partly covered with a thin 
organic layer, but the waste material is still vis
ible. It consists of building waste (bricks, concrete, 
wood), but many other materials can also be seen, 

such as glass and scrap metal. It is not known what 
types of waste have been dumped in this area or 
how many years it has operated. No monitoring or 
control of this area has been carried out. Currently, 
the paved road to the area has a gate that is locked 
(Romanov et al. 2021b).

A 2–3-metre-deep and wide canal partly sur
rounds the abandoned Tosno landfill. This canal 
collects water from the canals and ditches that 
discharge from the Krasny Bor hazardous waste 
landfill, but also from the Tosno landfill itself. The 
water is highly turbid and the flow is very slow. The 
bottom sediment of the canal is nearly black and 
smells of sulphur, indicating unoxidized conditions 
(Fig. 5). The drainage basin of this canal has not 
been studied, and it is not known either how long 
this canal has been in place (Romanov et al. 2021b).

  

Fig. 4. The abandoned Tosno landfill located 800 metres to the north of the Krasny Bor hazardous waste landfill 
(Romanov et al. 2021b). Image from Google Earth, image © Maxar Technologies 2022.
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 There are other abandoned landfills and dump
sites with an unofficial status and unsatisfac
tory waste management in the study area (Fig. 
6). Pollution and littering near these areas can be 
observed and negative impacts on the economic 
or recreational value of the land is evident, not to 
mention environmental degradation. No previous 
studies on the potential impacts of these abandoned 
landfills and dumpsites have been carried out.

 In addition to the Krasny Bor hazardous waste 
landfill and other abandoned landfills, there are 
other human activities in the study area that may 
cause adverse impacts on the environment (Fig. 
7). A Cambrian blue clay quarry is located 1 km to 
the west of the landfill. The quarry is in operation 
and currently covers 0.5 km2. In 2021, two surface 
water samples were taken from an artificial pond 
located in the quarry area, demonstrating elevated 
concentrations of Mn and Sr. Based on field obser
vations and topographic interpretations, the surface 
waters of the quarry are, however, not connected 
to the Krasny Bor watershed. The Kolpino cemetery 
is located about 2 km northwest of the Krasny Bor 
hazardous waste landfill. In 2019, earth construc
tion work for new facilities at the cemetery released 

pollutants from the soil, and elevated concentra
tions of metals, nitrogen and organic compounds 
were detected in surface water from a nearby 
stream (Bolshaya Izhorka) due to the discharge 
of untreated sewage (Romanov et al. 2021b). The 
smaller Nikolskoye cemetery is located approxi
mately 2.1 km to the east of the landfill.

There are several sites with industrial activities 
to the north, east and west of the EnviTox study 
area. The main industrial facilities are found in the 
towns of Kolpino and Nikolskoye, located 7 km to 
the northwest and 4 km to the east, respectively. 
The Kolpino district is one of the most developed 
industrial districts of St. Petersburg, with more than 
30 large-sized industrial, transport and construc
tion enterprises. In addition, the Tosno district is 
one of the main industrial areas of the Leningrad 
Region, including chemical production, building 
materials, mechanical engineering, woodworking 
and peat industry. The intensive industry has caused 
air emissions and pollution of the Rivers Tosna and 
Izhora and their tributaries due to effluents and 
the discharge of untreated sewage (Romanov et al. 
2021b). 

Fig. 6. An abandoned landfill located 6.4 km to the northwest of the Krasny Bor hazardous waste landfill (Romanov 
et al. 2021b). Image from Google Earth, image © Maxar Technologies 2022.
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Fig. 7. Land use activities within the EnviTox study area and its surroundings. Aerial photograph © Google Earth. 
Basemap © Google Earth, image © 2021 Maxar Technologies.

2.2.2 Vegetation and fauna

Based on the field sampling notes of the EnviTox 
experts from the August 2019 field season, the study 
area is covered by primary or secondary boreal 
forest with the most common tree species being 
alder (Alnus sp.), aspen (Populus sp.), birch (Betula), 
mountain ash (Sorbus sp.), pine (Pinus) and spruce 
(Picea). The undergrowth layer includes junipers 
(Juniperus) and willows (Salix), in addition to the 
aforementioned tree species, and a few occasional 
oaks (Quercus). Mosses, herbs, ferns, grasses and 
dwarf shrubs were found to be common in the area.  

During the field work, the project team noted the 
surrounding vegetation. There were no areas where 
vegetation was lacking, except for the abandoned 
landfills, and overall the study area appeared ver
dant. Several different habitat types were observed, 
such as grassland, coniferous forest, mixed forest 
and peat-covered areas.

Berries such as bilberry (Vaccinium myrtillus), 
lingonberry (Vaccinium vitis-idaea) and bog bilberry 
(Vaccinium uliginosum) were common in the study 
area. In addition, several species of edible mush
room such as russulas (Russula sp.) and milk caps 
(Lactaria sp.) were noted. The undergrowth is domi
nated with a thick moss layer (mainly Sphagnum). 
The twigs of bilberries (Vaccinium myrtillus) and bog 

bilberries (Vaccinium uliginosum) reached a height 
of half a metre. 

There is no knowledge of the existence of rare or 
protected species living in the study area.

2.2.3 Geology

The favourable geomorphology and geology were 
the main reasons why the Krasny Bor hazardous 
waste landfill was founded in its current location. 
The distance to the nearest waterbody is approxi
mately 2.7 kilometres and the area is not flood 
prone (SUE Polygon Krasny Bor 2018). However, the 
possibility of increasing tectonic activity in the area 
has been reported (HELCOM 2016, IL RAS 2022).

The topmost layer, comprising Quaternary sedi
ments, is 0–20 metres thick and consists of sand 
and clayey layers in its upper parts (0–10 m depth) 
and loam with boulders, gravel and sandy lenses 
in its deeper parts. A thin perched groundwater 
horizon is partly found in the topmost 2 metres. 
However, due to its high potential for pollution, 
the perched groundwater is not used for domestic 
water supply. Beneath the Quaternary sediments 
(2–20 m depth), Cambrian-Ordovician sandstones 
are found in some parts. Where they exist, these 
water-bearing horizons have Ordovician and con
fined Cambrian-Ordovician aquifers with good 
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water quality. These aquifers are utilised for water 
supply. Under the Quaternary sediments and/or the 
Cambrian-Ordovician sandstones is an approxi
mately 100-metre-thick Cambrian clay layer. This 
layer is considered nearly impermeable, not only due 
to its great thickness but also due to its geotechnical 
properties (HELCOM 2016, SUE Krasny Bor 2018 and 
references therein). The pools for liquid waste of 
the Krasny Bor hazardous waste landfill have been 
dug in this layer. Underneath the Cambrian clay 
there is a 10-metre-thick Cambrian sedimentary 
rock layer and the confined, brackish Lomonosov 
aquifer. The Lomonosov aquifer is not utilized for 
water supply due to its high chloride content. Below 
the Cambrian sediments there is a 130-metre-thick 
layer of Vendian sandstones and clays. A confined, 
thin Vendian aquifer is found in the lowest part 
of this horizon. The aquifer is saline with high 
minerali zation and a high chloride content. The 
depth of the crystalline bedrock is more than 200 
metres (Romanov et al. 2021b).

2.2.4 Hydrology

The study area is bordered by the River Izhora to 
the west, the Neva River to the north and the River 
Tosna to the east. Towards the south from the study 
area there are no rivers or lakes. In the River Tosna, 
there are small waterfalls upstream from the study 
site. The Rivers Izhora and Tosna run towards the 
north, and they join Neva River, which runs north
west towards the city of St. Petersburg and the Gulf 
of Finland. The water quality in the Rivers Neva 
and Izhora has been determined as “contaminated” 
or “dirty” (yearly assessments in 1986–2020 by 
the Committee for Nature Use, Environmental 
Protection and Ecological safety, www.infoeco.ru).

As the terrain in the study area is relatively flat, 
the surface water flow rates are not great. This leads 
to occasional pooling of rainwater and supports the 
formation of swamps. There are small brooks and 
rivulets that lead to the Rivers Izhora and Tosna. 
There are no lakes or ponds in the study area, but 
some intermittent puddles might occur within 
peatlands. 

2.2.5 Climate

According to the ecological portal of the city of St. 
Petersburg (www.infoeco.ru), St. Petersburg and 
its surroundings belong to the Atlantic–continen
tal region of the temperate zone. The climate of the 

city has both marine and continental features, with 
mild winters and moderately warm summers. 

The average annual temperature in St. Petersburg, 
according to long-term observations, is +5.6 °C. 
The coldest months of the year are December and 
February, with average temperatures of -7.9 and 
-10.4 °C. The warmest month of the year is July, 
with an average daily temperature of +19.5 °C 
(www.infoeco.ru). Since 1966, the average annual 
temperature in the St. Peterburg area has risen by  
0.49 °С every 10 years and the greatest increase 
has been seen in winter temperatures. Based on 
the regional climate model of the Voeikov Main 
Geophysical Observatory (MGO RCM), the tempera
ture is predicted to increase in the range of 4–5 °C 
by 2050–2059 (Jarva et al. 2022).

The precipitation in St. Petersburg is mainly 
determined by the intensity of cyclonic activity 
(www.infoeco.ru). The average annual precipitation 
for the period 1936–2019 was 618 mm. There is a 
positive trend for extreme precipitation indices, and 
the proportion of heavy rainfall has increased. Based 
on the MGO RCM, the precipitation will increase by 
20–40% by 2050–2059 (Jarva et al. 2022).

Wind directions at the study site were estimated 
based on data acquired from a free weather service 
at www.weatheronline.co.uk (Fig. 8). These meas
urements were taken at the Pulkovo airport, which 
is located in St. Petersburg approximately 24 km to 
the northwest of the EnviTox study site. Wind direc
tion measurements were given as yearly percent
ages of the days for each ordinal and semi-ordinal 
direction for the period 2000–2020. The most com
mon wind directions were from the southwest and 
west towards the northeast and east. 
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Fig. 8. Yearly wind direction percentages as averages for 
the years 2000–2020. Data from www.weatheronline.
co.uk, Pulkovo airport.
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3 THE STUDIES CARRIED OUT IN THE ENVITOX PROJECT 

3.1 Sampling and analyses

The EnviTox project plan for the fieldwork and sam
pling to support the environmental impact assess
ment was divided into three stages. The samples of 
different natural matrices such soil, stream sedi
ment, surface water and groundwater were taken 
from the study area in 2019–2021. Some ecotoxicity 
tests were also carried out in August 2021. No sam
ples were taken inside the Krasny Bor landfill area. 

In the 1st sampling stage, the aim of the sampling 
was to gain an overview of the environmental status 
in the surroundings of the Krasny Bor hazardous 
waste landfill. In addition, the first fieldwork and 
sampling stage helped to detect the unauthorized, 
abandoned landfills and the waste disposal sites 
that exist in the study area. Altogether, 122 soil 
samples, 22 stream sediment samples, 22 surface 
water samples and 5 groundwater samples were 
taken from the study area and analysed for several 
elements and compounds. The samples were ana
lysed by the accredited laboratory PTK-Analytic LLC 
in St. Petersburg. The certification for accreditation 
(given in July 2015) is available via the laboratory’s 
website (ptk-analitik.com) and it proves that the 
laboratory meets the requirements of the standards 
GOST ISO / IEC 17025-2009. The personnel of the 
EnviTox project were responsible for the sampling, 
storage and transportation of the samples. The 
analyses were performed according to the Russian 
standards (Hatakka et al. 2020). The selection of 
analyses included typical harmful elements, e.g., 
metals, organic compounds such as phenols, oil 
products and PAH and PCB compounds, as well as 
some other important parameters for risk assess
ment purposes, such as pH, electric conductivity, 
the organic carbon content, water content and grain 
size (sediment and soil samples). Detailed descrip
tions of the sampling methods and procedure, as 
well as the analyses and the results, are presented 
in the EnviTox Sampling Guidelines (Hatakka et 
al. 2019) and the Quality Control Report of the 1st 
sampling stage (Hatakka et al. 2020), as well as in 
the Fieldwork Report (SC Mineral 2019) and in the 
Interpretation Report (Romanov et al. 2021b).

The 2nd sampling stage was planned to con
centrate on more detailed studies at selected sites 
to support the environmental risk assessment. 
However, the sampling in the 2nd sampling stage 
emphasized surface water by repeating the 1st stage 

procedure with 22 surface water samples. The num
ber of sediment samples was 15 and soil samples 12. 
The fieldwork and sampling took place in November 
2020 and the samples were analysed for several 
elements and compounds, as well as some other 
properties, in the laboratory Analytical centre JSC 
“ROSA” 119297, Moscow. The selection of analy
ses included several elements, e.g., metals, several 
organic compounds, phenols, oil products, PAH and 
PCB compounds, as well as other important proper
ties from the risk assessment point of view, such 
as water content, loss on ignition, pH and grain 
size (soil and sediment). According to the laboratory 
website (www.rossalab.ru), the technical compe
tence of ROSA was recognized to meet the require
ments of the International Standard ISO / IEC 1705: 
2005 (GOST ISO / IEC 17025-2009) in 2019 and was 
confirmed by accreditation in the international sys
tem ILAC (International Laboratory Accreditation 
Cooperation) (Hatakka et al. 2021). Detailed descrip
tions of the sampling, quality assurance process 
and results are presented in the EnviTox Sampling 
Guidelines (Hatakka et al. 2019) and the quality 
control report of the 2nd sampling stage (Hatakka 
et al. 2021), as well as in the fieldwork and inter
pretation report (Romanov et al. 2022).

In order to determine the possible impact of 
atmospheric deposition from the landfill, snow 
samples were planned to be taken in the 3rd sam
pling stage. The aim was to provide some informa
tion on diffuse contamination due to the spread of 
dust, which was planned to be used in estimating 
the influence of air emissions. However, the weather 
conditions prevented the sampling of snow. Thus, it 
was decided to include an ecotoxicity study in the 3rd 
sampling stage. The objective of the ecotoxicity tests 
was to examine the combined influence of different 
harmful elements. The toxicity of nine surface water 
samples was tested in August 2021 using the uni  
cellular protist species Paramecium caudatum. A more 
detailed description of the sampling and analyses,  
as well as the results, is presented in chapter 3.1.5 
and in the quality control report (Rajala et al. 2022). 

In addition to the three individual sampling 
stages, surface water monitoring was carried out 
at eight sites in the study area. The monitoring of 
surface water reveals the seasonal variation in the 
discharge and water quality, as well as possible 
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discharges of contaminated wastewater from the 
landfill and other pollution sources into the river 
network surrounding the study area. Originally, 
the density of the surface water monitoring was 
planned to be monthly or every other month, but 
the Covid-19 pandemic prevented the sampling, 
and finally, only five water sampling rounds were 
carried out. In addition, at one sampling site, auto
matic monitoring of the surface water temperature 
and electric conductivity was carried out for two 
weeks in October–November 2019, for two months 
in October–November 2020 and for six months 
from April 2021 to September 2021.

The overall quality assurance consisted of con
trol samples, training of the sampling staff and the 
preparation of the Sampling Guidelines. As a part of 
the quality assurance process, the Russian analy
sis methods used were compared with the Finnish 
analysis methods. The Sampling Guidelines include 
the field manual and the sampling plan, as well as 
detailed instructions for the fieldwork, the sampling 
of surface water, groundwater, stream sediment, 
soil and snow, and recommendations for the sam
pling equipment (Hatakka et al. 2019). The sam
pling was carried out by the Russian team, and the 
Finnish partners were responsible for the assess
ment of the sampling and analysis procedures, as 
well as their quality control and quality assurance 
practices.

3.1.1 Soil

The origin of harmful elements or compounds in 
soil may be geogenic or anthropogenic. Some metal 
concentrations in soil may be naturally so high that 
they could be dangerous or hazardous to human 
health or the environment. On the other hand, many 
human activities, e.g., industry, mining activi
ties and construction, may affect the accumula
tion of harmful elements in soil. Depending on the 
environmental conditions, the pollutants may be 
attached to soil particles and soil can store them for 
years or even decades. The aim of taking and ana
lysing soil samples is to determine whether there 
are potentially harmful elements in the study area, 
as well as their concentrations and overall amounts. 
It is important to know the location of potential 
harmful elements and their properties: are they 
easily leachable and under what types of condi
tions they are likely to leach? In the risk assessment  
process, soil studies are especially used to estimate the  
long-term risk potential. 

In the 1st sampling stage in August 2019, soil 
samples were taken from 61 sampling points (Fig. 
9). The sampling points were quite evenly distrib
uted and covered almost the whole study area. Only 
the wet mire in the middle of the study area pre
vented soil sampling. At each sampling point, soil 
samples were taken from two depths, 0–5 cm and 
5–20 cm. The topmost samples consisted of organic 
matter and the deeper samples mainly of an organic 
and minerogenic material mixture (Hatakka et al. 
2019, 2020, Romanov et al. 2021b).

In total, 31 element concentrations, organic 
compounds and soil properties were analysed in 
the 1st sampling stage by the accredited laboratory 
PTK-Analytic LLC in St. Petersburg. Five dupli
cate samples from the depth of 0–5 cm and five 
duplicate samples from the depth of 5–20 cm were 
taken for the quality assurance of soil sampling. 
In addition, two GTK soil reference samples were 
used as project standards and sent to the labora
tory for analysis together with the soil samples. The 
GTK soil reference sample was prepared from dried 
and homogenized soil material from the Pirkanmaa 
region in Finland. Selected inorganic elements were 
analysed from the reference sample with the same 
methods as the routine samples. The laboratory that 
performed the analysis in the first sampling stage 
carried out duplicate measurements of pH, As, Cd, 
Cr, Hg, Zn, and benzo(a)pyrene for the routine and 
duplicate samples. These results were handled as 
replicate samples in the quality assurance process 
(Hatakka et al. 2019, 2020). 

Based on the results for the reference sample, it 
was noticed that the analysis methods used for soil 
samples in the 1st sampling stage differed notably 
from the Finnish practices for metal analyses. The 
metal concentrations in the reference sample ana
lysed in the PTK-analytic laboratory were notably 
lower than the results of the Finnish laboratories 
(Hatakka et al. 2020). Thus, the analysed metal con
centrations in soil samples in the 1st sampling stage 
do not present the total or near total metal concen
trations, which are the commonly used values in 
the risk assessment processes. The metal concen
trations in the 1st sampling stage are not compara
ble with the Finnish reference values for harmful 
substances in soil, either. In addition, there was 
not enough information about the methods used for 
analysing organic compounds to ensure the com
parability of the results with the Finnish reference 
values (Hatakka et al. 2020).
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In the 2nd sampling stage in November 2020, 12 
soil samples were taken from seven selected soil 
sampling sites (Fig. 9). From two identified aban
doned landfill areas, the soil samples were taken 
using the multi-incremental sampling method. 
These soil samples consisted of 30 topsoil (sampling 
depth 5–20 cm) subsamples, each evenly cover
ing the identified landfill area. With this sampling 
method, the average concentrations of possibly 
harmful elements and compounds can be detected. 
At the other five sampling sites, the soil samples 
were taken from the depth of 5–20 cm, and at two 
sites also from the depth of 80–100 cm. The upper
most samples consisted of organic matter and the 
lowest samples represented the minerogenic soil.

The soil samples of the 2nd sampling stage were 
analysed in the laboratory Analytical centre JSC 
“ROSA” 119297, Moscow, and the analyses were 
performed according to the Russian standards 
(Hatakka et al. 2021). In total, 55 elements and 
organic compounds, as well as some other proper
ties, were analysed from the soil samples. The ele
ment concentrations were analysed from the <1 mm 
grain-size fraction using sieved sample material 
and 5 M nitric acid leaching. Altogether, 17 deter
minations of the analysed parameters were metals 
and physical properties and 38 were organic com
pounds. The results are presented in the interpreta
tion report “Results of surface water samples (SW), 
Sediment samples (SED) and Soil samples (MIN, 
SUB, SOIL) in Krasny Bor study area – Results of the 
second EnviTox project sampling stage” (Romanov 
et al. 2022). 

One field duplicate and one replicate soil sam
ple were taken from the two sampling depths for 
quality assurance purposes. In these samples, the 
concentrations of 26 analysed parameters were all 
below the detection limits. Most of those param
eters (25) were organic compounds and the one 
inorganic element was antimony. One reference 
sample was used in the soil sample batch in a sim
ilar way as in the 1st sampling stage. As a part of 
the quality assurance process, the Russian analysis 
methods used were compared with the equivalent 
Finnish analysis methods. In general, the analy
sis methods used to determine metal concentra
tions in the soil samples in the 2nd sampling stage 
followed the Finnish practices for metal analyses 

and were comparable with the Finnish reference 
sample and previous geochemical mappings con
ducted in Finnish–Russian collaboration projects 
(e.g., Reimann et al. 1998). Only the concentrations 
of manganese, molybdenum and zinc were nota
bly lower and the detection limit for the antimony 
was too high to be compared with the results of the 
Finnish studies. However, the metal concentrations 
in soil samples from the 2nd sampling phase (n = 5) 
did not statistically significantly correlate with the 
metal concentrations in the soil samples of the 1st 
sampling stage. With regard to organic substances, 
there were some differences in the Russian standard 
analytical methods when compared to the Finnish 
practices. The consistency of the methods cannot 
be reliably assessed based on the data obtained with 
the methods (Hatakka et al. 2021). 

From the risk assessment point of view, there 
were 61 points evenly distributed in the study area 
with some information on the concentrations of 
possible harmful elements in soil. However, based 
on the reference sample, the analysed metal con
centrations were notably lower than the total 
concentrations in soil, the values of which are 
commonly used for risk assessment purposes. The 
total concentrations reflect the maximum potential 
risks caused by the harmful elements stored in soil. 
Under different environmental conditions, it may be 
possible that these elements and compounds dis
solve and transfer along the water network. The 
lack of the detailed descriptions of laboratory pre-
analysis and analysis methods also prevents us from 
ensuring the comparability of the organic com
pound results. On the other hand, there is reliable 
information on total metal concentrations in soil 
representing only a minor part of the study area. 
The results of the multi-incremental soil samples 
provide valuable information on possibly harmful 
elements and compounds in the abandoned landfill 
areas, representing the average concentrations in 
soil. Apart from two deeper soil samples, the ana
lysed concentrations represent the state of topsoil. 
However, knowledge of the possibly harmful ele
ment and compound concentrations deeper in the 
soil and the thickness of the waste layers in the 
identified abandoned landfill areas is crucial when 
ecological and health risks are assessed. 

  

Fig. 9. The soil sampling points of the EnviTox project. On the left, soil samples from the sampling depth of  
0–5 cm, and on the right, from the sampling depth of 5–20 cm.
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and were comparable with the Finnish reference 
sample and previous geochemical mappings con
ducted in Finnish–Russian collaboration projects 
(e.g., Reimann et al. 1998). Only the concentrations 
of manganese, molybdenum and zinc were nota
bly lower and the detection limit for the antimony 
was too high to be compared with the results of the 
Finnish studies. However, the metal concentrations 
in soil samples from the 2nd sampling phase (n = 5) 
did not statistically significantly correlate with the 
metal concentrations in the soil samples of the 1st 
sampling stage. With regard to organic substances, 
there were some differences in the Russian standard 
analytical methods when compared to the Finnish 
practices. The consistency of the methods cannot 
be reliably assessed based on the data obtained with 
the methods (Hatakka et al. 2021). 

From the risk assessment point of view, there 
were 61 points evenly distributed in the study area 
with some information on the concentrations of 
possible harmful elements in soil. However, based 
on the reference sample, the analysed metal con
centrations were notably lower than the total 
concentrations in soil, the values of which are 
commonly used for risk assessment purposes. The 
total concentrations reflect the maximum potential 
risks caused by the harmful elements stored in soil. 
Under different environmental conditions, it may be 
possible that these elements and compounds dis
solve and transfer along the water network. The 
lack of the detailed descriptions of laboratory pre-
analysis and analysis methods also prevents us from 
ensuring the comparability of the organic com
pound results. On the other hand, there is reliable 
information on total metal concentrations in soil 
representing only a minor part of the study area. 
The results of the multi-incremental soil samples 
provide valuable information on possibly harmful 
elements and compounds in the abandoned landfill 
areas, representing the average concentrations in 
soil. Apart from two deeper soil samples, the ana
lysed concentrations represent the state of topsoil. 
However, knowledge of the possibly harmful ele
ment and compound concentrations deeper in the 
soil and the thickness of the waste layers in the 
identified abandoned landfill areas is crucial when 
ecological and health risks are assessed. 

  

Fig. 9. The soil sampling points of the EnviTox project. On the left, soil samples from the sampling depth of  
0–5 cm, and on the right, from the sampling depth of 5–20 cm.

3.1.2 Sediment

Sediment is solid and/or precipitated material that 
water has released and transported, and then accu
mulated in layers, e.g., on the bottom of rivers, 
streams, creeks, ditches, lakes or even puddles. 
Harmful elements from the whole catchment area 
may accumulate in sediment. One aim of studying 
sediment samples is to gain an overview of which 
pollutants there might be in the catchment area 
and their capability to move. As in soil samples, 
depending on the environmental conditions, the 
harmful elements and compounds may be stored 
in the sediment or due to changes in conditions 
they may be released and transported again. In the 
risk assessment process, information on sediments 
helps in identifying the potential pollutants and 
their pathways, as well as their potential loads. 

In the 1st sampling stage in August 2019, 22 sedi
ment samples were taken (Fig. 10). Altogether, 31 
element concentrations and sediment proper
ties were analysed in the 1st sampling stage by 
the accredited laboratory PTK-Analytic LLC in St. 
Petersburg (Hatakka et al. 2020). For the stream 

sediment sample batch, two field duplicate sam
ples were taken. The laboratory analysis methods 
used for the sediment samples were the same as 
for the soil samples. Based on the results from 
the soil reference sample (see Chapter 3.1.1), the 
analysis method for metals differed notably from 
the Finnish practices for metal analyses. Thus, the 
metal concentrations in sediment samples are not 
comparable with the previous geochemical map
pings conducted in Finnish–Russian collaboration 
projects (e.g., Reimann et al. 1998). It is assumed 
that the analysed metal concentrations in the 
sediment samples in the 1st sampling stage were 
notably lower than the total or near total metal 
concentrations, the values of which are commonly 
used in the risk assessment process. With regard 
to organic substances, there were some differences 
in the Russian standard analytical methods when 
compared to the Finnish practices. The consistency 
of the methods cannot be reliably assessed based 
on the data obtained using the methods (Hatakka 
et al. 2021).  

In the 2nd sampling stage in November 2020,  
15 sediment samples were taken. Twelve of the  
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sampling points were quite the same as the sam
pling points of the 1st sampling stage and three 
sampling points were new. In addition, two dupli
cate samples were taken for quality assurance pur
poses. All the sediment samples were analysed in 
the laboratory Analytical centre JSC “ROSA” 119297, 
Moscow, and the analyses were performed accord
ing to the Russian standards (Hatakka et al. 2021), 
as with the soil samples (see chapter 3.1.1). Based on 
the results for the soil reference sample, the metal 
results analysed from the sediments represent the 
total or near total metal concentrations. Regarding 
organic substances, the consistency of the meth
ods cannot be reliably assessed based on the data 
obtained using the methods (Hatakka et al. 2021).

The results of the soil and sediment samples 
taken in different sampling stages differ notably. 
The natural variation in the concentrations of sta
ble elements and compounds, such as metals and 
stable organic compounds, should not be very high. 
The analyses in the 1st and 2nd sampling stages were 
carried out in different laboratories. Some of the 
analysis methods were the same, but some of them 
differed (for details, see Hatakka et al. 2021, Table 
11). Thus, the analysis results for metals in the sedi
ment samples (n = 8) performed in two sampling 
stages were compared with the Pearson 2-tailed 
method. No statistically significant correlations 
were found between the metal concentrations in 
samples taken in the 1st and 2nd sampling stages 
(n = 8).

Fig. 10. The sediment sampling points in the 1st and 2nd 
sampling phases of the EnviTox project. 

3.1.3 Surface water

Surface water is the main carrier of pollutants. 
The aim of taking and analysing water samples 
is to determine what types of harmful elements 
the water has leached and released and in what 
form, suspended or soluble, each pollutant is pre
sented. Surface water studies are the basis for 
identifying the transportation routes of pollutants. 
Concentrations in filtered surface water samples 
reveal which pollutants are carried in a soluble 
form, while the unfiltered sample concentrations 
represent the total concentrations of the harmful 
elements in water.

In the 1st sampling stage in August 2019, 22 sur
face water sample were taken (Fig. 11). In addi
tion, two duplicate samples and one blank sample 
were taken as quality control samples. The sam
pling methods and procedures are described in 
the Sampling Guidelines of the EnviTox project 

(Hatakka et al. 2019) and in the fieldwork report 
(SC Mineral 2019). All the samples were analysed 
by the accredited laboratory PTK-Analytic LLC in St. 
Petersburg. In total, 59 elements and compounds, 
as well as some properties, were determined from 
the water samples. For 13 parameters, the con
centrations were below the detection limits in all 
samples. The analysis results are available in the 
interpretation report (Romanov et al. 2021b). There 
is no information on whether the water samples 
for cation and metal analyses were filtered in the 
laboratory. Thus, the analysed metal concentrations 
may represent either soluble or total concentrations 
in water.

In total, 43 element and compound concentra
tions and water properties were analysed from the 
blank sample. The blank sample was taken during 
the actual sampling session, and it was handled 
in the same way as the routine samples. Because 
the lead and mercury concentrations in the surface 
water blank sample were high, the lead and mercury 
concentrations in the surface water samples taken 
in the 1st sampling stage should be considered only 
suggestive.
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In the 2nd sampling stage in November 2020, the 
surface water sampling was repeated at 16 sampling  
sites and three samples were taken from new sam
pling points. Altogether, 120 elements and com
pounds as well as some properties were analysed 
from the water samples in the laboratory Analytical 
centre JSC “ROSA” 119297, Moscow. Altogether, 
87 of the determinations concerned organic com
pounds and the remaining 33 determinations were 
anions, cations and other inorganic elements. In 69 
cases, the determined concentrations were below 
the detection limit of the analysis method in all 
surface water samples. One of these related to 
mercury and all the others to organic compounds. 
In the field duplicate sample pairs, mercury and 
76 organic compounds were below the detection 
limit. In the blank sample, 11 determinations were 
above the detection limit (Hatakka et al. 2021). 
In this sampling stage, it is unclear whether the 
samples were filtered in the laboratory. Thus, it is 
not known whether the analysis results represent 
soluble concentrations or total concentrations in 
water. The interpretation results are presented in 
the interpretation report (Romanov et al. 2022). 

From the risk assessment point of view, there is 
quite much information on water quality. However, 
it is not known whether the results represent solu
ble or total concentrations in water. Under natural 
conditions, the variation between sampling sea
sons in element and compound concentrations in 
surface water may be high. However, the samples 
taken in the separate sampling stages were analysed 
in different laboratories and with partly different 
methods, which could also have affected the results. 
Another challenge concerning the surface water 
results is that the analysis results from the same 
sampling sites differ notably between the 1st and 
the 2nd sampling stages, i.e., there is no statistically 
significant correlation (Pearson, two-tailed, n = 19) 
between the metal concentrations in samples taken 
in the 1st and 2nd sampling stages.

Fig. 11. The surface water sampling points in the 1st and 
2nd sampling phases of the EnviTox project.  

3.1.4 Groundwater

Fig. 12. The locations of water samples taken from dug 
wells in the EnviTox project.  

In the 1st sampling stage in August 2019, five water 
samples were taken from private dug wells in the 
nearby villages south and southeast of the Krasny 
Bor landfill (Fig 12). The hydrochemical analysis 
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was conducted from six water samples (includ
ing 1 blank sample) for 47 indicators. In addition, 
the temperature, pH and dissolved oxygen content 
were determined in situ in connection with sam
pling. The laboratory analyses were carried out by 
the environmental laboratory of PTK-Analitik LLC, 
SZ branch of FSBI and MPO Typhoon, FSBI TsLATI 
for the North-West Federal District. For quantitative 
chemical analyses of water, certified methods were 
used (Romanov et al. 2021b).

The villages of Mishkino, Feklistovo, Porkuzi 
and Perevoz are located on the Baltic-Ladoga ledge 
(clint) of the Ordovician plateau and are territori
ally much higher than the Krasny Bor landfill. The 
direction of groundwater flow is from these villages 
along the slope of the clay to the north towards 
the Krasny Bor landfill. Thus, the contaminated 
groundwater in the area of the Krasny Bor landfill 
most probably cannot pollute water in the wells of 
this settlement (Romanov et al. 2021b). However, no 
detailed groundwater flow model exists for the area.

In the EnviTox project, no groundwater samples 
were taken inside the Krasny Bor landfill area or in 
the vicinity of the Krasny Bor landfill.

3.1.5 Ecotoxicology

Ecotoxicity tests were not originally included to the 
project plan. After the 1st sampling stage, ecotox
icity testing was seen as important for collecting 
more information on the coeffects of compounds 
and their bioavailability for risk assessment.

The toxicity of nine water samples collected in 
August 2021 was tested using the unicellular protist 
species Paramecium caudatum. The toxicity testing 
was conducted according to the Russian standard 
(PND F T 14.1:2:3:4.2-98): “Method for determining 
the toxicity of samples of natural, drinking, house
holddrinking, household waste, treated waste, 
waste, thawed, process water by the express method 
using the device “Biotester”” (FR 1.39.2015.19242, 
2015). Toxicity tests were conducted by the labora
tory Analytical centre JSC “ROSA” 119297, Moscow.

The results were expressed as a toxicity index (T), 
which is categorized into three classes: 
1) Tolerated toxicity (0.00 < T ≤ 0.40)
2) Moderate toxicity (0.40 < T ≤ 0.70)
3) High toxicity (T > 0.70)

Three of the analysed water samples were clas
sified as highly toxic, four as moderately toxic and 
three did not pose any significant toxicity to P. cau-
datum (Table 1, Fig. 13). The toxicity index corre
lated strongly with pH, electric conductivity, water 
hardness and total dry residue. The ecotoxicity tests 
and results, as well as quality assurance of the pro
cedure, are described more detail in the report of 
Rajala et al. (2022).

Fig. 13. Toxicity index in surface water samples collected 
in August 2021. Control sample ETX-2021-SW-151 is 
not shown on the map.

Table 1. The calculated toxicity indexes (T) for Paramecium caudatum in the water samples collected in August 2021. 

Sample Toxicity index 
(T) with un

certainty value

Toxicity Place  Route

ETX-2021-SW-27 0.98 (0.26) High Stream to Izhora

ETX-2021-SW-45D 0.86 (0.23) High Main canal from the landfill, duplicate sample of  
ETX-2021-SW-45

ETX-2021-SW-51 0.79 (0.21) High Clay excavation area

ETX-2021-SW-45 0.62 (0.17) Moderate Main canal from the landfill

ETX-2021-SW-39 0.70 (0.19) Moderate Main canal from the landfill

ETX-2021-SW-32 0.55 (0.15) Moderate Stream to Tosna

ETX-2021-SW-54 0.55 (0.15) Moderate Around Landfill

ETX-2021-SW-58 0.38 (0.10) Tolerated Around Landfill

ETX-2021-SW-46 0.19 (0.05) Tolerated Around Landfill

ETX-2021-SW-151-Control 0.05 Tolerated Residential area
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3.2 Surface water monitoring

The monitoring of surface water reveals the sea
sonal variation in the discharge and water qual
ity, as well as possible discharges of contaminated 
wastewater from the landfill and other pollution 
sources into the river network surrounding the 
study area. In the EnviTox project, surface water 
monitoring was carried out at eight sites in the 
study area (Fig. 11). The surface water samples from 
the monitoring sites were taken five times dur
ing the project period: August 2019, October 2019, 
November 2020, April 2021 and August 2021. The 
sampling rounds in August 2019 and in November 
2020 were included in the 1st and the 2nd sampling 
stages. In addition, at one sampling site, auto
matic monitoring of the surface water tempera
ture and electric conductivity was carried out for 
two weeks from 22 October to 4 November 2019, 
for two months from 30 September to 1 December 
2020 and for six months from 13 April 2021 to 23 
September 2021. 

The laboratories for analytical determinations 
differed during the monitoring period. In 2019, 
the water samples were analysed by the environ
mental laboratory of PTK-Analitik LLC, SZ branch 
of FSBI and MPO Typhoon, FSBI TsLATI for the 
North-West Federal District. From 2020, the analy
ses were carried out by the laboratory Analytical 
centre JSC “ROSA” 119297, Moscow. In the first 
sampling and second monitoring rounds in 2019, 
altogether 59 elements, compounds and proper
ties were analysed. In 2020 and 2021, the third, 
fourth and fifth monitoring rounds, the analyses 

consisted of 120 elements, compounds and prop
erties. In all sampling rounds, the typical harm
ful elements, such as metals, organic compounds, 
such as phenols, oil products, pesticides, PAH and 
PCB compounds, as well as pH, water content and 
the quantity of organic carbon were included in 
the analytical parameters. It is notable that in the 
fourth sampling round, the analytical results for 
one crucial monitoring point (SW-45) close to 
the Krasny Bor landfill were found to be missing. 
Descriptions of the sampling procedure are pre
sented in the fieldwork reports (SC Mineral 2019, 
Romanov et al. 2021a, Savenkova et al. 2022a, b). 
The water sampling in October 2019 was carried out 
with the same procedure as in August 2019 (see SC 
Mineral 2019), and in April 2021 and August 2021 
with the same procedure as in November 2020 (see 
Romanov et al. 2021a, Savenkova et al. 2022a, b). 

For the first three monitoring rounds, the quality 
control samples were the ones that were taken in 
relation to the 1st and the 2nd surface water sam
pling stages. In 2021, the surface water monitor
ing consisted of one duplicate sample. The quality 
assurance and quality control of the 1st and the 2nd 
sampling phases (August 2019 and November 2020, 
respectively) are presented in the reports EnviTox – 
Quality Control of the First Fieldwork and Sampling 
Stage (Hatakka et al. 2020) and EnviTox – Quality 
Control of the Second Fieldwork and Sampling Stage 
(Hatakka et al. 2021). The surface water monitoring  
as well as its quality as a whole is assessed in the 
report EnviTox – Quality Control of the Surface 
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Water Monitoring (Hatakka et al. 2022). In the first 
sampling stage, the lead and mercury as well as PCB 
concentrations in the surface water samples should 
be considered as only suggestive, as the lead, mer
cury and PCB concentrations in the surface water 
blank sample were high.

Automatic monitoring of surface water was car
ried out at one monitoring point. The first measur
ing period lasted two weeks in October–November 
2019, the second one lasted two months in October–
November 2021 and the third period lasted six 
months from April 2021 to September 2021. The 
temperature and electric conductivity of the water 
were measured 12 times a day. The measurement 
results are available in the “Report on the moni

toring of surface waters in the area of the Krasny 
Bor landfill of the EnviTox project” (Savenkova et 
al. 2022). 

Unfortunately, due to the Covid-19 pandemic, 
monitoring was not as dense as planned. Thus, it is 
not possible to reliably estimate the seasonal vari
ation in the discharge and water quality or possible 
discharges of contaminated wastewater from the 
landfill and other pollution sources into the river 
network surrounding the study area. In addition, 
the differences in the analytical determinations, 
both in the parameter selection and in the vari
ation of concentration levels in the results of the 
laboratories, set challenges for the risk assessment 
process.

3.3 Surface water flow modelling

A surface water flow model for the watershed of 
the Krasny Bor hazardous waste landfill was con
structed by IL RAS to support the vulnerability and 
environmental risk assessment studies (IL RAS 
2022). The model provides a tool for predicting pol
lution discharge from the Krasny Bor surroundings 
to the Neva River and the Gulf of Finland. Because 
the water intake of the city of St. Petersburg relies 
on the Neva River and the water intake plants are 
located downstream from the Krasny Bor landfill, 
it is essential to know the main flow routes, as well 
as to understand the discharge volumes and travel 
times of pollutants from the Krasny Bor water
shed to the Neva River. The generated surface water 
flow model identifies the main surface water flow 
routes and pollutant transportation routes of the 
Krasny Bor watershed to the nearby ditches and 
rivers (mainly the Rivers Izhora and Tosna), and 
finally to the Neva River. 

The catchment areas of the Rivers Izhora and 
Tosna were determined. The main ditches and 
rivers were mapped and flow measurements were 
conducted in the field. Based on these studies, the 
water discharges of the Izhora and Tosna catch
ment areas were estimated. Based on 97% water 
flow probability, the discharge is 5.24 m3/s for the 
River Izhora and 4.66 m3/s for the River Tosna. 
The inflow of the River Izhora to the Neva River is 
2 km closer to the water intakes than the inflow of 
the River Tosna. 

The basis for the pollutant discharge modeling 
was that overflow from open, partly non-covered 
toxic waste pools in the Krasny Bor hazardous waste 
landfill takes place (Fig. 14 and Table 2). The height 

of the embankments of the pools is about 5 metres. 
According to Kondratyev & Shmakova (2021), the 
actual volume of the pools is, however, higher than 
originally planned, as the embankments were con
structed to increase their capacity. In addition, the 
construction of the embankments did not follow the 
building standards given for such a structure. In 
2017, pools 64 and 68 were covered with an imper
meable coating that is floating on pontoons. The 
accumulated rainwater on the surface of the coat
ing is collected and pumped out to the wastewater 
treatment plant. Overflow of the pools may occur 
during intense precipitation or snowmelt or due to 
the destruction of the embankments. Predictions 
were made for four different scenarios.
 • Scenario 1: Overflow of pools 59, 66 and 67 due to 

intense precipitation or/and snowmelt. The over
flow above the embankment is estimated to be 
0.10 m. The total discharge in 96 hours is 794 m3. 

 • Scenario 2: Destruction of the embankment of 
pools 59, 66 and 67 by 1 metre due to intense 
precipitation or snowmelt. The total discharge 
is 7,940 m3 per 100 hours.

 • Scenario 3: Complete destruction of the embank
ments of all five pools due to an extreme situa
tion (terrorist attack, explosion, tsunami, etc.). 
The total discharge is 176,985 m3 per 100 hours.

 • Scenario 4: Underground filtration of pollut
ants from the pools due to tectonic faults in the 
Cambrian clay (e.g., tectonic faults with a magni
tude of up to 4.0 points have been recorded in the St. 
Petersburg area). The volume of pollutants enter
ing the surrounding environment is 50,000 m3  
per 12 hours.

Fig. 14. The location and ID numbers of three open, non-covered toxic waste pools (59, 66, 67) and temporarily 
covered waste pools (64 and 68) in the Krasny Bor hazardous waste landfill. Figure from Kondratyev & Shmakova 
(2021) and IL RAS (2022).

Table 2. The opening years, volume and depths of five 
open, non-covered liquid waste pools in the Krasny 
Bor hazardous waste landfill (Kondratyev & Shmakova 
(2021), IL RAS (2022)).

ID Opening year Volume (m³) Depth (m)

59 1986 8,112 8.5

64 1988 445,360 24.0

66 1990 10,725 6.5

67 1991 32,400 9.0

68 1992 106,360 10.0
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Based on the surface water flow model, the dis
charge lag time from the Krasny Bor landfill along 
the River Izhora catchment to the first water intake 
in the Neva River is 17.8 hours and along the River 
Tosna catchment 28.8 hours (based on an average 
discharge probability of 50%). Thus, in case of any 
severe leakage, there is less than one day to react 
and start risk management actions before the first 
pollutants may reach the water intake plants.

The pollutant transportation calculations were 
carried out for petroleum products, cadmium and 
mercury for all four scenarios with concentrations 
of 46.5 mg/l, 0.375 mg/l and 0.0068 mg/l, respec
tively. These concentrations were detected by the 
Russian State Hydrological University in 2008 from 
waste pool 67. The results indicate that the concen
trations of all pollutants exceed the maximum per
missible concentrations (MPC) for drinking water 
and domestic water (SN 2.1.5.1315-03) before the 
rivers discharge to the Neva River. However, the 

concentrations are diluted in the Neva River before 
reaching the first water intake and the MPC values 
are only exceeded for scenarios 3 and 4.

At several EnviTox surface water sampling points 
near the Krasny Bor hazardous waste landfill, the 
risk quotient was greater than 1, meaning that the 
detected concentration levels of pollutants may pose 
a risk (see chapter 6.3). However, the background 
pollution sources do not lead to extremely high pol
lutant concentrations in the hydrographic network 
during emergency discharge. An emergency dis
charge is considered as an inflow of a large volume 
of water with high concentrations of pollutants 
into the hydrographic network. Therefore, for cal
culations, in addition to concentration values, it is 
necessary to know the volume of polluted water 
entering the hydrographic network for a certain 
period. This is why background pollution result
ing from several sources is not considered in the 
emergency discharge calculations. It should be 
noted that diffuse contamination spreading from 
the Neva tributaries to the Neva River is still worth 
attention and should thus be investigated in more 
detail in future studies.

The transportation of suspended solids was also 
calculated. These studies demonstrated that sus
pended solids are deposited in the coastal zone of 
the Neva River at a distance of no more than 0.5 km 
from the inflow of the Rivers Izhora and Tosna. It 
is, however, unclear how the increase in the water 
flow of the Neva River and resulting coastal ero
sion will affect the accumulated sediments and 
their remobilization.
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4 CONCEPTUAL MODEL

A conceptual model is a basic and useful tool for 
preliminary risk assessment. It enables a system
atic review of the collected background data and 
conditions concerning the study area. The con
ceptual model provides a basis for targeting risk 
assessment, as well as planning potential risk 
management, as it describes sources of pollution, 
possible and probable transport routes, as well as 

possible and probable exposure pathways (Ministry 
of the Environment 2014). 

Pollution sources and transport and exposure 
routes in the Krasny Bor study area have been 
described and prioritized in Figures 15–17 and the 
following chapters. In addition, exclusions of risk 
assessment are discussed.  
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Fig. 16. Conceptual model for risk assessment in the EnviTox study area. Layout: Elvi Turtiainen Oy.
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4.1 Sources of pollution

The EnviTox project focused on assessment of 
the environmental risks posed by the Krasny Bor 
hazardous waste landfill in the surrounding area. 
However, in addition to the landfill, there are unau
thorized, abandoned landfills and dumping sites in 
the study area, as well as other human activities 
such as industry that can cause emissions to the 
environment. 

4.1.1 Krasny Bor hazardous waste landfill

Effluents from wastewater treatment 
plant (WWTP) to the main canal 

Fig. 18. Drainage waters from the landfill area are collected in canals and treated in a wastewater treatment plant. 
Photos: Vuokko Malk, Xamk (August 2019).

canal was 31,543 to 61,201 m3/year in 2017–2019 
(Kuznetsova 2020). Earlier, sewage from the landfill 
was discharged directly into the main canal without 
any treatment. In the springtime and during heavy 
rain events, the amount of water may exceed the 
capacity of the wastewater treatment plant.  

Possible accidental leakages and overflows
As described in Chapter 2.1.1, most of the pools con
taining hazardous waste in the Krasny Bor landfill 
have been covered, which should prevent overflow 
of the pools containing hazardous liquids (Fig. 20). 
However, there are still some open pools in the 
landfill area and accidental leakages are possible.

Fig. 19. The main canal from the Krasny Bor landfill (left: the starting point of the canal in August 2019; middle: 
the ending point of the canal in August 2019; right: sampling from the main canal in April 2021). Photos: Vuokko 
Malk, Xamk and Margarita Gorelenko, SC Mineral.
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Since 2015, the drainage waters of the Krasny Bor 
hazardous waste landfill have been treated in the 

landfill’s wastewater treatment plant (WWTP). The 
landfill area is surrounded by canals with a concrete 
lining (Fig. 18). Drainage waters from the landfill 
area are collected in these canals and directed to 
the WWTP. However, it may be possible that some 
waters leak from the canals to the surrounding 
environment, as the concrete bottom lining has 
some cracking and overflows can also take place. 

The WWTP effluents, which may still contain 
some contaminants, are directed to the main canal 
(Fig. 19), which flows via smaller ditches/streams 
in the direction of the Rivers Izhora and Tosna, 
and finally to the Neva River and the Baltic Sea. 
According to the Krasny Bor landfill administra
tion, the volume of effluents directed to the main 
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canal was 31,543 to 61,201 m3/year in 2017–2019 
(Kuznetsova 2020). Earlier, sewage from the landfill 
was discharged directly into the main canal without 
any treatment. In the springtime and during heavy 
rain events, the amount of water may exceed the 
capacity of the wastewater treatment plant.  

Possible accidental leakages and overflows
As described in Chapter 2.1.1, most of the pools con
taining hazardous waste in the Krasny Bor landfill 
have been covered, which should prevent overflow 
of the pools containing hazardous liquids (Fig. 20). 
However, there are still some open pools in the 
landfill area and accidental leakages are possible.

In the past, there were overflows of the waste 
pools and the waters flowed to the main canal and 
ditches around the landfill without treatment. Some 
contamination could still remain in the environ
ment surrounding the landfill due to these over
flows. Neither the extent of the occurred overflows 
nor the duration of the flood events is known by 
the EnviTox project.

The remaining contaminants in the WWTP’s effluents 
are the main contamination route to the stream waters, 
groundwater and sediments and cause the main eco-
logical and health risk in the study area. Additionally, it 
is possible that there are still contaminants in the sedi-
ments and soil overburden due to past overflows.

Fig. 19. The main canal from the Krasny Bor landfill (left: the starting point of the canal in August 2019; middle: 
the ending point of the canal in August 2019; right: sampling from the main canal in April 2021). Photos: Vuokko 
Malk, Xamk and Margarita Gorelenko, SC Mineral.

Fig. 20. Most of the pools containing hazardous waste in the Krasny Bor landfill have been covered, which is 
planned to prevent overflow of the hazardous liquids. Photos: Vuokko Malk, Xamk (August 2019).

Air emissions, dry and wet deposition
The main sources of air pollution at the landfill 
are evaporation from the surface of open waste 
pools and open drainage ditches, emissions from 
wastewater treatment plant, gas boiler room emis
sions and vehicle emissions (Panteleimonov 2021). 
Nowadays, covering of the pools can prevent vola
tilization and the transportation of volatile com
pounds into the air, but there are still uncovered 
waste pools in the landfill. The landfill is closed, 
and new and the most evaporative material is no 
longer brought to the area. However, a chemical 
odour was noticed during the fieldwork near the 
Krasny Bor landfill and the main canal, indicating 
possible evaporation of chemicals into the air. 

In the past, there have been several landfill fires 
in the Krasny Bor landfill in which hazardous mate
rials burned. The fires probably caused toxic vapour 
emissions to the air and dry/wet deposition in the 
study area. Incomplete combustion (burning) of 
toxic waste may produce several toxic organic com
pounds that are often very persistent in the environ
ment. Neither the extent nor the number or duration 
of occurred fires is known by the EnviTox project.

The dry/wet deposition from the landfill (and 
other industries) is the main contamination source 
of soil in the surrounding area of the Krasny Bor 
landfill (other than abandoned landfills/dumping 
sites). Contaminants can continue to be transported 
from soil to stream waters and groundwater.
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Hazardous compounds can evaporate from the land-
fill. In addition, there are other industries in the nearby 
areas and abandoned landfills/dumping sites from where 
the volatilization of contaminants and dry/wet deposi-
tion to the study area is possible and may currently be 
even more likely than from the Krasny Bor landfill area. 
It is possible that past contamination, e.g., from landfill 
fires, still has an effect on the environment.

Emissions to groundwater
The Krasny Bot hazardous waste landfill and other 
contamination sources could cause the migration 
and leaching of contaminants to groundwater and 
further to stream waters and sediments.

The hydrogeology of the Krasny Bor landfill area 
is complex (see chapter 2.2.3) and several aquifers 
exist above the thick Cambrian clay layer. Analysis 
of groundwater samples from the monitoring wells 
has revealed high concentrations of pollutants in 
groundwater in the Krasny Bor landfill (Coalition 
Clean Baltic 2016, Panteleimonov 2021). The depth 
of existing monitoring wells and, thus, the moni
tored aquifer was not known by the EnviTox project. 
The two uppermost Cambrian-Ordovician aquifers 
are commonly used for water supply in the sur
rounding population centres and villages. The top
most, thin perched groundwater is widely polluted 
and not suitable for water supply (Romanov et al. 
2021b). Based on one sample, there are no signs of 
pollution in the Lomonosov aquifer, which is located 
underneath the thick Cambrian clay (Panteleimonov 
2021).

From the risk assessment point of view, the 
perched groundwater in particular may easily dis
charge to the surrounding water bodies and trans
port dissolved contaminants to stream waters. Due 
to the lack of sedimentological data, it was not 
possible for the EnviTox project to estimate how 
the soil layers and aquifers are connected to the 
waterbodies. Most probably, all the layers above the 
Cambrian clay interact with the surface water and 
discharge and/or recharge takes place.

The coverage of the Krasny Bor monitoring wells 
is inadequate and no information was available 
from monitoring well logs to interpret the geologi
cal soil layers. The monitoring analysis results were 
not available for the EnviTox project, either. This 
makes the feasible assessment of the groundwater 

flow routes and potential transport of harmful sub
stances impossible. Therefore, it was decided that 
the groundwater as a transport route would not be 
assessed in the EnviTox risk assessment.

Groundwater discharge is a considerable contamina-
tion source to stream waters and sediments due to high 
detected pollution concentrations in the area. A ground-
water flow model is essential to predict the migration 
and leaching of contaminants from aquifers to stream 
waters, and vice versa. 

4.1.2 Unauthorized, abandoned landfills and  
dumping sites

In addition to the Krasny Bor landfill, there are some 
unauthorised, abandoned landfills or dumping sites 
in the study area that are described in chapter 2.2.1. 
At the abandoned Tosno landfill (Fig. 21), located 
about 800 metres north of the Krasny Bor landfill, 
there is no treatment of leachates, which can thus 
cause contamination of groundwater, soil, stream 
waters and sediments. As the landfill is only partly 
covered with a rather thin grass layer, rainwater 
can easily infiltrate into the waste layer. This, in 
turn, may cause the production of potentially toxic 
leachates, which will flow towards the bottom of 
the landfill. There is no information on whether 
the bottom of the landfill is lined. The potential 
risks of groundwater and surface water contamina
tion from landfill leachate will be even greater in 
the future, as precipitation is predicted to increase 
in the area. Contaminants can also evaporate to 
air or dissolve from waste into soil. There can be 
chemical or oil leakages from waste to soil and 
water bodies. A small fire was detected during the 
fieldwork in August 2019. Fires can cause emissions 
to air and dry/wet deposition to the surroundings. 
Contaminated particles on open topsoil and dust 
can be transported by the wind over a wider area.

During the fieldwork in 2019, some other aban
doned landfills or dumping places were detected 
in the forested areas (Fig. 22). In addition, many 
smaller illegal dump sites can be found along the 
roads (Romanov et al. 2021b).

Leachates from abandoned landfills and dumping 
sites are (in addition to the effluents from the Krasny 
Bor landfill´s WWTP) the other main contamination route 
to the stream waters and sediments. 

Fig. 21. The abandoned Tosno landfill (left) and a canal around the landfill (right). Photos: SC Mineral.

Fig. 22. The identified landfill in the northern part of the study area during the 1st field season of the EnviTox 
project. Photos: Stepan Romanov, SC Mineral.
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flow routes and potential transport of harmful sub
stances impossible. Therefore, it was decided that 
the groundwater as a transport route would not be 
assessed in the EnviTox risk assessment.

Groundwater discharge is a considerable contamina-
tion source to stream waters and sediments due to high 
detected pollution concentrations in the area. A ground-
water flow model is essential to predict the migration 
and leaching of contaminants from aquifers to stream 
waters, and vice versa. 

4.1.2 Unauthorized, abandoned landfills and  
dumping sites

In addition to the Krasny Bor landfill, there are some 
unauthorised, abandoned landfills or dumping sites 
in the study area that are described in chapter 2.2.1. 
At the abandoned Tosno landfill (Fig. 21), located 
about 800 metres north of the Krasny Bor landfill, 
there is no treatment of leachates, which can thus 
cause contamination of groundwater, soil, stream 
waters and sediments. As the landfill is only partly 
covered with a rather thin grass layer, rainwater 
can easily infiltrate into the waste layer. This, in 
turn, may cause the production of potentially toxic 
leachates, which will flow towards the bottom of 
the landfill. There is no information on whether 
the bottom of the landfill is lined. The potential 
risks of groundwater and surface water contamina
tion from landfill leachate will be even greater in 
the future, as precipitation is predicted to increase 
in the area. Contaminants can also evaporate to 
air or dissolve from waste into soil. There can be 
chemical or oil leakages from waste to soil and 
water bodies. A small fire was detected during the 
fieldwork in August 2019. Fires can cause emissions 
to air and dry/wet deposition to the surroundings. 
Contaminated particles on open topsoil and dust 
can be transported by the wind over a wider area.

During the fieldwork in 2019, some other aban
doned landfills or dumping places were detected 
in the forested areas (Fig. 22). In addition, many 
smaller illegal dump sites can be found along the 
roads (Romanov et al. 2021b).

Leachates from abandoned landfills and dumping 
sites are (in addition to the effluents from the Krasny 
Bor landfill´s WWTP) the other main contamination route 
to the stream waters and sediments. 

Fig. 21. The abandoned Tosno landfill (left) and a canal around the landfill (right). Photos: SC Mineral.

Fig. 22. The identified landfill in the northern part of the study area during the 1st field season of the EnviTox 
project. Photos: Stepan Romanov, SC Mineral.

4.1.3 Other activities

In addition to the Krasny Bor hazardous waste land
fill and other waste dumps, there are further human 
activities in the study area that may cause envi
ronmental pollution, such as cemeteries, industrial 
activities and land excavation, as described in chap

ter 2.2.1. In the EnviTox project, the focus was on 
the contamination and risks related to the Krasny 
Bor hazardous waste landfill and unauthorized, 
abandoned landfill sites in the study area. However, 
emissions from the other activities must be taken 
into consideration in the risk assessment.

4.2 Transport routes and mechanisms

Surface water is the main route for the transport of 
contaminants from the Krasny Bor landfill. The two 
main flow directions of surface waters are 1) in the 
direction of the River Izhora and 2) in the direction 
of the River Tosna. Both rivers flow into the Neva 
River and finally into the Gulf of Finland and the 
Baltic Sea. Heavy rain, snowmelt waters and flood
ing can increase drift towards larger rivers.

The main transport route to soil in the sur
rounding area of the Krasny Bor landfill is dry/wet 
deposition from the landfill and other industry and 
local contamination, e.g., in abandoned landfills or 
dumping sites. Harmful substances can be trans
ferred to surface streams and ditches. In addition, 
substances can migrate to deeper soil layers and 
further into groundwater. Heavy rains and floods 
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increase drift with the water. Runoff from soil is 
probably not as important a transport route of 
contaminants to stream waters as runoff from the 
Krasny Bor landfill and illegal, abandoned landfills/
dumping sites. However, changes in pH and redox 
conditions may release contaminants from the soil 
matrix. In addition, contaminants may migrate on 
dust or in connection with human activities, such 
as dredging of sediments or earthworks. 

4.2.1 Hydrographic network

The drainage waters from the landfill are treated in 
the wastewater treatment plant and discharged to 
the main canal with a concrete lining. The hydro
graphic network in the vicinity of the landfill is 
poorly developed. Immediately in the area of the 
landfill - 0.8 km to the north and 1.5 km to the 
west - there are two streams that are 0.8–1.2 m 

deep. Two kilometres to the north of the landfill the 
streams merge, forming the beginning of the River 
Bolshaya Izhorka, which in turn empties into the 
River Izhora (Romanov et al. 2021b). An alternative 
transport route is the hydrographic network of the 
River Tosna catchment area. This route covers an 
unnamed stream, formed 150 m to the north of the 
landfill boundaries, the Khovanov stream and the 
River Tosna. The characteristics of the listed water
courses are presented in Table 3 (IL RAS (2022)) 
and Figure 23.

