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1. Introduction 
 
The study aimed to assess exchange of “reactive” nitrogen (Nr) between economic sectors, human 
settlements and the natural environment in Latvia and Estonia by applying material and substance flow 
analysis (MFA, SFA) at national scale. The defined system boundary is the territory of Latvia and Estonia 
including the costal sea as a recipient of riverine and wastewater load of Nr and the atmosphere. All major 
input and output flows of Nr to and from the defined 12 pools for 2014 in Estonia and mean flows for the 
years 2012-2016 in Latvia are accounted and analyzed. Compiling and balancing of the nitrogen budget 
also required assessment of the input and output flows of highly stable N2 to and from the pools, although 
these flows are not problematic for the environment. N2 could enter the nitrogen cycle by “fixation” by 
bacteria in soil and water as well as by bacteria that live in symbiosis with leguminous plants. Another 
pathway is fixing of atmospheric N2 during combustion.  Transformation of reactive nitrogen i.e. NOx and 
NH3 back into N2 closes the nitrogen cycle. These output flows occur from denitrification by denitrifying 
bacteria, combustion and treatment of exhaust gases.  
Annexes 1 and 2 to this report provide description of the methodology for assessment of specific Nr flows 

by pools in Latvia and Estonia.  

 
 

2. Nr flows and budget in Latvia 
 
The largest input flows of Nr are to agriculture, atmosphere and hydrosphere, accounting 63% of the total 
input flow to the pools (Figures 1 and 2). Moderate proportion of N flows come from food and feed, forest, 
energy, industry and human settlements pool (31 % from these 3 pools). Rather minor flows of N are 
related to wastewater, solid waste, aquaculture and transport pools contributing each less than 2 % of 
the total flow.   
 
Major flows (> 50 kT/year) of Nr occur between the stock exchange and agriculture sector (feed for animals 
and manure back to agriculture sector) and hydrosphere to stock exchange (flow to the Baltic Sea). Big 
flows of N (30 – 50 kT/year) is also from atmosphere to forest/semi-natural pool, from agriculture to 
food/feed industry, from stock exchange to hydrosphere pool (transboundary flow), import to and export 
from atmosphere sector. 
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Figure 1. Calculated flows of nitrogen of the studied system in Latvia average from 2012 – 2016. 
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Figure 2.   The share of input (left) and output (right) flows of N to and from the pools in Latvia.  
*Industry output does not include flow to human settlements (no estimates available). 
 
 

543 kT of Nr circulates between the economic, human settlements and the natural environment (84 kg/ha 
of the Latvian territory that is 6457300 ha) (Table 1, figure 3). The summarized input/output balance of N 
is positive (54 kT; 8 kg N/ha), indicating surplus balance of agriculture, industry and forestry pools. 
Negative balance of N is for aquaculture, energy and forestry sectors. N balance for actually used 
agricultural land area (1932200 ha1) is 24 kg N/ha/yr.  
 
Table 1. N inputs and outputs to and from the studied pools and N balance by pools in Latvia in 2012 – 
2016 (kT/year).  

Pool TOTAL in TOTAL out Balance 
Uncertainty interval 

Min Max 

Forest 48.9 47.9 1.1 -9 7 

Food/feed 49.4 49.3 0.1 0 0 

Industry 19.0 8.1 10.9 9 13 

Human settlements 17.0 17.0 0.0 -3 2 

Energy  34.6 38.1 -3.6 -6 -9 

Atmosphere 114.0 114.0 0 28 34 

Wastewater 11.3 11.3 0.0 -2 1 

Solid waste 8.1 8.1 0.0 -1 1 

Aquaculture/fishery 3.3 4.0 -0.7 -3 1 

Transport 6.2 6.2 0.0 0 1 

Hydrosphere 75.9 75.9 0.0 -9 3 

Agriculture 155.2 109.0 46.2 62 105 

TOTAL 543 489 54   

                                                           
1 Information of Central Statistical Bureau of Latvia, 2017 
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 Figure 3. Input and output flows to/from pools in Latvia, kT in year. 
 
Input flow is equal to output flow for those pools, where mass balance method is applied: wastewater, 
solid waste, transport, human settlements, hydrosphere. For wastewater and human settlement pools 
mass balance method is applied for output emissions to atmosphere calculations. For transport pool mass 
balance method is applied for input N calculations from atmosphere (N2 fixation from atmosphere).  For 
hydrosphere pool mass balance method is applied for output N calculations to atmosphere 
(denitrification). For solid waste pool mass balance method is applied for output N calculations to storage. 
Input flow is equal to output flow for food and feed sector also.  
 
About 60% of N input in energy pool origin from the imports of fuels. Emission to atmosphere contribute 
to the largest part of output flows from the pool (90%) (however 2/3 of gases released during the 
incineration process contributes to the N2 which isn’t reactive form of N) followed by the export of fuels 
(10%) of the output flow). 
 
N budget for the aquaculture/fisheries pool is slightly negative (-0.7 kT/yr) however taking into account 
large uncertainty interval ( -1 to 0) it may vary from the negative to zero value. 
 
Results of estimation of N flows to and from Forest/Semi-natural pool confirm that Forest/Semi-natural 
pool is N sink, summarized input/output balance on N is positive (+1.1 kT yr-1) indicating increase in N 
stock in Forest/Semi-natural pool. 
 
