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Background 
HELCOM MONAS 16/2011 noted that the actual contribution of atmospheric phosphorus as well as relative 

importance may be greater than previously assumed and invited HELCOM LOAD to consider atmospheric 

phosphorus deposition in its future work. 

Under the HELCOM PLC-5.5 project, information of atmospheric phosphorus deposition, based on various 

studies, was collected from Contracting Parties. Based on the information received, it was agreed that in 

general it seems that 5 kg P km-1 year would be a suitable value to use for atmospheric phosphorus supply 

in the further work. 

This document compiles and summarizes the information received from the Contracting Parties. It includes 

calculation of the atmospheric deposition to the main Baltic Sea sub-basins using the proposed common 

phosphorus deposition rate for the whole Baltic Sea (5 kg P km-2)  leading to an annual total airborne supply 

of 2,000 tons P to the Baltic Sea 

No reply to the questionnaire was been received from Latvia and some Contracting Parties only partly 

answered the questionnaire.  

 

Action required 

The Meeting is invited to consider and make use of the information in this document. 
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Information on atmospheric deposition of phosphorus 
Atmospheric deposition of phosphorus is seen as a background load to the Baltic Sea when calculating 

revised maximum allowable inputs (MAI) for the Baltic Sea Action Plan (BSAP) and new country wise 

allocated reduction targets (CART). This is due to the lack of information on monitored and modeled 

deposition of phosphorus as well as on quantification of sources of phosphorus emissions to the 

atmosphere. Atmospheric phosphorus deposition is included in the BNI model as a constant deposition rate 

for the whole Baltic Sea using 15 kg P km-2 year-1 based on reported rates in Northern Europe ranging 

between 5 and 40 kg P km-2 year-1 (Ruoho-Airola, 2012). For the whole Baltic Sea this comprise 6.200 tons 

of airborne phosphorus input as compared with approx. 30.000 tonnes waterborne (flow- normalized) 

phosphorus input in 2008, i.e. according to this calculation airborne inputs of phosphorus should 

constitutes nearly 1/5 of the total phosphorus inputs to the Baltic Sea. 

The first meeting of HELCOM PLC5.5 project noted that there are various studies indicating that actual 

contribution of atmospheric phosphorus as well as relative importance may be greater than previously 

assumed (which have been 1-5% of total phosphorus input to the Baltic Sea), especially in some sub-basins, 

where atmospheric deposition might contribute up to 30%. It is obvious quite important to clarify the 

importance of phosphorus deposition of total phosphorus inputs to the see The Meeting agreed to invite 

contracting parties to submit information of atmospheric phosphorus deposition, so that the information 

can presented to the next meeting of the HELCOM LOAD core group. The main results from the forwarded 

inputs in shown below in the table 1 and under the table some further information given by the contracting 

parties are summarized. 

No information has as yet been provided from Latvia. Further Germany and Lithuania have informed that 

they do not monitor or model atmospheric deposition of phosphorus as it is assumed that it only contribute 

with a minor phosphorus inputs to their marine areas of the Baltic Sea. Finland has forwarded an article 

which only provided atmospheric deposition figures for the whole Baltic Sea (15 kg P km-2 year-1) but 

without specifying deposition rates of atmospheric phosphorus for Finnish Baltic Sea water areas. 

Afterwards Finland have provided provisional figures based on monitoring results, and in spring 2013 more 

detailed information can be provided by Finland.  

 

Table 1. Summary of information forwarded by HELCOM Contracting Parties regarding atmospheric 

deposition of phosphorus. 

Country Total deposition 
kg P km-2 year-1 

Dry 
deposition 
kg P km-2 

year-1 

Wet dep. 
kg P km-2 

year-1 

Organic P 
dep. of total 

Dep. in % 

Number of monitoring 
stations 

Are P 
deposition 
modeled? 

Atm. dep. in % of 
total P input to 

Baltic Sea 

Denmark 4.0 (land and sea) Approx. 2 Approx. 2 50 7 (wet dep.) and former also 
dry dep. 

No KAT: 9 % 
SOU: 2 % 
WEB: 6 % 
BAP: 46 % 

Estonia 3.1 (land and sea) - -. - Monitoring in 1990-2002 no 1-5 % 

Finland Estimate: 5 – 10 
(land and sea) 

- - - Have monitoring Monitoring 
at Utö station to be started 

in  spring 2013 

no - 

Germany - - - - No routine monitoring - Minor source 

Latvia - - - - - - - 

Lithuania n.i. n.i. n.i. n.i. 0 no - 

Poland 4.9 n.i - n.i. 23 (wet. Dep.) no - 

Russia 2 – 5 (Kondratyev, 
2007) 

- - - No routine monitoring no - 

Sweden 1,0 - 4.6 (land and 
inland waters) 

