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This paper presents a summary of the discussions and results for the working group on ‘other (non-nitrogenous) substance cycles. In the Working Group, most time was spent discussing modelling flows of phosphorus in LCA; heavy metals were also discussed but in less detail.

1. An approach for modelling use of phosphorus and other substances for LCAs involving agricultural systems

For a number of substances that pass through agricultural systems, existing scientific data are inadequate for accurately modelling the flows of these substances. In other cases, there are models but they may be based on different assumptions and farming conditions. Grönroos & Rekolainen (this volume) discuss some of the relevant issues; they include problems such as data availability, scaling up from field to regional models, and differences between potential and actual environmental impacts.

Since the inventory phase of LCA aims to account for the flows of all environmentally relevant substances, it is necessary to identify and characterise these flows in as much detail as possible using existing models and appropriate assumptions when data are missing (Cowell, 1999). The working group therefore developed an approach for systematically addressing this issue. It involves asking four questions about any substance X considered in an LCA:

1. What environmental impacts are associated with substance X?

2. Are there characteristic patterns in the flow of X through agricultural systems leading to environmental impacts?

3. Are there characteristic geographical and management practices in farming systems leading to the environmental impacts associated with X?

4. Are there likely to be differences between the potential and actual impacts of X and, if so, what are the determinants?

The results are discussed below for phosphorus and heavy metals.

2. Modelling flows of phosphorus

Use of phosphorus (P) in agricultural systems may subsequently contribute to eutrophication in water bodies (Withers, this volume). The flow of P through these systems can be characterised as shown in Figure 1 where the two widths of arrows represent the major and minor inputs and outputs of P through the system (see also papers by Chardon, Withers, and Heathwaite, this volume). The dotted arrows represent the flows of P to and from agricultural land outside the system boundary.
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Figure 1. Flow of phosphorus through agricultural system

The diagram shows that the major flows of P imported into agricultural systems are via livestock concentrate feeds, synthetic fertilisers, and/or organic wastes (excluding P in the soil). One-off events, such as flooding of agricultural land, may also contribute P. The major flows out of agricultural systems are via surface and/or subsurface water (excluding P in the soil). 

A number of geographical and management factors determine the magnitude of the flows (see Table 1 and papers by Chardon, Heathwaite and Withers, this volume), and may be related to specific distinguishable regions (Hughes and Larson, 1988). Through discussion, the group selected a restricted range of key factors characterising the major flows of P through agricultural systems (see Table 2). These are, therefore, the minimum data required to model flows of P through an agricultural system prior to impact assessment.

At impact assessment, there may be a difference between the potential and actual impact on eutrophication of water bodies due to P emissions from the system under analysis. This is because the actual impact depends on:

· The P content of vulnerable water bodies prior to addition from the system under analysis (i.e. the baseline).

· The distance between the system under analysis and a water body.

· The type of water receiving the P. For example, is it freshwater, estuarine or marine water? Is it surface- or ground-water? Is it standing or flowing water?

· The form of the P emission. For example, is the P dissolved or particulate?

Table 1. Geographical and Management Factors Determining Flows of Phosphorus

Geographical Factors
Management Factors

· Soil:

· P status

· Parent material

· Texture

· OM content

· Moisture

· Hydraulic regime

· Climate:

· Rainfall: total, distribution

· Temperature

· Water table: 

· Height

· Fluctuation

· Topography/landscape features:

· Slope

· Hedgerows

· Altitude
· Crop type

· Livestock density and grazing management

· Tillage:

· Reduced versus conventional

· Timing

· Direction (e.g. contour ploughing)

· Drainage

· Surface features (e.g. hedgerows)

· Fertiliser/organic waste(s):

· Type

· Quantity

· Rate

· Timing

· Application method

· Crop residue management

· Applications of other nutrients, lime, and pesticides (because yield influences P uptake)

The group thought that the FADN typology would be adequate for describing farming systems analysed during LCA, augmented by the management factors listed in Table 2. For the geographical factors, a GIS-based model defining regions using the factors listed in Table 2 would be appropriate. P emissions from any system under analysis could then be predicted using this combination of data. Impact assessment would then proceed on the basis of assessing potential impacts, or actual impacts given the availability of site-dependent data to modify the impact assessment factor for P-limited eutrophication.