Nitrogen flows in industry sector are unbalanced. Input of N to this pool exceeds output by 10.9 kT. 3.1 kT 
of N inflow is due to import of wood and wood products to this industry pool, but it should be mentioned 
that locally produced wood and wood products as well as export of all wood products are included in 
forestry sector as a separate sub-pool. Other studies (e.g., Hutchings et.al, 2014) mainly accounts N flows 
by wood and wood products in industry sectors, since it is difficult to assess N flows by other materials 
and products. We are aware of significant N flow to human settlement; however, it was not possible to 
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quantify it. Personal care products, household cleaning products, pharmaceuticals, textiles (clothing, bed 
linen etc.), leather, plastic and many other industrial products contain nitrogen at different proportions.  
 
Total cross-border import and export are fairly well balanced and Nr import accounted 142 kT and export 
– 177 kT. Import and export flows of Nr form about 30 % of N, that circulates between the economic 
sectors, human settlements and the natural environment. Import and export flows of Nr does not account 
for cross-border flows of N2.  
 
Air emissions of N from point and diffuse sources and import accounted 114 kT/yr (uncertainty range 55-
121 kT) (18 kg/ha/yr considering the size of Latvian territory that is 6457300 ha). Air emissions of N from 
forests/wetlands account about 1.3 (0.8-1.7 kT) and denitrification from inland surface water bodies 
contribute 7.9 kT (4.0-15.8 kT). Assessment of N air emissions from different sectors is largely based on 
the data from Latvia’s national inventory report 2018.   
 
Regarding hydrosphere pool calculated retention in surface water bodies is ca 10 % of the total output. 

There is not taken into account groundwater input of N, as well as N fixation by cyanobacteria. 

Total input flow to the environment (hydrosphere, atmosphere, forest) including cross-border flows is 239 

kT of N. Outflow from the hydrosphere, atmosphere and forest pools is 238 kT of N. Most of the Nr inputs 

(38 %) to atmosphere pool in Latvia origin from diffuse sources (Figure 4). Transboundary sources 

contribute 35 % and the share of point sources is 24 % of the total input flows to the pool. Deposition of 

Nr provides 44% of the total output from the atmosphere pool followed by the transboundary export 

flows and biological fixation of N that contributes 27 and 24 % of the total output, respectively (Figure 5). 

Conversion of atmospheric N during combustion processes contributes only 5 % of the inputs.  

 

Figure 4. Division of Nr input flows to atmosphere pool in Latvia.  

 

35%

41%

24%
Cross-border input

Air emissions - diffuse
sources

Air emissions - point
sources
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Figure 5. Division of Nr input flows to atmosphere pool in Latvia.  

 
Nr emissions to the environment (atmosphere, hydrosphere) from the selected pools in 2012 - 2016 are 

provided in Table 2. These pools represent anthropogenic activities having the largest impact on the 

environment. Total Nr load to the atmosphere is 49.1 kT. The agriculture and wastewater pools are 

responsible for 27.5 kT of Nr emissions to hydrosphere. Largest contributors to Nr loads both to 

atmosphere and hydrosphere are agriculture, human settlement and wastewater sectors. 

 
Table 2. Nr emissions to environment (atmosphere, hydrosphere) from selected pools in 2012 - 2016.  

  
Atmosphere, 

kT/a 
Hydrosphere, 

kT/a 
Total, 
kT/a 

% 

Agriculture 17 25.8 42.8 56 

Transport 6.2   6.2 8 

Industry, energy 11.6   11.6 15 

Human settlements, 
wastewater 

14.3 1.7 16 21 

TOTAL 49.1 27.5 76.6 100 

 

About 98 % of the N input to hydrosphere origin from the diffuse sources (agriculture, forest and other 

natural, atmospheric deposition) and only 2% from the point sources.  

The share of landfilled Nr form 64 % of the total Nr input to solid waste pool. Most of the landfilled waste 

– 70 % - origin from unsorted municipal waste.  

Nr input and output by food and feed pool per capita is 25 kg/yr (average population in 2012 – 2016 is 

2005032). Nr input and output by solid waste pool per capita is 4 kg/yr.  

 

27%

44%

24%

5%

Cross-border output

N deposition

N fixation

Conversion of N
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3. Nr flows and budget in Estonia  
 
Assessment on Nr flows in Estonia included Nr emission to atmosphere from industry/energy sectors as 
well as from the human settlements pool from the combustion of fossil fuels, e.g. natural gas, oil shale, 
shale oil and shale oil. For comparison of the results these flows were omitted. In total close to 500 kT of 
Nr circulates between the economic sectors, human settlement and the environment.  The largest input 
flows of Nr are to agriculture, energy, food/feed and atmosphere pools, accounting 64 % of the total input 
flow to the pools (Figures 6 and 7).  Input flow of N to hydrosphere, wastewater and solid waste pools 
contribute 9% of the total inputs.   Rather minor flows of N are related to transport and 

aquaculture/fishery pools contributing each less than 2% of the total input flow. Input of N to 
aquaculture/fishery pool does not include N flow by imported fish that is assumed to form input to the 
food and feed industry pool. Larger output flows is from the industries and agriculture pool contributing 
54% of the total output flow from the pools.  
 