It should also be noted that there is a small 
stream flowing from the landfill area to the north. 
This stream connects to a stream flowing in the 
direction of the River Tosna. 

According to visual observations during field
works, runoff from the study area along the “Izhora 
Route” is several times higher than the runoff along 
the “Tosna Route” (Romanov et al. 2021b).

Table 3. Characteristics of the main streams 
from the Krasny Bor landfill to the Neva 
River. Source: IL RAS (2022).

Watercourse Length,  
km

Average 
width, m

Average 
slope, 0/00

Main channel 2.63 0.50 1.7

The Bolshoy 
Izhorets 
stream

8.24 1–3 1.3

The Bolshaya 
Izhorka river

3.13 2–5 0.3

The River 
Izhora

0.64 20–50 0.2

An unnamed 
stream

2.08 0.50 2.6

The Khovanov 
stream

1.72 1.5 4.3

The River 
Tosna

4.16 90 0.2

Fig. 23. Flow directions of stream waters from the Krasny Bor 
hazardous landfill towards the Rivers Izhora (west, black arrow) 
and Tosna (east, red arrow).
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4.2.2 Evaporation, dust, dry and wet deposition

The pollutants may evaporate into air from the 
landfill’s waste pools, from waste in unauthorized, 
abandoned landfills or from soil or water. The ten
dency of chemicals to evaporate can be assessed 
based on the vapor pressure. Henry’s Law constant 
is used to estimate the evaporation of a chemi
cal from water. A contaminant can be considered 
evaporative when the vapor pressure is over 1 Pa 
(at 20–25 °C) or Henry’s Law constant is over 1 
Pa m3/mol (Nikunen 2002, according to Ministry 
of the Environment 2014). Volatile substances can 
also be transported in gaseous form in the porous 
air of soil or in surface water or groundwaters. A 
chemical odour was noticed during the fieldwork 
in August 2019 near the Krasny Bor landfill and 
the main canal, indicating the evaporation of some 
chemicals into the air. The chemicals were not  
identified. 

In addition, gases or particles can be released into 
the air during landfill fires. One example is highly 
toxic and persistent dioxins (PCDDs, PCDFs and 
dioxin-like PCBs), which are produced as a result 
of waste incineration or the burning of fuels and 
released to the environment (US EPA 2020).   

In the air, substances transport with the wind 
and can spread over a wide area. Many transfor
mation and degradation reactions occur in the air, 
which depend on the properties of the substances. 
The compounds may bind to airborne particles or 
dissolve in water and migrate to the ground as a 
dry or wet deposit with rain. Compounds bound to 
topsoil particles can also be transported via dust.

According to the original sampling plan, the 
effect of deposition was to be studied with snow 
samples. The aim of the snow sampling was to 
provide some information on diffuse contamina
tion due to the spread of dust (with no single pol
lution source), which could be used to estimate the 
influence of air emissions (especially dust) and the 
amount and extent of dust-related, diffuse contam
ination in surface soil. However, due to the weather 
conditions, snow sampling could not be performed 
during the project. 

4.2.3 Distribution in dissolved form

Distribution in dissolved form means that a con
taminant is present in water (in surface water, but 
also in soil pore water or groundwater) as a free 
element or molecule and is not bound to particles. 

Water-soluble contaminants can be transported in 
dissolved form in the direction of water flow. 

The transport of contaminants in dissolved form 
can be assessed according to their properties, such 
as water solubility and the organic carbon parti
tion coefficient (KOC). Typically, compounds having 
a water solubility of >10 mg/l are considered solu
ble and a KOC value of <150 indicates that a com
pound is easily transportable in the environment 
(Nikunen 2002). In addition, a chemical’s lipo
philicity, expressed as the octanol–water partition 
coefficient KOW, is an essential factor regarding the 
chemical’s transportation. High log KOW values (log 
KOW >6, e.g., PCDDs, PCDFs, PCBs, some PAHs) lead 
to a higher binding affinity and thus a smaller free 
chemical fraction in the water column. 

Water solubility or lipophilicity properties are 
mainly suitable for assessing the distribution of 
organic pollutants in the environment. Inorganic 
elements such as metals occur in the environment 
in a wide variety of forms, and environmental con
ditions have a crucial effect on their distribution 
(Ministry of the Environment 2014). Different forms 
of the same metal may be readily soluble or nearly 
insoluble in water, depending on the environmental 
conditions. For example, pH strongly affects the 
solubility of metals. The solubility of most met
als increases as acidity increases (pH decreases) 
and conditions become reducing (redox potential 
decreases). However, it should be noted that the 
solubility of some elements such as As also increases 
under alkaline conditions. The redox potential 
typically decreases with increasing soil moisture 
(Heikkinen 2000). Furthermore, organic matter has 
a strong influence on the transport of metals and 
organic contaminants as well. The more there is 
organic matter in the soil or water, the less metals 
or organic contaminants are generally transported 
in dissolved form.

4.2.4 Distribution in suspended form

Distribution in suspended form means that a con
taminant is bound to organic or inorganic particles 
suspended in water, and transport of the contami
nant thus depends on the transport of suspended 
particles with water flows and currents. 

Sorption and desorption processes define the 
binding of contaminants to suspended matter. 
Organic matter is an essential constituent for the 
sorption and desorption behaviour of chemicals. 
Several studies have demonstrated that organic 
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matter is predominantly a sorbent of hydrophobic 
organic compounds (e.g., Birdwell et al. 2007). A 
chemical’s lipophilicity, expressed as KOW, repre
sents an essential factor regarding the chemical’s 
sorption/desorption behaviour. High lipophilicity of 
chemicals (log KOW >6, e.g., PCBs, PCDDs, PCDFs) 
evidently leads to high sorption activity, and thus a 
decrease in the risk of transportation and bioavail
ability. These hydrophobic chemicals are mainly 
transported in water in suspended form and finally 
accumulate in the bottom sediment. 

In soil, the migration of harmful substances 
mainly takes place through advection, dispersion, 
diffusion, and evaporation and can be enhanced by 
complexation and colloidal sorption. These mecha
nisms are mainly governed by the water content 
and structure of soil, by temperature and by the 
amount of complexing and colloidal compounds 
in soil. Migration is most effective when the water 
content and permeability of soil are high (Heikkinen 
2000).

Harmful substances are mainly retained due 
to sorption, which is controlled by the composi
tion and structure of soil, the chemical environ
ment (e.g., pH, Eh) and the mode of occurrence 
and properties of the harmful substances in soil. 
The most effective adsorptive materials are organic 
matter, the oxyhydroxides of iron, aluminium and 
manganese, and clay minerals. Sorption is usually 
most effective in soils with high concentrations of 
these compounds. Sorption also increases with an 
increase in the specific surface area. The retention 
capacity of soil is limited and can be exceeded by 
excessive loading. The retention capacity may also 
be lowered due to a change in the chemical condi
tions (Heikkinen 2000).

Soil horizons are crucial for pollutant retention. 
Retention is most effective in fine-grained tills that 
have some permeability but in which the flow of 
water is slow and dissolved substances have time 
to react with soil components (Heikkinen 2000).

4.2.5 Sedimentation

Many lipophilic organic compounds, such as PCBs 
and PCDDs, or metals distributed in suspended form 
in aquatic environments are eventually stored in 
sediments. When chemicals are released to water, 
hydrophobic compounds have great affinity to bind 
to particles and they finally settle down through the 
sedimentation process. Environmental conditions 
such as pH, temperature, water hardness and the 

association with organic matter will determine the 
metal speciation in aquatic systems and where the 
metals will eventually be precipitated (Chapman et 
al. 1998, Cadmus et al. 2016, according to Wallin 
2018). 

As a result, some sedimentation bottoms may 
accumulate very high amounts of unwanted chemi
cals. Thus, the organisms living in the contaminated 
sediment may accumulate high body burdens. On 
the other hand, the transportation of these com
pounds bound to sediment particles is very limited 
and the risk is local. The water current, especially in 
the flood season, may increase the transportation, 
but the highest environmental risk is when dredg
ing or carrying out other actions in area. 

The suspended particles settle down on the 
sedimentation bottoms, which especially collect 
the particles with the smallest particle sizes. In 
general, the partitioning coefficient or partition
ing behaviour increases as particle size decreases 
(e.g., Sormunen 2008). Thus, contaminants do not 
distribute homogeneously in sediments and the 
highest chemical concentrations can be found from 
the small-sized particle fraction in these deep river 
basins. Such places may have significantly higher 
chemical concentrations than other bottom areas. 

4.2.6 Desorption and release from sediments

Sediments may act not only as a sink, but also as 
a source for harmful substances. The release can 
take place through a desorption process, when the 
substance bound to the particles is released into 
a soluble form. Contaminants can be released to 
water in response to changes in water saturation, in 
water and gas chemistry, and in solid surface prop
erties (National Research Council 2003). The pres
ence of metals in the environment and their binding 
to sediment strongly depends on the environmental 
conditions. Thus, metals can be released from sedi
ments if conditions (e.g., pH, redox) change. 

Biologically induced release mediated by digestive 
processes, microorganisms, plants, and bioturbat
ing invertebrates is also common in natural systems 
(National Research Council 2003). For example, 
deposit-feeding oligochaetes burrow in sediments 
and are able to modify the sediment structure (e.g., 
Leppänen & Kukkonen 1998, Thibodeaux & Bierman 
2003 according to Wallin 2018). Bioturbation can 
have a locally significant effect, for example, on 
metal mobilization from sediments (Remaili et al. 
2016 according to Wallin 2018).

38



Geological Survey of Finland, Open File Research Report 19/2022 
Environmental risk assessment of the Krasny Bor hazardous waste landfill surroundings and recommendations for risk management

Dredging and other human activities can cause 
sediment turbation and the release of contaminants. 
In the study area, the main canal from the landfill 
is cleaned by removing vegetation and sedimented 
material from the bottom. The cleaning operation 
can rerelease sedimented contaminants into the 
water. There are many human activities in the area 
of the Izhorka stream, and also the Rivers Izhora 
and Tosna, such as marinas, which can cause sedi
ment turbulence and the release of contaminants. 
Detailed information about these activities and their 
location was not available in this study. In addition, 
during flood seasons, the flow of water is faster, 
which can cause the bottom sediment particles to 
re-mix with the water.

4.2.7 Physical, chemical and biological  
transformation

Contaminants degrade and transform in the environ
ment as a result of physical, chemical and biological  
transformation processes. Such processes include 
biodegradation, hydrolysis, photodegradation,  
combustion and oxidation–reduction reactions. 
These processes lead to a decrease in concentra
tions, but sometimes the degradation products 
or by-products may be more harmful, persistent, 
transportable or bioavailable than the original  
substance. For example, some surface-active agents 
can be transformed to more toxic degradation  
products (Olkowska et al. 2014).

The stability of chemicals can be assessed using 
half-lives found in the literature. However, these 
half-lives can vary considerably depending on, for 
example, the temperature or oxygen conditions.

4.3 Ecological exposure

Ecological risks in the area surrounding the Krasny 
Bor landfill were considered for the soil environ
ment as well as the surface water and stream 
sediment environments. These are the media that 
are likely to be exposed to dry or wet deposition 
and possibly vapours from volatile contaminants 
from the landfill, as well as effluents or involun
tary leaks from the landfill. Aquatic and terrestrial 
organisms can be exposed to contaminants, and 
birds, fishes and some mammals, in particular, can 
move over a wide area and thus cause ecological 
and human exposure through the food web out
side the area. Adverse effects may be targeted at 
individual organisms, populations or communities. 
However, plants and animals can develop tolerance 
over time and adapt to certain environmental pol
lutants (Fairbrother & Hope 2005). Environmental 
conditions and substance-specific properties have a 
crucial effect on the bioavailability of contaminants 
and exposure of biota. 

4.3.1 Bioavailability

Determining the bioavailability of compound is an 
essential but difficult part of modern environmental 
risk assessment. According to Anderson & Hillwalker 
(2008), “Bioavailability integrates environmental 
chemistry and ecotoxicology concepts. The bioavail
able contaminant fraction represents the relevant 

exposure dose for organisms. Many complex pro
cesses describe bioavailable exposure dose, includ
ing the mass transfer and uptake of contaminants 
into organisms, which are determined by substance 
properties, compartment properties, the biology of 
organisms, and climatic influences. Expansion of 
bioavailability considerations into ecological risk-
assessment decision tools will eventually improve  
decision-making.” Bioavailability has to be taken 
into account when assessing probable exposure 
routes.

The transport and bioavailability of chemicals are 
often controlled by their rates of sorption and des
orption (Sormunen 2008). Free dissolved compounds 
generally have a higher bioavailability for organisms. 
The sorption–desorption behaviour of chemicals not 
only affects transport and bioavailability, but also 
the toxicity of these contaminants. Thus, changes 
in bioavailability and toxicity are partially based 
on changes in sorption and desorption processes 
(Zhang et al. 2000, Sormunen et al. 2008). 

Many environmental factors affect the sorption, 
dissolution and bioavailability of substances. The 
bioavailability and toxicity of metals is especially 
strongly affected by environmental factors such as 
pH and water hardness, and the processes may be 
complex. It is generally recognized that a low aque
ous pH increases the solubility of metals (Campbell 
1995). Soluble metals tend to be more bioavailable,  
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resulting in higher body burdens and thereby a 
higher toxicity of metals (Campbell 1995, Douglas 
et al. 1991). However, in some cases, the bioavail
ability and toxicity of cadmium, copper, lead, nickel, 
selenium and zinc have also decreased at a low pH 
due to competition between H+ and ionic metals on 
the cell surface, which may reduce the cell perme
ability of metals (Peterson et al. 1984).

The hardness of water (sum of Ca2+ and Mg2+ 
ions) can also both decrease and increase the bioa
vailability of metals. Metal bioavailability is reduced 
by the high Ca2+ and Mg2+ concentrations in hard 
waters. Due to their similar charge, they possibly 
compete in the same uptake route (Douglas et al. 
1991, Penttinen et al. 1998). In natural water, Ca2+ 
and Mg2+ ions are present at much higher concen
trations than toxic metals, thus blocking the access 
and decreasing the toxicity of the metals (Kiyani et 
al. 2013). However, Ca2+ and Mg2+ ions also compete 
with heavy metals for the same sorption sites on 
dissolved organic matter (Penttinen et al. 1998). 
This possibly leads to a higher dissolved concen
tration of metals in the water phase, increasing the 
transportation of metals in the freely bioavailable 
ionic form.

4.3.2 Interaction with organisms and pollutants

All organisms living in water, soil or benthic envi
ronments are potentially exposed to chemicals. For 
example, for aquatic animals, there are typically 
two main routes of exposure: 1) food exposure (e.g., 
trophic transfer) and 2) aqueous exposure. Aquatic 
animals are constantly exposed to toxicants via 

both of these routes. For benthic animals, aqueous 
exposure may involve both pore water and overlying 
water, which have a different water geochemistry 
(such as dissolved organic carbon, oxygen content 
and other dissolved species such as sulphide). Food 
exposure may involve sediments, detritus and sus
pended biotic particles, each with a different bio
availability (Wang 2011).

Terrestrial receptors of toxicants include soil 
microbes, invertebrates, plants, amphibians, rep
tiles, birds and mammals. Terrestrial organisms 
can be exposed to pollutants through dermal, oral, 
inhalation and food-chain exposures. Two impor
tant processes govern the movement of a pollutant 
into and through a food web: bioaccumulation and 
biomagnification (Fairbrother & Hope 2005).

4.3.3 Bioaccumulation and biomagnification  
in the food web

Organisms living in contaminated areas may 
accumulate very high body burdens and transfer 
chemicals to upper levels of the food web. These 
xenobiotics may cause adverse effects at a lower 
level in the trophic web and can even lead to bio
magnification and more adverse effects (Landrum 
& Robbins 1990, Newman 1998). In fact, food chain 
transfer is probably a more important pathway of 
exposure to contaminants in soils and sediment 
for higher-order animals than direct ingestion of 
soil or sediment (National Research Council 2003). 
Typically, lipophilic compounds (e.g., PCDDs, 
PCDFs) have the highest potential for bioaccumu
lation or biomagnification in the food web.

4.4 Human exposure

4.4.1 Fields and crops

The Krasny Bor landfill is located in an area where 
agriculture is common. There are cultivated fields 
to the northwest, southwest, south and southeast 
of the landfill. The fields may be polluted due to 
dust or dry or wet deposition or due to the use of 
contaminated water for irrigation. In addition, there 
may be private kitchen gardens in residential areas. 
Contamination of crops and agricultural or garden 
products may cause human exposure. 

It was not known what type of crops are cul
tivated in the fields of study area, so it can be 
assumed that a mixture of grains, root crops and 
vegetables are grown in the area. It is possible that 

water from streams and rivers is used for irrigation 
of the fields. However, it was not known with cer
tainty from where the water is taken for irrigation. 
The assumption is that the water is taken from the 
nearest surface water body.

Different crops may have partly different trans
port routes. For example, grains might be more 
susceptible to hazardous substances transported as 
dust than root crops, where the intake of substances 
directly from soil might prove a more impor
tant transport route. Different plant species also  
concentrate hazardous substances in different parts 
in the plant (e.g., seeds, leaves), which might be 
essential information when human health risks are 
assessed. 
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4.4.2 Berries and mushrooms

To the north of the Krasny Bor landfill, the area is 
partly covered by bogs that are nowadays forested 
or contain boreal coniferous / mixed forest. Several 
species of berries and mushrooms can be found in 
the forest (for example, blueberries, lingonberries), 
but it is not known whether berry or mushroom 
picking is common in the area. In this risk assess
ment, ingestion of berries and mushrooms is con
sidered as one possible exposure route. However, 
it is not known with certainty whether berry or 
mushroom picking takes place in the study area, 
or whether it is forbidden.

Contaminants can end up in berries and mush
rooms through air/wet deposition or contaminated 
soil. Due to the landfill fires and other air emissions, 
the topmost soil layer has been a depository for 
various types of atmospherically transported par
ticles and waste and is still an important recipi
ent for pollutants. However, concentrations in air 
deposition or in berries or mushrooms were not 
determined in the project.

4.4.3 Fishing and game

The River Izhora, located 5.7 km to the west of the 
Krasny Bor landfill, and the River Tosna, located 
2.6 km to the east, are used for fishing (Romanov 
et al. 2021b). Based on Russian fishing sites (Fish 
search N.d., St. Petersburg Fishermen’s Club N.d.), 
the River Izhora is a popular fishing area. There 
is also fishing activity in its tributaries, including 
Malaya Izhorka and Bolshaya Izhorka. Based on 
images and other information on the sites, common 
catches especially include pike, as well as roach, 
tench, perch and burbot. There has also been a trout 
stock in the River Izhora, which has declined, but 
some trout are still rarely caught. 

Fishing activities are unlikely in the smaller 
brooks in the area. However, fish can move from 
smaller streams to bigger rivers. During a dry sum
mer, the smaller brooks in the study area might be 
partly dry. In this risk assessment, consumption of 
fish is considered as a human exposure route. It is 
not known which fish species are caught in these 
rivers or how much local fish is consumed by the 
residents.

It is also possible that birds and game are hunted 
in the area, and humans can be exposed to contami
nants through the consumption of birds and game. 

4.4.4 Exposure via inhalation 

People living in villages, possible joggers or berry 
pickers moving around the area, and landfill work
ers can be exposed to potential air emissions and 
dust through inhalation. However, air emissions 
were not studied in the project. The main wind 
direction in the area is from the southwest and west 
towards the northeast and east based on a 21-year 
measurement period from 2000–2020 at Pulkovo 
airport (Fig. 8, chapter 2.2.5).

4.4.5 Direct contact with contaminated water or soil

People can be exposed to contaminants in sur
face waters through direct skin contact, e.g., dur
ing swimming or wading, and can also be directly 
exposed to water through unintentional ingestion, 
e.g., while swimming. Swimming is possible in 
larger rivers. There could also be saunas in the area, 
where water could be used for bathing. However, 
this is not known with certainty.

Exposure directly through the soil can occur, 
for example, while gardening or in children’s play 
areas.

4.4.6 Drinking water

Surface water is not used as a source of drinking 
water in the area surrounding the Krasny Bor land
fill. A centralized water supply is provided for the 
main population centres. There are private ground
water wells in nearby villages, which were sampled 
during the project. Due to the lack of information, it 
was not possible to examine the exposure to landfill 
contaminants through domestic/drinking water in 
the EnviTox project.

The rivers collecting their water from the Krasny 
Bor toxic landfill surroundings empty into the Neva 
River, which is upstream of the potable water intake 
of the city of St. Petersburg. HELCOM and the city 
of St. Petersburg have pointed out that potential 
leakages from the Krasny Bor landfill may affect 
the water quality in the Neva River and threaten the 
water supply of the city.

The possibility of the Krasny Bor landfill con
taminating the water intake of St. Petersburg was 
a critical question in the risk assessment of the 
EnviTox project.

41



Geological Survey of Finland, Open File Research Report 19/2022
Vuokko Malk, Arto Sormunen, Kristiina Nuottimäki, Marianne Valkama, Juho Rajala, Merike Kangas, Jaana Jarva and Tarja Hatakka

5 DIVISION OF THE STUDY AREA FOR RISK ASSESSMENT

To assess the risks, the study area was divided into 
four subareas (Figs. 24–25) based on the collected 
data and the main transport directions along surface 
water from the landfill and the surrounding areas. 
This helped in defining the likely exposure path
ways in each subarea individually, as they have dif
fering land uses. The four subareas are: Area 1, the 
direct surroundings of the Krasny Bor landfill and 

the abandoned Tosno landfill, excluding the Krasny 
Bor landfill itself; Area 2, the area likely to affect 
the Rivers Izhorka and Izhora on the western side 
of the study area; Area 3, the area likely to affect the 
River Tosna on the eastern side of the study area; 
and Area 4, the northern part of the study area. 
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Fig. 24. Flowchart for the waters and location of sampling points (the white numbers) in the study area. The area 
is divided into 4 subareas. Area 1: around the landfill; Area 2: River Izhora route; Area 3: River Tosna route; and 
Area 4: the northern area, which joins Area 2 before entering the River Izhora. Inside the small rectangles, a blue 
colour indicates a surface water sample, a brown colour a sediment sample and a green colour ecotoxicity tests. 

Fig. 25. Division of the EnviTox study area into four subareas for risk assessment. 
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the abandoned Tosno landfill, excluding the Krasny 
Bor landfill itself; Area 2, the area likely to affect 
the Rivers Izhorka and Izhora on the western side 
of the study area; Area 3, the area likely to affect the 
River Tosna on the eastern side of the study area; 
and Area 4, the northern part of the study area. 
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Fig. 24. Flowchart for the waters and location of sampling points (the white numbers) in the study area. The area 
is divided into 4 subareas. Area 1: around the landfill; Area 2: River Izhora route; Area 3: River Tosna route; and 
Area 4: the northern area, which joins Area 2 before entering the River Izhora. Inside the small rectangles, a blue 
colour indicates a surface water sample, a brown colour a sediment sample and a green colour ecotoxicity tests. 

Fig. 25. Division of the EnviTox study area into four subareas for risk assessment. 

43



Geological Survey of Finland, Open File Research Report 19/2022
Vuokko Malk, Arto Sormunen, Kristiina Nuottimäki, Marianne Valkama, Juho Rajala, Merike Kangas, Jaana Jarva and Tarja Hatakka

5.1  Around the landfill, Area 1

Fig. 26. Land use in Area 1.

Area 1 (Fig. 26) covers the direct surroundings of 
the Krasny Bor landfill and the abandoned Tosno 
landfill, located 800 m to north of the Krasny Bor 
landfill. The area also partly extends to the village 
of Feklistovo, about 1.3 km south of the landfill. The 
Krasny Bor landfill itself is excluded from the study 
area, but the potential emissions from the landfill 
to Area 1 are (see Chapter 4.1.1): 

 – Effluents from the wastewater treatment plant 
(WWTP) to the main canal (drainage waters)
 – Possible accidental leakages or overflows
 – Air emissions, dry and wet deposition to soil and 
water
 – Emissions to groundwater (not studied)
 – Dust 
The abandoned Tosno landfill (chapters 2.2.1 and 

4.1.2) may cause emissions from waste to soil, air, 
stream water, sediments and groundwater. 

There are also other human activities in Area 
1 that can affect the environmental quality. 
Agriculture and cultivated fields are located very 
near to the south and southeast of the landfill, and 
these can cause, for example, nutrient or pesti
cide emissions into the environment. The nearest 
industrial areas are located about 3 km from the 
landfill on the east side of the River Tosna. 

The locations of sampling points for all sampling 
media (soil, surface water, sediment, well water) in 
Area 1 are presented in Figure 27. The key pollut

ants as well as some other analysed parameters in 
soil, sediments and surface water found in Area 1 
are presented in Appendix 2.

5.1.1 Transport routes and mechanisms

The drainage waters from the landfill are col
lected and treated in the wastewater treatment 
plant. Effluents are directed to the main canal and 
to streams flowing in the directions of the Rivers 
Izhora and Tosna. The abandoned Tosno landfill 
is surrounded by a ditch that connects to these 
streams. In addition, there is a stream flowing from 
the northeast corner of the landfill, which later joins 
a stream flowing towards the River Tosna (Area 3) 
(Fig. 26).

An important transport route in Area 1 is from 
waste dumped in the Tosno landfill to the soil and 
surface water (surrounding ditch) and possibly to 
the groundwater (not studied).

5.1.2 Ecological exposure 

Vegetation in Area 1 mainly consists of relatively 
untouched mixed forest (Fig. 28). There is no 
detailed information on the biota of the area, but 
a wide variety of plants, birds, mammals, insects 
and soil organisms are likely to live in the area. The 
dominant tree species observed during fieldwork 

Fig. 27. Location of sampling points in Area 1. 
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ants as well as some other analysed parameters in 
soil, sediments and surface water found in Area 1 
are presented in Appendix 2.

5.1.1 Transport routes and mechanisms

The drainage waters from the landfill are col
lected and treated in the wastewater treatment 
plant. Effluents are directed to the main canal and 
to streams flowing in the directions of the Rivers 
Izhora and Tosna. The abandoned Tosno landfill 
is surrounded by a ditch that connects to these 
streams. In addition, there is a stream flowing from 
the northeast corner of the landfill, which later joins 
a stream flowing towards the River Tosna (Area 3) 
(Fig. 26).

An important transport route in Area 1 is from 
waste dumped in the Tosno landfill to the soil and 
surface water (surrounding ditch) and possibly to 
the groundwater (not studied).

5.1.2 Ecological exposure 

Vegetation in Area 1 mainly consists of relatively 
untouched mixed forest (Fig. 28). There is no 
detailed information on the biota of the area, but 
a wide variety of plants, birds, mammals, insects 
and soil organisms are likely to live in the area. The 
dominant tree species observed during fieldwork 

Fig. 27. Location of sampling points in Area 1. 
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were birch, pine, spruce, mountain ash and alder. 
Low vegetation is typically comprised of grass, 
blueberries, moss and ferns. Biota can be exposed 
to contaminants through inhalation, skin contact, 
ingestion (soil organisms) or food. Especially birds 
and some mammals can move over a wide area 
and thus cause ecological and also human exposure 
through the food web outside the area. There is no 
information on the sensitivity of biota or the pres
ence of rare or protected species in the area.

The main canal (Figs. 19 and 29) is narrow (about 
0.5 m) and shallow. There is an artificial concrete 

bottom and the sedimented material is regularly 
dredged, and benthic life is therefore likely to be 
scarce. The natural streams and ditches in Area 1 
are also relatively small (Fig. 29) and the amount 
of water in them varies greatly according to the 
season, which affects the biota. No precise informa
tion was available on the aquatic biota, but it can 
be expected to mainly consist of algae, plankton 
and insects. There are hardly any fish in the area. 
Terrestrial organisms can be exposed to contami
nants in surface waters through drinking water, 
food or direct contact.

Fig. 28. Mixed forest in Area 1 (left and middle). Vegetation around the main canal (right). Photos: Vuokko Malk, 
Xamk and SC Mineral.

Fig. 29. Surface waters in Area 1. The starting point of the main canal (SW-45) (left), a ditch in the south-west 
corner of the Krasny Bor landfill (SW-58) (middle) and a canal around the abandoned Tosno landfill (SW-40) 
(right). Photos: SC Mineral.
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5.1.3 Human exposure 

There is little human activity immediately around 
the landfill (Area 1). However, the nearest villages 
are only 1.3 km to the south and southeast of the 
landfill, and of these, the village of Feklistovo is 
partly in Area 1. In addition, the nearest cultivated 
fields are quite close to the southeast corner of the 
landfill. There can also be joggers and berry and 
mushroom pickers in the woods around the landfill.

Human exposure via surface water in Area 1 is 
unlikely. The streams near the Krasny Bor haz
ardous landfill are small ditches or streams where 
swimming is not possible. There can be joggers or 
berry pickers in the area who could be exposed to 
the stream waters directly through wading, but this 
is not a probable exposure route. Contaminants can 
end up in the soil through dry and wet deposition, 
allowing people (village residents, landfill workers) 
to be exposed through direct skin contact or even 
unintentional ingestion.

There are cultivated fields to the south of the 
landfill (Fig. 30), and contaminants from the land

fill may end up in fields via dry and wet deposition 
and cause contamination of crops. According to the 
prevailing wind direction (Fig. 8, chapter 2.2.5), 
air emissions and deposition are mainly directed 
from the landfill to the northeast and east, but wind 
directions vary between seasons. 

 Potential irrigated fields or kitchen gardens 
in Area 1 are located to the southeast and south 
of the landfill. Surface water from the direction 
of Krasny Bor is unlikely to be used as irrigation 
water in these areas because the surface water 
transport routes are from the landfill to the north
west towards the River Izhora and to the northeast 
towards the River Tosna. 

In the village of Feklistovo, located partly in Area 
1, dug well water (groundwater) is used as drinking 
water. The potential transport of contaminants from 
the Krasny Bor landfill into groundwater and the 
exposure of humans through groundwater was not 
investigated in the EnviTox project. However, some 
dug well water samples were taken in Feklistovo 
village and analysed.

Fig. 30. Cultivated field and wild berries in Area 1. Photo: SC Mineral and Vuokko Malk, Xamk.
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5.2 Izhora route, Area 2 

Fig. 31. Land use in Area 2. 

Area 2 (Fig. 31) is located in the catchment areas of 
the Rivers Bolshaya Izhorka and Izhora on the west
ern side of the study area. Area 2 receives waters 
from the main channel and direct surroundings of 
the Krasny Bor landfill, as well as from the aban
doned Tosno landfill from Area 1. However, there are 
also many other human activities in the area that 
can cause pollution in the area. The stream at the 
beginning of the transport route is small and there 
is mainly forest cover. About 2 km northwest of the 
Krasny Bor hazardous waste landfill can be found 
the Kolpinsky cemetery and the new Kolpino cem
etery. Construction and earthworks were observed 
during the fieldwork in 2019. Land filling was car
ried out and the chapel and utility rooms were built 
in the summer of 2019. Furthermore, there is an 
artificial pond with slow water exchange (sampling 
point SW-9) and an artificial reservoir (sampling 
point SW-9/2) in the River Bolshaya Izhorka. This 
area receives runoff from a horticultural area and 
(possibly) from the nearest factory (Romanov et 
al. 2021b). In addition, there are cultivated fields, 
residential areas, industry, boat marinas and roads 
along the Rivers Bolshaya Izhorka and Izhora. Air 

emissions may also come from areas further away. 
The locations of sampling points for all sampling 

media (soil, surface water, sediment, well water) in 
Area 2 are presented in Figure 32. The key pollut
ants as well as some other analysed parameters in 
soil, sediment and surface water found in Area 2 are 
presented in Appendix 3. 

5.2.1 Transport routes and mechanisms

The main transport routes of surface waters in 
Area 2 are the Bolshoy Izhorets stream flowing 
to the Rivers Bolshaya Izhorka and Izhora, and 
finally to the Neva River. The total length of this 
route is about 12 km. In addition, pollutants can be 
transported via air and dry and wet deposition and 
migrate from soil to surface waters. Transport via 
groundwater was not investigated.

5.2.2 Ecological exposure

The Bolshoy Izhorets stream at the beginning of 
the transport route is small and the runoff varies  
seasonally (Fig. 33). No precise information is avail

Fig. 32. Location of sampling points in Area 2. 
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Fig. 32. Location of sampling points in Area 2. 
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able on the aquatic biota in the stream, but it can be 
expected to mainly consist of algae, plankton and 
insects. There are hardly any fish in this stream. 
There is mainly mixed forest along the stream. The 
dominant tree species in the forest observed during 
fieldwork were birch, pine, juniper and mountain 
ash. Low vegetation is typically composed of grass, 
blueberries and moss. 

 The Bolshaya Izhorka and Izhora are larger riv
ers and there are probably more aquatic species 
and also fish than in the smaller Bolshoy Izhorets 
stream (Fig. 34). However, detailed information on 

the species and possible presence of rare or pro
tected species is not available. 

  Biota can be exposed to contaminants through 
inhalation, skin contact, ingestion (soil organisms) 
or food. Especially birds and some mammals can 
move over a wide area and thus cause ecological and 
also human exposure through the food web outside 
the area. Terrestrial organisms can also be exposed 
to contaminants in surface waters through drinking 
water, food or direct contact. 

Fig. 33. The Bolshoy Izhorets stream (SW-33) in August 2019 and in November 2020. The runoff varies season
ally. Photos: SC Mineral.

Fig. 34. The Rivers Bolshaya Izhorka (artificial pond SW-9 on the left, SW-68 in the middle) and Izhora (SW-69 
on the right). Photos: SC Mineral.

5.2.3 Human exposure

There is only occasional human activity at the 
beginning of the transport route along the Bolshoy 
Izhorets stream. However, the first residential 
houses are located only a few kilometres from the 
Krasny Bor landfill, by the River Bolshaya Izhorka. 
Therefore, human exposure in Area 2 may be sig

nificant. People living in the area may be exposed 
to contaminants through direct exposure (e.g., 
swimming, soil) or via food. Water may be used 
for irrigation of fields or possible kitchen gardens. 
There is fishing in Area 2. People can also pick 
berries and mushrooms from the area or hunt for 
game, but there is no definite information about 
these activities.
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5.3 Tosna route, Area 3

Area 3 (Fig. 35) is located in the catchment area of 
the River Tosna on the eastern side of the study 
area. Area 3 receives waters from the main channel 
and direct surroundings of the Krasny Bor landfill, 
as well as from the abandoned Tosno landfill in Area 
1 via the Khovanov stream. 

In addition, there are several human activities 
that can cause environmental effects in Area 3. On 
the eastern side of the River Tosna is located the 
town of Nikolskoye, which includes both industrial 
and residential areas, as well as the Nikolskoye 
cemetery near the River Tosna. Several factories in 
the Nikolskoye industrial area produce materials 
mostly for the needs of construction. Among the 

most important industrial enterprises are brick, tile 
and ceramic factories. In addition, there is produc
tion of electronic equipment, as well as weapons 
and ammunition in the area. The area around the 
streams and River Tosna is mainly forest on the 
western side, including a forested former peat 
extraction area. On the southern side of Area 3 there 
are cultivated fields and the village of Mishkino.

The locations of sampling points for all sampling 
media (soil, surface water, sediment, well water) in 
Area 3 are presented in Figure 36. The key pollut
ants as well as some other analysed parameters in 
soil, sediment and surface water found in Area 3 are 
presented in Appendix 4. 

Fig. 35. Land use in Area 3.
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5.3.1 Transport routes and mechanisms

The Khovanov stream (Fig. 37) flowing to the River 
Tosna is a significant transport route for stream 
waters from the main canal and direct surround
ings of the Krasny Bor landfill, as well as from 
the abandoned Tosno landfill located in Area 1. The 
River Tosna (Fig. 38), which is a tributary of the 
Neva River, is a major route via which the water 
from Krasny Bor is diverted. In the northernmost 
part of Area 3, the River Tosna empties into the 
Neva River.  

Fig. 36. Location of sampling points in Area 3. 
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5.3.1 Transport routes and mechanisms

The Khovanov stream (Fig. 37) flowing to the River 
Tosna is a significant transport route for stream 
waters from the main canal and direct surround
ings of the Krasny Bor landfill, as well as from 
the abandoned Tosno landfill located in Area 1. The 
River Tosna (Fig. 38), which is a tributary of the 
Neva River, is a major route via which the water 
from Krasny Bor is diverted. In the northernmost 
part of Area 3, the River Tosna empties into the 
Neva River.  

The industrial activities of the Nikolskoye indus
trial area may cause emissions to air, as well as pol
lution of the River Tosna with industrial effluents 
and untreated sewage. In addition, there are many 
human activities in the area around the River Tosna 
that can cause the release of contaminants.

The Krasny Bor landfill and the Tosno landfill in 
Area 1 can cause emissions from waste to the air 
(dry and wet deposition), stream water and sedi
ments in Area 3. Air emissions can also emanate 
from industrial activities and more distant areas.  

Fig. 36. Location of sampling points in Area 3. 

Fig. 37. Streams in Area 3 (SW-74 on the left, SW-36 on the right). Photos: SC Mineral.

Fig. 38. River Tosna (SW-8 on the left, SW-50 on the right). Photos: SC Mineral.

5.3.2 Ecological exposure

The streams in the area are relatively small and the 
runoff varies seasonally. The biota of the streams 
can be expected to mainly consist of algae, plank
ton and insects. It can be assumed that in the 

River Tosna there are many more aquatic species, 
although there is no detailed information on them. 
There are several fish species in the River Tosna.

The area around two streams that later form 
the Khovanov stream is mainly mixed forest. The 
dominant tree species in the forest observed during 
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fieldwork were birch, pine, spruce, mountain ash 
and alder. Low vegetation is typically composed of 
grass, blueberries, moss and ferns (Fig. 39). There 

is no detailed information on the species, sensitiv
ity of the biota or the presence of rare or protected 
species in the area. 

Fig. 39. Mixed forest in Area 3. Photos: SC Mineral.

5.3.3 Human exposure

There is little human activity in the area of the 
streams. The residential areas of Area 3 are located 
next to the River Tosna (Nikolskoye town) and 
in the southern part of the area (Mishkino vil
lage). There is also a significant industrial area in 

Nikolskoye. People living and working in the area 
as well as, for example, possible fishers, joggers or 
berry pickers can be exposed through the air, direct 
exposure (e.g., swimming in the River Tosna) or 
food. Fishing occurs in the River Tosna, and it is 
likely that people also consume fish from the river. 
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5.4 Northern area, Area 4

Fig. 40. Land use in Area 4.

Area 4 (Fig. 40) comprises the northernmost part 
of the study area, making it the furthest area 
from the Krasny Bor landfill. However, there are 
several human activities that can cause environ
mental impacts and emissions to the soil, surface 
water, groundwater, sediment and air in Area 4. 
The municipal settlement of Sapyorny is located in 
the northern part of the area, including both resi
dential and industrial areas. There is also a railway 
that runs through the area, as well as several roads. 
In the southern part of Area 4, there is a shoot
ing range and an identified unauthorized landfill. 
In addition, several smaller waste dumping sites 
along the roads have been observed, but there is 
no detailed information on these. The rest of the 
area is mainly forest and peatland, especially on 
the southern side

The Korchminskiy stream runs from the iden
tified landfill to the Neva River. There is also an 
artificial pond approximately 300 metres east of 
the unauthorized identified landfill. In addition, a 
small stream runs through the shooting range on 
the southwest of the area and empties into the River 
Izhorka.

The locations of sampling points for all sampling 
media (soil, surface water, sediment, well water) in 
Area 4 are presented in Figure 41. The key pollut
ants as well as some other analysed parameters in 
soil, sediment and surface water found in Area 4 are 
presented in Appendix 5. 
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5.4.1 Transport routes and mechanisms 

There are two surface water transport routes in 
Area 4. The Korchminskiy stream runs from the 
identified unauthorized landfill to the Neva River. 
In addition, an unnamed stream runs through the 
shooting range on the southwest of the area and 
empties into the River Bolshaya Izhorka.

The identified unauthorized landfill (Fig. 42) 
could cause surface water, groundwater, sediment 
and soil contamination, as well as emissions to air 
in Area 4. It is not known what type of shooting is 
practiced in the shooting area, but common envi
ronmental impacts of shooting ranges especially 
include heavy metal contamination of soil, as well 
as surface water and groundwater. In addition, pol
lutants from industrial areas, for example, can be 
transported via air and dry and wet deposition and 
migrate from the soil to surface waters.

5.4.2 Ecological exposure

Vegetation in Area 4 is mainly mixed deciduous for
est (Fig. 43). The dominant tree species observed 

Fig. 41. Location of sampling points in Area 4. 

Fig. 42. The identified unauthorised landfill. Photo: SC 
Mineral.

Fig. 43. Mixed deciduous forest in Area 4. Photos: SC Mineral.
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5.4.1 Transport routes and mechanisms 

There are two surface water transport routes in 
Area 4. The Korchminskiy stream runs from the 
identified unauthorized landfill to the Neva River. 
In addition, an unnamed stream runs through the 
shooting range on the southwest of the area and 
empties into the River Bolshaya Izhorka.

The identified unauthorized landfill (Fig. 42) 
could cause surface water, groundwater, sediment 
and soil contamination, as well as emissions to air 
in Area 4. It is not known what type of shooting is 
practiced in the shooting area, but common envi
ronmental impacts of shooting ranges especially 
include heavy metal contamination of soil, as well 
as surface water and groundwater. In addition, pol
lutants from industrial areas, for example, can be 
transported via air and dry and wet deposition and 
migrate from the soil to surface waters.

Fig. 42. The identified unauthorised landfill. Photo: SC 
Mineral.

5.4.2 Ecological exposure

Fig. 41. Location of sampling points in Area 4. 

Fig. 43. Mixed deciduous forest in Area 4. Photos: SC Mineral.

Fig. 44. Surface waters in Area 4. The Korchminskiy stream (left) and the artificial pond (right). Photos: SC Mineral.
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Vegetation in Area 4 is mainly mixed deciduous for
est (Fig. 43). The dominant tree species observed 

during fieldwork were birch, pine, spruce, mountain 
ash and alder. Low vegetation is typically composed 
of grass, blueberries, moss and ferns. There is no 
detailed information on the biota in the area, but 
it is likely that a variety of plants, mammals, soil 
organisms and insects live in the woods. 

Photos of the surface waters of Area 4 are pre
sented in Figure 44. The pond in Area 4 is artificial. 
The two streams in the area are relatively small and 
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it is likely that the runoff in them varies seasonally. 
No precise information is available on the aquatic 
biota of the pond and streams, but it can be expected 
to mainly consist of algae, plankton and insects. It 
is not likely that any fish species live in the pond 
or in streams. 

5.4.3 Human exposure

There are many human activities in Area 4, includ
ing both industrial and residential areas. The main 
contamination source from unauthorized landfills 
and smaller dumping sites and other industry is 

dry/wet deposition. Contaminants can continue to 
be transported from the soil to stream waters and 
groundwater. The contaminants can end up in the 
soil, allowing people (village residents, industrial 
workers) to become exposed through direct skin 
contact or even unintentional ingestion.  

There are no cultivated fields in Area 4. There 
might be some small kitchen gardens in the resi
dential area through which the Korchminskiy 
ruchey stream from the identified unauthorized 
landfill passes. The water of the stream can be used 
as irrigation water, especially in areas where the 
stream runs near households. 

6 COMPARISON WITH REFERENCE VALUES

6.1 Reference values

For risk assessment, the concentrations of pol
lutants measured in the study area were mainly 
compared with the Russian maximum permissible 
concentrations (MPCs) or approximately permis
sible concentrations (APCs). The APC is a temporary 
standard that is introduced for a period until the 
scientific MPC value for the pollutant is established 
(Kuznetsov 2021). Finnish values or other reference 
values from the literature were used in cases when 
a Russian MPC was not available. Reference values 
are presented in the tables in Appendices 2–5.

There are no reference values for some of the 
analysed substances. For these compounds, the 
risk quotients could not be calculated. However, the 
concentrations of these compounds were generally 
below the detection limit. Although the risk quotient 
could not be calculated, all the results have been 
taken into account in the risk assessment. 

Reference values for surface waters
In Russia, maximum permissible concentrations for 
waters are given in the following two documents:

 – Order of the Ministry of Agriculture of the Russian 
Federation No. 552 dated 12/13/2016. “On the 
approval of water quality standards for fishery 
water bodies, including standards for maximum 
permissible concentrations of harmful substances 
in the waters of fishery water bodies.”
 – SanPiN 1.2.3685-21 “Hygienic standards and requi-
rements for ensuring the safety and (or) harmless
ness of environmental factors for humans.”
For most substances, the MPC values for fishery 

water bodies are more stringent than the hygienic 

values. For the risk assessment, the most stringent 
MPC values were used, and for those substances 
for which the MPC values for fishery water bodies 
had not been determined, the MPC values accord
ing to hygienic standards were used. For some PAH 
compounds (anthracene, benzo(b)fluoranthene, 
benzo(g,h,i)perylene, benzo(k)fluoranthene and 
fluoranthene), the values in Finnish Environmental 
Quality Standards were used for risk assessment, 
because the Russian MPC values were not available. 
For acenaphthene and phenanthrene, the predicted 
no-effect concentrations (PNEC) provided in the lit
erature were used to calculate the risk quotients.

In some cases, the detection limit of the analysis 
was higher than selected reference value, mean
ing that the method of analysis was not suffi
ciently precise. The detection limit was too high 
for vanadium (analyses in 2019 and 2021), mer
cury (analyses in 2020–2021), benzo(g,h,i)per
ylene, trichloromethane (chloroform) (analyses in 
2019), trichlorethylene (trichloroethene) (analyses 
in 2019), 2,4,6-trichlorophenol (analyses in 2021) 
and 2,4-dichlorophenol (analyses in 2021).

Reference values for soil and sediment
Concentrations measured from soil samples were 
primarily compared with the maximum permissible 
concentrations for soils given in SanPiN 1.2.3685-21 
“Hygienic standards and requirements for ensuring 
the safety and (or) harmlessness of environmental 
factors for humans.” The soil MPCs were also used 
for sediments, because there are no separate MPC 
values for sediments in Russia.
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Because the Russian MPC values were not avail
able, the Finnish threshold values for soil intro
duced in the Government Decree on the Assessment 
of Soil Contamination and Remediation Needs 
(214/2007) were used in calculating risk quotients 
for the following contaminants: chromium, anthra
cene, naphthalene, phenanthrene, fluoranthene, 
benzo(a)anthracene, benzo(k)fluoranthene, total 
PAH, pesticides dieldrin, DDD, DDE and oil prod
ucts. The threshold value is used as a trigger value, 
the exceedance of which indicates the necessity for 
further investigations of potential contamination. 
As in Russia, Finland does not have reference values   
for sediment for risk assessment purposes.

For barium, molybdenum, acenaphthene, pyrene, 
fluorene, chrysene, benzo(g,h,i)perylene and phe
nols, the predicted no-effect concentrations (PNEC)   
for soil provided in the literature were used to  
calculate the risk quotients.

The detection limit of antimony in analyses 
of the 1st sampling phase (2019) was higher than 
the Russian MPC value, meaning that the analysis 
method was not sufficiently accurate.  

Reference values for well waters
Concentrations analysed from well waters were 
compared with Russian MPC values given in SanPiN 
1.2.3685-21 “Hygienic standards and requirements 
for ensuring the safety and (or) harmlessness of 
environmental factors for humans” (Section III: 
Maximum permissible concentration (MPC) of 
chemicals in the water of drinking systems of cen
tralized, including hot, and non-centralized water 
supply, water of underground and surface water 
bodies of drinking and cultural and domestic water 
use, water of swimming pools, water parks).

6.2 Calculation of risk quotients

Risk quotients were calculated using the formula: 

Risk Quotient (RQ) = Concentration / reference value

In general, a risk exists when the risk quotient is 
greater than 1. However, many other issues affect 
the risk assessment results and the real environ
mental risk. The risk quotients are considered as a 
preliminary basis for risk assessment. The princi
ples followed in the calculations of the risk quo
tients that should be considered when inspecting 
the results are as follows: 

 – It is important to remember that the reference 
values used have great importance for the results. 
It can be seen in Appendices 2–5 that for some 
substances, the reference values used in different 
sources can vary considerably.
 – Site-specific environmental conditions always 
affect the bioavailability and harmfulness of con
taminants. Local environmental conditions are 
not considered when calculating the RQ values. 
However, the bioavailability of a few metals was 
assessed with the bio-met tool (see chapter 7), 
and the possible impact of environmental condi
tions is discussed in chapter 10.
 – Risk assessment is based on the concentrations 
measured during the sampling period, and the 
representativeness of the samples plays an essen
tial role in the results of the risk assessment. 
Especially in the surface waters, it is possible 
that in reality, the contaminant concentrations 

can be higher or lower, solely depending on the 
sampling time. Thus, the risk assessment only 
applies to the situation in the area at the time 
of sampling. There was variation in the results 
between different sampling times in all sam
pling media. This variation may be due to natu
ral causes or differences in analytical methods, 
which are discussed in more detail in the quality 
control reports (Hatakka et al. 2020, 2021 and 
2022). In the risk assessment, it was decided to 
concentrate on the worstcase scenario, and the 
maximum values that were determined during 
the project were thus used in the calculation of 
risk quotients. 
 – The co-effects of the substances were roughly 
assessed by summing the risk quotients 
according to the concentration addition model 
(Leppänen 2021). The “total pollution index” 
(sum of risk quotients) is also used in Russia to 
assess the combined effect of two or more pol
lutants according to standard SanPiN 1.2.3685-21. 
The co-effects of chemicals are discussed more 
detail in chapter 10. The ecotoxicity tests per
formed in the project (chapter 3.1.5) also provided 
information on the interactions of contaminants. 
Summed risk quotients are presented as stacked 
bar figures and maps (chapters 6.3–6.5). Only 
risk quotients of ≥1 based on concentrations 
exceeding the detection limits are presented in 
the figures and maps. 
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6.3 Risk quotients in surface water

6.3.1 General water quality indicators

Many general water quality indicators exceeded the 
Russian MPC values in the whole study area, but 
most indicators had the highest risk quotients in the 
surroundings of the landfill (Area 1) and along the 
Izhora route, especially at the beginning of the route 
(Area 2). Based on the maximum values detected 
during the EnviTox project, the highest risk quo
tients were detected for bromides and ammonium 
ions, as well as for the biological and chemical 
oxygen demand (Fig. 45). The MPC values of many 
other ions (e.g., sulphates, potassium, magnesium, 
fluoride) were also exceeded, especially in Areas 1 
and 2 (Figs. 46–47). The surface water sampling 
point SW-9, located in an artificial pond, had an 
exceptional water quality with high risk quotients 
for many indicators (e.g., salinity: sodium and chlo
ride concentrations). 

General water quality was also measured with 
variables for which there is no reference value and 
risk quotients could not be calculated. The con
centration of suspended solids in the stream water 
samples in the study area varied between 0.7–270 
mg/dm3. A typical concentration during the period 

without ice cover is 1–3 mg/dm3 (Oravainen 1999). 
Thus, at many sampling points, the concentration 
of suspended solids was notably high. This ena
bles the sorption of contaminants onto suspended 
matter. The chemical oxygen demand (COD) varied 
between 5–374 mg O2/dm3, which suggests a high 
humus or organic matter content at many sampling 
points in the study area. A typical value in waters 
having humus is 10–20 mg O2/dm3 and in colourless 
water 4–10 mg O2/dm3 (Oravainen 1999). The con
centration of total organic carbon (TOC) in stream 
water samples in the study area varied between 3.2–
97 mg/dm3. A typical TOC concentration in surface 
waters is under 50 mg/dm3 (e.g., 4–46 mg/dm3 in 
a forested headwater stream in the boreal zone in 
northern Sweden; Köhler et al. 2009). However, the 
values   of these parameters vary regionally.

The average concentrations of suspended sub
stances and total organic carbon were highest at 
sites closest to the landfill (Area 1), followed by 
Areas 2, 3 and 4. The pH value also decreased further 
away from the landfill site. The dissolved organic 
carbon concentrations were highest in Areas 1 and 
3 (Appendices 2–5). 
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Fig. 45. Maximum risk quotients of ammonium (NH4
+), bromides (Br), biological oxygen demand 5 days (BOD5) 

and chemical oxygen demand (COD) in surface water samples from four subareas: Area 1 (around the landfill), 
Area 2 (Izhora route), Area 3 (Tosna route) and Area 4 (northern area).  *Background points in the Rivers Izhora 
(point SW-66) and Tosna (point SW-50). 
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Fig. 46. Maximum risk quotients of sulphate (SO4
2), sodium (Na), magnesium (Mg), potassium (K), calcium 

(Ca), and nitrates (NO3
) in surface water samples from four subareas: Area 1 (around the landfill), Area 2 (Izhora 

route), Area 3 (Tosna route) and Area 4 (northern area).  *Background points in the Rivers Izhora (point SW-66) 
and Tosna (point SW-50). 
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Fig. 47. Maximum risk quotients of nitrites (NO2
), chloride ions (Cl), fluoride ion (F), and sulphides (S2) in 

surface water samples from four subareas: Area 1 (around the landfill), Area 2 (Izhora route), Area 3 (Tosna route) 
and Area 4 (northern area).  *Background points in the Rivers Izhora (point SW-66) and Tosna (point SW-50). 
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without ice cover is 1–3 mg/dm3 (Oravainen 1999). 
Thus, at many sampling points, the concentration 
of suspended solids was notably high. This ena
bles the sorption of contaminants onto suspended 
matter. The chemical oxygen demand (COD) varied 
between 5–374 mg O2/dm3, which suggests a high 
humus or organic matter content at many sampling 
points in the study area. A typical value in waters 
having humus is 10–20 mg O2/dm3 and in colourless 
water 4–10 mg O2/dm3 (Oravainen 1999). The con
centration of total organic carbon (TOC) in stream 
water samples in the study area varied between 3.2–
97 mg/dm3. A typical TOC concentration in surface 
waters is under 50 mg/dm3 (e.g., 4–46 mg/dm3 in 
a forested headwater stream in the boreal zone in 
northern Sweden; Köhler et al. 2009). However, the 
values   of these parameters vary regionally.

The average concentrations of suspended sub
stances and total organic carbon were highest at 
sites closest to the landfill (Area 1), followed by 
Areas 2, 3 and 4. The pH value also decreased further 
away from the landfill site. The dissolved organic 
carbon concentrations were highest in Areas 1 and 
3 (Appendices 2–5). 
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Fig. 45. Maximum risk quotients of ammonium (NH4
+), bromides (Br), biological oxygen demand 5 days (BOD5) 

and chemical oxygen demand (COD) in surface water samples from four subareas: Area 1 (around the landfill), 
Area 2 (Izhora route), Area 3 (Tosna route) and Area 4 (northern area).  *Background points in the Rivers Izhora 
(point SW-66) and Tosna (point SW-50). 
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Fig. 46. Maximum risk quotients of sulphate (SO4
2), sodium (Na), magnesium (Mg), potassium (K), calcium 

(Ca), and nitrates (NO3
) in surface water samples from four subareas: Area 1 (around the landfill), Area 2 (Izhora 

route), Area 3 (Tosna route) and Area 4 (northern area).  *Background points in the Rivers Izhora (point SW-66) 
and Tosna (point SW-50). 

Sampling point

41   50*

832364274   66*

69689/1

99/2

28252733   7271403945465458

M
ax

im
um

 R
is

k 
Q

uo
tie

nt

15

10

5

0

Sulphides
Fluoride ions
Chloride ions
Nitrites

Area 1 Area 2 Area 3 Area 4

Page 1

Fig. 47. Maximum risk quotients of nitrites (NO2
), chloride ions (Cl), fluoride ion (F), and sulphides (S2) in 

surface water samples from four subareas: Area 1 (around the landfill), Area 2 (Izhora route), Area 3 (Tosna route) 
and Area 4 (northern area).  *Background points in the Rivers Izhora (point SW-66) and Tosna (point SW-50). 

6.3.2 Metals and organic compounds

Mercury, manganese and iron had the highest risk 
quotients among metals in surface waters in the 
whole study area (Fig. 48). In addition, aluminium, 
copper, zinc and vanadium exceeded the reference 
values at almost all sampling points in the study 
area, while molybdenum, cadmium, strontium and 

cobalt were found more locally (Fig. 49). However, 
the sum of risk quotients of metals was highest in 
Area 1, followed by Areas 2, 3 and 4. 

Some halogenated volatile organic compounds, 
phenols, total PCBs, anionic surfactants, formalde
hyde, oil products and naphthalene exceeded refer
ence values for organic compounds in the study area 
(Fig. 50). Most of these compounds were detected 
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in Area 1. Only phenols, chloroform, total PCBs and 
anionic surfactants were found in Areas 2 and 3. 

The risk quotients for total PCBs and phenols 
presented in Figure 50 are based on analyses from 
the year 2019. Individual PCB congeners were ana
lysed from samples taken in 2020–2021, but all 
concentrations were below the detection limit. 
Analysed congeners were the same as included in 
the total PCB analyses in 2019, when total PCBs 
were detected in all samples (including quality con
trol blank sample). The reason for this variation 
in results between years is unclear. in addition, 
some individual phenols (xylenols, cresols, ethyl 
phenols, phenol) and chlorophenols were analysed 
in 2020–2021. Concentrations were mainly below 
the detection limit, although in 2019, phenols were 
detected in most of the samples. Only a few chloro
phenols exceeded reference values in the main canal 
(surface water sampling point SW-39). Otherwise, 
it is unclear what individual phenols are present 
in the region.

The risk quotients for mercury presented in 
Figure 48 are also based on the analyses of 2019, 
as in the 2020–2021 analyses, the detection limit 
was higher than the MPC value. However, in the 
2019 sampling, mercury was also detected in the 
quality control blank sample.

Around the landfill, Area 1
Mercury had the highest risk quotients among 
metals (average RQ 183), followed by manganese 
(130), iron (32), vanadium (17), copper (12), zinc 
(12), aluminium (9.3) and nickel (4.2) (Figs. 48–49). 
In addition, molybdenum, cadmium, cobalt, lead 
and strontium exceeded reference values at single 
sampling points. In particular, surface water sam
ples 39 and 40 in Area 1 were found to have high 
RQ values for mercury, and sample 54 for manga
nese. RQ values for surface water mercury were also 
high in other areas, but values decreased further 
away from the landfill site. Iron and manganese 
in surface water also often naturally occur in the 
environment, but the concentrations in the study 
area were higher at several sampling points than 
in the background samples SW-66 and SW-50 of 
the Rivers Izhora and Tosna. The risk quotients for 
mercury were highest in Areas 1 and 2. 

Phenols had the highest risk quotients among 
organic compounds (average RQ 11), followed by 
chloroform (4.6), anionic surfactants (2.6) and 
total PCB (1.4). Trichloroethylene, 1,2-dichloro
etane, chlorophenols, formaldehyde, oil products 

and naphthalene exceeded reference values at single 
sampling points (Fig. 50).

The risk quotients of almost all metals and 
organic substances were on average higher in Area 
1 than in the background points of the Rivers Izhora 
and Tosna (points SW-66 and SW-50) or in the 
study area as a whole. The only exceptions were 
PCBs and lead. 

