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EXECUTIVE SUMMARY 

A screening assessment for some diffuse sources of cadmium (Cd), nickel (Ni) and lead (Pb) 

to water has been undertaken to accompany a more detailed study on the sources of 8 

elements (including Cd, Ni and Pb) to and discharged from European sewage treatment works 

(Comber et al 2021, in preparation). The same methodology was employed as that for a 

previous assessment of diffuse sources of copper to water. Available data from the scientific 

and grey literature, NGO, government and industry reports, were used in conjunction with 

available European datasets including land use, water use, average rainfall, agricultural land 

areas and arable and livestock breakdowns per country, soil loss as well as biosolid (sewage 

sludge) and inorganic fertiliser spreading on land.  

Based on a combination of quantities of materials used, the concentration of the elements 

within the materials and estimations of loss from land it was possible to estimate loads of Cd, 

Ni and Pb entering European soils from biosolids, inorganic NPK fertilisers, farmyard manure 

(FYM – broken down into contributions from pigs, cattle, goats, poultry and sheep) and 

atmospheric deposition. Based on modelled loss of added elements to a variety of soils 

combined with reported partition coefficients, estimated losses from soil to water were 

calculated. Other diffuse sources quantified were septic tank discharges to water and soil 

erosion, where metals were considered to be part of the mineral matrices of clay minerals etc. 

To provide a comparison a sum of STP discharges to water were included from the ongoing 

STP study (Comber et al 2021 in preparation) as well as that reported from the ePRTR and 

loads of lead entering the aquatic environment from lead sinkers and ammunition taken from 

a separate report focussing on lead.  

A summary table is provided below for the summed EU 27 countries. Erosion and loss of 

agricultural soil containing metals within the mineral phase were estimated to be the greatest 

load for all three elements. Metal loads from the ongoing study on STPs were higher than 

ePRTR estimates which was not surprising owing to not all STP discharges being captured 

within the ePRTR. Agriculture contributed significant loads, dominated by atmospheric 

deposition and FYM, in particular manure from poultry, reflecting higher levels of these 

elements in this type of manure and the large numbers of birds reared in Europe. Atmospheric 

deposition was influenced heavily by estimates for France and Spain which accounted for 

around 50% of the load owing to relatively high concentrations reported in rainwater and a 

large proportion of the country given over to agriculture. Data from another report suggested 

that ammunition dominated anthropogenic inputs of lead to water. For reasons of comparison, 

2017 e-PRTR data for industrial emissions reported by EU-27 are also included in the table.  
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Executive Summary Table:  Summary of estimated diffuse loads of Cd, Ni and Pb compared 
with point source data generated from other reported   

  Loading (kg/d) to soil  to water to soil  to water to soil  to water 

    Cd Cd Ni Ni Pb Pb 

  Soil background1   521   73803   43800 

ePRTR Industrial2  4.73  63  30.4 

ePRTR STP   8.27   179   46.7 

ETAP STP3   32   668   n/a 

  Agriculture Total  271 27 2938 292 3452 301 

  Septic tank   2   16   37 

  Lost lead sinkers4   #N/A   #N/A   11 

  Lead ammunition4   #N/A   #N/A   4781 

Agriculture  Sludge to land 10.5   208   395   

break down  NPK fertilisers 29   53   13   

  FYM fertilisers cows 11   187   136   

  FYM fertilisers pigs 3.3   84   48   

  FYM fertilisers sheep 2.8   0.96   63   

  FYM fertilisers goats 0.13   0.2   0.2   

  FYM fertilisers poultry 128   1116   815   

  
Atmospheric deposition 
on agricultural land 86   1289   1982   

 

1  Load to water from Soil background is still being reviewed by the metals associations.  

2  Load to water not including wastewater treatment plant inputs reported below. 

3  Data provided from Comer et al., 2021 in preparation  

4 Data from Arche Consulting (2020) Pb emission inventory for the environment. Final Report, 

3/12/2020. Ferencz N., Eliat M. and Verdonck F.  
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1 Diffuse sources of Cd, Ni, Pb to water 

Sources of metal to soil are numerous (Figure 1) and very varied across European countries. 

Cadmium, nickel and lead occurrence in agricultural soil will be subject to the underlying 

geology, inputs from fertilisers and biocides. Fertilisers comprise farmyard manure, inorganic 

fertilisers and in some countries sewage sludge. Consequently, observed concentrations of 

these metals of interest in European agricultural soils will be dependent on land use which 

itself determines the type of fertiliser used.   

This brief report represents a first pass at generating a methodology and populating estimates 

for loads of cadmium, nickel and lead loads for individual European countries to water from 

agricultural, atmospheric and septic tank sources. Owing to a constrained time and budget, it 

does not include an exhaustive search of the literature nor an appraisal of all of the potentially 

significant sources of these elements; rather an opportunity to demonstrate the methodologies 

that can be applied with the available datasets and their application to readily available 

information.   

 

 

Figure 1 A generic schematic of the major sources quantified for each metal 

and for individual European Countries. Pink highlights are covered in 

these calculations; blue highlights denote sources covered in Comber 

et al., (2021)    
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2 Agricultural sources 

2.1 Biocide use 

Based on available information there is no significant source of cadmium, nickel or lead in 

agricultural biocides. The elements may be present at very low concentrations as impurities 

in for example, copper-based products, but the significance was considered too small to 

include in this preliminary assessment.  

 

2.2 Cd, Ni, Pb in sewage sludge 

Sewage sludge is a valuable source of nutrient that is recognised by many European countries 

and under the EU Sewage Sludge Directive (1986)1. It may be recycled to land provides it 

meets a number of stringent criteria, including a limit value for a number of metals including 

cadmium, nickel and lead, although this value may be set lower by individual countries. Sludge 

is typically applied to cereals, pastureland and some beet but not most fresh fruit and 

vegetables. However, for a variety of reasons the recycling of sludge to land varies from as 

high as ~80% of all sludge produced (UK) down to zero (Netherlands). Because of the tight 

regulation there is up to date data for sludge recycled to land and the cadmium, nickel and 

lead content within the sludge.  

Loads to land were then calculated as reported concentrations multiplied by the dry matter 

recycling of sludge where appropriate. As noted some countries do not recycle sludge to land 

and others do not report quantities and therefore have not been included in the estimates. 

Where concentrations were not reported but load of sludge were, then the mean cadmium, 

nickel and lead concentration was applied to derive a load (Table 1).    

 

  

 
1 Council Directive 86/278/EEC of 12 June 1986 on the protection of the environment, and in particular of the 

soil, when sewage sludge is used in agriculture 
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Table 1 EU sludge recycled to land and Cd, Ni and Pb loadings.  

  Concentration (mg kg-1dm) Load (kg d-1) 

Country 

Sludge 
to land  
t yr-1dm Cd  Ni  Pb  Cd  Ni  Pb  

Albania 10300 1.9 26.3 54.9 0.1 0.7 1.5 
Austria 48313 1.9 26.3 54.9 0.3 3.5 7.3 

Belgium 30620 1.25 18 86 0.1 1.5 7.2 
Bosnia 0 1.9 26.3 54.9 0.0 0.0 0.0 
Bulgaria 22500 1.6 13 55 0.1 0.8 3.4 
Croatia 1086 1.9 26.3 54.9 0.01 0.1 0.2 
Cyprus 1613 6.9 21 23 0.03 0.1 0.1 
Czech republic 102940 1.5 29 40 0.4 8.2 11.3 
Denmark 74000 1.9 26.3 54.9 0.4 5.3 11.1 
Estonia 100 2.8 19 41 0.001 0.001 0.0 
Finland 4,200 0.6 30 8.9 0.0 0.3 0.1 
France 299000 1.3 21 50 1.1 17.2 40.9 
Germany 423497 1 25 37 1.2 29.0 42.9 
Greece 21528 1.9 26.3 54.9 0.1 1.6 3.2 
Hungary 28200 1.4 26 36 0.1 2.0 2.8 
Iceland  n/d 1.9 26.3 54.9  n/d n/d  n/d  
Ireland 46487 1.9 26.3 54.9 0.2 3.4 7.0 

Italy 315600 1.3 66 101 1.1 57.0 87.3 
Latvia 3316 3.6 47 114 0.03 0.4 1.0 
Liechtenstein  n/d 1.9 26.3 54.9  n/d n/d  n/d  
Lithuania 20817 1.3 25 21 0.1 1.4 1.2 
Luxembourg 1138 1.9 26.3 54.9 0.01 0.1 0.2 
Malta 0 1.9 26.3 54.9 0.0 0.0 0.0 
Montenegro  n/d 1.9 26.3 54.9  n/d n/d  n/d  
Netherlands 0 1.9 26.3 54.9 0.0 0.0 0.0 
N Macedonia  n/d 1.9 26.3 54.9  n/d n/d  n/d  
Norway 66000 1.9 26.3 54.9 0.3 4.8 9.9 
Poland 108520 1.9 26.3 54.9 0.6 7.8 16.3 
Portugal 13885 0.2 15 27 0.01 0.6 1.0 
Romania 35000 1.9 26.3 54.9 0.2 2.5 5.3 
Serbia  n/d 1.9 26.3 54.9  n/d n/d  n/d  
Slovakia 0 2.5 26 57 0.0 0.0 0.0 
Slovenia 0 0.7 29 29 0.0 0.0 0.0 
Spain 754740 2.1 30 68 4.3 62.0 141 
Sweden 69500 0.9 15 24 0.2 2.9 4.6 
Switzerland  n/d 1.9 26.3 54.9  n/d n/d  n/d  
Turkey 9260600 1.9 26.3 54.9 48.9 668 1392 
UK 844400 1.9 26.3 54.9 4.5 60.9 126.9 
EU27     10.5 208 395 

 

 

 

 

1 Eurostat data (2018 or latest data): https://ec.europa.eu/eurostat/web/products-

datasets/product?code=env_ww_spd 
2 Mean of available data 

https://ec.europa.eu/eurostat/web/products-datasets/product?code=env_ww_spd
https://ec.europa.eu/eurostat/web/products-datasets/product?code=env_ww_spd
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2.3 Cadmium, nickel and lead in NPK inorganic fertiliser 

Fertilisers derived from phosphate fertilisers will inevitably contain a small proportion of 

elemental impurities from the source mineralogy or materials used in their production. 

Cadmium has been highlighted as a significant impurity and has been subject to controls.  

Concentrations of cadmium, nickel and lead in a range of fertilisers has been recently 

reported.2 Table 2 summarises the concentrations.  

 

Table 2 Concentrations of cadmium, nickel and lead in inorganic fertilisers  

 Concentration (mg kg-1) 

Fertiliser type Cd Ni Pb 

Triple super phosphate 17.6 28.6 6.6 

Other phosphate fertilisers 9.7 18.8 2.9 

Nitrates fertilisers 10.7 18.8 5.1 

PK only 9 15 2 

Low N 6.9 18.1 5.7 

High N 2.3 3.5 2.4 

mean 9.4 17.1 4.1 

median 9.4 18.5 4.0 

 

Furthermore Eurostat data are available for fertilisers used within the EU.3 Nitrate fertilisers 

are predominantly generated using the Haber-Bosch process utilising nitrogen and hydrogen 

gases to create ammonia; it was therefore assumed that trace metal impurities from this 

industrial process would be minimal. Based on the Eurostat country by country nutrient usage 

it was possible to calculate a cadmium, nickel and lead load entering European soils. Concerns 

regarding the cadmium content in inorganic P fertilisers has seen limits applied by some EU 

countries, although there appears not to an EU wide agreement at this time only proposals 

(Ulrich, 2019). Estimated loadings are 0.9 Ca ha-1yr-1 based on an average application rate 

(Smolders and Six, 2013) based on an assumed Cd content of 36 mg Cd kg-1 P2O5, which is 

not dissimilar to the 21 mg Cd kg-1 P2O5 estimated using the reported data in Table 3 and 

probably reflects the gradual influence of using low cadmium fertilisers in the EU over the past 

decade.    

 

 

 
2 https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/545559/Material_comparators_for_materials_applied_to_land_-

_manufactured_fertilisers.pdf 
3 https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=aei_fm_usefert&lang=en 

https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=aei_fm_usefert&lang=en
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Table 3 Cadmium, nickel and lead loading to soil from inorganic fertilisers  

 

2018 or latest 
fertiliser use Cd Ni Pb 

Country Kg–P d-1 Kg d-1 Kg d-1 Kg d-1 

Albania 38,850 0.36 0.7 0.2 

Austria 35,893 0.34 0.6 0.1 

Belgium 13,350 0.13 0.2 0.1 

Bulgaria 91,116 0.85 1.6 0.4 

Croatia 42,612 0.40 0.7 0.2 

Cyprus 6,431 0.06 0.1 0.0 

Czech Republic 61,489 0.58 1.1 0.3 

Denmark 56,947 0.53 1.0 0.2 

Estonia 11,121 0.10 0.2 0.05 

Finland 30,207 0.28 0.5 0.1 

France 455,447 4.27 7.8 1.9 

Germany 249,273 2.33 4.3 1.0 

Greece 70,872 0.66 1.2 0.3 

Hungary 140,047 1.31 2.4 0.6 

Iceland 5,602 0.05 0.10 0.02 

Ireland 127,001 1.19 2.2 0.5 

Italy 323,581 3.03 5.5 1.3 

Latvia 31,433 0.29 0.5 0.1 

Lithuania 61,396 0.58 1.1 0.3 

Luxembourg 1,084 0.01 0.0186 0.004 

Malta 153 0.001 0.003 0.001 

Netherlands 16,460 0.15 0.3 0.1 

Norway 23,773 0.22 0.4 0.1 

Poland 404,832 3.79 6.9 1.7 

Portugal 57,090 0.53 1.0 0.2 

Romania 225,227 2.11 3.9 0.9 

Slovenia 11,269 0.11 0.2 0.0 

Slovakia 30,689 0.29 0.5 0.1 

Spain 509,194 4.77 8.7 2.1 

Sweden 39,151 0.37 0.7 0.2 

Switzerland 11,118 0.10 0.2 0.05 

Turkey 622,872 5.83 10.7 2.6 

UK 224,668 2.10 3.8 0.9 

EU27 3,103,365 29 53 13 
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2.4 Cadmium, nickel and lead in farmyard manure 

Farmyard manure (FYM) is a waste product of animal husbandry, but also a valuable fertiliser. 

It was therefore assumed that all animal manure produced in the EU is returned to soil of the 

EU. Most farms spread their animal manure back onto soil. In some cases (mostly poultry) it 

may be processed into manure, but the assumption is it will still return to the country’s soil of 

origin. Data were firstly collected on the concentration of cadmium, nickel and lead in FYM 

(Table 4). As can be seen from the table below, there is significant variation between studies 

likely to reflect, breed, age and feeding regimes.    

Table 4 Cadmium, nickel and lead content of FYM  

 Concentration (mg kg-1)  

FYM type Cd Ni Pb Reference  

Cattle 0.2 15.4 4.26 Deltares (2017) 

Cattle 0.36 5.76 4.94 Bolan et al. (2010) 

Cattle 0.45 0.13 0.34 Adesoye et al. (2014) 

Cattle 0.42  5.2 Wang et al. (2013) 

Cattle 0.7 9.6 7.5 Chauhan et al. (2008) 

Cattle 0.27 6.3 4.1 Sager (2007) 

Cattle  5.8  Svane and Karring (2009) 

Mean 0.38 6.23 4.53  

Pig 0.28 14.4 9.81 Deltares (2017) 

Pig 0.02 0.15 0.28 Adesoye et al. (2014) 

Pig 0.64   Xu et al. (2015) 

Pig 0.59  6.8 Wang et al. (2013) 

Pig 0.66 11.3 9.0 Chauhan et al. (2008) 

Pig  10.38  Svane and Karring (2009) 

Pig 0.395 10.7 2.25 Sager (2007) 

Mean 0.39 9.93 5.63  

Poultry 0.13 5.98 0.6 Deltares (2017) 

Poultry 1.3 8.49 7.66 Bolan et al. (2010) 

Poultry 0.53 1.89 1.17 Ulkpe and Chokor (2018)  

Poultry 0.08 0.40 0.36 Adesoye et al. (2014) 

Poultry 0.89  5.1 Wang et al. (2013) 

Poultry 0.25 8.0 6.7 Chauhan et al. (2008) 

Poultry 0.46 8.5 5.4 Sager (2007) 

Mean 0.90 7.5 5.48  

Goat 0.15 0.24 0.24 Adesoye et al. (2014) 

Sheep 0.7 0.241 15.8 Wang et al. (2016) 
1 assumed to be the same as goats owing to lack of data. 
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Based on concentrations of the metals in manure and knowledge of average manure 

production per day (Lorimer et al., 2004) it was possible to calculate the mean amount of 

cadmium, nickel and lead excreted per head of each category of animal. Eurostat databases 

(2018) provided data of head of farm animal per country4. Poultry data were generated from 

the amount slaughtered per year5, divided by the average chicken weight (2.5kg)6. With this 

data collated it was a simple matter of multiplying the amount of metal excreted per day by 

the number of animals to derive a load, all of which is assumed to be returned to agricultural 

land (Table 5).     

 
4 https://ec.europa.eu/eurostat/documents/3217494/9455154/KS-FK-18-001-EN-N.pdf/a9ddd7db-

c40c-48c9-8ed5-a8a90f4faa3f 
5 https://ec.europa.eu/eurostat/databrowser/view/tag00043/default/table?lang=en 
6 https://beyondthetreat.com/chicken-weight/ 

https://ec.europa.eu/eurostat/documents/3217494/9455154/KS-FK-18-001-EN-N.pdf/a9ddd7db-c40c-48c9-8ed5-a8a90f4faa3f
https://ec.europa.eu/eurostat/documents/3217494/9455154/KS-FK-18-001-EN-N.pdf/a9ddd7db-c40c-48c9-8ed5-a8a90f4faa3f
https://ec.europa.eu/eurostat/databrowser/view/tag00043/default/table?lang=en
https://beyondthetreat.com/chicken-weight/
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Table 5 Animal numbers and mass of Cd, Ni and Pb in manure (n/d = no data) 

 Million animals Cd (kg day-1) Ni (kg day-1) Pb (kg day-1) 

 Cows Pigs Sheep Goats Poultry Cows Pigs Sheep Goats Poultry Cows Pigs Sheep Goats Poultry Cows Pigs Sheep Goats Poultry 

Belgium 2.4 6.1 : : 179 0.3 0.14 n/d n/d 4.4 5.7 3.54 n/d n/d 38.7 4.1 2.01 n/d n/d 28.3 

Bulgaria 0.6 0.6 1.3 0.3 46 0.1 0.01 0.06 0.00 1.1 1.4 0.35 0.020 0.005 9.9 1.0 0.20 1.32 0.01 7.2 

Czech Rep 1.4 1.5 : : 67 0.2 0.03 n/d n/d 1.7 3.3 0.87 n/d n/d 14.5 2.4 0.49 n/d n/d 10.6 

Denmark 1.6 12.8 : : 64 0.2 0.29 n/d n/d 1.6 3.8 7.43 n/d n/d 13.7 2.8 4.21 n/d n/d 10.0 

Germany 12.3 27.6 1.6 0.1 634 1.8 0.63 0.07 0.00 15.7 29.1 16.02 0.025 0.002 136.8 21.1 9.08 1.62 0.00 100.0 

Estonia 0.3 0.3 : : 14 0.0 0.01 n/d n/d 0.3 0.7 0.17 n/d n/d 3.0 0.5 0.10 n/d n/d 2.2 

Ireland 6.7 1.6 3.9 : 67 1.0 0.04 0.18 n/d 1.7 15.9 0.93 0.060 n/d 14.4 11.5 0.53 3.95 n/d 10.5 

Greece 0.6 0.7 8.6 3.8 92 0.1 0.02 0.39 0.04 2.3 1.4 0.41 0.132 0.063 19.9 1.0 0.23 8.71 0.06 14.5 

Spain 6.5 30 16 3.1 694 0.9 0.68 0.72 0.03 17.2 15.4 17.41 0.246 0.052 150.0 11.2 9.87 16.21 0.05 109.6 

France 18.6 13.1 6.9 1.2 679 2.7 0.30 0.31 0.01 16.8 44.0 7.60 0.106 0.020 146.7 32.0 4.31 6.99 0.02 107.2 

Croatia 0.5 1.1 0.6 0.1 27 0.1 0.03 0.03 0.00 0.7 1.2 0.64 0.009 0.002 5.8 0.9 0.36 0.61 0.00 4.2 

Italy 6.3 8.6 7.2 1 520 0.9 0.20 0.32 0.01 12.9 14.9 4.99 0.111 0.017 112.3 10.8 2.83 7.30 0.02 82.0 

Cyprus 0.1 0.4 : : 11 0.0 0.01 n/d n/d 0.3 0.2 0.23 n/d n/d 2.3 0.2 0.13 n/d n/d 1.7 

Latvia 0.4 0.3 0.1 0 14 0.1 0.01 0.00 0.00 0.3 0.9 0.17 0.002 0.000 3.0 0.7 0.10 0.10 0.00 2.2 

Lithuania 0.7 0.6 0.2 0 40 0.1 0.01 0.01 0.00 1.0 1.7 0.35 0.003 0.000 8.7 1.2 0.20 0.20 0.00 6.3 

Luxembourg 0.2 0.1 : : 4 0.0 0.00 n/d n/d 0.1 0.5 0.06 n/d n/d 0.9 0.3 0.03 n/d n/d 0.7 

Hungary 0.9 2.9 1.1 0.1 213 0.1 0.07 0.05 0.00 5.3 2.1 1.68 0.017 0.002 46.0 1.5 0.95 1.11 0.00 33.6 

Malta 0 0 0 0 2 0.0 0.00 0.00 0.00 0.0 0.0 0.00 0.000 0.000 0.3 0.0 0.00 0.00 0.00 0.3 

Netherlands 4 12.3 1 0.5 166 0.6 0.28 0.04 0.01 4.1 9.5 7.14 0.015 0.008 35.8 6.9 4.05 1.01 0.01 26.1 

Austria 1.9 2.8 0.4 0.1 85 0.3 0.06 0.02 0.00 2.1 4.5 1.63 0.006 0.002 18.4 3.3 0.92 0.41 0.00 13.4 

Poland 6 11.9 : : 1037 0.9 0.27 n/d n/d 25.6 14.2 6.91 n/d n/d 224.0 10.3 3.91 n/d n/d 163.7 

Portugal 1.7 2.2 2.2 0.3 141 0.2 0.05 0.10 0.00 3.5 4.0 1.28 0.034 0.005 30.4 2.9 0.72 2.23 0.01 22.2 

Romania 2 4.4 10 1.5 193 0.3 0.10 0.45 0.02 4.8 4.7 2.55 0.154 0.025 41.7 3.4 1.45 10.13 0.03 30.4 

Slovenia 0.5 0.3 : : 28 0.1 0.01 n/d n/d 0.7 1.2 0.17 n/d n/d 6.0 0.9 0.10 n/d n/d 4.4 

Slovakia 0.4 0.6 0.4 0 29 0.1 0.01 0.02 0.00 0.7 0.9 0.35 0.006 0.000 6.2 0.7 0.20 0.41 0.0000 4.5 

Finland 0.9 1.1 : : 56 0.1 0.03 n/d n/d 1.4 2.1 0.64 n/d n/d 12.0 1.5 0.36 n/d n/d 8.8 

Sweden 1.4 1.4 0.6 : 65 0.2 0.03 0.03 n/d 1.6 3.3 0.81 0.009 n/d 14.1 2.4 0.46 0.61 n/d 10.3 

UK 9.8 4.7 23.3 0.1 796 1.4 0.11 1.05 0.00 19.7 23.2 2.73 0.359 0.002 172.0 16.8 1.55 23.61 0.00 125.6 

Switzerland 1.6 1.4 0.2 : 40 0.2 0.03 0.01 n/d 1.0 3.8 0.81 0.003 n/d 8.6 2.8 0.46 0.20 n/d 6.3 

Montenegro 0.1 0 0.7 0 1 0.0 0.00 0.03 0.00 0.0 0.2 0.00 0.011 0.000 0.1 0.2 0.00 0.71 0.00 0.1 

Albania 0.5 0.2 1.7 : 2 0.0 0.00 0.09 0.00 n/d 0.7 0.12 0.029 0.002 #N/A 0.5 0.07 1.93 0.00 #N/A 
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Serbia 0.9 2.9 33.7 0.2 37 0.1 0.00 0.08 n/d 0.0 1.2 0.12 0.026 n/d 0.4 0.9 0.07 1.72 n/d 0.3 

Turkey 16.1 : 1 10.6 879 0.1 0.07 1.51 0.00 0.9 2.1 1.68 0.519 0.003 7.9 1.5 0.95 34.15 0.00 5.8 

Bosnia  0.4 0.5 : 0.1 28 2.3 n/d 0.04 0.11 21.7 38.1 n/d 0.015 0.177 189.9 27.7 n/d 1.01 0.18 138.7 

Kosovo : : : : 18 0.1 0.01 n/d 0.00 0.7 0.9 0.29 n/d 0.002 6.0 0.7 0.16 n/d 0.00 4.4 

EU27      11 3.3 2.8 0.13 128 187 84 0.96 0.20 1116 136 48 63 0.20 815 
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2.5 Background Cd, Ni and Pb in soil  

Based on underlying geology there will be a background signal of metals from natural soils. 

The Foregs database7 provides concentrations across numerous countries (Table 6). For 

reference Smolders and Six (2013) report a cadmium background concentration in European 

soils of 0.28 mg kg-1. Consideration was given to using the GEMAS metals dataset for soil 

concentrations. However the GEMAS data was generated for agricultural soils which were 

already subject to anthropogenic contamination. The objective of the calculations below was 

to estimate background, ‘natural’ sources of the elements of interest to generate loads to 

water from natural erosion processes. The Foregs dataset was designed to target unamended 

soil and therefore better reflects the natural geology of the different regions.     

Table 6 Background Cd, Ni and Pb concentrations in European soils  

 Mean soil concentration (mg Kg-1) 

Country Ni Pb Cd 

Albania 652.5 13.5 0.36 

Austria 25.2 27.1 0.37 

Belgium 29.8 32.8 0.87 

Switzerland 55.3 36.2 0.54 

Czech Republic 17.5 28.1 0.26 

Germany 16.8 25.9 0.34 

Denmark 3.4 4.3 0.04 

Estonia 9.1 11.6 0.14 

Spain 25.6 26.9 0.26 

Finland 9.3 5.5 0.07 

France 23.7 36.3 0.41 

Greece 171.0 39.2 0.83 

Croatia 35.5 19.7 0.33 

Hungary 18.2 13.8 0.17 

Ireland 22.0 19.5 0.51 

Italy 83.4 35.6 0.37 

Lithuania 7.5 8.7 0.11 

Latvia 8.1 8.2 0.09 

Netherlands 9.3 26.9 0.29 

Norway 12.4 8.1 0.09 

Poland 7.4 10.7 0.17 

Portugal 13.2 18.2 0.08 

Sweden 6.5 10.0 0.09 

Slovakia 22.9 34.5 0.31 

Slovenia 39.8 29.2 0.59 

United Kingdom 18.5 38.4 0.28 

Mean 51.7 21.9 0.31 

 

 
7 http://weppi.gtk.fi/publ/foregsatlas/ForegsData.php 

http://weppi.gtk.fi/publ/foregsatlas/ForegsData.php
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Furthermore, an extensive database is available on soil loss across the EU8, for various land 

types and scenarios. Metal losses to water can therefore be calculated by multiplying the soil 

loss by the metal concentration (Table 7).  