Major flows of Nr occur between the agriculture and food/feed industry pools (Figures 6 ) due to exchange 

of food and feed products between these two pools.  Considerable flow of Nr is also from industry to 

energy pool due to input of shale oil and shale gas for energy production. Atmospheric deposition of Nr 

and N2 fixation by plants contributed to considerable N flows between atmosphere and 

agriculture/forestry pools. Nr emission of environmentally problematic compounds (NOx, N2O, NH3) from 

the energy, industries and human consumption pools form only about 13 % (8 kT/yr) of the total Nr load 

to atmosphere.   
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Figure 6. Calculated flows of nitrogen of the studied system in Estonia in 2014. 
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Figure 7.   The share of input (left) and output (right) flows of N to and from the pools.  

 
Nearly 500 kT of Nr circulates between the economic sectors, human settlements and the natural 

environment (108 kg N/ha of the Estonian territory that is 4533900 ha) (Table 3, Figure 8). The 

summarized input/output balance of N is positive (+52 kT; 11.4 kg N/ha). The pools that mostly contribute 

to overall positive budget of N are energy, industry and agriculture.  N balance for actually used 

agricultural land area (974820 ha) is +23.3 kg N/ha/yr. Heavily positive N budget of the energy pool (+67.9 

kT) is somewhat balanced by negative budget of the industry pool (-42.3 kT) due to nitrogen flow by inputs 

of shale oil and shale gas as well as peat from industry to energy pool. 



11 
 

 
Figure 8. Input and output flows of Nr by pools in Estonia in 2014. 
 
Table 3. Nr inputs and outputs to and from the studied pools and N balance by pools in Estonia in 2014 
(kT/year). 
 

    

Uncertainty interval, 
N balance 

Pool TOTAL in TOTAL out Balance Min Max 

Forest 42.1 48.7 -6.5 -1 -15 

Food/feed 
industry 62.6 67.4 -4.8 -3 -5 

Industry 54.4 96.7 42.3 27 64 

Human 
settlements 21.0 12.0 9.0 5 14 

Energy 89.5 21.6 67.9 50 94 

Atmosphere 65.6 68.5 -2.9 -7 3 

Wastewater 8.3 8.3 0.0 0 0 

Solid waste 17.2 4.8 12.4 9 18 

Aquaculture 
/ fishery 1.6 4.7 -3.1 2 4 

Transport 7.0 7.0 0.0 0.1 -0.1 

Hydrosphere 22.5 22.6 -0.1 - 4 4 

Agriculture 99.2 76.5 22.7 18 30 

TOTAL 491.0 438.8 52.2   
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Nr budget is negative (i.e.  output flow exceed input flow) also for forest/semi-natural (-6.5 kT), food/feed 
industry (-4.2 kT), aquaculture/fishery (-3.1) and atmosphere (-2.9 kT) pools.  
 
Major input flows of Nr to agriculture pool is due to locally produced and imported fodder (Figure 9). 
Major outputs include produced agricultural crops and livestock to the food/feed industries. Considerable 
flow of Nr is to the hydrosphere and atmosphere pools.   
 

  
Figure 9.Input left) and output (right) flows of Nr to and from the agriculture pool in 2014 (kT N/yr). 
 
 
Nr balance for the hydrosphere pool is slightly negative (-0.1 kT) due to Nr flow by fish catches from the 

surface water bodies and water abstraction for industries and human consumption. Inputs and outputs 

to and from the hydrosphere pool are balanced by applying mass balance method for assessment of 

retention and denitrification where it was assumed that it equals to total input of N to inland surface 

water bodies minus riverine N input to the sea. Calculated retention in surface water bodies in Estonia is 

ca 25%. Exchange of Nr between surface and ground water sub-pools is not accounted due to lack of data.  

N inputs by stock exchange of soil N to forest/wetland biomass of the forest/semi-natural pool are possibly 

underestimated that can explain negative budget for the pool.  

Total cross-border import and export are fairly well balanced and Nr import accounted 114 kT and export 

106 kT. Import and export flows of Nr form about 21% of Nr that circulates between the economic sectors, 

human settlements and the natural environment.  

Air emissions of nitrogen from point and diffuse sources and import accounted 65.6 kT/yr (52-93 kT)  (14 
kg/ha/yr considering the size of the Estonian territory that is 4533900 ha). Air emissions of Nr from 
forests/wetlands accounts about 7.2 kT (3.6-14.5 kT) and denitrification from inland surface water 
bodies contribute 5.6 kT (2.8-11.2 kT).  Assessment of nitrogen air emissions is largely based on the data 
provided by the Statistic Estonia and include background load from natural areas as well as emission of 
N2 to atmosphere from denitrification in surface water bodies and from combustion.  

Diffuse load from agricultural and natural land cover types form 92% of the total Nr input to inland surface 

water bodies (Figure 10). Atmospheric deposition of Nr contribute about 5%. Thus, about 97% of the N 
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input to hydrosphere origin from the diffuse sources (agriculture, forest and other natural and 

atmospheric deposition) and only 3% from the point sources.  

 

 
Figure 10. Sources of Nr input flow to hydrosphere 
 
Inputs and outputs to and from the wastewater pool are equal due to the applied mass balance method 
for assessment of the N2 emissions to atmosphere. The specific methodology is provided under the pool 
descriptions.     
 