Many metals (especially mercury and vanadium) 
and organic substances (PAHs, phenols, halogen
ated volatile organic compounds and formaldehyde) 
had the highest risk quotients in the ditch around 
the abandoned Tosno landfill, but there was consid
erable variation in risk quotients between different 
sampling points (SW-40, SW-71 and SW-72) in the 
ditch. Various types of waste may have been dumped 
on different sides of the landfill for decades, and 
a particular batch of waste may have caused local 
contamination. However, contaminants detected 
from the ditch around this hotspot area may con
tinue to migrate towards Areas 2 or 3.

High RQ values were detected for many metals 
and organic compounds in the main canal from the 
Krasny Bor landfill, but the anionic surfactants and 
1,2-dichloroethane displayed the highest RQ values 
of the study area in the main canal. In addition, 
chlorophenols only exceeded reference values in the 
main canal.

Many contaminants also exceeded reference val
ues in the corners of the Krasny Bor landfill, and 
exceptionally high RQ values for many metals were 
especially detected at the sampling point SW-54 
in the southeast corner of the Krasny Bor landfill.

Izhora route, Area 2
Mercury had the highest risk quotients among met
als (average RQ 110), followed by manganese (37), 
iron (12), copper (7.8), aluminium (7.7), nickel (4.1), 
lead (3.6), vanadium (3.3) and zinc (1.9). In addi
tion, the concentrations of molybdenum, stron
tium and cobalt exceeded the MPC values at some 
single sampling points. Phenols had the highest 
RQ among organic compounds (average RQ 4.9), 
followed by total PCB (1.9) and anionic surfactants 
(1.2). Chloroform exceeded the reference value at 
some single sampling points.

Many organic substances (phenols, trichlo
romethane, anionic surfactants, formaldehyde) had 
the highest risk quotients at the beginning of the 
transport route, and the risk quotients decreased 
towards larger rivers (Fig. 50). Water contamination 
appears to be clearly associated with contaminants 
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from Area 1. On the other hand, PCBs also occur at 
the background point 66 of the River Izhora. The 
trend of decreasing RQs is not so clear for metals. 
The RQs of lead, vanadium, cobalt, copper, manga
nese, aluminium, and iron were found to be higher 
in the River Izhora, downstream from the Krasny 
Bor landfill (point SW-69), than at the background 
sampling point (SW-66), indicating that these met
als may be transported from the Krasny Bor landfill 
or other contamination sources to the River Izhora 
and possibly further to the Neva River. However, 
distinguishing contamination sources is not pos
sible based on the project data.

Tosna route, Area 3
The risk quotients for most metals and organic 
substances in Area 3 were lower than in Areas 1 
and 2, indicating that the Tosna route (Area 3) is 
not as important a transport route from the Krasny 
Bor landfill (Area 1) as the Izhora route (Area 2). 
However, many metals and organic compounds also 
exceeded reference values in this subarea.

Mercury had the highest risk quotients among 
metals (average RQ 62), followed by iron (25), zinc 
(19), manganese (15), aluminium (11), copper (6.2), 
vanadium (3.2) and lead (2.5). In addition, concen
trations of nickel and cadmium exceeded the MPC 
values at some single sampling points. Total PCB, 
phenols and anionic surfactants exceeded reference 
values at single sampling points. However, the risk 
quotients for mercury and phenols were lower than 
at the background point SW-50 in the River Tosna. 

Risk quotients for zinc and total PCBs were found 
to be slightly higher in the River Tosna downstream 
from the Krasny Bor landfill (surface water sam
pling point 8) than at the background sampling 
point SW-50. However, these contaminants may 
also have other contamination sources in the area 
than the Krasny Bor landfill.

Very high risk quotients, especially for zinc and 
PCBs, were detected at surface water sampling point 
SW-32, which is located in a stream flowing from 
the Krasny Bor area just before the stream emp
ties into the River Tosna. The adjacent area is for
ested with a natural creek called Khovanov ruchey 
flowing in a northeasterly direction. Brickbats were 
observed during the fieldwork in the bed of the 
stream and the adjoining area, so the area is most 
likely the location of the former brick factory. At 
the sampling site, the creek is crossed by a dirt road 
(Savenkova et al. 2022a). 

Northern area, Area 4
Of the detected metals in Area 4, manganese had 
the highest average RQ (39), followed by iron (22), 
aluminium (8.5), copper (2.0), zinc (1.8) and vana
dium (1.2). Organic contaminants were not detected 
at concentrations exceeding the reference values. 
However, surface water samples from Area 4 were 
taken in 2020, when total PCBs and phenols were 
not analysed and the detection limit for mercury 
was higher than the reference value. No individual 
PCB congeners or phenol compounds were detected 
in the samples.
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Fig. 48. Maximum risk quotients of iron, manganese and mercury in surface water samples from four subareas: 
Area 1 (around the landfill), Area 2 (Izhora route), Area 3 (Tosna route) and Area 4 (northern area). Only risk 
quotients ≥ 1 based on concentrations exceeding the detection limits are presented in the figure. Points SW-9/2, 
SW-74, SW-1 and SW-4 were only analysed in 2020, when the detection limit of mercury was higher than the 
reference value. *Background points in the Rivers Izhora (point SW-66) and Tosna (point SW-50). 
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It is notable that surface water is more acidic (pH 
5.2–6.5) than in other areas (Appendices 2–5). A 
low pH can promote the transportation of metals to 
the River Izhora, but the actual metal contamination 
is relatively low when compared to other subareas.

Clay excavation area, point SW-51
Two surface water samples were taken in April and 
August 2021 from an artificial pond in a clay excava

tion area outside the EnviTox study area, about 1 km 
from the Krasny Bor landfill to the west. Streams 
from the Krasny Bor landfill are not connected to 
this area. Of the metals or organic contaminants 
analysed, only manganese and strontium exceeded 
reference values at this point (RQ 5.4 and 1.3).
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Fig. 49. Maximum risk quotients of metals (excluding iron, manganese and mercury) in surface water samples 
from four subareas: Area 1 (around the landfill), Area 2 (Izhora route), Area 3 (Tosna route) and Area 4 (northern 
area). Only risk quotients ≥ 1 based on concentrations exceeding the detection limits are presented in the figure.  
*Background points in the Rivers Izhora (point SW-66) and Tosna (point SW-50).
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Fig. 50. Maximum risk quotients of organic compounds in surface water samples from four subareas: Area 1 
(around the landfill), Area 2 (Izhora route), Area 3 (Tosna route) and Area 4 (northern area). Only risk quotients 
≥ 1 based on concentrations exceeding the detection limits are presented in the figure. *Background points in 
the Rivers Izhora (point SW-66) and Tosna (point SW-50).
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6.3.3 Sum of risk quotients

The sum of risk quotients for different contami
nants in the five sampling stages (Figs. 45–50) 
indicates that risk is observed throughout the study 
area, but the highest risk quotients were deter
mined in Areas 1 and 2 and at point SW-32 in Area 
3. Considerable variation was observed in the risk 
quotients between different sampling times, and 
the highest risk quotients were generally detected 
in August 2019, when samples were also taken more 
extensively. However, it should be noted that nota
bly high risk quotients (RQ from tens to hundreds) 
were also observed at other sampling times. Risk 
quotients are presented at the same scale in Figures 
51–53.

The risk quotients of surface water in August 
2019 (Fig. 51) show high total risk quotient values 
at all of the sampling points. The risk quotient val
ues in the River Izhora direction (to the west of the 
Tosno landfill) appear to be on a higher level than 
those in the River Tosna direction (to the east of the 
Tosno landfill). This might indicate higher contam
inant transport in the Izhora direction. It should be 
noted that the risk quotient values for background 
samples in the Rivers Izhora and Tosna are both 
elevated (sample points SW-66 and SW-50). 

In October 2019, the highest risk quotient val
ues were found in Area 1 (Fig. 52). Point SW-32 is 

located close to the soil sampling point MIN-32, 
which was found to be contaminated with alpha-
HCH and some other organic pollutants such as 
PAHs and to also contain some metals in elevated 
concentrations. Local soil quality might affect the 
surface water quality at this point, in addition to 
possible contaminant transport from Areas 1 and 3. 

In November 2020, the highest risk quotient val
ues were found in the Tosno landfill in Area 1, but 
smaller streams leading to the Rivers Izhora and 
Tosna in Areas 2 and 3 also have high risk quotient 
values (Fig. 53). Stream waters in Area 4 were sam
pled for the first time in this sampling phase and 
were found to have elevated risk quotient values. 

In April 2021, the risk quotient values at all sam
pling points were lower than in the previous sam
pling (Fig. 54). This might be due to snow melt 
affecting the water quality by dilution. Neither 
the Tosno landfill nor the point SW-45 close to 
the hazardous waste landfill, which had high risk 
quotient values in previous sampling rounds, were 
sampled in April 2021.

In August 2021, the highest risk quotient val
ues were found in Area 1 (Fig. 55). A stream water 
sample in the River Izhora direction had a higher 
risk quotient value than a sample from the stream 
leading in the River Tosna direction.
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Fig. 51. Risk quotients of surface water samples in August 2019. Fig. 52. Risk quotients of surface water samples in October 2019.
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Fig. 51. Risk quotients of surface water samples in August 2019. Fig. 52. Risk quotients of surface water samples in October 2019.
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Fig. 53. Risk quotients of surface water samples in November 2020. Fig. 54. Risk quotients of surface water samples in April 2021.
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Fig. 53. Risk quotients of surface water samples in November 2020. Fig. 54. Risk quotients of surface water samples in April 2021.
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6.4 Risk quotients in sediments

Fig. 55. Risk quotients of surface water samples in August 2021.
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6.4 Risk quotients in sediments

6.4.1 Metals and organic compounds

The highest risk quotients of metals and organic 
compounds in sediments were found in Areas 1 
and 2. Copper, nickel, lead and zinc exceeded the 
reference values at almost all sampling points 
in sediments, while cadmium and molybde
num, for example, were found more locally (Fig. 
56). Although PCBs were found in surface waters 
throughout the study area, they exceeded reference 
values in sediments especially near the Krasny Bor 
and the abandoned Tosno landfills in Area 1 (Fig. 
57). On the other hand, the highest concentrations 
of PAHs were found further from the landfill. In 
surface waters, the highest RQ values were recorded 
for mercury, manganese and iron. In sediment, 
these metals did not exceed the reference values in 
any of the samples. Aluminium, iron, halogenated 
volatile organic compounds and anionic surfactants 
detected in surface waters were not analysed from 
sediment samples. 

Metal concentrations analyzed from sediment 
samples in 2019 were not total concentrations 
(Hatakka et al. 2020). They are more representa
tive of soluble concentrations, which are also more 
mobile and bioavailable for organisms. This can sig
nificantly increase the risk of metals. In addition, 
it should be noted that the reference values for soil 
were used to calculate risk quotients for sediments, 
because the reference values for sediments were 
not available.

Sediment sampling points were not necessar
ily located in the best sedimentary basins, as the 
points were chosen more according to practicality. 
For example, sediment samples from larger riv
ers were taken from bridges. All the samples were 
taken from the sediment surface and no sediment 
cores were taken. Thus, the studied sediment sam
ples indicate recent sedimentation and not histori
cal accumulation. This can partly explain the high 
or low concentrations at some sampling points. 
However, based on the grain-size distribution, the 
sediment samples mostly contained finely divided 
material, on which the contaminants are typically 
sorbed.

Around the landfill, Area 1 
Copper had the highest average RQ among metals 
(41), followed by zinc (16), lead (7.5) and nickel (7.2). 
Cadmium, cobalt and arsenic exceeded the refer

ence value at single sampling points. The highest 
RQ values were recorded in the ditch around the 
abandoned Tosno landfill at points SED-72, SED-40 
and SED-71. At the same time, these are the highest 
risk quotients of metals in sediments in the entire 
study area. In the main channel from the Krasny Bor 
landfill (points SED-39 and SED-45), the concentra
tions of copper, zinc, lead and nickel exceeded the 
reference values, but total RQ values were relatively 
low when compared to other sampling points.

Phenols had the highest average RQ (5.9) among 
organic compounds and exceeded the reference 
value at almost all sampling points. Other organic 
compounds (total PCBs and individual congeners 
PCB-28, PCB-52, PCB-101 and PCB-153, oil prod
ucts, sum DDT-DDD-DDE, benzo(a)pyrene and 
heptachlor) exceeded reference values only at sin
gle sampling points, especially in the ditch around 
the abandoned Tosno landfill (point SED-72) and 
at points SED-76 and SED-58 in the corners of the 
Krasny Bor landfill. Dioxins and furans were only 
analysed from point 58 and the concentrations 
exceeded the Russian MPC values for agricultural 
and settlement land. Phenols were the only organic 
contaminants exceeding the reference value in the 
sediment of the main canal from the Krasny Bor 
landfill. However, it should be noted that the main 
canal is regularly dredged.

Izhora route, Area 2
In the sediments of the Izhora route, copper had 
the highest average RQ (19) among metals, fol
lowed by cadmium (12), zinc (11), nickel (10), lead 
(2.1), cobalt (1.1) and arsenic (1.1). Chrome slightly 
exceeded the reference value at sediment sampling 
points SED-9/2 and SED-69. Copper, cadmium, 
zinc, nickel and lead also exceeded the reference 
values at the background sampling point (SED-66) 
of the River Izhora. Phenols had the highest average 
RQ (10) among organic compounds and exceeded 
the reference value at all analysed sampling points 
(but not at background point SED-66). Some single 
PCB congeners (PCB-28, PCB-52, PCB-101, PCB-
153,) had very high risk quotients (190, 82, 12 and 
7, respectively) at point SED-33. Dioxins and furans 
were analysed from points SED-33 and SED-27 and 
their concentrations exceeded the Russian MPC 
value for agricultural land.

The highest risk quotients were detected at 
the beginning of the transport route (especially  

Fig. 55. Risk quotients of surface water samples in August 2021.
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cadmium and most of the organic contaminants). 
The risk quotients were higher there for many con
taminants than in Area 1, and it is likely that con
taminants from Krasny Bor or from the abandoned 
Tosno landfill are sedimented in this area. On the 
other hand, benzo(a)pyrene and oils were especially 
detected at the last points of the transport route in 
the Rivers Bolshaya Izhorka and Izhora and at back
ground point SED-66, indicating that emissions of 
these substances are probably from some other con
tamination sources than from Area 1. Phenols are 
found in sediments throughout the region, although 
in surface waters the highest risk quotients were in 
Area 1 and at the beginning of the Izhora route (Area 
2). Risk quotients for copper, nickel, lead, zinc, 
cobalt, chrome, phenols, oil products and benzo(a)
pyrene at point SED-69 in the River Izhora, down
stream from the Krasny Bor landfill, were higher 
than at the upstream background point (SED-66). 
Some of these contaminants may be transported 
from Area 1, but the source of contamination cannot 
be reliably assessed.

Tosna route, Area 3
The risk quotients in Area 3 were generally notably 
lower than in Areas 1 and 2, and the highest risk 
quotients were recorded at the background sam
pling point SED-50 of the River Tosna. Otherwise, 
only copper exceeded the reference value at all 

sampling points (average RQ 7.7). Zinc, nickel, 
lead, arsenic, PCB-28, PCB-52 phenols, benzo(a)-
pyrene and oil products exceeded the reference val
ues at some single sampling points. Many of these 
substances are the same as the ones having high 
risk quotients in Area 1. This indicates that there 
is transport from Area 1, although the risk quo
tients in Area 3 were lower than along the Izhora 
route (Area 2). However, the Krasny Bor landfill 
does not appear to have a notable impact on the 
sediments of the River Tosna, because only copper, 
zinc, nickel and benzo(a)pyrene slightly exceeded 
the reference value at the sediment sampling point 
SED-8 in the River Tosna, downstream from the 
Krasny Bor landfill, and RQs were lower than at the 
background point SED-50.

Northern area, Area 4
In the sediment samples of Area 4, copper had the 
highest average RQ (25) among metals, followed by 
nickel (4.4), lead (4.2), zinc (1.7) and arsenic (1.2). 
A high concentration of molybdenum (RQ 36) was 
observed at sampling point SED-1. Benzo(a)pyrene 
and oil products exceeded reference values at point 
SED-1, and the concentrations of PCB-28 and PCB-
52 were also at the level of the reference value (RQ 
1). There is an identified unauthorized landfill in the 
area that could cause a high local risk in the area. 
The composition of metals at sampling point SED-1 

could also be related to the nearby shooting range, 
as the metals with the highest concentrations in 
that sample were connected to the composition of 
bullet coating materials.

6.4.2 Sum of risk quotients

The sum of risk quotients for different contami
nants in the two sampling stages indicates that 
contaminants pose a risk in sediments through
out the study area (Figs. 58–59). High risk quo
tients were especially observed in the vicinity of 
the Krasny Bor and abandoned Tosno landfills, but 
also in the River Izhora near the Neva River, in the 
vicinity of the shooting range in Area 4 and even 
at the background sediment sampling point SED-
50 of the River Tosna. There was variation in the 
analysed concentrations between the two sampling 
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Fig. 56. Maximum risk quotients of metals in sediment samples from four subareas: Area 1 (around the landfill), 
Area 2 (Izhora route), Area 3 (Tosna route) and Area 4 (northern area). Only risk quotients ≥ 1 based on con
centrations exceeding the detection limits are presented in the figure.  *Background points in the Rivers Izhora 
(point SED-66) and Tosna (point SED-50).
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Fig. 57. Maximum risk quotients of  organic compounds in sediment samples from four subareas: Area 1 (around 
the landfill), Area 2 (Izhora route), Area 3 (Tosna route) and Area 4 (northern area). Only risk quotients ≥ 1 based 
on concentrations exceeding the detection limits are presented in the figure.  *Background points in the Rivers 
Izhora (point SED-66) and Tosna (point SED-50). 
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could also be related to the nearby shooting range, 
as the metals with the highest concentrations in 
that sample were connected to the composition of 
bullet coating materials.
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Fig. 57. Maximum risk quotients of  organic compounds in sediment samples from four subareas: Area 1 (around 
the landfill), Area 2 (Izhora route), Area 3 (Tosna route) and Area 4 (northern area). Only risk quotients ≥ 1 based 
on concentrations exceeding the detection limits are presented in the figure.  *Background points in the Rivers 
Izhora (point SED-66) and Tosna (point SED-50). 

6.4.2 Sum of risk quotients

The sum of risk quotients for different contami
nants in the two sampling stages indicates that 
contaminants pose a risk in sediments through
out the study area (Figs. 58–59). High risk quo
tients were especially observed in the vicinity of 
the Krasny Bor and abandoned Tosno landfills, but 
also in the River Izhora near the Neva River, in the 
vicinity of the shooting range in Area 4 and even 
at the background sediment sampling point SED-
50 of the River Tosna. There was variation in the 
analysed concentrations between the two sampling 

stages, indicating that the results vary in relation 
to, for example, the sampling time, sample repre
sentativeness and analysis methods.

In the 1st sampling phase in August 2019, the 
highest risk quotient values were recorded in the 
Tosno landfill, near the hazardous waste landfill, 
and especially in the stream leading to the River 
Izhora (Fig. 58). Sediments of the river Izhora in 
the river mouth near the Neva River also displayed 
elevated values. 

In the 2nd sampling phase in November 2020, the 
highest risk quotient values were recorded in the 
Tosno landfill and in its vicinity in Area 2, in the 
stream leading to the River Izhora (Fig. 59). The 
Area 3 background sample from the River Tosna 
sediments displayed a high risk quotient value. Area 
4 sediments were sampled for the first time during 
the 2nd sampling stage and high risk quotient values 
were recorded.
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Fig. 56. Maximum risk quotients of metals in sediment samples from four subareas: Area 1 (around the landfill), 
Area 2 (Izhora route), Area 3 (Tosna route) and Area 4 (northern area). Only risk quotients ≥ 1 based on con
centrations exceeding the detection limits are presented in the figure.  *Background points in the Rivers Izhora 
(point SED-66) and Tosna (point SED-50).
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Fig. 58. Risk quotients in sediment samples collected in phase 1, August 2019.
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Fig. 59. Risk quotients in sediment samples collected in phase 2, November 2020.
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6.5 Risk quotients in soil

6.5.1 Metals and organic compounds

Many metals (especially copper, lead, nickel and 
zinc) (Figs. 60 and 61) and phenols (Fig. 62) 
exceeded the reference values in the whole study 
area, and the average RQs were even lower in Area 
1 than in other subareas. The same metals also had 
the highest RQs in sediment samples throughout 
the study area. However, very high risk quotients 
were detected for many metals (Fig. 61) and organic 
compounds (Fig. 62) in the hotspot area of the 
abandoned Tosno landfill in Area 1.

Most of the soil samples were taken in 2019, 
while in 2020, samples were only taken from 7 
points. Metal concentrations analysed from soil 
samples in 2019 were not total concentrations but 
they were based on a weak leach (Hatakka et al. 
2020). Thus, the metal concentrations analysed 
in 2019 represent the most soluble concentration, 
which is more mobile and bioavailable for organ
isms. On the other hand, it does not necessarily 
reveal the accumulated total concentrations or the 
risk of contaminants leaching from the soil to sur
face water or groundwater in the long term and 
under varying conditions.  

Risk quotients for each sampling point presented 
in Figures 60 and 62 were calculated using the max
imum concentration measured in any of the follow
ing samples: ORG (depth 0–5 cm), MIN (depth 5–20 
cm), SOIL (composite sample, depth 5–20 cm) or 
SUB (depth 80–100 cm) samples.

Around the landfill, Area 1
Very high risk quotients for metals were detected 
at sampling point MIN-40 in the abandoned Tosno 
landfill (Fig. 61), and the RQs of this sample were 
the highest of the whole study area (RQ of copper 
607, lead 154, nickel 116, zinc 106, cadmium 82, 
mercury 7.5, chrome 6.0, cobalt 4.0, manganese 3.9 
and arsenic 3.4). In 2019, the samples were taken at 
depths of 0–5 cm and 5–20 cm and the risk quo
tients were notably higher in the deeper samples 
(5–20 cm). Manganese, chromium and mercury 
only exceeded the reference values  in sample MIN-
40. In 2020, a composite sample (SOIL-40) was 
taken from a wider area of the Tosno landfill at a 
depth of 5–20 cm. Concentrations in the composite 
sample represent the average concentrations in soil 
and these results were notably lower than in 2019 at 
the single soil sampling point MIN-40. This indi

cates that the area is not evenly contaminated, and 
there can be considerable variation in contaminant 
concentrations inside the landfill area depending 
on the waste type in different parts of the area. In 
addition, it should be noted that the thickness of 
the waste layer in the landfill is at least 5 metres 
(Romanov et al. 2021b), but in the EnviTox project 
only concentrations in the depth range of 0–20 cm 
were investigated. Further studies should be per
formed in the Tosno landfill area to determine its 
contamination status. 

Except for soil sampling point 40 (MIN, ORG and 
SOIL), the sum RQ of metals in Area 1 was on aver
age lower than in other subareas (Fig. 60). Copper 
and lead had the highest average RQ (4.9 and 4.4) 
and exceeded the reference value at all sampling 
points, as also in all other subareas. Nickel and zinc 
also exceeded the reference value at many sampling 
points, with an average RQ of 1.5 and 1.2, respec
tively. Cadmium and arsenic exceeded the reference 
value at five sampling points and cobalt at one point 
out of a total of 17 sampling points. Cadmium was 
especially detected in Area 1 and in the southern 
part of Area 2.

Of the organic compounds, phenols exceeded the 
reference value at all sampling points in Area 1 and 
also in other subareas. However, except for sam
pling point 40 (MIN, ORG and SOIL), the average 
risk quotients of phenols in Area 1 were found to 
be lower than or equal to those recorded in other 
subareas (Fig. 62). The risk quotients of phenols 
were based on sampling in 2019 and analysis of 
total phenols. In 2020, soil samples were only taken 
from 7 points and phenols were not analyzed from 
the samples. It is not known which compounds the 
phenols are in detail, and it is possible that they are 
also partly natural in origin, as phenolic compounds 
are components of many plant species (Anku et al. 
2017).

Of the other organic compounds, PAHs (espe
cially benzo(a)pyrene), PCBs (total PCBs and indi
vidual congeners PCB-52, PCB-101 and PCB-153) 
and hexachlorobenzene were detected in the sam
ples and especially in the Tosno landfill in sam
ples ORG- and SOIL-40. In addition, dioxins and 
furans were analyzed from sample ORG-40 and the 
concentrations exceeded the Russian MPC values 
for an industrial site (RQ 5 for an industrial site, 
RQ 1000 for agricultural land presented in Fig. 62). 
In addition to samples ORG-, MIN- and SOIL-40, 
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benzo(a)pyrene exceeded the reference value at 6 
out of a total of 17 sampling points, and total PCB 
and hexachlorobenzene at one point (Fig. 62).

Izhora route/western area, Area 2
Copper had the highest average RQ (6.5) in Area 2, 
followed by lead (5.4) and nickel (2.4), as in all other 
subareas. These metals exceeded the reference val
ues at almost all sampling points. In addition, zinc 
slightly exceeded the reference value at 10 points, 
arsenic at 7 points, cadmium at 4 points and cobalt 
at 3 points out of a total of 17 sampling points. 

Phenols exceeded the reference value at all 
sampling points (as in all other subareas), with 
an average RQ of 8.1. Otherwise, very few organic 
compounds were detected in Area 2. Benzo(a) pyrene 
exceeded the reference value in sample ORG-38 
and total PCBs in sample ORG-63 taken about a 
kilometre northwest of the Krasny Bor landfill. Oil 
products slightly exceeded the reference value in 
samples ORG-14 and MIN-15. 

Dioxins and furans were analyzed from sample 
ORG-33 (layer 0–5 cm) in Area 2 and the concen
tration exceeded the Russian MPC value for agri
cultural soil (RQ 6.8). There may also be dioxins 
and furans in other parts of Area 2. There are also 
cultivated fields in the area, so it is recommended 
to investigate dioxin levels more extensively from 
the area.

Tosna route/eastern area, Area 3
Copper had the highest average RQ among metals 
(7.2), followed by lead (5.9), zinc (2.0), nickel (1.7) 
and arsenic (1.5). Cadmium exceeded the reference 
value in sample ORG-48.  

Phenols exceeded the reference value at all sam
pling points (as in all other subareas), with an aver
age RQ of 6.7. The highest RQs for phenols were 

recorded in the southern part of Area 3 (to the east 
and northeast of the Krasny Bor landfill). PAHs 
had exceptionally high RQ values in samples ORG-, 
MIN- and SUB-18, taken near the River Tosna in 
the northern part of Area 3. Benzo(a)pyrene also 
exceeded the reference value in samples ORG-43, 
ORG-36, MIN-32, ORG-12 and ORG-13, and PCBs 
in samples ORG-12 and ORG-13. In addition, hex
achlorobenzene exceeded the reference value in  
sample ORG-12. 

Area 4: Northern area
Copper had the highest average RQ among metals 
(8.3), followed by lead (6.0), nickel (3.3) and zinc 
(1.2). Arsenic exceeded the reference value in sample 
MIN-7 and cobalt in samples MIN-1 and SOIL-1/2. 
Phenols exceeded the reference value at all sam
pling points (except sample SOIL-1/2, which was 
only sampled in 2020, when phenols were not ana
lyzed). An exceptionally high RQ value for phenols 
was detected in sample ORG-5, but it is not known 
which phenolic compounds existed in the sam
ple. Benzo(a)pyrene exceeded the reference value 
in soil samples ORG-2, ORG-3 and SOIL-1/2, and 
hexachlorobenzene in sample ORG-7. The sum of 
DDT-DDD-DDE had an RQ of 1 in sample SOIL-1/2. 

There is an unauthorized landfill in Area 4 that 
was identified during the 2019 fieldwork. A com
posite topsoil sample (SOIL-1/2) was taken from 
this landfill area in 2020. This composite sample 
reflects the average element and compound con
centrations in soil. The determined concentra
tions of some metals and organic compounds were 
higher in the composite sample than in the other 
samples taken from Area 4. It is possible that there 
are locally higher concentrations in the soil in the 
landfill area that were not detected in the composite 
sample. 
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6.5.2 Sum of risk quotients

The sum of risk quotients for different contami
nants in two sampling rounds indicates that con
taminants pose a risk in soil throughout the study 
area (Figs. 63–65). High risk quotients were espe
cially observed in the abandoned Tosno landfill. 

In the 1st sampling phase in August 2019, elevated 
risk quotient values were found evenly throughout 
the study area in topsoil (0–5 cm depth) (Fig. 63), 
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Fig. 60. Maximum risk quotients of metals in soil samples (either in ORG, MIN, SOIL or SUB samples) from four 
subareas: Area 1 (around the landfill), Area 2 (Izhora route), Area 3 (Tosna route) and Area 4 (northern area). Only 
risk quotients ≥ 1 based on concentrations above the detection limits are presented. Samples ORG-, MIN- and 
SOIL-40 (Area 1) are excluded from the figure due to exceptionally high risk quotients. 
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Fig. 61. Maximum risk quotients of metals in soil from sampling point ORG-, MIN- and SOIL-40 of the abandoned 
Tosno landfill (Area 1). Only risk quotients ≥ 1 and compounds exceeding the detection limits are presented in 
the figure.
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Fig. 62. Maximum risk quotients of organic compounds in soil samples (either in ORG, MIN, SOIL or SUB samples) 
from four subareas: Area 1 (around the landfill), Area 2 (Izhora route), Area 3 (Tosna route) and Area 4 (northern 
area). Only risk quotients ≥ 1 based on concentrations above the detection limits are presented. 
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Fig. 62. Maximum risk quotients of organic compounds in soil samples (either in ORG, MIN, SOIL or SUB samples) 
from four subareas: Area 1 (around the landfill), Area 2 (Izhora route), Area 3 (Tosna route) and Area 4 (northern 
area). Only risk quotients ≥ 1 based on concentrations above the detection limits are presented. 

6.5.2 Sum of risk quotients

The sum of risk quotients for different contami
nants in two sampling rounds indicates that con
taminants pose a risk in soil throughout the study 
area (Figs. 63–65). High risk quotients were espe
cially observed in the abandoned Tosno landfill. 

In the 1st sampling phase in August 2019, elevated 
risk quotient values were found evenly throughout 
the study area in topsoil (0–5 cm depth) (Fig. 63), 

as well as in the minerogenic soil layer at 5–20 cm 
depth (Fig. 64). The highest values were recorded 
in the Tosno landfill in Area 1.

In the 2nd sampling phase in November 2020, 
elevated risk quotient values were especially found 
in soil from Areas 1, 3 and 4 (5–20 cm depth) (Fig. 
65). The highest values were recorded in the Tosno 
landfill in Area 1 and near the point MIN-32 in  
Area 3.

6.6 Risk quotients in dug well waters

Five dug well water samples (and one blank sample) 
were taken from the villages located about 1.5–2 km 
to the east, southeast and south of the Krasny Bor 
landfill site. Based on the cross-section presented in 
Romanov et al. (2021b), the direction of groundwater 
flow is away from these villages towards the north 
and the Krasny Bor landfill. Therefore, the possibly 
contaminated aquifers of the Krasny Bor landfill 
most probably cannot affect the groundwater qual
ity of these villages. However, no groundwater flow 
model is available from the area. Water from dug 
wells is used, for example, as drinking water and 
for irrigation (except sample GW-84, which was 
taken from a well that is not in use according to 
local residents) (Romanov et al. 2021b).

Concentrations were mainly below the Russian 
MPC values, with a few exceptions. Turbidity, 
nickel, iron and manganese exceeded the MPC 
values at sampling point GW-84 (RQs 1.6, 1.3, 2.8 
and 1.6, respectively), but this well was not in use. 
Furthermore, magnesium exceeded the MPC value 
at sampling point GW-82 (RQ 1.3) and manganese 
at sampling point GW-83 (RQ 6.8). The results are 
presented in more detail in the report “Soil, stream 
sediment, surface water and groundwater concen
trations in the Krasny Bor study area. Results of the 
first EnviTox project sampling stage” (Romanov et 
al. 2021b).
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Fig. 60. Maximum risk quotients of metals in soil samples (either in ORG, MIN, SOIL or SUB samples) from four 
subareas: Area 1 (around the landfill), Area 2 (Izhora route), Area 3 (Tosna route) and Area 4 (northern area). Only 
risk quotients ≥ 1 based on concentrations above the detection limits are presented. Samples ORG-, MIN- and 
SOIL-40 (Area 1) are excluded from the figure due to exceptionally high risk quotients. 
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Fig. 61. Maximum risk quotients of metals in soil from sampling point ORG-, MIN- and SOIL-40 of the abandoned 
Tosno landfill (Area 1). Only risk quotients ≥ 1 and compounds exceeding the detection limits are presented in 
the figure.
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Fig. 63. Risk quotients in the soil layer at 0–5 cm depth. Samples collected in phase 1, August 2019. Fig. 64. Risk quotients in the soil layer at 5–20 cm depth in phase 1 sampling, August 2019.
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Fig. 63. Risk quotients in the soil layer at 0–5 cm depth. Samples collected in phase 1, August 2019. Fig. 64. Risk quotients in the soil layer at 5–20 cm depth in phase 1 sampling, August 2019.
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7 ASSESSING BIOAVAILABLE CONCENTRATIONS USING  
THE “BIO-MET” TOOL

Fig. 65. Risk quotients in the soil layer at 5–20 cm depth in phase 2 sampling, November 2020.
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7 ASSESSING BIOAVAILABLE CONCENTRATIONS USING  
THE “BIO-MET” TOOL

The bioavailability of contaminants strongly influ
ences the risk they pose. Bioavailability is affected 
by both the properties of the substances and the 
environmental conditions. Environmental condi
tions such as water hardness, pH and the concen
tration of organic carbon have a major impact on 
the bioavailability of metals in the environment.

“Bio-met” is a free bioavailability tool based on 
the Biotic Ligand Model (BLM), which calculates 
bioavailability factors (BioF) and local HC5 values 
for metals based on information on three local water 
quality parameters: the pH, dissolved organic car
bon (DOC) concentration and calcium concentra
tion. The local HC5 is the 5th percentile of a species 
sensitivity distribution normalized to account for 

the local bioavailability conditions. When dissolved 
metal concentrations are provided, the tool calcu
lates the corresponding bioavailable concentration 
of the metal. The bioavailable metal concentration 
is compared with the bioavailable Environmental 
Quality Standard (EQS) value based on the EU Water 
Framework Directive. The bio-met tool is currently 
focused on the compliance assessment of copper 
(Cu), nickel (Ni), zinc (Zn) and lead (Pb), but may 
be extended in the future to include other metals 
when scientific understanding of the factors affect
ing their bioavailability and effects in the environ
ment becomes sufficiently comprehensive (bio-met 
User Guide 2019).

7.1 Input values

In the EnviTox project, the bio-met tool was used 
to calculate bioavailable concentrations of copper, 
nickel, zinc and lead in surface waters in the study 
area. Results from surface water samples taken in 
November 2020, April 2021 and August 2021 were 
considered in the calculations, when dissolved 
organic carbon was also analyzed from the samples. 
Concentrations below the detection limit were not 
considered in the calculations.  

The pH of samples varied between 6.1–8.7 (Area 
1), 6.4–9.1 (Area 2), 6.7–8.4 (Area 3) and 5.2–6.5 
(Area 4). DOC varied between 10–86 mg/l (Area 
1), 8–67 mg/l (Area 2), 16–54 mg/l (Area 3) and 
20–24 mg/l (Area 4). The calcium concentration 

varied between 12–360 mg/l (Area 1), 11–86 mg/l 
(Area 2), 14–62 mg/l (Area 3) and 3–16 mg/l (Area 
4). Especially in Area 4, pH, DOC and the calcium 
concentration were lower than in other areas (see 
tables in Appendices 2–5).

Measured dissolved metal concentrations should 
be used in the bio-met tool to calculate bioavailable 
concentrations. In this study, it is unclear whether 
the samples were filtered in the laboratory. Thus, it 
is not known whether the analysis results are more 
representative of the soluble concentrations or the 
total concentrations in water (see Hatakka et al. 
2020 and 2021).

7.2 Results

The calculated bioavailable concentrations were 
considerably lower than the measured concentra
tions in the study area (Table 4). Although the meas
ured concentrations of copper and zinc exceeded 
the Russian MPC values for fishery water bodies at 
many sampling points, bioavailable concentrations 
were below the EQS values of bioavailable concen

tration in almost all samples. The bioavailable zinc 
concentration only exceeded the EQS at one point 
in Area 1. Nickel exceeded the EQS of the bioavail
able concentration at three points in Area 1 and in 
one point in Area 2. These were the same sampling 
points where the Russian MPC for nickel was also 
exceeded.

Fig. 65. Risk quotients in the soil layer at 5–20 cm depth in phase 2 sampling, November 2020.
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Table 4. Measured and bioavailable concentrations of copper, nickel, zinc and lead for each sampling point in 
four subareas. Only maximum concentrations from samples analysed in 2020–2021 are presented in the table. 
Values exceeding the Russian maximum permissible concentration for fishery water bodies (Order of the Ministry 
of Agriculture of the Russian Federation No. 552 dated 12/13/2016) are highlighted with a light orange colour 
and values exceeding the bioavailable Environmental Quality Standard according to the EU Water Framework 
Directive with a dark orange colour.

Sampling 
point

  Copper Nickel Zinc Lead

Area Measured 
concen
tration 
(µg/L)

Bioavail
able con
centration 

(µg/L)

Measured 
concen
tration 
(µg/L)

Bioavail
able con
centration 

(µg/L)

Measured 
concen
tration 
(µg/L)

Bioavail
able con
centration 

(µg/L)

Measured 
concen
tration 
(µg/L)

Bioavail
able con
centration 

(µg/L)

SW-58 Area 1 2.6 0.16 10 1.61 0.58 0,03

SW-54 Area 1 5.6 0.16 50 5.88 670 146 0 0,00

SW-46 Area 1 2.7 0.09 33 7.18 1.1 0,02

SW-45 Area 1 3.2 0.06 58 6.34 7.3 0.48 0 0,00

SW-39 Area 1 2.7 0.06 56 6.12 10 0.81 0.34 0,01

SW-40 Area 1 12 0.15 110 7.64 3 0,05

SW-72 Area 1 23 0.33 80 4.37 4.7 0,08

SW-33 Area 2 2.9 0.04 15 1.18 0.28 0,01

SW-27 Area 2 5.9 0.12 63 6.88 26 4.95 1.7 0,03

SW-28 Area 2 11 0.10 62 7.31 5.6 0,11

SW-9/2 Area 2 7.1 0.06 11 0.94 3 0,07

SW-9/1 Area 2 3.1 0.03 9.9 0.63 1 0,02

SW-66 Area 2 1.5 0.13 5.8 1.08 0.29 0,02

SW-74 Area 3 7.8 0.09 46 5.69 6.3 0,10

SW-36 Area 3 8.5 0.07 18 1.97 2.2 0,04

SW-32 Area 3 5 0.07 21 1.23 1.6 0,03

SW-50 Area 3 4.6 0.03 11 0.52 0.87 0,01

SW-1 Area 4 1.6 0.03 17 3.46 1 0,03

SW-4 Area 4 2.4 0.08 18 5.18 1 0,02

EQS bioavailable 
(µg/L)

 

1 4 10.9 1.2

Russian MPC for 
fishery water bodies 
(µg/L)

 

1 10 10 6
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8 SUBSTANCE-SPECIFIC PROPERTIES MODELLED WITH EPISUITE™

The properties and environmental fate of selected 
organic key pollutants were estimated using the 
EPISuite™ modelling program (Tables 5–6). The 
EPI (Estimation Programs Interface) Suite™ is a 
Windows®-based suite of physical/chemical prop
erty and environmental fate estimation programs 
developed by US Environmental Protection Agency 
(EPA) and Syracuse Research Corp. (SRC). The model 
provides key figures and partition coefficients, 

which can be used when the environmental fate of 
a compound is assessed. The data provided by the 
model can be used to support risk assessment. 

EPISuite™ is user-friendly tool for risk assess
ment for organic chemicals and can be freely 
downloaded: https://www.epa.gov/tsca-screen
ingtools/episuitetmestimationprogram
interface#download

8.1 Modelled parameters

An EPISuite™ model was used to estimate the log
arithmic octanol–water partition coefficient (log 
KOW), logarithmic organic carbon partition coeffi
cients (log KOC), water solubility, bioaccumulation 
factors (BAF) and bioconcentration factors (BCF) 
(Table 5). The EPISuite™ model also gave the fugac
ity estimates for organic chemicals and half-lives in 
air, water, soil and sediment (Table 6). Fugacity is 
a measure of the tendency of a chemical to escape 

from one phase to another. The fugacity model is a 
valuable tool for understanding how contaminants 
migrate into different phases. A default emission of 
1000 kg/h was used in the fugacity model.

Parameters were modelled for chemicals analysed 
from the EnviTox study area. In addition, param
eters were modelled for some specific compounds 
in groups of phenols and anionic surfactants.

8.2 Results

Dioxins and PCBs and some of the PAHs and pesti
cides, such as DDT, are highly lipophilic and spar
ingly soluble in water (Table 5). Soil and sediment 
are the main endpoints for these lipophilic com
pounds (especially log Kow >5), and they remain 
in soils and sediments for a longer period (Table 
6). Dioxins, PCBs and DDT also have the highest 
tendency to bioaccumulate and bioconcentrate in 
organisms (Table 5).

The most water-soluble compounds modelled are 
chlorinated aliphatic hydrocarbons and some ani
onic surfactants and phenols (Table 5). The chlorin
ated aliphatic hydrocarbons trichloroethylene and 
chloroform, in particular, tend to distribute mostly 
in water and air (Table 6). However, there can be 
considerable variation in environmental behav
ior within groups of substances. For example, of 

the PAHs, naphthalene has the simplest structure 
and is water-soluble and degradable, while PAHs 
with larger and more complex molecular structures 
are more lipophilic and stable. Of the anionic sur
factants, for example, perfluorooctanesulfonic acid 
(PFOS) is sparingly soluble and persistent, while the 
linear-chain alkylbenzene sulfonate (LAS) is water-
soluble and readily degradable.

The modelled results are indicative, and it is 
important and essential to identify the shortcom
ings of the model. A clear understanding of the esti
mation methods and their appropriate application is 
very important. Further information on the proper
ties, environmental fate and effects of the selected 
key pollutants based on literature data is provided 
in Appendix 8.
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Table 5. The properties of selected key organic pollutants (EPI SuiteTM). Logarithmic octanol–water partition 
coefficient (log KOW) values are based on a literature database. Logarithmic organic carbon partition coefficients 
(logKOC), water solubility (mg/l at 25 °C), bioaccumulation factors (BAF) and bioconcentration factors (BCF) are 
modelled values. CAS = Chemical Abstract Service number.

Chemical name CAS Log KOW
(database)

Log KOC
1 Water solubility BAF2 BCF2

PAH

Benzo(a)pyrene 50-32-8 6.13 5.8 0.01 395.6 364.2

Naphthalene 91-20-3 3.30 3.2 142.1 177.4 177.2

Phenanthrene 85-01-8 4.46 4.2 0.677 1242 1203

Fluoranthene 206-44-0 4.93 4.7 0.1297 388.4 385.6

Benzo(a)anthra-
cene

56-55-3 5.76 5.2 0.02907 405.5 392.4

Benzo(k)fluoran-
thene

207-08-9 6.11 5.8 0.01079 300.5 286.2

Pesticides            

Gamma-HCH  
(lindane)

58-89-9 3.72 3.448 6.58 1935 1322

DDT 50-29-3 6.02 5.070 0.06764 1.636e+006 1.717e+004

PCBs            

PCB-47 2437-79-8 6.29 4.9 0.05808 1.458e+004 2.104e+006

PCB-77 32598-13-3 6.63 4.893 0.02976 2.00E+05 3888

PCB-28 7012-37-5 5.62 4.679 0.3407 2.281e+005 1.097e+004

PCB-55 41464-43-1 6.34 4.901 0.05316 3.163e+006 1.633e+004

PCB-101 37680-73-2 5.68 5.107 0.01337 5.864e+006 1.149e+004

PCB-118 31508-00-6 7.12 5.107 0.007126 4.762e+006 6465

PCB-138 35065-28-2 7.44  5.330 0.002357 8.858e+006 5387

PCB-153 35065-27-1 6.34 5.321 0.001281 7.726e+006 3353

PCB-180 35065-29-3 8.27 5.544 0.0002842 7.042e+006 1892

Dioxin and  
furans

   

2,3,7,8-T4CDD 1746-01-6 6.80 5.40 0.001103 1.356e+006 6270

1,2,3,7,8-P5CDD 40321-76-4 6.64 5.619 0.000939 5.16e+005 5451

1,2,3,4,7,8-H6CDD 39227-28-6 7.80 5.842 5.906e-005 1.953e+005 589.4

2,3,7,8-T4CDF 51207-31-9 6.63 5.145 0.001925 6015 1077

1,2,3,4,7,8-H6CDF 70648-26-9 7.92 5.590 5.893e-005 5.423e+004 300.2

Dioxinlike PCBs    

PCB-77 32598-13-3 6.63 4.893 0.02976 2.00E+05 3888

PCB-114 74472-37-0 6.98 5.115 0.009394 5.966e+006 8859

PCB-189 39635-31-9 8.27 5.544 0.00036674 3.206e+006 1156

Phenols            

2-Chlorophenol 95-57-8 2.15 2.486 5165 14.07 14.07

2,4,6-Trichloro-
phenol

88-06-2 197.45 3.250 121 93.59 93.59

2,3,4,5-Tetrachlo-
rophenol

25167-83-3 4.21 3.473 192.95 363.2 362.8
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Chemical name CAS Log KOW
(database)

Log KOC
1 Water solubility BAF2 BCF2

Pentachlorophenol 87-86-5/

6338-69-8

5.12 3.695 3.09 254 254

Nonylphenol 25154-52-3 5.76 4.583 1.57 223 221

Octylphenol 1806-26-4/

71902-25-5

5.5 4.322 3.114 451.8 422.3

Surfaceactive anionic substances 

Perfluorooctane-
sulfonic acid PFOS 

1763-23-1 4.49 4.855 0.1039 1900 1715

Linear alkyl-
benzene sulfon-
ates LAS 

68411-30-3 1.96 4.093 134.1 506 508.9

Chlorinated aliphatic hydrocarbons  

Trichloroethylene 79-01-6 2.42 1.783 778.7 23.7 23.7

Chloroform 67-66-3 1.52 1.503 2096 8.706 8.706

PAH

Benzo(a)pyrene 50-32-8 6.13 5.8 0.01 395.6 364.2

Naphthalene 91-20-3 3.30 3.2 142.1 177.4 177.2

Phenanthrene 85-01-8 4.46 4.2 0.677 1242 1203

Fluoranthene 206-44-0 4.93 4.7 0.1297 388.4 385.6

Benzo(a)anthra-
cene

56-55-3 5.76 5.2 0.02907 405.5 392.4

Benzo(k)fluoran-
thene

207-08-9 6.11 5.8 0.01079 300.5 286.2

Pesticides            

Gamma-HCH  
(lindane)

58-89-9 3.72 3.448 6.58 1935 1322

DDT 50-29-3 6.02 5.070 0.06764 1.636e+006 1.717e+004

PCBs            

PCB-47 2437-79-8 6.29 4.9 0.05808 1.458e+004 2.104e+006

PCB-77 32598-13-3 6.63 4.893 0.02976 2.00E+05 3888

PCB-28 7012-37-5 5.62 4.679 0.3407 2.281e+005 1.097e+004

PCB-55 41464-43-1 6.34 4.901 0.05316 3.163e+006 1.633e+004

PCB-101 37680-73-2 5.68 5.107 0.01337 5.864e+006 1.149e+004

PCB-118 31508-00-6 7.12 5.107 0.007126 4.762e+006 6465

PCB-138 35065-28-2 7.44  5.330 0.002357 8.858e+006 5387

PCB-153 35065-27-1 6.34 5.321 0.001281 7.726e+006 3353

PCB-180 35065-29-3 8.27 5.544 0.0002842 7.042e+006 1892

Dioxin and furans

2,3,7,8-T4CDD 1746-01-6 6.80 5.40 0.001103 1.356e+006 6270

1,2,3,7,8-P5CDD 40321-76-4 6.64 5.619 0.000939 5.16e+005 5451

1,2,3,4,7,8-H6CDD 39227-28-6 7.80 5.842 5.906e-005 1.953e+005 589.4

2,3,7,8-T4CDF 51207-31-9 6.63 5.145 0.001925 6015 1077

1,2,3,4,7,8-H6CDF 70648-26-9 7.92 5.590 5.893e-005 5.423e+004 300.2

Table 5. Cont.
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Chemical name CAS Log KOW
(database)

Log KOC
1 Water solubility BAF2 BCF2

Dioxinlike PCBs    

PCB-77 32598-13-3 6.63 4.893 0.02976 2.00E+05 3888

PCB-114 74472-37-0 6.98 5.115 0.009394 5.966e+006 8859

PCB-189 39635-31-9 8.27 5.544 0.00036674 3.206e+006 1156

Phenols            

2-Chlorophenol 95-57-8 2.15 2.486 5165 14.07 14.07

2,4,6-Trichloro-
phenol

88-06-2 197.45 3.250 121 93.59 93.59

2,3,4,5-Tetrachlo-
rophenol

25167-83-3 4.21 3.473 192.95 363.2 362.8

Pentachlorophenol 87-86-5/

6338-69-8

5.12 3.695 3.09 254 254

Nonylphenol 25154-52-3 5.76 4.583 1.57 223 221

Octylphenol 1806-26-4/

71902-25-5

5.5 4.322 3.114 451.8 422.3

Surfaceactive  
anionic  
substances 

Perfluorooctane-
sulfonic acid PFOS 

1763-23-1 4.49 4.855 0.1039 1900 1715

Linear alkylben-
zene sulfonates 
LAS 

68411-30-3 1.96 4.093 134.1 506 508.9

Chlorinated  
aliphatic hydro
carbons  

Trichloroethylene 79-01-6 2.42 1.783 778.7 23.7 23.7

Chloroform 67-66-3 1.52 1.503 2096 8.706 8.706

1 MCI method
2 Arnod Gobas method

Table 6. Modelled distribution and half-lives of selected key pollutants in the environment (EPI SuiteTM). 

 Chemical name Level III Fugacity Model (1000 kg/h): Halflife (h)

Air % Water % Soil % Sediment % Air Water Soil Sediment

PAH

Benzo(a)pyrene 0.05 2.50 38 60 5 1.44e+003 2.88e+003 1.3e+004  

Naphthalene 0.889 11.50 86.6 0.998 11.9 900 1.8e+003 8.1e+003

Phenanthrene 0.484 9.75 77.3 12.4 19.7 1.44e+003 2.88e+003 1.3e+004

Fluoranthene 0.357 7.75 60.5 31.4 23.3 1.44e+003 2.88e+003 1.3e+004 

Benzo(a)anthra-
cene 0.0728 4.52 46 49.4 5.13 1.44e+003    2.88e+004 1.3e+005

Benzo(k)fluoran-
thene 0.0431 2.47 37.7 59.8 4.79 1.44e+004 2.88e+005 1.3e+006

Table 5. Cont.
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 Chemical name Level III Fugacity Model (1000 kg/h): Halflife (h)

Air % Water % Soil % Sediment % Air Water Soil Sediment

Pesticides

Gamma-HCH 
(lindane) 0.68 6.62 90.9 1.82 1.83e+003 4.32e+003 8.64e+003 3.89e+004

DDT 2.92 2.92 60.9 35.9 59 4.32e+003 8.64e+003 3.89e+004

PCBs

PCB-47 0.6 2.58 75.6 21.1 257 4.32e+003 8.64e+003 3.89e+004

PCB-77 0.4 3.64 68.6 27.4 352 4.32e+003 8.64e+003 3.89e+004

PCB-28 1.74 6.25 70.3 21.7 233 1.44e+003 2.88e+003 1.3e+004 

PCB-55 0.667 2.51 76 20.8 352 4.32e+003 8.64e+003 3.89e+004

PCB-101 0.506 2.62 68.3 28.5 767 4.32e+004 8.64e+004 3.89e+005

PCB-118 0.606 2.54 74.3 22.6 767 4.32e+005 8.64e+005 3.89e+006

PCB-138 0.345 2.93 66.8 29.9 1.57e+003 4.32e+003 8.64e+003 3.89e+004

PCB-153 0.374 3.55 72.8 23.2 1.57e+003 4.32e+004 8.64e+004 3.89e+005

PCB-180 0.269 3.79 80.1 15.8 2.45e+003 4.32e+005 8.64e+005 3.89e+006

Dioxin and furans

2,3,7,8-T4CDD 0.104 1.64 67 31.2 341 4.32e+003 8.64e+003 3.89e+004

1,2,3,7,8-P5CDD 0.125 1.36 58.7 39.8 526 4.32e+004 8.64e+004 3.89e+005

1,2,3,4,7,8-H6CDD 0.203 2.07 61.9 35.8 1.23e+003 4.32e+005 8.64e+005 3.89e+006

2,3,7,8-T4CDF 0.441 2.57 64.5 32.5 525 4.32e+006 8.64e+006 3.89e+007

1,2,3,4,7,8-H6CDF 0.251 2.88 71.6 25.3 2.19e+003  4.32e+007 8.64e+007 3.89e+008

Dioxin-like PCBs

PCB-77 0.4 3.64 68.6 27.4 352 4.32e+003 8.64e+003 3.89e+004

PCB-114 0.61 2.59 70.8 26 644 4.32e+004 8.64e+004 3.89e+005

PCB-189 0.289 3.58 81.2 15 1.83e+003 4.32e+005 8.64e+005 3.89e+006

Phenols

2-Chlorophenol 2.04 25 72.6 0.332 26 360 720 3.24e+003 

2,4,6-Trichlorophe-
nol 1.5 13.6 83.3 1.65 423 1.44e+003 2.88e+003 1.3e+004

2,3,4,5-Tetrachloro-
phenol 0.7 11.4 85.5 2.42 166 1.44e+003 1.44e+003 1.3e+004

Pentachlorophenol 0.0377 4.12 93.7 2.18 466 4.32e+003 8.64e+003 3.89e+004 

Nonylphenol 0.4 17.7 63.3 18.6 4..97 360 720 3.24e+003

Octylphenol 0.449 20.5 66.8 12.3 5.11 360 720 3.24e+003 

Surfaceactive anionic substances

Perfluorooctane-
sulfonic acid PFOS 1.46 2.25 77.7 18.6 1.83e+003 4.32e+003 8.64e+003  3.89e+004 

Linear alkyl-
benzene sulfonates 
LAS 0.644 18.6 74 6.8 15.8 360 720 3.24e+003 

Chlorinated aliphatic hydrocarbons

Trichloroethylene 35.4 54.2 10.1 0.261 109 900 1.8e+003 8.1e+003

Chloroform 43.5 44 12.4 0.15 2.49e+003 900 1.8e+003 8.1e+003 

Table 6. Cont.

89



Geological Survey of Finland, Open File Research Report 19/2022
Vuokko Malk, Arto Sormunen, Kristiina Nuottimäki, Marianne Valkama, Juho Rajala, Merike Kangas, Jaana Jarva and Tarja Hatakka

9 ASSESSING ENVIRONMENTAL AND HEALTH RISKS USING THE 
RISK-BASED CORRECTIVE ACTION (RBCA) TOOL KIT

Risk assessments may include calculations that 
quantify the risk of contaminant transport from 
the site, health risks to humans and the risk to the 
environment. The software that was used for risk 
modelling in the EnviTox project was the RBCA Tool 
Kit for Chemical Releases, version 2.6, created by 
GSI Environmental Inc. The software was used to 
model site-specific risk levels in the four subareas. 
Both individual elements and compounds and their 
cumulative risk levels were considered. 

As the analysis laboratory differed between the 
1st and the 2nd sampling stages, this led to differ
ent analysis methods and detection limits, and not 
all the samples were analysed for the same con
taminants. In addition, groundwater data and exact 
information on the soil layers and their qualities 
was not available in the EnviTox study area (cross-
sections, qualities of deeper soil layers). Moreover, 
samples related to air quality were not taken by the 
EnviTox project and the number of soil and sedi
ment samples was low in the 2nd sampling stage, 
when the more detailed contaminant analyses were 
performed. Total metal concentrations are also 
lacking from both the 0–5 cm and the 5–20 cm soil 

layer, as well as from sediment samples taken in the 
1st sampling round. Thus, information on the total 
metal concentrations in soil only exists for seven 
sampling sites, most of them located in Area 1. The 
water analysis procedure applied in the laboratories 
is not known in detail, and it is suggested that the 
analysed concentrations in stream water represent 
something between the dissolved and total concen
trations. Consequently, it is not possible to conduct 
a quantitative risk assessment, but the risks are 
instead estimated qualitatively. Presenting calcu
lated concentrations for each studied and analysed 
substance would lead to a long but very uncertain 
risk assessment that is difficult to interpret and 
make conclusions from, especially when there are 
numerous uncertainties in the analysis results (see 
the quality control reports Hatakka et al. 2020, 2021 
and 2022). 

Chapter 9 summarizes the starting point and the 
selection of parameters for the risk modelling, as 
well as the results of the modelling. The generated 
risk models and their results for each subarea are 
presented in detail in Appendix 6.

9.1 Input values

To conduct a site-specific assessment, the charac
teristic qualities of the site must be inserted in the 
tool. The input data should be based on site-specific 
studies and knowledge of the historical and current 
land use. The input starts with identification of the 
exposure pathway separately for groundwater, soil 
and air exposure. It is also possible to compare the 
calculated results with the environmental reference 
values set for surface water or soil. Part of the expo
sure pathway identification also involves defining 
the receptor for each pathway and how far from 
the contaminated site these receptors are located. 
Receptors could be residents of the site, commercial 
site workers, construction site workers, or surface 
water bodies. They can be set to be located on-site 
(0 m from the contamination) or at a selected dis
tance from the contaminated site (off site). The tool 
provides default values for yearly exposure factors 
for children, adolescents and adults, but the user can 
also define their own values for exposure.  

The second step is to insert constituents of 
concern (identified contaminants) and their rep

resentative concentrations in the site’s soil and 
groundwater into the tool. The user can select 
chemicals from the chemical library included in the 
tool. These results should be based on sampling and 
laboratory analyses of soil and groundwater sam
ples taken from the site, and possibly on historical 
studies if such are available.

After this, the user selects transport models 
for each exposure pathway. Based on the selected 
models, the tool calculates a concentration for 
each selected contaminant in environmental media 
according to the contaminant’s chemical and physi
cal qualities. 

Site-specific parameters are then inserted for 
soil, groundwater and air. For soil, these are meas
urable qualities such as the depth to the water-
bearing soil unit from the soil surface, length of 
the contaminated soil parallel to the assumed wind 
direction, soil type, average annual precipitation of 
the area, fraction of organic carbon measured in the 
soil samples and soil pH value. For groundwater, 
the parameters include, for example, the hydraulic  
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conductivity, hydraulic gradient and effective 
porosity of the soil layer. An estimate of the con
taminated plume width and thickness at its source 
should be given, although it might be difficult to 
define this on-site. For air exposure, values refer
ring to both outdoor and indoor air are requested. 
For outdoor air exposure, given parameters are the 
air mixing zone height, ambient air velocity in the 
mixing zone and areal particulate emission factor. 
For the indoor air pathway, these are the building 
volume per unit rate, foundation area and perim
eter, building air exchange rate, depth to the bottom 
of the foundation slab, foundation thickness and 
crack fraction, volumetric water and air content of 
the cracks and differential pressure between indoor 
and outdoor air. If the user does not have informa
tion on all the required parameters, the tool default 
values can be used, and in addition, the tool calcu
lates some of the required parameters.