 

  

 
8 https://ec.europa.eu/eurostat/statistics-explained/index.php/Agri-environmental_indicator_-
_soil_erosion 

 

https://ec.europa.eu/eurostat/statistics-explained/index.php/Agri-environmental_indicator_-_soil_erosion
https://ec.europa.eu/eurostat/statistics-explained/index.php/Agri-environmental_indicator_-_soil_erosion
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Table 7 Cd, Ni and Pb average loss from European soils. Yellow cells indicate 
use of average data.  

   Load (kg day-1)a 

Country 

Agricultural areas and 
natural grassland total 
soil loss (t ha-1) 

Agricultural 
area   
(1000 ha) 

Cd 
 

Ni 
 

 
 
Pb 

Albania 3.2 11740 3.77 536 140  

Austria 7 26538 18.66 1,283 1,376  

Belgium 1.6 13561 5.16 177 195  

Bosnia  3.2 17796 4.81 813 344  

Bulgaria 3.3 50303 13.92 2,349 995  

Croatia 3.5 14857 4.70 505 280  

Cyprus 3.5 1319 0.39 65 28  

Czech Republic 2.6 35232 6.42 439 705  

Denmark 0.5 26325 0.14 12 15  

Estonia 0.5 10042 0.19 12 16  

Finland 0.4 22719 0.17 23 14  

France 2.3 290202 74.40 4,334 6,637  

Germany 1.75 166451 26.80 1,339 2,069  

Greece 4.9 52881 58.57 12,131 2,784  

Hungary 2.1 53438 5.35 560 422  

Iceland 3.2 15551 4.21 710 301  

Ireland 0.9 45160 5.69 245 216  

Italy 11 128433 142.58 32,263 13,773  

Kosovo 3.2 4195 1.13 192 81  

Latvia 0.7 19379 0.34 30 30  

Lithuania 0.8 29472 0.71 48 56  

Luxembourg 3.4 1316 0.38 63 27  

Malta 4.7 116 0.05 8 3  

Netherlands 0.3 18224 0.43 14 40  

N. Macedonia 3.2 12641 3.42 577 244  

Norway 3.2 9825 0.77 108 70  

Poland 1.5 145396 10.28 444 637  

Portugal 3.1 35914 2.54 401 555  

Romania 4.2 134137 47.24 7,972 3,376  

Serbia 3.2 34869 9.43 1,592 674  

Slovakia 3.8 19195 6.24 458 690  

Slovenia 14.8 4779 11.50 771 565  

Spain 4.6 242019 77.82 7,802 8,212  

Sweden 1 30004 0.72 53 82  

Switzerland 3.2 15147 7.23 740 484  

Turkey 3.2 382390 103.45 17,461 7,393  

UK 1.6 173570 21.45 1,403 2,921  

EU27   521 73,803 43,800 

a Load to water from soil background is still being reviewed by the metals associations. 
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2.6 Atmospheric deposition of Cd, Ni, Pb onto agricultural 

soil  

Concentrations of metals such as cadmium in precipitation decreased significantly between 

the 1980’s and 2000, but have stabilised to a degree since then (Smolders and Six, 2013). 

Rainfall data are provided Table 8 based on outputs from the European EMEP monitoring data 

from 2017.9 Atmospheric deposition of Cd, Ni and Pb to soil were based on multiplying this 

concentration for each country by the annual rainfall by the total agricultural area available 

via the Eurostat databases (Table 9).  

Deposition rates for cadmium ranged from a minimum, maximum and mean of 0.07, 0.69 and 

0.238 µg Cd l-1. Converting to kg day-1 by multiplying by the average country’s rainfall and 

agricultural area then computing the mean deposition as an annual load per hectare provided 

a mean across Europe of 0.17 35 g Cd ha-1 yr-1 which was around half of the  0.35 g Cd ha-1 

yr-1 reported by Smolders and Six (2013). This probably reflects improving air quality over the 

last decade as well as the different assumptions used in the calculations.    

 
9 https://projects.nilu.no/ccc/reports/cccr3-2019_HM_and_POP_measurements_2017_FINAL.pdf 

 

https://projects.nilu.no/ccc/reports/cccr3-2019_HM_and_POP_measurements_2017_FINAL.pdf
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Table 8 Cd, Ni and Pb loads from atmospheric deposition onto agricultural land.  

   Concentration in rainfall (µg L-1)1 Atmospheric load to agricultural land (Kg d-1) 

 Annual rainfall  (mm) Agricultural area (Km2) Cd Ni Pb Cd Ni Pb 

Albania 1000 11740 0.02 0.33 0.59 0.77 11 19 

Austria 607 26538 0.02 0.33 0.59 1.05 15 26 

Belgium 760 13561 0.025 0.2 0.67 0.71 6 19 

Bosnia  1008 17796 0.02 0.33 0.59 1.17 16 29 

Bulgaria 595 50303 0.02 0.33 0.59 1.95 27 48 

Croatia 1021 14857 0.02 0.33 0.59 0.99 14 24 

Cyprus 320 1319 0.02 0.33 0.59 0.03 0 1 

Czech republic 527 35232 0.0185 0.28 0.58 0.94 14 29 

Denmark 736 26325 0.023 0.25 0.65 1.21 13 34 

Estonia 660 10042 0.043 0.65 0.55 0.78 12 10 

Finland 651 22719 0.013 0.22 0.30 0.53 9 12 

France 650 290202 0.04 0.64 0.89 19.54 328 462 

Germany 933 166451 0.013 0.21 0.39 5.53 89 167 

Greece 371 52881 0.02 0.33 0.59 1.28 18 32 

Hungary 563 53438 0.02 0.33 0.59 1.96 27 48 

Iceland 798 15551 0.016 0.44 0.42 0.54 15 14 

Ireland 731 45160 0.019 0.14 0.42 1.72 13 38 

Italy 944 128433 0.02 0.33 0.59 7.91 110 195 

Kosovo 700 4195 0.02 0.33 0.59 0.19 3 5 

Latvia 636 19379 0.02 0.33 0.59 0.80 11 20 

Lithuania 683 29472 0.02 0.33 0.59 1.31 18 32 

Luxembourg 875 1316 0.02 0.33 0.59 0.08 1 2 

Malta 553 116 0.02 0.33 0.59 0.00 0 0 

Netherlands 760 18224 0.0295 0.21 0.76 1.12 8 29 

North Macedonia 830 12641 0.02 0.33 0.59 0.68 10 17 

Norway 774 9825 0.0113333 0.2 0.38 0.24 4 8 

Poland 686 145396 0.027 0.28 0.41 7.37 75 111 

Portugal 753 35914 0.02 0.33 0.59 1.76 25 43 

Romania 595 134137 0.02 0.33 0.59 5.21 73 128 

Serbia 700 34869 0.02 0.33 0.59 1.59 22 39 

Slovakia 523 19195 0.02325 0.44 1.36 0.64 12 37 

Slovenia 523 4779 0.007 0.12 0.34 0.05 1 2 

Spain 456 242019 0.0690 1.22 1.40 20.85 367 422 

Sweden 539 30004 0.02025 0.083 0.26 0.90 4 11 

Switzerland 1800 15147 0.02 0.33 0.59 1.78 25 44 

Turkey 400 382390 0.02 0.33 0.59 9.98 139 246 

United Kingdom 754 173570 0.0094 0.096 0.22 3.37 34 80 
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EU27      86 1289 1982 
 1 Yellow cells ore median reported values for EU countries 
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2.7 Total loads of Cd, Ni, Pb to agricultural soils 

Summing the different loads to soil provides an overall flux of cadmium, nickel and lead 

(Tables 9-11). Biocides are a significant source of copper to agricultural soil but there are no 

known inputs of cadmium, nickel and lead from this source. FYM and atmospheric deposition 

are significant and in a few cases where a high percentage of biosolids are recycled to land, 

this too, can be a significant trace metal source. Cadmium impurities in inorganic phosphate 

fertilisers are a known source to agricultural soils.   
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Table 9 Total cadmium loads agricultural land (nd = no data).  

 

Agricultural 
land Total FYM  Biosolids  

P 
fertiliser 

Atmospheric 
deposition Biocides  Total  

Country Km2 Kg d-1 Kg d-1 Kg d-1 Kg d-1 Kg d-1 Kg d-1 

Albania 11740 0.20 0.05 0.36 0.77 0.0 1.4 

Austria 26538 2.46 0.25 0.34 1.05 0.0 4.1 

Belgium 13561 4.91 0.10 0.13 0.71 0.0 5.8 

Bosnia  17796 0.76 0.00  n/d 1.17 0.0 1.9 

Bulgaria 50303 1.29 0.10 0.85 1.95 0.0 4.2 

Croatia 14857 0.79 0.01 0.40 0.99 0.0 2.2 

Cyprus 1319 0.29 0.03 0.06 0.03 0.0 0.4 

Czech 
Republic 35232 

1.90 0.42 0.58 0.94 0.0 3.8 

Denmark 26325 2.09 0.39 0.53 1.21 0.0 4.2 

Estonia 10042 0.39 0.00 0.10 0.78 0.0 1.3 

Finland 22719 1.53 0.01 0.28 0.53 0.0 2.4 

France 290202 20.10 1.06 4.27 19.54 0.0 45.0 

Germany 166451 18.14 1.16 2.33 5.53 0.0 27.2 

Greece 52881 2.80 0.11 0.66 1.28 0.0 4.9 

Hungary 53438 5.52 0.11 1.31 1.96 0.0 8.9 

Iceland 15551 0.09 0.00 0.05 0.54 0.0 0.7 

Ireland 45160 2.83 0.25 1.19 1.72 0.0 6.0 

Italy 128433 14.29 1.12 3.03 7.91 0.0 26.4 

Kosovo 4195 0.44  n/d n/d  0.19 0.0 0.6 

Latvia 19379 0.41 0.03 0.29 0.80 0.0 1.5 

Lithuania 29472 1.12 0.07 0.58 1.31 0.0 3.1 

Luxembourg 1316 0.13 0.01 0.01 0.08 0.0 0.2 

Malta 116 0.04 0.00 0.00 0.00 0.0 0.0 

Netherlands 18224 5.00 0.00 0.15 1.12 0.0 6.3 

N Macedonia 12641 0.13 0.00 n/d  0.68 0.0 0.8 

Norway 9825 0.00 0.35 0.22 0.24 0.0 0.8 

Poland 145396 26.78 0.57 3.79 7.37 0.0 38.5 

Portugal 35914 3.88 0.01 0.53 1.76 0.0 6.2 

Romania 134137 5.62 0.18 2.11 5.21 0.0 13.1 

Serbia 34869 2.61 0.00 n/d  1.59 0.0 4.2 

Slovakia 19195 0.80 0.00 0.29 0.64 0.0 1.7 

Slovenia 4779 0.77 0.00 0.11 0.05 0.0 0.9 

Spain 242019 19.54 4.34 4.77 20.85 0.0 49.5 

Sweden 30004 1.88 0.17 0.37 0.90 0.0 3.3 

Switzerland 15147 1.26 0.00 0.10 1.78 0.0 3.1 

Turkey 382390 24.22 48.87 5.83 9.98 0.0 88.9 

UK 173570 22.25 4.46 2.10 3.37 0.0 32.2 

EU27  168 15.0 31.2 89.6 0.0 303 
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Table 10 Total nickel loads agricultural land (nd = no data).  

 

Agricultural 
land Total FYM  Biosolids  

P 
fertiliser 

Atmospheric 
deposition Biocides  Total  

Country Km2 Kg d-1 Kg d-1 Kg d-1 Kg d-1 Kg d-1 Kg d-1 

Albania 11740 1.7 0.7 0.7 10.7 0.0 13.8 

Austria 26538 24.5 3.5 0.6 14.7 0.0 43.2 

Belgium 13561 47.9 1.5 0.2 5.6 0.0 55.3 

Bosnia  17796 7.2 0.0  n/d 16.3 0.0 23.6 

Bulgaria 50303 11.7 0.8 1.6 27.2 0.0 41.2 

Croatia 14857 7.6 0.1 0.7 13.8 0.0 22.2 

Cyprus 1319 2.8 0.1 0.1 0.4 0.0 3.4 

Czech 
Republic 35232 

18.7 8.2 1.1 14.2 0.0 42.2 

Denmark 26325 24.9 5.3 1.0 13.3 0.0 44.5 

Estonia 10042 3.9 0.0 0.2 11.8 0.0 15.9 

Finland 22719 14.8 0.3 0.5 8.8 0.0 24.4 

France 290202 198.5 17.2 7.8 327.9 0.0 551.4 

Germany 166451 182.0 29.0 4.3 88.6 0.0 303.8 

Greece 52881 21.9 1.6 1.2 17.8 0.0 42.5 

Hungary 53438 49.9 2.0 2.4 27.4 0.0 81.7 

Iceland 15551 0.8 0.0 0.1 14.9 0.0 15.9 

Ireland 45160 31.3 3.4 2.2 12.7 0.0 49.5 

Italy 128433 132.3 57.0 5.5 110.3 0.0 305.2 

Kosovo 4195 3.8 n/d   n/d 2.7 0.0 6.5 

Latvia 19379 4.1 0.4 0.5 11.2 0.0 16.3 

Lithuania 29472 10.7 1.4 1.1 18.3 0.0 31.5 

Luxembourg 1316 1.4 0.1 0.0 1.0 0.0 2.6 

Malta 116 0.3 0.0 0.0 0.1 0.0 0.4 

Netherlands 18224 52.4 0.0 0.3 7.8 0.0 60.5 

N Macedonia 12641 0.9 0.0  n/d 9.5 0.0 10.4 

Norway 9825 0.0 4.8 0.4 4.2 0.0 9.3 

Poland 145396 245.2 7.8 6.9 75.1 0.0 335.0 

Portugal 35914 35.7 0.6 1.0 24.6 0.0 61.9 

Romania 134137 49.1 2.5 3.9 72.6 0.0 128.1 

Serbia 34869 12.2 0.0  n/d 22.2 0.0 34.4 

Slovakia 19195 7.5 0.0 0.5 12.0 0.0 20.0 

Slovenia 4779 7.4 0.0 0.2 0.8 0.0 8.4 

Spain 242019 183.1 62.0 8.7 367.1 0.0 620.9 

Sweden 30004 18.3 2.9 0.7 3.7 0.0 25.5 

Switzerland 15147 13.3 0.0 0.2 24.8 0.0 38.2 

Turkey 382390 228.2 667.7 10.7 139.1 0.0 1045.7 

UK 173570 198.3 60.9 3.8 34.4 0.0 297.4 

EU27  1586 269 57 1323 0 3235 
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Table 11 Total lead loads agricultural land (nd = no data).  

 

Agricultural 
land Total FYM  Biosolids  

P 
fertiliser 

Atmospheric 
deposition Biocides  Total  

Country Km2 Kg d-1 Kg d-1 Kg d-1 Kg d-1 Kg d-1 Kg d-1 

Albania 11740 2.9 1.5  0.2  19 0 23.5 

Austria 26538 18.0 7.3  0.1  26 0 51.3 

Belgium 13561 34.4 7.2  0.1  19 0 60.6 

Bosnia  17796 5.2 0.0    n/d 29 0 34.1 

Bulgaria 50303 9.8 3.4  0.4  48 0 61.6 

Croatia 14857 6.1 0.2  0.2  24 0 30.8 

Cyprus 1319 2.0 0.1  0.0  1 0 2.8 

Czech Republic 35232 13.5 11.3  0.3  29 0 54.3 

Denmark 26325 17.0 11.1  0.2  34 0 62.8 

Estonia 10042 2.8 0.0  0.0  10 0 12.8 

Finland 22719 10.7 0.1  0.1  12 0 22.9 

France 290202 150.4 40.9  1.9  462 0 655 

Germany 166451 131.8 42.9  1.0  167 0 342 

Greece 52881 24.5 3.2  0.3  32 0 59.6 

Hungary 53438 37.3 2.8  0.6  48 0 89.0 

Iceland 15551 0.6 0.0  0.0  14 0 14.9 

Ireland 45160 26.5 7.0  0.5  38 0 72.0 

Italy 128433 103.0 87.3  1.3  195 0 387 

Kosovo 4195 2.8  n/d n/d    5 0 7.5 

Latvia 19379 3.1 1.0  0.1  20 0 24.1 

Lithuania 29472 8.0 1.2  0.3  32 0 41.8 

Luxembourg 1316 1.0 0.2  0.0  2 0 3.1 

Malta 116 0.3 0.0  0.0  0 0 0.4 

Netherlands 18224 38.1 0.0  0.1  29 0 67.0 

N Macedonia 12641 2.5 0.0    n/d 17 0 19.4 

Norway 9825 0.0 9.9  0.1  8 0 18.0 

Poland 145396 177.9 16.3  1.7  111 0 307 

Portugal 35914 28.1 1.0  0.2  43 0 72.8 

Romania 134137 45.5 5.3  0.9  128 0 180 

Serbia 34869 42.4 0.0 n/d    39 0 81.7 

Slovakia 19195 5.8 0.0  0.1  37 0 43.2 

Slovenia 4779 5.4 0.0  0.0  2 0 7.7 

Spain 242019 146.9 140.5  2.1  422 0 711 

Sweden 30004 13.8 4.6  0.2  11 0 29.8 

Switzerland 15147 9.7 0.0  0.0  44 0 53.6 

Turkey 382390 167.6 1391.9  2.6  246 0 1808 

UK 173570 167.6 126.9  0.9  80 0 375 

EU27  1229 522 14 2062 0 3826 
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2.8 Loss of Cd, Ni, Pb from agricultural soils 

2.8.1 Metal leached in the dissolved phase 

There is a scarcity of data for the quantity of metals leached from soil. Two studies have 
measured copper loss from agricultural soils, one of which also includes zinc. Sadovnikova et 
al (1996) undertook a bass balance of copper fluxes into and out of soil including the main 
sources, uptake into crops or livestock and leaching. This was completed for grass and arable 
crops for sand, sand-calcareous, clay, clay-calcareous, loess and peat soils. A mean of 8.8% 
loss for Cu was calculated (median=10.8%, n=13, 95% confidence interval=2.95%). A 
second study (Monteiro et al., 2010) undertook a practical study which measured copper and 
zinc fluxes across different soil types (silty, loam, clay, sand) in the UK and reported a 9% 
and 10.1% loss respectively (Table 12).  
 
Table 12 Copper and zinc loss from agricultural soils 

 Cu (g ha-1yr-1)  Zn (g ha-1yr-1)   

Soil type  Input Leaching  Ratio  Input Leaching  Ratio  Reference 

Silty clay 207 5 0.024 1564 61 0.039 1 

Clay 218 12 0.055 1605 88 0.055 1 

Sand 209 8 0.038 1557 327 0.210 1 

Loam 206 4 0.019 1549 77 0.050 1 

Clay loam 206 4 0.019 1541 78 0.051 1 

Sand 206 5 0.024 1541 110 0.071 1 

Sand 
calcareous 345 59 0.171 1039 377 0.363 

1 

Clay 256 29 0.113 868 86 0.099 1 

Clay 
calcareous 239 24 0.100 811 43 0.053 

1 

Grass       2 

Sand 240 36 0.15    2 
Sand 
calcareous 193 17 0.088    

2 

Clay 252 13 0.052    2 
Clay 
calcareous 272 12 0.044    

2 

Loess 306 24 0.078    2 

Peat  213 26 0.122    2 

Arable       2 

Sand 345 59 0.171    2 
Sand 
calcareous 256 29 0.113    

2 

Clay 239 24 0.100    2 
Clay 
calcareous 295 17 0.058    

2 

Loess 335 36 0.107    2 

Peat  251 61 0.243    2 

Mean   0.09   0.101  

1 Monteiro et al., 2010. Groenenberg et al 2006.  
Data that are available for cadmium, nickel and lead includes soil:water partitioning 
coefficients (Table 13). With these data it is possible to plot Kp versus loss ratio (Figure 2).   
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Table 13 Soil partition coefficients 

 

 Kp (l kg-1) Ratio of loss from 
soil  

Reference 

Copper 1200 0.090 Sheppard et al 2006 

Cadmium 1700 0.09041 Sheppard et al 2006 

Nickel 1700 0.09041 Sheppard et al 2006 

Lead 18000 0.07861 Sheppard et al 2006 

Zinc 150 0.101 Sheppard et al 2006 

 
 
Fitting a log plot between the two points – accepting the issues associated with plotting 
between two points, a curve can be used to ratio the soil loss ratio for cadmium, nickel and 
lead based on their partition coefficients (Table 14). These loss values could then be applied 
to the total loads applied to generate a loss of metals to water via leaching. The predicted 9% 
loss of cadmium was significantly lower than the values reported elsewhere using partitioning 
models suggesting between 40 and 100% of cadmium may be lost via leaching (Smolders and 
Six, 2013). For the purposes of this exercise, for consistency the values in Table 14 were used.  
 
 

 
 

Figure 2 Plot of Kp versus ratio of Cu and Zn leached from soil 
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2.8.2 Metal transported into water in the particulate/mineral phase 

Data are also available for soil loss by rain erosion across Europe10, broken down by country 
for different land use and categorised for total, moderate and severe conditions. Total soil loss 
data were selected (tonnes ha-1 year-1) and multiplied by background soil cadmium, nickel and 
lead concentrations and by total agricultural areas within each country to provide a load of 
metal lost via soil being washed off of land (Table 14).  
 
There are two comparisons for the loss of metals from agricultural land (i) a reported loss of 
soil multiplied by a background mineral concentration of metals (broadly speaking assumed 
to be particulate) and (ii) a calculated summed load applied per year from fertilisers and 
atmospheric deposition, multiplied by a proportion that is leached rather than taken up into 
crops or adsorbed to the soil matrix (assumed to be mostly dissolved in nature). As can be 
seen in the figure below, loss of metal associated with the soil is far higher than that leached 
from inputs, although the leached, assumed more soluble metal may be more bioavailable. 
The leached volume only comprises 10% for cadmium and 1% for nickel and lead (Figure 3). 
Cadmium returns a high percentage possibly owing to higher proportion (relatively) in the 
inorganic P fertilisers which are relatively soluble. Furthermore, background concentrations of 
cadmium in soils are also much lower than Ni and Pb, compared with concentrations (and 
therefore loads) in anthropogenic sources such as FYM, biosolids and the aforementioned 
inorganic fertilisers.    
 
 
   

 
10 https://ec.europa.eu/eurostat/statistics-explained/index.php/Agri-environmental_indicator_-_soil_erosion 

https://ec.europa.eu/eurostat/statistics-explained/index.php/Agri-environmental_indicator_-_soil_erosion


Diffuse Sources of Cadmium, Nickel and Lead to Water in European Countries 

Copyright wca environment Ltd., 2021  

  

31 
 

Table 14 Metal loads entering the aquatic environment via soil loss (yellow cells 
represent means used for calculations) 

 Soil loss (kg d-1) Total loss based on source inputs (kg d-1) 

 Cd Ni Pb Cd Ni Pb 

Albania  3.77   536   140  0.13 1.25 1.85 

Austria  18.66   1,283   1,376  0.37 3.91 4.03 

Belgium  5.16   177   195  0.53 5.00 4.76 

Bosnia   4.81   813   344  0.17 2.13 2.68 

Bulgaria  13.92   2,349   995  0.38 3.73 4.84 

Croatia  4.70   505   280  0.20 2.01 2.42 

Cyprus  0.39   65   28  0.04 0.31 0.22 

Czech 
Republic 

 6.42   439   705  
0.35 3.81 4.27 

Denmark  0.14   12   15  0.38 4.02 4.94 

Estonia  0.19   12   16  0.12 1.43 1.01 

Finland  0.17   23   14  0.21 2.21 1.80 

France  74.40   4,334   6,637  4.07 49.9 51.5 

Germany  26.80   1,339   2,069  2.46 27.5 26.90 

Greece  58.57   12,131   2,784  0.44 3.84 4.69 

Hungary  5.35   560   422  0.80 7.38 6.99 

Iceland  4.21   710   301  0.06 1.44 1.17 

Ireland  5.69   245   216  0.54 4.47 5.66 

Italy  142.58   32,263   13,773  2.38 27.6 30.4 

Kosovo  1.13   192   81  0.06 0.59 0.59 

Latvia  0.34   30   30  0.14 1.47 1.89 

Lithuania  0.71   48   56  0.28 2.85 3.28 

Luxembourg  0.38   63   27  0.02 0.23 0.24 

Malta  0.05   8   3  0.00 0.04 0.03 

Netherlands  0.43   14   40  0.57 5.47 5.26 

N Macedonia  3.42   577   244  0.07 0.94 1.52 

Norway  0.77   108   70  0.07 0.84 1.41 

Poland  10.28   444   637  3.48 30.29 24.1 

Portugal  2.54   401   555  0.56 5.59 5.72 

Romania  47.24   7,972   3,376  1.19 11.6 14.2 

Serbia  9.43   1,592   674  0.38 3.11 6.42 

Slovakia  6.24   458   690  0.16 1.80 3.39 

Slovenia  11.50   771   565  0.08 0.76 0.61 

Spain  77.82   7,802   8,212  4.47 56.14 55.9 

Sweden  0.72   53   82  0.30 2.30 2.34 

Switzerland  7.23   740   484  0.28 3.46 4.21 

Turkey  103.45   17,461   7,393  8.04 94.54 142 

UK  21.45   1,403   2,921  2.91 26.89 29.5 

EU27 521 73,791 43,784 27.4 292 301 
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Figure 3 Comparison between soil loss Cd, Ni and Pb loads with loads to water 

from the total loads to agricultural soil.  
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3 Industrial emissions to water  

Data for the emission of cadmium to water for Europe was provided by the European Pollutant 

Release and Transfer Register (ePRTR)11. In 2017, a total of 36 kg/d of cadmium was reported 

to be released to water (23 kg/d by STPs and 13 kg/d by industrial sources); 663 kg/d of Ni 

discharged (490 kg/d by STPs and 173 kg/d by industrial sources) and 211 kg/d of lead (128 

kg/d by STPs and 83 kg/d by industrial sources).   

 

4 Septic tank discharges 

Domestic septic tanks are private sewage treatment.  Across Europe based on Eurostat data 
the percentage of people on septic tanks range from 50% for Albania, to ~60% for many 
Eastern European countries through to high 90’s % in many parts of Northern Europe. As an 
example recent data suggest that 3% of properties in England and Wales have their own 
treatment facility (although not necessarily in the form of a septic tank), with an estimated 
300,000 septic tank systems operating in rural areas.  

Septic tanks receive raw sewage, which then separates into solids and liquids.  The liquids 
(effluent) flow out of the system, usually to a soak-away or land drainage system.  Some of 
the solids float to the top of the tank where they form scum, including detergents, cooking 
fats, and other non-decomposable materials.  The heavier solids remain at the bottom of the 
tank, where anaerobic bacteria produce methane and hydrogen sulphide and decompose 
them into a sludge layer.  The scum and the sludge need to be periodically removed and are 
commonly taken to a STP for treatment and reuse.  

Septic tanks are characterised as: 

• Having a high spatial dispersion; 

• Are often unknown in number and location;  

• Lacking information about operating conditions, maintenance and hence performance; 

• Creating difficulty in engagement with “operators” because of their number and 
relative lack of technical and financial resources; 

• Having poor characterisation of the nature of their discharge i.e. where does it go, 
how much of it is there?; and 

• In many cases, providing difficulty or impossibility of monitoring their effluent quality, 
and hence a difficulty in demonstrating the need to improve. 