?? ?? ?? 1990s and 2006-07 tot. dep. 
10 since 2011 wet.dep 

no 3 % inland waters 

- : No information has been forwarded by the contracting party 

n.i.: The Contracting Party do not have information about the item. 
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Regarding total atmospheric deposition of phosphorus figures from 5 contracting parties (table 1) are 

available and they range between 1 and 4.9 kg P km-2 year-1. Further the provisional estimated from Finland 

is 5-10 kg P km-2 year-1. It is not always clear if the reported values include dry deposition. The reported 

figures based on monitoring is clearly lower that the 15 kg P km-2 year-1 used when BNI calculates 

atmospheric phosphorus deposition with BALTSEM to find revised maximum allowable inputs. 

Some Contracting Parties have reported the importance of atmospheric phosphorus deposition to the total 

air and waterborne inputs to their sub-basins of the Baltic Sea. Estonia estimates that atmospheric 

deposition of phosphorus constitutes 1-5 % of total phosphorus inputs to Estonia marine waters, while 

Denmark estimates it is between 2-10 % but to the Baltic Proper (where Denmark have more than 2.500 

km2 of Baltic Proper sea surface area but only 1.200 km2 of catchment) it constitutes 46 %. Sweden has not 

estimated the importance of the atmospheric phosphorus deposition to their Baltic Sea waters, but that 3 

% of the Swedish water borne input to the Baltic Sea originates from atmospheric inputs on Swedish inland 

waters. 

It must be noted as the waterborne phosphorus inputs to the Baltic Sea has been generally markedly 

reduced during the latest 20-30 years due to specially markedly improved cleaning of wastewaters and use 

of phosphorus free detergents (HELCOM 2012) the atmospheric phosphorus deposition – which seems to 

have been rather constant during the period - has become relatively more important.  

The atmospheric deposition of phosphorus is not modelled by any Contracting Party neither by EMEP as 

the emission sources are rather difficult to quantify. 

The reported figures are mainly from station located on land or coastal stations. As most phosphorus 

sources are land based deposition on the open sea most likely are lower than the average of results based 

on land and costal stations. 

HELCOM PLC-5-5/2012 agreed on that in general it seems that 5 kg P km-1 year would be a suitable value to 

use, but that this will be confirmed after further information is received from Sweden and Poland. After 

receiving this information the LOAD CORE Group recommends to use 5 kg P km-2 for atmospheric 

phosphorus supply in the further work on revised maximum allowable inputs and new country allocation 

targets.  

In table 2 are results from BNI on atmospheric phosphorus deposition to the main sub-basins of the Baltic 

Sea using a rate of 5 kg P km-2. The total airborne phosphorus load to the Baltic Sea is approx. 2,000 tons P 

as compared with 6.300 tons P used in BSAP2007. The atmospheric supply is treated as a background input 

with. By reducing this background atmospheric inputs with 4.000 tons P compared with the BSAP2007 the 

riverine phosphorus load can be 4,000 tons P higher if the total maximum allowable inputs of phosphorus 

to the Baltic Sea are unchanged. As the total phosphorus input during 1997-2003 was approx. 36.000 tons P 

using the reduced atmospheric phosphorus deposition rate is rather important.   
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Table 2 Atmospheric phosphorus deposition on the Baltic Sea main sub-basins using a constant deposition 

rate of 5 kg P km-2 as recommended in this paper.   

Sub-basin Surface area 
km

2
 

Phosphorus deposition tons 

Kattegat   23,659    118 
The Sound     2,328      12 
Western Baltic   18,647      93 
Baltic Proper 209,258 1,046 
Gulf of Riga   18,646      93 
Gulf of Finland   29,998    150 
Archipelago Sea   13,405      67 
Bothnian Sea   65,398    327 
Bothnian Bay   36,248    181 

Baltic Sea  2,087 

 

 

Below it is described that atmospheric deposition of phosphorus is not monitored (at least not regularly) in 

Germany, Estonia, Lithuania ([Latvia] and Russia and that Denmark, [Finland], Poland, and Sweden recently 

are only monitoring phosphorus concentrations in precipitation which covers the wet deposition of 

phosphorus.  

Only Denmark has forwarded and estimate of atmospheric wet and dry deposition of phosphorus and they 

are both approx. 2 kg P km-2 year-1 ± 1 kg P km-2 year-1, but the estimates of dry deposition of phosphorus is 

quite uncertain as the monitored phosphorus concentrations is quite close to the detection limit. 

 

Monitoring atmospheric phosphorus deposition in the contracting parties – reported details 
Below summarized information regarding monitoring phosphorus deposition. In general it is primarily wet 

deposition of phosphorus that is monitored. Monitoring the dry deposition off phosphorus is a challenge as 

it seems the concentrations monitored is quite close to the detection limit. 