When all required data are inserted, the tool gives 
outputs in the form of tables on which exposure 
routes the acceptable risk limits are exceeded and 
whether the exceedance is caused by carcinogenic 
or non-carcinogenic substances. The carcinogenic 
risk level for an individual compound or the sum 
of compounds should not exceed a value of 1 x 105 

(one additional case per 100 000 people), and the 
toxic risk level for an individual compound or the 
sum of compounds should not exceed the reference 
limit of 1 (compound concentration in a medium 
per respective health or environmental reference 
value). The tool calculates both individual risk lev
els caused by each chemical for the exposure path
ways and the cumulative risk level that all inserted 
chemicals contribute to. The risk level caused by an 
individual compound is called the hazard quotient 
(HQ) and the sum of compounds the hazard index 
(HI) in the tool. Additional tables of concentrations 
in each exposure pathway are provided for deeper 
understanding of the transport of contaminants 
on- and off-site. 

In this assessment, transportation risks were 
considered for surface water, outdoor and indoor 
air, and soil exposure. Since there is no knowledge 
of the quality and existence of perched water and 
groundwater in the area (chemical quality, water 
levels, flow rate and direction), it was left outside 
the modelling. However, the transport route of soil 
contaminants leaching to groundwater and further 
transport of contaminants to drinking water off-
site and to surface water was assessed. It should be 
acknowledged that groundwater may be a locally 

significant contaminant storage and transport 
route. To an extent, it is certain that contaminants 
identified in the soil are transported through sur
face water or groundwater, since they can be found 
in the stream sediments in the study area.

In the transportation modelling, site-specific 
soil, groundwater and air parameter values favour
ing transport were used. This means, for exam
ple, selecting the lowest measured organic carbon 
content in soil samples to be the representative 
concentration. Many contaminants identified at 
this site are easily adsorbed onto organic matter, 
which means that selecting a low value favours 
their transportation instead of adsorption (see 
Appendix 6 for more details). This approach was 
chosen based on the conceptual model, as there are 
no inhabitants directly on the study site but only 
off-site. In addition, several streams leave the site 
and empty into the Rivers Izhora and Tosna and 
further to Neva River, making the transport along 
surface water a likely transport route. The Krasny 
Bor hazardous waste landfill is located upstream 
from St. Petersburg’s main water intake in the Neva 
River, making the possible contaminant transport 
from the landfill along surface water routes a sig
nificant risk to the water supply. For each subarea, 
the highest hydraulic conductivity determined from 
the soil samples was selected to represent the soil 
characteristics, although there was only data for 
the topmost 20 cm layer of the soil. No data were 
available from the deeper soil layers (Cambrian and 
Ordovician-Cambrian sandstones) above the thick 
Cambrian clay layer.

The lowest value of the organic carbon fraction in 
soil samples was used for each subarea to describe 
the amount of soil organic carbon. The higher the 
amount of carbon, the more organic matter there 
is in the soil to adsorb contaminants and reduce 
their transportation. The organic carbon content 
was found to vary considerably in soil samples in 
all four subareas. It should be noted that the analy
ses were carried out from the topmost 20 cm of 
the soil layer, where the organic content is usu
ally higher than in the deeper soil layers at several 
metres’ depth. The lowest values that were chosen 
could, however, also more realistically represent the 
deeper soil layers.

The depth to the saturated zone is not known for 
certain in the subareas. To the south and southeast 
of the Krasny Bor landfill, there are five studied 
groundwater wells (in Areas 1 and 3), which are 
used as sources of potable water and for garden 
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irrigation by residents according to the first inter
pretation report (Romanov et al. 2021b), and their 
measured water level and pH value averages were 
also used for other subareas. The hydraulic gra
dient could not be determined due to the lack of 
groundwater monitoring wells, but an estimate of 
0.001 was used, as the terrain of the study area is 
very even. The groundwater plume width was set to 
the same value as the subarea width, and the plume 
thickness is an estimate above the Cambrian clay 
layer (Romanov et al. 2021b).

The software calculates contaminants leaching 
from soil to groundwater and their transport along 
the groundwater to the surface water body at a cho
sen distance. The software considers evaporation of 
the studied contaminants from soil and groundwa
ter to outdoor and indoor air, as well as transport as 
particulates in outdoor air. The exposure to humans 
is also calculated via vegetable or fish consumption, 

and swimming. One important medium that is not 
included in the model is stream sediment. The ana
lysed stream sediments of the study area contain 
several contaminants in concentrations exceeding 
the MPC values, but the RBCA software is not able 
to use sediment as a separate contaminant source. 
Biodegradation of identified contaminants is not 
considered in this model, as several contaminants 
are either metals that do not degrade or persistent 
organic compounds (POPs) that have a very long 
biodegradation time. In the RBCA model, enrich
ment of the contaminants in the food chain other 
than fish or vegetable consumption by humans can
not be considered.

The exposure parameters used in the RBCA model 
are mainly the same as those recommended to be 
used in risk assessment in Finland (Ministry of the 
Environment 2014). See the selected values for each 
subarea in Appendix 6.

9.2 Results

The composition of elements and compounds 
detected in the analysed samples is vast. Therefore, 
we have focused on the total risk quotient for each 
exposure pathway. This method sums up the risks 
for all elements and compounds found in excess of 
the local MPC level separately for both toxic and 
carcinogenic effects. The lowest of the two MPC 
values for each chemical of concern is used for 
comparison. 

While there are several uncertainties in the 
sampling, analysis and modelling itself (Hatakka 
et al. 2020, 2021 and 2022), it is not worthwhile to 
concentrate on the exact numbers from the calcu
lations, but rather on the total outcome. Harmful 
elements and substances usually cause their toxic 

effects at concentrations that are close to or exceed 
their health-based reference values (Ministry of the 
Environment 2014). Therefore, only substances 
noted to exceed their respective MPC levels (see 
Chapter 5) were considered in this modelling. A 
more detailed explanation of the results is pro
vided in Appendix 6, while a summary of the risks 
and their quantities for each subarea is presented 
in Figures 66–69.

9.2.1 Area 1

The chosen land use types and their receptors for 
exposure pathways in Area 1 are presented in Table 
7. See Appendix 6 for more details.

Table 7. Land use and receptors in Area 1.

Exposure pathway Onsite Offsite 1 Offsite 2
Outdoor air Commercial and  

construction workers
Residential area 100 m 
to the south

Residential area 500 m to the 
southeast

Indoor air Commercial Residential area 100 m 
to the south

Residential area 500 m to the  
southeast

Soil exposure Commercial and  
construction workers
(Direct ingestion, dermal 
contact, inhalation)

- -

Groundwater exposure Commercial Residential area 100 m 
to the south

Discharge to surface water at 200 m 
distance

Surface water exposure - - Discharge to surface water at 200 m 
distance (Swimming, fish consump-
tion, specified water quality criteria)

 

RBCA Tool Kit for Chemical Releases, Version 2.6

RBCA SITE ASSESSMENT Baseline Risk Summary-All Pathways
Site Name: Area 1 Completed By: KN
Site Location: Krasny Bor  Date Completed: d-00-yy 1 of 1

BASELINE RISK SUMMARY TABLE
BASELINE CARCINOGENIC RISK BASELINE TOXIC EFFECTS

Individual COC Risk Cumulative COC Risk Risk Hazard Quotient Hazard Index Toxicity
EXPOSURE Maximum Target Total Target Limit(s) Maximum Applicable Total Applicable Limit(s)
PATHWAY Value Risk Value Risk Exceeded? Value Limit Value Limit Exceeded?
OUTDOOR AIR EXPOSURE PATHWAYS

n 5,6E-7 1,0E-5 1,0E-6 1,0E-5 o 6,8E+0 1,0E+0 6,9E+0 1,0E+0 nTRUE
INDOOR AIR EXPOSURE PATHWAYS

n 3,5E-10 1,0E-5 4,1E-10 1,0E-5 o 4,8E-1 1,0E+0 4,8E-1 1,0E+0 oTRUE
SOIL EXPOSURE PATHWAYS

n 5,1E-6 1,0E-5 8,6E-6 1,0E-5 o 1,4E-1 1,0E+0 5,4E-1 1,0E+0 oTRUE

GROUNDWATER EXPOSURE PATHWAYS

n 1,2E-3 1,0E-5 1,2E-3 1,0E-5 n 1,5E+1 1,0E+0 5,5E+1 1,0E+0 nTRUE

SURFACE WATER EXPOSURE PATHWAYS

n 1,9E-10 1,0E-5 2,4E-10 1,0E-5 o 5,7E-7 1,0E+0 9,1E-7 1,0E+0 oTRUE

CRITICAL EXPOSURE PATHWAY   (Maximum Values From Complete Pathways)

1,2E-3 1,0E-5 1,2E-3 1,0E-5 n 1,5E+1 1,0E+0 5,5E+1 1,0E+0 n

Groundwater Groundwater Groundwater Groundwater

Fig. 66. Risks identified in Area 1. The acceptable carcinogenic risk level is exceeded for the groundwater exposure 
pathway and the acceptable risk level for toxic effects is exceeded for the outdoor air and groundwater pathways. 
COC = Chemical of concern.
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effects at concentrations that are close to or exceed 
their health-based reference values (Ministry of the 
Environment 2014). Therefore, only substances 
noted to exceed their respective MPC levels (see 
Chapter 5) were considered in this modelling. A 
more detailed explanation of the results is pro
vided in Appendix 6, while a summary of the risks 
and their quantities for each subarea is presented 
in Figures 66–69.

9.2.1 Area 1

The chosen land use types and their receptors for 
exposure pathways in Area 1 are presented in Table 
7. See Appendix 6 for more details.

RBCA Tool Kit for Chemical Releases, Version 2.6

RBCA SITE ASSESSMENT Baseline Risk Summary-All Pathways
Site Name: Area 1 Completed By: KN
Site Location: Krasny Bor  Date Completed: d-00-yy 1 of 1

BASELINE RISK SUMMARY TABLE
BASELINE CARCINOGENIC RISK BASELINE TOXIC EFFECTS

Individual COC Risk Cumulative COC Risk Risk Hazard Quotient Hazard Index Toxicity
EXPOSURE Maximum Target Total Target Limit(s) Maximum Applicable Total Applicable Limit(s)
PATHWAY Value Risk Value Risk Exceeded? Value Limit Value Limit Exceeded?
OUTDOOR AIR EXPOSURE PATHWAYS

n 5,6E-7 1,0E-5 1,0E-6 1,0E-5 o 6,8E+0 1,0E+0 6,9E+0 1,0E+0 nTRUE
INDOOR AIR EXPOSURE PATHWAYS

n 3,5E-10 1,0E-5 4,1E-10 1,0E-5 o 4,8E-1 1,0E+0 4,8E-1 1,0E+0 oTRUE
SOIL EXPOSURE PATHWAYS

n 5,1E-6 1,0E-5 8,6E-6 1,0E-5 o 1,4E-1 1,0E+0 5,4E-1 1,0E+0 oTRUE

GROUNDWATER EXPOSURE PATHWAYS

n 1,2E-3 1,0E-5 1,2E-3 1,0E-5 n 1,5E+1 1,0E+0 5,5E+1 1,0E+0 nTRUE

SURFACE WATER EXPOSURE PATHWAYS

n 1,9E-10 1,0E-5 2,4E-10 1,0E-5 o 5,7E-7 1,0E+0 9,1E-7 1,0E+0 oTRUE

CRITICAL EXPOSURE PATHWAY   (Maximum Values From Complete Pathways)

1,2E-3 1,0E-5 1,2E-3 1,0E-5 n 1,5E+1 1,0E+0 5,5E+1 1,0E+0 n

Groundwater Groundwater Groundwater Groundwater

Fig. 66. Risks identified in Area 1. The acceptable carcinogenic risk level is exceeded for the groundwater exposure 
pathway and the acceptable risk level for toxic effects is exceeded for the outdoor air and groundwater pathways. 
COC = Chemical of concern.

 Based on the abovementioned assumptions, the 
highest risks in Area 1 are exposure to the identified 
contaminants through outdoor air exposure (inha
lation of dust and gases) and groundwater expo
sure pathways (contaminants leaching from soils 
to groundwater and possible use as drinking water). 

In the outdoor air exposure pathway, the highest 
exposure risks are inhalation of volatile compounds 
and chemicals on-site by both commercial and con
struction workers, but especially by residents in the 
nearby villages (off-site 1). The carcinogenic risk 
level (1 x 105) is not exceeded on-site or at off-sites 
1 or 2, but the carcinogenic risk in nearby residential 
areas and the residents of nearby settlements (off-
sites 1 and 2) is elevated (1 x 106). This is due to 
possible exposure to a set of several chemicals that 
elevate the risk (especially benzo(a)pyrene, PCBs 
and hexachlorobenzene). The toxic risk level (1) is 
exceeded for on-site commercial and construction 
workers and both off-site residential areas. The 
highest toxic risk quotient is caused by mercury, 
which is widely spread throughout the study area, 
but several other elements or compounds (Cr, Co, 
Mn, Ni, naphthalene) also elevate the risk.

For the groundwater exposure pathway, the car
cinogenic risk is exceeded by arsenic both on-site 

and at off-site 1, approximately 100 m outside Area 
1. Other identified chemicals with an elevated car
cinogenic risk are benzo(a)pyrene, PCBs and hexa-
chlorobenzene. The individual toxic risk quotient 
is exceeded by all the detected metals (As, Cd, Co, 
Cu, Mn, Hg, Ni and Zn) except chromium. Organic 
contaminants do not exceed their individual toxic 
risk levels. In total, the groundwater pathway haz
ard indices are 53 on-site and 55 for the nearby 
residential area (off-site 1) exceeding the hazard 
index of 1. This means that the groundwater in on-
site and nearby off-site areas is probably not pota
ble. However, it should be noted that groundwater 
flow from the Krasny Bor landfill is most probably 
towards the north and not towards the residential 
areas in the south (Romanov et al. 2021b). In addi
tion, groundwater in the nearby villages is mainly 
used for irrigation.  

9.2.2 Area 2 

The chosen land use types and their receptors for 
exposure pathways in Area 2 are presented in Table 
8. See Appendix 6 for more details.

Based on the abovementioned assumptions, the 
highest risks in Area 2 are exposure to the identified  
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contaminants through soil exposure (on-site inges
tion, dermal contact, vegetable consumption) and 
groundwater exposure pathways (contaminants 
leaching from soils to groundwater and possible use 
as drinking water). The tool does not take expo
sure through sediment into account, and surface 
water receives treated storm water directly from 

the Krasny Bor landfill, which cannot be taken into 
account in this tool either. 

In the soil exposure pathway, the highest expo
sure risks are onsite ingestion, dermal contact and 
vegetable consumption by local residents (only on-
site, i.e., if they pick berries or mushrooms in Area 
2) and exposure of construction workers on-site. 

The carcinogenic risk level is exceeded on-site for 
residents, but not for construction workers. The 
most significant carcinogenic substances that ele
vate the risk in Area 2 are arsenic, benzo(a)pyrene 
and PCBs. The toxic risk level (1) is exceeded for 
on-site residents but not for construction workers. 
The highest toxic risk quotient is caused by arsenic, 
which is widely spread throughout the study area, 
but several other elements and compounds (Co, 
PCBs, aromatic hydrocarbons) also elevate the risk.

In the groundwater exposure pathway, the carci
nogenic risk is exceeded by arsenic both on-site and 
at off-site 1 for nearby residential areas (approxi
mately 2,250 m from the site). Other detected 
chemicals with an elevated carcinogenic risk are 
benzo(a)pyrene and PCBs. The individual toxic risk 
on-site is exceeded by arsenic and cobalt. In total, 
the groundwater exposure pathway hazard index is 
20 for on-site exposure exceeding the hazard index 
of 1. The toxic risk is not exceeded on at off-site 1. 
This means that the groundwater is probably not 
potable on-site and may not be potable even further 
away from the site (i.e., at off-site 1) due to the 
carcinogenic risk. It is estimated that the residents 
living in the nearby settlements are covered by the 
public water supply network instead of using their 
own wells, which lessens the risk from groundwa
ter use. Groundwater may, however, be used in the 
nearby fields for irrigation. This might pose a risk 
to the grown crops if the irrigation water quality is 
not monitored.

Table 8. Land use types and receptors in Area 2.

Exposure  
pathway

Onsite Offsite 1 Offsite 2

Outdoor air Commercial and  
construction workers

Residential area 2.2 km to 
the west

Commercial area 2.2 km to the 
west

Indoor air Commercial Residential area 2.2 km to 
the west

Commercial area 2.2 km to the 
west

Soil exposure Residential and  
construction workers
(Direct ingestion, dermal 
contact, inhalation,  
vegetable ingestion)

- -

Groundwater 
exposure

Commercial Residential area 2.2 km to 
the west

Discharge to surface water at  
 20 m distance from Area 2

Surface water 
exposure

- - Discharge to surface water at  
20 m distance from Area 2
(Swimming, fish consumption, 
specified water quality criteria)

RBCA Tool Kit for Chemical Releases, Version 2.6

RBCA SITE ASSESSMENT Baseline Risk Summary-All Pathways
Site Name: Area 2 Completed By: KN
Site Location: Krasny Bor  Date Completed: 23.February 2022 1 of 1

BASELINE RISK SUMMARY TABLE
BASELINE CARCINOGENIC RISK BASELINE TOXIC EFFECTS

Individual COC Risk Cumulative COC Risk Risk Hazard Quotient Hazard Index Toxicity
EXPOSURE Maximum Target Total Target Limit(s) Maximum Applicable Total Applicable Limit(s)
PATHWAY Value Risk Value Risk Exceeded? Value Limit Value Limit Exceeded?
OUTDOOR AIR EXPOSURE PATHWAYS

n 6,9E-7 1,0E-5 7,4E-7 1,0E-5 o 6,3E-4 1,0E+0 7,1E-4 1,0E+0 oTRUE
INDOOR AIR EXPOSURE PATHWAYS

n 1,8E-10 1,0E-5 1,8E-10 1,0E-5 o NC 1,0E+0 NC 1,0E+0 oTRUE
SOIL EXPOSURE PATHWAYS

n 2,7E-3 1,0E-5 2,7E-3 1,0E-5 n 5,1E-1 1,0E+0 1,4E+0 1,0E+0 nTRUE

GROUNDWATER EXPOSURE PATHWAYS

n 1,9E-3 1,0E-5 2,0E-3 1,0E-5 n 1,2E+1 1,0E+0 2,0E+1 1,0E+0 nTRUE

SURFACE WATER EXPOSURE PATHWAYS

n 1,4E-9 1,0E-5 1,4E-9 1,0E-5 o 2,9E-5 1,0E+0 2,9E-5 1,0E+0 oTRUE

CRITICAL EXPOSURE PATHWAY   (Maximum Values From Complete Pathways)

2,7E-3 1,0E-5 2,7E-3 1,0E-5 n 1,2E+1 1,0E+0 2,0E+1 1,0E+0 n

Soil Soil Groundwater Groundwater

Fig. 67. Risks identified in Area 2. Acceptable carcinogenic and toxic risk levels are exceeded for soil and ground
water exposure pathways. COC = Chemical of concern.

94



Geological Survey of Finland, Open File Research Report 19/2022 
Environmental risk assessment of the Krasny Bor hazardous waste landfill surroundings and recommendations for risk management

The carcinogenic risk level is exceeded on-site for 
residents, but not for construction workers. The 
most significant carcinogenic substances that ele
vate the risk in Area 2 are arsenic, benzo(a)pyrene 
and PCBs. The toxic risk level (1) is exceeded for 
on-site residents but not for construction workers. 
The highest toxic risk quotient is caused by arsenic, 
which is widely spread throughout the study area, 
but several other elements and compounds (Co, 
PCBs, aromatic hydrocarbons) also elevate the risk.

In the groundwater exposure pathway, the carci
nogenic risk is exceeded by arsenic both on-site and 
at off-site 1 for nearby residential areas (approxi
mately 2,250 m from the site). Other detected 
chemicals with an elevated carcinogenic risk are 
benzo(a)pyrene and PCBs. The individual toxic risk 
on-site is exceeded by arsenic and cobalt. In total, 
the groundwater exposure pathway hazard index is 
20 for on-site exposure exceeding the hazard index 
of 1. The toxic risk is not exceeded on at off-site 1. 
This means that the groundwater is probably not 
potable on-site and may not be potable even further 
away from the site (i.e., at off-site 1) due to the 
carcinogenic risk. It is estimated that the residents 
living in the nearby settlements are covered by the 
public water supply network instead of using their 
own wells, which lessens the risk from groundwa
ter use. Groundwater may, however, be used in the 
nearby fields for irrigation. This might pose a risk 
to the grown crops if the irrigation water quality is 
not monitored.

9.2.3 Area 3

The chosen land use types and their receptors for 
exposure pathways of Area 3 are presented in Table 
9. See Appendix 6 for more details.

 Based on the abovementioned assumptions, 
the highest risks in Area 3 are the carcinogenic 
risk in the outdoor air exposure pathway on-site 
for commercial and construction workers (vapour 
inhalation from surface and subsurface soils, dust 
inhalation from surface soils), the soil exposure 
pathway in residential use (on-site ingestion, 
dermal contact, vegetable consumption) and both 
carcinogenic and non-carcinogenic risks for the 
groundwater exposure pathway (contaminants 
leaching from soils to groundwater and possible 
use as drinking water or for irrigation) (Fig. 68).  

The risk level for carcinogenic substances (1 x 
105) is exceeded in the outdoor air exposure path
way on-site and at off-sites 1 and 2. In the outdoor 
air exposure pathway, Area 3 is considered to be 
in commercial use, and highest risk is caused by 
alpha-hexachlorocyclohexane. In addition, As, Cd, 
Ni, benzo(a)pyrene, PCBs, hexachlorobenzene and 
benzo(a)anthracene are noted to heighten the risk 
on-site, but their individual risk quotients do not 
exceed the risk level. The on-site risk is exceeded 
for both commercial use and construction work
ers, who would spend less time onsite than regu
lar workers. For off-sites 1 and 2, the situation is 
similar, and alpha-hexachlorocyclohexane causes 

Table 8. Land use types and receptors in Area 2.

Exposure  
pathway

Onsite Offsite 1 Offsite 2

Outdoor air Commercial and  
construction workers

Residential area 2.2 km to 
the west

Commercial area 2.2 km to the 
west

Indoor air Commercial Residential area 2.2 km to 
the west

Commercial area 2.2 km to the 
west

Soil exposure Residential and  
construction workers
(Direct ingestion, dermal 
contact, inhalation,  
vegetable ingestion)

- -

Groundwater 
exposure

Commercial Residential area 2.2 km to 
the west

Discharge to surface water at  
 20 m distance from Area 2

Surface water 
exposure

- - Discharge to surface water at  
20 m distance from Area 2
(Swimming, fish consumption, 
specified water quality criteria)

RBCA Tool Kit for Chemical Releases, Version 2.6

RBCA SITE ASSESSMENT Baseline Risk Summary-All Pathways
Site Name: Area 2 Completed By: KN
Site Location: Krasny Bor  Date Completed: 23.February 2022 1 of 1

BASELINE RISK SUMMARY TABLE
BASELINE CARCINOGENIC RISK BASELINE TOXIC EFFECTS

Individual COC Risk Cumulative COC Risk Risk Hazard Quotient Hazard Index Toxicity
EXPOSURE Maximum Target Total Target Limit(s) Maximum Applicable Total Applicable Limit(s)
PATHWAY Value Risk Value Risk Exceeded? Value Limit Value Limit Exceeded?
OUTDOOR AIR EXPOSURE PATHWAYS

n 6,9E-7 1,0E-5 7,4E-7 1,0E-5 o 6,3E-4 1,0E+0 7,1E-4 1,0E+0 oTRUE
INDOOR AIR EXPOSURE PATHWAYS

n 1,8E-10 1,0E-5 1,8E-10 1,0E-5 o NC 1,0E+0 NC 1,0E+0 oTRUE
SOIL EXPOSURE PATHWAYS

n 2,7E-3 1,0E-5 2,7E-3 1,0E-5 n 5,1E-1 1,0E+0 1,4E+0 1,0E+0 nTRUE

GROUNDWATER EXPOSURE PATHWAYS

n 1,9E-3 1,0E-5 2,0E-3 1,0E-5 n 1,2E+1 1,0E+0 2,0E+1 1,0E+0 nTRUE

SURFACE WATER EXPOSURE PATHWAYS

n 1,4E-9 1,0E-5 1,4E-9 1,0E-5 o 2,9E-5 1,0E+0 2,9E-5 1,0E+0 oTRUE

CRITICAL EXPOSURE PATHWAY   (Maximum Values From Complete Pathways)

2,7E-3 1,0E-5 2,7E-3 1,0E-5 n 1,2E+1 1,0E+0 2,0E+1 1,0E+0 n

Soil Soil Groundwater Groundwater

Fig. 67. Risks identified in Area 2. Acceptable carcinogenic and toxic risk levels are exceeded for soil and ground
water exposure pathways. COC = Chemical of concern.

Table 9. Land use types and receptors in Area 3.

Exposure pathway Onsite Offsite 1 Offsite 2

Outdoor air Commercial and  
construction workers

Residential area 200 m to 
the east

Residential area 1,500 m to the 
east

Indoor air Commercial Residential area 200 m to 
the east

Residential area 1,500 m to the 
east

Soil exposure Residential and  
construction workers
(Direct ingestion, dermal 
contact, inhalation,  
vegetable consumption)

- -

Groundwater exposure Commercial Residential area 100 m to 
the south

Discharge to surface water at 
150 m distance

Surface water exposure - - Discharge to surface water at 
150 m distance
(Swimming, fish consumption, 
specified water quality criteria)
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RBCA SITE ASSESSMENT Baseline Risk Summary-All Pathways
Site Name: Area 3 Completed By: 
Site Location: Krasny Bor Date Completed: 28.Feb 2022 1 of 1

BASELINE RISK SUMMARY TABLE
BASELINE CARCINOGENIC RISK BASELINE TOXIC EFFECTS

Individual COC Risk Cumulative COC Risk Risk Hazard Quotient Hazard Index Toxicity
EXPOSURE Maximum Target Total Target Limit(s) Maximum Applicable Total Applicable Limit(s)
PATHWAY Value Risk Value Risk Exceeded? Value Limit Value Limit Exceeded?
OUTDOOR AIR EXPOSURE PATHWAYS

n 1,4E-3 1,0E-5 1,4E-3 1,0E-5 n 1,7E-4 1,0E+0 1,7E-4 1,0E+0 oTRUE
INDOOR AIR EXPOSURE PATHWAYS

n 5,2E-8 1,0E-5 5,2E-8 1,0E-5 o NC 1,0E+0 NC 1,0E+0 oTRUE
SOIL EXPOSURE PATHWAYS

n 1,0E-1 1,0E-5 1,1E-1 1,0E-5 n 5,1E-1 1,0E+0 9,2E-1 1,0E+0 oTRUE

GROUNDWATER EXPOSURE PATHWAYS

n 7,4E-3 1,0E-5 9,4E-3 1,0E-5 n 1,2E+1 1,0E+0 1,3E+1 1,0E+0 nTRUE

SURFACE WATER EXPOSURE PATHWAYS

n 4,3E-10 1,0E-5 5,5E-10 1,0E-5 o 5,4E-7 1,0E+0 7,6E-7 1,0E+0 oTRUE

CRITICAL EXPOSURE PATHWAY   (Maximum Values From Complete Pathways)

1,0E-1 1,0E-5 1,1E-1 1,0E-5 n 1,2E+1 1,0E+0 1,3E+1 1,0E+0 n

Soil Soil Groundwater Groundwater

Fig. 68. Risks identified in Area 3. The acceptable carcinogenic risk level is exceeded for outdoor air, soil and 
groundwater exposure pathways. The acceptable risk level for toxic effects is exceeded for the groundwater 
exposure pathway. COC = Chemical of concern.

the highest individual risk among all detected sub
stances. Of these sites, the nearby residential areas 
(off-site 1) are at highest risk. The acceptable toxic 
risk level (1) is not exceeded at off-sites 1 and 2. It 
should be noted that the residential areas of off-
site 1 are located downwind of Area 3, and outdoor 
air exposure is therefore likely. For most chemicals 
identified in Area 3, there are no defined values 
for the tolerable concentration in air (TCA), and 
their risks cannot be assessed. The reference TCA 
for nickel is from the Agency for Toxic Substances 
and Disease Registry (ATSDR) Minimal Risk Levels 
(MRL), 2006. Altogether, eight different carcino
genic substances were found in excess of their MPC 
values in Area 3.

In the soil exposure pathway, the highest expo
sure risks are caused by on-site soil ingestion, 
dermal contact and vegetable consumption by resi
dents and exposure of construction workers on-
site. The carcinogenic risk level is exceeded on-site 

for residents, but not for construction workers. The 
carcinogenic risk for construction workers is, how
ever, heightened very close to the target risk level. 
The most significant carcinogenic substances that 
elevate the risk in Area 3 are arsenic and alpha-
hexachlorocyclohexane, with other significant 
substances being benzo(a)pyrene, PCBs, hexachlo-
robenzene and benzo(a)anthracene. The toxic risk 
level (1) is not exceeded for on-site residents or for 
construction workers. The highest toxic risk quo
tient is caused by arsenic, which is widely spread in 
Area 3, but several other elements and compounds 
(especially alpha-hexachlorocyclohexane, Cd, Cu, 
Ni) also elevate the risk.

For the groundwater exposure pathway, the 
acceptable carcinogenic risk level is exceeded by 
arsenic and alpha-hexachlorocyclohexane both 
on-site and at off-site 1. Other chemicals that 
elevate the carcinogenic risk are benzo(a)pyrene, 
PCBs, hexachlorobenzene and benzo(a)anthracene.  

ered by the public water supply network instead of 
using their own wells, which lessens the risk from 
groundwater use. Groundwater may, however, be 
used in the nearby residential areas or in the fields 
for irrigation. This might pose a risk to the veg
etables or grown crops if irrigation water quality is 
not monitored.

Table 10. Land use types and receptors in Area 4.

Exposure pathway Onsite Offsite 1 Offsite 2

Outdoor air Commercial and  
construction workers

Residential area 350 
m to the north

Commercial area 350 m to the 
north

Indoor air Commercial Residential area 350 
m to the north

Commercial area 350 m to the 
north

Soil exposure Residential and  
construction workers
(Direct ingestion, dermal 
contact, inhalation, veg-
etable consumption)

- -

Groundwater exposure Commercial Residential area 350 
m to the north

Discharge to surface water at  
50 m distance

Surface water exposure - - Discharge to surface water at  
50 m distance
(Swimming, fish consumption, 
specified water quality criteria)

RBCA Tool Kit for Chemical Releases, Version 2.6

RBCA SITE ASSESSMENT Baseline Risk Summary-All Pathways
Site Name: Area 4 Completed By: 
Site Location: Krasny Bor  Date Completed: 4. Feb 2022 1 of 1

BASELINE RISK SUMMARY TABLE
BASELINE CARCINOGENIC RISK BASELINE TOXIC EFFECTS

Individual COC Risk Cumulative COC Risk Risk Hazard Quotient Hazard Index Toxicity
EXPOSURE Maximum Target Total Target Limit(s) Maximum Applicable Total Applicable Limit(s)
PATHWAY Value Risk Value Risk Exceeded? Value Limit Value Limit Exceeded?
OUTDOOR AIR EXPOSURE PATHWAYS

n 2,1E-7 1,0E-5 2,6E-7 1,0E-5 o 2,7E-4 1,0E+0 4,3E-4 1,0E+0 oTRUE
INDOOR AIR EXPOSURE PATHWAYS

n 3,7E-10 1,0E-5 3,7E-10 1,0E-5 o NC 1,0E+0 NC 1,0E+0 oTRUE
SOIL EXPOSURE PATHWAYS

n 8,6E-4 1,0E-5 8,9E-4 1,0E-5 n 3,0E-1 1,0E+0 6,2E-1 1,0E+0 oTRUE

GROUNDWATER EXPOSURE PATHWAYS

n 6,1E-4 1,0E-5 6,1E-4 1,0E-5 n 4,1E+0 1,0E+0 9,2E+0 1,0E+0 nTRUE

SURFACE WATER EXPOSURE PATHWAYS

n 3,3E-10 1,0E-5 5,6E-10 1,0E-5 o 2,4E-5 1,0E+0 2,5E-5 1,0E+0 oTRUE

CRITICAL EXPOSURE PATHWAY   (Maximum Values From Complete Pathways)

8,6E-4 1,0E-5 8,9E-4 1,0E-5 n 4,1E+0 1,0E+0 9,2E+0 1,0E+0 n

Soil Soil Groundwater Groundwater

Fig. 69. Risks identified in Area 4. The carcinogenic risk level is exceeded in the soil and groundwater exposure 
pathways. The acceptable risk level for toxic effects is exceeded in the groundwater exposure pathway. COC = 
Chemical of concern.
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The toxic risk level on-site and at off-site 1 is 
exceeded by arsenic, but all the other detected sub
stances also heighten the risk, making the total risk 
quotient exceed the acceptable toxic risk level both 
on-site and at off-sites 1 and 2. This means that the 
groundwater is probably not potable on-site or at 
off-sites 1 and 2 in Area 3. It is estimated that the 
residents living in the nearby settlements are cov

ered by the public water supply network instead of 
using their own wells, which lessens the risk from 
groundwater use. Groundwater may, however, be 
used in the nearby residential areas or in the fields 
for irrigation. This might pose a risk to the veg
etables or grown crops if irrigation water quality is 
not monitored.

RBCA Tool Kit for Chemical Releases, Version 2.6

RBCA SITE ASSESSMENT Baseline Risk Summary-All Pathways
Site Name: Area 3 Completed By: 
Site Location: Krasny Bor Date Completed: 28.Feb 2022 1 of 1

BASELINE RISK SUMMARY TABLE
BASELINE CARCINOGENIC RISK BASELINE TOXIC EFFECTS

Individual COC Risk Cumulative COC Risk Risk Hazard Quotient Hazard Index Toxicity
EXPOSURE Maximum Target Total Target Limit(s) Maximum Applicable Total Applicable Limit(s)
PATHWAY Value Risk Value Risk Exceeded? Value Limit Value Limit Exceeded?
OUTDOOR AIR EXPOSURE PATHWAYS

n 1,4E-3 1,0E-5 1,4E-3 1,0E-5 n 1,7E-4 1,0E+0 1,7E-4 1,0E+0 oTRUE
INDOOR AIR EXPOSURE PATHWAYS

n 5,2E-8 1,0E-5 5,2E-8 1,0E-5 o NC 1,0E+0 NC 1,0E+0 oTRUE
SOIL EXPOSURE PATHWAYS

n 1,0E-1 1,0E-5 1,1E-1 1,0E-5 n 5,1E-1 1,0E+0 9,2E-1 1,0E+0 oTRUE

GROUNDWATER EXPOSURE PATHWAYS

n 7,4E-3 1,0E-5 9,4E-3 1,0E-5 n 1,2E+1 1,0E+0 1,3E+1 1,0E+0 nTRUE

SURFACE WATER EXPOSURE PATHWAYS

n 4,3E-10 1,0E-5 5,5E-10 1,0E-5 o 5,4E-7 1,0E+0 7,6E-7 1,0E+0 oTRUE

CRITICAL EXPOSURE PATHWAY   (Maximum Values From Complete Pathways)

1,0E-1 1,0E-5 1,1E-1 1,0E-5 n 1,2E+1 1,0E+0 1,3E+1 1,0E+0 n

Soil Soil Groundwater Groundwater

Fig. 68. Risks identified in Area 3. The acceptable carcinogenic risk level is exceeded for outdoor air, soil and 
groundwater exposure pathways. The acceptable risk level for toxic effects is exceeded for the groundwater 
exposure pathway. COC = Chemical of concern.

Table 10. Land use types and receptors in Area 4.

Exposure pathway Onsite Offsite 1 Offsite 2

Outdoor air Commercial and  
construction workers

Residential area 350 
m to the north

Commercial area 350 m to the 
north

Indoor air Commercial Residential area 350 
m to the north

Commercial area 350 m to the 
north

Soil exposure Residential and  
construction workers
(Direct ingestion, dermal 
contact, inhalation, veg-
etable consumption)

- -

Groundwater exposure Commercial Residential area 350 
m to the north

Discharge to surface water at  
50 m distance

Surface water exposure - - Discharge to surface water at  
50 m distance
(Swimming, fish consumption, 
specified water quality criteria)

RBCA Tool Kit for Chemical Releases, Version 2.6

RBCA SITE ASSESSMENT Baseline Risk Summary-All Pathways
Site Name: Area 4 Completed By: 
Site Location: Krasny Bor  Date Completed: 4. Feb 2022 1 of 1

BASELINE RISK SUMMARY TABLE
BASELINE CARCINOGENIC RISK BASELINE TOXIC EFFECTS

Individual COC Risk Cumulative COC Risk Risk Hazard Quotient Hazard Index Toxicity
EXPOSURE Maximum Target Total Target Limit(s) Maximum Applicable Total Applicable Limit(s)
PATHWAY Value Risk Value Risk Exceeded? Value Limit Value Limit Exceeded?
OUTDOOR AIR EXPOSURE PATHWAYS

n 2,1E-7 1,0E-5 2,6E-7 1,0E-5 o 2,7E-4 1,0E+0 4,3E-4 1,0E+0 oTRUE
INDOOR AIR EXPOSURE PATHWAYS

n 3,7E-10 1,0E-5 3,7E-10 1,0E-5 o NC 1,0E+0 NC 1,0E+0 oTRUE
SOIL EXPOSURE PATHWAYS

n 8,6E-4 1,0E-5 8,9E-4 1,0E-5 n 3,0E-1 1,0E+0 6,2E-1 1,0E+0 oTRUE

GROUNDWATER EXPOSURE PATHWAYS

n 6,1E-4 1,0E-5 6,1E-4 1,0E-5 n 4,1E+0 1,0E+0 9,2E+0 1,0E+0 nTRUE

SURFACE WATER EXPOSURE PATHWAYS

n 3,3E-10 1,0E-5 5,6E-10 1,0E-5 o 2,4E-5 1,0E+0 2,5E-5 1,0E+0 oTRUE

CRITICAL EXPOSURE PATHWAY   (Maximum Values From Complete Pathways)

8,6E-4 1,0E-5 8,9E-4 1,0E-5 n 4,1E+0 1,0E+0 9,2E+0 1,0E+0 n

Soil Soil Groundwater Groundwater

Fig. 69. Risks identified in Area 4. The carcinogenic risk level is exceeded in the soil and groundwater exposure 
pathways. The acceptable risk level for toxic effects is exceeded in the groundwater exposure pathway. COC = 
Chemical of concern.
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9.2.4 Area 4 

The chosen land use types and their receptors for 
the exposure pathways in Area 4 are presented in 
Table 10. See Appendix 6 for more details.

Based on the abovementioned assumptions, the 
highest risks in Area 4 are from exposure to the 
identified contaminants through soil exposure (on-
site ingestion, dermal contact, vegetable consump
tion) and the groundwater exposure pathway (soils 
leaching to groundwater and possible use as drink
ing water). 

In the soil exposure pathway, the carcinogenic 
risk level is exceeded on the part of residential site 
use, but not for construction workers. The highest 
carcinogenic exposure risks are caused individually 
by arsenic and hexachlorobenzene, but benzo(a)
pyrene, DDD and DDT heighten the total carcino
genic risk. Altogether, five different carcinogenic 
compounds were identified in Area 4. The toxic  
target risk level (1) is not exceeded for on-site resi
dential use or construction workers. The highest 
toxic risk quotient is caused by cobalt, which is 
widely spread in the study area, but several oth
ers also elevate the risk (especially As, Cu, Ni). It 
is, however, worth noting that the total toxic risk 

quotient in Area 4 is more than half of the accept
able level.

For the groundwater exposure pathway, the 
carcinogenic target risk level is only exceeded on 
the part of arsenic both on-site and at off-site 1 
(residential area 350 m away). Other chemicals with 
elevated carcinogenic risks are benzo(a)pyrene, 
hexachlorobenzene, DDD and DDT. The individual 
toxic risk level is exceeded by arsenic and cobalt 
on-site and at off-site 1, and phenols almost exceed 
the target level on-site. Together, the identified 
contaminants raise the total toxic risk above the 
acceptable level both on-site and at off-site 1. This 
means that the groundwater on-site and in nearby 
off-site areas is probably not potable. It should be 
noted that the nearby residential areas to the north 
of Area 4 are located in an urban area, where there 
is most likely centrally distributed tap water instead 
of residents using their own wells.

9.2.5 Summary

A summary of the studied exposure pathways and 
identified risks exceeding their target levels for each 
sub-area is presented in Table 11.

Table 11. Summary of the toxic and carcinogenic risks by subarea according to the RBCA tool. HQ = hazard quo
tient, the risk level for an individual contaminant. HI = hazard index, the cumulative risk level summed from all 
the identified contaminants.

Toxic risks (HQ or HI > 1)

 Area 1 Area 2 Area 3 Area 4

Outdoor exposure Yes - - -

Indoor exposure - - - -

Soil exposure - Yes - -

Groundwater  
exposure

Yes Yes Yes Yes

Surface water  
exposure

- - - -

 

Carcinogenic risks (HQ or HI > 1 x 105)

 Area 1 Area 2 Area 3 Area 4

Outdoor exposure - - Yes -

Indoor exposure - - - -

Soil exposure - Yes Yes Yes

Groundwater  
exposure

Yes Yes Yes Yes

Surface water  
exposure

- - - -
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10 RISK CHARACTERIZATION

10.1 Transportation risks

Transport via stream waters is probably the most 
important transport route for contaminants from 
the Krasny Bor landfill to the surrounding environ
ment. The highest chemical concentrations and risk 
quotients in water and sediment, as well as general 
water quality indicators, were usually detected in 
Areas 1 and 2 (chapters 6.3 and 6.4), indicating that 
there is migration from the landfill, which espe
cially occurs in the direction of the River Izhora. It 
was also found during the field studies that the flow 
rate is stronger along the Izhora route than in the 
Tosna route (Romanov et al. 2021b). However, the 
transport of contaminants in the the River Tosna 
direction was also detected. The results demon
strate that the abandoned Tosno landfill may be 
another major source of contamination in Area 1 
alongside the Krasny Bor hazardous waste landfill. 
The water flow rate in Area 1 near the Krasny Bor 
landfill and the Tosno landfill was observed to be 
mainly low. It can be assumed that the transpor
tation risk is highest during the flooding season, 
when the water flow is strongest, but no data were 
available on the seasonal or other variation in flow 
rates. Based on current research, it is not possi
ble to assess the transport of contaminants caused 
by the flood peaks. It should be noted that in the 
future climate, the average annual precipitation is 
expected to increase and the winters will have less 
snow cover (www.infoeco.ru), which in turn could 
increase the risk of transportation of contaminants 
along surface waters year-round.

Contaminant distribution in surface waters in  
dissolved form 
The greatest risk of migration is usually with water-
soluble substances. Most of the organic substances 
studied are not very water soluble. However, some 
contaminants found in the study area, especially 
chlorinated aliphatic hydrocarbons (e.g., trichloro
ethylene and chloroform), can be considered water 
soluble and easily transported in water. In addi
tion, some phenols and some anionic surfactants 
(such as linear alkylbenzene sulfonates, LAS) are 
water soluble and easily transportable. Chlorinated 
aliphatic hydrocarbons, total phenols and anionic 
surfactants exceeded reference values, especially 
in Area 1 and at the beginning of the Izhora route 
(Area 2). Anionic surfactants and chloroform were 

also observed at some individual points further in 
Areas 2 and 3, which may indicate their migration 
from Area 1. However, based on the available data, 
the source of the emissions at these points cannot 
be certainly identified. Additionally, other water-
soluble harmful substances could also exist that 
were not analysed from the samples, but which 
could be transported in dissolved form and cause a 
risk to the environment.

The water solubility of metals is strongly affected 
by the site-specific environmental conditions, such 
as the pH and content of organic matter. Many met
als were found in water throughout the study area, 
but it is not clear whether the concentrations were 
analysed from non-filtered or filtered samples. 
Thus, the results do not indicate whether the met
als are transported in a dissolved or suspended form 
(Hatakka et al. 2020 and 2021). 

The results calculated by the RBCA tool, which are 
based on concentrations in soil, reveal that there are 
no reference value exceedances in surface waters of 
the study area. However, the analysis results dem
onstrate that some substances exceed their respec
tive MPC values in surface waters. This indicates 
that there are more contaminants in deeper soil 
layers or possibly in groundwater than were iden
tified in this study. It should be noted that neither 
the concentrations in sediments nor the possible 
emissions from the Krasny Bor wastewater treat
ment plant could be taken into account in the RBCA 
tool, which can also lead to lower surface water con
centrations in the RBCA results than were actually 
detected.

Contaminant distribution in surface water in 
suspended form and sorption to sediment
Based on the substance-specific properties and site-
specific conditions, it can be estimated that majority 
of the substances studied are likely to be trans
ported in suspended form and sedimented, which 
reduces their transportation risk in the study area. 
Most of the detected organic contaminants (PCBs, 
dioxins and furans, PAH compounds, oil products, 
and also some phenols) are weakly or very weakly 
soluble in water (Table 5, chapter 8). In addition, a 
high content of suspended solids as well as organic 
matter and organic carbon in the study area enables 
the sorption of lipophilic organic compounds and 
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metals onto suspended matter. Furthermore, under 
the neutral or alkaline pH conditions in Areas 1–3, 
many metals are typically distributed in suspended 
form. Conditions are only acidic in Area 4, which 
may increase the solubility and the transportation 
of some metals. 

The concentrations of organic contaminants 
in sediment, such as PCBs and some pesticides, 
were highest in Area 1 and at the beginning of the 
Izhora route (Area 2). On the other hand, the risk 
quotients for PAHs and oil products were highest 
farther from the Krasny Bor landfill in the Rivers 
Bolshaya Izhorka, Izhora and Tosna. Phenols were 
found from sediments especially in Areas 1 and 2. 
The risk caused by hydrophobic organic chemicals 
such as PCBs desorbing from particles and being 
released from sediments is evidently minor, but 
some phenols are not so hydrophobic, and release 
may occur. In addition, during the flooding season 
or due to dredging, sorbed chemicals may also be 
released and transported via particles. 

Several organic contaminants found in the sedi
ments of the study area (Areas 1, 2 and 3) are rec
ognised as persistent organic pollutants (POPs) that 
are particularly persistent in the environment and 
have a strong tendency for enrichment in the food 
web. These are alpha-hexachlorocyclohexane, DDT, 
DDD, PCBs, dioxins and furans, heptachlor (Areas 
1 and 2 only) and hexachlorobenzene. These sub
stances were found in the sediment in relatively low 
concentrations (less than 1 mg/kg) in comparison 
to many other identified contaminants, and not all 
of them exceeded their respective MPC values, but 
most of them were found in the study area from 
sediments of both the Izhora and Tosna routes and 
from background samples in both the Rivers Tosna 

and Izhora. DDT and DDD, in particular, were widely 
spread in the study area sediments.

Like organic contaminants, metals also had high
est risk quotients in sediments in Area 1 and at the 
beginning of the streams in Area 2. However, the 
transportation risk appears to be higher for metals 
than for most organic substances. Metals may also 
originate from other sources than the Krasny Bor 
landfill and Area 1. It is important to remember that 
changes in environmental conditions, such as pH 
or the oxygen concentration, can cause the release 
of metals from sediments.

Transport in air and groundwater
Precipitation was not determined, so the risk of air
borne transport could only be estimated. It could 
be assumed that contaminants found in the soil 
are likely to originate from current or historical air 
deposition from the Krasny Bor landfill or other 
sources of emissions, excluding local pollution such 
as unauthorized, abandoned landfills. In addition, 
historical overflows may have caused soil contami
nation in the vicinity of landfill or streams.

Transport risks to groundwater were not inves
tigated, either, except for a few dug well water 
samples taken from the nearby villages south and 
southeast of the Krasny Bor landfill. Based on pre
vious studies, the flow direction of groundwater 
is not from the Krasny Bor landfill towards these 
wells. However, groundwater discharge should be 
considered as a possible contamination source to 
stream waters and sediments due to high pollution 
concentrations, especially in the perched ground
water in the Krasny Bor landfill area, detected in 
the monitoring by the landfill operator. 

10.2 Ecological risks

Ecological risks were assessed by calculating risk 
quotients, estimating the bioavailability of con
taminants, and based on the results of the infuso
ria ecotoxicity test. The Russian MPC values   mainly 
used to calculate risk quotients are set to protect 
human health, and not from an ecological point 
of view. However, exceedances of the MPC values 
throughout the study area   also indicate a risk to 
biota. 

In surface water and sediment, the highest risk 
quotients were usually in Areas 1 and 2, so the eco
logical risk to aquatic biota appears to be highest 
in the Izhora route. There is no information on 

the sensitivity of the species in the area and the 
presence of, for example, endangered species. 
Contamination from other possible sources of pol
lution was also detected further from the Krasny 
Bor landfill. In soil, the highest risk quotients were 
especially observed in the vicinity of the abandoned 
Tosno landfill in Area 1 and some other single sam
pling points further from the landfill. Thus, the eco
logical risk to soil organisms appears to be mainly 
local. However, reference values for several metals 
(copper, lead, nickel, zinc and arsenic) and phenols 
were exceeded throughout the study area and seem 
not to only be associated with emissions from the 
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Krasny Bor landfill. These contaminants may also 
cause effects on organisms.

The reference values   used in the risk assess
ment may vary between countries or other data 
sources, directly affecting the risk quotient values. 
In comparison to the Finnish reference values, for 
example, the Russian MPC values for surface water 
are sometimes stricter, but sometimes one or two 
orders of magnitude higher than the Finnish coun
terparts. For soil and especially for many metals, 
the Russian MPC values are often one or two orders 
of magnitude lower than the Finnish threshold val
ues, making the risk quotient accordingly higher. 

Ecotoxicological effects of key pollutants
Many of the substances found in the study area 
are significant environmental toxins that can 
also be enriched in the food web and pose a risk, 
for instance, to fish and birds over a wider area. 
Several organic substances found in sediments of 
the study area are  recognized as persistent organic 
pollutants (POPs) that are particularly persistent 
in the environment and have a strong tendency for 
enrichment in the food web. These are alpha-hexa-
chlorocyclohexane, DDT, DDD, PCBs, heptachlor 
and hexachlorobenzene. There is often less infor
mation available on the effects of contaminants on 
soil organisms than on aquatic organisms. 

Many heavy metals are essential trace elements 
for plants and animals, but in high concentrations 
they are toxic. Heavy metals typically cause deform
ities in benthic animals and fish. High concentra
tions can be lethal. Heavy metals tend to accumulate 
in organisms and enrich in the food chain. For 
example, seals have suffered from high levels of 
heavy metals in fish (Luonnontila 2013).

Alpha-hexachlorocyclohexane is toxic to aquatic 
organisms and accumulates in the aquatic envi
ronment. It causes long term effects in the aquatic 
environment. It can enrich in the food chain and 
end up in human consumption. It is suspected to 
be carcinogenic to humans (International Labour 
Organisation 2009).

Dioxins and PCBs are highly accumulative in the 
aquatic environment and may enrich in the food 
web, as they accumulate in animal adipose tissue. 
Chronic exposure to PCBs has caused reproduc
tive and developmental disorders, for example, 
in seals and birds. In addition, dioxins are very 
toxic to aquatic organisms, mammals and birds 
(Reinikainen 2007). 

Pesticides such as DDT, hexachlorobenzene and 
heptachlor (and its degradation product heptachlor 
epoxide) are very toxic to aquatic organisms and 
highly accumulative and can be enriched in the food 
chain (Reinikainen 2007). 

Phenol is toxic to aquatic organisms. 
Pentachlorophenol is accumulative and very toxic 
to aquatic organisms (Reinikainen 2007). Many 
phenolics also have endocrine disrupting effects, 
e.g., parabens, phenylphenols, alkylphenols and 
bisphenol A (Olak et al. 2012).  

Anionic surfactants are a group of compounds 
with variable properties. Linear-chain alkylben
zene sulfonate (LAS) types are the most popularly 
used synthetic anionic surfactants (Olkowska et al. 
2014) and classified as safe/harmful (Lechuga et al. 
2016), while perfluorooctanesulfonic acid (PFOS), 
for example, is very persistent, bioaccumulative and 
toxic to mammalian species (http://www.ymparisto.
fi/pop).

PAHs such as naphthalene, benzo(a)pyrene, and 
benzo(a)anthracene are classified as very toxic and 
fluoranthene and phenanthrene as toxic to aquatic 
organisms (Reinikainen 2007).

The chlorinated aliphatic hydrocarbon chlo
roform is toxic and trichloroethene is harmful to 
aquatic organisms (Reinikainen 2007).

More information on the environmental fate 
and effects of selected key pollutants is provided 
in Appendix 8.

Bioavailability
Exceedances of the reference values and the risk 
quotients do not tell the whole truth about the 
risk posed by the contaminants, and site-specific 
properties should also be considered in the risk 
assessment. Numerous environmental factors (e.g., 
temperature, chemical contact time, pH, water 
hardness, the amount and quality of organic car
bon) modify the bioavailability of contaminants and 
their risk to organisms.

The bioavailability of copper, nickel, zinc and 
lead was assessed with the bio-met tool. The tool 
estimated the effect of pH, dissolved organic car
bon and the calcium concentration on the bioavail
ability of metals. Bioavailable concentrations were 
considerably lower than measured concentrations 
due to the environmental conditions in the whole 
study area, and this may reduce the exposure of 
organisms and ecological risk. The bio-met tool 
is currently only developed for these four metals, 
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and bioavailable concentrations of other metals or 
organic substances in the study area could not be 
calculated. However, the same factors that affected 
the distribution of contaminants in dissolved form 
also affect their bioavailability. High levels of sus
pended solids and organic matter and carbon in the 
study area can be expected to promote the sorption 
of both metals and organic substances (especially 
lipophilic substances) and decrease their bioavail
ability and toxicity. In addition, the neutral or alka
line pH in Areas 1–3 can typically be expected to 
reduce the solubility and bioavailability of several 
metals. However, the factors affecting the bioavail
ability are complex and, for example, the effect of 
pH is not always so simple. Changes in the envi
ronmental conditions may even have crucial effects 
on bioavailability.

A more precise risk assessment would require 
detailed information on the sorption–desorption 
kinetics of hydrophobic compounds. To achieve 
realism in site-specific risk assessment, it is impor
tant to analyse chemical concentrations that are 
readily available for transport and uptake by organ
isms, in addition to the total chemical concentration 
(Alexander 2000). For example, the freely dissolved 
aqueous concentrations would give a more precise 
estimate of the bioavailable fraction than the tra
ditional total concentration in sediment (Sormunen 
2008). On the other hand, total concentrations indi
cate the potential risk that contaminants pose to the 
environment if they are released from sediments or 
particles and become transportable and bioavailable 
due to changes in environmental conditions.

The bioavailability of metals can be assessed by 
analysing the ammonium acetate extractable con
centration. Aqua regia extractable concentrations 
can be considered to represent the near-total frac
tion of the elements in soil samples and ammonium 
acetate extractable concentrations the ‘bioavailable’ 
fraction. At its simplest, the ratio between ammo
nium acetate extraction (or other weak leaches) and 
aqua regia extraction (or concentrated nitric acid 
leach) can indicate whether the studied elements 

exist in a more leachable form in contaminated soil 
than in the natural environment. It can be assumed 
that these elements are also more ‘bioavailable’ in 
contaminated land and could therefore pose a risk 
to the environment (Jarva et al. 2009).

Co-effects of contaminants
Many contaminants, both organic and inor
ganic, exceeded the MPC values in the study area, 
and contaminants can have co-effects on biota. 
Furthermore, despite the long list of substances 
analysed in the EnviTox project, there may still be 
contaminants in the study area that were not ana
lysed during the project. 

The mixture effects were assessed by summing 
the risk quotients according to the concentration 
addition model (Leppänen 2021). The sum of risk 
quotients clearly revealed the sampling points and 
areas where the MPC values   for several different 
substances are exceeded. However, the calculated 
total risk quotients are only indicative, as in real
ity the interactions between substances are much 
more complex.

The Paramecium caudatum ecotoxicity test on 
surface water samples was used to assess the bio
availability and interactions of contaminants in the 
study area. Bioassays are recommended for use in 
risk assessment and environmental monitoring, 
especially when not all contaminants in the area 
are known. The high or moderate toxicity found 
in samples indicated that significant ecological 
effects in the area are possible. The ecotoxicity of 
the samples correlated, for example, with the pH 
of the samples, so toxicity may be explained by the 
effect of high pH in addition to or instead of the 
harmful effects of contaminants. For more accurate 
risk assessment, ecotoxicity should be investigated 
in several different species and trophic levels. In 
addition, biomarker and community studies would 
provide information on the ecological impact of the 
Krasny Bor landfill. Proper and precise assessment 
of biomagnification would require the analysis of 
tissue concentrations from species in the area.

10.3 Health risks

Risk quotients were calculated using the Russian 
MPC values   set to protect human health. The MPC 
(maximum permissible concentration) value of a 
pollutant is a concentration that cannot cause neg
ative health consequences for current and future 
generations of the population if they are exposed 

to a pollutant at this concentration throughout 
their lives. The MPC is a scientifically proven value 
(Kuznetsov 2021). The MPC values for fishery water 
bodies were mainly used to calculate risk quotients 
in surface waters. These MPC values consider the 
ability of fish to accumulate pollutants. The purpose 
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of these standards is to ensure a low content of pol
lutants in food (fish) consumed by the population, 
and thus avoid the risk of exposure to the population 
(Kuznetsov 2021). Thus, the risk of human exposure 
through the food web has already been considered 
in the risk quotients of surface waters. The sum of 
risk quotients (the “total pollution index”) is used 
in Russia to assess the combined effect of two or 
more pollutants (Kuznetsov 2021). 

The MPC values of several pollutants were 
exceeded in the study area, indicating a health risk 
to people living in the area. Many of these sub
stances can cause serious health effects. Metals 
affect many organs and body functions. Metals can 
inhibit or impair the action of various enzymes or 
impair the repair mechanisms of genetic mate
rial or DNA in cells. At the tissue level, metals can 
adversely affect the kidneys and central nervous 
system in particular. Cadmium and arsenic are clas
sified as human carcinogens, lead as a likely human 
carcinogen and (methyl)mercury as a potential 
human carcinogen (Finnish Food Authority 2019). 
Dioxins and PCBs can cause chloracne and cancer as 
a result of severe exposure. Dietary exposure may 
increase the risk of developmental disturbances 
in the long term and impair the immune system, 
hormonal function and ability to reproduce (THL 
2021). Some PAHs have toxic, mutagenic and/or 
carcinogenic properties. Phenolic compounds are 
toxic and have severe short- and long-term effects 
on humans (Anku et al. 2017). 

In addition to exceedances of the MPC values, the 
magnitude of the health risk is also affected by the 
likelihood of human exposure. Exposure is more 
likely, for example, in residential or agricultural 
areas. Furthermore, site-specific conditions affect 
the transport and bioavailability of substances, as 
described above.

Human exposure via surface water and sediment
The highest risk ratios of many contaminants in 
surface waters and sediment were observed in Area 
1 and at the first sampling points in the Izhorka 
route (Area 2), where human activity and expo
sure is probably low. However, there are houses 
and fields very near the River Bolshaya Izhorka in 
the middle of Area 2, and the MPC values   of many 
heavy metals (especially mercury in surface water), 
for example, are exceeded in this area. In natural 
waters, sediments and soils, the dominant form 
of mercury is Hg2+, mainly existing as complexes 
(Pietilä 2014). Biological or chemical processes 

(mainly biological methylation due to sulphate- 
and iron reducing bacteria) can convert inorganic 
forms of Hg into highly toxic and bioaccumulative 
MeHg species (Porvari 2003). Due to bioaccumula
tion, mercury concentrations in fish can be up to a 
million times higher than in ambient water and over 
95% of accumulated mercury can be in the form of 
MeHg (Pietilä 2014). Humans are primarily exposed 
to MeHg via fish consumption (Porvari 2003).