 

There is uncertainty about the impact of septic tanks on water quality for four main reasons: 

a) A lack of information about the location, number and condition of septic tanks; 

 
11 https://prtr.eea.europa.eu/#/home 
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b) The difficulty of, and general lack of, monitoring the effects of septic tanks discharges 
to surface water and groundwater, there is also a lack of information and associated 
difficulties of transport pathways and connectivity to received waters not listed; 

c) The increasing need, driven by new legislation such as the WFD, to consider a wider 
range of potential pollutants than has been dealt with in the past. Historical concern 
has centred principally on BOD and suspended solids, with some account being taken 
of nutrients at larger treatment works. Under the WFD a wider range of substances, 
including nutrients, metals and a large number of trace organic substances has to be 
considered in, to use the parlance of the WFD, assessing the “pressures” that might 
prejudice the achievement of “good status” for a water body; and, 

d) A lack of a clear understanding about the relative importance of septic tanks in relation 
to other pressures. In rural areas these other pressures stem from sources such as 
agricultural activity (e.g. use of fertilisers, plant protection products, veterinary 
pharmaceuticals) and forestry. 

e) These issues need to be overcome in order to estimate substance load from septic 
tanks to surface waters. 

4.1 Numbers and locations of septic tanks 

There are little data available for the numbers or location of septic tanks across Europe. 
Individual countries often make estimates based on known mains sewerage data or via 
mapping exercises. However, based on the Eurostat data for percentage of people on mains 
sewerage, those on septic tanks can be estimated based on the difference in populations.  

 

4.2 Factors applied to predict inputs to watercourses 

Input loads of metals have been derived on a per capita basis using data taken from influent 
sewage treatment works concentrations (Comber et al. 2021). Eurostat data are available for 
domestic water use for each European country and this was multiplied by calculated or 
measured concentrations to derive a per capita load. Table 15 provides a summary of the 
input loads from domestic sewage based on predicted loads per country relating to summed 
loads and those estimated from measured integrated domestic wastewater from the literature, 
applied across all countries. The loads are then amended by a number of key parameters prior 
to possible discharge into a near-by water body: 

• Efficiency of removal of treatment 

• Drainage field serviceability 

• Slope to water body 

• Soil type 

• Distance to water body 
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Table 15 Metal loads entering septic tanks on a per capita basis 

 Cadmium (mg capita-1 day-1) Nickel (mg capita-1 day-1) Lead (mg capita-1 day-1)1 

 
Based on 
calculated load 

Based on 

measured 
loads 

Based on 

calculated 
load 

Based on 

measured 
loads 

Based on 

calculated 
load 

Based on 

measured 
loads 

Albania 0.172 0.162 1.02 1.37 No data 3.26 

Austria 0.092 0.072 0.63 0.61 No data 1.44 

Belgium 0.078 0.055 0.53 0.47 No data 1.11 

Bosnia  0.073 0.050 0.49 0.42 No data 1.00 

Bulgaria 0.081 0.060 0.56 0.51 No data 1.20 

Croatia 0.091 0.071 0.61 0.60 No data 1.42 

Cyprus 0.177 0.171 1.00 1.45 No data 3.44 

Czech Republic 0.074 0.051 0.56 0.43 No data 1.02 

Denmark 0.097 0.079 0.63 0.67 No data 1.26 

Estonia 0.076 0.054 0.51 0.46 No data 1.09 

Finland 0.127 0.069 0.76 0.59 No data 1.39 

France 0.108 0.086 0.67 0.73 No data 1.73 

Germany 0.083 0.073 0.58 0.62 No data 1.47 

Greece 0.227 0.225 1.30 1.91 No data 4.53 

Hungary 0.080 0.057 0.55 0.49 No data 1.15 

Iceland 0.135 0.120 0.83 1.02 No data 2.42 

Ireland 0.086 0.065 0.58 0.55 No data 1.31 

Italy 0.122 0.136 0.78 1.15 No data 2.72 

Kosovo 0.069 0.045 0.49 0.39 No data 0.91 

Latvia 0.097 0.078 0.64 0.66 No data 1.56 

Lithuania 0.065 0.041 0.47 0.35 No data 0.82 

Luxembourg 0.137 0.123 0.81 1.05 No data 2.48 

Malta 0.091 0.070 0.60 0.60 No data 1.41 

Netherlands 0.088 0.078 0.57 0.66 No data 1.57 

N. Macedonia 0.200 0.195 1.10 1.65 No data 1.35 

Norway 0.152 0.106 0.92 0.90 No data 2.14 

Poland 0.077 0.053 0.54 0.45 No data 1.07 

Portugal 0.114 0.097 0.71 0.82 No data 1.94 

Romania 0.067 0.043 0.48 0.37 No data 0.87 

Serbia 0.094 0.074 0.61 0.63 No data 1.49 

Slovakia 0.092 0.063 0.57 0.53 No data 0.98 

Slovenia 0.068 0.043 0.46 0.37 No data 1.27 

Spain 0.106 0.088 0.72 0.75 No data 1.77 

Sweden 0.124 0.083 0.83 0.70 No data 1.66 

Switzerland 0.089 0.102 0.59 0.87 No data 1.96 

Turkey 0.086 0.064 0.58 0.55 No data 1.30 

UK 0.084 0.076 0.60 0.64 No data 1.52 

EU27 mean 0.101 0.081 0.65 0.69 No data 1.61 
1 Lead was not included in Comber et al., 2021 in preparation, so a default of domestic wastewater 

(median = 12 µg L-1) for the UK was used (Gardner et al., 2013).    
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The export coefficient database allows each of these parameters to be adjusted, however, it 
has been possible to generate default values based on a number of factors (Table 16). The 
parameters are multiplied together to generate an overall transmission factor.  

Table 16 Variables and factors used for ‘modelling’ the transmission of metals 
through septic tanks (Comber et al., 2013b) 

 

Variable Method Comment Scaling1 

Removal 
efficiency 

Currently provided for by ‘good’, 
‘moderate’ and ‘poor’ providing 
factors in table below 

Varies according to 
substance 

Fractional 
transmission: 
G = 0.8 
M = 0.9 
P = 1 

Distance The EA database provides a 
distance from OSWwTS (?) to 
nearest water body. An 
exponential ‘decay’ factor has 
been applied, taking account of 
a specified distance where 
influence is reduced by 50%. 

The specified ‘half 
distance’ may be 
varied and is 
currently arbitrary.  

Fractional 
transmission: 
G = 0.5 
M = 0.7 
P = 1 

Slope to 
watercourse 

Fixed via PSYCHIC output 1km 
grid data for slope based on 
digital terrain data 

Probably as goods as 
required 

Fractional 
transmission: 
G = 0.8 
M = 0.9 
P = 1 

Soil 
type/permeability  

Fixed via PSYCHIC output 1km 
grid data for soil type 

Probably as goods as 
required 

Fractional 
transmission: 
G = 0.8 
M = 0.9 
P = 1 

Drainage field 
serviceability 

Expert judgement  Fractional 
transmission: 
G = 0.8 
M = 0.9 
P = 1 

Overall 
transmission 
factor 

  0.41 

1 bold = value used for this assessment 
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The generic derivation of the factor used were taken from Comber et al., (2013). The 
assumptions used to generate output loads are detailed below: 

• The amount of substance reaching the water body is reduced on the basis of the 
distance of the tank to the nearest water body using an exponential decay formula: 

2.718282(
−LN(2)
100

×distance)
 

Where ‘100’ is the number of metres for the emission concentration to be reduced by 
half and ‘distance’ is the distance in meters from the tank to the water course. 

• The amount of substance reaching the water body is reduced on the basis of the soil 
type for each 1km2 grid using: 

• Soil permeability data (Comber et al., 2013) 

o If soil =>50% clay then assume no loss (multiply by factor of 1) 

o If soil =>50% sand then assume loss due to infiltration (multiply by factor of 
0.8) 

o For other assume nominal loss due to infiltration (multiply by factor of 0.9) 

• Slope to water body (Comber et al., 2013) 

o If slope >10 then assume no loss (multiply by factor of 1) 

o If slope > 5 then multiply by factor of 0.9 

o If slope > 2 then multiply by factor of 0.8 

o If slope > 1 then multiply by factor of 0.7 

o If slope < 1 then multiply by factor of 0.6 

• If no grid data then worst case is assumed and a default factor of one value is applied 
(i.e. no reduction)  
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 Table 17 Metal loads entering the aquatic environment via septic tanks 

 Cadmium (kg day-1) Nickel (kg day-1) Lead (kg day-1)1 

 
Based on 
calculated load 

Based on 

measured 
loads 

Based on 

calculated 
load 

Based on 

measured 
loads 

Based on 

calculated 
load 

Based on 

measured 
loads 

Albania 0.10 0.09 0.60 0.80 No data 1.91 

Austria 0.02 0.01 0.11 0.11 No data 0.25 

Belgium 0.04 0.03 0.30 0.26 No data 0.62 

Bosnia  0.07 0.05 0.45 0.38 No data 0.91 

Bulgaria 0.06 0.05 0.44 0.40 No data 0.94 

Croatia 0.07 0.05 0.46 0.45 No data 1.07 

Cyprus 0.02 0.02 0.11 0.15 No data 0.36 

Czech Republic 0.05 0.03 0.35 0.27 No data 0.64 

Denmark 0.02 0.01 0.12 0.12 No data 0.23 

Estonia 0.01 0.01 0.05 0.05 No data 0.11 

Finland 0.04 0.02 0.26 0.20 No data 0.47 

France 0.56 0.45 3.48 3.79 No data 8.99 

Germany 0.08 0.07 0.56 0.60 No data 1.43 

Greece 0.07 0.07 0.38 0.55 No data 1.31 

Hungary 0.06 0.04 0.42 0.37 No data 0.88 

Iceland 0.00 0.00 0.01 0.01 No data 0.03 

Ireland 0.06 0.05 0.41 0.39 No data 0.92 

Italy 0.18 0.20 1.16 1.70 No data 4.03 

Kosovo 0.02 0.01 0.11 0.09 No data 0.20 

Latvia 0.02 0.01 0.11 0.12 No data 0.28 

Lithuania 0.03 0.02 0.19 0.14 No data 0.32 

Luxembourg 0.00 0.00 0.00 0.00 No data 0.00 

Malta 0.00 0.00 0.00 0.00 No data 0.00 

Netherlands 0.00 0.00 0.02 0.02 No data 0.06 

N. Macedonia 0.05 0.05 0.28 0.43 No data 0.35 

Norway 0.05 0.03 0.28 0.28 No data 0.66 

Poland 0.32 0.22 2.24 1.87 No data 4.45 

Portugal 0.07 0.06 0.44 0.51 No data 1.21 

Romania 0.29 0.19 2.09 1.61 No data 3.78 

Serbia 0.10 0.08 0.66 0.68 No data 1.62 

Slovakia 0.07 0.04 0.41 0.38 No data 0.70 

Slovenia 0.02 0.01 0.11 0.09 No data 0.30 

Spain 0.06 0.05 0.38 0.40 No data 0.94 

Sweden 0.07 0.04 0.45 0.38 No data 0.89 

Switzerland 0.00 0.00 0.02 0.03 No data 0.07 

Turkey 0.29 0.22 1.96 1.86 No data 4.40 

UK 0.06 0.06 0.44 0.47 No data 1.11 

EU27 total 2.35 1.83 15.6 15.5 No data 36.6 

 

The data provided in the table above shows that septic tank inputs are lower than agriculture, 

with reasonable agreement between the summed loads from domestic sources and a mean 

applied measured load.  
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CONCLUSIONS  

This short screening exercise has been undertaken to estimate diffuse loads of Cd, Ni and Pb 

to soil and water based on a methodology developed for copper and utilising readily available 

datasets. It is by no means an exhaustive analysis of data available but designed to provide 

an indication of the magnitude of inputs from some key known sources which have been put 

into perspective with data generated in other projects (Table 18).  

The breakdown of loads of Cd, Ni and Pb to STPs across Europe is available from Comber et 

al (2021) and additional Pb sources to water from Arche Consulting (2020).  

The data generated from this investigation suggested that soil erosion containing natural 

background metals within the mineral phase is the single largest load of Cd, Ni and Pb to 

water, owing to the vast quantities of soil lost from European agricultural land each year. 

However significant loads of metals ware also associated with farmyard manure, in particular 

from poultry, atmospheric deposition. Agricultural emissions of these elements is of a similar 

magnitude to STP discharges. Septic tanks appear to be only a minor contribution owing to 

the high proportions of EU populations on mains sewerage and (generally) disconnection 

between septic tanks and watercourses.  

Lead was shown to be an anomaly owing to its specialised use in angling sinkers and in 

particular, ammunition which was shown to be the second most significant source to water 

after soil erosion.    

Table 18 Summary of estimated diffuse loads of Cd, Ni and Pb compared with 
point source data generated from other reported  

  Loading (kg/d) to soil  to water to soil  to water to soil  to water 

    Cd Cd Ni Ni Pb Pb 

  Soil background   521   73803   43800 

ePRTR Industrial1  4.73  63  30.4 

ePRTR STP   8.27   179   46.7 

ETAP STP2   32   668   n/a 

  Agriculture Total  271 27 2938 292 3452 301 

  Septic tank   2   16   37 

  Lost lead sinkers3   #N/A   #N/A   11 

  Lead ammunition3   #N/A   #N/A   4781 

Agriculture  Sludge to land 10.5   208   395   

break down  NPK fertilisers 29   53   13   

  FYM fertilisers cows 11   187   136   

  FYM fertilisers pigs 3.3   84   48   

  FYM fertilisers sheep 2.8   0.96   63   

  FYM fertilisers goats 0.13   0.2   0.2   

  FYM fertilisers poultry 128   1116   815   

  
Atmospheric deposition 
on agricultural land 86   1289   1982   

1 Load to water not including wastewater treatment plant inputs reported below 

2  Data provided from Comber et al., 2021 in preparation  
3 Data from Arche Consulting (2020) Pb emission inventory for the environment. Final Report, 

3/12/2020. Ferencz N., Eliat M. and Verdonck F.  
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1  INTRODUCTION  
Recent years have seen an increasing use of publicly available emissions databases (e.g. 
EPRTR) by stakeholders and policymakers, which highlight Sewage Treatment Plants (STP) as 
significant sources of metal emissions to aquatic environments. However, it is not clear 
whether these emissions are sources of potential water quality issues, and any mitigating 
actions taken may not therefore result in real environmental improvements. Furthermore, the 
relative contributions of different sources of metals into municipal STP are relatively poorly 
understood, and there would be benefit in aggregating and integrating the available data. In 
addition, the contribution of natural sources of metals into STP systems, e.g. due to natural 
erosion processes, ambient background levels in water, inputs from natural sources such as 
human excrement, and metal background concentrations present in the urban environment in 
general, is usually ignored because it is poorly understood and quantified. However, for some 
metals these sources could make a substantial contribution to the overall inputs to wastewater 
systems, particularly in Europe where industrial discharges have generally diminished. By 
generating estimates for loads of these sources to STP as part of this project, it will allow 
comparison with other non-industrial loads to the environment such as agricultural sources 
and natural background for example which would need to be the subject of additional outside 
of the scope of this project.     
Metal behaviour and fate during treatment is reasonably well understood, but a number of 
uncertainties still exist. These uncertainties include aluminium use as a flocculant, the 
influence of anthropogenic metal complexing agents on the fate of metals during wastewater 
treatment (with reference to copper, nickel, zinc), and the fate and mobility of the metals that 
accumulate in sludge.  

1.1   Project aims and objectives   

The main aims of this project are to support ETAP in order to:  
• Define the proportions of metal inputs into wastewaters which are attributable to 

different sources;  

• Assess the importance of ambient background levels of metals relative to 

anthropogenic sources in wastewaters;  

• Assess the fate of metals during the wastewater treatment process; and  

• Identify gaps in information and areas of uncertainty.   

It is not the aim of this project to generate new data, but to identify, collect, collate and 
synthesise existing datasets.   

1.2  Report structure  

After this brief introductory section, Section 2 details the data searching strategy and 
information source identification for both the screening and refinement exercises. The linkages 
and dependencies of each project phase is shown in Figure 1.1. A generic flow balance is 
briefly described in Section 3, with accompanying detail given in the in an Excel sheet in the 
Appendices. Sections 4 through 11 detail source apportionment of/for? each metal or 
metalloid, including validation, fate screening and one of the case studies, specifically looking 
at ‘background’ loads to sewer (with further details in the Appendices). Section 12 gives an 
in-depth assessment of behaviour and fate of metals and metalloids in a well-characterised 
STP.  
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Intercomparison between metals and also between countries in relation to source 
apportionment are discussed in Section 13 along with the identification of information gaps 
and uncertainties identified in this current report. Finally, Section 14 provides some brief 
conclusions and recommendations.   
There has been additional effort put into two areas of emission (case studies) that are both 
potentially important sources for these metals and also have a relatively high level of 
uncertainty associated with them. These areas are inputs from background sources, where 
the metals are likely to be predominantly from natural sources and cannot be controlled 
through any kind of regulation, and urban runoff sources, which although they are 
anthropogenic in their nature are especially difficult to control. These aspects are covered 
within the main source apportionment for each metal, with background inputs being covered 
under the domestic loads because these are dominated by the background levels in drinking 
water supplies and food, and urban runoff sources covered under urban runoff, and an 
important portion of this for many of the metals results from road transport activities.  

  

Figure 1.1 Schematic of the interdependencies and relationships between each 

section of this report  
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2  DATA IDENTIFICATION  
The focus of this project was not to create new data, but to utilise data that is currently 
available to meet the project aims. Therefore, a comprehensive data searching strategy is key 
for identifying the available data is vital. This section of the report details the strategy utilised 
for obtaining data for use in the project.   

2.1   Information searching strategy  

 
A number of key data sources were utilised for obtaining data, including:  

 

• Risk Assessment Reports;  

• Supplied industry sector data;  

• European datasets (Eurostat/ European Pollutant Release and Transfer Register (e-

PRTR12));  

• Individual country datasets (per capita water use, drinking water quality etc);  

• National Authority reports;  

• National Authority emission inventories;  

• Consultancy reports (e.g. Deltares);  

• MS contacts via wca, WRA and DERAC; and  

• Open literature/ reports via:  

o Science Direct;  

o Web of Science; and  

o Google.  

Where available, previously conducted risk assessment reports where utilised for assessing 
the key sources to wastewater. Although these reports are relatively old (>10 years), they 
identify key sources to wastewater and provided initial estimates of loads. The European 
datasets such as the e-PRTR and Eurostat data also provided up to date baseline inputs for 
countries for the industrial inputs and flows.  
 
Individual country datasets, national registry data and national authority and consultancy 
reports were important sources for assessing both inter- and intra-country variabilities, as 
discussed in Section 4. Other sources of information have been identified and obtained through 
the project team contracts. These contacts have provided reports and data for country-specific 
inputs in particular France and the UK and allow for the update of data from the older risk 
assessment reports.    
 

 
12 Not all substances of interest are required to report to the e-PRTR  
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Open literature, through Web of Science and Science direct, as well as Google were also 
utilised to obtain any data where the completeness of data was believed to be lacking from 
information in the other sources.  

  

2.2   Targeted searching  

For some of the metals, where limited data was available from the sources listed in Section 
2.1, targeted literature searching was also conducted. These expanded searches were 
necessary for some metals, to ensure that all reasonable effort was undertaken to ensure that 
all possible information was obtained to be included in the assessment. This involved running 
literature search strings in Web of Science, assessing all abstracts, and not just open literature.   
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3  GENERIC FLOW BALANCE   
 
The methodology for any source apportionment exercise which is based on quantifying loads 
of a substance from specific sources requires an assessment of how much material is emitted 
(a concentration or emission factor) multiplied by the rate (activity rate or flow) at which it is 
being emitted. Depending on data availability and approach, emission factors vary from 
observed or modelled concentrations through to a ratio based on for example, a per capita 
value discharged to wastewater, where country specific data are missing (van den Roovaart 
et al. 2020). The emission factors are derived from available monitoring data or predicted 
outputs from models and may be generic or site specific, with the accuracy being driven by 
the observed variability of that emission.   
 
For this exercise, per capita activity rates have been used in certain cases but in most 
instances, loads are based on a concentration (as an emission factor) and flow (as an activity 
rate). The accuracy of the load estimates is therefore reliant of the accuracy of these two 
factors; if either one of them is incorrect then the final load will also be wrong. Other potential 
sources of error could be:   
 

• The approach of determining an arithmetic average concentration and then multiplying 

the arithmetic average concentration by total flow may in fact provide a biased 

estimate if there are correlations between concentration and flow.    

• If the concentration data are not normally distributed, an arithmetic average may not 

provide a good estimate of the central tendency of the data.      

For this project therefore, the first stage of the apportionment exercise was to generate a flow 
balance of wastewater entering STPs from key sources, namely domestic households, surface 
runoff, services (town centre and commercial activities) and industry. Owing to the availability 
of collated databases across a wide demographic area, the principal focus of the screening 
exercise is upon Europe. The full methodology for generating the flow balance for each 
European country is provided in the accompanying appendices.   
 
The aim is to define the proportions of metal inputs into wastewater which are attributable 
between baseline and anthropogenic driven sources (Figure 3.1). In many cases individual 
emissions to wastewaters will contain a contribution from both baseline and anthropogenic 
sources.   
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Figure 3.1  Schematic of the sources quantified for each metal and for individual 

European Countries  
  

The first critical step in any urban source apportionment is to achieve an accurate flow balance. 
Once achieved, then concentrations can be multiplied by the flows to generate loads. For 
Europe a substantial amount of effort has been put into developing accurate flows of water 
from abstraction (groundwater and surface) through use within domestic and industrial 
sectors, run off, flows to STP and then distribution of effluents between discharge to river 
versus sea waters. The availability of this data offers a broad apportionment of flows to STPs 
suitable for application across wide geographic areas such as Europe.    
 
European Eurostat data is available between 2008 and 201713 for volume of domestic 
wastewater produced as well as domestic per capita use of water for 28 out of 37 countries 
(Table 3.1). Where available 2017 data (the latest available) was used, but for some countries 
the most recent data was older (mostly 2016, but in one case going back to 2009). European 
mean per capita water use was employed as default for countries not reporting. For each 
country Eurostat/EEA data is also available for percentage of the population connected to the 
municipal sewerage system. This percentage was applied to the domestic wastewater 
production to derive volumes to STP from household domestic use.   
  

    

  

 
13 https://ec.europa.eu/eurostat/web/environment/water   

  

https://ec.europa.eu/eurostat/web/environment/water
https://ec.europa.eu/eurostat/web/environment/water
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Table 3.1  Summary of data sources used for the baseline datasets  

Data (by country)  Source   Comments  

Population  Web  Individual country latest census data 

(2018)  

Area  EU data: Eurostat 2020 data14      

Inland water area  van den Roovaart et al., 2013.    

Water resources  Eurostat Water Statistics, 202015  L-1cap-1d use, domestic use,   

Wastewater stats  Eurostat Water Resource Data, 202016  Population connected to sewerage,    

Urban area  Eurostat Settlement Area, 202017     

Impermeable area   Default of 22% based on UK data, Comber 

et al., (2013)   
  

Combined sewer 

percentage  
Default of 50% based on UK data, Comber 
et al., (2013) unless otherwise  
stated from literature  

  

Volume of water 

from service 

industries  

Eurostat Water Statistics, 20202  ‘Services’ are clearly identified by 
NACE 45-99 (e.g. offices, hotels, 
schools, universities and services), 
and involve situations where water is 

mainly used for similar purposes as it 
is used in households (e.g. sanitary 
purposes, washing, cleaning and 

cooking).  
Assumed all flows to sewer  

STP metal removal 

rates  
Default to UK Chemical Investigation  
Programme unless otherwise stated  
(Gardner et al., 2013)  

  

  

Data was also available for some countries for the use of household water for bathing, 
dishwashing, laundry, toilet flushing and miscellaneous use (Table 3.2). Where available 
specific country data was used and for all other countries the mean percentage for each water 
use was calculated and applied to the total water use per country (in L cap-1 d-1) to distribute 
its use.   
  

  

  

 
14 https://europa.eu/european-union/about-eu/figures/living_en.   
15 https://ec.europa.eu/eurostat/statistics-explained/index.php/Water_statistics#Water_uses  
16 https://ec.europa.eu/eurostat/web/environment/water  
17 https://ec.europa.eu/eurostat/cache/metadata/en/sdg_11_31_esmsip2.htm  

  

https://circabc.europa.eu/sd/a/dd20cdae-c76a-49b1-bf75-675c15a454d4/Diffuse%20water%20emissions%20in%20E-PRTR%202013%20background%20document.pdf
https://circabc.europa.eu/sd/a/dd20cdae-c76a-49b1-bf75-675c15a454d4/Diffuse%20water%20emissions%20in%20E-PRTR%202013%20background%20document.pdf
https://europa.eu/european-union/about-eu/figures/living_en
https://europa.eu/european-union/about-eu/figures/living_en
https://ec.europa.eu/eurostat/statistics-explained/index.php/Water_statistics#Water_uses
https://ec.europa.eu/eurostat/statistics-explained/index.php/Water_statistics#Water_uses
https://ec.europa.eu/eurostat/web/environment/water
https://ec.europa.eu/eurostat/web/environment/water
https://ec.europa.eu/eurostat/cache/metadata/en/sdg_11_31_esmsip2.htm
https://ec.europa.eu/eurostat/cache/metadata/en/sdg_11_31_esmsip2.htm
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Table 3.2  Household usage of water throughout Europe  

Country  Reference   Volume used (L-1cap-1d-1)   

Bathing  Laundry  Dishwashing  Toilet 

flushing  
Miscellaneous  

Netherlands  1  52  16  7  37  12  

Austria  1  55  23  8  30  19  

Denmark  2  49  18  14  37  29  

Finland  1  57  16  22  16  4  

Germany  1  41  16  7  37  14  

Norway  2  40  25  20  30  15  

Sweden  2  57  28  38  38  28  

Switzerland  3  54  20  7  56  30  

UK  2  32  22    53  5  

UK  4  24  17  16  45  38  

EU  2  57  21  11  34  36  

Mean    47  20  14  37  21  
1https://webarchive.nationalarchives.gov.uk/20140328161547/http://cdn.environment-agency.gov.uk/geho0809bqtd-e-e.pdf.  
2European Topic Centre on Water, Peter Kristensen, National Environmental Research Institute, European Environment Agency. 
3file:///C:/Users/sdcomber/Downloads/EEA-2001_Sustainable-Water-Use-in-Europe_Part-2-Demand-Management.pdf. 4Comber and 

Gunn (1996).  

  

A significant volume of wastewater is generated from “services” associated with urban 
activities, these include light industry estates, car washes and town centre activities from 
offices, laundries, bars, restaurants etc. European country data is available from Eurostat for 
‘services’ (see accompanying spreadsheet). Data were not available for Italy and so the 
services wastewater volume was ratioed to that of Spain based on population and geographic 
similarity. UK services data was also absent from the Eurostat database and so data from a 
previous source apportionment exercise was used (Comber and Casse 2008).   
 
Total industrial wastewater discharge to urban wastewater was downloaded for individual 
countries from the Eurostat website18 within WW_GTD Industrial wastewater treatment - total 
inflow.  
 
There is no available database reporting runoff volumes to STP for European countries for 
example. The UK has taken the following pragmatic approach:  
 
Volume of runoff to STP = mean rainfall x urban area x % impermeable urban area x % runoff to sewer  

This approach requires a combination of assumptions and data that are readily available.   