Total input flow to the environment (hydrosphere, atmosphere, forest and waste deposits) including 

cross-border flows is 113.6 kT of N and outflow from hydrosphere, atmosphere and forest pools is 139.7 

kT of N. Thus, Nr outputs from natural environment considerably exceeds inputs, due to slightly negative 

balance of all of the environmental pools. Air emissions of Nr from diffuse and point sources are almost 

equal (Figure 11). Diffuse sources contribute 36% and cross-border input 31% of the total input flows to 

the pool. Cross-border export of Nr provides 35% of the total output from the atmosphere pool followed 

by the deposition and biological fixation of N that contributes 28 and 17% of the total outputs, respectively 

(Figure 12).  Conversion of atmospheric N during combustion processes contribute 20% of the inputs.  

 

 

61%
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From Agriculture
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Figure 11. Division of N input flows to atmosphere pool.  

 

 

Figure 12. Division of N output flows from atmosphere pool. 

Nearly half of the input flow to solid waste pool is due to landfilling of oil shale ash (Figure 13).   The share 

of landfilled Nr form 72% of the total Nr input to solid waste pool. Most (69%) of the landfilled N origin 

from the oil shale ash. 

Another major input stream is from human settlements, mainly by food losses and organic wastes 

contributing 15% of the total input. Nr input by food per capita is 6.2 kg/yr. 

 

Figure 13. Sources of Nr input flow to solid waste pool 

Per capita input and output to and from the energy pool is 68 and 16 kg/yr, respectively, considering the 
size of Estonian population 1313271 people as of 1. January 2015.  Per capita input and output of Nr to 
and from the food and feed and solid waste pools is 48 and 51 kg/yr, and 13 and 4 kg/yr, respectively. 
 
Nr emissions to the environment (atmosphere, hydrosphere) from the selected pools in 2014 are provided 

in Table 4. N emission of environmentally problematic N compounds (NOx, N2O, NH3) from the selected 

pools to atmosphere form 32.3 kT/yr (ca 49% of the total atmospheric load).  Agriculture and human 
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settlements are responsible for 2/3rd of the Nr air emissions.  Nearly 93% of Nr load to hydrosphere origin 

from agriculture after treatment of industrial and municipal wastewaters.    

 
Table 4. Nitrogen emissions to environment (atmosphere, hydrosphere) from selected pools in 2014.  

 
Atmosphere, 

kT/a 
Hydrosphere, 

kT/a 
Total, 
kT/a 

% 

Agriculture 10.7 13.7 24.4 52 

Transport 7 
 

7 15 

Industry/energy 4.4 0.4 4.8 10 

Human 
settlements/wastewater 

10.2 0.7 10.9 23 

Total 32.3 14.8 47.1 100 

 

 

4. Uncertainty assessment 
 
Application of statistical methods for data evaluation are usually not suitable for substance and material 
flow analysis due to the wide range of different type of data with varying degrees of uncertainties (Schwab 
et al., 2016).  
 
Therefore, the uncertainty of all the defined major flows exceeding 0.1 kT/yr was assessed by expert panel 
and by applying a method proposed by Hedbrandt and Sörme (2001) and further refined by Antikainen et 
al. (2005). Four experts of the panel were involved to assessing the flows to and from the studied pools. 
Seven uncertainty factors from 1.0 to 2.0 were applied in Estonia (Table 5) and the calculated flows were 
divided and multiplied with the assigned uncertainty factors for every single flow to get the uncertainty 
range for flows. Data quality could vary a lot depending on the data source and the specific components 
of the defined input/output flows. Pool specific uncertainty intervals are calculated as the sum of the 
uncertainty ranges for all input and output flows to and from the pool. 
 
 
Table 5. Assigned uncertainty factors and data sources (modified after Antikainen et al., 2005) 
 

Uncertainty factor Data sources 

1.0 Specific databases, monitoring data for point pollution sources 

1.05 National statistics, monitoring data for point pollution sources 

1.1 National statistics 

1.2 Monitoring results/modelling results/national statistics 

1.33 Monitoring of diffuse load of N, databases for N contents in goods & 
products 
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Uncertainty factor Data sources 

1.5 Literature, indirect calculations, mass balance method 

2.0 Mixture of indirect calculations, mass balance method, expert opinion 

 
The assigned uncertainty factors for input and output flows of N and likely variations of N flows are 
included to the descriptions of the specific pools.  
 
The uncertainty interval was particularly large for input flows of N to hydrosphere where deviation from 
the calculated annual flow is up to 47% as well as for solid waste pool (up to 38%) and forest/semi-natural 
pool (36%). The uncertainty interval of output flows was larger for forest/semi-natural pool where 
deviation from the mean is up to 46%, for energy pool (41%), industry pool (39%) and for atmosphere 
pool (46%). Rather small uncertainty is characteristic for input and output flows of the wastewater and 
food and feed industry pools where it is <20%. Considerable uncertainties in N input and output flow 
assessments relates to large uncertainty when assessing diffuse load of N and biological fixation of N2 by 
plants and N contents in different types of wastes, materials and products. The results are, of course, very 
much dependent on the provided uncertainty scores by the experts.  
 
11 uncertainty factors were used in Latvia (Table 6).  The applied methodology was the same as in Estonia 
with some modifications in application of uncertainty factors for the pools (different expert panels for 
different pools).  Ten experts of the panel were involved to assessing the flows to and from the studied 
pools in Latvia. The calculated flows were divided and multiplied with the assigned uncertainty factors for 
every single flow to get the uncertainty range for flows. Data quality could vary a lot depending on the 
data source and the specific components of the defined input/output flows. Pool specific uncertainty 
intervals were calculated as the sum of the uncertainty ranges for all input and output flows to and from 
the pool. 
 