There is fishing in the River Bolshaya Izhorka, 
and the water may be used for irrigation or people 
can swim in the river. There is no exact information 
about these activities. There are also heavy metals 
and phenols in the sediment that may be released 
from the sediment, especially as a result of dredging 
operations. These health risks need to be taken into 
account in the area, and the transport of substances 
along this route as well as concentrations in fish 
should be further investigated. 

Exceedances of the reference values   were also 
observed in the stream flowing towards the River 
Tosna, but there are no settlements or fields in the 
area. Thus, human exposure to surface water or 
sediment is currently unlikely. However, possible 
future land use plans are not known by the project. 
The stream is small, so there is probably no fishing. 
The nearest residential areas are on the banks of the 
River Tosna, in which there is also fishing. The ref
erence values are exceeded by many metals, phenols 
and PCBs in the River Tosna, indicating potential 
health risks in this area. However, the concentra
tions are at the same level or lower downstream 
of the Krasny Bor landfill than at the background 
sampling point upstream.

Human exposure via soil
Exceedances of the reference values   were also 
observed in soil, although the risk quotients were 
not as high as in surface water and sediment, with 
the exception of some single sampling points. 
However, especially in the abandoned Tosno land
fill (Area 1), the levels of contaminants are very 
high. If people do not visit the area, human expo
sure is unlikely. However, the extent of the pol
lution should be determined and the transport of 
contaminants from the area to the surrounding 
environment should be prevented. 

Many metals (especially copper, lead, nickel, zinc 
and arsenic) as well as phenols exceeded the MPC 
value at most sampling points across the study area. 
For example, PAHs were especially found in Area 1 
and in the northeastern part of the study area (Areas 
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3 and 4). Dioxins were only analysed from two soil 
samples, and concentrations exceeded the Russian 
MPC values. Not all the contaminants necessarily 
originate from the Krasny Bor landfill, and the soil 
baseline values were not available for the project. 
However, soil contamination should be considered 
in land use and already in land use planning in the 
area. There are cultivated fields and residential 
areas in the study area, and concentrations from 
these areas should be further investigated to deter
mine the potential health risks. Contaminants can 
also end up in berries and mushrooms and thus 
in human consumption. Concentrations were not 
analysed from plants or berries, so the health risk 
from their consumption cannot be assessed with 
certainty. 

In Sweden, the concentrations of elements in 
berries of the blueberry (Vaccinium myrtillus) and 
lingonberry (Vaccinium vitis-idaea) have been deter
mined. Dust emission and the release of metals 
to surface and groundwaters from oxidation and 
weathering of mine waste was found to be one of 
the most probable sources for higher concentrations 
in berries. However, the study revealed that a sim
ple rinse reduced the total concentrations in berries 
(Rodushkin et al. 1999). Mushrooms are known to 
accumulate trace elements such as Cd, Pb, As and 
Ni much more effectively than, for example, cere
als (Pelkonen et al. 2006). According to a study on 
heavy metal accumulation in Finnish agro-ecosys
tems, trace elements with the most concern in crop 
farming are Cd, Hg and Pb due to their enrichment 
to topsoil and high solubility (Hatakka et al. 2007). 
From these, Pb and Cd over the MPC values were 
found from soil samples in the EnviTox study area. 
Mercury in soil only exceeded the MPC value in the 
area of the abandoned Tosno landfill.

Based on the results obtained using the RBCA 
tool, the carcinogenic risk level for the soil expo
sure pathway was exceeded in all the subareas. The 
same compounds or a combination of them were 
identified as the cause. The contaminants in ques
tion were arsenic, alpha-hexachlorocyclohexane, 
benzo(a)anthracene, benzo(a)pyrene, DDD, DDT, 
PCBs and hexachlorobenzene. Of these, DDT, hexa
chlorobenzene, alpha-hexachlorocyclohexane and 
PCBs are persistent organic pollutants (POPs) in 
the environment and can seriously endanger the 
environment and human health for a long time. 
They can also be transported across international 
boundaries far from their sources, and as persistent 
compounds, they can bioaccumulate in the food 

web (European Parliament and the Council of the 
European Union 2019). The main route of exposure 
to these contaminants is via unintentional inges
tion of soil (Reinikainen 2007), which can be con
nected to the use of berries, mushrooms, or other 
vegetables or crops. All these compounds are also 
carcinogenic or possibly carcinogenic.

Human exposure via inhalation
According to the results modelled with the RBCA 
tool (see chapter 9, Area 1 and Area 3 results), 
alpha-hexachlorocyclohexane causes the highest 
risk level via inhalation in Area 3. The chemical is 
highly bioaccumulative, degrades slowly in cool cli
mates at high latitudes and is very harmful to health 
(Seppälä & Munne 2013). In Area 1, mercury, which 
is widely spread in the whole study area, causes 
the highest risk via inhalation, but several other 
elements or compounds (Cr, Co, Mn, Ni, naphtha
lene) also elevate the risk. The inhalation exposure 
route especially concerns construction workers, but 
local residents can also be exposed. It is, however, 
advisable to pay attention to respiratory protection 
equipment whenever any earthworks are carried out 
in Areas 1 and 3. Concentrations in air were not 
determined, so health risks via inhalation or dust 
could not be verified. Measured data are needed 
to validate the model results, but no measured air 
quality data were available for the EnviTox pro
ject. The ambient air monitoring of the Krasny 
Bor landfill includes 15 parameters that indicate 
air emissions likely originated from the landfill 
(Panteleimonov 2021). However, none of the com
pounds or elements that were identified as a risk 
by the RBCA tool are included in this monitoring.

Risks to the water intake of St. Petersburg
Assessing the risk posed by the Krasny Bor landfill 
to St. Petersburg’s water intake and the Baltic Sea 
was one of the main objectives of the project. The 
maximum concentrations measured in the water 
samples in the Rivers Izhora and Tosna downstream 
from the Krasny Bor landfill appear to be at the 
same level as the concentrations at the upstream 
background sampling points. Some pollutants were 
found to exceed the MPC values in the Rivers Tosna 
and Izhora, but distinguishing the effects of the 
Krasny Bor landfill from other pollution sources 
is challenging. Based on these results, the landfill  
does not appear to cause a clear contamination effect 
on Neva River or a threat to the water intake of St. 
Petersburg under normal conditions. However, the 
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risk assessment only applies to the situation in the 
area at the time of sampling and there may be sea
sonal variation in concentrations. During accidental 
leakages or overflows, the migration of pollutants 
to a water intake may be possible.  

In case an accident or overflow occurs at the 
landfill, there is the possibility of a severe leak
age, especially from the open or temporarily cov
ered hazardous waste pools. According to the 

surface water flow model by IL RAS (Kondratyev & 
Shmakova 2021), in an extreme scenario, contami
nated suspended matter can reach the water intake 
of St. Petersburg in the Neva River in as little as 17.8 
hours via the Izhora route. For such extreme events, 
there should be good preparedness and timely com
munication among all parties involved in preventive 
and remediation actions. 

11 UNCERTAINTY INSPECTION

The uncertainties in the risk assessment process are 
examined in an uncertainty inspection. The aim is 
to produce a reasonable estimation of the reliabil
ity of the risk assessment and whether the results 
of the assessment could be considered adequate. 
According to the uncertainty inspection, the possi
ble need for further investigations or more detailed 
risk assessment could be recognised. 

In the uncertainty inspection, it is essential to 
recognise the most important sources of uncertainty 
and their effect on the risk assessment results. The 
uncertainty is caused by a lack of the information, 
the natural and often occasional variation of the 
variables and the restrictions of the risk assess
ment methods. Typical uncertainty issues include 
deficient knowledge of the occurrence of harm
ful elements and compounds in the study area. 
The representativeness of the research results 
should be taken into account at all stages of the 
risk assessment. In addition, the input data as well 

as the assessment methods contain uncertain
ties. Typically, uncertainties of this type include 
the assumptions concerning the transportation of 
harmful elements and compounds, the long-term 
variation in transportation and exposure, the com
bined effects of the contaminants, as well as the 
suitability of the calculation models for the study 
area.

In the EnviTox project, the aim of the risk assess
ment was to determine whether the Krasny Bor 
hazardous waste landfill poses health or ecologi
cal risks to the surrounding environment, to the 
St. Petersburg water intake in the Neva River or 
to the Baltic Sea. In addition, the risk caused by 
the Tosno abandoned landfill and an unauthorized 
abandoned landfill that was identified during the 
fieldwork were also examined. The uncertainties 
of the risk assessment carried out in the EnviTox 
study area are compiled in Table 12.
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Table 12. Uncertainty inspection of the risk assessment carried out in the surroundings of the Krasny Bor landfill 
in the EnviTox project. TRA = risk assessment of the transportation of harmful elements, ERA = ecological risk 
assessment, HRA = health risk assessment. The likely effect on the presented risk: + = overestimated risk, - = 
underestimated risk, 0 = not overestimated or underestimated risk, ? = difficult to estimate the effect on the risk.

Uncertainty Phase of risk  
assessment

Effect on  
assessed risk

Explanation

Sampling and analysis    

Surface water 
sampling

All  The density of surface water monitoring points as well 
as the sampling frequency were too low. The surface 
water sampling network, especially on the eastern side 
of study area, was not dense enough. Samples from 
the large rivers (Izhora, Tosna) were only taken once.  

Sediment sampling All  The representativeness of samples is uncertain. Only a 
few samples were taken from the large rivers. Practi-
cal issues partly directed the sampling, e.g., some 
sampling sites were chosen due to the location of 
bridges instead of sediment dynamics. Samples were 
only taken from the topmost part of the sediment bed. 
No detail information was available on the dredging 
intervals for the main canal.

Soil sampling All  The soil sampling network in the 2nd sampling phase 
did not evenly cover the study area. Only a few 
samples were taken from minerogenic soil. No profile 
samples were taken, e.g., the depth of the soil layer in 
the Tosno abandoned landfill is 5 m and the soil sam-
ples were studied from the depth of 0–20 cm. Very little 
information was available on the Tosno abandoned 
landfill (structure, the extent of contamination). 

Surface water analysis All +/ (+) Maximum detected values were used in risk  
assessment.

(-) Analysis results varied considerably depending 
on the laboratory used for the analysis. It is unclear 
whether the analysed metal concentrations in wa-
ter represent dissolved or total concentrations. No 
detailed descriptions of the pre-treatment or treatment 
of the samples in the laboratory were available, e.g., 
whether the samples were filtered. The parameter 
selection differed considerably between the 1st and the 
2nd sampling stages. More detailed analysis in the 2nd 
sampling stage was carried out for phenols and PCB 
compounds, but the lack of total concentrations made 
the comparison of the results challenging. In such 
multi-contaminated areas, some important analyses of 
hazardous parameters may have been missed. The de-
tection limits for many harmful elements were too high, 
indicating that the analysis method was not accurate.

Sediment analysis All +/- (+) Maximum detected values were used in risk  
assessment.

(-) No detailed descriptions of the pre-treatment or 
treatment of the samples in the laboratory were avail-
able. The parameter selection differed between the 
1st and the 2nd sampling stages and some important 
analyses of hazardous parameters may have been 
missed. The detection limits for some harmful elements 
were too high, indicating that the analysis method was 
not accurate. For some pesticides and PCB com-
pounds, the uncertainty of measurements was higher 
than 50%. The solubility of the harmful elements and 
compounds from sediment under different environ-
mental conditions was not investigated.
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Uncertainty Phase of risk  
assessment

Effect on  
assessed risk

Explanation

Soil analysis All +/ (+) Maximum detected values were used in risk  
assessment.

(-) No detailed descriptions of the pre-treatment or 
treatment of the samples in the laboratory were avail-
able. There was a lack of the data on total metal con-
centrations in soil in the whole study area, as the metal 
concentrations analysed in the 1st sampling stage 
were soluble concentrations. The parameter selection 
differed between the 1st and 2nd sampling stages and 
some important analyses of hazardous parameters 
may have been missed. The detection limits for some 
harmful elements were too high, indicating that the 
analysis method was not accurate. For some pesti-
cides and PCB compounds, the uncertainty of meas-
urements was higher than 50%. The solubility of the 
harmful elements and compounds from soil under dif-
ferent environmental conditions was not investigated.

General information on 
the Krasny Bor landfill 
andits surroundings

   

Groundwater flow TRA, ERA  The hydrology and detailed information on the ground-
water flow in the Krasny Bor landfill and its surround-
ings was not available. 

Groundwater runoff to 
the Neva River

TRA, ERA  Exact information on the quantity and quality of 
groundwater runoff from the Krasny Bor landfill and 
the study area to the Neva River was not available. 

Continuous time series 
of water discharge
from the Krasny Bor 
landfill

All ? No time series of the water discharge from the Krasny 
Bor landfill to the study area along the main canal  
during the project period was available.

Continuous time series 
of the discharges
in streams in the study 
area

All  The surface water monitoring by the EnviTox project 
was not totally adequate. 

Thickness of sediments 
in the main streams in 
the watershed

ERA  There was no information on the sediment beds of the 
rivers and streams.

Rate of accumulation 
of the sediment in 
main streams

ERA  There was no information on the sediment beds of 
the rivers and streams. No calculations of the loads of 
harmful elements and compounds could be made for 
risk assessment.

Soil baseline values 
and thickness of or-
ganic and minerogenic 
soil layers in different 
parts of the study area

ERA, HRA  Information on the total metal concentrations in soil 
was only available from seven studied sites. There was 
no information on the soil baseline values, the thick-
ness of soil in different parts in the study area or the 
concentrations of harmful elements and compounds in 
soil inside the Krasny Bor landfill. Thus, the risk poten-
tial of soil could not be reliably calculated. 

Dry and wet deposition 
(air deposition) in the 
study area

All  Snow samples were not investigated. No samples of 
air deposition were studied. No information was avail-
able on air deposition caused by human activities. It 
was impossible to separate the sources of pollution. 

Detailed information 
on previous floods

TRA ? No detailed information on previous floods in the 
Krasny Bor landfill and its surroundings was available 
for risk assessment.

Table 12. Cont.
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Uncertainty Phase of risk  
assessment

Effect on  
assessed risk

Explanation

Detailed information 
on previous fires

TRA ? No detailed information on previous fires in the Krasny 
Bor landfill and its surroundings was available for risk 
assessment.

Detailed information 
on the industry
located in the study 
area

All ? Exact information on how much and which type of 
industry is located in the vicinity of the Krasny Bor 
landfill and its surroundings was not available. It is 
challenging (or impossible) to reliably separate the ef-
fect of the Krasny Bor landfill from the effects of other 
industrial activities, especially in the further areas.

Detailed information of 
the plant and animal 
species

  ? Detailed information on the plant and animal species 
as well as their sensitivity was not available for the 
project. There was no knowledge of whether there are 
endangered or protected species in the study area.

Detailed information 
on present land use

HRA, TRA ? Knowledge of the current land use status was not 
adequate.

Land use plan for the 
future

All ? No information on future land use plans for the study 
area was available.

Target information    

Concentrations of 
harmful elements in air

All - Air deposition was not investigated in the project.

Concentrations of 
harmful elements in 
plants

HRA, ERA - No plants were studied in the project.

Concentrations of 
harmful elements in 
aquatic organisms as 
well as in game

HRA, ERA - No analysis of fish or other aquatic organisms or game 
was carried out in the project.

Summary effects of 
harmful elements

HRA, ERA - In addition to the calculated summary risk quotients, 
only Paramecium caudatum was tested at a few 
water sites.

Bioavailability of harm-
ful elements.

ERA, HRA 0 Bioavailable concentrations were not analysed in the 
laboratory. The bioavailability of harmful substances 
was only assessed based on literature data and some 
environmental parameters. In addition, bioavailable 
concentrations of four metals were assessed using the 
bio-met tool.

Adaptability of the 
plants and organisms 
to harmful elements

ERA ? Adaptability was not studied in the project, as it re-
quires detailed information that was not collected by 
the project.

Risk assessment 
methods

   

Exposure of organisms 
and bioaccumulation

ERA ? Bioaccumulation was assessed based on literature and 
modelling (EpiSuite) data. Concentrations in organisms 
were not analysed (bioaccumulation) and biomarker or 
community studies were not conducted.

Transportation of 
harmful elements in 
groundwater

HRA, TRA ? The concentrations of harmful elements in different 
groundwater aquifers and the possibility of contami-
nants discharging from the Krasny Bor area and  
ending up in the Neva River is not known.

Table 12. Cont.
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Uncertainty Phase of risk  
assessment

Effect on  
assessed risk

Explanation

Transportation of 
harmful elements in 
surface water

All +/- (+) Results of surface water modelling and its uncer-
tainties were taken into account in the risk assessment 
process. In addition, the transportation of harmful ele-
ments was estimated using the changes in concentra-
tions and risk quotients.

(-) There was no knowledge of the variation in con-
centrations in water of the large rivers (Izhora, Tosna) 
because the water was analysed only once and only at 
a few locations. The density of surface water monitor-
ing during the project was not adequate. Detailed data 
on the amounts and contents of water discharged 
from the Krasny Bor landfill to the study area were not 
available. 

Transportation of 
harmful elements in 
soil

All  ? Only the topmost soil layer was investigated in the 
project. 

Organism exposure 
via air 

ERA ? The exposure routes were taken into account in the 
conceptual model, but the concentrations of the harm-
ful elements in air were not examined.

Human exposure via 
air

HRA ? The exposure routes were taken into account in the 
conceptual model, but the concentrations of the harm-
ful elements in air were not examined. The lack of 
reference values for inhalation makes this task difficult.

Organism exposure via 
surface water 

ERA, HRA +/- (+) Maximum detected values were used in risk assess-
ment (calculations of the risk quotients). 
(-) The ecotoxicity tests were only carried out for one 
species (Paramecium caudatum) and only at eight 
sites. 

Human exposure via 
surface water

HRA + Maximum detected values were used in risk assess-
ment (calculations of the risk quotients).

Natural variation in 
concentrations of 
harmful elements

All ? The sampling density in project was too sparse to reli-
ably determine the seasonal variation.

Suitability of reference 
values

ERA, HRA ? The Russian reference values were used. The basis of 
the reference values for all parameters was not avail-
able.

The bio-met tool ERA, TRA + The input values for the bio-met tool are dissolved 
concentrations, but it is uncertain whether the water 
samples were filtered in the laboratories. Thus, the 
used concentrations may be dissolved or closer to total 
concentrations.

The EPISuite modelling 
program

TRA 0  

RBCA HRA, TRA  - Several compounds identified on-site lacked an inhala-
tion reference value, which makes it difficult to assess. 
The total amount of contaminants on-site was not 
known; sediment concentrations were not considered.

Table 12. Cont.
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There are many uncertainties in the results of this 
risk assessment. There are possible overestimations 
in the risk quotient calculations because the maxi
mum measured values were used. However, this 
presumption is justified, as the sampling density 
was very low, and the use of maximum measured 
values thus supports the precautionary principle. On 
the other hand, the differences in analysis meth
ods and the considerable differences in the con
centrations between the 1st and 2nd sampling phases 
may lead to underestimation of the risk. There is a 
remarkable shortage of information, for example, 
on water discharges, groundwater flow directions, 
and the concentrations of harmful elements and 
compounds in deeper parts of the soil and sedi
ments and in air deposition. In addition, the general 
information on the area is insufficient. For exam
ple, for the EnviTox project, no detailed knowledge 
was available on the previous history of floodings 
of the liquid hazardous waste pools in the Krasny 
Bor landfill or on the fires in the Krasny Bor land
fill and the Tosno abandoned landfill. Based on all 

the information available for the risk assessment, 
it is challenging to separate the original sources of 
contamination. Many exceedances of the reference 
values of harmful elements and compounds were 
detected, but it is unclear whether they originated 
from the Krasny Bor hazardous landfill or from the 
local industry. The most crucial uncertainty comes 
from the lack of knowledge of the environmental 
status inside the Krasny Bor hazardous landfill area. 
No soil, water, sediment or air deposition sam
ples were taken in the landfill area by the EnviTox 
project.  

As a conclusion, the lack of background informa
tion as well as the great number of uncertainties 
in sampling, laboratory analysis and the following 
risk assessment process means that the undertaken 
risk assessment should be considered indicative. It 
is recognised that for more detailed risk assessment 
and credible results, further investigations provid
ing exact and dependable information are needed. 
Recommendations for additional studies to support 
detailed risk assessment are presented in chapter 13.

12 SUMMARY OF THE RISK ASSESSMENT RESULTS

The results of the risk assessment were summa
rised by using risk matrix tables. A risk assessment 
matrix is a tool for assessing risks and setting pri
orities in risk management. With a risk matrix tool, 
the individual risks observed in the research can 
be assessed on a scale based on the severity and 
probability of the risk such that a higher number 
indicates that the consequences are more severe and 
the risk is more likely to be realised. 

The working principle of the risk matrix tool is 
to assess the effects of the identified risks based 
on the studies performed and the results obtained 
in case nothing is done to address the risk and the 
current state is maintained. This is done by first 
assessing the probability of the realisation as well 
as the severity of the risk. Finally, based on the 
assessed probability and severity, the risk level for 
each identified risk is calculated (Ministry of the 
Environment 2020).

In this study, the matrix tables were prepared 
using the guidelines defined in the YMPÄRI pro
ject (Wessberg et al. 2006) and the Kajak project 
(Ministry of the Environment 2020). The probability 
of each individual identified risk was assessed from 
rare to very likely by assigning from 1 to 5 points 
according to Table 13. The severities of the risks 

were assessed from negligible to severe with points 
from 1 to 16 according to Table 14. Finally, the risk 
level for each identified risk was calculated by mul
tiplying the probability of the risk by the severity 
of the risk (Table 15). The results of the risk matrix 
assessment are presented in Tables 16–19, in which 
the identified risk factors are divided into four cate
gories (transport routes and mechanisms, ecological 
exposure, human exposure and Neva Water intake/
Gulf of Finland).

The risk prioritisation was carried out using the 
so-called Delphi method (Helmer 1966). The Delphi 
method is based on a structured process for col
lecting opinions from a group of experts through 
iterative and usually anonymous investigation of 
opinions. After several rounds of questions, the 
individual scores are finally aggregated to achieve 
a collective outcome. In this study, four experts 
evaluated the probability and severity of the given 
risk factors. These results were combined into one 
table. Instead of having a new, individual round of 
evaluation, the final points for the possibility and 
severity of risk factors were given after discussing 
the individual results and their justifications within 
the expert group.   
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Table 13. Description of the probability of the risk (risk matrix). 

Points Probability Description

1 Rare Very unlikely to occur

2 Unlikely Not expected to happen, but may occur in certain circumstances 

3 Possible Reasonable chance of occurring

4 Likely Strong possibility of occurring

5 Very likely Expected to occur frequently

 

Table 14. Description of the severity and the estimated consequences of the risk (risk matrix).

Points Severity Consequences

1 Negligible
- The nuisance or contaminant cannot be identified
- The impacts of the nuisance cannot be measured, for example, for humans  
 and the ecosystem

2 Minor
- Clear but moderately simple contamination with short-term local effects  
 on the environment and biota 
- Does not affect the ecosystem on a large scale

4 Moderate

- Clear but moderately simple pollution with long-lasting and extensive  
 effects on the environment and biota
- Clear impact on water quality
- Major damage to the local ecosystem (range and occurrence of species)
- Clear reduction in comfort value
- Adverse effects on the local population and land use

8 Significant - Strong contamination
- Long-term local effects

16 Severe
- Significant risk of pollution 
- Wide-scale effects
- Potential for victims and / or financially significant

Table 15. Description of the risk level. The level of the risk is calculated by multiplying the probability of the risk 
(1–5) by the severity of the risk (1–16).
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4 4 8 16 32 64 Critical risk (> 35)

3 3 6 12 24 48 Significant risk (15–35)

2 2 4 8 16 32 Moderate risk (8–14)

1 1 4 4 8 16 Minor risk (4–7)

1 2 4 4 16 Negligible risk (1–3)

Severity of the risk
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Table 19. The estimated probability and severity of the risk and the calculated risk level for St. Petersburg's water 
intake from Neva River and the Gulf of Finland caused by the Krasny Bor hazardous waste landfill. Estimation 
is based on the studies carried out in the EnviTox project in 2019–2021. P = Probability of the risk. S = Severity 
of the risk.

Risk factor Possibility Severity
Risk 
level Comment

Transport routes 
and mechanisms

Dust and dry/wet 
deposition 2 4 8

Other sources exist, 20 km downwind. Only in case of 
major landfill fires. Impacts from the whole catchment 
area.

Distribution in  
dissolved and  
suspended form

3 4 12

The concentrations are low but long-lasting. The pos-
sibility of contaminants migrating from Krasny Bor to 
the Baltic Sea cannot be excluded. Especially possible 
during overflows or extreme weather conditions. Migra-
tion and sedimentation may have happened historically. 
Impacts from the whole catchment area. Discharged 
surface water from the Neva River is diluted.

Sedimentation 3 4 12
Impacts from the whole catchment area.

Desorption from 
sediments / release 
from sediments

4 4 16

Release from sediments due to possible historical con-
tamination. Changes in flow rates disturb sediment and 
release contaminants, especially during flood events 
and dredging and due to coastal (river bank) erosion.

Ecological and  
human exposure

Via surface water: 
water intake of  
St. Petersburgh

2 16 32

Low concentrations, but very long-term exposure. The 
MPC values for drinking water are not given for all 
identified contaminants. Contaminant plumes may take 
place. Should be studied more.  

Via food: enrichment 
in the food web 4 4 16

In addition to other contamination sources, Krasny Bor 
may affect the enrichment of harmful elements and 
compounds in Baltic Sea fish, in which high concentra-
tions have been detected. Long-term exposure.

 

13 RECOMMENDATIONS FOR RISK MANAGEMENT MEASURES

Recommendations for risk management meas
ures in the EnviTox study area are based on the 
results of the risk assessment presented in this 
report. Recommendations are not given for reme
diation of the Krasny Bor hazardous waste landfill 
itself, because the landfill was not in focus and not 
therefore investigated by the EnviTox project. The 
Krasny Bor hazardous waste landfill is planned to 
be reclaimed within the framework of the national 
project “Ecology” and its federal project “Clean 
Country” (see chapter 2.1.1). The following recom
mendations are based on the findings of the EnviTox 
project. They mainly elaborate the monitoring of 
the environmental state in the landfill surroundings 
and provide other potential measures to minimize 

the posed risks due to degradation of the surround
ing environment. Further studies are recommended 
to enable a more detailed risk assessment of the 
area surrounding the Krasny Bor hazardous waste 
landfill and to address the data gaps and uncertain
ties. The ultimate aim of these recommendations is 
to safeguard the water intake of St. Petersburg in 
the Neva River, as well as to minimise the contami
nation load in the Gulf of Finland.

1. Monitoring of the environmental impacts of 
the Krasny Bor hazardous waste landfill on 
the surrounding environment should con
tinue and impacts should also be monitored 
during and after planned rehabilitation (air, 
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soil, groundwater, surface water, sediment). 
Monitoring is recommended to be extended 
to a larger area than the current monitor
ing programme and the sampling should be 
carried out at regular intervals for most of the 
sampling media to detect seasonal changes. 
Continuous monitoring of the drainage waters 
and groundwater in parallel with the sam
pling-based monitoring is also recommended. 
This is to recognize possible emergency, ad 
hoc situations that will not necessarily be 
detected at the time of sampling. 

2. It should be ensured that the water treat-
ment capacity of the wastewater treatment 
plant of the landfill used for drainage water 
treatment is sufficient during heavy rains and 
floods or that drainage waters can temporar
ily be stored safely for treatment. The changes 
in precipitation patterns and increasing 
occurrence of extreme weather events due to 
climate change should be taken into account. 
It should also be ensured that the treatment 
methods used are adequate for the contami
nants present in the landfill area. 

3. A preparedness plan for emergency situa-
tions (floods, fires, etc.) should be developed, 
taking the future climate into account. The 
preparedness plan should also include the 
potential exceptional situations that may arise 
during the different phases of rehabilita
tion. The measures to prevent contaminant 
transport during such events from the Krasny 
Bor hazardous waste landfill area to the 
surroundings should be planned and imple
mented. In addition to technical measures, 
timely communication is needed for emer
gency situations.

4. The abandoned Tosno landfill should be 
remediated to prevent the spread of contami
nants. The concentration, overall amounts, 
properties and location of contaminants, 
as well as the extent of the pollution (both 
horizontal and vertical) should be investi
gated. Based on this, appropriate remediation 
methods can be selected. It is recommended 
to establish a separate monitoring programme 
(air, soil, groundwater, surface water, sedi
ment) for the abandoned Tosno landfill as 
soon as possible. Environmental impacts 
should also be monitored during and after the 
remediation. The monitoring conducted after 

the remediation will ensure that the selected 
rehabilitation methods have been sufficient. 

5. Total and dissolved concentrations in soil, 
sediment and water samples should be ana
lysed separately to better estimate the total 
amounts of contaminants and their potential 
transport risk.

6. Phenols and surfactants detected in the area 
should be further identified to determine the 
severity of the risk, because toxicity of differ
ent phenolic compounds and surfactants can 
vary considerably.

7. Dioxins should be analysed more widely 
because there is, for example, a lot of agri
culture in the area. In the EnviTox project, 
dioxins were only analysed from a few soil 
and sediment samples, and concentrations 
exceeded the maximum permissible con
centrations. Dioxins are highly persistent 
compounds.

8. Biomarker and benthic studies are recom
mended to determine ecological effects on the 
study area. Ecotoxicity tests should be per
formed on more species and trophic levels to 
gain further information on the toxicity level 
and coeffects of the contaminants.

9. Background concentrations should be further 
investigated in order to better distinguish the 
effect of the Krasny Bor landfill from other 
emission sources.

10. Flow rate measurements in streams are 
recommended to support the assessment of 
transport risks.

11. Concentrations of contaminants in fish in the 
Rivers Izhora, Bolshaya Izhorka and Tosna 
should be determined. Restrictions on fishing 
should be set when necessary.

12. The quality of irrigation water (groundwater 
and/or surface water) used for the agricultural 
fields and kitchen gardens should be moni
tored. Restrictions on water use for irrigation 
should be set when necessary.

13. Concentrations of contaminants in crops, 
kitchen garden vegetables and game should 
be determined. Restrictions should be set 
when necessary.

14. Concentrations of contaminants in berries  
and mushrooms should be determined. 
Restrictions on picking berries or mushrooms 
in certain areas should be set when necessary.
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15. Groundwater flow in the study area should 
be further investigated and a hydrogeologi-
cal model should be defined. Concentrations 
of contaminants in groundwater should be 
analysed over a wider area than in the cur
rent monitoring programme of the landfill. 
Different aquifers including perched ground
water should be included to the monitoring. 

16. The discharge of polluted groundwater from 
the Krasny Bor landfill to the surrounding 
streams should be prevented, e.g., with reac
tive barriers. 

17. Potential pollution must be identified and 
taken into account when handling, using or 
disposing of dredged sediments. The trans
port of contaminants must be prevented  
during dredging and disposal.

18. Potential pollution of soil must be identified 
and taken into account during earthworks.  
 

The transport of contaminants must be 
prevented during excavation. The intended 
re-use of the excavated soil should meet the 
quality requirements of the final placement 
site. 

19. When land use changes, soil contamination 
surveys should be carried out. If sensitive 
land use is planned (e.g., playgrounds, kin
dergartens, settlements), the contaminated 
soil should be remediated to meet the quality 
requirements of the intended land use. Based 
on the risk assessment of soil contamination, 
it might also be feasible to cover the contami
nated soil with a clean layer of soil with a suf
ficient thickness instead of remediation.

20. All the monitoring results from both the 
Krasny Bor landfill and the surrounding area 
should be easily and publicly available, e.g., 
on the Krasny Bor landfill website.
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Appendix 1

Information on previous environmental studies  
conducted in the Krasny Bor landfill and its surroundings

Information on previous studied conducted in the 
Krasny Bor landfill and its surroundings is pre
sented in Table 1 (studies conducted by external 
observers) and Table 2 (studies conducted by the 

landfill operator and its partners). Information 
was received from SC Mineral in January 2022 and  
collected from public literature.

Table 1. Studies conducted on the Krasny Bor hazardous waste landfill and its surroundings by external observers. 

Year of the 
research or 
development 
work

Name of the  
research or  
development work

Performed by Main findings in chemical analysis or 
literature research analysis and main 
conclusions

Extent of the 
research

Beginning of 
the 1990s

A list of hot spots was 
established

HELCOM Indicated a significant pollution site 
around the Baltic Sea. (Littfass 2016)

 

2004 Comprehensive analy-
sis of the impact of the 
Krasny Bor landfill on the 
ecological state of the 
environment

The Institute of 
Biology of Saint 
Petersburg State 
University and 
the Russian State 
Hydrometeorologi-
cal University

Adverse impacts of the Krasny Bor 
hazardous waste landfill on the environ-
ment were caused by the air emissions of 
volatiles and gases from the combustion 
of hazardous wastes in the thermal  
treatment units. 

The greatest threat to environmental 
pollution is posed by an abandoned 
abandoned landfill site near the landfill.
(RSHU 2004, Dikins 2005)

Literature research 
and 82 chemical 
analyses. 
Atmospheric air, 
lichens and stands.

2008 Performing works on the 
1st stage of measures 
developed to minimize 
the impact of hazardous 
environmental conditions 
on the environment in the 
area of the Krasny Bor 
landfill

The Russian State 
Hydrometeoro-
logical University 
(RSHU)

Atmospheric air: The presence of pollut-
ants during the autumn-winter was quite 
low. The process of air emissions is not 
systematic, but random (probabilistic) in 
nature.
Surface water: Significant exceedances 
of maximum acceptable concentration 
(MAC) values were detected. 
Stream sediment:
Exceedances of MAC and APC values 
were detected. The pollution class of 
sediments is classified as extremely 
hazardous. The examined area has been 
exposed to an intensive anthropogenic 
load from different sources of exposure 
for a rather long period of time., including 
the Krasny Bor landfill. 
Soil:  The level of soil pollution has 
significant spatial heterogeneity. Topsoil 
pollution dominant. The main hazard is 
caused by high concentrations of  
cadmium. (RSHU 2008a, Carlin 2008)

Air: 7 samples 
(Krasny Bor- 
Nikolskoye line)
Surface water 
and sediments:
25 sampling points 
(the main canal, 
“Ust Tosna” illegal 
dump, Bolsaya 
Izhorka river, 
tributaries of the 
River Tosna, River 
Tosna, Feklistovo, 
Mishikino, Porkuzi)
Soil: samples 
taken from 51 
monitoring points 
(surface soil and 
0.5-1 m)
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Year of the 
research or 
development 
work

Name of the  
research or  
development work

Performed by Main findings in chemical analysis or 
literature research analysis and main 
conclusions

Extent of the 
research

2008 Development of methods 
for risk assessment and 
mitigation of natural and 
man-made disasters in 
order to fulfil interna-
tional obligations of the 
Russian Federation under 
HELCOM to minimize the 
impact of “hot spots” on 
the marine environment 
in the Baltic Sea Area (by 
means of an example of 
the Krasny Bor high-
toxicity landfill)

The Russian State 
Hydrometeoro-
logical University 
(RSHU)

An increase in the concentrations of chlo-
ride, nitrate and sulphate compounds in 
the samples taken was observed. In the 
main canal, significant saturation with 
petroleum hydrocarbons was also noted. 
An anomalous concentration of zinc com-
pounds was detected in a sample from 
the stream flowing next to the landfill. 
(RSHU 2008b)

Sampling of water, 
snow and soil in 
the SPZ (Sanitary 
Protection Zone) 
area. 

2009 Research on the first 
groundwater layers (sub-
soil water)

RGEC, a branch of 
Urangeo FSUGE

Groundwater/subsoil water of the landfill 
is characterized by high salinity, exceed-
ing the standard values for sulphates, 
chlorides and some heavy metals. 
 
Sulphates, heavy metals, petroleum 
products and PCBs are discharged from 
the landfill to aquifers of the sanitary 
protection area.

Groundwater  
samples were  
taken from 24 
wells in the 
sanitary protection 
area (the depth  
of drilling  
0.3 – 1.55 m).

2009-2010
 

BALTHAZAR project HELCOM Concentrations of contaminants in the 
samples were not alarming, but there 
were a few exceedances.
 
The bottom structure of the Krasny Bor 
landfill appears to be impermeable.  
Shortcomings were identified in the mon-
itoring practices of Krasny Bor in terms of 
pollutant control. (HELCOM 2010)

Study based on 
earlier research 
and a few  
samples.

2011 Ecological and hydro-
chemical research on 
surface water bodies and 
stream sediments in the 
area of the landfill

RGEC, a branch of 
Urangeo FSUGE

The results showed that the water quality 
at the outlet of the landfill in the main 
canal exceeds the baseline pollution 
indices by almost 100 times. Extremely 
high concentrations are characteristic of 
all the parameters included in the calcu-
lation. Furthermore, the pollution index 
decreases and outside the SPZ becomes 
ten times lower than in the main canal.
 
The stream sediments at the outlet of the 
landfill in the north-western sector (in 
the main canal and the Bolshaya Izhorka 
River) were the most polluted. The stream 
sediments for a length of up to 3 km from 
the landfill boundaries in this direction 
belong to the highest, IV hazard class, i.e., 
they are “dangerously polluted”. 
 
The stream sediments in watercourses 
located upstream of the landfill, but in 
its immediate vicinity, and below the 
landfill in the north-eastern sector (in the 
direction of the River Tosna) at up to 1.5 
km from the landfill boundaries are also 
polluted with PCBs.

Surface water 
and sediments: 
20 points were ex-
amined (drainage 
ditches above the 
landfill, drainage 
ditches and main 
canal below the 
landfill, Bolshaya 
Izhorka up to 
Kolpino, hydro-
graphic network of 
the Bezymyanny 
Brook up to the 
River Tosna).

Table 1. Cont.
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Year of the 
research or 
development 
work

Name of the  
research or  
development work

Performed by Main findings in chemical analysis or 
literature research analysis and main 
conclusions

Extent of the 
research

2012 BASE project HELCOM and OJSC 
EcoMMAK

Analysis between the different hot spots 
demonstrated that even though the 
volume of received waste had decreased 
and some of the waste pools had been 
closed, the negative impact had risen.
 
Conclusions: The Krasny Bor hazard-
ous waste landfill still had a significant 
negative impact on the environment. The 
company used technologies that were 
outdated to handle hazardous wastes. 
(HELCOM 2014)

100 water 
samples, 24 soil 
samples, 4 plant 
samples and 100 
atmospheric air 
samples. Also, 32 
measurements of 
noise impacts.

2014  SF Mineral SGUE 
with the use of 
an automated 
atmospheric air 
monitoring station 
(AAMS)

Atmospheric air: No exceedance of the 
MAC values (except two days).
Surface water: No exceedances of MAC 
values were detected. Few exceptions: 
manganese and phenols. 
Groundwater: Exceedances detected. 

Sampling in the 
landfill area and its 
immediate vicin-
ity: Atmospheric 
air: Automated 
monitoring station, 
a total of 75,130 
measurements 
were carried out.
Surface water:  
32 samples. 
Groundwater:  
Five samples.

2017 Organized periodic air 
monitoring along the 
perimeter of the Krasny 
Bor landfill to develop a 
programme for dynamic 
environmental monitor-
ing of the area of the 
Leningrad Region

The testing 
laboratory of 
Lenoblyekokontrol 
LOGKU with the 
assignment of the 
State Environ-
mental Oversight 
Committee of the 
Leningrad Region

The results of atmospheric air research 
at the boundary of the landfill showed 
that the concentrations were below the 
detection limits. The given results can be 
used as reference information only. (State 
Environmental Oversight Committee of 
the Leningrad Region website)

Periodic air 
monitoring was 
conducted during 
February, July,  
August and Sep-
tember 2017.

2018 Developing programme 
for dynamic monitoring 
of the environmental 
situation in the area of 
the Leningrad Region

The testing 
laboratory of 
Lenoblyekokontrol 
LOGKU with the 
assignment of the 
State Environ-
mental Oversight 
Committee of the 
Leningrad Region

No increased concentrations of pollutants 
were found in the air samples relative to 
the MAC values in the atmospheric air of 
urban and rural settlements.

Atmospheric air: 
Three sam-
pling sites were 
analysed with 15 
parameters.
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Table 2. Studies in the Krasny Bor hazardous waste landfill and its surroundings conducted by the landfill opera
tor and its partners.

Year of the 
research or 
development 
work

Name of the 
research or 
development 
work

Research 
performed by

Main findings in chemical analysis or literature research 
analysis and conclusions

Extent of the 
research or 
monitoring

Late 1990s 
and early 
2000s

Departmental 
monitoring

Krasny Bor 
landfill and 
organizations 
involved

Departmental monitoring within the landfill and its sanitary 
protection zone has been conducted since the late 1990s 
and early 2000s (and possibly earlier) by the landfill itself 
and organizations involved. In 2000, the composition control 
of the surface and subsoil water and air control in the 
sanitary protection area were carried out. (Committee on 
Environmental Management, Environmental Protection and 
Safety of St. Petersburg 2000.)

Surface and 
subsoil water 
and air in the 
sanitary protec-
tion zone.

2003 Departmental 
monitoring

Krasny Bor 
landfill and 
organizations 
involved

Monitoring of groundwater and endogenous geological pro-
cesses with groundwater monitoring wells was elaborated. 
The monitoring programmes were constantly improved and 
expanded. (Committee on Environmental Management, En-
vironmental Protection and Safety of St. Petersburg 2003.)

 Groundwater 
wells, develop-
ing monitoring 
program.

2012 Environmental 
Monitoring 
Programme 

The Krasny 
Bor Landfil 
SPb GCPP.

Atmospheric air: No exceedances of the MAC values were 
detected. 
Surface and groundwater: Exceedances of MAC values 
were detected.

100 air samples, 
100 water 
samples and 3 
900 quantita-
tive chemical 
analyses 

Since 2016 Regular 
monitoring 
by the landfill 
operator

TechnoTerra 
LLC, as well 
as Design 
Institute 
Petrokhim-
Technology 
LLC and
specialists of 
the analytical 
laboratory of 
Ecolab LLC.

Air monitoring: The concentration of almost all measured 
parameters was below the detection limits. 
Surface and wastewater monitoring: No significant ex-
ceedances.  
Soil monitoring:
All samples in the “permissible” category of pollution (data 
2020).
Groundwater (November–December) 2016: 
Very high values of COD and BOD were detected in all 
examined samples.
All other concentrations of pollutants in groundwater did not 
exceed the MAC. (Panteleimonov 2021)
Groundwater: (June–December) 2016:
Low values, no exceedances and high concentrations de-
tected.  
 
Conclusions: 
Surface and wastewater monitoring: 
- The maximum concentration of suspended solids was ob-
served in a sample taken in the Bolshoy Izhorets River, 500 
m downstream; the minimum concentration was observed 
in a sample taken 500 m upstream of the Bolshoy Izhorets 
River;
- The maximum concentration of chloride ion was observed 
in a sample taken in the Bolshoy Izhorets River, 500 m 
downstream; the minimum concentration was observed in a 
sample taken from the main canal, 500 m below outlet No. 
1;
– The maximum concentration of potassium and calcium 
was observed in a sample taken in the Bolshoy Izhorets 
River, 500 m upstream; the minimum concentration was 
observed in a sample from the main canal, 500 m below 
outlet No. 1.
Groundwater monitoring: 
Pollutants were not identified at a depth of 95 m. The great-
est deviations from background groundwater concentrations 
were recorded in the landfill area.
Other conclusions:
The landfill and some other locations outside of it are the 
possible sources of pollution with, for example, magnesium, 
manganese and iron. 
(Panteleimonov 2021)

Air samples: 
Samples are 
taken from four 
points once a 
month. These 
samples are 
analysed for 15 
indicators.
Surface and 
wastewater 
samples:
Once a month 
from eight 
points.   
Groundwater 
monitoring:
15 observa-
tion wells and 
samples taken 
at least once a 
month.
Soil samples:
Samples taken 
once a year 
from four actual 
points and four 
control points.

131



Geological Survey of Finland, Open File Research Report 19/2022
Vuokko Malk, Arto Sormunen, Kristiina Nuottimäki, Marianne Valkama, Juho Rajala, Merike Kangas, Jaana Jarva and Tarja Hatakka

REFERENCES 

Carlin L. N. 2008. Development of a system of measures 
to minimize the impact of environmental hazards on 
the environment in the area of the Krasny Bor Haz
ardous waste landfill. 

Committee on Environmental Management, Environ-
mental Protection and Safety of St. Petersburg 2000. 
Review “Environmental Management, Environmental 
Protection and Safety in St. Petersburg in 2000.”

Committee on Environmental Management, Environ-
mental Protection and Safety of St. Petersburg 2003. 
Review “Environmental Management, Environmental 
Protection and Safety in St. Petersburg in 2003.”

Dikinis A. V. 2005. Development of a comprehensive pro
gram of environmental monitoring system and action 
plan of the state environmental monitoring of the 
Krasny Bor Hazardous waste landfill. 

HELCOM 2010. BALTHAZAR project 2009-2010: Reducing 
risks of hazardous wastes in Russia.

HELCOM 2014. Report on the Status of HELCOM hot 
spots in Russia. BASE Project – Implementation of 
the Baltic Sea Action Plan in Russia. Report on the 
Status of HELCOM hot spots in Russia. Available at: 
http://www.helcom.fi/Lists/Publications/Report%20
on%20the%20status%20of%20HELCOM%20hot%20
spots%20in%20Russia.pdf [Accessed 12.10.2021]

Littfass, D. 2016. Hazardous waste landfill Krasnyi Bor 
visited by HELCOM experts. Available at: https://hel
com.fi/toxic-waste-landfill-krasnyi-bor-visited-by-
helcomexperts/ [Accessed 12.10.2021]

Panteleimonov, T. 2021. Ministry of Natural Resources 
and Environment of the Russian Federation webinar 
presentation from area of Krasny Bor: Monitoring of 
the state of the environment in the area of the “Kras
ny Bor” landfill location. Result, Grade, Perspective. 
Presentation at EnviTox project webinar 13.9.2021.

RSHU (the Russian State Hydrometeorological Univer-
sity) 2004. Report on the research and development 
work “Comprehensive Analysis of the Impact of the 
Krasny Bor Landfill on the Ecological State of the  
Environment.”

RSHU (The Russian State Hydrometeorological Univer-
sity) 2008a. Report on the research and development 
work “Performing works on the 1st stage of develop
ing the system of measures to minimize the impact of 
hazardous environmental conditions on the environ
ment in the area of the Krasny Bor landfill.” 

RSHU (The Russian State Hydrometeorological Univer-
sity) 2008b. Report on the research and development 
work “Development of methods for risk assessment 
and mitigation of nature-man-made disasters in or
der to fulfill international obligations of the Russian 
Federation under the Helsinki Convention to minimize 
the impact of “hot spots” on the marine environment 
in the Baltic Sea Area (by means of an example of the 
Krasny Bor high-toxic landfill).” 

RSHU (The Russian State Hydrometeorological Univer-
sity) 2018. Report on the research and development 
work “Scientific research of the dynamics of pollut
ants from the Russian part of the watershed in the 
Baltic Sea in 2016 and 2017 and preparation of sci
entifically substantiated proposals to ensure applica
tions for exclusion of facilities that have significant 
negative impact on the environment in accordance 
with the criteria of the Helsinki Commission (HEL
COM), from the Joint Integrated Program of Environ
mental Measures in the Baltic Sea Region”, cipher 17-
10-НИР/02. 

State Environmental Oversight Committee of the Len-
ingrad Region. Dynamic monitoring of the environ
mental situation. Krasny Bor Landfill. Available at: 
https://eco.lenobl.ru/deiatelnost/dinamicheskoe-na
blyudenie-sostoyaniya-okruzhayushej-sredy/poli
gon-krasnyj-bor/ [Accessed 12.10.2021]

132

http://www.helcom.fi/Lists/Publications/Report%20on%20the%20status%20of%20HELCOM%20hot%20spots%20in%20Russia.pdf
http://www.helcom.fi/Lists/Publications/Report%20on%20the%20status%20of%20HELCOM%20hot%20spots%20in%20Russia.pdf
http://www.helcom.fi/Lists/Publications/Report%20on%20the%20status%20of%20HELCOM%20hot%20spots%20in%20Russia.pdf
https://helcom.fi/toxic-waste-landfill-krasnyi-bor-visited-by-helcom-experts/
https://helcom.fi/toxic-waste-landfill-krasnyi-bor-visited-by-helcom-experts/
https://helcom.fi/toxic-waste-landfill-krasnyi-bor-visited-by-helcom-experts/
https://eco.lenobl.ru/deiatelnost/dinamicheskoe-nablyudenie-sostoyaniya-okruzhayushej-sredy/poligon-krasnyj-bor/
https://eco.lenobl.ru/deiatelnost/dinamicheskoe-nablyudenie-sostoyaniya-okruzhayushej-sredy/poligon-krasnyj-bor/
https://eco.lenobl.ru/deiatelnost/dinamicheskoe-nablyudenie-sostoyaniya-okruzhayushej-sredy/poligon-krasnyj-bor/


Geological Survey of Finland, Open File Research Report 19/2022 
Environmental risk assessment of the Krasny Bor hazardous waste landfill surroundings and recommendations for risk management

Appendix 2

Concentrations of the key pollutants and other  
parameters in surface water, sediment and soil in Area 1

Contents

1  Surface water .................133
2  Sediment ........................136
3  Soil 0–5 cm ....................138
4  Soil 5–20 cm ..................139

1 SURFACE WATER

Table 1. Minimum, median and maximum values of the analysed parameters in surface water samples in Area 
1 and comparison with Russian and Finnish reference values. The statistical values are only presented for the 
parameters with concentrations above the detection limits. The reference values used in the calculations of the 
risk quotients are bolded.

Parameter Unit Minimum Median Maximum Number  
of  

samples

MPC
RUS1

(mg/l)

MPC 
RUS 

fishery2

(mg/l)

FIN EQS3

(mg/l)
Other  
references

Temperature (field 
measurement)

oC 5.5 16.2 23.0 15

pH (field  
measurement)

6.91 8.00 8.89 15

Electric conductiv-
ity (EC) (field  
measurement

mS/cm, 
25 oC

0.18 1.35 4.4 15

Oxygen (field  
measurement)

mg/l 3.8 7.3 11.6 15 4 6

Laboratory  
measurements:

TOC (Total organic 
carbon)

mg/l 10.6 48.0 97.0 15

DOC (Dissolved 
organic carbon)

mg/l 10.4 27.5 86.0 7

COD (Chemical 
oxygen demand)

mg/l 66.0 98.0 374 15 15

BOD5  
(Biological oxygen 
demand 5 days)

mg/l 4.0 21.0 81.0 15 2 2.1

BOD total  
(Biological oxygen 
demand total)

mg/l 17.0 24.5 47.0 8 3

Ammonium (NH4
+) mg/l 0.62 9.3 35.3 8 1.5 0.5

Ammonium  
nitrogen

mg/l 0.06 0.86 27.4 15

Nitrites (NO2
-) mg/l <0.01 <0.01 0.37 8 3 0.08

Nitrates (NO3
-) mg/l <0.01 0.26 100 15 45 40

Nitrogen nitrate mg/l <0.023 1.9 22.6 7 10.17
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Parameter Unit Minimum Median Maximum Number  
of  

samples

MPC
RUS1

(mg/l)

MPC 
RUS 

fishery2

(mg/l)

FIN EQS3

(mg/l)
Other  
references

Sulphate (SO4
2-) mg/l 8.2 24.3 242 15 500 100

Chloride ions (Cl-) mg/l <10 166 860 15 350 300

Fluoride ions (F-) mg/l 0.24 0.51 1.2 15 1.5 0.75

Hydrocarbonate 
(HCO3

-)
mg/l 45.8 368 1 410 15

Cyanide ions mg/l <0.005 <0.005 0.005 15

Evaporated resi-
due

mg/l 179 1 010 2 488 15

Suspended sub-
stances

mg/l 2.0 28.0 270 8

Sulphides (S2-) mg/l <0.0019 <0.0019 0.0210 15 0.05

Surface active  
anionic substances

mg/l 0.014 0.16 0.49 16 0.5–5 0.1

Aluminium (Al) mg/l 0.028 0.140 0.800 15 0.04

Arsenic (As) mg/l <0.0005 0.0017 0.0056 0.01 0.05

Bromides (Br) mg/l <0.05 <0.05 11.7 15 0.2 1.35

Cadmium (Cd) mg/l 0.000016 0.0005 0.0051 16 0.001 0.005 ≤0.00008- 
0.0015

Calcium (Ca) mg/l 17.0 84.0 184 15 180

Chromium 3+ mg/l <0.01 <0.01 0.013 8 0.07

Chromium (Cr) mg/l 0.00034 0.01 0.0180 15 0.05

Cobalt (Co) mg/l 0.00047 <0.005 0.047 16 0.1 0.01

Copper (Cu) mg/l <0.001 0.0035 0.0230 15 1 0.001

Iron (Fe) mg/l 0.083 0.960 9.5 15 0.3 0.1

Lead (Pb) mg/l <0.0002 <0.002 0.040 16 0.01 0.006

Magnesium (Mg) mg/l 5.8 31.0 118 15 50 40

Manganese (Mn) mg/l 0.0006 0.5000 5.67 16 0.1 0.01

Mercury (Hg) mg/l 0.00003 0.0001 0.0060 15 0.0005 0.00001 0.00007

Molybdenum 
(Mo) 4

mg/l <0.001 <0.001 0.0077 6

Neodymium (Nd) mg/l <0.0001 0.00031 0.00043 7

Nickel (Ni) mg/l 0.017 0.034 0.084 8 0.02 0.01 0.004–
0.034

Potassium (K) mg/l 0.5 13.0 165 15 50

Sodium (Na) mg/l 7.6 91.0 307 15 200 120

Strontium (Sr)4 mg/l 0.19 0.96 1.52 6

Vanadium (V) mg/l 0.00067 0.0035 0.1000 15 0.1 0.001

Zinc (Zn) mg/l <0.001 0.0073 0.67 15 5 0.01

Phenols mg/l <0.0005 0.0102 0.0280 8 0.1 0.001

2, 4, 5-Trichloro-
phenol  

mg/l <0.0001 <0.0001 0.00021 7

2,4,6-Trichloro-
phenol 

mg/l <0.0001 <0.0001 0.00016 7 0.004 0.0001

2,4-Dichlorophenol mg/l <0.0001 <0.0001 0.00023 7 0.002 0.0001

2- Chlorophenol mg/l <0.0001 <0.0001 0.00046 7 0.001 0.0001

2,6-Dichlorophenol mg/l <0.0001 <0.0001 0.00026 7

Anthracene mg/l <0.000001 <0.000001 0.0000038 0.0001 
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Parameter Unit Minimum Median Maximum Number  
of  

samples

MPC
RUS1

(mg/l)

MPC 
RUS 

fishery2

(mg/l)

FIN EQS3

(mg/l)
Other  
references

Acenaphthene mg/l <0.000006 <0.000006 0.000008 15 PNEC water 
0.0028 mg/l 
(EU RAR 
2008)

Indeno(1,2, 3-cd)- 
pyrene  

mg/l <0.00002 <0.00002 0.000024 15

Naphthalene mg/l <0.00002 <0.00002 0.0048 15 0.010 0.004 0.002–
0.13

Total PAH5 mg/l <0.001 0.02 4.8 15

Phenanthrene mg/l <0.000006 <0.000006 0.0000071 15 PNEC water 
0.0013 mg/l 
(EU RAR 
2008)

Fluorene mg/l <0.000006 <0.000006 0.000008 15

Total PCB6 mg/l 0.00080 0.00131 0.00234 8 0.001

1,1,1-Trichloro-
ethane  

mg/l <0.0001 <0.0001 0.00067 7 0.2

1,2-Dichloroethane  mg/l <0.0001 <0.0001 0.0130 7

Trihalomethanes 
(sum) 

mg/l <0.0001 <0.0001 0.0014 7

Trichloromethane 
(chloroform)

mg/l <0.0001 0.0055 0.0510 15 0.06 0.005 0.0025

Trichloroethylene 
(trichloroethene)

mg/l <0.00005 0.0050 0.1100 15 0.005 0.01 0.01

2,3,4,6-Tetra-
chlorophenol7 

mg/l <0.0001 <0.0001 0.0022 8

Formaldehyde mg/l <0.02 <0.02 0.15 15 0.05

1  SanPiN 1.2.3685-21 “Hygienic standards and requirements for ensuring the safety and (or) harmlessness of environmental factors for 
humans”.   

2  Order of the Ministry of Agriculture of the Russian Federation No. 552 dated 12/13/2016. “On the approval of water quality standards for 
fishery water bodies, including standards for maximum permissible concentrations of harmful substances in the waters of fishery water 
bodies.” 

3  Government Decree on Substances Dangerous and Harmful to the Aquatic Environment 23.11.2006/1022. Environmental Quality  
Standards in inland surface water. 

4  Surface water monitoring samples August 2021                                                                                                                                                     
5  Total PAH concentration, including the following compounds:  benzo(b)fluoranthene, benzo(g,h,i)perylene, benzo(k)fluoranthene and  

indeno(1,2,3-c,d)pyrene according to the calculation method based on Finnish OH 6/2014 for groundwater. Acenaphthylene was not 
analysed; anthracene, acenaphthene, benzo(a)anthracene, benzo(a)pyrene, dibenzo(a,h)anthracene, phenanthrene, fluoranthene,  
fluorene, chrysene, naphthalene and pyrene were analysed but not included in the PAH sum concentration. Several of these were  
detected in the samples, however. 

6  The total PCB concentration includes congeners 28, 52, 101, 118, 138, 153 and 180 according to the calculation method used in Finnish 
OH 6/2014 for groundwater. If the individual congener concentration is below the detection limit, the concentration is replaced with that 
of the limit of detection (upper bound method).                                                                                                                                                               
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2 SEDIMENT

Table 2. Minimum, median and maximum values of the analysed parameters in sediment samples in Area 1 
and comparison with Russian and Finnish reference values. The statistical values are only presented for the 
parameters with concentrations above the detection limits. The reference values used in the calculations of the 
risk quotients are bolded.