Mean annual rainfall data is plentiful and easily accessible from the EEA on a per country basis. 
Urban settlement areas per country is also available from Eurostat ([lan_settl]) for 2015. The 

 
18 Eurostat: http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=env_ww_genv&lang=en  

https://webarchive.nationalarchives.gov.uk/20140328161547/http:/cdn.environment-agency.gov.uk/geho0809bqtd-e-e.pdf
https://webarchive.nationalarchives.gov.uk/20140328161547/http:/cdn.environment-agency.gov.uk/geho0809bqtd-e-e.pdf
https://webarchive.nationalarchives.gov.uk/20140328161547/http:/cdn.environment-agency.gov.uk/geho0809bqtd-e-e.pdf
http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=env_ww_genv&lang=en
http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=env_ww_genv&lang=en
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percentage of impermeable area within the urban settlements is not so easily derived. A 
default value for the UK source apportionment exercise was 22% and was used for this 
apportionment (Comber et al. 2013). The percentage of runoff entering the combined sewer 
system has been estimated at 50% for the UK and was used as a default where no other data 
were available. Some literature data was available for Denmark, Finland, Norway and Sweden, 
where combined sewers are less prevalent. Whilst there may be numerous potential natural 
background sources of these metals in the environment these sources are likely to be of 
considerably reduced importance in urban areas which are the source of the vast majority of 
the runoff that is directed to the wastewater networks. Consequently the potential contribution 
from natural background sources to urban runoff reaching wastewaters is not considered 
further.  

An alternative calculation of runoff to sewer can be made by simply calculating the difference:  
 
Volume of runoff to STP = total volume of wastewater to STP – household flow – services – industry  

This calculation was easily achieved as the total flow to STP was available from Eurostat (Urban 
wastewater treatment - total inflow - from [env_ww_genv]). A comparison between runoff 
volumes derived via these two methods are available in the spreadsheet model. However as 
can be seen from the comparison the subtraction method above generates a number of 
negative values and provides a poor comparison for a number of countries. The correlation is 
poor (R2 = 0.49) and the method generates values typically only 60% of the rainfall-runoff 
method. This is likely to reflect the methodology relying on subtraction of a number of very 
uncertain values (particularly the industrial and service industries flow). The fact that the 
method produced negative values means that it was not used for calculations of loads which 
were generated using the rainfall-runoff estimates.    
Flows largely reflected population size with Germany therefore exhibiting highest values 
(Figure 3.2). Summed flows to STPs for Europe were compared with values provided by the 
EUROSTAT database. The two sets of data correlated strongly (R2 = 0.9) thereby providing a 
degree of confidence in the methodology used to generate flows for domestic, services, 
industry and urban runoff. The fitted linear line suggests a slight bias towards the summed 
flows (slope = 1.12) but given the assumptions and uncertainties in the dataset a 12% bias 
between the datasets can be considered insignificant. The observed bias towards the summed 
flows is largely driven by the Italian flows. Summed Italy STP influent flows of 8066 million 
m3/day is mostly influenced by household flows (4669 million m3/d) reflecting very high 
domestic water use of 225 l/capita/day, one of the highest in Europe. A number of sources 
seem to corroborate this high use and therefore it appears Italy stands out as an outlier in the 
dataset.  
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Figure 3.2  Plot of reported versus summed flows for individual European 

Countries  

   

6  CADMIUM  
Cadmium (Cd) has an atomic number of 48, atomic mass of 112 and a melting point of 321°C 
(CRC 2017). It is a soft ductile, silvery white with bluish coloured metal, lustrous with 
electropositive properties. Cadmium is found at low levels in mineralogy associated with zinc 
and lead, typically carbonate, sulphide and oxide ores. Low levels of cadmium are also found 
in phosphate bearing apatite minerals. Its specific physico-chemical properties have meant it 
has found use in very specific niche applications such as batteries (Ni-Cd), pigments (cadmium 
zinc sulphide and cadmium sulpho-selenide providing vibrant yellows, oranges and reds), 
photovoltaics and wear-resistant alloys and coatings. Concerns regarding the human and 
environmental toxicity of cadmium has led to considerable control on its use, with restrictions 
having been put in place covering a variety of uses, and controlling the concentrations in 
products such as toys, food contact materials, and fertilisers, over recent decades. Under the 
Water Framework Directive cadmium is classified as a Priority Hazardous Substance with the 
requirement for discharges to the environment to cease within a 20-year period. Within the 
aquatic environment cadmium is relatively soluble with a low to moderate partition coefficient 
and is predominantly found in the +2 state (Cd2+) but precipitates readily with phosphates, 
carbonate and sulphides and complexes readily with chloride and some natural organics. The 
fate and behaviour characteristics of cadmium are relatively like those of zinc, due to the 
chemical similarities of the two metals, although there is no validated chronic biotic ligand 
model currently available for cadmium toxicity to aquatic organisms. The Environmental 
Quality Standard for cadmium varies with hardness in freshwaters (0.08 to 0.25 µg L-1 from 
soft to hard waters) and 0.2 µg L-1 in seawater. A drinking water standard of 5 µg L-1 is set 
under the EU Drinking Water Directive. The concerns regarding cadmium toxicity and its 
subsequent controls has meant that a substantial amount of monitoring data has been 
collected over the past 20 years.  
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6.1  Source apportionment screening  

6.1.1  Domestic cadmium loads to STP  

 
As a robust dataset was available for European country household water use it was possible 
to access per capita volumes of water used for bathing, dishwashing, laundry cleaning, toilet 
flushing and ‘other’ which covered hand washing, drinking, car washing, garden watering etc.   
Concentration data are available for individual countries and data has been collected for 
Belgium, France, UK, Malta, Germany and Italy, deriving a mean concentration of 0.39 µg L1. 
Although this is slightly biased by the high concentration of cadmium in Maltese drinking water 
which may be a result of analytical limitations or possibly the reliance on reverse osmosis 
derived water. However, a comprehensive survey of 29 European country’s tap water (600 
tap waters for 60 parameters) reported a mean cadmium concentration of 0.012 µg L-1 (Flem 
et al. 2015) which is lower than the average individual country datasets, probably reflecting 
the fact the samples were fully flushed, rather than random daytime samples taken under the 
EU Drinking Water Directive. For consistency therefore the Flem et al. (2015) dataset was 
used for all countries where data were available. Failing that, a default was used which was 
the calculated mean of all data from the Flem et al. (2015) dataset (Table 6.1). Data for litres 
per capita per day usage were combined with European household usage19 to estimate the 
amount of water used for each purpose. Volumes could then be multiplied by mean 
concentrations in tap water (Table 6.1) to generate loads to sewer. Given the tap water 
samples were fully flushed (at least 5 minutes) before sampling, meant the opportunity for 
leaching of metals from any plumbing materials were minimised. Assuming there were no 
additions to the water supply during treatment of raw waters then this load may be considered 
to be from ambient background sources (riverine or groundwater) subject to any 
contamination they may be exposed to prior to extraction (e.g. agricultural runoff, road runoff, 
mine leachates, atmospheric deposition).   
No data on the occurrence of cadmium from plumbing interactions (not thought to be 
significant other than its presence as an impurity in other metals) and only limited data for 
domestic activities such as dishwashing, laundry and bathing have been found. Historically 
cadmium impurities have been associated with phosphate based detergents, although they 
have been largely banned in mainland Europe. A good quality dataset is available for cadmium 
in faeces and urine (Table 6.1) although this dataset does also rely on reports from countries 
outside of Europe it is expected that cadmium in any ‘typical’ diet to be relatively consistent. 
Where faeces and urine were reported as a concentration, a load was calculated assuming a 
standard 29 g-1cap-1d-1 dry weight and 0.59 L-1cap-1d-1 excretion for faeces and urine 
respectively (Rose et al. 2015).  
Consequently, the current source apportionment for domestic inputs of cadmium to STPs 
includes mains supply, water use (including laundry, bathing, dishwashing and any plumbing 
inputs) urine and faeces loads. However, given there are cadmium data for domestic 
wastewater, it is possible to provide a comparison of calculated summed loads from individual 
sources versus and integrated measured total load from domestic sources.   

 
19 https://ec.europa.eu/eurostat/statistics-explained/index.php/Water_statistics#Water_uses   

https://ec.europa.eu/eurostat/statistics-explained/index.php/Water_statistics#Water_uses
https://ec.europa.eu/eurostat/statistics-explained/index.php/Water_statistics#Water_uses
https://ec.europa.eu/eurostat/statistics-explained/index.php/Water_statistics#Water_uses
https://ec.europa.eu/eurostat/statistics-explained/index.php/Water_statistics#Water_uses
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Table 6.1  Concentrations of cadmium in domestic wastewater components   

Source  Reference  Concentrations  

Mains supply   
(µg L-1)  

Belgium  
Le Bot et al. (2016) – France   
UK  
Malta  
Italy20  
Koch and Rotard (2001) – Germany  
Flem et al. (2015) – Tap water from 29 European 
countries  
Default (mean – Flem et al. 2015)  

0.004  
<0.5   
0.23  
2  
0.039  
0.061  
0.001 – 0.082  

  
0.012  

Bath water1 (µg L-1)  Comber and Gunn (1996)  
Erickson et al. (2002)  

0.50  
0.54  

Dishwater1 (µg L-1)  Comber and Gunn (1996)  
Erickson et al. (2002)  
Erickson et al. (2002)  
Erickson et al. (2002)  

0.5  
<7  
<6  
<7  

Laundry1 (µg L-1)  Comber and Gunn (1996)  
Erickson et al. (2002)  

0.60  
0.63  

Miscellaneous1 (µg L-1)  Assumed to be mains tap water   0.012  

Toilet flushing1 (µg L-1)  Comber and Gunn (1996) – assumed to be 100% supply   0.012  

Grey water (µg L-1)  Erickson et al. (2002)  
Erickson et al. (2002)  

<10 <6  

Domestic wastewater  
(µg L-1)  

Tjandraathadja and Diaper (2006)  
Tjandraathadja and Diaper (2006)  
Comber and Gunn (1996) – houses >35 years old  
Comber and Gunn (1996) – houses <8 years  
Comber et al. (2014) – UK CIP data  
Default (mean)  

0.9  
0.45  
0.7  
0.3  
0.26  
0.6  

 
20 https://www.academia.edu/15374992/Major_and_trace_elements_in_tap_water_from_Italy  

http://www.clw.csiro.au/publications/waterforahealthycountry/2006/wfhc-criticalcontaminants-sources-domesticwastewater.pdf
http://www.clw.csiro.au/publications/waterforahealthycountry/2006/wfhc-criticalcontaminants-sources-domesticwastewater.pdf
http://www.clw.csiro.au/publications/waterforahealthycountry/2006/wfhc-criticalcontaminants-sources-domesticwastewater.pdf
http://www.clw.csiro.au/publications/waterforahealthycountry/2006/wfhc-criticalcontaminants-sources-domesticwastewater.pdf
https://www.academia.edu/15374992/Major_and_trace_elements_in_tap_water_from_Italy
https://www.academia.edu/15374992/Major_and_trace_elements_in_tap_water_from_Italy
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Urine21  
(µg cap-1 day-1)  

Karak and Bhattacharyya (2011)  
Karak and Bhattacharyya (2011)  
Asante et al. (2012)  
Asante et al. (2012)  
Asante et al. (2012)  
Vinneras (2001)  
Koch and Rotard (2001)  
Tjandraathadja and Diaper (2006)  
Palmquist and Jonsson (2004)   
Palmquist and Jonsson (2004)  
Palmquist and Jonsson (2004)  
Default (mean)  

0.28 1.6  
0.25 0.8  
0.24 1.1  

0.55  
1.09  

0.3 0.5  
0.22  
0.59  

Faeces  
(µg cap-1 day-1)  

Rose et al. (2015)  
Schouw et al. (2002)  
Koch and Rotard (2001)  
Comber and Gunn (1996)  
Vinneras (2001)  
Tjandraathadja and Diaper (2006)  
Tjandraathadja and Diaper (2006)  
Tjandraathadja and Diaper (2006)  
Tjandraathadja and Diaper (2006)   
Tjandraathadja and Diaper (2006)  
Tjandraathadja and Diaper (2006)  
Tjandraathadja and Diaper (2006)  
Default (mean)  

70  
17  
31  
11  
48  
10  
30  
20  
25  
20  
40  
10  
29  

1 owing to lack of data these values were not used in the calculations, all plumbing and activity 
loads were aggregated up to a “water use” category.   

  
  

6.1.1.1  Source contribution from domestic wastewater  

For the non-smoking general population 90% of exposure to cadmium is through food, with 
the mean and 95th percentile concentrations of cadmium in diets for Europe has been 
determined to be 1.15 to 7.84 µg kg-1 b.w. week-1 and 2.01 to 12.1 µg kg-1 b.w. week-1, 
respectively. (EFSA 2012). Average exposure was observed to be highest in toddlers and 
lowest in the elderly population group at an average of 4.85 µg kg-1 b.w. week-1 and 1.56 µg 
kg-1 b.w. week-1, respectively (EFSA 2012). For cadmium exposure, the amount of exposure 
was not typically driven by foods with the highest concentration of cadmium, but by the 
quantities consumed, with grains and grain products and vegetables and vegetable products 
(26.9 % and 16.0 %, respectively) the largest contributors. It is likely that this reflects the low 
levels of cadmium in the vast majority of foodstuffs. Daily faecal and urinary excretion of 
cadmium is estimated to be 0.007 and 0.009% of body burden, respectively, though estimated 
cadmium absorption ranged from 1.1 to 10.6% (ATSDR 2012).   
Vinneras et al. (2006), performed an assessment of the mass of various contaminants in urine, 
faeces and wastewater at various locations through-out Sweden to assess whether the current 
Swedish design values were still representative of the current values used for planning waste 
treatment. The concentration range of cadmium in urine was 0.08 to 0.48 mg capita-1 year-1, 
in faeces 5.7 – 6.4 mg capita-1 year-1 and 2.2 to 17 mg capita-1 year-1 in greywater; this is in 
agreement with other data that faeces is the larger excretion route for cadmium (Table 6.1 

 
21 Assumes 1.4 L cap-1 day-1 of urine produced per day  
(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4500995/#!po=8.06452)  

https://pdfs.semanticscholar.org/73bb/c13db7414a3f91d2a89d576ef9a5747db8d0.pdf
https://pdfs.semanticscholar.org/73bb/c13db7414a3f91d2a89d576ef9a5747db8d0.pdf
http://www.clw.csiro.au/publications/waterforahealthycountry/2006/wfhc-criticalcontaminants-sources-domesticwastewater.pdf
http://www.clw.csiro.au/publications/waterforahealthycountry/2006/wfhc-criticalcontaminants-sources-domesticwastewater.pdf
https://pub.epsilon.slu.se/3817/1/vinneras_b_091216.pdf
https://pub.epsilon.slu.se/3817/1/vinneras_b_091216.pdf
http://www.clw.csiro.au/publications/waterforahealthycountry/2006/wfhc-criticalcontaminants-sources-domesticwastewater.pdf
http://www.clw.csiro.au/publications/waterforahealthycountry/2006/wfhc-criticalcontaminants-sources-domesticwastewater.pdf
http://www.clw.csiro.au/publications/waterforahealthycountry/2006/wfhc-criticalcontaminants-sources-domesticwastewater.pdf
http://www.clw.csiro.au/publications/waterforahealthycountry/2006/wfhc-criticalcontaminants-sources-domesticwastewater.pdf
http://www.clw.csiro.au/publications/waterforahealthycountry/2006/wfhc-criticalcontaminants-sources-domesticwastewater.pdf
http://www.clw.csiro.au/publications/waterforahealthycountry/2006/wfhc-criticalcontaminants-sources-domesticwastewater.pdf
http://www.clw.csiro.au/publications/waterforahealthycountry/2006/wfhc-criticalcontaminants-sources-domesticwastewater.pdf
http://www.clw.csiro.au/publications/waterforahealthycountry/2006/wfhc-criticalcontaminants-sources-domesticwastewater.pdf
http://www.clw.csiro.au/publications/waterforahealthycountry/2006/wfhc-criticalcontaminants-sources-domesticwastewater.pdf
http://www.clw.csiro.au/publications/waterforahealthycountry/2006/wfhc-criticalcontaminants-sources-domesticwastewater.pdf
http://www.clw.csiro.au/publications/waterforahealthycountry/2006/wfhc-criticalcontaminants-sources-domesticwastewater.pdf
http://www.clw.csiro.au/publications/waterforahealthycountry/2006/wfhc-criticalcontaminants-sources-domesticwastewater.pdf
http://www.clw.csiro.au/publications/waterforahealthycountry/2006/wfhc-criticalcontaminants-sources-domesticwastewater.pdf
http://www.clw.csiro.au/publications/waterforahealthycountry/2006/wfhc-criticalcontaminants-sources-domesticwastewater.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4500995/#!po=8.06452
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4500995/#!po=8.06452
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4500995/#!po=8.06452
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and Figure 6.6). For calculation of loads for this study mean per capita excretion of urine and 
faeces were used.   
The European mean drinking water concentration of cadmium, based on flushed samples from 
29 nations, is 0.012 µg L-1 with a range of 0.001 – 0.082 µg L-1, with the minimum and 
maximum average concentrations observed in Belarus and Slovakia, respectively (Flem et al. 
2015 and Table 5.1). This is consistent with the results of the surface waters monitored as 
part of the FOREGS programme which determined an average cadmium concentration of 0.164 
µg L-1 (Salimen et al. 2005). Similar results in surface waters were observed in FOREGS for 
Belgium and Germany, as presented in Table 5.1 were also observed.   

6.1.2  Industrial sources to STPs  

Cadmium is reported under the European Pollutant Release and Transfer registry. 2017 data 
were therefore utilised to populate the spreadsheet for individual countries reporting above 
the threshold. Comber et al. (2014) report trader discharges of a variety of metals to sewer 
including cadmium. These wastewaters were consented industrial discharges to sewer 
including food industry, engineering, brewing, polymer and paint manufacture, paper, and 
metal finishing etc. Although not consented specifically for cadmium, the metal was present 
as an impurity or a product leading to a mean total cadmium concentration of 1.03 µg L-1 
being measured (Section 12). If flow data were available for specific industrial processes below 
the ePRTR threshold then loads for smaller industry could be calculated, but currently there is 
insufficient data to generate a load.  

6.1.3  Services discharge to STPs  

A significant volume of wastewater is generated from “services” associated with urban 
activities, these include light industry estates, car washes, and town centre activities from 
offices, laundries, bars, restaurants etc. More specifically, ‘Services’ are clearly identified by 
NACE 45-99 (e.g. offices, hotels, schools, universities and services), and involve situations 
where water is mainly used for similar purposes as it is used in households (e.g. sanitary 
purposes, washing, cleaning and cooking).   
Volumes available for European countries (Appendices) were simply multiplied by available 
data on concentrations generated from an earlier UK study in a single catchment (Rule et al. 
2006) and the UK Chemical Investigation Programme (CIP) as part of an intensive sampling 
and analysis programme across 9 largely domestic wastewater predominant urban catchments 
(Table 6.3; Comber et al. 2014). For the CIP study between 400 and 1000 samples were 
collected from domestic, trade, town centre (service), runoff and light industrial estate runoff. 
The data for wastewater from the town centre and light industry samples for each of the 
studies were pooled, generating an overall mean concentration for total cadmium (0.33 µg L- 
1).  

6.1.4  Urban runoff   

Loads for urban runoff to STP have been derived using two methods; (1) using a simple event 
mean concentration multiplied by a total volume of surface water flow entering STPs and (2) 
as a case study, a more detailed breakdown of loads contributing to urban runoff including 
sources such as road, tyre and brake abrasion, exhaust emissions and oil loss. A detailed 
explanation of the methodology and results is provided in Appendix 1 for all the study metals, 
a summary of the methods and results presented here in the main report.   
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6.1.4.1 Urban runoff loads derived from event mean concentrations and surface 

water flow to sewer    

Derivation of volumes of urban road and roof runoff volumes are described above. 
Concentration data for metals in surface water runoff are widely reported including, 
atmospheric dry and wet deposition concentrations (e.g. ng m-3), rainwater concentrations, 
concentrations in individual roof and road runoff, combined concentrations (e.g. µg L-1) and 
mass of metal in key sources such as fuel, tyres, brake pads, catalysts etc (e.g. mg kg-1).   

Furthermore, concentrations of metals (and organics) in runoff vary over the duration of a 
rain event as a first flush effect is generally observed when it starts to rain and initial surface 
runoff carries metal-rich particulate material, accumulated over the antecedent dry period, 
into the drainage system. With time and surface flushing, concentrations decrease towards 
the background rainwater concentrations. An integrated or mean concentration of samples 
collected across the duration of a rainfall event is described as an event mean concentration.   
For the screening exercise, the most pragmatic approach is to use an event mean 
concentration multiplied by runoff volume to generate a load (Table 6.2). This has the 
advantage of using data for actual road/roof runoff entering the sewer system and relies on 
only a limited dataset. A background atmospheric loading can be calculated simply by 
multiplying rainfall metal concentrations by the runoff volumes.  
  
Table 6.2  Concentrations of cadmium in urban runoff  

Source  Reference  Concentrations  

Urban road 

runoff (µg 

L-1)  

MDT (1998) USA – Ann Arbor  
MDT (1998) USA – Flint  
MDT (1998) USA – Grand Rapids   
Comber et al. (2014) – various UK catchments, multiple sampling  
Comber et al. (2014) – various UK catchments, multiple sampling  
Comber et al. (2014) – various UK catchments, multiple sampling  
Comber et al. (2014) – various UK catchments, multiple sampling  
Comber et a.l (2014) – various UK catchments, multiple sampling  
Comber et al. (2014) – various UK catchments, multiple sampling  
Comber et al. (2014) – various UK catchments, multiple sampling  
Comber et al. (2014) – various UK catchments, multiple sampling  
Comber et al. (2014) – various UK catchments, multiple sampling  
Leverett et al. (2013) – all urban  
WRc (2003) – UK highways  
WRc (2003) – UK highways  
WRc (2003) – UK highways  
Besse et al. (2019a) – various French catchments   
Besse et al. (2019a) – various French catchments   
Besse et al. (2019a) – various French catchments   
Besse et al. (2019a) – various French catchments   
Besse et al. (2019a) – various French catchments  Default 

(mean)  

0.86 0.59 
0.13 0.19 
0.28 0.09 
0.42 0.19 
0.28 0.64 

0.69  
0.26 2.2  
0.21 0.99 
0.49 0.07 
0.56 0.32  
0.32 0.32  

0.58  

  

6.1.4.2  Source contribution to urban run-off  

Surface water runoff vary in contributing sources. Urban runoff is composed of atmospheric 
deposition, dissolution of metals from architecture (roofing, guttering, drainpipes), abrasion 
from road, tyre and brake wear, contamination from used oil and exhaust emissions. A 
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significant amount of research has been undertaken into a number of metals from these 
sources, particularly brake wear for copper, tyre wear for zinc, but also analysis of the 
composition of tyres, brakes, road surface, oils and fuels for a number of trace elements 
including cadmium in some cases.  
For Europe a number of very useful databases are available providing country-by-country data 
for total number of kilometres of roads broken down into type of road (motorway, state, 
provincial and communal roads); total million vehicle kilometres broken down into vehicle type 
(car, motorcycles, lorries and buses) all available from the Eurostat databases.22 For the limited 
number of countries where the road type beak down was not available, the road length was 
calculated relative to population statistics. An average of available data of 2.5 x 10-3, 5.1 x 10-

3 and 7.2 x 10-3 km per capita was applied as a default for state, provincial and communal 
roads respectively.    

  
Furthermore, data from the same source provides a split between length of roads within and 
outside of built up areas, thus providing the opportunity to split urban and highway runoff 
loads of metals.   
To generate a load these values need to be multiplied by an emission factor for each of these 
categories based on either reported data for mg km-1 loss of metal which can be multiplied by 
the available km driven by vehicle type; or use of mg km-1 of metal lost by road type multiplied 
by length of road type. An examination of the data suggested that using road type lead to a 
significant over estimation of elemental loads to sewer, therefore for the source apportionment 
exercise, values calculated based on vehicle type were used. Combined with estimates of wet 
deposition from rainwater and for urban environments, it is possible to build up a detailed 
emission apportionment for cadmium from surface runoff.   
 
6.1.4.3  Brake wear  

Brake pads contain a high percentage of copper. Reports are available detailing copper 
content, wear rates but also the presence of other elements within the linings, likely to be a 
result of impurities in the metals and alloys used in the brake lining process (Appendix 1). 
Particulate material abraded from the lining is lost to the road surface and therefore within 
urban environments, finds its way into the sewer system. Although elements such as cadmium 
may be present at only low mg kg-1 concentrations, the millions of vehicle miles driven on 
thousands of km of road means that loads may become significant. This highlights the needs 
for a high quality dataset for impurities of cadmium (and other elements) with clearly defined 
confidence intervals to minimise errors in estimated loads when scaled up to country-wide 
loads. The availability of data in many cases precludes this and this is noted in the uncertainty 
section later.     
For this study, concentrations of cadmium and copper in brake linings were collated from the 
literature. In the absence of abrasion rates for cadmium loss from brake linings, loads were 
calculated by using the ratio of cadmium in the brake lining to that of copper multiplied by the 
copper loss rate (either based on road or vehicle type). This provided an emission factor which 
could be multiplied by either the vehicle miles driven in individual European countries or km 
of road type within each country. The data, however, suggested that using road type lead to 
a significant over estimation of elemental loads to sewer, therefore for the source 
apportionment exercise, values calculated based on vehicle type were used. Eurostat data for 

 
22 https://ec.europa.eu/eurostat/web/transport/data/database  

https://ec.europa.eu/eurostat/web/transport/data/database
https://ec.europa.eu/eurostat/web/transport/data/database
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kilometres of roads inside and outside of built up (urban) areas was used to apportion loads 
between urban and rural areas and the urban loads further split between loads to sewer and 
loads to surface water based on the flow calculations discussed above.   
 
6.1.4.4  Tyre wear  

As with brake wear, car tyres are mostly an area of interest for only one element, zinc, however 
trace quantities of other trace elements, including cadmium are present (typically in the low 
mg kg-1 range). As with brake lining wear, studies have been carried out to estimate abrasion 
of car tyres by road type (Appendix 1). As for brake wear, emission factors for tyre wear could 
be calculated in two ways: either by road or vehicle type, using the ratio of cadmium to zinc 
content in tyres, multiplied by zinc abrasion rates. However, again, the results generated using 
road type lead to a significant over estimation of elemental loads to sewer, therefore for the 
source apportionment exercise, values calculated based on vehicle type were used to generate 
a load for each EU country, split between urban and rural areas.  
 
6.1.4.5  Road abrasion  

Road surfaces vary to a significant degree in terms of the material used in their construction 
(Appendix 1). The major component in asphalt are silicates from sand and stone fillers. Other 
major components are Al, Fe, Ca, K, Mn, Mg and Ti, while trace elements include Ba, Sr, Zr, 
Zn, V, Pb, Cd and Cr. Road abrasion is influenced by various factors including vehicle speed, 
climate, type of asphalt and share of heavy vehicles and of tyre studs, which may be a factor 
in Scandinavian countries. Similar to brakes and tyres, there are literature data available for 
copper, nickel and zinc emissions from road abrasion based on road type (g km of road-1 yr1) 
and for abrasion by vehicle type (motorcycle, car, lorry, bus). Furthermore, there are some 
limited literature for the content of other elements including arsenic in road surface material.   
Copper concentrations were well reported and reasonably consistent and so were used as a 
reference value with which to ratio the observed concentrations in road materials in order to 
generate an abrasion rate by road type and vehicle where there were not metal data, including 
cadmium. Literature data for cadmium varied by over an order of magnitude potentially 
reflecting the mineralogical differences between tarmac and concrete for example. Deriving a 
default concentration therefore led to a significant degree of variability in the values. However, 
given that tarmac is the most prevalent form of road surface in Europe, then concentrations 
associated with this material was utilised wherever possible.  
Loads within Appendix 1 were generated as per brakes and tyre abrasion, utilising vehicle type 
(abrasion by vehicle type per km x km driven by vehicle type) within each EU country to 
generate a kg day-1 load split between within and outside built up areas.     