 
Table 6. Assigned uncertainty factors and data sources in Latvia (modified after Antikainen et al., 2005) 
 

Uncertainty 
factor 

Data sources 

1.05 National statistics (Food and Feed, Agriculture) 

1.1 National statistics (Food and Feed, Agriculture, Atmosphere, Waste, Human 
settlements, Hydrosphere, Transport) 

1.2 Monitoring data (Forests), national data bases (Atmosphere, Waste, Human 
settlements, Hydrosphere, Transport)  

1.3 National research programs covering all territory of Latvia (all pools); national 
statistics (Energy; Aquaculture); modelled data or expert estimates based on 
scientific literature (Food and Feed, Agriculture) 

1.4 National statistics (Forests) 

1.5 National research programs covering only part of territory of Latvia (Forests); 
calculations using mass balance method (Atmosphere, Waste, Human settlements, 
Hydrosphere, Transport); assumptions (Aquaculture); load calculations of 
transboundary flow and flow to the sea for hydrosphere using monitoring data and 
areal extrapolation for unmonitored areas.  

1.6 Combination of monitoring data and literature (Forests) 
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Uncertainty 
factor 

Data sources 

1.7 Combination of national statistics and literature (Forests) 

1.8 Combination of national research programs covering only part of territory of Latvia 
and literature (Forests) 

1.9 Combination of national statistics and expert judgment (Forests) 

2.0 Expert judgment (Forests); calculations using mass balance method (Hydrosphere) 

 
The largest uncertainties were applied for the forest/semi-natural and hydrosphere pools (deviation from 

the mean is up to 200 % for some flows where expert judgement or mass balance method is applied). Also 

large uncertainties – deviation from the mean up to 50 % - were applied for pools, where mass balance 

method was used in calculations – atmosphere, waste, human settlements, transport. Large deviation 

from the mean (up to 50 %) is typical also for the aquaculture/fishery pool, where flow calculations are 

based on many assumptions. It was assumed that combined feed for fish is imported and cereals for feed 

are coming from the feed industry pool.  Emissions of Nr from the aquaculture/fishery to the hydrosphere 

pools is calculated by applying emission factors provided by the HELCOM recommendation for the 

aquaculture emissions to hydrosphere. Uncertainties with deviation from the mean up to 30 % were 

applied for agriculture and food & feed sectors.   

 
 
 
 

5. Comparison of Nr flows in Latvia and Estonia 
 
Wastewater pool 
 
Most of the Nr input by wastewaters to WWTPs in Latvia and Estonia origin from human settlements (53% 
and 66% of the total input, respectively). Input flows to wastewater pool in Latvia involve minor Nr inputs 
by infiltration waters from the solid waste pool and sewage from the agriculture pool that were not 
accounted in Estonia. Major output flow  of  N  is  by  emissions  to  atmosphere  that  form  75%  and 76% 
of  the  total  output  from  the  pool in Estonia and Latvia, respectively. Estimated emissions to atmosphere 
from WWTPs in Latvia is somewhat higher (8.5 kT) compared to the estimated emissions in Estonia (6.3 
kT). The uncertainty of calculation of these flows is high due to applied Nr mass balance method. The load 
of N by treated wastewaters to hydrosphere pool is 1.7 kT in Latvia and 1.1 kT in Estonia when considering 
also direct emissions to the sea. Nr flow by treated wastewaters  to  surface water bodies  and  the  sea  
form about 14-15% of the input load to the pool, providing 85-86% treatment efficiency. Per capita annual 
load of Nr to recipients from the pool is 0.83 and 0.86 kg in Latvia and Estonia, respectively. 
 
Aquaculture/fishery pool 

Input and output flows of N to and from the aquaculture/fishery pool in Latvia are well balanced (3.3 
versus 4.0 kT/yr). In Estonia output flows of N (4.7 kT/yr) exceed inputs (1.6 kT/yr) by nearly three times. 
Fish catches in the sea/ocean provide the largest N input flows in the sector  both in Latvia and in Estonia, 
besides of the import of cooled,  refrigerated  and  frozen  fish and related Nr flow. It was assumed that 
the N flow by imported fish form an input to the food and feed industry pool in Estonia and not to fishery 
pool. Calculated Nr load to hydrosphere was about 30 tons/yr in both countries. Calculated load of N to 
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produce one ton of fish in Estonia is about 26 kg. N loss to water bodies from fish farms in Latvia is 
calculated following the HELCOM recommendation, e.g. maximum 50g N/kg of produced fish.  

Energy pool 

 
N balance of the energy pool is negative in Latvia (-5 kT/yr) but heavily positive in Estonia (+68 kT/yr). 
Particularly input of nitrogen by fossil fuels, e.g. oil shale and oil shale products as shale oil and shale oil 
gas contribute to positive balance in Estonia, providing about 66% of the total input flow of N to energy 
sector. Imported fuels provide 21% of the total inputs.  The share of biomass (peat and wood products) in 
the energy basket in Estonia is quite small providing about 8% of the input flows of N to the sector. Major 
output flow of Nr is due to export of fuels and energy waste (46%) and landfilled oil-shale ash (40%). 
Emission of NOx, N2O, NH3 to atmosphere provide 14% of the outputs.  
 