Parameter Unit Minimum Median Maximum Number 
of sam

ples

MPC/
APC
RUS1

(mg/kg)

FIN 
Threshold 

value2 (mg/
kg)

Other  
reference value 
(mg/kg) 

pH salt 5.27 6.21 7.45 10

Water content % 21.3 49.9 90.8 10

Loss on ignition 
(LOI)

% 55.9 86.5 97.7 10

Antimony (Sb) mg/kg <1 <1 3.8 3 4.5/ 2

Arsenic (As) mg/kg 0.87 1.5 4.6 10 -/2-10

Cadmium (Cd) mg/kg <0.05 0.68 3.8 10 -/0.5-2.0

Chromium (Cr) mg/kg 4.9 15.5 101 10 100

Cobalt (Co) mg/kg 1.8 6.9 10.0 10 5/-

Copper (Cu) mg/kg 6.7 24.2 588 10 3/33-132

Lead (Pb) mg/kg 3.6 12.3 204 10 6/32-130

Manganese (Mn) mg/kg 41.4 116 315 10 1 500/-

Mercury (Hg) mg/kg 0.010 0.465 0.590 10 2.1

Molybdenum 
(Mo)

mg/kg 0.44 1.9 6.1 10

Nickel (Ni) mg/kg 3.8 19.0 64.0 10 4/20-80

Strontium (Sr) mg/kg <0.5 <0.5 75.0 10

Vanadium (v) mg/kg <5 <5 25.0 10 150/-

Zinc (Zn) mg/kg 24.4 95.0 1 450 10 23/55-220

Phenols mg/kg 0.19 0.96 2.1 7 0.5
chloro-
phenols

PNEC soil phe
nol 0.136 mg/
kg (ECHA)

Benzo(a)pyrene mg/kg <0.005 <0.005 0.029 10 0.02 0.2

Total PAH mg/kg 0.075 0.172 0.600 10 154

Alpha-HCH mg/kg <0.001 <0.001 0.0010 10 0.1

Gamma-HCH mg/kg <0.001 <0.001 0.006 10 0.1/-

Hexachloro-
benzene

mg/kg <0.001 <0.001 0.004 10 -/0.03

Heptachlor mg/kg <0.001 <0.001 0.098 10 0.05/-

DDD mg/kg <0.001 <0.001 0.168 10

4,4-DDT mg/kg <0.001 0.003 0.040 10

DDE mg/kg <0.001 0.010 0.188 10

SUM: DDT, DDD, 
DDE

mg/kg <0.003 0.024 0.396 10 0.1

PCB-101 (2.2 ‘, 
4.5.5’ Pentachlo-
ro-biphenyl)

mg/kg 0.0034 0.0043 0.039 3 -/0.004

PCB-126 (3,3 ‘, 
4,4., 5- Penta-
chloro-biphenyl)

mg/kg <0.001 <0.001 0.003 3
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Parameter Unit Minimum Median Maximum Number 
of sam

ples

MPC/
APC
RUS1

(mg/kg)

FIN 
Threshold 

value2 (mg/
kg)

Other  
reference value 
(mg/kg) 

PCB-153 (2.2 ‘,  
4.4., 5.5’ – Hexa-
chloro-biphenyl) 

mg/kg <0.001 <0.001 0.028 3 -/0.004

PCB-28 (2,4,4- 
Trichlorobiphe-
nyl)

mg/kg <0.001 <0.001 0.016 3 -/0.001

PCB-52 (2,2 ‘, 
5,5’-tetrachloro-
biphenyl) 

mg/kg 0.0042 0.0064 0.030 3 -/0.001

Total PCB5 mg/kg <0.001 <0.01 0.27 7 -/0.02 0.1

Oil products mg/kg 2.5 144 2 600 10 3003

Sum of PCDD 
and PCDF6

mg/kg 0.0001 0.0001 0.0001 1 -/0.0000057, 
0.000058, 

0.0019

1  SanPiN 1.2.3685-21 “Hygienic standards and requirements for ensuring the safety and (or) harmlessness of environmental factors for 
humans”.  

2  Government Decree on the Assessment of Soil Contamination and Remediation Needs (214/2007). The threshold value is used as a 
trigger value, which if exceeded indicates the necessity for further investigations on potential contamination.

3  For C10-C40

4 Total PAH concentration, including the following compounds: anthracene, acenaphthene, benzo(a)anthracene, benzo(a)pyrene, benzo(b)
fluoranthene, benzo(g,h,i)perylene, benzo(k)fluoranthene, dibenzo(a,h)anthracene, phenanthrene, fluoranthene, fluorene, chrysene, 
naphthalene and pyrene. Acenaphthylene and indeno(1,2,3-c,d)pyrene were not analysed or included in the PAH sum concentration for 
soil samples. If the individual congener concentration is below the detection limit, the concentration is replaced with that of the limit of 
detection (upper bound method).

5  In the 1st phase (2019) of analyses, the laboratory did not inform which individual PCBs were included in the total sum of PCBs. In the 
2nd phase of analyses (2020), the total PCB concentration included congeners 28, 52, 101, 118, 138, 153 and 180 according to the cal-
culation method used in Finnish VnA 214/2007. If the individual congener concentration is below the detection limit, the concentration is 
replaced with that of the limit of detection (upper bound method).

6 Concentration corrected for I-TEQ. I-TEQ values are for the most part the same as WHO-TEQ, with the exception of 1,2,3,7,8-PeCDD 
(WHO assigns a TEF of 1, while the ITEF is 0.5) and OCDD/F (WHO-TEF is 0.0001, while ITEF is 0.001).

7  For agricultural land
8  For populated areas
9 For industrial areas
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3 SOIL 0–5 CM

Table 3. Minimum, median and maximum values of the analysed parameters in soil samples (sampling depth 
0–5 cm) in Area 1 and comparison with Russian and Finnish reference values. The statistical values are only 
presented for the parameters with concentrations above the detection limits. The reference values used in the 
calculations of the risk quotients are bolded. 

Parameter Unit Minimum Median Maximum Number 
of  

samples

MPC/
APC
RUS1

(mg/kg)

FIN  
Threshold 

value2 (mg/
kg)

Other reference 
value (mg/kg)

pH salt 3.12 3.56 6.86 18

Water content % 15.1 31.4 73.6 18

Loss on ignition 
(LOI)

% 10.1 77.0 92.2 18

Arsenic (As) mg/kg 0.26 1.3 4.2 18 -/ 2-10 5

Cadmium (Cd) mg/kg <0.05 0.23 1.3 18 -/0.5-2.0 1

Chromium (Cr) mg/kg 1.4 2.2 19.0 18 100

Cobalt (Co) mg/kg <0.5 0.68 4.3 18 5/- 20

Copper (Cu) mg/kg 3.1 14.5 24.0 18 3/33-132 100

Lead (Pb) mg/kg 3.8 25.0 46.4 18 6/32-130 60

Manganese (Mn) mg/kg 17.0 43.4 241 18 1 500/-

Mercury (Hg) mg/kg 0.014 0.067 15.7 18 2.1 0.5

Nickel (Ni) mg/kg 2.2 4.9 12.0 18 4/20-80 50

Vanadium (v) mg/kg <5 <5 6.4 18 150/- 100

Zinc (Zn) mg/kg 10.0 27.0 46.0 18 23/55-220 200

Phenols mg/kg 0.14 0.54 3.5 18 0.5
 chloro-phe-

nols

PNEC soil phe
nol 0.136 mg/
kg (ECHA)

Benzo(a)pyrene mg/kg <0.005 0.006 0.312 18 0.02 0.2

Gamma-HCH mg/kg <0.001 <0.001 0.002 18 0.1/- 0.01

Hexachloro-
benzene

mg/kg <0.001 <0.001 0.056 18 -/0.03 0.01

Heptachlor mg/kg <0.001 <0.001 0.030 18 0.05/- 0.01

DDD mg/kg <0.001 <0.001 0.025 18

DDE mg/kg <0.001 <0.001 0.015 18

4,4-DDT mg/kg <0.001 <0.001 0.026 18

SUM: DDT, DDD, 
DDE

mg/kg <0.003 <0.003 0.051 18 0.1

Total PCB4 mg/kg <0.01 <0.01 0.102 18 -/0.02 0.1

Oil products mg/kg <50 <50 235 18 3003

1  SanPiN 1.2.3685-21 “Hygienic standards and requirements for ensuring the safety and (or) harmlessness of environmental factors for 
humans”.  

2  Government Decree on the Assessment of Soil Contamination and Remediation Needs (214/2007). The threshold value is used as a 
trigger value, which if exceeded indicates the necessity for further investigations on potential contamination.

3  For C10-C40

4  The laboratory has not informed which individual PCBs are included in the total sum of PCBs. 
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4  SOIL 5–20 CM

Table 4. Minimum, median and maximum values of the analysed parameters in soil samples (sampling depth 
5–20 cm) in Area 1 and comparison with Russian and Finnish reference values. The statistical values are only 
presented for the parameters with concentrations above the detection limits. The reference values used in the 
calculations of the risk quotients are bolded.

Parameter Unit Minimum Median Maximum Number 
of  

samples

MPC/
APC
RUS1

(mg/kg)

FIN  
Threshold 

value2 (mg/
kg)

Other  
reference value 
(mg/kg)

pH salt 3.25 3.77 7.21 22

Water content % 5.6 18.1 68.1 22

Loss on ignition 
(LOI)

% 27.4 90.3 98.3 22

Arsenic (As) mg/kg <0.1 1.4 6.8 22 -/2-10 5

Cadmium (Cd) mg/kg <0.05 0.23 41.0 22 -/0.5-2.0 1

Chromium (Cr) mg/kg <0.5 2.9 598 22 100

Cobalt (Co) mg/kg <0.5 1.2 20.0 22 5/- 20

Copper (Cu) mg/kg 0.35 7.0 1 820 22 3/33-132 100

Lead (Pb) mg/kg 2.2 8.6 922 22 6/32-130 60

Manganese (Mn) mg/kg 2.1 16.0 5 850 22 1 500/-

Mercury (Hg) mg/kg <0.01 0.034 8.2 22 2.1 0.5

Molybdenum (Mo) mg/kg <0.25 <1 6.3 22

Nickel (Ni) mg/kg <0.5 1.5 462 22 4/20-80 50

Strontium (Sr) mg/kg <0.5 <0.5 40.0 22

Vanadium (v) mg/kg 1.9 2.5 13.0 22 150/- 100

Zinc (Zn) mg/kg 2.3 10.7 2 435 22 23/55-220 200

Phenols mg/kg 0.07 0.395 3.77 18 0.5
 chloro- 
phenols

PNEC soil phenol 
0.136 mg/kg 
(ECHA)

Anthracene mg/kg <0.001 <0.001 0.097 4 1

Benzo(a)  
anthracene 

mg/kg <0.006 <0.006 0.886 4 1

Benzo(a)pyrene mg/kg <0.005 <0.005 0.714 22 0.02 0.2

Benzo(b)  
fluoranthene  

mg/kg <0.006 0.118 0.611 4

Benzo(g,h,i)  
perylene  

mg/kg <0.006 0.066 0.629 4 PNEC soil
0.49 mg/kg
(Verbruggen 
2014)

Benzo(k)  
fluoranthene  

mg/kg 0.002 0.036 0.429 4 1

Dibenzo(a,h)  
anthracene 

mg/kg <0.006 <0.006 0.043 4

Naphthalene mg/kg <0.020 <0.020 1.4 4 1

Pyrene mg/kg <0.020 <0.020 1.37 4 PNEC soil
1 mg/kg 
(WCA 2014)

Total PAH mg/kg  0.11  0.42 9.55 4 154

Phenanthrene mg/kg <0.006 <0.006 0.343 4 1
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Parameter Unit Minimum Median Maximum Number 
of  

samples

MPC/
APC
RUS1

(mg/kg)

FIN  
Threshold 

value2 (mg/
kg)

Other  
reference value 
(mg/kg)

Fluoranthene mg/kg <0.020 <0.020 2.37 4 1

Fluorene mg/kg <0.006 <0.006 0.015 4 PNEC soil
1 mg/kg (Stern
beck et al. 2013)

Chrysene mg/kg <0.003 <0.003 0.637 4 PNEC soil      
1.6 mg/kg
(Verbruggen 
2012)

DDE mg/kg <0.001 <0.001 0.004 22

4,4-DDT mg/kg <0.001 <0.001 0.002 22

SUM: DDT, DDD, 
DDE

mg/kg <0.003 0.003 0.011 22 0.1

PCB-101 (2.2 ‘, 
4.5.5’ Pentachloro-
biphenyl)

mg/kg <0.001 <0.001 0.0046 4 -/0.004

PCB-153 (2.2 ‘, 4.4., 
5.5’ – Hexachloro-
biphenyl) 

mg/kg <0.001 <0.001 0.0044 4 -/0.004

PCB-52 (2,2 ‘, 
5,5’-tetrachloro-
biphenyl) 

mg/kg <0.001 <0.001 0.0035 4 -/0.001

Total PCB5 mg/kg <0.003 <0.03 0.017 19 -/0.02 0.1

Sum of PCDD and 
PCDF6

mg/kg 0.005 0.005 0.005 1 -/0.0000057, 
0.000058, 

0.0019

Oil products mg/kg <50 <50 177 22 3003

1  SanPiN 1.2.3685-21 “Hygienic standards and requirements for ensuring the safety and (or) harmlessness of environmental factors for 
humans”. 

2  Government Decree on the Assessment of Soil Contamination and Remediation Needs (214/2007). The threshold value is used as a 
trigger value, which if exceeded indicates the necessity for further investigations on potential contamination.

3  For C10-C40 
4 Total PAH concentration, including the following compounds: anthracene, acenaphthene, benzo(a)anthracene, benzo(a)pyrene, benzo(b)

fluoranthene, benzo(g,h,i)perylene, benzo(k)fluoranthene, dibenzo(a,h)anthracene, phenanthrene, fluoranthene, fluorene, chrysene, 
naphthalene and pyrene. Acenaphthylene and indeno(1,2,3-c,d)pyrene were not analysed or included in the PAH sum concentration for 
soil samples. If the individual congener concentration is the below detection limit, the concentration is replaced with that of the limit of 
detection (upper bound method).

5  In the 1st phase (2019) of analyses, the laboratory did not inform which individual PCBs were included in the total sum of PCBs. In the 
2nd phase of analyses (2020), the total PCB concentration included congeners 28, 52, 101, 118, 138, 153 and 180 according to the cal-
culation method used in Finnish VnA 214/2007. If the individual congener concentration is below the detection limit, the concentration is 
replaced with that of the limit of detection (upper bound method).

6  Concentration corrected for I-TEQ. I-TEQ values are for the most part the same as WHO-TEQ, with the exception of 1,2,3,7,8-PeCDD 
(WHO assigns a TEF of 1, while the ITEF is 0.5) and OCDD/F (WHO-TEF is 0.0001, while ITEF is 0.001).

7  For agricultural land
8  For populated areas
9  For industrial areas

Table 4. Cont.
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Appendix 3

Concentrations of the key pollutants and other  
parameters in surface water, sediment and soil in Area 2

Contents

1  Surface water ................. 141
2  Sediment ....................... 144
3  Soil 0–5 cm ................... 146
4  Soil 5–20 cm ..................147

1 SURFACE WATER

Table 1. Minimum, median and maximum values of the analysed parameters in surface water samples in Area 
2 and comparison with Russian and Finnish reference values. The statistical values are only presented for the 
parameters with concentrations above the detection limits. The reference values used in the calculations of the 
risk quotients are bolded.

Parameter Unit Minimum Median Maximum Number 
of  

samples

MPC
RUS1

(mg/l)

MPC 
RUS 

fishery2

(mg/l)

FIN EQS3 

(mg/l)
Other  
references

Temperature (field 
measurement)

oC 3.4 14.7 23.3 15

pH (field  
measurement)

7.00 7.90 9.14 15

Electric conductivity 
(EC) (field  
measurement

mS/cm, 
25 oC

0.39 0.80 9.88 15

Oxygen (field  
measurement)

mg/l 4.4 7.4 23.1 15 4 6

Laboratory  
measurements:

TOC (Total organic 
carbon)

mg/l 8.7 26.3 83.0 15

DOC (Dissolved  
organic carbon)

mg/l 8.0 23.4 68.6 7

COD (Chemical  
oxygen demand)

mg/l 2.5 86.0 305 15 15

BOD5 (Biological oxy-
gen demand 5 days)

mg/l 1.0 17.0 101 15 2 2.1

BOD total (Biological 
oxygen demand total)

mg/l 1.0 14.0 142 9 3

Ammonium (NH4
+) mg/l 0.330 0.685 7.3 6 1.5 0.5

Ammonium nitrogen mg/l 0.024 0.57 5.7 15

Nitrites (NO2
-) mg/l <0.01 0.16 0.39 9 3 0.08

Nitrates (NO3
-) mg/l <0.01 1.0 44.9 15 45 40
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Parameter Unit Minimum Median Maximum Number 
of  

samples

MPC
RUS1

(mg/l)

MPC 
RUS 

fishery2

(mg/l)

FIN EQS3 

(mg/l)
Other  
references

Nitrogen nitrate mg/l 0.52 2.4 4.2 6 10.17

Sulphate (SO4
2-) mg/l 21.1 42.0 210 15 500 100

Chloride ions (Cl-) mg/l 32.3 92.3 3 079 15 350 300

Fluoride ions (F-) mg/l 0.08 0.43 1.3 15 1.5 0.75

Hydrocarbonate 
(HCO3

-)
mg/l 7.9 357 445 15

Evaporated residue mg/l 308 495 5 530 15

Suspended  
substances

mg/l 2.0 16.0 150 9

Sulphides (S2-) mg/l <0.0019 <0.019 0.014 15 0.05

Surface active  
anionic substances

mg/l <0.01 0.08 0.28 15 0.5–5 0.1

Aluminium (Al) mg/l 0.012 0.13 0.88 15 0.04

Arsenic (As) mg/l <0.0005 0.0011 0.0029 6 0.01 0.05

Bromides (Br) mg/l <0.05 0.315 9.4 14 0.2 1.35

Cadmium (Cd) mg/l 0.00011 0.00050 0.0010 15 0.001 0.005 ≤0.00008–
0.0015 

Calcium (Ca) mg/l 11.0 68.0 159 15 180

Chromium 3+ mg/l <0.01 0.010 0.047 9 0.07

Chromium mg/l 0.00053 0.0100 0.052 15

Cobalt (Co) mg/l 0.00032 0.0025 0.013 15 0.1 0.01

Copper (Cu) mg/l 0.0015 0.0068 0.017 15 1 0.001

Iron (Fe) mg/l 0.14 0.35 3.7 15 0.3 0.1

Lead (Pb) mg/l 0.00028 0.0056 0.060 15 0.01 0.006

Magnesium (Mg) mg/l 3.2 28.0 39.0 15 50 40

Manganese (Mn) mg/l 0.021 0.31 1.1 15 0.1 0.01

Mercury (Hg) mg/l 0.00006 0.0001 0.0034 15 0.0005 0.00001 0.00007

Molybdenum4 mg/l 0.023 0.023 0.023 1

Neodymium (Nd) mg/l <0.0001 <0.0001 0.0016 6

Nickel (Ni) mg/l <0.005 0.039 0.100 9 0.02 0.01 0.004–
0.034

Potassium (K) mg/l 0.5 7.2 32.0 15 50

Sodium (Na) mg/l 16.0 56.0 968 15 200 120

Strontium4 mg/l 1.1 1.1 1.1 1

Vanadium (V) mg/l 0.00088 0.0026 0.0040 15 0.1 0.001

Zinc (Zn) mg/l <0.001 0.015 0.062 15 5 0.01

Phenols mg/l <0.0005 0.0025 0.012 9 0.1 0.001

Anthracene mg/l <0.000001 <0.000001 0.000001 15 0.0001 

Acenaphthene mg/l <0.000006 <0.000006 0.000019 15 PNEC wa
ter 0.0028 
mg/l (EU 
RAR 2008)

Benzo(a)anthracene mg/l <0.000006 <0.000006 0.000006 15

Table 1. Cont.
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Parameter Unit Minimum Median Maximum Number 
of  

samples

MPC
RUS1

(mg/l)

MPC 
RUS 

fishery2

(mg/l)

FIN EQS3 

(mg/l)
Other  
references

Benzo(a)pyrene mg/l <0.000001 <0.000001 0.0000034 15 0.01 0.027

Benzo(k)fluoranthene  mg/l <0.000001 <0.000001 0.0000014 15

Indeno(1,2, 3-cd)- 
pyrene  

mg/l <0.00002 <0.00002 0.000024

Naphthalene mg/l <0.00002 <0.00002 0.00008 15 0.010 0.004 0.002–0.13

Total PAH5 mg/l <0.001 0.020 0.081 15

Phenanthrene mg/l <0.000006 <0.000006 0.000012 15 PNEC wa
ter 0.0013 
mg/l (EU 
RAR 2008)

Chrysene mg/l <0.000003 <0.000003 0.0000034 15

Total PCB6 mg/l 0.00098 0.00148 0.00550 9 0.001

1,1,1-Trichloroethane  mg/l <0.0001 <0.0001 0.00012 6 0.2

Trihalomethanes 
(sum) 

mg/l <0.0001 <0.0001 0.0037 6

Trichloromethane 
(chloroform)

mg/l <0.0001 0.0055 0.019 15 0.06 0.005 0.0025

Trichloroethylene 
(trichloroethene)

mg/l <0.00005 0.0050 0.0050 15 0.005 0.01 0.01

4-Chloro-3-Methyl-
phenol 

mg/l <0.0001 <0.0001 0.0034 5

Formaldehyde mg/l <0.02 <0.02 0.037 15 0.05

1  SanPiN 1.2.3685-21 “Hygienic standards and requirements for ensuring the safety and (or) harmlessness of environmental factors for 
humans”. 

2  Order of the Ministry of Agriculture of the Russian Federation No. 552 dated 12/13/2016. “On the approval of water quality standards for 
fishery water bodies, including standards for maximum permissible concentrations of harmful substances in the waters of fishery water 
bodies.” 

3 Government Decree on Substances Dangerous and Harmful to the Aquatic Environment 23.11.2006/1022. Environmental Quality  
Standards in inland surface water. 

4  Surface water monitoring samples August 2021.
5  Total PAH concentration, including the following compounds:  benzo(b)fluoranthene, benzo(g,h,i)perylene, benzo(k)fluoranthene and  

indeno(1,2,3-c,d)pyrene according to calculation method based on Finnish OH 6/2014 for groundwater. Acenaphthylene was not ana-
lysed; anthracene, acenaphthene, benzo(a)anthracene, benzo(a)pyrene, dibenzo(a,h)anthracene, phenanthrene, fluoranthene, fluorene, 
chrysene, naphthalene and pyrene were analysed but not included in the PAH sum concentration. Several of these were detected in the 
samples, however.

6  The total PCB concentration includes congeners 28, 52, 101, 118, 138, 153 and 180 according to the calculation method used in Finnish 
OH 6/2014 for groundwater. If the individual congener concentration is below the detection limit, the concentration is replaced with that 
of the limit of detection (upper bound method).

Table 1. Cont.
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2 SEDIMENT

Table 2. Minimum, median and maximum values of the analysed parameters in sediment samples in Area 2 
and comparison with Russian and Finnish reference values. The statistical values are only presented for the 
parameters with concentrations above the detection limits. The reference values used in the calculations of the 
risk quotients are bolded.

Parameter Unit Minimum Median Maximum Number 
of  

samples

MPC/
APC
RUS1

(mg/kg)

FIN  
Threshold 

value2 (mg/
kg)

Other  
reference value 
(mg/kg)

pH salt 5.09 6.31 7.54 12

Water content % 18.2 47.4 61.3 12

Loss on ignition (LOI) % 62.4 90.9 97.5 12

Arsenic (As) mg/kg 0.40 1.5 5.7 12 -/2-10

Cadmium (Cd) mg/kg 0.07 2.2 24.9 12 -/0.5-2.0

Chromium (Cr) mg/kg 2.9 18.5 134 12 100

Cobalt (Co) mg/kg 1.2 4.5 12.1 12 5/-

Copper (Cu) mg/kg 18.4 33.0 112 12 3/33-132

Lead (Pb) mg/kg 3.6 8.6 30.9 12 6/32-130

Manganese (Mn) mg/kg 30.0 117 1 000 12 1 500/-

Mercury (Hg) mg/kg 0.025 0.054 0.433 12 2.1

Molybdenum (Mo) mg/kg 0.45 0.50 16.0 12

Nickel (Ni) mg/kg 11.8 14.9 173 12 4/20-80

Strontium (Sr) mg/kg <0.5 <0.5 30.0 12

Vanadium (v) mg/kg <5 <5 62.0 12 150/-

Zinc (Zn) mg/kg 30.0 96.2 800 12 23/55-220

Phenols mg/kg 0.11 1.4 2.8 8 0.5
 chloro- 
phenols

PNEC soil  
phenol 0.136 
mg/kg (ECHA)

Benzo(a)pyrene mg/kg 0.001 0.011 0.180 12 0.02 0.2

Total PAH mg/kg 0.098 0.535 2.3 8 154

Fluoranthene mg/kg <0.020 <0.020 0.102 4 1

Alpha-HCH mg/kg <0.001 <0.001 0.020 12 0.1

Gamma-HCH mg/kg <0.001 <0.001 0.009 12 0.1/-

Hexachloro-benzene mg/kg <0.001 <0.001 0.004 12 -/0.03

Heptachlor mg/kg <0.001 <0.001 0.105 12 0.05/-

DDD mg/kg <0.001 <0.001 0.917 12

4,4-DDT mg/kg <0.001 <0.001 0.037 12

DDE mg/kg <0.001 <0.001 0.171 12

SUM: DDT, DDD, 
DDE

mg/kg <0.003 <0.03 1.104 12 0.1

PCB-101 (2.2 ‘, 
4.5.5’ Pentachloro-
biphenyl)

mg/kg <0.001 <0.001 0.048 4 -/0.004

PCB-153 (2.2 ‘, 4.4., 
5.5’ – Hexachloro-
biphenyl) 

mg/kg <0.001 <0.001 0.029 4 -/0.004
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Parameter Unit Minimum Median Maximum Number 
of  

samples

MPC/
APC
RUS1

(mg/kg)

FIN  
Threshold 

value2 (mg/
kg)

Other  
reference value 
(mg/kg)

PCB-28 (2,4,4- 
Trichlorobiphenyl)

mg/kg <0.001 <0.001 0.190 4 -/0.001

PCB-52 (2,2 ‘, 
5,5’-tetrachloro-
biphenyl) 

mg/kg <0.001 <0.001 0.082 4 -/0.001

Total PCB5 mg/kg <0.001 0.007 0.351 8 -/0.02 0.1

Oil products mg/kg 2.5 289 1 540 12 3003

Sum of PCDD and 
PCDF6

mg/kg 0.000011 0.000024 0.000036 1 -/0.0000057, 
0.000058, 

0.0019

1  SanPiN 1.2.3685-21 “Hygienic standards and requirements for ensuring the safety and (or) harmlessness of environmental factors for 
humans”.  

2  Government Decree on the Assessment of Soil Contamination and Remediation Needs (214/2007). The threshold value is used as a 
trigger value, which if exceeded indicates the necessity for further investigations on potential contamination.

3  for C10-C40

4  Total PAH concentration, including the following compounds: anthracene, acenaphthene, benzo(a)anthracene, benzo(a)pyrene, benzo(b)
fluoranthene, benzo(g,h,i)perylene, benzo(k)fluoranthene, dibenzo(a,h)anthracene, phenanthrene, fluoranthene, fluorene, chrysene, 
naphthalene and pyrene. Acenaphthylene and indeno(1,2,3-c,d)pyrene were not analysed or included in the PAH sum concentration for 
soil samples. If the individual congener concentration is below the detection limit, the concentration is replaced with that of the limit of 
detection (upper bound method).

5  The laboratory has not informed which individual PCBs are included in the total sum of PCBs.
6  Concentration corrected for I-TEQ. I-TEQ values are for the most part the same as WHO-TEQ, with the exception of 1,2,3,7,8-PeCDD 

(WHO assigns a TEF of 1, while the ITEF is 0.5) and OCDD/F (WHO-TEF is 0.0001, while ITEF is 0.001).
7  For agricultural land
8  For populated areas
9  For industrial areas

Table 2. Cont.
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3 SOIL 0–5 CM

Table 3. Minimum, median and maximum values of the analysed parameters in soil samples (sampling depth 
0–5 cm) in Area 2 and comparison with Russian and Finnish reference values. The statistical values are only 
presented for the parameters with concentrations above the detection limits. The reference values used in the 
calculations of the risk quotients are bolded. 

Parameter Unit Minimum Median Maximum Number 
of  

samples

MPC/
APC
RUS1

(mg/kg)

FIN  
Threshold 

value2  
(mg/kg)

Other  
reference 
value  
(mg/kg)

pH salt 2.99 3.74 4.85 17

Water content % 14.1 51.3 76.7 17

Loss on ignition 
(LOI)

% 11.1 55.5 85.2 17

Arsenic (As) mg/kg <0.05 1.7 4.1 17 -/ 2-10 5

Cadmium (Cd) mg/kg <0.05 0.25 2.0 17 -/0.5-2.0 1

Chromium (Cr) mg/kg 1.2 9.6 19.0 17 100

Cobalt (Co) mg/kg <0.5 1.6 9.5 17 5/- 20

Copper (Cu) mg/kg 2.9 16.2 40.1 17 3/33-132 100

Lead (Pb) mg/kg 2.9 19.1 114 17 6/32-130 60

Manganese (Mn) mg/kg 8.3 16.2 146 17 1 500/-

Mercury (Hg) mg/kg 0.012 0.095 0.414 17 2.1 0.5

Nickel (Ni) mg/kg 2.4 8.5 17.0 17 4/20-80 50

Vanadium (v) mg/kg <5 <5 8.4 17 150/- 100

Zinc (Zn) mg/kg 4.1 19.8 46.0 17 23/55-220 200

Phenols mg/kg 0.30 0.64 2.1 17 0.5
 chloro-
phenols

PNEC soil  
phenol 0.136 
mg/kg (ECHA)

Benzo(a)pyrene mg/kg <0.005 <0.005 0.095 17 0.02 0.2

Hexachloro-ben-
zene

mg/kg <0.001 <0.001 0.0040 17 -/0.03 0.01

DDD mg/kg <0.001 <0.001 0.008 17

DDE mg/kg <0.001 <0.001 0.002 17

4,4-DDT mg/kg <0.001 <0.001 0.002 17

SUM: DDT, DDD, 
DDE

mg/kg <0.003 <0.003 0.009 17 0.1

Total PCB4 mg/kg <0.01 <0.01 0.089 17 -/0.02 0.1

Oil products mg/kg <50 <50 338 17 3003

1 SanPiN 1.2.3685-21 “Hygienic standards and requirements for ensuring the safety and (or) harmlessness of environmental factors for 
humans”. 

2  Government Decree on the Assessment of Soil Contamination and Remediation Needs (214/2007). The threshold value is used as a 
trigger value, which if exceeded indicates the necessity for further investigations on potential contamination.

3  For C10-C40

4  The laboratory has not informed which individual PCBs are included in the total sum of PCBs. 
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4 SOIL 5–20 CM

Table 4. Minimum, median and maximum values of the analysed parameters in soil samples (sampling depth 
5–20 cm) in Area 2 and comparison with Russian and Finnish reference values. The statistical values are only 
presented for the parameters with concentrations above the detection limits. The reference values used in the 
calculations of the risk quotients are bolded.

Parameter Unit Minimum Median Maximum Number 
of  

samples

MPC/
APC
RUS1

(mg/kg)

FIN  
Threshold 

value2  
(mg/kg)

Other reference 
value  
(mg/kg)

pH salt 2.87 3.81 4.66 18

Water content % 10.4 26.2 71.2 18

Loss on ignition 
(LOI)

% 3.0 78.6 97.8 18

Arsenic (As) mg/kg 0.07 0.93 11.0 18 -/2-10 5

Cadmium (Cd) mg/kg <0.05 <0.05 0.87 18 -/0.5-2.0 1

Chromium (Cr) mg/kg 0.6 4.7 19.0 18 100

Cobalt (Co) mg/kg <0.5 0.62 7.8 18 5/- 20

Copper (Cu) mg/kg 0.66 9.4 23.0 18 3/33-132 100

Lead (Pb) mg/kg 1.2 13.3 31.0 18 6/32-130 60

Manganese (Mn) mg/kg 1.2 17.0 70.0 18 1 500/-

Mercury (Hg) mg/kg 0.006 0.026 0.250 18 2.1 0.5

Molybdenum (Mo) mg/kg 0.4 0.5 0.5 18

Nickel (Ni) mg/kg <0.5 7.6 17.0 18 4/20-80 50

Strontium (Sr) mg/kg <0.5 <0.5 5.6 18

Vanadium (v) mg/kg 1.9 <5 8.8 18 150/- 100

Zinc (Zn) mg/kg 0.7 10.8 36.0 18 23/55-220 200

Phenols mg/kg 0.18 0.47 4.2 17 0.5
 chloro-
phenols

PNEC soil  
phenol 0.136 
mg/kg (ECHA)

Anthracene mg/kg 0.0034 0.0034 0.0034 1 1

Benzo(a)  
anthracene 

mg/kg 0.0084 0.0084 0.0084 1 1

Benzo(a)pyrene mg/kg <0.005 <0.005 0.0198 18 0.02 0.2

Benzo(b) fluoran-
thene  

mg/kg 0.022 0.022 0.022 1

Benzo(g,h,i)  
perylene  

mg/kg 0.014 0.014 0.014 1 PNEC soil
0.49 mg/kg
(Verbruggen 
2014)

Benzo(k)  
fluoranthene  

mg/kg 0.0132 0.0132 0.0132 1 1

Pyrene mg/kg 0.040 0.040 0.040 1 PNEC soil
1 mg/kg 
(WCA 2014)

Total PAH mg/kg 154

Phenanthrene mg/kg 0.0268 0.0268 0.0268 1 1

Fluoranthene mg/kg 0.0388 0.0388 0.0388 1 1
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Parameter Unit Minimum Median Maximum Number 
of  

samples

MPC/
APC
RUS1

(mg/kg)

FIN  
Threshold 

value2  
(mg/kg)

Other reference 
value  
(mg/kg)

Chrysene mg/kg 0.0268 0.0268 0.0268 1 PNEC soil      
1.6 mg/kg
(Verbruggen 
2012)

Heptachlor mg/kg <0.001 <0.001 0.002 18 0.05/- 0.01

DDD mg/kg <0.001 <0.001 0.001 18

DDE mg/kg <0.001 <0.001 0.010 18

4,4-DDT mg/kg <0.001 <0.001 0.002 18

SUM: DDT, DDD, 
DDE

mg/kg <0.003 <0.003 0.010 18 0.1

Sum of PCDD and 
PCDF5

mg/kg 0.000034 0.000034 0.000034 1 -/0.0000056, 
0.000057, 

0.0018

Oil products mg/kg <50 <50 326 18 3003

1 SanPiN 1.2.3685-21 “Hygienic standards and requirements for ensuring the safety and (or) harmlessness of environmental factors for 
humans”. 

2  Government Decree on the Assessment of Soil Contamination and Remediation Needs (214/2007). The threshold value is used as a 
trigger value, which if exceeded indicates the necessity for further investigations on potential contamination.

3  For C10-C40

4  Total PAH concentration, including the following compounds: anthracene, acenaphthene, benzo(a)anthracene, benzo(a)pyrene, benzo(b)
fluoranthene, benzo(g,h,i)perylene, benzo(k)fluoranthene, dibenzo(a,h)anthracene, phenanthrene, fluoranthene, fluorene, chrysene, 
naphthalene and pyrene. Acenaphthylene and indeno(1,2,3-c,d)pyrene were not analysed or included in the PAH sum concentration for 
soil samples. If the individual congener concentration is below the detection limit, the concentration is replaced with that of the limit of 
detection (upper bound method).

5  Concentration corrected for I-TEQ. I-TEQ values are for the most part the same as WHO-TEQ, with the exception of 1,2,3,7,8-PeCDD 
(WHO assigns a TEF of 1, while the ITEF is 0.5) and OCDD/F (WHO-TEF is 0.0001, while ITEF is 0.001).

6  For agricultural land
7  For populated areas
8  For industrial areas

Table 4. Cont.
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Appendix 4

Concentrations of the key pollutants and other  
parameters in surface water, sediment and soil in Area 3

Contents

1  Surface water ................ 149
2  Sediment ........................152
3  Soil 0–5 cm ................... 154
4  Soil 5–20 cm ..................155

1 SURFACE WATER

Table 1. Minimum, median and maximum values of the analysed parameters in surface water samples in Area 
3 and comparison with Russian and Finnish reference values. The statistical values are only presented for the 
parameters with concentrations above the detection limits. The reference values used in the calculations of the 
risk quotients are bolded.

Parameter Unit Minimum Median Maximum Number 
of  

samples

MPC
RUS1

(mg/l)

MPC RUS 
fishery2

(mg/l)

FIN EQS3 

(mg/l)
Other  
references

Temperature (field 
measurement)

oC 7.1 15.3 21.0 9

pH (field measure-
ment)

6.70 7.60 7.99 9

Electric conduc-
tivity (EC) (field 
measurement

mS/cm, 
25 oC

0.25 0.37 0.70 9

Oxygen (field 
measurement)

mg/l 7.5 8.4 9.0 9 4 6

Laboratory  
measurements:

TOC (Total organic 
carbon)

mg/l 25.0 31.0 54.4 9

DOC (Dissolved 
organic carbon)

mg/l 27.9 30.5 53.5 4

COD (Chemical 
oxygen demand)

mg/l 43.0 88.0 287 9 15

BOD5 (Biological 
oxygen demand  
5 days)

mg/l 1.0 5.0 47.0 9 2 2.1

BOD total 
(Biological oxygen 
demand total)

mg/l 1.0 10.0 56.0 9 3

Ammonium (NH4
+) mg/l 0.95 1.4 3.5 4 1.5 0.5

Ammonium  
nitrogen

mg/l <0.01 0.16 2.7 9

Nitrites (NO2
-) mg/l <0.01 <0.01 0.06 5 3 0.08
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Parameter Unit Minimum Median Maximum Number 
of  

samples

MPC
RUS1

(mg/l)

MPC RUS 
fishery2

(mg/l)

FIN EQS3 

(mg/l)
Other  
references

Nitrates (NO3
-) mg/l 0.01 0.53 21.9 9 45 40

Nitrogen nitrate mg/l 0.13 3.1 5.0 4 10.17

Sulphate (SO4
2-) mg/l 1.0 7.5 48.3 9 500 100

Chloride ions (Cl-) mg/l 19.1 41.0 148 9 350 300

Fluoride ions (F-) mg/l 0.08 0.27 0.33 9 1.5 0.75

Hydrocarbonate 
(HCO3

-)
mg/l 22.6 117 168 9

Cyanide ions mg/l <0.005 <0.005 0.005 9

Evaporated resi-
due

mg/l 226 326 490 9

Suspended  
substances

mg/l 0.7 6.0 41.0 5

Sulphides (S2-) mg/l <0.0019 <0.0019 0.001 9 0.05

Surface active  
anionic substances

mg/l <0.01 0.02 0.11 9 0.5 – 5 0.1

Aluminium (Al) mg/l 0.062 0.220 0.920 9 0.04

Arsenic (As) mg/l 0.00080 0.00102 0.00180 4 0.01 0.05

Bromides (Br) mg/l <0.05 <0.05 1.7 9 0.2 1.35

Cadmium (Cd) mg/l 0.000030 0.000047 0.005 5 0.001 0.005 ≤0.00008–
0.0015 

Calcium (Ca) mg/l 15.0 32.0 107 9 180

Chromium (Cr) mg/l 0.0011 0.010 0.010 9 0.05

Cobalt (Co) mg/l 0.00042 0.00062 0.00069 4 0.1 0.01

Copper (Cu) mg/l 0.002 0.0046 0.0085 9 1 0.001

Iron (Fe) mg/l 0.76 1.9 4.0 9 0.3 0.1

Lead (Pb) mg/l 0.00087 0.0022 0.039 9 0.01 0.006

Magnesium (Mg) mg/l 8.5 14.0 24.0 9 50 40

Manganese (Mn) mg/l 0.056 0.110 0.26 10 0.1 0.01

Mercury (Hg) mg/l 0.00010 0.00016 0.00180 9 0.0005 0.00001 0.00007

Neodymium (Nd) mg/l 0.00047 0.00062 0.00076 4

Nickel (Ni) mg/l <0.005 <0.005 0.096 6 0.02 0.01 0.004–
0.034

Potassium (K) mg/l 0.5 5.7 26.0 9 50

Sodium (Na) mg/l 14.0 22.0 69.0 9 200 120

Vanadium (V) mg/l <0.002 <0.002 0.0031 9 0.1 0.001

Zinc (Zn) mg/l <0.001 0.011 0.086 10 5 0.01

Phenols mg/l <0.0005 0.0012 0.0056 5 0.1 0.001

Anthracene mg/l <0.000001 <0.000001 0.0000011 9 0.0001 

Acenaphthene mg/l <0.000006 <0.000006 0.000009 9 PNEC wa
ter 0.0028 
mg/l (EU 
RAR 2008)

Benzo(a)anthra-
cene 

mg/l <0.000006 <0.000006 0.000014 9

Table 1. Cont.
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Parameter Unit Minimum Median Maximum Number 
of  

samples

MPC
RUS1

(mg/l)

MPC RUS 
fishery2

(mg/l)

FIN EQS3 

(mg/l)
Other  
references

Benzo(a)pyrene mg/l <0.000001 <0.000001 0.0000087 9 0.01 0.027

Benzo(k)fluoran-
thene  

mg/l <0.000001 <0.000001 0.0000027 9

Total PAH4 mg/l <0.001 0.020 0.037 9

Phenanthrene mg/l <0.000006 <0.000006 0.0000068 9 PNEC wa
ter 0.0013 
mg/l (EU 
RAR 2008)

Chrysene mg/l <0.000003 <0.000003 0.0000051 9

Total PCB5 mg/l 0.00037 0.00181 0.0350 5 0.001

Trihalomethanes 
(sum) 

mg/l <0.0001 <0.0001 0.00028 4

Trichloromethane 
(chloroform)

mg/l <0.0001 0.0055 0.0055 9 0.06 0.005 0.0025

Formaldehyde mg/l <0.02 <0.02 0.023 9 0.05

1  SanPiN 1.2.3685-21 “Hygienic standards and requirements for ensuring the safety and (or) harmlessness of environmental factors for 
humans”.

2  Order of the Ministry of Agriculture of the Russian Federation No. 552 dated 12/13/2016. “On the approval of water quality standards for 
fishery water bodies, including standards for maximum permissible concentrations of harmful substances in the waters of fishery water 
bodies.” 

3  Government Decree on Substances Dangerous and Harmful to the Aquatic Environment 23.11.2006/1022. Environmental Quality Stan-
dards in inland surface water. 

4  Total PAH concentration, including the following compounds: benzo(b)fluoranthene, benzo(g,h,i)perylene, benzo(k)fluoranthene and 
indeno(1,2,3-c,d)pyrene according to the calculation method based on Finnish OH 6/2014 for groundwater. Acenaphthylene was not 
analysed; anthracene, acenaphthene, benzo(a)anthracene, benzo(a)pyrene, dibenzo(a,h)anthracene, phenanthrene, fluoranthene, 
fluorene, chrysene, naphthalene and pyrene were analysed but not included in the PAH sum concentration. Several of these were  
detected in the samples, however.

5  The total PCB concentration includes congeners 28, 52, 101, 118, 138, 153 and 180 according to the calculation method used in Finnish 
OH 6/2014 for groundwater. If the individual congener concentration is below the detection limit, the concentration is replaced with that 
of the limit of detection (upper bound method). Surface water monitoring samples August 2021.

Table 1. Cont.
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2 SEDIMENT

Table 2. Minimum, median and maximum values of the analysed parameters in sediment samples in Area 3 
and comparison with Russian and Finnish reference values. The statistical values are only presented for the 
parameters with concentrations above the detection limits. The reference values used in the calculations of the 
risk quotients are bolded.

Parameter Unit Minimum Median Maximum Number 
of  

samples

MPC/
APC
RUS1

(mg/kg)

FIN  
Threshold 

value2 
(mg/kg)

Other  
reference  
value (mg/kg)

pH salt 5.04 7.16 8.15 8

Water content % 17.0 28.5 71.0 8

Loss on ignition 
(LOI)

% 42.6 96.8 98.0 8

Arsenic (As) mg/kg 0.28 1.1 6.4 8 -/2-10

Cadmium (Cd) mg/kg <0.05 0.13 0.42 8 -/0.5-2.0

Chromium (Cr) mg/kg 1.2 10.1 17.0 8 100

Cobalt (Co) mg/kg 1.2 2.4 5.9 5/-

Copper (Cu) mg/kg 3.8 14.4 89.0 8 3/33-132

Lead (Pb) mg/kg 3.4 7.2 54.0 8 6/32-130

Manganese (Mn) mg/kg 60.0 121 350 8 1 500-/

Mercury (Hg) mg/kg 0.009 0.019 0.249 8 2.1

Molybdenum (Mo) mg/kg 0.13 0.50 2.2 8

Nickel (Ni) mg/kg 2.3 6.8 15.2 8 4/20-80

Strontium (Sr) mg/kg <0.5 <0.5 40.0 8

Vanadium (v) mg/kg <5 7.4 14.0 8 150/-

Zinc (Zn) mg/kg 15.4 46.2 130 8 23/55-220

Phenols mg/kg 0.068 0.075 0.806 5 0.5
 chloro-
phenols

PNEC soil phenol 
0.136 mg/kg (ECHA)

Benzo(a)  
anthracene 

mg/kg <0.006 <0.006 0.940 3 1

Benzo(a)pyrene mg/kg <0.005 0.18 1.5 8 0.02 0.2

Benzo(g,h,i)  
perylene  

mg/kg <0.006 <0.006 0.435 3 PNEC soil
0.49 mg/kg
(Verbruggen 2014)

Benzo(k) 
 fluoranthene  

mg/kg <0.001 <0.001 0.524 3 1

Total PAH mg/kg 0.009 0.170 9.9 5 154

Fluoranthene mg/kg <0.002 <0.002 2.86 3

Phenanthrene mg/kg <0.006 <0.006 0.342 3 1

Pyrene mg/kg <0.002 <0.002 1.33 3

Chrysene mg/kg <0.003 <0.003 1.03 3 PNEC soil 1.6 mg/kg
(Verbruggen 2012)

Hexachloro-
benzene

mg/kg <0.001 <0.001 0.004 8 -/0.03

DDD mg/kg <0.001 <0.001 0.013 8

4,4-DDT mg/kg <0.001 <0.001 0.004 8

DDE mg/kg <0.001 <0.001 0.003 8
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Parameter Unit Minimum Median Maximum Number 
of  

samples

MPC/
APC
RUS1

(mg/kg)

FIN  
Threshold 

value2 
(mg/kg)

Other  
reference  
value (mg/kg)

SUM: DDT, DDD, 
DDE

mg/kg <0.003 <0.003 0.019 8 0.1

PCB-126 (3,3 ‘, 
4,4., 5- Pentachlo-
ro-biphenyl)

mg/kg <0.001 <0.001 0.0018 3

PCB-28 (2,4,4 
-Trichlorobiphenyl)

mg/kg <0.001 <0.001 0.011 3 -/0.001

PCB-52 (2,2 ‘, 
5,5’-tetrachloro-
biphenyl) 

mg/kg <0.001 <0.001 0.0026 3 -/0.001

Total PCB5 mg/kg <0.001 <0.001 0.014 5 -/0.02 0.1

Oil products mg/kg 2.5 30.8 370 8 3003

1  SanPiN 1.2.3685-21 “Hygienic standards and requirements for ensuring the safety and (or) harmlessness of environmental factors for 
humans”.  

2  Government Decree on the Assessment of Soil Contamination and Remediation Needs (214/2007). The threshold value is used as a 
trigger value, which if exceeded indicates the necessity for further investigations on potential contamination.

3  for C10-C40

4  Total PAH concentration, including the following compounds: anthracene, acenaphthene, benzo(a)anthracene, benzo(a)pyrene, benzo(b)
fluoranthene, benzo(g,h,i)perylene, benzo(k)fluoranthene, dibenzo(a,h)anthracene, phenanthrene, fluoranthene, fluorene, chrysene, 
naphthalene and pyrene. Acenaphthylene and indeno(1,2,3-c,d)pyrene were not analysed or included in the PAH sum concentration for 
soil samples. If the individual congener concentration is below the detection limit, the concentration is replaced with that of the limit of 
detection (upper bound method).

5  The total PCB concentration includes congeners 28, 52, 101, 118, 138, 153 and 180 according to the calculation method used in Finnish 
VnA 214/2007. If the individual congener concentration is below the detection limit, the concentration is replaced with that of the limit of 
detection (upper bound method).

Table 2. Cont.
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3 SOIL 0–5 CM

Table 3. Minimum, median and maximum values of the analysed parameters in soil samples (sampling depth 
0–5 cm) in Area 3 and comparison with Russian and Finnish reference values. The statistical values are only 
presented for the parameters with concentrations above the detection limits. The reference values used in the 
calculations of the risk quotients are bolded. 

Parameter Unit Minimum Median Maximum Number 
of  

samples

MPC/
APC
RUS1

(mg/kg)

FIN Thresh
old value2 
(mg/kg)

Other  
reference  
value (mg/kg)

pH salt 3.08 3.83 7.07 18

Water content % 19.0 41.1 69.2 18

Loss on ignition 
(LOI)

% 27.9 64.7 94.6 18

Arsenic (As) mg/kg 0.12 1.5 4.9 18 -/2-10 5

Cadmium (Cd) mg/kg <0.05 0.24 2.6 18 -/0.5-2.0 1

Chromium (Cr) mg/kg 0.23 5.7 12.0 18 100

Cobalt (Co) mg/kg 0.51 1.9 3.1 18 5/- 20

Copper (Cu) mg/kg 3.4 18.1 33.6 18 3/33-132 100

Lead (Pb) mg/kg 7.4 38.0 85.0 18 6/32-130 60

Manganese (Mn) mg/kg 5.3 53.0 254 18 1 500/-

Mercury (Hg) mg/kg 0.014 0.075 0.326 18 2.1 0.5

Molybdenum (Mo) mg/kg <1 <1 1.7 18

Nickel (Ni) mg/kg 1.1 5.8 13.5 18 4/20-80 50

Vanadium (v) mg/kg <5 <5 6.1 18 150/- 100

Zinc (Zn) mg/kg 4.6 37.1 111 18 23/55-220 200

Phenols mg/kg 0.16 0.73 2.5 18 0.5
 chloro-phe-

nols

PNEC soil phe
nol 0.136 mg/
kg (ECHA)

Benzo(a)pyrene mg/kg <0.005 0.008 0.819 18 0.02 0.2

Hexachloro- 
benzene

mg/kg <0.001 <0.001 0.048 18 -/0.03 0.01

DDE mg/kg <0.001 <0.001 0.003 18

SUM: DDT, DDD, 
DDE

mg/kg <0.003 <0.003 0.004 18 0.1

Total PCB4 mg/kg <0.01 <0.01 0.034 18 -/0.02 0.1

Oil products mg/kg <50 50.5 210 18 3003

1  SanPiN 1.2.3685-21 “Hygienic standards and requirements for ensuring the safety and (or) harmlessness of environmental factors for 
humans”. 

2  Government Decree on the Assessment of Soil Contamination and Remediation Needs (214/2007). The threshold value is used as a 
trigger value, which if exceeded indicates the necessity for further investigations on potential contamination.

3  For C10-C40

4 In the 1st phase (2019) of sampling, the laboratory did not inform which individual PCBs were included in the total sum of PCBs. The 
depth 0–5 cm was not sampled during the 2nd phase (2020) of sampling.
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4 SOIL 5–20 CM

Table 4. Minimum, median and maximum values of the analysed parameters in soil samples (sampling depth 
5–20 cm) in Area 3 and comparison with Russian and Finnish reference values. The statistical values are only 
presented for the parameters with concentrations above the detection limits. The reference values used in the 
calculations of the risk quotients are bolded.

Parameter Unit Minimum Median Maximum Number 
of  

samples

MPC/
APC
RUS1

(mg/kg)

FIN  
Threshold 

value2 
(mg/kg)

Other  
reference value 
(mg/kg)

pH salt 3.30 3.83 7.26 19

Water content % 2.6 24.6 57.3 19

Loss on ignition 
(LOI)

% 58.8 89.5 97.5 19

Arsenic (As) mg/kg 0.29 2.1 11.0 19 -/2-10 5

Cadmium (Cd) mg/kg <0.05 0.10 0.34 19 -/0.5-2.0 1

Chromium (Cr) mg/kg <0.5 4.2 14.0 19 100

Cobalt (Co) mg/kg <0.5 1.0 4.2 19 5/- 20

Copper (Cu) mg/kg 1.9 13.0 20.0 19 3/33-132 100

Lead (Pb) mg/kg 3.8 14.0 34.4 19 6/32-130 60

Manganese (Mn) mg/kg 2.4 12.0 175 19 1 500/-

Mercury (Hg) mg/kg 0.010 0.034 0.229 19 2.1 0.5

Molybdenum (Mo) mg/kg <1 <1 1.7 19

Nickel (Ni) mg/kg 0.73 2.9 19.0 19 4/20-80 50

Strontium (Sr) mg/kg <0.5 <0.5 55.0 19

Vanadium (v) mg/kg <5 <5 24.0 19 150/- 100

Zinc (Zn) mg/kg 2.3 9.6 125 19 23/55-220 200

Phenols mg/kg 0.08 0.41 1.6 18 0.5
 chloro- 
phenols

PNEC soil phenol 
0.136 mg/kg 
(ECHA)

Anthracene mg/kg 0.130 0.130 0.130 1 1

Benzo(a)  
anthracene 

mg/kg 1.27 1.27 1.27 1 1

Benzo(a)pyrene mg/kg <0.005 <0.005 1.16 19 0.02 0.2

Benzo(b)  
fluoranthene  

mg/kg 1.02 1.02 1.02 1

Benzo(g,h,i)  
perylene  

mg/kg 0.825 0.825 0.825 1 PNEC soil
0.49 mg/kg
(Verbruggen 
2014)

Benzo(k)  
fluoranthene  

mg/kg 0.698 0.698 0.698 1 1

Dibenzo(a,h)  
anthracene 

mg/kg 0.064 0.064 0.064 1

Pyrene mg/kg 2.0 2.0 2.0 1 PNEC soil
1 mg/kg 
(WCA 2014)

Total PAH mg/kg 154

Phenanthrene mg/kg 0.762 0.762 0.762 1 1

Fluoranthene mg/kg 2.2 2.2 2.2 1 1
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Parameter Unit Minimum Median Maximum Number 
of  

samples

MPC/
APC
RUS1

(mg/kg)

FIN  
Threshold 

value2 
(mg/kg)

Other  
reference value 
(mg/kg)

Fluorene mg/kg 0.0317 0.0317 0.0317 1 PNEC soil
1 mg/kg (Stern
beck et al.2013)

Chrysene mg/kg 1.18 1.18 1.18 1 PNEC soil    1.6 
mg/kg
(Verbruggen 
2012)

Alpha-HCH mg/kg <0.001 <0.001 72.8 19 0.1

Hexachloro- 
benzene

mg/kg <0.001 <0.001 0.003 19 -/0.03 0.01

DDE mg/kg <0.001 <0.001 0.001 19

4,4-DDT mg/kg <0.001 <0.001 0.002 19

SUM: DDT, DDD, 
DDE

mg/kg <0.003 <0.003 0.004 19 0.1

Oil products mg/kg <50 <50 93.0 19 3003

1  SanPiN 1.2.3685-21 “Hygienic standards and requirements for ensuring the safety and (or) harmlessness of environmental factors for 
humans”. 

2   Government Decree on the Assessment of Soil Contamination and Remediation Needs (214/2007). The threshold value is used as a 
trigger value, which if exceeded indicates the necessity for further investigations on potential contamination.

3  for C10-C40

4  Total PAH concentration, including the following compounds: anthracene, acenaphthene, benzo(a)anthracene, benzo(a)pyrene, benzo(b)
fluoranthene, benzo(g,h,i)perylene, benzo(k)fluoranthene, dibenzo(a,h)anthracene, phenanthrene, fluoranthene, fluorene, chrysene, 
naphthalene and pyrene. Acenaphthylene and indeno(1,2,3-c,d)pyrene were not analysed or included in the PAH sum concentration for 
soil samples. If the individual congener concentration is below the detection limit, the concentration is replaced with that of the limit of 
detection (upper bound method).

Table 4. Cont.

156



Geological Survey of Finland, Open File Research Report 19/2022 
Environmental risk assessment of the Krasny Bor hazardous waste landfill surroundings and recommendations for risk management

Appendix 5

Concentrations of the key pollutants and other  
parameters in surface water, sediment and soil in Area 4

Contents 

1  Surface water ......................157
2  Sediment ............................ 159
3  Soil 0–5 cm ........................ 160
4  Soil 5–20 cm .......................161

1 SURFACE WATER

Table 1. Minimum, median and maximum values of the analysed parameters in surface water samples in Area 
4 and comparison with Russian and Finnish reference values. The statistical values are only presented for the 
parameters with concentrations above the detection limits. The reference values used in the calculations of the 
risk quotients are bolded.

Parameter Unit Minimum Median Maximum Number 
of  

samples

MPC
RUS1

(mg/l)

MPC RUS 
fishery2

(mg/l)

FIN EQS3 

(mg/l)
Other  
references

Temperature (field 
measurement)

oC 3.9 4.3 4.6 2

pH (field measure-
ment)

5.20 5.85 6.50 2

Electric conductivity 
(EC) (field measure-
ment

mS/cm, 
25 oC

0.07 0.16 0.25 2

Oxygen (field  
measurement)

mg/l 6.7 7.1 7.5 2 4 6

Laboratory  
measurements:

TOC (Total organic 
carbon)

mg/l 20.2 23.0 25.7 2

DOC (Dissolved 
organic carbon)

mg/l 19.7 21.9 24.1 2

COD (Chemical 
oxygen demand)

mg/l 71.0 79.5 88.0 2 15

BOD5 (Biological 
oxygen demand 5 
days)

mg/l 6.4 7.1 7.8 2 2 2.1

Ammonium (NH4
+) mg/l 0.48 0.55 0.62 2 1.5 0.5

Ammonium nitrogen mg/l 0.37 0.43 0.48 2

Nitrates (NO3
-) mg/l 0.28 0,79 1.3 2 45 40

Nitrogen nitrate mg/l 0.063 0.18 0.29 2 10.17

Sulphate (SO4
2-) mg/l 2.0 2.6 3.3 2 500 100

Chloride ions (Cl-) mg/l 1.9 3.7 5.4 2 350 300

Fluoride ions (F-) mg/l 0.39 0.43 0.46 2 1.5 0.75
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Parameter Unit Minimum Median Maximum Number 
of  

samples

MPC
RUS1

(mg/l)

MPC RUS 
fishery2

(mg/l)

FIN EQS3 

(mg/l)
Other  
references

Hydrocarbonate 
(HCO3

-)
mg/l 18.3 63.7 109 2

Evaporated residue mg/l 108 138 168 2

Sulphides (S2-) mg/l 0.020 0.035 0.05 2 0.05

Surface active  
anionic substances

mg/l 0.037 0.054 0.071 2 0.5–5 0.1

Aluminium (Al) mg/l 0.31 0.34 0.37 2 0.04

Arsenic (As) mg/l <0.0005 0.00056 0.00087 2 0.01 0.05

Cadmium (Cd) mg/l 0.000034 0.000037 0.000040 2 0.001 0.005 ≤0.00008–
0.0015 

Calcium (Ca) mg/l 3.3 9.7 16.0 2 180

Chromium (Cr) mg/l 0.00042 0.00058 0.00074 2 0.05

Cobalt (Co) mg/l 0.00050 0.00085 0.00120 2 0.1 0.01

Copper (Cu) mg/l 0.0016 0.0020 0.0024 2 1 0.001

Iron (Fe) mg/l 1.4 2.2 2.9 2 0.3 0.1

Magnesium (Mg) mg/l 1.7 6.4 11.0 2 50 40

Manganese (Mn) mg/l 0.32 0.39 0.46 2 0.1 0.01

Neodymium (Nd) mg/l 0.00026 0.00183 0.00340 2

Potassium (K) mg/l 2.5 3.7 4.8 2 50

Sodium (Na) mg/l 1.4 4.1 6.7 2 200 120

Vanadium (V) mg/l 0.0010 0.0012 0.0014 2 0.1 0.001

Zinc (Zn) mg/l 0.0170 0.0175 0.0180 2 5 0.01

m-Cresol mg/l <0.0001 0.000675 0.00130 2

Trihalomethanes 
(sum) 

mg/l 0.00015 0.00017 0.00019 2

Trichloromethane 
(chloroform)

mg/l 0.00015 0.00017 0.00019 2 0.06 0.005 0.0025

Formaldehyde mg/l <0.02 0.023 0.036 2 0.05

1  SanPiN 1.2.3685-21 “Hygienic standards and requirements for ensuring the safety and (or) harmlessness of environmental factors for 
humans”.   