6.1.4.6  Exhaust and used oil emissions  

Being a naturally occurring element, cadmium can be found at low, but typically detectable, 
concentrations in fossil fuels and are therefore present in oils, diesel and petroleum products, 
and subsequent exhaust emissions. Although mostly of limited significance compared with 
other sources to urban runoff, emissions of cadmium have been quantified as part of a 
European wide source apportionment for road runoff (Appendix 1). Therefore, like the other 
sources to runoff, cadmium concentrations in fuels and oil could be ratioed to the reported 
copper release rates to derive an estimated load to the atmosphere which was assumed to 
find its way into the urban drainage system.    
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6.1.4.7  Metals in rainfall  

Several countries report concentrations of elements in rainfall, including some limited data for 
cadmium under the EMEP Co-operative Programme for Monitoring and Evaluation of the 
Longrange Transmission of Air Pollutants in Europe (Appendix 1). Where reported, country-
specific concentration data (annual averages) were used, or a mean of all data for European 
countries who do not report under the EMEP programme.  Road data for Europe are broken 
down into motorway, state, provincial and communal road lengths per country, with standard 
widths of 22 m, 14.6 m, 7.3 m and 5.5 m respectively. A total volume of water running off 
impermeable surfaces can there for be calculated by multiplying the annual rainfall by the area 
of road, assuming all rainfall runs off, therefore assuming no evaporation. A load is calculated 
by multiplying the volume of rainfall captured by the impermeable roads present within urban 
environments by the concentrations of the element of interest (see Appendix). The runoff is 
then be distributed according to whether it is directed to surface water or sewer (see below).    
 
 6.1.4.8  Transfer from surface water runoff to the aquatic environment  

Using an event mean concentration it is simple to derive a load to sewer based on flow 
estimates split between combined and separate sewer systems. For emissions based on road 
and vehicle type however, a further split of the apportioned loads is required because not all 
of the road system of a country lies in urban environments, nor do vehicles solely drive in 
urban environments. Furthermore, in many urban settings, depending on road type, runoff 
may pass through Sustainable Urban Drainage Systems (SuDs) prior to entering surface 
waters. Appendix 1 sets out the methodology used to split road and vehicle type between 
urban and rural environments along with data available for the proportions of runoff from each 
type of road likely to pass directly into surface water rather than via a SuD system along with 
commensurate metal removal rates within SuDs.     

6.1.5  Comparison of STP loads calculated using two different methods  

 
With data available for flows of wastewater entering Member State STPs combined with 
available influent metal concentrations it is possible simply to multiplying them to generate an 
influent load. This could then be compared with summed loads from the individual sources to 
provide a form of comparison for the summed loads which have been calculated using a wider 
variety of data sources potentially with greater degrees of uncertainty associated with them. 
Similarly, effluent concentration data are available for STPs (Table 6.1) as is flow discharged 
from STPs for EU Member States. Consequently, predicted effluent loads based on influent 
data combined with removal rates can be compared with measured effluent concentrations 
multiplied by measured flows. Urban Wastewater Treatment Directive data (Eurostat 2020) 
provides a breakdown by Member State of percentage of population served by at least primary, 
secondary, or tertiary treatment. Combined with the reported removal rates within STP 
processes it was possible to calculate removal for each process stage for individual Member 
States.   
Furthermore, a study by Deltares (Roovaart et al. 2013) estimated loads to STP based on 2010 
data reported in the e-PRTR as well as developing a methodology for calculating loads of metal 
associated with STP not in the e-PRTR owing to treating populations less than 100,000. A 
combination of activity rates and emission factors are used to generate the estimated loads 
and application of literature removal rates lead to an estimate of loads of metal discharged 
from UWWTD and non UWWTD STPs for 26 EU Member States, thereby allowing a comparison 
with the estimates provided in this study.  
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6.1.6  Outcomes – screening source apportionment   

6.1.6.1  Flow balance  

Flows largely reflected population size with Germany therefore exhibiting highest values. 
Summed flows to STPs for Europe were compared with values provided by the EUROSTAT 
database. The two sets of data correlated strongly (R2 = 0.914) thereby providing a degree 
of confidence in the methodology used to generate flows for domestic, services, industry, and 
urban runoff. The fitted linear line suggests a slight bias towards the summed flows (slope = 
1.12) but given the assumptions and uncertainties in the dataset a 12% bias between the 
datasets can be considered insignificant. The observed bias towards the summed flows is 
significantly affected by the Italian flows. Summed Italy STP influent flows of 8066 million m3 
day-1 is mostly influenced by household flows (4669 million m3 d-1) reflecting very high 
domestic water use of 225 l capita-1 day-1, one of the highest in Europe. Several sources seem 
to corroborate this high use and it therefore appears that Italy stands at the extremes of the 
dataset.   
6.1.6.2  Cadmium source apportionment for Europe  

As described in the methodology, owing to the amount of available data it was possible to 
model cadmium contributions from a variety of domestic sources including mains supply, urine, 
faeces and water use (encompassing bathing, dishwashing, laundry cleaning and any 
plumbing contributions). The sum of these sources could then be compared with measure 
concentrations of cadmium in domestic wastewater multiplied by reported flows via the 
EUROSTAT database for Europe. A strong correlation was generated between the summed 
calculated loads from domestic sources and the measured integrated domestic wastewater 
concentrations multiplied by the flow. The 1:0.9 relationship suggests the calculated and 
measured load apportionment are reasonably consistent and therefore may be considered 
accurate given the very different methods used to calculate the loads.   

  

Figure 6.1 Comparison of summed domestic loads to sewer versus loads based on 

measured cadmium concentrations in domestic wastewater   
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Summing the loads to STPs and comparing values with reported concentrations for crude 
influent sewage multiplied by the Eurostat flows to STPs shows another strong correlation, 
with yet again a close relationship between the calculated and measured values (measured to 
calculated ratio 0.9:1 respectively). This may be fortuitous owing to the uncertainties noted 
or suggests sources such as industrial loads less than the ePRTR reporting limit are not of 
great significance (Figure 6.2).    

  

Figure 6.2 Comparison of loads to STP based on calculated summed loads versus 

measured STP loads.    

 

Plotting the calculated versus measured loads being discharged from STPs shows a good correlation, 

but the measured load is approximately 28% of the calculated load. This suggests that that either the 

measured mean effluent concentration is an underestimate of the actual value across Europe or that 

the average cadmium removal rate used is an underestimate of reality and is in fact significantly greater 

than 65% (Table 6.3).   
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Figure 6.3  Comparison of loads discharged from STP based on calculated 

influent loads minus measured removal rates versus measured STP effluent 

concentrations.  

  

One final comparison could be made which utilised the Deltares dataset (van den Roovart et 
al. 2013) which calculated loads being discharged from several European STPs (Figure 6.4). A 
reasonable correlation was generated once more, particularly given the different 
methodologies utilised to undertake the source apportionment exercises. The Deltares data 
reports loads approximately 4 times higher than this study, based on calculated summed loads 
to STPs minus the reported mean removal rate; or 15 times higher based on measured effluent 
concentrations multiplied by the flow. However, it should be noted that for example, the 
Deltares dataset uses ePRTR and other data from 2009, now over a decade old, and may not 
be now considered reliable as considerable efforts have been made in the interim to reduce 
discharges of cadmium under legislation such as the Water Framework Directive.    
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Figure 6.4 Comparison of loads discharged from STP based on calculated summed 

influent loads minus measured removal rates versus data reported by 

Deltares.  

  

6.2  Fate screening  

A summary of data and datasets available for generating loads entering and leaving STPs is 
shown in Table 6.3. As can be seen, influent and effluent concentrations are reasonably 
consistent, although the value for the USA seems high (and based on a 1998 report) and was 
therefore not used for the calculation of the mean (and therefore removal rates). Removal 
rates were quite variable deriving a cadmium removal efficiency of 61% as a mean. It should 
be noted that removal rates were for paired influents and effluents and so it is not possible to 
simply compare average influent crude with average effluent concentrations to derive a 
removal rate. For example for the UK data the mean cadmium in the influent was 0.57 µg L-1 

but with a standard deviation of 0.55 µg L-1. Within STP variation is often as great as that 
between STPs (Gardner et al., 2013).  Sometimes for substances present at low levels, near 
to the limit of detection, the calculation of removal efficiency can be subject to significant error 
owing to analytical imprecision, particularly for the reported effluent concentrations.   
    

Table 6.3 Concentrations of cadmium in STP influent and effluent along with estimated 
removal rates   

Country   Sites  Mean (µg L-1)  Reference  

 Influent crude sewage   

UK  23 STPs 28 occasions  0.40  Gardner et al. 2013  

Greece    3.3  Hargreaves et al. 2018  

Italy    nd  Carletti et al., 2008  

France    0.2  Hargreaves et al. 2018  
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France   Biganos  0.15  Besse et al. 2019b  

France  La Teste de Buch  0.19  Besse et al. 2019b  

France  Cazaux  0.21  Besse et al. 2019b  

France  Amperes study (12 STPs)  0.2  Choubert et al. 2011  

Mean    0.67    

 Sewage effluent   

UK  23 STPs 28 occasions  0.05  Gardner et al. 2013  

UK  600 STP effluents  0.043  Comber et al. 2013  

France  Amperes study (12 STPs)  0.06  Choubert et al. 2011  

Italy   5 STPs  0.15  Cantinho et al. 2016  

USA  Medford  0.344  Shafer et al. 1998  

USA  Jackson  0.091  Shafer et al. 1998  

Germany  49 STP  0.009  Toshovski et al. (unpublished)  

Germany  91 STP  <0.03-0.5  Engelmann et al. 2016  

Austria  2 STPs  0.00083(median-

0.013)   
Clara et al. 2014  

Austria  9 STP over 1 year  0.094  Clara et al. 2012  

Austria  8 STP over 1 year  0.0056-0.028  Clara et al. 2017  

Mean    0.07823    

 Removal rates (%)   

UK  23 STPs 28 occasions  67  Gardner et al. 2013  

UK  Primary + secondary STP  64  Lester 1981 (cited in EC 2001)  

UK  Primary + secondary STP  75  Blake 1979 (cited in EC 2001)  

France  Amperes study (12 STPs)  65  Choubert et al. 2011  

Italy  5 STPs  73  Cantinho et al. 2016  

Poland  1 STP  15  Cantinho et al. 2016  

Switzerland  5 Swiss STP with P  96  Vries et al. 2017  

Mean  European STPs removal 

   

65%    

  

  

 
23 Not including the USA datapoint  
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6.2.1  Importance of influent and effluent constituents  

 
In addition to loads of cadmium entering STP other influent constituents can have an influence 
upon the fate of cadmium, upon entering the plant. Cadmium phosphate, for example, is 
highly insoluble (at alkaline pH as is cadmium carbonate and sulphide) in aqueous solutions 
although this may not limit the concentrations of cadmium if either cadmium concentrations 
are not high enough or there is significant complexation of the dissolved free cadmium ion by 
soluble organic ligands. For example, organic ligands such as naturally occurring humic and 
fulvic acids present as DOC, and chelating agents such as EDTA and related anthropogenic 
complexing agents can be important for divalent cations such as cadmium where they are 
present at significant quantities in wastewaters. EDTA behaves relatively conservatively during 
sewage treatment and undergoes very little biodegradation, although the complexes of EDTA 
with iron do undergo photolytic degradation this is likely to be limited in high turbidity 
conditions. Some amino polycarboxylates such as NTA are degradable during wastewater 
treatment and exhibit a high degree of removal during wastewater treatment due to 
degradation and partitioning (Alder et al. 1990). Citrate is also an important complexing agent 
in household products and is even more effectively removed during wastewater treatment due 
to its very high degradability and may have replaced less degradable ligands such as NTA in 
product formulations in the past 25 years. This means that the most important chelating agent 
present in the final effluents of wastewater treatment plants is likely to be amino 
polycarboxylates such as EDTA, despite much higher influent concentrations of citrate. Where 
information is available it is from Europe and North America and may not be directly relevant 
to more developing regions where levels of EDTA use in household products could be lower. 
Analysis of polycarboxylates in European surface waters (Baken et al. 2011) has found EDTA 
to be the main contributor in Europe in relatively recent times.  
Gardner et al. (2012) found mass concentrations of EDTA (median of 128 µg L-1) to be typically 
2,500 times higher than cadmium concentrations in UK effluents. An assumed effluent EDTA 
concentration of 100 µg L-1 is therefore a reasonable default for calculation purposes. Higher 
concentrations of more degradable ligands may be present in untreated wastewaters and this 
may need to be taken into consideration for those scenarios where wastewaters are 
discharged without biological treatment.   

6.2.2  Cadmium removal efficiencies from STPs  

 

Metal removal during primary sedimentation is dependent on the settlement of precipitated, 
insoluble metal or the association of metals with settleable particulate matter. Typically, for 
cadmium 30% to 40 % of the raw influent load is transferred to the primary sludge (EC 2001, 
Gardner et al. 2013) (Table 6.3). In general; the patterns in metal removal from settled 
sewage by secondary treatment are similar to those recorded for primary sedimentation (EC 
2001) and typically 65 – 90 % of cadmium in raw sewage is removed and transferred to the 
sludge (Blake 1979; Gardner et al. 2013)(Table 6.3), with concentrations of cadmium in the 
final effluent expected to decrease by the same amount compared with the influent to the 
works (EC 2001). Based on the datasets available there appears to be no obvious trend in 
removal rates over time. This may be a reflection of the lack of cadmium monitoring at tertiary 
treatment plants which are becoming more prevalent, or that the tertiary treatment applied 
to remove substances such as phosphate, nitrate, ammonia, BOD or solids are not effective 
in removing cadmium.    

6.2.3  Solids   
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During the risk assessments, and reviews, that cadmium has undergone, or been a part of, 
there has been significant focus on the content of cadmium in STP sludge. Based on the 
monitoring data at on-site waste water treatment plants at seven industrial sites between 
1999 and 2000 the cadmium content of sludge was in the range of 1.7 – 9.7 %, with variation 
observed dependent on treatment type   
A survey of cadmium concentrations in sewage sludge in Europe between 1994 to 1999 
reported a mean concentration in the EU of 2.2 mg Cd kg-1; with mean concentrations ranging 
from 0.97 mg Cd kg-1 in Norway to 9.93 mg Cd kg-1 in Poland (Table 6.4) (EC 2001). More 
recent data for the cadmium concentrations for European sewage sludges are available from 
work undertaken by the Joint Research Centre (JRC 2012). Of the 61 sewage sludge samples 
from the 15 countries, cadmium was detected in 57, with a mean of 0.9 mg kg-1 and a 90th 
percentile of 1.3 mg kg-1. None of the concentrations of cadmium determined in these sludges 
exceeded the outdated European limits (86/278/EEC ) that vary with pH of 20-40 mg kg-1. The 
more recent data show that concentrations of cadmium in sludge have decreased over time, 
reflecting the controls in its use and reduction in industrial discharges throughout Europe.    

6.3   Source apportionment finalisation  

 
Based on the calculations and data collected and collated in this section, it is possible to sum 
the contributions for the identified sources of cadmium to STPs for any of the 37 countries 
across Europe as well as Turkey. This data is presented within MS Excel spreadsheets within 
the appendices. The spreadsheets offer the option of selecting a country from a drop-down 
list which then plots the overall apportionment split between domestic, service, runoff and 
industry sources (Figure 6.5).   
    

  

 

 Load (kg d-1)  

Domestic Service Industry Runoff 

7 0 2.5 5.9 

  

Figure 6.5  Overall cadmium source apportionment of Germany   
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The figure above suggests domestic sources and runoff dominate the overall source 
apportionment for Germany. This reflects that cadmium is a highly controlled substance owing 
to its potentially toxicity as well as the fact that there is no small industry and services data.  
It is possible to break down the domestic sources further (Figure 6.6) into mains supply, faeces 
and urine contributions of cadmium to sewer as well as water use (including dishwashing, 
bathing and laundry). The data for the German example suggests a relatively broad set of 
sources of cadmium from domestic wastewater, dominated by faeces and activities related to 
washing/water use. These data suggest that background sources of cadmium, for example in 
water and food, are likely to be significant contributors to the domestic inputs and may also 
represent a significant proportion of the total input of cadmium to wastewaters.  
For runoff, data are shown for loads calculated using vehicle type as the activity rate. This 
results in the largest contribution (over 99%) coming from exhaust emissions generated from 
vehicle type and vehicle kilometres driven annually within each country (Appendix 1 and 
accompanying spreadsheets). The slope of the cumulative source loads compared with the 
event mean concentration based load was 0.7 which suggested a bias towards the calculated 
summed loads being greater than the measured event mean concentration multiplied by the 
flow. Some of the individual loads may therefore have been over estimated, either owing to 
limited data or possibly assumptions such as assuming all exhaust emissions find their way to 
sewer. However, given the loads are within a factor of 2 is still reasonable given the data and 
assumptions used. Further details of the comparison between cadmium load calculations are 
available in Appendix 1 and the accompanying spreadsheets.   

  

  Load (kg d-1)   

Faeces  Urine  Mains supply  Water use  

2.4  0.05  0.08  4.3  
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  Load (kg d-1)    

Tyre  Brake  Oil  Exhaust  Rain  Road   

0.076  0.012  0.021  35.7  0.038  0.0002  

  

Figure 6.6  German domestic (top) and runoff (bottom) sources of cadmium to sewer     
   

 

 

 

 

Finally, Figure 6.7 shows a split between predominantly ambient background sources 
associated with mains tapwater supply, atmospheric deposition, faeces and urine and other 
sources dominated by anthropogenic inputs.   
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  Load (kg d-1)     

Mains supply   Water use  Service  Industry  Runoff  Atmosphere  Urine  Faeces  

0.08  4.3  0.13  5.3  5.9  0.2  0.05  2.4  

  

Figure 6.7 German sources of cadmium to sewer split between predominantly background 
sources vs anthropogenic inputs  

 

The calculations above suggest (depending on the definition of ‘background’) that 
anthropogenic sources are still the most significant source of cadmium to STPs. However, it 
needs to be noted that this broad categorisation of ambient background is not likely to be 
exclusively natural sources. For example, faeces and urine derived from human diet will include 
cadmium from food products such as cereals, meat and dairy products, but these themselves 
would likely to be exposed to anthropogenic sources of cadmium including possible 
contamination in inorganic and sewage sludge derived fertilisers.   

6.3.1  Uncertainties and limitations  

There are several uncertainties currently associated with the screening source apportionment 
largely driven by data availability (Table 6.5). These include:   

• A significant variability in the data availability across the sources for cadmium within 

this project with some categories of sources of cadmium to sewer being limited. This 

is particularly the case for non ePRTR industry, services and some domestic activities;  

• Large uncertainties for small countries, islands (Malta, Cyprus) with small populations 

and Balkan countries owing to limited datasets;   

• Significant use of defaults for impermeable urban areas and % runoff to sewer;  

• Runoff inputs are a total of roof and road contributions. There are only limited data 

available for cadmium associated with these sources and loads have been calculated 

based on the ratio of cadmium to either copper or zinc present within brake linings, 

road surfaces, oils and fuels and tyres multiplied by the loss rate of copper or zinc, 

where loss data was reported.  

A schematic showing the availability of cadmium specific data sources for our generic source 
apportionment model is shown is Figure 6.8.   
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Figure 6.8 Schematic for breakdown of data availability across the identified 

sources.  Industry and runoff sources yet to be split further Table 6.5 

Summary of data availability based on current literature searches for 

cadmium   

 

Category  Sub-category 1  Sub-category 2  Cadmium data  

Household  Tap water   Various  

Plumbing   n/d  

Activity  Bathing  Limited  

Dishes/kitchen  Limited  

Laundry  Limited  

Faeces  Various  

Urine  Various  

Domestic total    UK,JPN,AUS  

Runoff EMC    UK,USA,FR  

Service    UK  

Industry2    EU  

STP Influent    USA,FR,UK,GR  

STP Effluent    USA,FR,UK,IT,AU,DE  

STP Removal    USA,FR,UK,IT,CH,PO  

n/d = no data  
Various = more than 3 countries  
1 Some data less than LOD  
2 Possible data available with further 

searching       
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9  NICKEL  
 
Nickel (Ni) has an atomic number of 28 and is solid silver-grey metal that resists corrosion 
even at high temperatures and so has a use in the metal plating industry (CRC 2017). It is, 
however, mainly used in making alloys such as stainless steel. Nichrome is an alloy of nickel 
and chromium with small amounts of silicon, manganese, and iron. It resists corrosion, even 
when red hot, so is used in toasters and electric ovens. A copper-nickel alloy is commonly 
used in desalination plants, which convert seawater into fresh water. Nickel steel is used for 
armour plating and other alloys of nickel are used in boat propeller shafts and turbine blades.  
Nickel is used in batteries, including rechargeable nickel-cadmium batteries (now subject to 
significant restrictions in Europe owing to the cadmium content24) and nickel-metal hydride 
and other EV type batteries used in hybrid vehicles. Nickel also has a long history of being 
used in coins. The US five-cent piece (known as a ‘nickel’) is 25% nickel and 75% copper. 
Finely divided nickel usually supported on pure silica diatomite is used as a catalyst for 
hydrogenating vegetable oils (Esmaeili and Rahimpour, 2017). Other catalytic uses include 
hydrodesulfurisation of gasoline, hydrodenitrogenation and attenuation of H2S emissions in 
automotive catalysts. Adding nickel to glass gives it a green colour.  
The biological role of nickel is uncertain. Nickel is essential to plants and archaea. Furthermore, 
some nickel compounds can cause lung cancer if the dust is inhaled, although this risk is 
limited to occupational settings, e.g., smelting operations.  The most common human health 
outcome is nickel allergic dermatitis, which approximately 10% of the population experiences. 
Because nickel is essential for plants, it is omnipresent in the human diet.   
Within the aquatic environment nickel is listed as a Priority Substance under the Water  
Framework Directive with an Environmental Quality Standard set as 4 µg L-1 as bioavailable 
nickel (Comber et al. 2008). Nickel has an EU Drinking Water Standard of 20 µg L-1.  

9.1  Source apportionment screening  

9.1.1  Domestic nickel loads to STP  

 
As a robust dataset was available for European country household water use, it was possible 
to access per capita volumes of water used for bathing, dishwashing, laundry cleaning, toilet 
flushing and ‘other’ which covered hand washing, drinking, car washing, garden watering, etc.   
Concentration data are available for individual countries and data has been collected for 
Belgium, France, UK, Malta, Germany, Denmark, Netherlands, and Italy, deriving a mean 
concentration of 1.5 µg L-1. These data are collected under the European Drinking Water 
Directive as random daytime samples (see discussion below). However, a comprehensive 
survey of 29 European country’s tap water (600 tap waters for 60 parameters) reported a 
mean Ni concentration of 0.39 µg L-1 (Flem et al. 2015) which is lower than the average 
individual country datasets, probably reflecting the fact the samples were fully flushed, rather 
than random daytime samples taken under the EU Drinking Water Directive. For consistency 
therefore the Flem et al. (2015) dataset was used for all countries where data was available. 
Failing that, a default was used which was the calculated mean of all data from the Flem et 
al. (2015) dataset (Table 9.1). Data for litres per capita per day usage were combined with 
European household usage to estimate the amount of water used for each purpose25. Volumes 
could then be multiplied by mean concentrations in tap water (Table 9.1) to generate loads to 

 
24 https://www.europarl.europa.eu/news/en/press-room/20131004IPR21519/meps-ban-cadmium-from-power-tool-batteries-and-mercury-frombutton-

cells#:~:text=A%20law%20banning%20the%20toxic,apply%20from%2031%20December%202016.  

  
25 https://ec.europa.eu/eurostat/statistics-explained/index.php/Water_statistics#Water_uses   

https://www.europarl.europa.eu/news/en/press-room/20131004IPR21519/meps-ban-cadmium-from-power-tool-batteries-and-mercury-from-button-cells#:%7E:text=A%20law%20banning%20the%20toxic,apply%20from%2031%20December%202016
https://www.europarl.europa.eu/news/en/press-room/20131004IPR21519/meps-ban-cadmium-from-power-tool-batteries-and-mercury-from-button-cells#:%7E:text=A%20law%20banning%20the%20toxic,apply%20from%2031%20December%202016
https://www.europarl.europa.eu/news/en/press-room/20131004IPR21519/meps-ban-cadmium-from-power-tool-batteries-and-mercury-from-button-cells#:%7E:text=A%20law%20banning%20the%20toxic,apply%20from%2031%20December%202016
https://www.europarl.europa.eu/news/en/press-room/20131004IPR21519/meps-ban-cadmium-from-power-tool-batteries-and-mercury-from-button-cells#:%7E:text=A%20law%20banning%20the%20toxic,apply%20from%2031%20December%202016
https://ec.europa.eu/eurostat/statistics-explained/index.php/Water_statistics#Water_uses
https://ec.europa.eu/eurostat/statistics-explained/index.php/Water_statistics#Water_uses
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sewer. Given the tap water samples were fully flushed (at least 5 minutes) before sampling, 
meant the opportunity for leaching of metals from any plumbing materials were minimised. 
Assuming there were no additions to the water supply during treatment of raw waters, then 
this load may be considered to be from ambient background sources (riverine or groundwater) 
subject to any contamination they may be exposed to prior to extraction (e.g. agricultural 
runoff, road runoff, mine leachates, atmospheric deposition).   

So far, no data on the occurrence of nickel from plumbing interactions (not thought to be 
significant unless from plated heating elements) and only limited data for domestic activities 
such as dishwashing, laundry and bathing have been found. Some data are available for faeces 
and urine Ni content, although often available for countries outside of Europe and so may not 
be representative within a European setting. Where faeces and urine were reported as a 
concentration, a per capita load µg-1cap-1d-1 was calculated assuming a standard 29 g-1cap-1d1 
dry weight and 1.4 L-1cap-1d-1 excretion for faeces and urine respectively (Rose et al, 2015).   