Input of Nr by imported fuel, e.g. natural gas as well as local biomass (wood, peat) and biogas for energy 
production contribute 59% of the total inputs to energy sector in Latvia. Major input is also due to fixation 
of atmospheric nitrogen during combustion (41% of the input). Major Nr output flow from the energy 
sector in Latvia are emissions to atmosphere that form 74% of all of the ouputs. Another important output 
flow is due to export of fuel wood, wood pellets, etc. that provide 26% of the export flow.   
 
N input to energy pool per capita is 68 and 17 kg N/yr in Estonia and Latvia, respectively, and output flow 
is 16 and 19 kg/yr, respectively. The energy sector in Estonia uses mainly local fossil resource that is 
extracted and contributes to the direct input to the pool. Another input flow from extractions is through 
the industry sector and Nr flow with shale oil and shale oil gas for energy production.  Output flow in 
Latvia accounts also emissions of N2 from combustion to atmosphere, providing somewhat higher output 
flow of N compared to Estonia.  
 
Forest pool 
 
N input and output flows to and from the forest pool in Latvia and Estonia are rather similar. Inputs in 
Latvia and Estonia accounts for 49 and 42 kT/year and output flows of N 46 and 49 kT/year, respectively. 
Thus the budget for the pool in Latvia is positive and for Estonia it is slightly negative.  Particularly 
estimated input flows by deposition of N and biological fixation are about two times higher in Latvia 
compared to Estonia. Area specific deposition values used for calculation in Latvia is about 10 kg/N /ha/yr 
and in Estonia only 4.2 kg/N/ha/yr. Similarly, calculated area specific fixation of N in Latvia is ca 4.9 
kg/ha/year and only 2.4 kg/yr in Estonia. Area specific input of Nr to natural landscapes is 14.8 kg/N/ha/yr 
and in Latvia 12.5 kg/N/ha/yr. Calculated area specific output flow of Nr is considerably larger in Estonia, 
e.g. 17.2 kg/ha/yr compared to Latvia (3.7 kg/h/yr) that can be explained by the flow of N by wood and 
wood products and peat to the industry pool in Estonia and further export.  
 
Accounted Nr flow to hydrosphere is 7 kT in Estonia and 12.5 kT in Latvia, i.e. rather similar losses have 
been detected considering the area of natural land cover types.  Emission of N2O-N from the pool is about 
7.2 kT being considerably higher compared to the assessed air emissions of N compounds in Latvia (1.3 
kT) 
 
 
Transport pool 
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Similar methodology was applied to assess N flows to and from the transport sector in Latvia and Estonia. 
It includes national statistics regarding N emissions from the transport sector, consumption of fuels and 
N contents in fuels as well as calculated conversions of Nr during fuel use that were obtained bay using 
mass balance method for balancing N inputs with outputs. Nr emissions to atmosphere from transport 
sector are rather similar, e.g. 6.2 and 7.0 kT/yr in Latvia and Estonia, respectively. Input by fuels contribute 
0.6 and 0.7 kT of N in Estonia and Latvia, respectively.  
 
Hydrosphere pool 
 
Major difference in input flows of Nr to hydrosphere in Latvia and Estonia is due to N load to inland  waters  
in Latvia from  transboundary  sources  that  contribute  about 49%  of  the  total  N  input.  The share of 
Nr load from agriculture sector is  28  %.  The load of Nr from forested areas  comprises  18  %,  air  
deposition  about 2% in Latvia.  Only about 2.5 % of the Nr load to hydrosphere is from the point sources, 
although it forms nearly 4% of the input load if not considering transboundary input load of N by the 
Rivers Daugava Lielupe, Venta and Barta.  
About 97% of the N input to hydrosphere in Estonia origin from the diffuse sources (agriculture, forest 
and other natural and atmospheric deposition) and only 3% from the point sources. Calculated annual 
retention of N through denitrification in hydrosphere is 25%.  Calculated denitrification in Latvia 
contribute only 0.9 kT/N/yr that is considerably less compared to the calculated denitrification in Estonian 
surface water bodies that is 5.6 kT/N/yr. This huge difference can be explained by the role of larger lakes 
that enhance denitrification in Estonia as well as the differences in N transport by water and considerable 
share of the transboundary input of Nr to the river Daugava and other rivers.  
 
  

Food and feed industry pool 
 
Input and output flows of Nr both in Latvia as well as in Estonia are well balanced. Major input flows of Nr 
to the pool in Latvia and Estonia is from the agriculture pool, contributing about 79% of the inputs in both 
countries. Import of materials and byproducts (crops, animal products, feed, fish and natural gas) 
contributes about 19% in Estonia and 12% in Latvia.  Major outputs include Nr flow to agriculture pool 
(28% in Latvia and 57% in Estonia) and by export of food/feed products (36% in Latvia and 29% in Estonia).  
Different approach has been used to assess Nr flows by forage crops to agriculture pool. It was assumed 
that most of the crops is returned to agriculture as industrially produced feed for livestock in Estonia and 
only minor part of N enters the agriculture pool due to stock exchange of soil N to the livestock sub-pool.  
In Latvian calculations it was assumed that 100% of the forage crops enter the agriculture pool as a stock 
exchange.     
The share of input N by food products that is transformed to actual output of food for the consumers is 
42% in Estonia and 88% in Latvia. Thus, N losses to the environment by food wastes and emissions is about 
58% in Estonia and 22% in Latvia. In Latvia food and feed industry process annually more than one million 
tons of crops products and N losses to the environment are lower due to applied technology. 
 