  Sum of congeners 28, 52, 101, 118, 138, 153, 180. Upper bound method. 
2  Order of the Ministry of Agriculture of the Russian Federation No. 552 dated 12/13/2016. “On the approval of water quality standards for 

fishery water bodies, including standards for maximum permissible concentrations of harmful substances in the waters of fishery water 
bodies.” 

3  Government Decree on Substances Dangerous and Harmful to the Aquatic Environment 23.11.2006/1022. Environmental Quality  
Standards in inland surface water. 

Table 1. Cont.
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2 SEDIMENT

Table 2. Minimum, median and maximum values of the analysed parameters in sediment samples in Area 4 and 
comparison with Russian and Finnish reference values. The statistical values are only presented for the param
eters with concentrations above the detection limits. The reference values used in the calculations of the risk 
quotients are bolded.

Parameter Unit Minimum Median Maximum Number 
of  

samples

MPC/
APC
RUS1

(mg/kg)

FIN  
Threshold 

value2 (mg/
kg)

Other  
reference  
value (mg/kg)

pH salt 4.34 5.29 6.23 2

Water content % 48.8 53.2 57.6 2

Loss on ignition 
(LOI)

% 87.5 88.6 89.6 2

Arsenic (As) mg/kg 2.4 2.5 2.5 2 -/2-10

Cadmium (Cd) mg/kg 0.20 0.23 0.26 2 -/0.5-2.0

Chromium (Cr) mg/kg 22.0 24.5 27.0 2 100

Cobalt (Co) mg/kg 4.3 4.6 4.8 2 5/-

Copper (Cu) mg/kg 30.0 73.5 117 2 3/33-132

Lead (Pb) mg/kg 12.0 25.0 38.0 2 6/32-130

Manganese (Mn) mg/kg 55.0 203 350 2 1 500/-

Mercury (Hg) mg/kg 0.025 0.038 0.050 2 2.1

Molybdenum 
(Mo)

mg/kg 0.48 180 360 2

Nickel (Ni) mg/kg 15.0 17.5 20.0 2 4/20-80

Strontium (Sr) mg/kg 6.8 10.9 15.0 2

Vanadium (v) mg/kg 17.0 23.0 29.0 2 150/-

Zinc (Zn) mg/kg 40.0 57.5 75.0 2 23/55-220

Benzo(a)pyrene mg/kg 0.0062 0.044 0.082 2 0.02 0.2

Pyrene mg/kg <0.020 0.083 0.156 2 PNEC soil
1 mg/kg 
(WCA 2014)

Total PAH mg/kg 0.136 0.590 1.04 2 154

Phenanthrene mg/kg <0.006 0.057 0.110 2 1

Fluoranthene mg/kg <0.020 0.170 0.329 2 1

Oil products mg/kg 140 720 1 300 2 3003

1  SanPiN 1.2.3685-21 “Hygienic standards and requirements for ensuring the safety and (or) harmlessness of environmental factors for 
humans”.  

2  Government Decree on the Assessment of Soil Contamination and Remediation Needs (214/2007). The threshold value is used as a 
trigger value, which if exceeded indicates the necessity for further investigations on potential contamination.

3  For C10-C40

4  Total PAH concentration, including the following compounds: anthracene, acenaphthene, benzo(a)anthracene, benzo(a)pyrene, benzo(b)
fluoranthene, benzo(g,h,i)perylene, benzo(k)fluoranthene, dibenzo(a,h)anthracene, phenanthrene, fluoranthene, fluorene, chrysene, 
naphthalene and pyrene. Acenaphthylene and indeno(1,2,3-c,d)pyrene were not analysed or included in the PAH sum concentration for 
soil samples. If the individual congener concentration is below the detection limit, the concentration is replaced with that of the limit of 
detection (upper bound method).
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3 SOIL 0–5 CM

Table 3. Minimum, median and maximum values of the analysed parameters in soil samples (sampling depth 
0–5 cm) in Area 4 and comparison with Russian and Finnish reference values. The statistical values are only 
presented for the parameters with concentrations above the detection limits. The reference values used in the 
calculations of the risk quotients are bolded. 

Parameter Unit Minimum Median Maximum Number 
of  

samples

MPC/
APC
RUS1

(mg/kg)

FIN  
Threshold 

value2  
(mg/kg)

Other  
reference 
value (mg/kg)

pH salt 3.24 3.78 4.22 8

Water content % 20.8 48.5 65.3 8

Loss on ignition (LOI) % 8.8 42.0 81.6 8

Arsenic (As) mg/kg <0.05 0.25 1.3 8 -/2-10 5

Cadmium (Cd) mg/kg <0.05 0.14 0.19 8 -/0.5-2.0 1

Chromium (Cr) mg/kg 4.2 8.8 16.0 8 100

Cobalt (Co) mg/kg 0.80 2.8 4.3 8 5/- 20

Copper (Cu) mg/kg 14.0 21.5 42.0 8 3/33-132 100

Lead (Pb) mg/kg 13.0 37.5 49.0 8 6/32-130 60

Manganese (Mn) mg/kg 10.0 38.0 112 8 1 500/-

Mercury (Hg) mg/kg 0.038 0.097 0.173 8 2.1 0.5

Nickel (Ni) mg/kg 5.2 7.8 14.0 8 4/20-80 50

Vanadium (v) mg/kg <5 <5 6.3 8 150/- 100

Zinc (Zn) mg/kg 9.3 22.5 54.6 8 23/55-220 200

Phenols mg/kg <0.5 1.1 22.5 8 0.5
 chloro-phe-

nols

PNEC soil 
phenol 0.136 
mg/kg (ECHA)

Benzo(a)pyrene mg/kg 0.007 0.012 0.024 8 0.02 0.2

Hexachloro-benzene mg/kg <0.001 <0.001 0.048 8 -/0.03 0.01

DDE mg/kg <0.001 <0.001 0.0030 8

SUM: DDT, DDD, DDE mg/kg <0.003 <0.003 0.025 8 0.1

Total PCB4 mg/kg <0.01 <0.01 0.019 8 -/0.02 0.1

Oil products mg/kg <50 113 169 8 3003

1  SanPiN 1.2.3685-21 “Hygienic standards and requirements for ensuring the safety and (or) harmlessness of environmental factors for 
humans”. 

 Government Decree on the Assessment of Soil Contamination and Remediation Needs (214/2007). The threshold value is used as a 
trigger value, which if exceeded indicates the necessity for further investigations on potential contamination.

3  For C10-C40

4  The laboratory has not informed which individual PCBs are included in the total sum of PCBs.
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4 SOIL 5–20 CM

Table 4. Minimum, median and maximum values of the analysed parameters in soil samples (sampling depth 
5–20 cm) in Area 4 and comparison with Russian and Finnish reference values. The statistical values are only 
presented for the parameters with concentrations above the detection limits. The reference values used in the 
calculations of the risk quotients are bolded.

Parameter Unit Minimum Median Maximum Number 
of  

samples

MPC/
APC
RUS1

(mg/kg)

FIN  
Threshold 

value2  
(mg/kg)

Other  
reference value 
(mg/kg)

pH salt 3.21 3.79 8.00 9

Water content % 15.3 22.0 65.23 9

Loss on ignition (LOI) % 8.1 89.0 97.2 9

Arsenic (As) mg/kg <0.05 <0.05 3.5 9 -/2-10 5

Cadmium (Cd) mg/kg <0.05 <0.05 0.27 9 -/0.5-2.0 1

Chromium (Cr) mg/kg 3.3 7.3 91.0 9 100

Cobalt (Co) mg/kg <0.5 1.2 5.8 9 5/- 20

Copper (Cu) mg/kg 2.7 5.5 36.0 9 3/33-132 100

Lead (Pb) mg/kg 4.2 7.7 57.3 9 6/32-130 60

Manganese (Mn) mg/kg 6.2 13.1 470 9 1 500/-

Mercury (Hg) mg/kg 0.007 0.018 0.028 9 2.1 0.5

Molybdenum (Mo) mg/kg <1 <1 4.4 9

Nickel (Ni) mg/kg 1.4 3.4 53.0 9 4/20-80 50

Strontium (Sr) mg/kg <0.5 <0.5 35.0

Vanadium (v) mg/kg <5 <5 25.0 9 150/- 100

Zinc (Zn) mg/kg 2.8 6.9 45.0 9 23/55-220 200

Phenols mg/kg 0.24 0.34 0.46 8 0.5
 chloro-phe-

nols

PNEC soil phe
nol 0.136 mg/kg 
(ECHA)

Anthracene mg/kg 0.016 0.016 0.016 1 1

Benzo(a) anthracene mg/kg 0.065 0.065 0.065 1 1

Benzo(a)pyrene mg/kg <0.005 <0.005 0.100 9 0.02 0.2

Benzo(b) fluoranthene  mg/kg 0.0857 0.0857 0.0857 1

Benzo(g,h,i) perylene  mg/kg 0.0918 0.0918 0.0918 1 PNEC soil
0.49 mg/kg
(Verbruggen 
2014)

Benzo(k) fluoranthene  mg/kg 0.0612 0.0612 0.0612 1 1

Pyrene mg/kg 0.167 0.167 0.167 1 PNEC soil
1 mg/kg 
(WCA 2014)

Total PAH mg/kg 154

Phenanthrene mg/kg 0.0653 0.0653 0.0653 1 1

Fluoranthene mg/kg 0.299 0.299 0.299 1 1

Fluorene mg/kg 0.0065 0.0065 0.0065 1 PNEC soil
1 mg/kg (Stern
beck et al.2013)
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Parameter Unit Minimum Median Maximum Number 
of  

samples

MPC/
APC
RUS1

(mg/kg)

FIN  
Threshold 

value2  
(mg/kg)

Other  
reference value 
(mg/kg)

Chrysene mg/kg 0.0996 0.0996 0.996 1 PNEC soil 1.6 
mg/kg
(Verbruggen 
2012)

DDD mg/kg <0.001 <0.001 0.065 9

4,4-DDT mg/kg <0.001 <0.001 0.034 9

SUM: DDT, DDD, DDE mg/kg <0.003 <0.003 0.104 9 0.1

Oil products mg/kg <50 <50 250 9 3003

1  SanPiN 1.2.3685-21 “Hygienic standards and requirements for ensuring the safety and (or) harmlessness of environmental factors for 
humans”. 

2  Government Decree on the Assessment of Soil Contamination and Remediation Needs (214/2007). The threshold value is used as a 
trigger value, which if exceeded indicates the necessity for further investigations on potential contamination.

3  For C10-C40

4  Total PAH concentration, including the following compounds: anthracene, acenaphthene, benzo(a)anthracene, benzo(a)pyrene, benzo(b)
fluoranthene, benzo(g,h,i)perylene, benzo(k)fluoranthene, dibenzo(a,h)anthracene, phenanthrene, fluoranthene, fluorene, chrysene, 
naphthalene and pyrene. Acenaphthylene and indeno(1,2,3-c,d)pyrene were not analysed or included in the PAH sum concentration for 
soil samples. If the individual congener concentration is below the detection limit, the concentration is replaced with that of the limit of 
detection (upper bound method).

Table 1. Cont.

162



Geological Survey of Finland, Open File Research Report 19/2022 
Environmental risk assessment of the Krasny Bor hazardous waste landfill surroundings and recommendations for risk management

Appendix 6

Input values used in the RBCA-modelling
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 1 AREA 1RBCA Tool Kit for Chemical Releases, Version 2.6

# 4.  RBCA Evaluation Process
1.  Project Information

Site Name:
Location:

Completed By:
Date: 22.helmi.22 Job ID:

2.  Which Type of RBCA Analysis?
####

####

####
3.  Calculation Options

###

###
               Individual Constituent Risk Goals Only
               Individual and Cumulative Risk Goals 5.  Commands and Options

               Apply Source Depletion Algorithm
               Time to Future Exposure 25  (yr)

Krasny Bor  
Area 1

Baseline Risks (Forward mode)

RBCA Cleanup Levels (Backward mode)

Main Screen

Affects which input data are required

Prepare Input Data Review Output
Data Complete? (     = yes,        = no)

Site-Specific
Target Levels

Risk-Based
Screening

Levels

Tier 1 Tier 2/3

RBCA Tool Kit for Chemical Releases
© 2011 GSI Environmental Inc.Version 2.6

User Chemical 
Database

?

Print Sheet

New Site

QuitHelp

Save Data As...

?

Set Units Print Report

Load Data...

Exposure Pathways

Air Parameters

GW Parameters

Soil Parameters

Transport Models

   Constituents of Concern 
(COCs)

Exposure Flowchart

COC Chem. Parameters

Input Data Summary

User-Spec. COC Data...

Transient Domenico Analysis...

Baseline Risks...

Cleanup Levels...

1.1 Exposure pathways

The term on-site in this assessment refers to the 
Area 1 inside the defined border as presented in 
Chapter 5 figure 25 excluding the immediate Krasny 
Bor hazardous waste landfill. On-site is defined as 
a commercial area where there might be occasional 
construction works done. Off-sites are nearby areas 
outside the Area 1 border. Off-sites can be defined 
differently for each exposure pathway.

Groundwater ingestion / Surface water impact 
distances to off-sites are measured from the map 
from the nearest contaminated point to nearest 
residential area border and to the nearest surface 
water body / stream off-site. Off-site 1 is defined as 
residential area 100 m away from the Area 1 border 
to the south, and off-site 2 as a surface water body / 

stream 200 m from the site. The RBCA software does 
not take directions into account in the assessment, 
so the results are considered to apply all around 
the area in question by the software, although this 
might not be the reality especially in the case of 
watercourses and transport along groundwater. The 
possibility of contaminated groundwater existing 
onsite is not considered, as there is no knowledge 
on groundwater conditions. Affected soils leaching 
contaminants to groundwater are considered, how
ever. In groundwater exposure pathway groundwa
ter discharging to surface water, where swimming, 
fish consumption from the surface water body 
and specified surface water quality criteria are all 
considered.
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Surface soil exposure is possible only on-site, and 
no off-sites are defined for this exposure pathway. 
Both commercial use (area use as a working place) 
and construction worker exposure are considered 
on-site. Direct ingestion of soil, dermal contact 
to surface soils and inhalation of soil particles 
and vapours are considered. It is assumed that no 
berry picking takes place in the Area 1, and vegeta
ble ingestion is not considered in this calculation.

For Air exposure route outdoor and indoor air 
inhalation in another residential area 500 m from 

Area 1 in addition to the nearest one is considered 
as off-site 2. The distance is measured from the 
map. Since there is no information on possibly 
contaminated groundwater on site, volatilization 
of contaminants from groundwater to outdoor and 
indoor air are not considered. The possibility of 
contaminants leaching from soils to groundwater 
and volatilization from there is on the other hand 
included in the model.

Specified surface water quality criteria
RBCA Tool Kit for Chemical Releases, Version 2.6

Site Name:  Area 1 Job ID:  Commands and Options
Location:  Krasny Bor  Date:  d-00-yy
Compl. By:  

Constituent Concentration
(mg/L)

Arsenic 1.0E-2
Cadmium 1.0E-3
Chromium (total) 5.0E-2
Cobalt 1.0E-2
Copper 1.0E-3
Lead (inorganic) 6.0E-3
Manganese 1.0E-2
Mercury 1.0E-5
Nickel 1.0E-2
Zinc 1.0E-2
Phenol 1.0E-3
Benzo-a-pyrene 1.0E-2
Benzo-g,h,i-perylene 8.2E-7
Naphthalene 4.0E-3
Pyrene 8.2E-7
Fluoranthene 1.2E-7
Polychlorinated biphenyls (liquid) 1.0E-3
Hexachlorobenzene 1.0E-4
Dioxin (2,3,7,8-TCDD) 1.1E-10

Surface Water Quality Criteria

Return Print Sheet

HelpPaste Default Values

The strictest Russian MPC-values have been chosen 
for surface water quality criteria when an MPC-
value for a certain element or compound existed. In 
case there is no MPC-value, Finnish surface water 
quality criteria has been used. For pyrene there is 

no surface water criteria, so that of benzo(g,h,i)
perylene has been used. Surface quality criteria are 
defined for all contaminants that exceeded their 
MPC-value on Area 1 in any media (soil, sediment, 
surface water).

RBCA Tool Kit for Chemical Releases, Version 2.6

Site Name:  Area 1
Location:  Krasny Bor  

1.  Exposure Parameters Residential Receptors Commerical Receptors User Compl. By:  
Child Adolescent Adult Adult Construc. Defined Job ID:  Date:  d-00-yy

Averaging time, carcinogens (yr) - 2.  Age Adjustment for Carcinogens
Averaging time, non-carcinogens (yr) 6 12 30 25 1 -   (residential receptor only) Adjustment Factor

Body weight (kg) 15 35 70 70 70 -         Seasonal skin surface area, soil contact 1022.26 (cm2-yr/kg)

Exposure duration (yr) 6 12 30 25 1 -         Water ingestion 1.08571 (mg-yr/L-day)

Averaging Time for Vapor Flux (yr) 30 30 -         Soil ingestion 165.714 (mg-yr/kg-day)

Exposure frequency (d/yr) 250 180 -         Swimming water ingestion 4.56 (L/kg)

Dermal exposure freq. (d/yr) 250 180 -         Skin surface area, swimming 80640 (cm2-yr/kg)
Seasonal-avg skin surface area (cm2/d) 2023 2023 3160 3160 3160 -         Fish consumption 0.02286 (kg-yr/kg-day)
Soil dermal adherence factor (mg/cm2) 0.5 0.5 0.5 0.5 0.5 -         Below-ground vegetable ingestion 0.38 (kg-yr/kg-day)

Water ingestion rate (L/d) 1 1 2 1 1 -         Above-ground vegetable ingestion 0.88 (kg-yr/kg-day)

Soil ingestion rate (mg/d) 200 200 100 50 100 - 3. Non-Carcinogenic Receptor
Swimming exposure time (hr/event) 1 3 3   (residential receptor only)

Swimming event frequency (events/yr) 12 12 12 4.  Target Health Risk Limits Individual Cumulative
Swimming water ingestion rate (L/hr) 0.5 0.5 0.05 Target Cancer Risk (Carcinogens) 1.0E-5 1.0E-5
Skin surface area, swimming (cm2) 3500 8100 23000 Target Hazard Quotient/Index (non-Carc.) 1.0E+0 1.0E+0
Fish consumption rate (kg/d) 0.025 0.025 0.025 5. Commands and Options
Vegetable ingestion rate (kg/d)

     Above-ground vegetables 0.002 0.002 0.006
     Below-ground vegetables 0.001 0.001 0.002
Contaminated fish fraction (-)
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Use/Set Default
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The exposure parameters used in the RBCA model 
are mainly the same that are recommended to be 
used in the risk assessment in Finland (Ministry 
of the Environment 2014). Average times of expo
sure to carcinogens (70 years for all receptors) and 
non-carcinogens are the same (in residential land 
use 6 years for a child / 12 years for adolescents / 
30 years for adult and in commercial land use 25 
years for adult / 1 year for construction site worker), 
as well as average body weights for children (child 
15 kg / adolescent 35 kg) and adults (70 kg). Water 
and soil ingestion rates are the same (in residen
tial areas 1 l/d for children and adolescents, and for 
adults and construction site workers in commercial 
areas; 2 l/d for adults in residential areas) although 
in the model the soil ingestion rate (200 mg/d for 
children and adolescents in residential areas; 100 
mg/d adults in residential areas and construction 
site workers in commercial sites; 50 mg/d for adults 
in commercial areas) is from the high end of the 
recommended range (children 20–200 mg/d; adults 
10–100 mg/d). Above and below-ground vegeta
ble consumption (total 0.003 kg/d for children and 

adolescents; 0.008 kg/d for adults) is only one tenth 
of the Finnish recommendation (0.3 kg/d), but on 
the other hand it is not realistic to assume that 
in the study area all the consumed vegetables are 
grown in the contaminated area. The model takes 
into account swimming event frequency (12 events/
year) and event duration (1 h/event for children; 
3 h/event for adolescents and adults), seasonally 
averaged skin surface area (2 023 cm2/d for children 
and adolescents in residential areas; 3 160 cm2/d for 
adults and construction site workers in both resi
dential and commercial areas) and fish consump
tion (0.025 kg/d for all receptors). The default value 
of fish consumption of 25 g/d appears low for the 
study area, considering it is located next to major 
rivers and a sea. On the other hand, all consumed 
fish is considered contaminated.  Health risk lim
its (maximum acceptable risk value) are the same 
as what are recommended to be used in Finland 
(acceptable carcinogenic risk does not exceed value 
1.0E5 and noncarcinogenic risk does not exceed 
value 1.0 on the part of individual element or com
pound or their cumulative sum). 
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1.2 Constituents of concern

Source media constituents of concern are based 
on the highest concentrations for each chemical / 
element found in the study area soil. Most of the 
highest concentrations found in Area1 are located 
in the mineral soil at 5–20 cm depth, but mercury, 

PCBs, hexachlorobenzene and dioxins (concen
tration presented as an I-TEQ value) were found 
in higher concentrations in the organic topsoil at  
0–5 cm depth.

1.3 Transport models

Chemical decay, biodegradation and source deple
tion have not been considered in this model. There 
is not enough data on these to make any assump

tions of decay, total amounts of chemicals in the 
source nor the biodegradation rates in the study 
area. 

167



Geological Survey of Finland, Open File Research Report 19/2022
Vuokko Malk, Arto Sormunen, Kristiina Nuottimäki, Marianne Valkama, Juho Rajala, Merike Kangas, Jaana Jarva and Tarja Hatakka

1.4 Soil parameters

Soil parameters are based on arithmetic average 
values of field measurements on the study area. In 
the local wells ETX-2019-GW-81–85 the perched 
water level was detected in depth 1.42–3.58 m from 
the ground level on October 2, 2019. pH value is the 
average of field measurements on the same day for 
the same wells (Romanov et al. 2021b). According 
to the Ecological Portal of Saint-Petersburg  

(www.infoeco.ru, visited 22 February 2022) the 
average annual rainfall in Saint Petersburg over 
the past 30 years is 653 mm. The lowest fraction 
of organic carbon in analysed samples was used. 
Fraction of organic carbon (OC) in the soil was cal
culated from the Loss on Ignition result (LOI): OC 
= LOI x 0.58 following the calculation method used 
in Ministry of the Environment 2014.

1.5 Groundwater parameters

Hydraulic conductivity was calculated using the 
Hazen method and grain size analyses made of the 
Area1 mineral soil samples. The used value is the 
highest conductivity value calculated for this area. 
The lowest value for Area 1 was 0.0005 m/d whereas 

the highest was 4.36 m/d. Hydraulic gradient was 
chosen based on the even character of the study 
area (Romanov et al. 2021b). Gradient refers to 1 m 
descend on a 1 km distance. The effective poros
ity value chosen is the average value for sandy soil 
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(Salonen et al. 2002). Fraction of organic carbon was 
the smallest analysed in samples of this area, and 
groundwater pH refers to the field measurements 
made from perched water wells in Quaternary / 
Ordovician/Cambrian-Ordovician aquifer (Romanov 
et al. 2021b). Plume width and thickness are esti

mations based on the contaminated area size as 
there is no data on the groundwater contamina
tion. Surface water flowrate is an estimation based 
on visual inspection of the study area brooks during 
the field work.

1.6 Air parameters

Default values were used for air exposure on the 
outdoor and indoor exposure pathways. No air qual

ity measurements or other specific data affecting 
the local building air exchange was available.

1.7 Baseline risks

Based on the abovementioned assumptions and 
input values the highest risks in the Area 1 are 
exposure to the identified contaminants through 
outdoor air exposure (inhalation of dust and gases) 
and groundwater exposure pathway (soils leach
ing to groundwater and possible use as drinking 
water). While there are several uncertainties in the 
sampling, analysis and modeling itself, it is not 
worthwhile to concentrate on the exact numbers 
of the calculation, but rather on the total outcome. 
In the outdoor exposure pathway, the highest expo
sure risks are inhalation of volatile elements and 
chemicals on site by both commercial and construc
tion workers, and on off-site 1 especially residents 
in the nearby villages. Carcinogenic exposure level 
(1 x 105) is not exceeded on nor off-site, but the 
carcinogenic exposure level to nearby residential 
areas (off-site 1) is elevated (1.0 x 106) due to expo
sure to a combination of several chemicals that each 
elevate the level (especially benzo(a)pyrene, PCBs 

and hexachlorobenzene). The toxic exposure level 
(1) is exceeded for on-site commercial and con
struction workers and off-site residential areas. 
The highest toxic risk quotient is caused by mer
cury, that is widely spread in the study area, but 
several others elevate the risk too (Cr, Co, Mn, Ni, 
naphthalene).

For groundwater exposure pathway the carci
nogenic exposure level is exceeded on the part of 
arsenic both on and off-site 1, approximately 100 m 
from the site. Other chemicals with elevated car
cinogenic exposure level are benzo(a)pyrene, PCBs 
and hexachlorobenzene. Individual toxic risk quo
tient is exceeded by all the detected metals except 
chromium (As, Cd, Co, Cu, Mn, Hg, Ni and Zn). 
Organic contaminants do not exceed their individ
ual toxic hazard levels. In total the groundwater 
pathway hazard indexes are 53 for the on-site and 
55 for the nearby residential areas exceeding the 
hazard index of 1. This means that the groundwater 
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on-site and nearby off-site areas is likely not pota
ble. It should be noted that the nearby residential 
areas to the south of the Area 1 are located on topo
graphically higher terrain than the Area 1 (Romanov 

et al. 2021b). Therefore, groundwater flow in that 
direction is unlikely as well as exposure of the resi
dents, especially if they have centrally distributed 
tap water instead of using their own wells.RBCA Tool Kit for Chemical Releases, Version 2.6

RBCA SITE ASSESSMENT Baseline Risk Summary-All Pathways
Site Name: Area 1 Completed By: 
Site Location: Krasny Bor  Date Completed: d-00-yy 1 of 1

BASELINE RISK SUMMARY TABLE
BASELINE CARCINOGENIC RISK BASELINE TOXIC EFFECTS

Individual COC Risk Cumulative COC Risk Risk Hazard Quotient Hazard Index Toxicity
EXPOSURE Maximum Target Total Target Limit(s) Maximum Applicable Total Applicable Limit(s)
PATHWAY Value Risk Value Risk Exceeded? Value Limit Value Limit Exceeded?
OUTDOOR AIR EXPOSURE PATHWAYS

n 5.6E-7 1.0E-5 1.0E-6 1.0E-5 o 6.8E+0 1.0E+0 6.9E+0 1.0E+0 nTRUE
INDOOR AIR EXPOSURE PATHWAYS

n 3.5E-10 1.0E-5 4.1E-10 1.0E-5 o 4.8E-1 1.0E+0 4.8E-1 1.0E+0 oTRUE
SOIL EXPOSURE PATHWAYS

n 5.1E-6 1.0E-5 8.6E-6 1.0E-5 o 1.4E-1 1.0E+0 5.4E-1 1.0E+0 oTRUE

GROUNDWATER EXPOSURE PATHWAYS

n 1.2E-3 1.0E-5 1.2E-3 1.0E-5 n 1.5E+1 1.0E+0 5.5E+1 1.0E+0 nTRUE

SURFACE WATER EXPOSURE PATHWAYS

n 1.9E-10 1.0E-5 2.4E-10 1.0E-5 o 5.7E-7 1.0E+0 9.1E-7 1.0E+0 oTRUE

CRITICAL EXPOSURE PATHWAY   (Maximum Values From Complete Pathways)

1.2E-3 1.0E-5 1.2E-3 1.0E-5 n 1.5E+1 1.0E+0 5.5E+1 1.0E+0 n

Groundwater Groundwater Groundwater Groundwater

2 AREA 2

2.1 Exposure pathways

Groundwater ingestion / Surface water impact dis
tances are measured from the map from the nearest 
contaminated point to nearest residential area bor
der and to the nearest surface water body / stream 
off-site. It is assumed that berry / mushroom pick

ing could take place in the Area 2, and vegetable 
ingestion is considered in this calculation. In addi
tion, there are fields for growing crops and there 
might be one commercial garden in the area.

RBCA Tool Kit for Chemical Releases, Version 2.6

# 4.  RBCA Evaluation Process
1.  Project Information
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Date: 23.February 2022 Job ID:
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2 AREA 2

2.1 Exposure pathways

RBCA Tool Kit for Chemical Releases, Version 2.6

# 4.  RBCA Evaluation Process
1.  Project Information

Site Name:
Location:

Completed By:
Date: 23.February 2022 Job ID:

2.  Which Type of RBCA Analysis?
####

####

####
3.  Calculation Options

###

###
               Individual Constituent Risk Goals Only
               Individual and Cumulative Risk Goals 5.  Commands and Options

               Apply Source Depletion Algorithm
               Time to Future Exposure 25  (yr)

Krasny Bor  
Area 2

Baseline Risks (Forward mode)

RBCA Cleanup Levels (Backward mode)

Main Screen

Affects which input data are required
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Data Complete? (     = yes,        = no)
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Screening
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Tier 1 Tier 2/3

RBCA Tool Kit for Chemical Releases
© 2011 GSI Environmental Inc.Version 2.6
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For Air exposure route outdoor and indoor air inhalation in nearby commercial areas is considered as 
off-site 2. The distance is measured from the map.
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RBCA Tool Kit for Chemical Releases, Version 2.6

Site Name:  Area 2 Job ID:  Commands and Options
Location:  Krasny Bor  Date:  23.February 2022
Compl. By:  KN

Constituent Concentration
(mg/L)

Arsenic 1.0E-2
Cadmium 1.0E-3
Cobalt 1.0E-2
Copper 1.0E-3
Lead (inorganic) 6.0E-3
Nickel 1.0E-2
Zinc 1.0E-2
Phenol 1.0E-3
Benzo-a-pyrene 1.0E-2
Polychlorinated biphenyls (liquid) 1.0E-3
TPH - Aliph >C21-C34 5.0E-2
TPH - Arom >C21-C35 5.0E-2
Dioxin (2,3,7,8-TCDD) 1.1E-10

Surface Water Quality Criteria

Return Print Sheet

HelpPaste Default Values

The strictest Russian MPC-values have been cho
sen for surface water quality criteria when an MPC-
value for a certain element or compound existed. In 
case there is no MPC-value, Finnish surface water 
quality criteria for that chemical has been used. 
The oil products in Area 2 have not been analysed 
in more detail, namely for aliphatic and aromatic 

oil fractions. Here an assumption is made that the 
detected oil products consist mainly of heavier frac
tions, otherwise they would have been vaporized. 
The total oil amount detected is divided equally 
between aliphatic and aromatic fractions. This 
assumption may or may not be correct.

RBCA Tool Kit for Chemical Releases, Version 2.6

Site Name:  Area 2
Location:  Krasny Bor  

1.  Exposure Parameters Residential Receptors Commerical Receptors User Compl. By:  KN
Child Adolescent Adult Adult Construc. Defined Job ID:  Date:  23.February 2022

Averaging time, carcinogens (yr) - 2.  Age Adjustment for Carcinogens
Averaging time, non-carcinogens (yr) 6 12 30 25 1 -   (residential receptor only) Adjustment Factor

Body weight (kg) 15 35 70 70 70 -         Seasonal skin surface area, soil contact 1022.26 (cm2-yr/kg)

Exposure duration (yr) 6 12 30 25 1 -         Water ingestion 1.08571 (mg-yr/L-day)

Averaging Time for Vapor Flux (yr) 30 30 -         Soil ingestion 165.714 (mg-yr/kg-day)

Exposure frequency (d/yr) 250 180 -         Swimming water ingestion 4.56 (L/kg)

Dermal exposure freq. (d/yr) 250 180 -         Skin surface area, swimming 80640 (cm2-yr/kg)
Seasonal-avg skin surface area (cm2/d) 2023 2023 3160 3160 3160 -         Fish consumption 0.02286 (kg-yr/kg-day)
Soil dermal adherence factor (mg/cm2) 0.5 0.5 0.5 0.5 0.5 -         Below-ground vegetable ingestion 0.38 (kg-yr/kg-day)

Water ingestion rate (L/d) 1 1 2 1 1 -         Above-ground vegetable ingestion 0.88 (kg-yr/kg-day)

Soil ingestion rate (mg/d) 200 200 100 50 100 - 3. Non-Carcinogenic Receptor
Swimming exposure time (hr/event) 1 3 3   (residential receptor only)

Swimming event frequency (events/yr) 12 12 12 4.  Target Health Risk Limits Individual Cumulative
Swimming water ingestion rate (L/hr) 0.5 0.5 0.05 Target Cancer Risk (Carcinogens) 1.0E-5 1.0E-5
Skin surface area, swimming (cm2) 3500 8100 23000 Target Hazard Quotient/Index (non-Carc.) 1.0E+0 1.0E+0
Fish consumption rate (kg/d) 0.025 0.025 0.025 5. Commands and Options
Vegetable ingestion rate (kg/d)

     Above-ground vegetables 0.002 0.002 0.006
     Below-ground vegetables 0.001 0.001 0.002
Contaminated fish fraction (-)
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The exposure parameters used in the RBCA model 
are mainly the same that are recommended to be 
used in the risk assessment in Finland (Ministry 
of the Environment 2014). Average times of expo
sure to carcinogens (70 years for all receptors) and 

non-carcinogens are the same (in residential land 
use 6 years for a child / 12 years for adolescents / 
30 years for adult and in commercial land use 25 
years for adult / 1 year for construction site worker), 
as well as average body weights for children  
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(child 15 kg / adolescent 35 kg) and adults (70 kg). 
Water and soil ingestion rates are the same (in resi
dential areas 1 l/d for children and adolescents, and 
for adults and construction site workers in com
mercial areas; 2 l/d for adults in residential areas) 
although in the model the soil ingestion rate (200 
mg/d for children and adolescents in residential 
areas; 100 mg/d adults in residential areas and con
struction site workers in commercial sites; 50 mg/d 
for adults in commercial areas) is from the high end 
of the recommended range (children 20–200 mg/d; 
adults 10–100 mg/d). Above and below-ground veg
etable consumption (total 0.003 kg/d for children 
and adolescents; 0.008 kg/d for adults) is only one 
tenth of the Finnish recommendation (0.3 kg/d), 
but on the other hand it is not realistic to assume 
that in the study area all the consumed vegetables 
are grown in the contaminated area. The model 

takes into account swimming event frequency (12 
events/year) and event duration (1 h/event for chil
dren; 3 h/event for adolescents and adults), sea
sonally averaged skin surface area (2 023 cm2/d 
for children and adolescents in residential areas;  
3 160 cm2/d for adults and construction site work
ers in both residential and commercial areas) and 
fish consumption (0.025 kg/d for all receptors). The 
default value of fish consumption of 25 g/d appears 
low for the study area, considering it is located next 
to major rivers and a sea. On the other hand, all 
consumed fish is considered contaminated.  Health 
reference exposure limits are the same than what 
are recommended to be used in Finland (accept
able carcinogenic exposure level does not exceed 
value 1.0E5 and non-carcinogenic exposure level for 
individual element or compound or their cumulative 
sum does not exceed value 1.0).
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2.2 Constituents of concern
RBCA Tool Kit for Chemical Releases, Version 2.6

Site Name:  Area 2 Job ID:   Commands and Options
Location:  Krasny Bor  Date:  23.February 2022
Compl. By:  

Selected COCs Representative COC Concentration
 Groundwater Source Zone  Soil Source Zone Mole Fraction

n o in Source
o n Material

(mg/L) note (mg/kg) note (-)

Arsenic 1.1E+1 Minerogenic layer 5 - 20 cm 
Cadmium 2.0E+0 Organic layer 0 - 5 cm 
Cobalt 9.5E+0 Organic layer 0 - 5 cm 
Copper 4.0E+1 Organic layer 0 - 5 cm 
Lead (inorganic) 1.1E+2 Organic layer 0 - 5 cm 
Nickel 1.7E+1 Organic layer 0 - 5 cm 
Zinc 4.6E+1 Organic layer 0 - 5 cm 
Phenol 4.2E+0 Minerogenic layer 5 - 20 cm 
Benzo-a-pyrene 9.5E-2 Organic layer 0 - 5 cm 
Polychlorinated biphenyls (liquid) 8.9E-2 Organic layer 0 - 5 cm 
TPH - Aliph >C21-C34 1.7E+2 Org. layer 0 - 5 cm, "oil products"
TPH - Arom >C21-C35 1.7E+2 Org. layer 0 - 5 cm, "oil products"
Dioxin (2,3,7,8-TCDD) 3.4E+1 Organic layer 0 - 5 cm 

Apply 
Raoult's 
Law

Source Media Constituents of Concern (COCs)

COC Select: Sort List:

Top

Bottom

MoveUpAdd/Insert

Delete MoveDown

Main Screen Print Sheet Help

?

? ?

View Chemical Parameters

Enter Site DataEnter Site Data Enter Site DataEnter Site Data

Source media constituents of concern are based on 
the highest concentrations for each chemical / ele
ment found in the study area soil. Most of the high
est concentration in Area 2 are located in the organic 
soil layer in 0–5 cm depth, but arsenic and phenols 
were found in higher concentrations in the min
erogenic layer in 5–20 cm depth. For oil products 
the RBCA lists only aliphatic and aromatic fractions, 
and it is not possible to enter total oil concentra
tion. Here the total oil concentration is divided 

equally between the heaviest fractions of aliphatic 
and aromatic hydrocarbons. The heaviest fractions 
were chosen since the contamination has existed 
in the study area for a long time, meaning the most 
volatile fractions have likely evaporated. Aliphatic 
and aromatic oil fractions have differing chemi
cal qualities, effects to health and environmental 
fate depending on the carbon chain length, and not 
knowing which fractions exactly exist on the study 
area leaves uncertainty in their risk assessment.

2.3 Transport models
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2.4 Soil parameters

Soil parameters are based on average values of field 
measurements in the study area. In the local wells 
ETX-2019-GW-81–85 the perched water level was 
detected in depth 1.42–3.58 m from the ground level 
on October 2, 2019. pH value is the average of field 
measurements on the same day for the same wells. 
(Romanov et al. 2021b). According to the Ecological 
Portal of Saint-Petersburg (www.infoeco.ru,  

visited February 22, 2022) the average annual rain
fall in Saint Petersburg over the past 30 years is 653 
mm. The lowest value for Loss on Ignition (LOI) in 
analysed samples was used to calculate the frac
tion of organic carbon (OC) in the soil (OC = LOI x 
0.58). Calculation method according to Ministry of 
the Environment 2014.

2.5 Groundwater parameters

Hydraulic conductivity was calculated based on 
the Hazen method and grain size analyses made 
of the Area1 mineral soil samples. The used value 

is the highest conductivity value calculated for this 
area. The smallest value for Area 2 was 0.0005 m/d 
whereas the highest was 3.03 m/d. Hydraulic gradi
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ent was chosen based on the even character of the 
study area (Romanov et al. 2021b). Gradient refers 
to 1 m descend on a 1 km distance. The effective 
porosity value chosen is the average value for sandy 
soil (Salonen et al. 2002). Fraction of organic car
bon was the lowest detected in the analysed sam
ples of this area, and groundwater pH refers to the 
field measurements made from perched water wells 

in Quaternary / Ordovician/Cambrian-Ordovician 
aquifer (Romanov et al. 2021b). Plume width and 
thickness are estimations based on the contami
nated area size and as there is no data on the 
groundwater contamination. Surface water flowrate 
is an estimation based on visual inspection of the 
study area brooks during the field work.

2.6 Air parameters

Default values were used for air exposure on the outdoor and indoor exposure pathways. No air quality 
measurements or other specific data affecting the local building air exchange was available.
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2.7 Baseline risksRBCA Tool Kit for Chemical Releases, Version 2.6

RBCA SITE ASSESSMENT Baseline Risk Summary-All Pathways
Site Name: Area 2 Completed By: 
Site Location: Krasny Bor  Date Completed: 23.February 2022 1 of 1

BASELINE RISK SUMMARY TABLE
BASELINE CARCINOGENIC RISK BASELINE TOXIC EFFECTS

Individual COC Risk Cumulative COC Risk Risk Hazard Quotient Hazard Index Toxicity
EXPOSURE Maximum Target Total Target Limit(s) Maximum Applicable Total Applicable Limit(s)
PATHWAY Value Risk Value Risk Exceeded? Value Limit Value Limit Exceeded?
OUTDOOR AIR EXPOSURE PATHWAYS

n 6.9E-7 1.0E-5 7.4E-7 1.0E-5 o 6.3E-4 1.0E+0 7.1E-4 1.0E+0 oTRUE
INDOOR AIR EXPOSURE PATHWAYS

n 1.8E-10 1.0E-5 1.8E-10 1.0E-5 o NC 1.0E+0 NC 1.0E+0 oTRUE
SOIL EXPOSURE PATHWAYS

n 2.7E-3 1.0E-5 2.7E-3 1.0E-5 n 5.1E-1 1.0E+0 1.4E+0 1.0E+0 nTRUE

GROUNDWATER EXPOSURE PATHWAYS

n 1.9E-3 1.0E-5 2.0E-3 1.0E-5 n 1.2E+1 1.0E+0 2.0E+1 1.0E+0 nTRUE

SURFACE WATER EXPOSURE PATHWAYS

n 1.4E-9 1.0E-5 1.4E-9 1.0E-5 o 2.9E-5 1.0E+0 2.9E-5 1.0E+0 oTRUE

CRITICAL EXPOSURE PATHWAY   (Maximum Values From Complete Pathways)

2.7E-3 1.0E-5 2.7E-3 1.0E-5 n 1.2E+1 1.0E+0 2.0E+1 1.0E+0 n

Soil Soil Groundwater Groundwater

Based on the abovementioned assumptions and 
input values the highest risks in the Area 2 are 
exposure to the identified contaminants through 
soil exposure (on site ingestion, dermal contact, 
vegetable ingestion) and groundwater exposure 
pathway (soils leaching to groundwater and pos
sible use as drinking water). While there are several 
uncertainties in the sampling, analysis and mod
eling itself, it is not worthwhile to concentrate on 
the exact numbers of the calculation, but rather on 
the overall outcome. 

In the soil exposure pathway, the highest expo
sure risks are on site ingestion, dermal contact and 
vegetable ingestion by residents and exposure of 
construction workers on site. Carcinogenic refer
ence exposure level is exceeded on site for residents, 
but not for construction workers. Most significant 
carcinogenic substances that elevate the risk in 
Area 2 are arsenic, benzo(a)pyrene and PCBs.  The 
toxic reference exposure level (1) is exceeded for 
on-site residents but not for construction work
ers. The highest toxic risk quotient is caused by 
arsenic, that is widely spread in the study area, 
but several others elevate the risk too (Co, PCBs, 
aromatic hydrocarbons).

For groundwater exposure pathway the carci
nogenic exposure level is exceeded on the part of 
arsenic both on-site and off-site 1 for residents 
in nearby settlements (approximately 2250 m dis
tance from the site). Other chemicals with elevated 
carcinogenic risk are benzo(a)pyrene and PCBs. 
The toxic exposure level onsite is exceeded on 
the part of arsenic and cobalt individually. In total 
the groundwater pathway hazard index is 20 for 
on-site exposure exceeding the reference hazard 
index of 1.  The toxic reference exposure level is not 
exceeded on off-site in the residential area. This 
means that the groundwater on-site is likely not 
potable and may not be potable even further away 
from the site due to carcinogenic risk. It is esti
mated that the residents living in the nearby urban 
areas have centrally distributed tap water instead 
of using their own wells, which lessens the risk to 
groundwater use. Groundwater use may, however, 
occur in the nearby fields in the form of irrigation. 
This might pose a risk to the grown crops if irriga
tion water quality is not controlled.
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3 AREA 3

3.1 Exposure pathways

Groundwater ingestion / Surface water impact 
distances are measured from the map from the 
nearest contaminated point to nearest residential 
area border and to the nearest surface water body 

/ stream off-site. It is assumed that berry / mush
room picking could take place in the Area 3, and 
therefore vegetable ingestion is considered in this  
calculation.
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For Air exposure route outdoor and indoor air inhalation in nearby residential and commercial areas 
are considered as off-sites 1 and 2. The distances are measured from the map.

RBCA Tool Kit for Chemical Releases, Version 2.6

Site Name:  Area 3 Job ID:  Commands and Options
Location:  Krasny Bor Date:  28.Feb 2022
Compl. By:  

Constituent Concentration
(mg/L)

Arsenic 1.0E-2
Cadmium 1.0E-3
Copper 1.0E-3
Lead (inorganic) 6.0E-3
Nickel 1.0E-2
Zinc 1.0E-2
Phenol 1.0E-3
Benzo-a-pyrene 1.0E-2
Polychlorinated biphenyls (liquid) 1.0E-3
Hexachlorobenzene 1.0E-5
Benz-a-anthracene 1.0E-5
Benzo-g,h,i-perylene 8.2E-7
Pyrene 8.2E-7
Fluoranthene 1.2E-4
Hexachlorocyclohexane, alpha 1.0E-5

Surface Water Quality Criteria

Return Print Sheet

HelpPaste Default Values

The strictest Russian MPC-values have been 
chosen for surface water quality criteria when an 
MPC-value for a certain element or compound 
existed. In case there is no MPC-value, Finnish 

surface water quality criteria has been used.  
There is no MPC value nor Finnish surface water 
quality criteria for pyrene, so that of benzo(g,h,i)
perylene has been used.
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The exposure parameters used in the RBCA model 
are mainly the same that are recommended to be 
used in the risk assessment in Finland (Ministry 
of the Environment 2014). Average times of expo
sure to carcinogens (70 years for all receptors) and 
non-carcinogens are the same (in residential land 
use 6 years for a child / 12 years for adolescents / 
30 years for adult and in commercial land use 25 
years for adult / 1 year for construction site worker), 
as well as average body weights for children (child 
15 kg / adolescent 35 kg) and adults (70 kg). Water 
and soil ingestion rates are the same (in residen

tial areas 1 l/d for children and adolescents, and for 
adults and construction site workers in commercial 
areas; 2 l/d for adults in residential areas) although 
in the model the soil ingestion rate (200 mg/d for 
children and adolescents in residential areas; 100 
mg/d adults in residential areas and construction 
site workers in commercial sites; 50 mg/d for adults 
in commercial areas) is from the high end of the 
recommended range (children 20–200 mg/d; adults 
10–100 mg/d). Above and below-ground vegeta
ble consumption (total 0.003 kg/d for children and 
adolescents; 0.008 kg/d for adults) is only one tenth 

tion (0.025 kg/d for all receptors). The default value 
of fish consumption of 25 g/d appears low for the 
study area, considering it is located next to major 
rivers and a sea. On the other hand, all consumed 
fish is considered contaminated.  Health reference 
exposure limits are the same than what are recom
mended to be used in Finland (acceptable carcino
genic exposure level does not exceed value 1.0E5 and 
noncarcinogenic exposure level does not exceed 
value 1.0 on the part of individual element or com
pound or their cumulative sum).
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of the Finnish recommendation (0.3 kg/d), but on 
the other hand it is not realistic to assume that 
in the study area all the consumed vegetables are 
grown in the contaminated area. The model takes 
into account swimming event frequency (12 events/
year) and event duration (1 h/event for children; 
3 h/event for adolescents and adults), seasonally 
averaged skin surface area (2 023 cm2/d for children 
and adolescents in residential areas; 3 160 cm2/d for 
adults and construction site workers in both resi
dential and commercial areas) and fish consump

tion (0.025 kg/d for all receptors). The default value 
of fish consumption of 25 g/d appears low for the 
study area, considering it is located next to major 
rivers and a sea. On the other hand, all consumed 
fish is considered contaminated.  Health reference 
exposure limits are the same than what are recom
mended to be used in Finland (acceptable carcino
genic exposure level does not exceed value 1.0E5 and 
noncarcinogenic exposure level does not exceed 
value 1.0 on the part of individual element or com
pound or their cumulative sum).

3.2 Constituents of concern

Source media constituents of concern are based 
on the highest concentrations for each element / 
compound detected in the study area soil. Most of 
the highest concentrations in Area 3 are located in 

the minerogenic soil layer in 5–20 cm depth, but 
cadmium, copper, lead, phenols, PCBs and hexa
chlorobenzene were found in higher concentrations 
in the organic layer in 0–5 cm depth.

RBCA Tool Kit for Chemical Releases, Version 2.6

Site Name:  Area 3 Job ID:   Commands and Options
Location:  Krasny Bor Date:  23.Feb 2022
Compl. By:  

Selected COCs Representative COC Concentration
 Groundwater Source Zone  Soil Source Zone Mole Fraction

n o in Source
o n Material

(mg/L) note (mg/kg) note (-)

Arsenic 1.1E+1 Minerogenic layer 5 - 20 cm 
Cadmium 2.6E+0 Organic layer 0 - 5 cm
Copper 3.4E+1 Organic layer 0 - 5 cm
Lead (inorganic) 8.5E+1 Organic layer 0 - 5 cm
Nickel 1.9E+1 Minerogenic layer 5 - 20 cm 
Zinc 1.3E+2 Minerogenic layer 5 - 20 cm 
Phenol 2.5E+0 Organic layer 0 - 5 cm
Benzo-a-pyrene 1.2E+0 Minerogenic layer 5 - 20 cm 
Polychlorinated biphenyls (liquid) 3.4E-2 Organic layer 0 - 5 cm
Hexachlorobenzene 4.8E-2 Organic layer 0 - 5 cm
Benz-a-anthracene 1.3E+0 Minerogenic layer 5 - 20 cm 
Benzo-g,h,i-perylene 8.3E-1 Minerogenic layer 5 - 20 cm 
Pyrene 2.0E+0 Minerogenic layer 5 - 20 cm 
Fluoranthene 2.0E+0 Minerogenic layer 5 - 20 cm 
Hexachlorocyclohexane, alpha 7.3E+1 Minerogenic layer 5 - 20 cm 

Apply 
Raoult's 
Law

Source Media Constituents of Concern (COCs)

COC Select: Sort List:

Top

Bottom

MoveUpAdd/Insert

Delete MoveDown

Main Screen Print Sheet Help

?

? ?

View Chemical Parameters

Enter Site DataEnter Site Data Enter Site DataEnter Site Data
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3.3 Transport models

3.4 Soil parameters

Soil parameters are based on average values of field 
measurements in the study area. In the local wells 
ETX-2019-GW-81–85 the perched water level was 
detected in 1.42–3.58 m depth from the ground level 
on October 2, 2019. pH value is the average of field 
measurements on the same day for the same wells. 
(Romanov et al. 2021b). According to the Ecological 
Portal of Saint-Petersburg (www.infoeco.ru,  

visited February 22, 2022) the average annual rain
fall in Saint Petersburg over the past 30 years is 653 
mm. The lowest value for Loss on Ignition (LOI) in 
analysed samples was used to calculate the frac
tion of organic carbon (OC) in the soil (OC = LOI x 
0.58). Calculation method according to Ministry of 
the Environment 2014.
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3.5 Groundwater parameters

Hydraulic conductivity was calculated based on the 
Hazen method and grain size analyses made of the 
Area 3 mineral soil samples. The used value is the 
highest conductivity value calculated for this area. 
The lowest value for Area 3 was 0.0019 m/d whereas 
the highest was 3.66 m/d. Hydraulic gradient was 
chosen based on the even character of the study 
area (Romanov et al. 2021b). Gradient refers to 1 m 
descend on a 1 km distance. The effective poros
ity value chosen is the average value for sandy soil 
(Salonen et al. 2002). The fraction of organic car

bon was calculated as mentioned in chapter 4, and 
groundwater pH refers to the field measurements 
made from perched water wells in Quaternary / 
Ordovician/Cambrian-Ordovician aquifer (Romanov 
et al. 2021b). Plume width and thickness are esti
mations based on the contaminated area size as 
there is no data on the groundwater contamina
tion. Surface water flowrate is an estimation based 
on visual inspection of the study area brooks during 
the field work.
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3.6 Air parameters

Default values were used for air exposure on the outdoor and indoor exposure pathways. No air quality 
measurements or other specific data affecting the local building air exchange was available.

3.7 Baseline risks

Based on the abovementioned assumptions and 
input values the highest risks in the Area 3 are 
outdoor exposure route (vapour inhalation from 

surface and subsurface soils, dust inhalation from 
surface soils), soil exposure (on site ingestion, der
mal contact, vegetable ingestion) and groundwater 
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exposure pathway (soils leaching to groundwater 
and possible use as drinking water). While there are 
several uncertainties in the sampling, analysis and 
modeling itself, it is not worthwhile to concentrate 
on the exact numbers of the calculation, but rather 
on the overall outcome. 

The reference exposure level for carcinogenic 
substances (1 x 105) is exceeded for the outdoor air 
exposure route in on-site and both off-sites. For 
outdoor air exposure the site is considered to be 
in commercial use, and highest exposure is caused 
by alpha-hexachlorocyclohexane. Also As, Cd, Ni, 
benzo(a)pyrene, PCBs, hexachlorobenzene and 
benzo(a)anthracene are noted to heighten the risk 
on-site, but their individual risk quotients do not 
exceed the reference exposure level. On-site refer
ence exposure level is exceeded both for commercial 
use and for construction workers that would spend 
less time on-site than regular workers. For off-sites 
1 (residential area 200 m away) and 2 (commer
cial site 1 500 m away) the situation is similar, and 
alpha-hexachlorocyclohexane causes the highest 
individual exposure of all detected substances. Of 
these sites the residents of nearby settlements are 
at the highest risk. Toxic reference exposure level 
(1) is not exceeded in any of these sites. It should be 
noted that the residential areas are located down
wind from the Area 3 (to north-east from the site, 
wind blows most commonly in that direction on 
this area), and therefore outdoor air exposure on 
that area is likely. Altogether eight different car
cinogenic substances were found in excess of their 
MPC values in Area 3.

In the soil exposure pathway, the highest expo
sure levels are caused by on site soil ingestion, der
mal contact and vegetable ingestion by residents 
and exposure of construction workers on site. 
Carcinogenic reference exposure level is exceeded 

on site for residents, but not for construction 
workers. The exposure for construction workers 
is, however, very close to the reference exposure 
level. Most significant carcinogenic substances 
that elevate the exposure in Area 3 are arsenic and 
alpha-hexachlorocyclohexane, other significant 
being benzo(a)pyrene, PCBs, hexachlorobenzene 
and benzo(a)anthracene.  The toxic reference expo
sure level (1) is not exceeded for on-site residents 
nor for construction workers. The highest toxic risk 
quotient is caused by arsenic, that is widely spread 
in the study area, but several others elevate the risk 
too (especially alpha-hexachlorocyclohexane, Cd, 
Cu, Ni).

For groundwater exposure pathway the car
cinogenic reference exposure level is exceeded 
individually on the part of arsenic and alpha-hex
achlorocyclohexane both on-site and off-site 1 for 
nearby residential areas (approximately 200 m dis
tance from the site). Other chemicals that increase 
the carcinogenic exposure are benzo(a)pyrene, 
PCBs, hexachlorobenzene and benzo(a)anthracene. 
The toxic reference exposure level for on-site and 
off-site 1 is exceeded individually only on the part 
of arsenic, but all the other detected substances 
heighten the exposure as well making the total 
risk quotient to exceed the toxic reference expo
sure level both on- and off-site. This means that 
the groundwater is likely not potable on-site nor 
off-site in Area 3. It is estimated that the residents 
living in the nearby urban areas have centrally dis
tributed tap water instead of using their own wells, 
which lessens the exposure from groundwater use. 
Groundwater use may, however, occur in the nearby 
residential areas or fields in the form of irrigation. 
This might pose a risk to the grown crops if irriga
tion water quality is not controlled.
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4 AREA 4

4.1 Exposure pathways

Groundwater ingestion / Surface water impact dis
tances are measured from the map from the nearest 
contaminated point to nearest residential area bor
der and to the nearest surface water body / stream 

off-site. It is assumed that berry / mushroom pick
ing could take place in the Area 4, and therefore 
vegetable ingestion is considered in this calculation.
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For Air exposure route outdoor and indoor air inhalation in nearby residential and commercial areas 
are considered as off-sites 1 and 2. The distances are measured from the map.

RBCA Tool Kit for Chemical Releases, Version 2.6

Site Name:  Area 4 Job ID:  Commands and Options
Location:  Krasny Bor  Date:  4. Feb 2022
Compl. By:  

Constituent Concentration
(mg/L)

Arsenic 1.0E-2
Cobalt 1.0E-2
Copper 1.0E-3
Lead (inorganic) 6.0E-3
Nickel 1.0E-2
Zinc 1.0E-2
Phenol 1.0E-3
Benzo-a-pyrene 1.0E-2
Hexachlorobenzene 1.0E-5
DDD 1.0E-5
DDT 1.0E-5

Surface Water Quality Criteria

Return Print Sheet

HelpPaste Default Values

The strictest Russian MPC-values have been chosen for surface water quality criteria when an MPC-
value for a certain element or compound existed. In case there is no MPC-value, Finnish surface water 
quality criteria has been used. 
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The exposure parameters used in the RBCA model 
are mainly the same that are recommended to be 
used in the risk assessment in Finland (Ministry 
of the Environment 2014). Average times of expo
sure to carcinogens (70 years for all receptors) and 
non-carcinogens are the same (in residential land 
use 6 years for a child / 12 years for adolescents / 
30 years for adult and in commercial land use 25 
years for adult / 1 year for construction site worker), 
as well as average body weights for children (child 
15 kg / adolescent 35 kg) and adults (70 kg). Water 

and soil ingestion rates are the same (in residen
tial areas 1 l/d for children and adolescents, and for 
adults and construction site workers in commercial 
areas; 2 l/d for adults in residential areas) although 
in the model the soil ingestion rate (200 mg/d for 
children and adolescents in residential areas; 100 
mg/d adults in residential areas and construction 
site workers in commercial sites; 50 mg/d for adults 
in commercial areas) is from the high end of the 
recommended range (children 20–200 mg/d; adults 
10–100 mg/d). Above and below-ground vegetable  

dential and commercial areas) and fish consump
tion (0.025 kg/d for all receptors). The default value 
of fish consumption of 25 g/d appears low for the 
study area, considering it is located next to major 
rivers and a sea. On the other hand, all consumed 
fish is considered contaminated.  Health reference 
exposure limits are the same than what are recom
mended to be used in Finland (acceptable carci
nogenic exposure does not exceed value 1.0E5 and 
noncarcinogenic exposure level does not exceed 
value 1.0 on the part of individual element or com
pound or their cumulative sum).
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consumption (total 0.003 kg/d for children and ado
lescents; 0.008 kg/d for adults) is only one tenth 
of the Finnish recommendation (0.3 kg/d), but on 
the other hand it is not realistic to assume that 
in the study area all the consumed vegetables are 
grown in the contaminated area. The model takes 
into account swimming event frequency (12 events/
year) and event duration (1 h/event for children; 
3 h/event for adolescents and adults), seasonally 
averaged skin surface area (2 023 cm2/d for children 
and adolescents in residential areas; 3 160 cm2/d for 
adults and construction site workers in both resi

dential and commercial areas) and fish consump
tion (0.025 kg/d for all receptors). The default value 
of fish consumption of 25 g/d appears low for the 
study area, considering it is located next to major 
rivers and a sea. On the other hand, all consumed 
fish is considered contaminated.  Health reference 
exposure limits are the same than what are recom
mended to be used in Finland (acceptable carci
nogenic exposure does not exceed value 1.0E5 and 
noncarcinogenic exposure level does not exceed 
value 1.0 on the part of individual element or com
pound or their cumulative sum).