Consequently, the current source apportionment for domestic inputs of nickel to STPs is limited 
to tapwater, laundry, water use (including plumbing interactions, bathing and dishwashing), 
urine and faeces loads which may therefore underestimate the total load. However, given 
there is nickel data for domestic wastewater, it is possible to provide a comparison of 
calculated summed loads from individual sources versus and integrated measured total load 
from domestic sources.   
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Table 9.1  Concentrations of nickel in domestic wastewater components   

Source  Reference  Concentrations  

Mains supply   
(µg L-1)  

Regulatory data (2018) – Belgium   
Regulatory data (2018) – Malta   
Regulatory data (2018) – UK   
Regulatory data (2018) – Germany   
Regulatory data (2018) – Netherlands   
Le Bot et al. (2016) – France   
Regulatory data (2018) – Italy   
DeBrouwere et al (2012) – European RDT mostly  
Flem et al. (2015) – Tap water from 29 European countries 

Default (mean – Flem et al. 2015)   

0.22  
1.5 1.5 
2.0 1.0  

2.5  
0.69  
1.8  
0.39  

Dishwashing   
(µg L-1)  

Comber and Gunn (1996) – UK   
Eriksson et al. (2002) – various countries (mean) Default 

(mean)  

9.2  
12.5  
11  

Bathing (µg L-1)  Comber and Gunn (1996) – UK  0.4  

Laundry (µg L-1)  Comber and Gunn (1996) – UK  8.0  

Domestic 

wastewater (µg L-1)  
Comber and Gunn (1996) – Houses >35 years old  
Comber and Gunn (1996) – Houses <8 years  
Comber et al. (2014) – UKCIP data  
Tjandraathadja and Diaper (2006) – Japan  
Tjandraathadja and Diaper (2006) – Australia  
Default (mean)  

5.2  
7.5 5.4 
6.7 4.2  

5.8  

Urine  
(µg cap-1 day-1)  

Karak and Bhattacharyya (2011) – Various countries Karak 

and Bhattacharyya (2011) – Various countries  
Koch and Rotard (2001) – Germany  
Koch and Rotard (2001) – Sweden  
Vinneras (2001)  
Palmquist and Jonsson (2004)  
Ni industry data for Europe (24 studies) mean of reported 
values    
Default (mean) using all available data including the 24 

Ni industry values  

21  
0.91  

0.5 7.0  
7.0  

11.5 3.3  
  

4.3  

Faeces  
(µg cap-1 day-1)  

Schouw et al. (2002)  
Comber and Gunn (1996) – UK  
Vinneras (2001)  
Tjandraathadja and Diaper (2006) – Thailand  
Tjandraathadja and Diaper (2006) – Denmark Tjandraathadja 
and Diaper (2006) – Japan  
Default (mean)  

80 – 700  
284 74  

300  
85 – 300  
200  
280  

  

9.1.1.1  Source contribution from domestic wastewater  

There is an appreciable contribution from background sources to the total load of nickel 
entering wastewaters (see Figure 9.8) that comes predominantly from the drinking water 
supply and the diet (via faeces and urine). Other sources include leaching from nickel plating 
used on heating elements used in kettles, hot water heaters and washing and dishwashing 
machines (Berg et al., 2010). Increasing use of enclosed heating elements in kettles has 
reduced losses from this route, although other heating elements are likely to contribute nickel 
to wastewater from dish washers, bath and washing machine wastewater. Although these 

http://www.clw.csiro.au/publications/waterforahealthycountry/2006/wfhc-criticalcontaminants-sources-domesticwastewater.pdf
http://www.clw.csiro.au/publications/waterforahealthycountry/2006/wfhc-criticalcontaminants-sources-domesticwastewater.pdf
http://www.clw.csiro.au/publications/waterforahealthycountry/2006/wfhc-criticalcontaminants-sources-domesticwastewater.pdf
http://www.clw.csiro.au/publications/waterforahealthycountry/2006/wfhc-criticalcontaminants-sources-domesticwastewater.pdf
http://www.clw.csiro.au/publications/waterforahealthycountry/2006/wfhc-criticalcontaminants-sources-domesticwastewater.pdf
http://www.clw.csiro.au/publications/waterforahealthycountry/2006/wfhc-criticalcontaminants-sources-domesticwastewater.pdf
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sources are difficult to quantify they can be integrated into a total load defined as ‘water use’ 
as used in this study.    
Nickel content in food and drinking water is controlled by both natural and anthropogenic 
factors, the latter generically identifiable with industrial and technological sources (EFSA 
2015). Mean chronic dietary exposure to nickel, across the different dietary surveys and age 
classes in 15 countries, have been determined to range from 2.0 to 13.1 μg kg-1 b.w. day-1 for 
minimum lower bound (LB) calculation for ‘Elderly’ cohort and maximum upper bound (UB) 
for toddlers (EFSA 2015). When the 95th percentile dietary exposure is assessed, it ranged 
from 3.6 (minimum LB, ‘Elderly’) to 20.1 μg kg-1 b.w. day-1 (maximum UB, ‘Toddlers’); with 
toddlers and other children having the highest chronic dietary exposure to nickel (EFSA 2015). 
When looking at variations between countries, of the reported the lowest reported range for 
adults was for the UK at 2.2 to 2.8 μg kg-1 b.w. day-1 and the highest 3.0 to 3.6 μg kg-1 b.w. 
day-1 for Spain, showing the variation inherent between countries (EFSA 2015). Converting to 
nickel dietary intake generates a range from typically 74 to 150 μg day-1  (for post 2000 data), 
with 114 μg day-1 being considered typical in an exposure assessment (De Brouwere et al, 
2012).      
Oral intake via drinking water oral bioavailability of nickel has been determined to be as high 
as 27 % whereas absorption of intake from food amounts to only 1 % (ATSDR 2005). This 
confirms that most ingested, and unabsorbed, nickel is excreted in the faeces; while nickel 
that is absorbed from the gastrointestinal tract is excreted in the urine (ATSDR 2005). This is 
in agreement with the study performed for Germany (Figure 9.6).   
The contribution of drinking water to the total exposure to nickel was assessed to be 0.0005 
%–1.7 %, LB-UB across dietary surveys and age classes (EFSA 2015). The study of Flem et al 
(2015) calculated are European drinking water country mean concentration of 0.39 μg L-1, 
with country average range for EU member states of 0.15 μg L-1 for Estonia to 0.95 μg L-1 for 
the Czech Republic. This data supports the findings of the EFSA review (2015) that food is a 
greater contributor to the dietary intake, and wastewater, than drinking water and the faeces 
and urine data are presented in Table 9.1.  

9.1.2  Industrial sources to STPs  

Nickel is reported under the European Pollutant Release and Transfer registry (ePRTR). 2017 
data were therefore utilised to populate the spreadsheet for individual countries reporting 
above the threshold. Data for nickel in industrial discharges from small industry below the 
ePRTR threshold are not available. Comber et al. (2014) report trader discharges of a variety 
of metals to sewer including nickel. These wastewaters were consented industrial discharges 
to sewer including food industry, engineering, brewing, polymer and paint manufacture, 
paper, and metal finishing etc. Although not consented specifically for nickel, the metal was 
present as an impurity or a product leading to a mean total nickel concentration of 32 µg L-1 
being measured. There was no flow data available for specific industrial processes below the 
ePRTR threshold and so loads for smaller industry were not estimated.   

9.1.3  Services discharge to STPs  

A significant volume of wastewater is generated from “services” associated with urban 
activities, these include light industry estates, car washes, and town centre activities from 
offices, laundries, bars, restaurants etc. More specifically, ‘Services’ are clearly identified by 
NACE 45-99 (e.g. offices, hotels, schools, universities and services), and involve situations 
where water is mainly used for similar purposes as it is used in households (e.g. sanitary 
purposes, washing, cleaning and cooking).  
Again, the only currently available data for concentrations of total nickel in wastewater from 
the service industry was available from the UK with a mean of town centre and light industrial 
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wastewater of 17.8 µg L-1 (Comber et al. 2014). Therefore, this was used as a default to 
combine with the Eurostat derived flows to generate loads to STPs.   

9.1.4  Urban runoff   

Loads for urban runoff to STP have been derived using two methods; (1) using a simple event 
mean concentration multiplied by a total volume of surface water flow entering STPs and (2) 
as a case study, a more detailed breakdown of loads contributing to urban runoff including 
sources such as road, tyre and brake abrasion, exhaust emissions and oil loss. A detailed 
explanation of the methodology and results is provided in Appendix 1 for the study metals, a 
summary of the methods and results presented here in the main report.   
 
9.1.4.1 Urban runoff loads derived from event mean concentrations and surface 

water flow to sewer   

Derivation of volumes of urban road and roof runoff volumes are described above. 
Concentration data for metals in surface water runoff are widely reported including, 
atmospheric dry and wet deposition concentrations (e.g. ng m-3), rainwater concentrations, 
concentrations in individual roof and road runoff, combined concentrations (e.g. µg L-1). 
Furthermore although not used specifically in any urban applications where runoff 
contributions would be likely, nickel will be present as an impurity in other materials used 
within the urban environment such as for example, fuel, tyres, brake pads, catalysts (likely to 
be low mg kg-1).   

Furthermore, concentrations of metals (and organics) in runoff vary over the duration of a rain 
event as a first flush effect is generally observed when it starts to rain and initial surface runoff 
carries metal-rich particulate material, accumulated over the antecedent dry period, into the 
drainage system. With time and surface flushing, concentrations decrease towards the 
background rainwater concentrations. An integrated or mean concentration of samples 
collected across the duration of a rainfall event is described as an event mean concentration.   
For the screening exercise, the most pragmatic approach is to use an event mean 
concentration multiplied by runoff volume to generate a load (Table 9.2). This has the 
advantage of using data for actual road/roof runoff entering the sewer system and relies on 
only a limited dataset. A background atmospheric loading can be calculated simply by 
multiplying rainfall metal concentrations by the runoff volumes.   
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Table 9.2  Concentrations of nickel in urban runoff  

Source  Reference  Concentrations  

Urban road 

runoff (µg 

L-1)  

MDT (1998) – USA, Ann Arbor  
MDT (1998) – USA, Flint  
MDT (1998) – USA, Grand Rapids  
Comber et al. (2014) – Various UK catchments, multiple samples  
Comber et al. (2014) – Various UK catchments, multiple samples  
Comber et al. (2014) – Various UK catchments, multiple samples  
Comber et al. (2014) – Various UK catchments, multiple samples  
Comber et al. (2014) – Various UK catchments, multiple samples  
Comber et al. (2014) – Various UK catchments, multiple samples  
Comber et al. (2014) – Various UK catchments, multiple samples  
Comber et al. (2014) – Various UK catchments, multiple samples  
Comber et al. (2014) – Various UK catchments, multiple samples  
Leverett et al. (2013) – Urban  
Leverett et al. (2013) – Rural  
Besse et al. (2019a) – Various French catchments  Besse 
et al. (2019a) – Various French catchments  Besse et al. 
(2019a) – Various French catchments  Besse et al. 

(2019a) – Various French catchments   
Besse et al. (2019a) – Various French catchments  Default 

(mean)  

34  
5.3 3.9  

1.9  
12  

3.9 4.8 

5.4 9.7 
9.2 4.6  

7.6  
15  
30  
2.35  
6.63  

3.7 4.4 

8.4  
9.1  

  

9.1.4.2  Source contribution to urban run-off  

Surface water runoff vary in contributing sources. Urban runoff is composed of atmospheric 
deposition, dissolution of metals from architecture (roofing, guttering, drain pipes), abrasion 
from road, tyre and brake wear, contamination from used oil and exhaust emissions. A 
significant amount of research has been undertaken into a number of metals from these 
sources, particularly brake wear for copper, tyre wear for zinc, but also analysis of the 
composition of tyres, brakes, road surface, oils and fuels for a number of trace elements 
including nickel in some cases.   
For Europe a number of very useful databases (Eurostat) are available providing country-
bycountry data for total number of kilometres of roads broken down into type of road 
(motorway, state, provincial and communal roads). Furthermore, for each country data is 
available for million kilometres driven per year for different types of vehicle (car, motorcycles, 
lorries and buses).26 For the limited number of countries where the road type beak down was 
not available, the road length was calculated relative to population statistics. An average of 
available data of 2.5 x 10-3, 5.1 x 10-3 and 7.2 x 10-3 km per capita was applied as a default 
for state, provincial and communal roads respectively.    
Furthermore, data from the same source provides a split between length of roads within and 
outside of built up areas, thus providing the opportunity to split urban and highway runoff 
loads of metals.   
To generate a load these values need to be multiplied by an emission factor for each of these 
categories based on either reported data for mg km-1 loss of metal which can be multiplied by 
the available km driven by vehicle type; or use of mg km-1 of metal lost by road type multiplied 
by length of road type. Combined with estimates of wet deposition from rainwater and for 

 
26 https://ec.europa.eu/eurostat/web/transport/data/database  

https://ec.europa.eu/eurostat/web/transport/data/database
https://ec.europa.eu/eurostat/web/transport/data/database
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urban environments, it is possible to build up a detailed emission apportionment for nickel 
from surface runoff.   

 

9.1.4.3  Brake wear  

Brake pads contain a high percentage of copper. Reports are available detailing copper 
content, wear rates but also the presence of other elements within the linings, likely to be a 
result of impurities in the metals and alloys used in the brake lining process (Appendix 1). 
Particulate material abraded from the lining is lost to the road surface and therefore within 
urban environments, finds its way into the sewer system. Although elements such as nickel 
may be present at only low mg kg-1 concentrations, the millions of vehicle miles driven on 
thousands of km of road means that loads may become significant.   
For this study, concentrations of nickel and copper in brake linings were collated from the 
literature. In the absence of abrasion rates for nickel loss from brake linings, loads were 
calculated by using the ratio of nickel in the brake lining to that of copper multiplied by the 
copper loss rate (either based on road or vehicle type). Although there may be variations in 
elemental hardness and other physico-chemical characteristics without more detailed data that 
is unavailable the wear rate for copper and nickel associated impurities has been assumed to 
be similar. This provided an emission factor which could be multiplied by either the vehicle 
miles driven in individual European countries or km of road type within each country. An 
examination of the data suggested that using road type lead to a significant over estimation 
of elemental loads to sewer, therefore for the source apportionment exercise, values 
calculated based on vehicle type were used. Eurostat data for kilometres of roads inside and 
outside of built up (urban) areas was used to apportion loads between urban and rural areas 
and the urban loads further split between loads to sewer and loads to surface water based on 
the flow calculations discussed above.   
 
9.1.4.4  Tyre wear  

Similar to brake wear, car tyres are mostly an area of interest for only one element, zinc, 
however trace quantities of other trace elements, including nickel are present (typically in the 
low mg kg-1 range). As with brake lining wear, studies have been carried out to estimate 
abrasion of car tyres by road type (Appendix 1). As for brake wear, emission factors for tyre 
wear could be calculated in two ways: either by road or vehicle type, using the ratio of nickel 
to zinc content in tyres, multiplied by zinc abrasion rates. However, the data suggested that 
using road type lead to a significant over estimation of elemental loads to sewer, therefore for 
the source apportionment exercise, values calculated based on vehicle type were used to 
generate a load for each EU country, split between urban and rural areas.  
 
9.1.4.5  Road abrasion  

Road surfaces vary to a significant degree in terms of the material used in their construction 
(Appendix 1). The major component in asphalt are silicates from sand and stone fillers. Other 
major components are Al, Fe, Ca, K, Mn, Mg and Ti, while trace elements include Ba, Sr, Zr, 
Zn, V, Pb, Ni and Cr. Road abrasion is influenced by various factors including vehicle speed, 
climate, type of asphalt and share of heavy vehicles and of tyre studs, which may be a factor 
in Scandinavian countries27. There are literature data available for copper, nickel and zinc 
emissions from road abrasion based on road type (g km of road-1 yr-1) and for abrasion by 

 
27 https://norden.diva-portal.org/smash/get/diva2:1069152/FULLTEXT02.pdf  

  

https://norden.diva-portal.org/smash/get/diva2:1069152/FULLTEXT02.pdf
https://norden.diva-portal.org/smash/get/diva2:1069152/FULLTEXT02.pdf
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vehicle type (motorcycle, car, lorry, bus). Nickel concentrations in road surfaces were well 
reported and reasonably consistent.   
Loads within Appendix 1 were generated as per brakes and tyre abrasion, utilising vehicle type 
(abrasion by vehicle type per km x km driven by vehicle type) within each EU country to 
generate a kg day-1 load split between within and outside built up areas.   

9.1.4.6  Exhaust and used oil emissions  

Being a naturally occurring element, nickel can be found at low, but typically detectable, 
concentrations in fossil fuels and are therefore present in oils, diesel and petroleum products, 
and subsequent exhaust emissions. Although mostly of limited significance compared with 
other sources like urban runoff, emissions of nickel have been quantified as part of a European 
wide source apportionment for road runoff (Appendix 1). Therefore, like the other sources to 
runoff, nickel concentrations in fuels and oil could be ratioed to the reported copper release 
rates to derive an estimated load to the atmosphere which was assumed to find its way into 
the urban drainage system. 
     
9.1.4.7  Metals in rainfall  

A number of countries (16) report concentrations of elements in rainfall, including some data 
for nickel under the EMEP Co-operative Programme for Monitoring and Evaluation of the 
Longrange Transmission of Air Pollutants in Europe (Appendix 1). Where reported, country-
specific concentration data (annual averages) were used, or a mean of all data for European 
countries who do not report under the EMEP programme.  Road data for Europe are broken 
down into motorway, state, provincial and communal road lengths per country, with standard 
widths of 22 m, 14.6 m, 7.3 m and 5.5 m respectively. A total volume of water running off 
impermeable surfaces can therefore be calculated by multiplying the annual rainfall by the 
area of road, assuming all rainfall runs off, therefore assuming no evaporation. A load is 
calculated by multiplying the volume of rainfall captured by the impermeable roads present 
within urban environments by the concentrations of the element of interest (see Appendix). 
The runoff is then distributed according to whether it is directed to surface water or sewer 
(see below).   9.1.4.8 Transfer from surface water runoff to the aquatic environment  
Using an event mean concentration it is simple to derive a load to sewer based on flow 
estimates split between combined and separate sewer systems. For emissions based on road 
and vehicle type however, a further split of the apportioned loads is required because not all 
of the road system of a country lies in urban environments, nor do vehicles solely drive in 
urban environments. Furthermore, in many urban settings, depending on road type, runoff 
may pass through Sustainable Urban Drainage Systems (SuDs) prior to entering surface 
waters. Appendix 1 sets out the methodology used to split road and vehicle type between 
urban and rural environments along with data available for the proportions of runoff from each 
type of road likely to pass directly into surface water rather than via a SuD system along with 
commensurate metal removal rates within SuDs.   

9.1.5  Comparison of STP loads calculated using two different methods  

With data available for flows of wastewater entering Member State STPs combined with 
available influent metal concentrations it is possible to multiply them in order to generate an 
influent load. This could then be compared with summed loads from the individual sources to 
provide a form of comparison for the summed loads which have been calculated using a wider 
variety of data sources potentially with greater degrees of uncertainty associated with them. 
Similarly, effluent concentration data is available for STPs as is flow discharged from STPs for 
EU Member States. Consequently, predicted effluent loads based on influent data combined 
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with removal rates can be compared with measured effluent concentrations multiplied by 
measured flows (Figure 9.1). Urban Wastewater Treatment Directive data (Eurostat 2020) 
provides a breakdown by Member State of percentage of population served by at least primary, 
secondary, or tertiary treatment. Combined with the reported removal rates within STP 
processes it was possible to calculate removal for each process stage for individual Member 
States.   
Furthermore, a study by Deltares (Roovaart et al. 2013) estimated loads to STP based on 2010 
data reported in the e-PRTR as well as developing a methodology for calculating loads of metal 
associated with STP not in the e-PRTR owing to treating populations less than 100,000. A 
combination of activity rates and emission factors are used to generate the estimated loads 
and application of literature removal rates lead to an estimate of loads of metal discharged 
from UWWTD and non-UWWTD STPs for 26 EU Member States, thereby allowing a comparison 
with the estimates provided in this study.      

9.1.6  Outcomes – screening source apportionment   

9.1.6.1  Flow balance  

Flows largely reflected population size with Germany therefore exhibiting highest values. 
Summed flows to STPs for Europe were compared with values provided by the EUROSTAT 
database. The two sets of data correlated strongly (R2 = 0.914) thereby providing a degree 
of confidence in the methodology used to generate flows for domestic, services, industry, and 
urban runoff. The fitted linear line suggests a slight bias towards the summed flows (slope = 
1.12) but given the assumptions and uncertainties in the dataset a 12% bias between the 
datasets can be considered insignificant. The observed bias towards the summed flows is 
largely driven by the Italian flows. Summed Italy STP influent flows of 8066 million m3/day is 
mostly influenced by household flows (4669 million m3/d) reflecting very high domestic water 
use of 225 l/capita/day, one of the highest in Europe. Several sources seem to corroborate 
this high use and therefore it appears Italy stands out as an outlier in the dataset.  
 
9.1.6.2  Nickel source apportionment for Europe  

As described in the methodology, it was possible to break down nickel from a variety of 
domestic sources including mains supply, urine, faeces and water use (including bathing, 
dishwashing, laundry and any plumbing or leaching from for example plated heating elements 
or other metallic parts). The sum of these sources could then be compared with measure 
concentrations of nickel in domestic wastewater multiplied by reported flows via the 
EUROSTAT database for Europe. A strong correlation was generated between the summed 
calculated loads from domestic sources and the measured integrated domestic wastewater 
concentrations multiplied by the flow. Only the slightly high Italian data pushed the best fit 
line away from the 1:1 relationship (Figure 9.1). The reason for the high per capita tap water 
use in Italy was not explained, but the data was corroborated from a number of data sources. 
A report Arcadis (2009) for nickel emissions within the EU reports households to emit 20,443 
tonnes per year to water (EU27). This study calculated a total input of household nickel to 
sewer of 131,269 tonnes, however taking account of the loads entering a STP and being 
removed in sludge then the load emitted to water attributable to households is 56,427 tonnes 
per year which is of a similar magnitude. ‘Traffic’ emissions for the EU27 is estimated as 2,546 
tonnes per year. Values derived within this study generate total traffic emissions of 212 tonnes 
per year using the event mean concentration, 5,815 using road type and 8 using vehicle type. 
As noted below for nickel surface water runoff data appear much more variable than for the 
other elements in this study.   
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Figure 9.1 Comparison of summed domestic loads to sewer versus loads based on 

measured nickel concentrations in domestic wastewater   

  

Summing the loads to STPs and comparing values with reported concentrations for crude 
influent sewage multiplied by the Eurostat flows to STPs shows another strong correlation, 
with only a slight bias towards the measured loads to STP being around 1.2 times higher than 
the calculated summed load (Figure 9.2). This is likely to reflect the fact that no data for small 
industries is available to add into the total load.   

  

Figure 9.2 Comparison of loads to STP based on calculated summed loads versus 

measured STP loads    
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Based on available data it was possible to plot (1) calculated loads based on summed loads 
entering STP minus the reported removal rate within STPs versus (2) loads generated by 
multiplying a mean European effluent concentration by the volume of effluent discharged by 
each country (Figure 9.3). The load calculated on the basis of measured effluent 
concentrations is approximately 72% of the load calculated by subtracting estimated nickel 
removed during treatment from the load entering the STP. This suggests that either the default 
effluent concentration is an underestimate of the actual value across Europe or that the nickel 
removal rate used is an underestimate of reality (Figure 9.3).   

 

  
Figure 9.3  Comparison of loads discharged from STP based on calculated 

influent loads minus measured removal rates versus measured STP effluent 

concentrations  

  

One final comparison could be made which utilised the Deltares dataset (van den Roovart et 
al. 2013) which calculated loads being discharged from several European STPs (Figure 9.4). A 
reasonable correlation was generated once more, particularly given the different 
methodologies utilised to undertake the source apportionment exercises. The Deltares data 
reports loads approximately 1.7 times higher than this study, but it should be noted that for 
example, the Deltares dataset uses ePRTR and other data from 2009, now over a decade old, 
and may not be now considered reliable.   
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Figure 9.4 Comparison of loads discharged from STP based on calculated summed 

influent loads minus measured removal rates versus data reported by 

Deltares   

   

9.2  Fate screening  

Nickel datasets for several countries across a range of timescales have been identified and 
analysed providing influent and effluent concentrations and therefore an estimated removal 
rate based on secondary biological treatment.   
Table 9.3 provides a summary of data and datasets available for generating loads entering 
and leaving STPs. As can be seen, influent and effluent concentrations (and therefore removal 
rates) are reasonably consistent and, owing to the inherent high solubility of nickel (65% 
soluble reported in Gardner et al, 2013). Removal rates tend to reflect the degree of treatment 
within each STP (Gardner et al., 2013).   
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Table 9.3 Concentrations of nickel in STP influent and effluent along with estimated 
removal rates   

Country   Sites  Mean (µg L-1)  Reference  

 Influent crude sewage   

UK  23 STPs 28 occasions  12.5  Gardner et al. 2013  

Greece    77  Hargreaves et al. 2018  

Italy    24.4  Carletti et al., 2008  

France    6.8  Hargreaves et al. 2018  

Australia    4.0  Hargreaves et al. 2018  

  ETAP Review  6.6  ETAP 2020  

USA  Ni RAR  7.39  EU 2008  

Denmark  Ni RAR  8.73  EU 2008  

France   Biganos  10.8  Besse et al. 2019b  

France  La Teste de Buch  16.1  Besse et al. 2019b  

France  Cazaux  10.8  Besse et al. 2019b  

France  Amperes study (12 STPs)  10.3  Choubert et al. 2011  

Mean    11.0    

 Sewage Effluent   

UK  23 STPs 28 occasions  4.9  Gardner et al. 2013  

UK  600 STP effluents  4.29  Comber et al. 2013  

USA  Ni RAR  5.32  EU 2008  

Denmark  Ni RAR  6.84  EU 2008  

France  Amperes study (12 STPs)  5.0  Choubert et al. 2011  

France   Biganos  2.4  Besse et al. 2019b  

France  La Teste de Buch  1.8  Besse et al. 2019b  

France  Cazaux  1.6  Besse et al. 2019b  

Mean    4.0    

 Removal Secondary STP (%)   

UK  23 STPs 28 occasions  29  Gardner et al. 2013  

USA  Ni RAR  32  EU 2008  

Denmark  Ni RAR  29  EU 2008  

Belgium  Ni RAR  48  EU 2008  

Netherlands  Ni RAR  44  EU 2008  

France  Amperes study (12 STPs)  57  Choubert et al. 2011  
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France   Biganos  78  Besse et al. 2019b  

France  La Teste de Buch  89  Besse et al. 2019b  

France  Cazaux  85  Besse et al. 2019b  

Mean    54%    

  

  

9.2.1  Importance of influent and effluent constituents  

EDTA and related anthropogenic complexing agents can be important in the fate of nickel 
where they are present at significant quantities in wastewaters. EDTA behaves relatively 
conservatively during sewage treatment and undergoes very little biodegradation. Although 
some complexes of EDTA (e.g. iron) do undergo photolytic degradation this is likely to be 
limited in high turbidity conditions. Some amino polycarboxylates such as NTA are degradable 
during wastewater treatment and exhibit a high degree of removal during wastewater 
treatment due to degradation and partitioning (Alder et al. 1990). Citrate is also an important 
complexing agent in household products and is even more effectively removed during 
wastewater treatment due to its very high degradability and may have replaced less 
degradable ligands such as NTA in product formulations in the past 25 years. This means that 
the most important chelating agent present in the final effluents of wastewater treatment 
plants is likely to be amino polycarboxylates such as EDTA, despite much higher influent 
concentrations of citrate. Where information is available it is from Europe and North America 
and may not be directly relevant to more developing regions. Analysis of polycarboxylates in 
European surface waters (Baken et al 2011) has found EDTA to be the main contributor in 
Europe in relatively recent times. Hargreaves et al. (2017) found particulate bound metal 
(>0.45 µm) to account for 33% of the total nickel concentration at a single wastewater 
treatment plant in the UK, although variation in this fraction was very high.  
 
Peters et al. (2014) found mass concentrations of EDTA to be over an order of magnitude 
higher than nickel concentrations in several sewage effluents which had undergone tertiary 
wastewater treatment or advanced effluent treatments using granular activated carbon (GAC) 
or ozone. The dissolved nickel concentrations observed in the treated effluents were between 
3 and 13 µg L-1, whereas the EDTA concentrations were broadly consistent with the findings 
of other studies and ranged between 127 µg L-1 in a GAC treated effluent and 460 µg L-1 in a 
tertiary treated effluent. Measurements of the labile concentrations of nickel, based on 
Diffusive Gradients in Thin films, were approximately 50% of the dissolved concentrations in 
the treated wastewater effluents, and showed little difference between tertiary and advanced 
treatments. Speciation calculations for the effluents suggest that nickel is almost entirely 
present as complexes with EDTA (rather than present as either the free nickel ion or fulvic 
acid complexes) in all of the treated wastewater effluents included in the study. The presence 
of soluble complexes is likely to affect the partitioning of nickel between the effluent and 
sludge phases during wastewater treatment, resulting in a greater proportion of nickel in the 
effluent than would otherwise be the case.  
 