Table 2. Key factors characterising magnitude of major flows of phosphorus through agricultural systems

Farm Typology
Geographical Factors
Management Factors

· Crop or livestock type

· Stocking density for livestock


· Soil type (including typography)

· P status:

· Total P

· % saturation of P sorption capacity

· Hydrologically effective rainfall (excess rainfall): quantity, intensity and duration
· Quantity of concentrates, fertilisers, and/or organic waste(s)

· Tillage:

· Timing

· Type

· Drainage



In developing such an approach, existing and/or new P models need to be developed. Although research on these models is at a relatively early stage (compared with, for example, models of nitrate leaching), existing projects include:

· ICECREAM model (details available from Seppo Rekolainen, Finnish Environment Institute, Finland).

· Soil Survey and Land Research Centre (SSLRC) model (details available from Tim Harrod, Soil Survey, IGER, UK).

· SC-DLO (ANIMO) model for acid-sandy soils (details available from Oscar Schoumans, Winand Staring Center, SC-DLO, Netherlands; email: o.f.schoumans@sc.dlo.nl).

· Export Coefficient Models (details available from Louise Heathwaite, University of Sheffield, UK; see also Johnes & Heathwaite 1997).

Furthermore, an EU Concerted Action project (COST832, “Quantifying the Agricultural Contribution To Eutrophication”) has recently started to develop methodologies for predicting P emissions in land run-off within catchments, and it may be beneficial to co-operate with this project on development of the approach outlined above. Paul Withers (ADAS Bridgets Research Centre, UK) is the Lead Coordinator for this project. Its website is: www.ab.dlo.nl/eu/cost832/welcome.html.

3. Modelling Flows of Heavy Metals

Toxicity is associated with emissions of heavy metals to air, water, and soil. The toxic effects may be experienced by microorganisms in the soil, grazing livestock, and/or crops on agricultural land, aquatic ecosystems, and humans via the food chain. 

The characteristic flows of heavy metals in agricultural systems are shown in Figure 2 (see also Japenga, this volume). The diagram shows that the major flows of heavy metals into agricultural systems are via concentrates for livestock, synthetic fertilisers, organic wastes, and/or atmospheric deposition. Cadmium (in phosphate fertilisers) and copper (in livestock feedstuffs) are the two heavy metals of primary concern associated with agricultural inputs, but a much wider range of heavy metals should be considered when accounting for atmospheric deposition and other non-agricultural inputs. One-off events, such as flooding of agricultural land, may also contribute heavy metals. The main flow out of the system is via harvested crops. 

As for phosphorus, the group went on to define the key factors required to characterise the major flows of heavy metals through agricultural systems (Table 3). These are, therefore, the minimum data required to model flows of heavy metals through an agricultural system prior to impact assessment (see also Japenga, this volume). 

At impact assessment, there may be a difference between the potential and actual toxicity of heavy metals due to aspects such as their tendency to bioaccumulate and synergistic interactions with other substances. 
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Figure 2. Flow of heavy metals through agricultural system

Table 3. Key factors characterising magnitude of major flows of heavy metals through agricultural systems

Farm Typology
Geographical Factors
Management Factors

· Crop or livestock type


· Atmospheric deposition 

· Soil characteristics:

· pH

· Calcium content

· Clay content

· OM content

· Parent material
· Quantity of concentrates, fertilisers, organic waste(s) and/or other inputs

· Liming



The group felt that a similar approach to that proposed for phosphorus would be appropriate, using the FADN typology and a GIS-based approach for the geographical factors. Such an approach should make use of existing data on patterns of atmospheric deposition in Europe, and the heavy metal content of fertilisers and manure. For outputs, there are models to describe movement of heavy metals into soil solution from bound forms; however, currently there are very few models for uptake by plants of heavy metals in soil solution. This is an aspect requiring further research attention (see Japenga, this volume). For sources of information, see Del Castilho et al. (1993), Driel and Smilde (1981, 1990), Groot et al. (1996), Groot et al. (1998), Römkens and Salomons (1998), and Römkens et al. (1999).

Impact assessment can then proceed on the basis of assessing potential impacts of heavy metals passing into the human food chain or remaining in the soil, which crosses the system boundary at the end of the time period under consideration (as shown in Figure 2). Alternatively, the potential impact assessment factors can be modified to account for additional aspects affecting the actual toxic effects of heavy metals, such as those mentioned in the previous section.

4. Conclusions

Through its discussions, the working group developed a practical approach for modelling flows of substances through agricultural systems. This facilitates identification of the major flows contributing to potential environmental impacts, and subsequent modelling to account for relevant agricultural and geographical factors. Operationalisation requires development of datasets where these are missing, and integration with existing models. The approach can be extended to consider the “cradle to grave” life cycle of foodstuffs (Cowell, 1999). Ultimately, the choice of restricted or expanded system boundaries for a study will depend upon the question(s) being asked in any given decision-making situation.
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