 
Industry pool 
 
Industry pool accounts Nr flows to and from all industrial sectors except energy production and food&feed 

industries. Nr flows involve import of materials, byproducts and waste fuel and export of goods and 

byproducts. Extraction of oil shale and related N flows is considered to be industrial activity under the 

Industry pool in Estonia and include related inputs from extraction and outputs of the extraction and fuels 
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from oil shale. About, 5.65 mln tons of oil shale was used for shale oil and oil shale gas production in 2014 

and N input by extracted oil shale to industry pool is 7.9 kT tons. Major input flows to the pool in Estonia 

origin from the Forestry pool by wood and wood products and peat and import of raw materials and 

energy carriers providing 27% and 18% of the total input flow of Nr to the pool, respectively. In Latvia the 

largest input flows is from agriculture pool (68 %) followed by the import of materials and byproducts 

contributing 29% of the total input flow.   

Major output flows of Nr in Estonia include export of wood and wood products, peat, explosives, shale oil 

and other products from oil shale and input to the energy sector by shale oil and oil shale gas contributing 

51% and 39% of the outputs, respectively. The largest output flow of Nr in Latvia is export of goods and 

byproducts - 47 % of the total output flow from the pool followed by the N output via sewage waters.  

Nr budgets both in Estonia and in Latvia are heavily negative. In Estonia it is mainly due to Nr flow to 

energy pool by extracted oil shale.   In Latvia, the reason for unbalances is that only the wood import 

(3.1 kT) is accounted as an input to industry pool, but local production of wood, consumption and export 

is considered as an output from the forest sector. It is obvious that significant N flows go to human 

settlements; however, it was not possible to quantify it. Personal care products, household cleaning 

products, pharmaceuticals, textiles (clothing, bed linen etc.), leather, plastic and many other industrial 

products contain nitrogen at different proportions. 

 
 
Human settlements pool 
 
Inputs and outputs of Nr are well balanced in Latvia. In Estonia annual input flows exceed outputs by 9 kT.   
The largest input is from the food/feed industry pool - 7.0 kT N/y in Estonia and 10.6 kT in Latvia providing 
33% and 62% of the total inputs to the pool, respectively. Another larger input both in Estonia and in 
Latvia include Nr flow by wood products from the industry pool (22%). Conversion of atmospheric N during 
combustion and N deposition to built-up areas contribute together 22% of the inputs in Estonia. Major 
output flows of Nr are by sewage to the wastewater pool contributing 40% of the total flow in Estonia and 
52% in Latvia. Air emissions of N account 5.8 kT in Latvia (34% of the total flow) and 40% (5.4 KT/yr) in 
Estonia.  
 
Agriculture 
 
Input flow of N to Agriculture pool involve import of mineral fertilizers, forage crops and natural gas, air 

deposition to agricultural land, biological fixation of nitrogen by leguminous plants, compost coming from 

the waste pool and animal fodder and seeds from the food&feed industry.  N flow out from the agriculture 

pool is to the food&feed industry and human settlements pool as agricultural products, to energy pool as 

biomass for biogas production, to industry pool by industrial crops, to waste pool by organic waste and N 

losses due to air emissions and diffuse runoff of N from agricultural land area.  

Input and output flows of Nr to and from the agriculture pool are relatively large in both countries. The N 

budget is heavily positive in Estonia (+23 kT) indicating stock exchange by storage of N in the pool. Nr 

budget for agriculture pool in Latvia is slightly negative (-15  kT/yr). 

The largest input flows of Nr in Estonia are from imports of fertilizers, forage crops and natural gas that 

form 38% of the total input flow to the pool and input by fodder and seeds from food/feed industry pool 
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that contribute 39% of the flow. Stock exchange of N in soil by fodder hay provide 12% of the flow followed 

by air deposition and biological fixation of nitrogen by leguminous plants, both about 5% of the load.   

Output of N by crops and animal products to food/feed industry pool account about 64% of the total 

output flow followed by N emissions to the environment (18% to hydrosphere and 14% to air). Minor 

outputs include N flow by manure, straw and hay to energy pool for biogas production, organic wastes to 

the solid waste pool and food products for direct consumption to the urban settlements pool providing 

no more than 1-2% of the total output flow of N.   

Input from stock exchange by forage crops form the largest input flow of Nr in Latvia, contributing 64% of 

the input. Other major input flows of N are from the atmosphere pool by deposition and N fixation by 

leguminous plants (24%) and from the food and feed industry pool (11%). 

Output flow of Nr by forage crops to animal sub-pool account nearly 63 kT/yr, that is 47% of the total 

output from the pool in Latvia. Other larger outputs involve N flow by agricultural products to food and 

feed industry pool (30% of the total output flow from the pool), atmospheric emissions (13%) and flow to 

the industry sector (10%).  

N balance for actually used agricultural land area in Estonia is +23 kg/ha and in Latvia +24 kg/ha. N input-

output ratio is 1.30 in Estonia and 1.17 in Latvia. N input by fertilizers, manure and compost to actually  

used agricultural land area is 75 kg/yr in Estonia and 61 kg/yr in Latvia. 