Across Europe technology has been implemented to largely reduce phosphate concentrations 
in effluents for the past 10 years rather than metals such as nickel. However, recent evidence 
suggests that the use of aluminium or iron flocculants to precipitate phosphate into sludge 
can also lead to impacts on trace metals either via removal through co-precipitation (e.g. 
copper and zinc) or a small increase, as is the case for nickel where it is present as a significant 
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impurity in the coagulant. Recent data has showed that UK STPs effluents exhibit a small but 
statistically significant increase in dissolved nickel in STP dosed (Ni = 4.5 µg L-1) for phosphate 
removal compared with those not dosed (2.4 µg L-1 ) (Comber et al., 2021). There are no 
other data available to confirm this is the case across Europe, but given the commonality of 
supply of iron and aluminium based coagulants, the same pattern might be expected.       
  

9.2.2  Nickel removal efficiencies from STPs  

Table 9.3 shows some estimated, but not measured, removal efficiencies of nickel from STPs. 
It is important to recognise that these are highly variable, and effectively bracket a 
considerable range of values that are dependent up numerous other factors. As indicated 
already, specific plant characteristics, including local management activities, can have a great 
influence upon retention, making interplant comparison, even between plants with the same 
technologies, very challenging. For the purpose of this project removal rates have been 
calculated as matched influent effluent data for specific STPs, generally based on subtracting 
effluent concentrations (mostly secondary treatment) from influent ones. Given uncertainties 
in hydraulic retention times and practicalities of trying to collect effluent samples matched 
directly to influent samples (which would require effluent samples to be taken many hours 
after the influent) most reported data are spot samples collected for influent and effluent at 
roughly the same time and so will not reflect the hydraulic retention times in a STP.  

9.2.3  Solids   

The range of concentrations of nickel determined in the JRC survey of European sludges in 
2012 is over two orders of magnitude, yet the average is relatively low, as is the median (Table 
9.4). The European Sludge Directive ((86/278/EEC), an old and scientifically outdated 
document, gives limits for nickel content that vary with pH, of between 300-400 mg kg-1.   

Table 9.4  Summary data for nickel measured in 61 sewage sludges from European 

countries (From: JRC 2012)  

  

The relatively low concentrations of nickel in sewage sludges, compared to the EU limit was 
also shown from data from 2011, in survey of 22 sludges undertaken by the UK water industry 
where 44 determinants were analysed, including nickel. Figure 9.5 shows a plot of these data, 
with mean, median and 90% confidence intervals marked. One site had concentrations of 
nickel that are an order of magnitude greater than almost all the rest, likely influenced by local 
point emission sources.   
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Figure 9.5  Concentrations of nickel in 22 sewage sludges (From: UKWIR Report 

Ref No 13/EQ/01/6)  

  

9.3   Source apportionment finalisation  

Based on the calculations and data collected and collated in this section, it is possible to sum 
the contributions for the identified sources of nickel to STPs for any of the 37 countries across 
Europe as well as Turkey. This data is presented within MS Excel spreadsheets within the 
appendices. The spreadsheets offer the option of selecting a country from a drop-down list 
which then plots the overall apportionment split between domestic, service discharge of 
wastewater from town centre, light industrial and commercial activities, runoff and permitted 
industry sources (Figure 9.6).   
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 Load (kg day-1)   

Domestic sources  Service industry  Industry  Runoff to STP  

47  5  11.8  108.4  

  

Figure 9.6  Overall nickel source apportionment in Germany   
  

The figure above suggests runoff and domestic sources and dominate the overall source 
apportionment for Germany. This may be a reflection of Ni being classified as a Priority 
Substance as well as the fact that there is no small industry data have been added, as yet.  
It is possible to break down the domestic sources further (Figure 9.3) into mains supply, faeces 
and urine contributions of Ni to sewer as well as water use (including plumbing dishwashing, 
bathing and laundry). The data for the German predicted example suggests a relatively broad 
set of sources of nickel from to domestic wastewater.  
For runoff, of all of the elements in this study the poorest comparison between summed loads 
of runoff contributions and loads derived from event mean concentrations is observed for 
nickel (Appendix 1). Using vehicle type generate loads 10 times lower than those calculated 
using event mean concentrations. Without further investigation it is difficult to explain these 
variances, consequently the breakdown of runoff loads in Figure 9.7 should be viewed with 
caution. Arcadis (2009) report traffic emissions for nickel as 78, 0.5, 0, 49 kg yr-1 (assumed 
as units are not provided) for tyre, oil, brake, road, and exhausts, respectively. A total emission 
to water is 128 tonnes per annum. They also apportion some of these emissions to air and 
soil, which has not been done as part of this assessment, with a total environmental emission 
of 1,735 kg yr-1, dominated by air emissions. This study predicts a total of 1,078 kg yr-1 emitted 
using vehicle type which is of a similar order. Without a thorough understanding of the 
assumptions and calculations used in the Arcadis study it is difficult to compare figures and 
the data is now also over a decade old, so needs to be viewed in this light.   
Further details of the comparison between nickel load calculations are available in Appendix 1 
and the accompanying spreadsheets.  
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  Load (kg day-1)   

Faeces  Urine  Mains supply  Water use  

23.2  0.4  5.02  19.7  

  

  Load (kg day-1)    

Tyre  Brake  Oil  Exhaust  Rain  Road  

0.56  0.13  0.03  0.11  0.61  0.05  

Figure 9.7 German domestic (top) and runoff (bottom) sources of nickel to STP    
 
Finally Figure 9.8 shows a split between predominantly ambient background sources 
associated with mains tap water supply, atmospheric deposition, faeces and urine and other 
sources dominated by anthropogenic inputs.   

  

 Load (kg day-1)     
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Mains supply   Water use  Service  Industry  Runoff  Atmosphere  Urine  Faeces  

5  20  5  12  108  3  0.4  23  

Figure 9.8  German domestic sources of nickel to sewer split between predominantly 
background sources vs anthropogenic inputs  

    

The calculations above suggest that sources other than diet, atmospheric deposition and water 
supply are predominate for this Germany example (as is the case for all the European 
countries), which probably reflects the ubiquitous nature of nickel within products and the 
environment in general. But again, the large runoff loading based on flows of runoff estimated 
to enter STPs and observed average concentrations of nickel in runoff are probably a worst 
case given that loads based on individual sources within runoff are much lower. Even taking 
that into account would still lead to the source associated with anthropogenic activities 
predominating.   
However, it needs to be noted that this broad categorisation of ambient background is not 
likely to be exclusively natural sources. For example faeces and urine derived from human diet 
will include nickel in food products such as cereals, meat and dairy products, but these 
themselves would likely to be exposed to anthropogenic sources of nickel including possible 
contamination in inorganic and sewage sludge derived fertilisers, where they are permitted, 
which is dependent on the individual European country’s sludge disposal policies.   

9.3.1  Uncertainties and limitations  

There are a number of uncertainties currently associated with the screening source 
apportionment and these include (Table 9.5, Figure 9.9):   

• A significant variability in the data availability across the sources for nickel within this 

project with some categories of sources of Ni to sewer having only limited data. This 

is particularly the case for some domestic components of wastewater, urban runoff 

and smaller industrial discharges.   

• Large uncertainties for small countries, islands (Malta, Cyprus) with small populations 

and Balkan countries owing to limited datasets.   

• Significant use of defaults for impermeable urban areas and % runoff to sewer.  

• Runoff inputs are a total of roof and road contributions. There are only limited data 

available for nickel associated with these sources and loads have been calculated based 

on the ratio of nickel to either copper or zinc present within brake linings, oils and fuels 

and tyres multiplied by the loss rate of copper or zinc, where loss data was reported.  

• Large variance is observed between runoff loads of nickel to STPs depending on 

whether they were calculated based on an emission factor times the length of different 

road types in European countries or by the number of kilometres driven by different 

types of transport in each country. However, neither method compares well with loads 

derived from estimated flow of runoff to STP multiplied by mean reported 

concentrations of nickel in road runoff.   
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Figure 9.9 Schematic for breakdown of data availability across the identified 

sources; industry sources yet to be split further  

    

Table 9.5 Summary of data availability based on current literature searches for 

nickel   

Category  Sub-category 1  Sub-category 2  Ni data  

Household  Tap water   Various  

Plumbing   n/d2  

Activity  Bathing  UK  

Dishes/kitchen  UK,SWE  

Laundry  UK  

Faeces  Various  

Urine  Various  

Domestic total    UK,JPN,AUS  

Runoff EMC    UK,USA,IND  

Service    UK  

Industry2    EU  

STP Influent    Various  

STP Effluent    UK,FR2  

STP Removal    UK,FR,NL  

n/d = no data  
Various = more than 3 countries  
1 Some data less than LOD  
2 Possible data available with further searching    

  

  

     

  

Nickel Individual European countries 
Supplied tapwater 
Bathing  Plumbing 

Considered Clothes washing Activity related 
Good Dishwashing Household 
OK Urine 
Poor Faeces 

Other    
non ePRTR STP infl Prim rem Sec rem Tert rem Effl 
ePRTR Industry 

Rainwater 
Road/roof Runoff 

Services 



Sources and fate of metals and metalloids in wastewater treatment plants, Nickel and Cadmium  
Copyright wca environment Ltd., 2021  

  

95 
 

12  COMPARISON TO WELL CHARACTERISED SEWAGE TREATMENT 
PLANT  
 
The main objective of this project has been to determine the most significant sources of metals 
to STP across Europe. However, for comparative purposes it has been recommended to 
compare country wide estimates of loads to STP specific data where available.   
Although it must be accepted that site-specific data are subject to local influences it is possible 
to summarise the results of an exercise carried out in the UK and published within the last 5 
years (Comber et al. 2015).   
Urban sewer catchments in nine towns (Figure 12.1) were subject to investigations to measure 
concentrations of priority chemicals from the sources identified above entering the STP. 
Sample collection was arranged by the relevant regional Water Companies, working to a 
common protocol to ensure an appropriate and consistent approach. Towns were chosen in 
different parts of the UK – providing regional coverage (Figure 12.1) that might be used to 
indicate geographical differences. Two of these (3 and 5) are larger than the rest and were 
chosen to make it possible to investigate a wider range of trader inputs. The towns were 
selected to be of moderate size, smaller towns being considered of marginal interest, larger 
ones being too complex to sample and too individual to be generally representative. Five 
categories of source were chosen: domestic wastewater, industrial discharges with permits for 
the metals of interest, light industry (wastewater from industrial estates, which did not include 
industrial discharges with metal permits, town centre inputs (seen as a possible mixture of 
domestic and more generally urban inputs) and runoff.  
Sampling was carried out in each urban catchment over a 12-month period (between 2010 
and 2013) with between 12 and 48 replicate spot samples being taken at each location to 
assess variability in concentration (Table 12.1). Between 400 and 1000 samples (depending 
on catchment size and complexity) were collected from each town. The programme covered 
more than 70 target contaminants, 6 of which were metals of interest within this study (total 
and dissolved nickel, cadmium, silver, copper, aluminium and zinc).  
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Figure 12.1 Location of the urban test catchments across England and Scotland  
  

Using the available data, flows were apportioned in the following way:      
a) Domestic sewage, 56%   

b) Runoff, 26%  

c) Consented traders, 10%   

d) Town centre, 4%  

e) Light industry, 4%    

A Monte Carlo mixing model was used to combine the concentrations and flows in order to 
generate estimated loads for each chemical entering each STP. Owing to the variation in flows 
(size) of the different towns, data were normalised to an average consented flow of 30,000 
m3 d-1 entering each STP (typical volume of wastewater for a medium sized town of 100,000 
population). The uncertainty on these loads is typically 10 to 15%, though this was possibly 
larger where inputs were unusually variable. The predicted combined concentrations entering 
the STP were compared with measured influent concentrations obtained from another part of 
the monitoring programme to offer a form of validation of the model parameters.  
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Table 12.1  Comparison of total and dissolved metal data.   

  Mean concentration (µg L-1)   

Determinand  Domestic  Runoff  Trade  Light Industry  Town Centre  

Nickel (dissolved)  3.1  3.0  14.0  13.9  3.5  

Nickel (total)  4.8  6.6  32.0  23.6  5.1  

% dissolved  65  45  44  59  68  

Cadmium (dissolved)  0.10  0.15  0.37  0.18  0.11  

Cadmium (total)   0.19  0.35  1.03  0.53  0.25  

% dissolved  54  43  36  33  46  

Copper (dissolved)  25.4  14.4  223  25.1  23.2  

Copper (total)  59.4  36.1  560  73.2  61.4  

% dissolved  43  40  40  34  38  

Zinc (dissolved)  38.9  68.3  474  153  38.7  

Zinc (total)   156  185  808  536  132  

% dissolved  25  37  59  29  29  

Aluminium (dissolved)  89  339  183  50  47  

Aluminium (total)   822  1102  1256  725  787  

% dissolved  11  31  15  7  6  

Silver (dissolved)  0.19  <LOD  0.80  0.13  0.11  

Silver (total)   0.49  0.34  2.13  0.48  0.63  

% dissolved  38  n/a  38  27  17  

  

Trade (consented industry releasing metals of interest under permit conditions) wastewater 
concentrations were typically an order of magnitude higher, with domestic, town centre, runoff 
and light industry concentrations of a similar order. Elevated metal concentrations in runoff 
are not unexpected owing to their use in galvanised parts, tyres, brake shoes and their 
presence in exhaust gases and road aggregates. Comparing total and dissolved concentrations 
(Table 12.1) shows nickel to be the metal for which the highest proportion is dissolved, 
followed by cadmium, copper and zinc. In most cases the proportion of metal in the dissolved 
phase is highest in domestic wastewater, potentially reflecting leaching from plumbing and 
household domestic goods such as kettle elements, washing machines and dishwashers. It 
should be noted that the high proportion of copper plumbing in the UK compared with other 
European countries is likely to lead to higher proportions of copper from domestic sources.   
In general, when comparing catchments it may be concluded that domestic sources are a 
significant component and dominate in a number of cases (urban catchments 1, 8 and 9), 
town centre and light industry (combined to equal ‘services’ under the European designation) 
are generally minor sources and runoff being a significant source in most cases for most 
metals. Any differences between catchments were generally found to be influenced by one (or 
one or two) dischargers where there was an unusually large input from a particular (usually 
trade) source. However, the number of examples where this is clear is relatively small (e.g. 
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urban catchment 3 for nickel, 5 and 6 for copper, 5 for zinc) and relates most often to the 
metals where specific sources are more evident (Figure 12.2). For silver, there was only 
reported data for 6 urban catchments where domestic contributions were typically 40 to 65% 
with the remainder associated with principally trade effluent sources to STP.    
The data does, however, illustrate that consented trade sources of metals are still a significant 
source in several towns within the UK. Furthermore, it shows that smaller traders who fall 
below the E-PRTR threshold for reporting are likely to be contributing significant metal loads, 
largely unaccounted for and varying considerably from catchment to catchment.    

  

Figure 12.2 Fractional distribution of metals from the defined sources   
  

Comparing percentage contribution between the site specific STP mean values, the UK as a 
whole and Europe (Figure 12.3) provides an interesting comparison. In many cases there is a 
good agreement across the full scale of STP specific to Europe for the different metals and 
sources. As noted above, trade loads of all of the metals for which there were data, are 
significantly higher for the UK STP specific urban catchments, but domestic contributions are 
broadly consistent. There are no STP specific data for molybdenum and arsenic as they were 
not included in the UK chemical investigation programme.   
Normalising for load per capita (Figure 12.4), show total loads for the metals to be reasonably 
consistent across the full geographic scale which is encouraging when making conclusions 
regarding the significance of sources and suggests that the predictions made for country-wide 
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contributions to STP are in line with measured values from STP specific studies. These data 
again show domestic sources to be dominant for many metals, with runoff also a significant 
contribution.   
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Figure 12.3 Mean percent loads from site specific STP, UK and European scale  
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Figure 12.4 Mean per capita loads from site specific STP, UK and European scale  

Overall, it may be concluded that:   

• The STP specific data analysis supports the findings of the broader country and Europe-

wide predictions of source magnitude and significance.   
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• For the main Europe wide assessment, smaller industrial discharges below the E-PRTR 

reporting threshold, once aggregated up may be a significant source for some 

elements, but as yet unaccounted for (owing to lack of data).  

• Domestic sources of most metals are a major, if not main sources of metals to STPs.  

• Runoff is a consistent and significant source of all metals.  

• Service industries are generally only a minor source of metals to STPs.   

• Data are lacking for molybdenum and arsenic.  
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13  DISCUSSION  
In this brief discussion Section, we compare the sources of the metals across countries and also 

focus upon the key data and information gaps and uncertainties in the calculations and estimations.   

13.1  Country comparisons   

13.1.1  Intercountry comparison  

 
The plots of loads per country based on measured versus calculated values show broad 
agreement as shown in the above figures for each metal. However, in most cases they are 
calculated using an emission factor multiplied by an activity rate, often derived from a 
population or country area derived factor. Consequently, given that the populations across 
Europe vary from 360,000 to 83 million then the 37 countries will likely be strung out along a 
broadly straight line driven by for example, population. Normalising for population to generate 
per capita loads shows country-specific variations more clearly. Given that emission factors 
are largely based on mean concentrations for domestic sources, runoff, service and trade 
discharges then the main factor that controls the variation between countries is the flow 
apportionment derived from Eurostat data. Domestic per capita loads as can be seen in the 
spreadsheets accompanying this report are reasonably consistent, within a factor of 5 or 6. 
Greece with a relatively high domestic water use produced the highest per capita metal loads, 
even higher than that for Italy. At the other end of the scale Bosnia produced the lowest 
domestic metal loads, however, there are questions over the reliability of data from the small 
and fragmented former Yugoslavian countries. Service industry loads per capita were generally 
low compared with domestic sources, owing to the flows to sewer being relatively minor. 
However, a couple of anomalies appear for Croatia, Austria and the Czech Republic where 
flows are reportedly high relative to other sources.   
Trader loads have a high uncertainty owing to several factors. The ePRTR reports for copper, 
zinc, cadmium, nickel and arsenic but does not capture all loads from industry emitting below 
a threshold value. Total industrial flows reported via the Eurostat databases can be used to 
generate a load, however, concentrations of elements in trade effluents vary by orders of 
magnitude depending on the type of industry and so loads based on average observed trader 
concentrations from limited datasets will also be subject to large variability and therefore 
potential errors. Consequently, in many cases there is poor comparison between ePRTR loads 
and those based on mean concentrations multiplied by trader flows. Accepting these 
limitations then trader loads for Germany (unsurprisingly given its strong industry base) 
Slovakia, Romania, Czech Republic, and Bulgaria for example have high per capita loads of 
zinc as well as other elements. This may in some way indicate the trend of heavier industry in 
Europe migrating east.   
Finally, runoff appears to a significant source of diffuse metals in many cases. Runoff 
comprises rainfall which after passing over and across roof and road surfaces collects 
particulate and dissolves elements from a variety of sources. Like domestic sources there is a 
degree of consistency for the per capita loads which are based on a number of assumptions 
regarding rainfall volumes, urban area, impermeable surface areas and the split between 
surface water drains and combined sewers. Consequently, countries with a high proportion of 
urban populations and reasonable rainfall will generate the highest per capita loads, such as 
the Baltic States, Switzerland and Iceland.   

13.1.2  Intermetal comparison   

There are significant differences in the source apportionment between the different elements 
studied which reflects their historic and current use as well as any controls that have been 
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applied to restrict losses to the environment. Broadly speaking aluminium, copper, zinc and 
nickel are extensively used in products and services based around (in most part) achieving 
specified standards for soil, air and water. Cadmium and arsenic which are considered 
significantly more toxic are subject to wide ranging bans and controls to the extent that point 
sources to the environment are diminishing and so background or diffuse sources are 
becoming more prevalent as overall loads and concentrations ‘die away’. Molybdenum and 
silver are subject to few quality standards and are present at low concentrations and loads 
within the environment reflecting their use patterns and low environmental concentrations 
leading to them being a low priority regarding regulation.   
As with the intercountry assessment, loads are driven by the per capita water use across the 
sectors (household/domestic, service, trade and runoff), however, some significant differences 
do exist. Copper is an obvious example owing to the large quantities used in plumbing and 
architecture for some countries. Using available data on copper use in plumbing, ratioed to 
reasonably detailed data available from the UK, estimates plumbing to be over 50% of the 
load of copper to UK and Spanish STPs, over 40% of the total load for Turkey, N Macedonia, 
Norway, Malta and Greece. For Bosnia, Czech Republic, Switzerland and Hungary estimates of 
the contribution to loads are 11% or less. For the rest of the European countries the 
contribution is in the order of 20 to 30%. Architecture also has very country-specific 
contributions of copper, with greatest loads estimated to be found in Swiss urban runoff, 
contributing 14% of the total load. Turkey, Poland, N Macedonia, Netherlands, Kosovo, Italy, 
Germany, and Ireland architecture sources contribute between 3 and 5% of the copper loads 
to STPs.   
 
Aluminium is present in domestic sources, dominated by laundry ‘activity’ in other words the 
use of zeolite based laundry detergents which contain significant amounts of aluminium in 
their structure. Molybdenum is present in oils as a lubricant which combined with small 
impurities in brake compounds contribute to runoff being a significant load to STP along with 
domestic sources where faeces dominate the contribution. Silver source apportionment is 
hampered by limited available data and its presence at only low concentrations in the 
environment. The data suggests that most of the silver to STPs is derived from domestic and 
runoff sources. Domestic sources of silver are likely to include nano silver derived from washing 
machines and clothing such as socks which utilise it as an antibacterial agent. It is rare that 
data is reported where nano silver is differentiated from other forms. Some industrial 
contributions for silver from countries with known significant industrial wastewater flows to 
sewer also contribute significant loads. Cadmium apportionment in some ways reflects its 
designation as a priority hazardous pollutant with wide ranging bans throughout Europe.  
 
Runoff sources are significant in many cases and dominated by exhaust emissions linked to 
cadmium contamination in fuels. Domestic sources reflect low levels present in food stuffs 
resulting in loads being excreted in faeces and also low level environmental contamination 
relating to its present as an impurity in phosphate based detergents or in dust and food 
particles washed down the drain during washing of clothes and dishes.   
Arsenic source apportionment is similar to that of cadmium with loads to STP dominated by 
domestic (activity related) and runoff sources. Similarly, exhaust emissions dominate runoff 
contributions owing to low level impurities in fuels. Industrial discharges are low whether 
calculated based on available ePRTR data other than for what appears to be an anomalously 
high reported value for Poland. Nickel is a ubiquitous element in the environment with 
domestic sources comprising a combination of water supply, faeces and activity related 
sources. Runoff data appears unreliable but based on available information exhaust emissions 
may be significant. Industrial sources are significant in some countries and likely other 
elements, tend to be associated with Eastern European states. Finally zinc like copper is one 
of the most heavily used and ubiquitous elements studied. Its wide variety ofof uses from 
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health supplements, through use in personal care products, paints, alloys and anodised 
materials, means there are significant anthropogenic sources. Runoff is unsurprisingly 
dominated by tyre wear owing to the use of zinc within the manufacturing process, although 
sources such as dissolution from zinc used in architecture were not quantified owing to a lack 
of data, but could be significant. Domestic source contributions are a combination of activity, 
tap water supply and faeces driven loads. Similar to nickel and copper industrial contributions 
to STP are significant for some European countries.   

13.2  Information gaps and uncertainties   

 
Overall, it has been possible to thoroughly review the available data from this project and with 
using extensive European datasets held within the Eurostat databases, construct algorithms 
based around emission factors and activity rates to derive source loads to sewers. The 
availability of data varies from what may be considered ‘sufficient’ to derive a load with a 
reasonable degree of confidence through to low levels of confidence in some cases, perhaps 
where a single datapoint upon which an entire country’s budget for a source load is calculated. 
In some cases there are various approaches that could potentially be taken towards deriving 
the emissions loadings, and these inevitably result in differing predictions. Where there is a 
good level of agreement between different calculation approaches these predictions are 
considered to be very reliable, but where different calculation approaches result in very 
different predictions of the loadings of metal into wastewaters these predictions must be 
considered as highly uncertain. Consequently, it has been stressed throughout where data 
gaps or uncertainty exist.   
 
This exercise has predominantly collated data, identified gaps in knowledge and constructed 
a working structure for calculating sources of chemicals to STPs. The outcomes have identified 
and confirmed obvious sources of certain elements from specific sources common to all 
countries. It has also shown certain sources to be more country-specific based on per capita 
use of water, the significance of industrial loads to sewer and impact of volumes of rainfall on 
urban runoff. Building such a database relies on a wide array of assumptions specified in the 
methodology section, with the estimates of runoff contributions subject to the most 
assumptions. Specific areas of uncertainty are provided below. A summary of the data gaps 
for each element is provided within each element-specific section. The quantification approach 
has been based on deriving concentrations in wastewaters that are then multiplied by the 
volume of wastewater, which is in turn derived from information on levels of domestic water 
use in different countries, to calculate the total mass of metal. This approach has highlighted 
Italy as an outlier in various instances due to the very high level of water use compared to 
other European countries. However, it is possible that the quantities of metal emitted are 
approximately equivalent to those in other countries but that the concentrations of metals in 
wastewater are lower due to dilution into a larger volume of water. Alternatively, it is possible 
that the concentrations of metals in Italian wastewaters are approximately equivalent to those 
in other countries and the increased water consumption simply reflects greater levels of use 
of household and domestic products, as is assumed in the present study. This is an important 
area of uncertainty that cannot be resolved based on the currently available information, 
although it is likely to be relatively minor compared to some of the other sources of uncertainty 
identified below because it only applies to some countries.  
An important area of uncertainty in the results is since in several cases a single source of 
information has been used to derive a value for one country, and this has been extrapolated 
across to other countries in order to produce emission estimates where no other information 
is available. Examples include molybdenum and silver in atmospheric deposition, silver, 
aluminium and arsenic in faeces and aluminium in urine. In these cases, the estimates are 
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uncertain for several reasons. Firstly, because the original studies are the only source of 
information they cannot be corroborated or compared against alternative estimates, and 
secondly it is necessary to assume that levels of both use and emissions between different 
countries are sufficiently alike to allow the extrapolation across the entire continent.   
Limitations on the number of different sources of data that enable direct comparisons to be 
made between different approaches or assumptions mean that for the vast majority of 
emissions it has not been possible to undertake any reliable assessment of the overall level of 
uncertainty associated with them. In cases where it has been possible to make robust 
comparisons between different calculation approaches or assumptions these are explained in 
more detail below. The example for road transport emissions (Section 13.2.1) illustrates two 
such calculation approaches where different types of information are available and calculations 
have been performed using both. The differences between the two calculation approaches 
highlights the scale of the potential uncertainty associated with the results. Whilst in some 
cases there is very good agreement (e.g. the total loading of molybdenum) between the two 
approaches illustrated here in other cases the two approaches result in a difference of almost 
three orders of magnitude (e.g. the total loading of nickel).  