4.2 Constituents of concern

Source media constituents of concern are based on the highest concentrations for each element / compound 
found in the study area soil. Most of the highest concentrations in Area 4 are located in the minerogenic 
soil layer in 5–20 cm depth. 

RBCA Tool Kit for Chemical Releases, Version 2.6

Site Name:  Area 4 Job ID:   Commands and Options
Location:  Krasny Bor  Date:  4. Feb 2022
Compl. By:  

Selected COCs Representative COC Concentration
 Groundwater Source Zone  Soil Source Zone Mole Fraction

n o in Source
o n Material

(mg/L) note (mg/kg) note (-)

Arsenic 3.5E+0 Minerogenic layer 5 - 20 cm
Cobalt 5.8E+0 Minerogenic layer 5 - 20 cm
Copper 4.2E+1 Organic layer 0 - 5 cm
Lead (inorganic) 5.7E+1 Minerogenic layer 5 - 20 cm
Nickel 5.3E+1 Minerogenic layer 5 - 20 cm
Zinc 5.5E+1 Organic layer 0 - 5 cm
Phenol 2.3E+1 Organic layer 0 - 5 cm
Benzo-a-pyrene 1.0E-1 Minerogenic layer 5 - 20 cm
Hexachlorobenzene 4.8E-2 Organic layer 0 - 5 cm
DDD 6.5E-2 Minerogenic layer 5 - 20 cm
DDT 3.4E-2 Minerogenic layer 5 - 20 cm

Apply 
Raoult's 
Law

Source Media Constituents of Concern (COCs)

COC Select: Sort List:

Top

Bottom

MoveUpAdd/Insert

Delete MoveDown

Main Screen Print Sheet Help
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Enter Site DataEnter Site Data Enter Site DataEnter Site Data
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4.3 Transport models

4.4 Soil parameters

Soil parameters are based on average values of field 
measurements on the study area. In the local wells 
ETX-2019-GW-81–85 the perched water level was 
detected in 1.42–3.58 m depth from the ground level 
on October 2, 2019. pH value is the average of field 
measurements on the same day for the same wells. 
(Romanov et al. 2021b). According to the Ecological 
Portal of Saint-Petersburg (www.infoeco.ru,  

visited February 22, 2022) the average annual rain
fall in Saint Petersburg over the past 30 years is 653 
mm. The lowest value for Loss on Ignition (LOI) in 
analysed samples was used to calculate the frac
tion of organic carbon (OC) in the soil (OC = LOI x 
0.58). Calculation method according to Ministry of 
the Environment 2014.
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4.5 Groundwater parameters

Hydraulic conductivity was calculated based on 
the Hazen method and grain size analyses made 
of the Area 4 mineral soil samples. The used value 
is the highest conductivity value calculated for this 
area. The smallest value for Area 4 was 0.0021 m/d 
whereas the highest was 3.03 m/d. Hydraulic gradi
ent was chosen based on the even character of the 
study area. Gradient refers to 1 m descend on a 1 
km distance. The effective porosity value chosen is 
average value for silty soil (Fetter 2001). The frac

tion of organic carbon was calculated as mentioned 
in chapter 4, and groundwater pH refers to the field 
measurements made from perched water wells in 
Quaternary / Ordovician/Cambrian-Ordovician 
aquifer (Romanov et al. 2021b). Plume width and 
thickness are estimations based on the contami
nated area size as there is no data on the ground
water contamination. Surface water flowrate is an 
estimation based on visual inspection of the study 
area brooks during the field work.
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4.6 Air parameters

Default values were used for air exposure on the outdoor and indoor exposure pathways. No air quality 
measurements or other specific data affecting the local building air exchange was available.

4.7 Baseline risksRBCA Tool Kit for Chemical Releases, Version 2.6

RBCA SITE ASSESSMENT Baseline Risk Summary-All Pathways
Site Name: Area 4 Completed By: 
Site Location: Krasny Bor  Date Completed: 4. Feb 2022 1 of 1

BASELINE RISK SUMMARY TABLE
BASELINE CARCINOGENIC RISK BASELINE TOXIC EFFECTS

Individual COC Risk Cumulative COC Risk Risk Hazard Quotient Hazard Index Toxicity
EXPOSURE Maximum Target Total Target Limit(s) Maximum Applicable Total Applicable Limit(s)
PATHWAY Value Risk Value Risk Exceeded? Value Limit Value Limit Exceeded?
OUTDOOR AIR EXPOSURE PATHWAYS

n 2.1E-7 1.0E-5 2.6E-7 1.0E-5 o 2.7E-4 1.0E+0 4.3E-4 1.0E+0 oTRUE
INDOOR AIR EXPOSURE PATHWAYS

n 3.7E-10 1.0E-5 3.7E-10 1.0E-5 o NC 1.0E+0 NC 1.0E+0 oTRUE
SOIL EXPOSURE PATHWAYS

n 8.6E-4 1.0E-5 8.9E-4 1.0E-5 n 3.0E-1 1.0E+0 6.2E-1 1.0E+0 oTRUE

GROUNDWATER EXPOSURE PATHWAYS

n 6.1E-4 1.0E-5 6.1E-4 1.0E-5 n 4.1E+0 1.0E+0 9.2E+0 1.0E+0 nTRUE

SURFACE WATER EXPOSURE PATHWAYS

n 3.3E-10 1.0E-5 5.6E-10 1.0E-5 o 2.4E-5 1.0E+0 2.5E-5 1.0E+0 oTRUE

CRITICAL EXPOSURE PATHWAY   (Maximum Values From Complete Pathways)

8.6E-4 1.0E-5 8.9E-4 1.0E-5 n 4.1E+0 1.0E+0 9.2E+0 1.0E+0 n

Soil Soil Groundwater Groundwater

Based on the abovementioned assumptions and 
input values the highest risks in the Area 4 are 
exposure to the identified contaminants through 

soil exposure (on site ingestion, dermal contact, 
vegetable use) and groundwater exposure pathway 
(soils leaching to groundwater and possible use as 
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drinking water). While there are several uncertain
ties in the sampling, analysis and modeling itself, it 
is not worthwhile to concentrate on the exact num
bers of the calculation, but rather on the overall 
outcome. 

In the soil exposure pathway, the carcinogenic 
reference exposure level is exceeded on the part of 
residential site use but not for construction work
ers. The highest carcinogenic exposure levels are 
caused individually by arsenic and hexachloroben
zene, but benzo(a)pyrene, DDD and DDT heighten 
the total carcinogenic exposure level.  Altogether 
there are five different carcinogenic compounds 
identified in the Area 4. The toxic reference expo
sure level (1) is not exceeded for on-site residential 
use nor construction workers. The highest toxic 
risk quotient is caused by cobalt that is widely 
spread in the study area, but several others elevate 
the exposure level too (especially As, Cu, Ni). It is, 
however, worthwhile to notice that the total toxic 

risk quotient in the Area 4 is more than half of the 
reference level.

For groundwater exposure pathway the car
cinogenic reference exposure level is exceeded 
only on the part of arsenic both on and off-site 
1 (residential area 350 m away). Other chemicals 
with elevated carcinogenic risk are benzo(a)pyr
ene, hexachlorobenzene, DDD and DDT. Individual 
toxic reference exposure level is exceeded only by 
arsenic and cobalt for on-site, and phenols almost 
exceed the reference level. Together the identified 
contaminants raise the total toxic exposure level 
above the reference level both on-site and on off-
site 1. This means that the groundwater on-site 
and nearby off-site areas is likely not potable. It 
should be noted that the nearby residential areas to 
the north of the Area 4 are located in an urban area, 
where there is most likely centrally distributed tap 
water instead of residents using their own wells.
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Appendix 7

Grain-size analyses

GRAIN-SIZE ANALYSES

The hydraulic conductivity of mineral soil sam
ples taken in the 1st sampling stage was defined by 
approximating it from grain-size analysis results. 
d90 min and max values refer to the minimum and 
maximum values for analysed samples of each sub
area, and K min and max values are based on these 
values. 

The Hazen method (according to Salonen et al. 
2002) was used to calculate K-values for mineral 
soil for each subarea. The values are typical for 
sandy and silty soil material. Values are calculated 
according to the formula: 

K = A x d90
2(1.0+0.0429T), where  

K = hydraulic conductivity (cm/s) 
A = empirical coefficient  
Silt = 0.4 
Fine grained diamicton / moraine = 0.6 
Sandy moraine = 0.8 
Sand = 1 
Well-sorted gravel = 1.2 
d90 =  sieve mesh size that retains 90% of the sample 

material (pass rate 10%)
T = water temperature 

Water temperature was set to 9.4 °C based on the average of five well measurements made on 2 October 2019 
from wells ETX-2019-GW81 – 85.

   d90 min (mm)  d90 max (mm)  Kmin (m/d)  Kmax (m/d)  Most common soil type 

Area 1  0.001  0.06  0.0005  4.36  Sand 

Area 2  0.001  0.05  0.0005  3.03  Sand 

Area 3  0.001 0.055  0.0019  3.66  Sand

Area 4  0.0021  0.05  0.0021  3.03 Silt
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Water temperature was set to 9.4 °C based on the average of five well measurements made on 2 October 2019 
from wells ETX-2019-GW81 – 85.

   d90 min (mm)  d90 max (mm)  Kmin (m/d)  Kmax (m/d)  Most common soil type 

Area 1  0.001  0.06  0.0005  4.36  Sand 

Area 2  0.001  0.05  0.0005  3.03  Sand 

Area 3  0.001 0.055  0.0019  3.66  Sand

Area 4  0.0021  0.05  0.0021  3.03 Silt
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Appendix 8

Properties of selected key pollutants
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1 INTRODUCTION

This review presents the main properties, emission 
sources and environmental fate and effects of the 
selected key pollutants analysed from the EnviTox 
study area. Information relevant to environmental 
risk assessment has been collected from the litera

ture, e.g., from review articles and other summary 
reports. However, it should be noted that the data 
for each substance are only based on a few data 
sources and do not cover all available research data.

2 METALS

Emissions (Ruokavirasto 2019, Briffa et al. 2020)
 – Metals are elements that occur naturally in the 
Earth’s crust. 
 – Metals are naturally released into the environ
ment, for example, during volcanic eruptions or 
crustal weathering. 
 – Metal emissions are also caused by human activi
ties, such as mining, industrial emissions, the 
use of fossil fuels and the incineration of waste. 
 – Currently, anthropogenic emissions are very 
strictly regulated and controlled by environmen
tal legislation. 
 – Nevertheless, these inorganic pollutants are 
globally being discarded into waters, soils and the 
atmosphere due to rapidly growing agriculture 
and metal industries, improper waste disposal 
and the application of fertilizers and pesticides.

Environmental fate (Reinikainen 2007, Briffa et al. 
2020)

 – Metals can cause pollution of ecosystems in vari
ous ways. They can enter and pollute the hydro
sphere, lithosphere and atmosphere. 
 – Metals can appear in soil and in the environ
ment with very different properties. For example, 
different compounds of the same metal may be 
readily or almost readily soluble in water, which 
affects their bioavailability and toxicity. 
 – The chemical form of the metal depends on fac
tors such as water acidity, salinity, organic mat
ter content and oxygen content.
 – In addition, the degree of oxidation of a metal 
(speciation) affects its harmfulness to the 
environment.
 – The literature describing the properties of con
taminants is suitable as a starting point for risk 
assessment as such, mainly for organic contam
inants. For inorganic substances such as met
als, the applicability of the literature data is less  
clear, as these occur in the environment as very 

different compounds. The properties of different 
metal compounds (e.g., toxicity, bioavailability, 
solubility and binding) vary significantly and 
are always determined in part by environmental 
conditions, which is why the literature data may 
not be directly applicable to the subject under 
consideration.
 – Soil pHredox ratios, mineral composition and 
surface charge, in particular, regulate the behav
iour of inorganic substances such as metals. 
The solubility of most metals increases as acid
ity increases, and conditions become reducing. 
However, metals present as negatively charged 
anions are better retained in the soil under 
acidic and oxidizing conditions. Redox condi
tions also affect the biodegradation of organic 
contaminants. 

Bioaccumulation, exposure and effects (Reinikainen 
2007, Ruokavirasto 2019, Briffa et al. 2020, Karvonen 
et al. 2012, Prabhat et al. 2019)

 – Metals that have entered the soil as a result of 
human activity are often initially in a soluble 
form and they often bind under natural condi
tions, e.g., to soil organic matter, clay miner
als, oxides of iron and aluminium. As a result, 
they are no longer in an equally bioavailable and 
harmful form. 
 – Ecological reference values for metals derived 
from toxicity tests do not necessarily represent 
the long-term effects of metals on organisms. 
 – On the other hand, possible changes in environ
mental conditions can also increase the solubility 
and harmfulness of metals in the long term. 
 – Certain metals accumulate in organisms and can 
be enriched in the food chain. 
 – Examples of metals that can lead to human mor
bidity or mortality include Hg, As, Pb, Cd and Cr.
 – If metals enter the environment and waters such 
as lakes, metals may also cause death to fish. 
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 – At sufficiently high concentrations, metals have 
adverse effects on human health, such as bio
logical and physiological complications. These 

complications can include DNA damage or cell 
membrane damage, which can lead to cancer.

2.1 Mercury (Hg)

General information
 – Mercury is a highly toxic element and known as 
a global pollutant. 
 – Emissions (Pietilä 2014)
 – The anthropogenic sources of mercury emissions 
to the atmosphere are the burning of fossil fuels 
(primarily coal), small-scale gold mining, mer
cury-containing industrial processes, the incin
eration of waste, mining and metal production. 
 – Natural sources are volcanic and geological activ
ity, the re-emission of previously deposited mer
cury and burning of biomass.
 – In freshwaters, mercury can originate from direct 
atmospheric deposition and runoff from soils.

Environmental fate (Porvari 2003, Pietilä 2014, Kuusela-
Lahtinen et al. 2012)

 – The major chemical species of mercury in the 
environment are elemental mercury (Hg0), 
inorganic mercury (Hg2+) and methyl mercury 
(MeHg). 
 – In the atmosphere, the main mercury species 
is elemental mercury (Hg0 ~95%). Due to the 
long atmospheric residence time of Hg0, it can 
be widely distributed and deposited in remote and 
pristine areas. 
 – In natural waters, sediments and soils, the domi
nant form of mercury is Hg2+, mainly existing as 
complexes. In soils and freshwaters, mercury is 

mainly bound to natural organic matter. Thus, 
soil organic matter plays an important role in 
the mobilization and transportation of mercury 
in ecosystems. 
 – Mercury differs from several other metals: The 
more acidic the soil, the more mercury is retained 
in the soil. The highest concentrations in soil are 
typically in the organic, acidic surface layer.
 – Biological or chemical processes (mainly biologi
cal methylation due to sulphate- and iron-reduc
ing bacteria) can convert inorganic forms of Hg 
released in nature into highly toxic MeHg species. 
Biological methylation is favoured by anaerobic 
conditions. Typically, the proportion of MeHg is 
less than 10% of the total Hg concentration. 

Bioaccumulation, exposure and effects (Porvari 2003, 
Pietilä 2014)

 – The toxicity, bioavailability and mobility of mer
cury in the environment are highly dependent on 
its chemical form. 
 – Due to bioaccumulation, mercury concentrations 
in fish can be up to a million times higher than 
in ambient water, and over 95% of accumulated 
mercury can be in the form of MeHg. 
 – Humans are primarily exposed to MeHg in fish. 
MeHg is a neurotoxin and has particularly adverse 
effects on the developing nervous system (espe
cially in developing foetuses and young children). 

2.2 Cadmium (Cd)

Emissions (Zhang & Reynolds 2019)
 – The majority of Cd is used in the production of 
batteries (83%)
 – Anthropogenic sources to the atmosphere: min
ing, burning of fossil fuels and industrial pro
duction. Natural sources: spontaneous biomass 
combustion and volcanic eruption. 
 – Many phosphate fertilizers are produced from 
natural phosphate rocks, in which Cd is present 
in the form of Cd sulphide. 
 – Aqueous Cd is mainly caused by industrial and 
agricultural runoff directly into the natural water 
system. Natural sources: deposition of atmos

pheric Cd, the dissolution of solid Cd (minerals), 
and weathering of bedrock. 

Environmental fate (Nordic Council of Ministers 2003, 
Mäkelä-Kurtto et al. 2003)

 – Cd can be present in various forms in chemical 
compounds: a few in ionic form but most in com
plexes. In addition, Cd can be bound to inorganic 
and organic ligands. 
 – Cadmium and cadmium compounds are, com
pared to other heavy metals, relatively water 
soluble. They are therefore also more mobile, for 
example in soil, generally more bioavailable and 
tend to bioaccumulate. 
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 – Cadmium is most soluble at pH 4.5–5.5. On the 
other hand, when the pH is high (>7.5), Cd is 
nearly stabile and precipitates as carbonates. 
 – In water, cadmium is typically transported as 
Cd2+ ions (when pH is low), but it can also form 
complexes with Cl and SO4

2 ions and humus. 
Iron and manganese deposits, as well as humus, 
decrease the mobility of cadmium and influence 
Cd concentrations in water.
 – In the atmosphere, cadmium primarily exists 
as fine suspended particulate matter and can be 
transported by the wind over long distances.
 – In soil, humus decreases the mobility of Cd, but 
without a soil humus layer, Cd can be transported 
to groundwater and surface waters. 
 – In sediment, the distribution of different forms 
of Cd is difficult to estimate.

Bioaccumulation, exposure and effects (Nordic Council 
of Ministers 2003, Dokmeci et al. 2009)

 – Cadmium is toxic at very low exposure levels and 
has acute and chronic effects on health and the 
environment.
 – Cadmium is most readily absorbed by aquatic 
organisms directly from the water in its free ionic 
form Cd (II). The acute toxicity of cadmium to 
aquatic organisms is variable and is related to the 
free ionic concentration of the metal. 

 – Bioconcentration factors for microorganisms 
and molluscs are in the order of thousands. Soil 
invertebrates also markedly concentrate cad
mium. Most organisms show low to moderate 
concentration factors of less than 100. 
 – High calcium concentrations (water hardness) 
in the water protect fish from cadmium uptake 
by competing at uptake sites. Zinc increases the 
toxicity of cadmium to aquatic invertebrates. 
 – Cadmium may easily move from soil to food 
plants through root absorption, and fairly large 
amounts can accumulate in their tissues without 
showing stress. In this way, Cd may enter the 
food chain and affect human health. 

Environmental concentrations (Nordic Council of 
Ministers 2003, Luke 2013)

 – Cadmium levels of up to 5 mg/kg have been 
reported in sediments from rivers and lakes, 
and from 0.03–1 mg/kg in marine sediments. 
Concentrations measured in European rivers 
roughly vary from 10 to 100 ng/l. 
 – In Finland, concentrations in moss samples 
decreased from 0.37 mg/kg to 0.12 mg/kg dur
ing 1985–2000. The highest concentrations were 
over 1 mg/kg in the 1980s and under 0.5 mg/kg 
in 2010. 

3 POLYCYCLIC AROMATIC YDROCARBONS (PAH)

General information (Reinikainen 2007)
 – Polycyclic aromatic hydrocarbons (PAHs) include 
hundreds of compounds with varying properties 
and are still largely unknown. 

Emissions (Ruokavirasto 2021, Ilmatieteen laitos (N.d.), 
Abdel-Shafya & Mansourb 2016)

 – PAHs are formed as a consequence of incomplete 
combustion when using fossil fuels, for example 
in industry and transport.
 – PAHs may be released under natural condi
tions, but the main sources are anthropogenic. 
Sources of PAHs include residential heating, coal 
gasification and liquefying plants, carbon black, 
coaltar pitch and asphalt production, coke and 
aluminium production, catalytic cracking towers 
and related activities in petroleum refineries, as 
well as motor vehicle exhaust.
 – PAHs are most commonly released to the air, but 
they enter the whole environment, including soil, 

water and humans. PAHs spread through air and 
move through terrestrial and aquatic environ
ments as a result of various processes.
 – PAHs travel in small particles with atmospheric 
currents and they are thus compounds that have 
spread all over the environment.
 – PAHs are released into the air following the com
bustion of all organic matter, but in urban air, 
the most significant sources are flue gases from 
small-scale wood combustion and road trans
port exhaust gases. Industrial sources of PAHs 
released into the air include foundries and cok
ing plants. 

Environmental fate (Abdel-Shafya & Mansourb 2016)
 – PAHs can undergo adsorption, volatilization, 
photolysis and chemical degradation. The most 
significant degradation process is microbial 
degradation.
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 – PAHs can be turned into less harmful forms 
with bioremediation. PAH degradation depends 
on several factors, including the environmental 
conditions, the number and type of microorgan
isms, and the nature and chemical structure of 
the chemical compound being degraded.
 – Benzo(def)chrysene, benzo(k)fluoranthene, 
benzo(e)acephenanthrylene and indeno(1,2,3-cd)
pyrene belong to persistent organic pollutants 
(POPs). (ECHA 2022)
 – In general, PAHs have high melting and boiling 
points, a low vapor pressure, and very low aque
ous solubility. According to the formula of PAHs, 
their properties may vary. 
 – PAHs are also highly soluble in organic solvents. 
This is due their lipophilic features. 

Bioaccumulation, exposure and effects (Vuoristo et al. 
2010, Ruokavirasto 2021, Abdel-Shafya & Mansourb 
2016)

 – PAHs are harmful substances for the aquatic 
environment. 
 – PAHs accumulate in bivalve molluscs. Fishes par
tially metabolize PAHs, which do not therefore 
accumulate to them. 

 – In the environment, PAHs are moderately per
sistent and can also be bioaccumulated.
 – The toxicity of PAHs is from moderate to high 
acute toxicity for aquatic life and birds. 
 – PAHs in soil are unlikely to exert toxic effects on 
terrestrial invertebrates, except when the soil is 
highly contaminated. 
 – Some PAHs have toxic, mutagenic and/or carci
nogenic properties. Currently, 16 PAHs have been 
identified as carcinogenic. PAHs are highly lipid 
soluble and thus readily absorbed from the gas
trointestinal tract of mammals.
 – Although PAHs are lipophilic compounds, they 
do not accumulate in the body. 
 – The most common route of exposure to PAHs for 
humans is from breathing ambient and indoor 
air, eating food containing PAHs, smoking ciga
rettes, or breathing smoke from open fireplaces. 
The exposure route can also be via air and sur
face soil by direct inhalation, ingestion or dermal 
contact.
 – The most carcinogenic PAH is benzo(a)pyrene. 

4 POLYCHLORINATED BIPHENYLS (PCB)

General information (Beyer et al. 2009, Vukasinovic  
et al. 2017)

 – Polychlorinated biphenyls (PCBs) are a group 
of synthetic chlorinated organic chemicals and 
complex mixtures of individual chlorobiphenyls.
 – Polychlorinated biphenyls consist of a biphenyl 
structure linked to two benzene rings in which 
some or all hydrogen atoms are substituted by 
chlorine atoms. Theoretically, 209 different con
geners can exist, but about half of them are iden
tified in commercial products. PCBs are classified 
as persistent organic pollutants (POPs).

Emissions (Beyer et al. 2009)
 – Human activities constitute the only source of 
PCBs in the environment. Contaminated sites are 
typically in industrial areas. 
 – PCBs have been used in numerous industrial 
applications such as fluid insulators in high-
voltage electric transformers, in high-capac
ity condensers, as heat exchangers, pesticide 

extenders, adhesives, components of cutting oils, 
flame retardants, hydraulic lubricants, dedusting 
agents, and components of plasticizers in paints, 
inks and toners.  
 – PCBs can also be created as by-products of com
bustion processes such as the incineration of 
waste containing polychlorinated biphenyls. 

Environmental fate (Beyer et al. 2009, Vukasinovic  
et al. 2017)

 – PCBs are environmentally widespread and per
sistent, and they can be routinely found in air, 
water, soils and sediments.
 – All PCB congeners are lipophilic (fat soluble), and 
their lipophilicity depends on the degree of their 
chlorination. PCBs have very low water solubility. 
 – PCBs bind strongly to organic particles in water 
bodies, atmospheric particulates, soils and 
sediments.
 – PCBs are susceptible to volatilization, especially 
lighter homologs. The deposition of particle-

200



Geological Survey of Finland, Open File Research Report 19/2022 
Environmental risk assessment of the Krasny Bor hazardous waste landfill surroundings and recommendations for risk management

bound PCBs from the atmosphere and the sedi
mentation of solid particles in water cause their 
accumulation in soils and sediments.
 – PCBs are transported by wind and water. The 
principal transport route for PCBs is from waste 
streams, through aquatic systems into receiving 
surface waters.
 – Biodegradation primarily occurs through the 
aerobic or anaerobic action of bacteria or other 
microorganisms. It is the only process known to 
degrade polychlorinated biphenyls in soils and 
in aquatic environments. More highly chlorin
ated congeners are less readily degraded than less 
chlorinated ones. PCBs are more slowly biode
graded than many other organic chemicals in the 
environment. 
 – The composition of PCB congener mixtures that 
can be found in the environment differs substan
tially from that of the original industrial mixtures 
released into the environment, because the sus
ceptibility of polychlorinated biphenyls to degra
dation and bioaccumulation is congener specific. 
 – The less chlorinated congeners are generally 
more water soluble, more volatile and more 
likely to biodegrade. On the other hand, highly 
chlorinated polychlorinated biphenyls are often 
more resistant to volatilization and degradation 
processes and bind more strongly to particulate 
matter.

Accumulation, exposure and effects (Beyer et al. 2009, 
Dack et al. 2014)

 – Polychlorinated biphenyls are mainly bioaccu
mulated by aquatic and terrestrial organisms, and 
can thus enter the food chain, where they are 
capable of biomagnification. The bioaccumulation 
and biomagnification potential varies between 
congeners.
 – Some of the more highly chlorinated PCBs tend 
to bioaccumulate to greater concentrations in 
the tissues of animals than those with a lower 
molecular weight. The more heavily chlorinated 
PCBs can also biomagnify in the food chain. 
 – The WHO12 subgroup (PCBs 77, 81, 126, 169, 105, 
114, 118, 123, 156, 157, 167 and 189) consists of 
coplanar congeners of PCBs that have dioxin-like 
toxicity. 
 – In addition, non-dioxin-like PCBs are toxic and 
have been shown to lead to endocrine, neurologi
cal and immunological effects. 
 – Dehalogenation reduces the toxicity of PCBs.

Indicator PCBs (congeners 28, 52, 101, 118, 138, 153, 180) 
(Afful et al. 2013)

 – Indicator PCBs are congeners that are known to 
bioaccumulate in the food chain and are per
sistent in the environment, and are therefore 
assumed to be suitable representatives for all 
PCB congeners. The seven indicator PCBs are 
the predominant congeners in biotic and abiotic 
matrices. Mixtures of PCBs are generally inves
tigated based on a chemical analysis of the sum 
of the seven indicator polychlorinated biphenyls. 

5 DIOXINS AND FURANS

General information (Kulkarni et al. 2007, Schecter et 
al. 2005)

 – Dioxins are a group of polyhalogenated aromatic 
hydrocarbons that mainly include polychlorin
ated dibenzo-p-dioxins (PCDDs or dioxins), 
dibenzofurans (PCDFs or furans) and ‘dioxin-
like’ (halogenated aromatic) compounds such as 
biphenyls (PCBs). Dioxins consist of two oxygen 
atoms connected to two benzene rings and con
tain four to eight chlorine atoms.
 – Dioxins and furans usually occur as a mixture of 
congeners.
 – Dioxins and furans are classified as persistent 
organic pollutants (POPs)

Emissions (Kulkarni et al. 2007, Schecter et al. 2005)
 – Dioxins are mainly anthropogenic in origin and 
by-products of several chemical processes.
 – They are produced by industrial activities (such 
as pulp and paper mills, chemical manufacturing, 
metal industry), the incineration of waste and 
combustion (incomplete combustion of carbo
naceous fuels, exhaust gases of leaded gasoline). 
 – Dioxin-like compounds may be formed in any 
combustion process where chlorine is present 
and as by-products in industry where chlorin
ated compounds are used or manufactured.
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Environmental fate (Kulkarni et al. 2007, Schecter et al. 
2005)

 – The persistent and hydrophobic nature of dioxins 
causes them to accumulate in vegetation, organic 
matter, landfill sites, soils and sediments, and 
have the potential to redistribute and circulate 
in the environment.
 – Dioxin and furan compounds have only minor 
potential for significant leaching or volatilization 
after sorption onto particulate matter.
 – Many dioxin-like compounds are stable enough 
to travel long distances in the atmosphere, lead
ing to their widespread presence in the environ
ment. Deposition from the air contaminates 
water, soil and vegetation and provides an entry 
into the food chain.
 – The tetra and higher chlorinated congeners, 
in particular, are extremely stable under most 
environmental conditions: The only significant 
transformation process is photodegradation of 
non-absorbed species in gaseous form. The more 
highly chlorinated compounds tend to absorb 
onto airborne particles, therefore greatly reduc
ing the rate of their degradation. The lower chlo
rinated congeners can be found as vapor, causing 
them to be more susceptible to photolysis.
 – Because of their low water solubilities and vapor 
pressures, dioxins and furans tend to partition 
into soils and sediments. Burial in-place, resus
pension back into the air, or soil erosion to water 
bodies are the predominant fates of dioxins and 
furans partitioned to soil. The ultimate environ
mental sink of dioxins and furans is aquatic sedi
ments. Soil and sediment can act as reservoirs, 

leading to recontamination of other environmen
tal media.
 – The half-life of dioxins may be in the order of a 
decade or more in soils, and probably longer in 
sediments.

Bioaccumulation, exposure and effects (Kulkarni et al. 
2007; Schecter et al. 2005)

 – Dioxins are extremely persistent andaccu mu l - 
a tive.
 – Dioxins are highly toxic and ubiquitous com
pounds, but only 7 of the 75 possible dioxin 
congeners, and 10 of the 135 possible furan con
geners, those with chlorine substitution in the 
2,3,7,8 positions, are toxic.
 – People are primarily exposed to dioxins through 
foods (typically via meat, milk, fish and plants). 
In addition, the public health risk from environ
mental exposure to dioxins from contaminated 
sites can be significant. The half-life of dioxins in 
humans is around 7–11 years, with a wide range 
of individual variation. 
 – Because dioxin compounds are biologically stable, 
human exposure is chronic and widespread.
 – Several adverse health effects have been asso
ciated with dioxins, including soft tissue, skin 
lesions (chloracne), sarcomas, lymphomas, 
stomach cancer, elevated blood lipids, bio
chemical liver-test abnormalities, fatal injury, 
and immune system and neurological effects. 
Carcinogenic, genetic, reproductive and develop
mental effects have also been observed in many 
animal studies.

6 ORGANOCHLORINE PESTICIDES

6.1 DDD, DDE, DDT

General information (Cheremisinoff et al. 2011)
 – Dichlorodiphenyltrichloroethane (DDT) is one of 
the most widely used and studied pesticides ever 
synthesized. Commercial grade DDT also con
tains dichlorodiphenyldichloroethylene (DDE) 
and dichlorodiphenyldichloroethane (DDD), both 
of which are also metabolites of DDT and have 
similar chemical properties. 
 – DDT is classified as a persistent organic pollut
ant (POP).
 – DDT was introduced into commercial use in 1945 
and was used in populated areas for vector con

trol and in agriculture for pest control. The use 
of DDT was banned in the USA by 1972, and the 
worldwide production and use of this chemical 
began to decrease as well. 
 – Despite the negative impacts on the environ
ment and potential adverse health effects, DDT 
is still produced, and in fact, the global produc
tion appears to be increasing.

Emissions (Cheremisinoff et al. 2011)
 – DDT, DDE and DDD are synthetic chemicals that 
are not naturally present in the environment.
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 – DDT enters the atmosphere from current spray
ing operations and from the volatilization of 
residual DDT, which is already in the water and 
soil from past pollution.

Environmental fate (Cheremisinoff et al. 2011)
 – Dichlorodiphenyltrichloroethane is an extremely 
persistent compound because of its negligible 
solubility in water and tendency to bioaccumulate 
and biomagnify in fatty tissues through increas
ing trophic levels.

Bioaccumulation, exposure and effects (Cheremisinoff 
et al. 2011)

 – Spray and aerosol application of DDT results in 
a significant loss of the pesticide to wind. In the 
atmosphere, DDT is carried either as vapor or on 
dust particles and can undergo long-range global 

transport and deposition, known as ‘global distil
lation’, usually from warm areas to colder areas.
 – DDT has little mobility through soil layers and 
tends to remain in the surface layers, where veg
etation takes the chemical up, which can later be 
eaten by animals. 
 – DDT will volatilize more rapidly in moist soils 
than in dry soils. Additionally, DDT biodegrades 
primarily to DDD in flooded soils and primarily to 
DDE in dry soils. The transport and degradation 
profile of DDT is therefore highly variable and 
dependent on local soil conditions.
 – In addition, the pH of the soil influences the time 
of disappearance, with higher acidity causing 
much longer residence times. The half-lives of 
DDT and DDE are therefore highly variable, and 
their exact persistence in soil cannot be known.

6.2 Hexachlorocyclohexanes (mainly alpha and gamma)

General information (Willett et al. 1998, Bachmann et 
al. 1987, ATSDR N.d.)

 – Hexachlorocyclohexane (HCH) is a collec
tive name referring to the eight isomers of 
1,2,3,4,5,6-hexachlorocyclohexane. The main 
difference between the eight isomers is their axial 
equatorial substitution pattern around the ring. 
Greek letters are used to denote the eight isomers 
of hexachlorocyclohexane. Only alpha-, beta-, 
gamma- and delta- hexachlorocyclohexane are 
of commercial significance. 
 – Hexachlorocyclohexanes are classified as persis
tent organic pollutants (POPs)

Emissions (Willett et al. 1998, Bachmann et al. 1987)
 – Hexachlorocyclohexanes are among the most 
widely used and detected organochlorine pesti
cides in environmental samples.
 – Gamma-hexachlorocyclohexane, also known as 
lindane, is the isomer with the highest activity 
as a pesticide. The commercial mixtures typically 
contain 60–70% alpha, 5–12% beta, 10–12% 
gamma, 6–10% delta and 3–4% eta isomers.
 – Gamma-hexachlorocyclohexane is used as an 
insecticide on vegetables and fruits, rice paddies, 
Christmas trees, and as seed treatment. Gamma-
hexachlorocyclohexane has been applied to peo
ple for the treatment of lice and scabies.

Environmental fate (Willett et al. 1998, Bachmann et al. 
1987)

 – The relatively high volatility of hexachlorocy
clohexanes (especially alpha and gamma iso
mers) has led to their global transport, even into 
pristine locations such as the Arctic. 
 – Alpha- and gamma-hexachlorocyclohexane are 
the most prevalent isomers in soil, water and 
air samples.
 – The physical and chemical properties of the HCH 
isomers differ from each other. The beta isomer 
is generally considered to be the most persistent 
and metabolically inactive isomer.
 – Compared to other organochlorines (such as 
DDT), hexachlorocyclohexane isomers are gen
erally more water soluble and volatile, which 
explains why HCHs are detected in all environ
mental compartments, including water, sedi
ments, air and animals.
 – In soils, the isomers are degraded by microbes 
or volatilized into the atmosphere. Both aerobic 
and anaerobic soil bacteria cultures have been 
recognized to degrade hexachlorocyclohexanes.
 – Degradation/transformation products of alpha-
HCH include monochlorobenzene (MCB), trichlo
rophenol and dichlorophenol.
 – Degradation/transformation products of gamma-
HCH include pentachlorocyclohexene, tetrachlo
rocyclohexene, monochlorobenzene (MCB) and 
tri- and tetrachlorinated benzenes.
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Exposure and effects (Willett et al. 1998)
 – Hexachlorocyclohexanes primarily affect the 
central nervous system and can also cause repro
ductive and endocrine damage.
 – Several studies have reported hexachlorocy

clohexane intake from food products. Infants and 
children often are the most sensitive to expo
sure. A potential route of hexachlorocyclohex
ane transfer from mother to infants is via breast 
feeding (breast milk). 

6.3 Hexachlorobenzene

General information (Reinikainen 2007,  
INCHEM N.d. b, c)

 – Hexachlorobenzene is a chlorinated aromatic 
hydrocarbon belonging to the persistent organic 
pollutants (POPs). The chemical formula is C6Cl6.

Emissions (Reinikainen 2007, INCHEM N.d. b, c)
 – Hexachlorobenzene has been used in the manu
facture of industrial chemicals, as a solvent in 
the paint and plastics industry and as a fungi
cide and wood preservative. It is also formed as 
a by-product in the manufacture of chlorinated 
industrial chemicals.
 – The production and use of hexachlorobenzene 
have declined since the 1970s because of bans 
and restrictions on its use in many countries. In 
Finland, the ban on the substance came into force 
in 1996. However, it still occurs as a by-product 
of the production of several chlorinated solvents 
and other industrial chemicals.
 – Hexachlorobenzene continues to be released to 
the environment from several sources, including 
the use of some chlorinated pesticides, incom
plete combustion, old dump sites, as well as the 
inappropriate manufacture and disposal of wastes 
from the manufacture of chlorinated solvents, 
chlorinated aromatics and chlorinated pesticides.

Environmental fate (Reinikainen 2007,  
INCHEM N.d. b, c)

 – Hexachlorobenzene is practically insoluble in 
water and readily binds to soil organic matter.

 – Hexachlorobenzene is a persistent chemical. Slow 
photodegradation in air and microbial degrada
tion in soil do occur. The half-life in soil has been 
estimated to be about three years under aerobic 
conditions and more than 20 years under anaero
bic conditions. 
 – Hexachlorobenzene is transported over long dis
tances in the troposphere and is deposited in soil 
and water from the air. 
 – The substance has been stated to be highly accu
mulative. Accumulation can occur either directly 
or through the food web. Significant biomagni
fication of hexachlorobenzene through the food 
chain has been reported.

Exposure and effects (Reinikainen 2007,  
INCHEM N.d. b, c)

 – Hexachlorobenzene is accumulative, and has 
been detected in invertebrates, fish, reptiles, 
birds and mammals (including humans) far from 
point sources, mainly in fatty tissues of organ
isms at higher trophic levels.
 – Hexachlorobenzene has been shown to be carci
nogenic and affects a wide set of organ systems, 
including the liver, lungs, kidneys, thyroid and 
reproductive tissues, as well as the nervous and 
immune systems.
 – In the environment, hexachlorobenzene is par
ticularly toxic to aquatic organisms. 
 – The hazard classification is as follows: Carc. Cat. 
2; R45; T; R48 / 25; N; R50-53. 

6.4 Heptachlor

General information (Reinikainen 2007, INCHEM N.d. a)
 – Heptachlor is a chlorinated dicyclopentadiene 
that is classified as a persistent organic pollutant 
(POP). The chemical formula is C10H5Cl7.

Emissions (Reinikainen 2007, INCHEM N.d. a)
 – The main use of heptachlor is to kill termites, 
ants and soil insects on seed grains and on crops, 
as well as in wooden structures. 

 – Most applications of this insecticide were severely 
restricted or banned in the early 1980s. In 2001, 
the Stockholm treaty restricted or banned the use 
of heptachlor, because this compound was identi
fied as a so-called persistent organic pollutant.
 – Heptachlor has also been used as a component 
in plywood glues
 – No natural sources of heptachlor are known
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Environmental fate (Reinikainen 2007, INCHEM N.d. a)
 – The target compartments for heptachlor in the 
environment are soil and sediment (about 43% 
and 55%) and, to some extent, water (about 2%). 
 – Because of its low water solubility, only a lim
ited proportion of heptachlor is expected to be 
removed from the atmosphere by wet deposition 
(dissolution in clouds, precipitation).
 – In the soil, heptachlor is retained in organic mat
ter and is not readily transportable. Nevertheless, 
a long residence time may result in an appre
ciable movement of heptachlor and its stable 
metabolite, heptachlor epoxide, therefore posing 
a potential risk for groundwater.
 – Heptachlor is moderately persistent in soil, where 
it is mainly transformed into more stable hep
tachlor epoxide. Heptachlor is classified as not 
readily biodegradable in the aerobic biodegrada
tion test. The half-life in soil is estimated to be 
about two years.
 – Heptachlor may undergo significant photolysis, 
oxidation and volatilization.

Exposure and effects (Reinikainen 2007, INCHEM N.d. a)
 – Heptachlor and its degradation product hepta
chlor epoxide are highly accumulative and can 
become enriched in the food chain.
 – Bioconcentration may be limited in the aquatic 
environment by the rapid transformation of hep
tachlor in water to hydroxychlordene and the 
sorption of heptachlor onto particulate matter 
or sediment. However, since heptachlor epoxide  

is more stable in water, it is extensively bio - 
concentrated.
 – Heptachlor is very toxic to aquatic life. Only very 
little information is available on the toxicity of 
the substance to soil organisms.
 – The main exposure routes for humans are via 
inhalation or skin penetration, from extended 
exposure to dusts containing heptachlor in build
ings treated with this compound, and indirectly 
via uptake from heptachlor-contaminated food 
from crops or from other foods via the food chain. 
The most likely route of exposure to heptachlor 
is via food-related uptake.
 – Heptachlor is a potent carcinogen in animal 
experiments, which also has other adverse health 
effects. The symptoms linked to acute heptachlor 
toxicity include hyperexcitability, tremors, con
vulsions and paralysis. The acute toxicity of hep
tachlor epoxide is greater than that of heptachlor.
 – Even though heptachlor is apparently stable in 
light, studies have reported the phototransfor
mation of heptachlor and heptachlor epoxide 
to photoisomerization products. The photoiso
mer derived from heptachlor by intramolecu
lar cycloaddition upon ultraviolet irradiation 
is known to be more toxic and persistent than 
heptachlor and heptachlor epoxide. To rats, pho
toheptachlor is about 20 times more toxic than 
heptachlor.
 – The hazard classification of heptachlor is: T; R24 
/ 25; Carc. Cat 3, R40; R33, N; R50-53. 

7 CHLORINATED ALIPHATIC HYDROCARBONS

General information (Reinikainen 2007, Moo-Yong 
2011)

 – Chlorinated aliphatic hydrocarbons are a group 
that consists of, for example, the follow
ing substances: dichloromethane, vinyl chlo
ride, dichloroethylene, trichlorethylene and 
tetrachlorethylene. 
 – The chlorinated hydrocarbons, such as perchlo
roethylene (PCE) and trichloroethylene (TCE), 
can end up into the environment from indus
trial activities. PCE and TCE are widely used in 
industrial solvents and degreasing agents that 
have entered and contaminated the environment, 
including soil and groundwater. 

Emissions (Jesus et al. 2016)
 – Halogenated aliphatic hydrocarbons (HAHs) are 
widely used in a variety of industrial processes 
such as in the production of plastics, rubber, 
fibres, silicones, adhesives, heat transfer fluids, 
metal cleaning agents, dry cleaning agents, paint 
strippers, pharmaceuticals, process and extrac
tion solvents, agrochemicals, refrigerants, resins, 
cosmetics and pesticides. They can be released to 
the environment through accidents or improper 
management. 
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Environmental fate (Ympäristöministeriö 2014,  
Reinikainen 2007)

 – Chlorinated aliphatic hydrocarbons are volatile, 
water-soluble and easily transported in soil, 
which can pose a risk to groundwater quality, 
even at very low soil concentrations. 
 – Chlorinated solvents can be DNAPL substances 
(dense nonaqueous phase liquids), which are not 
water soluble but are heavier than water. These 
substances can end up below groundwater. 
 – The decomposition of chlorinated compounds in 
groundwater is typically very slow. Due to the 
sensitive volatility, no elevated levels of these 
compounds are generally observed in the soil 
background concentrations. Thus, even small 
concentrations found in the soil are usually the 
result of the chlorinated hydrocarbons used in 
the area. In this case, it is usually necessary to 
determine whether there are also possible insolu
ble separate phases in the site, which may pose 
a long-term risk, for example, to groundwa
ter quality. For the reasons set out above and 
the principles for applying the thresholds, the 

thresholds (used in Finland) for chlorinated ali
phatic hydrocarbons have been set lower than the 
calculated soil reference values. The aim has been 
to ensure that the risks of groundwater pollution 
are assessed on a case-by-case basis whenever 
chlorinated hydrocarbons are present at a site. On 
the other hand, low thresholds have been used 
to prevent uncontrolled dumping of soil waste 
containing chlorinated hydrocarbons in ground
water areas. 

Bioaccumulation, exposure, and effects (Reinikainen 
2007)

 – Aliphatic chlorohydrocarbons are volatile and 
readily transportable compounds in soil.
 – The risks that are generally assessed are potential 
health hazards and the risk of groundwater pol
lution, but not ecological effects. 
 – For volatile chlorinated aliphatic hydrocar
bons, by far the most significant risk factor is 
the transport of substances into the indoor air 
of buildings.

7.1 Trichlorethylene

General information (Työterveyslaitos 2017a)
 – Trichlorethylene is a colourless, clear liquid with 
a sweetish, chloroform-like odour. The vapour of 
the substance is heavier than air.

Emissions (Työsuojelu N.d.)
 – About half of the trichlorethylene sold in the 
EU is used as a degreasing and cleaning agent 
in industry and a good third as a synthetic raw 
material, mainly in the production of HFCs and 
HCFCs. Trichlorethylene has also been used in 
adhesives and stain removers for consumer use.
 – In Finland, the main use of trichlorethylene 
is metal degreasing and cleaning in the metal 
industry, especially steam washing of metal 
parts. In addition, trichlorethylene is used as a 
washing solvent, for example in the chemical 
industry and the paper and printing industry.

Environmental fate (Työterveyslaitos 2017a)
 – Trichlorethylene released into the air decom
poses under the influence of hydroxyl radicals, 
e.g., phosgene, dichloroacetyl chloride and chlo
roform. The half-life of trichlorethylene in air is 
about a week. In air, trichloroethylene can also 
form trichloroacetic acid. 

 – Trichlorethylene and its decomposition products 
may enter the ground with rain.
 – Trichlorethylene that enters the soil quickly 
evaporates from the topsoil. The substance is 
readily or moderately transportable, depending 
on the quality of the soil, so it can enter ground
water. The biodegradation of trichlorethylene in 
soil is slow under both aerobic and anaerobic 
conditions. Anaerobic decomposition can produce 
dichloroethylene and vinyl chloride, which can 
also be transported to groundwater. The half-life 
of trichlorethylene in soil is estimated to be from 
half a year to a year.
 – Trichlorethylene is very soluble in water from 
an environmental point of view (1.1 g/l), but the 
substance evaporates rapidly from surface water. 
Using calculation models, it has been estimated 
that the amount of trichlorethylene is halved 
due to evaporation in a shallow river (depth one 
metre) in about three hours and in a shallow 
pond (depth one metre) in about five days. If the 
substance enters water in large quantities, the 
water-insoluble part will sink to the bottom, as 
it is heavier than water. Based on the biological 
oxygen demand (BOD 2.4% / 14 days), trichlore
thylene has been found to be slowly degradable  
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under aerobic conditions, but degradation is 
accelerated as microbes adapt to degradation. 
Trichlorethylene can decompose more rapidly if 
there are enough other compounds in the water 
that microbes can utilize as food.
 – Trichlorethylene is harmful to aquatic organ  - 
isms. It is acutely toxic for fish (LC50 (96 h) 
= 41–45 mg/l) and to Daphnia (EC50 (48 h) =  
18–65 mg/l). 
 – Trichlorethylene has not been found to accumu
late in the food web.
 – Trichlorethylene is classified as dangerous for  
the environment. The classification is based  
 

on the harmfulness of the substance to aquatic 
organisms and its poor degradability.

Bioaccumulation, exposure and effects 
(Työterveyslaitos 2017a)

 – Trichlorethylene is classified as a carcinogen of 
category 1B (Carc. 1B). Category 1B substances 
must be treated as if they are carcinogenic to 
humans. 
 – Trichlorethylene is classified as mutagenic cat
egory 2 (Muta. 2). Category 2 substances are sus
pected to be harmful to humans, as they may 
potentially cause mutations inherited in human 
germ cells. 

7.2 Chloroform

General information (Terveyden ja hyvinvoinnin  
laitos 2021)

 – Chloroform is the most common trihalomethane. 
 – Emissions (Kangas 2018)
 – Chloroform is classified as an industrial and con
sumer chemical.

Environmental fate (Australian Government N.d.)
 – Chloroform can be transported in air as vapor and 
dissolved in water.
 – Chloroform evaporates easily into the air, where 
it slowly breaks down to other toxic chemi
cals such as phosgene and hydrogen chloride. 
Chloroform dissolves in water, from where it 
can evaporate to air or can break down to other 
chemicals. Chloroform mainly ends up in air 
and only a small percentage ends up in water. 
Chloroform is not bound to soil and can migrate 
from the soil to groundwater. 
 – Chloroform is non-persistent in natural waters, 
with a half-life of less than two days. However, 
due to the absence of light and air, chloroform 
may last a long time in groundwater.

Bioaccumulation, exposure and effects (Terveyden ja 
hyvinvoinnin laitos 2021, Australian Government N.d.)

 – Chloroform may be hazardous to the environ
ment. Chloroform in water has moderate acute 
and chronic toxicity to aquatic life. 

 – There may be some accumulation in fish: the 
concentration of chloroform in fish tissues is 
expected to be somewhat higher than the average 
concentration of chloroform in the water. 
 – Chloroform can cause damage to various plants, 
including brittleness in roots and chromosomal 
damage. No data are available on the short-term 
effects of chloroform on birds or land animals 
or the long-term effects on plants, birds or land 
animals.
 – Humans can be exposed to trihalomethanes by 
drinking water containing them. Chloroform 
evaporates very easily from water, so humans can 
be exposed to it by inhaling volatile chloroform 
in the shower or on the surface of a swimming 
pool if the pool water is chlorinated. Chloroform 
can also easily enter the body through the skin, 
for example in a bath or swimming pool.
 – Chloroform is classified as carcinogenic to 
humans (category 2B). This means that long-
term, decades-long excessive intake may increase 
the risk of cancer. In experimental animals, chlo
roform and bromide chloromethane cause kidney 
and liver tumours, but only at significantly higher 
doses than those to which humans are exposed.
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8 PHENOLS

General information (Min et al. 2015)
 – Phenolic compounds are a class of organic com
pounds with a hydroxyl group(s) directly bonded 
to one or more aromatic rings. Due to the loose 
definition, more than 8,000 compounds have 
been classified as phenolics, from low molecu
lar compounds to complex, highly polymerized 
compounds.

Emissions (Anku et al. 2017, Min et al. 2015)
 – Natural sources: Phenolic compounds are compo
nents of many plant species (up to 60% of plant 
dry mass, e.g., flavonoids, coumarins, phenolic 
acid, including benzoic acid and cinnamic acid, 
hydroquinone resorcinol, tannin, lignin, etc.). 
Other natural sources include metabolic waste 
products of humans and animals, natural fires, 
etc.
 – Anthropogenic sources: Phenol is widely used 
in different industries, and it is a component of 
many household chemicals (e.g., disinfectants, 
body lotions, perfumes, soaps, toys, paints). 
Some examples:
• Chlorophenols: Wood distillation, use of chlo

rine for water disinfection, cooking processes 
and paper production all result in the forma
tion of chlorophenols.

• Bisphenol-A: manufacturing of polycarbonate 
plastics and epoxy resins

• Alkylphenols: 
 – Application of pesticides, insecticides and herbi
cides causes agricultural runoff to waters (e.g., 
pentachlorophenol, which degrades to other 
chlorophenols). 
 – Effluents of industry and wastewater treatment 
plants, leachates from municipal solid wastes.

Environmental fate (Anku et al. 2017, Min et al. 
2015, Shang et al. 1999, Reinikainen 2007)

 – Low and medium molecular weight phenolics 
are typically water soluble, while high molecular 
weight compounds are insoluble.
 – Phenolics in soils can exist in (1) a dissolved 
form, which moves freely in the soil solution, 
(2) a sorbed form, which reversibly binds to soil 
particles, and (3) a polymerized form, consisting 
of humic substances.
 – Alkylphenols: e.g., Nonylphenol is hydrophobic, 
and it absorbs onto organic matter and particles. 

It degrades biologically and via the effect of light, 
but in sediment it is quite persistent 
 – Chlorophenols are ionizable compounds, so the 
pH of the environment affects the water solubil
ity and transport properties of the compounds. 
Chlorophenols ionize under alkaline (some com
pounds already in neutral) conditions and are 
then water soluble. On the other hand, they are 
moderately water soluble even in a non-ionized 
form under acidic conditions and can thus end up 
in groundwater. Chlorophenols are biodegrad
able. For example, the half-life of pentachloro
phenol has been estimated to be from one month 
to half a year under aerobic conditions and from a 
couple of months to a few years under anaerobic 
conditions.
 – Degradation products of phenolic compounds 
can even be more harmful than the original 
compounds.

Bioaccumulation, exposure and effects 
(Anku et al. 2017, Olak et al. 2012)

 – Phenolic compounds have been listed by the 
European Union (EU) as pollutants of priority 
concern. They are toxic and have severe short-
and long-term effects on humans and animals. 
They also tend to persist in the environment over 
a long period of time and accumulate in humans 
and animals. 
 – Chlorophenols, aminophenols, chlorocatechols, 
nitrophenols, methylphenols and other phenolic 
compounds have all been characterized as exert
ing a toxic influence on humans. 
 – Many phenolics have endocrine disrupting 
effects, e.g., parabens, phenylphenols, alkyl
phenols and bisphenol A. They interfere with the 
endocrine system of organisms, causing distur
bance in male and female reproduction systems, 
e.g., the formation of breast and prostate tumours 
and endometriosis. Due to the ability of EDCs to 
bioaccumulate and bioconcentrate in the food 
chain, people are also exposed to their adverse 
effects.
 – In EU legislation (Water Framework Directive), 
the EQS is given for nonylphenols, octylphenols 
and pentachlorophenol. The total toxicity of non
ylphenol and nonylphenol ethoxylates is calcu
lated by using toxicity equivalency factors and is 
not allowed to exceed the EQS.
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9 SURFACE-ACTIVE ANIONIC SUBSTANCES

General information (Olkowska et al. 2014)
 – Surface-active agents (SAAs, surfactants) are a 
group of compounds with a specific chemical 
composition: one part soluble in a polar medium 
(hydrophilic) and the second in a nonpolar 
medium (hydrophobic). 
 – The main classification of surfactants is based on 
the charge of the hydrophilic part of their mole
cules: cationic, anionic and nonionic compounds.
 – Anionic surfactants are historically the oldest and 
the most common type of surfactants. Linear-
chain alkylbenzene sulfonate (LAS) types are 
the most popularly used synthetic anionic sur
factants. Other groups include SPC, SPC, PFOA 
and PFOS.
 – The second common group in global production 
is nonionic surfactants (e.g., alkylphenol eth
oxylates, NPEC) and the least common group is 
cationic compounds (e.g., DTDMAC, CTAB)

Emissions (Olkowska et al. 2014)
 – Surface-active agents are among the most com
monly applied compounds in industrial, agricul
tural and household activities, and after use a 
huge quantity of surfactants (and/or their deg
radation products) are discarded to wastewater 
treatment plants or directly to surface waters. 
 – Application (anionic surfactants): e.g., shampoos, 
detergents, personal care products, dyes, ingre
dients of pesticides and pharmaceutical products.

Environmental fate (Olkowska et al. 2014)
 – Generally, anionic surfactants mostly exist in the 
dissolved phases while cationic and nonionic sur
factants mostly exist in the particulate phases 
(their transport is associated with suspended sol
ids). Environmental factors such as pH, salinity, 
carbon or the clay content of the particulate phase 
can influence sorption processes.
 – Biodegradation is the primary transformation 
process. In the water system, half-lives vary 
from hours to a few days. Most surfactants 

can be rapidly degraded under aerobic condi
tions, but degradation is generally slower under 
anaerobic conditions (e.g., LAS, DTDMAC) 
and pollutants occur longer in sediments. 
Perfluorooctanesulfonic acid (PFOS) is an excep
tionally stable compound in industrial applica
tions and in the environment. The chemical 
structure, temperature, light, salinity and other 
factors affect the efficiency of biodegradation. 
 – Surfactants can increase the solubility of other 
organic pollutants in the aqueous phase, their 
migration and accumulation in different envi
ronmental compartments. 
 – The environmental fate of surfactants is still 
poorly known.

Accumulation, exposure and effects (Olkowska et al. 
2014, Lechuga et al. 2016, Ympäristöhallinto 2019)

 – Some surface-active agents can be transformed 
to more toxic degradation products, e.g., degra
dation products of non-ionic surfactants, alkyl
phenol ethoxylates (APEO). 
 – There is considerable variation in toxicity 
responses in relation to the structure of the sur
factants. Toxicity depends on the chain length or 
degree of ethoxylation. 
 – Anionic surfactants: 
• LAS safe / harmful
• EC safe / harmful / toxic
• AS harmful
• AES harmful / toxic
 – Some non-ionic surfactants, e.g., some of the 
amine oxides or alcohol ethoxylates and fatty 
alcohol ethoxylates are classified as very toxic. 
 – In EU legislation (Water Framework Directive), 
the EQS is given for PFOS 
 – PFOS is classified as a persistent organic pollut
ant (POP). It is persistent, bioaccumulative and 
toxic to mammalian species. Its half-life in the 
water environment has been estimated to be over 
41 years.
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10 FORMALDEHYDE

General information (Työterveyslaitos 2017b)
 – Formaldehyde is a colourless gas with a pungent 
suppressive odour. 

Emissions (Työterveyslaitos 2017b) 
 – In Finland, aqueous formaldehyde solution is 
mainly used to produce phenolic and urea resins 
and rock wool. 
 – Aqueous formaldehyde is also used abroad for the 
manufacture of textiles, cosmetics, latex, thio
urea and melamine resins, cellulose esters and 
explosives. 

Environmental fate (Työterveyslaitos 2017b)
 – Formaldehyde released into the air decomposes 
directly under the influence of light and has 
a half-life of 2 to 6 hours. Formaldehyde also 
decomposes under the influence of hydroxyl rad
icals, giving a half-life of 7 to 71 hours. 
 – Formaldehyde from the air can leach into the 
ground with the rain.
 – Formaldehyde is very soluble in water from an 
environmental point of view. Its evaporation 
from water is negligible. Formaldehyde is highly 
transportable and thus may enter groundwater.

 – Formaldehyde has been shown to be rapidly 
biodegradable. 

Bioaccumulation, exposure and effects 
(Työterveyslaitos 2017b)

 – Formaldehyde has not been found to accumulate 
in the food web.
 – Formaldehyde is toxic to aquatic organisms. 
Its acute LC50 values for fish are 24 to 69 mg/l  
(96 h) and its acute EC50 values for Daphnia are 
5.8 to 29 mg/l (48 h) and approximately 15 mg/l 
(24 h) for algae.
 – Based on current criteria, formaldehyde is not 
classified as dangerous for the environment. 
 – Formaldehyde is classified as a carcinogen of cat
egory 1B (Carc. 1B). Category 1B substances should 
be treated as if they were carcinogenic to humans.
 – Formaldehyde is classified in the list of sub
stances in as mutagenic category 2 (Muta. 2). 
Category 2 is suspected to be harmful to humans 
because they can potentially cause mutations 
inherited in human germ cells. 
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