Atmosphere 
 
N flows to atmosphere pool include transboundary flows, emissions from human settlements including 

from the waste and wastewater pools, from transport, agriculture and aquaculture, energy and industrial 

production, from forests and peatlands. N flow from the Atmosphere pool include transboundary 

transport to neighboring countries, atmospheric deposition, N fixation by plants and atmospheric N2 

fixation during combustion by energy and transport pools. 

Total input flow of Nr is 66 kT/yr in Estonia and 84 kT in Latvia. Nitrogen budget for the pool in Estonia is 

slightly negative. Cross-border import contributes 31% of the total input flow. Another major input flow 

is from the agriculture pool contributing about 16% of the total Nr inputs in Estonia.  Emissions from the 

point sources are responsible for 65% of the Nr inputs and diffuse sources contribute about 35% in 

Estonia. 

Major input to the pool in Latvia is from the cross-border import that contribute 38% of the inputs. 

Additional important emission sources include agriculture and energy pools (20% and 13%, respectively). 

The share of N inputs from the local diffuse sources in Latvia is 41% and from point sources 35% of the 

total inputs. Nr inputs are well balanced in Latvia and major output flows include deposition and N2 

fixation by the forest pool (58% of the total input flow) as well as cross-border export of nitrogen 

compounds (36%). N deposition to agricultural and other land cover types contribute 45%, output by 

biological fixation 14% and cross-border export 26% of the output flow from the atmosphere In Latvia.  

The share of N2 emission by combustion is 15%.  

Major output flow from the pool in Estonia is cross-border export of Nr that form 35% of the total output 

flow. N deposition to different land cover types contribute 28% and conversion of atmospheric N during 

combustion 20%. N fixation by plans is responsible for 17% of the N output from the atmosphere pool.  
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Solid waste 
 
Input flows of Nr considerably exceed the output flows from the pool in Estonia, mainly due to landfilled 
Nr by oil shale ash from the energy sector that form about 50% of the inputs to the pool. Another 
important Nr input flows include bio-wastes, food losses and other wastes including sewage sludge from 
food and feed industries and human settlements that contribute 12% and 15% of the total input load, 
respectively. Input flow of Nr in Latvia equals to output flows (8.1 kT/yr). A major input is from the human 
settlements and food/feed industry pools by organic wastes and form 27% of the total inputs from both 
of the pools.   
Major output flow in Estonia is to the industry and agriculture pools by recycled wastes, waste fuel and 
compost and accounts 36% and 30% of the total output flow from the pool, respectively. About 6.7 kT/yr 
of Nr (83% of the total Nr input by wastes) is landfilled in Latvia providing the largest output flow from the 
pool. In Estonia about 72% of the incoming Nr is landfilled, mainly by oil shale ash that form 69% of the 
landfilled N in wastes. Nr input by capita in Estonia and Latvia is 13 and 4 kg/yr indicating large differences 
in the amounts and types of wastes produced in the studied countries. Per capita landfilled Nr is about 9 
kg/yr in Estonia and only 3 kg/yr in Latvia. 
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Conclusions  

 Assessment of the reactive nitrogen flows in Latvia and Estonia followed harmonized 
methodology including the list of the studied pools. However, definition of the nitrogen input and output 
flows is bit different depending on the applied methodology and country-specific approach when 
assessing e.g. import and export flows of Nr (i.e. export of agricultural products assumed to take place 
either directly from the agriculture pool or from the food/feed industry pool).  
 

 Majority of input data origin from the national statistics, studies and reports in Estonia and Latvia. 
The data about the content of Nr in materials, goods and products origin both from the national sources 
(e.g. NutriData database) as well as the data banks in other countries.  It is possible that in some cases 
these are not well representative for Estonian/Latvian conditions. 
 

 Despite of the abovementioned limitations we still think that the major N flows are described with 
quite reasonable uncertainty and we managed to avoid double counting of flows that appeared to be one 
of the most difficult methodological problems to overcome.    
 

 N inputs and outputs for most of the pools in Estonia are not well balanced that can be explained 
both by the applied methodology and definition of the output and input flows as well as limited, poor 
quality or even contradictory input data form different sources.  Summarized inputs of Nr exceed outputs 
only by 52 kT/yr in Estonia and 54 kT/yr Latvia when considering all the studied 12 pools. 
 

 Human settlements contribute the largest portion of Nr by wastewaters to WWTPs in Latvia and 
Estonia (53% and 66% of the total input, respectively) followed by the load from industries and other 
sources. Possible measures to reduce input of N to WWTPs from settlements should focus on human 
consumption (Nr that enters by food will end up as a load to WWTPs). 
 

 Most of the Nr input to hydrosphere in both countries origin from diffuse sources (about 97% in 
Estonia, including 61% from agriculture and 31% from forest and other natural pool) and only 3% from 
the point sources. It is impossible to control losses of nitrogen from natural land cover types. Thus, 
measures to reduce diffuse load from agriculture are utmost important.  
 

 Calculated Nr load from fish farms to hydrosphere is considerably larger compared to official 
statistics that underestimate these flows. Thus, it is worth of considerimng suitable measures to decrease 
these loads where necessary (e.g. load to sensitive recipients). 

 Air emission of environmentally important Nr by NOx and NH3 from the energy sector is even 
smaller than emissions from the transport sector, human settlements and the agriculture pool.  Thus, 
possible additional measures to decrease overall air emissions of reactive nitrogen should target to the 
agriculture and human settlements pools. 
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