13.2.1  Road transport  

 
Runoff loads to STP are based on an event mean concentration multiplied by a flow to STP. 
The flow data is not reported within any European database. It can therefore only be 
calculated based on a combination of rainfall (national mean), urban area, impermeable area 
percentage within urban areas and the proportion of runoff spilt between sewer and surface 
water drains. Each of these assumptions is likely to have very country-specific variability and 
applying a blanket default (as is the case for impermeable area and percent of flow to sewer 
for most countries) will potentially lead to inaccurate results. However, in lieu of reported data 
the method utilised provides an indication of contribution and identifies data gaps which may 
be explored and/or filled in the future. Estimating flows based on a subtraction method 
generated lower volumes, but in some cases they were negative which diminished the 
confidence in using this approach.  
 
Some uncertainty could be reduced by more sophisticated mapping, such as overlaying rainfall 
patterns on maps of urban centres to better define rainfall within the urban centres of each 
country. Data is available to do this, but time was outside the time and budget of this project 
to achieve it. This would avoid applying a mean rainfall for a country to urban areas. It is 
highly likely that for some countries urban centres may be in drier or wetter regions than 
reflected by a mean country annual rainfall. Significantly improving on the percentage of 
impermeable surface within urban areas and the proportion of flow to sewer would be major 
tasks and potentially not realistically possible for the latter.   
Other uncertainties include evaporation of rainfall from surfaces, currently it is assumed that 
all rainfall flows off impermeable surface to river or sewer. In reality runoff is driven by the 
intensity and duration of rainfall events, light rain will evaporate from surfaces before it has a 
chance to flow into drains so the data presented here is a worst case. Although datasets are 
available for annual rainfall, event-specific data will vary between and within countries and to 
break this down would be a major task, although it could be possible to undertake a number 
of case studies where data are available for specific climate conditions and then apply a factor 
to the annual rainfall to generate an ‘effective’ runoff volume to STP.   
 
Breaking down runoff contributions to sources such as tyre, brake and road abrasion, exhaust 
emissions and oil loss has been undertaken within other studies and some countries do include 
such values in, for example, their local pollutant emission registers (e.g. The Netherlands). 
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The methods and assumptions used for these calculations are not always obvious, so it is 
difficult to compare data accordingly. However, what is obvious is that data are available for 
elements for which transport is a known source, for example zinc in tyres and copper in brakes. 
Consequently, there are reported loss of metal because of abrasion based on vehicle type and 
in some cases road type. Examination of data based on road type suggested it lead to a gross 
over estimate of loads and so was not used in any calculations (see Table 13.1). There are 
European datasets for vehicle type per country (in terms of km driven) as well as information 
on road length inside and outside of urban areas. This data with published elemental loss rates 
allowed loads to be established. For metals where specific loss rates were not available it was 
possible to find some (sometimes very limited) data for concentrations of for example, 
aluminium, arsenic, molybdenum etc in tyres, road surface and brake linings. These ‘impurities’ 
could be ratioed to concentrations and loss rates of copper or zinc to derive a load from that 
source. These calculations generated a total emitted load from each source. For several 
elements of interest there is only very limited data for concentrations in the materials of 
interest and although for most metals the combined loads from individual sources compared 
favourably with the total load generated from the EMC, for nickel there was still significant 
uncertainty.  
   
Table 13.1 Emissions from road transport into urban wastewaters calculated using 

the two approaches  

     Load (kg day-1)     

  Ag  Al  As  Cd  Cu  Mo  Ni  Zn  

By Vehicle type                  

Road  0.0053  996  0.042  0.0039  0.50  0.063  0.79  3.0  

Tyre  0.038  104  0.41  1.10  18.6  2.0  8.2  3,535  

Brake  0.67  26,245  36.2  0.13  1,371  118  1.3  261  

                  

By Road type                   

Road*  6.81  1,274,261  53.8  7.2  585  81  13,394  1,877  

Tyre  0.022  60  0.24  0.64  739  1.2  576  2,035  

Brake  0.0096  376  0.52  0.0018  4,203  1.7  1,099  19.6  

                  

Rainfall  0.91  408  1.8  0.41  33  0.63  5.7  161  

Oil  0.65  3.7  1.2  0.50  3.4  22.8  0.63  129  

Exhaust  1.7  40  1.1  13.5  6.1  5.7  3.7  6.1  

Architecture  n/a  n/a  n/a  n/a  1,338  n/a  n/a  n/a  

                  

Total (vehicle 

type)  
15.4  119,181  174  71  7,485  637  87  17,261  
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Total (road type)  44.6  6,023,356  274  103  27,289  517  71,059  19,538  

* Considered unreliable     
As noted above estimates of emissions from road transport are also available for The 
Netherlands from the country specific emissions register, and these values can be compared 
against those used in this report to provide an indication of the degree of uncertainty 
associated with the values used here. Both approaches are based on similar methods, which 
use an emission factor for the mass of metal emitted per km driven multiplied by the total 
distance driven. These are then converted into a load of metal into the wastewater system, 
and the precise details of the approach used for the Dutch database are not entirely clear. A 
comparison of loads emitted from tyres, brakes, and lubricants reveals that although broadly 
similar concentrations of the various metals in these components are generally used by both 
approaches the actual quantities emitted to the wastewater systems in this study are higher 
in almost all cases. In some instances, such as releases of nickel from lubricants this is less 
than a factor of two, whereas in other cases, such as copper from brake wear or cadmium 
from tyre wear the quantities calculated in the present study are over an order of magnitude 
higher.  
 
Dutch estimates for the emissions of zinc from road transport into urban wastewaters for tyre 
wear, brake wear, and engine oil are 24,037 kg/a, 1,015 kg/a, and 737 kg/a respectively, 
whereas the equivalent quantities calculated in this study are 99,718 kg/a, 6,407 kg/a, and 
3204 kg/a respectively. For copper Dutch estimates for the emissions from road transport into 
urban wastewaters for tyre wear, brake wear, and engine oil are 111 kg/a, 2,558 kg/a, and 
27 kg/a respectively, whereas the equivalent quantities calculated in this study are 523 kg/a, 
33,634 kg/a, and 78 kg/a respectively. These differences highlight the very high level of 
uncertainty that is associated with the calculated loading rates of metal emissions from urban 
runoff into wastewaters that result from road transport.  
Not all loads enter the sewer and a number of assumptions, noted in the methodology, are 
required, including the percentage of each source entering a surface water drain or sewer 
(currently assumed to be all of the load including all exhaust emissions) whether there are 
any form of sustainable urban drainage (SuDs) to limit the loads entering surface waters, if so 
what is their efficiency for metal removal, as well as proportions of road length within urban 
and rural settings and the proportion of these road systems connected to separate and 
combined sewers.  As can be seen there several assumptions for which there are little data 
and a degree of ‘expert judgement’ used to derive factors (see appendix). Data on SuDs is not 
easily generated for urban areas and very specific to countries and cities, surface water 
connectivity to sewer is poorly reported, with only Scandinavian countries typically reporting 
data, which combined with limited compositional data in road transport materials means 
uncertainty in the loads here is high. Given the complexity, it is unlikely that more data will be 
available in the future to improve these estimates.  

13.2.2  Wastewater treatment plants   

An excellent dataset has been generated for the UK sewage treatment system, including 
removal efficiency data for most of the elements of interest (except for molybdenum and 
arsenic) including primary, secondary, and tertiary treatment. There are many other reports 
for removal efficiencies for metals during typically secondary treatment, which have been 
captured in the tables above. What is clear is that often the variability of within-STP removal 
efficiency is at least as great as variation in between-STP removal efficiency. In other words, 
removal rates are STP specific with no clear differences between types of treatment, for 
example between trickling filter and activated sludge works. Generally speaking, enhanced 
solids removal will reduce particulate and total metal concentrations in effluent but may not 
substantially reduce dissolved metal levels. The presence of soluble organic ligands from both 
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natural (e.g. fulvic acids) and anthropogenic sources (e.g. EDTA) can have an important effect 
in maintaining metals in the dissolved phase. This can have the effect of reducing the removal 
of metals from the wastewater into the sludge, and consequently lowering the overall degree 
of removal of metals from wastewaters during treatment. Addition of iron or aluminium salts 
typically for reducing phosphate levels has additional benefits of also reducing copper 
concentrations and to a degree other metals.  
Storm events represent an additional area of uncertainty in that they can result in high levels 
of contaminants during the initial stages of the storm event due to the wash-off of accumulated 
deposits. The later stages of the run-off event commonly contain lower levels of contaminants 
and this can result in considerable difficulties in calculating the average concentrations in run-
off water over the course of a storm event The calculations made in this study are based on 
event mean concentrations, and the uncertainty associated with calculating these values due 
to the variations in both concentrations of contaminants and flow volumes during the course 
of the event needs to be taken into account. A further area of uncertainty associated with 
storm events is the overflow of wastewater sewer systems that can occasionally occur during 
very high flow events. This can result in the release of untreated wastewater directly into 
surface waters, although this does tend to occur at a time when the wastewater is relatively 
dilute due to the volume of rainwater, and there is a high potential for dilution in the receiving 
waters due to the high flow conditions. Consequently, although these kinds of events could 
result in appreciable quantities of material being released, they do not result in high 
concentrations in the environment. A further area of uncertainty, especially for the source 
apportionment, the issue of relatively small industrial operations with emissions that are below 
the level of the reporting threshold for the E-PRTR, and similarly smaller wastewater treatment 
plants that fall below the reporting threshold of the E-PRTR. However, these issues are more 
one of quantifying the total emission from wastewater into the environment, rather than 
quantifying the emissions into the wastewater system. Some insight into the magnitude of 
some of these emissions could potentially be gained through a comparison between the total 
emission quantities from certain industry sectors within specific countries reported by the E-
PRTR and those from country specific emissions registers that have lower reporting thresholds. 
There are only a very limited number of countries for which this is possible and given that 
these emissions are captured by the total quantities of metals in wastewaters overall, at least 
for the larger treatment plants, has not been pursued in detail for this study.  

13.2.3  Background sources  

Inputs of metals to wastewaters from background sources can make an important contribution 
to the overall load of the total metal input to wastewater, particularly for some metals. 
Background sources are dominated by inputs from the incoming drinking water supply and in 
the diet. Another potential background source is from atmospheric deposition, although 
because inputs from surface runoff generally only enter wastewater systems in urban areas 
most metals from this source is likely to be derived from anthropogenic sources such as the 
combustion of fossil fuels. Although the presence of trace metals in these fuel sources is due 
to their background concentrations in the fuels, the emission of them into the atmosphere 
results from their combustion for anthropogenic uses. Consequently, for the purposes of the 
present study this is an anthropogenic source rather than a background source.  
The main input of trace metals into wastewaters from background sources is from the diet. 
This can result in a significant proportion of the total overall input but is also an important 
source of uncertainty due to variation in dietary intake rates. The majority of metals ingested 
from the diet are excreted in faeces and urine and therefore dietary intakes are approximately 
equal to emissions. Background levels of metals from drinking water supplies are likely to be 
subject to less variation than those from food sources due to drinking water standards 
requiring that the concentrations do not exceed defined thresholds.  
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14  CONCLUSIONS AND RECOMMENDATIONS  
 
Non-industrial sources of chemicals to the environment, including metal are of increasing 
interest to regulators throughout Europe owing to a combination of reducing point source 
industrial emissions, greater regulation of industry and the acceptance that more diffuse 
sources are of increasing significance and potentially of concern. Metals pose a further level 
of interest owing to their occurrence naturally in the environment and so there is potentially 
only limited options for controls.   
This project has sought to collect, collate, and analyse the available data for the sources of 
aluminium, arsenic, cadmium, copper, molybdenum, nickel, silver and zinc to sewage 
treatment plants. A combination of scientific, open and grey literature and reports and 
European EUROSTAT datasets were used to derive concentrations and flows which were 
multiplied together to generate loads for European countries.   
It was evident that the data quantity and quality varied significantly both for different sources 
for any given element as well as between elements. The data gaps and uncertainties tend to 
follow the trend from greatest to least data: Cu>Zn>Ni~Cd>As>Al>Ag~Mo. Data quality is 
often related to the concentrations of the elements present which for silver, arsenic and 
cadmium are often below limits of detection, particularly for silver.   
 
Taking account of the uncertainty discussed below there are still clear conclusions from the 
study that can be drawn. Unsurprisingly it is clear that although often at low concentrations, 
reflected in small loadings, all of the elements studied are ubiquitous in the urban environment. 
In most cases the elements enter the urban environment through fugitive release either 
through wear associated with them being an ‘active ingredient’ such as copper in brake linings, 
architecture and plumbing; molybdenum additives in oil; zinc in tyre manufacture and 
aluminium from water treatment, or owing to their presence as an impurity in other metals or 
materials used in products and services, such as all of the elements in road building materials 
all the way back to the ‘naturally’ occurring background levels of elements in oils and other 
fossil fuels and in alloys etc. In most cases this only contributes low parts per million or billion 
even; however, when multiplied up by millions of vehicle kilometres driver or use by over half 
a billion inhabitants of Europe, then loads of elements generated rapidly accumulate to 
kilograms per day entering STPs.  
 
Table 14.1 provides a summary of the total emissions to STP for domestic, service industry, 
industry and runoff for all of the metals on a country-by-country basis including a total for the 
EU-27. The table serves to illustrate areas where data is absent owing to either a lack of flow 
data (for industrial emissions for some countries), of concentrations data (e.g. Mo and As in 
service industry effluent) or both. The tables also show the variation in loads for sources within 
a country and between countries.   
A key outcome is that domestic discharges and runoff are important sources of most elements 
to STP and that industrial sources are no longer the dominant source of these elements to 
sewer, although this statement needs to be caveated by noting there may be smaller quantities 
of metals discharged to sewer below the ePRTR reporting threshold that are not accounted 
for.   
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Table 14.1  Summary  of  emissions  from  the  main  source  categories  to  STP n/d=no data; 

Dom=domestic; Serv=service industries; Ind=Industry; Runoff=urban runoff to sewer  

  Aluminium (kg d-1)  Arsenic (kg d-1)  Cadmium (kg d-1)  Copper (kg d-1)  

  Dom  Serv  Ind  Runoff  Dom  Serv  Ind  Runoff  Dom  Serv  Ind  Runoff  Dom  Serv  Ind  Runoff  

Albania  377  31  n/d  190  1.2  n/d  n/d  0.4  0.25  0.01   n/d  0.09  70  5  7.6  11  

Austria  1500  1166  n/d  1005  3.3  n/d   n/d  2.1  0.77  0.44  0.056  0.48  221  30  1.5  57  

Belgium  1106  304  n/d  1310  3.6  n/d  0.102  2.7  0.78  0.11  0.033  0.63  173  27  2.1  74  

Bosnia  129  45  n/d  2250  0.4  n/d   n/d  4.6  0.09  0.02   n/d  1.08  20  62  92.4  127  

Bulgaria  710  104  228  846  2.4  n/d   n/d  1.7  0.49  0.04  0.35  0.41  113  23  0.5  48  

Croatia  293  937  51  811  1.0  n/d  0.07  1.7  0.20  0.35  0.014  0.39  49  22  0.3  46  

Cyprus  165  18  n/d  79  0.5  n/d   n/d  0.2  0.11  0.01   n/d  0.04  31  2  n/d   4  

Czech  943  1073  571  971  3.2  n/d  0.015  2.0  0.67  0.40  0.47  0.47  133  2  16.9  55  

Denmark  700  116  n/d  954  2.4  n/d  0.04  1.9  0.50  0.04   n/d  0.46  118  17   n/d  54  

Estonia  129  30  n/d  425  0.4  n/d   n/d  0.9  0.09  0.01   n/d  0.20  21  12  1.1  24  

Finland  717  114  n/d  237  2.9  n/d  0.14  0.5  0.60  0.04   n/d  0.11  132  4  2.0  13  

France  8049  1385  n/d  9530  27.4  n/d  0.23  19.5  5.84  0.52  0.25  4.58  1528  353  4.8  537  

Germany  10687  343  3064  12307  27.7  n/d  1.36  25.1  6.65  0.13  5.3  5.91  1861  305  137.6  693  

Greece  3493  222  n/d  711  11.7  n/d  0.19  1.5  2.27  0.08   n/d  0.34  665  20  1.4  40  

Hungary  922  238  n/d  1160  3.6  n/d  0.02  2.4  0.66  0.09  0.083  0.56  143  15  0.7  65  

Iceland  67  8  n/d  96  0.2  n/d   n/d  0.2  0.04  0.003   n/d  0.05  12  3  1.6  5  

Ireland  385  100  n/d  756  1.3  n/d   n/d  1.5  0.27  0.04   n/d  0.36  65  28  0.8  43  

Italy  10542  1647  n/d  7451  31.8  n/d  2.78  15.2  6.91  0.62  0.34  3.58  1887  120  3.4  420  

Kosovo  123  11  n/d  66  0.4  n/d   n/d  0.1  0.09  0.00   n/d  0.03  19  2  48.2  4  

Latvia  278  118  57  575  0.9  n/d   n/d  1.2  0.19  0.04  0.05  0.28  47  16  1.1  32  

Lithuania  244  131  30  773  0.8  n/d   n/d  1.6  0.18  0.05  0.02  0.37  36  21  1.2  44  
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Luxembourg  88  9  n/d  56  0.3  n/d   n/d  0.1  0.06  0.003   n/d  0.03  16  2  0.6  3  

Malta  64  10  n/d  12  0.2  n/d   n/d  0.0  0.04  0.004   n/d  0.01  11  0  3.6  1  

Netherlands  2329  305  479  2172  6.3  n/d  0.26  4.4  1.51  0.11  0.014  1.04  452  76  7.6  122  

N. Macedonia  454  7  n/d  124  1.4  n/d   n/d  0.3  0.29  0.003   n/d  0.06  85  3  2.3  7  

Norway  1085  111  n/d  451  3.5  n/d   n/d  0.9  0.70  0.04   n/d  0.22  169  16  0.8  25  

Poland  3039  423  n/d  4808  10.4  n/d  16621  9.8  2.21  0.16  8.9  2.31  481  136  98.9  271  

Portugal  1578  9  n/d  1468  5.4  n/d  1.87  3.0  1.05  0.004  0.69  0.70  277  47  7.0  83  

Romania  1030  1258  1070  1369  3.4  n/d   n/d  2.8  0.74  0.47  0.89  0.66  156  38  0.7  77  

Serbia  594  320  102  611  2.0  n/d   n/d  1.2  0.41  0.12  0.08  0.29  100  17  1.3  34  

Slovakia  440  27  611  440  1.4  n/d   n/d  0.9  0.34  0.01  0.51  0.21  69  7  0.7  25  

Slovenia  131  27  n/d  184  0.4  n/d   n/d  0.4  0.09  0.01   n/d  0.09  20  5   n/d  10  

Spain  7312  1127  n/d  2991  23.6  n/d  0.73  6.1  4.81  0.42  0.25  1.44  1277  116  3.4  168  

Sweden  1654  399  n/d  1144  5.5  n/d  0.02  2.3  1.09  0.15   n/d  0.55  249  27  0.9  64  

Switzerland  1291  177  n/d  2214  3.2  n/d   n/d  4.5  0.76  0.07  0.033  1.06  213  4  0.4  125  

Turkey  8926  1671  1099  1822  29.2  n/d   n/d  3.7  6.23  0.62  0.91  0.87  1466  50  0.5  103  

UK  8441  1032  137  5528  26.7  n/d  1.21  11.3  5.45  0.39  0.14  2.65  1701  386  10.0  311  

EU27  58,527  11,641  6,162  54,545  182  n/d  1,670  111  39  4  18  26  10,232  1,469  299  3,071  
1 This ePRTR value for As in Poland, although reported seem anomalous  
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Table 14.1  continued……Summary  of  emissions  from  the  main  source  categories  to  STP 

n/d=no data; Dom=domestic; Serv=service industries; Ind=Industry; Runoff=urban runoff to sewer  

  Molybdenum (kg d-1)  Nickel (kg d-1)  Silver (kg d-1)  Zinc (kg d-1)  

  Dom  Ser Ind  Runoff  Dom  Serv  Ind  Runoff  Dom  Serv  Ind  Runoff  Dom  Serv  Ind  Runoff  

Albania  2.1  n/d  n/d  0.78  1.5  0.4  n/d   1.7  0.24  0.016  n/d  0.06  64  10   n/d  47  

Austria  11.8  n/d  n/d  4.13  5.3  16.1  1.4  8.9  0.53  0.615  n/d  0.29  238  373  1046  247  

Belgium  14.1  n/d  n/d  5.38  5.4  4.2  0.1  11.5  0.58  0.160  n/d  0.38  219  97  5  321  

Bosnia  1.8  n/d  n/d  9.24  0.6  0.6   n/d  19.8  0.07  0.024  n/d  0.66  27  14   n/d  552  

Bulgaria  8.6  n/d  n/d  3.47  3.4  1.4  3  7.4  0.37  0.055  0.239  0.25  121  33  25  207  

Croatia  3.1  n/d  n/d  3.33  1.3  13.0  0.2  7.1  0.16  0.495  0.054  0.24  56  300  0.6  199  

Cyprus  0.9  n/d  n/d  0.32  0.6  0.2   n/d  0.7  0.11  0.009  n/d  0.02  21  6   n/d  19  

Czech  12.6  n/d  n/d  3.98  5.1  14.8  14.55  8.5  0.48  0.567  0.599  0.28  171  344  165  238  

Denmark  7.3  n/d  n/d  3.92  3.2  1.6   n/d  8.4  0.40  0.061  n/d  0.28  134  37   n/d  234  

Estonia  1.7  n/d  n/d  1.75  0.6  0.4   n/d  3.7  0.07  0.016  n/d  0.12  23  10   n/d  104  

Finland  6.5  n/d  n/d  0.97  3.5  1.6  1  2.1  0.59  0.060  n/d  0.07  109  36  2  58  

France  76.4  n/d  n/d  39.12  36.6  19.1  3  83.9  4.82  0.731  n/d  2.78  1280  443  12  2338  

Germany  111. n/d  n/d  50.52  46.9  4.7  12  108.4  4.30  0.181  3.211  3.59  1794  110  242  3020  

Greece  15.6  n/d  n/d  2.92  13.0  3.1  0.2  6.3  2.34  0.117  n/d  0.21  547  71   n/d  174  

Hungary  11.9  n/d  n/d  4.76  4.5  3.3  2  10.2  0.49  0.126  n/d  0.34  188  76  30  285  

Iceland  0.5  n/d  n/d  0.39  0.3  0.1   n/d  0.8  0.04  0.004  n/d  0.03  12  2   n/d  23  

Ireland  4.4  n/d  n/d  3.10  1.8  1.4  0.1  6.7  0.21  0.053  n/d  0.22  74  32  1  185  

Italy  84.2  n/d  n/d  30.59  44.3  22.8  20  65.6  5.89  0.870  n/d  2.18  1866  527  36  1828  

Kosovo  1.8  n/d  n/d  0.27  0.6  0.2   n/d  0.6  0.06  0.006  n/d  0.02  25  4   n/d  16  

Latvia  2.8  n/d  n/d  2.36  1.2  1.6  0.6  5.1  0.16  0.063  0.060  0.17  52  38  14  141  

Lithuania  3.8  n/d  n/d  3.18  1.3  1.8  0.3  6.8  0.12  0.069  0.031  0.23  71  42  8  190  

Luxembour 0.6  n/d  n/d  0.23  0.3  0.1   n/d  0.5  0.05  0.005  n/d  0.02  12  3   n/d  14  
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Malta  0.7  n/d  n/d  0.05  0.3  0.1   n/d  0.1  0.04  0.005  n/d  0.00  12  3   n/d  3  

Netherlands  24.2  n/d  n/d  8.92  9.8  4.2  2  19.1  0.89  0.161  0.502  0.63  464  97  7  533  

N.  2.1  n/d  n/d  0.51  1.6  0.1   n/d  1.1  0.30  0.004  n/d  0.04  65  2   n/d  30  

Norway  6.4  n/d  n/d  1.85  4.2  1.5   n/d  4.0  0.78  0.058  n/d  0.13  135  35   n/d  111  

Poland  40.2  n/d  n/d  19.74  15.5  5.8  34  42.3  1.56  0.223  n/d  1.40  649  135  216  1180  

Portugal  12.8  n/d  n/d  6.03  6.5  0.1  5  12.9  0.93  0.005  n/d  0.43  254  3  5  360  

Romania  15.4  n/d  n/d  5.62  5.3  17.4  0.3  12.1  0.50  0.664  1.121  0.40  213  403  0.5  336  

Serbia  6.1  n/d  n/d  2.51  2.7  4.4  1.1  5.4  0.34  0.169  0.106  0.18  100  102   n/d  150  

Slovakia  5.1  n/d  n/d  1.80  2.1  0.4  6.4  3.9  0.24  0.014  0.641  0.13  107  9  4  108  

Slovenia  1.9  n/d  n/d  0.75  0.7  0.4   n/d  1.6  0.06  0.014  n/d  0.05  27  9   n/d  45  

Spain  64.9  n/d  n/d  12.28  32.5  15.6  4  26.3  4.14  0.595  n/d  0.87  1167  361  25  734  

Sweden  13.3  n/d  n/d  4.69  7.3  5.5  0.4  10.1  1.16  0.211  n/d  0.33  219  128  1  281  

Switzerland  12.3  n/d  n/d  9.09  5.0  2.4  0.5  19.5  0.46  0.094  n/d  0.65  225  57  2.6  543  

Turkey  102. n/d  n/d  7.48  41.8  23.1  11.5  16.0  4.84  0.882  1.152  0.53  1718  535  277  447  

UK  90.8  n/d  n/d  22.69  39.0  14.3  9  48.7  4.79  0.545  0.143  1.61  1479  330  28  1356  

EU27  556  n/d  n/d  224  258  161  111  480  31  6  6  16  10,086  3,726  1,845  13,383  
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This study has highlighted several key areas of uncertainty that are common to most, if not 
all, of the metals studied. The major sources of uncertainty are:  

1. The magnitude of emissions resulting from road transport, which can differ 

considerably based on alternative calculation approaches.  

2. The magnitude of emissions from small industries and STPs with emission levels that 

are below EPRTR reporting thresholds.  

3. The relative contribution of background sources, especially those originating from the 

diet given variation both within and between different countries.  

4. The use of concentrations rather than masses as the basis for emission calculations, 

multiplied by flow to get total mass emitted makes calculation susceptible to variation 

in water flows.  

Road transport is perhaps the most important area of uncertainty, not only due to the potential 
variation resulting from the different calculation approaches, but also because there are likely 
to be some considerable changes in this area over the coming years. These changes are not 
only related to the change in power sources that are inevitable as manufacturers produce and 
sell more electric vehicles, but also a possible reduction in brake wear due to increased use 
of regenerative braking systems by these vehicles. Transport is also a major source of CO2 
emissions at least in some countries and greater measures to meet climate change 
commitments could potentially result in changing use patterns, especially in urban areas which 
are of most importance in relation to emissions of metals from these sources reaching 
wastewaters via urban runoff. These issues are predominantly outside the scope of the 
present study but may make further investigation of the uncertainty associated with road 
transport more complex if use patterns are also changing rapidly at the same time. The 
relative contributions from different sources such as background sources (predominantly 
drinking water supplies and dietary sources), sources from the use of domestic products, 
industrial sources, and urban runoff sources is also rather uncertain. This is due to the fact 
that, with the exception of industrial sources which tend to be relatively well quantified and 
reported at least for the major ones, all of the remaining sources are not only uncertain in 
terms of the calculation approach, but also vary spatially and temporally on a variety of 
different scales (i.e. both within and between different countries).  
This study has been able to identify the most important sources of metals into wastewaters, 
and also those sources that have the most uncertainty associated with them.  
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1 Data provided from the ETAP report (2021)  Sources and fate of metals and metalloids in wastewatertreatmentplants. Final

report to the ETAP fromwca, Universityof Plymouthand Derac, March, 2021.
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