Denmark 

It is monitored at 6 stations within the Baltic Sea catchment. Monitoring has been performed since 1989 

(see map below). It covers wet deposition (bulk precipitation sampler and subsequent analysis for 

phosphate) and before 2010 estimates of dry deposition based on measurements (PIXE analysis) of 

concentration in air. Concentration of phosphorus in air was below detection limit. PIXE Analysis facility has 

been stopped and at present Denmark is investigating a way to find a new analysis technique on dry 

deposition. 
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Figure: Danish monitoring stations on atmospheric deposition of different chemical substances. 

 

Estimates on total atmospheric deposition are based on monitoring off wet deposition and former 

monitoring of dry deposition. Denmark has accordingly estimated following deposition rates on Danish sub-

basins of the Baltic Sea (we do not give figures for the individual sub-basins). 

Both on terrestrial areas and Danish marine Baltic Sea sub-basins total atmospheric phosphorus deposition 

is estimated to 0.04 kg P/ha (4 kg/km-2) and this value has been used for recent years (Ellermann et al., 

2013). Annual dry deposition is approx. 0.02 kg P/ha ± 0.01 kg P/ha based on more detailed studies in 2001-

2002. A rough estimate is that annual atmospheric deposition of inorganic phosphorus is 0.02-0.04 kg P/ha 

± 0.011 kg P/ha (Hovmand et al, 1993). Evaluation of measurement on phosphorus concentration indicates 

that no development has taken pale in phosphrous deposition since measurements started in 1989 (Fyns 

Amt, 2005). 

Estonia  

Estonia had a chemical monitoring of precipitation but we do not have it anymore. But since today we still 

make reference to that data which represents the years 1990-2002. In some of the older calculations the 

average load of 31 mg P/m2 has been used that is 0.31 kg/ha. Taking this into account and also the total 

area of Lake Peipsi which covers a substantial part of Estonian territory, then in 2009 the share of 

atmospheric contribution to inland water bodies was approximately 9%. This has been calculated only for 

the inland water bodies. All in all we see that depending on the size or are of water bodies in some basin 

the atmospheric contribution caries and due to that can also be higher than 1-5% used for the Baltic Sea. 

Unfortunately there are no documents available at the moment to refer to. 

Finland 

Finland informed that they monitor phosphorus deposition on land, and have had monitoring on one island 

in Archipelago Sea. Based on an overview of monitoring results the land-based atmospheric phosphorus 



LOAD 7-2014, 9-3 
 

 

Page 6 of 9 
 

deposition is estimated in the range of 5-10 kg P km-2. Finland is initiating monitoring at the Archipelago Sea 

station at Utö in spring 2013.  

Germany 

Germany is not able to provide much information, since there is no routine monitoring of atmospheric 

phosphorus deposition in Germany. German experts are still assuming that atmospheric P is only a minor 

source and Germany find it will be interesting to see whether other Contracting Parties share this 

view.  Germany informed that should exact information be required on atmospheric P it probably needs to 

be generated in research projects that apply a new sampling and analysis technique, since the current 

sampling techniques cannot detect the very low concentrations.  

Lithuania 

Lithuania have informed that they do not monitor or model atmospheric deposition of phosphorus as it is 

assumed that it only contribute with a minor phosphorus inputs to their marine areas of the Baltic Sea. 

Poland  

Measurements of wet deposition of phosphorus in Poland are carried out by the Chief Inspectorate for 

Environmental Protection on the national level. Dry deposition of phosphorus is not monitored.  

Within the scope of the State Environmental Monitoring Programme, measurements of precipitation 

chemistry are covered by the task The monitoring of the chemistry of precipitation and the assessment of 

deposition of pollutants into the soil and additionally the analysis of precipitation chemistry as well as 

throughfall and stemfall chemistry are covered by a task called The Integrated Monitoring of the Natural 

Environment (under the air quality monitoring subsystem).  

The national network of the monitoring of the chemistry of precipitation and the assessment of the 

deposition of pollutants into the soil consists of 23 monitoring stations which are concerned as 

representative for the whole area of Poland (there was 25 stations by the end of February 2010). In 

samples of precipitation taken from monitoring stations the analyses of phosphorus concentration are 

carried out. Moreover, the network of 162 stations provides the data on the levels and origin of 

precipitation. The further extrapolation of the data on precipitation chemistry to the whole country as well 

as the calculation of the deposition of substances into the soil for Poland’s territory is done by means of 

statistical methods on the basis of data on both the chemistry of precipitation taken from 23 monitoring 

stations and the level of precipitation from 162 precipitation stations. 
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Phosphorus deposition is also monitored under the task called The Integrated Monitoring of the Natural 

Environment under the State Environmental Monitoring Programme. Monitoring of precipitation chemistry 

(open area) as well as throughfall and stemfall chemistry (forestry area) is carried out by the Chief 

Inspectorate for Environmental Protection on the national level.  

Measurements of total phosphorus in precipitation on the open area are conducted in the Puszcza Borecka 

Base Station and the Storkowo Base Station. Analyses of total phosphorus in the forestry area (both 

throughfall and stemfall chemistry) are conducted in the Puszcza Borecka Base Station. 

The research work on the Storkowo Base Station is carried out by the Adam Mickiewicz University in 

Poznań and on the Puszcza Borecka Base Station by the Institute of Environmental Protection – National 

Research Institute.  

The Puszcza Borecka Base Station is located on the border of the forestry area, far from the emission 

sources. Precipitation stations are located on the open area and in the forest. Data for an open area is 

available since 1993 and for a forest (throughfall and stemfall) since 2005. 

The monitoring of the chemistry of precipitation and the assessment of deposition of pollutants into the 

soil is based on the automatic stationery precipitation collectors, which operate during the rainfall. 

Monitoring programme covers sampling of precipitation and analyses of total phosphorous in samples, 

which are carried out monthly in laboratories.  

Additionally, with the aim to determine spatial distribution of pollution loads into the soil from wet 

deposition, measurements data from 162 precipitation stations in Poland are registered and compiled. 

Those data, characterizing average precipitation, are representative for Poland’s territory.  

The estimation of monthly and annual deposition of pollutants is conducted annually. 

Phosphorus deposition is monitored by the Institute of Environmental Protection – National Research 

Institute. Throughfall, steam flow and open area precipitation samples, gathered into precipitation 

collectors, are analyzed monthly (samples are poured together weekly). The deposition of phosphorus is 

calculated on the basis of phosphorus concentration and amount of precipitation. 

The annual mean from 2010 for the monitoring stations was 4.9 kg P km-2. 

Russia 

Russia has no regular monitoring of phosphorus deposition but has reported based on former monitoring 

result atmospheric phosphorus deposition rates of 2-5 kg P km-2 according to Kondratyev, 2007.  

Sweden 

The monitoring of precipitation chemistry has been carried out since 1999. 

Atmospheric deposition of phosphorus was measured temporarily, during 2006-2007, in two national 

monitoring programmes a) The air and precipitation chemistry network and b) Integrated monitoring. 

Phosphorus was also measured in a few local monitoring stations during the 1990íes. Measurements were 

performed during 2006-2007 at 20-21 monitoring stations distributed over all Sweden.  The stations are in 

open field, mostly with grass cover and without any large local pollution sources.   Measurements 2006-

2007 were made as bulk deposition, i.e. wet + part of the dry deposition.  

Location: see map below: 
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Since 2011 phosphorus is permanently measured monthly in the air and precipitation chemistry network at 

15 stations over Sweden, both in open field and closed forest.  Also in the Integrated monitoring network 

(four stations) phosphorus is a permanent parameter since about 10 years.  

A constant figure of 4 kg P/km2 = 0,04 kg/ha  for deposition on land and inland water is used.  No 

deposition of P on the sea is estimated.  

Information provided from the three of four “Integrated Monitoring sites” = IM in Sweden (stations 

Aneboda (no data), Gårdsjöen, Kindlahöjden, Gamtratten on the map) during 2005-2010 give a bulk 

deposition of phosphorus between 1.0 and 4.6 kg P km-2
. The IM stations is situated I forested landscapes 

with little agricultural activity and no large point sources and is regarded as typical background stations. 

Sweden does not assume any phosphorus deposition on the sea, as it is not required by HELCOM. The 

indirect input of phosphorus to the sea via deposition on inland waters constitutes 3 % of total input from 

Sweden.  

Sampling of rainwater in open land was made by PE bottles and sampled monthly during 2006-2007. Since 

2011 measurements are made both in open land and closed forest. . Analysis of concentrations was made 

after filtration, using an Autoanalyzer (SS028127-2) with a detection limit of 2 µg/l. Concentrations for each 

month and station was multiplied with monthly precipitation measured locally, to give monthly deposition. 

Samples with visible contamination were excluded. Concentrations in PE bottles were compared with 

sampling in glass vessels in a separate study and it was concluded that PE bottles give reasonable results.  

Concentrations were generally highest during the summer period, contaminated samples occurred mainly 

in April-May. There was no obvious difference in deposition between southern and northern Sweden. Total 

annual deposition was estimated to 0.03-0.06 kg P/ha (total span 0,01 – 0,19). Stations with many 

contaminated samples had the highest estimated deposition.  
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Total phosphorus concentrations for each month during 2007 in rainwater, contaminated samples 

excluded.  
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